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3. Research projects and annual reports

This year’s accomplishments

Identification of the factors involved in mitochondrial DNA (mtDNA) maintenance

Mitochondrial proteostasis is maintained through the coordinated function of proteins encoded by both the nuclear

and mitochondrial genomes. In 2023, our laboratory determined the cryo-EM structure of yeast porin (Por1 in
yeast; VDAC in humans), a transporter of small molecules and ions across the mitochondrial outer membrane.
The determined structure showed that Por1 forms a homo-hexameric structure on the mitochondrial membrane
(below, manuscript under revision). By generating a series of Por1 mutants with amino-acid substitution at
residues involved in the protomer-interfaces, we identified one interesting mutant that rapidly lost mitochondrial
DNA (mtDNA). By using this mutant por1 strain, we performed a genetic screen for deletion strains lacking genes
for yeast known nuclease-related proteins that could suppress mtDNA loss in the por1 mutant strain.  This screen
allowed us to identify seven genes, including YME2, which has previously been implicated in mtDNA maintenance.
Most of these factors are localized in mitochondria, and four have human homologs. Furthermore, deletion of
these factors in the por1 mutant led to the accumulation of mtDNA within mitochondria. These findings may offer
a starting point to elucidate the mechanisms underlying mtDNA maintenance and regulation, which are essential
for mitochondrial proteostasis.

Re-routing pathway for mislocalized mitochondrial membrane proteins by Spf1

Tail-anchored (TA) membrane proteins mislocalized to mitochondria are extracted by the mitochondrial outer
membrane AAA-ATPase Msp1 and redirected to the endoplasmic reticulum (ER), where they are subjected to
quality control processes. Conversely, deletion of the ER-resident ATPase Spf1 causes mislocalization of many
mitochondrial outer membrane TA proteins, as well as a subset of N-anchored (NA) proteins, to the ER. Upon re-
expression of Spf1, these mislocalized proteins are relocated to mitochondria. Using a promoter-switch system,
we found that newly synthesized mitochondrial outer membrane NA proteins, such as Msp1, initially mislocalize
to the ER regardless of the presence of Spf1. In the presence of Spf1, however, Msp1 is relocated to mitochondria,
whereas in its absence, Msp1 stays in the ER. This mislocalization to the ER does not require the signal
recognition particle (SRP) pathway, which is typically essential for the ER targeting of nascent NA proteins. When
glycosylation tags were attached to the mislocalized NA proteins, they became glycosylated, indicating not only
ER targeting but also translocation across the ER membrane into the lumen, presumably via the SEC61 complex.
We are currently investigating the factors that mediate the re-routing of mislocalized single-pass membrane
proteins to mitochondria in coordination with Spf1-mediated extraction

4, W®WX, EELGE
[RERX
Takeda H, Shinoda S, Goto C, Tsutsumi A, Sakaue H, Zhang C, Hirashima T, Konishi Y, Ono H, Yamamori Y,
Tomii K, Shiino H, Tamura Y, Zuttion S, Senger B, Friant S, Becker HD, Araiso Y, Kobayashi N, Kodera N,
Kikkawa M, Endo T. Oligomer-based functions of mitochondrial porin. Nat Commun in press (2025)
Matsumoto S, Kogure Y, Ono S, Numata T, Endo T Msp1 and Pex19-Pex3 cooperate to achieve correct
localization of Pex15 to peroxisomes FEBS J in press (2025)
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Endo T, Wiedemann N Molecular machineries and pathways of mitochondrial protein transport. Nat Rev Mol
Cell Biol in press (2025)
Matsumoto S, Ono S, Endo T. Analysis of protein trafficking between mitochondria and the endoplasmic
reticulum by fluorescence microscopy. Methods Enzymol 707, 153-171 (2024)
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3. Research projects and annual reports

We have been focusing our research on the productive folding of nascent polypeptides by molecular chaperones
and protein quality control mechanism for misfolded proteins within the cells. Particularly, we have been devoted
our activity on the following two major research projects:

Maintenance of ER homeostasis through the crosstalk among Protein Quality Control, Redox regulation,
and Ca2+ flux. We identified ERdj5 as a disulfide-reductase in the endoplasmic reticulum (ER) . ERdj5 forms
the supramolecular complex with EDEM and BiP, and activates the degradation of proteins misfolded in the ER
by cleaving the disulfide bonds of misfolded proteins and facilitating the retrograde transport of these proteins
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from the ER lumen into the cytosol, where they are degraded by the ubiquitin-proteasome system, which is called
as ERAD (R. Ushioda et al., Science, 2008; M. Hagiwara et al. Mol. Cell, 2011; R.Ushioda et al. Mol. Biol. Cell,
2013) .

We found that ERdj5 cleaves the disulfide bond of SERCA2b, a Ca2+ pump on the ER membrane, and regulates

its function. Additionally, ERdj5 senses the Ca2+ concentration in the ER and regulates the interaction with
SERCAZ2b. It suggests that the redox activity of ERd]j5 is involved not only in protein quality control but also in
Ca2+ homeostasis in the ER (R. Ushioda et al., Proc. Natl. Acad. Sci. U S A., 2016).
Here, we focused on the control of the Ca2+ pump and channel by the redox regulation in the ER. Here, we
obtained the structural information of SERCA2b for understanding how ERdj5 promotes the influx of Ca2+ by
SERCA2b. Then, we found that the reductase ERdj5 affects the Ca2+ release activity of the IP3R (S. Fujii et al.,
Proc. Natl. Acad. Sci. U S A. 2023) . Additionally, we found that ERdj5 deficiency causes mitochondrial
fragmentation due to Ca2+ homeostatic disruption (R. Yamashita et al., Sci. Rep., 2021) . It was clarified that
redox regulation by ERd]j5 is involved in the uptake and release of calcium ions in the ER.

