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Supplementary Table 1  – List of the used primers.

USPL1CD fw CGCGGATCCATGCCACTGGAGAGGAAATG
USPL1CD rv AAAGCGGCCGCTTAAAGTGGAAGGCAGGC
Δ14SUMO2GCVY fw CGGCCTGGTGCCGCGCGGCAGCCATAACGATCATATTAATTTGAAGGTG
Δ14SUMO2GCVY rv GACGGAGCTCGAATTCGGATCCCTAGTAGACACATCCCGTCTGCTGTTGG
USPL1 Phe335 to Ala fw AGGTGATATGGAAAGCCCTGTGGCTGCATTTCCCCTGCTCTT
USPL1 Phe335 to Ala rv AAGAGCAGGGGAAATGCAGCCACAGGGCTTTCCATATCACCT
USPL1 Arg324 to Ala fw TTAGCCTTCAGCCCCAGCTTGCATGCACATTAGGTGATAT
USPL1 Arg324 to Ala rv ATATCACCTAATGTGCATGCAAGCTGGGGCTGAAGGCTAA
USPL1 Met330 to Ala fw AGATGCACATTAGGTGATGCGGAAAGCCCTGTGTTTGCAT
USPL1 Met330 to Ala rv ATGCAAACACAGGGCTTTCCGCATCACCTAATGTGCATCT
USPL1 Asn398 to Ala fw CCATTTTGGTCCATGTGCCAATTGCAACAGTAAATCACAAAT
USPL1 Asn398 to Ala rv ATTTGTGATTTACTGTTGCAATTGGCACATGGACCAAAATGG
USPL1 Tyr451 to Phe fw AACTTCTGTAATTCAGTTTCGAGCAAATAATCATTTTATAACAT
USPL1 Tyr451 to Phe rv ATGTTATAAAATGATTATTTGCTCGAAACTGAATTACAGAAGTT
USPL1 His493 to Asn fw AGTTCCTGCTTCAGAGATAAATATTGTTATTTGGGAAAG
USPL1 His493 to Asn rv CTTTCCCAAATAACAATATTTATCTCTGAAGCAGGAACT
USPL1 His421 to Asn fw ATCTCCCATATTCATGTTGAACTTTGTAGAAGGCTTACC
USPL1 His421 to Asn rv GGTAAGCCTTCTACAAAGTTCAACATGAATATGGGAGAT
USPL1 Glu331 to Pro fw TGCACATTAGGTGATATGCCAAGCCCTGTGTTTGCATTT
USPL1 Glu331 to Pro rv AAATGCAAACACAGGGCTTGGCATATCACCTAATGTGCA
USPL1 Phe457 to Tyr fw CAGTATCGAGCAAATAATCATTATATAACATGGATTTTAGATGCT
USPL1 Phe457 to Tyr rv AGCATCTAAAATCCATGTTATATAATGATTATTTGCTCGATACTG
USPL1 Phe457 to Leu fw CAGTATCGAGCAAATAATCATCTTATAACATGGATTTTAGATGCT
USPL1 Phe457 to Leu rv AGCATCTAAAATCCATGTTATAAGATGATTATTTGCTCGATACTG
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HUMAN                G G   G       G LGK            CP C  KG    L  Y     E   LC    C YPL          S       DS K  NGL VI   T I  SSL MV Y   N   A   S       R    L A K  RISFQ SIF  E LQ I   GSKSLNNLI     E.MM  P IG   P   P  D  I   H        FDS KVP DEY  A  E  K K   T             D                . PDL 
MOUSE                G G   G       G LGK            CP C  KG    L  Y     E   LC    C YPL          S       DS K  NGL LV   T V  SSL ML Y   N   A   T       R    L A K  RISFQ SVF  E LQ I   GS SLTNLI     EMTD  L IG   P   P  D  I   P        YAS KVT DGH  A  A  K S   P             D         E      . PDS 
SHEEP                G G   G       G LGK            CP C  KG    L  Y     E   LC    C YPL          S       DS K  NGL VV     I  SSL MV Y   N   A   S       R    L A K  RISFQ SVF  E LQ I   GSKSLNNLI     E.MT  P SG   P   P AD  K   H        YDS KVL DGY  S  A  K K   T             D                . PGL 
CHICK                G G   G       G LGK            CP C  KG    L  Y     E   LC    C YPL          S       DT K  NGL VI   T I  STL MV Y   S   V   S       K    V V R  RINFQ SIY  E  Q I   G K  NSII     E..M  Q TT   R   Q  G  K   H        HAP EKT PDY  V  E  Q Q   T             NP       Y PF    I ADS 
DANRE                G G   G       G LGK            CP C  KG    L  Y     E   LC    C YPL          S                 M    T I   T  LA F   S       S              A R   VN   TV     A  L    SRSL  V       ............. N E  G  AP PA        KDR..NA PGN  W LA  QTN   F A  LK   L  TN V     V    EE RA LSKG

