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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 four major research projects:

1: Functional analysis of collagen-specific molecular
chaperone Hsp47. We have succeeded in establishing
conditional knockout mice in which hsp47 gene is specifically
deleted in the cartilage. Mice died just after birth with
apparent abnormality in the lack of arms and legs.
Chondrogenic bone formation was severely impaired in these
mice due to the failure of molecular maturation of type Il
collagen in the cartilage. These results suggest Hsp47 plays
essential role in type 11 collagen maturation as a chaperone in
addition to types | and IV collagens. We also found that a
small compound named Col003 specifically inhibited the

interaction of Hsp47 with procollagen in the ER, which caused
the down-regulation of collagen synthesis. This compound
thus may be used for the therapeutic reagent for human
fibrotic diseases such as liver cirrhosis because up-regulation
of Hsp47 in these diseases causes the abnormal increase in
collagen accumulation in the extracellular matrix.

2: Analysis of molecular mechanism of ER-associated
degradation.  We previously found EDEMI1 molecule
(EMBO Rep., 2001, Science 2003), which recognizes
misfolded proteins through mannose-trimming of their
N-glycans and segregates them from productive folding
pathway to degradation pathway, so called ER-associated
degradation (ERAD). We also found a novel ER-resident
reductase ERdj5 (Science 2008), which associates with
EDEM1 and reductively cleaves the disulfide bonds of
misfolded proteins to facilitate the ERAD. We succeeded to
solve the crystal structure of ERdj5 at 2.5A resolution, and
revealed the ERAD pathway referring the structural
information of ERd)5.

3. Analysis of ER redox networks in the ER quality control
system. More than 20 oxidoreductases have been reported in
the mammalian ER most of which contain thioredoxin
domains with CXXC motifs for their enzymatic activity. We
performed the interactome analysis by cloning all of them,
making CXXA mutant of each proteins to stabilize the
interaction with downstream proteins, transfecting them and
immunoprecipitating the associated proteins followed by
identification by mass spectroscopic analysis. We found that
Erola and PDI make a functional and regulatory hub complex,
and successively oxidize other ER-resident oxidoreductases.
We also succeeded to analyze the mechanism of this
synergistic oxidation by Erola-PDI complex using NMR
analysis.

4. Analysis of trans-organelle quality control mechanism.
We cloned novel two proteins, UBIN and POST, involved in
the quality control of proteins misfolded within the nucleus. In
general, nuclearly misfolded proteins have been thought to be
degraded in the nucleus, because nucleus have both ubiquitin
lygase and proteasomes. However, we have got the evidence
that some aggregation-prone proteins misfolded in the nucleus
are ubiquitinated in the nucleus and exported to the cytosol
with the aid of UBIN and POST for the degradation by
cytosolic proteasomes. This study is now undergoing.
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Laboratory of Nanobiology
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3. Research projects and annual reports

1) A repressor composed of homodimeric subunits, as is often
found in bacteria, possesses two effector—binding sites per
molecule, enabling sophisticated regulation by the
cooperative bind- ing of two effector molecules. Positive
cooperativity generates a narrower region of effector
concentration for switching, but little is known about the role
of negative cooperativity. D-camphor, an inducer for

Pseudomonas putida cytochrome P450cam hydroxylase



operon (camDCAB), binds to the homodimeric cam repressor
(CamR). Here, we report solid evidence that the complex of
CamR and an operator DNA is not dissociated by the first
binding of D—camphor but, at a higher concentration, is
dissociated by the second binding. D—camphor thus binds to
the CamR in two steps with negative cooperativity, yielding
two distinct dissoci— ation constants of Kd1 = 0.064 % 0.030
and Kd2 = 14 £ 0.3 IM, as well as the Hill coefficient of 0.56
4 0.05 (<1). The first binding guarantees the high specificity
of the inducer by the high affinity, although the second
binding turns on the gene expression at a 200—fold higher
concen-— tration, a more suitable switching point for the
catabolism of D—camphor (Genes Cells, 2011).

2) If Mg* ion is replaced by Mn*" ion, RNA polymerase tends
to misincorporate noncognate nucleotide, which is thought to
be one of the reasons for the toxicity of Mn?" ion. Therefore,
most cells have Mn* ion at low intracellular concentrations,
but cyanobacteria need the ion at a millimolar concentration
to maintain photosynthetic machinery. To analyse the
mechanism for resistance against the abundant Mn** ion, we
compared the properties of cyanobacterial and E. coli RNA
polymerases. The cyanobacterial enzyme showed a lower
level of abortive transcription and less misincorporation than
the E. coli enzyme. Moreover, the cyanobacterial enzyme
showed a slower rate of the whole elongation by an order of
magnitude, paused more frequently, and cleaved its transcript
faster in the absence of NTPs. In conclusion, cyanobacterial
RNA polymerase maintains the fidelity of transcription against
Mn* ion by deliberate incorporation of a nucleotide at the
cost of the elongation rate. The cyanobacterial and the E. coli
enzymes showed different sensitivities to Mg®" ion, and the
physiological role of the difference is also discussed(Genetics
Res. Internat. 2011).

3) Nobuo Shimamoto and Dr. Hideki Nakayama, are now
interested in rewriting the conventional view of the survival

strategy of bacteria by using the newest tools of nano—

13

manipulation in combination with genetics. Bacteria such as E.
coli have been believed as a simplest creature which grow as
isolated cells which have the same characteristics. Cell
division is supposed to be stopped in stationary state. The
cell-cell communication and cell differentiation of bacteria
have been believed be exceptional. We are challenging to
these long — standing hypotheses by introducing new
nano—techniques.

Elongation of peptide is catalyzed by 70S ribosome, while
translation initiation takes place in the form of dissociated
sub—particles, 30S and 50S. Therefore, the cycle should
involve dissociation of 70S and dissociation of mRNA from
ribosome. A long—standing contradiction is which dissociate
first. Our results showed that 70S dissociates earlier than the
dissociation of mRNA in the regular cycle. We also clarified
the mechanism of hibernation of ribosome in stationary state.

We also found that the order of dissociation is reversed, if
tmRNA is present. The tmRNA, in combination several
peptidases and SmpB, is the prokaryotic counterpart of the
ubiquitin degradation machinary in eukaryote. Irrespective of
this important role of tmRNA, the mutant lacking tmRNA
gene (AtmRNA) has been reported to show little phenotype.

Our new SEM technique enabled us to detect the variety of
cell shapes and ECM-mediated clustering of cells. Applying
these new technique, we found distinct phenotype of AtmRNA.
By constructing more than 40 related single, double, and
triple mutants, we also found a new physiological role of
tmRNA. We are opening a new bacteriology of E. coli
involving the cell-cell communication for adaptation to

nutrient deficient, and cell differentiation.
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3. Research projects and annual reports

Mucins are major components covering the luminal surfaces
of the epithelial respiratory, gastrointestinal, and reproductive
tracts, and are high molecular weight glycoproteins with a
number of O-glycans. We have been studying on the function
of these mucins with respect to infection of influenza virus
and tumor progression.
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The first stage of influenza virus entry to a host cell is
recognition of terminal sialic acids on glycosylated epithelial
cell surface molecules by the viral HA protein. To elucidate
the infection mechanism, it is essential to isolate and
characterize the influenza virus receptor from the epithelial
tissues. Since the mucins contain a variety of sialylated
O-glycans, they may play a role as the influenza virus
receptor.

It is well-known that most of tumor cells are derived from
the epithelial cells. Since normal epithelial cells exhibit a clear
polarity, synthesized mucins are transported to be the apical
cell surface and become secretory or membrane-bound
glycoproteins. Upon malignant transformation, mucins are
transported to whole cell surface, and then some mucins are
secreted into tumor tissues and/or bloodstream of cancer
patients because of loss of the cell polarity of epithelial tissues.
It has been reported that patients with a higher amount of
mucins in their bloodstream have a lower 5-year survival rate.
However, little is known regarding the biological significance
of mucins.

Among various lectins in our body, galectin family, which
is known to increase under tumor bearing state, and siglec
family, which is mainly expressed on immune cells, are
supposed to bind to mucins. Binding of these lectins to
membrane-bound mucins expressed on tumor cells is expected
to start signaling and play a role in tumor progression. In
addition, binding of mucins to siglec family expressed on
immune cells may lead to down-modulation of immune cells
because many siglecs possess immune-regulatory motif. Our
aim is to develop clinical ways to overcome tumor progression
based on our researches.

As described above, siglec family may play a role in
immune-regulation, we are also studying on the regulation of
TLR-4 and T cell signaling by siglec-3 and siglec-9,
respectively.

1: Biological significance of mucins produced by epithelial
tumor cells. Co-localization of MUC1 and galectin-3 was
observed in various human tumor tissues such as colon,
stomach, pancreas, and lung. So we expected the interaction of
galectin-3 with MUC1. We studied on the signal transduction
through the binding of galectin-3 to MUCL1 using HCT116
cells transfected with MUC1 cDNA. Galectin-3 and -1 were
expressed in HCT116 cells. Galectin-3 was detected on the
cell surface of HCT116/MUC1 cells but not HCT116 mock
cells. When recombinant galectin-3 was added to the culture



medium of HCT116/MUCL1 cells, phosphorylation of ERK1/2
was enhanced, leading to accelerated proliferation. When
expression of galectin-3 was down-modulated by siRNA, or
polylactosamine was added in the culture medium,
proliferation of HCT116/MUC1 cells was inhibited. These
results indicate that galectin-3 released from the cells into the
culture medium binds to MUC1 on the cell surface and start
signaling.

High metastatic sublines were established by repeated
injection of mouse Lewis lung cancer sublines to analyze the
mechanism for cancer metastasis. These sublines exhibited
increased proliferation and invasion activity in vitro. Then, we
explored genes that markedly altered in the expression levels
by DNA microarray, and revealed that pp-GalNAc-T13 was
up-regulated in Stable
transfection of pp-GalNAc-T13 cDNA resulted in increased

the high metastatic sublines.
invasion and motility. Then, immunoblotting and flow
cytometry using various mAbs and lectins were performed.
Only anti-trimeric Tn antibody, designated MLS128, showed
increased expression level of this antigen. Further studies
using MLS128 revealed that syndecan-1 carried this trimeric
Tn antigen. Stable silencing of endogenous pp-GalNAc-T13
of these cells resulted in reduced lung metastasis. These
results suggested that high expression of pp-GalNAc-T13 gene
generated trimeric Tn antigen on syndecan-1, leading to the
enhanced metastasis.

2: Functional analysis of membrane bound lectin, siglec
family, expressed on immune cells. Under the study on the
function of siglec-9, we found that prohibitins are induced and
expressed on the cell surface of activated T cells.
Anti-prohibitin antibody inhibited the T cell
suggesting a novel down-regulating system of activated T

signaling,

cells.
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Enzymatically inert subfamily
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Fig. 1 A phylogenetic tree of human
ppGalNAc-Ts
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Fig. 2 Hypothetical roles of ppGalNAc-T17
in membrane trafficking
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Fig. 3 Suppression of ppGalNAc-T18ain zebrafish
embryos gave rise to the altered tail formation during the
development.
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3. Research projects and annual reports
O-Glycosylation is an important post-translational
modification of proteins, and is classified into several
types the
structures. We have been investigating roles of sugar

based on carbohydrate-protein linkage
chains with the linkage structures, GaINAcal—Ser(Thr),
Manal—Ser(Thr), or GIcNAcBl—Ser(Thr).
them, GalNAcal—Ser(Thr)

observed linkage, and O-glycans with this linkage are

Among
is the most frequently

called the mucin carbohydrates since they are highly
The
mucin carbohydrate biosynthesis is initiated by a group
UDP-GalNAc: polypeptide
galactosaminyltransferases (ppGalNAc-Ts).

expressed in mucins secreted from epithelial cells.
of enzymes, N-acetyl-
ppGalNAc
-Ts consist of a large gene family with 20 isozymes in
Interestingly, ppGalNAc-T8, -T9,
-T17, and -T18 are catalytically inactive when assayed

humans (Fig. 1).

with classical assay methods, while ppGalNAc-T9 and
-T17, which are cloned by us, are brain-specific
isozymes and are biologically important for the neural
differentiation. Based on these backgrounds, we have
focused on the functions of glycosyltransferases to make
O-glycan carbohydrate-linkage structures, and obtained

the following findings.



