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1. Development of reverse genetics of morbillivi-
ruses and application to pathological analysis

Misako Yoneda, Motohiro Shiotani, Ryuichi Miu-
ra, Fusako Ikeda, Hiroki Sato, Kentaro Fujita,
Masahi Uema, Takahiro Seki, Tomoe Katsuo, Rei-
ko Satoh, Akiko Takenaka, Naoki Kohriyama,
Kyoko Tsukiyama-Kohara, and Chieko Kai.

The genus morbillivirus, in the Paramyxoviridae
family, includes 7 viruses; measles virus (MV),
rinderpest virus (RPV), canine distemper virus
(CDV), peste des petits ruminants virus, and three
aquatic mammalian viruses. Morbilliviruses are
highly contagious and are considered one of the
most important pathogens in each host animal. For a
decade from the late 1980s, serious epidemics with
mass mortality occurred among both seal and lion
populations. These outbreaks were attributed to in-
fection with CDV, although big felids had not
previously been considered susceptible to CDV. The
mechanisms of pathogenicity and cross-species in-
fection for morbilliviruses are still major problems to
be solved. Development of rescue systems of nonseg-

mented single and negative-strand viruses (monone-
gavirales) since 1994 have opened vast new fields of
analysis for a wide range of previously inaccessible
areas of these viruses.

We established an excellent animal model for RPV
infections using rabbits, which exhibit natural symp-
toms to experimental peripheral infection. To
investigate the pathogenicity of RPV, we isolated ten
virus clones from homogenates of infected rabbit
lymph nodes by plaque cloning in B95a cells. Among
the 10 clones, 2 clones were highly virulent, and one
clone was avirulent, defined by histopathology and
virus growth in lymphoid tissues. In B95a cells, 8
clones showed almost identical growth curves, while
the growth rate of one virulent clone was high and of
the avirulent clone was markedly low. Clinical fea-
tures, virus growth and histopathological changes of
rabbits after infection of each virus clones were cor-
related with the virus growth in B95a cells.

Using the full genome cDNA of the most virulent
clone of the RPV-L, we succeeded to develop a re-
verse genetics system (rRPV-Lv). We first applied a
system for the analysis of the role of the V protein
produced from the P gene by RNA editing. The V

Morbilliviruses in the family Paramyxoviridae including canine distemper virus, rinder-
pest virus and measles virus are highly infectious among their natural hosts. We have
succeeded in establishing a system of reverse genetics for these three morbilliviruses,
using originally isolated strains. The studies on the functions of viral proteins in repli-
cation, pathogenicity, and species-specificities have performed. We have also
performed the basic research for prevention of Hepatitis C virus infection and hepato-
cellular carcinoma. In addition, more than 30,000 mice, mainly transgenic and
gene-targeted ones, are always kept for researches of IMSUT and the technical staffs
contribute to their maintenance and breeding.
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deficient Sendai virus was shown to be avirulent in
infected mice and the V deficient Measles virus was
shown to induce significantly fewer and milder clin-
ical symptoms with a lower mortality rate than the
parental virus in newborn mice. The V deficient
rRPV-Lv replicated to the same extent as the parental
virus in B95a cells in vitro. The rabbits infected with
the V deficient rRPV-Lv showed clinical symptoms
including fever or immunosuppression and reduced
body weight, similar to those infected with the pa-
rental strain. In this study, the V protein was shown
to exert little effect on virulence in RPV, in contrast
with the protein’s role in Sendai and Measles virus.

In addition, we previously established a monkey
model for MV. This was the first model to demon-
strate measles rash with other natural symptoms
such as immunosuppression following experimental
infection with MV isolated from affected humans. A
reverse genetics system has been successfully devel-
oped using a field isolate, the HL strain. This system
with the animal model could offer another powerful
tool for the investigation of the mechanisms of im-
munosuppression and for the development of
polyvalent vaccines for significant human diseases,
after the reduction of virulence by genetic engineer-
ing.