                100                110       120       130                              140      

HUMAN                   P      K                                                                        C                  KP KR            E       L   SKKTRN        V                      LN     G   E HT.............. H  Q   S.........L SSYKDSL LAN      YIAIDGGK ......................  .SKHN ...
MOUSE                   P      K                                                                        C                  KP KR            E       L   SKKTRS        I                      VN     G   D PT.............. S  Q   R.........L TNCRNSP PVH      HIVTDSEP ......................  .GKYN ...
SHEEP                   P      K                                                                        C                  KP KR            E           SKKTKN        V                      LN     G   D HT.............. N  Q   I.........L TNCEDLPFLAD      HRGIDSEQ ......................  .SSHN ...
CHICK                   P      K                                                                                              KR            D       I    K  RT        A                      IN         NLQV.............. SYDK   L.........C I.SDLSP ESNP QA  NNVVNVEQ ......................  .TDPVV...
DANRE                   P      K                                                                        C                  RP               D       L   T KT T        A                      IS     G   G KRSISSLPDISDDSCP K  REE LDVLADVSEPC AEVNDAT PDD V  Q FTDQQSAP ETISLDKTEEQPVSIEDIKEQP  HDATE QPI

                                         150         160       170          180                  

HUMAN                                                                           E                                                          D      S        S  Q PI TA S E N    I  A  V MA               .................................EVY ET.... SNLPDS.. GQ N  R  D L R E... L  DT D  ...............
MOUSE                                                                           E                                                          D      S        S  Q PA TA S EQS    A  A  V VA               .................................EVC DF.... ASFPDT.. AH D  S  A V   E... L  DD V  ...............
SHEEP                                                                           E                                                          D      S        S  Q PV TA S EQN    A  A  V MA               .................................GEY GT.... PGLPGSLY GQ N  R  D W   E... M  DT D  ...............
CHICK                                                                           E                                                                 Q        N  Q    S  S  Q                              .................................KSCGDSLCIP SRVCDVLE GQ KSN. EE IN KV...DF TTSNTNG...............
DANRE                                                                           E                                                          E               N    PV  V T EQS    L  V  M IA               SIDQTEEQPVSILHTEEQPIVLDLIEVKPMSVDHSE QPICID......... TKER  SI H E   IVLD F  KP S  HTEEKPTSFDHIEEK

         190                          200                           210       220       230      

