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SUPPLEMENTARY FIGURE LEGENDS 

 

SUPPLEMENTARY FIGURE S1 
Crystal packing of the OTUB1-ΔN•UBC13•MMS2 complex. The asymmetric unit of the 

OTUB1-ΔN•UBC13•MMS2 complex. The structural unit OTUB1•(UBC13•MMS2)3, parallel 

aligned units and pseudo 21-fold symmetry units are highlighted by orange, cyan and black 

dotted ellipses, respectively. See also the main text. 

 
SUPPLEMENTARY FIGURE S2 
Electron density map of the OTUB1-ΔN•UBC13•MMS2 ternary complex. 2Fo-Fc electron 

density map around Met64 of UBC13, contoured at 1.5σ. Drawing schemes are the same as 

Fig.1b. 

 
SUPPLEMENTARY FIGURE S3 

Comparison of the amino acid sequences of E2s. 100% and more than 70% identical residues 

among human E2s are highlighted by red background and red letters, respectively. Residues that 

hydrogen bonds to OTUB1 are marked with orange circles. Residues that are involved in 

hydrophobic interactions with OTUB1 are marked with red triangles. The secondary structure 

and residue numbers of human UBC13 are shown above the alignment. 

 
SUPPLEMENTARY FIGURE S4 

Sensorgrams of SPR spectrometry for analyzing the OTUB-UBC13 interaction.  

 
SUPPLEMENTARY FIGURE S5 

Comparison of the amino acid sequences of OTUB1 and OTUB2. Identical residues among 

only OTUB1 and OTUB1 and OTUB2 from representative organisms are highlighted by red 

and yellow backgrounds, respectively. Residues that hydrogen bond to UBC13 are marked with 

orange circles. Residues that are involved in hydrophobic interactions with UBC13 are marked 

with red triangles. The secondary structure and residue numbers of human OTUB1 are shown 

above the alignment. Abbreviations are as follows: Hs, Homo sapience; Mm, Mus musculus; 

Md, Monodelphis domestica; Gg, Gallus gallus; Xl, Xenopus laevis; Ss, Salmo salar. 

 
SUPPLEMENTARY FIGURE S6 

In vitro K63 chain synthesis by UBC13-MMS2 was performed in the presence or absence of the 

indicated recombinant OTUB1. Reaction products were analyzed by Western blotting for Ub. 
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HsUBC13
     1        10        20           30        40             50        60        7 0

