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Laboratory of Anti—Aging Medicine
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3. Research projects and annual reports

1-1. of the of
Hyaluronan and its Application to Anti-aging Technologies
There are an increasing number of bedridden elderly people
in Japan with a loss of joint function due to conditions like

Elucidation Biosynthetic Process

osteoarthritis. Hyaluronan (HA) acts as a cushion and
lubricant in articulating joints. It is an integral component



of the synovial fluid between joints, but becomes reduced
by age and thereby causes functional disorders. HA is a high
molecular-mass polysaccharide found in the extracellular
matrix, especially of that of connective tissues, and is
composed of repeating disaccharide units in which N-
acetylglucosamine (GIcNAc) and glucuronic acid (GIcUA)
are linked together by alternating B-1,3 and -1,4 linkages
(Figure 1). Our laboratory discovered the first mammalian
HA synthase (HAS) gene and has been thoroughly
investigating the mechanism of HA biosynthesis ever since.
Recently, we succeeded in establishing an in vitro
reconstitution system using a recombinant HAS protein and
developed a screening system for compounds that have
HAS activation potential. Our future challenge is therefore
to understand the entire mechanism of HA biosynthesis and
apply this knowledge to developing innovative anti-aging

technologies.

1-2. Establishment of Therapies Targeting Cancer Stem
Cell

Cancer has become the leading cause of death in our
country due to increased longevity, and as such the
eradication of cancer has become a social mission.
Although it

proliferation leads to the development of cancers, the

is well known that uncontrolled cell

precise mechanisms underlying metastatic tumor
progression and recurrence have not been fully resolved.
Cancer stem cells (CSCs) have recently been reported to
exist in many malignancies and have attracted remarkable
attention because they are believed to be the only cells
capable of initiating cancer growth. Because CSCs are
relatively resistant to conventional chemotherapy and
radiotherapy, and because they are closely associated with
cancer metastasis and recurrence, targeting them is now a
primary goal in cancer therapy.

The main purpose of our research in this domain is to
identify the molecular cues that govern the CSC properties
and establish novel therapies to induce a state of cancer

dormancy by controlling CSCs.

2. Annual reports

Our previous studies have demonstrated that the
conversion of cancer cells to cancer stem cells occurred at
a high rate in a breast cancer mouse model with a high HA
production ability. We further investigated glucose (Glc)
metabolism in HA-overproducing cancer cells by stable

11

isotope and mass spectrometry, and found that the
metabolic flux of the hexosamine biosynthetic pathway
(HBP) is significantly accelerated (Fig. 1). This suggests
that excessive HA production affects intracellular glucose
metabolism by consuming large amounts of the sugar
donors, UDP-N-acetylglucosamine (GIcNAc) and UDP-
glucuronic acid.

In this study, we analyzed the intracellular sugar
nucleotides and glycan structures to elucidate the
mechanism by which the acceleration of HBP by HA
overproduction modulates cancer stemness. HPLC analysis
revealed that the donor substrates for N-glycosylation were
decreased in cells

HA-overproducing breast cancer

compared to control cancer cells. Mass spectrometry
further demonstrated alterations of N-glycosylation in HA-
overproducing breast cancer cells. With the decrease of
sugar nucleotides, the composition of high mannose-type,
hybrid-type, and complex-type N-glycans was changed. In
addition, HA overproduction resulted in an increased
synthesis of pauci-mannose-type N-glycans.

These results suggest that HA overproduction alters N-
glycosylation by affecting the metabolism of sugar
nucleotides. In the future, we plan to elucidate the
possibility that changes in N-glycosylation may play a role

in regulating cancer stemness.

Figure 1. HA biosynthesis and HBP
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Laboratory of Molecular and Cellular Biology
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Associate Prof. Ryo Ushioda, Ph.D.

N DR T OIEEE T 52 812X o T /N ENO
TV D F P HEE A P> TWA 2 &2 T8 7 L 72 (PNAS
2016), =D LR BEMND, LRy I R HE LT E Ry
HMEEHEINLT LMEFEEOI/aAN—ZIZEE L TN,
AMEEIZ LMD D LB LINBREE TIch D03, 2Ok
{ERYERBE IR\ T ERd)5 A& TTIE A TAE T H72DI2iF,
TGO B LS TEICEBRT UL RGN, TV T
ZEZ L, BAIIE DL TERj5 IARESNDDN),
INERIZE DINTL TH AN ADLEFEZFTODEDON,
DIBET TNV RERBIEE 2D, 2/ Mafklnst
NH A FREN AN A S O R RO —2>ThdH
Do A PERINOIN TE =D LT E AT BARD I 72715
Fo T /MEERICE A DRI TV AT =X AE L)
WZL2obhb, T, MIEAKEEDL Ry 7 ZBREENRE D LS
ICHEEES LD DD, Z ORI CH PRERL T D,

2. AEEDOHERR
MRFIZE TR NRVEREER, LRI RHE, AL
O LEEEOIOR MY IMNEKIEEEHFORER

AN/ NERE DO— D> THD/NERTIL, ¥ 378 Wl
BT L R 7 AR « BV BIRAF AR L AL Z DD
REERDNEELY RITLH W, [EFHEEHERL 0D, /e
BIXEBREH 7 A — VT 42 7 DG THY EDOL Ry IV ABR 5
WA VLR L | B LR BRI ICHERES L QN D, FT2,
ZLDOFBIEFZDTFIEL , BBALI T 4 — VT 4 7 % filil L
T3 (X 1—D), ZORMLRIBREE T, 413/ Mafk T2
NI AR BITTEVEICR L L2 e S ERdS 2% RL .
ERdj5 AN/ MAEDOL 7F 2 7378 EDEM BLU T3+
~Buy BiP A REERTHI L% FH LTz, ERd)5 13/Ma
R CIRT =N RUIGIRIEBE DAV T ARG B H D
BITIETETHIRT L, /NMEED DA N L ~OPEHEREL |
LRI EBICRB W CEERREZRZL QWL E
ZRHLZ (K 1—@. R. Ushioda et al., Science 2008; M.
Hagiwara et al., Mol.Cell 2011; R. Ushioda et al., Mol.Biol.Cell
2013),

EBIT ERdj5 AR L ICAFAET DI NS bR S
SERCA2 OV ANT 4N G % B B OB ICIHTECHRAEL , &
AT HZET/INAE~DOIN T LR ZFRE L,
RO TN T LERRICEEE 52 TS Z LG



M7 oTz, SHIZAN T LEHEL T, /MR RBTIEOL R
YT ART-BHNT T BT ¥V IP3 ZRBOIGHEEZ LRy
ARAFENCHIN T 52 AL TRY, Ko7 eFr L%
ERdj5 O i &1L <., reciprocal (224 H A
B3 2E0D | fime TIHRb 72 A B S L 2 2dh D
(M1-®),

1. MEKIEBIE A — LT T E D E LB RIED
BELTEZLNTE, BHELII/PDEANEOETREOE
EHEBELMLTES,

X512 ERdj5 OEEMEA LN T 578, ERdj5 /v 74
D) T N LR HL CRISPR/Cas9 % VTR SZ L 7=
ERdj5 K48 Hela fifi, F7=1% MEF #lliaz v C. ERdj5
RABIC L DRI B 2 143U 7=, ERdj5 KIBAIIRTIX, #
I DA PR EEARTFINZIG AL 75 Drpl AEME(EL T
Y, Drpl @ GTPase {EMKAFHNZIR=T RU T DL UVEIY
NEZAZEE R, ERA5 KHBICLAIM a2 RUT B
Wiz b RUTHERED IR T2 51 &L, Ml T o
ROS % bLH-&W7-, ZOZ LIzl MO T Rh— 2% #
I, ZOMIEIIM R MR Bl OEBA (LI TS
AIREMED RIRE LD, Eiz, D ERdj5 KHITHR L OFE A
FETSELZELHLNICUZ, ZH0HRIE ERj5 Ol
ICBEL, ZOEEMEAHRRTIBRLR 72 (R
Yamashita et al., Sci. Rep. 2021), &7z, FH— =4k LFHF
Z%C, CHO MRz 317 28Tk (1gG) FEAIZ-DU VT, Hspab >
o — — %R AU R BLRAHEEEL 7o, Hspab 7'mE—X
—HHIHIET, ZNFETOHRBREEL TREZ 2 (50
A 8% B 72 (H. Tanemura et al., Sci. Rep. in press)

3. Research projects and annual reports
We have been focusing our research on the productive
folding of nascent polypeptides by molecular chaperones and
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protein quality control mechanism for misfolded proteins
within the cells. Particularly, we have been devoted our activity
on the following two major research projects:

Maintenance of ER homeostasis through the crosstalk among
Protein Quality Control, Redox regulation, and Ca?* flux. We
identified ERdj5 as a disulfide-reductase in the endoplasmic
reticulum (ER) . ERd]5 forms the supramolecular complex with

EDEM and BiP, and activates the degradation of proteins
misfolded in the ER by cleaving the disulfide bonds of
misfolded proteins and facilitating the retrograde transport of
these proteins from the ER lumen into the cytosol, where they
are degraded by the ubiquitin-proteasome system, which is
called as ERAD (R. Ushioda et al., Science 2008; M.
Hagiwara et al. Mol. Cell 2011; R.Ushioda et al. Mol. Biol.
Cell 2013).

We found that ERdj5 cleaves the disulfide bond of
SERCAZ2b, 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 SERCA2b. It
suggests that the redox activity of ERd)5 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 SERCA2b pump
through ERdj5. On the other hand, we have revealed the
mechanism of the electron transfer to ERdj5 from the nascent
chain. Furthermore, we summarized our previous works as a
review of the redox-dependent endoplasmic reticulum
homeostatic mechanism.

Here, we focused on the control of the Ca?* pump and channel
by the redox regulation in the ER. Here, we obtained the
structural information of SERCA2b for understanding how
ERdj5 promotes the influx of Ca?* by SERCA2b. Then, we
found that the reductase ERdj5 affects the Ca?* release activity
of the IP3R. Additionally, we found that ERdj5 deficiency
causes mitochondrial fragmentation due to Ca?* homeostatic
disruption. It was clarified that redox regulation by ERdj5 is
involved in the uptake and release of calcium ions in the ER.
Then, we found that cytosolic calcium ions were constantly
elevated in ERdj5-deficient cells. We also found that Drpl is
activated in a Ca?*-dependent manner, and that the activated
Drpl ruptures mitochondria (R. Yamashita et al., Sci. Rep.
2021).



4. X, BERGE

Riyuji Yamashita, Shohei Fujii, Ryo Ushioda* and Kazuhiro
Nagata*: Ca2+ imbalance caused by ERdj5 deletion affects
mitochondrial fragmentation, Sci. Rep. 11, Article number: 20772
(2021)

Hiroki Tanemura, Kenji Masuda, Takeshi Okumura, Eri Takagi,
Daisuke Kajihara, Koichi Nonaka, Ryo Ushioda*: Development of
a stable antibody production system utilizing an Hspa5 promoter in
CHO cells, Sci. Rep. in press

JEEIEEA W 5 2 BB A X D/ AR L Ry 2
REREEE TR, A 15293(5). 651-659 (2021)
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HUHD, 2022.3.4-5

B, MG K FFZ, 1 5 RV Ry 7 ZER I 2
G DI NG T A I ORI | 54418 A Ay F /AR
2, Bk, 2021.12.1-3

WESE, BE A LTS, KBEFIZ: ARCARELEL TO/N
NV R 7 22 7 hEABFVERERS . 554418 A AR5/ E R
TR, 2021.12.1-3

XIAOHAN CAI, {FFfE ., B aoRRR, H R, WiHsE, K
HFnZ: . fE3ERRIK : Mechanisms of ER-associated degradation
pathway mediated by the cooperation of ERdj5 and BiP., #544[a] H A
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W 5E: AR ARBE L CO/MaRL Ry 7 A2 7k, 25940 A A
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Ryo Ushioda: Maintenance of Endoplasmic Reticulum Homeostasis
through Redox Regulation, Paris Redox 2021, 4> 71,
2021.10.13-15 (FRAFik5)
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BEEZAYMOMBNICIIESEICRE LA VTR T
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MRIZMBOFN T AT THDHI har K 7
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ZHEV, TR RICHEDDL, EEI R R
U TR & B, MRRAEMEREEIILD LT

Dikx B E OB BIER S TWVWD, I b=
U7 OIEH 72 15E & BRE 2 /R 2 720121, M

ORI DBEFEE S T FNTIEE L, RELE R
S5 bhar R TERETDZ—FT, LEITEL
T hary RUTEHZIHEVHTLERS D,
k= U 71X de novo IZIZES T, BEfFED I b o
YRUTEYER, HE, SETHI LT DL, 2
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HAL oMY, oA IRERSE IR 5 ATREME
DR STV, YHFE=ETIE, 2 har U7
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122K b, ZOMEEHENLED LIRS h
DM DONT, BIBET, ELY, MIREWT,
WM R a R TEE VTR L TV 5,

2. XEEOHRBR
\]\2/1\)7 FARL IR ST 2 L B DELIE Y E

D5y T 1Ak

ﬁk%ilﬁ/ﬂ? T OFEEIZIERY B L (RIE)
BHERFET S22, bbb har N 7
D AAA-ATP 7—E D Mspl 78, 2 b= KU 7o
WGBSR SN VX7 e RE L Tl &,
ER MRIZE VAL THMRT 2 0EEEZ D BT 235
PREDLZ EEHRM LT, RFZETIEL, Mspl IZL 5
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R = SEM
Prof. Toshiya Endo, Ph. D.

