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Figure S2. Analyses of complex structures of the TIM23 complex subunits by glycerol density-gradient centrifugation. Wildtype (WT),
1im23-64, tim23-71, and tim23-78 mitochondria (A) and Wild4ype, tim50-279,282,286, and tim50-352,355 mitochondria (C) isolated after cultivation in lactate
medium were solubilized with 1% digitonin and subjected to glycerol density-gradient centrifugation (20-40%) at 166,000 (A) or 192, 000 g (C) for 15 h. After
centrifugation, fractions were collected from the top and analyzed by SDS-PAGE followed by immunoblotting with antibodies against indicated proteins (Tim44,
Tim21, Tim17, Tim23, Tim14, and Tim50). (B) Wild-ype, tim23-4k, and tim23-64,71,78 mitochondria with FLAG-tagged Tim23 were solubilized with 1% digitonin
and subjected to immunoprecipitation with the anti-FLAG antibody. Amounts of eluted proteins from wild4ype mitochondria were set to 100% for each protein.
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Figure S3. Assignments of cross-linked partners for Tim23 with BPA. (A) Radiolabeled Tim23 with or without BPA incorporated at position
64,71, or 78 was incubated with wild-type (WT) mitochondria at 25°C for 1 h. After stopping the import reaction with valinomycin, the mitochondria were
washed with SEM buffer and were then solubilized with 1% digitonin (leff). Wildtype and tim23 mutant mitochondria with FLAG+agged Tim23 were solu-
bilized with 1% digitonin (right). Protein complexes were analyzed by BN-PAGE and radioimaging (left) or Western blotting (right). Assignment of subunits
of the different bands are based on our published data (Tamura, Y., Y. Harada, K. Yamano, K. Watanabe, D. Ishikawa, C. Ohshima, S. Nishikawa, H.
Yamamoto, and T. Endo. 2006. J. Cell Biol. 174:631-637). (B) Radiolabeled Tim23 with BPA incorporated at position 64, 71, or 78 was incubated with
mitochondria with or without Cterminally FLAG-tagged Tim17, Tim21, Tim23, Tim44, Tim50, Tim16, or Tim14 at 25°C for 1 h. After stopping the import
reaction with valinomycin, the mitochondria were washed with and resuspended in SEM buffer. The mitochondria were UV irradiated for 5 min on ice.
Proteins were analyzed by SDS-PAGE and radioimaging. Cross-linked partner proteins were identified by detecting the shift in their apparent molecular
sizes caused by the presence of the FLAG tag. Closed triangle, open triangle, closed circle, and open circle indicate the cross-inked products of Tim23
with Tim14, Tim21, Tim50, and Tim17, respectively. (C) Radiolabeled precursor proteins were incubated with mitoplast generated from wildtype and
tim23-71 mitochondria by osmotic shock for indicated times at 25°C (mitoplasting efficiency was 80 [wild type] or 72% [tim23-71]). For quantification,
amounts of protease-resistant proteins or Tim23 fragment in WT after the longest incubation time were set to 100%. p, precursor form; i, processing-inter-
mediate form; m, mature form.
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Figure S4. Effects of defective Tim23-Tim50 interactions on the N-terminal outer membrane insertion of Tim23. (A) Mitochondria or
mitoplasts with Tim23 or protein A-Tim23 were treated with 10, 25, 50, 100, 250, 500, and 1,000 pg/ml of proteinase K for 20 min at 16°C, respec-
tively. The reactions were stopped by adding T mM PMSF. The mitochondria were reisolated and proteins were analyzed by SDS-PAGE and immunoblotting
with antibodies against Tim23. Whereas Tim23 is partly clipped by proteinase K added outside the mitochondria, protein A-Tim23 remained proteinase
K resistant. Both Tim23 and protein A-Tim23 were degraded by proteinase K after the outer membrane was broken open. These results indicate that, al-
though the N terminus of Tim23 partly penetrates across the outer membrane, protein A-Tim23 does not. (B) Serial dilutions of wild-type control (WT),
tim23-64, tim23-71, tim23-78, tim23-71,78, and tim23-64,71,78 cells, and those with Tim23 derivatives lacking the N-terminal 50 residues (TIM23A50,
1im23-64A50, tim23-71A50, tim23-78A50, tim23-71,78A50, and tim23-64,71,78A50), were plated on SCD (—Trp) and grown at indicated temperature
for 2 or 3 d. (C) Serial dilutions of wild-type control, tim23-64, and tim23-78 cells, and those with C-terminally FLAG-tagged Tim23 derivatives (TIM23-
FLAG, tim23-71-FLAG, and tim23-71,78-FLAG) or N-erminally protein A-tagged derivatives (ProteinA-TIM23, ProteinA-im23-71, ProteinA+4im23-71,78,
ProteinA+im23-64, and ProteinA+im23-78), were plated on SCD (—Trp) and grown at indicated temperature for 2 d. Serial dilutions of tim23 mutants (D)
and tim50 mutants lacking the TIM21 gene (E) were plated on YPD and grown at indicated temperature for 2 d.
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Table S1
Yeast strains

