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3. Research projects and annual reports
1-1. Elucidation of the of

Hyaluronan and its Application to Anti-aging Technologies

Biosynthetic Process
There are an increasing number of bedridden elderly people
in Japan with a loss of joint function due to conditions like
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 (GlcNAc) and glucuronic acid (GIcUA)
are linked together by alternating (-1,3 and 3-1,4 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 that

proliferation leads to the development of cancers, the

is well known 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.

12

2. Our previous studies have demonstrated that transgenic
mice exhibiting HA overproduction in mammary tumors
rapidly developed aggressive breast carcinomas, in which
plastic cancer cells reverted to stem-cell states. Because
excess HA production consumes large quantities of the
cytosolic UDP- N-acetylglucosamine and UDP- glucuronic
acid as substrates, overproduction of this polysaccharide
may alter networks for the cellular metabolism. Stable
isotope-assisted tracing and mass spectrometry profiling
disclosed an acceleration of metabolic flux in the

hexosamine biosynthetic pathway (HBP) (Fig. 1).
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Figure 1. HA biosynthesis and HBP

In this study, we investigated downstream signals of HBP
in breast cancer cells to elucidate the mechanism by which
HBP flux accelerated by HA overproduction regulates
cancer stemness. Phosphatidylinositol-3-kinase (PI3K)/Akt
and glycogen synthase kinase 3 (GSK3p) govern several
signaling pathways associated with cancer progression.
Since these signal pathways have also been suggested to be
associated with self-renewal of CSCs, the phosphorylation
state of these signal molecules was analyzed by Western
blotting. The HA-deficient cancer cells displayed greatly
reduced Akt phosphorylation at both Ser473 and Thr308 as
well as GSK3p phosphorylation at Ser9 as compared with
control cells. The phosphorylation of GSK3p inhibits its
activity and prevents it from phosphorylating B-catenin,
thus allowing the stabilization and nuclear translocation of
B-catenin. The stabilized B-catenin subsequently induces
the epithelial-mesenchymal transition (EMT) crucial for the
maintenance and expansion of CSCs. In accordance with
the reduced phosphorylation of GSK3p, the expression of
B-catenin was decreased in HA-deficient cancer cells.
These results suggest that HBP flux coupled with HA
biosynthesis acts on CSC regulation via the PI3K/Akt-
GSK3p-B-catenin signaling pathway.
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Laboratory of Molecular and Cellular Biology
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3. Research projects and annual reports

We have been focusing our research on the productive
folding of nascent polypeptides by molecular chaperones and
protein quality control mechanism for misfolded proteins
within the cells. Particularly, we have been devoted our activity

on the following 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 reticurum (ER) . ERdj5 forms the supramolecular
complex with EDEM and BiP, and activates the degradation of
proteins misfolded in the ER by cleaving the disulfide bonds
of misfolded proteins and facilitating the retrograde transport
of these proteins from the ER lumen into the cytosol, where
they are degraded by the ubiquitin-proteasome system, which
is called as ERAD (R. Ushioda et al., Science 2008; M.
Hagiwara et al. Mol. Cell 2011; R.Ushioda et al. Mol. Biol.
Cell 2013).

We found that ERdj5 cleaves the disulfide bond of SERCA2b,
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 ERdj5 is involved not only in protein
quality control but also in Ca?" homeostasis in the ER (R.
Ushioda et al, PNAS 2016). Furthermore, Inaba group
(Tohoku Univ.) and we elucidated the structure of SERCA2b
(Inoue et al. Cell Rep. 2019). This information may help to
understand the activation mechanism of 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 ERd;j5 is

involved in the uptake and release of calcium ions in the ER.
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3. Research projects and annual reports
Eukaryotic cells are highly compartmentalized
into membrane-bounded organelles with distinct
functions. Mitochondria are essential organelles
that fulfill central functions in cellular energetics,
metabolism and signaling. We are studying the
molecular mechanisms of biogenesis and quality
control of mitochondria and other organelles from
the viewpoint of protein and lipid trafficking.

Most mitochondrial proteins are synthesized in the
cytosol and are transported to mitochondria by
dedicated import systems. The outer membrane
contains several PB-barrel membrane proteins, including
porins, which are responsible for the transport of small
molecules. B-barrel membrane proteins move through the
outer membrane via the TOM complex and are inserted
into the outer membrane from the intermembrane-space

side by the translocator SAM complex, forming a
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B-barrel structure. The SAM complex is composed of
Sam35, Sam37, and the P-barrel membrane proteins
Sam50 and Mdml10, yet Mdml0 is
incorporated into the SAM complex, but it dynamically

not always
moves back and forth between the SAM complex and the
ERMES complex (an inter-organelle tethering complex
between the ER and mitochondria). To elucidate the
mechanism by which the SAM complex incorporates
B-barrel membrane proteins into the outer membrane, we
determined the cryo-EM structures of the yeast SAM
complexes with and without Mdm10 at a resolution of
2.8-3.2A.

In the structure of the SAM complex without Mdm10,
Sam50 formed a dimer ((Sam50)2-Sam35-Sam37), and
each Sam50 was "laterally open" with the B-barrel not
completely closed (this complex is called the SAMdimer
complex). Sam35 and Sam37 interacted with each other
and bound to the dimer of Sam50 from the cytosolic side,
thereby anchoring Sam50 to the SAM complex. On the
other hand, biochemical and low-resolution EM analyses
have suggested a heterotrimeric structure (called the
SAMe°r® complex) consisting of Sam50 : Sam35 : Sam37
=1:1
complex, and the cryo-EM structure of the heterotrimer
thus

: 1 stoichiometry as the structure of the SAM
in micelles was also recently reported. We
introduced two types of Sam50, one with a His-tag and
the other with an HA-tag, into a yeast strain lacking
endogenous Sam50, and performed affinity purification
using the His-tag resin. The
HA-Sam50 was purified together with His-Sam50,

results showed that
indicating that the SAMY ™ complex does indeed exist
on mitochondria. Furthermore, analysis of the apparent
complex
experiments showed that both the SAM¢®°™ and SAMdimer
complexes are present on yeast mitochondria. Then, an
arising question is why the SAM<®™ and SAMdimer
complexes exist on mitochondria. It is known that the
SAM the the
C-terminal B-strand of the B-barrel part of the substrate

size by native PAGE and cross-linking

complex recognizes “B-signal” in
precursor. Therefore, we immobilized the B-signal of the
His-tagged substrate Tom40 on the resin and examined
which SAM complex binds to it. We found that the
B-signal of substrate Tom40 binds to the SAMdimer
complex. In other words, the SAMY™er complex was a

species that accommodates the substrate Tom40.



In our current model, when the B-signal of the substrate
Tom40 is recognized by the SAMY™er complex, Tom40
binds to the SAM complex in a manner that replaces one
of the Sam50 molecules,
Sam50-Tom40-Sam35-Sam37

Once formation of the [-barrel structure becomes

transiently forming the
intermediate complex.
complete, Tom40 needs to dissociate from the SAM
complex, but

suggested that Mdml0,

our previous biochemical analyses
another f-barrel membrane
protein, could replace Tom40 and drive the mature
Tom40 out of the SAM complex. Indeed, in the cryo-EM
structure of the SAM complex containing Mdm10
determined in the present study (the SAMMImI0 complex),
one of the Sam50 molecules in the SAMY™er complex
was replaced by Mdm10, and the long helical structure
of Sam37 was inserted into the barrel structure of
Mdm10, thereby tethering Mdm10 to the SAM complex.
After this,

molecule, and the SAMY™er complex was re-generated to

Mdm10 was replaced by another Sam50

complete the reaction cycle.
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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 the relief of epilepsy,
anxiety, and mood disorders based on the clarification of
the mechanism.

Epileptic model mice and stress-sensitive model mice
showing the 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 to clarify causal molecules by
histological and biochemical analyses. The topics of

research and the content were as follows.

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

Amygdala-kindling model mice are analogous to
secondarily generalized complex partial seizures and a
model of temporal lobe epilepsy in humans, showing

abnormal neural plasticity. Using kindled mice, we have
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found two molecules responsible for epileptogenesis, a
growth hormone and a sialyltransferase.

First, we found that the expression of growth hormone
was up-regulated along neural circuits during the
epileptogenesis. The administration of the hormone into the
hippocampus markedly enhanced the progression of
kindling. Furthermore, the infusion tests of growth
hormone and the receptor antagonist demonstrated that the
expression level of 4rc mRNA was strongly correlated with
locomotor activity level and that the correlation was
completely discriminable among vehicle-, growth
hormone-, and the receptor antagonist-groups. In this year,
13 urinary volatile organic compounds (VOCs) exhibited
differential abundance between epileptic and control mice,
and the corresponding areas under the receiver operating
characteristic (ROC) curve were greater than 0.8. TLE
induced by amygdala stimulation could affect both
endogenous metabolites and the gut flora.

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

Third, 16 urinary VOCs exhibited differential abundance
between St3gal4-KO and the littermate wild-type mice, and
principal component analysis (PCA) and hierarchical
cluster analysis based on these VOCs classified four groups,
in which (1) 2 VOCs showing differences between St3gal4-
KO and WT aged mice; (2) 3VOCs showing differences
between before and after encounter of male with female at
estrus stage in both KO and WT; (3) 3VOCs showing high
urinary contents in KO before encounter of male with
female at estrus stage; (4) 6 VOCs showing differences
between KO and WT that were correlated with startle test.
Finally, we suggested that urinary VOCs were correlated
with several emotional behaviors and St3gal4 modulated
metabolic system related with several emotional
behaviors(PLOS ONE, 2020).

2: Neuropsychiatric disorders induced by metabolic
loading and sialylation.

Oil-rich diets differentially modulate anxiety and
depression in normal and anxious ST3Gal4 deficient mice.
In this year, we investigated plasma parameters, such as
ALP, triglycerides, total cholesterol, lipoproteins, and total

proteins, and fatty acids originated from plasma glycerides



and free amino acids in non-fasting blood of ST3Gal4
deficient mice. Mostly we received results, then will make
a published paper.

4. /X, EEBLGE

Fujita, A., Okuno, T., Oda, M., Kato, K. (2020). Urinary
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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
The

application of these properties to plants by colonizing

resistance, and environmental stress resistance.
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) Since

nodules are classified into two groups based on genomic

110-cluster strains isolated from soybean

information, soybean inoculation of with Group 2 strains
belonging to the 110-cluster strains was compared with
the USDA110 inoculation showed a decrease in dry
weight and significantly lower nitrogen-fixing activity in
several strains. Furthermore, the soybean inoculation test
using mutant strains of polysaccharide synthesis related
genes, which are absent in all Group 2 strains, showed a
decrease in dry weight.

(2) The genomic island (GI) common to soybean
rhizobia, which is inserted into the genome as well as the
symbiotic island (SI), was found as a candidate genetic
factor determining the symbiotic characteristics of B.
elkanii. When the genes encoded in the GI were
examined, homologs to the SI fix gene cluster were
found in the GI, and their identities% of the fix gene
products were close to 80%.

(3) B.elkanii USDAY%4, KAW12,
Herbaspirillum sp. B501 and Azospirillum sp. B510 were

Rhizobium  sp.

inoculated on Rorippa aquatica, respectively. After
growing plants, the leaf morphology was observed and
the microbiome was compared for the shoots and roots,
respectively. In the 16S metagenomic analysis, the most
frequent OTU was OTU12, which varied between 33%
and 78% of each data set.

In the
symbiosis, the Nod factor is sensed by the plant's

establishment of a legume-rhizobium

receptors, causing nodulation. However, certain
rhizobium species deliver effector proteins into host cells
that hijack the legume nodulation signal. The rhizobial
effector Bel2-5 is similar to the XopD effector of the
plant pathogen Xanthomonas campestris and can induce
nitrogen-fixing nodule in the soybean nfr mutant. Bel2-5
induces expression of cytokinin-related genes and
represses ethylene-related genes and defense-related
genes. When Bel2-5 was expressed in a soybean mutant
that had lost Nod factor recognition and was unable to

form nodule, it showed the ability to form nodule.

4. WX, EELGE
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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. In summary, we
characterized a novel mechanism of cell extrusion, the

first compelling and conserved one to our knowledge.

4. WX, BEERE

Akihito Kira, Machiko Murata, Keisuke Saito, Ichiko Tatsutomi,
Izumi Hattori, Haruna Kajita, Naoko Muraki, Yukako Oda, Saya
Satoh, Yuta Tsukamoto, Seisuke Kimura, Hiroki Kato, Kohki
Kawane: Extracellular vesicle formation mediated by local
phosphatidylserine exposure promotes efficient cell extrusion.
Research Square (preprint). 2021, DOI: 10.21203/rs.3.rs—
257262/v1

5. ¥RFERLELE

1 ZE —W, HR A, JREFR, HE B, KA
S, JUAR N TR L 96 (S F 0 B B A /I B oo S ik )
(RA%—), 5 43 BB AR5y T AEMFRES, 20204 12 A,
FTA

2. R M, ER WA, B ZET, MK BT, A
WA, Vel WHE, BA BER, Mg o, JIR A
BRI BT DERAT 7 F VORI OFH | (RAZ—),
%43 B A AR FAEMFRESR, 2020 £ 12 A, AT

3. B R&EIRE FuR. P BEOANE BEE R A
B TR % 2 1T 88 A& OB B DR ) (RAX—),
%43 Bl A A FAEMFRESR, 2020 4E 12 A, AT

4. IR AR TR LS ISR D FRAT 7 F UL BEH O
BeE) (FEFERED, & 1 BMRIEarxT A, 2020 4 11 A,
AT

6. TOMIFFLER
1) S E S el

2) MM %ML

3) ZFAMED)
HARAE R TR RE A ) ER

oML

=
o
il

27

5) Toftt 72l

EMERIT D, HERDBROTRAT



SHECFHEE

Laboratory of Population Genetics

1. ARBE

EFER 5B Tl i) % FV T DNA 28 B o e ds
MO 2 KERME L L TIREERB 2> TV
%, DNA ZRNED XS ICHEBEL L, R E2& CER
FTOHEZEDOLIICEILEETHSDONERL
PZT 22 LEFEHABEFOEERANTHY .
R o HRFZHNT 5 2 & THAETHO
LR R E D & D IZHAE N Z 5 D2 Tl
THZENTE D,

AT 5 B TR IR B REEOEVWRLZENLE b
7O THEREN E DL 912 DNA BRICEE LR 5 2 50
VS RICERER > T EERB o TWD, &
J AZIFEEL OBBETFHFEL. FAERDHRE
ROKG LI > TEYOEALDOER L 72> T 5D,
L7 LA TOEBHIXFAKICEARRIROEZE L% S
0T < JE OB O Yt R E DE VI
Lo THARBRO@ EESWITRL-TL 5, B
72H O T, SEIREE CHB X ERE S LEEH DR S
WENAEL, BARBROYENHIKIC L > TREL
WD L1272 %, ROKEHMRTL2EFZTHLH)
FIRSLT ATl FhaTnsa~F o b
THmMBNFRE, T8V T 4y 7 kru~vF
VB OB . AR ER O N — Bk
ETDHETHFICEERL DO TH D, HICKEFOD
Zibx b &I HRRIRO B L@ Is Lo T4 %2 3
LZO0THERLS, X LHARBROEENLED LS

RBERICEL>TET 200 EH NI T 2T LI

WEEDY ) MMERE S LI LEAMEORE LB E
2 CEMMUENFEE T D 9 2 TERPERNBOITA
S>TLBLEEDLNS,

AT IE 7 B TIE B ARMIZ R O 3 SIS 2V THfgE %
HH TN B,
1) B J5 A B8 B8 0D AL AT

B A IR 25 4 D BRI Y R % TE e L2 IR
BT D7 DICHEOLDOTHY, BEHERD
EMERBZEZIIARTROLEDOTHD, L, +
OEEMICH L O TEFEESNLS ) AP TR
BT HEEDNRLTWVWS, YA XFTXFTD
WixFE %2 AW CEIFRESINA E D X S ICE#R LT
WBOh, BFRRLYI O8O A RIS YAk o4y
BEIC B A 52 D00 ERITL TN,

28

HiZ A2
Prof. KAWABE, Akira.