Bl B IE O BE OFPFILM D, oAV TXRTTH
WIENRZ 2005, ANVHTFRT TORE S
RIBOBEIZAN TR T2 &7 MY v
N R EORFIIEEGT 50, Lo nIcE x
52ET, REOEEGBEROLNCT LI5S
LTW5, EHIT, MofianmEDRIE R 1o
(L EHRIEF ORR, AT ~D R bR IV T
W5,

INFETIS, Mspl IZX > T by KUY THMEMN
LRl EHRPNTZBEET A NVT VI — (TA) Z X
BN ER ICBEIT 52 L%, mABHMBICLLS
ALTTABECRIAET D LIRS Lz, T7hb
H, YNAFFTY =B hary R TICEALE
ENDHETNVEE PexISA30 27 A Z 0 Ek
A S 72 mNG-Pex15A30 % 384 (B-estradiol) #%
RN RIS BR SE, D5 %%Dwmﬁﬁ
X0k L7z, WIT, Pex15A30 OFREB A4 72
[FIFFIZ Mspl OFBLEH T 7 b — 25 §ﬂ7n%—
A ETH AT LT EOEEOBE &, HOLHEKE
TE=Z—L, WoltAI har R 7TIZHERES
M7= Pex15A30 82 b= KU 775 ERICEBEIT S
ZEEMSN D A TRT Z LT E 7= (Matsumoto,
Ono et al., JCB accepted, 2022),
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DETGET VAT A LIESR) (25 - TER ~Dfdk
NiThbivsd, £Z T hary NI TICEEESINE
Pex15A30 b Z 4L 5 GET ¥ A F ATk fE L CTERICE
ITT20E 5 0% get3A ¥R, getlAger2A BRZfE~ T
AT, TORE, Mspl ITXk-TH &N
Pex15A30 X k> KU 75 ER ~DO#BAT1L GET
VAT BRGFET D ERHAL MR o7, Ll
Mspl ZBFIFEELT D &, get3A K, getlAget2A T
t Pex15A30 O —EBIL ER ICBATT 5 DT, #hRITIK
WS, GET VAT ACKFELRWTI hay R
U776 ER IZBITTARERNHDHZ EDNbND

(Matsumoto, Ono et al., JCB online published, 2022),
ZORENI har RYT-ER ary¥ 7 hENTDH
DD, ITHEREWNE TS 20, 5B OMmGET
b,

bR TAEN T A — & SAM AR IZ L BHB-/3
| S R AD AR A

R har R THBEIIZN G 08 X7 EDiE
D3E AT B R Y R0 Tomd0 72 &3 L L RREE 0
s 2 R (B NV AR S X7 ) BFETE L
T har R 7T OMEICKATH S, SAM EAKIX
INGDX U RTBED B NUAAEIEIRR & AME~D
fHiAZZH S N Rulr—4Thbd, BB iX,
SAMEEKRD, Y 72=v b (X7 E) »
BB ZODBEEERIZOWT, RIS %
WET D Z 2T L7z (Takeda et al., Nature 2021) ,
ZLT, SAMBEAKERZDOY 7 2=v } (Sam50 &
Mdm10) EFEED B ARLF LRI E e ANEEZ TR
MWH, EEONVAMBERREZMR L, SMEIZHEAA
DHHROMMELE B NV AL vy TFET V) ZHL
M LTz, A E SAM AR E FEE (Tomd0) OEA
& (B NV AEETRHIE) O FA44 EM iz ik
E L7z (R, i bRl Iz SAM 8
BRICELBEE X I ED B AL G D A
B =X L%, MEO BAM HAEKICE D AT =X A
LIIELERDLOTHY, ZOLI WA= A
DI ED LD IR INT), EET DO T
BLERTR N,

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
cellular metabolism and

functions in energetics,

signaling. We are studying the molecular mechanisms
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of biogenesis and quality control of mitochondria and
other organelles from the viewpoint of protein and lipid
trafficking.

We previously found that the cell has a mechanism to
achieve proofreading or correction of the delivery of
mistargeted tail-anchored (TA) proteins. Mspl, an
AAA-ATPase in the mitochondrial outer membrane,
detects and extracts TA membrane proteins mistargeted
to mitochondria and transfers them to the ER for further
delivery to downstream organelles along the secretory
pathway or for cytosolic proteasomal degradation. In
the current project, we are aiming at obtaining the entire
picture of this re-transfer of mistargeted proteins by
answering the questions of what is the spectrum of the
substrates for Msp1-mediated re-transfer, whether such a
re-transfer can operate in other organelles, and whether
inter-organelle contact sites and chaperones are involved
in the re-transfer of proteins. In addition, we are
making efforts for the search and analysis of the factors
for other subcellular re-localizations and other cases of
multiple protein localizations.

In the present study, we have succeeded in showing
the mitochondria-to-ER transfer of mistargeted proteins
extracted from the mitochondrial outer membrane by
Mspl,
mNG-Pex15A30, a model mitochondrially mistargeted

using time-lapse fluorescent microscopy.

peroxisomal protein, was transiently expressed by
B-estradiol under Doal0-defective conditions to prevent
Then, expression of mNG-Pex15A30
was shut off and expression of Mspl was induced by the
The fate of

monitored by fluorescent

its degradation.

galactose-inducible
mNG-Pex15A30
microscopy, thereby convincingly demonstrating that
Pex15A30,
transferred from mitochondria to the ER (Matsumoto,
Ono et al., JCB accepted, 2022).

Next, we examined which factors other than Mspl

promoter.
was
to mitochondria, is

once mistargeted

are involved in the transfer of mistargeted TA proteins
extracted from the mitochondrial outer membrane by
Mspl to the ER.  Newly synthesized ER TA proteins are
delivered to the ER by Get3, a chaperone dedicated to
TA proteins in the cytosol, and its receptor Getl/2 on the
ER (together called the GET system).
examined if Pex15A30 mistargeted to mitochondria also
depends on the GET system for its transfer to the ER

Therefore, we

using get3A and getiAget?A strains.  The results



showed that the transfer of Mspl-extracted Pex15A30
from mitochondria to the ER was dependent on the GET
system. However, when Mspl was overexpressed, a
fraction of mistargeted Pex15A30 could be transferred to
the ER even in get3A and getlAget2A cells, suggesting
that there is a pathway for mitochondria-to-ER transfer
independent of the GET system, albeit with
efficiency (Matsumoto, Ono et al., JCB aacepted, 2022).

Whether this pathway requires the mitochondria-ER

low

contact is an interesting question, and will be a subject of

future studies.

Molecular mechanism of B-barrel protein folding by a
mitochondrial outer membrane translocator, the SAM
complex.

The mitochondrial outer membrane contains [-barrel
membrane proteins such as porins and Tom40, which
mediate the exchange of small molecules, ions, and
proteins between the cytosol and mitochondria and are
The SAM

complex in the mitochondrial outer membrane is a

essential for mitochondrial functions.
translocator responsible for the formation of the B-barrel
structure of these proteins and their incorporation into
the outer membrane. We have previously determined
the high-resolution structures of the two forms of the
SAM complex, each of which contains different subunit
Nature 2021).
novel mechanism (B-barrel switch model) in which the
(Sam50 and

Mdm10) with the B-barrel protein substrate to promote

proteins (Takeda et al., We revealed a

SAM complex switches its subunits
its formation of the B-barrel structure and its insertion
into the outer membrane. In this study, we have
determined the cryo-EM structure of the complex
(B-barrel forming intermediate) of the SAM complex and
a substrate Tom40 (in preparation). The mechanism of
the SAM-mediated [-barrel completely

different from the one mediated by the bacterial BAM

folding is

complex, and therefore, it is extremely interesting to

know how this mechanism was acquired evolutionarily.

4. 3, EELGLE(2021.4~2022.3)
H. Shiino, S. Furuta, R. Kojima, K. Kimura, T. Endo,
and Y.

mitochondria

Tamura, Phosphatidylserine flux into

by
Escherichia coli phosphatidylserine synthase PssA.
FEBS J. May 288, 3285-3299 (2021).

unveiled organelle-targeted
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Y. Araiso, K. Imai, and T. Endo (Review), Structural
snapshot of the mitochondrial protein import gate.
FEBS J. Sep;288, 5300-5310 (2021).

K. Kimura, F. Kawai, H. Kubota-Kawai, Y. Watanabe, K.
Tomii, R. Kojima, K. Hirata, Y. Yamamori, T. Endo, Y.

of Tam4l
diphosphate diacylglycerol synthase from a Firmicutes
bacterium. J. Biochem.171, 429-441 (2022).

Y. Araiso, K. Imai K, T. Endo (Review), Role of the
TOM complex in protein import into mitochondria:

in press (2022,

Tamura. Crystal structure cytidine

structural views. Ann. Rev. Biochem.,
online published Feb 14, 2022).

S. Matsumoto, S. Ono, S. Shinoda, C. Kakuta, S. Okada,
T. Ito, T. Numata, T. Endo. GET pathway mediates
transfer of mislocalized tail-anchored proteins from
mitochondria to the ER. J. Cell Biol. 221, €202104076
(accepted on March 14, 2022).
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3. Research projects and annual reports

We investigate the mechanisms of developing
emotional memory in the hippocampus-amygdala
connections and the acquisition of neural plasticity in the
limbic system. Furthermore, we aim to develop diagnostic
methods and therapeutic drugs for relieving epilepsy,
anxiety, and mood disorders based on clarifying the
mechanism.

Epileptic model mice and stress-sensitive model mice
showing anxiety, sleep disorder, and hormonal homeostatic
change were used. Our approach was to check the
symptoms of the models by behavioral and physiological
analyses and clarify causa molecules by histological and
biochemical studies. The other goal isto devel op diagnostic
methods and therapeutics based on such metabolic
associations. Thetopics of research and the content were as
follows.

1: Clarification of mechanism of epilepsy progression and
the comorbidity.

Amygdaakindling model mice are analogous to
secondarily generalized complex partia seizures and a
model of temporal lobe epilepsy in humans, showing
abnormal neura plasticity. We have found two molecules
responsible for epileptogenesis using kindled mice: a
growth hormone and a sialyltransferase.



First, we found that the expression of growth hormone was
up-regulated
epileptogenesis. The administration of the hormone into the

along with neural circuits during
hippocampus markedly enhanced the progression of
kindling. We performed the infusion tests of growth
hormone and its receptor antagonist. It showed that the
expression of Arc mRNA was strongly correlated with
locomotor activity and that the correlation completely
distinguished among vehicle, growth hormone, and the
receptor antagonist groups. This year, we found that when
epileptic seizures continue for more than 20 days, blood
glucose levels increase just after epileptic seizures, and
brain and adipose tissue weights increase daily. We are now
trying to determine why the amygdala stimulation induced
hyperglycemia.

Second, we previously demonstrated that the
sialyltransferase ST3Gal4 was upregulated within the
neural circuits during epileptogenesis. In contrast, that
kindling stimulation recently failed to evoke epileptic
seizures in ST3Gal4-deficient mice. On the other hand, the
deficient mice showed anxiety, depression, and REM sleep
disorders.

The deficient mice also exhibited reduced auditory
prepulse inhibition. While the thalamic neurons express
St3gal4 in response to stimuli, the loss of St3gal4 may
affect dopamine and serotonin receptor in the cerebral
cortex via the thalamo-cortical circuit. This year, we
succeeded in developing St3gal4 mChemy’+ | St3gal4 mCherry-
knock-in mice. Then, we observed images of St3gal4-
expressing neurons in the thalamus extending their axons to
the cerebral cortex in the transparent brain of the knock-in
mice. Next year, we will investigate changes in the
structural plasticity in the thalamo-cortical neural pathway,
in which cortical neurons that express dopamine and
serotonin receptors connect with the thalamic neurons.

Third, we
neuropsychiatric disorders and their metabolic correlations.

investigate  the  mechanisms  of
Temporal lobe epilepsy and depression-anxiety cause
plastic changes in neuronal circuits, mainly in the limbic
system. Therefore, it suggested that metabolic changes via
the limbic system's hypothalamus will occur. Then, we
developed the diagnostic procedure for anxiety and
depression involving the limbic system, which is associated
with metabolism. So far, we have found anxiety and
depression biomarkers in mice and human or temporal lobe
epilepsy biomarkers.
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3. Research projects and annual reports
Microorganisms colonize the plant body, many of
which do not cause harmful damage to the host plant. It
has been isolated from a variety of plants. Some have
also been reported to enhance host plant growth, disease
resistance, and environmental stress resistance. The
application of these properties to plants by colonizing
microorganisms has been studied in various fields
because of its potential usefulness as a material for
agricultural production. We have studied the genomes of
environmental microorganisms, especially plant-related
bacteria, and reported the genetic information and
diversity related to their life cycle and symbiosis. The
interaction characteristics of such bacteria with plants
are often not correlated with microbial lineages and vary
among closely related lineages, so the factors are largely



unknown. In some cases, uncultured microorganisms
account for the majority of such microbial populations
according to environmental genome analysis. Based on
the information obtained from genome research on plants
and symbiotic microorganisms, research on symbiotic
systems is being carried out with the aim of clarifying
how plants and microorganisms can coexist.

(1) \Various strains of Bradyrhizobium elkanii belong
to the rhizobia. We obtained draft genome sequences for
12 B.elkanii
sequence identities revealed that they had characteristics
similar to those of soybean rhizobia. Among them, three
strains isolated from Desmodium paniculatum were
found to have much in common with soybean rhizobia.
When the symbiotic characteristics of the three strains
were examined, no effective symbiotic effect was

strains of Desmodieae rhizobia. Their

observed in soybean.

(2) Soybean rhizobia B. elkanii strains HK4-10 and
HK5-1 were excluded from the main soybean rhizobia
phylogroup in the ITS phylogenetic tree, suggesting a
horizontal gene transfer of symbiosis-related factors.
Whole genome sequencing of these 2 strains showed that
each genome was 9,513,838 bp and 9,759,560 bp long,
and predicted 9384 and 9270 genes. In addition, 14 and
25 genomic (Gls) predicted on
chromosomes, respectively. Three of the Gls were
common to the main phylogroup soybean rhizobia, and
information as a mobile genetic factor important for the
establishment of symbiosis with soybean was obtained.
The predicted Gls in the HK4-10 genome were compared
with those in B. elkanii USDA 61 to find 4 common Gls.
These include a symbiosis island. Comparison of the
symbiosis islands revealed different sequences and
unique regions. In the T3SS gene cluster, the insertion of
IS in nopL and the rhcC3 deficiency were found. These
may be involved in the symbiotic properties of strain
HK4-10. Gls specific to HK4-10 were examined by
comparison and reference mapping, and found Gls with
nir/nor gene-cluster that might contribute to the
denitrification process.

(3) The effect of inoculation of Azospirillum sp.
B510, an endophytic bacterium of cultivated rice, on leaf
morphology of Rorippa aquatica was observed, and data

islands were

of bacterial flora variation by 16S metagenomic analysis
were obtained. Repeated experiments on induction of
atypical leaves and growth improvement by inoculation
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were carried out, but reproducible results could not be
obtained. The shoot growth was not stable, and no data
on the colonization of Azospirillum in plants were
obtained. In addition, Rhizobium was not preferred in the
bacterial flora, and Paraburkholderia was preferred
instead. In the future, it is necessary to review the
conditions of the inoculation experiment.
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3. Research projects and annual reports

The end of cellular life of epithelial cells is cell extrusion
from epithelium. We aimed to reveal the molecular
mechanism of cell extrusion and found a novel conserved
process, that is extracellular vesicle formation in
extruding cells. We further showed the mechanism of
vesicle formation as well as its critical role for the
prompt execution of cell extrusion.

This year we performed mainly two studies. A.

Regarding extracellular vesicles formed in extruding cells,

we analyzed hallmarks of the vesicles and the role for
cell extrusion. B. Regarding the dynamics of adherens
junction during cell extrusion we analyzed the detailed
dynamics of adherens junction by focusing molecules in

adherens junction other than cadherin.
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Laboratory of Population Genetics
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3. Research projects and annual reports

We focused on the maintenance mechanisms of DNA
variation in Plant species. We are interested in the
following four topics.

1) Evolutionary process of Centromere regions

Centromere is an important area for accurate
chromosome segregation but is also one of the fastest
evolving regions in the genome. By using Arabidopsis
relatives, we are analyzing evolutionary pattern of
centromeric sequences. We found novel repeat from
Turritis glabra with no homology to previously known
centromeric repeat from any species. T. galbra also has
very complicated repeat structure with chromosome

specificities.

