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P FHREYFEHRE Laboratory of Molecular and Cellular Biology
BI¥ XxH F7Z Prof. Kazuhiro Nagata, Ph.D
Bh#% #H = Assist. Prof. Ryo Ushioda, Ph.D

1. tARBLE

AFHEEYMERRETIE. IV NVBD—4, ZREGHAROBELTEREL. FV/IVBDHENSTEETD
AXAAZZXLZRGIC, ATH, FIC "FIoeROVICEKZ 7A—ILT 1« V7 EMBEEESRIE, 8L TH VNI ER
BEBHEE, CERZH T UARZED TWD,
ZYIRVEIFIELKERIN, ELWEEE & > THIH TRROEEEZRIET 2D, FniCi3BLODFI v ROV
NEEGBEZL TV, FEWoRALEUWKEZERS LY Y/ VEDS., MZICARBTICH I DEADRA ML RITK
STEMULRD, BEHERICEI>TESUTHELWEBEZENBWI Y NNTELFET %, CDLSBRVDKE<
RARY VIV E>F, BICHEEZFILBWEIT AL, MlEskICk> THEEZFEL. PILY/I\A I —HKFP/{—F
VYVIRDLSBEBEBLAODHEBEREREDRREHKR>TWS, >T. FVNNIEZIELLKEMT S productive
folding &« TRAT7A—ILR LY VRO BZBIEICUBIT Z/HOREEERBLZ LD ESICHARIT D EEF. TV
IRV EEEOERE. MIELNILTOEMY AT LAOEEEOHFEVWSEANSIF. HBEOHEREZTH S,
AARETIF. EROIVEINCH ST UTO4DDEER IOV 7 MTOWTHREZEH TWVWS, WIT N,
CO—FETINETHRELTWEDN > ey 1Y/ NOFBWEREVWAENE S, ZhZ2hERBOERCH D> TV
%,

1) A= URENS T v ROV Hspd7 OHEERR

A= YARICEWTIT =T VEBENSFY v ROV Hspd7 ERBEDEREERIZLTWD, Hspd7 IS E /AT
BEREDRIEEDEEBICHEELTRED. TOBRARDL S IFRELEBTO Hspd7 OBEENEETH D, ML
THEADORREZIT>THED. ZOEMEEYERDIT. BFZEEL TW2, KBV —Z VT RORHFKD
FRRICESTRED, 2070V I MNIEESK EDOHRAMRBICEEL TWD, Hspd7 BERANKEL. REAEZ
WITTELIVINVBETH DD, HEODERBLEHINETOD Hspd7 FARDHMEZ & . BEFE& UTHREL,

2) MNEFICHIFZYVINNVEREERE. LRy IR, ALV LEEEOI/ORM—7 NAFEFEEHIFOR
I3
INBEETIRATA=IRUIEI Y RVBR YA MVIABEERXERINTHASIEFFOF7T7Y —LRICL>TH
fEINd (ERAD) , ZOBET ERA)5 EWSERNBRNEBERREEZRLLTWS I EET TICHRE LD,
felc, 2@ ERAjb DALY T LRy 7OERZFHIET 22 Elc &> T MWNBEROAIL Y T LAEEEHFEE>TW
528" HBBU, LY RARHEN LY VYNV EREEEEANYVLAEBEEDIOXN—=JIEBLTWS,

3) FHRNREERFICE DA — T 7TV —LDOKES OFIEHEE DR

A= T77I—RBHIEADY VINVBOAINARTZDEDENMRILIET 2HETH D, EERR . FIROA— K
77 I—0fEY VNV ETHS ERd)8 ZXKR Ulc, KFE—FMTI D ERj8 ORAICET 2ENEL GERUL.
ERdj8 B’A—h 77V —LDKRESZH/ETEIE. TDIEICE > TREBDBEEDBHAMHICDATH S
EEHSMCT B ENTE o AMRICE > T MREDILEFFIF, BREFRTORERICEHS N,

4) EVEVREZMEEERTFIATY v OEERIT
EVEVRIFERACZVWKNMERETH D, —BICREEORENRD 5N DD, HALIFHD TORERERRE T
EUTHBOEXREGFIRATY Y2 /O0—=>2 Uk (PLOS ONE, 2011), Zh&ET. S RT U YN AAA+ ATP
T—EEERLVCIEFFUEEERT I EY. BT T70 v V1 DIME - BN - HREEICEETHDIIERESE
BSMCULTERD (Sci Rep 2014, 2015). SHEE, S XTYUREIVINVBEERISROMN > USP15 & =
27 OEERBIC O WTHS M Uic (Sci Rep, in press),
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2. XEEOMEHRR
1) AS—5VEENDFY v ROV Hspd7 DHELHERRMT