Strain Genotype Parental strain Method used Source
MATa/MATa ade2/ ade2 his3/ his3 ura3/ ura3 lev2/ lev2 trp1/ trp1 R. Rothstein (Columbia
w303 canl/ canl N/A N/A University, NY, NY)
W303-1A MATa ade2 his3 ura3 lev2 trp] canl N/A N/A R. Rothstein
MATa trp] leu2 ura3 his3 galdA gal80A LYS2::GALI-HIS3 GAL2-ADE2
Fl6-4A met2::GAL7-lacZ N/A N/A
. MATa/MATa ade2/ade2 his3/his3 vra3/ura3 lev2/lev2 trp1/trp1 canl/ PCR-mediated gene dis- .
TiM23/tim23A can] TIM23/im23A::CgHIS3 [pRS316-Tim23A50] W303-AB ruption This study
TIM23A50-316 ?f:;g;sdgf his3 ura3 leu2 trp1 canl tim23A::CgHIS3 [pRS316- TIM23/tim23A Sporulation of diploid This study
TIM23 MATa ade2 his3 ura3 lev2 trp1 canl tim23A::CgHIS3 [pRS314-Tim23] TIM23A50-316 Plasmid shuffling This study
tim23-X MATa ade2 his3 ura3 lev2 trp1 canl tim23A::CgHIS3 [pRS314-Tim23-X] TIM23A50-316 Plasmid shuffling This study
, MATa ade2 his3 vra3 leu2 trp1 canl tim23A::CgHIS3 TIM50- . . .
TIM50FLAG/TIM23A50-316 FLAG:kanMX4 [pRS316Tim23A50] TIM23A50-316 PCR-mediated tagging This study
MATa ade2 his3 ura3 leu2 trp1 canl tim23A::CgHIS3 TIM50- TIM50FLAG/ . ) .
TIM50FLAG/TIM23-X FLAG::kanMX4 [pRS3 1 4-Tim23-X] TIM23A50316 Plasmid shuffling This study
TIM23A50X MATa ade2 his3 ura3 leu2 trp1 canl tim23A::CgHIS3 [pRS314- TIM23A50-316 Plasmid shuffling This study
Tim23A50-X]
im235/TIM23FLAG MATa ade2 his3 vra3 leu2 iip] canl im23A::CgHIS3 [pRS314- TIM23A50-316 Plasmid shuffling This study
Tim23FLAG]
im238/ TIM23-XFLAG %fl“el"dez his3 ura3 lev? frp1 canl tim234:: CgHIS3 [pRS31 4Tim23- TIM23250-316 Plasmid shuffling This study
ProfeinA-TIM23 ﬁnA;;g]adeQ his3 ura3 leu2 trp1 canl tim23A::CgHIS3 [pRS314-ProteinA- TIM23A50-316 Plasmid shuffling This study
ProteinA-TIM23-X ??ﬁ;g;]de? his3 ura3 leu2 trp1 canl tim23A::CgHIS3 [pRS314-ProteinA- TIM23A50-316 Plasmid shuffling This study
GALTIM23 MATa ade2 his3 ura3 leu2 trp1 can1 GAL7-TIM23-CgHIS3 W303-1A f;ﬁ;z:i‘:;fd promoter Unpublished data
GAL-TIM23/TIM23FLAG- MATa ade? his3 ura3 leu2 trp1 can] GAL7-TIM23-CgHIS3 [pYO325- Transformation with a .
BPAA] Tim23FLAG-amber4 1] GALTIM23 plasmid This study
This study /
1im50-X MATa ade2 his3 ura3 leu2 trp1 canl tim50A::CgHIS3 [pRS314-Tim50-X] TIM50-316* Plasmid shuffling *Yamamoto et al.,
2002
TIM23FLAG/TIM50316 MATa ade2 his3 ura3 leu2 trp1 canl tim50A::CgHIS3 TIM23- TIM50-316* PCR-mediated taqai st sfudy'/ ol
