Figure S1. Alignment of Saccharomycetaceae PmI39 sequences.

sp/0Q03760|PML39_YEAST Pre-mRNA

sp|Q03760 | PML39_YEAST_Pre-mRNA
tr|G2WJU9 |G2WJU9_YEASK K7_Pml3
tr|B3LLF2|B3LLF2_YEAS1 Nuclear
tr|N1POCY|N1POC9_YEASC_Pml39p_
trlBSVPZAlESVPZd YEAS6_YML107C

tr|AOAGASPP70 | AOAGASPP70_YEASX
tr|C8ZE95|C8ZE95_YEASS_ Pml39p_
tr|AOA6LOZS38 | AOAGLOZS38_YEASX
tr|HOGLNS | HOGLN8_SACCK_Pm139p_
tr|AOAG6LOZRT4 | AOAGLOZRT4_YEASX
tr|AOA6LOYH36 | AOAGLOYH36_YEASX
tr|AOA6CLDY19|AOA6C1DY19_SACPS
tr|A62LV7 | A6ZLV7_YEAS7_Conserv
tr|AOA6LIBJIL3|AOAGLIBJIL3_YEASX
tr|AOAOL8VK67 | AOAOL8VK67_9SACH
tr|C7GV89|C7GV89_YEAS2_Pml39p_
tr|AOA6VSBRUI4 |AOAGVSRUI4_YEASX
tr|AOAG6LOZEIO |AOAGLOZEIO_YEASX
tr|AOAG6L1BMRI | AOAGL1BMRO_YEASX
tr|AOA6L1BMD1 |AOAGL1BMD1_YEASX
tr|AOA6L1BI20|AQAGLIBI20_YEASX
tr|AOA6CLECI2|AOA6C1ECI2_SACPS
tr|AOAOLBRCSI | AOAOLSRCS9_SACEU
tr|J8Q1F3|J8QIF3_SACAR YML107C
tr|HOGYW7 | HOGYW7_SACCK_Pml139p_
tr|G8ZNK4 | GBZNK4_TORDC_C3HC-ty
tr|AOALS7HBT7 | AOA1STHBT7_9SACH
tr|AOA212MFHS5 | AOA212MFH5_ZYGBA
tr|GOWF17 | GOWF17_NAUDC_C3HC-ty
consensus>75

sp[/Q03760|PML39_YEAST Pre-mRNA

sp|Q03760 | PML39_YEAST_Pre-mRNA
tr|G2WJU9 | G2WJIU9_YEASK_K7_Pml3
tr|B3LLF2|B3LLF2_YEAS1 Nuclear
tr|N1POC9|N1POC9_YEASC_Pml39p_
tr|B5VP24 |B5VP24_YEAS6_YML107C
tr|AOAGASPP70 | AOAGASPP70_YEASX
tr|C8ZE95|C8ZE95_YEAS8_Pml39p_
tr|AOA6LOZS38|AOA6LOZS38_YEASX
tr|HOGLN8 | HOGLN8_SACCK_Pml39p_
tr|AOAGLOZRT4 | AOAGLOZRT4_YEASX
tr|AOAGLOYH36 | AOAGLOYH36_YEASX
tr|AOA6C1DY19|AOA6CIDY19_SACPS
tr|A62ZLV7 | A6ZLV7_YEAS7_Conserv
tr|AOA6L1BJIL3 | AOAGL1BJIL3_YEASX
tr|AOAOL8VK67 | AOAOLBVK67_9SACH
tr|C7GV89|C7GV89_YEAS2 Pml39p_
tr|AOA6VBRUI4 | AOAG6VBRUIA_YEASX
tr|AOAGLOZEIO |AOAGLOZEIO_YEASX
tr|AOAG6LIBMRI |AOAGLIBMRY_YEASX
tr|AOAG6LIBMD1 |AOAG6LIBMD1_YEASX
tr|AOAGLIBI20|AOAGLIBI20_YEASX
tr|AOA6CLECI2 | AOA6CLECI2_SACPS
tr|AOAOLSRCS9 | AOAOLSRCS9_SACEU
tr|J8Q1F3|J8Q1F3_SACAR_YML107C
tr|HOGYW7 | HOGYW7_SACCK_Pml139p_
tr|G82ZNK4 | GBZNK4_TORDC_C3HC-ty

