4R gL
v Ny BENREIRZERR §

Annual Reports 2023 2>
Institute for Protein'Dynamics S
Kyoto Sangyo University

I

AFRT N O SRS R SRRV =\ MRS

4474 E  Tom Rapoport & Ramanujan Hegde e Y1
AN BEEZEOMEEICEHC (HAEF E=EIEHh)

S —T 4 VU LR— FVPPEERE - -+ 20
lnternational Symposium on Multifaceted Protein Dynamics ]

& REERERFNAT IT+—F L (FEEE - MFERTE)

AT D EED
AYMEERRE (= EH) - e 27
SFHRAEMEREE (HEZE) -+« 35
BUNRDENAFT DRV ARARE (FEEE) - - - 41
BN EEEEMERRE (T XHA) - . . 46
BRI F—REARE GEILZH) -+« 50
EMFELEFHRE (KHEFS$E) -+« 55

mE®RE (=Ek}EH) -+« 59

20234




REEEKRT X/ BRI

ERE S (FrR)

HH =

=

B ¥

BES AR
& MR ISA —k
RHAT B LSBT

Dr. Richard |I. .
Morimot Dr. F. Ulrich Hartl
orimoto Max Planck Institute
Northwestern

GER
University  (USA) ( )

Dr. Nikolaus

Pfanner
University of Freiburg
(GER)




Tom Rapoport & Ramanujan Hegde

2N EENEDREICEL

EE SHE, BETTONIREBEERT EAMEEHE [~
WFZ7 72y b7ATA VX AHET ZERRE BN
L7z Tom Rapoport & A& Manu Hegde EAICREKRTOHE 2
F—EHBEWVWLE LT, BIAELH RN EEEONBT TR
FHEOHRE SN TN, LrbEELNILVOELZERHTDOY
TAFBEGEDBEEYFEBALADET, 41 /87 FOKRE
BREERLZICIELTIONE Lz, RWERTTOT, A
ICCNETOREL D, BATOMERE, ZLTHA IV RIS
DWTOEZRELEFHELIZVWER WL, TOA( v EZE21—%1
BLEL, £ALLKEHEVWWELET,

Tom Rapoport DEFFFERE X b Y —

BHE ANCEHSYICEBICBZAOREASEL TWAITE
42 Tom BEFAVIEBSNEATT S A,

Rapoport =35 T9, D77 IU—E R+ U —(FEMAEDT
TH, FTEROIENDELEL LI, RORIIBEDT 7 Z
AFT, AXVYAOREIZEEFNF LTz ROBREAIEEAT

L7z LALBYTESHIRIDE, BARLBERINTERE
B, a7 v¥hov 4 —vIsknE Lz, RiE7 4 —> TFH
FREBIFTeehl) L7, BEEEELALKED Y V>
FTFICTLZEERYFE LI, ET2APPHTH—R MY TIEF
FIHEBEINTLEY, LEROFFEMEBMTEEL, BICHER
ICADZEERDIRIEF—RMITICRD ZENTELRLRY
FL7 BN A YOBRMIZ 72T 7 U HDh A N—VIEFE

EEs | NS A o
Eh>BREAD Samuel Rapoport, HEEFFEE D Reinhart
Heinrich (7 ># )L b k%) , BEA®D Iris, %L T Tom Rapoport

HEF =St

NE LD, MENEHE, 12XV ANOBRIAL—HEICFA VI
RY, FAYVIBONYTLITELE LIz, T I TEZEEHER
LELED, YUBOAEEROEWT, 28V AFFMAEIRD
ENFFINTLELATL ., T ZTRILKREICEY, ¥ F
FTREER-7ebIFTT, Z L TREDAREEDH T3 ADFH
NEEFNF LT,

Bl PRIAFKRFEOERELSTCATLIEER?

Rapoport % 5, FELAENFET LIz, MROTUEER O FA
TH&AILH T E->TCE Lz, B/ T VBT A bE—X
(ACD) T, Ih%fES L% 3BERGFET I LN TED L
SR 212DTE, BMAKEICHET - 728 R EF KB IC
B ICEELFKATLT,

EEE BBI1FE,

Rapoport ZNTRIF M IL—T Y AFEI LB EEREG SN
F L7, LA LZOHBRERICIE, HEEREIIHT 2KFY T,
EIBEAMELE-oTLEVWE L, Z LT TROEKEDZES
~DOHIEE RO SNz T-0, iz b—RIKEAHTI—A v /<
ICRZZEICLE LT, R, BRUERELETRA D EER T
DTEH, F—R MU TIRELKREE VEICEBINTWZ/5,
FCIZT 7y 7 URMIE>TLEVWE Lz, 2503 DIFT,
1951 FITA—R MU TICR-2 7O TITH, FHBICHLL I LN T
FECBATLI ZARIT, BRNA YDA ORHEZEOF 7 7 —hdH Y,
FAYENTELZLEEH T, ETHEAVIZWCZ EITRY
Flte ZOWHIDIFTRIIERFAYTEDE LT,

Bl CLABRSAFHBERICKET, FHcb0@mER -7
ATY &1,

Rapoport %5 T3, RUADT I/ F > DEBPTHELIIAD
Sabin EAY VS FFTHVTWAATTS, HITEBETOH
KEFN, ROTCETCHBLRICIIESTATYT, [BRICITE
FEVSROBIAH DA &, TNZEVTRIE, AT Y
LRRTIEBEWAEETWE L7, Sabin [ZTAWCHEHE L TEESE
ISERE L, PABORKAINIRESNE L1z, RIZTZDOREFD



EZHD Tom L BB A

—B87-7:0TY, REFBOEKIE Kathy Dodd & L5 /NBRIE

ERUTHWAYTLE, BOIZERICITE, SUBMEICIZAAT
FFITRIRRORETH 2 Z LA’ ERINE L=, BEILH
KT IWVTAANDRITTL ., LA LT CICKEICENRSN, &
BE~OHELZ RO L NT-DIFTT,

ZHIWVWS b TCRIKETEEN, BFNAYTEbE L, £
LTIFEEMFZZY, BES52REL, RENICIEERFAY
HET7HTI—-0FBCBYELI MR Y Of—%b 5 EM
ZZICBFEVELEY, B FEICKEICRYELZ, ZTLT2 &
BICEBICHENT—Rea2a—X07 7 25852 ehTERE
L7,

= Sec BEKROBER LICHML-0IE, KEICITRIE -
f=TL&OIM?

Rapoport ZMNIFFHFERAVICWBEETLT R, BRTES
ERBWVWETH, EFNAYTEITRCHFERZICHET L, ERD
AHdhY) FEATL, BEifZL20EEBTIEHY FEATL
Too MIcBIET YRV F2a—THERY I VDOFvTHEST
BERLTWE L, METIEHY FHATLE, TNTHAT
LlIERA LD ZENEY O AEITL, Nature IR DFRHE
HEKERLFE LT,

EiE SIVTT,

Rapoport XX, WDOHE-2THDTIT A, RERKRRDOFT
LRI TEDZDTT, by TLRILOHREICRZDIEH L W
MHLNETAD, IRZELDH S EBRIE BRI EBVWET,
ZNICET 70T DL RTFERE DY, ARETARAY
arINIEVWWATT, 2 TNIERIEICARY ES, P4 VD
H—th, - BHIFRA, FBICHBICARYE L ANM VAR
FAVICEREZBRALEZDLHTY, TLTESIE, BNA Y D&%
FTTENHRYICIELR>TWAZELTWE L, fLAlEZ

D—ANTZ>7=D T, TEALIAKEICHK D E TITIEFITT D
DT R EITNTHEELNLOESETCESTETVE LA, &
RBEEZICEL R R>72blFTd, HRAICHBLTVWEY X b
ZVDFEAEEBLEDDEZETHLTEE LT,

BE LLHICZIABEBREORS Y b TT LR

Rapoport %95, PF F =V iFaliE o711 &, iz blzz s
MLWEIFFEICANSONTDITTY,

EE LADLYF P EO0Y ML TRENEHLZ DA EH
mTY L1,

Rapoport ZHMICOWTIZEHAWELH
L7z 7

DESH, HEEL &

EE OLENCEE E LD, 85 —EBEVLET,

Rapoport Sec EAEOBEROBI ' #FHEKLIZL TDET
T, EDE T AICHIBIE BigCHAP & W 5 RENESH % E -
7=h, Ay ML TREHAERY, bhbheRLEAY MDY
FITALBRLTYH, oy FHER D, EEZX L1, #r A
B, MBI F NV OMBRTOALEF T LN S L Z—~
v FAY OFHEEZZITIRY £ L7,

[Rapoport 8+, ¥t IZEBHERICKELRZ Y 2F-THY X
T BERIPEMHOBPICRMEY L EEN TS LIERESNEZZ &
12, BRI L £ L7z, 37 BigCHAP IC& N 5 Nl 0
ExHAATHBYEST, 2FF L TE, AFRAREE R -7 Y b
D 100g h o BE L HEOLEOY Y T ARERE WL ET, ]
ZLTIHY FfmEg IR —a—Fe e icAVKHE
PA->TWE LT, B3 EZTDEE, HIRE OB THEKER
DFXD 7 7 — A A —H—0 Dirk Gérlich hFFRaTETWEL
Too WITZTOMEREZIY F L72H, EXZEDICIEHEYICHD

