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Table S1. Information on the E2 sequences used for the multiple sequence
alignment in Figure S1 and the phylogenetic analysis reported in Figl.

Label Family | Organism Protein Names Uniprot
1D
Sc Ubcl 1 1 S.cerevisiae Ubcl P21734
Sp Ubcl 1 1 S.pombe Ubcl 074810
Hs UBE2K 1 1 H.sapiens UBE2K/E2 25k/HIP2 | P61086
Os Ubcl 1 1 O.sativa Ubcl Q8S1YS5
Ce Ubc20 1 1 C.elegans Ubc20 Q9TZ69
Ce Ubcl 2 2 C.elegans Ubcl P52478
Hs UBE2A 2 2 H.sapiens UBE2A/hHR6A P49459
Dm_UbcD6 2 2 D.melanogaster UbcD6 P25153
At Ubcl 2 2 A tahaliana Ubcl P25865
At Ubc3 2 2 A.tahaliana Ubc3 P42746
Sc Ubc2 2 2 S.cerevisiae Ubc2/Rad6 P06104
Nh Rad6 2 2 N.haematococca Rad6 P78717
Sp Ubc2 2 S.pombe Ubc2 P23566
Sc Ubc3 3 3 S.cerevisiae Ubc3/Cdc34 P14582
Hs Ube2R1 3 3 H.sapiens Ube2R1/Cdc34 P49427
Ce Ubc3 3 3 C.elegans Ubc3 QI95XN7
Sc Ubc7 3 3 S.cerevisiae Ubc7 Q02159
Mm Ube2G2 3 3 M.musculus Ube2G2 P60605
Ce Ubc7 3 3 C.elegans Ubc7 P34477
Hs Ube2Gl1 3 3 H.sapiens Ube2G1 P62253
Ta Ubc7 3 3 T.aestivum Ubc7 P25868
Sp Ubcl5 3 3 S.pombe Ubcl5 QIoY8I18
Asfv_ubcB 3 3 African swine ubcB P25869
fever virus
Ec Ubc3 3 3 E.cuniculi Ubc3 Q8SS54
Hs UBE2E1 4 4 H.sapiens UBE2E1/UbcH6 P51965
Sc Ubc4 4 4 S.cerevisiae Ubc4 P15731
Ce Ubc2 4 4 C.elegans Ubc2/Let70 P35129
X1 Ubc4 4 4 X.leavis Ubc4 P62840
Hs Ubc2D2 4 4 H.sapieins Ubc2D2/UbcH5B P62837
Mm MGC58426 4 4 M.musculus MGC58426 A2AFH2
Dm CG5440 4 4 D.melanogaster CG5440 QIVQO00
Dm CG10862 4 4 D.melanogaster CG10862 QI17T6
Dm CG2574 4 4 D.melanogaster CG2574 QI9VYN3
Hs UBE2J2 5 5 H.sapiens NCUBE2 Q8N2K1
Sc_Ubcb 5 5 S.cerevisiae Ubcb P33296
Ce Ubcl5 5 5 C.elegans Ubc15/ISO A Q18931
Pm Sb55 5 5 P.mariana Sb55 Q65079




At Ubc32 5 5 A tahaliana Ubc32 QILSP7
Hs UBE2J1 5 5 H.sapiens NCUBEI1 Q9Y385
Hs UBE2H 6 6 H.sapiens UBE2H P62256

Ce Ubc8 6 6 C.elegans Ubc8 QIN2W9
At Ubcb 6 6 A.tahaliana Ubc6 P42750
Sc Ubc8 6 6 S.cerevisiae Ubc8/UbcH2 P28263
Sp Ubc8 6 6 S.pombe Ubc8 074810

Dm CG14739 6 6 D.melanogaster CG14739 Q9VGD6
Sc_Ubc9 7 7 S.cerevisiae Ubc8 P50623
Mm_Ube2l 7 M.musculus Ube2l P63280
Hs Ube2l 7 H.sapiens Ube2l P63279
Sp Ubc9 7 7 S.pombe Ubc9 P40984
At AHUSS 7 7 A tahaliana AHUSS Q42551

Hs Ube2F 8 8 H.sapiens Ube2F Q969M7

Ce Ubcl2 8 8 C.elegans Ubcl2 QI9XVKS5
Hs Ube2M 8§ 8 H.sapiens Ube2M P61081

Sp Ubcl2 8 8 S.pombe Ubcl12 074549

At RCE2 8 8 A .tahaliana RCE2 Q97U75

Nc Ubc 8 8 N.crassa Ubc-like Q8X018

Sc Ubcl2 8 8 S.cerevisiae Ubcl2 P52491
Hs UBE2T 9 9 H.sapiens UBE2T QINPDS

Sc Ubcl3 9 9 S.cerevisiae Ubc13 P52490
Hs UBE2N 9 9 H.sapiens UBE2N P61088

Lm Ubc 9 9 L.major Ubc9 QI9NED4
Hs UBE2S 11 11 H.sapiens UBE2S Q6NX0Q4
At UBC22 11 11 A tahaliana UBC22 QI9FF66

