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(HXxZMikEx) OHEEELE LT, EESE "Proteins: From the Cradle to the
Grave; », HEULEBFICEWTHESIND I EICHR>TWS, T TITENADS DIBIEESE.
SNMEZEH. ERHNSDEZL DSMENELED DDOHD. ZORIMZLFLEICLTWSES
5TH Do

KERICEWTIE, FEFEIFSADPI ICKBPEREZTITolce ERICIDK SBRERSTLE
ZEEFEIT 5D, EBRNELWZEEBDONSH, HEDHFLICKRS PIA, EDKSEEL
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2 FDETH . REEYZICHRANGRE &R
%#Hfc5Uf Conrad H Waddington #' 1961
F(cFE LTz The Nature of Life” HBIERE T,
TEROAE, 7 WVWS 541 MLT 1964 FICEK
EENSHIRSNIEOEFTALZDONKERE > H
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1964 FHRFIEDTFENFOEBEDE > e
T, BoTBEZRBBETIHENTY Re—hE
BOLFTED, 2070779 2K 1F. FIITH
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BEWSHABTEWWE WS KWEEZTAIZHE
WTWre,

Waddington i&. &5®< X vt>Y+—RNA
NEEZHSHLLIZUS 1961 FICT TITRD Z
EEFELTWeDTHZ, IDNA EWSPET
BREND K SAD TEEFICI—-—REIh3¥
YINVEODOHICIF. BnFzRMITEIVINVE
NH> T, ZDIERDEHEICK > T KOF DM
PRA EREEXZZ TWo TEFRGERL I
MEEEEHET, NI BOHEZHEHT H
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o Fhlk. IhE ! ERRU. BOEDOREZE
BEUEGTFREZmDIEWEE> Tz, UL,
EYDBLTRESLZFEDHEAT., TDEZ A
ExBIEL TDHEHEIELHD I EICKRD, £T.
ZDEANDI—hZBEDF5N2ES5BKETE
ER T NIE—T BN KEERZ DR ICRE A
BEMICHRIND Z EICB > EYYEEHRE
ZHEIE U,

REKXRFEEHTIE. HEPYEOEEEE A
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ROELVIICREIT 2—H. DTFEVEORESE
VZICDOWTIEHBRIZICIZIEEE T T, WMETR
EmX EGZdao iz
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BOAYYEZHEICIE. MASHAEWSEERN
THEHH, BEHBLANILOREEYZOMESE L
TWBHEIEAWeH, BEOREEYZDRITIH
(SRS NS BRMICH D . —AFAE, H<
FTHEGCFREGY /OB EBIEL T,

F I T RERTIE. KIBE O FEGZE DT
BHED—ATHZINERBHROMZINW . YL
EXTDHEEIVINVBTZIT IV EBEDS
VBB DEEICD WTEHAEEHE (AHEX
) DMTofe. SOEERBLCEVWVWHRICEEL T
WD T, R D TRBE DD FEEEZRWT
FEEEREAET LIV E/NBEBEIRICH U &
OMEETZIE. ZEEORBRITEEBEL TEMRY
AT LADEEICEBLZECTFHREY Y/ VEICH
AETEDZD TRV —REICEADLZELT
HEICHEBEULEHhE UBWEWSBWAH 5T,

LRED/NEREZEDOEERT—IE tRNA O5
FEIEETH DS, FNLhSIEFREL AN
F—XEREULDTH D, NBEERIALTEKX
THoEIT TR BIREEH BEICFET M
% H1T>TWic Bruce A.D. Stocker DIfEE T
A1FYABREBSUIREN SHWECEEEN
ELLORDEWER T AN TWEW e, 553 A
ARDEE - REEHFRERIEIINTEHESEET
ThRRTFhiEEmsiaun,

FZFWTH, HEEBEROD—BHRTTHILEER
HE—EEIBIFE U TBOMREICEESIN. K
BEOT7ZY Y ORE - 2T, ZNH5 DHEE
DBEEBHROMEICOVWTIZEEDIEE:EZ (T,
Fio. DR D T RBEZEENF D ERIREE
FEOBET . BFBEMBEEROKEN (7 —") TE#)
BREEICU THRITY 2R “Tld. ZDIRAREDED
R THoCHBEFAIELDIBEEZ (T &N
TEfo, (YK UIBEEBLE T4 7 7—JOEID
BExE, FOFEZRAVWTIAEL TWe,) BLE
BO2FE%Z., yV/IN\VEBZRLE UHRICE
WiZRIC, D FEGEZOHFITERD . BEEFK
DI DEILTFDRATDHRIKEL 2 ¥ L L.
REFRDERN RS S ETBEICHE>TH, T
YMOBGTIIELEBOFICH > Te—EIFWVZ,
HIREBEREA BRI, U JLAD DNA iNZhic &
> TEITS A, BlELSPLBENDDH >
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AEEZERE U TGEET S TELME OEBICDOWT
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DHEHESNT, TKIBEZRAWTY I FHIURED
EEmEcENE | 1 & DEWT, Postdoctoral
fellow & UTHEF—LICIbhizWEFiRkEE
Wizo TBH T fellowship #EB9T22 &5 EWD
FHBETRITANDZEWVWSREZDE SV, e
Damon Runyon Cancer Fund »'5 fellowship
E1B T, KEDHD Madison flICAM > fc, (B
RES D fellowship (Z7ah > 1R TH )

Adler Tl EBEADERIEERAET DT+
INRES VIV BOMERZTT o712 % HIFREREU L
ICEBRAERRIE. RARIBETD, EHEALDHEN
ERBEF > TLDBINLBMRT—Y THEZE
T EVWSEBIRBRY Y 3 vEWT, BRES
TOEWAD—DEZFARLERS, BEROY Y H
—EFNI—Ov/ROF—LISMUHEE &1L
TeERfE > fcDDE LRy,
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Madison [CRTH 2 &, #FUWBRAY TIcE
JeUTWicoAdler BED 2 B _ETlE# L WHIRREE SR
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BEATWCERIBIELEDZIE- o, ELE
CEEYEEGCFEI/O— VI dBEWSIEY
BRERTRAZHEL T, BEFHRETEIGTY
A—=>J7 OEREZAT,
BYOEBGCFOREZBEZENICETL. BT
RETY VIV EDOEEZESNCT BHDREWN
EBODDADOMNEI Tz B&SEZFDE, 2D
ROTNZRA L REBRFEORBEEABIRH.
EIETFERZ 2 BFOREEZBRHI-DTIHE
U. 1978 E£RICHBHIRD Y IL—7 (FTHHEEED
Hi%. THESEF) CBHFELTSMIDEN
HR e,
BBRZEEEHIFACKSTDIE. 2 DDF—T—R
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I5ceTHoI " RHEABREEDIC, ZT
UDKBEDEEY VINIETH B8 (TILY) -7
YZZYvHEA—RTBEBEFO/A—ZVTIC
BILicHh &, Fhld. TEs-27 U RS Y Y DEln
FlIKBEL T TES DN ? ) EVWSHEBERED
bETMRTED I, BLTREYV/INVEEZ
DEEICET 2MEE. KEAEZEAE L TR
LD TH %,

4, KBR*KEERICLT, —H$EEKIHT
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Tissue-specific expression of a cloned
chick &-crystallin gene in mouse cells

Hisato Kondoh, Kunio Yasuda & T. S. Okada

Department of Biophysics, Faculty of Science, Kyoto University,

Kyoto 606, Japan
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MCKBELE T TEIC REINS. BEIND)
M FhiE (EFIIL) BIaF o & IC@ERIDFEEH
BRENTWBHERLBON Thed (BT 2) TK
BN EWSIREICH G U o BT HE 0 LE &
NH> T, VIRY Y VEBLEFIE. FOEHEATHE
STHRESINZERE U TKBAELITTRESN
ZOM0?EVWSENTH B, ElF. -7 URFTY Y
EBHEICIETH DN IR R EDHALIEICITEHRL .
HIETIEFS- TV YRV EFE<< ER>fey-7
UZFZYY (BEICIEBW) B, KEEOEESY v
NK7BEULTERENTWD, YIRADEL
BHOSESICHBEEEEL T, ZOKOFICZT
NUDS-7URTY VDBEGFEEALLBEIC.
EFILIAELIFNIE §-7 U RT Y DBIEFIE.
FOBEEGFEELEBVNT T ZADKBETIIEN
WEB5, UDLETIL2HELITFNIE. ¥R D
MEETH>TH. -7 Y RT Y VDEBEFIEVIED
KEBIETHEL <@ ITBLRN,

EEH 5 um Offifgzn—o—2Ic, 1 fL (10
“DIFEDS-T U RY U VELFD DNABRZH
BEAUL T L TAETIT > L RRISPRGIERZ
H1c5 Ulce BT L 2—DF DKBEAHEE WS
DIREE (MBIREE) 1SS U foB I FREN D EE A

BEl ZOREZEZTHRLLS
VYRS VEBEGTFEN Y AMEOKITEAL TSV Y
25y DERZRZEBENRINT D E TITIE. FIF 1 FM
DRBEHNH olco FVVRIYVEGTFOEREN 14
kb(14,000 EENMN—DD T 7 —INIH—cFT 5 ED &
RE>TWBZ ENDh >, RT T —%EEHRR
DNA O£ (& 50kb £ 3% > TARRIETR/NR/NEHEETRL
T ETHENAIAM VI I3 VICiFEZIRL, DNA A
AV N RBEEF DT RAIRNRY Y —ICEGTER
ERIO—=V79% (BURZZ) DENH >, UKD
NFANY 4 —pBR322 Tld. Pstl A EcoRl THIDH ULz
DNABTHE UANY O—=>JTEmh>h -7 URTY >
BERETFICIE. ZNSICLDUMREBMILI K TAGE>THLE
ZAEEFHM U, LUNhAEYIS LT, BRLET 7
—JRTFEEEZISCEAT D E. 1~2%E WS {EVEE
ETEH NI ADKBEFEMET=T K D§-7
YZRZYUHERINTWz, LML EZDEWEET
[FBWRERZEL 2L FTERL, Z250LTWVWE55
IC 1981 FDENICH L LWHIREESE Xbal hFFHE S .
FIRERRZE> THD &, BRFLRN EcoRI-
Xbal, Xbal-Kpnl ® 2 >® DNA #iF & LTHIb e
5 EDPMN 22D T, pBR322 % X— X EcoRlI,
Kpnl YIS & % IC D DNAE  O—=v 5§ 3R
745 —%=B8{EL. LEED2 DD DNAKHZEA LT,
ZDESICLTEFELIS-7 YRS U VBIEFD TS
AIRZRKITEAT D ERZT>ILEIE. 9 TIC
1982 &£ 5 B D&EIRICE LD > Tl Tz, DNA Z3EA

NHB—EWVWSDHNELWV, ESICHEMAAT
EZZNE 7RI VBGEFEREGT SLEHEM
ZHASHMHNCTENIX, ZOEHEMSFIKBRBEENS
MIREZEDEEAZTDEDTHBED5, &
DiEAIE. 1983 EYFE U TIXEEARNSH D T,
Nature sficiBEiah/ic® (K1)

COMEZERIFE . VURT Y VELRFD
DNA EZFD & T hic, KEEE WS HFIREE R
AU TZDELRTOEZE (E&E) =E T 2
EENBBIEVERWNWT EERL TV, YEX
FREAETH o e MR AEK GREM CDB F— A —
H—) EHICTIEARICE > T - URTU Y
B FORGEEE. BEFROEI > Oy
lCHD. BEEFJEILT Y\ Y —DHEEEFL, K
SAEDREZ BT 2 AFERE. JI7EROE
BA#xigigd 2 DNA sl nd &%
~UTeo

ZD&SICL T, MHEEIAZIE (1985 FICER
EMEFWRRE LU TERLY) . MTHHEREEOS &
T, BIF - IR S LTEIWE 1988 FETOR
HAREHRIC, DOHEEHETHIGEERATTY >~
NOE (BERTF) zERI2E8ZTDHC &N
TER Y,

URZHICEEL. BEXHETHFTREREL AN
KR EZEHEHINTWDOZBEMEORET R L (K1)
KiCid. BELU. —FROEF KON | EWSDOTIE
B TENTRORTY FICEDHZ | | EWSHDFED T
Holco BEB A RICIFNSBRI=ILD T SAH BN
—DOI—)LICELTHEREZEZ DD TR, ZDEk%E
FAHAEH>TCENSOT—IILEBEBBL TV DABRWVWERE S
TW3, 7ODHEENEE+DICFTHAT—FZITOELS T,
COMEFEVICEERSI DI EHRD, 1983 FiclE
WB W2 DB THEZ T DERINEZ 5Nhfc. BATER.
A/ FEEOHFCHEEE LICRDEDTH D, NT R
FAIES EFZFARICIEED > TWEWDEDED, |
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CORLREERIC. B —DEELHEZH
U7z, 1981 &I Martin JEvans "N XD &
IREIEOMREMN S ES MfatkafiILic &z
Ul COMBZERIIOKRICRT & IERRE
MIEELULTHRLEL, TELFASYITRIADEAR
HBcHTdT %, 2D ES filaESEERATH
i, BELOF CERTREZT2DBICZED
HIEE YT REFEICRL T, B TIREONRE
T TEDITEVR,

