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tr|A0A6A5PP70|A0A6A5PP70_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|C8ZE95|C8ZE95_YEAS8_Pml39p_ C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6L0ZS38|A0A6L0ZS38_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|H0GLN8|H0GLN8_SACCK_Pml39p_ C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6L0ZRT4|A0A6L0ZRT4_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        S .....       K       V               .....          R V      S            S   ....

tr|A0A6L0YH36|A0A6L0YH36_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          K V      S            S   ....
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tr|A6ZLV7|A6ZLV7_YEAS7_Conserv C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6L1BJL3|A0A6L1BJL3_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          K V      S            S   ....
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tr|C7GV89|C7GV89_YEAS2_Pml39p_ C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6V8RUI4|A0A6V8RUI4_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6L0ZEI0|A0A6L0ZEI0_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  G       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6L1BMR9|A0A6L1BMR9_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  D       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6L1BMD1|A0A6L1BMD1_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF  KRNSSRIFHYL EKE              P L  D       M        C .....       K       V               .....          R V      SP           S   ....

tr|A0A6L1BI20|A0A6L1BI20_YEASX C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI L KN DDVADYN KLNEKIWN N     IIGN LQ  P REN  DLNKE YLSSQNLIR     E E IHTEID I SGSNEF LKRNSSRIFHYL EKE              P L  D       M        C .....       K       V               .....          R V      S            S   ....

tr|A0A6C1ECI2|A0A6C1ECI2_SACPS C  C                                       H   C W   Q      Y               I R                                     CC HAIM   L KN D  ADYN KLNEKIW  N      I N L   P   N  D NKE  LSSQ LI        E I T I  I SG   F LKRNSSRIF YL EK             SMH S  D ST    R       HS .....V N   DQ   KR  F V    H    T  I.....D    Y D EK T  LEI N         Y  T  N....

tr|A0A0L8RCS9|A0A0L8RCS9_SACEU C  C                                       H   C W   Q      Y               I R                                     CC HAIM   L KN D  ADYN KLNEKIW  N      I N L   P   N  D NKE  LSSQ LI        E I T I  I SG   F LKRNSSRIF YL EK             SMH S  D ST    R       HS .....V N   DQ   KR  F V    H    T  I.....D    Y D EK T  LEI N         Y  T  N....

tr|J8Q1F3|J8Q1F3_SACAR_YML107C C  C                                       H   C W   Q      Y               I R                                     CC HAIM     KN D    YN KLNEKIW  N       GN LQ  P      DL KE YL  QNLI        E IHT      S S EF LKRNSSRIFHYL E E            SLQSS  D ISSN  K       LS .....VV     Q   GKK F  D     NP    T.....D      DVEKFS E K  H            T I ....

tr|H0GYW7|H0GYW7_SACCK_Pml39p_ C  C                                       H   C W   Q      Y               I R                                     CC HAIMTI   KN DDV   N KLNEKIWN N     IIGN L   P R N  DLNK  YL SQNLI        E IHT ID I SGS EF                               QSS  G   TGH K        S .....      RE    K  F    G   N     M.....D      S  K S   K  YN...................

tr|G8ZNK4|G8ZNK4_TORDC_C3HC-ty C  C                                       H   C W   Q      Y               I R                                     CC                           W         I       P REN  DL KE YL   NLI           H          NE            YL            RKTLCVDMKFD....TEPTESSRKSY ING.....V NA DSS       F  D     KES   W.....D T M RSLLNAPDLR  DVAR.......S  ATQQ....

tr|A0A1S7HBT7|A0A1S7HBT7_9SACH C  C                                       H   C W   Q      Y               I R                                               L          N                         P RE   DL  E  L   NLIR     E E I                                    AN KSTLCLK NSG....PSL ....RRYGERY.....VSSE SEH     R F  RN  H QTW    .....     K..........HLGTSR.......ATIATIP....

tr|A0A212MFH5|A0A212MFH5_ZYGBA C  C                                       H   C W   Q      Y               I R                                               L          N                         P RE   DL  E  L   NLIR     E E I                                    AN KSTLCLK NSG....PSL ....RRYGERY.....VSSE SEH     R F  RN  H QPW    .....     K..........HLGTSR.......ATIATIP....

