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Chapter

1

Introduction

Getting started with GPMAW (General Protein/Mass Analysis for
Windows).

What is GPMAW 1.1

As the name implies, GPMAW is a program for the analysis of protein
primary structures, particularly using mass spectrometry.

The initial purpose of the program, back in the late 80’es, was to answer the
simple question: given a certain peptide mass how many peptides can be
constructed that fit with a mass within the given precision (see Chapter 6).
The answer to this trivial question is easily solved with a computer while it is
rather tedious and error-prone using a calculator.

Since then, the program has expanded in several directions, but most of
these are characterized by the fact that they are based upon previous
knowledge of a known sequence. This has necessitated the interfacing to
protein databases, with all the problems of exponentially growing data-input
(from less than 10,000 proteins in 1988 to more than 500.000 in the
UniProt/Swiss-Prot and >200 million proteins in UniProt/TrEMBLdatabase
today).

Having loaded or entered your sequence (GPMAW interfaces to several
other file formats and hardware), the sequence can be post-translationally
modified and cross-links established (Chapter 3). The protein can be cleaved
based on several parameters (using enzymes or chemicals) and the resulting
peptides can be sorted, viewed, and further characterized based on a
number of parameters (Chapter 9).

One of the central part in mass spectrometric protein identification, digest
mass search, along with ms/ms searching using the X!Tandem search
engine is shown in Chapter 8, but also features like ms/ms fragmentation are
covered (Chapter 10).

When performing mass spectrometry on proteins and peptides you are very
likely to perform additional protein chemical procedures. For this purpose,
several features have been included: Searching a protein for amino acid
composition, displaying the hydrophobicity index, reversed phase retention
data of peptides, predicting secondary structure, comparing sequences with
dot-plots, charge vs. pH graphs of peptides and proteins, digest HPLC
chromatogram and mass spectra of peptide mixtures, etc.

In most windows, the commands available through the menu and buttons can
be expanded through the pop-up menu (right-click in the window) which in
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many cases are context sensitive, i.e. different parts of the window have
different pop-up menus.

Installation 1.2

Pre-installation notes

@ Note: As the installation system is likely to change over time, particularly
the actual content on the distribution media, you should always check the
installation package for additional information.

GPMAW is presently (August 2020) distributed on a single CD-ROM
containing the program and several auxiliary files. Alternatively, the program
may be downloaded from the web site http://www.gpmaw.com. From here
you can also download updates for free for up to 18 months after purchase
(see also Chapter 1.8).

The installation takes place by running the setup program from Windows. In
the case of CD-ROM based installation:

If you have auto-natification turned on, the installation program will start as
soon as you insert the CD-ROM. If you do not have auto-notification turned
on, you will have to open the file explorer and navigate to your CD-ROM drive
and start the ‘Setup’ program. Alternatively, you can select the ‘Start’ button.
From the menu select ‘Run...’. In the ‘Run’ dialog box you enter
‘D:\SetupGPMAW’ and select ‘OK’ (assuming ‘D:’ is your CD-ROM drive).
Follow the instructions.

The SetupGPMAW program analyzes your computer and recommends which
install program to call.
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=i
Install GPMAW

The following installations all install the same programs, but use different installation programs..

The first option (Upgrade) searches your computer for previous instalations, which may be a
time-consuming process (several minutes if you have 3 frge hard drive).

The 64-bit install can only be used with 64-bit windows, but installs the same program.
Install with databases enables you to retrieve protein sequences without access to the
Internet based on etther accession number of protein name. The databases wil be

installed in both native and FastA format.

Mote that the databases can be easly downloaded and indexed using the included download
utiity "DBGet", accessed from the "Utilities” menu. This will ensure that you have the latest
wversion of the various databases.

Upgrade GPMAW

Upgrade

Install new on 32-bit Windows

Install

Install new on 64-bit Windows

Install Recommended

Install with

Install

Cancel

Install information:

0)

Note: The various install programs all install the same version of GPMAW,
only the actual installer changes depending upon the operating system.
The install file contains all the components for installation except for
gpmaw.Ics, which is the separate license file, also present in the root
directory.
The following install files are present:
GPsetup32: a 32-bit version of the latest installer. Will usually not work on a
64-bit Windows machine.
GPsetup64: a 64-bit version of the latest installer. Only works on 64-bit
Windows.

WizardUI.exe is a wizard that runs just after the installation and prompts you
for the basic settings of GPMAW.
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Installation

Welcome

*

Welcome to GPMAW wersion 12.21 Setup program. This program
will install GPMAW version 12.21 on your computer,

WARNING: This program is protected by copyright law and
international treaties. Unauthorized reproduction or distribution of
this program, or any portion of it, may result in severe civil and
criminal penalties, and will be prosecuted to the maximum extent
possible under law.

Cancel

The default directory for the installation of GPMAW is C:\Program
Files\gpmaw. It is recommended that you choose this directory for installation
of GPMAW, as future upgrades and fault finding will be simplified.

See alse chapter 5.4 for information on GPMAW directories.

@ Hint: If you want to perform an additional installation, you can rename the
\gpmaw\bin\ directory to something else (e.g., \gpmaw\bin1\) before running
the installation program. In this case you must specify a different destination
directory.

The program starts with checking for previously installed components,
specifically it checks for the location of the gpmaw3.exe program file. If the
program is found, its location will be taken as the default for an upgrade,
otherwise is C:\Program Files\gpmaw will be taken as the default.

The installation starts with a splash screen (a lighthouse) followed by a
welcome dialog. Note: the actual installation of files will not take place until
all dialog boxes are handled (the last box ends with a ‘Finish’ button).

You will then be asked to acknowledge the End User License Agreement
before proceeding with the installation.
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License Agreement

License Agreement

Please read the following license agreement carefully.
Press the PAGE DOWM key to see the rest of the agreement.

The enclosed program "Program” is furnished *
subject to the terms and conditions of this end
user license agreement (EULA).

1) License. If the license is a single-user license, it may only
be used by a single person at a time. Multi-user licenses

may simultaneously be used by the number of people
specified by the license. You are allowed to make backup v
() YES - I Accept the terms of the License Agreement!

(®) MO -1 DO NOT Accept the terms of the License Agreement!

< Back Mext > Cancel

After accepting the EULA, you have to determine the destination of GPMAW.

Unless you are an experienced user, you should not change the default
location.

Choose Destination Location

Choose Destination Location

Setup wil install GRMAW version 12.21 in the following directory.

Tainstall to this directory, dick Next.

Toinstall to a different directory, dick Browse and select another directory.

Destination Directary

Browse...
C:\Program Files'\gpmaw
Space required on drive: 81.4MB
Space available on drive: 97974.4MB
< Back Next = Cancel

The next dialog box gives you the following install options:
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Select Components
Select Components
Select the compenents you want to install, dear the components you do not
want to install,

Components:

v A
1 BLAST 12562 KB
w1 PeakErazor 1939 KB
»| DBEGet 12085 KB

i ¥ ITandem 2993 KB v

Description:

The core GPMAW files

< Back Next = Cancel

GPMAW:

BLAST

PeakErazor

DBGet
XITandem

Clustalw

Installs GPMAW. This option is selected by default — you
may deselect it if you only want to install an auxillary
program.

Installs a local copy of NCBI BLAST program. The
program works on a local FastA formatted database.
Details are presented in Chapter 7.2.

Utility to clean up peak lists with regard to contaminants.
Also allows the recalibration of spectra based on known
mass values (e.g. tryptic autodigest).

Utility for retrieving and indexing databases from the web.

MS/MS based search utility. For details of the program
see www.thegpm.org.

Multiple alignment program in local version.

The following databases are only available in the 'Setup'
install program:
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Set File Association
Set File Association

Setup will associate some file types with GPMAW version 12.21,
Select the file types you want to assodate, dear the file types you do not want
to assodate.

File Types:

W seg GPMAW sequence flles

= Back

Cancel

Associate the .seq extension with GPMAW. When you associate the .SEQ
extension it means that when you double-click on a file in Explorer that has
the extension .SEQ GPMAW will automatically open and read the file.

Set Program Shortcuts

Set Program Shortcuts

Setup will add Shortcut to the Start/Program menu.
You may also add other Shortcuts to your computer.

Start/Program Menu

[ePmaw 12

Add Shorteut to the Start Menu
Create Shortcut on the Desktop

Shortcuts are available for - All Users

< Back

Cancel

You then get the option of setting the name displayed in the Start/Program

menu and whether to add a shortcut to the Start Menu and

on the Desktop.

You further decide whether to make these shortcuts available for all users, or

just the current user.
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Confirm Setup Settings

Confirm Setup Settings

Setup has enough information to start copying the program files.
If you want to review or change any settings, dick Back.

Target Directory: A
C:\Program Files\gpmaw

Start/Program Menu Entry:
GPMAW 12

Start Menu Shortout:
GPMAW 12

Desktop Shortcut:

W
FTRAALA 47

Click NEXT to begin copying files...

The next (last) dialog box informs you that installation will proceed when you
press the ‘Next’ button.

The GPMAW setup wizard

When the program has been installed, the setup wizard takes over. This
program quickly walks you through the basic settings of GPMAW. You can at
any point select ‘Cancel’ whereupon the default settings of GPMAW will take
effect. Only when you run through the complete wizard, the settings chosen
on the various pages will take effect.

@ Notice: All the settings in the wizard can be set at any point in the program
by selecting Setup | Setup system (see Chapter 5 for details).

The individual pages in the wizard work with ‘Back’ and ‘Next’ buttons that
enable you to go both forward and backwards to customize GPMAW.

A GPMAW _INI file wizard - 0] x|

When you start the GPMAYY
program you can select to have the
most recently warked on sequence [ ¥When opening G AW
to apen on the desktop. When &+ Open empty

closing the program you can have
the program ask ‘Exit GPMAWT".
The default working directory is ;
where GPMAY stores user related (lilosmg CRMAN . .

files like protein sequences, + [Don't ask, close immediately
search mass data ete. The default ™ Ask befare closing the program
directory is Clgpmawidsen but you

may choose any directory. Defaultworking directory

|c:1gpmaw’tusen E

X Cancel < Back

System settings

" Load most recently used sequence
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The left-hand side of each page gives a short description of the functions,
further details can be found in the respective chapters (sequence — Ch. 3;
peptide — Ch. 9; general setup — Ch. 5).

Errors during installation

If something goes wrong during installation, you may still have the right
programs copied to the hard disk, but in the wrong places. Please see
Appendix A for directory structure and file information.

If you are unable to reconstruct the program, try to delete all parts of the
program and perform a re-installation. If you still do not have a functional
installation, please contact Lighthouse data (Chapter 1.9) either by e-mail.

Un-installation — removing the program

The best way to remove GPMAW from your system is to open the Control
Panel and select the ‘Add/Remove Programs’ applet. This shows you a list of
installed programs. From the list you select GPMAW and click on the
‘Remove’ button. All files and registry entries created during installation will
be removed, only files created after installation (e.g., sequences etc.) will
remain to be removed manually.

Alternatively, you can uninstall manually by activating the uninstall program
called unwise.exe located in the \gpmaw\ folder.

®

As all files are installed under the same directory (C:\GPMAW) you can
remove everything by deleting this directory and everything beneath it
(remember to move valuable sequence files first). The shortcuts on the
desktop and/or the Start menu may have to be removed manually.

Upgrading

Starting with version 3.0 the program has been made ‘upgradeable’
compared to previous versions. This means that if you can connect to the
Internet, you will be able to download upgrades free of charge for 18 month
from purchase. In this way, we hope to make bug fixes and improvements
immediately available to users without the usual hassle and time delays.
Please check the GPMAW web site http://www.gpmaw.com for more details.
If this site is unavailable contact the author on php@bmb.sdu.dk. Free
upgrades are available for at least one year after purchase but may be
available for a longer time.

When you buy an upgrade, you will get a full installation while downloaded
upgrades contain only the gpmaw3.exe and gpmaw3.hlp files. In the case of
the full installation your existing mass and modification files may be
overwritten if the names coincide with files from the installation. In this case
the installation program should warn you, but the safest course is to make a
backup of your \gpmaw\system directory before upgrading. In the case of a
‘raw’ upgrade, only the .exe and the .hlp files are replaced.

When you upgrade, you will have an installation program like that for a
normal installation except that the ‘Desktop icon’ option will be checked, and
there will be an extra option ‘Upgrade only’. If you un-check this option, you
can specify a different installation directory for the upgrade (gpmaw3.exe and

9
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gpmaw3.hlp). You should only do this if you know you have an installation
that is not detected by the installation program, or if you want the new files in
a separate location.

When you buy an upgrade, it will always be accompanied by a manual, while
upgrades downloaded from the Internet will have to do with the on-line help.

The frequent upgrades have the downside that the printed documentation will
often be slightly out of date. In this case you are referred to the on-line
documentation, which will be kept up to date and available along with the
upgrades. Pressing the <F1> key or selecting ‘Help’ from the main menu can
access the online help. <F1> will usually give context-sensitive help that is
help information pertaining to the dialog box currently open.

Upgrade notification

From version 5.02 GPMAW will have an automatic upgrade notification.
Every 20" time the program is started, it will contact the GPMAW web server
(if your computer is connected to the Internet) and read a small text file
containing update and error corrections. Each new message on the server
will have a unique number, and if the number has been read previously,
GPMAW will just ignore the message. If the message is new (i.e., not read
before), it will be displayed to the user:

GPMAW upgrade information

GPMAW version and information check

Your version is: 12.22b
Most recent version: 12.20

Information and download of upgrades:
http://www.gpmaw.com/

Support and renewal of license:
e-mail: php@bmb.sdu.dk

Justclose

The dialog will show information on the latest version of GPMAW, whether
your copy of GPMAW is upgradeable (i.e., the license has not yet expired)
and whether there are any error messages.

The dialog is similar to the one you obtain by pressing the ‘Info’ button in the
Help | About dialog (Chapter 1.8).

Problems during upgrading

If the license file ‘gpmaw.lcs’ is missing from the directory where the install
program starts, the installation will abort with a message stating the the file is
missing. This is not the case with the update program.

When GPMAW is upgraded, the first time it is started, it will sometime
complain about a missing file. As the program will in most cases auto-

10
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generate a default copy of this file, you should close the program and restart
it. If the problem persists, you may contact Lighthouse data (Chapter 1.9).

If, after performing an upgrade, you are informed that your license is no
longer valid you will have to ‘downgrade’ to your previous version of
GPMAW. You may then contact Lighthouse data to obtain a renewed license
(an upgrade). The upgrade price of GPMAW is currently 50% of the current
price for a full version. The upgrade includes a copy of the most recent
manual.

Conventions

Angle brackets '<' and '>' are used to denote function and special keys. <F1>
to <F12> are the function keys, <Esc> the escape key, <Tab> the tabulator
key, <up>, <down>, <left>, <right> the arrow keys and <Ins> (insert), <Del>
(delete), <Home>, <End>, <PgUp> (page up), <PgDn> (page down) the page
control keys. <Enter> is the ‘enter’ or ‘return’ key.

When the main or sequence/daughter window has the focus, you can always
access the menu by pressing <F10> or you can access individual menu
items by pressing <Alt> + the underlined letter in the menu. When a dialog
box has the focus, you can move between controls using <Alt> + the
underlined letter of the text describing the control or by using the <Tab> key
to cycle through all controls. Once a control has the focus, indicated by
highlighting or a stippled line around the associated text, you can activate it
using the space bar if the control is a toggle function (button, check box etc).

Menu selections like selecting the menu option 'Edit sequence’ from the main
menu 'Edit' are shown as: Edit |Edit sequence.

A large number of notes, hints and tips are partly framed and marked with the
@ symbol in the margin.

Mouse functions: Controls are activated in the usual manner using the left
mouse button after positioning the mouse cursor on the control. Most
windows also have an associated local menu, which is activated by
positioning the mouse cursor inside the dialog box or control and pressing the
right mouse button. Commands can then be activated by using the left mouse
button as usual, or by pressing the underlined character.

References are either shown in brackets [ ] or listed at the end of each
chapter.

Program layout 1.3

Main content
The GPMAW program is built around a few central themes:

Protein sequence management: Reading and importing protein sequences
from a variety of sources. Modifing the sequences (cross-links, chemical
modifications etc.) and saving the sequences to local files for easy retrieval.
The sequence can be viewed and colored in various ways for easy
navigation.

11
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Protein cleavage: Cleavage of the protein into specific peptides by
enzymatic or chemical means. From the resulting peptide list many
parameters can be calculated and the list can be viewed, sorted, and
displayed in various ways.

Mass search: Given a peptide mass, where in a given protein can it be
found. This question can be expanded to search for modifications, ion types
etc.

Database mass search: Given a list of peptide masses that originate from a
single or a few proteins, what protein(s) does it originate from? A large
number of options can be specified, both when searching and when
analyzing the results. You may also search a database for a protein of a
given mass.

Ms/ms search: Using an external search engine (XTandem!) you can search
a sequence or database using a list of ms/ms fragments in .mgf, .pkl or
mzXML format.

Various: Several functions which are helpful in protein analysis, but not
directly related to the above groups. This comprises functions like
composition search, charge vs. pH graph, dot-plot analysis, BLAST searches,
ClustalW multiple sequence alignment etc.

Protein sequence management

Manual input Cross-linking Protein
sequence

Edit sequence

Text file Secondary modifications Modify
Export Cross-links |  sequence
Clipboard as ASCII | ,| Composition
or FastA search
Web database Charge vs. pH
- Protein Sec. structure
daptg)t:zlsne' sequence g graph
FastA format 3 disol
NCBI 1-/3-letter display Enzymatic
PIR 4 Highlight ) clezgvagle
EMBL Local sequence Underline [ Redefine
OWL library Color motifs ) gigplay

The simplest way of getting a protein sequence into GPMAW is to enter it
directly in the sequence editor (Ch. 4.1). Although perfectly feasible, it is a
tiresome and error prone undertaking. The easiest alternative is to import
directly from the web (Ch. 2.7), but you may also download a database in
FastA or Swiss-Prot format for even speedier access (Ch. 2.6). If you are
already in possession of a protein sequence, you can transfer it directly
through the clipboard or as a text file (Ch. 2.5). The main criterion for
importing a sequence into GPMAW is that it must be in standard 1-letter
code.

12
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Once a sequence is entered into GPMAW you should save it to a file on disk.
You have the choice of either saving a single sequence to a file or saving
several sequences to the same file, resulting in a sequence library. The
sequence is saved in a format proprietary to GPMAW (the format is explained
in Appendix A) and contains in addition to the name and the sequence,
information on cross-linked residues (Ch. 3.5), modified residues (Ch. 3.6)
and a free text annotation page (Ch. 3.9).

To navigate the sequence without effort, you can display in either 1- or 3-
letter code, you may color specific residues or sequences (Ch. 3.3) and you
may underline residues. Furthermore, you may highlight parts of the
sequence to locate peptides and to calculate coverage.

The sequence window is the basis for most other functions in GPMAW as
indicated in the figure above and in Chapter 3.

Protein cleavage

Missed cleavages
Terminals
Limit mass range

Daughter window:
Menual cleavage

Combine cleavage New sequence

_ Limit cleavage ‘ Export ‘ ‘ Print ‘
Highlight Hydrogen exchange N-glycosylation
N HPLC
. chromatogram
Sequence Digest Ma:
) SS
1-3 peptides peak list
Charge/pl
Setup ™ raph
o Sort g
Highlight Multicharged  (* Redefine
parent Remove partials display

sequence

The protein cleavage is based upon a sequence window and a cleavage
specification in a particular GPMAW notation (Ch. 9). A large number of
proteolytic enzymes and chemical cleavages are pre-defined, and additional
ones can easily be added. The cleavage can be modified in a number of
ways like limiting the mass range, modifying the new terminals, combining
cleavage specifications etc.

The results of a cleavage is a peptide list which is displayed in a separate
window. The peptide list is shown with a number of paramters and can be
sorted by mass, charge, number etc., displayed in 1- or 3- letter code, printed
and exported to other programs. You can even select to have a peptide from
the list as a the basis for a new sequence window.

In order to easily navigate the peptide list you can color residues or sequence
parts of the parent sequence window which will be ‘carried on’ to the peptide
window. In the other direction you may underline a sequence in the parent
sequence based on a selected peptide in the peptide window.

13
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Based on the peptide window (Ch. 9.4) a number of other windows can be
generated. This comprises simulated reversed phase HPLC chromatograms,
N-glycosylated mass values, MS/MS of selected peptides, simulate a mass
spectrum and compare it to a recorded experimental spectrum, cross-linking
mass spectrometric experiments etc.

Mass search

Highlight

Enzyme

Modification parent
sequence
Highlight an type q
residues Multi charged v

H_/

Spectrum

ASClIfile
T Clipboard
Sequence Hit" list
<+ -
I
MS peak list Disk file Redefine
PerSeptive (GRAMS), display
Bruker, HP, Other

The mass search function tries to answer the question: ‘Where in this protein
can | find this mass’. Like the protein cleavage above, this function is based
on a sequence window. You then supply a mass list, either with manual
input, read from a disk file or transferred through the clipboard. GPMAW is
able to read the peak files from a number of mass spectrometric analysis
programs.

The search parameters can be modified in several ways to cater for different
ms instruments (mass type, precision, ion type) and sample parameters
(enzyme, modifications).

The results are displayed in a ‘hit’ list window. The results are shows with a

number of parameters and can be displayed in various ways. A potential hit
can be linked to the parent window, and coverage can be calculated.

The ‘hit’ list can be exported to a mass spectrum (GRAMS only) and saved to
disk or to clipboard.

Digest mass search

The digest mass search has received its name because it is based on the
masses of the peptides obtained from a proteolytic or chemical digest of a
protein. The protein is typically obtained from a SDS gel. Similar to the mass
search above, the digest mass search is based on a mass list that can be
entered and read in an identical way.

The mass list is then compared to a derivatized database based on a FastA
formatted database. These databases are available on the web and can also
be obtained on CD-ROM from NCBI or EMBL. The derivatization of the
database is performed in GPMAW prior to first use (Ch. 8.2).
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Derivatized

formatted

database Optimize

A

A 4

A 4

Database
search

Peptide

; "Hit" list Detailed
mass list

report

A

Disk file |<—

Disk file

.| Import sequence
MS peak list "l into GPMAW
PerSeptive (GRAMS),
Bruker, HP, Other

The result of a digest mass search is a list of proteins ranked by high scores
(Ch. 5.5). The *hit’ list can be saved to disk for later analysis or comparison
with other digest parameters. Individual entries in the list can be viewed as a
detailed report (Ch. 8.5) and can also be retrieved into GPMAW for more
detailed analysis.

Starting GPMAW 1.4

Main

o2 GPHMAW 9.00beta2 [Default] i =1o0lx]
Eile Edit Info Setup Search Quickcolor Cleavage Graph Utilites Window Help

E- k@A OGUEA- B h S a0 R E @ ssamssvss - 2. | Heou i
e lbe s @mim S0 sl nas Q| % i

GPMAW window

You may start GPMAW either by double clicking on the icon on the desktop
or by selecting Start | Programs | Gpmaw | GPMAW (Windows 95/98). You
are then greeted with an empty window, unless you have enabled ‘Autoload
last sequence’ (Chapter 5.1) when the most recently loaded sequence will
be loaded.

1

54
107
1e0
213
266
318

‘7 [P02769] SERUM ALBUMIN PRECURSOR - Bos taurus (Bovine) 1ol x|

| 69432.36Da Av.  119.12Da [107] Jéj] H - a | @ nydogen |

MEWVIFISLLLLFSSAYSRGVFRRLTHRSE IAHRFEKDLGEEHFRGLVLIAFSQ 2
YLOQCPEDEEVELVNELTEFARTCVADESHAGCERSLTHTLFGDELGEVASLRE
TYGDMADCGERQE P.ERNECFLSHKIDDSFDL PRLEPDPNTLCDEERADERKFWG
EYLYEIARRHEYFYAPELLYYANKYNGVFQECCQAE LLLPEIETMREEV
LAS?REEEASIQKFG:ERALKAWSVAIRLSQ FVEVTRKLVTOLTEVH

KECGHGDLLECADDRADLAKY ICDNQDTISSKLKEGCDKPLLEKSHCIAEVER
DAT pENLPpLTADFAEDKDVCKi’ch EYSRRHPEYAVSVLLE |

While the program loads a splash screen displaying a lighthouse will be
displayed for five seconds. You can remove the picture sooner by clicking
inside the picture. The reason for the splash screen is to give you something

15
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to look at while auxiliary files are loaded, and also to identify the actual
version of GPMAW that is running.

The title bar of the program shows the name (GPMAW), the version (4.04),
the program type (32-bit) and the currently loaded user (Default — see
Chapter 5.7).

GPMAW is an MDI application (Multiple Document Interface) in a manner
similar to a word processor. This means that you can load any number of
sequences (documents) simultaneously, each in its own window and all
60bounded by the main GPMAW window. From each sequence window you
can derive a number of daughter-windows, each with a specific function (e.qg.
peptide window, mass search results, HPLC graph etc.).

You normally control the program in by a combination of the following:
» Use the mouse or the keyboard to activate the menu options.
» Use the mouse to activate the speed buttons in the toolbar.

» Right-click the mouse in the relevant window (this opens a context-
sensitive pop-up menu).
» Use the keyboard shortcuts (see page ii after ‘Contents’).

@ Note: The pop-up menu that is accessed by right-clicking in the given
window is both context sensitive (that is the content depends on the
window) and may vary for different parts of a given window. This will usually
be the quickest way of accessing commands.

Functions

Most functions in GPMAW work directly on protein sequences, which mean
that you must get a sequence into the program. This is accomplished either
by reading a sequence in GPMAW- or text format (Chapter 2.1), reading from
a database (Chapter 2.6), pasting from the clipboard (Chapter 2.5), or
entering a sequence directly into the sequence editor (Chapter 4.1).

Without a sequence loaded into the program, only a few options are
available, like loading a sequence, performing a digest mass search (Chapter
8), a few peptide mass comparison functions (Chapter 6.2) and the utilities
described in Chapter 12.

As soon as a sequence is loaded into a sequence window (Chapter 3), a
number of menu options are enabled, and the menu line is expanded

Whenever you switch between sequence windows and other daughter
windows (peptide windows, graphs etc.), the content of the menu will change
to reflect the options available.

The main toolbar

The main window toolbar consists of several smaller toolbars that can be
moved around and rearranged. You move a toolbar by grabbing the vertical
bars at the left end of the toolbar with the mouse and drag the toolbar to the
position wanted. The other toolbars will rearrange to accommodate the new
position.

16
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@ NB. The presence and position of each individual toolbar is saved in the ‘ini’

file when the program closes. This means that they will appear in the same
positions when the program re-opens.

Each small toolbar can be turned on &
and off, either by clicking on the
down-arrow next to the ‘Help’
question mark or by right-clicking in
an unused part of the main toolbar B
window (thus calling on the pop-up z
menu). Each visible toolbar is

indicated by a check-mark.

All toolbar buttons perform commands that are duplicated in the menu.
Furthermore, some of the commands can be accessed through the pop-up
menu (right-click the mouse) local to each individual window.

Seven toolbars are available. Some of the commands will only be available
when a sequence window has the focus (e.g., ‘Save’, graph commands etc.).

The actual buttons in each bar can be customized by clicking on the down-

File & print =
Search & cdeavage

Graphs
Importfexport sequence
Control
Utilities

arrow to the right of each toolbar ! This will open a menu that enables you
turn individual buttons on and off.

S H SGEEE-BOSfam B HEE @R
Setup system | Setup & edit y |[Add or Remove Buttons -] @
]2 et sence..

[v] 13 editnew sequence... [ =T H - a | @Hydn

[ ] 6 editxdnks RGVFRRLT HRSE, IAHRFKDLGEEHFEGL'
)| Editmodification fle  |EFAKTGVADESHAGCEKSLHTLEGDELG!

ATt

The color scheme of the toolbar can be customized by clicking on the down-
arrow to the right of the Setup-button. Currently eight different schemes are
available.

By grabbing the left edge ‘handle’ of a toolbar, you can rearrange them freely
inside the toolbar area (the area will resize automatically), or you can pull
them out and have each bar free-floating on the desktop.

Individual toolbar commands.

Please check individual chapter for more information.
E 2 - = Eﬂn i

F-5E | a!Fileand print
Open sequence (file, chapter 2.1).

Protein Explorer (chapter 2.9).

Close sequence window.
Save sequence to file (chapter 2.3).
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Print.

Printer setup.

BB bS8,

System setup (chapter 5).

Edit current sequence (chapter 4.1).

Edit new sequence (chapter 4.1).

Edit cross-links of current sequence (chapter 3.5).
Edit modification file (chapter 4.3).

Edit mass files (chapter4.2).

 55[AA massMSS | 9 - | A et !Control

SS-button — enable/disable disulfide bridges (oxidized/reduced Cys). See
below.

Mass file selection list (drop-down list). The box is gray when the standard
mass file (AA_MASS) is selected, white for all other mass files. See also
chapter 4.2.

On-line help. The drop-down arrow presents a menu for menu colors.
Exit — Close GPMAW.

SERCEEE | PR

Hydrophobicity (chapter 11.3).

Secondary structure prediction (GOR - chapter 11.2).
Charge vs. pl (titration - chapter 9.4).

Dot-plot graph (chapter 11.6).

Protein sequence coverage tool (chapter 9.7).

E AlafRd c-’} s
; B ox- ! Search and cleavage

Highlight residues (motifs — chapter 3.3).
Search for mass (chapter 6.1).

MS/MS search (chapter 8.9).

Automatic cleavage (digest - chapter 9.1).
Ms/ms fragmentation (chapter 10.1).

B A c@ o e G

sequence

Import from clipboard (chapter 2.5).

Search FastA formatted database (chapter 2.6).
Search Web Entrez (chapter 2.7).

Import/Export
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Internet based sequence retrieval based on accession number (chapter 2.7).
The dropdown arrow opens a list box with the 10 most recently accessed
sequences for easy retrieval.

Highlight residues (chapter 3.3).
Copy/export to clipboard.
Export to clipboard in FastA format.

B H B E B e

Composition calculator (chapter 12.2).

MS peak analysis (chapter 12.1).

Digest (peptide) mass search (PMS — chapter 8).
Simulated 2D gel (chapter 12.5).

Fragment analysis (chapter 12.3).

When using the mouse, you can get additional ﬁ 2 . c
information on a number of controls (particularly the =
toolbar buttons) by letting the mouse cursor rest on top Export ko cliphoard
of the control for a second or two. A tool tip will appear

explaining the function of the control.

The *Print® button is shared for all MDI windows (sequence and daughter
windows). Most local pop-up menus (right-click with the mouse) and the ‘File’
option of the main menu have a copy of the print command. This button
cannot be accessed when displaying terminal dialog boxes, but these will
have their own print button (if applicable). Most printing from GPMAW will be
black and white, even if you have a color printer connected to your computer.
When you copy a graph to the clipboard (Chapter 11.1) it will be pasted in
color enabling you to print graphs in color through other programs.

The "S8" button enables and disables cross-links. In the 'SS' state, Cys
residues are calculated in the oxidized state (mass 102 Da), while in the 'SH'
state Cys residues are calculated in the reduced state (mass 103 Da). If the
mass defined in the current mass file (Edit mass file, Chapter 4) does not
correspond to 102/103 Da., this button will be disabled (this will typically be
the case when cysteine residues are carboxymethylated). The default state of
the "88" button is defined in 'Setup system parameters' (Chapter 5.1).

The 'Mass file drop-down list' enables you to change the masses of any (or
all) amino acid residues in all sequences opened on the GPMAW desktop by
selecting a new mass file. In addition to sequence windows, peptide windows
are modified. Other daughter windows may not be changed — you must check
the individual window. In many cases you have to recreate the derived
windows (like mass search) in order for the modified masses to be displayed.
The most typical use of this function is when you modify an amino acid
residue, for example when you carboxymethylate cysteine residues (for more
details see Chapter 4.2, Edit mass files).

The background of the drop-down list will be gray when the standard mass
file (AA_MASS) is selected and white when another mass file is selected.
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The "Exit" button closes all MDI windows and exits the program. In the
'System setup’ (Chapter 5.1) you can enable a dialog box that asks you
before closing. If you have made changes to a sequence, you will also be
asked to save the sequence before closing down.

Non-sequence dependent functions

A few functions are not dependent on a pre-defined sequence. This
comprises 'Database mass search' (Chapter 8), the 'Mass difference’
functions (Chapter 6.2, Mass difference) and the functions of the Utilities
menu (Chapter 12).

Essential tables 1.5

Atom

A number of tables in GPMAW are essential for the function of the program.
Premier among these tables is the mass table that defines the composition,
name, and abbreviation of each amino acid residue. The mass table works in
concert with the atom mass table that defines the mass of each atom used
for calculating the mass of compositions. For more details on the calculation
of mass values please see section 4.2

Modification tables specify the mass of chemical modifications. These tables
are also user definable.

In addition, a number of tables are hard coded into the program (they cannot
be changed by the user). These include tables for calculating HPLC retention
times, pl values, etc.

More information about editing of the various mass and modification tables
can be found in detail in Chapter 3.

mass table.

The atom mass table is edited through the Edit |Edit mass file
command (Ch. 4.2). The file is global to all mass calculations carried out in
the program. For this reason, only one copy of the table is present, which is
saved in the ‘ini’ file (initiation file). The atom mass table contains 32 entries.

®

Note: Any change made to the ‘Atom mass table’ will affect all mass
calculations carried out by GPMAW!

Mass file.

The mass files consist of a table of amino acid residues that are active in the
current session of GPMAW. The table consists of 31 entries, each of which
contains a 1- and 3- letter abbreviation, name and the atomic composition of
an amino acid residue.

®

Note: The mass of each residue is not saved as part of the table but is
calculated based on the values in the ‘Atom mass table’ (i.e., changes to the
atom mass table will change the values of the current mass file).

The first entry denotes an unknown residue ‘X’ that has a mass close to 110
Da (the mass of an average amino acid residue). The following 20 entries
contain the 20 ‘standard’ residues, while the last 10 entries can contain any
kind of modified residue (see also ‘Modification file’ below).
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The mass file is also global to all mass calculation tables in GPMAW but can
be easily changed through the drop-down box in the main window toolbar.

@ Note: Although the mass file is global, already calculated values may be
fixed. However, most windows like the peptide window will change on-the-
fly.

Different mass files are usually created in order to accommodate
modifications to amino acid residues that are global to a given sequence. A
typical example is the carboxylation of cysteine residues. The standard
installation of GPMAW is supplied with a number of the most common
cysteine modifications (pyridyl ethylation, carbamido methylation, cysteic acid
etc.). These files can also be downloaded from the web site.

@ Note: If you use some of the ‘extra’ amino acid residues (after residue 20)
you will have to include them in all the modification files you use (e.g. both
in aa_mass.mss and pe_cys.mss (pyridylethylated cys) if you use both
files).

Modification file

Modification files are tables of amino acid compositions that represent
potential modifications to amino acid residues. An example could be
methylation of carboxylic acid residues (i.e., a change of +C1H2 valid for Glu,
Asp and the C-terminus). As modifications can result in both the addition and
removal of atoms, the compositions can be both positive and negative (see
Chapter 4.4 for composition formulas).

Only a single modification file can be loaded at any time. The scope of a
modification file is global (e.g., a single file covers all sequences loaded at a
given time). This means that if you have different sequences loaded, you
should construct your modification files to contain common modifications.
However, in many cases (e.g., sequence windows) information is extracted
from a sequence file and the information stored along with the sequence.
This means that the information does not disappear or change when you load
a different modification file.

The modification files are used in several cases: Modification of residues in
sequences (Chapter 3.6), when comparing peptide masses (Chapter 12), and
searching for mass matches in a sequence (Chapter 6.1).

Modification files contains 40 entries each and are saved in the ‘System’
directory under \gpmaw\. Note that a number of ‘simple modifications’ can be
accessed through the pop-up menu and in the modification window
irrespectively of what modification file has been selected.

N- and C-terminal modification

The N- and C-terminal modifications are like the entries in the modification
file (above) but are restricted to modifications of the respective terminals. The
state of the terminals can be set when editing the sequence (Chapter 4.1),
but you can also set the state of the newly generated peptide terminals when
you digest a protein.
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The composition and modifications of the terminals are edited through the
menu Edit|Edit modifications (Chapter 4.3) and are saved in a file
called ‘TERMINALS.TMS'. You are limited to 12 modifications (+ 1 normal
state of the terminals, ‘H’ and ‘OH’ for the N- and C-terminal respectively).
Window menu 1.6

The 'Window' entry in the main menu is only concerned with the overall
control of MDI windows. The menu contains five commands:

Cascade (Ctrl+F5)

All open windows on the desktop will be resized to the same format, and
each window will be positioned slightly below and to the right of the previous
one in order to make the title bar of all daughter-windows visible.

Tile (Shift+F5)

All open windows on the desktop will be tiled, that is resized, and rearranged
so they cover the complete desktop.

Fit sequence (window)

The height of the sequence window will be changed (increased or decreased)
to fit the sequence displayed.

1695051 Da Avl 1651902 |51 |5 ac o] & T[] rrosen RGLOBIN.- EQUUS CABALLUS (HOR
1 GLSDGEWQOVLNVWGKVEADTAGHGQEVLIRLF TGHPE TLEKF DEF KHLKTE. Av. 0.00Da ] 34| 8= v & | | FH|  Hvdrogen

59 EDLERHGTVVLTALGGILKKEGHHEAELKPLAQSHATKHKIPTRYLEF 15D

OOV LNV WGKVE LD, T AGHGOEVL IRLF TGHPETLEKF DKF KHLETEAEHKAS
117 SKHEGNFGADAQGAMTKALELFRNDIAAKYRELGFQG ¥

L TALGGTLKRKEGHHE AELKPL 4QSHATKHKIR TKYLEF TSDAT THULH
GADAQGANTEALELFRNDTAAKTKELGF QG
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Tile sequence window
When you have multiple daughter windows open (e.g., hydrophobicity,
peptide, mass search, secondary prediction etc.) the display can quickly
become confusing and difficult to manage. By selecting this option, the
currently selected sequence window will move to the bottom of the display
(the height will be made to fit) and the daughter windows will be tiled above.
Non-related windows will be buried under these windows.

" GPMAW 4.22bnta (32 bit Difault)
Do £ io Sewp Seerch Quckeokr Deavege iopn Uiites Mindow Help

23 GPMAW 4 22bota (32-bit Defaul]
ik

=la| 2] o|® 8@ =l | sfEmweswss =) 7|8 E_s@lglax%mm.ﬁ stfaawssves -] 7]
I

I
El i| [us[ws]ss] Toesin M—Pn—ou 8| Syncronize wind
wHe WP E] ol | Somuenc

toss051 oo | ] 132120 | 00| S5/l L T[] oo
z u Lac TORPETLERTIRT

o | B 3 [An] i | B !E ;'j ] Trypsin (K/FAF)-p0 ﬂ T Syncronize windows
Wum| FromTa | WH: [HPLC] p1 | S-qnenu-

IR

WA )

Arrange icons
All iconized daughter windows will be arranged at the bottom left of the
GPMAW main window.

Minimize all
All daughter windows will be iconized and arranged from the bottom left
corner of the GPMAW main window.

MDI windows on the desktop
Below the window arranging commands all open MDI (sequence and
daughter) windows are listed. An underlined number precedes each window
(up to 9). This means that you can change the focus to a particular window
by pressing <Alt>+W followed by the underlined number.

Help 1.8

Help index
The menu command Help |Help index opens the on-line help on the index
page. From this page you can either navigate to the help wanted or you can
use the search function of the help program.
An alternative way of using the help system is to press the Ctrl + <F1> button
to open the help system in a context sensitive way, that is the help will open
on the page containing help relevant to the window/dialog that currently has
the focus (active window). Most dialog boxes have a help button

T Hele  ihat likewise opens the context sensitive help.

The on-line help system will always be updated with the most recent features,
unlike the manual which is more infrequently updated.
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@ NOTE: Additional documentation for GPMAW can be found on the
installation CD in the ‘Document’ directory. Pdf versions of the manual and
the ‘Dummies Guide’ as well as all published newsletters are available.
Most of this can also be found at the web site http://www.gpmaw.com.

Recent program changes

For a detailed description of the changes made to the program and their
chronology, please see the on-line help and/or check online at
http://www.gpmaw.com.

About

Help |About displays the version and contact information for GPMAW. The
top line displays the version number of the current installation. The version
number, e.g., 5.11, means main version 5, minor version 1, update version 1.
Both main and minor versions will usually have an accompanying manual
while an update version only has an updated help file. The manual is
available on your installation CD as a .pdf document.

Below the version name follows the license number and supplier of the
program. Please use the license number whenever you contact Lighthouse
data concerning GPMAW.

The “‘Send mail’ button H
opens your default mail

client with the address of
Lighthouse data in the
sender section, and
GPMAW license information
in the body. You can then
add your information and
send the mail.

At the bottom of the section,
the license date (month and
year) and the version
number of the originally
installed copy of GPMAW is

GPMAW 10.01d
License number: YWWwh161

Supplied by:
UT=Pliizjc¥z)d

Fau: (+45) 66 19 33 96

(=) Send mail
¥ Include disk information
License date: 4-2015

Criginal wersion: 10.00
@Lighthouse data 1992-2011

disp|ayed_ The license date The Whitby East Pier Light (old) was builtin 1854 and
. R . operational until the new East and West pier lights (the not so
is useful information when pretty green and ligth boxes on the extended piers) were taken
you upgradel as you can into use in 1914.

The light is 55 ft high (16.7 m in the civilized part of the world), and
Only L_Jpg_rade fOI’ _free fOI’ a is unfortunately not open to the public. However, itis a nice walk on
certain time (minimum free the pierto the lighthouse
upgrade is one year, contact
Lighthouse datg for the System info Current compilation: 20/04/15
current actual time). When
you use the ‘Info’ button @) Web home ve

ang

(see below), the program =
will tl'y to calculate whether Press i' button for upgrade information

your license is e|lg|b|e for (you need to have Internet access)

the current upgrade.

Each version of GPMAW (both major and minor versions) has its own
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associated lighthouse. A picture is shown in the start-up ‘splash’ screen and
a picture is also presented in the left side of the ‘About box’. Below the
contact information is a short description of where in the world the lighthouse
is located.

Below the description of the lighthouse is the compilation date of the current
version of GPMAW along with three buttons:

‘System info’ contains information on where in your system various GPMAW
files are located. This is mainly to make it easier to troubleshoot the system.
"Web home’ this will open your default web browser and display the GPMAW
web site (http://www.gpmaw.com).

‘Done’ will close the dialog box.

If you have an Internet connection, you can press the ‘Info’ button at the
bottom of the dialog box. This will make the program contact the GPMAW
web site and retrieve the latest information about upgrades, bugs and other
relevant information. It will also calculate whether your license is valid for the
latest upgrade. The actual upgrade you will have to download from the web
site using your favorite browser. See also Auto upgrade notification in
Chapter 1.2.

Note: Beta versions of GPMAW are irregularly posted on the web site. As
long as you have a license that is valid for upgrades (time limit is generally
18 months from date of purchase), you are free to download and install the
beta versions, please see the web site for details on installation. The
improvements in the beta versions are often only sketchily described, but
you are welcome to inquire about specific improvements.

Lighthouse data 1.9

GPMAW is developed by

Lighthouse data

Engvej 35

DK-5230 Odense M

Denmark

E-mail: php@bmb.sdu.dk
WWW: http://www.gpmaw.com

If you cannot access the web site, please contact Peter Hgjrup, Lighthouse
data by e-mail at the above address.

Updates to the program will be available for download every 6-9 month (beta
versions are posted in-between, please see note above). You are entitled to
free upgrades for 1% year from purchase date (actual update period may
vary).

To continue development of the program, feedback on the current versions
as well as input of new ideas are always appreciated.

®

Please note: Unlike many other programs, GPMAW is being developed
continuously with relatively frequent updates in the form of beta versions.
This means that your reports and suggestions will be taken seriously.
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Technical support: If you have any problems with the program, please send
an e-mail, and we will try to answer in a day or two. Please remember to
include license number and version number of your copy of GPMAW when
you contact Lighthouse data. Both items can be found in the ‘About box’ (see
1.8). If you use the ‘Send mail’ button in the ‘About box’, this information will
be included automatically in the mail.

The web site contains additional information pertaining to the program, links
to other web resources and downloads of updated versions of GPMAW.
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2 - Reading and saving sequences

Chapter

2

Reading and saving sequences

How do | get a sequence into GPMAW?
How do | save it afterwards?
Handling of protein sequences from/to disk and clipboard.

GPMAW normally reads and saves protein sequences in its own format (see
Appendix A) but is also able to read a number of other file formats as well as
write in FastA format (Export). Furthermore, you can import sequences from
almost any source through files and clipboard (Import) if the sequence is in
standard 1-letter code (see appendix C.3). The sequences can be read from
disk, CD-ROM and the Internet.

If you want to enter a sequence manually or edit an already entered
sequence, please see Chapter 4.1 for details.

For information on how to work with sequences please read Chapter 3.

Open sequence 21

El The File|Open command is the standard way of reading protein
sequences from disk. GPMAW enables you to read sequences in GPMAW
and FastA format. For an explanation of the GPMAW format please see the
section below. For information on FastA format please see appendix B.
T x|
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# Dropbox
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4 Bbloteker
5 illeder
) Dokumenter

DODDRDDDOI

o Music

BE videoer

& Hemmegruppe

[ m
[ 5. [ Imroriors.seq
B Computer
[_Jprhas.sEQ referee.SEQ [Jsmuciem.se

myoc

& oo Destre [restasea [testpestde.seQ
Comanday0) L oo horkifSF0 R e 570 =l

Eiinaun: [Konig.SEQ | [sequence tibrary (seq fs2) ]

2

(D Hint: You should also read section 2.9 ‘Protein Explorer’ for an alternative
method of opening sequence files.

In the 'Open sequence library' dialog box, only files with the extension '.SEQ'
will initially be shown. Alternatively, you can select 'Old GPMAW format' (no
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extension) or 'All files' in the 'File type' drop-down box. Selection of a file
takes place either by double clicking on a library name (opens the file
directly), selecting a library name or by entering any file name in the ‘File
name’ field. In the last two cases you must press <enter> or the ‘Open’
button. Alternatively, you can change to a different directory or disk drive in
the usual File Manager/Explorer style.

The initial directory displayed will be the one entered as ‘Default working
directory’ in the Setup system dialog (see Chapter 5.4). You may also check
Appendix D on how to set up GPMAW for multiple users.

If the selected file only contains a single sequence, it will open on the
desktop immediately.

@ Hint: The bottom of the file menu shows the nine most recently opened
sequence libraries and these can be opened directly. The drop-down arrow
next to the ‘File open’ icon opens a menu with the same five file names.
Shortcut: Alt + F followed by a number (1-9) will open the corresponding
sequence library.

If the 'Select sequence’ dialog box contains multiple sequences, it will list the
name and length in residues (in square brackets) of all sequences contained

in the file:
=10l |
Kangaroo Myoglobin. - Macropus
[153] mouse Myoglobin. - Mus musculus (Mouse). Accession no. : P02134
[153] IndianElephant Myoglobin. - Elephas maximus (Indian elepha ) )
[153] RedDeer Myoglobin. - Cenvus elaphus (Red deer). ﬁes'd_”j?;];gig o
[153] Bovine Myoglobin. - Bos taurus (Bovine). I:a?aife.ctric aint 8353
[153] AfricanElephant Myoglobin. - Loxodonta africana (African el B ’
[153] DwarfWhale Myoglobin. - Kogia simus (Dwarf sperm whale N-Term :
[153] SpermWhale I_\ﬂyoglob!n. - Physetgr catodon (Sperm whale) GLSDEEWQLYLNIWGKVETD ...
[153] Orca Myoglobin. - Orcinus orca (Killer whale). C-Term
[153] Orangutan Myoglobin. - Pongo pygmaeus (Orangutan). . AAKYKEFGFQG
[153] Beaver Myoglobin. - Castor fiber (Eurasian beaver)
[153] Chimpanzee Myoglobin. - Pan troglodytes (Chimpanzee).
[153] Human Myoglobin. - Homo sapiens (Human). File :
[153] Dog Myoglobin. - Canis familiaris (Dog), and Size : 52364 bytes
[153] CapeFox Myoglobin. - Vulpes chama (Cape fox). Sequences 18
[153] Rabbit Myoglobin. - Oryctolagus cuniculus (Rabbit) Capacity used: 10%
[153] TreeScrew Myoglobin. - Tupaia glis (Tree shrew).
[153] Otter Myoglobin. - Lutra lutra (European river ot
! [
2] sort by pame 2 Select all @Eeselect ¢ 0K x Cancel

Open sequence options:
e Press the "OK" button to open the selected file and close the dialog
box.

e You may select all files by pressing the ‘Select all’ button. If you
double-click on the button, all sequences will be opened without
pressing the "OK" button.

o Alternatively, you can select multiple files by holding down the Shift
button when selecting (continuous selection) or holding down the Ctrl
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button for a discontinuous selection. All selected sequences will be
opened when pressing the “OK?’ button, each sequence in a separate
window.

¢ Pressing the "Reselect’ button will close the ‘Select sequence’ dialog
and reopen the ‘Open sequence library’ enabling you to immediately
select a different sequence library.

e Press the “‘Cancel’ button to close the ‘Select sequence’ dialog without
opening further sequences. Any sequences already opened will stay
opened.

e Click the 'Sort by name' box to sort the contents of the sequence list
alphabetically.

The status panel at the right side of the dialog box shows for the currently
selected protein:

e Name of protein

e The size, mass, and pl

e N-and C- terminal residues

e The total file size and number of sequences (chains)

e The size of the current file as percentage of maximum file size.

e  The bottom left box will be green when the file is less than 80% of
capacity, and will then turn red, to warn you that you cannot save
many more sequences. The maximum file size is 512 kByte or 1000
sequences, whichever limit is reached first.

The dialog box can be resized by dragging the edges.

®

Hint: You can drag-and-drop sequence files (files with the extension .seq)
onto the GPMAW desktop from the Windows File Explorer. If the file
contains a single protein, it will open immediately, otherwise the sequence
selection box will open.

Information that are saved with a sequence

The primary information saved contains the name and sequence of the
protein (in 1-letter code). In addition, you should also save the accession
number of the protein when available (when reading a FastA indexed
database the accession number is retrieved automatically).

In addition, you can enter the following information manually (described in
detail in Chapter 2 and 3): Cross-links (usually between Cys residues, but
can be between any residue), modified residues, N- and C-terminal
modifications and annotation. The annotation is a free text field where you
can enter any information you want saved with the sequence (see chapter
3.9). When reading SWISS-PROT sequences from the EMBL CD-ROM or
PIR sequences from the Atlas CD-ROM, the complete database entry is
saved in the annotation. Also, when you import data (either from file or
clipboard) you have the option of placing the entire record on the annotation
page (see chapters 2.5-2.7).
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The GPMAW file format

The sequence files of GPMAW can contain up to 300 sequences or 512.000
bytes (characters) whichever is greatest. The files are saved in a proprietary
format that in addition to the name and the sequence can contain information
on accession number, modified residues, cross-links and annotation.

The sequence files are ASCII (text) files that can be edited in a text editor.
However, you should only consider opening the sequence files in a text editor
if the file gets corrupted (i.e., unreadable by GPMAW). All input and output
are more easily (and safer) handled by GPMAW.

When the file size gets to be more than 90% of capacity you should either
delete sequences or create a new file.
For a more detailed description of the file format, please refer to appendix A.

Drag-and-drop

You may drag files from the Windows Explorer onto the desktop of GPMAW
in order to load sequences. The standard rules for opening files apply, i.e.
single sequence files open immediately, multiple sequence files open with the
‘Select sequence’ window. If you drag multiple files simultaneously, the files
will open sequentially.

How to acquire sequences 2.2

Protein sequences can be acquired from a large number of sources; the most
important of these will be discussed.

@ Note: GPMAW only accepts sequences in 1-letter code. If your sequence
is available only in 3-letter code, you have to enter the sequence manually
using the Edit|Edit new sequence command.

Journals, own data and other data in print:
You must enter the sequence manually using the sequence editor as detailed
in Chapter 4.1. If you have a scanner with OCR software you can input
through your text editor, or a disk file (use File | Import ASCII). Beware;
as most OCR software has a tendency not to translate 100% correctly you
will have to be careful in checking the entered sequence.
If data are in print, they will usually also be available on-line through the
Internet. Please see sections below.

Data in a disk file.
If the file is in FastA format and smaller than 30000 bytes, GPMAW can read
it directly using the File | Open command. If the file is in an ASCII (text)
format you can use the File | Import ASCII|From file command (see
below). If the file is in a proprietary format (word processor, html etc.) you
must open the sequence in the relevant program and transfer the sequence
using ‘cut and paste’.

Transfer of data from aword processor.

If you have your sequence as 1-letter code in a word processor (Word,
WordPerfect etc.) the easiest way of getting your sequence into GPMAW is
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to copy to the clipboard and select File | Import ASCII|from
clipboard (see below). Alternatively, you can paste into a new sequence
(Edit|Edit new sequence). If the sequence is in lower case and/or
contain extra formatting characters you remove these using the relevant
buttons in the editor (see Chapter 4.1).

Transfer of data from a web browser (Internet).

Most sequences can be found through the File |Web Entrez search
(see section 2.7), or, if you have the accession number from the input box, in
the main toolbar. However, if you obtain a sequence elsewhere you may
proceed as follows:
When you have a sequence loaded into your browser, you can most easily
transfer it to GPMAW using ‘copy and paste’. The fastest way of transfer is:
1. Highlight the complete record (Edit|Select all or <Ctrl-A> if the
record takes up the whole page).
2. Change focus to GPMAW and select File | Import ASCII|from
clipboard
3. Proceed as detailed in the ‘Import ASCII' section described below.
Alternatively, you can highlight and transfer name, accession number and
sequence individually to a new edit sequence window (chapter 4.1).
You may also download complete databases by FTP. Databases in either
FastA or Swiss-Prot format can be indexed it with the ‘DBIndex’ program
(Chapter 12.4). This utility can be downloaded from the GPMAW web site if
not present in your installation (see also Appendix B).

Internet.

You can type the accession number of your protein of interest into the web
retrieval field in the main toolbar to retrieve a sequence directly from Expasy
(UniPro) or NCBI (Entrez). If you need to retrieve multiple sequences, you
can make a list of accession numbers and retrieve all sequences in a single
operation (Fiel | Retrieve Accession Number List). You may also query the
Entrez database, for details see Chapter 2.7.

DBGet

A small utility called DBGet is part of the installation (called through the
Utilities menu) and can be used for downloading and indexing databases
from the web. If you cannot find it in your installation, search the GPMAW
web site (www.gpmaw.com).

Nucleotide sequences.

If you have a nucleotide sequence it can be imported and translated to
protein sequence through the File | Import ASCII|From file Or
File|Import ASCII|From clipboard command (see below, ch 2.5).

Save sequence 2.3

When you have changed the information of a sequence window (e.g.,
sequence, name or post-translational modification), you can save the
information in a GPMAW sequence library using either of two commands
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(below). The information saved contains at least the name and the protein
sequence and may additionally contain chemical modifications on terminal or
individual residues, cross-linked residues, and annotation. Information on
multiple peptide chains is saved as part of the protein sequence.

For a complete list on information that can be saved with a sequence please
see Appendix A.

The save command saves the currently selected sequence and all
modifications to the file and position occupied by a previous instance of the
sequence. This means that the command only works when the sequence has
been read from a GPMAW sequence library. The program looks for a
sequence with the same name and position in the library. If you have
changed the name of the sequence or if you have just entered or imported
the sequence file, you will automatically be transferred to the ‘Save as’
command (below).

Save as

The ‘Save as’ command is used when you want to save your sequence to a
new file/position or when you have just entered or imported a new sequence
and want to save the information in a GPMAW sequence library.

1) Select the relevant sequence window.
2) SelectFile|Save as.

3) The 'Save sequence' dialog box will open in the currently selected
user directory. You can change to a different directory. By default only
sequence libraries (files with the .seq extension) will be displayed.

4) You now either select an existing file or enter a new name. The .SEQ
extension is automatically added to the filename.

5) If you select an existing file, the sequence in the active window will be
appended to the ones already present in the file.

®

Note: If you save a sequence with a name that is already present in the
sequence file, the name will get a ‘rev1’ (or ‘rev2’ etc.) attached to the end
of the name.

Save all seq. as

This command will save all sequences opened on the desktop to a single file.
This is a convenient shortcut when you have retrieved a number of
sequences e.g. from a database search or a retrieval list.

Save w. highlights

This command is similar to the ‘Save’ command above, but information on
the underlined areas of the sequences (chapter 3.4) is saved along with the
other information.

Note: This information is not saved dynamically; you have to save it
specifically when you make changes. Neither are you informed about
changes in underlining that need to be saved.
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Delete sequence 2.4

When you want to remove a sequence from a file you:
1) Select File|Delete sequence.

2) From the 'Select file' dialog box you select the file containing the
sequence to be deleted. By default only sequence libraries (files with
the .seq extension) will be displayed.

3) Inthe 'Select sequence' dialog box you select the sequence to be
deleted. If you have multiple occurrences of the same sequence name
you should remember that new sequences are always appended to the
end of the file.

4) From the 'Delete sequence’ dialog box you select 'Yes' when you have
verified that the selected sequence is correct.

When you remove the last sequence from a file, the file will be removed
completely.

When you delete a sequence, the previous sequence file is saved with the
same name but with the extension *.BAK’. This ensures that if you delete a
sequence by accident, you will be able to retrieve it (until the next save or
delete operation on the file).

Import ASCII (sequence in text format) 2.5

If you are unable to read a sequence file using the normal File | Open
command, you will be able to import the sequence using the File| Import
ASCII|From file command. The only limitations are:

1. The sequence has to be in 1-letter amino acid or nucleotide code.

2. The file has to be an ASCII (text) file.

3. The file is smaller than 30000 bytes (characters).

From file

The 'Open text file' dialog box is identical to the 'Open sequence file' for
opening standard sequences except that files with the extension " TXT' are
displayed by default. In the drop-down list 'List files of type' you can select 'All
files' or you can type any name into the 'File name' box. If the file selected is
not an ASCII file, an error message will appear, and you will be unable to
proceed with the import. If the requested file is a text file, the following dialog
box will open showing the file contents:

®

Note: The ‘Import ASCII’ dialog recognizes the FastA, the Swiss-Prot and
the GenPept (Entrez) formats. This means that the name, sequence and
accession numbers are pasted directly into the respective fields of the
dialog.

However, remember to include only the complete record and not any extra
lines of text or graphic (e.g. when you copy from a web page).
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I

Io CPZB4 RRBIT Reviewed; 491 AR,

AC BO0178; BOOG1T7;

DT 21-JUL-1538&, integrated intoc UniProtEB/Swiss-Prot.

DT 21-JUL-198%, seguence wersion 1.

oT 13-JU0L-2010, entry wersion 102.

DE Reclame: Full=Cytochrome P450 ZB4;

DE EC=1.14.14.1;

DE RltHame: Full=CYPIIE4;

DE AltHame: Full=Cytochrome P450 isocsyme 2;

DE Short=Cytochrome P450 LMZ;

DE AltHame: Full=Cytochrome P450 type BO;

DE AltHame: Full=Cytochrome P450 type Bl;

=1 HName=CYPZB4;

o5 Oryctolagus cuniculus (Raebbit) .

oc Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Eutelecstomi;

oc Mammalia; Eutheria; Euarchontoglires; Glires; Lagomorpha; Leporidae;

OC Oryctolagus.

O NCBT TaxID=338&; LI

Hame Sequence Access. no. A Caps ~ ¥ Save textas annotation DNA
MName: Cytochrome P450 2B4; - Oryctolagus cuniculus (Rabbit)
Sequence: MEFSLLLLLAFLAGLLLLLFRGHPKAHGRLPPGPSPLPVLGNLLOQMDREGLLRSFLRLREKY GDVFTVYLGSRPVVVLCGTC
Length: 255 Access. no.:  PO0178 o oK ¥ cancel ? Help
Highlight the text before pressing the relevant button for transfer to name, sequence or accession
number, The text can be edited before transfer,

To import a sequence you have to carry out the following steps:

1. Highlight the name and press the "Name" button. This will copy the
highlighted text into the name field at the bottom of the dialog box (only
the text that fits into the dialog box will be displayed).

Highlight the accession number and press the ‘Access no.’ button.

Scroll to the sequence.

Highlight the sequence part of the record.

If the sequence is written in lower case press the "Caps” button to

transform lower case letters to upper case. The sequence will stay

highlighted.

6. If you are importing a nucleotide sequence press the "DNA" button (see
import nucleotide sequence below) otherwise press the "Sequence’
button. Do not worry about numbers, space characters or line breaks -
these will not be imported.

7. The first part of the sequence will be displayed in the 'Sequence’ line
below. The length of the sequence read will be shown in the ‘Length’
line.

8. Press "OK' to open a sequence window containing the imported
sequence. If necessary, you can edit the sequence later by selecting
Edit|Edit sequence (Chapter 4.1).

apod
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9. If you check the ‘Save all as annotation’ checkbox, the entire content
of the import box will be saved in the annotation page of the sequence.
For more information on the annotation see Chapter 3.9, ‘Annotation’.

@ Hint: The text field in the top part of the dialog box is an edit control. This
means that you can edit the name and sequence before importing into
GPMAW. You can also use ‘cut and paste’ from the pop-up menu or you
can use the standard keyboard shortcuts (Ctrl-X, Ctrl-C, Ctrl-V).

@ Note: Only amino acid residues that are defined in the currently selected
mass file will be imported as part of the sequence. If you need to import
unusual 1-letter codes please make certain that you have the appropriate
mass table loaded before import.

Importing a nucleotide sequence

If, in step 6 above, you press the "DNA" button you will be presented with the
'Convert DNA sequence' dialog box:

The six green lines along the top of the dialog box represent the translated
nucleotide sequence (three forward reading frames and three backward) with
the red dots representing stop codons. If a name has already been selected
for the sequence it will be shown above the green lines.

The six buttons below control the display and selection of the reading frame.
The protein sequence of the currently selected reading frame will be shown in
the large list-box. Stop codons are shown as 'X' and will be imported into
GPMAW as chain terminators (a maximum of six chains can be imported). To
the right of each reading frame button the number of ORFs is shown (open
reading frames) along with the size of the largest ORF in the current frame.

Convert DNA sequence to protein

MName:

Feading 1»| 18 ORFs/80 res 4<| 15 ORFs/226 res
frame: o 13 ORFs/245res 5| 12 ORFs/198 res

3> 5 ORFs/438 res B<| 12 ORFs119 res

Protein sequence (reading frame 3):
HRFEWRAHREPYOPGAALAFPSLRPYPPFASATRSPY &
RRCOEFDPRPHRSRORDPGRPEMTATEALLRMWLLLLL
AFGHSTYGAECFPACHPOMGFCEDDNYCRCOPGWG
GPLCOOCYTSPGCLHGLCGERPGOCICTDGWDGELCD
RDVRACSSAPCANNGTCVSLDGGLYECSCAPGYSGK;l

Longest ORF anl
_g'_ Yo ok ngance\l?ﬂelpl

If you check the 'Longest ORF only' checkbox, only the longest open
reading frame will be displayed in the list-box and translated into GPMAW.

Usually, the longest open reading frame (in this example frame 3) is the
correct one. Checking the 'Longest ORF only' and pressing "OK" will return
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you to the 'Import ASCII' dialog box above with the translated protein
sequence displayed in the sequence line (step 7).

Import from clipboard

The ‘Import from clipboard’ dialog box is identical to the ‘Import from file’
except that the content of the clipboard is pasted directly in the text box (top
part of the dialog box).

If the sequence on the clipboard is in FastA format, it will be parsed
immediately and the name and the sequence will be entered directly into their
respective lines (i.e. you only need to press the “OK? button).

@ Note: The ‘Import ASCII’ dialog box is also used as transit station when
reading protein sequences from a number of other sources like BLAST
search (Chapter 7.2), Internet accession number retrieval (Chapter 2.7)
etc..

Reading sequences from a database 2.6

You can read a sequence from a local database (this section) or directly by
accessing certain databases on the Internet (next section, 2.7).

GPMAW can access local databases in two formats:

» General FastA format indexed with the database-indexing tool
(Dbindex — Chapter 12.4) available from Lighthouse data. If the
DBindex program was not part of your installation, you can download it
free of charge (see Chapter 1.9).

» Swiss-Prot, EMBL, IPI. These databases are annotated, and you have
to make a FastA version of the databases, which you then search.
However, if all the files are contained in the same directory, GPMAW
will load the full Swiss-Prot style record in stead of the limited FastA
record.

See Appendix B for how to acquire the.

@ Note: The Swiss-Prot database is not public domain (freeware). If you are
part of a commercial company or institution you need a license agreement.
In this case, please contact Swiss-Prot (www.ebi.ac.uk).

FastA formatted databases
Protein databases in FastA format are available from a number of sources,
particularly on the Internet. Some of the available databases that have been
tested with GPMAW are:

PIR (Protein Identification Resource),

Swiss-Prot,

UniProt,

the IPI databases

EMBL non-redundant.

TREMBL (translated EMBL),

GenPept (translated GenBank),

OWL (non-redundant combined database),

VVVVYYVYYVYVY
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» NCBI nr (non-redundant).

Appendix B contains more information on the databases and how to obtain
them. Before you can access any of these databases from GPMAW you have
to create index files. For this purpose the utility ‘DBIndex’ is included with
GPMAW. If it is not present in your installation, you can download it from
www.gpmaw.com. In addition to indexing straight FastA databases, ‘DBIndex’
can perform the following functions (see Chapter 12.4):

» Convert the Swiss-Prot database to into FastA format before use.

» Rewrite the NCBI nr and EMBL nr databases to a simpler FastA format

before indexing.
» Extract sequences with a certain composition to a new database.

I8
Search for: ICALNEX\N (& Open database
. ! Search
© and [y1oUsE i
i or =
@;&t €
@ and l— [¥ Retrieve annotation
 or
& Clear pﬂelp
Accession # & Cone
Database loaded: Z\Database2\IPI_mouselPlmouse
Database extension: .SEQ
Protein index file: present
Targetindex: present
Accession number index: present
elz] 3] Database: Z:\Database2UP|_mouselPimouse |

Selecting File|Open FastA database opens the ‘Search FastA
database’ dialog box.

To search an indexed FastA database:

1. Select File|Open database or press the ‘Open database’ button.
In the ‘Open file’ dialog box select an index file with the .trg extension.
The dialog ‘remembers’ the five most recently opened databases, which
are shown at the bottom of the File menu. Three buttons at the
bottom of the dialog show the initial letter of the three most recently
opened databases. If you let the mouse cursor rest on a button for a
few seconds, the fly-by help shows the full name of the database
connected to the button. The full path and name of the database
opened will be shown in the bottom status line.

2. You can enter up to three search words and combine them with
‘and’/’or’ as appropriate. Alternatively, you can enter an accession
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number. If you enter an accession number, this field will take
precedence over search words.

3. Press the ‘Search’ button and any matches to the search criteria will
be displayed in the bottom yellow result box. When you enter search
words, you should enter the least common word first in order to speed
the search and not overload the search.

@ Note: The words ‘protein’, ‘sequence’, ‘temporary’, and ‘tentative’ have
been removed from the search list as being too common and not
providing enough information. Furthermore, the following symbols have
been removed and replaced by word delimiters: ‘[1",.;()’

4. Highlight any sequence you want to retrieve from the database and
press the ‘Retrieve’ button to load the sequence into GPMAW.
Alternatively, you can load the sequence by double-clicking on the
name.

As FastA formatted databases contain no annotation, only the name,
the accession number, and the sequence will be loaded. You can
highlight several sequences while holding down the <ctrl> key. Pressing
the ¢AlP button will load all highlighted sequences into each own
sequence window.

@ Note: If you have several databases installed on your system you do not
have to reenter search words when switching between the databases.

The Swiss-Prot and the GenPept databases are published as infrequently
updated primary releases and frequently released updated databases
(SwissNew and GpNew). When both the main and the updates are installed
in the same directory, GPMAW will recognize the updates and the ‘Upd.’
button will be enabled when loading the main database. You can now search
the main database by pressing the ‘Search?’ button and the database
update by pressing the ‘Upd.’ button.

Swiss-Prot: If you are searching the FastA version of the Swiss-Prot
database (‘SPROT.SEQ’) and you have all the accessory files in the same
directory, you can read the full database record into the annotation page of
the sequence window if the read annotation box is checked (see Chapter
3.9 for more information on the annotation page).

In order for the annotation retrieval to work you need the following: The full
Swiss-Prot database release 37 (the file has to be called ‘SPROT.SEQ’). The
FastA version of Swiss-Prot (‘SWISS.SEQ’) generated by the ‘DBIndex’
utility (version1.02 or later) and the corresponding index file ‘SWISS.IDX'.
The FastA index files ‘SWISS.TRG’, ‘SWISS.NDX’, ‘SWISS.ACC’, and
‘SWISS.FAC’ also generated with the ‘DBIndex’ utility (see Chapter 12.4).
The ‘DBIndex’ program is included in the standard GPMAW distribution and
can be freely downloaded from web site (Chapter 1.9).

38



2 - Reading and saving sequences

Retrieve sequences from the Internet 2.7

If you know the accession number of your protein of interest you can enter it
into the web access field in the mail toolbar:

P01308 [-] @ w

When you pres the ‘Get’ button Q GPMAW will either access the Swiss-
Prot database on the Expasy server (if the accession number starts with O, P
or Q) or the Entrez server hosted by NCBI. If the first query is unsuccessful,
the other server will be queried. The result will open in the ‘Import ASCII’
dialog box (section 2.5). Both the Swiss-Prot and the Entrez (GenPept)
format are recognized by GPMAW so you can import the sequence just by
pressing the ‘OK?’ button. The complete database entry will be saved in the
‘annotation’ page (section 3.9).

@ Note: When searching for NCBI gi numbers you should include the ‘gi|’ in
the accession number, e.g. gi|49522055 not just 49522055

@ Note: The Web search works on any unique identifier in the sequence
record. However, using anything but the accession number may result in an
unpredictable result and should thus be checked carefully. If multiple hits
are found, only the first is retrieved.

The results from the search will open in the ‘Import ASCII' dialog box with the
various sections parsed into their respective fields. In most cases you just
must press the ‘OK’ button to import the sequence, but you should, just in
case, check that the fields have been interpreted correctly. For more details
on the import ASCII dialog, see chapter 2.5.
Selecting the drop-down arrow nextto | [ v | & G
the edit field opens a list of the 10 most Il_Chymotrypsin.C: _ Homo sapiens (Human).
|l Chymotrypsinogen B; - Bos taurus (Boving).
recently accessed sequences on the P23987 || Virion-packaging protein ORFZ; - Infectious laryng
net. C||Ck on hame and GPMAW CACB2717 || calnexin [Aspergillus niger]. - Aspergillus nige
retrieves the sequence into the 'Import ASCII' dialog box.

Note: The text input box has a second function as you can enter any residue

or part of a sequence and pres the ‘Mark’ button o to highlight the
residue/sequence in sequence windows. For more information see Chapter
3.2, ‘Highlight'.

@ Note: If you are unable to retrieve sequences through the Internet, you may
need to set up access through a proxy. Please see section 5.9.
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Retrieve sequence list from web

If you have a list of accession numbers x|
and yOU WOUld Ilke to retrieve the relatEd 1) Enter or paste list of accession numbers in the edit box below.
sequences into GPMAW you select the 2) Select destnaton and format.

3 3 J 3P ‘Retri " and wait for retrieval to finish
Flle | Retrleve I Retrleve a)ndrrZSVSIEWErEISEL\Ti‘EE?EqLIEnEES and war r retrieval Inis!
acc_:ession number l:irst. This opens ~Sequence destination—————— 2 Lond
a dialog box where you either enter the & GPMAW (sequence window) :
accession numbers, load a list from disk Wis
(‘Load’ button) or paste the list from the File format—————————
clipboard — one accession number pr 2 G (scquence orly)

I & GPMAW (incl, annotation)

ne. € Fasts,

You then select the destination of the el v o«
retrieved sequences, either as individual [P Refieve sequenceess 2 ek

sequence windows in GPMAW or saved

to a file on disk. The ‘File format’ option P =
will only be enabled when the last option |15
has been selected. Po4322|

If you retrieve into GPMAW you can
later save all the sequences into a singe
file using the File | Save all seq.
as (see below).

If you select ‘File’ as destination, you =
can select file format from the list below: |
GPMAW without annotation, GPMAW with annotation, FastA or Native (i.e.
as received from the Internet).

When you press the ‘Retrieve’ button, GPMAW will search the Internet using
the SRS server at EBI, UK, if the accession number is recognized as a
Swiss-Prot or TREMBL number, otherwise the search will be done on the
Entrez server at NCBI.

The state of the retrieval process is displayed in the bottom status line. As the
sequences are retrieved from the web, each accession number is appended
by ‘— Sequence retrieved’. Note: A short interval may pass after the status
line reports ‘Done’ and until all sequences have been retrieved.

@ Note: Gene index numbers (NCBI) have to be entered with a gi| before the
number, i.e. gi|18858381.

Searching Entrez

Through the File |Web Entrez search you have the possibility to search
for protein sequences on the web using the Entrez search engine
(https://lwww.ncbi.nlm.nih.gov). The search by GPMAW only implements part
of the Entrez search engine and is not meant as a replacement for searching
the WWW, but rather as a quick way to retrieve protein sequences into
GPMAW. This option is particularly useful if you do not have access to
protein databases on CD-ROM or do not wish to download a complete
database yourself.

40



2 - Reading and saving sequences

721 NCBI Entrez web search - ol x|
e Database Terms: Fields:
elect database @ i - .
and display Hrizli= 1 Jereticuin [Protein name | S search % Cancel & print
format. _! Mudleotide
2 | o fietds El No web display
Enter termsand | g5 em datab Hits: 30
select fields.
cwssProt =] 2 I IAII fields j Qrrev  Next@ 0-24 W, proxy
Press 'Search’ to
search the d I IOrgamsm j
Entrez database Display Highlight name and press Retrieve’ 3 VD
_ FastA @ GenPept to load sequence into GPMAW 3 Retrieve Lage
RecName: Full=Calreticulin; AltName: Full=Major microscmal -

RecName: Full=Calreticulin; Flags: Precursor.
RecName: Full=Calrsticulin; Flags: Preacursor.
RecName: Full=Calreticulin; Flags: Precursor.
RecName:

lreticulin; Flags: Precursor.

RecName -

lreticulin; Flags: Precursor.
RecName: Full=Calrsticulin; Flags: Preacursor.
RecName: Full=Calreticulin; AltName: Full=CRPS5; AltName:
RecName: Full=Calreticulin; AltName: Full=CRPS5; AltName:
RecName: Full=Calreticulin; Flags: Precursor.

RecMName: Full=Calreticulin; Flags: Precursor.

AN 11 e S m e 8] e Diemmreemnn =
LoCcUS CALR_CHLAE 417 aa linear PRI 21-MAR-2012 ﬁ!
DEFINITION RecName: Full=Calreticulin; Flags: Precursor.

RACCESSION  Q4VITS
VERSION Q4VITS.1 GI-75068744
DESOURCE UniProtKB: locus CALR CHLAE, accession Q4VITS;
class: standard.
created: Jul 25, 2006. Ll

Sequence |Web

HTTP Done - waiting |htq::jf5uhls.nd)|.nlm.nlh.gnvfenhez,’euhlsfefehj‘v.chl?db=prnhem&rettyps =gpéretmax=258retmode=text8id=399303,161784276,1 %

The Internet address http://www.ncbi.nlm.nih.gov/ contains a full
implementation of an Entrez search engine and information on the
databases. You can also download a client/server version of the search
engine with an enhanced functionality and greatly increased speed. Appendix
A and B contain further information on database formats and content.

@ Note: You need an Internet connection to use these functions! The Internet
connection through GPMAW may not work through a firewall. If you have
problems, please consult your local network specialists before contacting
Lighthouse data.

The Entrez web dialog allows you to enter up to four search terms, search in
two different databases and display in two formats.

The results of the search are shown in the bottom part of the dialog box. This
is a ‘tabbed notebook’ where the
first page, ‘Sequence’, is made up

- e e a [fi s
of two list boxes and the second mamie [l 0 o R o
page, ‘Web’, shows the web page

2| Al fieids

Enter terms and
select fields

of the Entrez search. Of the list

boxes on the ‘Sequence’ tab, the fE\oM"“'"
top. one shows the proteins found, Smfm
while the bottom one shows the T T T
database entry of the currently Display | FASTA =] Show|50 =][Sendte =]
selected protein. Double-click on the Them 1.- 10 of 10
entry or press the ‘Retrieve’ button (B0 i (PP ot e el AR

to retrieve the sequence into a >4i|4756686 | ref NP 002323.11 low density lipoprotein-related t
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2 - Reading and saving sequences

GPMAW window. The ‘Web’ page works like Internet Explorer, except you do
not have an address bar (more information, see below).

The ‘Max. number of items’ field can be set between 25 and 150. If you
retrieve more than 150 sequences, only the first 150 items will be displayed,
and you will have to narrow your search by using more strict options.

Database

Protein: This is by default the NCBI non-redundant protein database (nr).
The database is compiled by combining Swiss-Prot, PIR, GenPept and
additional databases. The NCBI non-redundant database is updated almost
daily. See also Source database below. The RefSeq database (curated part
of nr) contains more than 125 million sequences (November 2018).

Nucleotide: The NCBI non-redundant nucleotide database, based on
GenBank supplied with other databases. This database is not normally used
for retrieval of protein sequences but can be used for cross-references.

Source database
This enables you to select all or a subset database for searching:
All: The combined databases are searched.

Swiss-Prot: Only the annotated Swiss-Prot database is searched. This can
be advantageous when searching for a well-known protein, as you will get a
well-annotated record with little or no overlap between the different records

(e.g., typically only a single human entry).

EMBL: Sequences translated from the EMBL nucleotide database that are
not yet incorporated in Swiss-Prot. Not as well annotated and may contain
errors.

PIR: Protein Identification Resource. An alternative to Swiss-Prot, in general
not as well annotated.

RefSeq: The combined NCBI protein database. Larger than Swiss-Prot, but
not quality controlled to the same degree.

Display
FastA: A compact format mostly used for storage of sequences used in
homology searches. The first line starts with ‘>’ and contains accession

number and name of the sequence. The following lines (usually formatted
with 60-character per line) contain the sequence in 1-letter code.

GenPept: Considerably more information is available in the GenPept format.
In addition to name and species, information on species, literature reference,
post-translational modifications etc. are included.

Terms

Up to four search terms can be entered. The terms are always ‘AND’ed,
meaning that both term 1 and term 2 have to be present in a database entry
for Entrez to retrieve it. The ‘Fields’ drop-down list boxes enable you to
narrow the search to specific fields of the database entries.

Fields: The default selection of the ‘Field’ box is ‘All fields’ where the
complete database is searched, except for the last term field where
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‘Organism’ is selected. The ‘All fields’ option is usually sufficiently specific
in most cases, but as the database entries often contain cross-references to
other database entries you will often retrieve a number of homologous
proteins.

Other ‘Fields’ options are Protein name, Keyword, Organism, Author
name and Accession # (number).

Hits

Note: Whenever you change database the ‘Field’ boxes are reset to ‘All
fields’ / ‘Organism’.

Only the initial 25 hits are shown in the protein list box. Press the Prev or the
Next button to see the previous or next 25 hits.

When you select an entry, the record will be shown in the bottom box of the
dialog. the blue divider can be shifted up and down to display the record.

Retrieving a sequence into GPMAW

Proxy

Print

Selecting a sequence name in the top list box and pressing the ‘Retrieve’
button retrieves a sequence. Alternatively, you can double-click on a
sequence name.

If the display format is ‘FastA’, the sequence is directly copied into GPMAW
as a sequence window. If another format is chosen (e.g., ‘GenPept’), the
complete sequence record is copied into the ‘import ASCII’ dialog box (see
2.5) from where you can select whether you want just the sequence read into
GPMAW or you want to save the

annotation as well. X
' Use proxy settings
If you need to go through a proxy to get Servername [Ntian

access to the Internet, you have to press
the ‘Proxy’ button first and fill out the
form with Server name, Port number,

Port number of

User name Iprnheinguru

User name and Password. Check the Passuord  [seessens

‘Use proxy settings’ to tell the internet Show passward charactars
connection to go through the proxy. Use basic authorization

Once entered, the proxy settings are

used throughout the session, but you v —  y—

have to enter the password when you

i : NOTE: The dis not saved b
start a GPMAW session next time. © 1% ot save

Pressing the ‘Print’ button will print the complete search results unless part
of the results is highlighted. In this case, the program will ask whether to print
only the selected part. If you answer “No’, the complete result list will be
printed.

The printout will also list the search terms, fields and database.
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Local menu
The dialog supports two local menus:

Right clicking in the top part of the dialog displays a dialog with the options:
Clear Terms, Retrieve sequence, Copy to clipboard and Print. ‘Clear
terms’ clears the two term input boxes, ‘Retrieve sequence’ and ‘Print’
duplicates the corresponding buttons and ‘Copy to clipboard’ copies the
selected protein to the clipboard.

The bottom edit box supports a local pop-up menu that enables you to copy
and paste part or all of the contents.

Session example
Search for ‘Surfactant protein A’

Select Database: Protein; Display: FastA; Term 1: Surfactant protein A; Field
1: All fields (make certain to get all hits);

The result is 67 hits, several of which do not have relation to SP-A.

To limit the search, you enter ‘human’ in Terms field number 4 and press
‘Search’ again.

The result is now 15 proteins.

In order to get the annotation, you switch to ‘GenPept’ format and press
‘Search’.

Highlight the sequence ‘PSPA_HUMAN’ which originates from the Swiss-Prot
database and has the best annotation. Press ‘Retrieve’ to open a new
sequence window in GPMAW with human SP-A.

Although the FastA and the GenPept search show the same results, the
search in FastA format is usually much faster (semi-automatic).

Web view
The bottom of the dialog box shows that you have two pages to the bottom

part:

Clicking on the ‘Web’ page shows the web entry from which the ‘Sequence
page has been extracted.

<. Y03
d NCBI 00000 00 O :.;%000......-. fProtein

Fablled Hackotide

Search | Protein =] o Go| Clear

Lirmits: Previesninde: Histary Clipboard Details
Display | |FASTA | Show:[100 =] Sendio | [File v
Tterns 1-67 of 67 One page.
[T 1: QONFV3. Complement compon.. [gi21759074] BlLink, Domains, Links

i 21759074 sp | QSWPYS | CDO3_HUMAN Complement component Clg receptor precursaor (Complement component 1, o sul
MATSMGLLLLLLLLLTOPGAGT GADTEAVV CVGTACY TAHS GELSARE AQNHCNUN GG LATVESEEEAD
HVQRVLAQLLRRFEAAL TARMSKFWIGLOREEGKCLDE 5L LEGF SNV GGGED TP Y SHTHEE LENS CISER
CVSLLLDLSOFLLPSRLPENIEGECGREF GEPGANIEGFVCKF S FEGHCREF LALGGE GOVTYTTPFOTTIS
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This is a standard web interface, and you are able to follow links and enter
information into input boxes etc. However, you only have the commands
available in the pop-up menu (right-click in the window).

You may highlight copy and paste from this window if the ‘Sequence’ view is
not sufficient. However, it is usually faster and easier to navigate through the
‘Sequence’ tab window.

Export sequence 2.8

The Export sequence command yields five options. The first two options save
the sequence to a file on disk and the last three copies the sequence(s) to
the clipboard:

As basic GPMAW file

You can save your sequence to a disk file in the basic GPMAW format, that is
name and sequence only, without information about cross-links, modified
residues, annotation etc. See Appendix A for details.

as FastA file

The sequence is saved to disk in FastA format containing name and
sequence only (see Appendix A and B for details). This format is very useful
for interchange with other programs, transfer to the Internet, etc. For transfer
to input boxes in other programs (e.g. the Internet) the ‘to clipboard’ function
is usually more convenient, see below.

to Clipboard

It is often required that a sequence is formatted in a special way in a report,
and for this purpose you can choose the File | Export sequence|to
clipboard.

The ‘Export sequence to clipboard’ dialog box displays the sequence

name in the top part (for verification) and presents a number of options
below:

Residues per line: In 1-letter code 60 is the default; in 3-letter code 20 is the
default. Range is 10 -100.

Residue type: 1- or 3-letter code. Default is like the current sequence
window.

Numbering:

On - each line ends with the number of the last residue.
Haptoglobin-2 precursor - Human (406 res.)
MSALGAVIALLLWGQLFAVDSGNDVTDIADDGCPKPPEIA 40
HGYVEHSVRYQCKNYYKLRTEGDGVYTLNDKKQWINKAVG 80

Off - no numbering.