ZORVWHAS, 1984 £FlC Cambridge KFIC

BE2  B—ROREMED LS
FEEAZIR S AR ICHEZ RO, BRESZDEEDIC,
ZOENBEBRAR (RABER) 25 &l B—ROMESE
ZHBWT (HED) BFORRZEIT . HTIL OKBED
AR TREEYZICEMEHT2S Uz John B Gurdon (4
— R 2012 F QIR HRBERE &b I/ —NIVERE,
HE) . VXZEZT MY DF AT EREL THREBEIRIFZE
%R U7z Nicole M Le Douarin JLR 75> : 1986 R
HMEZE, 77 VRA) RAARXAVEHRKR Uc 30y
Y INIEDIFEE Walter J Gehring (57— >4 1 2000 £
FHERE. 21 R) BREEF., FEAEBERLEINDE
ETHo s INSDB—ROMEEIEIE. IAPKRFLR
ERBICBERTEY 22 & A< WERWTERICH U
TN, WEDFEBIFHAZTFETSNTWBEFTHRA
WEB EERINH o fce KDEAALEERELTAIT S &
ZRIEBUTEDHFEWERNIR > TET. AR TORERD ~
D=5 @FERZEEEL, FEB—ROMAREDLANILZE
EHDRIENTET, FAcBEDBIBE R >Tc. BABTEISE,
Le Douarin &#&mL TW2 1987 £DFATH %o
DR ZIEE U e MEEfM A K. John Gurdon @
BITZOHZ2EBICHBINT, HDH & TRRAR VR %Z X
Sfce REIGF. RAID HBENE —) ZEALETEHD.
ANcBEDLZEMOEMBEICODVWTOZRNMRERZHEL L
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1988 FlCZHEAFEZIICHR RSB E L
DFEVZER (ZNLUBIODFEMRFERIEER DY
) OBIRICEEL foo BhBURICIE. RREICEE
BEE %D Hox BOBEGFHE Y >V /N B2
RUTWERBERK (RBERKFEZFMARIHK
®) = 2L TBFIRIFYavyavNITTOER
FREAROREZ L DOERMEZEK FIBRMNER
EEEMRER) 2BV REDTOERATO
BEFRAMICBEXED AR EED I, ZHE
AKEOHRRELZEERBS L. BWRY —
NEYIZZ ENTET

B U 1988 £ (T Mario R Capecchi A%k U 1z

Evans Z31aTE 1 D ESHED 5% S 7.
ES Milg e AL DEET7S X%
TROIBNSERIREL fc, B IC ES MMz
EHROBRE—K (51 B COBEIEY Y —RK)
EHIT, HATO ES AR D LHEE Y] - 1.

D ESHifaZBW\WT, KERETH > leaiEiN
FIA (R REKXRZEFWMERZR) AN =T
UDs-0 ') RAT ) VEBIEFHYTAEDTNTD
HEc, ZUNVRER—DREZERITE &%
SFEAL 12 1%,

TRIEL TWS, EEDQEGBBZEORVNBRBICAHN BRI,
ZOREMRBOEFINECES U, REFKRKRZEFHH
BELVLTERELTWS, COFEIF "BEDITIH,) (CHii<o

IO T IR ZERORICRIBEZZ T T,
% 2 o ES Mild (EETIRIEDEREN. £JE
gz N U T FRIc{rd D) % Edinburgh @)L
—TIHhBAFITREEDIC, YUBXLEBENDH D
NORH - e BGEFREY V/IVEDOFRMNS N-
myc E&A T, /Y I T IRNYIREEEL, %
DFE13RIE 1991 FEicHRERLRZ ", HERETFS
A (BRERDEEFERREE) SHARE—KICEL S
Tenascin /v 77 ~XDU XD ERRHEIT,
WR—EBED 2 7' )L—7H BHAD ES iz & / v
7RI IZAMEDOHE 10 FHZEZ X TUW e,
JVITIRIIRAERBWCHRIBWEIET
EHICHEBYIRAEMNEZ T, HREEZZEL T



ES IR D RABABEICINED EN <R o IE,
FWCH, KRRFMREFTIZ LY Y — (B,
(1993 ). RBHZIEBREDHETIY VR
EFRAWCHRERESE22ENTEL, 2DY
D AMARDFHKREICIE. REOEMADZR > TWE
A—I\—KZBE. THHEKOEMNKE W,
1993 £ (d. Principal investigator & U TH
£5 L TW/z Human Frontier Science Program
DEEF—LNRAS 1. KRR BERERFFRE
EBRUCKRRXZRROEN AL NI,
RMDS-V VY VEGFOREY VINVE
DEFEPS M T D ETICIE. UTITENS L
SIC10FEVWVKRAZZE LA ZOREICH(1) N-
myc H\FAETY 2B FEENdrg1-4 DFE & Ndrg
VIRV EIC L BMBEAY T )L ORI O,
(2) DNA & CACCT EellickEa L <. #lfgML -
HREEE - DA DEFIMMEL & 2B 2 5 A

BE3 RIFOB—R{EOLES

2007 &£/ —N)VER - £BFEF, ESHEE /v
7RI ZEHOREEE 3 A, Martin Evans. Mario
RCapecchi. Oliver Smithies IC5X 51fco FAlX3 AED
ZhLEINSH > TE D, I Evans & Capecchi lcD W
TlE. W®5H° "#9, BIORHRICERICRDBEREBTK
WIZHIE Z 32 1 fco Martin Evans & (&, ES #lifg %z 5% (7 BX
% fe I Cambridge Z it fc 1984 FICHIH TR > bl
ZORICIFT TIC. Y7 RUANDEMEN S D ES Mgtttz
Mg 3 cZ2BIELTREER LTIV 1987 FICILRT
B h 7z AMBO
(ZPIT7RFEY
FER) ERI—
DB EHE DT
BRiC. R EEAmIC
BELE BAE
H), EBEI—X
D EEM—ED
RElCEBI . F
EEEL<EET
ZERVWENSEL §
NILDFWER &
BREEEUARLD
&L THENIEES
EEEDIGHEICE
WAL, ZDRID

BEL QKRN E Martin
Mofcly & & Evans
EEBELEZEN

AL L,

Mario Capecchi
i 2 W T &
1990 £tE, A
ZEETOEZ%R

& VIV ERE SEF1 (Zebl) - Sip1 (Zeb2) DHE
EBIFREDHREEREL o SEIFICHADHE
o=, SEEINTWS Ndrg. Zeb ¥ > /XY
BOMEDEMRZ DL o1,

U YRS VEERFNSZFOREYVINVE
HZEESNMNCTZOEHEDT FTO—FHHEA L,
Hox F@gn4 > /N BEEE, MSh DEETFDHE
BFICHEE U TENSEDAICAN > TOMEMEZ
HOEROERZFREL TWBIET N, EBRICIE
EDBIGFERBL TVWBDONIFESHTHL S
fco HoxC8 HME& L TW3B4 ./ L DNA %3E#E L
TET.ZDOHENS HoxC8 MWAY kS L TR
I5EEERDITHE U, BBEBEIRICH AL T
TR U DMfRIF. ETFRET V/INTEDE
=2EMBFLWAEE LT, Nature SEiciBgEish

e,

DERICBEIN TS EZHD, URFT TICRALEBED
JSYITIRYTANTETCW I EHH> TEHEREIC
BREULTEEZLTES >fc, TNAYNETIEH o ehl,
FIIEDOEELRHBIDIFEAETRTZTATED., £eH
DOERFFFRICELDNTEXRLIcA YU PHRE U TKRE
FEHUIZEBENWTWe, ZDZEHH - T REMICD
Teo> CTE#H UTco TORDRFED— D : “What did you
learn from Jim Watson?” “Nothing.” Capecchi (&
Watson fi R Ic. KEBEETOEHERHD f-Met THE 2
ZEW, FUEYROARYTHERIURTF RHAURY — LA




NS REEY %D releasefactor DIEATH 5 2 & % B4
ERUTEZH T, 20%. B, B EHEMEE
ZZTWoTeht EEMEOKICHRIK DNA Z3EAT 5 & (F
IF 100% MR EARICHAAETN DD, D% WERIK DNA
TlIFHMAFTNBWS EZRU. ZDIREN ES MEICH T
ZEEERZ (/v o7 MY RERDOE—RE) DR
ANEEELTWo T,

Oliver Smithies I&. FAD Wisconsin KR IC (& EH LY
DEGCFREDEE CH oo VAL VERFEIO—ZY

7. BIGFHAEY VIV E Sox2 EDHBEW

SV URIY VEBEFOIV/N\YHY—DEER
FOHRT, T DI HKBAEDHITIRREICHE T
%1 &EWVWS A7 BEBIEREMICIE 30EEXT D DCH
feFlici 5. DCh HBiZIC 2 D E X - fodfr
FHREY VINVBIEETDE, SOOI\
—hEEEREE.F LTV YRS ) VEBRTFDER
E%G|ERIT—EWVWSEIBZETIRREHEK
ZRMCICEREL TUWV e,

Tl ZNSOBEGFREY V/INVEREDK
SBRHEDEBZSN?HE1 DYV /)UEL TDC5 it
NicHEET S YV /I\VBEZI—RTB, =T~V
DKEED cDNA ZVO—=v 793, &
WSERGAEICK > T UBHFRETH >
N K GRETRIAFHIR) HHES
MM UTeo 1994 F£D Z & TH B, SEMHEN
KiFZ0DE, B3 - #EHRE LT KRKZE
B DOFADIHAFEDEETH - oo

ZFDYVINIEDHD DNA [LEET 3
EBE HMG KX A > & WSEHHNLRMEE
ZH5.Sry EWSHABEOEZRET 58
EFRAEY VI EDEDEFFEEICL <P
TWe, Z04 LETOEKERFE ST Robin
Lovell-Badge (&E. 3 Crick ff3erT) A
1ORZ4 ROFTRLTWE, $H25Y 7
ADBIEFREY VIV BICHBTZHD
THDIEZERL RISEEZ > TZED
xR U, Bid. 205 VIRV EIC
Sox2 (Sry-related HMG box-2) &% L
TWeD T ReBEDY VINVEIFZT N
HROD Sox2 THhofcl &lchkhd, TDIMX
I&. 1995 & EMBO Journal £%ic Lovell-
Badge Z##EE L LTHKRLRL ¥, BIEF
FAEIY VIV BENE D &S ICHKEBRICH
o 2Dh%EBERNICRU ZFEE DB TH
%, ZD#% Lovell-Badge &FhlZ, BE=FHE
#4208 Sox2 lc DWTAUER S 2

Hisato Kondoh

Robin Lovell-Badge

79270V 7 NOIEED—ATH>fch. 7/ LD
BAICETZHRENEL. RHOERBERZ DT 1V 2F
HxE82H5DTH o1,

INSOMREICEDLS7%, (FTIKRRTH>I&lF
WZ) B—RICRBINEHKEZRLICHDMARE & DOXNEIR.
BEWCEBIKIEHIBVWEDD, ZRZ2NOEL UWIAR
LOEFEUAPEIILDODWTOEFRNEDITH SRS T,
MESZHRFEITDREB e ol ARAPBTFORNLZD
FOBES5DIEMEZERICIEET 2aTchbH o1,

Pressfth 5L ™, (K 2)

Ffe. A—XMZ 7 Brisbane XE®D Peter
Koopman &. Sox #ffiy > /N BOMKREZE
DIEEBRARESTATFELD HIF LS LEKK
& U. International Sox Research Conference
IR Tz, 2005 F(CE 1 [E% Brisbane T, % 1
Bz 2008 FICFADEETRIEEDSERERS
BECHELL, Z20%. R4V XE. 77V X
TEEOREDZZZEZ T, Sox fRE DIER
EIEBRRIBEDEF LR >TWB,

l")i()l()g}' and Role

in Development

and Disease

2 Academic Press #£h'5 2016 E(CH{TU . BIZFHEH

BN SHRERD. 2016 FILB2AT. 35002 W3 2 2ENBHREERR LTS 757,

Sox2 B89 3T/ ¥ > 7% Academic



8. 2DODBETFHEMY VINVERRFEEST
HEARE L TEL

DC5 EAlIC#Ea T 25 S5S—DDEEFREY
INTEN Pax6 THBZ EEZHASHICT D ETIC,
SS5ICEFDOHRBZEELU, 1998 Fic T TIC, 2
DDBEETIHEY >V /INUE Sox2 & Pax6e hHfF
TERETKBENRKET D EVNSIHXZESH
RLTWelcbhhbs5d, THD, Thld DCS
5D D Pax6 fESESA. Pax6 B THES
LIRS & I TBENTW e S5 TH D, DCH
fcoliE. 2 DDBEFRE Y V/INVE Sox2 &
Pax6 MEESHRZIE-S IS T 35 TH -

A, Gene expression during lens development

Functional
ternary complex

Pax6 Sox2/3  o-crystallin
St.11
(Initiation of lens
inducton) ( Optic C C
vesicle —
Presumptive lens
ectoderm
St.12 i i C
' ' '
St.13
Lens placode

Stable complex
is not formed

T ZDEAREIEEL THH TSI U RY Y V&
EFOTY N\ —IFEEZRHD, Sox2 & Pax6
MNINSINSICRsEL R DNA BEAlICEAT 31T
TIXZDMRIFIEV, Efo, Sox2 & Pax6 % sl
RET D&, BEIFKBERICIFRSRWVERBRO K
SRR B 2 ED S, Sox2 & Pax6 hEEHE%E/E
STIERT 2 &N, KBERERESETIEARHE
BThHdZEbmRUR, 2001 £(T Genes &
Development FSICHEFRL 7z DF L WIARIER
& HEEREICELIERFRMOMEE DB TK
ERREETFARLE ", (K3)

B, Molecular events

é-crystallin DC5 minimal enhancer

SOX2,3))Pax® ) =b and

3 BIETFHREEY /U E Pax6 & Sox2 (%2 WEZFNITIEFE®D Sox3) NESHEEE>TIV/\>H—0 DNA B
MICHEE LT, KEEOREXFEL CELONTLENSHME) SEZZEEFHAL K, Kamachi et al. (2001)

