DXMSMS Match User Guide 20141124.

Below is the example how to process mass spectrometric crosslinking data with ICC-CLASS DXMSMS Match.

Example is Orbitrap LC-MS-MS/MS run of test peptide TP1 crosslinked with CBDPS-H8/D8, digested with proteinase K
and affinity purified with immobilized avidin. MS data were acquired with Xcalibur (ver. 2.1.0.1140) with Mass Tags
and Dynamic Exclusion precursor selection methods enabled in global data dependent settings. For CBDPS-H8/D8 mass
difference between light and heavy isotopic forms of 8.05824 Da was used in Mass Tags setting. Mass Tag run used a
Top 3 method. MS scans (m/z range from 200 to 2000) and MSMS scans were acquired in the Orbitrap mass analyzer at
60000 and 30000 resolution, respectively. Fragment ions for MSMS acquisition were produced by collision-induced
dissociation (CID) at normalized collision energy of 35% for 10 ms and activation g =0.25.

1. Detecting doublets of signals corresponding to light (H8) and heavy (D8) forms of crosslinks.

When Mass Tags method was used for acquisition, doublets of signals can be obtained in two ways: searching MS spectra
(A) or using precursors lists (B). Here we will present both ways.

A. Doublets list from MS spectra.
A.1. Extract deconvoluted mass lists using Excalibur’s Xtract RAW file utility.
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This will create new xtracted .raw file with _xtract addition to the file name.

A.2. Convert this file to the text file using XConvert program of XCalibur package (usually it is located in
Xcalibur>system>programs> folder). You can copy it to the data folder together with
Thermofisher.Foundation.FConvert.dll file and run it in there. In newer version of XCalibur package this is substituted by
FileConverter.exe program which does not require copy of .dll file.
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This will create text file containing xtracted MS data _xtract.txt.

A.3. Extract mass list of the run from _xtract.txt file using Mass List From Xtract Text File program.



Mass list from xtract text file E@

Run

This will create _xtract_MassL.ist.txt file.

A.4. Find list of doublets from mass list using DX ESI LCMS program.

DX LCMS 20111006 E]@

D 2808021 |» | Da

Tolerance = |[0.01 Da

Run

This will create _xtract MassList_DX.txt file.

A.5. Remove repeats from doublets list with DX ESI LCMS Mass List Filter program.

DX ESI LCMS Masslist Filter 20111006 [= |[B][X]

ESI LCMS_Dix
mass list file

I

ad

Mass tolerance = (10 | ppm

Retention time
tolerance - | min

I

Run

This will create _xtract MassList_ DX _Filtered.txt file.

This file is ready to be used as input file for DXMSMS Match program.
The file will contain sorted by mass list of light mass, intensity, retention time in minutes, heavy mass, intensity, retention
time in minutes and residual difference between heavy and light masses of the doublets minus isotopic label mass

difference:
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A.6. Create .mgf file of the run using Thermo’s Proteome Discoverer program.

This file is ready to be used as input file for DXMSMS Match program and will look like this:
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A.7. Perform search for crosslinks masses assignments and verifications using DXMSMS Match ESI DXH program.

B. Doublets list from .mgf file.
When Mass Tags method is used for the precursor selection, Xcalibur acquisition software detects doublets of signals
corresponding to isotopic coding mass difference during the run and sequentially acquires MS/MS spectra of light and
heavy isotopic forms. Thus, doublets masses can be deducted from the precursors masses stored in .mgf file of the run.
For this option there is version of the program DX MSMS Match ESI MGF DXH, which uses only .mgf file and protein
sequences as an input. This version can be used also for data acquired using TopN or TopSpeed methods, but if heavy
precursors MS/MS spectra were not acquired, isotopic coding information will be lost for those crosslink assignments.

B.1. Create .mgf file of the run using Thermo’s Proteome Discoverer program.
This file is ready to be used as input file for DXMSMS Match program.




B.2. Perform search for crosslinks masses assignments and verifications using DXMSMS Match ESI MGF DXH
program.

