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Fig. S1. Characterization of yeast cells expressing Sam50 variants. (A) Growth analysis of
yeast cells on agar medium containing the fermentable carbon source glucose (YPD) or non-
fermentable glycerol (YPG) at 30°C. Cells expressing cysteine-free Sam50 (Sam50cfee) or
Sam50 cysteine variants showed a growth behavior comparable to wild-type (WT) cells. (B) The
import of radiolabeled Tom40 precursor into isolated mitochondria was analyzed by blue native
PAGE and autoradiography. The biogenesis steps of [>>S]Tom40, including formation of SAM
intermediates la and Ib, intermediate II (Int-II, dimeric Tom40) and formation of the mature
TOM complex, were comparable between WT and Sam50¢.. mitochondria. (C) Mitochondria
from yeast strains expressing the indicated Sam50 variants were treated with
bismaleimidohexane (BMH) and analyzed by SDS-PAGE, Western blotting and
immunodecoration with antibodies against Sam50 and Tom?70. The lateral Sam50 gate was
efficiently crosslinked (Sam50x) with cysteine residues of B strand 1 and P strand 16 pointing
into the inside of the Sam50 B-barrel channel.
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Fig. S2. Interaction of Sam50 with the C-terminal p signal of Porl and Tom40 precursors.
(A) [*>S]Por1(B14-19)ca7s and [*>S]Porl(B14-19)cago were imported into mitochondria of yeast
strains expressing the indicated Sam50 variants, followed by oxidation with 4-DPS. Samples
were analyzed by non-reducing SDS-PAGE and autoradiography. Arrowheads, cysteine-specific
Sam50-precursor adducts. Schematic model (bottom), disulfide bond formation of Sam50 3
strand 1 with the B signal (f19) of the Porin precursor 14-19; thick and thin lines indicate
strong and weak formation of Sam50-Porl adducts, respectively. (B) Import of [*>S]Tom40cs3s6

or [*>S]Tom40c¢3s¢ precursor containing B strands 15-19 into isolated mitochondria of yeast
strains expressing SamS50 variants was analyzed as in (A). Bottom, model of disulfide bond

formation between Sam50 [ strand 1 and the 3 signal ($19) of the Tom40 precursor $15-19.
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Fig. S3. A mutant B signal impairs the interaction of Porl constructs with Sam50.
Radiolabeled Porl(B14-19)c20s, Porl(B14-19)ca07 and the corresponding p-signal mutants
(L279A) were incubated for 5 min with isolated Sam50 cysteine variant mitochondria, followed