2. Identification of neutralizing epitopes on the
hemagglutinin protein of canine distemper vi-
rus

Ryuichi MIURA, Fusako Ikeda, and Chieko KAI

The hemagglutinin (H) viral glycoprotein on en-
velop of CDV is involved in cell attachment to
specific cellular receptors. The H protein is the main
target of neutralizing antibodies and plays a central
role in induction of protective immunity. Previously
we reported that the prevalence in Japan mainly
caused new types of CDV which were distinguished
from vaccines and old types of CDV by serological
and genetic analyses. Furthermore, one of three neu-
tralizing monoclonal antibodies (MAb) failed to
recognize the vaccine strain, suggesting the change
of at least one of neutralizing epitopes. To analyze
the localization of neutralizing MAb epitopes and
functional domains, we constructed the recombinant
CDVs expressing 8 kinds of chimeric H protein and
selected CDV mutants escaping from the neutraliz-
ing MAbs. The chimerical H genes were constructed
with that of the CDV Ondersteproot strain which
MAb JD-5 does not neutralize and that of the CDV
Yanaka strain which is a recent field isolate in Japan
and the JD-5 completely neutralizes. All of the re-
combinant CDVs were rescued, but showed the
distinct viral growth and size of CPE. The JD-5 failed
to neutralize the recombinant CDVs containing the
residue of the Ondersteproot H protein coding 440-
606 amino acid. Additionally the H gene of JD-5

resistant-CDV mutant was also changed in the se-
quence encoding the 440-606 amino acid. The results
suggest that the epitope in the region on recent field
isolates may be immunodominant.

3. Cytotoxic T-Lymphocyte Activity Specific for
Hemagglutinin (H) Protein of Canine Distem-
per Virus in Dogs

Kyoko Hirama, Ken-ichi Togashi, Chiaki Wakasa,
Misako Yoneda, Toshiya Nishi, Yasuyuki Endo,
Ryuichi Miura, Kyoko Tsukiyama-Kohara, and
Chieko Kai

Cytotoxic T lymphocytes (CTL) play an important
role in the immune system for protection against
morbilliviruses.  CTL epitopes and responses to mea-
sles virus (MV) infection have been well studied in a
mouse model.  The major target antigen for CTL in
mice was identified as the nucleocapsid (N) protein
by several groups. H protein of MV and CDV also
suggested to possess the CTL epitopes in mice.
However, Jaye et al. reported that the fusion (F) and
hemagglutinin (H) proteins were important targets
for measles CTL responses in humans, a natural host
of MV, who receiving measles polypetides.  On the
other hand, CTL responses in infection with another
morbillivirus, RPV, were also analyzed in mice and
cattles.  A CTL response against RPV N protein was
detected and a CTL epitope within the N protein was
identified in the mouse model.  However, the role of
N protein in protection and induction of CTL re-
sponses against RPV infection in cattle was limited.
The H protein in cattle is more effective and its effect
lasts for at least two years.  These discrepant results
suggested that the CTL response in the mouse model
does not always reflect that in the natural host, and
analyses concerning the development of CTL activity
using the virus and the natural host are required.

Restriction of the major histocompatibility com-
plex (MHC) in CTL assay makes it difficult to
develop an assay system in outbred animals.  Recent-
ly, an easy method to produce recombinant
adenoviruses based on a replication-deficient aden-
ovirus vector was established, and this method has
been shown to be useful for delivery of vectors for
gene therapy and protein expression.  The adenovi-
rus vector possesses useful characteristics such as
high level of protein expression, broad host cell
range, applicability to non-replicating cells including
neural cells, easy preparation of virus in high yield,
insertion of large DNA fragments (approximately
~30 kb), and most importantly the viral vector is non-
cytopathic because of its proliferation deficiency.
Therefore, it can be used as a powerful expression
vector to prepare target cells for CTL assay in out-
bred animals. The function of CTL against CDV
infection has not yet been studied and thus the major
target protein in dogs, the natural host animal, has
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not been determined.  We focused on the H protein
for analysis of its inducibility of specific CTL re-
sponses to CDV in dogs using a recombinant
adenovirus protein expression system.

Skin fibroblasts were isolated from two dogs and
were infected with recombinant adenovirus bearing
the CDV-H gene (Ade-CDVH).  CTL assay was per-
formed using fibroblasts expressing CDV-H protein
as target cells and peripheral blood lymphocytes
(PBL) collected from the same dogs one week after
immunization of CDV as effector cells.  Specific cyto-
toxic activity was observed against autologous but
not heterologous fibroblasts expressing CDV-H pro-
tein. These results indicate that the CTL epitope(s)
were localized in the H protein.

