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Functional description of MeroX

1. Peptide database generation:

a.

Amino acid sequences of proteins are imported from standard fasta files. Static
modifications are applied by changing the character of modified amino acids in the
sequence string of all proteins, e.g. for cysteine alkylation ‘C’ is changed to ‘B’ at all
positions).

All sequences in the database are shuffled, while keeping the proteolysis sites at the
same position to generate a decoy database. For reproducibility, the shuffling is
seeded with each protein sequence. All peptides that are generated from the decoy
database are flagged as decoy and added to the peptide database.

In-silico proteolysis: All possible peptides originating from all proteins are generated
based on the proteolysis sites and missed cleavage information given in the settings
file. The peptides are stored alongside with the positional information (protein ID and
location on the primary sequence).

Duplicate entries (peptides with identical amino acid sequences) are combined by
adding the positional information (see c).

Variable modifications are applied to all peptides by changing the character of the
modified amino acid residues in all combinations up to the user-defined maximum
number of modifications per peptide, e.g. ‘M’ is changed to ‘m’ for methionine
oxidation.

2. MS data analysis (description for RISE mode):

a.

Mass spectrometric data are imported from different file types (MGF, mzXML,
mzML, pkl) spectrum-by-spectrum in a loop over all spectra in a single file.

I. Asingle spectrum is processed to remove the noise by splitting the spectrum into <
11 bins of < 51 signals. The noise for each bin is iteratively calculated until the
user-defined signal-to-noise ratio is reached.

ii. The spectrum is deisotoped and charge information is stored for each signal.

iii. The spectrum is deconvoluted. For signals with unknown charge states, all
possible charge states are assumed. Resulting masses are sorted according to their
masses.

iv. The list of masses is analyzed for matching cross-linker fragment ion pairs.
Masses of matching peptides are calculated from the fragment ion pairs.

v. ldentified mass pairs are compared to the generated peptide database.
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Vi.

Vii.

viii.

Xi.

Xil.

All combinations of filtered peptides matching the precursor mass with the user-
defined precision are scored as cross-link candidates.

Scoring is performed by comparing the theoretical fragment ions of a cross-link
candidate to the spectrum and four spectra with slightly shifted masses. For each
comparison, four features are evaluated: (I) number of identified signals per
spectrum size (%) (1) number of identified signals per possible fragment ions of
the cross-link candidate (%) (1) presence and intensity of the cross-linker
fragment ions, and (IV) number and length of peptide backbone ion series. For
each feature, the numerical difference f,, , of the original spectrum compared to
the average f;, of the shifted spectra and the standard deviation o,, is calculated:

Xn = fn,O - (ﬁl +0y,) (9. 1)

From implemented model distributions, the probability of a feature (B,) being a
random match is calculated from x,, (eg. 1) and are combined to a score (S):

s =—15"log (P% ' P% * Pseries * Preporter) (eq. 2)

Scoring is performed for all combinations of cross-linking sites.

The probability for each cross-linking site combination is calculated by a pairwise
comparison matrix. The comparison is solely based on the intensity of branched
fragment ions that differ between the two cross-link sites. Branched ions are
defined as peptide backbone fragment ions containing parts of the linker or the
linker with the second peptide. The cross-linking site with the highest probability
is reported in the result list.

Cross-linking candidates exceeding the user-defined score minimum are stored to
the result file alongside the analyzed spectrum.

For FDR estimation, the numerical score values are separately stored for target
candidates (both peptides from the target database) and for decoy candidates (at
least one peptide from the decoy database).

FDR estimation is performed by first sorting all numerical scores obtained from target and
decoy candidates. FDR values for a certain score cut-off are calculated by counting all
decoy and target candidates above the threshold using:

FDR = —2e0¥_(gq. 3)

3'Ntarget

The data are filtered based on the user-defined FDR cut-off in the result file.



MeroX data formats

MeroX result files (*.zhrm) are zip files containing all relevant information of a single analysis.
All spectra are stored in a binary coded format with a UUID for referencing. The result table is
included as ‘result.csv’, the applied settings are stored in the MeroX-specific format as
‘properties.mxf’. The amino acid sequence length of all protein entries is stored for xVis
compatibility and saved as ‘proteinLength.csv’. The numerical score values of all decoy and
target hits are stored in ‘decoyBase.csv’, general information on the analysis is stored in
report.txt.

The MeroX settings files (*.mxf) are text files. Each setting is saved in a separate line starting
with the name of the setting in capital letters followed by ‘=" and the corresponding value (e.g.
‘MINMASS=200"). Comments can be added after a double slash //. The settings file contains
several blocks (monoisotopic masses of elements, amino acids, static modifications, variable
modifications, proteases, ion types, and cross-linker) where specific information is combined.
The majority of settings can be modified from within the graphical user interface.
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Figure S1: Correlation of database size and calculation time for the MeroX 1.6.6 software. For
database containing less than 1000 proteins, runtimes are in the range of minutes. For larger
databases the runtime increases. We recommend using less than 2000 proteins in the sequence
database. Analyses were done on a personal computer with Intel core i5 processor (4 parallel
threads) and 8 GB RAM allocated to the java runtime environment.



Cross-linking of BSA
Experimental procedure

10 uM BSA (in 20 mM HEPES, pH 7.5) was cross-linked with 1 mM DSBU at room
temperature for 60 min. The cross-linking reaction was quenched by adding TRIS buffer to a
final concentration of 20 mM. In-solution digestion was conducted with trypsin using an enzyme-
protein ratio of 1:50 at 37 °C overnight. The resulting peptide mixture was applied to LC/MS/MS
analysis (Ultimate 3000 RSLC nano-HPLC system coupled to an Orbitrap Fusion Tribrid mass
spectrometer, both Thermo Fisher Scientific), applying stepped HCD (normalized collision
energies 27 %, 30 % and 33 %).

The experiment was conducted in three replicates, i.e., three independent cross-linking reactions

were performed in parallel.
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Figure S2: Amino acids sequence of BSA without signal peptide.
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Figure S3: Cross-linking reaction of BSA with different molar excess of CDI cross-linker.
Formation of the BSA dimer on the gel is observed starting at a 10-fold molar excess of CDI over
BSA.



Table S1: Unique BSA cross-links identified for different CDI concentrations.

10 uM BSA, 20 mM HEPES, pH 8, 20 °C
50-fold molar excess of CDI 20-fold molar excess of CDI 10-fold molar excess of CDI Equimolar cggri:entration of
Entry S(;‘f Site (2) C‘:;g“ Entry S(;';* Site (2) CT,ES“ Entry S('ff site (2) C‘&S" Entry ?‘1‘;5 %‘f CC(“‘;?“

1 K187 Y156 9.3 1 K187 Y156 9.3 1 K187 Y156 9.3 1 K431 Y451 95
2 K413 | Y410/T411 | 4.7/5.4 2 K413 | Y410/T411 | 4.7/54 2 K413 | Y410/T411 | 4.7/5.4 2 K187 | Y156 93
3 K524 K520 6.5 3 K524 K520 6.5 3 K524 K520 6.5 3 K524 Y400 111
4 K377 K350 13.7 4 K377 K350 13.7 4 K377 K350 13.7 4 K524 | K520 6.5
5 Y262 K232 9.1 5 K524 K544 13.4 5 Y262 K232 9.1
6 Y84 K465 16.1 6 Y262 K232 9.1 6 K187 Y160 11.6
7 K204 K350 17 7 K204 K350 17 7 K187 Y451 12.7
8 Y340 K377 121 8 Y340 K377 12.1 8 K524 Y400 11.1
9 K211 K350 13.6 9 K187 Y160 11.6 9 K431 Y451 9.5
10 K187 Y160 11.6 10 K187 Y451 12.7 10 K187 K180 11
11 K187 Y451 12.7 11 K524 Y400 11.1 1 K187 K439 17.8
12 K4 T52 135 12 K187 K116 17.4
13 K524 Y400 1.1 13 K431 Y451 9.5
14 K431 Y451 9.5 14 K187 K180 1
15 K187 K180 11 15 K187 K439 17.8
16 K187 K439 17.8 16 | K431 K439 13.5
17 K211 K239 9.6
18 K431 K439 13.5
9 tFe):)SII‘; K12 resr;?\:ed




Figure S4: Cross-links created with different molar excess of CDI and mapped into the BSA
structure (pdb 4F5S).