DX MSMS Match ESI single TN MGF DXH 20140327

Protein 1o...... 10. ... Z0........ 30........ 40, .. .. ...50.... ... .80........ [ P Blizzzszaes Hleszazas 100 Protein Length
Crosslinker CEDPS R EECCES 1 24
TRTESTDIFRASSREADYLINEER
Mip 508.08899 | Da m
Mi -18.01057 Da
Crosslinc | 720 1503.64837 +3 4 1503.65012 (MKE(R) 1 22-23 (E)SIDIKR(R) 1 5-10 25 75 3L 1... ~
Mlrest 1 54071002 Da 7z 5 7 5 1503, (MEER(-) 1 2z-24 (R} 1 -8 44 75 34 111
& 1503 (E)STDIK(R) 1 5-% 1 Z2z-Z4 44 75 34 1.11
Melrest2 455.08625 Da 7 1503. (T)ESTDIK(R] 1 4-9 1 3-10 14 HNaN 1 NaN
8 1503.8&5 3 (E)STDIER(A) 1 5-10 1 Z2z-Z2 I5 75 31 ..1.
DX 205021 v Da 3 1503.65012 & ppm (T)ESTDIER(A) 1 4-10 (D)E(R) 1 -3 13 HNaW 2 ..11
150364837 +3 10 15023.65012 .8 ppm (T)ESTDIRR(A) 1 4-10 (M)K(E) 1 22-22 19 NaN 2 ..11
DX mass o 3| D= 1 1503.84308 +3 1 1503.8501z2 [F33-1 1 3-3 (T)ESTDIERI 1 4-10 & WaN 1 11..
tolerance 150364306 +3 2 1503.85012 22-22 (T)ESTDIER(A) 1 4-10 & NaN 1 11..
DX retention time +| 35 A = 1503.64306 +3 3 1503.65012 1 5-10 (T)ESTDIK(R) 1 4-3 3 NN .... NN
tolerance 150364306 +3 4 18503.85012 .7 12z (Z)STDIRR(A) 1 5-10 28 &7 25 .... MNaW
1503 _64306 +3 5 1503_.65012 7 1z (E)STDIK(R) 1 5-% 472 &7 27 111._ 5
Filter DX repets 1503.64306 +3 & 1503.65012 .7 ppm (E)STDIE(R) (N)KER(-) 1 22-24 42 &7 27 1.11 2§
Fitter DX 10 + | pom 1503.64308 +3 7 1503.65012 .7 ppm (T)ESTDIK(R) (I)ER(R) 1 3-10 2 N=N .... N=N
mass tolerance 1503.64306 +3 & 1503.65012 .7 ppm (E)STDIER(A] 1 5-10 (M)EZ(R) 1 22-2% 28 &7 25 .... NeN
Filter DX 50 3 = 150364306 +3 9 1503.65012 .7 ppw (T)ESTDIKR(A) 1 4-10 (I)K(R) 1 $-8 & NaN 1 ..11
time window 1503.64306 +3 10 1503.83012 . (T)ESTDIRR(A) 1 4-10 (WJK(E) 1 22-22 8 NaW L ..11
1 150285 ) (T)ESTDIEKR(A] 1 4-10 & 100 1 .1.. 100
MGF file Load z 1503.85012 T)ESIDIRR(A) 1 4-10 & 100 1 .1.. 100
3 1503. T)ESTDIR(R) 1 4-9 17 &7 1 .... NaN
Digest sites al 3 4 1503 (Z) STDIER ( 1 5-10 4% 100 43 .. NaW
5 1503, (E)STDIK(R) 1 5-3 &3 100 48 1111 100
including CL site 3
Missed wpto [4] [ 7 7 1503.65 |T)ESTDIE (R) (I)ER(A) 1 3-10 17 &7 L .... NeN
digest sites 2 1503.65012 .1 ppm (Z)STDIKR(A] (N)KE(R) 1 22-23 42 100 4% .... NaN
CL sites K v 3 1503.65012 .1 ppw (T)ESTDIKR(AZ) 1 4-10 (D)E(R) 1 3-5 5 100 1 ...1 100
10 1802.65012 .1 ppm (T)ESTDIRR(A) 1 4-10 (M)K(E) 1 22-22 & 100 1 ...1 100
Deadendsorly [ 1 1503 .0 ppm (DJK(R) 1 35-3 (TIESTDIKR(A) 1 4-10 28 50 & 1l.. 100
ntrapeptide orly  [] 2 1508 0 ppm (N)E(E 22-22 (T)ESTDIER(A) 1 4-10 28 50 2 11.. 100
3 1503 0 ppm (I)ER 1 ESTDIE(R) 1 4-3 Z8 B0 1 .__.. HNaW
4 1503, 0 ppm (M) 1 22 )STDIKR(A) 1 5-10 47 90 37 1..1
Precursor + 2 * | ppm 5 1503 -0 ppm (N)EER(-) 1 24 (E)STDIK(R) 1 5-% 5& 100 41 1111 &3
tolerance & 1503.65012 .0 ppm (E)STDIR(R) 1 5-9 (M)EER(-) 1 22-24 56 100 41 1111 83
Fragments  + [ v | ppm 7 7 1503.6501% .0 ppm (TIESTDIK(R) 1 4-5 (I)ER(A) 1 9-10 28 80 1 .... NaWN
SERTEE 723 1503.65017 +3 & 1503.65012 .0 ppw (Z)STDIKR(A] 1 5-10 (MJEE(R) 1 22-23 47 30 37 .1l.
DXclrest 1 402511 || Da 723 1503.65017 +3 % 1503.£5012 .0 ppm (T)ESTDIKR(A) 1 4-10 (I)K(R) 1 -8 28 &0 2 ..11 100
723 1503.65017 +3 10 1503.65012 .0 pom (T)ESTDIER(AR) 1 4-10 (W)E(E) 1 22-22 28 50  ..11 100
Di¥clrest2 402511 |s| Da 724 1503.65111 +2 1 1503.85012 -.7 ppm (IJE(R] 1 35-% (T)ESTDIEI 1 4-10 21 S0 1 .1.. 100
} ’ 7 1503 _65111 +Z Z 1503.65012 (NIE(E) EIZ-ZZ (T)ESTDIER(R) 1 4-10 21 50 1 .1._._ 100
Wiite: to file: O 724 1503.65111 +2 3 1503.65012 { (T)ESTDIR(R) 1 4-3 33 &7 1 ...1
Fun 7 +Z 4 1503 _ 85012 =23 E)STDIER(R) 1 5-10 &3 100 43 1111
7 +z 5 1503.65012 - » (N)KER(-) 1 22-24 (EZ)STDIK(R) 1 5-9 &7 100 49 1111 &0
7 +z & 150365012 E)STDIR{R) 1 5-3 (M)KER(-) 1 22-24 &7 100 43 1111 &0 v