1) Roles of mucin-type carbohydrates in intracellular
membrane trafficking
Recent genome-scale analysis of HEK293T cells
treated with a high GIcNAc concentration demonstrated
that ppGalNAc-T17 is one of the genes upregulated,
involved in

which are possibly the fluid phase

endocytosis. To assess its roles, we first biochemically
characterized recombinant ppGalNAc-T17 in COS7 cells,
and demonstrated that it was N-glycosylated, and
We then
suppressed the expression of endogenous ppGalNAc-T17
in HEK293T cells using siRNA. The suppression led to
phenotypic the with

lamellipodia formation, altered O-glycan profiles, and

localized mainly in the Golgi apparatus.

changes of cells reduced
unusual accumulation of glycoconjugates in the late
endosomes and lysosomes. Analysis of endocytotic
pathways revealed that macropinocytosis, but neither
endocytosis,

This was further

clathrin- nor caveolin-dependent was
elevated in the knockdown cells.
supported by the findings that recombinant ppGalNAc-
T17 overexpressed in HEK293T cells inhibited macro-
pinocytosis, and rescued the influences observed for the
knockdown cells.
that a subset of mucin-type O-glycosylation produced by

ppGalNAc-T17 is involved in the control of dynamic

Our data provide the first implication

membrane trafficking probably between the cell surface
and the late endosomes through macro- pinocytosis, in
response to the nutrient concentration as exemplified by
the environmentally available GIcNAc (Fig. 2).
2) Analysis of ppGalNAc-T family using zebrafish

We have been investigating ppGalNAc-T8 and -T18
that are catalytically inert under the conventional assay
conditions. To characterize these isozymes, we first
screened the database, and found that zebrafish have 5
and 2 paralogue genes for ppGalNAc-T8, and -T18,
For ppGalNAc-T18, we cloned both

paralogue genes, and showed that they were expressed

respectively.

throughout the early embryos with the stronger
expression in the brain and the tail. Suppression of
ppGalNAc-T18a in the embryos with specific

morpholino oligos demonstrated the abnormal tail
formation (Fig. 3).
3) Analysis of other O-glycosylation

We investigated the expression and roles of glycosyl-

transferases that are involved in the O-GIcNAcylation.
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We found that the suppression of O-GIcNAcylation in

zebrafish resulted in the abnormal development of

embryos.
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3. Research projects and annual reports

We here in Japan are facing a multitude of problems caused by
the rapid growth of what has been termed the “super-aged
society”. The aims of our research are to improve the
morbidities that are characteristic of age progression and to
establish technologies that can
comfortable quality of life (QOL) for elderly. To this end, our
laboratory has been pursuing the following research programs
using advanced technologies in molecular and cellular biology,
biochemistry, and genetic engineering:

innovative ensure a

1: Elucidation of the Biosynthetic Process of Hyaluronan and
its Application to Anti-aging Technologies

There are an increasing number of bedridden elderly people in
Japan with a loss of joint function due to conditions like
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
N-acetylglucosamine (GIcNAc) and glucuronic acid (GICUA)
are linked together by alternating R-1,3 and B-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
mechanism of HA biosynthesis and apply this knowledge to
developing innovative anti-aging technologies.

repeating disaccharide units in which

is therefore to understand the entire

2: Studies on Cancer Microenvironment Formation and the
Establishment of Therapies Targeting Cancer Stem Cell
Niches
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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 is well known
that uncontrolled cell proliferation leads to the development of
cancers, the 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.

CSCs, like normal stem cells, reside and maintain their
stemness within a specialized microenvironment called a stem
cell niche. Thus, strategies to limit their stemness and
malignant transformation must focus on the importance of
targeting this CSC niche. The main purpose of our research in
this domain is to identify the cellular and molecular cues that
govern the formation of the specialized CSC niche
microenvironment and establish novel therapies to induce a
state of cancer dormancy by controlling the niche.

3: Recent progress in our laboratory
We that
preferentially traffic to stromal areas formed within tumors in

discovered tumor-associated  macrophages
a manner dependent on an HA-rich tumor microenvironment.
To address the role of stroma-derived HA in macrophage
recruitment, we disrupted the murine HA synthase 2 (Has2)
gene in stromal fibroblasts using conditional gene targeting.
The Has2-null fibroblasts showed severe impairment in
recruiting macrophages when inoculated with tumor cells into
nude mice, suggesting a key role of HA in tumor targeting.
Furthermore, a deficiency in stromal HA attenuated tumor
angiogenesis and lymphangiogenesis concomitantly with
impaired macrophage recruitment. These results suggest that
stroma-derived HA serves as a microenvironmental signal for
the recruitment of tumor-associated macrophages, which are
key regulatory cells involved in tumor neovascularization
(Cancer Res. 70:7073-7083, 2010).

We recently generated Has2-null mammary carcinoma
model in MMTV-polyoma virus middle T antigen transgenic
mice (MMTV-PyVT Tg) to evaluate the role of Has2 in tumor
development. The isolated Has2-null mammary carcinoma

cells showed attenuated tumor growth in subcutaneously



implanted nude mice. Moreover, loss of Has2 in mammary
carcinoma cells drastically reduced tumor angiogenesis and
lymphangiogenesis. Taken together, our current findings
suggested the important roles of Has2 in tumor development.

4, BIRMWX

H. Takano, K. Furuta, K. Yamashita, M. Sakanaka, N. Itano, E.
Gohda, K. Nakayama, K. Kimata, Y. Sugimoto, A. Ichikawa,
and S. Tanaka: Restriction of mast cell proliferation through

hyaluronan synthesis by co-cultured fibroblasts. Biol. Pharm.

Bull. (2012) in press.
J.A. Mack, R.J. Feldman, N. Itano, K. Kimata, M. Lauer, V.C.
E.V. Maytin:
accelerated wound closure following tetraphorbol ester

Hascall, Enhanced inflammation and
application or full-thickness wounding in mice lacking
hyaluronan synthases Hasl and Has3. J. Invest. Dermatol.
132(1):198-207 (2012)

H. Yabushita, K. Iwasaki, K. Kanyama, Y. Obayashi, L. Zhuo,
N. Itano, K. Kimata, A. Wakatsuki: Clinicopathological role

hyaluronan-associated protein
(SHAP)-hyaluronan complex in endometrial cancer. Obstet.
Gynecol. Int. 2011:739150 (2011)

H. Yamazaki, M. Takeoka, M. Kitazawa, T. Ehara, N. Itano, H.

Kato, and S. Taniguchi: ASC plays a role in the priming

of serum-derived

phase of the immune response to type Il collagen in
collagen-induced arthritis. Rheumatol Int. 10. (2011)

5. #BH-EFSIVEH

J. lijima, K. Konno, and N. Itano: Inflammatory alterations of
the extracellular matrix in the tumor microenvironment.
Cancers 3: 3189-3205 ( 2011)

6. BERR.VURTCILE
REFIEA e7 1 n BB RS SR LR R B
BIF— Wi, 2011.11.17
WREFELE G RE~ s n Ty — e T b m s FRY y F G
WUNBREE YRR 23 AR ALIRE K8 AR 1R AT ZE AT
HFEpFTEE S, LR, 2011.9.6
N. Itano: Impact of the hyaluronan-rich
cancer

tumor
progression.  Uppsala
University Svedberg Seminar Series, Uppsala, Sweden,
2011.8.29

REFERS 7 L m BRE R R L OMER 55 8 [H] B AR
Hspsh T LA, RAAKT, 2011.8.6

microenvironment  on

7. FEHRR
L

25

8.

D

2)

3)

4)

5)

T OHIFRREIR
S 4
L2 TE B A B 4 - BRI IE C
FRREA A3 AR O TE A R B B IR E D B AL
EIRIRED A
WA AP [ELAS | DU : H23-25 4F(3 4F)
U
oL
FANE D)
A AR 2 itk B
A AR GRS E R
AARNAIRB TS E R
TaTA VT T LEEEASEE
7L
ZDfh
ARk 23 B AR PE R R P HE 7 s T W IRI E
FRREA  FEE PBL O AZL DR EBHE OfG

AN
=

1] |11 R A2 2 A s AT (2011.4.1~2012.3.31)



RERBEARE

Laboratory of Cell Signaling and Development

1. IEME
AR IEE Je N2 DL 5 CIT o N DMIBNI D> 7 F s
EEELGNICT IR EMELT, 20D ER T vy -
I N RIFFIFAT CHEED T, 10DIE, FEILT7IAY AT =
N T T NEMET DZIERALD 5y B ThH 2, FFITHE
TN RL N Car X R UT XIS, F AR
WOT 7 F ARG IR RN D, 2001, EIZED
R IR E £ 7 LV ERRRE T D0 AMBR O L i e
ThD, BRI AMIIICERA O, EF I E
R RE (7o 20X, B 2OBREE TR T DR sEIRbME) 04y
TR RSB, ZHIE, — BB HWIZBHRDA N,
HHWTAEMEADOFAL I NE NIRRT DLV E
THXT 57— ThHHIDTMDE LI, LrLFATZ
B, 220EMBLGH, BOBE T EMMB b L I
WOERNFEFR N H DD TILARV D, EEZ TRVMA TV,
EZPOELITE R EOEOBMR, RELEHIZERDD,
FL7= B0, ML LD A LFEN HAMZTT At D B4R
DA REMEE 73 T L AL TRRGEL THETLNEB 2 T D,
ZNEE T —~ T O UMY vy =8 TIELL R D3
FUCEBEZENTND,
1) SRS TR BRI F s v % F—F Sre (H—2) DiE
{bD 7y 11 L AL PR 3
2) GP AR R A NI (B~ A 7 R A L) O 1L OFA BLAE
HIR° Sre iEMHALD G EL TOEx
3) RO, B, BEOSRE I ED REE mRNA OFHERIE
L[ =Sa Ny ¥ (4
Fio BAET—< TR (DA ey =7 h) T,
PUF O3 ICH A E TN D,
1) BAFRNR O & FEAR ABREE T (L5 ALK - (K i 55 - 12
FHIRE) T HUT DM SE[R]RE AT = K 2
2) AR NS D BRBE A AN LIS & 9 555 & L C o MR IS /)
FHIk (B~ A7 aR A1) DX
3) BAKIR O E Y BB EEIC B I DML ~ LD
non—genomic HA#E & £%Z L ~L D genomic ¥AE OFH H.AE
BB INLOFRITREG AP T 0y =/ MFR T
PEAE TS\ 0 BRI 7 AR EO SR | D —
BRELTITo TG,

26

R kB B

Prof. Ken-ichi Sato, Ph.D
B#% < I INnY T AKM
Assist. Prof.

AKM Mahbub Hasan, Ph.D

2. KEEOHERR

1) BEREEES A M O Mg SLARER BE P38 28517 R h—
AV B BEAS O fRAT

Src (KAFRY 72 MG HUERIRHTIE O HEFERER 12DV T | 5637 &
ELedO OB AFRARE, 72BN D% SO R A/
FEAC MR A Nz B iR 24T o7, I TE HLAREREE T C
Src DIEMEAL I TN Sre FrFL A PH EA] PP2 (28 M O HE A
ZRTh DL 5637 L2FEHDE NN AAIERIZIR DAL, 24
FLBLG DO RE WS AR BAE DS RIB S VT2, ZORERE DS A R
PeE AT AL L C. L AT e — UK FH D~ (7o
RAAL AN RIET D7 F% 2 llla (UPIa) DR 5258579
DFEBRINSARME ST, KR UPHla 13 HLARICISE L <
GM6001 (MMP BRI 1T R DR o3 o3 iR A e 242 L as
DI ZOG RSO A AT A AER LY Sre TEME(LA
HENHIRIC T R = 2ARFHEEINLIZ N b o7,
GM6001 |EE7/=, EGFRU VR D —->Tdh 5 HB-EGF D IfiLiE
AU ENED S5 TR U TR E RN R AR D2 e b oTz,
INHORERIX, ZRETIZASI TV 72> 7 F L5y
T2y 7 —2 (MMP, HB-EGF, UPIlla, Src/EGFR, Met 73
) MG HLER DI E L TIEB) 32281280, BEREAS UM A
R B 72 7 AR — O ZRFIERFEBLL TWDL T LA RB L
TS GasCieRa )

EBEA A MR 5637 : M TIFX4BY DIFEEZFHTOMBBOIKE
ZRLTW %,



2) URAR I~ A 7 A R ALV JAEZ o R 7 a7 Z% 0 1
(UPI) B X O DO KB E )1 O fiE AT

R R FA IR REHA I 36 2 OVB A IR RE 5 e 0D 2 A2 AL D3l A
i~ A7 R A 2B TR AF 172y 7 VR ERR
RBRBL L TEG (T T A — MG O HRIRT 72 E %
1ToTze ZORER . RAAIN R IR Tk A0 72T 1
PrFF—F Src IHMHLREDR RN &R0, BB Y T 1
THA—LMBEOEALN S E o HT L7 E BB S T, Fiz,
REAGID BB TN ~ A 7 v R AL 2% W23
BNE LS RLEBRICED . BT Sre FE ppd0 (4)
T 40 kDa) ZREL ., EOHGEEZE B HTIZ LV IHNIT
TAHZEMNTEZ, ZO FIXZNETICE MBS AMIEIZ IS 1T
2F VLS ST, ZORERRIZ R T
BHY | FTINHIE O X572 A SR C D3 Bl K OV B RE IS
DNTHRLD)N> TV, S HITZO 55 T-OIFMEENIZ
B DA BURIE (B BLESCRIEM) 2RI Trv )
VL OF A RFEL TV, (REER IR ERDHY | il
Fri =i )

BRAEBRREAVEZRS T T LEENFOL VS —4
EE ppa0(=THRY) DFRRE

3. Research projects and annual reports

In this year, we have made a progress in the cancer cell project
as follows: Our previous study demonstrated that tyrosine
phosphorylation of p145™'/b-subunit of hepatocyte growth
factor receptor by epidermal growth factor receptor (EGFR)
and Src contributes to the anti-apoptotic growth of human
bladder carcinoma cell 5637 under serum-starved conditions.
Here we show that some other cell lines of human bladder
carcinoma, but not other types of human cancer cells, also
exhibit Src-dependent,
conditions,

anti-apoptotic proliferation under
that
detergent-insoluble membrane microdomains (MD) serve as a

serum-starved and low-density,

structural platform for signaling events involving p145™,
EGFR, and Src.
exhibit bladder carcinoma-specific cellular function, we

As an MD-associated molecule that may

27

identified uroplakin Illa (UPIllla),

Results obtained so far revealed: 1) UPIlla

a urothelium-specific
protein.
undergoes partial proteolysis in serum-starved cells; 2) a
specific antibody to the extracellular domain of UPIlla inhibits
the proteolysis of UPIllla and the activation of Src, and
promotes apoptosis in serum-starved cells; and 3) knockdown
of UPIlla by short interfering RNA also promotes apoptosis in
We also find that GM6001, a potent
inhibitor of matrix metalloproteinase (MMP), inhibits the

serum-starved cells.

proteolysis of UPIlla and promotes apoptosis in serum-starved
cells and that serum starvation promotes up-regulation of the
heparin-binding EGF-like growth factor in a manner that
depends on the functions of MMP, Src, and UPIlla. These
results highlight a hitherto unknown signaling network
involving a subset of MD-associated molecules in the
anti-apoptotic mechanisms of human bladder carcinoma cells.
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3. Research projects and annual reports
Solid tumor growth in animals and in man is accompanied

by neovascularization called angiogenesis. New capillary
growth is elicited by a diffusible factor such as vascular
endothelial growth factor (VEGF) and fibroblast growth factor
(FGF) generated by malignant tumor cells. There is evidence
that overexpression of VEGF and FGF correlate poor
prognosis. We are investigating the molecular mechanisms
whereby VEGF and FGF mediate tumor progression.
Anti-VEGF antibodies (such as Avastin) have received much
attention lately for their ability to block tumor angiogenesis and
prolong the life of cancer patients. Neuropilins (NRP1 and
NRP2) are receptors for the VEGF family of angiogenesis
stimulators. Previously, it was shown that VEGFs act via
VEGF receptor tyrosine kinases, but it now appears that VEGF
activity is also modulated by NRPs, which have no kinase
activity. We focus on developing new antitumor agents, which
target the VEGF/NRPs and/or FGF mediated cell signaling in
malignant tumor cells.