2) Patterns of Transposable Element Evolution
Genomic organization of transposable elements were

analysed in Brassicaceae species. Intergenomic
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transpositions were detected in several families of
allopolyploid
expansion of transposon copies and also influences of
genome shock during polyploidization process. We
search for candidate groups of transposon families that
are specific to one of the genomes and can be transferred
across the genome after diploidization. We plan to
identify several potentially transposable copies and

transposons  in species  suggesting

analyze whether or not they are actually transpose.
In addition,
Arabidopsis transposon family members that show a

we have identified a new group of
centromere region-specific insertion pattern, and we are
analyzing the transposition pattern of this group through
genome analysis of multiple Arabidopsis thaliana strains.
We are also investigating the transposition mode of a
group for which no transferable copies are found in
Arabidopsis by recreating the ancestral state.

3) RNA editing evolution among Brassicaceae species
We determined complete chloroplast genomes of
several Brassicaceae species to analyse RNA editing in
We analysed RNA editing in
chloroplasts of several species of Brassicaceae, and have
searched for loss-of-function mutations in PPR genes
involved in RNA editing to analyze the diversity of RNA

chloroplast genome.

editing among Arabidopsis lines and its causes. In
addition, we are planning to elucidate the evolutionary
pattern of RNA editing in the entire Brassicaceae family.
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3. Research projects and annual reports

The addition of glycans to proteins is one of the
important post-translational modifications. We have been
investigating the roles of an O-linked sugar chain with,
which is called a mucin-type carbohydrate. Its biosynthesis
is initiated by a group of enzymes, polypeptide N-
acetylgalactosaminyltransferases (GalNAc-Ts) that consist
of a large gene family with 20 isozymes in humans.

To elucidate the roles of mucin-type glycans in the neural
differentiation, we have been extensively analyzing brain-
specific GalNAc-Ts.

genes to

We isolated galnt9 and galntl7
generate a mutant P19 cell line, an
embryonic carcinoma cell line that can differentiate into
neural cells. We are generating galnt9 and galnt17 mutant

lines to examine their roles during the neural differentiation.
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Laboratory of Animal Physiology and Neurobiology
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3. Research projects and annual reports
Background and purpose of research:

It is well-known that stressors activate the hypothalamic
pituitary adrenal (HPA) axis and the sympathetic nervous
system. Exposure to repeated and/or intensive stressors is
thought to increase a risk for anxiety and stress disorders.
We are examining neurobiological signs which reflect
influence by acute and chronic stress in the brain, and how
neurons are damaged by stress. The microglia is the

immune cells in the brain, which is probably involved in

neuro-inflammation. Thereby, it might cause malfunction of
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neurons due to inflammation in the brain. In our study,
morphological changes in microglia are focused on, since
microglia is monitoring the situation of neuronal cells and
can eat the damaged neurons due to cytokines and other
endogenous substances released in the brain by stressors.
Besides, another line of the study is progressed on the
potential of oxytocin to suppress pathological changes of

microglia under the stressful condition.

Research topics:
1) Development of detective techniques of degenerated
neurons by stress-induced neuroinflammation in the brain,
2) How to induce neuro-protective or neuro-damaged
microglia in the brain under the stressful conditions and in
hypertension.
isolation stress and effects

3) Social of oxytocin

administration in the juvenile rats.

Annual reports:
1) Study on the morphological and functional changes of
microglia and hypertension.

It is considered that increased activity of the rostral
ventrolateral medulla (RVML) neurons, referring to
cardiovascular center, is the primary cause of the essential
hypertension. In the medulla oblongata, there exit the
synaptic pathway for the arterial baroreflex, in which
tonically inhibition via GABA transmission from the caudal
VML (CVML) neurons is sent to the RVML. Therefore, we
hypothesize that another cause for the essential hypertension
may be attenuation of GABA-mediated inhibition from the
CVML to the RVML. In this study, we have examined this
possibility using the spontaneous hypertensive rats (SHR)
and Wistar-Kyoto WKY)

rats. In our present study,

microglia possibly contribute to persistently

neuroinflammation and the augmented sympathetic nerve

activity via attenuating inhibition by GABA neurons in the



vasomotor center (RVLM) of the medulla oblongata,
leading to hypertension in the SHR. Further studies are
required to reveal the cause-effect relationship between
central inflammatory responses and degeneration in the

GABAergic neurons in this animal.

2) Study on social isolation stress and effects of oxytocin
(OXT) in the juvenile WKY rats.

Recent studies have provided the finding that OXT is able
to diminish/weaken the stress response and anxiety in
human and animals. We have planned the present study if
OXT may attenuate anxiety in the juvenile WKY rats
exposed to social isolation stress. The stressed rats receiving
nasal administration of OXT have shown a tendency for the
increase in the total distance with walking for the latter 5
min and the period staying the central box area in the open
field test than those of the control. Immuno-histochemical
analysis in the brain of the present animals suggests some of
the neurons might be activated in the hypothalamus nearby
the third ventricle by nasal administration of OXT. The
present findings support the thoughts that OXT might
attenuate anxiety with social isolation stress even in the
juvenile rat. Further examinations are required to reveal
characteristics of the mechanism activating the
hypothalamic neurons leading to attenuation of anxiety with
application of OXT through the nasal mucosa in the juvenile

rat.

4. RRMX. BEGE

7L
PRRERGE
(BFRER)
Shibutani, M., Yokoyama, K., Kawamoto, R. and Saito, T.

Concomitant microglial activation with degeneration of GABA
neurons in the medulla oblongata of the spontaneous hypertensive

rats. The 44 Annual Meeting of the Japan Neuroscience Society

33

and The 1% CJK International Meeting, Kobe, 2021. 0728-0731,

2P-135 (on-site and on-line).
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Laboratory of Organogenesis
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3. Research projects and annual reports
left-right

asymmetrically located in vertebrates.

Several  visceral (L-R)

In embryonic

organs  are
development, the visceral organs are L-R symmetrically
initiated, and then their shape is asymmetrically changed
through asymmetric gene expression. We want to know
the mechanism for the generation of L-R asymmetry.
(DHow is the asymmetric expression of the genes
regulated?

(@How is the shape of the visceral organs changed?

We observe the morphogenesis of each organ in detail,
focusing on the differences between left and right in cell
shape, cell migration, cell proliferation, and cell death,
and analyze the roles and transcriptional mechanisms of
the genes that are asymmetrically expressed using mutant
and transgenic mice.

LR1

asymmetrically expressed in the mouse embryo. The LR/

is an extracellular matrix protein and is L-R

mutant mice had shown L-R defects, while some of the
homozygotes had been early embryonic lethal.

We also analyze the roles of amino acid metabolizing
enzymes, Pycr2 and Shmt2. We reported that the Pycr2
KO mice showed a premature aging-like phenotype and
regulates  Shmt2 the
(Escande-Beillard N. et al., 2020). The Shamt2 KO mouse

is embryonic lethal, suggesting Shmt2 is essential for

Pycr2 in mouse  brain

mouse embryogenesis. We want to clarify the mechanisms
of the symptoms in these KO mice using mutant and

transgenic mice.

1) LRI mutant mouse.
LRI mutant mice had shown L-R defects, while some of

the homozygotes had been embryonic lethal at embryonic
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day 6 (E6) ~E7. We analyzed earlier stage embryos and
found out that LR is expressed in the epiblast at E6. We
wanted to know whether LR1 regulates the basement
membrane remodeling in the early mouse embryo, so we
have analyzed the basement membrane and the expression
of the matrix metalloproteinase in the LR/ KO mouse

embryos.

2) L-R asymmetric morphogenesis in mouse visceral
organs.

We have been studying the mechanism of L-R
asymmetric morphogenesis in the kidney. In the mouse,
the kidney is situated more caudally on the left side than
the right. We had known that the renal arteries are initially
set L-R asymmetrically, and then the kidney and the renal
veins are subsequently arranged. This year, we analyzed
the molecular mechanism for the establishment of the L-R
asymmetry in the renal arteries. The cell proliferation and
cell death are asymmetric in the aorta from which renal
arteries branch. Moreover, an anti-apoptosis factor is

expressed asymmetrically.

3) Functional differences between left and right in visceral
organs.

Several visceral organs are L-R asymmetrically formed.
We thought that there might be also the functional
differences between left and right in the visceral organs
and searched for the difference in the free amino acid
level between the left and right lobes of the mouse liver.
There were differences in the amount of the several amino

acids between lobes.

4) Pycr2 KO mouse.

Pycr2 is an enzyme for proline biosynthesis. We have
been analyzing the defects of the Pycr2 mutant mice in the
hair cycle and in the number of hair follicles.

In the Pycr2 KO mice, the hair cycle had been delayed
after the age of 20 weeks. This year, we analyzed the
number of hair follicle stem cells where Pycr2 may be
expressed. We also found out that the number of hair
follicles in the Pycr2 KO mice is already more than in
wild-type mice at 15 days old.

Pycr2 KO mice
phenotype. To confirm that the hair cycle defect in the

showed a premature aging-like

Pycr2 KO mice is a premature aging symptom, we

investigated the phenotype of the aged mice. The aged



mice showed the delayed hair cycle and the expression of
the molecules related to the hair cycle was also similar to
that in the Pycr2 KO mice.

5) Shmt2 KO mouse.

Shmt2 is an enzyme for the conversion of L-serine to
glycine. It was reported that the Simt2 KO mouse is
embryonic lethal. We investigated the expression pattern
of Shmt2 in early mouse development. Shmt2 is expressed
in the whole embryo at E7~E8, in the first branchial arch,
the AER region of the forelimb bud, and the neural tube at
E9. Furthermore, we analyzed the defects of the Shmt2
KO mouse embryos at the earlier development stage and
found out some of the Shmt2 KO embryos are smaller at
E9.
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3. Research projects and annual reports

Application of Cancer Organoid Model for Drug

Screening and Personalized Therapy

Deregulated expression of fibroblast growth factor
receptors (FGFRs) and their ligands plays critical roles in
tumorigenesis. The expression of an alternatively spliced
isoforms of FGFR3, FGFR3lllc, was anayzed by
immunohistochemistry in samples from patients with
esophageal carcinoma (EC). We found that the expression
of FGFR3Illc was higher in EC than in non-cancerous
mucosa. In this study, clinical significance of the increased
expression of FGFR3IlIc in the EC patients was examined.
We found that Overall Survival in the EC patients with
higher expression levels of FGFR3I11¢c was shorter than that
in those with lower expression levels of FGFR3llic
(P<0.01). Further, we examined the effect of FGFR3IlIc

expression in cell proliferation, invasion, and drug-



resistance, using Caco2 cells as colorectal cancer. The
knockdown of endogenous FGFR3 using siRNA treatment
significantly abrogated cell proliferation and invasion and
the overexpression of FGFR3I1Ic in the cells with enhanced
cell proliferation and invasion. In addition, the cells
overexpressing FGFR3IIIc acquired the drug-resistance to
5-FU. The cell-survival and proliferation stimulating
signaling molecules such as Akt, MAPK, PLCy were
activated by FGFR3IllIc expression. Thus, our results
suggest that targeting FGFR3llIc can be a promising
strategy for EC and colorectal cancer therapy. Patient-
derived cancer organoid is an important live material that
reflects clinical heterogeneity. We are now preparing
patient-derived cancer organoids from digestive cancer
patients to evaluate targeting FGFR3I|lc.

Blockade of VEGF-A/NRP signaling pathway inhibits
cell proliferation_and invasion in Brain _and Prostate

cancer cells.

Background: Cancer proliferation and invasion is the most
important processes of cancer progression. Vascular
endothelial growth factor-A (VEGF-A) secreted from
cancer cells stimulates not only angiogenesis but also
cancer cell survival, proliferation, and invasion which
eventually leads to cancer metastasis in cancer patients.
Neuropilin-1 (NRP1) isa 130 kDa of single-transmembrane
glycoprotein identified as a VEGF-A co-receptor. NRP1
and VEGF-A are highly expressed in lung, brain, colon,
ovarian, and prostate cancer with poor prognosis. The
purpose of this study isto evaluate whether the blockade of
VEGF-A/NRP signaling pathway is useful for inhibition of
cancer proliferation and invasion in vitro. Methods: PC3M
(human prostate cancer) and U87MG, A-172 (human
glioblastoma) cells were treated with siRNAs targeting
VEGF-A, NRP1 and its downstream signaling molecules
GIPC1 and Syx. The knockdown effects of these molecules
were detected by western blotting, gRT-PCR and Transwell
Invasion Assay. EG00229, small VEGF inhibitor that
prohibits the binding VEGF-A to NRP1 was administered
into U87TMG cells and
determined by cell migration, invasion, proliferation and
colony formation assay. Results: In gRT-PCR and western
blotting, VEGF-A, NRP1, GIPC1, Syx molecules were
inhibited by respective siRNA treatment compared to
siControl-treated cells. In PC3M cells, the invasion was
suppressed by knockdown with siVEGF-A 33.8%, siNRP1
43%, siGIPC1 55%, siSyx 50% respectively. siGIPC1 was

inhibited cells number were
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the most effective inhibitor of PC3M cell. In U87MG and
A-172 brain cancer cells, the invasion was suppressed by
the knockdown using siRNAs with siVEGF-A 73.2%,
SsiNRP1 75.6%, siGIPC1 71%, siSyx 63.8% and siVEGF-A
58.4%, siINRP1 62%, siGIPCl 53.5%, siSyx 67.2%
respectively compared to siControl. siNRP1 and siSyx were
the most effective inhibitor of U87MG and A-172 cells
respectively. EG00229 inhibitor effectively inhibited the
migration, invasion, colony formation and proliferation of
UB7MG cells with the most 100 uM concentration.
Conclusion: This study provides strong evidence for the
importance of VEGF-A/NRP1 signaling pathway in two
different cancer cells. Our results suggest that siRNAs
treatment of VEGF-A/NRP1 signaling molecules
suppressed invasion of PC3M, U87MG and A-172 cellsand
EG00229 inhibitor inhibited U87MG cells migration,
colony formation and proliferation in vitro.
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3. Research projects and annual reports
Currently, outbreaks of highly pathogenic avian
influenza and other emerging and re-emerging diseases
have caused serious economical and social disturbances
worldwide. Highly pathogenic avian influenza HS virus
has spread across worldwide, and outbreaks are now
endemic in several countries. To control these infections
is the most important. Our research is focused on:
1: The evolution and spread mechanism of pathogens
such as avian influenza virus in nature.
2: Studies on the host range determinant in pathogens,
mechanisms of pathogenesis and immune response of the
hosts through in vivo and in vitro analyses of the
host-parasite interactions.
3: Development of strategies for the prevention and
control of the infections.