FLAG::kanMX4 [pRS316-Tim50-X] medialed lagging 20%’;‘“" oetal,
. MATa ade2 his3 ura3 leu2 trp1 canl tim50A::CgHIS3 TIM23- . ) .
TIM23FLAG/tim50-X FLAG:-kanMX4 [pRS314-Tim50:X] TIM23FLAG/TIM50-316 Plasmid shuffling This study
fim21A MATa ade2 his3 ura3 leu2 trp1 canl tim21A::CgHIS3 W303-1A f‘i"fi‘;":d“"ed gene dis- This study
. MATa ade2 his3 ura3 leu2 trp1 canl tim23A::CgHIS3 [pRS316- PCR-mediated gene dis- .
TIM23A50-316/tim21A Tim23A50] fim2 1A:-kanMx4 TIM23A50-316 rupfion This study
Him23:X/ im21A MATa ade2 his3 ura3 leuZ rp can fin23A::CgHIS3 [PRSINATM23X] 1153050316 /im214 Plasmid shuffling This study
TIM50-316,/im2 1A MATa c.l.deQ his3 ura3 lev2 trp1 canl tim50A::CgHIS3 [pRS316-Tim50] TIM50316 PCR.-mediuted gene dis- This study
tim21A::kanMX4 ruption
Hm50X/ tim21A m‘,’;",’;ﬁ A’/’{;i ura3 lev2 fip] canl fim508::CgHIS3 [pRSITATIMSOX]  pyts6 374 imz1a Plasmid shuffling This study
MATa ade2 his3 ura3 lev2 trp1 canl tim23A::CgHIS3 [pRS316- PCR-mediated gene dis- )
TIM23A50-316/pam17A Tim23A50] pam 17A::kanMXd TIM23A50-316 rupfion This study
1im23-X/ pam17A :":ﬂf’,’;fe‘fa :/’;f( j’°3 lev2 tipT can fim234::CgHIS3 [PRS3TATIM23X] 1101934 50.316 /pam 174 Plasmid shuffling This study
TIMS0-316/pam 175 MATa az{eQ his3 ura3 leu2 trp1 canl tim50A::CgHIS3 [pRS316-Tim50] TIM50316 PCR:mediated gene dis- This study
pam17A::kanMX4 ruption
tim50-X/ pam17A gtﬁ?7iﬂfé:zijma levZ tipT canl fim50A::CgHIS3 [pRS314-Tim50-X] TIM50-316/pam17A Plasmid shuffling This study
TIM50FLAG/TOM22-BPA-X MATa ade2 his3 vra3 lev2 trp1 canl TIM50-FLAG::CgHIS3 [pSL22-132B, TIM50FLAG* Transformation with This study / *Tamura
(X=132, 134 or 136) pSL22-134B or pSL22-136B] [p6xIRNA] plasmids et al., 2006
TOM22HIS10-BPA-X (X=132, MATa ade2 his3 ura3 lev2 trp1 canl [pSL22-132B, pSL22-134B or pSL22- Transformation with .
134 or 136) 1368] [p6xIRNA] W303-1A plasmids This study
X/TOM22HIS10-BPA-Y . . . Plasmid shuffling /
_ . _ MATa ade2 his3 ura3 lev2 trp1 canl tim23A::CgHIS3 [pASZ11-Tim23-X , " ! .
LXn—dT/%if, tim23-71,Y=132 (CEN-TRP1]] [pSL22-132B or pSL22-1368] [p6xIRNA] TIM23A50-316 éﬁz:j%?ohon with This study
X/TOMZ22HIS10-BPA-Y (X= . - on. . lasmid shuffling / This study /
TIM50 or tim50-279, 282, ?4?&“2??22‘;”53 gg‘; /Tgiél]’p[] g:&LZTSOA”CgHISB [PRASZ11-Tim50:X] TIM50-316* Transformation with *Yamamoto et al.,
286, Y=132 and 136) pros e orpes P plasmids 2002

