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Hint: Most windows have a pop-up menu that is accessed 
by a right-clicking with the mouse inside the window. Note 
that different parts of a window may have different pop-up 
menus. 

The pop-up menu contains the most common commands 
specific for the particular window. Several commands can 
only be accessed through the pop-up menu. 
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Chapter A ï Basic sequence handling 

1 - The sequence 

The basic unit of most work in GPMAW is a protein sequence. You may choose to enter a 
sequence manually, load it from a database or directly from the Web (e.g. see B.1/2 and C.1). 
However, when you work with a sequence on several occasions, you will normally save it to a 
file on your hard drive. The main advantage to saving sequences locally, in addition to faster 
access, is that the sequence saved from GPMAW may contain additional information, e.g. 
modified residues, cross-links, annotations etc. Note that GPMAW sequence libraries may 
contain multiple sequences. This works in the way that when you save to a file, which already 
contains one or more sequences, the new one is appended to the file, instead of replacing it. 

When reading back a sequence already saved in a sequence library, there is a difference 
between opening a library file containing a single sequence and one containing multiple 
sequences. If the library file contains a single sequence, it will be read into GPMAW 
immediately you select the file, while you will be asked to select a sequence from a list if the 
library file contains multiple sequences. 

Start by loading a 
sequence already 
saved in a file on the 
hard drive. 

Select File|Open  or 

click on the óOpen fileô 
icon. This opens the 
óOpen sequence 
libraryô dialog: 

Select the óblood.seqô 
file and you are 
greeted by the óSelect 
sequenceô dialog. 

This shows a 
GPMAW sequence 
library files containing 
multiple sequences. 
As a sequence file is 
limited to a size of 
264000 bytes 
(characters), there is 
a limit to the number 
of sequences that can 
be stored in a single 
library. In the present 
library, óblood.seqô, 
you can see (status 
bar at the bottom) that 
the file is 9% filled.  

Hint: The nine most 
recently opened files 
are shown at the 
bottom of the File 
menu, thus making it 
easy to access the 
same sequences again. 

Note: The óOpen 
sequence libraryô 
dialog will always 
show the same 
directory initially 
(can be user-
defined). SSSeeettt uuuppp  

Note: When you close a sequence 
window, all associated windows will be 
closed as well. As all associated 
windows refer to the same sequence, 
you should not edit the sequence while 
associated windows are open, as the 
results are unpredictable. 
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The status bar is initially green, but turns yellow and red as you get close to full capacity of the 
file. Furthermore, when a protein is selected, the basic information is displayed in the right-hand 
information box. 

You may now open a sequence either by selecting it with the mouse followed by óOKô (or the 
Enter key), or you may double-click on the sequence name to open it directly. Alternatively you 
can select multiple sequences by holding down the Ctrl key while selecting for a discontinuous 
selection. Use the Shift key for a continuous selection. You open all the selected sequence by 
pressing the óOKô button. The óBackô button returns you to the file selection dialog. The right-
hand drop-down box lists the most recently opened files. 

Select Protein Z, and press óOKô and you will open this sequence window 

This is the basic working window of GPMAW. Most other windows will be 
derived from this window and are called daughter windows.  

The sequence will always be displayed with the number of the first residue to the left of each 
line. The number of residues on a line will be the maximum number possible inside the given 
window, except when the óMultipla 5ô is turned off   SSSeeettt uuuppp . With the óMultipla 5ô turned on the 

number of residues on each line will be a multiple of 5 (i.e. 20, 25, 30é). 

Every 10th residue is labeled with the residue number as a subscript when 
showing 3-letter residue code (divided by 10, i.e. residue 120 is labeled 
with 12) or as a small tick mark when showing 1-letter code. The feature 
can be turned off SSSeeetttuuuppp. Use the 1/3 button in the toolbar to switch 

between 1- and 3- letter code. 

The colors of the displayed residues can be changed for easier navigation 
and to indicate modifications and changes MMM ooorrreee. 

2 - The toolbar 

 

The toolbar of the sequence window contains the following: 

The leftmost panel shows the total mass of 
the protein in Daltons. The button next to it shows whether it is 
the average mass (Av. ï blue) or monoisotopic mass (Mo. ï 
red). You can change the mass type by clicking on the Av./Mo. 
button.  
The next two panels from the left can show either of two states: 

 If no peptide is selected the mass of the amino acid under the cursor 
(i.e. the residue mass + 18 Da) will be displayed in the left-hand panel and the right-hand panel 
will show the residue number (if the protein is a multi-chain protein, the first chain will be labeled 
óaô, the second óbô etc (i.e. 80b is residue number 80 in the second chain counting from the N-
terminus).  

Hint: You can 
select to have the 
most recently 
accessed sequence 
open automatically 
next time you open 
GPMAW.   SSSeeettt uuuppp  

Note: The Av./Mo. button will 
affect all mass calculations 
made on the sequence. For 
proteins the average mass 
makes most sense, but when 
you highlight peptides, you 
should switch to 
monoisotopic mass. 
 

Note: The 
functions in the 
sequence 
toolbar are local 
to the sequence 
window, unlike 
the main toolbar 
that contains 
commands 
global to all 
windows. 
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 If part of the sequence is 
highlighted, the left panel shows the mass of the 
selected peptide and the right panel shows the first and 
last residues of the selection (see next section).  
Note that the mass value displayed is M, not M+H. 

 The 1/3 button toggles between 1- and 3-letter 
code (i.e. KTA vs Lys-Thr-Ala). When you toggle 
between the two modes, all selections, highlights, 
coloring, links etc. are conserved. The default setting is 
done in Setup; separately on the óPeptideô AND the 
óDisplayô page for the peptide and sequence windows 
respectively. 

 Line distance. When the button is pressed, the distance 
between the sequence lines will be increased for easier 
viewing. 

 The óFramesô button toggles the display of an information 
frame to the left of the main sequence window. This window is dynamic, as the content of the 
frame will be updated when the content/selections are changed. 