Genes Dev., 15:1272-1286. & D #5#,

Sox EWSEFIZED. EROELTRAHY >
ISV E L 20 BEM EH D, Sox2-Pax6 EE1ED
ERICOWTOMEZS &I LT, YUBEEHEMIC
HERINTW Sox /N7 EDOEE CBET 2
LR ZBREIRL T, (1) Sox ALY /S BILE
mTE< DTIERL, Paxb DX S5/ —~hF—%
VIR BEEEREES> TERT %, (2) Sox & /¢

— N =5V ROBOHEAEDEDOLFMEN, &
£OTOCRTERBMEEZ EHHT HDE
BERZEETHEI—EWVWSHFULWETILEZR
IBL7c (Sox-partner code model) ', Z®dE
TIEZFDHDOFLABHRICE > THIFSh, =
ahzdzeicmo1i', (M4)

é-crystallin gene activation

development of lens placode



A)
SOX Partner

L

SOX5,6 )SOX5,6

Target genes (Refs)
Sox2, Oct3/4, Nanog,
Fgf4, Utf1, FbX15,
Lefty1, Nmyc1, Rex1,
Tcf3, DppA4, Trp53,
Rest (1)

Sox2, Nestin (2)

Nestin (3)

Sox2, Pax6,
delta-Crystallin (4)

Mitf. cRet (5)

Dct, Tyr (6)

Krox20 (7)

Connexin-32,
Myelin protein zero (8)

Collagens (Col2a etc.)
Aggrecant (9)

Collagens (Col2a1 etc.)
Aggrecant (10)

VCAMT (11)

%

Cell-type specification

ES, Inner cell mass

Neural progenitor

Neural progenitor

Retina, Lens

Melanocyte

Melanocyte

Schwann cell

Schwann cell

Chondrocyte

Chondrocyte

Vascular endothelium

(8)

HMG domain
(C) Gene SOX2-partner target References
SOX2-OCT3/4 in ES cells
e — T N—
Fgf4 CTTTGTTtgaATGCTAAT (1)
P
oct3/4 CTTTGTTATGCATCT (2)
Sox2 CATTGTGATGCATAT (3)
.. (W A—
Nanog CATTGTAATGCAAAA (4)
Fbx15 CATTGTTATGATAAA (5)
e —
Utfl CATTGTTATGCTAGT (6)
Dppad ATTTGTAaATGCTARA (7)
SOX2-POU in early neural tissue
R S
Sox2 CATTGTGATGCATAT (8)
, b N
Nestin ATGCTAATtattgccTTTTGTC 9)

SOX2-PAXS in visual system

dcry DC5 CATTGTTgttgCTCACCTACCATGGATC (10)

Sox2 N-3 TTTTGITtgggATTACTGAGAGCTAAGC (11)
P

Pax6 LE9 BAATTGATttgaaTGGGCAATGAGCGGAAA (12)

4 Sox-partner code &HifEOMEIREED IR, (B)ld. Sox2 & Oct3/4 hMEAER%EES contact iz, 3 XJT
BEDEIXE, Kondoh and Kamachi, (2010) SOX-partner code for cell specification: Regulatory target

selection and underlying molecular mechanisms. Int J Biochem Cell Biol. 42(3):391-399.& D 855,

EFE4  REOEEEZBIEZS

2001 FiT . SRMITTHER,. 707 5 LEZEERITAE W
SEEF—LT, EEREEYFRERMTHRBE L, BA
EH(E. Z® Banquet T. Walter Gehring ZBE A TW% &
23 TH3. 37V 3N IDHEE THS Gehring &%
DRIFIC "TEYOREBBICH T HEBRLBEEORR) £

STHRHEEZEL T W, ZLTYa DY
3V/NID Pax6 HEREDRDHART— T
HHot. TDEED Gehring & FADREIDH:R
T. Sox2 & Pax6 ORF7F¥ 3wy 3oL
TERCEHVNTVWSITENEWDS ZNER
LTHESIEWS T EIRRRD, ZDHEME
[SMERICREFATR, Sox2 & Pax6 DEE
ERIE. Y39 Y3 vNNIOEOREICHE
BB LTV TWAZ EQEERES N,
TNZI5ICHBETT 5 & RIBHNBREYH S
SZHYICE S E T, Sox2 & Pax6 DEEE
ANREMEEORKEEAXRL TE D, FALF
BHADEULEZTRNUSI YRS YV DHEER
I& Sox2-Pax6 Ic &k 28ZDEERDFEED
HED—iE B E R \W——F N BEEIAN R

MNEREL TWiERTH D, BL DIARIE. &5 D5ED/N

SRBREFRETEIZ22 2BV, ZO/NSBREBEREFEL
BRULBINEBREZORKNEEZD0DZHESNCT S
ZEHTERV, UM L. ZOFETZ BB TIRDSEZ DD,
ZORITERNSH 22— MUEEF > L REAESISHES &
T5ONT. MEOARSMELRELESTL 2,




9. BEFHEY V/INVEORGTFOHREH. F
A0 7O0A0#EDIcE3

Sox-partner model I & > T, FA4BIE THRA
REBIEAHTNBRENRSINIE LTS,
FNRTTIEEREZHALCDERLZDT S
ZEITIERS BV, BRARERASEC o M T
ETH, FNEHZF > LIEPEETIE RV, BiE

FHREY VNI EDEDMIBDZERERE DN T,

BEDYAZIVI T, ZUTHRORDIFEDREE
I To2{b6N32EICL>THHT. FTRAKLBHE
BPHESRIEEENLR DA D i > cBENE E
n3, TOLEEAEESHICLRITNRIER SR,

ZDEZNS. Sox2 BIcT%#5HEd % DNA
B (T/\vH—) % 7/ LA EDEWEEICHTE
> TRU, 9. RIIEBBIEE EHICZHDT
VNI —ZmRRICERET R E DI, FORE
HE(EDYA I T EOHIREE - BT < h)

Wild type

HRASMITIFHULWAEZHELLESZTDS
ETH D, Sox2 Y VINVEEFED (DFD
Sox2 BIEFZBHMIETVDE) BBOSELEIERS
DIFHIRHRTR (B, BE) TH D FHITKERE,
NE, RELRGEDOREREOHEBIHE
Sox2 EWS—DDEEFREIFTTH., ZOEZED
ON/OFF %9 2 Ea>fcT v /\>vH—hH#
10 HHH. #HIEZRTO ON/OFF Zd 2Ty
NV —DHICH, ISR, D —EE. BFED—I6.
EWSEIC, RILOFHEEFEANERZ IV /Y
—H3ZED o7 92003 ENDZ ETH Do

CDESICLTRESNEENFNDIV/NY
Y—lo. EO&KSBAEH Y VIINVBEIE DI %E
BIFT ST TR, ROFLLWF IO—F %%
>7Tce SOX2 BIZFDIY/\>H—d DNA 5%
—D¥DOXRESE. TN\ —D /v I T
MY REEEL

Tbx6-/-

5 Sox2 BEFOHREENSELWHABEWE, HBIHE(Tox6 RAEIY VIV BEZFRFLBEWT T X) Tl B
B%E2< 2 "AE NTETIC. RDODICRAB—HOBHN TE %, HRREHALEDN, ELBORIKEN S F
£9252EDRRTH S, Takemoto et al. (2011). Nature. 470:394-398. £ D,

B FOXRFRAMH SHKED TOALRXZRERAL
&5 & LU THRDIAADIRIF. COENS, HEHN
BREREENZ OHERENGREAZRE BEY
T2 EBHRWVKRICHR > TWo foo AN IERE
DT7OCADKDCE>fcEWSZETH B, Bl
ZHITZE. HENBRET LT THRIRER RS
NEFNDOBICKHEBHEIChIMND) £3nT
WDIEH L T, ERICIINE BBIIRONSE
Bolc 7OCRATHRET S “ HENBETILT
& TR E T 3 REICODNIDEITHIRE
Mo RE EHEEBNTE, REENSBVLHA
NMEENZ) EEInTHWzDICH L T, B8l =
EBEYPHRNEEBEORRAMAE (Neuro-
mesodermal progenitor) MSFEAET 2D TH D,

IREFRZEEL TWE, 2 BEBHOERZRRKRULE
MAEHBH CAEERZHIT) 2EEEELTD
#3iE. 2011 4T Nature sslciBgEEnk “%
(X 5)

4 FHICREPEERZBEEDRFZHICETL
Dz, BIcFREY V/INVEDEE DR
DIEREICH D, 4 ULWEERADOBEICERERE
DEIMEERES T WD, ZEMEDEES
PRERELE EDHADAEIFERICHINT
Wd,
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BEDS  EBHOTTH
RERETIENL —=> T DHBE T H 2. FFICKFE BT T IEHF
TITRET 8% ULRITNIER5 B0, ULh L., eFxlcx
HES e REREF COMET—Y2—4E5 2T I2NEF R
WU, FUTPRERTHRZ LUENSES > T Who B
AREICBRZDEEDLREDL RV, AEDEFS > LK E
AT, BCOBENZRARICERT2EZRBEHTONRW,
CDZERFRRIZEICERDAE EVWSADHRTE S fcoJohn
Gurdon DFFTHZE U, RIEGHFEMGEDODE CEREL TL
SIBEAAKICDOWTIET TICBNULIEH, FBITH B, Fh

10. BRVEREGFREOME : HEKRET S22
DBBOEHEL

Sox-partner code model #3159 28 N
WD—DiF, YU X ES g Z RIS & 2B TH
ofc. BRBIMRICIEY I 228l TH DY
20 ES ffgnHIclE, Sox2, Oct3/4 &EWS 2
DOEGFRAHY VINVENIATZAICESNT
WBREIFTTRRL, INSORAMmY VI/IVELES
HZzE>T. 7/ LAFOHBEEMICEET 2T Y
NP —ICHEE LT ES B8 DALIIICERIRIL
DEGEFEEHOETWD, IUREREIE S IE <
» R ES #fZIClz iPS MR E RIS B 220
I& Sox2. Oct3/4. Kif4, Myc D 4 BDELET%
BEIRBEIEINENH D EERLEED. 2D
AT Sox2. Oct3/4 NEENTWDIERTE &
WZ 5%,
ERBICEY T 2 ZEERETHD. D
ES B PNV ADIETS A NGB TE.
Sox2. Oct3/4 BNIAEAITESNTWEBDT,
INSDMETH, Sox2 & Oct3/4 (&, ES#lkE
B FTZ2DEBRICEGRZIED. AROERT
BE@HhETWBE (FEiHTDIEH) EZSN
TET,

NEMDOFEEDHEEIRE U ZEDEAICIE, TEIFEY
EES EHEDOANAVNTWEZHSZFDABEICED> A
MRV, EBBNICEEEE#D . ZDHRIGE. B—IRD
EYOMEE L L TEREHITT WD, KERTESRMEE
LT BERBEYYELTHEZROE > TWBEABWS,
KR &lF. RIE—ZFnEREEZTZ20HDEVWSRE
WEWDF) ZRERULIZCENHZINESIHTH D, BIZED
BRERIEBICRZRBRVWHEBTH D, TORBRIEEDERICAS
THEANICKES,

. YOROIE TS X Nz cE < Eix
FREYINIBNEDLSICLT. FLTED
ESBEGLCFZRAGFLTVWBIONZHESHICT S
BT, ChiP-seqix (7 AN F > % ikE—Acs!
RER) EWS RIERY—I TV —2BWNH
SET. Sox2. Oct3/4 #&% 5 EED BT
FoIRBR, T/ L EDEDNEBICEELTW
ZDHEREBEIICANZ.2 DORAFY >~ IV EH
BEEEE->TOWNRIE. Zhed\r/ LAEDFE
AERUMBICKEELTWD EWWSERMNH 5,
FEE (2017 &) IcHER U ZDAEIE. FENAD
EimEbic S UTco Sox2 & Oct3/4 WESHEE
D, TELECTFREEEZRILLTVWBSDIE. ¥
U 2D ES#fE (DFDAEKRBIKICHEY) ICEBD
TETH> CERERIRICHAY T 3 ~d ES flifg
PIYVADIETZ X MNEMETIE. Zic2-Otx2
BENY VIRV BERTIMEZEEHENTEEZED.
Sox2-Oct3/4 R7FFEAEEEHEZEES>TWV
BRW, COMERERIE. £ D ESHEICIEWE
N iPS R E I T B coicid. ¥ X iPS i
FBRE®D 4 D0EEGEFOEAEDEIFRETIERW
325 &V fEEREZH LTWD,

& KA BRE
//§¢ZE$PSﬂﬁ /1;E$P8ﬂﬁ YR TETS X E#
R (Hh FE B B
. O
//?//
//—\\\ + OTX2
(zIC2! //

M6 BEREIDREZRIRU cLREEEEE(ES #ifR) Tk, BEFHEIY > /XU E Sox2 & Oct3/4 WMEARZEST
FTERHEREZTRCLTWED, BREBEOREZRIRU LR T, Zic2 & Otx2 DEARNE > THD

2o
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—fRIR, FUTKDEEREEIE. BT
Yy VINVBEIEBEINTVWEHEEWVNST, %
NSMNESICEEBRRT7E DL DT TlrHNn—
—ZFNEBEN? EVWTH D, TORELSIFT
TICZFDEZEZE LT, BEFHREIY VINVEE. &
ARV DAFILE - 7EFILED. DNA @ CiEE
DAFIIC LB IEIY XTI RMRE (&
HENBRUNDHR) & OBEERNTREBIN
TW5, BEFRAGY V/NVEDYT / s DNAND
BEEIEYIRT A v IMREL ST IES
FIREMRICIE. HEKRGFNERBERICHD. FFiC
Zic2 AEY v IRV BT FF DB REDIISE %
I REENEFINTWS,

