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DFD, ARENTHE 73— NT 4 T L THRENDFETO—HEL V) DONR—D, KRIZ,

I/ Mak, EESAFI hary YT e
WO EHIT, HIIANOREX RGBT D4
VNI BOEE, DFVERIRNE Z R
JEIFET enEnS ZEnbhoT, B
U2 2 D22, Znnb, Z NI E
EEMCIIE T T, MEx R EEo & v
NIEEOHBEERATEHS LVWH Z LT,
2RI EOMAEERNENIDEL D —D
DHfi, D ZOEEHTE W ZHFGEFT A<
A9 ENH T LT, XU EEENI T
WS Z LI ELL,

{2 DFFFEIZ DN TIENWA AR E E
F TN TN DI TR, 5T
TR —FHRIER L LT, ETRY
R AT LR £ L, 2
EARRZ & THLRZRWALITE, T A
O] AL TV BADHFE XA,

iﬁﬂiﬁi

Life of proteins: from nascent chain to degradation

Cells rely on the synthesis, translocation, folding and turnover of proteins. Owing to complexity, spatiotemporal
regulation and surveillance of these processes are vital. Advances in the field were discussed at the international
'symposium Proteins: From the Cradle to the Grave' that took place in the wonderful setting of a Buddhist temple
located close to Kyoto, Japan. The emerging theme was the interdependence among cellular processes and
organelle compartments.

discussions of the top-notch scie
was presented by the ~ 150
The con

Exciting science, traditional
wvegetarian food and vibrant
discussions on tatami mats
A meeting site where the perpetuity of
ancient traditi felt where
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KBRS A, ZHBEESA, BAERSADLEZIRAT, ZNNLIHLICWEHERERS
Ao, BHEMER S AU B Moo TWZENW TRV VARV T LA ZRD £ LT, & ZADRMEN
DEAILTI, BRI URT T LD 1 HEENIKEI AN ) =S VEEZR->H o o720
T, ARV UART T LEWVWI LRI —VEDOBHEER D/NR—T f —HRTWIZ 5T L
FoT, ~OANEEZDTI000 NLLEDOABREE ST EWNIEBZOMRIZRVELE, £
NrbHRERBOE LT, BrFo 2018 FIHAULT, BHASEE RLK) I A
RFEEZBD TOIERTERAIZE L, bhvbho & v X GBI FEFT 3 —FE12 72 - C,
[Life of Proteins: from the Cradle to the Grave] &9 ERESHEEZCH-> T, Zi4vd 200 NiFE
DBZMFNZ 2> T, WAL HIEFITTES SADADRKTLIVE LTz, Nature DAk
['Nature Structure & Molecular Biology] |25 Ff} & TR X722 L AR — M Q# - TEFEMIZH A
VNI INRBHDHRITIRVFE LT, b0, BESCOTATTN, L7 M) —FITH
HEAMNEIEWHIZ LT, TkH2%, 2o VEOREHRIRA~] L0 #ESTY
—RERo T, WO AN 1 NESNTNGIEATEAD 1A, TRAFICHEDGFEZ T
%o Z L THREBICEDPMb > TH#KET DL WIHIROEESZ 3RV L, Zhbido
ZORRHIN Lo m L EVET,

EE TO TR BICEENDASECITTIER 2
ST (BRI E ST ARICZEHBAW] o TV —fi% E !
M OFEERIE, ZTARICKERBFE L W ER
Mot TR, BbRALD, BEF) MEES)-
7T E, BIREENLED TEaARANPKTINEL
oo ZOVHTHREDRVEY LSy, T MY —
FENI DT RFELE R EENE LT, ol
IR LTRTET, B LD - 7 \ j
CCH 4, ZOMICSIRE ORERT DT T T 4 v
FHEELWD TEICEIRINT, ZOWEFZ e —RATORRREXSTRRL BT LR
AR PREB LS T & bANBRD E Ui, =0 4 Heb kX ABTEAED bR
T, BBFrREVD Z LI FE Lz, BUSOBUED A 2R —ZHHIHEMN LET, Bl
S AL, V-ATP 7 —EBOHEMETTN, 7 744 EM ZBEE LT V-ATP 7 —E 2@ < £k
FEREENLITHRITWET, IHITATP R T AL LTEC EWVW), 905 T &
LEDTHIRZERSNTOEY, B FEHSATFEREY V78R, MECHES ST
RaD{ 5TA>TWNEWVWHIZ L, Ty 7 744 EM THOBHEBAS THOL TR
HIRZTWHATTR, TEEESAL VRY—20nbZ 7 ERTELERTO, W
DPDLTENTOFHAEHEDPKET DLV, SeeM ENTHLNTVAELR, T H013Y
7 F7AFEM T, sFHIICAND X 927> TWTC, FAEARAWVERIZZ>TWET, &
EWHSE S AMTKBE OB ST2ATTIFE, S 9MYL LTI REMHA T, /NMafRoH
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TOVL Ry 7 REH U NRTEOREREILE DEFOINT, WANARLS>TELNLET, £ L TFA,
ZARBLETRSTNDLDT, EH7RATL X DR, i, FESOBIZETEF O THEEIS
HENRKTWD L7, £HNDEZABRHY FT,
HETERFBLVID, 7T EAL ZE2NEEWTEVIEFTZBNHDIC L TN 729
(2, BB Z BV LTV D O, I TIKE S — 27 = 2 % K50 Rick Morimoto
Sh, ARVRBEORFETT, TN~ v 7 277 2 7 %[0 Ulrich Hartl, ¥ % <
RV EROSFREATTR, TANHI bar R TO®ET, 774 TVTRFED
Nikolaus Pfanner & A, & & HARD BT KOHRFE S A & BAFOUEH S AZBREVL LTV
£

IBEH ROOFREFEERFZEMRIEAY =0T v RBRRZCLTLLIZEINE WS Z e bk
FoT, TTETHMENPEALTZLEWS Z TR, Ly, FXVEENHIF—T—RT
FEOTHT BAVIEAFZEFTA 1 8, 2 LV TV B DIEHERBS LW L EEWET, 4, T
HPEERFINC T TA A EMIEZH D A TTh,

B RSN D, W TTia,

IBH 7744 EM OEAL NG LIRLARWTE, 7744 %y hU—27 L) ol
FFIATHES s & T ERWET, ZASITBEEYTFEMDOARNL - L
%E&, EDITFTNTH RFERFRNERZ 5 2 U T, ZARICE S AMERN SO HE
DANTHFIEZ SNTWD AT -T2 6, R COMEEYFIEE & ORI NI DY
b0l BnE Lz,

NMR, X#R, V34 AENZLESES>TLLH

s

H

BRI, ZUNTBEOMRE, &, 30, 0FLLoTIONT, Zhnbid
o TN DLW [Z 7 EIFFROEN | ITONWTEZXTHLLNWEBRNES, Z20
RINT, D BOMERMINEHBRE I HDIRENEVI ZEL AT D EBnEd, o
JERFEE NS, XU, A%, E9V D 59T TV ATT A, IBH
Sk, ES5TTh,

(ST

IBE  FTROMIEROER E VD Z 728, 003 X, 7744 EM, NMR &\ o
TEFEICONT, SoEF0TAbEHE LN ORL VB H TS 2007 BnET, X
BUTAF v 7 ay NOREEZH LT, MIEEZER L L5 &5 TR, XEBEHo
i, TIDBWVWANWATATTRHTLSDE W) Z A TT R, Hl2E, BIEOEAETYH
XY T4 (R B"bdE, FYETLICADEIRILEME, TV bDRHLDT
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TRnink, 29358, 29 LTALEWEZE-> THEZE 2L —2a  TEHD TR
WREWD O RTATTHHTL 20T TT, 50 BHRTIE, RILVJEF LV D5y
fRREDOHERE, JEIE L\ D OIIFEFICHRO E B E T,

LW LAy vay METTIEBRETZEE WS Z b0 3, #l2iX, REL ML
TUW5 GPCR DREREIZDWTE 21X, GPCR IFEAMIZN DD a R A—T g U EfE
FTHES>TWT, ZNDBNANABDEDD, MEVHEICR>TWNWD EWD) 2 EAGhoT
XTWET, £ T, GPCR ORI TH % (ligand) efficacy, T 72 HWNANAZRT 7T VR
HOBSZRT U B RBIFET D E 0D ZE1E, VYRR 2 8T & - TS g
DNEMEZR T ANCEN K 2>, RIEHER T RNCE S 2V D, TOFHEEFHFIL THDHATEE WD
ZEIZRBDITTT, 20758, XBTHAEF Y ET 0 2D D EEITRD E VIS
B O ZITIIER << 2> T, Fx BT 1 2O L 721F TiE/2 < T, GPCR 771 DIEEE,
ME VP Z a2 ha— 5L 0 L ZAFTROLRVWEIENTERIRD, LnHZ L
DR 2OHNET, ZOLDEZAZHRAMEFEDDLEND T LN, RILVEREZH S
MZTHENIEHRTY, ABBRKICBWTHEETIERWN2E BNET,

OB E RS &, Bl IXHM 20 FE< DV oHr
WRHTWDE DT TTR, ZOX—R LD 20 R
TolZEboTWRWATT LA, LZABRZ LR
BEREE DT — X _X— AT 5 Protein Data Bank (PDB)
IZB SR STV DAEESIEL Z D 20 47T 100 {548 2. C
WHDITTY, 205, HiREEN ORI LE
NEWD L, MBERET ETGTERNENDS e
T, BT HICHERDPINIEERNTE DAL ST
5, PDB DT —FZ NI ARIZEZ TWHDREL, Ho
EEPHTHODNA LR RND E WS FEIZR D DT

BHUGEBENEDORRICHEN NS &, BE
BALEITETRDTIEAE L
T, F2I2EL 5000 LEROTIEROD, BN, XBERHDENWANWART AT

TIHTL D, LR NMR THAFT I 7 ARG &S, EIWVITATTHRHTL
LD, BN EOBPEGE=F AT I/ A3 ba—LT5HL NI LHIRIERT
FNUXOVNDTIERVWNEBSTNT, TRE DL IHICHAL TN RELEALH &
BEXTOET, FEL ) —TCWANAEX HDOTIERLS T, ¥4 T IV A%HE X
FTHREEREZ D, SLICENBHIEOF LD, TIONH ZELBEZTOAEZDL LN
TELHEIT-TLDE, X0 U T, FEERITE < B TORREOMITCREMD H 5 DT
W7 E B E9, BRI O S molecular crowding Z2RIIC H B 1T T D, RABR
BORTHARONAZEEITEIDITT, EOLEZEZMALLELIBRETH L VE
EHRETDHEN) ZENTEDLLEREBEL LR EBWET, £, 7944 EMThH, 7
TATEFRINET T 7 4 —D X BB TTETWoHbIF T,
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TOTARE LR, MRaElE #EAFAFIIR

=B KH S AT AMED-CREST THr LUWAFFEBARTEIRNL D BIFC, ZNaRiEE LTH
NTWABALTTR, O Z L EdTH N7 GRS, AMED TT 6, JRR & DM
LD, FOVNOIDEHAHRRE, HIEZ TOMEOETHE NI DITE I RATLLE I,