HsUBC13                                                                                 P                E       P                      I GP            G F         YP       F T   H     P.....MAGLP.RRIIK TQRLLAE VPG...IKAEPDESNARYFHVV A  .QDSPFE....G T KLELFLPEE  MAA KVR M KIY .....  
HsE2D1                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H     P........MALKRIQK LSDLQRD PAH...CSAGPVGDDLFH QAT M  .PDSA Q....G V FLTVH PTD  FK  KIA T KIY .....  
HsE2D2                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H     P........MALKRIHK LNDLARD PAQ...CSAGPVGDDMFH QAT M  .NDSP Q....G V FLTIH PTD  FK  KVA T RIY .....  
HsE2D3                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H     P........MALKRINK LSDLARD PAQ...CSAGPVGDDMFH QAT M  .NDSP Q....G V FLTIH PTD  FK  KVA T RIY .....  
HsE2D4                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H     P........MALKRIQK LTDLQRD PAQ...CSAGPVGDDLFH QAT M  .NDSP Q....G V FLTIH PTD  FK  KVA T KIY .....  
HsE2E1                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H.(43)LLSTSAKRIQK LADITLD PPN...CSAGPKGDNIYE RST L  .PGSV E....G V FLDIT TPE  FK  KVT R RIY ..... C
HsE2E2                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H.(51)KLSTSAKRIQK LAEITLD PPN...CSAGPKGDNIYE RST L  .PGSV E....G V FLDIT SPD  FK  KVT R RIY ..... C
HsE2E3                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H.(57)KLSTSAKRIQK LAEITLD PPN...CSAGPKGDNIYE RST L  .PGSV E....G V FLDIT SSD  FK  KVT R RIY ..... C
HsE2A                                                                                 P                        P                  W   I GP            G F     F   YP  P    F     H     P...MSTPARRRLMR..DFKRLQED PAG..VSGAPSE.NNIMV NAV F  .EGTPFE....D T KLTIE TEE  NK  TVR VSKMF .....  
HsE2B                                                                                 P                        P                  W   I GP            G F     F   YP  P    F     H     P...MSTPARRRLMR..DFKRLQED PVG..VSGAPSE.NNIMQ NAV F  .EGTPFE....D T KLVIE SEE  NK  TVR LSKMF .....  
HsE2C                                                                                 P                E                          W   I G      Y              F   YP       F T   H     P.(26)ARGPVGKRLQQ LMTLMMSGDKG..ISAFPES.DNLFK VGT H A.AGTV E....DLRYKLSLE PSG  YNA TVK L PCY .....  
HsE2G1                                                                                 P                        P                  W   I GP     Y      G F     F   YP  P    F T   H     P....MTELQSALLLRRQLAELNKN VEG..FSAGLIDDNDLYR EVL I  .PDTL E....G V KAHLT PKD  LR  KMK I EIW .....  
HsE2G2                                                                                 P                E       P                  W   I GP            G F     F   YP  P    F     H     P...MAGTALKRLMA.. YKQLTLN PEG..IVAGPMNEENFFE EAL M  .EDTCFE....F V PAILS PLD  LS  KMR TCEMF .....  
HsE2J1                                                                                 P                E                          W     GP            G           YP  P      T..(6)LKSPAVKRLMK AAELKDPTDHY....HAQPLEDNLFE HFTVR  .PDSDFD....G VYHGRIVLPPE  MK  SIILL ANGR..... .
HsE2J2                                                                                 P                        P                  W     GP     Y      G       F    P  P      T..(8)APTTATQRLKQDYLRIKKD VPY...ICAEPLPSNILE HYVVR  .EMTP E....G YYHGKLI PREF FK  SIYMI PNGR..... .
