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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).

4, X, EBBE

R. Ushioda, A. Miyamoto, M. Inoue, S. Watanabe, M. Okumura, K. Maegawa, K. Uegaki, S.i Fujii, Y. Fukuda,
M. Umitsu, J. Takagi, K. Inaba, K. Mikoshiba, K. Nagata : Redox-assisted regulation of Ca2+ homeostasis
in the endoplasmic reticulum by disulfide reductase ERdj5 Proc. Natl. Acad. Sci. USA,
113(41):E6055E6063 (2016)
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6. ZOfttIFILER

SEpER
RPN EMBE - EBIRS RER L My I G & 2N EREBEHBBRBOMIR. TEARE  XBNE. BSFE 1 H24-
28 & (5 &)

BERNREEECRES T 154 704 Ty A0EHZBIE U cBEEail? & SnNEERIM, RES NEREBIEHSEE:
Redox, Ca*", ¥ Y /\VERBEEEDVOR h—7, ARAEKE | XAMNE, WEFE  H25-30 F (5 F¥)

HERPIREME - FSEWFBI[ | ] REL  MHREEERRENEICE T I2ANARIEERE IO DEEE, HRAKRE !
XHAME, BSEE  H27-30 (4 F)

BARERMARAE#E (AMED) EFPBEEER,/N—YaYAHTOI 540 BES  RCRBREALOLHODIZ—T
MWEECEYR Y V-V TR T LAOBE WRAAKE | KENER. WSEE 1 H28-29 (2 4)

BIPMREMBE - FAMRE EHOAEY T, REL HERICLZ/NEEL Ny 7 AFE - HEHIC L 2ETHOER. fiE
RFE  PHE. BSFE 1 H27-28 F 2 F)

BIEPHTSE MBS - STAMRIR TAEHOEY R,
FRN. BBEE 1 H27-28 F (2 )

BEMREMPE - ERARC FEL  EVEVRI V/NNVEI T U OMlaAEE. HRAKSE  FFEAN. BUSEE 1 H27-28
F (2%)

ELEGPTET THEEB)) MERRES EVEVREERFI AT U 20 invivo BEERT. MIRARE  FFEAN. BRE
E:H28 & (1 %)

BAKRFREERFPWRAEAAET ARFES  EVEVRY V/\VEIRT Y VOMKEE - BS@ENT RARE  {FEFAN. IEE
E:H28 F (1 %)

BEANPERREHMETERMAT HREESL  RRBICH T 2R EERS >/ E ERA|8 DRSS L CEBNEREDOER
HARE T IWRFF, BBEE - H28 F (1 5)

I
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XKHAME - BAXZ BEHER

KEME - BAZNEE MREYF) EER8

KAME : XHRPE NAMAEPREXZEREMES

KEAME  XHRFEE NAMREFHEE HAMER HEHOEYS) 7 RN1 ¥ —

KEMZE : XHPRIPE RPEMEBMPE FPEMER X FYRANSAOY— KT 25 /OB T L SR
%8

KEMZE : XERPE MPMEEMBS FRMEE A—-h7r Y -8MEER, FB. NSRS

KEMZE  XHRPE REMEE#HE FPMEs TREZE#HE ULEDRKROKESNIER, NBFHEE
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