KB AN S SN AMED-CREST, PRIME ORFZEBIFEFRIEIC /2> T, T D%, EES AN
JST @ CREST OWFERHFIRIELZ 352 Ll oTe, TmEREFERRFEEZ ML LIThoT
NHIZD2 N5 T, FERHTW o726 ITRIZ 250D CREST DREMNF T
KFEDORE TN EWV D DIEH VG oTo EBNETR, B0 LEOMSEHET
DLV EZTHE L TWITENWT2Z &, e e LTh O Beho ez BoTnE T,
MFEEDE &V D Z EDB ) &, AMED-CREST OfEIZ A hViX [T a7 A4 A% v 2|
RATT R, ZUNTEOEFEREE VWD EZAIZERZ LTARIEEIZORIT L) &V ifgt
FARTEIE R A TN ED, 222 b ro BTV D &, SDIBHIADFELEZFD T, 47
THEWERKER, 2L, bIIFELDRREHEL T TEREARETRE L, —FH THEILFER
Wo e ATKIZR B R o7 ATT L, T ERGICKREROITHRAEIFEZE NS 2k
B, WEHLTED TRHMINTETWDLEEHIALTT, 2FV, THETOAFIE, EEK
WEZED L Tinvitro TRHoT& 72, 29 LT, Mlanh, MidewoLom
TUDICAEIFEERL STV, T LEELON, DFEMFELUEL - &b RERSFLE L
T, BHEID 2[R0 TETHALRRVD, L) ZENMRABHINOOH D,
ZLTENERDET DAY Rr =022 25 L9 ORBETIZARWTL X 9,
BEEWHIHNAH W) &, IBHISANRBo L2k 918, X, 7744 EM, il
7> NMR, :@Eoﬁxﬁm:ﬁﬁbﬁ#%%01w<awg_&#ﬁoXﬁi,&%6
MEWVD Lon— RighEiE, N— N CTOEEZEHA LR TS, 7 74 F EMIX, f#1EF
BV D, FOFTOZ NI EOHEZEHLALE RTINS, b NMRIE, ¥4 7
Iy 7 IRREEDMEAT RTRE &\ D Dy, REERY e — A TREFI 22T S ATRETE & v o, BT
DT HOWVIRIEDEFHIFRLIES THWAENL 1D
RDNTE, I 3 ODFEOENENBIHE ST
W< L, HIRAELFEA~DT T a—F LD ONATHE
2725 TL DAL RRVE, FHiTE->TWET,
FIFEZ o= Z DX 37 EERENTZE T DA%
5L EDOMETH - - Feftlfh, 2=, Znoid
HERHEWS S DEZ X LD EES &, Zo THikak
BF) LOERRNA L2720 D, 577 (molecule)
FDOHLDOENTZ EITTE2W0 T E, molecule & D

\ BEEYMZED I DOFEMNEET - T &, Ml
HDOTH2WVWL, ZD molecule 23 E 9 W IHIGT, & sipensonmiE=tdilesinn
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INIHEDEDERMEDOH T, EXWNI XA IV T TRIGNEZ 2T DMEWNDH, D
WDOHEAF 2T AZHEAFRNEEN B E TR TS EW I DR, b —FEER
R=2Z > TV K REN L TWVET,

BE DbroltBRVWLEZVWATTINES, 7T FRFL ALV ZETTR, HH-
WTEZTHDL, FoRITBo THBEETEAMNTERWLWNTT LR, TIIWXHAAFTAZ Y
A (fEEM) 2L of T2 0 DIE, 90V ) RBIEOERER AT D,

KHEH ZhiEbiblrTuTA AV - RAFTAZVALZESoTWIEATT L, E2A03HD L
I —n v/ N THOIbILDSE D738 - T, Rick Morimoto & 7> Bill Balch & 73 Z 4
MOIET BT FARAT TV ASTHEZI) > THEICE 2T, EOHITWTCE#H PN ARER L
T, bbb TruTrtFAF T ASTEVWHLEATYT, ZNTHRANIZIEE 72D T,
SERIRIERE TT 4,

ZOEEORITIL, 4, Eolo L 2 = 2OMENEIZIA-TNDH EBsTWNES, oF
v, KNSR 7o Z vy O—E, Zinh, EOWVIHELTEWT, b, W
DHOEDOHAEHOHFTH L OEA (fate) ZRD TN NEWV D, ZOIHOEEENRE
ASTMEET, AROBWO T T AAL AL NI DIFH T D—AFE LB ATT
JnEd, ©I9bro LAV THESTWD L RVWET,

EE RALTAZTALWVWIDIE, EEZMENI D, HIBE VI, TobLDOFETTA,
HURTEENIDITL I TT R, Z0n, EREKOTTZENS Z TR,
H R TEPIRO R TE B E, EOEMICEIRT 20800, £H0 ) URES 2 S
HLHEHETTA,

KHE FIIZEFIT, AXDOXINITEIZONWTIEITaT A AX VA LN ) DX
TT, 20, EIWVOIGFOFTH NI EREHL D), EWVWHIEZATI IV SENRHT
XA RS AT,

EE O TTRZDO LN & ZATTRFDIZ D BEHY L TW5D JST O CREST
OFEIE THIRNE A 7 2] Lo Z ET, IBAEEICHLY A= AT RS F—Ln
I ETREBHEEIC R THETUNE D, 2THHIEE S TL X 94, B RERHZ Ho
T, EOMEAEMFEREEL TSNS &, =23 X —Fy MR EALEAREREDIT
@ofwof,%i?f%ﬁwoki5@E&VN7E@6%&5#®%%%Aﬁ5i5
272> TETC, LLZENNEE, Mo hTo X o7 EOMEEIZTE AT A>Tt 5,
I IAFTESHRINET T T4 —T2 i EHEST, LIHBRICHIEOF T, EZ2TZHonH ¥
NRIEPREFESTANPLTHDEED, THINIORHLRALERND LT TETH
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E3xW/NSY AN

— 07 TN OIRIGEE DS B3> T, BHGEEME R ANT~Y 7 B DIE 5 b A7 —)v
NDELNEANTRSTETEALEANSIREDBRZIDLLIITRoTWET, ZO_D>DF
BN~ —TF 500 T, So & KMEAENHRoFcotibElsbhE Lizidhy
b, IO TOEMTFETHEMHIE THHE THWVWNTT A, M) 5 THE
HifF X DIFEROIEEDN ER > TETWDH, ZHUTREY, EaE e B AT, 7L,
LHAAMEREN L OT I ZNTT 0D, TREHFET H-DIIE—KE IR T
ZHVNDNENIDIEH Y ETTNED, 2 WVIRRICR S TNDNRE, £V HH
M RIEX T, 4, FRMEEZEEL TS L) REM T, 7205, ABEEDFETHE
ITTITNESL, RoEVESGORTRVMETEDLLIZR>TVoTND, £H01H
FHE7RATL X D1,

AMFERETERMIERBATEEN?

ISH Kk HAEAITHIRAE LY, T bEBEAITMINS A T I 7 2L 05 L) REHE
EEDODNTWAHITE, ML LI A A=, RIU XS 2RO a7 L oz AT,
FAROTERLLEIL, brob#HzTWEEELWOIL, blbnEARRICE#zE %
FHLRBRWTTD, BHERICR - TE L XL, BRBIONEZETTELON, EHTh
XTELEOTRDDONENI ORIV ROMEICIR>TET, £ZE2HNENIIRD
FIEHLLE L2 0TNEDL, RoEVEZIFE LW EBSATTIINE L, 2Dl
WZBHT 22 A MIBHY TL X 9D,

EEE KL, W T

KB FEIEANHENOHTEZENWI 2L H - T, LR EICIE YN TIT < T,
BEARRNCEFR L ERE RATT, IBAMER TR A MBI A THRIZL R 272D TY
D3, RITFERAERATTITE, i I< Lo TWeDlE, b9 bhvbili=>2LL iz
S 72 BEETE 720 (), BRI EHMBEE > TN TVDEEWVWIIENL LD EH 2
TV OB EFRNE, T2z 37T 1 HTIHERTERNE Z LFE-2&E D LT
%o e ZFETH-TH, A OMAEROFRTLIH T EARKOEEILH Y 57
WHITT, #iEE 2 AICLThH, WiEZ S DG EOMEER LD, thoZ o 7H LD
HAERZTHE N ORH D, ENLEOLAENE, EAIZIZA V2T 7 h—LEnHE
AFTIMBENIZL TS, ETIEEORIEETDHHONE, ZOREDOEWIIMD, HEER
REWAHERICAS LW Z L2 ED TS T, £ 2 TARDMILD h TOMAEN
TERWGAITITH LN RBERONEN D, lxBIET TV T, MER/NROEIR T
ML E DTN EN S TETLNE R bR,
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IBE 7251FL,

EE AL, BONEMBTE AHIEE VD DIXF R BEEAR, RO WBEAKRRE T,
FINE I XA T I v 7D TN Dy, ZOUNEMTE HRA T L, =724EaF
Fo T, EMmELIIMNE N ORHLENR, BROI T AFa T 5L, ZFOMRICE

FIRITTH, HOWVIIEOPEM CTCX 2HHOERT T OMASDOE TRETEINEWV)
DX, BrokahbRrNnWeZARSY E3h, 2F0, HKERNMTIZHR>TELD
TUATLE L TH@BIICMINEZ D E LD, ELITXENEEHETEDIATEA ) 1o
TV I, ZNEH LB TFEHOBRNE S 2o TLWNI LI REELE D, bOT I M
REDHB LD, HHVWIHIDLFEL TR, DFEVara—F—, Al Zfibiune Tl
TERWVL, bR ND &9 R TEMPALIZHRREND DM, £ 9V I JFHEND
LHOMNENIDITH Lo A =TT I, Enbonbian, #ix

IBH 4, BESANSbNEIE, §I< L5
Mo T, DIUVONBNGEH L L 5 & LISGA, &
B35 5 DI T, %@%Qyﬁb@iﬁ%&ﬁ
AT, R E DL D52 LT, THITES
@mf%t;mor 25 LEEoTVWBEATY
, BB DS, HHRRITHDDN, DN E
WH EZAT, ZNNT TIZOILbAF > T
LHEMTTEDINEIDENIDIE, &2 Hh5
RNTT L, Eo T FRORZ A VL, Eo T
BHHEEED, IOV ORMLELRONR L

W L7z, ERDBE, BERREHION, HZLOMEL
SLCARPHBHENTT &

Frffldh & WO RRDEEM

KA AMEVHIZETVI L, §9—DREVDIE, FFHZEEBWET, ThETOAEY
ZORTHRLRITTELLD, ZORIGHER I > T, WRICZORISHEZ D L) AR
RNEFF I3 2> TV HATRETNE S, ZORISHEZ T, RORIEHEZ D ETIZENL
VORI > T, fAIRUNER O E W) Rl & VD Z EBNEMFOFRTINET
FE AP I T IR0 ole, 2%V, BRPUCOIEFITHE SN TDHALZT E, 2an
EEOHMIEOF TENL BWVWORHTEZ 200, BB o X IEIlholthD X v
NI BRI BN, HEWOEERLE DT, REPRERNZEALHD LTI RN T,
TIPS OEMFOFRTT IS RERFFITRS TS ERISATTITE, BZFH
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FTEARSITEEZEZD, brolBWTHIZWTT I,

IBH 4SBolLobhimZdlE, =D D0HEENH->TH, TNANEIHI ) EAEIC
sequence SAL5 DDy, F D sequence & VI DX, HITHTF LT sequence L5 01 TTH
5, ZTIOIVIHIFRMEDLXIZZ ) sequence SNDHATZEND) X H72Z LEHLMNMZLTNL
ZENIERICEERRETT R, 4, MRSV H IR TWDHATTIINES, —D—
DDA AR T—DHFRTEI NI R[EE NI DIEH Y ETD, £H0WH AT TEHLT,
JXRAFarEO TN LN OIFFERFICEHEE R Z L2 BnELE,