Haptoglobin-2 precursor - Human (406 res.)
MSALGAVIALLLWGQLFAVDSGNDVTDIADDGCPKPPEIA
HGYVEHSVRYQCKNYYKLRTEGDGVYTLNDKKQWINKAVG
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Detailed - sequence residue numbers appear beneath every 10th
residue of the sequence (remember to display the sequence in a
monospaced font, like Courier, for this function to be effective).

Haptoglobin-2 precursor - Human (406 res.)

10 20 30 40
MSALGAVIALLLWGQLFAVDSGNDVTDIADDGCPKPPEIA
50 60 70 80

HGYVEHSVRYQCKNYYKLRTEGDGVYTLNDKKQWINKAVG

Seqguence name
Active calreticulin

Residues perline: |20 Mumbering
@ On
Residue type Off
1-letter code
Detailed

@ 3-letter code

FastA

v’ OK x Cancel ‘? Help

The ‘FastA’ button will put a ‘>’ in front of the name, switch residues per line
to 60, and put numbering ‘off’ in order to present a FastA formatted sequence
to the clipboard. This is a common way of presenting data in input-boxes on
the Internet, and most other sequence analysis programs will recognize this
format.

Note: When you transfer a sequence to a report, remember to print it in a
monospaced font (e.g. Courier New) in order for the numbering and
amino acid residues to line up correctly. You can also copy your sequence
to the clipboard (copy and paste) for transfer to other programs by selecting
Edit|Copy (or press Ctrl + C), which places a copy of the sequence in the
currently selected format (1- or 3-letter code) on the clipboard.

®

Note: When copying this way only the sequence, not the name is copied to
the clipboard. If you need both name and sequence use the Export option.

to Clipboard as FastA (<Ctrl-F>)

The currently selected protein will be copied to clipboard in standard FastA
format (60 residues/line). By using the shortcut <Ctrl-F> you can quickly
export sequences when you need it for transfer to other programs or to the
web.
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all sequences as FastA

All protein sequences open on the desktop (i.e. content of all currently
opened sequence windows) will be copied to the clipboard. The order of the
sequences will be in the Z-order of the respective sequence windows (i.e. the
topmost sequence window will be first).

This option can for example be very handy to copy all sequences to a
multiple alignment input box on the Internet.

Protein Explorer 2.9

The Protein Explorer (activated in the toolbar 1< ) is an alternative way of
managing your protein sequences. The sequences are stored in the same
files on disk as detailed in Chapter 2.1 and 2.3, but they are managed
differently.

The main advantage of the Protein Explorer over the standard ‘File open’
command (Ch. 2.1) is that you can check and open sequences from multiple
files without having the dialog close on you. Furthermore, you can delete
sequences, check the content, and calculate amounts, all from the same
dialog box.

The Protein Explorer is opened from the main toolbar by pressing the second

button in the file section of the toolbar r@rg . The initial display will always be
the sequence files in the default working directory (see Ch. 5.4).

£
» Computer » D:\ » Projects » GPMAW2010 » L ARSS
[ SERUM ALBUMIM PRECURSOR - Bos taurus (Boving) ;l Info Amount
- 4] bsa_noS5.5EQ Enolase (EC 4.2.1.11)
[ [ﬁ calreticulin, SEQ (2-phosphoglycerate
calret_pep_fea.seq dehydratase) (2-ph - Rhodotorula
- [f] chinensis,SEQ rubra (Yeast) (Rho
- []] chymotrypsin. SEQ
[+ collectin,SEQ Massd: 47140.25Da
Residues: 439
a co::fa::.SEQ Accession no. : Q870B9
D"% col_a! 2.56Q Modified residues: No
- [4]] cuticle. SEQ Disulfide bridges: No
(- [#] defensin R-5.5EQ
- d.5E Annotation:
E]--@ :;wsr:a Lufd SE! ) Bt
- SEQ Reviewed; 439 AA,
=1+ [4]] enclase.SEQ e

AC
[ B riolase (EC 4.2.1.11) (2-phosphoglycerate dehydratase) (2-ph - Rhodotorula rubra (Yeast) @8 fus ;.: X Deletesequence g
{3 Enclase (EC 4.2.1.11) (2-phosphoglycerate dehydratase) (2-ph - Kluyveromyces lactis (Yeast UniProtkB/Swiss-Prot,
{3 Enolase 2 (EC 4.2.1.11) (2-phosphoglycerate dehydratase 2) { - Candida glabrata (Yeast) (Tc LT 0 [39!39" SEquence
@ Enoclase 2 (EC 4.2.1.11) (2-phosphoglycerate dehydratase 2) { - Saccharomyces cerevisiae (E oT 2.-3 -

{3 Sperm receptor for egg jelly precursor (sUREJ). - Strongylocentrotus purpuratus 30, ' Open &done
i3 Enolase 1 (EC 4.2.1.11) (2-phosphoglycerate dehydratase 1) { - Saccharomyces cerevisiae (E DE Enolase (EC 4.2.1.11)
(- 41l enzymes.SEQ = |§ (2-phe @gune
Q| [ D ===

I = j Only files containing GPMAW
Sequence fil filter |Sequence files (*.seq) h sequences will be displayed.

The Protein Explorer displays the content of a single directory at a time. The
directory name and path are shown at the top, and the files are shown as the
first level in a tree structure.

If you click on the ‘+’ sign ( * ) next to a sequence file name, the tree will
expand to show the name of the sequence contained in the file. If the file icon

shows multiple pages ( * [ﬁ), the file contains multiple sequences. Once a
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file name is expanded, you may close the view by pressing the - sign (
T ). Expanding and closing a file can also be performed by double-
clicking on the file name.

When a sequence name is selected (highlighted), the name, mass, size,
accession number, modifications, and annotation will be shown in the right-
hand panel.

You may open the sequence either by double clicking on the sequence

name, press the ‘Open’ button [39'3&” sequence

& Open & done

, or press the ‘Open and

done’ button . Pressing the ‘Open’ button will leave the
Protein Explorer open; ready for additional manipulation, while pressing the
‘Open and done’ button will end by closing the dialog. Alternatively, you can
right-click on the name and select Open from the pop-up menu.

A sequence may be deleted by selecting it in the tree view (left side panel)

X Delete sequence

and press the ‘Delete’ button . The 'Done' button closes

the dialog without further operations.
Navigation

You can navigate through your computer through the top file navigator:

| » Computer » D:\ » Projects » GPMAWZ2010 »

Click on the arrow to see sub-directories at the given level, or click on the
name to navigate to the specified position.
In the bottom panel you can select which files to display:

*.seq for GPMAW sequence files

*.dat for dat files (text files, can be in FastA format)

** for all files.

Note that GPMAW and only read files that are in a text format.

Local menu
A few additional commands are available in the local Open
Oop-up menu:
pop-up ] Expand all
Expand all: All sequence files are expanded to show Collapse al
the contained sequence names. Update list

Collapse all: All sequence files are collapsed and will
only show the file name.

Update list: The file list is updated with new and removed files and sequence
names.

Sort sequence files: The file list is sorted according to name. Note: The
sequence names in each list is not sorted, they are listed in the order they
occur in the sequence file.

Sork sequence files
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Picomole calculator |TnFc. |F'.mc-unt |Directory|
If you select the ‘Amount’ tab in the right-hand
panel, you switch the panel to the Picomole ass canrvertion
calculator. Based on the protein currently @ ptol - ng € ng - fial
selected in the Protein Explorer, you can on this 7 nMol->ug € ug -= pMal
page calculate the Weight of a given amount . 0 uMal->ma © mg - nhal
(pMol/nMol/uMol) or vice versa. Start by selecting
the conversion type among the Mass L pmal = 54,486 ng
conversion radio buttons, then type in the 2 pmal = 108,972 ng

amount to be converted in the top edit box, and 5 pmal = 272,430 ng

finally read off the converted amount in the

bottom edit box. The conversion is calculated for | 0.00] pmal
every character entered. il
As the value in the top edit box is conserved, you

may change between different Mass conversion 0.000 ng

types without re-entering your values.

@ Note: The Protein Explorer is permanent in the way that you do not close it
just hide it. This means that the next time you call the Protein Explorer, it will
open with a view identical to when you closed it.
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Chapter

3

The sequence window

Displaying protein sequences in GPMAW. The sequence window
forms the basis for most other windows and operations.

The protein sequence window is the parent window for most other windows
(peptide windows, graphs, results of searches, etc.). These windows will be
daughter windows derived from the sequence window, and when the
sequence window (the parent) is closed, all derived daughter windows will
also close. Exceptions from this rule are the database mass search window
(Chapter 8), fragment windows (which are parent sequence windows
themselves, see below), and all dialog boxes, most of which are terminal
windows, which means that they have to be closed in order for the workflow
to continue.

Sequence window display |

When a sequence is read from disk or clipboard (Chapter 2) or has been
entered as a new sequence in the sequence editor (Chapter 4.1) it will be
displayed in a sequence window:

& [P0D2769] Serum albumin; - Bos taurus (Bovine). EI@
§6411.05Da Av. 147.43Da 53 X [:E|T = H - a | Qvdoen  Freeacid @ | #f Cose

1 Asp-Thr-Hi s—Lys—Ser—G'Iu—I'Ie—A'Ia—H"ls—Arg‘—Phe—Lys—Asp—Leu—c'\ y-G1 u—G'Iu—His—Phe—Lysz—G'Iy—Leu—
23 val-Leu-I1 E—A'Ia—Phe—Ser—G'In—Tyrs—Leu—G'In—G'In—Cys—PrU—Phe—Asp—G'I u—His—Va"I;Lys—Leu—Va'\ -Asn-
45 G'\u—Leu—Thr—C'Iu—Phe—A'Ias—Lys—Thr—Cys—Va'I—A'Ia—Asp—G'\u—Ser—Hﬁs—A'Ia—C'Iv—Cys—G'Iu—Lys—Ser—Leu—
67 Hi5—Thr—Leu—Phe7—G'Iy—Asp—G'Iu—Leu—C s—Lys—Va'I—A'Ia—Ser—Leus—Arg—G'Iu—Thr—Tyr—G'Iy—Asp—Met—A'Ia—
89 Asp-CysgC 5-Glu-Lys-G n—G'Iu—Pro—G'Iu—r\rg—r\sn—G'IuﬁCys—Phe—Leu—Ser—H'is—Lys—Asp—r\sp—Ser—Proﬁ

Depending on the default values in Setup (Chapter 5.1), the sequence will be
displayed in either 1- or 3-letter code. The sequence wraps around the right
edge of the window, and each line starts with the number of the first residue
of that line. If the sequence is too long to be displayed completely, a scrollbar
will appear along the right edge, allowing the remainder of the sequence to
be brought into view.

The number of residues on each line depends on the width of the sequence
and whether the ‘Display modula 5’ option has been set in the setup (Chapter
5.6). With the option set, the number of residues on each line is limited to
numbers that can be divided by 5 (e.g., 20, 25. 30 etc.), the rest of the right-
hand side of the display will be empty. If the ‘Display modula 5’ option has not
been set, the window will be filled to the maximum number of residues that
can be fully displayed.

The pop-up menu (right-click) has a command ‘Fit window’ which results in
the height of the window will be fitted the sequence displayed.
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Navigating the sequence

The first level of navigation is the numbering of the first residue on each line.
Then it is possible to label every 10" residue by setting the ‘Number 10t
residue’ option in the setup (Chapter 1 Lla-Gly-Ser-Tyr-Leu-Leu-Glu
5.6). If you are viewing the sequence 19 T
N X | rp—Glu.z—Glu—IlE—Cys—Ual—Tyr—
in 3-letter code, the numbering will 37 Thr-Thr-ksp-GluzPhe-Trp-Arg-
show as subscript with the number 55 Pro-Cys-Leu-lisn-isn-GlysSer-
divided by 10 (e.qg., residue 120 will
have the subscript ‘12’).

1 AGSYLLEELFEGHL

If you are viewing the sequence in 1-I¢tter code, _tht_a 75 PGYEGPNCAFAESE
subscript will only be a small vertical line due to limited ;.44 QNLLPFPUQVELTH
space.

In addition to direct numbering of residues, GPMAW has a number of tools to
help you analyze your sequence and you should read each of the following
paragraphs to make certain you understand the differences.

The primary tool is the mouse. When you move the mouse pointer across the
sequence, the mass and position of the residue pointed at will be shown in
the toolbar. If you turn on the small ‘Peptide highlight information’ in the

sequence window toolbar , you can follow LIS AT e
the most |mport§nt information of thg  POFPTETTEEEE
highlighted peptide on-the-fly. Pressing the Mass: 2314.1753 Da.

‘M’ button cycles the mass displayed between _pange: 113-132 [20]

M and M+H*. The bottom right has a copy-to-  ~pIredjox: 5.59/6.68

. : . . -HPLC: 20.09
clipboard button B The dialog is closed “Ext.214 29176

either by the top right cross or by clicking the  _ext.2z0: o -
toolbar button again.

You may often be interested in specific residues, residue types, or short
sequences (motifs). For this GPMAW enables you to background color these
in three different colors.

» Individual residues can be colored by double clicking on the relevant
residue followed by selecting a color at the bottom of the dialog box
(see Highlight residues below).

» Residue types and short sequences are colored through the
Search|Highlight residues (motifs) command (see below)

This background and underline coloring of residues is persistent and is
carried along to peptide windows as well. Please read the detailed
description on the limitations below.

Highlighting (inverting) sequences. This is a quick way of drawing attention
to and getting the mass of a partial sequence. Highlighting is also the fastest
shortcut when making Fragment windows (see below). Highlights made in
this way are not persistent and will disappear when you next click the mouse
inside the sequence window. See also the discussion in the ‘Highlight
sequence’ section 3.2 below.

Underlining is the third way of drawing attention to a peptide. The normal
use of this function is to underline peptide sequences found when making a
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mass search (Chapter 6.1) or digest mass search (Chapter 8), but highlights
can also be converted to underlines. This function is particularly useful when
you want to calculate the coverage of a given number of peptides.
Underlining is persistent (has to be deleted explicitly) but is not carried on to
daughter windows. You can activate underlining either from the mass search
results window or directly in the sequence from the menu
(Edit|Underline|) or pop-up mouse menu (Underline]).

Marked residues are individually identified residues. They are displayed on
screen with a colored line around each marked residue. You select marked
residues in the QuickColor |Marked residues command of the main
menu. The ‘marked residues’ are persistent if the sequence is saved after
definition of the residues.

Persistent Sub-windows | Main function
Color Yes Yes Navigating sequence
Highlight No No Peptide mass / fragment
Underline | Yes No Calculating coverage
Marked Yes No Attention to spec. res.
@ Note: Modified residues are also shown in red (persistent). I

Main Toolbar

Each sequence window has its own status bar above the sequence
containing five panels and five buttons.

46463.39 Da | Aw.

The first panel shows the total molecular mass of the protein. The button to
the right of this panel toggles between average and monoisotopic mass
display (see Appendix C). When showing average masses the button
displays a blue ¢Av.’ and a red ‘Mo.’ when the mass is monoisotopic (mass
types see Appendix C). If you right-click on
the panel, a pop-up window will open with a
list of the mass of cluster ions (2MH*,
3MH*...6MH™*) and multiply charged ions
(MHZ*, MH3*.... MH®*) (see right). These
values are also displayed in the
Info|Sequence info dialog box (Ch. 3.8)
from where they can be printed or copied to the clipboard.

147.13Da || [204]

The second panel in the sequence toolbar shows the mass of the residue
pointed at by the mouse cursor, while the third panel shows the number of

the residue. When highlighting part of the sequence (see below), the content

of the second and third panel changes to reflect the selected peptide (i.e.,

mass and range of selection respectively) see N
below and right | 131940 Da[1] | [81-92] |

1M+ 46464,39 [ M1+ 46464,39
2M+ 9292777 [ M2+ 2323269
3M+ 13939116 | M3+ 15488.80
4M+ 185854.55 | M4+ 11616.85
SM+ 232317.93 | M5+ 9293.65
BM+ 27E7E1.32 | Mo+ 774490
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Note: If the current sequence has an offset number (e.g. the first residue is
not counted as residue 1 — see Chapter 4.1) the numbering in the third
panel will be shown in red.

I 2@ H - a

The next six buttons have the following functions:

e Toggle between 1- and 3-letter code.

e Increase line spacing, e.g., to give more space to drawing the Cys
cross-links.

e Openl/close the information frame (see below).

e Show the Peptide highlight information window (see above).

e Extended protein sequence information (see section later). The drop-
down arrow opens a menu with direct access to the various pages in
the information dialog box (chapter 3.8).

e The last button opens the annotation window. The button will be colored
according to the status of the annotation:

Gray: No information (i.e., annotation is blank).

Red: There is information in the annotation.

Green: Information in Swiss-Prot format (i.e., the feature table can be
imported into the sequence.

Blue: Information if GenPept (Entrez) format.

The “Peptide highlight information” window is turned on through the
button and will show the most important information on a given highlighted
peptide (i.e., sequence, mono. mass, range, pl, HPLC index, Ext. coeff. At
214 and 280 nm). You close the window either through the window close
button or by re-clicking on the toolbar button.

@ Hydrogen Free acid G

The next two panels show the status of the N- and C-terminals, respectively.
The defaults are ‘Hydrogen’ and ‘Free acid’ for the unmodified polypeptide.
The terminals can be edited in the ‘Edit sequence’ dialog box. Resting the
mouse cursor on either field for a few seconds will allow the fly-by hint to
show the composition of each terminus. When the mouse cursor passes over
a modified residue in the protein sequence, the two panels will turn yellow
and show the name and composition of the modification, respectively.

cl . .
The last button ﬂ =% Closes the sequence window and all derived
daughter windows like peptide window or graphs.

Two toolbars in the main toolbar (chapter 1.4) are linked to the sequence
window (i.e., the buttons will be grayed when the focus is on a non-sequence
window):

: = i =
; o B k- ! Search and cleavage
o Highlight residues (motifs — chapter 3.3).
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Search for mass (chapter 6.1).

MS/MS search (chapter 8.9).

Cleave protein function (automatic digest, see Chapter 10).

Open a drop-down menu enabling the fast selection of a cleavage
(Quick cleave, see Chapter 10).

e Ms/ms fragmentation (chapter 10.1).

The arrow next to the "Highlight’ and ‘Cleavage’ buttons indicates that
both buttons have drop-down menus.

The ‘Highlight’ drop-down menu contains the ‘Quickcolor’ menu that
enables you to color several specific residues (e.g., basic, acidic, cysteine
etc.) by a single mouse click (chapter 3.3).

The ‘Automatic cleavage’ drop-down menu contains the top-most 10
enzymes defined in the enzyme list (chapter 9.1). Note that when you use
the drop-down enzyme list, you simulate a ‘straight’ cleavage without
overlaps (missed cleavages) and other options you can specify in the
cleavage dialog.

Lé“ Lﬁ {_E b !Graphs

Hydrophobicity (chapter 11.3).

Secondary structure prediction (GOR - chapter 11.2).

Charge vs. pl (titration - chapter 9.4).

Dot-plot graph (chapter 11.6).

Sequence coverage map (chapter 9.7).

The commands in the ‘Sequence’ toolbar are available in the ‘Search’ menu,
while the ‘Graph’ toolbar commands are in the ‘Graph’ menu.

Information frame

The information frame appears when you click on the frame button il in the
sequence window toolbar. Alternatively, you can Protein

specify in the setup (Chapter 5.1) that the frame : -

shall open along with the sequence window. The G Tem?'r"' )

frame is a tree view control that initially opens with [ Modified residues

all secondary levels closed, only the headers are Bl Cross-linked residues
visible. By clicking on the ‘+’ signs, the [+ et charge
corresponding sub-level will open showing the - Molar Ext.fAbs. @280

relevant information. Clicking again on the ‘*-‘ sign
will close the sub-level.

The frame contains information on:

Termini — the status of the protein terminals.
Modified residues

Cross-linked residues — typically disulfide bridges.
Net charge — theoretical charge of the protein at pH
2.0 and pH 7.0 and user-selected.

Molar Ext./Abs. @280 — theoretical extinction
coefficient and absorption calculated at 280 nm.
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3 - Sequence window

Highlights — fraction of the sequence which is .
underlined or highlighted. This value is dynamically = Highlight s
updated. Inverted: 6 [1.5%)]

. ¢ eUnderlinect: 0 [0.0%
Sel. Mass — the mass of the currently selected region o Sel r:a:;me (0%
of the sequence. Both the singly, doubly and triply MH1+: 675750
charged species are shown. These values are updated CWHZ+ o 36303
dynamically (e.g., changes as the sequence selection LMH3+: 225925

changes.

The information frame can be resized by grabbing the right edge of the frame
with the mouse cursor and move it left / right.

If you have made a coverage map (Chapter 9.7) an extra field is added to the
end labeled Peptide hit. Selecting this will display First-last, Record #, Exp.
mass, Accuracy, and e-value, as you move your cursor across the
highlighted parts of the sequence.

Pop-up menu

The pop-up menu, which can be accessed by right-clicking in the sequence
window, contains the following commands, most of which are copied from the
Edit, Search and Cleave main menu options and are explained in the
following sections.

Edit Edit

Edit sequence Modify -Ala43-

Edit cross-links Search for mass

. . . Highlight motif

Modify [followed by the residue pointed at by the search
mouse cursor] -

Simple modification choice submenu, see Automatic Digest
chapter 3.6, MS/MS fragmentation
Search for mass , Create Fragment Window

Highlight motif Peptide info
i Fit window
Digest mass search,

. Stability/aggregation [TANGO!
Mass difference, — tylogareg i ]
Mass X-links, EEGE

Local BLAST), Repat

. Hel
Underline =Y

Underline range,

Underline highlight,

Clear underline,

Clear highlighted underline) (Chapter 3.4),
Automatic digest,
Ms/ms fragmentation,
Create fragment window,
Peptide info (only enabled if part of the sequence is highlighted),
Fit Window (makes the sequence window fit the displayed sequence),
Stability/Aggregation (TANGO)
Print
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Report (Chapter 9.5)
Help.

The peptide info works only if you have part of the sequence highlighted.
GPMAW then extracts the highlighted part and treats it as a separate
peptide. All the parameters that are calculated for peptides (mass, pl, HPLC
index etc.) are then displayed in a peptide info window. For details see the
peptide info window in the section on Automatic digest (Chapter 9.1). If
multiple sequences are highlighted, only peptide information for the last

highlight is displayed.

The Report is an alternative to printing, as it shows the output in rich text
format, which can be edited before saving, copying, or printing (Chapter 9.5).

You can copy the sequence to the clipboard (ready for pasting into another
application) by selecting Edit | Copy (<Ctrl+C>). This will place a copy of the
sequence in the displayed format (1- or 3-letter code) on the clipboard. If part
of a sequence is highlighted, only this region will be copied to the clipboard.

If you press <Ctrl+F> the complete sequence will be copied in FastA format
(appendix B.3). This command corresponds to File | Export
sequence|to clipboard as FastA.

0]

Note: The name of the sequence is not copied. You can copy the sequence
name as well and get much finer control of the copying process by selecting
File|Export sequence (See Chapter 2.8).

Display font

Print

You can change the display font
and size by selecting the
Info|Sequence font menu
option. You are only able to
select monospaced fonts (the
default is Courier New), and
display sizes can be selected
between 9 and 16. The selected
font can be viewed dynamically
before committing to a particular
one.

Set sequence window font and size X

Only monospaced font displayed

Lucida Sans Typewriter H 10 -

Sequence window line distance
@ 100% 166%
133% 200%

MeT-Leu-Leu-Ser-Val-Pro-Leu-Leu-Leu—
Gly-Leu-Leu-Gly-Leu-Ala-val-Ala-Glu
Pro-Ala-Val-Tyr-Phe-Lys-Glu-Gln-Phe-

v o

? Help

The line distance can be selected from single line (100%) to double line
(200%) in four steps. This selection works ind’q&‘ndently from the 1.3x

B

expansion available in the sequence window 1#=1.
The selection of sequence display font is permanent and is saved in the ini

file.

Printing can be selected either from the toolbar, the main menu (File |
Print), the pop-up menu, or by pressing <F5>.
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In the header the standard printout includes: The name of the protein, file
origin and position in the file, sequence range, mass file, total mass, state of
N- and C-terminus and cysteine. Then follows the sequence in 1- or 3-letter

code.
zl
Printer: I ALighthousehlighthousepr j

Frint Qrigntatio
i+ Partrait = Landscape

Sequence name
SERUM aLBUMIN PRECURSOR - Bos taurus [Eovineg]
—Sequence font—————
€ Small 8 paint]
[~ Omit modified info & Maormal (10 point]
[~ Extended info  Large [12 paint]
v Mark 10
W Ma rBesidue———————
[V Zxline zpacing = 1eter code
[~ Erint in color = 3Hetter code
r—Comment
[ Inchude annotaton
o 0K x Cancel ? Help

When you print the contents of a sequence window you have the option of
setting a large number of parameters for the hardcopy, both for the header,
the sequence and for additional information. Fortunately, most of the options
can be preset in Setup, see Chapter 5.1 /5.2.

Print options:

Printer: In the drop-down box you can select any printer installed on your
system. The default printer will always be selected when the dialog box
opens.

Print orientation: Enables you to switch between portrait (vertical) and
landscape (horizontal) print mode.

Omit header: Does not include the standard header (file origin, size and
mass of the sequence, mass file, state of terminals and Cys).

Omit modified info: Does not include information about modified amino acid
residues. If this box is not checked the information will only be printed if at
least one modification is present in the protein.

Extended info: Includes amino acid composition, cross-linked residues,
elemental composition, and mass of residues.
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Mark 10: Every tenth residue will be marked with ‘=" instead of ‘-*. This option
is only effective when printing in 3-letter code.

2x-line spacing: Print the sequence with double line spacing.

Print in color: Includes color information (background color, modified
residues, cross-links). When printing on a monochrome printer most of the
colors will print as shades of gray. You will have to experiment as to how the
colors translate.

Sequence font: Select between small (8 point), normal (10 point - standard)
and large (12 point) characters. The sequence will be printed in the same font
as the sequence display (default is Courier New). See ‘Display font’ above
for information on how to change the display font.

Residue: Select 1- or 3- letter code. The selection will always be default to
the sequence window display selection.

Include annotation: If checked, the annotation will be printed at the end of
the sequence report. If there are less than 10 lines on the annotation page,
the annotation will be printed in the same font as the sequence. If there are
more than 10 lines, it will be printed in 8 points in order to conserve space on
the printed page (in this case it is likely to be a database annotation). See
Chapter 3.9 for more information on the annotation.

Comments: Here you can write any comment that you want to include on
the printout. The comment will be printed after the header, just before the
sequence.

Highlight sequence 3.2

You can highlight part of a sequence by moving the mouse cursor to the first
(or last) residue of the fragment you want to analyze, press and hold the left
mouse button while moving the mouse cursor to the last (or first) residue you
want highlighted. The status panel of the current sequence window will
change to reflect the highlight status: the second panel will show the mass of
the highlighted peptide (residue mass + water) and the highlight number in
square brackets, the third panel will show the number of the first and last
residue highlighted.

@ Note: Be careful not to confuse the 'Highlight sequence' (a transient
operation, this section) with the 'Highlight residues (motifs)' command
(persistent operation, see the section 3.3 below).

Persistent and Multiple highlights

The highlighted area will remain displayed until the mouse button is clicked
again inside the sequence window. Up to three regions can be highlighted
simultaneously by pressing the shift button when highlighting region two and
three with the mouse. The status panels will show the combined mass of the
individual peptides (not their residue mass) and the residue numbers
reported will be that of the last highlighted region (number of highlights will be
shown in square brackets).

When you have a highlighted sequence you can extract, contract, and move
the highlighted region by using the keyboard arrow keys:
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Left/right key: Extends and contracts the C-terminal position.

Ctrl + left/right key: Extend and contracts the N-terminal position.
Shift + left/right key: Moves the selected region towards the N-/C-
terminus of the protein.

:: [PO2769] SERUM ALBUMIN PRECURSOR - Bos taw

69432.36 Da Awv. 8761.86 Da[1] [3-75]

1 ME WVITFISLLLLEFY
[ H VR LW I-.:ELI':‘E FAK TC‘.VADIESHAGCE
125 CFLSHEDDSEPDLERIEPDENTLGDE

@ Hint: If you highlight relevant residues (i.e. Lys and Arg when working with
trypsin) it is much faster to locate relevant peptides.

Using highlights as input for other functions

When a region has been highlighted, you can use this part of the protein as
the default input for several other functions. These are most easily accessed
through the pop-up menu (right-click the mouse in the sequence window), but
several of them can also be accessed through the menu.

If more than one region is highlighted, the input will be the most recently
defined highlight region.

Peptide info: This is similar to the peptide info for peptides in the ‘Automatic
digest’. This window contains physical/chemical information on the
highlighted part of the protein, as if it existed as a peptide. For more
information, please see ‘Peptide window’, chapter 9.3.

Ms/ms fragmentation: The input for the ms/ms fragmentation will be the
highlighted region, if any. If the total sequence length of the protein is less
than 500 residues and no region is highlighted, you will get ms/ms of the
whole sequence (see chapter 10.1 for more information on ms/ms analysis).

Edit | Copy to clipboard: If part of the protein is highlighted, this region will
be copied, if no part is highlighted the complete sequence will be copied.

@ Note: The sequence will be copied in either 1- or 3-letter code depending
on the setting of the display.
Make fragment window: The default selection range for the fragment
window will be the currently active highlighted area. The range can be
modified before creating the fragment window (see chapter 3.7 below).
Underline residues: A highlighted sequence can be used as the input for

underlining a range in the sequence (use the pop-up menu). See chapter 3.4
below.
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Highlight residues (motifs) 3.3

The menu command 'Highlight residues (motifs)' is not to be confused with
the mouse-driven highlight function (see 'Highlight sequence' above).

0]
> TAAH
NZT NZSs NZC
R K
Enter sequence in 1-letter code, Max, 10 residuss pr. entry. £ # Clear

¥ substitutes for any residus

Highlight residues Mode Profile
QK (Gln/Lys) ¥ Highlight
. glakl Plosd -
LI (Leu/Tle)}
FfMax {Phe/oxMet) .E_] o Kesp H Save ..
highlights
Both directions

o oK x Cancel ‘? Help

The ‘Highlight residues’ command enables you to color short sequence
stretches that can be up to 10 residues in length. As you can also include
‘wildcards' (e.g. any residue) you can also use the function as a motif search
function.

In each of the 4 x 3 cells of the table you can enter any sequence motif (up to
10 residues) using 1-letter code. The highlight that will color each motif is
shown in the left-most column. The highlight colors are defined in 'Setup
color' (Chapter 5.3).

A question mark (“?’) may substitute for any residue. In the above example
the all sequences are searched for all occurrences of the typical N-
glycosylation motif: Asn followed by any residue followed by Ser, Thr or Cys
(orange line). The basic residues Lys and Arg (tryptic cleavage sites) are
colored in a different color (cyan).

The Highlight residues (motifs) command is typically used to get a quick
overview of the distribution of specific residues, occurrence of a specific
sequence or to search for sequence motifs. As the coloring is persistent, that
is it ‘follows’ the sequence into the peptide window (Chapter 9.4), it can also
help you get a quick overview in daughter windows.

You may select the ‘Highlight residues’ command from any sequence or
daughter window. This will color all windows or just the selected sequence
and related daughter windows depending on the state of the ‘Highlight
global’ option.

@ Note: The colors used for highlighting can be set in the System setup
(Chapter 5.3).
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Options:
Isobaric residues: When either of these options is checked, the
corresponding isobaric residues are counted as identical. You may, typically
through ms/ms analysis (Ch. 10.1), acquire a sequence tag where you have
the mass difference of 113. This can be either Isoleucine or Leucine (with the
same chemical composition as their mass values are identical). Instead of
entering all possible combinations of L and | you can just check the L/l box
and both residues will count as one.
Invert sequence: If checked, all sequences will be searched in both
directions. l.e., the sequence DVTL above will also highlight LTVD.
Highlight global: All sequence windows on the desktop are searched for
motifs to highlight even if they are not selected.
Keep highlight: The highlight motifs are saved between each highlight call. If
not checked, the highlight dialog will be cleared upon exit.
Highlight profiles: The contents of the highlight table can be saved to disk
as a highlight profile (in .PRF files, Appendix A).

The ‘check’ button EL] sets all the options.
Clear: Clears the table.

Quickcolor menu

The ‘Quickcolor’ command in the main menu is a fast way of coloring
the most common residues or combinations:

Basic (R/K) Tryp @ oAl ﬁtL
Acidic (E/D) Endo Glu-C (wide range) :
Aromatic (W/F/Y) Chymotrypsin e El
N-glycosylation NXT, NxS, NxC Basic (R, K)
Cysteine (C) Disulphide bridges Acidic (E, D)
Methionine (M) CNBr cleavage A (Y EV
Lysine (K) Endo Lys-C romatic (Y'_ =
Arginine (R) Endo Arg-C N-glycosylation
Glutamic acid (E) Endo Glu-C (narrow Cysteine (C)
range) Methionine (M)
Aspartic acid (D) Endo Asp-N Arginine (R)
This command is also available as a drop-down Lysine (K)
menu next to the ‘Highlight’ button in the Glutamic acid (E)
e - ic aci
main toolbar (chapter 1.4) . ASF'm'c_ ac'_d =
The quickcolor command inserts the Show highligt panel

appropriate residue in the ‘Highlight residue’ table (see above). The
program looks for the first free ‘row’ in the table to use for coloring. If all rows
are full, the last row is replaced by the selection.

Clear coloring. Clears all color highlighting, both ‘quickcolor’ and ‘highlight
residues’, and redraws the sequence window.
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Highlight Panel.
Asp Asn Thr Ser Glu Gln Pro Gly Ala Val Cys Met Ile Leu Tyr Phe Lys His Trp Arg

The last option on the Quickcolor menu toggles a highlight panel which opens
just below the toolbar and shows all the 20 standard residues. Moving your
mouse across a residue will highlight that particular residue in the sequence.
This makes for a quick location of the various residues.

Color individual residues.

If you double-click on a residue, the ‘Insert modification’ dialog box opens
(see Ch. 3.6). At the bottom of the dialog box there are four panels, one white
and three colored ones for highlighting residues.

Clicking on the left-most panel clears any coloring for the selected residue.
Clicking on any of the colors will change the background color of the selected
residue.

@ Note: When you select Highlight motif or QuickColor, the coloring of
individual residues (chapter 3.6) will be removed.

Marked residues.

The marked residues are a special case of coloring a residue. From the main
menu you select QuickColor |Marked residues, a dialog box informs
you to left-click on residues to mark, right-click in the sequence window to
end ‘marking’ of new residues. If you want to delete an already marked
residue, just left-click it again. SR Mo s e
n-Lys-Pro-Phe-Ler
11-izn—Pheq51ln- L=
:u—Ser—LgsﬁThr—Prt
‘0-Tyr-Thr-Ile-Hei

Marked residues are persistent if the sequence is
saved after ‘marking’. You are not warned that the
sequence has been changed after marking.

Marked residues are shown with a line around each
marked residue. The color of the line is the ‘Aux1’ color in the ‘System colors’
setup (Ch. 5.3).

Underline residues 3.4

The underlining of residues is a way of emphasizing part of the sequence in
relation to the rest. Underlining is a permanent feature, meaning that it
remains as part of the display when changing between different display
modes, but it is not saved along with the sequence. Underlined residues are
displayed in red in addition to being underlined.

@ Note: Underlining residues may obscure the coloring of modified residues
that are also colored red.
The most common use of underlining is to calculate the coverage of a digest
or mass search, but the feature should be flexible enough for other purposes.
From the digest mass search result window (Chapter 8.5) you can retrieve
sequence ‘hits’ from the database and display the protein sequence in a new
sequence window. The peptides identified in the digest mass search will be
underlined in this window.
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When performing mass searches (Chapter 6.1) you can emphasize peptide
‘hits’ by double clicking on the relevant line or select underlining from the
local menu of a selected peptide. This will redraw the line in bold letters in the
search results and send a message to the parent sequence window resulting
in underlining of the corresponding peptide(s). A special command in the
pop-up menu will bold all peptide ‘hits’ and underline the corresponding
peptides in the parent window. This command is most useful when the ‘Fit to
enzyme’ option has been turned on and there are only relatively few hits.

From the sequence window you can modify underlining from the child
window, or you can manually set underlines through the Edit |Underline
or the corresponding item in the pop-up menu. Four sub-menu items are
available:

Underline range: Through a dialog box you enter the first and last residue to
be underlined.

Underline highlight: If you have highlighted part of a sequence, you can
turn the highlighted part into underline through this command.

Clear underline: Removes all underlines from the sequence.

Clear highlighted ul: Clears a highlighted area for all underlines.

When open a coverage window (chapter 9.7) from the ms/ms search you
will also open a normal sequence window with all identified peptides
underlined. In the left-hand information frame (see above, 3.1) you can get
information on each peptide when you move the mouse cursor above the
sequence.

Crossdinks 3.5
—Gla—Gla—Ala—Arg;Gla—ValgPhE—Gla—Asp—Ala—Gla—Gln—
-Lys-Tyr-Lys-Asp-Gly-Asp-Gln-C ss—Glu—Gl?—His—PrD—
-Cys-Ly=s— lel:Ile—Gl3!—.ﬁ.sp—Tyr—Thr—Ct,rs?—Thr—Cys—
-Lgrs—Asngcirs—Glu—Phe—Ser—Thr -Arq—Glu—Ile—Cvs—Sers—
—Asp—Gln—PhE—Cgs—wgrg—Glu—Glu—Arg—Ser—Glu—Ual—Arg—

Cross-links are displayed in the sequence window as red lines going from
one residue to another. Up to 40 cross-links can be defined for each
sequence. To differentiate between different cross-links, the lines are in three
different shades of red. Furthermore, each color has a different vertical offset.

The "88" button in the status bar controls the display of cross-link lines and
how the mass of Cys residues is calculated. When depressed (the button
shows "SH") the cross-links are shown as gray lines, and Cys residues are
calculated in the reduced form. When the button is in the up state (legend
shows "88") the mass of Cys residues is calculated as the oxidized form and
cross-links are shown.

@ Note: Cross-links are not restricted to Cys residues (see below). When
there are cross-linking residues other than Cys, the display color is still
controlled by the ¢88? button.
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Cross-links are edited by selecting Edit |Edit cross-1links from the
menu or right-click on the relevant sequence window and select from the
pop-up menu.

Links are defined as coming from Cys-1 going to Cys-2. In the main
sequence window, all residues to cross-link are highlighted. The residue can
be selected in the drop-down box labeled ‘Residues to highlight’ (default is
cysteine, but any residue can be selected). Press the Update button to
change coloring and refresh the linkage lines in the sequence window.

|
X[ ona [oma 5] Fmmeneees
i 77 86 Alternatively dick on
2 0g 115 residues to \_ink in the
— sequence window.
i 114 125 To dear a link, dick in the
4 147 102 left-hand column,
I ECNNE T s o
6 223 269 residue box below
7 268 276 Residue to highlight:
Z 288 302
9 301 312 =
E 339 384 upsate
11 383 302
12| 415 261 55 profile:
13 460 471 Pload I save
E 484 500 ¢ Ok
15 499 510
18] 581 590 K Concel
E 537 582 ;I ? Help

Line colors:

I - - -

Multi linkage: | a7 | m | 243

If you click on a residue in the sequence window, the position of this residue
will be entered in the next available slot in the table. This makes it fast to
enter all necessary linkages. The value of the residues can also be entered
directly in the table.

SS profile: If you work with multiple sequences with the same cysteine
linkage pattern (e.g., IgG’s) you can save the pattern as a file to disk. It is the
pattern, and not the actual locations that are saved, i.e., linkage of Cys-1 to
Cys-4 etc. and not residue 23 to residue 44. This allows you to load a pattern
and GPMAW will then assign residue position based on the occurrence of
Cys residues.

If the chemical composition of the cross-link alters the
mass of the cross-linked residues, you should combine
the cross-link with the "Amino acid modifications' option
discussed below. The mass difference of Cysteine vs.
Cystine cross-links (i.e., 2 Da.) is catered for

automatically through the "88"* button (Chapter 1.4). The
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'S$S' button also determines whether drawing of the red cross-links in the
sequence window takes place.

In printouts the linked residues are listed when the ‘Extended info’ options
have been selected. The links are shown as colored lines when the ‘Color
print’ option is selected.

The easiest way of specifying disulfide bonds is to import a record from the
Swiss-Prot (UniProt) database where they are specified. Please see Chapter
3.9 for details on how to import disulfide bonds.

In the sequence window, the linkages are drawn with colored lines with a
repeat of 4 in order to make it easier to differentiate different links (i.e., link
number 1 will have the same color as link number 5). The color of the links
can be defined by clicking the colored boxes at the bottom of the dialog and
select a new color from the color hexagon.

A special case is the option to link three residues together Multi linkage or
‘trilink’. This can be specified at the bottom of the Edit links dialog. You must

enter the residue numbers manually. The 2u-Gln-Gln-Cys-Pro-Pheghsp
Trilink is displayed in the sequence as ared  ar-Glu-Phe—@la-Lys-Thr-Cys
dotted line. The Trilink is also calculated S Lengils-Thr-Leu
when you perform digest (e.g., the peptide sr-Leu-Rog-Glu-TRe-Ive-Gly

A N l'J—FrOEGE.'J—AIg—Asn—Gl'.J—C_\,!5
WIndOW, section 94) sp-Leu-Pro-Lys-Leu-LyszPro

Amino acid residue modifications

In GPMAW you can specify chemical modifications for individual amino acid
residues. This function is in addition to the modified residues that may be
defined in the residue mass files (chapter 4.2). These works on all residues of
a given type (i.e., each is defined by a single letter code). You may thus
define up to 31 residues, where the first 20 usually are the standard amino
acid residues. The chemical modifications are additions to the individual
residues and are linked to a position in the sequence. Each sequence may
contain up to 20 chemical modifications. In addition, you can define changes
to the N- and C-terminus (Edit sequence — chapter 4.1). You may also define
cross-links, but only for disulfide bridges do the cross-links by themselves
contain information like mass and composition. Cross-links can be combined
with individual modifications to cover all kinds of cross-linking. If you perform
cross-linking experiments and search for the resulting cross-linked peptides
after digestion, you should check Chapter 6.3.

An amino acid modification (individual, N- and C-terminal) is defined by a
name, an elemental composition and pKa value (optitional). The name is not
obligatory either, but entering a name makes it easier to navigate the
sequence. When you define an amino acid modification in the modification
file, you can optionally specify that the modification is restricted to specific
residues. For the mass files you need to define 1- and 3-letter code in
addition to mass and elemental composition.
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Reporting modifications

Modifications are reported on most printouts, and can be seen in the
sequence as:

Single residue modification: The residue is painted red and when the mouse
points to the residue, the name and composition is shown in the toolbar of the
sequence window (right-hand panels with a light-yellow background).

N- and C-terminal modifications: The name is shown in the sequence window
toolbar by default. The fly-by help shows the elemental composition.

Residue mass file: The name of the currently loaded residue mass file is
shown in the main window toolbar. Note: The residue mass file is global for
all sequence windows (i.e., when you change residue mass file, all mass and
composition values are re-calculated in all windows).

What modification type to use

When you have a few residues modified or many different modifications, you
should choose single residue modification. If on the other hand, you have

many identical modifications (e.g., hydroxylated proline in collagen) it makes
more sense to specify a ‘new’ residue to replace the ones that are modified.

If you have residues that ‘change’ during your experiments you can make two
mass files both with the ‘extra’ residues, but one file without modifications
and the other with. This is the idea behind cysteine modifications where you
have a mass file for each type of cysteine modification (e.g., aa_mass for the
default values, pe_cys for pyridylethylated Cys, ae_cys for amino ethylated
Cys etc.).

Insert simple modification

The ‘Simple modifications’ —m y prvaesnina
are a number of modifications MadiFy -Tyr103- Phosphoryl
that are hard-coded into Sulfary]
GPMAW. When you right-click Search for mass

the mouse in a sequence g et: oot

window, you bring up the pop- Search ¢

up menu that presents you with Underiine '

several context-sensitive menu Aukomatic Digest

options. The second option on MSJMS Fragmentation

the list is to modify the given Create Fragment Window

residue. The actual residue that Glycosylation
is to be modified is shown after Fit windaw

the ‘Modify’ command, e.g., Print

Modify —Lys228-. Select this

option to open a submenu with Help

a list of the modifications that
are possible for this particular
residue type. Selecting an

option will insert the selected modification into the chosen residue.

You can enable all modifications on the list for all residues by removing the
checkmark from the last option on the submenu ‘Strict residue check’.

v Strict residue check

67



3 - Sequence window

When you next access the ‘Modify’ command, all modification options are
available for any residue.

Tip: If you hold down the <Ctrl> button when you right-click on a residue,
you will open the ‘Insert simple modification’ menu directly, thus making
insertion of multiple modifications faster.

If you select the Glycosylation option, you will open the Glycosylation
editor, which eases the insertion of complex carbohydrates. For more details
of this wizard, please see Chapter 4.3.

Single residue modifications

Insert modification x|
Current residue number Insertsimple modif. Replace residue
I 156 j Lysine . -
Modification:
Marne: Elemental composition pka Charge
[idatian 01 0.00 1>
@ Insert

rSelect modification from database

4 Select modif.

Selecting Mone'
will dear fields

Current database: defMod. mod o oK
¥ Load modif. db. ~
x Cancel
Current number of modifications: 0/32 9 Hap

Click on panel below to color selected residue - dialog bow will
cloze. Mo modifization changes will be camied out.

Lsp— | Lzp- | Lsp— | Asp-

If you double-click on a residue, you will bring up the ‘Insert modification’
dialog box. The same dialog can be accessed by selecting Edit |Edit
modification from the menu. Here you can either specify individual
modifications or color a residue. If the residue selected is already modified,
the modifications will be entered in the ‘Name’ and ‘Elemental composition’
edit boxes:

Residue: The number of the residue to be modified will be shown in the
‘Residue number’ field at the top. To the right of this number, the full name
of the residue will be displayed. If the ‘Edit modification box’ was activated
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by a double-click on a residue, the number displayed will be the residue
clicked upon, otherwise it will be number 1 (the first residue). The residue
numbers can be changed directly by editing the number or by clicking the
up/down arrows next to the number. The residue name will change to show
the sequence residue.

Insert simple modif,
Insert simple modif. - This drop-down box is a simple way to
insert modification and is identical to the command ‘Modify —Xxx-" used in the
pop-up menu in the sequence window.

Replace residue

Replace residue: This is a drop-down menu - that enables you
to replace the currently selected residue with any of the 20 standard
residues. The insert modification dialog box will not close upon selection thus
enabling you to change to another residue for changes/modifications.

Modification: Modifications can be entered directly into the 'Elemental
composition' box or, if a modification file has been opened, you can select
from the modifications available in the drop-down box at the bottom of the
dialog box, followed by 'Select modif.". The 'Name of modification' is

optional, but useful for reference. Clicking on the calculator opens the
‘Elemental composition calculator’; see Chapter 4.4 on how to enter
elemental compositions. The pKa and charge are optional, and you need
only enter them if you plan on using the pl or charge of the protein or derived
peptides. For the pl you can enter values between 0.1 and 14 while the
charge can be either -1 or +1. Both values must be different from 0 for the
fields to be active. See also definitions in Edit mass file and Edit modification
file (Chapters 4.2 and 4.3).

Note: When entering an elemental composition, be sure that all the atoms
are defined in the currently active mass file (chapter 4.2).

If you press the @ lnsert button, the modification will be inserted, but the
dialog box will not close, pressing the “OK?’ button will insert the modification
and close the dialog.

By using modification databases (see Chapter 4.3 - Edit |Edit
modifications) you can have any kind of modification readily available for
changing a sequence.

Start by loading a modification database file Rigadmodidbr The

modifications available in the file will be listed in the selection list. Here you
can select a modification either by double clicking on your choice or by

making a selection followed by ‘Select modif | # =™ | The selection

will be entered into the two edit boxes above where they can be modified
before being accepted into the sequence when selecting ‘OK’.

Modified residues are displayed in the Highlight 4 color (Chapter 5.3).
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@ Note: Be sure to define the first three highlight colors different from highlight
4 (in Setup|Setup system|Colors), as you will be unable to see the
residue if it is part of a colored motif (Chapter 3.3).

@ Tip: For the first and last residue it is better to modify the N- or C-terminal in
the Edit|Edit sequence as these modifications do not count as one of
the limited twenty individual modifications.

Color selected residue
Clicking on one of the colored panels at the bottom enables you to color the
background of the selected residue in the indicated color. Note: This action
results in closure of the ‘Modification’ dialog box and any modifications
entered will not be executed.
Clicking on the white left-most field will clear background coloring for the
selected residue.
The color single residue command can be useful for drawing attention to a
single residue. The coloring is persistent and will be carried on to peptide
windows.

Fragment window 3.7

The 'Fragment window' option is a fast way of creating a new sub-sequence
based on an existing sequence. A common usage of this function is when a
pre-sequence has been loaded from a database and you want to work with
the active protein. Alternatively, you may need to work with a smaller peptide,
but find it inconvenient to work through a sequence window.

Select Cleavage |Create fragment window (or right-click and select
from the local menu) and the following dialog box opens:

Create fragment |

First residue: I 54—5

Last rezidue: 192

v OK ¥ cancel

If an area is highlighted, the first and last residue of the highlighted area will
be displayed as default. If no highlight exists, the value will be 1 and the last
residue of the sequence. The values can be edited directly, or you can click
the up/down arrows. When selecting "OK", a new sequence window will open
containing the selected part of the original sequence. The name of the new
window will be 'Fragment 51-90 of ' + the original sequence name.

If you check the ‘Retain offset number’ box, the first residue of the
sequence fragment will start with the number in the ‘First residue’ box + the
original start value - one. The offset number can be edited in the usual edit
sequence dialog (Chapter 4.1). When an offset number has been specified,

70




3 - Sequence window

the color of the number in the residue number label of the sequence window
will change to red.

@ Note: The new window will be an independent parent window that can be
saved as a sequence, searched for mass, etc. When the original sequence
window is closed, the fragment windows will remain on the desktop.

You must edit the sequence name to remove the automatic addition of
‘Fragment...".

Sequence information 3.8

The ‘Sequence information’ dialog box contains three pages labeled
‘Sequence info’, ‘Composition’ and ‘Masses’, respectively. You switch
between the various pages by clicking on the tabs. The first two options have
their own menu entry (under Info) while in the last option you must select
from open dialog box.

Some of the information in this dialog is also present in the information frame
of the sequence window (Chapter 3.1).

Sequence information

The Info|Sequence info menu entry opens a multipage dialog box on
the 'Sequence information' page.

Sequence information - SERUM ALBUMIN PRECURSOR - Bos & x|

Sequence info | Compasition | Mass values | Calculations | Isotope

Mame
SERUM ALBUMIN PRECURSOR - Bos taurus (Bovine)
bsa.seq Pos: 1
Properties rSequence
Average mass : 69431.4376 Residues: 607 Offset: 0
Monoiso. mass: 69387.1154 Chains: 1
Molar ext. coeff.{280nm): 49915 Modifications: 3
Molar absorbance: 0.719 Crosslinks: 17
Hydrophobicity (GRAVY): -0.429 Inverted: 0 [0.0%]
Theor. pI (S5/5H): (1) 5.78 /5.77 Underlined: 0 [0.0%:]
(2) 5.80/5.79
(3) 5.95/5.95
& Print | [ Copy ¢ OK ? Help

The page shows statistics for the currently selected protein sequence:

e The full name of the sequence.

e The origin file and position in the file.

e Average and monoisotopic mass (four decimals).

e Molar extinction coefficient at 280 nm. The values are based either on
Gill and von Hippel or on Pace et al. as selected in the Setup dialog
(see section 5.1).

¢ Molar absorbance based on the molar extinction coefficient calculated
above.
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e Theoretical pl. Values for both oxidized (SS - disulfide bonded) and
reduced (SH) cysteine are shown. Three different values are reported,
each based on a different table (1 — Skoog & Wichmann; 2 — Free
amino acids; 3 — Rickard, Strohl & Nielsen). In the Setup (Chapter 5.6)
you can set which tables to use in general calculations of the pl. See
also Appendix C.7.

Number of residues.

Number of chains.

Number of modified residues.

Number of cross-links.

Number of residues and percentage of highlighted residues.

Number of residues and percentage of underlined residues.

Composition

Sequence information - SERUM ALBUMIN PRECURSOR - Bos taurs =l
Sequence info | Compesition | Mass values | Calculations | Isotope
Res # | = | res | = | = | Res | = | = |
] 0.00 Pro 28 4.61 Leu 65 10.71
Asp 40 6.59 Gly 17 2.80 Tyr 21 3.496
Asn 14 231 Ala 43 7.91 Phe 30 4.94
Thr 34 5.60 val 38 6.26 Lys 60 9.88
Ser 32 5.27 Cys 35 577 His 17 2.80
Glu 53 9.72 Met 5 0.82 Trp 3 0.49
Gln 20 3.29 Tle 15 2.47 Arg 2% 4.28
_ 3072 31.81 o 933 9.66 Br 0 0.00
H 4795 49.65 P 2 0.02 a 0 0.00
815 8.45 ] 40 0.4 F 0 0.00
& Print | [y Copy ¢ OK ? Help

The Info|Composition menu entry displays the amino acid and atomic
composition of the currently selected protein sequence.

The table at the top lists all amino acid residues with a 3-letter code, number
of residues (#), and percent (%) counted as number of residues. All x's and
‘extra’ defined residues (see Edit mass file, Chapter 4.2) are grouped under
the Xxx entry.

The bottom part of the dialog lists the composition of the atoms defined in the
current mass list (Chapter 4.2) as number of atoms (#) and percent (%).
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Masses - multiply charged ions

x
Mass values | Calculations | Isotope
Multiply charged positive species:
Average mass : 69431.4375 ch. Average Monoiso. Iﬂ
Monoiso. mass: 69387.1154 MH1+ w £9388. 1226
MHZ+ 34716.7261 34694.5550
Fams il il MH3+ | 23144.8198 23130.0457
MH4+ 17358.8667 17347.7861
MH5+ 138572943 13875.4303
MHE+ 11572.9135 11565.5265
MH7+ 9919.7341 9913.4523
MHE+ 8679.9370 8674.3967
MHS+ 7715.6115 7710.6868
MH10+ 6944.1510 6939.71588 LI
& Print | [y Copy v OK ? Help

The ‘Masses’ section of the ‘Sequence information’ dialog box shows a table
of the multiply charged ion species for both monoisotopic and average
masses up to 30 charges. Although the monoisotopic mass will most
probably not be very useful, it is included for completeness.

The “+/-¢ button will toggle the table between positively charged and
negatively charged ion species.
Print

Print will make a hardcopy of both the ‘Sequence info’ page and the
‘Composition’ page when the focus is on either of the two first pages. When
the focus is on the last page, ‘Masses’, you will get a hardcopy of the
multiply charged ion species.

Copy to clip

Pressing the ‘Copy to clip’ button will copy the information in the displayed
page onto the clipboard (not the ‘Calculations’ page).
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Mass conversion.

Sequence information - ACYL-COA-BINDING PROTEIN (ACBP) x|
Sequence info | Composition | Mass values Calculations | [sotope pattern

FROM TO

_ 1pmol = 9.8413ng
Femtomole Picogram 2pmol = 19.6826 ng
E Spmol = 49,2064 ng

Picomole Nanogram
Nanomole Microgram = pmol
9.8413 ng I
Start by selecting the FROM column,
then selectthe TO column
Calculations are based on Molar ext. coeff. 16960 cm-1M-1
DlRELE R Molar absorbance 1.723 cm-1
A: 0.00 1 %
' OK ? Help

The dialog also contains a mole to mass converter. The aim of the calculator
is to quickly calculate the conversion of mole to gram.

With the mouse you select the left-hand ‘'wheel' and spin it to the appropriate
starting point. This can be from attomole to micromole or femtogram to
milligram. As you spin it, the right-hand TO 'wheel' spins as to show an
appropriate conversion (e.g., picomole -> nanogram or microgram ->
picomole). You can spin the right-hand 'wheel' to give you the conversion you
want, but when the left-hand wheel shows moles, the right-hand can only
show grams and vice versa.

‘Pre-calculated’ amounts of 1, 2 and 5 are listed for a quick overview, but you
can enter any value in the edit field with the calculator (either enter it directly

or click on the calculator button for an edit window). The label of the edit field
is determined by the FROM wheel.

The molar absorption calculator works by entering the absorption and
pressing the arrow button to read the concentration in mg/ml (= pg/ul).

The small copy button next to the result fields copies the value to the
clipboard.

The mass conversion feature is similar to the one present in the ‘Protein
explorer’, Chapter 2.9.
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Isotopic distribution

Sequence information - SERUM ALBUMIN PRECURSOR - Bos taurus il
Sequence info | Composition | Mass values | Calculations | Isotope
0.055 T Lo T Mass  Abund. Relative(% «
0.05 1 §9387.1 0.0000 0.0000
§9388.1 0.0000 0.0000
0.045 §9389.1 0.0000 0.0000
§9350.1 0.0000 0.0000
0.041 693911 0.0000 0.0000
0.035 ] 593521 0.0000 0.0000
§9353.1 0.0000 0.0000
0.03 693941 0.0000 0.0000
0.025 693951 0.0000 0.0000
693851 0.0000 0.0000
0.02 4 §9357.1 0.0000 0.0000
0.015 1 §9358.1 0.0000 0.0000
69399.1 0.0000 0.0000
0.01 §9400.1 0.0000 0.0001
0.005 §9401.1 0.0000 0.0003
e 694021 0.0000 0.0008
§9403.1 0.0000 0.0020
59,400 59,420 59,440 50,460  |69404.1 0.0000 0.0050 | ~|
& Brint - [[3 Copy ¢ OK ? Help

The last page in the dialog box is the isotopic distribution of the protein.

The main part of the window is taken up by a graph showing the isotopic
distribution. This graph can be zoomed in the standard way for GPMAW
graphs (click and drag down and right to zoom in, click and drag up and left
to zoom out).

The right-hand part of the dialog is taken up by a list of the individual isotopic
peaks with absolute and relative abundance. Please note that the mass value
is only approximate.

The isotopic distribution only works up to proteins with a size of less than 700
residues.

75



3 - Sequence window

Annotation )

7.0 Annotation SERUM ALBUMIN PRECURSOR - Bos taurus (Bovine) =10] x|
Annotation  Modifications +#f Close |
In ALEU_BOVIN STANDARD; PRT; 607 Ad. -
AC POZ769; 002787;
T 21-JUL-15986 (Rel. 01, Created)

T 01-FEE-1996 (Rel. 33, Last sequence update)

15-DEC-1993 (Rel. 37, Last annotation update)

DE SERUM ALBUMIN PRECURSOR.

GN  ALE.

o3 Bos taurus (Bowine).

S |oc Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
10 |oc Mammalia; Eutheria; Cetartiodactyla; Puminantia; Pecora; Bowoidea;
11 |0C  Bovidae; Bovinae; Bos.

1z |mw  [1]

13 |RP SEQUENCE FROM N.A4.

14 |R4 Holowachuk E.W., Stoltenborg J.K., Reed R.G., Peters T. Jr.:

i85 |RL Submitted (AUG-1%91) to the EMEL/GenBank/DDEJ databases.

16 |FN  [2]

17 |RP SEQUENCE FROM N.A.

18 |RC TISSUE=LIVEE;

19 |R4 Barry T., Power 3., Gannon F.; LI

[ I (- R, R SV SV
L=
=

The annotation window is an editable text window that can contain any kind
of text. The annotation page will be saved along with the sequence. You can
view the annotation by selecting Info|Annotation.. or pressing the

‘Annotation’ button a in the sequence window toolbar.
The color of the ’Annotation’ button changes with the content:
Gray: There is no content on the ‘Annotation’ page.
Red:  There is text on the ‘Annotation’ page.
Green: The ‘Annotation’ contains a Swiss-Prot entry (with an
accompanying ‘Feature table’.
Blue:  The ‘Annotation’ contains a GenPept (Entrez) entry.

Annotation page

Although you can put any kind of text on to the annotation page, it is
particularly useful when you read a sequence in Swiss-Prot or GenPept
format. When you import a sequence via the File | Import ASCII (from
file or from clipboard) command (chapter 2.5) you are given the choice
of saving the intact record to the annotation window. If you read a sequence
from the indexed Swiss-Prot database (chapter 2.6), the complete entry will
automatically be placed in the annotation (if the full database is present).

Records in Swiss-Prot format are parsed onto the ‘Feature table’, see below.
Records in GenPept format (e.g., Entrez) will be recognized in the near
future.

@ Note: When changes have been made to the annotation page, you have to
save the sequence in order to save the annotation. You are not warned
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about loosing information on the annotation page when you close the
window!

Feature table

— = =
5.5 Annotation SERUM ALBUMIN PRECURSOR - Bos taurus (Bovine) o] x|

Annotation | Modifications « Close

] From- ko Type Description -
] 1- 18 SIGNAL

2 AL COPPER (BY SIMILARITY).
77- 86 DISULFID
99- 115 DISULFID
114- 125 DISULFID
147- 192 DISULFID
191- 200 DISULFID
223- 269 DISULFID
268- 276 DISULFID
238- 302 DISULFID
301- 312 DISULFID LI

iDO00o0C0OooOoooDO

Features: [Z] Import ~ Checkall ~ Sequence:  [&] Reset + Add modif

The feature table is a translation of the FT section of the Swiss-Prot record.
The main function of the ‘Feature table’ is to allow easy import of
posttranslational modification into GPMAW sequences. Most of the well-
defined modifications defined in Swiss-Prot can be imported (i.e.,
modifications like ‘phosphorylation’ can be imported as there is only one of
this kind in a given situation, however, a modification like ‘glycosylation’
cannot be imported, as the actual modification is not defined — and may
further be variable).

To import modifications, you check the appropriate boxes followed by
pressing the ‘import’ button % IMPOM This action transfers the
modifications to the sequence record and closes the ‘Annotation’ window.
You can enable all recognized features by pressing the ¢€Check all’ button

W Check glll

The following features are recognized:
SIGNAL, PROPEP - this part of the sequence is deleted.
DISULFID — cross-links are created.

The following secondary modifications are recognized. The GPMAW
translation is shown in upper case in brackets, followed by the name and
composition as inserted by GPMAW. On the following lines are the UniProt
names.

[ACETYLATION], Acetylation, C2H201,

N-acetylalanine, N-acetylaspartate, N-acetylcysteine, N-acetylglutamate, N-
acetylglycine, N-acetylmethionine, N-acetylproline, N-acetylserine, N-acetylthreonine,
N-acetyltyrosine, N-acetylvaline, N2-acetylarginine, N6-acetyllysine,

[AMIDATION], Amidation, -C1+N1,
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Alanine amide, Arginine amide, Aspartic acid 1-amide, Asparagine amide, Cysteine
amide, Glutamic acid 1-amide, Glutamine amide, Glycine amide, Histidine amide,
Isoleucine amide, Leucine amide, Lysine amide, Methionine amide, Phenylalanine
amide, Proline amide, Serine amide, Threonine amide, Tryptophan amide, Tyrosine
amide, Valine amide,

[FORMYLATION], Formylation, C101,

N-formylmethionine, N-formylglycine, N6-formyllysine,

[HYDROXYLATION], Hydroxylation, O1,

3-hydroxyasparagine,3-hydroxyaspartate, 3-hydroxyproline,3-hydroxytryptophan,4-
hydroxyarginine,4-hydroxyproline, 5-hydroxylysine, Hydroxyproline,
[PHOSPHORYLATION], Phosphorylation, PLO3H1,

4-aspartylphosphate, Phosphoarginine, Phosphocysteine, Phosphohistidine,
Phosphoserine, Phosphothreonine, Phosphotyrosine, Pros-phosphohistidine, Tele-
phosphohistidine,

[SULFATION], Sulfation, O3S1,

Sulfotyrosine, Sulfoserine, Sulfothreonine,

[GAMMA-CARBOXYGLUTAMI], Gamma-carboxyglu, C102,

4-carboxyglutamate,

[METHYLATION], Methylation, C1H2,

2-methylglutamine, 5-methylarginine, Cysteine methyl ester, Glutamate methyl ester
(GIn), Glutamate methyl ester (Glu), Leucine methyl ester, Lysine methyl ester,
Methylhistidine, N4-methylasparagine, N5-methylarginine, N5-methylglutamine, N6-
methylated lysine, N6-methyllysine,

Omega-N-methylarginine, Omega-N-methylated arginine, Pros-methylhistidine, S-
methylcysteine, Tele-methylhistidine,

[DEAMIDATION], Deamidation, -HIN1+0O1,

Deamidated asparagine, Deamidated glutamine,

[CITRULLINE], Citrulline, -H1IN1+01,

Citrulline (Keyword: Citrullination),

[N-METHYLATION], N-methylation, C1H2,

N-methylalanine, N-methylisoleucine, N-methylleucine, N-methylmethionine, N-
methylphenylalanine, N-methyltyrosine,

[DIHYDROXY], Dihydroxy, 02,

3,4-dihydroxyphenylalanine, 3,4-dihydroxyarginine, 3,4-dihydroxyproline, 4,5-
dihydroxylysine,

[DIMETHYLATION], Dimethylation, C2H4,

Asymmetric dimethylarginine, N,N-dimethylproline, N4,N4-dimethylasparagine, N6,N6-
dimethyllysine, Symmetric dimethylarginine,

[ADP-RIBOSYL], ADP-ribosyl, H21C15N5013P2,

ADP-ribosylasparagine (Keyword: ADP-ribosylation), ADP-ribosylarginine (Keyword:
ADP-ribosylation), ADP-ribosylcysteine (Keyword: ADP-ribosylation), ADP-
ribosylserine (Keyword: ADP-ribosylation)

Features like chain, domain, site, glycosylation, and lipid, are not recognized
as they either do not have a counterpart in GPMAW or they do not represent
a specific chemical modification.
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Important: As GPMAW does not check the ‘correctness’ of the assignment
of imported modifications, it is important that the import is carried out on the
intact protein. When importing signal and propeptides (i.e., removing the
peptides) together with secondary modifications, the removal of residues is
carried out last, so the chemical modifications go to the ‘correct’ residues.

)
The ‘Reset’ button = E2%8! | 1el0ads the sequence from the annotation
page (i.e., removes all changes to the sequence).

The ‘Add modification’ button ~* Zdd modif opens a small dialog, which
allows you to enter a modification into the annotation page, from where you
can easily select/deselect as described above:

Insert feature x|

Maodification IFormylation vl
Residue IE Residue: K

MName: FORMYLATION

Compaosition: €101

v 0K x Cancel

Here you select the modification in the drop-down box where you can select
from the standard UniProt ones described above. The composition will be
shown in the ‘Composition’ field (cannot be edited). You then select the
residue number in the number field below. As the number changes, the
corresponding residue will be shown to the right. The “OK?’ button only
becomes active when the residue number has changed. The modification will
be inserted into the annotation as an FT field assigned as MOD_RES and the
appropriate modification.

When the ‘Annotation’ window opens, the sequence from the sequence
window is checked against the sequence in the annotation window. If there
are discrepancies between the sequence lengths, first or last residues, you
are given a warning in the top part of the annotation notebook.

Annntatmnl Feature table ] Wyaming: Sequence length differs from annatation!

In this case you should reset the sequence before importing modifications.

0)

TIP: As the ‘Feature table’ is calculated from the annotation you can enter
your own modifications in the ‘Annotation page’. Start a new line with FT
followed by three spaces before entering the location, a space, MOD_RES,
and the modification. Remember to save the sequence. When you next
open the annotation window, the new modification will be present.
If you save the sequence ‘intact’, the Feature table can thus be a quick way
of looking at your sequence with and without modifications.
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Chapter

Edit

Editing protein sequences, mass and modification files

Edit sequence

Edit sequence =

1 |MERWVIFISLLLLFSSAYSRGVFRRDTHKSEILHRFEDLGEEHFKGLVLIAFSQYLQQCPF
61 |DEHVKLVNELTEFAKTCVADESHAGCEKSLHTLFGDELCKVASLRETYGDMADCCEKQER
121 |ERNECFLSHKDDSPDLPKLKPDPNTLCDEFKADEKKFWGKYLYEIARRHPYFYAPELLYY
181 | ANRYNGVFQECCQAEDKGLACLLEKIETMREKVLASSARQORLRCAS [QRFGERLLEKAWNSVA
RLSQKFPKAEFVEVTHELVIDLTEVHKECCHGDLLECADDRADLAKY ICDNQDT ISSKLKE
CCDEPLLEKSHCIAEVEKDAIPENLPPLTADFAE DKDVCKNYQEAKDAFLGSFLYEYSRR
HPEYAVSVLLRLAKEYEATLEECCAKDDPHACYSTVFDKLKHLVDE PQNLIKQNCDQFER
LGEYGFQNALIVRYTREVPQVSTPTLVEVSRSLGKVGTRCCTKPESERMPCTEDYLSLIL
NRLCVLHEKT PVSEKVIKCCTESLVNRRPCFSALTPDETYVPKAFDEKLFTFHADICTLE
601 |DTEEQIKKQTALVELLKHKPKATEEQLKTVHMENFVAFVDKCCAADDKEACFAVEGPRLVY
661 |STRTALA

b bl be [

721

T81 Use onby

841 pﬁ'ﬁg
Cursor=0 | Mouse: | Length:607 | M [ Mo 69387 1154 | Av 694314376 |

LI LE LR SERUM ALBUMIN PRECU )R - Bos E
Accession no. |P02759 change :‘)Cleangpl =4 Caps | &y Print |
| Modifications | Compasition

Sequence chain labels:

Bovine)

X Cross-dinks ¥ Modifications
abcdefgh
. Cys77 - Cys8e «| [Thr26 Phospho H103P1 79.€ A+ A-
LAELE Cys99 - Cys115 Ser29 Phospho H103P1 79.€ —I—I
|Hvdrogen 'I Cys114-Cys1ds Glu30 Methylatio C1H2 14.03
Cys147 -Cys192 ‘, QK
C-terminus: Cys191 - Cys200 =

- Cys223 - Cys269
IFree acid 'l
Cys268 - Cys276 X Cancel
Sequence offset: Cys238 - Cys302
d Cys301-Cys312

IW - ? Hel
0 Cys339 - Cys3584 & Oelp
|

Cys383 - Cys352

You can edit the sequence of the currently selected sequence window br

selecting Edit |Edit sequence, pressing the 'Edit sequence’
button in the toolbar or by right-clicking on the window and select 'Edit | Edit
sequence' from the local pop-up menu.

@ Note: The currently active window must be a sequence window before you
can edit the sequence. However, you can always start editing a new
sequence — this will create a new sequence window, see end of section.

The sequence is edited in the large multi-line editor in the top part of the
dialog box. The sequence can only be edited in 1-letter code. You have to
exit to the sequence window in order to view the sequence in 3-letter code.
The editor supports cut and paste, meaning that you can copy sequences to
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the clipboard from other applications and paste them into the editor. You can
also highlight and use cut, copy, and paste inside the editor.

Note: You must use keyboard shortcuts, e.g., Ctrl-X or Sh-Del for cut, Ctrl-

C or Ctrl-Ins for copy, Ctrl-V or Sh-Ins for paste. Alternatively, you can use

the pop-up menu (right-click in the edit box).
Multi-chain sequences. GPMAW handles multichain sequences by
interpreting the dash character. ‘-‘, as a chain separator. Using IgG as an
example, you can paste the heavy chain, enter a dash, and then paste the
light chain. You can also edit disulfide bridges between chains through the
‘Edit cross-links’ option.

.

Please note that by default, each new chain (up !

to eight) will be displayed with a slight colored EMTKNQ N SrvRapIAY
background (in this case light blue). {SLSLS TQSPSSLSt
[1SSLQPEBRAPYYCQQUSFNPE

The chains are by default labeled a, b, c... but
this can be changed through the ‘Sequence change labels’ option, see below.
Use anby
[ standand
resiiues The residues you can enter (or paste) in the edit box are
controlled by the checkbox in the right-hand margin below the paste button. If
the box is checked, the sequence editor will only accept the ‘standard’ 1-
residue notation (i.e., ‘A’ to 'Y’), if the box is un-checked, the sequence
editor will accept all 1-letter codes defined in the currently selected mass file
(see section 4.2). The default setting of this box can be done in Setup on the
Systems page (chapter 5.1).
If you resize the dialog box, the sequence edit control will resize along with
the dialog box. The rest of the dialog box controls will not change size or
position.

The name of the sequence is edited in the edit line below the status panels.
The maximum size of the name is 250 characters. If you need more
information for the protein, you can use the ‘Annotation’ page
(Info|Annotation or the ‘@’ button in the toolbar of the sequence window,
see Chapter 3).

If you paste a sequence record in FastA format from the clipboard, the
record will automatically be parsed into the sequence name (fist line) and the
sequence proper (the remainder of the record).

If you know the accession number of the protein you should enter it in the
small edit box between the sequence and the name boxes. If you load from
an indexed FastA database (Appendix B) the accession number will be
loaded along with the sequence. If entered, the accession number will be
shown in the sequence window title bar (eg. “[P35247] Pulmonary
surfactant....”).

®

Note: Although the accession number is not directly used by GPMAW for
identification of proteins you are strongly encouraged always to use the
number as it is a unique identifier into the respective databases.
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If you paste a sequence that is in single letter code but not in uppercase
characters you have to convert it into upper case.

If the sequence contains extra non-sequence characters (e.g., numbers,
spaces and carriage returns) just press the ‘Cleanup’ button which removes
all characters not defined as single letter characters in the current mass file.
For more information on the mass files, please see the following chapter “Edit
mass file”, 4.2. The button is explained in detail below.

When importing sequences, you can also use the File| Import ASCII
functions, either as import from clipboard or import from file (Chapter 2.5).

Panels.

The panels just below the sequence editor show editing status and molecular
mass information.

| Cursor=223 | Mouse: 14 | Length:222 | Mo 241417769 | Av. 24156.8206

The first panel shows the position of the editor text cursor (the value is the
number of the preceding residue), and the next panel the position of the
mouse cursor. If part of the sequence is highlighted, the middle panel will
show the first and last residue that is highlighted, otherwise the panel will
show the total length of the protein. The last two panels show the
monoisotopic and average masses of the intact protein as defined in the
editor.

The bottom panel is a two-page notebook that shows either the modifications
made to the protein or the amino acid and elemental composition of the
protein. The composition panel is updated whenever a change is made in the
sequence editor.

Buttons and drop-down boxes

> Cleangp| Removes all characters in the edit box that are not defined in
the current mass file (1-letter residue identifiers). This function is very useful
when you paste a sequence from another application that contains numbers,
space characters etc.

dA Caps | Converts the text in the edit box to upper case (capital letters).
This is necessary if you paste a sequence in lower case from another
application. When you enter characters from the keyboard, they will
automatically be converted to upper case.

B o
Erint | Print the sequence. You can select 1- or 3-letter residue print-
out. The printout is like printing from the sequence window (Chapter 3.1).

# | Search for a given sequence. A standard ‘Search for’ box opens,
enabling you to locate a sequence of letters.

E Replace residues. Opens a standard ‘Search and replace’ dialog
enabling you to replace a given residue or sequence.
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I | s | ) |The three buttons on the right-hand side of the dialog box
copies the following commands from the pop-up menu:
Copy to clipboard (Ctrl+C), Cut to clipboard (Ctrl+X) and Paste from
clipboard (Ctrl+V). The keyboard shortcuts (in paranthesis) are only active
when the focus is on the edit control (i.e. when you are actually editing the
sequence).

Sequence chain labels:

Sequence chain labels. IadeEth The edit box labeled ‘Sequence
chain labels’ contains one character for each chain possible in GPMAW
(eight in total). The first character in this line will be the label of the first chain
in the listed sequence. If you enter less than eight characters, GPMAW wiill fill
in the rest automatically.

N-terminus: / C-terminus:

You select the modification of each sequence terminal from either drop-down
list box below. To edit the content of the drop-down list boxes you must select
Edit|Edit mass file from the main program menu and select the N-
terminal or C-terminal tab (see below 4.2).

X Cross-links Opens the 'Edit cross-links' dialog box (see Chapter 3.5)
enabling you to modify cross-links. Cross-links are shown in the list box
below the button.

% Modifications Opens the ‘Select modification’ dialog box (see Chapter
3.6). Unlike when you double-click on the residues in the sequence window,
the ‘Select modification’ dialog box always opens with residue 1 selected.
Modifications are shown in the list box below the botton.

Note: Cross-links and modifications can easily be edited from the main
sequence window.

Sequence offset:

ID Z’ The sequence offset enables you to specify that the
numbering of the sequence should not start with one. This is typically used
when you cut a sequence out from another sequence or when you are
working with a pre- or pro-sequence. The offset number can be either
positive or negative. When you have specified an offset, the residue number
in the status panel will be shown in red numbers.

A "'l A- Change the font size in the edit sequence box in 1-point steps.
The font is changed dynamically.

I Residues Elemental | petermines whether the table on the

composition page shows amino acid residue composition or elemental
composition. The table is updated for every change made to the sequence.
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| Re=0 0 Pro=13 0 Leu=14
| Asp=13 . Gly=22 | Tw=3
| Asn=7 . Ala=27 | Phe=7
| Thr=? 0 Val=17 1 Lys=§
| Ser=15  Oys=E | His=§
| Glu=15  Met=z | Tip=5
Gln=11 lle =4 C Arg=20

Edit new sequence

The Edit|Edit new sequence (toolbar button) is identical to the 'Edit
sequence' command discussed above except that the name and sequence
fields of the edit dialog box are initially empty. Furthermore, when the dialog
box is closed, a new sequence window opens on the GPMAW desktop.

The ‘Edit new sequence’ dialog box can be used as an alternative to the
File|Import ASCII|From clipboard by pasting into the sequence edit

box, removing all extra text and using the ‘Cleanup’ and ‘Caps’ buttons.

@ Hint: As the mass panels are updated for every entry in the edit box, you
can use the editor to check the mass of a short peptide just by entering or
pasting it into the edit box and modify it as appropriate. You only create a
new sequence window when you select ‘OK’.

Edit mass files 4.2

The Edit |Edit mass files command controls four different mass tables:
The mass file, the N-terminal, the C-terminal, the atom mass table and the
modification file. The mass tables are crucial for GPMAW to work. In addition
to the mass value, they also define the amino acid residues (name, 1- and 3-
letter code). The mass files reside in the ‘System’ directory as defined in
‘Setup — Directories’, by default this is c:\gpmaw\system\.

Chapter 1.5 contains an overview of most of the essential tables used by
GPMAW.

How are mass values calculated by GPMAW?

The basic table is the atom mass table. This table defines the average and
the monoisotopic mass of each atom used when calculating mass values.
The table contains most of the commonly used atoms, but you may have to
add specific ones.

Amino acid residues are defined in the mass file. Here you define the
elemental composition of each residue along with name and abbreviations.
This means that if you change the atomic mass, all residues will also change.
The mass file is a separate file that you select through a drop-down box in
the main toolbar. By selecting a new mass file, you can effectively change the
mass of one or several amino acid residues in a single reproducible
operation.

Modifications are also stored in separate modification files. Like the mass file,
modifications are defined by elemental composition along with a name and

85



4 - Edit

other information. A modification file can only contain 30 different
modifications, but you have as many as you want saved as different files. The
modification file is loaded through the Edit | Edit modification file dialog. When
you select a modification, the name and composition is stored along with the
sequence, and the mass value is then added to (or subtracted from) the
residue mass on-the-fly. As the modification information is copied to the
sequence, changing modification file will not change modification already
defined in the sequences.

N-terminal and C-terminal modifications can be defined separately. There is a
single modification file that may contain up to 8 definitions of each. The N-
and C- modifications are defined like normal modifications but are stored
along with the sequence as modifications separate from the residue
modification.

In most cases mass values are calculated by GPMAW as needed. (e.g., most
sequences are calculated residue by residue every time it is displayed). This
means that if you change a mass value, the change will be immediately
reflected in the sequence and peptide windows, while a database search is
static, and you will have to re-load the window for the changes to be active.

You should be careful when editing a sequence containing modifications as
the modification may ‘jump’ to a different residue.

Mass file

GPMAW always needs a mass file in order to work. The default file loaded at
startup is called AA_MASS.MSS.

®

Important: If the AA_MASS.MSS file is not found during start-up, or if
errors are encountered, a default mass file is constructed internally which
you are recommended to save as AA_MASS.MSS.

Each mass file contains 32 entries. The first entry is for unknown residues,
usually called ‘X’. The next 20 residues are the standard 20 amino acid
residues, while the last 11 residues are user-definable and can be given
almost any name (be careful not to use punctuation marks, $ or * as single
residue character).

For each residue you must enter:
1-letter code

3-letter code

Name (<=10 characters)

Composition (the atoms must be defined in the atomic masses table, see
below and end of chapter). When you are in a field in the

‘Composition’ column and in edit mode , you

can click on the ‘Composition’ button to open the Calculator
(see Chapter 12.2) for easier input.

The ‘Average mass’ column is only for verification of the mass and cannot be
edited.
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The pKa and ‘Charge’ columns are optional and must be used in conjunction.
The pKa can be defined between 0.1 and 13, while the charge
must be either -1 or +1 (for acids and bases respectively — you
cannot define modifications with two charges). If either value is
zero, both values are ignored.

The 'extra’ residues available in the mass table are best used for modified
residues that are present in many copies or across several sequences.
Modifying the individual residue (see Chapter 3.6, Amino acid modifications),
best caters for single residue modifications. If you modify a residue type (e.g.,
carboxymethylate all cysteine residues) this is best carried out by changing
the mass and full name of Cys (do not change the 1-letter code) and saving
the mass file under a new name (e.qg., pe_cys for pyridylethyl cysteine). You
can then modify cysteines just by selecting a new mass file in the toolbar of
the main window.

The pKa and charge are most commonly used for modified amino acid
residues like carboxymethylated cysteine. When you want to use user-
defined pKa values, you can transfer the pKa values from the built-in tables
(appendix C.7) by pressing the ‘Transfer pKa’ and selecting the appropriate
table from the menu.

@ Note: When you want to use user-defined pKa values, you have to set the
‘pl calculation’ table in Setup to ‘User defined’ (Chapter 5.1).

i
Mass file |Ierm|n| | Atomic weights | User valuel
Mass file: AA_MASS

1-lett | 3-lett |Name |(nmpcsiﬁnn | Monoiso. |pl(a |CI|. | = H Save
b o Unknown CBHBN101 110.08 0.00 i} I save as
A Ala Alanine C3H5M101 71.04 0.00 a

C Cys Cysteine C3HAM 10151 102.00 0.00 a

D Asp Asp. add C4H5M103 115.03 0.00 a o]

E Glu Glu. acid C5HM103 129.04 0.00 a o Insertpka
F Phe Phenylala. CoHIN101 147.07 0.00 [x} & Print

G Gly Glycine C2H3M101 57.02 0.00 a

H His Histidine CEH7N301 137.06 0.00 0 ¢’ OK

I Ile Isoleu. CeH11IN101 113.08 0.00 a x Carcel

K Lys Lysine CeH12M201 128.09 0.00 a

L Leu Leucine C&H1IN1O1 113.08 0.00 i} =) @ Help
Mote: Cys is defined as C3H4N10131 (102 Da), use this as basis for modifications (see Help for more info).

The ‘Save’ button saves changes to the current mass file (shown at the

bottom of the dialog while the ‘Save as’ button enables you to save the
whole list to a new mass file.

The ‘Report button’ Eeport | will open a report window with all the mass
file information. The report can be copied or saved in RTF format.
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N- and C-terminal

The tables for composition of the N-terminal and C-terminal are identical in
setup, they differ only in the terminal they define and are presented on the
tab called ‘Termini’.

[ x|
Mass file | Termini |gmmm weights | User value|
N-terminus C-terminus
Name Composition HName Composition
| | Note that the N-and
Hydrogen H1 Free acid O1H1 C-termini are saved
N : P in the ‘terminals. tms"
Pyroglutamic acid | CSHEN102 Amidation H2M1 file, NOT with the
M-formylation C1H101 ‘Mass file'
N-myristylation C14H2701
N-acetylation C2H301
" OK
#K Cancel
“? Hep

For each modification you enter a name for the modification and elemental
composition (see Ch. 4.4).

@ Important: In the N-terminal table the first entry must be ‘Hydrogen’, H1,
and for the C-terminal table the first entry has to be ‘Free acid’, O1H1. The
first entry is automatically chosen whenever you load a new sequence, start
editing a new sequence, perform cleavages etc.

All compositions are calculated relative to amino acid residues, not the free
amino acid, see end of chapter for composition (formula) input.