tr|G0WF17|G0WF17_NAUDC_C3HC-ty C  C                                       H   C W   Q      Y               I R                                        H                Y                                  L  E Y             E E I  E                   I             ES  KCFNLEDHSLGEVYNI SYESQKIPHLSAKLRHMMNEK SMD R KNK FP LE   IDYSQYKVPGIGF     RN LINNKERLESAFPPLTNEL EKFNNSSNNKFT

consensus>75 CccChaimti.l.kn.ddvadyn.klnekiwn.n.....iignHlq.CpWrenQ.dlnkeYylssqnlir.....#IeRihteid.i.sgsnef.lkrnssrifhyl.eke....�

...              .                                           TT TT                                                 sp|Q03760|PML39_YEAST_Pre-mRNA
      240        250       260        270        280       290       300       310       320       330             

sp|Q03760|PML39_YEAST_Pre-mRNA     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|G2WJU9|G2WJU9_YEASK_K7_Pml3     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|B3LLF2|B3LLF2_YEAS1_Nuclear     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|N1P0C9|N1P0C9_YEASC_Pml39p_     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|B5VP24|B5VP24_YEAS6_YML107C     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|A0A6A5PP70|A0A6A5PP70_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|C8ZE95|C8ZE95_YEAS8_Pml39p_     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE  LQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          AG    ....     

tr|A0A6L0ZS38|A0A6L0ZS38_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|H0GLN8|H0GLN8_SACCK_Pml39p_     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE  LQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KX   L          AX    ....     

tr|A0A6L0ZRT4|A0A6L0ZRT4_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACF RAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .         Y   .  K  Y E                PT      G E KL   L          A     ....     

tr|A0A6L0YH36|A0A6L0YH36_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|A0A6C1DY19|A0A6C1DY19_SACPS     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      G E KL   L          A     ....     

tr|A6ZLV7|A6ZLV7_YEAS7_Conserv     QKLA FF CKDYS LVGLLLLGY KFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .         R     .             .  K  Y E                PT      G E KL   L          A     ....     

tr|A0A6L1BJL3|A0A6L1BJL3_YEASX     QKLA FF CKDYS LVGLLLLGYT FQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .          R    .             .  K  Y E                PT      G E KL   L          A     ....     

tr|A0A0L8VK67|A0A0L8VK67_9SACH     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  M LELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT S    G E KL   L          A     ....     

tr|C7GV89|C7GV89_YEAS2_Pml39p_     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      D E KL   L          A     ....     

tr|A0A6V8RUI4|A0A6V8RUI4_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT      D E KL   L          A     ....     

tr|A0A6L0ZEI0|A0A6L0ZEI0_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLL LI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PT   G  G E KL   L          A     ....     

tr|A0A6L1BMR9|A0A6L1BMR9_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PI      G E KL   L          A     ....     

tr|A0A6L1BMD1|A0A6L1BMD1_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                PI      G E KL   L          A     ....     

tr|A0A6L1BI20|A0A6L1BI20_YEASX     QKLA FF CKDYS LVGLLLLGYTKFQKD DLVQCTACFHRAS LK LE T FNGHALWCRYYNKELL  MLLELI K D  ITK GVGERLNKLE VLQTL         ...I    F  D     .               .             .  K  Y E                SI      G E KL   L          A     ....     

tr|A0A6C1ECI2|A0A6C1ECI2_SACPS     QKLA FF C DYS L GLLLLGYTKF K  DLVQCTACFHRAS  K LE T FNGHALWCRYYNKELL  MLLELI   D   TK  V ERLNKLE VLQTL         ...M    S  N N   . L          E E.             .V R  H D                SI      DEK NAA  MN E       I     ....     

tr|A0A0L8RCS9|A0A0L8RCS9_SACEU     QKLA FF C DYS L GLLLLGYTKF K  DLVQCTACFHRAS  K LE T FNGHALWCRYYNKELL  MLLELI   D   TK  V ERLNKLE VLQTL         ...M    S  N N   . L          E E.             .I R  H D                SI      DEK NAA  MN E       I     ....     

