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Introduction

Diseases caused by viruses are a constant and major problem for crop and livestock
production worldwide. Cucumber mosaic virus (CMV) is the type species of the genus
Cucumovirus and is one of the most widespread plant viruses in the world. It has a very
broad host range of wild and cultivated plants, with more than 1000 known hosts.
Predominantly, CMV attacks several economically important plants in Japan.
Considerable efforts are needed to control these diseases, including accurate and rapid
diagnosis using both classical and emerging technologies. The methods used are mainly
serological and molecular biological based methods. Recombinant and monoclonal
antibodies have been used to group viruses, and also to differentiate strains of viruses.
Among serological tools, ELISA has been the method of choice because of its high
sensitivity, simplicity, reproducibility and versatility in screening a large number of
specimens. The application of immunocapture reverse transcriptase polymerase chain
reaction (IC-RT-PCR) has now made it possible to amplify a low copy number of viral
RNA/DNA molecules, and their subsequent detection PCR technology for the detection

of DNA from various organisms may eventually replace some immunological assays.



The Scope of the Thesis

The major aim of producing monoclonal antibodies was developed in order to allow
fast, large scale testing of infected plants and to obtain a panel binding to different
epitopes contained in the CMV coat protein. The in vitro experiments of "mechanical
inoculation" of the monoclonal antibodies against CMV were neutralized efficiently
against virus infectivity and to block virus infection. Due to development of MAbs, the
serological assays, enzyme-linked immunosorbent assay (ELISA), western blots,
dot-immune binding assay, and immunocapture IC-RT-PCR protocols were developed
and optimized for the sensitive detection of CMV. Knowledge of the specific
immunoglobulin genes used to target common epitope may lead to insights on
pathogen-host co-evolution and long term blocking virus infections in plants which may
be useful for antibody based resistance. CMV coat protein could stimulate catalytic
antibodies which identically sequence with anti-VIP, gp41-HIV, and HCV light chain
antibodies. I hypothesize that MAbs possess DNase and Protease like activity and
might be used for medical therapy.

Chapter I

The production of MAbs and PAbs are an efficient means of using long-term
maintenance to produce antibodies which are specific for CMV coat protein, The affinity
of MAbs were measured with competitive ELISA. Interestingly, the affinity of the MAbs
{} varied depending on the CMV subgroup, and MAbs specific subgroup-I showed a very
high specific binding affinity nanomolar level which ranged 3.0-38.3 xX10-9 against
Pepo-CMV strain. On the other hand, MAbs specific subgroup-II showed to be~100
lower than subgroup-I, however, the MAbs revealed reactivity against M2-CMV strain
was 2.8-5.2 X10-7.

Chapter II

Due to the development of serological and molecular assay for high detection CMV
coat protein, Dot-immune binding assay was more effective for the detection of CMV.
Younger leaves are more suitable as samples for TAS-ELISA than older leaves. This
may imply a high accumulation of virus particles in younger leaves, which are still
actively growing, or alternatively there may be a reduced amount of tannins and
phenolics in the younger leaves compared with the older leaves. The nucleic acid-based
detection method IC-RT-PCR is at least five times more sensitive than protein-based

serological methods for the detection of CMV in infected tissues. Predictably, specific



antibodies neutralized infectivity in homologous tests of mechanical inoculation.
Subgroup-I strain Pepo specific MAb-5 which showed the highest binding affinity was
employed for neutralizing virus infectivity. The inhibition by MAb-5 was significantly
very high and consequently tobacco plants inoculated with virus pretreated with MAb
showed clearly to be symptom-less on tobacco plants and could not be detected by

immunochemical methods.

Chapter III

The main goal of the experiments was to develop Fab to highly conserved regions of
CMV coat protein. For this purpose, I isolated, cloned and sequenced the VH and V
regions of 14 anti-CMV mAbs generated from five different fusions of BALB/c mice
immunized with native CMV coat protein, and the VH, D, JH, V, and J were determined.
The antibodies grouped into four sets, based on highly identity VH and VL genes. The
mAbs responses were oligoclonal and paratypically diverse as it was encoded by
different heavy chain V region gene segments. All the antibodies were found to derive
from distinct B cells because they had utilized diverse VH, DH, and JH gene
combinations, and the length of the CDR3 region ranged from seven to seventeen amino
acid residue. An abundance of VH genes from J558 family was observed (eight out of
fourteen) but each represented a separate member of the family. It is appears likely that
CMV-CP is capable of inducing a variety of B cells that have distinct phenotypic and
genotypic paratope. Interestingly, high affinity antibody specificity was encoded by
germline genes. Sequence analyses of PCR-amplified ¢cDNA derived from fourteen
different hybridoma Ig variable region genes, showed that ten hybridoma cell lines
amplified that maximal enrichment is obtained for the highly represented variable Ig
gene subgroups VII gene bd2 which was a partner of a numerous of different antibodies
raised in autoimmune diseases anti-DNA, -RNA, -Sm, and -Histone. Moreover, our
present results show that the anti-HIV and -HCV human viruses light chain which

plays a vital and dominant function in determining antibody specificity.

Chapter IV

Molecular mimicry is one of the leading theories that attempts to explain why the
immune system turns on its own body in autoimmune diseases such as multiple
sclerosis, rheumatoid arthritis and type-one diabetes. CMV capsid protein domains are
clearly exposed on the virus, and the amino acid sequence of the H-I loop forms a
conspicuous, negatively charged electrostatic field on the surfaces of virions, which has

fundamentals aspects, and is conserved among Cucumoviruses. The structure plays a



role in aphid vector transmission and determines the most immunodominant domain.

I hypothesize those CMV specific antibodies light chains have an identical sequence
to the catalytic antibodies, anti-VIP, -gp41 HIV and -HCV light chain antibodies, and in
addition, the MAbs specific CMV coat protein possesses DNase and Protease like
activity. Consequently, CMV-CP specific antibodies are important for isolates such as
coat proteins of bacteria, viruses, cancer cells, etc. which are vital and might be useful

for medical therapy.
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