
Specification Method for Producing Recombinant Virus [Technical
Field] [0001]       The present invention relates to a method for
producing a recombinant virus having an intended purity; to a
transfer vector for producing the recombinant virus; and to a method
for producing the transfer vector. More particularly, the present
invention relates to a method for producing a recombinant virus, in
which generation of an unintended recombinant is suppressed upon
production of a recombinant baculovirus; to a transfer vector for
producing the recombinant virus; and to a method for producing the
transfer vector. [Background Art] [0002]       There have been known
virus particle genes which can present a foreign immunogenic protein
in the form of fusion antigen on virus particles, including
baculovirus gp64 gene, vesicular stomatitis virus glycoprotein gene,
human immunodeficiency virus type 1 glycoprotein gene, human
respiratory syncytial virus membrane glycoprotein gene, influenza A
virus hemagglutinin gene, influenza B virus hemagglutinin gene,
herpes simplex virus glycoprotein gene, and murine hepatitis virus S
protein gene.  [0003]       Also, there have been known foreign
immunogenic protein antigens for vaccines against infections,
cancers, etc., including malaria antigen, influenza virus antigen,
Mycobacterium tuberculosis antigen, SARS virus antigen, West Nile
fever virus antigen, dengue fever virus antigen, HIV antigen, HCV
antigen, leishmania antigen, trypanosome antigen, leucocytozoon
antigen, and cancer antigens such as CEA, WT1, and MAGE. There have
also been known immunogenic proteins formed by fusion between a
foreign immunogenic protein gene and a gene for a cytokine (e.g.,
IL-2, IL-12, IL-6, or IFN-y) present in the human body. A fusion
antigen obtained through expression of a fusion between such a virus
particle gene and an immunogenic gene has been used for vaccines.
[0004]       Meanwhile, protein expression systems employing
baculovirus have been used for industrial production of proteins of
interest. In recent years, baculovirus has been shown to transfer a
foreign gene into insect cells and also into mammals, and has been
found to serve as a potential vector for gene therapy. 



[0005]       For example, Patent Document 1 discloses a recombinant
baculovirus expression vector containing a plurality of independent
promoters including a DNA region including, in a promoter derived
from a baculovirus early gene, a gene  encoding a virus nonstructural
protein, and a DNA region including, in a promoter derived from a
baculovirus late gene, a gene encoding a virus structural protein.
[0006]       Patent Document 2 discloses a method for producing a
protein by means of a genetic recombination technique employing a
baculovirus, in which the baculovirus gp64 gene is bound to a gene
encoding a protein of interest; the resultant fusion gene is
expressed to thereby produce the protein in the form of being fused
with virus particles; the virus particles with which the protein is
fused are recovered; and the protein is separated from the virus
particles through cleavage. [0007]      Patent Document 3 discloses a
method for improved transgene expression, the method including
optimizing the nucleotide codon usage of exogenous DNA to alter codon
usage to that of a host cell type in which the exogenous DNA sequence
is to be expressed, so as to express a protein of interest in the
host cell. [0008]      Patent Document 4 discloses synthetic
polynucleotides encoding HPV31L1, wherein the polynucleotides are
free from internal transcription termination signals that are
recognized by yeast, and have been codon-optimized for high level
expression in a yeast cell, which polynucleotides are provided for
producing, by use of yeast, protein products  expressed by HPV31L1
genes, which have been associated with cervical cancer. [0009]
Patent Document 5 discloses a method and device for optimizing a
nucleotide sequence for the purpose of expressing a protein, and a
codon optimization method suitable for a host cell system for
expression. 



[0010]        Patent Document 6 discloses a recombinant Plutella
xylostella baculovirus for use as an insecticidal agent, which has
incorporated within its genome a gene encoding an insecticidal toxin
and a signal sequence of a nonhomologous peptide; and an expression
cassette encoding an insecticidal toxin wherein a codon-optimized
gene encoding the insecticidal toxin has been substituted with an
alternative codon that is more effectively utilized by an insect cell
protein. [0011]       Patent Document 7 discloses a recombinant
nucleic acid molecule encoding a fusion protein which is expressed in
a listeria bacterium, the nucleic acid molecule including a first
polynucleotide encoding a signal sequence of a peptide native to the
bacterium, in which the first polynucleotide is codon-optimized for
expression in the bacterium, and a second polynucleotide encoding a
polypeptide of a foreign antigen, in which the second polynucleotide
is in the same translation reading frame as the first polynucleotide,
wherein the  recombinant nucleic acid molecule encodes a fusion
protein containing the signal sequence of the peptide and the
polypeptide; an expression cassette; a bacterium containing an
expression vector; and a vaccine composition containing the
bacterium. This patent document also discloses a recombinant nucleic
acid molecule wherein the second polynucleotide encoding a
polypeptide of a foreign antigen is codon-optimized for expression in
the bacterium.       Thus, genetic codon substitution has been
performed for the purpose of increasing or reducing the expression
efficiency of a protein of interest in a host. [0012]       The
present inventors have previously prepared a transfer vector by
fusing a polynucleotide encoding the amino acid sequence of an
immunogenic protein with a polynucleotide encoding the protein of
virus particles of an expression cell, and have reported that a
recombinant virus prepared by homologous recombination with the DNA
of a virus of interest (e.g., baculovirus) is used in a
pharmaceutical composition (e.g., a vaccine) (Patent Document 8).
[Related Art Document] [Patent Document] [0013] [Patent Document 11
Japanese Patent No. 3366328 [Patent Document 21 JP-A-2002-253263
[Patent Document 3] WO 2006/024867 pamphlet 



[Patent Document 4] WO 2004/084831 pamphlet  [Patent Document 53 WO
2004/059556 pamphlet [Patent Document 6]  WO 1999/58705 pamphlet
[Patent Document 7]  WO 2005/071088 pamphlet 



[Patent Document 8]  WO 2007/091624 pamphlet  [Summary of the
Invention] [Problems to be Solved by the Invention] [0014]        An
object of the present invention is to provide a method for producing,
at high purity, a recombinant virus (in particular, a recombinant
baculovirus) which exhibits intended immunogenicity and is useful for
a pharmaceutical (e.g., a vaccine), by suppressing generation of an
unintended recombinant virus upon production of the recombinant
baculovirus. Another object of the present invention is to provide a
method for producing a transfer vector employed for production of the
recombinant virus. [Means for Solving the Problems] [0015]       As
described above, the present inventors previously applied a patent on
a transfer vector which can express, in both insect cells and
vertebrate cells, a fusion protein of a foreign immunogenic protein
of interest and a protein forming virus particles (hereinafter may be
referred to as "virusparticle-forming protein"), as well as a
recombinant baculovirus produced by use of the transfer vector
(Patent Document 8). However, when a recombinant baculovirus is
produced by use of the transfer vector, the thus-produced
recombinant baculovirus may contain therein an unintended recombinant
baculovirus in which a DNA region of a gene encoding the foreign
immunogenic protein of interest has been deleted (hereinafter the
unintended recombinant baculovirus may be referred to as "mutant
virus"), which may cause a problem in that the purity of a
pharmaceutical containing a recombinant baculovirus of interest is
reduced. 



[0016]       In order to solve such a problem, the present inventors
have conducted extensive studies, and as a result have found that
when the polynucleotide sequence of a gene encoding a
virus-particle-forming protein, the gene contained in a fusion gene
which is included in a transfer vector, is modified so as not to
alter the amino acid residues constituting a corresponding naturally
occurring virusparticle-forming protein and/or the polynucleotide
sequence of the gene is modified so that a portion of the amino acid
residues constituting the naturally occurring virus-particleforming
protein is deleted, followed by co-transfection of the transfer
vector and baculovirus DNA into insect cells, generation of the
aforementioned mutant virus can be considerably suppressed, and thus
a recombinant baculovirus of interest can be produced at high purity.
[0017]       Accordingly, the present invention provides the
following 1) to 21). 1) A method for producing a transfer vector
which  includes therein a fusion gene containing at least one gene
encoding a virus-particle-forming protein and a gene encoding a
foreign immunogenic protein, the method comprising modifying the
polynucleotide sequence of the gene encoding the
virus-particle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein and/or modifying the polynucleotide
sequence of the gene so that a portion of the amino acid residues
constituting the naturally occurring virus-particle-forming protein
is deleted.        2) A method for producing a transfer vector which
includes therein a fusion gene containing at least one gene encoding
a virus-particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising modifying the
polynucleotide sequence of the gene encoding the
virus-particle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein.       3) A method according to 1)
above, which comprises the following steps (a) to (c) and/or (d) and
(e):       (a) a step of modifying the polynucleotide sequence of the
gene encoding the virus-particle-forming protein so as not to alter
the amino acid residues constituting a corresponding naturally
occurring virus-particle-forming protein, and obtaining the nucleic
acid sequence information of a polynucleotide including the gene
encoding the virusparticle-forming protein;         (b) a step of
synthesizing the polynucleotide on the basis of the nucleic acid
sequence information obtained in step (a);        (c) a step of
ligating or inserting, into the polynucleotide synthesized in step
(b), a polynucleotide of the gene encoding the foreign immunogenic
protein;        (d) a step of synthesizing a polynucleotide encoding
a partial polypeptide of the naturally occurring
virusparticle-forming protein obtained through deletion of a portion
of the amino acid residues constituting the naturally occurring
virus-particle-forming protein, or a polynucleotide whose sequence
has been modified so as not to alter the amino acid residues
constituting the partial polypeptide; and 