Tamura, Y., Y. Harada, K. Yamano, K. Watanabe, D. Ishikawa, C. Ohshima, S. Nishikawa, H. Yamamoto, and T. Endo. 2006. Identification of Tam41 maintaining
integrity of the TIM23 protein translocator complex in mitochondria. J. Cell Biol. 174:631-637.
Yamamoto, H., M. Esaki, T. Kanamori, Y. Tamura, S. Nishikawa, and T. Endo. 2002. Tim50 is a subunit of the TIM23 complex that links protein translocation across
the outer and inner mitochondrial membranes. Cell. 111:519-528.



Plasmids

Template DNA or digested DNA

Plasmid name Expressed protein Vector Primers Site
fragment
Tim23-pro-f / Tim23-proR  EcoRlI
pRS316-Tim23A50 Tim23 lacking N-terminal 50 residues pRS316 Tim23-51-F / Tim23- shol Genomic DNA
222R °
Tim23-pro-F EcoRl
pRS314-Tim23 Tim23 pRS314 Genomic DNA
Tim23-er-R Xhol
Tim23-pro-f / Tim23-XR EcoRI
pRS314-Tim23-X Tim23-X pRS314 pRS314-Tim23 or pRS314-Tim23-X
Tim23-X-F / Tim23-er-R Xhol
i 5 i z i i Tim23-pro-F / Tim23-XR EcoRI
oRS314Tim23a50x  M23X lacking Nterminal 50 resi pRS314 P pRS316Tim23A50
dues Tim23-XF / Tim234erR ~ Xhol
BamHI-Tim23-pro-F BamHI
pRS314-Tim23FLAG Tim23FLAG pRS314 Genomic DNA from TIM23FLAG
FLAG-ter-R-Xhol Xhol
BamHI-Tim23-pro-F /
pRS314-Tim23-X: Tim23XR BamHI
e Tim23XFLAG pRS314 Tm23xF / FLAGHer PRS314Tim23FLAG
Xhol
R-Xhol
BamHI-Tim23-pro-F / BamH
) N/A (pRS314-Tim23 with EcoRl site in ProteinA-R-EcoR| am ]
pRS314-EcoRI-Tim23 front of the TIM23 gene] pRS314 EcoRlProteinAF / Tim23- ‘bl pRS314-Tim23
terR
. insA- i - Tim23-ProteinA-F
PRS3 ] 4 Profeins/ ProteinATim23 PRS3 14EcoRl EcoRl  pTYE248
Tim23 Tim23 Tim23-ProteinAR
BamHI-Tim23-pro-F / BamHI
pRS314-ProteinsA- o PRS314-ProteinsA-  Tim23XR am o
Tim23X ProteinA-Tim23-X Tim23 Tim23XF / FLAGHer- ‘b pRS314-ProteinsA-Tim23
R-Xhol ©
BamHI-Tim23-pro-F / BamHI
pYO325-Tim23FLAG- ) . - Tim23-0411-TAGR )
amberd ] Tim23FLAG with BPA at position 41 pYO325 Tim23.0411TAGF / ‘o pRS314-Tim23FLAG
FLAGerRXhol °
Tim50-pro-F / Tim50-X-R Xhol Ti
pRS314-Tim50-X Tim50X pRS314 P PRS316Tim30
Tim50X-F / Tim50-er-R BamHI (Yamamoto et al., 2002)
YCpUG578T Tom22-C EcoRl
pSU22 Tom22 (Kawai et al., Yeast genomic DNA
2001) Tom22-B Hindlll
BamHI i
05122 Tom22 under the control of GAL1 oRS315 N/A DNA fragment digested by BamHI and
promotor Xhol Xhol from pSU22
Tom22-X-F
pSL22-XB Tom22 with BPA at position X pRS315 N/A pSL22
Tom22-X-R
YCpUG578T Tom22-C EcoRl
pSU22H Tom22-His o (Kawai et al., pSU22
2001) Tom22-E Hindlll
. N/A Spel DNA fragment digested by BamHI and
pSL22H Tom22-Hiso pRS315 Yol Xhol from pSU22
Tom22-X-F
pSL22H-XB Tom22-His o with BPA at position X pRS315 N/A pSL22H
Tom22-X-R
) ) pASZ11 (Stotz EcoRl DNA fragment digested by BamHI and
PASZ11-Tim23 Tim23 and Linder, 1990) /A Xhol Xhol from pRS314-Tim23
) ) EcoRl DNA fragment digested by BamHI and
pASZ11-Tim23-71 Tim23-71 pASZ11 N/A Yhol Xhol from pRS314-Tim23-71
) ) BamHI DNA fragment digested by BamHI and
pASZ11-Tim50 Tim50 pASZ11 N/A Yol Xhol from pRS314-Tim50
e BamHI DNA fragment digested by BamHI
gxgzz;;:mso 279 1im50279, 282, 286 PASZ11 N/A ‘bl and Xhol from pRS314- Tim50-279,
! ° 282, 286
p6xiRNA N/A N/A N/A N/A Chin et al., 2003

