
Our major research interests are to elucidate molecular mechanisms of patho-
genicity and species specificity of minus and single strand RNA viruses
(Mononegavirales), and to control viral diseases. For these purposes, we are
studying virus replication and identifying viral and host factors important for the ex-
pression of pathogenicity using a novel reverse genetics technique. We are also
developing new virus vaccines and virus vectors by genetic engineering. In the
animal research center, more than 30,000 mice, mainly transgenic or knockout,
are kept for research of IMSUT, and the technical staff support their breeding, fro-
zen storage of eggs and microbiological cleaning.

Comparative and mutational analyses of pro-
moter regions of rinderpest virus.

Chieko Imai, Kentaro Fujita, Fusako Shimizu,
Akihiro Sugai, Misako Yoneda, Chieko Kai.

Comparative and mutational analysis of pro-
moter regions of rinderpest virus was con-
ducted. Minigenomic RNAs harboring the
genomic and antigenomic promoter of the lap-
inized virulent strain (Lv) or an attenuated vac-
cine strain (RBOK) were constructed, and the
expression of the reporter gene was examined.
The activities of the antigenomic promoters of
these strains were similar, whereas the activity
of the genomic promoter (GP) of the RBOK
strain was significantly higher than that of the
Lv strain, regardless of cell type and the source
of the N, P and L proteins. Increased replication
(and/or encapsidation) activities were observed
in the minigenomes that contained RBOK GP.
Mutational analysis revealed that the nucleo-
tides specific to the RBOK strain are responsible
for the strong GP activity of the strain. It was

also demonstrated that other virulent strains of
RPV (Kabete O, Saudi/81 and Kuwait 82/1)
have weaker GPs than that of the RBOK strain.

Epitope mapping of Canine Distemper Virus
phosphoprotein by monoclonal antibodies.

Akihiro Sugai, Takanori Kooriyama, Hiroki
Sato, Misako Yoneda, Chieko Kai.

The gene for phosphoprotein (P) of canine
disitemper virus (CDV) encodes three different
proteins, P, V, and C. The P protein is involved
in viral gene transcription and replication. In the
present study, we produced monoclonal anti-
bodies (MAbs) against a unique domain of the
CDV-P protein, from aa 232 to 507, and deter-
mined their antigenic sites. By immunizing
BALB/c mice with the recombinant P protein-
specific fragment, we obtained six MAbs. Com-
petitive binding inhibition assays revealed that
they recognized two distinct regions of the P
protein. Western blot analysis and immunofluo-
rescence assays using deletion mutants of the
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unique C-terminus of the CDV-P protein re-
vealed that all MAbs recognized a central short
region (aa 233-303) of the CDV-P protein. In ad-
dition, linear and conformational epitopes have
been determined, and at least four antigenic
sites exist in the P protein central region. Fur-
thermore, four of the MAbs were found to react
with the P protein of recent Japanese field iso-
lates but not with that of the older CDV strains,
including a vaccine strain. Thus, these MAbs
could be clinically useful for quick diagnosis
during the CDV outbreaks.

Pathological and phylogenetic features of
prevalent canine distemper viruses in wild
masked palm civets in Japan

Ikuyo Takayama, Masahito Kubo1, Akiko Tak-
enaka, Kentaro Fujita, Takaaki Sugiyama, Tet-
suro Arai, Misako Yoneda, Hiroki Sato,
Tokuma Yanai1 and Chieko Kai: 1Laboratories
of Veterinary Pathology, Department of Veteri-
nary Medicine, Faculty of Applied Biological
Sciences, Gifu University.

Ten wild masked palm civets infected with
CDV, captured in Japan from 2005 to 2007, were
histopathologically and phylogenetically ana-
lyzed. Phylogenetic analysis based on the amino
acid sequences of the H protein of two CDV iso-
lates from masked palm civets revealed that the
two isolates were classified into the clade of re-
cent isolates in Japan. Histopathologically
marked lesions of virus encephalitis were pre-
sent in the brain, whereas gastrointestinal le-
sions were absent or at a mild degree. The dis-
tribution of the lesions resembles that of recent

CDV cases in dogs. Therefore, recent CDV infec-
tions in masked palm civets could be caused by
recently prevalent CDV in dogs. The possibility
of the masked palm civet as a spreader of CDV
among wildlife is also discussed.

Inhibition of host protein synthesis in B95a
cells infected with the HL strain of measles
virus

Yoshihisa Inoue, Kyoko Tsukiyama-Kohara1,
Misako Yoneda, Hiroki Sato and Chieko Kai:
1Faculty of Medical and Pharmaceutical Sci-
ences, Kumamoto University

The shut-off of host protein synthesis in virus-
infected cells is one of the important mecha-
nisms for viral replication. In this report, we
showed that the HL strain of measles virus
(MV-HL) as well as other field isolates, which
were isolated from human blood lymphocytes
using B95a cells, induce the shut-off in B95a
cells. Since the Edmonston strain of MV failed to
induce the shut-off in B95a cells, the ability to
induce the shut-off was considered to be de-
pendent on virus strains. Although the modifi-
cation of eukaryotic translation initiation factors
(eIF) including eIF4G, eIF4E, and 4E-BP1 was re-
ported for shut-off by various viruses, the in-
volvement of these eIFs was not observed in
MV-HL-infected B95a cells. Instead, the accumu-
lation of phosphorylated eIF2α was found to co-
incide to the decrease of host protein synthesis,
suggesting the involvement of phosphorylation
of eIF2α in inhibition of translation as one of the
mechanisms of the shut-off.
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The Amami Laboratory of Injurious Animals was established in 1965 at Setouchi-
cho in Amami-oshima Island in order to study on endemic diseases involving
parasite, arthropods, and venomous snakes in the tropics or subtropics.
The Amami-oshima Island belongs to the Nansei (Southwest) Islands and the
fauna is quite different from that in other islands of Japan. Since establishment of
the laboratory, trials have been carried out to utilize small mammals found unique
in the Amami islands as experimental animals in addition to studies on prevention
of Habu bites. As well known, successful eradication of filariasis from this island is
one of the monumental works of the laboratory. Our present works are as follows:

1. Research on the Habu control

Shosaku Hattori, Takeshi Kuraishi, Motonori
Ohno1, Naoko Ueda1, Takahito Chijiwa1, Aichi
Yoshida2, Yoshihiro Hayashi3, Michihisa
Toriba4 and Tomohisa Ogawa5,: 1Department
of Applied Life Science, Faculty of Bioscience,
Sojo University, 2School of Health Science, Fac-
ulty of Medicine, Kagoshima University, 3De-
partment of Veterinary Anatomy, Faculty of
Agriculture, University of Tokyo, 4The Japan
Snake Institute, 5Faculty of Agriculture, To-
hoku university

Snake bites by the venomous snake Habu,
Protobothrops flavoviridis , have been reported an-
nually about 60 cases in the population of
100,000 in the Amami Islands. Moreover, there
is no indication that the population of the Habu
itself has decreased, despite a campaign for cap-
ture of snakes by the Kagoshima Prefectural
Government. Rat-baited box traps have been in-
troduced to catch the snakes and found to be
quite effective. However, maintenance of live
rats requires man power and its cost is expen-
sive. Therefore, our effort has been focused on

the development of attractant for Habu. The at-
tractant extracted from rats seems ineffective if
compared with use of live rats.

It was known that the Habu survived the in-
jection of the Habu venom since early times, be-
cause some proteins in the serum of the Habu
blood combine to the elements of the Habu
venom. The research of these binding proteins
has been initiated with an objective of clinical
trials. Phospholipase A2 and its isozymes iso-
lated from Habu venom have myonecrotic activ-
ity and hemorrhagic activity, and metal protease
has hemorahagic activity. The binding proteins
isolated from serum of Habu inhibit myone-
crotic activity of phospholipase A2 and its
isozymes. We found that protein-HSF and
peptide-AHP isolated from the Habu serum ef-
fectively control the hemorrhage caused by
venom of the Habu, Ovophis okinavensis,
Agkistrodon blomhoffi brevicaudus, Calloselasma rho-
dostoma, Bitis arietans, Bothrops asper, and, Trimer-
esurus stejnegeri.

Further, a statistics analysis and the simula-
tion were done with the snakes captured by the
Government, and the analysis of population dy-
namics of Habu was attempted. As a result of
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investigating the individual measurement data
of the captured Habu over 9 years, we were
able to obtain the generous age composition of
the Habu. From analyzing of the age pyramid of
the Habu and the result of questionnaire sur-
veys for the inhabitant in the Amami-oshima Is-
land, the total population of the Habu which
lives in this island was estimated at about
80,000. By the analysis of the measured data of
last nine years, the snake sizes were miniatur-
ized, and the population of young snakes de-
creased. According to these investigations, the
population of the Habu is expected to decrease
in the near future.

These studies are supported by grants from
the Ministry of Land, Infrastructure and Trans-
port and the Kagoshima Prefectural Govern-
ment.

2. Island specific expression of a novel
[Lys49] phospholipase A2 (BPIII) in Proto-
bothrops flavoviridis venom in Amami-
Oshima

Tatsuo Murakami1, Shosaku Hattori, Takahito
Chijiwa1, Motonori Ohno1 and Naoko Ueda1:

In search of the transcripts expressed in Proto-
bothrops flavoviridis venom gland, 466 expressed
sequence tags (ESTs) were generated from the
venom gland cDNA library of P. flavoviridis in
Amami-Oshima, Japan. The sequencing of ran-
domly selected cDNA clones followed by identi-
fication in similarity search against existing da-
tabases led to the finding of a novel lysine-49-
phospholipase A2 ([Lys49]PLA2) clone. It coded
for one amino acid-substituted BPII homologue
or two amino acids-substituted BPI homologue
in which BPII and BPI are [Lys49]PLA2s con-
tained in Amami-Oshima and Tokunoshima P.
flavoviridis venoms. This isozyme, named BPIII,
was isolated from Amami-Oshima P. flavoviridis
venom. BPIII gave a specific [M＋2H]2＋ peak of

m/z 736.3 on mass spectrometry (MS) analysis
after S-carboxamidomethylation and trypsin di-
gestion when compared with BPII. It became
evident from MS analysis after S-carboxamido-
methylation and trypsin digestion of the mixed
protein peaks ranging from BPI to BPII obtained
by fractionation on a carboxymethyl cellulose
column of Amami-Oshima and Tokunoshima P.
flavoviridis venoms that BPIII protein is con-
tained in Amami-Oshima P. flavoviridis venom
but not in Tokunoshima P. flavoviridis venom. It
is for the first time that a protein present in
Amami-Oshima P. flavoviridis venom is not
found in Tokunoshima P. flavoviridis venom.

3. Reproduction of squirrel monkeys.

Shosaku Hattori, Takeshi Kuraishi, Kumiko
Ikeda, Hazuki Yoshimura and Chieko Kai

The squirrel monkey, Saimiri sciurea , is widely
distributed in the tropical rainforest in Central
and South America between 10 degrees N and
17 degrees S of latitudes. The advantage of us-
ing this species for medical researches resides in
its small size and gentle behavior. In this labora-
tory, about 3 newborns are given annually by 25
adult females.

The aim is to optimize the use of the non-
human primate model in future the Amami
Laboratory research activities. The laboratory
newly established experimental infection sys-
tems which require or can be adapted to the
squirrel monkey model, particularly the study of
human falciparum malaria. Development of
parasites, immune response to malaria parasites
and pathological changes were investigated in
in-vivo condition, further more, in vitro analysis
of cell and molecular level was performed. It is
also investigating the mechanisms of infection in
immunology, vector development, a vaccine
production program, and a clinical trials pro-
gram.
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This laboratory has two main activities, development of efficient expression vectors
for gene therapy, especially for anti-cancer, and supporting the researchers by ad-
vising on recombinant DNA technology and on biohazards under the safety guide-
lines.