Tom LBEAD Iris (WY RITIZT)



B 5720T, TYRVYELTZFa—TICANTENMLE LT,
ZhiEALEiasbF L. SBRIEZNIE7DL v 7>~ H SDS
FofcbBWEzd, T, ThE X /87EDNEEAD invitro
AYR=FT v A THTD, 41 VR—MIHT 2EEY
BAHTLEVWE LA, TOZEITIEFEWE L, UETHLE
Fr LIS AR WEbE 2 LB T TT A, [E
BB onkh72hbTT, TNTEIVLWIREZEI SN L
MATND I BIC2BEDOFHEARE L1z, SEIITHMAOREE
ICDOWTKELRERN ST EMNTUVE LT, THEYIL
180kD M & v /Xy B 572 WS DT HRE LT, RIF L
David Meyer #° 180kD M X > /S0 BHAN ERELED U KRY — L5
BRI E WS X% Nature ICHL TWE L7222, ZDEZX %, fA
bR OBEBROBITEEL TWDTT, £IAHHD
LAz B AME - 72 REEMAIC 180kD % > /X AEA L Tz
5, TNHWEELLEVIZZZBETERVI LICA>TLEL
FT, Dirk TR LELAE [ZDOALBIREN - REENES
HEIROTESTWENEERL DD > TRV, R/ HRA
EEBENCEAT 2RATHY 2B W | &, ZTD L EFOFEN
FHRAIY LT, BRICHAS L THIZATT, [, ZOFIK
DBZITIETHNEFT LHOEL LAIE V- TR, BYE] &,
INTR S EfTBIE, TABRZEEZCI ABIEHRERII-AL
ML, EES ZEICRDOWEbhIFTY, Peter Walter TF,

Hegde %L T, Z® Sec BEHOBEMRERICBREEILH -
7=

Rapoport Z %, 5 T, Manu "z Nz HEHL D I=ME— DT
%’C\‘_a—o

Hegde % 5,3lony FoR@mEEFRZFE-THH A LBR
TEFE LT, 180kD 2 /RN A>T THA (%)

Rapoport % 5, ¥R &> /\/E%FE -7z Sec EEEDBEER
EEIE, oI RIFEZLBHRAL LI E LD 2TATT &, E
BHERICIEETHLHRBADH-7-DT, EZDTFREOIHIF
BT CBRAERE LELS LI LED 5T, £ T AHH Manu &
HANDRRD Lingappa [E3)TLTz. HHIEFRR MO HD
TREODIOIHRTET: - ZITEEABVELNHDATT
B, ZNITOVTIEERIDOBERIC, £ WO bIFT, Fald Manu %
SEDTREEDFENRARI/D—ADLS ICELZDIFT
ER

Hegde Zm& =, MFFLFETLED O,

Rapoport 55D 7 RITHEL-DIET- -7z 2:BEATL A,

Manu &% (k)

Hegde L»%b 1F0EREZHITTO2EBHTY 1,

Manu Hegde O X b 1) —
EEE T TIE Manu, HELOIEEFFLTLLEE N,

Hegde [\, FAlZA >~ FOREAERICH 2 HILF—KX HINTEE
NELTZ REDLFT—=ZHMDERNT 2HBH HLDNER
NTEENE LT, TTOORITFRERZHCIZAS EBbN
TUELT, LOLRIWEL I~10 v ADLWE, KGTHER
KoTLEFVE LA, YBIEEAEATREEZ D2 >TLEDT,
FTHR AT RIEZ S LI-REAOXKIIBEAENT, DEL
KEEE-TLELZATY, 21T, ETHICO>NTRHBT
b —RICEBEETERRY, BIN/HE—OERE IEHTO
FRICEI L LY FEATL ., RIFBFICES ICEKE
Fb, HMTOFRTENDRY OBFE2MFTEY, BFEE%E
T, HTOKRFIEFZ L E LT, ZNAEELNLSEZHE—D
EEHITLT,

ZLT, RIFFEFEEL, AEENTDITTTY, TOESR
TROKEHREFLEE, AV FORETHMIAEDZ o728
WET, =7, BlIEZ<ORTEBICHF LN EBLE T,
RiCEb-2ETERZZENHDERLTWEZDOTL &5, EHEE
BADEFZZE#OFE LTz, T I TRITKEE HF XD PhD O3—
2EZBL, RENICIEL > bBEDSVWAFTXDOY XA by
— VMDY RAF 27TV REEZREVE LT

EiE EwWEATT LA
Hegde T Z<CEWHRTY, L 1973 Eh 74 F1- o7 B W

F9, THLZDEZRPREEENMTUCRBENRY D 720D
T, RIFET—ATITEE LT, ZLTALDRELETITIS



HFLZIBEL - Hegde —R (AH LB L, 1976 FF)

o+ ihsexFotk, 1970 £EICHRA by =720
MZEEEE> TCANE LT 12 B2 BVWET, 2B IEZ
NETCEZRALIEIBENLEILHHY EFLATLIZ, 2L T
FblEhFRICTE, 2FMZBILE L, ZOHBIULIA
U/ AKRPICHRBAS-OT, MEZTZTELE L, MHEIE
AHEZEICRDZEEZLEATHWZERBWET, ZNTHEHRITAD
YA TV RZ2Z2V, RENICEEZOBICEL Z LaEhdTihn
Fl7o EFBADAZDF vV REEZH D012, I RT
B LI 27D TTH, T ZTHIRE WS YICIER ICEKRA
FOZellhE L MEEZHBATZ LN EITHCTFERS
7-DTT, TNTRFRICEF LT, MPEZRLEIBHNZDHIC
MD (E#1E+) -PhD 7RSS LICASE VWIBKEILTEL
72o MD-PhD 7’017 Z LTEFF(C, FADHFTA~ DB ILHEET- 2
boehYELT, INTEFWEEEL X LA, HREZHET
ZRLEL, EBICZOBYICRY E LT,

Rapoport Z#Lld UCSF (WU 74N ZTREY> 77V R
aR) DETT

Hegde Z5 T4, fADHE, KFWETHITKRFT, EFBX
FPBEA UCSF TH, & 2AT, ROVMFEL 27122 L 2EZINIL,
FDZFA Ramanujan THIERH DN D LB WLE T,

Ramanujan 381~ FHEODEL LR BFEDLZEIRATT, 1
Y RICIRZ L DBLBRZENVESH, 4 ¥ FERLITTHE
2, PALOREIFE—DOAYTL &£ 5, ZL<DHE, B
ICHT, Y IR 74— FRERT YT Yy VRZETRERETH
Ho TIWIEKRT, HIIARZICA Y FEFNOEROEKFER
DTY,

Rapoport THFIFHEMNICIEELTCH I EEI & Bh -
Too WITZTOBEREICEY, BLRICLTLEST - -

Hegde %5 T3d., ERann, REELLTELAY £l
WIFHFETEOHFEEZZVE LT, SBOPY AZERTE
NTEFELATLT,

Rapoport 72/ 5, AL IZEAEEZ P> TWhZEBETER
hofz&EBWET,

Hegde %5 T9., MOBEFMIIEGROHEF LAY, B4 HEK
MrEEH LU TLIL, ZLTEDDER 2 HRRORPE
HEEICFRTES D TTD, BREEZANTZDEFTYT U v
KFEDFE G. H. Hardy 7=/2— AT L7z, Hardy l3Zhn 5D
RENINETEZONZIEDBRVLDTH DI EEDHL
ZZIERFANDBERONEDTT, TNTEEAT T v
ENDLIFELOTT, 1900 EEWEDOZ L7z B
ET, WERPRUT V57207, BANICRELZEDDICIE
BICEFL-EBVWET, HEFEMELWOTEZIY D RE
ICH>TWZEHHBEETL £ ), Tom A5 5 £ 5 ICREIICIE
REKXAICH =D ERVWET, BZolfERbE- T
Ebhh, LD > TEREICHEI DY P T L A>TWDTL &
Vo TNOMEDOREEZ S LICB(IEE LT,

EMNZENE L7A, UCSD Tlf Vishu Lingappa ® & & A THF
K &%elT £ L7, Lingappa |& Ginter Blobel O 8#) D KF R4
T, T3 WA RENSID X /X0 B L EEBICER A
DL zhIFTY,

=@ Lingappa I3 Peter Walter £ W £ FE#A ETLAH?

