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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 80ôes, 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 a number of 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 700,000 proteins today, 
EMBL non-redundant database). 

Having loaded or entered your sequence (GPMAW interfaces to a number of 
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 a number of 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 a 
number of 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 
many cases are context sensitive, i.e. different parts of the window have 
different pop-up menus. 
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Installation  1.2  

Pre-installation notes 

i 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 month 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-notification 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 óSetupô program. Alternatively, you can select the óStartô button. 
From the menu select óRunéô. In the óRunô dialog box you enter 
óD:\SetupGPMAWô and select óOKô (assuming that óD:ô is your CD-ROM 
drive). Follow the instructions. 

The SetupGPMAW program analyzes your computer and recommends which 
install program to call. 

 

http://www.gpmaw.com/
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i 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.lcs, 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. 

Setup: The old installer. As it often does not run on 64-bit Windows, it will be 
phased out. This version contains a couple of databases. As the most recent 
databases can easily be downloaded through the DBget utility future versions 
of GPMAW is likely to be shipped without databases. 

SetupNoDb: This installer is identical to 'Setup', but comes without 
databases. 

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

Installation 

 

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. 

i 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 
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the installation program. In this case you have to 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 óFinishô button). 

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

 

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. 
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The next dialog box gives you the following install options: 

 

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

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

PeakErazor 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). 

DBGet Utility for retrieving and indexing databases from the web. 

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

ClustalW Multiple alignment program in local version. 

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

. 
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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. 

 

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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The next (last) dialog box informs you that installation will proceed when you 
press the óNextô 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 óCancelô 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. 

i 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 óBackô and óNextô buttons that 
enable you to go both forward and backwards in order to customize GPMAW. 
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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 ï Ch. 3; 
peptide ï Ch. 9; general setup ï 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 ï removing the program 

The best way to remove GPMAW from your system is to open the Control 
Panel and select the óAdd/Remove Programsô applet. This shows you a list of 
installed programs. From the list you select GPMAW and click on the 
óRemoveô 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. 

i 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 óupgradeableô 
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 
órawô 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 óDesktop iconô option will be checked, and 
there will be an extra option óUpgrade onlyô. If you un-check this option you 
can specify a different installation directory for the upgrade (gpmaw3.exe and 

http://www.gpmaw.com/
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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 óHelpô 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. 

Auto upgrade notification 

From version 5.02 GPMAW will have an automatic upgrade notification. 
Every 20th time the program is started, it will contact the GPMAW web server 
(if you 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: 

 

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 óInfoô button in the 
Help | About  dialog (Chapter 1.8). 

Problems during upgrading 

If the license file ógpmaw.lcsô 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-
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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 ódowngradeô 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 óenterô or óreturnô 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 

i 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. 
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Protein cleavage: Cleavage of the protein into specific peptides by 
enzymatic or chemical means. From the resulting peptide list a large number 
of 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 or .pkl 
format. 

Various: A number of 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 

Protein

sequence

1-/3-letter display
Highlight

Underline
Color motifs

Redefine

display

Sec. structure
graph

Enzymatic
cleavage

Mass search

Print

Dot-plot
Export

as ASCII

or FastA

Local sequence

library

Protein

database:
Swiss-Prot
FastA format

NCBI

PIR
EMBL
OWL

Import

Protein
sequence

Modify
sequence

Edit sequence
Secondary modifications

Cross-links
Text file

Web database

Manual input

Clipboard

Charge vs. pH

Composition
search

Cross-linking

 

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 has to be in standard 1-letter 
code. 
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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). 

In order 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 

Digest

peptides1 - 3

Missed cleavages

Terminals

Limit mass range

Manual cleavage

Combine cleavage

Limit cleavage

Hydrogen exchange

Highlight

parent

sequence

Setup

Sort

Multicharged

Remove partials
Redefine

display

HPLC

chromatogram

Charge/pI

graph

Mass spectrum

MS/MS

Mass

peak list

X-links

N-glycosylation

MS/MS

PrintExport

Sequence Mass

list

Highlight

residues

New sequence

Daughter windows

 

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 ócarried onô 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. 
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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 

MS peak list

PerSeptive (GRAMS),

Bruker, HP, Other

Sequence "Hit" list

Print

Mass type

Precision

Enzyme

Modification

Ion type

Multi charged

Disk file

MS difference

Redefine

display

Export to

Spectrum

ASCII file

ClipboardMass

list

Highlight

residues

Highlight

parent

sequence

 

The mass search function tries to answer the question: ó Where in this protein 
can I find this massô. 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 a number of ways to cater for 
different ms instruments (mass type, precision, ion type) and sample 
parameters (enzyme, modifications). 

The results are displayed in a óhitô 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 óhitô 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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MS peak list

PerSeptive (GRAMS),

Bruker, HP, Other

"Hit" list

PrintDerivatized

FastA

formatted

database

Disk file

MS difference

Database

search

Disk file

Peptide

mass list

Optimize

Import sequence

into GPMAW

Detailed

report

 

The result of a digest mass search is a list of proteins ranked by high scores 
(Ch. 5.5). The óhitô 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 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 óAutoload 
last sequenceô (Chapter 5.1) when the most recently loaded sequence will 
be loaded. 

 

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 
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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 ï 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.g. 
peptide window, mass search results, HPLC graph etc.). 

You normally control the program in by a combination of the following: 

ü Use the mouse or the keyboard to activate the menu options. 

ü Use the mouse to activate the speed buttons in the toolbar. 

ü Right-click the mouse in the relevant window (this opens a context-
sensitive pop-up menu). 

ü Use the keyboard shortcuts (see page ii after óContentsô). 

i 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 have to 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. 
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i NB. The presence and position of each individual toolbar is saved in the óiniô 

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 óHelpô 
question mark or by right-clicking in 
an unused part of the main toolbar 
window (thus calling on the pop-up 
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. óSaveô, graph commands etc.). 

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

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

 

The color scheme of the tool-bar 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 óhandleô 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. 

 File and 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. 

 EDIT 

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). 

 Control 

SS-button ï 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 ï Close GPMAW. 

 Graphs 

Hydrophobicity (chapter 11.3). 

Secondary structure prediction (GOR - chapter 11.2). 

Charge vs. pI (titration - chapter 9.4). 

Dot-plot graph (chapter 11.6). 

Protein sequence coverage tool (chapter 9.7). 

 Search and cleavage 

Highlight residues (motifs ï 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). 

 Import/Export 
sequence 

Import from clipboard (chapter 2.5). 

Search FastA formatted database (chapter 2.6). 

Search Web Entrez (chapter 2.7). 
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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. 

 Utilities 

Composition calculator (chapter 12.2). 

MS peak analysis (chapter 12.1). 

Digest (peptide) mass search (PMS ï chapter 8). 

Simulated 2D gel (chapter 12.5). 

Fragment analysis (chapter 12.3). 

When using the mouse you can get additional 
information on a number of controls (particularly the 
toolbar buttons) by letting the mouse cursor rest on top 
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 óFileô 
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 'SS'  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 'SS'  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 ï you have to 
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 down. 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  

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, pI values, etc. 

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

Atom 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 that is saved in the 
óiniô file (initiation file). The atom mass table can at present contain 32 entries. 

i Note: Any change made to the óAtom mass tableô 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 1- and 3- letter abbreviation, name and the atomic composition of an 
amino acid residue. 

i Note: The mass of each residue is not saved as part of the table, but is 

calculated based on the values in the óAtom mass tableô (i.e. changes to the 
atom mass table will change the values of the current mass file). 

The first entry denotes an unknown residue óXô that has a mass close to 110 
Da (the mass of an average amino acid residue). The following 20 entries 
contain the 20 óstandardô residues, while the last 10 entries can contain any 
kind of modified residue (see also óModification fileô 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. 

i 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. 

i Note: If you use some of the óextraô 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 a number of 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 can contain 30 entries each and are saved in the óSystemô 
directory under \gpmaw\. Note that a number of ósimple modificationsô 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 similar to 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 óTERMINALS.TMSô. You are limited to 12 modifications (+ 1 normal 
state of the terminals, óHô and óOHô 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.  
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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.  

 

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 

 that 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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i NOTE: Additional documentation for GPMAW can be found on the 
installation CD in the óDocumentô directory. Pdf versions of the manual and 
the óDummies Guideô 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 óSend mailô button 
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 
displayed. The license date 
is useful information when 
you upgrade, as you can 
only upgrade for free for a 
certain time (minimum free 
upgrade is one year, contact 
Lighthouse data for the 
current actual time). When 
you use the óInfoô button 
(see below), the program 
will try to calculate whether 
your license is eligible for 
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 ósplashô screen and 
a picture is also presented in the left side of the óAbout boxô. 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: 

óSystem infoô contains information on where in your system various GPMAW 
files are located. This is mainly to make it easier to troubleshoot the system. 
ôWeb homeô this will open your default web browser and display the GPMAW 
web site (http://www.gpmaw.com). 
óDoneô will close the dialog box. 

If you have an Internet connection, you can press the óInfoô 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. 

i 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 month 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 Højrup, 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 1½ year from purchase date (actual update period may 
vary).  

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

i 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 óAbout boxô (see 
1.8). If you use the óSend mailô 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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Chapter 

2 

Reading and saving sequences 

How do I get a sequence into GPMAW?  
How do I 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) as long as 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  2.1  

 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. 

 

i Hint: You should also read section 2.9 óProtein Explorerô 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 óFile 
nameô field. In the last two cases you have to press <enter> or the óOpenô 
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 óDefault working 
directoryô 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. 

i 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 óFile openô 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: 

 

Open sequence options: 

¶ Press the 'OK'  button to open the selected file and close the dialog 

box. 

¶ You may select all files by pressing the ôSelect allõ button. If you 

double-click on the button, all sequences will be opened without 

pressing the 'OK'  button. 

¶ 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 ôOKõ button, each sequence in a separate 

window.  

¶ Pressing the 'Reselect '  button will close the óSelect sequenceô dialog 

and reopen the óOpen sequence libraryô enabling you to immediately 
select a different sequence library. 

¶ Press the ôCancelõ button to close the óSelect sequenceô dialog without 

opening further sequences. Any sequences already opened will stay 
opened. 

¶ 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:  

¶ Name of protein 

¶ The size, mass, and pI  

¶ N- and C- terminal residues 

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

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

¶ 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. 

i 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). 



2 ð Reading and saving sequences  

 30  

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 is 
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 
óSelect sequenceô 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. 

i 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 have to 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 
have to open the sequence in the relevant program and transfer the 
sequence using ócut and pasteô. 

Transfer of data from a word 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 ócopy and pasteô. 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 óImport ASCIIô 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 óDBIndexô 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 sequ ence  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. 

Save   

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 óSave asô 
command (below). 

Save as 

The óSave asô 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) Select File|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.  

i Note: If you save a sequence with a name that is already present in the 

sequence file, the name will get a órev1ô (or órev2ô 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 óSaveô 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. 



2 ð Reading and saving sequences  

 33  

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) In the '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 ó.BAKô. 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: 

i Note: The óImport ASCIIô 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). 



2 ð Reading and saving sequences  

 34  

 

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). 

2. Highlight the accession number and press the ôAccess no.õ button. 

3. Scroll to the sequence. 
4. Highlight the sequence part of the record. 

5. 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). 
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9. If you check the óSave all as annotationô 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, óAnnotationô. 

i 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 ócut and pasteô from the pop-up menu or you 
can use the standard keyboard shortcuts (Ctrl-X, Ctrl-C, Ctrl-V). 

 

i 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. 

 

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 óImport from clipboardô dialog box is identical to the óImport from fileô 
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 ôOKõ button). 

i Note: The óImport ASCIIô 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: 

ü General FastA format indexed with the database-indexing tool  
(Dbindex ï 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). 

ü 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. 

i 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:  

ü PIR (Protein Identification Resource),  

ü Swiss-Prot,  

ü UniProt, 

ü the IPI databases 

ü EMBL non-redundant. 

ü TREMBL (translated EMBL),  

ü GenPept (translated GenBank),  

ü OWL (non-redundant combined database),  
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ü 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 óDBIndexô 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, óDBIndexô 
can perform the following functions (see Chapter 12.4): 

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

ü Rewrite the NCBI nr and EMBL nr databases to a simpler FastA format 
before indexing. 

ü Extract sequences with a certain composition to a new database. 

 

Selecting File|Open FastA database  opens the óSearch FastA 

databaseô dialog box. 

To search an indexed FastA database: 

1. Select File|Open database  or press the ôOpen databaseõ button. 

In the óOpen fileô dialog box select an index file with the .trg extension. 
The dialog óremembersô 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 
óandô/ôorô 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 ôSearchõ 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. 

i Note: The words óproteinô, ósequenceô, ótemporaryô, and ótentativeô 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: ó[]",.;()/ô 

4. Highlight any sequence you want to retrieve from the database and 

press the ôRetrieveõ 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 ôAllõ button will load all highlighted sequences into each own 

sequence window. 

i 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 ôUpd.õ 

button will be enabled when loading the main database. You can now search 

the main database by pressing the ôSearchõ button and the database 

update by pressing the ôUpd.õ button. 

Swiss-Prot: If you are searching the FastA version of the Swiss-Prot 
database (óSPROT.SEQô) 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 óSPROT.SEQô). The 
FastA version of Swiss-Prot (óSWISS.SEQô) generated by the óDBIndexô 
utility (version1.02 or later) and the corresponding index file óSWISS.IDXô. 
The FastA index files óSWISS.TRGô, óSWISS.NDXô, óSWISS.ACCô, and 
óSWISS.FACô also generated with the óDBIndexô utility (see Chapter 12.4). 
The óDBIndexô program is included in the standard GPMAW distribution and 
can be freely downloaded from web site (Chapter 1.9). 



2 ð Reading and saving sequences  

 39  

Retrieve s equences 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: 

 

When you pres the ôGetõ button  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 óImport ASCIIô 
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 ôOKõ button. The complete database entry will be saved in the 

óannotationô page (section 3.9). 

i Note: When searching for NCBI gi numbers you should include the ógi|ô in 

the accession number; e.g. gi|49522055 not just 49522055 
 

i Note: The Web search actually 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 óImport ASCIIô dialog box with the 
various sections parsed into their respective fields. In most cases you just 
have to press the óOKô 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 next to 
the edit field opens a list of the 10 most 
recently accessed sequences on the 
net. Click on name and GPMAW 
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 óMarkô button  to highlight the 
residue/sequence in sequence windows. For more information see Chapter 
3.2, óHighlightô. 

i 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 
and you would like to retrieve the related 
sequences into GPMAW you select the 
File | Retrieve | Retrieve 

accession number list . This opens 

a dialog box where you either enter the 
accession numbers, load a list from disk 
(óLoadô button) or paste the list from the 
clipboard ï one accession number pr 
line. 