(e) a step of ligating or inserting, into the polynucleotide
synthesized in step (d), a polynucleotide of the gene encoding the
foreign immunogenic protein.       4) A method according to 1) or 2)
above, wherein the fusion gene includes, upstream thereof, a
polynucleotide encoding a signal sequence derived from the
virus-particleforming protein.       5) A method according to 1) or
2) above, wherein the gene encoding the virus-particle-forming
protein is any of a baculovirus gp64 gene, a vesicular stomatitis
virus glycoprotein gene, a human immunodeficiency virus type 1
glycoprotein gene, a human respiratory syncytial virus membrane
glycoprotein gene, an influenza A virus hemagglutinin gene, an
influenza B virus hemagglutinin gene,  a herpes simplex virus
glycoprotein gene, and a murine hepatitis virus S protein gene.
6) A method according to 1) or 2) above, wherein the gene encoding
the virus-particle-forming protein is a baculovirus gp64 gene.
7) A method according to 1) or 2) above, wherein the gene encoding
the foreign immunogenic protein is a gene for an antigen selected
from among a malaria antigen, an influenza virus antigen, a
Mycobacterium tuberculosis antigen, an SAPS virus antigen, a West
Nile fever virus antigen, a dengue fever virus antigen, an HIV
antigen, an HCV antigen, a leishmania antigen, a trypanosome antigen,
a leucocytozoon antigen, and a cancer antigen; or a gene for a fusion
antigen of a cytokine and at least one gene selected from the group
of these antigen genes.        8) A method according to 1) or 2)
above, wherein, in the transfer vector, the fusion gene is ligated to
the downstream of a dual promoter prepared through ligation between a
promoter capable of functioning in vertebrate cells and a baculovirus
promoter.        9) A method according to 8) above, wherein the
promoter capable of functioning in vertebrate cells is selected from
among a cytomegalovirus promoter, an SV40 promoter, a retrovirus
promoter, a metallothionein promoter, a heat-shock protein promoter,
a CAG promoter, an elongation factor la promoter, an actin promoter,
a ubiquitin promoter, an albumin promoter, and an MHC class promoter;
and the baculovirus  promoter is selected from among a polyhedrin
promoter, a p10 promoter, an IE1 promoter, a p35 promoter, a p39
promoter, and a gp64 promoter.        10) A method for producing a
transfer vector containing a DNA region of a gene encoding a foreign
immunogenic protein, the DNA region being inserted between virus DNA
regions including at least one gene encoding a virusparticle-forming
protein, the method comprising modifying a polynucleotide sequence of
an N-terminal and/or C-terminal virus DNA region fused with the DNA
region of the gene encoding the foreign immunogenic protein so that
the polynucleotide sequence exhibits reduced identity to a naturally
occurring polynucleotide sequence of the same virus DNA region;
and/or modifying the polynucleotide sequence so that a portion of the
amino acid residues constituting a corresponding naturally occurring
virus-particle-forming protein is deleted.        11) A method for
producing a recombinant baculovirus comprising employing a transfer
vector which includes therein a fusion gene containing at least one
gene encoding a virusparticle-forming protein and a gene encoding a
foreign immunogenic protein, the method comprising co-transfecting,
into an insect host cell, baculovirus DNA and the transfer vector
produced by modifying the polynucleotide sequence of the gene
encoding the virus-particle-forming protein so as not to alter the
amino acid residues constituting a corresponding naturally occurring



protein, and/or modifying the polynucleotide sequence of the gene so
that a portion of the amino acid residues constituting the naturally
occurring virus-particle-forming protein is deleted.        12) A
transfer vector which includes therein a fusion gene containing at
least one gene encoding a virus-particleforming protein and a gene
encoding a foreign immunogenic protein, wherein the polynucleotide
sequence of the gene encoding the virus-particle-forming protein is
modified so as not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming protein
and/or the polynucleotide sequence of the gene is modified so that a
portion of the amino acid residues constituting the naturally
occurring virus-particle-forming protein is deleted.        13) A
transfer vector which includes therein a fusion gene containing at
least one gene encoding a virus-particleforming protein and a gene
encoding a foreign immunogenic protein, wherein the polynucleotide
sequence of the gene encoding the virus-particle-forming protein is
modified so as not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming protein.
14) A transfer vector according to 12) above, which is produced by
performing the following steps (a) to (c) and/or (d) and (e): (a) a
step of modifying the polynucleotide sequence of   the gene encoding
the virus-particle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein, and obtaining the nucleic acid
sequence information of a polynucleotide including the gene encoding
the virusparticle-forming protein;        (b) a step of synthesizing
the polynucleotide on the basis of the nucleic acid sequence
information obtained in step (a);        (c) a step of ligating or
inserting, into the polynucleotide synthesized in step (b), a
polynucleotide of the gene encoding the foreign immunogenic protein;
(d) a step of synthesizing a polynucleotide encoding a partial
polypeptide of the naturally occurring virusparticle-forming protein
obtained through deletion of a portion of the amino acid residues
constituting the naturally occurring virus-particle-forming protein,
or a polynucleotide whose sequence has been modified so as not to
alter the amino acid residues constituting the partial polypeptide;
and        (e) a step of ligating or inserting, into the
polynucleotide synthesized in step (d), a polynucleotide of the gene
encoding the foreign immunogenic protein.       15) A transfer vector
according to 12) or 13) above, wherein the fusion gene includes,
upstream thereof, a polynucleotide encoding a signal sequence derived
from the virus-particle-forming protein.       16) A transfer vector
according to 12) or 13) above,  



wherein the gene encoding the virus-particle-forming protein is any
of a baculovirus gp64 gene, a vesicular stomatitis virus glycoprotein
gene, a human immunodeficiency virus type 1 glycoprotein gene, a
human respiratory syncytial virus membrane glycoprotein gene, an
influenza A virus hemagglutinin gene, an influenza B virus
hemagglutinin gene, a herpes simplex virus glycoprotein gene, and a
murine hepatitis virus S protein gene.        17) A transfer vector
according to 12) or 13) above, wherein the gene encoding the
virus-particle-forming protein is a baculovirus gp64 gene.        18)
A transfer vector according to 12) or 13) above, wherein the gene
encoding the foreign immunogenic protein is a gene for an antigen
selected from among a malaria antigen, an influenza virus antigen, a
Mycobacterium tuberculosis antigen, an SAPS virus antigen, a West
Nile fever virus antigen, a dengue fever virus antigen, an HIV
antigen, an HCV antigen, a leishmania antigen, a trypanosome antigen,
a leucocytozoon antigen, and a cancer antigen; or a gene for a fusion
antigen of a cytokine and at least one gene selected from the group
of these antigen genes.        19) A transfer vector according to 12)
or 13) above, wherein the fusion gene is ligated to the downstream of
a dual promoter prepared through ligation between a promoter capable
of functioning in vertebrate cells and a baculovirus promoter.
20) A transfer vector according to 19) above, wherein   the promoter
capable of functioning in vertebrate cells is selected from among a
cytomegalovirus promoter, an 5V40 promoter, a retrovirus promoter, a
metallothionein promoter, a heat-shock protein promoter, a CAG
promoter, an elongation  factor la promoter, an actin promoter, a
ubiquitin promoter, an albumin promoter, and an MHC class promoter;
and the baculovirus promoter is selected from among a polyhedrin
promoter, a p10 promoter, an IE1 promoter, a p35 promoter, a p39
promoter, and a gp64 promoter.       21) A transfer vector containing
a DNA region of a gene encoding a foreign immunogenic protein, the
DNA region being inserted between virus DNA regions including at
least one gene encoding a virus-particle-forming protein, wherein a
polynucleotide sequence of an N-terminal and/or C-terminal virus DNA
region fused with the DNA region of the gene encoding the foreign
immunogenic protein is modified so that the polynucleotide sequence
exhibits reduced identity to a naturally occurring polynucleotide
sequence of the same virus DNA region; and/or the polynucleotide
sequence is modified so that a portion of the amino acid residues
constituting a corresponding naturally occurring
virus-particle-forming protein is deleted. [Effects of the Invention]
[0018]       When the transfer vector of the present invention is
employed, generation of mutant virus DNA (which is generated through
deletion of a DNA region of a gene encoding a foreign  immunogenic
protein) can be suppressed upon co-transfection for the production of
a recombinant virus of interest by a homologous recombinant
technique, and the recombinant virus of interest can be produced from
a target cell at high purity. Thus, the present invention realizes
effective production of a recombinant virus (in particular, a
recombinant baculovirus) which is useful for a therapeutic and/or
prophylactic drug for, for example, infections (e.g., malaria,
influenza, tuberculosis, and hepatitis), cancer, and autoimmune
diseases, or useful for cell therapy or vaccine products. 



[Brief Description of the Drawings] [0019] [Fig. 1]    Fig. 1 shows a
decrease in purity of a baculovirus and an increase in amount of
mutant virus DNA through subculture. [Fig. 2]       Fig. 2 shows that
the mutant virus present in a virus solution is a gp64 gene mutant
virus. [Fig. 3]       Fig. 3 shows that a mutant virus is not
detected or is difficult to detect in a fusion construct in which a
virus DNA region encoding a virus-particle-forming protein has been
modified so as not to alter the amino acid residues constituting the
protein, or in a fusion construct including a DNA region obtained
through deletion of a portion of the aforementioned virus DNA region.
[Fig. 4]       Fig. 4 shows that, regardless of the type of an
antigen gene, a mutant virus is difficult to detect in a fusion
construct including a DNA region obtained through deletion of a
portion of a virus DNA region encoding a virus-particleforming
protein. [Fig. 5]       Fig. 5 shows that a recombinant baculovirus
of high purity is produced in a fusion construct in which a virus DNA
region encoding a virus-particle-forming protein has been modified so
as not to alter the amino acid residues constituting the protein, or
in a fusion construct including a DNA region obtained through
deletion of a portion of the aforementioned virus DNA region. [Fig.
6]       Fig. 6 shows that a mutant virus is generated whether a
single promoter or a dual promoter is employed. 



