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AA=INL—ZVTETUTERLDEN., ZOEHD
BUSHENERFTRIBREB>TULE T, B 0D
BENFTHEHEDEY Y3V EEFLTEHLC I ENTELE

o,

- BRI

2B HEBULEREFOBMAICHZRTILTH o el
b, ETORENEHERIETH >fco —RAPRED &
SICRZ2REEE, EF2TIAIC»<, HICHIEY
BERENZBRDAFNTED, BoTWekhbE
DENBRERBEL St RUIZHDELEIDEVD
EEZBR>EDUTELATWED, B ZzERD L
CHFESINEN, ZHEHLONSIE TANBVZWL,
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EUNEZASNBLB>T W, 51K EE2FRAL
T, HONUOHFEBRBZAREICHEEAATLWCEEEWN
foo (ECORBWVWUARBEBEEWEFEDRVD,) 2
STEHBATHETCLE>TVLWEDENS, BRAXKFEA
BICIIBROEIEEREL B> CEEHB TH > I,

- IOADh—Y3Yv
“HEOFENSIIVZAN—Y 3B D, EEFD
BRZRTE >, LENDDEFRES>SA (REFH
THBIA) ILEARALTHS W, EMAUNRZR > IRIT
REOEPEBIFOREGREDFEZE W, BEDFIC
EEOEMAKRIE, &I BRNEBNZER > TWTHE
HEEABVWREZEZ T S5Nhic, Z0ENEELOR
RERLBAE W DOMRIDERZ K> e, FEIFBRID
—RBL7ZF->TE Wi, BREDABPEARADE
Bai-oleh ULTAUIEFEULN>TcDEh, BDDIF2
BEIOFRTY T VDOELUWEPERESER SN
FHHOZFZEDEIIHIERERZDED, HBRIPE >
ADENERLSDESHDREIITRALADEZ LY
SFEEZEVNTWERZSDEZ, [IDMNBWVELSIIC/V
Vv, EBRBOSEICY Y v I 5T > TW e, KA
FLTWEH, BIBELTVWAWL (RASDBWEEIC
K0 BRBNSEEDBHIIMR) .
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COEBREIR. BRLTTROGBNADERZREER
DEELEIT DL THEELRERTUR, FY/NNIED
WONSHSEGZE T ORLBEH TEEL TEEN
ZHREANLEVEB VS EVWICE 5N, BEARBRHAEED
FHIEENZDRFICKTAREND I ETZERT B
ENTEXE UL, BXTEENTIITBEEADEEZH
ZENTE, RELRBICEZ4BEERDE U,

RREY—Ey a3y TE, AIHTDORRAY —FKFKEL
STEICMATEIBICEBTDRRIEIcflch, & TH
ZRUTWERLULED, 2BREB U EICTATEDE
RBMIESNE U, BADEEN—A. HBERZEEITK
TLESDE U o LFREFETHPAZ TSI EETE
FRBATURD, BBELELSELTLIEEWE U, &t
BAERzlche, "TBICORRY—BEOREZT DL &5
STHLRAIENETHELLSIETT, DIBRNE

BTHEENDODHRICOVWTDAUTHIEA D I EMNTE,
ACHBWEB > THESIBMANTETCVWDARES
£>UOBEENDEF LI,

BUREDRRY —RKEHRTHDE, ERT—IH
K EAEDTHED BRHHEADERRZEES RV E,
EEDFE U, Ty MREICKL > TERFEICHED
HBZEHERELEIVWREBWE LI, BRABRDBDA
EBEDRAY —Z2R T . BDDOHMS BN ENELHD,
Ho EMBHAIMETH D ERERUF U,

FE EyyavoficE TERBVWHICE > TWS D

Lid. BETY, SEDORFEFINTHEERET UG
BERIBIFERBEDLEEB>TWELEN, BB
BEDEDTERRZENSE LD ENEATU T,
BETH., CAIL» S TRIBZHAIZTED., APARDLRE
KTH, ERUVLLWRBEZELT LN TEX U, &K
Aicihde, REORBERBICOLEZERBLIRDEL
e, BRAZBRCWEWSTFEDOAND LR ITERL
HOFEUT,

TVAN—23aryTR, AU S TREOFERZT S
CENTEFR U, BRIZUDTORBTCUIENB -
BLEICEOICIR D ENTER UL T I T ILAEEL.
XFEELEVWSEENR > TWES, ERICEZRW
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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.

#%H. NSMB s6lc=—F7 1> J L R—
(Herrmann JM et al, NSMB 2018),

kB E SN



DFHEEYMZEARE  Laboratory of Molecular and Cellular Biology
Hi® KHE #F1ZE Prof.Kazuhiro Nagata, Ph.D
Bh# #HE = Assist. Prof. Ryo Ushioda, Ph.D

1. HEBE
DTFMEEYEMEETIH,. YV /ITEBO—4%) ZREBAEDOREUVTEHREL. FVI/IVEDH
ENSTHETOANDZILZFRIC, FTH, FiIC "MPFIrROVICED T7A—IT 0 7 & iiatkse

FYNRVEIFELKERIN., ELWEEZ & > THIH TARDOEEZRIET 2. ZniCiFEL DR
FUPROVHABRERBEZ L TWD, FIZWoTCAELWEEEEZERB LY VU ES, MBRICRETIC
IOBERDANLRICEL>TEHLRD, BLHNERICL>TES U THELWEEZ EiaLhg VX
VEEHEEET D, ZDLSBVDDZ<ARRY VT BE>F, BICHEELXRFLARWE T Thad, Migsitc
Ko THRRIEEFEL., FILYNAN—FP/I—F VY URDEISBEL DHBREHEREORRAED LS
TW3, > T. 9V NRVBZIELLERT % productive foldingy &. TSRXT7Ax—ILRULEY Y
NRUBEBEEICANBETZHDOREEBEEE, 20 CbICHET &L TPV BEROERK, .
THREL NI TOERY AT LAOEEROHR EWSERHSIE. RADHFRBERTH 2,
AARETIH, LRIV ET NS T, EADOFEELRTOI TV MCDWTHAREED TE f,
Z055, BEIMEETH - LILERFEFEAY RE U TED TE o, FIREGTERBICLZA—FT 7
TV —LDYA XOBEEBOMAEIE. ILADKRRRERZHOBAE U THAS e 5, BED
HREMEEESD, CNE TORRIEHID revise FTHZN. KFET—INSEFALTWS, UTD3
DDTFT—XIELDWTIE, WIThEZO—FETINEFTEEL TWah o7z, 1 V(Y NOFWEKEWA
BB shl,

