
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.

Measles virus induces cell-type specific
changes in gene expression

Hiroki Sato, Reiko Honma1, Misako Yoneda,
Ryuichi Miura, Kyoko Tsukiyama-Kohara2,
Fusako Ikeda, Takahiro Seki, Shinya Watan-
abe1 and Chieko Kai: 1Clinical Informatics, To-
kyo Medical and Dental University. 2Faculty of
Medical and Pharmaceutical Sciences, Ku-
mamoto University.

Measles virus (MV) causes various responses
including the induction of immune responses,
transient immunosuppression and establishment
of long-lasting immunity. To obtain a compre-
hensive view of the effects of MV infection on
target cells, DNA microarray analyses of two
different cell-types were performed. An epithe-
lial (293SLAM; a 293 cell line stably expressing
SLAM) and lymphoid (COBL-a) cell line were
inoculated with purified wild-type MV. Microar-
ray analyses revealed significant differences in
the regulation of cellular gene expression be-
tween these two different cells. In 293SLAM

cells, upregulation of genes involved in the an-
tiviral response was rapidly induced; in the later
stages of infection, this was followed by regula-
tion of many genes across a broad range of
functional categories. On the other hand, in
COBL-a cells, only a limited set of gene expres-
sion profiles was modulated after MV infection.
Since it was reported that V protein of MV in-
hibited the IFN signaling pathway, we per-
formed a microarray analysis using V knockout
MV to evaluate V protein’s effect on cellular
gene expression. The V knockout MV displayed
a similar profile to that of parental MV. In par-
ticular, in COBL-a cells infected with the virus,
no alteration of cellular gene expression, includ-
ing IFN signaling, was observed. Furthermore,
IFN signaling analyzed in vitro was completely
suppressed by MV infection in the COBL-a cells.
These results reveal that MV induces different
cellular responses in a cell-type specific manner.
Microarray analyses will provide us useful in-
formation about potential mechanisms of MV
pathogenesis.
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Phosphorylation of measles virus nucleopro-
tein upregulates the transcriptional activity of
minigenomic RNA

Kyoji Hagiwara, Hiroki Sato, Yoshihisa Inoue,
Akira Watanabe, Misako Yoneda, Fusako
Ikeda, Kentaro Fujita, Hiroyuki Fukuda1, Chi-
zuko Takamura1 , Hiroko Kozuka-Hata1,2 ,
Masaaki Oyama1,2, Sumio Sugano2, Shinobu
Ohmi1, Chieko Kai: 1Medical Proteomics Labo-
ratory, The Institute of Medical Science, The
University of Tokyo, 2Department of Medical
Genome Sciences, The Institute of Medical Sci-
ence, The University of Tokyo.

The nucleoprotein (N) of MV is known to be
the most abundant protein in infected cells; it
constructs the N-RNA complex (nucleocapsid)
and supports transcription and replication of vi-
ral genomic RNA. To determine the role of
phosphorylation of the N protein, we expressed
the N protein of the HL strain of MV in mam-
malian cells and purified the nucleocapsid. After
separation of the C-terminal region from the
core region, phosphorylated amino acids were
assayed using MALDI-TOF/TOF and ESI-Q-
TOF MS analyses. Two amino acids, S479 and S
510, were shown to be phosphorylated by both
methods of analysis. Metabolic labeling of the N
protein with 32P demonstrated that these two
sites are the major phosphorylated sites within
the MV-N protein. In transcriptional analysis us-
ing negative-strand minigenomic RNA contain-
ing the ORF of the luciferase gene, mutants of
each phosphorylation site showed approxi-
mately 80％ reduction in luciferase activity com-
pared with the wild-type N, suggesting that the
phosphorylation of N protein is important in the
activation of the transcription of viral mRNA
and/or replication of the genome in vivo.

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
canine distemper virus (CDV), captured in Ja-
pan from 2005 to 2007, were histopathologically
and phylogenetically analyzed. Phylogenetic
analysis based on the amino acid sequences of
the H protein of two CDV isolates from masked
palm civets revealed that the two isolates were
classified into the clade of recent isolates in Ja-
pan. Histopathologically marked lesions of virus
encephalitis were present in the brain, whereas
gastrointestinal lesions were absent or at a mild
degree. The distribution of the lesions resembles
that of recent CDV cases in dogs. Therefore, re-
cent CDV infections 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 dis-
cussed.