You then select the destination of the 
retrieved sequences, either as individual 
sequence windows in GPMAW or saved 
to a file on disk. The óFile formatô option 
will only be enabled when the last option 
has been selected. 

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 óFileô 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 óRetrieveô 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 ó ï Sequence retrievedô. Note: A short interval may pass after the status 
line reports óDoneô and until all sequences have been retrieved. 

i 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://www.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. 
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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. 

i Note: You need an Internet connection in order 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 ótabbed notebookô where the 
first page, óSequenceô, is made up 
of two list boxes and the second 
page, óWebô, shows the web page 
of the Entrez search. Of the list 
boxes on the óSequenceô tab, the 
top one shows the proteins found, 
while the bottom one shows the 
database entry of the currently 
selected protein. Double-click on the 
entry or press the óRetrieveô button 
to retrieve the sequence into a 
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GPMAW window. The óWebô page works like Internet Explorer, except you do 
not have an address bar (more information see below).  

The óMax. number of itemsô 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 ó>ô 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 óANDôed, 
meaning that both term 1 and term 2 have to be present in a database entry 
in order for Entrez to retrieve it. The óFieldsô drop-down list boxes enable you 
to narrow the search to specific fields of the database entries. 

Fields: The default selection of the óFieldô box is óAll fieldsô where the 
complete database is searched, except for the last term field where 
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óOrganismô is selected. The óAll fieldsô 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 óFieldsô options are Protein name, Keyword, Organism , Author 
name and Accession # (number).  

i Note: Whenever you change database the óFieldô boxes are reset to óAll 
fieldsô / óOrganismô. 

Hits 

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 

Selecting a sequence name in the top list box and pressing the ôRetrieveõ 

button retrieves a sequence. Alternatively, you can double-click on a 
sequence name. 

If the display format is óFastAô, the sequence is directly copied into GPMAW 
as a sequence window. If another format is chosen (e.g. óGenPeptô), the 
complete sequence record is copied into the óImport ASCIIô 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. 

Proxy 

If you need to go through a proxy to get 
access to the Internet, you have to press 
the óProxyô button first and fill out the 
form with Server name, Port number, 
User name and Password. Check the 
óUse proxy settingsô to tell the internet 
connection to go through the proxy. 
Once entered, the proxy settings are 
used throughout the session, but you 
have to enter the password when you 
start a GPMAW session next time. 

Print 

Pressing the ôPrintõ 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 ôNoõ, 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. óClear 
termsô clears the two term input boxes, óRetrieve sequenceô and óPrintô 
duplicates the corresponding buttons and óCopy to clipboardô 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 óSurfactant protein Aô: 

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 óhumanô in Terms field number 4 and press 
óSearchô again. 

The result is now 15 proteins 

In order to get the annotation you switch to óGenPeptô format and press 
óSearchô. 

Highlight the sequence óPSPA_HUMANô which originates from the Swiss-Prot 
database and has the best annotation. Press óRetrieveô 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 óWebô page shows the web entry from which the óSequenceô 
page has been extracted. 

 



2 ð Reading and saving sequences  

 45  

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 óSequenceô view is 
not sufficient. However, it is usually faster and easier to navigate through the 
óSequenceô 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 óto clipboardô 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 óExport sequence to clipboardô 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). 

Hapto globin - 2 precursor -  Human (406 res.)  

        10        20        30        40  

MSALGAVIALLLWGQLFAVDSGNDVTDIADDGCPKPPEIA 

        50        60        70        80  

HGYVEHSVRYQCKNYYKLRTEGDGVYTLNDKKQWINKAVG 

 

The ôFastAõ button will put a ó>ô in front of the name, switch residues per line 

to 60, and put numbering óoffô 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. 

i 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. 
 

i 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. 



2 ð Reading and saving sequences  

 47  

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 ) 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 óFile openô 
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 . The initial display will always be 
the sequence files in the default working directory (see Ch. 5.4). 

 

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 ó+ô 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 ( ), the file contains multiple sequences. Once a 
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file name is expanded, you may close the view by pressing the ó-ó sign (

). 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 óOpenô button , or press the óOpen and 

doneô button . Pressing the óOpenô button will leave the 
Protein Explorer open; ready for additional manipulation, while pressing the 
óOpen and doneô 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) 

and press the óDeleteô button . The 'Done' button closes 
the dialog without further operations. 

Navigation 

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

 

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 
pop-up menu: 

Expand all: All sequence files are expanded to show 
the contained sequence names. 

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. 
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Picomole calculator 

If you select the óAmountô tab in the right-hand 
panel, you switch the panel to the Picomole 
calculator. Based on the protein currently 
selected in the Protein Explorer, you can on this 
page calculate the weight of a given amount 

(pMol/nMol/mMol) or vice versa. Start by selecting 
the conversion type among the Mass 
conversion radio buttons, then type in the 
amount to be converted in the top edit box, and 
finally read off the converted amount in the 
bottom edit box. The conversion is calculated for 
every character entered.  

As the value in the top edit box is conserved, you 
may change between different Mass conversion 
types without re-entering your values. 

i 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  3.1  

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: 

 

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 óDisplay modula 5ô 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 óDisplay modula 5ô 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 óFit windowô 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 10th residue by setting the óNumber 10th 
residueô option in the setup (Chapter 
5.6). If you are viewing the sequence 
in 3-letter code, the numbering will 
show as subscript with the number 
divided by 10 (e.g. residue 120 will 
have the subscript ó12ô).  

If you are viewing the sequence in 1-letter code, the 
subscript will only be a small vertical line due to limited 
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 óPeptide highlight informationô in the 

sequence window toolbar , you can follow 
the most important information of the 
highlighted peptide on-the-fly. Pressing the 
óMô button cycles the mass displayed between 
M and M+H+. The bottom right has a copy-to-

clipboard button . The dialog is closed 
either by the top right cross or by clicking the 
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. 

ü 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). 

ü 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 óHighlight 
sequenceô 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 residues. You select marked 
residues in the QuickColor|Marked residues  command of the main 

menu. The ómarked residuesô 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. 

i Note: Modified residues are also shown in red (persistent). 

Main Toolbar 

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

 

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 ôAv.õ and a red ôMo.õ 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+é6MH+) and multiply charged ions 
(MH2+, MH3+é. MH6+) (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. 

 

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 
below and right.   
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i Note: If the current sequence has an offset number (e.g. the first residue is 

not counted as residue 1 ï see Chapter 4.1) the numbering in the third 
panel will be shown in red. 

 

 

The next six buttons have the following functions: 

¶ Toggle between 1- and 3-letter code. 

¶ Increase line spacing, in particular to give more space to drawing the 
Cys cross-links. 

¶ Open/close the information frame (see below). 

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

¶ 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). 

¶ 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 ñPeptide highlight informationò 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, pI, 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. 

 

The next two panels show the status of the N- and C-terminals, respectively. 
The defaults are óHydrogenô and óFree acidô for the unmodified polypeptide. 
The terminals can be edited in the óEdit sequenceô 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. 

The last button  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): 

 Search and cleavage 

¶ Highlight residues (motifs ï 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).  

¶ Ms/ms fragmentation (chapter 10.1). 
The arrow next to the ôHighlightô and óCleavageô buttons indicates that 
both buttons have drop-down menus. 
The óHighlightô drop-down menu contains the óQuickcolorô menu that 
enables you to color several specific residues (e.g. basic, acidic, cysteine 
etc.) by a single mouse click (chapter 3.3). 
The óAutomatic cleavageô 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 óstraightô cleavage without 
overlaps (missed cleavages) and other options you can specify in the 
cleavage dialog. 

 Graphs 

¶ Hydrophobicity (chapter 11.3). 

¶ Secondary structure prediction (GOR - chapter 11.2). 

¶ Charge vs. pI (titration - chapter 9.4). 

¶ Dot-plot graph (chapter 11.6). 

¶ Sequence coverage map (chapter 9.7). 

The commands in the óSequenceô toolbar are available in the óSearchô menu, 
while the óGraphô toolbar commands are in the óGraphô menu. 

Information frame 

The information frame appears when you click on the frame button  in the 
sequence window toolbar. Alternatively, you can 
specify in the setup (Chapter 5.1) that the frame 
shall open along with the sequence window. The 
frame is a tree view control that initially opens with 
all secondary levels closed, only the headers are 
visible. By clicking on the ó+ô signs, the 
corresponding sub-level will open showing the 
relevant information. Clicking again on the ó-ó sign 
will close the sub-level. 

The frame contains information on: 
Termini ï the status of the protein terminals. 
Modified residues  

Cross-linked residues ï typically disulfide bridges. 
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Net charge ï theoretical charge of the protein at pH 2.0 and pH 7.0 and 
user-selected. 
Molar Ext./Abs. @280 ï theoretical extinction coefficient and absorption 
calculated at 280 nm. 

 

Highlights ï fraction of the sequence which is underlined or highlighted. This 
value is dynamically updated.  

Sel. Mass ï the mass of the currently selected region of the sequence. Both 
the singly, doubly and triply charged species are shown. These values are 
updated dynamically (e.g. changes as the sequence selection 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 sequence  

  Edit cross - links  

Modify [followed by the residue pointed at by the 

mouse cursor] 

  Simple modification choice submenu, see 
chapter 3.6,   

Search for mass,  

Highlight motif  

  Digest mass search,  

  Mass difference,  

  Mass X - links,  

  Local BLAST),  

Underline  

  Underline range,  

  Underline highlight,  

  Clear underli ne,  

  Clear highlighted underline)  (Chapter 3.4) ,  

Automatic digest,  
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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), 
St ability/Aggregation (TANGO)  

Print  

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, pI, 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). 

Copy 

You can copy the sequence to the clipboard (ready for pasting into another 
application) by selecting Edit|Copy  (<Ctrl+C>). This places 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.  

i 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 

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. 

The line distance can be selected from single line (100%) to double line 
(200%) in four steps. This selection works independently from the 1.3x 

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

Print 

Printing can be selected either from the toolbar, the main menu (File | 

Print ), the pop-up menu, or by pressing <F5>.  

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. 

  

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). 
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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. 

Mark 10: Every tenth residue will be marked with ó=ô instead of ó-ó. 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 (e.g. laser 
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 óDisplay fontô 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 point 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. 

i 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 
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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: 

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. 

 

i 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 a number of 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 óAutomatic 
digestô. 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 óPeptide windowô, 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. 

i 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). 

 

The óHighlight residuesô 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 (ó?ô) 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 ófollowsô 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 óHighlight residuesô 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 óHighlight 
globalô option. 

i 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 I you can just check the L/I box 
and both residues will count as one. 

Invert sequence: If checked, all sequences will be searched in both 
directions. I.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 ócheckô button  sets all the options. 

Clear: Clears the table. 

Quickcolor menu 

The óQuickcolorô command in the main menu is a fast way of coloring 

the most common residues or combinations:  

Basic (R/K) Tryp 
Acidic (E/D) Endo Glu-C (wide range) 
Aromatic (W/F/Y) Chymotrypsin 
N-glycosylation NxT, NxS, NxC 
Cysteine (C) Disulphide bridges 
Methionine (M) CNBr cleavage 
Lysine (K) Endo Lys-C 
Arginine (R) Endo Arg-C 
Glutamic acid (E) Endo Glu-C (narrow 
range) 
Aspartic acid (D) Endo Asp-N 

This command is also available as a drop-down 

menu next to the ôHighlightõ button in the 

main toolbar (chapter 1.4) . 

The quickcolor command inserts the 
appropriate residue in the óHighlight residueô table (see above). The 
program looks for the first free órowô 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 óquickcolorô and óhighlight 
residuesô, and redraws the sequence window. 
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Highlight Panel. 

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 óInsert modificationô 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. 

i 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 ómarkingô of new residues. If you want to delete an already marked 
residue,  just left-click it again.  

Marked residues are persistent if the sequence is 
saved after ómarkingô. 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 óAux1ô color in the óSystem colorsô 
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. 

i 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 óhitsô 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 
óhitsô 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 óhitsô and underline the corresponding 
peptides in the parent window. This command is most useful when the óFit to 
enzymeô option has been turned on and there are only relatively few hits. 

From the sequence window you can modify underlining from the child 
windows 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. 

Cross -links  3.5  

 

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. In order to differentiate between different cross-links, the lines are 
in three different shades of red. Furthermore, each color has a different 
vertical offset. 

The 'SS' 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 'SS' ) the mass of Cys residues is calculated as the oxidized form and 

cross-links are shown. 

i 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 ôSSõ button. 
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Cross-links are edited by selecting Edit|Edit cross - links  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 óResidues to highlightô (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. 

 

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. IgGôs) 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 'SS'  button (Chapter 1.4). The 'SS'  button 
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also determines whether drawing of the red cross-links in the sequence 
window takes place. 

In printouts the linked residues are listed when the óExtended infoô options 
have been selected. The links are shown as colored lines when the óColor 
printô 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 
ótrilinkô. This can be specified at the bottom of the Edit links dialog. You have 
to enter the residue numbers manually. The 
Trilink is displayed in the sequence as a red 
dotted line. The Trilink is also calculated 
when you perform digest (e.g. the peptide 
window, section 9.4). 

Amino acid residue modifications  3.6  

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 ï 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 in order 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. 



3 ð Sequence window  

 67  

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 a 
large number of identical modifications (e.g. hydroxylated proline in collagen) 
it makes more sense to specify a ónewô residue to replace the ones that are 
modified.  

If you have residues that óchangeô during the course of your experiments you 
can make two mass files both with the óextraô 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 óSimple modificationsô 
are a number of modifications 
that are hard-coded into 
GPMAW. When you right-click 
the mouse in a sequence 
window, you bring up the pop-
up menu that presents you with 
a number of context-sensitive 
menu options. The second 
option on the list is to modify 
the given residue. The actual 
residue that is to be modified is 
shown after the óModifyô 
command, e.g. Modify ï
Lys228-. Select this option to 
open a submenu with 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. 



3 ð Sequence window  

 68  

You can enable all modifications on the list for all residues by removing the 
checkmark from the last option on the submenu óStrict residue checkô . 
When you next access the óModifyô command, all modification options are 
available for any residue. 

i Tip: If you hold down the <Ctrl> button when you right-click on a residue, 

you will open the óInsert simple modificationô 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 

 

If you double-click on a residue, you will bring up the óInsert modificationô 
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 óNameô and óElemental compositionô 
edit boxes: 
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Residue: The number of the residue to be modified will be shown in the 
óResidue numberô field at the top. To the right of this number, the full name 
of the residue will be displayed. If the óEdit modification boxô was activated 
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. This drop-down box is a simple way to 
insert modification, and is identical to the command óModify ïXxx-ô used in 
the pop-up menu in the sequence window. 