tr|AOALS7HBT7 | AOA1S7HBT7_9SACH
tr|AOA212MFHS | AOA212MFH5_ZYGBA
tr|GOWF17|GOWF17_NAUDC_C3HC-ty
consensus>75

sp/Q03760|PML39_YEAST Pre—mRNA

spIQO3760|PML39 YEAST_Pre-mRNA

tr|G2WJUY | G2WIU9_YEASK_K7_Pml3
tr|B3LLF2 |B3LLF2_YEASL Nuclear
tr|NLPOCS |N1POC9_YEASC_Pml139p_
tr|B5VP24 |B5VP24_YEAS6_YML107C
tr|AOAGASPP70 | AOAGASPP70_YEASX
tr|C8ZE9S5 | C8ZE95_YEAS8_Pml39p_
tr|AOA6LOZS38 | AOAGLOZS38_YEASX
tr|HOGLNS | HOGLN8_SACCK_Pm139p_
tr|AOA6LOZRT4 | AOA6LOZRTA_YEASX
tr|AOAGLOYH36 |AOAGLOYH36_YEASX
tr|AOA6C1DY19|AOA6CIDY19_SACPS
tr|A6ZLV7 |A6ZLVT_YEAST_Conserv
tr|AOA6L1BJL3 | AOA6LIBJIL3_YEASX
tr|AOAOL8VK67 | AOAOL8VK67_9SACH
tr|C7GV89 |CTGV89_YEAS2_Pml39p_
tr|AOA6VSRUI4 |AOA6VSRUI4_YEASX
tr|AOA6LOZEIO|AOA6LOZEIO_YEASX
tr|AOA6LIBMRI | AOA6L1BMRY_YEASX
tr|AOAGL1BMDI | AOA6LIBMD1_YEASX
tr|AOA6L1BI20 |AOA6LIBI20_YEASX
tr|AOA6CIECI2 |AOA6CLECI2_SACPS
tr|AOAOLSRCSY | AOAOL8RCS9_SACEU
tr|J8QIF3|J8QLF3_SACAR_YML107C

tr|HOGYW7 | HOGYW7_SACCK_Pm139p_
tr|GBZNK4 | GBZNK4_TORDC_C3HC-ty
tr|AOALSTHBT7 | AOALSTHBT7_9SACH
tr|AOA212MFH5 | AOA212MFH5_ZYGBA
tr|GOWF17 | GOWF17_NAUDC_C3HC-ty
consensus>75

sp/Q03760|PML39_YEAST_Pre—mRNA

sp|Q03760 | PML39_YEAST_Pre-mRNA
tr|G2WJU9 | G2WJU9_YEASK_K7_Pml3
tr|B3LLF2|B3LLF2_YEAS1 Nuclear
tr|N1POC9|N1POC9_YEASC_Pml39p_
tr|B5VP24|B5VP24_YEAS6_YML107C
tr|AOAGASPP70 | AOAGASPP70_YEASX
tr|C8ZE95|C8ZE95_YEAS8 Pml39p_
tr|AOA6L0ZS38|AOA6LOZS38_YEASX
tr|HOGLN8 | HOGLN8_SACCK_Pml39p_
tr|AOAGLOZRT4 | AOAGLOZRT4_YEASX
tr|AOAGLOYH36 | AOAGLOYH36_YEASX
tr|AOA6C1DY19|AOA6CIDY19_SACPS
tr|A62ZLV7|A6ZLV7_YEAST_Conserv
tr|AOA6L1BJIL3 | AOAGL1BJIL3_YEASX
tr|AOAOL8VK67 | AOAOLBVK67_9SACH
tr|C7GV89|C7GV89_YEAS2 Pml39p_
tr|AOA6VSRUI4 |AOA6VSBRUI4_YEASX
tr|AOA6LOZEIO |AOA6LOZEIO_YEASX
tr|AOAGL1BMRY | AOAGLIBMRY_YEASX
tr|AOAGL1BMD1 | AOAGL1BMD1_YEASX
tr|AOA6L1BI20|AOA6LIBI20_YEASX
tr|AOA6CLECI2|AOAG6CIECI2_SACPS
tr|AOAOLBRCS9 | AOAOLSRCS9_SACEU