HsE2K                                                                                 P                E                              I GP     Y      G           YP  P    F T   H     P.....MANIAVQRIKR FKEVLKSEETSKNQIKVDLVDENFTELRGE A  .PDTP E....G RYQLEIKIPET  FN  KVR I KIW .....  
HsE2L3                                                                                 P                E                                 P     Y      G F     F   YP  P    F T   H     P.......MAASRRLMK LEEIRKCGMKN...FRNIQVDEANLLTWQGLIV .DNPP D....K A RIEIN PAE  FK  KIT K KIY .....  
HsE2L6                                                                                 P                E       P                         P     Y        F     F   YP  P    F T   H     P.......MMASMRVVK LEDLQKK PPY...LRNLSSDDANVLVWHALLL .DQPP H....LKA NLRIS PPE  FK  MIK T KIY .....  
HsE2O                                                                                 P                E                              I GP     Y      G           YP  P                P(949)EAKKFFSTVRK MALLATSLPEG...IMVKTFEDRMDLFSAL K  .TRTP E....D LYLFDIQLPNI  AV  HFCYLSQCSG..RLN  
HsE2Q1                                                                                 P                E                          W                           F    P  P(247)GSVQATDRLMK LRDIYRSQSFKGGNYAVELVNDSLYD NVKLLKVDQDSALH(11)ADFILLNFS KDNF FD  FVRVVSPVLS..... G
HsE2Q2                                                                                 P                E                          W                           F    P  P(200)GSVQASDRLMK LRDIYRSQSYKTGIYSVELINDSLYD HVKLQKVDPDSPLH(11)IEYILLNFS KDNF FD  FVRVVLPVLS..... G
HsE2R1                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H     P..(6)PSSQKALLL.. LKGLQEE VEG..FRVTLVDEGDLYN EVA F  .PNTY E....G Y KARLK PID  YS  AFR L KMW .....  
HsE2R2                                                                                 P                E       P                  W   I GP     Y      G F     F   YP  P    F T   H     P..(6)TSSQKALML.. LKSLQEE VEG..FRITLVDESDLYN EVA F  .PNTL E....G Y KAHIK PID  YS  TFR L KMW .....  
HsE2S                                                                                 P                E       P                      I GP     Y      G F          P  P    F T   H     P..(9)..PHIIRLVYK VTTLTAD PDG...IKVFPNEEDLTDLQVT E  .EGTP A....G L RMKLLLGKDF AS  KGY L KIF .....  
HsE2T                                                                                 P                E       P                      I G      Y      G F         YP  P    F T   H     P.......MQRASRLKR LHMLATE PPG...ITCWQDKDQMDDLRAQ L G.ANTP E....K V KLEVIIPER  FE  QIR L PIY .....  
HsE2U                                                                                 P                                           W   I G               F     F   Y   P    F T   H     P.....MHGRAYLLLHRDFCDLKENNYKG..ITAKPVS.EDMME EVE E L.QNSVWQ....GLV QLTIH TSE NYA  VVK I IPF .....  
HsE2W                                                                                 P                E       P                  W     G      Y        F     F   YP       F           P......MASMQKRLQK LLALQND PPG.MTLNEKSVQNSITQ IVDME A.PGTL E....GEK QLLFK SSR  FDS QVM TGENIP...VH  
HsE2Z                                                                                 P                        P                      I GP     Y      G F         YP  P      T         P.(95)TAPQCLLRIKRDIMSIYKE PPG...MFVVPDTVDMTKIHAL T  .FDTP E....G F LFVFRCPPD  IH  RVKLM TGNNTVRFN  

