Figure 2e

AN «Vo
SRR
HOIP~Ub
HOIP
HOIP-RING2L
UbcH5B~Ub

Ub
HOIP

Figure 4b / Extended Data Figure 9d

HOIP-RBR WT I807A R770A E809A
Di-ubiquitin WT

010250 1025
Linear di-ubiquitin
(M) (M)

Extended Data Figure 5f

HOIP~Ub

HOIP

UbcH5B~Ub
Ub

HOIP Ubiquitin

Extended Data Figure 9f
Short exposure
w\wg W\
250 — « 250 — «

150 — 150 —
100 —of ™™ 100 —. N pe——
75w 75 —-

01025 0 1025
Linear di-ubiquitin

01025
Linear di-Ubiquitin

Extended Data Figure 7b

HOIP~Ub
HOIP
HOIP
UbcH5B~Ub
© UbcH5B~Ub
di-Ub,,, (blocked)
d-Ubyes (blocked)

UbcH5B UbcHS5B

Long exposure

Figure 3d

HOIP~Ub

E2~Ub

Ub

-+ - + - + - + - + - + - +

E2 only WT E976A WT E976A WT E976A

Extended Data Figure 5d & Zb?
wT ’\%v}b v
144A Q;\

HOIP~Ub
HOIP
UbcH5B~Ub

Ubiquitin HOIP/UquUItIn

HOIP~Ub
HOIP

UbcH5B~Ub
di-Ub, (blocked)

Ub

(MM)

Extended Data Figure 9e

WT WT + Apyrase
di-Uby,g 'di-Uby;,

HOIP~Ub

0 10251025
Di-Ubiquitin
(uM)

37- 37—
25— 25—

Supplementary Figure 1 | Uncropped blots and representative gels/blots of quantitative
HOIP~Ub thioester transfer assays. Representative SDS-PAGE gels for each quantitative
HOIP~Ub thioester transfer experiment displayed in the figures and Extended Data figures and
uncropped blots of immunoblotting experiments.
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RING1

$ $ S $
CAVCGWALPHNRMQAL TSCE - -C - - TICPDCFRQHF TIAL -KEKHIT---- - - DMVCPA- - -
CITCTDVRS- - -PVLVFQENSRH- -VICLDCFHLYCVTRLNDRQFVHDPQLGYSLPCVA-G-
CQICYLNYP-NSYFTGLECG- -H- - KFCMQCWSEYL TTKIMEEGMGQ
CPVCYSVLAPGEAVVLRECL - -H- - TFCRECLQGTIRN- - - - - SQEA
CAVCMQFVR-KENLLSLACQ- -H- -QFCRSCWEQHCSVLV-KDGVGV
CDICMCSISVFEDPVDMPCG- -H- -DFCRGCWESFLNLKI -QEGEAH
CSICFCEKLGSECMYFLECR- -H- -VYCKACLKDYFEIQI -RDGQVQ
CPVCVSPLGCDDDLPSLCCM- -H--YCCKSCWNEYLTTRI-EQNLVL
CKLCLGEYPVEQMTTIAQCQ--C--IFCTLCLKQYVELLI-KEGLET
CKLCLCEQSLDKMTTLQECQ- -C- - IFCTACLKQYMQLAI -REGCGS
CPLCLLRHSKDRFPDIMTCH- -H- -RSCVDCLRQYLRIEI-SESRVN
CPLCLVRLPPERAPRLLSCP- -H--RSCRDCLRHYLRLEI-SESRVP
CRCCYGEFP- - -FEELTQCADAH- - LFCKECL IRYAQEAVFGSGKLE
CRVCLEDKPIKP- - - - LPC- - -CKKAVCEECLKVYLSAQV-QLGQVE

RING1— #——h,,——=+ &—h,—+ +— BR

* ok fi#f #*
---CGRPDLTDDTQLLSYFSTLDIQLRESLEPDAYAL - FHKKL LMRDPKF LW-CAQ- - -
---CPNSLIKE---------- LHH-FR-ILGEEQYNR-Y! ECV-LQMGGVL - CPRPG-