Due to concerns that wild birds could possibly spread
subtype HS5 viruses, surveillance was conducted to
monitor the types of avian influenza viruses circulating
among the wild birds migrating to or inhabiting in
The

influenza H5 viruses were isolated from wild birds in

Vietnam and Japan. highly pathogenic avian
Vietnam. Wild birds are considered to play a role in the
introduction and dissemination of avian influenza virus
in Vietnam and neighboring countries.
H5

influenza viruses

Continuing from last year, subtype highly

(HPAIV) were

detected nationwide from Hokkaido to Kagoshima

pathogenic avian

prefecture, outbreaks occurred on 30 farms, and nearly 2
million birds culled. It can be surmised that migratory
birds brought the viruses into Japan and wild birds or
animals spread them onto the farms. It started with the
outbreak of HSN8 type virus in the fall of 2021, changed
to H5N1 type virus from the end of the year, and it is
thought that several kinds of viruses were introduced. In
addition, in a wide area of Hokkaido, cases of infection
of dead birds such as birds of prey and crows were
reported until the end of April, and cases of infection
were also reported in wild animals such as foxes and

raccoon dogs. We surveyed AIVs in wild waterfowl in



this winter in the San-in district. Four strains of
low-pathogenic avian influenza virus strains were
isolated. It is important to monitor the prevalence of ATV
among wild birds to prevent the emergence of new

epidemics.
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3. Research projects and annual reports

Discovery of a mature nest of Bombus cryptarum

florilegus (Hymenoptera: Apidae) from Nemuro
Peninsula, Japan

The Japanese bumblebee Bombus cryptarum florilegus is
threatened with extinction, and for the first time, a detailed
study of their nests has been successfully conducted in the
Nemuro Peninsula, Hokkaido Island. This bumblebee
nested in a dead grass nest of small animals built in a
closed space covered by grass on the ground. The number
of cells in the nest was 511. It was estimated that 76 new
queens were born in this nest, which was the largest among
bumblebee species in Hokkaido. Adult new queens (average
5.36 mm in head width) were larger than those of workers
(average 4.55 mm in head width). The sex ratio of the
mature nest examined in this study was highly female-
biased, suggesting the possibility of a split sex ratio in the
Nemuro population. The nesting biology of B. cryptarum
florilegus revealed in this study is essential for future

conservation.
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Figure 1. Regulation of smooth muscle contractility by
cholinergic nerves
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3. Research projects and annual reports
Research Projects:
(1) Mechanisms of gastrointestinal motility

Smooth muscle, which is located in the walls of the
visceral organs, plays an important role in several processes
in the body including blood vessel tone, gastrointestinal and
genitourinary tract motility, and airway resistance. Smooth
muscle contractility is regulated by intracellular Ca®",
which

hormones that act on its receptors, leading to change in

is affected by various neurotransmitters and
activities of ion channels (Figure 1). Structural and
functional changes in the smooth muscle can lead to
disorders such as hypertension, asthma, and irritable bowel
syndrome. Our laboratory focuses on understanding 1) the
mechanisms that regulate smooth muscle contractility, and
2) pathophysiology of diseases associated with smooth

muscle abnormality.

(2) Physiological and pathophysiological roles of Ca?*-
permeable ion channels

Under normal conditions, intracellular concentration of
Ca®" ([Ca?*];) is kept very low (less than 100 nM). When
cells are stimulated, the [Ca?*"]; is increased, resulting in
various cellular responses such as contraction, proliferation,
migration, cell death and release of neurotransmitters etc..
The increase in [Ca?*]; is induced by the Ca®* release from
internal Ca?* stores and Ca’’ entry into the cell through
Ca’"-permeable ion channels including TRP channels,
piezo channels and Orai channels etc.. The aim of this study
is to characterize the channels and to elucidate
physiological and pathophysiological roles of them. In this
study, we collaborate with Prof. David J Beech’s

Laboratory in University of Leeds.

Annual Reports:
(1) The contractility of smooth muscle changes in response
to mechanical stretch caused by luminal contents in the

gastrointestinal tract, mediated by mechanosensitive ion

46

channels. Mechanosensitive ion channels are expressed on
smooth muscles and intrinsic neurons in the gastrointestinal
tracts. However, the molecular identity of these channels
and their physiological roles in regulating gastrointestinal
motility remain unclear. In this study, we aimed to elucidate
the roles of Piezol channels, which have been identified as
a new class of mechanosensitive nonselective cationic
channels, in gastrointestinal motility regulation. This year,
we found expression of Piezol proteins on the isolated
myenteric neurons of the gut, using the reporter mice in
which Piezol proteins fused with a fluorescent tdTomato
are expressed.

(2) The contraction of the bladder’s smooth muscles is
regulated by acetylcholine (ACh) released from cholinergic
nerves, which acts on the muscarinic receptors. Stimulation
of the by ACh

depolarization, opening voltage-gated Ca?*

muscarinic receptors induces a
channels
(CaV1.2). The increase in [Ca?"]; results from Ca?* entry into
the cell through CaViz channels. The activation of
nonselective cationic channels has been suggested to be
the

molecular identity of the cationic channels remains obscure.

involved in muscarinic depolarization. However,
This year, to elucidate the involvement of transient receptor
potential canonical (TRPC) 4/5 channels in the muscarinic
contraction of bladder smooth muscles, we investigated the
effects of a selective TRPC4/5 channel opener, (-)-englerin
A, on muscle tensions and its selective blocker, picol145, on
the cholinergic contractions evoked by electrical field
stimulation, respectively, in murine bladder smooth
muscles, suggesting a minor contribution of TRPC4/5

channels in the cholinergic contractions.
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3. Research projects and annual reports
Since our discovery of Bacillus subtilis MifM,
the activity of the YidC-mediated

membrane insertion pathway, we have been interested in

which monitors

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
As

introduced above, our interests are also focused more

maintain the capacity of membrane protein biogenesis.

generally on the mechanisms of protein localization and
the

undergo

where nascent
with the

biogenesis, biological processes

substrates dynamic interactions
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 which

understanding the still hidden principle of the central

“nascent chain biology”, aims  at

dogma of gene expression, where nascent chains are likely

to play key roles.

This year’s accomplishments

1) Proteome-wide capture of co-translational protein

dynamics using a transposable protein-dynamics reporter
TnDR

The elongation arrest of MifM is force-sensitive
and is canceled when the MifM nascent chain is pulled from
the N-terminus. We took advantage of such a force-
sensitivity to capture co-translational pulling force on
nascent chains in a proteome-wide fashion. Using
transposon, we constructed a gene-fusion library, in which
the N-terminal regions of proteins were fused N-terminally
to the arrest sequence of MifM and then screened proteins
that canceled elongation arrest. We have recently identified
hundreds of proteins that canceled the elongation arrest of
the protein-dynamics reporter, most probably reflecting
their abilities to initiate the maturation and/or localization
process co-translationally (Fujiwara et al., 2020. Cell Rep.).
We currently developed a second generation of TnDR or
TnDR-seq, which greatly improves coverage by combining
the current version of TnDR with the next-generation DNA
sequencing technology. This new method indeed allowed us
to detect co-translational dynamics of nascent proteins in a

genome-wide fashion.
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2) Identification and characterization of novel translation

arrest factors

Three of the translation arrest factors previously
found in eubacteria (SecM, MifM, and VemP) are encoded
upstream of genes encoding components of the protein
localization machinery. Using this and other information,
we have previously searched more than 400 eubacterial
genomes and found three more translation arrest factors
encoded upstream of genes for the protein localization
named ApcA, ApdA, and ApdP,
respectively (Sakiyama et al., Nucleic Acids Res. 2021). We

machinery, and
now continued our search across more than 30,000
eubacterial genomes and identified more than 10 candidate

genes that may encode novel arrest peptides.
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1. BIREEE

K B OREIE A A OO FEREBR R B W] R 7R
HOLIRNDDBD, ZU BB EIR, FRUEIYER F LR
ANTHDERDZ L N TEOMEAEREZ R WEE 2 TS,
Z DT IE D DR AN I TIEYSE Z T b5 TR 3 2 177~
PRRIBRO ATREMED A END, BIELL F ORFET —~ 2L
THFFEAHED TND, X MRS RENT 2 7 A 48 1 B
HEE e TELLTHNWS,
(1) HAEE 22 B s 2 B OO A LA O fiF I -
C. perfringens D32 Sy #iRIXT 7 I % ADP U
LTS la 2B TR YA =D AERE THIKI N~
KT 2EEE [b 067D, ZOEE, 7 7AA B BMEIICLY
Tb OIS LHEREIZHE /5% Y Tl 3e 2D TET-, Tb RALE
la-Ib JEFLE A IROREEZ DL TD, AU &
&, PUAEDETHPER S EEE7Y  T OB LARESNT
Wo, Sy EESE CDT O/ 744 BT HMEEICLVHLNIC
LT, bz TRzl s,
(2) ADP YR AL TEH L F DS FEE RO EAY
B2 IR EE ST ADP VAR UL E(ADPRT) &4y
WLT, RARNDE L ST BEAEM L, RAND T T F NV ARE
RICFEEA 52 D ZOSRFRMELZ DB HEREDFE/M
LML, B4 72 ADP VR AL (BER) L2 0
B G RTOR SSERT 21D T D,

2. REEOHERR

(1) b F v UEHR S AT D OREEHA

C perfringens INFFD 2D BRA A X BRIIT 7 F
U ERERE ADP U AR VAL T A EHE Ta & THEHIRIN A~
kT DHEE b 2 D7D, Fox 1XLLRTRY sy 52 8 DA
RS TRY, la BKB L ORET 7 F o L OBEA K
ORERE % X AE ST T O M L, 1S & Bt
fRAT 2D T X To, TR R O IR DU & PR
HITIE. 1b OFFFEN KT, 2020 4E, Ib fEFLOfENTE
ITAL BT WHBETHED | T OSSR, CTFEE W
T 2.9 A S RRE TR, b BEALIXT EEN D7D, SHIZ Ta
DOFEGT DT EIR A TNEE 2 FHEEL - b [EfLIZ la &
Mz T, 7 —2%E, CLRIFMEAE i@t 21T 572, 7
FTAGIT DEPETR—H NV U RZEEEOL DL PR AGS
NEFHENTORWVEWEDENITDHIENTE, TNEN
FRATZATVN, 2.9A L 2.8 ASMIRRE COMMTIZ A LTz, 2D

ol

Bi% ET EH
Prof. Hideaki Tsuge, Ph.D

FEEDD, LITDOZEN DD > TEZ (1) a 1X7HRAED Tb 5
LIZ—2EET 5, (2)1a X N KIORA THEAL. 77
F 2 ADP YR UIEMERFFD C RIFR A, £D BT
NEET D, (3)Ia D N KERHIZOFEA IO REZD o~
I RIS —E T D, (4) 20D Ta O N REGOHEIT, b LD
WAL (BAR6 A) THD ¢ 772 T LN TNz, ZDZ
EMD la D Ib FEALEN L CORBGER T N Ko D <7
bidEEZBND, T2 (5) TVIEANOIEALA~IL, _X—%
INLILISTER TR, 80 short stem YA AL L TIE
EL. BFHL, Zhnb 52 (long stem ) (27252 LT
~OFERFHRANRIND, PSR- TND DT L —
VBT D2y B3R | IR B Bk L DS 1b FREALD
B ORI, 2o B ERR A RE L, 2hb
OFEFA . 2020 4, 3 | Nature Structural & Molecular
Biology st B L7- GREREIE R, (LH (M2) | ., H
TERBRKF: BERF-DOHLFIE)

VEIEZNERIRRC, T4 743 VE D25y 8 3% CDT O
EPEIN DT N —T IV HES N, TAT7 42 VR
AWV BT B DR SREE S 41, 20D H(TedA,
TedB) OMITA F # ok L FARID 2 FHFREFH, 20
2y FEE N EIEGIC D> TWABER SN TNE, 2
DDOTN—T N, ZORmROBIEEMNLITHEE L, T H
WDIE, ZO22EHIZHF AT 2~ —DIEIETHHIETH
Do A A BFHRITTEERETH D2, CDThIIIND, 22F
DbESTL AT H~—D 14 BlktEiEE LD, ZOWEE
&L BIZHLEBIT A& TEAR, F2 CDTa OFEIRICH
KENSHDHEE 2 HIND, BUE, CDT THABRR 7T RARD
WIEN DD TITIRNEBZ X | ZOWERELHED TET,
FE Al LMNG OFF(E FC, CDTa f&1L7= CDTb i
AR, B FIEBECOT —XHIE LT A D T,
FORER, FANTH—D 14 Bk L & bITA X HHE
L RED 7 ERD CDTb EABIENTFEL TND Z &R
o T&E, ZHIZTa 2Nz T, 7 74 A EFIH
T CTOREIRE EIT o2, HOFER CDTa 1 23728
CDTb EALIZHE A L& 2 M2 Lz, T O5fiREE
X 2.6ATHD, &BICIRNIEORAETALOUE DT
& % NSS—loop |Z _ARHENRHH Z L& RHI L,

IR CDTa & DFE & X VR EHBRBICEETHD Z
LEREEL TV D,



Fxld, 2O HEROMEZT TR, Miaz kg
L7z in vivo 7 vt A B L OERAERIC X 2 BELAET
725 in vitro T v A OREMN S BT T, HrEE T
BLTNIZHELTVD, EHIT b MWLYo~
RIBDOTYA % BIE L TUW5D, nanopore & AU 7=
DNA =7 o 2T CIZEMINTWD, FERIZ
nanopore Z W=7 X JEEL — L AL 20 FEDT X
Ba RS THZENTEDLINE I MRS HOBRETH S
D, FAUSHE LY LR R WD Z EIXEET
HAHH, THUTHIT T, Tb REALIZRARD Z /37 HJiK
BT AT L THY, Tk W LS AL E
ETHAHD,

Q) IHFEAARTEREIZAFHT, Vol alOT o Tah
v (CPE) RHBH OB G- M Eebi, FloRhHmHR A
HENT=, ZDOFFIT Clostridium perfiingens iota-like toxin
(CPILE) A4 EM7-, CPILE 1 CPILE-a, CPILE-b ¢ 2 >
DAL R IBIRD 2 57 F sk ThD, RIRDA A 7 75
F Ll U7e AN 5 CPILE-b EALAHFE LA E MM % B D

72 MHAVOIXRRIROA A X FHH b 0T 1 7 4 VIV
23 CDTb TITBIRAEEBNLIL Phe TTE 262 57T
TETRBY, ZhWF o7 EEERICRbLTPTHDL Z
LiTbhoTWb. —J5, CPILE-b DI T TR
Ser THY | PASHAL O R E S HEUK « BAK & Vo 7o
HLHY., EOXIREEL L TNDONEREN,
WCEREZBERNL, 2NH7aA NI U LARD 25K
DEMBD, H 2T B O, EIER B O 2K
EHONCT D, £, IhHOFBMAEANICHER L
T E T3 TN 5,

- >
— —

(3) ADP URI /AL DK ENE: T4 13 ADP YR L L EE4
(B3R) L2 DIE G DA RO IT L ORISR
EHEDTETZ, Ta-T 7 F VAR, C3-RhoA AR,
ScARP-7 7 =B A RA LN L TEIZAS, 2O 7
ZE TR THIFEAL R, ZRHORZEICED, ADP VR
TAITZE L TBOT I BETHIL, HDVNE DNA DT
BRI 7050 T, FEAFERL T ADP U L1k
THEVDZEEHLNI LI, LLZ2AS, A PARP(RY
ADP VRS IALH DT/ ADP VR L) OREFERE X
FIZLL Do TORN, ZORADT=8 | K IEfET 21D
TV,

(4) 27V IAHAIT N FUREDY T HARD K
REERH T @, Dru A= SIS, BATIIR A
ZHIEL T, FbIAENZ, BT A IFEC, fid
BETDIEND, BilRkI R L7225 TND, HAAZ THROIP

o2

HWAEBIZT 205, ZOINC 2 i ERNEENTEY, 1
FL7F v (b —DIIRILER ThOHTEN D> TND,
ZOIR D FHRANERL | HEERE CEARVO DR EE AR
720 SIBEMD LT H AR T2, 98KDa D/ R ITETHITE
1£ FC. 68KD & 31KDa D 2 fi43 2575, B85
MALDI—TOF % I\ 7= mascot fif#r75, 273V =2 H A H
KOFFRTHHILETER LT, SHITHRLZHERL D8,
A B N CIEALAR 3 Z LA L TEIR MREEE L TUD,

3. Research projects and annual reports

We have been focusing our research on the structural biology of
infectious disease. Especially our target is macromolecular complexes,
and we would like to reveal the interaction between the infectious
factor protein and human protein. These basic researches were

expected to find a novel drug in infectious disease.

