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Chapter AT 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 Ioading a Open sequence library @@
sequence already ) .
saved in a file on the Lock i | (3 gpmaw x| e ®E ek E
hard drive. y Fau:_x_bov.SEQ pth\B.SEQ
. =S ? | 5| gpkest. seq [ referee. . SEQ
Sele?t Fllelopen or My Recent calretJ:ue_p_Fsa.seq . Immunoglob.seq S‘."NLICLEIN.SEQ
click on t hle DD@_{”@“D e gcalrelficulh.SIEQ e Oinsulin.SEQ TestZ.seq
icon. This opens the i ) chinensis. SEQ =) 3an 56 = test. 5EQ)
60pen sequeln C = chymotrypsinSEQ [ Juriseq.SEQ =] testpeptide. sEQ
. ~ . shiop [ coll_allz.5Eq (=] keratin.sEQ = TESTSEG SE
l i brary6 dijJal og =
. coll_all.SEQ kim_toxin, SEQ Eharleif, SEC
Select the [6bl god3ddngp Hanos [t phe SEQ
: [ cuticle sE = loven.sEQ = ur.5eq
file and you are DB defensin R-5,56Q | metallathionein, SEQ
gree téc(ia' (Ij by |t h g © S# eIsocﬁSE% = mPra.sEQ
sequenceodialog. o] emma Lund, 5EQ myuglohin.SEQ
This shows a My Conpue | FeremesSEQ - Frvodabin: 52
GPMAW sequence i Select sequence - Blood seq =10l
Iibrary ﬁleS gontaining 406] Haptoglobin-2 precursor - Human Haptoglobin-2 precursor - Humar
[624] Coagulation factor XI (EC 3.4.21.27) precursor - Human _
multiple sequences. Egg{ Elasmalxk(algiécrgi: g51(3223j4_21_34} preE'ursor - Human ﬁ:g':“i%_]gg% Da
. . actor AL precursar - numan . L .
As a sequence file is [416] Coagulation factor IX (Christmas factor) (EC 3.4.21.22) - Bovine SCETETELEE 35
“mlted to a size Of [476] Coagulation factor X (EC 3.4.21.6) precursor - Human (fragment) S
[396] Protein Z - Bovine i ; |
264000 bytes [460] Protein C (EC 3.4.21.-) precursor - Human g:szLr?ﬁﬁWALLLNGQLFMD o
H [456] Protein C precursor (EC 3.4.21.-) - Bovine (fragment) DV !
(Char_aCterS)' there 1S [492] Coagulation factor X (EC 3.4.21.6) precursor - Bovine ADIVAKTIAEN
a limit to the number [790] Plasminogen (EC 3.4.21.7) - Human
[328] Haptoglobin-1 - Human File :
of sequences that can [242] Complement subcomponent C1r (EC 3.4.21.41), b chain - Human Size | 23840 bytes
be stored in a Sing|e [624] Prothrombin (EC 3.4.21.5) precursor - Bovine Sequences: 19
. [633] Prothrombin (EC 3.4.21.5) precursor - Human (fragment) Capacity used : 9%
|Ib|’al’y. In the pl’esent [141] Hemoglobin alpha chain - Human
i a7 [146] Hemoglobin beta chain - Human
I ! b rao (y S dp [2050] VON WILLEBRAND FACTOR - HUMAN - BIOCHEM. 25, 3171 (1986)
you can see (Status [492] Coagulation factor X precursor (EC 3.4.21.6) (Stuart factor) - Bos taurus (Bovine) || j
bha-r falt thegtz;)t;?;’n()j that Sort by name __':'I Select all @ Back V oK x Cancel
the file I1s 9% filled.
Note:The 06O0Op Hint: The nine most Note: When you close a sequence
sequence library6 recently opened files window, all associated windows will be
dialog will always are shown at the closed as well. As all associated
show the same bottom of the File windows refer to the same sequence,
directory initially menu, thus making it you should not edit the sequence while
(can be user- easy to access the associated windows are open, as the
defined). Seup same sequences again. 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 6 O Kdi 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
pressingthe 6 OKodtton. The O6Backd button returns you-to the f
hand drop-down box lists the most recently opened files.

Select Protein Z, and press ¢ O Kadd you will open this sequence window

Note: The

. functions in the
i 43088.63Da Av. 131.17Da [264] Jé:[] H - a | uydogen Free acd sequence

1 AGSYLLEELFEGHLERECWEEICVYEEAREVFEDDETTDEFWRTYMGGSECASQP toolbar are local
60 GSCODSIRGYACTCAPGYEGENCAFAESECHPLRLDGCQHECYPGPESYTCSCAR to_trée sequle;lilce
window, unlike
119 GQDRRSCLPHDRCACGTLGPECCQRPQGSQONLLPFPWQVKLTNSEGKDFCGGVL] o oin toon
178 FVLTTATCSLLYANISVETRSHFRLHVRGVHVETRFEADTGHNDVALLDLAREVR| that contains
1 1 1 1 1 1
237 GRPVCTADADFADSVLLPQPGVLGGWTLRGREMVPLRLRVTHVEPAECGRALNAT| commands

296 TSCERGAAAGAARWVAGGAVVREHRGAWFLTGLLGAAPPEGPGPLLLIKVPRYAT| globalto all
windows.

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 t h&stypWihithei pMal 6dpla 66r hednef

number of residues on each Iline will be a multipl
Every 10" residue is labeled with the residue number as a subscript when | Hint: You can

showing 3-letter residue code (divided by 10, i.e. residue 120 is labeled select to have the

with 12) or as a small tick mark when showing 1-letter code. The feature most recently

can be turned off S&typ. Use the 1/3 button in the toolbar to switch accessed sequence

open automatically
next time you open
The colors of the displayed residues can be changed for easier navigation | GPMAW. Seiup

and to indicate modifications and changes Mare.

between 1- and 3- letter code.