by oxidation with 4-DPS, non-reducing SDS-PAGE and autoradiography. Arrowheads, cysteine-
specific Sam50-Porl precursor adducts.
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Fig. S4. Interaction of Porl precursor with B strand 16 of Sam50. [*>S]Por1(B14-19)c20s was
incubated with mitochondria isolated from yeast expressing the indicated SamS50 variants,
followed by oxidation with 4-DPS, non-reducing SDS-PAGE and autoradiography. Disulfide
formation was observed between the Porl precursor and Sam50-B16 (arrowheads), but not
between Porl and Sam50-15.
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Fig. S5. The POTRA domain of Sam50 is not required for interaction of the Porin
precursor with Sam50. [*°S]Por1(B14-19)c20s was incubated with mitochondria isolated from
yeast expressing Sam50 cysteine variants, which lacked the POTRA domain where indicated, for
the indicated time. Samples were oxidized using 4-DPS, analyzed by non-reducing SDS-PAGE
and autoradiography. Arrowheads, cysteine-specific Sam50-Porl precursor adducts.
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Fig. S6. Characterization of Sam50,0,p6 mitochondria. (A) Upper panel, Omp85 proteins
were aligned based on their conserved IRGF motif (dark gray). The amino acid residues affected
by the deletion of the conserved part of loop 6 in S.c. Sam50 are underlined in red (Sam50j00p6)-
S.c., Saccharomyces cerevisiae; H.s., Homo sapiens; C.e., Caenorhabditis elegans (P46576,
SAMS50-like protein gop-3); E.c., Escherichia coli; N.g., Neisseria gonorrhoeae; H.d.,
Haemophilus ducreyi; B.p., Bordetella pertussis. TamA (19); FhaC (78). Lower panel, growth of
wild-type (WT, blue), Sam50] (S4M50 down-regulated, black), Sam50] expressing SAM50 WT
(green) and Sam50| expressing Sam50x100p6 (red) reveals that Sam50-loop 6 is essential. (B)
Assembly of [**S]Por1 and [*°S]Tom40 analyzed by blue native PAGE is blocked in Sam504i00ps
mitochondria. Samples 19-22, the amounts of mitochondria were four-fold increased to
compensate for the decreased levels of Sam50 in Sam504100ps mitochondria. (C) Protein levels of
WT and Sam504100ps mitochondria were analyzed by SDS-PAGE and immunodecoration.
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Fig. S7. Characterization of Sam50-loop 6 IRGF motif variants. (A) Growth of yeast cells
expressing Sam50, Sam50saaa and Sam50gr3e6a on fermentable (YPD) and non-fermentable
(YPG) medium at 30°C and 37°C. Cells expressing Sam50 with four alanine residues instead of
the conserved IRGF motif showed a strong growth defect. Cells expressing Sam50r3664 showed
a temperature sensitive growth behavior on YPG. (B) Growth of wild-type (WT) and Sam50gr3664
cells at permissive temperature (24°C) yielded isolated mitochondria with comparable steady
state protein levels of WT and mutant, as analyzed by SDS-PAGE and immunoblotting. (C) The
outer membranes of both WT and Sam50gr3664 mitochondria protected internal mitochondrial
proteins against proteinase K (Prot. K) under isotonic conditions (- swelling). After disruption of
the outer membrane under hypotonic conditions (+ swelling), the intermembrane space exposed
protein Tim23 was degraded by the protease as revealed by SDS-PAGE and immunoblotting.
The matrix protein Tim44 remained intact under both conditions. Thus, the outer membrane of
Sam50r366a mitochondria is intact, excluding an indirect inhibition of 3-barrel biogenesis caused
by a loss of intermembrane space chaperones (57, 58). (D) The presequence-carrying matrix
precursors [*°S]F;p and [>>S]Su9-DHFR, and the intermembrane space-targeted [*°S]Tim9 were
imported into isolated mitochondria and subjected to SDS-PAGE (lanes 1-16) and blue native
PAGE (lanes 17-22), respectively. p, precursor; m, mature; Mia40 Int., Tim9 precursor bound to
Mia40.
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Fig. S8. Interaction of Sam50-loop 6 with different regions of the Porin precursor. (A)
Radiolabeled Porl(B14-19)c20s, Porl(B14-19)c206 and their corresponding B-signal mutant
(F281Q) were incubated for 5 min with isolated Sam50 mutant mitochondria as indicated.
Samples were treated with BMH and analyzed by non-reducing SDS-PAGE and
autoradiography. (B) Radiolabeled Porl constructs were imported for 5 min into mitochondria as
indicated. Samples were treated as in (A). Arrowheads, cysteine-specific Sam50-Por1 precursor
adducts.
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Fig. S9. Characterization of Porl precursor accumulated at SAM. (A) Radiolabeled Porl
constructs containing a TEV protease cleavage site were imported into Sam50c¢g.. mitochondria
for 15 min. Samples were crosslinked using bismaleimidoethane (BMOE). After cleavage by
TEV protease, samples were analyzed on a non-reducing Nu-PAGE gel and autoradiography.
(Right) Schematic model of the location of the TEV cleavage site and the cysteines used. (B)
[**S]Porl(B14-19)c213 and [*>S]Porl(B14-19)cag0 were imported into mitochondria isolated from
yeast cells expressing the indicated Sam50 variants for 5 min. Samples were crosslinked using
eitherr  BMH, BMOE, 1,3-propanediylbismethanethiosulfonat (M3M) and 1,1-
methanediylbismethanethiosulfonat (M1M) as indicated. The length of the crosslinkers is stated
in parenthesis. Samples were analyzed by non-reducing SDS-PAGE and autoradiography. (C)
Radiolabeled Porl constructs were imported into Sam50 mutant mitochondria as indicated.
Samples were treated as in (B). Arrowheads, cysteine-specific Sam50-Porl adducts. The findings
of (B) and (C) are summarized in Fig. 7B.
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Table S1. List of plasmids used in this study.

Cf and Cfree, cysteine free.