HsUBC13
80         90              100          110          120           130       140       15 0

HsUBC13          C              WN     G     IL            P          L S   L L VDKL. RI LD  KDK....... S ALQ...IRTV L IQA  SAP....NPDDPLANDVA....EQWKTNEAQAIETARAWTRLYAMNNI.... .
HsE2D1          C              WN     G     IL            P          L S   L L INSN. SI LD  RSQ....... S ALT...VSKV L ICS  CDP....NPDDPLVPDIA....QIYKSDKEKYNRHAREWTQKYAM....... .
HsE2D2          C              WN     G     IL            P          L S   L L INSN. SI LD  RSQ....... S ALT...ISKV L ICS  CDP....NPDDPLVPEIA....RIYKTDREKYNRIAREWTQKYAM....... .
HsE2D3          C              WN     G     IL            P          L S   L L INSN. SI LD  RSQ....... S ALT...ISKV L ICS  CDP....NPDDPLVPEIA....RIYKTDRDKYNRISREWTQKYAM....... .
HsE2D4          C              WN     G     IL            P          L S   L L INSN. SI LD  RSQ....... S ALT...VSKV L ICS  CDP....NPDDPLVPEIA....HTYKADREKYNRLAREWTQKYAM....... .
HsE2E1          C              WN     G     IL            P          L S   L L INSQ. VI LD  KDN....... S ALT...ISKV L ICS  TDC....NPADPLVGSIA....TQYMTNRAEHDRMARQWTKRYAT....... .
HsE2E2          C              WN     G     IL            P          L S   L L INSQ. VI LD  KDN....... S ALT...ISKV L ICS  TDC....NPADPLVGSIA....TQYMTNRAEHDRMARQWTKRYAT....... .
HsE2E3          C              WN     G     IL            P          L S   L L INSQ. VI LD  KDN....... S ALT...ISKV L ICS  TDC....NPADPLVGSIA....TQYLTNRAEHDRIARQWTKRYAT....... .
HsE2A          C              WN     G     IL            P          L S   L L VY.AD SI LD  QN.......R S TYD...VSSI T IQS  DEP....NPNSPANSQAA....QLYQENKREYEKRVSAIVEQSWRDC..... .
HsE2B          C              WN     G     IL            P          L S   L L VY.AD SI LD  QN.......R S TYD...VSSI T IQS  DEP....NPNSPANSQAA....QLYQENKREYEKRVSAIVEQSWNDS..... .
HsE2C          C              WN     G     IL                       L S   L L VD.TQ NI LD  KE.......K SALYD...VRTI L IQS  GEP....NIDSPLNTHAA....ELWKNPTAFKKYLQETYSKQVTSQEP.... .
HsE2G1          C              WN     G     IL            P            S    L VD.KN DV IS  HEPG.....R L IHT...VETIMI VISM ADP....NGDSPANVDAA....KEWREDRNGEFKRKVARCVRKSQETAFE.. .
HsE2G2          C              WN     G     IL            P          L S    L IY.PD RV IS  HAPG.....R S VQS...VEKI L VVSM AEP....NDESGANVDAS....KMWRDDREQFYKIAKQIVQKSLGL...... .
HsE2J1          C              W            I             P          L..FEVGKKI LS SGHHP....ET Q SWS...IRTA LAIIGFMPTK(11)PEERRALAKKS(14)VLLPLKSGSDSSQADQEAKELARQISF(132)
HsE2J2          C              W            I             P          L..FKCNTRL LS TDFHP....DT N AWS...VSTI TGLLSFMVEK(11)FTKRQLAVQSL(10)ELFPEVVEEIKQKQKAQDELSSRPQTL(75)
HsE2K          C              WN     G     IL                       L S   L L ISSVT AI LD  KDQ....... AAAMT...LRTV L LQA  AAA....EPDDPQDAVVA....NQYKQNPEMFKQTARLWAHVYAGAPVS(42)
HsE2L3          C              WN     G                   P            S   L IDEK. QV LPVISAE......N K ATK...TDQVIQ LIA VNDP....QPEHPLRADLA....EEYSKDRKKFCKNAEEFTKKYGEKRPVD.. .
HsE2L6          C              WN     G     I             P          L     L VDEN. QI LP ISSE......N K CTK...TCQV EALNV VNRP....NIREPLRMDLA....DLLTQNPELFRKNAEEFTLRFGVDRPS... .
HsE2O          C              WN     G      L                       L S   L LYDN. KV VSL GTWIGKGTER TSKSS...LLQV I IQG ILVN.EPYYNEAGFDSDRG....LQEGYENSRCYNEMALIRVVQSMTQLV(176)
HsE2Q1          C              W      G      L                              LGYVLGG AI MEL TKQG...... SSAYS...IESVIMQISAT VKG....KARVQFGANKS....QYSLTRAQQSYKSLVQIHEKNGWYTPPKED G
HsE2Q2          C              W      G      L                              LGYVLGG AL MEL TKQG...... SSAYS...IESVIMQINAT VKG....KARVQFGANKN....QYNLARAQQSYNSIVQIHEKNGWYTPPKED G
HsE2R1          C              WN     G     IL            P          L S   L L IY.ET DV IS  HPPV.....R N TQN...VRTI L VIS  NEP....NTFSPANVDASVMY.RKWKESKGKDREYTDIIRKQVLGTKVD(61)
HsE2R2          C              WN     G     IL            P          L S   L L IY.EN DV IS  HPPV.....R N TQN...VRTI L VIS  NEP....NTFSPANVDASVMF.RKWRDSKGKDKEYAEIIRKQVSATKAE(63)
HsE2S          C              WN     G      L                       L     L L VGAN. EI VNV K.......RD TAELG...IRHV LTIKC  IHP....NPESALNEEAG....RLLLENYEEYAARARLLTEIHGGAGGP(61)
HsE2T          C              WN     G      L            P          L S   L IDSA. RI LDV KLPPKG...A R SLN...IATV T IQL MSEP....NPDDPLMADIS....SEFKYNKPAFLKNARQWTEKHARQKQK(41)
HsE2U          C              WN     G      L                       L VDPHT QP IDF DNPE(83)QT SRIAT(6)YRTP LKVPNFIGQY....YKWKKMDLQHQ(10)KCWLARKRMPHEVTHSMEEIKLCPTLI(64)
HsE2W          C              W      G     IL            P            S    LHVYSN. HI LS  TED....... S ALS...VQSVCL IISM SSC.....KEKRRPPDNS.....FYVRTCNKNPKKTKWWYHDDTC....... .
HsE2Z          C              WN     G     IL            P          L S   L FYRN. KV LS  GTWTGP...A S AQS...ISSV I IQS MTEN..PYHNEPGFEQERH....PGDSKNYNECIRHETIRVAVCDMMEGK(94)
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GST-OTUB1 C91S : UBC13