Sc Ubcl0 11 11 S.cerevisiae Ubcl0 P29340
Sp UBCIl16 11 11 S.pombe UBCI16 Q9Pell
Sc Ubcll 12 12 S.cerevisiae Ubcl1 P52492
Ss E2C 12 12 S.solidissima(clam) E2C Q95044
Hs UBE2C 12 12 H.sapiens UBE2C 000762
Dm VIHAR 12 12 D.melanogaster VIHAR QI9VTY6
At Ubcl9 12 12 A tahaliana Ubc19 Q9LJZS5
Hs UBE2W 13 13 H.sapiens UBE2W Q96B0O2
Ce Ubcl6 13 13 C.elegans Ubcl6 Q9XWF6
At UBCI15 13 13 A.tahaliana UBCI5 P42743
Hs BIRC6 14 14 H.sapiens BIRC6 QI9NRO09
Ce Ubcl7 14 14 C.elegans Ubcl7 Q11079
At Ubc23 14 14 A.tahaliana Ubc23 Q9ZVXI1
Hs UBE20 14 14 H.sapiens UBE20 Q9C0C9




Dm CG10254 14 14 D.melanogaster CG10254 Q9XZ32
Hs UBE2Z 14 14 H.sapiens UBE2Z A6NC60
Hs UBE2L6 15 15 H.sapiens UBE2L6 014933
Hs UBE2L3 15 15 H.sapiens UBE2L3/UbcH7 P68036
Ce Ubcl8 15 15 C.elegans Ubcl8 Q21633
Dm CG17030 15 15 D.melanogaster CG17030 Q9VvZ73
Ce Ubc24 15 15 C.elegans Ubc24 Q20617
Dm UbcD84 15 15 D.melanogaster UbcD84 P52486




Table S2. Summary of our MD simulations of E2 variant and their complexes.

E2 variant Organism/Sourc Catalytic site Number and Starting structure
e residues duration of
replicas
hHR6A Human Cys88 4 replicates x | wild type hHR6A homology
160 ns each | model using hHR6B NMR
CES/D site: (total duration | structure (pdb entry 1JAS")
Ser120 0.64 us) as template (sequence
identity 96%)
hHR6A-pS120 Human Cys88 4 replicates x phospho-Ser120 hHR6A
160 ns each homology model using
CES/D site: (total duration | hHR6B NMR structure (pdb
pSer120 0.64 ps) entry 1JAS') as template
hHR6A-S120D Human Cys88 4 replicates x S120D hHR6A homology
160 ns each model using hHR6B NMR
CES/D site: (total duration | structure (pdb entry 1JAS")
Aspl20 0.64 ps) as template
hHR6A-S120A Human Cys88 4 replicates x S120A hHR6A homology
160 ns each model using hHR6B NMR
CES/D site: (total duration | structure (pdb entry 1JAS")
Alal20 0.64 ps) as template
hHR6A-S120T Human Cys88 4 replicates x S120T hHR6A homology
160 ns each model using hHR6B NMR
CES/D site: (total duration | structure (pdb entry 1JAS")
Thr120 0.64 ps) as template
hHR6A-S120E Human Cys88 4 replicates x S120E hHR6A homology
160 ns each model using hHR6B NMR
CES/D site: (total duration | structure (pdb entry 1JAS")
Glul20 0.64 ps) as template
Radé6 S.cerevisiae Cys87 4 replicates x | X-ray structure of wild-type
160 ns each Rad6 (pdb entry 1AYZ?)
CES/D site: (total duration
Serl119 0.64 us)
Rad6-pS120 S.cerevisiae Cys87 4 replicates x In-silico mutation starting
160 ns each from the X-ray structure of
CES/D site: (total duration | wild-type Rad6 (pdb entry
pSerl119 0.64 ps) 1AYZ?)
Rad6-S120D S.cerevisiae Cys87 4 replicates x In-silico mutation starting
160 ns each from the X-ray structure of
CES/D site: (total duration | wild-type Rad6 (pdb entry
Aspl19 0.64 pus) 1AYZY)
Rad6-S120A S.cerevisiae Cys87 4 replicates x In-silico mutation starting
160 ns each from the X-ray structure of
CES/D site: (total duration | wild-type Rad6 (pdb entry
Alal19 0.64 ps) 1AYZ?)
hHR6B Human Cys87 4 replicates x | NMR structure of wild-type
160 ns each hHR6B (pdb entry 1JAS")
CES/D site: (total duration
Ser119 0.64 ps)
Ubcl S.cerevisiae Cys88 4 replicates x | X-ray structure of wild-type
160 ns each Ubcl (pdb entry 1FZY?)
CES/D site: (total duration