KHE EMOGEHARTTNOHR, 777 e—FTEXHDIF L2,

EEE RIS VWD 2TV IR, (TARE TSEE R &V D RERBIRZEH T &
WO DIEIMETL X o8, STV THEMERT, 1, 2 KEZORKIE-726, Eb bk
EOT 7Y CEQEE LPERIEOTRTELATTITE, 0L HEDOXRKE D, KEOXK
BERATHNIDIEHEVICHLHEMET, WERICTAIZE>TTERVDITTT LR, WINT
ELEOIERDTLEITNE, ZDLEITL I ONONDOHMEZEBZ TWNT - -, ADH
S TV R OREIZZ < OT T, Al 1320 | -
TifES ORFEBEIZR-STWAH EWND, EH NI D |
LRUC, DbhAERTX 2 @15 0400 [
WZEZADDDHDONS LIVRWTT A, ZEAEMPR
LRI L IR OB & s L 3E S O, EL 720
TH= AL integrity MR7ZILTND LN H Z & TF
R, T, W DR E X T RERDMA 28 - T
FLWRE WO, TR blkELTZY,
(A3 Z D A3 D78 AT, RVORFHZ DT ,
T, MHE LRV K 9 1Tk E L TE 72T, e L m

D HRRR DI W OREMITH > TH N K P R
VIR THALTE, HLELTL VOB B> THNNRAT BAEIFE

-
-
-
-
-

_—

—_—

KB FEETo X NI HEOREEREZSS TEABZRATTN, oV EOEN
EWVIDIIEINIZA I LT TRI DT, B8R, LR VATYT, 2K bh#o
EDFAIVTTEI NI ANV REZTTH R ENENET D0 & DITBIRIED FEY
T, &K, THDBONRY, TH, ZOTHEONRNENENDAT v 7 C, T2 TEM
L7EBZ OV AB=ALNTHREAWVIIHELEL S, 25 LA BRBEICHESNT
WHEWIZLIE, ZRITEATHRNTIWI LT, TZETEOTEY, AaBlg-T
OS> TWDHATES>TVH Z L, KK UET1,
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=g MESORAMSHE (LLPS) 720G E WD DIX, A FTLRR, EIOHRKATHT
&7z, THZ, EMICE o THRERBR LA TT R, LLPS TiX, BV oidnd o
<, ?%%hﬁi%ét%%%iokﬂﬁbo%%obT‘(“?M@ ZIOND Do TR, H
fELAZ<WTT LA, RREBOBHOHR T, 720 E, 220V OREMDIT > Z IIBAD
EZAIIHTEDL R STZDT, HHVIHIDZEEIHFEL THNDo TV D DI, M5z
FaRESEZBRWETT 20T, KEE LS U272 < T, IEREMICIZA &
WS DIFTLLE Y, SoXDEMRANL, 784 REMRANSLZE D TT LA, €50
IDSTHETEDLLIRFIETHRH DA TT N,

KA 2 OG> THEXE reversible 78 AT &, 4 DRISZFBRRIZ3TH L, 7207
E, EmE VD OIFFEEBRRD reversible 23, & 2RI 7o o7 & T A TIEAIT irreversible
272D ) ZEERAELRW L, B BENEY LN E WD T ERH - T, £I DL
A%, BEIIIEROBEMARETFTET TRV RNE ZABRBH L LMo TWE T, LLPSIZ
LThH., HxDHFDES LV reversible 72 FBENS . ZBREZNTRELSEEL C
irreversible Z2KBBIZASH 9 DTL X 9, R2IEXV EMBROPTZE IS, LLPS b1
T, R ZRBLRZ EZNICANTEL LI DIFTIKRFRZEIELEES ATT A,

EEE ZOWIIEEITEARY, mAWVGELZEESATTIRED, RIAITEEL X I,

S

a0F LR, HRE

EBE DLrolMEASORNAEEZZD L, and, anFTHol, RE< Lboboolz
T &, BIANEL LX) ERFERN XA I 7 TanFRATTR, 4, KFECH
HZAEIZLOFT T KRERATT L, bHEAAZ b LBEOH ENREL L, FELK
E, Lhb, REZOLOHLEDLS> TN DT, LILDLLIZZH/RNENI D, KE
REAEDOHIZEAL B R ST ATTR, 20D, HIEOEY FTH, RFEOEY HFTYH, &
HZVNIHE S EIENEDOTY, anFOA 287 RN DELSEIBEKL T, K¥EEH
TAPBRZLZEDEHHEMIDT, HrobkZE o) Z&EAR, WS LHZ
IMIRE S TWETR, WNRTL X DD,

IBEH =oAL TIE, watandsee E\WH EZABBHLHEEIATT L, 2 TRE
KEDBLEVIBREBROOLND LT, oIV EDLRVALRRNNEVIE
ROoFbnbo LeWET LR, S FTRIRTE o T0EYHEIX 2o T, 720D, skt
RIZT D, TDELEEID, BLoTWAHSLHDHITE, Ebo TWRWEy biffaxtd 213

TC, B, BDLDEWVIFRMNE, ToZ 9Ot LILRWTE, BiFZEbbRne
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WEHTAEZEZFLHAA LW EESTHET, KRFEOREILLEENT- &)
%Té&,@%%< DHEEZ RSFo TNE TN E o TEY £97,
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2) MEEFICHBITZRE2VN/EREEE. LEFy 7R, Do LEEEOI/RR =7 D hRAFEEE
¥ o 2R
HWIEANNBED—2THZ2/NMERTIE., EVXVEREER - LFYIRGH - hLPTLRXFREZYRE

WHIZDOBREBERNMFEARIILA V., EEEZHRL TV, BAIZ/IEERTY LT 4 RETEWRICHEL
L7-3EJTB% ERA5 &R L. ERdb A/h@lko L 7 F> &2 /X0 B EDEM 8L U F v ROV BiP LS

FEERT S22 x2RBHE L7, ERASIINEAETIRA 7+ =L R LEDBEBOYALT7 4 FiEEZBEDET

SEMETUMT L, NEELSY A PYALAOBEHEZREL, RV EREEBRICBVWTEEAKRIZRALLTL

5z &#xBHE L7 (R Ushioda et al., Science 2008; M. Hagiwara et al., Mol.Cell 2011; R. Ushioda et al.,

Mol.Biol.Cell 2013),

I 5|2 ERdj5 AVNRBER EICHEET DALY T LRV T SERCA2 DY RV 7 4 RiEEZBBDOETIEN TH
HL. BEAEKZEEAT 22 ETIEBEANDHNLS T LRAZRE L, NNEEOHILY T LBREICEEEZSZA TW
5ZENBPONICHE T, 0T ERS IF/NEBERBEDH LY T LRBE%ERERZ L. SERCA2 &£ DEEKRK % H
BLTWwWbZEEBESANICL (R Ushioda et al., PNAS 2016), HILAFORMEHIE S L OHBHEICEWNT
SERCA2b 0 R EHNRBAICHKIIL TH Y (Inoue et al. Cell Rep. 2019), 5. FHMARY 7EFMHIL X H =X
LBAN G IND, I HICHLYTLGHEE LT, NNEEBEOL Fy 7 XRFAHLS T LF v 2L IP3Z
BEOFEREZL Py  REENICHE T2 RVWHLTEY Ry 7 F v xIIL% ERdj5 DETTEEZ L
T. reciprocal ICH D EERMICHIET 2L WS O TIHBAHIEEEEZBRS NI L>2>D2H 5, £7-. ERd]5 D
BUAHDZRALICELT, iEHEHZEF R F - 922<HLLANILzBEoNICL. RE, "XERER
PTHD, £72. INHL Py 7 RIERENGNEEESEHESEBICOVLWTHRRICE LD, L<aryET &k
25 Z &Ik~ (R.Ushioda & K.Nagata, Cold Spring Harbor Perspectives in Biology 2019),

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:

1: Functional analysis of collagen-specific molecular chaperone Hsp47.

A collagen-specific molecular chaperone Hsp47 localizes in the endoplasmic reticulum (ER) and has
essential role for collagen synthesis in vertebrate. Lowering the culture temperature corrected collagen
abnormalities in Hsp47 knockout cell (Fujii KK, et al, Sci Rep. 2019). This collaborated study suggested that
Hsp47 stabilizes procollagen as heat shock protein and body temperature would be a heat shock condition to
procollagen folding. Recently, we also collaboratively found Hsp47 promotes cancer metastasis by enhancing
collagen-dependent cancer cell-platelet interaction. (Xiong G et al, PNAS 2020) and a cell-specific ablation
of Hsp47 defines the collagen-producing cells in the injured heart (Khalil H, et al, JCI Insight. 2019). To date,
several new binging partners of Hsp47 were identified, they may co-work with Hsp47 in collagen synthesis in
the ER. We summarized such recent topics of Hsp47 as a review (Ito S and Nagata K J Biol Chem. 2019).
Hsp47 could be a promising target for the management of fibrosis. We screened small-molecule compounds
that inhibit the interaction of Hsp47 with collagen from chemical libraries and found that a molecule Col003
competitively inhibited the interaction and caused the inhibition of collagen secretion (Ito S et al, J Biol Chem.
2017).

We are developing new screening systems and are searching for more effective Hsp47 inhibitor. Herein, we
established a bioluminescence resonance energy transfer (BRET) system for assessing Hsp47-collagen
interaction dynamics within the ER. After optimization and validation of the method, inhibition of the
interaction between Hsp47 and collagen by a small molecule (Col003) was demonstrated for the first time in
the ER. Using the BRET system, we found that Hsp47 interacts not only with (Gly-Pro-Arg) but also weakly
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with (Gly-Pro-Hyp) motifs of triple helical collagen in cells. This method can provide valuable information on
PPls between Hsp47 and collagen, and the effects of PPl inhibitors important for the treatment of fibrotic
disorders (Ito S et al, J Biol Chem. 2019). We are searching for more promising compounds by this method.
As a part of the hit compounds, We reported the structure-activity relationship study on a compound inhibiting
between collagen and Hsp47 (Yoshida M, et al, Chem Pharm Bull 2020).

The project of Hsp47 inhibitor has developed into collaborating research with pharmaceutical companies
and the National Institute of Advanced Industrial Science and Technology (AIST), and was adopted by
ACceleration Transformative research for Medical Innovation (ACT-M) of Japan Agency for Medical Research
and Development (AMED). Aiming for clinical application, our research on Hsp47-collagen interaction also
integrates in vitro structure- activity relationship, in-cell inhibitory activity evaluation and in vivo efficacy
evaluation.