The information available is close to the same information 
given in the ósequence information windowô (see below), but in 
the frame it is updated dynamically. The individual terms are 
initially hidden, but can be expanded by clicking on the small 
ó+ô, changing it into a ó-ó. 

Information: 
Termini: Name and composition of the N- and C-termini. 
Modified residues: Name, position and composition of all 
individually modified residues (not the ones changed globally 
through the mass table). 
Cross-linked residues: Residues that are cross-linked, 
typically cysteine residues (see B-3). 
Net charge: The theoretical charge of the protein at pH 2.0, 

7.0 and user-selected pH (Setup). 
Molar Ext./Abs.@280: Theoretical extinction coefficient / absorption of the protein at 280 nm. 
Highlights: Percentage of the sequence, which is inverted (highlighted) or underlined, updated 
dynamically. 
Sel. mass: Mass of the selected (highlighted) part of the sequence. Shown as singly, doubly 
and triply charged peptide (i.e. residue mass + 18 + charge). Updated dynamically. Note that 
unlike the peptide mass shown in the toolbar of the sequence window, this is the charged ion. 
More on peptide selections in part 3. 

As can be seen in the sequence part of the figure, modified residues are colored (red). MMM ooorrreee  

 The white on blue óiô opens the sequence information window, which gives you file and 
statistical information, calculated indices (pI, absorption etc.), 
amino acid composition and multiply charged masses. The 
drop-down arrow open a menu giving direct access to the 
various pages in the information window. 

 The next button is a shortcut to the annotation page. If the annotation is empty, the ôaô in 

Note: Although GPMAW can 
display sequences in both 1- 
and 3-letter code, all sequence 
input in the editor and input 
lines has to be in 1-letter code 
to prevent ambiguity. 

Note: A sequence is always 
stored internally as an uncharged 
molecule in single letter code. 

 
Tip: If you right-click in the mass 
panel, a window will display multiply 
charged ions and cluster ions. The 
same information can be found in the 

Sequence information window   MMM ooorrreee, 

but is quicker to access here. 
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the button will be gray, if the annotation page contains text, it will be green, blue or red 
depending on the content of the annotation (Swiss-Prot, Entrez or unknown format 
respectively). 

 The next two buttons show the 
status of the N- and C-terminal respectively (double-click to 
edit). 

 The Coverage button only appears when the 
sequence has a corresponding coverage map associated. This can be generated from mass 
searches, see later. 

 The Close button closes the sequence window and all daughter windows (i.e. peptide, 
cleavage, search and graphical windows) 

Main toolbar ï Seach & cleavage section: 

Two sections of the main toolbar are of direct interest to the sequence window, the Control 
section (described later in Mass calculations) and the Search and cleavage section: 

 Color residues. You can color residues in the sequence in up to three different colors. 
Click on the main button to enter residues or sequences (motifs) in specific colors. Alternatively 
select the drop-down list for quick access to the most common residues (e.g. Lys+Arg for tryptic 
cleavages sites; Phe, Tyr + Trp for chymotryptic cleavage sites etc.).   MMM ooorrreee (Coloring residues) 

 The magnifying glass is a shortcut to peptide mass searching of the protein. MMM ooorrreee   

 Ms/ms search. Search the protein, list of proteins or database using peak lists in either 
mgf, dta or pkl format. 

The scissors are a shortcut to cutting up the protein into peptides. This is usually done 
using proteolytic enzymes, but may also be carried out chemically. The only requirement is that 
the process can be specified relative to specific residues. The small down-arrow button opens a 
menu enabling you to select enzyme cleavage in a single click. Note that the bottom part of the 
menu enables you to specify one missed cleavage, and/or to digest all opened sequence 
windows. MMM ooorrreee  

 Fragment button. Create (ms/ms) fragments of your protein. If part of the main sequence is 
highlighted, this part will be taken as the fragment peptide. If no selection has been made, the 
whole sequence is taken as input. If the sequence is longer than 50 residues you will be asked 
for confirmation before the first 400 residues are used as input. 

3 - Selections 

A useful feature is to determine the mass of 
a peptide that are part of the displayed 
protein. This is easily carried out in GPMAW 
by pointing the mouse at the first or last 

residue in the peptide, press the left mouse button and drag the 
mouse cursor across the sequence. 

The mass of the selected peptide and the region covered will be 

shown in the toolbar . 

The [1] displayed in the first pane indicates that only a single 
peptide has been highlighted. You can highlight multiple sequences by holding down the shift 
button while selecting additional regions. Up to three regions can be selected at a given time. 

Tip: If you rest the mouse cursor 
above either panel, the fly-by 
help will open as a small pop-up 
window showing the chemical 
formula of the terminal. 

Note: When multiple 
sequences are 
highlighted, the mass 
displayed will then be the 
combined mass of all the 
selected regions. Each 
region will be calculated 
as a peptide, i.e. residue 
masses + 18 Da. 
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The region covered will only be shown for the last selection, while the mass will be for the total.. 

You deselect all regions by clicking once in the sequence without holding down the Shift key. 

The arrow keys can alter the most recently selected region: 
The left/right arrow will change the position of the C-terminal residue of the selection one 
residue back or forward. Holding down the Ctrl key will similarly change the N-terminal residue 
of the selection. Holding down the Shift key will move the whole selection. This sound 
complicated, but is straightforward once you try it. 

If you copy the sequence to the clipboard (Edit|Copy to clipboard  or Ctrl+C), you will 

only copy any peptide(s) selected. If no part of the sequence is selected, the whole sequence 
will be copied to the clipboard in the format in which it is displayed (i.e. 1- or 3-letter code).  
Note, when copying this way, only the sequence and not the name will be copied. Pressing 
Ctrl+F you will copy the sequence in FastA format (i.e. 1-letter code including the name of the 
sequence). If you want to copy the complete protein information or if you want to format the 
sequence (e.g. for a report), you should use the Fil e|Export sequence  menu option. 

4 - Coloring residues.  