Ser120 0.64 ps)
Ube2l Human Cys93 4 replicates x | X-ray structure of wild-type
160 ns each Ube2I (pdb entry 1A3S")
CES/D site: (total duration
Aspl27 0.64 ps)
Ube2I-SUB Human Cys93 2 replicates x | X-ray structure of wild-type
80 ns each Ube2l in complex with
CES/D site: (total duration RanGAP (PDB entry
Aspl127 0.16 us) 2GRN’)
Ube2lp275-SUB Human Cys93 2 replicates x X-ray structure of D127S
80 ns each Ube2I variant in complex
CES/D site: (total duration | with RanGAP (PDB entry
Ser127 0.16 us) 2GRR’)
Ube2l,s127-SUB Human Cys93 2 replicates x | In-silico mutation starting
80 ns each from the X-ray structure of
CES/D site: (total duration | D127S Ube2I variant in
pSerl27 0.16 ps) complex with RanGAP (PDB
entry 2GRR’)
Ube2lp1274a-SUB Human Cys93 2 replicates x X-ray structure of D127A
80 ns each Ube2l variant in complex
CES/D site: (total duration | with RanGAP (PDB entry
Alal27 0.16 ps) 2GRQ’)
Ube2lp27-SUB Human Cys93 2 replicates x In-silico mutation starting
80 ns each from the X-ray structure of
CES/D site: (total duration | wild-type Ube2l variant in
Thr127 0.16 ps) complex with RanGAP (PDB
entry 2GRN)
Ube2lp27:-SUB Human Cys93 2 replicates x In-silico mutation starting
80 ns each from the X-ray structure of
CES/D site: (total duration | wild-type Ube2l variant in
Glul27 0.16 ps) complex with RanGAP (PDB

entry 2GRN)
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Table S3. Hydrogen bond and salt bridges observed in the Ube2I-RanGAP1 simulations
between the residue at position 127 (CES/D site) and the substrate acceptor lysine (Lys524).
The Ube2lIpi274-RanGAP1 is not reported in this table since due to the hydrophobic nature of its
side chain, an alanine residue at the CES/D site cannot be involved in electrostatic or hydrogen-
bond interactions. Hydrogen bonds have been calculated using g hbond tool of Gromacs, whereas
salt bridges have been calculated using Pylnteraph (http://linux.btbs.unimib.it/pyinteraph/).
Hydrogen bonds are thus defined using a angle cutoff between donor-hydrogen-acceptor atoms of
30° and a distance cutoff of 0.35 nm between donor-acceptor atoms. Salt bridges have been defined
with a distance cutoff of 0.45 nm between the charged groups of the two residues forming the salt
bridge, using PyInteraph default definition.

E2 variant Pair of Salt-bridge population | Hydrogen Bond population
interacting
residues

Ube2l,s127-RanGAP1 | pS127-K524 100% 100%

Ube2I-RanGAP1 D127-K524 45% 23%
Ube2ID127E-RanGAPl E127-K524 74% 30%
Ube2ID127S-RanGAP1 S127-K524 / 7%
Ube2ID127T-RanGAPl T127-K524 / 04 %