tr|J8Q1F3|J8Q1F3_SACAR_YML107C      KLA FF CKDYS LVGLLLLGYTKF KD DLVQCTACFHRAS L  LE   FNGHALWCRYY K LL  MLLELI K D  IT  GVGERLNKLE VLQ L         ...MK   H  N     .            E  .             . RM  HID           S K  SK      D K NA  TM          T   I ....     

tr|H0GYW7|H0GYW7_SACCK_Pml39p_ ..............................................................................................................     

tr|G8ZNK4|G8ZNK4_TORDC_C3HC-ty       L   F C D S     LL GY         VQC  CF              N HA WCRY     L  M L    K           ERL  LE  L            ...LTQ KRL S G H DALVV  R  YFIDNEPKI   AG  RKTFTENVWNSSKL Y  K    RKETE PF I KSLR DSEDNS...MT   HN  TY EDI....     

tr|A0A1S7HBT7|A0A1S7HBT7_9SACH      KL   F C   S    L L G    Q D   V C  CF  A   K L     N H  WC YY  E L  M                   RL  LE               ...RD  QIL K DEE ..LN F Q FRYL D ..I E AG  RK FKS I QQG.V A SS  K  DR K SN IRKELEFPKEEN....LAS  KI  KYFESV....     

tr|A0A212MFH5|A0A212MFH5_ZYGBA      KL   F C   S    L L G    Q D   V C  CF  A   K L     N H  WC YY  E L  M                   RL  LE               ...RD  QIL K DEE ..LN F Q FRYL D ..I E AG  RK FKS I QQG.V A SS  K  DR K SN IRKELEFPKEEN....LAS  KI  KYFESV....     

tr|G0WF17|G0WF17_NAUDC_C3HC-ty           F     S L   L LGY           C  CF      K    T    H  WCRY     L   L                                       IVSLGAIYNY KIDMN S LLF S   DTTAIP.NIME SK  IKVDME LINA DVHR LK    SRYKD LRS TKVSENIPLLKGDITIEDKMRYFKDKIGWQIDSD     

consensus>75 ....qkla.ffdckdys.lvgllllgytkfqkd.dlvqctacfhras.lk.le.tefnghalwcryynkell..mlleli.ked..itklgvgerlnkle.vlqtl....�
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Figure S1. Alignment of Saccharomycetaceae Pml39 sequences.
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Figure S1. Alignment of Saccharomycetaceae Pml39 sequences.
Strict identity is indicated by a red box with a white character and similarity is indicated by a
red character. Key residues are highlighted by colored boxes according to Fig. 2. Uniprot
(https://www.uniprot.org/) accession codes: Q03760|PML39_YEAST Pre-mRNA leakage
protein 39 S. cerevisiae (strain ATCC 204508 / S288c), Uniprot: G2WJU9|YEASK
K7_Pml39p S. cerevisiae (strain Kyokai no. 7 / NBRC 101557), Uniprot: B3LLF2|YEAS1
Nuclear pore-associated protein S. cerevisiae (strain RM11-1a), Uniprot: C8ZE95|YEAS8
Pml39p S. cerevisiae (strain Lalvin EC1118 / Prise de mousse), Uniprot: B5VP24|YEAS6
YML107Cp-like protein S. cerevisiae (strain AWRI1631) , Uniprot: N1P0C9|Pml39p S.
cerevisiae (strain CEN.PK113-7D), Uniprot: H0GLN8|SACCK Pml39p S. cerevisiae x
Saccharomyces kudriavzevii (strain VIN7), Uniprot: A0A0L8VK67|9SACH PML39p Protein
required for nuclear retention of unspliced pre-mRNAs S. sp. 'boulardii' , Uniprot:
A6ZLV7|YEAS7 Conserved protein S. cerevisiae (strain YJM789), Uniprot: C7GV89| YEAS2
Pml39p S. cerevisiae (strain JAY291), Uniprot: A0A0L8RCS9| SACEU PML39-like protein S.
eubayanus, Uniprot: J8Q1F3|SACAR YML107C S. arboricola (strain H-6 / AS 2.3317 / CBS
10644), Uniprot: H0GYW7| SACCK Pml39p S. cerevisiae x Saccharomyces kudriavzevii
(strain VIN7), Uniprot: G8ZNK4| TORDC Uncharacterized protein Torulaspora delbrueckii
(strain ATCC 10662 / CBS 1146 / NBRC 0425 / NCYC 2629 / NRRL Y-866), Uniprot:
S6E752| ZYGB2 ZYBA0S04-07140g1_1 Zygosaccharomyces bailii (strain CLIB 213 / ATCC
58445 / CBS 680 / CCRC 21525 / NBRC 1098 / NCYC 1416 / NRRL Y-2227), Uniprot:
A0A1S7HBT7|9SACH PML39 (YML107C) Zygosaccharomyces parabailii, Uniprot:
A0A212MFH5|ZYGBA Uncharacterized protein Zygosaccharomyces bailii, Uniprot:
G0WF17|NAUDC Uncharacterized protein Naumovozyma dairenensis (strain ATCC 10597 /
BCRC 20456 / CBS 421 / NBRC 0211 / NRRL Y-12639). 75% consensus sequence is shown
on the bottom.