2 - The toolbar
© 43088.63Da Av.  131.17 Da [264] yg T H - a | @ Hydrogen Free acid & |

The toolbar of the sequence window contains the following: Note: The Av./Mo. button will
affect all mass calculations
The leftmost panel shows the total mass of made on the sequence. For
the protein in Daltons. The button next to it shows whether itis | Proteins the average mass
the average mass (Av. i blue) or monoisotopic mass (Mo. i b GE ot s, [ vituer

. you highlight peptides, you
rbi?t)(.):ou can change the mass type by clicking on the Av./Mo. should switch to

i monoisotopic mass.
The next two panels from the left can show either of two states:
131.17 Da [264]

43088.63 Da Awv.

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

6ab6b, the second 6bdé etc (i . e. 80 bountirgframeghe N-due numb
terminus).
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1314.46 Da[1] [13-22] R . —
- - M4 BEZT4.14 | M1+ 8527414
RN HLERECWEE Tl L ED oMyt 176547.28 | M2+ 44137.58
~warmrzoevEeoaoz s If part of the sequence is 70 DY amy 264E20.42 | M3+ 2942539
highlighted, the left panel shows the mass of the ;3; ;T 4M+ 35309356 | M4+ 22069.29
selected peptide and the right panel shows the first and 277 g MM 441366.69 | M5+ 17655.63
last residues of the selection (see next section). Sqp a OM+ 52963983 [ ME+ 14713.20
Note that the mass value displayed is M, not M+H. 415 p Copy mass value
Tip: If you right-click in the mass

el | The 1/3 button toggles between 1- and 3-letter panel, a window will display multiply
code (i.e. KTA vs Lys-Thr-Ala). When you toggle GIENTIEE (075 Sie ST RS, 1ine
between the two modes, all selections, highlights, same 'nforr.nat'on ean be. foundﬁ;:
coloring, links etc. are conserved. The default setting is ts,jﬁil;en&i;g:%mgfegglhrﬁzw ’
doneinSetup;s epar atelPegpomndelde A 9 :

0Di splayé page for the peptid

respectively. Note: Although GPMAW can

display sequences in both 1-

. . . ) and 3-letter code, all sequence
Line distance. When the button is pressed, the distance input in the editor and input

between the sequence lines will be increased for easier lines has to be in 1-letter code
viewing. to prevent ambiguity.

The 6 F r a maettendtoggles 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.

Protein EFRTY The information available is close to the same information
[ Termini:

EI Modified residuss

L Asp104 Methylatio [
EI Crozs-linked residuss

| Lo Cys120-Cys148
-r.st charge

[ Molar Ext./Abs. @280

=
Liy
=]

the frame it is updated dynamically. The individual terms are
initially hidden, but can be expanded by clicking on the small
6+6, changbtng it into a 6

n I R I |
=
|
I

G b
X
=1 [
== ]
1 I
=l

]

1
s
Lo

=]

(s N 3 BT R R T L% I B

EIIEL Information:
o1 Highlights Termini: Name and composition of the N- and C-termini.
L verted: T [1.5%) Modified residues: Name, position and composition of all
. Underlined: 0 [0.0%] individually modified residues (not the ones changed globally
= Sel mass through the mass table).
M1+ 759.834 Cross-linked residues: Residues that are cross-linked,
- MHZ+ o 380.421 typically cysteine residues (see B-3).
- MH3+: 253.949 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.

[ IR WH I % B O T B
3oin

[ 9.
mn

g a3

PR e T

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

i B The white on blue 6 iopg&ns the sequence information window, which gives you file and

statistical information, calculated indices (pl, absorption etc.), | note: A sequence is always
amino acid composition and multiply charged masses. The stored internally as an uncharged
drop-down arrow open a menu giving direct access to the molecule in single letter code.
various pages in the information window.

@ Thenextbuttonisashor t cut to the annotation page.

Wi

“IEE given in the Otsieognu ewicned oi widf ofmsneae

f

nd

b €
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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).

Tip: If you rest the mouse cursor

0 Hydrogen Free acid 0 | The next two buttons show the above .either panel, the fly-by
status of the N- and C-terminal respectively (double-click to help will open as a small pop-up
edit) window showing thg chemical

' formula of the terminal.

Coverage

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

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

. . . H - i =
Main toolbar i Seach & cleavage section: B &4

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:

8- 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.). Mare (Coloring residues)

N The magnifying glass is a shortcut to peptide mass searching of the protein. Mere

i)
#7. 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. More

HF 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

;f f:rgf"' A useful feature is to determine the mass of | Note: When multiple

45 I,Iet__,::,l,:,_,._ Ser. & pep_tlde thaft are p_art of t_he dlsp_layed sequences are

61 Ser-cys-GlE-nsp- Protein. This is easily carried out in GPMAW | highlighted, the mass

by pointing the mouse at the first or last displayed will then be the
residue in the peptide, press the left mouse button and drag the combined mass of all the
mouse cursor across the sequence. selected regions. Each
region will be calculated
The mass of the selected peptide and the region covered will be as a peptide, i.e. residue
. 1041.13 Da[1] [103-112] masses + 18 Da.

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.