The purposes of our laboratory are concerned
about not only research but also support for all
researchers in this institute. Our supporting ac-
tivity is involved in advising service on gene-
manipulation experiments and on biohazards
under the safety guidelines. For the research
part, we intend to develop novel methods or
new experimental systems leading in the field of
gene expression and its regulation. We are con-
centrating mainly on developing efficient ade-
novirus expression vectors aiming at gene ther-
apy. We are maintaining more than 20 collabo-
rations within and outside of this institute. In
these collaborations, we offer and supply our ef-
ficient method to construct adenovirus vector
(AdV) expressing various genes efficiently. And
recently we developed the new cosmid cassette
for AdV construction, which can choose not
only very efficient COS-TPC method (Miyake et
al ., PNAS 93: 1320-1324, 1996) but also an easier
method using a full-length viral genome with
intact viral termini (Fukuda et al ., Microbiol. Im-
munol. 50: 643-654, 2006). This new cassette is
available from Takara Bio and Nippon Gene.
We have also developed a method for ON/OFF
switching of gene expression in mammalian
cells using a combination of adenovirus vector

and Cre/loxP system (Kanegae et al ., Nucleic
Acids Res. 23: 3816-3821, 1995; Kanegae et al .,
Gene 181: 207-212, 1996) as well as FLP/FRT
system (Nakano et al ., Nucleic Acids Res. 29:
e40, 2001; Kondo et al ., Nucleic Acids Res. 31:
e76, 2003; Kondo et al ., Microbiol. Immunol., 50:
831-843, 2006). The methods will promote stud-
ies of various fields of molecular biology and
medicine and may open a new field of “intracel-
lular gene manipulation”. We recently identified
adenovirus pIX gene as a main cause of inflam-
mation observed in AdV infection (Nakai et al .,
Hum. Gene Ther. 18: 925-936, 2007). The re-
search activities in 2009 were shown below.

1. Improvement of “double-unit” adenovirus
vector for enhanced and cell-specific ex-
pression

Yumi Kanegae, Miho Terashima, Saki Kondo,
Aya Maekawa, Zheng Pei and Izumu Saito

Adenovirus vectors (AdV) are valuable be-
cause of high transduction efficiency to broad
range of cell types but, conversely, do not show
cell specificity. Therefore, for cell-specific expres-
sion this vector must be used together with an-
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other technique, such as use of cell-specific pro-
moter. However, expression level of a cell-
specific promoter is much lower, about several
hundred times less, than a versatile potent pro-
moter such as CAG and EF1α promoters and, if
this problem could be solved, cell-specific pro-
moters must become much more useful in many
in vivo studies. Here, we provide a new strategy
using a novel “excisional-expression” system on
a single AdV genome. This AdV, named
“double-unit” vector, uses a “switch” unit under
control of cancer-specific, α-fetoprotein (AFP)
promoter as an example of a cell-specific pro-
moter, and a “target” unit, which consists of a
line as loxP, purpose gene, polyA signal, EF1α
promoter and second loxP in that order. In nor-
mal cells, Cre can not be expressed because of
strict specificity of AFP promoter, however in
the hepatocellular carcinoma cells, Cre expres-
sion is induced and a target unit is excised as a
circle, where the purpose gene can be connected
with EF1α promoter and at last expressed.

However, during preparation of the vector, a
deleted AdV lacking the target unit was gener-
ated because of a leak expression of Cre in E.
coli and in 293 cells. To overcome this problem
in 293 cells, we have constructed a dominant-
negative Cre (dnCreRY), which efficiently sup-
pressed the leak expression of Cre. We gener-
ated a cell line which constitutively express
dnCreRY and found that improved preparations
of this vector were able to be achieved using
this 293 cell line. In 2009, we were able to solve
the problem of Cre-leak expression in E. coli by
constructing an AdV cosmid cassette expressing
dnCreRY under the control of trc promoter. In
the preparation of AdV cassette, Cre-processed
molecule was not detected at all. We also con-
struct a short-hairpin RNA against Cre, shCreD,
and established a 293 cell line constitutively ex-
pressing shCreD (shCreD13). The shCreD13 sup-
pressed the leak expression of Cre more effi-
ciently than any cell line expressing dnCreRY,
and enabled us to prepare “double-unit” AdV
without trouble. This established method will
offer high-level expression while maintaining
very high specificity and will not only provide a
novel strategy of suicide gene therapy using
AdV, but also be very valuable for many studies
requiring cell-specific expression.

2. Advance for efficient generation of cancer/
tissue-specific helper-dependent adenovi-
rus vector

Saki Kondo, Miho Terashima, Yumi Kanegae
and Izumu Saito

We previously reported a “double infection”

method for adenovirus vector (AdV): we solved
a problem of the low activity of cell-specific pro-
moter by using a combination of a “switch vec-
tor” utilizing Cre, and “target vector” possess-
ing a Cre-inducing potent expression unit. How-
ever, both vectors must be infected simultane-
ously into the same cell. To improve its expres-
sion level in vivo, we are developing a helper-
dependent AdV (HD-AdV), containing these
two vector functions in one AdV genome.
Firstly, we have established 293 cells containing
improved-FLP for efficient HD-AdV generation,
and secondly identified novel stuffer regions not
only fit for the AdV genome size but for effi-
cient transgene expression. Like the “double-
unit” vector described above, we observed a
leak expression of Cre during vector prepara-
tion; Cre enzyme can excise the stuffer of its tar-
get unit of HD-AdV efficiently, causing a con-
tamination and eventual loss of cancer specific-
ity. To overcome this problem, we newly gener-
ated a new helper virus, which carried an
siRNA against Cre, shCreD, described above,
and we obtained more efficient and strict HD-
AdV preparation; the HD-AdV with cancer/tis-
sue specificity will be a useful tool for cancer
gene therapy in a recent future.

3. Development of rapid titeration method for
adenoviral vectors using real-time PCR

Zheng Pei, Miho Terashima, Saki Kondo,
Izumu Saito and Yumi Kanegae

The first-generation adenoviral vectors substi-
tuting its E1 region for a target gene were
widely applied not only in the gene therapy but
also in basic studies. However, measuring its
titer is very time-consuming and it took for at
least two weeks, though it is a basic and popu-
lar technology. To solve this problem, several
new methods have been developed using an ex-
pensive immunostaining, for example. However,
measured titers using standard TCID50 methods
frequently show much higher or lower numbers,
because the target protein expressed by the AdV
influences on the viral growth of 293 cells. For
the AdV, the number we want to know is the
ability to transfer copy numbers of a viral
genome to target cells and is not that to grow in
293 cells.