2) B K1 DL & — > DT

BBRIZZ0EMTYT ) 2OKEDEEHED
L PY R ONEEE X D ECIHEFICEE
FThbH, BERTDAET EEERELRTICHA
THIETEMEERDIRZ LT b E
. Z< OEYTEBR 1 & RIE(T 5 BT
ftLTWwWa, BIE, 77778, ~ A8, 4 38
DR TORALNRE =V G THZLTEDLS
Wa b —HEWOLAELE ERBNTNDDMN
BREWZOWVWTHLEMNILELY ELTWA,

3) TV RXT o v 7 IR O

52 2 2B O]

TV RXT 4w 7 RFIEEERE I LY BB TR
B/ n~F UBEOEREZ D2 LR bN
TWd, TEY X7 ¢ v 7 Iel#EITES DOE
WEOTRAVICERZZ L LT LR ARTH
LM, ravFUoBEOEIC LY N —
WCHBEHE 2D EBbNS, xim P = xT
Sy 7 HIEERE D D BRI ) A A VT T 4
CIRAN K DNA D A FAALIZER LTI Z D
W5,

2. AEEOHMERR

AAEE TR OMITICBE L, 77 7 R
MIZBITFDRIF AR 77 I —OFEERD
MEEZB o, BB EEZFALTESL L)
DY) DTERNIE N T AR 77 I —
TEREBICT ) A EMZ TBEIL TS Z L B
BB AR 7L — T O EHERKZ L T b, »
KODDEBEEHFOWNIHEEDOH L2 a—2 /T L,
ERICHER T EMNE I DDA ED DL FETH S,
FlovmA X RS E T8 A G Ik R S 2 Rk
APRHLNDBRT AR T 73 =220 T, v EAX
FRFOEENRER DT ) KRR IR 707 N —T % R
HU, EDT N —T OEBERR DRI 2> Tb,
Flo, VEARXFTAFTITER TR — X A6
IN—FIZBELTOHEEMORELZHI T2 TR
BAEFETHTETHD,

Fo, BORBESTEBE LS TELTNDLIE
DHBNTWBAZYTFDF ) LRI DI IEZ IR0,
B F ARSI DT 2 B 2R o7, NF YA O K HE



WITZNETIZHOEN TNDE — L LT R0 E MR
E—MEEE B OZEAHOMN IR, A% R
LIZB IR B RE = NE DI LIz OO Y R
DIy HEC RIETREBLZ LU TNETL,

FICT T TF ROV O DFEICE L THEREAR THD
B RNA T 4747 DNt D Tvd, RNA =7
AT 47D PPR {5 1 OMERE R KT B o
RICEDT A XT XS RHH TD RNA =F 4T 427D
LR LT DR ZfRAT LTz, BT 77 F R ek To
RNA =747 4 7 OHEALBR ORI ER AL A TUS
T ThD,

LI LA LA 111

Iy

Rl

i-g0l

K. vaAXFRAFTEERFEDT ) DL ELN B R
B AEZ R T II AR 7730 — D R A
(RENZEEBAfELE DD —)

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. I galbra also has
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very complicated repeat structure with chromosome

specificities.

2) Patterns of Transposable Element Evolution

Genomic organization of transposable elements were
analysed in Brassicaceae species. Intergenomic
transpositions were detected in several families of
transposons in allopolyploid species suggesting
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
analyze whether or not they are actually transpose.

In addition, we have identified a new group of
Arabidopsis transposon family members that show a
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
several Brassicaceae species to analyse RNA editing in
We analysed RNA editing in

determined complete chloroplast genomes of

chloroplast genome.
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
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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Arabidopsis. Nat Commun. 2020 Jun 26;11(1):3224.

5. ¥ERRLELE
FNT T ) BD RNA T 4T 4725 PPR 15 1D
SHARXF AT B AL TOMAETE LTS B PR %0,



vE A, BRI, B 92 Bl H ABGYR (AT A8
A), 202049 A 16 H (AEARE TE. B EBHEICIORR)

6. ZDIFFELFE

1) “EAMES

Genetica: fREZLE

BMC Plant Biology: ###E % B
Plants: fi £ Z B

2) Foff 7L

IR EIME (Fr IS L B FER R A & Ok T)

0]

FRAA b AR SRR Bl AR | Tl
D N R LT L LTE T T T e -
SR R o SRR R R Ll

[ T S

& TEA S AR
L L s i

® RV ESREE TR e ARSI R AN

* EECEESed T T bR, REEEAETED bR

*EoPE
R I R e T TR TR T
8 e LT S

30



HEREEMERARE

Laboratory of Neuroglycobiology
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3. Research projects and annual reports

Proteins synthesized in the cell need to be correctly
folded and undergo various post-translational modifications
to become functional molecules. The addition of glycans to
proteins is one of the important post-translational
modifications. Mucin-type glycans, which are one of the
most frequently observed glycans, are often found in mucus
proteins covering epithelial cells. In addition, many
membrane and secretory proteins are modified by these
glycans, but their functions are not well understood.
We have been investigating the roles of an O-linked sugar
chain with the carbohydrate-protein linkage structure,
GalNAc « 1—Ser(Thr), which is called a mucin-type
carbohydrate. Its biosynthesis is initiated by a group of
enzymes, polypeptide N-acetylgalactosaminyltransferases
(GalNAc-Ts). GalNAc-Ts 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 conducting extensive
We

isolated and fully sequenced the galnt9 and galnt17 genes,

analyses of brain-specific GalNAc-transferases.

and generated sgRNAs for each gene to generate mutant
P19 cell line.

that can differentiate into neural cells when stimulated with

P19 is an embryonic carcinoma cell line
retinoic acid. We are generating gal/nt9 and galntl7
mutant cell 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
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.
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Research topics:

1) Development of detective techniques of degenerated
neurons by stress in the brain,

2) Stress-induced changes in the local blood flow and
oxygenation in the brain and morphological changes of
microglia,

3) How to induce neuro-protective or neuro-damaged

microglia in the brain under the stressful conditions.

Annual reports:
1) Study on regulatory mechanisms for the HPA axis, and
contribution of microglia to pathogenesis in stress-induced
brain diseases

We are examining if and/or how systemic administration
of a neurotoxic substance, trimethyltin (TMT) has induce
morphological changes in microglia. Using the antibody
against Iba-1 (ionized calcium-binding adapter molecule 1),
the immune-reactive Iba-1 positive cells (microglia) in the
substantia nigra were found, some of which became
round-shaped, by administration of TMT. Furthermore, we
are analyzing the relationship between degeneration of
neurons and morphological changes of microglia. In the
region of the substantia nigra, the number of the
tyrosine-hydroxylase (TH) immune-positive neurons largely
decreased in the TMT-injected rat. These findings suggest
that TMT administration causes neuro-inflammation,
leading to the morphological change in microglia as well as
degradation of the TH-positive neurons in the substantia

nigra region. However, questions still remain about the

relation between cause and effect observed in this study.

2) Study on the morphological and functional changes of

microglia under the condition of hypoxia or ischemica.
Activity of the cells in the brain are supported by

adequate supply of the oxygen and nutrients (mainly

glucose), that are carried along the blood flow. However, it



is unknow how microglia, the immune cells in the brain,
reacts to changes in the local cerebral blood. As neurons and
other cells in the brain are damaged in hypoxia, ischemia,
microglia probably reacts to these pathological phenomena.
In our study, the experimental thrombosis using Bengal rose
and green laser light caused clearly morphological change
of the Iba-1 immuno-positive cells (microglia) to be
round-shaped in the cerebral cortex. These findings can
provide an information between some relation between
morphological and functional changes of microglia and the
spatial differences in oxygenation level in the brain if by

combing visualization of inflammatory or restorable makers

(CD markers) on the microglia.

3) Use of pig for the translational brain research-another
animal model for studying the brain disorders in human
infants

Pig is an animal to be sensitive to stressful conditions.
From the viewpoint of the translational research on stress,
this animal is valuable to examine influence of stress on the
brain development and disorders. Using preweaning piglets,
we are analyzing by histochemical techniques microglia and

other cells in the brain.
4. HREX. BEELL
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Laboratory of Organogenesis

1. EHME

Fxebaip LUl HEBN L, S A BT A =t
HCHLN, L. B, mERENEHREOZIEL
FEXIFRICALE S TV, IREENZIR VLT, NiBEED
WOILIE AT R TED D, LA IER BB T3 8
IR TEA IR N LML TELT D, FATZBIL,
D XOIRERE DIEL IERIFRME DT R A fET 5.
[E DI FERFRIBAR T FELD RN T DD 2
FORFLELT, [EDIIITNIREE B4 FEXFRIC
BALTBON? | ZHALIILTNERZND,

BEARMIZIE, Fex eheRUR LD~ 2% AT
WRFE A I D& il AR DA FE R B e e b &
FEANCEIER T D, EHIC, KO wTARIN I VAV 2=
~ I AEVERL B - fRAT L CL EAIER ISR T D
BT OFE BB AR R Mg M) -
0 A B G - MR FE D fE G FE SR RRME L E D B R AT
Do

LRI ZEG IR B T 2BIE T THY, LRI &
R I ELAERFTREORE 207+, — T, —#
D LRI FREE R~ AR AL AED RN
IS B W TR 272> TRY, 2O A2\ THAFSE
DD,

T, TIBAHEEE Pycr2 OREI MR TS,
Pyer2 KO =D AL, BB (MR, . .
TIHHROER T, BEMEE L) OREREZRLI,
Pyer2 N7V A 2= <=7 AR RE R 07 Prer2 28
B~ A B Gy DR R~ AR R - fRATL T
INHDRER DA =R LA BN T D,

2. REEOHERR
1) MRSk~ )y 7255 F LRl O B~ 7 ZDfFMNT
LRI BRSO ANLEL IO R 2R L—F
T, LRI FREE B~ RO —EITRIETIC Lp o7, IR
P FIE L2 DR A R & R TE A7, AL M- T
RO REEZB L TlRE TREF T, ZORR. IR
£ 7 HH TIIERELERERA T IVE B I 7L,
ORI RE DNBLESNZ, I64 6 B H CIXRT
JRIZ R ST, LRL 28B4 6 A B LLATIZIZZH0 T D
TEWIRMEENT, FT- LRI MEE T B B OfF kDA
HRAEIE CRBL CWAZEL o7,

35

g BE F=£
Prof. Hidetaka Shiratori, D.V.M., Ph.D.

2) & TR O 22 A5 FE A FRIE O R ST AR O fRAT

B B R, B EARIT, Wb A A FE R RIS
REND, TOHTHE BRI FRPER IO I
LA, e\ CTLEA SRR IS CTE 7B il & B RS A2
FHIERFRICALBELEAL T DI EEHLICL T, IEE
FEICHl & &, BEARD VOB ER Hd BRI kS
NE00, ZOWBEBLE LT, SEEE2HERT 0
W2HEB O~ ARB CTEHAIROEAGH R LB L
fh R BEIRO AL IER IR A 12.25 H~12.5 A
HIZHENL T DT e noTz,

=W RZEBWT, IR 5 DOENL R B A AT FERHFR
RO EERE L Lo TND, HEFEEICTEHiE, vV RILE
TR OP T OB R 2 FE Bl LIRS R IR
9.25 HH® 23~24 {KEIHIHOIFIR 2 A3 e /e
FIEMMEE R T ZERbNoTz, IDITHFIRIRE N
HIEX R REEALTHERZRR LA, IR
FEOM T IE G 22N e h T BT,

3) Tl Bl Pycr2 DR ~T ADMRAT
Pyer2 BHR~UA 285, ek, BEML b
TEFE O B DWW TN 21T 272,

MEAE BT | FRIE IR 2R T Prer2 KO <=7 AL 4T
B Pyer?2 R~ U RO ER RGN 21T o T i
BMROT T2 O B RFELTNDHIEE
R LT AL, 2O X SO R E DR A
PRI, Prer2 1370 % 2 TREL TR,
BRI E WS iR LU IS Z D RE DN E D D binotz,
INFIZBNWTIZeZ U T READ L TWDZE, FiEME
LRGN/ VT HEEIIL, Zbr/aZ 7o
FLE ST % I 0 R ISR IR DR R &2 o
TWDAHEME NS 2 BT,

WEAEJE £ TORFZEICLD ., 20 EELIFED Pyer2 KO <
T ADE F R AR R TERIEL TWAIZERDb)
ST, BAEEIL, Prer2 KO <=7 AR5 8 W B IiE o
JRRZRF T 57012, ~ VAR EICBTLMEHTI/
fe B IICMEDOBE T ORBEEZMIT LTI, &
DOt B BRRFIBATIREZIT7-5< Far7 SR 1k B o #ik
I35 Bmp2 ORI Prer2 KO =D AIZRBWT
BTl o TNBIZEN )T, £7-. Pyer2 IZE->TH
Eans7a)reelkasr ol oE&R, AR LD



BN Prer2 KO = 2{EIR DS WALZEh o7, fH
BRI D, Prer2 KO =7 AZBITHEMOIK
B, FAERINEZ o TNDIEEFE R LT,

Pyer2 KO =DA%, IMBEEORFE LR U, MbEH R
WORKEBREBLIZEZA, Prer2 BlLFERENIZRE DS
JENR DT 2 T NN AR RBR T TRBL TNDZE
NhhoT-, BT, T H NN ZEIZHB W T Insulin &
DI LTS Prer2 KO = AEKRNBNDZEE DD
77

3. Research projects and annual reports

Several visceral organs are left-right (L-R)
asymmetrically located in vertebrates. In embryonic
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?

(2How 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 role and transcriptional mechanism of
the genes that are asymmetrically expressed, using
several mutant and transgenic mice.

LR1 is an extracellular matrix protein and is L-R
asymmetrically expressed in the mouse embryo. The LRI
mutant mice had shown L-R defects, while some of the
homozygotes had been early embryonic lethal.

We also analyze the role of an amino acid metabolizing
enzyme, Pycr2. The Pycr2 KO mice showed premature
aging-like phenotypes. We want to clarify the mechanism
of the symptoms in the Pycr2 KO mice using several

mutant and transgenic mice.

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

analyzed earlier-stage embryos and found out that LR1 is

the homozygotes had been embryonic
expressed in the future head region and that LRI
functions for embryo development before embryonic day
6 (E6).
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2) L-R asymmetric morphogenesis in mouse visceral
organs.
We

asymmetric morphogenesis in the kidney and liver. In the

have been studying the mechanism of L-R

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 observed the midgestation embryos using two mouse
strains and found out that the asymmetric location of the
renal artery is established universally at E12.25~12.5.
The mouse liver is asymmetrically lobulated. We
observed the morphogenetic process in the liver. The
liver primordium showed clear morphological L-R
asymmetry from 23~24 somite stages, E9.25. Moreover,
we found out that there is a difference in cell
proliferation between the left and right sides of the liver

primordium.

3) Pycr2 KO mouse.