HUMAN                                                                                          W N    C      T D                                P                    TS       E  LES      Q  CVQ K    L .....T K PATV...................DVSGTGRPS QN..............E.GC  K.....L MP   KCTSFP AL      AYA  
MOUSE                                                                                          W N    C      TED                                                     TS       E  A S      Q  CVQ K    L .....A   PATV...................S............................V  E.....L MP K RCLPLC TL      TQA  
SHEEP                                                                                          W N    C       ED                                P                    TS       E  LES      Q  CVQ K    L .....PE  ATMV...................DVSGTEGTS QN..............E.RC  E.....L KP   KHTSFC TS      AHA  
CHICK                                                                                          W N    C      QE                                 P                    T            DN      T  CLQ R    L .....H  SPPK....................NFSSRTQLL NS..............THSS AS.....EVLLR  NCSTNN EL      KYN  
DANRE                                                                                          W N    C      TEE                                P                     S       E  LES          L  K    M PMSIAH   KPVSLVHTEDQHLSIDQTEEQPISIDPTEEQQ EELPAVSDEDVDLCERKEDCV STQDEME EV   SSELVPVHSE F   EEN  

 240       250                260       270       280       290       300       310       320    

HUMAN WLD  L  LVH                              L   Y      L                           L   R   F  LQP L    CI SA    E LK TV               EE I  R   K   A  L  T     V      KL  EI   IE   N V   I I    Q R           S E  N  TG.........LCSK  S FW  LT  NQ NT  Y SQLSG KDGDCK  TS  FAE  TC  E  DE   S      
MOUSE WLD  L  LVH                              L   Y      L                           L   R   F  LQP L    CI SA    E LR TV               EE V  R       A  L  T     V      KL  EI   ID   N V   I A      R           L V  K  LE.........ACSR  C FG  FEM HQ DE  H HHLHG TGEDCK  TS  FTE  TC  K  DE   K   K  
SHEEP WLD  L  LVH                              L   Y      L                           L   R   F  LQP L    CI SA    E LK TV               EE V  R   R   A  L  T     V      KL  EI   IE   N V   I I    Q R           L G  S  TD.........LCSK  S FG  FT  NE NK  H SQLDG KDGDCK  PS  FAK  TC  E  DE   R      
CHICK WLD  L  LVH                              L   Y      L                           L   R   F  LQP L    CV SA    E LK  L               E  L  R   K   A  L  T     V          DI   AE   N I   I I    Q K           L A  FA VE.........E.DD KC LQ  LT  SQ TV  N CKRGK .........K  LPK  LL  E  NQ   Q      
DANRE WLD  L  LVH                              L   Y      L                           L   R   F  LQP L     M  M      IR T                 D V  K   R                      RV   V   AE   S L   V      T K   A  V    CRT  G PCRGIKLSDKLATVPCN S VW  CW  DKTCAY QARK..KQSEDKVL  PAG LVE  RR  A  LS  KL      

   330       340       350       360       370        380       390       400       410       420

HUMAN C  G  E PVFA P LL         F     W F C  C          K L T T     WHPL A     CN C    Q R M LE          L    S      L  K E HIE L   SFS   E S  G  YQ  R   S   F NVIPE      AH  P  N N KS   K V  KVS I ML T  DM      F     L T   K  LY    D    Q  HQ  N. HM   V            N   FG      S   I         P F  
MOUSE C  G  E PVFA P LL         F     W F C  C          K L T T     WHPL A     CN C    Q R M LE          L    S      V  K E HVE L T SFS   E S  G  YQ  R   S   F NIVPE      AH  P  S N KS   K V  RAS I ML T  DM      L     L P   S   Y    N    H  HQ  N. CV   V            N   FG      S   I         P L  
SHEEP C  G  E PVFA P LL         F     W F C  C          K L T T     WHPL A     CN C    Q R M LE          L    S      L  K E HIE L T SFS   E S  G  YQ  R   N   F NVIPE      AH  P  N N KS   K V  KVS V ML T  DM      F     I P   Q   Y    N    H  HK  NS CM   V            K   FG      N   I         L F  
CHICK C  G  E PVFA P LL         F     W F C  C          K L T T     WHPL A     CN C    Q R M LE          L    S      L  K D HAE L S SFS   E    G  Y   R   T   F NIIPD      VH  P  N S RS     I  KV  I M  E  KE      L     Q Q   K   H    K   MC  YK LD. CR   T            N   VA      D   R Q      PS L F
DANRE C  G  E PVFA P LL         F     W F C  C          K L T T     WHPL A     CN C    Q R M LE          I    T      L  R D  A  I Q T       T      N      T      IV D                 KN   K V  KLS V AL E  QQ      L     S KW QD   H IR E K  C DFTV E.SVE   T L C  K     K NNRTQ  K EH   R         S F  