Primers for Template DNA
Plasmid name Expressed protein Promoter | Vector mutagenesis Method or sol:xrce Number
or source
pFL39 - - pFL39 - - 66 X15
pFL39Sam50 Sam50 SAMS50 PFL39 - - 13 1699
Site-directed
pFL39Sam50r;66a Sam50r3664 SAMS50 pFL39 R366A mutagenesis pFL39Sam50 2072
Site-directed
pFL39Sam50asaa Sam50xaan SAMS50 pFL39 AAAA mutagenesis pFL39Sam50 2073
Site-directed
pFL39Sam504100p6 Sam5043s3-381 SAMS50 pFL39 Aloop6 mutagenesis pFL39Sam50 2071
C76K;
C245V;
C252G; Site-directed
pFL39Sam50¢fee Sam50¢iree SAMS50 pFL39 C292L; mutagenesis pFL39Sam50 2690
C354A;
C430H
PFL39SamS0APOTR Aciree SamS0APOTRAcqee | SAM50 | pFL39 13 Site-directed | by 395amsoct 2773
mutagenesis
Site-directed | pFL39Sam50
pFL39Sam50APOTR Ac:z SamSOAPOTRAcizs | SAMS0 pFL39 K126C mutagenests | | APOTR Aome 2774
Site-directed | pFL39Sam50
pFL39Sam50APOTR Az SamSO0APOTRAcys | SAMS0 pFL39 L479C mutagencsis | - APOTRAume 2775
Site-directed | pFL39Sam50
pFL39Sam50APOTR Acys SamS0APOTRAcuso | SAMS0 pFL39 G480C mutagencsis | - APOTRAume 2776
FL39Sam50CH; Sam50CH, SAMS50 FL39 | K126C Site-directed |5y 395, ms0ct, 2787
P al C478/C126 C478/C126 p mutagenesis p C478
Site-directed
PFL39Sam50C esrsicir Sam50Ceasicizr SAM50 pFL39 T127C mutagencsis | PFL39SamS0Cfeis | 2788
Site-directed
PFL39Sam50C crsicizs Sam50Ceasicins SAM50 pFL39 G128C n:uiag‘;szs‘:s PFL39SamS0Cfess | 2789
Site-directed
PFL39Sam50C crgc1z Sam50CTearsiciz SAM50 pFL39 T129C n:uiag‘;szs‘js PFL39Sam50Cfess | 2790
Site-directed
PFL39Sam50C esrsic130 Sam50Ceasiciso SAM50 pFL39 N130C n:uiag‘;szs‘:s PFL398amS0Cfess | 2791
Site-directed
PFL39Sam50C esoicizs Sam50C easorcig SAM50 pFL39 K126C n:uiag‘;szs‘:s PFL39SamS0Cfesse | 2708
Site-directed
PFL39Sam50C cssocizr Sam50Ceusorcizr SAM50 pFL39 T127C n:uiag‘;szs‘:s PFL39Sam50Cfeso | 2709
Site-directed
PFL39Sam50C esoicizs Sam50C easorcis SAM50 pFL39 G128C n:uiag‘;szs‘:s PFL39Sam50Cfeso | 2710
Site-directed
PFL39Sam50C csociz Sam50CTeasoiciz SAM50 pFL39 T129C n:uiag‘;szs‘js PFL39SamS0Cfesse | 2711
Site-directed
PFL39Sam50C esocizo Sam50C easorciso SAM50 pFL39 N130C n:uiag‘;szs‘:s PFL39SamS0Cfesse | 2717
Site-directed
PFL39Sam50C cssycizs Sam50C easycig SAM50 pFL39 K126C n:uiag‘;szs‘:s PFL39Sam50C ey, | 2792
Site-directed
PFL39Sam50C cssycir Sam50Ceusycizr SAM50 pFL39 T127C n:uiag‘;szs‘:s PFL39SamS0Cfcss, | 2793
Site-directed
PFL39Sam50C essycizs Sam50C eusycins SAM50 pFL39 G128C n:uiag‘;szs‘:s PFL39SamS0Cfes, | 2794