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: 1

Faculty 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 MV-HL as well as other field iso-
lates, which were isolated from human blood
lymphocytes using B95a cells, induce the shut-
off in B95a cells. Since the Edmonston srrain of
MV failed to induce the shut-off in B95a cells,
the ability to induce the shut-off was considered
to be dependent on virus strains. Although, the
modification of eukaryotic translation initiation
factors (eIF) including eIF4G, eIF4E, and 4E-BP1
was reported for shut-off by various viruses, the
involvement 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 80 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. Morphological comparisons between three
species of the Ryukyu spiny rats

Hideki Endo6, Shosaku Hattori, Yoshihiro Hay-
ashi3, and Kimiyuki Tsuchiya7: 6University Mu-
seum, University of Tokyo, 7Department of
Animal Science, Faculty of Agriculture, Tokyo
University of Agriculture

Skulls of the three species of Ryukyu spiny
rats (Tokudaia osimensis, T. tokunoshimennsis , and
T. muenninki) were osteometrically compared. In
all measurements the size tendencies in which
T. tokunoshimennsis was the largest, T. muenninki
middle, and T. osimensis the smallest were con-
firmed. However, the lengths of the molar row
were exceptionally the largest in T. muenninki ,
middle in T. tokunoshimennsis and the smallest
in T. osimensis. The raw measurement data obvi-
ously indicated significant differences in size
among the three species. We demonstrated that
the neurocranium was larger in T. osimensis than
in T. muenninki from the results of the propor-
tional analyses. The principle component analy-
ses using the raw measurement data also
pointed out that the skull from the three species
were obviously distinguished in the charts, al-
though the plots were not completely separated
by the principal component analysis using the
proportional indices. The CT images showed
that both maxilla and palatine bone were thin-
ner near the greater palatine foramen area and
pointed out that the characteristic palatine struc-
ture fixed the position of the greater palatine fo-
ramen in each species of Tokudaia.

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.

4. The diet of dogs in the Amami-Oshima Is-
land forest, with special attention to preda-
tion on endangered animals

Yuya Watari8 , Yumiko Nagai9 , Fumio
Yamada10, Taku Sakoda9, Takeshi Kuraishi,
Shintaro Abe9 and Yoshimi Satomura11: 8

Graduate school of Agricultural and life sci-
ence, The University of Tokyo, 9Amami wildlife
conservation center, 10Forestry and forest prod-
uct research institute, 11Amami mammalogical
society

We analyzed 135 dog fecal pellets sampled in
a forest on Amami-Oshima Island, Japan. Rare
mammals, including the Amami rabbit (Pentala-
gus furnessi ; 45.2％), Amami spinous rat
(Tokudaia osimensis ; 23.7％), and long-haired rat
(Diprothrix legata; 20.0％), occurred in fecal pel-
lets at high frequencies, indicating that these
species are highly vulnerable to dog predation.
Dog reproduction in the forest area has not been
confirmed. However, many pets or hunting
dogs appear to be abandoned or unsupervised,
indicating that the morals of pet owners may
largely influence the dog population and, hence,
its impact on native species. We propose the fol-
lowing management strategy. 1) Long term: pre-
venting dogs from entering the forest. Enforcing
current laws regarding supervision of dogs and
educating pet owners is required. These are fun-
damental actions that will reduce the abundance
of dogs in the forest; thus, this should be given
high priority. 2) Short term: rapid action against
detected dogs. A system to report dog sightings
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is necessary, together with a system to quickly catch reported dogs.
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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: e
40, 2001; Kondo et al ., Nucleic Acids Res. 31: e
76, 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 research
activities in 2008 were shown below.