CDHERRBICL>T, RFREDTOEZRZHESD

HE6  FRRIZER 'RX5) 0iF

FDOEBEHRARIE EFEAENZEDBTESN TSI,
Robin Lovell-Badge, Peter Koopman 7% & Sox 4 > /X7
Bl 3% < DMEE & DX IE. Mouse Molecular
Genetics & EDEBFFELSTOHRWASHBE >/, H5—
DOBIEHIF LS. 1997 £EIcHKE Salt Lake City 284+ T
MNIcERREEYFR TR BETHRESY > /N ESEF]
BT 2R Y —%2H L TWeh, RUSBOREI NS
Filc. NILF—DTIL—TH FBIC & BB EFHRES
VR EIT Sipl EWSERIZEDIFTRRY —FKEKZLTL
feo TLICZFDTIL—TD boss TH2 Leuven KFED
Danny Huylebroeck # B2 LT, BR%Z & Diah'5 3
REEEERE LM DE, ZORR. 202 DDEEGEF
Y VI BIEER TH DD ——E > TR Z iF
DZENPFEINEIN—EHRoTcHDTHD. Lieh>T
LY NEUTHBITT 2 2 & ICEMRN B 20T, £EMEE L
£S5&WS T ElTiEmore, (BRE. SEF1 & Sipl (& Zebl,
Zeb2 EMEN 2 Z &%), Huylebroeck OFFFRED S
i EA=VAPNPN=TOFNOY i )
REIC2FFEFHELT
Sipl SEBEFO/ v T Yk
NI ZZER L. Sipl ¥ >/¢
VBN HEESICE D 5E
EFEHAGTL VWD &%
RIBRAIDEL W data %R
U. ZUCBALZEZEEL
TRE U, —AFIE.
Leuven XZ T 2 HEDES
EEREITDRE. hRDEE
ICHEFBML TBWEEE
Hofc, 20 FERILS D
Huylebroeck & D ($#:
WTWwa, BAEERF 2017
#(c Singapore TRfEIN
FEBREEEYFETODD

SEGETFHAMEVSHREOHEERICEVWRE >R
ML TWB, ZDIRFTERDTZ 1979 FITHAIZ.
BAICH W KRERE TH > ZARBEINK (BF
BEREAEHIR) &, 02 bikEEE DNA @ CiE
HOXFIALDISY — > & DREEZFART W,
DEETFIHEY VIV BOERREIFTTIERL, T
EY X710 v I RBRMRD XERTFRAHOER
THD1 EWSTRENEZ., HOETHRELTWD
TH D, 40 FRIDOHEY —IL TIEBERGBRE %S
ZEDNTERD >N, SHICE->T2DDH#
BOREKENEEZR Ulc, DN REEZEAFET
OHEFHDO BRI T, TOHEEKEFEO 7O %
BIEMICRT N TENE. DB WVWEICEL
FIEICERELZC EITBRDZDHNE LA,

DTH 5o

ERNFS5EUEEZRIT, 2009 FDOZ EEH. Zh
F CHBD AR D >z Edinburgh X® Val Wilson H5 mail
ERXDERREKRRRNE W, TODURIOHARFREEEYZ
= (BERIFEENRE) TIEHNRRAY—Z2HL TWE MK
B TIEHRREHACEL R UERRERD) EWSHKE
HEENS DEFENR T, Val Wilson I TEDHAE EE U
BCBIOF7 7O—F CRELIZRRNH ooy EfEXTzEWN
SDTH 2. MR DFHXIEHEE 7% < Developmental Cell I,
Z U TR 5 OfmXid 2011 (T Nature ICFRS nich .
Fresicid TR&E ELTORVWHAH D, RIEFD2DVTW
%,

FRE. WoREBREATOLSBEDTH D, BILHEEA
DEHMETIEBRLU GBI SEBBIC buyers ZHRI. $H2
WEEEEZRL CEETHERZRAIT 22z DN T
——ZDLS5BIFTH D, BT BT TIEHEEICZL W,
G| EZFT DI BENRER T, FREFHILZER
WEWS DDFADRER TH Do
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11. fAREBOHSHIGER

FAFIATE & WSBEICHS DB 2DH ES
M BARE<BEN G >l MENAEEE L
TP TWIFEHEUNABWERRU D IEKRERR
THRZHEDTURDZ ETH D, 2D & FE TR
FHEICBRDHE EWSAROFTHRRTNDS Z,
AREWETDEVWSFEVICEENTU LR,
fRE s L TotsaEnz RS RiThids
5720, FAIC & > TORSWERFEMEIE, HATH
HicHTITC EWS 2 ETIEBL., ARETZH
DITULMNTERWEEICE> T, HET ZHS
DX NEELIFIZZETH D, HEDREE
BUTOAMERY, AREIZI 2T 1 —DJF
HEALICHA D& 8Tz, Peter Koopman &FahY
iZ 5 L I 7= International Sox Research
Conference $ZD—IRTH D, RYIDEFRDHF
EENDEU N T Tld"Grass-rooted meeting”
EWSKREEFE ST,

fhld. RERKRZEMHEERTIZ VY —DEVH
—R%E AFEBEHIH. FDHED S 5 3FFHIL.
AFEHE U TOREY Y —%ZFEIEL T, JBIH
IR TEMBEEATRRL AN B EIF R &I E
EWE.6 RENS RBMEERTIFE YT —D
ARLANIIFFDICEELTW A, ROBR%E
R NIE. o EBRBERNADIEL > 2ift
FHEHBZIEBIRETHZ L. ALDEZDHED
EHORICEZ L OREREZHBEANT, KRR
DAMEBERINRNETH . FERABZKRRER
ROBREEBLZE/ T, £UIBBHHERIR S W
SHFMEDEBEZE . BReHEEEERE
DOHEE U, R XERIZAICIF 10 B 8% &
AT, FUTHUWEEICIE D E S ODHEICHT
WEN S, 24 FAREHL S R DEmiEERTER %=
2002 FICHRBI o ABRRKZEEWS X227
1 —ZBU CORKREMIEEKcEB >TWS,

1998 =M 5., 9 FfIc > T, JST(RIEHAMT
IREHERE) IC L % ERATO(MBRME LSRR HEES
) EBBROREEEXO OV TIN5 —%TF
Hlco BEOMRED 7OV I M EILRKLTE
E(EEEINDY—F—DNZWHICH> T, FAalE
RDEZFEAT, AOFEEFE DR T, HADIHRE
[CIFRKRE LS RIFTTWBIAFEENC. FAD ERATO 7
AV M ERELIEWEEZ D THB.1 2D
EFILEYD. REBRERICEDLIEARZTEREH
ENICEDTEBIFTITZZEICE>T. KENTH-
BT FPY VINVE DO, 2 5ICIEZKRIHR
BB E —Z(CBSNICT 2 ENTE S, HER
DEYMZERRICIE. KABEOEEFZRA I —=
VIS BMREZERET D EWVWSIRENRIT T\,

LURFBREDZSE L TWEXTHEY / LABHRE
SHES. ZROEEENFEL THH T, Z DOffifE
NEENS, T THAEDENEREY TH
DA NZFE > TARBEREKR V-V 0%
ERU oo RERRZEZEEN T, 88 I5AVDJ I IH—5
TILICH B DARMARAEY Y —) ODMTEEZH
15 LT 6000 D KEZHES 2MFTEZ DL o1,
CDIART. Z< OFBRLBEEERHN BB S NEEIT
INT. ZHEOHRISCER S N, ZDIAFEIFH
ADATHAERZFEE L, Z U TEBNREE
HEDT, BB DOHREFELEDLD EZ BT
Yap B FRAY VIV BD XY HEREDIHE
H. 2015 £ iC Nature ICBHEH Sz 2,

D REEERZICEEL T, TOKREDEE
N OBENREADICRE LI &% TERREY,
NDBBX DR TESfcENH D Y, hDTHIE
BiEE ENERKIF. REKRIY -7 5 T7%EN
T. 2BFXBIEIV I —)LT 9 BEHEE—(I&
Bolco BERLBEDERES UWEBEAZSIEHL
TORETHD., FAC & > TOEETH B, Thb.
KZTOWEFEDIRIG T, PEDBEANESI=
HE2L5BI—FTHDEWEFE> TWS,

5| FA3CHER
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FRFDOEE % 7 = L\ M HTEIT 2D TT, %
COENBEWCENZRIFULBNSEHT 5K
XEDEHEBBEBEBMTVNET, 2L T, StEOHEH
RERBDUPBENDETT,

Lee, Watanabe,
Yoshida, Tsai.
Cell 2003 (#8)

FLRTEOUBEER. 121 72KBRTROHD
XBIC S SRR

XIREHEFL—F— THE

A= LFFLH—EIZCO (O, analog)®
FHEESETHBLT, IR TCOZBLHT (O,
FEEDHE) ., nano sec DRICEEZIHEEL
L0, DEARBERS

0, #A

F(ZO ns)_F(dark) F(100 gxs)_F(dark)

Shimada,,,,,Yoshikawa, Tsukihara
Sci Adv. 2017

ERBITCTRLREAS

Ca pump QFFLFREADHEEE . AED ¥
R(~503FDIIEH) EELITHER !

Norimatsu,,,,, Toyoshima o T
Nature 2017 M‘,.[ ‘t}
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FEREHEI N\ VEDEERE,
REVSFIRERFL BLY.
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2017
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B 7 AR D838 (~msec) Cell2016 V-ATPase DE—SEE
E%ﬁa@f;*ﬁﬁ%{t Rubinstein et al. Nature 2016
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DEREBDNBOAERATIN, EFmIEEEN
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ENTVWEEA, FEDEFIITDRBRFICENAF
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DIR>TWBDTY, (FfcLTINARERT VI IR AR LA TR B
TERFICENBON. FHITEXEA.
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S s EIIEE L UTIRAL T, BERA0
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S5BVONRIDDIHBDT, HETT, e, EBROD
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HEFILEDDFRBRWTHBEENKE W, ZHOE
o IS D S SHEER DR T e iTld, 2% \\\\\
DEAD (H2VWRIRED) BEFPBETTL, = re———
FEEENFEXRICEDET, ZLOMPHEETHET
HWHE
—FBOMER. HEETT, 10 7oL NILE [E+& | )RERE
OEBAHLEES T WEEBAo | 7L D . -
D (BHETSH) HHORTF ORI % RIENICHEL. L OMREMERERICIE 1 meee (107 KLE

ZOHEHEROWEETICES 1 71 L MNIRD
BFOMBEHET 5. LWSEBDELTT, 5 _

X7 B D folding PAEMKICBIRDH BIEEZELI .
KEDBAE. SUBLEOA—F—TTHS, @D J/ 5 |

EUEEAIRBD FT, HREEOHEBRTE A
JOBOFENEVENTT, F———t—t—t—1
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ETE—
UDeDRWD T CDDEFDOIFFE & AR L, [s+& | OfsE
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T, SUBKSLORBROEEZEERLS £ W e
50TT. UL, HBEDWWBRILOAEER TET
BOHN5d., stERKREHEDEBEENHDFE HEARET. 1us DHELLAA
ho BOBBEBRBENFEY VIV BEDRBEDR
SYU—ZVIHETH YLD/ — Y ML sEFn R BRI T
TRZE5TT, S5CMELOE. hTRAED stHET 1000301 KT
SRANERRDONE S D, WBRWT E ] X
j?;ﬂbﬁxﬂd\ MESH. Zhdbbh 5%k 1 R AEY (SAD A
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-32-



EZBDBEKRERESNH D F Ulco KEDET
BRIZE David E. Shaw &, SHE#ifiEE> Tk
X TRERICKRD., ZOES TRIIATMERILL
MD EAETE# (Anton &FR79) #1ED EIFfcDT
9, SETCOEXRDNATERIFEROFTED
FEEHNESEEDOTIN, IT7BOBEICETE
FTREBIND D LS ICH>TWET, £ T Shaw
feBlE CPU Fv IH S5 HEROH D% FEF U &R
HEEERE, SETIDBHTEVHEREEE
BHUEDTT,

FRIIAEREITTU L, EWSDIE. AHDA
BRAPKELRIVNVBICEENNE SHHE A
S5 ofeblt T B UEMNBRSADORICEIZA
WetE#Z A EEESNNI TE- o & lTRD %
IHhS, ULHU. £9. <IN RY VIVBEDE
Ex, I/ BEILTOBHRESZ TERHELE
23 BEERTHDOTCHRVWEES TFATEXL
feo

RIC Shaw e BIEARIBENGY /N VBELTO
ExFy (FX/B761E) O folding Z5tELF
Ufco 35 &, BRICEIK EERD unfold DIRFEE
WS KAD (native) ILIEEE XTI RN TDBENET
BETHREULELZ, ZEEE (100E) THEIT S
&, AEFFiF unfold & native DREEITEEL
F9, £lc. INTHHEOARANY VI/IVEICH
BRARRETH D I ENFEAINE Uico DWW 7 =
/BRI SAABEEFETE 2RI RKLD
T\—g_o
BERD $H DA DT=HICLLTD 4 DT Anton @
HEOHEAZE WS DOHRULET,