One of the most efficient tools to examine and manipulate a sequence is to color the 
background of specific residues. This is done either through the óHighlight residuesô dialog 

(Search | Highlight re sidues (motifs) ... ), F4, the highlight button  (in the 

main toolbar) or by right-click and select óHighlight residuesô from the pop-up menu. 

In the example (right) the basic residues have been colored one 
color, cysteines another color and N-glycosylation sites (N-X-
S/T/C) a third color. 

The coloring of residues is done through a simple edit box 
(right). Three colors are available (presented in the left-hand 
column) SSSeeetttuuuppp, and for each 

color you can have four 
different entries (max. 10 
residues in each entry). 
Notice that the question mark 
can substitute for óany 
residueô (do not use óXô as this 
is recognized as a specific 
residue ï unknown). If the 
óHighlight globalô check-box 
is checked, all currently open 
sequence windows will be 
colored. If the óKeep 
highlightô is not checked, the 
entries will be cleared 
whenever the óHighlight 
residuesô dialog is accessed.  

óInvert sequenceô will result 
in highlighting of sequences 
found in both N- and C-terminal directions (e.g. if entering KLGFT both the sequence KLGFT 
and the sequence TFGLK will be highlighted). Useful for searching for a ms/ms sequence tags 
(you may not know whether it is a y-ion or a b-ion series). Isobaric resides will, if checked, 
highlight both kinds of residues, i.e. if the óQ/Kô checkbox is checked and the sequence LKT is 
entered, the sequence LQT will also be highlighted. Again, this is for the benefit of ms/ms 
sequence tags. 

The óQuickcolorô button (the down-arrow next to the óHighlightô button) opens a menu that 
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enables you to color specific residues with a single click. The choice of selections cannot be 
changed by the user, but has been chosen to highlight the most common situations (e.g. 
highlighting R and K for a tryptic digest; C for identifying cross-links etc.). 

It is also possible to highlight individual residues. This is done through the óModify residue 
dialogô (double-click on a residue and click on one of the colored frames at the bottom of the 
dialog box). 

When you highlight a residue you are changing the background color. When you modify or 
underline residues the colors of the letters are changed (by default modified residues are 
colored red), so be careful when selecting colors for background as residues will ódisappearô if 
front and back colors are identical. 

The colors used to highlight residues can be changed by the user SSSeeetttuuuppp (Colors page). 

Underlines. 

Underlines are different from highlights and can be a different way of drawing attention to 
specific residues/sequences: 
1) The can be persistent, i.e. you can save the underline information along with the sequence 
(File|Save w. highlights). 
2) You only have a single color to work with (red by default   SSSeeetttuuuppp). 

3) Are often used to transmit information from daughter windows (i.e. mass search) to the main 
sequence window. 
4) As they are residue-related, they are always specific to a given sequence. 

The underlines are controlled from the pop-up menu in the sequence window and the relevant 
daughter windows. For more information see the manual and the on-line help. 

Chapter B ï Calculating mass values. 

1 ï The mass file. 

Calculating mass values is central to handling sequences in GPMAW. As the way mass values 
are used are quite varied, they are subsequently calculated in a flexible (although a little 
complicated) way. 

Peptide/protein mass values are calculated based on ómass filesô. These are constructed of 
residues. Each residue contains: 1- and 3-letter code, name of residue, atom composition, pKa 
and charge of side chain. The residue is defined by the 1-letter code, which is what the 
sequence is stored as in memory/on disk. 
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The table is edited through the menu Edit | Edit mass file where you have tables for the amino 
acid residues, peptide termini and atom mass values. 

Atom mass table: The basis of the mass calculations is the composition, which again is based 
the table of atom mass values. By default this 
list contains the monoisotopic and average 
mass value of the 16 most common atoms, 
but it can be extended to 24 values. 

Note that the mass of a proton is defined 
separately. 

The mass file: The 
mass files are loaded 
upon startup of the 
program and form the basis for calculating peptide and protein sequence mass values.  

By default GPMAW is delivered with a number of files, which only differ in the compositions 
(mass value) of cysteine. The currently loaded mass file is displayed in the main toolbar next to 

the óSSô button . The default file is called AA_mass.MSS. If you change 
the active mass file by selecting a new in the drop-down box (i.e. click on the arrow and select), 
you will change the mass value of all proteins and peptides opened, to the values defined in the 
new file. Note: this is the easiest way of changing the mass of all residues of a given kind. 

Please note that Cysteine is calculated differently from all other amino acids. If you define Cys 
as being in the reduced state, this will be changed by the program to the oxidized state (i.e. a 
mass value of 103 will be changed to 102). The oxidation step of Cys is controlled through the 
óSSô button. When the button states óSSô, Cys will be calculated as 102 Da, when the button is 
pressed and state óSHô, Cys will be calculated as 103 Da. If Cys is defined as something else 
but 102/103 Da in the current mass file, the SS button will be inactive. 

The most typical example for the use of a mass file is when you alkylate a protein. E.g. if you 
reduce and alkylate your cysteines with iodoacetamide, you will just change the mass file from 
AA_mass.MSS to acetamide.MSS, and all your mass values will be based on Cys = 161 Da. 

Termini: This is a separate table from mass files, which specifies the status of the N- and C-

termini. By clicking on the termini buttons in the sequence window , you 
will open a dialog box enabling you to select the chemical status of the termini. The termini are 
edited in the same dialog box as above.  

2 ï Other ways of changing the mass. 

In addition to changing the mass of a 
residue in a global way as described 
above, you can modify each residue 
individually. If you right-click on a protein 
residue, the pop-up menu displays a 
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óModify ïXxx-ó option, which have a sub-menu detailing the ósimpleô modifications available for 
the particular residue. Selecting one of these will put the modification into the sequence table 
and the mass value will be recalculated. Whenever a residue has been modified, it will be 
displayed in red in the sequence.  
Note: the modification will be carried on into the peptide window and several other. 

When you have modified a sequence, you need to save it to ókeepô the modification. 