Make necessary selections of the crosslinker, digestion, crosslinking sites and crosslink type restrictions. If user-specific
crosslinker is selected, fill in Mip mass value ([My+H]" = [My+H]" +[M,+H]" + Mip , where My, M, - masses of free
peptides; M, — mass of inter-peptide crosslink), Mclrest1 and Mclrest2 mass values ([M,+H]" = [Mycl+H]" +[M.cl+H]"
+Mcliploss, [Mycl+H]" = [M;+H]" +Mclrest, where M;cl and M.cl - cleaved peptide products from the cleavage of the
inter-peptide crosslink, Mclrest, — mass of the cleaved portion of the crosslinking reagent, attached to the cleaved peptide
product of the inter-peptide crosslink).

Load protein sequences using Load button. Sequences can be manually modified in the protein sequences window. Hit
Update button to convert all the sequences to uniform text. Number of proteins and their lengths will be displayed in
protein window.

Load MGF file. Change, if necessary, precursor mass and retention time tolerance values (precision for finding of
MS/MS spectra in .mgf file) and fragments tolerance value (precision for crosslink MS/MS fragments matches to
theoretical values).

Hit Run button. Message box with a number of the peptides considered for the search will be displayed. Hit OK button to
run the search. Precursors mass list, doublets mass list and filtered doublets mass list (if filtering option is selected) files
will be written to the same as program’s directory. Found matches will be displayed in the Crosslink text box. If
necessary, modify restrictions and run search again. To store output of the search in the file, check Write to file button.

Output will contain peptide and protein data for the found matches, scores and “.” or “1” indicators of found crosslinks
cleavage products. You can select the line of the match you want to inspect and hit Spectrum button. This will open
Spectrum View window, in which you can see the selected MS/MS spectrum and inspect fragment masses matches made.