This year’s accomplishments

(1) The iota toxin produced by Clostridium perfringens type E, is a
binary toxin comprising two independent polypeptides: Ia, an ADP-
ribosyltransferase, and Ib, which is involved in binding to the cell and
translocation of Ia across the cell membrane. We reported the cryo-
EM structures of the translocation channel Ib-pore and its complex
with Ia. The high-resolution Ib-pore structure demonstrates a similar
structural framework as observed for the catalytic ¢-clamp of the
anthrax protective antigen pore. However, the Ia-bound Ib-pore
structure showed a unique binding mode of Ia. One Ia binds to the Ib-
pore, and the Ia N-terminal domain interacts with Ib via two other Ib-
pore constriction sites via multiple weak interactions. Furthermore, Ib-
binding induces la N-terminal o-helix tilting and partial unfolding,
whereupon the unfolded N-terminus continues to the @-clamp gate.
This study reveals a novel mechanism of N-terminal unfolding that is
crucial for protein translocation. The study was reported in Nat Struct
& Mol Biol.
Two other groups reported binary toxin CDTb-pore from C.difficile
structures, recently. These structures are all double-heptamer, thus, the
physiological heptamer structure have not been reported. We would
like to reveal the physiological pore structure of CDTb and the CDTa-
bound CDTb-pore.

(2) Recently, outbreaks of food poisoning in Japan were reported in
which Clostridium perfringens was strongly suspected to be the cause
based on epidemiological information and fingerprinting of isolates.
The isolated strains lack the typical C. perfringens enterotoxin (CPE)
but secrete a new binary toxin consisting of two components: C.

perfringens iota-like enterotoxin-a (CPILE-a), which acts as an actin



ADP-ribosyltransferase, and CPILE-b, a membrane-binding and
protein-translocation component. We are studying the difference of

the pore in CPILE-b compared with Ib-pore and CDTb-pore.

(3) We are interested in the specificity of ADP-ribosyltransferase
(ART). We have revealed the complex structures of la-actin, C3-
RhoA and ScARP-guanine for the last ten years. From these
structures, we understood they all use the ARTT-loop in common.
Furthermore, we consider that this is a common substrate recognition
mechanism for all ARTs, all protein/amino acid-target and DNA/base-
target ARTs. However, it is still an open question of the specificity of
human PARPs, which belongs to a different group of ART. Thus, we
sare trying to reveal the structures of PARP in order to understand the

specificity.

(4) We are studing the two componet toxin from Pomacea
canaliculata. We purified the binary toxin from red egg of Pomacea
canaliculata and ought to reveal the pore forming mechanism and

function.
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1. HIRBE

VURIE, G WA OO H AL E T AR/ NERE T
BY, NAIRTH R G RSN Z o I EEZ T, b
FHOMER FE DN AT F RO YIWi 72 & DIEMiEAT WV,
U — AR 2R E D B BRI R U TR LR %5
BEREAH o TS, VIR OTFEIE LB RE I, BUH N O
B A NS, ZHROMEY - B ETIZLALDE
BAYIRESNLTWS, SAVKIE, BHDHV TR LIE
N2V B —EE CELNEROBEY THY, 1F
EAEDOFHEBN Y@ FR Y TIE, R AR O 3
HrERST- BRI G EZ R > TW5 (Fig.l 7£) . SOICHHME
i ClL, BT TEBVIH - TIR RO m kg
ZIER LTS (Fig.l 4), BHFFEETIX, ZOALIK
DHEIETE LD 5y T HEE &, 138 O & BRI 2 O PR %
HIEL T2 ED T D,

SR, RIS, BMIEICEE ISR
SNTZOBLIZHHERSND, ZRETIZFHK 41X, I V1K
DR G GM130 DUV LI L > TR &R ZShD D
EEBNZ LT (Nakamura et al., Cell 89, p445-, 1997) ,
Fle—05, ANARDIRAER WL 0 Z OEATITH D
BE ZFF-> CWAZELH LI LT (Yoshimura et al., J.
Biol. Chem. 280, p23048-,2005) , &5\, IO LK
WD EAEORUNE I T IS ICLTRTEL TR, =
NIIRO TR, HIREEIRICEST A A bsEs
T-OIWICEETHDHIE, £72, GMI130 D/ 8—hF—Z2 %
B ThDH GRSASP65 DU TBRILNZOINIAEOFHERK
ICEETHLHIELHBNITL TV (Bisel et. al., J. Cell
Biol. 182, p837-, 2008)

I DOBFENS, TR OEECHEED R ENTI
A NEHEE R 2 HE LTI Y A~ 5= ALS (%
i PR AR 2% B AL ) 72 & DA 0% 28 P 9 BB A AT R PR RO,
TOVIARIZRAE T A2 2 X7 B REDS IR B s <050 i AR
O, Fio, MRANERIEEROFHICEELTRY,
INBOE U RTE OBSRE R 2D, Ml OBELIcBEbHZ
ERENR 2 EH BN RS TERZ, ZRHEDI LR O
EELCHEE R ENLAELAHEBIX, TP KRRFE L4
SIFBI, TOWMIEIER ZED TWD (TG E £/£
£ 90, p21-, 2018), HEEMIBOET T 7 1y 2k W
BEZED6, ffaL~r, ZLTREEKL L TOI LIRS
GM130, GRASP65, YIPF (Yip domain family) 22 & O HE
EAGNICTHIET, EOMRAMER Bl D& A
DI ORI BB AR D D% RS RS d,

o4

iR PRGER
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Fig.1 The structure of the Golgi apparatus. (Left) Stacked cisternal
structure. (Right) Ribbon like structure near the nucleus.

2. BIRT—V
(1) TP HIREINIE GM130 DT LK BEE
HEAE LR EE

GM130 (TR D cis MNZJRTE T HRIEMEM L L3
JETHY, ANTVEOREEHERFITE<EEBIT, TVK
DX ARG JHEACITHEREL TN DT EDIRIB ST
%, ITAEDOF 2 OIFFEND, GM130 2 4 BIKTHY Y
ETHD 2 O EE LB LN BN LTS TV (Ishida
et al, FEBS J. 282, p2231-, 2015) , 3T 47 Yeta %/
R LIZEZA, YRINSHIZAWTTRIEZRY, 22
DFREALETFROS b aB R sz, 2
o0 B HHEERIM OE Y GMI130 1R &9 5/
GTPase ThD Rabl ([ZL>TEATDHNEIDEAMEATL T
W5,
Q) TLCHIZBETS 5 BIERRBIV/NVEE YIPF D

BEEL B L i

YIPF 2 /378X T 2 A% 2003 4EICRE LIz N
RICRIET2E S B @ & o X7 B BECTHY, GMI130
X GRASP65 LHFHL TINIR~DZ L 7 H JHERRE
EMEFFICHEREL TWAHREMEDN & D, Saccharomyces
cerevisiae 121X, Yiplp, Yiflp, Yip3p, Yipdp D 4FE D
YIPF 73fF{EL, —J7, bR YIPF Tid, YIPF1~6, YIPIB,
YIF1A, YIFIB O9MEMNGFE T D, £7=, Saccaromyces
cerevisiae @ Yiplp BLO Yiflp OFRETT N7 Lo
THEAEEF T2 (Shaik.et al., Frontiers Cell Dev.

complex
ER localizati
YIPF subunit
ERES | ° complex[o 1 B
o o o
YIPF5 | YIF1A
ERGIC | A XK S 1 |vier7 | viFiB
— oo o
T o I c— T 2 YIPF4 | YIPF3
Golgi | 9 —— = o
stack | @ —/— o 3 |YIPFe| YIPF1
YIPF2
TGN °
endosome | (o=} dg °

Fig. 2 Three YIPF complexs and their localization



Biol. 7, 130-, 2019), bk YIPF i%, 3FEDM L L= &1k
1~3 ZERL, FNFhIT AV ik (ERGIC), Hif
(cis-Golgi), T it (medial-, trans-Golgi, TGN) IZ43 >4
TRTELTWA (Fig. 2),

YIPF @ 3 FEEOE S RN E DL 70y 1% T UK
DERBIMANTRHELTHEDMN, £72, THENDOHERE
IXEDINTER D)%, BB /v TR, MR
BYE, BRBBRBUEREICIVITL Q0 D,

(3) YIPF MH I - E S AR A #1E

R 28 M ML YIPF Bn 1 ORI O 28 AL TH
BARRIZEZA, YIPF O a VT 2=y bORBT L VT
2=y MR THREE KD~ 72, WEME YIPF mRNA @
RBBEREEELIZLZA, a VT 2=y EBLTE
D 3UTR 2RO ZENH BN L7257 (Table 1), ZDZ
Enb, B 3°UTR 2%, 2B YIPF #2 " B DR Bl
T HAEME R B 2 BT,

Table 1 Protein expression level and mRNA size of YIPF family proteins

New Name | Old Name cgl?l;s((?p) bk’)\f((t)i:ga(zp) Expression
YIPFa1A YIPF5 3300 4000 +
YIPFo1B YIPF7 1000 ND ND

YIPFa2 YIPF4 1400 2300 ++
YIPFa3 YIPF6 4000 7500 +
YIPFB1A YIF1A 1000 2400 +++
YIPFB1B YIF1B 2200 6000 +
YIPFp2 YIPF3 1500 2000 +++
YIPFB3A YIPF1 1700 2400 +++
YIPFB3B YIPF2 2200 2400 +++

YIPF OFBNEH 3°UTR ICL->TED IR S
TWDM, Fi2, TSN OFTHEREE DD D0 E D% iRt
LTS,

3. XEEOHMRHR

YIPFalA Oa—F 4 T FERIZFAT 47 D 3°UTR %
fFNL, HEK293 Ml —i@ M Ic R BLIEDE, a2—F 1
CTTE DB E AR TRBLEN 2 (FLL EE<RDIENIE
FEFEETICH B L2 TV = (Fig. 3A),

YT vy T 47T YIPF a 1A @ mRNA O A X%
fiEHT LIz&ZA, 3’UTR BLAIDORENEGINTZESZ 2D
AL5%I 3300 base D/ N REAFMT, 3’ UTR ELAI D A1
T CHRGHERMELIZES X HN5HH 2000 base D3R, Fz,
=TT BB OB TEHEEERLIZEE 255K 1000
base D/NRD 3 FED /SR S 7z (Fig. 3B, KFD),
FCh, #2000 base DX RDT T FILiE, v ba—)L
el U CHEE 1238 <, mRNA AEEINL TWAZERRE
&Nz, 3’UTR IZ&D YIPF a 1A @ mRNA OFEHEDE
(b E BB T57201C, qPCR (ICL-> TR L7=&
ZA, arka— UL T 3°UTR OFFANICZED, mRNA
DOFBEN 24512 EH LT, LU EORE RN, YIPF
alA OFBLX, 3°UTR OfFIIZE>T mRNA L~ LT

o5

ERTDIENAOEMNERST,

A
HA-YIPFa1A HA-YIPFo1A
(KDa) C + - 3UTR (Kb) C + - 3UTR
116 -
116 ] 4.0 .
66 - 201 |= «
45 1.0 1 -
o1 - 0.5 -
0.251

21

2-0'- = = |« p-actin

Fig. 3 YIPFa1A expression is increased by the presence of
3’ UTR by mRNA level HA-tagged YIPFa1A coding region
was expressed in HEK293 cells with or without native 3> UTR
region. (A) The cell extacts were analysed by western blotting
by HA antibody. (B) The RNA was extracted and analyzed by
notrhern blotting using the YIPFa1A coding region as a probe.

—7J7, YIPF o 1A @ ¢cDNA ORF (23RN 213 %
HENTWDZENHBH L8, YIPFa 1A @ cDNA
ORF Dok &b LT, YIPF o 1A DR EN EH
BINEIWERNTUIZEZA, THEY, aRr OfEkick
Y YIPF « 1A O BLEPBHEIC LHTHZERHLNER
~7- (Fig. 4),

HA-YIPFa1A
C WOp

(kDa)

1164
98 7
66 -

45 -

314

21+

Fig. 4 YIPFa1A expression is increased by the codon
optimizatio HA-tagged YIPFa1A coding region (WT) and
codon optimized coding region (Op) were expressed in
HEK293 cells. The cell extacts were analysed by western
blotting by HA antibody.

U EoORERNS, YIPF o 1A ORBUE, FEREaN O
Z LS TELMZENTVWBE— 5T, B8O 3 UTR D
fIINZE>T mRNA L UL CRBK ARSI TWD
ZERB LIRS, FEFEAR ORI HICLDIRY — 4
DAF D mRNA O3 fFEFHE 5280, REHO 3°UTR
DOFFHMA mRNA OZEALEFHETHZENMBIL TS,
L723>7TC, YIPF o 1A DFBUIZAE 0 FR Hi ik 4 %1
L CH IS STV A RTREME S R ST, 514, &
OFEEREDEFMNE R EZILITHLNICIL VKT ET
H5,




4.
The Golgi apparatus is situated at the center of the

Research projects and annual reports

secretory pathway. There, newly synthesized secretory
proteins are modified with glycosylation, sulfation, and
peptide chain processing. The fully modified proteins are
then sorted and dispatched for their final destinations, such
as lysosome and plasma membrane. The Golgi apparatus is
conserved widely in Eukaryota from monocellular fungi
and protozoa to multicellular plants and animals. The Golgi
apparatus has a cisternal structure. In most animals and
plants, the Golgi cisternae are stacked in several layers and
these are further connected laterally to form a ribbon-like
structure in vertebrates (Fig. 1). We are trying to understand

the supporting molecular mechanism and physiological

significance of this peculiar structure of the Golgi apparatus.

Golgi apparatus is disassembled and equally inherited by
the daughter We found that
disassembly is primed by the phosphorylation of GM130
(Nakamura et al., Cell 89 p445, 1997) . We also found that

disassembly

cells during mitosis.

is necessary for the onset of mitosis
(Yoshimura et al. J. Biol. Chem. 280 p23048) . On the
other hand, the Golgi apparatus is closely bound to centriole
and surrounding microtubules in interphase. Continuous
reassembly of the Golgi apparatus is necessary to re-
orientate the centriole to the front of the cells, which
enables the directed movement of the cells. We found that
the phosphorylation of GRASP65 is important for this
reorganization of the Golgi apparatus (Bisel et. al. J. Cell
Biol. 182 p837).