In this study, we propose a quick and reliable
method measuring actually-infectious virus titer,
taking only for two days using real-time PCR
(RT-PCR). To establish the method, CV-1 cells,
derived from monkey kidney, were infected
with AdV expressing GFP and adsorbed with
the virus for one hour. Three days later, total
cell DNA was extracted and subjected to RT-
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PCR to measure copy numbers of introduced vi-
ral genome. The result confirmed linearity up to
100-fold. Then, AdV was infected either to ad-
herent cells or to floating cells. The result
showed that both methods gave almost same
copy number of AdV genome transferred. Then,
titers were measured in several AdVs using
methods of the standard TCID50 and of RT-PCR.
The results showed that there were linear rela-
tion between these two methods and that, al-

though the titer measured by RT-PCR method
was fluctuated by cell numbers, etc, it can be
corrected by using a standard AdV. Further ex-
periments showed that the infection time and
the culturing days were sufficient for only five
minus and for two days, respectively. This
method gave a correct titer only for two days
and was found very practical. Probably the cur-
rent method used in the world will be replaced
by this method.
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The mission of our laboratory is to develop technologies for protein research that
enable us to analyze complex cellular systems leading to a variety of diseases
such as cancer and infection. We mainly focus on the researches based on ad-
vanced technologies regarding mass spectrometry and electron microscopy for
precise measurement of dynamic behaviors of functional protein networks.
We are also engaged in collaborative researches regarding electron microscopy,
mass spectrometry, peptide synthesis and purification of proteins and their func-
tional analyses and have made a substantial contribution to many scientific
achievements.

‹Group I›
1. Development of novel antibodies as tools

available for in situ analyses of post-
translational modification of proteins

After biosynthesis proteins undergo various
post-translational modifications, and their func-
tions are modulated. In order to understand
such biochemical reactions in a single cell, we
have been making modification-specific antibod-
ies as probes for such in situ analyses; cleavage-
site-directed antibodies for proteolysis, phos-
phorylation-site-specfic antibodies, myristoilated
peptide-specific antibodies, ubiquitination-
specific antibodies, inhibitor-bound enzyme-
specific antibodies etc. These antibodies should
be useful tools for research in cellular biochem-
istry.

a. Evaluation of polyclonal cleavage-site di-
rected antibodies and their fractionation
into more easy-to use probes

Tsuyoshi Katagiri, Chizuko Takamura, Nozomi

Ichikawa and Shinobu Imajoh-Ohmi

Cleavage-site directed antibodies are conven-
ient tool for in situ analysis of proteolysis, since
they do not bind unproteolyzed native proteins
that retain the same sequence internally. To ob-
tain such antibodies, peptides corresponding to
the terminal regions around the cleavage are
chemically synthesized and used for haptens,
where molecular design of the peptides is criti-
cal for quality of the antibodies. Too short pep-
tide results in generation of useless antibodies
recognizing the short peptide but not the termi-
nus of cleaved proteins. On the other hand,
when a longer sequence is selected for immuno-
genic peptide, antibodies raised bind unprote-
olyzed proeins as well as the cleaved ones.
Thus, an evaluation system is necessary for
cleavage-site directed antibodies. Phage display
liblaries were used for evaluation of antigenic
specificity of cleavage-site directed antibodies.
Randomized sequences of synthetic oligonucleo-
tide were introduced into phage DNA in order
that a fusion protein with randomized se-
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quences of amino- or carboxyl-terminal region.
A library was applied to immobilized antibod-
ies, and phages bound were subjected to se-
quence analysis for terminal regions. When anti-
genic specificity of a cleavage-site derected anti-
body was examined by this method, the anti-
body was found to be a mixture of three or
more types of antibodies that bind to terminal
and internal regions of the peptide used for im-
munogen. Quality of the antibody was success-
fully improved by affinity chromatography im-
mobilized three peptides according to the evalu-
ation method.

b. A novel method for hunting substrates of
caspases in apoptotic cells

Maiko Okada, Chizuko Takamura, Hiroyuki
Fukuda, Masahiko Kato and Shinobu Imajoh-
Ohmi

Caspases catalyze limited proteolysis of many
proteins in apoptotic cells. Hundreds of sub-
strates have been identified as targets of cas-
pases so far. Previously, nonmuscle myosin
heavy chain-A and a component of DNA-
dependent proein kinase, Ku80, are found to be
cleaved during apoptosis in human Jurkat
T cells. We used first a cleavage-site derected
antibody against the amino-terminal fragment of
caspase 3/7-catalyzed calpastatin. Carboxyl-
terminal region of caspase-proteolyzed frag-
ments resemble each other, and such antibodies
are expected to misrecognize the target mole-
cules. We further investigated the apoptotic Jur-
kat cells for the anitobody-stained polypeptides.
Cells were selectively extracted with salt- and
denaturant-containing buffers, and extracts were
subjected to two-dimensional gel electrophore-
sis/immunoblotting. Candidate polypeptides
stained with antibodies were digested with tryp-
sin and analyzed by mass spetrometer. Isoforms
of ribonucleoprotein were thus identified.

c. Identification of cysteine proteases in
Caenorhabditis elegans

Yohei Kato and Shinobu Imajoh-Ohmi

E64c, [L-3-trans-carbonyloxirane-2-carbonyl]-
L-leucine(3-methylbutyl)amide, is a synthetic in-
hibitor for cysteine proteases such as cathepsins
B, H, L and calpain. To inhibit intracellular cys-
teine proteases E64d, [L-3-trans-ethoxycarbony-
loxirane-2-carbonyl]-L-leucine(3-methylbutyl)am-
ide, a membrane-permeable derivative of E64c is
used instead of E64c. E64d penetrates into the
cell membranes where endogenous esterases
convert it to E64c that covalently binds to the

SH group of active center in enzymes. Thus,
anti-E64c antibody is a useful probe for in vivo
analysis of cysteine proteases.

We have succeeded in making an antibody to
E64c. First, we tried to establish an antibody
against E64c-bound calpain. A peptide corre-
sponding to the active center of calpain was
synthesized by using the multiple-antigen pep-
tide system. E64c was chemically introduced
into the SH group of active center cysteine un-
der reducing conditions. Rabbits were immu-
nized with the E64c-conjugated calpain-derived
peptide without further conjugation with a car-
rier protein. Unexpectedly, an antibody thus
prepared reacted not only with E64c-inactivated
calpain but also with E64c-bound other cysteine
proteases such as papain and cathepsins. Low
antigenicity of peptide region in the immunogen
may result in such broad specificity of the anti-
body. Our antibody is expected to be used for
identification of E64c-targeted novel proteases.
When cells were treated with E64d, cell growth
was suppressed and several proteins were la-
beled by E64c that is visualized with this anti-
body on immunoblotting. Structural analysis of
these proteins may lead identification of novel
cysteine proteases.