1) AS—FVERNDSF Y v ROV Hspd7 OHEERET

AT VRN T v ROY Hspd7 1& 1986 &, ;JKHASICK > TRESNIHIRY VINVETH
D, A= YVERICEVWTHADERIERIZLTWD, TOERDIAEN S, Hspd7 S X IiFHLERED
BEICHEELTHD., COHEADSIERELERTO Hspd7 OBEENEE TH %, Hspd7 EEFDIE
RETLV, 5Nz Hspd7 FAE{LEYD—ERIC D WTHXERKR LI(UBC2017), BRE. L DEEWE
DEWHEECLEYZFERUVBRIGAZBEEL TWS, OOV 17 MMIERES & EERITRAMER
5& OHERMEICEREL. BAREMEHAAEE (AMED) EFESEEER, /RX—Y 3 VAlBT700 5
LACT-M)IZEIREI N, BAWICHEIEDSNTWD, T RAVDEESHEDHWEDTIEV R
L DTS ICE T TEBHIEALTWD, KIRIE. BEMREOFEHRELZEANY RE ULIHRF—LICK
S2TRINTWS,

2) NBHFIEFBIYVYINVEREEE, L Ry o HHE,

ALY LEEEDIOZXN—2 INEEEE IS OEA

INBIERTEZAT7A—=ILR U VIRV BT A NV IIABEEEI N THSIEFF >y 7O7 7Y —L%
IC&k>THREND (ERAD) . COBEBETHHSICLD. 2008 FIiC ERA)5 E WS BTERNER S
Ne SRT7A—IILRIYNVBOREESEMEBICEVWTEELRRIZRLLTVWEIEET TICRELT
=7z (Science 2008, Mol. Cell 2011 72&) o #Fifzic. Z® ERAj5 ALY LRy 7 OSEEEHIET
B2 EICE>T MNEBEROAIN Y D AEESEMIZFEEB > TWE I EZRB UL(PNAS2016), LRy
AHEHEN LIy VIRV BREBEBE DIV VAEREOIAOXN—=JICEBLTWS, /MEEE L <A
SNfc LS ICBIENRETICH DD, COBEMNIREICE T ERA)S WNETGEEERIET 2 /20ICiE.
SNDHEICE > TRTAZEBRIINEEBSTEVN, SWAZZZINIE, BFIFEDLSICLTERS ICE
EINZOD MNBEEEDLSICLTHA MVILHSBFEETVWSZON, MEIT TBNEWKEGM
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BERD, CNINBIEEWSAINARZICERINICHBENZ LORRKOED—DTHH D, AARE
TIHBHSBHERLE UleF—Llck> T, RSN TEZD LT > BR2HFTcRAEICL-
T, INEEICEFHIMEHE TSN TVWEA LD ZILAZBESNNCLDDH D,

3) BPYPOHVOHEEELEGCTFIATY Y OERERNT

HPHPREIET7 I FHIRICEZWEELRMMERZETHD . —TICREEDOREZRSH D, BAIEHY
HEPROBEMEGTIRATY YR IO—-ZV2L (PLOSONE 2011) . 43 - JREEHEEDERERIE L
T, BIFEHKIT TE, TNET. SRATFTYYYYIRIER AAA+ ATP 7—EEHES LIS F (b
EHEERICEY,. ETTF70 v Va1 DME - A - BRAEEICEETH D &, USP15 1T & B EDHFIH
ERFBIEREERSHICLTER (S Rep 2014, 2015, 2017) o E5ICRE. T AT U VB
FBOHIHRTFTH D, PO VPREELTRICED COMENBES NS I EEDE &1 (U Cell Biol in
press) o CNETHPH PR EFERBOBEEICOVWTIFEAEE RSN EN B, T AT YN
EEROHER T TH o eI E IFEBINEZHERTH D EEZX D, AMARIEHRFANELHAFTEDF—
LICE>TITONTE oo REFMREIE. T 30 FEL D, BIRKZEZIEME U THILAEEI DS
. AMAREL OHBERRZED T WD,

2. KEEOHEERE
1) A7 =T VEERENDFY v ROV Hspd7 OHERERRAT

Hspd7 [Z/MNBAEICREL. A7 —T VESHICRADRFI ROV ELT, RXDPERELTHEORE
AREFRITCEIVNTETH DM, BEATZ7—TVHADOY Y RIVEICHEEL. AT7—T > D0
ICBE5T 3 2 &ARBENTWS(Ishikawa et al, PNAS, 2016), FHRES/\—bF—%EE Hspd7 @
BHONE Y V& E UTHE Uz (Ito S and Nagata K J Bio/ Chem. in press).

Hspd7 EOZ—7 Y OREEBRZRHEE T 2RMECEBOBERF B0 Hspd7 OFRIBZIMHET
D e IIHI S ND 2 Eh S, BERDTFIENE SN TE o, A Hspd7 &5 —7 Y OMREE
FAZzRET2EIFIEEMORREZITL. FlBBITDE. 850/ Hspd7 EELEMDO—ZICDWNT
BFTEREL. BicmXE U TRELTWS(Ito S et al, J Biol Chem. 2017), SHEE L. EYFRNHE
IXIF—EBBRETEZHAWVWT. ZOEEFINHEMIC/IEEAT Hspd7 & AZ7—7 v OHEEER%ZME
BELTWBZEERUfce INET, Hspd7 57—V OHEEERAZHIEATIEE T 2ICiE. Z0HE
BEEEHNS VAR Y H—ZAVWTHEZEE T 2HENH D, BEBEENRIHFMNICHRD I N5,
HEERBEEROFMMNE# LD >/, BRET EIdEET 29 /N VEBREEERZ IR —EBTRE
H3H. EVLWVEERBEZES 22 2 &N TES.BRET BRET 3% F\ = Hsp47-collagen
SEIC & 2 Hspa7-15—4" Y R/NBEREE fEF O ic AE/ERDEH & FREHIDOFHE
BINL. BEFOMRZ ML 2 GEXERT). DA
lc&b, EOBEEREEYOEREZTT>TWVWSE (AX) @

Hsp47 FAEH 70OV 7 b IFEEMER O EEFMH
BN & OHRMRICHKE L. BARERAFTEAEEE (A ':Ohr:’r')fxd \
MED) EZFEEEREET /RX—yayaAdE700 7 A
(ACT-M)IZHIRE v, BRERISERICEIF. /in vitro TOExE
SEMEAEE. in cell TORREREFHMER T in vivo TDEIFF

acceptor 618nm
Halotag BRET

ligand 618

collagen

fliZHE Lans, HRENMEDSNTWS, S.S.-AEMGSPPGPPGPPGPPGPPGPTGPRGPPGPPG-FD-Flag-NLuc
(X& : 7iE)

2) INEECEFZIVNRVERBEEE. LRy IS ALYV LAEEEOI/OXN—=7 (/NG

HEE O R
HEANRED—DTHZ/NEETIEH. FYNIVEREEE - LRy VG - DLV DLIRAARS

VRAEWSEDOREBEERNFEZRIFLH WV, EEMEZHRFL WS, BRAFNMEFTIYRILT « RE
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TOEMEICHHME U T ETTiESR ERA)D ZR&KE U, ERdj5 hVI\f@AD L 7 F >4 > /XU E EDEM & K UHF
vAROY BIP & EEEZERT S EZRE UM, ERAD J/NBAETIZAT7A—ILRUEBEED YR
W7« RiEEZBEORITEETUIMIL., NEEDLS YA NVILADOHHZREL., F VNV EREEE
CEWTEEREHZRLTWS Z &EZRH U7z (R Ushioda et al,Science 2008; M. Hagiwara et al.
Mol.Cell 2011; R. Ushioda et al. Mol.Biol.Cell 2013) .