WME AZ—TVREND T v ROV Hspd7 DEENE M4 X TEBERASEZSI TR T T EMNRES NI
B4 lE Ol ORAE %2 Hspd7 ZEEDATFORMEZANIHER. ZTEICK D Hspd7 ODEDFEAIZIF TldRL. &
FoyROYELTAT—TYOERICDALERZ AT =T IYANDREEREDFEL S T BERALEZS ISR IR
RAD—D2TH3 I EhEZ SN (S.lto, KNagata Biochem Biophys Res Commun. 2016),

My VIR EIFINEIRTAEREI NI, ER exit site & D COPIl X/ EICEdHiAE N, BHEE L GEENRTL
KA, 7AAT—TrOmibiE. FORFHAINERTHZZENS, BED COPINBICIFAD ZE5T, FHELRE
Blck > TEEND EEZ SN TS, B, ERexitsite IC&WT TANGO1 WS4 /XU EHE KR COPIl N
FEREBNY., A=Y ODMICEET 2 ENESNCRD DDH B, HAIFERMEIC LD, Hspd7 A TANGO1
AT 2ET. I5— T YOBXICHEEREZEZ L TWEEEREBIT T —FZHE L7 (Y. Ishikawa et al, Proc
Natl Acad Sci U S A. 2016),

Fio. BAIE Hspd7 OEEREAZBRNE U, Hspd7 A5 —7 Y OMREEREBET 2LEMOTERNS. Bl
Hsp47 BECEMEZ B TWENEFEFIREEH). SE. A7 Y-V 7BROBRNZTV. fibl&dELRDEERXT
REENE EUEEYZE,. 07OV Y MIBEST EOHBARICKEL. HIFIE. RXRBERPTH
%, Hsp47 IZHRANER L. REMEER T TELIVINMIETHZD. INETO Hspd7 IRAEDHEEF & . B
& LTHRKLRE (Slto, KNagata Semin Cell Dev Biol. in press).

2) NEEFIEBITIZIVYNIEREEE. LRy I ZF#. AL LEEEOIOA M7 D /NEEEEEHEOR
B

HREANGSED—2TH2/N\RBETIE. FYNNITEREEE - LRI ZAHE - ALY TLRAAXT YR EVWS =
DORBEEANEEZRIFLH V. BEEREZHIZFL VWD, BLIZINEBETYZILT « RETTEEICH LU ETESR
ERdj5 Z% B U. ERdj5 hVI\BAEDL I F & VIRV E EDEM 8L U FU v ROV BIP L EERERTEZI &%
BH Ufco ERA)E 3/NBAETHRIBNICZE A 7 A —ILRUABEBED Y ZIL 7 « RiEEZBEDORITEE TR L. /I
RRAENST A MVILADOBHZEREL, FYN\IVBEREERICEVWTEELRREZRLLTVWS I ZRBHULEE (R
Ushioda et al., Science 2008; M. Hagiwara et al. Mol. Cell 2011; R. Ushioda et al. Mol. Biol .Cell 2013),

T 5(c ERdjb WMNEAE EICEET D2 NIV TLRY T SERCA2 DY RIL7 1« RiEEZBEDEITEETHRRELU.

Car BgYiA% OFF Ca* BYYAHON  Ca ERY5A% OFF BEREERT 2 & TIRBENDAIL Y T LRA % R

SERCARD T U NBERD ALY ) LBBEICHEE S X TV T ENHS

! g g MetroTce & 51T ERAJ5 (/INEBERERD )L S ™ LR

, f i { ZREEL. SERCA2 COEABHFHERTL TSI L%

§-5 ) HS'"SH p S-5 BES A U 7z (R. Ushioda et al., PNAS 2016) , % f= ERdj5

BiZ  ERd5 A ARt | B (FER)

Ca’t DBETLANZZXL%ZFEAT 28 ERdj5 DiEEY V/INVE

R Tt DEEZITWV., BEASTOREICEI Uz, ZDHRT, #HHE

i SR @ DINBHEFAL RF2 VS VIV BICEBLU. invitro &

‘ S T it LW in vivo BT & 1T\, HfcREEE & 5 E I N S HLBETAED
FA RV HETzREU .