4. Up-regulation of acyl-coenzyme A:cholesterol
acyltransferase (ACAT) mRNA expression and
accumulation of cholesterol esters induced by
canine distemper virus infection

Hoshi Miho, Tomoe Katsuo, Misako Yoneda, Ken-
ichi Togashi, Ryuichi Miura, Kyoko Tsukiyama-
Kohara and Chieko Kai

MV and CDV is neurovirulent and induces en-
cephalitis with demyelination in their natural hosts.
Recently small animal models for MV and CDV were
developed and the mechanism of encephalitis in-
duced by virus infection was studied,  but
pathological mechanism of demyelination remains
unknown. It was reported that one of the human ge-
nomic diseases, adrenoleukodystrophy (ALD), is a
result of progressive demyelination of central and
peripheral nervous systems. The brain from the ALD
patients contained high level of cholesterol ester. In-
terestingly, the accumulation of cholesterol esters
was observed in the brain of MV infected rat. Fur-
thermore, based on the component of fatty acids,
those cholesterol esters were not derived from se-
rum. Based on these results, we were interested in
the intracellular cholesterol metabolism and ana-
lyzed the implication of CDV infection in the
induction of synthesis of cholesterol esters in brain.
Cholesterol esters are derived from cholesterol by
catalysis with an intracellular enzyme ACAT. ACAT
activities are observed in various tissues, such as liv-
er, intestines, adrenal glands and aorta. We focused
on ACAT to analyze the mechanism of increased
cholesterol esters after CDV infection using mouse
model with two kinds of CDV strains, which cause
neurovirulence to mice. One is the CDV-KG1 strain
which was adapted to human oligodendroglioma
(KG-1) cells and the other is the CDV-Bjal which was
adapted to mouse brain. Both viruses are highly neu-
rovirulent and induce encephalitis in mouse. After
CDV-KG1 inoculation to mice, clinical signs such as
body weight loss and neurological disorder, and en-
cephalitis were observed. In cerebrum of CDV

inoculated mice, cholesterol esters increased. Inter-
estingly, its fatty acids composition indicated that
they were not derived from serum but synthesized
intracellularly. The significant increase of mRNA ex-
pression of ACAT in the cerebrum of CDV-KG1
inoculated mice was observed using real-time quan-
titative polymerase chain reaction (PCR) analysis.
We evaluated these phenomena more in detail using
CDV-Bjal inoculated mice. The mice showed clinical
signs and encephalitis like CDV-KG1 inoculated
mice, but much more severely. Compared to CDV-
KG1 inoculated mice, both of the cholesterol esters
and the expression level of ACAT mRNA also in-
creased significantly after CDV-Bjal infection.

We analyzed the implication of virus growth for
the ACAT mRNA expression level using human
glioma cells (MGC) cells after CDV infection. The ex-
pression of ACAT mRNA increased following the
virus growth. Therefore, increase of ACAT mRNA in
mouse brain might be caused by the viral growth in
neuronal cells.

5. Expression of swine IL-4 and IL-6 and estab-
lishment of ELISA system for these cytokines

Athipoo Nuntaplasert, Yasuyuki Mori, Kentaro
Fujita, Misako Yoneda, Ryuichi Miura, Kyoko
Tsukiyama-Kohara and Chieko Kai

Cytokines are natural host proteins that control
the type of immune response following infection or
vaccination. Therefore, use of cytokines should be a
crucial key as the alternative method to control
swine bacterial infectious disease instead of using
antibiotics. The information from a variety of species
indicates that interleukins including interleukin-4
(IL-4) and interleukin-6 (IL-6) are key regulators in
the inflammation and immune response during bac-
terial infections or injury process.

We performed the expression of recombinant
swine IL-4 (rSwIL-4) and recombinant swine IL-6
(rSwIL-6) in three kinds of recombinant expression
systems; E. coli, baculovirus, and eukaryotic cells.
The one-step purifications of the bioactive rSwIL-4
and rSwIL-6 from E. coli for use in the production of
specific antibodies and from baculovirus system
were established for basic characterization and clini-
cal applications of these cytokines. The biological
activity of the recombinant proteins on human TF-1
cells in vitro was also confirmed. We established a
sandwich enzyme-linked immunosorbent assay
(ELISA) for measuring concentration of SwIL-4 and
SwIL-6 in samples and their detection limits were 78
and 49 pg/ml, respectively. We also established an
enzyme-linked immunospot (ELISPOT) assay for de-
tecting IL-4-secreting cells using a mAb and a
polyclonal IgG from goat. These systems are expect-
ed to be powerful tools for clinical use.
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6. Prevalence of canine distemper virus, feline
immunodeficiency virus and feline leukemia
virus in captive African lions (Panthera leo) in
Japan

Yasuyuki Endo, Masashi Uema, Ryuichi Miura,
Kyoko Tsukiyama-Kohara, Hajime Tsujimoto1,
Kumiko Yoneda and Chieko Kai: 1Department of
Veterinary Internal Medicine, Graduate School of
Agricultural and Life Sciences, the University of
Tokyo.