I 5(C ERd}5 hVINIBABE EICTEET 2 HILY D LARY 7 SERCA2 DY IV 7 4« RiEEEZBEDEITE
MTHEL, EEHEENT 2 ETINEERADHIL Y T ATRAZEREG U, INBIEOHILY D LEIREICE
BEEZTWSIENHESMNICE STz, & 5T ERM)5 (Z/NBERED ALY U LEEZREZ L. SERCA2

L DEEMRERERIBL TWB I EZHESHICL
f= (R.Ushioda et al, PNAS2016) , FitkZ
DIREHIR S & OHRMARICEH WT SERCA2D
DIERBEDERICKIILTH D (Inoue et al.
Cell Rep. in press) . $#. Ry 75EE
{EX D ZXLBEL I N D, RIEETTDH
LD LFIEE U T, ERA)E DALY T LAF v X
VIP3 ZREDFESEZ L Ky o IKERNICHIET
2ZEHRVWHLTED. Ry TEFvrxRILE
ERdj5 O=EITiEME%Z ST U T\ reciprocal [Ch D&
BRRICHIET 2 & WS, e TIHWARHIEEE
ZHASMCULDDH D, oo ERA)D DREITTX A
ZXLCELT, FiEEEBEFR ST —E922<
FUWAHZZXLEBESMC U, BE. wmER

YRy —Lh

YA /b

n\ BT AT T /BRI
FEAUNTT E O '
=
L e
N A

-----
55 0 T e mmmm—————

Ny siagE | ETREOR
an = @R
P Ca?

< \sH

RPHIRTA—LF
ERRATE 1

BT,
§-§ =——=> HS SH

TATTY— LD
AL RSERCA2b ELEUSERCA2b

ChET. MaEIFErol-PDIE P L ELIBHERIEDBEL TR Z S TLVAS
BRXEERAGSOERIZEY, SALI(FETRGATIVAOBERBEEH],
THILS D LI ZELMKERMEICESTERICEETHLENS LA
B Mot

ERhThs (X&F:HH

3) HPLHVRBIUELETIATY VY OBBERNT
IZ2TFUVOBEEE (ATP 7—€/21EFF VU H—F) .
CI7274 vy aPBREICHITZ2EEREFIIASMICE o
—ATIATIUYHERNTE DL SHIEEEZRF DY V/INVER
DOOESHTEN Iz, TDIRA Y NEBESHNCT B, TR
7Y OfRRRBEIC DO WTEERRET 21T\, S AT UYL H
MERERFDETE T S TH B EERFEICHBE L. BBz &l HIE
TBHRFTHDEZBESHIT U (Sugihara et al., J. Cell Biol.
2019) » SRTUYVORTE - BREFIEFFUUAT—ERXA
YHDOBPHEPRERZERICLDEEICEEINTW,
(X&E  H&F)

SRT) 2 () (FEERAE (LD, ) DEYIC
BET SN, ).

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 three 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. Recently, several new binging partners of Hsp47 were
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identified, they may co-work with Hsp47 in collagen synthesis in the ER. We summarized such
recent topics of Hsp47 as a mini-review in J Biol Chem (Ito S and Nagata K J Bio/ Chem. in press).

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 with (Gly-Pro-Hyp) motifs
of triple helical collagen in cells. This method can provide valuable information on PPIs between
Hsp47 and collagen, and the effects of PPI inhibitors important for the treatment of fibrotic
disorders (under submission). We are searching for more promising compounds by this method.

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 /n vitro structure- activity relationship,
in-cell inhibitory activity evaluation and /n vivo efficacy evaluation.

2: Maintenance of ER homeostasis through the crosstalk among Protein Quality Control,
Redox regulation, and C&* flux. We identified ERdj5 as a disulfide-reductase in the ER. ERdj5
forms the supramolecular complex with EDEM and BiP, and activates the degradation of proteins
misfolded in the ER by cleaving the disulfide bonds of misfolded proteins and facilitating the
retrograde transport of these proteins 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 SERCAZb, a Ca* pump on the ER membrane,
and regulates its function. Additionally, ERdj5 senses the Ca’' concentration in the ER and
regulates the interaction with SERCAZ2b. 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, 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 SERCAZb pump through ERdj5. On the other hand, we have revealed the mechanism of the
electron transfer to ERdj5 from the nascent chain.

3. 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., S¢/
Rep, 2014). However, mysterin’s physiological and pathological functions in cells remain 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, S¢/ Rep, 2017). Moreover, we
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recently identified its significant involvement in lipid metabolism in cells. This function is largely
impaired by moyamoya disease mutations (Sugihara, *Morito et al., J Cell Biol, in press).

4. WX, EBRE

S.Ito, M.Saito, M.Yoshida, K. Takeuchi, T.Doi & K.Nagata : A BRET - based assay reveals collagen
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interaction. J Biol. Chem. in press

M.Yoshida, M.Saito, S.Ito, K.Ogawa,N.Goshima, K.Nagata&T.Doi : Structure-Activity Relationship
Study on Col-003,a Protein-Protein Interaction Inhibitor between Collagen and Hsp47.
Chem.Pharm.Bull. in press
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Haemostasis 16: 1-14 (2018)

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
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(2018)

D. Sepulveda, D. Rojas-Rivera, DA. Rodriguez ,J. Groenendyk, A. Kéhler,C. Lebeaupin,S. Ito, H.
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Riyuji Yamashita, Ryo Ushioda, Kazuhiro Nagata :

Deficiency of ER-resident reductase ERdj5 causes disruption of Mitochondrial morphology.
FASEB Meeting "Protein Research Conferences”, Bonaventure(USA), 2018.07.22-27 ({BFRR %
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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
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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 and ions across the OM. Absence of Por1 shifts the equilibrium of the TOM
complex towards the trimeric form and accelerates the assembly of newly imported
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. What is the role of the minor population of the dimeric
TOM complex lacking Tom22? We observed that minimizing the proportion of the
dimeric TOM complex by Porl depletion selectively slowed the import of soluble
intermembrane-space proteins that use the TIM40/MIA pathway. This suggests that
the dimeric TOM complex facilitates import of soluble proteins into the intermembrane
space.