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 
óElemental composition calculatorô; 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 pI or charge of the protein or derived 
peptides. For the pI you can enter values between 0.1 and 14 while the 
charge can be either -1 or +1. Both values have to 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). 

i 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  button, the modification will be inserted, but the 

dialog box will not close, pressing the ôOKõ 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 . 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 óSelect modifô  . The selection 
will be entered into the two edit boxes above where they can be modified 

before entered into the sequence by selecting ôOKõ. 



3 ð Sequence window  

 70  

Modified residues are displayed in the Highlight 4 color (Chapter 5.3).  

i Note: Be sure to define the first three highlight colors different from highlight 

4 (in Setup|Setup system|C olors ), as you will be unable to see the 

residue, if it is part of a colored motif (Chapter 3.3). 
 

i 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 bottom colored panels enables you to color the 
background of the selected residue in the indicated color. Note: This action 
results in closure of the óModificationô 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|Creat e fragment window  (or right-click and select 

from the local menu) and the following dialog box opens: 

 

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 óRetain offset numberô box, the first residue of the 
sequence fragment will start with the number in the óFirst residueô box + the 
original start value - one. The offset number can be edited in the usual edit 
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sequence dialog (Chapter 4.1). When an offset number has been specified, 
the color of the number in the residue number label of the sequence window 
will change to red. 

i 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 have to edit the sequence name to remove the automatic addition of 
óFragmentéô. 

Sequence information  3.8  

The óSequence informationô dialog box contains three pages labeled 
óSequence infoô, óCompositionô and óMassesô, 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 have to 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 info. 

The Info|Sequence info  menu entry opens a multipage dialog box on 

the 'Sequence information' page. 

 

The page shows statistics for the currently selected protein sequence:  

¶ The full name of the sequence. 

¶ The origin file and position in the file. 

¶ Average and monoisotopic mass (four decimals). 

¶ 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). 
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¶ Molar absorbance based on the molar extinction coefficient calculated 
above. 

¶ Theoretical pI. 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 ï Skoog & Wichmann; 2 ï Free 
amino acids; 3 ï Rickard, Strohl & Nielsen). In the Setup (Chapter 5.6) 
you can set which tables to use in general calculations of the pI. 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 

 

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 

 

The óMassesô section of the óSequence informationô 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 ô+/-ô button will toggle the table between positively charged and 

negatively charged ion species. 

Print 

Print will make a hardcopy of both the óSequence infoô page and the 
óCompositionô page when the focus is on either of the two first pages. When 
the focus is on the last page, óMassesô, you will get a hardcopy of the 
multiply charged ion species. 

Copy to clip 

Pressing the óCopy to clipô button will copy the information in the displayed 
page onto the clipboard (not the óCalculationsô page). 
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Mass conversion. 

 

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. 

óPre-calculatedô 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 (= mg/ml). 

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 óProtein 
explorerô, Chapter 2.9. 
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Isotopic distribution 

 

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. 
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Annotation  3.9  

 

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|Annotationé or pressing the 

ôAnnotationõ button  in the sequence window toolbar.  

The color of the ôAnnotationô button changes with the content: 

Gray:  There is no content on the óAnnotationô page. 

Red:  There is text on the óAnnotationô page. 

Green:  The óAnnotationô contains a Swiss-Prot entry (with an 
accompanying óFeature tableô. 

Blue: The óAnnotationô 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 óFeature tableô, see below. 
Records in GenPept format (e.g. Entrez) will be recognized in the near future. 

i 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 
about loosing information on the annotation page when you close the 
window! 
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Feature table 

 

The feature table is a translation of the FT section of the Swiss-Prot record. 
The main function of the óFeature tableô 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 óphosphorylationô can be imported as there is only one of 
this kind in a given situation, however, a modification like óglycosylationô 
cannot be imported, as the actual modification is not defined ï and may 
further be variable). 

To import modifications, you check the appropriate boxes followed by 

pressing the ôImportõ button . This action transfers the 

modifications to the sequence record and closes the óAnnotationô window. 

You can enable all recognized features by pressing the ôCheck allõ button 

. 

The following features are recognized: 

SIGNAL, PROPEP ï this part of the sequence is deleted. 

DISULFID ï 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, C2H2O1,  

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, 

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 
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amide, Proline amide, Serine amide, Threonine amide, Tryptophan amide, Tyrosine 
amide, Valine amide, 

[FORMYLATION], Formylation, C1O1, 

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, P1O3H1, 

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

[SULFATION], Sulfation, O3S1, 

Sulfotyrosine, Sulfoserine, Sulfothreonine,  

[GAMMA-CARBOXYGLUTAMI], Gamma-carboxyglu, C1O2,  

4-carboxyglutamate, 

[METHYLATION], Methylation, C1H2, 

2-methylglutamine, 5-methylarginine, Cysteine methyl ester, Glutamate methyl ester 
(Gln), 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, -H1N1+O1,  

Deamidated asparagine, Deamidated glutamine, 

[CITRULLINE], Citrulline, -H1N1+O1, 

Citrulline (Keyword: Citrullination), 

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

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

[DIHYDROXY], Dihydroxy, O2, 

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, H21C15N5O13P2, 

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. 

Important: As GPMAW does not check the ócorrectnessô of the assignment 
of imported modifications, it is important that the import is carried out on the 
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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 ócorrectô residues. 

The ôResetõ button  reloads the sequence from the annotation 

page (i.e. removes all changes to the sequence). 

The ôAdd modificationõ button  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: 

 

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 óCompositionô 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 ôOKõ 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 óAnnotationô 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. 

 

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

i TIP: As the óFeature tableô is calculated from the annotation you can enter 

your own modifications in the óAnnotation pageô. 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 óintactô, the Feature table can thus be a quick way 
of looking at your sequence with and without modifications. 
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Chapter 

4 

Edit 

Editing protein sequences, mass and modification files 

Edit sequence  4.1  

 

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

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. 

i Note: The currently active window has to be a sequence window before you 

can edit the sequence. However, you can always start editing a new 
sequence ï 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.  

i Note: You have to 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). 

 The residues you can enter (or paste) in the edit box are 
controlled by the check-box in the right-hand margin below the paste button. 
If the box is checked, the sequence editor will only accept the óstandardô 1-
residue notation (i.e. óAô to óYô), 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 óAnnotationô page 

(Info|Annotation  or the ôaõ 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. ñ[P35247] Pulmonary 
surfactanté.ò). 

i 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. 

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 ôCleanupõ 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 ñEdit 
mass fileò, 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). 
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Panels. 

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

 

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 

 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. 

 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. 

 Print the sequence. You can select 1- or 3-letter residue print-
out. The printout is similar to printing from the sequence window (Chapter 
3.1). 

 Search for a given sequence. A standard óSearch forô box opens, 
enabling you to locate a sequence of letters. 

 Replace residues. Opens a standard óSearch and replaceô dialog 
enabling you to replace a given residue or sequence. 

 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. The edit box labeled óSequence 
chain labelsô contains one character for each chain possible in GPMAW 
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(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 will 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 have to 
select Edit|Edit mass file from the main program menu and select the 

N-terminal or C-terminal tab (see below 4.2). 

 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. 

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

 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. 

 Enables you to change the font size in the edit sequence box in 
1-point steps. The font is changed dynamically. 

 Determines 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. 

 

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. 
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The óEdit new sequenceô 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 ôCleanupõ and ôCapsõ buttons. 

i 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 óOKô. 

Ed it mass files  4.2  

The Edit|Edit mass files  command actually 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 óSystemô directory 
as defined in óSetup ï Directoriesô, 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 
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. 
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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 ójumpô 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.  

i 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 óXô. The next 20 residues are the standard 20 amino acid 
residues, while the last 11 residue 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 have to enter: 

1-letter code 

3-letter code 

Name (<=10 characters) 

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

óCompositionô column and in edit mode , you 
can click on the óCompositionô button to open the Calculator 
(see Chapter 12.2) for easier input.  

The óAverage massô column is only for verification of the mass and cannot be 
edited. 

The pKa and óChargeô columns are optional and have to be used in 
conjunction. The pKa can be defined between 0.1 and 13, 
while the charge has to be either -1 or +1 (for acids and bases 
respectively ï 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.g. pe_cys for pyridylethyl cysteine). You 
can then modify cysteines just by selecting a new mass file in the toolbar of 
the main window. 
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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 óTransfer pKaô and selecting the appropriate 
table from the menu. 

i Note: When you want to use user-defined pKa values, you have to set the 

ópI calculationô table in Setup to óUser definedô (Chapter 5.1). 

 

 

The ôSaveõ button saves changes to the current mass file (shown at the 

bottom of the dialog while the ôSave asõ button enables you to save the 

whole list to a new mass file. 

The óReport buttonô  will open a report window with all the mass 
file information. The report can be copied or saved in RTF format. 

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

i Important: In the N-terminal table the first entry has to be óHydrogenô, H1, 

and for the C-terminal table the first entry has to be óFree acidô, 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 
óTERMINALS.TMSô when the program is closed. 

Atomic mass values 

 

The atomic masses are the basis for all mass calculations carried out in 
GPMAW. All atoms used in compositions in mass files, modifications etc. 
have to 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 (MH2+, MH3+ etc). 

You can reset the mass tables to either of óClassicô or óNISTô. 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 
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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 enables 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 
óreset massô button. 

User value 

The óUser valueô 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 
óUserô property has been chosen. 

 

The values that are entered can be saved in a .gpu file by using the óLoadô 
and óSaveô 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 óuserô value is currently only used in the peptide window. 

Edit modification files  4.3  

The modification files are used as a quick way to select a modification when 
modifying a residue (Chapter 3.6, óAmino acid modificationsô). The other 
function of modification files is when you perform a mass search of a protein. 
By including a modification file in the search, you can check whether any of 
the search masses could contain a modification as specified in the 
modification file. 

The óEdit modification databaseô dialog box works on the currently loaded 
modification file. If no file is currently loaded you have to load one through the 

ôOpen õ button. The drop-down arrow in the Open button shows the most 

recent four modification files that have been accessed. Changes have to be 

saved to a file after modifications through the ôSaveõ button. The file loaded 

will continue to be the óactiveô modification file when the dialog box is closed. 
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The modification files are saved in the óSystemô subdirectory of the óGPMAWô 
directory (see Chapter 5.4). 

Each modification file can contain up to 30 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. 

 

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 
have to 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). Click on the ôFormulaõ button  to open the 

óComposition editorô, for details check the following Chapters 4.4 and 12.2. 

The ôAdd sugarõ button opens the Carbohydrate editor for easy input of 

carbohydrates (see below). 

Note: An atom has to be defined in the atom table (see above Chapter 4.2) in 
order to be included in a formula. 

The óMass onlyô button is only active when a óFormulaô field is selected and 
either empty or ómass onlyô. 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 óMass onlyô button to edit the 
field. The values of a ómass onlyô entry can be read in the green right-hand 
fields when the selection is in the relevant row. 
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The óOKô 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 óChargeô and ópKaô columns work together to enter a charge for the 
modification. Both fields have to be entered in order for the charge to be 
active. pKa values can be between 0.1 and 14 while the charge can be either 
-1 or +1. Multicharged modifications are not supported. 

i 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 óValid 
residuesô field, meaning that both conditions have to be fulfilled for the 
modification to be valid. 

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 óunimod.xlmô has to be located 
in the ósystemô 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 óunimod.xmlô file on a regular basis to stay updated 
with new modifications (see below). 
When you click on the óUnimodô button (lower left corner of the dialog 
window), the database will be loaded, parsed and displayed below the 
modification file table: 

 
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 óCopy 
to listô button. The entries in the Unimod table are listed by mass. 
Long name: The long name from the Unimod database.  
Short name: Short name 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. O18, 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 ó>ô and ó<ô respectively. If the modification 
contains both amino acid and terminal óaccepted residuesô, 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: óSED<Tô. Double-clicking on the 
entry will make one GPMAW entry showing óSEDTô under óValid 
residues and ó-ó under óTerm.ô and another entry will be empty in the 
óValid residuesô column while having a óCô in the óTerm.ô column. 

Downloading the Unimod database: You have to be connected to the 
Internet in order to perform this operation! 
Click on the down-arrow in the left side of the óUnimodô button. This 
displays a drop-down list, where you select óDownload Unimodô. This 
usually takes a minute or two, after which it is recommended that you 
close the edit window and reopens it in order 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 óSimple modificationô 
menu (right-click on residue in sequence window), the óInsert modificationô 
dialog box or the main menu Search | Glycosylation | 

Glycosylation editor . 
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i 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 

i 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 follows the CFG symbol nomenclature.  

i Note: Different sugars with the same mass are all grouped under the same 

button, i.e. galactose, glucose and mannose are all grouped under óHexoseô 
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' 
modification file (see above) - just select the sugar 
from the drop-down menu and press the Add 
button. 

Once you have added additional residues, the óUndo' button becomes 
enabled, enabling you to remove the last added residue. You can thus add 
and remove sugar moieties from your construct. You cannot ósubtractô 
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 óOKô button, the name, receptor residues and elemental 
composition will be transferred to the óEdit modification fileô 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 sign 
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'-' 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 have to 
precede positive.  

In several of the edit boxes you can activate the composition editor by 

clicking on the ôFormulaõ button which appears in the right-hand part of the 

edit field when in edit mode . 

 

This opens the óElemental compositionô 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 meaning when editing post-
translational modifications. Normally two columns of eight values are shown, 
but if more than 16 elements has been entered in the óAtomic massesô page 
on the óEdit mass fileô page, three columns will be shown. 

The ôClearõ button resets all number fields to zero. 

The óCompositionô field shows the total composition and cannot be edited 
(but you may highlight and copy). The óMass ave./mono.ô field is for 
information only.  

See also Chapter 12.2 óComposition calculatorô. 
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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, óDatabase mass searchô). 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  

 

Sequence print options: 

These options will check/un-check the corresponding options in the óPrint 
sequenceô 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. 



5 ð Setup  

 98  

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 óppmô 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 or not 
they have been defined in the current mass file. 

pI calculations:  

The advanced page allows you to choose between different pKa tables for 
the calculation of the pI 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 pI calculations are used in a number of different places. When only a 
single value is reported, the value will be the one based on the option chosen 
here. Examples can be: Peptide window, peptide info (Chapter 9.4), Charge 
vs. pH graph (Chapter 11.8), DigestAlyzer (Chapter 11.9) and the Simulated 
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2D gel (Chapter 12.5). In a few cases, e.g. the sequence information dialog 
(Chapter 3.8), the three first pI 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 óframesô are available for the 
following windows: 

1. Sequence window (Chapter 2). Contains information on modified 
residues, modified terminals, cross-links and pI. 

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  

 

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. 

i Note: The peptide window can have a different default mass setting than 

the other windows. E.g. the sequence window will usually have an óaverage 
massô 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 (óFull sequence:ô 
EECSVPVCGQDR) or the central part of the sequence is replaced by é 
(óLimited sequence:ô EECéQDR).  