FGFs and their tyrosine kinase receptors (FGFRs) play
essential roles in regulating cell proliferation, survival,



migration and differentiation during development and adult life.

In  cancer,
mechanisms, including gene amplification, chromosomal
translocation and mutations. FGFR alterations are detected in a

FGFRs become overactivated by several

variety of human cancers, such as breast, bladder, prostate,
endometrial and lung cancers, as well as hematological
malignancies. Since FGFR3 is frequently overexpressed and/or
mutated in cancers and has been recognized as a potent
oncogene, it is an attractive target for novel drug development.
Several new FGFR3-targeting inhibitors/antibodies have been
developed alone or in combination with other inhibitors in
cancer patients with FGFR3 overexpression.

The third important project of our group is to investigate
the molecular mechanisms of congenital disorders caused by
neuronal impairment. FGF regulates the survival and motility
of neural cells in vertebrates. Especially, loss of the function of
FGF signaling in the central nervous system accounts for many
hereditary and congenital disorders. We are actively studying
the role of FGF receptor 1 (FGFR1) and downstream signaling
cascades in Kallmann syndrome (KS).

KS is defined by the combination of hypogonadotropic
hypogonadism (HH) and anosmia/ hyposmia. Loss-of-function
mutations in the KS gene KAL2/FGFR1 account for roughly
10% of KS cases, leading to the autosomal dominant form the
diseases. The smell deficiency in KS is related to a defect in
olfactory bulb development, and hypogonadism is due to
gonadotropin-releasing hormone (GnRH) deficiency, which
presumably results from a failure of the embryonic migration
of neuroendocrine GnRH cells from the olfactory epithelium to
the forebrain. Clinical spectrum in KAL2/FGFR1 mutation
positive patients ranges widely from typical KS phenotype to
apparently normal phenotype with fertility,
anosmina/ hyposmia only phenotype.

Our contributions in these research fields are expected to lead

including

to the development of regenerative therapies for neuronal
disorder patients, which are currently the center of attention, as
well as novel cancer treatments.

1: VEGF-A
Neuropilin dependent Tumorigenesis.

Tumor-secreted VEGF-A is a crucial factor for tumor
angiogenesis and tumor malignancy. Besides the aspect of

induces VEGFR-independent signaling,

tumor angiogenesis, there are reports to account that VEGF-A
may promote proliferation and survival of tumor themselves.
DIML1 cells, obtained from a metastatic squamous cell
carcinoma patient, secrete high levels of VEGF-A (1.4 ng/ml,
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1x108cells, 48h) in vitro. Indeed, DIM1 tumor highly induced
microvessels in vivo, and the conditioned medium form DIM1
cells stimulated growth and migration of human umbilical vein
endothelial cells (HUVEC). DIM-1 cells express neuropilin-1
(NRP-1), another receptor for VEGF-A. VEGF-A siRNA
treatment decreased VEGF-A secretion and the colony
formations of DIJM1 cells in soft agar. However, VEGFR2
kinase inhibitor did not suppress the colony formations. SIRNA
for NRP1) suppressed the colony formations, too. These
results suggest that VEGF-A induces the survival and growth
of tumor cells via NRP-1 signaling. Further analysis revealed
that VEGF-A induced to from complex of NRP-1, GIPC-1,
and Syx RhoGEF. Indeed, VEGF-A administration activated
RhoA activity in DIM-1 cells. On the other hand, inhibition of
RhoA activity by C3 exoenzyme abrogated DJM-1 colony
formation in soft agar. Taken together, these results suggest that
VEGF-A binds to NRP-1 and induces to form complex
GIPC-1 and Syx, resulting in activation of RhoA activity to
promote colony formations of DIM-1 cells.

2 Anovel acid box mutant of FGFR1 confers olfactory bulb
aplasia in a Kallmann syndrome patient.

We found a novel KAL2/FGFR1 mutant that induces the KS
symptom. The proband was a 7-year-old Japanese girl who
came to us because of anosmia. Magnetic resonance imaging
(MRI) revealed aplasia of bilateral olfactory bulbs, and an
alinamin test indicated the lack of olfactory acuity. FGFR1
consists of three extracellular 1g-like domains D1-D3, an acid
box domain, one transmembrane domain and one tyrosine
kinase domain. A heterozygous 3 bp insertion mutation
(D132_D133insD; ABinsD) leading to an expansion of the
Asp repeat from six to seven was identified at exon 4 of
FGFR1 in the girl. Our objective is to explore that the mutation
in the Acid box domain of FGFR1 causes functional defects in
FGF signaling. We transfected PC12 cells with expression
vectors of FGFR1Y" or FGFR1”®™C, and cloned the stable
expression cells. Using the clone for FGFR1™T (WT) and the
clone for FGFR1*E™ (M), we analyzed the length of the
neurite outgrowth in the PC12 cells length. There was no
difference in the length of neurites between WT and M. In the
both clones, FGF2 induced the similar levels of
phosphorylation of MAPK (ERK1/2) and Akt (Figure 3). As
an evident phenotype in M, interestingly, differentiated M
showed the narrower width neurites and less content of
neurofilament 160 (NF160) in immunostaining and Western
that of WT. In

blotting analysis compared to



coimmunoprecipitation assay, M could not make the complex
with PLCyFigure3. PLCysiRNA treatment decreased the
width of neurites in WT. Taken together, these results suggest
that FGFR1 signaling via PLCy has a crucial role for neurons
with normal width and content of NF.

N
C

Figure 3 Intracellular signaling pathways downstream of FGFRL1 in

neurons.

3: Elevated expression of alterative spliced FGFR3 isoforms in
human gastrointestinal cancer progression

Of the four human fibroblast growth factor receptors
(FGFRYs), the activating mutations of FGFR3 have been found
to be involved in the development and progression of tumors.
In order to investigate whether a change in the gene expression
and splice variations of FGFR3 is associated with malignant
progression in human gastrointestinal cancers, we examined
the gene expression of FGFR3isoforms in human esophageal
cancer patients by RT-PCR. FGFR3 has three alternatively
spliced isoforms. FGFR3 Illb and FGFR3 llic are the
transmembrane-type isoforms and have different ligand
specificities. The third isoform, FGFR3ATM, is the soluble
isoform lacking the transmembrane domain and secreted
extracellularly. The incidence of FGFR3 Illc in the esophageal
carcinoma (63 %) was significantly higher than in the normal
human esophageal biopsies (0 %) (P<0.05). In this study, we
investigated the importance of FGFR3 Illc in epithelial cancer
cells. FGFR3 Illc may have the potential to enhance malignant
progression in epithelial cancers. Our findings suggest that the
increased expression of FGFR3 Illc may be an important
marker for malignancy and potential anti-cancer therapeutic
targets in esophageal cancer.
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3. Research projects and annual reports
Research Projects

The Golgi apparatus is situated at the center of the
vesicular transport pathway. It is an organelle where secretory
and membrane proteins and some glycolipids are synthesized
and modified. The Golgi apparatus inspects the quality of the
synthesized and modified proteins and only the approved
proteins are selected, sorted and dispatched to their final
destinations. Our recent experimental results indicated that the
Golgi apparatus plays important roles in the cell
differentiation and polarization during the cell growth, death
and tissue development.

It is proposed that the cell somehow monitors the
functional state of the Golgi apparatus and efficiently
regulates its localization and structure according to the needs
of cellular functions. However, the regulatory mechanism has
not been well understood. We, therefore, trying to elucidate
(1) the molecular mechanism of the maintenance of the Golgi
structure and its relationship with the cell cycle control, (2) the
mechanism of the signal transduction from the Golgi



apparatus to the cytoplasm and the nucleus, by analyzing the
functions and dynamics of the proteins which are propose to
be involved in the cell cycle control, cell movement and cell
death  using
developmental biological methods.

biochemical, molecular, cellular and

We are also trying to find (3) the role of the Golgi
apparatus in the expression of the higher ordered cellular
functions during embryonic and tissue development using
zebrafish, which is suitable for the observation of
embryogenesis and cell biological analyses, as a model
organism. Especially, we are focusing on the dynamics of the
Golgi apparatus and the associated proteins during the early
embryogenesis to understand the role of the Golgi apparatus in

the cellular morphogenesis and movement.

Annual report

The Golgi apparatus disassembles in cultured cells
under low pH medium. Since the disassembly of the Golgi
apparatus was shown to be involved in the regulation of cell
growth and motility, it is probable that the disassembly of the
Golgi apparatus has some role(s) in the control of cell growth
and motility under acidosis. To substantiate this possibility,
we have analyzed the molecular mechanism of the Golgi
disassembly under the low pH. The low pH treatment reduced
the cytoplasmic pH but not the luminal pH of the Golgi
the
suggested to be the main cause of the Golgi disassembly.

apparatus. Therefore, reduced cytoplasmic pH was
Shortly after the low pH treatment, cis-Golgi stared to
tabulated and disassembled. The disassembly of the medial-
The

disassembly was reversible so that the Golgi reassembled near

and trans-Golgi stated following the cis-Golgi.
to the control level two hours after returning to the normal pH
medium. The disassembly was inhibited by treating with
inhibitors of phospholipase A2 (ONO-RS-082, Bromoenol
lactone) and also by the higher-level expression of rabl or
rab2, small GTPases that is reported to function in the ER to
that

in the tubulation and

Golgi transport.  Therefore, it was suggested

phospholipase A2 is involved
disassembly of the Golgi apparatus and rabl and rab2 regulate

this process.
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3. Research projects and annual reports

How the brain expresses a variety of neural function still
remains enigmatic. We have been studying molecular
mechanisms underlying specific neuronal events that occur
during nervous system development, and also trying to
understand a genetic program that globally governs the circuit
formation in the brain. To approach these problems, we
employ a small brain of Drosophila, which comprises 10°
neurons, only a millionth of the human brain. Our research,
based on the analysis of the mutants that show either a
behavioral or morphological phenotype, is focused on two
themes concerning neural circuit formation.

1:  Arole for Hig protein in synaptic clefts.
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The hig (hikaru geneki) gene, identified by a reduced
locomotor activity of the mutant flies (Hoshino et al., Neuron
1993), encodes a protein localized to synaptic clefts in the
brain (Hoshino et al., Development 1996). The goal of this
project is to reveal roles for Hig and other matrix proteins in
the synaptic clefts. In addition, the absence of one of the
human proteins resembling to Hig is known to cause epilepsy,
mental retardation and brain malformation. Thus, we are also
interested in the functional relationships between Hig and the
human protein.

2:  Analysis of the mutants showing abnormal axonal
projection of olfactory receptor neurons (ORNS).

We have isolated several mutants in which ORN axons
projection patterns in the first-order
olfactory center in the brain (Endo et al., Nat. Neurosci. 2007).
The purpose of this project is to reveal molecular mechanisms
that regulate the precise axonal projection of ORNs by the
analysis of the mutants and causal genes.

exhibit abnormal

Annual reports
1-1: Identification of a protein that affects the localization of
Hig in synaptic clefts.
Hig is predicted to form a complex with other proteins
because Hig contains several CCP (Complement Control
Protein) domains. Identifying such a component of the
complex would help us reveal the function of Hig. We
therefore decided to search the mutants exhibiting a reduced
locomotor activity, a phenotype similarly shown by hig
mutants, and found two mutants, tentatively named dig and
higl. Notably, Hig disappeared in the synaptic regions when
dig was mutated. This indicates that Dig is required for Hig
localization in the synaptic clefts. Antibody staining revealed
that Dig localized to synaptic regions, but it did not precisely
colocalize with Hig, suggesting that both proteins may interact
indirectly, and form a large protein complex in synapses.
Whether Dig forms a complex with Hig has to be tested by
immunoprecipitation in the near future. The presence of Hig
on the way of transport even in the neurites of dig mutants
suggests that Dig is required for the localization or stability of
Hig in the synaptic clefts rather than for its neurite transport.
Another gene higl, as revealed by in situ hybridization, is
expressed in a subset of neurons in the embryonic central
nervous system.
1-2:
cleft extracellular matrix.
Immunofluorescent labeling with newly generated Hig antibody
reveals that Hig is present in most synaptic regions in the adult

Hig protein as a possible component of the synaptic



brain and tightly adjacent to both presynaptic and postsynaptic 8. ZTOh4FiEEIE

proteins (Bruchpilot and ALS, respectively). This is consistent 1. SN

with the notion that Hig is localized to the synaptic clefts. During A AR B Se e hBh & BRIRA BRI
rescue experiments, we found that Hig-GFP protein expressed by [—5 2 FT A AIEIERRFIH OO D Y 2 72 a
a glia-specific driver recovered the locomotor activity and TET VO (RF)

longevity of hig mutants. Notably, Hig-GFP produced by the glia 2. FHES

cells is present in the whole synaptic regions. This suggests that L

Hig protein, not only secreted from adjacent synaptic terminals 3. FHNEH)

but also diffused over a long distance through extracellular spaces, SCEHRH AR AR EHRISHEE 7 0 7 2 SNERER R
can be incorporated into synaptic clefts. We propose that Hig 4. ZEE

protein is tethered by specific scaffold components that 2L

collectively constitute an extracellular matrix in the synaptic clefts. 5. Zfh

2: ldentification of the genes affecting axonal projection of BT R B AR

ORNSs.