Hegde RLU < HLOERTEBVET I o IXEKHAIC Blobel
WTHRE L TWE LT Z 5% D, Peter 6 UCSF ICW=D T,
BHOBDORMBBIDBEERNDERE L TINE LT, ThK
Peter LldF -&aAv R bEESTVWET, REICHEZHY
AWTT,

Rapoport #,% VishuLingappa D Z &3 L <> TWET, &

KEBRFRD Manu (1998 E£0#HEEEELY)



W= > 7-D L Blobel Mz 55 L 7= & & hin, £ DERIEH UCSF
B> ThD TERIFE LI &L, $220F L7, HoXE
EICWEHESHRY FABWTHY, [RICIET /= FABREL LR
37 o THEMNELIZL, BIEFEDb->TELED, §2<EHA
WABTLT,

Hegde %5, ELonABWEEIVIA T4 7HRATLS .
H £72 MD-PhD TL 7z, WIZEBEZOFRVAHFHEENLT, &
VR BORREPEAICOWTEZNICEEE O WAIED S
MEEZLTWE LI, WIETUF 2o PTRYKRL RS
BOLIH—RBEBRAVIIEEZMEL, ZOBNIFTT TV
b DB, RUNTEBRICEITI Sy FIRRUBARERT S
ENTEF LT, WIEBERAE-7-EEXDEBVET, ZEDS
LWTIATT7EELFE>TEY, 7UITAT 47Tl —HF
&, KVIBRENTEBALARILIS, LUEBEETLE, 5k b
ERWF—LTEo7zL, ZLaFRENTEE LT,
STHEATWEDIE Tom A UCSF 255 L T I+ —%1T
STEEDTETT, Vishu lCEWICELAL Y BRA>TZTTH
1. Vishu l3W o 13RI, SFRLAMRE LSS L EITE, F
ELFEEICEILIICTLYy Y LT NFE LT, Tom IZEX T
TUusL LNEEAD, RIFEHBICEZ TWET, BERRXH
by EHEEER DT, [ZoT77R—FIEREBESL, ©
DHEEEOBW W] EE27-0TT, T5& Tomig [F05H
DIRIZKTHBINE] EE>TNTZDTT, Tom HED <
LULWKKRLE > EI NlEbhhl) EHATLED, TO®RERE
EVHRY, ZERL Tom DT REZFRDIIENTEE L, £
T Tom EHVAEWICHE2T2EWI DIFTT,

Rapoport Vishu l3AHICZE b -7 ARBITH, f#IL UCSF (2K
PiavhhottARITE, HBHAIRTERYEL TREL &
HIC1 FEEMRAPEZOIRICHTLESTZATT L AldH 5 &
E, EVINLICLREILBEEEZLOLELZL,

EE ThoTHNRT A ALES>FHATIN?

Rapoport H /N7 1 HILTIE#HRL T, 1272, HEZEFHD THICT
TLEL27ZATT &,

Hegde AN 7HRZHT 5 F£h 6 FROZLLEBLET, L
PMLRIEERZETHIRLF—IZHINTUVE LK,

Rapoport HIZIBEEFHREL /DT, EIC1 5 BIFELWLWAXL
DI=HIHRETE N TWE L7 I H & H & UCSF fwkE TE <
BBNH-1DTTH, TNICMATEIZL v BBV EWS b
T, —ERIIBEM DO MM F2ERLI-cTrE
I FfcebhdY EFLT, ETHABEBVWAYTLT,

Hegde Z=H L 7-EMEEFEETL/H
Rapoport HIZZDEtEIIb EIFE LA, ERIFEEL
TLEWE L,

Hegde &, FAIZEZFEZMET LE LA, RITEZL LS D,
DY ECATLI, 5 Lo BRBOENES, NIH CRKEE
SEEMER) THREL L TEELZWESE>7ATY, KRk
ABREELTHL—=v o %22 THY, FuH NIH TANMESE
ZROFONDEIEAD EERFE LI, HFF NIH ICI3KFkEH
TETCICHRI V-T2 UBL EIFB 2N TED 70—y
TOTATTLLHY) F LT, TNTZO AT T LICISE LT
DTT, £I3WIbIFTUCSF #Bin<TF <IC NIH TEDD S
W—=THNBL TR ENTEE LI, Zhhn 11 FFE NIH

ICFTEd 22 &Il £ L7, BYO 2 FMIEIHAREL LT, £
D% 1E Juan Bonifacino AR W2 ML FERPICEY £ L7,
Z ZIFARHICKRES LWHFAREER T, MlAEYFORSKEDH
wHIThObNTWE L, 2T TIFIFEBILELR, HDH,
FhDEED Jennifer Lippincott Schwartz ® Z 7 RDR X K 7 55,

[BRFELHRVEID LNEBVD, A FYXANDOBEEZEZ
ClEmna? ] Lo nE Lz, WIZ/=F7-F MRC HF4EY
P (LMB) [CW-DT, FEZ Z&HMLI-OTTH, %
CHEFNRTHT, ESICFICEY R Y DERIBETHD LKL F LT
2FY, ERARICESEABW:, EICBENAMRRES -7
DTT, ZZITWDALIE, ADARYITFEHANLZBIEENY T,
AR OIFR IV — T %> T E LTz, RS idZ /R
BWICB =0T, ZZICBBFRLELE LT,

EE ZO592EREMRCOIZIANIHLY 6HREHRE LT
EENTWDE EBS7bhlFTTH?

Hegde WL, HEICFACAE > TWREEI &R EBVWET,
NIHICEZ <R EAHY £9, £9, NIH TlEEz» Y 7zudy
ICEHLY, BELYEIIRTESLS>TWET, BREKELWVEYT
L, BEOY Y TIVICHEBICT /X TEXS, Howd I L

/' 4 ,/M" "

Tom Rapoport (k) & Manu Hegde (&)



ERBHNEZBEDRI o TLET, LAL, NIH FEARABEETT,
AT—h—HH2BMIC LI FAUEODBENVES, THHh LA
EEYPIETANTHI>TVWE EIEWR, B IEFEBEICTIERT
EHhFTIERVDOTY, —H, MRCIZ 1 DOEWICTRTAH
IROLNTWET, FL—T0HH 50 Lrdl)EFtA, ZLT
LROETIN—TOFHYN BT A X gE46 ABETLA, ZL
THFLARLTOEGOEEIC, KYEIABEAINTLE LT,
ZINZZLPPEINIZZ LoD TT, BY OHEELEARL
CICHEEREE > TWD, ZNHAFACT7 4y P LE LT,

NYTIyINERI-RE

EE DFVRELIL-TEEFETEEVEVWS ZETT
7

Hegde Z x, FAldWE TH HEMICHEICEDL > TWL 2 DA
ETT, NUT IV EDRITIE, ERICTRTERRLLT
WE L7z, MRC TlEZNAAIEERDZEBWVWET, MRC T,
FEAEDTNL—T) =X — 35S THENTEREZLTULET,

INIRIFEEICB LW ETT,

Rapoport FADBEIFETL, VT Iy I DEKIIRRSE
LTWELED, ZoRbHBIERIITEEEATL,

EEE BERATOTSLERLEZY LTRATTN?

Rapoport H#H5A5A !

EE THERPRZICCLOANEEIE

Rapoport #»Z, 5 Tdh

EE SOTREFEDL VDY A XTITN?

LMB @ Manu ¥ v—7 (2014 &t, RERHS A FIFIE), MAHK
EA (FIFIHR))

Hegde AR ZRIFEIC8 AL HLDOMRET LTz, BHIE 2 A<
LLWTRL—FLELAD, &REIICIE 6 FIEIEDHIZE AL
WICETHBRE LT, RELERARNI7EHETTY,

Rapoport A 7K1 13~15 ATF 4, Manu D 7R &Y $
RKEWTT R,

EE ZDADPHELEDSRTHELEZVWERSTEA DT
ERC

Rapoport Z DA TIE, Manu EDFHEFEICIEWVWOHEITHAT
FTdh, ST IvIDRFEZDRICANRI oWV &,
hEED, ZLOMEHEICES>TRRARNIERDIF20HE#L <
ot N T Iy VLREIEFERT P T7h 5k ANET<IC
ZEEBN 0T, THRBIZE 2 EZLDABNPBELEE R
TESZE ITLELT, 5, TD 5 BHO— ANIdxEBFFH, HHk7
LEET, L TCHEFHOTHRELTWEYT, THER, SFOD
4B A NDEBICESFSRATBNEELTCEE LT, &
EXRENLDISHETTH, R—=F VY RRAPLA, A XRUTHRT A
UAAD LA, FERA LA, I —AEEROT XY DATL
Too FAEANICHT7 7—ZHLE LT, 2ENED LITBDED
ST-DTHEIFICHTHIZATT, £S5 LEH 4 AD5H 3 ANK
FLELT, EWIDIFTHBNIZEYFTY,
Bl EROLIA NUTIVvIIEMRICEAREELEEZ -
TL&S?