Recently, many cases of interspecies transmission
of viral diseases between human to animals and ani-
mals to animals have been reported and wildlife was
not an exception.   The incident that threatened the
lives of African lions happened at Serengeti national
park of Tanzania in 1994 and it is estimated that ap-
proximately three thousand lions were lost.
Roelke-Parker et al. and others clarified that CDV,
which is originally a causative agent for neuronal
and pulmonary diseases in dogs, infected to the lions
breaking through the species barrier and induced the
death of infected lions in this area.   Furthermore, the
source of the virus was identified as hyenas or do-
mestic dogs harboring in or around the park.

Most of large felids were housed in zoos in Japan.
It is important for them to understand the status of
virus infections in the points of epidemiological, vi-
rological and economical views. Sero-prevalence of
CDV, Feline immunodeficiency virus (FIV) and Fe-
line leukemia virus (FeLV) were evaluated in 20
captive lions in two Japanese zoos.   All lions were
healthy and showed no clinical signs, however, anti-
CDV antibody was detected in 12 of 20 lions and
these sero-positive lions had also possessed CDV
specific neutralization antibody.   We could pursue
antibody responses against CDV in three lions back
to 1996.   In 1996, sera from three lions were negative
for anti-CDV antibody, however, all of them showed
sero-conversion in 2000.   This result suggested that
the epidemic of CDV infection in this zoo might have
happened between 1996 and 2000.   The lions were
also examined for FIV and FeLV infections.   We had
no evidence for FeLV infection but eight lions were
sero-positive for anti-FIV antibody.   Although both
of the detection of provirus and isolation of virus
were unsuccessful, it was strongly suggested that the
lions were exposed previously to FIV or related len-
tiviruses.   Our findings clarified existence of the
major canine and feline viral infections even in the
zoo animals, thus further continuous and careful ob-
servations will be required to avoid epidemics and
the appearance of virulent mutants.

7. Basic research for the prevention of Hepatitis
C

Takahiro Seki, Kyoko Tsukiyama-Kohara,
Kohsuke Izumi, Fusako Ikeda, Ying Huang, Michi-
nori Kohara1 and Chieko Kai: 1The Tokyo
Metropolitan Institute of Medical Science.

Hepatitis C virus (HCV) is one of the major etio-
logical agents of chronic hepatitis, which is
frequently resulting in liver cirrhosis and hepatocel-
lular carcinoma. About 200 million people around
the world, and more than 2 million people in Japan
have been already infected with HCV. Currently effi-
cient therapy is alpha interferon (IFN-α) in
conjunction with ribavirin, but these are expensive,
effective in less than 50% of patients, and carry the
potential for significant side effects. Therefore, pre-
vention of hepatitis C is in a high priority.

We approached for the prevention of hepatitis C
by mainly two directions. One is the establishment of
recombinant measles virus encoding envelope pro-
tein of HCV; rMV-E1, rMV-E2, and rMV-E1E2.
HCV-E1 and 2 proteins were estimated to be receptor
binding proteins and important for protection of vi-
rus infection. The genes encoding the HCV E1 and E2
proteins were amplified by PCR and cloned into be-
tween N and P gene of the MV-based vector. rMV-Es
were rescued from their respective full-length cDNA
in 293 cells. The in vitro growth characteristics of
rMV-Es were compared with those of parental virus.
The parental rMV reached its maximum titer at 48
h.p.i. while rMV-Es grew slowly and reached its
maximum titer at 72 h.p.i. All three constructs prop-
erly expressed the respective protein(s) which were
located in the endoplasmic reticulum, as indicated
by western blotting and indirect immunofluores-
cence staining. We are currently examining the
ability of these viruses to induce immune responses
to HCV envelope proteins, in vivo. These recombi-
nant  MV vectors  might  be  useful  for  the
characterization of biological effects of HCV-E1, E2
proteins in cells and also give us the basic informa-
tion to vaccine development of HCV. They also
possess the possibility to apply for the measles virus
vaccination in the HCV infection highly prevalent
area, such as China and Mongolia.