We have elucidated how ERdj5 obtains the electrons for its reductase activity in the oxidative environment of
the endoplasmic reticulum (ER). It has been demonstrated that ERdj5 binds to the oxidative enzyme Ero1 and
utilizes the electrons transferred to Ero1 through oxidative folding to supply the electrons (K. Uegaki et al., Cell
Reports, 2023).

Moreover, we have discovered that the ER reductase ERp18 binds to zinc ions via sulfur atoms. While the role of
zinc ions within the ER lumen has largely remained unclear, our findings reveal that ERp18 acquires hydrogen
peroxide decomposition activity upon binding to zinc ions. This hydrogen peroxide decomposition activity of ERp18
in the ER prevents the leakage of hydrogen peroxide into the cytosol, thereby reducing oxidative stress and
influencing cellular and organismal aging (C. Tsutsumi et al., Cell Reports, 2024).

Our group has identified the first transporter responsible for supplying glutathione to the ER, uncovering a
previously unknown molecular basis for maintaining the redox environment within the ER (In preparation). We
have also established a high-purity purification system suitable for structural analysis by cryo-electron microscopy
(Cryo-EM) and are developing a proteoliposome-based assay system for quantitative evaluation of its transport
activity. In addition, we revealed that the ER stress sensor ATF6 is activated through redox-dependent regulation
mediated by ERdj5, PDIR, and ERp18 (Fig.1, Under revision), providing new insight into the tight interplay
between ER proteostasis and the redox environment. Furthermore, we identified a novel protein quality control
structure within the ER, which appears to function as a spatial platform for the selective degradation of misfolded
proteins (Under revision), offering a new perspective for advancing research in proteostasis.

4, WX, EEGYE

Chika Tsutsumi, Kaiku Uegaki, Riyuji Yamashita, Ryo Ushioda*, Kazuhiro Nagata*: Zn2+-dependent functional
switching of ERp18, an ER-resident thioredoxin-like protein, Cell Reports, 43(2), 113682 (2024)
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% TEEIE Prof. Shinobu Chiba, Ph.D.
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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM, which monitors the activity of the YidC-mediated membrane insertion
pathway, we have been interested in and studying this class of proteins called ‘regulatory nascent chains’, which
function while they are still in the midst of the process of biosynthesis on the ribosome. A remarkable property of
this class of gene products is that they interact cotranslationally with components of the ribosome including those
comprising the polypeptide exit tunnel, and thereby arrest their own translation elongation. The arrested state of
translation elongation affects translation of the downstream target gene either positively (in the case of MifM) or
negatively. Importantly, these regulatory nascent chains serve as a co-translational substrate of the protein
localization pathway to be monitored, such that the arrest can be stabilized or canceled in response to changes
in the effectiveness of the localization machinery under given conditions of the cell. Thus, these nascent chains
represent unique biological sensors that enable real-time feedback regulation of the target machinery. In the MifM
regulatory system, its translation arrest is released when the nascent MifM chain, as a monitoring substrate of
YidC (the regulatory target), engages in the YidC-mediated insertion into the membrane. The regulated elongation
arrest of MifM enables cells to maintain the capacity of membrane protein biogenesis. As introduced above, our
interests are also focused more generally on the mechanisms of protein localization and biogenesis, the biological
processes where nascent substrates undergo dynamic interactions with the machineries of translation, targeting
and translocation. We envision that our research activities should ultimately lead to the development of a new
research area that might be called “nascent chain biology”, which aims at understanding the still hidden principle
of the central dogma of gene expression, where nascent chains are likely to play key roles.

This year’s accomplishments

1) Identification and Analysis of Novel Translation Arrest Peptides

Translation arrest peptides (APs) function cotranslationally as nascent polypeptide chains. Recently, we
conducted a comprehensive search for APs across over 30,000 bacterial genomes and identified nearly 20 novel
APs. This screening revealed that many arrest motifs shared common sequences, such as RAPP or RGPP. Based

on this finding, we further searched for proteins containing RAPP-like motifs to identify additional AP candidates
and further identified more than 10 novel APs. Notably, whereas most previously known APs are encoded
upstream of genes involved in protein localization, many of the newly identified APs were located upstream of a
wide variety of genes unrelated to localization pathways, suggesting their broader range of biological functions.

2) Identification and Functional Characterization of the Translation Quality Control Factor YImH

Ribosome stalling on mRNAs due to aberrant translation can impair ribosome recycling and reduce overall
translation capacity. To counteract this, cells utilize ribosome quality control (RQC) mechanisms that resolve
stalled ribosomes. Using transposon sequencing (TnSeq) and bioinformatics-based approaches, we identified
YImH as a novel RQC factor in Bacillus subtilis. Simultaneous loss of YImH and trans-translation, another
translation quality control mechanism, caused synthetic growth defects. Biochemical and structural analyses in
collaboration with the Hauryliuk lab (Sweden) and the Wilson lab (Germany) confirmed that YImH binds to the 50S
subunit in complex with RqcH, a known RQC component. Furthermore, a reporter assay developed by the Buskirk
group (USA) showed that YImH functions as an RQC factor and can substitute for the function of RqcP, a YImH
homolog.
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3) Translation Facilitation of Translation-impeding sequences by ABCF Family Proteins

EF-P is a well-characterized trans-acting factor that facilitates the translation of polyproline sequences, which are
difficult for the ribosome to synthesize. In this study, we found that members of the ABCF protein family also
promote the translation of translation-impeding sequences. Specifically, we found that the double deletion of efp
(encoding EF-P) and yfmR (encoding an ABCF protein) results in synthetic growth defects in Bacillus subtilis.
YfmR promoted the translation of sequences containing alternating proline and aspartic acid residues. In addition,
another ABCF protein, YkpA, was found to enhance the translation of sequences composed of consecutive acidic
or basic amino acids. These observations revealed the role of ABCF proteins in ensuring efficient translation.