13



PFL39Sam50C csgzicis Sam50C eagzicrzs SAM50 | pFL39 | T129C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50Ccss | 2795
PFL39Sam50C caaicrso SamS0Cfuscn | SAMS0 | pFL39 | N130C iﬁé‘;ﬁ?jg PFL39Sam50C ey | 2796
PFL39Sam50C e 2 Sam50CHc 1z SAM50 | pFL39 | K126C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2691
PFL39Sam50CHc 27 Sam50Cfc SAM50 | pFL39 | T127C rsr:za‘;‘gszt:g PFL39Sam50c e 2692
PFL39SamS0C e 2 Sam50Cfe1s SAM50 pFL39 G128C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50¢gee 2693
PFL39Sam50C e 20 Sam50CHc 1z SAM50 | pFL39 | T129C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2694
PFL39Sam50C 130 SamS0Cfe0 SAMS0 | pFL39 | N130C iﬁé‘;ﬁ?jg pFL39Sam50cree | 2695
PFL39Sam50C 30 Sam50Cfesg SAM50 | pFL39 | Q369C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2718
PFL39Sam50C s, SamS50Cfesy, SAM50 | pFL39 | F371C rsr:za‘;‘gszt:g PFL39Sam50c e 2719
PFL39Sam50C csss Sam50Cfesss SAM50 | pFL39 | R454C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2800
PFL39Sam50C csss Sam50Cfesss SAM50 | pFL39 | F455C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50¢ e 2797
PFL39Sam50C csss Sam50Cfesss SAM50 | pFL39 | E456C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2798
PFL39Sam50C csss Sam50Cfesss SAM50 | pFL39 | L457C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50¢ e 2799
PFL39Sam50Ccass SamS0Cfeuss SAMS0 | pFL39 | N4s8C iﬁé‘;ﬁ?jg pFL39Sam50cre | 2801
PFL39Sam50C s Sam50Cfears SAM50 | pFL39 | G478C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2701
PFL39Sam50C s Sam50Cfes SAM50 | pFL39 | L479C rsr:za‘;‘gszt:g PFL39Sam50¢ e 2702
PFL39Sam50C csso Sam50Cfesgo SAM50 | pFL39 | G48oC rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2703
PFL39Sam50C s, Sam50Cfess: SAM50 | pFL39 | L48IC rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50c e 2704
PFL39Sam50C ca SamS0C e SAMS0 | pFL39 | A482C iﬁé‘;ﬁ?jg pFL39Sam50cree | 2705
PFL39Sam50Ctcass Sam50Cfessa SAM50 | pFL39 | L484C rsr:;‘ia‘;‘;ﬁ?:g PFL39Sam50cq.. 2707
pFL39Porl Porl PORI pFL39 _ _ X\;ig;iemann/Pfanner 1696
pFL39Por| cfree Porl cfree PORI1 pFL39 — — 39 1987
PFL39PorI TEVciee Porl TEV ciee PORI pFL39 | TEV rsn‘za‘;‘gszt:g PFL39Por ] ciee 2780
PFL39Por1 TEV cancazs Porl TEV caoocans PORI pFL39 522(;(;%; rsr:za‘;‘gszt:g PFL39Porl TEV g, | 2781
PFL39Por1 TEVcr/can PorlTEVesicns | PORI prL39 | DO rsn‘za‘;‘gszt:g PFL39Por TEVcre. | 2782
pFL39Por1 Cfes, PorlCfes, PORI pFL39 | D5IC rsn‘za‘;‘gszt:g PFL39Por ] ¢ ree 2787
PFL39Por1 Cfeno Porl Cfea PORI pFL39 | E220C rsn‘za‘;‘gszt:g PFL39Por ] ¢ ree 2685
PFL39Por1 Cfen, Porl Cfeon PORI pFL39 | F221C rsn‘za‘;‘;szt:g PFL39Por ] ¢ ree 2684
PFL39Por1 Cfes Porl Cfeas PORI pFL39 | A204C rsn‘za‘;‘gszt:g PFL39Por ] ¢ ree 2688
PFL39Por1 Cfeys Por1Cfeas PORI pFL39 K205C iﬁé‘;ﬁ?jg PFL39Por ] cpee 2687
PFL39Por1 Cfeang Por1Cfeans PORI pFL39 | A206C rsn‘za‘;‘gszt:g PFL39Por ] cec 2686
PFL39Por1 Cfezr Porl Cfear PORI pFL39 | T207C rsn‘za‘;‘gszt:g PFL39Por ] ¢ ree 2802
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Site-directed
PFL39Por1 Cfeyso Porl Cfeso PORI pFL39 A159C mutagencsis | PFL39Porleree 2779
FL39Porl CF, PorlCf, PORI FL39 | P213C Site-directed | Ly 3op00 2783
p o 213 o 213 p mutagenesis p Cfree
Site-directed
pFL39Por1Cfeane Por1Cfeag PORI pFL39 A229C mutagenesis pFL39Por cfrce 2786
Site-directed
PFL39Por1 Cfeyss Por1Cfeass PORI pFL39 P253C n:uiag‘gszs‘:s PFL39Por ] cpee 2785
Site-directed
pFL39Por1Cfeage Por1Cfeago POR1 pFL39 S269C mutagenesis pFL39Por cfrce 2784
Site-directed
PFL39Por 1 Cfeyzg Porl Cfeys PORI pFL39 G276C mutagencsis | PPL39Porleree 2677
Site-directed
PFL39Por1 Cfeyry Porl Cfeyrr PORI pFL39 W277C mutagencsis | PPL39Porleree 2676
Site-directed
PFL39Por1 Cfeyrs Porl Cfeyrs PORI pFL39 $278C mutagencsis | PFL39Porleree 2675
Site-directed
PFL39Por1 Cfeaso Por1Cfeso PORI pFL39 $280C n:uiag‘gszs‘js PFL39Por ] cpee 2673
pFL39Tom40¢free Tom40¢free TOM40 pFL39 - — 39 2104
Site-directed
PFL39Tom40C 356 Tom40Cfcsss TOM40 | pFL39 G356C mutagencsis | PTL39Tom40cr. 2720
PFL39Tom40C csrc358 Tom40CTcsycss0 TOM40 | pFL39 - - 39 2010
pGEM-4Z-Tom40 Tom40 SP6 PGEM- - - Wiedemann/Pfanner | 1 45
47 Labs
pGEM- _ B Wiedemann/Pfanner
pGEM-4Z-Porl Porl SP6 47 Labs P14
pSP64-F1pB F1p SP6 pSP64 - - Wiedemann/Pfanner | p,
Labs
pGEM-4Z-Mdm10 Mdm10 sP6 PGEM- - - Wiedemann/Pfanner | 4o
47 Labs
pGEM-4Z-Su9-DHFR Su9-DHFR sP6 PGEM- - - Wiedemann/Pfanner | o,
47 Labs
pPGEM-4Z-Tim9 Tim9 SP6 PGEM- - - Wiedemann/Pfanner | yp 5
47 Labs
PGEX-4T-1-GST-p-signalPorl | GST-P-signalpen tac ES_ElX' - - 13 1719
pGEX-4T-1-GST-p- GST-B- pGEX- - B
signalPor1F281Q signalporirasio tac 4T-1 13 1720
pFA6AHis3MX6-pGall - - pFA6 - - 68 1439
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Table S2. List of primers.