If you óun-checkô the óStrict modification checkô at the bottom of the menu, you can select any of 
the ósimpleô modifications for any residue (although it may not have any biological or chemical 
relevance). 

You may also double-click on a particular 
residue to bring up the óInsert modificationô 
box. In the top left-hand box you will see 
the residue and number, which can be 
changed. Two drop-down buttons to the 
right will enable you to either replace a 
residue or insert a ósimpleô modification 
(the same menu as above). 

In the central box is listed the available 
modifications in the currently loaded 
modification file (see below). You can 
either double-click or use the óSelectô 
button transfer values to the edit box 
above. These can also be filled directly. 

Selecting óOKô will transfer the information 
to the selected residue in the sequence. 

The four bottom panels will just transfer 
the corresponding color as a background 
to the residue. 

The modification file 

This is a file which contains up to 30 
modifications specific to one or more 
residues. You may have 
as many files as you like, 
but only one can be 
loaded at any given time. 
In addition to the óInsert 
modificationô box, the 
modification file is used 
in a number of other 
functions (e.g. mass 
searches). 

The modification file is 
edited through Edit | Edit 
modification file. For 
each modification you 
have to edit the Name, 
the Formula, Valid 
residues (if none are 
specified, all are valid), 
the OK box enables you 
to enable just some to 
the entries. The Charge, pKa and Terminal are optional. The mass of the currently selected 
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entry is shown to the right. The Unimod file can be opened at the bottom, and you can select 
entries to the modification file by double-clicking on the Unimod entries. If you do not know the 
chemical composition of a modification, you can enter it by selecting an empty line and click the 
óMass onlyô button. 

A modification file has to be saved to disk before you can use it in GPMAW. 

 

Chapter C ï Disulfide bridges and multiple chains. 

1 - Obtaining the sequence ï The easy way 

 

If you know the accession number of a given sequence, does not matter from which protein 
database, you can most easily obtain the sequence by entering the number in the web access 

input box in the main toolbar . If this section is not available, right-click in an 
empty section of the toolbar and select óWebô from the pop-up menu. 

You retrieve a sequence by entering the accession number and either press óEnterô or click on 
the óWebô icon. The edit box has a second function, as you can enter a residue or small 
sequence and press the óMarkô button to color the relevant residues in the sequence. Settings 
for the coloring are taken from the óColor residuesô dialog box, see above. 

GPMAW will search the 
UniProt database (Expasy 
web site) for all accession 
numbers entered that start with 
O, P or Q. All other accession 
numbers will be searched in 
the NCBI nr database (the 
Expasy web site). I strongly 
recommend that you extract 
sequences from the UniProt 
database, as the sequences 
here are curated, and GPMAW 
is able to extract sequence 
modifications directly from this 
format, see below. 

No matter which database was 
searched, the results will be 
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presented in the óImport ASCII fileô dialog box: 

As GPMAW recognizes the format of both Swiss-Prot and Entrez, the record will be parsed into 
the relevant sections (i.e. name of sequence, the sequence itself, and the accession number). 
These can be reviewed below the record. 

If the sequence is not displayed, you have to select it manually: Highlight the part of the 
record representing the name, and click on the óNameô button. Highlight the accession number, 
and press the óAccess. No.ô button. Scroll to the bottom of the record, highlight the sequence 
and press the óSequenceô button. Note as GPMAW only imports 1-letter codes that are defined 
in the current mass file, space characters, numbers, backslash etc. are ignored and not 
imported. 

Press the óOKô button to import the sequence into a GPMAW sequence window. If the óSave text 
as annotationô is checked (default), the entire annotation will be saved in the annotation window 
and will be saved along with the sequence, allowing you to access it at a later date. 

Note: The top part of the dialog box is an edit box. This means that you can edit the text prior to 
importing it into a sequence window. 

2 - Obtaining the sequence ï Entrez (World Wide Web). 

If you do not know the accession number of a given sequence, if the web retrieval doesnôt work 
or you are just browsing the web and happen to meet an interesting sequence, it is nice to know 
that GPMAW has a very flexible sequence input system: 

For this example we will obtain our sequence from one of the most popular molecular biology 
sites on the web, the NCBI site (http://www.ncbi.nlm.nih.gov/). The web site is powered by the 
Entrez search engine, and we will search in the protein database. 

 

Select ñProteinò in the left-hand drop-down box, and enter óhuman proinsulinô in the search box. 
Press Enter or click on the go button. 

In the results page select number ó9ô by clicking 
on the underlined accession number óP01308ô. 
Most of the results from the search are human 
insulin, but from different databases. P01308 is 
from the Swiss-Prot database. We select this 
entry because it is the best annotated database. 
You can usually recognize Swiss-Prot entries (or the associated TrEMBL entries) by starting 
with óOô, óPô or óQô followed by 5 characters or ciphers. There is more information on Swiss-Prot 
in chapter C.1. 

The result of the search is by default shown in GenPept format. This is OK, as we will get most 
additional information this way. 

http://www.ncbi.nlm.nih.gov/
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Highlight the entry starting with óLOCUSô and move all the way down beyond  óORIGINô, 
remember to include the ending ó//ô (including the ó//ô is also important when loading Swiss-Prot 
records). 

 

Now press Ctrl-C to copy the entry to the clipboard. 

Move to GPMAW and select File|Import text (ASCII)|from 

clipboard . 

The óImport ASCII fileô dialog will open with the entry from Entrez in 
the top edit box, please refer to the picture on the previous page. 

As GPMAW recognizes the GenPept format, the database entry is already parsed into ñNameò, 
ñSequenceò and ñAccession numberò. Make sure the óSave text as annotationô is checked in 
order to save the complete entry in the annotation page of the GPMAW sequence. 

Select óOKô and the entire sequence is imported into GPMAW and opens a separate window. 

 

Notice that she óaô button in the local toolbar is blue, indicating that there is information in the 
annotation page (click on the button to view the complete annotation). The color of the button 
indicates the content type: Gray : no content; Blue : Entrez format; Green : Swiss-Prot format; 
Red : content, but not in a recognized format. 