Pycr2 is an enzyme for proline biosynthesis. We have
been analyzing the defects in the brain and nervous
system, the hair cycle, and the blood glucose regulation
of the Pycr2 mutant mice.

The Pycr2 KO mice and the neural cell-specific Pycr2
mutant mice showed neurological symptoms. We found
out that some of the Purkinje cells in the cerebellum
were abnormal in these Pycr2 mutant mice after the age
of 8 weeks. In the cerebellum of these mutant mice, the
microglia were a few and activated microglia appeared.

In the Pycr2 KO mice, the hair cycle had been delayed
after the age of 20 weeks. This year, we measured the
expression level of several genes regulating hair cycle,
and free amino acid level. In the Pycr2 KO mice, the
expression of Figf7 and Bmp2 was abnormal and the level
of proline and hydroxyproline was decreased. We also
found out that the number of hair follicles in the Pycr2
mutants increased more than in wild-type mice.

Pycr2 KO mice showed abnormal blood glucose levels.
Pycr2 is expressed in islets of Langerhans in the
pancreas and the hypothalamus that regulate blood
glucose. The insulin level in the islets of Langerhans was

decreased in some of Pycr2 KO mice.



4. X, BEEGE

Ide T, Twan WK, Lu H, lkawa Y, Lim LX, Henninger N,
Nishimura H, Takaoka K, Narasimhan V, Yan X, Shiratori H,
Roy S, Hamada H. CFAPS53 regulates mammalian cilia-type
motility patterns through differential localization and
recruitment of axonemal dynein components. PLoS Genet.

2020 Dec 21; 16(12):e1009232.

Dougherty GW, Mizuno K, Nothe-Menchen T, Ikawa Y, Boldt K,
Ta-Shma A, Aprea I, Minegishi K, Pang YP, Pennekamp P,
Loges NT, Raidt J, Hjeij R, Wallmeier J, Mussaffi H, Perles Z,
Elpeleg O, Rabert F, Shiratori H, Letteboer SJ, Horn N, Young
S, Striinker T, Stumme F, Werner C, Olbrich H, Takaoka K, Ide
T, Twan WK, Biebach L, Grofle-Onnebrink J, Klinkenbusch JA
Praveen K, Bracht DC, Hoben IM, Junger K, Gitzlaff J,
Cindri¢ S, Aviram M, Kaiser T, Memari Y, Dzeja PP,

>

Dworniczak B, Ueffing M, Roepman R, Bartscherer K,
Katsanis N, Davis EE, Amirav I, Hamada H, Omran H.
CFAP45  deficiency causes situs abnormalities and
asthenospermia by disrupting an axonemal adenine nucleotide

homeostasis module. Nat Commun. 2020 Nov 2; 11(1):5520.

Mizuno K, Shiozawa K, Katoh TA, Minegishi K, Ide T, Ikawa Y,
Nishimura H, Takaoka K, Itabashi T, Iwane AH, Nakai J,
Shiratori H, Hamada H. Role of Ca ?* transients at the node of
the mouse embryo in breaking of left-right symmetry. Sci Adv.

2020 Jul 22; 6(30):eabal195.

Escande-Beillard N, Loh A, Saleem SN, Kanata K, Hashimoto Y,
Altunoglu U, Metoska A, Grandjean J, Ng FM, Pomp O,
Baburajendran N, Wong J, Hill J, Beillard E, Cozzone P, Zaki
M, Kayserili H, Hamada H, Shiratori H, Reversade B. Loss of
PYCR2 Causes Neurodegeneration by Increasing Cerebral
Glycine Levels via SHMT2. Neuron. 2020 Jul §;
107(1):82-94.¢6.

5. FRERLGEL
7oL

6. TOMFELEIE

1) SMEE &

FreAbh 7 2 i B 4 - ZEBEATIE (C)
BREA AR RN SR E O REELOLI ALZD
el

WRFERES, WAGHEEZ R2-4 4 (3 4F)

37



ME & iFEYERRE

Laboratory of Vascular and Neuronal Biology

1. AREE

FAT=HORIFEE D B AL, R OR K &7/ a N~
TFNREOREEZHLIL, V7 TR ERE O F
TRACE B RIEWE R T 0 THRIENEL T, 20570
TEPEZHIE 952 L1280 B ORI L EE
BTAHZETT, WAL DABEDOBREBRIEDR B
WIZBWT, MIBEEN FEZ 0% /B, BLXO T ROy
TFNMGERBE IR DN AL EIC IR A T E
T, TNHDOMFTET —~ X, BADOH I (4 THEEEE) O
B % & AR R (O ST D SRR FE L 20 E 5,

2. AFEEOMERR
1) Anosmin-1{I=FRFhabt’ > kAL E 4 (GnRH)
R HBL TS FGFRIZFE ML LiEE 2 EE TS
e R MR A Kallmann JEMEREIL, IRERTE R AR 22 4£9
HRORX P P R RE A T E O IR BE A FE D, IRER D AR 42
VL IR b R s B 5 iR~ 0D MELEBR Ao R o 5% i R N IE R IS
BINRNWZEICEKT5EE 26T 5, Kallmann fiE
BERED RN ERF ANOSI (KAL-1) 33 —RJ 58 /37
i, 1849 100kDa OIS ~R) v o2
BN THOMRIL DBIR T A X 255 F LU TEL,
F T BRHE L G T RS2 48K 1(FGFR1) & AE 2 A
FR AR K 7 8(FGF8)DZE ¥hiX, EAVZE Uk, Yoo (48 1
B CTARZERFEEMED Kallmann JEFEREZ S| &4,
FZ T ARBFFEIZEBVT Anosmin-1 &F D2 BAR R
M ChHLE~v Y AT T RErE Ul AV E 2 P 42 (GnRH)
MR (GNID M AR LAFIEEZ AL TV ANEI D%
BFEL , MBI 23515 Anosmin-1 DO FIKADE E &
T NVOBRAT T -T2, ZO5E R Human Wild Type
(WT) Anosmin-1 X GN11 fifa Dl & &R HE L 7=, Ll
Kallmann JiE {7 5 883 F1 3K Anosmin-1 25 K (C163R,
Q131H, C134G), chick Anosmin-1WT, TIXilf & 23ME it
L7Zphyoiz, £Z°C, GN11 MBgIZ3 3% Anosmin-1 O
SRKRERIET D720 & N B R 5 AR
2(VEGFR2)D i fn 13 H % RT-PCR I[ZLVEHT L7225,
BB S e o723, FGFR1 OR BN MRS,
FGFR-1 ®OUH RN THD FGF2 THIKL7-EZA GN11 #il
MR D TR S Do 7273, FGF8 TlIilF A= & e L
7= IZ, Anosmin-1 Human WT {21V FGFR1 »3& M4k
SNTWDNEIDE Western Blotting I[ZLVIRFEL72EZ
%, Anosmin-1 WT (249 FGFR-1 OF s UL AN

& Anosmin-1

38

Prof. Misuzu Seo, Ph. D.

ToTW, LEOEBREIY, BAEABRIZBWT,
Anosmin-1 OZ FAIKTIE GnRH #08H a0 ilE £ A2
FTHIENTET R LD ~DIR A LZ D% DN
WO BN LR EAICHIR TEICER LKA T HZL
WTERNIEIRIBENT-,
2) KIBRACRE TIHRMEFMRBER FZRE
3IIe(FGFR3MIe)IEHi B A A 2 BHE XS

KRG A3 A BB D JEE P Lk 2 36 W R A 2 0 i 49 7 R
T 24K 311c( FGFR3IIIc) ORI EFH LD, A DE
AL ZRE T DI ENREIN TS, Fo, EAETRF
ThHHMIEE PR AR 7 VA arZ3 L (5-Fu) &
W IR IR DR HIE & &b I 55 0 SEfi M O JE 45 23 A RE 1
720 THRY . FEA M o> 58 15 (R ME ZF A I HY IR T
(FGF) £Z D% & & (FGFR31IIc) DI EF/-NEHEL T
WAZENHEINTWS, AT b O EE CTIE RIS A
1 MMM R 7% Ak 3(FGFRI)LFINA R

FIAT
BELZn
x. FGF2 BEsT5
MR“\ @
mRNA En i FGF1
i 13 FGF2
Bl o, |Exon¥ | IgiI | FGF4
N FGFS
Exond FGF&
— g § FGFa
| FGFa

FGFR3 IIIb
(£ HT RN

FGFR3 I11c
(mmFEn)

Ak Caco2 % FGFR3 Zx19°% siRNA ZHLE
HZEITXKY, FGFR3 O3 BA /w7 &7 LTz siFGFR3
T, siRNA WLEHZIZL > F VAL RICEY FGFR3Ie %
i | % B & 7= FGFR3IIlc J& BLAE% T Invasion
Assay [ZEDIRHEEIR LY MTT Assay (Z&D 5-Fu 1Z%f
T BHAAHIT I % IE 3 FGFR3IIIc F&H D%
DWW TH T L7z, Invasion Assay (2330 T, Control
SiRNA ZWLiE L7z siC #E& L~ T, siFGFR3 L& #E D
2B FLTHY, FGFR3 BB ICB W TILiEHE
REOMK FAEIE L7=ZEnvd, FGFR3 O ¥ BLiX, Caco2
DiZHEEZ LT HZ LN DD o7, MTT Assay 2BV
T, siC WERED 5-Fu (Z2xt$ 5 1C50 il 864.1uM
THY, siFGFR3 MEFED 1C50 fEi% 27.7uM 725722



EMb FGFR3 FHLA /v 78D § 5281280, 5-Fu 12
KT HHRAMERABK 30 f5@E <oz, IHIZ, FGFR3
FHEED IC50 i, 1000 pM Ll B2 o722 8m b,
FGFR3 O3 HLIX, 5-Fu OFLBAFITME OB L
ARENTZ, £72. FGFR3IIIc OHIEN T 7 /Lo T
ML 7285 . RAS/MAPK #R#, PLC-yl #2# . PI3K-
Akt FEFEDZINEI T, FGFR3 FHICIATE AL A2 S
Nice L EOFERNL . RGP AMBLIZI TS FGFR3
OFRBLUT, B ZTCE LTI A K O PEESIZED, A
B R T DD RSN, Fo, ZNHOEAIE
FGFR3 3 BLCED Ny 7 A OiEMAL OB 53R
INT=ZEN DB, FGFR3 X RGBT L DIEN) 53 7-&
LTHETHIEEZLND,

3) mE N KA F(VEGF)/==2—aE U (NRP)>
7 FViE RhoA & Cded2 ZIEMELLBAMIROREEE
ZRETD

1L 5 PN BRI B B 3 R - (VEGF-ANT . £ < o B i 5
BXOMEMRICEN T, BEEK/NRE(TMEIZEITD
MEFAEZERIT LTI, DAL OHEEE, A1,
KRB ZEEL TV D, ==2—re Y IINRPDIZE~T
FVBL VEGF-A OIEF s v —EZFAETHY,
I8 PN R HIIIC 36 B L VEGFR2 DB 2 Bk L L T
M5 B A= AR 45, NRPL (ZEMIEEICR VT R
L. MR O CREFE KR O 7 T VR EIC
EEREEIEZRIZL TS, VEGF-A & NRP1 OFEHRE
WEEBOEITP TR AR EFHEBEL WL ERRE SN
TWb, RIF5E T, BEREEIZH B35 NRPL 23 VEGF-
A DVTFNAEEEL, BAMIEOREZIE# T2 RhoA
KN Cded2 ZIEMHAL LA B ICE SRR R 2 R g
ZEEH LML, VEGF-A/NRPL ¥ /LTi&, NRP1
O NAER IR XL - GIPClL NEEAL. kI
GIPC1 {Z Rho GEF #7828 Syx 2 EE 45, GIPCL &
Syx O EVEAZE TS Syx @ C Rl 8 HHOT7/
Bl d a2 & de HIV-TAT _X7FREMWT, eNRFE LK
D3AUABAE DIM1 ZALBR 92 iR M EE A I S a7z,

AR T, BT IR ZBEI ST S0, M
fuE®hZ L 9% Rho GTPase 773U —Td5 RhoA.,
Racl, Cdc42 728, {&EMEZ: GTP #ARAEL RiEME GDP
FEAIREORM AR THIETMIBRNEKRT7F 71
FANERIE T 255 F ALy T ELTHREL TV 5, ASHF
ZEIZB W T, Pulldown assay 12JY RhoA & Cdc42 73,
VEGF-A/NRP1 > 7} W2 ko T iEME LS DI EERL
7o NOT VXA T 47 S8 A(TNBO)i S MDA-MB-231
IZFU T SiRNA O AIZEY NRPL £720%. GIPC, Syx,
RhoA DB ZMGI T HL R LB Sz, IHIT,
SIRNA 3 A2XV, VEGF-A & NRP1 O H &M L= .

39

Cdc42 GAP #7278 ARHGAP17T ORI IMLTH
Y. VEGF-A L NRP1 & GIPCI DI A 45, GTP-
Cded2 @O F B A M EHl &5 & »56 . VEGE-
A/NRP1/GIPC1 27" F 2LV, Cded2 HME IS
b TWBHZEE R LIz, Bl EXY, VEGF-A/NRP1 v
F 428 DIML fifE MDA-MB-231 Hiia o= A 84
HZEERLTE, Rty FAGi#ESF GIPC/Syx/RhoA
BLO GIPC1/ARHGAP17/Cdc42 1%, RNA DB AL E
THH LR FIERERID,

3. Research projects and annual reports

Targeting VEGF-A/Neuropilin-1_signaling _in_Cancer

cells.

Background: Cancer invasiveness is one of the most
important processes of cancer progression. Cancer cells
express high levels of vascular endothelial growth factor-A
(VEGF-A) and its receptor neuropilin-1(NRP1). NRP-1 is
a 130kDa transmembrane protein that has been identified as
a novel VEGF-A receptor. The function of NRP1 is as co-
receptor of VEGFR2, enhancing VEGF-A binding to its
receptor and promote downstream signaling. However
NRP1/GIPC1 or GIPC1/Syx interaction have a role in
cancer cells has been unclear. We investigated a novel
signal transduction pathway of VEGF-A/NRP1 that
induced cancer cell progression by forming a GIPC/Syx
complex that activated RhoA and degraded p27.

Method: siRNA, Invasion assay, DC (detergent compatible)
protein assay, SDS-PAGE, Western blotting.<BR>Results
and Discussion: Vascular endothelial growth factor
(VEGF) mediated signaling occurs in tumor cells and this
signaling contributes to key aspects of tumorigenesis.
Neuropilins are crucial for mediating the effects of VEGF
on tumor cells. NRP1 binding to VEGF-A induced the
interaction between GIPC1 and Syx. PC3M (prostate
cancer) and U87MG (brain tumor) cells secreted VEGF-A

activated RhoA via NRP1 to upregulate the tumorigenic

VEGFR2 VEGF-A
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VEGFR1

Cancar cals (5., g
brain, oodon, gwvarian, and

VEGF-A |
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Fig. 1 VEGF-A secreted by cancer cells stimulate their

Turmor invasion and metastasis

invasion and metastasis.



activity in an autocrine manner and supported the VEGF-
A/NRP1 signaling pathway in cancer cells. GIPC1 formed
complex with Syx that led to the activation of RhoA.
NRP1/GIPC1 or GIPC1/Syx interaction occurs in VEGF-
A/NRP1 signaling pathway. The RNA interference of
GIPC1 or Syx reduced active RhoA. The siRNAs treatment
of VEGF-A or NRP1 suppressed PC3M and U87MG cancer
cells expression. Knockdown of endogenous VEGEF-
A/NRP1 or GIPC/Syx expression inhibit VEGF-A/NRP1
signaling pathway in vitro. Autocrine VEGF-A signaling is
crucial for cancer initiation and NRP1 is necessary for this
VEGF-A/NRP1 Targeting VEGF-A/NRP1
signaling provides to develop new cancer therapeutic drugs
4. X, BEEGE

Matsushima S, Shimizu A, Kondo M, Asano H, Ueno N,
Nakayama H, Sato N, Komeno M, Ogita H, Kurokawa-Seo M.

signaling.