       430       440       450        460       470       480       490       500       510      

HUMAN HF EGLP   L  Y F      Y     IQY     HF TW     G WLE DDLK      H     P  E HI  WE                    V      D QH     EG L QITSV    A  N  I   L  D S   C    GP   R     V  S    VI  RK   V D   AC            QN     A HF  C          R .N      I DA             CSE  KKFE  A  I        ISQ T KEA  LPLKK
MOUSE HF EGLP   L  Y F      Y     IQY     HF TW     G WLE DDLK      H     P  E HI  WE                    V    R D QH     EG L QVTSV    A  N  I   L  D S   C    GP   R     V  S    VI  RK   V     AC             R     A HF  S          Q .N      F DA             CAK  VTCE  A  T        S.Q PIEEA  LPCMK
SHEEP HF EGLP   L  Y F      Y     IQY     HF TW     G WLE DDLK      H     P  E HI  WE                    V    H D QR     EG L QVTSV    A  N  V   L  D S   C    G    R     V  S    VI  RK   M D   AC             N     S HS  C          Q .N      I DA            LCSE  ETFQ  A  I        TSQ T KAP  RQLKK
CHICK HF EGLP   L  Y F      Y     IQY     HF TW     G WLE DDLK      H     P  E HI  WE                         H          E  V QITSV    V     I   L  D T   C    GP   R     V  T    VI  KK   L E            Q     NK KS S QL ED          A HKK     S NP             YCR  KRFE  P  I        ASR P EQDSQYQSKN
DANRE HF EGLP   L  Y F      Y     IQY     HF TW     G WLE DDLK      H     P  E HI  WE                    V    R D TK      G   SVSTI       Q  V                  P            S    L          E   VC             K     G TFQ FQ         NKHL      VRQSN F   L    H YSPT KRLPF S  F   F  TDSFK.E HSE  LPTAP

 520       530       540       550       560       570        580        590       600       610 

HUMAN                                                     G                    L                          Q             C     A        H      AP TL     V       L    GLV   IL    EET           SE   LE KTND HALSNEKPVSLTS SVGDA SAETASVT PKDISV  R  SQDTA TH DHL. SGPK   DN.  PLT    IQKTASVSQLN  AFL  N 
MOUSE                                                     G                    L                          Q             C     A        H      AP TL     V       L    GMV   IL    EET           S    LE KPNV PVSGEEQPTCPAL SLAGT TSEP.SVA PTSMAG  Q  PEIQA AH DSV. SGAK   DS.  PSA    IQETASVSQVD KDCL  D 
SHEEP                                                     G                    L                          Q             C     A        H      VP TL     V       L    G V   IL    EE            SE   LE KTSD YTFGNEKQASPAA STGKA SAEPSSGT PTDVSM  N  SQDEA AP HHS. PDLK S DSS  PLT   I........QSN  GFL  H 
CHICK                                                     G                    L                          S             C     V        H      IP        V             LA   LV    EET           SE   M  RIED STNNVQLKSTVLH GFDDA DNML.AED QEDTVR  DKK..QQR AE ESSARCGLEN  RDG  TQI    ........PLD  GKS LS 
DANRE                                                     G                    L                                              V                  TA             L    GL    IV      S            E    E RPEVPNAPDEHPPKLSDSVATDTC ISAL.........TVEDT  SSIADTSI STTL DTFE  THKD  TLT VN ............ SPKN P 