https://www.uniprot.org/


Figure S2. Sequence and structure alignment of canonical BIR domains.
a) For each BIR domain, the sequences are referred to by their NCBI databank ID
(https://www.ncbi.nlm.nih.gov/protein) and the number of the BIR domain if multiple BIR
domains are present. Key residues are colored according to Fig. 2. The secondary structure
of the BIR1 domain of neuronal apoptosis inhibitory protein (U: Q13075, PDB: 2VM5) is
shown on top. The protein names and Uniprot (U) or GenBank (GB) accession codes are as
follows: neuronal apoptosis inhibitory protein BIR1 (U: Q13075), neuronal apoptosis
inhibitory protein BIR2 (U: Q13075), Baculoviral IAP repeat-containing protein 3 BIR3 (U:
Q13489.2), Inhibitor of apoptosis protein BIR1 (U: Q90660.1), E3 ubiquitin-protein ligase
XIAP BIR1 (U: P98170.2), Apoptosis 1 inhibitor (Drosophila Inhibitor of Apoptosis 1, dIAP1)
(Thread protein) BIR1 (U: Q24306, PDB: 3SIP), Apoptosis inhibitor IAP BIR1 (U: P41436.1),
E3 ubiquitin-protein ligase IAP-3 BIR1 (U: P41437.1), Death-associated inhibitor of
apoptosis 2 BIR1 (U: Q24307.3), apoptosis inhibitor survivin (U: O15392, GB: AAC51660.1,
PDB: 3UED), neuronal apoptosis inhibitory protein bir3 (U: Q13075), Apoptosis inhibitor IAP
BIR2 (U: P41436.1), Apoptosis 1 inhibitor (Inhibitor of apoptosis 1) (dIAP1) (Thread protein)
BIR2 (U: Q24306), E3 ubiquitin-protein ligase XIAP BIR2 (U: P98170.2), Baculoviral IAP
repeat-containing protein 3 BIR1 (U: Q13489.2), Apoptosis inhibitor 1 BIR1 (U: P41435.1),
Death-associated inhibitor of apoptosis 2 BIR2 (U: Q24307.3), Apoptosis inhibitor 193R BIR1
(U: P47732.2), E3 ubiquitin-protein ligase XIAP BIR3 (U: P98170.2), Baculoviral IAP repeat-
containing protein 3 BIR2 (U: Q13489.2), S. cerevisiae BIR1 BIR1 (U: P47134.1), IAP-like
protein p27 BIR1 (U: P68763.1), Apoptosis inhibitor 1 BIR2 (U: P41435.1). b) Crystal
structure of the canonical BIR1 domain of human neuronal apoptosis inhibitory protein (PDB:
2VM5). c) Crystal structure of BIR domain of human Survivin (PDB: 3UED). d) Crystal
structure of the BIR1 domain of D. melanogaster IAP1-BIR1 (PDB: 3SIP). e)
Superimposition of these structures.
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           .     ...                                   TT    TTT        TT                       ..................2497242/1-0
1       10            20         30                       40        50        60            70                     

2497242/1-0      R                           G                          C  C                H          C                             L SF   WP              L  A   F                   D V  F     L  W   D       K  P       FL                    QEEEA  A  R.N  FY...VQGI.SPCV SE  FV TGK...............Q T Q  S GGC GN EEG DPWKE A WF ....K E  RS..................