Figure S1. Multiple sequence alignment of E2 superfamily members used for the
phylogenetic analysis. Identical residues (red-filled-boxes) and similar residues (red
boxes) are indicated.
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Sc_Ubcl 1 46 P[VEG[GK[F|VVD[I[EVPME[ PFKPEKMQFDT. . . . . KVYHPNI|SSVTGAIELDILKN. . . . ..ot Afs
Sp_Ubcl_1 47 P|YEGCY|[F[VVDIEIPIDYPFRPFKMNFDT. . . . . KIYHPNV|SSQTGAI[LDILKD. . .. ... ... .. oWYs
Hs_UBE2K_1 50 PIYEGGRYQLE[IKIPETYPFNP|JKVRFIT. .. .. KIWHPNISSVTGA/I[MLDILKD. . . ... ....... oA
Os_Ubc 1 47 P|YEGIGT[FVID[IRLPGGYPFEPEKMQFIT. . . . . KVWHPNISSQNGA[IELDILKD. . .. .. ....... olls
Ce Ubc20_ 1 50 P[vAGGMFDLD|IKIPDQYPFSPENVKFST. . . .. KIWHPNV|SSQTGV|IELDILKD. . . ... .. .. ... oA
Ce Ubcl 2 47 PIFEDGT[FKLSLEFTEEYPNKPTVKFIS. .. .. KMFHPNVY . AD[G/S|I[§LDILON. . . . .. .. .. ... RIYS
Hs UBE2A 2 47 PIFEDCGT[FKLT[IEFTEEYPNKPTVRFVS. . . .. KMFHPNV]Y . AD(GS|I[LDILON. . . . ... ... ... RYS
Dm_UbcD6_2 47 P|FEDGT|FKLT|IEFTEE[YPNKPPTVRFVS. . . . . KVFHPNV]Y . ADGG|I[HLDILON. . .. ... ... ... RYS
At Ubcl 2 47 PWDGIGTFKLSILQFSED|YPNKPTVRFVS. . . . . RMFHPNI|Y . AD(GS|T[LDTLON. . . ... ... .... olils
At Ubc3_2 47 PWDGIGT|FKLTILHFTED|Y ENKPJIVRFVS. . . . . RMFHPNI|Y.ADGS[IELDILON. . .. .. ... ... olls
Sc_Ubc2 2 47 PlYEDGT[FRLLILEFDEE|Y PNKPJHVKFLS . . . . . EMFHPNV)Y . ANGE[IELDILON. . .. ... ... ... RYT
Nh_Rad6 2 47 PIFEDGT[FRLVMQFEEQYPNKPIJQVKFIS. . . .. EMFHPNVY . ATGEL[LDILON. . ... ... .. ... RIYS
Sp_Ubc2 2 47 PIFEDCGT[FKLV|ILSFDEQPNKPLVKFVS. .. .. TMFHPNVY . ANGE[L[§LDILON. . . ... ... .. .. RYS
Sc_Ubc3 3 54 I|YHG|GFFKAQVMRFPED|FPFSPIJQFRFTP. . . .. AIYHPNVY.RDGRL[ISILHQSG.DPMTDEPDAET)S
Hs_Ube2R1_3 52 Y[YEGGYFKARLKFPIDYPYSP|JAFRFLT. . . .. KMWHPNIY . ET|GD|V[4I/SILHPPVDDPQSGELPSERYN
Ce_Ubc3_3 53 LIvQGGY|FKAS[IRFPSN[YPYSPESMKFTT. . . . . KVWHPNV]Y . EN|GD|L[EI/SILHSPIDDPQSGELACER[EN
Sc_Ubc7_3 48 P|YADGV[FNAKLEFPKD[YPLSPEKLTFTP. . . .. SILHPNIJY.PNGE[V[EI|SILHSPGDDPNMYELAEER[JS
Mm Ube2G2_ 3 47 C|FEFGV[FPAIILSFPLDYPLSPIKMRFTC. . . . . EMFHPNIY.PD|GR[V[I/SILHAPGDDPMGYESSAERS
Ce Ubc7_ 3 47 L|YECGF[FKAILDFPRD[YPQKPIJKMKFIS. . . .. EIWHPNID.KEGN|[V[SI/SILHDPGDDKWGYERPEERL
Hs_Ube2Gl_3 49 L|YEGGV|F[KAHLTFPKDYPLRPFJKMKFIT. . . . . EIWHPNVD . KNGDV[§I|S|ILHEPGEDKYGYEKPEERL
Ta_Ubc7_3 51 L{YDGGYFINAIMSFPQN|YPNSP|JTVRFTS. . . . . EMWHPNVY . PD|GR|[V[I/S|T . HPPGDDPNGYELASER|YT
Sp_Ubcl5_3 49 L|YEGIGF[FHATLSFPQD|Y PLMPEJKMKFTT. . . . . EIWHPNVH . PNGE[V[EI|SILHPPGDDKYGYEDAGER[JL
Asfv_ubcB_3 44 L|YEGGL[FKAKIVFPPKYPYEPERLTFTS. .. .. EMWHPNI[Y.SDGKL[EI|SILH..G.DNA. .EEQGMT[S
Ec _Ubc 3 50 P[YEN|GI|FKGRMLFPTD|Y PDSPJJKFRFCS. . ... KMWHPNID .EN|GN|[V[8I/SILHNPGEDEYGYESLGDRL
Hs UBE2El 4 45 V|YEGGV[F|[FLD[ITFTPEYPFKPIKVTFRT. . . . . RIYHCNINS.QGV|I[¥LDILKD. .. ... ....... Ny s
Sc_Ubc4_4 45 P|YAGGV|F[FLS[IHFPTD[YPFKPIKISFTT. . . . . KIYHPNINA.NGNI[LDILKD. ... ......... oLys
Ce Ubc2 4 44 P|YQGGV[F[FLT|IHFPTD[Y PFKPIKVAFTT. . . . . RIYHPNINS.NGS|I[LDILRS . .. ... .. ..... olls
X1 Ubc4 4 44 PlYQGIGV[FFLT|IHFPTD|Y PFKPEKVAFTT. . . . . RIYHPNINS.NGS[IELDILRS. ... ... ... ... olls
Hs Ubc2D2_4 44 PlYQGGV[F[FLT|[IHFPTD[Y PFKPEKVAFTT. . . . . RIYHPNINS.NGS[IELDILRS. ... ... .. ... offis
Mm MGC58426 4 44 P[YQGGV|FFLS[VHFPNN|YPFKP|KVTFIT. . ... RVYHPNI|SK.NG[S|I[§LDILNS. ... ......... Myys
Dm_CG5440 4 48 V|YENGI[FKLD[IFFPVE[YPFAPVVIFRT. .. .. PIYHCNIHR.LGFI[LDILKE. ... ......... KLYS
Dm_CG10862_4 45 V|YEGGR[FRVE[IVFPRNYPFYPEHYLAFLT. . . . . KTYHCNIAL.SGR/I[LDILGS. ... ... ... .. KYS
Dm_CG2574_4 45 V|YEGIGHFRLD[IRFPAS|YPFRARIRFTT. . . . . RIYHCNVDS.RGRAI[LDVLGE. . . ... ....... RIS
Hs_UBE2J2_ 5 44 PlYEGIGY[YHGKLIFPRE[FPFKPESIYMIT. . ... ... PNGRFKCN[TRLELSITDFHP. . . .. ... .. DTN
Sc_Ubc6_5 43 PlYKGIGQYHGT|LTFPSDYPYKPEAIRMIT. . ... ... PNGRFKPN[TRL[ELSMSDYHP . . . .. ... .. DTN
Ce Ubcl5 5 44 PIFYGGY[YWGKVIFKENFPWSPEAITMIT. . ... ... PNGRFQTN[TRL[LSISDYHP . . . .. .. ... E SN
Pm_Sb55 5 44 PIFACCV[YHGKVKFPPE[YPYKPEGISMIT. . ... ... PNGRFATHKR[I[§MSMSDYHP . . . .. .. ... ET|YN
At_Ubc32_5 46 EFEGCI[YHGRIIQLPADYPFKPSFMLLT. . ... ... PNGRFETN|TKI[YL/SIISNYHP . ... ... ... EH|J0
Hs_UBE2J1_5 43 D|FDGIGV[YHGR[IVLPPE[YPMKPJ4SIILLT. . . .. ... ANGRFEVGKK|/I[LISISGHHP . . . . ... ... ETRIQ
Hs_UBE2H 6 45 P|YEGIGVWKVRVDLPDKYPFKSEHSIGFMN. . . . . KIFHPNIDEASGTVELDVINQ. ... ......... TIT
Ce Ubc8_6 46 A[YENGVWRIRVDMPDKYPFKSESIGFLN. .. .. KIFHPNIDEASGTVELDVINQ. ... ......... AfT
At Ubc6 6 43 LIYQGGVWKIKVELPEAYPYKSSVGFVN. . . .. KIYHPNVDESS|GAV[MLDVINQ . . .. .. .. ..... TS
Sc_Ubc8 6 43 PYENCGVWRLHVELPDN[YPYKSIJSIGFVN. . . .. KIFHPNIDIASGS|I[MLDVINS. ... ......... TS
Sp_Ubc8_6 43 P|YSGGIWKVHVELPSEYPWKSSIGFVN. . . .. RIFHPNIDELSGSV[MLDVING. .. ... ....... TS
Dm_CG14739_6 47 AYEGGIWTVNVTMPQDYPLTARVRFVT. . . . . KILHPNIEFITGLV[MNVLKQ . . .. .. .. ..... ALS