Now select File|Save as  in order to save the sequence. In the óSave sequenceô dialog you 

enter óhuman insulinô followed by óOKô. Alternatively you can save to an already existing 
sequence file, thus creating a sequence library. By saving several sequences to the same 
library, you greatly reduce the clutter on your hard drive. 

3 - Editing the sequence. 

We now have the insulin precursor, but we want to work with the active form of insulin.  

First we need to know where in the sequence the active part is. Click on the red óaô button (or 

Hint: Alternatively you 
can press the ñImport 
from clipboardò button 

 in the main toolbar. 
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select Info|Annotation ). This opens the annotation page that contains the complete 

database record from Entrez (Swiss-Prot). The interesting part is close to the bottom of the 
page where it reads: 

FT   SIGNAL        1     24  

FT   CHAIN        25     54       IN SULIN B CHAIN.  

FT   PROPEP       57     87       C PEPTIDE.  

FT   CHAIN        90    110       INSULIN A CHAIN.  

FT   DISULFID     31     96       INTERCHAIN.  

FT   DISULFID     43    109       INTERCHAIN.  

FT   DISULFID     95    100  

The information we need here is that the A-chain is from 39-59 and the B-chain is from 1 to 38. 

There are of course several ways of making these chains, but the easiest is to start by opening 
the sequence editor: Select the appropriate sequence window and select Edit|Edit 

sequence é;  alternatively you can right-click in the sequence window to open the pop-up menu 

and select Edit |Edit sequence . 

This opens the sequence editor with the insulin precursor in the edit field. 

Now we start from the 
C-terminus, in order 
not to we donôt change 
the original numbering. 
The status line just 
below the edit box 
indicates the residue to 
the right of the text 
cursor. The first step is 
to separate the chains 
using the dash (ó-ó) 
character, which is 
used as chain 
delimiters. 

To do this, enter a 
dash (ó-ó) at the end of 
the sequence. Move 
the cursor so it is 
between 89 and 90 and 
enter another dash. Do 
the same between 54 
and 55.   

Position the cursor after residue 24 and highlight to the beginning of the sequence. The editor 

looks like this:  

Delete the highlighted portion as this is not part of the mature protein chain. Highlight the middle 
portion from RRE to QKR- and delete it. Highlight the last peptide from GIVE to YCN- (the A-
chain). Cut to clipboard (Ctrl-X or use the buttons in the right-hand control panel), move the 
cursor to the beginning of the line and paste the sequence. Finally move to the end of the 
sequence and remove the dash. 

You now have the final insulin molecule: 
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Delete the word óPrecursorô from the name line and you are done. Select óOKô takes you back to 
the sequence display. The disulfide bonds could have been entered in the sequence editor, but 
it is just as easy from the sequence window. 

A few things worth noting when working with multiple chains: 

The ódashô chain delimiting character becomes three dashes in 3-letter code with a dash before 
and after, in total five dashes. The chains are named a, b, c etc. (counting from the N-terminus) 
as you can see from the cursor pointing to residue 3 in the B-chain (the third position panel in 
the toolbar shows [3b]). For every chain delimiter, 18 Da is added to the molecular mass relative 
to the single chain molecule. Note: in the sequence editor you can change the naming of the 
chains in the óSequence chain labels:ô field, i.e. if you want l and h (for light and heavy chain) 
you just enter l and h as the two first characters in the field. 

4 ï Disulfide bonds 

We still need to define the disulfide bonds. From the annotation page we looked at above, we 
can see that the following disulfide bonds are present: A-chain first to third, second to first on 
the B-chain, and the last on the A-chain to the last on the B-chain. When looking at the 
annotation information remember that the A-chain comes after the B-chain in the linear 
sequence of the precursor.  

Right-click on the sequence and select Edit | Edit cross - links  from the pop-up menu or 

Edit cross - links  from the Edit  main menu (you can also use the keyboard shortcut Ctrl + 

F11). As soon as the cross-link dialog opens, the Cys residues will be colored, as this is the 
default residue to cross-link. 

The sequence now looks like this 

To define the links, you now just have to click on the 
Cys residues to link in the correct order and they will 
be entered into the table as you click on them. If you 
click on the wrong residue, just click on the óXô in the 
top left of the table, and the corresponding line in the 
table will be cleared.  

If you want to link other residues, just select this in the 
drop-down box to the right, and click the óUpdateô 
button to refresh the sequence window. 

If you have multiple sequences where you want the 
same disulfide pattern (e.g. if you have multiple IgG 
sequences), you can save the pattern to disk and re-
load it for the next sequence. The pattern is based on 
link-residue 1 to link-residue 4 etc, e.g. not on specific 
sequence positions. This enables the pattern to be 
transferred even if there are insertions and deletions 
in the sequences. 

In the bottom of the window, you can select the color 
with which to paint the lines connecting the Cys. 



GPMAW for dummies  

 

15  

 

Select óOKô and you move back to the sequence window with the defined cross-links shown in 
red: 

Cysteines can be in the oxidized state (S-S, cross-linked) or in the 
reduced state (SH). This is controlled in GPMAW by the SS button in 
the main toolbar. When the button shows óSSô cysteines are oxidized and the cross-links are 
shown in red colors (Cys is calculated with a mass of 102 Da). When the button shows óSHô 
cross-links are broken and shown as gray lines (Cys is then calculated as 103 Da). The activity 
of the SS button is also connected to the currently selected mass file (shown in the drop-down 
box next to the SS button) as Cys has to be defined as mass 102/103 Da. Note: the action of 
the óSSô button is global to all sequences opened in GPMAW. 

Save the file using command. This will save to the same file (and 
position if it is a library file). If you use the File|Save as  

command to save to the same file, the sequence will be appended 
to the sequence file, thus generating a sequence library (if the file is not already a library). If you 
append it to the existing file, it will be advantageous to rename the name of the sequence to 
differentiate from the previously saved sequence (e.g. add óCross-linkedô to the beginning of the 
name). 