2497242/2-0      R                           G                          C  C                H          C                             L SF   WP              LA A   Y                   D V  F     L  W   D       R  P       FL                    AYEEL  D  K.D  R....ESAV.GVAA  K  LF TGI...............K I Q  S GGC EK QEG DPLDD T CF ....N P  QN..................

2497236/3-0      R                           G                          C  C                H          C                             L TF   WP              LA A   Y                   D V  F     L  W   D       R  P       FI                    NNENA  L  Q.T  .....LTFL.SPTD  K  FY IGP...............G R A  A GGK SN EPK NAMSE L HF ....K P  EN..................

2497240/1-0      R                           G                          C  C                H          C                             L T    WP              VA A                       D V        L  W   D       R  P       FV                    STEEA  R SH.A  .....LMCL.WPAE  K  LDDLGT...............A K A VN GVK SN EPK NAMSE R HF ....N P  EN..................

2134780/1-0      R                           G                          C  C                H          C                             L SF   WP              LA A   Y                   D V  F     L  W   D       R  P       FV                    YSEEA  K  Q.N  D....YAHL.TPRE  S  LY TGI...............G Q Q  C GGK KN EPC RAWSE R HF ....N F  LG..................

2497243/1-0      R                           G                          C  C                H          C                             L TF   WP              LA     F                   D V  F     I  W   D       R  P        L                    NREET  K  T.D  .....LDWL.DKRQ  QT MY THA...............G K K  F GVE GC EQE QPVPE Q WS ....N PL RR..................

1170470/1-0      R                           G                          C  C                H          C                             L TF   WP              MA     Y                   D V        I  W   E       K  P       FV                    RLEEV  N  E.K  .....VSFL.SPET  KN FY LGR...............S E R AF KVE MR KEG DPAAD K WA ....Q P  KG..................

1170471/1-0      R                           G                          C  C                H          C                             L TY   WP              MA     Y                   D V        I  W   D       R  P       FV                    KNKAA  G  T.N  .....VQFL.EPSR  AS FY LGR...............G E R AF KVE TN VRG DPETD K WA ....Q P  RN..................

2133636/1-0      R                           G                          C  C                H          C                             L TF   WP              LA A   Y                   D V        I  W   D       R  P        V                    LLEAN  V  K.D  .....NPNI.TPQA  K  FY LNR...............L H K VW NGV AK EKN NAFEE K FF ....Q PR QM..................

2315863/1-0      R                           G                          C  C                H          C                             I TF   WP              MA A                       D A  F     L  W   D       K          FL                    FLKDH  S  K.N  FL.EGCAC..TPER  E  FIHCPTENE............P L Q  F FKE EG EPD DPIEE K HSS....G A  SV..................

2497242/3-0      R                           G                          C  C                H          C                             L TF    P              MA A   F                     I  F     L              R  P       FL                    RSEAK  K  VTYE .....YSSW.IPQE  A  FY TGV...............KSG Q  C SLI FGAGLTRLPIED K FH ....D G  LN..................

1170470/2-0      R                           G                          C  C                H          C                             V SF   WP              MA A   Y                   D    F     L  W   D       R          YV                    AHEAA  K  H.N  RC..MKQR...PEQ  D  FF TGY...............G NTK  Y DGG KD EPE VPWEQ V WFD....R A  QL..................

2497243/2-0      R                           G                          C  C                H          C                             L TF   WP              LA A   Y                   D V  F     L  W   D                  FV                    AIETA  R  E.A  RN..LKQK...PHQ  E  FF TGV...............G R R  S GGG MD NDN EPWEQ ALWLS....Q R  KL..................

2134780/2-0      R                           G                          C  C                H          C                             I TF   W               LA A                       D V  F     L  W   E       K  P       YL                    ADYEA  F  G.T IYS...VNK....EQ  R  FYALGE...............G K K  H GGG TD KPS DPWEQ A WY ....G K  LE..................

2497236/1-0      R                           G                          C  C                H          C                               TF   WP              LA A   Y                   D V  F     L  W   D       K  P       YL                    QTHAA FK  F.N  SS.VLVN....PEQ  S  FY VGN...............S D K  C DGG RC ESG DPWVQ A WF ....R E  IR..................

