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ABSTRACT

The world is facing a threat of new influenza pandemic that might be caused by
either the highly pathogenic strains of avian influenza A virus, H5N1 subtype, that
have adapted to more efficient human-to-human transmission, or the emergence of a
new influenza virus subtype from the genetic reassortment. Current influenza
vaccines are likely to have low, if there is any, protective efficacy against the new
virus. Besides, the supply of the only one family of the effective anti-influenza drug,
i.e., neuramindase inhibitors, might not meet the high demands during the large
outbreak/pandemic. The drug must be given to the patient as early as possible in the
course of the infection to be effective and the drug resistant virus mutants start to
emerge. Thus, for the influenza pandemic preparedness, it is necessary that a vaccine
that confers broad protection against infection caused by heterologous influenza
strains/subtypes and new anti-influenza drugs should be developed. Alternatively, a
therapeutic antibody that can interfere with the virus pathogenicity should be sought.

The influenza viral RNA dependent-RNA polymerase complex consists of
nucleoprotein (NP) binds to three polymerase subunits, i.e., acidic polymerase (PA)
and two basic polymerases, i.e., PB1 and PB2. The PB1 has endonuclease activity
required to snatch the capped primers from host pre-mRNAs for viral RNA
transcription; it also binds to the vVRNA and cRNA promoters. The PB2 is responsible

for recognition and binding the cap structure of host mRNAs before the virus



replication takes place in the host nucleus. Although the exact role of the PA is less
well understood, but evidences indicate that it has a central role in both transcription
and replication. Because of the pivotal role of the polymerase proteins in the influenza
virus infectious cycle, targeting polymerase subunits provides a novel strategy to
develop anti-virus compounds: drugs and/or therapeutic antibody, against the
influenza A virus.

In this study the recombinant N-terminal halves of the PA, PB1 and PB2
proteins were produced in a prokaryotic protein expression system. Complementary
DNA (cDNA) was prepared from genomic RNA of a highly pathogenic influenza A
virus, A/duck/144/Thailand/2005 (H5N1). The cDNA was used as a template for PCR
amplification of 5’-gene segments encoding the N-terminal halves of the PA, PB1 and
PB2 polymerase proteins. The cDNA amplicons were individually cloned into
appropriate plasmid vectors and the recombinant vectors were introduced into
appropriate E. coli strains. Selected E. coli transformants were individually grown and
induced to express the respective recombinant polymerase proteins; then individual
proteins, i.e., N-terminal PA, PB1 and PB2, were purified from the bacterial lysates by
using nickel column. Individual recombinant proteins were used as antigens in the
phage bio-panning process to select phage clones displaying human single chain
antibody fragments (HuScFv) from a large human antibody repertoire-phage library
constructed in the laboratory from multiple Thai blood donors using M13 filamentous
bacteriophages. The individual phage clones were allowed to infect HB2151 E. coli
that could recognize a stop codon between the HuScFv coding sequence and the g3p
of the phagemid; thus the soluble HuScFv could be induced to express by the
phagemid transformed E. coli. The HuScFv binding specificities to the homologous
recombinant polymerase proteins were determined by using several immunological
assays, i.e., indirect ELISA, Western blot analysis, and dot ELISA.

The HuScFv specific to the recombinant PA protein were tested for their ability
to inhibit the biological function, i.e., nuclear localization, of recombinant N-terminal
PA (which has a nuclear localization signal located at the amino acid residues 124-139
and 186-240 in the molecule). The HuScFv were found to block the entry of the PA
into the nucleus of the digitonin permeated Vero cells cultured on glass cover slips

suggesting that the HuScFv bound to or mediating steric hindrance of the nuclear



localization signal of the PA. Thus, it is appropriate to speculate that the HuScFv in
their cell penetrating version would be able to block the transcription initiation of the
virus.

The data obtained from this research have demonstrated the following:

1) Recombinant polymerase proteins of influenza virus could be convenient
produced in bacteria, i.e., E. coli, which to the best of my knowledge, is the first
reported evidence.

2) Fully human monoclonal antibodies (HuScFv) to the N-terminal PA (which
contains nuclear translocation signal), N-terminal PB1 (binds to 3" and 5’ of vVRNA at
amino acid positions 1-83, binds to PA in the polymerase complex at amino acid
residues 1-25, and has also two nuclear translocation signals at amino acid residues
180-195 and 202-252), and N-terminal PB2 (contains viral nucleoprotein binding site
at amino acids 1-269, PB1 binding site at amino acids 206-258, and cap binding site
at amino acids 242-282), were successfully produced using phage display library. The
technology used has several advantages including the human monoclonal antibodies
can be unlimitedly produced without the prolonged immunization schedule and the
normal immunological regulation mechanisms that usually occurred in vivo. Besides,
they are unlikely to induce anti-isotype response in the human recipient.

3) The so-produced specific HuScFv to the N-terminal PA blocked the nuclear
import of the PA.

While the activities of the HuScFv specific to the PB1 and PB2 and all of the
specific HuScFv in combination need testing of their inhibitory effects to the
homologous proteins and the role in virus replication, the results of the HuScFv that
blocked the PA function encourages the use of the fully human monoclonal antibodies

to the virus polymerase proteins, in the form of transbody, as influenza therapeutics.
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