2: 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 ER. ERd]5 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 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 SERCA2b. 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., PNAS 2016). Furthermore, Inaba group
(Tohoku Univ.) and we elucidated the structure of SERCA2b (Inoue et al. Cell Rep. 2019). This information
may help to understand the activation mechanism of SERCA2b pump through ERdj5. On the other hand, we
have revealed the mechanism of the electron transfer to ERdj5 from the nascent chain. Furthermore, we
summarized our previous works as a review of the redox-dependent endoplasmic reticulum homeostatic
mechanism (R.Ushioda & K.Nagata, Cold Spring Harbor Perspectives in Biology 2019).
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2021 &£
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REEE, FRAEKE  KEMNR. BUSEE $ 2017-2019 &
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MEMREmE - TR C
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BEL NBEICEUIRZETRY TV ORBEE ZOHE, HRAERE D BHT. IBEE  2018-2019 £

ot

EitKZF CORE 7 RHERHR

REL LRy 7 RIS L 2/ REEBHMSEEORRA, RAKE 1 HISFEE 2019 F

H
ot

MPEMEREMPE - EFTR
REL Ry X EMEEFEROFR invivo R E, IRAKE | FREDL, BRISFE © 2018-2019 F

REMREGENE - MR EEHE
EELINREYZAILT 4 RETERZ ERS DETA HZXLDET. MEREXE : LIEAE. NEEE : 2017-
2019 £

ﬂ#ﬁ CERMBE - B REEME
BEL TMX4 2L ET2/0EEELETOETSE Y b7 —7 ORE, RAEXRE B8 EF. SEE : 2018-
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ENiES

KHEME  REKE BEHIR

KEME  XBEFE BFHREFPE HEWEER REZE#HE L-EGRROKENWIER]
HNEREE M Z= &

KHEME  XBRFE RFAREFHE HEMER [FHE2RFT20EMREES] ARTFHES

KHEME  XHRFE REMREFHEe FFEMES (7E7 7/ 09 - HE28xFr700 7147
HNEREE M Z= &

KAME  XBRFE BREHREFHPE FHEWEDL (TALFE-FF— b7 79— SEGREIBY KT
BN MBROER| ARTFMEE

SKHAME AT-121X R EER AR EEERE

KHEME  RHEREZME B

KHAME « KEBERYZRIRME s

KEME : EWESHRE B
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sKHZE : Cell Structure and Function, Associate Editor
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KEME

7%~ : Scientific Reports, Editor
7?<EH$D7‘E : Cell Stress Society International, Senior Fellow
=

KEME  BAMREYFEE %F. REE. BAREZE. EERE
KEME  BRECFER &S
KXEAME  AARBEEBFER FES

KAEME  RMHELEEFSEFIR [R—N—HY ATV INAR7— L] BEEEREZER
XAME  ABX AR EEEREREL 24— BEZXE4ZE
KEME  BAEEFREAEEE(AMED) 7A7#+X&Y X, 7O 5 LR —/R—nN(H—

REHE

KEME : HEFEE

HHE% 2019 FEAARE(FRE BHER

Kaiku Uegaki : EMBO workshop “Protein quality control: From mechanisms to disease” Poster award.
2019.04.28.05.03

BHET £ 2 EERELFEAE EFEFEREZN, 2019.09.18-20

WTFEERS 2 @A L AR TV~ v EFOR BERRETHE, 2019.11.25
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WHEFR— L=
https://ushioda-lab.com/
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EYLFEHE= Laboratory of Biochemistry
HI% E@EEW Prof. Toshiya Endo, Ph.D.
Bh# % (& Assist. Prof. Shin Kawano, Ph.D.

1. HRBE
BEEAYOMBNICIZREICRELZALT X T I/NEE) BEMELN, T o SMRICEHEE b8
%THk&ﬁ%%”ﬁA@waéoE&ﬁ% VEDOFNTXZ7THDHI har KU TIE, HR0 ATP EA &
(kR & 22 M ARG - %ﬁmL%ﬁm,7tk—yx_%%béoEﬁ\%:/h)T%bk%m%@%,%
ﬁ%@f$%ibwkTé%ﬁ@%%k@@ﬁ%Eﬁéﬂfwéoi$:VPU7®E#ﬁ%ﬁ&%%%%%¢
D7200E, MBEONANLOEFEE S T FNMTREL, RELRSTEIbar RIT2BRETLH—FT, LE
ﬁl}f‘GL'C\ hay RUT2FEIHEYHTHERNDH D, 2 har Y T de novo IZIZELNT, BEFEDOI h =
YRUTERIER, BHE, SEETHIETHEXD, S b RYTEERTHIEOICE, I har R T EERT
% 1000 fEfHAE B X 2% R4 kﬁ/V/z“)t/%iL&)tﬂ”é%ﬁ MECOIEE %2, M2 EFEI ha R
U7 WICERE, HAWIEHHARLARTE RS20, MIERNZEZ ) LI hay Y TAGRCHED Y
TV T DdDOE NI FEERREOERK - Blik, MEEH, ﬁwﬁ$7%®% EREEZ XLy N T —
IR ENTWA, EBITHRE, I har FUT L ER, A%, oA HxT & ORI EM (2 2
7 ) BN RoNY, FROAIEERMEICED S MREESER I TS, YHFEETE, I har I T7T%
PO & Te ANV TR FREERHNTED L I IZ2L b, TOMELHBENED XL ICHRFFINE DNz
W, Efa%, A, MRAWE, EEAWFRR EEA R TEEAOTHREL TV D,

2. XEEOMEHR

(1) b= RUTHIENT L Aalr—& TOM B AR 7T A4 E 1 BB EE (EM) # 1% O E

SharRITHERZ 20 —2 DO TOMEAEIZ 1000 EICEESIZEAEDI har R T X XY
E@i%:VPUTW«@%ﬁmmkkaT%%¢6 PbivbiuiE, TOM BEEAAIZTTL) & L THERET 5 Tom40
FH Tom22 (12X - THIFHT &z 3 R E25< 20, ZO—#F Tom22 23394 T Tom40 232 737D 2 &
%’Wﬁﬁé:&,3%¢&(mmn%ﬁi&w)z%%i%bgﬁéﬁé% 2RI EOREN RN Z L
M LTz (Sakaue et al., Mol. Cell 2019), 4 El, DIVOIVIZEERHMES 5 TOM A& (Tom40, Tom22,
Tom5, Tom6, Tom7 O SFMHOV T 2=y " OLIBRINDIES VR TEEAR) 2L, HRKZEOI7 T4
T EFHEBEEH DN TEOHEE 3.8A OOMRAETIRET D Z LITAT) L7= (Araiso et al. Nature 2019) , 2 {&H%1E
BEY 7=y b 2 HFONLHEDS 2 BERT, FUvEomiE (HERTF v 7)) ERBB-NLAKEED
Tom40 [7] D i mm&‘“%kWW*A%ﬂADLAtho_ﬂiﬁimnmm%a@2$¢ti£@
W, IPIURITIEAY Yy —IZHEET D3 EBEEOITEHIICHIET HEEZ LN, —F, Tomdd DR Y T
F FEHO N KM 2IETF ¥ RAEEEARIZITE D 572028, Tom40 Fv RO EH (A V) AN
(BERER) AN o CE &, BEREEBANIC T & 72 N i 2 TomS 28272 K1k Tz,
TOM A K Z @it L 7-aiBR AT, ROKRFIC8 RSN T, KKAMHIETNS, NScI bar RY 74T
VI E LTI VES 2R b O, NIED TIM23 BAEREREIEND F T v Aur—2 — 25| &SN T
Wiz @i LT~ b U 7 AT S, 4R, TIM23 E&8E0% 7 2=y F Tim50 723, TOM E&EOY 7 2=
v I Tom40 @ C 5] > Tom22 OO R A A L EMMEEH L TWDZ B Gholc, THHD RAAL F
2 BAROANM, 250 Tom40 RO REOITLITH Y, Tim50 % & Te TIM23 E &KL TOM EAKD 2 Biko TR
M) T, EELTL DS VES ZHORBAREZHELHEL CWDZ Lihd, —F, SHRFIERKY VR ED S
B, 7 VIS 2R W B O WA 2 2o 7 B 1L, TOM AR BB O Mia40 (25 X JESN D, 4 H,
Mia40 (% Tom40 O F v XV Z& B W TIREFERMICH T 5 Tom40 @O N WMl EFHEERA L TWD Z LR35 o
7o ThbbH, ﬁ%%@T@@&/ﬂ7 5H Tomd0 F ¥ X /LN Z @A LT Timd0 (25| X ESI D H DX, TOM
BEEO2BED THE) CHDZ Lichd, TOLICH VAR IHEOFEBRT v FANIC, 7 LESIZ RO
BRIK & o X 8 kﬁt&wm%%&/ﬂﬁ ITHEAO@BVELHNZNAICHEL, MO THRHEX D AHERKEK
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D FHRORFITHEERZ R B2 1% T ESTZ LT, HEOHEEL RS 1000 R L SHTERES Ry
EONEBBEDNERELITo TSI ENRHGMNITR ST,

BEOED S BiciEs PRRSER AN 5 Rt
- Tom40-C

~, B
Tom22,” 7 PEE
p Tom6g

i Tom40, Tom40s :

[S—barrel

Tom40-N

Tom7s

Tom40-C
Tomd0 7+ /U4 30° %, HEROIRH-HFRIEAE < 2950 Tomd0 F v IVFAICK Tom22 512 55, 1>
FATND : BES 1 HFAVRAT, FrRIVEEITVS

1 TOMEEHERDYISA44 EM & (5§ 3.8A) (Araiso et al. (2019) Nature) B/SLILEEAL/OE Tomd0 DEEBF v
FILEREIZ Tom22 B2 5F, UVEEEN 1 R FAYRLIET, FyRIAMNMEE, ZHFEASMMN>TLVS, Tom40 O N ifIEF+
FLENANSHIZEE, Toms ZEYRELIATINS,

(2) Mspl 12ED5 37 EEE DRV E UIEIE D% 7
SR A REGIAEA L L TEXAER, MRICIXERZH AR o THAMA~ O Z 1T

FVAT AN TND, XU EOBNMA~DOEEITE b TEMICIThIL, #ORENIES & Hlaskie
DI, e RFERICORNB LD EEZ LN TEE, Lo, SEbivbivk, # /37 ZOMIBANELE
WIHFEWAEIV 2L, LALWokARKEEEZHESTYH, BEEZLVET, T2bLKRIEEZIT) VA
TANFETDHZEEZIFI LD TR L,

DivbiL, I bar FUTICAREES N X VX7 BOHIRIE Mspl & W5 X U RV BERBEbL LS, i
WOREICHER Lz, A F T — DI 7 _R&E Pexl5 £ W) X U RO RAR Pex15A30 (L = KU T
ICRRBLIE XN D) 2> C, Mspl S E AR X VX7 B e 71 LT Pex15A30 O fE &t Ok Fi~l-, L T
Pex15A30 (7' B 7 7 Y —ALIZX o THA NI ATHMENDLZ &, BT 0T T YV —LnROBHIE RS
ZEFFUMINEI b RY T TR < ERICIFET S Doald &5 2 B X FUALEERIC L > TiThbh b 2 &
By oTe, ERICIE, WEICERFE X o7 ERELD L, IhERHLT2EXF L, 4 bV H
LT uT 7Y —ATHMRT 587 TRVEEM] 27 LARFEET 5, Doal0 X2 D FEEHY 257 LD —8
THY, B@HILDoal0 N ERELDORE X R BhabXxF b+ 5 L, A MY d Cded8 LuvH Z X
TENRRoTETREZ NI E LR ERBFENSY A RV EHL, uas 7 YV — AT ET, FEE, Cdeds
25 Pex15A30 DB RICSHETHDH Z & b4 o7, Pex15A30 13 ER TIIARD AA— v F—F 7 B LB EE%
ENR VWO TREZ L RIVELE L TRBEINTLEIZEBEZOND, £ ThNIE, BREZ L 7EHELT
IS N Pex15A30 AN D & U X IENRI bay R TICRERREINTESLAITE > D THA S h, AEER
BZHAAEN T IAVRICHES N TILIMERE ETH < Gosl Z#I b=z R TAMEICEREL S S & TH
7oL 2 A,Gosl I Fay KU THAEENS Mspl 12X - THIE 2, —H L ER RICBITT 5 2 ERbhoTa,
BLIEZEVNZ L1 Gosl 1Z ER L ET Doal0 IC L 22 X% F b2 Z T 5 2 L1372, KEORMMTHE T LY
RET/IENPDIEL S ELE S, Gosl (T ER DRBEEH L AT MM KXo TR LA INT, WolzA ER
WCEZRENE, SAVKETELLEINDZ L &Rt
Mspl 123 bz R U 7AMBEIZRRALDE S 4172 Pex15A30 X° Gosl 72 E D X 2 /X7 B aAa] & > DA TR L, ATP
DERNF—% o TEND EZHNEN GBI EH <, Bl XD L7z Pex15A30 X° Gosl (XX X7 B DT, B%
L L IEFEFHUR bay RYTHABICHAREN DD, —#ITa<IZHFEET D ER ICHLMAREND, T7ab
HI har KU 7ICHEELRE S 17z Pex15A30 <° Gosl ITELEEZ RV HIHEZ Mspl Ik »ThH 2B EE XD
N5H, 29 LT, Mspl i by RU THBEICRRRLE SN ¥ VX T B % ATP D= R V¥ —%flio TH & ¥,
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W<IZHD ER REDBEICEZRCVEIEIWMEE 52 TWVE, ZNETH UV EOREILERIZITONS
RETHY, ZOPLHVHEHLEITI XU NRNIERVAT ARGFET DI EEEZLN TR, LML Mspl ©
B LUWEERE O AL, MRN TIEY U X BOREIIMENPEZ Y 252 L, LALHEEVWSEZ > TH Mspl
REILE o TENERVETIET, FUNNTHEDOIELWEIER, MEXEEINEZY ORI EORERTELI L,
ZTOZ L THMROEFHEEOHFEZEB L TNDLZ bl

3. Research projects and annual reports

This year’s accomplishments

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.