Terminal modifications are saved in the system directory as a file called
‘TERMINALS.TMS’ when the program is closed.
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Atomic mass values

Edit mass files x
Mass file | Termini | Atomic weights |User valuel

Mass of a proton
Atom |Name |Av~e. mass |I‘-1nnn mass | -
100727547
C Carbon 12,010700 12,000000
H Hydrogen 1,007940 1007325 Reset mass file:
N Nitrogen 14006740 14.003074 il @) Qassic
O Oxygen 15993400 15334315 L 2 mist
P Phosphor 30.973780 30.973761
5 Sulphur 32066000 31.972071
Br  Bromide 79.904000  78.918390 (¥ Load amt -
a Chloride 35.452700 34.968853 H Save
F Fluoride 18.998400 18.998402 When a .amt file is
I Todide 126,904470 126904660 w i T ni
are re-calculated
The 'Atomic mass table' is automatically saved in the .ini file, NOT the mass file! ¢ OK
The table is not saved when an 'amt’ file has been loaded
x Cancel
Report ? Help

The atomic masses are the basis for all mass calculations carried out in

GPMAW. All atoms used in compositions in mass files, modifications etc.
must be defined in the atom mass table. The table can contain 32 atomic
masses, and the values are saved in the GPMAW.INI file and are always
loaded upon startup. If the INI file is not found, default values are loaded.

The mass of a proton is edited separately. This is the mass, which is added
to or subtracted from charged species, either a single proton (MH*) or
multiple protons (MH?*, MH3* etc).

You can reset the mass tables to either of ‘Classic’ or ‘NIST’. The only
difference is in the average mass of carbon. For Classic the value is
12.011000, for NIST the value is 12.010700. The difference is caused by
different isotope distribution in different locations on the Earth which over
time has led to different recommendations. Classic is the original GPMAW
mass value, but in recent years the NIST value has been preferred. You will
likely only see the difference when analyzing intact proteins (e.g., antibodies).

14N/15N These buttons enable you to quickly change the entire mass file if
you have recombinant proteins isolated from 15N media.

If you want to experiment with different values, remember to note down the
previous values, make a copy of the GPMAW.INI file, or restart by pressing a
‘reset mass’ button.
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User value

The ‘User value’ tab enables you to enter a value for each residue, this will
then be used for calculation in the peptide window (chapter 9.4), when the
‘User’ property has been chosen.

=
Mass fiie | Termini | Atomic weights |User value |
1-lett |3-lett |Value | = Tl
yde |
x Woc  |0.00
A Ala -2.95
c ys |29
D Asp |-3.89
E Glu -3.68 B Load
F Phe |-1.44 b save
G Gly -3.21
H His 3.32 ¥ Ok
1 Tie -1.70 x LCancel
K Lys -3.05
L Leu 1.52 o
M Met  |-1.37 -

The values that are entered can be saved in a .gpu file by using the ‘Load’
and ‘Save’ buttons. The format is a simple ini style text file, first line is
[USERFILE], second is FILEID=GPMAW USER AA VALUE FILE, third line is
TITLE=name, then follow each residue in 1-letter code in the format A=-296
(i.e., real value multiplied by 100). This means that the resolution of the
values is 0.01 and the highest number to be entered is 21000000.

The ‘user’ value is currently only used in the peptide window.

Edit modification files

The modification files are used as a quick way to select a modification when
modifying a residue (Chapter 3.6, ‘Amino acid modifications’). The other
function of modification files is when you perform a mass search of a protein.
By including a madification file in the search, you can check whether any of
the search masses could contain a modification as specified in the
modification file.

The ‘Edit modification database’ dialog box works on the currently loaded
modification file. If you need a file different from the currently loaded, you
must load one through the “‘Open’ button. The drop-down arrow in the Open
button shows the modification files present in the System directory. Changes
must be saved to a file after modifications through the ‘Save’ button. The file
loaded will continue to be the ‘active’ modification file when the dialog box is
closed. The modification files are saved in the ‘System’ subdirectory of the
‘GPMAW directory (see Chapter 5.4).

Each madification file can contain up to 40 entries. Each entry consists of a
name, a formula, and the residues for which the modification is valid. If no

valid residues are specified, the modification is taken to be valid for all
residues.
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¥ Edit modification database - | X
Modification file: DefMod.MOD Clear: T Table | & Row % 0pen -
Name Formula Valid residues OK Charg pKa Term. Mass - H Save
i Oxygen ] o1 M 0 0.00 - 15.995
Methylation C1H2 DE 0 0.00 - 14016 b save s
Dehydrated -Hz201 CDNQSTY 0 0.00 - -12.01
Ammonia-loss -H3N1 CNST o 0.00 - -17.027 l‘u Add sugar
Methyl H2C1 CDEHIKLNQRST 0 0.00 - 14.016 -
Hyp o1 ] 0 0.00 - 15.995 LLLy
Oxidation o1 COFHKMNPRWY 0 0.00 - 15.995
Hyl 01 K 0 0.00 B 15.995 Default
Formyl c101 KST 0 0.00 - 27.995
di-Methyl H4C2 ACDEFGHIKLMNPQRSTV 0 0.00 - 28.03
Ethylation H4c2 EK 0 0.00 - 28.0H
Dioxidation o2 CFKMPRWY 0 0.00 - 31.90
Hydroxymeth H2c101 N 0 0.00 - 20,011
Amiding H3C2N1 K 0 0.00 - 41.027
Acetyl H2C201 CKST 0 0.00 R 4201 ¢ OK
buurbun CSH1SN303 K 0 0.00 - 213N w x Cancel
Note: The base mass of Cys is calculsted as 102 Da (half-cystine) 2 Help
U unimed - If no residues are entered in “Valid residues™ :
column, then all residues are valid. "0K column” determines residues active in M5 search

Whenever the focus changes to a new row, the name and mass of the
current line will be shown to the right of the table. When editing a line, you
must move to another line and back again before the mass of the line is
recalculated (the program needs a complete formula in order to calculate the
mass). All fields in the table can be edited like a normal table. However, to
make a correct formula, you should click on the formula field and then the

calculator button  SEH to open the ‘Composition editor’, for details
check the following Chapters 4.4 and 12.2. The ‘Add sugar’ button opens
the Carbohydrate editor for easy input of carbohydrates (see below).

Note: A given atom has to be defined in the atom table (see above Chapter
4.2) in order to be included in a formula.

The ‘Mass only’ button is only active when a ‘Formula’ field is selected and
either empty or ‘mass only’. It enables you to enter a mass instead of a
formula, e.g. when you know the mass of a modification, but is uncertain of
the actual elemental composition. Click on the ‘Mass only’ button to edit the
field. The values of a ‘mass only’ entry can be read in the green right-hand
fields when the selection is in the relevant row.

The ‘OK’ column enables the entry when checked. Normally, this column is
only used when performing a mass search (Chapter 6.1), as having all
entries valid in a large modification file can give a very large result list -
modifications that might be known not to be relevant under the current
circumstances.

The ‘Charge’ and ‘pKa’ columns work together to enter a charge for the
modification. Both fields must be entered in order for the charge to be active.
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pKa values can be between 0.1 and 14 while the charge can be either -1 or
+1. Multicharged modifications are not supported.

@ Note: If the residue already has a potential charge (e.g., a defined pKa
value) the results are bound to be inaccurate.

Term.: This field, if selected, limits the modification to either the N- or the C-
terminus of the protein/peptide. This selection works in concert with the ‘Valid
residues’ field, meaning that both conditions have to be fulfilled for the
modification to be valid.

Mass: This is the monoisotopic mass of the modification based on the
currently loaded mass file.

@ Note: Modifications of cysteine is based on the oxidized form of Cys, e.qg.,
the base mass is 102 not 103. Reduced Cys is thus modified by “1H’. If a
Cys residue in a sequence has such a modification, it will always be
calculated as reduced with no regard of the setting of the ‘SS/SH’ button.

Unimod

The Unimod is a public domain database, located at http://www.unimod.org.
The database can be downloaded from the web in XML format and is
included in the GPMAW distribution. The file ‘unimod.xIm’ has to be in the
‘system’ directory (see Ch. 5.4) in order for GPMAW to correctly locate it. As
the database is regularly updated, it is recommended that you download and
replace the ‘unimod.xml’ file on a regular basis to stay updated with new
modifications (see below).

When you click on the ‘Unimod’ button (lower left corner of the dialog
window), the database will be loaded, parsed, and displayed below the
modification file table:

m If no residues are entered in"VaI?d residues" C?nlylchecked modiﬂcgtions 2 Help

column, then all residues are valid "0k column) are active -
Double-click or select and press "Copy to list” 4 Copy to list

# |Longname Short name |Mass |Formula |Unimod |ID |Residues |_‘
82 | Carbowylation carboyl 43.99 | C102 COiZ) 299 W

? Gamma-carboxylation Gamma-carboxyl 43,99 CloZ CO(Z) 33 ED

| 84l S-Ethylcystine fram Serine S-Eth 44,01 |-O1+H4C2S1  HE C2) 00135 | 327 5

| 85| Ethanalation of Cys EtOH 44,03 | H4C201 Hi4) Ci2) O 276 C i

? Orxidation ko nitro Hitra 44,99 | -HI+N1OZ Hi-13 M Of2) 354 W

? Acetate labeling reagent (MN-term | Acebyl_heawy 45.03 Hi{-13 H2{3) (=) 56 =k

? Beta-methylthiolation b-methylthiol 45,99 H2C151 HiZiC s 39D

? Methyl methanethiosulfonate MMTS 45,99 | H2C151 H(ZYC 5 277 C

You may copy entries from the Unimod table to the modification file either by

double-clicking on the entry or by selecting the entry and pressing the ‘Copy

to list’ button. The entries in the Unimod table are listed by mass.

Long name: The long name from the Unimod database.

Short name: Short name copied from Unimod database. This is the name
copied to the modification file.

Mass: Mass value taken from the Unimod database, not calculated by
GPMAW.
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Formula: Composition calculated by GPMAW based on the Unimod formula
in the next column. You should check that the composition is calculated
correctly before copying. If the Unimod formula contains atoms not
known by GPMAW (e.g., 018, H2, C13), the formula cannot be copied,
and you have to construct it yourself.

Unimod: Composition of the modification as given by Unimod.

ID: Database entry number in Unimod.

Residues: Valid residues for the given modification. N- and C-terminal
modifications are shown as >’ and ‘<’ respectively. If the modification
contains both amino acid and terminal ‘accepted residues’, the entry will
be copied twice: one entry will show amino acid residues and the other
entry will show the terminus. E.g., Methyl ester modification (Unimod ID
14) has the following valid residues: ‘SED<T’. Double-clicking on the
entry will make one GPMAW entry showing ‘SEDT’ under ‘Valid
residues and ‘- under ‘Term.” and another entry will be empty in the
‘Valid residues’ column while having a ‘C’ in the “Term.” column.

Downloading the Unimod database: You must be connected to the
Internet to perform this operation!

Click on the down-arrow in the left side of the ‘Unimod’ button. This
displays a drop-down list, where you select ‘Download Unimod’. This
usually takes a minute or two, after which it is recommended that you
close the edit window and reopens it to reload the Unimod file.

Resizing: If you resize the dialog (e.g., make it higher), it is the UniMod list
that changes size, not the top part of the dialog box.

Carbohydrate editor

Through the carbohydrate you can easily calculate the mass of various
carbohydrate structures linked to polypeptides. It is built like a small wizard
that leads you to the final structure in two or three steps.

The carbohydrate editor is selected either through the ‘Simple modification’
menu (right-click on residue in sequence window), the ‘Insert modification’
dialog box or the main menu Search | Glycosylation |
Glycosylation editor.
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-0
_I_._.\C—I—O—Q

Mass:

2352,123 Da (Av.)
2350,830 Da {Mo.)
+ base mass:
2352,123 Da (Av.)
2350.830 Da (Ma.)

Residues added:
Core unit
HexMAC
Hexose
HexMAC
Hexose
Deoxyhexose
Sialic acid

Sialic acid

Select glycan type and press New glycostructure

IN-hnked two arms {complex) j

¥ Core fucose unit

V' Complete sialylated end groups

I 0.00 Da Base mass

Mass of peptide or

modifying aroup @ﬂev.‘glycostructure

Add finishing sugar units:

I.-'-\dditonalsugars VI 4 add

 Pentose

Arabinose, sylose, ribose

4 Deoxyhexose
Fucose Amino add receptor residues

M Hexosamine N

Galactosamine, glucosamine

Elemental compesition

$Hexose

Gialactose, glucose, mannose

W HexhAc Structure name:
M-ac.gal.amine, M-ac.gluamine  [N-glycosyl
# Sialic acid
Il-acetylneuraminine acid
I NeuGe Undo
F-glycolylneuraminine acid
¢ 0K X Cancel ? Help
CorArmArmFucSiaSia

®

Note: The editor is a composition editor, not a structural editor. The

structure shown will usually only be one of many different possible isoforms

with the given composition and is thus only for illustration.

You start at the top of the dialog box by selecting the type of base glycan you
want to work with. The choices are Core (2xHexNAc, 3xHex), either singly or

with up to five arms (each arm is a HexNAc + Hex), an O-glycosylation
(HexNAc) or no starting residue.

In addition, you can specify:

Core fucose unit. This adds a single fucose unit to the innermost HexNAc in

the core unit.

Complete sialylated end groups. Adds a sialic acid residue to the terminal

end of each arm added to the core unit.

Base mass. This is a mass (e.g. a peptide mass) that is added to the mass

of the glycan.

Press the New glycostructure to accept the selected glycan.

®

Note: You can at any point select/create a new structure. The old with all

modifications made to it will be deleted.
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When the new structure is created, a drawing is shown in the left-hand box.
Below this is listed the mass of the glycan and the mass of glycan + base
mass below. Both figure and values are changed dynamically as you
add/remove sugar units.

You can then add finishing glycans by pressing the buttons in the middle of
the dialog. Each button-press will add one unit of the relevant sugar unit. The
sugar units roughly follow the CFG symbol nhomenclature.

(D Note: Different sugars with the same mass are all grouped under the same
button, i.e., galactose, glucose and mannose are all grouped under
‘Hexose’ as they are isobaric.

Sugars added to the structure will either be shown as part of structure itself
(e.g., fucose units will be added to the arm HexNAc as the most common
place for modification, sialic acids to the terminal position) or they will be
shown above the structure.

|
The drop-down box enables you to add any kind of
sugar, you just have to define it in the 'Sugars.mod' —l—l—lcjﬁz
modification file (see above) - just select the sugar A
from the drop-down menu and press the Add —G—e
button.

Once you have added additional residues, the ‘Undo’' button becomes
enabled, enabling you to remove the last added residue. You can thus add
and remove sugar moieties from your construct. You cannot ‘subtract’
residues beyond those added as part of the 'New glycostructure'.

The Amino acid receptor residues are the residues that can accept the
modification (corresponds to Valid residues in the modification file editor).
These values can be edited later.

The Elemental composition is calculated based on the carbohydrate
composition and is the structure only, without the acceptor amino acid
residue. This field should not be edited.

Under Structure name you can enter a descriptive name for the
glycosylation.

When choosing None in the 'New glycostructure’ a ‘random' graphic will be
shown.

When you press the ‘OK’ button, the name, receptor residues and elemental
composition will be transferred to the ‘Edit modification file’ editor if called
from here. If called from the sequence window, the fields will be transferred
directly to the respective fields in the sequence.

Composition formulas 4.4

The composition in the mass file, the N- and C-terminals, and the
modifications all follow the same rules.

The composition of the residue/modification is entered using the
abbreviations specified in the atomic mass table (see above) followed by the
number of atoms. If atoms are lost from the composition, you put a minus
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sign - in front of the atoms lost (e.g., if you hydrolyze an amide you lose one
nitrogen atom and two hydrogen atoms but gain an oxygen atom and a
hydrogen atom, e.g. '-N1H1+O1'). Please note that negative numbers must
precede positive.

In several of the edit boxes you can activate the composition editor by
clicking on the ‘Formula’ button which appears in the right-hand part of the

edit field when in edit mode ™" .
E|
Carbon C j Fluoride F IT;J Carboni3 CT 0 ﬁ
Hydrogen H 2 j Todide I IT;J Deuterium D ITﬁ
NtrogenN | 12l potassumk | 04l NitrogenishF | 0 Al
Oxygen O I—lﬁ Lithium Li IT;J ITﬁ
Phosphor P 0 j Sodium MNa a j 0 ﬁ
Sulphur 5 0 j Selenium Se a j 0 ﬁ
Bromide Br IT-QJ Zink Zn IT;J ITﬁ
Chlaride Cl 0 j Iron Fe 0 j 0 ﬁ
Composition: [C1HZN101 £F Clear
Mass ave./mono. 44.03268 / 44.01364
f oK x Cancel ‘? Help

This opens the ‘Elemental composition’ dialog with the composition of the
current selection. The composition can now be modified, either by directly
entering the relevant numbers in the value boxes, or by using the up/down
arrows next to the numbering boxes. Both positive and negative numbers can
be entered. Negative numbers will only have a meaning when editing post-
translational modifications. Normally two columns of eight values are shown,
but if more than 16 elements have been entered in the ‘Atomic masses’ page
on the ‘Edit mass file’ page, three columns will be shown.

The “Clear’ button resets all number fields to zero.

The ‘Composition’ field shows the total composition and cannot be edited
(but you may highlight and copy). The ‘Mass ave./mono.’ field is for
information only.

See also Chapter 12.2 ‘Composition calculator’.
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Chapter

5

Setup

Setting up parameters for GPMAW.

The Setup|Setup system dialog box contains most of the default data
needed for GPMAW. For setting up digest mass databases (Setup |Make
digest databases please see Chapter 8, ‘Database mass search’). All
these data are saved in the GPMAW.INI file (Appendix A).

Please browse this chapter carefully, as most of the layout and daily working
of GPMAW is dependent on the settings.

Setup system parameters - System 5.1
Setup system parameters } x|
System Peptide Colours Directories Digestsearch Display  BLAST
Sequence print options pl calculations
Omit modification information @ Standard (Skoog & Wichman)
Extended information ~) Free amino acids
2x line spacing Richard, Strohl & Nielsen

r defined
Mass type for proteins REEF L

@ Average Monoiso. Mass search
Search tolerance: 0.10 %
Report precision as
Percent(%) '© ppm (part pr Show multicharged
million)

Show frame in

Absorbance calculation Sequence window

Gill & von Pace et al.
Hippel v MS/MS window

©

Sequence editor

Only standard Accept all
residues residues

Remember mass file

¢ OK ¥ Cancel ? Help

Sequence print options:

These options will check/un-check the corresponding options in the ‘Print
sequence’ dialog box (Chapter 3.1).

Omit modification info: Information about sequence modifications and
cross-links will be printed.

Extended: Print elemental composition and amino acid composition data.
List cross-linked residues.
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2x line spacing: Print sequence with double line spacing.

Mass type:

Defines the default display of masses to either average or monoisotopic (see
Appendix C.1). This default value can easily be changed for each sequence
window individually (Chapter 3.1) by clicking on the Av./Mo. button. Most
other windows also enable the mass type to be changed on the fly. Please
note that the mass type of the peptide window is set individually from the
sequence window.

Precision:

% or ppm: Determines whether the precision is reported as a percentage or
as ppm (part per million). 0.01% equals 100 ppm. When working at high
precision (e.g., better than 0.2%) you should use ‘ppm’ due to the better
accuracy.

GPMAW will in general work with relative precision (% or ppm) and not
absolute values (Da.) as most mass measuring instruments work in this way.

Absorbance calculation:

Two scales for calculating concentrations based on absorbance at 280 nm
are available:

Gill SC and von Hippel PH, Anal Biochem 182, 319-326 (1989)

Pace CN, Vajdos F, Fee L, Grimsley G, Gray T., Protein Sci. 1995, 4, 2411-
23.

These values are used in the protein information window (section 3.8).

Sequence editor

When editing a sequence in the sequence editor (section 4.1) you can set the
editor to accept input (keyboard or paste) as either:

Only standard residues: Only the 1-letter residues defined in the currently
loaded mass file will be accepted.

Accept all residues: All characters will be accepted as input whether they
have been defined in the current mass file.

pl calculations:

The advanced page allows you to choose between different pKa tables for
the calculation of the pl of peptides and proteins. The options are:

1. B. Skoog & A. Wichmann, Trends in Anal. Chem. 3, 82-83 (1986)

2. Free amino acids

3. Rickard, Strohl & Nielsen, Anal. Biochem, 197, 197-207, (1991)

4. User defined.

In all cases the algorithm of Skoog and Wichmann is used.

The pl calculations are used in several different places. When only a single
value is reported, the value will be the one based on the option chosen here.
Examples may be: Peptide window, peptide info (Chapter 9.4), Charge vs.
pH graph (Chapter 11.8), DigestAlyzer (Chapter 11.9) and the Simulated 2D
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gel (Chapter 12.5). In a few cases, e.g., the sequence information dialog
(Chapter 3.8), the three first pl values are displayed.

Mass search:
Search tolerance: Default tolerance for mass searches, digest mass
searches, etc. The value can be changed before each search.

Show multi-charged: Displays multi-charged species as defaults while
showing the results of the search for mass (Chapter 6.1).

Show frames:
The frames are resizable parts of a window that shows information in addition
to what is present in the main window. The ‘frames’ are available for the
following windows:

1. Sequence window (Chapter 2). Contains information on modified
residues, modified terminals, cross-links and pl.

2. MS/MS window (Chapter 10.1). Displays a sorted list of all masses
displayed in the main window. The two displays are linked, so that
clicking on a value in the frame will highlight the corresponding value in
the main window.

Peptide parameters 5.2

Setup system parameters x|

System peptide  Colours  Directories  Digestsearch  Display  BLAST

Precision Residue display Copy table to clipboard
9 2 decimals 9 1-letter code Copy table as text
4 decimals 3-letter code 9@ Copy tab delimited
6 decimals
Display mass Sort list by Table seguence
Average lm Limited sequence

. . Q
@ Konoisotopic Full sequence

Mass search switchover ——
—
Calculate charge at pH I BE MonolAve 5000 'L s tﬁE‘IU D o
ow mass cutoff: a

Column layout

Hum MH+ pl HPLC M2H- Ch User Sequence Setup 1

Alternate column |ayout
Num M-H M2H- M3IH- M4H- MSH- Ch Sequen [ Setup2
¢ OK X Cancel ? Help

The peptide parameters determine the initial display/print/copy parameters
for the peptide window (the result of protein cleavage, see Chapter 9.4). Most
parameters, except the copy parameters, can be changed on the fly.

(Reported) Precision:

Determines whether peptide masses are reported with 2 or 4 decimals. The
internal precision of the mass calculations as carried out by the program is
not changed. The calculated precision is dependent on the values entered in
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the mass files (Chapter 4.2, default is 5 decimals for average masses and 6
decimals for monoisotopic masses).
Display mass:
Shows masses as either average or monoisotopic masses on the screen.

@ Note: The peptide window can have a different default mass setting than
the other windows. E.g., the sequence window will usually have an ‘average
mass’ setting while the peptide window will be in monoisotopic mass mode
due to the higher resolution of peptides.

Residues:

Displays amino acid residues in the peptide list using either 1- or 3-letter
code. Can be changed dynamically in each peptide window.

Sort by:

Sorts the peptide list by number (position in the protein), mass, HPLC index,
Bull & Breese index [H.B. Bull & K. Breese, Arch. Biochem. Biophys., 161,
665 (1974)], charge (with a secondary sort by number) or sequence
(alphabetical sorting based on 1-letter code).

Copy table to clipboard:

When the peptide table is copied to the clipboard this option will determine
whether delimiters are space characters (text) or tab characters. Use the text
form when you copy to a report (e.g., Word), and tab delimited when you
copy to a spreadsheet (e.g., Excel).

Table sequence:

When you copy the peptide table to clipboard this option selects whether the
peptide amino acid sequence is copied in total (‘Full sequence:’
EECSVPVCGQDR) or the central part of the sequence is replaced by ...
(‘Limited sequence:’ EEC...QDR).

Calculate charge at pH:

Determines at what pH will the charge of the peptides in the peptide list will
be calculated. This setting is also used in various other places like the protein
window frame, peptide info etc.

Low mass cutoff:

The ‘Low mass cutoff’ determines the mass value
below which peptides are hidden in the peptide list. ll o J e
The main use for this option is in MALDI mass Low mass cutoff: 700 Da
analysis where low mass values are not determined

in the mass spectrum. The low mass filter is set with the low button ﬂ in
the peptide window. The low mass cutoff can be set between 100 and 1000
Da by using the slider.
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Column layout:
As the information needed for different experiments varies, it is possible to
specify a wide variety of parameters to be reported for each peptide. To
make the setup more flexible, two different layouts are supported: primary
layout (which is shown when the peptide window opens) and alternate
layout (you can switch between the two modes by pressing the Alt® button
in the toolbar — see Chapter 9.4).
The layouts are shown in the setup dialog as two white lines displaying the
selected column headers. Each line corresponds to the header of the
corresponding peptide list. The column settings for each layout can be edited
through the ‘Setup’ button situated to the right of each line. Pressing either
button opens a new dialog box that enables you to specify the settings.

The column layout is edited I
through a number of drop-down Column entry

selection boxes. The left-most 1 mumber My [ =m0z
column is shown at the top of the 2 [EEn = The "Add mass” value Is added
dialog box. The first and the last s I oo bese s netio
columns are fixed as peptide i 2| [

number and peptide sequence, 4 |uezc =l [pamassriss =]
respectively. Additionally, up to six 5 [uze- - w
columns can be specified from the e = Termins:

six drop-down boxes labeled 2 - 7. , [Fvarogen =] [Freeead =]
If you do not want to display a Eack = P chanaing “atermate moss”
particular column, you set it to 8 Sequence S o e mam
‘(none)’ . The first and last entry is always fixed

(number and sequence)

The parameters that are available
W 0K #® cancel

for display are:

Number (always present in the

first column) — the number of the peptide in the peptide list. Overlapping
peptides (e.g., missed cleavages) are numbered from the N-terminus, first all
the peptides with 1 missed cleavage, then with 2 missed cleavages etc.
Sequence (always present in the last column) — sequence in either 1- or 3-
letter code depending on the status of the 1/3 button.

MH+ (MH*) to MH8+ (MH®**) — singly charged ion to the ion with eight
charges. Calculated as the neutral mass with the addition of the appropriate
number of protons.

MH- (MH") to MH2- (MH2?%) - the singly and doubly negatively charged ions.
Calculated as the neutral mass minus the stated number of protons.

M (neutral mass),

From-to, - first and last position of the peptide in the sequence.

HPLC index (reversed phase retention index),

Ch. — charge at the selected pH, see above for the main peptide parameters.
— the actual value calculated depends on which pl parameter list has been
chosen in the System setup (Ch. 5.1 above). See also App. C7.

B&B (Bull & Breese index),

Add mass — add a fixed mass to each peptide. The value is entered in the
‘Add mass value’ edit box. The value can be any real number, positive or
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Alt. MS. Here you must specify the alternative mass file name (this list is

5 - Setup

identical to the drop-down list in the main toolbar, Ch. 4.2). In addition, you
can specify the charge state, the composition of the N-terminus and the C-

terminus. The compositions of the termini are taken from the N- and C-

terminal mass list (Ch. 4.2).
Av/Mo This column shows the singly charged ion (MH*), but in the opposite
mode of the Av./Mo. button, i.e., if monoisotopic mass has been chosen as

the display of choice, this column will show the average mass.

@ Note: The actual mass displayed will be either the monoisotopic mass or

the average mass depending on the setting of the Av./Mo. button.

For a discussion of the individual parameters please see ‘Protein cleavage’,

Chapter 9.1.

5.3

System colors

The system colors determine how sequences, graphs etc. are displayed on

the screen. By selecting appropriate colors, you can make the reading of

information faster and safer. As computer monitors vary in clarity and color
fidelity, you are encouraged to experiment with various color combinations.

Setup system parameters

System Beptide  Colours  Directories Digest search Display BLAST Extra
Coloritem:
[ Highlight 1 A | Selectitem to color in the listto
the left and press the "Set
AL _ | color’ button below.
Highlight 3 ‘
Highlight 4
Pre/PostAA ‘
AA text R setcolor
Graph 1
Glaph 2 | I Default
Graph 3
Graph 4
Sequence num.
v oK X cancel ? Help

The left-hand table shows you the currently defined colors in GPMAW. The

list is divided into two columns, where the first column shows you text on

white (actually, light gray) background and the right-hand column black text

on colored background. The different colors are used either in one or the

other mode, so the selection of color should reflect this.
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You edit a color by selecting it in the table and either press the ‘Set color’
button or double-click on the selection.

Highlight 1-3: These colors are used as background when highlighting
sequence residues. You should use light but bright colors (e.g., check
whether the black characters are easily read in the right-hand column).
Highlight 4: This is the color of modified residues, and it is not a background
color, so you should choose the color based on the left-hand column.
Pre/PostAA: The color of the residues before and after the identified
sequence in the mass search window (Chapter 6.1).

AA text: The sequence in the sequence window — usually black.

Graph1-4: The color of the four graphs that can be displayed in the various
graphs. As the lines can often be thin and difficult to discern from the
background, you should use bright and dark colors (e.g., check in the left-
hand column).

Sequence num.: The color of the subscript numbers in the sequence
window.

Aux: This color is not used at present.

Dot1-4: The color of the dots in the ‘frame’ of the mass search window
(Chapter 6.1).

Note: Several windows are able to print in color (e.g. sequence window,
peptide window, and several graphs), and when printing to a monochrome
printer (e.g. a laser printer) the different colors will be printed as various
shades of gray. By experimenting with different colors, you will most likely
be able to print in useful shades of gray. If you are using both a color printer
and a monochrome printer you may have to change the color table when
changing printer — this is most easily done by setting up different users (see
Chapter 5.7).

The ‘Default’ button reverses all colors to

the default colors for GPMAW. Colay 2] ]

You can edit a color either by selecting the Basie colers
relevant line and click on ‘Set color’ or by : ||: ||: ||: ||: = : :

double-clicking on the colored line.

In either case you will get the standard
Windows ‘Color’ dialog box.

The current color will be selected (dotted line EEEEET Em

around the color). You can now select a new

color from the ones displayed or press the Custom colars:

‘Define Custom Colors’ button to select a rrrrrrrrr
new color from the advanced dialog box rrrrrrrr
layout.

Define Custorn Colars »» |

oK I Cancel |

Click on ‘OK’ to select the color.
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System directories 5.4

During installation, the various components of GPMAW are installed into the
following directory structure:

—>| gpmaw |-—>| bin

XTandem|

The main directory is set to CA\GPMAW but may be changed by the user
during installation. Although the program can be installed to any directory, it
is recommended that you use the default c:\gpmaw\ as future updates will be
much easier to perform.

Below this directory, four directories are created:

\BIN contains the main gpmaw3.exe executable program file, the gpmaw3.ini
file (contains the initialization data between sessions), the validation file
gpmaw3.chk, and the help file gpmaw3.hlp. Additional helper programs like
DBIndex (Chapter 12.4) are also installed here.

Two directories can be created beneath the BIN directory:

\XTandem is created automatically, and the XTandem! executive and
auxiliary files are placed here. These are automatically registered by
GPMAW.

\ClustalW is a directory created by the user if you want to perform
ClustalW multiple alignments. Due to licensing reasons, these files are
not included with the GPMAW distribution, but can be downloaded by the
end-user. Please see chapter 7.3 for more detalils.

\DATABASE default place for digest mass databases. Each digest mass
database contains three files; a data file (.DAT), a name file (NAM), and an
information file (.INF). See Chapter 8.2 for a description of how to create
digest mass databases. If your hard disk is partitioned into several drives or
you work across a network, you are likely to place the protein elsewhere.

\SYSTEM contains various common files that are shared between different
users/sessions: modification files (.MOD), mass files (.MSS), and highlight
profiles (.(HPR). The system file can be changed in the Setup | Setup
system|Directories, but unless you have compelling reasons you should
leave it in the default state.

\USER contains the files that are individual for a session: GPMAW sequence
databases (.SEQ), peptide mass files (.PEP), peak mass lists (.PKS), and
peptide mass search result files (.PMS). You can create several different user
directories and change between them in the Setup | Setup system|
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Directories. If you make different directories for your projects/users you
should set up GPMAW for different users, see below in 5.7.

On the 'Directories' page of the system setup you can specify a different
working directory, different digest mass search directory (‘MS digest
directory’), and a different system directory. As the ‘Database mass search’
databases can be huge (> 20 MB), it can be advantageous to place them on
a central server or another large, shared disk in a network.

Hint:

If you use multiple databases, it can be advantageous to put each of them
in a separate directory below a main directory (e.g., have the directory
c:\gpmaw\database\SwissProt and c:\gpmaw\database\IPlhuman) and then
let the ‘Msdigest directory’ point to c:\gpmaw\database. In this way each
database will just be one additional click away.

Setup system parameters il

System Peptide  Colours  pirectories Digestsearch  Display = BLAST

Default directories defined in GPMAW.

Default working directory Di\Dokumenterigpmawiuserl

System directory C\ProgramDataigpmawisystemi

WS digest directory

XTandem directory D:\Projects\GPMAW20100Tandem

BLAST directory D:\Projects\GPMAW2010\Blastiblastp.exe

To change default directory: Select entry in list ﬁ; Change directory

and press "Change directory”

Change to database view. DB @5 Change file admin
Current file administration:
Managed mode, ini file in My Documents
Di\Dokumenterigpmawigpmaw.ini

o 0K ¥ cancel ? Help

If you want to change a directory you can either double-click on the
corresponding line in the list or select the line and press the ‘Change
directory’ button. Then you navigate to the correct directory.

Protein databases referenced in GPMAWY

FProtein datahase CiDatabasel\SwissProvsWISS seq -
Date 12-04-2004 11:08:30

Text search indexed ves-12-04-2004

BLAST indexed yes- 12-04-2004

Frotein datahase DaDatabasellPImouseilPlmouse.ceq

Date 03-04-2004 14:19:32

Text search indexed yes - 03-04-2004

BLAST indexed no

Protein database DiDatabaselPlhumaniPlhuman.sed

Date 03-04-2004 14:20:28

Text search indexed ves - 03-04-2004

BLAST indexed na ;'

2 Update DB list |

105



5 - Setup

Pressing the ‘Database view’ will give you statistics on all the databases
referenced by GPMAW (FastA search, digest search and BLAST).

Note: You can set up GPMAW for different users or projects by setting ‘Users’
(see 5.7) or using multiple icons on the desktop with different in-line
parameters (see Appendix D).

Change file administration

Originally GPMAW was installed on the C: drive in a directory called
\gpmaw\, however, Microsoft recommends all programs to be installed in
'‘Program Files', and most IT-departments do not allow read/write access in
these directories (UAC controle). Therefore, GPMAW now installs in
'Program Files' and all user data are located in either ‘My Documents' or
'Public Documents' as specified in the 'GPMAW file location' dialog box.

When you change an option here, all files (system and user) are then copied
from Program Files\gpmaw\user\ and Program Files\gpmaw\system\ where
they are originally installed to the relevant directories as outlined below.

x

Select file environment and .ini file location

_' 1) Local admin. - you need total access (administrator rights) to your computer

_! 2) Contolled environment (UAC), each user has a copy of system data

_! 3) Controlled envirenment (UAC), users share system data - user data are in Public

@ 4) Controlled environment (UACt), users share system data - user data are in My documents
_! 5) Controlled environment (UACt) shared data in public\documents - user data in My

The location of the ini file determines where GPMAW saves various information and temporaray
files. The recommended setting is "3)" to "5)".

Options 1) and 2) are mainly for compatibility with previous versions
Current file locations:

Jini file: C:\Users\php\Documents\gpmaw\gprmaw.ini
System files: C:\ProgramData\gpmaw!system),
User files: C:\Users\php\Documents\gpmawiusery

Future file locations:

Lini file: C:\ProjectsXE8\gprmaw,
System files: C:\ProjectsXES\gprmaw\system)
User files: C:\ProjectsXE8\apmaw\user},

Note that the location of system and user data can be changed by the user in System Setup.

¥ oK x Cancel ? Help

1) Local admin. - you need total access to your computer

This is the default setting, and during installation all files will be copied into
these directories. A typical directory is "Program Files\gpmaw\user".

2) Managed environment - each user has a copy of system data

In this case all relevant files are copies to the user’s profile in the
Appdata\Roaming directory a directory called \gpmaw\ will be created with
two subdirectories 'system' and 'user'. Typical directory is "Documents and
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Settings\username\Application Data\gpmaw\user". The exact location of files
is listed in the bottom list-box.

3) Managed environment - users share system data, user data are in 'Public
documents'.

In this case all system files are copies to 'Program data’, which is a system
directory shared between all users. Typical directory is "Documents and
Settings\All users\Application Data\gpmaw\system". User data and the .ini file
goes into \Public\Documents\ where they can be shared by all users on the
computer. A typical directory is "Documents and Settings\All
users\Documents\gpmaw\user". The exact location of files is listed in the
bottom box of the dialog.

4) Managed environment - users share system data, user data are in 'My
documents'.

For option 4) system files go to 'Program data' like in 3), user data and the .ini
files are placed in the user profiles 'My Documents' in a directory called
‘gpmaw\user\'. Typical directory is "Documents and Settings\username\My
Documents\gpmaw\user”. This option has the advantage that each user can
have his/her own settings and files, but has the disadvantage that settings
are not just copied from previous users, but from the original installation.

5) Managed environment — setting is identical to 4) except that common
data are located in \public\documents, a directory where all users should
have access, even under UAC.

When you select one of these options, gpmaw will copy all the relevant files
from the original installation into the chosen directory structure and save the
information in a new gpmaw.ini file in the relevant directory.

As mentioned above, system and user directories can be changed by the
user, however, this should be done with regards of the running environment.

Note:

The locations listed under 1) - 4) are the default locations, the actual
locations are shown in the Directories tab of the System dialog. Here the
individual directory can be changed.

These directories correspond to the following Windows Constant Special Item
ID List (CSIDL):

1) None, 2) CSIDL_APPDATA 3) CSIDL_COMMON_APPDATA and
IDL_COMMON_DOCUMENTS 4) CSIDL_COMMON_APPDATA
andCSIDL_PERSONAL

When starting up, gpmaw will search for an .ini file from the location specified
by 4) down to 1).
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Digest mass search parameters 5.5

From the 'Digest src.' page you control the initial settings of the search
parameters for the digest mass search (see Chapter 10).

Setup system parameters n
:' System Peptide Colours Directories _ Digest search Display BLAST Extra
Search limits: ]
1 — Scoring parameters
{ Mass range - 5-150 kDa == P—
| Precision : 0.0010% Overlaps : 0: 10‘ 1 8‘
| Minimum : 1.00 Da — ) —‘ i
MonoMass < : 4000 Da 2: [ 5‘ 3: [ 4} 4: [ 2J
Overlaps : 2
Min. hits - 5 = 7
‘ Mass type - M-H Scoring type:  Linear v
} H setLimits Precisi2: | 3| Precisid:| 7]
Optimization - —
" | ; ji Missed Sequence : l 6J Compos.: l 6‘
ax overlaps: s s ]

v Perform linear fit v Aitolond & il
7 Tryptic PMS rules Autoload correct mass file

Show pl in results

¢ OK x Cancel ? Help

Search limits parameters:
The search limit parameters are also discussed in Chapter 8. The search limit

parameters are set by pressing the B 5t Limits button. The limits can
also be set on-the-fly in the mass input dialog for the peptide mass search.

Mass range: The smallest and largest protein mass to search for mass hits.
Usually, you know the approximate mass of the protein in question, but you
should enter a wide margin in order to compensate for fragments, pre- and
pro-proteins in the database. You should normally have a lower limit of 10
kDa (to exclude many very small fragments) and an upper limit of 100 kDa (to
exclude a small number of very large proteins that tend to give false
positives).

Precision: The mass precision of the input search masses when searching

the database. Can be listed either as % or ppm as defined on the System
page (Chapter 5.1).

Mininimum prec.: If you are unable to determine the low masses with
absolute precision you enter the minimum attainable precision here,
otherwise you enter 0.0.

Monomass: When using high-resolution mass spectrometers, you can obtain
monoisotopic mass values at low masses (e.g., below m/z 3000). As these
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values are usually more precise than average data, it will be advantageous to
use these. In order also to use high mass values, you set the monoisotopic
crossover mass to the value below which you determine monoisotopic
masses. As the digest database contains both sets of values, GPMAW can
search both types simultaneously.

Overlaps: Determines how many un-cleaved potential cleavage sites should
be allowed in the target peptides. E.g., a tryptic peptide like
LIPKTGHNEDRKSVR contains two potential cleavage sites and will have an
overlap value of 2. This value is also called missed cleavages.

Min. hits: The minimum number of peptide masses that must fit in order to
be entered into the final score list.

Mass type: Default ion type for the mass input table, determined by your
mass spectrum.

(D Note: The program will do the fastest search when no overlaps have been
specified. This is partly because each overlap adds a search overhead and
partly because a slightly different algorithm is used.

Scoring parameters

The scoring parameters determine how hits are evaluated. A hit is defined as
a database value that falls within the search window defined by a search
mass. You should feel free to experiment with various values, as most likely
there is no universal magic setup for the search parameters.

Overlaps: The score for a given number of overlaps. Non-overlapping
peptides are given the highest values. Peptides containing one or two
overlaps are also common and should be given a high score. Overlaps of
four and more are quite rare (at least they are rarely observed).

Score type: At present three different scoring types are supported: Linear,
scores are not adjusted. Score/NumPep, the score is divided by the number
of peptides present in the database protein. Score/Square root, the score is
divided by the square root of the number of peptides of the protein found in
the database. The last two scoring types compensate for the fortuitous hits of
large proteins. Score/NumPep tends to overcompensate while the
Score/Square root usually compensates satisfactorily for ‘normal’ proteins in
the 20-150 kDa mass range.

Precis./2 and Precis/4: If the hit is closer than half/quarter of the given
precision for the search peptide, an additional score is added to the total.

Sequence and Compos.: The score given for a match of a sequence or an
amino acid composition.

Optimization: The ‘hit’ list from the peptide mass search can be re-searched
using optimized parameters. You can here select the optimization to include:

1) anincreased number of overlaps (missed cleavages)

2) alinear fit on the hits from the first search to be performed and used as
a modified ‘calibration’ for a second search.

3) acompensation of the score by using tryptic PMS (peptide mass
search) rules: if the basic residue is terminal or next to an acidic
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residue it is not counted as an overlap (and will therefore result in a

higher score). You will get an additional score if the peptide starts with

GIn and a mass is found at —15 (corresponding to pyro-Glu). If the

peptide contains Met and a +16 mass is present an additional score will

be added for oxidized Met.

Autoload correct mass file: When the program performs the second pass
search, all mass calculations are redone. In order for this to function correctly
the right mass file has to be loaded. If this option is checked, the file will be

loaded automatically, otherwise you will be asked.

Show plin results: If the original sequence database is available on-line,

the program will calculate the pl of each result hit when presenting the result

table.
Display 5.6
Setup system parameters [ x|

System Peptide Colours Directories Digestsearch Display  BLAST Extra

Seguence display defaults Window state
3-letter display 9@ Normal Maximized Minimized
Reduced Cys (SH) Display font
Highlight global Courier New 10 abe Font
Keep Highlights Include daughter windows

Disnidymodia 5 Default window size

v Number 10th residue Sequence Window: o, Hon4 care
Fit window height to sequence x [ 0‘\‘ v [ 0“‘ T3] Use current

Expanded line distance
Main window: ; pont care

= 1
x uJ Y‘( 0] | 3 Use current

No coloring of multi-chain seq. Closing size

System

Ask user before exit IE oo
v Autoload last sequence \

Autosize forms

Persistent Menus

¢ oK x Cancel ? Help

Sequence display defaults:

'3-letter display': If checked, the sequence window will show amino acid
residues in 3-letter code. If not checked residues will be shown in 1-letter
code.

'Reduced Cys (SH)': If checked, cross-links are not displayed or calculated.

If unchecked, cross-links are displayed as red lines (Cross-links, Chapter

3.5). Cys residues are calculated as mass 103 Da when reduced (SH) and as

102 Da when oxidized (SS).
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'Highlight global': If checked, all sequence windows opened on the desktop
will be highlighted whenever the highlight command is executed (Chapter 3,
Highlight residues).

'Keep highlight': If checked the highlight dialog box will remember settings
between executions. The two options 'Highlight global' and 'Keep
highlight' can be changed at run-time (Chapter 3.2).

‘Display modula 5’: Sequence windows will display protein sequences only
in multiples of 5, e.g., 55 residues pr. line, not 56 or 54 residues. Although
most useful when displaying 1-letter code it also works for 3- letter code.

Number 10" residue: When checked every 10" residue in the sequence
window will be labeled with a subscript number when displaying 3-letter code.
The color of the number depends on the color setup (Chapter 5.3). In 1-letter
mode every 10™ residue will have a small vertical line.

Fit window height to seq.: When checked, all newly opened sequence
windows will have a height that just fits the displayed sequence. See also
‘Default window size’ below.

Expanded line distance: In the sequence window you can choose to get a
little extra distance between sequence lines. This is particularly useful when
displaying multiple Cys cross-links.

No coloring of multi-chain seq.: By default, each chain in multi-chain
sequences have each own light background color in order to easier
distinguish chains from each other. Checking this option removes the
coloring.

System:

Ask user before exit: If checked, GPMAW will pop up a dialog box before
closing asking whether you really want to close the program.

Autoload last sequence: GPMAW will try to load the most recently
accessed sequence automatically when the program is started next time.

Autosize forms: When the system font is changed, some dialog boxes also
change in order to accommodate the new font size. Sometimes GPMAW may
have problems resizing correctly. If you experience this problem, try to check
this box to force the program to recalculate the size of dialog boxes.

Persistent menus. When checked, menu positions are saved in the registry.
On some systems with very limited configuration utility this can cause an
error message when closing the program. In that case, you should uncheck
this option.

Auto refresh: GPMAW suffers from a problem with an as yet undetermined
solution: in some cases, highlight information will be lost upon opening a new
window. The problem is not reproducible, but by setting the ‘Auto refresh’
value > 0, all sequence and daughter windows will be refreshed whenever a
new window is opened. This will in most cases counterbalance the above-
mentioned defect.

Window state:
This option enables you to determine the initial display state of GPMAW:
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e Normal: The program will open in a window that will take up
approximately 1/3 of the screen.

e Maximized: The program will be displayed covering the whole screen
area.
e Minimized: The program will be minimized to the task bar. This feature

is most useful if you add GPMAW to the Windows ‘Startup’ folder in
order to automatically start GPMAW whenever you start your computer.

Display font:

Click on the ‘Font’® button to select any monospaced font installed on the
system for the sequence window. You can also select a different font size. If
you check the ‘Include daughter window’ box, the selected font will also be
used for display in the peptide window (Chapter 9.4) and the mass search
window (Chapter 6.1).

The default font is Courier New in size 10 point.

Default window size:

This option, when enabled, defines the initial size of the main GPMAW
program window and the initial size of the sequence window.

If the ‘don’t care’ box is checked, the values entered will have no effect.

Pressing the ‘Current’ button will read the current size of the program
window / the size of the topmost sequence window and put the values into
the relevant boxes (X — width, y — height). The values can also be edited
manually.

If you have checked the ‘Fit height to seq.’ box above, the height parameter
entered here will be ignored.

If you check the ‘Closing size’ box GPMAW will open with the same size as
the program had when it last closed.

®

Note: It is possible to enter values larger than the current window size. This
will result in parts of the program / sequence window being inaccessible. In
this case you should reopen the setup box and enter new values.
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BLAST 5.7

Setup system parameters x|

System Peptide  Colours Directories Digestsearch Display  BLAST

BLAST databases:

CdatabaselPI_humaniPlhuman

51 Format | [+] Add database | [<] Delete entry

Create new BLAST database from
a FastAformatted database

BLAST program location:
Clgpmaw\bin\blastall.exe

[ setup BLAST |

¢ DK X Cancel ? Help

The BLAST setup page works in concert with the ‘Local BLAST homology
search’ see section 7.2.

The BLAST homology search uses the NCBI BLAST program called
‘blastall.exe’. This file will in a normal GPMAW installation be installed in the
C:\gpmaw\bin\ directory. Along with this file you will need the following files:
formatdb.exe, blosum45, blosum62, blosum80, pam30, pam70 and
seqcode.val.

Note: If you are unable to locate these files, you can download them from
the NCBI FTP site as a compressed self-extractable file
(ftp://ncbi.nlm.nih.gov/blast/executables/blastz.exe).

When you have decompressed the blastz.exe file, you can copy the files
mentioned above to the \gpmaw\bin\ directory. The remaining files in the
download are not used at present.

In order to use the local BLAST you need to tell GPMAW the location of the
‘blastall.exe’ file and you need a database in BLAST format.

ﬂ Install BLAST Pressing the ‘Install BLAST’ button will present you with a
‘File Open’ dialog box, which you use to locate the ‘blastall.exe’ file. By
default, this will be located to c:\gpmaw\bin\, but you can place it wherever
you like. The other files mentioned above must be placed in the same
directory for GPMAW to locate them. If the ‘blastall.exe’ file is in the \bin\
directory GPMAW will usually locate it automatically.

%l .
g Earmat In order to run a homology search, you need a protein

database to compare with. These can be generated from any FastA
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formatted protein database, please see Appendix B for how to obtain a
database. If you have obtained your copy of GPMAW on a CD-ROM, you will
usually find two databases (Swiss-Prot and EMBL-nr) on the disk ready for
use. The databases can be the same as the ones used for retrieving
sequences (Chapter 2.6) and peptide digest database search (Chapter 8).

When you press the ‘Format’ button, you will be asked to open the FastA
formatted database to be converted. The actual formatting is carried out by
an external program ‘formatdb.exe’ that is called by GPMAW. Do not close
the black DOS box that opens when this function is called! It will close
automatically when the database formatting is finished.

When finished with the conversion, GPMAW will ask whether you want it
added to the list of BLAST databases. When you have done so, the database
will be available from the ‘Local BLAST’ option (Chapter 7.2).

If you have a ready-made BLAST formatted database, you can add it to the

list by pressing the #] Add database
“.psq’ file of the database set.

button. You will be asked to locate the

You can remove entries from the list by pressing the =) Delete entry
button. Note: This function will only remove the reference to the database,
not the actual database.

@ Hint: A BLAST database consists of three files with the extensions .phr, .pin
and .psq. The total space required by the three files is slightly larger than
the original FastA formatted database. If your only purpose is to perform
BLAST searches (e.g., no sequence retrieval or peptide mass searches)
you can delete the FastA database after the generation of the BLAST
database.

The ‘Extra’ tab enables you to set a company-specific database for search (in
stead of UniProt/NCBI). However, this requires specific setup, please contact
Lighthouse data for details.

Curl is a communication protocol used in connection with the company-
specific database.

The concept of ‘Users’ can be exploited in two ways:
l. Multiple users can use the same installed version of GPMAW but
have different preferences and directories to store individual data.

Il. A single user can have different projects localized to different
directories. Furthermore, each project (or user) can have different
preferences, very useful if you work with different mass instruments
having different resolutions.

Selecting Setup |User |New user and entering a name of not more than
eight characters creates a new user. The current .INI file is then saved with
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this name. Any preferences you have made or will make before closing the
program will be saved to the new user.

Selecting an already existing user will load the preferences in the new ini file.
Changed preferences in the current user profile will not be saved before
loading the new profile.

You remove a user by selecting Setup | User | Remove user and entering
the name of an existing user when asked in the dialog box.

The Default option loads the default gpmaw.ini file.

The currently loaded use profile is displayed in the title bar and after the
'User’ option in the 'Setup' menu.

See also Appendix D on how to set up GPMAW for different users to start
directly from a given shortcut.

Setup proxy 5.9
Many companies do not allow direct =]
access to the Internet but directs all
traffic through a proxy server. In order ¥ Use proxy settings
to access this, you need to tell
GPMAW the specific settings. Servername  fnatiman
In Setup | Setup proxy you can Bortrumber  [2
specify the relevant parameters. Wsername  [protengury
Remember to check the ‘Use proxy Passnord  [sessene
settings’ to enable the Internet Show pessnond charactrs
COﬂﬂeCtIO n. Use basic authorization
You only need to enter the parameters
once in a setting, but GPMAW will not V O X onel
remember your password between = =
Settings, but W||| ask Upon Stal’t Of a MOTE: The password is not saved between settings!

new session.

Reset system parameters 5.10

It may happen that some system parameters are lost (e.g., mass file, atom
mass values etc), particularly in environments where you have limited access
to your harddisk.

The function is accessed through the main menu, System | Reset
system parameters, where it opens a dialog:
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Reset default parameters X

GPMAW version: 12.22b -~
Date and license:  3-2020 #W4517
License name: GPMAW.LCS

GPMAW working directory:
C:\Users'phojr\OneDrive \Documents\gpmaw \user',
Directory is writeable: yes

GPMAW system directory:
C:\Users'Public\Documents\gpmaw \system),
Directory is writeable: yes

GPMAW start up directory:

C:'\Program Files'\gpmaw'bin,

Directory is writeable: yes

le: C:\Users\phojr\OneDrive\Documents\gpmaw \gpmaw.ini
\Program Files\gpmaw\bin\¥Tandem?,

DI ACT Aiee ©2 e Sl Vhim Ul nn b s

Errors @ Default parameters Eﬁ Copy

Parameters/files to reset

Reset atom mass values

Reset enzyme cleavage parameters

Reset residue mass files Wl Al
Reset var, modification list

Reset fixed modification list

Reset enzyme deavage definitions

Set file administration (new window) ;*33 Reset

System directory

&’ Done ? Help

In the top list box, system information and directories used by GPMAW is
listed. This information can be copied to the clipboard through the ‘Copy’
button.

System parameters can be reset to default values in several sections by
selecting one or several of the following options and press the Reset button:

Atom mass values (Chapter 4.2).
Enzyme cleavage parameters (Chapter 9.1).
Residue mass file (Chapter 4.2).
Variable modification file (Chapter 4.3)

Fixed modification file (Chapter 8.11)
Enzyme cleavage definitions  (Chapter 9.1)

File administration (Chapter 5.4).

Information like atom mass values and enzyme cleavage parameters are
saved to disk when the program is closed, while the residue mass file must
be saved through the Edit | Edit mass option. If this does not correct
the error, you will likely have to change the file administration (Chapter 5.4). If
you reset a modification file, you will be asked if you want to save it. Please
note that you must be able to access the System directory.

The Reset button will reset all the sections selected.
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Errors

The ‘Errors’ button fills the text box with the status of the above parameters,
while the ‘Default parameters’ fill the box with the initial current information.

Startup status {dick for info):
Help file present

Atom table present

Mass residue file loaded

Mass table loaded

Terminal definitions OK
FixedModif.MSS file loaded
Accession number file found
Cleavage definitions found
Decimal separator found as dot (.)
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Chapter

6

Mass search.

How to determine whether a given mass is present in the protein.
The main concern in this chapter is to search a protein for a given mass
(Search|Mass search. .). However, at the end three small utilities are
presented that may help you identify mass differences (Search|Mass
difference. .) as well as a function to help you identify cross-linked

peptides.
Search for masses 6.1
x
Click to sort \::s list [51]:
Ton type
ass ity Ch. ﬂ C M-H
617.3140 0.0 1 M Z Mass charge
) 650.3570 0.0 1 i
Mass list, can 659.3570 0.0 1
be entered 664.3350 0.0 1 i e
manually, 694.3530 0.0 E " Average
f —> 701.3460 0.0 1 €—+———— Mass type
pasted from & Monoisotopic
the clipboard 706.35% 0. :
P 717.4030 0.0 1
or read from a 747.3830 0.0 1 Enzyme Compare hits
file on disk 815.4720 0.0 1 Trypsin <—1— to enzyme
842.5100 0.0 1 Precision in ppm
954.5320 0.0 L 100 3} € Search precision
858.4680 0.0 1
870.3380 0.0 1 SIS Modification file
875.4760 0.0 1 ADDUCTS.MOD €—1— (select from list)
916.5130 0.0 1 Max. modf 2
959.5210 0.0 1 1= Max. Number of
1003.5080 0.0 1 = € modifications
13;‘-;;2 g-g 5 Simple Simple or
1051 : 2 detailed entry
1045.5550 0.0 1
e e 1=
. %
Mass list (5 Paste & Load
operations 3 Copy B save Vv X
) X cancel
Search label ’: L oi(90 chows): >
) test.PEP Hel
(file name) = L8

The search for mass function enables you to search a protein sequence for a
list of masses. The result shows all peptides in the protein that fit within the
given mass window. You can only perform one search at a time. If you
perform a new search on a sequence window that already has a mass search
result window, this window will close, and the new mass search results will be
displayed instead.
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Initially the input dialog is shown in the simple mode, for easier overview of
essential parameters. You can click the orange/blue slider to change to the

detailed mode:

x|
Mass list [51]: S
Mass Ch. ﬂ -(‘ M-H b
617.3140 0.0 1 c ,j, 3 Max. number
650.3570 0.0 1 e :M ! Ineas of charges
659.3570 0.0 1
664.3350 0.0 1
694.3530 0.0 1 :Es::::qe
701.3460 0.0 1 G
706.3590 0.0 1 oo
717.4030 0.0 1
747.3830 0.0 1 Ere Tl::c‘:tﬁs o
815.4720 0.0 1 Trypsin hd ! Display fits to
842.5100 0.0 1 Predsion in ppm Sed ¥ b T enzyme
854.3320 0.0 1 [0 Chedk it to enzyme
858.4680 0.0 1 >
870.3380 0.0 1 Modifications
8754760 oo 1 froocrsmoo IS e, <——Edit modification file
916.5130 0.0 1 Max. modf.:
959.5210 0.0 1 [— Si h for additional
1003.5080 0.0 1 'S pasd moie <1 r:;(;icficaot::ns e
ig;::;;g g:g : [} Detailed Search all windows € Extend search
1045.5550 0.0 1 Mass difference
........ an b | (2] ms dfference S window
(3 Paste (& Load
L7y copy B3 save v X
Mass st info (40 chars): X Concel
abrf_test.pep 9 Help
Mass list: The list of masses can be entered manually, “Mass list
read from a disk file or pasted from the clipboard =
(Ctrl+V). The disk file can be in GPMAW peptide mass = Load
format (Appendix A) or a peak file saved from a number Save
of mass spectrometry acquisition software. The exact Edit
peak formats supported will continue to increase. If your 2] O
current software is not supported, please contact ¢ Clear
Lighthouse data for mformatlor?. _ @ —
Mass values can be entered with as many decimals as ]
. . . [ Paste
needed (but only four decimals will be displayed), but
you should consider of the working mass precision that
has been set. The middle column shows the i
peak intensity if present in the file/clipboard. The ~ Mass list [17]:
intensity is not used in the search, only in the Mass /  |OK [Ch. | =
display. The last column in the table (labeled 73247 1
‘Ch’) shows the charge state of each mass. The 745,35 1
default charge state is set in the ‘lon type’ box 993,40 1
(top middle of the dialog. Changing the ‘lon type’ 126257 1
resets all charge states in the table. To change a 1271.63 1

charge state, select field, enter edit mode (click

twice, press F2 or enter a number) and enter value or use the up/down

arrows in the active edit field.
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@ Note: The maximum number of mass values in the list is 300.

Right-clicking on the mass list opens a local menu with the following options:
Load table, Save table, Copy to
clipboard (Ctrl+C), Paste from
clipboard (Ctrl+V), OK all,

Invert OK, Insert line, Delete

Load table
Save table

Copy To clipboard Chrl+C

line, Clear table. ‘Logd table’, ‘Save Paste From clipboard Chrl+y
table’ and ‘Clear table’ duplicate the
corresponding buttons of the 'Mass table' Ok all
buttons. ‘Copy to’ and ‘Paste from’ are Invert OK
standgrd c!lpboard routines that. will copy a Insert line
mass list either to or from the clipboard. "OK Delete line
all' enables all mass values. ‘Invert OK*
Clear table

will disable all enabled values and enable all
disabled values, thus enabling you to carry out complementary searches on a
mass list. "Insert line® and "Delete line' will insert an empty line or delete
the current line, respectively.

You can sort the list by pressing the column title bar.

Options
lon type: Select the ion type that fits with the input. M+H subtract and M-H
adds the mass of a proton before carrying out the search, while M uses the
mass input list as given.

Mass type: Select average or monoisotopic as fits your data (Appendix C).
You cannot mix monoisotopic and average mass values.

Mass list table: ‘Load..’ loads and ‘Save..” saves the mass list to a disk
file. ‘Edit..” opens the Enable/disable mass dialog box, see below. ‘Clear’
clears the mass list. If you load a mass table from disk, the file name will be
entered in the ‘Mass list info’ edit line. “‘Copy’ and ‘Paste’ will write/read a
mass list from the clipboard.

Precision: The mass window calculated around each mass value. The
default value is defined in Setup (Chapter 5.1), as is precision unit as ppm
(parts per million) or %. The up/down buttons shift the precision in 10/50 ppm
units when in ppm mode and in 0.01% / 0.001% units when in % mode.

Multicharged: If checked, multicharged ions (M2H2*, MsH3* etc.) will also be
considered during the search (up to +5).

Search all windows: When checked, all sequence windows that are open on
the desktop will be searched for the given mass values. The results of this
search open in a window different from the usual results/report window.
Please see end of section 6.1 for more details.

Mass list info: Here you can enter any text you want printed along with your
mass search. The mass list info will also be shown in the title of the search
result window. If the mass list has been read from disk, the edit field will show
the data filename.
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Modifications: The drop-down list box enables you to select a modification
file to add to your search. If a modification file is added to the search, all
masses in the list will first be used for a search as they are listed, and then
the mass of each enabled modification will be added, and the search will be
repeated. Only peptides containing residues that are specified with the given
modification will be considered and only up to the value specified in the 'Max.
modif.' field. Selecting a modification will automatically set the ‘Max. modif.’
field to 1, if it is not already set at a higher value. The ‘Modifications’ drop-
down list will show all modification files present in the ‘system’ directory.

When the ‘Mixed mode’ box is checked, GPMAW will search for one
additional modification for each modification added to the search peptide.
This means that when searching for 2 modifications (i.e. phosphorylation)
then for both 1 phosphorylation and for 2 phosphorylations there will be an
additional search for one modification from the selected modification file.

Selecting the button opens the 'Edit modification file' dialog box
with the currently selected file (see Chapter 4.3) ready for editing. Remember
to save the changed modification file for the changes to take effect.

Fit to enzyme: Selecting an enzyme in the 'Fit to enzyme' drop-down box
will compare the result list to the specificity of the given enzyme (as specified
in the enzyme cleavage list, see Chapter 9.1). If the 'Exact fits only' is
selected, only peptides that fit the specificity will be displayed. If the 'Check
fits' is enabled, all matching peptide terminals will be marked.

MS diff.: The mass difference button will open a dialog box

WS diff displaying the mass table in an x/y difference table. By
— highlighting specific differences (i.e., amino acid residues,

carbohydrate residues, modifications) you can quickly make a visual
inspection for sequence tags, double basic residues in tryptic digests, identify
modified residues, oxidations etc.
When the difference dialog closes, you will return to the input dialog. For a
more detailed description of the table please see Chapter 12.1.

Enable/disable masses

The dialog, accessed through the ‘Edit’ button Edit. | of the ‘Mass
table’, enables you to quickly enable and disable individual mass values in a
mass list.

Masses are moved from the enabled to the disabled list (and vise versa) by
highlighting the relevant masses and then pressing ©>? or ¢<’. Alternatively,
you can double click on a mass value to move it to the other list. Pressing
>>? will move all masses values to the other list.

Checking the 'Delete disabled items' check-box will delete all disabled
masses when accepting the dialog box, otherwise the masses will be
disabled (‘un-checked’ in the mass list).
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Pre-screen mass list: Selecting a x|
mass “St frOm the .BaCkgrOUnd drop_ Enable thege items: Dizable these items:
down list and clicking the T 7324720 =
. 2 7483840 d

'‘Background’ button will compare all 3 e N
masses in the given mass list against 5 1271630 =
the current mass list and move all mass 7 1a78.7980 j
values, that fit within the given mass 3 115501%%1193% «
precision, into the disabled list. This 11 16068630
facility is used to quickly screen for L L o
background and/or automatic digest 141654 5630 HEREE
mass values. Pressing the "Adducts’ PPresceenmass b o7 o |
button WOI’kS' ?n a_sim?lar manner but Backgound | [None = X o |
takes a modification file as input (also seiris | [sddorizo 5] - |
chosen in a drop-down list box) and ¢ tep
Compares a” mass dlﬁerences in the Ttems in the left listbox will be enabled while items in the right listbox

. ill be disabled
current mass list and moves any e

possible adduct ions to the disabled list.
The file called ADDUCTS.MOD will be selected as default if present.

RESULTS

The results of the mass search are displayed on two pages in a notebook-like
window. You can change between the two views by selecting the appropriate
tab at the bottom of the display.

O - / 1234.83

Analyze I Report |

The analyze page gives you a complete view of all peptides that are potential
‘hits’ for the given mass list with the chosen parameters. The results page
summarizes the results of your search and includes a view of the protein
sequence. You can switch between the two views at any point. Notice that
changes made in the ‘Analyze’ section will be reflected in the ‘Report‘section.

Peptide hits resulting from the mass search are displayed on the ‘Analyze’
page in order of mass, with the closest fit to each mass first. If a modification
file has been selected for the search, each modification up to the number
specified will be searched for and, if found, will be listed immediately after
each primary peptide hit.

Result grid: The results of the mass search will be displayed in a
spreadsheet-like grid. The exact number of columns will depend on the
search and the settings in the ‘Customize’ box (see below).
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- Mass search results - abrf_horsemyo.PEP

4 B @ T E &w # |precision in pom L,w« E |Trypsin j IF customize

# |Inpul: |Found | ppm ‘#Mod|Mud name |Mod mass |Firsl: |Lasl: |Sequence |A
L1 732,47

O 74838

] 993.40

O 1262.57

1271.63 1270.66 23 5 3z 42 IR#LFTGHPETLEEHFD

| 1351.57

1378.80 1377.83 3z - &4 77 EEHHCTVVLTALGCILEHE
O 1486.09

1502.62 150166 33 & 119 133 SE#HPGD FGADAQGAMTEHR.
1515.61 1501.66 34 1 Cwxygen - 15,99 119 133 SEH#HPGDFGADAQGANTEH
1606.86 1605.85 -5 & 17 31 GE#VEADIAGHGQEVLIERH
1815.85 1514.90 29 - 1 16 #CLEDCEWQQVLNVWCEHRY
1853.94 1852.95 9 5 g0 95 EEH#GHHEAELKPLAQSHAT!
1854.99 1584.01 17 & 103 116 IKHTLEFISDAITIEVLIHSE:
1982.04 1951.05 & S 79 95 EEH#EGHHEAELKPLAQSHA
F 2010.06 s

Result grid | Repart |

The following columns can be displayed:

#: If a line is checked, the corresponding peptide will be included in the
‘Report’ and the ‘Mass/precision’ graph.

Input: The mass from the input list. Notice that if the input list is M+H, this
value will be 1 Da. Higher than the ‘Found’ column.

Found: The mass of the peptide identified as fitting within the mass
precision.

Delta: Deviation of input and found value presented as either ppm (parts per
million), dalton or percent.

Charge: Charge of input mass value.

#Mod: Number of modifications found.

Mod name: Name of modification.

Mod mass: Total mass of modification.

First: Number of the first residue of the hit peptide.
Last: Number of the last residue of the hit peptide.

Sequence: Sequence of the hit peptide. The two residues preceding and the
two residues following the actual hit peptide will be displayed and shown in
red. There is also a space to separate the pre- and post-residues from the hit
peptide. If the 'Fit to enzyme' options was enabled with the 'Check fits'
option in the search dialog box, all peptide terminals that fit the enzyme
specificity will be indicated by a green hash sign (#).

Notice that each column can be sorted by clicking on the header button. Click
once more to reverse the sorting order.
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Check-boxes:
The check-boxes to the left-hand column of each peptide hit, enables you to
select individual peptides for transfer to the clipboard (Edit | Copy) or
highlight the corresponding sequences in the parent sequence

All lines that contain a ‘perfect fit’, i.e. where both the N-terminus and the C-
terminus fits the selected enzyme cleavage specificity, will be checked by

default.

The lines that are checked are the ones displayed on the ‘Report’ page.

Toolbar:

The buttons in the local toolbar enables you to:

4

=| & =

MF

T W

el

Toggle between 2 and 4 decimals
Toggle between 1- and 3-residue display

Redo the search using the same parameters. The results from the
next search will open in a separate window (until 3 mass search
windows are open).

Open/close the Mass vs. precision graph (graphical representation of
the mass hits). See below.

Copy the table to clipboard. The first button copies in HTML format,
while the second copies in text format.

Print table or report.

Color code the peptide line. Green: No missed cleavages. Yellow:
One missed cleavage. Red: Two or more missed cleavages.

The SS button switches to the third page of the control, the SS linked.
This page shows mass values that potentially link two peptides. This
button and the third page are only visible if the protein contains
cysteines.

Close the mass search window.

|F‘reu:isiu:|n in ppim L' 40,00

The precision can be changed by entering a
new value in the edit box and click on the V button (or just move the
focus by clicking or pressing enter or tab). The value will be
interpreted as determined by the first box. This will be either %, Da or
ppm, with initial setting as determined in the System setup (Chapter
5.1).

ITP"'JS'" :I' c The enzyme cleavage specifications to match against

the mass hits can be selected in the drop down list. The button to the
right of the list toggles between ‘Exact fits’ (a blue ‘E’) or ‘Check
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fits’ (a blue “C’). When exact fits are chosen, only peptides where
both the N-terminus as well as the C-terminus fits the cleavage
specifications will be shown in the result list. When check fits is
selected matching cleavage specifications will be marked with a
green >’. If both terminals match, the sequence will furthermore be
underlined.

|DEV' 0.001%  &ppm The right-hand panel shows additional
information (precision etc.) about the selected peptide.

Mass vs. precision graph

Mass ¥s. precision - Myoglobin - Equus caba

EO0 Z00 1000 1200 1400 1600 1300 2000 2200 2400 2600 2300 3000 3200 3400 3600 3300 40

IE_il (I|L|I|||||||||||||||||||||||| )Euppm Pos 1534 7 -41

When the Frames button :D is depressed in the mass search window
toolbar, the Mass vs. precision graph window will be displayed. Deactivating
the button will hide the graph.

This window will show the precision of several hits from the mass search
window in relation to the search mass. Each ‘hit’ in the mass search window
will be represented by a dot in the graph. If the ‘hit’ fits with the selected
enzyme specification the dot will be green, otherwise it will be red. An orange
line will show the calibration line for a linear fit using all the points.

IET Checked peptides. When this button is in the down position, only
peptides in the mass search list that are checked will be displayed in the
graph. In this you can turn case points on and off in the mass list, and the
calibration line will adjust dynamically. When the button is in the up position,
all ‘hits’ will be displayed

““' Calibration button. Activating this button will transfer the linear
calibration (as represented by the orange line) to the mass list and it will be
redrawn. The orange line will move to the horizontal axis unless additional
points (precision/mass) are entering the precision range. If this is the case,
you can perform an additional calibration.

(I = 2 50 ppm precision slider. This slider control
can be used to change the precision displayed in the graph. The arrow at
each end will move the precision by 10 ppm in the down/up direction,

126



6- Mass search / FastA files

respectively. The precision range of the graph is shown to the right of the
slider control.

The position of the cursor is shown in the bottom right position.
The window can be resized by dragging the window edges.

You may zoom the graph by left-click to the left and right on the area to be
zoomed. A right-click will reset the graph to the maximum displayed area.

When the precision is set to a high value (e.g., 800 ppm) a gray curved line
will show at the top and bottom of the graph, indicating the position of +/- 1
Da. If points fall on this line, it may indicate assignment of the wrong isotope
for the monoisotopic mass, or deamidation of an amide.

Sequence coverage

Selecting the Sequence coverage button, the results are transferred to a
standard sequence coverage window (Chapter 9.7) and can be treated as
other coverages.

SS linked

The SS linked command will search your sequence for all possible Cys-
linked peptides without regard to enzyme specificity. The search is not
guaranteed to find all possible combinations, but works in the following way:

For each Cys residue, all residues from before the Cys yielding a mass less
than the search mass up to all residues after the given Cys is compared to all
other Cys residues in the sequence in a similar manner. If the inclusion of
residues includes another Cys, this is ignored (i.e., if you should search from
7 residues before a given Cys and the -4 residue is another Cys, the search
starts from residue -3).

You may choose to 'Fit to enzyme' by selecting the bottom check-box.
The results are listed in a simple table that may be printed or copied to
clipboard using the appropriate buttons.

Pop-up menu

The pop-up menu (right-click in the window) 1/3-letter

contains the following commands: 1/3 Redo

letter, Redo, Selected peptides, MSiM3 of current peptide
Export, Print, Select font, Help. Checked peptides "
1/3-letter: Toggles between 1- and 3-letter Expart b
peptide display. v Color ovetlaps

MS/MS of current peptide: The currently

selected peptide in the mass hit list will be Print

transferred to an MS/MS cleavage window for
further analysis. Please see chapter 10.1 for
details.

Redo: Close the result window and opens the ‘Mass input’ dialog box with all
input parameters intact.

Select Font
Help
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Checked peptides: The following commands works, in general, only on
those lines that have been selected by checking them in the left-hand column
of the peptide ‘hit’ list.

1.

o

Highlight parent sequence: The sequences corresponding to the
selected peptides will be underlined in the intact protein sequence. If no
peptides have been checked, the currently selected line will be
highlighted.

Highlight parent sequence (toggle): This underlines the checked
peptides on if they are not underlined, and removes the underline if
they already are underlined.

Check perfect fits: All peptides that have N- and C-terminal
sequences that fit the specified enzyme cleavage parameters. If no
enzyme has been specified, no action takes place.

Check all hits: All peptides in the list are checked.
Clear all hits: All check-boxes are cleared.

Toggle selections: All peptide selections will be inverted. E.g. checked
peptides will be unchecked and vice versa.

Export: Two options are available under Export:

1.

ASCII: Saves the complete ‘hit’ list to a file on disk. The file will be in
text format (ASCII) with the individual columns separated by tab
characters (#9). The file will get the extension .DAT.

Copy to clipboard: The complete result list is copied to the clipboard.
This works like the standard ‘Copy to clipboard’ function (Edit | Copy
or Ctrl-C). If peptides are checked, you will be asked whether you want
the complete list or just the checked ones.

The exact format for copying to the clipboard is determined by the
setting in the ‘Setup — Peptide’ page (Chapter 5.2). In particular you
should specify space or tab characters for output (text and spreadsheet
analysis respectively).

Color overlaps: Depending on the number of overlaps (missed cleavages) in
each peptide they will be colored according to:

0 overlaps: Gray
1 overlap: Green
2 overlaps:

>2 overlaps: Red

The coloring may help you get an overview of complex mass searches.
Print: Prints the ‘results’ list, see below.

Select font: Change display font. This will only change the font for the
current window.

Mass search report
The mass search report is accessed through the bottom toolbar button

'Report’ E2BePO This opens the report in a separate window:
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ol x|
AR N S (2 ERIEEE EEEEE

04-10-2014
Sequence: Myoglobin - Equus caballus (Horse), and

1 GLSDGEWQQOVLNVWGKVEADIAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKASED
61 LKKHGTVVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAITIHVLHSKHP
121 GDFGADAQGAMTKALELFRNDIARKYKELGFQG

Mass (av.): 16951.43; Amounts: 1pmol = 16.35ng; 1ug = 58.99 pmol;
Residue coverage: 80% [123 of 153 residues]
Peptide hits: 10 Modified: 1 Not identified: &

- Peptides identified without modifications:
input found dev. mc from-to sequence

23 0
54 1 No Mox - Miss clv -
32 0
33 Mox found -
29
1982.044 | 9 & 1
- Peptides identified with modifications:
input found dev. mc from-to modific sequence
- Mass values not identified:
732.47 993.40 1262.57 1486.09 2010.06  2394.13
- Mass list checked for modifications [1%]:
Oxygen (15.995 Da) [M]
Methylatioc (14.016 Da) [DE]
Peak type: M+H/Monoiso Precision: 0.010% Multicharge search: No
Enzyme check: Trypsin exact fit only  Modification file: ADDUCTS.MOD  Max: 1
Modified Line: 9 Col: 1 start: 233 length: 0 f Dane |

The report shows the sequence name (from the sequence window).

Then follows the protein sequence with identified peptides colored in red,
cleavage points according to the enzyme specifications are shown in blue,
while identified cleavage points are shown in lilac.

Then follows protein mass and search results with colored hits according to
the rules above, first peptides without modifications, then with.

Non-identified mass values are listed below, and finally the search
parameters.

(D Note that this is a Rich Text File (RTF) editor, and all text can be edited and
formatted before printing or copying to the clipboard.

Print

Printing the result list gives you the choice of selecting 1- or 3-letter residue
printing with the default as displayed; all other options will be as displayed.
Additionally, you can set the print as ‘Normal’ (10-point character size) or
‘Compact’ (8 point).

Sequences that are too long to be printed completely will be truncated in the
middle (the truncated part will be shown as three dots *...").

(D Hint: If you want to print long sequences turn the paper orientation to
landscape mode (select File|Printer setup).
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Search all windows

You should use this option when you have several closely similar proteins
that you want to search with a given mass list. A typical example is when you
have multiple alleles. In this case you open all the different alleles on the
desktop before you perform the mass search (and remember to check this
option in the ‘Search for mass’ dialog).

When you accept the input dialog, GPMAW will search all sequence windows
on the desktop (the screen will flicker as the results of multiple search results
are extracted), and the collected results will be displayed in a separate dialog
box.

@ Note: As the post-processing steps in the ‘Multi mass search’ results
window is much more limited than those in the standard ‘Mass search
results’ you should make sure that all your parameters are accurate before
searching all windows.

The results are shown in a multi-page dialog box with the following pages:

Total list: All the results are collected into a single page listed with the hits
for each protein after the name protein.

Unique: The hits that are unique to a single protein are listed on this page.

Common: Hits that are common to at least two proteins are listed here.
Proteins are listed by a single letter. The assignment of protein names to
letters can be found on the ‘Info’ page.

Individual: This list works in conjunction with the drop-down protein name list
in the toolbar, as only the protein selected in the drop-down list is shown on
this page. This is mainly useful if the input search list is rather large.

Info: Here is listed the input mass values and the assignment of ID letters to
protein names.

Chart: A chart showing the mass vs. deviation (see below).

=lojx]
IMyogIobin - Equusz caball YI A asppm Cﬁ ﬂ |

nicjue | Commaon | Incliviciial | Infa | Chart |

Search ms / Found ms Delta Modif From—To Sequence
> Myoglobin - Equus caballus (Horse), and -
745380 s 747.42Z8 74 124-139% ALELFER
1271.630 f 1Z70_6E56 Z& 2EZ- 4Z LFTGHPETLEK
13E1.570 / 1350.634 Ez El- &Z TEAEMEASEDLE
1378.800 ; 1377834 20 &4- 77 HGTVWLTALGGILE
150z, 620 F lE501.662 23 115-132 HPGDFGADAQCGAMTE
le0&. 860 / 1605. 347 -2 17- 21 VEADIAGHGQEVLIE
1815.850 / 1814_335 z9 1- 16 GLEDGEWQQVLNVWGE
1853.240 / 1352 954 1z 80- 9& CHHEAELEPLAQSHATE
1584.220 f 1884_015 17 102-112 TYLEFISDAITHVLHEE
128Z.040 / 1321.042 g 79— 9& ECGHHEAELEPLAQSHATE
> dolphin MYOGLOBIN - Tursiops truncatus (Atlantic bottle-nosed dolphin
745380 s 747.42Z8 74 124-139% ALELFER
> gheep MYOGLOBIN - Ovis aries (Sheep)
745380 s 747.42Z8 74 124-139% ALELFER
1271.&30 / 1270.6E53 z4 88- 598 HLAESHANFHE
1271.&30 / 1270.65€ ZE 3Z- 42 LFTGHPETLEE LI

The Total, Unique, Common, and Individual lists shows
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Search ms: Mass value from the input list
Found ms: Mass value found in the protein.
Delta: Difference between search and found mass value. The value can be

presented either as ppm (part pr million) or as Dalton as determined by the
button in the toolbar.

Modif: Name of potential modification to match search and found mass
values if specified in the mass search input dialog.

From-To: Peptide location of found mass value in the target protein.
Sequence: Peptide sequence corresponding to the ‘From-To’ location. On
the Unique and Common lists, the sequence is preceded by the protein ID
characters (listed on the ‘Info’ page).

The chart page shows all the hits in a mass vs. precision graph where each
protein shows its ‘hit’ in a different color:

ST
IMyogIobin - Equug caball 'l A asppm Cﬁ ﬂ |

Tota it | Uniaue | Common | incivicuel | infa~ Chart |

15 4
10
[]
5 | n
"L L]
o

0 ] "

=
-10

T T T T T T
=00 1,000 1,500 2,000 2,500 3,000 3500 4,

A5ppm  [Molsbels w| Rangeson 000 [T Bestit

Below the graph a slider enables you to zoom the precision (y-axis), a drop-
down box gives you the choice of showing labels (all, mass or deviation), the
mass range can be edited, and the ‘Best fit’ check box will show you a best
line through the listed points (e.g., a calibration line).

Mass difference 6.2

The mass difference command covers three slightly different mass difference
searches that are accessed through a multipage dialog box. As these
functions are not linked to a sequence window, they are always available
except when a dialog box has the focus.
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Mass difference

Mass differences f Al
Difference table Mass difference Fit sequence to mass

From AA to AA | Diﬂ'erenoel =

Search far mass difference:;

I 0.00

@\ Search
(!) Invert

Saprint Y W oK 7 Help

The 'Mass difference' enables you to search for mass differences between
residues in the currently defined mass table (Chapter 4.2).

You enter the difference to search for in the edit box and press ‘Search’
button. The differences will be shown in the central table with the closest fit
first. By pressing the ‘lnvert’ button you can invert the search (e.g. search
for 33 Da instead of -33 Da).

Difference table

Mass differences E|

Difference table Mass difference Fit sequence to mass
Unknown|Alanine |Cysleine |Asp. acid |GI||. acid |Phenylala|Glycine ‘Histidine Isoleu. Lysine _*
Unknown 0.00 39.06 8.00 -4.95 -18.98 -37.04 53.08 -27.01 -3.02 -18.0
Alanine -39.06 0.00 -31.08 -44.01 -58.04 -76.10 14.03 -66.06 -42.08 -57.09
Cysteine -8.00 31.08 0.00 -12.95 -26.98 -45.04 45.08 -35.00 -11.02 -26.04
Asp. acid 4.95 44.01 12.95 0.00 -14.03 -32.09 58.04 -22.05 1.93 -13.08
Glu. acid 18.98 58.04 26.98 14.03 0.00 -18.06 72.06 -8.03 15.96 0.94
Phenylala 37.04 76.10 45.04 32.09 18.06 0.00 90.12 10.03 34.02 15.00
Glycine -53.08 -14.03 -45.08 -58.04 -72.06 -80.12 0.00 -80.09 -56.11 -71.12
Histidine 27.01 86.08 35.00 22.05 8.03 -10.03 80.09 0.00 23.98 8.97
Isoleu. 3.02 42.08 11.02 -1.93 -15.96 -34.02 56.11 -23.98 0.00 -15.01
Lysine 18.04 57.09 26.04 13.08 -0.94 -19.00 7i.12 -8.97 15.01 0.00
Leucine 3.02 42,08 11.02 -1.93 -15.96 -34.02 56.11 -23.98 0.00 -15.01
N B P P ST P B P PP I _:]_I
Degmals: IE Table displays left column minus top row Look for: m +-1 0.1 =

Sapint | By o 0K P Help

The difference table is similar to the mass difference function above, except
that amino acid residue differences are pre-computed and placed in a table.

The differences are shown with two decimals as default, but by checking the
'4 decimals' check-box, the table is redrawn with four decimals.

Printing the above table gives you a handy difference table.
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Fit mass to sequence

Occasionally you can end up with the mass of a peptide and only a partial
sequence. If you need to know how many sequences that possibly exist for
the remaining mass, you start the 'Fit mass to sequence' option.

Start by determining whether you are looking for a peptide or fragment
(residues only, i.e., an internal fragment where you have subtracted water for
the terminals).

Then establish if the mass is average or monoisotopic.

You enter the search mass in the 'Fit to mass' box. Check that the precision
is suitable. Enter the maximum number of residues to check.

If you know that certain residues are present in the peptide, you can enter
them in the ‘Known residues’ box (1-letter code). These residues will then be
omitted from the mass search.

