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SUPPLEMENTARY DISCUSSION

Our study proposes a model that is notably different from some frequently proposed models
regarding the stoichiometry of the complex and the function of the Tim23 subunit. Below we
discuss possible sources of these different results and interpretations. We also discuss
limitations of our study.

Copy numbers of Tim23/17

The stoichiometry of the Tim23/17 subunits has long been debated. While several past
biochemical studies have suggested that the TIM23 complex contains multiple copies of Tim23
and/or Tim17 (Alder et al., 2008; Bauer et al., 1996; Demishtein-Zohary et al., 2015; Gomkale et
al., 2021; Meinecke et al., 2006), some other studies have observed the apparent 1:1
stoichiometry of Tim23 and Tim17 (Moro et al., 1999; Ryan et al., 1998). In addition, the
dynamics of subunit assembly have remained unclear. Tim23 dimers, detected by chemical
crosslinking, were first proposed to monomerize upon substrate engagement (Bauer et al.,
1996). However, more recently, Tim23-Tim23 crosslinking was shown to increase in the
presence of a laterally sorted translocation substrate or when non-essential Tim21 is
overexpressed but was not detectable in the non-translocating state (Popov-Celeketi¢ et al.,
2008). Also, effects of Tim50 on putative Tim23 dimerization have been debated (Meinecke et
al., 2006; Tamura et al., 2009).

Our cryo-EM analysis of the endogenous core complex indicates that the stable structure of
Tim23 and Tim17 is a 1:1 heterodimer in a back-to-back arrangement, at least in the idle state
(Extended Data Fig. 3). Given the new data showing that Mgr2 is positioned at the lateral
opening of Tim17 (present study; leva et al., 2014), we consider it unlikely that an additional
copy of Tim23 or Tim17 binds to the lateral opening of Tim17. Furthermore, without drastic
conformational changes, the current structures of Tim17 and Tim23 seem incompatible with the
formation of a channel through face-to-face docking of two copies of Tim17/23. We have also
exercised structural predictions of 2:1, 1:2, and 2:2 ratios of Tim23 and Tim17 using
AlphaFold2. Regardless of the ratio, they all invariably produced a 1:1 heterodimer in the back-
to-back arrangement as in our cryo-EM structure without any pore formation, whereas the extra
copy of Tim23 or Tim17 resulted in inconsistent positions.

While previous co-immunoprecipitation results support the idea that additional copies of Tim17
and/or Tim23 exist in the TIM23 complex, their stoichiometry remains unclear. In the study by
Gomkale et al. (Gomkale et al., 2021), immunoprecipitation of ALFA-tagged Tim23 and Tim17
copurified untagged Tim23 and Tim17 respectively, but the amounts seemed noticeably
substoichiometric to the ALFA-tagged protein when their relative amounts in ‘total’ and ‘elution’
samples are compared. This was also the case for the experiment performed for Tim23 in
Tamura et al. (Tamura et al., 2009). The exact nature of these small amounts of additional
Tim23/17 copies that can be copurified remains unclear. The TIM23 complex might transiently
form a larger complex, since mitochondrial protein import typically involves coupled
translocation processes by the TOM and TIM23 complexes. For example, it is conceivable that



a single dimeric TOM complex may engage with two copies of the TIM23 complex
simultaneously during substrate translocation. It is also possible that some populations of Tim23
and Tim17 proteins assemble into homodimers or form other transient interactions. Previous
chemical crosslinking observations might represent these forms (Bauer et al., 1996; Demishtein-
Zohary et al., 2015; Popov—éeleketié et al., 2008; Tamura et al., 2009). Clarification of these
issues will require additional functional and structural studies.

Channel formation by Tim23

It has long been thought that the Tim23 subunit forms an aqueous channel. Main supporting
data for this model were electrophysiological observations of cation-selective currents by Tim23,
which could be further modified by addition of presequence peptides. However, a majority of
such experiments were conducted in planar bilayers using refolded Tim23 proteins that were
first expressed in E. coli as inclusion bodies (Meinecke et al., 2006; Truscott et al., 2001; Zhou
et al., 2021). Also, these experiments did not use any other essential membrane components,
such as Tim17. It is unclear what structures such denatured Tim23 proteins fold into under
these conditions. Recently, an NMR study has used a similar refolding approach in an attempt
to determine the structure of the Tim23 protein (Zhou et al., 2021; PDB ID 7CLV). Interestingly,
the study found that Tim23 forms a homodimer with a channel-like structure containing a larger
cavity within the membrane between the two molecules of Tim23. However, all transmembrane
helices of Tim23 in this structure exhibit abnormally loose arrangements without being packed
against each other like typical membrane proteins. The structure also has no resemblance to
our cryo-EM structure of Tim23, cryo-EM structures of homologous human and yeast Tim22 (Qi
et al., 2021; Zhang et al., 2021), or AlphaFold2 predictions of Tim23 (for yeast Tim23,
https://alphafold.ebi.ac.uk/entry/P32897), all of which showed the same overall fold. Thus, in our
view, this NMR structure does not represent a physiologically relevant form of Tim23.

It is also difficult to rule out the possibility that effects of presequence peptides observed in
electrophysiological experiments are due to their interactions with the membrane or with the
denatured proteins, as presequences are known to form an amphipathic helix. Some other
electrophysiological experiments were performed by isolating inner mitochondrial membranes
and reconstituting them into proteoliposomes using a drying and rehydrating method (Lohret et
al., 1997; Martinez-Caballero et al., 2007). It is unclear whether TIM23 maintains its intact
structure during this harsh treatment and whether observed currents were generated truly by
TIM23. Because the proteoliposomes contain hundreds of other mitochondrial proteins and
manipulation of TIM23 subunit levels can affect the mitochondrial proteome, it may be possible
that observed currents were derived from other proteins. It is important to note that there have
been no electrophysiological studies on TIM23 performed with a gold standard method like
patch clamping of a native membrane with careful controls using pharmacological channel
blockers. Without comparison with such data, it is difficult to interpret the physiological
relevance of observed channel activities.

Unlike our model, a recent biochemical study has suggested that Mgr2 associates directly with
the Tim23 subunit, based on an in-vitro pulldown assay (Matta et al., 2020). However, this



assay also used a Tim23 protein refolded from inclusion bodies and GST-tagged Mgr2
separately purified from E. coli, which were mixed in a solution containing Triton X-100. Thus
the folding states of these proteins may not represent their native structures.

Limitations of our study

Although the laterally open cavity of Tim17 that can be enclosed by Mgr2 association provides a
structurally plausible model for polypeptide translocation, several mechanistic aspects remain
yet to be understood. Currently, it is not understood how presequences would initially engage
with the Tim17 cavity and whether Mgr2 plays a role in this step. It is also unclear how exactly
hydrophilic polypeptides move across the Tim17 cavity without Mgr2 and what the functions of
Mgr2 are during protein translocation. Mgr2 may help minimize proton leakage, or prevent
misfolding or mis-sorting of client polypeptides in transit, but further structural and functional
studies will be necessary to investigate such hypotheses. Our proposed model does not require
major conformational changes in Tim17 or Tim23 to explain the protein translocation function of
the complex. Nevertheless, we cannot rule out the possibility that the current structure of the
core TIM23 complex represents an idle state and that the membrane domain of the translocase
may undergo certain conformational changes during the protein translocation cycle. Lastly,
many questions remain open regarding the structure and function of other subunits, such as
Tim50, Tim21, and the PAM (presequence translocase-associated motor) complex, and
whether any further structural rearrangements in the complex occur with the association of
these proteins.
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Supplementary Table 1. List of yeast strains

Name Genotype/Description Reference
BY4741 MATa his3-1, leu2-0, met15-0, ura3-0 Horizon
Discovery
yMLT62 MATa leu2-0::pACT1-GEV::HIS3, rps94, mek1A, his3-1, metl5-0, ura3-0 A gift from J.
Thorner
R1158 BY4741 URA::Pcuv-tTA Horizon
Discovery
W303-1A MATa leu2-3/112, ura3-1, trp1-1, his3-11/15, ade2-1, can1-100 A gift from J.
Thorner
ySS150 W303-1A URA3::Pcmv-tTA This study
ySS078 yMLT62 TIM17-3C-Spot::HphMX ED Fig. 1b, 3
bandc
ySS025 yMLT62 ura3-0::pSS011(Tim23/17-Spot/50/44/21)::URA3 ED Fig. 1c
HO::pSS015(Pam16/17/18/Mgr2)::LEU2
ySS055 yMLT62 ura3-0::pSS077(Tim23/17-Spot/44[-GS])::URA3 ED Fig. 2
HO::pSS082(Pam16/18)::LEU2
ySS121 BY4741 TIM50-HA::NatMX TIM23-Myc::HphMX ED Fig. 6h
ySS171 W303-1A TIM17-HA::NatMX TIM23-Myc::HphMX Fig. 3c, and
ED Fig. 8a, b,
and d
ySS176 yMLT62 TIM17-3C-Spot::HphMX ura3-0::pSS219(pALD6-Tim44 (-GS)- ED Fig. 3a-c
tENO1)::URAS3
ySS183 yMLT62 TIM17-3C-Spot::HphMX tim21A::LEU2 ED Fig. 3b
and c
ySS184 yMLT62 TIM17-3C-Spot::HphMX ura3-0::pSS219(pALD6-Tim44 (-GS)- ED Fig. 3b-d
tENOL)::URA3 tim21A::LEU2
ySS199 W303-1A TIM17-HA::NatMX TIM23-Myc::HphMX mgr2A::URA3 Fig. 3e, ED
Fig. 8b-d, 9e-
h
ySS204 W303-1A TIM17-HA::NatMX TIM23-Myc::HphMX mgr2A::URA3 ED Fig. 8 b
HO::pSS254(pMGR2-Strep-Mgr2-tMGR2)::KanMX and c
ySS205 W303-1A TIM17-HA::NatMX TIM23-Myc::HphMX mgr2A::URA3 Fig. 3cand
HO::pSS241(pALD6-Strep-Mgr2-tMGR2)::KanMX g. ED Fig. 8b-
i, 9j
ySS207 W303-1A TIM17-HA::NatMX TIM23-Myc::HphMX mgr2A::URA3 ED Fig. 8b
HO::pSS239(pMGR2-Mgr2-tMGR2)::KanMX
yYC1l7a R1158 Primi7::KanMX-tetO7-Pcyc1 Fig. 2f, ED
Fig. 6a-g
yYC17b ySS150 Primiz::KanMX-tetO7-Pcvyca Fig. 3d, ED
Fig. 9a-d
yYC23a R1158 Primzz::KanMX-tetO7-Pcyc1 ED Fig. 6m
yYC23b ySS150 Primzs::KanMX-tetO7-Pcyc1 Fig. 3d, ED
Fig. 9a,b
yYCO02 BY4741 TIM17-HA::NatMX TIM23-Myc::HphMX Fig. 2h, ED
Fig. 6k
yYCO3 BY4741 TIM17-HA::NatMX TIM23-Myc::HphMX HO::pTIM17(WT)-Spot::LEU2 | Fig. 2h, ED
Fig. 6k
yYCO04 BY4741 TIM17-HA::NatMX TIM23-Myc::HphMX HO::tim17(D17N/E126Q)- Fig. 2h, ED
Spot::LEU2 Fig. 6k
yYCO05 BY4741 TIM17-HA::NatMX TIM23-Myc::HphMX HO::tim17(D76N/E126Q)- Fig. 2h, ED
Spot::LEU2 Fig. 6k