MDERFTEHDEFE

David E. Shaw

FTOAVE 7 KE-SHEHEREHIR,
FELHVREUL—AR KR BADERE
S EERIT, EE2000EMLLE,

EEDOCPURE LB EMNZ LD T,
EACPUIZTIEELY,

WHEHERE (TRI60FDI=yh) (&, MHHNASLADHE
A=y E DSBS AR E HIR

20105 EADHIEA
D.E. Shaw Research (DESRES) % %31
MD ERFEH ANTON-1. -2 ZBF

B 2FRFNDRTIRIZ10usFHE,
BADOR/RAVIFZ IO 10050 L

MDZEFFTE®  Anton

INETER 1N E D fast folding ETE D RLY

I~ (R . F GHE) Science 2011, 334, 517

Bwg St &

Chignolin 106 us  Trp-cage 208pus BBA 325ps  Villin 125pys WW domain 1137 ys  NTL9 2936 Us  EHEEERT
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Rl
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BBL 429 s
2WXC 4.8A 29 s

ProteinB 104 ps
1PRB 33A 39pus
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LETELIBEE, EROBELI(—HLTLS,
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3.Unfold T%, native-like M&E5H#E5&E (o—helix A% W) AAHBHREL TV,
native-like topology Tfolding A"#8 % %, sequential stabilization £2Z T\ % .,

4. EEDBIZIEAE (KEzenergy barrier (F7& L))

LEBDE B D slow folding STE D TH
W AEFFY
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i

B native-like DE P BEA RIS HIR
B Energy barrier (~5 keal/mol)h%8 % (= folding FfE{AA %)
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SFHREYMFEMNFEE Laboratory of Molecular and Cellular Biology
I KHE FE Prof. Kazuhiro Nagata, Ph.D
Bh# MW == Assist. Prof. Ryo Ushioda, Ph.D

1. ARBE

NFHEEYERRETIE, IV NRVEO—4%) ZREBAROBRELTHREL. Y V/INVBOHRENSTHEET
DAAZXLFERRIC, FTH, i MDFIrROVICLDZTA—ILT o V7 EHISHEERIE, KXV T4 /X0E
MEEEEE, CEREHTTHREED TS,

FUNRVEBREULSER SN, ELWEER & > THH TRARDOHEEZRET 20, ThiclFBL DT v ROV
NEERFHEEL TWD, FIEWLAELWEEEEES LY Y/ VEDS., MiZICRBTICHNDEBEADRA ML ZITK
STEMULED, BEHNERICEL>TESUTHELWBEZENBWI VY NNTVBELFEEYT 5. ZDXS5RWDKSB<
TRYVINVBE>F, BlciziFlchnwii e, fMilgstkic s > THliZEZFEL. PILYN\AY—RK/L/—F
VY UIRDESBELXDEBREERBEOEREREH R > TWS, >T. FVIIVEBZIEULLAKT S productive
folding, &. "SER7A—=ILRULEY VYNV EZBEICNBITZHOOREEEBEE, 2580 ICART &I,

79RO EHEDESEYE, . HELANIVTOEGYATLOEEEOHIE, &WSEANSIE. RAOHFRBERT
H5o
AFEETIE, EROAVETNCRST UTO4DOEFEELR IOV TV M OWTHIEZEH TWD, WIThb,
CO—FETINFTRELTWEN>fe. 71V /T NOBWVWEKEVWANENE S,

1) A= VREND T v ROV Hspd7 OHEEERRT

A= YERICEWTAT—T VEBENDF Y v ROV Hspd7 [ZBDREIZ R LTWS, Hspd7 IEE 1R
HREDEBEICHESLTRED. COHALSIFREERTD Hspd7 ODEENEETH S, Hspd7 HEFOFE
Rz TV, B5Nfc Hspd7 BEEMEMO—MICOWTHNZREKRL. BT U -2V 7 ROBEEL RRKICED.
KDHEEHROFVHEEEAYEREREL TWD, TOTOYV Y MNIRESHEOHEREICEREL. BXRERAEH
ik (AMED) EREEERE /N—Y 3 YAIHT7O5'5 LAACT-MS) RS iz,

2) IMNEICBIFZ YV INVEREEE. L Ry o R,
AW ILEEEOIORXN—7 INBEFEEE#FORA
IBETIZAT7A—=ILR UV IRVEBERTA NV IABEXRINTHASIEFF Y OF7F 7Y —LRICE>TH
23 (ERAD) . COBFET ERdj5 E WS ERBRNEELGRRINZRILLUTWE I EEZT TICHRE UL, #
felc, 2@ ERdjb BNHILY I LRy 7OEEEGHIET 2 &ic k> T MNEBEROHILY I AEEEH#IEEIE > TL
2¢xFER U, LRy VAFHZNUEY VY NNVBEREEEBEAILYDLABEEOVOXN—7ITEFBLTWS,

3) HRNREERFICEZA—F 77TV —LOKE S OFIEEEOREEA

A=K7 7I—RBHEBROY VINVEPAINARTEDEDEDRILET DEETH 5, BFRAIF. FHEA—K
77I—0fEY VIO BETH S ERA8 ZRR UTco AFE—FRTI D ERdj8 DRENCET BMA5HEL ERL.
ERABNA—KT7 7TV —LADKRESZHAMI B L. ZFDIEIL L > TARERNBEBEDITHAATRHATH DI &
ZHASMCT B ENTEfco ROV I M EHEEL TS RBLIMEREILERFETIE. RERXKZRFELOBH & L Tk
FIB &t

4) TEVEVREZIHETFIRATY v OEEERIT

EVEVRIEEERACZVWRKNERETH D, —SICRENE - REMEOREZRD D, BLIFEVEVROEEGE
FRFEULTCHBOEXREGFIRTYYEIO—=v2 Ul (PLOS ONE, 2011) - ZhET. SXTYYH VNI
BN AAA+ ATP 7—EEMER LA EFFURERERTIEY. ETZ 70 v Y2 DME - A - HRFEEICE
ETHdZE. USPIS ICLZEDHIHEZIFZ I EREERASMNCULTEN (Sci Rep 2014, 2015, 2017) . &
EOWIE, S RTYYOMBEAEEEDOREICEKIIL., S SICHEITZEDS TWSD (submitted) o
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2. XEEOWFREE
1) A7 URENSTFY v ROV Hspd7 OHEEERT

Hspd7 EBANKEL. REMREZHRIT CELIVINVETH
M. INFETOD Hspd7 OMRZMETE L THEREK LR (Slto,

K.Nagata Semin Cell Dev Biol. 2017) . Hsp47 |&#&iE{LERED Hsp47(B8)é&
BERTFEORD, BERDFRINE SN TE o, Hspd7 FAEAID A5—7Y
RFEE T 8517 Hepd7 BELAMO—IHICD WTRXER R
# U7 (S.Ito et al, J Biol Chem. 2017), $ifcB Ao U—=VT% FlEaw
DERLEBICHED. LDEENROSVESLAYERRL TV g?ﬁm%

%, 2O7OY Y MNIBERMEDHARRICEKEL. HAER
HRBEEEE (AMED) EFEEERT /RX—YavElH7OY
Z LIRS N, BRIRIGAICEITEANICHAEI ES SN TWS,

HHEEDHEFCS)ZRVWT AT —T VRIMBEORERNLSNIL U
fo Hspd7 DILBUREOZEH SHEERZ@BITTE. ZOHEEE
BlE pH6.6 "5 6.3 [T THRAICEKDbN, BEpH73 LRI EEET I ENDh ol A—0FD pH KERHA
A=Y EDHBEEROREXBERTE-DIEHBHTCTH S (Kitamura A et al, BBRC 2018),

Unfold protein response(UPR)IE/NBBIRICIELL 74— LT 4 VI TETWRWY VXV BENEFEET ZBED/NE
HOEEUZHIET ZINETH D, I\EEKESY > /(78 IRET (& UPR BISEMEL L. BERF XBP1 DR TS5 vy
JEBLT, BEVITFINETA NVINANEREL TWD, SE. 2F+v~_OY Hspd7 A Bip &#&E L. IRET D
SEHEAERBELTVWS ZEDHBEARICLDESHICER > (Sepulveda D et al, Mol Cell. 2018) . Z DiE I
HOXREEM oz (L& - FR),

2) MNEFICHE TR IVNVEREEE. LRy I RFHEH, AU LEEEOIOR =7 INEEFESEH#EED
fizeA

HIERNGEED—DTH2/N\BETIR. FVYN\VEREEE - LRy 7 XHH - ALY TLRAART VR EVWS =
DORBEANTZEZRIFLH V., EFEEHEREL TV, BAIINEBETIZILT « RETTERICRE U OETESR
ERdj5 %8 U. ERdj5 hVI\BIED L ¥ F> ¥ >/ B EDEM S L UOHF Y v ROV BiP L EAKER T2 &%
BH U, ERA5 @/NEETHRIBNICI A7 A —ILRUcBEED Y RIL 7 « RiEEZBBDOETTEETURIL., I
faENS A NVILANOHEZREL., F VIV BEREE
BILBWTEEARREIZRZLTWSZEERHLE (R
Ushioda et al,Science 2008; M. Hagiwara et al.

Mol.Cell2011; R. Ushioda et al. Mol.Biol.Cell 2013) , pe T ik
T 5(C ERdjb DVINBKEEICEET 2LV T LRY N ZEzd N
7 SERCA2 DY ZILT 1 RiEE % B 5 DETTEME TR TR <77 “e,tf\
L. HAHERRT 2 E TNEHRAD ALY I LRAE  mmmes] —==- i T
REL. NEEDHIL Y LBEICHEESZTNS L m%j (oo i | Swamos
RURIE e

DHESHMCHE STz, 5T ERjS [F/INEHERED ALY .
TVLEEZRZ L. SERCA2 L DEERTMZREL T
WsZezBES5MNC LR (R Ushioda et al, PNAS

7aF7y—LHER HE
Hgh,

2016) . £7c. ERdj5 DETTA N ZXL%EFEET 726
ERdj5 D#EEY VNV BDOREZTW., BEFHP FOREIC
BINUTze FTeBRFZN L. TNETHSMN TN TS
B o T /NBEAREORTABEAEEIC DO W THREAZE
HTWB (XF:#HH) .
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3) HFNREBERFICLZA—F7 7Y —LDKE S OFIHEEDRERR

A=K7 7 I —FHENORBENBERO—DTHH ., EENICHERNICELZRRY Y/ BELHANEED Y
D7 ZVRICKRELEFEELTWS, BFE. A=K7 7V —NBICHDEREBERAI/NEEEI NIV RUTZOIVE I
Y45 (MAM) DSEUZZENFRESTN. MAM DA —K 77V —ICEVWTEELRREZF O ENHEASHICHK >
TEfco INETIBAISNEEREICHET DHRY V/INVETHD ERA]8 #/0—=>7 L. E5lcEnH MAM
IKBELUTWRERES TWe, S5ICHMABMBAEZT>/c& 23 ERAj8 [FA— 770V —LDKES%HIEHT 2
ZEPREE Nz, FRBDENHTDA—RT7 7YV —LDOY A X%HHIT 2EAFTH D, BRECNETOREREE &
DX TBHTH D, S D ERAj8 DS SRBHEERITZITO I & T, A—hT7 7 I—DFIEICEH T BHFTR/N
RS ZREL TWERLWL (X&F LX) .

4) EVEVREZEELRTIATY V OEEERIT

SRTFVVOBREE. ET 270 vV a I BREICK T 2EEHFEES
MRS e —ATIRTUUNHIERNTED K SIBHEEERDY >V /WD
BIRONESHITEMN>Tzo TORA Y NEBESHICT B, S ATYY
OMBEABEIC D WTEHERART ZT W S A7 U YRR O Y
NCHBEHRBICBEL. BB ZzEICHETZ2RFTHII EZHSH
ICUTeo BIE, ThSDERICOWTHIIERI & Hic, I5ICEHLU WE

WEEHTWS (submitted) o mst-RFP
B =T (F) AR (D, &) DREYIC
BET . %N, T

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 four major research projects:

1: Functional analysis of collagen-specific molecular chaperone Hsp47. Hsp47 is an endoplasmic
reticulum (ER)-resident collagen-specific molecular chaperone essential for correct folding of procollagen in
the ER (S.Ito, K.Nagata Semin Cell Dev Biol. 2017). Hsp47 could be a promising target for the management
of fibrosis. We screened small-molecule compounds Col003 that inhibit the interaction of Hsp47 with
collagen from chemical libraries and we found a molecule Col003 competitively inhibited the interaction and
caused the inhibition of collagen secretion (S.lto et al, J Biol Chem. 2017). We are developing a new
screening system and are searching for more effective Hsp47 inhibitor. Collaborated with a pharmaceutical
company this project was adopted by ACceleration Transformative research for Medical Innovation Setup
scheme (ACT-MS) of Japan Agency for Medical Research and Development (AMED). We established a
method for rapidly and quantitatively measuring the interaction between HSP47 and collagen in solution
using fluorescence correlation spectroscopy. The diffusion rate of HSP47 labeled with Alexa Fluor 488
decreased upon addition of type | or Il collagen. We observed dissociation of collagen from HSP47 at low
pH and re-association after recovery to neutral pH (Kitamura A et al, BBRC 2018). Maintenance of ER
proteostasis is controlled by a dynamic signaling network known as the unfolded protein response (UPR).
IRETa is a key UPR transducer, determining cell fate under ER stress. Using cellular and biochemical
analysis we found Hsp47 directly binds to IRET a, displacing the negative regulator BiP from the complex to
facilitate IRET a oligomerization. We conclude that Hsp47 adjusts IRET a signaling by fine-tuning the
threshold to engage an adaptive UPR (Sepulveda D et al, Mol Cell. 2018) .