On the basis of mutant analysis, we have successfully
identified three genes that affect ORN axonal projection. One
of the genes encodes a protein that is involved in the
regulation of histone methylation. The mutant phenotype is
ectopic axonal targeting or overshooting from the correct
target. These data suggest that histone methylation regulates
expression of a gene that controls axon guidance. We will
further examine the details of the phenotype and identify the
guidance cue expressed under the epigenetic control.

4. FHRIWX
H. lto, (5 £474M), C. Hama, D. Yamamoto: Fruitless Cooperates with
Two Antagonistic Chromatin Factors to Establish Single-Neuron

b Y Noblyana

Sexual Dimorphism. Cell in press.

M. Nakayama, H. Sato, T. Okuda, N. Fujisawa, N. Kono, H. Arai, E.
Suzuki, M. Umeda, HO. Ishikawa and K. Matsuno: Drosophila
carrying pex3 or pex16 mutations are models of Zellweger syndrome
that reflect its symptoms associated with the absence of peroxisomes.
PLo0S One 6(8):€22984 (2011).

5. EERLUHER
M. Nakayama and C. Hama: Modulation of neurotransmitter receptors

and synaptic differentiation by proteins containing
complement-related domains.  Neuroscience Research
69(2):87-92 (2011).

6. HAFEE. DURDILE
2L
7. FRER
Hig protein as a possible component of the synaptic cleft extracellular

matrix in Drosophila. Minoru Nakayama, Chihiro Hama
3 AR AAS AN PR, B, 201112, 13-16
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3. Research projects and annual reports

To explore the biological role of carbohydrate chains in the
process of nerve cell differentiation, | have carried out
characterization of the carbohydrate structure of glycoproteins
by comparing conventional PC12 cells with variant cells
(PC12D). Previously we showed that the length and content
of poly-N-acetyllactosamine chains obtained from the
membrane fraction differed significantly between PC12 and
PC12D, and also that NGF stimulation decreased the content
of poly-N-acetyllactosamine chains of PC12 cells, but had no
effect on PC12D cells. The isolated PL-GPs were analyzed by
SDS-PAGE and fluorography as well as the susceptibility to
endo-B-galactosidase. The amino acid sequence analysis of
62kDa PL-GP quite resembled that of rat CD24.
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CD24 is a GPI-glycoprotein that is anchored to the surface
of cell membrane. To characterize carbohydrate chains on
62kDa PL-GP (i.e. CD24), the nitrocellulose based
microarray system on which partially purified CD24 was
immobilized, were applied. This assay revealed that CD24
had not only poly-N-acetyllactosamine chains, but also the
poly-N-acetyllactosamine chains were terminated with
O-blood type fucose residues, but not Lewis x and/or sialyl
Lewis x structures, for example. This microarray assays also
suggested that the reason for the less content and having
shorter poly-N-acetyllactosamine chains in PC12D cells
might be originated in less expression of CD24 gene in
addition to the less GnT-i activity.

To explore the role of CD24 in an infection of A-type
influenza virus, anti-serum against chicken CD24 was
constructed using some polypeptides that differ amino acid
sequence from those of mouse, rat CD24s. The anti-serum
revealed the chick CD24, which was isolated from DT-40
cells, to be a membrane glycoprotein with GPI-anchor.

4. B

1. S.Fukui and M. Kawahara; Purification and characterization of
CD24, one of major poly-N-acetyl-lactosamine-carrying glycoproteins,
in PC12 cells. Glycoconjugate J., 28(5), 277-278, 2011
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1. S.Fukui and M. Kawahara; Purification and characterization of
CD24, one of major poly-N-acetyl-lactosamine-carrying glycoproteins,
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2. AEEOHERE
1) V-ATPase DA A ikt B4R L7=@h % i
B 40 nm &\ O BUNRRL 7% V-ATPase TS A &
. ATP DMK D EHSEB A Bl52 LTz, T Ofk
REHRy T — & —ITB T DA A4 vk O FiBFR I BEIfR
L7-Eh& 2 EEEET 52 IR T TRBI LT,
ZHICEY A A oB X L RESER O = R L F—2
HEFE DR O — BRI S -,
2) EALITEE D ATP JREEZE L O
A - FHRICB O TR LEROH HET NVEYT
B35 C. elegans ZHFFE L, IENCHE D ATP #EZELO
A, ATP JRFE & b-CHie - BIRSE & OEBEMROE
MEA P72, ARFEECTIL, C elegans 12 20 FEAFTTH
Hh7z ATP & o —H L X7 ATeam %38 A L., WHIERFD
ICBWT ATP LV D U 7V 4 A DRIk LTz,

3. Research projects and annual reports

1. Rotary mechanism of V-ATPase

Vacuole-type ATPases (V,V1) and F,F; ATP synthases couple
ATP hydrolysis/synthesis in the soluble V; or F; portion with
proton (or Na) flow in the membrane-embedded V, or F,



portion through rotation of one common shaft. Here we
show at submillisecond resolutions the ATP-driven rotation of
isolated V; and of the whole V,V; from Thermus thermophilus,
by attaching a 40-nm gold bead for which viscous drag is
almost negligible. V; made 120° steps, commensurate with
the presence of three catalytic sites.
steps involved at least two events other than ATP binding, one
likely ATP hydrolysis.  V,V; exhibited twelve dwell
positions per revolution, consistent with the twelve-fold
Unlike F; that
chemo-mechanical

Dwells between the

symmetry of the V, rotor in T. thermophilus.
undergoes  80°-40°  substepping,
checkpoints in isolated V, are all at the ATP-waiting position,
and V, adds further bumps through stator-rotor interactions
outside and remote from V;.

2. ATP sensing system in whole nematode

Adenosine 5’-triphosphate (ATP) is the major energy currency
and is involved in many biological processes. The ATP
monitoring system of the single cell of living animal in
real-time can be helpful to study the relation between energy
metabolism and biological processes. The fluorescent ATP
biosensor ATeam, which has been reported to monitor free
ATP levels inside living cultured cells based on fluorescence
resonance energy transfer (FRET), was then introduced into
nematodes by microinjection and UV-irradiation method. It is
confirmed whether ATeam function in nematode cells using
cultured cells derived from the transgenic nematode. The
ATeam expressed and worked in nematode cells. Their vulval
cells allowed detection of different ATP levels in the cytosol
compared to mitochondria. These experiments demonstrate
that ATeam is available for detection of ATP levels change in
nematode cells.

4. FERIWX

Furuike, S, Nakano, M., Adachi, K., Noji, H., Kinosita Jr., K., and
Yokoyama, K. Resolving stepping rotation in Thermus thermophilus
H*-ATPase/synthase with an essentially drag free probe. Nature
Communications,2 2011, p233-238

Kishikawa J., Fujikawa M., Imamura H., Yasuda K., Noji H.,
Ishii N., Mitani S., *Yokoyama K. Expression of ATP sensor
protein in Caenorhabditis elegans. Microsc. Res. Tech. in
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Nascent chain biology
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3. Research projects and annual reports

We intend to develop a new area of research, which might
be called “nascent chain biology” by addressing a concept that
translation elongation speed is fine-tuned by intra-ribosomal
part of amino acid sequences of the translation product as well
as by dynamic behaviors of the extra-ribosomal part of the
same nascent chain. We found that some of cellular factors
that facilitate secretory protein export and membrane protein
insertion are controlled by regulatory nascent polypeptides
that function in concert with this principle and are studying
molecular mechanisms and physiological outcomes of the

regulation.  Also, we have developed an experimental

method that enable us to visualize  cellular
polypeptidyl-tRNAs,  essential  but  poorly  studied
intermediates in translation.
This year’s accomplishments:
1. Regulatory ~ nascent  polypeptides  encoding

ribosome-stalling amino acid sequences provide a novel
mechanism to regulate the expression of genetic information.
Our previous studies have shown that two of these regulatory
nascent chains, B. subtilis MifM and E. coli SecM, are unique
in having two functional elements, with one region (the arrest
module) stalling translation and the other (the sensor module)
monitoring the cellular processes of membrane protein
insertion (in the case of MifM) or protein export (in the case
of SecM) by serving as co-translational substrates of the
respective machineries and thereby controlling release of the

translational arrest. We found that elongation arrest of MifM
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is brought about by species-specific interaction between the
MifM nascent polypeptided and the B. subtilis ribosome. We
also determined the positions of ribosome stalling on the mifM
mRNA and found that the MifM nascent chain provokes the
ribosome stalling by novel mechanisms.

2. Although polypeptidyl-tRNAs are important components
of translation, they have not been profiled in cellular contexts.
We developed an method that
electrophoretic visualization of polypeptidyl-tRNAs of the cell,
termed "nascentome”, by SDS-PAGE in two dimensions, first

experimental allows

with peptidyl-tRNA ester bonds preserved and then after their
in-gel hydrolysis. Now we can separate cellular proteins onto
two lines of electrophoretically separated materials,
representing nascent chains and translation-completed regular
proteins, respectively. Collaborative experiments with Dr.
Abo (Okayama University) using this method and the E. coli
mutant defective in the ribosome-rescuing mechanisms
allowed us to propose that E. coli cells produce aberrant
mRNAs, lacking an in-frame stop codon, and its translation
products (“dead end nascentome members”) at unexpectedly

high frequencies.

4. BRI

Ito, K., Chadani, Y., Nakamori, K., Chiba, S., Akiyama, Y., and Abo,
T. (2011) Nascentome analysis uncovers futile protein synthesis in
Escherichia coli. PLoS ONE 6(12): e28413 (2011)

Saito, A., Hizukuri, Y., Matsuo, E., Chiba, S., Mori, H., Nishimura, O.,
Ito, K. and Akiyama, Y.: Post-liberation cleavage of signal peptides

Proc. Natl.

is catalyzed by the site-2 protease (S2P) in bacteria.
Acad. Sci. USA 108: 13740-13745 (2011)

Tsukazaki, T, Mori, H., Echizen, Y., Ishitani, R., Fukai, S., Tanaka, T.,
Perederina, A., Vassylyev, D. G., Kohno, T., Maturana, A. D., Ito,
K., and Nureki, O. Structure and function of a membrane
component SecDF that enhances protein export. Nature 474:
235-238 (2011)

Chiba, S., Kanamori, T., Ueda, T., Akiyama, Y., Pogliano, K. and Ito,

K.: Recruitment of a species-specific translational arrest module to
monitor different cellular processes. Proc. Natl. Acad. Sci. USA
108: 6073-6078 (2011)

White, R., Chiba, S., Pang, T., Dewey, J.S., Savva, C.G.,, Holzenburg,
A., Pogliano, K. and Young, R.: Holin triggering in real time. Proc.
Natl. Acad. Sci. USA 108: 798-803 (2011)

5. EERFUHKRE
Ron, D. and Ito, K.: A translational pause to localize. Science 331:
543-544 (2011)



6. BfFEE, DURDVLE

FRRHERR - 20 B FEAE DI I 1T D R, SRR PESE R
A MBS VAR YT AL 2011.3.10

Ito, K.: Controlling epigenetic connectivity in proteins. Microbial
Genetics and Genomics IV. Harvard Medical School, Boston,
U.S.A., April 29-May 1,2011

RIS BRI AT TRAREL, JHERREIT: 7 m o BRE) )
Z M TzSecDFIC &8 AR O SR, 55111 B AE
HERYRERT—ray 7 TS (37 A In vitro 4%
FRIZEDT 7 m—F ), KPR, 201146 H7-9H

Ito, K., Tsukazaki, T., Mori, H. and Nureki, O: Structure, function
and regulation of bacterial Sec machinery. International Union of
Microbiological Societies 2011 Congress. Symposium Bacterial
Protein Transport. Sapporo, September 6-10,2011

ARG SE | BRI BRTACE  BKILDT B KB, GHEEHERE: A
T N5 38 2 ARt 9 D IR AE LR F- SecDF O i LR RE. 3584 [H]
AARAALARRE T AR DY BRI 2L — LG E O 8
Gy F AL, RCRR, 20114F9 A 21-24 A

Ito, K., Chadani, Y., Nakamori, K., Chiba, S., Akiyma, Y. and Abo,
T.: Vsualization of cellular polypeptidyl-tRNAs uncovers futile
protein synthesis in E. coli. Cold Spring Harbor Asia Conference
Protein Homeostasis in Health and Disease, Suzhou,
China,September 26-30, 2011

Chiba, S., Kanomori, T., Ueda, T., Akiyama, Y., Pogliano, K. and Ito,
K.: In vitro study of translation arrest of MifM, a regulatory
nascent chain that monitors membrane protein biogenesis in
Bacillus subtilis. %5348 H AR5y W% S4-42 Symposium
“Regulatory Systems Mediated by Programmed Ribomal Stalling”,
B, 2011.12.13-16

7. EFRER

Ito, K.: Visualizing a dynamic nascentome, polypeptidyl-tRNAs of
the cell. Microbial Genetics and Genomics IV. Harvard Medical
School, Bosoton, U.S.A., April 29-May 1, 2011

TR, Sfrh:, L, GUER: 2o SV BGLAE T =
S —F DGR L AR FMIMOin vitroi#HT. Tl 234F
£V T LGRS S RE =R, @I, 2011478 25-26 A

Chiba, S., Kanamori, T., Ueda, T. , Akiyma, Y., Pogliano, K. and Ito,
K.: Modularity and species—specificity of translation arrest motifs
in translocation monitor proteins. Cold Spring Harbor Asia
Conference Protein Homeostasis in Health and Disease, Suzhou,
China, September 26-30,2011

THEER, @A 55 LM B R, Kit Pogliano, (FHEEAER:
FHFRGE B L A IR A LDRER MR ORI &z AR HL
I B PVERIEA LT =2V 7. H3TIE A AL (R L — A
Fesx, HUHS, 20114E12 20-22 A