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 óLow mass cutoffô determines the mass value 
below which peptides are hidden in the peptide list. 
The main use for this option is in MALDI mass 
analysis where low mass values are not determined 

in the mass spectrum. The low mass filter is set with the low button  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 ôAltõ button 

in the toolbar ï 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 ôSetupõ 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 
through a number of drop-down 
selection boxes. The left-most 
column is shown at the top of the 
dialog box. The first and the last 
columns are fixed as peptide 
number and peptide sequence, 
respectively. Additionally, up to six 
columns can be specified from the 
six drop-down boxes labeled 2 - 7. 
If you do not want to display a 
particular column, you set it to 
ó(none)ô. 

The parameters that are available 
for display are: 
Number (always present in the 
first column) ï 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 cleavages, then with 2 missed cleavages etc. 
Sequence (always present in the last column) ï sequence in either 1- or 3- 

letter code depending on the status of the 1/3  button.  

MH+ (MH+) to MH8+ (MH8++) ï 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- (MH22-) - 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. ï charge at the selected pH, see above for the main peptide parameters. 
ï the actual value calculated depends on which pI parameter list has been 
chosen in the System setup (Ch. 5.1 above). See also App. C7. 
B&B (Bull & Breese index), 
Add mass ï add a fixed mass to each peptide. The value is entered in the 
óAdd mass valueô edit box. The value can be any real number, positive or 
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negative. 
Alt. MS. Here you have to specify the alternative mass file name (this list is 
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. 

i 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 óProtein cleavageô, 
Chapter 9.1. 

System colors  5.3  

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. 

 

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 ôSet colorõ 

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 ï 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 óframeô of the mass search window 
(Chapter 6.1). 

i 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 ï this is most easily done by setting up different users (see 
Chapter 5.7). 

The ôDefaultõ button reverses all colors to 

the default colors for GPMAW. 

You can edit a color either by selecting the 

relevant line and click on ôSet colorõ or by 

double-clicking on the colored line. 

In either case you will get the standard 
Windows óColorô dialog box.  

The current color will be selected (dotted line 
around the color). You can now select a new 
color from the ones displayed or press the 
óDefine Custom Colorsô button to select a 
new color from the advanced dialog box 
layout. 

Click on ôOKõ 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: 

 

The main directory is set to C:\GPMAW, but can 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 details. 

\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| 

gpmaw bin XTandem

ClustalW

database

system

user
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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 (óMS digest 
directoryô), and a different system directory. As the óDatabase mass searchô 
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\IPIhuman) and then 
let the óMsdigest directoryô point to c:\gpmaw\database. In this way each 
database will just be one additional click away. 

 

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 ôChange 

directoryõ button. Then you navigate to the correct directory. 
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Pressing the óDatabase viewô 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 óUsersô 
(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 options 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. 

 

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.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 users 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.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 goes 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 options 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 ï 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. 

The directories corresponds 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 par ameters  5.5  

From the 'Digest src.' page you control the initial settings of the search 
parameters for the digest mass search (see Chapter 10). 

 

Search limits parameters: 

The search limit parameters are also discussed in Chapter 8. The search limit 

parameters are set by pressing the  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 a large number of 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 are able 
to obtain monoisotopic mass values at low masses (e.g. below m/z 3000). As 
these 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 
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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 have to 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. 

i 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 ónormalô 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 óhitô list from the peptide mass search can be re-searched 
using optimized parameters. You can here select the optimization to include: 

1) an increased number of overlaps (missed cleavages)  

2) a linear fit on the hits from the first search to be performed and used as 
a modified ócalibrationô for a second search. 

3) a compensation of the score by using tryptic PMS (peptide mass 
search) rules: 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 
Gln and a mass is found at ï15 (corresponding to pyro-Glu). If the 
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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 pI in results: If the original sequence database is available on-line, 
the program will calculate the pI of each result hit when presenting the result 
table. 

Display  5.6  

 

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). 

'Highlight global': If checked, all sequence windows opened on the desktop 
will be highlighted whenever the highlight command is executed (Chapter 3, 
Highlight residues). 
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'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). 

óDisplay modula 5ô: 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 10th residue: When checked every 10th 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 10th 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 
óDefault window sizeô 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. 

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 óAuto refreshô 
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: 

¶ Normal: The program will open in a window that will take up 
approximately 1/3 of the screen. 

¶ Maximized: The program will be displayed covering the whole screen 
area. 

¶ Minimized: The program will be minimized to the task bar. This feature 
is most useful if you add GPMAW to the Windows óStartupô folder in 
order to automatically start GPMAW whenever you start your computer. 
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Display font: 

Click on the ôFontõ 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 óInclude daughter windowô 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 ódonôt careô box is checked, the values entered will have no effect. 

Pressing the ôCurrentõ 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 ï width, y ï height). The values can also be edited 
manually. 

If you have checked the óFit height to seq.ô box above, the height parameter 
entered here will be ignored. 

If you check the óClosing sizeô box GPMAW will open with the same size as 
the program had when it last closed. 

i 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. 

BLAST  5.7  
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The BLAST setup page works in concert with the óLocal BLAST homology 
searchô see section 7.2. 

The BLAST homology search uses the NCBI BLAST program called 
óblastall.exeô. 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.  

i 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 
óblastall.exeô file and you need a database in BLAST format. 

 Pressing the óInstall BLASTô button will present you with a 
óFile Openô dialog box, which you use to locate the óblastall.exeô file. By 
default this will be located to c:\gpmaw\bin\, but you can place it wherever 
you like. The other files mentioned above have to be placed in the same 
directory in order for GPMAW to locate them. If the óblastall.exeô file is in the 
\bin\ directory GPMAW will usually locate it automatically. 

 In order to run a homology search, you need a protein 
database to compare with. These can be generated from any FastA 
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 óFormatô button, you will be asked to open the FastA 
formatted database to be converted. The actual formatting is carried out by 
an external program óformatdb.exeô 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 óLocal BLASTô option (Chapter 7.2). 

If you have a ready-made BLAST formatted database, you can add it to the 

list by pressing the  button. You will be asked to locate the 
ó.psqô file of the database set. 

You can remove entries from the list by pressing the  
button. Note: This function will only remove the reference to the database, 
not the actual database. 
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i 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. 

Extra   

The óExtraô 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. 

Users  5.8  

The concept of óUsersô can be exploited in two ways: 

I. Multiple users can use the same installed version of GPMAW but 
have different preferences and directories to store individual data. 

II. 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|Ne w user  and entering a name of not more than 

eight characters creates a new user. The current .INI file is then saved with 
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 
to access this, you need to tell 
GPMAW the specific settings.  

In Setup | Setup proxy  you can 
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specify the relevant parameters. Remember to check the óUse proxy settingsô 
to enable the Internet connection.  

You only need to enter the parameters once in a setting, but GPMAW will not 
remember your password between settings, but will ask upon start of a new 
session. 

Reset  system parameters  5.1 0 

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: 

 

In the top list box, system information and directories used by GPMAW is 
listed. This information can be copied to the clipboard through the óCopyô 
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). 
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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 has to 
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. 

Errors 

The óErrorsô button fills the text box with the status of the above parameters, 
while the óDefault parametersô fill the box with the initial current information. 
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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  

 

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: 

 

Mass list: The list of masses can be entered manually, 
read from a disk file or pasted from the clipboard 
(Ctrl+V). The disk file can be in GPMAW peptide mass 
format (Appendix A) or a peak file saved from a number 
of mass spectrometry acquisition software. The exact 
peak formats supported will continue to increase. If your 
current software is not supported please contact 
Lighthouse data for information. 

Mass values can be entered with as many decimals as 
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 
peak intensity if present in the file/clipboard. The 
intensity is not used in the search, only in the 
display. The last column in the table (labeled 
óChô) shows the charge state of each mass. The 
default charge state is set in the óIon typeô box 
(top middle of the dialog. Changing the óIon typeô 
resets all charge states in the table. To change a 
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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i 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 

line, Clear table . óLoad tableô, óSave 

tableô and óClear tableô duplicate the 
corresponding buttons of the 'Mass table' 

buttons. ôCopy toõ and ôPaste fromõ are 

standard clipboard routines that will copy a 

mass list either to or from the clipboard.  'OK 

all'  enables all mass values. 'Invert OK'  

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 

Ion 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: ôLoad..õ loads and ôSave..õ saves the mass list to a disk 

file. ôEdit..õ opens the Enable/disable mass dialog box, see below. ôClearõ 

clears the mass list. If you load a mass table from disk, the file name will be 

entered in the óMass list infoô edit line. ôCopyõ and ôPasteõ 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+, M3H3+ 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 óMax. modif.ô 
field to 1, if it is not already set at a higher value. The óModificationsô drop-
down list will show all modification files present in the ósystemô directory. 

When the óMixed modeô 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 in order 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 
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 ôEditõ button  of the óMass 

tableô, 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 ô>õ or ô<õ. Alternatively, 

you can double click on a mass value to move it to the other list. Pressing  

ô>>õ 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 (óun-checkedô in the mass list). 
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Pre-screen mass list: Selecting a 
mass list from the Background drop-
down list and clicking the 

'Background'  button will compare all 

masses in the given mass list against 
the current mass list and move all mass 
values, that fit within the given mass 
precision, into the disabled list. This 
facility is used to quickly screen for 
background and/or automatic digest 

mass values. Pressing the 'Adducts'  

button works in a similar manner, but 
takes a modification file as input (also 
chosen in a drop-down list box) and 
compares all mass differences in the 
current mass list and moves any 
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. 

 

The analyze page gives you a complete view of all peptides that are potential 
óhitsô 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 óAnalyzeô section will be reflected in the óReportósection.  

Peptide hits resulting from the mass search are displayed on the óAnalyzeô 
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 óCustomizeô box (see below). 
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The following columns can be displayed: 

#: If a lin is checked, the corresponding peptide will be included in the 
óReportô and the óMass/precisionô 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 óFoundô 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 óperfect fitô, 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 óReportô page. 

Toolbar:  

The buttons in the local toolbar enables you to: 

 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. 

 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).  

 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 óExact fitsô (a blue ôEõ) or óCheck 
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fitsô (a blue ôCõ). 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 ó>ô. If both terminals match, the sequence will furthermore be 
underlined. 

 The right-hand panel shows additional 
information (precision etc.) about the selected peptide. 

Mass vs. precision graph 

 

When the Frames button  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 a number of hits from the mass search 
window in relation to the search mass. Each óhitô in the mass search window 
will be represented by a dot in the graph. If the óhitô 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. 

 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 óhitsô 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. 

 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 
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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) 
contains the following commands: 1/3 

letter, Redo, Sel ected peptides, 

Export, Print, Select font, Help . 

1/3-letter: Toggles between 1- and 3-letter 
peptide display. 

MS/MS of current peptide: The currently 
selected peptide in the mass hit list will be 
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 óMass inputô dialog box with all 
input parameters intact. 
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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 óhitô list.  

1. 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. 

2. Highlight parent sequence (toggle): This underlines the checked 
peptides on if they are not underlined, and removes the underline if 
they already are underlined. 

3. 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. 

4. Check all hits: All peptides in the list are checked. 

5. Clear all hits: All check-boxes are cleared. 

6. 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 óhitô 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. 

2. Copy to clipboard: The complete result list is copied to the clipboard. 
This works like the standard óCopy to clipboardô 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 óSetup ï Peptideô 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: Yellow 
>2 overlaps: Red 

The coloring may help you get an overview of complex mass searches. 

Print: Prints the óresultsô 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' . This opens the report in a separate window: 
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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.  

i 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 óNormalô (10 point character size) or 
óCompactô (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 ó...ô).  

i 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 a number of 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 óSearch for massô 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. 

i Note: As the post-processing steps in the óMulti mass searchô results 

window are much more limited than those in the standard óMass search 
resultsô 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 óInfoô 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). 

 

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 óFrom-Toô location. On 
the Unique and Common lists, the sequence is preceded by the protein ID 
characters (listed on the óInfoô page). 

The chart page shows all the hits in a mass vs. precision graph where each 
protein shows its óhitô in a different color: 

 

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 óBest fitô 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 

 

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 ôSearchõ 

button. The differences will be shown in the central table with the closest fit 

first. By pressing the ôInvertõ button you can invert the search (e.g. search 

for 33 Da instead of -33 Da). 

Difference table 

 

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 óKnown residuesô box (1-letter code). These residues will then be 
omitted from the mass search. 

The óCompositional residuesô 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. 

 

When the search options are as stringent as possible, press the ôDo 

searchõ 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  ôDo 

searchõ button. 

i 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 have to perform a size separation (gel filtration, gel electrophoresis) prior 
to analysis. 

 

To analyze for cross-links you start by defining the proteins involved: 

1) Open the relevant proteins on the GPMAW desktop. 

2) Select the Search | MS X - link  menu option. 

3) The óselect proteinsô 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 óProtein Aô and the 
one in the right-hand box óProtein Bô.  

The cross-linking reagent will be selected from the next dialog box which 
opens when you click óOKô.  

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 new 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 ófreeô 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 óAmineô, it 
means that lysine and the N-terminus can react, if the box shows óCarb. 
Acidô, 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 
óAutomatic digest listô, see Chapter 9.1) and number of overlaps (missed 
cleavages). The number of 
overlaps can be between 2 
and 8. Remember that if 
your cross-linking reagent 
modifies lysine residues 
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-
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: 

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. 

i 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 óxlinker.reaô 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 

ôSetupõ button to go to the óEdit cross-linking reagentsô 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 óLink typeô has to be 
specified to either óZero lengthô, óHomobifunctionalô or óHeterobifunctionalô 
from the drop-down selection box. If either of these requirements is not met, 
the entry will be deleted upon exit. 

The óLink fromô and óLink toô fields are the residues that participate in the 
cross-linking. The choices are óCarb. ac.ô (carboxylic acid), óAmineô, 
óCysteineô, óTyrosineô and óAmideô. 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. 

 

The óX-linkeró 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 óNon-linkerô 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 + H2O). 

The óRed-linkerô is a reducible reagent linked to a residue, after reduction. 
This will typically be half of óX-linkerô + H. 

Whenever the focus is on a composition field (the last three columns) the 

ôCompositionõ button will be enabled. Pressing this will open the óEdit 

compositionô 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 óCross-linking parametersô dialog. 