Chin, J.W., TA. Cropp, J.C. Anderson, M. Mukherii, Z. Zhang, and P.G. Schultz. 2003. An expanded eukaryotic genetic code. Science. 301:964-967.

Kawai, A., S. Nishikawa, A. Hirata, and T. Endo. 2001. Loss of the mitochondrial Hsp70 functions causes aggregation of mitochondria in yeast cells. J. Cell Sci.

114: 3565-3574.
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Primers for plasmid construction

Primer name

Sequence (5-3’)

Tim23-pro-F
Tim23-ter-R
BamHI-Tim23-pro-F
FLAG-ter-R-Xhol
ProteinA-R-EcoRl
EcoRI-ProteinA-F
Tim23-ProteinA-F
Tim23-ProteinA-R
Tim23-proR
Tim23-51-F
Tim23-222-R
Tim23-041I-TAGR
Tim23-041I-TAG-F
Tim50-pro-F
Tim50-ter-R
Tom22-C

Tom22-B

Tom22-E

GCCGAATTCGACTCTGGAGGGCGTAACGGCCG
GGGCTCGAGGGAAATACCCGAGAGTGAGC
GCCGGATCCGACTCTGGAGGGCGTAACGGCCG
GCGCTCGAGATGAGAGAATCGAACTTGAACTGTTC
GGGGAATTCCGGATCGTCTTTAAGGCTTTGGATGAAGCCGTTACG
GGGGAATTCATGGAACAACGCATAACCCTGAAAGAAGCTTGGG
CACACAATCGAATTCATGTCGTGGCTTTTTGGAGATAAGACACC
CCACGACATGAATTCGATTGTGTGTGATCTGTTAAACAAGTATAC
GATTGTGTGTGATCTGTTAAACAAGTATAC
ATGCATGTCGACACCGCTAGGCTGCATCC
GGCCAAGCTTGGAAATACCCGAGAGTGAGC
TGATATTATGTTATTCTAGTTITGGCTCGAAACC
GGTTTCGAGCCAAACTAGAATAACATAATATCA
GGGCTCGAGCCTCTTACATGTCTCAGGGC
GGGGGATCCCGCGGAAAGTTGTGAGTACG
CGCGAATTCATGGTCGAATTAACTGAA
GCGAAGCTTTTAATTGGCTGTTGCTGC
GCGAAGCTTTTAATGATGATGATGATGATGATGATGATGATGCCCGGGGGATCCATTGGCTGTTGCTGCAGC

Primers for C-terminally FLAG tagging

Primer name

Sequence (5’-3’)

Tim50-FLAG-F
Tim504ag-R

TGAAGAGGAAAAGAAAAAGAAGAAGATTGCTGAATCCAAAGGCGAATTGGGTACCGGG
GATACGTAGATACATGAGAAGAGGGTTTACATGAAAATTACAGGAAACAGCTATGAC

Primers for gene disruption

Primer name

Sequence (5’-3’)