419123/1-0      R                           G                          C  C                H          C                             M TF   WP              IA A   Y                   D    F     V  W   E          P       FV                    SNLQS  D  VNF  ...AALRD..MITN  E  LF TGR...............G ETV  F DCC RD HTN DTWQR AAEN ....Q Y  XS..................

2497245/1-0      R                           G                          C  C                H          C                               TF   WP              IA A                       D    F     V  W   D          P       FV                    AHPSA RA  D.H  ...AALNA..LTHD  E  MFHTML...............G ETA  F DCR RD LPG DPWQR ALAN ....Q Y  VC..................

2133636/2-0      R                           G                          C  C                H          C                             L TF   WP              LA A   Y                   D V  F     L  W   D       K  P       FV                    ACVDA  R  T.D  IS..NIQP...ASA  Q  LY QKI...............G Q R  H NIG RS QKE EPWFE A WS ....K Q  LL..................

1353180/1-0      R                           G                          C  C                H          C                             L SF   WP              L  A   Y                   D V  F     L  W   D       K          FV                    ASYDE  N  Q.N  ...IQLLP..SKEQ SR  FI LNI...............G Q Q  Y DLK KE KRS NPFEE K HTQDLKIN L  KS..................

2134780/3-0      R                           G                          C  C                H          C                             L TF   FP              LA A   Y                   D V  F     V  W   D       K  P       FI                    VEEFN  K  A.N  S...GSPV..SAST  R  FL TGE...............G T R  S HAA DR QYG SAVGR R VS ....N R  NG..................

2497236/2-0      R                           G                          C  C                H          C                             M TY   FP              LA A   Y                   D V  F     L  W   D       K  P       FV                    SCELY  S  S.T  A...GVPV..SERS  R  FY TGV...............N K K  C GLM DN KRG SPTEK K LY ....S R  QS..................

1352900/1-0      R                           G                          C  C                H          C                               TF   WP              MV A                       D          L  W   D       K          F                     NVINL KF  QDN  HSGSQNEHPLGIEK  N  LMRYDSSIEGLGDPSMDKTLMN TCY IY KQL QG SIN DPMSR Y VSQNG..N Y FQTFEMBLPRIVACYPOLICY

2497247/1-0      R                           G                          C  C                H          C                               SF                      A   Y                     I  Y        W                      FM                    SSVDA NQ  A.........IHDIKNYEKFSN  LF TS................PTE T  C GMKFCN LYEKHPLQV GFWSR....N G  RA..................

419123/2-0      R                           G                          C  C                H          C                               SF   YP              LI     Y                   D V        I  W   E          P       YA                    DMLIE HS  E.N  .....IENTAFINS  VN FK NQV...............D H V EY EAE KN SED CIEYA VTLS ....Y A  NK..................
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Figure S2. Sequence and structure alignment of canonical BIR
domains. (continued)



Figure S3. Consensus sequences of BIR-like domains.
Hidden Markov model of the a) canonical BIR domain, b) zf-C3HC domain, and c) Rsm1
domain.

a Canonical BIR domain

b zf-C3HC domain

c Rsm1 domain 

Rxx(S/T)Ω GΩ

CxxC HxxxCxΩ

Rxx(S/T)Ω GΩ CxxC HxxxCxΩ

GΩ

CxxC HxxxxxCxΩ



Figure S4. Full gel and immunoblot related to Figure 1.
a) Full gel of cropped gel displayed in Fig. 1a indicated by the red box. b) Full
immunoblot of the cropped blot displayed in Fig. 1b indicated by the red box.
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Figure S5. Anomalous Zn difference map of ScPml3977-317 contoured in a 
red mesh at 10σ. 
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Figure S6. Topology of ScPml39 (PDB: 7RDN) and the BIR1 domain of 
D. melanogaster IAP1-BIR1 (PDB: 3SIP).