[Fig. 7]       Fig. 7 shows that a fusion protein derived from a gene
of interest and a gp64 gene can be expressed even in a baculovirus
incorporating a gp64 gene whose polynucleotide sequence has been
modified so as not to alter the amino acid residues constituting GP64
protein. [Fig. 8]       Fig. 8 shows that no mutant virus is
generated in the recombinant baculovirus shown in Fig. 7. [Modes for
Carrying Out the Invention]  [0020]        Abbreviations of amino
acids, peptides, nucleotide sequences, nucleic acids, etc. as used
herein conform to IUPAC-IUB regulations [IUPAC-IUB Communication on
Biochemical Nomenclature, Eur. J. Biochem., 138: 9 (1984)],
"Guideline for Preparing Specifications, etc. Including Nucleotide
Sequences or Amino Acid Sequences" (ed. Japan Patent Office), and
those conventionally used in the art. [0021]        As used herein,
the term "DNA molecule" is intended to encompass double-stranded DNA
and also single-stranded DNA (sense strand or antisense strand) which
forms double-stranded DNA, and is not limited by its length.
Therefore, unless otherwise specified, the polynucleotide (DNA
molecule) of the present invention encoding a foreign immunogenic
protein encompasses double-stranded DNA (including genomic DNA),
single-stranded DNA (sense strand) (including cDNA), single-stranded
DNA (antisense strand) having a sequence complementary to the sense
strand, synthetic DNA, and fragments thereof. [0022]       As used
herein, the term "polynucleotide" or "DNA molecule" is not defined by
a functional region, and can include at least one of an expression
suppression region, a coding region, a leader sequence, an exon, and
an intron.       As used herein, "polynucleotide" includes RNA and
DNA. A polyp eptide having a specific amino acid sequence or a  



polynucleotide having a specific DNA sequence includes fragments,
homologs, derivatives, and mutants thereof. Examples of the mutant
DNA include naturally occurring allelic mutants, non-naturally
occurring mutants, and mutants which have undergone deletion,
substitution, addition, or insertion. [0023]        As used herein,
the term "mutant virus DNA" may particularly refer to an unexpected
PCR product which would otherwise be detected through analysis and in
which a DNA region of a gene encoding a foreign immunogenic protein
has been deleted, the PCR product being generated in a step of
producing a recombinant virus of interest from a transfer vector by a
homologous recombinant technique. [0024]       As used herein,
"polynucleotide sequence is modified so as not to alter the amino
acid residues constituting a protein" refers to the case where
identity of a polynucleotide sequence is reduced so as not to alter
the amino acid residues constituting a protein. This case can be
done, for example, by suitably selecting codons encoding naturally
occurring amino acid residues through visual means with reference to,
for example, a codon table, or mechanically selecting by means of
computer software, to thereby reduce identity in entire
polynucleotide sequence with respect to the gene sequence for a
naturally occurring virus-particle-forming protein.         Next will
be described the transfer vector of the present invention, as well as
the recombinant virus (in particular, recombinant baculovirus) of the
present invention. [0025]       The transfer vector of the present
invention is a plasmid which contains therein a fusion gene
containing at least one gene encoding a virus-particle-forming
protein and a gene encoding a foreign immunogenic protein, and which
contains, on the upstream and downstream of the fusion gene, a DNA
fragment capable of undergoing homologous recombination with
baculovirus DNA. The transfer vector must contain, as a promoter, at
least a baculovirus promoter capable of being expressed in insect
cells. The transfer vector may contain a single promoter, or a dual
promoter produced through ligation between a vertebrate promoter
(mammalian promoter or avian promoter) and a baculovirus promoter.
[0026]       Examples of the vertebrate promoter (i.e., promoter
capable of functioning in vertebrate cells) include a mammalian
promoter and an avian promoter. Examples of the mammalian promoter
(i.e., promoter capable of functioning in mammalian cells) include a
cytomegalovirus (CMV) promoter, an SV40 promoter, a retrovirus
promoter, a metallothionein promoter, a heat-shock protein promoter,
a CAG promoter, an elongation factor la promoter, an actin promoter,
a ubiquitin promoter, an albumin promoter, and an MHC class  



promoter. Examples of the avian promoter include an actin promoter, a
heat-shock protein promoter, an elongation factor promoter, a
ubiquitin promoter, and an albumin promoter. [0027]        Examples
of the baculovirus promoter include a polyhedrin (Polh) promoter, a
p10 promoter, an IE1 promoter, a p35 promoter, a p39 promoter, and a
gp64 promoter. [0028]        The dual promoter is preferably, for
example, a promoter produced through ligation between a vertebrate
promoter (e.g., a cytomegalovirus (CMV) promoter, a CAG promoter
(prepared through improvement of the CMV promoter), or a ubiquitin
(UBB) promoter bound to a CMV enhancer) and a baculovirus promoter
(e.g., a polyhedrin (Polh) promoter). [0029]       When a vertebrate
promoter (in particular, a mammalian promoter) is ligated to a
baculovirus promoter, the polynucleotide sequences of these two
promoters may be directly ligated to each other, or a DNA sequence
may be provided between the DNA sequences of these promoters.
When a vertebrate promoter (in particular, a mammalian promoter) is
ligated to a baculovirus promoter, any of these promoters may be
provided closer to a gene to be expressed in a promoter region. In
the Examples described hereinbelow, a dual promoter is prepared so
that a baculovirus promoter is provided closer to a gene to be
expressed than a mammalian promoter.  [0030]       The sequence of a
gene encoding a virus-particleforming protein, which is included in
the fusion gene DNA of the present invention, can be specified by a
polynucleotide sequence in which nucleotides have been modified so as
not to alter the amino acid residues constituting a corresponding
naturally occurring virus-particle-forming protein; or a
polynucleotide sequence in which nucleotides have been modified so
that a portion of the amino acid residues constituting the naturally
occurring virus-particle-forming protein is deleted (the
polynucleotide sequence may further be modified so as not to alter
the amino acid residues constituting the naturally occurring
virus-particle-forming protein). [0031]       Modification of a
polynucleotide sequence encoding a virus-particle-forming protein
(including a partial polypeptide obtained through deletion of a
portion of amino acid residues of the protein) so as not to alter the
amino acid residues constituting a corresponding naturally occurring
virus-particle-forming protein may be carried out by comparing the
polynucleotide sequence including a virus DNA region encoding a
protein capable of being a component of virus particles with the
polynucleotide sequence for the naturally occurring
virus-particle-forming protein. Modification is preferably carried
out so that the identity in entire nucleotide sequence between the
modified and  



unmodified polynucleotides is adjusted to 85% or less, more
preferably 80% or less, even more preferably 70% or less, for
determination of polynucleotide sequence information, from the
viewpoints of suppression of generation of mutant virus DNA (which is
generated through deletion of a DNA region of a gene encoding a
foreign immunogenic protein) upon cotransfection, and production of a
recombinant virus of high purity.        In the present invention,
the identity between polynucleotide sequences may be determined
through, for example, the Lipman-Pearson method (Science, 227, 1435,
(1985)). For example, identity is calculated through analysis by use
of a homology analysis (search homology) program of genetic
information processing software GenetyxWin (Ver. 5.1.1, Software
Development Co., Ltd.), with ktup (unit size to compare) being set to
2. [0032]       When the virus-particle-forming protein is a
baculovirus-forming protein (e.g., baculovirus GP64 protein), since a
naturally occurring DNA sequence (endogenous virus DNA sequence)
encoding the protein is present in the genomic DNA of the virus,
polynucleotide sequence modification must be carried out through
comparison with the polynucleotide sequence so that no alteration
occurs in the amino acid residues constituting the naturally
occurring virus-particleforming protein, to thereby reduce identity
in entire nucleotide sequence with respect to the gene sequence for
the  naturally occurring virus-particle-forming protein. [0033]
Modification of nucleotides in the gene sequence for the naturally
occurring virus-particle-forming protein so as not to alter the amino
acid sequence of the protein may be visually specified with reference
to a known gene code, or may be specified, through use of software,
etc., by the polynucleotide sequence of a gene whose expression in
human cells (i.e., a subject to which a pharmaceutical composition is
administered) is considered to be improved. [0034]       The
polynucleotide sequence of a fusion gene containing the
polynucleotide sequence obtained through modification of nucleotides
in the gene sequence for the naturally occurring
virus-particle-forming protein so as not to alter the amino acid
sequence of the protein may be, for example, the polynucleotide
sequence of SEQ ID NO: 34 shown in Example 1. The identity of this
polynucleotide sequence is reduced to 77% or less after modification.
In this case, production of mutant virus DNA through deletion of a
DNA region of an immunogenic gene can be more reliably suppressed
upon cotransfection, and a fusion protein of interest can be
expressed on virus particles (see Examples 7, 8, and 10). [0035]
As used herein, "nucleotides are modified so that a portion of the
amino acid residues constituting a virusparticle-forming protein is
deleted" refers to modification  of a polynucleotide sequence so as
to produce a polypeptide (partial polypeptide) through deletion of a
portion of the amino acid residues constituting the
virus-particle-forming protein; for example, deletion of a portion of
nucleotides of a naturally occurring polynucleotide encoding the
virusparticle-forming protein. The thus-modified polynucleotide
sequence may further be modified so as not to alter the amino acid
residues constituting the partial polypeptide. 



