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Figure S1. Mono-links of Pgp visualized on its primary structure by Protter 1.0. Mono-links on Pgp in the (A) on-bead
DSSO, (B) the living cell DSSO and (C) living cell BS2Gd0/d4 samples. 



A B

C

Figure S2. Mono-links of Pgp visualized on its tertiary structure, PDB 6qex.  Mono-links on Pgp in the (A) on-bead
DSSO, (B) the living cell DSSO and (C) living cell BS2Gd0/d4 samples. 
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Figure S3. Western Blot analysis of Pgp cross-linked with di�erent dilutions of DSSO.  By adding increasing 
concentrations of DSSO, gradually more signal of Pgp appears at the higher molecular weight levels.
No dimer formation of Pgp can be detected at concentrations of 0.5-10 mM DSSO.   
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Figure S4. Distribution of distances between ε-amino groups of mono-linked lysine residues in the (A) on-bead DSSO 
and (B) living cell DSSO samples. All possible cross-links between the mono-linked sites are indicated in grey, and the 
observed cross-links by LC-MS/MS are red. All identi�ed cross-links were between 5–30 Å which corroborates the 
validity of the MS results.   
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     L_E_220319_07.raw  #21416  RT: 32.6202 min
     FTMS, 529.2818@cid25.00, z=+4, Mono m/z=528.77979 Da, MH+=2112.09731 Da, Match Tol.=0.5 Da
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     #21419  RT: 32.6239 min
     ITMS, 529.2818@hcd35.00
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     #21423  RT: 32.6296 min
     ITMS, 529.2818@cid25.00 632.3089@hcd35.00
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     #21424  RT: 32.6306 min
     ITMS, 529.2818@cid25.00 616.3249@hcd35.00
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     #21421  RT: 32.6276 min
     ITMS, 529.2818@cid25.00 416.2452@hcd35.00  
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     #21422  RT: 32.6285 min
     ITMS, 529.2818@cid25.00 432.2307@hcd35.00
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Figure 5. Pgp K146 is cross-linked to K149. (A) The MS2-CID spectrum is dominated by the diagnostic peptide pairs 
of the two cross-linked peptides formed upon fragmentation along the cross-linker. (B) The MS2-HCD spectrum 
contains additional fragments of the two peptides along the peptide backbone to assist identi�cation. Fragments 
labeled red and orange belong to Peptide A while fragments labeled blue and light blue belong to Peptide B. 
(C-F) MS3-HCD spectra of the peptide pairs detected in MS2-CID con�rm identity of Peptide A (C, D) and Peptide B 
(E, F). Peptide A is KQFFHAIMR [149-157], Peptide B is QIHKIR [143-147] interpreted by XlinkX.  
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     L_E_220319_07.raw  #20778  RT: 31.7538 min
     FTMS, 480.8401@cid25.00, z=+5, Mono m/z=480.64035 Da, MH+=2399.17265 Da, Match Tol.=0.5 Da
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     #20784  RT: 31.7598 min
     ITMS, 480.8401@cid25.00 646.3211@hcd35.00
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     #20783  RT: 31.7587 min
     ITMS, 480.8401@cid25.00 656.9781@hcd35.00
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Figure S6. Pgp K502 is cross-linked to K578. (A) The MS2-CID spectrum is dominated by the diagnostic peptide pairs
of the two cross-linked peptides formed upon fragmentation along the cross-linker. (B) The MS2-HCD spectrum 
contains additional fragments of the two peptides along the peptide backbone to assist identi�cation. Fragments 
labeled red and orange belong to Peptide A while fragments labeled blue and light blue belong to Peptide B. 
(C-F) MS3-HCD spectra of the peptide pairs detected in MS2-CID con�rm identity of Peptide A (C, D) and Peptide B 
(E, F). Peptide A is YGRENVTMDEIEKAVK [490-505], Peptide B is KGR [578-580] interpreted by XlinkX.  
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     L_E_220319_07.raw  #33190  RT: 49.0913 min
     FTMS, 628.9318@cid25.00, z=+5, Mono m/z=628.53143 Da, MH+=3138.62806 Da, Match Tol.=0.5 Da
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     L_E_220319_07.raw  #33338  RT: 49.2980 min
     FTMS, 785.6624@cid25.00, z=+4, Mono m/z=785.41193 Da, MH+=3138.62588 Da, Match Tol.=0.5 Da