Table S2: Unique cross-links identified within BSA using DSBU. Numbering is performed
according to the amino acid sequence of BSA as presented in Figure S1. Cross-links identified
for consecutive amino acid sequences are listed separately as they are isobaric to ‘dead-end’
cross-links involving the same amino acids®.

Replicate 1 Replicate 2 Replicate 3
Cross-linked Cross-linked Cross-linked Cross-linked Cross-linked Cross-linked
amino acid 1 amino acid 2 amino acid 1 amino acid 2 amino acid 1 amino acid 2

28 82 28 82 28 82
28 263 28 263 155 225
155 225 155 225 204 455
204 455 204 455 211 225
211 225 211 225 211 245
211 245 211 245 211 304
211 304 211 304 211 455
211 455 211 455 211 463
211 463 211 463 225 235
225 245 225 245 225 245
225 437 225 437 225 374
225 455 225 489 225 437
225 489 228 498 225 455
225 498 228 489 225 498
228 455 228 455 228 374
228 489 235 263 228 489
228 495 235 266 228 498
228 498 235 374 235 263
235 266 245 299 235 266
245 455 245 463 235 374
245 463 245 503 245 263
245 466 374 498 245 455
245 503 437 495 245 463
374 498 437 498 245 503
437 495 437 501 374 498
437 498 437 561 437 495
437 501 455 489 437 498
437 561 455 495 437 501
455 489 455 503 437 561
455 495 489 501 455 489
455 498 455 495
455 503 455 503
489 501 489 501
Consecutive sequences
28 36 28 36 28 36
29 36 204 211 204 211
204 211 211 245 204 455
235 245 211 455 235 245
235 263 228 503 235 263
297 304 235 245 297 304
455 463 235 263 455 463
245 463 455 466
297 304 455 503
455 463
455 466
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Figure S5: Reproducibility of BSA cross-linking experiments using DSBU. Comparison of
unique cross-links as presented in Table S2.
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Spectra assigned by MeroX

Exemplary spectra from BSA cross-linking using DSBU (replicate 1), assigned by the MeroX
software are reported in Figure 6A-J. A-E. Spectra are well annotated. The cross-linking sites as
well as the amino acid sequences of cross-linked peptides can be unambiguously assigned.
Complete amino acid backbone fragmentation of both connected peptides as well as linker
fragments are observed. F-J) Spectra are inadequately annotated. Cross-linked peptides cannot
be unambiguously identified and the position of the cross-linked amino acid cannot be exactly
localized. A brief description is given for each inadequately annotated spectrum. B indicates
carbamidomethylated cysteine. Bu and BuUr specify DSBU fragments (see Figure 2).
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File: C:\Users\c ... _protocols\BSA_DSBU_100_1.zhrm Score: 135.2

Scan: 4262-4551

theor. Mass (M + H+): 2179.059
Precursor Mass (M + H+): 2179.058
Deviation -0.49 ppm

miz: 727.0243

Peptide B:[SLGKVGTR] (K4)
(>sp|P027.. from 452 to 459)
Peptide a:[BBTKPESER] (K4)
(>sp|P027.. from 460 to 468)
Crosslinker: BuUrBu

Charge: +3
1200 3
E BuB‘*
10.0 3 902.546
ya™ 2
1000 3 617.291 Bulra
E 639.269 v
3 6
9003 879.482
. 8°‘°_§ Bua?* BuUrp™
< 7003 v, Pepo?* 626.28 928.525
@ E 391.195583.753
£ 60.03 .
é 3 precursor® ;%[Z: 981
£ E :
5 50.0—5 Pepp?* Bup?* 727.028
E 451.776 .
40.0 3 409.25 yBBu" BuUra'
E 705 43 y,0BuUr"* 1277.531
30.0 3 1+ +
3 ?27[; 129 bo” B!t Pepp'™ oraee Bua'
w04 321.07 39 258 817.4e3 | | Pepa'* 1251551
E : 1166.499
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€ 1005 .o ° e . .
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§ ooF— ra— . : < _
.g ? .
€ -1003
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miz

Figure S6A: The cross-linked amino acids are unambiguously assigned.
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File: C:\Users'\c ... _protocols\BSA_DSBU_100_1.zhrm Score: 112.4
Scan: 7078

theor. Mass (M + H+): 2208.155
Precursor Mass (M + H+): 2208.158
Deviation 1.12 ppm

mfz: 552.79492

Peptide B:[SLGKVGTR] (K4)
(>sp|P027.. from 452 to 459)
Peptide a:[BASIQKFGER] (K6)
(>sp|P027.. from 223 to 232)
Crosslinker: BuUrBu

Charge: +4
120.0 3
3 Bua®*
110.0 —g 640.824
100.0% , yBBuUr'*
E 32B1* b,B BuUra?* 728.405
90.0 3 173.128 201.123 653.814
80.0 3 y,aPep'*
% 7002 a,a'" y,p"  Bup® 964.526
g 3 204,08 432.256451.774
£ ﬁo.o—g
£ 5002 y,B" Pepa® BUB™  Buurp™
B3 333188 | 598298 902.542 928 522
40.0 3
E y,aBuUr'*
= 1+
30.0 3 ggﬁs » y.RBu" 1075.552
200 3 : 702.427 ,, ~Buura"
3 Bua 1306.619
100 2 l ‘ | 1280.635
00 24k rr'm.‘.'i'.ln‘.ﬁ ..‘.Ih!‘l.'..l\....‘.|.....\‘..l,.....u..‘\...‘..m|.........|hmm.|..|......|.m..
200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 1100.0 1200.0 1300.0 1400.0 1500.0
T 1003 .
S 0o LN e te .
E 00T e eva s ,* geae® o oogees o oo —tesy —_—*oa ¢ 0 5
® 3 A . . . °
é _10‘0__|II|HH‘Illl|lHI|Il|I|llll|I\H |H.I||IIIHIII||I||I|||I\‘I\ll|llll‘lIH|ll|l||l|||\Il\|I||I|HlI‘\l|I|IIl\||||||I|II|llH\ AL R LR LA b
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Figure S6B: The cross-linked amino acids are unambiguously assigned.
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File: C:\Users\c
Scan: 8586
theor. Mass (M + H+): 2350.361
Precursor Mass (M + H+): 2350.362
Deviation 0.59 ppm

m/z: 784.12549

_protocols\BSA_DSBU_100_1.zhrm Score: 134.4

Peptide B:[ALKAWSVAR] (K3)
(>sp|P027.. from 233 to 241)
Peptide a:[LVTDLTKVHK] (K7)
(>sp|P027.. from 257 to 266)
Crosslinker: BuUrBu