MS/MS spectrum view
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(E)STDIE(R) 1 5-% &17.31d 1018.3d 435.33471 57.533% 43025163 162,331
(MEER(-) 1 22-24 488.2d B87.3d 432.2576% 55.8538 516.74304 &§7.055
bl S 28.04 1028.3% w4 T  478.27 bl K 123.10 1200.50 y2 =  304.1& 1375.56 471.18011 78.5248 517.24225 40.7363
bz T 183.0% 1125.43 y3 D  375.22 bz I 253.15 1325.34D yl R 175.12 1246.51 456.26727 1355.8% 535.25214 36,1434
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(MEZR(-) 1 22-24 243.64 444.18 544.08398 32.8646 SE0.25732 56.7447
b1 3 44.52  514.70 w4 T  232.64 o Bl K §5.06 #€00.75 w2 I 152.58  &88.28 544.33352 4821.83 S$60.75708 45,0341
bz T $5.05  565.22 y3 D 188.12 bZ I 125.58  §65.27 vyl 28.06  623.78 S44.73480 1982.2% S66.29345 344575
b3 D 152.58 8€22.73 yi I 1l30.80 551.18140 30.70&4 567.23755 140.525
b4 I 20%.10 §73.28 yl K T4.08 552.18378 32.8701 55227289 1163.7
552.23151 34.5326 593.27625 441.442
556.23413 £5.154 595.79517 10&.1&8
556.73578 31.2328 596.29840 38.5241
S52.24030 48.2851 G0Z.32465 37.0847
553.30310 58.538 £03.73517 &7.227 ¥
< > £ >

Found matches for light isotopic form will be highlighted in red. In the window on the right corresponding portion of the
light and heavy .mgf files will be displayed. In the window on the bottom theoretical pairs (without and with counterpart
crosslinked peptide, which correspondently should manifest in the spectrum as single and doublet signals) of cleavage
products, b- and y- fragment masses of the crosslink will be listed. If crosslinker containing fragments were detected as
doublets in a merged light and heavy spectrum, they are marked with “D” for peptide backbone fragments and “d” for
cleavage products.

Spectrum view can be zoomed in by selecting rectangular range within the spectrum field with left mouse button.

Zoomed in mass range can be shifted by selecting direction and length of the shift by left mouse button in the space below
x-axis of the plot. Zoom out to the original mass range can be done by single left mouse button click within the spectrum
field.

Following the spectrum inspection this window can be closed and next spectrum can be selected for the verification of the
assignment from the Crosslink text box of the search DXMSMS Match window.

Output file can be opened in Excel, where it can be sorted, filtered and formatted according to the user preferences.
Example of the processed output of the CBDPS-H8/D8 crosslinked test peptide TP1, digested with proteinase K, enriched
with monomeric avidin beads and analyzed by LC-ESI-MS and MS/MS on Orbitrap instrument using Mass Tags
acquisition method, is presented below. Unique inter-peptide Lys-Lys crosslinks were selected.