ScPml39
This study (PDB: 7RDN)

αA
αC

αD

β1 β2 β3

N

αB

C



Figure S7. AlphaFold2 models of a) SpRsm1 (UniProt accession code:
O94506, https://alphafold.ebi.ac.uk/entry/O94506) and b) HsNIPA/ZC3HC1, splice
variant 1 (Q86WB0-1, https://alphafold.ebi.ac.uk/entry/Q86WB0). Long HsNIPA/
ZC3HC1 loops are omitted for clarity.
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Figure S8. Expression of Schizosaccharomyces pombe Rsm1 in S.
cerevisiae.
a) SpRsm1 does not localize at the nuclear periphery when expressed in budding yeast.
S. cerevisiae pml39∆ cells carrying an empty vector (“no GFP”) or expressing GFP-
tagged Rsm1 under the control of the PML39 promoter (top panel) were imaged as in
Fig. 1. Single-plane images are shown for the GFP and DIC (differential interference
contrast) channels. Scale bar, 5 µm. b) SpRsm1 does not complement the pml39∆
nup133∆ synthetic interaction in the growth assay. Cells of the indicated genotypes
were spotted as serial dilutions on SC medium and grown for 3 days at 25°C (same
spotting as in Fig. 1d).
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1       10        20        30              40        50    

ScMlp1                           F                        L  K                            I          V            VV         F MSDHDTPMESIQNGENSDERLNA AS FGCSLEQ ......KSFDGD  KH ND LLQ N

ScMlp2                           F                        L  K                            I          L            VL         F ...................MEDK SE LNVPFES ......QGVTYP  RK YK IAK E

SpMlp                           F                        L  K                            V          I            LI         Y ..........MHDSSWTEADILG CS LDIPKTK DPLLQVDAFTSI  .P IS SKD E

    60        70        80        90       100       110    

ScMlp1           V                                              E      E        D    S                                 E V   K ELKS NLKVT SF ELKA SLKKIDGLKTEMENVIRENDKIRKERNDTFVKF S EN  M

ScMlp2           V                                              E      E        D    Q                                 D L   R RSEE VTKLN LV EIKS YYSRISKLKQLLDESSEQKNTAKEELNGLK... Q NE  S

SpMlp           V                                              E      D        E    N                                 D L   R SIKN RIVTE NY QQLR S.....................EKKLLQSNERY L ED  K

   120                        130       140           150   

ScMlp1     E    K  L                     E                              L  V                            K  Q            I   R  KLSS  EF  RK DD.................LT EK ET SN..Q..QRTLK LDE LK

ScMlp2     E    K  L                     E                              I  L                            R  N            I   R  RYRR  DA  KQ HV.................SH AM EV DEKRV..KEEYD WQS DQ

SpMlp     E    K  L                     E                              L  I                            K  Q            L   K  LLEN  SQ  EY REKSSSYDTVLHDCSSLKSVN AL QA DQNLKQTAQLQN LSD EK

        160       170       180       190       200         

ScMlp1                                   Q                 Q                                 IMDL        T   N             LL SE....IELVRVENNRSNSECKKLRST    ETKQ GYI NDL SRTELERKT ELT  Q 

ScMlp2                                   Q                 Q                                 LMEM        S   S             LM QG....ND...SLNDDLNKENKLLRRK    ENIL RCK NAI LQLKYDTSV EKE  L 

SpMlp                                   Q                 Q                                 VLEL        S   N             IL NEVEKKITIIKDLKDAL....ASSTHQ    QHTQ EKA LQT YEFELQKLT KNS  E 

210       220       230       240       250       260         

ScMlp1         L       L                L                L      LS N   L       N    S           I                               NDW EKE RSK EQY  YRQKTDKVILD RNE NRLRNDFQMERTNNDV KQKNNE  K

ScMlp2         L       L                L                L      LS S   I       S    T           L                               KKL EEK SSF KKT  EEVTKSSHVEN EEK YQMQSNYESVFTYNKF LNQNKQ  Q

SpMlp         L       L                L                L      LS N   L       N    S           L                               NTW SRE QGV DKL  LHQEASLEKSQ SSQ S.......DAVLEKDA QRKVSS  Q

270       280              290       300                      

ScMlp1    E  L                      F  E                           S                 L  S           MS    L D                   LQ KL EIKG....... SD LNSEKQE SA   LKQR V ..................

ScMlp2    E  L                      F  E                           S                 L  T           MT    M D                   VE KV EMKN....... KD ASVEKAE SK   LQKN N ..................