Supplementary Table 2. List of plasmids

Name Description Reference
pYTKOO1 to Original MoClo YTK plasmids Ref. 51
pYTK096
pYTK-e105 HO integration vector containing a KanMX marker. Assembled from This study
pYTKO094, pYTKO008, pYTK047, pYTKO73, pYTKO77, pYTK088, and
pYTKO090.
pYTK-e106 HO integration vector containing a LEU2 marker. Assembled from Lab
pYTK094, pYTKO008, pYTK047, pYTKO073, pYTKOQ75, pYTK088, and collection
pYTKO090.
pYTK-el12 CEN/ARS plasmid containing a LEU2 marker. Assembled from pYTKO084, Lab
pYTKO008, pYTK047, pYTKO073, pYTKO75, and pYTKO081. collection
pYTK-e113 CEN/ARS plasmid containing a HIS3 marker. Assembled from pYTK084, This study
pYTKO008, pYTKO047, pYTKO73, pYTKO76, and pYTKO8L1.
pYTK-el15 CEN/ARS plasmid containing a NatMX marker. Assembled from pYTK084, | This study
pYTKO008, pYTKO047, pYTKO73, pYTK078, and pYTKO8L1.
pYTK-e122 2y plasmid containing a LEU2 marker. Assembled from pYTKO084, This study
pYTKO008, pYTK047, pYTKO073, pYTKO75, and pYTK082.
pYTK-e201 MoClo YTK part (type 4a) for 3C-2xSpot This study
(Amino acid sequence: GSASGTLEVLFQGPTASGPDRVRA-
VSHWSSGGGSGGGSTPDRVRAVSHWSS*; also see Supplementary
Table 4)
pYTK-e203 MoClo YTK part (type 4a) for 7xHis This study
(Amino acid sequence: SGHHHHHHH*; also see Supplementary Table 4)
pYTKO01-Tim23 MoClo YTK part (type 3) for Tim23 (also see Supplementary Table 4) This study
pYTKO01-Tim17 MoClo YTK part (type 3) for Tim17 (also see Supplementary Table 4) This study
pYTKO01-Tim50 MoClo YTK part (type 3) for Tim50 (also see Supplementary Table 4) This study
pYTKO01-Tim44 MoClo YTK part (type 3) for Tim44 (also see Supplementary Table 4) This study
pYTKO01-Tim44 (— MoClo YTK part (type 3) for Tim44 (contains a stop codon after the last This study
GS) amino acid; thus, a GlySer linker is absent at the C-terminus) (also see
Supplementary Table 4)
pYTKO01-Tim21 MoClo YTK part (type 3) for Tim21 (also see Supplementary Table 4) This study
pYTKO001-Pam16 MoClo YTK part (type 3) for Pam16 (also see Supplementary Table 4) This study
pYTKO001-Pam17 MoClo YTK part (type 3) for Pam17 (also see Supplementary Table 4) This study
pYTKO001-Pam18 MoClo YTK part (type 3) for Pam18 (also see Supplementary Table 4) This study
pYTKO001-Mgr2 MoClo YTK part (type 3) for Mgr2 (also see Supplementary Table 4) This study
pYTKOO1-Strep- MoClo YTK part (type 3) for Strep-Mgr2-tMGR2 (also see Supplementary This study
Mgr2-tMGR2 Table 4)
pYTK095-Tim23 MoClo YTK expression cassette for pPGAL1-Tim23. Assembled from This study
PYTKO095, pYTK002, pYTK030, pYTK001-Tim23, pYTK051, and pYTK067.
pYTKO095-Tim23- MoClo YTK expression cassette for pGAL1-Tim23-Spot. Assembled from This study
Spot pYTKO095, pYTK002, pYTK030, pYTKO001-Tim23, pYTK-e201, pYTKO061,
and pYTKO67.
pYTKO095-Tim17 MoClo YTK expression cassette for pPGAL1-Tim17. Assembled from This study
PYTKO095, pYTKO003, pYTK030, pYTK001-Tim17, pYTKO051, and pYTKO068.
pYTKO095-Tim17- MoClo YTK expression cassette for pGAL1-Tim17-Spot. Assembled from This study

Spot

pYTKO095, pYTKO003, pYTKO030, pYTKO01-Tim17, pYTK-e201, pYTKO061,
and pYTKOG68.




pYTK095-Tim50 MoClo YTK expression cassette for pPGAL1-Tim50. Assembled from This study
pYTKO095, pYTK004, pYTK030, pYTKO001-Tim50, pYTK051, and pYTKO069.
pYTK095-Tim44 MoClo YTK expression cassette for pGAL1-Tim44. Assembled from This study
pYTKO095, pYTKO005, pYTK030, pYTK001-Tim44, pYTK051, and pYTKO070.
pYTK095-Tim44 (— MoClo YTK expression cassette for pPGAL1-Tim44 (contains a stop codon This study
GS) after the last amino acid; thus, a GlySer linker is absent at the C-terminus).
pYTK095-Tim21 MoClo YTK expression cassette for pGAL1-Tim21. Assembled from This study
pYTKO095, pYTK006, pYTK030, pYTK001-Tim21, pYTK051, and pYTKO71.
pYTK095-Pam16 MoClo YTK expression cassette for pPGAL1-Pam16. Assembled from This study
pYTKO095, pYTKO002, pYTKO030, pYTK001-Pam16, pYTKO052, and
pYTKO67.
pYTK095-Pam17 MoClo YTK expression cassette for pPGAL1-Pam17. Assembled from This study
pYTKO095, pYTKO003, pYTKO030, pYTK001-Pam17, pYTKO052, and
pYTKO68.
pYTKO095-Pam18 MoClo YTK expression cassette for pPGAL1-Pam18. Assembled from This study
pYTKO095, pYTK004, pYTKO030, pYTK001-Pam18, pYTK052, and
pYTKO069.
pYTKO095-Mgr2 MoClo YTK expression cassette for pGAL1-Mgr2. Assembled from This study
pYTKO095, pYTKO005, pYTKO030, pYTK001-Mgr2, pYTKO052, and pYTKO070.
pYTKO095 L2-RE MoClo YTK filler cassette (ConL2-Spacer-ConRE). Assembled from This study
pYTKO095, pYTKO004, pYTK048, and pYTKO072.
pYTKO095 L3-RE MoClo YTK filler cassette (ConL3-Spacer-ConRE). Assembled from This study
pYTKO095, pYTKO05, pYTK048, and pYTKO072.
pYTKO095 L4-RE MoClo YTK filler cassette (ConL4-Spacer-ConRE). Assembled from This study
pYTKO095, pYTKO006, pYTK048, and pYTKO072.
pYTKO095 L5-RE MoClo YTK filler cassette (ConL5-Spacer-ConRE). Assembled from This study
pYTKO095, pYTKO007, pYTKO048, and pYTKO072.
pYTKO095 LS-R1 MoClo YTK filler cassette (ConLS-Spacer-ConR1). Assembled from This study
pYTKO095, pYTK002, pYTKO048, and pYTKO067.
pSS011 pYTKO096 (Tim23, Tim17-Spot, Tim50, Tim44, Tim21). Assembled from ED Fig. 1c
pYTKO096, pYTK095-Tim23, pYTK095-Tim17-Spot, pYTK095-Tim50,
pYTK095-Tim44, pYTK095-Tim21, and pYTK095-L5-RE.
pSS015 pYTK-e106 (Pam16, Pam17, Pam18, Mgr2). Assembled from pYTK-e106, | ED Fig. 1c
pYTK095-Pam16, pYTK095-Pam17, pYTK095-Pam18, pYTK095-Mgr2,
and pYTKO095 L4-RE.
pSS077 pYTKO096 (Tim23, Tim17-Spot, Tim44 (-GS)). Assembled from pYTK096, ED Fig. 2
pYTKO095-Tim23, pYTKO095-Tim17-Spot, pYTKO095 L2-R3 (spacer),
pYTKO095-Tim44 (-GS), and pYTKO095 L4-RE.
pSS082 pYTK-e106 (Pam16, Pam18). Assembled from pYTK-e106, pYTK095- ED Fig. 2
Pam16, pYTKO095 L1-R2 (spacer), pYTK095-Pam18, and pYTKO095 L3-RE.
pSS122 pYTK-e112 pTIM17-Tim17-Spot (also see Supplementary Table 4) ED Fig. 6h
pSS219 pYTKO096 pALD6-Tim44 (-GS)-tENO1. Assembled from pYTKO096, ED Fig. 3a-d
pYTKO018, pYTK001-Tim44 (—-GS), and pYTK051
pSS239 pYTK-e105 pMGR2-Mgr2-tMGR2 (also see Supplementary Table 4) ED Fig. 8b
pSS241 pYTK-e105 pALD6-Strep-Mgr2-tMGR2. Assembled from pYTK-e105, Fig. 3g, ED
pYTKO018, and pYTKO001-Strep-Mgr2-tMGR2 Figs. 8b-d,
9
pSS254 pYTK-e105 pMGR2-Strep-Mgr2-tMGR2 (also see Supplementary Table 4) | ED Fig. 8 b
and c
pSS277 pYTK-e113 pALD6-Strep-Mgr2-tMGR2 Fig. 3e, ED
Fig. 9e-h
pSS070 pPETDuet-1 6xHis-3C-Tim44-CTD (residues 210-431) (also see This study

Supplementary Table 4)