[0036]       No particular limitation is imposed on the partial
polypeptide, so long as it can be expressed as a protein capable of
being a component of virus particles in insect cells. The partial
polypeptide may be, for example, a polypeptide which is obtained
through deletion of N-terminal amino acids of a
virus-particle-forming protein and which has a length of, for
example, 55 to 1%, preferably 35 to 1%, more preferably 15 to 1%, of
that of the full-length amino acid sequence of the protein. The
partial polypeptide is preferably a polypeptide shorter than the
full-length sequence of a foreign immunogenic protein to which the
polypeptide is fused.       Now will be described the case where the
virusparticle-forming protein is baculovirus GP64 protein. As
described in the Examples hereinbelow, in the case where the
full-length amino acid sequence of the protein is 512 amino acid
residues in length (including a signal sequence of 20 amino acid
residues in length), and the amino acid sequence  of a foreign
immunogenic protein is 330 amino acid residues in length, when
nucleotide modification is carried out so that the resultant fusion
product contains a polypeptide of 261 amino acid residues in length
(51%) or a polypeptide of 66 amino acid residues in length (13%),
generation of mutant virus DNA can be considerably suppressed, and a
DNA fusion product of intended high purity can be produced.
Therefore, when the virus-particle-forming protein is baculovirus
GP64 protein, the partial polypeptide is, for example, a partial
peptide obtained through deletion of 251 or 446 N-terminal amino acid
residues from the amino acid residues (21 to 512) constituting the
GP64 protein (exclusive of a signal sequence (amino acid residues 1
to 20)); more specifically, a partial peptide formed of amino acid
residues 272 to 512 or amino acid residues 467 to 512.        The
amino acid sequence of GP64 protein has a GenBank accession number of
AAA66758 (SEQ ID NO: 62). [0037] The gene encoding the
virus-particle-forming protein is, for example, a gene encoding a
protein capable of being a component of virus particles. Specific
examples of the gene include genes for baculovirus GP64 protein
(GenBank Accession No. L22858), vesicular stomatitis virus
glycoprotein G (VSVG: GenBank Accession No. M27165), herpes simplex
virus glycoprotein (KOS: GenBank Accession No. K01760), human
immunodeficiency virus type 1 gp120 (GenBank Accession No. U47783),
human respiratory syncytial virus membrane  glycoprotein (GenBank
Accession No. M86651), influenza A virus hemagglutinin protein
(GenBank Accession No. U38242), etc.; and genes for envelope proteins
of viruses closely related to the baculovirus. Of these, a gene for
baculovirus GP64 protein is preferred. [0038]        The
polynucleotide of the aforementioned gene encoding the
virus-particle-forming protein can be readily produced and obtained
through, for example, synthesis (chemical DNA synthesis) on the basis
of the nucleic acid information of a polynucleotide obtained through
modification of the polynucleotide sequence of a gene encoding the
amino acid sequence of a corresponding naturally occurring
virusparticle-forming protein so as not to alter the amino acid
residues constituting the naturally occurring virus-particleforming
protein, or a polynucleotide encoding a partial polypeptide of the
naturally occurring virus-particle-forming protein obtained through
deletion of a portion of the amino acid residues constituting the
naturally occurring virusparticle-forming protein (including a



[0039]       The polynucleotide sequence of a gene encoding a foreign
immunogenic protein, which is included in the DNA of the fusion gene
of the present invention, can be specified by  the naturally
occurring nucleic acid information of a polynucleotide sequence
encoding the foreign immunogenic protein. However, similar to the
case of the aforementioned virus-particle-forming protein, the
polynucleotide may be a polynucleotide whose sequence has been
modified so as not to alter the amino acid residues constituting a
corresponding naturally occurring foreign immunogenic protein, and
the polynucleotide can be readily produced and obtained through, for
example, synthesis (chemical DNA synthesis) on the basis of the
nucleic acid information of the polynucleotide sequence. [0040]
The polynucleotide sequence of a gene encoding the amino acid
sequence of a foreign immunogenic protein, or modification of
nucleotides in the polynucleotide sequence so as not to alter the
amino acid residues constituting the foreign immunogenic protein may
be visually specified with reference to a known gene code, or may be
specified, through use of software (Gene Designer (DNA 2.0: Gene
Designer: https://www.dna20.com/index.php?pageID=220) or Optimizer
(http://genomes.urv.es/OPTIMIZER)), etc., by the polynucleotide
sequence of a gene whose expression in vertebrate cells
(specifically, mammalian cells; in particular, human cells) is
considered to be improved. [0041] In the present invention, the
foreign-immunogenic- protein-encoding gene may be, for example, a
gene encoding an  antigen protein of, for example, an infection in a
mammal such as human, cattle, horse, pig, sheep, monkey, mouse, dog,
or cat; or a gene for an antigen of, for example, an infection in an
avian such as chicken, duck, pigeon, turkey, guinea fowl, or parrot
(e.g., avian influenza S antigen). As used herein, "foreign" gene
refers to a gene transferred into a cell from outside thereof (even
if the same gene is present in the cell). Pathogen genes which have
been reported to be 



associated with infections in the aforementioned mammals and avians
are readily available from organizations having public databases
(e.g., GenBank) in which pathogen genes are registered. Specific
examples of the gene encoding an antigen protein associated with an
infection, etc. in a mammal include genes encoding antigen proteins
serving as immunogens in immunotherapy (including vaccine therapy)
for the prevention or treatment of infections (e.g., malaria,
influenza, and tuberculosis), autoimmune diseases, cancer, etc.
[0042]       Examples of the gene encoding the amino acid sequence of
a malaria antigen include genes encoding proteins such as CSP
protein, MSP1 protein, LSA1 protein, SERA protein, TRAMP protein, and
AMA1 protein. [0043] Examples of the gene encoding the amino acid
sequence of an influenza virus antigen include genes encoding
proteins  such as HA antigen (hemagglutinin antigen), NA antigen
(neuraminidase antigen), M2 antigen (matrix protein antigen), and NP
antigen (nucleoprotein antigen). [0044] Examples of the gene encoding
the amino acid sequence of an antigen protein for tuberculosis
include genes encoding proteins such as H5P65 (65-kDa heat-shock
protein), a antigens (Antigen 85A, Antigen 85B, and Antigen 85C),
Mtb72f, MDP-1, ESAT-6, MPB51, Mtb8.8, Mtb9.9, Mtb32, Mtb39, and
Mtbll. [0045]       Examples of the gene encoding the amino acid
sequence of an antigen protein for cancer include genes encoding
proteins such as CEA, WT1, MAGE, HER2/neu, and SART. [0046] 



In the present invention, no particular limitation is imposed on the
foreign-immunogenic-protein-encoding gene, so long as the gene is
transferred from outside. The foreignimmunogenic-protein-encoding
gene may encompass, in addition to genes encoding the aforementioned
immunogens present outside of the human body, cytokine genes present
inside of the human body (e.g., an IL-12 gene, an IL-6 gene, an IL-6
receptor gene, an IL-2 gene, an IL-18 gene, an IFN-7 gene, and an
M-CSF gene), and fusion genes obtained by fusing any antigen having
immunogenicity with any of the aforementioned antigen protein genes
through a genetic recombination technique.  [0047]        The
polynucleotide sequence employed in the present invention is not
limited by the full-length sequence of a polynucleotide sequence
encoding a polypeptide of any of the aforementioned antigen proteins
having immunogenicity. So long as a protein having an amino acid
sequence encoded by the polynucleotide sequence exhibits
antigenicity, the polynucleotide sequence may be a polynucleotide
sequence encoding a partial amino acid sequence or a repeated partial
amino acid sequence, or a polynucleotide sequence encoding a partial
amino acid sequence obtained through fusion between partial amino
acid sequences of a protein. [0048]        The naturally occurring
polynucleotide sequence of a gene encoding any of the aforementioned
foreign immunogenic proteins, or a polynucleotide sequence which has
been modified so as not to alter the amino acid residues constituting
the foreign immunogenic protein may be readily produced and obtained
by synthesizing a DNA fragment corresponding to the polynucleotide
sequence (chemical DNA synthesis). Production of the polynucleotide
sequence may employ a common genetic engineering technique [see, for
example, Molecular Cloning 2nd Ed., Cold Spring Harbor Lab. Press
(1989); or Zoku Seikagaku Jikken Koza "Idenshi Kenkyvho I, II, III"
edited by the Japanese Biochemical Society (1986)]. [0049]
Examples of the method for synthesizing the polynucleotide include
chemical synthesis means, such as the phosphate triester method and
the phosphate amidite method [J. Am. Chem. Soc., 89, 4801 (1967); J.
Am. Chem. Soc., 91, 3350 (1969); Science, 150, 178 (1968);
Tetrahedron Lett., 22, 1859 (1981); and Tetrahedron Lett., 24, 245
(1983)1, and combinations of these methods. More specifically, the
polynucleotide may be chemically synthesized through the
phosphoramidite method or the triester method, or may be synthesized
by means of a commercially available automated oligonucleotide
synthesizer. A double-stranded fragment may be obtained by
synthesizing a complementary strand and annealing the complementary
strand with a chemically synthesized single strand under appropriate
conditions, or adding the complementary strand and an appropriate
primer sequence to the chemically synthesized single strand by use of
DNA polymerase. [0050)       The polynucleotide of a gene encoding a
naturally occurring foreign immunogenic protein may be produced
through a genetic engineering technique. More specifically,
production of the polynucleotide may be carried out by preparing a
cDNA library, through a customary method, from an appropriate origin
in which the polynucleotide of the gene is expressed, and by
selecting a clone of interest from the cDNA library by use of an
appropriate probe corresponding to the DNA of the gene or an antibody
to an expression product of  the gene [see, for example, Proc. Natl.
Acad. Sc., USA., 78, 6613 (1981); or Science, 222, 778 (1983)1.
[0051] 