Homogenates of C. elegans were treated with
E64c in the presence or absence of calcium ion,
and subjected to electrophoresis/immunoblot-
ting using an anti-E64c antibody. A 55-kDa
polypeptide (p55) was labelled with E64c in a
calcium ion-dependent manner. In C. elegans
several calpain-related gene products were iden-
tified at the mRNA level, but their physiological
function remains to be elucidated.

2. Post-translational modification of proteins
during apoptotic cell death

Apoptotic cell death involves various bio-
chemical reactions . Among them , post-
translational modification of proteins is inten-
sively investigated in this laboratory. First, intra-
cellular proteolytic enzymes are activated prior
to and during apoptosis. Caspases are now es-
tablished as pivotal apoptosis-executing en-
zymes that cleave various substrates. Endoge-
nous or viral proteins and synthetic substances
inhibitory for caspases suppress the apoptotic
cascade and rescue cells from cell death. On the
other hand, proteasomes drive the cell cycle by
degrading cyclins etc., and also play important
parts in apoptosis, since proteasome inhibitors
induce apoptotic cell death in growing cells but
suppress apoptosis of some cells that is in quies-
cent state. Furthermore, in some specific cells
such as polymorphonuclear leukocytes, other
proteases might be involved in cell death.
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a. Limited proteolysis of actin in apoptotic
neutrophils

Junko Ohmoto and Shinobu Imajoh-Ohmi

Neutrophil actin is proteolyzed to a 40-kDa
fragment during preparation/isolation from pe-
ripheral blood. The truncated actin lacks amino-
terminal region of native protein and presum-
ably cannot copolymerize to F-actin. The 40-kDa
actin-derived fragment is apparently related to
spontaneous apoptosis of neutrophils. To inves-
tigate the role of actin proteolysis, especially
cause-and-effect relationship to neutrophil apop-
tosis, we have made a cleavage-site-directed an-
tibody (#1090pAb) for the 40-kDa form of actin
using synthetic peptides as haptens. The anti-
body reacted with the 40-kDa polypeptide but
not with unproteolyzed native actin which re-
main abundant in the cell. Using this antibody,
we have found that (1) the truncated actin is
generated during isolation of neutrophils from
peripheral blood, (2) neutrophils without the
truncated actin can be prepared in the presence
of diisopropyl fluorophosphate, and (3) leuko-
cyte elastase is possibly responsible for this lim-
ited proteolysis.

Herein we analyzed cellular localization of the
truncated actin using #1090pAb. Confocal laser
microscopic observation indicated that the
plasma membrane of neutrophils were strongly
stained with #1090pAb, but that intracellular re-
gions near the membrane were sometimes
stained weakly. We examined here whether or
not the amino-teriminal region of the 40-kDa ac-
tin is on the cell surface of neutrophils using at
the same time established antibodies for compo-
nents of superoxide-generating system com-
posed of transmembranous cytochrome and cy-
tosolic activator proteins. Furthermore, flow-
cytometric analysis revealed that #1090pAb
stained the cell-surface antigen under the condi-
tions that antibodies for cytosolic proteins did
not. Our findings suggest that the truncated ac-
tin is, at least in its amino-terminal part, on the
surface of neutrophils. However, another anti-
body against the amino-terminal region of na-
tive actin did not stain neutrophils from outside
suggesting that the cleavage site is inaccessible
to exogenous proteinases.

b. Fas, a death receptor, is polymerized to
high-molecular weight forms during Fas-
mediated apoptosis in Jurkat T cells

Hidehiko Kikuchi, Fotoshi Kuribayashi and
Shinobu Imajoh-Ohmi

An apoptotic receptor Fas mediates death sig-

nal from Fas ligand. A cell death-inducing mon-
oclonal antibody CH11 mimics Fas ligand and
triggers apoptotic signal mediated by Fas mole-
cule. Plasma transglutaminases are found to in-
volved in down-regulation of apoptosis induced
by a cytotoxic anti-Fas monoclonal antibody in
Jurkat cells. When cells were treated with the
antibody in fetal calf serum-containing media,
Fas was polymerized to higher-molecular-
weight polypeptides as judged by immunoblot-
ting. Under conditions where the transglu-
taminase activity was eliminated or uppressed,
the polymerization of Fas was not observed, and
concurrently cell death was hastened. Further-
more, an antibody against blood coagulation
factor XIII strongly accelerated the Fas-mediated
apoptosis, indicating that plasma transglu-
taminases catalyze polymerization of Fas and
down-regulate apoptotic cell death.

3. Localization of the BRCA2-myosin IIC
complex to the midbody during cytokine-
sis and its role in the completion of cytoki-
nesis

Akira Nakanishi1, Yoshio Miki1,2 and Shinobu
Imajoh-Ohmi: 1Depertment of Molecular Ge-
netics, Medical Research Institute, Tokyo
Medical and Dental University, 2Department of
Genetic Diagnosis, The Cancer Institute, Japa-
nese Foundation for Cancer Research

BRCA2 is mainly localized to the nucleus,
where it plays an important role in DNA dam-
age repair. Some of it is also distributed in the
midbody of the cell. BRCA2 is phosphorylated
by the mitotic polo-like kinase, Plk1, at Ser193.
We raised antibodies against phospho-Ser193,
which contains the consensus motif for a Plk1
phosphorylation site ( Glu / Asp-X-Ser / Thr ,
where X is any amino acid). The antibodies spe-
cifically recognized BRCA2 from the midbody
and were specific for phosphorylated BRCA2,
since they did not recognize BRCA2 treated
with phosphatase (PP2A). This antibody reacted
with wild-type BRCA2 in the cell midbody, but
it did not react with mutated BRCA2 in which
Ser193 was substituted with Ala. Therefore, it is
likely that the antibody detects Plk1-dependent
phosphorylation of BRCA2 at S193 in the mid-
body. In addition, cytokinesis is delayed or pre-
vented when BRCA2 is depleted by siRNA. The
length of the midbody is significantly extended
in HeLa cells treated with BRCA2 siRNA com-
pared with the controls. This phenotype is res-
cued by the exogenous expression of wild-type
BRCA2, but not by the expression of mutated
BRCA2 in which Ser193 is substituted by Ala.