Note: If you imported the sequence from the Swiss-Prot database, the database annotation will 
end up on the annotation page of the sequence. GPMAW is able to interpret the óFeatureô 
section of this annotation, so you can import the disulfide bridges directly into to sequence with 
a few mouse clicks (that is if they are part of the annotation which is usually the case). The 
features should be imported prior to changing the sequence length. For more information please 
see section C.1-2, the manual and the online help. 

5 ï Cleaving proteins ï also with linked peptides 

Cleaving a protein into peptides is usually done using specific proteases or using chemistry. 
GPMAW uses a very flexible notation that enables you to specify up to approximately 16 
positions with órequired residuesô, ónon-cleaving residuesô, ómultiple independent specificitiesô 
etc. In addition you can enable ómissed cleavagesô, focus on a mass range, modify peptide 
terminals, perform deuterium exchange etc. For details check the on-line help and chapter 9 of 
the manual. Cleaving linked peptides generally works just like cleaving non cross-linked 
sequences with only a few minor differences. 

The fist thing to do when selecting an enzyme to use for cleavage, is to highlight the residues 
participating in the particular cleavage (e.g. Arg and Lys for trypsin, E for endoproteinase Glu-C, 
Trp, Phe and Tyr for chymotrypsin etc.). As the program use different colors for the different 
residues selections, you get a view of the resulting peptides. Particular regions where cleavages 
are difficult can usually be seen clearly (i.e. regions where cleavages are far apart or particularly 
close ï generating very long or very short peptides that both can be difficult to separate and 
analyze). As in most cases, it is much easier to have an overview of the sequence when viewed 
in 1-letter code. 

Another way is to select the Cleavage|Cleavage analysis  dialog. 

The window consist of three tabbed pages, where the first page enables you to view the 
peptides generated by the first 8 enzymes listed in your automatic cleavage list. 

In the right-hand panel you select the cleavage reagent. The main window shows the peptides 
generated in individual colors. 

Note: The default state of 
the SS button can be 
defined in setup.   SSSeeettt uuuppp  
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The bottom 
panel enables 
you to show 
only some 
peptides, i.e. 
excluding small 
or large 
peptides or 
excluding very 
hydrophilic or 
hydrophobic 
peptides. 

If you check the 
óNo limitsô 
checkbox, all 
peptides will be 
shown. 

By clicking on 
the different 
cleavage 
agents you can quickly select an enzyme that gives the best-sized peptides.  

The graph page shows the number of peptides divided into mass ranges and the Single 
cleavage page shows a peptide summary along with a sequence where highlighted residues 
show cleavage points. 

Note: The coverage page can be saved to disk in óCoverage analysisô format, enabling you to 
compare with actual sequence coverage obtained. Please see end of this handbook. 

For the plasminogen analyzed in the setting above, chymotrypsin seems to be a very 
appropriate enzyme to use for general analysis (except that it doesnôt always cleave as cleanly 
as several other enzymes). 

You now switch back to the sequence window and click on the down-arrow next to the 
scissors button. This opens the ñQuick-cleavageò menu where you can select among the 10 top 
entries in the óAutomatic digestô list. This menu does not give you many options, only ó1 missed 
cleavageô and óDigest all sequencesô at the bottom of the menu, but this is usually sufficient. If 
you need more options, click on the óscissorô button for the full options. From the drop-down 
menu you now select óChymotrypsin /W,/Y,/F-\P, and peptide window opens: 
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The first column always shows the peptide number in the 
cleavage of the protein. In this case 66 peptides are 
generated as ócleanô cleavages, so numbers above 
signifies that the peptides contain a missed cleavage site. 
The blue superscript after the number indicates the 
number of missed cleavages. Note that peptide 19 
contains a FP site that is not cleaved as the enzyme 
specifications are that cleavage does not take place in 
front of a proline residue. This is thus not counted as a 
missed cleavage. 

Each column contains specified information for the given 
peptide. Currently 19 different formats can be chosen, 
from mass, m/z at various charges, through pI, HPLC 
retention index to alternate mass tables etc. For a 
complete list, please refer to the on-line help, the manual and the sidebar. 

Notice in the window that the coloring of residues in the sequence window has been carried on 
into the peptide window. In addition to the ónormalô information, linked peptides are shown at the 
bottom after all non-linked peptides. The first column shows the number of the peptides linked, 
and the last column the mass of the peptide(s). 

The non-linked peptides may be sorted by any column by clicking on the respective header. 
Click a second time to reverse the sort order. The toolbar of the peptide window gives access to 
a number of functions. From left to right: Change mass type; Setup peptide list properties; 1-/3- 
letter residue display; Alternate column display; Peptide information (select appropriate peptide 
first); Remove low mass peptides from list (cutoff is set in SSSeeettt uuuppp); Show partial modifications in 

list; ms/ms cleavage (select peptide first); simulated HPLC chromatogram; simulated HPLC 
chromatogram; charge vs. pI graph (select peptide first), and isoelectric focusing gel. Checking 
the ñSync. Windowsò checkbox will result in underlining of the selected peptide in the parent 
sequence window. 

If you right-click in the window, you will get additional choices in the pop-up menu. 

D ï Post-translational modifications. 

1 - Obtaining the sequence ï Swiss-Prot. 

Note: The actual information 
displayed can be configured in 
óSetupô. Click on the white-on-blue 
button in the peptide window toolbar 
and the óSetupô dialog opens on the 
óPeptideô page. At the bottom are 
the two column layouts. Click on the 
óSetupô button to configure columns. 
Choices are: Mass, negative charge 
mass (-1 or ï2), positive charge 
mass (1 to 4), location, HPLC index, 
Bull & Breeze index, charge, pI, 
mass from alternate mass file, 
addition of a set mass .   SSSeeettt uuuppp  
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This time we will retrieve a sequence from the Swiss-Prot database. The Swiss-Prot/UniProt 
database is supplied on the original GPMAW installation CD-ROM. The database cannot be 
accessed directly on the CD-ROM so you have to copy it to the hard drive using the installation 
program (can be done after the main installation of GPMAW). If you do not have the CD-ROM, 
or if you need a more recent 
version of the database, you 
can download it from the 
Internet (e.g. 
ftp.ncbi.nlm.nih.gov, 
ftp.ebi.ac.uk, ftp.expasy.ch), 
but you have to convert it to 
FastA format and index it 
using the Dbindex utility before 
searching the database. 