3) FRNBREERFICEZIA—F7 7Y —LOKES OFIHEEDRER

A= 77 I —FHEAOKRBENFERO—DTH D, EENICHIENICECZRREY Y/ VBELNEEDY Y
FZVRICKRELHFELTWS, EFE A—NT 7V —DBICHRERERSINNEEREI NIV RU 70OV 5T NY
15 (MAM) HDSEUBZENBESIN. MAM A=K 77V —ICEWTEERREIZF O ENHSMICKRST
Elco INFETIRBAIGNBEERICBES 2FHEY V/INVEBETH S ER8 2/ O—=T L. 5ICEFNH MAM IC
BEULTWSHEREEB T\, SSICHEMBEBTETocEC3 ERA8 EA— 773V —LDOKESE%HHTZ
ENBHE N, TRDOEMOHTDA—NT7 7TV —LDY A X &GIEHT Z2ERFTH D, BECNETORRICELT
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NI EFEEIT> TWD, 5%, D ERJ|8 DI SR DIEEMITEITSIE T, A—KT77I—0DHIEICEITS
HIlcNBREDESEZREL TLEL,

4) EVEVRERZMERFIRATY V OEEERENT
IRFYVDOBEREE. €77 70y Y 2 08RE
CRITDEEEZFHSNCH T, —ATI T
DYDBENTE DL SRIEEEF DY VINVERD
MESHhTERI>fce TDORA Y NEBEENCT S
H. SRTYVEEY VINVBEDORRERET> TERHN
ZD12THBBIEFF U EEER USP15 ICEBL
THRZETo . TDRER, 21E$EH S USP15 71 Y
TA—LDS5B, AV —U TR —EBEN29T7 =2 —_—— — -
JBRWFAY T A—LNELCIZTYVERHL. SATIVORBEMNG T HE. tfj
BAC+F T s icdoT. SAFUvERE JIIMVVAREBRIIME DR EH 5]
L. FELALOEBICEEL TV ERESD EfBC D,
s, EEREKETTo> K (Kotani, Morito et al, Sci
Rep, in press) o

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

Osteogenesis imperfecta (Ol) is a genetic disorder characterized by fragile bones. Mutations in collagen
specific molecular chaperone Hsp47, specifically L78P and L326P, lead to Ol, yet these mutants are not
fully characterized. We found that both Hsp47 mutants were structurally unstable and the collagen-binding
ability of the mutants was significantly lower than that of the wild type. Thus, the molecular mechanism
causing Ol might not alone be a decrease in the amount of soluble Hsp47 in the ER but also a loss in the
ability of Hsp47 to bind collagen and in chaperoning the procollagen folding (S.lto, K.Nagata Biochem
Biophys Res Commun. 2016).

Secretory proteins are biosynthesized in the ER and transported via the Golgi apparatus. The coat
protein complex Il (COPII) transport vesicles are about 60 - 90 nm in diameter. However, collagen molecules
are much larger, up to several hundreds of nm. Therefore, special COPIl vesicles are required to coat and
transport these molecules. The transmembrane protein TANGO1 facilitates loading of collagens into special
vesicles. Our collaborators and we identify Hsp47 as a guide molecule directing collagens to special vesicles
by interacting with TANGOT1 (Y. Ishikawa et al, Proc Natl Acad Sci U S A. 2016). And we reviewed the role
of Hsp47 in collagen folding in cells, the importance of Hsp47 in mouse development, and the clinical
relevance of Hsp47 in various collagen-related diseases such as fibrosis (S.Ito, K.Nagata Semin Cell Dev
Biol. in press) .

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 by cleaving the disulfide bonds of

misfolded proteins and by facilitating the retrograde transport of these proteins from the ER lumen into
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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 2011; R.Ushioda et al. Mol. Biol. Cell 2013) .

We found that ERd|5 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. We focused on novel ER resident
Thioredoxin interacting with ERdj5. We declared its new function and unique regulatory mechanism for ER
redox homeostasis.