Sc_Ubc9_7 52 N[WAGGV[Y[PIT[VEYPNE[Y PSKPEKVKFPA. . . .. GFYHPNVY. PS|GIT|I[L|S|[TLNED. . . .. ... ... QDR
Mm Ube2I 7 52 P[WEGGL|FKLRMLFKDD|Y PSSPRKCKFEP. . . . . PLFHPNVY.PS|GT[VELSILEED. .. ... ..... KDR
Hs Ube2I 7 52 P[WEGGL|FKLRMLFKDD|Y PSSP|JKCKFEP. . . . . PLFHPNVY.PSGT[V[MLSILEED. . . .. ...... KD|JR
Sp_Ubc9 7 52 S[WEGCL|YKLTMAFPEE[YPTRP|JKCRFTP. . . . . PLFHPNVY.PS[GTVLSILNEE. . . .. ... ... EG|YJK
At_AHUS5_7 53 DWEGGFFPLTMHFSED|Y PISKP}JKCKFPQ. . . . . GFFHPNVY . PSGIT|V[SLISITLNED . . . ... ..... YGIR
Hs_Ube2F_8 47 Y|YQGIGK[F|QFETEVPDAYNMVPIJKVKCLT. . . . . KIWHPNITE. TGE/I[§LSLLREHSIDG. . ... .. TGLA
Ce Ubcl2_8 51 I[YRGGKFRFKITVPPEYNNVPEVVKCLT. . ... KVWHPNINE . DGS|IELISILRQNSLDQ. . . .. .. YGR
Hs Ube2M 8 45 F|YKSIGK[FVFS[FKVGQG|Y PHDPKVKCET. . . . . MVYHPNIDL.EGNVELNILRE. .. ... .. ..... DK
Sp_Ubcl2 8 44 Y|YKGGK[FKFRIQIDDNYPHDPJIKVKCLN. . . . . KIYHPNIDI.EGNVELNILRQ . . .. .. ... ... DN
At RCE2 8 46 Y|YL|SCGN[F[VFS[FQVSNMYPHEAIKVKCKT . . . . . KVYHPNIDL.ECNVELNILRE . . .. .. .. ..... D|YK
Nc_Ubc_8 45 MYKGGKFSFT[FNITPNFPHEPKVQCRE . . . . . KIYHPNIDL.EGKVELNILRE. . .. ... ...... DK
Sc_Ubcl2_8 51 Y[YNYGS|INFNLDFNEV[YPIEP|JKVVCLK. . . . . KIFHPNIDL.KGNV[LNILRE. . .. .. ....... DS
Hs_UBE2T_9 45 PlYEKGV[FKLEVIIPERYPFEPEQIRFLT. .. .. PIYHPNIDS.AGR/IELDVLKLPPKG. ... .. ... AR
Sc_Ubcl3_9 46 P|YEDGIFELELYLPDD[YPMEAEKVRFLT. .. .. KIYHPNIDR.LGR[IELDVLKT. ... ......... NS
Hs UBE2N 9 46 P|FEGCT[FKLELFLPEEYPMAARKVREMT. . . . . KIYHPNVDK.LGR|I[MLDILKD . . .. .. .. .. ... KLYS
Lm Ubc 9 44 C|YECCL[FRLELFLPEEYPMKPIKVRFLT. . . . . RIYHPNVDK.VGR|I[§LDIIKD. . . ... ... .... KLYS
Hs UBE2S_11 49 P|YAGGL|FRMKLLLGKD[FPASPKGYFLT. . . . . KIFHLNVIGA . NGE[I[VNVLK. .. ... ....... RDYT
At UBC22 11 49 PYENGL[FRMKLALSHD[FPHSPIJKGYFMT. . . . . KIFHPNVAS . NGEI[{VNTLK. .. .. ... ..... KDRIN
Sc_Ubcl0_11 59 PIYENHQFRIL|IEVPSS[YPMNPEKISFMQN. .. .NILHCNVKSATGEIELNILKPE. .. .. ... .. .. EQT
Sp_UBC16_11 48 P|YEGIGQWVLD[IHVHEGYPISPESVYFQT. . . . . KIVHPNISWTNGEVEMDILKT. ... ......... HIYS
Sc_Ubcll 12 45 P|YSIGLK[FKVSLKFPQNYPFHPIMIKFLS. . . . . PMWHPNVD . KS[GN|I[§LDILK. . . . ..ot o . EKYS
Ss_E2C 12 44 V[YES[LK[YKLTLEFPSDYPYKPIVVKFTT. . . . . PCWHPNVD . QS|GN|I[(LDILK. . . . oot EN|YT
Hs_UBE2C_12 44 V|YED|LR[Y|KLS[LEFPSGYPYNABETVKFLT. . . . . PCYHPNVD . TQGNI[LDILK. . . oot e EKYS
Dm_VIHAR 12 44 V|YS[GQT|YRLSLDFPNS|YPYAAVVKFLT. . . . . SCFHPNVD . LQGA/I[MLDILK. . . ... ... .... DKLS
At Ubcl9 12 44 V|FEGTE[YRLS[LTFSND|YPFKSEKVKFET. . . . . CCFHPNVD.LY[GNI@LDILQ. .. .. ... .. .. DK[IS
Hs_ UBE2W_13 48 L|YEGEK[F|QLLIFKFSSR[YPFDSEQVMFTGEN. . . IPVHPHV|YS . NGH[I[LSILTE. . . . ... ... ... DS
Ce Ubcl6 13 49 L|YAGEV[FMLQFTFGPQYPFNS|EVMFVGET. . . IPAHPHI|YS . NGH|I[§L/STL|SD. . . ... .. .. ... DIYT
At UBC15 13 49 LIYANET[V|QLQVEFPEHYPMEARQVVFVSP. .. . APSHPHIYS.NCGHI[LDILYD. .. ... ....... SEIs
Hs_ BIRC6 14 50 P|YAN|GC[FEFD|VYFPQD|YP|SSPRLVNLETTGGHSVRFNPNL|YN . DGKV[8JL/SILNTWHGRPE . . . . . . E KN
Ce Ubcl7_14 51 PlYANGLIFEFDIFFPTGYPFSP|JKCAFLTTGSGNVRFNPNL|YN . DGK/I[§L|S|TL/GTWEGRPE . . . . . . EKRIN
At Ubc23 14 47 PlYQD|GLIFFFD[FHLPSD[YPSVPESAYYHS . . . GGWRLNPNLYE . EGKV[EL/SLLNTWTGRGN . . . . . . E VD
Hs_ UBE20_14 47 PlYEDGL[YLFDIQLPNI[YPAVPEHFCYLSQ . .CSGRLNPNLYD. NGK[V[V/SLLGTWIGKGT. . . . .. ER[T
Dm CG10254 14 48 PYQONALFFFD[FQFGRD[YPKSPEHVCHYISY . .CTDRLNPNLIYE . GIGR[V[EV/SILLIGTWMGRDN . . . . . . EV|S
Hs UBE2Z 14 48 PIYECGF[FLFV[FRCPPD[YPIHPIRVKLMTTGNNTVRFNPNFYR . NGK[V[§LSTLGTWTG. . . . .. ... PAYYS
Hs_UBE2L6_15 44 P|YHL|KA[FNLRISFPPEYPFKPEPMIKFTT. . . . . KIYHPNVDE.NGQI[LPIISSE. .. ... ...... NK
Hs_UBE2L3 15 45 P|YDKGA[FRIE[INFPAEYPFKPKITFKT. . . .. KIYHPNIDE.KGQVMLPVISAE. .. .. ....... NRIK
Ce_Ubcl8_15 45 PlYNKGA[FKVG|ITFPVD[YPFKPEKVAFET. . . . . KIYHPNVDE.EGKFELPIVTAE. .. ... ... ... NRIK
Dm_CG17030_15 50 P|YDK|GA[Y[KME[IDFPLD[YPFKPERIHINT. .. .. RMYHLNVNE . RGIQV[EVPILEVE. . . . ... ... .. HEJT
Ce Ubc24 15 50 L{YKNMI|FITLT|LDVNVE[YPFKP|JYLKFCH. . ... NVYHPNVDPVT|CELMSPMLLQE . . . . ... ... .. NRIK
Dm_UbcD84 15 45 PYNKIQAERIE;NFPPQQFMP KILFKT..... KIYHPNVDE . KGEV[MLPII|STD. . . ... ... ... NRIK
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Figure S2. Proteins of the E2 superfamily that only conserve the E2 fold but do
not conserve the catalytic cysteine do not show a conserved CES/D site. An
extract of the multiple sequence alignment of UEVs E2 families (family 10 and 16)
with Ubc2 (Rad6) of family 2 (a serine at the CES/D site in bold) and Ubc1 of family
1 (a aspartate at the CES/D site in bold) as a reference.
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Dm_UevlA 10
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At_Uevl1C_10
Hs_AKTIP_16
Mm_AKTIP_16
Dm_AKTIP2_16
Dm_AKTIPl 16
Ce_Ubcl9_16
At_ELCL_16