Recently, it was reported that the disorganization of the
structure or function of the Golgi apparatus can cause
neurodegenerative disorders including Alzheimer's disease
and ALS. It was also reported that some Golgi resident
proteins are involved in the control of cytoskeleton, cell
polarization, and signal transduction and the disfunction of
these proteins can cause cancer. The diseases caused by the
structural and functional defects of the Golgi apparatus are
now called "Golgipathy" and the research on these subjects
became important to understand the pathology and find new
targets to treat these diseases.

Research Projects

(1) The function and localization mechanism of GM130
GM130 is a peripheral membrane protein localized at the

Golgi apparatus. It was suggested to maintain the structure

of the Golgi apparatus and be involved in the localization

of'the Golgi proteins. Recently, we have shown that GM 130

o6

is a tetramer of two structures that differs in the N-terminus;
closed I-shape and open Y-shape (Ishida et al, FEBS J.
282, p2231-, 2015) . The re-examination of the negatively
of GMI130 X-shaped

structures are supposed to be formed from two T-shaped

stained pictures revealed that
structures binding at the open N-terminus. We are now
examining how and whether these different structures are
interchanged or controled, especially by the binding of
Rabl, a small GTPase.
(2) The analyses of the function and the localization
mechanism of YIPF proteins

YIPF proteins are a family of multi-span transmembrane
proteins localizing in the Golgi apparatus. They are
predicted to bind to GM130 and/or GRASP65 and are
proposed to function in the maintenance of the Golgi
structure. There are four family members in Saccharomyces
cerevisiae (Yiplp, Yiflp, Yip4p, Yip5p), and nine family
members (YIPF1~6, YIP1B, YIF1A, YIF1B) in human. A
homolog of Yiplp binds a Yiflp homolog forming a paired
complex. There are three distinct complexes (1~3) in
human cells. Complex 1 localizes in the early Golgi
(ERGIC), complex 2 localizes in the middle (cis-Golgi) and
complex 3 localizes in the late Golgi (medial-, trans-Golgi,
TGN) (Fig.2).

We are examining the function(s) and the localization

mechanism of three YIPF complexes at the different sub-

compartment of the Golgi apparatus through gene
knockdown, gene knockout, and gene expression
experiments.

(3) The analyses of YIPF expression and complex
formation

We have found that the transient transfection of the
coding region of YIPFa subunits yields an extremely low
level of the proteins in cultured cells in contrast to the
subunits. Close examination of the endogenous YIPF
mRNA information revealed that the YIPFa subunits have
longer 3’UTR in common (Table I). This suggested that the
longer 3’UTR may enhance the expression of YIPF protein.

We are now examining whether and how the 3’UTR
affects the expression of YIPF. Furthermore, we are
exploring whether the expression of YIPF is controlled by
other means.
Annual progress

Last year, we evaluated the role of the 3'UTR by

transiently transfecting the coding region of YIPFalA with
or without a native 3'UTR to HEK293 cell. As a result, the



protein expression was strongly enhanced with the addition
of 3' UTR (Fig. 3A).

Northern blotting was performed to determine the size of

the YIPFal A mRNA with or without the 3’UTR region (Fig.

3B). Three bands (ca. 3300, ca. 2000, and ca. 1000) were
detected for the YIPFalA with the 3°UTR region. The
signal of the 2000 base band was the strongest and the
signal was stronger than the 1000 base band detected for
the YIPFalA without the 3’UTR region. This suggested
that the mRNA level was increased by the addition of the
3’UTR. Quantification by qPCR revealed that the mRNA
level was increased 2.4-fold. The above results indicated
that the expression of YIPFalA was increased in mRNA
level by the addition of the 3’UTR.

It was found that YIPFalA has non-optimum codons in
high frequency in the coding region. To examine whether
the non-optimum codons affect the expression of YIPFalA,
all the non-optimum codons were replaced with optimum
codons, and the expression of YIPFalA was analyzed.
Expectedly, the codon optimization strongly increased the
expression of YIPFalA (Fig. 4).

Taken together, it was suggested that the expression of
YIPFalA was suppressed by non-optimal codons, and this
was relieved by the presence of the 3’UTR in the level of
mRNA. It was reported that the high-frequency non-
optimal codon usage induces the mRNA degradation while
the presence of the 3’UTR stabilizes the mRNA. Therefore,
the expression of the YIPFalA is thought to be finely
regulated by these factors. The evaluation of this possibility

is underway in this laboratory.
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3. Research projects and annual reports
We are surrounded by a lot of microbes. Virus is one
of microbes and causes disease on animal and plant. Our
laboratory is focused to veterinary and zoonotic viral
disease, especially neurovirology. We are interested in
Borna disease virus (BoDV) that is etiological agent of
Borna disease. Borna disease has been known over 100
years as a fatal neurological disease of horses and sheep
in central Europe. At present, it is recognized as an
emerging disease in cats, dog, birds, and a broad host
range in warm-blooded animals, including humans. BDV
infection in experimental animals has been used to study
the pathogenesis of virus-induced central nervous system
damage and as a model for specific human diseases, e.g.,
BD is
immunopathogenic damage to the nervous system by

autism.  Classical in large part due to
blood-borne inflammatory cells. Responses to BDV
infection vary according to differences in host-specific
factors, e.g., species, animal strain, or age of the host at
the time of infection. However, the definite mechanism
underlying disease outcome is not fully clarified yet. To
study disturbances of movement and behavior in BDV-
infected animals, we examined the following points: 1)
comparing pathogenesis in rats infected with several
viral strains, 2) contribution of gene expression of TGF-
B family in CNS and viral pathogenesis, and 3)
mechanism of changes in virus genome with adaptation
to host.

The precise mechanism underlying the BoDV-1-

induced onset of neurological disorders currently remains



unclear. Corticosterone (CORT) immune

suppression and neuronal damage in the brain due to long-

causes

term hyper secretion. In addition, adrenocortical hormone
reactivates the herpes viruses. In this study we report the
influence of CORT on the onset of Borna disease in detail.
In this study, we analyzed the long-term effect of CORT
in mice after BoDV-1 infection.

Five-week-old, male C57BL/6N mice (SLC) were
inoculated intracerebroventricularly with 4 x 103 FFU
BoDV-1-CRNP5 strain and subcutaneously implanted
with CORT pellets (5 mg/pellet) or placebo pellets at 24
days post infection (dpi). The infected mice were weighed
and evaluated for clinical signs every 4 days until 68 dpi
observation period. Behavioral studies and brain and
thymus samples were collected for virological and
histological analysis on last day to observe.

The results showed that CORT-administrated infected
mice had significant weight loss after 3 weeks, the CORT
release period, through 68 dpi. There was a trend toward
decreased thymus weight in CORT-administrated mice
among the infected groups. In the behavioral study, 7 of
the 12 tests were abnormal due to infection. Of these, one
abnormality was increased and two were reduced by the
CORT-administration. Viral titers in the brain were
by  CORT-administration.
Cerebellar inflammation was more severe with CORT-

significantly  increased
administration. There were twice as many mice with viral
antigens detected in Purkinje cells in the cerebellum as in
infected mice without CORT-administration. The mice
in which CORT tablets were
administrated subcutaneously instead of being subjected

used in this study,
to stress, were shown to be immunosuppressed until days
8-24 of treatment.

These results indicate that the long-term effect of
CORT-administration on mice in the late stages of BoDV
infection was a deterioration of their general condition
accompanied by weight loss. The cause was suggested to
be an increase in the amount of virus in the brain and
dysfunction of the cerebellum, which is involved in the
regulation of movement, swallowing, breathing, and other
life-supporting regulatory mechanisms.
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3. Research projects and annual reports

Gene expression is regulated not

but

only by the
by the
post-transcriptional control of mRNAs. mRNA stability

transcriptional ~ mechanisms also
is a major determinant of both amount and timing of

protein expression, thereby essential for complex
biological processes such as development. By using
zebrafish embryos as a model system, we discovered that
codon composition determines mRNA stability after
fertilization. These codon effects on mRNA stability are
dependent on translation by the ribosome, indicating that
the codon effects stem from the decoding process by
tRNAs. In addition to this novel function of codons,
recent studies highlighted prevalent changes in tRNA
amount and modifications, ribosome quality and its
binding factors under different cellular environments.

Our laboratory studies the molecular mechanisms and
biological roles of codon-mediated control of gene
expression zebrafish by

during embryogenesis



combining a wide variety of approaches in biology. We
have achieved the following progress in this year.

(A) Analysis of the zebrafish znf598 mutant

When the ribosome aberrantly stalls during translation
and causes a collision with trailing ribosomes, the stalled
ribosome is rescued by Ribosome Quality Control
(RQC), and the template mRNA is degraded via No-go
decay (NGD) . Znf598, an E3 ubiquitin ligase that binds
to the stalled ribosome, is essential in these processes.
We have generated a zebrafish znf598 mutant strain and
found that erythrocytes were reduced in znf598 mutant
To

underlying this phenotype, we performed Disome Seq,

embryos. understand molecular abnormalities
which analyzes mRNA sequences of approximately 60
bases derived from the two colliding ribosomes by
next-generation sequencing (in collaboration with Dr.
Shintaro Iwasaki at RIKEN). We revealed the sites of
ribosome collision in wildtype and znf598 mutant
zebrafish embryos on transcriptome.

(B) Mechanisms of codon-mediated mRNA decay during
zebrafish embryogenesis

To experimentally the
mRNA-stabilizing and mRNA-destabilizing

codons, and how the ribosome traverses those codons,

clarify difference between

codons

we developed a novel method called Parallel Analysis of
Codon Effects (PACE). Using PACE, we analyzed the
relationship between the effect of codons on mRNA
stability, tRNA levels, and ribosomal translation speed in
zebrafish embryos. The results revealed that codons that
degrade mRNA have fewer corresponding tRNAs and
This

slowdown of the ribosome causes mRNA degradation by

causes ribosomal slowdown. codon-mediated

a mechanism independent of RQC.
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3. Research projects and annual reports

We have been setting our research theme on the
functional regulation of higher plant chloroplast.

Plants have photosynthetic ability to convert carbon
dioxide into organic compounds, especially sugars, as
unique feature. The photosynthesis in higher plants
chloroplasts which are comprised of
multilayered membranes, and pushes forward carbon

occurs in

dioxide fixation. Chloroplasts have various regulation
mechanisms of photosynthesis that is an important
function for plants. Particularly, we focus on redox
regulation in modulation system of higher plant
chloroplast.
1: Contribution of PGR5-dependent PSI cyclic electron
transport to two distinct thioredoxin systems.
Light-dependent activation of chloroplast enzymes is
required for rapid induction of photosynthesis after a
shift to light from dark. Thioredoxin (Trx) system plays a
central function in this process. In the chloroplasts, Trx
system consists of two pathways: the first one,
classically knowns as ferredoxin (Fd)/Trx pathway,
NADPH-Trx reductase C

(NTRC) pathway. In Arabidopsis mutants lacking these

whereas the second one,

pathways, impaired photoreduction of thiol enzymes was
shown to result in decreased carbon fixation. Recently, a
close relationship between Fd/Trx pathway and
PROTON GRADIENT REGULATION 5
(PGR5)-dependent photosystem | (PSI) cyclic electron
transport in the induction of photosynthesis has been
elucidated. In contrast, how PGR5-dependent pathway is
involved in NTRC pathway remains unclear, although
NTRC has been shown to physically interact with PGR5.
We analyzed Arabidopsis thaliana mutants lacking either
one of the PSI cyclic pathways, PGR5 in the background
of the ntrc mutant. Introduction of pgr5 into the ntrc
mutant suppressed both growth defects and high
non-photochemical quenching (NPQ) phenotype when
grown under long-day conditions. This was caused by
recovery of decreased Trx-dependent reduction of thiol
enzymes during the induction of photosynthesis. These
results suggest that PGR5-dependent pathway competes
with Fd/Trx pathway for reducing equivalents in the ntrc
mutant. We propose that PGR5-dependent pathway is
properly regulated in the wild type, so as not to disturb



Fd/Trx pathway-dependent activation of chloroplast
enzymes.

2: Development of a simple and efficient tool for
biochemistry and molecular biology.

We have been developing new technologies in
biochemistry and molecular biology over the past several
years. In our developing techniques, we have written a
review (in Japanese) of highly sensitive and low-cost
DNA agarose gel electrophoresis imaging systems in
order to promote their widespread use.

4. /X, BELGE
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Laboratory of membrane bioenergetics and metabolism
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3. Research projects and annual reports

Energy is necessary to sustain life. Bioenergetics is an
important scientific field, whose aim is how life changes
energy into a form that is easy to use and how it is used. ATP,
the energy currency of life, is synthesized by ATP synthase,
which exists in mitochondria or in bacterial plasma
membranes. The produced ATP is used in variety of biological
processes, such as muscle contraction, the synthesis and
degradation of biomolecules. For example, the vacuolar proton
ATPase (V-ATPase) uses ATP to transport ions into vesicles
which are responsible for various physiological phenomena
through its acidification. How molecular machines made up of
tiny proteins converts the energy of ATP into transport and
motion is a very interesting question and one that needs to be
solved in the life sciences. To understand the mechanism of

these molecular machines, we need to see its movement and




shape. For this purpose, we have used single-molecule rotation

observation and structural Dbiology with cryo-electron
microscopy. Our final goal is to clarify and describe how

living organism transform and use energy to live.

On the other hand, the process by which life utilizes energy is
likely related to aging and age-related diseases. Several
enzymes involved in energy metabolism are reported to be
involved in life-span altering genes, and the amount of energy
intake itself determines lifespan. We have started to study the
relationship between the intracellular concentration of ATP,
the energy currency, and lifespan using molecular imaging
techniques. The results revealed a close relationship between
aging, anesthetic effects, and metabolic control and ATP
levels in the individual. Thus, we are addressing the issues of

aging,
bioenergetics.

lifespan and disease from the perspective of

Based on these points, we have carried out three themes;
(1) Molecular mechanism of rotary ATPase/synthases,
V-ATPase and FoF.