Rappoport ZMIZEREZLFEIEIHY FHATLZ, 27 BM
ZHRICITT RN 727213 TY, 7272, ZOHEIEREBTL -, A
E3ADHERDS LD 1AL LT, BEAITS &ERL T, EE
ICRBAITWE LTz, 2L LTIE, ZNIECRER R, -T2
BWwEd, BEMBEICR 72D, A V&= vy TREETS
TRERED oA - 1FEEL BT EBVWET, LaL,
bhbNiZE>TIEZNIFEBLHY FHATLT,

by AN

Hegde RERL LI BRELCTT R BEYPHEIN TV
MiE2 » BUTTLAE, ZLT—80FKRIE COVID DIFRICE
FITEHHERE LE L, REFEI DD SEVOTRIOERD T
TRVWERL, ZTOLIBARITITVELATL, AP o7
ELTH, FENARZELATERN2TLLI, 22T,
FEREBMICEEAZ LI-Lon, ARYERICEZSZEICLEL
72o T ORIIAKRERB %, 70V 0 b T OELIBAD
Htffitto%LT—%@HW%¢¢?é:tKLiLtG
Thbhbb, VRY—LORE ICBEd 2MRICOVWTTRTHE



BEHL, BENICZNERET I LICRDFE LI, 505
BRTIE, YT Iy REBICERET L, AR OMEEL
TW2E, BEZISIWVWHIZEEZLTHDIEA I EVWSIZEEL -
CHEBEMTTER D Z LTRSS TT,

B DFUMLLWILZAROI-OTIEEL, YV TEbIT
Ih

Hegde Zzmi@Y) Td, TIH o, FAifzbIEEYBATH T —
TOFD L1 DFHIEL, RLPBFERI L 2DICH 5P LEMEE
ZHEEXF LT, EXAEEIHL LV ZLIFBRTT A,
7272, Tom A5 5 £ 512, HIRBEBRORWFEIZE > TIEAHIC

REEZ-7-EBVWET, KFEFRAODHEBEERICHBONEE LA,

ZLTRERICAFELTSH, EoEY EEWLYDAMY £, HIR
BENRWE, FJROZEE—DLRIERIERSBRVADLTT,
ZLTARZEROABLZHFEIOFT 7 4 LZAOBRPEHAME LT
B L-FEEIHAROEELAEZERLTCLES ZLICH S
7ERBWET, JROMBEER, 7TATT7OHEE, BEBT AR
hyavBHETT, TNEIBTH Tom DEIATHEBDT
EEARBO—FBTT, INIEMEL 2L BVET,

B T 7A vREBEEAEETLEY, HETOIROAD YIS
373l FHATLIA,

Rapoport F.7=H 1% Zoom =EFEICHLVYIVERE L7, FA
BT L, STHEFETAVWERBVWEY, BODOREDL S,
Zoom RENBE D &, ABZHBOHTLEIATT L1,

BE EBENARFELALSZINATLHLLIE, AROTHADET
FEZNREATT L1,

Rapoport E=LICWBATch, AU T75xILZTDAPHEDA
ERETICIFENTT I 1,

EFemEEm?

EEE BALD, ECENFETT LN, HEIBRTEMLRE
FRENICERFID, FERBICEETY, ECFNLEE, BB
BEWo7ebm, 2 L TESENZELH D, BEEYFDRRY
HEHICE, EDXSITHELTETA?

Rapoport FAACKEICEY, X /X7 B DEEERDBRERIC
BUMATWEZEE, EOESICIIBEBRNITAIXRTHE L
ICRDOEF L7z, B/ HILE, Blobel AEZR/-LS IS, Eh
2721z y FAEGREATESL T, Uy /BEICEAITS
NBEEZTWIZEBWET, AT L HTAAL A v ZERYH

LT, FYRADEDLSICHAITOND D EEZ D70,
ENZEY Y TRICEORTWE L, ZAREE, RRPYRE
DBEBIEDOHEFR Chris Akey N7 7A—F L TELDT, TN%E
ALTHFELS LA LEFBDY F 4 AEHEIE [blobology | (blob
(IFARY L) Lagsbhune ) BROME:E) OBET,
oM ELVWEERBATLE Z I CTHRXBRERFETH
\) &7 - 7= Stephen Harrison £ LAWE LTz YBDET
FiL, SecY BEKRDEBENROONDIA L 2HWD, EFELE
L7ze T2ERIE THEBAAFEI L] EEYKICAY LT
LhLEBAA, TRTOAEFEFIIELTOOARESHELDI(E
BAOATL, XIREERTICIEBRADETHY, BEREIES
ToOICIEREDORBHE L VR VBNBRET LI, EVRD TRITI,
lan Collinson, XIZ Bert van den Berg & Bill Clements & L9
BEBANBPRLICEMLTANE L, Z L TRALERZ
CWEIFBEZEICSML £ LT,

B THLEFEIS LERLtoTOY s MEURIAK
ENo7TL&LI RARIDATLBENZS LY R DEmWT
AY Y bavo72EWVW)DIFEETT,

Rapoport Z X, EhoEMIIE-TEEBo7zblfTd, 5
LZABRIEZERTEDEIFFEL WAL 2 T2EBVWET, £
LCER, ABESHARYIERNTL, TN THERICHEN
R0y, 2y "0BzhRY) REICBETELLETLT,
I oiEREEBEEZ Ly P Ty 7L, REZHSLEENTESE
L7ze LPL, 6A REOHREDEMITRLIESNELATL
T2o T LTCLIEULES ZDOHBOL NV TITERE > T E LT,
ZzhTH Bill Clement I$EBKZFSL, ZRICSMLTINEL
77 LAL, BREHETDIILIETEFHATL, TAKE
E, P4 O Enno Hartmann AESEICIEBY 7 1=y FARE
BRAL»RHRWALEFEERLIZATYT 5, ZOBATIERZLIE
WBEY 721y b ok b SecYE EEEEREREILLLSE LT
WELT, HIEZHS—2pH 722y b HDIAL RN EE
Z, BIEEBLIZATT, T2 TREBIERY 72 =y MER
BrFerso—=voL, EaRbzEAsize b, ZFEBERIL
T CICHBBENRLEL £ L7z, &I Bertvan den Berg h¥#h Y
BLECDEEGZEY, DL OoMBELNREL TCVWEE LT,
DREED 3AA DS 32A ICHn B, KERBEERY F L1z,

EiE UBHAEET—ROBIFICEDbL TWEDTTH?

Rapoport Z x, EEMLLEbL > TWE L7z, DEENMED - 72
728, ETVOBERICEFBICHBI I -7 EEBATVE
¥, Bill Clements &4 4 %128 7-1), Steve Harrison #'&
BELRRE TR L E Lz, S, bW hBETHEI —
TAVYITZ L TWEILEERBATWET, £ L CRITEDHED



STeDTHEHIU>TWE LT Z I TRIEET WL oL DEERE
fteid, RAFZ 40 hZNUTICTFE LI, XROI—T 4
YIT, [ FR BB EC o THhIZATZITE] EE-72 L
Z A, Stephen |3 [ZTARMAEZ LEPIRETIERL] ERY
FL7, [TH RAFI 40 BAFLITE] Efh, BT [RAES
T?) EEVELE (5B, b X RESHETOZ L&D LFEA
ZHF T, STHRIEEDPBEEYFELLIEB > TN
InE, BRT20WETED LD ICH 7z, ZNlE Pl &L
TEERILFEB-TVWET PlIEZROF a5 &MY, BN
%9 %, ELWEMZR, EANICIE—HF T > &2 NZTRA
TY,

(Z Z TEBELN—EHRE)
Hegde Enno MERL7-BY 7 21=v bDZLIFHY FHAT
L7

Rapoport ETFILDOERICIZ3I~4EN D >T2EBVET, 2h
LIEFICW - YEATLEVWSIHALTLT,

Hegde THIHIDERRET Sec EAMKIIEEAXRTHD Z LIZK
DNTWATT 1,

Rapoport %35 T9, (4B, Fr3xlidH 71y hHEK
EF-oTTERLEEZOLNTL 1) Zhohr-onl LEL
72o BEBTERVRESEBENBOLNEEITT, RROEER
DANZZLEDD DRV EBWNAATHE LT,

Ficure 8 Hypothetical model for the formation of a
transicnt tunnel in the membranc through which the
nascent chain would be transferred. Specific regions of
the signal sequence (indicated by linc thickenings) of the
nascent chain emerged from the large ribosomal subunit
mnncl are recognized by one site cach (indicated by a lme
ing) on three b proteins. R
results in loose association of these proteins. subse-
quently ““cross-linked™ by interaction of sites on the large
. ribosomal subunit (indicated by notches around the
tunnel exit on the large ribosomal subunit) with one site
cach on the three membrane proteins (indicated by
cones). For details sec text.
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Peroxisomal protein import resembles nuclear transport. A dense meshwork is formed in the
peroxisome’s membrane by the YG domain of multiple copies of the peroxisomal protein PEX13. This
meshwork functions as a conduit through which the import receptor PEXS can selectively diffuse and deliver
bound cargo into the peroxisome. The process is similar to how a nuclear transport receptor (NTR) moves
through the FG meshwork inside a nuclear pore.
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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 3-
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
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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 [J0 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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SFHEEYFMEE Laboratory of Molecular and Cellular Biology
IR #IE 5 Associate Prof. Ryo Ushioda, Ph.D.