Anosmin-1 activates vascular endothelial growth factor receptor
and its related signaling pathway for olfactory bulb angiogenesis.
Sci Rep., (2020) 10(1):188. doi: 10.1038/s41598-019-57040-3.
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3. Research projects and annual reports

Currently, outbreaks of highly pathogenic avian

influenza and other emerging and re-emerging diseases
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have caused serious economical and social disturbances
worldwide. Highly pathogenic avian influenza H5 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 H5 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.

H5NS8 highly pathogenic avian influenza viruses
(HPAIV) were detected nationwide from Hokkaido to
Outbreaks of

HPAIV have been confirmed on more than 50 farms,

Kagoshima prefecture in this winter.

about 10 million birds culled, the highest number of a
single season. It can be surmised that migratory birds
brought the viruses into Japan and wild birds or animals
spread them onto the farms. We surveyed AIVs in wild
waterfowl in this winter in the San-in district. Twelve
strains of AIV, including 4 strains of HSN8 HPAIV, were
isolated. It supports that HPAIV had spread among wild
birds in this area, even though there was no outbreak in
farms. It is important to monitor the prevalence of AIV
among wild birds to prevent the emergence of new

epidemics.
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First Reports of Vespa mandarinia (Hymenoptera:
Vespidae) in North America Represent Two Separate
Maternal Lineages in Washington State, United States,
and British Columbia, Canada

In September 2019, destruction of a Vespa mandarinia
Smith 1852 nest was reported for the first time in North
Canada. In
December 2019, the Washington State Department of

America in Nanaimo, British Columbia,

Agriculture also confirmed the first detection of an adult
specimen of V. mandarinia in the United States, in Whatcom
County, Washington. Vespa mandarinia is the largest hornet
species and is a known predator of several insects,
including the European honey bee (Apis mellifera)
Apidae) 1758). The

establishment of V. mandarinia in North America poses a

(Hymenoptera: (Linnaeus,
serious threat to apiculture, and this species is considered
an actionable quarantine pest. Here we report details of the
first detection of this species in the United States and use
genetic sequence data obtained from five specimens across
the globe to estimate differences in origin of the Canadian
and U.S. detections. The full mitochondrial genomes of four
V. mandarinia specimens representing different geographic
locations were sequenced and compared with an existing
reference genome. A maximum likelihood tree using 13
protein-coding regions from mitochondrial DNA suggests
that the Canada and U.S. specimens are from two separate
maternal lineages. A large-scale survey is currently
underway to assess the level of Asian giant hornet
establishment in both countries and to determine the future

direction of eradication efforts.



4. X, BEEGE

1. Lu SS, Takahashi J, Yeh WH, Lu ML, Huang JY, Lin YJ, Sung
IH. Evidence for Range Expansion and Origins of an Invasive
Hornet Vespa bicolor (Hymenoptera, Vespidae) in Taiwan, with
Notes Its Natural Status.

Doi:10.3390/insects12040320

. Jeong JS, Kim MJ, Park JS, Lee KH, Jo YH,

on inpress.

Takahashi J, Choi

NS

YS, Kim I. Tracing the invasion characteristics of the yellow-
legged hornet, Vespa velutina nigrithorax (Hymenoptera:

in Korea newly detected variable
DNA of Asia-Pacific
Entomology. inpress. Doi:10.1016/j.aspen.2021.03.004

. Wilson T, Takahashi J, Kim I, Spichiger SE. First reports of

Vespidae), using

mitochondrial sequences. Journal

w

Vespa mandarinia (Hymenoptera: Vespidae) in Washington

State, USA and Nanaimo, Canada represent two separate

introduction events. Annals of Entomological Society of America.

113:468-472
4. Inamoto T, Mizobata J(B4), Mantani Y, Yokoyama T, Hoshi N,
Kitagawa H, Takahashi J. New method of injecting solution into
the abdomen to overcome fxation delay of the midgut on making
inpress.

the histological
DOI:10.1007/s13355-020-00688-5 Applied Entomology and

specimens of honeybee worker.

Zoology
. Nakasako J(B4), Okuyama H, Ohba S, Takahashi J. Complete

W

mitochondrial DNA sequence of the giant water bug Kirkaldyia
deyrolli (Hemiptera: Belostomatidae). Mitochondrial DNA Part
B.5:3721-3722. DOI:10.1080/23802359.2020.1833774.

Oishi T(B4), Nakahama K(M?2),
Okuyama H, Takahashi J.

6. Yamasaki K, Sayama K,

Yoshioka M(B4), Complete

mitochondrial DNA sequence of the paper wasp Polistes
riparius (Hymenoptera: Vespidae). Mitochondrial DNA Part B.
5:3195-3196. DOI: 10.1080/23802359.2020.1810155.

7. Chikano M(M2), Takahashi J. Complete mitochondrial DNA
sequence of the yeast Zygosaccharomyces siamensis
(Saccharomycetes: Saccharomycetales) from fermented honey
of the Apis cerana japonica in Japan. Mitochondrial DNA Part
B. 5:2645-2647. DOI:10.1080/23802359.2020.1785961

8. Ilyasov RA, Lee MI, Takahashi J, Kwon HK, Nikolenko AG.
2020. Review A revision of subspecies structure of western
honey bee Apis mellifera. Saudi Journal of Biological Sciences.
inpress. 27: 3615-3621. DOI:10.1016/j.sjbs.2020.08.001

9. Harada R(B4), Yoshioka M(B4), Okuyama H, Kato M, Martin
SJ, Takahashi J. 2020. Complete mitochondrial DNA sequence
of
(Mesostigmata: Varroidae). Mitochondrial DNA Part B. 5:635-

636. DOI:10.1080/23802359.2019.1711219

the parasitic honey bee mite Varroa destructor

45

10. EEHE—. 2020. BT H BIOT AV DR ALTAFAXR
NF. B EH# 55:8-10.

1L (g fnd - @GR — (M2) - B ifti—. 2020, %HiE ClRxT
WDV T AARAINFIZEDFARARANT ~OBEFET V.
BhEAH 53:31-35.

12. EEH—. 2020. ZETHDLIVAFORYIE (1) HAT
fABENTVAIYNFLEFICONT. ERREE. 7H 5.

13. EfEAi—. 2020. BEETHLIV AT OREYE (2) 7 AY I 6
B BRIREKEE. 9H 5.

14, B —. 2020. EETHLIV AT OKYIE (3) 0T 5.
B REREE. 11H 5.

5. ZERRERRL

1. EfEHi—. 20214F2H9H . st 7 a— AN K5, 3t .

2. EkEH—. R IE A A h T = (ORI L E D
BAGR . Fnak Il K F B ACRE S YT F A R, EHF 2T
oY= g, 2021453 H 19 A . Fndk L.

6. TOMIFELEE
1) ARG &
1. EMOKREYR

fEEIT B D R AR O R R RS T BT O B

%%
WFIE oy 3 Al — | FZE R 33 BEEEEVE ., Rk 29-33
FEJE (5 )

2) FHMEE)

G — BT H M RS S e HE i s M &
,EL

EE R — TR E A TE A

3) ZHE%

1. BHEH (B4) 4 Fnoc4E B A dy & IR BR 55 22 B 25 2L 1 78 3%

%%% EHE.

A T AR A IR B B

2020 4F AR



REREFHEE

Laboratory of Inmunopathology

1. IRME

RESH CEEARMBLLTHRY LIFbhTnsaa
WG B L, BB D5 | IS TE - 58 DNA {5~

DEIBIZONWT, v AZ A OTHFFEL TWD, BRI L 4
FELREIT, TN ENEEICEBLTEY, b0 %%
R T HZLIIREBE RN DD, ZNETOMET, 32
MU Z Lol ~oeTr—Y OB R, PURTRREE, M
a2 H R A R A mRNA F§ Bl72 8 5o HERE 133D
FIEINTWDY, WICTE M RE 38 O RE AR BRI N5, 22
THAE L, BRI N U MR 2 kY, i~
77— B IO D DNA BENFEIN, 208
B DNA BRI, e DR A 12O 0K S
TULIES S B L TV D T REPEIC DWW THIFZEL T
WB, E-IH SN RS EE 2 RIE B0 10, RIRRL
Gy (THVIAE | %) 0GR R IERIZ OV TIFFL .
RO AR, [P L5055 L L RRR 0 2 R
L. L FOWFET — <2 oW CHF e 2D T B,
V) ZAREIZLDMR~ a7 7 — TV ~ DR B LBE Ik
% OEIE#EICOVNT

57/*‘:!@@@5 RO, AT E IR AINDTD

\CAFAE T D5 A i L ~ DB R HDLEE XS

zn‘éo WAl D8 R THUL I e Bl & o TS i
~ a7y — Y OBEBRIZXT T A X N OB AR NS
ZlIT o RER, OWTITER#EAEE 25 L CEE
Thd, 2T, HEREILEZ AT, vURAIT—E &,
— BB, B -
/X i 2 BRI X 7
% K 3 R e
BTV ffifa ~ 7 nm
Tr—TEBERL,
filR~rnryr—v
D 0 % 1% HE & B T
o 1k 7% oD [B] 15 H A
B RO D ZFTFE
LD T L AT —FIEL DO BEIZ OV THHFSEL T D,
2)AX I LB ~oaT 7y —Y O R E IS E
T BB FaDEEBIZONT

AXMERIZEOT VAR —RRIETHIEN SN TND,
H AR AXTEH (Cryptomeria japonica pollen : CJlp) 1%, &7
FARDOZERE (SET) A T DHRERIE O T, 1R 0
BIEZF| T ZETHMOR TS, LxL, AX{ERE

TIAA~DEELR WA NERS®

46

BB TN X
Prof. Minoru Takeuchi, Ph.D., D.V.M., M.Sci.D.

.

ZDRGY BAERITBA SV TS D i % /I R IE T8
BIZHOWT, FElo, AR LT LDl D41 5o 52 i B B
WK T DB A H R aDEBIZONT, XN IR
(Water Soluble Tabaco Extract)% JlWNCHFZEZL TU5,
3) R4 DHRFEEREZDIGAITONT
Ot

RIRFR A IR 2 A RN A D TRY ., M X
RENEE 2 KR
DEMELTHELE
TND, 12 03
. B SR KAGD
TR R T
LU TR ARE
BWELTHIHENT
Wb, AT TR 4 : Sa
VIR ELTHE SN TWABZENS, R ~DIEM,
BCRBEER IS TR NE 26N, £ T, #F9E=
ThRAAVEEREZEHEL, A REEGREOQEHEE~D
MR, ﬁ%f’“%‘é’“‘ﬁé)%iﬁﬁ“é{’ﬁﬁﬁﬁ&é’k%iﬁi
LT, LnL, HAREERE O, ke
LT, PIfIER 2R T E N HDH A bl‘l‘tﬁ)%x_%ﬂéx—k
BH. HAEER  apoacissssugonsasnn-ore
EoORBEENLE
PRIEMER, £
L ARNIESOP It !

_ MARORSRER?

SNT,BERB% &

EEHNCOWE l
bRAEL T2, i e L s
QT HY I AH

THIZ AL, F T T HVIATT7E¥ ALV (Agaricus
blazei Murill) |, Fi& & T ATV NTH 7 EWHE X /2T,
TIUNDOEEE —T MG LTS R MICHE— B AL
T, ZOMTELT A2 BRENSEMICLTE/ZX% /2
ThDH, By —7 H 5 OJR A RIITATE B IBIROBE
WY IR BHFEH NS NZEDLHFIERED DI, THIIA
I FRIETEER MBI TWD, L, S EH O IC
DNTIE+FIZEAIN TN RN | TDOAD =N
BN IOV THFZEL TD,

2. AEEOHMERR

HEWEEE A2 AW, vV AIC—ER, —EHMH. Y

—TH A S MR R #1730, 60 H



BICRE e e i Klifile~orn 7 7 — V28I,
Ml ~2a> 7 — O E K RE L ORIE A 2O\ T
W I SAND B R~ DR

AT, MU Pk 12
60 HCHifla~sm7 >y
— ORI, JERED
B IR O DINTZD
AR N IZIRVIA E T
AN A R
L. A7 L72RL 1 23 )
W o> CIEPERE 35 pE B IR S TR BB Sk L L 7%
PR R~ ra7y — U ORE R IH L.
B ICIZEE S
DB RERYITIXEI1E
ST i~ raz
77—V O R 72 E]
A VTG MR SR
DGRBS,

B HNADRKS T
NP PAN=E i NInR(/e
(WSTE)Z &K & XN G I Rvllifl~ra7 7 —Y DN E
WS OB ML . B Clol=k SEALIMOD! Plots =5 ¥ SWSTEDER

B ARD B,
5

B HER O HH BLASER i

DHENTZ, AR

REC:INRY 07— 0EE

£
n
-

et |

X TR ERY

bebe=} i}

(CIp) I & 5 fifi fa <
razy—Y DT
IV —JEIE DR
BB LY A0
A DFE R AL AR BIR B TR T DN RENT,
Fio, BEIZLOPVUAE AR OEBIELERE TR
OB, WFEIZLDZEDBRBDOLNT,

(=]

3. Research projects and annual reports

We are focusing on cigarette smoke, which is currently
attracting attentions as an environmental problem. The
World Health Organization (WHO) reports that mortality
from pulmonary diseases associated with exposure to
cigarette smoke including respiratory infections, chronic
obstructive pulmonary disease (COPD) and lung cancers,
has increased. It has been suggested that these diseases may
be at least partially related to cigarette smoke-induced
impairment of the pulmonary immune system. Cigarette
smoke is a major risk factor for pulmonary diseases.
Cigarette tobacco smoke particles are inhaled into the lung
and reach alveolar space, and then directly encounter

Alveolar Macrophages (AM). AM plays an important role
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as the first line of defense in immunological surveillance
for the lung. In the aim of our study, we are investigating
“making a science for smoking”. Since the fact that immune
functions are suppressed by smoking and tumor growth, we
are also investigating the mechanisms of inhibition and
restoration of suppression in immune functions by natural
products.

1: Study for tobacco smoke

Cigarette smoke is a major risk factor for pulmonary
diseases. Cigarette tobacco smoke particles are inhaled into
the lung and reach alveolar space, and then directly
encounter Alveolar Macrophages (AM). Smoking has been
shown to increase production of reactive oxygen by
alveolar macrophages, which induce DNA damage in these
cells, and it has also been demonstrated that their immune
functions such as antigen presentation and cytokine
production are impaired. Inclusion bodies of high density
appeared in the cytoplasm of AM by cigarette smoke.

2: Study for Natural products

(1) Honey

Natural products are known to have biological activity, and
we have previously investigated the effect of natural
products on immune function. Honey contains various
vitamins, minerals and amino acids as well as glucose and
fructose and is popular as a natural food. There is a wide
variety of honey and the varieties are due to components of
flower sources. Honey is used as traditional medicine for
cold, skin inflammation and burn wound but not only health
care. Jungle honey enhanced antibody production through
the increase of CD19 positive cells and proliferation of
spleen cells by augmentation of IL-1p and IL-6 mRNA
expressions. Japanese honey also enhanced IL-1f mRNA
expressions in AM and antibody production.