SNRtRNA/pBpaRS Plasmid to incorporate Bpa into an amber codon Ref. 65
TRP
pYCl7a pYTK-e115 pTIM17-Tim17-HA (also see Supplementary Table 4) Fig. 2f, ED
Fig. 6a-c
pYC17b pYTK-e122 pDDI2-Tim17-HA (also see Supplementary Table 4) ED Fig. 6d-g
pYC23 pYTK-e115 pTIM23-Tim23-HA (also see Supplementary Table 4) ED Fig. 6m
pYC002 pET32a Cyb2A-DHFR (also see Supplementary Table 4) Fig. 2h, ED
Fig. 6i-k
pYCO003 pYTK-e113 pTIM17-Tim17-Spot Fig. 3d, ED
Fig. 9a-d
pYC008 pYTK-e123 pTIM23-Tim23-Spot (also see Supplementary Table 4) Fig. 3d, ED
Fig. 9a,b
pYC005 pYTK-e112 pGAL1-Grx5-S80-sfGFP (also see Supplementary Table 4) Fig. 3c-e, g,
ED Fig. 8d-i,
and 9a-h, j
pYCO006 pYTK-e112 pGAL1-Grx5-S99(TM)-sfGFP (also see Supplementary Table ED Fig. 8d
4)
pYCO007 pYTK-e112 pGAL1-Grx5-S80-sfGFP-2xTEV-ALFA (also see ED Fig. 8a

Supplementary Table 4)




Supplementary Table 3. List of primers

Name

Sequence (including notes)

EP_442

GATGCACTAAGAGGCAAACATGAC
(To confirm chromosomal integration at TIM23 locus)

EP_443

GGACGGCTCTGACAGTTTCG
(To confirm chromosomal integration at TIM23 locus)

EP_446

GTTGGAGGCATACAAGGAACAG
(To confirm chromosomal integration at TIM17 locus)

EP_447

GCACTAGCTTTTGGCTTGTTG
(To confirm chromosomal integration at TIM17 locus)

EP_450

AGAATACAGCAGGAGCAAATGG
(To confirm chromosomal integration at TIM50 locus)

EP_451

GCATCAGATCATTAGGTGTGTCTACATC
(To confirm chromosomal integration at TIM50 locus)

SS_1696

cctcttctactctctttgectgtacatactacacgttatagcgttaacaaaagcagatagGGCGTTAGTATCGAATCG

(To replace the endogenous TIM23 promoter with the TRE promoter. Uppercase for sequence
specific to TRE-kanMX and lower case for sequences homologous to yeast chromosomal
sequences directly before the starting codon of Tim23)

SS_1697

ttggccgcccacggcagcattcgcatcatcggtaggtgtcttatctccaaaaagccacgacatGGATCCCCCGAATTG
(To replace the endogenous TIM23 promoter with the TRE promoter. Uppercase for sequence
specific to TRE-kanMX and lower case for sequences homologous to the N-terminus of Tim23)

SS_1698

GGTTATTGCATTCGCC
(To confirm chromosomal integration of the TRE cassette into the TIM23 locus)

SS_1699

CAGGACCTGATATTATGTTATTG
(To confirm chromosomal integration of the TRE cassette into the TIM23 locus)

SS_1700

ccaaatccagaggataaaagcactattctcatcaaaagatggaaaagctgtgaaagagtcGGCGTTAGTATCGAATCG
(To replace the endogenous TIM17 promoter with the TRE promoter. Uppercase for sequence
specific to TRE-kanMX and lower case for sequences homologous to yeast chromosomal
sequences directly before the starting codon of Tim17)

SS_1701

agcaccaccgaaatcatttagtatgactataggacatggatctctcgaatgatcggctgacatGGATCCCCCGAATTG
(To replace the endogenous TIM17 promoter with the TRE promoter. Uppercase for sequence
specific to TRE-kanMX and lower case for sequences homologous to the N-terminus of Tim17)

SS_1702

ACTGCTATTGTTCAACAAAG
(To confirm chromosomal integration of the TRE cassette into the TIM17 locus)

SS_1703

GCTCACCTAATGGCG
(To confirm chromosomal integration of the TRE cassette into the TIM17 locus)

SS_1942

CTCGGTCCTCTCGCT
(To confirm chromosomal deletion of TIM21)

SS_2337

gcatcgtctcatcggtctCATATGCTGAAATACAAACCT
(To clone Cyb2A-sfGFP into pYTKO001)

SS_2341

atgccgtctcaggtctcaggatccGCCCTTGTATAACTCGT
(To clone Cyb2A-sfGFP into pYTKO001)

SS_2455

gaaagaattcGATTCACAATGTCTACCTGTA
(To amplify a DNA segment expressing Mgr2 and the endogenous MGR2 promoter with a 5’
EcoRI site)

SS_2456

gaaactgcagtgcggatccATTGTCTATTATATGCTTTGGTTC
(To amplify a DNA segment expressing Mgr2 and the endogenous MGR2 promoter with a 3’
Pstl site)

SS_2578

ataaaggatacagaaagcagtgaaaagatgttcagctctactaggtcaaacctgagggcgCTGTGGATAACCGTAGTC
G

(To replace the endogenous TIM21 gene with a selection marker from MoClo YTK. Uppercase
for sequence specific to selection marker and lower case for sequences homologous to TIM21)




SS_2579

tgtaaggtccaacacgtataacaggtgatacacatagaaagacacgtggaaataacagtcGGGCGTTTTTTATTGGTC
(To replace the endogenous TIM21 gene with a selection marker from MoClo YTK. Uppercase
for sequence specific to selection marker and lower case for sequences homologous to TIM21)

SS_2580 GGTGTACATTATATGCGTCATGTCT
(To confirm chromosomal deletion of TIM21)
YC_1760 gaaagaattcCTCCAGCATTATAAAGC
(To amplify a DNA segment expressing Tim17 with a 5’ EcoRl site)
YC_1761 gaaaggatccAGTTTCTGCACTAGC
(To amplify the expression cassette of Tim17 with a 3' BamHI site)
YC_1762 gaaagaattcATTGAAAAAAAGAGAAAATACTG
(To amplify a DNA segment expressing Tim23 with a 5’ EcoRl site)
YC_1763 gaaaggatccGCCATCGAAAACAATAG
(To amplify a DNA segment expressing Tim23 with a 3' BamH] site)
YC_1981 gaaagaattcCAGCCCACATACTAC
(To amplify a DNA segment of the DDI2 promoter with a 5’ EcoRl site)
YC_1982 gaaaggtaccGATTGATTCTTTTGAAGAGAAG
(To amplify a DNA segment of the DDI2 promoter with a 3’ Kpnl site)
YC_2425 agaccaacattaccaaacagactccactacttticcataagaaggaagcacagaacaccaCTGTGGATAACCGTAGT
CG
(To replace the endogenous MGR2 gene with a selection marker from MoClo YTK. Uppercase
for sequence specific to selection marker and lower case for sequences homologous to MGR2)
YC_2426 ggaagcgtaaatatatgcaaaatttccccctcagtccttacgtataccgtatttggcacgGGGCGTTTTTTATTGGTC
(To replace the endogenous MGR2 gene with a selection marker from MoClo YTK. Uppercase
for sequence specific to selection marker and lower case for sequences homologous to MGR2)
YC_2427 GCAGATAAGTAACAATGTTTAAG
(To confirm chromosomal deletion of MGR2)
YC_2521 CCAAATTACTACAACTTCGTAATTCGAG

(To confirm chromosomal deletion of MGR2)
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Supplementary Table 4. DNA sequences

(Note, sequences are inserts only; the plasmid backbones are not included.)

Name

DNA sequence

Reference

pYTK-e201
(backbone: pYTK-
001)

GGTCTCaatccgctagtggtaccctggaggtgttatttcagggcccgactgctagcggecctgatagagttagagcagtct
cacattggtcttctggtggaggttctggecggtggticaactccagatagagtacgtgetgtttctcactggagttcttaatggctGA
GACC

(Uppercase, Bsal sites)

This study

pYTK-e203
(backbone: pYTK-
001)

GGTCTCaatccggtcaccatcaccaccatcatcactaatggctGAGACC
(Uppercase, Bsal sites)

This study

TIM17-3C-Spot
(PCR product to
introduce a Spot-
tag to
chromosomal
TIM17)

GATATGCTGCTTGGCAAGCCAAACCTATGGCTCCTCCTTTGCCCGAAGCACCTTCCT
CTCAACCTCTGCAAGCT(gctagtggtaccctggaggtgttatttcagggcccgactgctagcggecctgatagagt
tagagcagtctcacattggtcttctggtggaggttctggcggtggttcaactccagatagagtacgtgctgtttctcactggagttc
ttgataaggcgcgccacttctaaataagcgaatttcttatgatttatgatttitattattaaataagttataaaaaaaataagtgtata
caaattttaaagtgactcttaggttttaaaacgaaaattcttattcttgagtaactctttcctgtaggtcaggttgctttctcaggtata
gtatgaggtcgctcttattgaccacacctctaccggcagatccgctagggataacagggtaatatagatctgtttagettgecte
gtceceegecgggtcacccggecagegacatggaggeccagaataccctecttgacagtettgacgtgecgcagcetcagggg
catgatgtgactgtcgcccgtacatttagcccatacatccccatgtataatcatttgcatccatacattttgatggccgecacggeg
cgaagcaaaaattacggctcctcgetgcggacctgcgagcagggaaacgctccecctcacagacgegttgaattgtcccca
cgccgcegceccctgtagagaaatataaaaggttaggatttgccactgaggttctictttcatatacttccttttaaaatcttgctagg
atacagttctcacatcacatccgaacataaacaaccatgggtaaaaagcctgaactcaccgcgacgtctgtcgagaagtttc
tgatcgaaaagttcgacagcgtctccgacctgatgcagcetctcggagggcgaagaatctegtgctttcagcettcgatgtagga
gggcgtggatatgtcctgcgggtaaatagetgecgecgatggtttctacaaagatcgttatgtttatcggcactttgcatcggecg
cgctceccgattccggaagtgcttgacattggggaattcagcgagagcectgacctattgcatctcccgecgtgcacagggtgtc
acgttgcaagacctgcctgaaaccgaactgeccgcetgttctgcagecggtcgcggaggecatggatgcgatcgetgeggee
gatcttagccagacgagcgggttcggeccattcggaccgcaaggaatcggtcaatacactacatggcegtgatttcatatgeg
cgattgctgatccccatgtgtatcactggcaaactgtgatggacgacaccgtcagtgegtccgtcgegeaggctctcgatgag
ctgatgctttgggccgaggactgeccecgaagtccggeacctegtgcacgeggatttcggetccaacaatgtcctgacggaca
atggccgcataacagcggtcattgactggagcgaggcgatgttcggggattcccaatacgaggtcgccaacatcttettctgg
aggccgtggttggcettgtatggagcagcagacgegctacttcgagcggaggceatccggagcttgcaggatcgecgeggcte
cgggcgtatatgctccgceattggtcttgaccaactctatcagagcttggttgacggcaatttcgatgatgcagcettgggegeag
ggtcgatgcgacgcaatcgtccgatccggagecgggactgtcgggegtacacaaatcgecccgcagaagegeggecgtet
ggaccgatggctgtgtagaagtactcgccgatagtggaaaccgacgccccagcactcgtccgagggcaaaggaataatc
agtactgacaataaaaagattcttgttttcaagaacttgtcatttgtatagtttttttatattgtagttgttctattttaatcaaatgttagc
gtgatttatattttttttcgcctcgacatcatctgcccagatgcgaagttaagtgcgcagaaagtaatatcatgcgtcaategtatgt
gaatgctggtcgctatactgctgtcgattcgatactaacgccgcecatccagtgtcgaaaacgagctccaattcatcgatgatat
cagatccactagtggcctatgcggGACGTATCGCACTAGCCTCCTTTACGTTTTTACTTTATTTC
AGCCTTTTATTTCAAGATTACCAACCATTTCTC