————— ASPANVEAATLFKDHKSQYVKRVKETVE
————— NDPQDAEVAQHYLRDRESFNKTAALWTR
——-LMMSKENMKLPQ--PPEGQCYSN-——————
——-LMMSKENMKLPQ--PPEGQTYNN-——————
——-LMMSKENMKLPQ--PPEGQCYSN-——————
——-LMMSKENMKLPQ--PPEGQTYNN-——————
———-IMTMKENLKLAQ--PPEGSCF-==——————
—-—--MMMAKENLKLQQ--PAEGAMF —————————
—-—-—-EMATPANKKLRQ--PKEGETF-==——————
—--EMASSSNRKLPQ--PPEGSTFF-————=—-—
---EMAASHNRKLVQ--PPEG-TFF-———————
VVDSVKVCTARLFDQ--PKIEDPYAISFSPWNP
VVDSVKVCTARLFDQ--PKIEDPYAISFSPWNP
VQEQAILSRNLIYDR--PPTEDPHYIIVEPYCA
VQENIKESKEHIFDT--PPTEDPHYIVFEKFQQ
AKECVEASRSMVYDELAEQEHDPNGIRLLPWDA
SAREVETEGLLSLQSDLKRREEEINNGFKEMVI



Figure S3. Multiple sequence alignment by ClustalW to define the corresponding
residues of the different E2 enzymes for PCA analysis.