2: Maintenance of ER homeostasis through the crosstalk among Protein Quality Control, Redox

regulation and Ca” flux. We identified ERdj5 as a disulfide-reductase in ER. ERdj5 forms the
supramolecular complex with EDEM and BiP, and activates the degradation of proteins misfolded in the ER
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by cleaving the disulfide bonds of misfolded proteins and by facilitating the retrograde transport of these
proteins from the ER lumen into the cytosol, where they are degraded by ubiquitin-proteasome system,
which is called as ERAD (R. Ushioda et al.,, Science 2008; M. Hagiwara et al. Mol, Cell 201 1; R.Ushioda et
al. Mol. Biol. Cell 2013) .

We found that ERdj5 cleaves the disulfide bond of SERCA2, a Ca* pump on ER membrane, and regulates
its function. Additionally, ERdj5 senses the Ca® concentration in the ER and regulates the interaction with
SERCAZ2. It suggests that redox activity of ERdj5 is involved not only in protein quality control but also in Ca*
homeostasis in the ER (R. Ushioda et al, PNAS 2016). Furthermore, we screened the interaction partner of
ERdj5 to declare redox source of ERdj5. From MS analysis, we have identified the candidate of electron
donor for ERdjb. We are trying to reveal the unknown mechanism of electron transfer into ER resident
proteins.

3: ERdj8 regulates the size of autophagosomes to degrade large autophagyic targets

Non-selective and selective-autophagy promote the degradation of several size of autophagyic targets, and
are also closely linked to several human diseases. Isolation membrane, which is a source of autophagosome,
promotes the engulfment of autophagic targets of different sizes, from small protein aggregates to large
organelles, by regulating the extension of its own membrane. However, the underlying regulatory
mechanisms remain unexplained. Here we show that an ER-localized membrane protein, ERd]8, controls the
size of autophagosomes through the regulation of isolation membrane extension as to allow engulfment of
large autophagic targets. We show in mammalian cells that downregulation of ERdj8 generates small
autophagosomes that fail to engulf the large autophagic targets such as 3 um latex beads (Lysophagy) and
damaged mitochondria (Mitophagy), even though small autophagic targets such as 1 um latex beads and
p62 were not affected. Consistently, knockdown of dnj-8 (Caenorhabditis elegans ERdj8 homologue) in
worm causes the accumulation of mitochondria in muscle, despite the complete elimination of the small
sperm-derived paternal mitochondria. To conclude, the regulation of the autophagosomal size via ERdj8 is
essential for the degradation of large autophagic targets and control the intracellular homeostasis.

4: Functional analysis of a novel protein, mysterin. We demonstrated that mysterin participates in the
physiological angiogenesis during zebrafish embryogenesis (Liu, Morito et al., PLOS ONE, 2011; Kotani,
Morito et al, Sci Rep, 2015) and that mysterin forms a huge toroidal oligomer and changes its overall
structure through ATP-binding and hydrolysis (Morito et al., Sci Rep, 2014). However, mysterin’s
physiological function in cells remains largely unclear. We explored mysterin binding proteins expecting their
functional correlation with mysterin, and found that a deubiquitylating enzyme USP15 deubiquitylates and
stabilizes mysterin in an isoform specific manner (Kotani, Morito et al, Sci Rep, 2017). Moreover, we recently
identified its significant involvement in lipid metabolism in cells (submitted).

4. WX, BEERE

S. Hirayama, M. Sugihara, D. Morito, S. lemura, T. Natsume, K. Nagata : Nuclear export of ubiquitinated
proteins via the UBIN-POST system Proc. Natl. Acad. Sci. USA in press

P. Sasikumar, KS. AlOuda, W.J. Kaiser, LM. Holbrook, N.Kriek, AJ. Unsworth, AP. Bye, T. Sage, R. Ushioda,
K. Nagata, RW. Farndale, JM.Gibbins : The chaperone protein HSP47: a platelet collagen binding protein that
contributes to thrombosis and hemostasis Journal of Thrombosis and Haemostasis in press

C. Caba, Hyder A. Khan, J. Auld, R. Ushioda, K. Araki, K. Nagata, B. Mutus : Conserved Residues Lys57 and
Lys401 of Protein Disulfide Isomerase Maintain an Active Site Conformation for Optimal Activity:
Implications for Post-translational Regulation Frontiers in Molecular Biosciences in press
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A. Kitamura, Y. Ishida, H. Kubota, CG. Pack, T. Homma, S. Ito, K. Araki, M. Kinjo, K. Nagata : Detection of
substrate binding of a collagen-specific molecular chaperone HSP47 in solution using fluorescence
correlation spectroscopy.

Biochem Biophys Res Commun. in press

D. Sepulveda, D. Rojas-Rivera, DA. Rodriguez ,J. Groenendyk, A. Kohler,C. Lebeaupin,S. Ito, H. Urra, A.
Carreras-Sureda, Y. Hazari, M. Vasseur-Cognet, MMU. Ali,E. Chevet,G. Campos, P. Godoy,T. Vaisar, B.
Bailly-Maitre, K. Nagata, M. Michalak,J. Sierralta,C. Hetz. : Interactome Screening Identifies the ER Luminal
Chaperone Hsp47 as a Regulator of the Unfolded Protein Response Transducer IRET a. Mol Cell. , in press

S. Ito, K. Ogawa, K. Takeuchi, M. Takagi, M. Yoshida, T. Hirokawa, S. Hirayama, K. Shin-Ya, I. Shimada, T. Doi,
N. Goshima, T. Natsume, K. Nagata : A small-molecule compound inhibits a collagen-specific molecular
chaperone and could represent a potential remedy for fibrosis
J. Biol. Chem. 292:20076-20085 (2017)

K. Maegawa, S. Watanabe, K. Noi, M. Okumura, Y. Amagai, M. Inoue, R. Ushioda, K. Nagata, T. Ogura & K.
Inaba : The highly dynamic nature of ERdj5 is key to efficient elimination of aberrant protein oligomers
through ER-associated degradation Structure 25:846-857 (2017)

Y. Kotani, D. Morito, K. Sakata, S. Ainuki, M. Sugihara, T. Hatta, Sl lemura, S. Takashima, T. Natsume and K.
Nagata : Alternative exon skipping biases substrate preference of the deubiquitylase USP15 for mysterin/
RNF213, the moyamoya disease susceptibility factor. Scientific Reports 7:44293 (2017)

K. Araki, R. Ushioda, H. Kusano, R. Tanaka, T. Hatta, K. Fukui, K. Nagata & T. Natsume: A crosslinker-based
identification of redox relay targets. Anal Biochem 1(520):22-26 (2017)

S. Ito & K. Nagata : Biology of Hsp47 (Serpin H1), a collagen-specific molecular chaperone
Seminars in Cell and Developmental Biology 62:142-151 (2017)

D. Morito and K. Nagata : Molecular Biology of Mysterin/

RNF213 Current Topics in Environmental Health and Preventive Medicine, Part Ill, pp45-57 (2017)

D. Morito and K. Nagata : Physiological Role of Mysterin/

RNF213 in Zebrafish Current Topics in Environmental Health and Preventive Medicine, Part I,

ppb59-67 (2017)

5. ZRREREE
BEFREE. YYRYVLE

Kazuhiro Nagata : Regulation of Proteostasis and Calcium Homeostasis in the ER and of Autophagy. The
2017 Japan -NIH joint Symposium on Advances in Biomedical Research and Disease, Sendai
(Japan),2017.2.17

KEME  SATUYOEYFE %13 BEMMARNERGERY 77X, @M. 2017.04.14
Kazuhiro Nagata : Cross-talk of protein,redox and calcium homeostasis in the ER Proteostasis
Mini-symposium at Northwestern, Evanston (USA), 2017.04.20

Kazuhiro Nagata : Protein quality control in the ER:ERAD and autophagy CNIO Frontiers Meeting
“Molecular Chaperones in Cancer”, Madrid (Spain), 2017.05.02

KEAMZE L NNEFEREOHFEE BHAECLERPHZEA. 2HEM. 2017.05.20
KEME  BTHZEFOREN SHRAT T ARV ¥ featuring b —F 70V =7 b, KBk, 2017.05.24
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Kazuhiro Nagata : Redox cascade protein folding in the ER International Symposium on Protein Quality
Control, Nara (Japan), 2017.06.04

KHEFZE : Maintenance of ER homeostasis by redox cascade 5 5 BIF 2 iiBEAE BREYF 2EFIS
FERIEE. WEM. 2017.06.17

Kazuhiro Nagata : Regulation of ER Homeostasis by Redox Signaling Gordon Research Conference
“Stress Proteins in Growth, Development & Disease”, Sundy River (USA), 2017.07.12

Kazuhiro Nagata : Cross-talk of protein, redox and calcium homeostasis in the ER Seminar to the National
Institutes of Health (NIH), Bethesda (USA), 2017.07.21

Kazuhiro Nagata : Protein Quality Control in the Endoplasmic Reticulum (Presentation of the Hans
Neurath Award) Protein Society Annual Symposium, Montreal (Canada), 2017.07.24

Kazuhiro Nagata : Redox-mediated regulatory mechanism of ER homeostasis Seminar in McGill
University, Montreal (Canada), 2017.07.26

Kazuhiro Nagata : Maintenance of ER homeostasis by ER redox network INM Institute Seminar,
Saarbrucken (Germany), 2017.08.11

Kazuhiro Nagata : Redox-mediated regulatory mechanism of ER homeostasis The 8th CSSI International
Congress on Stress Proteins in Biology and Medicine, Turku (Finland), 2017.08.16

KHAMZ : Redox-mediated regulation of ER homeostasis 2017 £FE4£GRIZRFEEARERAS. HEMH.

2017.12.09

FRRK

HAAN  EVEVRIVNNVEIRTY YORTE EHEERIT £3E4XZ21HERMFES. REFm. 2017.1.7-8
(MBEFER)

FBERE. IUAEF, XHEMZE : ERj8 regulates the size of autophagosomes to degrade large autophagyic
targets
FIE4ARZ T HERMFT S, REFm. 2017.1.7-8(OEHKK)

REE. HEHB. IWTES. BH%. XBMNR
Zinc-dependent functional switching of ERp18, a novel thioredoxin homolog in the ER
FEIEARZ T HERMFT S, REfm. 2017.1.7-8(OEHKK)

IWAFEF © ERdj8 regulates the size of autophagosomes to degrade large autophagyic targets
BEAXPARREHMRAEI S —. gitgH. 2017.2.2

(AEEHR)

FHRE KA : Mysterin, a unique enzyme associated with moyamoya disease $£307BIEE AR FEREEZIATFT
TH—. BBAM. 2017.3.27 (OEHRK)

ANE—, BNER, fIIIE—. SNES. #LEFE. REGEAR HH%. XKEMNR. BEZK  ERdj5&BiPOH
RICEBEEI I T « RiEE DETTHERE DR
Disulfide reducing mechanism by which BiP facilitates catalysis of ERdj5 5 17 I HAZRERFSEFES. L&
M. 2017.6.20-22

Michio Inoue, Nanami Sakuta, Satoshi Watanabe, Kunihito Yoshikaie, Masataka Umitsu, Yoshiki Tanaka,
Ryo Ushioda, Yukinari Kato, Junichi Takagi, Tomoya Tsukazaki, Kazuhiro Nagata, Kenji Inaba Crystal
structures of SERCAZ2b reveal the mechanism of its redox-dependent activity regulation.
FI7TEIBAERERZSF R, WIa™. 2017.6.20-22

BHT L Ry ZEEIC & 2/ EESEE SR ORI SEZMEFAMRS "AILARITC1FI 7 X0HR
IS & 2 DRAELEE, « MilFTH. 2017.05.31 (OEHK)

Ryo Ushioda : Electron donor for disulfide reductase ERdj5 in ER International Symposium on Protein
Quality Control, Nara (Japan), 2017.06.04
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#iH5E : Redox-assisted regulation of ER homeostasis
EEOM HAMBEEF SRR, lEM. 2017.06.13-15 (R ¥ — & OBEHRK)

FRERED. ZERE. [EAN KH E /DEEES VOB TMX1 05 —T7 VEERANDES
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Chika Tsutsumi, Kaiku Uegaki, Ryo Ushioda, Kazuhiro Nagata : Zinc-dependent functional switching of
ERp18, a novel thioredoxin homolog in the ER
Gordon Research Conference “Stress Proteins in Growth, Development & Disease”, Sundy River(USA),
2017.07.09-13

Shinya Ito, Koji Ogawa, Koh Takeuchi, Masahito Yoshida, Takatsugu Hirokawa, Takayuki Doi, Naoki
Goshima, Tohru Natsume, Kazuhiro Nagata: Inhibition of collagen-specific molecular chaperone Hsp47 with
small molecules.