Examples of the aforementioned origin of genomic DNA include cells
and tissue in which the DNA of the
foreignimmunogenic-protein-encoding gene is expressed; and cultured
cells derived therefrom. The origin is particularly preferably, for
example, an extract of cells infected with influenza virus, an
extract of erythrocytes infected with plasmodium, or an extract of
Mycobacterium tuberculosis. Extraction and separation of total DNA or
RNA from such an origin, separation and purification of mRNA,
obtainment and cloning of cDNA, or a similar process may be carried
out through a customary method. [0052]        As described above,
production of the DNA of the foreign-immunogenic-protein-encoding
gene may be carried out by use of the cDNA library of any of the
aforementioned immunogens (i.e., any of the aforementioned extracts)
obtained through extraction, separation, and purification of mRNA
from the tissue or cells of the immunogen. Alternatively, production
of the DNA may be carried out by use of a phage library prepared
through the following procedure: mRNA is extracted from any of the
aforementioned immunogens; poly A is added to the RNA; the poly
A-added RNA is collected; cDNA is produced by use of a reverse
transcriptase; restriction enzyme sites are added to both  ends of
the cDNA; and the cDNA is incorporated into a phage. [0053]        No
particular limitation is imposed on the method for screening, from
the cDNA library, the DNA of the foreignimmunogenic-protein-encoding
gene, and this screening may be carried out through a customary
method. Specific examples of the screening method include a method of
selecting a corresponding cDNA clone through immunological screening
employing a specific antibody (e.g., anti-malaria antibody,
anti-influenza virus antibody, or anti-Mycobacterium tuberculosis
antibody) against a protein produced by the cDNA; a plaque
hybridization method employing a probe which selectively binds to a
DNA sequence of interest; a colony hybridization method; and
combinations thereof. [0054]       The probe employed in any of the
aforementioned hybridization methods is generally, for example, a DNA
fragment chemically synthesized on the basis of the DNA sequence
information of the foreign-immunogenic-proteinencoding gene. The DNA
sequence of the already obtained foreign-immunogenic-protein-encoding
gene or a fragment thereof may be advantageously employed as the
aforementioned probe. Furthermore, the probe employed for the
aforementioned screening may be a sense primer or antisense primer
designed on the basis of the DNA sequence information of the foreign
immunogenic gene. [0055]         The DNA fragment (nucleotides)
employed as the probe is a partial DNA fragment (nucleotides)
corresponding to the DNA sequence of the foreign immunogenic gene,
and has at least 15 consecutive nucleotides, preferably at least 20
consecutive nucleotides, more preferably at least 30 consecutive
nucleotides. A positive clone itself for producing the aforementioned
DNA may also be employed as the probe. [0056]        For preparation
of the DNA of the foreign-immunogenicprotein-encoding gene, the
DNA/RNA amplification method through PCR [Science, 230, 1350 (1985)]
may be suitably employed. Particularly when full-length cDNA is
difficult to obtain from the library, for example, the RACE method
[Rapid amplification of cDNA ends; Oikken Igaku, 12 (6), 35 (1994)],
in particular, the 5'-RACE method [M. A. Frohman, et a/., Proc. Natl.
Acad. Sci., USA., 8, 8998 (1988)1 is suitably employed. 



[0057]       A primer employed for PCR may be appropriately designed
on the basis of the DNA sequence information of the
foreignimmunogenic-protein-encoding gene, and synthesized through a
customary method. As described in the Examples hereinbelow, the
primer employed may be DNA portions (SP6 promoter primer and T7
terminator primer) added to both ends of the DNA of the
foreign-immunogenic-protein-encoding gene incorporated into a vector
plasmid. [0058]         Isolation/purification of the DNA fragment
amplified through PCR may be carried out through a customary method
(e.g., gel electrophoresis).        The thus-obtained DNA or DNA
fragments of the foreignimmunogenic-protein-encoding gene may be
sequenced through a customary method; for example, the dideoxy method
[Proc. Natl. Acad. Sci., USA., 74, 5463 (1977)1 or the Maxam-Gilbert
method [Methods in Enzymology, 65, 499 (1980)1, or conveniently by
means of a commercially available sequencing kit. [0059]        The
polynucleotide sequence of the fusion gene of the present invention
may be a polynucleotide sequence formed by directly ligating the two
genes of the fusion genes to each other. Alternatively, a DNA
fragment may be provided between these two genes (in this case, the
downstream gene and the upstream gene must be located so as not to
cause frameshifting). Preferably, the antigen-presenting domain of a
foreign immunogenic protein of interest is fused with a
virus-particle-forming protein. Therefore, the foreign immunogenic
protein of interest must be employed in the form of being fused with
the virus-particle-forming protein (i.e., without separation of these
proteins from each other). In the recombinant virus exemplified in
this embodiment, the N terminus of baculovirus GP64 protein is
exposed to the outside of a virus particle, and the C terminus
thereof is exposed to the inside of the particle. Therefore, when a
foreign immunogenic protein of interest is fused with the N terminus
of the GP64 protein, the entirety of the foreign immunogenic protein
is exposed, as a component of virus particles, to the outside of the
particles in insect cells. This structure further facilitates antigen
presentation, and meets the requirement for a vaccine product. [0060]
Preferably, the fusion gene of the present invention, which includes
at least one gene encoding a virus-particleforming protein and a gene
encoding a foreign immunogenic protein, includes, upstream thereof, a
polynucleotide encoding a signal peptide (signal sequence) which
promotes secretion of an expressed protein to the outside of a host.
The signal sequence is preferably a signal sequence of the
virus-particle-forming protein to be expressed, but may be a signal
sequence of a protein capable of functioning in cells in which virus
replication can occur. 



When the signal sequence is derived from the virusparticle-forming
protein to be expressed, the fusion gene of the present invention may
have a structure in which the polynucleotide sequence of a gene
encoding a foreign immunogenic protein is provided (inserted) between
the polynucleotide encoding the signal sequence and the
polynucleotide sequence of the gene encoding the
virusparticle-forming protein. Specifically, the fusion gene of the
present invention preferably has a structure in which the
polynucleotide sequence of the gene encoding the foreign  immunogenic
protein is inserted between the polynucleotide encoding the signal
sequence of the virus-particle-forming protein (including the signal
sequence) and the polynucleotide encoding the virus-particle-forming
protein, wherein nucleotides of a naturally occurring polynucleotide
sequence encoding the full-length amino acid sequence of the
virus-particle-forming protein (including the signal sequence) have
been modified so as not to alter the amino acid residues constituting
a corresponding naturally occurring virus-particle-forming protein.
In other words, the transfer vector of the present invention
encompasses a transfer vector containing a DNA region of a gene
encoding a foreign immunogenic protein inserted between virus DNA
regions including at least one gene encoding a virus-particle-forming
protein, wherein the polynucleotide sequence of the N-terminal and/or
C-terminal virus DNA region fused with the DNA region of the
foreignimmunogenic-protein-encoding gene is modified so that the
polynucleotide sequence exhibits reduced identity to a naturally
occurring polynucleotide sequence of the same virus DNA region(s)
and/or so that a portion of the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming protein is
deleted. [0061]      For incorporation of the aforementioned fusion
gene into the transfer vector, the polynucleotide sequence of the
fusion gene of the present invention may be formed in  advance,
followed by incorporation of the polynucleotide sequence into the
vector. Alternatively, the polynucleotide sequence of one of the
genes of the fusion gene may be incorporated into the vector,
followed by incorporation of the polynucleotide sequence of the other
gene into the vector, to thereby form the fusion gene in the vector.
[0062]        In the transfer vector of the present invention, the
aforementioned fusion gene is ligated to the downstream of a single
baculovirus promoter, or a dual promoter prepared through ligation
between a vertebrate promoter (in particular, a mammalian promoter)
and a baculovirus promoter.        The transfer vector of the present
invention may be produced through the following procedure: a
commercially available expression vector containing a promoter region
(i.e., a component of the transfer vector; for example, a vertebrate
promoter (in particular, a mammalian promoter) or a baculovirus
promoter) and a polynucleotide sequence encoding a
virus-particle-forming protein is provided; and the polynucleotide
sequence of a fusion gene is inserted into the cloning region of the
vector through, for example, optional cleavage by use of a
restriction enzyme or incorporation of another promoter, the fusion
gene containing a gene encoding a foreign immunogenic protein of
interest and the aforementioned modified gene encoding the
virus-particleforming protein of the present invention (i.e., a
polynucleotide whose sequence has been modified so as not to   alter
the amino acid residues constituting a corresponding naturally



For ligation of the above-modified gene encoding the
virus-particle-forming protein to the aforementioned foreign-
immunogenic-protein-encoding gene (including a polynucleotide whose
sequence has been modified so as not to alter the amino  acid
residues constituting the foreign immunogenic protein), a necessary
component may be incorporated by, for example, inserting the
foreign-immunogenic-protein-encoding gene into the N-terminal region
of the modified gene encoding the virus-particle-forming protein.
In the present invention, a plasmid vector having a structure that
can express a gene encoding a foreign immunogenic protein of interest
as an antigen protein in both insect cells and vertebrate cells (in
particular, mammalian cells) may be produced by use of a commercially
available plasmid having a structure that satisfies a portion of the
requirement for the plasmid vector.       The amino acid sequence of
a peptide may be provided for cleaving the fusion protein by an
enzyme in vertebrate cells. [0064]       In the transfer vector of
the present invention, an enhancer for increasing transcription
activity in vertebrate cells (in particular, mammalian cells) may be
provided on the upstream of the promoter region. For termination of
transcription, a vertebrate terminator region (e.g., a rabbit
0-globulin terminator) which is effective in vertebrate cells may be
provided on the downstream of a gene to be fused and expressed.
[0065]       An example of the transfer vector of the present
invention is a transfer vector having a structure including a  