However, the role of BRCA2 in the midbody
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is unclear. When a cell lysate was fractioned by
a glycerol density gradient centrifugation, the
majority of endogenous BRCA2 was observed to
sediment at approximately 700-800 kDa al-
though the molecular mass of BRCA2 is
380 kDa. In an effort to identify the proteins
that physically interacted with BRCA2, some
proteins were analyzed using tandem mass
spectrometry. After a database search, human
nonmuscle myosin heavy chain (NMHC) IIC
was identified as the BRCA2-associated protein.
Here, we show the interaction of BRCA2 with
NMHC IIC by immunoprecipitation and im-
munostaining analyses. We next conducted an
experiment using specific RNA interference to
decrease the amount of NMHC IIC or BRCA2 in
A549 cells; this resulted in failure in the comple-
tion of functional cleavage of the midbody.
These findings demonstrate that phosphoryla-
tion of BRCA2 by Plk1 is necessary for the re-
cruitment of BRCA2 to the midbody, and that
BRCA2 interacts with NMHC IIC to form a
complex. This complex may play an essential
role in the terminal phase of cytokinesis, and the
dysfunction of cytokinesis may lead to breast
oncogenesis.

4. S100A4-binding domain peptide of me-
thionine aminopeptidase 2 inhibits angio-
genesis and tumor growth

Takahiro Ochiya3 Masataka Asagiri4, Mariko
Shimamura5, Keizo Takenaga6, Takuma Hara7,
Kazumi Nakano7, Hitoshi Satoh7, Toshiki
Watanabe7, Shinobu Imajoh-Ohmi1 and Hideya
Endo7: 3Section for Studies on Metastasis, Na-
tional Cancer Center Research Institute, 4Sec-
tion of Pathology, Department of Cancer Biol-
ogy, 5Medical R&D Center, The Tokyo Metro-
politan Institute of Medical Science, 6Depart-
ment of Life Science, Shimane University, Fac-
ulty of Medicine, 7Laboratory of Tumor Cell
Biology, Department of Medical Genome Sci-
ences, Graduate School of Frontier Sciences,
The University of Tokyo

Angiogenesis is known to be essential for tu-
mor growth and metastasis. We previously re-
ported that the metastasis-associated calcium-
binding protein, S100A4, physically interacts
with methionine aminopeptidase 2 (MetAP2), a
targeting molecule for developing fumagillin-
like angiogenic inhibitors. To study a possible
physiological significance of this interaction in
endothelial cells, an attempt was made to block
the binding of both proteins. Here we show that
overexpression of the S100A4 binding domain of
MetAP2 consisting of 60 amino acid residues
spanning from Arg-170 to Ala-229 (named SBD)

severely suppressed serum-induced DNA syn-
thesis of endothelial MSS31 cells. Blockage of
S100A4-MetAP2 interaction by the SBD was
supported by in vitro binding assays using the
chemically synthesized SBD peptide. The N-
terminal 39 amino acid residues of SBD (Arg-
170 to Ileu-208, named NBD), was found to con-
tain the essential region for binding with
S100A4, based on the results obtained by in vitro
binding assays and intracellular fluorescence
resonance energy transfer analyses. Intriguingly,
the NBD peptide, when introduced into MSS31
cells as a complex with atelocollagen, caused a
distinct G1 arrest of the cell cycle and a marked
suppression of capillary vessel morphogenesis.
The directed in vivo angiogenesis assay also
demonstrated that the angiogenic factor-induced
new blood vessel formation was obviously ham-
pered by the NBD peptide complex. A single in-
tratumoral injection of the NBD peptide com-
plex in xenografted nude mice resulted in a sig-
nificant reduction of vascular development and
tumor growth, despite of its inability to affect
proliferation of the tumor cells in culture. Taken
together, these results clearly indicate that the
S100A4-MetAP2 interaction is concerned not
only in endothelial cell growth but also in angi-
ogenesis, and blockage of the interaction may
offer an effective therapeutic approach for pre-
vention of tumor progression and metastasis.

‹Group II›
1. Dynamic alteration of signaling networks

defines drug-resistance properties of
breast cancer

Masaaki Oyama, Hiroko Kozuka-Hata, Noriko
Yumoto1, Takashi Adachi, Takeshi Na-
gashima1, Yoko Kuroki1, Kazuhiro Ikeda2, Sa-
toshi Inoue2, Mariko Hatakeyama1 and Hiroaki
Kitano3: 1Advanced Science Institute, RIKEN,
2Research Center for Genomic Medicine, Sai-
tama Medical University, 3Sony Computer Sci-
ence Laboratories, Inc.

Signal transduction system, in orchestration
with subsequent transcriptional regulation,
widely regulates complex biological events such
as cell proliferation and differentiation. There-
fore, a comprehensive and fine description of
their dynamic behavior provides a fundamental
platform for systematically analyzing the regula-
tory mechanisms that result in each biological
effect. Here we developed a proteomics frame-
work for obtaining time-resolved description of
global phosphoproteome dynamics using highly
sensitive nanoLC-MS/MS system in combina-
tion with the Stable Isotope Labeling by Amino
acids in Cell culture (SILAC) technology. Based
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on our sophisticated proteomics technology, we
analyzed dynamic behaviors of signaling net-
works mediated by estrogen receptor/ErbB2
pathways, which have long been implicated in
drug response of breast cancer. Through shot-
gun identification and quantification of phos-
phorylated molecules enriched with anti-
phosphotyrosine antibodies/Phos-tag reagents,
we obtained a global view of the dynamics re-
garding breast cancer-related signaling networks
upon estrogen (E2) or heregulin (HRG) stimula-
tion. Comparative analysis of wild-type and
tamoxifen-resistant MCF-7 cells revealed the al-
tered behaviors of signaling hub dynamics, indi-
cating distinct signaling network properties be-
tween these two cell types. Very interestingly,
phosphorylation-dependent dynamics of tran-
scription factors was observed in a stimulation
or cell-type dependent manner, which suggested
their involvement in adapting cellular informa-
tion systems to acquire drug resistance property
against tamoxifen.