Most mitochondrial proteins are synthesized in the cytosol and are transported to mitochondria by
dedicated import systems. The TOM complex in the outer membrane (OM) functions as a protein entry gate
through which over 90% of the mitochondrial proteome is imported. The TOM complex consists of the
channel-forming B-barrel protein Tom40, and six o-helical membrane proteins. We determined here the cryo-
electron microscope (EM) structure of the yeast TOM complex at 3.8A| resolution.

The cryo-EM structure of the TOM complex revealed two separate preprotein exits sites toward the IMS.
That is, presequence-containing preproteins that constitute about 60% of mitochondrial proteins were suggested
to leave the Tom40 pore at the trans site, which is formed by Tom22/Tom7/Tom40 in vicinity of the middle of
the Tom40 dimer, and are then transferred to Tim50 of the TIM23 complex via the IMS domains of Tom22 and
Tom40. Presequence-less preproteins, which include three different classes (MIA substrates and (-barrel and
carrier precursors), were suggested to leave the Tom40 channel in proximity of Tom5 and the N-extension of
Tom40 at the periphery of the Tom40 dimer. The IMS-exposed portion of the N-extension of Tom40 recruits
small TIM chaperones and Mia40 close to the exit site to ensure an efficient transfer of precursor proteins. In
this way, the TOM complex functions as the hub for the intramitochondrial sorting of mitochondrial precursor
proteins.

Previous studies reported that a subset of tail-anchored (TA) proteins targeted to the ER were mislocalized
to mitochondria by, for example, disruption of the GET pathway. The mitochondrial outer membrane AAA-
ATPase Mspl was reported to clear such mistargeted TA proteins as well as a model mistargeted TA protein
Pex15A30. We found that mislocalized Pex15A30 was first recognized by Mspl in the OM, then ubiquitinated
by Doal0 and its co-factors in the ER membrane, and subsequently extracted from the ER membrane by Cdc48
for proteasomal degradation in the cytosol. Our results suggest that Mspl constantly extracts substrate TA
proteins like Pex15A30 from the mitochondrial OM at the expense of ATP hydrolysis, which are primarily
reinserted into the OM, but the extracted TA proteins have a small chance of reinserting in the ER membrane.
The substrate TA proteins transferred to the ER are, if aberrant, ubiquitinated by the ERAD system, Doal0 and
its co-factors in the ER. If TA proteins transferred to the ER by Mspl escaped recognition by the ERAD
machinery like the case of Gosl in the absence of Get3, they may follow their inherent secretory pathways to
reach their destinations. In this sense, Mspl functions as an “extractase” that facilitates “proofreading” of the
mistargeted TA proteins by promoting their transfer to the ER for further degradation or retrial of sorting via the
secretory pathway.
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Toshiya Endo: Mitochondrial biogenesis and maintenance: pathways and machineries (4F:#{# ), Protein Biogenesis and
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F BT BB L > TR LT o722 by N 7GR ERE OIS &R, 25 57 B4 %E

& VURVULTIITAFTETEBBETTEL2 L, TERWD &L~ BEAGREO RN (BRFEEE) |
B (y—HATarxrvarkzry¥—) ,2019.9.24-26.

Haruka Sakaue, Takuya Shiota, Naoya Ishizuka, Yasushi Tamura, Toshiya Endo: Regulation of the protein entry gate
assembly by mitochondrial porin  (fBF5ifiEH) , F 42 FoTAMWFRES T—2 v 3 v 7 [The Biology of
Mitochondria-Cytosol Communications] , &, 2019.12.3-6.

6. ZTOMISLEER
1) HAEES
B 2 e B A B 4 - Re B HEREF FE
ML IR RY T A G R E F AN A B9 Ry b — 2 O B
FFeRR AL B, B  H2T-R1EE (5 4F)
BRI T 2 Al Bh 4 - R B TR0 ) 2
ML . IPbRYT T AR —4 SAM A R O - BEREDF 5T
IRt A HELYE, BUS4EEE (H30-R1LAFE (3 4F)
BRI s B Al B & - 2 FAF5E
FRREA X AR ERATIC LD S bary FU T b T xm s — & SAM A R O S AR
IR A HOLYE, BUS4EEE (H30-R2 R (4 4F)
BRI T 2 Al Bh 4 R B 722 ) 2
FREEA P RUTHME E TR A0 MR OAE BB R OB
TR EE B ED R R, BEE H31-R2FE (3 4F)

2) EINEH

HEEES . B AR EEE S
S BN  AARAERAER SR
RSB o B A A RS G E

wE AN BRI AN R T IEREZR

mEESLEW B I9FAAREAEERTES - BT RIARMRAYESRSEGRIKRE Kak
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3) 7o KU —FIEH

201948 H 23,24 A BAARERKHEY A L A N—0 &A—T TR

YA A =2 [ZR7BLI bary FYT7OREGERIER ] GEEIED) BIOTRRE
20204F 1 H 14 H HARZRKEY A A N—0 &F—T TR

YA TR =0 [ZURTBEOMIEIZENTHRLY 1] (THILE) BIOTHRREE
20202 A2 H HABFERREVA A =2 &F—T TR
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1. ARBE

EmEHIEEICY V/INVBEIIET DELENRIG
DESGHRERBTIENTEZN, FV/ITBEEIELS
ETRDHEBENFPIRILF—REABNITRE LT
TRAEMIBEEL BV, fRATIE. INS5ORFD
BROEBENBRICEETZIETOEDDEMB L
LTI T\, 2OLSBEKRDIFOEBIE
FZBERDOEDN, EEDFOERK & REDRZEM
HETH B,

LYARETIF. FVNTBEBOERERH. T 5ICIE.
ZOZEHEEE (BEL) ONFHEEBZESMNCTZI L
ZEHIEUAREZED TWD, EMEHOEBIEHRTH S
TUNRVBNERSINEEZERST 2 Z0BREIF. BR

“Regulatory nascent chains” regulate
cellular functions

MifM
- SecM
& ‘ VemP

TR Protein
m {m) |localization
machinery

Monitoring activity of
Protein localization machinery

NEBANEEBRINZIRUDEERTOELATHD., &
DANZXLEBETZ L BLEEENEDEINELRINIEBEEZERT DI EICEN D, MR T, KA
&, EHDOER L CTEBMEXRIBI 21—V VIV BERH U, fIZIE. BMERE MIfM (&, BRO%ELE
TESZEHRT S UMRY —LICBENT. BSOMRBRZ—FKEL (FPLAN) $25HEZFD, COMHE%Z
FMEL. YNV BEHBIAEETHS YidC OFEEZE=ZY—UL. ZOEREZ Y ZILY A LAICHART 3%E %
BoTW3, MifM OERICERITHRARE CHL2REHBERSNEHUKEBEE SecM . BIEROER LT
BZREITZIRFOOEDTH D, 2No5D "B<HRELHE, OXRIEF. BLFOEERRICOVWTORALAD
BREZIEREITZDHDOTH D, HAE, THRELENERZHEC2EMER) IKHEBEELTWS, ZOHRZEL
T, "HISRELEDODTFEYZE) EWSHLEREMOBFORAIKERKEICEMULW, £, &b, BROREERE
ICBET2FcRMER IOV FBBEL. RENESNDDH D, BH. TEMREIZ 2014 F 4 BITHEREL
k. YZFIUY—FTO-THZIFPHEHEBREOBABRRDOT. MEZETLTWVWD, KERTIE. FEEHER
KDFEEDS5, YHAEEDEHICEETZ2HDELHETHRET %,

2. REEOHERR
(1) Z7#—RLIR—=F—ZRWVHEY VIRV EOBNEE DERENEH

MER MifM (3. CRIBMEICEETZZ7LAMNEF—T72NUTCURY —LRDERERRBIT S ETEHE
DERERETL AT 2, COBRT7LAME. ZPLARNEIHA N KFEAHISE -5REN S & THRIRESN S,
CDFZLANEF—T%, 5|0/ DALKR—F—; EULTAHAW I YRRYVEFIBLTERLBRY VIRVED
N RIGETHE ERE LIS 1 TS U EER L. Z0OHMS, PLANDREBRINZDDERIRT 22 & T, #IR
DEETI SRDAEHSTHEHEMBENICERT DL 2R HTc, TOHE. EBEY. co-translational 7
THA=IT a7, BEEBRERBENS 2RO NDEM> TEITIT D E, e, TOLSBRENLBRERTE
KDYV IRIVBELRERSND I EHTRBEI N GEXERR). AROBTZRKEE CHED TW\WD,

(2) HEEFRAUYRY —LLRAFX 1 —RAFOEE & BT

BIEJRYZRWEZEE mRNA(non-stop mRNA) Z U RY — AWEIER T 2 & BIFREEM TN g I mRNA
LETURY —LIMERT %, COEFIRY —LZLAF1—92FTEREFE L TtMRNA-SMpB #EEEHIH
S5NTVWSH, SEEREF. HEREICEFZE2DURY—LLAF21—EAFEULT. BrfA ZEE L. EI&
FECEE LV, Wilson L5 & OHARRIC L 2BEEYFEHLBBFTN S, BrfA i3, BIRKEERTF RF2 K
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FHIC, IEDRYIERENLGBERKEERET D ENREI N, BrfAld. 7Z LBMEED RF &kENYURY
—LLAF2—EHFELTONSH TDIREH & &> 7= (Shimokawa-Chiba et al., Nat. Commun. 2019),

(3) HMEEY VNV EREAKE YidC OEEAORRE

DETE & &, YidCEHDEEICHGL T LacZ EFEEZ LR S EIHERL R—5 —KEZFRUTc. 2OKER
W, RREIZEEBHISRERHShEEYZ AT IV ENRIC, YidC KENRY VNI EEBAZHET 2ED
FEYDR I ) —Zv T EHTE . YidC DFENEESNNIE. COLR—F—KD LacZEEN LR T
BENBR/EN SEDORIY -0 I T BRERENICLR—Y—FEtz LR L3 LaYeBEE .
S, INSOIEYHAEHIC YIdC OFREZHEEL TVWEDONESMCDWT, D7 v AR\ TIRIE
ZEDHBFETH D,

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) Proteome-wide capture of co-translational protein dynamics using a transposable force reporter

(7nFR)

The elongation arrest of MifM is force-sensitive and is canceled when the MifM nascent chain
is pulled from the N-terminus. We took advantage of such a force-sensitivity to capture co-
translational pulling force on nascent chains in a proteome-wide fashion. Using transposon, we
constructed a gene-fusion library, in which the N-terminal regions of proteins were fused N-terminally
to the arrest sequence of MifM and then screened proteins that canceled elongation arrest. We indeed
identified hundreds of proteins that canceled the elongation arrest of the force reporter, most
probably reflecting their abilities to initiate the maturation and/or localization process co-
translationally.
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2) Identification and characterization of a novel ribosome rescue factor in 5. subtilis

Ribosome stalls on mRNA when it translate mRNA that lacks an in-frame stop codon (non-
stop mMRNA). Ribosome rescue factors mediate rescue of the ribosomes on the non-stop mRNA. In
addition to previously-identified primary ribosome rescue factor, tmRNA-SmpB complex, we here
identified BrfA as a secondary ribosome rescue factor in B. subtilis. We demonstrated that BrfA
recruits RF2 to the stalled ribosome to facilitate a stop codon-independent translation termination on
the non-stop mMRNA. BrfA is the first reported example of RF-dependent ribosome rescue factor in
Gram-positive bacteria.

