EYMLFERRE
Laboratory of Biochemistry
% =B 3}E Prof. Toshiya Endo, Ph. D.

1, HREUE
EREYOMBENICIEEEICRELZALAXT (HIE/NEE) BEPEoN, ThHA/MBICEEoNE
%fﬂk&&%%“%ﬁﬁtfuéoﬁwwm ICBOF LA ZZ7THHI A FUTIE, FRWATPELE L
HICHALEYERS BBREEZBYL, 7REFE—SRICHEHD, MEI bV P FHEREEZ00RE, &
@%ﬁﬁ%%uumt@%ﬁ¢ﬁ%%tw%@%&@éﬂfm TrAYRUTOEELRBE S EELTHRET
B7=-HI21%, MBEORALLDOESF L IFILICREL, T\E&?&ot\h:l/h') “ET B AT, HE
IKHLTI Ay FUTEFHAZICEYVEILENH S, T b3 FUTIE denovo ICIEESNT, BEFEO I b3
/FU EYR, O, DETEHIETERXS, T AV FUTELKRTEZOICE, T AV RUTEBRT
%1000&*5%%_1%7//\7 ALY F Y E U E ibwtﬁéﬁm%ﬂfﬁwﬂ‘éf’f% AEHrOoBEFIFIVF
TRHRICEZE, »2WIEHFEGHRLATNIERSRWL, MEAICIZZS LEZI b3y FUTEERCEENDY £
')/7037‘_&50357//\7 S RBE DA - BiiX, MEBEE, AL TBOKERAEAN AN ARy b7 —
IHERINTWVWS, SHICRE, T 2V RUYTEER RIS oA LR EOBICHENEHS (24
o8 BUNBONY, TNOHABERXICELIAREENERINATWS, SFRETIE, T AV FUT%
FOMIHRARTILAH X SEENMBERATED LI ICDHN, ZORBELHENEDL S ICHIFENZDAICD
WT, BEZ, £, MiEEYE, BEEYELRERABRTEERAOTHEL TWS,

2, REEOHERR

ﬁ@wmﬁﬁw—ofﬁémmW?u RUYNRVEREEER - LFyIRHH - AVPTLRAFREZVRE
Thbav THENYFHEEER) Y OBELTEY 7Y —BEEROER

th/FU NEBEISIZNDFRRYNRIBEOBY BEIRETE2HY 0 Tomd0 RENLILBEBEDER ~
ROE (BNRLIWBERZ NI E) BNEET D, KU Y» (BETI Porl, £ b TIZVDAC) E/IMDFRAF D
BERATHY, BREICBERLA-EEFROBEBEIREINTWEY, EROI IV FYTELEOZERD
BEREBEICOWTETRBETH -7z, SR, BEI I RUT7HSKERE L Porl (2O2WT, ZOBEE#EESE S
SAFEFEMBHERFRITTRE L (988 3.24), Porl 13 3 B2 8%l 6 BAEEEZ L >TL
2o 2OTEY 7Y —BEFKICIE Porl BEEERDO/NGF/AF VEIRUNDBEER D 2N E I ZRTT 5720
I, 72z y FEHEERICES T 2EREZBRLAZERERICOVT, MERTZTo7, Z0OHKE, (1) TOM
BEEOY 71y b Tom22 Lt DMEEALTER LA >7- Porl ZEEIZ TOMEESED 2 E4-3 BEEFE %
SERAIICEET 57:0, 2EARBENREEDI IV FUTAANDOERVARIZRIEN Tz, INE TIE Porl
K%ﬁ%%ufﬁﬁbfuttm,2§W3%%$@fﬁr&<m“%M¢/$%«®%%%mﬁﬁéaﬁ
7=h, SEOFERA, S, Porl ld Tom22 & fEE LTTOM@A%®2§%3§%$®%ﬂ@LTD5 &
MNBES,ICHR -7z, (2) ERMES (T bt RFU 7 ER IV bF) ZENLTERDSI by FY THRRIC
TERVVIBERNMNEOABAOHNEBICREEB LR ITNIEALAEL, TOREELT, AMEOKRY /72;&0) 2
SEEFENIEZOEIZLEVIRESPRIABE-DT, 6 EFBEEIC WY 712y FREEXBENNGEET
EHEIIDFEAFTIVRFETHRT L, TORBR, RUyo¥ 712y FRETHEIRICBE, GBS
L3228 Dhot, 3) RUYOH 72—y FREAOPEKED 1 DTIEI Fa> KU 7 DNA (mtDNA) A%k
HNTXO HKICHEY LT W EADD 57, mIDNA %5 EFIFMEIEHETIERELY BEVDT, BHIC
mtDNA DEBEHNEEENT, BWIEICE DR > T mMIDNAAFERENZDTIE AL, 512, Z0 Porl ZEKKIC
FOWTEBAOX LT —EYOREADEELZRANIZE A, MDNA ORKERETEX /L T7—EH 7T EERD
Mot TNHDXIZ LT —HIE Porl ZEMEIZEL 2 mIDNAERICEASET2EEZ 5N, INFTELFRHATH
>7- MIDNA XKD A HZXLBBAORFEOAICKRZIHDEEI LN D,