---CDILVDD--NTV-- -=--MRLITDSKVKLK-YQHLITNSFVECNRLLKW-CPAPD-
TYSCSGKLLE--REI-- ---KAL-LTPEDYQR-FLDLGISIAENRSAFSYH-CKTPD-
---CPLRTPE--DFV-- ---FPLLPNEELREK-YRRYLFRDYVESHYQLQL -CPGAD-
---CFQLVPV--DII-------=-~ ESVV-SKEMDKR-YL FDII:FVENNPAIKH-CPTPG-
---CPSVATP--GQV---------~ K-ELVEAELFAR- LLLQSSLDLMADVVY-CPRPC-
---CPAQPTG--AFI-- LLRGYVESCSNLTW-CTNPQG
---CPKQGHLQENEI---------~ E-CMVAAEIMQR-YKKLQFEREVLFDPCRTW-CPAST -
---CLNHGTLQEAEI---------~ A-CLVPVDQFQL-YQRLKFEREVHLDPYRTW-CPVAD-
---CTERFNP--HDI-- -=---RLILSDDVLMEKYEEFMLRRWLVADPDCRW-CPAPD-
---CSERLNP--HDI-- ----RLLLADPPLMHKYEEFMLRRYLASDPDCRW-CPAPD-
---CTCSFPT--SEL-- ---EKVLPQTILYKY-YERKAEEEVAAAYADELVRCPS- - -
---@FEFLEE--TTV-----uuu-- VYNLT-HEDSIK-Y-KYFLE-LGRIDSSTKP-CPQ---
IBR 4
##
CSFGFIYEREQ---------------- LEATCPQ----- CHQTFCVRCKRQWEEQHRGRSCEDF
CGAGLLPEPDQRK-=-=-==-===------- VTCEGGNGLGCGFAFCRECKEAY - - -HEGE - CSAV
CHHVVKVQYPD- - - -AKPVRC------ KCGRQFCFNCGENW- - -HDPVKCKWL

CKGWCFFEDDVN- - ----EFTCPV----- CFHUNCLLCKA-I---HEQMNCKEY
CPMVIRVQEP- - - ------------ RARRVQCNR- - - - - CNEVFCFKCRQMY - - -HAPTDCATI
CDRAVRLTKQGSNTSGSDTLSFPLLRAPAVDC - - - -GKGHLF - - CWEC- - - LGEAHEPCDCQTW
CQLPVMQEP- - -~ - === - = - oo - CNFAFCTLCRLTY- - -HGVSPCKVT
CDRILCRQG-----===--====-= CGWASCFNCS - - FPEAHYPASCGHM
CQAVCQL@DVGLQ------=----~ CRMEFCSTCKASW- - -HPGQGCPET
CQTVCPVASSDPG- - CHLKFCSCCKDAW- - -HAEVSCRDS
CGYAVIAFGCASC-~ ===~~~ PKLTCGREG- - - CGTEF CYHCKQIW- - -HPNQTCDAA
CGYAVIAYGCASC- -~ ===~ PKLTCEREG- - - CQTEFCYHCKQIW- - - HPNQTCDMA
CSFPALLBSDV KRFSCPNPH- - - CRKETCRKCQGLWKE - HNGL TCEEL