401 Total

=
T = = =
k4 — = = 1 =5 —_ —_
S £ = N 9 c = - =) . s [
s = | £ y £ 2 gl = - ) 3 _ g 3 0|8
© = Py = - o ~| 5 Sla|ls = | ~ c ~|lgle8|]|=x|~||=~]|5
& Z | E 2 5 - | E 23] 2 SIE1E(3|2] & (212 (2 || 8|88 n]]s
v 2 = 5 £ = Eo[=]L = Els|s|E|= | g |o|lEls|2|lS|a|T|vla|lE|a|a|ala
z 2 5 ] 2 ~ 5 s 2 g|18(d|U]a|g 3 o TR I O T D 2 I I~ A =0 = = )
= E | S g o S |8l 2 Slzlz|s(|2| o [S|8|=z|z|c|S|e|S|2|2|F|F |7
T |53 5 | € SRl8] & | [2|3|3|8F g |F|2(3]3|5|% |58
2 = 2 [} ® 2 3 S s g s g ©la
] g} s £ 2 4 @ @ o €
> -3 (73 e« a e a a -
H « = Iy
S 2 S 2
I3
a
467485| 32.59| 1151.559984 34087, -0.0008 1143.5108| 0.2 1 7 9 6T DIK R 1 8| 9| 7|D IK |R 233 1 1 1 1]
1186.52715 129789| 26.20| 1194.577318, 23574 0 1186.5278| 0.6 1 7[ 9 6T [DIK R 1 9| 10 8|l KR |A 200 1 1 1 1]
1200.54468)116301076( 22.26 1208.592847| 4321319 -0.002 1200.5435 -1 1 8 9 7D [K R 1 22 21N [KER |- 1 1 1 1
1257.55364 ‘ 575784| 32.81| 1265.603563 51460 -0.0003 1257.5537| 0.1 1) 7 9 6[T DIK R 1| 20| 22| 19|L INK [E 1 1 1 1]
1258.53826/112195936| 35.08| 1266.586962| 222441 -0.0015 1258.5377| -0.4] 1 7 9 6T DIK R 1 7| 9| 6|T DIK |R 1 1 1 1]
1314.59763 42559| 16.96) 1322.64777 13391 -0.0001 1314.5976 0l 1) 9 11 8|l KRA S 1| 22 21N KER |- 213 1 1 1 1]
1315.56975) 193790 26.73| 1323.619799| 92058| -0.0002! 1315.5704| 0.5} 1 70 9] 6T [DIK R 1 22 21N [KER |- 200 1 1 1 1
1331.59062 50507| 31.88| 1339.640428 27098| -0.0004 1331.5905| -0.1] 1) 5| 9 4|E STDIK R 1 8| 9| 7|D IK |R 170 1 1 1 1]
1332.54973 62909| 29.12| 1340.600756) 6576 0.0008 1332.5493| -0.3] 1 5| 9 4|E STDIK R 1| 21| 22| 20|l NK [E 160 1 1 1 1]
1347.54961|) 360805| 28.69| 1355.599413| 139277 -0.0004 1347.549| -0.4} 1) 5| 9| 4|E STDIK R 1] 22| 23] 21N KE |R 160 1 1 1 1]
1359.58562| 138718 34.53| 1367.635301] 23170 -0.0005! 1359.5854| -0.2] 1 6/ 9] 5|S |[TDIK R i 71 9 6T DIK [R 190 1 1 1 1
1372.60301 114559167 16.13| 1380.650247| 2456172 -0.003] 1372.6031| 0.1 1) 22 21|N KER - 1| 22 21|N KER |- 225 1 1 1 1]
1374.60808 89969| 25.61| 1382.658129 24960 -0.0002 1374.6075| -0.4] 1 5| 9 4|E STDIK R 1 9] 10 8|l KR |A 160 1 1 1 1]
1416.61861)112683222| 24.76| 1424.668456| 476935 -0.0004 1416.6181| -0.4] 1 6| 9| 5[S TDIK R 1| 22 21N KER |- 180 1 1 1 1]
1446.61699' 218814| 34.25| 1454.667162 96619 0 2| 1446.6174| 0.3 1] 5| 9| 4|E |STDIK R i 71 9 6T DIK [R 183 1 1 1 1
1471.67156' 337687| 21.51| 1479.720859 71367, -0.0009 2| 1471.6715 0f 1) 7| 10 6[T DIKR A 1| 22 21|N KER |- 260 1 1 1 1]
1486.64575' 91402| 16.68| 1494.695499 37152 -0.0005 2| 1486.646| 0.2 1) 21 20|! NKER - 1| 22 21|N KER |- 260 1 1 1 1]
1503.64972] 638881] 25.83] 1511.699317] 182154 -0.0006 6| 1503.6501| 0.3 1 5| 9| 4|E STDIK R 1] 22 21N KER |- 192 1- 1 1]
1632.69389)113335085( 25.61| 1640.742561| 705904 -0.0015! 1632.6927| -0.7] 1 4 9 T |ESTDIK [R 1 22 21N [KER |- 157 1 1 1 1
1659.75107) 217941 21.51| 1667.800388| 47987, -0.0009 1659.7512| 0.1 1) 5| 10 4|E STDIKR  [A 1| 22 21|N KER |- 221 1 1 1 1]
60303 22.70| 1738.83801 20399 -0.0001 1730.7883| 0.2 1 5| lll 4|E STDIKRA [S 1| 22 21N KER |- 188| 1 1 1 1]