45

FRlE | IR | BORTACE . T AR AT, BKILDS ® . Andres D.
Maturana, i AL, GHEEHERR: 22 OB Oy WwEEET 5
SecDF & ADHE G LHERE. 553710 A AT 1L —HFJE,
SUHE, 20114F12H 20-22 A

8. TDHIFLEIHA

L S

B FE A4 JLERAFSE (A) Nascent Chain (A&
B8 Do) WIEAERE . DHEREN

BREh e Bl e:  FrE sEBTIE TIFUE Lo # R 7 ]
I D B L AE]) WIEAET - GHEEAEN

BAntetemiBh e & T (B) T R & A B IHIA & & =
Z—3 o R L8 DEREE . TESE

BHAP R & FeEEEATZE TPl (RIP) 707
7 — B OMlakRE] AFFEREE - THEEE

FLSE R T HRIE FOF SC B TR i SR 2 [ L " D A&
B BRI (REEHERE

2. JnfAHEE
7L

3. SEHNET)

Member, Faculty of 1000 (http://f1000.com/) (i SCAFAli>
AT L) PHERHERE

YRR ORI E /N B2 R ONBRP J5U24E
WEEZBRER GHHER

Evaluation Committee Member for the Global COE program of
University of Hyogo, “Picobiology: Life Science at the
atomic level” Koreaki Ito

AR RINIE B SR ARZE  OHikHER

Iy
"
i
%

2L



REATLHRE

Laboratory of Developmental Systems

1. EHE

FAT AT LIFEE T, BRI OF AR T 5.,
E (IBER) DR E 53 1B M MRk el
O FEERTHFIEL TD, ERiFestgid, =T RIRD
THLERE . D, R CTH D,
(1) HIEBREDFERHALICETHHR

THALZR B I XB O AR DR E R T AR IARDE
THOWMALED S, WHEE, B, H. /N, KIEeE 00k
FTHEEBIT, IO Ef S o - BRI E L IRE T D, IR
HAD AL 1L TR RO R IRTENE bR &7 e Bl &
SHIREMEOM T B bivbiuE ks OF ik
WY 72> TE BT B EA N EE CHAZ AR
T&T, 2011 AEFEICIE, B0 ISV, k)
DONEFHO AR FRIZE B L, A1 bEs T O I8
FERS DR A I HNMT L Ez, S OB sefIEIC &
ETHORGEMRE O LIRTEE | PR M0 A A PR
ZHWCTHLNZ T2 HIEL,
(2)HLBREOHMMICET HHE

LA E LR OB 35 AR CE D IITEL D),
BB TV 2 D RE S ONEABNICT B0, HE
fED Lgrs BAGFITHIV T, Aktl, Delkl, EphB2, EphB3,
Hesl, Msil, PTEN, Wdrd3 i&{a{-Z~—H—EL T, &4
FRIZHT DM D R EZ T T,
(B)DBEORLEICEHTHHE

DI AE OB Tl B DIEEET D8 B THAHMN,
TEUDIT & DN B2 5 2 Hiflie —AROEIC T &
LYY : = o 2 N 1R g 5 S R RVt U1 IR ST [ #aRB 1 2 g i}
DI DIMEF R L ZIEN A LIRS BB EN L TLA

AIRATEDS T IIBINIS DT EIC RS TALS (] 1), T4,

DAMBFE AR & T 2R BRI Chel L D%
GUOIEIERMII LT DHE 2L DI LRSI, &
OHWERSDLENIHAEREZOB AN LLER I TCND,
PivoiL, LIMERFEOFEE DA~ OHEAAT =R L
TEENRIZ 31T D15 E], AR A~OIR A O f gD
T, BRI E LT A W T2 B 2o T
W5,
(4)RDRHERS B IZBE T SR

IROMREDE L 72 HARMRE A SRR 22 B L o X,
AN 3 Th DRI B L ORI 285 R AMNRIED LT
IZE-TAELS (X 28, ZOMMATALN IS TR
W, bivbiud, IROERERE 279 E7 VIR, in vitro £f

46

BE N\&2 i
Prof. Sadao Yasugi, Ph.D

B#% AH R
Assist. Prof. Yasuo Ishii, Ph.D

. B FENEEZ I IROTE SR D5y L ~L
b~ TOfERZ HfEL TV D,

2. AEEOHMERR
(1) HILBREDFEBHALICET HHH%
VIEGIIBE LB T 2EMOBENCEETHY, MR
Hk O IZ LD E O RE I IE F R kiZ e > T
HThDH, =UNOHEEE (&, piE . 2, . K
) ITIZE N EE AR OB B RO, 2 E Fe
A7 8 DELE ASE D LI E S DI B TIEAR W,
ZDRERYIT D7D SR Fike AT 7 F ATk 580
HERHWT, BAEMH OB I OW TR O EP5
MU UTe, ZOFES WO 6 BIZIZ BN b T 578, %
B SLAO A AL T HOIIIRIN 10 B LI THHIEN
O Ip Tz, Fio LR E OSLIRREEZ R > 7o E F 15
#2370 L NEEERIEAENLL T, A B OMRICHND
Z&lieote,
(2)HLBESHMMICEAT MR
FROBE T DZLUTONWT, DIG D7 n—7 OfE
AT L, —HBDEAR - IZ OV T in situ hybridization



ROV FRBURNT 2B MEUT-, 22 DORT 47 avbn—
ELT MG BRI~ —H—Tdh D CdxA DB
{To70z,
(DD HELEICRETHHE

DAMEREE T OB D 5 S e G ~ D FE 5 A% Tl g~
EHENT D03, BEAE DV B E DOFAL T DO BB Z D4
T EL Do TR, = L= MR L OSLER ) A
DOBLEIZED  DAMEF LD F EHEA I ThLFEED
L COBIFINGAZEDVRENTZ (M 3A), ZOBIEE R
W, DMROFEBALIZ Lo T D AMB R EE L% 3 58275 B Fn it
WEI2DZEN DML OBEE MM ZRETH L THE
FETHHEVIET NELFFL TS (X 3B), TDOET L E
SHITHRFST D72 | ORI B2 Ol i & et L7 iR g
TRERT O F LML LT (K 3C),
(4)BRDREER R IZRE T 5 HH 2T

IRDIZRETE A JE A 72 =T N T VIRE 155 )7 %
STz, 2 H RRINL 723K 02 (RIR(30°C) Tabiz 2 A
FFAESEDI LTI, BHLIRZ R SRR IR/
HTENTEZ (KM 4), ZNHDOIETIL, IR B L UL X

47

DIEFANZ VT BRI OB ATEBY A, < B2
RyeaTholz, RO, s kL - BB o
in vitro FEA KR TITOZ LI THELNZ, ZDH7
TERE R IRITA # | IROTEHETE AU B DI K -0 7
FIOARTER B | Rk EAE BAE A TR g 35 L CH A
Thd, M2 T, REOFEIRIZEDLETR 185 T
Six3, Rx1, Optx2 OFHFRAEZ HEEL | 4t D5k T BT L
DEEBEREATICH WA Z L7272,

3. Research projects and annual reports

In the laboratory of Developmental Systems, the molecular
biological, cell biological and histological aspects of
organogenesis are being studied. The main targets of the study
are digestive organs, heart and eyes of the chicken embryos.
(1) Smooth muscle layers of the digestive organs

Digestive organs are necessary for the survival of animals. In
the vertebrates, the esophagus, stomach, small and large
intestines are formed from the simple tube, together with liver
and pancreas. The embryonic gut is consisted of endodermal
epithelium and mesodermal mesenchyme.
repeatedly shown that the interactions between two tissues are
required for the development of normal digestive organs. In
the year 2011, we analyzed development of the smooth muscle
layers and enteric ganglia that are important for the regulation
of function of smooth muscle.
(2) Localization of stem cells in the developing digestive
organs

We are interested in the differentiation of stem cells in the
digestive organs. Stem cells exist in the epithelium of adult
digestive organs. However, the derivation and localization of
these cells during the development are not exactly known. We
therefore studied the expression of stem cell-specific marker
genes during the intestinal development.
(3) Heart

It has been

Although the heart is the first functional organ in vertebrate
embryos, the early embryonic heart is a simple tubular
structure, consisting of only myocardium and endodardium.
Formation of the coronary vessels, which are essential for
adult heart functions, depends on entry of an extracardiac
rudiment called the proepicardium (PE). Recent studies
suggest that the PE and its derivatives are sources of stem cells
useful for regenerative therapies for cardiovascular diseases.
We investigate mechanisms underlying PE induction and entry,
roles of PE-derived cells in heart development and their
potential medical applications, using chick embryos as a
model.



(4) Eye morphogenesis

Epithelial morphogenesis generates the basic structure of the
vertebrate eye. The optic cup, the primordium of the
light-sensitive retina, and the lens vesicle form through
invagination of the optic vesicle and overlying surface
ectoderm respectively. We study cellular and molecular
mechanisms underlying these dynamic events, using model
embryos exhibiting defects in eye morphology, in vitro culture
and gene transfer techniques.

Results

(1) Smooth muscle layers of the digestive organs

Smooth muscle layers are important in the transport of the
ingested food through the gut. Each organ of the gut has
specific pattern of muscle layers, but the mechanisms that
specify the pattern are largely unknown. We analyzed the
early development of the organs (esophagus, proventriculus,
gizzard, small and large intestines) with using the specific
antibody to smooth muscle actin. The results showed that
smooth muscle layer first appears at day 6 of incubation, and
organ-specific arrangements of muscle layers are established
after day 10. We also developed a culture method by which
the three-dimensional architecture of the organs is well
maintained.

(2) Localization of stem cells in the developing digestive
organs

We cloned Aktl, Cclkl, EphB2, EphB3, Hesl, Msil, PTEN
and Wdr43 genes, known to be expressed in the stem cells of
adult intestine of both mouse and chick, and made
DIG-labeled probes. With these probes, we started in situ
hybridization study of the expression pattern of these genes in
the embryonic chicken intestine.

(3) Heart

The PE protrudes toward and attaches to the atrioventricular
junction (AVJ) of the primitive heart tube. However, it
remains unclear how the PE attaches to this specific region of
the heart. Our whole-mount inspection and histological
analysis showed that the PE is in close proximity not only to
the AVJ but also to the sinoatrium (SA), supporting a model in
which the AVJ has higher affinity to the PE than the SA. To
test this model, we developed a new in vitro culture system
where the PE and a heart segment can maintain their contact in
a liquid culture medium.

(4) Eye morphogenesis

We established a new protocol to generate a chick embryo
model useful to study eye morphogenesis. Incubation of
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fertilized eggs at a low temperature (30 degrees Celsius) after
two days of normal incubation (38 degrees Celsius) resulted in
protruded eyes, in which the lens ectoderm and optic vesicle
failed to invaginate. Similar defective eyes were also obtained
in whole embryo culture and in vitro organ culture under low
temperature conditions. This embryo model would be useful to
survey candidate molecules and signaling pathways involved
in eye morphogenesis. We also cloned whole coding sequence
of eye-patterning genes, Six3, Rx1 and Optx2, for future
gain-of-function analyses.
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3. Research projects and annual reports

We are studying two independent projects;
chaperones and ATP synthase.

Molecular chaperones

Bacterial chaperonin, GroEL and its co-chaperone GroES, is
best understood molecular chaperone, in which, according a
textbook model,
enclosed internal cavity of GroEL/GroES complex where it
folds risk of aggregation.
ATPase-deficient GroEL mutants that does not dissociate
GroES, we found that, in the rate-limiting intermediate of a
chaperonin reaction, the unfolded polypeptide in the cage
partly protrudes the
GroEL/GroES interface. Then, the entire polypeptide is
released either into the cage or to the outside medium. The
former adopts a native structure very rapidly and the latter
undergoes spontaneous folding.

We named this new mechanistic model as “Tethering
mechanism” and revisited previous results from other groups
that have been taken to be important contribution for the
understanding of GroEL mechanism. We found, however,
these

molecular

unfolded polypeptide is captured and

without However, using

through a narrow space near

papers  contain and
misinterpretations. Many previous works should be carefully
examined under the light of tethering mechanism.

ATP synthase

FoF1-ATP synthase (F,F,) is ubiquitously found in membranes
of bacteria, chloroplast, and mitochondria, and synthesizes
ATP by the energy of proton flow driven by the proton motive
force. FoF; is also able to catalyze the reverse reaction, ATP

hydrolysis-driven proton pumping, which actually occurs in

many  misunderstanding

some cases and conditions. FoF; is a motor enzyme composed
of two rotary motors, membrane integral F, which converts
the proton motive force into rotation, and water-soluble F;
which converts the rotation into synthesis of ATP. F; has a
subunit composition of asBsyde and acts as ATPase when
isolated.

It has been known for the typical bacterial enzymes from
thermophilic Bacillus PS3 (TF,F,) and Escherichia coli, that
the smallest subunits of Fy, ¢ acts as an endogenous inhibitor
of ATPase activity under some conditions. \We generated E.
coli containing chromosomal & gene that lacks inhibitory
function. The mutant cell, to our surprise, is normal nearly in
all aspect except for retarded growth in high salt condition. In
plant, we for the first time, we succeeded in the in vivo
demonstration of regulatory function of y subunit. At dawn, y
in ATP synthase is reduced and starts ATP synthesis driven by

ol

sunshine. At dusk, y in ATP synthase is oxidized and becomes
unable to hydrolyze precious ATP that is made by glycolysis
and respiration produce ATP. DAPIT is a loosely associate
subunit of human ATP synthase. The DAPIT-knockdown
human cell lacks mature ATP synthase, indicating DAPIT is
essential for the assembly of ATP synthase.
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3. Research projects and annual reports

We have performed the following three major research
projects relating to the organellar genomes in higher plants:

1: Production of transplastomic plants that are useful for
human beings.