FUNHZFICEREINFEL Y X7EORERYELODFEE
BERMBEOANATXTHNELKEET D700, BFILAXTOEEEZIBI RV RIBNRELLFILAFRT
ICEEEINDIEDPBETH D, IEHOHELD, THLEEXYXJBOELVWHREABREICEK, L%
RN BILEEAENT-REAAS T FIVICH S ERELEESZ T TR, —EHEXTRIY I Z2HEENIT I —%
METZIEECPHEL | EEFAEETCHDIIENDN > TE, I b FUTICEREXRENZ /7B,
BRI Fary R 7HAED AAA-ATP 7 —€ D Mspl A SE iR E, cnAY A VLD GET °/Z7_‘L\0)Ejj
IFIc& Y ERICEIT, ER TOBENDIHIEEE LY ETHHIRE S (Matsumoto, Ono et al., JCB, 2022),
B ER £ D P-type ATP 7 —+ Spfl B’ XET 2 &, T A FUTHED TA RV /X0 EP—5D N7 /77—
RUNRJBENER ICERETHAIEARH L/, SHICERXEE @%ﬁ’i’?7kb’(7ﬁ\b Spfl OB % FHE
5, BREEINZIPIVRUTHAELZVARIENER ASBAL, T AU TAOBREIEIET S Z
EHERBH L, B4R I PV FUTHABRZ Y /RIEIZDNT Spfl Ma D ER NORBEOEELZFANL
EZA, TPAVRUTETEEAEREZDCR YNNI EIF ERICEBBELICS 272 ehn, BEEEEZ DL
FICIhbarkRy7 M%z‘rb#4 YRR T WR VO EAERNIC ER ICRBET 2 EAEX LNT,
—75’6, FRERINAENT A= bV FUTHAERZYX0ES, BREXRT 2L Spfl RIEKTIEL -
7-AERICEET S &, EE.EW: TYh—NUBIL Spfl #RBIT 2L AFoENMTHELZ I PR
)7 J%ﬁ*f%)_é:ﬁ\éj\#oto I Spfl WEET 2HEEKTS, FRERERICN T A—Ibav R
UTZNER > /R7BEO—EIE ER IZBITL, ZNARICI PV FUTICBITT2Z e bh 27, 2O M
b\]‘:l/|‘U NE~AD L R BRERBEOREICITFIRLH Y, %E%}&ﬁ—/\“—7u—u:7w\°7%iti
ER ICWoABITLTAL I FAY FYUTIIRBITIBZZENEZONTZ, WoTzAI PV FUTIZBITL:
NEZ RO BEFRRERBERONER /X7 BTIE, ER ~DRBEOVKENELZ DN E S H, BEHEICH
53 23RFIEMD, ICOWTEERFTFTH D, /- SpflICL T THhANAZER EORBRBEI IV FUT X
VIRVBIEEDESBRFOMFTI IV Y TICBITIZONRELRITPOERTH 5,

3. Research projects and annual reports
This year’s accomplishments

Structure and functions of the assembled porin in the mitochondrial outer membrane. Eukaryotic cells
are highly compartmentalized into membrane-bounded organelles with distinct functions.