      620       630          640       650           660            670       680             690

HUMAN                                                                                              L   PVA N  IL        E         VS PC         V       S    V   M       V  N                    A   IQ    E TG  KTNTLLSQ SLM...ASS  A  NEKLIQDQF DI..SFP QV.. NTN QS..... QL TEDTVNTKSVNNT......D TG   G
MOUSE                                                                                              L   PVA S  LV        D         VS  C         V       S    V   L       V  Q                    V   VQ    G AA  RVLAFQPQ SPGSSGSSL  SL EGKLV.APC DS..SFP QA.. STD QA..... LS AGDTVVPNPVTDA......P PV   E
SHEEP                                                                                              L   PVA N  VV        E         L  PC         V       S    L   M       V  T                    A    Q    E VG  EANTLQSE PLI...A.S VA  EDKLTHNQS DL..SFS QL.. A.. PS..... QV TEDTVVTQPVNDT......R GD T Q
CHICK                                                                                              L    MV N  VV        E          N PC         A       S    M   L       I  S                        IN K  E NL  ETGSQEKQ SAF.....SP T  TGEFIATDL MNDKDML ENSS CLS QELNPAS TS VPKKHDPNPSDSSLAQSTGDRAN   G
DANRE                                                                                              L   PM                         VS P                                                           A   LS   R...................PGF..  A RHCPF..............E....................................... SN   G

             700       710        720       730       740          750       760       770       

HUMAN                                                                                   L      F       VK V               Q   P  E L       S  S LK    TA   T         Q Q      KK FVGSWVK  ISR  S MP  V    S ......EIEKDAQLK FLT KT Q KPER.VT QV N  KKET  DSQ TTSKS...L N SLKENQ  P       G    GA    LC SA
MOUSE                                                                                   L      F       LK L               Q      E L       S  S LR    TA   TVA       Q QP     KR FVGSWVK  LSR    MPT V    S ATEK.......DSQT LLPLKT K DPEQPGK QA N  KRET  SSK   ARS...A N  RKEDQ  A       G    GGA    C LS
SHEEP                                                                                   L      F       VK V               Q   P  E L       S  S  K    TA   TVI       Q  P     KK FVGSWVK  LSK  S MPS V    S DTEGTVALERNASLK CLV ET K NPEQHVT QV DW EEET  FSQ   AKP...L NP LK..E  P       G    GV     C SA
CHICK                                                                                   L      F        H L               N   P  E I       Q    L     TA   QVA       S QP     KR FVGSWVK  LSK  S LPS A  E G ........SSGQ.QI CEL PV N V...... KSPD TGASK  VHS   SSSVDNN F  SDKDQ  G       K    NT     S SL
DANRE                                                                                   L      F       I                      P            Q  S VH          VA         QP                  QR  S   T I   PKT...G.......S...RLST P.........IP KS L  KP.......E  AAAVSKTHL  TS.............. F  HP  QS P RP

           780       790       800       810       820       830       840         850       860 

HUMAN                        VK    F GF                                                                              N ITD      GVNN G   TK        VS  A K           P                         K    S G HN...........R T   LQPS          K  GINQKASH  KK R SASKPPPISKP AGPPSSNGTAAH..PHAHAASEVLE SGST C A
MOUSE                        VK    F GF                                                                                VSD      GASN     TK        MS  A H           P                         R    S P QS...........R.A   LQPS       D  K  SISRRSKR  RK K MEELSPRNSSP LSWTAALT.....QA.AENATSALL EQEG R A
SHEEP                        VK    F GF                                                                              N VTD      GASN G   TK        AS  A R           P                         R    S G HN...........R T   LQPS          Q  GSRQKASQ  RK H RAAKLPLVSNS PSHQSPASTASPPRADGTGDSEVWK CESA C A
CHICK                        VK    F GF                                                                              Q LSD      GASN G    R        LT  L R                                     K    Q G PK..NERSCKTPSV K   TWLP          QG GERKSSQT  SV P SNNAQC.....LSKFQGFSQGTCLPRSHSAKEGPTWN SGNT G S
DANRE                        VK    F GF                                                                              Q          PA   G   TK                          P                                  PPPLPPAPKPKPSL YDKHEDLP    DM    K  KLANSQPKQIS..............L G.................................