2. Global perturbation of phosphotyrosine-
dependent signaling networks by Helico-
bacter pylori infection

Hiroko Kozuka-Hata, Masato Suzuki4, Kotaro
Kiga4, Shinya Tasaki, Jun-ichiro Inoue,
Tadashi Yamamoto5, Chihiro Sasakawa4 and
Masaaki Oyama: 4Division of Bacterial Infec-
tion, Department of Microbiology and Immu-
nology, IMSUT, 5Division of Oncology, Depart-
ment of Cancer Biology, IMSUT

The signal transduction system within a cell
regulates complex biological events in response
to bacterial infection. The previous analyses of
cell signaling in Helicobacter pylori-infected gas-
tric epithelial cells revealed that CagA, a major
virulence factor of Helicobacter pylori, is deliv-
ered into cells via the type IV secretion system
and perturbs phosphotyrosine-dependent pro-
tein networks through the interaction with the
signaling molecules such as SHP-2, Grb2, Crk/
Crk-L, Csk, Met, and ZO-1. Although the bio-
logical activity of tyrosine-phosphorylated CagA
has intensively been studied, system-wide ef-
fects of the virulence factor on cellular signaling
have yet to be analyzed. As Helicobacter pylori
infection plays pivotal roles in the progression
of gastric diseases including carcinogenesis, a
comprehensive and fine description of the sig-
naling dynamics would serve as a fundamental
platform to theoretically explore for potential
drug targets through analyzing the regulatory
mechanisms at the system-level. Recent techno-
logical advances in mass spectrometry-based
proteomics have enabled us to perform large-

scale identification and quantification of signal-
ing molecules and even generate their temporal
activation profiles on a network-wide scale. Our
highly sensitive nanoLC-MS/MS analyses in
combination with the Stable Isotope Labeling by
Amino acids in Cell culture (SILAC) technology
have revealed time-resolved description of the
Helicobacter pylori-induced signaling dynamics,
which presented a global view of their network
activation status including well-known related
molecules such as p38 MAPK.

3. Systematic elucidation of the aberrant
EGFR signaling by phosphoproteomics-
based network description

Shinya Tasaki, Masao Nagasaki6, Hiroko
Kozuka-Hata, Kentaro Semba7, Noriko Gotoh8,
Seisuke Hattori9, Jun-ichiro Inoue, Tadashi
Yamamoto5, Satoru Miyano6, Sumio Sugano10

and Masaaki Oyama: 6Laboratory of DNA In-
formation Analysis, Human Genome Center,
IMSUT, 7Department of Life Science and
Medical Bio-Science, Waseda University, 8Divi-
sion of Systems Biomedical Technology, IM-
SUT, 9Department of Biochemistry, School of
Pharmaceutical Sciences, Kitasato University,
10Laboratory of Functional Genomics, Depart-
ment of Medical Genome Sciences, Graduate
School of Frontier Sciences, The University of
Tokyo

Mutation of the epidermal growth factor re-
ceptor (EGFR) causes a discordant cell signaling,
resulting in a number of diseases. However, the
mechanism by which such mutation alters
downstream signaling is not yet fully under-
stood at the system level. Here, we report a
phosphoproteomics-based methodology for
characterizing the regulatory mechanism of ab-
errant EGFR signaling through computational
network modeling. Our phosphoproteomic
analysis of the mutation at tyrosine 992 (Y992),
one of the “hub” autophosphorylation sites of
EGFR, revealed network-wide effects of the mu-
tation on the EGF signaling in a time-resolved
manner. Computational modeling based on the
temporal activation profiles enabled us not only
to rediscover already-known protein interactions
with Y992 and internalization property of mu-
tated EGFR but to further gain model-driven in-
sights into the effect of cellular content and the
regulation of EGFR degradation. Our kinetic
model also defined critical reactions to recon-
struct the diverse effects of the mutation on the
phosphoproteome dynamics. This is the first
network-level description of the regulatory
mechanism of mutated EGFR signaling, which
could provide a systematic strategy toward con-
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trolling disease-related cell signaling.

4. Time-resolved description of tyrosine-
phosphoproteome signaling dynamics re-
veals Src family-mediated global regula-
tory networks

Hiroko Kozuka-Hata, Masaaki Oyama, Shinya
Tasaki, Kentaro Semba7, Seisuke Hattori9, Su-
mio Sugano10, Jun-ichiro Inoue and Tadashi
Yamamoto5

It is well-known that signal transduction sys-
tem within a cell leads to the determination of
diverse cell fates, such as proliferation, differen-
tiation, or apoptosis. As phosphotyrosine-
dependent networks play a key role in transmit-
ting signals, time-resolved description of their
dynamics provides a fundamental platform for
analyzing the regulatory mechanisms at the sys-
tem level. Here we established a mass
spectrometry-based framework for analyzing
tyrosine-phosphoproteome dynamics through
temporal network perturbation and applied our
methodology to the signaling networks that
worked in human A431 cells as a model system.
The dynamic behavior upon EGF stimulation re-
vealed the property of multi-phase network acti-
vation, comprising spike signal transmission
within 1 min followed by prolonged activation
of multiple Src-related molecules. Temporal per-
turbation of Src-family kinases with the corre-
sponding inhibitor PP2 in the prolonged activa-
tion phase enabled us to clearly distinguish be-
tween sensitive and robust pathways to this
treatment, providing a system-level view of Src
function in EGF signaling of A431 cells. Our
methodology enables us to refine literature-
based network structure into cell type-specific
architecture. We expect that mathematical analy-
ses on cell type-specific network models will
lead us to efficient identification of potential
drug targets in each disease condition and also
enable us to theoretically estimate the effect of
their corresponding drugs on a network-wide
scale prior to clinical application.