CAG promoter (i.e., a vertebrate promoter; in particular, a mammalian
promoter) ligated to a polyhedrin (Polh) promoter (i.e., a
baculovirus promoter), and, on the downstream thereof, a fusion gene
containing an influenza virus antigen gene or a falciparum malaria
antigen gene (the polynucleotide sequence thereof may be modified so
as not to alter the amino acid residues constituting a corresponding
naturally occurring foreign immunogenic protein) and a gp64 gene
whose polynucleotide sequence has been modified so as not to alter
the amino acid residues constituting gp64 or a gene encoding a
partial polypeptide of gp64 obtained through deletion of a portion of
the amino acid residues constituting gp64 (including a gene whose
polynucleotide sequence has been modified so as not to alter the
amino acid residues constituting the partial polypeptide of gp64).
Specific examples include pCAP-HA1/Vietnam/51, pCAP-HA1/Vietnam/101,
pCAP-HA1/Vietnam/154, pCAP-HA1/Vietnam/201, pCAPHA1/Vietnam/272,
pCAP-HA1/Vietnam/467, pCAP-HAl/Anhui, pCAPHA1/Anhui/272,
pCAP-HA1/Anhui/467, pCAP-HAl/Vietnam/OG, pCAPCO/full/OG,
pCAP-00/76/0G, pCAP-00/205/0G, and pCAPC0/76/467. The nucleotide
sequences of particularly preferred transfer vectors of these
examples are described below (Table 1). [0066]  [Table 1] Transfer
vector  Nucleotide sequence/(size Foreign immunogenic protein bp)
Virus-particle- forming protein  Signal peptide 



pCAP-HA1/Vietnam/272 GP64 (1-20) 60 bp SEQ ID NO: 53 HA/Vet (17-346)
990 bp SEQ ID NO: 54 GP64 (272-512) 723 bp SEQ ID NO: 59
pCAP-HA1/Vietnam/467 GP64 (1-20) 60 bp SEQ ID NO: 53 



HA/Vet (17-346) 990 bp SEQ ID NO: 54 GP64 (467-512) 138 bp SEQ ID NO:
60 pCAP-HAVVietnam/OG GP64 (1-20) 60 bp SEQ ID NO: 53 HA/Vet (17-346)
990 bp SEQ ID NO: 54 GP64 (21-512) 1476 bp SEQ ID NO: 61
pCAP-CO/full/OG GP64 (1-20) 



60 bp SEQ ID NO: 53 PfCSP (1-397) 1191 bp SEQ ID NO: 55 GP64 (21-512)
1476 bp SEQ ID NO: 61 pCAP-00/76/0G GP64 (1-20) 60 bp SEQ ID NO: 53
PfCSP (76-373) 894 bp SEQ ID NO: 56 GP64 (21-512) 1476 bp SEQ ID NO:
61 



pCAP-00/205/0G GP64 (1-20) 60 bp SEQ ID NO: 53 PfCSP (205-373) 507 bp
SEQ ID NO: 57 GP64 (21-512) 1476 bp SEQ ID NO: 61 pCAP-00/76/467 GP64
(1-20) 60 bp SEQ ID NO: 53 PfCSP (76-373) 894 bp SEQ ID NO: 56 



GP64 (467-512) 138 bp SEQ ID NO: 60 pCAP-HA1/Anhui/272 GP64 (1-20) 60
bp SEQ ID NO: 53 HA/Anh (17-345) 987 bp SEQ ID NO: 58 GP64 (272-512)
723 bp SEQ ID NO: 59 pCAP-HA1/Anhui/467 GP64 (1-20) 60 bp SEQ ID NO:
53 



HA/Anh (17-345) 987 bp SEQ ID NO: 58 GP64 (467-512) 138 bp SEQ ID NO:
60 pCAP-HAVAnhui/OG GP64 (1-20) 60 bp SEQ ID NO: 53 HA/Anh (17-345)
987 bp SEQ ID NO: 58 GP64 (21-512) 1476 bp SEQ ID NO: 61  [0067] 



Thus, the transfer vector of the present invention can be produced.
An example of a production process therefor includes the following
steps (a) to (c) and/or (d) and (e): (a) a step of modifying the
polynucleotide sequence of a gene encoding a virus-particle-forming
protein so as not to alter the amino acid residues constituting a
corresponding  naturally occurring virus-particle-forming protein,
and obtaining the nucleic acid sequence information of a
polynucleotide including the gene encoding the virusparticle-forming
protein;        (b) a step of synthesizing the polynucleotide on the
basis of the nucleic acid sequence information obtained in step (a);
(c) a step of ligating or inserting, into the polynucleotide
synthesized in step (b), a polynucleotide of a gene encoding a
foreign immunogenic protein;        (d) a step of synthesizing a
polynucleotide encoding a partial polypeptide of the naturally
occurring virusparticle-forming protein obtained through deletion of
a portion of the amino acid residues constituting the naturally
occurring virus-particle-forming protein, or a polynucleotide whose
sequence has been modified so as not to alter the amino acid residues
constituting the partial polypeptide; and        (e) a step of
ligating or inserting, into the polynucleotide synthesized in step
(d), a polynucleotide of the gene encoding the foreign immunogenic
protein. [0068]       The recombinant baculovirus of the present
invention may be produced by co-transfecting the aforementioned
transfer vector and baculovirus DNA into a host cell. [0069]
Baculoviruses are entomopathogenic viruses that infect insects and a
group of DNA viruses (baculovirus family)  



having circular double-stranded DNA as a gene. Among baculoviruses, a
group of viruses called  "nucleopolyhedrovirus (NPV)" produce an
inclusion body called "polyhedron" in the nucleus of infected cells
at a late stage of infection. Even when a foreign gene to be
expressed is inserted into cells instead of a polyhedron gene, such a
baculovirus infects the cells, proliferates therein, and produces a
large amount of a foreign immunogenic gene product of interest
without causing any problem. Therefore, baculoviruses have been
recently applied to the production of a protein of interest. [0070]
Examples of such a baculovirus include Autographa californica
multiple nucleopolyhedrovirus (AcNPV), Bombyx mori
nucleopolyhedrovirus (BmNPV), Orgyia pseudotsugata multiple
nucleopolyhedrovirus (OpNPV), and Lymantria disper multiple
nucleopolyhedrovirus (LdNPV). [0071]       No particular limitation
is imposed on the baculovirus DNA employed in the present invention,
so long as it can undergo homologous recombination with the transfer
vector of the present invention. The baculovirus DNA may be
wild-type, mutant, or recombinant baculovirus DNA.       The
baculovirus DNA employed may be a commercially available product; for
example, a product obtained through deletion of a polyhedrin gene
from AcNPV, such as BacVector1000 DNA or BacVector-2000 DNA (product
of Novagen).  [0072]        For induction of homologous
recombination, preferably, the transfer vector and baculovirus DNA
are mixed at a ratio by weight of, for example, about 1 : 1 to about
10 : 1. [0073]        No particular limitation is imposed on the
method for incorporating the transfer vector into a host cell, as
well as the method for transforming the host cell with the vector,
and various general and conventional methods well known in the art
may be employed. Incorporation or transformation may be carried out
through, for example, a common genetic recombination technique (see,
for example, Science, 224, 1431 (1984); Biochem. Biophys. Res. Comm.,
130, 692 (1985); or Proc. Natl. Acad. Sci. USA, 80, 5990 (1983)).
Expression of the transfer vector may be carried out through the
method of Ohno et al., "Tanpaku Jikken Protocol 1 Kino Kaiseki-hen,
Saibo Kogaku Bessatsu, Jikken Protocol Series, 1997, Shujunsha."
General techniques including handling of insect cells, genetic
recombination, and co-transfection may be those similar to well-known
methods for preparing a recombinant virus in insect cells (Yoshiharu
Matsuura, Tanpaku Kakusan Koso, 37, 211-222 (1992), and Yoshiharu
Matsuura, Saibo, 33 (2) 30-34 (2001)).       Co-transfection may be
carried out by means of a commercially available vector transfection
kit (BacVector Transfection Kits, product of Novagen) according to
the manual attached to the vector transfection kit.  