2: Comprehensive studies on the molecular mechanism of the
male-sterility/fertility restoration system in radish.

3: Comparative mitochondrial genome analysis of Aegilops
mutica using alloplasmic lines of common wheat.

The first project aims at producing various transplastomic
plants that will be useful for human beings. Currently
several transplastomic lines (containing genes like apx, ferritin,
etc...) have been produced using tobacco as a model plant and
experiments producing transplastomic crops such as wheat and
lettuce have been conducted.

The second project tries to reveal interaction between
mitochondrial and nuclear genomes using a male-sterility and
fertility restoration system found in radish. Genetic
variations in both mitochondrial orf138 and nuclear Rf genes
have been examined to reveal evolutionary aspect of the
system.

The third project concerns the mitochondrial genome of Ae.
mutica. It is known that the mitochondrial genome of this
species influences on the phenotype of alloplasmic lines of
common wheat. In order to reveal a mitochondrial gene(s)

responsible for the phenotypic difference between alloplasmic



and euplasmic lines of common wheat, their complete

mitochondrial genome sequences determined by the

next-generation sequencer have been analyzed.
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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.
research projects and the annual reports are as following:
1: Effective population size in eusocial Hymenoptera with
worker-produced males

In many eusocial Hymenoptera, a proportion of males are
produced by workers. To assess the effect of male production
by workers on the effective population size Ne, a general
expression of Ne in Hymenoptera with worker-produced
males is derived on the basis of the genetic drift in the
frequency of a neutral allele.
that the obtained expression gives a good prediction of Ne
under a wide range of conditions. Numerical computation
with the expression indicates that worker reproduction
generally reduces Ne.
populations with a unity or female biased breeding sex ratio.
Worker reproduction may increase Ne in populations with a
male biased breeding sex ratio, only if each laying worker
produce a small number of males and the difference of male
progeny number among workers is not large.  Worker
reproduction could be an important cause of the generally
lower genetic variation found in Hymenoptera, through its
effect on Ne.
2: Sampling method for estimating neutral allele frequency in
a pedigreed population

The allele frequency at neutral DNA marker loci is a
fundamental parameter for establishing a conservation scheme
for a set of livestock breeds. In this study, we proposed a
novel ‘minimum distance method’ for estimating neutral allele
frequencies, which minimizes the error by the use of pedigree
information.  The efficiency was evaluated using Monte
Carlo simulation.
microsatellite data of Japanese Black cattle population.

Our main

Stochastic simulation verifies

The reduction can be serious in

The obtained method was also applied to
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3. Research projects and annual reports

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

of  the
and

(1) Structural  biology between
ADP-ribosylating protein:
ADP-ribosylation is one of the important enzyme modification
after the protein translation. ADP-ribosylating toxin (ADPRT)
adds ADP-ribosyl group of NAD to target and lead to
disorganization of the cell. It is thought that some pathogenic
bacteria use the ADPRT to infect into the host cell. ADPRT
can be classified into four groups as the target difference.
Actin  ADPRT such as iota toxin from C.perfringens
ADP-ribosylates  Arg-177 of a-Actin, inhibits

complex

Toxin human

actin
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polymerization and induce cell rounding. It finally causes
diarrhea against human and domestic animals. Up to now,
many actin ADPRT’s structures are available including la
(catalytic subiunit of iota toxin ) by us (JMB 2003), however,
there was no information how toxin binds to actin and how
proceeds the ADP-ribosylation reaction. Recently, we reported
the first crystal structure of la-Actin complex with B-TAD,
which is nonhydrolyzable NAD analog, as its ligand (PNAS
2008). Futhermore we would like to reveal how proceed the
ADP-ribosylation

(2) Structural biology of RNA polymerase from influenza A
virus: In 1918, a pandemic of influenza A virus resulted in ten
millius coon deaths worldwide. Currently, highly pathogenic
H5N1 avian strains are serioncern because of the ability to
infect humans with 60% mortality. It is great importance to
understand the molecular mechanism of avian to human host
adaptation for high virulence. K627 in PB2 is known to be
important for avian influenza virus adaptation to mammals.
Recently we revealed the structure of K627 domain of PB2
and the mechanism of the pathogenicity (JBC 2009). RNA
polymerase is consists of three different subunits; PB2, PB1,
and PA. The structure of the whole complex of RNA
polymerase has not known yet, so this is very interesting target
for structural biology. Our purpose is to reveal the whole
structure of the RNA polymerase complex in future.

(3) Other Structural biology as mentioned below.

In this year, (1) we report the structure of TTHA0420 from
Thermus thermophilus HB8 (JBC), which belongs to flavin reductase,
and describe the dual binding mode of the substrate and co-factor
flavins. We also report that TTHA0420 has not only the flavin
reductase motif GDH but also a specific motif YGG in C terminus as
well as Phe-41 and Arg-11, which are conserved in its subclass. From
the structure, these motifs are important for the substrate flavin
binding. On the contrary, the C terminus is stacked on the NADH
binding site, apparently to block NADH binding to the active site. To
identify the function of the C-terminal region, we designed and
expressed a mutant TTHAO0420 enzyme in which the C-terminal five
residues were deleted (TTHAO0420-ACS5). Notably, the activity of
TTHAO0420-ACS was about 10 times higher than that of the wild-type
enzyme at 20-40 °C. Our findings suggest that the C-terminal region
of TTHA0420 may regulate the alternative binding of NADH and
substrate flavin to the enzyme.



(2) We collected the new diffraction data of the la-actin with
novel ligand and the structural refinement is going on.

(3) We also reported the reaction mechanism of novel
peroxidase DyP (FEBS J) and the mechanism of dimer
formation of B -lactoglobulin chimera :
collaborative study (Protein Sci).

Gyuba with
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3. Research projects and annual reports

In the field of plant breeding, F; 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
Besides the practical importance of the CMS,

it is useful to study the interactions between nuclear genes and

characteristic.

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.
For the establishments of new male sterile materials, we are
utilizing organelle genome engineering methods such as cell
fusion, and cytoplasm substitution.

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, orfl38. We analysed, further, the cytoplasm of
Chinese radishes this year. While the number of cultivars
that possess the Ogura cytoplasm was small, it was found that
all the orf138 of Chinese radishes have the A type sequence.
On the other hand, the major type in the normal cytoplasms
was ‘Type 3" which is distributed in local varieties in Japan.
These findings of differentiations of cytoplasms in Chinese
radishes would accelerate the studies on the evolution of wild
and cultivated radishes grown in Japan and China.

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

We obtained somatic hybrids showing male sterility between
Arabidopsis (Brassica
oleracea). It was found by the molecular analyses of their

thaliana and cabbage varieties

mitochondrial genomes that the male sterile hybrids contain
the various novel genome structures of mitochondria.
Progenies of the somatic hybrids were produced by successive
back-crosses with B. oleracea. So far, the male sterility was
ascertained the BC; progenies. The novel mitochondrial

structures were also transmitted steadily to the progenies.



The relationships between the novel mitochondrial genomes
and the male sterility are now under investigation.
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.
male sterile alloplasmic lines both in radishes and eggplants.
By the studies of their expressions, it was suggested that they
are promising candidates 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.

We found unique orfs in

of causal genes
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3. Research projects and annual reports

Our research works major on the two themes mentioned
below:

1) Optimization of selection procedures for plant breeding:
New breeds of plant are normally obtained by repeated
selection over several generations from a variant population
produced by methods such as artificial mating. The
probability that outstanding individuals or lines appropriate to
the new breed are obtained as a result of such selection
depends greatly on the size of the population in each
generation, the intensity of selection, the method of evaluating
genetic potential of plants, and the number of times selection
is repeated. We are investigating how to determine these
conditions in an optimum manner from a theoretical
standpoint, given limited labor resources and time. Currently,



We are carrying out researches on the optimization of selection
method using DNA markers.
2) Methods for the maintenance of genetic diversity of plants:
Maintaining genetic diversity within and between plant
populations is an indispensable prerequisite, both from the
perspective of conserving ecological and biological diversity in
the natural world, and from the viewpoint of protecting valuable
genetic resources that will be useful for breed improvement in
future. We are carrying out theoretical researches on the effective
methods of population management for maintaining the genetic
diversity (management of factors including population size,
mating system, number of offspring per individual, lifespan of
individuals, and pattern of migration between populations).

In this academic year, we have been devoted to the following
research subject.
Structure and constituent parameters of the optimality of
selection procedures in plant breeding. The optimal selection
procedure to be used effectively in practice has been a matter of
dispute. To resolve this dispute, facilitating the exploitation and
utilization of new efficient selection procedures, we present a
theoretical framework derived based on the compromise between
the effectiveness and cost of selection. As an indicator of the
effectiveness of selection, we use a new parameter called the
expected degree of success (the probability of a successfully high
genetic gain being achieved x average of all successful genetic
gains), in place of the traditionally used expected genetic gain.
The structure and constituent parameters of the optimality differ
distinctly between two alternative management policies of
breeders, i.e., achieving the highest economic reward in each
selection program (policy MRW) versus the highest cost
effectiveness, emphasizing the total result summed across
selection programs performed for the same amount of long-term
investment (policy MCE). The economic importance of the target
plant, choice of the target population (cross combination), and
market circumstances determine the optimality of selection
procedures under MRW, but not under MCE. High-investment
selection procedures will be preferable under MRW in selection
with a correctly chosen, potential target population in an
economically high-value plant. Low- or moderate-investment
selection procedures are efficient under MCE.
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3. Research projects and annual reports

Diversified microorganisms are able to colonize the
intercellular, and sometimes also intracellular, spaces of plant
tissues, without causing apparent damage to the host plant.
Bacterial endophytes and rhizobia have been isolated from
several tissues in numerous plant species. Many bacterial
strains have beneficial effects on plant growth and health.
Some beneficial strains of them are studied in terms of the
molecular mechanisms of establishment inside plants and their
functions well. We reported the full genome sequences of
such bacteria, Mesorhizobium loti, Bradyrhizobium japonicum,
and Azospirillum sp. B510. The genomic information provided

valuable insights into the life of the bacteria, including



information about interactions with host plants. We examine
the nucleotide sequences of the other related endophytic
bacterial strains genomes and deduce the symbiotic functional
gene repertoire in their genomes. Comparative genomics of
naturally occurring plant-associated bacteria have a potential
for providing information that can be used to develop
enhanced plant-microbe interaction.

The complete nucleotide sequence of the genome of the
soybean symbiont Bradyrhizobium japonicum strain USDAG"
was determined. The genome of USDAG' is a single circular
chromosome of 9,207,384 bp. The genome size is similar to
that of the genome of another soybean symbiont, B. japonicum
USDA110 (9,105,828 bp). Comparison of the whole-genome
sequences of USDAB' and USDA110 showed colinearity of
major regions in the two genomes, although a large inversion
exists between them. A significantly high level of sequence
conservation was detected in three regions on each genome.
The gene constitution and nucleotide sequence features in
these three regions indicate that they may have been derived
from a symbiosis island. An ancestral, large symbiosis island,
approximately 860 kb in total size, appears to have been split
into these three regions by unknown large-scale genome
rearrangements. The two integration events responsible for
this appear to have taken place independently, but through
comparable mechanisms, in both genomes.
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3. Research projects and annual reports
We focused on the maintenance mechanisms of DNA

variation in Plant species. We are interested in the following
three 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
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replacement pattern of centromere sequences and effect of
different centromeric sequences on the segregation ratio.
2) Patterns of Transposable Element Evolution

In Arabidopsis thaliana, several transposable element
families were identified to have active transposability. We are
analyzing differences of sequences and integration patterns of
these transposon families in Arabidopsis and related taxa.
3) Effect of Epigenetic regulation on Evolution

Epigenetic regulation can affect evolution patterns through
change of chromatin structure. We focused on imprinting
genes to analyse divergence patterns. The differences between
epigenetically regulated and non-epigenetically regulated loci

will be studied.
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3. Research projects and annual reports

Plant can alter their development, physiology and life
history depending on conditions.  This
fundamental property is called phenotypic plasticity. The
lake cress, Neobeckia aquatica is an
herbaceous perennial aquatic mustard. Typical habitat of lake
cress is at shores of ponds, slow-moving streams and other
quiet waters in North America. The lake cress shows
heterophylly, phenotypic plasticity on leaf shape. In nature,
the leaf shape of this plant depends on whether the plant is
submerged in or emergent from water. Submerged leaves are
usually deeply dissected and has needle-like blade, whereas
emergent leaves are generally entire with serrated or smooth
margins. This phenotypic plasticity on leaf shape is thought to
be adaptive response to submergence and increase the fitness
in water's edge environment where most of lake cress
populations are found. Despite the significance of this plant to
study fundamental mechanisms of phenotypic plasticity and
environmental responses in plants, the underlying mechanism
hasn't been investigated. We investigate the mechanism of the
heterophylly of Neobeckia aquatica.

Neobeckia alters its leaf morphology dramatically, from
simple to compound shapes, depending on the growth
conditions. Previously, our group showed that leaf shape
changes in response to varying temperature, as well as to

environmental

North  American
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underwater submergence. The final morphology of mature leaf
is determined in early phases of primordium development, via
the plant hormone gibberellin and KNOX1 gene activity.

In this academic year, we first established the relationship
between specific environmental conditions and leaf shapes.
We systematically tested the effects of varying temperature
and light intensity on the leaf complexity (i.e. how dissected
the leaf is). The leaf complexity was quantitatively assessed
by calculating the Dissection Index, which is the length of the
leaf perimeter divided by the square root of the area. The
results indicated that the lower the temperature is, or the
higher the light intensity is, the more complex the leaf
Although
morphological variation is as yet unclear, it is thought to help

becomes. the adaptive significance of the
optimize the light reception and photosynthetic efficiency in a
given environment in which the plant grows. Besides
temperature and light intensity, moisture level and light
spectrum likely influence the leaf shape. We are currently
further assessing the effects of these environmental parameters
on Neobeckia leaf morphology, while addressing the adaptive
significance of the developmental plasticity.