Charge: +3
120.0 3
3 precursor®*
110,03 784.127
3 BuUrp'™
100 BuUra?* 1112%23
5003 632,868 3 3
E + Bup'™ rr +
= g rrreeer 1+
80.0 3
. 3 Bug?* 1069.611 1086.644 B [ALKAWSVAR]
© 3
S 7003 619.878 JiJ %i
g PR Bup?* ) 3+
60.0 5 2 . 2+ Pepa’™ o
g 3185165 BB Ty oy 1153.694
: E 854.507 :
B 5003 - 689.375 R
2 3 Pepa gy pur pur
4003 Lo 577.352 y,aBuUr'™
3 20 1052.576 BuUra™ -
3003 213.16 N 1264.73 rror 3+
: Pepp™” i | Frrrrnreer i
E 1019.087
2003 501.299 019.08 a [LVTDLTKVHK]
3 I 1111 1l 1+
10.0 3 | 1 ?
3 +
OoéllllL wlld LLHJIL llLIull..I..l Lll ].LJIll.“ U
0 Sttt A e R e e e e e e e e e
2000 3000 4000 5000 600.0 700.0 800.0 9000 1000.0 11000 1200.0 13000 1400.0 1500.0
? 00% fe%0% o e o ."‘ ._‘.'ﬂ" % e T e .o' s® %0 o °°
S 100 S T T T T T T T T T T T T T T I T H .
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mz
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Figure S6C: The cross-linked amino acids are unambiguously assigned.



File: C:\Users\c ... _protocols\BSA_DSBU_100_1.zhrm Score: 111.1

Ll LV =
+++ +

Scan: 6578 Peptide B:[SLGKYGTR] (K4)
theor. Mass (M + H+): 2479.276 (>sp|P027... from 452 to 459)
Precursor Mass (M + H+): 2479.277 Peptide a:[VTKBBTESLVNR] (K3)
Deviation 0.58 ppm (>sp|P027.. from 496 to 507)
miz: 620.57471 Crosslinker: BuUrBu
Charge: +4
120.0 3
3 Bua®*
E 2:
1100 3 ¥,9BU 776 38
3 726.846
100.0 2
E yau“ ys[ﬁ:H 4+
3 2 +
3 733.854 760.394 FEErrrr
80.0 3 . B [SLGKVGTR]
R IS y,BBuUr . T !
€ odaar 728.401 ¥, 2
Z g2 1+ 818.432 3
2 3173127 b,BBuLr 3
5 g3 497.268 e
5 3 °1+
2 3 Ys
§ 5003 y,B" 588.343 BuUrR'™ [l B
3 432.253 928.516 T
40.0 3 ;B
3 333.186 " gt —
30.0 3 ¥,0 1 9
3 Bup I
E i 569.749 1138.491
3 rorrrr
200 " 902.537 TErErreer
3 Y,P a [VTKBBTESLVNR]
10.0 3 276.165 J 1111 1
E 2
3 M 34
00 ’....“...‘.,.J..'.H".'.'rJ.JI.....l.'r”,“".l...‘..‘:,l.‘.....!..,.m. rplrh‘n-l-i'r[ o i
200.0 3000 4000 500.0 6000 700.0 800.0 900.0 10000 1100.0 12000 1300.0 1400.0 1500.0
E 1003 3
g 3 ) . .
§ 00— . —y
ks q° . e o0 o2 ., ‘o o0 e® oo .
g E L '.... -oua‘b’g °®% % e ° .
S 100 T T T T T T T T T T I T T T H .
200.0 3000 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 1100.0 1200.0 1300.0 1400.0 1500.0 0% rel. intensity  100%
mz

Figure S6D: The cross-linked amino acids are unambiguously assigned.
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File: C:\Users\c
Scan: 6723
theor, Mass (M + H+): 2718.416
Precursor Mass (M + H+): 2718.423
Deviation 2.29 ppm

m/z: 544.49036

_protocols\BSA_DSBU_100_1.zhrm Score: 98.7

Peptide B:[EKVLTSSAR] (K2)
(>sp|P027.. from 210 to 218)
Peptide a:[LKEBBDKPLLEK] (K7)
(>sp|P027.. from 298 to 309)
Crosslinker: BuUrBu

Charge: +5
120.0 3
E 8"
1100 2 521,269 Y110BY”
E 752882 Bugt
3 y.aBu
100.0 5 809.423 s
E 838.505
90.0 3 Bup?
E 538.310
80.0 3
E 1+
= E 1+ yBUBu
% Yo.o—gy'B Pepa®* 812.532
g " 31rs a1 6" 766,894
£ 6003 420.221 b.a'
2 3 y;a" 806.32 b.aBu'™*
ﬁ 50.0—5 DZBPep“‘ 599.378 1019.467
4003 258.144 BuUro?*
o yB" b5 822.412
N 333.188 | s 695.697 bB*  yaBuUr™
3 3 993.509
2003 %5024 1113.552
1&0%
2000 3000 4000 5000 6000 7000 800.0 900.0 1000.0 11000 12000 1300.0 1400.0 1500.0
E 1003 N "
? 00?"' . '.‘."s'." ‘.'“"’" '..". o oaly dee .t
£ 3 . .
2 E ° .
R SSSSAASSSCLERSSSHLRMAS MASSSSSSASSSSSSSISSSSNNERSSSSSS MSSSSSSUSSSSSMSMS MM
2000 3000 4000 5000 6000 7000 800.0 900.0 1000.0 11000 1200.0 1300.0 1400.0 1500.0
m/iz

Figure S6E: The cross-linked amino acids are unambiguously assigned.
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File: C:\Users\c ... _protocols\BSA_DSBU_100_1.zhrm Score: 114.2

Scan: 9897 Peptide B:[BEBTESLVNR] (T3)
theor. Mass (M + H+): 2673.513 (>sp|P027.. from 499 to 507)
Precursor Mass (M + H+): 2973.512 Peptide a:[KVPQVSTPTLVEVSR] (K1)
Deviation -0.49 ppm (>sp|P027.. from 437 to 451)
miz: 991.8421 Crosslinker: BuUrBu
Charge: +3
120.0 3
3 ¥,50°"
110.0 3 706.89
3 b.a'
3 Yt 1561749
10003 1315.723 1901
90.0 3 ya™* y,om : 34
3 2+
80.0 = 702.412 Bup™ 1412.774 FITrrrrr I+
— 3 1223.55 B [BBTESLVNR]
£ 700—§ 1+ 11 1+
z Bup?* ¥g@ 100 2+
] =
T 02 b,aBuUr'* 12278 900.514 1088.593 N
@ i 564.311 a4
8 004 -
3 1+
e 3 1[3 y B‘H yBBPep“ L -
0.0 Zy,a"” 5555 346 Bua?* 978.467
3175.119 ' 862.999 T .
30.0 3 a,aBulr'  pegppg?* 34
3 2 rr r 2+
E 311.207 569.752 rererrrr rrrr 1+
2003 - a [KVPQVSTPTLVEVSR]
3 v;P 111l 1+
10.0 3 388.23 11 2+
3 | (e
0.0 St dtl s RS T | IllJ A ‘ | L | |
! L e B e e e e e e e
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0
E 10.0 3
E E .
% 0‘02 L TR e 1 cee & r = L v
k| 3 .
(7] E|
< -10.03 ...,...u".."‘.......,.."..."“.".......W"..H‘.|........“‘..u‘.. | S ]
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 0% rel. intensity  100%
miz