(Uppercase, homology arms; bold/underlined, start and stop codons of hygromycin B
phosphotransferase)

This study

TIM17-HA

(PCR product to
introduce an HA-
tag to
chromosomal
TIM17)

GATATGCTGCTTGGCAAGCCAAACCTATGGCTCCTCCTTTGCCCGAAGCACCTTCCT
CTCAACCTCTGCAAGCTgctggaggggctaccacggctagtggtaccggcgaaaatttatactttcaaggtactg
ctagcgggggcggttcttatccctatgacgtcccggactatgcaggatcctatccatatgacgttccagattacgcttaaggeg
cgccacttctaaataagcgaatticttatgatttatgatttitattattaaataagttataaaaaaaataagtgtatacaaattttaaa
gtgactcttaggttttaaaacgaaaattcttattcttgagtaactctttcctgtaggtcaggttgctttctcaggtatagtatgaggtcg
ctcttattgaccacacctctaccggcagatccgctagggataacagggtaatatagatctgtttagcttgectcgtcccegecgg
gtcacccggccagcgacatggaggcccagaataccctecttgacagtcttgacgtgcgcagcetcaggggceatgatgtgact
gtcgcccgtacatttagcccatacatccccatgtataatcatttgcatccatacattttgatggccgcacggcgcgaagcaaaa
attacggctcctcgcetgcagacctgcgagcagggaaacgctcecctcacagacgegttgaattgtccccacgecgegecece
tgtagagaaatataaaaggttaggatttgccactgaggttcttctttcatatacttccttttaaaatcttgctaggatacagttctcac
atcacatccgaacataaacaaccatgggtaccactcttgacgacacggcttaccggtaccgcaccagtgtcccgggggac
gccgaggccatcgaggceactggatgggtccttcaccaccgacaccgtcettccgegtcaccgecaccggggacggcttcac
cctgcgggaggtgecggtggaccecgeccctgaccaaggtgticcccgacgacgaatcggacgacgaatcggacgacgg
ggaggacggcgacccggactcccggacgttcgtcgecgtacggggacgacggegacctggegggcttcgtggtegtetegt
actccggcetggaaccgcecggctgaccgtcgaggacatcgaggtcgeccccggagecaccgggggeacggggtcgggege

gcgttgatggggctegegacggagticgeccgegageggggegecgggeacctetggetggaggtcaccaacgtcaacg
caccggcgatccacgegtaccggcggatggggttcaccetctgcggectggacaccgeectgtacgacggcaccgecteg

gacggcgagcaggcgctctacatgagcatgcectgeccctaatcagtactgacaataaaaagattcttgtittcaagaacttg
tcatttgtatagtttttitatattgtagttgttctatittaatcaaatgttagcgtgatttatattttttitcgcctcgacatcatctgcccagat

This study
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gcgaagttaagtgcgcagaaagtaatatcatgcgtcaatcgtatgtgaatgetggtegetatactgctgtcgattcgatactaac
gccgccatccagtgtcgaaaacgagctcgaattcatcgatgatatcagatccactagtggectatgcggccGACGTATC
GCACTAGCCTCCTTTACGTTTTTACTTTATTTCAGCCTTTTATTTCAAGATTACCAACC
ATTTCTC

(Uppercase, homology arms; bold/underlined, start and stop codons of nourseothricin N-
acetyl transferase)

TIM23-myc
(PCR product to
introduce a myc-
tag to
chromosomal
TIM23)

GGTTTGAAACCCATGGGTTATTCCTCGGCAATGGTGGCCGCTGCGTGCGCCGTCTG
GTGTAGTGTCAAGAAAAGACTACTTGAAAAAgctagtggtaccctggaggtgttatttcagggcccgact
gctagcggcgaacaaaagttgattictgaagaagatttgaacggtgaacaaaagctaatctccgaggaagacttgtgataa
ggcgcgccacttctaaataagcgaatttcttatgatttatgatttttattattaaataagttataaaaaaaataagtgtatacaaattt
taaagtgactcttaggttttaaaacgaaaattcttattcttgagtaactctttcctgtaggtcaggttgctttctcaggtatagtatgag
gtcgctcttattgaccacacctctaccggcagatccgctagggataacagggtaatatagatctgtttagettgectcgtceeeg
ccgggtcacccggccagcgacatggaggceccagaataccctecttgacagtcttgacgtgcgcagctcaggggcatgatgt
gactgtcgcccgtacatttagcccatacatccccatgtataatcatttgcatccatacattttgatggccgcacggegcgaagea
aaaattacggctcctcgctgcggacctgcgagcagggaaacgctccecctcacagacgcegttgaattgtccccacgecgeg
cccctgtagagaaatataaaaggttaggatttgccactgaggttctictttcatatacttccttttaaaatcttgctaggatacagttc
tcacatcacatccgaacataaacaaccatgggtaaaaagcctgaactcaccgcgacgtctgtcgagaagtttctgatcgaa
aagttcgacagcgtctccgacctgatgcagcetctcggagggcgaagaatctcgtgetttcagcettcgatgtaggagggegtg
gatatgtcctgcgggtaaatagctgcgecgatggtttctacaaagatcgttatgtttatcggeactttgcatcggecgegcteecg
attccggaagtgcttgacattggggaattcagcgagagcctgacctattgcatctcccgecgtgcacagggtgtcacgttgea
agacctgcctgaaaccgaactgcccgcetgttctgcagecggtcgecggaggecatggatgcgatcgetgcggecgatcttag
ccagacgagcgggttcggcccattcggaccgcaaggaatcggtcaatacactacatggegtgatttcatatgcgegattget
gatccccatgtgtatcactggcaaactgtgatggacgacaccgtcagtgcgtccgtcgegecaggctetcgatgagetgatget
ttgggccgaggactgecccecgaagtccggeacctecgtgcacgeggatttcggetccaacaatgtcctgacggacaatggecg
cataacagcggtcattgactggagcgaggcgatgticggggattcccaatacgaggtcgccaacatcttcttctggaggecgt
ggttggcttgtatggagcagcagacgcgctacttcgagcggaggcatccggagcettgcaggatcgecgeggctccgggegt
atatgctccgcattggtcttgaccaactctatcagagcttggttgacggcaatttcgatgatgcagcetigggcgcagggtcgatg
cgacgcaatcgtccgatccggagecgggactgtcgggegtacacaaatcgcccgcagaagegeggecgtctggaccgat
ggctgtgtagaagtactcgccgatagtggaaaccgacgcecccageactcgtccgagggcaaaggaataatcagtactga
caataaaaagattcttgttttcaagaacttgtcatttgtatagtttttitatattgtagttgttctattitaatcaaatgttagcgtgatttata
ttttttttcgcctcgacatcatctgcccagatgcgaagttaagtgcgcagaaagtaatatcatgcgtcaatcgtatgtgaatgetg
gtcgctatactgcetgtcgattcgatactaacgccgcecatccagtgtcgaaaacgagcetccaattcatcgatgatatcagatcca
ctagtggcctatgcggACTGATGGCGCTTGTATATAGCATTTGAAAAATAATAGTACGTAACG
CAGAAAACAAACCAATGAA

(Uppercase, homology arms; bold/underlined, start and stop codons of hygromycin B
phosphotransferase)

This study

TIM50-HA

(PCR product to
introduce an HA-
tag to
chromosomal
TIM50)

TATTTGAAGAGGAAAAGAAAAAGAAGAAGATTGCTGAATCCAAAgctggaggggctaccacy
gctagtggtaccggcgaaaatttatactttcaaggtactgctagcgggggcggttcttatccctatgacgtcccggactatgca
ggatcctatccatatgacgttccagattacgcttaaggcgcgccacttctaaataagcgaatttcttatgatttatgatttttattatta
aataagttataaaaaaaataagtgtatacaaattttaaagtgactcttaggttttaaaacgaaaattcttattcttgagtaactcttt
cctgtaggtcaggttgctttctcaggtatagtatgaggtcgctcttattgaccacacctctaccggcagatccgctagggataac
agggtaatatagatctgtttagcttgcctcgtccccgecgggtcacccggecagegacatggaggceccagaataccctecttg
acagtcttgacgtgcgcagctcaggggceatgatgtgactgtcgeccgtacatttagcccatacatccccatgtataatcatttge
atccatacattttgatggccgcacggcgcgaagcaaaaattacggctcctcgetgcagacctgcgagcagggaaacgctc
ccctcacagacgcgttgaattgtccccacgecgegeccctgtagagaaatataaaaggttaggatttgccactgaggttettct
ttcatatacttccttttaaaatcttgctaggatacagttctcacatcacatccgaacataaacaaccatgggtaccactcttgacg
acacggcttaccggtaccgcaccagtgtcccgggggacgccgaggecatcgaggceactggatgggtecttcaccaccga
caccgtcttccgegtcaccgccaccggggacggcttcaccectgecgggaggtgecggtggacccgeccctgaccaaggtgtt
ccccgacgacgaatcggacgacgaatcggacgacggggaggacggcgacccggactcccggacgttcgtcgegtacg
gggacgacggcgacctggcgggcttcgtggtcgtetcgtactccggetggaaccgecggetgaccgtcgaggacatcgag
gtcgecccggageaccgggggceacggggtcgggegegegttgatggggetcgcgacggagttcgeccgegagegggg
cgccgggcacctetggetggaggtcaccaacgtcaacgcaccggegatccacgegtaccggeggatggggttcaccctet
gcggcctggacaccgcecctgtacgacggcaccgcectcggacggcgagcaggegctctacatgagceatgecctgeeccta
atcagtactgacaataaaaagattcttgttttcaagaacttgtcatttgtatagtttttttatattgtagttgttctattttaatcaaatgtta
gcgtgatttatattttttttcgcctcgacatcatctgcccagatgcgaagttaagtgcgcagaaagtaatatcatgegtcaatcgta
tgtgaatgctggtcgctatactgctgtcgattcgatactaacgccgecatccagtgtcgaaaacgagctcgaattcatcgatgat
atcagatccactagtggcctatgcggccCACACCCTCATTTTGTTACTGTCATGTGAATAAAACTTA
TGTAT