5
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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
(Search | Highlight re sidues (motifs) ... ), F4, the highlight button B8~ (in the
main toolbar) or by right-click and select6 Hi ghl i ght r esi-upmens.6 fr om

In the example (right) the basic residues have been colored one ‘Leu-G1ly-Fro-Glu-CyasCyss

color, cysteines another color and N-glycosylation sites (N-X- -Phe-Pro-Trp-Gln-Val-hyse
S/T/C) a third color. -Wal-Leu-Ile-Gln-hsp-Lzan-
The coloring of residues is done through a simple edit box -Alapghsn-Ile-Ser-val -GHSS
(right). Three colors are available (presented in the left-hand “His-Val-HiszThr SEERFhe-
column) Setup, and for each x|
color you can have four

different entries (max. 10 i Clear
residues in each entry). N?T N?S N?C

Notice that the question mark > |

can substitute R K

residued (do n«

IS r_ecog_rjlzed asa speC|f|c ighlight profile ighlight options

residue i unknown). If the eabaric reciduse:

6Hi ghl i g hheckgoxo | 2 Load sobaricresidues:  [TLL [T OK 7 EMox

is checked, all currently open [T Invert sequence

sequence windows will be I save ... o o

colored. Ifthe 6 Ke e p [w Highlight Global | Keep Highlight

hi g h | iiseqdt ¢hécked, the
entries will be cleared ¢ 0K ¥ cancel ? Help
whenever the 0I

residuesd di al « Residues will be colored in the left column colar.

Enter sequence in single letter code. Max. 10 residues pr. field.
0l nvert swil gesuét n « '?' substitutes for any residue
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 6 Q/ ckettkbox 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 6 Qu i c k buttdn ¢re down-arrow nextto the 6 Hi g h Ibudttghhopehs a menu that

6
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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 throughthed6 Mo di fy r esi due
d i a | (dogbfe-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
front and back colors are identical.

The colors used to highlight residues can be changed by the user Setup (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 Setup).

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 BT Calculating mass values.

17 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/proteinmassval ues are calcul ated based on dédmass fi
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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x

IEESS file |'I_'ermini | Atomic weights | ser 'u'E'UE|

Maszs file: cmcys.mss
1-lett | 3-lett | Name | Composition | Monoiso. | pKa | Ch. |; H Save
X Xxx  Unknown CEHBN101 110.06 0.00 0 — b saveas
A Ala Alanine C3H5M101 71.04 0.00 ]
C Cys Cysteine CSHM 10351 161.01 10,30 -1
D Asp Asp, add C4H5M103 115.03 3.50 -1 =
E Glu Glu, acid COHM103 129.04 4,50 -1 Cx” Insert pia

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 Atomic weights |User value]

mass value of the 16 most common atoms,
but it can be extended to 24 values.

Atom |Hame |Ave. mass | Mono mass |+~
Note that the mass of a proton is defined c Carbon 12.011000 12.000000 |—
separately.

H Hydrogen 1007340 1.007325
The mass file: The Mass of a proton N Nitrogen 14,006700 14,003074
mass files are loaded |1 00727647 o o 15 999400 5 004815
upon startup of the *¥gen ; ;

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 0SS SSI‘E"',A—,N,ESS'MSS j . 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

6SS06 button. Wh e n tChsenill becdlculatad ass102eDh, avisen theSb8tin is
pressed and state 6SHO6, Cys wild.l be calcul ated
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 ) Hydrogen Free acid () 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.

21 Other ways of changing the mass.

In addition to changing the mass of a DTS ey PELCTADAD
residue in a global way as descr_lbed z [ Modify Thratr- " Phosphoryl
above, you can modify each residue CE TR
s . . . i Search for mass =ulrol
individually. If you right-click on a protein B -

. . 1anii mo Lixide
residue, the pop-up menu displays a — e =

a
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OModiXd¥x¢ option, whinemu hdheteaial ismud t he O6si mpled mod

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 sa
I f yecheckénthe O6Strict modification checkd at the
the 6si mpled modifications for any residue (altho
relevance).

x|
You may also double-click on a particular R .
residue tobringupthe 61 nsert mod '_fls_li?ﬂ.rteuinin% n o Replace residue
box. In the top left-hand box you will see
the residue and number, which can be Insert simple modification
changed. Two drop-down buttons to the -

right will enable you to either replace a NMDd'f":ﬁ"D":
L=[1] =%

. . . A Ka . Charge
residue or insert a o%:_ﬂn.pJ_e_a IO_EI
(the same menu as above). ospho 514 81 IR

In the central box is listed the available © Drser

modifications in the currently loaded Sl rt moriiicalion fromidealahase

modification file (see below). You can .

eitherdoublec | i ck or use t he *§&sa%¥e

button transfer values to the edit box SEI_I"e;ﬁng '%“TQE'

above. These can also be filled directly. e T

Sel ect i nlgransfaDtkedinfonmation v

to the selected residue in the sequence. Current database: adducts MOD ® Cancel
The four bottom panels will just transfer ¥ Load modif. db. ~ ? bl

the corresponding color as a background
to the residue.

e . . Click on panel to color selected residue - dialog box will cloze.
The modification file Mo modification changes will be carmied out,

This is a file which contains up to 30 Asp- | Asp- | Asp- | Asp-

modifications specific to one or more
residues. You may have

; ; -
as many files as you like, i ——
but only one can be Modification file: adducts.MOD Cloar: |7 mable | &.om osd_|
|Oaded at any given tlme Name | Formula | Valid residues |0K| Charg| pKa |Term. o ESave |
I n addition tooihe ®lnser+ M o |00 | - S;ms |
modi ficati ond "BEx. oe I'Z o |om | - S

I . S Phospho H103P1 STY v | o1 3.14 -

modlflcatlon file is used e o o1 - o Tow | W Ao |
Ina n.Umber of other Me-ester HaC1 DEST # o oo | - 8 woss orly
functions (e.g. mass D-Suce +H201 D F o | oo ——
searches). Sodiated Hi+al DE F o | oo

. . o Deamidation +Hi DE M o 0.00 .
The modification file is Acetyl H2c201 K # o | o000 —
edited thrOUgh Edit | Edit diMethylation HaC2 K M o 0.00 14.027Da (av)
modification file. For Methyl Hac1 K M o | oo 14.016 Da (ma)
each modification you I':
have to edit the Name, =
the Formula, Valid - v 0K
residues (if none are r = ® Cancel
SpeC|f|ed, a‘" are Valld)’ U unimod Ifno residues are entered in "valid residues™  Only checked modifications ? Help
the OK box enables you = column, then all residues are valid. {"OK" column) are active.

to enable just some to
the entries. The Charge, pKa and Terminal are optional. The mass of the currently selected

9
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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
6Mass onlyd button.