1, ARBPE

DFMEREDEARECTIEH. [FVROBO—4% | A REBFROBELTEHREL. EV/XVBEOHED LI E
TOANZZXLERLIC, BFTH, BIC [DF v RAOVICEBZ 75— T 1 7Lk L0 (&
VNBEREEREE| ICTEREHL T IHREED TWVD,

KN BREELLAEREN, ELWEER L > THD THRROMEER RIET 21, THICIEBELOD TV v
ROVAEZELRBEEZLTWE, F/2. WoRAELWEEZES L2V X0EBL MBICRETICHA» 2EA
DAFLRICE->TEHLEY, BEHNERICL>TESILTHELVWEEAENAEWER Y NVELEET 5,
TDEIBRVDYE<ARE Y /N BE>T, BICHEERITLB W TR, MigEIcL > THREEEZFEL.
TILYNAT—FRNR=F VY VROL I BBAOHBREERERLEORRE LR >TWE, - T [Z2Vy "I E%
IEL<KAKT S productive folding)] &, TR 74— FLEEZYNRIBHBEIEICUEBT -0 REEEHE
Bl 23 86MIRT DL, (2R /BBEOEEE (FATFRZ2VR) | THELARLVTOEGYRT
LOEEEOHIF] WO BANLIE. HWAOHEERTH S,

AFRETIE, LRBOI VMR- T, 3 20FERTAT 7 MIOWTHRZHEEL TEL, THD
B,

1) MREEICBIT2 2 RV EREERE, L Py 7 XHEH, ALY T LESEED 7O b= @ NFERE S
5 0 R AP

2) A= VERNY T v A HspdT OERERIT

3) 7ATHFRLYABEEEICHE S EA - FEE X N =X LD

T, 72z 1D I220T, BoNTHRBICOVWTRBNT %,

MNEFICHE T2 BREEE, LEFy 7 R§H, ALy LEEEOI/AR F—7 [ pRAKEESEHERFO
28R

MEETIZAT74+ =LV R LEEYRIBEEYA P AABEEINTCHALIAEFF 70T 7Y —LRICE
S>THRENSD (ERAD), COBRTHESICL Y., 2008 FIZ ERd)5 E WS BITBREINRRIN, I X7+ —
WRRYNRIBEOREEBERBICEVTEEARINEZRLZL WD LA T TICHE L TE (Science 2008,
Mol. Cell 2011 %2 &), EHICERAS A ALY T LR Z7OEM#ZEIHTZ 2L >T, NEERD ALY
LEBWEHFZES>STLWE Z L2 HE LZ(PNAS2016), T D L5 HRE I, L Ry 7 REEHEZN LIm& v/
VERBERBEALVCTLEBEHEO/OX M —=JITFELTVWS, MNaFiFL<HOND &5 ICEIEHIRIETIC
HHN, COBREHNIRIBICE W T ERAS NMETTEMZRIET 27-0I1C1F. AOHhOAKICL > TETHEZBRIT
niganil, SLWAZZINE, BFEEDLSICLTERAS ICEEINEOH,, MEEIEFEDLSICLTH
A bYAIALBEBFEBTVWDION, PEEITFTENBWARERBEE RS, TNIF/NEBEEVS FILH R ZICES
NMREENFZLORRKOBRDO—D2THH D, AARETIE, HEAONTEZDLIFE ST BRDIFT-HA
EICE 2T NEEICBEFMMEREINTWEXAAZRXLERONCL22OH D, £/, MNEEAREDOL Ky o R
BENAEOLIICBEINDIOD, TOEBEBICHLIEL W5,

2, XEEOHREBR

NAFICB IR 0BREEE,. LFy 7 RHEH, DAy LEEEOI/RR =2 paEEESEZFO

fZEA
HENNEED—D2THZNEETIE, RNV EREEE - LNy 7 XHH - ALY T LARAFREZI R E
WHOZODIREBERAPEEARIILAWV, EEEEHTL VD, NEBEIZBEN 7+ —LT 4 > T DHTH Y,
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ZOL Ry o RBEEFYA P/ LEERL, BIUCHWBEICHER I TV S, ¥/, 2 0BLBRIEFEL. B
7+ =T v EMELTVWS, COBEHNBRET, R4 ZNBETYRLT7  FETESEICHELLAE
JTEZE ERA)5 # % B L. ERA5 AMNBEDL 0 F > 2> /808 EDEM 8L UDF vy _O ¥ BiP L EEK%EE
KI5 HRBH LA, ERAS 3/NBETIZR 74— FLEDBEEOY ALY 4 FiEEEBEDETIEET
UL, NBEEI YA P VILADOHHEREL, RN VEREEBICBLWIEEARINEZRLZL WS L
% B 1 L7 (R. Ushioda et al., Science 2008; M. Hagiwara et al., Mo/l.Cel/2011; R. Ushioda et al., Mol.Biol.Cell
2013),

I 52 ERAjD WNBEIRE EICEET DALY T LRy 7 SERCA2 OV RIL7 4 RiEEA2 BB OET/EE TH
HL, BERZERT D ETREEADHLY T LRAZREL, NNEEOHILL T LBRERICEEEZEZ TW
5 EABES A A - 72 (R. Ushioda et al., Proc. Natl. Acad. Sci. U S A. 2016), F7-. ERdj5 O XigixH 1 +
JILDALY T LA F VEBUEEERE, SV R TORBHEASIERITIEEBELNICLE (R
Yamashita et al., Sci. Rep. 2021),

SEL MNEEANS T LAF U F v 2L IP3ZREOHBERFORRD D, 7 / LiREFIT CRISPR-Cas9

ZRAVWTIEERRNEOBRCETERFOER T XIEMEKE
HS HAERL LIP3 ZREZAN L7z Ca? MR CHENRED
Tl et Lz, 2< 0B ETEROETFREMET
Ca M EUDEAN BRI N LA BENLGIEEF
&L THILB R ERp46 L EITTEFE ERdS ZRE L 72,
SH HS $H ERp46 | IP3 BAMGEBILT 5 2 & ICk > T Ca? IRHIE M
-\6' BECHE L. $I1C ERA5 1X IP3 SRAEETT 22 &0
“Mg.g" LoTBRICHETZZEEBELAICL 7 (S. Fujii et al,
Proc. Natl. Acad. Sci. U S A., 2023), £7-. ERdj5 ' 1t
HARREL SNDNBETEDLSICZDETHEEDD
MEBELAIC L7, ERDj5 I3M{LBEs%k Erol &EA L. Bt
W7 +—ILT 4> 7I12&>T Erol R ITE->7-ET %
ERAS5 DETAHE L THIBEL TWE T E AR LZ(K1.K.
Uegaki et al., Cell Rep., 2023),

ToIlHA . MERFZN L OMNIEETESR ERplS
NEIRAF VEEETHIEARHE L /NEEREDER
AF Vv DOERENEABEENZ VDHIRIRTH - 7-h', ERpl8
WBEIRA A EEETE2 L TBRBILKZEONBEEE S
DZEEHELNIT LIz, ERpI8IC & 2/0AEDBERILKFENBENEIZ. NEEL LY A MV LA~DBRERILKEFED
WREHE BUEA ML AZ2ERT 2 e TlEsSCEROZERICEEEZER S Z &N hh 57 (C. Tsutsumi
et al., Cell Rep., 2024),

" Oxidative folding  /S-sfs.

HS, o

1. LBk Erol 2 LB TE R ERdb ~DEBFRE

3. Research projects and annual reports

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

Maintenance of ER homeostasis through crosstalk among Protein Quality Control, Redox
regulation, and Ca?* flux. We identified ERdj5 as a disulfide reductase in the endoplasmic reticulum
(ER). ERdj5 forms a supramolecular complex with EDEM and BiP and activates the degradation of
misfolded proteins in the ER by cleaving the disulfide bonds of misfolded proteins and facilitating the
retrograde transport of these proteins from the ER lumen into the cytosol, where they are degraded by
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the ubiquitin-proteasome system, which is called 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 ERd]5 cleaves the disulfide bond of SERCA2b, a Ca?* pump in the ER membrane, and
regulates its function. Additionally, ERdj5 senses the Ca2* concentration in the ER and regulates its
interaction with SERCA2b. This suggests that the redox activity of ERdj5 is involved not only in protein
quality control but also in Ca?* homeostasis in the ER (R. Ushioda et al., Proc. Natl. Acad. Sci. U S A.
2016).

Here, we focused on controlling the Ca2* pump and channel via redox regulation in the ER. Here, we
obtained structural information on SERCA2b to understand how ERdj5 promotes the influx of Ca?* by
SERCA2b. We found that ERdj5 affects the Ca?* release activity of IP3R (S. Fuijii et al., Proc. Natl.
Acad. Sci. U S A. 2023) . Additionally, we found that ERdj5 deficiency caused mitochondrial
fragmentation due to Ca2* homeostatic disruption (R. Yaamashita et al., Sci. Rep. 2021) . Redox
regulation by ERdj5 is involved in the uptake and release of calcium ions in the ER.

We elucidated how ERdj5 obtains 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
(Figure 1, K. Uegaki et al., Cell Reports, 2023).

Moreover, we discovered that ER reductase ERp18 binds to zinc ions via sulfur atoms. While the
role of zinc ions within the ER lumen remains largely unclear, our findings reveal that ERp18 acquires
hydrogen peroxide decomposition activity upon binding to zinc ions. The 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).