The main reason for using the 
Swiss-Prot database is that 
this database is the best-
annotated and curated protein 
database. This also means 
that the database is less 
redundant and the sequences 
found here are more likely to 
be ócorrectô than auto-
translated sequences from a 
nucleotide database. 

Select File|Open 

Database| FastA  (or click the FastA button  in the main toolbar) and the search database 

dialog box (right) will open. The first time you open the dialog it will be empty and you will have 
to navigate to the relevant database file (with a .trg extension) in order to get access to it. Once 
accessed, the program óremembersô the database (or rather the 5 most recently accessed), and 
you can open it directly by either pressing the relevant button in the bottom left corner of the 
dialog (the buttons show the first two characters of the database name, the fly-by help shows 
the full name), or you can access it at the bottom of the File  menu item. 

After you have installed the Swiss-Prot database from the CD-ROM, press the óOpen databaseô 
button, and in the óOpenô dialog you navigate to the Swiss-Prot database. When you have 
found the correct database directory, you select the file óswiss.trgô. 

When the óSearch databaseô dialog opens, you are greeted 
with information on the database (see above). You can see 
the selected database in the title (Swiss) and in the status line 
at the bottom of the dialog where the complete path to the 
database is displayed. 

On future access to a FastA search, you can select File| 

Open FastA database  in the main menu or the buttons at 

the bottom of the dialog box.  

The fastest way to retrieve a sequence is by using the 
accession number (if known). Just enter the accession number 
(e.g. P23805) in the óAccession #ô field, press the search 
button and the name of the protein will show in the result box: 

Highlight the name and press the 
óRetrieveô button and the sequence will 
be imported into GPMAW as a 
sequence window. If the óRetrieve 

Tip: You may also access the 
database across a network, 
thus allowing several people to 
share the same databases. 
When copying the database 
make sure to copy all required 
files (5 files with the same name 
but the extensions .seq .ndx 
.acc .trg .fac + .idx and the 
annotated database in case of a 
swiss-prot format database 
(swiss, EMBL, IPI)). 

ftp://ftp.ncbi.nlm.nih.gov/
ftp://ftp.ebi.ac.uk/
ftp://ftp.expasy.ch/
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annotationô tick-box is selected (it is óonô by default), the entire database entry will be copied into 
the annotation page of the sequence window. 

If you do not know the accession number, you will have to search on the basis of the protein 
name and, perhaps, species. Please remember that you are searching the FastA formatted 
version of the database, not the entire database (even though you will retrieve the full database 
entry). You are thus limited to words that are present in the name line of the database entry. 
This line will usually also hold the species name. If you need to search in other parts of a 
database entry, you will need use one of the web search engines (e.g. the EBI, www.ebi.ac.uk, 
or Expasy, www.expasy.ch for the Swiss-Prot database). 

If you want to retrieve Bovine Coagulation factor X 
from cow you should enter:  

You could also have entered ófactorô, but the 
search returns so few entries that it does not 
matter. Normally you use óandô for the search 
parameters (in this case ócoagulation and bovineô), 
but you can also use óorô (works only reliably for 
two parameters). If you get an óI/O error 87ô your 
search terms are too loose and you have to narrow 
them. You should always put the most selective term 
first (e.g. if you use óhumanô make it the last term). 

The results of the above search returned 7 hits. 
Double-click on ófactor Xô or highlight and press 
óRetrieveô. If you wanted to retrieve several 
sequences, you can hold down the Ctrl key while 
selecting (clicking on) multiple hits and finally select 
the óAllô button to read all sequences into GPMAW. 

Select óDoneô when you are finished retrieving sequences. 

Save the sequence(s) to disk (remember you can save multiple sequences to the same file). 

2 ï Inserting post-translational modifications 

If you have retrieved your sequence from a Swiss-Prot database as illustrated above you should 
have a green óaô in the sequence toolbar 

If the óaô is not green and there is no information in the annotation page, you should go back 
and make sure that the óRetrieve annotationô tick-box is ticked in the óSearch databaseô dialog 
(alternatively there was no annotation to retrieve from the database, either because the full 
database was missing or the cross-index file was not functional). If you still do not get the 
annotation, your sequence database is not set up correctly and you should reinstall it (e.g. by 
using the install program on the CD-ROM or re-index a downloaded database). Note that you 
will not get an annotation when you use other databases like the EMBL-nr or NCBI-nr as these 
databases are originally in FastA format and does not contain other information than name, 
accession number and sequence. 

Click on the green óaô in the sequence window toolbar. Looking at the secondary modifications 
in the annotation, they should look like this for human Factor X (2 coloums)

FT SIGNAL      1    ?  

FT PROPEP      ?   40  

FT CHAIN      41  180  FACTOR X L IGHT CHAIN.  

FT CHAIN     183  492  FACTOR X HEAVY CHAIN.  

FT PROPEP    183  233  ACTIVATION PEPTIDE.  

FT CHAIN     234  492  ACTIVATED FACTOR XA, HEAVY  

FT                     CHAIN.  

FT PROPEP    476  492  MAY BE REMOVED BUT IS NOT  

FT                     NEC ESSARY FOR ACTIVATION.  

FT DOMAIN     86  122  EGF - LIKE 1, CALCIUM - BINDING 

FT                     (POTENTIAL).  

FT DOMAIN    125  165  EGF - LIKE 2.  

FT DOMAIN    234  492  CATALYTIC.  

FT MOD_RES    46   46  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    47   47  GAM MA- CARBOXYGLUTAMIC ACID. 

FT MOD_RES    54   54  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    56   56  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    59   59  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    60   60  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    65   65  GAMM A- CARBOXYGLUTAMIC ACID. 