Results 

When you in the Cross-linking parameters window select óOKô, 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 show 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 indicate 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. 

 

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 
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(hydrolized) linker has an óinternalô lysine in addition to a terminal 
lysine/arginine. An alternative to the óinternalô lysine is the N-terminus. 

i Note: Due to the fact that in many cases you need óinternalô 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) óreverseô links are removed from the list. I.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 

In order 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 óun-checkingô the corresponding check 
boxes below the peptide list. 

The óOmit homopeptidesô 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 óPrint comparison list onlyô to limit the print to only the mass search list 
(see the óCompare to mass listô 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 has to be in ppm (part per million ï 1000 ppm = 0.1%). The press the 

ôCompare to ms listõ 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 óhitsô 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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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 óFilter mass valuesô, 
óCompare mfg filesô, óGraphô and óFind cleavageô. 

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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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 óintensityô column is not currently used. 

Database: Press the óLoad databaseô 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 ó;ô 
and any residue is denoted by óXô. 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 óRunô 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. 

 

You start by selecting the relevant FastA file through the óLoadô 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 

 

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 ï only works for some databases. 

 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: 

 

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. 

 

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 have to 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 óMassô. 

Target: A text file that may contain multiple columns (ie 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. 

 

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 óSô 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 copied to 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 ï core 
unit; H ï hexose; N ï N-acetylhexosamine; S ï sialic acid; F ï 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. 

 The peptide list can be either read from disk or pasted 
from the clipboard. The list of peptides has to 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 ó>ô followed by (in this case a single) line with the sequence 
in 1-letter code. 
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 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: 

 Terminals: This is the elemental composition of the 
terminals, default is H2O, but any composition following the standard 
GPMAW rules (Ch. 12.2) can be entered. 

 Mass type: Average or monoisotopic mass values. 

 Charge state: Singly negative or positive or neutral 
charge state can be selected. 

 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 óMass listô page and enables the 
óSearch peptidesô and óSearch fragmentsô buttons. 

Press the óSearch peptidesô 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, 
precision (in ppm) and óhitô peptide. 

The two buttons below the search 

buttons  will copy the results 
to the clipboard or save to a text file on disk. 

i Note: You can also import a peptide list as a sequence window -> peptide 
window, however, not in FastA format. Please see Chapter 9.6. 

.mgf file filtering   6. 8  

The .mfg file filtering is an option available from the main menu (File | Various 
searches | .mgf 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 I 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: 

 

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 have to enter a search precision in the Precision box (in Dalton). 

Then you select Filter mass as either Fragment mass or Parent mass. 
óFragment massô values are the results of the ms/ms analysis, óParent massô 
are the unfragmentet mass values. 

If you select óFragment massô, 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 ófilteredô list. In the 
second case all ms/ms spectra where any of the values is found will be 
accepted. When searching óParent massô you are searching for all mass 
values. 

For óFragment massô you may alternatively select Intensity. In this case the 
value in the Min. ms/ms ion intensity, will be used for selection. This value 
constitute 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). 

In order 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 lc-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 my 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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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. 

 

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 óHitô list, while the rest will end up 
in the óUniqueô 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 ó_IDô and ó_uniqueô 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. 



6- Mass s earch / FastA files  

 148  

Graph 

Selecting the Graph page will initially show the entire Source file. 

 

The graph will show the parent mass value along the x-axis and the line in 
the mgf 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 ï this usually needs to be quite good (< 
10 ppm) in order to get meaningful results. 

Press the óSearch for mass fitô 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 
can be copied to 
the clibboard 
through the óCopyô 
button. 

When you select 
an entry in the 
result grid, the 
corresponding 
ms/ms spectrum 
will show in the 
separate ms/ms 
window. This 
shows the 
theoretical ms/ms 
spectrum at the 
bottom (b- and y-
ions) and the  
experimenta 
spectrum at top. 
Fragments that fit 
within the 
specified precision 
will be colored in 
the top spectrum. 

Click on the óHeatmapô button to get a coverage map (see chapter 9.7) in the 
óheat mapô option turned on (there will be no display of a ónormalô coverage. 
Note that you have to 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 óOpen for searchô 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 have to specify a FastA formatted file, and 
when this is done, the following dialog opens: 

 

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 ï 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 signal sequence 

If you specify a Swiss-Prot formatted database (e.g.UniProt, IPI, 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. 

 

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, pI 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 have to 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. 
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Mgf filtering  and stacking  6.10  

The spectrum stacking in GPMAW is combined with a mgf file filtering 
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 

 

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  to filter all the selected mgf files 
sequentially. The progress of the filtering will be shown in the right-hand list-
box. 

Stacking 

The mgf 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 óusedô (i.e. they will not be used for further stacking); 

The list of óidenticalô 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 ó_stackô. 

 

When the Save stacked spectra (.stk) is checked, an mgf file with the same 
filename as the stacked file, but with the extension ó.stkô. 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 óLimit ms/ms entriesô and 
óMinimum number of entriesô 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  to filter 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  opens the mgf viewer, where 
you start by selecting an mgf file. 

Once opened, you should start by clicking the Calc. graph button 

, which fills the graph with a dot for each spectrum in the mgf 
file: 

 

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. 
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Click on a dot to view information on the selected ms/ms spectrum in the top 
right listbox. 

If you double-click on a óspectrumô, 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)..  

 

 



7- Search for composition / BLAST / N -linked glycans  

 

 156  

 
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 Gln -> Glu due to hydrolysis) not just a single value. 

Search for composition  7.1  

Data entry 

 

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 

ôZeroõ button clears the table, and the óNumber of extra residues to add:ô 
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field adds the required number of 'unknown' residues to the search, resulting 
in a smoothing effect 

Results 

 

 

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. 
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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) A slow 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 ï communications across the Internet may be 
compromised. 

4) Convenience ï 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. 
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In the bottom left corner is the legend óBLAST program locationô. The line 
below should show the location of the blastall.exe program. If not, you have 

to press the óInstall BLASTô button  and navigate to the 
blastall.exe program in order to make GPMAW aware of the location. By 
default the óblastall.exeô program will be installed in the \gpmaw\bin\ directory 
along with the other executable files. 

i Tech: In addition to the óblastall.exeô you need the file óformatdb.exeô and a 

subdirectory called óDATAô with the following files: óseqcode.valô, óblosum42ô, 
óblosum62ô, óblosum80ô, ópam30ô and ópam70ô. 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 ôFormatõ button  and in the óOpen fileô dialog 

you navigate to and select the FastA database (e.g. swiss.seq from the 
GPMAW CD-ROM ï 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 ôAdd databaseõ button 

 may be used to add already converted databases to the list 

(e.g. if they are shared across a network) and with the ôDelete entryõ 

button  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 óInput sequenceô multiline edit box below. If 
you have installed one or more databases you can select them in the drop-
down selection box óSequence databaseô. If no BLAST databases are 

installed you can go to the setup page by pressing the ôSetup BLASTõ 

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 ôClearõ 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. BLOSUM62 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 have to be 
identical in order to initiate a search of the protein. Choice is 2 (higher 
sensitivity, slower search) and 3 (lower sensitivity, faster search). 

 

Selecting ôOKõ calls the external BLAST search 

program and opens the BLAST result window. 
This window gives the message ó>Searching 
database<ô, ó>Please wait<ô and displays a 
counter that shows the elapsed search time. 

Search times depend largely on the size of the 



7- Search for composition / BLAST / N -linked glycans  

 

 162  

database, but the size of the input sequence also has a minor influence. 

 

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 

 

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. 

 

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). 
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ClustalW multiple alignment  7.3  

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. 
However, you can easily download and install the latest ClustalW software by 
following this procedure: 

You can download the ClustalW software package from a number of places 
on the Internet (just make a search on Google) but the following is one of the 
óofficialô 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. A list 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 the zipped file has been expanded to a large 
number of files. 

6. Create a folder below the \gpmaw\bin\ folder called óclustalwô (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. 

Note: If you are using Windows XP you need a modified version of the 
ClustalW executeable. From the ftp site above you download the file called 
clustalw1.83.XP.zip. Unzip the file and it will only contain one file called 
óclustalw.exeô. Copy this file to the \gpmaw\bin\clustalw\ directory replacing 
the file of the same name. 

You are now ready to use ClustalW from GPMAW. 

i 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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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 ï 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 has had amino acid residues 
inserted and deleted from the sequences, it is usually necessary to insert 
gaps (blanks) into the sequences to make them ófitô together, in order to 
create the óbestô 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 ï 1). 
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Press the óAlign nowô 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: 

 

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 ó*ô. 

Blue: Conservative substitutions, marked as ó:ô. 

Green: Similar substitutions, marked as ó.ô. 

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. 

 

If you want to redo the alignment, just click on the ôData inputõ button on 

the top of the page to return to the data entry screen. 

References (ClustalW) 
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Analyzi ng 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 óarmsô (typically 1-4) can be 
attached. 

In the complex type these will be made of N-acetylgalactosamine ï 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 ï 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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mannose and galactose will all be labeled hexose or hex. N-
acetylgalactosamine will be HexNAc etc. please see 
appendix C.6. 

From the Sequence window (Chapter 3) you can access the 
different N-glycosylation search windows through the Search 
| N-glycan menus: 

N-glycan predict: Based on a known peptide sequence 
GPMAW calculates the mass values of the most common N-
linked glycan structures of the various types. 

N-glycan known base: Based on a known peptide or 
reduced end modification you can search a peak list for 
glycans. 

N-glycan delta search: As the glycosylations very often are 
heterogeneous, you can often find glycan structures that 
build up from fairly simple to very complex structures. This 
window will pull out these carbohydrate ósequencesô. 

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 Í P). 
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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 GlcNAc-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 óBisectingô check-box adds an N-acetylgalactosamine unit to the core 
unit, and the óExtra fucoseô check-box adds an extra deoxyhexose unit. 

Clicking the ôGlyco typeõ button  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. 

i 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 óPredict N-glycanô 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. 

 

 

If you have pasted a mass list into the left-hand table, you can now press the 
óSearchô 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 ósugarô database are tried as an 
addition, as is an additional deoxyhexose unit. The óGlyco displayô button 

 toggles between a display of ócoreô unit + sugar composition, and a 
simpler display of ócoreô unit and óarmsô (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). 

 

By default the search use the built-in sugar 
unit table, but you may change to a user-
defined modification file by selecting the 
down arrow next to the ósugar tableô button 

. The user defined table 
has to reside in a modification file of the 
name ósugar.modô ï see section 4.3 for 
modification files. Pressing the ósugar tableô 
button will display the current sugar mass 
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 óN-glycan find peptideô 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 óarmsô 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 ï complex as yellow, high 
mannose as red and hybrid as blue. 
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Chapter 

8 

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 ï 8.9). 

Introduction to digest mass search  8.1  

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 óhitô in the database. In addition 
the mass precision has to 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 óSetupô on the óDigest 
src.ô 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. 

2. Better fit: If the difference between the search and the database 
peptide is better than half/quarter the given precision and additional 
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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 óhitsô to get to the top of the result list. 

3. Scoring type: The normal search type is óLinearô 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 óScore/NumPepô (score divided by number of 
peptides in the database protein) and óScore/Sqrt(NumPep)ô (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 óScore/NumPepô 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 ópre-digestedô 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 have to set up a number of parameters in 
the Setup|Setup system  dialog box on the óPeptide src.ô page (Chapter 

5.5). Furthermore, you have to generate digest databases based on a protein 
sequence databases 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 C:\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 
EMBL and NCBI non-redundant protein databases need to be modified 
slightly as the sequences can have extremely long sequence names. 
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The conversion of databases and reduction of complexity can be carried out 
by the óDbindexô 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 ówizardô). 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 . 

 

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 ôNextõ 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 ôPreviousõ button to go back and make 

changes. 
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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 ôOpen fileõ button to the right of the edit line. 

The óOutput directoryô is where you want to place the digest database. If the 
óSyncronize..ô 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 have to un-check this box before entering/selecting 
the output directory. 

i Note: You will not be able to proceed from this page before you have 
selected a valid FastA formatted database. 

 

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 óFilenameô 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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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 ôFinishõ 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 óOpen databaseô 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 ódigestedô 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 



8 ð Database mass search  

 

 178  

the first try. Remember to set the correct mass file before selecting the 
database. 

You can change database at any time by selecting the ôDatabaseõ button 

. 

Database information 

 Pressing the óInfoô button when a database is opened shows the 
database information dialog. 

 

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 pI 
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. 

 

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 óSearch limits:ô box can be edited by selecting the 
appropriate box and start typing. Alternatively you can click twice or press 
<F2>. The óOverlapsô and óMin. hitsô have an up/down arrow when in active 
edit mode while the óMass typeô 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 óScore typeô as óLinearô while not so important if you have 
selecte óScore divided by the square root of the number of peptidesô 
(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 have to revert to average masses. If you only use 
average masses, you set the óMonoiso<ô value to 0. 

i Note: If you enter only monoisotopic mass values, you have to enter a 
value in the óMonoiso<ô 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 to be selected depending on the input mass 
type. 
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 Save settings: When this check-box is set, the values 
entered in the various fields of óSearch limitsô will be saved when selecting 
óOKô. Default values can be entered in the óSetup dialogô on the óDigest src.ô 
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 ócorrectô mass file is only important when you look at the 
óDetailed reportô 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. 

 

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 óAutoloadô option has been set in óSystem 
setupô 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 óhitsô 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, pI and mass. 

 

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 óhitô, only the first is displayed and 
counted as part of the score even if later óhitsô have a higher precision. The 
extended report (see below) displays all possible óhitsô in the target protein. 

Opt. sc.: The optimized score after optimization (see below ï 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 ópdbô 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 ID field will often show the origin database. Likely abbreviations are: sp ï 
Swiss-Prot; spn - Swiss-Prot New; spt - Swiss-Prot TREMBL; tr ï TREMBL; 
trn ï TREMBL new; gp ï GenPept; PIR - Protein Identification Resource; pdb 
ï Protein Data Bank (Brookhaven 3D structure database); 

Cov.: Coverage of the identified peptide in the given protein (calculated as 
mass percentage). 

pI: The calculated pI 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 pI 
for some proteins; in these cases the pI reported would be 0.0. Three 
different pI 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. 

i Note: If the complete FastA formatted database is available on-line, the first 
25 proteins will be loaded and the pI and full name entered into the list 
irrespectively of the setting of the pI calculations. 

Hit evaluation help 

In order quickly to evaluate whether a óhitô is significant or not, three panels 
along the top of the óhit listô displays relevant information on the currently 
selected óhitô. Whenever a new line is selected in the hit list, all three panels 
are updated. Two of the panels, the left-most óMass listô and the central óMass 
graphô 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 óSearch precisionô 
window will expand. The other windows have to 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 óhitô for the selected entry will be 
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shown in the top left score table. If multiple óhitsô are present in the protein, 
only the first óhitô will be displayed and counted as part of the score. 