4, WX, EEGLE

RERX

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)

Jaroslaw Marszalek, Ryo Ushioda, Harm H. Kampinga* et al.: J-domain proteins: From molecular
mechanisms to diseases, Cell Stress and Chaperones, 29(1), 21-33 (2024)

S. lwamoto, T. Kobayashi, H. Hanamatsu, I. Yokota, Y. Teranishi, A. Iwamoto, M. Kitagawa, S. Ashida,
A. Sakurai, S. Matsuo, Y. Myokan, A. Sugimoto, R. Ushioda, K. Nagata, N. Gotoh, K. Nakajima, T.
Nishikaze, J. Furukawa, N. Itano*: Tolerable glycometabolic stress boosts cancer cell resilience
through altered N-glycosylation and Notch signaling activation, Cell Death & Disease, 15, 53 (2024)

Xiaohan Cai, Shogo Ito, Kentaro Noi, Michio Inoue, Ryo Ushioda, Yukinari Kato, Kazuhiro Nagata, Kenji
Inaba*: Mechanistic characterization of disulfide bond reduction of an ERAD substrate mediated by
cooperation between ERdj5 and BiP. The Journal of biological chemistry, 299(11), 105274 (2023)

Kaiku Uegaki, Yuji Tokunaga, Michio Inoue, Seiji Takashima, Kenji Inaba, Koh Takeuchi, Ryo Ushioda*,
Kazuhiro Nagata*: The oxidative folding of nascent polypeptides provides electrons for reductive
reactions in the ER, Cell Reports, 42(7), 112742 (2023)

Shohei Fujii, Ryo Ushioda* and Kazuhiro Nagata*: Redox states in the endoplasmic reticulum directly
regulate the activity of calcium channel inositol 1,4,5-trisphosphate receptors. Proc Natl Acad Sci
USA. 120(22), e2216857120 (2023)
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RVINGBENAF T 2 22 AARE Laboratory of Protein Biogenesis
#H¥% T EX(E Prof. Shinobu Chiba, Ph.D.

1. HARBE

AWEEIEICZ N VBAIMET A MFORCOERRERABRTIENTELZN, R R0BEIFLOHE
TEIEERDFPIRNF—REAANISEE T CIEESIFHELAZ L, MEATIE. CNOORFOE4 D
BELAERICEEST S22 TOED>DEMKRE L THELEIN TV, ZOL) BERSTFORMBILEEZZZE
ZDOOEDD, ERDFOEREBEOFERGIHTH 5,

YHRETIE, EV/X7EOERER. SHICIE, TORHEE (BEL) O TFEREEZBEOANICTE L
FEHELHRZED TWS, £ B OEFHHEEKTHDI X VN IEIPERINEREZERST S Z0BRIE. BR
NEBNELEBRINIBIDEEATALRATHY ., TOXAHNZIXLEEBRTDILIE,. ERBERIVED FEHA~
EEMINDIMBEERT 5 EICBN D, MAT, Bild, OB L CEBEBEAREST I 22—y
NoEHEBHE LT, BIZIE. HERE MiftM (. BIFROERETESZERT 2 VRY —LICBEA2IF. B DOFR
MEA—FEIL (FLRN) T2HEAF>, COMEEFAL, 2V VEERBAEBTH S YidC 0EFHE%
EZ&—L. TOAREZ U TILEALICHAESTZRINEZB-TVE, FREBTREAZESARHE LI-XB
B SecM b, IR B L CHEAREITIRFODOEDTH D, 2o [ECHRELHE] OXRRIZ. BT
DEERERBICOVWTOEA DBEREZIRT2L0THY ., B4l HRELEEPFREZELCI2EDER] ICLE
BLTW?, ZOWRZBEL T, [FHRELHEODFEYF] L VI H-AFMAOBOAIKEERICEHR L2V,
Fo, B, BROBETHICET2HL-AMERT O 7 bHBBIL. RENELOND2DOH 5.

2, XEEOHRRKRRE
(1) FRPRT7TL A NAFDORETE & BT

BRT7LRAMNAFIE, IRELEORB CEEBELRIET 21— REVVBETHD, HE, SHRE
TlE. BEEMEICSVTBERICEEHSINAZFRT7 LA FRFICHEBOBEHEFIAHMY &L, 3 AU LD NN F
UT45/ LEFRIC, TLRAMNAFOMBENERZIT o7, TORR, FHRTLAMNRTFA2# 22— R T 5008EKD
HLEGFHNI0BULERIE SN, ZDFIZIE. RAPP X RGPP & W77 2 / BE2S (RAPPHEF—7) %
BFobordbhhrsdeainctni, —AT, BHOT7L A MNAFERIDFEMEDEREONABWVWEF—T7 %
L0 REINE, SEEEE. INCORTFOFMARTLRA MO FEEABBIZ-00FANY %1857
DI, TEBTCECZHBBITEAED, TLAMIBORECEELEIORTER E%51T->7, £7-. RAPP #
BEHNAEL RV INVERETF—TVBRETHIET, FHEARTLAMAFERELZ, TNHOEFAN S, NI T
U7 BISRTLAMEVWS HBOBEZFAAL DD, ZHRAMEHEHEEZERBL LW AEENTERIND
2H DB,

(2) RAPPEF—7 %8BT 7L XA FAF ApdA/ApdP O 7 L X i D fEH

Bk L7zeBY, BEEMBRETCTONIEZREANR ) —Zv0h b, Z2HOT7 LR MNRFHRE S NZH.
ZDELIHEBOT I/ BEN (RAPPHEEF—7) ARHI N, BURRE B D ApdA IRFIE R D ApdP %
HLDPEHDORI Y =2V IhLRIESNIZTLAMRTFRTHY, PLRMIHAD RAPPEI2ET, &
NOLDOTLRMMEBEZBRBET 2729010, ~>v 77 KFED Daniel Wilson iz o E EBRERMAREZITV., 774
FEFEMEE A7z ApdA, ApdP DU KR Y — LEEGEROBIEREL NICERBEN %17 -7z, ApdA. ApdP IX,
TnEn, HEE. XKBEOVURY —LEDEEGRERTLI-A., ZOWMED RAPPEF—71X, Thxthol)
RY —LANTE—DONAEBEEZIRD ZENATRBIN, EHIC, ZOBEIX, MO THREBEHBELSHIARRLE
SecM DL D ELHEBTHEZZENBEONEL ST, TO—HOERBIZ., EL32MERNL,. £BOHSFEEE N
LTT7LRAMNAREITRFZENMNOBRTHILICES LA TRRLTEY, TLRMEF— 7 OUINHEE/LH
o7 EHTREBLTWS,
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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 Factors

Translation arrest peptides are unique proteins that exert their physiological functions while in the state
of a nascent polypeptide chain. In recent years, our laboratory has conducted a comprehensive search
for arrest peptides across more than 30,000 bacterial genomes, using common features shared by
previously identified translation arrest peptides in bacteria as clues. We then identified more than 10
genes that code for novel arrest peptides. Among these, several contained amino acid sequences with
motifs similar to RAPP and RGPP (the RAPP-like motif). Meanwhile, we also identified those having
motifs with no sequence similarity to known arrest peptides. Currently, to gain insights into the
molecular mechanisms of translation arrest by these arrest peptides, we conducted mutational and
biochemical analyses, determining arrest sites on mMRNA and identifying critical sequences. Additionally,
by searching for proteins containing RAPP-like sequences, we further identified novel arrest peptides.
These studies suggest that bacteria might utilize a common mechanism of translation arrest to achieve
diverse cellular regulation.

2) Analysis of the Arrest Mechanism of the RAPP Motif-Containing Arrest Peptides ApdA/ApdP

As mentioned above, recent comprehensive screenings conducted in our laboratory identified
numerous arrest peptides, many of which shared a common amino acid sequence (RAPP-like motif).
ApdA, derived from actinomycetes, and ApdP, derived from alphaproteobacteria, were also those
identified in our initial screenings and contained the arrest-essential RAPP sequence. To understand
the arrest mechanisms of these arrest peptides, we engaged in international collaboration with Prof.
Daniel Wilson at the University of Hamburg. We determined the structure of the ribosome complexes
with ApdA and ApdP using cryo-electron microscopy and conducted mutational analyses. The analyses
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of ApdA and ApdP complexes with the ribosomes of Bacillus subtilis and Escherichia coli, respectively,
suggested that the RAPP motifs in both arrest peptides adopt the same conformation within their
respective ribosomes. Furthermore, it was revealed that this structure is also common with that of SecM,
discovered previously by Koreaki Ito and colleagues. These studies suggests that different bacterial
species have independently acquired arrest peptides that induce arrest through a common molecular
mechanism during evolution, indicating the occurrence of convergent evolution of arrest motifs.

4, "X, EELE
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2Ny BIEEEYMEAEE Laboratory of Protein Structural Biology
#¥% BT =HEA Prof. Hideaki Tsuge Ph.D.