3) ERJdj8 regulates the size of auto-phagosomes to degrade large autophagyic targets

Non-selective and selective autophagy promote the degradation of several sizes 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,
ERdj8, controls the size of autophagosomes
through the regulation of isolation membrane
extension as to allow engulfment of Ilarge
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
(Tomm?20) &HF/ET 2HFHD Dnal ¥ Y /NVETH %, such as 1T um latex beads and p62 were not

affected. Consistently, knockdown of dnj-8

ERdj8 (d/I\fa{&x (DsRed-KDEL) &XhJYRUF

KREEE MY RUTZICBEY % ERdj8 ZR"d .
o (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
ERd]8 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).
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1. tAEBLE
EREYOMBERNICIEEEICKELAILARS HI/NEE) BENMESN. TNSHIMRICEE ShicE# TR
KBAEZNIHEEL TWE, ERHERICDEDAINARS THZI NIV RYTFIE. 50 ATP EA & &b Ik
BYERSE - BREZEW, PRV RICHEDZ, SBEI NIV RY FHEEE Z(VOERE. BREHEREZEU
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DNEDBFEVITFINICHREL, RBEER LI NIV RUTERETZ2—AT. BERIGUTI NIV RYU 7R
ICEDEIRENH D, S hAYRUFPIE de novo [CIRESNT BBFEOI NIV NUFPZEIEKR. 2F. 2T 3
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HDOEY VIV EIE Sec6]l T ROAYMNSDTTIIIY—IAN+DTHRW D, —F 20TV DF v+
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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.

Proteins are under the elaborate surveillance to maintain cellular protein homeostasis. mMRNA lacking
an in-frame stop codon called “nonstop MRNA” would generate aberrant “nonstop (NS) proteins” as well
as accumulation of stalled ribosome-nascent chain (RNC) complexes. Although degradation of nonstop
cytosolic proteins has been extensively studied, fate of NS proteins targeted to organelles such as the
endoplasmic reticulum (ER) and mitochondria was characterized only in a few studies. Among them, we
found that, when degradation of NS mRNAs does not work efficiently, NS proteins targeted to the ER or

mitochondria occupy not only translating ribosomes but also translocons (translocators) in the organellar
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membranes. The Dom34-Hbs1 complex therefore acts on the stalled ribosomes to release stuck nonstop
proteins into the organelle lumen, otherwise the protein flux into the organelle is blocked, resulting in
defective cell growth.

Here we asked which of the pathways, the cytosolic Ltn1 and proteasome-dependent degradation and
the Dom34-Hbs1 dependent release into the ER lumen, NS-ER membrane proteins can be targeted to. We
thus followed the fate of NS-membrane proteins at the ER membrane with different membrane topologies,
and found that Ltn1-dependent degradation differed for membrane proteins with different topologies and
its failure did not affect ER protein import or cell growth. On the other hand, failure in the Dom34-
dependent release of the nascent polypeptide from the ribosome led to the block of the Sec61 channel
and resultant inhibition of other protein import into the ER caused cell growth defects. Therefore, the
nascent membrane protein release from the translation apparatus is more instrumental in clearance of the
clogged ER translocon channel and thus maintenance of normal cellular functions.

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. We previously determined the X-
ray structure of Ups1-Mdm35 and revealed the molecular mechanism of Ups1-Mdm35 mediated
phosphatidic acid (PA) transfer between the mitochondrial outer membrane (OM) and inner membrane (IM).
Here we asked if Ups2, an Ups1 homolog, can transfer phosphatidylserine (PS) between the OM and IM in
cooperation with Mdm35 for phosphatidulethanolamine (PE) synthesis at the IM by Psd1. In the genetic
background, where only the mitochondrial PE synthetic pathway is in operation, deletion of the UPS2 gene
significantly reduced the level of PE, especially upon diauxic shift. In addition, by using recombinant Ups2
and Mdm35, we could show that Ups2-Mdm35 efficiently transfers PS between liposomes in vitro in a
similar manner that Ups1-Mdm35 transfer PA between liposomes. Therefore we concuded that Ups?2
transfer PS between the OM and IM for PE synthesis at the IM.
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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 on 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 cellular 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 aims at understanding the still hidden principle of the central dogma of gene
expression, where nascent chains are likely to play key roles.
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This year’s accomplishments
1) Integrated in vivo and in vitro nascent chain profiling.

Translation is a key biological process where genetic information is converted into functional bio-molecules.
Several recent studies have revealed that translation elongation sometimes undergoes transient pausing,
which could possibly affect efficiency of cotranslational folding or localization of newly synthesized proteins.
To understand whether and how generally the elongation pausing takes place during proteome biogenesis,
we carried out systematic profiling of translation elongation of total 1,038 E. coli genes both in vivo and in
vitro. Nascent polypeptides were detected based on the existence of the tRNA moiety that is covalently
attached to the C-terminal end of nascent peptide chains. Our results revealed that translation elongation
of more than 80% of tested genes underwent transient pausing in vitro, in vivo, or both in vivo and in vitro.
Our puromycin sensitivity tests suggest that there are several distinct mechanistic modes to induce
elongation pause. Our data reveal that elongation pausing is a widespread event during proteome
biogenesis.

