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Supplementary Figure 1: do- and d;p-DMDSSO structure and cross-linking efficiency.
Molecular structures of (a) do-DMDSSO and (b) d;p-DMDSSO. (c) SDS-PAGE separation of
unneddylated, wild-type neddylated, and mutant Q40E neddylated Cull-Rbx1 complexes cross-
linked by do- and d;o-DMDSSO.
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Supplementary Figure 2: MS" analysis of di-DMDSSO inter-linked peptides. (a) MS!
spectrum shows the detection of a pair of de-DMDSSO and d;o-DMDSSO cross-linked peptides
(m/z 513.6154%*" and m/z 516.9697°"), whose spectral relative abundance ratio is used for
quantitation. (b) MS? analysis of the d;o-DMDSSO inter-linked peptides o-p (m/z 516.9697°%)
yielded two peptide fragment pairs: oaax/pr= (M/z 440.28%%1652.35"") and ar«/Par (M/z
456.26%1620.37""), confirming its cross-link type as an interlink. Subsequent MS? analyses of
the aa+ (M/z 440.28%") and Br~ (652.35') ions produced series of y and b ions which enabled
unambiguous identification of aa» as RFEVKa+K of Rbx1 and Br+ as SGAGK=K of Rbx1.
Integration of the MS" (i.e. MS!, MS? and MS®) data has confirmed the d1;-DMDSSO cross-
linked peptide as an intra-subunit interlink between K19 and K25 of Rbx1. Kax: d3p-DMDSSO
alkene modified lysine; Ky=: d1p-DMDSSO unsaturated thiol modified lysine.
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Supplementary Figure 3: Quantitative analysis of K-K linkages to determine neddylation-
dependent structural changes in the Cull-Rbx1 complex. Structural representation of (a)
unneddylated Cull-Rbx1 in the “closed” state, (b) neddylated Cull-Rbx1 in the “open”
conformation. The insets display the mapping of four selected inter-links onto the structures of

Cul1-Rbx1 complexes, whose MS1 spectra are displayed as follows: (c) Cull***1-Cul1%4"?, (d)
Cull®*®cul1k®®, (e) cult®®-cull®™®, and (f) Cull*®®-cul1“"*. These dq/d1--DMDSSO



cross-linked peptide pairs measured in MS1 were used to determine their relative abundance
ratios between unneddylated and neddylated Cull-Rbx1 complexes for quantitative analysis
(Table 1).



Supplementary Table 1: Detailed Summary of DMDSSO Cross-linked Peptides of Cull-
Rbx1 complexes Using LC-MS".