SpMlp    E  L                      F  E                           Q                 M  Q           IS    I E                   FT SN RYQNIVAELSE RK YEFSQVS EK   SQKQ S LWMEKCEDCSLRLKELQN

                               310       320       330      

ScMlp1                              L SQ                                                            LN V  E N                  ............................L E    A KE L SIRELNTAKVIADDSKKQ

ScMlp2                              L SQ                                                            LT L  D S                  ............................L R    S EK C L.RAI....EKNDDNSCR

SpMlp                              L SQ                                                            IN L  E S                  SNGELEKLLEAAQSSFEEQLESHKEAEAS K    F EK V SLES..............

 340       350             360       370                380 

ScMlp1           L      L                                                          K               R SSI                       TPENEDLLKE QLTKE  AQC......EKECL L   TDEADEDNEN.........LSAK

ScMlp2           L      L                                                          R               R QNI                       NPEHTDVIDE IDTKL  EKS......KNECQ L   VMDCTKEEEATMTTSAVSPTVGK

SpMlp           L      L                                                          R               K SNL                       .........Q KLANE  RHYDEIEISDMSEL Y   LNN.......SMKGFKGQSSVSD

      390       400       410       420       430       440 

ScMlp1   S     K            LQ        E     P       R      E          D                    Q    I  L      I         L   L      SS  FIFL KQLIKERRTKEH  N IETF V  EHKV I NSFKE TDM EN  NNAALL

ScMlp2   S     K            LQ        E     P       R      E          D                    Q    I  L      L         L   L      LF  IKVL RQLIKERNQKFQ  N LEDF L  EHKT E ISFKE TKS EH  KRSTEL

SpMlp   S     K            LQ        E     P       R      E          E                    S    M  A      V         M   I      LY  RLYY QKYEQTCQEVER  R YNHV E  NLQH L KEQFK FAH QR  VAMSEQ

       450       460       470       480       490       500

ScMlp1                          C            DL RQ   LL                         K  N                          I        V       LE.HTSNEKNAKV EL AKNQKLVE ENDLQTLTKQRL  C   QY  ITNS SNDSKGP

ScMlp2                          C            DL RQ   LL                         R  T                          V        A       LE.TVSLTKRKQE EI SLRQKING EANIHSLVKQRL  A   KL  LNTS IQETASP

SpMlp                          C            DL RQ   LL                         R  Q                          V        L       YQKSLEDCQKAKS YE LETLFKDK TENK.HYEQETK  A   QV  HELD CENG.IV

       510       520       530       540       550       560

ScMlp1 L                    E D       RLV F N   LQ  N  LL     LAD     E    I             S S  VVT        I             VR    KL RK EIQF QNIMQEDDSTIT    QK   E   E K  IQ  EK AE  KV  N     

ScMlp2 L                    E D       RLV F N   LQ  N  LL     LAD     D    L             N S  IIT        V             IR    KL SQ ELIS RKILE.SSNIVN    QA   E   E S  NE  EK VE  NC  I     

SpMlp L                    E D       RLV F N   LQ  N  LL     LAD     D    I             T T  IIS        I             VH    RM GV SRKK NS.YVEKSLTED    DQ   S   V R  RE  QQ QN  SA  E     

Figure S9. Sequence alignment among N-terminal S. cerevisiae
Mlp1, S. cerevisiae Mlp2, and S. pombe nup211 (SpMlp) regions.
ScPml39 interacts with dimeric ScMlp11-325 in vitro. UniProt accession codes:
Q02455 (ScMlp1), P40457 (ScMlp2), and O74424 (SpNup211, referred to as
SpMlp here).



Table S1. Yeast Strains used in this study. 

Strain code Name Relevant genotype Origin 

BY4742 WT MATα his3Δ1 leu2Δ0 lys2Δ0 ura3Δ0 Euroscarf 

Y16507 pml39∆ (BY4742) pml39::KanMX Euroscarf 

Y15998 nup133∆ (BY4742) nup133::KanMX Euroscarf 

yBP2314 pml39∆ nup133∆ (BY4742) pml39::KanMX nup133::LYS2 This study 

 
 
 