(Uppercase, homology arms; bold/underlined, start and stop codons of nourseothricin N-
acetyl transferase)

This study
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pYTKO001-Tim23

GGTCTCatatgtcgtggctttttggagataagacacctaccgatgatgcgaatgctgccgtgggcggecaagatacaacc
aagcctaaggaactatcgttgaagcagagtttaggtttcgagccaaacatcaataacataatatcaggtcctggtggaatge
atgtcgacaccgctaggctgcatcctttggcetggtctagacaagggtgtggagtatttagatctggaagaagaacaactatcct
cgttagaaggctcacagggtctgatcecttcccgtgggtggaccgatgacctatgttacggtaccggtgecgtctacctgetgg
gacttggtatcggagggttttctggtatgatgcagggtctacagaatattccgcccaatagtcccggaaaattgcaattgaaca
ccgtcctgaatcacattactaagagaggtcccticttaggtaataatgcggggattctcgegtigagctacaatatcatcaattct
acaatagatgcactaagaggcaaacatgacaccgcgggctccattggcgetggggccctcacgggcegctttgttcaagtett
caaaaggtttgaaacccatgggttattcctcggcaatggtggecgcetgegtgegecgtetggtgtagtgtcaagaaaagacta
cttgaaaaaggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTK001-Tim17

GGTCTCatatgtcagccgatcattcgagagatccatgtcctatagtcatactaaatgatttcggtggtgcttttgccatgggtg
ccattggtggtgttgtttggcatgggattaaaggttttagaaattcgccattaggtgagcgtggticaggagctatgagcgecatt
aaagcgcgtgctccegtactgggtggtaattttggtgtgtggggtggtttattitcgacttttgatigcgctgtgaaggecgttagaa
agagagaggacccatggaatgctatcattigcagggtttticactggtggcgctttagctgtaagaggtggttggaggcataca
aggaacagttcgatcacgtgtgcttgtttgttgggtgtgattgaaggtgtgggactaatgtttcaaagatatgctgcttggcaage
caaacctatggctcctcctttgcccgaagcaccttcctctcaacctctgcaagetggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO01-Tim50

GGTCTCatatgctgtccattttaagaaattcggtgagactaaattcaagggctcttagggttgtgccatctgccgccaacac

cttaacatcggttcaagcatccagaagacttttaacaagttattcaagttttttacaaaaagaaacaaaagacgacaagccta
aatccattcttacagatgatatgctgttcaaggccggtgtigacgtcgatgagaagggccaaggcaaaaacgaggaaacat
caggagaaggaggagaggacaagaatgaaccttcttccaaaagtgaaaaatctagaagaaaaagacaaacttctacag
atattaaaagagaaaagtatgctaactggttttacattttticgttgtctgcgttgacaggtactgcaatctacatggcaagggatt

gggagcctcaagagtctgaagaattgaagaaagacatcgataatggctacactttatcacttatgtataaaagattcaaggc

caggttcaactcaatgttcacctacttccaagagccacctttccctgatttactacctccaccaccaccaccaccgtaccaaag
gccattaactcttgttatcacattggaagattttttggttcattctgagtggtcacaaaagcatggtiggagaacggccaaaaga

cctggtgctgactacttcttgggttacctatcgcagtattacgaaattgttttgtittcatccaactatatgatgtactctgacaaaatc
gctgaaaaattagatccaatccatgcattcgtatcttataatttgttcaaggaacactgtgtttacaaagacggtgtgcacattaa
ggatctgtcaaaattgaatagagatttgagtaaagtaatcattattgacactgaccctaacagttacaaattgcaacctgaaaa
tgctattccaatggagccatggaatggtgaagctgatgacaaattagtaagattgattccatttttggagtaccttgccactcaac
aaaccaaggatgttagaccaatcttgaacagctttgaagacaagaagaacctagcagaagaatttgatcatcgtgtgaaaa
aattgaaggataaattttacggagatcataaatctggtggcaactgggcaatgacggcactaggtctaggaaattccctggg

cggcagcaccaagttcccgcetcgatttgattcatgaagaaggacaaaagaactatttaatgttcatgaagatgattgaggaa

gaaaaggaaaaaattagaatacagcaggagcaaatgggcgggcaaacatttacgctgaaagactatgttgaaggtaact
tgccttcgccagaagaacaaatgaaaatacaattggagaagcagaaggaggtagacgccttatttgaagaggaaaagaa
aaagaagaagattgctgaatccaaaggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO01-Tim44

GGTCTCatatgcacagatccacttttatcaggacgtccggcacgagctctaggacactaaccgcaaggtacagatcgce
agtacacaggattactcgttgcccgagtattattctccacctctacgaccecgtgcgcaaggtggaaaccctcgatcaccactce
cagattttccgcgatacattcaagaaggaatgggagaagtctcaggaactacaggagaacataaagacgctgcaagatg
cttcgggaaagttaggcgagtctgaggcctacaaaaaggctagggaagcatatttgaaagctcagagaggctccacaatt
gtgggtaaaactctgaaaaagaccggtgaaaccatggaacatatagccactaaggcectgggagtccgaactcggtaaga
acacaagaaaggcggctgccgccacggcgaagaagctggatgagagttttgagccagtgagacagacgaagatttaca
aggaagtctcagaagtcattgacgatggggagagttcccgatacggtgggtttatcacgaaagagcaaaggagacttaaa
cgtgagagagatctggcctctgggaaaagacacagggcagtaaagagcaatgaagatgcaggaacagcagtggttgeg
acaaatatcgagtctaaagaatcgttiggtaagaaagtggaggatttcaaggagaaaaccgtggttggccgttctatacaatc
tttaaagaacaaattgtgggatgaaagtgaaaaccccttaattgttgtcatgaggaaaataaccaacaaagtgggcggtttctt
tgcagaaacagaatcctcccgtgtttacagtcaatttaagctaatggacccaaccttttcgaacgaaagcttcaccagacactt
aagagaatacattgttcccgagattctcgaagcgtatgtgaaaggcgatgtcaaagttctcaaaaaatggttcagcgaggceg
ccattcaatgtttacgccgcccaacagaaaatcticaaagaacaggatgtttacgccgatggccgtatcctagatatcagggg
cgttgaaatagtgagtgcaaagttattggctccccaagacatcccagtcttggtggtcgggtgtagagcacaagaaatcaac
ctttacaggaaaaagaaaactggcgagattgcggctggtgacgaagctaatatcttgatgagctcttatgccatggttttcacc
agagatccagagcaaatcgacgatgacgaaacagaagggtggaagatcttggagtttgtgcgcgggggttctagacaatt
caccggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO001-Tim44
(-GS)

GGTCTCatatgcacagatccacttttatcaggacgtccggcacgagctctaggacactaaccgcaaggtacagatcgce
agtacacaggattactcgttgcccgagtattattctccacctctacgacccgtgcgcaaggtggaaaccctcgatcaccactc
cagattttccgcgatacattcaagaaggaatgggagaagtctcaggaactacaggagaacataaagacgctgcaagatg
cttcgggaaagttaggcgagtctgaggcctacaaaaaggctagggaagcatatttgaaagctcagagaggctccacaatt
gtgggtaaaactctgaaaaagaccggtgaaaccatggaacatatagccactaaggcctgggagtccgaactcggtaaga
acacaagaaaggcggctgccgccacggcgaagaagctggatgagagttttgagccagtgagacagacgaagatttaca

This study
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aggaagtctcagaagtcattgacgatggggagagttcccgatacggtgggtttatcacgaaagagcaaaggagacttaaa

cgtgagagagatctggcctctgggaaaagacacagggcagtaaagagcaatgaagatgcaggaacagcagtggttgcg
acaaatatcgagtctaaagaatcgtttggtaagaaagtggaggatttcaaggagaaaaccgtggttggccgttctatacaatc
tttaaagaacaaattgtgggatgaaagtgaaaaccccttaattgttgtcatgaggaaaataaccaacaaagtgggcggtttctt
tgcagaaacagaatcctcccgtgtttacagtcaatttaagctaatggacccaaccttttcgaacgaaagcttcaccagacactt
aagagaatacattgttcccgagattctcgaagcgtatgtgaaaggcgatgtcaaagttctcaaaaaatggttcagcgaggeg
ccattcaatgtttacgccgcccaacagaaaatcttcaaagaacaggatgtttacgccgatggecgtatcctagatatcagggg
cgttgaaatagtgagtgcaaagttattggctccccaagacatcccagtcttggtggtcgggtgtagagcacaagaaatcaac

ctttacaggaaaaagaaaactggcgagattgcggctggtgacgaagctaatatcttgatgagctcttatgccatggttttcacc

agagatccagagcaaatcgacgatgacgaaacagaagggtggaagatcttggagtttgtgcgcgggggttctagacaatt

cacctaaggatcctGAGACC

pYTK001-Tim21

GGTCTCatatgagctcaagtttgcctaggtctttactccgtttaggacatagaaagcctttgtticcacgatataatactttcgt
gaactcatcggtaataactcatacgtcactgcttagaacaagattatatagtaatggcaccggcgcaacatcaggaaagaa
ggatgacaagactaggaataaacctaagccattatggcctcaagtaaaatccgcttctacgttcaccttttctggcatacttgtg
ataggagctgttggtatatctgctattgttatttacctaattctttcagaactattttcgccticaggtgatacacagcttttcaacaga
gcagtttctatggtagagaaaaacaaagatataagaagtttgttacagtgcgacgatggcattacgggaaaagaaagattg
aaagcgtacggtgagcttataacgaatgacaaatggacaagaaacaggcctatagtatctaccaaaaaattagataaaga
aggtaggacacatcactatatgagattccacgttgaatccaaaaagaaaatagcgttggttcacttagaggctaaagaatcc
aaacagaattatcaacctgactttatcaacatgtacgttgatgticccggagagaagcgttactatttgatcaagccaaaattge
atccggtttctaattcgaagggctttctgggaattagatggggccccagaaaagatggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO001-Pam16