linkage | Linkage Details ms1 z] Ms1 m/z] Ms2 m/z[ ms2 2 ms2 ppm|ms1 myz] ms2 m/z] ms2 [ msz ppm]Peptide sequence [Protein | aa 4]
13738 2 23 |0SM{Oxidation)AK[Alkene)SR Cull 63
Cull:63-Cull:131 | 4 691.1025 O5M(Oxidation)AK(Alkene) - 4
94461 2 0.9 |FSSK[Thiol)VLN{Deamidated)GIC[Carbamidomethyl)AYLNR _ Cull 131
1357 o750 | 4 lassoazs 082 2 62 o557 3359 2 83 [ioneLeeLkmnionk Cull 337
37658 2 14 378775 2 48 |VPVIK{Alkenelk cull 750
o | rsopes 044 2 66 FINNNAVTK(Thiol)MAQSSSK Cull 10|
Cults 410 - Cult: 701 645975 3 52 0(GIn->pyro-Glu}EQETTHK{Alkene)NIEEDRK cull 701
o |7ea7em 0% 2 11 FINNNAVTK(Thiol)MAGSSSK cull 210
- 651650 3 24 QEQETTHK{Alken =) NIEEDRK cull 701
ot 410-coti 720 | 2 lesisyrs 2045 2 52 | osnsam 7257 2 14 |FINNNAVTK[Thiol)MAQSSSK Cull 210
373707 2 21 376222 2 02 |imKiakene)MR cull 720
920442 2 21 922950 2 36 |FINNNAVTK(Thiol)MAQSSSK Cull 410)
1 |618.8148 6213307 ' {Thicl)MAQ: Y
308185 2 23 310700 2 0.1 |FKiAlkensiPR Cull 743
ot a10-coti 743 | 2 lezomaar B4 2 27 [osoas 30953 2 -02 [FINNNAVIK(ThiolM(Oxidation)aQsSsK cull 10)
308185 2 23 310700 2 0.1 |FKiAlkensiPr cull 723
920440 2 0.0 FINNNAVTK(Thiol)MACSSSK Cull 210)
4 [752.9080 (ThiolMAQ 4
576371 2 42 FK[Alkeng)PRVPVIK cull 743
et 410 corts750 | 4 lesameps 376258 2 14 | consegy 38774 2 22 |FINNNAVTK(Thiol)MAGSSSK Cull 410
920441 2 11 222854 2 13 |VPVIK{Alkenelk cull 750
ot a7 o689 | o |oyssese B28% 2 4B [ ansals 2 89 |MAQSSSK(Thiol)SPELLAR Cull 417
734896 32 13 757414 2 44 |VNINVPMK{AlIkene)TEOK cull 681
ot 417 - curt: 6801603 5 |stseosn 287 2 60 MAGSSSK(TniolSPELLAR cull 217)
BIEOTE 3 52 UNINVPMK(Thiol 1jTEQK(Thio12)OEQETTHK Cull 689|693
it 417 o695 | 4 |ossmgys FOEE5 | 2 82 M(Oxidation)A0SSSK(Thiol)SPELLAR Cull a17)
777873 2 -05 TEQK(Alkene)QEQETTHK cull 693
563768 2 12 566.285 2 55 |ve(Carbamidomethyl)DSLLK(Thiol K Cull 231
Cull:431-Cull:868 | 2 5465285 5495465 {Carbamidomethyl)DSLLK(Thiel) Y
50288 2 4l 522802 2 0.8 |FYAK(AIkene)MLAK Cull 158
N R e s
Cull: 431 - Cult: 472 o202 o8 537772 2 03 YEDSLlLK':I:EJ 3 cun 231
1 |as3.9836 ) 146.4987 ) (Alkene) Y
343705 32 14 36221 2 22 |MLAKiATkene)R cull 73
ot et coi63 | 5 lessaam 4T 2 L2 YIEDKDVFaK(Thiol) FYAK Cull 252
518917 3 -19 TEQK(Alkene) DEQETTHK cull 693
ot 60 ot 785 | 2 loszszze 99T 2 L3 [ iiipess 29970 2 54 |VIEDKDVFQK[Thiol)FYAK Cull 154
308185 2 5.6 310702 2 65 |FKiAlkens)PR cull 743
s [sweee 0010 i it | ess
Cull: 468 - Cull: 693 522803 2 27 FYAKlAIkEHEJ ;
'+ esrsras 664.0906 i (Alkene) MLAK Cull 58]
793858 2 -05 796375 2 -0.1 |TEQK{Thiol)QEQETTHK cull 693
536275 2 57 FYAK(Thiol MLAK Cull 58]
Cull-Cull | Cull:468-cull:743 | 4 |4267386 Ak{Thiol) Y
308185 2 23 FK(Alkeng)PR Cull 743
s |ossgese 36705 2 14 MLAK(ATkene]R cull 472
756878 2 07 VNINVPM{Oxidation]K(Thiol] TEGK Cull 68g|
736387 1 35 MLAK(Sulfenic]R Cull 72
Cull:472-cCull:689 | 5 6381315 (Sulfenic) Y
613316 4 5.2 VNINVPMK(Ikene | TEQKQEQETTHK cull 689
' |osiooee 7088 2 25 |ooramp 739% 2 37 [MLAKiAlkeneRR Cull 472
343705 2 14 36221 2 22 |uninvemKThiol TEGK cull 68
s |asgssyy 2901 2 iz MLAK(Thiol)R Cull 472
S51B91E 3 0.0 TEQK({Alkene)QEQETTHK cull 693
A e -
Cull: 472 - Cull: 693 i | 2 — m Uf fol} -
P ! [Oxidation)LAK[Alkene)R Cull 72
793.860 2 08 TEQK(Thio!)QEGETTHK cull 693
686405 1 27 MLAK(ATkene]R Cull 72
4 |797.1608 (Alkene) Y
817422 3 7.0 NINVPMKTEQK(Alkene] QEQETTHK Cull 693
Cull: 493 - Cult: 720 s |s7a5350 766.351 2 18 LK(Thiol)QAC(Carbamidomethyl)GFEYTSK Cull 493
373707 2 21 IMK{Alkene] MR cull 720
758867 2 22 |LK[Thiol)QAC(Carbamidomethyl)GFEYTSK Cull 253
Cull:893-cull: 743 | 2 5442850 [Thiol)GAC(Carbamidomethyl) Y
310701 2 33 |FK(Alkens)PR cull 743
Cull: 493 - Cult: 750 4 £78.3270 768.869 2 48 LK(Thiel)QAC{Carbamidomethyl) GFEYTSK Cull 493
378774 2 22 |vpvikiaikenejk cull 750
ot 76 o695 | 5 |ssoageg F5EE 2 37 LYLGYKIThiolINKK Cull 676
518918 3 0.0 TEQK(Alkene)QEQETTHK cull 693
I R - -
Cull: 663 - Cull: 743 793861 2 20 796378 2 37 TElKTEh'?EJI FQETTHK cu
s |ss55247 . 4 558.0410 L QK{Thiol)QEQ) ull 693
308184 2 -10 310701 2 33 |FKialkensiPr cull 723
920397 2 29 222011 2 11 |0(GIn->pyro-GIu]EQETTHK(Thiol NIEEDR Cull 701
M T s [ se0u00 o 14 E’lAIkn p:[fm:]\vqﬂ e Cull 708
CulL:701 - Cul: 708 2850 2 25 931424 2 o8 lE E::K'Tn' ;
o+ |reraas 2 6 [10.9200 & |QEQETTHK(Thiol)NIEEDR cull 701
505895 2 43 599410 2 3.1 |KiAlkensjLLIDAAIVR Cull 708
986950 2 15 |0(GIn->pyro-Glu]EQETTHK[Thiol NIEEDRK Cull 701
N AT haes 2 38 Elmn WE?D\L:JEJKQ e cuu 751
Cull: 701 - Cull: 751 T = l'GI £ne) — Y
—
4 799 . Q{GIn-+pyro-Glu)EQETTHK(Thiol)NIEEDRK Cull 701
A0 ness 2 2.4 |Kialkenejcicarbamidomathyl)IDILIEK cull 751