2) Interactions between MifM and the ribosome for 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. 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 analysis currently under way
revealed that mutations in the region N-terminal to the previously determined arrest motif of MifM caused
destabilization of the elongation arrest. We reproduced the mutational effects in in vitro translation
reactions reconstituted with 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. Structural data of the MifM-ribosome complex as well as the
primary structure information suggests that such interactions occur probably on the surface of the
ribosome rather than within the exit tunnel. Our analyses reveal that the elongation arrest of MifM involves
extensive interactions between the nascent chain and the ribosome.
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Y. Chadani, T. Niwa, S. Chiba, H. Taguchi, K. Ito: Integrated in vivo and in vitro nascent chain profiling reveals
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3.

Research projects and annual reports

We investigate the functions of major transcription factors (TFs), e.g., SOX2 and signaling factors, e.g. Wnts,
in epiblast cells and in the derivations of somatic cell lineages from the epiblast. The strategies include: (1)
Use of conditional knockout mouse embryos that allow inactivation of specific TFs in defined cell groups
and/or developmental stages; (2) Use of epiblast stem cell lines derived directly from mouse embryo

ep

iblasts to analyze the process of regionalization of the epiblast cell sheet in vitro; (3) Derivation of stem

cell lines representing an intermediate step of somatic development from the epiblast stem cells, in order

to

(1)

investigate the somatic lineage regulations.

The first step in the specification of somatic cell lineage is the regionalization of the epiblast cell sheet.
The most prominent regional structures are the Node and the primitive streak. Starting from the
epiblast stem cells in culture, we investigated the conditions under which cell organization representing
Node-streak structures are formed and endoderm tissues are derived. We found that the three-
dimentional culture of epiblast stem cells, low Wnt signaling, and high Nodal signaling are the minimal
requirement for the formation of such cell organization.

To obtain an insight into the transcription factor (TF)-dependent regulation of epiblast stem cells
(EpiSCs), we performed ChlP-seq analysis of the genomic binding sites in EpiSCs of five major TFs,
ZIC2, OTX2, SOX2, POU5SF1, and POU3F1, using biotinylated TF. We identified the following new
features: (1) The genomic domains of megabase scale rich in ZIC2 peaks and genes, and those rich in
POU3F1 but sparse in genes, alternate in EpiSCs, reflecting the clustering of regulatory regions that
act in short- and long-ranges, which involve binding of ZIC2 and POUS3FT, respectively. (2) The
enhancers bound by ZIC2 and OTX2 prominently regulate TF genes in EpiSCs. (3) The binding sites for
SOX2 and POU5SF1 in mouse ESCs and EpiSCs are divergent, reflecting the alteration of the TF pair of
major regulatory functions from SOX2/POU5F1 in ESCs to OTX2/ZIC2 in EpiSCs.

Alternating ZIC2-rich and POU3F1-rich genomic domains
(OTX2 tends to associate with ZIC2, while SOX2 and POU5F1 with POU3F1)
Chr11

T bt L o o C s ac @ - —

OTX2 :‘:" PR nﬁl!;'!‘:“z?' LR Lag gt d S PN n'«”'.'z‘”ls.“v" W el B Meder o el e a8 dole ‘.L‘;,‘:';‘,ﬂ”,!"y‘. R
POU5F1 e L ii ; ol s o Vo mo i o s - )
POUSF g ik T ol e S T T
Lm BRI LR R I CHC - R, | R D S il scomnds  aowsmorkd LI
(3) The endoderm that is derived from the node is regionalized with expression of the transcription factors

Sox2 (esophagus and stomach precursor), Cdx2 (gut precursor) and Nkx2.1 (trachea and lung
precursor). Conditional knockout of Sox2 in the endoderm resulted in transformation of the esophagus
into trachea-like tissue, whereas gut development was not affected.

We established NSC lines from EpiSCs via passages in a serum-free culture condition. The NSC lines
thus established produced neurons, astrocytes, and oligodendrocytes under differentiation conditions.
We also established NSC lines with addition of either Wnt antagonist or Wnt agonist to the culture
medium. Microarray analyses focusing on transcription factor transcripts indicated that NSC lines
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established under low- and high-Wnt conditions had characteristics of anterior and posterior CNS,
marked by the expression of Otx2 and Hox genes, respectively. Our results suggest that the
manipulation of extracellular signals during the NSC derivation allows the establishment of NSC lines
harboring various regional specificities.