 

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 óhitô peptides from the database and the right column will list the 
mass difference in Da and in ppm (part per million) ï 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 óhitô peptides relative size and position in 
the protein. 

Mass graph 

The mass graph displays theoretical 
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 
search (Chapter 6.1).  

Theoretical peptide masses are shown as 
gray lines with óstraightô peptides without 
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 óhitô 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 óhitô is displayed as a short red bar. If the óhitô is the result 
of optimization it will be drawn in dark red color. 
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The graph is a visual aid in determining the validity of the current óhitô. In the 
above example there is a correct óhitô having a calibration offset of approx. 45 
ppm while below is a typical órandomô 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.  

 

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 ótorn offô with the 
mouse and positioned anywhere on the screen. When the band is a free-
floating window it can be resized. 

 

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 (pI). 

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 Gln and a 
mass is found at ï15 (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 ó.INFô 
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 óProtein|View reportô, the ôDetailed reportõ button in the 

toolbar or just double click on an item in the score table to open the óDetailed 
reportô 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 óhitsô the report will also show potential óhitsô 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 pI is a calculated value and should be regarded as indicative only. In 
óSetup - Advancedô you can choose between different tables for calculating 
the pI. Appendix C lists the tables for pI 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). 

 

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.  

¶ Measured: Measured mass (data input corrected for protonation) 

¶ Calculated: Calculated masses based on database entry (óNo matchô 
means that the given input peptide was not identified in the protein 
displayed). 

¶ AM/ov: A - average mass; M - monoisotopic mass; ov - number of 
overlapping cleavage sites. 

¶ Diff: Mass difference (in Da.) between measured and calculated mass. 
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¶ 0/00 or ppm: Mass difference as parts in 1000 or ppm (parts per 
million) as selected in Setup (Chapter 5.1). 

¶ Res: Position of identified peptide. 

¶ Seq: Identified 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 óhitsô if the methionines are 
oxidized. 

At last is given some reference data on the database and input parameters. If 
the óList peptidesô 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 óhitô list. If you double 

click in the score table of the parent window, the report will be updated to 
reflect the óhitô 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. 

 

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 óOpen fileô dialog 

box that can be activated by pressing the ôAdd file(s)õ button. Multiple files 

can be selected in one operation. 

Files can be removed from the list by highlighting the file name and pressing 

the ôRemove fileõ button. 

Each search shows a dialog with a progress bar like the single search above. 
After the last search you are back in GPMAW. 

i 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 . 

 

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 óUser directoryô 
(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 have to 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: 

¶ Protein mass 

¶ Precision 

¶ 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 ôDatabaseõ button and selecting a 

new database (.DA2 file). Pressing the ôiõ button will open a dialog with 

information on the protein database. 

 

Only integer data can be entered in the óSearch forô and óPrecisionô data 
fields. 

When search data has been entered you press the ôDo searchõ 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 óhitô mass is ~131 Da 
higher than the search mass, it is because the óCheck for initiating Metô 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 ôRetrieveõ 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. 
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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 
óX! Tandemô. The X! Tandem program is a professional class search engine. 
Although it is able to 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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i 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 
ótandem.exeô. 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 details. 

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. 

Hit: On this tab you can analyze each individual hit selected on the 
óOutputô page. By double-clicking on a hit in the Output window, the 
results for the corresponding protein is loaded and shown n the Hit 
panel. 
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Ms/ms searching: 

To perform an ms/ms database/protein search you need to perform the 
following steps: 

1) Open your ms/ms peak list file (can be in mgf, dta or pkl format). 

2) Specify sequence or database to search (topmost sequence on the 
GPMAW desktop is automatically selected). 

3) Specify cleavage enzyme and output file name (a default name is 
created by GPMAW). 

4) Check and set search parameters 

5) Set variable and fixed modifications 

6) Click the óRunô button 

7) X! Tandem opens in a command line window where you can follow the 
progress of the search. 

8) When the search is done, GPMAW loads the result file and displays it on 
the óOutputô tab, see below. 

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 or .pkl format (appendix A.3). 
Once you have selected an mgf file, a button becomes visible to the right of 
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the input field  when the mgf file has loaded. This takes place in 
the background, and you can thus perform all your other preparations while 
this takes place. Pressing the button open a dialog box showing a graphical 
view of the input file, please see below. 

Search sequence 

By default GPMAW selects to analyze the topmost sequence window on the 
desktop. This is selected in the óSearch sequenceô 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 ósearchSeq.fastaô. 

If you want to search a database instead, you select this by pressing the 
óSelect databaseô button. Note: this database has to be in FastA format; a 
standard GPMAW file does not work. 

i 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 ó- 
user defined ïó. This opens an input box where you can enter any most kinds 
of enzyme specificity. 

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. 

Multiple rules can be strung after each other separated by a comma e.g. 
[RK]|{P},[X]|[D] - cleavage either by a tryptic cleavage site or Asp-N 
cleavage site. 

[X]|[X] - cleavage after any residue (remember to increase 'missed 
cleavages'). 

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: 
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Include date: The current date is appended to the file name after an 

underscore. The button will show the selection like . 

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 . 

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, ócrap.fasta.proô, containing a number of 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 ócrap.fasta.proô is not present in the xtandem directory, the 
option will be grayed. The online help contains a list of proteins. 

i 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. 

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 
increasing 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 óEdit paramsô 
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 óEdit paramsô 

button , you will get a menu that enables you save and 
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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).  

 

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 óRefinementô 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 Fixed modifications is also a standard GPMAW modification file, but 
with the name ófixedmod.modô. You can load and edit this file in the óEdit 
modification dialogô, 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 
look like noise are rejected by X!Tandem without 
searching. 

Modified mass file, if you have changed your atom 
mass values, e.g. done a 100% 15N incorporation, 
you have to check this option, which transfers the 
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 Gln (-17 Da) and water loss from N-terminal Glu 
(-18 Da). 
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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. 

 

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 have to reload the result file. 

Refinement 

The refinement option  makes X!Tandem 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 from the left 
variable box (not the refinement fox). Selecting multiple modification from the 
refinement box will perform multiple searches with and without the variable 
modification and combine the searches at the end. 

Note: The limit e-value is set separately for the refinement relative to the 

main search .  

In addition you have the following options:  
óSemi cleavageô: 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. 

óPoint mutationsô: Searches for point mutations in the proteins already 
identified. 
óSpectrum synthesisô: 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, Gln, Val, Leu and Ile. 
óN-terminal acetylationô: Searches for N-terminal acetylation. 

Please note that the run time for órefinementsô is often longer than the initial 
search. Please also note that the search for ósemi cleavageô and ópoint 
mutationsô can lead to spurious identifications, so you should be critical 
towards these identifications. 

i 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 ófixed modificationsô. 
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Multi run 

In addition to running single files, you can search multiple 
mgf files on a single command by pressing the óMultiô 
button in stead of the standard óRun Searchô button. 

Be sure to have set all parameters, database, 
modifications and output file format prior to activating óMultiô 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 óMultiô dialog. 
Result files will always have the 
same name as the input file, 
except for date and consecutive 
numbering if selected. 

You start by selecting the 
directory containing the mgf files 
to be searched through the 
button in the top left corner. 

Note: all files that have to be 
searched together have to be 
located in the same directory. 

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. 

Press the óRun Searchô 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 óCloseô button before the search is done, will teminate the 
remainder searches. The currently running search will continue until done. 

The result files will be located in the same directory as the mgf files, and can 
be opened from óSearch sequenceô dialog through the óOpen resultô button in 
the bottom left corner. 

This function is most useful when searching larger databases, as individual 
sequences are generally so fast that they can be searches interactively. 

mgf view 

The mgf view button  becomes visible next to the input file edit 
field at the top of the window. The opening of the file takes place in the 
background, so it does not stop your other operations in the window. Click 
the button to open the mgf file view window: 
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Spectra: The initial view shows the number of spectra obtained (y-axis) per 
minute (x-axis). This can be changed to a view of the intensity of spectra 
obtained over time. The main use of these views is to see the use of the 
mass spectrometers acquisition rate (number) and gradient separation 
(intensity). 

If you check the óShow extendedô option, the x-scale extends from 100 
minutes to 200 minutes. 

i Note: Like most graphs in GPMAW you can zoom in by: click in the graph 

and drag the mouse cursor down and right. You zoom out by dragging left 
and up. 

 

Fragment ion: This option changes the view to a count of how many ms/ms 
spectra have a given ion sum. By itself this graph is not much use, but can 
give you information when comparing runs. 



8 ð Database mass search  

 

 201  

 

Spectral fragment count: This view displays the number of spectra having a 
given number of fragments. 

 

Mass / Ion sum: This view shows the mass along the x-axis and the sum of 
each ms/ms spectrum along the y-axis. Each point is shown in blue with a 
label that can be changed in the Label mark options. List index displays the 
index in the spectrum list (spectrum number), m/z shows the m/z value of the 
parent ion, and value index shows the internal value. As the number of low 
intensity ions often vastly overshadows the number of high intensity ions, you 
can turn off the display of low intensity ions though the Ignore below box. A 
value of 5-10% is usually enough to clear up the graph. 

If you have performed a search with the selected mgf file, the spectra 
identified will show up as red points. 

If you double-click on one of the points (you may have to try a couple of 
times), a graph window opens displaying the actual ms/ms spectrum. This 
window is identical to the óDe novo sequencingô (see section 10.4). By 
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moving the mouse cursor along the peaks you can see all the fragments that 
fit with amino acid fragment losses. However, please note that the ms/ms 
spectrum of electrospray peptides are likely to contain doubly charged ion 
species which is not taken into account (there is currently not implemented a 
deconvolution routine).  

Information on the selected point is shown in the bottom left-hand info box, 
and the list index is shown in the Spectrum # edit box. Here you can directly 
enter the index of the spectrum you want to see, or you can use the left/right 
arrow buttons to move to the previous/next spectrum in the list. 

If you quickly want to save a condensed version of your mgf file for easy 
analysis later, you can trim it by selecting the Save filtered mgf button. The 
two edit fields Limit to and At least determine the number of peaks saved 
(i.e. the nôth highest peaks) and discards spectra with less than the óAt leastô. 

Run 

When you press the óRunô button, the parameters are saved in a file called 
óinput.xmlô. This file works in conjunction with the file called ódefault_input.xmlô 
which contains the available parameters for the X! Tandem search engine. 
The parameters in óinput.xmlô override the corresponding values found in 
ódefault_input.xmlô. A file called ótaxonomy.xmlô is also saved, which allows for 
the use of databases with taxonomy information, but this function is not 
currently used by GPMAW. 

 

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. 

Upon completion of the search, the window will close automatically and the 
results are saved to a file on disk with the given óoutput file nameô and the 
extension ó.xmlô. 

This file is then automatically read by GPMAW, parsed and displayed on the 
óResultsô tab (see section 8.12 below). The saved file can at any time later be 
opened in GPMAW by selecting the óResult file: Openô button at the bottom of 
the ms/ms search window. 

 

i 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 óview saved xml 
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dataô in order to see another representation of your data. This can also be 
used to view data that you ship to colleagues. 

 

Search parameters  8.11  

When you edit the parameters, the following dialog box is shown: 

 

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. 



8 ð Database mass search  

 

 204  

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: Largest number of missed cleavages considered 
for a peptide. 

Include ions: Allow the checked ions to be used in scoring. 

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 ódefault_input.xmlô 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 
with the abilities of your mass spectrometer. 

i 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. 
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MS/MS search results  8.12  

 

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 
protein (note: based on the database sequence ï 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 have to be verified 
before being óusedô. 

If you right-click in the name list, the pop-
up will give you several options. Copy will 
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 óSave asô 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 
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residues, pI and amino acid composition. The pop-up menu is the same as 

will open when you click the Options  button. 

The Report button  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 ï 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 óAnalyzing individual hitsô below. 

Double-click on a model (hit) name to view the peptide hit results on the 
óHitô tab. Alternatively select a protein and click the óView Hitô 
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 ï 4000). If you have 
more than 1000 hits you have to 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. 

MH+ theo: Theoretical mass value calculated based on the database hit. 

Delta: Deviation between experimental and theoretical mass. 

From ï 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 ó@ô 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 of 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 óchecked 
peptides onlyô will only copy those lines where this check box is checked. On 
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the óHitô tab only the top hit for each peptide in the protein sequence will be 
selected when the óuniqueô 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. 

i 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 óResult file: Openô button and select an older file. 

 
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  8.13  

When you have double-clicked on a protein name on the output tab, 
GPMAW switches to the óHitô tab and shows the details of the protein and 
peptides making up the hit. 

 

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 three 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 
fournd modified in blue. It switches to ógridô mode 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 will take place if you select any peptide.  
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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. 

 

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 
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in the graph, the cursor will change to a cross and if you left click, the mass 
and deviation of the dot will be shows at the top of the graph. 

A checkbox list (óIonsô) is displayed with control options for fragment ions to 
display in the table, default are the ions used during the search. Below this 
control is another for the ms/ms labels (óLabelsô) of the right-hand graph: ID 
displays the ion type for the corresponding identified ion (e.g. y10, b7); MS id 
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 second tab enables a few filters for displaying 
only particular modifications. Note that selecting 
óAll peptidesô often generates a huge list. 

At the top right is a list of all peptides identified 
during the search. The actual peptides displayed 
depends on the setting of the óDisplayô option in the 

bottom toolbar: . Several options 
are available: Unique only the highest scoring 
peptide of each kind is displayed (default). 
Different modifications count as different peptides, 
even same modification in different locations. Only 
modified only modified peptides are displayed. No 
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. 

In the peptide list each line shows the 
experimental mass of the parent ion, 
number of charges, location of the 
peptide, the peptide sequence and 
whether the peptide is modified (@). 

If you click on the ó+ô 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: 

 

The information line shows: 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. 
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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. 

 

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 
same scheme as the fragment table. The graph is controlled through the 
vertical gray band above: Only the ions checked in the ñIonsò check-box are 
displayed, Labels can show ID (fragment number), mass of identified and 
mass of non-identified peaks. If the ñSequenceò box is checked in the óHitô 
panel, relative fragment mass intensities are displayed along with the 
sequence in the graph window: 

 

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. 

Click on the ñms/ms windowò button  to open the ms/ms spectrum in a 
separate window that can be resized at will. This window also contains the 
basic óde-novoô 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 óDoubly chargedô ï checking this box will generate a 
synthetic spectrum showing all mass values below half the parent mass at 
double their value (thus assuming they are were doubly charged) ï these 
ópeaksô will be shown in orange. 