(2) ATP homeostais in living cells
3

Structural biology using Cryo electron microscopy

Achievements in 2021

1) Snapshot analysis of V/A-ATPase

Single particle analysis using cryo-EM is one of the most
powerful methods for protein structure determination. With
the advent of direct electron detectors and the development of
analytical techniques, we can easily determine the structure of
protein molecules, sometimes with near atomic resolution. In
this study, we have determined the atomic models of 18
catalytic intermediates of the V; domain of V/A-ATPase
under different reaction conditions by single particle Cryo-EM,
which revealed that the rotor does not rotate immediately after
binding of ATP to the V. Instead, three events proceed
simultaneously with the 120° rotation of the shaft: hydrolysis
of ATP in ABsemi, zipper movement in ABopen by the
binding ATP, and unzipper movement in ABclosed with
release of both ADP and Pi.

rotation of V/A-ATPase by a ratchet-like mechanism owing to

This indicates the unidirectional

ATP hydrolysis in ABsemi, rather than the power stroke
model proposed previously for Fi-ATPase.
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3. Research projects and annual reports
Life sciences are not only contributed to improving
medical technologies and food production through
understanding of life phenomena, but also provide new
perspectives on life and social issues. Focusing on the
social aspects of life sciences, we will conduct research
from the perspectives of science communication, science
education, and science and technology governance,
targeting on the issues between life sciences and society.
1) The consciousness of secondary science teachers
when dealing with related contents with society in
science instruction
This research aimed to reveal the consciousness of
Japanese secondary science teachers when dealing with
related content with social and ethical issues in science
classes. In this survey, we analyzed the responses
obtained from 266 science teachers at junior high
schools and 206 science teachers at high schools in
Osaka Prefecture. The results of the survey indicated that
their knowledge, awareness, and experience about
“science, technology, and society” in science classes
increase by age and teaching experience. These trends
were different in subject in high school. In addition, they
more often set up opportunities to learn about various
people's values and opinions about ethical issues with
science and technology than to express opinions by
studentsin class. If we want to develop students who are
capable of making science-based decisions, we think that
the more necessary to develop training programs and
teaching materials that deal with the relationship
between advanced science technology and society.
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3. Research projects and annual reports
We

environmental interactions.

are interested in plant development and

Currently, we have been
focusing on the following three major projects.

(1) Analysis of phenotypic plasticity of leaf shape

Plant can alter their development, physiology and life
history depending on environmental conditions, which is
called phenotypic plasticity. The North American lake
cress, Rorippa aquatica, shows heterophylly, phenotypic
plasticity on leaf shape. Submerged leaves are usually
deeply dissected and has needle-like blade, whereas
emergent leaves are generally entire with serrated or
smooth margins (Fig. 1). We investigate the mechanism of
the heterophylly of lake cress.

(2) The evolutionary-developmental study on leaf shape
Leaf shape is one of the most diverse character all in
biology and divarication patterns are key factors that



determine leaf shapes. We analyzed a variation in the
leaf shape using wide range of plant species.

(3) Molecular studies on the mechanisms of vegetative
propagation

Some plant species have an amazing regenerative
capacity and naturally regenerate entire individuals from
explants, while many other species require optimized
hormonal application. Although vegetative propagation by
regeneration is widely observed across various plant
species, the underlying regulatory mechanisms are mostly
unknown owing to the lack of suitable experimental
models. We have established a novel model system to
study these mechanisms using an amphibious plant,
Rorippa aquatica, which naturally undergoes vegetative
propagation via regeneration from leaf fragments.

In order to clarify the submergence response mechanism
of R. aquatica, this year we analyzed the mechanism of
suppression of stomatal development upon submergence.
First, we observed that stomatal development was
suppressed in developing leaves after 4 days submergence.
Next, the expression of genes involved in stomatal
development, such as SPH, was analyzed by QRT-PCR.
The expression of SPH decreases in 1 hour after
submergence. Previous studies showed that ethylene has
important roles in submergence response in R. aquatica.
Therefore, we investigated the effect of ethylene on
stomatal development and found that ethylene treatment
suppressed stomatal development even in aerial condition.
Time-series RNA-seq analysis revealed that the expression
of genes involved in stomatal development began to
decline at 1 h after submergence. Interestingly, the
expression of light-response-related genes changed after
submergence. Since the light environment changes during
submergence, we examined the effects of light intensity
and light quality on stomata development and found that in
R.

development during submergence, and that blue light

aquatica, light is required to suppress stomatal
inhibits the suppression of stomatal development during
These that

involved in ethylene response and photoreception regulate

submergence. results indicate pathways

stomatal formation.
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3. Research projects and annual reports

Aging of oocytes and eggs diminishes their reproductive and

developmental potential.

reactive oxygen species (ROS) contribute to accelerated aging of
various cells. In the present study, we measured intracellular levels of
ROS and investigated effects of several selective antioxidants (AOXs)
on the viability and functional activity of aging oocytes and eggs of
the African clawed frog Xenopus laevis. The fluorescent cell-
permeable dye DCFDA, which is widely employed for ROS detection
in cultured mammalian cells, was used to monitor ROS levels in the
fresh and bench-aged oocytes and eggs by an optimized protocol. It
was found that intracellular ROS contents were increased in frog
oocytes and eggs aged for 48 h. It was further demonstrated using
selective cell-permeable AOXs targeting different ROS-generating
mechanisms, that the major source of ROS in Xenopus oocytes and
and that

eggs is the plasma membrane NADPH oxidase,

mitochondrial generation contributes to the intracellular ROS content
to a lesser extent. Targeted inhibition of NADPH oxidase with a
natural organic compound apocynin reduced ROS levels significantly
in Xenopus oocytes and eggs, maintained their normal phenotype and
supported their functional competence. To our knowledge this is the
first report concerning beneficial effects of apocynin on the isolated
gamete cells, such as oocytes and eggs. In this meeting, we also
present evidence that ATP is released from apoptotic and/or post-
apoptotic eggs, suggesting that caspase-dependent partial proteolysis
and deregulation of pannexin-1, an ATP-specific channel protein, is

involved in this process and contributes to a progressive decrease in

intracellular ATP concentration.

4, WX, HERLE

A.A. Tokmakov, A. Kurotani, K. Sato (2021) Protein pl and
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It has been demonstrated previously that
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3. Research projects and annual reports

Biodiversity and ecosystem services are essential in
supporting human beings in multiple ways. Japanese
traditional Satoyama landscapes that originally provide an
adequate ecosystem services have been threatened by rapid
socio-economic changes in recent years. We need to explore
the effective countermeasures to secure sustainable supply
of ecosystem services, based on the interaction within and
between nature and human activities.

This year, we conducted research on 1) regional resource
recycling, and 2) utilization of regional resources and
supply of sustainable ecosystem services.

We continued to collect information on administrative
measures to promote composting in the Kinki region with
focus on food loss prevention. We also summarized how
composting, which deals with leftover food in the corona

disaster, is handled and what issues it may have in the future.

Regarding the utilization of local resources, we
continued to collect and analyze data on cases of utilizing
the functions of nature and plants in the Kinki region. While
terraced rice paddies are expected to be a regional resource
and tourism resource, their maintenance and preservation
requires significant costs due to topographical constraints

and other factors. It is necessary to select terraced rice
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paddies with high conservation priority, and for this
purpose, it is expected to establish a method to evaluate
terraced rice paddies as a regional resource. We focused on
three aspects of terraced rice paddies: landscape evaluation,
farming evaluation, and disaster prevention evaluation, and
studied the establishment of a selection model that can be
used to selectively conserve terraced rice paddies that are
likely to be abandoned in the future.

Minabe-Tanabe Ume system, which is designated as a
Globally Important Agricultural Heritage Site (GIAHS), we
investigated the relationship between plant diversity and
land use, management, and development at the plot level,
targeting ume orchards with different development and
management histories. The results showed that traditional
orchards with natural topography had more native species
and higher plant diversity indices. It was shown that
orchards developed using the cut-and-fill method had a high
proportion of non-native species, but the extent of this
variation depended on the history of the plot, such as topsoil
retention and filling, and the management status of
individual farmers, such as organic farming methods.
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3. Research projects and annual reports

The microorganism exists in any places, and might
threaten human and animal health. Zoonotic and food
poisoning microorganism which can infect both animals
and humans cause concern for public health.

Arthropods can transmit zoonotic pathogens such as
spotted fever group rickettsiae. Rickettsia japonica, the
etiological agent of Japanese spotted fever is also
associated with arthropod vector, mainly ticks. Therefore,
the prevalence of ticks in Kyoto was investigated. Ticks
were collected weekly by flagging method and rickettsial
DNA was detected by PCR. The rate of rickettsial infection

The drug resistant bacterium in food processing can spread
the drug resistance to commensal microflora in human.
Therefore, susceptibility to antimicrobials in Escherichia
coli isolated from slaughterhouse was investigated. E. coli
isolated from the swab samples obtained from the barn
which pigs and cattle were tied for slaughter were resistant
to ampicillin, gentamicin, streptomycin, chloramphenicol
and tetracycline and showed multidrug resistance.

4.
72l

wX, EELGL

o

5. RRRRLGE

Gk, ATRGE, R AAE, BB JINEEK . BB
— ATHEKE ., BFE. ~NTE NS BESIVZ Bartonella
R RIFENT. 5 164 [0 H AREREE 4 22| 2021.9.7~13
CFeo42)

6. TOMIFREE

1) FAME D)

YR OB T 2R BB IR T & o0 3 R F 7R

Ye A B - BEPE B 2R AE MBI SR T 4 KON = B R R B E B & D SE ()
W5

ATHEEKE e 58 20 [l A ARAAF =TT 4% 2 T
(2021.11.30~12.2)

2) A,

36

WHFEE DA 23— (BBIHIHEIZT)



DD FELFHRRE

Laboratory of Plant Molecular Genetics

1. ARPE

EFEE CIE, TR AY TR RIZES 30 L4
EBEIDD, TSR OANT XT7 ) 5 BEE T D
FTafkp L TWd, ZOH THEIC, 2% (Triticum
aestivum) . Z A2 (Raphanus sativus) . b~ b (Solanum
lycopersicum) g O\ Z A (Lactuca sativa) % DVEW) . 7325
WNZH 3a (Nicotiana tabacum) By W27 F X8
(Nicotiana benthamiana) % DEF WY 2 BT, 2
DOFERKIRT ) 2o HDNIINa L RIT ) LOFRHT 2Kk %
TR RN OAT o TE T, 2R R TR Ry — o= —
EIEALIZIRa s RUT 7 AORE ST ) LT EERIR O &
BT Z ) B0 ZARFEIC, ENODOMIENLIREL
TSR 2RI DO W THEBR A D TD, KTV ERIIZ
X LR D1) ~5) o7 ey = 7T Th D,
1) BERHEDOBAR TR XL 56 A OF Bk
2) FRHANTHAE KT D E R~ 7 — D%
3) HEME R R 2 R THEM DI RUT 7 ) A
4) F A OREMEARFR - R tEBIE O AT LD 4y 11 D
fii B
5) M E B AN EET NELIZEEINT R T A
DOFAAE R IZBE 3258

INHOWFFEE, BT EI R O T vy =7 Mt
DIE T ) 2T F R 2 — (Bl W FE AR ¥
—)IZBIEENTZL D THD, FMT A H B H DR VA
IRELIZZEDD, HilcZe7ay =7 e L TRIFE 1T G
L. ZOEIRZ ST TREAICERZ FEHL THDHH DN
BHD, BT EFL2) 0T rY =/ OREIL, SER 29 4F 4 A
(R O RAE (B) ITERIRS 72 (5 F0 3 4 3 H £ Canm
TTIER), 72, 22063 BICYRA L 8 s B F & I
iz (B) (0 2 4 4 H~4H0 6 45 3 ) ICHRIREh, B
1E, RFBEA - A E T EZREZIT o T D,

i x DT rT =27 CONEEFMNT DL 1) TIHMED A
TR ) DO L > TNBEITH H 722 R84 % B Ak

THIEERMNRBELLTWD, D78 Mo E &,

A S L OERR OB G TR SO 2R L
T AEMICH =22 M %2 5- 2 52 L2 HEEL TV 5, &
0T BE R OO 3 AR - R 212 B 9 B BN B U 1Ak
PICERL TRY ., FIFZANTDIEREEY ) DS SR E R
FEHEATAHERIZEEIC L —F 4L TWB, ZOREE
EHEIC GEFEIF S asF LI MO STRIEY T,
HERHEOBE B EEZEHLISEL TV, ZhbD

IBULFATITMBA R B BEER LI REELHLLDD,

87

Big Fi MW
Prof. Toru Terachi, Dr. Agr.

R BT LN TR AR DBF SN TR,
EFi2)oFer = MI, 1) O RPLIRELTELDT
Y, BERIKT ) B, HDHBAIET (apx BinF) ZEAL
TR CERBE O TBEADE R TR 2 X323 ) 3T
ToIR R gE Bt 7oz, T7bh . ZOBE AV O/ % Z 3
T, BERRRS /L8 140kb O REZEF OV —I 0L
22kb DRESEFFO—I NV (=% —I NV ERESR) D2D
WHABISNTEFEELTEY, 3= —2 1 oa’— R
FAZHINL TOBEWHIB SR HE RSNz, ZOI=W—7
JUIEBA BN HEREE DNA O RIS H BB Y 25 e,
ZITIOI=Y =% BERENTHREER S~
Z— DRI AT 2LV ERESE T, HTLWIERKIKTE
B2 — OB ERMG LI, TNETOERT, I
== E ENDIERE DNA W fr & 504 9 B
AR T (aadA) R ORI DT FAIRR I Z—F, # 3
ADEFHENTHEEK AT THLIE, ZDORIZ—H
T %@ TR IR~ ESNBE A BHEIE, 3=
— VDM EAMCH BA T TAINIC B EE MR A
53255008552 LE NN TND,
3)~5)DFavzIME, WTNHINILRUTZ AT
BET2L0THD, 3) Tik, [HEMERFR ARSI
FIASHTOBEHOINa L RUT S ) LAORER Z R L
FHLL TS, Zo/EEATRIL, M OAFIZIER THD
VN A R S RN (2% ) Wil A A=Y ARANTRE - TNt =R AN
SOBEMEDIZ RS, MEEE T2 ORIK#E
BT MM RUT T ) BZFETDENI B R R H D,
Lol RRERE T B BIEERENOEMICEA 20T,
RN TR T DB RN DD, Iha RIT 7 ) LAOMEGET
W YOI RIT T ) AORHEER LT HE
LB, HEME AR TR IR & s+ DFF E . SHITIZZDRLIFIC
B9 28 mREELIEEZTND, X TL) TIE, X A=
VEM BN HEYE AR TR LR B 2 AT LD 5y T H I 2 1)
FEEQITHFZEL TV D, RTR D XS, HEME AR FR 0 JR E A5
F (A2 TIE orfI38) 1ZIDar RVT 4 ) MIFET D
DB, ZOMWEE M DRMEEE BAR T (RO 13T
S BT D, BEMER TR LR ME RN IE. M2 1T 2
Far RUT O EEROETLELTEMLHIES
NTHEY, BIFEETH H RE MO N A2 T BT,
bR AOERERETHEEBIT, BEM K UK
A REEETAZOWT, BRE L O T AW O EH
LERZEDTE-, 2B, 5) 07 =/ CIE, HE
ERALXLVIHHRMEIEHWT, 2 AF O HKET



HHEX T ABOBFEY) LA A LT TALFREDI
= RUT T ) DO~ TN D,

2. RAEEOHERR

AKEE 1) DT/ NIHOWT, BENTEH L2
ABINZRADOMEEZ ZHDOV O E B RIEETE
Bl WA BT AT o 7203 Bric 7ok e X (R 2 3 208
X, VEAD I EREEM L2072, 1) D7 ey xs
MRS EDOIIE, M B O RN EETHY |
BrCa X o4 FFENLRAMOFI L 2L Ky
HPVBELEND— T ZOT —<ERIRTHREFLEN
WRNDT, ZTHAE | ERBEREZER TETWARNY, F
7o B MZOWTH | X AROMERIZBI L CTHE R IS0
BULE, AL OWF e = TR X RIEH O EERH LM<k
DELFE, ‘IPA6’ A AFL, HlFDOHIHA K > TV D,