(5)Embryonic neural retinas of

With DAPT at Day 14 which is a paradigm of trans-
o-crystallin differentiation. Retina-to-lens

transdifferentiation occurs in
spreading cultures, suggesting it
is triggered by altered cell-cell
interactions. Addition of Notch
signal inhibitors strongly
promoted lens development from
the neural retina. After Notch
signal inhibition, transcription factor genes that regulate the early stage of eye development, Prox1 and
Pitx3, were sequentially activated. These observations indicate that the lens differentiation potential is
intrinsic to the neural retina, and this potential is repressed by Notch signaling during normal
embryogenesis.

4, WX, EEBRE

[REHX

lida H, Ishii Y, Kondoh H. Intrinsic lens potential of neural retina inhibited by Notch signaling as the cause of lens
transdifferentiation. Dev Biol. doi: 10.1016/j.ydbio.2016.11. 004. Epub 2016 Nov 11.

Menuchin-Lasowski Y, Oren-Giladi P, Xie Q, Ezra-Elia R, Ofri R, Peled-Hajaj S, Farhy C, Higashi Y, Van de Putte T, Kondoh
H, Huylebroeck D, Cvekl A, Ashery-Padan R. Sip1 regulates the generation of the inner nuclear layer retinal cell lineages
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insensitive differentiated cells in the Inner and outer regions of the mesenchymal space in planarian Dugesia japonica.
Dev Growth Differ. 58, 609-619 (2016).

Kondoh H, Takada S, Takemoto T. Axial level-dependent molecular and cellular mechanisms underlying the genesis of
the embryonic neural plate. Dev Growth Differ. 58, 427-436 (2016). (#5t)
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Uchikawa M, Nishimura N, Iwafuchi-Doi M, Kondoh H. Enhancer analyses using chicken embryo electroporation. In
“Methods in Molecular Biology — Avian and Reptilian Developmental Biology” (Sheng G, eds) Springer (in press).
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1. RREB=E

U BOEGERDEEEY S TR BIVIIBEET VIIVBNVHICET D MCEKRERES, fiFRETo
TW2, BFICRERRECADZIEAFOESEEMZEZED TS,

VIR EBOEEESYEGOEREBRICHERAGRBREDERD DDH D, BAIXIFEREERTE TELFR
ELT, IRV BEEE BICRPEERTFERIANTHZIE MDY VYNV EOHREEREREWEEZTWS, 2D
ERIARDL SIERIICITEREZ FRCRRT DI BEIEOTREENEEN D, BEUTOMRT - Z@# s U TH
REEDHTWS, ADPUNRIILELEREZDE MENDFEGHEDEEEY T « HR BREMEYIFADPY R )L
FR(ADPRT)ZDM LT IRR MDY VIV BEZEHUL. IRRA MDY T FIVRERICEEES5Z S, ZORIDKEBOE
HZBSMCIANL, RRBRIGKRETOEREERITZED TWLWD,

2. XEEOWRERE

(1) FERARTRELBHET,. VI VaEHOIYFAOMFYY (CPE) XEE|RODBESN RO, FROBTES
FHNRE Iz, ZTDEFRIEClostridium perfringens iota-like toxin (CPILE) & &2 & ifz. CPILEIZCPILE-a.
CPILE-bD22o DAV R—% > hh 5% %binaryERxTH D, 7/l aEDlotamzk(lalb) & DHEEMEIZS0RRE T
HZ3N. FOFEIGEWNH D I ENRESI NI, lotaEsR Tiklald 7 7 F UV HEMNBADPYRYILELER. —Hlblk
R ETAY IV —%(ED. laZBEBBIT DN TV AIR—F—EEZS5NTWS, CPILEORFERRASZSRELTDT
vEA T RbEBEZRAVWFluid accumulating J&% (. CPILE-bOA#THEH D, CPILE-a TR T 2 ARSI N
TW3, L iZ. BREEROERKEBMRIBD I HCPILE-anEEieERiT%{T>7= (PLoS ONE 2017) . CPILE-
aDIERIFPEGEILEAI & U TE SN, EAMAIEKBZAWVWCMADETE SN, 2D%. BERELL. RiEE
B, SEBONIEER. BEELRLU. NAD'EER (FROEETHBINAD'DEELIcHD) . NADHESERTH
%, lalBEZ BT D L. lalcldAR\W\ 2 DDExtra Protruding Loop (PT-1& PT-II) AFET 22 &hboh -z (F
K)o T TICRLDIIN—TTHENEATWS, QEBEEY VNI DT I F Y EDBEEREDEREEN S, CPILE-
a-actinE& D ETILEBEL, 7IOFV
HEARBMEBDONZ T I/ BOTEKREZE
B U T, EDREZRES UTco lald2 DD K
XA Uh5iab, CKRiE RN XA VICNAD A
AL, CORDD5D2D)L—7 (NKiG R
XA > Dloop-l. CKiilr K XA > Dloop-
I~V @ loop- VICIFEEY X /BArg1 77D