The another approach for Hepatitis C is the char-
acterization of hepatocellular carcinoma (HCC)
antigen. HCV causes persistent infection in hepato-
cytes, and this infection in turn is strongly associated
with the development of hepatocellular carcinoma.
Therefore, identification of HCC antigen is signifi-
cant to understand the basic mechanism of HCC
formation and also important for the clinical applica-
tion, such as diagnosis and therapy of HCC. We
previously established the conditional expression
system of human liver cells and found that passage
of hepatocytes expressing replicable full-length HCV



198

Yoneda M, Bandyopadhyay SK, Shiotani M, Fujita K,
Nuntaprasert A, Miura R, Baron MD, Barrett T,
and Kai C.  Rinderpest virus H protein: role in de-
termining host range in rabbits. J Gen Virol.  83(Pt
6):1457-1463, 2002.

Kashiwagi, T., Hara, K., Kohara, M., Kohara, K.,
Iwahashi, J., Hamada, N.,  Yoshino, H. and
Toyoda, T. Kinetic analysis of C-terminally trun-
cated RNA-dependent RNA polymerase of Hepa-
titis C virus. B.B.R.C. 290, 1188-1194, 2002.

Takeuchi, K., Takeda, M., Miyajima, N., Kobune, F.,

Tanabayashi, K., and Tashiro, M. Recombinant
wild-type and edmonston strain measles viruses
bearing heterologous H proteins: role of H protein
in cell fusion and host cell specificity. J Virol.
76(10):4891-4900, 2002.

Hirama, K., Togashi, K., Wakasa, C., Yoneda, M.,
Nishi, T., Endo, Y., Miura, R., Tsukiyama-Kohara,
K., and Kai, C. Cytotoxic T-Lymphocyte Activity
Specific for Hemagglutinin (H) Protein of Canine
Distemper Virus in Dogs. JVMS in press.

Publications

RNA caused upregulation of tumorigenicity. We are
now characterizing surface antigens of these cells by

establishing specific monoclonal antibodies
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Amami Laboratory of Injurious Animals
奄美病害動物研究施設

教　授 農学博士　 甲　斐　知恵子
助教授 農学博士　 服　部　正　策

Professor Chieko Kai, D.V.M., Ph.D.
Associate Professor Shosaku Hattori, D.V.M., Ph.D.

1. Research on Habu control

Shosaku Hattori, Yuko Katakai, Hiroshi KIhara1,
Motonori Ohno, Naoko Ueda2, Shigenari Terada3,
Hiro Yonezawa4, Yoshihiro Hayashi5, Michihisa
Toriba6, and Hideki Endo7, Tomohisa Ogawa8, :
1Bioscience research Institute, Takara Shuzo Co.,
Ltd., 2Departmen of Applied Microbiology, Kuma-
moto Institute of Technology, 3Department of
Biochemistry, Faculty of Science, Fukuoka Univer-
sity, 4Department of biochemistry, Faculty of
Science, Kagoshima University, 5Department of
Veterinary Anatomy, Faculty of Agriculture, Uni-
versity of Tokyo, 6The Japan Snake Institute,
7Department of Zoology, National Science Muse-
um, 8Faculty of Agriculture, Tohoku university

Snake bites by the venomous snake Habu, Trim-
eresurus flavoviridis, have been reported annually
about 100 cases in the population of 80, 000 in the
Amami Islands. Moreover, there is no indication that
the population of Habu itself has decreased, despite
a campaign for capture of snakes by the Kagoshima
Prefectural Government. Rat-baited box traps have

been introduced to catch the snakes and found to be
quite effective. However, maintenance of live rats re-
quires man power and its cost is expensive.
Therefore, our effort has been focused on the devel-
opment of attractant for Habu. The attractant
extracted from rats seems ineffective if compared
with use of live rats. It was known that Habu sur-
vived the injection of Habu venom since early times.
Because, some proteins in the serum of Habu blood
combine to the elements of Habu venom. The re-
search of these binding proteins has been initiated
with an objective of clinical trials. Phospholipase A2
and its isozymes isolated from Habu venom have
myonecrotic activity and hemorrhagic activity, and
T2 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 isolat-
ed from the Habu serum effectively control the
hemorrhage caused by Habu, Ovophis okinavensis,
Agkistrodon blomhoffi brevicaudus, Calloselasma rhodos-
toma, Bitis arietans, Bothrops asper, and, Trimeresurus
stejnegeri venom. Further, a statistics analysis and the
simulation were done with the snakes captured by

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 laborato-
ry, 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 monu-
mental works of the laboratory. Our present works are as follows:
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the Government, and the analysis of population dy-
namics of Habu was attempted. As a result of
investigating the individual measurement data of
the captured Habu over 9 years, we were able to ob-
tain the generous age composition of the Habu. From
analyzing of the age pyramid of Habu and the result
of the questionnaire surveys for the inhabitant in the
Amami-oshima Island, the total population of the
Habu which lives in this island was estimated at
about 100, 000. By the analysis of the measured data
of last nine years, the snake sizes were miniaturized,
and the population of young snakes decreased. Ac-
cording to these investigations, the population of
Habu is expected to decrease in the near future.
These studies are supported by grants from the Min-
istry of Land, Infrastructure and Transport and the
Kagoshima Prefectural Government.