[0074]        More specifically, the above-produced transfer vector
and baculovirus DNA which undergoes homologous recombination
therewith are co-transfected into a host cell; for example, insect
cells such as Sf9 cells or Sf21 cells derived from Spodoptera
frugiperda, or Tn5 cells derived from Trichoplusia ni (High Five
cells, product of Invitrogen). [0075]       After co-transfection of
the transfer vector and baculovirus DNA into insect cells and
subsequent culturing, plaques of the resultant recombinant virus are
prepared from the culture supernatant and suspended in an agar
culture medium, and the virus is eluted from the agar medium by
vortex, followed by centrifugation, to thereby produce a solution
containing the recombinant virus. [0076] For example, according to
the aforementioned recombinant baculovirus production method,
baculovirus DNA and a transfer vector (e.g., pCAP-HAl/Vietnam,
pCAPHA1/Vietnam/51, pCAP-HA1/Vietnam/101, pCAP-HA1/Vietnam/154,
pCAP-HA1/Vietnam/201, pCAP-HA1/Vietnam/272, pCAPHA1/Vietnam/467,
pCAP-HAl/Anhui, pCAP-HA1/Anhui/272, pCAPHA1/Anhui/467,
pCAP-HAl/Vietnam/OG, pCAP-CO/full/OG, pCAP00/76/0G, pCAP-00/205/0G,
or pCAP-00/76/467) may be cotransfected into Sf9 insect cells, to
thereby produce a recombinant baculovirus of AcNPV-CAP-HAl/Vietnam,
AcNPV-CAPHA1/Vietnam/51, AcNPV-CAP-HA1/Vietnam/101, AcNPV-CAP-
HA1/Vietnam/154, AcNPV-CAP-HA1/Vietnam/201, AcNPV-CAPHA1/Vietnam/272,
AcNPV-CAP-HA1/Vietnam/467, AcNPV-CAPHAl/Anhui,
AcNPV-CAP-HA1/Anhui/272, AcNPV-CAP-HA1/Anhui/467,
AcNPV-CAP-HAl/Vietnam/OG, AcNPV-CAP-CO/full/OG, AcNPV-CAP00/76/0G,
AcNPV-CAP-00/205/0G, or AcNPV-CAP-00/76/467. [0077]        In
addition to the aforementioned method, there may be employed a
recombinant baculovirus production method in which a foreign gene is
effectively inserted, in Escherichia coil cells, into a phagemid
(bacmid) incorporating the entire baculovirus genome by use of a
transposon. According to this method, a recombinant baculovirus can
be readily produced and collected by only extracting a bacmid
containing a virus gene from microbial cells, and transfecting the
bacmid in insect cells. [0078] Thus, the above-produced transfer
vector and baculovirus DNA may be co-transfected into insect cells
such as Sf9 cells, to thereby produce a recombinant baculovirus. 



The thus-produced recombinant baculovirus may be purified through any
known virus purification method. For example, a virus stock
(generally 1 x 107-8 pfu/mL) produced through the aforementioned
recombinant baculovirus production method is inoculated (0.5 to 1.0
mL) into insect cells such as Sf9 cells (1 x 107 cells/10cm-dish),
and, several days (4 days) after infection, the resultant culture
supernatant is collected. Thereafter, virus pellets obtained through
centrifugation (25,000 rpm, 60 minutes, 4C) are suspended in a buffer
such as PBS. The resultant suspension is subjected to 10 to 60%
sucrose gradient centrifugation, and the resultant virus band is
collected. The thus-collected product is further suspended in PBS,
followed by centrifugation. The resultant purified recombinant virus
pellets are stored in a buffer such as PBS at 4C.        The
infectivity titer of the above-produced purified recombinant
baculovirus may be determined through a plaque assay (Fields VIROLOGY
4th Edition pp. 29-32, 2001) by use of insect cells such as Sf9
cells. [0079]       The thus-produced recombinant baculovirus may be
cultured through a customary method. Through this culturing, a fusion
product of a foreign immunogenic protein and a virus-particle-forming
protein (i.e., expression product of the fusion gene) is produced
(accumulated or secreted) inside or outside of insect cells, or on
the cell membrane. [0080]       The medium employed for culturing may
be appropriately selected, depending on the type of the host cell
employed, from among various conventionally used media. Culturing may
be carried out under conditions suitable for growth of the host cell.
The present invention will next be described in more detail by way of
examples, which are given only for the illustration purpose and
should not be construed as limiting  the invention thereto. 



[Examples] [0081] Example 1: Transfer vector plasmid and production
method therefor (1) Production of transfer vector plasmid
pBACsurf-HA1/PR8 (1.1) Construction of plasmid pBACsurf-Hsp65
PCR was performed by use of the genomic DNA of tubercule virus H37Rv
as a template, primer phsp65-F1 (5'-
AATAATAGATCTAATGGCCAAGACAATTGCGTACGACGAAGA-3' (SEQ ID NO: 1): Egli'
site underlined), and primer phsp65-R1 (51-
AATCCAATGCGGCCGCGGGAATTCGATTCCTGCAGGTCAGAAATCCATGCCACCCATGTCG CC-3'
(SEQ ID NO: 2); Nati underlined).       After purification, the PCR
product of interest was digested with restriction enzymes BglII and
Noel, and the obtained fragment was inserted into pcDNA3.1(+)
(product of Invitrogen) which had been digested with restriction
enzymes BamHI and NotI, to thereby construct plasmid pcDNA-Ighsp65.
PCR was further performed by use of pcDNA-Ighsp65 as a template,
primer phsp65-F2 (5'-
CACCCCTGCAGG[ACTACAAGGACGACGATGACAAG]GAATTCATGGCCAAGACAATTGCG
TACGACGAAGAGGCC-3' (SEQ ID NO: 3): Sse8387I site and EcoRI site
underlined, and flag sequence enclosed with [ ]), and primer
phsp65-R2 (5'-CCCGGGCGAAATCCATGCCACCCATGTCGCCGCCACC-3' (SEQ ID NO:
4): XmaI site underlined), and the obtained Hsp65 gene DNA fragment
was cloned into pENTR/D-TOPO (product of Invitrogen). The clone was
digested with restriction enzymes  Sse8387I and XMaI, and the
fragment was inserted into pBACsurf-CSP (Yoshida et al. Virology 316:
161-70, 2003) which had been digested with restriction enzymes PstI
and XmaI, to thereby construct plasmid pBACsurf-Hsp65. [0082] (1.2)
Construction of plasmid pBACsurf-HA1/PR8        From a supernatant of
MDCK cells infected with influenza virus PR8/34, RNA was extracted by
means of QIAamp MiniElute Virus Spin Kit (product of QIAGEN). RT-PCR
was performed by use of the obtained RNA, primer HA-f (5'-
CCTGCAGGTATGAAGGCAAACCTACTGGTC -3' (SEQ ID NO: 5): SbfI site
underlined), and primer HA-r (5'-GCCCGGGCGATGCATATTCTGCA-3' (SEQ ID
NO: 6): SbfI site underlined). The influenza virus HA gene fragment
was cloned into pCR-Blunt II-TOPO (product of Invitrogen). The
thus-obtained plasmid was denominated pCR-Blunt-HA. PCR was performed
by use of pCR-Blunt-HA as a template, primer pHA-F1 (5'-
CACCGAATTCGACACAATATGTATAGGCTACCATGCG-3' (SEQ ID NO: 7): EcoRI site
underlined), and primer pHA-R1 (5'-
CCCGGGCACCTCTGGATTGGATGGACGGAATG-3' (SEQ ID NO: 8): XmaI site
underlined). The obtained H1N1/HA1 gene DNA fragment was digested
with restriction enzymes EcoRI and XmaI, and the fragment was
inserted into pBACsurf-Hsp65 which had been treated with restriction
enzymes EcoRI and XmaI, to thereby construct plasmid
pBACsurf-HA1/PR8. [00831 



(2) Production of transfer vector plasmid pCAP-HA1/PR8         PCR
was performed by use of pBACsurf-HA1/PR8 as a template, Polh-f RsrII
GGGCGGACCGGATAATTAAAATGATAACCATCTCG-3' (SEQ ID NO: 9): RsrII site
underlined), and GP64-r DraIII
(5fGGGCACTTAGTGATATTGICTATTACGGTTTCTAATC-3' (SEQ ID NO: 10): DraIII
site underelined). The obtained DNA fragment was treated with
restriction enzymes RsrII and DraIII, and pTriEx-1.1 (product of
Novagen) was inserted into the vector which had been digested with
restriction enzymes RsrII and DraIII, to thereby construct plasmid
pCAP-HA1/PR8. [0084]  (3) Construction of transfer vector plasmids
pCAP-HAl/Vietnam, pCAP-HA1/Vietnam/51, pCAP-HA1/Vietnam/101,
pCAPHA1/Vietnam/154, pCAP-HA1/Vietnam/201, pCAP-HA1/Vietnam/272, and
pCAP-HA1/Vietnam/467        From an amino acid sequence of the HAl
region of hemagglutinin of influenza virus H5N1/Vietnam, an
artificial gene sequence (SEQ ID NO: 11) was synthesized. PCR was
performed by use of the artificial sequence as a template, VN-F1
(5'-CAGTCTGCAGGACCAGATCTGTATC-3' (SEQ ID NO: 12): PstI site
underlined), and VN-R4 (5'-CAGTCCCGGGCTCTCTTCTTCCTGC-3' (SEQ ID NO:
13): XmaI site underlined). A fragment digested from the PCR product
with restriction enzymes PstI and Xmal was inserted into pCAP-HA1/PR8
which had been treated with restriction enzymes PstI and Xmal. The
thus-constructed plasmid was denominated pCAP-HAl/Vietnam. PCR was
further performed by use of pCAP-HA1/PR8 as a template, GP64-r DraIII
(5'-GGGCACTTAGTGATATTGTCTATTACGGTTTCTAATC-3' (SEQ (5'- ID NO:
20):Dralll site underlined),and gp64(51)-f  



GACTCCCCGGGTGGAAATCACCATCGTGGAGACG-3' (SEQ ID NO: 14):  Xmal site
underlined),gp64(101)-f(5'-     GACTCCCCGGGATTTGCTTATGTGGAGCATCAGG-3'
(SEQ ID NO: 



15):  Xmal site underlined),gp64(154)-f(5'-
GACTCCCCGGGCGCACCACACGTGCAACAAATCG-3' (SEQ ID NO: 16):  Xmal site
underlined),gp64(201)-f(5'-  