3) Screening of chemical compound that inhibits YidC

We have previously constructed a reporter strain of B. subtilis that exhibits an elevated level
of LacZ activity in response to dysfunction of YidC. By screening chemical compounds that elevate
the reporter activity, we are searching for those that inhibit the YidC pathway of membrane protein
insertion. We now identified several compounds that elevate the reporter activity in a dose-dependent
manner.

4. @X, EERE

[RERX

Shimokawa-Chiba, N.*, Muller, C.*, Fujiwara, K., Beckert, B., lto, K., Wilson, D. N.#, Chiba, S.# Release
factor-dependent ribosome rescue by BrfA in the Gram-positive bacterium Bacillus subtilis. Nat.
Commun. (2019) 10, 5397. (*: equally contributed, #: corresponding authors)

Fujiwara, K., Katagi, Y., Ito, K., Chiba, S. Proteome-wide Capture of Co-translational Protein Dynamics
in Bacillus subtilis Using TnDR, a Transposable Protein-Dynamics Reporter. Cell Rep. in press

Ito K, Shimokawa-Chiba N, Chiba S. Sec translocon has an insertase-like function in addition to
polypeptide conduction through the channel. FT0O00Res. (2019) ;8:F1000 Faculty Rev-2126.

HAGERGRLE
TESE. HOXE (2019) MRE L THET ZHERIRTF NHE. RBREZF Vol.37, No.18 (11AS),
3048-3054.

5. ZREXRRLRE

Keigo Fujiwara, Yutaro Katagi, Koreaki Ito, Shinobu Chiba: Studying co-translational protein dynamics
using force-sensing arrest peptides, RIBOSOME 2019 meeting, 2019. 1/6-1/10, Mérida, Mexico

BEELD. BHA. FEER. TEEE MMEKLU SecM OFIFR7Z L A S DERZIBIZEE U HiE#EHDE
HIBREORFENAEE. £ 16 [E 21 i KBEMARR. 2019. 5/29-5/30. BEEHRRTIL

Naomi Shimokawa-Chiba, Claudia Mdiller, Keigo Fujiwara, Bertrand Beckert, Koreaki Ito, Daniel N.
Wilson, Shinobu Chiba: A release factor-dependent ribosome rescue mechanism in Gram-positive
bacteria, EMBO Conference (Protein synthesis and translational control), 2019. 9/4-9/7, Heidelberg,
Germany

BEREEE. BHAH. FEER. TEEE  FLAMIIFRICLZ2FEHOBEREDORFENWAE. SMNTHF
E JZLBERY / AERE. 2019. 9/6-9/7. K

B, T (FE)BX, TESE FHRBRTVLAMTIFROZEREN. 5 92 BEA4{LESRKE. 2019.
9/18-9/20, /XY 7 « OHEE
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BEREE. B#HKE. FEER. TESE BR7LANDOERZEEZES ULHEHEOHNERDORFENAR. &
92 IEIEIZIKETI_’,? K%.2019.9/18-9/20. /X\¥ 7 1« OEE
Shinobu Chiba: A novel ribosome rescue mechanism in Bacillus subtilis. 71 /)L X - BEERIZHEFHt
X+— .2019.11/8. RK - VA1 IL ABEMH
EHKR. TESE HWERY VN JEERAKE YidC ZBET 2LEYOHRR. £ 42 BBEA? TEVES
%=.2019. 12/3-12/6. BRER=ES
TN (FEE) BEZ. Claudia Miller, BEREE. Bertrand Beckert FEEMERE. Daniel N. Wilson, TEEKIE :
BERICEFTZ2FRYRY —LLAF1—RFOREELHEIT. £ 42 QHEADPFEYERFR. 2019. 12/3-
12/6. ?mﬂlﬁﬂ%;%%iﬁ
III—JIJ.IE}’K,’&I T (FE) BE. TESE  HERROHFRBMRY LA NEFORE & @, £ 42 BHEADFEY
fﬁA 2019. 12/3- 12/6 EHEERERZES
%J? . BHKE. FEER. TESE PLAMMIFREZTIA -V —& UTHRALUHEEOHMN
$§D®‘?H?§E’J.ﬂﬁ £ 42 A HAD FEYMFESFS. 2019. 12/3-12/6. BHEERSZRS
BHEARE. BRES. ?;E,Mn BR7 LA NRAFZHALUCKBEREY Y/ BOEBNEE O EBENRENT. £
42 M AR FEYFESFR. 2019. 12/3-12/6. BEREERREES
Shinobu Chiba: Nascent polypeptide chain-mediated translation elongation arrest in bacteria.
BPS2020 (64th Annual Meeting of the Biophysical Society). 2020. 2/15-2/19. San Diego, USA

6. ZOMFTEIER

1) AMER

BftE®MEIE - 28 (B)
RER T XNVBI Y NVERBANYY —F U — OO0 FHE DR
MEARE : TEEE. RSFE - H28-31 F (4 F)

BtEHBE - HEFMR
RER  BREHARULTEIZHES Y/ VEOHRBREDRFIAE
MHRARE  BREREE. BSFE - H31-R2F (24)

2) ZHNEH
1FEEHERE : Member, Faculty of 1000 GRS X7 4)
FEHE  £YEGERICEI 2 KERENEERRU NBRP RREYEEZERER

3) 7OMNY—FFH
TEEE. BREEE HA - FIYTBELEYAIIVARREE 2KV VRTITY (RRE  MBEXT -
RERBREEGRIZEIHIR) ICHH 2019F7H30H-8H5H
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1. HARBE
YNV BEOBERSVYEROERBRICHELAIRBEDERDDDH D, YV /I\NVEEEER. FFICESE

FERFERANTHZENDI VY NRIVEOHEERZRICWEEZTWS, ZOEBARN SIFRIIC IS RRIE
ZFHVCRET MM BRIEOTREN EEND, REUTORRT —VZH#HE L THAZED TWD, X R
EBERITE ) JAABFHEMEZEEZLRFEREL THWS,

(1) MEY /N EHEEBEDOEE S WE DR | Cperfringens NS> N ERIGFT I F % ADP URY
MMEgdlalnzI Yy R4 =Y AZRTHEARANEIXT RKE b hh5425, COHFE, V7 ABEFHE
WIRICED b OEEEHBEICEREZYTCMREZES TS, SFEMHT b EILE la-lb RILEEHEDEE
ZHSMIT U,

(2) ADP YRV IILItBER L ZDEND FEGROEEEYSE | R BREBEYIF ADP URYILbER
(ADPRT) WU T, MRAMDY VIRVBEEEMU, RANDIYITFIGERICEEESZ %, CORBEEMN
EFDORIGHEBOFMERESMNCINL, AR ADP YRYILIEER (BER) CZ0REESHRTORREE
BT ZESH TS,

2. FEEOHARRE

() —pnER IbEAE afEE IbEADI SA ABFEHRIC L DBEERE

C.perfringens "2 ZHABRIFIT7 I F U Z/HEN ADP URVILILYT 25% la L IhZflEANE®T S
B b 5%k, BARBUAIEID ZHDEROMEZEDS THED., la BERKLUVEBT7 IV F Y EDEREDE
S X REREERT THOMNCL., BEEEEORTZED TS, ZRNEROEFERERBEZERIT D IC
&, b DFAELARNMEBRW, ULHUL. BY VYRRV THZ DS, YV TIRARBREEREI#EUIN STz, 2D
DUV SAAETEBBEICL DB ZED TEf, YU TIBRAETZOUBELVC I VY RDODRI ) —Z V0%
HT. BABEDT—FINEICKRINL. ZOBTNS b BILOEDHREBITICHKINL Tz, laNF o F> D ADP
URVIMEEREZRIET ZDICE Ib NPOKBETLEAA Y IV—2FAk. RICHEELTEEELZE
L@b AU IY—H5R3EAZHE. @ZnIiCladEEa L. la DZFEBENIFEFTT, @lalbAYITT—
B zEBI2. CO4DDRATYTHREERDS (TH). RYOEEHETOBMNIE. 500KDa oA Y IV —
ZED 7RIS LVEAOEER

2 AN TBZIETHB. b iF
n® o b FUHA \Lb - 20KDa ?JTE{EE?‘J\(pto) 2:“ Z\SKDa )
e 4 DDRKAXAYDNERBINT « (Ib)H

o @ / 5%5%. RKBETRES €/ GST-

& e @ e prob ZRUTYY. FERUTY

[ K VTHE L. GST & pro #HI#. &

* o (o 9 bty

SR . : - - IO BREEFEMERGRE L0V
- - - : TAABFBEBET —F 2R L o

bindingt_m::eptor pro?mle:1ce Oligm;tion con:matronal =5l cryo EM = W 1o BT BRAT
digestion by protease change % B 7’3 2 fCo L}{ﬁﬁa)ﬁﬂfr 75\ 5 N ﬁ]\ﬂg

BEFEWAY, lb (7O (pro) & Y]
Wrode, FLELAZRBAL T, BIAICED I LF. bh>TE e, 7LEAISEANDELIZ. RLWR—%
NUIWEFFHHOLSICEREHUVRICHLZH T 2. ZOBIBISEKEDH., YV TILABDERET. 77U T
—yaVEMNZZMANLSDFENDETH >, ZDIZHFEA IE LMNG (Lauryl Maltose Neopentyl Glycol)

53



Side
view

Top
view

() 1IbfEF, (F) lafEA-1bIEFL (shortstem) () lafE&-IbfEFL (long stem)
lal DFHIb7 EFRN LR BIRILICHESRT 5,
TR Dlong stem72 1 T, BEE~DBENLFEAETHS
IbEFL (short stem)DTFEFEDER B AMT A - 7=,

DEEERHEUDBETVWDIMA SN ZEFHFMICKRET Ufce TSIV A ABFEHIEICOELEZ T Y Y RERT
H, O LMNG DEENEVWE /A RERBIENS, PTUT—=2aVvEMMZADD, /AREBRSBVWRE
DEREZ®>Tco T5ULTRIM o e, REORHZRAVWTH Y FILAREE T Y Yy RHERZTWV. KERKZE -
EREMAPOD Titan Krios ZAWTEHRFE ZTVW. CTNIMEZRAWT 29ADRETOBEZE . b R
TERISRKZ, ESIClaZBBSEDRLHIC, INHEETIRFERAICVWEEZ, FELUL IbETIC la
ZMZT, T—9Z&E. CI1NMEZAW BT ZITolco VI ADTOERBETR—FNNLILHTL2ROED
E BEREABPELEENTVWRWEWEDZDT R ENTE, ENEFNEBAZITL. 294 & 2.8A D HEEE
TORITICHIILc, ZORERM
5 UToZEbho>TER