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

Chapter C1 Disulfide bridges and multiple chains.

1 - Obtaining the sequence i 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

P01009| Q

input box in the main toolbar . If this section is not available, right-click in an

empty section of the tool baagmeaund sel ect O6Webéd

You retrieve a sequence by entering the acc
the 6Webd icon. The edit box haagesiduesrsmalb nd f
sequence and press the O6Markd button to col
for the coloring are taken from the 6Col or
GPMAW will search the

UniProt database (Expasy ID  TPA_HUMAN Baviewed; 562 AL, ~
web site) for all accession DT Z1-JUL-L966, mvegvared dmme UniProvhBSwiss-Prot.

numbers entered that start with  |?T  217IUL-1986, sequence wersion 1.

T 31-0CT-Z00&, entry wversiom 107.

O, P Or Q A" Other access|0n DE Tissue-type plasminogen actiwator precursor (EC 3.4.Z2Z1.62) (£PA) (t-

LE PA) (t-plasminogen actiwvator) (Alteplase) (Reteplase) [Contains:

numbers Wl” be Searched |n DE Tissue-type plasminogen actiwator chain A; Tissue-type plasminogen

DE activator chain B].
the NCBI nr database (the BN  Name=PLAT;

H as Homo sapiens (Human) .

Expa‘sy WEb Slte)' I Strongly ac Eukaryoza; Hetazoa; Chordata; Craniata; Vertebrata; Euteleostomi;

ac Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini:
recommend that you eXtraCt oc Catarrhini; :Iominidae; Homo.t ¥ ; Y .
sequences from the UniProt
database, as the sequences Name Sequence | Access. no, 4 Caps | ¥ Save text as annotation DNA
hel’e are Curated, and GPMAW ame: Tissie-type plasminogen activator precursor (EC 3.4.21.68) { - Homo sapiens (Human),
is able to extract sequence Sequence:  MDAMKRGLCCWLLLCGAYFYSPSOEIHARFRR GARSYOWICRDEKTQMIYOOHOSWLRPYLR SNRVEYCWCHSGRA
modifications directly from this e Access, no.: PODTSD [V ok | % concel | 2 el |
format, see below. s : ;

Highlight the text before pressing the relewant button For transfer to name, sequence or accession

No matter Wh|Ch database Was number. The text can be edited before transFer.

searched, the results will be

10
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presented in the 6l mport ASCII filed 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 ON
and press the 6Access. No. & button. Scroll to the
and press t he 6Soegqs@MAW énly mpartd laeatter codes that are defined

in the current mass file, space characters, numbers, backslash etc. are ignored and not

imported.

Press the O00K®6 button to import the sequence into
as annotati ono i the estiteamdtatiah wil kb sdves in khe gnnotation 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 i Entrez (World Wide Web).

I f you do not know the accession number of a give
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.

< - . . .

(-) NCBI National Center for Biotechnology Information
e d Mational Library of Medicine Mational Institutes of Health

PubMed Entrez BLAST OMIM Books

j far Ihuman proinsulin Go

TaxBrowser Structure

Search I Protein

SITE MAP » What does NCBIl do? Hot Spots
Guide to NCBI

resources

Established in 1988 as a national resource for  * Clusters of

Sel ect APr othadddrop-diorwnt theo xlI,efathnd ent er Ohuman proi n:

Press Enter or click on the go button. [ 8: NP 000198
Int he results page selec proinsulin precursor [Homo sapiens] cking
on the underlined acces 2435767 1ireflNP_000198.1/[4557671] .

Most of the results from the search are human  9: PO1308
insulin, but from different databases. P01308 is T
from the Swiss-Prot database. We select this Insulin precursor

o ' gi124617|sp[PO1308[INS_HUMAN[124617]
entry because it is the best annotated database.
You can usually recognize Swiss-Prot entries (or the associated TrEMBL entries) by starting
wi t h 6 OO0 followe® liy 5 oharacter® 6r 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.

11
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LU auE - NS UL FREL B SWUIR SS90 8

INS HUMAW 110 aa

: IN3 HUMAN, accession PO13

sequence updated: Jul 21, 1955.[%
annotation updated: May 30, 2000,
xrefs: gi: 33930, gi: V55085, gi: 156437,

arting wibeybnd ® IO®RCGEI NO6and mo

Highlight the entry st
t he e n dmportgnt whén/lodding $wiss-Frat d i ng t

remember to include
records).

ORIGIN
1 malwmrllpl la
61 logvggvelgg dp

) Hint: Alternatively you
Now press Citrl-C to copy the entry to the clipboard. canpressthe fi | mp
Move to GPMAW and select File|lmport text (ASCII)|from g 0 ¢l Ipbon
clipboard . in the main toolbar.

Theo | mpor t Ad®IGd will ogen Witle 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 dat a
ASequenced and AAccessi oonSanvuemheerxdt. aNsackaekedsou raet i tohnet
order to save the complete entry in the annotation page of the GPMAW sequence.

Select 6 O Kadd the entire sequence is imported into GPMAW and opens a separate window.

-;_'; [PD1208] Insulin precursor. - Homo sapiens [human) - |I:I|5|
| 1197491Da | Av.  10508Da | [101] | 3§ TJ F a | Hvdrogen || Freeacid |
1 Met-Ala-Leu-Trp-Met-Arg-Leu-Leu-Pro-L :rle:—R;a—ZE:—:E:—A;a—ZE:—?:p—
18 E;y—P::—AspfP::—A;a—ﬁ;a—ﬁ;a—Pte—?a;—ﬁsz—E;:—H;s—leug:ys—i;y—ae:—ﬁ;s—
35
52
69

Lo

Notice that she ¢ ahtton 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: : no content; Blue : Entrez format; Green : Swiss-Prot format;
Red : content, but not in a recognized format.