GGTCTCatatggctcacagggctttcatacaggttataatcacaggaactcaagtttttggaaaagcattcgccgaggegt
atagacaagcggcttcacaatcagtgaaacaaggtgctacaaatgcatcaagaaggggaacaggaaaaggcgaatatg
gtggtattacgttggatgagagttgtaaaattttaaatattgaagaatccaagggcgatttaaacatggacaagattaataaca
ggtttaactatctatttgaggttaacgataaagaaaaaggtggaagcttctacttacagagcaaagtttatcgagcagcagaa
aggttaaaatgggaactggctcagagagaaaaaaatgcgaaggcgaaagcaggggacgcttcaacagcgaaacctcc
tccgaattcaacaaattcatctggtgcagataatagtgcaagcagcaatcagggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO01-Pam17

GGTCTCatatgtttaccagtgccattagattgtcatcgcaaagactgttcgctagtcaaccttctgtcaccgctgcggceattg
cgctcgactgctacaaccttacccttaagatcatattctcagcccgcatcecttcaagactccagtatcttgacatggtctgattttt
tcaaattgaggaaacagcagcgtagaatcaatgttggttcttcgetgtttactgctcettttgggcetgtaacgtttcatgggettacctt
tccacaatggaaatagacccgactcaaatgctattcggattcgacccattaactgtaatttcagctgggataatagcectetggt
gcactaggctacttgttgggtccgatagttggttcgcaagttttcaaactttcccataaccaacaattggcacagttcaacaaca
aaaataaagagtttctaaaacatatcatcaataacagggtcgatgcctctictcaaagtttcagtaatcctgttccagattattac
ggtgaaaagataggttccttaaaggaatataagcaatggttaagagattgtcacgcttacgcaaagaaagccaaagaatttt
tgggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO001-Pam18

GGTCTCatatgagttctcaaagtaatactggtaattctattgaggcaccacaactacccattcctggtcaaactaatggctct
gcgaacgttactgttgatggagctggtgttaatgtcggtatccagaatggttcgcagggtcaaaagaccggaatggacctttat
tttgatcaagctttgaactacatgggagaacatcctgtgataacaggttttggggcctttttaactttatattttacagccggtgceat
ataaatcaatatcgaagggacttaacggtggaaaatccactactgccttcttgaaaggcggatttgacccgaaaatgaattct
aaagaggctctacagattttgaatttgacagaaaatacattgactaaaaaaaagttgaaagaggttcataggaaaattatgtt
agctaatcatcctgacaaaggtggttctccatttttggccactaagataaacgaagctaaggactttttggaaaaaaggggtat
tagcaaaggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKO001-Mgr2

GGTCTCatatgcctcctcttccacaaaattatgcgcaacagcagccttcgaattgggacaaattcaaaatggggttgatga
tgggtactaccgtcggtgtctgcacaggcatcctatttggtggatttgccatcgcaactcaaggcccaggtectgatggtgtagtt
agaacactagggaaatacattgctggttcagcgggtacctttgggctatttatgtccatcgggtctataatcagaagtgatagtg
aaagtagtccaatgtcccatcctaacctgaacctacagcaacaggcaagactggaaatgtggaagcttcgtgccaaatacg
gtatacgtaaggacggatcctGAGACC

(Uppercase, Bsal sites)

This study

pYTKOO1-Strep-
Mgr2-tMGR2

GGTCTCatatgtggtcccaccctcagttcgaaaagcctcctcttccacaaaattatgcgcaacagcagccttcgaattggg
acaaattcaaaatggggttgatgatgggtactaccgtcggtgtctgcacaggcatcctatttggtggatttgccatcgcaactca
aggcccaggtcctgatggtgtagttagaacactagggaaatacattgctggttcagcgggtacctttgggctatttatgtccatc

gggtctataatcagaagtgatagtgaaagtagtccaatgtcccatcctaacctgaacctacagcaacaggcaagactggaa
atgtggaagcttcgtgccaaatacggtatacgtaaggactgagggggaaattttgcatatatttacgcttccccatcgttttcttaa
acattgttacttatctgcttatttttatttaagatatctatctacctgtttataactctctcaataccatgtatttaagttcatcacgacgag
gcttatttacttaatatatttgtatacgtgggaaatgtctaatatgtataccggtttgcatcttattttgggtggggtcactaacggcaa
gactcataaaataaagtattcgctaagcactctgttatatttgtaaactttgagaaaggaaatgggaaccaaagcatataatag
acaatgctgtGAGACC

This study
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(Uppercase, Bsal sites)

pSS122
(PT|M17'Timl7'
Spot)

GAATTCctccagcattataaagcatatctaacaataccattcgggttatactgaatagcccacgcacgggttcggggttgt
aacgattatatgcatttcataacatgccactgtcagtggcgccacggaaggatagcgggactttatcaaatcattaatttctgtg
cataaagtgtatagtatattcatatagatatgtatatatatcattgaatacagaaatcttcgggtgtatacaacgaacattcatcgg
acgccttttttactgctattgttcaacaaagtgggtaacccggcattcttgcgccaaagtttccatttttatgccaaatccagaggat
aaaagcactattctcatcaaaagatggaaaagctgtgaaagagtcaagticagaagaaagcgttaagaaaaatagagta
cacgggagcgttatgtcagccgatcattcgagagatccatgtcctatagtcatactaaatgatttcggtggtgcttttgccatggg
tgccattggtggtgttgtitggcatgggattaaaggttitagaaattcgecattaggtgagegtggttcaggagcetatgagecgeca
ttaaagcgcgtgcetcecegtactgggtggtaattitggtgtgtggggtggtitattticgacttttgattgcgctgtgaaggcecgttaga
aagagagaggacccatggaatgctatcattgcagggtttttcactggtggcgctitagctgtaagaggtggttggaggcatac
aaggaacagttcgatcacgtgtgcttgtitgttgggtgtgatigaaggtgtgggactaatgtttcaaagatatgctgctiggcaag
ccaaacctatggctcctcctttgcccgaagcaccttcctctcaacctctgcaagcetactagtcctgatagagttagagcagtctc
acattggtcttctggtggaggttctggcggtggticaactccagatagagtacgtgctgtttctcactggagttcttaggcatgtag
acattatatgagccattttttcatcgttgttggaagtacccttaticggcatgttttttgttacataaatgacgtatcgcactagcctcct
ttacgtttttactttatttcagccttttatttcaagattaccaaccatttctctcaaccatgtacatattatatattgaaaaagtaccatac
ttcatctctgaagagaaaatatcaacaagccaaaagctagtgcagaaactGGATCCgcaCTGCAG
(Uppercase, EcoRI, BamHI, Pstl sites; bold/underlined, start and stop codons)

This study

pSS239
(PMGRZ'Mng'

Tucr2)

GAATTCgattcacaatgtctacctgtagattgctgtgticaatcggaaactggaaattctticttaacattatgagccaaccac
tttttattttcttttcaaaactcccgaacaagaccaacattaccaaacagactccactacttttccataagaaggaagcacagaa
caccacacaagatcatatagcacaaatagcgcaacagcttcaagtccaatattaagatataatgcctcctcttccacaaaatt
atgcgcaacagcagccttcgaattgggacaaattcaaaatggggttgatgatgggtactaccgtcggtgtctgcacaggcat

cctatttggtggatttgccatcgcaactcaaggcccaggtcctgatggtgtagttagaacactagggaaatacattgctggttca
gcgggtacctttgggctatttatgtccatcgggtctataatcagaagtgatagtgaaagtagtccaatgtcccatcctaacctga

acctacagcaacaggcaagactggaaatgtggaagcttcgtgccaaatacggtatacgtaaggactgagggggaaatttt

gcatatatttacgcttccccatcgttttcttaaacattgttacttatctgcttatttttatttaagatatctatctacctgtttataactctctca
ataccatgtatttaagttcatcacgacgaggcttatttacttaatatatttgtatacgtgggaaatgtctaatatgtataccggtttgc

atcttattttgggtggggtcactaacggcaagactcataaaataaagtattcgctaagcactctgttatatttgtaaactttgagaa
aggaaatgggaaccaaagcatataatagacaatGGATCCgcaCTGCAG

(Uppercase, EcoRI, BamHI, Pstl sites; bold/underlined, start and stop codons)

This study

pSS254
(Pmcre-Strep-
Mgr2- TMGRZ)

GAATTCgattcacaatgtctacctgtagattgctgtgticaatcggaaactggaaattctticttaacattatgagccaaccac
tttttattttcttttcaaaactcccgaacaagaccaacattaccaaacagactccactacttttccataagaaggaagcacagaa
caccacacaagatcatatagcacaaatagcgcaacagcttcaagtccaatattaagatataatgtggtcccaccctcagttc
gaaaagcctcctcticcacaaaattatgcgcaacagcagccticgaattgggacaaattcaaaatggggttgatgatgggta
ctaccgtcggtgtctgcacaggcatcctatttggtggatttgccatcgcaactcaaggcccaggtcctgatggtgtagttagaac
actagggaaatacattgctggttcagcgggtacctttgggctatttatgtccatcgggtctataatcagaagtgatagtgaaagt
agtccaatgtcccatcctaacctgaacctacagcaacaggcaagactggaaatgtggaagcttcgtgccaaatacggtata
cgtaaggactgagggggaaattttgcatatatttacgcttccccatcgttticttaaacattgttacttatctgcttatttttatttaagat
atctatctacctgtttataactctctcaataccatgtatttaagttcatcacgacgaggcttatttacttaatatatttgtatacgtggga
aatgtctaatatgtataccggtttgcatcttattttgggtggggtcactaacggcaagactcataaaataaagtattcgctaagca
ctctgttatatttgtaaactttgagaaaggaaatgggaaccaaagcatataatagacaatGGATCCgcaCTGCAG
(Uppercase, EcoRI, BamHI, Pstl sites; bold/underlined, start and stop codons)

This study

pSS070
(PETDuet-1
6xHis-3C-
Tim44CTD)