1, ARBME
ZAUNRTBOBEILISCEROERERICHERAXLLOERY D2DH B, FY /XU EEARE. FICERE
RAFERR I THBELMDEXVNRIEOREERAZRFZVWEEZITWS, ZOEBRBHED OFHEAICITRRES
FHCRAT 2 -HAIEOREENEEND, REUTOMRT —<z28#e L THREZED TV S, X RiE&E
BERNTEV 7JAABFEMBELZEEZELAFERLLTAHWS,
(1) ME R > /X BHEEEBEOBIE & BB OME : Cperfringens AR ODZHAERIZT 7 F > % ADP UKL
kT2 latinNETY RS b=V REBRTHBERABXTIEE b hORD, TORE, 774 A EBFHEM
BICEY Ib DG BEICESE2Y TEMELZEDTE /L, IbEAL la- b BEAEAEOEELZBESMIZL TWL
5, TNICEE. MEYVEMERI’MEELRY ., ZOEEBEELIBESINTVWDEIT A 74 VILEDOZHHESE CDT
DY TAFTEFEMBICLIVBLONIC LT, COXV R/ EREBEBOBPENKEAREIEZETH D,
(2) ADP USRI IILBRLZOENDTFEGHROBEENT B4 BBEMEDIL ADP USRI ILLER
(ADPRT)Z ML T, RA DX ROBAEEHL, FRA MDY T FIMEERICFERX2E5Z %, TORGEBENR
EZDORISHEDOHMEROS NI TR, LR ADP VRV ILLEER (BR) L Z0EBEAKRTORSBER
WEEDHTWND,
(3) URY —LRFEEIZ R0 BOBEEYE  SESEREDICIRY YV ENOERESREI’TFEL. Y
RY—=LDYS Y YLV I=TOT7 T 5| 2R ZEPMONT VWS, UHBREOIRIZ. BHMTEDIRE
Fo MAP ARBEOVYRY —LaTREET 222 RBH L TWS (Habuka et al, JMB 1991) , Z &%
BoOHMICT D0, BREROBEEYZNAETHEEZED TWE, EAEMNICIE MAP BEA0EZEERT. &
CVRY—LEDEEGRD I A BETEMBEOBERTAED TV, 72 MAP I3V AL RIZHT BT A
INRFEEHETFODZEAMONTWE, ZOERKROEBPEBEIET,

2. XEEOHAERRE
(1) P VEBBY AT LOEERER

C.perfringens 152 2HMAEEA A RXRERZE T 7/ F 2B EMNIC ADP URVILLT 2ER la £ hx#lig
AABXT DEE b o4 d, BAIZUBILY ZHKABSROMBZEDTE Y, la BEABLIUOCEET I/ F &
DEGHROEELE X RERBERITTHLOMCL., BELBEORITZED TE L, ZHOEFOSHERIREE
TR BICIE. b OBRAXIE R W, 2020 F, IbRADOHENZ 7 A A BEFBEMETED, TDEELZ, C
TR ERBWT 29ASBEETE T, IbEILIZTERASH D, 512 la DHEATEIEFERALVWEEZ,
AL IbEFAICIaZMA T, T— 2% NE, ClEHMREEARBVWIBITZ1To7. 7 7 ADITOEBTR—2 N
LILWREROEDE, BERATLIPEFZHEINTOUAVWEVWEDERDITE2I LN TE, TNETNEFTEZITUL, 2.9
A 28ANMETORITICKII LT, lalE NFKBDORX A>T, T840 IbEIII—DOFEAT S, BHEEL
DI, TOFEEICEY  ladNKIFOa~) vy I RN —ERIF2ATHD, IHilla O NEKimsDEIE, b EFL
DEEN (BRE6A) THB I TV TAEENTWE, ZOZENS lad bEALENLTOEEBIENE
WAL TIThbNEEEZOND, FT-BEONIIAS>TWEIERDZTIL—TIIBT 2 2HDER. REEEER
EDEEA S b BILOFHROBEMBO L, X2/ BREXEEE % RS L 7z (Nature Structural & Molecular
Biology, 2020), iEHATRE/LBTET, VI yaFHOIYTORFY Yy (CPE)REKOEENEHLN.
FHOBRESEEINRHEEINL, ZDEZEIE Clostridium perfringens iota-like toxin (CPILE) & 454 & 1L7=,
CPILE |% CPILE-a, CPILE-b @ 2 2D a v R—2 Y D ORI 2HNDEBEZTCH D, BIRDOAFRXRERELEEL AR
A5 CPILE-b BA AR EERT 2B O, HAVORIIROA A XEEZIb LT« 74 ILEEE CDTb Tl
RPEEEMLIE Phe TTE/ P/ 7V T TTETEY INA RV RIVBEESBICRLPTHLIZ LiEbh-oTW
%.—7. CPILE-b @7 Z v TRIREALIL Ser TH Y MEMLOKREI K - FHKEVWLTZEVLEH Y, L0
EOBFEEELTVWIONERKRREN, ZJILEREZBEAN L, INOLIZ7OX NIV TLBD2HEDEZRD, X
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YR BEOEEERE. EUABRERBOSEZBHEONIT D, . INOoDOEBEERICHERL THRET T
HTW5D,

(2) ADP U IIL{b D4FEM

H4I1ZADP URVIILbER (BE) CZ0EEBL R/ BOEAEOAT EOBERT2EDTEL, la-7
7 F EER. C3-RhoABEWR., SCARP-V 7 Z Vv EERZHONICLTELDY, ZOL) BHRITHATHIZ
EAERWL, INOLDOMEIZLY . ADP URIILIFZ Y RoBOT I /BThHhh, 5Lk DNADIBETH
NECEERBEET, ADPURIIELTEZIEWS ZEZBONIC LTz, A DUNDIHETH, BRIEOHE T
I DNA @ ADP USRS ILLIZIN Z R VT WD, & 5 IC#EkED DNA ADP U RS IL{LESHR CAPR-1 O FMHE
ENLBEEAONICTI-ODOHREZED TS,

(3) URY —LREEAZ XNV BOBEEYT  SFIEAhEMICE) VVBUOEAESRITFEL. Y
RY—=LD)I YL VIL—TOT7 TV EBFENICSI EHRCZEPMONT WS, MAP BRI ICHK
NL.22ADFT — 2 & RE. BT AT o7 &HIC v 270 A Y TORFEETV., SNBETORITE BIET,
FBRE. KBRVRY —LEDEGHRO I JAFTEFEMBOBERTEED TS,

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 components: C. perfringens iota-like enterotoxin-a (CPILE-a), which acts as an actin
ADP-ribosyltransferase, and CPILE-b, a membrane-binding and protein-translocation component. We
are studying the difference of the pore in CPILE-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
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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, WX, EERE

Sven Falke, Julia Lieske, Alexander Herrmann, Jure Loboda, Katarina Karni¢ar, Sebastian Ginther,
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, DuSan Turk, Alke Meents
(2024) Structural elucidation and antiviral activity of covalent cathepsin L inhibitors

Journal of Medicinal Chemistry

2024, 67, 9, 7048-7067 (&EHxH 1Y)
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3)) ZAES, ETER “Vxl> aB®A4XE%H Ib serine-clamp ZEFOBEN FHEEBRTECEENE" &
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7) PRy BT “Ribosome -Inactivating Protein ® U Ry — LSBT A L ZEEICET 2%
FOIEFF I URY Y L FER 2023.9.7-8 RR X —FK

8) =ZAEZE, JIIHER., BHAIKE, EFTRE “BEXEBICLE2-EKAERORT V7 FILRIE"

EOIRIMF v URY T L FTEB, 2023.9.7-8 R X —FkK

9ILHAHEC, “THIEE. BHELE, BTER “JV 7/ FTBEFEMBEN ORI TCEALTV LY 2BAFTEEHRDE
RS 690 ¥ >Ry T A REF, 2023.9.7-8 AEHRE

10) B FERE“R 27 2 U >4 4 (Pomacea canaliculata) IBEED & > /X7 B DY E”

#4734 I B RBER. RE HFAK=EE. 2023.11.10 OEHRZX

11) Yuki Mitani, Sotaro Takiguchi, Ryuji Kawano, Hideaki Tsuge“Construction of a membrane translocation
assay system for C. difficile binary toxin by electrophysiological technique” BA4¥¥YEEES. HEHE.
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BT ¥ —BIAEE Laboratory of membrane bioenergetics and metabolism
#¥% #L 3 Prof. Ken Yokoyama Ph.D.

1, HREE

EROHRFICEI R LT —DPRETHY, EFMPITRLF—ZFEVCTORICER, TheE A2 Z2MES
200, £ XILF¥—% (Bioenergetics) ThH s, EMOITRILF—BETHD ATP I, FIZI b3 Y
TICHEET D ATPEREBERICLUIESNS, fEoN/ ATP (X, £WHEET D 2 &0 £ED T DA, DA,
WEASIfEbNS, & ZIE, RIEAE O b ATPase (V-ATPase)ld. ATP %f{E > T/HhBEARICA F > % #i%k
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3. Research projects and annual reports

Energy is essential for the sustenance of life, and bioenergetics is a crucial scientific field that aims to
understand how living organisms convert energy into usable forms and how it is utilized. ATP, the
energy currency of life, is synthesized by ATP synthase, present in the mitochondria or bacterial plasma
membranes. This produced ATP is used in various biological processes, including muscle contraction,
and biomolecule synthesis and degradation. The vacuolar proton ATPase (V-ATPase) uses ATP to
transport ions into vesicles, which is responsible for different physiological phenomena by acidification.
The mechanism of how tiny protein-based molecular machines convert ATP energy into transport and
motion is a fascinating and important question that needs to be answered in the life sciences. To
comprehend this mechanism, it is crucial to study the movement and shape of these molecular
machines. To achieve this goal, we have utilized single-molecule rotation observation and structural
biology with cryo-electron microscopy.