The ‘Compositional residues’ contains all the residues that may make up the
peptide/fragment. If you know that a few residues (e.g., C or W) are not part
of the peptide, you should remove them as the number of possibilities
decreases drastically even with only a few residues removed.

Mass differences F|
Difference table Mass difference Fit sequence to mass
[ Eragment type
s P DEviatimll Seguence | B

¥ Peptide
&~ Fragment [-18 Da]

Masstype——————————— [——
i+ Average
~ Monoisotopic 4

Fit to mass: | 0.00 [ g
Precision [Da.]: I 0. ZE 7
Max. number of
residues (<=10): I 7 EI 9
Known residues: 10 =

Compasitional resldues:IDNT‘SEQPGAVCMLYF!G—!WR q Do search
et | o ok ? Help

When the search options are as stringent as possible, press the ‘Do
search’ button.

A counter above this button will count down, and upon reaching zero, the
table will show all possible sequence combinations that fit within the given
mass window, closest fit first.

You can perform a new search by entering new values and press the ‘Do
search’ button.

0)

Note: The results of the search are compositions, not sequences. The
actual sequence may be any permutation of the residues in the result.
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Search for cross-linked peptides

The basis for this function is the cross-linking of proteins using chemical
cross-linkers that result in cross-links with a specific molecular mass. The two
proteins to be cross-linked can either be different or identical. In the case of
identical proteins, you can either search for interchain links (linking two
molecules together) or intralinks (links internal in a protein). If you search for
intralinks, you need to make certain that you are not analyzing multimers, i.e.,
you must perform a size separation (gel filtration, gel electrophoresis) prior to
analysis.

Select sequences for cross-linking %]

Protein A: Protein B:-
1DE [SC [T 3087] PROTEIN DISLILFIDE IS0

27787] CALRETICULIM PR
MY OGLOBIM- EQUUS CABALLUS MY QGLOBIN.- EQUUS CABALLUS

o DK I xgancell ? Help

To analyze for cross-links you start by defining the proteins involved:
1) Open the relevant proteins on the GPMAW desktop.
2) Selectthe Ssearch | MS X-1link menu option.

3) The ‘select proteins’ dialog box displays the names of all proteins on the
desktop in both list boxes.

4) If you want to analyze intra cross-links or cross-links of homo-dimers,
you select the same protein on both sides.

5) If you want to analyze inter cross-links between different proteins, you
select the relevant proteins, one from each list box.

Notice that the protein in the left-hand box will be denoted ‘Protein A’ and the
one in the right-hand box ‘Protein B’.

The cross-linking reagent will be selected from the next dialog box which
opens when you click ‘OK’.

The selection of cross-links is done in three steps:
1) Select cross-linker type.
2) Select specific cross-linking reagent.
3) Select cleavage enzyme and upper mass limit of reporting peptides.

1) Start by selecting the cross-linker type. A zero-length cross-linker does not
introduce new atoms into the molecules, but typically removes water.
Homobifunctional linkers introduce a linker molecule, but links to the same
chemical group at both ends (e.g., amine, SH, or carboxylic acid).
Heterobifunctional linkers (not implemented at present, ver. 4.22) links two
different chemical groups (e.g., SH and amine).
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Selecting a hew cross-linker type will fill the cross-linker drop-down box
below with the cross-linkers known to the system.

2) Select a suitable cross-linker in the drop-down box. Whenever a new item
is selected, the three composition boxes are filled with the appropriate
compositions for a) cross-linker; b) non-linked cross-linker (e.g., a cross-
linker that is linked at one end but is ‘free’ at the other end, usually
hydrolyzed); 3) reduced cross-linker (if applicable). The analysis of reduced
cross-linkers is not supported at present (ver. 4.22).

The cross-link boxes below the compositions show what kind of chemical
groups react with the selected cross-linker. If the box shows ‘Amine’, it
means that lysine and the N-terminus can react, if the box shows ‘Carb.
Acid’, it means that glutamic acid, aspartic acid or the C-terminus may react.

3) Select the enzyme to use for cleavage analysis (the list is identical to the
‘Automatic digest list’, see Chapter 9.1) and number of overlaps (missed
cleavages). The number of

0ver|aps can be between 2 a Cross-linking parameters =1olx]
and 8. Remember that if Select cross-linker fype
your cross-linking reagent (‘: TR LI -

e . . O Crogs-link
mOdIerS IySIne re5|dues {~ Heterohifunctional linker (not implemented) reagents

and you use trypsin or Lys-
C for cleavage you will
need at least an overlap of
1 in all cross-linked
peptides (except for the N-

database

Cross-linker IDSPIDSSF‘ 'l ﬁetup |
j 1o |Am\ne j

Compositions (after reaction)

Crose-link: |Amine

terminal peptide). Finally
choose the upper mass
limit to report. As the list
generated is usually quite
long, you should choose
the upper mass limit that
corresponds to your mass
spectrometer.

Two options enable you to
modify the linkage list with
regard to modifications:

|060283H6 | Cross-linker (in xlink)
ICEOBSBHB | Mon-linked cross-linker

I ] | Reduced cross-linker

Cleaving engyme: ITr\fpsin TKIR-P 'l
IQ -l
|4EIEIEI ‘l Daltan

[~ Do notlink to modified residues
[v Do notcleave at modified residues

Cwverlaps (missed cleavages):

Upper mass limit:

i

QK

X Cancel |
? Help |

Do not link to modified residues. If checked, the list of cross-linked
residues will not contain peptides where the modified residues were the only
potential linkage. E.g., if you cross-link to amine groups, you will need at least
one unmodified lysine residue or a free N-terminus.

Do not cleave at modified residues. Cleavage will not take place if any of

the residues in a cleavage definition has been defined as modified.

Note: The first time you run this function, you may get an error message
telling you that the file containing the cross-linking reagents has not been
found. However, default values will be inserted. Upon completion of the

dialog, the file will be saved to disk (as ‘xlinker.rea’ in the gpmaw\system

directory).
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Edit cross-linking reagents
From the cross-linking parameters dialog box above, you can press the
tSetup’ button to go to the ‘Edit cross-linking reagents’ dialog. In this dialog
box you can edit the various parameters for the cross-linkers in GPMAW.

Each reagent needs to have a unique name and the ‘Link type’ has to be
specified to either ‘Zero length’, ‘Homobifunctional’ or ‘Heterobifunctional’
from the drop-down selection box. If either of these requirements is not met,
the entry will be deleted upon exit.

The ‘Link from’ and ‘Link to’ fields are the residues that participate in the
cross-linking. The choices are ‘Carb. ac.’ (carboxylic acid), ‘Amine’,
‘Cysteine’, ‘Tyrosine’ and ‘Amide’. For carboxylic acids, the C-terminus of the
protein is expected to be able to participate in cross-linking, and likewise for
the N-terminus when amine has been selected.

ede cross-nkng reagents SRR x
# Name |Link type |Link from |Link to |X—Iinker |Non—linker Red-Linker | =
1 |EDC/EDAC Zero length Carh. ac. Amine -Hz201

_2 DSPIDSSP Homobifunctional | Amine Aming CHOZS3HG CHO3ISIHE

_3 DSSIBSS Homobifunctional | Amine Aming CROZHIO CBO3HLZ

_4 osT Homobifunctional | Amine Arnine C404HZ C405H4

_5 DSP{DTSSP Homobifunctional | Amine Arnine Ca0E252HE CH0352HE C30151H4

_E Cross-link not set | Carb, ac. Carb. ac.

_7 Cross-link not set | Carb, ac, Carb, ac,

_B Cross-link not set | Carb, ac, Carb, ac,

_9 Cross-link not set | Carb. ac. Carh. ar. -
Composition | x LCancel | ? Help |

The “X-linker* field contains the chemical composition that the cross-linker
adds to the mass of the cross-linked peptides, i.e. this is not the mass of the
cross-linking reagent!

The ‘Non-linker’ field is the chemical composition of a cross-linker linked at
one end, but not at the other end. This will usually be a hydrolyzed reagent
(i.e., X-linker + H20).

The ‘Red-linker’ is a reducible reagent linked to a residue, after reduction.
This will typically be half of ‘X-linker’ + H.

Whenever the focus is on a composition field (the last three columns) the
‘Composition’ button will be enabled. Pressing this will open the ‘Edit
composition’ dialog box enabling you to safely edit chemical compositions in
the GPMAW format (see also Ch. 4.4).

When you exit the dialog, the new settings will be saved on disk and entries
entered into the ‘Cross-linking parameters’ dialog.

Results

When you in the Cross-linking parameters window select ‘OK’, the window
will close, and the results will be displayed in a new window.
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The results are presented in a list box showing all the peptide masses that
may be generated.

The list box shows four columns that from left to right (depending on the state
of the check-boxes below the list):

1) Mass of peptide in Da. The mass type is determined by the
Average/Monoiso. button at the bottom of the dialog.

2) Residues from protein A that participate in the peptide.

3) Residues from protein B that participate in the peptide.

4) Type of cross-linked peptide(s):
Peptide: Single non cross-linked peptide from either protein A or
protein B.
X-link: Two cross-linked peptides with one peptide originating from
protein A, the other from protein B.
X-link + linker [1]: Same as above but with an additional non-linked
(hydrolyzed) cross-linker. The angular parenthesis indicates the
number of non-linked cross-linkers attached.
Peptide + linker [1]: A single peptide from protein A or B with an
attached non-linked (hydrolyzed) cross-linker.

#elinks ]ms.-"ms] Cormpare |
MH+ B seq. B seg. Type
8 430-498 337-359 X-link + linker[l] ~

524-544 223-235 X-link
490-498 337-3480 E-1
20- 34 X-link + linker[l]
221-235 X-link
) 219-232 X-link
233-248 X-link
85-105 X-link
233-245 b3
X
& X
241 .4
I

[v Peptides [~ Omit homopeptides

o i -
W +Crossdink 19533 entries Sl i}

" Average  * MH+ [~ MH2+
v +0One free linker

[w + Crozs-link + free linker

ﬁﬂass search = Precision (ppm]: | 50 % lzotope pattern |0 - ﬂt S /MS
LEHLVDE PQNLIKGNCDQFEE
DVCENYQERE
@Erint EE Copy text ? Help | Done |

What peptides are calculated?

If the cross-linker links to amine residues, both the N-terminus and lysine
residues are marked as potential linked residues. If the N-terminus is blocked
you have to disregard N-terminal peptides.

If the cross-linker links to carboxylic acids, the C-terminus, glutamic acid and
aspartic acid are potential linker residues.

If trypsin is specified as the cleaving enzyme together with a linker that links
to amine residues, a peptide that is reported as having either a X-link or a

137



6- Mass search / FastA files

(hydrolized) linker has an ‘internal’ lysine in addition to a terminal
lysine/arginine. An alternative to the ‘internal’ lysine is the N-terminus.

@ Note: Since in many cases you need ‘internal’ cross-linking residues in the
peptides, all peptides are calculated with an overlap level (missed
cleavages) of 0, 1 and 2 etc up the level specified in the parameters dialog.

If you cross-link indentical proteins (i.e., name of protein A is equal to name
of protein B) ‘reverse’ links are removed from the list. |.e., if peptide 25-48 is
linked to peptide 78-101 the reverse link peptide 78-101 to peptide 25-48 is
not listed.

Options
To limit the number of reported peptides you can turn off the display of
Peptide (non-linked), Peptide + Cross-links, Peptide + Free linker and/or
Peptide + Cross-link + free linker by ‘un-checking’ the corresponding check
boxes below the peptide list.

The ‘Omit homopeptides’ will remove links between peptides that overlap in
their sequences from the list. This is both identical peptides, but also peptides
that share part of their sequence, e.g., 56-68 and 60-72. If you are certain
that you only have monomers in your sample, checking this option will thus
simplify the list of cross-links.

The total number of entries in the peptide list is displayed after this line.

On the right side, you can choose between displaying average and
monoisotopic masses, and molecular and singly charged ion species.

If the MH2+ box is checked, the peptide list is displayed with doubly charged
mass values in addition to the singly charged mass values.

Print: Prints the peptide list in a two-column layout to conserve space. Check
the ‘Print comparison list only’ to limit the print to only the mass search list
(see the ‘Compare to ms list’ below).

Copy to clipboard: Copies the complete peptides list to the clipboard unless
part of the list has been selected. In this case only the selected part of the list
is copied to the clipboard (in the pop-up menu you can choose to copy the
complete list even if part of it has been highlighted).

Compare to mass list

As the peptide list quickly gets to be very large it is very convenient to be able
to compare the list to a mass table (peak table).

Start by selecting the appropriate mass precision for the comparison. This
value must be in ppm (part per million — 1000 ppm = 0.1%). The press the
‘Compare to ms list’ button and enter the mass list in the input table
dialog box (see chapter 12.1 for details on file and clipboard lists).

If a mass list has been entered the peptide list will be split with the original list
of potential cross-links at the top and the mass ‘hits’ listed below along with
the deviation in Dalton and ppm (part per million) listed in the right-hand part
of the list along with the search mass.
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[ - 4

383.24 264-266 Peptide

388.26 545-547 Peptide LI
MH+ 4 zeq. E =seq. Tvype Deviation ppm Maszs=

1518.67 246-256 Peptide 4+ linker 0,055 36 1518.613

1518.74 139-151 Peptide 0.126 83 1518.613

When the peptide list is printed or copied to clipboard, the search results are
included at the end of the list.

Isotope pattern: You can select isotope patterns from 1 to 12 this will limit
the search to only include mass values that are separated by the indicated
number of Daltons. This is efficient if your cross-linker contains isotopes, e.g.
BS3 is available as a +4 Da isotope (Pierce).

Various searches 6.4-6.8

This menu item in the File menu contains a number of searches that do not
naturally find their place in the rest of the menu system. Most work on FastA
formatted databases and were previously grouped under the FastA menu
item. Most of the functions were developed for very specific purposes, but
attemps have been made to make the functions as general as possible in
order for others to use them.

Peptide mass search: Search with a list of peptide masses in a (small)
FastA formatted database, enzyme, modification, and sequence pattern can
be specified.

Search for motif / for sequence / with peptide list: This is a suite of three
functions that share a very similar algorithm and use the same dialog box.
When they are called, each function redefines the dialog for that specific
purpose.

Mass list matching: Use two different mass files and select the mass
differences between ions that is of interest. This will typically be a chemical
modification or a glycan but can be any value.

Peptide list mass search: If you have a list of peptides and want to search it
against a list of mass values, you generate a file containing the peptides, one
pr line, and you can then load it and search with a mass list.

.mgf file filtering: As the name implies you can perform various operations
on mfg formatted peak lists. Among the operations are ‘Filter mass values’,
‘Compare mfg files’, ‘Graph’ and ‘Find cleavage’.

Find mass in FastA database 6.4

When you want to search for peptides in a FastA formatted database, you will
in most circumstances use the ms/ms search (see 8.9) or peptide mass
fingerprinting (see 8.1). However, in some cases where you get insufficient
fragmentation you may want to search directly for specific mass values.

This function will generally only work efficiently if you are searching with high
precision (i.e., < 5 ppm) and/or small database. You may also want to know
exactly how many peptides are present with a given mass (again high
precision is essential).
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'z Find in FastA database

Input mass values: Parameters: Peptides: 25698
# |Mass Intensity |4 Paste Predsion (pprm): | 5
|1 |1003.51 =| | & dear Trypsin - KR-P @ run
2_ ket [~ Seguence pattern: ’W
3 1031.51
i 2e o Input charge: Fixed modificaton: | 000000 O
s |1057.58 aks :l' Variable modifications:
5 1136.54 Missed ceavages:
7 Juse: R x L
] 1163.48 ¥ Acetvl H2C201
qéﬁ Load database  Ci'\Database\Campylobacter.fasta
#/ |Hil:Da |Dev.ppm |Mod.Da|Pept'|de |N.ame 25
7 1159.620 3.24 18 K.EFMIKPSDVK. | 1 =gi|157414323)reflYP_001481572. 1| chromosomal replicati =
4 1045, 560 -4.03 16| R.GFAVVADEVR. | 18 »gi|157414340(ref|YP_001481596. 1| MCP domain-contain
5 1057.530 4,58 0|R.LFLFDLYK.K |23 »gi|157414345|ref|¥P_0014581601. 1| ribonucleotide-dipho
9 1137.610 3.90 16| R.EGQSSDIIVT |32 »=gi|157414354|ref|YP_D01481610. 1| hypothetical protein
5 1057.530 -3.05 0| K.LINEQVSQK.L | 39 »gi|157414361|ref|YP_0014531617. 1| hypothetical protein
4 1045, 560 -4.03 16|R.GFAVVADEVR. 136 >gi|157414458 |ref[YP_001481714. 1| methyl-accepting d
13 1267.650 -3.94 16 | R.EEFFSLINSAK| 181 =>gi]157414503|ref|YP_001481759. 1| GTP cycohydrolass b
3 | >

In order to run the search, you have to enter the following information:

Mass values: can be entered manually or pasted as a list from the clipboard.
The ‘intensity’ column is not currently used.

Database: Press the ‘Load database’ button and select the FastA formatted
database.

Input charge: This is the charge of the input mass values. Select between -1
and +6. All input values are calculated with the same charge.

Missed cleavage: Select maximum number of missed cleavages (0-4).
Enzyme: The list of enzymes to choose between is the same as for
automatic digest (see 9.1).

Sequence pattern: If you want to specify a sequence pattern, check the box
and enter a pattern in the field. Positions in the pattern are separated by ‘;’
and any residue is denoted by ‘X’. Up to eight positions can be specified.

Fixed modification: A single fixed modification can be entered or selected
from the currently loaded modification file by pressing the search button to
the right of the entry field. Notice that this opens a drop-down box on top of
the ‘Run’ button, and you have to select an entry to continue.

Variable modifications: You can select multiple entries from this list, which
is the currently loaded modification file.
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Search FastA for motif 6.5

Search FastA for sequence motif

Here (File | Various searches) you can search a FastA formatted file for a
simple sequence motif and generate the peptides corresponding to a given
digest.

21 Search FastA database for sequence motif Q@

Input |Results |graph {

FastA file: rC:‘I,DatabaseIlPIhumanuPIhuman.SEQ @ Load
Enzyme: spn 0] v Missed cleavages |0 w

Sequence motif; |!K,fR,,|’K;‘R,!P
v Allow cleavage in motif

‘I's necessary residue ' not this residue ', separate position ;' separate definitions

[ Perform search

0 sequences searched @ Exit

You start by selecting the relevant FastA file through the ‘Load’ button.

Then you select the relevant enzyme to cleave the proteins. The enzymes
listed are the ones used in Automatic digsest (chapter 9.1).

You specify Missed cleavages (up to four).

Enter the sequence motif. You use the same nomenclature as used for
specifying enzyme specificity in automatic digest:

/ : following residue is necessary

\ : following residue is prohibited

, - separates positions in the definition

; : separates definitions if multiple definitions have to be defined in the same
peptide.

Pressing the Perform search searches the FastA file, the progress of which
can be followed in the progress bar.

When done you can switch to the results page using the Show results
button or the tab at the top of the window.
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Results

=1 5earch FastA database for sequence motif

#

Results | graph

Sequence Mass |Frnm |Tn |Mntif 1 |Name | -

2133 | DKGYILVGEQAKLSCSYSHWSAPAPQC  4569.3321 455 496 [K/R,/K/R, =sp|IPI0002172|IPI0002172 C4B-BINDING PROTEIN

2157 |DKGTILPRGPLMLSPSSLFSAFHREVIE  4553.4416 753 792 [K/R,/K/R,  =sp|IPI0002195|IFI0002195 LIPIN-Z - Homo sapiens
— -

Table: I:E Copy ~ kel Save asfile [3 Retrieve sequence [ Mo ace. number @ Exit

2726 | DKGSESRIRRPMMAFMYWAK 237821000 38| 57 JK/RJKIR, | »sp|IPID00Z777|IPIO00Z777 TRANSCRIPTION
1665|DKGOSHPSLOLKKEKLMKLAAGKESA  7384.6067 125 190 K/R,JK/R, >sp|IPI0001674|IPI0001674 IL-1F7E - Homo
116|DKGPLYPTLPFPLRKPRKAHKYLRLSR | 6328.5719 127 180 fK/R,/K/R, »sp|IPIO000138|IPIOO00L38 CHROMOBOX PROTEIN

3462|DKGSQEKQGKSEGEGKPQGEGKPAS | 4314.1701 62| 103 JK/R, /KR,  >sp|IPIO00SE31|IPION0SES1 ISOFORM | OF

-

2483 | DKGYLHMEYKYSILWRGLPNYYTSAIS  3749.1468 1329 1362 fK/R, /KR, | =sp|IPI00024E82|IPI000Z482 ISOFCRM A OF

The results are presented in a table where the columns show:
#: Protein location (number) in the FastA file

Sequence: Peptide sequence containing the motif and cleaved by the
specified enzyme

Mass: Monoisotopic mass of the peptide

From: Start of peptide in sequence

To: End of peptide in sequence

Motif: The specified motif

Name: Protein name

The table may be sorted by clicking on the relevant header.

The buttons at the bottom of the window allows you to:

Copy the table.

Save as file. The file will be saved in a format relevant for loading into Excel.
Retrieve sequence. Open the selected peptide as a sequence window.

No acc. number. Remove the accession number from the list of protein
names — only works for some databases.

b Graph. Shows a graph displaying the number of peptides found with a
given mass.

Search FastA for sequence

This dialog is essentially the same as above, except that you search for a
given sequence:

Peptide sequence:|

V' COnly full sequence

If the Only full sequence box is checked, only peptides corresponding to the
exact match will be reported. If not checked, the specified sequence only has
to be part of the peptide.
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Search FastA for peptide list

This function is the same as above, except that you search with a list of
peptides that you load from a text file saved to disk.

Peptide list file: | @Load --

Min. # peptides |1 %

Mass list matching 6.6

The mass list matching compares two mass lists against each other for
differences that match either a defined mass difference list (i.e. a modification
file) or N-glycans.

Two mass lists must be available, both as plain text files:

Source: A plain list with one mass value pr line. When opened, the mass
values will be shown in the second column ‘Mass’.

Target: A text file that may contain multiple columns (i.e., an Excel sheet
saved as a text file). If the first column is not the correct mass value, you can
select it in the Target mass column box. As you change the column value,
you will see the content of the third column in the table change to reflect the
chosen target column.

/28 Mass list matching =18I=|

(3 Load source mass list  Source mass file [1263]: C:\Delphi2009\Projects\GPMAW 2009'\DATAsara source list. bt
@ Load target mass list  Target mass file [26]: C:\Delphi2003\Projects\GPMAW 2009\DATA\Sara_deglyco. bt
Target mass column: I EE Variable modifications
Predsion in ppm: I_S . ]
Fudge factor: IW

The fudge factor value is subtracted
from the source mass.

Search type:
@ Search N-Glycans

Search var. modifications

MNote: When choosing variable
modifications, only the mass {(not
the valid residues) will be used
for searching

All selected variable modifications will
be searched for all comparisons with
no regard for the target sequence

Precision in ppm is calculated as the
sum of source and target mass

['a)
4~ Run search

Mass Target Difference | Compos Delta ppm | Modif Sequence Protein =
1 4166.659 940.556 3226.,132 | CNHNHNHNHS 3.955 Heparin cofactor 2 dFVnASSk
_Z 3986.562 976.457 3010.094 | CNHNHMHNHM 1499 cDNA FLI57622, highly eDALNETR
_3 4166.676 940.556 3226.,132 | CNHNHNHNHS 1.689 Heparin cofactor 2 dFYnASSk
74 39B6.558 976.457 3010.094 | CNHNHMHNHM 0.879 cDNA FLI57622, highly eDALNETR
75 4101.586 940.556 3161.057 | CHHHHHHHHH 3.715 Heparin cofactor 2 dFYnASSk
76 4101987 940.558 3161.057  CHHHHHHHHH 3.500 Heparin cofactor 2 dFvnASsk
77 4164.573 647.368 3517.228  CMHNHMHNHS 3.603 similar to hCG2042489 NLLNGLNRNNK:
_l! 4164.573 647.368 3517.228  CMHNHNHNHS 3.603 similar to hCG2042489 NLLNGLNRNNK:
_9 4164.591 647.368 3517.228  CMHNHNHNHS 0.779 similar to hCG2042489 NLLNGLNRNNK
T 4085.578 729.357 3356.195 CMHNHNHNSSS 4.100 Isoform 1 of Vitamin tYFnR
T 4137.515 976.457 3161.057  CHHHHHHHHH 0.145 cDNA FLI57622, highl eDALNETR b

= %y copy| | &aprint ? Help ' Done

Precision: Select the relevant precision. Note that it is calculated as the sum
of the source and target mass.
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Fudge factor: This value is added to the mass difference in order to quickly
make adjustment for mass changes that were not expected.

Search type: You may select either N-Glycans or Variable modifications.
If you search for N-Glycans, the program will search for all mass differences
corresponding to a bare core unit up to fully populated complex 5 arm
structures with sialic acids and up to three fucose units in addition to high
mannose structures up to 20 mannose units. Searching for variable
modifications, the current modification file is shown in the central box, where
relevant mass values can be selected.

Press the ‘S’ button to edit or select a different modification file (chapter 4.3).

Press the Run search to perform the search and view the results in the table,
which can be copied to the clipboard or printed using the buttons in the
bottom toolbar.

In addition to the source and target mass values, the table shows the
difference in Da., Compos: composition of difference (for sugars: C — core
unit; H — hexose; N — N-acetylhexosamine; S — sialic acid; F — fucose). Delta
is difference in ppm, Modif: variable modification if specified; Sequence: The
first column of the target file; Protein: the second column in the target file.

Peptide list mass search 6.7

In some cases, it can be advantageous to search a list of peptides for
matching mass values instead of searching a digest. This can be the case if
you have a list of peptides that does not fit a specific cleavage pattern and
can be faster when combining several sequences, perhaps after removal of
low/high mass values.

The peptide list mass search is called through the main menu option
File|Various searches|Search peptide list

You start out with a list of peptides - sequence in 1-letter code and one
sequence per line. The maximum number of residues per line is 255
characters.

Peptides

&3 Load | @ Paste | The peptide list can be either read from disk or pasted
from the clipboard. The list of peptides must be in 1-letter code and either a
single sequence pr line or in FastA format (i.e., each sequence has a name
line starting with >’ followed by (in this case a single) line with the sequence
in 1-letter code.
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2 Search peptide list o [m] P24

Peptide list | Mass List | Resuts |

Peptides

# Maszs Sequence -
1 1918.77 CPZClEC1111CYPIICLPIICLIER
2 343.17 IDPL Terminals: [H201
3 6390.49 MDPVVVLGLCLSCLLLLSLWEQSYGGGELFPGRTPFR :
1 Mot walid for fragment
4 6645 53 YOPWFTVYLGMEDTVVIHGYDAVHEALVDLOEEFSCR mass search
& 6767.34 KETRRFSLMTLEDFGMGERSIEDEVQEEARCLVEELR
& 7174.62 VIFQNRFDYTDQDFLSLMGELNENFEILNE PV QMCHI Mass values
7 7075.41 ENYVLEKIKEHQETLDINNPRDFIDCFLIKMEQEEDM! 3 Loadl & Pastel
2 7077.66 TTSTTLRYGLLLLMKHPEVIAKVQEEIERVIGEHRSM — =
2 B6767.47 LIPNNVPRATTCNVEFRSYLIPHGTAVITSLTSMLYN  Ave. O Mono.

10 &&&E. B4 EEDYFMPFETCGHERVCVCEVLADMELFLFLTATLONFT.

1l 1147.63 PLYQLSFIPA LR Ak i

1z 1g46.76 CPZEECI11ICYPITEPLMZIR 50 ppm

13 343.17 IDFL T
14 £709.90 MEFELLLLLAFLAGLLLLLFRGHPEAHGRELPPGPEDL]

15 £431.33 KYGDVFIVYLGSRPVVVLCGTDAIREALVDOAEAFSE

l& £930.65 WEALRRFELATMEDFGMGEREVEERIQEEARCLVEEL] 2, Search pepides

17 7187.76 SIVFGERFDYKDPVFLELLDLFFQSFSLISSFEEQVF) _—
18 6886.52 INTFIGQSVERHRATLDPSNPEDFIDWYLLEMERDKS] (24, Search fragments

12 £946.64 ETTSTTLRYGFLLMLEYPHVTERVQEEIEQVIGSHRE:
20 6696.33 DLIPFGYPHIVIKDTQFRGYVIPENTEVFIVLS SALH EI

£1 EEEE. 432 KINEGFMPFELCKRICLGEGIARTELFLFFTTILONF:
ZZ 1346.75 PPEYQUIRFLAR

23 1530.60 CPZCECI111CYPIICPLER
24 342.17 IDPL = ? Helpl /Qonel

33 peptides Inaded 4

Masz values

(3 Load | @ Paste | After the peptide list is loaded, you can load or paste
the search masses. When loaded from disk, the standard file formats used
for mass searches (Ch. 6, Ch. 8 and Ch. 12.1) can be read, when pasted
from the clipboard, one mass value per line is expected, each line holding
one real number.

You can set the following parameters for the search:
Te'mi”ah:lwm Terminals: This is the elemental composition of the

terminals, default is H20, but any composition following the standard
GPMAW rules (Ch. 12.2) can be entered.

" Ave. & Mono. Mass type: Average or monoisotopic mass values.

CMH O M & M Charge state: Singly negative or positive or neutral
charge state can be selected.

50 ppm

' Precision: The precision of the search can be set
using the slider bar in the bottom of the dialog.

Input mass search values, either by reading a mass file from disk or pasting
from the clipboard. This switches to the ‘Mass list’ page and enables the
‘Search peptides’ and ‘Search fragments’ buttons.

Press the ‘Search peptides’ button to perform the search, and the dialog box
switches to the last tab, showing the results.
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The results will be listed with mass, §17.300 3 ppw DIAAR
.. . (L ter . BEZ_ 340 & prm ASEDLE
precision (in ppm) and ‘hit’ peptide. 666.310 0 ppm ELGYOC
The two buttons below the search 705.320 -5 ppm TEAEME
& prm ALELFER

E‘:. ) 748440
buttons Elﬂ will copy the results

to the clipboard or save to a text file on disk.

@ Note: You can also import a peptide list as a sequence window -> peptide
window, however, not in FastA format. Please see Chapter 9.6.

.mdf file filtering 6.8

The .mfg file filtering is an option available from the main menu (File | Various
searches | .mdf file filtering) and from the ms/ms search (chapter 8.3) when
you have loaded an mgf file.

The functions here are either developed for a specific purpose and then just
included as others may have a use for it, or | was just curious for how the
content of a given mgf file looked.

Based on the mgf file, you can either filter it for specific fragment ions (i.e., in-
/exclude ms/ms spectra containing signature ions) or you can compare it to
another mgf file and search for similar parent ions.

When the dialog box opens, it will read the entire mgf file (may take a little
time due to the large size of these files), and present you with a tabbed

interface:
o, Filter .mgf files ] = =] o
[Filter mass values | Compare mgf files | Graphs |
Ion list (MH+) Precision (Da):
Mass ﬂ I 0.10 Total mass values:
v 147.1 — Filter mass: EEee
|7 175.1 } @ Fragment mass Filtered mass values;
Ol } _) parent mass == folSave
{
|
] } Filter type: Excess mass values:
o } ~) All checked = ki) Save
r i 9 Either checked Save mass file as:
- } Intensity 9 mgf file (ms/ms values)
[_ } e e e N e _ Intact mass values only
‘ sfms io
| 00
O j B, Filter file [ 0% |
[~ Open H Save
C:\database\Orbitrap\Karen_Mai_M\Obc02223.mgf “ Done ? Help

Filter mass values

The ions to search for are entered in the left-hand table. These values may
be saved to and loaded from disk using the Save and Open buttons under
the list box. The file format is a straight text file with one mass value / line.
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You may also paste the list from the clipboard using the same format (right-
click in the table and select from the pop-up menu).

You must enter a search precision in the Precision box (in Dalton).

Then you select Filter mass as either Fragment mass or Parent mass.
‘Fragment mass’ values are the results of the ms/ms analysis, ‘Parent mass’
are the unfragmentet mass values.

If you select ‘Fragment mass’, you have to select whether to search for All
checked or Either checked values. In the first case only ms/ms spectra
where all the values are found will be accepted into the ‘filtered’ list. In the
second case all ms/ms spectra where any of the values is found will be
accepted. When searching ‘Parent mass’ you are searching for all mass
values.

For ‘Fragment mass’ you may alternatively select Intensity. In this case the
value in the Min. ms/ms ion intensity, will be used for selection. This value
constitutes the combined ion intensity of all fragment ions in a given ms/ms

spectrum.

Press the Filter file button to perform the search. The progress will be shown
in the progress bar.

The result of the filtering will be listed to the right, with two Save buttons, one
for saving the filtered mass values and one for the excess values (those that
do not fulfill the filtering criteria). Depending on the Save mass file as the
resulting file will either be an .mgf file (ready for applying to a search engine),
or it will be the intact parent mass values (text file, one value / line).

To process multiple files, you may drag them from the file explorer onto the
dialog box. This will extend the box to reveal a list with the selected mgf files
(only files with the extension .mgf will be accepted). You can now process all
files by pressing Filter file.

The processed files can be viewed in the graph, see below.

Reduce mgf files

When you analyze Ic-ms/ms results, you will quickly realize that the amount
of data can be enormous. Most of this data is not relevant, as the signal noise
can be quite high, and may actually detract from the analysis results, and will
certainly result in long analysis time.

The most common format for lc-ms/ms data is the mgf format (Mascot
Common Format). Other formats like pkl contains most of the same
information and can easily be converted into mgf.

The 'Reduce mgf file' option enables you to reduce the data load
considerably.

You select the mgf files to work with either through the Open mgf button
where you select the appropriate files, or (more easily) just by drag-and-drop
from Windows File Explorer
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— 5
s Reduce [ fileter mof files - |E| ll
Just file information Indexing 1100
¥ Limit ms/ms entries to 125 highestintensity entries Largest msms spectrum 1985 lines
Indexing entry: 18
: o l— 8 1369 entries
Minimum fragment ion intensity 0,10 Output fle 125 peaks_format_B.mi

Accepted spectra: 1368

Minimum parent ion intensity 10000.0 Largest msms spectrum 2032 lines
Indexing entry: 27
_— 7 1300 entries
Spectrum need fragment ion: I 500.0 Predision I 0.50 ppm Output file 125 peaks_format_7.mi
Accepted spectra: 1298
The original file is not changed! Largest msms spectrum 1985 lines

Indexing entry: 18
8 1389 entries
Drag .maf files onto this section for running multiple maf files » Run File 22 ||Qutput file 125_peaks_format_8.mi

I:E Copy [3 Open maf x Clear ¢’ Done ? Help

You then select the appropriate options for processing the files:

Limit ms/ms entries to: This will keep the most intense x number of entries as
specified in the 'entries’ box. Default is 125 fragment ion masses.

Minimum fragment ion intensity: All fragment ions with an intensity lower than
this number will be removed. Note: this option is not available at the same time as
‘Limit ms/ms entries'. If you need to use both, you have to run the file through the
filter twice.

Minimum parent ions intensity: Sets the minimum parent ion intensity to be kept.

Spectrum need fragment ion: Specify fragment mass and precision in order to
keep just those spectra that contains the specified fragment ion.

Just statistics: Show only file information.

Press the Run button to process all selected files, progress can be followed in the
blue progress box, and in the statistics box on the right.

The Output file will be labeled '125_peaks_format_' + old file name (for the ‘limit to
125 entries'.

The number of ms/ms entries in the output file may be slightly larger than specified,
as GPMAW searches for the x's entry in an intensity sorted list and takes this value
as the cut-off limit. If other peaks with an identical value exist, they will be accepted,
and the list may thus increase slightly.
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Compare mgf files
You may compare the parent mass values of the loaded mgf file (the Source
file) to another by selecting the Compare mgf files tab of the dialog box.

T8 Filter .maf files i -0 x|
Filter mass values | Compare mgf files | Graphs

C:\database\Orbitrap\Karen_Mai_M\Obc02225.mgf
Source size: 4505

Compare parent mass of loaded mgf file (source) to target file:

(— Openmgf Target: C:\database\Orbitrap\Karen_Mai_M\Obc02222.mgf
Target count: 3100

v Search source maf file Predision (ppm): Source Hit: 2152 - Unique: 2353
v Search target maf file I 5 Target Hit: 1681 - Unique: 1419
% Eilterfiles
Save results CEITrE

Source and target files will be saved after

comparison with same name + _ID for

identical parent mass values and + e

_Unique for unique mass values Ly Copy ~

C:\database\Orbitrap\Karen_Mai_M\Obc02225.mgf “ Done ? Help

Start by selecting the Open mgf button to select the file to compare to, this
file is called the Target file.

You then select Search source mgf file (compare to target) or Search
target mgf file (compare to source). Remember to set the Precision (in
ppm).

Pressing the Filter files will search all parent mass values and those that are
found in the other files, will be added to the ‘Hit’ list, while the rest will end up
in the ‘Unique’ list.

Progress of the search will be shown in the progress bar.

Note that the result will only be saved if the Save results box is checked. In
this case the results will be saved in mgf files with the same name as the
original file with the addition of *_ID’ and ‘_unique’ to their names as
appropriate.

You may also copy the files to the clipboard by selecting the drop-down arrow
of the Copy button and selecting the appropriate file.

The results of the comparison can be viewed in the graph, see below.
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Graph
Selecting the Graph page will initially show the entire Source file.

Filter mass values |Compare maf files |Graphs |
2, 20U, UL
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The graph will show the parent mass value along the x-axis and the line in
the mdf file in the y-axis (i.e., this will be the elution order).

The appropriate mgf list can then be selected in the top left box. If you click
on any of the graph boxes, the corresponding mass and charge will be shown
below this box.

You may put Labels on the graph points by selecting the appropriate option.

Each point in the graph will be colored according to the charge of the parent
ion by the color code to shown to the left.

Finally, you may copy the entire graph to the clipboard through the Copy
button. The graph will be in metafile format.

Find cleavage

This function sprang from an interest to determine the specificity of an
unknown protease.

You start by selecting the protein which you want to search from the drop-
down list. Only the sequence windows available on the GPMAW desktop can
be selected.

You then enter the required precision — this usually needs to be quite good (<
10 ppm) in order to get meaningful results.

Press the ‘Search for mass fit’ button, and the sequence will be searched
for all potential peptides that fit with the parent mass of all peptides. The
results will be presented in the right-hand table as peptide mass, first and last
residue in the peptide hit, precision of the hit, and the position in the .mgf file.
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The left-hand table T
can be Copled to Filter mass values | Compare maf files | Graphs | Find deavage
the clibboard P
through the ‘Copy, Select protein from desktop IActive calreticulin j
button. By Search for mass fit Predision (ppm) 5] Hit count: 1459 B
Te |
When you select e o & [Dycw eatmap g NG
an entry_ln the a2 : # |Mass [Frst  [tast  [ppm | position [
result g”d: the ",f u; g 1| 81741 24 30 4,00 1
corresponding £ 2 : 2| 51741 25 31 4.00 1
ms/ms spectrum g ; g 3| 81741 24 30 2.73 3
will show in the E é g 4| 817.41 25 31 2.73 3
separate ms/ms G 0 0 5|  689.31 25 30 4.75 5
window. This B 5 i 6| 1433.66 11 2 3.84 g
. il 0 0 7| 143386 41 53 0.26 g
T 1 i
tshh OWSt.thel / g g sg 8| 1433.66 338 349 4.23 ]
eoretcal ms/ims ; 13 g 9| 1146.58 350 358 4.96 10
spectrum at the E 3 14 10| 801.43 396 351 4,21 12
bottom (b- and y- - 11| =014 347 I anm 12
ions) and the E gf 12 12| 80143 398 353 4.21 12
experimenta A 13| 143263 5 ®E O 0W 13
spectrum at top. - : 14| 143263 36 3/ 0.2 13
Fragments that fit ':_ 12-1- S 15| 1832.87 335 345 4.81 14
within the 2B EEE
ifi i s 8 0 T - . ha
Specmed prec'slon Res. N-terminal - C-terminal
WI” be COIOrEd in C:\Orbitrap\Sanne CRT multimer oktober\Obb02891 SGB 44.mai ¢ Done ? Help
the top spectrum.
o MS/MS title P [ 1]
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Experimental spectrum: [=; Open ~ {id
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Peak width: 70
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900
? Help

850

Click on the ‘Heatmap’ button to get a coverage map (see chapter 9.7) in the
‘heat map’ option turned on (there will be no display of a ‘normal’ coverage.
Note that you must select either the N- or the C-terminal column to transfer to
the coverage map.
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FastA file handling 6.9

The menu option File | FastA database gives access to a few
commands that helps in handling and extracting sequences from FastA
formatted databases.

The first command ‘Open for search’ enables you to search directly in
an indexed FastA formatted sequence file. For more information see chapter
2.6.

The next two commands Process FastA and Reformat FastA gives access to
the same dialog box, but on different pages.

Process FastA

Before opening the dialog, you must specify a FastA formatted file, and when
this is done, the following dialog opens:

x
Input file: C:\Delphi20 10\Projects\GPMAW\DATA\testFastA. txt
Cutput file: Iproo‘:ast.-'-\l Just file name; file will be located in input file directory.
Extract sequences Reformat sequences
Save as multiple files; labeled name + 1, 2...
Indude header:
W Accession number ¥ Protein name W Av.mass ¥ Speces Sequence
MS/M5 of entire protein * Average (= Monoiso W Sortlist W Add label
Indude digest:
Select enzyme: Missed deavages:
ITr\;psin vl 0 vl Sort peptides by mass
Processed: OEun V Done

You start by specifying the output file, where you then have the following
options:

Save as multiple files if checked, each sequence will be saved in a different
file, with each file have an increasing number appended to the specified
output file name. If this option is not checked, the results will be saved in a
single file.

Include header. If this is checked you will have to check at least one of the
following options to include them in the file: Accession number, Protein
name, Average mass, Species and/or Sequence. Species can only be
included if it is present in the FastA header, and in a format recognized by
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GPMAW. The mass is calculated from the sequence based on the currently
loaded mass file.

Ms/ms of entire protein This will list the mass of each b/y fragment that can
be generated from the sequence — one mass/line.

Include digest. This option includes the sequences of peptides generated by
the enzyme specified and the given missed cleavages. The list of peptides
will be listed by number unless the Sort peptides by mass is checked, in
which case they are sorted with the lightest peptide first.

As the database is processed, the results will be saved to a file and added to
the display window.
Remove signhal sequence

If you specify a Swiss-Prot formatted database (e.g., UniProt, IPl, TREMBL),
you cannot get it processed as normal, however, you get the option of
converting the file into FastA format with the removal of the signal peptide
from the sequence, if it is specified in the sequence annotation.

The result is a standard FastA formatted file.

Reformat sequences

An alternative option is to reformat the sequence into a format more easily
read by e.g., Excel.

Input file: C:\Delphi2010\Projects\GPMAW\DATA \testFastA. txt
Output file: |procFastA Just file name; file will be located in input file directory.

Extract sequences Reformat sequences

Line format Single line delimiter
© Reformat as single line Space delimited
Keep multiple lines Q@ Tab delimited

Indude options
Vv Average mass

Monoisotopic mass

Length
pI Residues to include:
Amino acid count C S ]

GPMAW loads the file and parses it into header (accession number and
name) and sequence. You can now choose to save this as a single line or as
multiple (two) lines. In addition, you can choose to add average mass,
monoisotopic mass, sequence length, pl and/or amino acid count. The amino
acid count can further be specified as either all residues or a single selected
residue.

When saving as a single line, you must specify whether each field is to be
separated by a space character or a tab character. If import into Excel is
wanted, using the space character is not good, as the name will be separated
into different cells.

If you save as multiple lines, each field will go to a separate line.

153



6- Mass search / FastA files

Mgf filtering and stacking

The spectrum stacking in GPMAW is combined with a mdf file filtering

6.10

routine. Stacking has the option to combine same-spectra of low quality to a
higher quality, it is however not the cure all for bad spectre. Using GPMAW
you can combine spectre and evaluate the results in the spectrum-viewer.

The stacking dialog is accessed through File | Various searches | .mgf

stacking and filtering or Shift-F11.

Filtering
i

The original files are not changed!

Filter parameters:

Make time slice from: EI to: EI

Stacking parameters:

¥ Incude pre-filtering

Limit charge states  from: to: MS predis.
Limit ms/ms entries to top* 0.05 Da | Ms/ms precis
Minimum number of ms/ms entries® Look forward
Minimum fragment ion intensity IMeed to share peaks
Minimum parent ion intensity 10000 Peaks needzd:
Spectrum need fragment mjz 500,00 outof:
Predision | 0.10Da Peak imit
Deconvolute spectra at Save stacked spectra {.stk)
File info = Do Filtering =) Spectrum stack
Drag .mgf files anto this section: File # 4
C:\LCMS'\BulrBu0 3\QEHF3_08076_AL_4ug.maf
C:LCMS\BUUrBU03YQEHF3_08077_AL_2ug.mgf
C:\LCMS\BuUrBu03\QEHF3_08074_AL_2ug.mgf
C:\LCMS\BulrBu0 3\QEHF3_08075_AL _2ug.maf
% Copy [3 Open mgf X Clear ? Help

You can now click the Open mgf button and select multiple files, or you can
drag and drop multiple mgf files from file explorer onto the dialog. If you want

to perform filtering of the files, you can select any combination of the

following options:

Make time slice: Enter a from and to time in minutes.
Limit charge states: Enter minimum and maximum charge state

Limit ms/ms entries to: Only allows the top x intense peaks to be saved
(default 125 peaks).
Minimum number of ms/ms entries: If the spectrum contains less than the
stated number, it will not be saved.

Minimum fragment ion intensity: If the total ion intensity is less than

specified it will not be saved
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Minimum parent ion intensity: The spectrum will only be accepted if the
parent ion is larger than specified.

Spectrum needs fragment: If the spectrum does not contain the specified
fragment within the given precision, it will not be saved.

Deconvolute spectra: If the option is set, the ms/ms spectrum will be
deconvoluted (for 2+ and 3+ species) and deisotoped before being saved.

Press the Do filtering button | ™ PeElt=ina 1o filter all the selected mgf files
sequentially. The progress of the filtering will be shown in the right-hand list-
box.

Stacking

The mf file can also be stacked, this means that all spectra with the same
parent ion mass, charge and within the specified time will be combined to a
single spectrum.

For each spectrum, the parent mass is searched in the forward direction for
the specified time (e.g. 30 seconds). All spectra having a mass within the
specified precision (e.g. 10 ppm) and the same charge will be added to a list
and marked as ‘used’ (i.e. they will not be used for further stacking);

The list of ‘identical’ spectra will be sorted according to total fragment ion
count and the highest scoring will be used as the starting spectrum. The rest
of the spectra will then be added one by one where peaks will be combined if
they are within the specified ms/ms precision. When the number of peaks is
more than 1000, the 500 with the lowest intensity will be deleted. When all
spectra have been added, the total number of fragments will be reduced to
the number specified.

The stacked spectrum will be saved with name of the original mgf file, but
with the extension ‘_stack’.

Save stacked spectra (.stk)

When the Save stacked spectra (.stk) is checked, an mgf file with the same
filename as the stacked file, but with the extension ‘.stk’. This file contains all
the stacked spectra, where each stacked spectrum is followed by the spectra
that makes up the given spectrum. This file is essential if you want to analyse
the stacking procedure (see below).

Stacking parameters:

Include pre-filtering: If checked, each spectrum will be prefiltered by the
options selected on the left-hand column. Only ‘Limit ms/ms entries’ and
‘Minimum number of entries’ are available here.

Ms precision: Precision in ppm of parent ion peaks to combine.
Ms/ms precision: The precision of the fragment ions to combine.

Look forward: How long time after the first mass should we continue to add
mass values.

Need to share peaks: In order for a spectrum to be added to the stacked
spectrum, it needs to contain Peaks needed number of peaks out of out of
number of peaks in order to be included. Only m/z values above 400 are
considered.
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Peak limit: The final stacked spectrum will be limited to the specified number

of highest peak values.

Press the Spectrum stack button ™ Sesstumstask 14 fijter and stack all the
selected mgf files sequentially. The progress of the stacking will be shown in

the right-hand list-box.

Spectrum viewer

Selecting the mgf graph button k- mf@®  gnens the mgf viewer, where

you start by selecting an mgf file.

Once opened, you should start by clicking the Calc. graph button
calegrah [ which fills the graph with a dot for each spectrum in the mgf

8 mof graph _ o x
. msms |ms__|Info
2,000,000,000
< 1Arge 19321 [0] ~
1,900,000,000 JEEE ST mfz 110188
Charge 3+ | ch:3
1,800,000,000 Charge 4+ | Mass: 3302.52
Charge 5+ | "eten: 51.63mn
1,700,000,000
Charge 6+
v
1,600,000,000 Charge 7+
n Display options
1,500,000,000 O e
1,400,000,000 " () Mass/Ret. time
[ ]
1,300.000.000 Color options
©) Charge
1,200,000,000 " . - “
Iz () Spectra stacked
[ 1,100,000,000 - 1 =
= Cale. graph -7
£ 1,000,000,000 gren I—
r L] ]
300,000,000 . TR ' Al msms spectra
800,000,000 - - -
700,000,000 - ] =
m "n [
600,000,000 an I n n
u 0 U [ ] u = ] ]
500,000,000 [}
" " : J g PO 1" (= Open fle
400,000,000 g = 0 L] 1 » 1 e
[ ] ] n - ™ £
i n am % (Y | =
200,000,000 | BT [ LT
Iyt -
200,000,000 0 ' o OK
100,000,000
[ ? Help
03 = 2583 248 -
400 500 500 700 800 900 1,000 1,100 1,200 1,300 1500 1,5 Mz 1101.85 /822321652

Depending on the color options, the dots will either be colored according to
the charge of the parent ion or to the number of stacked spectra. The top
right of the graph shows the coloring scheme.

Through the Display options you can change the display to show mass vs
retention time. This option is good for

revealing detergent etc. that drags like a
background over much of the separation.

Click the Calc. graph button whenever you
have made a change.
To zoom you left-click and drag down and

right. To unzoom, you left-click and drag up
and left.

Click on a dot to view information on the
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selected ms/ms spectrum in the top right listbox.

If you double-click on a ‘spectrum’, the spectrum viewer will open displaying
the ms/ms spectrum. Through this you can make a sequence tag and relate it
to the sequence windows open on the desktop (see Chapter 10.4).

If a stack file exists in the same directory (i.e. the same file name but with the
.stk extension), the Open stack button will be enabled. The display is
identical to the normal mgf display, but when you double-click on a spectrum,
the spectrum viewer will open along will all the stacked spectra, thus allowing
you to see which and how the spectra stacks (see Chapter 10.4)..
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Chapter

7

Searches

Search for a given composition in a sequence or local BLAST

homology searching of a database
Like mass search it is possible to locate a peptide in a protein if you know its
amino acid composition. However, as the precision in the determination of
amino acid compositions is at least an order of magnitude worse than the
average mass spectrum, the search precision can never be as good as '‘Mass
search' (Chapter 6.1). The low precision is to some degree compensated by
the fact that you search for a combination of (at most) 18 amino acids (Asn ->
Asp and GIn -> Glu due to hydrolysis) not just a single value.

Search for composition 71

Data entry

Input compaosition for search *

Res. Num. of res. m

D Asx 0.0

TThr 0.0 X Cancel

5 Ser 0.0

E Ghx po| _2 Help

P Pro 0.0

GGly 0.0

A Ala 0.0

Vval 0.0

CCys 0.0

M Met 0.0

IIle 0.0

Lieu Number of extra
¥Tyr 0.0 residues to add:
F Phe 0.0 —
Klys 0.0 05

H His 0.0

W Trp 0.0 m Ty
RArg 0.0

You fill in the composition search table with the expected number of residues
of the search peptide (not the % composition). You can use decimal numbers
as the calculations are carried out with 1 decimal.

The table is persistent between searches (remembers the table values),
enabling you to carry out several searches with slight modifications. The
Zero’ button clears the table, and the ‘Number of extra residues to add:’
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field adds the required number of 'unknown’ residues to the search, resulting
in a smoothing effect.

Results

Sealchlng for composition -> MYOGLOEIN.- EQUUS CABALLUS (HOR

|m|£|.|%" %=67 =40 |
:1

1]

o

3

i

3

;

n

ri1

d

& T T T T T T T T T T T T T T T
" 50 100 150

Fesidue

The results of the search are shown as a graph of the deviation index (DI) of
a sliding search window along the entire sequence

Low points in the graph show areas of the sequence, which have a

composition similar to that given in the input dialog box. If the given

composition reflects an actual peptide, this will usually be quite evident from

the sequence (around residue 66 in the above graph). Please note that the

graph starts and stops with a Y-value of zero. If the composition fits a

terminal peptide, the graph has to be horizontal or make a sharp downward

bend at the terminal.

The position of the cursor is shown in the first panel of the status bar.

For details about general handling of the graph, please see Chapter 11.1.
References.

H. Metzger, M.B. Shapiro, J.E. Mosimann & J.E. Vinton, Nature 219, 1166-
1168 (1968)

R.J.T. Corbett & R.S. Roche, Anal. Biochem. 162, 546-552 (1987).
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Local BLAST homology search 7.2

The GPMAW BLAST is a local implementation of the BLAST sequence
homology search available on the NCBI server
(http://www.ncbi.nlm.nih.gov/BLAST) and uses the same code compiled for
Windows. The search runs as a separate program, but all communication
and interface elements are implemented in GPMAW, so from a users point of
use, it works like an integrated part of GPMAW.

The main reasons for using a local implementation of BLAST could be:
1) Asslow Internet connection (or none at all). When searching a large

database, the NCBI server is faster than a local implementation.
However, at regular intervals the NCBI BLAST server slows to a crawl.

2) A specialized or proprietary database. If you are searching a small
genome database (e.g. E. coli or A. thaliana) a local implementation
can be very fast (2-3 seconds).

3) Security concerns — communications across the Internet may be
compromised.

4) Convenience — the local homology search of a protein is just a click
away.
Preparations:

The first thing is to make sure that the BLAST homology search program is
installed and recognized by GPMAW. Open System setup (Setup |
System setup) and click on the BLAST page.

Setup system parameters ﬂ

System Peptide Colours Directories  Digestsearch Display  BLAST

BLAST databases:

C\databasellPl_human\Plhuman

£ Eormat | [#] Add database | =] Delete entry

Create new BLAST database fram
a FastAformatted database

BLAST program location:
C\gpmaw\bin\blastall.exe

I setup BLAST

¢ OK ® Cancel ? Help
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In the bottom left corner is the legend ‘BLAST program location’. The line
below should show the location of the blastall.exe program. If not, you must

press the ‘Install BLAST’ button El install BLAST | 5 q navigate to the
blastall.exe program in order to make GPMAW aware of the location. By
default, the ‘blastall.exe’ program will be installed in the \gpmaw\bin\ directory
along with the other executable files.

@ Tech: In addition to the ‘blastall.exe’ you need the file ‘formatdb.exe’ and a
subdirectory called ‘DATA’ with the following files: ‘seqcode.val’, ‘blosum42’,
‘blosum62’, ‘blosum80’, ‘pam30’ and ‘pam70’. All these files will normally be
installed by GPMAW but may also be downloaded from the NCBI web
server.

When the BLAST program is installed, you need a protein database in FastA
format. This can be the same database used for sequence retrieval (chapter
2.6) and/or used for digest database searching (chapter 8). The databases
on the GPMAW installation CD-ROM can be used and chapter 12.4 and
appendix B contains information on how to retrieve sequences from the
Internet.

When you have the database, you need to reformat it for BLAST:

Click on the ‘Format’ button B2 £9mMat | 204 in the ‘Open file’ dialog
you navigate to and select the FastA database (e.g., swiss.seq from the
GPMAW CD-ROM - it needs to be installed on the hard drive). When
selected, the database is quickly converted (note that the converted database
takes up approximately the same amount of space as the original database)
and you are asked to add it to the list of databases available for local BLAST.

You may add several databases to the list. The ‘Add database’ button

a. £l may be used to add already converted databases to the list
(e.g., if they are shared across a network) and with the ‘Delete entry’

button =) Delete entry you can remove databases from the list.

Running local BLAST
The local BLAST can be called from all sequence windows, either through
the main menu Search | Local BLAST or the same command from the
pop-up menu.
This will open the BLAST dialog box with the name of the sequence in the top
edit box and the sequence in the ‘Input sequence’ multiline edit box below. If
you have installed one or more databases, you can select them in the drop-
down selection box ‘Sequence database’. If no BLAST databases are

installed, you can go to the setup page by pressing the ‘Setup BLAST’
button. The program will remember the most recently used database.

Both the name and the sequence can be edited before performing the BLAST
search. Clear both input fields by pressing the ‘Clear’ button.

Several parameters can be set to fine-tune the search:
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Substitution matrix: The amino acid substitution matrix used to calculate
the score in the homology search. The matrix to use depends on what you
are looking for: BLOSUM matrices are based on the comparison of blocks of
homologous sequences while the PAM matrices are based on the total
alignment of protein sequences. If you are looking for highly divergent
proteins, you should use low BLOSUM or high PAM values. Looking for
closely similar proteins use high BLOSUM or low PAM values. BLOSUM®62 is
usually a good compromise for general searches.

Perform gapped search: This option is usually checked, but when searching
for short closely similar sequences you should un-check this option in order
to search only for contiguous sequences.

Filter sequence for low complexity: If checked parts of the input sequence
that have a low complexity (e.g. skewed composition or simple repetitive
regions) will be masked during the search. This box should not be checked
when using short sequences for the homology search.

Expect value: The expected number of hits from a given database with the
given input sequence. E-values up to this value may be reported. When
searching with protein sequences values of 1-10 are common, when
searching with peptide you can increase the value to 1000-10000.

Hits to report: Determines the maximum number of hits to show in the
results window.

Word size: The word size determines how many residues must be identical
in order to initiate a search of the protein. Choice is 2 (higher sensitivity,
slower search) and 3 (lower sensitivity, faster search).

BLAST search input x|

Sequence name: ISEHUM ALBUMIN PRECURSOR - Bos taurus [Bovine)

Input sequence:

m('[JVTFI SLLLLFSSATSRGYFRRD THESE LAHR FED LGEEHFEGLVLIAFS (Y LO]QCFFPEHVELVNE LTE FAKTCVADE SHAGCEE
SLHTLFGDELCEVASLEETYGDMAD CCEKQEPERNE CFLSHEEDD S PDLPELEPD PNTLCDE FEADEFEFWGKY LYE TARRHIYFYAPE
LIV ANKYNGVFOECCQAEDEGACLLPRKIETHREEVLASSARQRLECAS IQKFFERALKAWSVARL SO FPEAEFVEVTELVID LTEV
HEECCHGD LLECADDRADLAKY ICDNODTISSELEECCDEFLLEESHCIAEVEFD AT PENL PP LTAD FAEDED VCKNY (EAFDAFLGS
FLYEYSRRHPEVAVEVLLRLAKEYEATLEE CCAKDD PHACYSTVFDELKHLYDE P (NLIKQNCD OFEELGEY GFONAL IVETTREVEP]
WA TPTLVEVSRSLGEVGTRCCTKPE SERMPCTED Y LS LILNRLCYLHEK TPVEERKVIKCCTES LVNRRPCFSALTPDETYVPEAFDEE

& Clear
Sequence database: |D:\Database\8wissPlo\SWISS j Expect value: |10000 'l —I
Substitution matrix: |BLOSUMBEZ 'I Hits to report: |50 vl

oK.
[¥ Perform gapped search [ Filter sequence for low complesity Word size: 3 Vl

X Cancel |
Setup BLAST

BLAST program location:  C:ADelphivw@projectshogpmawhBLAS T \blastall exe H

Selecting *OK’ calls the external BLAST search
program and opens the BLAST result window.
This window gives the message >Searching e T
database<’, >Please wait<’ and displays a - Please wait <
counter that shows the elapsed search time.

Search times depend largely on the size of the

HEBNmESH

Elapsed & sec.
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database, but the size of the input sequence also has a minor influence.

e .o
by B a vy H Acoession no.: PO074Z2 HISmad retriesal V”

BLASTE 2.1.3 [Apr-1-2001]

Query=

Dztzbase: C:\Da

1z3,

sp|FlEz34]
=p|P15540]
=p|PO0741]
=p| 33135

me | MTAS TS TR

Coagulation

WATTET  Mmmema] =i mom Emmmme 1T

355 Ze-037

298 "e-nan

The result of the search is presented in the same window as the search
timer. At the top is the date, the name of the input sequence, the name of the
database followed by the list of the highest scoring comparisons. Each hit is
accompanied by a score and an E-value. The E-value is the likelihood of
finding a comparison with this score in a database of this size. Significant
similarities are usually taken as E-values below 10-4, but the lower the better.
Homology is a theory that can be difficult to prove.

Below the summary list, the highest scoring segments of each hit is
presented. At the bottom of the display is search statistics and a reference to
the article presenting the algorithm and search program (Altshul et al., 1997).

For an in-depth treatment of homologies please consult the articles
referenced at the end of this chapter or some of the many books on
bioinformatics.

Toolbar
MNBEEEQE < #H
The toolbar at the top of the window contains the following commands from
left to right:
1) Copy result table to clipboard.
2) Save result list to a file on disk (in text format).

3) Move the high scoring segment comparison to the top of the window.
This option is only highlighted when a line in the summary list is
selected. You can accomplish the same thing by double-clicking on
the line.

4) Scroll the top of the summary list to the top of the window. Only
available when no line in the summary list is selected.

5) Retrieve sequence into GPMAW. This button works in conjunction
with retrieval method drop-down list discussed below. This button is
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only active when a name line is selected. As the sequence retrieval
option works through the accession number, it is only active when the
BLAST database used for searching is in a format where the
accession number is listed in the name line. The accession number
used for retrieval is listed in the panel to the right of the toolbar. If
there is no accession listed, the function is unable to retrieve a
sequence.

6) Print the list.

7) Redo search. The input data is remembered so the search can be
redone using other parameters.

8) Close BLAST result window.
|Smart retrigval j

The retrieval method drop-down list enables you to specify where the
protein should be retrieved from:

Smart retrieval: If the accession number starts with O, P or Q the search
starts with the Swiss-Prot database (Expasy). If no result, the Entrez
database is searched (NCBI). Finally, the sequence is retrieved from the
local FastA formatted database.

Entrez->Swiss Prot: The Entrez database is always searched before the
Swiss-Prot database.

Swiss-Prot->Entrez: The Swiss-Prot database is always searched before
the Entrez database.

Local FastA: Only the local database is searched. You should choose this
option only if you are not connected to the Internet or have restricted
access (firewall).

The advantage of retrieving the sequence from the Internet is that in
addition to the sequence you will retrieve the complete database record
(see Chapter 3.9 and Appendix B).

References (BLAST)
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ClustalW multiple alignment

Before you start
Although ClustalW is in the public domain (e.g., freeware) it is not included in

the standard GPMAW installation package due to licensing reasons.

7.3

However, you can easily download and install the latest ClustalW software by

following this procedure:

You can download the ClustalW software package from several places on the

Internet (just make a search on Google) but the following is one of the
‘official’ sites:
ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalW/

Installation of ClustalW
If you are using Microsoft Internet Explorer you may proceed as follows (most

other browser function similarly):
1. Enter the address above into the Address line of the browser.
2. Alist of files on the FTP server is displayed. Right-click on the file

named clustalw1.83.DOS.zip and select the 'Copy to folder...' option

from the menu.
3. Select a temporary (empty) directory to download the file to.

4. The file is compressed (zipped) and you need to decompress the file

using an unzipper like winzip (www.winzip.com).

5. After decompression of the zipped file has been expanded to a large

number of files.

6. Create a folder below the \gpmaw\bin\ folder called ‘clustalw’ (e.g. the

default will be c:\gpmaw\bin\clustalw\ alternatively c:\program
files\gpmaw\bin\clustalw\).

7. Copy all the decompressed files into this directory. The files with
extension .h, and .c are source files and can be deleted.

You are now ready to use ClustalW from GPMAW.

®

Note: If you have any problems with downloading and/or installation, please

check the http://www.gpmaw.com site for updated information.

Performing a multiple alignment.

Open all the sequences that you want to align on the GPMAW desktop.
Select Search|ClustalW menu option.

You will now be able to select which proteins you want to align and the
alignment options for ClustalW.
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:(Iu stalW multiple alignment data input - | Ellll

Data input I Alignment |

Select proteins for alignment:

0K |Align name |Fu|| protein name | ]
[¥  CALRETICULIN CALRETICULIN PRECURSOR. (CRP55) (CALREGULIN) (HACBEF) (ERP6O) (52 KDA -
SERUM ALBUMIN PRECURSOR - Bos taurus (Bovine)

|7 Active_calre Active calreticulin

|7 CALMEXIM_PRE CALNEXIM PRECURSOR (MAJOR HISTOCOMPATIBILITY COMPLEX CLASS I - Homo

Multiple alignment p b Temparary file locatio
Gap opening penalty [10] & warking directary
Frequent | .I Flare gaps © cilemph
o a

Gap extension penalty [0.2]
Lang I I Shart gaps

Color
@ Alignment
0Dy, ) Residue

Eririt -
I BEold = align sequences &' Done ? Help

ﬂ-? Ee

All proteins are listed with the full name to the right of the table and an
alignment name to the left. By default, GPMAW selects the accession
number (if defined) and combines this with the first word of the full name. If
accession number is not defined, only the first word in the name will be
seleceted, but as ClustalW needs unique names for each protein to align,
GPMAW will add the name line number to the alignment name if the same
name occurs multiple times (see figure above). The alignment name can be
edited, and it can be advantageous to use short names as they are used
many times in the final alignment.

The left-hand check boxes determine which proteins are actually used in the
alignment — this makes it easy to perform several alignments using different
sets of proteins.

When aligning proteins, a score is calculated for the alignment by comparing
the amino acid residues according to a given substitution matrix. However, as
homologous sequences during evolution have had amino acid residues
inserted and deleted from the sequences, it is usually necessary to insert
gaps (blanks) into the sequences to make them fit’ together, in order to
create the ‘best’ alignment.

Inserting unlimited number of gaps into the sequences will lead to alignments
without any biological meaning as you will be able to make anything fit. This
necessitates the inclusion of penalties for insertion of gaps. Two parameters
determine this and are set by the sliders below the list of proteins:

Gap opening penalty: This is the penalty for creating a gap (value 5-20).

Gap extension penalty: Although the main event is the creation of a gap,
the length of a gap also has a negative, although smaller, influence. The
setting is for each residue in the gap (value 0 — 1).
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Press the ‘Align now’ button to perform the alignment. The view will change
to the alignment window, and GPMAW will call ClustalW which will run as a
DOS program in the background, usually finishing in 5-10 seconds depending
on the length and number of proteins to align.

When finished the resulting alignment will be displayed:
-l x|

Datainput { Allnment |

Factor_IX E
CoagulaticIX
CoagulationX
Protein C E
Protein Z_-

Factor IX E
CoagulatioIX
CoagulationX
Protein C_E
Protein Z_-

Factor IX E
CoagulaticIX
CoagulationX
Protein C_E
Protein Z_-

Factor_IX E
CoagulatiolX
CoagulationX
Protein C E
Protein Z_-

GG
GG
GG
G&

Factor IX E
CoagulaticIX
CoagulationX
Protein C_E
Protein Z_-

Color
@ Alighment Bold : Bedo search = Align sequences & Fint % Lopy
?

) Residue

A Font Peptide align 1 MJ plot &' Done

The alignment will be shown with 60 residues pr line, and the residues will
initially be colored according to the quality of the alignment as well as marked
in the consensus line below the alignment:

Red: Fully conserved residues, marked as .
Blue: Conservative substitutions, marked as ‘.
Green: Similar substitutions, marked as *.".

Through the pop-up menu (right-click in the alignment) and the bottom
buttons you have additional options:

Residue color: Charged residues are blue, hydrophobic are red and Cys is
colored green.

Bold: Residues are written in bold to make coloring easier to view.
Copy (Ctrl-C): Copy the alignment to the clipboard.
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Print: Print the alignment.

Font you can change the display font of the alignment. Note that only if you
choose a monospaced font like Courier will you have a comparison that
aligns nicely.

Peptide align this opens an input dialog where you can load a list of peptide
sequences from disk or input peptide sequences directly. The sequences
selected in the list will be highlighted in the alignment.

-lgix
Factor_IX_E MQRVNMIMAESPSLITICLLGYLLSAECTVFLDEENANKILNRPKRYNSGKLEEFVQGNL
CoagulatioIX YNSGKLEEFVRENL
CoagulationX SLAGLLLLGESLFIRREQANNTLARVTRANS-FLEEMKKGHL @ Load ﬁﬁ Paste
Protein C_E ----MWQLTSLLLFVATWGISGTPAFLDSVFSSSERREQVLRIRKRANS-FLEELRHSSL

Protein Z_- GSYLLEELFEGHL Peptide list

Aligrment:

. ¥ Load [y paste
Factor_TK_E 60ERECMEEKCSTEEAREVFENTEKTTEFWEYVDGDQCESNE--- 3
CoagulaticIX 14ERECKEEKCSTEEAREVFENTEKTTEFWEGYVDGDQCESNE--------CLNGGMCED | e
CoagulationX 41ERECMEETCSYEEAREVFEDSDKTNEFWNEYKDGDQCETSE 1 v ﬂ
Frotein C_E 55ERE’IEEI’)‘EEMIF\,,N'D)]'LAFII\SKI{'Da]""Lv"l..FLEHF"ASL" 2 |
Frotein Z -  14EKECWEEICVYEEAREVFEDDETTDEFWRTYMGGSECASQE s E

If you want to redo the alignment, just click on the ‘Data input’ button on
the top of the page to return to the data entry screen.

References (ClustalW)

Higgins D., Thompson J., Gibson T. Thompson J. D., Higgins D. G., Gibson
T. J.(1994). CLUSTAL W: improving the sensitivity of progressive multiple
sequence alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res. 22:4673-4680.

A full implementation of ClustalW with a good help section can be found on
the web at http://www.ebi.ac.uk/clustalw/#.

Analyzing N-linked carbohydrates 7.4

N-linked carbohydrates come in a bewildering array of various forms. As they
additionally often are very heterogeneous and furthermore are branched
structures, their elucidation by mass spectrometry can be very frustrating.
Fortunately, all N-linked glycosylations share a common core made up of 5
sugar residues (2 N-acetylgalactosamine and 3 mannose residues). To the
first N-acetylgalctosamine residue core a fucose residue can be attached. To
the two terminal mannose residues a number of ‘arms’ (typically 1-4) can be
attached.

In the complex type these will be made of N-acetylgalactosamine — mannose
units often terminated by a sialic acid residue. The N-acetylgalactosamine
residue can be further modified by a fucose residue.

For the high mannose type the arms are made up of mannose residues.

A hybrid type exists where one mannose is extended by mannose residues
and the other by N-acetylgalactosamine — mannose units.

Additional variants of the above main type exist, e.g. you can have a
bisecting N-acetylgalactosamine on the central mannose residue, that can be
further derivatized.

As the mass spectrometer usually cannot distinguish between the different
isomers GPMAW will label them by their basic structure, e.g. glucose,
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987.324 &

mannose and galactose will all be labeled hexose or hex. N- 1005.321
acetylgalactosamine will be HexNAc etc. please see 1102.440
appendix C.6. 1106.403
From the Sequence window (Chapter 3) you can access the L1
different N-glycosylation search windows through the Search i
| N-glycan menus: 1207454

. . 1322458
N-glycan predict: Based on a known peptide sequence 1414.677
GPMAW calculates the mass values of the most common N- 1525.560
linked glycan structures of the various types. 1572.657
N-glycan known base: Based on a known peptide or i::;:i
reduced end modification you can search a peak list for 183?'604
glycans. 1557703
N-glycan delta search: As the glycosylations very often are 2012.738 T
heterogeneous, you can often find glycan structures that R paste | (¥ Open
build up from fairly simple to very complex structures. This ERcopy M+ *|
wm(ljow wT p:ll out tgese carbohyirate seq:ences . e | 000 e
N-glycan find peptide: Knowing that a peak represents a
glycosylated peptide is often only half the answer, as

determination of the peptide part can be tricky, particularly if
the fragment has been generated using a relatively unspecific protease.

The four functions are placed as individual tabs in the same window. As they
share the same mass search list located in the left-hand side of the window, it
is easy to shift between the various search modes and extract information
when a single search method is insufficient.

N-glycan predict

The N-glycan predict will calculate mass values for a number of common N-
linked glycans based on a base sequence. If the window has been called
from the peptide window, the drop-down box will be filled with all peptides
from the peptide list which has a potential N-linked glycosylation site.
Whenever one is selected, the corresponding glycosylations are calculated
and displayed. If you have entered a mass list in the left-hand table, all mass
values that fit within the specified precision will be highlighted.

Note that the display line of the drop-down box can be freely edited, and
there is no check for relevance, e.g., does the sequence contain a potential
N-linked site (NXT, NxS or NxC; x # P).
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Predict |Search |
Y THYEPAECGRALNATYTTR Av. [ Bisecting [ Fucoseinarm Bl Glyco type EE =+
Feptide wass: 2124.39 Da [(Averages)

Cotmplex type glycosyvlation

Core 592.52Da

Chains Bare +15ia +25ia +igia +i3ia +551ia
Mone F017.z20

Mono 3382.54 3673.80

Di 3747.858 4039.13 4330.39

Tri 4113.21 4404.47 4695.73 4936.99

Tetra 4475.55 4769.81 5S061.07 5352.33 5643.55

Penta 4543.59 5135.15 5426.40 5717.66 6005.92 6300.15

Core  59Z.52Da + fucose 146.14Da

Chains Bare +15ia +25ia +igia +i3ia +551ia
Mone 3163.35

Mono 3528.68 3519.94

Di 35894.0Z 4155.258 4476.54

Tri 4259.36 4550.62 4841.87 5133.13

Tetra 4624.69 4915.95 5207.Z1 5495.47 5789.73

Penta 4990.03 5281.29 5572.55 5863.81 6155.06 6446.32

The window shows a toolbar at the top and the mass values of the potential
glycosylation below.

The main display shows the mass of the peptide at edited/selected in the edit
line of the toolbar. In the main display the type of glycosylation is listed, the
mass of the core unit (see appendix C), and the different chains that make up
the outer arms of the glycosylation (each arm is a GIcNAc-Gal disaccharide).
None means no arms, mono to penta means one to five arms. Each arm can
terminate in a sialic acid residue (Sia), but as the stability of this sialic acid is
not very high, you will often experience a very heterogeneous population.

The complex table is repeated below with the inclusion of a deoxyhexose unit
(fucose) attached to the core.

The ‘Bisecting’ check-box adds an N-acetylgalactosamine unit to the core
unit, and the ‘Extra fucose’ check-box adds an extra deoxyhexose unit.

Clicking the “Glyco type’ button ' Glicotipe toggles to a list of high
mannose (0 to 6 mannose units) and hybrid type glycosylations (mono and
di- glycosylation arms +/- sialic acid and mannose).

The hybrid table is repeated including a deoxyhexose unit.

When a glycol-peptide mass in the listing on the page match one of the
search mass values in the left-hand search list table, these will be highlighted
with a colored background.

Hint: The drop-down edit box can be edited to any peptide (cut and paste is
also supported). This means that you can modify residues and are not
limited to the peptides present in your digest. You may even enter a
sequence without the N-glycosylation motif, although this is not likely to
have any biological relevance.
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When the ‘Predict N-glycan’ function is called from the peptide window
(Chapter 9.4), the drop-down peptide list will be populated with all the
peptides with a potential N-linked glycan site. When selecting a new peptide,
the mass lists below will change to reflect the new masses.

Please read Appendix C.6 for information on the core unit and individual
monosaccharide unit masses.

N-glycan known base

The search section on the N-glycosylation window allows you to use a mass
list to search for N-linked glycosylations linked to a given peptide.

This option can also be called directly from the sequence window, in which
case the peptide line will show the highlighted peptide. If no peptide is
highlighted in the sequence, the peptide window will be empty.

If the search form is called from the peptide window, the edit box will show
the first peptide with an N-glycosylation motif and all other peptides having
the motif will be available in the drop-down list.

Based on the setting of the base mass type (Peptide/Glyco mod.) this mass
is either calculated based on the peptide sequence entered in the edit box in
the control bar or it is calculated based on a modification mass selected when
pressing the Glyco mod. button. This modification will be taken as the base
mass, i.e., added to the value of each sugar. The main purpose is to analyze
liberated sugar structures that have been modified in the reducing end.

‘,.:SEa rch N-glycosylation structures _ 13l x|
Mass values: - Known N-glycan base |Delta structure | Predict peptide
3503.630 Base: | peptide Glyco mod. Base mass: 1886.14 D‘VWEPAECGRALNA\‘ R | Av. Uy 4
SR80 # Input | Hit | ppm |Structure |ﬂ
G000 1 4768.80 4768.77 6.85 Corel pentose4 hexoset N-acetylhexosamine 7
4769.810 —
e 2 4768.80 4768.68 25.03 Core1 hexoses hexuronic acid3 N-acetylhexosamine7
06 IlD?D 3 4914.94 4914.91 6.04 Corel pentose4 deoxyhexose 1 hexoses N-acetylhexosamine 7
4 4914.94 4914.83 23.68 Corel deoxyhexose 1 hexoses hexuronic acid3 M-acetyhexosamine?
5

-

[Rpaste | ¥ gpen| |13 |
B copy I"""H i1 (=S

Predsion: I 50.00 ppm| ;g

If you have pasted a mass list into the left-hand table, you can now press the
‘Search’ button to display all potential glycosylations starting from the base
core and then added hexose and N-acetylhexosamine units up to five arms.
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For each sugar added, all sugars in the ‘sugar’ database are tried as an
addition, as is an additional deoxyhexose unit. The ‘Glyco display’ button

"I'! toggles between a display of ‘core’ unit + sugar composition, and a
simpler display of ‘core’ unit and ‘arms’ (hex + HexNAc units).

N-glycan delta search

The glycan delta search takes the mass list and searches for differences
corresponding to sugar unit mass differences (e.g. 162 Da for hexose units).
The program will try to extend any sugar unit differences to the maximum
length in order to find related glycan structures.

As the precision in differences of the large fragments often encountered is
not necessarily a relative ppm difference, you have to specify a maximum
difference (delta) in Da.

If special precautions are not made, glycans will often ionize as sodiated
species instead of protonated. To check for this, a check-box in the toolbar
controls the check for adducts. In the edit box you can enter a different
adduct to check for (e.g. Li).

Mass values: Predict |Known N-glycan base | pelta structure |F‘f3di‘?t Dejﬁde|

987.324 * Delta: 0.20 pa |V Check sodium (Na+)| 21.9825 Da - Use internal table
1005.321 | | | | |
e 1 987.32 1119.45 1322.50 1525.56 1687.75
1106.403 —
pentose M-acetylhex M-acetylhex hexose
1119.443 —
1189.552 2 2012.74 2174.83 2335.80 2357.78 2519.80 268193 2843.87
1207.484 hexose hexosamine | Adduct (Ma) | hexose hexaose hexose
1322.438 3| 201274 217483 2335.80 249778 2519.80 268193  2843.87
1414.677 hexose hexosamine | hexose Adduct {Na) | hexose hexose
1525.560 4 2012.74 2174.83 2335.80 2497.78 2659.92 2681.93 2343.87
1572.657 hexose hexosamine | hexose hexose Adduct (Na)  hexose
(e il 5| 201274 217483 233530  2497.78  2650.92 282189  2843.87
(sl hexose hexosamine | hexose hexose hexose Adduct (Na)
1837.604 —
6 2309.01 2971.06 3133.08
1957.708 —
hexose hexose

2012.738 % —

mﬁaste ngen _7 3156.12 3318.26 3479.39

Copg IM+H - hexose hexosamine

B 3457.28 3479.39
Precision: I 50.00 ppm Adduct (Na)

By default the search use the built-in sugar ~ [Batseaumnaty] <n=022 Ua =L

unit table, but you may change to a user- Core 892.32 Al
defined modification file by selecting the : g:ﬁg::“ﬁ; pa 202 M
down arrow next to the ‘sugar table’ button . eoxyhexose 146,06 -
* Ussintemal tsble The user defined table pexasamine  161.07

. ) " T . A . H EX05E .
has to reside in a modification file of the e Nexuronic acd _176.03 i
name ‘sugar.mod’ — see section 4.3 for . E‘fgﬁ;heﬁ-gﬁm 203.08
modification files. Pressing the ‘sugar table’ ' nronicadd 275.10 =l
button will display the current sugar mass e ) Close [

table. The currently active table is shown to
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the right of the button.

N-glycan find peptide

Even when you have determined that a given mass value represents a
glycosylated peptide, it can be very difficult and time consuming to determine
what is the glycosylation and the base peptide. Particularly if you are using a
relatively non-specific enzyme to cleave your protein, it will take time.

The ‘N-glycan find peptide’ function takes your mass list and tries to fit the
mass values to a peptide given a number of restraints:

Peptide length: The maximum length of peptide, can be adjusted between 1
and 12.

HexNAc-Hex units: The number of ‘arms’ to fit to a glycosylation. Note that
this is only used for calculating complex glycosylations. In the calculations,
HexNAc units are added up to the specified number. For each iteration, the
number of Hex units are varied between 0 and HexNAc units. Deoxyhexose
units are also added to a number of 1 (core) + number of HexNAc units.

NeuAc units: The number of sialic acids to add to the sugar. The number of
sialic acids cannot exceed the number of hex units added.

High mannose is searched up to 6 Hex units. Hybrid structures are searches
with 0-2 HexNAc-Hex arms and up to 6 Hex units.

Complex, high mannose and hybrid structures can be selected in the search.
Each will be shown in a different color in the table — complex as yellow, high
mannose as red and hybrid as blue.

‘,.:Search N-glycosylation structures -|C
Mass values: Predict |Known N-glycan base | Delta structure | Predict peptide
087.324 & Peptide length: GE HexMAC-Hex units: I 4|3v NeuAc units: I ZE E ﬁsgﬂrx [¥ High mannose ﬂ
1005.321 # |seq |site |Mass |[ppm  [from [to  [mHx  |Hex [Fuc [sia |
L2540 1N 1 0.01 4 233 2 3 3 3 1
1106303 2|y 1 219482 001 3 232 233 3 0 3 0
1119448 R 1 219482 0.01 3 = 2 2 0 1
1185562 | afkeny 1 33826 0.00 -1 230 233 4 3 2 L
L207.383 5 KFNYT 1 331826 0.00 1 230 234 3 2 4 L
1322,498 | 6|kFnvTE 1 331826 0.00 1| 230 235 3 3 4 0
15312 677 7~ 2 230001 0.0t 4 288 28 3 3 3 1
1325560 | 8[numR 2 35728 -0.02 -5 288 291 4 4 0 2
/25 | 9|cum 2 31612 0.00 o 87 28 3 3 2 2
1687751 | 10|GMTR 2 m457.28)  -0.02 -5 87 291 4 3 3 1
1755651 | 11[keNM 2 217483 -0.01 4 86 289 2 L 2 0
1857.503 12/ KGNM 2 357.28 001 2 86 289 4 2 3 2
1957.708 | a3[n 3 00.01 001 4 3m2 32 3 3 3 1
2012.738 = 14/NE 3 195771 0.0t 3 32 353 2 0 3 0
Bhpeste | ¥ 0pen 15| 2 219482 -0.01 4 w8 291 0 4 1 0
ERicopy I""“" =l || 16|nese 3 175563 0.00 1 352 355 0 2 L 0
17| Ny 1 315612 0.00 1 232 233 B a B i
Precision: 5.00 ppm| ———
| _18|Fn 1 219482 0.0t 3 231 232 2 2 0 i
19| TNKEN 1 331826 001 3 28 232 2 6 L L
a0l o 2 a1as ot P an 4 n 4
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8 - Database mass search

Chapter

Database mass search

Identifying proteins based on mass spectrometric peptide maps,
directly in a database based on mass (8.8) or by using ms/ms mass
spectral data (peak lists — 8.9).

Introduction to digest mass search

This is a very powerful and sensitive way of identifying proteins. The method
uses the concept that the masse values of peptides generated by a specific
enzyme from a given protein (i.e., the peptide mass map) is specific for each
protein in the protein database. The peptide mass map is usually so
redundant that even a small sub-fraction of peptides is sufficient for
identification.

In practical terms you need at least 6-8 peptide masses in the mass range
1000-3000 Da in order to get a reasonable ‘hit’ in the database. In addition,
the mass precision must be reasonably good (0.02% or better). As the
number of proteins in the databases gets larger, you can expect to need
more peptides and/or higher precision. Masse values below 1000 Da are
often not very specific (i.e., a given mass is shared among many proteins)
and above 3000 Da mass precision is not very good and usually also contain
missed cleavage points (i.e., overlapping peptides).