 

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. 
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 The initial display shows 
the search parameters of 
the given search as 
recorded in the result xml 
file. This view can be 
recalled by pressing the óIô 
button. Selecting the 
óModificationsô button 
below will display a list of 
statistics on the run: 
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, óCopy to clipboardô. 

Sequence and coverage map 

When on the Hit tab, you can open the sequence analyzed in a standard 

sequence window by pressing the sequence button . This will 
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  is 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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Additional menu options in the report button are N-term residue, C-term 
residues and Terminal residues.  

Extract terminal residue 

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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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, ó_ô, ó-ó, ó.ô or óXô) 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. 
https://weblogo.berkeley.edu/logo.cgi): 

 
 

  

https://weblogo.berkeley.edu/logo.cgi
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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 ñBSA_100fmol.pklò and an example of a 
search ñBSA_100fmol_120107_1729.xmlò. 

The ms/ms search has a lot of parameters to set, but once you have 
ótrimmedô 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 ï the accession number is P02769 if you need to download it 
from the Internet). 

Download by typing number in toolbar window  and 
click the óWebô button (needs Internet access). 

Make sure that the BSA sequence is the topmost window before proceeding. 

Setting up the search 

Begin by selecting óMS/MS searchô from the óSearchô menu, press the F5 key 

or click the magnifier  in the toolbar, this opens the MS/MS search 
window with the óInputô tab selected. 

Start by selecting the óOpen fileô button. In the óOpen MS file ó dialog you 
navigate to \gpmaw\bin\xtandem\ and select the ñBAS_100fmol.pklò file. 

 

As you already have the BSA sequence opened as the topmost window on 
the desktop it will be selected by the ms/ms search: 

 

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 óEnzymeô: 

 

If the enzyme of your choice is not available on the list, select the last option: 
ó- user defined ïó. 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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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 have to 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 óEdit paramsô button to set the parameters, you should end with 
settings similar to this:  

 

Note that by clicking the down-arrow on the óEdit paramsô button, you can 
save and retrieve up to five different settings to use on different instruments/ 
experiments. 

Now select the variable modifications: 

 

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 óSô button  below the box. Oxygenation of Met is the usual 
choice, but a number of others like deamidation of Asn and Gln 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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You can select to perform órefinementsô (second pass search) on your data, 
please see section 8.11 for details. 

Now you can perform the search by clicking the Run button . 

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 

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 óOutputô page. 

As we only searched a single protein, there will be (or should be) only one hit 
in the list of proteins found: 

 

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). 

 

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 óHitô) 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): 

 

Below on the left is a table of all unique peptides identified: 

 

Click on one of the peptides will switch the coverage display to show the 
fragment ions of the identified peptides. 

 

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 óSeqô 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: 

 

By clicking on the left-hand blue button, the display changes to show the 
peptide ID parameters (location in the table on the óOutputô 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 

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 

 at 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 óBSA_100fmol_120107_1729.xmlô 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. 
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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 óCleavage 
analysisô 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 
óOther cleavageô is covered in the next section. 

 

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 óenzymesô 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 óOther cleavageô for this purpose, see below). 
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i Tip: As the most commonly 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 ó*ô 
after the peptide number. 

The ôEditõ button enables you to edit the 

currently selected enzyme line. For each line 
in the enzyme list, you specify a name (e.g. 
chymotrypsin) and cleavage specifications 
(see óSpecifying enzyme cleavage 
definitionsô below). 

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 
óExtended optionsô. 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 ôOKõ, 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.  

i Note: As it is not possible to scroll the display when specifying ómanualô 

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 óTerminalsô button 
enables you to specify the N- and C- 
terminals of the generated peptides.  

Pressing the button opens a dual 
drop-down dialog box. The selections 
are the same as for specifying the 
termini of the intact protein (for setting 
up terminals, see óEditô Ch. 4.1).  

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 
ócarried onô to the ms/ms window. 

QuickDigest 

The óAutomatic digestô can also be accessed 
from the sequence window by clicking on 

the óDigestô button . The down arrow 
next to the óscissorô button opens a menu for 

the ôQuickDigestõ. This menu lists the top 

eight enzymes from the automatic digest 
option. Selecting one of these enzymes 
performs a quick 1-click digest. Please note 
that the óQuickDigestô performs a óstraightô 
digest with no extended options.  

Two options are listed at the bottom of the 
QuickDigest menu: 

1 missed cleavage: Checking this will give 
you one missed cleavage in the resulting 
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 ócleanô cleaving enzyme(s) through the local 
menu command óRemove partialsô (see óPop-up menuô under óPeptide 
windowô 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. 

 /R,K-\P 

Chymotrypsin: Cleavage takes place after Trp, Phe, or Tyr, but 
not if the following residue is Pro. 

 /W,F,Y-\P 

Endoproteinase Asp-N Cleavage takes place before Asp. 

 -/D 

Acidic cleavage Cleavage after Asp or before Ser or Thr. 

 /D;-/S/T 

Trypsin and chymotryp: Combine two cleavage specifications by 
entering a ';' betwee the two: /K/R-\P;/W/F/Y-\P 

IdeS 

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.  

In order for the digest to work properly, the chains have to be specified as 
Light chain ï 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):  

Non-reduced: Fc/2  F(ab')2  reduced: Fc/2  LC  Fd' 

Mass of fragments (4 chains):  
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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 ógrid buttonô  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. 

 
The mass values presented are average  

Other cleavage  9.2  

Manual digest 

 

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  is 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'. 

i Hint: If you need to obtain information on overlapping peptides in a CNBr 

digest you have to perform an automatic digest (using /M- as cleavage 
parameter) and modify the C-terminus according to homoserine or 
homoserine lactone formation. 
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Manual (cleavage): The manual cleavage  enables you to 

specify all cleavage points yourself. After clicking ôOKõ you have to 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. 

i Hint: You can modify an automatic digest by checking the óManual with pre-

cleavageô 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: 

 

This is the default option with most option and information. 
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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 óMassô or óFrom-toô (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. 

i Note: The ten enzymes listed are the topmost ten óenzymesô 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 ï this makes it possible to load it into the 
óCoverage analysisô windows for later analysis. 

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 óGraphô tab at the top of the dialog box the display changes 
to a graphic display of the peptide distribution. 
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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 ó4000ô counts all peptides larger than 3500 Da. 

The enzyme cleavages to display in the chart are selected in the right-hand 
panel in the óChart/printô section, just like for óCoverageô. 

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 óstackedô 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 have to select all the cleavage methods you want to 

analyze by checking the appropriate óenzymeô check boxes above the ôPrintõ 

button.  The printout will show the graph at the top followed by all the peptide 
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 óSave to diskô button is not available from the óGraphô page. 
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Single cleavage: 

 

On the óSingle cleavageô page you analyze each enzyme cleavage 
individually. 

In the right-hand panel, you cannot choose multiple enzymes, and the 
óChart/Printô panel has been disabled. Instead you now have eight button, 
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 
ó3500ô and ó>ô. 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).  

i Note: The cleavages performed in the Cleavage analysis are óstraightô 

cleavages. This means that you cannot specify overlapping sequences, 
modified terminals etc. For this you have to perform a ónormalô automatic 
cleavage as detailed in chapter 9.1. 
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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  

 

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.  

i 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. 

i 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. 

The peptide list shows the peptides generated in a tabular fashion, typically 

with a number of physiochemical properties as shown above. The ôAltõ 

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 
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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)5-). 

M+H to M8H+: One to eight positive charges (e.g. (M+H)+ to (M+8H)8+). 

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). 

pI: Theoretical pI 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 
column have the mass defined in 
Setup (Ch. 5.2) added to their peptide 
mass M. Note that the addition is to M 
not to (M+H)+. 

Alt. mass: Mass values in this column is 
calculated by the alternate mass file as 
defined in Setup (Ch. 5.2). Note that 
the settings here affect both the 
charge and the terminals. 

Av/Mo: This column shows the opposite 
mass type as displayed by the (M+H)+ 
column. E.g. if the window is set to 
monoisotopic display, this column will 
show the average (M+H)+  value. 

A280: Absorbance at 280 nm 

A205: Absorbance at 205 nm 

You can easily change the layout of the 
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. 

i Note: The number of displayed columns will not be changed (maximum is 8 

with the first and last column fixed at óNumberô and óSequenceô). To change 
the number of columns you still have to go through Setup (Ch. 5.2). 

 For details see Chapter 5.2. 
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The header for each column acts as button. When a button is pressed, the 
corresponding column will be sorted, the first time in ascending order, when 
pressed again, the sorting will be in descending order. The header of the 
sorted column will be displayed in red. 

If you have specified overlapping peptides in the óSelect cleavage 
parametersô box (chapter 9.1) overlapping peptides will 
be shown with a superscript after the 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 list  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. 

i 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 

 

 Average/mono mass toggle. Default is set in the setup dialog 
(chapter 5.2). 

 Setup: Opens the óSystem setupô 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, 
singly to quadruply charged positive ion, singly and doubly charged 
negative ion,  from-to, pI, HPLC index, Bull & Breese index and 
charge. 

 Info: Detailed peptide information window, see below. 
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 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 pI, retention 
index etc for modifications. 
Note: If you print the peptide list (and make sure the óPrint partial 
modificationsô 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. 

 pI strip: Displays a window with a simulated pI strip (isoelectric 
focusing) of all peptides. 

  

 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). 

 The sequence sort enables you to sort the peptide list 
according to highlighted sequences ï select a highlight color in the 
drop-down box, and then click on the óSequenceô header. Normally 
when you click on the óSequenceô header in the table, the 
sequences will be sorted according to characters. When you have 
selected a color in the óSeq. sortô box, sorting will take place based 
on the selected color. 
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 OK: Close current peptide window. Also closes derived daughter 
windows like simulated HPLC chromatogram. The action does not 
close the sequence window. 

Synchronize windows: When this box is checked the peptide 
window will synchronize with the óSequence windowô 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 ónormalô mode 
you have to select the corresponding command in order to update 
the windows). 

 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. 

i 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 óSynchronize windowsô 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, pI, hydrophobicity. For more 
details see Chapter 11.9 for details. 

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. 
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What if?:  

The óWhat if the protein was modifiedô 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. 

 

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 óformula calculatorô 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 P1O3 (mass ~80 Da). Peptide 4 (in the middle of the 
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. 
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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.g. if your 
experience tells you that trypsin cleaves completely while chymotrypsin 
generates overlapping peptides) 
you select óRemove partialsô  

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 é). If you have combined more than two 
specifications and you want to remove additional overlaps, you select the 
options several times.  

Copy special: The óCopy 
specialô command opens a 
dialog box that enables you to 
fine-tune what you want to 
copy. Copy peptides copies all 
the information displayed. See 
below how to make a multiple 
selection, you can limit the 
number of items to copy by 
checking the óCopy selected 
items onlyô box. Copy columns 
opens yet another dialog box 
where you select which 
columns to copy. Copy mass 
list copy only the mass values, 
but enables the right-hand option of multiply charges. Copy peptide 
sequence(s) only copies the peptide sequences in 1-/3- letter format as 
displayed. óCopy as coverage fileô 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  óCopy selected items onlyô is checked; only the 
peptides selected in the list will be copied. 
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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 ).  

i Note: If you want to copy to a spreadsheet you should select óTab 

delimitedô, if you copy to a report select óCopy as textô. With óTab delimitedô 
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 óSetup peptide 
parametersô. 

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 óCopy to clipboardô. 
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 óCopy to clipboardô. 

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: 1st page in-
/excludes modifications; 2nd page adds variable modifications and selects 
charge states; 3rd select output format and mass mode; 4th 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. 

Print 

Printing the peptide list essentially gives an output that matches the display ï 
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 
right margin of the page ï if you select to print in landscape mode you will get 
more of the sequence printed. 
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Print options to be set immediately prior 
to printing. 

Printer. The drop-down box enables you to 
select any printer installed on your system. 
The system default printer will always be 
the one initially selected. 

Print orientation: Portrait (vertical) is 
usually the default. Landscape (horizontal) 
enables longer peptide sequences to be 
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 apply. The text is not preserved between 
printouts. 

Peptide info 

 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 óPeptide infoô from the 

pop-up menu, the óPeptide listô in the main menu or the ôInfoõ 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 ï see chapter 3.2). 

The peptide information window is divided into four panels with the following 
content: 

Top left:  The top blue line represents the protein sequence and the 
green bar shows the relative position and coverage of the 
selected peptide. 
Below is shown the sequence position, length of peptide (with 
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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 pI and HPLC retention index. The 
charge and the pI labels have fly-by help showing the pH and 
the method used in the respective characteristic. 

Bottom left: The sequence of the selected peptide. 

Top right: 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%. 

 

The arrows ôPreviousõ and ôNextõ replaces the content of the window with 

the characteristics of the previous and next peptide in the peptide window. If 
the óPeptide infoô window is called from the sequence window (chapter 3.2) 
these two buttons will be grayed (non-active). 
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Selecting ôPrintõ will make a hardcopy of all the information in the window 

except the blue/green peptide location line. 

Selecting ôCopyõ will copy all the 

text in the window to the clipboard. 
No graphics (peptide location line 
or isotope graph) will be copied to 
the clipboard. 

The ô18Oõ button enables you to 

quantitate peptides based on the 
incorporation of stable isotopes of 
18O 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 
18O 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 = (I4 ï (M4 * I0) / M0 ï (M2 / M0) * (I2 ï (M2 * I0) / M0) + (I2 ï (M2 * I0) / 
M0)) / I0 

Here M0, M2 and M4 are the theoretical intensities of the peptide base peak 
(0) and the +2 and +4 Da peaks. Likewise I0, I2 and I4 are the observed 
intensities. 

When you click the ô18Oõ 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 
óCalculateô button to get the ratio of the two peptides (in this case 1.24).  

The óCopyô button  puts a copy of the results on the clipboard. 

For references please see: 

Xao, X. et al., Proteolytic 18O 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 16O/18O Peptide Ratios 
for the Relative Quantification of Proteomes. J. Am. Soc. Mass Spectrom., 15, 437-445 
(2004) 

Sigma currently have a kit ó18O Proteome ProfilerTMô for performing the 
quantiation experiments (Product Code P3623) along with a Technical 
Bulletin. 
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Simulated HPLC chromatogram 

 

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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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 
óImport peptide listsô. 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  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). 

i 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 óPeptideô) 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 ôSSõ button in the main toolbar has to be in the oxidized state 

(SS), not the reduced (SH) state, in order to calculate these values. 
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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 ï 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 
(óCopyô) or HTML format (óHTMLô). 

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 óstandardô 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 
óPredict SS cross-linksô 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. 