1. Development of enhanced and cell-specific
“excisional-expression” system using ade-
novirus vector

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

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 method uses a
“switch” unit under control of cancer-specific, α-
fetoprotein (AFP) promoter as an example of a
cell-specific promoter, and a “target” unit,
which consists of a line as loxP, purpose gene,
polyA signal, EF1α promoter and second loxP in
that order. In normal cells, Cre can not be ex-
pressed because of strict specificity of AFP pro-
moter, however in the hepatocellular carcinoma
cells, Cre expression 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 constructed a dominant-negative
Cre (dnCreRY), which efficiently suppressed the
leak expression of Cre. We generated 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 addition, excised circular target DNA con-
taminated in the viral stock and being expressed
in AFP (-) cells, was able to be removed through
virus purification by CsCl centrifugation. Al-
though there are still some problems to be
solved, this method will offer high-level expres-
sion while maintaining high specificity and will
not only provide a novel strategy of suicide
gene therapy using AdV, but also be very valu-
able for many studies requiring cell-specific ex-
pression.

2. Construction of “humanized” FLP recom-
binases aiming for efficient generation of
helper-dependent adenovirus vector

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

Recently, a helper-dependent adenovirus vec-
tor (HD vector), which lacks all viral genome
except for viral packaging signal and ITRs (in-
verted terminal repeats), is expected to solve
drawbacks of first-generation adenovirus vector.
However, amplification of HD vector is some-
times difficult because of severe contamination
of helper virus. In general, a helper virus has a

viral packaging signal flanked by a pair of loxPs
to be excised in Cre-expressing 293 cells, and
only HD viral genome can be packaged into a
capsid. However, because the Cre mediated ex-
cision of packaging signal may be not complete,
some helper viruses may escape and be pack-
aged. Cre is more commonly used than FLP,
which derived from Saccharomyces cerevisiae , be-
cause of its high recombination efficiency espe-
cially in mammalian cells. However, our pre-
liminary observation showed that, in mammal-
ian cells, FLP recombination proceeded nearly
completely, while Cre recombination reached a
plateau level possibly because a reversed reac-
tion occurred.

In this study, we generated several FLP mu-
tants aiming to obtain a better performance of
recombinase, and characterized in mammalian
cells. It is well known that one of the reasons of
low recombination efficiency of FLP is its poor
thermo-stability, and thermo-stable FLP (FLPe)
containing four-amino acid mutation has been
reported. The activity of FLPe has been believed
to be higher than that of wild-type (wt) FLP in
mammalian cells and animals. Unexpectedly,
however, we here showed that enzymatic activ-
ity of FLPe protein was less efficient than that of
wtFLP protein even in mammalian cells but that
its thermo-stability overcame the lower activity.
One way to improve the virtual efficiency of
FLP in mammalian cells is to obtain efficient
translation. So, we generated another mutant
FLPe, “humanized” FLPe (hFLPe), in which the
codon usage was optimized for use in humans.
Then we compared FLP recombination effi-
ciency in HeLa cells. We observed that hFLPe-
expressing plasmid was able to produce 10-fold
more FLPe protein than FLPe-expressing plas-
mid. So, we established FLP-expressing 293 cell
lines using hFLPe, FLPe and wtFLP, and ex-
pressed FLP recombination activity were meas-
ured. hFLPe-expressing cell lines showed a
highest excision efficiency. Therefore, an hFLPe-
expressing 293 cell line that we cloned here,
named hde12, may be valuable for HD vector
generation, and further examinations are now
under way.

3. Examination of regulation using Cre and
three loxPs and development of a cassette
for serial gene expression of rapid-OFF
type

Shoko Saegusa, Saki Kondo, Miho Terashima,
Yumi Kanegae and Izumu Saito

Cre excises a DNA between two loxPs when
the two loxPs are present on the same DNA
molecule in the same orientation. Gene expres-
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sion using Cre excision reaction is utilized in
many fields especially because its OFF-
regulation is very strict. So far, two OFF-
regulation systems has been developed: cDNA
expression type (cDNA type) and two-loxP exci-
sion type (2L type). In the cDNA type, expres-
sion is rapidly turned off because cDNA of the
target gene is excised out as a circular DNA but
a promoter and polyA site remains in the chro-
mosome. The remaining promoter sometimes
causes a trouble in the expression experiment
because of its enhancer effect. Meanwhile, in the
L2 type, loxPs flank an entire expression unit of
a promoter, the cDNA and a polyA and, there-
fore, L2 type is more useful because no se-
quences except a loxP remain in the chromo-
some. However, the expression turns OFF only
slowly because the excised circular expression
unit still expresses the target gene.