The MICOS complex mediates formation of the crista junctions in mitochondria,
which is essential for mitochondrial respiration. Here we analyzed the mitochondrial
import pathways for the six yeast MICOS subunits as a step toward understanding of
the assembly mechanisms of the MICOS complex. Mic10, Mic12, Mic26, Mic27, and
Mic60 used the presequence pathway to reach the intermembrane space (IMS). In
contrast, Mic19 took the TIM40/MIA pathway, through its CHCH domain, to reach the
IMS. Unlike canonical TIM40/MIA substrates, presence of the N-terminal unfolded
DUF domain impaired the import efficiency of Mic19, yet N-terminal myristoylation of
Mic19 circumvented this effect. The myristoyl group of Mic19 binds to TomZ20 of the
TOM complex as well as the outer membrane, which may lead to “entropy pushing” of
the DUF domain followed by the CHCH domain of Mic19 into the import channel,
thereby achieving efficient import.
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*14’%/&‘, LR, Bi%EE, THA4E SRHEW, R|EE1EH, BRE AEH. SHEG. Bt 1§
T ERRY - EfJE’JXﬁ‘fnaa%LﬁﬂﬂZ&%E%ﬁ?% ’3’ F]—ATPase DRIGFRBIEBIEDRE & W4
ﬁ?%ﬂ% % 12 aFRZEsHREE RAERRES, 2018.9.10-13
ANE—, FREY, RAZE, WAREE, ZIUE2, ANEN, SEAEH 2040 XFIH/0EER
BEEZTEMIEERA N L AT TORIEMEAEEORIT, BAEYZERE 82 B, LEEERES.
5, 2018.9.14-16
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HAREH, mEELED, ANE EEENR Y ) —Z v Jichlid cMAEESYHEAI NIV K P-ERE
BIvy 7 MEHROEE, £ 91 EBEAE
tZeK%, ", EIIRMPLERRE, 2018.9.24-26

ANZEN, NSEETF, EmEES, BARNE S ~OY KU PR CDP-DAG &SR Tam41 OfE&1L, %
91 B HA4L (EZS AR, I, EREMERSE, 2018.9.24-26
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2018.9.24-26
THEE 2 th, HHEFFMR, EEELEN BANE U VIBERSICE T2 Pahl OERERT, 291 B HA%L
FaKR%, 7, EIXRHERE=E, 2018.9.24-26

FREE, MTEe T, AN, ENE Split-GFP ZRW e NVJEE Y — > O#EEED T, 5591 [EH
KECZRARR, 7, EBYRMEREREE, 2018.9.24-26

BAREX, AP— BN (BE) &5h BEAER ®EHE BFHEKM, /JRL SEBEEH: T < B
U Tz Pex7 f5& PTS2 # VXU E PTBP2 3FTH T A =V 514 7 AAA+TH 3, £ 41 BIHAS FEYF
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FYVINTBNAAY XY AARE Laboratory of Protein Biogenesis
HEHI® FE &I Associate Prof. Shinobu Chiba, Ph.D.
Bh¥ BER £& Assist. Prof. Keigo Fujiwara, Ph.D.

1. ARHRE
"AXFORINISHEDEGBBHRERISVMNICLTE
MEEARLTON EVWSHEER. EYFEOHLH “Regulatory nascent chains” regulate
BEWTHODFEITTWD, BHICRRNBES ., &
MEFIEEICY VIV BELERE T 2 ELCZHRIGD
EEHRERBRIIENTE.DNARGRY VIV EBEDK
SHARTHZOENS, FOHRARICEDIVWTY VI
JENERINNIEET EEMERETZIEND
ElLigd, E2BN, ERICIFE. FVYIRIVBPZOD
RBEREEHT TR F—FE ABNICEE
R TREREHEELRV, MICHELBERNY ’
ETHD. BIZIE. EHRROBTHIMBLEHHE Monitoring activity of
EVSBERDOBEDHOEURD FOEKERE Protein localization machinery
DREMHEBLLETH S,
UMIRETIE. Y/ VEOEHERM. 5Icid. ZOZHERE (BEL) OATFEBEBESHNICT D&
EFEHIEUMEEZES TWD, EMEHORBEERTH DY VI VENERINIEEEZES T 2 Z0BEE. BR
MEMANEZBRINDIRADEERZRTOLRATHD, COANZILEZEET D L. EEREERVEDTEAN
CEMEINDBBEEBIDZIEICEN S, AT, BRIF. EROE L THEBEEZRIETZI_-_— KTy
INOBREBHE U, FIZIE. HEE MIfM &, BISROEBETEEEZEMT 2 YRY —LlBENIF. BSOHIR
HRZ—FELE (PLAN) $2HEZFHFD, COUBEZFAAL. VNV BERHAKETH 2 YidC OEE%E
EZY—L. ZOEREZYFILYALICHET Z2REEZH > TWD, MifM OXERBICERITHERRETH D
FRERMEBERSNEH U KEBE SecM . BIIRO& E THEZRIEIZIRFOVEDTHD, TNo5D MEH
FFELEHE OFRBIE, ELTFORERBICOVWTORLDERZINGRT 2D THD., HAE., THIRELEDN
FREBCDEDRER KHBEBLTWS, ZOMRZEL T, "HIRELEODFEYFE) & WS HTBEM
DBORIREXKBICEBUZ V., B, TEMEZEE 2014 F 4 BICHKEMUE., Y27 U —F7z0-TH3
FEEBRKEOBABROT. HREZXRTLTVWD, KRERTIE. FERHEBEKOETDOS 5. HMREDIEEIC
BEITZ2HDEHMETERSET %,

Protein
localization
machinery

2. XREEOHERR

(1) HEE MIfMIC L Z2BRT7 L 2 NS 0 8

BEROBORARTSS MM &, BRORE N
T, BEOHRHBEREZTFLANT D, COFRFL R
N&. MifM @ C REEHRICEET 2B ED7 I /B />
5 (FPLANEF—7) NURY —LDAYT1= Ribosome
Y NCHBIRTFREHFHNVRILOAREPLPUIRY —
LSEWROMBEORD EHBEERAT ST ERS
InNdZEMUFIRINTWE, S0, BEEEN. £
{EZREANS. MifM & URY — A& DBEERD.
NYRIOARERICEEEFST, URY—LDOKRAZS
DB ICABEICDOZEHTRIZHDTHZ I ENRE SN (Fujiwara 2018 Sci. Rep.)»

‘,p\’-i PTC-proximal interactions |
’ \

\
—— Mid-tunnel interactions |

4

Interactions
on the surface?