The sensitivity of the method is entirely dependent on the mass spectrometric
identification of peptides and is usually in the sub-picomole range. Samples
can be pure proteins in solution, isolated by gel electrophoresis or by other
means.

A major limitation is that, generally, only proteins present in the database can
be identified, e.g., you cannot count on finding homologous proteins.

For references, please see end of section.

The GPMAW search.

The search in GPMAW is based on a scoring system. The system is quite
flexible, and the user can easily change the scores and thus optimize the
search for particular systems. The scores are set in ‘Setup’ on the ‘Digest
src.’ page. The scoring system is divided into three parts:

1. Direct match. A score is given based on the number of overlaps
(missed cleavages) in the database peptide (e.g., zero overlap may
give a score of 10, 1 overlap 8, 2 overlaps 6 etc.). This is to reflect fact
that the more cleavage points present in a peptide the more unlikely it
is.
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8 - Database mass search

2. Better fit: If the difference between the search and the database
peptide is better than half/quarter the given precision and additional
score is given. This enables you to specify a looser search precision
than you actually have (e.g., 200 ppm instead of 100 ppm) which
enables you to catch outlyers in your search data while still enabling
true ‘hits’ to get to the top of the result list.

3. Scoring type: The normal search type is ‘Linear’ where scores are
listed directly. Use this when you specify a narrow mass search range
(e.g., search 30-60 kDa. proteins). When you search a large mass
range (e.g., 10-150 kDa.) you should use one of the alternative scoring
types. Alternatives are ‘Score/NumPep’ (score divided by number of
peptides in the database protein) and ‘Score/Sqrt(NumPep)’ (divided by
the square root of peptides). The score calculated by these types will
compensate for the fact that large proteins tend to give false positives.
The ‘Score/NumPep’ tends to over-compensate (favor small proteins).

4. Sequence tags: Finally, you can give a score to a sequence tag (a
short sequence you have identified in the protein, e.g., by ms/ms
experiments) and to an amino acid composition (in some cases you
can identify certain residues to be present in a given peptide).

In order to speed up the search, the protein database is ‘pre-digested’ with
the cleavage agent used in the search (e.g., trypsin). This is done in order to
speed up the search dramatically.

Setup digest mass databases 8.2

Before making a digest search you must set up a number of parameters in
the Setup|Setup system dialog box on the ‘Peptide src.’ page (Chapter
5.5). Furthermore, you must generate digest databases based on a protein
sequence database in FastA format.

Directories

The digest database directory (Setup, directories page) specifies the
directory where GPMAW looks for digest databases. By default, this directory
is CA\GPMAW\DATABASE, but can be located anywhere on a local hard
drive, CD-ROM or network. It is strongly recommended that you place the
digest database on your local hard drive as the actual search is heavily I/O
dependent. The protein database itself can be placed on a slow media (i.e.,
network or CD-ROM) as the speed penalty in retrieving sequences is much
less.

Peptide search parameters

The peptide search tab specifies search parameters and scoring parameters.
The search parameters can be changed in the 'Digest mass search
parameters' page of the Setup system (Chapter 5.5).

Make digest database

Digest databases can be generated from most protein databases in FastA or
PIR/NBRF format (see Appendix B). Swiss-Prot is in a different format and is
not accepted directly as input but has to be converted to FastA format. The
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8 - Database mass search

EMBL and NCBI non-redundant protein databases need to be modified
slightly as the sequences can have extremely long sequence names.

The conversion of databases and reduction of complexity can be carried out
by the ‘Dbindex’ utility (Appendix B). More detailed information on the
databases and how to obtain them can be found in Appendix B.

The creation of digest databases is carriout by a series of questions in a
multipaged dialog box (a ‘wizard’). Before you start the wizard you should
make certain that you have a proper FastA formatted database ready (see
Appendix B) and that you have sufficient space on your harddisk. The final
databases will typically take up space corresponding to approximately one
quarter to one third of the original database.

The wizard is started from the main menu option Setup |Make digest
database.

Create digest database wizard B

Mass file: State of cysteine——
|AA_MASS.MSS =l & Ovidized (55)
© Reduced (SH)

Select a mass file from the drop down box. The selected mass
file determines the masses in the digest databhase. The digest
database will contain both average and monoisotopic masses.

? Help | X Qancell Mext 3 |

Mass file: The initial choice in the wizard is to select the mass file pertinent
to the digest search. The drop-down selection box is similar to the one in the
main menu. The choice is usually between different modifications of cysteine.
If you choose the default file AA_ MASS.MSS (i.e., Cys is defined as mass
102/103) you should also choose whether Cys is in the oxidized or reduced

state. Press the ‘Next’ button to go to the next choice.

The selections made on each page of the wizard are shown in the left-hand
list. You can at any point use the ‘Previous’ button to go back and make
changes.
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Create digest databasze wizard E
Mass file:
AA_MASS.MES

Datahase {input file)

Cys is reduced (SH)
IDIDatabaseIEMEILnnEMEILNR SEQ

&

Qutput directory
[DDatakasetEMBLAR EI

¥ Syncronize database and output directory

(1) Select database {in FastA formaf) to use for creating
digestfile.
(2) Select output directory.

(3) Uncheckthe ‘Syncronize’ checkhox ta make output
directory different from database directory

? Help | X cancel | <€ Pravious

Database: In the top edit box you enter the position of the FastA formatted
protein database to convert. You can either enter the file path and name
manually or you can use the ‘Open file’ button to the right of the edit line.
The ‘Output directory’ is where you want to place the digest database. If the
‘Syncronize’ check-box is checked the output directory will match the
database directory. If you want the output to be placed in a different directory
than the database, you must un-check this box before entering/selecting the
output directory.

@ Note: You will not be able to proceed from this page before you have
selected a valid FastA formatted database.

Create digest database wizard
Mags file:
AA_MASS MES

Cys is reduced (SH) Salact Enzyrme: |Trypsm JKIR-1P j
Datahase directory:

DiDatabase\EMBLnr
Database file: Cleavage params: IKIR-P
EMBLMR.SEG
Digest mass file directony:

DiDatabaselEMBLNN

Filename: ITWDM,M

(1) Select enzyme from the drop-down hox. Ifyou choose user
defined remember ta fill out 'Cleavage parameters

(2) Checkfedit for correct cleavage parameters.
(3) Edit filename to reflect enzyme and mass file.

? Help | x Qance\l

net |

Next you have to select the cleavage agent (enzyme). The drop-down
selection box is similar to the one in automatic digest (Chapter 9.1). This is
also where you go to make necessary changes. The Cleavage parameters
are changed automatically when you make a selection of an enzyme
(cleavage agent). However, this box can be edited if you need to make
changes.

The ‘Filename’ determines the name of the final digest database file. This is
created automatically from the first four characters of the enzyme (cleavage
agent) and the first four characters of the mass file. You can change the
name to a more appropriate one before going to the next page.
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8 - Database mass search

Mass file:
Af_MASS MBS .
Cys is reduced (SH) e

Diatabase directory ICys is oxidized {S5) nrdb 0fD4I11I98|
DaDatabaselEMBLNE

Database file:
EMBLMR.SEG

Digest mass file directory: Enter comment to be saved along with database (e.q. date,
DiDatahass\EMBLAR database version, modification, cleavage etc)

Selected enzyme:
Trypsin  IKIR-IP

Enzyme specificity:
TKIR-1P

Cutput filename
Trypas_M

? Help | X Qancell (Ereviuusl Einish 3 |

In the final page of the wizard, you can add a comment to the digest
database. By default, information regarding the state of Cys is included, but
you can enter any information up to a maximum of 80 characters. When you
press the ‘Finish’ button, the digest database files will be created. This is
typically a process that takes 1-5 minutes. A dialog with a progress meter will
show the development of the database. As the protein database is an ASCII
(text) file, the actual state of the progress meter will only be an
approximation.

When the creation of the digest database is finished you will see a temporary
dialog stating that the mass file has been reinstated. This is because during
creation of the digest database, the mass file of your choice (wizard page 1)
has been temporarily loaded.

Digest mass search - data input 8.3

Database selection

When you start a search, the program will ask you to select a digest
database if no database has been previously selected or the previously
selected database is no longer present. If you have previously run digest
mass search and the previously selected database is still present, it will be
selected automatically.

GPMAW can only search FastA formatted databases that have been indexed
using the correct mass file (particularly taking modifications of cysteine into
consideration). The safest way is to use the Make digest database
command (see Chapter 8.2) to generate the correct files, as the wizard will
take you through all the necessary steps.

The ‘Open database’ dialog box is a standard Windows open file dialog from
which you can either

1) Select an already prepared database by selecting the .DA2 file (e.g.
swiss.da2).

2) Select a FastA database (it will have the extension .seq). This will
create the correct ‘digested’ data files (e.g., *.da2 etc.). This will take
considerably more time that using the pre-digested files, however, on
subsequent uses of the database you can use the files generated on
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the first try. Remember to set the correct mass file before selecting the
database.

You can change database at any time by selecting the ‘Database’ button
<7 Datahasze

Database information

ﬂ| Pressing the ‘Info’ button when a database is opened shows the
database information dialog.

=
Select database |Trypacet.DA2 hd E_l

Database type: Fasté,

# files: 1

File 1: D:\Database\SwissPro\SWISS.5EQ
File 2:

File 3:

File 4:

Enzyme: Trypsin [/K/R-\P]

Mass type: ave/mono

# entries: 192623

Comment:

Database available on-line

X Qancell ? Hebp |

Select database: By clicking on the drop-down list box at the top, you can
select between the digest databases present in the currently selected digest
database directory.

Database information: The panel below will show the characteristics and
data entered when the currently opened database was created.

Database on-line: If the protein database is present in the current directory
or the location specified in line three, the database is available for information
during searching, and the message 'Database available on-line' will be
displayed below the panel. If not, the message will be '‘Database not
available!". In this case you will not be able to retrieve a sequence, obtain pl
information, or view the extended report.

Input of search data:

In the left column you enter the peptide masses to search for. Whenever a
mass is entered manually, it will be selected in the next column (indicated
with a check-mark, 'v'). Mass values can be selected and deselected by
checking and un-checking this box. In the next column you can enter a
sequence or composition to search for. The sequence has to in the standard
1-letter residue code. Depending on the radio buttons below the input field,
this column will be interpreted either as a sequence (i.e. sequence as
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entered), a composition (sequence of residues is ignored) or the N-terminus
of the peptide.

2 Peptide mass search - data inpuk - 10l x|
Search data [17] Search limits:

i Mass|l:ll(| Residues |+ Lo mass 5 kDa.
7324720 High mass 150 kDa.
748.3840 Precision 100 ppm
5934050 Minirnurn 0.1000 Ca.
1262.5730 [

EE. G Mono mass 3000 Da.
1351.5630 ueriaps z
1378, 7980 IS =
1486,0880 Mass bype |[M+H
1502.6190 [ Save settings
15186130 : :
1606.8630 FPeptide mass list—————
1815.3490 & Load Save
1853.9450
1654,3590 B Paste 43 Cony
13820440 5| Edit & Pre-screen
2010.0630 |
2394.1270 )

] Drata file infio:

|abrf_h0rsemv0.PEP

=

=

X Cancel |

? Help |

Trest 'Residues’ as pattial
{* sequence { composition € K-terminus

|1,§_|| ﬂl 7 Database |

DDatabaselSwissProiTrypacet. DAZ

Peptide mass list

Load and Save: Enable you to load and save peptide mass lists. GPMAW
can read peak lists from PerSeptive (GRAMS), Bruker-Daltronik and Hewlett
Packard laser-tof mass spectrometers (other file formats will be supported if
the demand is present, please contact Lighthouse data). Saving is only
supported for GPMAW's own peak file format (.PKS, see Appendix A).

Paste and Copy: Paste a mass list into the search data table (alternatively
use Ctrl+V or the pop-up menu). Copy the mass list to the clipboard.

Edit and pre-screen: Enables you to quickly select, de-select and remove
masses from the search list. You can also pre-screen the list against a pre-
compiled list of masses (e.g., a list of autodigest and/or common background
peaks). See also mass search, Chapter 6.1.
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Search limits:

The values in the ‘Search limits:” box can be edited by selecting the
appropriate box and start typing. Alternatively, you can click twice or press
<F2>. The ‘Overlaps’ and ‘Min. hits’ have an up/down arrow when in active
edit mode while the ‘Mass type’ field is a drop-down selection box.

Mass range: The minimum and maximum mass of the protein to search for.
Used to select only part of the database. You should always give a large
allowance for variations in mass assignments (pre- and pro-proteins,
fragments etc.). The low limit can usually be left at 10-20 kDa. This will leave
out a large number of fragments and very small proteins that in almost all
cases will be irrelevant for the mass search. The high limit can be set at 100-
200 kDa. This is to remove the influence of a small number of very large
proteins in the database that tend to give false positives due to the large
number of random hits. This is particularly important if you run the current
setup with the ‘Score type’ as ‘Linear’ while not so important if you have
selecte ‘Score divided by the square root of the number of peptides’
(Score/Sqrt(NumPep)).

Precision: Precision of the mass data obtained. This will either be in % or
ppm as defined in Setup (Chapter 5.1).

Min. Prec.: Minimum precision of the mass data. If you have difficulties in
assigning mass data with absolute precision, you can set this to the best
attainable precision, otherwise set it to 0.0.

Monoioso<: This field determines the crossover point for monoisotopic
masses. If you have a high-resolution mass spectrometer your low mass ions
will usually be isotopically resolved, enabling you to read the more precise
monoisotopic mass. However, above a certain m/z you can no longer resolve
the isotopes and you must revert to average masses. If you only use average
masses, you set the ‘Monoiso<’ value to 0.

@ Note: If you enter only monoisotopic mass values, you must enter a value
in the ‘Monoiso<’ field higher than the largest monoisotopic mass in your
list!

Max. overlap: Specifies the maximum number of overlapping peptides that
can be allowed in a search mass (e.g., the tryptic peptide GFESRNITK
contains an internal tryptic cleavage site and is thus an overlapping peptide
with a value of 1). Searches are much faster using a value of 0, but a value of
1 or 2 will usually give a more realistic search pattern (see also 'Optimize'
under results below).

Min. hits: This value sets the minimum number of peptides that have to
match the input masses before being added to the score list. As the score list
is sorted during the search, the highest scores are always kept in the list
even when there is an 'overflow' of hits. A low value will slow down the
search while important hits may be lost with a high value.

Mass type: M-H, M or M+H can be selected depending on the input mass
type.
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W Save settings gy settings: When this check-box is set, the values
entered in the various fields of ‘Search limits’ will be saved when selecting
‘OK’. Default values can be entered in the ‘Setup dialog’ on the ‘Digest src.’
page (Chapter 5.5).

Digest mass search - status window 8.4

When you start a search, GPMAW will check whether your currently loaded
mass file is identical to the mass file used to generate the digest database. If
there is a difference you will be asked if you want to change to the database
mass file. The ‘correct’ mass file is only important when you look at the
‘Detailed report’ where the calculated mass values are calculated
dynamically. In all other instances, the values are based on the ones saved in
the digest database.

During a search, the status window will be displayed. The red horizontal bar
shows the progress of the search. When the search is finished the dialog
closes and the result list is displayed.

Peptide search - abrf_horsel x|

Searching

Frogress baximurm score: 272

I

Proteins searched: 48430 Found: »1749
Total in database: 55000

MNOTE: Mass file has changed to database type

Maximum score: The maximum score encountered in the search.

Proteins searched: The number of proteins in the database that fall within
the specified mass window (min. and max. mass).

Total in database: Total number of proteins encountered. When the search
has finished, this value equals the total number of proteins in the database.

Found: The number of proteins in the database that have at least the 'min.
hits' number of peptides with a mass that fits the search specifications. A '>'
in front of the number means that the maximum number of proteins that can
be reported has been exceeded (at present 500).

If the mass file used to compile the digest database is different from the
currently loaded mass file, and the ‘Autoload’ option has been set in ‘System
setup’ Ch. 5.5, you will be notified by a message in the bottom of the dialog
box that the program has changed to the correct mass file for the digest
analysis.

Digest mass search - results 8.5

The results dialog box lists all the proteins found that matches the search
criteria up to a maximum limit of 500. If this limit is exceeded, only the highest
scoring 500 protein hits will be listed.
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The dialog is divided into three parts:
1. Top left shows search information on the protein selected in the score
table. Only the first occurrence of peptide ‘hits’ will be shown.
2. Top right shows graphically the precision of the hits listed in the left
box
3. Bottom shows the actual protein score table including number of hits,
score, short name, ID, mass coverage, pl and mass.

— =
+.. Peptide mass search results - abrf_horsemyo.PEP =]}
Table Search Protein Help
| EBRRE o BCEAEEHR 28 || Masslist @ hess graph
Input Database  Difference | - Peptides - hiatch - Mod. match 100 ppm
TI4EE  Nomatch e e om -

TATITT  TATAIT &7 N
992.3%  Momatch -
1261666  Momatch = -
1270627 1270655 22 I 1 1 L O, 1
1350661 1360.623 50 Adpo 2Cpo 3500 3000 G500 40 1000 00 2000 00 G000 500 41
1777 13778 kil I I | H
1485.081 Mo match o
1501612 1501662 e} R
1517606 Mo match Lo Lot ' "
1605856 1B05.847 5 2]t missed civ- Nonmaten -100 ppm
- e ——
# | mits [sco / Opsc. | Name | D |cov. |p1  |kDa. | Av.Dev. [~
1| 10f10 244 283; Myoglobin - Equus burchelli { sp|PEEOST 91 774 17| 26/16
2| 10/10 244 283 Myoglobin - Equus caballus (H sp|P6E0S2 91 774 17| 26f16
3 &6 147 152 Myoglobin - Oryctolagus cunic sp|PO2170 53 6.90 17| 35030
4| &6 138 150 Myaglobin - Kogia simus {Dwar sp|PO2154 53 9.04 17| 25i28
5 55 112 135 Myoglobin - Eschrichtius gbb sp|PO2177 46 9.04 17| 29113
6| 55 112 135 Myaqglobin - Megaptera novagan sp|PO2175 46 9,04 17 29113
FAR-11 13 118 Myoglobin - Erythrocebus pata sp|P&E0SE 44 769 17| 44/80
g 56 96 118 IMyoglobin - Papio anubis (Ol sp|PEE0S4 44 769 17| 4480 v
| Mass: 16951 Da | Precision |Myoglobin - Equus burchelli {Plains zebra) (Equus quagga) v
Score table

The score table is initially sorted by the score (column 3). After performing
optimization, the list will be sorted by the optimized score (column 4). By
right-clicking on the table you can select either sorting order from the pop-up
menu.

Table content:

#: Line number of table.

Hit: Number of peptides that fit the input masses without/with optimization. If
several peptides fit the same input mass, only the first one will be reported.
Score: The score calculated for the given protein based on the scoring
system specified under Setup (Chapter 5.5, Digest mass search). If a given
search peptide results in more than one ‘hit’, only the first is displayed and
counted as part of the score even if later ‘hits’ have a higher precision. The
extended report (see below) displays all possible ‘hits’ in the target protein.
Opt. sc.: The optimized score after optimization (see below — Toolbar |
Optimize).

Name: Name of the protein truncated to 32 characters (except for the note

below). The full name of the database entry is shown in the detailed report
(see below). Notice that even though you search a non-redundant database
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you will often experience multiple hits of the same protein. This is because
non-redundant databases are seldom really non-redundant, but contains a
multitude of proteins with only one or a few amino acid differences. This is
particularly noticeable when you hit a protein that has been analyzed by X-
ray or NMR analysis (e.g. like the proteins with the ‘pdb’ in the ID of the figure
of the score table).

ID: ID or accession number of the protein. These numbers are unique and
enable a positive identification in the relevant databases. If the database
used is a combined (non-redundant) database (like Owl, NCBI-nr, EMBL-nr)
the 1D field will often show the origin database. Likely abbreviations are: sp —
Swiss-Prot; spn - Swiss-Prot New; spt - Swiss-Prot TREMBL; tr - TREMBL,;
trn — TREMBL new; gp — GenPept; PIR - Protein Identification Resource; pdb
— Protein Data Bank (Brookhaven 3D structure database);

Cov.: Coverage of the identified peptide in the given protein (calculated as
mass percentage).

pl: The calculated pl of the protein. This value is only available if the feature
has been turned on in Setup (Chapter 5.5, Digest mass search) and the
database is available on-line. The algorithm used is unable to calculate the pl
for some proteins; in these cases the pl reported would be 0.0. Three
different pl tables are available for calculation; please see Chapter 5.6 Setup
Advanced.

kDa: The mass of the intact protein.

Av.Dev.: The average deviation of the hits. First number is the average
deviation in ppm, the second number is the average deviation in mDa.

@ Note: If the complete FastA formatted database is available on-line, the first
25 proteins will be loaded and the pl and full name entered into the list
irrespectively of the setting of the pl calculations.

Hit evaluation help

In order quickly to evaluate whether a ‘hit’ is significant or not, three panels
along the top of the ‘hit list’ displays relevant information on the currently
selected ‘hit’. Whenever a new line is selected in the hit list, all three panels
are updated. Two of the panels, the left-most ‘Mass list' and the central ‘Mass
graph’ can be turned on and off by checking the corresponding boxes in the
command bar. The status of these check boxes is remembered between
sessions.

The three evaluation windows are divided by resizable splitters, which you
may grab and move with the mouse. Likewise, the division between the hit
list and the evaluation windows is a resizable splitter.

If the entire window is expanded horizontally, only the ‘Search precision’
window will expand. The other windows must be expanded manually.
Search information

When a protein is selected in the score table, information about the number
and precision of the peptides constituting the ‘hit’ for the selected entry will be
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shown in the top left score table. If multiple ‘hits’ are present in the protein,
only the first ‘hit’ will be displayed and counted as part of the score.

Input Database Difference =
1090613 1080571 0,042 39 ppm
1177655  Momatch

1279 691 1279672 0,019 15 ppm

The list box display input peptides in the left column (if the input mass list was
entered as M+H* the mass of a proton will be subtracted). The central column
will list the ‘hit’ peptides from the database and the right column will list the
mass difference in Da and in ppm (part per million) — a precision of 0.1% is
equal to 1000 ppm.

Just above the score table there is a blue line representing the selected
protein. The green lines show the ‘hit’ peptides relative size and position in
the protein.

Mass graph

The mass graph displays theoretical Peptides - Match - Mod. match

peptide masses for the currently selected

protein as well as the input search

masses. The graph is essentially identical

to the corresponding graph in mass 25t 000 Es00 40
search (Chapter 6.1).

Theoretical peptide masses are shown as

gray lines with ‘straight’ peptides without i sl o N

overlaps going up, while peptides containing a single overlap (or missed
cleavage) will point down.

Search peptides will be red and pointing up when there is a hit, and they will
be blue and point down when they do not fit with any theoretical mass.

The graph can be zoomed by clicking on it twice, once on the upper and once
on the lower zoom limit. After the first click, the mass clicked on will be shown
in the bottom right corner. You can reset to default mass range by double-
clicking in the window.

Search precision

The precision of the currently selected ‘hit’ in the protein score table can be
viewed graphically in the top right box.

The x-axis shows the masses from 500 to 4000 Da and the y-axis the
precision in ppm. The scale is the current mass search precision defined in
the mass input dialog.

Each peptide mass ‘hit’ is displayed as a short red bar. If the ‘hit’ is the result
of optimization it will be drawn in dark red color.
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200 ppm

1000 1500 2000 2500 000 3500 40

-200 ppm

The graph is a visual aid in determining the validity of the current ‘hit’. In the
above example there is a correct ‘hit’ having a calibration offset of approx. 45
ppm while below is a typical ‘random’ hit that shows random fluctuations
around zero. Another typical calibration error is when you have a more or
less constant offset. This will show up as a sloping line.

200 ppm

1000 1500 _ 2000 23500 S000 F300 40

-200 ppm

Although the graph is a convenient aid in determining false positives, you
should be careful in the interpretation, as peptide masses are not randomly
distributed but falls into mass ranges.

Toolbar

The buttons in the toolbar are placed in a band that can be ‘torn off’ with the
mouse and positioned anywhere on the screen. When the band is a free-
floating window it can be resized.

|2 &BCECIETH?H
The table commands are from left to right:

Load tbl. and Save tbl.: Enable you to load and save the score table. The
main reason for saving the score table is to compare different digests of the
same protein (see below). If you load a table from disk, you will not be able to
view the information that requires the search data (optimization) or the
protein database on-line (pl).

Optimize. The optimization works only on the proteins in the score table. In
the System setup | Digest mass search (chapter 5.5) you can turn on the
optimization by linear fit, number of overlaps (missed cleavages) to use and
tryptic peptide mass search rules. The linear fit is carried out for each of your
hits against the given protein in the database. This will increase the score for
all proteins; however, correct hits are more likely to benefit than chance hits.
The article by V. Egelhofer contains more details. At the same time the
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number of overlaps will be increased to the number specified in the setup.
The tryptic PMS rules are: if the basic residue is terminal or next to an acidic
residue it is not counted as an overlap (and will therefore result in a higher
score). You will get an additional score if the peptide starts with GIn and a
mass is found at —15 (corresponding to pyro-Glu). If the peptide contains Met
and a +16 mass is present an additional score will be added for oxidized Met.

Print: Print the score table. You will be given the option of printing the first
page of the list (default) or the whole list. In most cases the first page will be
sufficient.

Redo: Repeat the search. You will be returned to the data input dialog box
with all the search data intact, thus enabling you to redo the search using
other parameters.

Redo NI: Similar to the above command except that only peptide masses not
identified for the currently selected protein will be reused for the next search,
i.e. the identified masses are deleted.

Get sequence: If the database is available on-line, this button will be
enabled, and by pressing it, the currently selected protein from the score
table will be retrieved from the database and displayed in GPMAW as a
sequence window. Peptides that have been identified during the mass search
will be underlined and colored (Pre/post AA see Chapter 5.3, System colors).

Extended report: Displays the extended report (also called the second pass
search) for the currently selected protein. See below. This option is only
available if the database is on-line.

Database information: Displays a dialog showing the search database
name, database comment, enzyme used in creating the database, enzyme
cleavage specificity and number of proteins searched/present in the protein
database. The information is essentially the information saved in the “.INF’
file.

Setup: Opens the Setup system dialog box on the digest search parameter
page. Any changes you make will not take effect until your next search.

Help: Context sensitive help.
Exit: Closes the digest search result table.

Detailed report (second pass search)

Select the ‘Protein|View report’, the ‘Detailed report’ button in the
toolbar or just double click on an item in the score table to open the ‘Detailed
report’ dialog.

This dialog lists the available information on the currently selected protein in
a separate window. If you select a different protein in the score table and
requests the Extended report, a new window will not open, but the content of
the sequence report window will change to reflect the newly selected protein.
The report only displays non-optimized data (i.e., without mass shift and max.
overlaps).

In addition to straight ‘hits’ the report will also show potential ‘hits’ that
corresponds to oxidized methionines (i.e., peptides having a mass 16 Da
higher and containing at least one methionine).
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The detailed report includes:
The full protein name as it appears in the FastA database.
ID is accession number. Other accession numbers may appear in the name.

The mass is average mass calculated base on the currently selected mass
file.

The plis a calculated value and should be regarded as indicative only. In
‘Setup - Advanced’ you can choose between different tables for calculating
the pl. Appendix C lists the tables for pl calculation.

The sequence is shown with identified peptides in red upper-case characters
and non-identified residues as blue lower case characters. When printing the
report, the sequence will be in black and white, but you will be able to
differentiate identified residues due to upper/lower case.

The coverage is percentage of residues in identified peptides (unlike the
coverage in the hit list which is mass percentage identified and may be higher
due to multiple peptides covering the same residues).

L=
( Frew | )ﬂext Copy | §ave| Erint | ? Help @ Lloze I [ List peptides v Graph in print

Peptide mass search report (non-optinized data)

P

Hit no.: 1 of 85 Score: Z44

Protein: Myoglobin - Egquus burchelli (Plains zebra) (Egquus oquaggal
In: splPESOS3E

Maz=s (aw): 16951.49 Da pl: 7.74

GLEDGEWQQV LNVWGCEVEAD IACHGOEVLI RLFTGHPETL EEfdkfkhlk TEAEMEAZED &0
LERHGTVVLT ALGGILEREG HHEAELEPLA QSHATEhkip ikYLEFISDA ITIHVLHSEHFP 120
CDFGADANGE MTEALELFEn diaskykelg fgg 153
Coverage: 20.4%

Peptide mass hits:

Measured Computed AMiow Diff ppm Res Seq

731.485 Ho match

747377 747427 M/0 0.05 67 134-133 K ALELFR N

99Z.398 Ho match

1ZE81. 586 Ho match

1z70.627 1z70.655 Ms0 0.03 zZZ 2E- 42 R LFTGHPETLEE F
125056l 12E0.623 MS1 El- &z K TEAEMEAZEDLE K
1377.7391 1377.834 Ms0 0.04 21 &4- 77 K HGTVVLTALGGILE E
1485.081 Ho match

1E01.612 1E01.g62 HM/0 0.08 33 115-133 K HPGDFGADALQGAMTE A
1E17.606  No match x|

o
o
-1
n
=]

The peptide mass table:

Unlike the mass table presented in the overall hit list above, which only list
the first occurrence of multiple peptides that fit the search profile, the peptide
mass table in the detailed report includes all peptides that fit the search mass
profile.

e Measured: Measured mass (data input corrected for protonation)

e Calculated: Calculated masses based on database entry (‘No match’
means that the given input peptide was not identified in the protein
displayed).

e AM/ov: A - average mass; M - monoisotopic mass; ov - number of
overlapping cleavage sites.

o Diff: Mass difference (in Da.) between measured and calculated mass.
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e 0/00 or ppm: Mass difference as parts in 1000 or ppm (parts per
million) as selected in Setup (Chapter 5.1).
o Res: Position of identified peptide.
e Seq: ldentified peptide sequence with one preceding and following
residue.
Below the peptide mass table is: Average differences, number of matches
and mismatches. Then follows a list of potential ‘hits’ if the methionines are
oxidized.
At last is given some reference data on the database and input parameters. If
the ‘List peptides’ check-box in the toolbar is checked, a list of all theoretical
peptide mass data for the given protein as found in the digest mass
database, no overlapping peptide masses.
If the Graph in print is checked, the precision vs. mass graph from the
results page will be printed in top of the first page of the printed output.

The toolbar.

Prev. / Next: Display the previous/next protein in the ‘hit’ list. If you double
click in the score table of the parent window, the report will be updated to
reflect the ‘hit’ clicked upon.

Copy: Copies the content of the report window to the clipboard. The copy on
the clipboard will not contain any formatting characters.

Save: Saves the content of the report to disk. This is an ASCII (text) file and
can easily be incorporated in a report. It is not particularly amenable for
spreadsheet analysis.

Print: Prints the report.
Close: Close the report window.

List peptides: If checked a list of all potential peptides in the target protein
will be listed at the bottom of the report.

Help: Open the context sensitive help.
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Multiple digest mass search 8.6

The multiple digest mass search option enables you to run digest search on
multiple peak lists without operator intervention.

Multiple digest mass search | %]
Files to analyze: Search limits:
Y181 15PH. pkm 7+ Add fileds) | Mass range © 20-150 kDa
Y ATO7PH.PEM Precision : 200 pprm

Minimurm 0,11 Da
Monohdass < 3500 Da
Overlaps : 2

Min. hits . B

Maszs type : M+H

=% Remove file

Change limits

Pages to print (0-35; |1 i’ X Cancel |
ﬂl Lo Datagasel DoDatabaselEMBLARTEYPSIMN.DAZ ‘? Help |

You start by selecting the database. Like in the normal database search
described above, the most recently used database is automatically selected if
present.

The peak files to analyze are either dragged into the list box in the left part of
the dialog from File Explorer, or they are selected using the ‘Open file’ dialog
box that can be activated by pressing the ‘Add file(s)’ button. Multiple files
can be selected in one operation.

Files can be removed from the list by highlighting the file name and pressing
the ‘Remove file’ button.

Each search shows a dialog with a progress bar like the single search above.
After the last search you are back in GPMAW.

@ Note: The multiple digests mass search only works on disk files (peak lists).
Furthermore, all searches have to be performed using identical parameters.

Options.

Save report: At the end of each search, the result list is saved as a .PMS file
which enables you to retrieve the results, perform optimization, view the
detailed report and rerun the search using different parameters.

Pages to print: Determines how many pages of the result list are to be
printed. The default is 1 page (if you save the report, you can go back and
print more pages).

Change limits: These are the search limits for the current digest search. The
limits are identical to the search limits for the single digest search command
(see above).
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Combine digest mass search 8.7
If the specificity of your digest mass search is too low, you can perform
multiple mass searches, either using different input parameters or, preferably,
different digests, and combine the search results afterwards.

After you have performed a search, you can save the search results in a
PMS file (see above and Appendix A). You then select Search|Combine
digest search.

:[nmhine peptide mass searches [_]0]
Combined results
#  Score  |Mame 18] i‘
438 MYOGLOEBIN - Equus caballus H splP02188
2 238 MYOGLOBIN - Orpctolagus cunic splPO2170
3 281 MYOGLOBIN - Kogia simus [Dwar splP02184
4 1z HYPOTHETICAL 118.4 kDA PROTE! spl12436
5124 LARGE PROLINE-RICH PROTEIN BA splP 46373
6 7 MAGNESIUM-CHELATASE SUBUNIT C splI35JE1
795 TRANSLATION INITIATION FACTOR spl0G0841
g 0
9 0
Select files to combing m 0
in bax above and
press the Combine n i
hitton below. 1200 j
M combine By, Brint | « Done ? Help
Comparison done

In the left-hand dialog box, you select the digest results that you want to
combine (2-5), press the button and all the selected digest search files will be
compared and entries having the same ID will have their scores combined.
The final list will be sorted and displayed in the '‘Combined results' table.

Note: The list of PMS files is taken from the currently defined ‘User directory’
(see chapter 5.4).

Notice that the table does not have any links to the original database. The
different digest searches have to be carried out on the same database as the
comparison based on the ID field and different databases will most likely
have different ID's for the same protein.

Protein mass search 8.8

Instead of using the peptide masses from a digest, you may also use the
mass of the intact protein.

However, this approach is fraught with dangers. Unlike the digest mass
search where the information is usually redundant, the search for a protein
only contains a single piece of data. Furthermore, the likelihood of the protein
being modified is very high. For example, the presence or absence of an
initiating methionine (i.e., is it present/absent in the protein and/or in the
database). Residues may be chemically modified (e.g., oxidation of
methionine), the possibility of adduct ions is greater, and, finally, the protein
may be post-translationally modified.
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If you take the appropriate considerations, you may be able to use the
database to search for proteins.
Database
You can use the same kind of databases as used for digest mass search
(Chapter 8.2). However, you must make certain that the mass file used for
constructing the derivatised database use the correct mass file. For peptide
mass searches you will often derivatise cysteine (i.e., with vinylpyridine) while
proteins will often be either oxidized or reduced.
Data input and searching
Data input is quite simple, as the only parameters needed are:
e Protein mass
e Precision
e Database

The mass of the protein is taken as the average mass in Dalton. The
precision is also in Dalton and is +/-. The database option works just like in
peptide database searching, Chapter 8.3. If a search database has been
used, the previously opened database is automatically opened. You can

select a new database by pressing the ‘Database’ button and selecting a
new database (.DAZ2 file). Pressing the i’ button will open a dialog with
information on the protein database.

T Protein mass search N [=]
Search for: |9913 Da.  Precision +/- |1ﬂ Da. [~ Check far initisting ket

ﬂl & Database | D:4DatabasehswizzprothTiypdd,_M DAZ

By Print | B Betrievel Q, Do searchl K Carcel |

i Hass Dev Secquence name -
z 2213 Da a HYPOTHETICAL 2.5 EDPA PROTEIN
2 991EF Da u] PUTATIVE ASPAPACINYL-TEMA SYN
4 231EZ Da u] ACYTL-COA-EINDING PROTEIN (ACE
13 9911 Da -1 TEGUMENT PHOSPHOPROTEIN USS H
& 9316 Da Z HYPOTHETICAL 5.2 EDA PROTEIN
7 921& Da 4 EM-LIEE PROTEIN GEAE - Arabid
g 9317 Da i} CHLOROPLAST 205 RIEOSOMAL PRO
2 2217 Da 2 HYPOTHETICAL 2.5 FDA PROTEIN
10 303 Da -4 DNA-DIRBECTED PMNA POLTMERALZE =
11 2218 Da 5 CYTOCHROME C OXIDASE POLYPEPT

1z 9918 Da E PROBAELE CYCLIN-DEPENDENT EIN :I

|88519 proteins searched - 48 hits 5

Only integer data can be entered in the ‘Search for’ and ‘Precision’ data
fields.

When search data has been entered you press the ‘Do search?’ button. A
status bar moves across the dialog box just below the buttons, indicating the
progress of the search.
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The time for a search is in the order of 10-15 seconds for a non-redundant
database (~500 000 proteins).

The results are sorted with the best hit at the top. If the ‘hit’ mass is ~131 Da
higher than the search mass, it is because the ‘Check for initiating Met’ is
checked, and the corresponding protein sequence both fits with an additional
Met and the sequence actually starts with Met.

Options
Check for initiating Met: When checked proteins in the database will be
checked for the presence of a methionine in position 1. If the methionine is
present in the database sequence and the search mass + mass of Met, it will
be added to the search results.

Print: Prints the search results including the search data.

Retrieve: Select a hit result and press the ‘Retrieve’ button to load the
corresponding protein into GPMAW as a new sequence window.
Alternatively, you may double click on the relevant entry to open it as a
sequence window in GPMAW.

References (digest mass search)
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397 (1993).
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Improvements in Protein Identification by MALDI-TOF-MS Peptide Mapping,
Anal. Chem., 72, 2741-2750 (2000).

MS/MS search 8.9

The ms/ms search of GPMAW is based on the public domain search engine
‘X! Tandem’. The X! Tandem program is a professional class search engine.
Although it can perform proteome wide searches, the GPMAW
implementation is targeted towards characterizing individual proteins and
small collections of proteins. It should be possible to analyze large
databases, but the handling and analysis of large data sets has not been
thoroughly tested using the GPMAW implementation, so other search
engines (e.g., Mascot, Sequest etc.) can be recommended.

The focus of the GPMAW implementation is ease of use and fast analysis
time. Most, but not all, of the functionality of X! Tandem is implemented. If
you need additional functions, please contact Lighthouse data.
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@ Note: For more details on the X! Tandem search engine, particularly all the

parameters that can be adjusted, see the web site of The Global Proteome
Machine Organization, http://www.thegpm.org.

The MS/MS search is implemented as an external search program called
‘tandem.exe’. GPMAW prepares all data and saves them in files on disk.
Then Tandem is called with in-line parameters that specifies which files to
load. X!Tandem then runs in a separate window. Note: while X!Tandem runs,
you should not make changes to GPMAW. Upon completion of the search,

X!Tandem closes and a message is sent to GPMAW which opens the result
file created by X!Tandem.

The ms/ms search is accessed through the main menu Search | MS/MS
search or by pressing the F5 key.

An example file has been included with the GPMAW installation; please see
section 8.14 for detalils.

MS/MS data input 8.10

When you select the MS/MS search option, you are greeted with a window
containing three tabs in the left-hand side:

[ Input: This is where you define your search: specify input mass file,
search mass or database, enzyme used, output file and parameters.

Output: This is the primary output: List of all high-scoring proteins and

all peptide hits. After a search, the dialog automatically switches to this
view.

| Input

Hit: On this tab you can analyze each individual hit selected on the
‘Output’ page. By double-clicking on a hit in the Output window, the

result for the corresponding protein is loaded and shown in the Hit
panel.

| Output

|Hit
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& Search sequence

| Input

‘ Output

|H\t

Data input file name (.maf, .dta, .pkl, .mxXML)

(=7 Open file |

[= Select database | CALRETICULIN PRECURSOR {CRPS55) (CALREGULIN) (HACEF) (ERPGO) {52 KDA - Homo sapiens (Human)
Enzyme: |Trypsin [KR]HF} ~ Output file name: |Outputi _ Search cRap list
Parameters: Variable modifications Fixed modifications + Enable refinement
Parent, mone, error: -10.0/+10.0 ppm Oxygen [M] 15,99 A Carbamidomethyl [C] 57.02 Variable modifications
Fragment, error: 0,05 Daltons Methylation [DE] 14.02 Carboxymethyl [C] 58.01 Oxygen [M] 15.09 y
Max. valid expect value: 0.010 Dehydrated [CDNQSTY] -1f PyridylCys [C] 105.06 Me‘{hg jation [DE] : 14,02
Minimum ion count: 1 Ammoniadoss [CNST] -17.0 Dehy'zrated [CDNQST\']I -1
Scoringions: Y AB mig'{L][CDEHIIE%gQRm 1 Ammonizdoss [CNST] -17.0
Spectrum CysOx [C] 15.99 memy[L][CDEngKgNQRSFI !
Minimum number peaks: 13 Cysdiox [C] 3199 cyzo,( cl .15 99
Maximum number peaks: 120 CysTriox [C]  47.98 Cysd\Ox [cl 319
Maximum parent charge: 4 Cyssdiox [C]  63.98 cysTnox 1] 47.98
Minimum parent m+h: 300 CysTriox [C]  79.96 cyssdiOx A 639
Minimum fragment mjz: 146 Dehydro [C] 33.99 cy STrion [C] 79.96
Cys2Ser [C] 15,98 va‘ ! Y E: ! 33.99
Protein Amidine [K] 41.03 Cesgsé? [[C]] 15,98
Max. missed deavage: 2 Acetyl [CKST] 42,01 Ax'ndlne K 03
Cleavage N-term mass change: 1.011 buurbun [K] 213.11 v Acetyl [CKST] 41‘01 v
Cleavage C-term mass change: 17.003 hechin W1 912 ' S| -
N-term residue mod. mass: 0.000 File: DefModOx.MOD i~ File: fixedmod.mod [ o.0m]
C-term residue mod. mass: 0.000 p. & valie -
e Refinement options
File: 1" Edit params ~ ¥ Moise suppression D Run Search ¥ Semi deavage
] ific
Modified mass fl (e.g. 15N) @ mu nepedlic feavags
¥ Monoisotopic mass type A= cem - Point mutations
A = s e V' show deamidations in results Spectrum synthesis
. N-terminal acetylation
+/ Mass isotope error # processor cores to use Il refi difs
Use short file names s )
You may drag and drop:
Keep search files Peak st files in .maf .dta or .pkd format
¥Tandem location! Sequence files in Fasta format (. fasta .fsa . txt .seq) % Additional parameters
CilSourcelGPM AW260321 K T andem) Result files in XML format {xml) -

[ Open Result

H -

Ms/ms searching:
To perform an ms/ms database/protein search you need to perform the

following steps:
1)

5 Print

[y copy -

=

GPMAW desktop is automatically selected).

format).
2)
3)
created by GPMAW).
4) Check and set search parameters.
5) Set variable and fixed modifications.
6) Click the ‘Run’ button.
7
progress of the search.
8)

the ‘Output’ tab, see below.

Note: You can drag and drop the following files directly from File Explorer
onto the ms/ms search window:

e Search data files in .mgf or mzXML format.
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o Done

? Help

Open your ms/ms peak list file (can be in mgf, dta, pkl or mzXML
Specify sequence or database to search (topmost sequence on the

Specify cleavage enzyme and output file name (a default name is

X!Tandem opens in a command line window where you can follow the

When the search is done, GPMAW loads the result file and displays it on
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e Databases in FastA format (the extensions .fasta and .txt are
recognized).

e Resultfiles in .xml format.
Open file

Pressing the Open file button, opens a standard dialog where you select your
ms/ms data file. The file has to be in .mgf, .dta, .pkl or mzXML format
(appendix A.3). Once you have selected a suitable file, a button becomes

visible to the right of the input field. fid mgf view when an mgf file has loaded
or and mzXML button in case of an mzXML. Pressing either button open a
dialog window showing a graphical view of the input file, please see section
8.15 below. The mgf view shows the ms2 content, while the mzXML window
will initially show the ms1 content.

Search sequence

By default, GPMAW selects to analyze the topmost sequence window on the
desktop. This is selected in the ‘Search sequence’ line below the data file
input. If this option is used for analysis, the sequence will be saved in FastA
format in the X!Tandem directory with the name ‘searchSeq.fasta’.

If you want to search a database instead, you select this by pressing the
‘Select database’ button. Note: this database must be in FastA format; a
standard GPMAW file does not work.

@ Hint: If you want to make a FastA formatted file consisting of a limited
number of sequences, an easy way is to load the relevant sequences in
GPMAW and save them as a single FastA formatted file using the File |
Export sequence command (Chapter 2.8).

Enzyme:

In this box you select the enzyme used for the digestion of the protein(s).
Currently only the most common enzymes are implemented.

If the enzyme of your choice is not on the list, you can select the last option ‘-
user defined —'. This opens an input box where you can enter any most kinds
of enzyme specificity. Note that the definition used for cleavage here is
different from the one used for cleavage in GPMAW (Section 9.1).

The enzyme specificity is a formatted string that contains three elements:
two specifiers and a separating vertical bar.

The specifiers are either accepting residues in square brackets [ ] or
inhibiting residues in curly brackets { }.

The character representing any residue is X.

This means that the cleavage of the enzyme trypsin is specified as
[RK]|{P} - cleavage takes place after Arg or Lys, but not if the following
residue is Pro.

Endoproteinase Asp-N is defined as [X]|[D] - cleavage takes place after
any residue but before Asp.
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Multiple rules can be strung after each other separated by a comma e.g.
[RK]IK{P}.[X]I[D] - cleavage either by a tryptic cleavage site or Asp-N
cleavage site.

[X]I[X] - cleavage after any residue. Can be useful for trapping random
cleavages, but remember to set the e-value low as not to get many false
positives.

Output file name:

An output file name is suggested by GPMAW based on the input file name.
This output file name can be freely edited. If you click on button to the right of
the edit field, you get the following option for automatic name generation:

Indude date ﬂ

+ W Indude number (autonumber]

Include date: The current date is appended to the file name after an

underscore. The button will show the selection like -2

Include number: The file name is extended with an underscore and a
number (starting with 1). This number is automatically updated for each

search carried out. The button will look like = N- .

If you run multiple searched without autonumbering and use the same file
name, previous searches will be overwritten as GPMAW does not check for
pre- existing files of the same name. This can convenient if you are just trying
out different search parameters.

This file is saved in the xtandem directory.

Search cRap list:

The cRAP list is a file, ‘crap.fasta.pro’, containing several contaminating
proteins, primarily keratin, bsa and trypsin, maintained by the Global
Proteome Machine Organization (www.thegpm.org). These proteins are
typical contaminants in proteolytic experiments and may in some cases
obscure your expected data. When this option is checked, your data file will
additionally be searched against these proteins no matter what else has been
selected. If the file ‘crap.fasta.pro’ is not present in the xtandem directory, the
option will be grayed. The online help contains a list of proteins.

@ Note: The .pro format is a FastA file compiled with the fasta_pro.exe
program in order to make a more compact file that is faster to search by
X!Tandem. The fasta_pro.exe program is included on the disk and can be
used to compact your own FastA files. The current cRAP file can be
downloaded from ftp://ftp.thegpm.org/fasta/cRAP in FastA format. A list of
proteins in the file can be found at http://www.thegpm.org/crap/index.html.
Here you will also be able to download updated versions of the list.
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Fragment mass type:

Default is monoisotopic mass values. You may select average, but by far the
most ms instruments today have a resolution that enables the discrimination
of monoisotopic masses.

# processor cores:

X!Tandem is quite efficient at utilizing multiple cores of modern processors.
This setting enables you to use several cores for performing searches. Using
multiple cores is most efficient when searching larger databases where an
increase from one to three cores may more than halve your search time. Do
not set this value higher than your actual number of cores.

Parameters:

If you need to change the search parameters, you select the ‘Edit params’
button, which opens a dialog box where all parameters can be edited (see
section 8.11 below). Alternatively, sets of parameters can be saved and re-
loaded from the drop-down menu activated by the down-arrow on the button.

Saving parameters: If you click on the down-arrow on the ‘Edit params’
button Fe' Editparams - , you will present a menu that enables you save and

load up to five sets of parameters. This is handy when using different
instruments or experimental settings.

Modifications:

Selecting modifications is an essential part of mass searching, as you will
most times derivatize Cysteines (fixed modification) and you are likely to
encounter oxidation of various amino acid residues (variable modifications).

Variable medifications Fixed modifications

COxygen [MPW] 15.99 ~ Carbamidomethyl [C] 57.02
Methylato [DE] 14.02 Carboxymethyl [C] 58.01
Dehydrated [CONQSTY] -1f PyridylCys [C] 105.08

Ammoniadoss [CNST] -17.0
Neamidated [FHMORT 098

The fixed and variable modifications are selected from two list boxes, one for
each. Select modifications from the two list boxes by clicking once on each
modification to include in the search. You deselect a choice by clicking once
again. You can select as many as you like, however, you must only select
one modification for each residue. E.g., if you select both acetylation and
formylation of lysine, only one of them will be used in the search.

If you have both a variable and a fixed modification on a given residue, you
must calculate the variable modification based on the composition of the
amino acid residue including the fixed modification. If you have multiple
variable modifications on the same residue, please see ‘Refinement’ below.

The variable modifications are loaded from the currently selected
modification file (standard GPMAW modification file), see Chapter 4.3 for
details on how construct and edit this file. The same file is used for both the
first run and for the refinements. The two buttons below the list of

modifications enables you to sort the table based on mass , or edit the
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current modification file T . The drop-down arrow presents a list allowing
you to directly select an alternative modification file from those present in the
system directory.

The Fixed modifications is also a standard GPMAW modification file, but
with the name ‘fixedmod.mod’. You can load and edit this file in the ‘Edit
modification dialog’, Chapter 4.3. The first time you run the MS/MS search
function, this file will be created automatically if not present.

Options:
Noise suppression, spectra that are determined to | Cpfions
look like noise are rejected by X!Tandem without ¥ Noise suppression
searching. Modified mass file (e.g. 15M)
Modified mass file, if you have changed your atom ¥ N-tem. acetyiatn
mass values, e.g. done a 100% 15N incorporation, V/ N-term. pyrolidone
you have to check this option, which transfers the Mass isotope error

mass file calculated by GPMAW to X!Tandem,

otherwise, the standard mass file generated by X!Tandem is used. Note, this
option has nothing to do with modified amino acid residues which are
controlled through the 'Variable modifications' and 'Fixed modifications'
selection boxes.

N-term. acetylation, when checked peptides are checked for the occurrence
of N-terminal acetylation.

N-term. pyrolidone, when checked peptides are checked for the occurrence
of deamidation by N-terminal GIn (-17 Da) and water loss from N-terminal Glu
(-18 Da).

Mass isotope error, when checked X!Tandem tries to correct for the fact
that peak picking algorithms sometimes fails to pick the monoisotopic peak
and instead picks the largest peak. This is particularly the case for large
peptides.

¥ Show deamidations in results

If the Show deamidations in results is checked deamidations found in the
result file are also shown. If you want to turn this opion off after viewing the
results, you must reload the result file.

Refinement

The refinement option ¥ Enable refinement oy eq X1Tandem perform a

second pass search through the identified protein hits. This makes it possible
to define a second round of modifications, particularly useful if you search for
multiple modifications on the same residue (e.g., methylation and
acetylation of lysine residues). When having multiple modifications on the
same residue, you should select the most common modification in the left
variable box (not the refinement box). Selecting multiple modification from the
refinement box will perform multiple searches with and without the variable
modification and combine the searches at the end.

200



8 - Database mass search

Max. e-value

Note: The limit e-valie i'*]se_l_senarately for the refinement relative to the
0.020

main search

In addition, you have the following options:

‘Semi cleavage’: This option searches for peptides that fulfill cleavage
requirements only at one end of the peptide. Trimming at the N- and C-
terminally end of a protein can typically be found using this option.

'Unspecific cleavage'. When checked, the second pass search will search
for all possible peptides without regard to cleavage specificity. This option
supersedes 'Semi cleavage' above.

‘Point mutations’: Searches for point mutations in the proteins already
identified.

‘Spectrum synthesis’: If checked, the following bond cleavages are favored
relative to other cleavages (e.g., results in a higher score): N-terminal to Pro
and C-terminal to Asp, Glu, Asn, GIn, Val, Leu and lle.

‘N-terminal acetylation’: Searches for N-terminal acetylation.

Please note that the run time for ‘refinements’ is often longer than the initial
search. Please also note that the search for ‘semi cleavage’ and ‘point
mutations’ can lead to spurious identifications, so you should be critical
towards these identifications.

Run

Important: The mass values used for searching is downloaded from
GPMAW, using the currently loaded mass file. This makes it imperative that
you have the correct mass file loaded prior to running the search and that
the SS button (oxidized/reduced Cys) is in the correct position. This means
that if you have loaded a modified Cys table (i.e., acetamide) you should not
also specify Cys as modified under ‘fixed modifications’.

When you press the ‘Run’ button, the parameters are saved in a file called
‘input.xml’. This file works in conjunction with the file called ‘default_input.xml’
which contains the available parameters for the X! Tandem search engine.
The parameters in ‘input.xml’ override the corresponding values found in
‘default_input.xml’. A file called ‘taxonomy.xml’ is also saved, which allows for
the use of databases with taxonomy information, but this function is not
currently used by GPMAW.

C:\Delphi2007\Projects\gpmaw\XTandem\tandem.exe - [of x|
B

Xt TANDEM 2 (2007.64.01.1>

Comput ing models:

GPMAW then calls the XTandem program with the given parameters. The
XTandem program opens in a separate command window, where you can
follow the progress of the search. Do not close this window unless the
XTandem search encounters problems.
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Upon completion of the search, the window will close automatically, and the
results are saved to a file on disk with the given ‘output file name’ and the
extension ‘.xml’.

This file is then automatically read by GPMAW, parsed and displayed on the
‘Results’ tab (see section 8.12 below). The saved file can at any time later be
opened in GPMAW by selecting the ‘Result file: Open’ button at the bottom of
the ms/ms search window.

@ Hint: The .xml result file can also be viewed on the Proteome Machine
home page. Go to www.thegpm.org, select one of the search sites in the
left-hand margin and on the search page, you can select ‘view saved xml
data’ to see another representation of your data. This can also be used to
view data that you ship to colleagues.

Multi run

In addition to running single files, you can search multiple Q. -
mgf files on a single command by pressing the ‘Multi’ | - |
button in stead of the standard ‘Run Search’ button. QD Multi

Be sure to have set all parameters, database,

modifications, and output file format prior to activating ‘Multi’ runs, as they will
all be run with the same parameters. You do not have to select an mgf file
beforehand, as they will be selected in the ‘Multi’ dialog. Result files will
always have the same name as the input file, except for date and
consecutive numbering if selected (see above).

You start by selecting the directory containing the mgf files to be searched
through the button in the top left corner.

M8 Search multiple .magf files - O *
(= Select directory E:WCMS\PH2102_rec_vs_nat_CRT\Results),
All mgf files in selected directory will be displayed for selection. Sort by dick on header.
# []. Filename Status mgf size (KB) result size (KB) ~
EXP3_01079_AL.mgf 304547
2 EXP3_01080_AL.mgf 217861
3 EXP3_01081_AL.maf 100554
4 EXP3_01082_AL.maf 43829
5 EXP3_01083_AL.mgf 304064
6 EXP3_01084 AL.mgf 259435
7 EXP3_01085_AL.mgf 134610
8 EXP3_01085_AL.mgf 42931
9 EXP3_01087_AL.mgf 303822
10 EXP3_01088_AL.mgf 241402
11 EXP3_01089_AL.mgf 133522
12 EXP3_01090_AL.mgf 50980 &

mgf options

v Deselectall
= @ Run individually

v Select all

@ Bun Search
Combine sequentially

Press "Deselect all” to cancel BTl e
remaining searches

Progress: 53 mgf files found x Close

Note: all files that must be searched together have to be in the same
directory.
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All mgf files in the selected directory will now be displayed with a checked
box to the left. Uncheck any files not to be searched (or use the ‘Deselect all’
and ‘Select all’ buttons.

Select how the mgf files should be handled by one of the radio buttons:

e ‘Run individually’ — this will search each mgf after the other, default. This
will generate one result file for each input file.

¢ ‘Combine sequentially’ — all the mgf files will be combined to a single file
prior to the search. The content of each file will be added to the next
without any sorting. A single output file will be generated.

e ‘Combine interlaced’ — all mgf files will be combined. The first file will be
loaded, and the spectrum information of the next file will be inserted
according to the retention time. A single output file will be generated.

Press the ‘Run Search’ button to start the search from the top. The status

column will display the progress, and the file names will be un-checked as
the search progresses.

Pressing the ‘Close’ button before the search is done, will teminate the

remainder searches. The currently running search will continue until done.

The result files will be in the same directory as the mgf files and can be
opened from ‘Search sequence’ dialog through the ‘Open result’ button in the
bottom left corner of the ‘Search sequence’ dialog box.

This function is most useful when searching larger databases, as individual
sequences are generally so fast that they can be searches interactively.

Search parameters 8.11
To edit the search parameters, you press the ‘Edit params’ button

Eﬁ Coitpacane 2 . Note that arrow opens a drop-down menu which enables
you to save all parameter settings to a file and later reload these. Up to five
parameter files can be saved.

When you edit the parameters, the following dialog box is presented:
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Edit ms/ms search parameters X
Spectrum: Scoring:
Parent mass error +
0.010| Maximum e-value
10.000
0| Minimum ion count

V' Sync. plus/minus mass error

parent mass error type 2| Max. missed cleavages

9 ppm _) Daltons Tons to indude

va X

| 0.100| Fragment mass error v b vy

Fragment mass error type c z

ppm 9 Daltons
» Peptide:
13| Minimum number of peaks

50| Total number of peaks used N-terminal mass change
‘:] Maximum parent charge C-terminal mass change
300| Minimum parent m/z 0.000| N-terminal modification change
| 146| Minimum fragment m/z 0.000| C-terminal modification change
The same parameter values are used for for Mo type S
monoisotopic and average mass search '©' Monoisotopic ' ' Average
Defaults « OK Cancel 9 Help
H
Parameters:

Parent mass error: This is the precision of the parent ion and is set as a
plus and minus error to accommodate the (few) mass spectrometers that
have an asymmetric mass profile. The precision can be set as either ppm
(parts per million) or Da. (Dalton).

Fragment mass error: The precision of the fragment ions. Can be set as
ppm or Da.

Total # peaks used: Maximum number of peaks used for identification of the
target peptide.

Minimum # of peaks used: Minimum number of peaks required for a
spectrum to be considered.

Minimum parent mz: Minimum M+ H+ required for a spectrum to be
considered.

Minimum fragment mz: Minimum fragment m/z to be considered.
Maximum parent charge: Highest charge of parent ion to be considered.
Max. e-value: Highest e-value for peptides to be recorded in the output list.

Minimum ion count: Sets the minimum number of ions required for a
peptide to be scored.

Max. missed cleavages: The largest number of missed cleavages
considered for a peptide.

Include ions: Allow the checked ions to be used in scoring.
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Refine search: Controls whether the refinement module of XTandem is
used. Setting of these parameters is not currently implemented in GPMAW,
but the user can set them manually in the ‘default_input.xml’ file.
N-terminal mass change: Moiety added to the peptide N-terminus upon
cleavage. Default is 1.0107875.

C-terminal mass change: Moiety added to the peptide C-terminus upon
cleavage. Default is 17.0027350.

N-term modif. mass: Moiety added to the N-terminus of the protein. Default
is 0.
C-term modif. mass: Moiety added to the C-terminus of the protein. Default
is 0.
Pressing the Defaults button will populate the dialog with reasonable values

for searching an mgf file, but you should always adjust the parameters to fit
the abilities of your mass spectrometer.

®

Note: For more details on the X! Tandem parameters see the web site of
The Global Proteome Machine Organization, http://www.thegpm.org. Look
in the API section.

MS/MS search results 8.12
¥ Search sequence - Dynamic_LUM2_03890_PFI_automl ===
# |Iog(e) |||its ‘uniq \ Name - double-click to view hit - # column for precision graph ‘mass | BoeEsEn
1 1967 1967 I ydrog; i ial; Flags: - Sus scrofa (pig) "_'_

5 2| 9.8 241 241 RecName: Full=Calreticulin; Althame: Full=CRP55; Altame: - Homo sapiens (human) - - ..
1= "
= -= L]
an fa
-
5 L]
=3 -
3 " -
il -
.
.
" r
.
= .
2 5
= .
r10 0 1
Shaw homologs
@ view Kit
Paint time: 172
& ‘speciéltopmadelllit ‘ewlug ‘z |nu+ exp |MH1 theo ‘deh ‘fmm |ta |pre ‘seq |pu§t |mi§§.‘h
1| 862 Malate dehydrogenase,  3.7e-1l 2 14378392 14378454 -0.0062 25 40 XQMN AKVAVLGASGGIGQPL SLLL 15
2| 13426 Malate dehydrogenase, | 17e-14 2| 17510428 175L0455 -0.0027 25  43(XQNN  AKVAVLGASGGIGQPLSL LKNS 18
3| 10885 Malate dehydrogenase, | 5.8e-12 2| 16378554 16379614 -0.0061 25 42 XQMN  AKVAVLGASGGIGQPLSL LLKN 17
4
5| 860 Malate dehydrogenase, | 24e-1l 2| 14378393 14378454 0.0051 25 40 ¥QNN AKVAVLGASGGIGQPL SLLL 15
6| 1335 Maate dehydrogenase, | 1015 2| 17510407 17500455 0.0048 25 43 XQNN AKVAVLGASGGIGQPLSL LKNS 8
7| 3470 Malate dehydrogenase, | 22004 2 8725181 8725230 0.0048 25 34 XQNN AKVAVLGASG GleQ 3
8 4
< >
(=7 Open result == xml & Print Eﬂ Copy ~ & Options ﬂ Report ~ &' Done ? Help

The output tab is divided into three panels:

Sequence hits are listed at the top. This is a list of all the models in the
database that fit to the current search. Each hit is listed with log of e-value,
number of peptide hits, unique hits, name of protein and average mass of
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protein (note: based on the database sequence — remember signal
sequence). In the above example, a partial fractionation of cell extract,
myoglobin has been determined with a log(e) score of -510.2, 118 hits, two
which are unique due to other myoglobins in the database. In total almost a
hundred proteins are found with a log(e) below -2.0 as specified in the input.
Many of these are homologs from other species and must be verified before
being ‘used’.

Copy If you right-click in the name list, the pop-
O pEneate e oD up will give you several options. Copy will
eI T copy the list to the clipboard, will attempt to

download the sequence from the web and
open it in a normal GPMAW sequence
window. This will only work if the sequence
name starts with an accession number.
Open sequence from search will extract
the sequence from the xml result file and open it as a sequence window.
Save sequences as FastA file will open a ‘Save as’ dialog enabling you to
save the selected or all the identified sequences as a single FastA formatted
file (just name and sequence). View sequence info in dialog will open a
window with a table of all sequences showing information like number
residues, pl and amino acid composition. The pop-up menu is the same as

Save all sequences as FastA file
Save selected sequences as FasthA file

View sequence info in dialog

Print

will open when you click the Options | #%2pans | jytton.

The Report button Z =Pt~ will show the protein hit list in a formatted way
in an RTF window, where it can be edited, saved or readily copied to another
report (i.e., in Word — see also Chapter 9.5). The arrow opens a drop-down
menu enabling you to save the hit information, either for the selected protein
or for all proteins. There is also an option to save all terminal residues, please
see under ‘Analyzing individual hits’ below.

Double-click on a model (hit) name to view the peptide hit results on the
‘Hit’ tab. Alternatively select a protein and click the ‘View Hit’ Precision
button or press Alt+V. ]

A graph at the right-hand side of the window shows the
precision of all the peptide hits of the currently selected
protein model. The graph has the x-axis in ppm (autoscaled)
and mass values along the y-axis (500 — 4000). If you have
more than 1000 hits you must click in the lefthand sequence
number (#) column to view the precision graph, as the
drawing may take some time.

The bottom table shows all the peptide hits as they have
scored during the search:

Spec id: Spectrum id, location in the input mass list.
Top model hit: Name of protein hit.

e-value: The score of the peptide hit.

Z: Charge of parent ion.

MH+ exp: Experimental mass.

:‘ M'.".-
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MH+ theo: Theoretical mass value calculated based on the database hit.
Delta: Deviation between experimental and theoretical mass.

From — To: Peptide location in the model sequence.

Pre: Residues prior to the peptide hit.

Seq: Sequence of peptide hit.

Post: Residues (up to 4) following the peptide hit.

Miss: Number of missed cleavages in the peptide hit.

Modifs: Modifications found in the peptide hit. These are labeled as position
in the sequence followed by ‘@’ and finally the mass of the modification.
Multiple modifications can be listed after each other, all of which have been
found in the same peptide hit.

Models: Number of the model(s) that have been allocated this peptide hit. In
this case all the first hits have model number 1 and 2 (bovine serum albumin,
first and third in the model protein list above).

Check box: When copying the list to the clipboard, the menu option ‘checked
peptides only’ will only copy those lines where this check box is checked. On
the ‘Hit’ tab only the top hit for each peptide in the protein sequence will be
selected when the ‘unique’ option has been selected.

Sorting: The table can be sorted based on most columns by clicking on the
relevant column header. Note that the table will be resorted based on
number when you double-click on a protein to go to the hit page.

@ Note: The results of ms/ms searches are always saved in .xml files in the
search directory. You can at any point load a previous result file by clicking
on the ‘Result file: Open’ button and select an older file.

Result file: (= Open

If you perform multiple searches on the same input data file and you want to
keep the intermediate results, please remember to change the output file
name as GPMAW only sets the name when you load the input file.

Analyzing individual hits

When you have double-clicked on a protein name on the output tab,
GPMAW switches to the ‘Hit’ tab and populates all sections with the details of
the protein and peptides making up the hit.
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| @/ 1-19 [ EPAVYFKEQFLDGDGWTSR WIES 2245.0637 Da[3] 2 ppm exp 8.4e-07

RW L

TV EKHEQNIDC

MH+2245,05 [3] 1-19
MH+ 1092.54 [2] 1-9E
MH+ 835.44 [2] 1-TEF
MH+ 982.49 [2] 1-BEF
MH+2388.39 [3] 1-24
MH+1110.55 [2] 1-9E
MH+ 964.48 [2] 1-8EF
MH+2673.27 [3] 1-22
MH+ 884,45 [2] 3-9 A)
MH+ 2018.96 [3] 3-13
MH+ 813.41[2] 4-9W
MH+ 1848.85 [3] 5-19
MH+2492,19 [3] 524
MH+2034.94 [3] 5-20
+ MH+2114,00 [2] 6-22

MH+ 1685.80 [2] 6-19

= Coverage: 317/400 79.25%  P27797| Calreticulin active - Homo sapiens (Human). @ fofnTaan ol s onn
1

EPAVYFEEQF LD
SASFEPFSNE GO

| Input

| Oukput

[t

The Hit tab shows a multi- window layout:

At the top is a peptide information line (blue) which shows details on the
peptide currently selected in the right-hand listbox.

Below the peptide line is a three-tabbed panel with tabs labeled Sequence,
Ms/ms and Info.

Sequence tab

Initially the Sequence tab is selected showing the protein sequence with the
total coverage and all identified residues highlighted in red, and residues
found modified in blue. Note that the particular residue may also be found
non-modified — you have to check the right-hand peptide list. The notebook
switches to the ‘Grid’ tab when a peptide has been selected in the right-hand
listbox, see below. By selecting the left-hand tab, you can always go back to
the sequence view.

If you double-click on a residue in the sequence, the peptide with the first
occurrence of this residue will be selected and the view will switch to the
Ms/ms tab. The same switch to the ms/ms tab will happen if you select a
peptide in the right-hand list.

Note that when you have selected a peptide in the list, you can scroll up and
down using the arrow keys for a fast review of all the sequences in the list.

The Info tab shows the search parameters or overall information on the
search results.
Ms/ms tab

The Ms/ms tab shows the potential and observed fragmentation of the
currently peptide. Whenever a peptide is selected, the view automatically
switches to this tab.
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The tabbed window at the top now shows a grid, displaying the theoretical
fragments that can be generated. Fragments that have been identified in the
mass spectrum are highlighted and colored. Modified residues are listed with
a yellow-colored background. Each fragment type has its own color. The
same colors are used to display the precision and the ms/ms spectrum,
below.

You may also select a peptide/residue by clicking on it in the sequence
overview. This will select the first peptide containing the selected residue in
the table of peptides.

To the left of the spectrum, is displayed the precision with which the mass
spectrum fits the theoretical mass value. Note that like for all other graphs, it
can be zoomed by dragging down and right, and unzoomed by dragging up
and left. If you move the cursor over a dot in the graph, the cursor will change

Dispay 4| >

to a cross and if you left click, the mass and deviation it

of the dot will be shows at the top of the graph. If you B
double-click in the graph while pressing shift/control — e
the x-axis of the graph will contract/expand by x2. The ve :
dot-plot can be expanded by grabbing the right-hand : "
size-bar. Se )
A checkbox list (‘lons’) is displayed with control options : o }
for fragment ions to display in the table, default are the | tabes °p
ions used during the search. Below this control is e e
another for the ms/ms labels (‘Labels’) of the right- Ms o 1
hand graph: ID displays the ion type for the S

11-0.05 0 0.05 0

corresponding identified ion (e.g., y10, b7); MS id
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displays the mass values for identified ions; MS no displays the mass values
for non-identified ions. At the top left is a small bar that shows the relative ion
intensity (green) [} Resting the mouse cursor on top of the bar will
show the actual intensity in a fly-by window. The display of the sequence in
the top left graph area can be selected at the bottom of the panel.

The second tab enables a few filters for displaying Hit | Display fiter

only particular modifications. Note that selecting .

¢ . , . For each peptide ID
All peptides’ often generates a huge list. © Only highest scoring
At the top right is a list of all peptides identified 5 Al peptides
during the search. The actual peptides displayed

depends on the setting of the ‘Display’ option in the Only modifications (al)
bottom toolbar: 2= . Several options Dss:onglosgcmdlfs'
are available: Unique only the highest scoring 15.9949@H
peptide of each kind is displayed (default). 15.9349@M
Different modifications count as different peptides, 15.9949@W
even same modification in different locations. Only FEILL
modified only modified peptides are displayed. No HIELS

Cys and No ox. omits modified cysteines and
modified oxygens which may obscure other information. All all peptides that

fit the search criteria are shown.
+-MfZ 1463.60 [2] 76-88 TCVADESHAGCEK @

In the peptide list each line shows the i

experimental mass of thg parent ion, D8 Theo 1919 70 Delts 00043 Do,
number of charges, location of the covalue 2.56-007 me=0

peptide, the peptide sequence and 99.@57.022

whether the peptide is modified (@). + M/Z 1434.53 [2] 106-117 ETYGDMADCCEK @

If you click on the ‘+’ sign, the list expands with additional information for the
given peptide: ID is location in the peptide table (output tab). Theoretical
mass, difference between theoretical and experimental mass, e-value,
missed cleavages (mc) and lastly the modifications found in the peptide
(listed as location@mass change).

Whenever a peptide is selected, the top line of the display is updated with
peptide information:

@ 446-460 SGDR RVWDDWANDGWGLKK AADG 1772.9078Da -2 ppm exp 2.4e-006 449#14.016

The information line show: peptide position (from-to), sequence with four
residues before and after (modified residues are highlighted), experimental
mass, deviation from theoretical mass, e-value and modified residues in the
format: location@mass of modification. Note that the location is position in
the entire sequence, not in the peptide.

If you click on the left-most blue button, the display changes to show the

location of the hit in the result table (#93) and the location of the spectrum in
the input file list (ID 743) and finally the summed intensity of the spectrum.

&) 212-221 KNPK TGVYEEKHAK RPDA #93 1D 743 216#14.016 SumiInt 4.07

The ms/ms graph at the bottom right shows the mass data of the peptide as
listed in the input file. Identified peptide fragments are colored along the
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same scheme as the fragment table. The graph is controlled through the
vertical gray band above: Only the ions checked in the “lons” check-box are
displayed, Labels can show ID (fragment number), mass of identified and
mass of non-identified peaks. If the “Sequence” box is checked in the ‘Hit’
panel, relative fragment mass intensities are displayed along with the
sequence in the graph window:

D h'FlLlGlSlFlLIYIElY SeR

The graph can be zoomed by click-and-drag right and down, you un-zoom by
click-and-drag left and up. You can scroll the display by right-click and drag
left/right.

In the bottom toolbar a checkbox

n ' — X
allows spectrum stacking m

Row SpeclD Ton sum e-value b/y Retention
Sp.stack A number in the Stacked
. . 11 14210 7.7800 9.3e-06 3/7 30.11s
top right of the spectrum window
shows how many spectra of the

33 17239 5.3300 2.6e-03 1/5 35.175
44 13903 7.6100 6.1e-05 36 29.60s

selected spectrum are present in 45 15177 5.9600 6.3e-05  3/6 31.73s
the selected file. A small window a8 14516 6.8300  6.8e-05 36 30.63s
opens showing the involved 49 16909 54500  6.8e05  3/6 34.625
Spectra, Each Spectrum can be 51 15943 5.6200 4.0e-04 3/5 33.01s

selected. The top row shows a stacked spectrum, i.e., a summed spectrum.

Click on the “ms/ms window” button i to open the ms/ms spectrum in a
separate window that can be resized at will. This window also contains the
basic ‘de-novo’ capabilities like showing the amino acid residue mass
distances between peaks when pointed to with the mouse cursor (see.
Chapter 10.4 for more details). If you open a triply-charged spectrum, you will
get the option of ‘Doubly charged’ — checking this box will generate a
synthetic spectrum showing all mass values below half the parent mass at
double their value (thus assuming they were doubly charged) — these ‘peaks’
will be shown in orange.

T De novo base - o x

105
100
8
%
8
80
75

35

=

»

s

A | Il
5

. | dled (I || lir M u 1 | 1

300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 18

ok Options » Delta Parent | 1567.74 ' Dore 7 teip
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Info tab

The Info tab initially shows the search parameters from the current ms/ms
search as they are recorded in the result xml file.

The initial display shows Search paramet Identified spectra
the search parameters of ~ J |Inputmi file: QEHF I . protein: 642

the given search as SEQUENCE SOUMCE: £ ||y e: 252

; rded in the r txml % Parent predision: + .9

f_?co he . eresu e Fragment error: 0.0 Medifications

ile. This view can be . Max evalue: 0.010 9 |Modif, mass: -18 cau
recalled by pressing the ‘I |._ﬁ Cleavage params: | Modif. mass: -17 Cot
button. Selecting the Max missed deavac Modif. mass: 16 Col
‘Modifications’ button Modifications: Modif. mass: 42 Cot
below will display a list of 57.0215@C Modif. mass: 57 Cot
statistics on the run: Potential mods: Checking for modil

number of identified
spectra, number of modifications and modifications searched for.

The information in the dialog box can be copied to the clipboard by the the
third button, ‘Copy to clipboard’.

Sequence and coverage map
When on the Hit tab, you can open the sequence analyzed in a sequence

coverage window by pressing the sequence button = 2531 Thig \il|
open a sequence coverage window with all identified peptides as underlined
residues, information on each peptide can be found in the left-hand
information panel by mouse-over. A coverage map displaying the hits will
open on top of the sequence window (see Chapter 9.7). There is a limit of
800 peptides to be transferred to the coverage window.

Report

When the Report button B Report s clicked while on the Hit page, a
window will open with a formatted report of the selected protein (see also
Chapter 9.5). This will show file information, the sequence identified, all the
peptides found and the search parameters.

The drop-down arrow next to the Report button opens a menu option for:

MSMS spectrum report: A report window with the current spectrum along
with sequence name, parent ion information, hits information and theoretical
fragmentation mass values with highlight of the values found.
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= “f v[BIUsXx

MSMS spectrum report

A, # M ea|@ ~|cirde

06-09-2017 A

P35565|CALNEXIN PRECURSOR - Rattus norvegicus (Rat)  Parent m/z: 1269.6424 delta:-0.0039 Da #2021

120
1o kla avDe anngelr GoV'VlG.Q
100
80
80
70
60
50
40
30
20
10 | |
) [] || | ] II i L 1 1 I
200 400 600 800 1,000 1,200
Hit: WGLK. KAADGAAEPGVVGQ MLEA (450-473); e-value: 9.3e-008; mc=1; modifs
a b b-17 b-18 Seq ¥ ¥-17 v-18
101.111 123.108 112.079 111.095 1 K 14
172 148 200.143 183 .116 182.132 2 A 13 11431 54% 1124 522 1123 538
243.185 271.180 254.153 253.16% 3 A 1z 1070.512 1053.485 1052.501
358.212 386.207 369.180 368.1% 4 D 11 9959 475 582 . 448 981.464
415 233 443 278 426 202 425 218 A & 1N AR4 447 ART 421 ARAR_ 437 v
L copy " Done ? Help

Additional menu options in the report button are N-term
residue, and Terminal residues.

Extract terminal residue

residue, C-term

This option from the drop-down menu of the Report button will open a dialog
with the option of generating lists of terminal residues useful for making

sequence logos.
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¥ Save peptide terminals - O *
EPAV.YFKE ~ .
EPAV.YFKE @ Peptide table
EPAV.YFKE
EEES:EE Select terminals to extract
FAVY.FKEQ @ N-terminals C-terminals M-and C-
PAVY.FKEQ
ra e
gigggg Indude M- and C-terminal peptides
PAVY.FKEQ Unigue terminals only
PAVY.FKEQ
PAVY.FKEQ Generate list of 4 residues Extract only residue num.
PAVY.FKEQ pre and post deavage
PAVY.FKEQ
PAVY.FKEQ Generate
PAVY.FKEQ
AVYF.KEQF
AVYF . KEQF 1 Copy
AVYF KEQF ] 524 & Done

You can select to view either N-terminals, C-terminals or both. Pressing the
Generate button will generate the table in the left-hand list box. The list can
then be copied to the clipboard through the Copy button.

The list shows for the N-terminal the first four residues before the cleavage
point, and then the first four residues of the peptide. Likewise, for the C-
terminal list the last four residues and the following four residues will be
shown.

You can select to have a separator (space, ‘_’, -, *." or ‘X’) represent the
cleavage point. Likewise, you can have a separator when displaying the N-
and C-terminal residues on the same line.

Selecting Unique terminals only will only list the terminals of the unique
peptides.

The lists can be used to generate sequence logos (e.g., from
https://weblogo.berkeley.edu/logo.cqi):

. Tryptic digest

©
- - c

weliago besheley
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Running the BSA example 8.14

The BSA example included with GPMAW is a short calibration run performed
on an Orbitrap machine. It is present in the \gpmaw\bin\xtandem\ directory.
Two files are included: The data file “BSA_100fmol.pkl” and an example of a
search “BSA_100fmol_120107_1729.xml".

The ms/ms search has a lot of parameters to set, but once you have
‘trimmed’ the search parameters to your instruments/experiments, there will
usually only be the input file, perhaps the output file, and the modifications to
specify for each search.

Before you begin

Before you call the ms/ms search function, you load bovine serum albumin
on the desktop — the accession number is P02769 if you need to download it
from the Internet).

Download by typing number in toolbar window J IPDZT&B Q web and
click the ‘Web’ button (needs Internet access).
Make sure that the BSA sequence is the topmost window before proceeding.

Setting up the search
Begin by selecting ‘MS/MS search’ from the ‘Search’ menu, press the F5 key
i
or click the magnifier # in the toolbar, this opens the MS/MS search
window with the ‘Input’ tab selected.
Start by selecting the ‘Open file’ button. In the ‘Open MS file ‘ dialog you
navigate to \gpmaw\bin\xtandem\ and select the “BAS_100fmol.pkl” file.
Data input file name {.mgof, .dta, .pkl)

[ Open file IC: \Dephi2007\Projects\gpmaw X Tandem\BSA_100fmal. pki

As you already have the BSA sequence opened as the topmost window on
the desktop it will be selected by the ms/ms search:

Search sequence: Serum albumin precursor (Allergen Bos d &) (BSA). - Bos taurus (Bovine).

If you will rather search a file, you need to have the sequence(s) saved in
FastA format. This is also the way to go if you need to search multiple
sequences.

You now need to select the enzyme used to cleave the protein. Select from
the drop-down box labeled ‘Enzyme’:

Enzyme: ITrypsin [KR] P} j

If the enzyme of your choice is not available on the list, select the last option:
‘- user defined —'. This will open a dialog box where you can specify your
enzyme (for nomenclature see section 8.11 above).

Then enter the output (result) file name. By default, gpmaw selects a name
consisting of the input file name with date and time added.
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CQutput file name: [BSA_100fmol_120807_1700

The field can be freely edited. Note that if you perform multiple searches on
the same input file without closing the ms/ms window in between, you have to
change the name manually, as gpmaw will overwrite without asking
permission.

You now must select the parameters to use for the search. Please see
section 8.11 for details on the various settings.

The most important settings for this search are +/- 10 ppm as the parent ion
error and +/- 0.8 Da as the fragment error.

Click on the ‘Edit params’ button to set the parameters, you should end with
settings like this:

Parameters:

Parent, mono, error:  -10.0/+10.0 ppm
Fragment, mono, error: 0.8 Daltons
Max. valid expect value: 0.010
Minimum ion count: 4

Scoring ions: Y AB

Spectrum

Minimurm number peaks: 13
Maximum number peaks: 51
Maximum parent charge: 4
Minimum parent m+h: 300
Minimum fragment m/z: 146

Protein

Max. missed cleavage: 2

Cleavage N-term mass change: 1.0107825
Cleavage C-term mass change: 17.0027350
M-term residue mod. mass:  0.00000
C-term residue mod. mass:  0.00000

File: T8 Editparams -

Note that by clicking the down-arrow on the ‘Edit params’ button, you can
save and retrieve up to five different settings to use on different instruments/
experiments.

Now select the variable modifications:

Variable modifications [1]

Methylato [DE] 14.02

Phospho [STY] 79.97
Each modification can be selected / deselected by clicking with the mouse. If
you need to load a different modification file or edit one of the modifications,

click on the ‘S’ button below the box. Oxygenation of Met is the usual
choice, but several others like deamidation of Asn and GIn are also typically
seen for most runs.

For the fixed modifications you select carbamidomethylation of cysteines
(Cys has been alkylated with iodoacetamide).
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Fixed modifications [1]

Carbnxymethyl [C] 58.01

You can select to perform ‘refinements’ (second pass search) on your data,
please see section 8.11 for details.

Now you can perform the search by clicking the Run button &l.

The run

If parameters are correctly set and XTandem is correctly installed, a

command line window will open, showing the progress of the search.

Without the refinement option set, this search should take less than two

seconds.

Results

C:\PROGRANl\gpmaw\hin\‘ﬂ'andem\limdem.exe
#* TANDEM 2 (2887.84.81.1>

Loading spectra . loaded.
Spectra matching criteria = 361
Starting threads . started.
Computing models:

t

sequences modelled = @
Model refinement:

Creating report:
initial calculations
zorting

When the search is done, XTandem saves the results to disk in an .xml file
with the name defined on the input tab and then closes. GPMAW is informed,
loads the result file and displays the contents on the ‘Output’ page.

As we only searched a single protein, there will be (or should be) only one hit
in the list of proteins found:

#

log (&) |h'r|‘5 |uniq | name

1| -1726 39 39 P02769|Serum albumin precursor (J

Below the protein list is a list of all the peptides identified in the search which

fall inside the parameters set (particularly below the e-value of 0.01).

# specid|top model hit |e—va|ue |z |I‘-'IH+ exp |I‘-1H+ theo |de|ta |from |to |pre |seq
1 50 PO2769 |Serum albumin 8.5e-005 3 1243.6121 1249.6240 -0.0120 35 44 IAHR. | FEDLGE!
2 263 P02769|Serum albumin 6.3e-006 2 1249.6223 1249.6241 -0.0018 35 44|IAHR | FKDLGEI
3 42 P02759|Serum albumin 3.3e-003 2 974.4563 974.4607| -0.0044 37 44 HRFK |DLGEEH

For details on the peptide parameters, please see section 8.12.
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Now we want to see the details of the search, so we double-click on the
Serum albumin precursor name in the protein list.