(2) Agaricus Blazei Murill

Agaricus blazei Murill has been traditionally used as
medicine in Brazil. Agaricus blazei Murill has been
reported for anti-tumor activity and immune activity. It is
unclear how Agaricus blazei Murill hot water extract
activates the immune system and anti-tumor activity.
Therefore, we are focusing on the mechanism of activity of
immune functions in immune cells associated with anti-
tumor activity by Agaricus blazei Murill hot water extract
and its characterization of effective component. We have
demonstrated that extract of Agaricus blazei Murill
immune functions of and

activated neutrophils

macrophages in mice.
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Cigarette Smoking And Honey Inhalation On Lung Inflammation.
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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®']i 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
the

physiological and pathophysiological roles of them. In this

is to characterize channels and to elucidate

study, we collaborate with Prof. David J Beech’s

Laboratory in University of Leeds.
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Annual Reports:
(1) The contractility of smooth muscle changes in response
to mechanical stretching caused by luminal contents in the
gastrointestinal tract. Mechanical stimulation is sensed by
mechanosensitive ion channels. Mechanosensitive cationic
channels are expressed on the gastrointestinal smooth
muscle cells and may contribute to contractions in response
to muscle stretch. However, the molecular identity of the
cationic channels remains 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, on the regulation of gastrointestinal
motility. This year, we performed immunohistochemical
staining using an antibody against Piezol to examine the
expression of Piezol in murine colon. We also investigated
the effects of Yodal, a Piezol selective activator, and
GsMTx-4, a Piezol inhibitor, on contractile activity in
murine colonic smooth muscles. Our results suggest that
Piezol channels are involved in the contraction of smooth
muscles in murine colon.

(2) It is well known that the motility of gastrointestinal tract
is regulated by acetylcholine (ACh) released from
cholinergic nerves, which act on the muscarinic receptors
(mAChR). The receptors have been classified into five
Mz, M3, Mg and Ms.

smooth muscles, two subtypes

In
of

muscarinic receptor, M2 and Ms, are found with no

subtypes including Mi,

gastrointestinal

measurable quantities of other subtypes. Stimulation of M2
and M3 receptors by ACh increases in the [Ca?*];, resulting
in the smooth muscle contractions. The increase in [Ca®'];
results from Ca®" release from internal stores and Ca®" entry
into the cell through L-type voltage-gated Ca?" channels
achieved by depolarization due to activation of non-
selective cationic channels. A lack of ligands with a high
degree of receptor subtype selectivity and the frequent
contribution of multiple receptor subtypes to responses in
the same cell type have hampered studies on the signal
transduction mechanisms and functions of individual
mAChR subtypes. Therefore, novel strategies such as
genetic manipulation are required to elucidate both the
contributions of specific mAChR subtypes to smooth
muscle function and the underlying molecular mechanisms.
In this year, we reviewed recent studies on muscarinic
function in gastrointestinal smooth muscle using mAChR

subtype-knockout mice.
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FanxyAlC, A Fanky a2, Amflranky
23, B EMERERRFR L —1-2, B EmER
FRERIAFSEI —1-2
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1. EHME

AEMIEENX T ICH RO MRS D AL E RS O
EARRER T ZENTEDLN, XNV ERIILDETD
ARG TR R X =% N & IR 2120 Tk
AT LW, M TR, ZRHDK DM % D)X
DERISEEET L TOE>D A M KL L TSN
TWNW5D, ZOIHRAENRS T OMBILE X ZDEFZEDOOL
O, K OA B E OREZE [ H#H Th D,

WMIFFEE TIX, 2o IE DAL, S5I2i%, ZD
ZEMELE (RTEL) O FREEZAGNCT 224 B IR
LAFZE & T D, EMISE O EZEE R ThHIH L T
BENE RSN ZEST2Z0MmE T, HRS LM~
CEBEISNDIKWOBEERTOVRATHY, ZOAH =K
FHAETHIILE, BB RSEMITEI A~ RINDHE
AT LLICBND, MA T, Fxid, GRO®E B
THABBRELRIET I =— Iy NV EERH LR,
B2 R MM (X, FIRR D& ETEH A AT 5
RY =L@ EDNT . BOORRME L —ReE 1k (7L AR)
TOME AR D, ZOMWEEF AL, #o VB EMIALE
B ThD YidC OIEMEEE=4—L, ZTOEREZVT LY
ALZTHE T DB EI 2 H - T D, JHERHER ST 1 PE K%
BRONRHLEREE SecM &, FIFR D% - THAEAZ %
TR FOOEDTHD, N0 HBI<HFIE L8
HEIX, BB T OBERBIC OV TOIR 2 DR E 4L
ET L0 THY, Fex ik, [FIRGE LEPEZEEED
MBS NICHLEBLTCND, ZTOHFEEEE T, [FIER®
LSO T AW | LI BT T I 4 B DA Rk & 5
WCEBRL7Z\W, Fiz, eilr, FIRO S E & #3587
RRZE T Y 2 ML IRENL . RSO 0H D,

2. REEOHERE

(WD) F I BEFAFIVALVR—=F—F gAY
2R OB Y 26 ) 0D A R Y A

FEEE MifM 1%, C RIS LICAETET DT L ANET —
TZENLTIRY =Ll EAEAEN 22T O
R EET VAN 5, ZOFRT VAN, 7L AR A
N RN E - EONDEZETRERESNS, 205 >3ED
TNEZMEZ I SN Z U RIE AT IVAL R —H— |
EREE LT, SHIT, ZNERNTVARY IZE AL
Transposable protein-dynamics reporter (TnDR) ZHESEL |
K2 g Z 7B D N Rl iy LRE L2747 FV%1E
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r

LT, ZOFNE, TUANBERENDLOZEIN TS
ZET,FIER D& ETEI ok I &S B A AR NI
BHRTHEE2RALT, TORRE . ERE. co-
translational 7818 & (AT AR 72 E MRS 3R S &> THETT
FTHIE, T, TOIOREARIBREER TEIDZ LY
BENARENDZENRBEIT- (Fujiwara et al., Cell Rep.
2020) , 2O TnDREWHAR DNA & — o AF i &/ A6
OEALZETHEREMEEZ K&\ L3z, 5 o
TnDR(TnDR-seq) DR FE LD T D,

(2) HHABIER TV ARA 1 D[R & LR AT

HIEME B TR BICARHENZFIRT VAN 1
DHH 32 (SecM. MifM, VemP) 1%, Z> X7 & B fE b 3
BEa—NT58ETOLKIZZ—REhTnD, 4H. 4
OOTEFHLL LD E EME Y /) D MEENICRBE L, #2X
VB RELEERE T O ERIZZ— RSN THWAEIRT
VANAF%, SHIZ3 2/ L., N4, ApcA, ApdA,
ApdP LA Uiz, ApcA, ApdA 13HOREE ICH SR L, ApdP
TR ISR 5, KIGHE . A OB R A2 Wi
WA, AL ZWRBENT D, ZBIENTRLEIER 7L
ANEFIER T, Flo, TOFRT LV AMNL, HDLRE
DAR AT TRIAZELENE N RSN, M7
BRI EIT D, ZTNENDOT LV ANAFICEDFIR TV
AMCE BB S & FE LTz, BEREWZ LT, @ o
{LoBRTENENMNICAELZEBbhbZnbDT L
ANK T8, AWICEBLO T B EL S (RAPG b LL I
RAPP) IZIK 7T 2072 L CRIBR 7 L ANE R Z 3260 A
H &7z (Sakiyama et al., Nucleic Acids Res. 2021),

3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM,
which monitors the activity of the YidC-mediated
membrane insertion pathway, we have been interested in
and studying this class of proteins called ‘regulatory
nascent chains’, which function while they are still in the
midst of the process of biosynthesis on the ribosome. A
remarkable property of this class of gene products is that
they interact cotranslationally with components of the
ribosome including those comprising the polypeptide exit
tunnel, and thereby arrest their own translation elongation.

The arrested state of translation elongation affects



translation of the downstream target gene either positively
(in the case of MifM) or negatively. Importantly, these
regulatory nascent chains serve as a co-translational
substrate of the protein localization pathway to be
monitored, such that the arrest can be stabilized or canceled
in response to changes in the effectiveness of the
localization machinery under given conditions of the cell.
Thus, these nascent chains represent unique biological
sensors that enable real-time feedback regulation of the
target machinery. In the MifM regulatory system, its
translation arrest is released when the nascent MifM chain,
as a monitoring substrate of YidC (the regulatory target),
engages in the YidC-mediated insertion into the membrane.
The regulated elongation arrest of MifM enables cells to
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
We indeed identified

hundreds of proteins that canceled the elongation arrest of

that canceled elongation arrest.

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 are also developing a second generation of TnDR or

TnDR-seq, which greatly improves coverage by combining

53

the current version of TnDR with the next-generation DNA

sequencing technology.

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 comprehensively searched more than 400 eubacterial
genomes and found three more translation arrest factors
encoded upstream of genes for the protein localization
machinery, and named ApcA, ApdA, and ApdP, respectively.
ApcA and ApdA are encoded by actinobacteria genome,
whereas ApdP is encoded by a-proteobacterial genome.
Genetic and biochemical analyses using the E. coli and B.
subtilis translation systems showed that they all arrest
translation elongation at a specific codon. Comprehensive
mutational analysis allowed us to identify the sequences
that are crucial for translational arrest. Interestingly, these
arrest factors, which likely have occurred independently
during bacterial evolution, were also found to cause
translational arrest in a manner depending on amino acid
sequences (RAPG or RAPP) that are similar to each other
(Sakiyama et al., Nucleic Acids Res. 2021).

4. WX, BEELE
R
Fujiwara, K., Katagi, Y., Ito, K. and Chiba, S. (2020) Proteome-

wide capture of co-translational protein dynamics in Bacillus
subtilis using TnDR, a transposable protein-dynamics reporter.
Cell Rep. 33, 108250.

doi: 10.1016/j.celrep.2020.108250.

Sakiyama K, Shimokawa-Chiba N, Fujiwara K, Chiba S. (2021)
Search for translation arrest peptides encoded upstream of
genes for components of protein localization pathways.
Nucleic Acids Res. 49, 1550-1566.
doi: 10.1093/nar/gkab024.

5. FRERGLE
Shinobu Chiba: Proteome-wide detection of nascent chain
dynamics. Nascent Chains 2020 (4th Annual Conference on
Protein Folding on the Ribosome). 2021/ 12/11-12. Zoom

Webinar ([E BSR4 5% - B 15085 )
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1. RPE

BB OREIEILA R0 A A O FERE PR AR B AR ] R 78
HDERNDDBD, Fo R EEA IR, FREYYER LR
ANTHAERDZ GO EAER%E Rz WeBE 2 T,
Z D FEREIFTED DRF RN TSI E & T B o186 3 2 #17=
RRAIBED ATREMENM E END, BUELL FOMFET —~ %l L
THFEA D TND, X B SR &0 7 A 481 B
AR EERTELLTHNWD,
(1) A2 B S S B O A I LA O fFE A -
C. perfringens INFF D 3£ ILT 7 F % ADP UK
LTS la EZ VBT R YA b= ARG N -~
KT HEEE b 030725, ZOE, V74 E T BMEIICLY
b DR LSRRI HE 8% Y T gE 2t C& T, A4
#1H T Ib BEFLE la-Ib BEFLE S IROREEZ AL LI,
(2) ADP YRS AL E LF DRS4S TSRO E 1
& IR IR ADP VAR AL 23 (ADPRT) 24
WL T, RANDH L I BEAERL , RAND ST F AR
RIS BE 5 2 5 ZO KRR L2 O TS O FE
BN T L, M x 72 ADP URT VLIRS () L2 D
EEEA B TORSEIEMRITZED T D,

2. AEEOHERRE

(1) C perfringens 35> oy asRA A X BHRILT
7 F v wEREADP VR NI 2R Ta & INEHI
NA~BE T BEEE b 235705, Frox 1XLIRTED ks 5%
DA ED TEY, la BHEB I ORE T 7 F v Lo
A EOHEE 2 X B ARSI T O T L, Ml E i
REDfT 2 T & 72, Ty EFE OB R 2 3
BT B2, b DBFFEA KRV, 2020 £E, Ib BEFLOD
Rt 20T A4 BT BB T . TOfEEE, CTxFE
ZHWT 2.9 ASREE T, b IBEFLIXTRED G5, &6
12 la DFEETHEFELZTZNEE 2 FHHELUIZ b LIS
la ZMNZ T, T —H&WE, CLFREE W= 21T -
Teo VTASTDEPETR—Z AL L RREREDOLDE,
AN EIHENTNRNENE DRI HIENTE, £
NENfNT AT, 2.9A & 2.8 A iRAE TOMMTITALTHL
Tro ZORERMNE LLFOZERN D> TE (1) la X TEK
D Ib LI — 25 E T 5, (2)1a 1X N KON AL TH
HL. TI7F 2 ADP VARV UALIEMEZ D C RIGR A1
X, FD_RITAET 5, (3)la D N KERIZORBAITEVFR
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g BT ®H
Prof. Hideaki Tsuge, Ph.D

U0 o Yo 7 AN FBIRT 2, (4) 20 Ta 0 N RGO
1L Ib BEFLO AL (BE6 A) THD ¢ 772 T ~EfE
Tz, ZOZEnb la O Ib BEFLZ T L TOREEIE N K
UINDIRT TAThonbEE 2 bid, £72(5) 7V IRLGIE
FLtd, R—=FSL VN FER TR, U short stem 23
FRARLLTIEEL, BEBL, b 5E 4 (long stem
W22 D ZE TREASDTERIRAR 2S5, BN 725T
WBRIHTN—TIZ BT D iR, IREE AR LD
BN Io IEALOFTHLORHEA 72, 2o B IRt
B LTz, ZNHOREFA . 2020 45, 3AH | Nature
Structural & Molecular Biology Ft~#8# 7= CRUERFESE K
o HE (M2) | L EETRERBOR T, 5Lk Ko L FEF
78,

Iota toxin complex from Clostridium perfringens

.-
1

Iota toxin a
ADP-ribosyliransferase

O
- {j% Endosomal membrane
iy

W RIEZIERIFIC, TA 74 IVED2/% 55 7258 CDT Ok
EMEIN DT N —T I IVHE S, TA7 4 VI
LEW BT OGS IR E S AL, 225D FEH(TedA,
TedB) OMITA A& Fk L B O 2R HHRERD, 20
2 BB EIE(IZEH D> TV E R S TS, 2
DDOTN—T, DR OMEIEEIMNIHER U203, 17 H
WDIE, ZD20EHITH T NAT E~—DREE THHZET
HD, A A FTHHRITTERTH DL, CDTh IXZhs, 22
EDESTHTNAT R —D 14 BelftliEm LD, 2O
72 BT ERIT D2 e TEAe Y, F72 CDTa OFEEIEIZ
HXFERDHHEE 2 HIVD, BIE, CDT THARRZR 7&K



DOREEDRH DO TIIRNEE 2 TOREREZED T
%, ¥7- CDTa f5& L7= CDThb EILOMHEIEL D> TS
P INEPASHNCT BT T L O L
TOT —ZRE LT HED T,

(2)EFAARTREZAEFH T, Vo by a7k
3 (CPE)XABMRD B G-t b, OB T EZERNBR
W&z, ZO®/FEIT Clostridium perfringens iota—like toxin
(CPILE)&fin 4, &7z, CPILE §% CPILE-a, CPILE-b ® 2 >
DAL R—=RNPHIRD 25 B3R ThD, AR DA A X B
Ll U7 5 CPILE-b EALAHEE LA IE MR % 1B
720 HFIZ CPILE-b O 7T T RIFEANLITA A 2 B IO
CDT & B o TERY, BMEREOLEHIZE LMD TV
5, TH27 X NI Y LBO Ry HERED, XN
7 B OWEEME, BRI O NICT 5, £,
INHOFEBBREEANCHER LTHEE T T TN 5,

(3)ADP URRL AL DR FME: Fox 13 ADP YR UL #55
(B8) L2 DEE L R E OB E RO I L OREIERRHT
EHED TE, FFIT la-T 7 F AR, C3-RhoA HAK,
ScARP-Z"7 = A RDHFFEIZLY . ADP VAR Akidz
NIBOTIETHIL, HDHE DNA OHEIETHNFETE
TR, EZTRFERL TADP UR LT B4
ZEEHLMIILT, L LG, A PARP(GRU ADP Uy
IAEBDHUNETE ) ADP UR AL DRI E77 1<
D32 TR, ZOMEIH D=0 | ISR 21D TND,

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 Ta 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 Ta. One Ia binds to the Ib-
pore, and the Ta N-terminal domain interacts with Ib via two other Ib-

pore constriction sites via multiple weak interactions. Furthermore, Ib-

o6

binding induces Ia N-terminal a-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 Ia-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 ARTSs, 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. WEERE (2020.4~2021.3)

Tsuge H. A myelin sheath protein forming its lattice.