For cloning (codons causing amino acid exchange are underlined).

Mutation .
Primer forward Primer reverse
Gene Position

R366A GGTGGGCCCAGCGACATTGC | TTGAAACCCCGCAATGTCGC
GGGGTTTCAA TGGGCCCACC
CAGAGTGGTGGGCCCAGCG GGGCCTAACCCAAATGTTTG

AAAA ACGCTGCGGCGGCTCAAACA | AGCCGCCGCAGCGTCGCTGG
TTTGGGTTAGGCCC GCCCACCACTCTG

Aloop6 CTCACAACAATCCTTGCCTG | CAAAAGCATCACCACCTACA
TAGGTGGTGATGCTTTTG GGCAAGGATTGTTGTGAG

CT6K TAAGAGATTGAAGCAACAC TGTGGTGTTGCTTCAATCTCT
CACATTG TATTTAAC
TTTAGAGACCGTCTGGAGAT | GGATCTCCAGACGGTCTCTA

C245V cC AC

252G gACTAAGATA@ TCACAAG | CCTTGTGAACCTATCTTAGTG

C297L TCATATTATGCTCCCTACTA ACCCTTAGTAGGGAGCATAA
AG TATGATC
TGTACATATAGCTGATAAGT | TGAAACTTATCAGCTATATG

C354A —
TTC TAC
GTTGGGTAATCACATAGGAC | CTGTCCTATGTGATTACCCA

C430H A A

K126C GTTTACAGCGTGCACAGGGA | GTCCCTGTGCACGCTGTAAA

SAMS50 CAAATTTTGGG CGTTTTAGGAG

T127C CAGCGAAGTGCGGGACAAA | CCAAAATTTGTCCGCACTTC
TTTTGGGAACGATAATG GCTGTAAACGTTTTAGG

G128C GAAGACATGCACAAATTTTG | CCAAAATTTGTGCATGTCTTC
GGAACGATAATG GCTGTAAACG

T129C GACAGGGTGCAATTTTGGGA | CCAAAATTGCACCCTGTCTT
ACGATAATGATGC CGCTGTAAACG

N130C GGACATGTTTTGGGAACGAT | CCAAAACATGTCCCTGTCTT
AATGATGC CGCTG

Q369C GGGTTTTGTACATTTGGGTT | CAAATGTACAAAACCCCCGA
AGG ATG

F371C CAAACATGTGGGTTAGGCCC S(T:AACCCMTGTTTGAAAC

RA54C CACCCAATGGCATGTTTCGA | GTTTAGCTCGAAACATGCCA
GCTAAACTTTACTTTGC TTGGGTGCCTTAG

F455C CAATGGCAAGATGCGAGCT GTTTAGCTCGCATCTTGCCAT
AAACTTTAC TGGGTG

E456C GCAAGATTCTGTCTAAACTT | GTAAAGTTTAGACAGAATCT
TACTTTGCC TGCCATTGG

L457C GCAAGATTCGAGTGTAACTT | GTAAAGTTACACTCGAATCT
TACTTTGCC TGCCATTG
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Mutation