2) 7Y TIELL FOFEBRZBEL THL DD
EnEoniz, 3= —27v% HindlliZk> T3 >DW
W EI LT, WICEW %, KIBE O TAIR Ry X —
(pBluescript Il ) ~—= 735252 A, #1 BIO
#3 Wr W& FE D7 I AINER T, — 7, 20Kk Tra—=
VT TEIRMNSTR2 OWE R Z#2A BLOH2B D222 E|
L. In-Fusion {25 > C, FE pBluescript I ~/m—=1"
TUI=ET A H#2A OE 2N TDHIa—=2 7 ICRR T
L7z (H ),

ZhH 3D W

(#1, #2A BXL O

#3) HFEO T T AR

RIZ, BERR IR T

Fux—4—5

IO —Ix—%

—ZE#AE LT aadA

HevhEfR AL,

HEREEAH O

TIAIRAL ARG IR LT, /S—=T A I VIR N —=R A B
EEAONT, ZNS3MO T TAINZZ SRR~ A
L, iAW EE RS CRELFER, oy 2 —1 %
BHIENTERL, ZNHDYa2— b4 DNA L,
KIBE N T AT 4 — b LT2EZ A, #2A BENLITED
AT TITAINE2A 3, F281 BLOW3 ZfbIT, B
HIAANTE T TAIR IV T AX DK EIR T TAIR (ST A
R#lins, #3ins) WL AFa—3IN 7= (#3 O 1EAEEZKRL) .,
PCR BI WY —2 vy v P LAMBIT OS5 =W
—IVZH KT D3 DOW T, BRI T
RELTHEI<ES 25 Lo Al REME AR Sz,

ZOREREZ T R OB RE R LTS & X
VIR 9 5720, EiiI=Y—27 L HKDI >k

o

38

F o026, b Z <O EHRBIELEAETTZ1>OW i (#2A)
W& B Ulc £7 #2A 28I RESE2ar AT
NE7TREFELE, #2A Wi 2R W T AIR O A S A
DT FTAIREAER L., B FF 396 D/ R—F 47 )LIR L R —
RAVRMZEY, ZRHD T TAIR DNA 430D IE~E A
Lz, ZOFER ., 2O T ZAIRD LA G THEIEO I E
R R MG DAL, RN TE AT I AIN I AE %
LI2HTEFE ., #2A NOHK) 500bp (ZE TR VAT Z LN
T&T,

ZZETOERBE RN, IR/ LITI=F—I 1
B ENDBLFN AT | # BGE S L7015 DB A 5K
FEIET DD TIFRWVDNEWIRER ST Tz, ARFE L,
EOERED EHE | ZORMAEMRAE T HEREITIRo7,
Thbb, aadd VMR WERIBEOTITAIR X
—\Z, BRI )LD 96%ITHHY T AM B rr—=2
L. &8 771 BEOTSIFAINa AN I NAERILT-, 21
HOAVANIZINO3TEEEZ T EL, KM% 36 B3>, /<
—F AR N—R A NIV EARaDIEICH AL, &
DOFER B EF T4 EROTEEBIA NGO, Zb0HF
AZLFEMTICRY , B 3T 14 O TAIN SRR KA TH f:
BRAEETHHIENHH L, 2, 20 14 BEOTST
AIR OB 2RI, AR OI=H—Z NV DOELHI(F K SX-
16, SX-1T)& & ATV, —J7 5%V D 12 DT TAI
RIZI =Y — 27L& ENRVEERRIR T ) Al &2 A
F—heL TR TEY, ZNHDO T TAING BRI N IZHE
SN TWZENnD, RUFZELBH MG DB Tle, 3
FRIRZ 7 DITERIE S L LTI B AN S B F R+ 5 8
VIOMRFUT, HARREIELWIENGEH SN,

FE3) 0T el /M ONWTIE, SEEL RTINSO
FEBRAEBEL T D, TOREE ., HEEATe X ~3F, /i
A RXX L LMFEDOINI L RIT OF ) MREGDSET L, £
OFERZR LBV EEL TAE L, 25, E7it4d)



DOTuY = MIOWNTL, B ROFRAE TR LEhiz
~HAar (B Aay BUEX A LB IR IEND) D21H
BIZEBR LTS, ZNHOEEIT, MR E R T4
FHEIL ERBEOINAURIT T ) BT AT TAIY IR
REETHRFFLTOWAAIEEER S, ZNETHEL DN~
A B L CELEN, AT FRIEEFMO~TOTT
A 7 IR B ARIZB D3R o Tz, T TTOMEKIZ DN T,
WA — =P —Z WS b RUT A LD fE
BEELT, T —XE, BB THLID ., R DR
BT, ~T a7 TRy R BRO%RIT, TXTHTT
ALZEE L) TH B,

E5) 7m0 —BELT, REFEIL Aegilops
mutica fMVE ZFF O/ a bAXDOINaL R T ) LOfE
WrEEDTND,

3. Research projects and annual reports

We have proceeded with the following five projects:
1: Production of useful transplastomic plants.
2: Development of a new chloroplast transformation vector
that can replicate autonomously in chloroplast.
3: Comparative mitochondrial genomics of male-sterile
crops using NGS.
4: Studies on the molecular mechanism of the male-
sterility/fertility restoration system in radish.
5: Comparative mitochondrial genomics of Triticum and
Aegilops using alloplasmic lines of common wheat.

The first project aims at producing various transplastomic
plants that are useful for human beings. Currently, several
transplastomic plants (containing genes like apx, ferritin,
etc...) have been produced using tobacco as a model plant,
and experiments to produce transplastomic crops including
tomato, wheat and lettuce are underway. Transplastomic
lettuce containing either ferritin or gsil/ gene has been
produced.

The second project is inspired by the results of the first
project; we have accidentally obtained a variegated

transplastomic tobacco plant that contains dipartite

chloroplast genome. Since this plant is expected to serve
as a unique resource to develop a new chloroplast
transformation vector, we are now conducting several
experiments related to this subject.

In the third project, mitochondrial genomes of several
crops such as barley, rye and onion have been analyzed.

The fourth project tries to reveal interaction between
mitochondrial and nuclear genomes using a male-sterility

and fertility restoration system found in radish. Genetic
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variations in both mitochondrial orf738 and nuclear Rf
genes have been examined. Evolutionary aspect of the
system is also drawing attention.

The fifth project concerns the mitochondrial genome of
Triticum and Aegilops species. It is well known that the
mitochondrial genome of some species in the genera
influences on the phenotype of alloplasmic lines of
common wheat. In order to reveal a mitochondrial gene(s)

responsible for the phenotypic difference between
alloplasmic and euplasmic lines of common wheat, their
complete mitochondrial genome sequences have been

determined using the next-generation sequencer.
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3. Research projects and annual reports

1) Analysis of policy formation processes

We researched trends of green infrastructure (GI) policies
in Japan. The results of our study show that GI is a common
political concept that promotes the use of various
ecosystem services in local governments. However, the
apparent motivations for the introduction of GI differs
among the cities. In most cities in Japan, reconstruction
from the Great East Japan Earthquake are the basis for
developing GI policy. In addition, GI in Japan is
characterized by the fact that there are ongoing discussions
on land use based on the characteristics of ecosystems and
the use of various ecosystem services. In recent years, the
frequency of floods has increased in Japan and GI policies
as a means of stormwater management have been attracting
attention. Therefore, the scope of GI policies in Japan is
expanding. In future, we suggest examining effective GI

policy formation methods in local government.

2) Evaluation of possibilities for GI policy introduction

To evaluate the possibility of introducing GI policies in
local government, we developed natural environmental and
social system indicators related to GI. We constructed
indicators of water management and biodiversity
conservation of agricultural lands during floods and as a
natural environmental index. In addition, we established a
social system index based upon completion of a
questionnaire that captures citizens’ Gl-related intentions
and administrative plans. In a future study, we intend to
further develop GI indicators for local government to
comprehensively evaluate the possibility of introducing GI

policies.
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3. Research projects and annual reports

Genetic diversity retained in populations is an essential
material for adaptive evolution and breeding of plants and
animals; species can successfully adapt through natural
selection to changing environment if they have sufficient
Breeders of domesticated plants and
animals can genetically improve their materials by artificial
selection on genetic variability. Our laboratory is
researching the methodology for evaluation, maintenance and
utilization of genetic diversity in wild and domesticated
animal populations. Our main research projects and the
annual reports are as following:

genetic diversity.

1: Conservation genetics of an endangered bumblebee species
in Japan using microsatellite markers

Bombus Cryptarum florilegus is an endangered bumblebee
species in Japan.
areas (Nemuro and Notsuke peninsulas) in east Hokkaido.

We collected 42 workers and 21 males in a pasture at
Nemuro peninsula. Each sample was genotyped for eight
microsatellite loci. Nest density was estimated from the
microsatellite data of workers. Estimated nest density was
15(/km?), suggesting that urgent conservation managements
are required for reducing the deleterious effects of inbreeding.
To evaluate the effect of inbreeding, the proportion of diploid
males and the number of sex alleles were estimated with the

The habitat is limited to two peninsular

microsatellite data of males. The number of sex alleles was



estimated to be 5.0, which is exceptionally small comparing to
the published estimates of foreign bumblebee species.
2: Construction of selection criteria in guide dog breeding
Suitability for guide dog has been judged by evaluation

with 42 items in Asia Guide dogs Breeding Network (AGBN).
For a purpose of selective breeding, the evaluation items
should be condensed into a small number of selection criteria.
We applied factor analysis and structural equation modelling
to records of the evaluation and extracted three major
components. Quantitative genetic parameters and breeding
values of the components were estimated. Using the
obtained genetic parameters, selection index to simultaneously
improve the three major traits was constructed.
3: Inbreeding and selection response in a small population of
honeybee under incomplete reproductive isolation

Assuming a small population of honeybee with incomplete
reproductive isolation, we developed theories to predict
response to selection and The
theories were applied to a selection program with a scale
applicable to beekeepers in Japan. Numerical computation
showed that even under an incomplete reproductive isolation,
a remarkable genetic gain could be achieved if more than 90%
of drones can be isolated. It was also shown that a small

inbreeding coefficient.

amount of introgression of drones from outside populations
could effectively suppress the inbreeding
coefficient.

increase  of
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Hasp siganls disappeared in sclamp mutant brains

Wild type lampA42L/Df lampA412/Df
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3. Research projects and annual reports

Research Project: How the brain expresses a variety
of neural function still remains enigmatic. We are
studying regulatory mechanisms underlying synapse
differentiation at molecular levels, and also try to
understand a genetic program that globally organizes
the neural circuits in the brain. To approach these
problems, we employ a small brain of Drosophila,
which comprises 10° neurons, only a millionth the size
of a human brain. Our research currently focuses
cleft
analyzing

matrix,
the

formation, and revealing roles for matrix in synapse

on the synaptic identifying its

components, process of matrix
differentiation and brain functions.
The hig (hikaru genki) gene, identified by a mutant

phenotype of reduced locomotor activity (Hoshino et



al., Neuron 1993), encodes a secretory protein with
CCP domains
domain. Hig protein localizes to the synaptic clefts,

multiple and an Immunoglobulin
forming matrix at cholinergic synapses, in the brain
(Hoshino et al., Development 1996; Nakayama et al.,
J. Neurosci. 2014, 2016). The goal of this project is to
identify new proteins that constitute synaptic matrix,

and also to reveal how these proteins are organized in

order to form functional matrix during synaptogenesis.

In addition, we are interested in building a new model

of synaptic structure because the current general

model does not incorporate synaptic cleft into the

architecture as an integral part of synapse.

Annual reports:

Identification of Sclamp as a cholinergic synaptic

protein that regulates the localization of Hasp and sleep
To identify a synaptic protein required for the

localization of Hasp at synaptic clefts, we
immunoprecipitated brain extracts with anti-Hasp
antibody and analyzed the precipitants by mass

spectrometry. Two membrane proteins, Sclamp and
Neurexin-1 were found among the proteins identified in
the

containing multiple CUB domains (see Figure) and

experiments. Sclamp is a membrane protein
reported to be expressed in both neurons and astroglia. In
the null mutants of the gene that we generated by
imprecise excision of transposon, Hasp disappeared in
the synaptic regions, indicating a role for Sclamp in
Hasp localization. As we have successfully obtained
anti-Sclamp antibody, it is now possible to reveal
relative positions of Hig, Hasp and Sclamp within a
single synaptic cleft, using an ultrahigh resolution

microscope.

The sclamp mutants exhibited abnormal sleep pattern.

During transition period from light-on to -off and
light-off to -on, wild-type flies temporarily moved well,
but the mutant flies showed less locomotor activity
during the periods. It will be interesting to determine
which mechanism (light response, circadian rhythm, or
sleep need) is involved in the observed abnormal
behavior and how Sclamp participates in the sleep
regulation.
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3. Research projects and annual reports

Many micro-organisms exist surrounding of natural
environment. Some of them infect to plants, and some do to
animals including human. They cause unique diseases to
their host, but the others do not. Some live in animal
intestine and help food-digestion of host animals. Or some
have a role for host evolution. Microbes interact with their



host and establish micro- and macro-cosmos in nature. We
are now studying on pathology, ecology, and other basic
researches of zoonotic micro-organisms. Especially, we
focus on viruses, which cause mosquito- and tick-borne
diseases. Recently, arthropod vectors are spreading their
living places due to global warming. Therefore, the diseases
become one of big concerns in world-wide public health.
Although some diseases are not in Japan, it is also urgent to
develop detection and prevention system for the diseases.
Our main research themes are: 1) Epidemiological study on
mosquito- and tick-borne diseases in Kyoto city, and 2)
Pathological and molecular biological studies on mosquito-
and tick-borne pathogens. The THOV neutralizing antibody
titer was measured in wild animals living in Kyoto City, it
became clear that the palm civet and the raccoon possess
the THOV neutralizing antibody titer.

Annual reports
1) Epidemiological study on mosquito- and tick-borne
diseases in Kyoto city

We continued to capture mosquitoes, which are the
vector of many mosquito-borne diseases, at several fixed
observation points in Kyoto city, Japan. We then tried to
detect pathogens within mosquitoes. As the results, no
evidence of existing of pathogens within mosquitoes
captured in Kyoto City, was obtained. We also conducted
surveillance of tick-borne pathogens at north part of Kyoto
city. We captured many ticks, and tried to detect pathogens
within ticks. We detected several viruses by reverse
transcription polymerase chain reaction. We also developed
a virus-neutralization test for HI-Kamigamo 25 strain of
Thogoto virus (THOV), which we isolated in Kyoto City,
2013.

2) Pathological and molecular biological studies on

mosquito- and tick-borne pathogens

Infection of mice with THOV is not pathogenic,
whereas hamsters have a lethal course. Since how to cause
infection over animal species is one of big question in the
natural world. In this year, we examined whether THOV
adapts to mice by passaging in mice could infect with
THOV. We isolated THOV after 20 passages (MA-THOV
P20) clones. Cloned viruses were lethal to mice as similar
to MA-THOV P20. Macroscopic pathological findings of
MA-THOV P20 clones-infected mice showed bleeding in
various organs.
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