5. Large-scale identification of small proteins
by 2DnanoLC-MS/MS system defines in-
creased complexity of the human short
ORFeome

Masaaki Oyama, Hiroko Kozuka-Hata, Sumio
Sugano10, Tadashi Yamamoto5 and Jun-ichiro
Inoue

In parallel with the human genome projects,
human full-length cDNA data has also been in-
tensively accumulated. Large-scale analysis of

their 5’-UTRs revealed that about half of these
had a short ORF upstream of the coding region.
Experimental verification as to whether such up-
stream ORFs are translated is essential to recon-
sider the generality of the classical scanning
mechanism for initiation of translation and de-
fine the real outline of the human proteome.
Our previous proteomics analysis of small pro-
teins expressed in human K562 cells provided
the first direct evidence of translation of up-
stream ORFs in human full-length cDNAs
(Oyama et al., Genome Res, 14: 2048-2052, 2004).
In order to grasp an expanded landscape of the
human short ORFeome, we have performed an
in-depth proteomics analysis of human K562
and HEK293 cells using a two-dimensional
nanoLC-MS/MS system. The results led to the
identification of eight protein-coding regions be-
sides 197 small proteins with a theoretical mass
less than 20 kDa that were already annotated
coding sequences in the curated mRNA data-
base. In addition to the upstream ORFs in the
presumed 5’-untranslated regions of mRNAs,
bioinformatics analysis based on accumulated
5’-end cDNA sequence data provided evidence
of novel short coding regions that were likely to
be translated from the upstream non-AUG start
site or from the new short transcript variants
generated by utilization of downstream alterna-
tive promoters. Protein expression analysis of
the GRINL1A gene revealed that translation
from the most upstream start site occurred on
the minor alternative splicing transcript ,
whereas this initiation site was not utilized on
the major mRNA, resulting in translation of the
downstream ORF from the second initiation co-
don. These findings reveal a novel post-
transcriptional system that can augment the hu-
man proteome via the alternative use of diverse
translation start sites coupled with transcrip-
tional regulation through alternative promoters
or splicing, leading to increased complexity of
short protein-coding regions defined by the hu-
man transcriptome (Oyama et al., Mol Cell Pro-
teomics, 6: 1000-1006, 2007).

‹Group III›
The main activity of this group is to offer sup-

ports for the research projects those need elec-
tron microscopic analysis. The services available
in this group are the conventional thin section
transmission electron microscopy, immuno-
electron microscopy, negative staining tech-
niques and scanning electron microscopy. By us-
ing these individual technique or combination of
some of these, we can offer direct visual evi-
dence that can not be acquired by other meth-
ods. In addition to the supportive work, we
have been examining to develop new methods

241



to reveal the electron microscopic localization of
GFP and other fluorescent markers without us-
ing immuno-electrom microscopy. Another pro-
ject to establish new techniques to get serial thin
sections and to observe with both transmission
and scanning electron microscope are in pro-
gress.

1. Thin section electron microscopy and
immuno-electron microscopy

Thin section electron microscopy is the most
widely used technique to observe the inner
structure of cells and tissues. In this method,
samples are fixed and embedded in epoxy resin,
thin sections with about 70nm thickness are cut
and observed in the electron microscope. In case
of immuno-electron microscopy, thin sections
are obtained by similar procedure, and the anti-
gen epitopes exposed on the surface of the sec-
tions are marked by sequentially reacted with
appropriate primary antibodies and colloidal
gold labeled secondary antibodies. This year,
thin section electron microscopy combined with
immuno-electron microscopy were used in
many collaborative works.

a. Ultrastructural analysis of entry and as-
sembly of Herpes Simplex Virus.

We have been performing several studies with
research groups in Dr. Kawaguchi1’s laboratory:
1Department of Infectious Disease Control, Inter-
national Research Center for Infectious Diseases,
regarding the infection/replication processes of
herpes simplex virus (HSV). This year, two
studies were published through this co-
laboration. In the work regarding the infection
process, a viral entry pathway dependent on the
paired immunoglobulin-like type 2 receptor
(PILR) α was analyzed with electron micros-
copy. In contrast to the typical way of entry me-
diated by endocytosis, the entry of the herpes
virus into the PILRα transduced chinese hamster
ovary cells was revealed to be mediated by
virus-cell fusion at the cell surface. This and
other results indicated that expression of PILRα
produced an alternative HSV-1 entry pathway
(ref. Arii1 et al ). In another study, electron mi-
croscopy was used to figure the replication
process of the HSV mutants. We showed that
the reguration of Us3 kinase activity by auto-
phosphorylation play a critical role in viral rep-
lication (ref. Sagou1 et al ).

b. Ultrastructural analysis of tear duct-
associated lymphoid tissue (TALT).

In this study, we analyzed the ultrastructure

of the TALT epithelium by both transmission
electron microscopy and scanning electron mi-
croscopy and showed the existence of M cells
with typical short microvilli and a lymphocyte
including pocket. This and other data showed
that TALT shares immunological features with
mucosa-asociated lymphoid tissues (MALTs) but
has distinct tissue genesis mechanism and plays
a key role in ocular immunity (ref. Nagatake2 et
al ) 2Division of Mucosal Immunology, Depart-
ment of Microbiology and Immunology.

Some other collaborative research works using
thin section electron microscopy and / or
immuno-electron microscopy were done with
Dr. Nagatsuma3 et al , in 3Department of Pathol-
ogy, The Jikei University School of Medicine
(ref. Nagatsuma et al ), Dr. Masaike4 et al , in 4In-
tegrated Research Institute, Tokyo Institute of
Technology (ref. Masaike et al ) and Dr. Chida5 et
al , in 5Department of Pathology, Research Insti-
tute, Internal Medical Center of Japan. Also,
other works are now in progress with Dr. Noda6

et al in 6Division of Virology, Department of Mi-
crobiology and Immunology and with Dr.
Terao7 et al in 7Laboratory Animal Center.

2. Negative staining techniques

Negative staining techniques are simple and
quick method to observe the morphology of the
macro molecules. This year, the negative stain-
ing method were used in collaborative work
with Dr. Noda6 et al . In this study, negative
staining techniques were used to analyze the
roles of influenza viral proteins in nucleocapsid
formation.

3. Scanning electron microscopy

Scanning electron microscopy is a technique
used to examine the surface structure of the
cells, tissues or other non-biological materials.
The collaborative works using scanning electron
microscopy were done with Dr. Uchida8 et al ,
8Department of Histology, School of life Den-
tistry, The Nippon Dental University, to analyze
the factors those affect the bone regeneration
processes (ref Uchida et al ). Other works are in
progress with Dr. Sanada9 et al , 9Department of
Gerontological Nursing, Division of Health Sci-
ence and Nursing, Graduate School of Medicine,
to analyze the effects of diabetes or bacterial in-
fection during wound repair.
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