tr|J8Q1F3|J8Q1F3_SACAR YML107C
tr|HOGYW7 | HOGYW7_SACCK_Pml39p_
tr|G82ZNK4 | G8ZNK4_TORDC_C3HC-ty
tr|AOA1S7HBT7 | AOA1S7THBT7_9SACH
tr|AOA212MFHS | AOA212MFH5_ZYGBA
tr|GOWF17 | GOWF17_NAUDC_C3HC-ty
consensus>75
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Figure S1. Alignment of Saccharomycetaceae PmI39 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: QO03760|PML39_YEAST Pre-mRNA leakage
protein 39 S. cerevisiae (strain ATCC 204508 / S288c), Uniprot: G2WJU9|YEASK
K7_PmI39p S. cerevisiae (strain Kyokai no. 7 / NBRC 101557), Uniprot: B3LLF2|YEAS1
Nuclear pore-associated protein S. cerevisiae (strain RM11-1a), Uniprot: C8ZE95|YEASS
PmI39p S. cerevisiae (strain Lalvin EC1118 / Prise de mousse), Uniprot: B5VP24|YEAS6
YML107Cp-like protein S. cerevisiae (strain AWRI1631) , Uniprot: N1POC9|PmI39p S.
cerevisiae (strain CEN.PK113-7D), Uniprot: HOGLN8|SACCK PmI39p S. cerevisiae x
Saccharomyces kudriavzevii (strain VIN7), Uniprot: AOAOL8VK67|9SACH PML39p Protein
required for nuclear retention of unspliced pre-mRNAs S. sp. ‘boulardii’ , Uniprot:
AG6ZLV7|YEAS7 Conserved protein S. cerevisiae (strain YJM789), Uniprot: C7GV89| YEAS2
PmI39p S. cerevisiae (strain JAY291), Uniprot: AOAOLSRCS9| SACEU PML39-like protein S.
eubayanus, Uniprot: JBQ1F3|SACAR YML107C S. arboricola (strain H-6 / AS 2.3317 / CBS
10644), Uniprot: HOGYW7| SACCK PmI39p 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:
AOA1S7HBT7|9SACH PML39 (YML107C) Zygosaccharomyces parabailii, Uniprot:
AOA212MFHS5|ZYGBA Uncharacterized protein Zygosaccharomyces bailii, Uniprot:
GOWF17|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.
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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: 015392, 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:
2VMS5). c¢) Crystal structure of BIR domain of human Survivin (PDB: 3UED). d) Crystal
structure of the BIR1 domain of D. melanogaster |AP1-BIR1 (PDB: 3SIP). e)
Superimposition of these structures.
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Figure S2. Sequence and structure alignment of canonical BIR
domains. (continued)
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Figure S3. Consensus sequences of BIR-like domains.
Hidden Markov model of the a) canonical BIR domain, b) zf-C3HC domain, and
domain.
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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 ScPmi39,,_;,; contoured in a
red mesh at 100.
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Figure S6. Topology of ScPmI39 (PDB: 7RDN) and the BIR1 domain of
D. melanogaster IAP1-BIR1 (PDB: 3SIP).
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Figure S7. AlphaFold2 models of a) SoRsm1 (UniProt accession code:
094506, https://alphafold.ebi.ac.uk/entry/094506) and b) HsNIPA/ZC3HC1, splice
variant 1 (Q86WBO0-1, 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 pmI39A 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 ym. b) SpRsm1 does not complement the pmi/39A
nup133A 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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Figure S9. Sequence alignment among N-terminal S. cerevisiae
Mip1, S. cerevisiae MlIp2, and S. pombe nup211 (SpMlp) regions.
ScPmI39 interacts with dimeric ScMIp1,.325 in vitro. UniProt accession codes:
Q02455 (ScMip1), P40457 (ScMip2), and O74424 (SpNup211, referred to as

SpMIp here).
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Table S1. Yeast Strains used in this study.

Strain code Name Relevant genotype Origin
BY4742 WT MATa his3A1 leu2A0 lys2A0 ura3A0 Euroscarf
Y16507 pmI39A (BY4742) pmi39::KanMX Euroscarf
Y 15998 nup133A (BY4742) nup133::KanMX Euroscarf
yBP2314 pmI39A nup133A (BY4742) pmi39::KanMX nup133::LYS2 This study