hHR6A MSTPARRRLMRDFKRLQEDPPAGVSGAPSEN--—--— NIMVWNAVIFGPEGTPFEDGTFKL 55
hHR6B MSTPARRRLMRDFKRLQEDPPVGVSGAPSEN--—--— NIMQWNAVIFGPEGTPFEDGTFKL 55
RADG6 -STPARRRLMRDFKRMKEDAPPGVSASPLPD—-—-—-—-— NVMVWNAMIIGPADTPYEDGTFRL 54
UBE21I MSGIALSRLAQERKAWRKDHPFGFVAVPTKNPDGTMNLMNWECAIPGKKGTPWEGGLFKL 60
UBC1 ———SRAKRIMKEIQAVKDDPAAHITLEFVSES----DIHHLKGTFLGPPGTPYEGGKFVV 53
oot HIR N . : HH : HE I
hHR6A TIEFTEEYPNKPPTVRFVSKMFHPNVY-ADGSICLDILON--RWSPTYDVSSILTSIQSL 112
hHR6B VIEFSEEYPNKPPTVRFLSKMFHPNVY-ADGSICLDILQON--RWSPTYDVSSILTSIQSL 112
RADG6 LLEFDEEYPNKPPHVKFLSEMFHPNVY-ANGEICLDILON--RWTPTYDVASILTSIQSL 111
UBE21 RMLFKDDYPSSPPKCKFEPPLFHPNVY-PSGTVCLSILEEDKDWRPAITIKQILLGIQEL 119
UBC1 DIEVPMEYPFKPPKMQFDTKVYHPNISSVTGAICLDILKN--AWSPVITLKSALISLQAL 111
. :** .** :* . ::***: * :**'**:: * *' : . * ':* *