Primer forward

Primer reverse

Gene Position
N458C GATTCGAGCTATGCTTTACT | CAAAGTAAAGCATAGCTCGA
TTGCCTATTACCGCTC ATCTTGCCATTGGG
GA478C CCAGTTTTGTCTTGGTCTGG | GACCAAGACAAAACTGGAAT
CATTT CCTTTTC
L479C CCAGTTTGGTTGTGGTCTGG | CCAGACCACAACCAAACTGG
CATTTTTATAAG AATCCTTTTC
GGTCTTTGTCTGGCATTTTTA | GCCAGACAAAGACCAAACTG
SAMS0 G480C TAAGAATAC GAATCC
L481C CTTGGTTGCGCATTTTTATA CTTATAAAAATGCGCAACCA
AGAATACATTC AGACCAAACTG
A482C GGTCTGTGCTTTTTATAAGA | CTTATAAAAAGCACAGACCA
ATACATTCC AGACCAAACTG
L484C GGCATTTTGTTAAGAATACA | GTATTCTTAACAAAATGCCA
TTCCTTTTAATG GACCAAGAC
GAACTCCAAACTACCTGAAA | GTTGACATTGGAGTTACCTT
TEV ATTTGTATTTTCAAGGTAAC | GAAAATACAAATTTTCAGGT
TCCAATGTCAACATCGAATT | AGTTTGGAGTTCATTGTAGC
CGCCAC CTTAG
D51C CAGCCTGTCAAATGCGGTCC | CAGTGGACCGCATTTGACAG
ACTGTCTACTAAC GCTGTTTAGCCTTC
G203C CTTTTTACAGGTCTGTGCTA | GTAGCCTTAGCACAGACCTG
AGGCTACAATGAAC TAAAAAGGCGTTG
A204C CAGGTCGGTTGTAAGGCTAC | CATTGTAGCCTTACAACCGA
AATGAACTCC CCTGTAAAAAGG
K205C GGTCGGTGCTTGTGCTACAA | GTTCATTGTAGCACAAGCAC
TGAACTCCAAAC CGACCTGTAAAAAGG
A206C GGTGCTAAGTGTACAATGAA | GGAGTTCATTGTACACTTAG
CTCCAAACTACC CACCGACCTG
T207C GTCGGTGCTAAGGCTTGTAT | GTTTGGAGTTCATACAAGCC
PORI GAACTCCAAACTACCTAAC TTAGCACCGACCTG
A159C CGATATCAGCTGCGGTTCCA | GAAATGGAACCGCAGCTGAT
TTTCTCGTTATGC ATCGTAACCAAACTC
1.200C CAACGCCTTTTGTCAGGTCG | CACCGACCTGACAAAAGGCG
GTGCTAAGG TTGACGTTTTG
Q201C GCCTTTTTATGTGTCGGTGCT | GCACCGACACATAAAAAGGC
AAGGCTACAATG GTTGACGTTTTG
P213C CTCCAAACTATGTAACTCCA | CATTGGAGTTACATAGTTTG
ATGTCAACATCG GAGTTCATTGTAGC
£220C GTCAACATCTGTTTCGCCAC | CTAGTGGCGAAACAGATGTT
TAGATATTTGCC GACATTGGAG
F221C CATCGAATGCGCCACTAGAT | CTAGTGGCGCATTCGATGTT
ATTTGCCTGATG GACATTGGAG
R224C ATTCGCCACTTGTTATTTGCC | CAGGCAAATAACAAGTGGCG
TGATGCATCTTC AATTCGATGTTG
Y225C CCACTAGATGTTTGCCTGAT | CAGGCAAACATCTAGTGGCG
GCATCTTCC AATTCGATG
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Mutation . .
— Primer forward Primer reverse
Gene Position
A229C TATTTGCCTGATTGCTCTTCC | CTTGGGAAGAGCAATCAGGC
CAAGTTAAGG AAATATCTAG
V253C ATTGTTAAGATGTGGCGTCA | GAGTGACGCCACATCTTAAC
CTCTGGGTG AATTGCTTG
$269C CTTTGAAGTTGTGTGAACCT GAACAGGTTCACACAACTTC
GTTCACAAGCTAG AAAGCATCGAAAG
PORI1 G276C CACAAGCTATGTTGGTCTTT CAAAGACCAACATAGCTTGT
GTCCTTCGAC GAACAGGTTCAG
W277C CTAGGTTGTTCTTTGTCCTTC | GGACAAAGAACAACCTAGCT
GACGCTTG TGTGAACAGG
$278C GCTAGGTTGGTGTTTGTCCT CGAAGGACAAACACCAACCT
TCGACGCTTG AGCTTGTGAAC
$280C GTCTTTGTGCTTCGACGCTT CGTCGAAGCACAAAGACCAA
GAACGTATATATC CCTAGCTTG
TOM40 G356C GATTGGTTTCTGTCTACAAT CAAATTGTAGACAGAAACCA
TTGAAACTGCTGG ATCTTGGTATCG
GAAAATTGGCATCGGGCTGT
R2 CTAAGGAAATCTCATTATCA
B ACACCAGATGATGAGGTCAT
HIS3- TTTGAGATCCGGGTTTT
Gall, GGATGCGTTTTACGTGGCAA
4 AAGTTTTGATGCCAAATAGA
CAAAAGTAGCTCAATTCAAC -
GAATTCGAGCTCGTTTAAAC
For in vitro transcription.
Primer range
Name Sequence (full amino acids) Gene Cys
WG-Porl-rev TGATGATGAGAACCCCCCCC-TTA-
(only Fig. 10) AGCGTCGAAGGACAAAGAC 278-283 PORI )
WG-Porl-b15(C210)-fw | CTTTAAGAAGGAGATATACC-ATG-
(only Fig. 1C) TGCAAACTACCTAACTCCAATG 210-216 PORI" | 210
TGATGATGAGAACCCCCCCC-TCA-CATCATCAT-
rWG-Porl-rev AGCGTCGAAGGACAAAGACCAAC 277-283 PORI | -
CTTTAAGAAGGAGATATACC-ATG-
rWG-Porl-b15-fw AAACTACCTAACTCCAATGTC 211-216 PORI -
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
rWG-Porl-b14-fw AACGTCAACGCCITTITACAG 195-201 PORI -
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
rWG-Porl-b13-fw AACGAGCAAATAACTACCGTITG 184-190 PORI -
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
WG-Porl-bI3(CI90)-fw | ) \ CGAGCAAATAACTACCTGTGACTTCTTCC 184-194 PORT | 190
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
TWG-Porl-bI3(CI9D-W | 4 4 cGAGCAAATAACTACCGTTTGCTTCTTCC 184-194 PORL | 191
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
rWG-Porl-b12-fw GCCAAAGACTACTCOTTGG 173-178 PORI -
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
TWG-Porl-bI2(CI79)-fW | A AAGACTACTCCTTGTGCGCTACATTGAAC 173-183 PORI" | 179
CTTTAAGAAGGAGATATACC-ATG-ATGATG-
rWG-Porl-bI2(C180)-fw | 5 A A AGACTACTCCTTGGGCTGTACATTGAAC 173-183 PORI" | 180
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Primer range