        870       880       890       900       910                     920       930       940  

HUMAN                             LRLKL KKL A KKKLA L                                                   LN    G        N  D    Q HK         K          S                                 S ND E I   L ELQ  HSSY ..NGISSA HE LVEG I       R     E     A M SPQSR..............TVRSENLEQVPQDG P  C S EDL N  
MOUSE                             LRLKL KKL A KKKLA L                                                   L     G        S  D    Q HK     L   K K        S                                 S ND E I   L ELP RHRSP NESAISPA RG AAED V                   A I SPHREPSLSDHSEPASHCGTPASDQSEPVSHCG P  C S EDL K  
SHEEP                             LRLKL KKL A KKKLA L                                                   LN    G        N  D    Q HK     L   K K        S                                 S ND E I   L ELH  HSSH NENGVLSP HG TIEG I                   A M SPQNG..............TLPSEPSEQVSHCG P  G S EGL K  
CHICK                             LRLKL KKL A KKKLA L                                                    T    P           E      RK     L     K                                          S ND E L   L ELGK TQVH ..PSCNSVKAE SDSDKT           N       S DRLAVEQ..........AKRGKPVARDVSAPSQTE H  S L QSF R  
DANRE                             LRLKL KKL A KKKLA L                                                   LN             T       T        M   K K        Q                                                G  ........PSVKK AGQEPIS TEA                 K N LLGNGGESVA.........KPD..........................

     950        960       970       980        990      1000       1010      1020      1030      

HUMAN           S                   LA LLSP                               P                               IDIA      T     S    QT EEI  E       V T  S   E D  YL MG S         E N V        DH YCSP K N  EPYP    S.E AC TVPGV LYSS  H          TP. S EL ENG G FR  G  D HIPP.PV S F D SQNTHLRQ  N    T K PC 
MOUSE           S                   LA LLSP                               P                               IDLA      T     T    QS EEI  E         S  S   E E  YL MG S         E S V        DH YCSP K    EQHQ    DSK GC SAPDA SNNS  H          TAM.. EP ESG L LR  E  D T.PA.QA S F V SLNTCLKQ  D    E .GQR 
SHEEP           S                   LA LLSP                               P                               IDIA            S    QT EEI  E       V T  S   E D  YL MG S         E N I        EH YCSP K N  EQRQ    DNK GCATVPGV PYGG  H          TSV S EL ENR A FR  E  D HIPA.PV N F S PHNTHLRQ  N    K . QS 
CHICK           S                   LA LLSP                               P                               IDAA      S     T    NS DEI  E       V S      E E  YM M  S         E T V        DR Y  P K S  EQYH    DNS EF VNSGC S..H  N          AST A SEVPKS D CM  E VN SSAAPAE A K S SHAAVTSE  S YG V D NY 
DANRE           S                   LA LLSP                               P                                         S     T    S  D    D       V N  S         L  G N           T A            CS    S  D.....STALS PY VTSST TY.D FD QF       ATT S .L PDSTGLLEM NN Q GEQQ..N AVA L P......EATLT  SSTI PL 