2. Reproduction of squirrel monkeys

Shosaku Hattori, Takesi Kuraishi, Yuko Katakai,
Yoshitugu Matsumoto9, Mamoru Ito10, and Taka-
hisa,  Furuta11:  9Department of Molecular
Immunology, Faculty of Agriculture, University of
Tokyo, 10Laboratory of Immunology, Central Insti-
tute of Experimental Animals, 11Department of
Parasitology

The squirrel monkey, Saimiri sciurea, is widely dis-
tributed in the tropical rainforest in Central and
South America between 10 degrees N and 17 degrees
S of latitudes. The advantage of using this species for
medical researches resides in its small size and gentle
behavior. In this laboratory, about 5 newborns are
given annually by 30 adult females. The aim is to op-
timize the use of the non-human primate model in
future the Amami Laboratory research activities. The
laboratory newly established experimental infection
systems which require or can be adapted to the
squirrel monkey model, particularly the study of hu-
man falciparum malaria. Development of parasites,
immune response to malaria parasites and patholog-
ical 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 de-

velopment, a vaccine production program, and a
clinical trials program.

3. Research of wild mammals.

Shosaku Hattori, Yoshihisa Noboru, Hideki
Endo12, Kimiyuki Tsuchiya13, Nobuo Ishii14 and
Fumio Yamada15: 12Department of Zoology, Na-
tional Science Museum, 13Experimental Animal
Center, Miyazaki Medical College, 14Japan Wild-
l i fe  Research Center ,  15Wildl i fe  Ecology
Laboratory, Forestry & Forest Products Research
Institute

Amami-oshima Island is a habitat of animals and
plants indigenous to the Nansei Islands. These ani-
mals occur originally in the Oriental region of Asia
and include the Amami rabbit, Pentalagus furnessi,
the Ryukyu spiny rat, Tokudaia osimensis, the Okina-
wa long-haired rat, Diplothrix legata, the Watase's
shrew, Crocidura watasei, and the Musk shrew, Sun-
cus murinus. These mammals are used for researches
on comparative anatomy, taxonomy, and develop-
ment of experimental animals. Besides, these
mammals are valuable species biologically as survi-
vors from the Miocene about 10, 000, 000 years ago.
We have initiated the investigation for these species
to protect from extinction. We have documented the
feasibility of recovering large numbers of oocytes
from the Watase's shrew, and some of oocytes can be
induced to mature in vitro. Recently, the Java mon-
goose, Herpetologica javanicus grew in the wild as
invasive carnivore in the Amami-oshima Island. The
population of the mongoose increases every year
and the habitat range is extending to south area in
the Island. It is necessary to remove the invader to
defend nature. Then we are investigating the influ-
ence which the mongoose gives to wildlife in the
Island. Since hairs such as Amami rabbit, Ryukyu
spiny rat, Akahige were confirmed from the excre-
ment of the mongoose, the necessity of the urgent
ridding countermeasure of the mongoose was indi-
cated. From 2000, the capture project of the
mongoose was started by Ministry of Environment
in order to protect Amami-oshima's endemic species.

Katakai, Y., Matsumoto, Y., Suzuki, S., Tanioka, Y.,
Aikawa, M., Hattori, S. and Ito, M. Suppressive ef-
fect of dexamethasone on proliferation of Plasmo-
dium falciparum in squirrel monkeys. Parasitol.
Res. 88: 53-57, 2002.

Kuraishi, T., Mizoguchi, Y., Sun, Y., Aoki, F.,
Imakawa, K., and Sakai, S. The casein mRNA de-
cay changes in parallel with the poly(A) tail length

in the mouse mammary gland. Mol. Cell. Endocri-
nology, 190: 101-107, 2002

Sun, Y., Nonobe, E., Kobayashi, Y., Kuraishi, T.,
Aoki, F., Yamamoto, K., and Sakai, S. Character-
ization and expression of L-amino acid oxidase of
mouse milk. J. Biol. Chem., 277(21): 19080-19086,
2002.