Our ultimate aim is to understand and explain how living organisms transform and utilize energy to
sustain life. On the other hand, the process by which life utilizes energy is likely related to aging and
age-related diseases. Several enzymes involved in energy metabolism are reported to be involved in
life-span altering genes, and the amount of energy intake itself determines lifespan. We have started
to study the relationship between the intracellular concentration of ATP, the energy currency, and
lifespan using molecular imaging techniques. The results revealed a close relationship between aging,
anesthetic effects, and metabolic control and ATP levels in the individual. Thus, we are addressing the
issues of aging, lifespan and disease from the perspective of bioenergetics.

Based on these points, we have carried out three themes;

1. Molecular mechanism of rotary ATPase/synthases, V-ATPase and FoF1.

2. ATP homeostais in living cells

3. Structural biology of membrane proteins involved in ATP homeostasis using Cryo-electron
microscopy

Achievements in 2023

1) Mechanism of ATP hydrolysis dependent rotation of bacterial ATP synthase

F1 domain of ATP synthase is a rotary ATPase complex in which rotation of central y-subunit proceeds
in 120° steps against a surrounding a3B3 fueled by ATP hydrolysis. How the ATP hydrolysis reactions
occurring in three catalytic ap dimers are coupled to mechanical rotation is a key outstanding question.
Here we describe catalytic intermediates of the F1 domain in FoF1 synthase from Bacillus PS3 sp.
during ATP mediated rotation captured using cryo-EM. The structures reveal that three catalytic events
and the first 80° rotation occur simultaneously in F1 domain when nucleotides are bound at all the three
catalytic aff dimers. The remaining 40° rotation of the complete 120° step is driven by completion of
ATP hydrolysis at aDBD, and proceeds through three sub-steps (83°, 91°, 101°, and 120°) with three
associated conformational intermediates. All sub-steps except for one between 91° and 101° associated
with phosphate release, occur independently of the chemical cycle, suggesting that the 40° rotation is
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largely driven by release of intramolecular strain accumulated by the 80° rotation. Together with our
previous results, these findings provide the molecular basis of ATP driven rotation of ATP synthases.

2) Structural analysis of rat brain V-ATPase

V-ATPase was purified from rat brain, and its high-resolution structure was obtained using cryo-electron
microscopy. Detergent was added to a homogenate of rat brain to solubilize membrane proteins. The
Legionella-derived inhibitory protein SidK, which specifically binds to V-ATPase, was then added. SidK
had a Flag-tag introduced, and the mixture was passed through Flag resin, allowing the SidK-V-ATPase
complex to bind to the Flag resin. Next, V-ATPase bound to SidK was eluted using Flag peptide. The
purified sample, further refined through gel filtration, was subjected to structural analysis by cryo-
electron microscopy. As a result, an overall resolution in the low 2 A range was achieved. Further
refinement allowed for the construction of an atomic model even in the Vo region.

3) Rotary mechanism of the Vo motor driven by proton motive force.

ATP synthases play a crucial role in energy production by utilizing the proton flow (proton motive force,
pmf) across the membrane to rotate the membrane-embedded rotor c-ring, driving ATP synthesis in the
hydrophilic catalytic hexamer. Although this process is very well-established, the molecular mechanism
by which the pmf is converted into the c-ring rotation has remained elusive. Here, we describe the
cryoEM structure of the Vo domain of the V-type ATP synthase (V/A-ATPase) at a resolution of 2.8 A,
allowing precise identification of glutamate residue (Glu) side chain orientations within the c12-ring.
Our analysis revealed that of the 12 c-ring Glu, the three facing the water channel were in an extended
conformation. The central Glu formed a salt bridge with the Arginine residue of the stator a-subunit
(a/Arg). Molecular dynamics (MD) simulations, utilizing this structure and considering structurally
relevant water molecules, revealed the water channel in the vicinity of this salt bridge. Further MD
simulations demonstrated unidirectional Brownian motion of the ¢c12-ring towards the direction of ATP
synthesis when both the periplasmic and salt bridge forming Glu residues were protonated. When the
salt bridge forming Glu residue remained unprotonated, the salt bridge persisted even after a forced
30° rotation of the c-ring, with no new salt bridge formation between the adjacent Glu and the a/Arg.
The combination of high resolution cryo-EM structure of Vo and MD simulations strongly indicates that
asymmetry in the protonation states of the three c/Glu facing the water channel induces a bias in the
Brownian motion of the c12-ring, resulting in a rotation of the c12-ring towards the direction of ATP
synthesis.

Mechanism of ATP hydrolysis dependent rotation of bacterial ATP synthase. Nakano A, Kishikawa
J, Mitsuoka K, *Yokoyama K. Nat. Communi, 14 Article number: 4090 (2023)

2. Rotary mechanism of V/A-ATPases-how is ATP hydrolysis converted into a mechanical step
rotation in rotary ATPases? Yokoyama K. Frontiers in Molecular Biosciences-Structural Biology
Vol .10 (2023)

3. UIAAEFEMEROAREREZOBERT L #H OFINE— XU ANTBOBERNFEL I
silico 7 U —=v I ~DISASEH H 28 p95-106 (2023) (MR FHAMTIFER B S
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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 differentiation, and otolith formation. We are also collaborating on the Medaka
Genome Project to study the genome evolution of vertebrates, and on the epigenetic changes during development and in
response to environmental stimuli.

I was appointed in April 2023 and began the following new research projects.
:Left-right asymmetry formation by secreted signaling proteins
*Mechanism of otolith formation using #a mutants

*Evolutionary diversity of somite-derived cell types

This year’ s accomplishments
The results of the above new projects have not yet been obtained. Instead, we have published the following results of our

previous genomics and epigenomics-related studies in medaka fish.
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1) A Complete picture of the dynamics of histone modifications during epigenetic reprogramming in
medaka embryos
Epigenetic modifications undergo drastic erasure and reestablishment after fertilization. This reprogramming is

required for proper embryonic development and cell differentiation. In mammals, some histone modifications
are not completely reprogrammed and play critical roles in later development. In contrast, in nonmammalian
vertebrates, most histone modifications are thought to be more intensively erased and reestablished by the stage
of zygotic genome activation (ZGA). Our data revealed that H3K27ac, H3K27me3, and H3K9me3 escape
complete reprogramming, whereas H3K4 methylation is completely erased during cleavage stage. Furthermore,
we experimentally showed the functional roles of such retained modifications at early stages. For example,
H3K9me3 is globally erased but specifically retained at telomeric regions, which is required for maintenance of
genomic stability during the cleavage stage. These results expand the understanding of diversity and conservation
of reprogramming in vertebrates, and unveil previously uncharacterized functions of histone modifications
retained during epigenetic reprogramming.

2) Identifying candidate epigenetic memories for nutritional stimuli
The nutritional status during early life can have enduring effects on an animal's metabolism, although the

mechanisms underlying these long-term effects are still unclear. Epigenetic modifications are considered a prime
candidate mechanism for encoding early-life nutritional memories during this critical developmental period.
However, the extent to which these epigenetic changes occur and persist over time remains uncertain, in part due
to challenges associated with directly stimulating the fetus with specific nutrients in viviparous mammalian
systems. Our data show that early-life HFD feeding triggers both reversible and persistent epigenetic changes in
medaka hepatocytes. Our data provide novel insights into the epigenetic mechanism of nutritional programming
and a comprehensive atlas of the long-term epigenetic state in an early-life HFD model of non-mammalian
vertebrates.

3) Establishment of an experimental system to study the effects of maternal nutritional environment on
the next generation
Maternal nutritional status can affect development and metabolic phenotypes of progeny in animals. The effects

of maternal diet are thought to be mediated mainly by changes inside oocytes such as organelles, maternal RNAs,
and metabolites. However, to what extent each factor contributes to offspring phenotypes remains uncertain,
especially in viviparous mammalian systems, where factors other than oocytes, such as placenta and milk, need
to be considered. Here, using the medaka fish as an oviparous vertebrate model, we examined whether maternal
high-fat diet (mHFD) feeding affects offspring development and what kind of changes occur in the contents of
mature eggs. We found that mHFD caused the high frequency of embryonic deformities of offspring,
accompanied by downregulation of transcription- and translation-related genes and zygotic transcripts at the
blastula stage. Our study presents a comprehensive data on the changes inside eggs in a mHFD model of
nonmammalian vertebrates and provides insights into the mechanisms of parental nutritional effects on offspring.

4. WX, EEGE
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(*: corresponding authors)
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