(1) laid 724D b BILIC—2#
BT 3, (2) lalE NKmD K XA
Y TiEAL. 7Y F Y ADP URY
IMEEREZ D C Kl K X1 V&,
ZDEICAET %, (3) ladNXK
mEZDERICEDEKRIMD any v

Ca-edge (45 A)

NSQ-loop (23 A)

TEG-loop (22 A)

d-clamp (6 A)

N _ IbfETLIE 6 ADBEZRERAI %D, £7clbE/ ¥ —DNKIKICH B HIL
IAN—EBET B, (4) CDla D S LREANRELBELEY (Caedge). 7EHEAFKL. 22
N KiFD e lE. b EFL D LA ERAL IZlah EDoE 5 L5 ICEET %,

(EEBA) THBpITTINE
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BWTWe, cnzehSladlb a b
EFRLZ N L TORRERIE N Kigh constriction sites

SBIFTIHPNEEEZENS, PNE @) ¥ Somm— T — ;
S N N
NSQ-loop ------=- N =,

Ffc (5) FLEANSELAN $ ")
) o . TEG-loop
[F. XR=F/)XLILATEE TR, 27 o-clamp

52U\ short stem B HRREE S U
THREL, 85K, INHNHSEE
2K (long stem ) [cixzd &
TEANDOZELBAN BRI NS, B

Subunit D

lalXIbIEFLICNGRSR K X A 2 E > THAET %, ZDHEAETNRIED

SNCBOTVWBRBZTIN—T anl v I ZHRIT B, bEILELEOT Y 74— R LESE
CET2-HHE%. REEs% AIESRBTHD I EHBELNICH 5T,

EDEBI S Ib FEFLDFHEDIFH
B, FV N BEMEBEZIRBLL. chsDiER%Z. 5% 3 A. Nature Structural & Molecular
Biology s#tEABEH Ui (REEEKRZE. LA (M2). FH. FTEXREXRZE, FERKZOHEREME),

2)7OXNYIILZFREZRDLBIFE

MEHATRELBEFET, VI LYaBOIVYFOMNFYY (CPE)REBHROBEEN DN, HIROBHRESR
NEEShi, TDEHKI Clostridium perfringensiota-like toxin (CPILE) & 8% & 17z, CPILE (& CPILE-a,
CPILE-b @ 2 20OV iR—% > kD 5% % binary R TH D, BIRD 1 A ¥ HR & LB U AHA S CPILE-b fETL
AR EBERNTZRDI, FRATBAZRIITIT A7 VILED CDT BZHEAEBRTHH., COLBRIFARS
BHTWD, INSTJOXANYITLABOZHABRD. I VNV EBOHXEEBZHSMNCT D, ZOMRRIZHE
SR OERMFT E RS,

(3)ADP U RYVJLIb D4R

HLIEADP URYVILbER (BR) CZ0EEY VN VEDERKRDOINT & DBERITEED TS, HIC la-
7O FUEERE. C3-RhoAEER. SCARP-V 7 ZVEAEDOARICLD. ADP URIIUEIESY VIRV ED 7
T/BTHN. HDWEDNA DIEETHNRE U LS BRFHEE T EEZRHB LU TCADP URYILET D EWS
ZEEBESMNT UL, UL LAENS, APARP (FRYU ADP URYJL{EH B WETE/ ADP URYJLAL) DR
BEERLL< D> TVWEARWL, ZORBBEDRH. BERTZESH TS,

3. Research projects and annual reports

We have been focusing our research on the structural biology of infectious disease. Especially our
target is macromolecular complexes, and we would like to reveal the interaction between the infectious
factor protein and human protein. These basic researches were 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 reported the cryo-EM structures of the
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translocation channel lb-pore and its complex with la. The high-resolution Ib-pore structure
demonstrates a similar structural framework as observed for the catalytic ¢-clamp of the anthrax
protective antigen pore. However, the la-bound lb-pore structure showed a unique binding mode of
la. One la binds to the Ib-pore, and the la N-terminal domain interacts with Ib via two other lb-pore
constriction sites via multiple weak interactions. Furthermore, Ib-binding induces la N-terminal o -helix
tilting and partial unfolding, whereupon the unfolded N-terminus continues to the ¢ -clamp gate. This
study reveals a novel mechanism of N-terminal unfolding that is crucial for protein translocation. The
study was reported in Nat Struct & Mol Biol.

(2) 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 trying to reveal the structure and functions of CPILE-b compared with Ib-pore.

(3) 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. Furthermore, we consider that this is a common
substrate recognition mechanism for all ARTs, all protein/amino acid-target and DNA/base-target
ARTs. However, it is still an open question of the specificity of human PARPs, which belongs to a
different group of ART. Thus, we are trying to reveal the structures of PARP in order to understand
the specificity.

4. WX, EBEGHL (2019.1~2020.3)

REF#RX

Yamada T, Yoshida T, Kawamoto A, Mitsuoka K, Iwasaki K, Tsuge H.
Translocational unfolding in clostridial binary iota toxin complex.
BioRxiv doi: https://doi.org/10.1101/721969 (2020)

Yamada T, Yoshida T, Kawamoto A, Mitsuoka K, Iwasaki K, Tsuge H.

Cryo-EM structures reveal translocational unfolding in the clostridial binary iota toxin complex.
Nat Struct & Mol Biol. 27(3):288-296. doi:10.1038/s41594-020-0388-6. (2020) (&EHED)

&b

5. 2R E (2019.1~2020.3)

Yamada T, Yoshida T, Kawamoto A, Mitsuoka K, Iwasaki K, and Tsuge H : Cryo-EM structure of
clostridial binary toxin translocon lb-pore, European Workshops on Bacterial Protein Toxins - ETOX19,
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Monma C, Saiki D, Shimojima Y, Suzuki J, Sadamasu K, Yamada T, Tsuge H, Kamata Y: Diarrheagenic
activity of each component of CPILE as a new enterotoxin produced by Clostridium perfringens
isolated from foodborne outbreaks, CLOSPATH 11, Leiden (Netherlands) 2019.8.19-22

IWHEC, BTEEIIILY1H2HSER BILESROBENFRIT. £BMARSs 77/ ABFEMEIIC
KBIVINVBEOENBREBNTFEERT~HARBRDY ZAABE~, MBIV 7 7L YAty — (BH).
2019.11.6-26-27 (OEHZ*=:LUMA)

HHE. ETHEE: DNAZEBE T2 ADP URYVILEGEBEBROESERHEE, BREEIRWMRS. RFTILT
U4 —F KRR (KBR) ,2019.7.4-5

56



FHED, FTER: FEREMRERXE/ ADP VRV I EGBEBROEERHEBICET 2R, BREERWAR
2. RFILT7 T« —F KR (KBR) , 2019.7.4-5

BETREY VN VEEREERTF v X)L OBERFEIERNT, $£4530E4Y VB HRHGHES. /(\LATA RKRTIL

(R#B) 2019.8.30-31

WA, SHE. JIIEBER. LtRE. sEER. ETRHA: Cryo-EM structure of clostridial binary toxin
translocation channel lb-pore. % 57 EIHA4YYEBZE S, ¥—HA4 73Ry aveyy— (BIF).
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2) FHEE

Journal of Biological Chemistry, Editorial boards member
AARZMikES DB ELEYE 169 E8x %8

Yy BHHREZEES B

Ax4EfZe RKBE

3) £EEH

Nature Research Microbiology Community

Posing just before protein translocation in bacterial binary toxin

Hideaki Tsuge
https://naturemicrobiologycommunity.nature.com/posts/61288-posing-just-before-protein-
translocation-in-bacterial-binary-toxin
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BEIXI)L¥—RBEAEE Laboratory of Membrane Bioenergetics
% L 3k Prof. K. Yokoyama, Ph.D.
B =)IE— Assist. Prof. J.Kishikawa, Ph.D.
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3. Research projects and annual reports

Energy is necessary to sustain life. Bioenergetics is an important scientific field, whose aim is how life changes energy into
a form that is easy to use and how it is used. ATP, the energy currency of life, is synthesized by ATP synthase, which exists
in mitochondria or in bacterial plasma membranes. The produced ATP is used in variety of biological processes, such as
muscle contraction, the synthesis and degradation of biomolecules. For example, the vacuolar proton ATPase (V-ATPase)
uses ATP to transport ions into vesicles which are responsible for various physiological phenomena through its acidification.
How molecular machines made up of tiny proteins converts the energy of ATP into transport and motion is a very interesting
question and one that needs to be solved in the life sciences. To understand the mechanism of these molecular machines, we
need to see its movement and shape. For this purpose, we have used single-molecule rotation observation and structural
biology with cryo-electron microscopy. Our final goal is to clarify and describe how living organism transform and use
energy to live.

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.

This year’'s accomplishments
1) Structure of the Vo domain of V/A-ATPase

Single particle analysis using cryo-EM is one of the most powerful methods for protein structure determination. With the

advent of direct electron detectors and the development of analytical techniques, we can easily determine the structure of
protein molecules, sometimes with near atomic resolution. In this study, we have determined the structure of the Vo part of
V-ATPase at atomic resolution using Titan Krios (FEI), which is equipped with an automated imaging system at Osaka
University. The hydrophilic V; part of V-ATPase has been desorbed, and the leakage of protons from the remaining Vo part
of V-ATPase was expected to be somehow prevented. The results of the present study reveal that the inhibition of proton
leakage is caused by a large structural change in the hydrophilic arm, which inhibits rotation. These results will be published

in the next year.CryoEM structure of V type ATP synthase.

2) Relationship between anesthetic action and ATP concentration change

The mitochondrial respiratory chain complex plays an important role in the synthesis of adenosine triphosphate (ATP), which
is required for various biological activities, but it has been reported that pharmacologically and genetically decreasing the
activity of the mitochondrial respiratory chain complex prolongs the lifespan of Caenorhabditis elegans. Therefore, we used
the MASC assay to search for inhibitors of mitochondrial ATP synthesis among 2,500 existing drugs to determine whether
they affect the lifespan of C. elegans. As a result, we found 8 inhibitors of ATP synthesis among 2500 existing drugs in

mammalian cells (Figure 1A). Furthermore, we found that these eight drugs also reduced ATP levels in C. elegans.

#b 2

. WX, EERE
ERX
L

SN

E38
1. Nakanishi Atsuko, Kishikawa Jun-ichi, Mitsuoka Kaoru, Yokoyama Ken  Cryo-EM studies of the rotary H*-
ATPase/synthase from Thermus thermophilus. (2019) Biophysics and Physicobiology 140-146
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RELEYFMARE Laboratory of Developmental Biology
ff=& (PI) Hisato Kondoh, Ph.D.
ffFEE Machiko Teramoto, Ph.D.