Now select File|Save as inordert o save the sequence. I'n the 06Sa
enter Ohuman i n®KblAltemaiively yoll damsawe tb arbajready 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 6 abbtton (or

12
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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 2 |
_ I 1 1 MALTMELLPLLALLALWGPDP A AAFVHNOHLCGSHLVEAL YLV CGERGFFYTPFETREELED

C-terminus, in order

~ 61 LOVGOVELGGGPGAGELOPLALEGALOERGIVEQCCTIICILYOLENYCHN A
nottowe don ¢ |[e:han
the original numbering. = ﬂ
The status line just Byl
below the edit box 361 sl
H H H 421
indicates the residue to |-, X
the right of the text 541
cursor. The first step is | ey
to separate the chains Cursor =100 Mouse: Length: 110 M | Mo 11966.9720 | Av. 11974.9092
usi ng t heée) da3 ﬁglﬂnce arm® |Insu|in precursor [Containst Insulin B chain; Insulin A chai - Homa sapiens (Huran).
character, W_hICh 1S Accession no.;  |PO1308 :‘}Cleangp| dA Caps | By Print |
used as chain
de“m Ite rs Maodifications | Compasition |

. Sequence chain labels: Cross-links Madificati

To do this, enter a abcdefgh gl b odficatins
dash(66) at t hg wemkd of A+ A-
the sequence. Move Hydrogen 4
the cursor so it is Coterminus:
between 89 and 90 and Free acid M % Cancsl
enter another dash. Do Sequence offset
the same between 54 e P Help |
and 55.

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

ég|MALMHHLLPLLALLALMGPDPAEﬁF?NQHLCGSHLHEALYLHCGERGFFYTPKT—RREAEDLQ?GQU
ELGGGPGAGSLOPLALEGSLOKR-GIVEQCCTSICSLYQLENYCH-
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:

13
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1 GIVEQCCTEICELYQLENYCH-FVNOHLCGEHLVEALYLVCGERGFFYTPET I

Del ete the word

6Precursor 6

f r dent 6 tOKakesyau tveek td i n e

the sequence display. The disulfide bonds could have been entered in the sequence editor, but

it is just as easy from the sequence window.
[ sa07650a Av| 13212Da | [39]

%l&,—hl &l ]l ﬂ" Hydrogen | Free acid il |

1 Gly-TIle-Val-Glu-Gln-Cys-Cya-Thr-Ser—-Ile-Cys-Ser-Leu-Tyr-Gln-Leu-Glu-isn-Tvr-
20 Cys-hAsn———-—- Phe-Val-Agn-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Lla-Leu-Tyr-

39 Leu-Val-Cys-Gly—-Glu-Arg-Gly-FPhe-FPhe-Tyr-Thr-Pro-Lys-Thr-

A few things worth noting when working with multiple chains:

The @ashéchain 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 6Sequence

you just enter | and h as the two first characters in the field.

41 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
Edit cross - links

- links

from the pop-up menu or
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
1 Gly-Tle-Val-Glu-Gln-C

39 Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Ly=-Thr-

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
ctick on the wrong
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,
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.

14

resi due,

—Cy2-Thr-Ser-Ile-Cy3-3er-Leu-Tyr-Gln-Leu-Glu-izn-Tyr-
20 Cy2—-hzn————- Phe-Val-izh-Gln-His-Leu-Cy=2-Gly-3er-Hiz-Leu-Val-Glu-Lla-Leu-Tyr-

Edit links in protein
_ - ~ Enter residue numbers to
x| os1 | o2 | link into table.
i ust cT idgrkevdgon t
2 residues to link in the
= sequence window,
%) To dear a link, didkin the
a4 left-hand column.
5 To highlight other
= | residues, selectin
rgsidug box below £
d click THRE6Up
7 Residue to highlight:
8 -
9
| E3 update
10
11
12 S5 profile:
13 [& Load ko save
14
15 v ok
i6 K Cancel
17
— & ? Help
Line colors:
[ - - - . -

a

@it bandrh (for ight arld beavy chaiiy e | d, i
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Select 6 O Kaidd you move back to the sequence window with the defined cross-links shown in
red:

1 Gly-Ile-Val-Glu-Gln-Cys—Cwvs—-Thr-Ser-Tle-Cys—Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-
z0 Ctizfif;:}——Phe—U —Asn—Gln—HisELeu—CEs—GlygSer—His—Leu—val—Glu—Ala—Leu—Tyr—

39 Leu-Val-C s—Gly—Glu—Arg—Glg—Phe—PhE—Tyr—Thr—PrugLys—Thr—

Cysteines can be in the oxidized state (S-S, cross-linked) or in the SS"M MASS MSS j
reduced state (SH). This is controlled in GPMAW by the SS button in -

the main toolbar. When the button shows é S 8y&teines are oxidized and the cross-links are
shown in red colors (Cys is calculated with a mass of 102 Da). When the button shows 6 S H 6
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 6 S ®uiton is global to all sequences opened in GPMAW.

. . L . Note: The default state of
Save the file using command. This will save to the same file (and the SS button can be

position if it is a library file). If you use the File|Save as defined in setup. Seup
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

di fferentiate from the previodshkesdved sdqeubdbregenr

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.

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.

571 Cleaving proteins i 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 dequired residues don-cleaving residuesd dnultiple independent specificitiesd
etc. In addition you can enable dnissed cleavagesd 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 i 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.