Therefore, we construct 3L OFF-regulation
cassette, where the entire expression unit is
flanked by two loxPs as 2L type, but it contains
the third loxP between the promoter and cDNA.
After supplying with Cre with AdV infection,
the promoter must be excised as a circle and, at
the same time, the target cDNA plus polyA
must also be excised. Consequently the expres-
sion must be turned off rapidly and the unit
must be excised out from the chromosome and

we expected that both problems should be over-
come. We used CV-1 cells, Transfast for trans-
fections of GFP and AdV for supply Cre, and
amounts of GFP RNA were measured three
days after transfection. The remained GFP RNA
level in the L2 type was reduced to about one
third from that in the L3 type, and the data of
Southern analysis confirmed these results.
Therefore, we concluded that the L3 type con-
struction containing three loxPs surely improved
the commonly-used L2 type construction and
brought about quicker OFF expression. The rea-
son why a significant level of GFP RNA still re-
mained is that the experiment above used trans-
fection and that Cre must process very many
copies of transfected target molecules; much bet-
ter result is expected if the target gene would be
present in a cell chromosome.

Because this work showed the utility of L3
type OFF-regulation, we then construct a serial
gene expression cassette, pcLCAFNFL5Lr, which
can perform a given OFF-expression unit into a
chromosome using the neo selection, ON-
regulation of target gene by FLP-expressing
AdV and then quick OFF-regulation by excision
of entire expression unit. The cassette is avail-
able on request. This work was the graduation
study of S.S. in Kitasato University.

Publications

1. Kondo, S., Tanaka, Y., Nakano, M., Saito, I.
and Kanegae, Y. Activities of various FLP
recombinases expressed by adenovirus vec-

tors in mammalian cells. J. Molec. Biol. in
press , 2009.
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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. 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.

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 polymerize 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, we have
made a cleavage-site-directed antibody (#1090
pAb) for the 40-kDa form of actin using syn-
thetic peptides as haptens. The antibody reacted
with the 40-kDa polypeptide but not with un-
proteolyzed native actin which remain 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) leukocyte elastase is
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possibly responsible for this limited 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 supprressed,
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.

2. Establishment 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 ,
phosphorylation-site-specfic antibodies, myris-
toilated peptide-specific antibodies ,
ubiquitination-specific antibodies , inhibitor-
bound enzyme-specific antibodies etc. These an-
tibodies should be useful tools for research in
cellular biochemistry.

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
synthesized chemically 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-
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 types
of antibodies that bind to terminal and two in-
ternal regions of the peptide used for immuno-
gen. Quality of the antibody was successfully
improved by affinity chromatography immobi-
lized three peptides according to the evaluation
method.

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

Maiko Okada, Chidzuko Takamura, Hiroyuki
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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 anti-
body 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 electrophoresis
/ 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-
ethoxycarbonyloxirane-2-carbonyl ] -L-leucine ( 3-
methylbutyl)amide, a membrane-permeable de-
rivative of E64c is used instead of E64c. E64d
penetrates into the cell membranes where cellu-
lar esterases convert it to E64c that covalently
binds to the SH group of active center in en-
zymes. 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

3. Myosin IIC-BRCA2 complex is localized to
the midbody of cytokinesis.

Akira Nakanishi1, Yoshio Miki1,2, and Shinobu
Imajoh-Ohmi: 1Department of Genetic Diagno-
sis, The Cancer Institute, Japanese Foundation
for Cancer Research, 2Depertment of Molecu-
lar Genetics, Medical Research Institute, Tokyo
Medical and Dental University