4, WX, EEGRLE

RERX

Fujiwara, K.#*, Tsuji, N.*, Sakiyama, K.*, Niki, H., Chiba, S.# ; Evolutionary adaptation of bacterial proteomes to
translation-impeding sequences. (2025) EMBO J. in press. (# corresponding authors, * contributed equally)

Takada, H.#, Fujiwara, K., Atkinson, G. C., Chiba, S., Hauryliuk, V.#; Resolution of ribosomal stalling by EF-P and
ABCF ATPases YfmR and YkpA/YbiT. (2024) Nucleic Acids Res. 52, 9854-9866. (# corresponding authors,)

Takada, H.#*, Paternoga, H.#*, Fujiwara, K., Nakamoto, J. A., Park, E. N., Dimitrova-Paternoga, L., Beckert, B.,
Saarma, M., Tenson, T., Buskirk, A. R., Atkinson, G. C., Chiba, S., Wilson, D. N., Hauryliuk, V.; A role for the S4-
domain containing protein YImH in ribosome-associated quality control in Bacillus subtilis. (2024) Nucleic Acids
Res. 52, 8483-8499. (# corresponding authors, * contributed equally)

Fujiwara, K.#, Tsuji, N., Yoshida, M., Takada, H., Chiba, S.#; Patchy and widespread distribution of bacterial
translation arrest peptides associated with the protein localization machinery. (2024) Nat Commun. 15, 2711.
(# corresponding authors)
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)

BEREEE, d5#T. TEXE: [FWR7LAFEF—7OMERMEME insilico ] % 20 [ 21 Hig KB
EHFRE, 2024.6. 17—18 EFEHY o< —L (BiE)
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E~xVLF 77ty b TRATAVIEBEFT—0 a3y 7,2024.8.1-2, "— b+ VR T ILEER
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Shinobu Chiba: [Universal translation-impeding sequences drive evolution of arrest peptides in bacteria
International Symposium on Multifaceted Protein Dynamics, 2024. 9. 2-5, The LUIGANS (f8f)

Keigo Fujiwara, Shinobu Chiba: [ Bacterial domain-wide bioinformatic analysis of RAPP/RGPP as the
universal core motif for the translation arrest] International Symposium on Multifaceted Protein Dynamics,
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Naoko Tsuji, Shinobu Chiba: [Diverse translation arrest peptides in the marine bacterium Alteromonas
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6. ZOMIFRLEER
1) sB&ES
MM BME - PIWEEHEIME (A) FEFAR
REL R LHOEBKEE L 5 FEE
MRAEE  TESE. BUSEE  R2-R6 & (5 F)
2) TR —FED
BARERERE (RBEZXRFHESEFFR) (2024/11/8)

3) R=FE
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RNy ERBEEYMFMEE Laboratory of Protein Structural Biology
% 32T A Prof. Hideaki Tsuge Ph.D.

1. AREE

R NRTBEOEEISPEGOERBRICLERARLLDERY DDH D, RV /INVBEEEE, ISR
FERFEFERANTHIE FDRZ Y NRIBOHEEFRZRIZVWEERZ TV, ZOEBHRL S FFRANICIFRESRE
fE% FHCRRET 27 ARAIEOARENEEND, REUATOMET —~x#e L THRZED TS, XiF
ERBERITE VAT BFBEMELTERFEREL TAWS,
(1) MEX > N VBREEBOEE CEEDORBE : Cperfringens D BN ERIET I F % ADP )R
Mg dlachnzTy FYA b= 2B THEAN~NGZXT 2EE b ohd, COBE. 7 74AFEFHE
WEICLY b DBEEREICERELYTIAREED TE /1, IbETFLL la-Ib BEALEAGHOBEEBELAICL
TW3, INITKE, TAT74VLVEOZKDBERCDT OV A FEFEMRICLVBALNIIL, ThHo
TRABEROX VNV BEZBEEORBNRELEETH D,

(2) ADPURY L BER L ZOENS FEAEROBEEYE KR4 BHBERERMEMIL ADP U R ILbER
(ADPRT)Z DML T, FRAMDE VNI BEEHL. KA MDY T FIVEERIIEELEZER S, CORGEER
HEZORIBEBOHEMERALLICT AN, LB ADP UR T LbER (BR) LZ0EBEAKRTORSEE
ERIFEED TE, EE, DNAZ ADP U RV WALBEAR DM Z DS C MEMTE2EHT WS,

(3) URY —LRFEUAEZ XV BEOBEEYT  SEIEFHEHICIE. RIP(VRY —LTREELZ /XS
B)ERENDIBENEFEL. VRV —LDY S B Y IL—TOT7F %5 &/ EDTMONT VD,
B4k, BHIEDORBEFED MAP 5L NEHED MY FVIERAL, CORBEBEEALNICT H20. BREHD
BEEYFNTETCHREED T WD, BENICIE IS OREREERT. ROUKRY —LEDEAKDS S
A FBEFEMFEOBERMTZED TV, FLRIPIETALIICHTIMIAILAEEEZF > ELHALNT
B, CORKOMBAEERT,