Figure S6F: The cross-linked amino acid in the B-peptide is not unambiguously assigned as
relevant b-type ions pointing to the exact cross-linking position are missing.
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File: C:\Users\c
Scan: 6877
theor. Mass (M + H+): 2379.234
Precursor Mass (M + H+): 2379.234
Deviation 0.04 ppm

m/z: 585.5639

_protocols\BSA_DSBU_100_1.zhrm Score: 102.2

Peptide B:[TPVSEKVTK] (S4)
(>sp|P027.. from 490 to 498)
Peptide a:[BASIQKFGER] (K6)
(>sp|P027.. from 223 to 232)
Crosslinker: BuUrBu

Charge: +4
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miz

Figure S6G: The cross-linked amino acid in the B-peptide is not unambiguously assigned as
relevant b- and y-type ions pointing to the exact cross-linking position are missing.
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File: C:\Users\c ... ocols\BSA_DSBU_100_1_RISE.zhrmScore: 21.9

Scan: 6890 Peptide B:[BASIQK] (S3)
theor. Mass (M + H+): 2441253 (>sp|P027.. from 223 to 228)
Precursor Mass (M + H+): 2441.253 Peptide a:[LBVLHEKTPVSEK] (K7)
Deviation 0.24 ppm (>sp|P027.. from 483 to 495)
m/z: 814.42261 Crosslinker: BuUrBu
Charge: +3
120.0
precursor®*
110.0 814.425
100.0
90.0 3+
2+
80.0 1 r 1+
- Bup B [BASIQK]
£ oo 791.408 1+
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2
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£ s00 b,a™ -
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$ o Bug?* 825.931 i
aBBuUr”
40.0 812.941
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ya' .
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ya™ 1165.584 T rr 1+
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Figure S6H: The number of fragments identified for both peptides is not sufficient for an
unambiguous identification of the amino acid sequences and the exact cross-linking positions.
Only fragments of the DSBU are clearly visible.
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File: C:\Users\c ... _protocols\BSA_DSBU_100_1.zhrm Score: 51.0

Scan: 7363 Peptide B:[EKVLTSSAR] (K2)
theor. Mass (M + H+): 2450.162 (>sp|P027... from 210 to 218)
Precursor Mass (M + H+): 2450.168 Peptide a:[NEBFLSHKDD] (S6)
Deviation 2.73 ppm (>sp|P027.. from 123 to 132)
miz: 817.39429 Crosslinker: BuUrBu
Charge: +3
120.0 3
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110.0—5 1101.590
1ou.o—§
3 1
90.0 3 Bup r 34
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2000 3000 4000 5000 6000 700.0 800.0 9000 1000.0 1100.0 12000 1300.0 1400.0 1500.0
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m/z

Figure S61: No fragments are present for the a-peptide in the spectrum. Therefore, neither the
amino acid sequence of the a-peptide, nor the exact cross-linking position can be unambiguously
determined.

21



File: C:\Users\c ... ocols\BSA_DSBU_100_1_RISE.zhrmScore: 27.3

Scan: 4177 Peptide B:[TPVSEKVTK] (S4)
theor, Mass (M + H+): 2492372 (>sp|P027.. from 490 to 498)
Precursor Mass (M + H+): 2492.374 Peptide a:[HKPKATEEQLK] (K4)
Deviation 0.82 ppm (>sp|P027.. from 558 to 568)
miz: 623.849 Crosslinker: BuUrBu
Charge: +4
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Figure S6J: The number of fragments identified for both peptides is not sufficient for an
unambiguous identification of the amino acid sequences and the exact cross-linking positions.
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Cross-linking of E. coli Ribosome
Experimental procedure

0.5 uM E.coli ribosome (1.25 mg/mL in 20 mM HEPES, pH 7.6) was cross-linked with 0.5 mM,
1 mM, 25 mM and 5 mM DSBU (corresponding to DSBU:lysine ratios of ~ 1, 2, 5 and 10) at
room temperature for 60 min. The cross-linking reactions were quenched by adding TRIS buffer
to a final concentration of 50 mM. In-solution digestion was conducted with trypsin using an
enzyme-protein ratio of 1:50 at 37 °C overnight. After enrichment of cross-linking products using
OASIS MCX cartridges, the resulting peptide mixtures were applied to LC/MS/MS analysis
(Ultimate 3000 RSLC nano-HPLC system coupled to an Orbitrap Q-Exactive Plus mass
spectrometer, both Thermo Fisher Scientific) applying stepped HCD (normalized collision
energies 27 %, 30 %, and 33 %).

Cross-linked products were identified using MeroX with FDRs set to 5%, no manual validation
of cross-linked products was performed. Mgf files were searched against a fasta file containing
the amino acid sequences of E.coli ribosomal proteins (UniProt), MeroX settings were as follows:
Protease: trypsin, max. 1 missed cleavage C-terminal of K and/or R, carbamidomethylation of C
was considered as fixed modification, oxidation of M, and DSBU “dead-end” (type 0) cross-links
at K were considered as variable modifications. Mass measurement accuracy was set to 3 ppm
(MS) and 10 ppm for (MS/MS). RISE mode was enabled in MeroX and one missing DSBU
fragment was allowed.

23



Table S3: 766 unique cross-links were identified with MeroX (5% FDR) within the E. coli
ribosome. 0.5 pM E.coli ribosome (1.25 mg/mL in 20 mM HEPES, pH 7.6) was cross-linked
with 0.5 mM, 1 mM, 2.5 mM and 5 mM DSBU (samples 1, 2, 5, 10) at room temperature for 60
min. Numbering was performed according to the amino acid sequences of E. coli ribosomal
proteins of (UniProt), 0 corresponds to protein N-terminus. Cross-links identified for consecutive
amino acid sequences were ignored.

Unique cross-linking site

Identified in sample

Protein 1 Amino acid 1 Protein 2 Amino acid 2 1 2 5 10
RL1 54 RL1 167 X X X X
RL1 54 RL1 163/167 X X X X
RL1 167 RL1 210/211 X X X
RL1 6 RL1 37 X X
RL1 54 RL1 69 X X
RL1 173 RL1 210/211 X X
RL1 6 RL1 14 X X
RL1 154 RL1 167 X X
RL1 141/144/146/154 RL1 198 X X
RL1 54/55 RL1 167 X X
RL1 54 RL1 210/211 X X
RL1 197/198 RL1 200 X X
RL1 54 RL1 163 X
RL1 54 RL1 63 X
RL1 6 RL1 35/37 X
RL1 154 RL1 198 X
RL1 6 RL1 41 X
RL1 54/55 RL1 163/167 X
RL1 163/167 RL1 210/211 X
RL1 154 RL1 163/167 X
RL1 54 RL1 141 X
RL1 54 RL1 163/167/173 X
RL1 105 RL1 106 X
RL1 141 RL1 198 X
RL10 37 RL11 66 X X X X
RL10 43 RL4 74/75 X X X X
RL10 37 RL11 72 X X X X
RL10 37/39 RL11 72 X X X
RL10 43 RL4 57/58 X X
RL10 43 RL11 72 X X
RL10 43 RL4 58 X X
RL10 39 RL10 105 X X
RL10 37/39 RL10 105 X X
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RL10 37/39/43 RL10 109 X