Cytokinesis is the final step of the M phase of
the cell cycle and completed by scission of the
midbody, a narrow intercellular bridge between
daughter cells. We reported that human non-
muscle myosin heavy chain (NMHC) IIC was
recruited between both of the plus-ends of mi-
crotubules of the midbody and using specific
RNA interference to decrease NMHC IIC in A
549 cells resulted in failure to complete a func-
tional cleavage of the midbody. Here, we dem-
onstrate that NMHC IIC interacts with BRCA2.
BRCA2 is localized mainly in the nucleus where
it plays an important role in DNA damage re-
pair mediated by homologous recombination.
Some BRCA2 protein is also present in the mid-
body. However, the role of BRCA2 in the mid-
body has been unclear. In order to determine
whether endogenous BRCA2 forms a complex, a
lysate derived from HeLa S3 cells was frac-
tioned by glycerol density gradient centrifuga-
tion. Each fraction was immunoblotted with the
anti-BRCA2 antibody. Although the molecular
weight of the BRCA2 protein is 380 kDa, the
majority of endogenous BRCA2 was observed to
sediment at approximately 700–800 kDa. In an
effort to identify the proteins that physically in-
teracted with BRCA2, BRCA2 was immunopre-
cipitated using the anti-BRCA2 antibody. The
immunoprecipitates were digested with trypsin,
and the cleaved fragments were analyzed using
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tandem mass spectrometry. Following a data-
base search, NMHC IIC was identified as a can-
didate for the BRCA2-associated protein. Next,
we examined the relationship between BRCA2
and NMHC IIC. In order to determine whether
endogenous BRCA2 interacts with NMHC IIC,
we performed a co-precipitation analysis. BRCA
2 was immunoprecipitated from A549 cells, and
analysis of anti-BRCA2 immunoprecipitates with
anti- NMHC IIC antibody demonstrated the
presence of NMHC IIC in the immunoprecipi-
tated complexes. No band was observed when
precipitation was performed using anti-NMHC
IIB as one of NMHC II isoforms and mouse IgG.
These results indicate that there is a specific di-
rect or indirect interaction between NMHC IIC
and BRCA2. We next conducted an im-
munostaining analysis of A549 cells using an
anti-BRCA2 antibody in combination with an
antibody against NMHC IIC. The merged image
showed that BRCA2 localized to the midbody
region and as foci in the nuclei. An im-
munostaining analysis of NMHC IIC and
BRCA2 distribution identified a staining pattern
throughout the midbody. These findings demon-
strate that NMHC IIC-BRCA2 complex may
play an essential role in the terminal phase of
cytokinesis.

4. Role of chemokines in experimental auto-
immune encephalomyelitis

Taku Kuwabara3 and Terutaka Kakiuchi3:
3Depertment of Immunology, Toho University
School of Medicine

CC chemokine ligand (CCL) 19 and CCL21
are thought to be critical for experimental auto-
immune encephalomyelitis (EAE) induction, but
their precise role is unknown. We examined the
role of these chemokines in inducing EAE. C57
BL/6 mice lacking expression of these chemoki-
nes (plt/plt mice) or their receptor CCR7 were
resistant to EAE induced with myelin oligoden-
drocyte glycoprotein peptide 35-55 (MOG35-55)
and pertussis toxin. However, passive transfer
of pathogenic T cells from wild type mice in-
duced EAE in plt/plt mice, suggesting a defect
independent of the role of CCR7-ligands in the
migration of immune cells. Examination of
draining lymph node (DLN) cells from MOG35-
55-immunized plt/plt mice found decreased IL-
23 and IL-12 production by plt/plt dendritic
cells (DCs) and a concomitant defect in Th17 cell
and Th1 cell generation. In contrast, production
of the Th17 lineage commitment factors IL-6 and
TGF-β were unaffected by loss of CCR7-ligands.
The adoptive transfer of in vitro generated Th17
cells from DLN cells of MOG35-55-immunized

plt/plt mice, developed EAE in wild type recipi-
ent mice, whereas that of Th1 cells did not at
all. Th17 cell generation was restored in plt/plt
DLN with addition of exogenous IL-23 or CCL
19/CCL21, and could be reversed by inclusion
of anti-IL-23 mAb in cultures. Exogenous CCL19
/CCL21 induced IL-23p19 expression and IL-23
production by plt/plt or wild type DCs. There-
fore, CCR7-ligands have a novel function in
stimulating DCs to produce IL-23 and are im-
portant in the IL-23-dependent generation of
pathogenic Th17 cells in EAE induction.