15
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The bottom -
1.0 Cleavage analysis -> Plasminogen (EC 3.4.21.7) - Human
panel enables ,
to S h ow Coverage Graph Single clesvage
ou
y EPLDDYVUNTQGASLFSUTKKQLGAGSIEECAAKCEEDEEFTCRAFQYHSKEQECVIMAEN 68 -
Only some [ 208301 ][ 127451 I 125743 T _smadz || 357 b
H H EE 936,47 || 2698.21 [ Be5.27 [ b= Label
pepUdQS,Le. [ 337358 Il 403123 [e3 + Mass
excluding small &~ FromTo
or Iar e RKESSIIRMRDUULFEKKUYLSECKTGDGKHYRGTHSKTKNGITCOQKWSSTSPHRPRFSPA 128
. g [0 [Cerase]| [ ssse | [ ssms0 | 522.25 [ TELIE || 1209.60 [ v
pepndesor [ 32664 [ ee5.37 ][ 131258 [ 1836.92 [l 117059 [l L=
| (j' [ Il 195602 ]
exclu Ing ve ry Chart / Prirt
hydrOpr“C or THPSEGLEENYCRNPDNDPQGPUCYTTDPEKRYDYCDILECEEECHHCSGENYDGKISKT 1880 W Trypsin
. [ 195483 i 074,55 ] [ 284293 ] 153 v Chymatryp
hyd rOphOblc [ 152966 Il 139657 | [ 00243 | [ 210168 Il [e3 ™ Staph.au.
i [ TE5.46 | soe3s | [ 1359.68 | i3 I Staph.au.
peptides. % Fort]
[ sy
MSGLECQAWDSOSPHAHGY IPSKFPNKENLKKNYGCRHPDRELRPWCFTTDPHNKRWELGDIP 248
If yOU CheCi.( the_ [ 2623.16 |[ 504.27] 55322 | [ 50023 1604.75 | [ wzass b ,l: AsneC
6 No | i mi tCso= I 03745 I S I TN ] [ _women | b
[ 175181 |l 3238.60 |l 142166 [ 115554 | Al
checkbox, all 'f
. . & Save
peptldes will be RCTTPPPSSGPTY(QCLKGTEENYRGHUAUTUSGHTCOHWSAQTPHTHNRTPENFPCKNLD 3080
[ 1ETE.TE (| 2723.26 I 9334 I |
S h own. [ 2030.31 [ M0.43 [ 1743.82 [ 251125 v W
L. < > B
By clicking on oo 0 oo
the d|ffe I‘ent Range limits: | 500 = Mass <5000 1] <HPLC =100 [ Mo limits Single cov: 38 4.8% ﬂ Close
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 s ave dnat anablthg yokto i n 6 Co
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 gawaysclealeaadeanlyy si s (
as several other enzymes).

You now switch back to the sequence window and click on the down-arrow next to the & -
scissors button. THieavapemns memar wQwirek you can se
entries i n tihgee s6tAbu tloinsatt.i cThdi s menu does not give
cleavaged and 6Digest all sequencesd6 at the bo
you need more options, click on the Oépdoinrssor o
menu you now select &Chymotrypsin /W,/Y,/F-\P, and peptide window opens:

::[1] Chymotryp -= Plasminogen (EC 3.4.21.7) - Human = X
Mo. 4 ARl § ew 33 2 UG M5 FE M| chymotryp [wiv/F-P1-pl | <] Seq sort - [~ Sync. windows

Hum ‘FrDm—Tn‘ MH+ ‘ }[ch| M3H+ | Alt.MS | Av fHo ‘ Sequence

42  497-510 1589.7918 13.05  530.6021 1588.785 1590.7324 TPETNPRAGLEKHY ¥
781 132-145 1662.6424 21.53  554.8856 1661.635 1663.7005 CRNPDNDPOGEFCY

71 1- 15 1668.7752 20.07 556.9299 1667.768 1669.7844 EPLDDFVNTQGASLE

g6l z14-226 1689.7737 Z24.76 S03.59294 1638.700  1690.89492 CRWNPDEELRFNUCE
19 Z00-213  1690.9639 16.37 564.3262 1639.957 1692.0134 IP3EFFPNENLEENT
32 366-381 1727.8255 17.43 276.6134 1726.818 1725.9028 ROGTISTTTTGERCOSI
] 4 1751.9455 RGNVAVTVIGHTCOH!
17 174-1589 1752.8170 23.15 584.9438 1751.810 1754.0171 DGEISETHMSGLECQAN
40 470-485 1775.87Y32 18.357 S92.6292 17V4.8600 1776.89932  RGERATTVTGTPCQDI
9 92-107 1837.92Z56 19.54 613.3144 1836.921 1839.1722 RGTHIETENGITCQEN
=y S97-613  1857.940Z Zl.66 £19.885849 1856.833 1859.1356 VLTAAHCLEESFRFP3ISY
73t 75— 91 1960.9559 15.Za 654.3235 1959.949 1962.2102 EEEWVYL3IECETGDGENY
23 £235-253 2031.5150 z25.1z2 677.97Y65 Z030.9058 Z033.25896 ELCDIPRCTTPPP3SGPTY
1z91 7s81-779 2075.1205 zz.zz 692.3784 2074.113 2076.4555 GLGCARFMNEFPGVYVEVIRE
18 156-173 210z2.6905 27.57 T01.5653 2101.653 2104.304494 CDILECEEECHHCIGENY
1zgl 753-773 2215.1567 Z6.71 T3I9.0571 2ZE214.149 ZE16.5913 ILOQGVTSWGLGCARFNEFGVY
bt 692-712 2314.:2462 Z3.58 TY2.0869 23153.239 &2315.7214 GAGLLEEAOLPVIENEVCNEY M
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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 6cleandé cl eava
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 pl, HPLC

Note: The actual information
displayed can be configured in
6Setupd. CIl i-ankblueo n
button in the peptide window toolbar
and the 6Setupd d
OPeptided pagare A
the two column layouts. Click on the
6Setupd button to
Choices are: Mass, negative charge
mass (-1 or T 2), positive charge
mass (1 to 4), location, HPLC index,
Bull & Breeze index, charge, pl,
mass from alternate mass file,

addition of a set mass . S&iup:

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 windotw.i hhoahdit oon
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 S&tyP); Show partial modifications in
list; ms/ms cleavage (select peptide first); simulated HPLC chromatogram; simulated HPLC
chromatogram; charge vs. pl graph (select peptide first), and isoelectric focusing gel. Checking
the ASync. Windowsd checkbox wildl result in
sequence window.