The 8th International Congress on Stress Proteins in Biology and Medicine, Turku (Finland), 2017.08.13-17
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BEES. IWAFTE BBERE. ZRERER. EHEFET. BT, BT, AR, EkE. \BFX. Richard
.Morimoto. EB®. FHEF. FIFEH. F7HHE. Shoshana Bar-Nun, ;KHFIZ : Turnover of ERdj8 through the
endoplasmic reticulum associated degradation regulates the size of autophagosomes
M THEEOEMFE) F4EEBEFIT U3y S REH. 2017.08.29-31
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#AESE : Electron donor for disulfide reductase ERdj5 in ER
F12E/NEHEZ ML AT, £FM. 2017.10.9-10
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#MS : Redox regulation for Hormesis in ER
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Conbio2017 £MBZREFRERAFERKR, MF. 2017.12.06-09 ((RR¥ — & OEHKK)

ERRHR. FFAMN. §RFRFA, KXHAME
A New Mechanism for Fat Regulation
Conbio2017 £mBZRFRBRFERAE, WA, 2017.12.06-09

T RE. ILAFET. Richard IMorimoto. f&BeEHAC. LB, KHEFIZ : Physiological analysis of a novel ER
membrane protein, ERdj8
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BRFRA., FREAN. EERE. KEMR :
Enzymatic activities and biological function of moyamoya disease-associated factor mysterin
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IITEER. #H%. KHEFMZE : Deficient of ER-resident reductase ERdj5 causes disruption of Mitochondrial
morphology
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A novel ER membrane protein, ERd]8 regulates the size of autophagosomes
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ERZERE. H &R, EIRR. #HES. KEMAE. FEEFKR @ Structural and functional analysis of human
Sarco/Endoplasmic reticulum Ca**-ATPase 2a
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E£MLFEMEZE Laboratory of Biochemistry
iR E=EEEM  Prof. Toshiya Endo, Ph. D.
BhE A¥F & Assist. Prof. Shin Kawano, Ph. D.
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3. Research projects and annual reports

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 a-helical membrane proteins. Structural analyses of the TOM
complex by site-specific photocrosslinking revealed that the TOM complex exists in
two distinct forms, a three-channel form (the “trimer”) and two-channel form (the
“‘dimer™).

Here we discovered that Por1 sequesters the Tom22 molecule that is dissociated
from the trimeric TOM complex upon its conversion to the dimeric complex. Porl is a
yeast voltage-dependent anion channel (VDAC) and mediates transport of small
molecules across the OM. The absence of Porl shifts the equilibrium of the TOM
complex towards the trimeric form and accelerates the assembly of newly imported
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Tom22 into the mature trimeric TOM complex. Tom6 is known to stabilize the trimeric
TOM complex; the absence of Tom6 shifts the equilibrium of the TOM complex
towards the dimeric form. Intriguingly, simultaneous depletion of Tom6 and Porl
leads to formation of the pseudo-trimeric form of the TOM complex, which was shown
to be defective in protein import both in vivo and in vitro. This suggests that Tom6 is
critical for guiding the proper assembly of Tom22 into the TOM complex in the
absence of Porl, and preventing premature integration of Tom22 into the trimeric
TOM complex.

Organelle functions strictly rely on the organelle-specific lipid compositions. How
hydrophobic phospholipid molecules can traverse aqueous compartments to shuttle
between different membranes is a critical question concerning the mechanism of
membrane biogenesis. ERMES (ER-mitochondrial encounter structure) physically
links the membranes of the endoplasmic reticulum (ER) and mitochondria in yeast.
Although the ER and mitochondria cooperate to synthesize glycerophospholipids,
whether ERMES directly facilitates the lipid exchange between the two organelles
remains controversial. Here, we compared the X-ray structures of an ERMES subunit
Mdm12 from Kluyveromyces lactis with that of Mdm12 from Saccharomyces
cerevisiae, and found that both Mdm12 proteins possess a hydrophobic pocket for
phospholipid binding. However in vitro lipid transfer assays showed that Mdm12
alone or an Mmm1 (another ERMES subunit) fusion protein exhibited only a weak lipid
transfer activity between liposomes. In contrast, Mdm12 in a complex with Mmm1
mediated efficient lipid transfer between liposomes. Mutations in Mmm1 or Mdm12
impaired the lipid transfer activities of the Mdm12-Mmm1 complex, and furthermore,
caused defective phosphatidylserine transport from the ER to mitochondrial
membranes via ERMES in vitro. Therefore the Mmm1-Mdm12 complex functions as a
minimal unit that mediates lipid transfer between the membranes.
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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM as a regulatory nascent chain that monitors the
activity of the YidC-mediated membrane insertion pathway, we have been interested in and studying a
class of proteins called ‘regulatory nascent chains’, which function while they are still in the midst of
the process of biosynthesis. A remarkable property of this class of nascent chains is that they interact
cotranslationally with components of the ribosome including those of the polypeptide exit tunnel, and
thereby arrest their own translation elongation. The arrested state of translation elongation affects
translation of the target gene either positively (in the case of MifM) or negatively. Importantly, the
arrest can be stabilized or canceled in response to changes in the cellular physiology that is executed
by the target gene function, allowing each nascent chain to serve as a unique biological sensor to
feedback-regulate the target gene expression. 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. 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 outlined above may ultimately
lead to the development of a new research area that might be called “nascent chain biology”, which

-55 -



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) Extensive interactions between MifM and the ribosome are involved in elongation arrest

MifM is a regulatory nascent chain that monitors cellular activity of membrane protein
insertase, YidC, by a mechanism involving regulated translation elongation arrest. The elongation
arrest requires cotranslational interactions between a specific amino acid motif (arrest motif) near the
C-terminus of the MifM nascent polypeptide and the ribosomal components in the region from the
peptidyl transferase center through the polypeptide exit tunnel of the large ribosomal subunit. Our
current analysis revealed that amino acid substitution or deletion of the region N-terminal to the
previously determined arrest motif of MifM caused destabilization of the elongation arrest in vivo as
well as in vitro translation reactions reconstituted from purified translation components. These
results suggest that the region N-terminal to the "arrest motif" also contributes to the stable
elongation arrest most likely by directly interacting with the ribosome components. Such an
interaction seems to involve ribosomal surface components as mutations of them also compromised
elongation arrest. Our analyses reveal that the elongation arrest of MifM involves extensive
interactions between the nascent chain and the ribosome (Manuscript submitted).

2) Intrinsic ribosome destabilization (IRD) by nascent polypeptide

Nascent polypeptide chain can participate in the regulation of the rate of translational
elongation by cotranslationally interacting with the ribosomal components. Our current collaboration
with Prof. Hideki Taguchi’s group (Tokyo Inst. of Tech.) now led to a discovery of a specific amino acid
sequence of nascent polypeptides that could cotranslationally destabilize intersubunit interaction
between the large and small subunits of the ribosome, thereby leading to a premature termination of
translation elongation even before the ribosome reaches the stop codon. This phenomenon, which is
termed intrinsic ribosome destabilization (IRD), typically occurs when the ribosome is synthesizing a
consecutive array of acidic residues and those intermitted by alternating prolines. The IRD may
represent an intrinsic risk underlying a dynamic biological process such as translation elongation,
during which two ribosomal subunits have to repeat ratchet-like dynamic movement hundreds of
thousands of times to synthesize just a single polypeptide chain. However, we also found that E. coli
takes advantage of IRD to upregulate expression of a Mg®" transporter in response to decreased
intracellular Mg*concentration, thereby maintaining Mg** homeostasis.

3) Mechanisms of arrest regulation in SecM

We call a class of regulatory nascent polypeptides, such as MifM and SecM, "monitoring
substrates" as they sense the activity of protein localization machinery directly and thereby enable
real-time feedback regulation. Elongation arrest in SecM is subject to cancellation ("arrest-release")
when its nascent chain, having an export signal sequence, engages in the Sec-mediated translocation
across the membrane. Recent studies have shown that the Sec machinery's attempt to export the
nascent SecM polypeptide generates a pulling-force that triggers arrest-release, presumably by
disrupting the interactions between the amino acid residues of the arrest sequence and the ribosome,
thus abolishing the prerequisite for the ribosomal dysfunction. Although this scheme of
export-coupled arrest release is likely to underlie the regulated translation arrest of SecM, molecular
mechanisms of physiological arrest release are still left for further studies. We identified a SecM
segment, termed "arrest-release mediator," that is required for the export-coupled arrest release. This
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segment is located outside of the ribosome but close to the tunnel exit of the ribosome. Crosslinking
experiments suggest that this region interacts with some ribosomal protein components.
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1. HRHE

Hfe - ey VIV BOBE AT LAEUVTRISESHEERFHEZMITL TWS,

AL - REE WS TOCRAZRE I EICL > T —EDBELHEZ R > MBI L, BERZHET S
feicid, MBS SRR 7 FicESE. BERFICL2BLFRREFENEETH D, KICHITD2ELTFHEIR
MRFE DMK PHEEEERE L. TOREBPEEIKICT +— RNy VSN TEGTFRBEZHEHT 2, 2OL5%H7
1 — Xy UHEZEES. #igh - RS FInEE. BERFOERAKBZRBAL. 2nony v\ I BEDEE
VRATLEUTHIRE - ARERII S B2 REBZHESMNICT B0

2. XEEOMRERE
(1) TSR NEMBEOBEGFHERY NT—IhBESMNC U, BRATEBRZICHET 2 LS MROB TR
Sn3HIEEEOXRELREL

NTVADIETSRAMDSEEICBIZISNZIET S X Mfifl(EpiSC)id. TET XA MDREZ K< RBRL TWL
%o P B LUEIOAR T, TET S XA MNEMIETIE. 5 DOGEERFIAEERECTFHIEHEEZRLTWSIEE
R~UTz GIEXE®), ZIC2, OTX2, SOX2, POU5SFT, LT POU3F1 TH 3, INSDEERFIE. TETS X+
REZRELTWBRIFTTHRS, TETSAMNIBREZZSRGAMBERIIOREZSHFEHL TWBEEZ SN, £
T, INSOEERTHAIET S A NRMIEOS / AR OHABFRICHEET RIS, 2N 5 O/EEANERICIFE
DONEBICHZDDM. £FLINSOEERFN. EQLSBEGTFHZRFTLTVWDION. ZLUTEDKLSBEERFD
HAELEDN. TETSAMNREZRETZDICEEREREZRICLTE2ONERANTc, BRBIEICHINT 2 %8214EH
Mg THh 2T ADKMERME (ESC) Tk SOX2-POUSF1 OERERFR 7 A DORAH HEgiEE R LTW5, &
@D SOX2-POUSF1 RF7H, TET A MFEIRTEDL S BHEEZRILTVWENEWVWSKICHFEB L, Th5D
WRENDOIHIC. EERFEHEE LT DNA RIZ, BERTFEOEEEHE L THE L T2 0 DNA BFIEZREL
fz (ChlIP-seq % : chromatin immunoprecipitation- sequencing) . B¥E OHffic K 2 RZENBEICRZI T, EAF >
{tEERTEES DNA OBEAEFREANL 7N T7EY Y EDRESICK > THET2AEEFRBLT, Y FIL/ /(4R
LOBWEITZERT 22 &N TE, 2D0BEERTFHBEEL 2 DNA BIIcES L THRENICERT 25BE I,

INSDEERFDHE

BT ) b DS The SOX2-POU5F1 (OCT3/4) TF pair exerts its major regulatory functions

CDEFCERD, only during pre-implantation stages but is replaced by the ZIC2-OTX2 TF pair
ZOWE L T in the epiblast of post-implantation stages.

IETJ SR N#HMEROD

D _ Pre-implantation stage Post-implantation stages
REZRET 2BER /
FAR7 M. SOX2- [ Mouse ESCs/iPS mman ESCs/iPS Mouse EpiSCs
POUSF1 Tl 7 < . | (Intermediate)
ZIC2-0TX2 TH 3 ~— | O
ENBS AT > T,
4D h DI I 3 ////////////////
I 2L SEETO //

_'_|y B e . //
EE%?I\EI = EIB'{.‘.L% n¥ /
HIchic> THELU TN + OTX2
#58. SOX2-POUSF] (Z1C2
D EE L AL % ‘“ ///

ET 250, BRBIKE
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DIREE (W7 AR ICBROSNTE D, BREBEORREICHIGT 2L N OFESHERCYVROIET S X Nt
B2 Tld. SOX2-POUSF1 OEBERFTRT7 BENMER I AR ARD .. FIEIEEEN ZIC2-0TX2 R7ICE-> TR 5h
P bh ot BERFR7ICKBZEGEFHIEE. COLSICERDEETENICELT %, ZOEERFRTD
REE, BERBIICT TIC, ZIC2 DIEBICL > THEBINTH D, BFRRIC OTX2 ORBEN LR T ZDICH:>T ZIC2-
OTX2 DRFZ IR SN TEGTFRESHEZEETZLSICHDEEISND,

(2) REEDEIBIEANDEERTF SOX2 DS

NREENRILT B &, BRERTF SOX2 ZHIHE T 2RIAIOEEIFIBZICHKET 5, SOX2 KRNIEEDMEEHLICED K
SIEAb> TWBDONERANScHIC, NEET Tamoxifen KERIC Cre A X BEHREFHIRT 5 FoxA2-CreER
& floxed Sox2 #HEH OV I ARKEER L. BIBH SEE EKENDINT 21D FHEAEELRE T Tamoxyfen % /EFH
SEBEICE > T HREEBOD Sox2 BIEFERES L. ZDORER. MENSBEXTE DR T RADENKEL,
ZOHFERNS—NOK[EXZMMBOCHL TW e, COBEDNEIG, REVEB LR THZDICKL T, [EICHREIA
A ERZEFE, £lc. [EBICEBOEERTF NKX2.1 ZHIB L TWe, COERMNS, BIBLERICEWVWT, BEZR
ET D SOX2 EXEBEZRET D NKX2.T NMERULTED, SOX2 OEBEINLGK LRI EREICHYT D EENET
NKX2.1 2B L TRELLLIzbD BRI Nz,

ZDBEGETIRIETIE. BIBEBOFR T, SOX2 #HIET 2 EFICREL T Sox2 EnFaRNEELLIZDTH -2
M, BELRNISELRICELT ZIcELET. ZOAROEABEBOIEDEDICENL LI, fIZIE. BENST
BILE LU LEOEZRD S HARBEBD,. SKEROBRBICKENGEERTF TBX4 ZHHEL W, IhE
T BRBOBENZNICHEET 2 LROBEEERET 2 7O EANBMBAINTE LA BIBOREICE VL TIEEIC,
BERTFICL 2 LRORECHPERBOFEEZ S S LT W,

3. Research projects and annual reports

We investigated how transcription factors (TFs) regulate developmental processes via binding to regulatory
sequences of their target genes at the genome-wide scale and via intercellular signaling pathways. We
achieved the following major results during 2017.