 

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 ( ) 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. 

 

The point where the graph crosses zero charges corresponds to the pI of the 
peptide. This value can vary slightly from the value reported in óPeptide infoô 
(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 
peptide with a steep crossover point. 

Two graphs are displayed, one for the reduced and one 
for oxidized cysteine (there will only be a difference 
above the pI of Cys). 

When you move the mouse cursor across the graph, 
the values of the position is continuously updated in the 
command bar. 

You zoom by click and drag the mouse. Double click to 
un-zoom. 

The first three buttons in the command bar 

 enables you to set full scale, enter 
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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  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 óMultiple graphsô button  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.  

 

Isoelectric focusing (pI strip) 

The óIsoelectric focusingô button or the pop-up menu in the peptide window 
will show all peptides in a simulated pI strip, in order to give an idea of the 
distribution of peptides after isoelectric focusing. 
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Peptides with a missed cleavage will be shown in red, while fully cleaved 
peptides will be shown in green. 

Checking the óLabelsô button will display labels with the pI of each peptide. 
The ópI 0-14ô will expand the x-scale to 0 to 14, this will only be needed if you 
have define modifications with particularly high or low pK values. If óNo 
missed cleavagesô is checked, only fully cleaved peptides will be shown. 
The óCopyô 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 
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paste it into Word or similar program. If nothing is highlighted when you click 
on the copy button, the entire document will be copied. 

 

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 have to be 
written in 1-letter code. No headers or other additional information is allowed. 
E.g.: 

CGEDYK 

HHAISAK 
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TYFTDK 

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 ófitô of peptides to sequence. 

Peptide level coverage map: 
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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 have to 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. 

 

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 



9 ð Cleavages / Coverage map  

 250  

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=Ile checkbox will make the comparison ignore a Leu/Ile 
different (isobaric residues), just like Lys=Gln will ignore the difference 
between Lys and Gln (close to isobaric). 

The Mismatches option lets you allow up to two mismatches between the 
peptide and the protein sequence. Note that Leu/Ile and Lys/Gln 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 have to 
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/I, K/Q, 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 ó_noHit.txtô for 
peptides that did not match anything in the database, and ó_withHit.txtô 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 ónoHitô is just a peptide list, the output for ówithHitô 
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 

. Selecting this button will open a sequence window 
along with a coverage map window containing the relevant protein with all 
identified sequences boxed under the relevant residues 

 

If you close the coverage map window, the parent sequence window will 

close automatically if the óClose parentô box is checked , 
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 ófrom-toô).  
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From-To: number of first and last residue of the 
peptide. 
Mass: Monoisotopic mass (theoretical) of the peptide 
e-value: The expect value from the ms/ms search 
Comment: A text string (not yet utilized by GPMAW). 

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 is the theoretical monoisotopic mass of the 
peptide; Exp. is the experimentally observed mass; 
Delta is the difference between the two mass values; 
e-value is the search expect value; Modif is 
modifications found, shown as modification mass 
change (in blue) followed by number of modified 
residue. 

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 
coverage as a weak yellow 
background. If more than two 
peptides cover a given position, 
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 . They can be displayed 
in six different colors, depending on the modification. Each color (light blue, 
green, yellow, blue, red, brown) 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). 

If you move the cursor across the PTM list panel 

, a list of all the modifications found during the 
search (Delta) along with the number of occurrences 
(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 ï 0.05:  Orange 
0.001 ï 0.01:  Yellow 
< 0.001:  Green 

The data behind the coverage map can be viewed and edited through the 

View data button  at the bottom of the window: 
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In this view all data can be changed (for good or worse!). 

i Notice: To get the data back to the coverage map you have to press the 

Coverage map button  at 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. 

 

The darkness of the color shows the number of óhitsô (layers) at a given site. 

By adjusting the right-hand slider, you can change the 
contrast of the colored sections. 

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. 

 

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. 

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. 
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Extract terminal residue 

If you want to investigate the cleavage specificity of your digest, you can 
invoke the drop-down menu next to the óCopyô button. Here you have the 
option of óCopy terminal residues (3+3)ô. This will copy the three N-terminal 
and the three C-terminal residues onto the clipboard in the following format: 

  IVG LQM RGN 1- 21 1.1E - 004  

QMR GNP GSH FCG 22- 28 6.9E - 003  

PQR LVN HNV RTQ 53- 64 1.0E - 015  

PQR LVN LGA HNV 53- 61 5.0E - 011  

PQR 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 
(IVGé.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 
óSimple viewô. 

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  

 

The ms/ms fragmentation can be selected 

1. From the main menu when a sequence window has the focus 
(Cle avage|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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2. By selecting ms/ms (button or local menu) for a given selected peptide 
in the peptide window (óAutomatic cleavageô, Ch. 9.4). This displays the 
peptide in the toolbar of the MS/MS fragmentation window and the 
fragmentation below. 

3. 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. Fohlman, 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. 

 

The toolbar at the top of the window contains from left to right: 

ü 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.  

ü 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) 

ü Setup button. Set the chemical composition and number of fragment 
ions. See below for more details. 

ü 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. 

ü The frames button. When activated, a size-able 
frame is displayed in the right-hand part of the 
window listing all fragments from the main table in 
a numerically sorted list. This table is linked to 
the main fragment table, so when a value is 
selected in the sorted frame list, the 
corresponding mass in the main table will be 
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. 

ü 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. 
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ü óGraphical fragment mapperô . Opens a dialog window showing the 
peptide fragment as a picture with fragment marks and labels, see 
chapter 10.3.  

ü You may be in a position where you know the peptide being 
analyzed, and you can see that it is modified (e.g. with an 
oxygen), but you cannot immediately see where the 
modification is located. The modification in variable 

position button  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 
can be located.  

ü The ó++ô button toggles the multiply charged fragment ions on and off. 

ü The drop-down selection box determines the maximum number of 
charges that will be displayed when the ó++ô button is activated. 

ü 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 óSet terminalsô 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. 

i 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 
fragmentations are displayed 
on separate pages of the 
multipage dialog box. Clicking 
on the óFragment lossesô 
page shows the fragments 
that are the result of the loss 
of H2O from Ser or Thr and 
the loss of NH3 originating 
from Arg.  

óInternal fragmentsô lists the 
fragments that arises from 
double cleavages of the 
backbone. As this results in a 
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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 ï28 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).  

 

 

i 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 óInsert modificationô 
dialog box, you either enter the modification name and composition or you 
select the relevant modification from a modification file. For more details see 
óAmino acid modificationsô, 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. 

 

i Info: If your sequence has modified residues when selected (e.g. from the 

sequence window) you will get the message ñSequence contains 
modifications. Edit line not activeò 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.g. 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 

 

The linked peptides option is a display similar to óSimple viewô (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 ó1st linkô and ó2nd linkô edit boxes, or more simply, by pressing 
the óFindô button, which will search and enter the last Cys in each of the two 
sequences. 

Press the óRefreshô 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 óFindô button but have to 
enter the positions manually. If the linkage has a mass, you enter this in the 
óLinkage mapô edit field. 

The actual fragments to display, number of decimals and charge are defined 
by the right-hand panel like for óSimple viewô. 
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MS/MS setup 

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. 

 

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 óComposô field, the Formula button (bottom left corner) will be active, 
allowing you to enter the composition through the óElemental composition 
calculatorô (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 óOKô column is checked the 
corresponding fragment column will be displayed. 

In the last column you enter the fragmentation type, óBackbone cleavageô, óv 
type chain lossô or ód, w type chain lossô. 

If the óDisplay 4 decimalsô is not checked, the results will be displayed with 3 
decimals. 

The óDefaultô 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  

 

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 similar to ms/ms fragmentation.  

ü 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. 

ü When you have a peptide list (from automatic fragmentation) you select 
a peptide (highlight) and choose óLadder sequencingô 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 

 

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. 

ôSõ 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. 

i Like for the ms/ms fragmentation above, modified residues in your 

sequence you will give you the message ñSequence contains modifications. 
Edit line not activeò. 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 óGraphical fragment mapperô 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 

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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The sequence to show is displayed in the bottom left corner labeled 
óSequenceô, 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. 

i Note: The label can be freely edited in the table. 

The initial caption of the fragments is controlled by the óCaptionô 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 óSimple ms/ms tableô. This enables to 
get modified mass values (e.g. PTMôs). 

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.  
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i Note: Doubly charged mass values are only shown if you have checked this 

box.  

Font size: Determines the size of the label. 

Decimals: Number of decimals (0-2) when the label has been chosen to 
show the mass. 

i Note: The fragment mass displayed is calculated based on the rules set out 

in the ms/ms fragment window (see 10.1). 

The óInvertô button  inverts the selection made in the N-term and 
C-term columns. If the image is not updated, you can press the Refresh 

button  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 óCopyô button  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 óSaveô button  saves as a meta-file picture to the disk (.emf ï 
Windows enhanced metafile, a vector format that can be scaled without loss 

and can be read by Word, PowerPoint etc.), while the óPrintô button  
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 a given sequence and help to identify unknown PTMôs 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 óde novo (MALDIô or 
as viewer from the ms/ms search (Chapter 8). The function is based on singly 
charged ions. 

The prerequisite for the óde novo (MALDIô function is a peak list from a 
deconvoluted ms/ms spectrum, i.e. a singly charged spectrum.As such, it will 
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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). 

In addition, you have to 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: 

 

Here you can select to load the data from a text file or, more conveniently, 
paste from clipboard. The format has to be mass and intensity on each line 
separated by space or tab character (additional information on each line is 
ignored). Note that you have to enter the parent mass (MH+) manually in the 
designated edit field. 

Selecting 'OK' opens the graph window 
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This is a standard ms/ms spectrum and should be 
similar to 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 unzoom. Right-click and move 
mouse cursor to shift the spectrum horizontally. 

The left-hand panel has two checkboxes: 

Sequence tags: Turns sequence tags on/off, i.e. 
click on a spectrum peak and the program will try and 
make as long a sequence tag as possible. 

Neighbor tags: Moving the cursor over a peak, will highlight peaks with a 
residue distance within the specified accuracy. It will also raise the bottom 
line 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 Ile/Leu cannot be differentiated (isobaric) and will be labeled as 'Leu', the 
same for Gln 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 

 

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. 

 Grid control. Turns the tag grid on and off when 
active, i.e. after tag search. 

 Options: Displays a pop-up menu for selecting 1) 
Vertical labels 2) Mass labels on/off (for ms/ms search) 
3) Wider peaks for legibility 4) Limit labels 5) Turn mas 
labels off 6) Use sugar units for sequence tags 7) Set 
the x and y-scale 8) Reduce the spectrum to the highest 
125 peaks 9) Copy the graph as graphics 10) Copy the 



10 ð Fragmentation  

 267  

data behind the graph 11) Reduce the label font. 

 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  in order to search for sequence tags. This will 
open the tags result grid: 

 

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 in order 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 '|'. 
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Ms/ms 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 
intensity map, you can double-click on a square to display the corresponding 
spectrum. 

 

For the de novo sequence to work, the sequence tag 
option must be selected (default). 

When clicking on a peak the program calculates all the 
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.

 

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 
and right arrow button on the keyboard. If you want to trim the sequence tag, 
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i.e. if you want to follow another tag option, you just press the corresponding 

N- and -C button . 

Other options: 

Deconvolute: Deconvolutes the spectrum to singly charged species based 
on the ms/ms precision specified. Only doubly and triply-charged species will 
be deconvoluted. 

Limit peaks: Limits the spectrum to the x highest peaks defined by the 
horizontal slider below the checkbox. 

The Copy button enables you to copy the sequence tag in either 1- or 3- 
letter code and with peak mass values. 

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). 

No low mass labels: Turns labels off for intensities <20%. 

Copy spec: Copies the spectrum in vector format. 

Spectrum stacking 

The spectrum viewer in the óSpectrum stackingô function works like the ms/ms 
window above, except that it has an extra control tab, Stacking. 
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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 0 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 

 

The layout of the toolbar varies slightly from window to window depending on 
the capabilities of the current graph. 

 Reset graph to full scale. 

 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. 

 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 óHydrophobicityô, 11.3. 

 Toggle the ótoolboxô on and off. The toolbox contains controls for 
adjusting the 3-dimensional ólookô of the graph, setting the colors etc. 
for more details please see below. 

 Exit. Close the graph window. 

 Current positions of the mouse cursor in graph x- 
and y- values. 
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Mouse commands 

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. 

The selected area will be ógrayedô in order to 
give you a clear indication of what part of the 
graph will be zoomed. The zoom function 
also works in 3-D. 

You unzoom by click and drag the mouse 
cursor left and up or you left double-click 
anywhere in the graph area. 

Pop-up menu: Right-click anywhere in the 
graph area opens the local pop-up menu 
enabling you to choose between the following 
commands:  

Full scale, Set scale, Import 

sequence, Copy as bitmap, Copy as 

metafile, Save to file, Print,  and 

Exit . 

Full scale, Set scale, Save to file and Exit are 
identical to the toolbar buttons described above. 
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. 

Print 

When selecting óPrintô (through the main 
menu, the main toolbar or the pop-up 
menu) you have to acknowledge a 
dialog box with printing options (right).  

From the óPrinterô drop-down box you 
can select any printer installed on your 
system. The system default printer will 
always be the one initially selected. 

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 óDoneô 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:   
The 3D page controls the display properties of the 
graph. By default the graph is shown in two 
dimensions (flat), but by checking the óShow in 
3Dô 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 
the vertical axis (Rotation) or the horizontal axis 
(Elevation).  

Hide legend: When checked, the legend in the 
graph will be hidden (can be useful when rotating 
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: 
The color page of the dialog enables you to set the 
color of the first four graphs displayed in the graph. 
If more than four graphs are displayed at any time, 
the color of the additional graphs will be 
determined automatically. 

Wide lines: The width of the lines used to draw 
the graph is by default 1 pixel. When the óWide 
linesô 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: 

 

Turning on the three-dimensional effect will produce this display 

 

Using the óRotateô sliding bar will turn the graph 
around the vertical axis (right). 

 

Using the óElevationô sliding bar will turn the graph 
around the horizontal axis (below).  
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Secondary structure prediction  11.2  

The secondary structure prediction  is based on the values of Garnier [J. 
Garnier, D.J. Osguthorpe & B. Robson, J. Mol. Biol. 120, 97-120 (1978)] ï 
also known as the GOR secondary predictions. 

 

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  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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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 
óstickyô peptides that are difficult to handle ï or you may just want know 
where in the sequence the transmembrane region is located.  

 

 

When the selection bar  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 

. 
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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: 

 

In the pop-up menu there is an option óSave to file (text)ô 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  11.4  

 

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. 

 

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. 












































































































