GST-OTUB1 M211 : UBC13GST-OTUB1 F133A : UBC13

GST-OTUB1 C91S : UBC13•MMS2

GST-OTUB1 wt : UBC13

GST-OTUB2 wt : UBC13 GST-UBC13 : OTUB1 (45-271)

GST-OTUB1 wt : UBC13•MMS2
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Hs      200       210       220       230       240       250        260       27 0

F          C   VE M  E DH  I AL  AL                   H  PE    P    L    H  IL Y IDEEMDIKDF THE  P AT C  IQ T  SQ  SIALQVEYVDEMDT.ALNH VF  AAT. SVYL YKTS YN   ..........AADK H
F          C   VE M  E DH  I AL  AL                   H  PE    P    L    H  IL Y IDEEMDIKDF THE  P AM C  VQ T  SQ  NIALQVEYVDEMDT.ALNH VF  AAI. SVYL YKTS YN   ..........AAEK H
F          C   VE M  E DH  I AL  AL                   H  PE    P    L    H  IL Y IREGMTVVDF AKN  Q AT C  IQ I  TQ  EIPLQVEYVDKTEN.VINH IF  GRS. SVFM FLEH FN   REEVQKEENAESSK H
F          C   VE M  E DH  I AL  AL                   H  PE    P    L    H  IL Y VEAP.SLKVY TRE  T AM C  VD L  SE  GVSIHIASVEGGDGHRLAH TI  GAE. CLHL YKTA YD   PHCH.......... .
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M A E    Q           VN L YD AI AQ D IQQEIA    L S R  L VL  EY   D  YQ K KDL   Y  IR TRPDGNCFYRAF  A EPQQ KQEPLGSDSEG  C A  E  M  Q R      VQNP V E LE S  YK  AED NI  Q I   HKK SY  K
MA E    Q           VN L YD AI AQ D IQQEIA    L S R  L VL  EY   D  YQ K KDL   Y  IR TRPDGNCFYRAF  A EPQQ KQEPLGSDSEG  C A  E  M  Q R      VQNP V E LE S  YK  AED NI  Q I   HKK SY  K
MA E    Q           VN L YD AI AQ D IQQEIA    L S R  L VL  EY   D  YQ K KDL   Y  IR TRPDGNCFYRAF  A KPQQ NSEPLGNDSEE  G A  G  M  E Q      LQNP V E LE S  YK  VGD NI  E I   HKK SY  K
MA E    Q           VN L YD AI AQ D IQQEIA    L S R  L VL  EY   D  YQ K KDL   Y  IR TRPDGNCFYRAF  A VPQQ .PEPLGPDADG  C A  E  M  Q R      VQNP V E LE A  YK  AQD HI  Q I   LQK SY  K
MA E    Q           VN L YD AI AQ D IQQEIA    L S R  L VL  EY   D  YQ K KDL   Y  IR TRPDGNCFYRAF  A ESER ....QKSDCDG  C T  E  I  Q R      GHTP L E LD S  YQ  ASD QV  N L   HRR NH  R
MA E    Q           VN L YD AI AQ D IQQEIA    L S R  L VL  EY   D  YQ K KDL   Y  IR TRPDGNCFYRAF  Q ..QQ ETTQGEMEAGG  C A  E  M  Q R      TSIL V D QE S  QR  AAE TI  L I   HKK SY  K

    LE LL        FK             GF E                 E       LL  F     SD  V   RL TS        F
    LE LL        FK             GF E                 E       LL  F     SD  V   RL TS        F
    LE LL        FK             GF E                 E       LL  F     SD  V   RL TS        F
    LE LL        FK             GF E                 E       LL  F     SD  V   RL TS        F