Figure S8. Pgp K1150 is cross-linked to K1220. The MS2-CID spectrum is dominated by the diagnostic peptide pairs 
of the two cross-linked peptides formed upon fragmentation along the cross-linker. The spectrum contains 
additional fragments of the two peptides along the peptide backbone to assist identi�cation. Fragments labeled 
red and orange belong to Peptide A while fragments labeled blue and light blue belong to Peptide B. Peptide A 
is AAKEANIHAFIESLPNK [1148-1164], Peptide B is VVQEALDKAR [1213-1222] interpreted by XlinkX.  

A: AAKEANIHAFIESLPNK

B: VVQEALDKAR

Figure S7. Pgp K1150 is cross-linked to K1220. The MS2-CID spectrum is dominated by the diagnostic peptide pairs 
of the two cross-linked peptides formed upon fragmentation along the cross-linker. The spectrum contains 
additional fragments of the two peptides along the peptide backbone to assist identi�cation. Fragments labeled 
red and orange belong to Peptide A while fragments labeled blue and light blue belong to Peptide B. Peptide A 
is AAKEANIHAFIESLPNK [1148-1164], Peptide B is VVQEALDKAR [1213-1222] interpreted by XlinkX.  

A: AAKEANIHAFIESLPNK

B: VVQEALDKAR
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     L_E_220319_07.raw  #35167  RT: 51.9320 min
     FTMS, 1141.5422@cid25.00, z=+3, Mono m/z=1141.20935 Da, MH+=3421.61350 Da, Match Tol.=0.5 Da

A: QDVSWFDDPKNTTGALTTR

B: GAQLSGGQKQR
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     L_E_220319_07.raw  #34996  RT: 51.6939 min
     FTMS, 946.2155@cid25.00, z=+4, Mono m/z=945.71143 Da, MH+=3779.82387 Da, Match Tol.=0.5 Da

A: QDVSWFDDPKNTTGALTTR

B: LANDAAQVKGAIGSR

Figure S9. Pgp K808 is cross-linked to K826. The MS2-CID spectrum is dominated by the diagnostic peptide pairs of 
the two cross-linked peptides formed upon fragmentation along the cross-linker. The spectrum contains additional 
fragments of the two peptides along the peptide backbone to assist identi�cation. Fragments labeled red and 
orange belong to Peptide A while fragments labeled blue and light blue belong to Peptide B. Peptide A is 
QDVSWFDDPKNTTGALTTR [799-817], Peptide B is  LANDAAQVKGAIGSR [818-832] interpreted by XlinkX.  

Figure S10. Pgp K536 is cross-linked to K808. The MS2-CID spectrum is dominated by the diagnostic peptide pairs of 
the two cross-linked peptides formed upon fragmentation along the cross-linker. The spectrum contains additional 
fragments of the two peptides along the peptide backbone to assist identi�cation. Fragments labeled red and 
orange belong to Peptide A while fragments labeled blue and light blue belong to Peptide B. Peptide A is 
QDVSWFDDPKNTTGALTTR [799-817], Peptide B is GAQLSGGQKQR [528-538] interpreted by XlinkX.  