Hit (protein results)

This opens the protein details tab (called ‘Hit’) which is a quite crowded
display:
The top left display shows the protein coverage (i.e. the parts of the protein
that has been identified by peptides in the ms/ms run):
MEKWUTFISLL LLFSSAYSRG UFRRDTHKSE Ii
DEHUKLUMEL TEFAKTCUAD ESHAGCEKSL H
ERHECFLSHK DDSPDLFPELK PDPHTLCDEF Ki
ANKYMGUFE CCOAEDEGAC LLPKIETHMRE Kl
Below on the left is a table of all unique peptides identified:
-MJZ 1249.62 [2] 35-44 FKDLGEEHFK.
[H-M/Z 974,46 [2] 37-44 DLGEEHFK
(- M/Z 2492.26 [3] 45-65 GLVLIAFSQYLQQCF
F+1-M/Z 1453.60 [2] 75-88 TCVADESHAGCEK
Click on one of the peptides will switch the coverage display to show the
fragment ions of the identified peptides.

a | b | bAT | b-18 | seq | ¥ | y-A7
101.071  129.065  112.040 11105 1Q B
215114 243.109 226.083 225099 2N 7 940,383  923.3'

375.145  403.140 386.113 385129 3 C 6 | 826341 809.31

430.172|  518.167 501.140| 500.156| 4 D 5 @ 666310 649.2f
This table shows all the possible fragments, with the ones identified in the
spectrum shown highlighted in a specific color for each fragment type. The

identified residues (sequence) are displayed in the ‘Seq’ column. If a residue
is identified as modified, is shown with a yellow background.

The top line in the window shows the identified peptide sequence with
modified residues highlighted and the most important parameters:

D) 413-420 NUK QNEDQFEKLGEY 1051.4171Da -1ppm exp 3.9e-003 415#57.022

By clicking on the left-hand blue button, the display changes to show the
peptide ID parameters (location in the table on the ‘Output’ tab and location
of the ms/ms spectrum in the input file).

The bottom right window shows the corresponding ms/ms spectrum,
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The colors of the fragments correspond to the colors in the table above. The
label of the peaks can be set in the control bar to the right of the table, which
also controls the table columns to display. The top central graph shows the
deviation of the ms/ms fragments from the theoretical mass values, and the
right-hand list shows the search parameters.

The results are saved on the computer as an xml file in the same directory as
the input mass file. This file can at any point be recalled (click the bottom

3-1

Resultfile:  [—=; Op

en . .
open button ) and viewed again. You can also go to the
Global Proteome Machine (www.thegpm.org) and load the file for an
alternative view of your data.

You can get a coverage map of your hit by pressing the Sequence button

2= ot the bottom of the display. This opens a sequence window
containing the selected protein with the coverage displayed as underlined
residues (see chapter 3.4). From this a window containing an interactive
coverage map (see chapter 9.7) opens.

On the disk is a file ‘BSA_100fmol_120107_1729.xml’ which contains a
search performed by Lighthouse data. You can compare your results with this
file.

References:

TANDEM: matching proteins with mass spectra, Robertson Craig and Ronald
C. Beavis, Bioinformatics, 2004, 20, 1466-7.

A Method for Reducing the Time Required to Match Protein Sequences with
Tandem Mass Spectra, Robertson Craig and Ronald C. Beavis; Rapid
Commun. Mass Spectrom., 2003, 17: 2310-2316.

Viewing mgf and mzXML files

From the ms/ms search input panel you can view the content of your data
files (mgf and mzXML) when they have been selected in the ‘Open file’ edit
box.
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mgf view

The mgf view button [ mefvien. 1o comes visible next to the input file edit
field at the top of the window, when a valid mgf file is selected/entered in the
field. When the mgf file has loaded, the data are initially presented in an m/z
vs. intensity (ionsum) plot where each square represents a spectrum.

B QEHF2 07027 RM.mgf - Entries: 31451 - O X

7,400,000,000 Search Compare
7.200,000,000
7,000,000,000 Charge 2 !
6.800,000,000 + d
& 500,000,000 g‘a‘g‘_’ 3 Display options
600,000, harge 4+ ™

£,400,000,000 Charge 5+ 9 Mass/lonsum
6,200,000,000 [ ] Charge 6+ () Mass/Ret, time
£.000,000,000 9
5,800,000,000 Charge 7+ ¥ Color charge
5.600,000,000 Log. y-scale
5,400,000,000 Color hits
5,200,000,000

5,000,000,000 Disp. hits only
4,800,000,000 =
4,600,000,000 Re-draw graph |
4,400,000,000
4,200,000,000 L_abal
4,000,000,000 () Spectrum scan
3,800,000,000] B @ mjz
s.600,000,0000 § f () Value index
3,400,000,000 H
3,200,000,000
3,000,000000] M % o |

2,800,000,000
2,600,000,000 B Double-click point to

wview spectrum

msfms ms

Tansum

Get value spectrum

2,400,000,000
2,200,000,000
2,000,000,000
1,800,000,000
1,600,000,000
1,400,000,000
1,200,000,000
1,000.000,000
800,000,0009
600,000,000
400,000,000
200,000,000

w |
B
7

800 1,000 1,100 1,200 1,300 1,400 1,500

The dots are colored according to charge, and the plot can be zoomed like a
standard GPMAW graph (click and drag down to zoom in, drag up and left for
zooming out).

You may double-click on a square to view the ms/ms spectrum in a separate
window, where you also can make a sequence tag (Ch. 10.4, Ms/ms search
window). You can modify the display using various options. Note that you
need to press the ‘Re-draw graph’ button to see the changed display.

Mass/Ret. Time: Changes the y-axis to retention time for a different view of
the ms/ms run:
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Charge 3+
Charge 4+
Charge 5+
Charge 6+
Chargd®f

[ L]

4 : A -
} a1k 4 v i : b 2 | R [
: 5 v ; n

;“5 . . 4 4 r am [ ]

Log. Y-scale: Changes the y-scale to a logarithmic scale.

Color hits: If the corresponding ms/ms search results are loaded in the
ms/ms search window, spectra representing hits will be colored red.
Disp.hits only: If the ‘Color hits’ option is checked, this will only display the
hits.

Label: The label displayed for each dot can be selecte to be Spectrum
scan, scan number, m/z, m/z value, or Value index, the index of the dot in
graph.

Get value spectrum: Enables you to enter the value index of a spectrum
and view it in the ms/ms spectrum viewer (Ch 10.4).

CC: Pressing the ‘CC’ will highlight (orange) typical contaminants in the
spectrum. The contaminants cover mainly detergents. The highlights are lost
when redrawing the plot. This is to present if there are severe contaminants
in the ms/ms run.

Several other tabs can be selected in the left-hand panel:
Search Compare

Jmsfms ms

MS

The MS tab displays graphs of the mgf file depending on the ms value.
Options
() Specs/min

() peaks/spectrum
() Ton sum/spectrum

@ Ion sumjret. time

Wide peaks
Disp. hits only

Spec { time il
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After changing option, you need to pres the ‘Spec/time’ button.

Specs/min shows the number of spectra obtaine per minute. This will
typically show whether there has been peaks enough to saturate the
collection.

o
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Peaks/spectrum shows similarly how may peaks were observed per
spectrum:

se0 Unarge b+
540 Charge 7+
s20

300
a0
450
pors
20
a0
380

Similar graphs can then be obtained by ‘lon

sum/spectrum’ and ‘lon sum/ret. time’. WL

You may widen peaks by checking Wide peaks, and limit to Open fie =
Disp. hits only just like above.

Compare o
The compare tab enables you to compare two mdf files, the T

already loaded (base file) and a second file (comp file).

As the base file is already loaded, you start by opening the

second mdf file (comp) using the ‘Open file’ button. Select

parameters for maximum mass difference and retention L
time difference. :

Shaw Select
Press the ‘Compare’ button and the results will be shown in ;Dsha,.ed : eBcDm
a scatter graph. Here you can select to see either the Unique | © Base
shared or the unique spectra, and display either both files or G

either file. Finally, the comparison will be saved as mdf files
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using the same name as the input file with the extension ‘_comp_filter’.

Search

On the Search panel you can enter a list of mass values along with precision,
type of mass (e.g., MH+, M, m/z) and charge limits. You may further select to
show hits only.

Press the ‘Search’ button to search the mgf file.

In the result graph you can double-click to view the spectra as for the
standard ms/ms display.

The ‘Options’ button = opens a drop-down menu enabling table handling:
Paste into table, Copy table, and Clear table are self explanatory.
Bar graph and Point graph shows two different views of the same data.

Disulfides in EThcD is a preliminary function for finding disulfides in EThcD
spectra. Using ETD fragmentation, the disulfide bond is the bond first broken.
This results in the reduced peptides being among the highest peaks in the
spectrum,and when combined with HCD (socalled EThcD) you can obtain
good fragmentation.This function searches all spectra in the mgf file, extracts
the 10 highest peaks and analyses whether any to of them adds up to the
mass of the peptide + 4.03023 Da. No scoring of fragments takes place
otherwise (yet). The results are saved to a CSV file (can be loaded into
Excel) and are displayed as a scatter graph. If you plan to use this function,
please contact Lighthouse data for updates.

mzXML view

Unlike the ‘mgf view’ above, which only shows ms/ms spectra, mzXML view
can show both ms1 and ms2 spectra.

The ‘mzXML’ button 24 mZML il appear when the file selected in the
‘Open file’ edit field has the mzXML extension. Press the button to open the
file, and as mzXML files are quite large and furthermore needs to be parsed,
loading may take some time.
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18 mzXML graph — [m] X

Graphs  |Grid | Search grid Mode: View

14
45,000,000,000 5 |

40,000,000,000
35,000,000,000
30,000,000,000
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5,000,000,000 ]z
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1,000,000,000
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900,000,000
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500,000,000
400,000,000
300,000,000

200,000,000

% N | "
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100,000,000

G
9,64

]

1,000 1200 1,300 1400

Open file: Current: 13388 / 36684 Search mass 1 Parsed 36684 S:a‘n nulmber: 13388 B -
MS level: 1

Rusfie | sen: Qerev | next@ Searchmass [ ofsane MS peaks: 837 o Done

moflel vt @prey | nNext@ | (G 0 Precsion |  0.010Da.|  [d] search fmnto - 7 Help

The mzXML view is a two-window graph on top with controls beneath.

The top graph initially shows the intensity of the ms1 spectra. Zoom in and
click on a peak to view the ms1 spectrum in the bottom graph. In the top right
of the bottom graph is displayed whether the spectrum is a level 1 (ms1) or
level 2 (ms2) spectrum.

To the right in the bottom panel is an information box showing information
when loading and whenever the bottom spectrum changes.

The navigation controls
Current: 22501 [ 36684

Scan: @ Prev Next @
Mst: | Qprev || Next{® @ |Soto 0

allows you to move back and forward, either one spectrum at time (green
arrows, ms1 and ms2) or move to the previous/next msl spectrum. When
running data acquisition in data dependent mode, the ms instrument obtains
an ms1l spectrum, and then perform ms2 on several peaks from the ms1l
spectrum based on several parameters where intensity is the primary
selector. On top of the controls is shown the number of the current spectrum
along with the total number of spectra. Finally, to the right you can select to
view a specific spectrum number.

The central controls

Search mass 1 1

Search mass 2| 0.000 m_."zl | D| S

Precision @ Search
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enables you to search for up to two mass values with the specified precision.
The paste button will paste one or two mass values if separated by tab or
space. If you hold Shift while pressing the button, both input fields will be
cleared.

If you search for two mass values, the results for the top one will be in blue
and the bottom one in green. In this case the Butterfly graph option (see
below) usually present the results much more clearly.

Each graph has a drop-down menu =
The top one contains the following
=  Full scale
= Expand y-scale — tallest peak is made to fill y-scale
= Mark all hits
=  Full TIC scan — shows entire ms1 scan
=  Copy graph
The bottom one contains the following
=  Full scale
=  Copy graph
=  Mark search masses — search mass peaks are colored

Analyzing XLS file

The main purpose of the mzXML window is to analyze the hits obtained in the
corresponding ms/ms X!Tandem search.

From the main search window, you can save the results of a search as an
XLS file (Excel Win95 format). This can be loaded through the ‘XLS file’
button and will be loaded into the ‘Grid’ panel. From here it will automatically
be parsed into the ‘Search grid’ panel in a format depending on the setting in
the drop-down menu of the open XLS button:

=  No m/z generation — only the mass values in the xIs file is analyzed

= Import 14N -> calculate 15N — the imported mass values in the XLS file
are taken as 14N mass values, and the mass of the identified peptide is
calculated based on 15N mass values.

= Import 15N -> calculate 14N — works opposite the import function above.

The ‘Search grid’ will be displayed after loading an xIs file. The calculated m/z
values will be based on the peptide sequence identified for each mass value.
If you then click on a line in the ‘Search grid’, the mass value will be copied
into the ‘Search mass 1’ line and searched through all ms1 spectra, and the
intensity of found peaks will be presented in the top graph. If you have
calculated 15N values. This value will be copied into ‘Search mass 2’ and
searched. If you click on the green Prev/Next button while holding the Citrl
key, the selection in the grid will be moved up/down and reflect the mass
value in the corresponding line.
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When selecting a line, the search results will include basic information from
the ‘Search grid’ in blue on the right-hand side. In the following the search of
a 14N and 15N labeled peptide, shown in butterfly mode.

40,000,000
20,000,000
20,000,000
10,000,000
0
+10,000,000
+20,000,000
30,000,000

-40,000,000

-

Raow: 19, iscan: 3185
YFKE- QFLDGDGWTSR -WIES

a 641238/ 649275

10762
2184541

EXP3_D1261_VMxls

0

500 1,000 1,500 2,000 2,500 3,000 3500 4,000 4,500

Loading an XLS file enables the use of the integration button E198.0 ~ Thig
does not perform a proper integration, but only calculates the intensity around
the peaks cliced on in the top graph. The integration drop-down menu
contains:

Integrate +/-3 — calculates the intensity on +/- 3 peaks from the on
clicked on (the mode at the top flashes green to indicate a successful
‘integration’)

Integrate +/-5 - calculates the intensity on +/- 5 peaks

Integrate window - calculates the intensity on all displayed peaks

Look for highest (+/-10) — will look for the highest peak +/- 10 peaks from
the one clicked on and ‘integrate’ from that.

TIC butterfly graph — when working with two mass values, these can be
displayed in a butterfly graph.

Save TIC graph when integrating — when checked, each ‘integration’ will
also save the graph in .emf (enhanced meta file) format and the name
TIC + spectrum number.

The Grid button B~ enables you to

Copy the Search grid

Save the Search grid

Load the Search grid (same as the XLS button)
Save the mzXML file in .mgx format.
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Chapter

9

Cleavages

Cleaving a protein into peptides using specific or nonspecific
cleavage methods.

This chapter describes how to use GPMAW to simulate cleavages of a
protein using specific proteases or chemical cleavage methods. It also
describes how the resulting peptide list can be viewed in various modes and
can be used for generating simulated HPLC chromatograms and mass
spectra.

If you need to mass analyze a protein digest, check out the ‘Cleavage
analysis’ section, 9.3. The results of the cleavage (the peptide window) is
described in section 9.4)

Automatic digest 9.1

The Cleavage |Automatic digest command opens the 'Select cleavage
parameters' on the Automatic digest page. The other page of the dialog
‘Other cleavage’ is covered in the next section.

«
Automatic cleavage: ] Default

Ty i
KChymotryp WY/ F-\P
Endo Glu-C JE-\ENP
Endo Glu-C JE/D-YE\P
IAsp-N -/N

Lys-C JE=\P

Manual cleavage definition

rExtended options
Do not cleave if modified
Lys—N -/K Limit mass ranae
iTrypChymo SRIR-NP; /WY /E\P From ITQI T I@
Manual w. pre-cleavage
Exchange hydrogens
H1 QIerminaIE 0O1H1

= Edit 4 CNEr 4 Manual

Missed cleavages (<= 20):| 0 j‘

v OK X Cancel ? Help

In the automatic digest page, you can select a pre-defined enzyme to cleave
your protein. By default, 10 enzymes are defined in the list of enzymes. All of
the ‘enzymes’ can be edited, and there is room for five additional enzymes.
Note that the CNBr (/M) does not yield the correct masses for cyanogen
bromide cleavage (use ‘Other cleavage’ for this purpose, see below).
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®

Tip: As the most used enzyme is trypsin, this is placed at the top of the list.
If you preferentially use another enzyme, you should move this to the first
entry in the list.

Each enzyme is listed with name and specificity (see below).

As enzymes do not always cleave at all potential cleavage sites, it is possible
to specify 'Partials' (missed cleavages). A partials level of 1 means that the
resulting peptide list, in addition to all completely cleaved peptides, will
contain all peptides that contain a single potential cleavage site (e.g., in
addition to HITLK and SEAQR the list will also contain HITLKSEAQR). A
partials level of 2 means that all peptides containing at most two potential
cleavage sites will be shown. A peptide containing potential cleavage points

will be indicated in the peptide list with a *’ x|

fter th tide number. oo —
after the peptide numbe — Tuper)
The ‘Edit’ button enables you to edit the Cleawvane specificit:  [fK/RAP
currently selected enzyme line. For each line ' spacifes following residue i necessary o cleavage
in the enzyme ||St, you SpeC|fy aname (eg, "' specifies following residue prohibits cleavage
ChymOtrypSIn) and Cleavage SpeCIflcatlonS "' denates cleavage posiion ', separates positions;
(see ‘Specifying enzyme cleavage
definitions’ below). V0K | XCencel | 7 Hel

@h] Default

The 'Default' button resets the table to default values

The results of an automatic digest are shown in the peptide daughter window
(below, 9.4).

Extended options

The peptides resulting from a cleavage can be modified through the
‘Extended options’. The different options can be combined.

Do not cleave if modified: If checked, automatic cleavage will not take
place if one of the residues that are part of the cleavage specification is
modified. E.g., if you have specified a lysine residue to by hydroxylated,
trypsin will not cleave.

Limit mass range: If checked, only peptides having a mass in the range
specified by the two edit number boxes will be displayed in the peptide
window. If this function is activated, the number of peptides below, in, and
above the range will be shown in an extra information pane below the toolbar
in the peptide window.

Manual w. pre-cleavage: Enables you to modify the automatic cleavage.
After clicking ‘OK?, all cleavage points will be shown inverted in the
sequence window. Clicking on the residue with the mouse can now toggle

extra as well as existing cleavage points. Right-clicking the mouse in the
window terminates data input.

®

Note: As it is not possible to scroll the display when specifying ‘manual’
cleavage points you should make certain that the whole sequence is
displayed in the sequence window before selecting this option.
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Exchange hydrogens: The mass of all exchangeable hydrogens will be
changed to the mass of deuterium.

Terminals: The ‘Terminals’ button
enables you to specify the N- and C-
terminals of the generated peptides.

Pressing the button opens a dual

Select M- and C-terminus X

M-terminus:

| Composition: H1

drop-down dialog box. The selections C-terminus:

are the same as for specifying the Free acid v| Composition: OH1
termini of the intact protein (for setting

up terminals, see ‘Edit’ Ch. 4.1). ¢ OK X Cancel 7 Help

The default is hydrogen, H (mass 1
Da) for the N-terminus and free acid,
OH (mass 17 Da) for the C-terminus.

If you define a new N-terminus, it will be part of all peptides in the resulting
peptide table. If you perform ms/ms of such a peptide, the modification is
‘carried on’ to the ms/ms window.

Termini are edited through Edit | Edit mass| Termini

QuickDigest

The ‘Automatic digest’ can also be accessed
from the sequence window by clicking on the

‘Digest’ button Eﬂ The down arrow next

s-sl B oasall
Trypsin  /K/R-\P

Chymotryp  /W/Y/F-AP

to the ‘scissor’ button opens a menu for the Glu-C  JEAEWP
‘QuickDigest’. This menu lists the top Glu-C(D)  /E/D-\E\P

eight enzymes from the automatic digest Asp-N - -/D

option. Selecting one of these enzymes ys-C  /KAP

performs a quick 1-click digest. Please note bys-N /K

that the ‘QuickDigest’ performs a ‘straight’ TrypChymo  /K/R-AP;/W/Y/F-\P
digest with no extended options. TrypAspN  /K/R-\P;-/D

Two options are listed at the bottom of the = s

QuickDigest menu:

1 missed cleavage: Checking this will give
you one missed cleavage in the resulting

1 missed cleavage

Digest all sequences

List residue neighbours

peptide window. Note that this option is

persistent, i.e. the setting will be remembered between sessions.

Digest al sequences: If you check this menu option, all sequences opened
on the desktop will be digested, i.e. generate a peptide window. Note that this
option is not persistent, but will have to be selected before each operation on
all sequence windows.

IdeS. A special case is the cleavage with the proteolytic enzyme IdeS, which
very specifically cleaves IgG above the hinge region. This menu option is
only active when the active protein on the desktop has two or four chains and
a mass > 60 kDa. For details see after next section.

Specifying enzyme cleavage definitions
Enzyme specificity is defined by the following symbols:
[ following residue is necessary for cleavage
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\  following residue prohibits cleavage
- cleavage position
,  separates multiple residues in the same position

;  separator for individual cleavage specifications. This enables you to
combine two or more enzymes within the same specification (e.g., if you
digest with trypsin and Endoproteinase Asp-N the definition will be /R/K-
\P;-/D). If you want to specify overlapping peptides for one enzyme and
not another, you specify the required overlap level for the combined
specification. When you have the peptide list you can remove the
overlapping peptides for the ‘clean’ cleaving enzyme(s) through the local
menu command ‘Remove partials’ (see ‘Pop-up menu’ under ‘Peptide
window’ below)

If no dash (-') is present in the specifications, cleavage takes place after the
last residue. Up to 6 positions can be specified. You may combine multiple
cleavages into a single line (see above), the limit on the line is then 32
characters.

Examples:

Trypsin: Cleavage takes place after Arg or Lys, but not if
the following residue is Pro.
/IR,K-\P

Chymotrypsin: Cleavage takes place after Trp, Phe, or Tyr, but
not if the following residue is Pro.
IW,F,Y-\P

Endoproteinase Asp-N Cleavage takes place before Asp.
-/D

Acidic cleavage Cleavage after Asp or before Ser or Thr.
ID;-/SIT

Trypsin and chymotryp:  Combine two cleavage specifications by
entering a ;' betwee the two: /K/R-\P;/W/F/Y-\P

Note: The enzyme definition in ms/ms search follow different rules due to
interaction with the X!Tandem search engine, see Section 8.10.

The IdeS option is only available on the Quick Cleavage menu, and only
when the active protein window has two or four chains and a total mass of
> 60 kDa. IdeS cleaves IgG heavy chain very specifically above the hinge
region. In GPMAW the specificity has been defined as /A/G- /G/P,/S,/V.

For the digest to work properly, the chains must be specified as Light chain
— Heavy chain (or Light-Heavy-Ligth-Heavy).

In addition to the standard information given in a peptide window, the IdeS
window will give you:

Total mass (average) oxidized and reduced.
Mass of fragments (2 chains):
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Non-reduced: Fc/2 F(ab')2 reduced: Fc/2 LC Fd'
Mass of fragments (4 chains):

Non-reduced: Fc/2 Fc/2(2) F(ab')2 reduced: Fc/2 Fc2(2) LC LC(2) Fd'
Fd'(2)

Along with the list of fragments, a ‘grid button’ s will appear on the
bottom toolbar. Pressing this will open a grid showing the fragment values
in a tabular form, which enables a quick copy to clipborad for transfer to a
spreadsheed. The button toggles the grid on and off.

.. |Name |Intactl-1r |Intactl-1r |Fc;z

Copy | NIST mAb standard |145435.2? 145468.52 | 2391
The mass values presented are average

Other cleavage 9.2
Manual digest

¥ Manual cleavage definition

rManual cleavage definition

Mame:

Parameters:
" specifies following residue is
neceszary for cleavage

' zpecifies follawing residus
prohibits cleavage

"' denotes cleavage position
'! separates positions;

The manual digest option functions are identical to ‘auto digest' except that
you enter the enzyme name and cleavage specificity manually (see how to
specify cleavages above).

The result of manual digest is, like automatic digest, displayed in a peptide
window (see below).

Other digest

Two of cleavage options that cannot easily be defined using the standard
cleavage nomenclature are defined by their own buttons.

CNBr: The cyanogen bromide cleavage = “8EN8" s a chemical
cleavage that cleaves after Met but modifies the C-terminal methionine
residue into either homoserine or homoserine lactone depending on cleavage
conditions. Apart from the homoserine/lactone formation the cleavage is
similar to automatic digest and manual digest described above.

In the resulting peptide window, a toolbar will open with the option of
selecting the C-terminus of cleaved peptides (except for the C-terminal one)
as 'None', 'Homoserine' or 'Homoserine lactone'.
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@ Hint: If you need to obtain information on overlapping peptides in a CNBr
digest you must perform an automatic digest (using /M- as cleavage
parameter) and modify the C-terminus according to homoserine or
homoserine lactone formation.

Manual (cleavage): The manual cleavage | M2l anaples you to

specify all cleavage points yourself. After clicking “OK? you must click on all
residues in the sequence window preceding the bonds to be cleaved. The
residue clicked on will be shown in inverted color to indicate that cleavage will
take place.

Cleavage positions can be toggled both on and off.

You terminate cleavage definition input by clicking the right mouse button
inside the sequence window. The resulting peptide window will then open.

@ Hint: You can modify an automatic digest by checking the ‘Manual with pre-
cleavage’ option in the extended section of automatic digest (see above).

Cleavage analysis 9.3

The Cleavage analysis command enables you to obtain a quick overview of
the results of enzymatic or chemical cleavages.

The window is divided into a large left-hand window showing the coverage
analysis, and a small right-hand command bar giving you most of the
available options.

There are three views/options available:

Coverage Graph Single cleavage
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Coverage:
|Coveraga |Graph |Smgle cleavage |F|Iter paramatersl Peptide list | -
MEWUTFISLLLLFSSAYSRGUFRRDTHKSEIAHRFEDLGEEHFKGLULIAFSQYLQQ 57 = Label——
[ 2002101 [soo2s7][ 7zams | | oras5e || 2434236 T . & FromTo
rypsin
EEEE] 5E5.30 ELE73 974458 360,561
o | I I | e e & o
CPFDEHUKLUNELTEFAKTCUADESHAGCEKSLHTLFGDELCKUASLRETYGDHADC 114 Chart / Print
I 163,631 I[ 1347531 Il 1361665 |[5e5341 [ 1362465 vl B
B T 1l R 1T (S 1l T ¥ Trypsin i
¥ Chymotryp &
CEKQEPERNECFLSHKDDSPDLPKLKPDPNTLCDEFKADEKKFWEKYLYEIARRHPY 171 Su-£ .
[ emeae [ eveddd || smak || 515,739 ] 327454 [ Glu-L(D}
100765 I 272330 J[_sesarz AspN
Lys-C
Lys-N
FYAPELLYYANKYNGUFQECCQAEDKGACLLPKIETHREKULASSARQRLRCASIQK 228 TrepChymo
1898.927 1 E31E4T J[_7oo394  |[ e+923s | [ _roasm |
_ TrypAspN
FGERALKAWSUARLSOKFPKAEFUEUTKLUTDLTKUHKECCHGDLLECADDRADLAK 285 [& check all
[Cemaam | [ sz24sa || 7esarz | [ 1675575 IR
30516 [ 1607 851 I[ 3927917 1 missed clv.
W Enzyme labels
YICDHQDTISSKLKECCDKPLLEKSHCIAEVEKDAIPENLPPLTADFAEDKDUCKHY 342
1385613 [ 1175544 1l 014420 |l 1955360 | [ Hﬁﬂve
0 [y cony. -
1-807
QEAKDAFLGSFLYEYSRRHPEYAUSULLRLAKEYEATLEECCAKDDPHACYSTUFDK 399
ZEETH ] 1365556 Il [ ]
802384 | [T | 1261816 1L 1834717 | [ = &pri"t
4| I B
. Mass range 500 - 4000 Da HPLC O - 40 min, No cov.: 28 46%
Limits: {1 U= Nolmts  gingie cov.: 264 43.5% AL

This is the default option with most option and information.

The left-hand window displays the protein sequence with variable number of
residues pr. line. Below each sequence line are the peptides created by the
options in the right-hand panel and limitations defined in the bottom panel.

The caption in each peptide box can in the right-hand Label panel be set to
either ‘Mass’ or ‘From-to’ (number of first and last residue in the peptide).

You select an enzyme to use for digestion in the right-hand panel by setting a
checkmark with the mouse cursor. You may select up to all 10 enzymes. For
each enzyme selected, the resulting peptides are displayed below the
sequence lines in the same color as the enzymes are written in.

Note: The ten enzymes listed are the topmost ten ‘enzymes’ from the
automatic digest list. You may edit the digest list to reflect your cleavage
preferences (see section 9.1).

The colors cannot be redefined by the user.

The buttons below the enzyme selection box enables you to:
Select (check) all enzymes with a single click.

Enable a missed cleavage in the enzyme definition. Note that this limits the
number of enzymes to show, as you quickly run out of levels in the display.

Toggle Enzyme labels. The enzyme labels are shown in the top right corner
of the sequence in the same color as the corresponding boxes.

Save the cleavage analysis to disk — this makes it possible to load it into the
‘Coverage analysis’ windows for later analysis.
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Copy to clipboard. The graph is copied in Windows metafile format, which
enables the picture to be re-scaled without loss of quality after pasting into

other applications like Word or PowerPoint. By clicking on the down-arrow,

you can select a range to be copied to clipboard.

Print. Print the coverage map.

Graph:

If you click on the ‘Graph’ tab at the top of the dialog box, the display
changes to a graphic display of the peptide distribution.

Sequence ||Graph |

Cleavage analysis
17 T T

M Trypsin
I Chymatryp
M Aszp-t

[ Ly=-C

500 1000 1500 2000 2500 3000 3500 4000

Each enzyme is presented in each own color as shown in the top right-hand
box. The height of each bar presents the number of peptides in each mass
segment giving a quick view of the size distribution of peptides. The last
section ‘4000’ counts all peptides larger than 3500 Da.

The enzyme cleavages to display in the chart are selected in the right-hand
panel in the ‘Chart/print’ section, just like for ‘Coverage’.

Several graph displays are available and can be selected by right-click in the
chart to open the pop-up menu.

Display options:
Side by side:  Default, each mass segment shows all peptide counts.
Side all: Peptide counts are separated into each enzyme cleavage.

Stacked: The bars are stacked above each other, the height
representing number of peptides.

Stacked 100: Similar to ‘stacked’ except each bar is scaled to 100%. This
option shows the relative distribution in each segment.

The chart can be copied to the clipboard both in bitmap and in vector format
(for best quality) through the pop-up menu or the command panel.

Before printing you must select all the cleavage methods you want to

analyze by checking the appropriate ‘enzyme’ check boxes above the ‘Print’
button. The printout will show the graph at the top followed by all the peptide
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parameters on the left-hand side of the page with the protein sequence to the
right of the appropriate cleavage statistics. This makes for a compact
presentation of all relevant cleavages.

The graph printed will be in the same format as displayed on screen.
The ‘Save to disk’ button is not available from the ‘Graph’ page.

Single cleavage:

Coverage Graph Single cleavage Trypsin

Enzyme: Trypsin - [Parameters: /KIR-\P] Chymotryp
Total number of peptides: 22 Staph.au.
Double cleavage sites: 2 Staph au
Peptide distribution: o
0 500 1000 1500 2000 Asp-N
z 5 ] 2 Arg-C
2500 3000 3500 > Lys-C
z 3 ! ! Aszn-C
Mass range: 146.189 Da - 3516.258 Da
Chart / Print
MAFLWLLSCW.ALLGTTFGCG.VEAIHEVLSG.LSRIVHNGELL . WEGSWERLVS. 50 "
LQCETGFHEC.GGSLISECKV. VIARACCVRT . SIVVVAGEFD . QGSCEENTLV. 100 r
LEIAEVERNE . BESILIVNND. ITLLKLATER . RFSQIVSAVC.LESADLDFER. 150 r
GTLCATIGWG.BTEYNANKTE. CRLGGARIEL. LSHAECKESH.GRRITIVMIC. 200 —
BGASCVSSCM.GOSGGEIVC] . BOGAWIIVGEI. WSKGSOTCST. SSECVYREVT. 250 I
BLIFWVCRIL.ZAN 263 I

On the ‘Single cleavage’ page you analyze each enzyme cleavage
individually.

In the right-hand panel, you cannot choose multiple enzymes, and the
‘Chart/Print’ panel has been disabled. Instead, you now have eight buttons,
one for each enzyme. When depressed, the corresponding cleavage will be
displayed in the left-hand window.

The enzyme name and cleavage parameters will be in red, followed by the
number of peptides (assuming complete cleavage) and number of double
cleavage sites (e.g., two consecutive basic residues in a tryptic digest). The
reason for listing the number of double cleavage sites is that many
endoproteases are less active towards terminal residues leading to
incomplete digests and more complex peptide mixtures. Below is listed the
distribution of peptide masses divided into 500 Da ranges up to 3500 Da. The
number of peptides with a mass larger than 3500 Da is listed between the
‘3500’ and *>’. Finally, the mass of the smallest and largest peptide is listed
(the peptide mass range).

The bottom part displays the protein sequence with all cleavage points
highlighted. Note that cleavage takes place after each highlighted residue.
The last residue will always be highlighted as the termination of the sequence
is counted as a cleavage point. It is not possible to alter the format of this
display (e.g., change to a 3-letter display).
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®

Note: The cleavages performed in the Cleavage analysis are ‘straight’
cleavages. This means that you cannot specify overlapping sequences,
modified terminals etc. For this you have to perform a ‘normal’ automatic
cleavage as detailed in chapter 9.1.

Printing:

When you print the graph and Single cleavage you will get a combination of
the two. At the top will be a graph showing the results of all the checked
enzyme digestions, and below will be the single cleavages of each enzyme
including the sequence with highlighted cleavage positions.

Peptide window 9.4

- [1] Trypsin -= Myoglobin - Equus caballus (Horse), and

Mo. 14 Al i wes 33 HE UG MI 3 O] Trypsin [/R-\P] -p0 4 Seq sortt - [~ Sync. windows
Nom |Prom-To| uH+ |EPLC| Mass | pI | Add.Mass | sequence

=

[

= T U U Ry T S )

[T

146-147 310.1761 5.58 309.1689
48- 50 397.2558 7.57 396.2485
43— 45 409.2082 8.14 408.2009
95-102 470.3337 13.97 469.3264

140-145 631.3410 5.66 630.3337

148-153 650.3144 15.78 649.3071
57— &2 662.3355 8.54 661.3283
51- 56 T08.3233 T7.01 T07.3160

134-139 748.4352 18.00 T47.4273
32- 42 1271.6630 18.70 1270.6558
64— 77 1378.8417 21.08 1377.8344

115-133 1502.6693 15.69 1501.6620
17- 31 1606.8548 19.57 1605.8475

1- 1 1815.9024 23.46 1814.8852
80— 96 1853.9617 16.95 1852.9544
103-118 1885.0218 26.60 1884.0145

84 351.1809 YK -
25 438.2605 HLE

69 450.2129 FDK

25 511.3384 IPIK

G 672.3457 NDIAAK

.85 £91.3191 ELGFQG

.13 703.3403 ASEDLE

.54 T749.3280 TELEMK

.36 789.4399 LLELFR

.53 1312.8678 LFIGHPETLEK

.25 1419.8464 HGIVVLIALGGILK
.06 1543.6740 HPGDFGRADAQGAMTE
.58 1647.8595 VELDIAGHGQEVLIR
.13 1856.9072 GLSDGEWQREVLNVWGE
.46 1894.9664 CGHHEAELKPLAQSHATE
1% 1926.0265 YLEFISDATIIHVLHSK

L I T T T Y S v T T I T )

The peptide window shows the list of peptides that is the result of one of the
enzymatic or chemical cleavages described above. The window is a daughter
window that is linked to its parent sequence window so the peptide window
will close when the parent sequence window is closed.

©

Note: Up to three peptide windows derived from the same sequence
window can be open simultaneously. Subsequent peptide windows will all
replace window number one. The number of the peptide window is
displayed as the first item in the title bar in sharp brackets (e.g. [1]).

The initial display of the peptide list is determined by the 'Setup peptide
parameters', Chapter 5.2. Several of the display parameters can be turned on
and off, either through the tool bar or by right clicking the mouse to get to the
pop-up menu.

Hint: The amino acid residues are shown colored if they are colored in the
parent sequence window. This means that if you want to color residues after
you have created your peptide window, go back to the parent window and
create the colored residues you want before returning to the peptide
window. If the colors are not displayed immediately, force a repaint by
minimizing and restoring the window.
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The peptide list shows the peptides generated in a tabular fashion, typically

with several physiochemical properties as shown above. The ‘Alt’ button

switches to an alternate table that can be set up different from the primary.

Typically, one is set up with various physical chemical properties and the

other as multiply charged ions (below) (see also chapter 5.2). Independent of

the setup chosen, the first column lists the peptide number (in the linear

sequence) and the last column lists the amino acid sequence (in either 1- or

3-letter code). The actual parameters shown will depend on the setup. Up to

six columns (parameters) can be shown simultaneously in addition to the

peptide number (always first) and the peptide sequence (always last). The

currently supported peptide parameters are:

Mass: Molecular mass, M (e.g., non-charged).

M-H to M5H-: One or two negative charges (e.g. (M-H)  and (M-2H)>).

M+H to M8H+: One to eight positive charges (e.g. (M+H)* to (M+8H)%*).

From-To: First and last residue in the displayed peptide.

HPLC: HPLC retention index.

Ch: Net charge at the pH defined in Setup (Ch. 5.2).

pl: Theoretical pl of the peptide calculated with the table defined in Setup
(Ch. 5.1).

B&B: Bull and Breese index (hydrophobicity index).

Add. mass: Additional mass. Masses in this

oSS were | chl o1 | &
column have the mass defined in M2T-I+ ;&
Setup (Ch. 5.2) added to their peptide 727 07 wans e e
mass M. Not? that the addition is to M 12 64 -z, Mass o> cn4
not to (M+H)". 18.70 -1. MH+ 72 .442¢
Alt. mass: Mass values in this column is 9.9z 0. Fram-Ta 72 . 403t
calculated by the alternate mass file as  12-1% -0. HRLC 87,2840
defined in Setup (Ch. 5.2). Note that g'gf :g' Bi‘B zi';g;’;
the settings here affect both the 001 —1] v CI 2z 076"
charge and the terminals. e ;_H oe S7ar
Av/Mo: This column shows the opposite 5.5% -0.  panHs 90.891:
mass type as displayed by the (M+H)*  18.00 -0.  popy 48 . 890¢
column. E.g. if the window is set to 10.66 1. sddmass |2 1-920¢
monoisotopic display, this column will 1;';1,- ';' A5 gi : :igf
show the average (M+H)* value. 13.59 1] m::+ .
A280: Absorbance at 280 nm §.54 -1. M?H: £2.717:
A205: Absorbance at 205 nm 16-32 -0 — 20723
You can easily change the layout of the A Mo

various columns. Right-click on the header

button in question and a pop-up menu will show all the display options with a
checkmark by the current selection. Select another column display type, and
the display will be updated to reflect the new selection.
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@ Note: The number of displayed columns will not be changed (maximum is 8
with the first and last column fixed at ‘Number’ and ‘Sequence’). To change
the number of columns you still have to go through Setup (Ch. 5.2).

For details see Chapter 5.2.

Hum I Frum—ToI MH+ I MIH+ I Sequence
1 1- 16 1&836.05 915.53 AGSYLLEELFEGHLEE ﬂ
2 17- 283 1659.54 §30.4Z ECWEEICVYEELR
3 30- 43 15616.65 909.93 EVFEDDETTDEFWER
4 44- 67  Z2490.75 1245.89 TYMGGIPCAIQPCLNMNGICQDIIR
5 65— 93 Z2745.07 1374.54 GYACTCAPGYEGPNCAFAESECHFLE
] 94-114 Z2335.63 11659.82 LDGCQHFCYPGPEIYTTCICAR
= 115117 =41 Ra 171 2N mHY ;I

The header for each column acts as button. When a
button is pressed, the corresponding column will be

Num | From-Ta

sorted, the first time in ascending order, when pressed 11 1- 18
again, the sorting will be in descending order. The header 392 1- 23
of the sorted column will be displayed in red. e 1- 43

If you have specified overlapping peptides in the ‘Select
cleavage parameters’ box (chapter 9.1) overlapping
peptides will be shown with a superscript after the

2 17- 29
40l 17- 43
772 17- 67

3 30- 43

number indicating the number of overlaps (= number of

missed cleavages) present in the peptide.

The commands available for peptide windows are accessed through the
toolbar, the Peptide 1list menu, or the pop-up menu. The commands are
listed below with a short description first, followed by a more detailed
description of the individual functions.

@ Note: The commands have different scopes. Some commands are for the
display only (e.g., 1/3 code toggle), some functions work on the peptide list
as a whole (e.g., HPLC chromatogram) and some commands are for the
individual peptide (e.g., ms/ms fragmentation).

The toolbar

iMo. B 34 an j low 3 - 4G lff 3 ¥ M

Ma.

)

4|
il

Endo Glu-C [[E-EV] - p0 Seq. Sor‘tl - | ## Synchronize !

Average/mono mass toggle. Default is set in the setup dialog

(chapter 5.2).

Setup: Opens the ‘System setup’ on the Setup peptide parameters

page, see Chapter 5.2.

1/3: Toggle between 1- and 3-letter code.

Alternate display: Toggles between normal peptide list and
alternate list. The actual columns displayed are set in the Setup
peptide parameters (Chapter 5.2). The available columns are mass,
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singly to quadruply charged positive ion, singly and doubly charged
negative ion, from-to, pl, HPLC index, Bull & Breese index, and
charge.

Info: Detailed peptide information window, see below.

Low mass filter: When pressed, the low mass peptides are hidden
in the display. The low mass filter limit can be set in System setup
(chapter 5.2). This option is very handy when viewing mass
spectrometric peptide maps where you very often do not see low
mass ions.

Partial modifications: When the button is depressed, selection of
a modified peptide will open a frame at the bottom of the window
with the unmodified peptide and a list of all different combination of
modifications. Please note that only mass values will be shown for
the different version as GPMAW does not calculate the pl, retention
index etc for modifications.

Note: If you print the peptide list (and make sure the ‘Print partial
modifications’ option is checked) you will get a list of all partial
modification listed after the standard peptide list.

Ms/ms: Displays ms/ms fragmentation pattern of the selected
peptide, see Chapter 10.1.

HPLC chromatogram: Simulated HPLC chromatogram, see below.

Mass spectrum: Simulated MS spectrum, see below.

Charge vs pH: Displays a graph of the charge of the peptide at all
pH between 0 and 14. See below.

View/Search N-glycan structures: Use the selected peptide to
search for N-linked glycan structures. See chapter 7.4 for details.

pl strip: Displays a window with a simulated pl strip (isoelectric
focusing) of all peptides.

Endao Glu-C [fE-\E'F] - pO

The status panel shows the cleavage agent, the cleavage
parameters and the partials level or number of missed cleavages
(e.g. p0 = no overlapping peptides; p1 = fully cleaved peptides +
peptides containing 1 potential cleavage site).

Seq. sort | j The sequence sort enables you to sort the peptide list

according to highlighted sequences — select a highlight color in the
drop-down box, and then click on the ‘Sequence’ header. Normally
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when you click on the ‘Sequence’ header in the table, the
sequences will be sorted according to characters. When you have
selected a color in the ‘Seq. sort’ box, sorting will take place based
on the selected color.

# o« OK: Close current peptide window. Also closes derived daughter
windows like simulated HPLC chromatogram. The action does not
close the sequence window.

& sunehranize oy chronize windows: When this box is checked the peptide
window will synchronize with the ‘Sequence window’ so selection of
a peptide in the peptide window will result in the underlining of the
corresponding sequence in the sequence window. Other windows
like ms/ms fragmentation and charge vs. pH are also updated
whenever the focus changes between peptides (in ‘normal’ mode
you have to select the corresponding command in order to update
the windows).

Soesn Report: The Report button opens a separate window with a
peptide report. The report is an RTF editor enabling editing and
formatting of the report prior to saving, copying or printing. For
details, see below.

@ Hint: If you have a sequence, a peptide, an ms/ms fragmentation and a
charge vs. pH window open in GPMAW you can select the Window|Tile
command to have all related windows tiled optimally in the main GPMAW
window. If you then check the ‘Synchronize windows’ in the peptide
window, all windows will be updated whenever the focus changes in the
peptide window.

Peptide list commands in the main menu:

The first three menu items (1/3 letter residue, Multicharged,
Info) correspond to the toolbar buttons mentioned above.

Predict SS cross-links: Lists a combination of all masses of combinations of
all peptides containing cysteine residues.

In order to limit the number of potentially linked peptides you are asked to
limit the number of peptides to combine to 2, 3 or 4. The list can be
constrained to show only combinations of peptides having an even number of
Cys residues, i.e., there will be no free cysteines.

The disulfide cross-links are more fully discussed below.

N-glycosylation: Displays the masses of peptides with potential N-
glycosylation sites with the most common combinations of glycosylations
(e.g., high mannose, complex and hybrid type), see discussion below.

DigestAlyzer: Compare any number of protein digests against each other
using any of two parameters: mass, hplc index, pl, hydrophobicity. For more
details see Chapter 11.9 for details.
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The remainder of the Peptide list menu (MS/MS, HPLC chromatogram,
Mass spectrum, Charge vs. pH) is identical to the toolbar buttons
listed above and discussed in Chapter 10.1 and below.

What if?:

The ‘What if the peptide was modified’ option enables you to view the mass
values up to four modifications of a given kind on any peptide from the digest,
if it contains the residues specified for the modification.

#

1

2

| what if the peptide is modified? - m} X

Name: Residues: |ST | FDrmu\a:|H1P 103 | ¥ select mod. @ % Copy ~ Charge ﬂ

From To M/Z Mass Mod 1 Mod 2 Mod 3 Mod 4 Sequence ~
1 12 1 1285.7110 1365.6774 QVOLVQSGAEVK
2 543.3592 633,3423
13 19 1 586,4195 756.3859 KPGASVE
2 343.7134 333.6966
20 23 1 435.2146 515, 1809 VSCK
2 218.1109 258.0941
24 30 1 735.3988 8165.3551 ASGFNIK
2 368.7030 408.6862
21 22 1 1NR0 6474 1140 5120 OTYTHAAE. hd

The command opens a window listing all the peptides in the peptide window.
Along the top of the window is a toolbar with the following commands
available (from left to right):

Name (of modification): This field is not essential.
Residues: Single letter code of residues for which the modification is valid.

Elemental formula: Enter the elemental composition of your modification,
you may use the ‘formula calculator’ button next to the edit field.

Select mod.: Click on the down-arrow to select a modification from the
currently loaded modification file (see Chapter 4.3).

Recalc button. Press to recalculate the modified mass values.

Copy to clipboard button: If you just click the button, the table is copied to
the clipboard; if you click on the drop-down arrow, a menu with options is
displayed: Copy to clipboard standard copy; Copy mass list copies the
complete mass list; Copy just mass values just mass values are copied;
Copy just modified mass only the mass values of modified peptides are
copied. Several of these options are handy if you need to create inclusion
lists.

Print. Print the results.
Exit. Close the What if? window.

The results show each peptide with up to four modifications (if the peptide
contains four residues that are allowed to be modified).

In the example above a peptide list is analyzed for possible phosphorylations
by specifying Ser and Thr as potential phosphorylation targets and the
phosphorylation formula P103 (mass ~80 Da). Peptide 4 (in the middle of the
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list) shows for example, that it can potentially be modified with up to two

phosphorylations.

Use the local menu (right-click) to copy to clipboard or print the results.

Pop-up menu:

The pop-up menu (opened by clicking the right
mouse button in the window) contains the same
menu items as the Peptide list menu
above with the addition of Remove partials,
Copy/Export [see below], Print and
Select font.

Remove partials: This is a special command
for the case where you have specified multiple
enzymes as cleavage parameter (e.g., trypsin
combined with chymotrypsin as /K/R-\P;/Y/F/W-
\P) and have overlapping peptides. If you then
want to remove the overlaps from one of the
definitions (e.qg., if your experience tells you that
trypsin cleaves completely while chymotrypsin
generates overlapping peptides) you select
‘Remove partials’ and from the list of
enzymes (above) you select the cleavage
definition from which to remove overlapping
peptides. The peptide list will be redrawn
reflecting the changes to the definitions. It is not
possible to have different levels of partials (e.g.,
1 for trypsin and 2 for chymotrypsin), only a

partials level of 0 combined with another level (1, 2 ...). If you have combined

more than two specifications and you
want to remove additional overlaps,

1/3 letter residue
Alternate display
Peptide info
Remove partials
Copy

Report

Predict 55 cross-links
N-glycosylation
MS/MS

HPLC chromatogram
Mass spectrum
Chargevs pH
DigestAlyzer

What if?

lsoelectric focusing

Graph fragment map

Export

Highlight parent sequence

Coverage Map

Print

Select font

you select this option several times.
i ; . Select cleavage INIYIF-P
Copy special: The ‘Copy special definition from which
command opens a dialog box that toremove overlaps
enables you to fine-tune what
you want to copy. Copy
_peptides_ copi_es all the ﬂ;le;t o oK ¥ Cancel 9 Help
information displayed. See * L ———
below how to make a multiple i Cory ““'“ml”s = tum
. . . Copy mass list
selection, you can limit the - Copy et seneets) I FromTo
number of items to copy by P Erm
checking the ‘Copy selected -
items only’ box. Copy columns [ Copy selected items orly ——
opens yet another dialog box e N
where you select which & singly -
columns to copy. Copy mass € sinaly + doubly
list copy only the mass values 43 singly = daubls + triply -
but enables the right-hand
' CK x Cancel ? Help

option of multiply charges.
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Copy peptide sequence(s) only copies the peptide sequences in 1-/3- letter
format as displayed. ‘Copy as coverage file’ copies the list of peptides to the
clipboard in coverage map format, this can then be pasted into the coverage
map window (Chapter 12.7). If ‘Copy selected items only’ is checked; only the
peptides selected in the list will be copied.

Copying the peptide list to clipboard:

Copy to clipboard: The peptide list is copied to the clipboard. The format of
the copied list is defined in the system setup (Setup|Setup system) .

0)

Print

Note: If you want to copy to a spreadsheet you should select ‘Tab
delimited’, if you copy to a report select ‘Copy as text’. With ‘Tab delimited’
each column will be in a spreadsheet column by itself.

You also have the choice of copying the sequence with a limited length or
full length. For more information see Chapter 5.2 ‘Setup peptide
parameters’.

You can highlight and then copy part of the peptide list by using the usual
Windows selections keyboard shortcuts

Copy a continuous list: Click with the mouse on the first entry, hold down
the <Shift> button and click on the last entry. All entries between the two will
now be selected. Select ‘Copy to clipboard’.

Copy a discontinuous list: Hold down the <Ctrl> button while clicking on
the different entries. You can combine the two selection methods by first
making a continuous list and then de-selecting individual items by holding
down <Crtl> while clicking on items to de-select. Select ‘Copy to clipboard’.

Copy columns to clipboard: Lets you select which columns of the peptide
list to copy to the clipboard. The complete column will be copied, you will not
be able to select a range.

Select peptide as new protein: A new sequence window will open on the
GPMAW desktop containing the currently selected peptide. This command is
particularly effective if you want to carry out additional cleavages and
experiments on an isolated peptide.

Export: Export sel. peptide as new protein will open a new sequence
window containing the currently selected peptide. This enables you to
perform all the standard sequence related functions on a peptide. The
function is most useful for large peptides (see also Fragment window Ch.
3.7). Create in-/exclusion list starts a small 4-page wizard: 1t page in-
/excludes modifications; 2" page adds variable modifications and selects
charge states; 3™ select output format and mass mode; 4" page enables you
to review the mass list before writing it to disk in Micromass .pkl format.
Export list to GRAMS will export the peptide list to the now discontinued
PerSeptive implementation of the GRAMS mass spectrum analysis software.

Printing the peptide list essentially gives an output that matches the display —
a header showing protein information and a table with the same layout as the
displayed list. The main difference is that in monochrome (e.g., laser printers)
colors will be shown in bold. The sequence printed will be extended to the
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right margin of the page — if you select to ]
print in landscape mode you will get more Printer: [Caron 19PE300 =
of the sequence printed. —

Print options to be set immediately prior o Clncene

to printing.
Printer. The drop-down box enables you to

select any printer installed on your system.
The system default printer will always be

i rintsize
& Normal (10 pt)
" Compact (8 pt)

the one initially selected. ?;Z:j::;::::i?m Sl
Print orientation: Portrait (vertical) is # Print n color rr
usually the default. Landscape (horizontal) Add comment: =
enables longer peptide sequences to be [ Ko
printed at the expense of the number of

peptides.

1-letter code/3-letter code. The default will be what has been selected in the
peptide window.

Print size: Normal (10 point) or Compact (8 point). This option refers to the
peptide table only; the header and the (optional) composition will be printed in
normal size.

Print report: Opens the peptide report, ready for printing. See below.
Partial modifications: For all modified peptides, a list with partial
modifications will be printed. E.g., a peptide having two phosphorylations will
also be listed as having one and no phosphorylations. The partial
modifications will be listed after the normal list.

Include composition: The amino acid composition will be printed in a table
for every 10 peptides.

Print in color: Highlights and colored residues will be printed in color. On a
monochrome printer (e.g., laser printer) the colors will in most cases be
simulated in gray tones.

Comment: Here you can write any text that you want to include in the
printout. A limit of 80 characters applies. The text is not preserved between
printouts.

Peptide info

j The peptide info window can be accessed either by double-clicking on a
line in the peptide list or by selecting a line followed by ‘Peptide info’ from the
pop-up menu, the ‘Peptide list’ in the main menu or the ‘Info’ button in the
toolbar. The peptide info opens a dialog box showing physical/chemical
information on the selected peptide.

The peptide information window can also be called directly from the
sequence window (after highlighting a peptide — see chapter 3.2).

The peptide information window is divided into four panels with the following
content:
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green bar shows the relative position and coverage of the
selected peptide.

Below is shown the sequence position, length of peptide (with
percentage of total sequence) and the elemental composition

of the peptide.

Then follows various physical chemical characteristics of the
peptide: Monoisotopic and average mass (6 decimals), charge

(at the pH selected in System setup, chapter 5.2), Bull &

Breeze index, theoretical pl and HPLC retention index. The
charge and the pl labels have fly-by help showing the pH and

the method used in the respective characteristic.
Bottom left: The sequence of the selected peptide.
Topright:  The isotopic distribution of the peptide is shown as a stick

diagram. The first 15 isotopes are displayed, and the graph is

always scaled to the largest isotope. The mass of each

isotope is shown beneath each stick. Dragging the edge of the

window will expand the isotopic distribution.

Bottom right: The isotopic distribution of the peptide in table form. First
column shows the mass. Second column shows the

abundance of each isotope, and the last column shows the
relative abundance with the most abundant isotope as 100%.

Peptide info - #13/375 %

Peptide information | Trim peptide

Sequence location:

Residues: 52-64

Length: 13 { 2.2%)
Elemental composition: C52H32M16 02252

Monoisotopic mass:
Average mass:
HPLC index:

Bull&Breese index:
Charge @pH:

Peptide sequence:
52 TCVADESHLGCEE

Extinction coeff. @214nm:
Extinction coeff. @205nm:

pI [Rickard, Strohl & Nielsen]:

1346.523106 Da
1347.433480 Da
16,42
17109
40780
5

4.58(55) / 4.58(5H)

13475 1249.5 13615 125625 1266.5 1367.6 13635
13465 1242 5 12605 12625 1264.5 1266 5 13685 13605

Mass Abundance  Relative(%t)
1346.52 0.44587 100.0000
1347.52 0.3025 67,4250
1348.52 0.1600 35.8633
1349.52 0.0017 13,7594
1350.52 0.0197 4,3902
1351.52 0.0053 11841
1352.52 0.0012 0.2775
1353.52 0.0003 0.0574
1354.52 0.0000 0.0106
1355.52 0.0000 0.0013
1356.52 0.0000 0.0003
1357.52 0.0000 0.0000
1358.52 0.0000 0.0000
1359.52 0.0000 0.0000
1360.52 0.0000 0.0000
1361.52 0.0000 0.0000
1362.52 0.0000 0.0000
1383.52 0.0000 0.0000
1364, 52 0,0000 0,0000

& 0

- Previous

Next & Help ¢ OK
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The arrows ‘Previous’ and ‘Next’ replaces the content of the window with
the characteristics of the previous and next peptide in the peptide window. If

the ‘Peptide info’ window is called from the sequence window (chapter 3.2
these two buttons will be grayed 180 incorporation calculation @

(non-active).

SeleCting ‘Print’ WI” make .a . Theoretical {M} |Measured {I) |
hardcopy of all the information in M0/10 oot P
the vylndow except the blue/green R 4714 o
peptide location line.

M4,/T4 4.07 48.5

Selecting “Copy’ will copy all the
text in the window to the clipboard. Ratio  1.24 ey Calculate
No graphics (peptide location line
or isotope graph) will be copied to
the clipboard. I

The “18Q° putton enables you to
quantitate peptides based on the incorporation of stable isotopes of 20
during tryptic digestion. The method is based on the comparison of two
samples, one digested by trypsin in normal water and the other digested by
trypsin in 180 water. When analyzing the resulting mass spectra, you will
observe the incorporation of two oxygen molecules as isotope distributions
where the +4 Da peak is much increased.

The ratio of unlabeled to labeled peptide can be calculated using the
following formula:

Ratio = (l4 — (Ma * lo) / Mo — (M2 / Mo) * (12 — (M2 * lo) / Mo) + (I2 — (M2 * lo) /
Mo)) / lo

Here Mo, Mz and M4 are the theoretical intensities of the peptide base peak
(0) and the +2 and +4 Da peaks. Likewise, lo, |2 and 14 are the observed
intensities.

When you click the €180’ button, a dialog window opens for the calculation of
the peptide ratio when incorporating heavy water.

The M values will be entered automatically by the program. You enter the
ratios, measured from the experimental mass spectrum. Press the
‘Calculate’ button to get the ratio of the two peptides (in this case 1.24).

The ‘Copy’ button s puts a copy of the results on the clipboard.
For references please see:

Xao, X. et al., Proteolytic 0O Labeling for Comparative Proteomics: Model Studies with
two Serotypes of Adenovirus. Anal. Chem., 73, 2836-2842 (2001)

Johnson, K.L., and Muddiman, D.C., A Method for Calculating *0/*®0 Peptide Ratios
for the Relative Quantification of Proteomes. J. Am. Soc. Mass Spectrom., 15, 437-445
(2004)

Sigma currently have a kit ‘180 Proteome Profiler™ for performing the
quantiation experiments (Product Code P3623) along with a Technical
Bulletin.
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Simulated HPLC chromatogram
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The simulated HPLC chromatogram [Y. Sakamoto, N. Kawakami & T.
Sasagawa, J. Chrom. 442, 69-79 (1988)] is based on the separation taking
place on a C18 column running a 0.1% TFA/water/acetonitrile gradient. The
retention values are the ones displayed in the peptide list and are relative,
you cannot translate them directly to minutes on your own separation system.
Each peptide is labeled with the number from the peptide list (e.g., linear
order of the polypeptide chain, overlapping peptides after the fully cleaved
peptides).

The peak heights are based on relative absorption at 214, 254 and 280 nm.
The following relative values are given to the various bonds and amino acid
residue side chains:

214 nm 254 nm 280 nm

Peptide bond : 1 0 0
Cys and Met : 1 0 0
His : 5 0 0
Phe : 5 4 0
Tyr: 5 6 6
Trp : 33 10 24

The relative proportions between 214, 254 and 280 nm absorption does not
reflect the absorption observed as different instruments have different
bandwidth etc. and is only intended as a guide to enable you quickly to locate
peptides containing aromatic residues.
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(W —a214 W — A254 [V — 8280 )

The graphs for 214, 254 and 280 nm can be disabled individually by un-
checking the corresponding check-boxes in the legend. The colors of the
three graphs can be set either in Setup System Colors (Ch. 5.3) or by using
the graph control (see Ch. 11.1).

The buttons in the local toolbar are explained in Chapter 11.1 except for the
‘Import peptide lists’. This feature enables you to compare the retention
time (e.g., the theoretical separation) of a number of peptide digests (these
have to open on the GPMAW desktop). You may create up to 4 different

peptide lists (digests) and when clicking on the import button E they will be
incorporated in the current window as new traces. The peptide lists can be
the same digest of different proteins (see figure below) or different digests of
the same protein (e.g., in order to determine which digest separates best on
reversed phase HPLC).

Note: Only the 214 nm traces will be shown for each graph when multiple
peptide lists are shown. Only the initial trace will be labeled with peptide
numbers.
When you are comparing homologous sequences, they are best viewed in
the 3D display mode:

The picture shows the tryptic digests of four myoglobins, imported into the
same graph and displayed in 3D mode. For details of hot to control the 3D
mode, please se Chapter 11.1.

This graph is intended as a guide only, as the real chromatogram will
probably never look like this. The yield of the different peptides by HPLC
reversed phase separation will never be identical for all peptides, you will
have partial cleavages, autodigest products, the exact position in the elution
order will not be precise, the column ages with time etc. Taken with these
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precautions, the simulated chromatogram has turned out to be a reasonably
good guide.

The edit line in the toolbar (labeled ‘Peptide’) can be used for manual input
of a peptide. This peptide will have an id number of 0 (zero). Each time a new
residue is entered in the edit line, the graph will be redrawn to reflect the new
position and absorption of the changed peptide. This will give the user an
indication on how changes in single residues change retention time behavior.

The Resolution field can be set to change the peak width (values are 1-6)
and can be used to similate the separation on different systems.

The graph can be scaled, zoomed (right-down to zoom in, left-up to zoom
out) etc. like all graphs, for more details please see Chapter 11.1.

Predict SS cross-links

This command will either:

1) if no disulfide bonds are defined the function combines all Cys containing
peptides in the digest and sorts them by mass.

2) calculate all defined disulfide cross-linked peptides in the digest, even if
missed cleavages are defined in the digest.

Note: The “88” button in the main toolbar has to be in the oxidized state
(SS), not the reduced (SH) state, to calculate these values.
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s Predict Cys cross-links

# Av. ma55| Mao. massl Pep. | Cys | Peptides | ~
1 351.49 361.19) 1 1 #5
2 1019.16 101849 1 1 |#0
3 1110.32 1109.55 1 1 #5
4 1362.63 1361.67| 1 2 #2E
5 1380.65 137968 2 2 | #SE0
6 1432.64 1431.71 1 1 |#3
r 1471.81 147074 2 2 | #EH1S
8 1453 .60 149259, 1 2 #2
9 1486.72 148575 1 1 #24
10 172412 172286 2 3 #GE2S
11 1724.98 172385 1 1 |#31
12 179413 1792.800 2 2 #ER13
13 1855.08 1853.78 2 3 | #E12
14 1858.21 1556.94 2 2 #ow2d
15 1958.36 1997.03 1 1 [#30
16 2086 .46 2085.04 2 2 #EE
17 212548 212803 2 2 #0#S w
Max. # of peptides to combine
~ Zpeptides (" 4peptides [~ Only even # of Cys
Exclude below of Exclude above oll%
& prot % i:;{ 17lenties 9  Hep | m

No disulfide bonds defined:

The Cys-Cys linked list includes average and monoisotopic mass, number of
peptides combined and numbers of Cys residues present in the combined
peptides. Finally, the peptide numbers from the master peptide list are shown
in the last column.

As options, you can choose number of peptides to combine and whether you
want only to show an even number of Cys — in most cases it does not have
much meaning to show an uneven number of cysteines, as this will leave a
free unpaired SH group. Furthermore, you can define upper and lower
exclusion mass limits.

When you copy the table, you can choose between either text format
(‘Copy’) or HTML format (‘HTML’).

Disulfide bonds defined:

In this case all possible combinations of disulfide-linked peptides are
calculated. A maximum of approximately 1500 disulfide bonded peptides can
be calculated. Only an approximate number can be given, as for each linkage
the following steps are taken:

1) All possible extensions are calculated.
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2) The linkages are compared to all previously calculated linkages and
deleted if previously calculated (i.e., calculated in a different order).

3) Finally, linkages containing overlapping peptides are removed.

4) Peptides containing only internal links are not reported as they are
listed in the ‘standard’ list of peptides.

The maximum number of linkages is 1800, but as the interim number during
calculations is somewhat higher than the finally reported number, 1500 is a
more realistic maximum.

Note that when increasing the number of missed cleavages, the number of
potential linked peptides increases hugely: a tryptic digest of BSA (17
disulfide bonds) generates 9 linked peptides. Only 8 are reported in the
‘Predict SS cross-links’ as a single peptide with internal links is not listed.
When having a single missed cleavage, the number increases to 145, and
with two missed cleavages the number is 972 peptides. With three missed
cleavages, the number of potential cross-links is above 1800 and is not
reported.

N-glycosylation
Please see Chapter 7.4 for information on N-glycan determination.
Simulated mass spectrum

The simulated 'Theoretical mass spectrum' draws the masses of the current
peptide list as a stick spectrum with a default mass range of 500 to 4500.

™ Simulated mass spectrum -> M= E

o = By PR g ﬂ“ ®=3127 v=2241 |

Theoretical

Experimental

[ = T = W i =l =

500 750 1000 1250 1500 1750 2000 22'}3'0' 2500 2750 3000 3250 3500 3750 40
msz

All the 'sticks' of the peptide list are drawn to the same height, 20%, of the
window height. The 'sticks' are labeled with the peptide number from the list
and have a small error bar across them.

By pressing the 'Load peak table’ button (ﬂ) you can load an
experimental mass list (either a GPMAW .PKS, a PerSeptive GRAMS peak
list, Bruker peak list, or a Hewlett Packard MALDI-TOF peak list) into the
spectrum. The spectrum loaded will be drawn in a different color and will
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usually have both a mass and intensity defined for each peak. The
experimental spectrum will be drawn in a relative scale.

The error bars on the theoretical spectrum allow for easy comparison of the
two spectra.

The graph can be scaled, zoomed etc. like all graphs, please see Chapter
11.1 for details.
Charge vs. pH graph

The Charge vs. pH graph plots the charge of the selected peptide (shown in
the window title) versus pH.

The x-scale shows the pH and the y-scale shows the charge.

i Peptide #36 - LOQAALPLLSNAECKK _
E A1 0% R T 4 pH=30Ch=14 | ChargeatpH 3.0: 2.05 (Ox) 2.05 (Red)

Reduced fSH——Cxidized [S5)

mio - ow I
=

T T T T T I T T T T T
pH

The point where the graph crosses zero charges correspond to the pl of the
peptide. This value can vary slightly from the value reported in ‘Peptide info’
(se above) as the algorithms used for calculations are slightly different. The
steepness of the graph as it crosses zero indicates the confidence to put into
the theoretical calculations. A peptide with a shallow crossover point is much
more sensitive to the surrounding charges than a pE  Net charge
peptide with a steep crossover point. red - ox

0.0 3.00 3.00

Two graphs are displayed, one for the reduced and one ~ ©¢.5 2.98  2.99

. g . . . 0 2.97 2.97

for oxidized cysteine (there will only be a difference P

above the pl of Cys). 2.0 2.68 2.3

When you move the mouse cursor across the graph, horn oon

the value of the position is continuously updated in the 3.5 1.95 1.95

command bar. 4.0 1.76  1.76

4.5 1.32 1.32

You zoom by click and drag the mouse. Double click to 5.0 1.10  1.10

un-zoom. 5.5 1.03 1.03

8.0 1.1 1.01

The first three buttons in the command bar £.5 0.99 1.00

e 7.0 0.37 1.00
= ﬁ Al enables you to set full scale, enter 0.5 pH unit
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values for the x and y scale and automatically set the y-scale to the maximum
charge in the graph.

The charge table button :D opens a window to show a table of the net
charge of the peptide at different pH values. The drop-down box at the
bottom of the list enables you to change the list to show values at 1.0, 0.5
and 0.1 pH value difference. The list can be copied to the clipboard through
the pop-up menu.

Pressing the ‘Multiple graphs’ button E change the display to show all
peptides in the digest. In the right-hand panel is a legend for the peptides
indicating color and line stile for each peptide. Use the check-boxes to turn
the individual peptide graphs on and off.

== M P T # pH=11Ch=25

v1[95]188-188 ——
V2 [10 8] 193-193 ——
L'

L'

w5 [10 1] 240-251 ——
WE[97]109-111 ——
V71011108108 — -
vIS[6.51160-172 — -
W

bl (%

w11 [9.5] 164-168
W12 [111] 126131  — -
V13 [115]188-192  -----
|14 [12 5] 189-193  -----

[T = R Tl

o 5 oH 10 P N

Isoelectric focusing (pl strip)

The ‘Isoelectric focusing’ button or the pop-up menu in the peptide window
will show all peptides in a simulated pl strip, in order to give an idea of the
distribution of peptides after isoelectric focusing.
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— = x
+a Isoelectric focusing

|__ﬁ Copy [W Labels [ pid-14 v Mo missed deavages & Close

Peptides with a missed cleavage will be shown in red, while fully cleaved
peptides will be shown in green.

Checking the ‘Labels’ button will display labels with the pl of each peptide.
The ‘pl 0-14’ will expand the x-scale to 0 to 14, this will only be needed if you
have defined modifications with particularly high or low pK values. If ‘No
missed cleavages’ is checked, only fully cleaved peptides will be shown.
The ‘Copy’ button copies the graphics to the clipboard.

The report 9.5

Several windows can, in addition to print and copy, also create a report which
is displayed in a Report window. Currently the following windows are report
enabled:

Sequence window (Ch. 3.1).
Ms/ms search window (Ch. 8.9).

Mass search (Ch. 6.1).
Mass table (Ch. 4.2).

Cleavage analysis (Ch. 9.3).
Peptide window (Ch. 9.4).
Peptide sequence coverage (Ch. 9.7)

The report is a Rich Text Format (RTF) editor, which opens with the most
relevant information from the relevant window.

As it is a full-blown editor, you can edit all text and features of the report
through the toolbar, which has the following commands:

New (disabled), Open, Save, Print, Cut, Copy, Paste, Redo, Font selection,
Font size, Bold, Italic, Underline, Formatting Left, Center and Right, Bullets
and Text color.

For the peptide list, the report will in addition to the peptides also contain the
protein sequence with cleavage points highlighted in blue.

The report can be saved as an .rtf file, which can be readily read by most
Microsoft programs and other editors, or you may copy to clipboard and

254



9 - Cleavages /| Coverage map

paste it into Word or similar program. If nothing is highlighted when you click
on the copy button, the entire document will be copied.

10 ]
BRHZ %56 [Em 213 deru|eEs ==
05-10-2014 =

Sequence: Myoglobin - Equus caballus (Horse), and

GLSDGEWQQOVLNVWGEVEADIAGHGQEVLIRLFTGHPETLERFDEFRHLETEAEMEASED
LEFHGTVVLTALGGILERRGHHEAELKPLAQSHATKHRIPIKYLEFISDAITHVLHSEHP
GCDFGADAQGAMTEALELFRNDIAARYRELGFQG

Mass (av.): 16951.49; Amounts: 1pmol = 16.95ng; 1ug = 58.99 pmal;

Enzyme: Endo Glu-C Cleavage param.: [E- Missed cleav.: 0
Peptide mass values: Monoiso

[lum From-To MH+ HPLC Sequence
7 53- 5¢  219.0975 1.83 A
10 84- BS 219.0975 1.383 AE
5 39- 41 362.1%922 7.65 TLE
14 149-153 521.2718 15.72 LGFQG
B 55- 59 565.2650 6.28 MKASE
1- & 577.2464 9.71 GLSDGE
19- 27 897.4061 11.79 ADIAGHGQE
28- 38 1281.7314 21.97 VLIRLFTGHPE
42- 52 1420.7947 17.25 KFDKFKHLKTE
LFRNDIAAKYKE

.48 1434.7776 WQQVLNVWGKVE

7- 18 1485.784%9 21
4.39 2314.3525 LKPLAQSHATKHKIPIKYLE
2

86-105 2315.3598
60- 83 2579.5144
106-136 3276.6470

.89 2578.5071 DLKKHGTVVLTALGGILKKKGHHE
.81 3275.6327 FISDAIHVLHSKHPGDFGADAQGAMTKALE

1
3
4
[
13 137-148 1467.7954 18.00
2
1
9
2

=

Modified Line: 13 Col: 46 start: ¢ Done ‘

For reports containing graphics, e.g., coverage maps, the report has the
advantage, compared to just copying the coverage map, that each coverage
line will be a separate graphics picture, thus enabling line breaks.

For the ms/ms window, two different reports can be generated, one for the
protein hit list, and another for the individual protein hit.

Import peptide list 9.6

The main menu option File | Import|Peptide list from file
enables you to read a list of peptides from a text file on disk and display the
usual parameters for each peptide.

There are certain advantages to having a peptide list instead of a protein
sequence, particularly if the peptides terminate in cleavage points that are not
easily defined in the automatic digest (Ch. 9.1). You may want to analyze
different variants of the same or similar (synthetic) peptides. Continuously
modifying the peptides in GPMAW can be tedious while doing it in a text
editor is straightforward. Another possibility is that the peptide list is
generated by different program.

The definition of a peptide list is a text file in ASCII format (e.g., can be edited
by Windows Notepad) with a peptide to each line. Residues must be written
in 1-letter code. No headers or other additional information is allowed. E.g.:
CGEDYK

HHAISAK

TYFTDK
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EEEEEK
RPDADLK
GIYEE

The list will be imported and transformed into a sequence and put into a
normal sequence window except that the peptide length information will be
retained, and a peptide window will be created immediately.

The peptide window will be a standard peptide window (Ch. 9.4), and you will
be able to perform all the standard operations. You will even be able to save
the information in the sequence window as a regular GPMAW sequence.
However, in this case the peptide cleavage information will be lost.

A peptide list can also be searched for mass values, please see Chapter
12.6.

Coverage map 9.7

Coverage map is a graphical presentation of peptides found in a given
protein, their location and other properties like e-values (if they have been
found in a database search).

Currently you can access the coverage either with a peptide list or as an
ms/ms coverage map:

Peptide list:

Given an open sequence window, you can search by peptide lists either

through Search | Peptide level coverage map, or through Search | Peptide
sequence coverage.

Peptide level coverage map is based on inputting several different lists that
will be listed on each level. Overlapping peptides will overlap and peptides
have to fit completely. Peptide sequence coverage operates with a single

list, but spreads overlapping peptides on multiple levels. You can define slack
in the fit' of peptides to sequence.

Peptide level coverage map:

:Coverage of Myoglobin; - Equus burchelli (Plains zebra)

Coverage input _

# |Levell |Level 2 ‘Level 3 ‘Level 4 |I.evel 5 Ley ™ Input simple caverage levels
1 DIAAK

5 ASEDLE (= Open new level
EEEES (= Clear level [T 2]
|4 [TEAEMK Level name:

|5 |ALELFR |1 [peplist.bxt

6 SHPETLEK, ﬂ

T_ HEYTYLTALGA, ﬂ

8 HPGOFGADAD ﬂ
9 | veapvacHaGH ﬂ
L GHHEAELKPLA ﬂ

11 VLSEGEWQLYL H
i WLEFISEATIHWL ﬂ

13 -

< » Show coverage
wep: b save | [(Pycopy | aprint ' Done
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Select the Open new level button to load a peptide file from disk. This file is
a list of peptides in text format. The peptide sequences must be in 1-letter
uppercase code with a single peptide per line.

GPMAW now compares each peptide against the sequence and places the
peptides in a new empty level. If the peptide is found in the sequence, it will
be listed in black, if not found it will be listed in red, and if multiple copies of
the peptide is found, they will be colored yellow.

The name of the peptide file will be listed in the Level name box, which can
be edited.

You can continue to add peptide files, as long as you have available levels
(the maximum number of leves is 8. You can clear a level by entering the
number and clicking on the Clear level button.

The sequences in the table can be edited, but this will not result in a new
search and allocation by GPMAW.

When you click on the Show coverage button, the protein sequence will be
shown with boxes representing the peptides found beneath the sequence.
You can switch back and forth between the coverage map and the coverage
sequence input through the tabs at the top of the dialog, but the coverage
map is only calculated when accessed through the Show coverage button.

The Save, Copy and Print buttons at the bottom of the display works only on
the coverage map, not on the table.

Peptide list sequence coverage:

Unlike the level coverage above, the peptide coverage operates with a single
list of peptides (which can be expanded) and provides additional options like
partial fit, which may be helpful when performing de-novo sequencing.

73 Peptide list sequence coverage

DTHKSEIAHRFKDLGEEHFHGLULIAFSQYLQQCPFDEHUKLUNELTEFAKTCUADESHA 60 A |# |Sequencein 1-lett code Comment ~
[ DEHYKLYNELTEFAKTCVA 1 =
1 DEHVKLVNELTEFAKTCVA  { Hits: 1
GCEKSLHTLFEDELCKYASLRETYGDMADCCEKQEPERNECFLSHKDDSPDLPKLKPDPN 120 2  |DESHAGCEKSLHTLFG Hits: 1
DELCKVASLRET G O] DCCEKGEPERHECFLSHK O5P] [ DLPKLKE L= 3 | DELCKVASLRETYS Hits: 1
4 |pma Hits: 1
TLCDEFKADEKKFWEKYLYEIARRHPYFYAPELLYYAHNKYHGUFQECCOAEDKGACLLPK 180 f—
oPnTL DEFKA ][ DEKKFWGK TLYELARRHP YFYAPELLY YANKY NEVFOECCOAE [l e 5 | DCCEKQEPERNECFLSHK Hits: 1
& |Dsp Hits: 1
TETHREKULASSARORLRCASTIOKFGERALKAWSUARLSQKFPKAEFUEUTKLUTDLTKU 248 7 |oe Hits: 1
DRGACLLFKLE TMRERVLASS AFEFLRCASLGKF BERALR AWSY AFLELRF PRAEF VEVTRLVT 1 I s
8 |DPNTLC Hits: 1
HKECCHGDLLECADDRADLAKYTICDNQDTISSKLKECCDKPLLEKSHCIAEUEKDAIPEN 388 9 |DEFKA Hits: 1
OLTRVARECEHE DLLECA | [ORA][OLARWLC ][oha] Mo |
(ome][_peacac Jfows] 10 | DEKKFWEKYLYEIARRHPYFY Hits: 1
LPPLTADFAEDKDUCKNYQEAKDAFLESFLYEYSRRHPEYAUSULLRLAKEYEATLEECE 360 11 |DKGACLLPKIETMREKVLASS |Hits: 1 v
AKDDPHACYSTUFDKLKHLUDEPQNLIKQNCDOQFEKLGEYEFQNALIVRYTRKUPQUSTP 428 \Qavt‘ih? %, Redraw
O Label
TLUEUSRSLGKUETRCCTKPESERMPCTEDYLSLILNRLCULHEKTPUSEKUTKCCTESL 480 # Fa Baste () Open
- Mass Paste or open file in 1-4ett code;
UNRRPCFSALTPDETYUPKAFDEKLFTFHADICTLPDTEKQIKKQTALUELLKHKPKATE 548 ' e-value one sequence /line
- Comment Pastz/open level
EQLKTUMENFUAFUDKCCAADDKEACFAVEGPKLUUSTOQTALA a © Replace ' Add
Lys=Gin Mismatches (min. 5 residues)
v ] ¥ C
lap: (7 copy i Report (€3, Open DB - ' Dane ? Help

The sequence in the coverage map is based on the top-most sequence
window. Peptide lists can either be pasted from clipboard (Paste) or read
from a text file on disk (Open). In both cases the format needs to be a single
peptide in 1-letter code per line. By the Paste/open level radio buttons you
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can select whether a new list of peptides shall be added to the end of the
current list (Add) or replace the list (Replace). If you edit the table manually
or change parameters, your will need to press the Redraw button to perform
an update to the coverage map.

The label displayed can be either sequence (default label), from-to in
sequence, mass (monoisotopic). Currently e-value and comment does not
have content.

Checking the Leu=lle checkbox will make the comparison ignore a Leu/lle
different (isobaric residues), just like Lys=GIn will ignore the difference
between Lys and GIn (close to isobaric).

The Mismatches option lets you allow up to two mismatches between the
peptide and the protein sequence. Note that Leu/lle and Lys/GIn differences
do not count at mismatches if the relevant option is set.

When performing the searches, identity (0 mismatch) requires a peptide with
a minimum length of 3, while a length of 5 is needed for 1 or 2 mismatches.

If a sequence occurs multiple times, it will be displayed in the coverage map
in red color. Single occurrences will be drawn in the default color for level 1.

The coverage map can be copied to clipboard or opened in a report window
like other coverage windows (Chapter 9.5).

Database searching with peptide lists: Similar to searching individual protein
sequences, you can search an entire database against a peptide list using
the same parameters. When creating the database, it is prudent to include
the accession number as the first item in the sequence name, as only the first
12 characters are saved for hits (see below).

You start by loading a list of peptides as described above. Note: you must
load a file from disk, pasting from clipboard is not sufficient. You may
however add additional peptides after the initial loading. When it is loaded,
the Open DB button becomes active. Then you set the relevant parameters
(L/1, K/IQ, mismatches). Finally, you click the Open DB button and loads a
database in FastA format (see B.3). As soon as the file has been selected,
the program will start counting the number of sequences, and then start
searching. The progress can be followed in the text field to the right of the
Open DB button.

When finished, the results are saved in two files having the same name as
the input peptide list file, but the name has been expanded with *_noHit.txt’
for peptides that did not match anything in the database, and ‘_withHit.txt’ for
peptides where at least one hit was found.

Limits: Only peptides with a length of 3 or more are used for searching. If
mismatches have been selected, only peptides with a length of minimum 5
are used. The output file for ‘noHit’ is just a peptide list, the output for ‘withHit’
contains on each line: the peptide, the first 12 characters of the sequence
name, the first position of the hit, followed by the mismatch positions in the
peptide. This file can easily be imported into a spreadsheet, as each position
is separated with tabulator characters.
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Ms/ms coverage map:

The ms/ms coverage map is called from the results tab of the ms/ms search
(see chapter 8.12, 8.13). When you have selected a protein in this search, a
button labeled Sequence will show at the bottom of the window

v v [ sequence @ Selecting this button will open a coverage map window
containing the relevant protein with all identified sequences boxed under the
relevant residues.

% Coverage of P35565|CALNEXIN PRECURSOR - Rattus nervegicus (Rat) — (m] X
Coverage map | Extended input
MEGKWLLCLLLULGTARIQAHDGHDDDHIDIEDDLDDUIEEVEDSKSKSDTSTPPSPHUT 68 A |Residue: 100 Leveinames
33E-002 b Element: 91-114 1 P35565|CALNEXT A
= Mass: 2888.317Da
=% Exp.: 2888.314Da Peptide hit
Delta: -0.003Da Peptide hit
[ f o
s e-value: 9.2E-008 Peptide hit
i3 Peptide hit
Peptide hit
YKAPUPTGEUYFADSFDRGSLSGHILSKAKKDDTDDEIAKYDGKWEUDEHKETHLPGDKG 120
25002 186009 292003 [ Peptide it v
ase.on >
525-0:|09 o
| oEa0e I b X:397 ¥: 220 R —
[E— — CioEos Resdue: 100 o
SIE-003 | 226009 1 rd Label
[ 22E-007 B I 9IE-005 [l 13E-0050 [ ) Label i
[ — - =
) From-To
[ BEE00T 1 - 14
2RE-00Z 12E-0030 g Mass 17| oy
2.0E-002 @ e-value 80| st
I5E-002 ) Comment
Level color
O Level
LULMNSRAKHHAISAKLNKPFLFDTKPLIUQYEVUNFQNGIECGGAYVKLLSKTSELNLDQF 180 Color coyerage =
SEE-00% I 13E-005 ] o y—— 9! e-value
[ 4BE-007 [ 3BE-007 ] L
23E-003 L 14E-005. 1L 3.0E-012 |  Close parent Collapsed mode
! ZEEON — ¥ Fixed sequence
—1 [ G 2E008 |0 ssE0m |
10E-003 T3E-003 27EGi
E.FEMID4 [ 3TE01F e
Map: |l save [ Copy - Range tocopy: 1-591 Saprint [ Report & Done ? belp

If you close the coverage map window, the parent sequence window will

close automatically if the ‘Close parent’ box is checked ¥ Close parent
otherwise it will remain open. The coverage box can then be re- opened by
clicking the Coverage button of the sequence window (in the local toolbar).

The display shows the protein sequence in 1-letter code with 60 residues /
line. Each peptide is shown in a colored box, initially containing the number of
the first and last residue in the peptide. If the window was opened based on
the peptide lists, each list will be represented by a single color (note:
overlapping peptides are not allowed here). If the coverage was called from
the ms/ms mass search, GPMAW will try to assign overlapping peptides to
different levels. The function can handle up to twelve levels. If there are more
overlapping peptides than can be accommodated by this, they will be shown
overlapping on the bottom level with a red line underneath.