hHR6A LDEPNPNSPANSQAAQLYQENKREYEKRVSAIVEQSWRDC-- 152

hHR6B LDEPNPNSPANSQAAQLYQENKREYEKRVSAIVEQSWNDS-- 152

RADG6 FNDPNPASPANVEAATLFKDHKSQYVKRVKETVEKSWEDDMD 153

UBE21 LNEPNIQDPAQAEAYTIYCQNRVEYEKRVRAQAKKFAPS--- 158

UBC1 LOSPEPNDPQDAEVAQHYLRDRESENKTAALWTRLYAS---- 149

* . * . *



Figure S4. Snapshots from the MD simulations of the wild type, mutant and
phosphorylated Ube2I-RanGAP1 complexes. In all the structures, the residue at the 127
site (CES/D site) is shown on the left, the catalytic cysteine in yellow, and the Glu98 on the
right. RanGAP1 and the E2 enzyme are shown as grey and pink cartoons, respectively. The
Ube2Ip1274a-RanGAP1 is not reported here since it provides results similar to the Ube2lpio71-
RanGAP1 simulation.
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Figure S5. Main-chain RMSD over the simulation time of each hHR6A MD
replicates reported in Table S2. A) wild-type hHR6A B) S120A hHR6A C) S120D
hHR6A D) pS120 hHR6A E) S120E hHR6A F) S120T hHR6A
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Figure S6. Main-chain RMSD over the simulation time of each Rad6, hHR6B,
Ubcl and Ube2l MD replicates reported in Table S2. A) wild-type Rad6 B) SI20A
Rad6 C) S120D Rad6 D) pS120 Rad6 E) hHR6B F) Ubcl G) Ube2l
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Figure S7. Main-chain RMSD over the simulation time of each Ube2I-RanGap1l
MD replicates reported in Table S2. A) wild-type complex B) D127A complex C)
D127S complex D) pS127 complex E) D127E complex F) D127T complex. We
should notice that in these simulations most of the complex residues have been
restrained at their atomic positions using and harmonical potential (see Methods).
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