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

D1 Post-translational modifications.

1 - Obtaining the sequence i Swiss-Prot.
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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,

AR MO <o iocise s II=TE
version of the database, you He Seach Heb
can download it from the
Internet (e.g. Search for: | (3 Open database |
ftp.ncbi.nim.nih.gov
" ! 5 Search
ftp.ebi.ac.uk, ftp.expasy.ch), r(: g.rm I
but you have to convert it to BetrieVE| (2 Al |
FastA format and index it & and I ¥ Refrieve annotation
) . I~ o
using the Dbindex utility before or % Clear | ? Help|
searching the database. | |
. . Accession # o Done
The main reason for using the |
Swiss-Prot database is that Database lpaded: C\Database\SwissProlSwWIgs
this database is the best- Database extension: .SEQ
. Frotein index file: present
annotated and curated protein  |Targstinder present
database. This also means Accession number index present
that the database is less
redundant and the sequences
found here are more likely to
be 6correctd th
translated sequences from a
nucleotide database. sw/| ip | em| Datahase: C\Database\SwissProlSwISs |

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 O0r eme mber s écentlyraecessed)fandb as e (
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, pressthe 6 Open dat abas
button, and in the 6 O p aialég you navigate to the Swiss-Prot database. When you have

found the correct database directory,yousel ect the fil e O6swiss.trgb.
Wh e n t he 6Search dat abaseb diTip:Youmaya|soaccessthe u ar e
with information on the database (see above). You can see database across a network,
the selected database in the title (Swiss) and in the status line | thus allowing several people to
at the bottom of the dialog where the complete path to the share the same databases.
database is displayed. When copying the database
] make sure to copy all required

On future access to a FastA search, you can select File| files (5 files with the same name
Open FastA database in the main menu or the buttons at but the extensions .seq .ndx
the bottom of the dialog box. .acc .trg .fac +.idx and the

. . i annotated database in case of a
The fastest way to retrieve a sequence is by using the swiss-prot format database
accession number (if known). Just enter the accession number | (swiss, EMBL, IPI)).
(e.g. P23805) in the O6Accessi — Jress
button and the name of the protein will show in the result box:
Highlight the name and press the ACCession #lF'EEEDE | " Done
0 Ret r buttom &d the sequence will
be imported into GPMAW as a 1 CONGLUTIMIN PRECURSOR - Bos taurus (Bovine)
sequence window. | f LIle umReELvL !l 1 EVE
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7

annotat-borb6i sisklected (it is 6ond by default),

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 hame. 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 ggqoh for: [COAGULATION = op
from cow you should enter:
You could also have ente | &3 poyne B8t e
; ; oar

search returns so few entries that it does not Retr
matter. Normally you use & —r c h

. : * and v Retrie . A
parameters (in this case |#~. | "““bovinebd
but you can also use 060or6 (works only reliably fo
t wo parameters). I f you deooacUlaTioN 876 you
search terms are too loose and you have to narrow Mo. of hits: 36
them. You should always put the most selective term  [BOVINE
first (e.g. if you use 6 HnMoofhis 1224 st t

. 1 COAGULATION FACTOR XIIl A CHAIN (EC 2

The results of the above search returned 7 hits. 7 COAGULATION FACTOR ¥ PRECURSOR (H
Double-cl i ck on o6factor X0 o0]3COAGULATION FACTORXIFPRECURSOR( e S S
6 Re t r.if you wadted to retrieve several 4 COAGULATION FACTOR Y PRECURSOR (A
sequences, you can hold down the Ctrl key while 5 COAGULATION FACTORMIN(EC 3.4.21.21) -
selecting (clicking on) multiple hits and finally select ? %ggﬁgﬂ%ﬁg;i@?ﬁdﬁé%& 3&?2 ('fgig
the 6 A Ibuttén to read all sequences into GPMAW.
Select 6 D o nwhed you are finished retrieving sequences.
Save the sequence(s) to disk (remember you can save multiple sequences to the same file).
21 Inserting post-translational modifications
If you have retrieved your sequence from a Swiss-Prot database as illustrated above you should
have a green 6 anithe sequence toolbar
If the 6 astnot green and there is no information in the annotation page, you should go back
and make sure thatthe6 Ret r i eve dck-hokat sonhbdbcked in the O6Sear

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

FTSIGNAL 1 ? FT MOD_RES 46 46 GAMMA - CARBOXYGLUTAMIC ACID.
FT PROPEP  ? 40 FT MOD_RES 47 47 GAM MA CARBOXYGLUTAMIC ACID.
FT CHAIN 41 180 FACTOR XL IGHT CHAIN. FT MOD_RES 54 54 GAMMA - CARBOXYGLUTAMIC ACID.
FT CHAIN 183 492 FACTOR X HEAVY CHAIN. FT MOD_RES 56 56 GAMMA - CARBOXYGLUTAMIC ACID.
FT PROPEP 183 233 ACTIVATION PEPTIDE. FT MOD_RES 59 59 GAMMA - CARBOXYGLUTAMIC ACID.
FT CHAIN 234 492 ACTIVATED FACTOR XA, HEAVY FT MOD_RES 60 60 GAMMA - CARBOXYGLUTAMIC ACID.
FT CHAIN. FT MOD_RES 65 65 GAMM A- CARBOXYGLUTAMIC ACID.
FT PROPEP 476 492 MAY BE REMOVED BUT IS NOT FT MOD_RES 66 66 GAMMA - CARBOXYGLUTAMIC ACID.
FT NEC ESSARY FOR ACTIVATION. FT MOD_RES 69 69 GAMMA - CARBOXYGLUTAMIC ACID.
FT DOMAIN 86 122 EGF - LIKE 1, CALCIUM - BINDING FTMOD_RES 72 72 GAMMA - CARBOXYGLUTAMIC ACID.
FT (POTENTIAL). FTMOD_RES 75 75 GAMMA - CARBOXYGLUTAMIC ACID.
FT DOMAIN 125 165 EGF - LIKE 2. FTMOD_RES 79 79 GAMMA - CARBOXYGLUTAMIC ACID.
FT DOMAIN 234 492 CATALYTIC. FT MOD_RES 103 103 HYDROXYLATION.