Next we studied the morphogenesis of the Neobeckia leaf, in
order to gain insights into the developmental mechanism behind
the leaf shape change. The cell size and number were examined
by plastic sectioning and found that they decrease as the
complexity of the leaf morphology increases. We also monitored
morphogenesis of young leaves, in time-lapse video capture of
tissue cultured shoot apices. During the organogenesis of the
simple leaves, the primordia grow as they form new serrations in
the basal part of the leaf; new serrations do not appear in the
upper region. The compound leaves grow as they initiate new
leaflets in the basal region, and similarly, the secondary leaflets
emerge in the basal region of the primary leaflets. We also
visualized cell division activity by Edu staining of dividing cells.
The leaves, regardless of the final morphological complexity,
were found to undergo active cell division mostly in the basal
region. These results indicate that the basal part of the leaf is the
morphogenic  regulation.  Furthermore,
environmental shifting experiments, the leaves that were at the

site of upon
stage of morphogenic regulation developed into mature leaves
with shifted morphology. When a primordium was moved from
the the

leaf-inducing condition, it became a leaf with compound upper

compound leaf-inducing condition to simple

region and simple blade at the base, whereas shifting in the
opposite direction resulted in a leaf with simple tip and
These suggest that the

compound  base. observations



morphologenic outcome of the upper region was already fixed,
while the base still retained the plasticity. Taken together, we
propose that the basal part of the primordia is the critical domain
for the environmental regulation of Neobeckia leaf morphology.
The phenotypic plasticity of the Neobeckia leaf is likely to be
mediated by environmentally induced ectopic or excess activity
of factors overseeing organ formation or meristem maintenance.
In order to identify genes important for the environmental
plasticity, we have conducted transcriptome analysis employing
next-generation sequencing technology. The mRNA extracted
from the shoot apices grown under the simple or compound leaf
inducing condition was sequenced and mapped onto the genome
sequence of Arabidopsis. The reads mapped to individual gene
was statistically analyzed and compared between the simple and
compound leafed samples. Groups of genes implicated in
hormonal regulation or response, as well as genes involved in
leaf development, were found differentially expressed. In future
we plan to analyze the spatiotemporal expression and function of
these genes and uncover the mechanism underlying the
environmental plasticity of Neobeckia leaf morphogenesis.
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3. Research projects and annual reports

1: Reproductivity of early males of the temperate paper wasp.
In Polistes paper wasps, haploid early males can mate with
early emerging females and leave viable offspring. In contrast,
diploid early males are eventually sterile because they
contribute triploid offspring via diploid sperm. Clarifying the
ploidy of early males is important for determining whether

early male production is a reproductive strategy for the species.

We examined the mating behavior and the ploidy of early
males in the Japanese paper wasp, Polistes rothneyi iwatai van
der Vecht. Thirteen early males from four colonies were all
diploid. Two of the nine early males (22.2%) attempted to
mate with females, but only one individual (11.1%) was
successful (the female's spermatheca contained spermatozoa).
These results suggest that although most early males of P.
rothneyi iwatai do not produce offspring, their mating may be
linked to the occasional production of triploid females.

2: Taxonomic uncertainty of a highly endangered brook
damselfly, Copera tokyoensis Asahina, 1948 (Odonata:
Platycnemididae), revealed by the mitochondrial gene
genealogy. In the Japanese main islands, two brook damselfly
species are sympatrically distributed. One is highly
endangered damselfly, Copera tokyoensis, Asahina, 1948, and
the other is a congeneric common species, C. annulata (Selys,
1863). Mitochondrial gene genealogy reconstructed by the
maximum likelihood method showed that they are not
reciprocally monophyletic. These two congeneric species
might have experienced mitochondrial introgressions possibly
through hybridizations. The effect of hybridization against
endangered species is generally poorly understood.
Taxonomic uncertainty might also explain this situation
because extremely dispersed pattern of the haplotype network
could not be appeared by once or twice hybridization. Three
closely located populations of C. tokyoensis in the Kanto
district showed significant population differentiation. It might

suggest the low dispersal tendency of this endangered species.

3: A non-lethal sampling method for estimating the trophic
position of an endangered giant water bug using stable
isotope analysis. We propose a non-lethal sampling method
involving stable isotopeanalysis for estimating the trophic
position of the endangered giant water bug Kirkaldyia
(=Lethocerus) deyrolli (Heteroptera: Belostomatidae) in the
wild. Kirkaldyia deyrolli individuals were collected and their
d15N and d13C values were measured. The d15N and d13C
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values of periphyton and particulate organic matter, the basal
food sources in lentic ecosystems of rice fields, were also
measured to estimate the trophic position of K. deyrolli. When
individual
compared with those of their middle leg tarsus, we found
strong correlations between them for both d15N and d13C. To
estimate their trophic position without killing individuals, we
constructed a regression model incorporating their middle leg
tarsus’s isotopic signatures and their body size as explanatory

isotopic signatures of the whole body were

variables. This non-lethal method revealed that K. deyrolli
showed great individual variation in its d15N which is a proxy
of trophic position, ranging from 5.60&to 8.11&. To evaluate
the negative effects of our non-lethal method on the fitness of
K. deyrolli, we examined how the removal of the middle leg
tarsus affected reproductive performance under laboratory
conditions. A comparison between the manipulated and
unmanipulated individuals revealed that the removal treatment
did not have any negative effects on female clutch size or egg
hatchability for males. In conclusion, stable isotope analysis of
the middle leg tarsus of K. deyrolli is useful for estimating its
trophic position without lethal or any negative fitness effects.
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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 occurs in
chloroplasts which are comprised of multilayered membranes,
and pushes forward carbon 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.

The redox state of higher plant chloroplasts fluctuates widely
under light and dark conditions. In the light, reducing
equivalents are produced from photosystem and used to
produce the reductant NADPH. NADPH is further used for the
reduction of CO, in the chloroplast stroma. A portion of the
reducing equivalents is also utilized for reduction of stroma
thioredoxins. Thioredoxins transfer reducing equivalents to
regulation of thiol-enzymes, scavenging for reactive oxygen
species, or reducing equivalents transfer system across
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thylakoid membranes. How stroma thioredoxins recognize

various target proteins in stroma, without being confused?
Arabidopsis

thioredoxins. We have made specific antibodies for 5 groups

of stromal thioredoxins, and determined the concentration of

each Trx isoforms in Arabidopsis leaves.

2: Physiological role and molecular mechanism of reducing

thaliana have five groups of stromal

equivalent transfer system on thylakoid membranes in
chloroplasts.
In contrast to redox state control in stroma side, knowledge
pertaining to redox regulation on the lumenal side of the
thylakoid membrane remains very limited. We previously
demonstrated that a thioredoxin-like protein is located in the
thylakoid lumen and can function as a reducing equivalent
carrier to protein targets located in the lumen. In order to
function as a carrier of reducing equivalents in the thylakoid
lumen, a thioredoxin-like protein in thylakoid lumen side in
turn must receive reducing equivalents. These results suggest
that higher plant chloroplasts possess a reducing equivalent
transfer system which operates across the thylakoid membrane
from the stroma to the lumenal side. We analyze the
physiological role and molecular mechanism of the reducing
equivalent transfer system across the membrane.

CcdA, which is a candidate for this system, was examined
a contribution for reducing equivalent transfer assay in vitro,
using isolated thylakoid membranes. If both a lumenal
thioredoxin-like protein and CcdA protein function in the
same reducing equivalent transfer pathway, reduction of a
disulfide bond in the CcdA molecule should be promoted by
stromal thioredoxin. Last year, we demonstrated CcdA could
be reduced, in which a lumenal thioredoxin-like protein was
reduced. In this year, we have started the physiological
analysis of the ccdA deficient T-DNA insertion lines in
Arabidopsis thaliana.
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3. Research projects and annual reports

Our research is focussed mainly epizootiology on
avian influenza (Al). We are analysing some properties of
Al viruses isolated from a few kinds of migratory
waterfowls flying from Siberia or northern China and
staying in the Kansai region, particularly Lake Biwa
during winter to clarify these isolates from an ecological
point of view.

We are also collaborating with few companies to
develop anti—viral activity—having useful products, that is,
we evaluate materials those were experimentally
produced by them, analyse mechanisms of this activity
and search their applications.

We are also collaborating with the Avian Zoonoses
Research Centre, Faculty of Agriculture, Tottori
University to investigate Al incidence in Viet Nam. We
are collecting many foeces and throat swabs from few
species of domestic fowls reared in that country to isolate
Al viruses, and serum samples from them to calculate
antibody titre to these viruses. We expect to get some
useful datum about not only contaminating situation of Al

virus in Vietnamese poultry industry but also threatening



level of human infection with this virus. Our research
base is the overseas research station “Friendship
Laboratory” opened by Nagasaki University in the
National Institute of Hygiene and Epidemiology in Ha
Noi.
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3. Research projects and annual reports

We are focusing on cigarette smoke, which is currently
attracting attentions as an environmental problem, hence are
investigating to elucidate the effect of smoking on the
relationship between smoke and pulmonary immune cells,
particularly alveolar macrophages, and pulmonary epithelial
cells. Smoking has been shown to increase production of
active 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. It has been suggested that
these inhibitions in immune functions are related to the

incidence of smoking-related pulmonary epithelial cancer and



tumor cell proliferation, and we are investigating this
relationship and “making a science for smoking.” Since the
fact that immune functions are suppressed by smoking and
tumor growth, we are also investigating the mechanisms
whereby immuno—enhancing substances may act to restore
suppressed immune functions.
1: Study for tobacco smoke
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 play
an important role as the first line of defense in the
pulmonary immune system. AM phagocytize
microorganisms, produce reactive oxygen species (ROS)
and play an important role in immunological surveillance for
the lung. In previous studies, we demonstrated that
tobacco smoking inhibits immune functions such as
phagocytic activity, antigen presentation and induces DNA
damage in AM. However, the mechanism of inhibition of
immune function in AM is not well defined. In the aim of our
study, we are investigating the suppressive mechanism of
immune functions in AM associated with DNA damage by
cigarette smoke exposure.
2: Study for Natural products
(1) Jungle 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 (Manuka honey, Pasture honey, Jelly bush
honey etc), and the varieties are due to components of
flower sources. One variety, Jungle honey is produced by
the African wild bees (Apis mellifera adansonii) in the virgin
forest of the Nsukka district, Enugu state of Nigeria. The
bees usually have their nests (the honey combs) inside the
hollow of tree trunks. Jungle honey (JH) is collected from
timber and blossom by wild honey bees that live in the

tropical forest of Nigeria. This is used as traditional
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medicine for cold, skin inflammation and burn wound but
not only health care. However, the effect of Jungle honey
on immunomodulatory activity is not yet found clearly. We
have previously reported the effect of natural components
on immune system. Therefore, we are investigating the
effect of jungle honey on immune system and anti—tumor
activity using mice.

(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. We
have demonstrated that extract of Agaricus blazei Murill
activated immune functions in mice. However, the
mechanism of the activity of immune functions and
anti—tumor activity by Agaricus blazei Murill is not well
defined. Therefore, we are focusing on immune cells
functions associated with anti—tumor activity by Agaricus
blazei Murill hot water extract and its characterization of

effective component.
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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 of

diagnostic methods and therapeutic drugs for the relief of
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epilepsy, anxiety, and mood disorders based on the
clarification of the mechanism.

Epileptic model mice and stress-sensitive model
mice showing anxiety, sleep disorder, and hormonal
homeostatic change were used. Our approach was to
check the symptoms of the models by behavioral and
physiological analyses and 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.

Amygdala-kindling model mice is is 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
found two molecules responsible for epileptogenesis, a
growth hormone and a sialyltransferase. We found there
is also a growth hormone signal system in the brain, and
this signal system is deeply related to the development of
neuropsychiatric disorders other than epilepsy. We aim
to clarify the whole mechanism of growth hormone
signaling in the brain.

2: Clarification of the neural network function based on
emotions that sialylation controls.

We made a model mouse deficient in alpha 2,

3-sialyltransferase, which is the other molecule
responsible for epilepsy progression. The alpha
2,3-sialyltransferase ~ gene-deficient  mice  showed

emotional symptoms including an anxiety disorder, an
environmental adjustment disorder, sleep disturbance, and
hormonal homeostatic disorder. We aim to find the
acceptor substrate of alpha 2,3-sialyltransferase and to
investigate the effects of sialylation on the development of
epileptogenesis and emotional symptoms.

3: Effect of food intake on stress-sensitive model mice.

The stress-sensitive model mice showed growth
inhibition according with decreases of growth hormone
and IGF1 within the plasma. In this year, we evaluated
that a specific material, that was contained in specific
mouse foods, affected depression, anxiety, environmental
adjustment disorder, and activity. We aim to investigate
brain metabolic mechanisms that were generated from
food and correlation of the metabolism with emotional
behaviors.

4: Clarification of inhibitory mechanism of epileptic
seizures with botulinum neurotoxin.



We investigated the delivery of botulinum
neurotoxins directly into the seizure focus of the brain to
prevent epileptic seizures using a model of temporal lobe
epilepsy. As a result, administration of the neurotoxin
into the hippocampus make seizures disappear in 50% of
mice with kindled seizures. We aim to investigate the
mechanisms about how the neurotoxin abolishes the
abnormal neural plasticity of epilepsy.
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3. Research projects and annual reports

Background and purpose of research:

The physiological reaction to stressors involves activation
of the hypothalamic pituitary adrenal (HPA) axis and the
sympathetic nervous system. Chronic activation of both
systems may increase a risk for anxiety and stress disorders.
Dysregulation of functional coupling especially between the
amygdala and other brain regions is considered to underlie
the production of pathological states of anxiety and stress
disorders. In the laboratory, the neural signaling which is
sensitive to acute and chronic stress has been surveyed in
the central nuclei, and how damaged neurons by stress can

be regenerated using experimental animals.