L_E_220319_07 #13813 RT: 22.33 AV: 1 NL: 2.06E6
T: FTMS + c NSI d Full ms2 579.5504@cid25.00 [156.0000-2000.0000]
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L_E_220319_07 #13810 RT: 22.33 AV: 1 NL: 1.34E5
T: ITMS + c NSI r d Full ms2 579.5504@hcd35.00 [156.0000-2000.0000]
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L_E_220319_07 #13819 RT: 22.33 AV: 1 NL: 2.47E3
T: ITMS + c NSI r d Full ms3 579.5504@cid25.00 551.8158@hcd35 ...
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T: ITMS + c NSI r d Full ms3 579.5504@cid25.00 567.8035@hcd35 ...
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Figure S11. Pgp K271 is cross-linked to K279. The MS2-CID spectrum (A) displays the diagnostic 
peptide pairs of the two cross-linked peptides formed upon fragmentation along the cross-linker. 
Peptide A and B were identified from MS3-HCD spectra (D and F, respectively) by database search and 
further confirmed by fragments detected in the MS2-HCD spectrum (B). Peptide A is TVIAFGGQKK 
[263-272], Peptide B is YNKNLEEAK [277-285]. Pr denotes unfragmented precursor ion in the MS2-
HCD spectrum. 
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L_E_220319_07 #39056 RT: 57.54 AV: 1 NL: 1.39E4
T: ITMS + c NSI r d Full ms3 784.3972@cid25.00 592.3130@hcd35 ...
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L_E_220319_07 #39049 RT: 57.53 AV: 1 NL: 7.91E4
T: ITMS + c NSI r d Full ms2 784.3972@hcd35.00 [156.0000-2000.0000]
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L_E_220319_07 #39051 RT: 57.53 AV: 1 NL: 1.53E6
T: FTMS + c NSI d Full ms2 784.3972@cid25.00 [211.0000-2000.0000]
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Figure S12. Pgp K536 is cross-linked to K895. The MS2-CID spectrum (A) displays the diagnostic 
peptide pairs of the two cross-linked peptides formed upon fragmentation along the cross-linker. 
Peptide A and B were identified from MS3-HCD spectra (C-D and E-F, respectively) by database search 
and further confirmed by fragments detected in the MS2-HCD spectrum (B). Peptide A is 
GAQLSGGQKQR [528-538], Peptide B is ELEGAGKIATEAIENFR [889-905] which differs in an S893®A 
substitution to the canonical sequence in Swissprot. Pr denotes unfragmented precursor ion. 
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L_E_220319_07 #36250 RT: 53.44 AV: 1 NL: 3.52E5
T: ITMS + c NSI r d Full ms2 747.0667@hcd35.00 [156.0000-2000.0000]
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L_E_220319_07 #36256 RT: 53.45 AV: 1 NL: 5.55E4
T: ITMS + c NSI r d Full ms3 747.0667@cid25.00 795.4326@hcd35 ...
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L_E_220319_07 #36258 RT: 53.45 AV: 1 NL: 4.26E4
T: ITMS + c NSI r d Full ms3 747.0667@cid25.00 599.3523@hcd35 ...
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L_E_220319_07 #36251 RT: 53.44 AV: 1 NL: 5.77E6
T: FTMS + c NSI d Full ms2 747.0667@cid25.00 [201.0000-2000.0000]
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Figure S13. Pgp K1093 is cross-linked to K1102. The MS2-CID spectrum (A) displays the diagnostic 
peptide pairs of the two cross-linked peptides formed upon fragmentation along the cross-linker. 
Peptide A was identified from MS3-HCD spectra (C, D) by database search and further confirmed by 
fragments detected in the MS2-HCD spectrum (B). Peptide B was too short to be identified by 
database search, but its presence could be confirmed based on accurate mass of the precursor, the 
diagnostic peptide fragments in the MS2-CID and MS2-HCD spectra and fragments observed in the 
MS3-HCD spectra (E, F). Peptide A is FYDPLAGKVLLDGK [1086-1099], Peptide B is EIKR [1100-1103]. 