〈Group II〉
1. Time-resolved analysis of global phospho-

proteome dynamics for network-wide ex-
ploration of novel drug targets against
breast cancer

Masaaki Oyama, Hiroko Kozuka-Hata, Noriko
Yumoto1, Takeshi Nagashima1, Yoko Kuroki1,
Satoshi Inoue2, Mariko Hatakeyama1 and Hi-
roaki Kitano3: 1Advanced Science Institute,
RIKEN, 2Research Center for Genomic Medi-
cine, Saitama Medical University, 3Sony Com-
puter Science 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.
Through shotgun identification and quantifica-
tion of phosphorylated molecules enriched with
anti-phosphotyrosine antibodies/Phos-tag re-
agents, we obtained a global view of the dy-
namics regarding breast cancer-related signaling
networks upon estrogen (E2) or heregulin
(HRG) stimulation in human MCF-7 cells, which
clearly revealed the network activation status
common to or different between these two sig-
naling pathways. Integration of our data with
time-course gene expression profiles should pro-
vide an initial basis for constructing a compre-
hensive network model to analyze ER/ErbB
receptor-mediated signaling dynamics at the
system-level. We consider that our integrative
model for breast cancer ER/ErbB signaling will
facilitate the analysis of their potential cross-talk
machinery which might be involved in the ac-
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quisition of drug resistance property against an
ER antagonist, tamoxifen.

2. 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 Semba4, Seisuke Hattori5,6, Su-
mio Sugano7, Jun-ichiro Inoue and Tadashi
Yamamoto8: 4Department of Life Science and
Medical Bio-Science, Waseda University, 5Divi-
sion of Cellular Proteomics (BML), IMSUT,
6Department of Biochemistry, School of Phar-
maceutical Sciences , Kitasato University ,
7Laboratory of Functional Genomics, Depart-
ment of Medical Genome Sciences, Graduate
School of Frontier Sciences, The University of
Tokyo, 8Division of Oncology, Department of
Cancer Biology, IMSUT

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.

3. Phosphoproteomics-based computational
modeling defines the critical regulatory
mechanisms of the aberrant EGFR signal-
ing

Shinya Tasaki, Masao Nagasaki9, Hiroko
Kozuka-Hata, Kentaro Semba4, Noriko Gotoh10,
Seisuke Hattori5,6, Jun-ichiro Inoue, Tadashi
Yamamoto8, Satoru Miyano9, Sumio Sugano7

and Masaaki Oyama: 9Laboratory of DNA In-
formation Analysis, Human Genome Center,
IMSUT, 10Division of Systems Biomedical Tech-
nology, IMSUT

Mutation of epidermal growth factor receptor
(EGFR) is known to trigger the deregulation of
the signal transduction system and is strongly
associated with a number of diseases. However,
the mechanism by which mutated EGFR alters
the downstream signaling is not yet fully under-
stood at the system level. Here, we applied a
computational methodology for characterizing
the regulatory mechanism of aberrant EGFR sig-
naling based on phosphoproteomics and net-
work modeling. As a model system, we ana-
lyzed the system-wide effect of single point mu-
tation at Y992, one of the “hub” autophospho-
rylation sites of EGFR. First, we measured EGF-
induced temporal activation of protein tyrosine
phosphorylation in two NIH3T3-derived cells
expressing either wild-type EGFR (WT) or mu-
tant EGFR with substitution of tyrosine to phen-
ylalanine at position 992 (Y992F). Our compara-
tive analysis of tyrosine-phosphoproteome dy-
namics in these two cell types characterized an
unbiased landscape of the aberrant Y992F sig-
naling. Based on the quantitative profiles, our
computational analysis enabled us to rediscover
already-known properties of Y992 and further
gain model-driven insights into the effect of cel-
lular content and the regulation of EGFR degra-
dation. Our kinetic model also defined critical
reactions to reconstruct the diverse effects of the
mutation on the phosphoproteome dynamics.
This is the first theoretical description of the
regulatory mechanism of mutated EGFR signal-
ing, which could provide a systematic strategy
toward controlling disease-related cell signaling.