GGATCCgctggaagtgctgtttcagggcccgacaaatatcgagtctaaagaatcgtttggtaagaaagtggaggatttca
aggagaaaaccgtggttggccgtictatacaatctttaaagaacaaattgtgggatgaaagtgaaaaccccttaattgttgtca
tgaggaaaataaccaacaaagtgggcggttictttgcagaaacagaatcctcccgtgtttacagtcaatttaagctaatggac
ccaaccttttcgaacgaaagcttcaccagacacttaagagaatacattgttcccgagattctcgaagcgtatgtgaaaggceg
atgtcaaagtictcaaaaaatggttcagcgaggcgccattcaatgtttacgccgcccaacagaaaatcticaaagaacagg
atgtttacgccgatggcecgtatcctagatatcaggggcegttgaaatagtgagtgcaaagttattggctccccaagacatccca
gtcttggtggtcgggtgtagagcacaagaaatcaacctttacaggaaaaagaaaactggcgagattgcggetggtgacga
agctaatatcttgatgagctcttatgccatggttttcaccagagatccagagcaaatcgacgatgacgaaacagaagggtgg
aagatcttggagtttgtgcgcgggggttctagacaattcacctaaCTCGAG

(Uppercase, BamHI and Xhol sites; bold/underlined, stop codon)

This study

pYCl7a
(pYTK-e115
TIM17-HA)

GAATTCctccagcattataaagcatatctaacaataccattcgggttatactgaatagcccacgcacgggttcggggttgt
aacgattatatgcatttcataacatgccactgtcagtggcgccacggaaggatagcgggactttatcaaatcattaatttctgtg
cataaagtgtatagtatattcatatagatatgtatatatatcattgaatacagaaatcttcgggtgtatacaacgaacattcatcgg
acgccttttttactgctattgttcaacaaagtgggtaacccggcattcttgcgccaaagtttccatttttatgccaaatccagaggat
aaaagcactattctcatcaaaagatggaaaagctgtgaaagagtcaagticagaagaaagcgttaagaaaaatagagta
cacgggagcgttatgtcagccgatcattcgagagatccatgtcctatagtcatactaaatgatttcggtggtgcettttgccatggg
tgccattggtggtgttgtitggcatgggattaaaggttttagaaattcgccattaggtgagegtggticaggagcetatgagcgeca
ttaaagcgcgtgctccegtactgggtggtaattttggtgtgtggggtggtttattttcgacttttgattgcgcetgtgaaggecgttaga
aagagagaggacccatggaatgctatcattgcagggtttttcactggtggcegctttagctgtaagaggtggttggaggcatac

Fig. 2f, ED
Fig. 6a-c
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aaggaacagttcgatcacgtgtgcttgtitgttgggtgtgatigaaggtgtgggactaatgtttcaaagatatgctgctiggcaag
ccaaacctatggctcctcctttgcccgaagcaccttcctctcaacctctgcaagctactagttatcectatgacgtcccggactat
gcaggatcctatccatatgacgttccagattacgcttag gcatgtagacattatatgagccattttttcatcgttgttggaagtacc
cttattcggcatgttttttgttacataaatgacgtatcgcactagcctcctttacgtttttactttatttcagccttttatttcaagattacca
accatttctctcaaccatgtacatattatatattgaaaaagtaccatacttcatctctgaagagaaaatatcaacaagccaaaa
gctagtgcagaaactGGATCCgcaCTGCAG

(Uppercase, EcoRI, BamHI and Pstl sites; bold/underlined, start and stop codons of
Tim17-HA)

pYC17b
(pYTK-elZZ PDDIZ'
TIM17-HA)

GAATTCcagcccacatactacttttttccttttgttttttitttttatatttcaaaggttaaactcgcttagactatgtctataatataaa
aaaaaaatagctctattccgtttcttttattctatttgatatttccatcacactttcatcttaatcacggatgtatactgataatagggttg
actgcgcctgtacggattacagtgccctcttcaattggaaaatccaagctttcaagatgggtaactgttattcaaaggatcctct
aagataaaacacagatcgacagatccgagagttggcttctgtgecttgggctcaaattectttcccacctcatgcaaattgatttt
tctgactccaaaaaaagacagagccctgcgatagttcccgaatgtigtaacatcaaagccaagceactcctttatagaagtcg
catgaacgttgaatactagcagctggtgaaactacagggtctaaactaactagtatccatatctttttgagagcattgaaagtat
acggagtacaagctgggttagaaggaatttttatcttaacagcaatgaaaatcaacttictagactgaatccctcaagaaaatt
gcaaaagactaactgatactggtttaaaagagaaagatgtcaaatatgcggagttataccatcaaacaactttggacggcc
ccgaaacaaatgtccgcaaaaaagatcttattaaagtgcatggacactatcatttctataatacaaaatactccaccgcaca
atagtttgtcgggaagtcatcaatcaatcttgtacgagctttacaaataactttttaggatcggtcccctcataaaattatatataa
atgggttagtttccttcticttctgttaacatgaagttgcettcgtactgttttttgecttgcettctcticaaaagaatcaatcggtaccatgt
cagccgatcattcgagagatccatgtcctatagtcatactaaatgatttcggtggtgcttttgccatgggtgecattggtggtgttgt
ttggcatgggattaaaggttttagaaattcgccattaggtgagcegtggttcaggagctatgagcgcecattaaagegegtgcetee
cgtactgggtggtaattttggtgtgtggggtggtttattttcgacttitgattgcgctgtgaaggcecgttagaaagagagaggaccce
atggaatgctatcattgcagggtttttcactggtggcegctttagctgtaagaggtggttggaggcatacaaggaacagttcgatce
acgtgtgcttgtttgttgggtgtgattgaaggtgtgggactaatgtttcaaagatatgctgcttggcaagccaaacctatggetect
cctttgcccgaagcaccttcctctcaacctctgcaagctactagttatcectatgacgtcccggactatgcaggatcctatccata
tgacgttccagattacgcttaggcatgtagacattatatgagccattttttcatcgttgttggaagtacccttattcggcatgttttttgt
tacataaatgacgtatcgcactagcctcctttacgtttttactttatttcagccttttatttcaagattaccaaccatttctctcaaccat
gtacatattatatattgaaaaagtaccatacttcatctctgaagagaaaatatcaacaagccaaaagctagtgcagaaactG
GATCCgcaCTGCAG

(Uppercase, EcoRI, BamHI and Pstl sites; bold/underlined: start and stop codons of
Tim17-HA)

ED Fig. 6d-g

pYC23
(PYTK-e115
TIM23-HA)

GAATTCattgaaaaaaagagaaaatactgaaaaaaaaaagacaccgacaaaaaaaagagagaaaggaaccttta
cgtagagcaaaagggaaacatttgttgcgtttaattaatagaaataataggttattgcattcgccctccattgcagaaaaaaaa
aaaaaaaagaccattttcctcttctactctctttgcctgtacatactacacgttatagcgttaacaaaagcagatagaaaaaaa
aaaaataaccaagataatataggtatacttgtttaacagatcacacacaatcatgtcgtggctttttggagataagacacctac
cgatgatgcgaatgctgccgtgggcggccaagatacaaccaagcectaaggaactatcgttgaagcagagtttaggtttcga
gccaaacatcaataacataatatcaggtcctggtggaatgcatgtcgacaccgcetaggetgceatcctttggetggtctagaca
agggtgtggagtatttagatctggaagaagaacaactatcctcgttagaaggctcacagggtctgatcccttcccgtgggtgg
accgatgacctatgttacggtaccggtgccgtctacctgctgggacttggtatcggagggttttctggtatgatgcagggtctge
agaatattccgcccaatagtcccggaaaattgcaattgaacaccgtcctgaatcacattactaagagaggteccttcttaggta
ataatgcggggattctcgegttgagctacaatatcatcaattctacaatagatgcactaagaggcaaacatgacaccgcggg
ctccattggcgcetggggcecctcacgggegctttgticaagtcticaaaaggtttgaaacccatgggttattcctcggcaatggtg
gccegctgegtgegecgtetggtgtagtgtcaagaaaagactacttgaaaaaactagttatccctatgacgtcccggactatge
aggatcctatccatatgacgttccagattacgcttaggcaacacaagaacctactctctctctctetttctctetctetetcectette
gcttttcccccatgeactgatggegcttgtatatagcatttgaaaaataatagtacgtaacgcagaaaacaaaccaatgaaag
tagaaacccggagaaaagatctaaaaaaacaaaaaaaaaagatggaaagagcgcatgtatgtgtagatatgtacatata
tacaactacttgtatgttatttgccttttgtactgttaagctattgttttcgatggcGGATCCgcaCTGCAG

(Uppercase, EcoRI, BamHI and Pstl sites; bold/underlined: start and stop codons of
Tim23-HA)

ED Fig. 6m

pYCO002
(PET32a-Cyb2A-
DHFR)

CATATGctgaaatacaaacctttactgaaaatctcgaagaactctgaggctgctatcctgegegegtctaagactcgettg

aacacaatccgcgegtacggttctaccgttccaaaatccaagtcgttcgaacaagactcaagttccgtggegtatctgaacty
gcataatggccaaatcgacaacgagccgaaactggatatgaataaacaaaagatticgcccgcetgaagttgccaagcata
acaagcccgatgattcgtgggttgtgatcaatggttacgtatacgacttaacgegtttcctgccaaatcatccaggtgggecagg
atgttatcaagtttaacgccgggaaagatgtcactgcetatttttgaaccactgcacgctcctaatgtcatcgataagtatattgete
ccgaaaaaaaattgggteccctgcaaggatccggeggtaccgticgtecattgaactgcategtegecgtgtcccaaaatat

ggggattggcaagaacggtgaccttcectggectecgetccgcaacgagttcaagtacttccaacgtatgaccacaacctctt
cagtggaaggtaaacagaatctggtgattatgggtcgcaaaacctggttctccatticctgagaagaatcgtcctttaaaggac
cgtattaatattgttctcagtcgtgaactcaaagaaccaccacgtggagctcattttcttgccaaaagtttggatgatgecttacgt
cttattgaacaaccggaattggcaagtaaagtagacatggtitggattgtcggaggcagttctgtttaccaggaagccatgaat
caaccaggccacctccgcctctttgtgacacgcatcatgcaggaatttgaaagtgacacgtitttcccagaaattgatttgggg