RL10 37 RL10 43 X

RL10 43 RL4 70/72/74

RL10 37 RL4 101 X
RL10 58 RL16 133 X
RL10 39 RL11 72 X
RL10 43 RL4 55/57/58 X
RL10 43 RL10 101

RL10 43 RL11 66

RL10 39/43 RL10 105

RL10 97/101 RL10 109 X

RL10 43 RL10 105 X

RL10 43 RL7 71 X

RL10 37/39 RL10 109 X

RL10 37/39/43 RL10 105 X

RL10 37/39 RL7 71 X

RL10 97 RL10 109 X

RL11 81/82 RL11 87/88/90/92

RL11 81/82 RL11 87/88/90/92/95 X

RL11 82 RL11 100 X

RL13 23/24 RL13 61 X X
RL13 23/24 RL13 61/65/68 X
RL13 23 RL13 68

RL13 23/24 RL13 65/68 X
RL13 23 RL13 61 X
RL13 12 RL13 41

RL13 21/23/24 RL13 61/65/68

RL13 23 RL13 65 X

RL14 59 RL14 111 X X
RL14 75 RL16 133 X
RL14 44 RL14 59 X X
RL14 40/42/44 RL14 59 X
RL14 40 RL14 59 X

RL15 39/40 RL15 63 X
RL15 17 RL22 98 X
RL15 84 RL4 99 X
RL15 80 RL4 99 X

RL15 39 RL15 63

RL15 84 RL15 141

RL15 17 RL4 55/57/58

RL15 14 RS15 71

RL16 8 RL16 11/14 X
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RL16 62 RL16 133 X X X

RL16 8 RL16 58 X X X

RL16 58 RL16 62 X X

RL16 11/14 RL16 84/86 X X

RL16 34 RL16 132/133 X X

RL16 5 RL16 8 X X

RL16 58 RL16 123 X X

RL16 118 RL16 127 X X

RL16 58 RL16 118 X X

RL16 14 RL16 84/86 X X

RL16 8 RL16 84/86 X

RL16 62 RS4 185 X

RL16 34 RL16 127 X

RL16 14 RL16 84 X

RL16 123 RL16 127/128/129 X

RL16 34 RL16 133 X

RL16 62 RL16 133/134 X

RL16 62 RL16 128 X

RL16 11 RL16 84 X
127/128/129/132/13

RL16 118/123 RL16 3 X

RL16 11/14 RL16 84 X

RL16 118/123 RL16 127/128/129 X

RL16 58 RL16 118/123 X

RL17 35/36/37 RL32 53 X X X X

RL17 35 RL32 53 X X X X

RL17 35 RL32 57 X X X X

RL17 78 RL17 121 X X

RL17 78 RL17 119/121 X X

RL17 35/36/37 RL32 57 X

RL17 35/36/37/40 RL32 57 X

RL17 35/36 RL32 53 X

RL17 40 RL32 53 X

RL18 17 RL27 62 X X X X

RL18 17 RL27 62/66 X X X X

RL18 68 RL18 76 X X X X

RL18 76 RL18 88 X X X X

RL18 63 RL18 76 X X X

RL18 17 RL27 75 X X

RL18 63/64/65/68 RL18 76 X X

RL18 4 RL27 78 X

RL18 24 RL27 62/66 X
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RL18 4/5 RL27 75 X
RL18 0 RL27 75 X
RL18 0/3 RL27 75 X
RL18 4 RL27 75 X
RL18 63/64/65/68 RL31 69/70 X
RL18 88 RS1 278/279/281 X
RL18 17 RL27 66 X
RL18 88 RS1 279/281 X
RL18 63 RL31 69/70 X
RL18 0/3 RLS 161/162 X
RL18 63/64/65 RL18 76 X
RL19 87 RL19 111 X X X X
RL19 63 RL19 87 X X X X
RL19 87 RL19 106 X X X X
RL19 83 RL19 111 X X X
RL19 106 RL19 111 X X X
RL19 63 RL19 85/87 X
RL19 65 RL19 87 X
RL19 96 RL19 111 X
RL19 85 RL19 106 X
RL2 183 RL2 265 X X X X
RL2 97 RL2 125 X X X X
RL2 108/111 RL2 157 X X
RL2 108/111 RL2 125 X X
RL2 96/97 RL2 125 X X
RL2 108 RL2 125 X X
RL2 97 RL2 125/129 X
RL2 261 RL2 265 X
RL2 7/9/10 RL2 97 X
RL2 68 RL9 89/93/96 X
RL2 108/111 RL2 125/129 X
RL2 18 RL31 62 X
RL2 111 RS1 200 X
RL2 108 RL2 157 X
RL2 9/10 RL2 97 X
RL2 261 RS1 511 X
RL2 111 RL2 157 X
RL20 78/84 RL20 85 X X X X
RL20 85 RL20 114 X X X X
RL20 22 RL21 73 X X
RL20 16 RL31 62 X X
RL20 16 RS14 50 X X
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RL20 16 RL21 73/76 X
RL20 77/78/84 RL20 85 X
RL20 16 RL21 73 X
RL20 103 RL20 114 X

RL21 0 RL13 12 X X X
RL21 0 RL21 76 X X X
RL21 7/10 RL21 60 X X

RL21 0 RL21 15 X X

RL21 0 RL13 2 X X

RL21 10 RL20 22 X
RL21 2 RL13 12 X

RL21 0 RL13 7/10/12 X

RL21 0 RL13 7 X

RL21 0 RL13 10/12 X

RL21 7 RL21 60 X

RL21 0 RL13 0/2 X

RL21 10 RL21 76 X

RL21 0 RL13 0 X

RL21 10 RL21 60 X

RL22 0 RL22 81/83 X X X
RL22 48/49 RL32 57 X X X
RL22 0 RL22 73 X X X
RL22 6 RL22 73 X X X

RL22 0 RL22 81 X X

RL22 6 RL22 73/81/83 X X

RL22 6 RL22 72/73 X X

RL22 28 RL32 37 X X

RL22 0 RL22 72 X

RL22 3 RL22 83 X

RL22 42 RL32 57 X

RL22 0 RL22 72/73 X

RL22 6 RL22 72 X

RL22 16 RL22 98 X

RL22 6 RL22 81 X

RL22 28 RL22 70 X

RL22 28 RL22 70/72/73 X

RL22 6 RL22 83 X

RL22 6 RL22 81/83 X

RL23 0 RL23 9 X X X X
RL23 9 RL29 54 X X X X
RL23 9 RL23 36 X X X
RL23 9 RL23 39/40 X X X
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RL23 0 RL23 49 X X
RL23 9 RS12 15 X X
RL23 0 RL29 54
RL23 9 RL23 26/27/29/33 X
RL23 0 RL36 18 X
RL23 27/29/33 RL23 82 X
RL23 9 RL29 60 X
RL23 26/27/29/33 RL23 82 X
RL23 9 RL23 36/39/40 X
RL24 21 RL24 43/44 X X X
RL24 26 RL24 44 X X X
RL24 91/92 RL24 104 X
RL24 43/44 RL24 47 X X
RL24 26 RL24 61 X X
RL24 26/30/31 RL24 104
RL24 21 RS5 22/23 X
RL24 31 RL24 61 X
RL24 24 RL24 44 X