Yamamoto, C., Tsuru, D., Oda-Ueda, N., Ohno, M.,

Publications
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Hattori, S., and Kim S. Flavoxobin, a serine pro-
tease from Trimeresurus flavoviridis (Habu snake)
venom, independently cleaves Arg726-Ser727 of
human C3 and acts as a novel, heterologous C3
convertase. Immunology, 107, 111-117, 2002.

Ohno, M., Ogawa, T., Oda-Ueda, N., Chijiwa, T., and
Hattori, S. Accelerated and regional evolution of
snake venom gland isozymes. Perspectives in Mo-
lecular Toxinology, (Menez, A. edit. ) pp. 387-400,
John Wiley & Sons, Ltd. (England), 2002.

服部正策. 奄美大島の固有種(生物多様性と移入種問題). Eye
Bank Journal, 6(4): 29-36, 2002.

服部正策. ハブ(その現状と課題). 南太平洋海域調査報告書
(No. 36). 鹿児島大学多島圏研究センター: pp. 15-21, 2002.

服部正策, 昇 善久, 大野素徳. 動物実験部会報告. ハブ毒阻
害因子応用開発研究報告書(平成13年度). (鹿児島県): pp.
48-54, 2002.

服部正策 , 昇 善久 . 野外調査部会報告 . ハブ誘引捕獲総合
研究報告書(平成13年度). (鹿児島県): pp. 8-40, 2002.
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Laboratory of Molecular Genetics
遺伝子解析施設

教　授 医学博士　 齋　藤　　　泉
助　手 医学博士　 鐘ヶ江　裕　美
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1. Multiple gene regulation on cell chromosome
mediated by two independent site-specific re-
combinases

Saki Kondo, Miho Terashima, Yukari Nishiwaki1,
Masakazu Nakano, Yumi Kanegae and Izumu
Saito: 1School of Pharmaceutical Sciences, Kitasato
University

Although the site-specific recombinase Cre is
powerful tool for regulation of gene expression, si-
multaneous or sequential gene regulation can not be

achieved when using Cre/loxP system alone. Last
year, we reported efficient simultaneous gene regu-
lation system introduced in the chromosome of
cultured mammalian cells using Cre/loxP together
with the mutant loxP V that does not recombine with
the wild-type loxP. But even if this system can con-
trol multiple gene expression, it is not useful for
sequential gene regulation. We showed two strate-
gies of the sequential gene regulation on mammalian
cell chromosomes by using Cre/loxP and another
site-specific recombinase FLP/FRT. The combined
target unit is designed to regulate a given gene as

This laboratory has two main activities, developing efficient expression vectors for
gene therapy and supporting the researchers by advising on recombinant DNA tech-
nology under the safety guideline.
The purposes of our laboratory are concerned about not only research but also support
for all researchers in this institute. Our supporting activity is involved in advising ser-
vice on gene-manipulation experiments under the safety guideline. 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 concentrating mainly on developing
efficient adenovirus expression vectors aiming gene therapy. We are maintaining more
than 20 collaborations within and outside of this institute. In these collaborations, we
offer and supply our efficient method (COS-TPC method, Miyake et al., Proc. Natl.
Acad. Sci. USA, 93, 1320-1324, 1996) to construct recombinant adenoviruses ex-
pressing various genes efficiently. Ten years ago, we constructed 44 recombinant
adenovirus for 14 months using this method; this number was more than double con-
structed in the world per year at that time. More recently we have developed a method
for ON/OFF switching of gene expression in mammalian cells using a combination of
Cre/loxP system and adenovirus vector (Kanegae et al. Nucleic Acids Res. 23, 3816-
3821, 1995; Kanegae et al. Gene 181, 207-212, 1996). The method will promote many
fields of molecular biology and medicine and may open a new field of “intracellular
gene manipulation”. The research activities in 2002 were shown below.
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OFF- ON- OFF. We isolated HeLa cell lines contain-
ing a combined target unit for single-gene
regulation, where an entire FLP target unit bearing a
pair of FRTs was flanked by a pair of loxPs. We also
isolated CV-1 cell lines containing two target units
for independent regulation of multiple genes, “FLP
target unit” bearing the GFP gene flanked by a pair
of FRTs and “Cre target unit” bearing stuffer genes
flanked by a pair of loxPs. After infection of two
kinds of these cell lines firstly with FLP-producing
adenovirus at MOI 30-50, and secondly Cre-produc-
ing adenovirus at MOI 3, we observed expected ON/
OFF regulation of gene expression from each of the
expression units. Southern blot analysis showed that
each recombination mediated by two-independent
recombinase occurred in almost all targets located on
cell chromosomes. Therefore, we concluded that the
sequential gene regulation system mediated by two
independent site-specific recombinase Cre and FLP
was highly efficient and reliable in mammalian cells.