MifM nascent chain
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(2) FIMBR7 LA SAFORE

EFfEICEVWTBEICRESNAEBRZLANAFDS5 32 (SecM. MifM, VemP) (&, ¥V /X7 EF
HEHEBICEHETZEGFOLRICI—RINTWS, SE. 40 0EBEULOBEEMEOY / LABERZHEEN
ICHRRL, YN\ VEREAEBEGTOLRICO—REINTWSBRZLANET .2, FIC3D2RH U,
KEHE. MERAOBRRZAWCERY., £EFNEBBINS. INSEVWINBHRFLANZESIERIT T
ENRE NI, WIND, HBEIFEDQPIRYTIEOHREFEIEZSIERIT I EbRS N, Tl BERIT
Mo, BIR7ZLANCEEAENDEFE U, BEREWCEIC, HEOELDBETEFNZNMIIICEUILER
bh2IhsD7LZANAFICIK. EBO7 I /BEINRBESI NI, COBKEWCDOWT, RERITEZHESD
TW3,

(3) HEEHY VNV ERBEAKE YidC DHAEEDORER

MEREICIF. 2120 Spollld, YidC2 £EMEN2 220 YidC/REOIHFET %, thEED YidC FE TE
BASNDZEDPBEEICRESNTVWEIEEF. MifM OA&TH S, thEREICE TS YidC IRENSY >~ /KT BIEME
ABREOEEMHLEENER. 7 TFEREZIEMRT ZcoHIC. HER YidC OFREEBEZERLTWVWS, MifM D
BR7ZLANEF— 7% CRBGARICHMTZ2HICED BEAZRMNTEZREB/EL . RABHERES VN
VEOEBAICEITS YidCHKEHEZRIL LI, TDHER. SpollJ kFEZRTES YN\ VBZEHRH U
B, SolcEEORRZEDDEEHIC, ChoDEY V/IKTED YIAC D ED K S BHEEICKT L TEEA
ENZONZEBITL TS,

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) Extensive interactions between MifM and the ribosome contribute to the 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. Our current
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analysis revealed that elongation arrest of MifM involves extensive interactions between the MifM
nascent polypeptide chain and the ribosomal components including those on the ribosomal external
surface (Fujiwara 2018 Sci. Rep.).

2) ldentification of novel translation arrest peptides in eubacteria

Three regulatory arrest peptides previously found in eubacteria (SecM, MifM and VemP)
function as a cis-regulator of the protein translocation machinery. They are encoded by a gene that
resides upstream of the gene that encodes possible target component of the protein translocation
machinery. We searched for novel regulatory arrest peptides from more than 400 bacterial genome
seqguences, resulting in the establishment of three novel arrest peptides. We confirmed that they
were able to stall B. subtilis or E. coli ribosomes at a single specific site of the coding sequence.
Systematic mutagenesis allowed us to identify amino acid residues that are required for the
arrest-provoking function of the nascent peptides. Interestingly, they seem to illuminate some
common amino acid sequence features.

3) Identification of YidC substrates in B. subtilis

B. subtilis has two YidC homologs, SpolllJ and YidC2, but their substrates have not been
identified, except for MifM, which is known to engage in either insertase function. To further
understand the physiological roles and molecular mechanisms of the YidC pathways of membrane
protein insertion in this bacterium, we are attempting at identifying novel YidC substrates. We use
the translation arrest element of MifM followed by LacZ as a c/s sensor of membrane insertion of
membrane proteins predicted to span the membrane once or twice. So far, we have identified several
putative YidC substrates.

4. WX, EBERE
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EEEMFEMRRE Laboratory of Developmental Biology
®i% SEEEAN  Prof. Hisato KONDOH, Ph.D
B FTASEF Assist. Prof. Machiko TERAMOTO. Ph.D.

1. ARBE

R - ey VIV EOBEY AT AL U THRISESHEERFHIEZMETL TWS,

MMM - REE WS TOCRAZRB I EICEL > T —EDBE L HEZ R > MBI L, BEERZHET S
feohicid, MBS SRSV FIcESE. BERFICL 2B FRBEFIEINEETH 5, KICHITDERTFHRR
DFE OMFREEPEREE T L. Z DREOEEDIKICT 1 — RNy I SN TEGFRREZHET 2, 2OLS5K7
1« — RNy oflEZEES. #ighE - RN FIVnEs. BERFOFEREBZHRAL. 2nony v\ EDERE
VAT LEUTHRE - ARERI S EZRBZHSHICT %o

2. ZEEOHEER
(1) ROBMRREEDOEIICEH T ZEERT SOX2 & ZIC2 O#EerxinRER

BRERT SOX2 &, MRBRRREDRIEHIFICEVWTHONLEEEIZRITH, SOX2 DEEEEHmRIL TE< /C—
R F—AFIEELTWVWR I NS, HRREEICEVNT SOX2 NEDERFE/N—RF—EFZONIEBRLREET
HD, CNEPESMHICT BHIC. Sox2 ExFOREREZ., KEEORHAMNS, 2L THERSETHIET 2 D1 T
NB =2 2EEHIEEREL .

440 IEEFDRESZHFODDI TV/N\YT—%F AHNS EXTOLBEBICHIT T, TnFhiEM. H2ZWIHAL-EDE
TIVN\IHY—FEEERIT U, 2N 5 D% tkEGFP L/R— % —Ic 2% T=7 b UBRIC electroporation iC & -
TEAL, Zh5OEEEROEFELENEOT YN\ VY —EEETMEL 2. ZOER, FOICHIET S CD FHEO
HAEhEN, BRREREICEFZ DI TV/N\YT—DFEREB>TWEZ EWbh 5T,

CD HEBICKRABERZEAVTCI VAV Y —ERANOEEZANCER. 28O SOX BFHEERIIE 1 &FD
ZIC AFHEEmIIOERN, TNV —FEEEUCETSI B, £z, D1 TYN\YH—EHEIE, SOX2 & ZIC2
DEHEDEICL > TEHEES N, NS DFERM S MRREEOHEICEWTIE, SOX2 D/IX— K F—EHFDV
EDNZIC2 THB I ENREEI Nz, £l hsDERTFOHEAELEN Sox2 BExFOESHMICEREAL->TWS &
EZZ5N1%,

(2) AIESBRHNREICHKRET L IMORIREOREDRIEHEZ., BEEOZ A T4 X =Y J TR

FHEGARROIE TSI MM SHKL T2 BEEOMIE. MOBAREDETICREDETILTH SN, B4 DM
DIRZDEWCETZTATAA=I VI T=I Db >Tcfcdic. ZDEITIEEA TWEDN > Tco RIFRTIEET . R
T=Y4DZIRNIREOIET S ANAEE S VT LAEATHREUESRE UTEEERL T MOREEGN %
ER UTco ZNENOMNERIIC. EOEBEICOFHRITZIET S A MNIRNNET 20N EBIT U, TOREERE. NOR]
BRECNETEZISNTW LD HRERDIMCEWEBOIET S X M7 L TW e, BIBN. FRAX. D RIERIA 1.
IET X NDHEROFRRE D NS FEORIICH T T, ZOIEFETRES N T W,