2. KEEOHERR

1) PP VEEBYZATLOBERE

C.perfringens B2 2D EEAFEERIET IV F V2 HBENICADP YR ILbT 2EER la & INEMAE
NABETEEBEIb OB D, BAIEUATLY ZHOBEROMREEDTHY . la BRBLUVERBET/F &
DEEEOBEE X RIERBEMRITTHSNICL., BELEBEDRTEZED TEL, ZHOBROSHRETE
BEBRTDIE, b OMELXAEARL, 2020 &, b RACETEZ 7 74 FBFEMBETED., TOEE
. CTHMMAEBAVT 29ADREETE, IbEFLIZTEGELIOARD, 510 la DEATIHEFERA-VLE
EZ. ABLIZIbEREAClaZzMA T, T—R%2N&E, CLUMREZRWT-BN %1757, 77 A5 T DOEREET
R=ZNLLIATLEROLOE, BIFAEAPEIZHENTLAVEVWEDENIT S ZENTE, TNTNENT
TV, 29A L 28ADBEETORITICARII L7, la @ NKBO KX A>T, 784D IbEALIC—DFE
2, BLEEADIE. CORBAICEY. ladDNEKBEDa~Y v 2 AN —ZRIFTZ2ETHZ, &5 la O Nk
BogEIE, b ELORERL (BER6A) THo9s5 v FAbHmELnTWE, ZOZenblad bEILENL
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TOEREEBIINKRGEYHLBITTIThN 2 EEZOND, FTBLDICH>TWERBRDTIL—TIZET 5 2 K
NER. REHESRLOUEDLS b BRILOFHROBHN L, 2 N/BEHEEELIREL, TEHEATR
ERBHET, VIV aEOIYTAMF Yy (CPEIRBEHROBSLEON, HROBHEERNEHIN
7= TD#E%IE BEC(CPILE) & dp& & Nfz, BEC I£ BEC-a,BEC-b D 2 omavR—% ¥ kA bk b 2HHE
RTHD, BIRDAARERELBR LD S BEC-b RARFELBERT O, ARLVDIERIRDAF L5
FZIbPT 474 ILEERCDTb TIHBHEZRMIL Phe TTEL G/ SV TTTETEY, ThNR YNV E
BEBICELRTHDIIEEhh>»TWE.—hH, BEC-bD 7 5> 7RBIMEERMIIL Ser TH Y., BMEMUOKE &
HEK FKEVWSTZEBVWLH Y, EDLIAFEEZLTVLIONEKEN, CIICERZEBEE, ZT0OEBLZ
HEL WD,

(2) ADP URI L D4 RME
H 4L ADP URYIL{LEE (BBE) C70HBL Y NI BOEAKRDOATE OB ERIFAE D TET, la-7

7 F &K, C3-RhoA#EEM. SCARP-I 7=V EERERONICL TELD. TDLSHEEEOHRIL
HRTHIFLAERL, INOLDOHFTICEY . ADP URVILIZZ Y/ RIBDOT I /BTHN. & 5L Ix DNA
DIEETHNRUCEBERHEE T, ADPURIIMLT VS ZEZBHNIC LTz, BADUADHR TS,
RIL DR TIE DNA O ADP U R IILLIEIXZ BTV S, & 5HICHEEE D DNA ADP U R L EER
CAPR-1 O EMERHEM L BEZBHRONICT IO OMELZEDH T LS,

(3) URY —LRFHAZ X BOBSEEYT  SEIFRMBEYICIEF. VARV —LD) ¥ rHLyvi—
TOTTFVEBRENICE ZRABEITFET DI EPMONTVDS, AMTEOIRBAFZD MAP £ L /IEHRFE
DEFUFUISEELHAREZED TUWD, MAP HEDRESRMICHIL. 2,1AD0F - 252 T2 TAUTETL.
SRR TOBITZITHE >7Tce £2BAE. MAP ERBE VARV —LEDEERD Y Z7 4 FBFEMEDOBIEMR
HEDHTWND,

o

=

3. Research projects and annual reports

We have been focusing our research on the structural biology of infectious disease. Especially our focus is
macromolecular complexes, and we would like to reveal the interaction between the infectious factor protein and
human protein. These basic researches are expected to find a novel drug in infectious disease.

This year’s accomplishments

(1) The iota toxin produced by Clostridium perfringens type E, is a binary toxin comprising two independent
polypeptides: la, an ADP-ribosyltransferase, and Ib, which is involved in binding to the cell and translocation of
la across the cell membrane. We have reported the cryo-EM structures of the translocation channel Ib-pore and
its complex with la (Nat Struct & Mol Biol., 2020) Furthermore, last year, we reported binary CDT (CDTa and
CDTb) toxin complex from the most clinically important bacterium Clostridioides difficile (formerly Clostridium)
(Nature communications, 2022).
Recently, outbreaks of food poisoning in Japan were reported in which Clostridium perfringens was strongly
suspected to be the cause based on epidemiological information and fingerprinting of isolates. The isolated
strains lack the typical C. perfringens enterotoxin (CPE) but secrete a new binary toxin consisting of two
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components (BECa and BECb) We are studying the difference of the pore in BEC-b compared with Ib-pore
and CDTb-pore.

(2) We are interested in the specificity of ADP-ribosyltransferase (ART). We have revealed the complex
structures of la-actin, C3-RhoA and ScARP-guanine for the last ten years. From these structures, we
understood they all use the ARTT-loop in common. Recently, DNA ADP-ribosyltransferase including SCARP and
pierisin are in the spot light. Now we are trying to reveal the function and structure of DNA ADP-
ribosyltransferase, CARP-1 from Meretrix lamarckii .

(3) We are studing the function and structure of Mirabilis jalapa antiviral protein (MAP). MAP is ribosome
inactivating protein, which deactivate E.coli ribosome. We try to solve the structure of MAP by crystallography
and also reveal the complex structure with E.coli ribosome by cryo-EM. Furthermore, MAP has anti-viral
activity., but the molecular mechanism is open question. We are also interested in the anti-viral activity of MAP.