J. Biol. Chem. 295(26):8706-8707.

doi: 10.1074/jbc.H120.014273. (2020) (&EHHY)

Yoshida T, Tsuge H. Common Mechanism for Target Specificity of
Protein- and DNA-Targeting ADP-Ribosyltransferases

Toxins (Basel). 2021 13(1):40. doi: 10.3390(&EFHAY)

Yamada T, Tsuge H.

Preparation of Clostridium perfringens binary iota-toxin pore complex
for structural analysis using cryo-EM

Methods Enzymol. 2021;649:125-148.
doi:10.1016/bs.mie.2021.01.032. (EFHAY)
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1. ARHME
IOVTIRIE, S3WAER I OO TR gLl E T A MR N e B T
HY, NEETHRERESNZZ LRI EZZ T ], B

BB FE DA ML AT FRE O 72 E DIERIZAT VY,

U — LRI 22 8 O B BRI IE U CRBILAE %5
HREZ ST D, SIVUIROTEFE LS REIT, BMIIE D%
BRI AW NS, ZHNONY - B ETIZLALDE
BAEMIREISNTOWD, TDRIT, FhHDWITE LI
EhDVVIRE —EE TELNZRIROBEY THY, 1F
EAE DT HEBY OB FM Y T, R IR O 3
HERST- B RS &2 B> TW5 (Fig.l 7£), SOICHHE
i TIE, RO TERBRVEH - TUR AR O R E
AL TS (Fig.l 1), BHFLE T, Zoa vk
OB ROy gL, BiEoLAENEROBEM %
HIsL TR ZED T\ 5,

SVUIRIE, RN RS, BHIIE I E ISR
ENFEOBICHERSND, ZRETICHE 41T, FLVK
DFEAG B GM130 DU B L > TRIEREZShDZ
LA LM LTE (Nakamura et al., Cell 89, p445-, 1997)
Fle— 05, TR DIRR T F OEATITUHAD
BB o TODHZELHGNZL T2 (Yoshimura et al., J.
Biol. Chem. 280, p23048-,2005) , 51, IO LK
L ERAHE OB NE I T IO L TREL TR, =
VRO FEAE AT, MG E B R T T A A S S
TEOWEETHIIE, 77, GM130 O /X—hF—Z2 37
B ThH% GRSASP65S DY EALINZ DT LR D FEA L
ICEETHHZELHOLMNIL TV (Bisel et. al., J. Cell
Biol. 182, p837-, 2008)

L DN, TNVERO#EECHEEED R ENTI
OA NG R A FE LTI A A~ —J{° ALS (f 2%
i PEAR 2R 58 (L JE ) 72 & DA R 28 P R B A 38 Rl RE R,
INDARIZRAE T D50 37 B REDSHI N B A% <0 fled A 14
OFRE, Fiz, MIRNEREEROFEICE L5 L TRY,
INHDH L RIEORE RSN, Mo ibicEbsZ
LIRE R 2 LIAGLDNZIo TE T2, TNHDOI VDR O
EEALOHBE R 2D AEUIEBRIE, TR 4
SIFBI, EOWIEPER ZHED TWD (MG E £/E
£ 90, p21-, 2018), HEEMEALET T 7 v 2k H
FFFE D, ML~ L, ZLTRIEL <L TOI LIRS
GM130, GRASP65, YIPF (Yip domain family) 72 & O R4 RE
ZHGLINCTHIET, BOMBRAME B DR FERE A
DI B ORI 28 BB AR O FE LIS LD,
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structure. (Right) Ribbon like structure near the nucleus.

2. AEEOHMERR
(1) BIEFHIEIZED GM130 D BT

GMI130 (ZINVEDVABREIZRIET DX G
THY, Bk MILI NV ROEE LA, VRO NE
WA EHERFICE ERREZ R QD EB XL TND,
LARITIZ GM130 X 5 CHO il i 23 B2 =2 1 &720 39.5°C
TIFI L DERS B, DA U702 1%
BEOME IR L CEIELERDZENHME SN T, — 7 il
ENE AR O GM130 AR TR~ T AD T D,
GM130 KABITHIIL ~L TIEEFE TIHAR WA, #RRE R
DEFNE TR B E 2R T IERRESNTZ, ZhHD
A=A T, GMI130 s+ D7 —A3 7LD, N K
Ui 300~400 7 /BRI OB FRAFL TODATHEMED
d%, —77, 560 GMI130 X CHO M TiL GM130 KX
HOBKZE BN ESNTWRWE, GM130 K ITE
FETIE72<, GM130 KAE LLS D J K TR B R sz M B e &
7p o TV RIBEME S R X7, £Z2C CRISPR/Cas9 ik
ZRHOVTERMBL ~LT GMI130 EisFEEZITV,
ZORREMAERIET A A AT, Ann Ran HI1ZL->THA
FKEINT T TAIREFEAIEIREZ %D CRISPR/Cas9 VEIZ
£V HEK293 fifid & HeLa AT GM130 & 15 T- B 41T
ofc, TOREE, GM130 FatEMla oAk AR To2L
NTEM, ZTHHDOMBEDIEFEAENT RE— ALY
W HZEDBHSN LRS-, ZOZEND, GMI130 75
N D AETFITUIE OB EN Z T2 L WD ENRIB S,

(2) YIPF 2280 B D REfR AT

YIPF &> /37 B e H 4 23 2003 ARICFELIZT LY
RICJRAET 2E R BEE @ 2 > X7 BRETHY, GMI30
R GRASP65 Ll L CH N R A~D XL G {IECH
EHEFFICHEEEL CW DB & D, Saccharomyces
cerevisiae 121X, Yiplp, Yiflp, Yip3p, Yipdp D 4FE D
YIPF M7E/EL, —J7, £ YIPF TIL, YIPF1~6, YIPIB,



YIF1A, YIFIB O9fENFTE T 5, £72, Saccaromyces
cerevisiae @ Yiplp BL O Yiflp OFEBT BT L7po
THEAEKE K T2 (Shaik,et al., Frontiers Cell Dev.
Biol. 7, 130, 2019), & YIPF (%, 3HEDOMN L= A&
1~3 2L, ThZh=a L2k B (ERGIC), Hif
(cis-Golgi), F it (medial-, trans-Golgi, TGN) {247 />4
TRELTWA (Fig. 2),

complex

ER localization
YIPF subunit
ERES I complex [ B
0 o o ?o 4 |vees|viF1a
ERGIC NP YIPF7 | YIF1B
o D
Golai | © c—— ©o 2 YIPF4 | YIPF3
°9l'( med| 0 O————— o
stack | ¢ —/—— o 3 | viPFe| YIPF1
YIPF2
TGN | “ U ° Y 1\
endosomel 0= & °

Fig. 2 Three YIPF complexs and their localization

YIPF OREREfRMT oML LT, Wikickha—5 7
IO BER N, TTAIRRZZ— I CCTREEMETO—
BB ERAEIT oL S, YIPFalA, YIPFa3,
YIPFolB (22 TIE3E BN B IR, @ RIF T LD
HEBEMRMT Z1THOZ LM TER D T2, BEDOERME 2K
BELZEZA, BUKRIEWZLIS, ZhODRBENMENT 7
W= A= L TR D 3’UTR 2RO EEFE A
L7z (Table 1), 2O Z&6, B8 3’UTR 23, ZIb0D
YIPF % 0B OFBL AR T DR REMENE 2 DT,

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

New Name | Old Name cgil]:’f((et?p) blz’)\lt(t)i::gzi(gp) Expression
YIPFo1A YIPF5 3300 4000 +
YIPFa1B YIPF7 1000 ND ND

YIPFa2 YIPF4 1400 2300 +++
YIPFa3 YIPF6 4000 7500 +
YIPFB1A YIF1A 1000 2400 +++

YIPF31B YIF1B 2200 6000 +

YIPFp2 YIPF3 1500 2000 +++
YIPFB3A YIPF1 1700 2400 +++
YIPFB3B YIPF2 2200 2400 +++

ZORREME A MEE T A7, YIPFalA IZHOWT, a—F

Fig. 3 Addition of 3° UTR increased
the protein expression of YIPFa1A
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B SE 5T (Fig. 3) . ZOFE RS, £8{3°UTR 2%
3 YIPFalA I3 H & ® 3°UTR Z /LT mRNA 0% /37
BrRERSEDHZEICLV BB EZEIMSE WD A HE
DRI ENTZ,

(2) GIcNACTI-GFP b2 ROz = o HE TS5 T49 2D
BB REEY OFKBREFFEN

BT IT7 490 2D ATO, INCEROREEEL
LEDEBHEREMENT TN TINLIEK Y —H—T
&5 GIeNACTI-GFP 3BT AT LA 2=y I BT T
AoV aZAERLIZEZ A, Fi AR ARIZIIZR O EAD 70%
FEEEME /NU 72 IR & PEOR 3 2 M 2 R H L7z, Z oo /N
BRI Z R T IR, IEH BNIZ TRV GFP Et
DRESNTZ, NIV AYV— U ERIT GIeNACTI JEME %1%
FELTCWDEE ZBNDHT0, IR R B ST LUK
T® GIeNACTI &M F R Ik TR ZA T REM DS RIS
7. GIeNACTI {& M B F L2 /B IR e 32 81
I, (1) @3B R AR ~DR AR, HDHWNIT
() D GIeNACTI-GFP DAL AIA AL > TR Z A A HE
HERBZLND, ZNHO A EEMZH LT D720,
FRIABERNL DR TE ZHED TE Tz, MEEETIZ, MUV AV =
= I RTTT 42 REN 2 BTRELNTEY, —FHD
R TIE 23 FBY@IRIT(TgCh23.1 ), bH—HDFH
MTIL 25 FBROARIZ(TgCh25.1 R hFr AP —rn
MARENTNDZE, E2, TNENDOTINO~T O
BRI/ N IR R A A RSN ERH BN RS T
7o F72, TgCh23.1 B TIE, MU AY =03 23 Fhfa
BRI ZIAFNTEY, Z0DM 3,450bp BAREL TV,
—77, TgCh25.1 Z#TIE, 25 FROMK~HAAENT
WI2DS, 7 LD R KIF RGN0 572, TgCh23.1 TUL
& ZOREOERB A OO0 Dol 2N D, TgCh23.1 7
ULV OREEASRIZE L THD AN R sz, —
J5, TgCh25.1 TUNLOKREHES KL TgCh23.1 TULE
TgCh25.1 7Y% —2>FT DR O EEN RO o7cl e
O, B D GleNACTI-GFP DL AIA BT L > TR I DAl HE
DRI I T,

ARAEFET, ZOFREMEAIRGET 572912, TgCh25.1 7
VLR R D ~T S RE T &b T, TgCh25.1
FEBEAWREIERL, REBES RN/ NN R R B AR
TINEIINEMNT EAT 0o T2, T DORER, Fig. 3 (R T LI,
BF AR SE D2 R BIC L T, RS R H SR O D%
OELITA BT /L O (A B4 %=1.15mm,
FEHEEE=1.03mm, Kruskal-Wallis i & P<0.01) , ~7
A IREROIIR T, X5 0ERNRKREVDH BN
INRFEFR ST (~T AR =1.07mm, P<0.01), UL E
DFERMNS, /NI RBLRIL, D GIcNACTI-GFP
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Fig. 4 Decrease of chorion size by the
expression of GlcNacTI-GFP

3. Research projects and annual reports

Golgi apparatus is situated at the center of the 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
mechanism

supporting molecular and physiological

significance of this peculiar structure of the Golgi apparatus.

Golgi apparatus is disassembled and equally inherited to
the daughter cells during mitosis. We found that
disassembly is primed by the phosphorylation of GM130
(Nakamura et al., Cell 89 p445, 1997) . We also found
that disassembly 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
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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 in these
subjects became important to understand the pathology
and find new targets to treat these diseases.
(1) Functional analysis of GM130 by gene knockout
GM130 is a peripheral membrane protein localized on the
surface of the cis-Golgi cisternae. It has an important role
in the docking and fusion of transport vesicles to the Golgi
cisternae and also for the maintenance of the structure of
the Golgi apparatus. It was reported that the loss of GM130
in CHO cells renders the cells to be temperature sensitive
and lethal at 39.5°C because of the inhibition of the
the

concomitant with the disassembly of the Golgi apparatus.

vesicular transport through Golgi apparatus
On the other hand, recent reports of human genetic disease
and knockout mouse studies revealed that the organisms
missing normal GM 130 are viable while they have multiple
lesions, i.e., neuronal disorders and abnormal
spermatogenesis. In these cases, frameshift mutations of
GM130 caused premature termination of GMI130 at
300~400 amino acid residues from the N-terminus. On the
other hand, the cause of GMI130 loss has not been
elucidated in the above-mentioned study of CHO cells.
Therefore, the loss of GM130 may not cause temperature
sensitivity and lethality. Here, we tried to evaluate this
possibility by producing GM130 knockout cells by a
CRISPR/Cas9 system developed by Ann Ran et al. The
results of the trials revealed that the GM 130 knockout cells
can be produced but apoptosis was induced in those cells
leading to cell death. From these results, it was strongly
suggested that GM 130 has an essential role in cell survival.
(2) The analysis of the function of YIPF proteins

YIPF proteins are a family of multi-span transmembrane
proteins localizing in the Golgi apparatus. They are
predicted to be target proteins for GM130 and GRASP65
and are proposed to function in the maintenance of the
Golgi structure. There are four family members in
Saccharomyces cerevisiae (Yiplp, Yiflp, Yip4p, YipSp),
and nine family members (YIPF1~6, YIP1B, YIFIA,
YIFIB) 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).

YIPFalA, YIPFa3, YIPFal did not express well in
cultured cells when transient transfection was performed
using a plasmid vector containing only their coding region.
After careful examination of our previous results, it was
found that these low expression family members have
extremely long 3' UTR sequences (Table I). These results
suggested a possibility that the 3' UTR sequences support
the expression of these YIPF proteins.