HOENS &>/ — REBEROREICBIET 2 &, F2 ORELBMEBRIEREI N, COBEEZM®IFT S
e, mCherry ZRIEIT 2TV XTHD/ —R%E, DB U TEGFP TE#HZIN=ZTNUEOIE TSI N DOFIHD
RRIGGICBIEL o, BEES NI/ — Ri&, FIEFAIEE (AME) CRETDEEHIC, ZORABICHIBEEDT
772N (BMORIERE) 2EG3 i, TOHKRE. £ UIMORIERAEBENF > TOZIKERHEEE KR U /.
AR BAEBDNZ DB THRE LIz, AME N REDEAHOMEIRAEZESSIE2EMEIF. BMP 7Y =X hTH3
Noggin 99 % COS il DBIE TIRINT 2 2 &N TE T,

(3) NEEETD SOX2 DR|M, AHABNSBENDORLEZ, EREBFRBORNGICHST
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BERF SOX2 [FHEEDFIAITHIR S, ZDRBISHHAIBZENTRE & PREFERD ERICFKEET %, SOX2
DFIEERED RIS RIBDREICED L SICEADLZ DI ZHSMICT B ic. NEERRNIC Sox2 B FaHiEL .,
ZOER. BEEHIRBRODHIEC ST, FIEABNSHEEEZ DS 1 AOBELNHKEL, ZOFEHNS T
DREXHDURU oo SOX2 DREBMZWEIREIBHEDED EFR . INTHIFREFICRENDR NKX2.1 Z2RRU
foo E5IC SOX9 DHEB/NT —2H5E REEEZDORCED LRORAIRTEDHEEZRFE. U TERA (BA)
BREXDOUHEZR DI &b T,

BEZIROBEOEABIE Wnt4 zRIRYT 32— KE/KIEXZID BEOEFMIE SOX9 & Thxb = HIRY % DTH
HEICXBTES, SOX2 DRRER > bzl EOEA#IEE. ERICh> TRE/KSEXDEEERU .
Ufeh’> T, SOX2 DHRBOEREICL > TELI B LRICARFL T ARABORESY 1 ITHIE/R[EXY 1 Iha#
ATRET D ENHESNCIE ST,

(4) Ny IRy T TFIVEREICRIBERDBERTIE. ORARENSERO TEFREDOEBEBNIRLEL, 215
H 5 EFMBRKRBENHKET B,

Ny IRy T2 T F IV BBOTERR L 2MEIC b 3 SR HIEKEZRET 5. NV IRy ITVITFILHNTE
FREOREICEDLSICBDD, 2L TTEERRENBENICH OKBURRERICEDL S ICBDLZDHZHSHIC
TBDIC, NYIRY TV ITFIUBEICRBZRFODVIZERE (Talpid ZEE) OREEEGHREICET 2 TER
REQREZBITUTc, Talpid ERETIZ. BEOTERRE (Zh7%8) KX T, TEFRREICESD LHX3 %
HPRTIEBEEEH. OFERHISHEEL TWe, INS5D LHX3 ZRET2ERE (S ANTEZET) O—H
SOX2 & PAX6 ZHFKIR U2 (KBFFIRAIREE) DICHEW T, LHX3 OFIRET & PROXT OIFHEENE IO,
JVRZ) DY N EFKRT NS BKBEBEBORELSRB S Nico LIch > T AV IRV TV T FILIETERE
REOHKED 2 DOREICEDL>TWS, F1ic. ZMNTEBOFREZ, BETREIANY IRY T TFILHIMEW T HFRIC
BETDIE, F21C. LHX3 OHRRZHTITE & ICE > TTEFRREN S KBEANOHKLEZIHTEI & TH S,

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 2018.

(1) Possible functional cooperation between SOX2 and ZIC2 in the establishment of embryonic neural
primordia

The TF SOX2 plays a central role in the development and maintenance of neural primordia. Because the

function of SOX2 relies on interacting partner TFs, it is important to determine which TFs cooperate with

Mouse CGCTGIrAAGACCT-~~CCTCAGCATGGGGAAGATTGGGGGTGAGCCACTGGAGGAGGGGC

Rat cgeTg] Acf@ ~CCTCAGCATGGGGAAGATTGGGGGTGAGCCGCTGGAGGAGGGGC
Human TGCTG| dGCCTCAGCATGGGCMGATTGGGGGTGMCAGCTGGAGGAGGGGC
Platypus pGCTCIPAAG -~ ~TAAGCCCCAGCATGGGTAAGACTGGGGGTGACTATCTGGAGGAGGGGC

Chicken —— - —f - G' ------- CCGCAGCGTGGGCA-GATT GAGCAGCCGGGGGA
B3 |B2 »
Mouse ~GCA~GT~ CTCGGC TGCAG--GCCAGTCACGGAGGTCCTGCGGAGAAGGCGC
Rat -GCA-GT-CTC CAG--GCCAGTCACGGAGGTCCTGCGGAGAAGGCGC
Human T~ CMGCCCTGGGCCTTTGTMTGGAGGGGCGAMC CTGAGATCCTGCAGAGAAGGAAC
PlatypusT~CAAGCCCTGGGCE TAGCCCAGGGGCAAAACACTGAGACCCTGCAGAGAAGGAAC
Chicken TGCA~GCCCTCCGCE ’!‘ACCGGAGG-GAGA?ACATTGGGATCCTGCGGCGAGGGMC
Mouse ACAGAAACCCTCGAGGCC-GCAGGAGCAGCCCCGC! GC-GTTACATGCTTGC
Rat ACAGAAACCCTCGAGG(-CTGCAGGAACAGCCCCG! GC-GTTACATGCTTGC

Human ACAGAAACCCTCAAGG xé%mTAGACCCAG&CMGCCCCGTTACATGGTTGC
PlatypusACAGAAACCCTCAAGG - TGGACCCAGhmaC-CCGTTACATGGTTGC
Chicken ACAGAAACCCCﬁA(‘E(i GAG-AGARATAGGCGCAGA: SC~CCGTTACATGGTTGC

Mouse CTGTTATTTTATTTACTGTGGCCTGCGGGACAATTGTTTTCTCTTT

i CTGTTATTTTATTTACTGTGGTCTGCGGGACAATTGTTTTCTCTTT
CTGTTATTTTATTTACTGTGGTCTGCAGGAGGATTGTTTTCTCTTT
CTGTTATTTTATTTACCGCGGTCTGCAGGAGGATTGTTTGCTCTTT
STGCTGTTATTTTATTTACCGCTGCCGGCAGGAGGATTGTTTTCTCTT

Mouse GCAAAAATTTTCAGCCT = mm mmmm mmm C=AC=GGGCmmmmmmmmm e m e TTTTC
Rat GCAAAATTTTTCAGCTT === mmmmmmmm e CA-TGGGC-==mmmmmmmmmmmm e TTTTC