4., W@, BEL Y (2024.4~2025.3)

Sven Falke, Julia Lieske, Alexander Herrmann, Jure Loboda, Katarina Karni¢ar, Sebastian Glinther, Patrick Y.A.
Reinke, Wiebke Ewert, Aleksandra Usenik, NataSa Lindi¢, Andreja Sekirnik, Klemen Dretnik, Hideaki Tsuge,
Vito Turk, Henry N. Chapman, Winfried Hinrichs, Gregor Ebert, Du$an Turk, Alke Meents (2024)

Structural elucidation and antiviral activity of covalent cathepsin L inhibitors

Journal of Medicinal Chemistry

2024, 67,9, 7048-7067 (E#H D)

Hideaki Tsuge H, Noriyuki Habuka, Toru Yoshida

General ADP-Ribosylation Mechanism Based on the Structure of ADP-Ribosyltransferase-

Substrate Complexes Toxins (Basel). 16(7):313. (2024) (&#4 )

5. #afRA L (2024.4~2025.3)

1) PEH3ELE PR T R

v A 3 B3O Mirabilis Antiviral Protein @ U 7R Y — A RTEMAL X B = X L O fif i
EHER TS FFDEML1R,2024 46 A

2)Kazuya Nishida, Tomohito Yamada , Hideaki Tsuge

Structure and Function of Egg Mass Proteins in the Apple Snail

(Pomacea canaliculata), & 2 & £l 74, #L1%,2024 - 6 H

3) Noriaki Sakoda, Tomohito Yamada, Hideaki Tsuge

Preparation of Clostridium perfringens iota toxin using liposomes

B HER e FLIR,2024 42 6 A

4) Yuki Mitani,Toru Yoshida, Tomohito Yamada, Hideaki Tsuge

Single-particle structure analysis and activity measurement of C. perfringens iota toxin Ib serine-clamp
mutant

BAEFS FLIE, 2024 ££ 6 A
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5) Yuki Mitani, Sotaro Takiguchi, Ryuji Kawano, Hideaki Tsuge

Analysis of membrane translocation of Clostridioides difficile binary toxin

using electrophysiological techniques

LS 2 58,2024 4 6 A

6) =& &, WO AIKES, JIEF &R, BT &

TRk Gy B SR O BRI @ AR O fEBE ~ [ 72 2 AT EHA

%64 B AMMBEFOS EO¥K, dniffiE, 2024 4- 8 H

7).78 W 3L PR HE T 55

F 1 A 3 F H KO Mirabilis Antiviral Protein (MAP) @ U 7R Y — LA RJEMAL A 1 = X A OB
HT0ME Mo R YT A 18,2024 4 8 A

8).Yuki Mitani, Toru Yoshida, Jun-ichi Kishikaw, Tomohito Yamada, Hideaki Tsuge
Cryo-EM Structure and Activity measurements of Serine clamp mutant of C. Perfringens iota toxin Ib
Reveal that Serine clamp Confers Cytotoxicity

2024 fFEE TARA & I — - AP 0gEa, #iK, 2024 4 10 A

9)Yuki Mitani, Sotaro Takiguchi, Ryuji Kawano, Hideaki Tsuge

Nanopore Sensing to Reveal the Membrane Translocation Mechanism of a Binary Toxin
DFEMY S, @i 2024 411 A

10) VEHELE PFEMZ B THEH

Structural and functional analysis of antiviral protein derived from Mirabilis jalapa
DFEMY S, @ik 2024 £ 11 A

1) PHHEELE PR B TEN
FrmANFTHERY RY — LRGN E R B O E &R

9478 v X X B WFSE RS #2025 £ 3 A

6. ZToOfiFREIE

(1) sMBE 4

1) EMHE5E B

24K01993 U AR Y — NEKIF#HT TIE D b & ¥ U ElE o 2 T L 0 B

WK E T BG4 : 2024-2026(3 )

2) PRERAUBFIE (Bi3F)

23K18011 VAR Y — A RIGEHALZ /X7 L VURY — 2D TA A ETTMREIC L 20T & EA BB
WFFEARERE OB BUS A - 2023-2024(2 )
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3) W C
24K08704 Em—AEAEFEREICA A= AT AY e —TF U RIEELTO DyP & &1X
WFRARE EBHE L BG4 E © 2024-2026(3 4F)

(2) #4158

Journal of Biological Chemistry, Editorial boards member
Toxins, Editorial boards
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RTRILF—REMFEE Laboratory of membrane bioenergetics and
metabolism
% L 3 Prof. Ken Yokoyama Ph.D.

1. AEBE

EMOMBICIEIRILF—DPRETHD, £GP TXILF—EFEVWLTWVWEILEZ, TEFESTHESEHRE
DN, EEITRILF—2% (Bioenergetics) THd, EMDIRILF—EETH S ATPE. ElcI bV R
UTICTFEET S ATP EREBRICLDIES NS, tEShic ATP &, EUHEHT D &P, EARDTOERM. o
R, WX EIcfEbng, e ZE, REEZONY ATPase (V-ATPase)ld. ATP #f#-> T/NEARICA AV %
BElL., ZOBMELEEL TRABEBIRRZIES, V-ATPase D& Slc. ATP Z2f> THEZERY VIV E
FEDRARE TN, ZOEEMAE. FNFNOERXREOEBEEZHESHNICT S I ETEVWSRDMN > TELHA. TH
BELEEO>TWD, FVINVEISBEINTFEBNESYP>T ATP ODIRIILF—ZHEHXVPEHICERITZIOHN
F. ETHHEKREWVEETHD., BRIXRZEGPRVZORED—DOTH D, COFFEBMOEHEAZREIET S
HIC, VA ABHEICLZ2BNBERNMZED TWD, EROEY VIV EIF. E£EHENS AL KRB TR
ERETL TV, IR tELUOBEBRETY 12y NORBCESKOBBENRC 2 BENH D, EEKE
LB YRV EZEEBEBRNITZIE T, ZROEYVIRVBEDEZRZ %, LEDESEHNSEICRD 3D
DTF—NEEHTWD,