Mitochondria are essential organelles that fulfill central functions in cellular energetics, metabolism

and signaling. We are studying the molecular mechanisms of biogenesis and quality control of
mitochondria and other organelles from the viewpoint of protein and lipid trafficking.
The mitochondrial outer membrane (OM) houses membrane proteins characterized by barrel-like
structures, known as B-barrel membrane proteins. These proteins, such as porins and Tom40, play
crucial roles in facilitating the passage of small molecules and proteins, respectively, across the OM,
thereby contributing to mitochondrial functions. Porins (Por1 in yeast and VDAC in humans) are most
abundant OM transporters for small molecules and ions across the mitochondrial OM. While the high-
resolution structures of monomeric VDAC reconstituted in membrane environments have been reported,
that of assembled porin in intact mitochondria remained unknown. This time, we determined the high-
resolution structure of Por1 purified from yeast mitochondria using cryo-electron microscopy (EM)
single-particle analysis (at a resolution of 3.2A). Por1 formed a homo-hexamer composed of trimeric
dimers. To ask if assembled Por1 has functions other than small molecule/ion transport through its -
barrel pore, we made mutants with substitution of the residues involved in inter-subunit interactions
and analyzed their functional consequences.

The results showed: (1) A Por1 mutant defective in its interaction with the TOM subunit Tom22,
stabilized the TOM trimer in its dimer-trimer conversion, thereby leading to defects in the import of
dimer-specific substrate proteins into mitochondria. Although our previous analyses using the Por1



deletion mutant could not exclude the secondary effect arising from the defects in small molecule/ion
transport (Sakaue et al., Mol. Cell 2019), the present results revealed that Por1 regulates the dimer-
trimer conversion through its binding to free Tom22 transiently dissociated from the TOM. (2)
Phospholipids transported to the OM should move from the outer leaflet to the inner leaflet of the OM
by flip-flop diffusion. Since a recent report suggested that the dimer interface of porin could serve as
this pathway, we performed molecular dynamics simulations to examine whether lipids could flip at the
subunit interfaces of the Por1 hexamer. The results indicated that lipids could efficiently flip at the
subunit interfaces of Por1. (3) Mutation of a residue at the subunit interface of Por1 made cells prone
to losing mitochondrial DNA (mtDNA), resulting in a (10 strain. Since the mutant strain loses mtDNA
faster than the rate of cell growth, this mtDNA loss is not merely due to the inhibition of mtDNA
replication and its subsequent dilution through cell division. In addition, examining the impact of
nuclease deletions in this Por1 mutant strain allowed us to identify seven nucleases on yeast that
inhibited the mtDNA loss. These nucleases could be involved in the mtDNA loss caused by the Por1
mutant, providing a breakthrough in uncovering the long-sought mechanism behind the mtDNA loss.
Molecular mechanism of re-transport of mislocalized organelle proteins. For organelles in eukaryotic
cells to function properly, proteins responsible for their functions must be correctly delivered to the
correct organelles. We have revealed that, in addition to the precise targeting of organelle proteins
directed by their encrypted targeting signals, re-transport or proofreading of the transport errors, which
could occur with a certain probability, is crucial for proper intracellular protein distribution among
different organelles.

When tail-anchor (TA) proteins are mislocalized to mitochondria, the AAA-ATPase Msp1 in the OM
extracts them. The extracted proteins are then transferred to the ER with the aid of the cytosolic GET
system, where they are subjected to the decision of whether they will be degraded or re-transported

(Matsumoto, Ono et al., JCB, 2022) . In turn, we found that defects in the P-type ATPase Spf1 in
the ER membrane leads to mislocalization of TA proteins and some N-anchor proteins of mitochondrial
OM to the ER. Furthermore, when the expression of mislocalized proteins is turned off and the
expression of Spf1 is induced, the misolocalized OM proteins decrease in the ER, restoring their
localization to mitochondria. Besides, analyses of various mitochondrial OM proteins revealed that
proteins forming complexes on mitochondria are less likely to be mislocalized to the ER. This
suggests that proteins not forming complexes can be more efficiently extracted from the OM to the
cytosol, resulting in more efficient mislocalization to the ER. In addition, newly synthesized N-anchor
mitochondrial OM proteins also accumulate in the ER when overexpressed in Spf1-deficient strains.
However again, when Spf1 is expressed, these accumulated N-anchor proteins relocate to their
intended destination, mitochondria. Even in wild-type strains with Spf1, some newly synthesized N-
anchor OM proteins initially move to the ER before shifting to mitochondria. This indicates the
limitation of the flux to the mitochondrial OM, causing overflowed proteins to transiently move to the
ER before relocating to mitochondria.

We are currently investigating whether the mechanism of ER mislocalization differs between proteins
initially transported to the mitochondrial OM and newly synthesized OM proteins, and identifying the
factors involved in this mislocalization. Additionally, we are exploring which factors assist the Spf1-
extracted mislocalized mitochondrial proteins on the ER to mitochondria.
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