Human GCAAAATTTT AMGCTT CA-TGGGC ----------------- TTTTC

PlatypusGCAAAATTTTTAAGCT T = === === mm==Com=A=TGGGC === = = = = e e =

Chicken GCAAAAA~ TTTMGCTTTCT'1'TTTCCCCCCTACTT’I‘GCCTTTTTATTACTGTTCTTTTTC

Mouse TC~-CTCC-TCTGCAGECATGGTCACTTGTACCACGAG-GC—======= CACATAG===-~
Rat TC--CTCC-TCTGCA TGGTCACTTGTACCACGAG-GC CACATAG
Human TC-~CTCCA-CAACA! TTATACCAC-AGTGC CACATAG
PlatypusTGCACCCCAGCAGCAGE ——-—~~ CACTTAGACCAC-AGTGC CACATAG
Chicken T=TTCTCCTTCT~CA —6—————CACTGACCCCAC -AGTGCAGTGAGCCCA-ATACTCTG
B51B6 -
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SOX2 as the partner factor in neural primordia. To address this problem, we investigated the Sox2 D1
enhancer, because D1 enhancer is activated at an early stage of neural development, and its activity
uniquely covers the entire neural primordium, in contrast to other CNS region-specific enhancers of SoxZ2.

We divided the D1 enhancer sequence of ~440 bp, which is conserved across the amniotes, into the
blocks A to E, and assessed the enhancer activity of the blocks using ptkEGFP reporter, which was
electroporated into chicken embryos or transfected in neural stem cell lines. We found that the centrally
located blocks C and D in combination bear the major regulatory function of the D1 enhancer.

Mutational analysis of the block C + D sequence indicated that two SOX binding sequences and a ZIC
binding sequence are involved in the D1 enhancer activation. In addition, the D1 enhancer was activated by
the combination of SOX2 and ZIC2, suggesting that the novel pair of TFs, SOX2 and ZIC2 plays important
roles in the regulation of neural stem cells, including Sox2 autoregulation.

(2) #/Anterior mesendoderm-dependent regulation of brain precursor development determined via live
imaging of avian embryos

The early regulatory processes of brain development in avian embryos remain poorly understood, because
of the lack of live-cell imaging data. To establish a fate map for each embryonic brain portion, EGFP was
expressed in a randomly selected cells of stage 4 chicken embryo epiblast. The resulting EGFP-expressing
cells were followed to trace the origin of the cells contributing to different brain portions. The results
indicated that brain precursors were more widely distributed in the epiblast than previously believed and the
precursors of the forebrain, midbrain, and hindbrain were regionally arranged from the antero-central to the
medio-lateral portions of the epiblast in order.

Grafting an exogenous node into an anterior position of the host embryo led to the development of a
secondary and imperfect brain structure. To investigate this process, mCherry-expressing quail nodes were
transplanted at various anterior positions of chicken embryos, where the epiblast cells were randomly
labeled with EGFP. The grafted node developed into the anterior mesendoderm (AME), followed by local
gathering of host head precursors surrounding the graft-derived AME, which in turn led to the development
of a secondary brain portion that reflected the regional specificity of the gathered head precursors. The
AME’s head precursor-gathering activity was mimicked by grafting COS cells secreting BMP antagonist
Noggin.

Our results indicate that node-derived AME provides a center for the gathering of brain precursors in
the epiblast by inhibiting BMP signaling, which comprises the initial step of head morphogenesis.

(3)#Endodermal SOX2 expression determines the esophagus character of the anterior foregut in both
epithelial and mesenchymal components

The TF SOX2 is expressed in the anterior endoderm and its derivative anterior foregut (AFG) epithelium,
which further develops into the epithelia of esophagus and respiratory system. We investigated the
consequence of endoderm-specific SoxZ2 inactivation to clarify how SOX2 function is involved in the AFG
development. The SOX2-less AFG epithelium developed into a single epithelial tube connecting the pharynx
and stomach, from the middle of which a pair of bronchi branched out, as examined at E11~12.5. The
SOX2-less AFG epithelium expressed trachea/bronchi-characteristic NKX2.1, indicating the change of
esophagus to trachea/bronchus. SOX9 expression level in the epithelia varies depending on the region of
the respiratory system: low from the trachea to proximal bronchi, and high in the distal bronchi. SOX2-less
AFG epithelial tube from the pharynx to the to the middle was low in SOX9 expression, while its expression
level increased toward the stomach, indicating that anterior and posterior halves of SOX2-less AFG
epithelium developed as those of trachea and bronchi, respectively.
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The mesenchymal tissues
E12~13 SOX2-less a|imentary surrounding the esophagus and

. : hea/bronchi are clearly
Wll trac
d type tract IaCkmg esophagus distinguished, e.g., the former

expresses Wnt4, whereas the
latter expresses SOX9 and Tbxb.
The mesenchyme associated with
SOX2-less AGF showed all
characteristic of trachea/bronchi,
indicating that the absence of
SOX2 in the developing AFG
epithelium also caused an overt
change in the surrounding
mesenchyme. Thus, endodermal
SOX2 expression determines the
esophagus character of the AFG
in both epithelial and
mesenchymal components.

(4) /Development of multiple pituitary pouches from the oral ectoderm in hedgehog signaling-defective
avian embryos causing ectopic lens development

Hedgehog signaling has versatile regulatory functions in tissue morphogenesis and differentiation. For the
interest in its involvement in the pituitary precursor development and in the lens precursor potential of
pituitary precursors, we investigated Talpid mutant Japanese quail embryos, which are defective in
Hedgehog signaling. Talpid mutants developed multiple pituitary precursor-like pouches of variable sizes
expressing the TF LHX3 from the oral ectoderm, in addition to normally positioned Rathke’s pouch, which
are collectively called pituitary pouches. Some parts of the pituitary pouches co-expressed TFs SOX2 and
PAX6 in the nuclei, presumably primed for lens development, bulged out and activated TF PROX1 with
concomitant loss of LHX3 expression. This was followed by the development of small lens tissues consisting
of lens epithelium and lens fiber compartments and expressing all a-, -, and §-crystallins. Thus, hedgehog
signaling acts on
Rathke’s pouch
development in two
different steps, first
to confine Rathke’s
pouch development
in the hedgehog
signal-low area of
oral ectoderm, and
second to sustain
LHX3 and to inhibit
lens development
from the pouch.