RL24 and

RL23 @65-
68 and RL14

@50-53 51 RL14 114 X X X
RL25 0 RL25 73 X X X
RL25 83 RL16 127 X X X

127/128/129/132/13

RL25 83 RL16 3 X X
RL25 14 RL25 25 X X X
RL25 83 RL16 118 X X
RL25 83/85 RL16 118 X
RL25 0 RL25 53 X X
RL25 25 RL25 53 X X
RL25 83 RL16 127/128/129 X X
RL25 0 RL25 71 X X
RL25 34 RL25 73 X X
RL25 3 RL25 46 X X
RL25 25 RS15 71
RL25 83 RL10 147 X
RL25 0/3 RL25 53 X
RL25 34 RL25 71 X
RL25 0 RL7 71 X
RL27 66 RL27 72 X X X
RL27 62 RL27 72 X X X
RL27 62/66 RL27 72 X X X
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RL27 62 RL27 72/75 X X X
RL27 5 RLS 78 X X
RL27 66 RL27 75 X
RL27 75 RS4 156 X
RL27 24 RL2 111 X
RL27 58/62 RL27 75 X
RL27 66 RL27 72/75 X
RL27 62/66 RL27 72/75 X
RL28 62 RL28 77/78 X X X X
RL28 44 RL9 57 X X X X
RL28 44 RL9 112/113 X X X
RL28 44 RL28 77/78 X X
RL28 54 RL28 62 X X
RL28 44 RL9 71 X X
RL28 44 RL9 112 X
RL29 9 RL10 58 X X X
RL29 16 RL29 60 X X
RL29 9 RL4 65 X
RL29 4 RL29 16 X
RL29 4 RS8 105 X
RL29 16 RL15 141 X
RL29 2 RL29 16 X
RL29 9 RL15 141 X
RS18 and
RL3 7/8 RL3 @56-59 56 X X X X
RL3 55/56 RL3 70 X X X
RL3 55/56 RL3 62 X X X
RL3 7/8 RL3 55/56 X X X
RL3 0 RL3 105/106 X X
RL3 105/106 RL3 190 X
RL3 105/106 RL3 208 X
RL3 0 RL3 55/56 X
RS18 and
RL3 0 RL3 @56-59 56 X
RL3 0 RL3 208 X
RL3 7/8 RL3 38 X
RL30 56 RS14 83 X
RL30 12 RS20 19 X
RL30 6 RL30 56 X
RL30 56 RL20 84/85 X
RL30 10 RL30 56 X
RL31 62 RS13 110 X X X X
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RL31 62 RL5 120/121 X X X
RL31 69/70 RL5 161/162 X X
RL31 69/70 RL5 120 X X
RL31 69/70 RL5 78 X X
RL31 23 RL31 69/70 X X
RL31 62 RS13 62 X
RL31 62 RL5 121 X
RL31 62 RL5 78 X
RL31 8 RL5 64/68/69 X
RL31 23 RL5 121 X
RL31 23 RL31 45/47 X
RL31 69/70 RL5 145 X
RL31 70 RL5 121 X
RL32 32/33/34/37 RL17 119/121 X X X X
RL32 32/33/34/37 RL32 57 X X X X
RL32 32 RL17 119/121 X X X X
RL32 37 RL22 48/49 X X X X
RL32 32/33/34/37 RL32 53 X X X
RL32 32 RL32 57 X X
RL32 32 RL17 119 X X
RL32 32/33/34/37 RL17 121 X X
RL32 18 RL32 57 X X
RL32 32/33 RL17 121 X
RL32 11 RS19 17/18 X
RL32 32/33/34 RL17 121 X
RL32 32/33/34 RL32 53 X
RL32 34/37 RL32 53 X
RL32 57 RL17 78 X
RL32 32/33/34 RL32 57 X
RL32 32/33/34 RL17 42 X
RL32 33/34 RL17 121 X
RL32 37 RL17 119 X
RL32 33 RL17 121 X
RL33 10 RL33 37 X X X X
RL33 10 RL22 90 X X
RL33 10 RL33 53 X X
RL33 10 RL33 53/55 X X
RL33 10 RS4 23 X
RL33 10 RL33 33/37 X
RS4 and
RL33 10 RS1 @87-90 90 X
RL33 10 RL21 60 X
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RL33 10 RL1 198 X
RS4 and

RL33 10 RS1 @87-90 88 X
RL33 10 RL33 33 X
RL34 11 RL34 45/46 X X X
RL35 23 RL35 51/52 X X
RL35 16 RL35 35/36 X X
RL35 36 RL2 157 X
RL35 16 RS9 129 X
RL35 5 RL29 16 X
RL35 12 RS9 129 X
RL36 9 RL36 18 X X X X
RL36 9 RL16 118 X X X X
RL36 9 RL36 15 X X X X
RL36 9 RL16 118/123 X X X
RL36 6/8 RS21 54 X X
RL36 9 RL36 15/18 X
RL36 9 RL16 123 X
RL36 6 RS12 108 X

RL36_2 21 RL21 73 X X X

RL36_2 and

RL36_2

@44-47 44 RL2 108 X
RL4 0 RL4 137 X X X X
RL4 99 RL4 106 X X X X
RL4 130 RL4 137 X X X X
RL4 65 RL4 74 X X X
RL4 58 RL4 74/75 X X X
RL4 98/99 RL4 106 X X X
RL4 57/58 RL4 74/75 X X X
RL4 123 RL4 194 X X X
RL4 0 RL4 137/139 X X X
RL4 6 RL4 137 X X X
RL4 123 RL4 137 X X X
RL4 47/48 RL4 74/75 X X
RL4 57/58 RL4 74 X X
RL4 130 RL4 137/139 X X
RL4 58 RL4 65 X X
RL4 6 RL4 189 X X
RL4 6 RL4 185/189 X X
RL4 58 RL4 63/65 X X
RL4 130 RL4 139 X X
RL4 130/131/132 RL4 137 X X
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RL4 99 RL4 107 X
RL4 101 RL4 106 X
RL4 123/125 RL4 137 X
RL4 58 RL4 70 X
RL4 47 RL4 55 X
RL4 0 RL4 185/189 X
RL4 55/57/58 RL4 63 X
RL4 132 RL4 166 X
RL4 166 RL4 185 X
RL4 99 RL4 107/110 X
RL34 and

RL22 @89-
RL4 55/57/58 92 90 X
RL4 6 RL4 137/139 X
RL4 0/6 RL4 185/189 X
RL4 55/57/58 RL4 74 X
RL4 0/6 RL4 137 X
RL4 57/58 RL4 63/65 X
RL4 10/13/15/17/18 RL4 137 X
RL4 58 RL4 74 X
RL4 106 RL4 194 X
RL4 123 RL4 139 X
RL4 57/58 RL4 63 X
RL4 130/131/132 RL4 137/139 X
RL4 10 RL4 137 X
RL5 47/48 RL5 78 X X X X
RL5 78 RS13 102 X X X X
RL5 78 RS13 110 X X X X
RL5 47/48 RL5 69 X X X
RL5 120 RL5 179 X X

RS20 and

RL19 @107-
RL5 78 111 111 X X
RL5 15 RL5 120/121 X X
RL5 47/48 RL5 64/68/69 X X
RL5 15 RL31 69/70 X X
RL5 47/48 RL5 64 X X
RL5 73 RS7 76 X
RL5 78 RL5 83 X
RL5 47/48 RL5 68 X
RL5 78 RS13 103/104 X
RL5 47/48 RL5 68/69 X
RL5 15 RL31 62 X
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RLS 15 RLS 121 X