If a peptide extends beyond the end of the sequence line, an arrow will be
drawn, and the rest of the peptide shown in a box on the next line. The label
will be shown in the longest part. As a peptide cannot span more than two
lines, the longest peptide (optimally) is 120 residues.

The label of the peptide can be changes in the right-hand panel:
Label: A text string (initially this will be ‘from-to’).
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From-To: number of first and last residue of the Label
peptide. Label
Mass: Monoisotopic mass (theoretical) of the peptide From-To

e-value: The expect value from the ms/ms search
Comment: Number of identified peptides.

When you move the cursor across a peptide box, the
information on the peptide will be shown in the right-
hand text box. Residue is the residue pointed to, Element is the peptide;

Mass

Comment

Mass is the theoretical monoisotopic mass of the Rlesidue: 107
peptide; Exp. is the experimentally observed mass; il
Delta is the difference between the two mass values; Exp.: 1429630 Da

Delta: -0.003 Da

e-value is the search expect value; Modif is gy

modifications found, shown as modification mass
change (in blue) followed by number of modified Modif: 15.995@10%
residues.

The colors of the sequence can be made to show the coverage of the given
position by checking the Color coverage check box. No coverage is shown
as a yellow background, single ‘
background. If more than two 16E-003 P
peptides cover a given position, Z3E-004 i

no background is shown for the peptide.

Each level can have a name, which will be shown in the top right-hand grid.
The number of the table is displayed with the color of that level.

Residues that have been identified as modified in the search are shown as

colored blocks in the peptide boxes 1.3E-003 . They can be displayed

in eight different colors, depending on the modification. Each color is

assigned to an integer value (i.e., the rounded value of the modification). This

value can be set in the Modification color table in the right-hand panel. If a

modification is not defined in the color table, it will be shown in a separate

color (dark green). The colors can be changed through the ‘Color’ drop-down

color picker — select the color to change, click the drop-down arrow and

select the new color from the color cube.

If you move the cursor across the PTM list panel Delta: 14 observed: [9]
F;-_FT ) o ] Delta: 16 observed: [5]

ISt a list of all the modifications found during the Delta: 57 observed: [19]

search (Delta) along with the number of occurrences  pglta: -17 observed: [1]
(observed) will be shown in the list box.

The Color options define the color of the line surrounding each peptide box.
If set to Level, the colors will be the ones assigned to each level; when set to
e-value the color will be dependent of the e-value of the peptide assignment:
> 0.05: Red

0.01-0.05: Orange

0.001 - 0.01: Yellow

< 0.001: Green
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9 - Cleavages /| Coverage map

The data behind the coverage map can be viewed and edited through the
View data button : at the bottom of the wmdow

Extended input

# \Sequence |Fir§t \Last |Massthen. Mass exp. | Delta ppm |Label Modif e-value
Level name:
1 WTVEAPYPTGEWYFADSF 58 77 2262.111 2262.107 -2 1.9E-00¢
outputl
2 |APWPTGEVYFADSFDR 62 77 |L770.8%  1770.831 3 40600 | | i R
Peptide it
3 |APYPTGEWYFADSFDRG 62 67 2613417 2813406 -4 Lapane | ||Pestde
Peptide hit
4 | GILsGWILSK 78 &7 |106L.602 06159 -3 sern || |Peetceh
Peptide hit
5 | AKKDDTDDELAK 8 99 134B.662  1348.699 2 el ||
JPEDUdE hit
6 |KODTDDETAKYDGK 90 103 1612737 1612736 O 1.6E-00¢

| Barbicde bir

In this view all data can be changed (for good or worse!).

)

Notice: To get the data back to the coverage map you must press the

Coverage map button =/ =238 1P 4t the button of the screen. If you
switch using the tabs at the top, no exchange of data will take place.

Collapsed mode (Heat mode)

When you have multiple levels in your coverage map, you can generate a
single collapsed map by checking the Collapsed mode check-box.

DYMIEQSGPPSKEILTLKQUQEFL 368
NN EE NN T

HHTFSTEIAKFLEUSQGQLUUHQP 360
0.0E000

UGHRKUSHDAKRYTRRPLUUUYYS 420

Color
The darkness of the color shows the number of ‘hits’ ! Level _
(layers) at a given site. @ e-value _
By adjusting the right-hand slider, you can change the =
contrast of the colored sections. +/ Collapsed mode | -

The collapsed mode is called directly from the .mgf file

filtering function, and will then show the location of the N- or the C-terminal of

potential peptides.

Report

The Report button will open a report dialog containing a coverage report. In
addition to the coverage map, it contains the name of the sequence, color,
and mass of the reported PTMs and coverage statistics.

“HX®m GBS v vBruszxx

Coverage report
P35565|CALNEXIN PRECURSOR - Rattus norvegicus (Rat) [CNX_trypsin_082511_0000.xml]
PTM color: | 57: 00 16; _ zs; I 14; B -17; [0 so0; Coverage: 300/591 50.76%

HEGKWLLCLLLULGTAAIQAHDGHDDDHIDIEDDLDDUIEEVEDSKSKSDTSTPPSPKUT 68
2.2E-002

(1]
1]
L]
=

7 @ es|@

From the report, you can either copy to clipboard (the toolbar button copies
highlighted area while the button in the bottom bar copies the entire report.
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9 - Cleavages / Coverage map

Note when copying the report, the coverage map is copied segmented, i.e.,
each sequence line and coverage is copied as a separate image. This
enables pagebreaks when copied into a Word document. See also Ch. 9.5.

Coverage map from ms/ms search

Coverage input | Coveragemap | Extended input FTM list ~ Parameters
HKWUTFISLLLLFSSAYSRGUFRRDTHKSEIAHRFKDLGEEHFRGLULIAFSQYLQQCPF 68 [Track [spectrum |Levelcolor _|Residue
35-50
3545 4365 =
3748 ]
4565 [+

DEHUKLUMELTEFAKTCUADESHAGCEKSLHTLFGDELCKUASLRETYGDMADCCEKQEP 128
675 7688 83105

7288

JNIRE.L]
E=all.

ERNECFLSHKDDSPDLPKLKPDPNTLCDEFKADEKKFYGKYLYEIARRHPYFYAPELLYY 188 X: 633 Y: 195
12343 16167 16150 Label _
] i Label Residue: Tyr 150
@ From=To PTM colorfmass
ANKYNGUFQECCQAEDKGACLLPKIETHREKULASSARQRLRCASIQKFGERALKAWSUA 240 Mass j— =7
124987 188204 20521 223-232 -18
e-value —
195204 -17.
Comment. -
= 32
RLSOKFPKAEFUEUTKLUTDLTKUHKECCHGDLLECADDRADLAKYICDNODTISSKLKE 388 = 33
243-258 257-263 264-280 286297 - . 15
= 5
@ e-value ] e coler
CCDKPLLEKSHCIAEVEKDAIPENLPPLTADFAEDKDUCKNYQEAKDAFLGSFLYEYSRR 368 50
3038 243380 — =
37336 (I collapsed mode
Color coyerage
HPEYAUSULLRLAKEYEATLEECCAKDDPHACYSTUFDKLKHLUDEPQNLIKQNCDOFEK 428
375-386 387-333 #3420
 Fixed seq. width (= Impart table
Map: | save | [y copy  Range tocopy: 1-607 Saerint || Report [ view data ' Dore ¢ Hep

The coverage map is slightly different when opened from the ms/ms search
window, as there is a dynamic link to the spectra.

In the top right a four-page tabbed notebook give access to peptide

information.

ITra;k |Specu-um |Level color ‘Resldue | |Track ‘Spacm_lm ‘Level color |Residue | |Track ‘Spectrum ‘Leve\ color |Res\due |_
Residue: 414 @ Single Miltiple ¥ Clear =
Element: 413-420 Residue : Cys86
Exp./Th, Ms: 1068,440 Da / 1068.445Da # peptides : 2
Delta: -0.005Da #spectra: 8

e-value: 1.7E-007
Charge: 2

ID: 102

Modif: 57.022@415
Info: §

#modif. spectra : 8
Modifications [57] : 2/ 8

As you move the mouse cursor across the various peptide identifications the
fields are dynamically updated.

Track: Peptide information on the given peptide.

Spectrum: A mini spectrum like the main spectrum in the ms/ms search.
Useful for a quick overview.

Level color: Not really useful in this view.

Residue: When clicking on a residue this field is updated with information on
the given residue (i.e., peptides, spectra, modifications). Options: Single: The
field is cleared for each mouse click. Multiple: Information is added for each
residue clicked. Clear: Clears the table. The Options button enables copying
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9 - Cleavages /| Coverage map

of the table to Clipboard and viewing the residue information short (summary)
or extended (information on all peptides).

The two buttons above the notebook [LFTMfist_~][Parsmeters| oy4ends the
information. PTM list fills the ‘“Track’ page with information on modifications,
and the drop-down arrow asks for transfer of the eight first PTM values to be
transferred to the color/mass table. The Parameters button fills the “Track’
page with the parameters saved in the mass search file.

Extract terminal residue

If you want to investigate the cleavage specificity of your digest, you can
invoke the drop-down menu next to the ‘Copy’ button. Here you have the
option of ‘Copy terminal residues (3+3)’. This will copy the three N-terminal
and the three C-terminal residues onto the clipboard in the following format:

IVG LOM RGN 1-21 1.1E-004
QMR GNP GSH FCG 22-28 6.9E-003
POR LVN HNV RTQ 53-64 1.0E-015
POR LVN LGA HNV 53-61 5.0E-011
POR LVN GAH NVR 53-62 4.0E-013

The first three residues are before the cleavage point, and then follows the
first three residues of the peptide, then the last three and then the tree
residues following the peptide. Then the peptide residue numbers and finally
the e-value of the peptide hit. The columns are tab separated making it easy
to transfer to a spreadsheet for preparation for sequence logo or similar. In
the example, the initial three residues are blank due to the peptide
(IVG....LQM) is the N-terminal peptide, which is followed by RGN.
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Chapter

10

Fragmentation

Fragmenting peptides based on the Roepstorff/Biemann notation or
fragmentation by repeated cleavage of residues from either
terminus.

The MS/MS fragmentation can be carried out on peptides selected either in
the Peptide window (Chapter 9.4) or on highlighted sequences in a sequence
window (Chapter 3.2). Once you have an ms/ms window you can enter a new
peptide sequence or change the displayed sequence in the sequence edit
winow. Note that there is a limit or 500 residues for the cleavage (250 in
‘Simple view'.

If you are working on de-novo interpretation of an ms/ms spectrum, you can
use the Fragment analysis module (Chapter 12.3) to quickly scan for
sequence tags.

MS/MS fragmentation 10.1

:,:MS,.-"MS fragmentation - C63 H111 N17 017 8 -3 =|
[FETLTALGEILK MH+ 137868417 mo [ U5 7] 3% ++[BF=] N Hydrogen- C: Free aciy
Backbone fragments |Fragment losses |Internal fragments |Simple view| Mass |Type | o
2 b % ¥ 2 | 73030 w1+
110.072 135.067 1 His 14 - - - THOZS W 1+
167.093 195.085 2 Gly 13 1265.745  1241.783 1222 .742 AR & 1 &
265.141 296.136 3 Thr 12  1205.727  1184.762  1165.721
367.209 395.204 4 Val 11  1107.879  1083.714  1064.673 128072 z 1+
466.275 494,273 5 Wal 10  1008.810 934 . 646 965,605 138067 b1+
579.362 £07.357 6 Leu 9 909,542 885.577 S66.536 .
680.410  708.404 7 Thr & 796,458  772.493 753.452 W7LS v L+
7E51.447 779.442 8 Ala 7 £95.410 671,446 652 . 404 167093 a2+
564.531 59z2.526 9 Leu 6 £24.373 £00. 403 581.367 TR k1 4+
921.552 949,547 10 Gly 5§ 511.289 437.324 465,283
975.574  1006.565 11 Gly 4 454,265 430,303 411.262 195088 b2+
1091.6858  1119.653 12 Ile 3 397.248 373.281 354.240 201124 w2 +
1204.742  1232.737 13 Lew 2 z84.162 260,197 241,158 )
- - 14 Lys 1 171.078 147,113 128.072 202120 v 2 +
1156 7 2 +
— Related immoniws ions: | 260,197 ¥ 2 +
- 74.061[T] 30.034[G] 44.050[4] 72.081[V] S6.097[I] S6.097[L
110.072 [H] 268,141 a3 +

The ms/ms fragmentation can be selected
1. From the main menu when a sequence window has the focus
(Cleavage |MS/MS fragmentation). If part of a sequence has been
highlighted, it will be shown in the toolbar and be used for
fragmentation. Otherwise the whole sequence will be taken as the
basis for fragmentation. If the sequence is longer than 50 residues you
will be asked if you want to perform ms/ms on the entire sequence.
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10 - Fragmentation

By selecting ms/ms (button or local menu) for a given selected peptide
in the peptide window (‘Automatic cleavage’, Ch. 9.4). This displays the
peptide in the toolbar of the MS/MS fragmentation window and the
fragmentation below.

From the local pop-up menu of the mass search result window
(Chapter 6.1).

The fragmentation pattern is shown using the Roepstorff notation [P.
Roepstorff & J. Fohiman, Biomed. Mass Spectrom. 11, 601 (1984)]. Notice
that the y ions are shown as their double prime fragments (this can be
changed in the ms/ms setup, se below).

The title bar of the window shows the elemental composition of the peptide
under investigation.

Clicking the label of each column toggles through the three possible prime
states (protons added to the base fragment): none, single and double prime.

After the list of fragment ions, the expected immonium ions are listed.

DTHKSEIAHR

MH+ 1194.6100 Mo M5 | T 3% # :F ++ [27]a & Done | N:Hydrogen- C:Free acid

The toolbar at the top of the window contains from left to right:

>

The peptide being fragmented is shown in the edit line. This line can
be edited, and the table is updated whenever a change occurs. Note: if
the line contains post-translationally modified residues, the edit line is
grayed and cannot be edited.

A panel showing the mass of the intact peptide with a button that
toggles between average (blue) and monoisotopic masses (red)
(please note that this button determines both the intact mass and the
table values)

Setup button. Set the chemical composition and number of fragment
ions. See below for more details.

Ms/ms graph button to show a graphical representation of the ms/ms
fragmentation. This window is similar to the Ms graph in Chapter 6.1
except that each group of sequence ions can be turned on and off.

The frames button. When activated, a size-able Mass/ |Type ﬂ

frame is displayed in the right-hand part of the 74036 w 1+
window listing all fragments from the main table in 75.031 v 1+
a numerically sorted list. This table is linked to 83.04 21+
the main fragment table, so when a value is 17083 b1+
selected in the sorted frame list, the -0 Z'I L+
corresponding mass in the main table will be 1;;01;3 ‘; ‘2:

highlighted in yellow. The left-hand part shows
the mass, the right-hand part shows the ion-type
and charge state. You can sort either column by clicking on the header.
The gray arrow shows the sorting direction.

Partial modifications. If the peptide contains modified residues (see
below under posttranslational modifications) then the ms/ms list will be
shown without modifications when the button is depressed.

201099 x 1+
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10 - Fragmentation

» ‘Graphical fragment mapper’ H . Opens a dialog window showing the
peptide fragment as a picture with fragment marks and labels, see
chapter 10.3. -

» You may be in a position where you know the peptide being [oxygen =]

analyzed, and you can see that it is modified (e.g., with an 15.95 Da
oxygen), but you cannot immediately see where the Mod. position
modification is located. The modification in variable S-

T
position button IT opens a panel with a selection box at
the top enabling selecting a modification from the currently -
loaded modification file. A slider beneath determines the
location of the modification and you can thus quickly
compare with your mass spectrum, where the modification o=
can be located. -

» The ‘“++’ button toggles the multiply charged fragment ions on and off.

» The drop-down selection box determines the maximum number of
charges that will be displayed when the ‘++’ button is activated.

» Modification state of the peptide terminals is listed in the right-hand
panel. You can change the terminals either by double clicking on the
panel or by right clicking in the window and choose ‘Set terminals’ from
the local menu.

Masses are by default only shown with two decimals. However, in the local
menu (right-click the mouse) you can toggle 4-decimal mass display on and
off.

@ Note: Two independent fragment windows can be created from the same
sequence!

Fragment types / internal fragments

The most common fragmentation seen in ms/ms analysis is the

fragmentation of the backbone (i.e. a,b,c,x,y,z ions). However, fragmentation
resulting in loss of certain side chains and multiple cleavages of the

backbone may also occur.

These alternative Backbone fragments ~ Fragment losses Ilnternal fragnmntsl

fragmentations are displayed -H20 Res. y-NHES y-HZO

on separate pages of the - tis.ad
multipage dialog box. Clicking PR
on the ‘Fragment losses’
page shows the fragments
that are the result of the loss
of H20 from Ser or Thr and
the loss of NHs originating
from Arg.

‘Internal fragments’ lists the
fragments that arises from
double cleavages of the
backbone. As this results in a

(R T VY S WL R (W R Te
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10 - Fragmentation

huge number of possibilities, only the most common fragments are shown
(those directed by Pro, His, Lys, Asp and Glu). Along with the mass of the
fragment is shown the commonly seen —28 Da mass loss.

Simple view

This view shows a slightly more simplistic view of the table. In the right-hand
side of the table, the columns can easily be turned on and off, and the
number of decimals can be changed between 2 and 4.

Printing is done from the local menu, main toolbar or main menu
(File|Print). Copy to clipboard is done in a similar manner (menu
command: Edit|Copy to clipboard or <Ctrl+C>). Through the pop-up
menu you can further select to copy an individual column (e.g. Copy
special | C ions).

|Backb0ne fragments |Fragment Iosses|Interna\ fragments |Simple view|

a I b I [} I Res. I b4 I ¥

110.072) 138.067 157108 1 M 14

167.083 195083 214120 2 G 13 1255748 1241783

68141 206135 315177 3 T 12 1308727 1184762

367.200 395204 414345 4 V 11 1107.679 1083.714

466.278 494.273 513314 5 V 10 1008610 984546

570.352) BO0T.357) 626308 6 L 9 1] a@ss77

BS0.410| 708404 727446 7 T 8 796458 772403 T
751.447 779442 798483 B A 7 635410 B671.446 3
864.531) 891535 911567 O L 6 624373 BOD.408

@ Note: The length of the sequence to be fragmented is limited to 400
residues!

Posttranslational modifications

You can modify individual residues in the peptide under fragmentation by
double clicking on the relevant residue. In the resulting ‘Insert modification’
dialog box, you either enter the modification name and composition or you
select the relevant modification from a modification file. For more details see
‘Amino acid modifications’, Chapter 3.6.

When a residue is modified, the sequence edit line in the toolbar will be
grayed, and it will not be possible to edit the sequence. Modifications will be
displayed in an information line at the bottom of the display.

M odifications: GG Methylatio /

Info: If your sequence has modified residues when selected (e.g. from the
sequence window) you will get the message “Sequence contains
modifications. Edit line not active” which means that you cannot edit the
sequence in the edit line (grayed), but the modification will be incorporated
in the mass calculations. You should beware of possible fragmentation of
the side chain (e.qg. loss of the modification).
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The partial modifications button in the toolbar will remove the masses of the
modifications from the mass list when depressed (i.e., the peptide will be
calculated as un-modified).

Linked peptides

[FGPDICGRGTKK MH+ 1218.6061 Mo W5| T 3 # w3 7| & Done | NiH
|Backb0ne fragments |Fragmentlosses |Interna| fragments |Simple view |Lir1ked peptides |

[piRCK @] Refresh  1stlink: | 6] andink: | 42] cSEnd Linkagemass[ 0.0
[ a | b | b8 | ¢ | sea | x | y | yur | y8 | =z |

The linked peptides option is a display similar to ‘Simple view’ (see above)
except that it enables two peptides to be linked by a disulfide bond.

One of the peptides to be linked is the one in the toolbar, the other is to be
entered (or pasted) into the edit box of the toolbar of the Linked peptides
panel:

The linkage position have to be defined, either by manually entering the
positions in the ‘15t link’ and ‘2" link’ edit boxes, or more simply, by pressing
the ‘Find’ button, which will search and enter the last Cys in each of the two
sequences.

Press the ‘Refresh’ button to update the fragment grid.

The fragmentation of the sequence in the main toolbar will be shown first
followed by an empty row and the fragmentation of the second sequence.

The Linked peptide fragmentation can of course also be used with links other
than Cys-Cys links. In this case you cannot use the ‘Find’ button but must
enter the positions manually. If the linkage has a mass, you enter this in the
‘Linkage map’ edit field.

The actual fragments to display, number of decimals and charge are defined
by the right-hand panel like for ‘Simple view’.

1447.683 1475.678 1457.667 1492704 9 G 3 455.257 433.277 415,266 416,250 417,258
1548.730) 1576.725  1558.715| 1593.751 10 T 2 402.235 376,255 358.245 359,229 360,237
1676.825 1704.820 1686.810| 1721846 11 K 1 301.188 275.208 257,197 258,181 259,189

12 K0 173.093 147.113 129,102 130.086 131.094

83,040 116,035 98.024 133061 1 D 11

201.124 229,119 211.108 246,145 2 I 10 1761.878| 1735.898 1717.883| 1718.872 1719.879
357.225 385.220 367.209 402,246 3 R 9 1648.794 1622.814 1604.804  1605.788  1606.795
1676.825  1704.820 1686.810 1721.546| 4 C & 1492.653) 1466.713) 1448.702 1449.686  1450.694

SET7 173.083 147.113 129,102 130.086 131.094
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Pressing the setup button in the MS/MS window enables you to edit the
ms/ms table, mass of fragment, fragment displayed, and default prime state.

Edit MS-MS parameters
N-terminal fragments C-terminal fragments

Name |Compos |Protons|OK|Fragmenttvpe |Name |Compos |Protons‘0l(|Fragment type
1 a -C102H1 a Backbone clzavage S H1+C101 a Backbone cleavage
T b -01H1 1} Backbone cleavage ¥ 1 Backbone deavage
3_ s -01+M1HL 1 [ |Backbore deavage z M1H2 a Backhone cleavage
la |4 -014C2N1H3 1 [ | dyw type chain loss C2N1H201 1 v type chain loss
s | 0 [ |Backbone deavage C301H3 1 d,w type chain loss
5_ 1} [ |Backbore deavage 1} [ |Backbone dezvage

[% | & Default i| [ Display 4 decimals J oK | x Cancel | ? Help |

X

The name column gives the name of the fragment (1 character).

In the composition column you enter the composition which may be both

positive and negative (i.e., additions and removal of atoms). When the cursor
is in the ‘Compos’ field, the Formula button (bottom left corner) will be active,

allowing you to enter the composition through the ‘Elemental composition

calculator’ (Chapter 12.2).

In the protons columns you enter the numbers of primes (0, 1 or 2 protons

that are added during fragmentation). If the ‘OK’ column is checked the
corresponding fragment column will be displayed.

In the last column you enter the fragmentation type, ‘Backbone cleavage’, ‘v

type chain loss’ or ‘d, w type chain loss’.

If the ‘Display 4 decimals’ is not checked, the results will be displayed with 3

decimals.

The ‘Default’ button will reset the table to its default values (as shown in the

picture above).

References:

P. Roepstorff & J. Fohlman, Biomed. Mass Spectrom., 11, 601 (1984)
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Ladder sequencing 10.2

s Ladder sequence o [ 4]
[GHGREVLIRLFTGHPETLEKFDK | 2650.3867Da | Mo. MH+ 4 [ 41 |
Iﬂasses shown are Monoiso. singly (+1) charged -
-terminal ladder:

1 2651.39% Da. 1- 23 GHRIEVLIRLFTGHFETLEKFDE

Z Z523.30 Da. 1- 2 GHGQEVLIRLFTGHPETLEEFT

3 2408.27 Da. 1- 21 GHGQEVLIRLFTGHPETLEEF

4 2261.20 Da. 1- 20 GHGQEVLIRLFTGHPETLEE —
5 2133.11 Da. 1- 1% GHGOEVLIRLFTGHPETLE

6 2004.07 Da. 1- 18 GHGQEVLIRLFTGHFETL

7 1890.938 Da. 1- 17 GHGOEVLIRLFTGHPET

§ 0 17859.93 Da. 1- 16 GHGQEVLIRLFIGHPE

9 1660.8% Da. 1- 15 GHGOUEVLIRLFTGHP

10 15363.84 Da. 1- 14 GHGQEVLIRLFTIGH

11 1426.78 Da. 1- 13 GHGOEVLIRLFTG

1z 1369.76 Da. 1- 1lZ GHGQEVLIRLFT

13 1268.71 Da. 1- 11 GHGOEVLIRLF

14 112l1.64 Da. 1- 10 GHGOEVLIRL

15 1008.5%6 Da. 1- 9 GHGOEVLIR LI

15 SE7 AS Tie 1 o rUenTTT T

Ladder sequencing shows the sequence and masses of the selected (or
manually edited) sequence after sequential removal of residues from either
the N- or the C-terminal end. The ladder sequence can show a maximum of
100 residues.

The function is selected in a manner like ms/ms fragmentation.

» Ladder sequencing can be selected when a sequence window is open
by selecting Cleavage | Ladder sequence. If part of the sequence is
highlighted (Chapter 3.2), the selected sequence will be displayed in a
list with successive removal of a residue from the C-terminus followed
by a list of peptides with successive removal of residues from the N-
terminus. If no sequence is selected, the display will initially be clear,
and you will have to enter a sequence manually.

» When you have a peptide list (from automatic fragmentation) you select
a peptide (highlight) and choose ‘Ladder sequencing’ from the main or
the pop-up menu.

The ladder sequence can be edited in the edit box of the local toolbar.
Changes are immediately shown on screen.

The first line of the list tells you the mass type (ave./mono.) and charge state
of the peptide masses. Then follows the N-terminal sequence ladder followed
by the C-terminal ladder.

Toolbar

GHGHEYLIRLFTGHPETLEKFDE 2680.3867 Da Mo. MH+ 4 ﬂ

From left to right the toolbar shows:

Edit box for the base sequence. The ladder sequences are updated
whenever changes are made to the base sequence.

Mass of base sequence.
Av./Mo. Toggles between average and monoisotopic masses.
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M/ MH+ / MH++ / M-H Charge state button. Toggles between no charge,
singly charged positive ions, doubly charged positive ions and singly charged
negative ions.

.4/.2 toggles between displaying the mass using four and two decimals.
€8’ Setup: Enables you to specify whether the N- and/or C-terminal

modification of the parent window should be used when generating each step
of the ladder sequence.

Exit: Close the ladder sequence window.

Printing is selected either from the main toolbar (<Ctrl+P>) or the pop-up
menu.

Pop-up menu

The pop-up menu contains, in addition to the commands in the toolbar, the
option to set the charge state. The available options are: No charge
(default), singly charged (MH+), doubly charged (M2H++) and negative singly
charged (MH-). In addition, you can select Average/Monoisotopic, 2/4
decimals, Setup and Printing.

®

Like for the ms/ms fragmentation above, modified residues in your
sequence you will give you the message “Sequence contains modifications.
Edit line not active”. This means that you cannot edit the sequence in the
edit line (grayed), but the modification will be incorporated in the mass
calculations.

Graphical fragment mapper 10.3

The ‘Graphical fragment mapper’ is an option to generate nice-looking
peptide fragments for publications, reports, or documentation in spectra.

This dialog can open from the main menu (Utilities | Graphical fragment

C:od

mapper), from the ms/ms fragment window (see 10.1) through the === button
and from several other windows showing fragment patterns of peptides. From
the main window the mapper will open without a sequence, while if called
from the ms/ms window, the working peptide will be transferred.
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G |7 1167.63 |— |7 316.45 I— I— + Enable doubly charged labels
E| ¥ |129s7 VM ¥ a4 O 0 g
4 S
Sequence: |EIAHRFKDLGEEHFKGL Eycopy + [ Redraw | Save  dEprint  @¥Heb ' Done

The sequence to show is displayed in the bottom left corner labeled
‘Sequence’ and can be freely edited. The fragment-mapped sequence is
displayed in the top box and is controlled by the table below.

The left-hand column shows the residue for the corresponding position, the
second and fourth columns show a checkbox for displaying the
corresponding fragment, while the third and fifth column shows the text to
display. If the last column is marked, the residue will be colored red.

Note: The label can be freely edited in the table. I

The initial caption of the fragments is controlled by the ‘Caption’ radio
buttons in the right-hand toolbar.

None: no caption;

Label: fragments will be labeled with the N- and C- fragment type selected in
the right-hand radio buttons;

Mass: the mass of the corresponding fragment will be displayed.

Parent value: if the 'Fragment Mapper' is called from the ms/ms window, this
option loads the mass values from the ‘Simple ms/ms table’. This enables to
get modified mass values (e.g. PTM’s).

The N-type and C-type radio buttons determines what kind of labels will be
displayed above and below the sequence line, i.e. a, b or c ions for N-type
and x, y and z ions for C-type fragments.

Angled text: The text is rotated 45 degrees.

0)

Note: Doubly charged mass values are only shown if you have checked this
box.
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Font size: Determines the size of the label.

Decimals: Number of decimals (0-2) when the label has been chosen to
show the mass.

@ Note: The fragment mass displayed is calculated based on the rules set out
in the ms/ms fragment window (see 10.1).

The ‘Invert’ button v Invert inverts the selection made in the N-term and
C-term columns. If the image is not updated, you can press the Refresh

button @L] to force an update (this is necessary whenever you check or un-
check a box in the table).

Extra height drawing panel: Expands the upper drawing panel to give more
space for drawing labels. Particularly suited for drawing angled mass values.

Enable doubly charged labels: Check this to expand the graphical display
area vertically.

The ‘Copy’ button 2.s copies the fragment pattern to the clipboard as a
meta-file, ready for pasting into your report (ideal for Word and PowerPoint
as the graphics can be scaled without loss of resolution). Through the
associated drop-down menu, you can select to copy either as a metafile or as
a bitmap file. If you copy as bitmap, it will be the exact size of the displayed
graphical area (resize the dialog to fit the sequence).

The ‘Save’ button = saves as a meta-file picture to the disk (.emf —
Windows enhanced metafile, a vector format that can be scaled without loss

and can be read by Word, PowerPoint etc.), while the ‘Print’ button e
sends an image to the currently selected printer.

De novo sequencing 10.4

De novo sequencing is the ability to determine the peptide sequence without
performing a database search, i.e., directly from the ms/ms spectrum.
Typically, you will not be able to determine an entire sequence, but only a
sequence tag. However, this will in many cases enable you to locate the
peptide in each sequence and help to identify unknown PTM’s or cleavages.

Currently there are two different de novo windows in GPMAW. Although they
work on the same principle, they behave slightly different. These dialogs can
also be viewed as just spectrum viewers.

The first de novo spectrum viewer is available either as ‘de novo (MALDI’ or
as viewer from the ms/ms search (Chapter 8) see below. The function is
based on singly charged ions.

The prerequisite for the ‘de novo (MALDI’ function is a peak list from a
deconvoluted ms/ms spectrum, i.e., a singly charged spectrum. As such, it
will work for most MALDI spectra, while electrospray spectra often have
multiply charged ions and will have to be deconvoluted to singly charge
before working properly (see below for the alternative spectrum viewer).
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In addition, you must be able to have both the mass and the intensity either
as a text file, or on the clipboard.

You start by selecting Search | De novo (MALDI) from the main menu. This

opens an input dialog box:

Mass list [65]:
Intensity ﬂ
88,0000
127.08%0 753.0000
129.1010 96.0000
141.1010 48,0000
1471190 44,0000
155.0810 125.0000
172,1090 95,0000
173.0940 34.0000
177.0640 49.0000
205.0930 102.0000
213.0920 261.0000
230.1200 124.0000
248.1750 86.0000
256.1070 143.0000
270.1180 338.0000
274.1320 65,0000
298.1990 140.0000
302.1760 70.0000
305.1880 94.0000
313.1370 129.0000
326.1840 130.0000 ;I

=1of |

= Load
l.-_l Save

& Paste
L_D Copy

Parent mass

0.00Da

v o
¥ cancel

P Heip

Here you can select to load the data from a text file or, more conveniently,
paste from clipboard. The format must be mass and intensity on each line
separated by space or tab character (additional information on each line is
ignored). Note that you must enter the parent mass (MH+) manually in the
designated edit field.

Selecting 'OK' opens the graph window

28,000
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24,000
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16,000
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20.08 %“3 i ’.‘Zg}
o Leabuagrane Ty ma&gﬁj

100

arf ety Fha4.29
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1

S0 30 70736

QUBZELE,

919.47 1035;'@?q

112354

057 58

i | 119z2s3

1T

176382

165073
kel

178
17217
163774 |‘7 |30
1

1875.88
03238

2
18RFBNTgsd 12051 88 217) 68
19?;2 £ I 215'1 71

=lolx|

217954

200 300 400 500
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1,000 1,00 1200 1300 1400 1,500

1,600 1700 1,800 1,900 2,000 2,100 2200 2,3

Yy Copy

[ Options | | 3% Open

Denove ¥ @ AA () Cbh Delta

0.40 Parent |

0.00 | f3Tags |2 & v

' Done

9 Help

This is a standard ms/ms spectrum and should be like the original ms/ms
spectrum. You can zoom using the standard GPMAW mouse commands,

i.e., click and move right-and-down to zoom in, click and move left-and-up to
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unzoom. Right-click and move mouse cursor to shift

the spectrum horizontally. 176382

The left-hand panel has two checkboxes: 165073

Sequence tags: Turns sequence tags on/off, i.e., 1qr8.77 ’
click on a spectrum peak and the program will try and iR BT oren
make as long a sequence tag as possible. 183. 74 |‘? |80 1532
Neighbor tags: Moving the cursor over a peak, will

highlight peaks with a residue distance within the - S| ST
specified accuracy. It will also raise the bottom line L 160fLeu7on 1800 1,900

10%.

When in neight tags mode, GPMAW will highlight peak distances
corresponding to amino acid residues.

The residue pointed to will be marked with a '|' and the distances marked in
orange lines below the spectrum and with residues in 3-letter code. Note
that lle/Leu cannot be differentiated (isobaric) and will be labeled as 'Leu’, the
same for GIn and Lys (labeled as 'Lys'.

If you hold down the control key while moving the mouse, two-residue fits will
be marked with red lines - this can enable you to ‘cross' missing
fragmentation in the spectrum.

If one of the peaks found has a corresponding b/y ion, this will be shown with
a green line and the label will be the m/z of the corresponding ion.

The bottom working panel has the following options
Delta | D.ID| Parent| 1426.63| Ignore |< mfz v| m de n0v0| Show ions: iz53) Jjﬁ Tags

From left to right:

AA/Cbh: Changes the search between amino acid residues and
carbohydrate units.

Delta: Sets the precision with which residue distances are determined.
Parent: The mass of the parent ion (MH+).

Tags: Searches the spectrum for sequence tags (short stretches of
sequences) into a separate window. Currently GPMAW

does not take peptide terminals into consideration. ::“icla':':e'
E . . Wide peaks
Grid control. Turns the tag grid on and off when ! o

active, i.e., after tag search. ::‘;:abe'
A Options: Displays a pop-up menu for selecting 1) oAt

Vertical labels 2) Mass labels on/off (for ms/ms search) Set Scale

3) Wider peaks for legibility 4) Limit labels 5) Turn mas Limit to 125 pks

labels off 6) Use sugar units for sequence tags 7) Set Copy graph

the x and y-scale 8) Reduce the spectrum to the highest Copy graph data

125 peaks 9) Copy the graph as graphics 10) Copy the Reduce font

data behind the graph 11) Reduce the label font.
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b Tag search direction. Either from high to low mass (default, down

arrow) or low to high mass (shown as up arrow).

Press the Tags button #1720 | to search for sequence tags. This will open the
tags result grid:

% [sore’ | semewe  [Besems] Res [miz | ves [miz [ res [miz [Lve [wir e fme | [ [ [ =
11 2202 GTDG 1249.52  Gly 1192.53  Thr 1091.55 Asp 976.46 Gly 919.47
12 2359 GTF 1249.52  Gly 1192.53  Thr 109155 Phe 944.56
13/ 455 o} 1249.52 Cys 1147.43
14 405 s 1234.54  Ser 1147.43
15 833 EEG 1234.54 Gl 1105.36 Glu 976.46 Gly 919.47
16 1022 EW 1234.54 Gl 1105.36 Trp 919.47
17 8075 FG 1123.54  Phe 976.46 Gly 919.47
18 1514 LG 1089.53 Leu 976.46 Gly 919.47
19 2337 L 1057.53  Leu 5944.56
ﬁ 451 L 707.36  Leu 594.29
21 2018 FTGPGAG 707.36 Phe 560.30  Thr 459.27 Gy 402,26 Pro 30519 Gy 248,18 Al 177.06 Gy 120.08
22 2080 FTGPGA 707.36  Phe 560.30  Thr 459.27  Gly 402.26 Pro 305.19 Gly 248,18 Thr+ 147.12
23 2104 FTGPGK 707.36 Fhe 560.30  Thr 459.27  Gly 402.26 Pra 305.19 Gy 248.18 Lys 120.08
24 2153 FTGPKG 707.36  Phe 560.30  Thr 459.27  Gly 402.26 Pro 305.19 Lys 177.06 Gly 120.08
25 2218 FTGKPG 707.36  Phe 560.30  Thr 459.27  Gly 402.26 Lys 274.13 Pro 177.06 Gly 120.08
26 2252, FTGKT 707.36 Fhe 560.30  Thr 459.27  Gly 402.26 Lys 274.13| Thr 173.09
27 2313 FTGKC 707.36  Phe 560.30  Thr 459.27  Gly 402.26 Lys 274.13) Cys 172.11
28 2971 FTGKF 707.36  Fhe 560.30  Thr 459.27  Gly 402.26 Lys 274.13| Phe 127.09
29/ 2346 FMM 707.36 Phe 560.30  Met 429.21  Met 298.20
_30 1558 AGPGAG 530.31 Ala 459.27  Gly 402.26 Pro 305.19 Gly 248.18 Ala 177.08 Gly 120.08
31 1602 AGPGA 530.31 Az 459.27  Gly 402.26 Pro 305.19 Gy 248,18 Thr+ 147.12
32 1646 AGPGK 530.31 Ala 459.27  Gly 402.26 Pro 305.19 Gly 248.18 Lys 120.08
33 1695 AGPKG 530.31 Ala 459.27  Gly 402,26 Pro 305.19 Lys 177.06 Gly 120.08
734 1760 AGKPG 530.31 Al 459.27  @ly 40226 Lys 274.13 Pra 177.08 Gly 120.08
35 1754 AGKT 530.31 Ala 459.27  Gly 402.26 Lys 27413 Thr 173.09
ISE 1855 AGKC 530.31 Ala I459.27 Gly 402.26 Lys 27413 Cys 172.11 _ILI
4 »

The tags are presented in a grid with the following columns:
# Row number

Score: The score is the sum of all ion intensities used for the current
sequence tag.

Sequence: The current sequence tag in 1-letter code.
Base mass: The fragment ion which forms the start of the sequence tag.

Res: Residue identified for the mass difference to the next fragment ion of
the tag.

m/z: The next ion in the tag.
You can sort the table based on column 2 or 3 by clicking on the header.

The residue names are colored to make it easier to differentiate where
different sequence tags differ.

If a residue is shown in bold and with a '+' it indicates that the corresponding
b/y ion has been identified (shown in the spectrum with a green line).

If you click on a tag line, the corresponding peaks in the spectrum will be
marked with orange lines and their corresponding tags. The first peak is the
one marked '‘Base ms' in the grid and will be marked with a '|'.

Ms/ms search window

In the data input tab of the ms/ms search (Chapter 8.9) you can view the
selected mgf file through the mgf view button. When you display the m/z vs
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intensity map, you can double-click on a square to display the corresponding

spectrum.
B8 CEHF2_07027_RN.12117.12117.2 File:" QEHF2_07027_Rh.raw", NativelD:'"controllerType=0 contrellerNumber=1 scan=12117" [12117] 1207581 ... — ul X
260,000 Seq. tag
250,000 Glu Cys — .
250,000 Phe Ala equence tag
e sty ¥ Decoruoiute @
230,000 Lo
220,000 Ms/ms precis
210,000 ¥ Limit # peaks
200,000 Number: 413
190,000
180,000 e victh
170,000 Peakwidth0
160,000 Mo low mass abels
150,000 Syne. to seq. window
140,000 Color peaks
130,000 Cys<Cys ETheD
120,000
Sequence -
110,000
100,000 # New | [ Copy ~
90,000 Click Ctrl-Heft/right arrow
80,000 key to extend sequence
70,000
Trim sequence:
0,000
50,000 @ u- <Q
40,000
% Copy spec.
30,000
20,000 &h o Done
10,000 bk 3 : e :
. 1 i T3EBIRS 3 |
0 i Ld L, 1 e Lo | | [N TEA NN L L | | ? Help
200 400 500 800 1,000 1,200
For the de novo sequence to work, the sequence tag o ol

option must be selected (default).

When you click on a peak the program calculates all
neighbor distances, and the ones that fit with an amino
acid residue within the gives ms/ms precision, will be
highlighted, sorted with the highest intensity at the top.

If you now click on the residue name, this residue will
be selected for a sequence tag. Click on the peak in at
the end of the tag and the extension of the tag will be
shown, if any is possible.

P ¥ 1 T
Asp : Glu
Asn Pro
et

While the single residue tags are transient, i.e., when
you click on the next peak, they will be replaced with
the new ones, the blue sequence tag is persistent and
will be present until you press the Clear button.

You can extend the sequence tag by pressing the left

Tyr
Phe
Bin

i I

Ser

and right arrow button on the keyboard while holding down the Ctrl button.
You still have to click on the residue you want to select for the tag. If you
want to trim the sequence tag, i.e., if you want to follow another tag option,

you just press the corresponding N- and -C button Q

Other options:
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Deconvolute: Deconvolutes the spectrum to singly charged species based
on the ms/ms precision specified. Only doubly and triply charged species will
be deconvoluted.

Peak width: As the narrow peaks can be difficult to ‘hit’ with the mouse
cursor, you can enlarge them with the ‘Peak width’ drop-down list.

Limit peaks: Limits the spectrum to the x highest peaks defined by the
horizontal slider below the checkbox.

No low mass labels: Turns labels off for intensities <20%.

Sync. seq. windows: If enabled, the sequence tags will be dynamically
synchronized with all open sequence windows, i.e., all sequences that fit the
current tag will be highlighted. Note that all options in the Highlight residues
dialog will be selected (Chapter 3.3).

Color peaks: Peaks that have been selected as part of a tag will be colored.
Cys-Cys EThcD: Highlights two fragments (of the 10 most intensive) whose
mass values add up to the intact mass of the peptide + 4 Da. Can be useful
in combination with the EThcD search in presented in the mgf view window
(Ch. 8.10).

The Copy button enables you to copy the sequence tag in either 1- or 3-
letter code and with peak mass values.

Copy spec: Copies the spectrum to the clipboard in vector format.

Spectrum stacking

The spectrum viewer in the ‘Spectrum stacking’ function works like the ms/ms
window above, except that it has an extra control tab, Stacking.
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M8 Compare stacking - u] X
4,600 Stacking  |Seq. tag
4,400 Scan: 15794 (304)
mjz: 544,774 [24]
I Mass: 1087.534
4,000 Reten: 2842.7
’ Int: 52607267
3,800
3,600
3,400
3,200 ~
3,000
Selfcombine 0 3
2,800
2,600 Peak limit
2,400
2,200
2,000 Display
@ tw
Py two spec
1,600 up-down
1,400 Color same-peak
1,200 N labels
1,000 Secondary auto Y
00 Misfms precis
600 0.05Da
400 J l l \ |l \ Sub spectrum (5)
0E 0 G B Rt =i SV ) hd
€ i 0 1 ity o I\ Reexaralf (R MA e E R P l ]
200 300 400 500 500 700 800 300
[y Copyspec.
' Done

The stacking works in conjunction with the stacking procedure (see Section
6.10) and requires that you have a stacked .mgf file.

When opening, the dialog shows the stacked spectrum in the top graph, and
the highest intensity sub-spectrum in the bottom graph. In the Sub spectrum
edit box, the number of the currently selected subsprectrum is shown with an
up-/down-toggle. In the parenthesis is shown the total number of sub-spectra.
The sub-spectra are sorted with the most intense (total ion count) first.
Spectrum O is the combined spectrum.

The top list box shows information of the current spectrum. The Display
option determines whether the spectra are shown in two separate spectra or
with the subspectrum inverted.

Color same peak colors all peaks identical between the two spectra (within
the ms/ms precision) red.

No labels remove labels from the peaks.
Secondary auto Y autoscales the subspectrum intensity.

Self combine: Shows the combined spectrum in full scale with the combined
spectra, i.e. 2 means that spectrum 1 and 2 are combined etc.

Note that some of the options (e.g., deconvolution) on the sequence tag tab
are also active on the stacking tab.
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Chapter

11

Graphs

Graphs are used in GPMAW to display a number of parameters from
secondary structure prediction to user-defined graphs.

Several graphs have been used as daughter windows of other windows.
They behave in a manner similar to the windows described in this chapter.
This concerns composition search (Chapter 7), simulated HPLC
chromatogram, simulated mass spectrum, and charge / pH graph (Chapter
9).

Common graph commands 11.1
Most graphs in GPMAW, whether they are line or stick graphs, share some
common commands:

Toolbar

| 5| ot | ] 0] | 270 yts02

The layout of the toolbar varies slightly from window to window depending on
the capabilities of the current graph.

Reset graph to full scale.

I B

Set scale. Opens a dialog box that enable you to specify x- and y-
scale.

Save graph to disk as a file in Windows metafile format (vector
format). A vector format can be rescaled in the target application (e.g.
Word) without loss of resolution.

Toggle the horizontal/vertical grid on and off.

I8 &

Only for sequence related graphs. When depressed, you can draw a
horizontal line (the selection bar) on the graph, that will highlight the
corresponding sequence in the sequence window. See an example
below in section ‘Hydrophobicity’, 11.3.

131

Toggle the ‘toolbox’ on and off. The toolbox contains controls for
adjusting the 3-dimensional ‘look’ of the graph, setting the colors etc.
for more details please see below.

Exit. Close the graph window.

w270y 1802 Current positions of the mouse cursor in graph x-
and y- values.
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Mouse commands

Print

Zooming: You can zoom (expand) part of the graph by pointing to the top left
corner of the area to be zoomed, press, and hold the left mouse button while
dragging the mouse cursor down and right, covering the area to be zoomed.
You can zoom several times in order to zoom

into small details. b

The selected area will be ‘grayed’ to give you 20

. . . 150 §
a clear indication of what part of the graph o

will be zoomed. The zoom function also 50
works in 3-D. sg
You unzoom by click and drag the mouse 100 |
cursor left and up or you left double-click 1233
anywhere in the graph area.
Pop-up menu: Right-click anywhere in the Full Scale
graph area opens the local pop-up menu Set scale
enabling you to choose between the following
commands: Irnport sequence
Full scale, Set scale, Import Copy as bitmap  Crl+C
sequence, Copy as bitmap, Copy as Copy as metafile  Chrl+alk+C
metafile, Save to file, Print, and Save ko file Chrl+5
Exit.
Prink Chrl+P
Full scale, Set scale, Save to file and Exit are
identical to the toolbar buttons described above. Exit

A graph may additionally have the Save to file (text) option. This will save
the graph as x/y values in a text file, that can be taken into a spreadsheet for
additional editing. The Import sequence command is specific to certain
graphs, please see the respective graphs. Copy as bitmap and Copy as
metafile copies the current graph to the clipboard in either bitmap or metafile
(vector) format. You should copy as metafile whenever you need to scale the
graph. However, some programs do not accept metafiles, and in these cases,
you need to copy as bitmap. You can use the keyboard shortcuts indicated to
control the commands form the keyboard. The Edit | Copy to
clipboard command in the main menu will copy the graph to the clipboard
in bitmap format.

When selecting ‘Print’ (through the main

menu, the main toolbar, or the pop-up
menu) you must acknowledge a dialog

box with printing options (right). Frivter =
From the ‘Printer’ drop-down box you e Ol

can select any printer installed on your
system. The system default printer will
always be the one initially selected. R o€, cancel

The Graphs are always printed in a pre-
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determined ratio of width to height but utilizing the full width of the paper. This
means that you can get a considerably larger graph by setting the printer to
print in landscape format.

Graphs can be printer in either black and white (B/W) or in color. If you have
a monochrome (laser) printer you may have to experiment which selection is
best as different printers translate the color table differently.

Toolbox (graph control)

The toolbox button toggles the display of the graph toolbox on and off. The
box is a two-page control. When selecting the ‘Done’ button, the toolbox will
be hidden, but will not be deleted. This means that all settings will be retained
when the dialog box is reopened. The toolbox will always stay on top of the
GPMAW program.

3D: B
The 3D page controls the display properties of the | a0 | Color |
graph. By default, the graph is shown in two I Hide legend

dimensions (flat), but by checking the ‘Show in
3D’ check box, the graph changes to a three-

dimensional display. The two sliders below the
check box can be used to rotate the graph around L N B S '

the vertical axis (Rotation) or the horizontal axis .

. Elewation
(Elevation). " 0o oo oo po |
Hide legend: When checked the legend in the ]
graph will be hidden (can be useful when rotating D |
the graph). ===

90%: When checked, the size of the graph will be reduced to 90% of the
normal size. This feature is most useful when the graph is shown in 3D.

Color: E
The color page of the dialog enables you to setthe 3@ | [Color |

color of the first four graphs displayed in the graph.

If more than four graphs are displayed at any time, Global araph defauit color

the color of the additional graphs will be Graph 1 | Graph 3 |

determined automatically.
Wide lines: The width of the lines used to draw Graph 2 | I
[ wide lines

the graph is by default 1 pixel. When the ‘Wide
\/ Done |

lines’ check box is checked, the lines will be drawn
with a width of 2 pixels.
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3-D effects

The three-dimensional effect is immediately apparent when you select the 3-
D option in the toolbox.

Two-dimensional display:

\//\ -y, SEDw
TSN

Turning on the three-dimensional effect will produce this display

02 g T
58101z e
1415132022242@3330324 P
36 38 4p 43 N S
Barnier - ACBF3 Digitalie | 3950 52 54 s g pp e

Using the ‘Rotate’ sliding bar will turn the graph
around the vertical axis (right).

Using the ‘Elevation’ sliding bar will turn the graph
around the horizontal axis (below).

Sl ..!Ol‘:.‘ 0.'

-\l“’.

Garnier - ACBPE
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Secondary structure prediction 11.2

The secondary structure prediction &i is based on the values of Garnier [J.
Garnier, D.J. Osguthorpe & B. Robson, J. Mol. Biol. 120, 97-120 (1978)] —
also known as the GOR secondary predictions.

{¥ — Alpha-helix W — Beta-Sheet ¥ — Betadun [ Random coil )

500
450
400
350
300
250
200

\mﬁm@ 5K
NG v

-100
-150
-200
-250
300
-350
-400
-450

+ Propensity -

D 2 4 5 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 45 50 52 54 56 58 60 62 64 66 68 70 72 74
Garnier - ACBP3 Digitalis lanata.

When the command is selected the daughter window opens immediately

showing the calculated propensity graphs for alpha helix, beta sheet, beta

turn and random coil. Each graph has its own color, which can be set in

Setup | Colors (Ch. 5.3, all system colors) or through the toolbox (Ch. 11.1,

just graph colors).

Values well above zero, isolated from other curves, give a good indication for
a particular structure. Other things to look out for is that alpha helices are
usually of a length of 10-15 residues and beta sheets are never single, but
always occur in multiples, often separated by beta turns in the case of anti-
parallel beta sheets.

The different curves can be toggled on and off in the check-boxes in the
legend.

Please note that the predictions are far from accurate, but only give an
indication of a given structure. The proposed structure should always be
checked by other means: alpha helical wheels (Ch. 11.7), homologous
structures, circular dicroism measurements etc.

You can compare predicted alpha-helical sections with the alpha-helical
wheel, Chapter 11.7.

Hydrophobicity 11.3

Selecting Graph | Hydrophobicity or the main toolbar button u— opens
a daughter window with a hydrophobicity graph based on the hydrophobicity
values of [J. Kyte & R.F. Doolittle, J. Mol. Biol. 157, 105-132 (1982)].
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T
0 5 10 15 20 25 30 3% 40 45 50 55 60 BSO YOO TS B0 &S5
Residue

The graph shows hydrophobic regions above the X-axis and hydrophilic
regions below. The graph is particularly good at detecting transmembrane
regions of a protein (around residue 500 in the above picture, an alpha-
helical transmembrane section will normally have a width of 20-22 residues)
and you can also often locate the activation peptide (left side of the graph).

Additionally, the hydrophobicity graph may indicate areas that can generate
‘sticky’ peptides that are difficult to handle — or you may just want to know
where in the sequence the transmembrane region is located.

SRS KL P U R LY LD RAR AN LD AL
TPYTIMFGPDECGEDYELHF IF RHENI
VHNEGHNLLNDHTPPVHNFPSREIEDPEDET

HMX m VI\DPDAEKPEDVDEDMDGEYE APQT At
i EDLEPFRMTPFSATGLELUSHTS
AT WLWWYYILTVALFYFLVILF CCSC
EHDAEEDGGTVSQEEEDREPKAEEDE

T T T T
400 430 =00 a0

When the selection bar ﬂ in the toolbar is depressed, you may draw a
horizontal bar across important regions of the graph and dynamically see the
same region underlined in the protein sequence. The same region (residue
numbers) will be shown in the toolbar in sharp brackets

[483-499] x 580 v 214 \
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Compared to the standard graph, an additional menu item is available in the
pop-up menu: Import sequence. Activating this command will import up to
three additional sequences currently opened in GPMAW into the same
window for comparison. Below an example of four sequences is shown
displayed in 3-D:

Hydrophobic - Hydrophilic
=
= = = =

)
=
=

In the pop-up menu there is an option ‘Save to file (text) which enables you
to save the hydrophobicity graph as x/y values to a text file for import into
other programs like Excel.

Primer multiplicity

T Primer multiplicity for MYOGLOBIN.- EQUUS CABALLUS [HOR

/=80y xes -7 |

Smer 15mer 2 mer 27mer

=0 = =T — o~ — & &

B i T qm

Residue

If you want to generate a primer from a protein sequence the Graph | Primer
multiplicity generates a graph showing various multimers based on the
protein sequence
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Low points in the graph show the lowest multiplicity, that is the best position
for generating primer. Point the mouse cursor at the points of interest and
read the cursor position in the toolbar (see general graph information above).
Please note that all graphs go to zero at the ends - this does not mean that
the terminals are the best sequences for basing a primer.

User graph 11.5

Using the Graph |User graph option it is possible to customize a graphical
display of various protein features.

In the Residue graph parameters, you enter values for each residue
depending on the feature you would like to emphasize. The example above
displays the distribution of positive, negative, hydrophobic, and small
residues along the polypeptide chain by assigning each of the residues in the
group a value of 10. You do not have to assign the same value to every
residue, but you should keep the average value in the range of 10-20, as the
height of the graph otherwise will be too small or too large to show any

details.
B
File name: RESIDUE.UGF
Graph name: Residue character
Graph comment: [Chemical character
Residue |Graph 1 Graph 2 Graph 3 Graph 4 =
N-term. 10} 0 0 ]
C-term. 1} 10 1} 0
Xxn o o o 1)
Ala 1} 1} 1} 10
Cys 0 0 0 i
Asp i 10 i 0
Glu 1} 10 1} 0
Phe 0 0 0 o
Graph ID: IF‘ositwe INegative HydrophoblSmaII
[% Reset | Graphs to display: 42
£ Load | Scaling factor: 2|-,]
Initial scale: a0
% Save | : =
Smoothing: =
 OK I X Cancel | ? Help |
Parameters:
File name: If the data are read from a file, this field shows the file name (8
characters)

Graph name: Title of the graph.
Graph info: Supplemental information.
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Graph 1..Graph 4: Values can be specified for each amino acid residue for
up to four graphs (remember to enable the graph in the ‘Number of graphs'
box).

ID: Label for each graph.

Number of graphs: Number of graphs to display.

Scaling factor: Not used at present.

Scale: Initial y-scale of the graph.

Smoothing: Number of values (x-axis) that are averaged in the display.
Reset: Clears the table.

Load / Save: Loads and saves a table to a disk file.

T User glaph -> MYOGLOBIN.- EQUUS CABALLUS [HOR

il m l wnl

The common graph commands are available for the user graphs, please see
above.

Dot-plot 11.6

The dot-plot graph is used to compare two protein sequences by plotting
identical or homologous residues in a two-dimensional pattern. Unlike the
other graphs discussed, the dot-plot graph cannot be zoomed with the
mouse, and the local menu is also slightly different. The function can also be
used for comparing a sequence against itself in order to check for internal
repeats (select the same protein for both axes).

Select sequences for dot-plot x|

X-amis:

DOBIN - |
[PO2188] Myoglobin - Equus caballus (H 88
[P02172] dolphin MYOGLOBIN - Tursiop: [PD2 172] dolphln MYOGLOBIN Tursmp!

o oK X cancel 7 Help
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When selecting Graph | Dot-plot you open a dual list dialog box. Each of
the list-boxes presents a list of all sequences opened on the desktop. You
select one sequence from each list-box and press "OK". You can select the
same sequence in both list-boxes if you want to make a dot-plot of a
sequence against itself.

®

Averaging Dot cut-off Dot-plot Substitution Mouse cursor  Gray scale

Note: Only sequences opened on the desktop can be selected for display in

the Dot-plot window.

window size value magnification  matrix position level

N SO
S N 50
s = 5, . B
~OR, . -
. ~ . S -
~ o . -100
~ -
~ kY -
5 R
N E [N -150
. Alignment _
tursor N
N . N _ ~ 200
. A z
o \\ _ oen
B > Cot e . ~ . -
“ Cursor positign ) N L
o ¢ . . 4

., Dot-pl-~- of [X] Protein C precur<~

Window: [12 =] Cuto |—J—"120 Mag: [1x =] Matrix[Pam250 jﬁl WAB4Y 164 Gray J_
_ N - : A
I

' [¥] Haptoglobin-2 prect*

[

|

o Ik v v X 301 IA4 LLRLAEPATLSQTIVPICLPDSGLSERKLTOVGQETVVTGUGYRDETERNRTFVLSFIEVPYVE YL
e T 243 IG LIELECOEVSVMNERVMFICLPIKDYAEVEEVGTVIGWGRNANFEF TDHLKYVHLPVADODOCIRHYEG
Save picture Alignment cursor Alignment area (based

to disk movement pad on the alignment cursor)

The dot-plot is an arrangement of one sequence along the top and one down
the left side. In the graph the two sequences are compared, and wherever
the alignment between the two sequences is ‘good enough’ a dot will be
marked on the graph. If the two sequences, then show an alignment along
part of their sequences, it will show up on the graph as diagonal lines.

Residue numbering is shown along the right and bottom edges of the dot-
plot.

As the level of similarity may be quite weak, several options are available to
fine-tune the comparison, all placed along the top of the window:

Window: Determines how many residues (1-29) are compared. Use a low
value for very similar sequences and high values for divergent proteins. You
can only choose uneven values as the dot is placed in the center of the
comparison.
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Cutoff: When comparing sequences, the matches are scored according to
the substitution matrix used. Above the given cut-off value the dot is set
(black), below this value no dot is placed. The value of the threshold is shown
to the right of the slider.

Magnification: Enables to see a 2x magnified view of the alignment.

Substitution matrix: Select either the PAM250 or Identity matrix. PAM250 is
based on the observed substitution of closely homologous proteins. The
identity matrix scores 1 for each identical residue in the comparison.

X-Y position: Position of the mouse cursor in the dot-plot.

Gray scale level: When the slider is moved from the left-hand position, the
scoring system changes from an on/off to a gray scale value. In some cases
this yields a clearer diagonal. Use it in combination with the ‘Cut-off’ value.

The alignment of the two sequences along a given diagonal can be displayed
by clicking on the graph. This will place a green cursor on the dot-plot that
can be moved either with the cursor keys, the mouse (click) or the 4-way
movement pad at the bottom of the window. The actual alignment is shown in
the ‘Alignment area’. Identical residues are colored red and the alignment
position is shown as a green vertical bar. The residue numbers to the left of
the alignment is the first position to the right of the green bar. The alignment
can be copied to the clipboard by right-click in the alignment and select
‘Copy’.

The graph can be saved to disk in bitmap (.bmp) format though the bottom
left-hand button.

The pop-up menu enables you to move the dot-plot to either top, bottom, left
or right edge of the alignment. This can be very handy when comparing two
large proteins.

@ Hint: In the normal mode (x1) it can be difficult to point exactly to the first
residue in a diagonal line, but it is usually easier to get an overview of the
alignment. Switch to enlarged mode (x2) to make it easier to position the
mouse.

Dot-plot chart

The dot-plot chart is a variant of the dot-plot discussed above. The algorithm
is the same, but the display does not have a 1:1 ratio to the screen pixels.
This means that you can show the complete sequence in a small graph.

However, the calculations for the bit-map is much slower, and for large

sequences on a slow computer it may turn out to be unrealistic to perform a
thorough analysis. In this case you should get the right parameters from the
dot-plot above and transfer the parameters to the dot-plot graph afterwards.
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%l %Iﬁ ﬂl Qomparezlﬂ Threstald 21 ﬂ IMatrix PEMZED 7| Dot size: |1 -] -

Drot-plat matrix
a0 150 200 250 300 350 400 450 S00 550 E00

=
50 f

100
130
200 3
250
300
350
400

450

The graph functions slightly different from the other graphs. The toolbar
shows from left to right:

%l %Iﬁ ﬂl Compare: In Yl Threshold: 12i| IDired comparison vI Dat size: |1 vl RecH: |

Set full graph.

Save graph to disk.

Toggle grid.

Close dot-plot chart window.

Number of residues to compare (e.g., window size).

Threshold level for setting a dot (approx. 12 for each residue to
compare depending on comparison method).

e Comparison method — direct; PAM250 and chemical similarity.
e Dot size (1, 2 or 3 pixels wide).

The frecalc’ button will be disabled until at least one parameter is changed,
then it will show a green light indicating that you need to force a recalculation
of the dot-plot in order to see the effect of the changed parameters. This is
done so you can change several parameters for each recalculation.

You can zoom parts of the dot-plot by click and drag the mouse over the part
you want to zoom in on. You can go back to full size by clicking on the left-
most button in the toolbar.

The dot-plot can be copied to the clipboard by right-clicking in the graph and
select copy to clipboard from the pop-up menu, either as bitmap (copy to
bitmap graphics program, e.g., paint) or as metafile (copy to vector graphics
program, e.g., Corel Draw) — Word accepts both forms.
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Alpha-helical wheel 11.7

As the interior of soluble proteins is hydrophobic, alpha helices that are
located on the surface of a protein will in most cases be amphiphatic (i.e.,
one side will be hydrophobic, interacting with the interior of the protein, and
the other side will be hydrophilic, interacting with the environment). By
plotting the amino acid residues in the helix onto a circle with a spacing of
100° around the periphery it is possible to represent the helix as viewed end-
on, and a possible amphiphacity can be estimated.
This graph can with advantage be used in combination with the ‘Secondary
structure prediction’ graph, Ch. 11.2.

The alpha helical wheel function of GPMAW is linked to a protein sequence
and can be selected from the Graph section of the main menu. The function
will draw a schematic representation of a section (or all) of a protein as an
alpha helical wheel.

The window opens with a control panel on the left and the helical wheel on
the right. In order to more clearly show hydrophobicity, the different residues
are colored according their hydrophobicity (default color scheme):

e K,R,D, E, Q, N: Dark blue (charged and very hydrophilic

residues).

H, T, S : Light blue (hydrophilic residues)

G, P, M, C: Yellow (neutral residues)
A : Magenta (slightly hydrophobic residue)
V,L, I, F, Y, W: Red (strongly hydrophobic residues)

:,:Alpha helical wheel - = Myoglobin - Equus cab " ;|g|5|

C3Ex| 2 | )

N-terminus
g

C-terminus
[ o [
shift helix: — «| v

Length: 10

Color scheme: Default ‘

The ‘helix’ will be numbered with the first residue in the helix as number one
and located at the top of the circle.

The figure below illustrates the f-helix from sperm whale myoglobin and
clearly shows a hydrophobic part (right-hand side) and a hydrophilic part (left-
hand side).
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Commands:

N-terminus and C-terminus: The start and end of the helix. Values can be
entered directly, or the mouse can activate the up/down arrows. If you by
accident enter a number in the N-terminus field that is larger than the value in
the C-terminus field, the helix will be drawn from the C-terminus value to the
N-terminus value.

Shift helix: The left/right arrows will shift the N- and C-terminus
synchronously up and down one residue, keeping the length of the helix

constant.

The current length of the helix is shown below the ‘Shift helix’ command.
Color scheme: Different color schemes (tables containing Doubiesclick on
the color of each residue) can be implemented. Click on the jesidic ‘“e‘w

‘Set color’ tab at the bottom of the command panel to get a
table of residues colored according to the current color
scheme (right). Double-click on a residue name to edit the
color through a standard color dialog. A modified color
scheme can be saved to disk for later use.

% Save the alpha-helical graph to disk as a
bitmapped file (bmp format). All graph-handling
programs that can read bitmapped files can read
this file format.

Save cmlnrschemel
Copy to clipboard. The alpha helical graph is
copied as a bitmapped image. Conirol_Set Color |

On-line help

&

Exit. Close the alpha helical wheel window.
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Charge vs. pH

11.8

1+
The Charge vs. pH graph t& is similar to the graphs of the same name
generated from the peptide list (Ch. 9.4). The graph shows the charge of the

protein at given pH values.

(¥ — Oxidized [¥ — Reduced }

0
40
20

R
40
50
&0
-100 4
=120 4

- Charge +

pH

Two graphs are displayed, one shows the charge of the protein with oxidized
cysteine residues (i.e., as disulfide bridges) and the other graph shows the
charge of the reduced protein. The difference of the two graphs is due to

cysteine having a pl of approximately 8.3. Below this
value the two graphs are identical. Either graph can
be turned off by un-checking the relevant graph in
the legend.

Al Autoscale: When the graph opens, the scale
is set to +/- 25 charges. Activating the autoscale
button will rescale the graph to the maximum and
minimum of the complete graph.

E Import other sequences. This function will
import other sequences from the GPMAW desktop
into the same graph window.

:D Charge number list. When the button is
activated, a frame is opened in the right-hand side of
the window with the charge vs. pH as a list of
numbers (see right). The ‘granularity’ of the pH
values can be setto 0.1, 0.5 and 1.0 pH units, either
through the pop-up menu or the drop-down list at the
bottom the list. You can copy the list to the clipboard
through the pop-up menu.

rH

[P R Y - PR R N R N N e ==
o e T e O R O e = e T e T, e e T e |
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The main function of the graph is to inform the user of the behavior of the
protein during ion exchange and isoelectric focusing. Furthermore, the slope
of the graph when it passes through zero (i.e., the isoelectric point) will
indicate the ‘stability’ of the isoelectric point. With a weak slope, very minor
changes in the three-dimensional structure of the protein can be expected to
change the pl while a steep slope indicates that major changes in the protein
(i.e., neutralization of several charges) need to be take place before a change
in pl is experienced.

DigestAlyzer 11.9

The DigestAlyzer is a graphical way of comparing a number of protein digests
(e.g., peptide lists) for two parameters that can be either of: Mass, HPLC
index, pl or hydrophobicity. It is particularly useful if you have several closely
similar proteins where you need to separate the peptides.

Start by opening all the relevant sequences on the GPMAW desktop.

The most common procedure is then to select the ‘Digest all sequences’ form
the ‘Quickdigest’ menu (if relevant you should first check the ‘1 missed
cleavage’) then you select the appropriate enzyme from the ‘Quickdigest’
menu (Chapter 9.1).

Alternatively you may cleave each protein in the usual way, using the same
or different enzymes and parameters).

To activate the DigestAlyzer, you select any of the peptide windows, and in
the ‘Peptide list’ menu you select the ‘DigestAlyzer’ option, or you may
right-click and select it from the pop-up menu.

_ioix
= j ¥: IHPLC j Labels: OFF Colors: IEly digest - ﬂ

A Chymodike pratease CTRL-T ¢
B CHYMOTRYPSINOGEM B [E

40

AL

O CodCHYMO-B (EC 3.4.21.1] -
E CodCHYMO-4 PRECURSOR
F Trypsin precursor [EC 3.4.21.4)
G Rat Chymatrepsinagen B prec
H Dog Chymotiypsinogen 2 prec

T T T T T T T T T
1} S00 1,000 1,500 2,000 2,500 3,000 3500 4,000 4,500 5,000 Meries Table

The graph will initially be displayed with mass along the x-axis and HPLC
retention index along the y-axis. In the toolbar you can select the X- and Y-
drop-down selection boxes to change either axis to show mass, hplc index, pl
or hydrophobicity (the pl calculation method is chosen in Setup, Chapter 5.1).

When in the ‘By digest’ mode, each peptide will be color-coded according to
the name label shown in the right-hand box (cannot be user-defined). In the
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‘By count’ mode, the color will be dependent of the
number of peptides present in each spot (see below).

The graph can be zoomed in the way normal for graphs,
Chapter 11.1.

Each dot representing a peptide can be labeled by Max. diff. |0.010  Da.
clicking the ‘Off’ button in the toolbar. Turning the labels Total : 1012

™ Identical peplides

on is usually only preferred when showing only a small A 119-E9
portion of the graphs. B 11383
By digest: Each protein digest is shown in each own 1907
color. E 11510

By count: Identical peptides will be colored an F113D2
increasing shade of red depending on the ﬁ Hgg:

number of peptides in each spot. This
means that if you are comparing proteins
that only vary in a few positions, these positions will be black
while the identical ones will be red (and perhaps have a
different shape, see below).

[ Ewpand ¥-axis

The right-hand panel have three pages [ Expared Y-ass

Mames Table | o which the first two controls the  Point siee: [3 =

xly graph and the third controls a list of peptides:
Names: Display the names of the analyzed proteins.
Control: Modify the display of the dots (see right):

Expand X- /Y-axis: Expands the relevantaxisby [ L 1 & 1 0%
50% (i.e., mass from 5000 to 7500). Color change

Point size: Select the point size in pixels (2-5).

Color change: How fast does the color change
from black to red when in ‘By count’

By count:

mode. The color bar above the selection Dotchange:2
shows the color at any given identical Ji
peptides.
. . Upd
Dot change: How many identical dots before M

changing dot shape from diamond to square. The control is
most easily controlled by selecting it by mouse and then use
the right/left arrow keys to change the value.

Whenever you make a change to any of the parameters on the ‘Control’
page, you must press the ‘Update’ button for the changes to take effect. This
is indicated visually, as the button becomes active (changes color).

The pop-up menu gives you access to the Print command and copying of the
graph to clipboard in either bitmap (Ctrl-C) or vector format. Furthermore, you
can copy the mass list to the clipboard, sorted by protein, mass or hplc index.

Table: The ‘Table’ page displays a list of all the peptides participating in the
graph. Based on the mass of the peptide it is possible to
select either ‘Different peptides’ or ‘Identical peptides’, the
differentiation is based on the value entered in the ‘Max. diff.’
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edit box. ‘Total’ shows total number of peptides in the lists
(i.e., ‘different’ + ‘identical’).
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Chapter

-

Utilities
This section contains a few utilities that do not fit into other
categories.
Several of the functions presented here (e.g., mass comparison and
composition calculator) are usually called as auxiliary functions from other

windows, but as each function can sometimes be useful on its own, they are
presented here as individual windows.

MS peak analysis - sequence tag and mass difference 12.1

The MS peak analysis command contains two functions that both centers
around the analysis of peptide mass differences, either in the form of residue
differences, or in the search for modifications. Both functions have the same
input, a mass table data input.

Data input
You start by entering the peak data (mass list) MALDI ms peak file format
(among others) or you can paste most formats from the clipboard. GPMAW'’s
own PEP format is of course also supported.
Once the data is entered you can edit the numbers (see Chapter 4.1 for an
explanation of the Edit’ button), copy to clipboard or save to a disk file in
PEP format just like data entry in the ‘Mass search’ (Chapter 6.1) and ‘Digest

database search’ (Chapter 8). I
The table information is automatically set to Mass table: <] Tablecaption:
the file name of the most recent file read. _; =
The local pop-up menu supports the same B Table operations =)
functions as the right-hand buttons. 4 @& Load
: Ex
The entered mass list can be used to look — £ gove
at mass differences (the MS difference e ?CEI:Q[
. 0
button). _ — 23 Gony
The table accepts a maximum of 150 10| (5 Paste
entries. |1
12
MS difference - X/Y table | 13
Once the data has been accepted by % :
pressing the “OK? button, a new dialog e HuLsEes
opens that shows the mass difference data. | 17| o o
18 Lancel
1 o 2 e
4
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7663  e7a70|  7oast|  vosso|  7isss|  7asss|  miogn|  sszao|  sezas|  sseas|  Je

679.70 307

704.51 2788 2451

709.50 3257 2080 499

718.48 4185 3878 1397 8.8

733.43 56.80 5373 2892 2303 1435

st040| 13377 13070 1053 10090 9192 76.97

s3z40) 18678 15271 12088 12291 11393 98.98 2200

s4243|  1ess5| 16278 13087 13285 12400 10808 3208 1007

sse43| 17987 17679 15135 14%00 13802 12306 4609 2409 1402

s6445| 19753 184¥5 153894 15486 14598 13102 5405 3205 21 88 796

s7051|  1m3se|  1s0m2  1Esm0 18102 15204) 13708 B0.11 3811 2804 1402

se74s| 21083 20778 1@295 17746 16838 15403 7708 5505 4408 3097

a3246| 29583 28278 m7as 22286 23se 19903 12208) 100.0 sags 7597

soas3|  a2e0|  s1ess) 20402 28903 28005 265400 18843 18842 15608 14204
101451 33rss)  smE2) 3000 30502 20604 28108 20411 18241 17204 15802
104555)  d8882 38585 34104 3305

4

awvar 3242 23515 21314 20307 169.06 _dd
L3

@y Frint  Precision: | 1.6[3] Lookfor [ 000 Da |Mp.=1|mminoacie  Sugar  Moificat.

" Done |

The table shows the left-hand column minus the top row.

The table by itself can be interesting, as it is relatively easy to spot repetitive
occurrences of the same or similar mass. The real advantage comes when
comparing to predefined mass tables as defined in the bottom status line.

Activation the “Amino acid’ button highlights all mass differences that
correspond to amino acid residue differences. The amino acid masses are

taken from the currently loaded mass file. When you move the mouse cursor
on to a highlighted field, a fly-by hint will open showing the name of the amino
acid residue. The local pop-up menu allows you to switch the mass value of
the highlighted fields to three-letter residue names. In cases where you have
isobaric residues (Leu/lle, Lys/GIn) both names will be shown.

The ‘Precision’ box defines the precision by which the highlights are found.
The box is in Dalton and can be edited directly or you may use the mouse to
activate the up/down arrows.

-

The sequence tag button will draw lines between successive amino acid

residues, i.e. a sequence tag:

138,29, 44,90 9,97
16940, 7BO01. 4108 3111

18546, 92,06 . .
27342, 18002, 14510, 13513, 104,02
284,45, 191,05 TETE

20938, 20596 171,04 181,07, 12996 JEEY
246, 21907, 18414, 17447, 14306, 127,01, 39,05
2242, 22002, 194100 18413, 153 EE 4o

87,96

14
2810
7L

The ‘Sugar’ button highlights mass differences corresponding to sugar
(carbohydrate) residue differences. The mass values are taken from a
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modification file (in the ‘System’ directory) called ‘SUGARS.MOD'. The user
can modify this file like all other modification files (see Chapter 4.3) and can
in principle contain any data. In order to stay with the label of the button, you
should keep it this way.

The ‘Modificat.’ button uses the currently loaded modification file (Chapter
4.3) to search for mass differences.

The three mass difference types use the same precision but use different
background colors for highlighting. Only the amino acid differences can be
switched to show names in the table, the two others only show the names in
the fly-by hint.

The bottom left button ‘Print’ prints the table (across several pages if
needed) and the button to the right of this toggles between showing average
and monoisotopic mass values.

Pop-up menu
The local pop-up menu has four entries:

Draw aa links: Same as the ‘Sequence tag’ button.

AA as text: Toggles between showing highlighted amino acid
masses as text and as masses.

Compressed table: Toggles the displays the table into a compressed
format to show more cells.

Print: Same as the ‘Print’ button.

Composition calculator 12.2

The composition calculator is usually called from dialog boxes that demand
input of compositions (i.e., ‘Edit mass file’, ‘Edit modification file’ etc.).
Through the ‘Utilities’ section you have direct access to the dialog for
calculating the mass of a given composition or to get the composition string in
GPMAW format.

For more information on the GPMAW composition formula strings, see
Chapter 4.4.

The Elemental composition dialog contains an edit dialog with a
corresponding up/down spin control for each atom define in the ‘Atomic
masses’ section of the ‘Edit mass’ dialog (see Chapter 4.2).
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|
Carbon C Fluoride F ITEJ Carbon13 CT a j
Hydrogen H 2 j ITodide I ITZJ Deuterium D ITZJ
Nitrogen N | 12 potassiumk |Tj Nitrogen15 NF |T21
Oxygen O 1 j Lithium Li 1] j 1] j
Phosphor P ITZJ Sodium Na ITZJ ITZJ
Sulphur 5 ITZJ Selenium Se ITZJ ITZJ
Bromide Br ITZJ Zink Zn ITZJ ITZJ
Chloride Cl 0 j Iron Fe o j 1] j
Composition: |C1H2MN101 &7 Clear
Mass ave./mono. 44.03268 / 44.01364
v OK x Cancel ? Help

The number of each atom is controlled by entering a number in the edit
boxes or by using the spin control with the mouse. Only integer values can be
entered. The composition box is updated for every change made in the
composition. The composition line can be copied (highlight and press
<Ctrl+C> or use the pop-up menu) but cannot be edited directly.

Negative compositions or compositions that are part negative are accepted.
The ¢Clear’ button zeroes both the composition and the edit boxes.
Both the average and monoisotopic mass is reported.

Fragment analyzer 12.3

If you try to manually de-novo interpret an ms/ms spectrum of a peptide, you
will usually be in for a lot of typing on your calculator. Even if your spectrum
software can show mass differences on the screen, there can be a lot of
mouse movements and calculations.

The Fragment Analyzer is a tool, which will help you manually calculate
(assign) a series of fragment ions in a simple and flexible way.

The ‘Fragment Analyzer’ is a separate program (‘Fragment.exe’) called from
GPMAW. If the menu item (Utilities | Fragmen analyzer) and the toolbar icon
is grayed and inaccessible, GPMAW has been unable to locate the file.
Please copy the file ‘Fragment.exe’ to the \gpmaw\bin\ directory and restart
GPMAW:

Working with the Fragment analyzer is quick and easy:
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i
Charge—| Park -
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[is1z ¥ [ © 20 4] [Defau
“El

491.33 - Trp 17512
B14.35 - Tyr Leu

521.31 - Arg 288.20
530.34-Phe  |Asn

540.35 - His 40225
B46.37 - Met Lys

548.37 - Glu 530,34
549.32 - Lys Phe

543.35 - Gln B77.41
56238 - Azp
5B3.37 - Asn
564.33 - Leu
5E7.35 - M
575.41 - Cys
576.36 - Thr
578.34 -Wal
580.36 - Pro
580,38 - Ser
BOB.37 - Ala
£20.39- Gly

[Lev-tisn-Lys-Phe-
[175.12; 280,20 402 25 53034 67741

Phenylala. THEHaT »

Start by selecting the charge state (top center) that you are working with.
You can only work with a single charge state.

Enter the starting mass for the analysis in the ‘Initial m/z’ edit box (top
left). This does not need to be the first or last mass value in the series
but is typically one of the major peaks that look to be part of a series.
Press >Enter< to start the analysis.

If you start with the y1 mass of a tryptic peptide, you can select m/z
147.1 (K) or 175.1 (R) through the drop-down arrow next to the input
box.

The left-hand box will now show the mass values of all residues
subtracted from the currently select value in the center list, and the right-
hand box will show mass values of all residues added to this value.

You now double-click on the mass value that fits with the next peak in
your spectrum.

As you select a new mass value, the selection in the center box automatically
jumps to that selection, going up or down.

If you want to cancel part of a series, just select the last entry you want to
keep, and then click on the new next entry (up or down) — the rest of the
series in the relevant direction will be deleted.

The bottom part of the dialog box shows the fragment series, the m/z series,
the full name of the currently selected residue and buttons for ‘Options
menu’, ‘Exit’, ‘Save fragment’, ‘Load fragment’ and ‘Stay on top’.

The ‘Options menu’ is also available as pop-up menu (right-click) and
contains the following commands:
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Stay on top: The Fragment analyzer will stay on top of GPMAW, even
when working in other parts of the program.

Save fragment. The fragment is saved in a file with the same name as
the label.

Load fragment.

Display in 1-letter code.

Display mass list.

Load Alt. mass list. Enables you to load an alternative mass list among
the ones used by GPMAW (by default located in the
\gpmaw\system\ directory).

Copy sequence.

Copy mass/peak list.

Print.

The label is used as filenameftitle when saving the fragment to disk and
when ‘Parking’ the fragment.

Park: When trying to interpret a complex ms/ms spectrum, you often get
partial sequences in different parts of the spectrum. By using the ‘parking’
area, you can save the list temporarily by pressing the little right-arrow in the
top corner of the dialog. This will store the present fragment in a list and
make the left-arrow active. Pres the left-arrow to open the list and retrieve a
previously stored fragment. Click on the minus *-* button to clear the fragment
list.

Extended display mode

Clicking on the bottom right button o4 ‘Extended display mode’ will enlarge
the ‘Fragment Analyzer’ window to show the b/y equivalent column and the
‘Extend sequence’ list box.

b/y ion equivalent: An additional column with an input field labeled ‘Parent
ion’ at the top is displayed to the right of the ‘up mass residues’. Upon
entering the parent ion mass of the peptide in question, the bly ion equivalent
series of mass values relative to the mass values in the center column will be
displayed. Whenever a change occurs in the mass fragment column or the
parent ion field, the list will be updated.

The bly ion equivalent is the series that is complementary to the one entered
in the center column. l.e., if the series entered in the center column originates
from the y ion series, the list presented here is the corresponding b ion
series. Seeing both the y and the b ion in a spectrum gives more confidence
to the assignment.

Extend sequence: When you try to extend a sequence tag, you often
encounter a gap in the sequence information, i.e., the distance to the next
residue is larger than the mass of a single residue, and you may have to
resort to a table of multiple residues
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?-"Fragment analyzer [ 1Ol x|
Charg Park -
Start: |842.4D
Initial /2 FACF ey =
|14;f_11 ¥ |20 IDefauIt Extend: |1UBS.5
BBz -Tp | 14711 B99.42 -G Parent on:

Difference: 227.10

E79.34-Tw  |Pro 913.44 - Ala
BE237-Cys | 244.16 0943 50 [1950E

B36.30-Ag  |Ala 939.45 - Pro -

35.33-Phe | 315.20 3747 val ks

705.34 - His 94345 - The ]E]ggg 22743 003 GoL
711.36 - Met s5246-xm | 1ESE 125700 oos sr
713.36 - Glu 955,43 - Leu ST ie DR
71430 - Lys 956,44 - Asn EQEE? : !

714.34 - Gin 957.43- Asp :

727,37 - Asp 97045 -Gin | 114349

728,36 - Asn 970.49-Lys | 10184

729.31 - Leu 971.44 - Glu

732.34 - ¥ 973,44 - Mt

74135 - Th 379.46 - His

743.33-Val 98947 - Phe

745.35 - Pio 99850 - Arg iy :
75537 - Ger 1002.43 - Cys Precision (Dal: [15
771,36 - Ala 1005.46 - Tyr

785.38 - Gly 1028.48 - Trp [553 Transter |

[Pro-Alaval-Cys-His-Met-
[147.11: 244.16: 315.20: 414.27: 574.30; 711.36: 842,40

T Metorne Y 4 B 3 Ty

The ‘Start value’ box contains the currently selected mass value from the
mass fragment column. When you enter a value into the ‘Extend to’ box, all
possible combinations of amino acid residues that fit to this difference within
the precision defined below the central table will be listed in the table. Each
suggestion of residues will be listed with calculated difference, deviation from
the actual difference and composition. The suggestions will be listed relative
to the deviation. If you double click on a suggestion or press the ‘Transfer’
button, the selected residues will be inserted into the main fragment analyzer.

Note: The residues will be inserted in the order they are shown in the
‘Extend sequence’ box, which may not correspond to the actual sequence.