4. 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
Sugano7, Tadashi Yamamoto8 and Jun-ichiro
Inoue

In parallel with the human genome projects,
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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 per-
formed an in-depth proteomics analysis of hu-
man K562 and HEK293 cells using a two-
dimensional nanoLC-MS/MS system. The re-
sults led to the identification of eight protein-
coding regions besides 197 small proteins with a
theoretical mass less than 20 kDa that were al-
ready annotated coding sequences in the cu-
rated mRNA database. In addition to the up-
stream 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 utili-
zation of downstream alternative promoters.
Protein expression analysis of the GRINL1A
gene revealed that translation from the most up-
stream start site occurred on the minor alterna-
tive splicing transcript, whereas this initiation
site was not utilized on the major mRNA, re-
sulting in translation of the downstream ORF
from the second initiation codon. These findings
reveal a novel post-transcriptional system that
can augment the human proteome via the alter-
native use of diverse translation start sites cou-
pled with transcriptional regulation through al-
ternative promoters or splicing, leading to in-
creased complexity of short protein-coding re-
gions defined by the human transcriptome
(Oyama et al., Mol. Cell. Proteomics, 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 techniques. The electron micro-
scopic services available in this group are the
conventional thin section transmission electron
microscopy, immuno-electron microscopy, nega-
tive staining techniques and scanning electron
microscopy. By using these individual technique
or combination of some of these, we can offer

direct visual evidence that can not be acquired
by other methods. In addition to the supportive
work, we have been examining to develop new
methods to reveal the electron microscopic local-
ization of GFP and other fluorescent markers
which are indispensable for biological studies.
Another project to develop the methods to get
serial thin sections and to observe with both
transmission and scanning electron microscope
are in progress.

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. Localization of the Kid proteins during
chromosome compaction.

Ohsugi M1, Tokai-Nishizumi N1, Sagara H and
Yamamoto T1: 1Division of Oncology, Depart-
ment of Cancer Biology

In this study, localization of the chromokine-
sin Kid/kinesin-10 during mitosis were exam-
ined with thin section immuno-electron micros-
copy. The results showed that Kid localized to
the boundaries of anaphase and telophase chro-
mosomes and contributed to the chromosome
compaction. These results were published in the
journal Cell (ref. Ohsugi et al ).

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

Sugimoto K2, Uema M2, Arii J2, Sagara H and
Kawaguchi Y2: 2Department of Infectious Dis-
ease Control, International Research Center
for Infectious Diseases.

We have been performing several studies with
Dr. Kawaguchi’s laboratory groupes regarding
to the infection processes of herpes simplex vi-
ruses. This year, two studies were published. In
the work regarding the assembly process, cells
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infected with triply fluorescent-tagged viruses
were studied with thin section electron micros-
copy. We showed that multiple compartments
correlated with the assembly of virus particles
were formed near the base of the cells (ref Sugi-
moto et al .). In another project, a viral entry
pathway dependent on the paired immunoglobulin-
like type 2 receptor (PILR) α was analyzed with
electron microscopy. We showed that the entry
of the herpes virus into the PILRα transduced
chinese hamster ovary cells was via virus-cell
fusion at the cell surface. This and other results
indicated that expression of PILRα produced an
alternative HSV-1 entry pathway (ref. Arii et al ).

Some other collaborative research works using
thin section electron microscopy and / or
immuno-electron microscopy were done with
Dr. Nishiwaki3 et al , in 3Developmental Neurobi-
ology Unit, Okinawa Institute of Science and
Technology Promotion Corporation (ref. Nishi-
waki et al ), Dr. Goto1 et al (ref. Goto et al ), Dr.
Chida4 et al , in 4Department of Pathology, Re-
search Institute, Internal Medical Center of Ja-
pan (ref. Chida et al), and Dr. Nagatsuma5 et al ,
in 5Department of Pathology, The Jikei Univer-
sity School of Medicine (ref. Nagatsumaa et al ).
Also, other works are now in progress with Dr.
Noda6 et al in 6Division of Virology, Department
of Microbiology and Immunology, with Dr.
Terao7 et al in 7Laboratory Animal Center, and
with Dr. Nochi8 in 8Division of Mucosal Immu-

nology, Department of Microbiology and Immu-
nology.

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. Hagiwara7 et al . at 7Laboratory Animal
Center. In this study, negative staining tech-
niques were used to analyze the roles of canine
distemper virus or influenza virus 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. Uchida9 et al , 9

Department 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. Sanada10 et al , 10Department 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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