TIM23-delta-CgHIS3-F
TIM23-delta-CgHIS3-R
TIM21-delta-CgHIS3-F
TIM21-delta-CgHIS3-R
TIM21-delta-kan-F
TIM21-delta-kan-R
PAM17-dis-F
PAM17-disR

GGGCGGCCAAGATACAACCAAGCCTAAGGAACTATCGTTGGTTGTAAAACGACGGCCAGT
GCGGCCACCATTGCCGAGGAATAACCCATGGGTTTCAAACCACAGGAAACAGCTATGACC
AATCATTCGTATATTATTTTCCTGACTCCAAGTTTAAACAGTTGTAAAACGACGGCCAGT
ACGAATATTTAAAACCTGAGCAACTCCGTCAAATTTGATCCACAGGAAACAGCTATGACC
GATATCAGGTTGGTAAAATCATTCGTATATTATTTTCCTGACTCCAAGTTTAAACAAGATTGTACTGAGAGTGTGCAC
GGAAATAACAGTCATTTACGAATATTTAAAACCTGAGCAACTCCGTCAAATTTGATCCTGTTGCGGTATTTCACACCG
GGGAAACTATGTTCAAAGAAGTGTTAAAAACATTCAGAAAACATTGTCCGCCTCTTCAAAAGATTGTACTGAGAGTGCAC
CTTTATTCATATATGTATATATACAGAGTCTGAGAAGAAGGAAAAGATCACACGTTCAACTGTGCGGTATTTCACACCG

Primers for introducing mutations to the TIM23 gene

X Sequence of Tim23-X-F Sequence of Tim23-X-R '{I';mpzlae_tle
64 CCTTTGGCTGGTTCAGACAAGGGTGTGGAG CTCCACACCCTTGTCTGAACCAGCCAAAGG WT

71 GACAAGGGTGTGGAGTATTCAGATCTGGAAGAAG CTTCTTCCAGATCTGAATACTCCACACCCTTGTC WT

78 GGAAGAAGAACAATCATCCTCGTTAGAAGGCTCAC GTGAGCCTTCTAACGAGGATGATTGTTCTTCTTCC WT
71,78 GGAGTATTCAGATCTGGAAGAAGAACAATCATCCTCG CGAGGATGATTGTTCTTCTTCCAGATCTGAATACTCC ~ WT
64,71,78 GGAGTATTCAGATCTGGAAGAAGAACAATCATCCTCG CGAGGATGATTGTTCTTCTTCCAGATCTGAATACTCC 64

60-64 GGCTGCATTCTTCGTCTAGTTCAGACAAGG CCTTGTCTGAACTAGACGAAGAATGCAGCC WT
61,64,71,78  GGCTGCATCCTTCGGCTGGTTCAGACAAGG CCTTGTCTGAACCAGCCGAAGGATGCAGCC 71,78

60-64,71,78  GGAGTATTCAGATCTGGAAGAAGAACAATCATCCTCG CGAGGATGATTGTTCTTCTTCCAGATCTGAATACTCC  60-64

X indicates the position of a mutation in the TIM23 gene

Primers for introducing mutations to the TIM50 gene

X Sequence of Tim50-X-F Sequence of Tim50-X-R
279,282,286  CACATTAAGGATTCGTCAAAATCGAATAGAGATTCGAGTAAAGTAATC  GATTACTTTACTCGAATCTCTATTCGATTTTGACGAATCCTTAATGTG
352,355 GACAAGAAGAACCTATTCAGAAGAATCTGATCATCG CGATGATCAGATTCTTCTGAATAGGTTCTTCTTGTC

X indicates positions of mutations in the TIM50 gene



Primers for introducing an amber codon to the TOM22 gene

X Sequence of Tom22-amber-X-F Sequence of Tom22-amber-X-R
132 AGACATTTGATTAGCAAAGTGATGC GCATCACTTTGCTAATCAAATGTCT
134 TTGATTTACAATAGGATGCTAATAA TTATTAGCATCCTATTGTAAATCAA
136 TACAAAGTGATTAGAATAACATATT AATATGTTATTCTAATCACTTTGTA

X indicates a position of amber codon in the TOM22 gene.
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