1. HRBE

A - ERESI VN VBOEEV AT AE U THIIEI2BEERFHEZMERL TWD, MEN ML - REL
WS7O0EXZ2RZDIEICEL->T, —EOBEEBEZR > LHEBEICHAL. EEEEZHERTT 2 HICIE. M
A& LUCHEAYVFILEEE. BERFICLZ2EGCFREMENIEETH D, RICKTI2ECTFEREAINRFED
HRREELHEEETEL. TOREBLEBENKIC T — KNy VSN TEGTFEREHET 2. CDELS3%T v
— RNy oHifEzE>S, HEMR - \EANS I FIVEESE. GERTFOERAEBEZMBEAL. 2oy /JED
BEVITAELUTHE BBERNIE2REBEZHASHICTZMETE LT . AEDEEDDEREICH D,
MEEROFUTICESH TWSB,

2. REEOHERR

(1) Sox2&f=F%. BiIlEO LRICBBEL TRIBEIED &, HILEHLSFRB[ANOHEBINEES

FoxA2-Cre ZFAWT., NEEBROFIBELEFICBREL T, YT RAKED Sox2 B FEaRKRI k. TOKET
. BRERF NKX2.1 2REIT 25 - [REXDLHOENRBEEBEZ DORE, TOFEALNS—TOKREXZEE
UCTWeo ZOFREBEECHADER, E3DK[EXEUVLTOUEZR > TV, ERMMMEZEMRBEID
HOEFEB (SOX2 ZHBLGW) M BENICELTZINESHhERANT ., TOHER., REOEABICRHN
B Wnt4 DREBENLKbN., BREBRICEBNG Thx4 ¥ Hoxb6 NEREINTWe, CORENS. BEDRIE
HKTHZHBOLEE THEERT SOX2 0EBEZLRDEZ L. BEN, SOX2DRBOHZWEEBREZESHT. IE
EREBEXNSRIFEBRDEBICEDLZ ZENBESMNCHR T, Z<DEBOREICEVT,. BRBIMASDY
THILDHMBICE > TLERDODUEBINET Z2HHEHANSNTWVWS, LML, ALK, LROEEIFERBO
MHEZREITSEMRFZRL. HEERENARTHD I EZBHSHMIT LT,

(2) TN\ H—Dlilck?d. HRELHMBEIRTD Sox2 B FDRIFEFHIE. BERF SOX2 & ZIC2 Dt
EMERICKEL TWS

BRERT SOX2 &, S XL FREAMBEOREZHEHLTED., ENSOREERBICIEUCTER >IN\
VH—h Sox2 BEFEFMHL WD, TETSA M SHBRNIFEET D2AHEB T, BETIEN2 TN\
DH—D FLEBENSESICH T TENI TN PN HREINOREREENS T ZE 1 ERETD SOX2
EKBEEHLS5LTWS, F2EEO. BRRFREICHE UL SOX2 OXRBEZESTV/N\NVF—0D 12 DI
IVN\YHY—THBZSEEZISENTWS, DI TVNAVH—ZHBETHELEESHE, BEIEINTLWIHE
BTOH SOX2 D4IfHEEICHEELEEFTEENZ . ZZT.DI TNV T —%FHLLT 2EERFEBEBITL I,
IVNYH—DEREINOEEZDEADNR. TNV —BRINOGEERFOFEEOHETZHAELET. D1 T
YINYH—=H, SOX2BHE ZIC2 WS 2 DDHEERFOMEAABLE TERILENZ I EEHSMNI L, D
0. PIRHERREZFYML T 2EEFEICIE. SOX2DESERELLE. ThETICHHERROFBOFKZERYT
EEZSNTWE ZIC2 OBRERMNEDL > TWS,
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HBE ERZEOMBREIE. EERT FOXA2 & SOX17 OHEBICK > TEHBMIT 51 3%, ES HilEEHNSH
REOHEEZRF >clllEdAzEA T &@F. ARNATONINICE > TERRAETH > fehd. BEREDT
OEXRZBERLULELHDOTIEEMN >, FOXA2 EHICEGFP ZE BRI 2 IE 7S ANEHEZAVWT., ROESE
BEZTofco TET SR MNRMlAE ZHEREEL T, AMBEANOREDERERICY 7 NLILET. ThE
HEAEE (FFIC Laminin) ICEATE Matrigel DFTEE U, ZOFET T TET S X MNHEBEIEREBERA
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EHEBDOERERLIE, £9. SOX17 #HIE T 5 E-cadherin DHIF%E K- i filgN. Matrigel N5 3%
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SOX2 & PAX6 OEERFR7IE. KBEAREDE 1 BB TIEAT 2, NS OEBESRTFOEREMNHNIE, K
BELUADEBTH >TH., FHEIEIEKBERICEKET Z2HEENH D, ORNAREORBIFICERET DI TE
ERE (T E) (d. SOX2 & PAX6 OR7ZZHKRIT 2HBEBOBTH 2. Ny IRy ITITFILNREBL
ZEEK(Talpid) VX7 ODHEOEBEFANRZ &, ORARELITNIBKBENREET DN >72D T,
ZFTOHMERN Ulc, Talpid ZEEXTIE. T NTEUADEB©. OBRARERKROEFNLRTERRE (B
AF LHX3 Z&H) 2H£ U TW, Talpid ZEEETIE. ULH L. TNSOTERREETO LHX3 ORI IFH R
INY. ZORDDICKBEREDE 2EBETERAT ZHBERT PROXT MERINTKBEICELRTZ &N
BHSMcRoTce LIED 2T AV IRY TV T FHILIE. TERREDOREICEWT., 2DO0HEHEEZFD,
9. EFNAREOREZMETZCE, 2. BEEDO LHX3 ORBE#HIZE I & TH 5,

3. Research projects and annual reports

We have investigated how transcription factors (TFs) regulate developmental processes under the
influence of the inflow of various external signals involving cell-cell or cell-substrate interactions. Our
group is in the concluding phase, and publications of our achievements are underway.

This year’s accomplishments

1) The absence of SOX2 in the anterior foregut alters the esophagus into trachea and bronchi in both
epithelial and mesenchymal components. (doi:10.1242/bio.048728).

In the anterior foregut (AFG) of mouse embryos, the transcription factor SOX2 is expressed in the
epithelia of the esophagus and proximal branches of respiratory organs comprising the trachea and
bronchi, whereas NKX2.1 is expressed only in the epithelia of respiratory organs. We produced mouse
embryos with AFG-specific SOX2 deficiency. In the absence of SOX2 expression, a single NKX2.1-
expressing epithelial tube connected the pharynx and the stomach, and a pair of bronchi developed
in the middle of the tube. Expression patterns of NKX2.1 and SOX9 revealed that the anterior and
posterior halves of SOX2-deficient
AFG epithelial tubes assumed the
characteristics of the trachea and
bronchus, respectively. In addition,
we found that mesenchymal tissues
surrounding the  SOX2-deficient
NKX2.1-expressing epithelial tube
changed to those surrounding the
trachea and bronchi in the anterior
bronchus and posterior halves, as indicated by
the arrangement of smooth muscle
cells and SOX9-expressing cells and
by the expression of Wnt4
(esophagus specific), Tox4

Figure 1. The loss of SOX2 in the epithelial tissues alters the
esophageal characters of the anterior foregut into trachea and
bronchi in both epithelial and mesenchymal components.

62



(respiratory organ specific), and Hoxb6 (distal bronchus specific). The impact of mesenchyme-derived
signaling on the early stage of AFG epithelial specification has been indicated. Our study
demonstrated an opposite trend where epithelial tissue specification causes concordant changes in
mesenchymal tissues, indicating a reciprocity of epithelial-mesenchymal interactions.

2) Sox2 gene reqgulation via the D1 enhancer in embryonic neural tube and neural crest by the
combined action of SOX2 and ZIC2. (doi: 10.1111/gtc.12753).

The transcription factor (TF) SOX2 regulates various stem cells and tissue progenitors via functional
interactions with cell type-specific partner TFs that co-bind to enhancer sequences. In order to
characterize the partner TFs of SOX2 in neural progenitors, we investigated the regulation of the D1
enhancer of the Sox2 gene, which is activated in the embryonic neural tube (NT) and neural crest
(NC), using chicken embryo electroporation. We determined SOX2 and ZIC2 as the major DI
enhancer-activating TFs. Binding of these TFs to the D1 enhancer sequence was confirmed by
chromatin immunoprecipitation analysis. The combination of SOX2 and ZIC2 TFs activated the
enhancer in both the NT and NC. These results indicate that SOX2 and ZIC2, which have been known
to play major regulatory roles in neural progenitors, do functionally cooperate. In addition, the recently
demonstrated SOX2 expression during the NC development is accounted for at least partly by the D1
enhancer activity.

Figure 2
Sox2 gene enhancers regulating different stages of neural development
OoTX2 Z1C2 Z1C2
ZIC2
POU3/5 SOX2

/ ) sox2 # > SOX2

N2 enhancer D1 enhancer
(neural potency) (neural development)

3) Modeling early stages of endoderm development in epiblast stem cell aggregates with supply of
extracellular matrices (doi: 10.1111/dgd.12663).

Endoderm precursors expressing FoxAZ and Sox17 develop from the epiblast through the
gastrulation process. To investigate this process, we established an EpiSC line i22, in which enhanced
green fluorescent protein is coexpressed with Foxa2. Culturing i22 EpiSCs as aggregates for a few
days was sufficient to initiate Foxa2 expression, and further culturing of the aggregates in Matrigel
promoted the sequential activation of transcription factor genes involved in endoderm precursor
development, e.g., Eomes, Gsc, and Sox17. In aggregation culture of i22 cells for 3 days, all cells
expressed POU5SFT, SOX2, and E-cadherin, whereas expression of GATA4 and SOX17 was also
activated moderately in dispersed cells, suggesting priming of these cells to endodermal development.
Embedding the aggregates in Matrigel for further 3 days elicited migration of the cells into the lumen
of laminin-rich matrices, in which FOXA2 and SOX17 were expressed at a high level with the
concomitant loss of E-cadherin. Prolonged culturing of the aggregates generated three segregating
cell populations found in post-gastrulation stage embryos: (1) definitive endoderm co-expressing high
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SOX17, GATA4, and E-cadherin, (2) mesodermal cells expressing a low level of GATA4 and lacking E-
cadherin, and (3) primed epiblast cells expressing POU5F1, SOX2 without E-cadherin. Thus,
aggregation of EpiSCs followed by embedding of aggregatesin the laminin-rich matrix models the
gastrulation-dependent endoderm precursor development.

Figure 3
In vitro model of endoderm-producing gastrulation

B 5

Initiation of outward migration Massive outward migration Development of
of endoderm precursors of endoderm precursors endodermal epithelial
(SOX17+) (SOX17+) tubes (SOX17+)

4) The formation of multiple pituitary pouches from the oral ectoderm causes ectopic lens
development in hedgehog signaling-defective avian embryos (doi: 10.1002/dvdy.222)
Hedgehog signaling has various regulatory functions in tissue morphogenesis and differentiation. To

investigate its involvement in anterior pituitary precursor development and the lens precursor
potential for anterior pituitary precursors, we investigated Talpid mutant Japanese quail embryos, in
which hedgehog signaling is defective. Talpid mutants develop multiple pituitary precursor-like
pouches from the oral ectoderm (OE). The ectopic pituitary pouches initially expressed the pituitary-
associated transcription factor (TF) LHX3 similarly to Rathke's pouch, the genuine pituitary precursor.
The pouches coexpressed the TFs SOX2 and PAX6, a signature of lens developmental potential. Most
Talpid mutant pituitary pouches downregulated LHX3 expression and activated the lens-essential TF

PROXT1, leading to the

Figure 4 development of small lens
tissues. We concluded that

Wild type Talpid mutants defective in hedgehog signaling hedgehog signaling in normal
o || Ao core | qoveimoment of methies pouch
at the posterior end of the oral pouch Ectopic lenses development of Rathke's pouch
ectoderm X pituitary expressing in two steps. First, by confining

PROX1 and
crystallins

pouches

Rathke's pouch developmentin a
low hedgehog signaling region of
the OE. Second, by sustaining
LHX3 activity to promote
anterior pituitary development,
Posterior €——> Anterior Posterior €———3 Anterior while inhibiting ectopic lens
development.

LHX3

Development into
anterior pituitary
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