(1) Distinct regulations among pluripotent stem cells
The epiblast formed after embryonic implantation represents the founding tissue for all somatic lineage
derivations and is modeled in mouse pluripotent epiblast stem cell (EpiSC) lines adapted in serum-free
culture conditions. In a previous study, we identified five major TFs that regulate the epiblast cell state and
their somatic cell derivation, i.e., ZIC2, OTX2, SOX2, POU5F1, and POU3F1, including the SOX2-POU5F1
pair, considered to be involved in the regulation of pluripotency states. To elucidate the regulatory function
of the TFs, we performed chromatin immunoprecipitation-sequencing (ChlP-seq) over the entire genome
sequence. This enabled us to determine the binding sites of the TFs and to identify the group of genes
regulated by these TFs as well as the TF combination that plays a major role in the regulation of EpiSC-
specific genes. The central regulatory function of the SOX2-POU5SF1 pair in mouse embryonic stem cells
(ESCs) is well established. Therefore, we compared the action of this TF pair in EpiSCs with that in mouse
ESCs. We used biotinylated TFs to pull down TF-DNA complexes using streptavidine instead of conventional
antibody-dependent pulldown, allowing analysis with a high signal-to-noise ratio. If two TFs cooperate by
binding to adjacent DNA sequences, an overlap of ChlP-seq peaks of these TFs is detected.

We identified ZIC2-OTX2 as the major TF pair that regulates the EpiSC state and not SOX2-
POUSF1 despite a high expression level of SOX2 and POU5F1 in these cells. Comparison of the TF-binding
sites in EpiSCs with those in mouse and human ESCs indicted the following. Pluripotent stem cells differ in
the major acting TF pairs. The SOX2-POU5F1 pair exerts its major regulatory function only during
preimplantation stages, represented by mouse ESCs. The SOX2-POUS5F1 pairing is largely lost in
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pluripotent stem cells of human ESCs and mouse EpiSCs and is superseded by the ZIC2-OTX2 pair in
EpiSCs. This transition is primed by the binding of ZIC2 at the preimplantation stage and is manifested by
the activation of OTX2 expression.

We also found that when the ZIC2-OTX2 pair gains major regulatory function, their binding
regions are subjected to histone modifications H3K4me1 plus H3K27Ac, a signature for active enhancers,
or H3K4me1 plus H3K27me3, a signature for poised enhancers. These histone markings may involve the
interaction of ZIC2 with chromatin remodeling factors.

(2) Endodermal regionalization via counteraction of TFs
The TF SOX2 is expressed in the anterior endoderm and its embryonic derivative, the foregut. We
investigated how SOX2 regulates foregut development using conditional Sox2-KO mouse embryos in which
SoxZ is inactivated in the endoderm by FoxAZ-CreER, which was activated by tamoxifen administration.
SoxZinactivation in the endoderm resulted in the formation of a single foregut duct connecting the pharynx
and stomach, in the middle of which a pair of bronchial tubes developed.
The foregut duct that developed from SOX2-less endoderm was made of columnar epithelium and
expressed the trachea-characteristic TF NKX2.1, indicating the development of a trachea-like esophagus.
Our results combined with a previous report stating that NkxZ2. 7-KO results in the development of a single
foregut but with esophagus characteristics and expressing high SOX2 indicate that SOX2 and NKX2.1
counteract each other in the endoderm to support the development of the esophagus and trachea,
respectively.

Although SOX2 was inactivated only in the epithelial component of the foregut tube, the

surrounding mesenchymal

Single foregut tube formed in the absence of SOX2 tissues also changed their
displayed trachea characteristics characteristics to match those

in both epithelium and mesenchyme of  the trachea. The

SOX2 +/+ Sox2 -/- mesenchyme surrounding the
trachea-like esophagus

— Single foregut tube  expressed TF TBX4 at all axial
levels, which is characteristic of
A” the trachea and lung
mesenchyme. This observation
TraChea! indicates that the tissue identity
of the epithelial component
impacts the surrounding
mesenchyme to warrant the
development of a functional

organ.

e ) 7 )
/// N //f\\(w
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1. HRBE

VN EDOBEIESPEMOERBERICHERTRBEDERD DDH . HA 1T X RiERBEHITZ EELRFE
EULT, FVRVBEER. BICBRERTERANTHZE MDY VIV EDHEBEEREZRIEVWEZEZ TS, 20D
BRI SIFRIICIZERIEZ TR YRR T 2RI BRBIRO RN E T NS, BELUTOMER T —<E8e U TH
REEDHTWD, ADP UMVILEEREZOENDFESRDOBEEY T | KL REMEYIE ADP URY )L tLE
HADPRT)Z MWL T, RAMDY VIRV BEEEML, RANDY T FIIEERICTFEEEZ %, CORIGFEMELE
ZORGEBEDOFEMERSMNCT L, ¥KLZGK ADP YRV ILLER (BR) & Z0OEEESKRTORIEERITEE
HTW3B,

2. REEDOMERE

(1) C.perfringens H'#D binary EXZWRDOTRIC. (A) binary EROA Y T7IZy N laDEBT7 7V F > DRH
HERE & SAIASEM Arg @D ADP URY b DR (Tsuge et al.PNAS 2008, Tsurumura et al.PNAS 2013)
& (B) BAFEEER b 2N Uit la DEEEEDOHHEADERZ BN E U THREZED TS,

(A) SEFERATRELRFET. VI/VaHOIYTONEY Y (CPEIREKOESN DN, FEOBRTEEER
NRE SN, 2DERIG Clostridium perfringens iota-like toxin (CPILE) & 34 & 117z, CPILEI&CPILE-a, CPILE-b
D22DAVR—RY A 57EZbinaryBER TH D, 7 1/LY 1FDlotazsk(la,lb) & DIEREIFSORIZE TH BH%

EHEICEVWSDH D ENRES NI, lotasR Tldlald” 7 F U EENIGADPU RV ILEER. —AlbldiEE L
TAVIY—%ED, aZBEBT DTV RAR—F—EEZ5NTWD, FEFE. BAld. BYSSROERAEERRBED
TeHCPILE-a DS EERIT Z T\, AEmXE U THELL  (PLoS ONE 2017), & SICIRE. BEAKRMDE
LR DCPILE-aDFEEZEBCPILE-b D& & BEEEDRZHEH TH D ZORERBHEEZITV, AVIVY—0DFEHREZR
W3 (1-BH63H) ,

B) lan’F7 o F>d ADP UMRVILbEEZFKIES 2cHicid o NOKBETLEALA Y IY—%2FR. RICHIEE
L OEEEEB I L@l AU IV—h 5B ZELETE. @TNIC la iMEA L. la DIIFEENIFEF T, @lan
b AU IV—[EILEEAETD. CDA4DDRATYIHREERD  (TH) . RYOESEBETOBRIE. 500KDa @
AUIV—%EZTLELSLOCBELOBEEZES T - -

IbA )T T —DHEEH Bla® Unfold &£ FEiB D
SOKXAVDBBERT 1 (b)h5ts, KEEerRs | & . !
1z GST-pro-b #RUTZY >, FENUY TV Y TREL, (&

’ 0

W0, BREEFEYEEGRS L0751 ABFEMET— | o : E>
SEIEB LT, S5IC cryo EM ZRW BRI TFRITES & _ S v S—
Btz BEZOBIROMEE, Y I BEEEZZT & e by proesse e
T, EDBULWAREDT — 9 2B TERVHERNEMA TV,

-1 - ofle,

-5 - ohe

%2 &TH B, Ib I 20KDa @ 7 OfLS!(pro) & 75KDa @ 4
ijl/E/ \Ib B
GST & pro ZYM. TIILEZETAVIN—T7Z 0 av%

(2) BRETUAEEISBKPICERTZMECTHD., AETEHERINEN rﬁ%ﬂiﬁ?%u ET, BERMITRERELT
BAETUABREERESED, TT7 749 —VopC (& typelll DMBEBENLTHWEN. Rho GTPase T#H
%5 Cdc42 D GlnzZ 7 Rbg 32 & BEMEICFEL, BRELYPIL ?%%%T’FD TW3EEZ SN, BF
SRRNEDOEROIEREIEEZRSMNCT 228 VopC DIERBERITZIT o1z BEIC VopC L ERTH 2 KE
BEO Cnfl OBEIFASMNTE>TWED, ZOEERERIIERD. Cnfl TldZ RhoA RENTH D, CNSDIRT
I R{tEXRD Rho GTPase OFHEE & RIDEEBIZ. EEY VN VB L DEEGROBENHSMN TRV EHICES D
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Mo TWRW, BAIFBEAEDERBEE T THL< Cdcd2 BEC3 VopC
BEATOBERITE. RHRBZN5HOEELER
HERAWEEERIT A ES TWD, REEDFFRICE D, Z N4 DADP UMz

DEEDOIENES I > Teo T, T DB EE .
HTNB, o/ %' x
Q61 [} N41
(3) MIE (T & % monoADP U RV UL IR A 785 > IXD RhoA Racl Cdod2 (ék;' - _ @(JBC.ZO]S)
BEENICENRETS 2 EAMBNT W, LA LEDS, \ -
SEAEDNAZZH & L2 ADP URY UL BRI ZZENE . |o 4
S, BRERV TS, Hick b DNA EEICEDS L9 ?
PARP (7R ADP URYJLILEER) 205V I/IN0E%E Vopt /(:; |
B L REE BERBWBEDN SN EnSho  eomrzst 9 YIRS

foo UDU. REPARP H'DNA ZEHE &2 2 ENEE
DTIN—=ThoBES NI, RAICERDIF 5Nz DNA %
B E UL ADP UIRYIUBIEEY Y AF 3 VICFEET ZETY YV TH D, BN ARRAOENZEICK > TRDD
S>TERM, ZOREAVHHEICHFEL. DNA. FCZD I 7 Z U ZRENIC ADP UIRYILET B bbb >
TEfco HRDYIL—TTId DNA ZIEHE LT ADP UIRV LT 2 BERDOEIE S SRERITZED THED . ZDEE
HoBERT—FERBTED. WX TOHEREED TS,

(AH5)

3. Research projects and annual reports

We have been focusing our research on the structural biology of infectious disease. Especially our target is
macromolecular complex 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.

(1) Binary Toxin

(A) Unusual 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 enterotoxin consisting of
two components: C. perfringens iota-like enterotoxin-a (CPILE-a), which acts as an enzymatic
ADP-ribosyltransferase, and CPILE-b, a membrane binding component. Here we present the crystal
structures of apo-CPILE-a, NAD*-CPILE-a and NADH-CPILE-a. Though CPILE-a structure has high similarity
with known iota toxin-a (la) with NAD", it possesses two extra-long protruding loops from G262-S269 and
E402-K408 that are distinct from la. These results were published in this year with functional studies (PLoS
ONE, 2017). We also try to reveal the structure of CPILE-b.

(B) lota-toxin from C. perfringens type E is a binary toxin composed of an enzymatic component (la) and a
pore-forming protein translocon (lb). la is an ADP-ribosylating toxin that ADP-ribosylates actin.
ADP-ribosylation of G-actin at arginine 177 causes the depolymerization of the actin cytoskeleton and finally
leads lethal and dermonecrotic in mammal cells. On the other hand, Ib of binary toxin is important machinery
for protein translocation: la translates over the membrane to the cytosol via Ib as pore-foming translocon.
First we would like to reveal the structure of pre-pore and pore of Ib using cryoEM and crystallography. Our
final purpose is to understand the mechanism of la translation via Ib.

(2) Effector of V. parahaemolyticus

Vivrio parahaemolyticus is a Gram-negative marine bacterium that cuases acute gastroenteritis in humans.
The virulence is dependent of a type lll secretion system and VopC is one effector which is homologue of
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the catalytic domain of cytotoxic necrotizing factor (CNF). VopC was reported to deamidate Racl and
Cdc42 but not RhoA. To understand the mechanism of recognition of Rho GTPase and ADP-ribosylation, we
are going to solve the structure of VopC together with biochemical studies.

(3) DNA-targeting ADP-ribosyltransferase

Traditionally, ADP-ribosylation has been considered a protein modification. However, emerging evidence
suggests that DNA ADP-ribosylation is also common. The first DNA-targeting ART was found in Pierid
butterflies and was thus named as pierisin. To date, six pierisins (pierisin-1,-1b, and -2~5), SCARP, and
Scabin are considered to belong to the pierisin family. We try to unravel the structure of SCARP to know the
mechanism of DNA recognition and guanine ADP-ribosylation.

4. WXEERE

Suzuki Y., Tsuge H., Hondoh H., Kato Y., Uehara Y., Maita N., Hosokawa K., Ueta S. Precipitant-free lysozyme
crystals grown by centrifugal concentration reveal structural changes. Crystal Growth and Design (2018)
in press

Kobayashi H, Otsubo T, Teraoka F, lkeda K, Seike S, Takahashi E, Okamoto K, Yoshida T, Tsuge H, Yamanaka
H. Involvement of the Arg566 residue of Aeromonas sobria serine protease in substrate specificity. PLoS
One. 12(10): e0186392. (2017)
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