If you click on a mass value in the main Fragment analyzer, the value will be
transferred to the ‘Start value’ box. The ‘Start’ and ‘Extend’ will also be
calculated if the ‘Extend value’ is lower than the ‘Start value’.

When you have a suggestion for a complete sequence, you can enter it in the
ms/ms fragmentation dialog to get a list of all the normally seen
fragmentation mass values (Chapter 10.1).

Note: Isoleucine (lle) is not present in the up/down mass lists as it is
isobaric with leucine. When doing sequence/homology searches you have
to be aware that a hit on lle is equal to that of Leu. As the two residues have
similar physical/chemical properties it is usually not of great concern.
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Database indexer (DBindex) 12.4

The database indexer, called DBindex, is a separate program that is either
bundled with GPMAW or can be freely downloaded from the Lighthouse data
website (see Chapter 1.9). As the program is separate from GPMAW it
means that once called you can run it independently (i.e., switch back and
forth without one program interfering with the other). The version numbers
are separate from GPMAW and you should consult the web site or
Lighthouse data for the latest version. Current version, October 2002, is 1.20.

The program (DBINDEX.EXE) has to be present in the same directory as the
GPMAW executable file (GPMAWS3.EXE) in order to be called from the menu.

@ Note: If the menu entry Utilities|Call DBindex is disabled (grayed) it
is because GPMAW could not find the database indexing utility. You should
then copy the program and the help file (DBINDEX.HLP) to the
GPMAWA\BIN directory.

When the program opens, you are greeted with a dialog stating copyright and
version number.

5,
Database Indexer beta version
Wersion 1.21

This program iz intended for uze with the GPMaAW program
package for the generation of databagze index files and
conversion of databaszes to Fasts format

ECopyright 2000-2004 by Peter Hejup, Lighthouse data,
fax: [+45)] 68 193396

mailto php@bmb sdu dk
http-/fwelcome to/gpma

Select funchion

Convert | Filter |
@ Other | ?

Freeware. Mot to be rezold without permizssion from
Lighthouze data

From the copyright dialog you can select what section of the DBindexer to
enter. Independent of the section you choose here, you can switch between
sections on differents tabs in the running program.

Quick conversion: This function will convert, name index and create
BLAST indices in a single operation. This option is
recommended for most users when indexing a database. The
combined functions available here can be found as individual
functions on the ‘Index’ and ‘Convert’ pages.

Index: Create indices from a FastA formatted database that enables
GPMAW to search the database on the basis of protein name
or accession number.
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Combine databases (i.e. add one database to the end of
another).

Convert: Convert the Swiss-Prot database to FastA format and still
enable retrieval of the full Swiss-Prot entry through GPMAW.
Reduce the complexity of some non-redundant databases that
create very long (>255 character) name lines (NCBI-nr and
EMBL-nr).
Convert files in VMS format to DOS (Windows) format. The
VMS format is used on most UNIX systems and needs to be
converted to for GPMAW to access the databases.

Filter: Filter a FastA formatted database with regard to amino acid
composition and molecular size.
Other: The program opens on the first page of the window without

asking for a database.

The ‘Index’, ‘Convert’ and ‘Filter commands starts by asking for a database
file to work on. If you later need to open a new database, just click on the
‘Load database’ button in the buttom command line.

= Load database | @& Db Peek | B} ETP download ? Help | o Done

When you have opened a database, the next button in the command line,
‘Db Peek’, becomes active. Pressing this button opens a text dialog with the
first couple of thousand characters of the database. This enables you to
check the format and content of the database.

i Databaze file view M= E3

Databaze: D:AD atabaze!swissprothS wiss zeq
Fastd, farmat: ves

Format: &5CII - DOS

»epld 267111 00K_RAT 100KD PROTEIM [EC B.3.2.-] - Rattus norvegicus [Fat)
MMSARGDFLMNYALS LMRSHMDEHS DVLPYLDY CSLEHVATYWFO ALY WIKAMMOOTTLDT
POLERKRTRELLELGIDNEDSEHENDDDTSQSATLNDEDDESLPAETGANHPFFRRSDSM
TFLGCIPPHPFEYPLAEAIPLADRPHLLAPHARKEDLFGRPSOGLYSSSAGS GRCLVENT
MORMCLEVLPTEMS vAAMLENYMMMONROKKAGEDQSMLAEEAD SSKPGPSAHDVAADLE.
SSLLAEIGLTESEGPPLT SFRPOCSFMGMYISHDMLLGRWRLSLELFGRYFMEDVGAEPG
SILTELGGFEVKESKFRREMEKLRMNAOSROLSLEVDRDROLLIQOTMROLNNHFGRRCAT
TPMAYHRVEVTFEDEPGE GSGVARSFY TAIAQAFLSNEKLPNLD CIQNANKGTHTSLMAR
LAMRGERDREREREREMRRSSGLRAGSRRDRDRDFRROLSIDTRPFRFPASEGNPSODPDR
LPAHROALGERLYPRVOAMOPAFASKITGMLLELSPAQLLLLLASED SLRARVEEAMELI
WAHGRENGADSILDLGLLDSSERYUENRKRHGSSRSYWDMDLDD TODGDDMNAPLFYUIPGK
RGFYTPRPGEMNTEARLMCFRMIGRILGLCLLAMELCPITLMRHVIEVLLGREYM WHDFAF
FOPYMYESLROLILASAS SDADAYFSAMDLAFAYDLCKEEGGGHVELIPNGYMNIPYTPOMN
WEYWVREYAEHRMLVWAE OPLHAMRK GLLDYLPKNSLEDLTAEDFRLLVHNGCGEYMWOML

.| | »
W K

In the database file viewer (above) you are only able to only view the content
of the file, you cannot edit it.

The view starts with the full file name, then comes whether the file conforms
to the GPMAW FastA format, and finally what type of file is present (ASCII
vs. Binary format, DOS vs. VMS format).

After the stippled line, comes the first records of the database.
Click on *OK” to return to DBindex.
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Quick conversion (All-in-one).
The All-in-one conversion page enables you to

1) convert a database from most FastA formats to a general format
accepted by GPMAW (Swiss-Prot formatted files are first copied to a
FastA format).

2) index the database for word searching by GPMAW

3) create indices for use by BLAST homology searching — the database
index can be automatically added to GPMAW.

+ Database indexer _ O] x
il

Index datahasel Convert file | Composition filter  Allin-one |

1) Select database type: (SRS ~

2) Select input file ‘23 Open datahase |

3} Select operations: W Convert to DOS
[# Create FastA file
[T Reduce name length to IW
¥ Create GPMAW text search indices
™ Create BLAST indices Setup BLAST |
[T Update GPMAWY Setup GF'MAW'

[T Create digest file (PMS} [Trypsin /K/R-AP

Mo database loaded
I 1%

(= Load database | Q Dh Peek | ? Help

You perform the operation in four steps:

1) Select database type. If the database is FastA but in unknown
secondary format, you select ‘Other FastA’.

2) Open database. By default the Open dialog looks for files with the
extension .seq, but database files often have the extension .dat.

3) Select operations.
The first two options Convert to DOS file format and Create FastA
file cannot be selected by the user but are dependent on the choice
made in 1). If Swiss-Prot format is selected here, a FastA format is
automatically created and used for the later operations. If a FastA file
format has been chosen, the file will be converted to DOS and GPMAW
accepted format.
Reduce name length to xxx makes sure that the length of the name
line does not exceed 250 characters (the limit for GPMAW). This is
often the case for the NCBI and EMBL non-redundant databases. In
order to save space on your hard drive you can set this to a lower value
(in most cases it is the same name repeated a large number of times
with different accession numbers).
Create GPMAW text search indices will create indices that enables
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you to search the database from GPMAW based on words in the name
line.

Create BLAST indices creates index files for homology searching by
BLAST. In order for this function to be enabled, the DBindex program
needs to be informed of the location of the BLAST indexing program,
formatdb.exe. This should be in the \gpmaw\bin\ directory, but you must
press the ‘Setup BLAST’ button and navigate to the correct directory.
If the GPMAW program (gpmaw3.exe) is in the same directory, the
Update GPMAW option will also be enabled, otherwise you will have to
locate the gpmaw3.exe program in a similar way.

Update GPMAW will enter the information of the BLAST database
location in the GPMAW ini file so the program will know about it when it
is next started. Note: GPMAW must not be running while you index the
database, otherwise this information will be lost!

Create digest file for Peptide Mass Searching. In addition to checking
this option, you have to select the enzyme for which to make the digest.

4) Press the ‘Go’ button to start the conversions. Particularly the creation
of search indices takes time, and for a large database the whole
operation may take ~10 minutes.

The operation of the individual functions can be followed on the status bars at
the bottom of the window. Note: The BLAST indexing is done by a console
application, you should not close the program, or perform other operations
while it is in action.

Upon completion of all X]
i i Sequence file loaded: -

Operatlons' YOU WI“ be DD atabazet SWISSPRO:sprot. seq

presented with a dialog Database file stamp: 19-10-2007 14:34:54

detai"ng the conversion [ atabaze file size: 320673785 bytes

operatlons_ a_long Wlth_ MOTE: Fastd database created from Swiss-Prot

some statistics. The list Fasté file: D:A\D atabaszetSwISSPROMS WSS SEQ

may be printed for your Fasté file created: 48935002 bytes

records. Part of the Starting word indexing and zorting

H i Humber of sequences: 101548

mformgtlon ian alsq be I

found in the *.FAC file File size: 43335002

created with the database.  |Largest sequence: 6343 E

. MHumber of words: 773301
Thg operations performed 5 Print
during ‘Quick

conversion’ are the same functions as can be performed from the ‘Index
database’ and ‘Convert file’ pages of DBindex as detailed below.

Indexing a FastA formatted database

This function generates indices used by GPMAW for searching for
sequences based on words in the name line of the FastA records.

Start by loading a FastA formatted database. If you have not selected one
when opening the program, or if you want to select a different database,
press the ‘Load database’ button and select a new database. The
database loaded will be shown in the yellow list box in the right-hand part of
the dialog and in the status bar above the progress bar at the bottom of the
display.
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In the drop-down list ‘Format of FastA database’ you select the kind of
database loaded.

RETS
Index database lCoﬂven file ] Cormpaosition ﬂlter] Quick convertion ]

Sequence file loaded:

[:4D atabaset WIS SPROM WISS5.5EQ
D atabase file stamp: 18-10-2002 17:15:44
[ atabaze file size: 48935002 bytes

Record number: 0

Record position: i

Database indexing

Format of FastA database:
Combine databases

++ Add database
EEE Make ind
The combined file swil

il Di i have the name of the file
gnaore In hame line first loaded

DDatabasedSWISSPROVEWISS. SEQ

1%
. - 4
(= Load datahase | €, Db Peek | EX FTP download ‘? Help | & Done |

Press the ‘Make index’ button and database indices will be generated. The
progress of the index creation can be followed in the progress bar, the
‘Record number’ and the ‘Record position’. The yellow list box will show
statistics and files generated.

When the ‘Ignore ID in name line’ option is checked, the indexing function
will ignore accession numbers and treat the name line as a single line. This is
most useful when indexing ‘homemade’ database that do not contain
accession numbers.

The index files generated will be placed in the same directory as the
database.

Note: Make sure that you have sufficient space on your harddisk as the
index files a quite voluminous. E.qg. the current version of EMBL-nr takes up
280MB of space (after conversion from VMS to DOS and reduction of name
lines) while the indices additionally take up almost 30 MB of space.

Four files are generated, each characterized by its extension:
ACC Accession number

.FAC Facts file. This is a text file that contains general information on
the database and the indices.
.NDX Index into the main database.

.TRG Target database. Contains the search words.

The user should not modify any of the files generated. Only the FAC file can
be of any use and can be read into any text editor.
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When the program finishes indexing (a rather lengthy procedure ~20 min.)
you can copy all databases to a different drive or medium (e.g. CD-ROM) for
easier access. You may choose only to copy the indices and leave the
database as such on a networked or slow drive. In this case you should
modify the reference to the original database in the FAC file using Notepad.

Combine databases

The command ‘Add database’ enables you to combine two databases (or
any files) into a single database. This can typically be used with the PIR
database (comes as 4-5 separate files), genome databases (are often
present as a database for each chromosome), the TREMBL database (a
database for each species) or the Swiss-Prot and the GenPept that are
published as a main database with an update.

Start by loading a database. Press the ‘Add database’ button and you will be
asked for a database to add. When you select a file, it will be added to the
original database (file).

@ Note: The combined database will have the name of the database first
loaded. If you want to preserve this file you may make a copy of the first
database and rename it to reflect the nature of the final database.

The files added to the first file are not changed in any way.
When all the files have been added, you can proceed with indexing the
database.
As the addition of files is a straight binary combination of files, it does not

matter whether you convert from VMS to DOS before or after combining the
files.

References:

Keough, T., Lacey M.P., Youngquist, R.S. (2002) Rapid Commun. Mass
Spectrom. Solid-Phase Derivatization of Tryptic Peptides for Rapid Protein
Identification by [MALDI] Mass Spectrometry.

311



12 - Utilities

Converting files

Several databases on the Internet are in a format that is not directly
accessible by GPMAW. In most cases the transformation is rather trivial (e.qg.
converting from VMS to DOS) and is used mainly to speed up access and
simplify coding, while in the case of the Swiss-Prot, TREMBL and IPI
databases, the information herein is so valuable, that it is of great value to
access directly from GPMAW.

Use the ‘Convert file’ tab of the program to access these conversion
routines.

i Database indexer ol x
gl

Index database Convertfile |Q0mpusition ﬂlterl All-in-gne |

Sequence record: 0

r—Conversion routine

MNon-standard to standard FastA rFile conversion

VMS to DOS |
= EMBL-nr

 Other Convert | rDatabase to FastA—
- 5] Swiss-Prot |

Maximum name length: |200 —

[ Force sequences to upper case

No database loaded
I 1%

& Load database | &, Db Peek | ? Help

Reducing the complexity of a database

A few of the non-redundant databases (NCBI-nr and EMBL-nr) are created
with name lines that exceed 255 characters, which is the limit for accepted
names in GPMAW.

You must reduce these databases by selecting the relevant radio button in
the ‘Non-standard to standard FastA’ panel, and then press ‘Convert’.
You are then asked to open a database, and then to give a name to the new

database. GPMAW suggests a name depending on the selection of the radio-
buttons above.

The new database will be placed in the same directory as the original
database.

@ Note: Make sure you have enough disk space for the operation, as the new
database will only be about 10% smaller than the original.

The ‘Convert’ command also takes care of converting from VMS to DOS
format if necessary.
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When you are through converting the database, you can delete the old
(original) database.

If you want to create indices from the newly created database you have to re-
load it through the ‘Load database’ button.

VMS to DOS conversion

Text files, and thus also flat file databases, are internally differently
represented in UNIX and DOS (Windows). Where the DOS format specifies
that each line ends in carriage return and line feed characters (#13#10), the
VMS file system only specifies a line feed character (#10). Using the VMS to
DOS file conversion routine takes care of this.

When pressing the ‘VMS to DOS’ button you are asked for the file to convert,
and when accepted, the file is converted.

The new file replaces the old one (unlike the ‘Convert’ command above).

You can follow the file conversion process in the ‘File position’ label and in
the progress bar.

Convert Swiss-Prot to FastA

Press the ‘Swiss-Prot’ button and select the Swiss-Prot sequence database
(typically named sprot37.seq for the main database or new_seq.seq for the
update). You are then asked whether you are converting the main, the
update or another database. The default names for the converted database is
SWISS.SEQ for the main and SWISSNEW.SEQ for the update.

If you keep all the files in the same directory, GPMAW is able to search the
FastA indexed database and retrieve the full entry in the original Swiss-Prot
database, please see ‘Reading CD-ROM based sequences - FastA’ in
Chapter 2.6 for details.

@ Note: The TREMBL and IPI databases are constructed similarly to Swiss-
Prot and can be indexed identically (i.e., start by using the ‘Swiss-Prot’
button to create a FastA version of the database).

@ Note: The Swiss-Prot database is not free-ware. If you are a non-
commercial organization, you need a licensing agreement. Please see
http://www.expasy.hcuge.ch/announce/ for further details.
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Composition filter a FastA database

The ‘Composition filter’ page of DBindex enables you to filter a FastA
formatted database based on amino acid composition and/or molecular
mass.

The input is a database that must be in FastA format. The operation is based
on a composition range (in %) for each amino acid residue and/or a mass
range specified by a lower and an upper limit. The result is a new database
where each entry conforms to the filter specification.

—i5 x|

Index database | Convert file Composition filter |;’-‘~.Il-in-gne |

L

|_R-|_as| = |

I e e e e e e e e B e e R R e R

== =]

720 = Filtered database name IDBSOF\'T DAT
- Low % High %

IU i“ﬁ\sp j |20 é’ I Ignore composition
ls_él < Mass < Wé’ [ Ignore mass

Enter low and high values for the percent
composition for each residue before creating
filtered database

Create filtered database |

0.0 g

No database loaded

& Load database | Db Peek | ? Help

>

>

>

1%

Select a database if the proper database has not been selected already
(the currently opened database is shown in the bottom status bar).

Enter minimum and maximum % values for each residue in the top edit
boxes. The amino acid residues are selected from the left-hand list box
whereupon the low and high % can be changed. The edit box is
updated whenever the focus changes from an edit box. By default, all
residues are set to a composition between 0 and 20%.

Enter low and high mass values (in kDa) for the proteins to be selected.

You may check either of the ‘Ignore composition’ or ‘lgnore mass’ to
generate a database that does not take composition/mass into
consideration when filtering.

The name of the resulting database can be edited (by default
DBSORT.DAT).

Click on the ‘Create filtered database’ to start the conversion
process.

The filtering process can be followed on the progress bar.
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After the filtered database has been generated it can be searched, indexed
and viewed like a normal FastA formatted database. If the file is small
enough (< 32.000 bytes for Win95/98) it can be viewed directly in Notepad, if
larger it can be viewed in a word processor.

Simulated 2-D gel 12.5

The simulated 2-D gel shows a graphical representation of a number of
proteins presented as dots in a graph where the X-axis is the pl of the
protein, and the Y-axis is the mass. This is the typical setup when using 2-D
gel electrophoresis.

0)

Note: The pl calculated by GPMAW is a theoretical calculation based on
the input sequence and as such is quite approximate. You should be aware
that the trimmings of signal sequences and other post-translational
modifications have a considerable influence the pl. The mass of the protein
is influenced to a lesser degree by maodifications. Even when the protein
contains no modifications the three-dimensional structure can influence both
the pl and electrophoretic mobility in the gel.

The initial window of the ‘Simulated 2-D gel’ shows a display with a mass
range of 10 — 200 kDa and a pl range of 3 — 10. Green lines show each pl
value and 25 kDa mass. The 100 kDa mass line and the pl 7.0 line are
shown in dark green.

The ‘2D-gel’ can show either
1. the proteins present in a FastA formatted database
2. the proteins opened on the desktop
3. acombination of 1. and 2.

The parameters can be accessed through the toolbar and the right mouse
popup menu.

= EERE |

The toolbar shows from left to right:

@| Open database: Select a database in FastA format. As each protein
has to be read and the pl calculated the time to read a large database takes
quite a time. The database proteins are shown as blue dots.

%| Save graph to disk: The graph (‘2-D gel’) is saved to disk in bitmap
format. This can then be imported in a report or further modified in a graphics
program. You can copy to clipboard through the main menu (Edit |
Copy) or use the Ctrl+C keyboard shortcut.

* Import sequences: Load all protein sequences that are opened on the
desktop into the ‘2-D gel’. The imported proteins are shown as red dots.

ﬁ Set scale: Enables you to redefine the display limits. This dialog can
also be invoked by double-clicking in the ‘gel’ display area. You can zoom in
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to part of the display by ‘click-and-drag’ the mouse cursor across the required
part of the graphics.

@ Display grid: Turns the green grid on and off. The lines are drawn for
every 25 kDa and 1 pl unit. 100 kDa and pl 7 are drawn in a darker color. The
grid is on by default.

{:- |Show tails as lines: Shows N- and C-terminal trimmings as lines. N-
terminal trimmings are green and C-terminal trimmings are red. Up to 300
residues are trimmed from either terminal. If you combine the lines with
trimming dots (see below) you will be able to navigate by positioning the
mouse cursor above the dots. This function works only on imported
sequences.

ﬂ Exit. Close the ‘2D-gel’ window.

To the right of the command buttons you can select various options for the
display

Dots [v :

Trim size 14 - Mumbers Sy - Fhospho 0 ¢

Dots: The dots are either single pixels or 2x2 pixel dots. The large dots are
on by default. You will probably only need the small dots when displaying a
very large database.

The following options will only work on imported sequences (not on database
proteins) and are only enabled when sequences have been imported from
the desktop. Each options works trough a drop-down menu activated by

pressing on the down-arrow ﬂ You can get information on the resulting
trimmed or ‘phosporylated’ dots by resting the mouse cursor on top of the dot
in question (see ‘Information panel’ below).

Trim size: Defines the number of residues cleaved from either end of the
imported protein. The ‘trim’ parameter is combined with the ‘Numbers’
parameter below. Trim size can be defined as 1, 2, 3, 5, 10 or 20. The last
option on the menu, ‘Labels’, will turn name labels on and off for proteins
imported from the desktop.

Numbers: The number of ‘tails’ shown, i.e. the number of ‘trimmed’ spots
generated for each protein. You can specify 1, 5, 10, 20, 30 or 50 tails. With a
‘trim size’ 2 and ‘tail numbers’ of 5, the N-terminal tails of a 400 residue
protein will be 2-400, 4-400 ... 10-400, and the C-terminal tails will be 1-398,
1-396 ... 1-390.

Phospho: Lets you simulate the addition of phosphorylations to the imported
proteins. You can specify 1-4 phosphorylations. These will show up as dots
trailing towards the acidic part of the ‘2D-gel’. Only the charge is considered
in the ‘gel’ representation, as the mass will usually be insignificant. The
‘phosphorylations’ will only be carried out on the intact protein, not on the
‘trimmed’ proteins.

Spot colors:

316



12 - Utilities

Blue: Database proteins

Red: Proteins imported from the desktop

Green: N-terminal ‘tails’

Pink: C-terminal ‘tails’

Light blue: ‘Phosphorylations’

Information panel: The bottom of the ‘2D-gel’ window contains three
information panels that show from left to right:

1. pland mass of the mouse cursor position. If the mouse cursor
points to an imported protein or one of the tail dots, the name and
modification of that protein will be shown. If the cursor rests for a
couple of seconds on the spot, the name will also be shown in a
fly-by help window.

2. pland mass range of the entire window.

3. Number of proteins imported from a database

You can zoom the view of the ‘2D-gel’ in the usual way for graphs by ‘click-
and-drag’ the mouse cursor across the required part of the picture in order to
enlarge that portion. If you double-click in the graph area, you reset the graph
to the default values.

| oy E|g@ Dots 7

M-terminal
C-terminal

17

Tritm size 1 y - MNumbers 5y~ PhosphoD 4 -
7 g [

150

125 . = L.

jul

TE

i

E
?m

pl=7.24 Mr=24.7 kDa pI 30 1IJD ,l' Mr: 10,0 - 2000 kDa, 4289 proteins read

The picture shows the 2-D gel’ window with the proteins from the E. coli
protein database.

Any protein database can be displayed in the ‘2D-gel’ as long as it is in FastA
format. If you have problems reading the database, you may have to convert
it from VMS to DOS format or the name lines may be too long (please see
‘Database indexer’ in section 12.4 and Appendix B for more information on
how to treat FastA formatted databases).

Note: Both the mass and the pl of each spot in the 2D-gel’ are the result of
theoretical calculations based on the sequence in the database. In vivo a
large part of the proteins are likely to be post-translationally modified, either
by trimming and/or by chemical addition/removal of groups, which can affect
both pl and mass.
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ﬁ@ Dots [ L
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M-terminal
C-terminal
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20 . . 5
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5,81/ 67.0 MN-trim 20-607 SERUM ALBUMI | pI: 5.4 - 6.2 [ Mr:48.0 - 86.6 kDa,

A zoomed view of the ‘2D-gel’ after import of the prothrombin sequence. 5 N-
terminal and 5 C-terminal trimmings of 10-50 residues are shown in the
graph. N-terminal trimmings result in a move of the protein towards the acidic
part of the ‘gel’ and C-terminal trimming results in a, smaller, move towards
the basic part of the ‘2D-gel’. The legend in the lower left panel shows that
the mouse cursor rests on top of the spot representing the N-terminal
trimming of 20 residues (green spot labeled 20 in the ‘2D-gel’).

I-terminal g g

C-terminal

5
Prot}glﬁmhln [EC 3.4.21.5) prec

230

270

54 80
b —

5.87/ 39.5 M-trim 280-624 Prothrombin pl: 4.8- 6.3 | Mr: 34.4- §3.3kDa.
Combining the above view with the ‘Tails as lines’ option gives you a view of
how the protein ‘travels’ through a 2D-gel when being trimmed from either
end. The dots of the tails can be seen as bulges on the lines. When the
mouse cursor points to a dot, the trimming and sequence will be shown as
fly-by help and in the bottom left-hand panel. The legend to each dot can be
turned on and off through the “Trim size | Labels’ menu option.

If you combine imported sequences with a database, you should read the
database as the last operation, as every other operation re-draws the
database on the screen which can be quite time-consuming for a large
database.
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Conglutinin precursor - Baz ta
P4 P3 P2 F1

Using the ‘Phospo’ button enables you to simulate up to four negative
charges (phosphorylations) on the intact protein. These dots will show up as
dots towards the acidic end of the ‘2D-gel'. As these spots can lie quite close
to the intact proteins, their label will be printed below the dots (all other labels
will appear just above their respective dots. The spacing of these dots
relative to the ‘native’ protein gives a good indication of how ‘resistant’ the
protein is towards single charge changes.

Print

You can print the ‘2D-gel’ by selecting ‘File | Print’ inthe main menu,
pressing the ‘Print’ button in the main toolbar or selecting ‘Print’ from the pop-
up menu. Only the displayed part of the ‘2D-gel’ will be printed.

@ Note: Printing complex 2D-gels’, particularly with N- and C-terminal tails
should be done on a color printer, as a black and white print can be very
confusing.

Coverage analysis 12.7

Sequence coverage is a typical way of presenting sequence data, particularly
when doing bottom-up analysis, but other applications may demand the
display of sequence features.

The coverage analysis of GPMAW has the following features:
o Up to eight different levels can be defined.

e Each level may contain up to 2000 peptides, each defined with first
and last position in the sequence, a label (16 characters) and a
comment (40 characters). Mass values can be displayed but are
calculated based on the currently selected mass file. Each level also
has its own color for display.

e Coverage files may be saved and loaded from disk.
e Levels can be edited individually.

e If alevel contains overlapping peptides, it can be split into two
levels.

The sequence coverage analysis can be found in GPMAW Utilities|Coverage
analysis. This opens a blank window, where you can either start to define the
coverage manually, by defining the sequence and entering values manually.
However, transferring data from other parts of the program is faster and
usually very convenient. Transfer of data can take place in the following
cases:
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1) From the mass search results window (Ch. 6.1), you have a coverage on
the ‘Report’ page. This coverage can be saved to disk or copied into
memory for pasting directly into the coverage window.

2) From the peptide window (Ch. 9.3) you can copy the entire peptide list to
clipboard as a coverage file. This can be a handy way of getting all
peptides into the coverage file, as it is much faster to delete peptides,
than it is to enter values manually.

3) If you have a table of peptide from-to values (e.g., a Mascot search) you
may copy the entire table onto the clipboard and through a special import
table feature, you can easily paste it as a new level in the GPMAW
coverage analysis.

4) The cleavage analysis routing (Ch. 9.3) uses the same display engine
and allows for transfer to the coverage window, either through a file on
disk or through the clipboard.

When you open the coverage analysis, you are greeted with a layout having
a left-hand sequence window, a right-hand control panel and a status line
along the bottom. The window is resizable, but the sequence is fixed at 60
residues per line.

You start by clicking the ‘Load new’ button to read a coverage file from disk.
If you want to paste a coverage map, you click the down-button and select
‘From clipboard’ from the drop-down menu.

Once a coverage map is loaded (or pasted from the clipboard), you can add
additional levels through the ‘Add level’ button. If you click on the down-
arrow, you are given the choice of adding through from a file on disk or from
clipboard. The combined coverage map can be saved through the ‘Save’
button.

The maximum number of levels that can be displayed is 10 (ten). Parts of the
sequence which has no sequence coverage has a yellow background, single
coverage is indicated by light orange and double coverage (or more) is with a
white background. If multiple peptides in each level cover the same
sequence, the bottom line of the colored box will show a red line.
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™ Sequence coverage E]@El
GLSDGEWQQVLNVWGRVEADIAGHGQEVLIRLFTGHPETLERFDRFRHLRTEAEMRASED 60 ~ Coverage map:
B 1L 17-31 1L 3242 | -
3 Load new ~
[+] Add level ~

LKKHGTVVLTALGGI LKKRGHHEEAELKPLAQSHATRERIPIKYLEFISDAIIHVLESKEP 120

[ B477 1 [ £0-96 1 [ 018 | Save map
Levels il 22 Editlevel
GDFGADAQGAMTRALELFRNDIAAKYRELGFQG

- # |Name Col
1 |Masssearchresults - [
|2 |Mass search results - [

IS EI

Labels
" Mone
& Label
" Mass
" Comment
" Firstdast

v
< 3 Lrycopy. =
Myogiobin - Equus cabalus (Horse}, and Coverage: 10568.6% [Single 88/ 57.5%] Mass search results - abrf_horsemyo.PEP

The bottom status line shows from left to right:
Name of sequence: Name copied from the sequence header.

Coverage: first is shown coverage in residues and percent (e.g., 105/68.6%)
then in parenthesis is shown the single coverage (e.g., how many
residues are only covered once).

Name of level: Each level has a name that can be edited through the Edit
level.

Activating the ‘Copy’ button will copy the graphical coverage map onto the
clipboard in vector format (Windows meta file). This can then be copied into
Word, Excel, PowerPoint and other programs capable of handling vector
graphics. Vector graphics has the advantage that it can be scaled without
loss of resolution. The graphical coverage map cannot be saved directly to
disk, you will have to go through another program.

In the right-hand panel is a list-box ‘Levels’, showing the name and color of
each level. The order of the levels can be changed through the up/down
arrow above the list-box.

You set the label of each peptide in the coverage map through the group of
radio buttons below the ‘Levels’ box. The choices are:

None: No label is shown in the peptide boxes.

Label: Show the label. This is usually transferred from the originating
function.

Mass: Monoisotopic mass calculated by GPMAW based on the ‘from-to’ of
each peptide.

Comment: The comment line for each peptide. This is not normally set
initially.
First-Last: The position of the peptide in the sequence.
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Edit level

You can edit each level either by double-clicking on the level name in the
‘Levels’ box, or you can click on the ‘Edit level’ button after fist selecting the
correct line. This opens the ‘Edit coverage’ dialog box:

In this box you can edit for each peptide:

From: The beginning of the peptide

To: The end of the peptide

Label: The peptide label (16 characters)

Comment: The peptide comment (40 characters)

The label and comment are independent of each other.

The currently active row (peptide) can be cleared by pressing the ‘Clear’
button. The ‘Paste’ button pastes a level on the clipboard into the current
level thus combining them. You are asked for confirmation before the pasting
operation.

‘Paste table’ will paste a table from the clipboard, see below ‘From other
programs’. The ‘import as multiple levels’ option will split the pasted
coverage into different levels if empty levels are available.

‘Clear all’ clears the entire level.

The level name can be edited up to 40 characters.

Clicking on the small ‘Color’ panel opens the standard color dialog box,
enabling you select a

different color for the box

around each peptide label in | # |from [To  |iabel | comment =
the main figure. 1 97 102 97-102
. . 2 134 139 134-139
Getting data into the sequence - 0 27 19047
coverage 4 146 153 146-153
Manually 5 32 4232492
Start by opening the correct 6 134 145| 134-145
sequence on the GPMAW 7 54 77 6477
desktop. Open the Coverage 8 118 133|119-133
analysis window and click on 9 7 3117-31
the arrow in the ‘Load new’ 10 1 16|1-16
button. From the drop-down 11 &0 96 80-56
menu, you select ‘Sequence 12 2 47|32-47
from desktop’ and select the 13 7 965/ 79-96
correct sequence. You can 14 78 9 7895
then click on the ‘Edit level’ 15
button to manually edit each 16 =
level, or you can paste levels | cyentrow: ¢ clar 3 Paste level
from other parts of the - " (G Paste table
program.
Level name: Color:
Mass search report: [Tryptic digest | PR
The primary input for the
sequence coverage is the Vx| X el | 7 o |
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mass search report (Ch. 6.1). In the right-hand panel on the report page you
have buttons for saving the report, and for copying to the clipboard.

The ‘Save report’ button activates a small panel giving you the option to
name the coverage map (default is the title of the window), save coverage
with multiple levels (if the coverage contains overlapping segments — the
number of levels is shown in parenthesis) and to select a color for the
coverage map. A default color is shown, which can be changed by clicking on
the colored panel. The default color is chosen randomly among 16 colors.

If you select ‘OK’ you can save the report to a file on disk, if you click on
‘Clipboard’ it will be copied to the clipboard in text format. If you want to
copy the coverage as a graphic, you have to click the ‘Copy to clipboard’
button in the right-hand panel.

Cleavage analysis

From the cleavage analysis window, you can save the coverage map to a file
on disk or to the clipboard through the appropriate buttons in the right-hand
panel.

Peptide window

From the peptide window you can also copy a coverage map to the clipboard
(not to file). Right-click in the window and select ‘Copy special’ from the pop-
up menu. In the left-hand list of radio-buttons you select ‘Copy as coverage
file’. If ‘Copy selected items only’ is checked; only the peptides selected in
the list will be copied.

Copying a peptide coverage list from the peptide window is usually much
faster than entering the peptide values in the ‘Edit level’ window. This is also
a way of getting a sequence without any coverage levels into the ‘Sequence
coverage’ window: If you check the ‘Copy selected items only’ but no

peptides are selected; x|
only the protein sequence
. . rSelect tems tocopy——————— Check all
will be copied onto the P —— P Creckal
C|Ipb0ard . ® Bl Select columns to cop:
From other programs € Copy mass list =i
(reports) " Copy peptide sequence(s] I~ From-Ta
If you have performed a e i
Mascot search, you will ; I~ HPLC
obtain a sequence ' [ ch
coverage as part of the Charge state [mass list———— o
details of the search. You & singly [ asblo
can transfer that to a £ singly + doubly
GPMAW ‘Sequence 0 singly + double + tiply [¥ Sequence

coverage’ by:

Load the appropriate
sequence into GPMAW
(either load the sequence through the annotation number on the web (Ch.
2.7) or copy and paste it into the ‘Import ASCII dialog (Ch. 2.5)), followed by
loading it into the ‘Sequence coverage’ window as described above.

v 0K I X Cancel | ?ﬂelp |
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On the web page with the Mascot search report, copy the ‘Detailed
information’ table to the clipboard (highlight and Ctrl + C).

Matched peptides shown in Bold Red

1 GLSDGEWQQV LNVWGRVEAD IAGHGQEVLI RLFTGHPETL ERFDKFKHLK
51 TEAEMRASED LRKHGTVVLT ALGGILKKKG HHEAELKPLA QSHATKHKIP
101 IKYLEFISDA I[IHVLHSRHFP GDFGADAQGA MTRALELFRN DIAAKYKELG
151 FQE

Show predicted peptides also
SortPeptides By | @ Residue Number O lIncreasing Mass O Decreasing Mass

Start - End Observed  Mr(expt) Mr(cale)
1-16 1815.8490 1814.8417 1814.8951
17 - 31 1606.8630 1605.8557 1605.8474 5 K.VEADIAGHGQEVLIR. L
32 - 42 1271.6340 1270.6267 1270.6557 5 R.LFTGHPETLEK.F
51 - 62 1351.5680 1350.5607 1350.6337 5 K.TEAEMRASEDLK.K
64 - 77 1378.7980 1377.7907 1377.8343 5 K.HGTVVLTALGGILK.K

79 - 96 1982.0440 1981.0367 1981.0493 o K.KGHHEAELRPLAQSHATK. H
80 - 96 1853.9450 1852.9377 1852.9543 o K.GHHEAELRPLAQSHATK. H
103 - 118 1884.9890 1883.9817 1884.0145 . K.YLEFISDATIEVLESK.H
119 - 133 1502.6190 1501.6117 1501.6619 . K.EPGDFGADAQGAMTR. A
119 - 133 1518.6130 1517.6057 1517.6568

134 — 139 748.3840  747.3767  747.4279

Ho match to: 732.4720, 993.4030, 1262.5730, 1486.0880, 2010.0630, 2384.1270

Switch to GPMAW and in the ‘Sequence coverage window’ you select the
arrow on the ‘Past level’ button and select ‘Paste table’ from the menu. This
opens a window, where the different columns have been parsed into a
spreadsheet-like grid.

s Import text to columns D@@

1 |2 |3 | |s |6 |7 ~

1 [ - 1 1815.8490 | 1814.8417  1814.8951 -0.053¢— SHect SOl

i i columns

2 |7 - 31 1606.8630 | 1605.8557 | 1605.8474 |0.0083

1< | J =

3 |32 - 42 1271.6340 |1270.6267 |1270.6557 |-0.025( From: | 1%

4 |5 - 62 1351,5680 | 1350.5607 | 1350.6337 |-0.072% I =

— [+H

5 |64 S 77 1378.7980 | 13777907 1377.8343 -0.043¢ =

6 |m - %6 1982.0440 |1981.0367 | 1981.0433 | -0.0126 Label: [ 0=

7 |80 S %6 1853.9450 | 1852.9377 18528543 -0.016¢

8 |03 - 118 1884.9890 |1883.9817  1864.0145 | -0.0326 Comment: | 0%

9 |1 - 133 15026190 | 15016117 | 15016619 |-0.050:

10 [119 - 133 15186130 |1517.6057 15176568  -0.0511

1 [134 - 139 743.3840 | 747.3767 |747.4279 |-D.051:

=
v X cancel

3| ] >

GPMAW will try to ‘guess’ which columns are the ‘from’ and ‘to’ columns and
will highlight these in green. In the right-hand panel you can select the correct
columns. Furthermore, you can select a column to be ‘Label’ and another to
be ‘Comment’ — typically you will want one of them to be the determined
peptide sequence.

Selecting ‘OK’ will transfer the table to the Coverage window.

The same operation can be performed through the ‘Edit level’ dialog box.
Here you can check the option ‘Import as multiple levels’, when this is
checked, overlapping peptides will be imported into separate levels (if empty
levels are available).
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File format
The file format of the coverage map is quite simple and is in plain text:
First line is: COVERAGE MAP
Second line is the name of the coverage map (40 character limit)

Third line is the protein sequence in a single line one-letter code (no line
breaks!!).

Fourth line is the word ‘LEVEL’ (upper case!) followed by a tab character, the
name of the level (max 40 characters), another tab; level type (12 characters)
— not used at present, another tab; finally, the color of the level a number
between 0 and 64000.

The following lines (max 500) contains the peptides in the level and starts
with the hash character (#) immediately followed by a number, a tab, the
starting point of the peptide, a tab, the end point, a tab, fragment label (16
characters), a tab, comment (40 characters). The first three values and all the
tabs must be entered, but the label and comment are optional.

The next level is a line starting with the word ‘LEVEL’. Up to eight (8) levels
can be accommodated in a coverage map.

Peptide parameter assign 12.8

If you have a list of peptides (obtained from GPMAW, hits from a database
search or similar) you may want to compare parameters using other
programs (e.g., Excel). This can be accomplished through the File |
Various searches | Peptide list assign menu command, where
you just need a file containing a list of peptides in 1-letter code with one
sequence / line.

Peptide list parameter assignment X

(= Open file Select text file with list of peptides in 1-etter code, one peptide/fline

Peptide parameters Charge

v Mass M © MH {
Length e
HPLC index MU
ext. 214
|HPLC index Meek _'_I
|None _v_]
INone L‘
Status « Done ? Help

Operation is simple:

1) Select the peptide list file. Default extension is “.txt’, but any extension
can be selected.
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2) Select the options you want to analyse

3) Select the separator between each parameter (to be used when
importing into other programs like Excel)

4) Press the Process list button and a list will be generated with one
peptide followed by all the selected parameters per line.

The file will have the same name as the input file but extended with
‘_params.txt’ added.

The HPLC index and ext. 214 are the same as for the peptide window (ch.
9.4), while the three drop-down boxes enable you to select from a number of
tables of parameters based on amino acid parameters. These parameters
are taken from the literature.
Hydrophilicity: Hopp TP, Woods KR, Proc.Natl. Acad. Sci. U.S.A. 78:3824-3828
(1981)
Hydropathicity: Kyte J, Doolittle RF; J. Mol. Biol. 157:105-132 (1982)
Hydrophobicity: Bull HB, Breese K; Arch. Biochem. Biophys. 161:665-670 (1974)
Retention coefficient in HPLC, pH 7.4: Meek JL; Proc. Natl. Acad. Sci. 77:1632-
2636 (1980)
Retention coefficient in HPLC, pH 2.1: Meek JL; Proc. Natl. Acad. Sci. 77:1632-
2636 (1980)
Retention coefficient in TFA: Browne CA, Bennett HPJ, Solomon S: Anal. Biochem.
124:201-208 (1982)
Normalized consensus hydrophobicity scale: Eisenberg D, Schwarz E, Komarony
M, Wall R; J. Mol. Biol. 179:125-142 (1984)
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Appendix

A

File formats

Specifications of the various file formats used by GPMAW.

Most of the file formats written by GPMAW are in plain text (called ASCII
files). While the file can be edited with a text editor like Notepad, you should
only do so if it is absolutely necessary, as the consequences of doing
anything wrong will most likely be that the program ceases to function. The
only exception to this rule is sequence files that are often obtained from the
most unlikely places. Do not use a word processor like Word or WordPerfect
- you will most likely end up with an unreadable non-ASCII file.

Directory structure

Due to the large number of files that can be generated during the use of
GPMAW, the various files are in different directories under the main
installation directory (by default called C\GPMAW, but can be changed
during installation):

\BIN: Contains the binary files: the main executable (gpmaw3.exe), help file,
and check files as well as the INI file. Several additional helper programs will
also be located here.

\DATABASE: The digest mass databases generated by the user. It is not
necessary to place databases here; quite often it is more convenient to
position them on another disk, or if you are a member of a networked group,
you may locate these files on a central server, as they can be quite large.

\SYSTEM: Shared files that can be generated by the user but are useful for
other users (using the same computer) or other sessions. The mass files
(MSS), the highlight profiles (HPF) and the modification files (MOD) are
among the files saved in this directory.

\USER: The default user directory containing the sequence files (SEQ) and
the other files resulting from daily use: peptide lists (PEP) and peak lists
(PKS). Other user directories can be created and used as default, please see
Chapter 5.4, Setup).

\BIN\DATA: This directory contains various files for use by the local BLAST
engine. Please refer to chapter 7 for details.

\BIN\CLUSTALW: If you have installed ClustalW on the computer (see
Chapter 7.3 for details), this is where the executable and accessory files will
be located.

\BACKUP: This directory contains backup copies of files replaced during an
upgrade of the program. If an upgrade fails (e.g., due to license problem), the
relevant files can be retrieved from here.
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Files used by GPMAW AA1

Two files are essential for starting GPMAW: GPMAWS3.INI (the initialization
file) and AA_MASS.MSS (the default mass file). If the files are missing the
program will generate default values, but particularly for the INI file a number
of parameters will not be convenient, see below. Most of the other files used
by the program are generated during use.

The files can be recognized by their 3-character extension (after the last dot
in the name):

MSS: Mass files.

SEQ: Sequence files (single sequences or small databases).
PEP: Peptide list.

PKS: Peak lists.

HPF: Highlight profiles (motifs).

MOD: Modification file.

DAT, NAM, and INF: Digest mass database files.

GPMAWZS.INI

The initialization file is read during the start of GPMAW and contains all the
customizable information used by the program. The file follows the standard
Windows INI file format with a section header (in square brackets) followed
by setup data. The format of some of the data is obvious, but the user should
not modify this file.

General content (sections):

[DISPLAY] general layout of the display, sequence
window, mass format, highlight etc.

[PRINTER] format of print layout for peptide
lists.
[DRIVES] directory location of databases,

default, and system directory (see
Chapter 5.4, Setup).

[ENZYMES] names and cleavage specifications for
auto digests (see Chapter 9.1,
Cleavage) .

[COLOURS] default colors described as integer
values (see Chapter 5.3, Setup Colors).

[FASTFILES] a list of the five most recently used
files.

[ATOM MASS] abbreviation, name and mass of the

atoms used to construct amino acid
residues and modifications.

[MSMS] abbreviation, type, and composition for
ms/ms fragmentation.
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[DIGESTSEARCH] default values for digest mass search
(see Chapter 5.5, Setup and Chapter 8,
Digest mass search).

Sequence files (.SEQ)

A sequence file in GPMAW can contain several sequences (acts like a small
database) and will often contain information in addition to the basic name and
amino acid sequence. The maximum size of a .SEQ file is 250 sequences or
62.000 bytes, whichever is smallest.

Although most sequence views in GPMAW can be switched between 1- and
3- letter display, amino acid sequences are always saved in their 1-letter
code to save space, increase speed and increase compatibility with other
programs.

The basic sequence format consists of a line containing the name of the
sequence terminated by a dollar sign ($). The amino acid sequence then
follows on the following lines until terminated by a star (*). The first two
entries in the example sequence file 'Blood' (can be found in the USER
directory after installation):

Haptoglobin-2 precursor - Human$
MSALGAVIALLLWGQLFAVDSGNDVTDIADDGCPKPPEIAHGYVEHSVRYQCKNYYKLRT
EGDGVYTLNDKKQWINKAVGDKLPECEADDGCPKPPEIAHGYVEHSVRYQCKNYYKLRTE
GDGVYTLNNEKQWINKAVGDKLPECEAVCGKPKNPANPVQRILGGHLDAKGSFPWQAKMV
SHHNLTTGATLINEQWLLTTAKNLFLNHSENATAKDIAPTLTLYVGKKQLVEIEKVVLHP
NYSQVDIGLIKLKQKVSVNERVMPICLPSKDYAEVGRVGYVSGWGRNANFKFTDHLKYVM
LPVADQDQCIRHYEGSTVPEKKTPKSPVGVQPILNEHTFCAGMSKYQEDTCYGDAGSAFA
VHDLEEDTWYATGILSFDKSCAVAEYGVYVKVTSIQDWVQKTIAEN*

Coagulation factor XI (EC 3.4.21.27) precursor - Human$
MIFLYQVVHFILFTSVSGECVTQLLKDTCFEGGDITTVFTPSAKYCQVVCTYHPRCLLET
FTAESPSEDPTRWEFTCVLKDSVTETLPRVNRTAAISGYSFKQCSHQISACNKDIYVDLDM
KGINYNSSVAKSAQECQERCTDDVHCHEFFTYATROQFPSLEHRNICLLKHTQTGTPTRITK
LDKVVSGFSLKSCALSNLACIRDIFPNTVFADSNIDSVMAPDAFVCGRICTHHPGCLFEFET
FFSQEWPKESQRNLCLLKTSESGLPSTRIKKSKALSGFSLQSCRHSIPVFCHSSFYHDTD
FLGEELDIVAAKSHEACQKLCTNAVRCQFFTYTPAQASCNEGKGKCYLKLSSNGSPTKIL
HGRGGISGYTLRLCKMDNECTTKIKPRIVGGTASVRGEWPWQVTLHTTSPTQRHLCGGSTI
IGNQWILTAAHCFYGVESPKILRVYSGILNQSEIKEDTSFFGVQEITIIHDQYKMAESGYD
TALLKLETTVNYTDSQRPICLPSKGDRNVIYTDCWVTGWGYRKLRDKIQNTLOKAKIPLV
TNEECQKRYRGHKITHKMICAGYREGGKDACKGDSGGPLSCKHNEVWHLVGITSWGEGCA
QRERPGVYTNVVEYVDWILEKTQA*

The sequence name may contain any character except '$', *', -'and '@'. The
sequence may similarly contain any character, only characters specified as 1-
letter codes in the present mass file will be accepted when reading a

sequence. The length of the sequence lines as well as spaces etc. has no
influence. This has the following implication:

Always load the correct mass file before loading the sequence if our
sequence contains non-standard 1-letter codes.
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When downloading sequences from other sources remember to put a '$'
character after the name (one line only) and a "*' character after the sequence
in 1-letter code (use Notepad not Write or a word processor).

If your downloaded sequence contains formatting characters like dots "',
numbers, spaces, or newlines, these will be ignored when GPMAW reads the
sequence and does not have to be removed. Dashes (-') are read as chain
delimiters and should be removed. They can be removed by editing the
sequence after being read into the program, but GPMAW has a limit of six
chains (five delimiters) after which no further sequence will be read.

When GPMAW saves a sequence, the name will be in the first line and the
sequence will follow with 60 characters per line.

Additional sequence information.

When the sequence has been modified in GPMAW, the additional information
is saved in lines between the name of the sequence and the actual sequence
in lines starting with '\' (backslash) and a character specifying the kind of
information that follows. Remember that sequences are not saved
automatically when changes have been made, but you have to save each file

specifically.
Information saved:
\MR Modified residue: position, name and composition.
\SS Cross-links: position-position linked.
\NT N-terminal residue: name and composition.
\CT C-terminal residue: name and composition.

\OF Sequence offset.
\CL Color residue list (marked residues, Ch. 3.3).

\AN Annotation: following lines of annotation start with "\ * (backslash
and a space) until terminated by a line containing only \END.
\ID ID (accession number).

\HU Highlight (underline) regions.

Mass files (.MSS)

These files contain the 1- and 3-letter code, full name as well as the
composition of each residue. The file contains 30 residues followed by 2 time
6 modified residues for the N- and C-terminal modifications, respectively. You
can make other mass files in the program (see Edit mass files, Chapter 4.2),
but the file AA_MASS.MSS will always be loaded when the program starts.

Mass file (only part of the file is shown, parts omitted are indicated by .....):
+

H20

Base mass

H201

X

XxXx

Unknown
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C6H8N101
A

Ala
Alanine
C3H5N101

B
Bbb
Unknown

Split

Hydrogen

H1

Free acid

H101

Pyroglutamic acid
C5H6N102

Peptide list (.PEP)

Peptide lists are text files listing a series of real values, one to each line, each
representing a mass. The first line has to be ''GPMAW PEPTIDE' and a
maximum of 100 masses can be accepted. The files can easily be edited
using Notepad, but it is easier and safer to edit in GPMAW (load into Mass
search (Ch. 6.1) or Digest mass search (8.3)):

IGPMAW PEPTIDE
1078.1900
727.7800
3498.0200
0.0000
0.0000

Peak files

In addition to reading and saving mass values in the peptide list (above) the
GPMAW program can read peak lists (i.e. files containing mass values)
created by a number of other programs. These peak lists usually have
extension like PKM, PKS, LST or PEP. Depending on the input dialog
GPMAW reads either both mass and intensity values or only the mass
values. The format of the peak file is recognized by GPMAW based on the
following criteria:

HP MALDI-TOF is a binary file format that cannot be modified or viewed by
the user. It is recognized by GPMAW by containing the word
‘TOF_CATALOG_VER?' in line 3. Only the mass values are read.
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PerSeptive GRAMS TOF is an ASCII (text) file generated by the GRAMS
software package. The file is recognized by the first line * "7PEAK TABLE” .
The information in the beginning of the file is skipped, until a line starting with
‘Center X’ is encountered. Then all peak mass values and intensities are read
into GPMAW.

Bruker TOF peak files are recognized on the first line starting with ‘#### .
Then the content of the file is skipped until the line '/
Peak List Report * **[' is encountered after which the mass
values and intensities are read.

ASCII peak table is a simple format that contains both mass and intensity
values. The first line must be ‘ASCII PEAK TABLE’, then follows three lines
that contains free text (skipped by GPMAW) and finally the list of mass and
intensity values separated by either a space or a tab character (ASCII #8). If
you do not have the intensity value, you have to insert a zero ‘0’. Both mass
and intensity values can be real numbers (e.g., they do not have to be
integers). Example:
ASCII PEAK TABLE
My own mass data
Saved from an Excel spreadsheet
Date: 05-15-99

727.7800 20154
1078.1900 42500
3498.0200 12514

Mass/intensity table is similar to the table above, except that the first line
has to be '"MASS/INTENSITY TABLE' and a variable number of free text lines
are allowed, but they have to be terminated by a line starting with ‘----*. Then
follows the mass and intensity values separated by space or tab characters
(ASCII #8) like in the above table.

Highlight profiles (.HPF)
The highlight profile files are text files consisting of 13 lines with the text
'GPMAW highlight profile’ in the first line and one highlight motif on each of
the following lines (four for each color), each line can have up six residues (1-
letter code) with “?’ substituting for any residue:
GPMAW highlight profile
N?S
N?T
N2C

Digest mass files (.DAT, .NAM and .INF)

When digest mass files are created, three files are generated, all with the
same name but having different extensions. The DAT and the NAM files are
binary files and should never be tampered with, as all access to these files
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will most likely be destroyed. The INF file is in ASCII and can be edited by
Notepad. The only lines in the file that are likely to need to be modified are
the lines specifying the location of the original databases. This is necessary if
you move the databases from one drive to another (across a network, to a
central server or from CD-ROM) and if you access the databases from
different computers.

Modification files ((MOD)

The modification files are text files with 30 entries, each entry consists of four
lines: Name (10 characters), composition, valid residues (1-letter code, no
residue specified means that all are valid), 1 for enabled - O for disabled. The
first line has to be 'MODIFICATION V.3.01":

MODIFICATION V.3.01
Methylatio

C1lH2

DE

1

Oxydation

ol

M

1

The INF file format:

GPMAW 3.0
OWL {database}
1 {number of databases}
154601 {number of sequences}
D:\DATABASE\OWL.SEQ {location of database}
TRYPOWL {digest database name}
/K/R-\P {cleavage parameters}
Average {mass type}
4
Mass list input files A.2
pkl file

The pkl file format is a simple text file containing a list of mass/intensity
values. The first line of each spectrum data contains the parent ion mass,
intensity, and charge. Each spectrum is divided from the next by an empty
line:

741.130 42954.00 1

267.0100 2649.0000
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283.0700 3869.0000
286.1000 514.0000

361.090 51286.00 1
101.1300 255.0000
121.2900 538.0000

.mgf file

The mgf file format (Mascot generic file) has each spectrum contained in a
BEGIN IONS and END IONS lines. In addition, there are lines defining parent
mass, charge and a title:

SEARCH=MIS

REPTYPE=Peptide

BEGIN IONS

PEPMASS=415.07863610848

CHARGE=2+

TITLE=Elution from: 0.725 to 0.725 period: 0 experiment: 1 cycles: 1
precintensity: 10144.0 FinneganScanNumber: 37 MStype: enumisNormalMS
rawFile: Ob00349.RAW

147.06349 2.1

160.03842 0.5

END IONS

BEGIN IONS

PEPMASS=415.07863610848

CHARGE=1+

TITLE=Elution from: 0.725 to 0.725 period: 0 experiment: 1 cycles: 1
precintensity: 10144.0 FinneganScanNumber: 37 MStype: enumisNormalMS
rawFile: Ob00349.RAW

147.06349 2.1

160.03842 0.5

192.86951 0.3

END IONS

.dta file

The dta file format is the simplest, as it just contains mass / ion pairs, each
spectrum starting with the parent ion followed by fragment mass / ion pairs.
Spectra are separated by an empty line.

267.0100 2649.0000

283.0700 3869.0000

286.1000 514.0000
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101.1300 255.0000
121.2900 538.0000

.gpm file

The gpm file format (gpmaw mass file) is a simple way of presenting list files
as a single file. First line of each spectrum is a title (TITLE=) and then follows
the fragment spectra, either just mass values or mass / intensity values:
TITLE=AL MS_1.list

734.2588

837.4823

853.4734

3451.0166
TITLE=A3_MS_1.list

731.9337
742.1808

list file

List files are just the mass values of single fragment spectra without any
header.
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Appendix

Databases

How to handle protein databases to be used by GPMAW.
Protein databases are used by GPMAW for two purposes:
1) Direct search by name to retrieve a sequence.

2) As a source to generate digest mass databases. For this purpose, the
database must be in FastA or PIR/NBRF format.

Databases for sequence retrieval B.1

SWISS-PROT

EMBL Outstation

Hinxton Hall

Hinxton

Cambridge CB10 1RQ

U.K.

(Fax: +44 1223 494468; E-mail: datalib@ebi.ac.uk)

The Swiss-Prot database is the best annotated protein database available.
You can access it directly on the Internet (http://www.ebi.ac.uk or
http://www.expasy.ch) or download it for local access on your computer. If
you download it, you will have to index the database before use, please see
Chapter 12.4.

The version of Swiss-Prot delivered with GPMAW is already indexed and
ready for use after installation.

IPI

International Protein Index databases.

IPI provides a top-level guide to the main databases that describe the
human, mouse, and rat proteomes: Swiss-Prot, TTEMBL, RefSeq and
Ensembl.

IPI:

o effectively maintains a database of cross references between the
primary data sources.

e provides minimally redundant yet maximally complete sets of human,
mouse, and rat proteins (one sequence per transcript)

e maintains stable identifiers (with incremental versioning) to allow the
tracking of sequences in IPIl between IPI releases.

IPI is updated monthly in accordance with the latest data released by the
primary data sources.

The databases can be downloaded from this address:
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ftp://ftp.ebi.ac.uk/pub/databases/IPl/current/

Each database (human, mouse, rat) is available in Swiss-Prot and FastA
format — having the extension .dat and .fasta respectively. The FastA
formatted version can be indexed right after download and decompression,
while the .dat file has be converted into FastA before indexing. However, if
both the .dat and the converted files are in the same directory, GPMAW wiill
load the complete IPI database record instead of only the limited FastA
record.

PIR
The PIR database is maintained by:

National Biomedical Research Foundation
3900 Reservoir Road, NW

Washington, DC 20007

USA

E-mail: pirmail@gunbrf.bitnet

&

Martinsried Institute for Protein Sequences
Max-Planck-Institute for Biochemistry

82152 Martinsried

Germany

E-Mail: mewes@ehpmic.mips.biochem.mpg.de

You can search the PIR databases though http://pir.georgetown.edu/ where
you can also download the databases in FastA format.

The PIR and SWISS-PROT databases downloaded from the Internet are not
accessible for searching as the index files are missing. See Chapter 12.4 for
details on indexing.

After indexing, most of the databases in section B.2 can also be used for data
retrieval, but you will only be able to retrieve the protein name and sequence
(due to the limited amount of information saved in the FastA format).

@ Note: PIR has joined forces with EBI and SIB to create the UniProt (United
Protein Databases). GPMAW support this database also.

Databases for digest mass search B.2

Internet

Databases downloaded from the Internet can usually be used as input. As
they are stored in various variations of the FastA format, compatibility cannot
be guaranteed. If you experience serious problems with an important
database, please contact Lighthouse data.

Databases on the Internet are usually compressed in the Z format (not
compatible with ZIP) and must be decompressed with a utility like GZIP,
GUNZIP, 7-ZIP or similar before use. The decompression utilities are usually
available free of charge on the Internet. Newer versions of popular
commercial compression packages like WinZip and ZipMagic can also
handle Z compressed files.
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If you are unable to find a copy of your favorite database, try the GPMAW
home page (at present http://www.gpmaw.com). Here you can also find
references to some of the more recent databases. If the page is unavailable,
you can send a request to php@bmb.sdu.dk.

FTP sites for downloading databases (not an exhaustive list):

EBI: ftp://ftp.ebi.ac.uk/pub/databases/ (Swiss-Prot, TREMBL)
NCBI: ftp://ftp.ncbi.nim.nih.gov/repository/ (OWL, GenPept)
ftp://ftp.ncbi.nim.nih.gov/blast/db/ (NCBI-nr)
Expasy: ftp://lwww.expasy.ch/databases/ (Swiss-Prot)
ftp://lwww.expasy.ch/databases/sp_tr_nrdb/ (S-P, TREMBL, nr)
EMBL: ftp://ftp.embl-heidelberg.de/pub/databases/nrdb/ (EMBL-nr)
PIR: ftp://nbrfa.georgetown.edu/pir_databases/psd/fasta/ (PIR)
ftp://nbrfa.georgetown.edu/pir_databases/nref/ (NREF)
IPI: ftp://ftp.ebi.ac.uk/pub/databases/IPl/current/ ((IzD)]

File formats B.3

FastA

Indexi

Each entry in the FastA format begins with a *>' followed by the entry number,
a delimiting character (usually '|' or ;') followed by the name of the sequence
entry. On the next line(s) follows the sequence in 1-letter code until
terminated by "*' or a new entry (recognized by the line starting with '>").

>P1;CBRT

Cytochrome b - Rat mitochondrion (SGC1)
MTNIRKSHPLFKIINHSFIDLPAPS

VTHICRDVNYGWLIRY
TWIGGQPVEHPFIIIGQLASISYFSIIL8ILMPISGIVEDKMLKWN*
PIR/NBRF

The PIR/NBRF format is similar to the FastA format except that the first line
only contains the ">' and entry number and the name follows on the second
line. The following lines then contain the sequence.

>P1;CBRT; Cytochrome b - Rat mitochondrion (SGC1)
MTNIRKSHPLFKIINHSFIDLPAPS

VTHICRDVNYGWLIRY
TWIGGQPVEHPFIIIGQLASISYFSIIL8ILMPISGIVEDKMLKWN*

ng FastA databases

An indexing utility, ‘DBIndex’, is available from Lighthouse data that enables
searching by name or accession number on databases downloaded from the
Internet or elsewhere (see Chapter 12.4 for more information). If the
database indexer is not part of your package, please contact Lighthouse data
(e-mail php@bmb.sdu.dk) for further details.
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Appendix

C

Tables

Names, formulas, and molecular masses of standard amino acid
residues, modified residues, secondary modifications, carbohydrate
units, and pl values.

When you calculate molecular masses, the mass type you calculate will
depend upon the resolution of the mass spectrometer used.

Monoisotopic mass: If you have sufficient resolution to distinguish the
individual isotopes you can calculate the masses based on C = 12.0000. This
is usually the case for sector instruments and MALDI instruments equipped
with an ion mirror. Samples determined as monoisotopic masses are
generally more precise than when they are determined as average masses.
As you move towards higher masses (> 4-5 kDa), the determination of the
monoisotopic peak gets more difficult, and it often makes sense to calculate
your sample using smoothing and averaging.

Monoisotopic mass is also called exact mass.

Average mass: If your resolution is not high enough to distinguish the
individual isotopes, you calculate the mass based on the natural mixture of
isotopes. This is usually the case for time-of-flight instruments without ion
mirror and high masses (e.g intact proteins).

Integer mass: This is based on the integer value of each amino acid residue.
The integer mass of a protein does not have relation to a measured value but
is included in the program for comparison because many databases still
report this value.

Atomic masses C.2
Name Abbr.  Monoiso.Average
Hydrogen H 1.0078250 1.00794
Carbon C 12.0000 12.011
Nitrogen N 14.0030740 14.00674
Oxygen (0] 15.9949146 15.9994
Flour F 18.99840322 18.99840322
Phosphor P 30.9737634 30.97376
Sulfur S 31.972018 32.066
Chlorine Cl 34.968852721 35.452737

36.96590262
126.904473 126.904473

lodine
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Masses of the commonly occurring amino acid residues C.3
Name 3-lett. 1-let. Compos. Monoiso. Average
Alanine Ala A C3H5NO 71.03711 71.0788
Arginine Arg R C6H12N40 156.10111 156.1875
Asparagine Asn N C4H6N202 114.04293 114.1038
Aspartic Acid Asp D C4H5NO3 115.02694 115.0886
Cysteine Cys C C3H5NOS 103.00919 103.1448 NB! Cys-H
Half-cystine Cys C C3H4NOS 102.00137 102.1369 NB! Cys-S
Glutamic Acid Glu E C5H7NO3 129.04259 129.1155
Glutamine Gln Q C5H8N202 128.05858 128.1307
Glycine Gly G C2H3NO 57.02146 57.0519
Histidine His H C6H7N30 137.05891 137.1411
Isoleucine lle I C6H1INO 113.08406 113.1594
Leucine Leu L C6H11INO 113.08406 113.1594
Lysine Lys K C6H12N20 128.09496 128.1741
Methionine Met M C5H9NOS 131.04049 131.1986
Phenylalanine Phe F  C9H9NO 147.06841 147.1766
Proline Pro P C5H7NO 97.05276 97.1167
Serine Ser S C3H5NO2 87.03203 87.0782
Threonine Thr T C4H7NO2 101.04768 101.1051
Tryptophan Trp W C11H10N2O 186.07931 186.2132
Tyrosine Tyr Y C9HONO2 163.06333 163.1760
Valine Val V  C5H9NO 99.06841 99.1326
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Masses of less commonly occurring and modified residues

Aminobutyric acid Aba  C4H7NO 85.05276 85.1057
Aminoethylcys. AECys C5H10N20S 146.05138  146.2132
Aminoisobutyric acid Aib  C4H7NO 85.05276 85.1057
Carbamidomethylcys. C5H8N202S 160.03065 160.197

Carboxymeth. cys CMCys C5H7NO3S 161.01466  161.1815
Dehydroalanine Dha C3H3NO 69.02146 69.0629
Homoserine Hse C4H7NO2 101.04768  101.105

Homoserine lactone Hsl C4H5NO 83.03712 83.090

Hydroxylysine Hyl C6H12N202 144.08988  144.1735
Hydroxyproline Hyp C5H7NO2 113.04768 113.1161
IsoValine Iva  C5H9NO 99.06841 99.1326
NorLeucine nLeu C6H11INO 113.08406 113.1594
Ornithine Orn  C5H10N20 114.07931  114.1472
2-Piperidinecarb. acid Pip C6HONO 111.06841  111.1436
Pydirylethylcysteine PECys C10H12N20S 208.06703 208.284

Pyroglutamic acid pGlu C5H5NO2 111.03203 111.1022
Sarcosine Sar C3HS5NO 71.03711 71.0788

Mass changes due to post-translational modifications C.5

The following table shows only a small representation of the modifications
possible for amino acid residues. Some modifications are also shown in the
table above and sugar residues are shown in the table below.

Modification Composition Mass (av) Residues
Pyroglutamic ac. -N1H2 -17.0306 GIn (N-terminal)
Disulphide bond -H2 -2.0159 2xCys
Dehydro alanine -H2 -2.0159 Ala
C-term. Amide -H1 -0.9847 Gly (C-terminal)
Deamidation -H1 -0.9847 Asp, Glu
Methylation C1H2 14.0269 Asp, Glu, C-term. +

various
Hydroxylation o1 15.9994 Pro, Lys + various
Oxidation o1 15.9994 Met
Proteolys H102 18.0153 Peptide bond
Formylation Cl01 28.0104 Gly, Met, Trp,

amino
Methylation (x2) C2H4 28.0540 Lys, Arg
Acetylation C2H201 42.0373 N-term, Lys, Ser
Carboxylation C102 44.0098 Asp, Glu
Methylation (x3) C3H7 43.0889 Lys
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Pyrovoyl C3H202 70.0477 N-term
Phosphorylation P10O3H1 79.9799 Arg, Asp, Cys, His,
Lys, Ser, Thr, Tyr

Sulphation S103 80.0642 Tyr
Trifluoroacetyl -H1+C201F3 96.0086 N-term
4-nitrophenyl C6H3N102 121.0955 C-term
Farnesylation C15H24 204.3556 Cys-SH
Myristyolation C14H2601 210.3598 N-term
Biotinylation C10H1402N2S1  226.2994 Lys

Dansylation C12H902N1S1 233.29 N-term
Palmityolation C16H3001 238.4136 Cys-SH
Glutathionylation CIO0H1506N3S1  305.3117 Cys-SH
5’-adenosyl C10H1206N5P1  329.2091 Tyr

Some common carbohydrates C.6

Proteins are very often modified by the addition of carbohydrates onto certain
residues. Usually only asparagine residues (N-glycosylation) or
serine/threonine (O-glycosylation) are modified, but a number of other
residues are also potential targets (hydroxylated lysine, glycation of lysine
etc.).

As it is usually not possible to differentiate between different stereo isomers
using mass spectrometry, the following table lists the various common
monosaccharide residues. Please note that the formulas and molecular
masses are the residue masses. In order to obtain the composition and mass
of an isolated sugar you have to add water (H20).

Name Abbr. Formula Monoiso. Average
Deoxypentose DeoxyPent CsHsOs 116.0473 116.1167
Deoxyribose (dRib)

Pentose Pent CsHsO4 132.0423 132.1161
Arabinose (Ara),

Ribose (Rib),

Xylose (Xyl)

Deoxyhexose DeoxyHex  CgH1004 146.0579 146.1430
Fucose (Fuc)

Hexosamine HexN CsH11NO4 161.0688 161.1577

Galactosamine (GalN),

Glucosamine (GIcN)

Hexose Hex CsH1006 162.0688 162.1424
Galactose (Gal),

Glucose (Glc),

Mannose (Man)

Hexuronic acid HexA CsHsOs 176.0321 176.1259
Glucoronic acid (GIcA)
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Heptose Hep C7H1206

N-acetylhexosam. HexNAc CsH13sNOs
N-acetylgalactosamine (GalNAc),
N-acetylglucosamine (GIcNAc)

Muramic acid Mur C11H17NO7
Sialic acids (SA):

N-acetylneuram.a. NeuAc C11H17NOs
N-glycolylneua.a. NeuGc C11H17NOg

N-linked glycosylation

N-linked glycosylations all contain a common pentasaccharide core:

Mano1-6

Manp1-4GIcNAcB1-4GIcNAc-Asn(peptide)

Manal1-3

192.0634

203.0794

275.1005

291.0954
307.0903

192.1687

203.1950

275.2585

291.2579
307.2573

The outer mannose residues are then further derivatized depending on the

glycosylation type:

Complex: One to five arms made of Galp1-4GIcNAcP1-2/4/6. Each arm is

usually terminated by sialic acid (Siac.2-6).

High mannose: one to four Mana1-2Mana.1-3/6 units.
Hybrid: One arm derivatized with a complex type arm and the other with a

high mannose arm.

Bisecting: The complex and hybrid type can be further derivatized by a
GIcNAcp1-4 saccharide on the inner mannose unit of the core.

Fucose: The inner GIcNAc unit of the core is often derivatized with a fucose

residue (Fucal-6).

The structural diversity mentioned above are the ones most commonly found,
but a large number of other outer chain variations are found.
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[ EREITS

C.7

The pKa values are used throughout the program for calculating pl and
charges. In the sequence information window (Ch. 3.8) values for all three

tables are given. In all other situations only the value from the column

selected in Setup (Ch. 5.6) will be shown.

N-terminus C-Terminus Side-chain

1 2 3 4 5 6 7 8 9
Xxx 9.5 9.51 8.8 2.2 2.21 3.13
Asp 9.8 9.85 8.6 2.1 2.02 2.75 3.9 3.82 3.
Asn 8.8 8.82 7.3 2.1 2.06 2.75
Thr 9.1 9.10 8.2 2.1 2.09 3.2
Ser 9.2 9.18 7.3 2.2 2.20 3.2
Glu 9.7 9.57 8.2 2.2 2.15 3.2 4.3 4.18 4.
Gln 9.1 9.13 7.7 2.2 2.17 3.2
Pro 10.6 10.62 9.0 2.0 1.98 3.2
Gly 9.8 9.78 8.2 2.4 2.35 3.2
Ala 9.9 9.87 8.2 2.4 2.34 3.2
val 9.7 9.68 8.2 2.3 2.30 3.2
Cys 10.8 10.40 7.3 1.7 1.93 2.75 8.3 8.26 10.
Met 9.3 9.24 9.2 2.1 2.28 3.2
Ile 9.8 9.72 8.2 2.3 2.34 3.2
Leu 9.7 9.67 8.2 2.3 2.35 3.2
Tyr 9.1 9.11 7.7 2.2 2.20 3.2 10.1 10.11 10.
Phe 9.2 9.21 7.7 2.2 2.37 3.2
Lys 9.0 9.06 7.7 2.2 2.17 3.2 10.5 10.66 10.
His 9.2 9.18 8.2 1.8 1.79 3.2 6.0 6.08 6.
Trp 9.4 9.42 8.2 2.4 2.40 3.2
Arg 9.0 9.02 8.2 2.2 1.91 3.2 12.5 12.48 12.

Column 1, 4, 7 are from B. Skoog & A. Wichman, Trends Anal. Chem. 3, 82-
83 (1986). Column 2, 5, 8 are free amino acids. Column 3, 6, 9 are from

Rickard, Strohl & Nielsen, Anal. Biochem, 197, 197-207 (1991)
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Peptide residue mass values < 304 Da C.8

The following peptide masses are residue mass (i.e. without water). Cysteine
is calculated as reduced (SH) and isoleucine is omitted as its mass is
identical to that of leucine. First column is average mass, second column is
monoisotopic mass.

G 57.052 57.021 EG 186.167 186.064 SK 215.252 215.127
A 71.079 71.037 SV 186.211 186.100 DT 216.194 216.075
S 87.078 87.032 W 186.213 186.079 SE 216.194 216.075
P 97.117 97.053 TS 188.183 188.080 CL 216.304 216.093
V. 99.133 99.068 GM 188.250 188.062 GGC 217.249 217.052
T 101.105 101.048 SC 190.223 190.041 NC 217.249 217.052
C 103.145 103.009 GH 194.193 194.080 DC 218.233 218.036
L 113.159 113.084 PP 194.233 194.106 AF 218.255 218.106
N 114.104 114.043 PV 196.249 196.121 SM 218.277 218.073
GG 114.104 114.043 TP 198.222 198.100 GY 220.228 220.085
D 115.089 115.027 VV 198.265 198.137 SH 224.219 224.091
GA 128.131 128.059 GAA 199.210 199.096 QP 225.247 225.111
Q 128.131 128.059 QA 199.210 199.096 PGA 225.247 225.111
K 128.174 128.095 AK 199.253 199.132 PK 225.291 225.148
E 129.115 129.043 EA 200.194 200.080 EP 226.232 226.095
M 131.199 131.040 Tv 200.238 200.116 LL 226.319 226.168
H 137.141 137.059 SL 200.238 200.116 QV 227.263 227.127
AA 142.158 142.074 PC 200.261 200.062 GAV 227.263 227.127

SG 144.130 144.053 NS 201.182 201.075 NL 227.263 227.127
F 147.177 147.068 SGG 201.182 201.075 GGL 227.263 227.127
PG 154.169 154.074 DS 202.167 202.059 AR 227.266 227.138
GV 156.184 156.090 TT 202.210 202.095 VK 227.307 227.163
R 156.187 156.101 AM 202.277 202.078 NN 228.208 228.086
SA 158.157 158.069 VC 202.277 202.078 NGG 228.208 228.086
TG 158.157 158.069 GF 204.228 204.090 EV 228.248 228.111
GC 160.197 160.031 TC 204.250 204.057 DL 228.248 228.111
Y 163.176 163.063 CC 206.290 206.018 PM 228.315 228.093
PA 168.195 168.090 AH 208.220 208.096 DGG 229.192 229.070
GL 170.211 170.106 PL 210.276 210.137 DN 229.192 229.070
AV 170.211 170.106 NP 211.221 211.096 TQ 229.236 229.106
GGG 171.156 171.064 PGG 211.221 211.096 SAA 229.236 229.106
NG 171.156 171.064 DP 212.205 212.080 TGA 229.236 229.106
DG 172.141 172.048 VL 212.292 212.152 TK 229.279 229.143
TA 172.184 172.085 NV 213.236 213.111 DD 230.177 230.054
SS 174.156 174.064 GGV 213.236 213.111 TE 230.221 230.090
AC 174.224 174.046 AAA 213.236 213.111 VM 230.331 230.109
SP 184.195 184.085 GR 213.239 213.123 SSG 231.208 231.086
AL 184.238 184.121 DV 214.221 214.095 QC 231.276 231.068
QG 185.183 185.080 TL 214.265 214.132 GAC 231.276 231.068
NA 185.183 185.080 SQ 215.209 215.091 CK 231.319 231.104
GGA 185.183 185.080 TGG 215.209 215.091 EC 232.260 232.052
GK 185.226 185.116 NT 215.209 215.091 T™ 232.304 232.088
DA 186.167 186.064 SGA 215.209 215.091 SF 234.255 234.100
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Appendix

Configuring GPMAW.

Configuring GPMAW startup

Changing the default behavior of GPMAW through in-line parameters
When GPMAW starts it accepts a number of in-line parameters, which
enables you to modify the way the program works. This is especially useful in
circumstances where multiple users access the same machine, or you like to
use different setups depending on the type of work you have to perform.

In-line parameters

When you start a program from a shortcut (icon placed on the desktop) you
activate a command line string containing the full name of the executable file
(e.g., C:A\GPMAW\BIN\GPMAWS3.EXE). You can gain access to the command
line and modify it in the following way:

Highlight and right-click on the shortcut on the desktop. From the pop-up
menu select the last option 'Properties'. The select the tab labeled
'Shortcut'. The command line is in the line labeled 'Target' (highlighted
below).

GPMAW 6.0 Properties 2|

General  Shorkbout |

@ GPMAW 6.0

Target type:  Application

Target location: bin

Tarqgek:

¥ Runin separate memory space | Run as different user

Skart in: I C:hgpmawibin

Sharkcut key: INone

Run: INormaI window j

Cormrment: I

Find Target... | ghangelcon...l

QK I Cancel | Apply |

You can now add commands to this line.
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@ Note: do not delete or change the name of the executable file — only add
commands to the end of the line.

When you add in-line parameters always remember to put a space before
each parameter.

/D: Startup directory. GPMAW usually starts in the directory called
C\GPMAW\USER where it reads the GPMAWS.INI file for initialization
parameters. By using the '/D:' option you can change this to another
directory, for example '/D:C\GPMAW\MARTIN'. You must specify the
complete path to the directory, including drive. The directory must exist
beforehand and should include a copy of GPMAWS3.INI unless the '/U:' option
is used to specify a different INI file.

/U: User configuration (.INI) file. This option specifies that GPMAW should
read a different initialization file than the normal GPMAWS3.INI. This in-line
parameter must specify an existing INI file present in the gpmaw\bin
directory. The option must not include the path or extension "INI', for example
'/U:MARTIN' if your INI file is called MARTIN.INI. You make a different INI file
by copying the already existing GPMAWS.INI (using File Manager or
Explorer), after which you specify the '/U:" option in a new shortcut.

/CLOSE This command will close the splash screen immediately (default will
be a lighthouse displaying version information). The splash screen may
flicker on your screen but will close as soon as the program is ready.

See also Chapter 5.7 for setting up user configurations from inside GPMAW.

Filename: If you enter a full filename (e.g., CAGPMAW\USER\BLOOD.SEQ)
as an in-line parameter GPMAW will open this file upon startup. The file
should be either in GPMAW or FastA format (see Appendix A). If the file
contains multiple sequences, you will be greeted by the ‘Select sequence’
dialog box (Chapter 2.1), if the file contains only a single sequence it will be
opened directly. Using the filename in-line parameter you can thus have
several shortcut icons on your desktop (or Program Manager), each
customized to opening a specific sequence file. You can obtain a similar
effect from the Explorer if you have created a link between the .seq extension
and GPMAW, either when you installed the program or through the Explorer
(menu ‘Tools | Folder options | File types’ — see below).

The different in-line parameters can be combined. However, the /D: option
must precede the /U: option.
Auto-starting GPMAW

If you register the .SEQ extension with Windows you can auto-start GPMAW
by double clicking a file (or icon) with a .SEQ extension in File Manager
(Windows 3.1x) or Explorer (Windows '95/'98/NT).

Associating an extension with GPMAW:

Windows: Open 'Explorer' and select View|Options. .. or
Tools|Folder options... Selectthe 'File types' page and press the
tNew type’ button. In the 'Add new file type' dialog box enter a description
in the 'Description' field (e.g., 'GPMAW sequence file"). In the 'Associated
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extension' you enter ".SEQ'. Press "New..." and in the 'New action' enter
'‘open’ in the 'Action’ field. In the 'Application’ field you either enter the
complete file name of GPMAW or use the "Browse.." button to browse and
select the GPMAW.EXE file. Select "OK", *Close’ and "Close" again to
accept your selections.
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Appendix

License

License agreement

The enclosed program "Program” is furnished subject to the terms and
conditions of this end user license agreement (EULA).

1) License. The license is a single user license and may only be used by a single
person at a time. You are allowed to make backup copies of the disks and,
furthermore, you are allowed to install the Program on several computers (e.g.,
your home computer or portable) as long as only a single copy of the Program is
active at any one time.

Three programs are enclosed covered by separate license agreements. If you install
these, you also agree to the following license agreements:

"X!ITandem" is the Copyright of The Global Proteome Machine Organization and
is covered by the artistic license (http://opensource.org/licenses/artistic-
license.php).

"Clustal" has been released under the GNU Lesser GPL
(http://www.gnu.org/licenses/lgpl.html).

"BLAST" is a "United States Government Work" under the terms of the United
States Copyright Act, please see
http://www.ncbi.nlm.nih.gov/IEB/ToolBox/CPP_DOC/Ixr/source/scripts/projects/b
last/LICENSE

2) Restriction on use. You may not modify or translate all or any part of the
Program. You agree not to distribute all or any part of the Program to others except
as expressly provided by section 4. You agree not to disassemble or reverse
engineer the Program, in whole or in part.

3) Limitation of liability. Lighthouse data (“Lighthouse”) will not in any event be
liable to you for any damages, including any lost profits, lost savings or other
incidental or consequential damages arising out of the use or inability to use the
program, even if Lighthouse data has been advised of the possibility of such
damages, or for any claim by any other party

Except for breaches of confidentiality and obligations of indemnification set forth
herein, the liability of Lighthouse data, its affiliates, subsidiaries and the licensors
for damages or losses for any cause whatsoever, and regardless of the basis of the
claim or action will be limited to the amount you actually paid for the specific
software that caused the damages or losses.

Some states do not allow the limitation or exclusion of liability for incidental or
consequential damages and to such extent the above limitation or exclusion may
not apply to you.
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4) Transfer. You are only allowed to transfer the Program to another party if all
original diskettes, manual etc. are transferred and all installed, and backup copies
are destroyed.

5) General. If any provisions of this EULA are legally unenforceable or illegal,
such provision shall be severed from this EULA and the balance of this EULA
shall continue in full force and effect. This agreement shall be governed by Danish
law. You have the right to terminate this EULA for any reason whatsoever and at
any time upon thirty (30) days written notice, or upon any material breach of this
EULA by Lighthouse, in which event Lighthouse shall provide a prorated refund
of the unused portion of the license fee paid for the Program which was unused.
Upon termination of this EULA for Lighthouse’s material breach of its obligations
hereunder, no further payment shall be owed by you as of the first date of such
material breach and a pro rata refund shall be issued to you for any fees paid in
advance of the date you notified Lighthouse of such breach.

6) Indemnification. To the best of Lighthouse’s knowledge, the Program does not
violate or conflict with any patents, copyrights, or other intellectual property rights
of any third parties. If a claim occurs or may occur, Lighthouse shall, at its
reasonable expense, either (a) procure the right for you to continue using the
Program, (b) modify the Program so that it becomes non-infringing (provided that
the functionality of the Program is not materially different), (c) replace the
Program with a product of substantially similar functionality, or (d) accept return
of the program and grant you a pro rata refund thereon based on the price actually
paid. Lighthouse shall at its expense defend you against any claim and shall
indemnify and hold you harmless from any final judgment, that a current,
unmodified copy of the program infringes any patent or copyright.

7) “Confidential Information” shall mean any information or documentation in any
form, tangible or intangible, disclosed by one party to the other, which is non-
public, proprietary or a trade secret or confidential in nature, in connection to or
related to the nature of this EULA and any Program provided hereunder, whether
furnished physically, visually, observed or disclosed orally, whether or not such
information is stated to be confidential or to be treated as such. Both You and
Lighthouse agree not to disclose any such Confidential Information to any other
person or to use Confidential Information for any other purpose other than each
party’s obligations under this EULA unless the receiving party obtains written
permission from the disclosing party to do so. The parties agree not to advertise or
publish the fact that You have contracted to purchase any Program from
Lighthouse, nor shall any information relating to this EULA be disclosed without
the written permission of the non-disclosing party. Your Confidential Information
shall include any data generated from Your use of the Program. The parties further
agree that each shall not use the name, logos, marks, or trade names of the other
party (or its subsidiaries or affiliates) including, without limitation, in any press
release or public announcement or in the promotion of any product(s) or service(s)
without the prior written consent of the other party.
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