To evaluate this possibility, the 3'UTR was appended to
the coding sequence of YIPFalA expression construct, and
the expression of the proteins was compared. As a result,
the protein expression was significantly enhanced with the
addition of 3' UTR (Fig. 3). It was suggested that the long
3' UTR of YIPFal induce protein expression by stabilizing
the mRNA or the protein.

(2) The mechanism of small chorion phenotype of
GIcNAcTI-GFP transgenic zebrafish

We have found that GIcNAcTI-GFP transgenic zebrafish
lay eggs with smaller chorion (70% diameter). It was found
that this phenotype was correlated with stronger GFP
fluorescence. Therefore, it was suggested that the
phenotype was caused by the higher expression level of
GlcNACTI-GFP, which is predicted to retain enzymatic
activity.

Until last year, we identified the integration of transgene
(Tg) on the 23rd and 25th chromosomes (named TgCh23.1,
TgCh25.1). TgCh23.1 has a deletion of 3,450 bp at the
insertion site of the transgene. There was no large deletion
for TgCh25.1. The homozygous of the TgCh23.1 was not
found indicating the lethality of the homozygous embryo.
On the other hand, homozygous individuals of TgCh25.1
allele and individuals with one TgCh23.1 allele and
TgCh25.1 allele were grown to maturity. These results
of

in higher

strongly suggested that
GlcNACTI-GFP
expression of GIcNAcCTI-GFP caused the small chorion

the multiple existences
transgene and resulting
phenotype.

To evaluate this possibility, TgCh25.1 heterozygous
individuals were crossed to produce TgCh25.1 homozygous
individuals. These were grown up to maturity, genotype
checked, and mated produce fertilized embryos. As shown
in Fig. 4, the chorion size was significantly smaller for
TgCh25.1 homozygous compared with wild type (medial

diameter: -/- = 1.15mm, +/+ = 1.03mm, Kruskal-Wallis
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test: P<0.01 ) . TgCh25.1 heterozygous also showed
significant smaller chorion size (+/- = 1.07mm, P<0.01).
Therefore, it was concluded that the small chorion
phenotype was caused by the multiple integrations of

GlcNACTI-GFP transgene and the expression of the protein.

4,

£

X, EFZE7%E (Publications)
BN
5 L HKRIGLE (Meeting Reports)
PN
6. TDh4FEEEIE (Others)
1) 4MEE 4 (Research Grants) 3% X470
2) Z0JYHE (Patents) : 3% 472
3) F#&I5E) (Activities in Academic Societies)
H A4 FaiFE AR (2012.4~)
Review Editor: Frontiers in Cell and Developmental
Biology; Membrane Traffic (2018.4.10~)
% B4 (Awards) 17424720
Z DA, (Others)
f S ZE 4 @t (Paper Referee)
Frontier of cell and developmental biology: 3 1
Z DAt A HEE
WY 4 W FE A ST Assessment of research
proposal, Research Grants Council, Hong Kong,
China 1 1}

4)
5)

2020 Laboratory Members: £ Iif & ff
Nagasaki (B4), #2151 Kyohei Sugiyama (B4), 15 &
IRe4 Tokio Takaji (B4), S K& Taiga Terasaka (B4),
JFH 7 E Mari Toda (B3), {4782 % Shungo Kawamura
(B3), JI| W iE7 Haruka Kawaguchi (B3)

Takafumi



DAIAEREE

Laboratory of Virology

1. FIRME

BT ZLOMEYICHENTEETND, VALAT
AW O— B THHM, A CERMOIDIT IR /MR
DB A L= Sl icwm AL, 5
EHIBN O/ EE R LTI 5, TORE, H4

U7 OB 3 | R B HE 0D [ 55 L o T LR A 70 B 5

HDUMNIT AV AGL R A S BLU T2 G B A3 8 I S IS
BT RY) | LIRS THEBRESNIZY , P AR AL ED
TRYER T DOEAENFEINDGREOM BTN EE NG &
EIEND, ZO XD 7RER YRR I 1T Dhk 2 T B A 5
iE () &P 55, FAEEDOMFFE = T, B/ NER L@ o v A
IV AR IE | B ICARR T A VAIEICE B LW D, A

5, HFARM SR 2 AT T w7 AV AT IE IS B A dh i LITLL,

77 ML 4 B P O AF RS L0 3 R i 7 AL R R IR K S R S
NBDTDITIRFE N R AR Z W Wb D K 7R
JRYLE | L THEMICEORBENPEENTODNLTH
Do

FLEEIL, [0 AV AR - RGP R B8 ) A 55
72012, RV TR A LA (BoDV) JEYIZ I 5| s Z&h
DRV TR R BV REIT o TND, AT HIEY
=R ITHGE TR Y L, RIS ESE A A b iR B
FIERIFHRELT 100 FLL ERINDASIL TV, 3
£, X3, AR, TIAT <, =hr ¥ vy b, BHE,
€ KR % & Te iR TR O HE B W L2 G 358 60 B 2 3 Bl
JEYE LU TR SN TWD, L L n, WEEHE I A
H=R LT FEDITIRAESNTORY, EHL BEMIBITS
WRMEII AR TH o7, IEF YDA B LIZER
DR EIZLVIEC LI e R E SN2 e s | ARG

= LR
BoDV Iﬂ> AR FazFaL
DAILAEA EEXEA MREE
-Boil. Rt (S KR
-BEH B R F O A -AE-EE
‘B -RELEE - SR
' e LAl

AR mEH EL
Associate Prof. Yoshii Nishino,

DVM, Ph.D

iE 23S NBR I YIE CThY, BN CIXEE RN EF A
TRIREME RSB D EAIRENT, FAEIL, BoDV DRk
LR A Z AT T2EMT, Tyho~wU A
DR YLT T IVEN 1T B R DR AT GEB)EEH 4T
BYA A B L ARG, 2 TR 2 E o) S 2% AT A
IZB T DO, BL OB OB I BT DY
BEEREZ T IR EZIT TN,

2. REEOHERR
M FLIER LA VA 1 B Ge~ 7 22831 BTG Hi O
a)VFarTar g E O

RILFIHTANA(BoDV) 1, /X HTANAH R
FOANARNIR T D, AT A 1 A8 RNA VAV AT
Y, IR E R O FFRUR T ANV A TH D, < DI
FLEHTHRERL TR B LBM R RIET DL 1T
AR R CEBEEREE BLORBEFEREDHM
RRAEAK (BT ) 2B L, EERIGA IXBOER 2tk IR
BEBIERIT, TE, FAMYTIAD T —FZ =N H L
TWeU RS BoDV DGR L, AR R BIZ LV T LT,
ZOWEDG AT AN BRI E R GE ThD T LD W)
O TCRE S A7z, BoDV YLt DR OHER 1T, 15 FH
KR ANV AERNZHE N T D2 ENRESNTNDIEND,
INOOERPFIE DR IR DA EEZE 2 LN TET,
UL 35, REEPE SRR YL A3 L L 72 Bh 49 23 38 JiE
FTAZONTIFF AT ITHOITEN TR, FIEMF %
O HZ LB IMIIASAETET S BoDV &Y T
DRIEZE T, BRI D QOL ZHERF§ 5721 ¢/,
RO A BT 50D R D T B E T
H5D,

) Clx, AN AATTICE > TRIB R EARLVES TH
LHEEaLFafRO—Thbira)LFazxrrr (CORT)
D3 WSD, CORT Dl Rl 53 W LT, MOMEERL
ATEE A B CIE, MR IR E 02 ORI A ERE T A2 L3
HENTWDS, THYAZY v (Dex) iF, Bk NVvazLF
aARTHY, CORT LRI NVaalrFafRL sy —
(GR) IZ@E W BRI 2R3, ZIVETIZ, BoDV ~OF| %
FEHRNE L DOREITHE D720 DY, MR R IR R G
FTHNNVART ANV AR T HEE TR ES TS, f
ZANE, =T RE A e XN —=T A LA (EBV) I3, BiEMELE
HIH -+ 28 5+ CTHD BZLF1 & s+ DI B £ Dex AL
BICEY ERT228 2L TZoREEIT GR 20 LT05



:fkﬁs‘ﬂfﬂéhﬂ\é ABFIETIX, VANVAEYGERT D~
BT HEIE G RNE 50T BT+
%ka«rﬁ HIC LT,

4 JAWS . A A0 C5TBL/6N <7 A(SLOIZ CORT XL
Fbmg/ XLy NBHAWI T T ERAL v e R TIZH O IA
N2, ZD 8 HHIZ BoDV-1-CRNP5 ££% 4 X 10°FFU fi4
WNEEFEL, CORT 4L 40 H H (&Y 32 H B) ETO 40
A M OBLEHIF T, 4 B I F N E &5 R AE K O FT A
%4Tolz, o, CORT ALiE 24 H HIBX M40 H BIZIT8
Z2ERBR R D OUTIM E AR OB 21T T A VAR
HERR B IRAT A AT o7,

ZORER, CORT 4L 24 H H TIX CORT ALEIZEY
ByoFECHEbOT RO EEITAEICHALE, L
2L, CORT ﬁ&?ﬁ 40 B B TiE. CORT AL{& DB T 2
U EIC IR E &G B IS Uiz, Y~y 2D
{REEIX CORT Gz kh—i@tEicHginL =23, %@?&?BZ
/LU CORT ALiE 40 B BIZIZENR O LN leoT, &
VIR O B RIC L DERIRIE R 1%, CORT # 51 Loté%
BHOENRD ST, LU, ITH 2R R T
CORT L& 40 H HIZBWT, FEhEL7= 12 szo% 4
T ART CORT # 5B DT B 1) F i O BEAL 2GR
OB, H%W?%wxii CORT AL{EIZXVALE 24 H
HXY% 40 B BOFGH \Z L H Lz, CORT 508K

M\ L BT AN A REOET mu&)%ﬂiﬁ#oto 4 D FEA 2
ROMEHT ik, CORT AL{E 40 H H TIZU A AHRIE
CORT ALi&E DA | ’b)ﬁxbf‘oﬂt’mf%ﬁlfm&%ﬂ
MR DOFEEL R CThotz, LL., IHE 10 fEikIZ
EIL TR OREE LI L2 A, CORT #4540 H a
DRI TIZ CORT LI LN Je DFRBE AT L L
77

Pl EDOFERMNS, HHA L CORT ALE SN~ A

BiF% BoDV-1 r_l@(ﬂ BREIL, CORT ALEIZLY —iddEIC
RBILIRIR L7 23, % ICEBAL T 2R ST, CORT
AL iéﬂ@ﬂ%@ﬁnﬁ%ﬁ%mﬁﬁea‘é Ll KRIE
B OMRNEBITEALLIZZENFRINEE BN, Zh
%0)_&73:5\ RNAFIFFRAEIZFITD CORT OB IF Y
FEH TR AR D LDIRB ST,

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
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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 in
immunopathogenic damage to the nervous system by
Responses to BDV

autism. Classical large part due to
blood-borne inflammatory cells.
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-
and 3)
mechanism of changes in virus genome with adaptation

to host.

B family in CNS and viral pathogenesis,

The precise mechanism underlying the BoDV-1-
induced onset of neurological disorders currently remains
(CORT)

suppression and neuronal damage in the brain due to long-

unclear. Corticosterone causes immune
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 effect of CORT in mice
before BoDV-1 infection.

Four-week-old, male C57BL/6N mice (SLC) were
implanted with CORT pellets (5

mg/pellet) or placebo pellets. Eight days later, the BoDV-

subcutaneously

1-CRNPS strain was inoculated intracerebroventricularly
with 4 x 103 FFU, and the mice were weighed and
evaluated for clinical signs every 4 days during the 40-
day observation period until day 40 of CORT treatment
(32 dpi). Behavioral studies and brain and thymus
samples were collected for virological and histological
analysis on days 24 and 40 of CORT treatment.

showed that on day 24 of CORT

administration, the weight of thymus was significantly

The results

decreased by CORT administration with or without
infection. However, on day 40 of CORT administration,
the effect of CORT administration disappeared and the
thymus weight was significantly decreased by infection.

The weight of infected mice transiently increased with



CORT administration, but then decreased and no
observed on day 40 of CORT

administration. No difference in the visual clinical

difference was
manifestations of Borna disease was observed with CORT
administration. However, in behavioral tests, worsening
of behavioral abnormalities in the CORT-treated group
was observed in 4 of 12 tests conducted on day 40 of
CORT administration. There was no difference in viral
load between the CORT-treated and non-CORT-treated
animals. Histological analysis of the brain showed that
viral antigens were found in a wide area of the brain with
or without CORT administration on day 40, and the
degree of encephalitis was similar. However, when the
brain was divided into 10 regions and the degree of
encephalitis was compared, the degree of encephalitis in
the cerebral cortex on day 40 of CORT administration was
more severe.

These results indicate that the pathogenesis of BoDV-1
infection in pre-CORT-treated mice was transiently
alleviated by CORT administration, but later worsened,
possibly due to the rapid worsening of encephalitis in the
cerebral cortex caused by the loss of the inhibitory effect
of CORT administration on the thymus. These results
suggest that the effect of CORT on the development of

Borna disease varies with the time of treatment.
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3. Research projects and annual reports
the
the

Gene expression is regulated not

but

only by
by
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
zebrafish by

combining a wide variety of approaches in biology. We

expression  during embryogenesis

have achieved the following progress in this year.



(A) Analysis of the zebrafish znf598 mutant

When the ribosome aberrantly stalls during translation,
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 embryos. To wunderstand molecular
abnormalities underlying this phenotype, we developed a
novel method to analyze ribosome collisions caused by
aberrant translation. In collaboration with Dr. Shintaro
Iwasaki at RIKEN, we developed Disome Seq, which
analyzes mRNA sequences of approximately 60 bases
the by

next-generation sequencing. We revealed the sites of

derived from two colliding ribosomes

ribosome collision in early zebrafish embryos on
transcriptome using this method.

(B) Analysis of ribosome modifications during zebrafish
embryogenesis

In order to biochemically analyze the components,
modifications, and quality of ribosomes at various
developmental stages, we have established a zebrafish
strain containing a Flag insertion at the endogenous
rpl36 locus. Using this strain, we affinity-purified
from zebrafish at  various

ribosomes embryos

developmental stages and analyzed the changes in the

modifications. We found that the amount of
ubiquitination on the ribosome increased from
fertilization to the later developmental stages.

Furthermore, we found that the ubiquitination was
introduced to the ribosomal proteins in the small subunit
by Znf598.
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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
which of

and pushes forward carbon

occurs in chloroplasts are comprised
multilayered membranes,
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, and have major two research projects as
follows:
1: Functional analysis of stromal thioredoxin family
proteins in redox regulation system.

Thioredoxins regulate the activity of chloroplast
by disulfide

light-dependent Previous in

enzymes reducing bonds in a

manner. vitro studies
indicated that f~type thioredoxins are the most efficient
redox regulators; however, f-type thioredoxin mutants
did not show any obvious phenotypes. We analyzed

functional correlation of f-type thioredoxin and other
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photosynthetic factors. Light activation of thiol enzymes
by the thioredoxin systems and cyclic electron transport
by the PGR-dependent pathway contribute substantially
to regulation of photosynthesis. To further study
regulatory mechanisms that contribute to efficiency
during the induction of photosynthesis, we analyzed the
contributions of PSI donor- and acceptor-side regulation
in the #x fIf2 mutant background. Acceptor-side
limitations in the pgr5 trx fIf2 mutant suppressed
photosynthesis initiation, suggesting that PGRS5 is
required for efficient photosynthesis induction.