Name Sequence (full amino acids) Gene Cys
rWG-Porl-b11-fw i;gl%’é%’é’égg’??gg :TT%ATCCC'ATG'ATGATG' 157-162 PORI -
worn | CIMACNETTROTs | i | rom |
worm | ARG | | ron |
FWG-Porl -b8-fiv G A A S ATG-ATOATG: 118-123 PORI | -
rWG-Porl-b7-fw ig@ﬁﬁ%ﬁﬁgﬁ?ﬁ?@ :{IgCC'ATG'ATGATG' 103-108 PORI -
oo | EAMACONCRTONOT |y | pon |
wommasn | G e T o |
o | OGRS |y | o |
o | IR | o0 | o |
Worian | TGOS || ron |
FWG-Porlfull-length-fov | S L IAAGAAGOACATAACC AT ATOATG: 19 PORI | -
IWG-Porl-b1(C280)rey | § SR TIATGACAALECCECCETTA- CATCATCAT- 277-283 PORI | 280
IWG-Porl-b1(C278)rev | f L L A (A TCATCAT 277-283 PORI | 278
rWG-Porl-b1(C277)-rev Z%’ég?’é(T}i’zgg’;%iii%c&c&lgmTCATCAT' 277-283 PORI | 277
WG-Porl-F281Qrev | p o O LG CATCATCAT- 277283 PORI | -
WG-Porl-L279Arey |} L L A p o NTCATCAT: 276283 PORI |
rWG-Porl-(C276)L279A- | TGATGATGAGAACCCCCCCC-TTA-CATCATCAT- 6283 vort | 276
rev AGCGTCGAAGGACGCAGACCAACA

rWG-Porl-(C280)L279A- | TGATGATGAGAACCCCCCCC-TTA-CATCATCAT- 783 vort | 250
rev AGCGTCGAAGCACGCAGACCAACC

rWG-Tomd0-rev CAATTGAGGAAGAGCTTGCAATGG | 38078 | 10M#0 | -
VG oAb 15t CTTTAAGAAGGAGATATACC-ATG-ATGATG- 8476 onao |

CAAGCTGGTATGGTTCCTATTACTG
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Table S3. List of S. cerevisiae strains used in this study.

pr, promoter.

Strain name Strain No. | Genotype :’;l;:tal Method used Source
MATa ura3-52 lys2-801 _amber
samS0A ade2-101_ochre trpl1-A63 his3-
. . 2636 A200 leu2-A1 sam50::ade2 YPH499 - 7
(shuffling strain)
& [Yep352-MET25pr-Sam50-
CYCl1t]
MATa ura3-52 lys2-801 amber
Wild-type (WT) for ade2-101 ochre trpl1-A63 his3- Plasmid
sam50 mutants 2630 A200 leu2-A1 sam50: :ade2 sam30A shuffling 13
[pFL39-Sam50]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30rseon 3986 A200 leu2-A1 sam50: :ade2 sam30A shuffling This study
[pFL39-Sam50R366A]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30aaan 3987 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pFL39-Sam50AAAA]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam>0ciree 4867 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pFL39-Sam50cﬁee]
MATa ura3-52 lys2-801 _amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam50APOTRAcge. | 5056 A200 leud-Al sam30--ade? sam50A shuffling This study
[PFL39-Sam50APOTRA fice]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam50APOTRAcys | 5057 A200 leud-Al sam30--ade? sam50A shuffling This study
[pFL39-Sam50APOTRAC126]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam50APOTRAc479 | 5058 A200 leud-Al sam30--ade? sam50A shuffling This study
[pFL39-Sam50APOTRAC479]
MATa ura3-52 lys2-801 _amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam50APOTRAc4gy | 5059 A200 leud-Al sam30--ade? sam50A shuffling This study
[pFL39-Sam50APOTRAc430]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30c1s 4868 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pFL39-Sam50CfC]26]
MATa ura3-52 lys2-801 _amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30ciz7 4869 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC] 27]
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MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cios 4870 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC]23]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30ci 4871 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC]29]