19


http://www.ebi.ac.uk/
http://www.expasy.ch/

GPMAW for dummies

FT BINDING 200 200 SULFATE (IN SOME MOLECULES). FT DISULFID 112 121

FT CARBOHYD 208 208 FT DISULFID 129 140 BY SIMILARITY.
FT CARBOHYD 218 218 N - LINKED (GLCNAC...). FT DISULFID 136 149 BY SIMILARITY.
FT CARBOHYD 485 485 FT DISULFID 151 164 BY SIMILARITY
FT ACT_SITE 275 275 CHARGE RELAY SYSTEM. FT DISULFID 172 341 INTERCHAIN.
FT ACT_SIT E 321 321 CHARGE RELAY SYSTEM. FT DISULFID 240 245

FT ACT_SITE 418 418 CHARGE RELAY SYSTEM. FT DISULFID 260 276

FT DISULFID 90 101 FT DISULFID 389 403

FT DISULFID 95 110 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

t hes e a sresidue 6rmseawédd-on modification (see below). If you have a large number

of residues and/ or you analyze this residue regu
the other hand only have a few modifiomati ons of

A

modi ficationbo.

6Newo r astienis o (TR )

a large number of modified  ||massfie |{Iermini |atomic masses
residues of the same type Mass file: AA_mass.MSS
(gamma'carboxyglutamic 1-lett |3—|Et|: |Name |Eomposition |Monoiso. ||:|Ka |l:h. ~ ﬂ
acid) you can use the e} aln Glutamine CSHBN202 128.06 0.00 a I save as
6extrad amino| &civ~d Apre s jciqpe e 000 0
feature of GPMAW and 5 Ser  Serine C3HEML0Z 87.03 0.00 0
use |nd|V|dua”y modlfled T Thr Thr.eonine C4H7MIOZ2 101.05 0.00 a (5‘_) Trancfer pka
residues for the rest W val Valine C5HIN1O1 99,07 0.00 0

) W Tre Tryptopha. | CLIH1OMZOL 188.08 0.00 0
The first task is then to ¥ Tyr Tyrosine CoHINLOZ 163,06 0,00 i =
create a Onewp Parmti nig*aci d U Lo X Cancel
residue in GPMAW. From YU G (b BOTE WINL pW D 7 Hep
the main menu select Z Zzz Unknown 0.00 0.00 0 3
Edit|Edit mass file . < 2
SCI‘OII the I|St Of reSidueS Mote: Cys is defined as C3HANT NS (102 Da), use this as basis for modifications (see Help far more infa).
until you come to the
oUnknowndé section of the mass |ist

As all 1-letter codes have to be unique (and not a punctuation mark, -6 6 or 6 $ 6 )-lettere | e c t
code O6U6. The default f or -letteuncoderisa tnipieboftheeldeitead ue s i s
code, but as it only has to be unique, so changedthe 3-l et t er code to O6GI ab, ar
CarboxyGlu. The amino acid composition you copy from Glu (C5H7N103) and paste it into the
composition field. Thendouble-c| i ck on the composition to invoke
editor and increased the number of O6C6 atoms by
Alternatively you can just edit the field directly (click twice or select and press F2).

Save the file using the 6 S a bugtdn. If you only want the modification for special occasions,
you can use the 6 S a v ebuttrsahd give it a unique name.

You can then select the file through the mass file selection Note: If you need the Gla
box in the main toolbar. modification both with and without

a given Cys modification (e.g. a

Return to the sequence window and start editing pyridylethylated cysteine 1
(Edit|Edit sequence ). Start by changing the 12 Glu defined in pe_cys.mss), you have
residues (res. A6 erinal 79 ) to enter the modification in both
carboxyglu). Re me mboe rf iten adt it{™Mass files (e.g._both in_the default
sequence editor reports the residue number before the e MR s e 2ol e 67
cursor modification file pe_cys.mss

(pyridylethylated cys)).

0 Adodn 6 mo di fTheamadifications: of individual
residues can either be carried out from the sequence editor or from the sequence window:

) In the sequence editor click onthe 6 Mo d i f i duattoniandringh@ resultingd | ns er t
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mo d i f i cdalbd youredter the residue number. Alternatively you can double
click on the residue.

1)} In the sequence window you double-click on the residue to be modified and you get
t he Arad8 eratt i ono. di al og box

1)) You right-click on a residue and fromthepop-up menu you s e tlbecatndd Mo di
from the sub-menu, you can select among pre-defined modifications.

For both 1) and I1l) you get the same o6l nsert
modi ficati ono Ildtheal og box (right).

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

(O17 one extra oxygen) and click 6 O Ktbe

composition can easily be entered with the

composition calculator ). Pre-defined

simple modifications can be selected using

the 6l nsert si mp-tHown modi ficationé drop
list (identical to the selection in IlI). If you

need to exchange a residue (i.e. perform a

mutation)y ou can use the O6Replace residuebd
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 T see the glycosylation tool in section C.3 below.

Now you can enter the disulfide links by clicking the 6 Cr d si sn lkutoa as described for
insulin in the previous example.

I n the sequence editor you can noww)i mddretr a ecli daw
(the activation peptide) and remove the initial 40 residues (the signal- and the pro-peptide).
Click on 6 O Kaidd 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
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