1040      1050      1060      1070      1080      1090                                           

HUMAN                              F                                                                          N A VR L   SP K DI DEF S SA N L    LDLPHFDE LFEN                                          VQPDSLT N C  T NLE  M T  F     S  L A ANDT        Y    Y                                         
MOUSE                              F                                                                            A IR L   SP K DI DDF S SA N L    LDIPHFDD LFEN                                          VDLHSVMDS C  T NLG  M T  F     T  L S TNDT        S    C                                         
SHEEP                              F                                                                          N A IR L   SP K DI DEF S SA N L    LDLPHFDE LFEN                                          LQPDSLT N F  T NSE  M T  F     A  L S ANDT        Y    C                                         
CHICK                              F                                                                          S   VK     SP R DI ED  S SA T M    MDVPHFDE LFET                                          R....TV KSS  KTGFE  T E  L  L  I  P T AG.D        T    W                                         
DANRE                              F                                                                          S M    L           D F                                                                    EYMQ... G CHTA ENA...DFNSL I  ..........................                                         

 

USP

a



1       10        20        30                       40          50        60        70        80   

USPL1       N    C                                                                                          V  K A    W   ILS L         V                              L                                      LC QW   YAL  LDC   A VHSEELKNT TGLCSK...............EES..IFWR LTKYNQANTLLYTSQLSGVKDGDCKKLTSEIFAEIETC
USP7       N    C                                                                                          VGLK  G T Y N LLQ L         V          D  KS               V   L                                  GY     Q A   M S   T FFTNQLRKA YMMPT..EGD SS  ......VPL..ALQR FYE QHSDK.............................
USP8       N    C                                                                                           GLR LG T Y N ILQ L                    D  RS               I   L                                  ALT      N   M S   C CNAPHLADYFNRNCY...QD IN  NLLGHKGEVAEEFGI MKA WTGQYRYIS.........................
USP18       N    C                                                                                          VGLH IG T   N LIQ           L          E  RS               L   M                                  GL       Q  CL S   VFVMNVDFTRI KRITVPRGAD QR  ......VPF..QMLL LEK QDSRQKAVR.........................
USP25       N    C                                                                                          VGLK VG T W S VIQ L         V          D  RN               L   L                                  AP       N   F A   S FNLLEFRRL LNYKPPSNAQ LP  QKEHRNLPFMRELRY FAL VGTKRKYVD.........................
USP28       N    C                                                                                          VGLK VG T W S VIQ L         V          E  RS               L   M                                  WP       N   F A   S FQLPEFRRL LSYSLPQNVL NC  HTEKRNIMFMQELQY FAL MGSNRKFVD.........................

      90       100       110       120                                              130       140   

USPL1                                  L                                                L                         I                         L                                            I   F                LNEV.RDE FISLQPQLRCTLGDMESPVFAFPL  KLE.......................................TH EK  LYSFSWDFECSQCG.H
USP7                                  L                                                L                  P      L              Q D        L  V                                         I   F                . VG.TKK TKSFGWE.TLDSFM H VQELCRV  DN ENKMKG..TC.....................VE......GT PK  RGKMVSYIQCKEVDYR
USP8                                  L                                                L                  P      I              Q D        M  L                                         I   F                . KDFKIT GKI..ND.QFAGYS Q SQELLLF  DG HEDLNKADNRKRYKEENNDHLDDFKAAEHAWQKHKQLNESI VA  QGQFKSTVQCLTCHKK
USP18                                  L                                                L                  P      L              Q D           I                                         L   Y                . LELAYC QKC.....NVPLFV H AAQLYLK WNL KDQITDVH.............................LVER QA  TIRVKDSLICVDCAME
USP25                                  L                                                L                  P      L              Q D        L  L                                         M   F                . SRAVEI KDAF....KSNDSQ Q VSEFTHK  DW EDAFQMKAEE.....................ETDEEKPKNP VE  YGRFLAVGVLEGKKFE
USP28                                  L                                                L                  P      L              Q D        L  L                                         M   F                . SAALDL KGAF....RSSEEQ Q VSEFTHK  DW EDAFQLAVNV.....................NSPRNKSENP VQ  YGTFLTEGVREGKPFC
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Supplementary Figure 1
(a) Multiple sequence alignment of USPL1 with its orthologs in mouse, sheep, chicken and

danio rerio (zebrafish). Red represents high conservation. USP-like catalytic domain is labeled

by a red frame. (b) Structural/sequential alignment of the USPL1 catalytic domain with the

catalytic domains of USP7, USP8 USP28, USP18, USP25 and USP28. Blue triangles

represents the catalytic triad and yellow circles the contact residues with SUMO2 (c)