(1) ATP AEEXR. V-ATPase O &
V-ATPase l&. EZAEYOBMENE (VY V=L, TVRY—LRKRE) ICHEET S ATPREHEDO 7OV RY 7
THOH, NEHROBELLEZBEL T, YN\ VEORBEEECYWERHZIH> TWS, ATP GEER F.F B
O EEEMEEET ATP DI RILF—Z2OEGEHICEZATTON VYV EEXRT %, BLIE. EREYD V-ATPase @
FHEEZSNDZNITUTFHED V-ATPase (V/A-ATPase) Zffizetikle U TRV, &%, £Y9ES (1
NFERE). BEEYZOF EZzHAELE T, HKE-EBSOMAZED TS, TOFME. ATP HEE) O[Ol iEHEE
EDWTIE. DR DEBIEAT (EEEDIFFTERE). £ic. EREY D V-ATPase DIEEZRET DI & T
V-ATPase Z1EH & L cRISRIC DR M 2 BEBRE B D, £/c. ATP ERBEER FoFl cDWTH, BERTZEE
HTED, ATP DB - DL Ol WS EHEO T RIILF—ZTHREBORERAZBEIEL TWa,

(2) VA ABFBEMKICL S ATP EBIRRICET S VO BOREEDF

VA ABTFHEMEG. SPREEYFOEREGD. DFOBELIFTTERL, AIARZVHEE2EDOHEE
Z, BICERFARELS DBETRZ CEEZTREICT %, KA lF. COEMEVWESREDWh, HFRICHER
7T VE ATP ABBEROREGICHSBEZT(LEZRASNC Ut COFEEZSSICRESE. MlBATOHFD
EHEEDBRREICHSHICL EATREI > TWBARKRZFFLARILTERTZONEETH D, RNRE.
ATPENREZ A2 ATP F v RILICIAT. ATPEIREZRFL NI THLSMNMCT DI EZBHNET D,

(3) £EHELFDESY VNV E®D in situ BERENT
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PANX1 £ & O PANX2 OEEFBEICHEINTWLWSA, PANX3 ICBL TIK. SEICBR>TATPEL VALY
DAAAVEETTOEBEN RS SN, ULH L., ZODMRBEEIFEL, AHHFEEL TWRWFRE DEE IR E
BHTHoTc, BRIF. BERETH >/ PANX3 DIEEREZ A, FHEMBEEESICREREZBEL. B
ETICKHERED PANX3 ZBE T ENTE T, BESINTZPANXINS I Z4AT )y RZERL. KBk
RESEBEEL VY —D Titan Krios THRE U, BEICD-E D, BEBTETocE T3, 3A 22 0E
HED PANX3 OV A ABHEEBEERD &N TET,

RES N PANX3 Fv RILIF 7 EFTH O, PONTEICE > TEEBLZFKT 5, LOmOLWILFELLIE
MEAERICHET 21V O0 Y VERTERIN, TOREIEMO/NRFI VY ERRETH >/, BELTEMRE
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FoF1-ATPase I&. ATP Z KA T 2 F1 Fo s, BRERETTON Y FvrrILEL TH#EET 2 Fo SN 51
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ERERZ2DFEBE. REICOHIEDKRBRORES L TEIN W,

SO, JEREEERAID ATP &G 8EZ K> 7z F1-ATPase (ANC-F1-ATPase) Z1EB L. ADP [HEIREEICHE > e A
NC-FoF1 O#&E%R. 754 ABFEMEBICLD 2.9A L WSENBEETRE LT, ADP BHER! F1-ATPase O
BElE, BEROEBEE FERETH >, MERMICEASLTWEXILAF ROBEICEVWVNRS NI,
ATP DNREIICES T 2B THD E U McEAL TIE. BAR F1-ATPase TIE ATP BMEEL TWBDIC
L. ADP BHZER F1-ATPase Tld ATP @b D I ADP A& L TWe, Fiz. ATP 2N THoNn 2 D 4o
hTld. AR F1-ATPase Tl ADP & U VEEAEEL TWS DI L, ADP BHER! F1-ATPase TlxY Vg
NEEET. ADP OHDNEEL TWe, S DIEREN S, ADP HER F1-ATPase Tld. EV A MTEAL T
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3)E MY RUFPHNELED FoF1-ATPase @ in situ &
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N—ICEAEY T IHERBLET .23, 3A HIFDNMEDEBEEBLIENTE L. SSICHET 2
HEZ LS CHANFRITZTofcE 3. FoFl O4ERBENESNTc. CDLSIC. SMP ED FoF1 (3%
BD FoFl MoRZBAOFHEENSKR > TWe, o, 2D FHBROFICIE. FoFl ERRIBHTFERERDER
NHD., chzTIlcENFZEBREEGRNISHEL. BRTFHRTZTocE 3. BRIREDFRBESHROBENS
Shice 5T FADITETV. SMP LICBEET BN FORBERTZED TWVWB,

3. Research projects and annual reports

The sustenance of life is fundamentally dependent on energy, and the field of bioenergetics investigates how living
organisms convert energy into biologically usable forms. Central to this process is adenosine triphosphate (ATP),
the universal energy currency of cells, which is predominantly synthesized by ATP synthase within mitochondria.
The ATP generated fuels a wide array of cellular activities, including motility, biosynthesis, catabolism, and
molecular transport.

Among ATP-dependent transporters, vacuolar-type proton ATPase (V-ATPase) exemplifies a molecular machine
that utilizes ATP hydrolysis to translocate ions into intracellular vesicles, thereby inducing acidification essential
for numerous physiological functions. Transporters such as V-ATPase play critical roles in cellular homeostasis,
and structural studies have greatly contributed to elucidating their functional mechanisms. Nonetheless, key
aspects of their dynamic behavior remain elusive.