MNIEEDRK([Thicl)LLIQAAIVRIME

Cull: 708 - Cult: 751 7033076 o3 13 loosas 5782 3 18 cuit o8

571828 2 02 574345 2 21 |kialkensjoipinex Cull 751

i1 750 - Cull: 768 o105229 556403 2 13 EKPRVPVIK(Thiol)K Cull 750

1428654 1 0.8 VDGEK[Alkene] DTYSYLA Cull 769

Mol Rl | Rt 16 - Rbock: 25 sssace0 BT 2 11 | e 310653 2 21 |SGAGK[AlkenelK Rbxl 19

453748 2 24 256262 2 -14  |RPEVK(ThioljK Rbxl 25

o493 - Rbocl: 89 ssosgas 756351 2 18 | paangs 758867 2 22 |LK(Thiol)QAC(Carbamidomethyl) GFEYTSK Cull 403

386231 2 46 388745 2 02 |wikialkeneiTr Rbxl 89

Colt: 493 - Rincl: 105 rosogry 720363 2 17 |LKiAlkene)OACGFEYTSK Cull 103

857731 3 5.2 |TRavcPLONREWEFQK(Thio)YGH Rbxl 105

N 20 |Liaorps 38874 2 24 [IMKAlkene]M(Oxidstion)d Cull 720

381705 2 -1B 384218 2 -36 |WLKiAlkene]TR Rbxl 89|

ol Rt | urt: 720 - Kbt 89 2024666 2707 2 21 IMK[Alk=ne]MR Cull 720

402216 2 18 WLK(ThioljTR Rbxl 89

40046510 386.230 2 2.0 402.9761 388.745 2 0.2 IM{Oxidation)K{Alkene)M([Oxidation)R Cull 720)