GF  LE LL    EL RFK     SK  L  QGF EF IEDFHNT M L    E       LL  F     SDY V YLRLLTSG LQ    F
GF  LE LL    EL RFK     SK  L  QGF EF IEDFHNT M L    E       LL  F     SDY V YLRLLTSG LQ    F
GF  LE LL    EL RFK     SK  L  QGF EF IEDFHNT M L    E       LL  F     SDY V YLRLLTSG LQ    F
GF  LE LL    EL RFK     SK  L  QGF EF IEDFHNT M L    E       LL  F     SDY V YLRLLTSG LQ    F
GF  LE LL    EL RFK     SK  L  QGF EF IEDFHNT M L    E       LL  F     SDY V YLRLLTSG LQ    F
GF  LE LL    EL RFK     SK  L  QGF EF IEDFHNT M L    E       LL  F     SDY V YLRLLTSG LQ    F
GYSY  S  GKSREIFK  ERVLQTPNDLLAA  E HKFRNFFNAFYSVVELV KDGSVSS  KV NDQSA  HI QFL  L  AFIRNRAD FR H
GYSY  S  GKSREILK  ERVLQTPNDLLAA  E HKFRNFFNAFYSVVELV KDSSVSS  KV NDQSS  RI QFL  L  AFIRNRAD FR H
CFAY  F  GKKQEILR  HLVVQSKSEVLMA  Q HLFKHHYETFLSIVELA LDGSISS  KA NQPCS  SV LYV  V  AYLRNRTE YQ H
CFGH  S  QNDRALQR  ETVKQSGKELLAA  D SSFKDMLDMFVGVLEQC ADEQGDT  QL NEQTT  SM QYL  L  AYLQNHAD FS H

  SH  A  DDSK  Q   AVSAK  ED VS   T  T       F D IEQV KQTSVAD  AS NDQST   L V        Y  RESK FE H
  SH  A  DDSK  Q   AVSAK  ED VS   T  T       F D IEQV KQTSVAD  AS NDQST   L V        Y  RESK FE H
  SY  A  EDSK  Q   AISAK  ED VS   I  A       L D IEQV KQTSVDE  TA NDQNI   L A        Y  RESE FE F
  AH  A  EDSQ  Q   EISAR  DE VA   T  T       F E IERV RGVPLPE  AA NEPST   L V        C  RHRR FE Q
  SY  A  GGGP  A   EVSLH  DE IR   T  T       F D IALV KHPAVPE  AA NEQTV   V V        H  KESI YQ H
  SH  S  EDSK  Q   AVAAK  LD VN   T  T       F D LELC KQPGLSE  GS RDQSV   I V        Y  REHG FQ H

F EGGR   EFCQQEVEPM KESDHIHIIAL  AL     VEYMDR EG     H FPEGS  P V LLYRPGHYDILYK I    TVK          C           AQ  SVSIQ      G  GTTNP I     E. K Y
F EGGR   EFCQQEVEPM KESDHIHIIAL  AL     VEYMDR EG     H FPEGS  P V LLYRPGHYDILYK I    TVK          C           AQ  SVSIQ      G  GTTNP V     E. K Y
F EGGR   EFCQQEVEPM KESDHIHIIAL  AL     VEYMDR EG     H FPEGS  P V LLYRPGHYDILYK I    TVK          S           AQ  SISIQ      A  RSTNS V     E. K Y
F EGGR   EFCQQEVEPM KESDHIHIIAL  AL     VEYMDR EG     H FPEGS  P V LLYRPGHYDILYK L    SIK          C           AR  QVPVL      G  GATNP V     Q. R C
F EGGR   EFCQQEVEPM KESDHIHIIAL  AL     VEYMDR EG     H FPEGS  P V LLYRPGHYDILYK I    SVK          C           SQ  NVSIQ      G  GATVT V     DL Q F
F EGGR   EFCQQEVEPM KESDHIHIIAL  AL     VEYMDR EG     H FPEGS  P V LLYRPGHYDILYK I    SVR          S           AQ  NVSIL      G  GTVNH V     E. R F

                                                S                     K           R    DG CFYR..............................MSETS.........FNLI EKCDILSILRDHP.ENRIYRR IEELSKRFTAI KTKG  N    A L
                                                S                     K           R    DG CFYR..............................MSETS.........FNLI EKCDILSILRDHP.ENRIYQR IQELSKRFTSI KTKG  N    A L
                                                S                     K           R    DG CFYR..............................MNEE............FI EKYDLALLIEENS.KVPVYQR LKDLQNQYHSV KTRA  S    G L
                                                S                     K           R    DG CFYR..............................MTEPG..........QFV SREEISTYLLEVE......AA YREICSQYKYM KIRG  N    A L
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