A central question in molecular life sciences is how protein-based molecular machines convert the chemical
energy of ATP into mechanical work, such as substrate transport or conformational movement. To address this,
dynamic structural analyses using cryo-electron microscopy (cryo-EM) are being actively pursued. Traditionally,
membrane proteins have been studied in solubilized forms following extraction from biological membranes.
However, this approach can lead to dissociation of subunits or disassembly of protein complexes, potentially
obscuring native conformations.
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Recent advances now enable the direct visualization of membrane proteins within their native lipid environments,
preserving their authentic structural states. This approach offers a promising avenue for uncovering the true
mechanisms of energy conversion and transport in bioenergetic systems.

This year’s accomplishments

1. Structural Determination of Large-Pore PANX3

The cell membrane contains channel proteins that facilitate the transport of relatively large molecules such as
ATP. Large-pore proteins known as pannexins (PANX1-3) are thought to primarily mediate nucleotide transport,
including ATP and AMP. Typically, these channels remain in a closed conformation but open under specific
conditions, such as during apoptosis, allowing ATP efflux, which reduces intracellular ATP levels and accelerates
apoptosis. However, the molecular mechanisms underlying channel gating and nucleotide selectivity remain
unclear, as do the specific roles of the three isoforms.

While the structures of PANX1 and PANX2 have been reported, the structural characteristics of PANX3 remained
unresolved. Although a low-resolution structure of PANX3 in the presence of ATP and calcium ions was published
earlier this year, its apo-form structure had yet to be determined. To address this gap, we established an
expression system using suspension cells and successfully purified PANX3 for structural analysis. Cryo-EM grids
were prepared and imaged using a Titan Krios at Osaka University’s High-Voltage Electron Microscopy Center.
Subsequent structural analysis yielded a cryo-EM reconstruction of PANX3 at sub-3 A resolution. The resolved
PANX3 channel formed a heptamer, generating a transmembrane pore along a central symmetry axis. The
narrowest constriction, located in the extracellular region, was composed of an isoleucine ring, similar in size to
that of other pannexins. Structural variability analysis revealed substantial conformational dynamics in the
intracellular regions, providing critical insights into the mechanistic properties of pannexin channels.

2. ADP-Inhibited FoF1-ATPase Structure

FoF1-ATPase consists of the F1 domain, which hydrolyzes ATP, and the Fo domain, a membrane-embedded
proton channel. The F1 domain has three catalytic sites for ATP hydrolysis and three non-catalytic sites where
ATP binds but is not hydrolyzed.

ADP inhibition occurs when ADP remains bound at the catalytic sites, preventing ATP hydrolysis. Although the
non-catalytic sites do not directly participate, eliminating ATP binding at these sites induces ADP inhibition, a long-
standing unresolved question.

To investigate this mechanism, we generated a variant of FOF1-ATPase (ANC-F1-ATPase) lacking ATP-binding at
non-catalytic sites and determined its ADP-inhibited structure at 2.9 A resolution using cryo-electron microscopy.
The ADP-inhibited structure closely resembled the wild-type enzyme but showed distinct nucleotide binding
differences. In the E site, ATP was replaced by ADP, and in the D site, phosphate was absent, leaving only ADP
bound. These findings suggest that ADP at the E site blocks ATP binding, while phosphate loss at the D site
stabilizes the ADP-inhibited state.

3. High-Resolution Structural Analysis of Mammalian V-ATPase

V-ATPase was purified from rat brain and analyzed using cryo-electron microscopy. Membrane proteins were
solubilized with detergent, followed by the addition of SidK, a Legionella-derived inhibitor that specifically binds
V-ATPase. The SidK-V-ATPase complex was isolated using Flag-tagged SidK and Flag resin purification. Further
refinement by gel filtration yielded high-purity samples for structural analysis.Cryo-EM imaging achieved sub-2.5
A resolution, allowing atomic model construction of the Vo domain. These findings provide detailed structural
insights into mammalian V-ATPase.
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1 ADP-inhibited structure of non-catalytic site-depleted FoF1-ATPase from thermophilic Bacillus sp. PS-3.
Kobayashi R., Nakano A., Mitsuoka K., and Yokoyama K. Biochimica et Biophysica Acta (BBA) — Bioenergetics
(2025) DOI: 10.1016/j.bbabio.2025.149536

2 Cryo-EM structure of the human Pannexin-3 channel. Tsuyama T., Teramura R., Kishikawa J., Mitsuoka K.
Biochemical and Biophysical Research Communications 745 (2025) doi.org/10.1016/j.bbrc.2024.151227
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5. Structural analysis of mammalian V-ATPase. FaHfER HFFEET FERE LHEZE KEE #U
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EBMELEZMRECIE, WNBEBE (€75 74 v 2 Daniorerio & XX H Oryzias latipes) % AW THEHE
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3. Research projects and annual reports

We have been studying the mechanisms of body axis formation and organogenesis using small fish, zebrafish
(Danio rerio) and medaka (Oryzias latipes). Small fish are model vertebrates suitable for developmental genetics
and experimental embryology because of the large number of mutants, and the ease of genetic and embryonic
manipulation. Currently, we are focusing on left-right axis formation, somite morphogenesis/differentiation, and
otolith formation. We are also collaborating on the Medaka Genome Project to study the genome evolution of
vertebrates, and on the epigenetic regulation of vertebrate development using medaka embryos.

This year, we published two papers on epigenetic reprograming and somite morphogenesis, which are
described in detail below. Furthermore, we established a system to degrade heparan sulfate, an extracellular
matrix component involved in regulating the extracellular distribution of Dand5, in a temporally and regionally
specific manner. We generated a transgenic medaka line expressing a membrane-anchored heparan sulfate—
degrading enzyme, tethered-Heplll, under the control of a heat-shock promoter, and optimized the conditions for
heat-shock induction. In addition, we identified motif sequences involved in the interaction between Dand5 and
heparan sulfate.