2. Generation of adenovirus vector based on dif-
ferent construction methods using a single
cassette

Miho Terashima, Saki Kondo, Yumi Kanegae and
Izumu Saito

Among the method of constructing recombinant
adenoviruses, the COS-TPC method is the most effi-
cient because it utilizes adenovirus DNA-terminal
protein complex (Ad DNA-TPC) in stead of cloned
adenovirus genome. Recently, the method of trans-
duction of cloned intact viral genome became
available as commercial kits. Although such method
is less efficient than that of COS-TPC, it is more con-
venient and simple. Here we developed a cosmid
cassette, pAxcwit, which can dually be used both for
the COS-TPC method and for transduction of intact
genome. The cassette is derived from the COS-TPC
cassette pAxcw and has intact terminal sequences.
Recombinant adenoviruses can be generated using
this pAxcwit cassette as a high efficiency of 90 to 340
clones per 10 µg of an insert-bearing cassette DNA.
And the cassette pAxcwit was proven to be used for
constructing recombinant adenoviruses as efficient
as the original cassette pAxcw. Therefore, the pAx-
cwit cassette was found useful as a “dual cassette”,
served as a convenient intact-genome cassette and

also as an efficient COS-TPC cassette. In case that re-
combinant adenoviruses are difficult to obtain, the
high-efficient COS-TPC method can immediately be
applied. Moreover, we isolated some insert-deleted
recombinant adenoviruses when used the pAxcwit
cassette for the method of transduction of intact ge-
nome. The result showed that isolation of viral single
clone is still necessary even when employing the
method of intact-genome transduction. The pAxcwit
cassette will be obtained from Riken Gene Bank.

3. Gene regulation using Cre-expressing aden-
ovirus under the control of various promoters

Yasuko Baba2, Miho Terashima, Masakazu Na-
kano ,  Yumi  Kanegae  and  Izumu Sa i to :
2Department of Anesthesiology, Yokohama City
University School of Medicine

On/off regulation of gene expression mediated by
Cre/loxP system has already been used in the vari-
ous fields of basic science and study of gene therapy
because of its excellent efficiency and fidelity. A Cre-
expressing recombinant adenovirus under the
control of CAG promoter, AxCANCre, is often used
in experiments in vitro and in vivo. However, it was
experienced that some of virus stock of this virus
showed very low titer and at higher MOI cell toxicity
is suspected from morphological changes of infected
cells. To elucidate the effective and toxic doses, we
constructed new recombinant adenoviruses express-
ing Cre under the control of SRα promoter and SV40
early promoter (SVE). The expression level of SVE-
Cre virus is very low and the optimal range of
infection dose is around MOI 2, 500, only slightly be-
low the toxic dose by viral infection. The CAG-Cre
virus express Cre enzyme very efficiently and opti-
mum dose is found at MOI 0. 5 to 10. Above MOI 30,
toxicity to cells is evident; this toxicity is due to over-
expression of Cre because the toxic range is far below
the viral toxic dose. The SRα-Cre virus, AxSRNCre,
gave an optimal range of MOI 50 to 2, 500 and did not
cause Cre-mediated toxicity with doses of usual viral
infection. Therefore, both AxCANCre and AxSRCre
are useful but when using AxCANCre overdose
should carefully be avoided. AxSRCre can be used at
moderate range of MOIs without Cre-mediated tox-
icity in cultured mammalian cells.

Horie, R., Watanabe, T., Morishita, Y., Ito, K., Ishida,
T., Kanegae, Y., Saito, I., Higashihara, M., Mori, S.,
and Kadin, M. E. Ligand-independent signaling
by overexpressed CD30 drives NF-kappaB activa-
tion in Hodgkin-Reed-Sternberg cells. Oncogene.

21:2493-2503, 2002.
Kim, J. M., Nakao, K., Nakamura, K., Saito, I.,

Katsuki, M., Arai, K., and Masai, H. Inactivation of
Cdc7 kinase in mouse ES cells results in S-phase
arrest and p53-dependent cell death. Embo J.
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