RLS 78 RS13 117/118 X

RLS 78 RS19 87/88 X

RL6 6 RL6 44 X X X X
RL6 86 RL6 138 X X X X
RL6 85/86 RL6 138 X X X

RL6 6 RL6 44/49/51 X X

RL6 29 RL7 71 X X

RL6 34 RL19 87 X

RL6 86 RL7 90/96 X

RL6 18/25/27 RL6 29 X

RL6 86 RL7 109 X

RL6 86 RL7 96 X

RL6 18/25/27 RL6 44 X

RL6 29 RL6 94 X

RL6 44/49/51 RL7 71 X

RL7 71 RL6 86 X X X

RL7 85 RL6 86 X X X

RL7 71 RL6 160 X X

RL7 71 RL7 71 X X

RL7 71 RL7 85 X X

RL7 66 RL7 71 X

RL7 71 RL11 82 X

RL7 66 RL10 97 X

RL7 108 RL7 109 X

RL7 71 RL10 105 X

RL9 8 RL9 57 X X X X
RL9 35 RL9 57 X X X X
RL9 42 RL28 62 X X X X
RL9 42 RL9 57 X X X X
RL9 42 RL28 44 X X X X
RL9 57 RL9 113 X X X
RL9 8 RL9 112/113 X X X
RL9 0 RL9 25 X X X
RL9 8 RL9 35 X X X

RL9 0 RL9 22 X X X

RL9 57 RL9 71 X X X

RL9 0 RL9 22/25 X X
RL9 35 RL9 113 X X

RL9 35/40/41 RL9 57 X X

RL9 0 RL9 57 X X

RL9 8 RL9 71 X X

34




RL9 42 RL28 61/62 X X
RL9 89 RL2 183 X X
RL9 89 RL2 97 X X
RL9 112/113 RL2 265

RL9 22 RL9 112/113

RL9 57 RL9 112/113

RL9 0 RL28 61/62

RL9 0 RL9 35 X
RL9 22 RL9 35/40/41 X
RL9 22 RL9 35 X
RL9 83 RL2 97 X
RL9 89 RL9 113 X
RL9 89 RL9 112/113 X
RL9 35/41 RL9 113 X
RL9 35 RL28 44 X
RL9 89 RS1 278/279/281 X

RL9 14 RL9 71 X

RL9 8 RL9 35/40/41 X

RL9 22 RL9 57 X

RL9 35 RL9 112/113 X

RL9 41 RL9 113 X

RL9 89 RL2 125 X

RL9 89 RL9 112 X

RL9 40/41 RL9 57 X

RL9 35/40/41 RL28 44 X

RL9 41/42 RL28 62 X

RL9 42 RL9 112 X

RS1 12/14 RS2 45 X X
RS1 279/281 RS1 350 X X
RS1 117 RS1 162 X
RS1 14 RS2 20 X
RS1 279 RS1 350 X
RS1 12/14 RS4 177 X

RS1 229 RS1 272 X

RS1 247 RS1 256 X

RS1 229 RS1 260 X

RS1 150 RS1 256/260 X

RS1 430/434 RS1 450 X

RS1 370 RS1 411 X

RS1 155 RS1 247 X

RS1 278 RS1 350 X

RS1 150 RS1 196/200 X
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RS1 150 RS1 247 X

RS1 247 RS1 260 X

RS1 450 RS1 504 X

RS10 0 RS3 62/63 X X X X
RS10 30 RS10 83 X X X X
RS10 83 RS9 100 X X X
RS10 0 RS10 83 X X X

RS10 11 RS14 76 X X
RS10 30 RS10 82/83 X X
RS10 0 RS10 82/83 X X
RS10 30 RS9 100 X X
RS10 82/83 RS1 504/506 X X

RS10 82/83 RS9 100 X
RS10 11 RS10 30 X
RS10 11 RS3 62/63 X

RS10 82/83 RS1 536 X

RS10 83 RS1 464 X

RS11 14 RS11 87 X X X

RS11 14 RL9 89 X X X

RS11 0/3 RL16 8 X X
RS11 17 RS11 80 X X

RS11 87 RS7 154 X X

RS11 0 RL16 132/133/134 X
RS11 0/3 RS13 110 X

RS11 0 RS13 110 X

RS11 87 RS7 149/154 X

RS11 0/3 RL27 5 X

RS11 87 RS7 149 X

RS11 80 RS7 149/154 X

RS11 14 RL9 83 X

RS11 35 RS11 80 X

RS12 108 RS12 123 X X X X
RS12 111 RS12 123 X X X X
RS12 44 RS12 51 X X X X
RS12 108 RS12 111 X X X
RS12 44 RS21 59 X X

RS12 111 RL19 111 X
RS12 51 RS12 108 X

RS12 15 RS18 38 X

RS13 110 RS9 129 X X X X
RS13 78 RS13 110 X X X X
RS13 78 RL5 120/121 X X X X
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RS13 110 RL5 120/121 X X X X
RS13 78 RLS 120 X X X
RS20 and

RL19 @107-
RS13 110 111 111 X X X
RS13 13 RS7 114 X X X
RS13 78 RS13 103/104 X X X
RS13 27/28 RS13 30/31 X X X
RS13 104 RLS 120 X X
RS13 103 RLS 120/121 X X
RS13 78 RS13 103 X X
RS13 103/104 RS13 110 X X
RS13 55 RS7 114 X X
RS13 44 RS7 114 X
RS13 78 RS13 102 X
RS13 13 RL5 145 X
RS13 13 RS13 55 X
RS13 27 RS13 31 X
RS13 44 RS7 114/115 X
RS13 27/28 RS13 31 X
RS13 27 RS13 30/31 X
RS13 114 RLS 120/121 X
RS13 110 RS7 114/115 X
RS13 103/104 RS13 114 X
RS13 62 RS7 114 X
RS13 44/46/49 RS7 114/115 X
RS13 117/118 RLS 120/121 X
RS14 23 RS14 50 X X X X
RS14 50 RL31 70 X X X
RS14 47 RL31 69/70 X X X
RS14 23 RS14 47 X X
RS14 12 RS3 89 X X
RS14 47/50 RL31 69/70 X X
RS14 76 RS14 83 X
RS14 19 RS14 47 X
RS15 71 RS17 81 X X X X
RS15 71 RS15 73 X X X X
RS15 71 RL13 106 X X X
RS16 46 RS16 76 X X X X
RS16 46 RS16 80 X X X X
RS16 50 RS16 80 X X
RS16 46/50 RS4 185 X X
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RS16 46/50 RS16 80 X

RS16 12/13 RS16 46/50 X

RS16 12/13 RS16 46 X

RS17 30 RS8 87 X X X X
RS17 39 RS15 71 X X X X
RS17 16/19 RS15 71 X X X X
RS17 16 RS15 71 X X X X
RS17 16/19 RS17 41/42 X X X
RS17 30 RS17 39 X X X
RS17 39 RS15 73 X
RS17 16/19 RS8 89 X