This year’s accomplishments
We published the results of two research projects from our ongoing studies on epigenomics in medaka and on
somite 3D morphogenesis.

1) Epigenetic reprograming of H3K9me3 during medaka development (Fukushima et al., EMBO rep., 2024)

This study examines how heterochromatin reprogramming, specifically H3K9me3 dynamics, is controlled during
early embryogenesis in non-mammalian vertebrates. Using medaka as the primary model, we show that rapid
cleavage cycles after fertilization cause passive, DNA replication—dependent dilution of H3K9me3. As the cell

cycle slows toward the mid-blastula transition (MBT), nuclear accumulation of the 3 £3 < G
H3K9me3 methyltransferase Setdb1 enables re-establishment of heterochromatin. ‘ A
Manipulating cell cycle length experimentally confirmed that slowing promotes
H3K9me3 re-accumulation, whereas acceleration suppresses it. Similar results were
obtained in zebrafish and Xenopus, indicating that this mechanism is conserved across
non-mammalian vertebrates. The findings support a model where cell cycle length,
rather than zygotic genome activation, governs both erasure and re-deposition of
H3K9me3. This work provides new insight into the evolutionary conservation of cell
cycle—dependent epigenetic reprogramming mechanisms. Notably, this paper was
featured on the cover of EMBO Reports.

2) 3D single-cell analysis of somite elongation in zebrafish embryos (Kametani et al., Cells Dev., 2024)
This study investigates how tissue elongation is achieved during zebrafish somitogenesis at single-cell resolution.

Using lightsheet microscopy, we reconstructed the three-dimensional motion and morphology of all cells in the
dorsal half of somites. We identified two concurrent types of movement - horizontal rotation and dorsal
displacement - within individual cells, generating a complex twisted flow that drives somite elongation. Inhibition
of Sdf1 signaling disrupted both collective movements and blocked elongation, demonstrating its essential role.
Computational modeling further showed that horizontal cell rotation accelerates elongation along the dorsoventral
axis. Together, these results reveal that coordinated, multidirectional cell migration underlies somite
morphogenesis, providing new insights into the dynamic three-dimensional nature of embryonic tissue shaping.
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Fukushima HS*, lkeda T, lkeda S, Takeda H*. Cell cycle length governs heterochromatin reprogramming during
early development in non-mammalian vertebrates. EMBO Rep. 2024 Aug;25(8):3300-3323. doi: 10.1038/s44319-
024-00188-5.

Kametani H, Tong Y, Shimada A, Takeda H*, Sushida* T, Akiyama M*, Kawanishi T*. Twisted cell flow facilitates
three-dimensional somite morphogenesis in zebrafish. Cells Dev. 2024 Dec;180:203969. doi:
10.1016/j.cdev.2024.203969.
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Kawanishi T*, Takeda H*. Dorsoventral patterning beyond the gastrulation stage: Interpretation of early
dorsoventral cues and modular development mediated by zic1/zic4. Cells Dev. 2025 Feb 24:204012. doi:
10.1016/j.cdev.2025.204012.
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Hiroyuki Takeda. Towards understanding the epigenetic regulation of vertebrate early development — fish as a
model. Asian Conference on Fish Models for Diseases, 17 - 20 February, 2025. Bangkok, Thailand. Invited talk.
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Takafumi Ikeda. Left-right asymmetry formation by secreted ligands from the left-right organizer in zebrafish
embryo. Kyoto University International Symposium, 2024. ZEF K. 2024 & 12 B, =4P.
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Hiroyuki Takeda. Interpretation of the organizer-mediated BMP gradient in late development - Insights from the
spontaneous medaka mutant, Da. Spemann-Mangold Centennial Symposium, 16 - 19 September 2024, Freiburg,
Germany. Invited talk.

Takafumi Ikeda, Toru Kawanishi, Hiroyuki Takeda. Extracellular behavior of Nodal and Dand5 proteins secreted
from the left-right organizer during left-right pattern formation. Spemann-Mangold Centennial Symposium, 16 - 19
September 2024, Freiburg, Germany. Poster.

Takafumi lkeda, Toru Kawanishi, Hiroyuki Takeda. Extracellular interplay of Nodal and Dand5 proteins secreted
from the left-right organizer during left-right asymmetry formation. 18th International Zebrafish Conference. 17 —
21 August, 2024, Kyoto. Poster.

WP OB Y OMAREICE TS, MEAMRADICDEKFELZEI NV EROU 7R 7 I Y JHEIRE
B, BIBEA, HEESE, HEKFE XBAFE BFIHFSE F S ARIEBEARS 2024 2024 £9 A 13 B, HHE
&

Takafumi lkeda, Toru Kawanishi, Hiroyuki Takeda. Visualization and manipulation of Nodal and Dand5 proteins
secreted from the left-right organizer in zebrafish embryo. The 57th Annual Meeting of JSDB. 7K X X —H3&. 2024
F6 8. R

BISEA, HAEE, HEKZRE BHTFE= WABUANOFTHEBYONAREICE L CTHIEFAHREAEEN £ X b
VMOV TR I IV ESET S, BLUTEHAICY 2274 7 AARSES 2024 £6 B 13 H, KK
RRZ—,

Hiroto Fukushima, Takafumi Ikeda, Shinra lkeda, Hiroyuki Takeda. Cell cycle length regulates both erasure and
re-establishment of heterochromatin during early development in non-mammalian vertebrates. Cold Spring Harbor
Asia meeting for Chromatin, Epigenetics & Transcription, May 13 -17, 2024, Suzhou, China. Poster (Poser Awards)
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