MATa ura3-52 lys2-801 _amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30ciso 4872 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC]3o]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cses 4908 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC369]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cs7 4909 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC371]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cass >074 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC454]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam>0cass 5070 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC455]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cass S071 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC456]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30casy >072 A200 leu2-A1 sam50: :ade2 sam30A shuffling This study

[pFL39-Sam50CfC457]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam>0cass >073 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC45g]

MATa ura3-52 lys2-801 _amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30ca7s 4873 A200 leu2-A1 sam50:-ade2 sam30A shuffling This study

[pFL39-Sam50CfC47g]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cazo 4874 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC479]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30caso 4875 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50C cyso]
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MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cas: 4876 A200 leu2-A1 sam50: :ade2 sam30A shuffling This study

[pFL39-Sam50CfC481]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cas> 4877 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50CfC482]

MATa ura3-52 lys2-801 _amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cass 4878 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc4g4]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cargcize 5060 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc478/c126]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cargcior >061 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc478/c127]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cazgcios 5062 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc478/c125]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cargcioe 5063 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pPFL39-Sam50Cfcs75/c129]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cargcizo >064 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc478/c130]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30casocize 4879 A200 leu2-A1 sam50: :ade2 sam30A shuffling This study

[pFL39-Sam50Cfc480/c126]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30casocior 4880 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc480/c127]

MATa ura3-52 lys2-801 _amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30csocizs 4881 A200 leu2-A1 sam50:-ade2 sam30A shuffling This study

[pFL39-Sam50Cfc480/c12s]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30casocios 4882 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc480/c129]

MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30casocizo 4883 A200 leu2-A1 sam50::ade2 sam30A shuffling This study

[pFL39-Sam50Cfc4go/c 1 3()]
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MATa ura3-52 lys2-801 amber

ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cascize 5063 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pFL39-Sam50Cfc4s/c126]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cascior 5066 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pPFL39-Sam50Cfcssaici27]
MATa ura3-52 lys2-801 _amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30casz/cios >067 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pPFL39-Sam50Cfcssaicis]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cascioe >068 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pPFL39-Sam50Cfcssaici29]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Plasmid .
Sam30cascizo 5069 A200 leu2-A1 sam50::ade2 sam30A shuffling This study
[pFL39-Sam50Cfc4s/c130]
MATa ura3-52 lys2-801 amber
2@?429 6,56, S7) 1501 ade2-101_ochre trpl1-A63 his3- - - 67
» F18- 5,59 A200 leu2-Al
MATa ura3-52 lys2-801 amber EZ?H?L?E;)EZH
ade2-101_ochre trpl1-A63 his3-
GallSam50 2396 A200 leu2 SAMS0,::SAMS0, - YPH499 (Templa‘Fe 13
HIS3-Gall 1439, Primers
“Iatpr R2 + F4)
MATa ura3-52 lys2-801 amber Growth on
ade2-101_ochre trpl1-A63 his3- . .
Sam50 3988 A200 leu2 SAMS0,::SAMS0,- GallSam50 ::;ltll:;e This study
HIS3-Gall,, [pFL39]
MATa ura3-52 lys2-801 amber
ade2-101_ochre trpl1-A63 his3- Growth on
Sam504+WT 3989 A200 leujSAM50p,.'.'SAM50p,— GallSam50 ::;ltll:;e This study
HIS3-Gall,, [pFL39-Sam50]
MATa ura3-52 lys2-801 amber
Sam504-+ ade2-101_ochre trpl1-A63 his3- Growth on
Sam 50 3990 A200 leu2 SAMS50,,::SAM50,,- GallSam50 selective This study
M- Vatoop HIS3-Gall,,, [pFL39- medium

Sam50A|oopé]
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Table S4. List of antibodies used in this study.

Antigen Dilution Number
Cox4 1:500 TBS + 5% milk GR578-5
Cycl 1:1000 TBS + 5% milk GR541-6
Dicl 1:200 TBS + 5% milk GR2055-2
Mdm10 1:250 TBS + 5% milk GR1145-3
Om45 1:100 TBS-T + 5% milk GR1391-4
Porl 1:1000 TBS + 5% milk 94D
Sam50 1:250 TBS + 5% milk 312-6
Sam37 1:500 TBS-T + 5% milk 161-6
Sam35 1:250 TBS + 5% milk GR551-7
Tim44 1:1000 TBS 5% milk 127-2
Tim23 1:500 TBS + 5% milk 133-9
Tim22 1:500 TBS + 5% milk 164-6
Tim10 1:500 TBS-T + 5% milk 217-3
Tom70 1:250 TBS + 5% milk GR657-5
Tom40 1:500 TBS-T + 5% milk 168-4
Tom22 1:5000 TBS + 5% milk GR3227-2
Tom20 1:5000 TBS + 5% milk GR3225-7
Tom7 1:250 TBS + 5% milk 230-13
Tom5 1:500 TBS + 5% milk GR3420-7

Model S1. Model of Sam50 B-barrel domain (PDB format).
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