RS17 16/19 RS17 41/42/43 X

RS17 16/19 RS15 69/71 X

RS18 9 RS21 22/25 X X X X
RS18 9 RS21 25 X X X X
RS18 9 RS18 36/38 X X X
RS18 9 RS21 59 X X X
RS18 38 RS6 106 X X X

RS18 28 RS18 38 X X

RS18 36/38 RS6 106 X X

RS18 9 RS21 54 X X

RS18 9 RS21 58 X X

RS18 9 RS18 50 X X
RS18 9 RS1 162 X X

RS18 9 RS6 35 X
RS18 9 RS18 14/23/24 X

RS18 9 RS18 38 X

RS18 30 RS6 104/106 X

RS18 30/32 RS6 56 X

RS18 9 RS6 92/93 X

RS18 50 RS6 92 X

RS18 9 RS1 158/162 X

RS18 30/32 RS6 104/106 X

RS18 9 RS6 106 X

RS18 38 RS6 104/106 X

RS18 9 RS21 22 X

RS18 50 RS6 92/93 X

RS18 36/38 RS1 158 X

RS18 38 RS1 162 X

RS18 36/38 RS1 247 X

RS18 9 RS6 104/106 X

RS18 9 RS1 158 X
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RS18 36/38 RS6 104/106 X
RS18 and
RL3 @56-59 56 RL3 62 X X X
RS18 and
RL3 @56-59 56 RL3 61/62 X
RS18 and
RL3 @56-59 56 RL3 61/62/70 X
RS19 6/7 RL31 62 X X X X
RS19 17/18 RL31 69/70 X X X X
RS19 17/18 RS14 50 X X X
RS19 17/18 RS14 23 X X X
RS19 17/18 RL31 62 X X X
RS19 29 RLS 120/121 X X X
RS19 17/18 RS19 25/28 X X X
RS19 28/29 RL31 69/70 X X
RS19 28/29 RL5 120/121 X X
RS19 17/18 RS19 21 X X
RS19 87/88 RS13 117/118 X X
RS19 17/18 RS14 47/50 X
RS19 0/4 RLS 120 X
RS19 25/28/29 RL5 120/121 X
RS19 28/29 RL31 62 X
RS19 18 RS19 29 X
RS19 25/28 RL31 69/70 X
RS19 17/18 RS19 25 X
RS19 28 RL5 120 X
RS19 29 RLS 120 X
RS2 28 RS2 45 X X X X
RS2 112 RS3 147 X
RS2 112 RS3 147/150 X
RS2 28 RSS8 29/30/31 X
RS2 130 RS3 233 X
RL27 and
RL10 @106-
RS2 45 109 109 X
RS2 128/130/131 RS3 147 X
RS2 66 RS3 135 X
RS2 105/106 RS3 135 X
RS2 72/73 RS2 81 X
RS2 66 RL15 128/129 X
RS2 11 RS1 14 X
RS2 81 RS3 108 X
RS2 37 RS21 59 X
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RS4 and

RS2 37 RS1 @87-90 90 X

RS2 128 RS3 147 X

RS2 66 RS2 115 X

RS20 19 RL19 104/106 X X X X
RS20 16 RS20 19 X X X X
RS20 19 RL2 259 X X X
RS20 8/9 RS20 16 X X X
RS20 8/9 RS20 19 X X X
RS20 34 RS20 49 X X X

RS20 49 RS20 85 X X X

RS20 33/34 RS20 49 X X

RS20 33/34 RS20 71 X X

RS20 16 RS20 23 X
RS20 16 RS20 19/23 X
RS20 33/34 RS20 85 X

RS20 44 RS20 76 X

RS20 44 RS20 85 X

RS21 54 RS21 59 X X X X
RS21 25 RS18 30 X X X
RS21 25 RS18 38 X X X
RS21 59 RS9 129 X X X

RS21 54 RS9 129 X X

RS21 49 RS21 59 X X

RS21 54 RS1 117 X X

RS21 59 RL10 150 X

RS21 54 RS21 58 X

RS21 49 RS21 58 X

RS21 59 RS4 150 X

RS21 25 RS18 36/38 X

RS21 25 RL22 81/83 X

RS21 43 RL14 67 X

RS21 25 RS18 42 X

RS3 108 RS3 147 X X X
RS3 79/80 RS3 86 X X

RS3 147 RS3 226 X X

RS3 147 RS3 233 X

RS3 135 RS1 464 X

RS3 233 RS1 279/281 X

RS3 16 RS3 108 X

RS3 150 RS3 226 X

RS3 62/63 RS1 555 X
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RS4 167 RS4 183 X X X X
RS4 151 RS4 156 X X X X
RS4 83 RS5 167 X X X X
RS4 83 RS4 185 X X X
RS4 156 RS4 167 X X X
RS4 151 RS4 181/183 X X X

RS4 86 RS4 185 X X
RS4 8/10 RS12 44 X X
RS4 77 RS4 205/206 X X
RS4 151/153 RS4 156 X X

RS4 156 RS4 177 X X

RS4 156 RS4 181/183 X X

RS4 8/10 RS8 74 X
RS4 10 RS4 22/23 X
RS4 77 RS4 83 X
RS4 22 RL28 52/54 X

RS4 10/12 RS12 44 X

RS4 22/23 RS12 44 X

RS4 10 RS12 44 X

RS4 151 RS4 177 X

RS4 156 RS4 177/181/183 X

RS5 66 RL7 109 X X

RS5 26 RS9 129 X X

RS5 26 RS3 135 X X

RS5 26 RS5 52 X
RS5 66 RS3 135 X
RS5 62 RS3 89 X

RS5 86 RS8 87 X

RS5 52 RS5 66 X

RS5 23/24/26 RS5 52 X

RS6 35 RS1 229 X

RS7 11 RS9 100 X X X X
RS7 76/77 RS7 131/133/136 X X
RS7 76 RS7 136 X X
RS7 114/115 RS7 131/133/136 X X

RS7 54/56 RS7 136 X X

RS7 17 RS9 105 X
RS7 11 RS7 20 X
RS7 11 RS7 25 X

RS7 114 RS7 137 X

RS7 76 RS1 260 X

RS7 76 RS7 131/133/136 X
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RS7 72 RS7 136 X

RS7 76 RS1 256/260 X

RS7 114 RS7 136/137 X

RS7 114/115 RS7 136 X

RS7 54/56 RS1 247 X

RS7 54/56 RS1 411 X

RS7 11 RS1 247 X

RS7 72 RS7 131 X

RS8 89 RS5 167 X X X X
RS8 31/33 RS8 50 X X X X
RS8 94 RS5 167 X X X X
RS8 22 RS2 28 X X X

RS8 89/94 RS5 167 X X X

RS8 50 RS8 69 X X X

RS8 87 RS8 89 X X X

RS8 108/112 RS5 167 X X

RS8 108 RS5 167 X X

RS8 89 RL1 186 X
RS8 87 RS5 92 X
RS8 30 RS8 50 X

RS8 89 RS8 112 X

RS8 33 RS8 50 X

RS8 89 RS8 108 X

RS8 89 RS8 108/112 X

RS8 112 RS5 167 X

RS9 100 RS9 115 X X X
RS9 100 RS9 114 X X
RS9 100 RS1 278/279/281 X X
RS9 115 RS9 128/129 X X
RS9 100 RS1 411 X X

RS9 100 RS1 279 X

RS9 100 RS9 120 X

RS9 13 RS9 100 X

RS9 100 RS1 247 X

RS9 100 RS9 128 X

RS9 100 RS1 278 X

RS9 100 RS1 256 X

RS9 100 RS1 279/281 X
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	Figure S4: Cross-links created with different molar excess of CDI and mapped into the BSA structure (pdb 4F5S).
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