Rathke’s pouch

Rathke’s pouch

4. WX, FELL
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1. HARGE

YRV EOBEFSYPEGOERBRICHDERAURBEDERD DDH B, Y V/INVBEAF. BIcREERTFE
IRARTHZE DY YINVEOHEERZREWEEZI TWS, ZOEBAEN SHRNICIFRPIEZ FHYRRT
DHTBEIERDOTREENEF N D, BEUTORET —Z#HE UTHREED TWS, X BIERBEBETE I 714
BETEMBEEETELFEE L TCHWS,

(1) ADP URYILbER & ZDEND FEERDOEEEYS @ KRA RRMEYIE ADP URYJLILER(ADPRT)
EHUT, IRANDI VIRV BEEHIL. RANDY I FIEERICHEREZ S, ZORIGEEN & 20 RICHEE
DFEEZBES NI N, BRLBEADP URYILELESR (BR) CZ20RBEESARTORBEERTEZES TWD,
(2) H{HE b T 200y O & BXIEE ORI - Cperfringens B2\« FU—&FXKIE R U7V F > % ADP
URVIMET 2 la E CNEBERANEXTZ 8200V  Ibh54R5, hZYXO0Y b DEECKEEICERE YT
TR ZEHEDH TW D,

2. XEEOWFTER
MEYOFIVICHFEETZBREECTY Y VIEDNA %Z ADP URYVIMET 28R E LT, BEMAAEY Y —ERSIC
LoTRHEI N, ETU I VG BLAOANAMREICK L THIEEEEFEERT ZENSHARIED SN TE k. BAX
DTI—=7TlE, FVIVEEENE UFMBEBEED ADP URY I EEROBE - iEE., FIcEBY V/INVEED
BEEHSHSMNCT ZMEERET> VWD, TOHEER
BICOWT ISR 2 EMEMESD Boic. DNA % ADP UR
VLT 2R OEE S EEEICERE L SR EIT o> co
BEICH T NIC/cB3%E SCARP W\ EET %, ETUY Y E
SCARP MEWI ETUYVIEZESEA®DDNA ZFAT
ZE L. SCARP FEDFDI 7 ZricH U TEREERT
CETHOce DT T ZUREREILDODWTHID I2WEE X
ScARP & GDP o#fERbZEIT\WZEOEEZHS M IC Ui,
BonfBEz. BICBANEEZAS ML TWS, RhoA
@ Asn % ADP URRYIL{ET 3 C3ERETH L, €55
HBZED ARTT L—7 LD GIn(Q)»¥ SCARP TlE o' 7 =
#, 55—AD C3 Tk Asn DR#EEIT> TWe, TDE

ERAWEIZ. ARTT & NAD' L EEOENEE . HEH —_—
EEETI /BRENDLEDTHOHENS, BIFEBTWVS S gsA Superimposed
D Rho.
(MER) ., TEMNE ADP UIRY L DEE ORHEEx NADH NADH

BHS MM U feo

(2) C.perfringens h’%§D binary % TH 3. BILFERER b DS S e ZEH TWD, BILERER b &
FUOFURERNADP YRV LT 2BRlaZBEEESIETZ NI YAAOYTH D, lab’7 o F 2D ADP UKL
EUERET ZOICE b NOKBEE T LEAAY IY—%2F. RICHEE L THEELLER LAY I3 —
NoRZEAERR. QInicladEE UL, la DIFEBENZE T T, @Dlallb A IV—ELZBET S, D4
DORTYIHELEZE  (THR) . RUOBERFTOBMNIE. 500KDa A Y IX¥—%E2 7 LEALS L CEALD
BEZBHSMNCT 2 & THD, Ib ik 20KkDa @ FOEF(pro)& 75KDa D 4 DD R XA U575 2ZRT 1 (Ib)h 5 AR
%, KIBECREI T GSTpro-lbZEZ U TV Y FERNU TV TUEL, GST & pro 8. 7L 3@ETAY
ONY—759vavERh, BREEFENBEERE LTI S ABTFERET - EBB L, S5IccryoEM %
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AWCBRFEITES K-, MEZD@BITOHERE. 1A= T — DS A DlaDUnfold & FiB D B (i)
VINEREEEZZIET, £DBVWHREDT—4 IS N mnﬁy/ \gmﬂ
TEBVWHIERNEMZ TN, & . ]

.€ .€ '7\9 (]
(3) BAETUAREICHERPICERTZMETHD., & * * 4 4
B CBRINEANEEERTIZIET. ENCELRLTE || nembre : : : :
KETUABREERIESE 2, T714%—VopC & R R
typelll DA BEBE N L THBE N, Rho GTPase TH3 Sl sy

Cdcd2 O Gln 287 S RT3 2 & T, BEMBICHEL. ---
BRLPT<THBEHE>TNBEEASNS, BRASER
HOBROFBEEEESNCT B0 VopC OREEME
BRI 2510 e, Bic VopG - M BH I KB -nn
Cnfl OBEIFASNCE>TWED, ZOEBEREKIER

72D, Cnfl TIX RhoA RN TH S, INSDIT I ML Ib-oligomer H¥F#&r 2D 7 5 AEHKR
FH D Rho GTPase OF#HEE & RIMERIZ. BEEY VXV BE DEEROBENHS I TRV HICISDN>T
WV, AR IFBEADBRBEZIT TR, Cdcd2 BEERTOBSHEITE., RBEBZNZ cHDEBEEREKZ AL
TSR EED TWD, ZOREDEENE SN, TORRE., £LZICT+—RN\v I U THRAREED TV D,

3. Research projects and annual reports

We have been focusing our research on the structural bioclogy 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) SCARP is a member of the pierisin family of DNA-targeting ADP-ribosyltransferases (ARTs). Pierisin
group enzymes ADP-ribosylate the N* amino groups of guanine residues in DNA to yield
N?-(ADP-ribos-1-yl)-2’-deoxyguanosine. Though the structures of pierisin-1 and Scabin were revealed
recently, the mechanism of specific substrate recognition was poorly understood because of a lack of
substrate-binding structure. We revealed the structure of SCARP bound to NADH and GDP (substrate). The
structure showed that guanine of GDP was trapped between N-ribose of NADH and Trp159. Interestingly, N*
and N° of guanine form hydrogen bonds with OE1 and NE2 of GIn162, respectively. We present the first
direct observation that the ADP-ribosylating toxin turn-turn (ARTT)-loop including Trp159 and GIn162 plays
a key role in the specificity of DNA-targeting guanine specific ART as well as protein-targeting ART such as
C3 exoenzyme. We propose that the ARTT-loop recognition is a common substrate recognition mechanism
in the pierisin family. Furthermore, this complex structure with minimum elements of ADP-ribosylation sheds
light on similarities and differences among two major subclasses that are distinguished by conserved
structural motifs: H-Y-E in the ARTD subfamily and R-S-E in the ARTC subfamily. The spatial arrangements
of electrophile and nucleophile are same, providing the first clear insight of the common reaction
mechanism in both ARTs. ARTC (ScARP) uses the ARTT-loop to recognize substrate whereas ARTD (Arr)
uses the C-terminal helix instead of the ARTT-loop. These characterizations would facilitate to make better
inhibitors of ARTs.

(2) lota-toxin from C. perfringens type E is a binary toxin composed of an enzymatic component (la) and a
pore-forming protein translocon (Ib). 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 pore-foming translocon.
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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 translocation via lb.

(3) 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
the catalytic domain of cytotoxic necrotizing factor (CNF). VopC was reported to deamidate Rac1 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.
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