CKHFTTFKKKGHIPTP----- SRSESKYKIQCPT----- CQFVWCFKCHSPW- - -HEGVNCKEY

746
292
235
328
187
382
269
2119
69
79
178
165
563
3e8

801
336
280
375
232
426
313
2165
115
125
223
210
607
348

844
380
320
414
273
481
353
2206
159
169
267
254
651
399



HOIP-LDD: 974 @K-EVPNGLRD 983

¢+ hi4 + ¢ h,—¢ &—— RING2
% %% % %& & &
HOIP QNWKRMND - - = = = == = = = == m oo PEYQAQGLAMYLQENGIDCPKCKFSY- -~ -------- 878
Parkin FEASGTTTQAY------------- RVDERAAEQARWEAASKETIKKTTKPCPRCHVPVEK - - ------ N 428
HHART KKWIKKC========m=memememmeccmenan DDDSETSNWIAANTKECPKCHVTIEK-------- D 354
HOIL QEDLALRAQN----============-= DVAARQTTEMLKVMLQQGEAMRCPQCQIVVQKK - - - - - - - D 458
Triadl RKWLTKC === === === = mm e mmm e ADDSE TANYISAHTKDCPKCNICIEK-------- N 307
ANKIB1 KNWLQKIT-EMK= === =====-=-~ PEELVGVSEAYEDAANCLWLLTNSKPCANCKSPIQK-N------ E 530
ARAS54 AEKLMDLRNEYLQADEANKRLLDQRYGKRVIQKALEEMESKEWLEKNSKSCPCCGTPIEKL - -~~~ -~ D 415
Parc SQWVDDGG-YYDGM- - == === == === == === == SVEAQSKHLAKLISKRCPSCQAPIEK-N------ E 2247
RNF144A MPITFL---===mmmmmmmmmmmmmmmmeee PGETSAAFKMEEDDAPIKRCPKCKVYIER-D------ E 19
RNF1448 QPIVL---=mmmmmmmmmm e me e PTEHRALF -GTDAEAPIKQCPVCRVYIER-N------ E 204
Dorfin RQERAQSL----RL--RTIRS SSISYSQESGAAADDIKPCPRCAAYIIKMN------ D 313
NKLAM RQQRAQTL - - - -RV--RTKHT -SGLSYGQESGP-ADDIKPCPRCSAYIIKMN------ D 299
RNF216 AEKDDIKY-=-=====mmmmmmmmmm e mmmm e m RTSIEEKMTAARIRKCHKCGTGLIKS------- E 686
RNF217 KKGDKLLR~H- == === == = m e m e m WASEIEHGQRNAQKCPKCKIHIQRT - ------ E 434
RING2 ———————————¢ +— HOIP . —4¢+—RING2 —+
LDD insertion
A A
HOIP ALARGGEMHFHCT - -QCRHQF CSGCYNAF YAKNKCPEPNCRVKKSLHGHHPR - - - - - - DCLFYL 934
Parkin - - - ~GGCMHMK CPQPQCR L EWCWNCGCEWNRV - = = = = = = = = = == == = = CMG------ DHWFDV 465
HHARI - - - ~GGCNHMVCRNQNCKAEF CWVCLGPWEP - - = == = === = = == == = == HGSAWY - - -NCNRYN 393
HOIL  ----- GCDWIRCT - -VCHTEICWVTKGPRWGPGGPGDTSGGERCRVNGIPCHPSCQNCH 510
Triadl - - - ~GGENHMQCS - -KCKHDF CWMCLGDWKT - == == === == === == === HGSEYY- - -ECSRYK 344
ANKIB1 ~  ----- GCNHMQCA - -KCKYDF CWICLEEWKK - = = == = == == === == === HSSSTGGYYRCTRYE 569
ARAS4  ----- GCNKMTCT - -GCMQYF CWICMGSLSRANPYK - - = == = == == = == HFNDPGSP - -CFNRL 457
Parc  ----- GCLHAMTCA- -KCNHGF CWRCLKSWKPN- - = = = == == = == == = == HKDYY - - - -NCSAMV 2283
RNF144A ----- GCAQMMCK - -NCKHAF CWYCLESLDDDFLLI -~ === === ===~ HYD- - - -KGPCRNKL 236
RNF144B ----- GCAQMMCK - -NCKHTFCWYCLQNLDNDIFLR === === ====--~-~ HYD- - - -KGPCRNKL 244
Dorfin ----GSCNHMTCA - -VCGCEF CWLCMKEISDL - === == === === === == HYLSPSG---CTFWG 351
NKLAM ----GSCNHMTCA - -VCGCEF CWLCMKEISDL - - HYLSPSG- --CTFWG 337
RNF216 ~  ----- GCNRMSCR - - - CGAQMCYLCRVSINGYD- - - === == === === =~ HF-------- CQHPR 718
RNF217  ----- GCOHAMTCS - -QCNTNFCYRCGERYRQLRFFGD == == = == == = -~ HTSNLSIFG-CKYRY 478

Supplementary Data 1 | Sequence alignment of all human RBR E3 ligases. Domains and regions
are annotated above the alignment. Functionally important sites are indicated with symbols: E2
binding site: $, UBR1: *, UBR2: %, UBRS3: #, contact conduit 1: &, and contact conduit 2: A,
Conserved hydrophobic and charged/polar residues in these sites are highlighted with yellow or green
background, respectively. Zinc coordinating Cys and His residues are highlighted with grey
background; the active site Cys residues are highlighted with cyan background. HOIP-LDD residues
974-983 containing contact conduit 1 (see also Extended Data Fig. 7) are included as a separate
sequence aligned above the functionally corresponding residues of the RING2 of the other RBRs. The
C-terminal part of HOIL-RING2 also contains an insertion, which has not been aligned with the other
RBRs (red).