191217_05 #9392 RT: 38.22 AV: 1 NL: 1.08E4
T: ITMS + c NSI r d sa Full ms2 770.7351@etd56.11 770.7351@hcd15.00 [100.0000-2000.0000]
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191217_05 #9393 RT: 38.22 AV: 1 NL: 9.73E2
T: ITMS + c NSI r d Full ms3 770.7351@cid25.00 659.8411@hcd35 ...
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191217_05 #9391 RT: 38.22 AV: 1 NL: 1.82E5
T: FTMS + c NSI d Full ms2 770.7351@cid25.00 [207.0000-2000.0000]
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Figure S14. Pgp K279 is cross-linked to K786. The MS2-CID spectrum (A) displays the diagnostic 
peptide pairs of the two cross-linked peptides formed upon fragmentation along the cross-linker. 
Peptide A was identified from MS3-HCD spectra (C, D) by database search and further confirmed 
by fragments detected in the MS2-EThcD spectrum (B). Peptide B was identified based on 
accurate mass of the precursor, the diagnostic peptide fragments in the MS2-CID spectrum and 
additional fragments observed in the MS2-EThcD. Peptide A is YNKNLEEAKR [277-286], Peptide B 
is AGEILTKR [780-787]. Pr denotes unfragmented precursor ion.
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L_E_220319_07 #40420 RT: 59.51 AV: 1 NL: 4.01E4
T: ITMS + c NSI r d Full ms2 841.6774@hcd35.00 [156.0000-2000.0000]
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L_E_220319_07 #40424 RT: 59.52 AV: 1 NL: 9.62E2
T: ITMS + c NSI r d Full ms3 841.6774@cid25.00 592.3127@hcd35 ...
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L_E_220319_07 #40421 RT: 59.51 AV: 1 NL: 7.09E5
T: FTMS + c NSI d Full ms2 841.6774@cid25.00 [227.0000-2000.0000]
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Figure S15. Pgp K536 is potentially cross-linked to K685. The MS2-CID spectrum (A) displays the 
diagnostic peptide pair only for Peptide A which was identified as GAQLSGGQKQR [528-538] from an 
MS3-HCD spectrum (C) by database search. Based on accurate mass of the precursor, Peptide A is 
potentially crosslinked to LSTKEALDESIPPVSFWR [682-699]. Additional fragments detected in the 
MS2-CID (A) and MS2-HCD (B) spectra strengthen this assumption. The peptide fragments that are 
most abundantly detected are explained with cleavage at the N-terminus of a proline in the putative 
cross-linked peptide. Such bonds are generally very fragile upon CID/HCD fragmentation which is a 
possible reason why the DSSO specific fragmentation is not detected for this peptide. Pr in the MS2-
HCD spectrum denotes unfragmented precursor ion. 
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% genes per group

focal adhesion 8,51% **

ficolin-1-rich granule 6,86% **

extracellular exosome 8,27%

lysosomal membrane 4,73% **

organelle envelope 3,07% **
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organelle membrane 6,38% **

membrane protein complex 3,07% **
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% genes per group

cell leading edge 11,65% *

actin cytoskeleton 9,24% *

organelle envelope 8,84% .

plasma membrane bounded cell projection
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plasma membrane region 10,44% .

cytoplasm 10,84% **

brush border 2,41% **

intracellular organelle 11,65% *

nucleus 10,84% *

focal adhesion 4,82% **

extracellular exosome 10,84% *

% genes per group

focal adhesion 14,61% **

extracellular exosome 14,61% **

mitochondrial inner membrane 9,74%
**

side of membrane 11,61% **

plasma membrane region 8,24% **

membrane protein complex 6,74% **

cell surface 7,87%

cytoplasm 15,73% *

cytosol 10,86% *
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Figure S16. Di�erences between 15D3 and UIC2 IP enrichments. Protein interaction networks of (A) living cell DSSO 
approach, enriched with UIC2 mAb, (B) living cell BS2Gd0/d4 approach, enriched with UIC2 mAb and (C) living cell 
BS2Gd0/d4 approach, enriched with 15D3 mAb. Semiquantitative abundance of individual proteins is depicted by the
size of the nodes based on spectral counts (SPCs). Interactions were gathered and depicted using the STRING 
data-base and Cytoscape software. Cellular component distribution of (D) living cell DSSO approach, enriched with 
UIC2 mAb, (E) living cell BS2Gd0/d4 approach, enriched with UIC2 mAb and (F) living cell BS2Gd0/d4 approach, 
enriched with 15D3 mAb. Cellular component distribution was analyzed with the ClueGO app within Cytoscape. 