FT MOD_RES    66   66  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    69   69  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    72   72  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    75   75  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES    79   79  GAMMA - CARBOXYGLUTAMIC ACID. 

FT MOD_RES   103  103  HYDROXYLATION.  

http://www.ebi.ac.uk/
http://www.expasy.ch/
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FT BINDING   200  200  SULFATE (IN SOME MOLECULES).  

FT CARBOHYD  208  208  

FT CARBOHYD  218  218  N - LINKED (GLCNAC...).  

FT CARBOHYD  485  485  

FT ACT_SITE  275  275  CHARGE RELAY SYSTEM.  

FT ACT_SIT E  321  321  CHARGE RELAY SYSTEM.  

FT ACT_SITE  418  418  CHARGE RELAY SYSTEM.  

FT DISULFID   90  101  

FT DISULFID   95  110  

FT DISULFID  112  121  

FT DISULFID  129  140  BY SIMILARITY.  

FT DISULFID  136  149  BY SIMILARITY.  

FT DISULFID  151  164  BY SIMILARITY .  

FT DISULFID  172  341  INTERCHAIN.  

FT DISULFID  240  245  

FT DISULFID  260  276  

FT DISULFID  389  403  

FT DISULFID  414  442    BY SIMILARITY.  

As this is a Swiss-Prot annotation, GPMAW has two was of inserting the modifications into the 
sequence, a manual and a semi-automatic one. As the manual one is generally applicable, it 
will be presented first. 

Manual method for posttranslational modifications: 

When you want to add post-translational modifications to your sequence, you can either add 
these as a ónewô residue or as an add-on modification (see below). If you have a large number 
of residues and/or you analyze this residue regularly, you should use óNew residueô. If you on 
the other hand only have a few modifications of a given kind, you should use óAdd-on 
modificationô. 

óNewô residue: As there is 
a large number of modified 
residues of the same type 
(gamma-carboxyglutamic 
acid) you can use the 
óextraô amino acid residue 
feature of GPMAW and 
use individually modified 
residues for the rest. 

The first task is then to 
create a ónewô amino acid 
residue in GPMAW. From 
the main menu select 
Edit|Edit mass file . 

Scroll the list of residues 
until you come to the 
óUnknownô section of the mass list.  

As all 1-letter codes have to be unique (and not a punctuation mark, ó-ó or ó$ô) select the 1-letter 
code óUô. The default for óunknownô residues is that the 3-letter code is a triplet of the 1-letter 
code, but as it only has to be unique, so changed the 3-letter code to óGlaô, and the name to 
CarboxyGlu. The amino acid composition you copy from Glu (C5H7N1O3) and paste it into the 
composition field. Then double-click on the composition to invoke the óElemental compositionô 
editor and increased the number of óCô atoms by one, and the number of óOô by two. 
Alternatively you can just edit the field directly (click twice or select and press F2). 

Save the file using the óSaveô button. If you only want the modification for special occasions, 
you can use the óSave asô button and give it a unique name. 
You can then select the file through the mass file selection 
box in the main toolbar. 

Return to the sequence window and start editing 
(Edit|Edit sequence ). Start by changing the 12 Glu 

residues (res. 46, 47 é 79) in the N-terminal to óUô (our new 
carboxyglu). Remember that the óCursorô field in the 
sequence editor reports the residue number before the 
cursor. 

óAdd-onô modification: The modifications of individual 
residues can either be carried out from the sequence editor or from the sequence window: 

I) In the sequence editor click on the óModificationsô button and in the resulting óInsert 

Note: If you need the Gla 
modification both with and without 
a given Cys modification (e.g. a 
pyridylethylated cysteine ï 
defined in pe_cys.mss), you have 
to enter the modification in both 
mass files (e.g. both in the default 
aa_mass.mss file and in the cys 
modification file pe_cys.mss 
(pyridylethylated cys)). 



GPMAW for dummies  

 

21  

 

modificationô dialog you enter the residue number. Alternatively you can double 
click on the residue.  

II) In the sequence window you double-click on the residue to be modified and you get 
the ñInsert modificationò dialog box. 

III) You right-click on a residue and from the pop-up menu you select óModify Xxx-ó and 
from the sub-menu, you can select among pre-defined modifications. 

For both I) and II) you get the same óInsert 
modificationô dialog box (right). If the 
modification is in a modification database 
(in the example the adducts.mod file has 
been loaded), you can select it from the list 
box. If not, you enter a name 
(hydroxylation) and elemental composition 
(O1 ï one extra oxygen) and click óOKô (the 
composition can easily be entered with the 

composition calculator ). Pre-defined 
simple modifications can be selected using 
the óInsert simple modificationô drop-down 
list (identical to the selection in III). If you 
need to exchange a residue (i.e. perform a 
mutation) you can use the óReplace residueô 
drop-down list instead of opening the 
sequence editor. 

The panels at the bottom of the dialog box 
will color the residue in the sequence 
window using the displayed background 
color (and the dialog will close 
immediately). 

The residues in position 208 and 485 are O-
glycosylated and 218 is N-glycosylated. The 
actual carbohydrate groups are not mentioned in the annotation, and you will have to refer to 
the main literature to determine the actual modification to enter in the sequence. N-linked 
glycosylations can be quite heterogeneous, and identifying the exact glycosylation pattern can 
be difficult ï see the glycosylation tool in section C.3 below. 

Now you can enter the disulfide links by clicking the óCross-linksô button as described for 
insulin in the previous example. 

In the sequence editor you can now insert a cleavage (the dash character ó-ó) after residue 233 
(the activation peptide) and remove the initial 40 residues (the signal- and the pro-peptide). 
Click on óOKô and you have your final edited sequence: 

 

Notice that the Cys residues have been highlighted in order to better locate them. The Glu 
residues in the N-terminal region are correctly labeled as Gla. The modified Asp residue is red 
(if you move the mouse cursor over it you can see the actual modification in the top right) and 