CPILE-a (SEIAS A C U e 3TEIEDIEE) la

ZE5M5RTk ZDET actin &HEBT 3

GRS SR FREICEDL BARTT-loop® 2 DDGIubL#E
\ 57 N AN —
---- b a-actin [EX49 B3N (WT % 1000 £33) £ 3) \73\1 7FvE 0)\,‘&.: BICEASLTW
BRI ’\m NEENNREYR 52 Ehbh o> TWeh, CPILE-a T,
1.00 { =

-
@‘\@,1“% L308 |

(T 1Ml 1oop-l-IV & SEBHADPTIDZE RIS a 7
ﬂ,HH:” UFVEDRBTRDEERICHET ST
Biv-actin (X B3R (WT % 1000 £F5) oot (ER) o

FANY ZFD—ATR/r 7UVFVICRHT 2 E NS
[ 1| Bze. l00pIVEVOERETIEEMENE
57zh. ZOMOIHNDOERAETIFAREL

"""""""" : < < < < < » -

EERREREER3EE  murRenmh ok, Fhl B/YTUF
X% loop-ll, Ill, IV, V & PT-1 #% a-actin & Q&I EETH S, % VI BADP-U RV ILEEEIE. a7 Y
¥ l00p-V, V #¢ By-actin & OEICEETEH 3. e sz T YVIRNIBEMEDODLIHI6%TH T,
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ZDfERIE. CPILE-afEBlORY U X REDBERC2-INB/r 77 F > UNADPU RV ILMELBWE & & IR TH
%, RE. BENRADEHFED T > /N BEBKRBECPILE-bDHEIE S EEEDIIFT ZHESH T WD,

(2) 70 F>%m ADP URIVILET 2EERIFLZ<HASNTWED, BRADIARETIE, 2DV TDEREE NEEY
YIRVEEEEDBES KOCEDORIGZHES MU TE(PNAS 2008, PNAS 2013), £/ 2015 F, £2< EK%E
B RhoA % ADP UR¥JL{Ed % C3 exoenzyme &% DEE (RhoA)EEERDIEEEERITICAKIN L 2(UBC 2015),
RhoA $2M ADP U R JL{EEESR C3 I& RhoA @ Asnd 1l ZHEMIC ADP YRV ILLT 25%THD. 1989 FILR
HENhic, REMLR Rho 77 2 —2FICiE RhoA, Racl, Cdc42 h'&% 2hH%, C3 I& RhoA D&% ADP YR L1k
9%, Rho GTPase l&Z® GTP #E&E & GDP #ai <. #BENZL. Y FIEERAM v F & U TEL, C3
exoenzyme &% DEE RhoA EEFRDEREBERTOER. bHh >l EERDRTH S, (1) RhoA DY TF)L
fERAyF & U THEET 2 EMEE, (switch | & switch 1) (& RhoA(GDP) & RhoA(GTP) TAELK BENER D Z
EMHISENTWE, LA ULENS. C3HEE LILEGEEETIE C3-RhoA(GDP)& & U C3-RhoA(GTR)IFEE S S
[ U AZEBIBOEEZ & 5 (switch | [FEED RhoA(GDP) &[E U, switch Il [ZBA®D RhoA(GTP)ERU). T 5,