Sequence alignment of SUMO1, SUMO2 and ubiquitin. All sequence alignments are from

Clustal Omega and formatted by ESPript 1.
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Supplementary Figure 2. Purification of the USPL1-SUMO2 complex

Left, anionic exchange chromatography profile of the purification of the USPL1-SUMO2

complex after the incubation of the SUMO2 DHA precursor with USPL1 catalytic domain at 37

°C for 2 hours. Right, uncropped SDS-PAGE of the indicated fractions of the anion exchange

column. n=1 technical replicate.
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Supplementary Figure 3. Topology diagram of USPL1.
The topology diagram of the USPL1 right hand-like subdomains: Finger (purple), Palm blue),

and Thumb (green). The cartoon representation of USPL1 is presented in the same colors.



Supplementary Figure 4. USP28-ubiquitin interface details.
Two views of the stick representation of the main contacts of the C-terminal of ubiquitin in

complex with the active site groove of USP28 (PDB code 6HEK)2. USP28 catalytic domain

and ubiquitin are shown in green and grey, respectively. Ubiquitin and USP28 interface

residues are labelled. Dashed lines indicate hydrogen bond contacts.
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Supplementary Figure 5. Catalytic activity of the USPL1 R324A mutant. (a) Activity

assay of USPL1 R324A mutant of the C-terminal tail interface using the SUMO2-AMC and

SUMO1-AMC substrates. SUMO-AMC (0.25 μM) was incubated with 1nM of USPL1 mutant at

30 °C, and released AMC was detected by fluorescence. (b) Time course assays of 20 nM

USPL1 wild type and R324A mutant using 1 μM RanGAP1-Δ18SUMO1 substrate at 37 °C.

n=1 technical replicate. Uncropped gel is shown in the Source Data file.
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Supplementary Figure 6. Structural overlapping of USPL1 with ubiquitin USPs.
(a) Multiple structural overlapping of USPL1 with five structures of USP in complex with

ubiquitin. USPL1 is shown in a blue cartoon representation and the five ubiquitin USPs in grey

ribbon representation. Double red arrow indicates the average distance between the Zn2+ atom

in USPL1 compared to the Zn2+ in ubiquitin USPs. USP subdomains are labelled. (b) Multiple

structural overlapping of five structures of USP in complex with ubiquitin. Ubiquitin has been

removed from the picture. The USP structures correspond to USP2 (PDB code 2hd5), USP7

(PDB code 5jtv), USP28 (PDB code 6hek), USP30 (PDB code 5ohk), USP35 (PDB code

5txk), USP45 (PDB code 5l8h) and USPL1 (PDB code 7p99) 2-7.

a

Blocking 
Loop



Supplementary Figure 7. Purification and Trp-fluorescence of USPL1 mutants.
(a) Resource Q elution profile of the purification of USPL1; NaCl concentration where the

major peak eluted is shown. (b) SDS-PAGE showing the collected RQ peaks. n=1 technical

replicate. Uncropped gel shown in the Source Data file. (c) Intrinsic fluorescence showing that

all mutants are well-folded. (d) Stability of WT (blue) and H493N mutant (red) at 30°C; the

inset shows the raw Trp spectra used to calculate stability. Source data provided as a Source

Data file.
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Supplementary Figure 8. Raw data for RanGAP1-SUMO2 deconjugation. Source

data provided as a Source Data file.

WT, F335A, R324A M330A, N398A, Y451F
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Supplementary Figure 9. Raw data for di-SUMO2 deconjugation. Source data

provided as a Source Data file.
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