382702 2 22 208201 2 -85 |WikialkenelTR Rbxl 89

ol 743 - Rl 89 ssoqnzs C0B184 2 10 FK[Alkenz|PR Cull 743

42215 2 07 WLK(ThioljTR Rbxl 89

ol 750 - Riocl: 89 sosgags 6B7 2 12 oo TaTE 2 04 |VPVIK(Alkene)K Cull 750

386229 2 06 388745 2 02 |wikaikenejTe Rbxl 8

s | < o 2% o -

RoxL - Neddd 386231 2 46 388745 2 02 WtK Aﬁ:EJ R R:l 8|

Rbx: 89 - Nedds: 48 579.2041 "o © |ss18102 ; i) *

763354 2 -12 755871 2 05 |uvsekThionamnpek Nedds 48]

It 315 - NegdB: & 13757 P52 | 3 56 HLEIFHTEFQNLLDADK(Thiol INEDLGR Cull 315

407758 2 67 VK(Alkene]TLTGK Nedds B

Il 337 - NegdB: 6 sog7o0z 00BN | 2 29 IQDGLGELK(Thiol)k Cull 337

407755 2 07 VK(Alkene]TLTGK Nedds B

i1z 0772 2 25 |FINNNAVTK(Thiol)MAQSSSK Cull 410)

e = T e T or [P o -

125060 72 O . 0. (Thiol)M(Oxidation)AQSSSK cull 410)

07755 2 07 10272 2 25 |vkialkenejTiTEK Nedds §

Cult: 310 - Nedds: 28 aa1agag 322959 | 2 36 |FINNNAVTK(Thiol)MAGSSSK cull 410

749885 2 06 |uvsekialkenejaMNDEK Nedds 1g)

- 464 - Neddf: & wmaoey 775 2 07 [ oo a0 2 25 |YIEDKDVFOK(Thiol)FYAK cull 464

947458 2 02 940074 2 01 |vkalkenejTiTEK Nedds §

Colt: 468 . Nedd & wesizy 5029 2 55 EYAK[Thiol)MLAK Cull 468

407754 2 31 VK[Alkene]TLTGK Nedds §

SIS e 5 1n U™ oz 3 s |wkenatmek e

Cull: 493 - Neda: 6 o855 | 2 30 . LKlA\k — CGFEYTSK ceu 493
7693081 [Alkene)OA Y

845478 1 31 VK(Thiol]TLTGK Nedds B

A e

Cull: 493 - Nedds: 48 Tess | 2 ) 724367 2 R T & eneC)GFEYTSK ceu 493
7470072 2 |7a96210 = {Alkene]OA Y

763355 2 0.1 765867 2 -47 |LI¥SGK(Thiol)QMNDEK Nedds 4g)

it 693 - Nedd: & sosaip 1581 2 33 |eorgrs 796375 2 01 |TEGK(ThiollQEQETTHK Cull 693

407757 2 42 210271 2 01 |vkialkensiTiTEK Nedds e

seogasy £5660 3 20 [0 ooy 658310 3 39 | QiGIn->pyro-GIu)EQETTHK(Thiol)NIEEDRK Cull 701

407754 2 31 410275 2 98 |vkialkenejTiTGK Nedds E

N TETIE 11 TEQKQEQETTHK(Thiol \NIEEDRK Cull 701

" 407756 2 18 VK(Alkene| TLTGK Nedds E

roocops SE443 2 12 |0 o0 986959 2 15 | QiGIn->pyro-GIu)EQETTHK(Thiol)NIEEDRK Cull 701

47755 2 07 410271 2 01 |vkialkenejTiTEK Nedds E

ot 701 Ned & soaggre P27 3 18 |ocooogy 093962 3 13 |QEQETTHKIThiol)NIEEDRK Cull 701

407756 2 18 410271 2 01 |vkaikenejTiTeK Nedds E

T 14 TEQKQEQETTHK(Thiol \NIEEDRK Cull 701

" 407756 2 18 VK(Alkene] TLTGK Nedds E

o371y TELESH 3 67 TEQKQEQETTHK(Thiol \NIEEDR Cull 701

: 40775 2 18 VK[Alkene] TLTGK Nedds B

aree0s BBTB 3 6.5 TEQKQEQETTHK(Alkene)NIEEDRK Cull 701

! 845480 1 55 VK[ThiolJTLTGK Nedds B

I:IUSN in final quantitation