C3IDHERICEIDBEZTLER T, TDHEER. RhoA(GDP)& RhoA(GTP)IZESE 5 DIRETEH ADP YRV IL{ikEh
%, (2) C3 H&UV RhoA OFRFMEBENYIH THS MR o e FFICUTOEMNEBRREWN, la & C3 FEE5H L
BEZFED ADP URVILELERTH DN, ZOEEBIFTIVF D Argl77 £ RhoA D Asndl TH 3, xICidHE
U 7z ADP-ribosylation turn turn loop (ARTT loop)h'$ D, RAID Y — >V ICFET DEKMERIENEE RhoA DR
FHEU, ROY—VICHEET 2 QXE OV LY I UHERI T N5 RhoA Asndl OFRFHICEDL D & FREINTW e, —
FHlaTIFEXETHD, RADTILEY S VEBIMEMEINZTF Ao -

| > C
VF¥® Argl77 OBBEDS, TRDE, BHrS/ S}%{}{;_
BORAE, CO&SETOhTUEEFNEATOES,  §| ‘f/ﬂ%%
7 OERNATERE =N T WA - Tz C3-RhoA DEAHK VASE S
HEIE.  GIn(QXE)A RhoA Asndl &kERAEHL = i '
T BROGRHEL. T, TOEBEINADHONCT |
PEELTVBZ EPES MR >, TOBKIEADP Y 2 5523
RYILIC & > TEBNBZEBRTHZEEZ 51D (AH). Q9 4
Flc. RhoA ¥+ )LIcEH % ADP URY LD EZER - o
$9 378, ADP URYILEL 7z RhoA & GDI & DA B Prvioop ARTToop
MEEEDTWD, £, HZEOMESRIE RhoA. et ovgrmely g . w ol
Racl.Cdcd2 OV F L&Y S RIUBHI T B Z & B D o e issrrear i
VUFIBEETS. COBT I RLICEDRBREZDE O o eonnie o e aateeaosie
BEAKOESHREZBHIC. ZOMTEEDTWLNDS, C3stau3 '*’LVKGAALA.GR™’..... "“’LTA;iiggg.ﬂ.,

Turn1 Turn2

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.

(1) 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. Based on the la-actin complex structure, we focused on actin-binding
interface regions (I-V) including two protruding loops (PT) and examined how mutations in these regions
affect the ADP-ribosylation activity of CPILE-a. Though some site-directed mutagenesis studies have
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already been conducted on the actin binding site of Ia, in the present study, mutagenesis studies were
conducted against both a- and B/r -actin in CPILE-a and la. Interestingly, CPILE-a ADP-ribosylates both
a-and B/ r-actin, but its sensitivity towards B/ -actin is 36% compared with a-actin. Our results contrast
to that only C2-1 ADP-ribosylates B/ r -actin. We also showed that PT-l and two convex-concave interactions
in CPILE-a are important for actin binding. The current study is the first detailed analysis of site-directed
mutagenesis in the actin binding region of la and CPILE-a against both a- and B/ r -actin.

(2) We have been analyzed la (actin specific ADP-ribosyltransferase) with actin. Recently we also revealed
C3 exoenzyme (RhoA specific ADP- ribosyltransferase) with Rho GTPases (JBC 2015). C3 has long been
used to study the diverse regulatory functions of Rho GTPases. How C3 recognizes its substrate and ADP-
ribosylation proceeds are still poorly understood. Crystal structures of C3-RhoA complex reveal that C3
recognizes RhoA via switch |, switch Il and interswitch regions. In C3-RhoA(GTP) and C3-RhoA(GDP), switch
[ and Il adopt the GDP and GTP conformations, respectively, which explains why C3 can ADP-ribosylate both
nucleotide forms. Based on structural information, we successfully changed Cdc42 to active substrate with
combined mutations in the C3-Rho GTPase interface. Moreover, the structure reflects the close relationship
among GIn183 in the QXE-motif (C3), a modified Asn41 residue (RhoA) and NC1 of NAD(H), which suggests
C3 is the prototype ART. The structures show directly for the first time that the ARTT-loop is the key to
target protein recognition and also serve to bridge the gaps among independent studies of Rho GTPases
and C3. Now we are trying to reveal the complex structure of ADP-ribosylated RhoA with GDI to understand
the effect of ADP-ribosylation on Rho signalling. Furthermore, we are trying to reveal the complex structure
of Rho family deamidase with Rho GTPase.

4. WXEERE

Yoshida T, Ogola HJ, Amano Y, Hisabori T, Ashida H, Sawa Y, Tsuge H, Sugano Y. Anabaena sp. DyP-type peroxidase
is a tetramer consisting of two asymmetric dimers.
Proteins. 84(1):31-42. doi: 10.1002/prot.24952 (2016).

Toda A, Tsurumura T, Yoshida T, Tsumori Y, Tsuge H. Structural Basis of Rho GTPase recognition by C3 Exoenzyme.
Photon Factory Highlights 2015. 58-59 (2016).
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