We also analyzed the m-type thioredoxin mutants and
found that the PGR5/PGRL1-dependent photosystem I
cyclic electron transport pathway was regulated by
Genetic  and

thioredoxins. phenotypic

indicated the

m-type
characterization of multiple mutants
physiological interaction between Trx m and the
PGRS5/PGRL1-dependent

purified Trx proteins and ruptured chloroplasts, in vitro,

pathway in  vivo. Using
we showed that the reduced form of Trx m specifically
decreased the PGRS/PGRL1-dependent plastoquinone
reduction. In planta, Trx m4 directly interacted with
PGRLI1 via a disulfide complex formation. Furthermore,
the Trx m4-PGRL1 complex was transiently dissociated
during the induction of photosynthesis. We propose that
Trx m directly regulates the PGRS5/PGRLI1-dependent
pathway by complex formation with PGRL1.
2: Development of a simple and efficient tool for
biochemistry and molecular biology.

A simple and fast manual centrifuge was developed to
in 96-well PCR plates. A

commercially available salad spinner was utilized for

spin down solutions

this purpose. Acceleration and deceleration of the
centrifuge were faster than those of a conventional
electric centrifuge using 96-well PCR plates. Solutions
in a 96-well PCR plate settled quickly after centrifuging
for only 3 sec. This lightweight centrifuge can be stored
under the work bench or on a shelf and can be put on the
the

centrifuge is immobile due to its weight and the

bench only when required, whereas electric
requirement of electric cables. This simple centrifuge is
inexpensive, requires minimal effort for making, and can

be used anywhere.
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3. Research projects and annual reports

In the field of plant breeding, F1 hybrids have many genetic
advantages and contribute to the increase of worldwide crop
production. For the efficient and stable F; hybrid production,
cytoplasmic male sterility (CMS) is the most useful genetic
characteristic. Besides the practical importance of the CMS,
it is useful to study the interactions between nuclear genes
and mitochondrial ones from scientific view points,
especially for molecular and evolutional genetics. Thus, we
have been studying the CMS of various plants both in order
to know the evolutional processes and to exploit new

breeding materials.



1) Ogura CMS and its fertility restoring genes.

Ogura CMS found in a Japanese radish is the most
important one in Cruciferous plants, being used worldwide.
We have been studying the distributions and differentiations
of Ogura CMS gene, orf138. Whereas, we found that various
wild and cultivated radishes possess fertility restoring genes
for Ogura CMS. Hitherto, two fertility restoring genes were
known. One is orf687 in a Chinese variety, and another is Rft
distributed in Japanese wild radishes. We observed that a
European radish cultivar has a fertility restoring gene
different from both of orf687 and Rfi. We examined the
distribution of orf138 and its type in F1 varieties cultivated in
Japan. We also studied the differentiation of fertility restoring
genes in radish.

2) New male sterile plants derived from the cell fusion.

We obtained somatic hybrids showing male sterility
between Arabidopsis thaliana and cabbage varieties
(Brassica oleracea). Progenies of the somatic hybrids were
produced by successive back-crosses with B. oleracea. So
far, the pollen fertility was investigated in the BCs progenies.
The BCs progenies were segregated into completely male
sterile plants and partially fertile plants. However, all the BCs
progeny plants had the identical structure of mitochondrial
genome. By further back-crosses, BCs generation was fixed
to be male sterile without anthers and petals. This type of
sterility was also observed in all the plants of BC9 and BCio
generations. While, seed fertility with the back-crosses
increased in the later generations.

3) CMS of radish and eggplant by cytoplasm substitutions.

With the purpose to enlarge the numbers of CMS material
plants, we are analyzing the molecular characteristics of
alloplasmic radishes and eggplants under the collaborative
projects with other institutions. We found unique orfs in male
sterile alloplasmic lines both in radishes and eggplants. By
the studies of their expressions, it was suggested that they are
promising candidates of causal genes of CMS. Furthermore,
we exploited DNA markers of fertility restorer genes of
eggplants. The markers would be useful to identify the
restorer genes and to clarify the mechanisms of CMS and

fertility restoration.
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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 biology 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
V-ATPase and FoF.

ATP homeostais in living cells

mechanism of rotary ATPase/synthases,

@)
€)

Structural biology using Cryo electron microscopy



Achievements in 2020

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 structure of the V1 part of
V-ATPase at atomic resolution using Titan Krios (FEI), which
is equipped with an automated imaging system at Osaka
University.

A total of more than 50,000 electron microscopy images were
obtained from the cryo-grid under different solution conditions,
and the structures under each solution condition were
determined. The best-resolved image showed atomic
resolution structures at ~2.6 A. The structure of ATP in the

nucleotide binding site could be clearly identified.

2) Relationship between anesthetic _action and ATP

concentration change
The mitochondrial respiratory chain complex plays an

important role in the synthesis of adenosine triphosphate
(ATP), which is required for various biological activities, but
pharmacological and genetic studies have shown that reducing
the activity of the respiratory chain complex increases the
lifespan of C. elegans. Therefore, we used the MASC assay to
search for inhibitors of mitochondrial ATP synthesis among
2500 existing drugs, and examined whether they affect the
lifespan of C. elegans. As a result, we found 8 inhibitors of
ATP synthesis from among 2500 existing drugs in mammalian
cells. By measuring lifespan, they found that the eight ATP
synthesis inhibitors increased the lifespan of C. elegans. These
research results were published in BBA bioenergetics.
Furthermore, MASC assay suggested that these targets are
respiratory chain complex I. It was also suggested that several
anticancer drugs also inhibit the activity of complex 1. We
currently carry out a couple of biochemical experiments to
elucidate the relationship between inhibition of respiratory
chain complex I and anesthetic and anticancer effects, as well

as the structural basis of the inhibition mechanism.

3) Construction of an expression and purification system
for proteins involved in ATP dynamics
This year, we attempted to construct an expression system for

ATP channel proteins. The gene of ATP channel protein fused
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with GFP at the N-terminus was incorporated into the
expression vector and transfected into HEK293 freestyle.
After examining the reagents for transfection, the amount of
DNA input, and the incubation time after transfection, the
fluorescence of the cells was observed, confirming the
expression from the introduced gene. The expressed proteins
were parially purified through introduced tag into the proteins,
and it appeared as a major band in SDS-PAGE. The negative
stained electron microscopy images showed the complex
structure of the target protein. Since the yield is not
sufficient for the preparation of cryo-grids, we will try to
increase the amount of expression and purification. Once we
have a good cryo-grid, we will start structural analysis using

CryoEM.
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1.  Mechanical of
V/A-ATPase for proton conductance. Kishikawa J,
Nakanishi A, Furuta A, Tamakoshi M, Mitsuoka K, and

*Yokoyama K. (2020) Elife e56862

inhibition isolated V,from

2. Identification of chemical compounds as an inhibitor
of mitochondrial ATP synthesis, leading to an
increased stress resistance and an extended lifespan

Ikeda T, Kishikawa J, Hayashida Y,

Fujikawa M, Yokoyama K. (2020) Biocim Biophys Acta

Bioenerg 2020 Nov 1;1861(11):148281.

in C. elegans.
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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) Analysis of educational effects of junior sessions at
the Congress of the Japanese Society for Regenerative
Medicine

Since 2018, we have been in charge of planning and
managing junior sessions for junior/high school students
at the Congress of the Japanese Society for Regenerative
Medicine. This year, we analyzed the educational effects
of these junior sessions from the questionnaire survey on
these participants. From this result, it was suggested that
the participants had an opportunity not only to learn the
knowledge of regenerative medicine but also to learn

communication ability, expressiveness, and cooperation.
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3. Research projects and annual reports

We are interested in plant development and
environmental interactions. 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.

This

submergence to clarify the mechanism of submergence

year we performed RNA-seq analysis upon
response of R. aquatica. The results showed that the
the

phytohormone ethylene are changed in addition to a group

expression of a group of genes related to
of genes involved in leaf morphogenesis. When ethylene
was applied to shoot apex of R. aquatica, the leaf shape
became closer to that of submerged leaves. The results of
RNA-seq analysis of ethylene-treated aerial leaves showed
that the expression of a group of genes related to leaf
morphogenesis was altered. These results suggest that
ethylene accumulation is involved in the submergence
response. Since the light environment changes during
submergence, next we examined the effect of light quality
on leaf morphology and found that blue light irradiation
suppressed the formation of submerged leaves in R.
aquatica. These results indicate that pathways involved in
ethylene response and blue light reception regulate leaf

morphogenesis in R. aquatica.
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3. Research projects and annual reports

The main goal of our laboratory is to elucidate the
entire life cycle of the African clawed frog (Xenopus
laevis) egg. The oocyte life cycle includes oogenesis,
oocyte maturation and ovulation, fertilization and
activation of development, death of the oocyte (apoptosis
or over-activation), and ovulation. These phenomena
include oocyte maturation and ovulation, fertilization
and activation of development, and oocyte death (egg
apoptosis or over-activation).

One of the most important key words in understanding
all of these phenomena of the egg cell life cycle is the
Src gene. The Src gene was first discovered as an
oncogene in the Rous Sarcoma Virus, and was later
found to be present in the genomes of virtually all
multicellular organisms (animals), including chickens,
mice, frogs, humans, and other vertebrates. Therefore,
there are two major directions for research on the Src
gene: one is to study its carcinogenic mechanism, and
the other is to study its function in normal cells.

We have shown that the Src gene product (i.e., Src
protein: a tyrosine-specific protein kinase) in Xenopus
laevis oocytes is rapidly activated at fertilization and
acts as a trigger for a temporary increase in intracellular
which

activation. Furthermore, we found that uroplakin III

calcium concentration, is essential for egg
(UPIII), a single transmembrane protein present in the
egg cell membrane, functions as a sperm receptor and
triggers intracellular Src activation upon fertilization.
Our research question is how the UPIII-Src system
functions in fertilization and other phenomena of the egg
cell life cycle.

When the African clawed frog egg is mature and ready
for fertilization (unfertilized egg or mature oocyte), cell
death by apoptosis becomes feasible. In other words, if
unfertilized eggs are left without sperm for more than
about 12 hours, the intracellular proteolytic enzyme

caspase 3/7 is activated, which eventually leads to
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changes in the distribution of pigment on the cell surface

(pathological increase in intracellular calcium
concentration), a decrease in intracellular ATP and
protein (disruption of the energy metabolism system),
and even an increase in the capacity of the entire cell
(disruption of cell membrane homeostasis). In this year,
we found that ATP leaks out of the cell as unfertilized
eggs undergo apoptosis, suggesting that this may be one
of the mechanisms of intracellular ATP reduction
described

ATP-specific channel pannexin 1 (PANX1) as a molecule

above. Furthermore, we focused on the
that may be involved in this phenomenon, and found that
PANX1 is present in the plasma membrane of immature
oocytes (oocytes in the ovary) by sucrose density
gradient ultracentrifugation and immunoblotting. We are
now examining the dynamics (expression level and
protein state: presence or absence of cleavage by
caspases) of PANXI1 in oocytes during egg maturation,
the effect of

inhibitor, on

and
PANX1

fertilization, and apoptosis,

carbenoxolone, a known

unfertilized egg apoptosis.
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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.

We have been also facing inherent urban-rural land-use
mixture, causing several urban environmental issues.
Nevertheless, land-use mosaic in urban fringe areas is also
expected to have advantages in various aspects, especially
in bio-resource utilization. Among them, the composting of
the garbage from feeding programs in educational facilities,
such as nurseries, preschools and elementary schools, has
been drawing public attention these days from the aspect of
reducing environmental footprint.

Until last year, we estimated the expected reduced amount

of garbage by composting using “Ikigomi-san” project
method at the nursery in Sakai City, central Japan. We also
conducted a questionnaire survey to clarify the possibility
and incentives of children's parents to participate in
composting in their houses. Then we estimated total
acceptable amounts of composts in agricultural lands

surrounding the nurseries in order to assess supply-demand
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balance in each area with assumption of parents
participations in composting.

Our results showed that the amount of food loss and
oversupply discharged from nursery school meals was
much higher than that of plate waste. Plate waste reduction
was acceptable to nursery staffs, due to its other educational
goals, such as food education. However, they were not able
to reduce food loss without disturbing childcare, thereby
difficult to maintain their motivation. Although the
composting activity of food waste as environmental
education in nursery schools could contribute to the
reduction of composting of plate waste, it was expected that
the effect on resource recycling would be limited. Measures
against food loss and oversupply are also important, but
these should be solved not only by environmental education
activities or the efforts of nursery schools and children

themselves, but also by institutional measures for supports.
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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
depended on tick species.

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.
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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 gsh/ gene has been
produced.

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

Since this plant is expected to serve

transplastomic tobacco plant contains dipartite
chloroplast genome.
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
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mitochondrial and nuclear genomes using a male-sterility
and fertility restoration system found in radish. Genetic
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)

the

alloplasmic and euplasmic lines of common wheat, their

responsible for phenotypic difference between

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 Europe, America, and Japan. The results of our study
show that GI is a common political concept that promotes
the use of various ecosystem services within those countries.
However, the apparent motivations for the introduction of
GI differs among the three regions. For example, in Europe
the focus is on economic promotion, while in the United
States GI

management. In Japan, reconstruction from the Great East

policies are developed around rainwater
Japan Earthquake is 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 Japan.

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 adapt through natural selection to

changing environment if they have sufficient genetic diversity.



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:
1: Construction of selection criteria in guide dog breeding
Suitability for guide dog has been judged by evaluation
with 42 items. 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 results of the evaluation in Asia Guide
dogs Breeding Network (AGBN), 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.
2: Conservation genetics of an endangered bumblebee species
in Japan using microsatellite markers

Bombus Cryptarum florilegus is an endangered bumblebee
species in Japan. The habitat is limited to two peninsular
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
microsatellite data of males. The number of sex alleles was
estimated to be 6.1, which is exceptionally small comparing to
the published estimates of foreign bumblebee species.

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

coefficient.
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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

al o EitEsF 72077 AR

Nrx-1 L
Hasp Hig
! o i
CG42613 R Postsynapse
(Dal-7, Dp1-3)
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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.
the

components,

Our research currently focuses
cleft

analyzing

on matrix, its
the

formation, and revealing roles for matrix in synapse

synaptic identifying

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.,
J. Neurosci. 2014, 2016). The goal of this project is to

identify new proteins that constitute synaptic matrix,

Development 1996; Nakayama et al.,

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 CG42613 as a cholinergic synaptic

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

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

CG42613 and
Neurexin-1 were found among the proteins that emerged
CG42613

protein containing multiple CUB domains (see Figure),

spectrometry. Two membrane proteins,

through the experiments. is a membrane
and 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 is
decreased in the synaptic regions, indicating a role for
CG42613 in Hasp localization. As we have successfully
obtained anti-CG42613 antibody, it is now possible to
reveal precise relative location of Hig, Hasp and
CG42613 within a synaptic cleft using an ultrahigh
resolution microscope.

The CG42613 mutants exhibit abnormal sleep pattern.
During transition period from light-on to -off and
light-off to -on, wild-type flies move well, but the
mutant flies show less locomotor activity. It will be
interesting to determine which of mechanisms (light
response, circadian rhythm, or sleep need) is involved in
the abnormal behavior.
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Synaptic levels of acetylcholine receptors are controlled
by the internalizing subunit DaS5 and synaptic cleft
protein Hig in the Drosophila brain

Yuhi Nishimura, Minoru Nakayama, Osamu Nishimura,
Shigehiro Kuraku, Masaki Sone, Chihiro Hama

The 43" Annual Meeting of the Japan Neuroscience
Society. July 29 to August 1, 2020 (On-line presentation)
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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 Hl-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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