Fig. 2h, ED
Fig. 6i-k
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aaatataaacttctcccagaatacccaggcegtcctctctgaggtccaggaggaaaaaggcatcaagtataagtttgaagtct
acgagaagaaagacCTCGAGcaccaccaccaccaccactga
(Uppercase, Ndel and Xhol sites; bold/underlined: start and stop codons)

pYCO008
(pYTK-e123
pTIM23-Tim23-
Spot

GAATTCattgaaaaaaagagaaaatactgaaaaaaaaaagacaccgacaaaaaaaagagagaaaggaaccttta
cgtagagcaaaagggaaacatttgttgcgtttaattaatagaaataataggttattgcattcgccctccattgcagaaaaaaaa
aaaaaaaagaccattttcctcttctactctctttgcctgtacatactacacgttatagcgttaacaaaagcagatagaaaaaaa

aaaaataaccaagataatataggtatacttgtttaacagatcacacacaatcatgtcgtggctttttggagataagacacctac
cgatgatgcgaatgctgecgtgggcggccaagatacaaccaagcctaaggaactatcgttgaagcagagtttaggtttcga
gccaaacatcaataacataatatcaggtcctggtggaatgcatgtcgacaccgctaggctgcatcctttggetggtctagaca
agggtgtggagtatttagatctggaagaagaacaactatcctcgttagaaggctcacagggtctgatcecttccegtgggtgg
accgatgacctatgttacggtaccggtgccgtctacctgctgggacttggtatcggagggtttictggtatgatgcagggtctge

aaaatattccgcccaatagtcccggaaaattgcaattgaacaccgtcctgaatcacattactaagagaggtcccttcttaggta
ataatgcggggattctcgcgtigagctacaatatcatcaattctacaatagatgcactaagaggcaaacatgacaccgcggg
ctccattggcgcetggggcecctcacgggegctttgticaagtcticaaaaggtitgaaacccatgggttattcctcggcaatggtg
gccegcetgegtgegecgtetggtgtagtgtcaagaaaagactacttgaaaaaactagtcctgatagagttagagcagtctcac

attggtcttctggtggaggttctggeggtggttcaactccagatagagtacgtgctgtttctcactggagttcttaggcaacacaa
gaacctactctctctctetctttctctctetetetecctettcgcttticccccatgcactgatggcegcttgtatatagcatttgaaaaata
atagtacgtaacgcagaaaacaaaccaatgaaagtagaaacccggagaaaagatctaaaaaaacaaaaaaaaaaga
tggaaagagcgcatgtatgtgtagatatgtacatatatacaactacttgtatgttatttgccttttgtactgttaagctattgttttcgat
ggcggatccgcaCTGCAG

(Uppercase, EcoRI and Pstl sites; bold/underlined: start and stop codons of Tim23-Spot)

Fig. 3d, ED
Fig. 9a,b

pYCO005
(pYTK-e112
pGAL1-Grx5-S80-
sfGFP)

ATGTTTCTCCCAAAATTCAATCCCATAAGGTCATTTTCCCCCATCCTCCGGGCTAAGA
CTCTTCTTCGTTACCAAAATCGGATGTATTTGAGCACAGAGATAAGAAAAGCTATTGA
AGATGCCATCGAATCGGCTCCAGTGGTTCTTTTCATGAAAGGTACTCCTGAATTTCC
CAAGTGTGGATTTTCAAGAGCAACCATTGGATTATTAGGAAATCAAGGCGTTGACCC
GGCCAAATTTGCGGCTTATAATGT Titagaagacccagagctacgtgaaggtatcaaagagttttcagaat
ggccaactattccacagttatatgtaaacaaagaattcattggtggatgtgatgttattacaagtatggcacgctctggtgaattg
gccgatttgctagaagaggcacaggcattggtacctggcggatcaggaggttctticaggtagttacggttctaccgttccaaa
atccaagtcgttcgaacaagactcaagttccgtggcegtatctgaactggcataatggccaaatcgacaacgagcecgaaact
ggatatgaataaacaaaagatttcgcccgctgaagttgccaagcataacaagcccgatgattcgtgggttgtgatcaatggtt
acgtatacgactctggatccggcggtaccTCCAAGGGAGAGGAGTTGTTCACTGGAGTTGTACCT
ATCTTGGTCGAGTTAGACGGCGACGTCAACGGACACAAGTTTAGTGTAAGAGGTGA
GGGAGAGGGTGACGCTACCAATGGAAAGTTAACTTTAAAGTTCATATCCACTACTGG
CAAGTTACCTGTCCCTTGGCCTACTTTAGTGACTACTTTGACATACGGAGTACAAATG
TTTAGTAGATATCCTGACCACATGAAGAGACATGACTTCTTCAAGTCCGCTATGCCA
GAGGGATACGTCCAAGAGAGAACGATCTCTTTCAAGGACGACGGTACTTATAAGACT
AGAGCTGAGGTTAAGTTTGAGGGAGACACTTTAGTCAATAGGATCGAGTTGAAGGG
GATTGACTTTAAGGAAGACGGAAACATTTTGGGTCACAAGTTGGAGTATAATTTTAAC
AGTCATAATGTCTATATTACGGCTGACAAGCAGAAGAATGGCATAAAGGCAAACTTC
AAGATTAGACACAACGTGGAAGACGGTTCCGTGCAATTGGCGGACCATTACCAACA
AAATACTCCAATCGGGGACGGTCCAGTCTTGTTGCCTGACAACCATTATCTTTCTAC
CCAATCAGTGCTATCAAAGGACCCTAATGAGAAGAGGGACCACATGGTCCTATTAGA
GTTCGTGACAGCTGCTGGAATTACTCATGGAATGGACGAGTTATACAAGGGCggatcc
ggttctagattggaagaggaattgagaaggagattaactgagtaa

(Uppercase, Grx5 and sfGFP; bold/underlined: start and stop codons)

Fig. 3c-e,
ED Fig. 8d-i,
and 9a-h,j

pYCO006
(pYTK-e112
pGAL1-Grx5-
S99(TM)-sfGFP)

atgtttctcccaaaattcaatcccataaggtcattttcccccatcctccgggctaagactcttcttcgttaccaaaatcggatgtatt
tgagcacagagataagaaaagctattgaagatgccatcgaatcggctccagtggttcttttcatgaaaggtactcctgaatttc
ccaagtgtggattttcaagagcaaccattggattattaggaaatcaaggcgttgacccggccaaatttgcggcttataatgtttt
agaagacccagagctacgtgaaggtatcaaagagttttcagaatggccaactattccacagttatatgtaaacaaagaattc
attggtggatgtgatgttattacaagtatggcacgctctggtgaattggccgatttgctagaagaggcacaggcattggtacctg
gcggatcaggaggttcttcaggtagttacggttctaccgticcaaaatccaagtcgticgaacaagactcaAGAATTTGT
ACTCAATCTTGGACTGCTTTGAGAGTTGGTGCTATTTTGGCTGCAACTagttccgtggcgtat
ctgaactggcataatggccaaatcgacaacgagccgaaactggatatgaataaacaaaagatttcgcccgetgaagttge
caagcataacaagcccgatgattcgtgggttgtgatcaatggttacgtatacgactctggatccggeggtacctccaaggga
gaggagttgttcactggagttgtacctatcttggtcgagttagacggcgacgtcaacggacacaagtttagtgtaagaggtga
gggagagggtgacgctaccaatggaaagttaactttaaagttcatatccactactggcaagttacctgtcecttggectacttta
gtgactactttgacatacggagtacaaatgtttagtagatatcctgaccacatgaagagacatgacttcttcaagtccgctatge
cagagggatacgtccaagagagaacgatctctttcaaggacgacggtacttataagactagagctgaggttaagtttgagg
gagacactttagtcaataggatcgagttgaaggggattgactttaaggaagacggaaacattttgggtcacaagttggagtat
aattttaacagtcataatgtctatattacggctgacaagcagaagaatggcataaaggcaaacttcaagattagacacaacg
tggaagacggttccgtgcaattggcggaccattaccaacaaaatactccaatcggggacggtccagtcttgttgcctgacaa

ED Fig. 8d
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ccattatctttctacccaatcagtgctatcaaaggaccctaatgagaagagggaccacatggtcctattagagttcgtgacage
tgctggaattactcatggaatggacgagttatacaagggcggatccggtictagattggaagaggaattgagaaggagatta
actgagtaa

(Uppercase, sorting signal with IC mutation; bold/underlined: start and stop codons)

pYCO007
(pYTK-e112
pGAL1-Grx5-S80-
SIGFP-2xTEV-
ALFA)

atgtttctcccaaaattcaatcccataaggtcattttcccccatcctccgggctaagactcttcticgttaccaaaatcggatgtatt
tgagcacagagataagaaaagctattgaagatgccatcgaatcggcetccagtggttcttttcatgaaaggtactcctgaatttc
ccaagtgtggattttcaagagcaaccattggattattaggaaatcaaggcgttgacccggccaaatttgcggcttataatgtttt

agaagacccagagctacgtgaaggtatcaaagagttttcagaatggccaactattccacagttatatgtaaacaaagaattc
attggtggatgtgatgttattacaagtatggcacgctctggtgaattggccgatttgctagaagaggcacaggcattggtacctg
gcggatcaggaggttcttcaggtagttacggttctaccgticcaaaatccaagtcgttcgaacaagactcaagttccgtggegt
atctgaactggcataatggccaaatcgacaacgagccgaaactggatatgaataaacaaaagatttcgcccgetgaagttg
ccaagcataacaagcccgatgattcgtgggttgtgatcaatggttacgtatacgactctggatccggeggtacctccaaggg

agaggagttgttcactggagttgtacctatcttggtcgagttagacggcgacgtcaacggacacaagtttagtgtaagaggtg

agggagagggtgacgctaccaatggaaagttaactttaaagttcatatccactactggcaagttacctgtcccttggectacttt
agtgactactttgacatacggagtacaaatgtttagtagatatcctgaccacatgaagagacatgacttcttcaagtccgctatg
ccagagggatacgtccaagagagaacgatctctttcaaggacgacggtacttataagactagagctgaggttaagtttgag

ggagacactttagtcaataggatcgagttgaaggggattgactttaaggaagacggaaacattttgggtcacaagttggagt

ataattttaacagtcataatgtctatattacggctgacaagcagaagaatggcataaaggcaaacttcaagattagacacaa
cgtggaagacggttccgtgcaattggcggaccattaccaacaaaatactccaatcggggacggtccagtcttgttgectgac
aaccattatctttctacccaatcagtgctatcaaaggaccctaatgagaagagggaccacatggtcctattagagttcgtgac

agctgctggaattactcatggaatggacgagttatacaagggcggatccggcGAAAATTTATACTTTCAAGGT
gottctggaagtggtGAAAACTTGTATTTCCAAGGaggctcaagattggaagaggaattgagaaggagattaa
ctgagtaa

(Uppercase, TEV cleavage sites; bold/underlined: start and stop codons)

ED Fig. 8a
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