Research topics:
1) Development of the wireless system for measuring neural

signals in the in vivo and in vitro preparations,
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2) Neuromodulators to dysregulate neural communication
by exposure to stressors, and to promote regeneration of the

damaged neurons in the brain.

Annual reports:

1) Feasibility of the telemetry system and biosensors

We have developed the telemetry system for detecting
neural signals from the freely moving animals. We are
further modifying this technique to measure intrinsic
neurotransmitters and/or neuromodulators in the central
nervous system in vivo and in vitro. There are found drift
and fluctuation in the measurement system, probably due to
difference in electrostatic capacitance in the preparations.
Further improvement is required for eliminating these drift
and fluctuation. On the other hand, to make multichannel
materials and

biosensor, we are examining the

manufacturing processes.

2) Polyclonal antibodies for the receptor for arachidonic
acid derivatives in the pig brain

To investigate regulatory roles of arachidonic acid
derivatives in the stress response of the pig brain, we
analyzed amino acid and nucleotide sequences of the
receptor, and obtained the targeted protein. We obtained
rabbit anti-immunoglobulin for the extracellular domain of
the receptor. However, cross-reactivity of the antibody

remains unclear and should be examined..

3) Examination of frameless stereotaxic method in the
brain

Stereotaxic mapping is essential for approaching the
targeted nuclei in the brain of the animals. Generally, the
stereotaxic instrument is used with the atlas, which has been
made in each animal. However, there is still error in the
coordinates for the nuclei, due to variation in the skull and

brain size. We are now developing frameless stereotaxic
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3. Research projects and annual reports

Many micro-organisms are surrounding of environment.
Some of them infect to plants or to animals including human,
and 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 plants or animals
evolution. Microbes surrounding our environment interact
with their host, and make micro- and macro-cosmos in nature.

We are now studying the pathology, ecology, and other
basic researches of zoonses. We, especially, focus on
mosquito- and tick-borne diseases. Recently, arthropod vectors
are spreading their living places due to global warming. And
the diseases are becoming a great threat on world-wide public
health. In Japan, it is also urgent to establish the detection and
prevention system for these diseases. Now, we are doing
research on;
(a) Epidemiological study on mosquito-borne zoonoses in
Kyoto-City, Japan, and Guangdong province, China
(b) Developement of new diagnostic protocols and vaccine for
mosquito-borne flaviviruses
(c) Molecular biological study of mosquito-borne flaviviruses
(d) Epidemiological study on tick-borne zoonoses in
Kyoto-City, Japan
(e) Development of new diagnostic protocols for tick-borne
Rickettsial diseases

(1) Epidemiological study on mosquito-borne zoonoses in
Guangdong province, China:

In this year, we performed epidemiological study on
dengue fever in Guangdong province, China. \We are now
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preparing two related-papers, “Re-emergence of Dengue Virus
Serotype 2, 3, and 4 and Its Co-circulation with Predominant
Dengue Virus 1 in Guangdong Province, 2010” and
“Characterization of Dengue in Guangdong Province, China,
1976-2010". We collaborate with Dr. Chang-Wen, Ke who is
one of directors of Guangdong CDC, China, and his graduate
student, Miss Jiang Shu in this study.

(2) Epidemiological study on mosquito-borne zoonoses in

Kyoto-City, Japan:

We collected mosquitoes, which are the vector of many
mosquito-borne zoonoses, at several fixed point observation in
Kyorto-City, Japan. We tried to detect the pathogen’s nucleic
acids within mosquitoes by a standard reverse
transcription-polymerase chain reaction (RT-PCR) and real
time RT-PCR protocol. However we did not detect any nucleic
acids of our interest pathogens, flaviviruses and Chikungunya
virus. In this study, we collaborated with Mr. Osamu Oonishi,
Miss Mayumi Konno, and Miss Mariko Sugie, researchers of
Kyoto City Institute of Health and environmental Sciences, Dr.
Tomoki Nakaya, Associate Professor of Ritsumeikan
University, and his Graduate student, Miss Mayuko
Yoneshima. And also we collaborated with Dr. Naoko Nihei
who is a researcher of National Institute of Infectious
Diseases.

(3) Molecular biological study of mosquito-borne
flaviviruses:

Flaviviruses infection to its host animals, starts by
attachment of viruses to the cell surface receptor proteins.
However the detail mechanism of virus infection is still
unclear. To study the first event of virus infection, we tried to
identify the interaction partners of the virus, which locates at
the host cellular surface.

(4) Epidemiological study on tick-borne zoonoses in
Kyoto-City, Japan:

We collected ticks, which are the vector of many
tick-borne zoonoses, at several fixed point observation in
Kyorto-City, Japan. We tried to detect nucleic acids of
Rickettsia spp., which cause a tick-borne disease, by a
standard RT-PCR protocol. We collaborated with Mitsuhiro
Ikenaga who is a researcher of Kyoto City Institute of Health
and environmental Sciences, and Dr. Azusa Someya, an
assistant professor of Kyoto Sangyo University in this study.
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3. Research projects and annual reports

Diabetes mellitus is considered one of the main threats to
human health in both developed and developing world.
Common diseases such as type 2 diabetes mellitus result
from complex interplay among multiple genes, signaling
pathways and environmental factors. Numerous diabetes
animal models have been developed using gene knockout
techniques, which have revealed the critical molecular
events involved in glucose metabolism and the development
of complications. However, it is believed that in common
diseases complete deficiency of a given gene activity is
unlikely the causative mutation, but rather the effect of each
allele induces small changes of gene activity. There are
genetic analyses in human on genes extrapolated from the
functional studies in vitro or in rodents in order to confirm
the significance in the development of human diseases. Yet
causative polymorphisms were still largely elusive. An
alternative to the gene knockout model is the use of
spontaneous animal models. The OLETF rat is such a
model of obesity-based type 2 diabetes. Subsequently
produced congenic strains showed that most of the loci
examined were shown to contribute to the increased glucose
levels in 30 week-old males. Interestingly, the phenotypic
features observed in single congenic strain, low fat weight
and low leptin levels for Nidd1/of and high fat weight for
Nidd2/of,
hyperglycemia were further aggravated than either single

were masked in the double congenic, yet
congenic strain. In order to investigate an affect of obesity
to these loci, we have also generated a congenic strain
introgressed obesity gene (lpr deficiency). We could
produce a double congenic line with a hyperglycemic gene
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(Nidd4, and Nidd6) under obesity condition by crossing
both strains, so that it would be possible to define a gene
specifically under  obesity

affecting  hyperglycemia

condition.
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3. Research projects and annual reports
As well as humans, all human-associated animals, including
livestock, companion and experimental animals, have the
same right to acquire safe aliment to maintain their healthy
conditions, thereby contributing to humans. As researchers in
veterinary medical science, we have been interested in
detecting and reducing feed contaminants that could harm
animal health. Our present research purpose is to (1) elucidate
the adverse effects of melamine, a toxic chemical that could
cause kidney stones and kidney failure when ingested, in
experimental animals, and (2) establish a rapid, easy and
cheap melamine screening method.
The results obtained this year are summarized as follows:
1: The possible mechanism of melamine cyanurate formation
Of the needle- and granular-type melamine cyanurate
crystal forms reported here last year, we confirmed in vitro
that the latter granular one, which is supposed to be
accumulated as a urolite in the nephron in natural and



experimental cases, was produced by mixing melamine and
cyanuric acid solutions under the presence of several selected
serum proteins, such as serum albumin, gamma-globulin and
beta2-microglobulin (a clinical indicator of renal function).
Among these proteins tested, gamma-globulin was revealed to
be the most effective intervener. When these proteins were
sifted with a 10K-dalton ultrafiltration from both of the
melamine and cyanuric acid solutions, the mixture of these
protein-free (melamine and cyanuric acid) filtrates produced
the needle-type form, not the granular one. These results
indicate that the presence of the proteins seems prerequisite
for the formation of the granular-type crystals. On the other
hand, a range of pH4 to 8 in the mixture did not seem to have
affected the crystal morphology, leaving the needle-type
unchanged. The detailed mechanism of the
non-specific of the
granular-type crystal formation is yet to be clarified but the
present findings seem an important clue to understand the in
vivo pathogenesis of the melamine-induced urolithiasis in the
nephron.
2: Development of a melamine screening method

No substantial experiments on this theme have been
carried out this year.

crystals

intervention serum proteins on
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3. Research projects and annual reports

Currently, outbreaks of highly pathogenic avian influenza and
other emerging and re-emerging diseases have caused serious
economical and social disturbances worldwide. 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.
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3. Research projects and annual reports

We are surrounded by a lot of microbes. Virus is
one of microbes and causes disease on animal and
plant. Our laboratory is focused to veterinary and
zoonotic viral disease, especially neurovirology.
We are interested in Borna disease virus (BDV)
that is etiological agent of Borna disease. Borna
disease has been known over 100 years as a fatal
neurological disease of horses and sheep. At
present, it is recognized as an emerging disease in
cats, dog, birds, and a broad host range in
warm-blooded  animals, including  humans.
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 two viral strains, 2) contribution of gene
expression of TGF-p family and viral pathogenesis,
and 3) mechanism of changes in virus genome with
adaptation to host.
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3. Research projects and annual reports
In this year, | transferred to this university, and spent much

time to start up new environments for research and education
so | was not able to leave a lot of research results.

However, new joint researches can be started up in the inside
and outside of the university, and the research infrastructures
are gradually being set.
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J. lijima, K. Konno, N. Itano : Inflammatory Alterations of the
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Cancers. 3(3):3189-3205 (2011)

T. Saito, S. Fujiwara, K. Hisakura, N. Ohkochi, T. Akema, S.
Sasamori, K. Konno, E. Kobayashi, T. Yamaguchi :
Telemetry system for recording neural activities in



pigs-comparison with cable system. Brain. Res. Bull.
84(1):103-109 (2011)
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Laboratory of Bacteriology
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3. Research projects and annual reports

The microorganism exists in all places, and might threaten health of
humans and animals. Zoonotic and food poisoning microorganism
which can infect both animals and humans cause concern in the
contemporary society where relationships between humans and
animals are various. These pathogens do not always cause same
symptoms in animals and humans. These differences will be a key to
reveal the mechanism of infection.

Rickettsia felis is an emerging pathogen which causes flea-borne
spotted fever in human. Besides, R. japonica, the etiological agent of
Japanese spotted fever is also associated with arthropod vector, mainly
ticks and Bartonella henselae, which cause cat scratch disease, have
been detected in fleas. Therefore, the prevalence of these pathogens

present in ectoparasites such as flea and tick were examined using
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B# 28 B
Assist. Prof. Azusa Someya, D.V.M., Ph.D

molecular techniques. Blood samples, fleas and ticks collected around
Kyoto city were investigated for the presence of the rickettsial gltA,
ompB, and 16S rRNA genes using PCR method. Detection of

bartonella DNA was also performed.
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H. Ozaki, H. Esaki, K. Takemoto, A. Ikeda, Y. Nakatani, A. Someya,
N. Hirayama and T. Murase. Antimicrobial resistance in fecal
Escherichia coli isolated from growing chickens on commercial
broiler farms. Vet. Microbiol. 150:132-139 (2011)
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3. Research projects and annual reports

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. The receptors
have been classified into five subtypes including My, My, Mj,
M, and Ms. In gastrointestinal smooth muscles, two subtypes
of muscarinic receptor, M, and Ms,, are found with no



measurable quantities of other subtypes. As shown in Figure 1,
stimulation of M, and Mj; receptors by ACh increases in the
intracellular concentration of Ca®*, resulting in the smooth
muscle contractions. Recently, it has been suggested that
interstitial cells of Cajal (ICC), which exist in the myenteric
and deep muscular plexus and express muscarinic receptors,
are involved in the regulation of gut motility. However, roles
of M, and Mj; receptors and ICC in regulating the contractions
by ACh remain to be elucidated in detail. Therefore, we are
addressing the above issue using the M, and/or M3 muscarinic
receptor knockout (KO) mice and ICC deficient mice (Figure
2).

Recently, patients of functional gastrointestinal disorders,
including irritable bowel syndrome (IBS) are increasing in
Japan. IBS causes the patients abdominal pain, diarrhea and
constipation (Figure 3). Yet, the causes of IBS have not been
identified, but it has been suggested that IBS may be caused
by overactivity of cholinergic nerves and/or gastrointestinal
smooth muscle cells. Thus, our studies may provide useful
information to elucidate the pathophysiological conditions of
IBS, leading to development of a novel effective medicine for
the disease.

In 2011, we focused on mechanism of muscarinic
regulations of ATP sensitive K" (Karp) channels in the
longitudinal smooth muscle cells of small intestine. We
(CCh),
muscarinic agonist, on the current through the Kagp channels

investigated effects of carbachol nonselective
(Ikatp) in the longitudinal smooth muscle cells from small
intestine of mice using the whole-cell patch clamp technique.
Extracellular application of a selective opener of the Karp
channels induced Ixap. Additional application of CCh
induced a sustained reduction in Ixarp amplitude, which
The

CCh-induced lgatp suppression was abolished by atropine,

developed progressively and reached a plateau.
nonselective muscarinic antagonist. These results suggest that
stimulations of muscarinic receptors inhibit the activity of the
Katp channels in longitudinal smooth muscle cells from small
intestine of mice. In addition, we collaborated in studies about
mechanism of muscarinic activation of cationic channels and
pathophysiology of overactive bladder with Laboratory of
Veterinary Pharmacology in Gifu University and effects of
cigarette smoke on induced immune cells in lung by Inhalation
of Cryptomeria Japonica Pollen with Laboratory of
Immunopathology in Kyoto Sangyo University. These works
were presented in the 84th Annual Meeting of the Japanese
Pharmacological Society, the 152th Meeting of the Japanese
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Society of Veterinary Science, and the 40th Annual Meeting
of Japanese Society for Immunology, respectively.
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