GACTCCCCGGGACACTGTGCTTCATCGAGACGGC-3' (SEQ ID NO: 17):  Xmal  site
underlined), 9.1064(272)-f (5'- GACTCCCCGGGTCGAGCACCGAGTCAAGAAG-3'
(SEQ ID NO: 18): Xmal site underlined), or gp64(467)-f (5'-
GACTCCCCGGGACATCACTTCCATGGCTGAA-3' (SEQ ID NO: 19): Xmal site
underlined). Each of the obtained DNA fragments was digested with
restriction enzymes Xmal and DraIII, and the product was inserted
into pCAP-HAl/Vietnam which had been treated with restriction enzymes
Xmal and DraIII. The thus-constructed plasmids were denominated
pCAP-HA1/Vietnam/51, pCAPHA1/Vietnam/101, pCAP-HA1/Vietnam/154,
pCAP-HA1/Vietnam/201, pCAP-HA1/Vietnam/272, and pCAP-HA1/Vietnam/467,
respectively.       Note that the GenBank accession number of the
amino acid sequence of hemagglutinin of influenza virus
A/Vietnam/1203/2004 (H5N1) is AAW80717. [00851  (4) Construction of
transfer vector plasmids pCAP-HAl/Anhui, pCAP-HA1/Anhui/272, and
pCAP-HA1/Anhui/467 From an amino acid sequence of the HAI region of 



hemagglutinin of influenza virus H5N1/Anhui/1/05, an artificial gene
sequence (SEQ ID NO: 21) was synthesized. PCR was performed by use of
the artificial sequence as a template, AR-Fl
(5'-CAGTCTGCAGGACCAGATTTGCATC-3' (SEQ ID NO: 22): PstI site
underlined), and AH-R4 (5'- CAGTCCCGGGCTCTCTTGCGCCTGC-3' (SEQ ID NO:
23): XmaI site underlined). The thus-obtained DNA fragment was
digested with restriction enzymes PstI and Xmal, and the fragment was
inserted into each of pCAP-HAl/Vietnam, pCAP-HA1/Vietnam/272, and
pCAP-HA1/Vietnam/467 which had been treated with restriction enzymes
PstI and Xmal. The thus-constructed plasmids were denominated
pCAP-HAl/Anhui, pCAP-HA1/Anhui/272, and pCAP-HA1/Anhui/467,
respectively.       Note that the GenBank accession number of the
amino acid sequence of hemagglutinin of influenza virus A/H5N1/Anhui
is ABD28180. [0086]  (5) Construction of transfer vector plasmid in
which a gene of interest is not fused with a gp64 gene Construction
of pCAP-bGal       PCR was performed by use of pCMV-SPORT-OGal
(product of Invitrogen) as a template, forward primer bGal-F PstI
F189- 105 (ACTGCTGCAGATGTCGTTTACTTTGACCAACAAG) (SEQ ID NO: 24), and
reverse primer bGal_Rev (Dra3) ACTGCACTTAGTGTTTTTGACACCAGACCAACTGG)
(SEQ ID NO: 25). The thus-obtained DNA fragment was cloned between
the PstI and DraIII sites of pCAP-HAl/Anhui. The thus-cons tructed
plasmid  was denominated pCAP-bGal [0087] Construction of pCAP-Rluc 



PCR was performed by use of pRL-SV40 (product of Promega) as a
template, forward primer Rluc F PstI F189-134
(ACTGCTGCAGATGACTTCGAAAGTTTATGATCC) (SEQ ID NO: 26), and reverse
primer Rluc R DraIII F189-134 (ACTGCACTTAGTGTTATTGTTCATTTTTGAGAACT)
(SEQ ID NO: 27). The thus-obtained DNA fragment was cloned between
the PstI and DraIII sites of pCAP-HAl/Anhui. The thus-constructed
plasmid was denominated pCAP-Rluc. [0088] Construction of pCAP-Luc
PCR was performed by use of pLuc-MCS (product of Stratagene) as a
template, forward primer Rluc F PstI F189- 105
(ACTGCTGCAGATGGGAGCTCGAATTCCAGCTTG) (SEQ ID NO: 28), and reverse
primer Rluc-Rev2 F189-127 (ACTGCACTTAGTGTTACAATTTGGACTTTCCGCCC) (SEQ
ID NO: 29). The thus-obtained DNA fragment was cloned between PstI
and DraIII sites of pCAP-HAl/Anhui. The thus-constructed plasmid was
denominated pCAP-Luc. [0089] Construction of pCAP-AFP       PCR was
performed by use of pQBI25-fAl (product of MB Biomedical) as a
template, forward primer AFP-F F189-77
(ACGCCTGCAGGCTAGCAAAGGAGAAGAACTCTTCA) (SEQ ID NO: 30), and reverse
primer AFP-Rev2 F189-127   (ACTGCACTTAGTGTCAATCGATGTTGTACAGTTCA) (SEQ
ID NO: 31). The thus-obtained DNA fragment was cloned between the
PstI and DraIII sites of pCAP-HAl/Anhui. The thus-constructed plasmid
was denominated pCAP-AFP. [0090] Construction of pCAP-Neo        PCR
was performed by use of pcDNA3.1(+) (product of Invitrogen) as a
template, forward primer Neo-F SbfI F189-105
(ACTGCCTGCAGGTGATTGAACAAGATGGATTGCAC) (SEQ ID NO: 32), and reverse
primer Neo-Rev2 F189-127 (ACTGCACTTAGTGTCAGAAGAACTCGTCAAGAAGG) (SEQ
ID NO: 33). The thus-obtained DNA fragment was cloned between PstI
and DraIII sites of pCAP-HAl/Anhui. The thus-constructed plasmid was
denominated pCAP-Neo. [0091]  (6) Production of transfer vector
plasmid pCAP-HAl/Vietnam/OG (6.1) Production of transfer vector
plasmid pCAP-OG 



pCAP-HAl/Vietnam was digested with restriction enzymes SpeI and
DraIII. Into the fragment, a synthesized artificial gp64 gene
sequence (SEQ ID NO: 34) digested with restriction enzymes SpeI and
DraIII was inserted, to thereby construct a plasmid. The plasmid was
denominated pCAP-OG. [0092] (6.2) Production of transfer vector
plasmid pCAPHAl/Vietnam/OG       pCAP-HAl/Vietnam was digested with
restriction enzymes PstI and XmaI, to thereby prepare a fragment
containing an  HA]. gene. The fragment was inserted into pCAP-OG
which had been digested with restriction enzymes PstI and XmaI. The
thus-constructed plasmid was denominated pCAP-HAl/Vietnam/OG. [0093]
(7) Production of transfer vector plasmids pCAP-CO/full/OG,
pCAP-00/76/0G, pCAP-00/205/0G, and pCAP-00/76/467        From an
amino acid sequence of CSP of Plasmodium falciparum 3D7, an
artificial gene sequence (SEQ ID NO: 35, PfCSP(3D7)_opt) was
synthesized. PCR was performed by use of the artificial sequence as a
template, and PfCSP_opt-f (5'- GACTCTGCAGATGATGCGAAAATTGGCCATACTG-3':
PstI site underlined, SEQ ID NO: 36) and PfCSP_opt-r(397) (5'-
CGATCCCGGGCATTGAGGAACAGAAAGGAAAGAACCATG-3': XmaI site underlined, SEQ
ID NO: 37); PfCSP_opt-f(76) (5'-
GACTCTGCAGGACGACGGAAATAATGAGGACAACG-3': PstI site underlined, SEQ ID
NO: 38) and PfCSP_opt-r(373) (5'-
CGATCCCGGGCCTTCTCCATCTTACAAATTTTCTTTTCAATATCATTAGC-3': XmaI site
underlined, SEQ ID NO: 39); or PfCSP_opt-f(205) (5'-
GACTCTGCAGAATGCAAACCCAAATGCCAATCCAAACGC-3': PstI site underlined, SEQ
ID NO: 40) and PfCSP_opt-r(373) (5'-
CGATCCCGGGCCTTCTCCATCTTACAAATTTTCTTTTCAATATCATTAGC-3': XmaI site
underlined, SEQ ID NO: 39). Each of the obtained DNA fragments was
digested with PstI and XmaI, and the fragment was inserted into
pCAP-HAl/Anhui or pCAP-HA1/Anhui/467 which had been treated with PstI
and XmaI. The thus-constructed plasmids were denominated
pCAP-CO/full, pCAP-00/76, pCAPC0/76/467, and pCAP-00/205,
respectively.         Note that the GenBank accession number of the
amino acid sequence of CSP of Plasmodium falciparum 3D7 is NC 000521.
[0094] Example 2: Recombinant baculovirus of the present invention
and production method therefor 



By means of a recombinant baculovirus production kit (BacVector-2000
Transfection Kit, Novagen), recombinant baculoviruses were produced
through co-transfection of Sf9 cells with BacVector-2000 DNA and each
of the transfer vectors constructed in Example 1: pBACsurf-HA1/PR8,
pCAPHA1/PR8, pCAP-HAl/Vietnam, pCAP-HA1/Vietnam/51,
pCAPHA1/Vietnam/101, pCAP-HA1/Vietnam/154, pCAP-HA1/Vietnam/201,
pCAP-HA1/Vietnam/272, pCAP-HA1/Vietnam/467, pCAP-HAl/Anhui,
pCAP-HA1/Anhui/272, pCAP-HA1/Anhui/467, pCAP-HAl/Vietnam/OG,
pCAP-bGal, pCAP-Rluc, pCAP-Luc, pCAP-AFP, and pCAP-Neo.        The
thus-produced recombinant baculoviruses were denominated
AcNPV-Pol-HA1/PR8, AcNPV-CAP-HA1/PR8, AcNPV-CAPHAl/Vietnam,
AcNPV-CAP-HA1/Vietnam/51, AcNPV-CAPHA1/Vietnam/101,
AcNPV-CAP-HA1/Vietnam/154, AcNPV-CAPHA1/Vietnam/201,
AcNPV-CAP-HA1/Vietnam/272, AcNPV-CAPHA1/Vietnam/467,
AcNPV-CAP-HAl/Anhui, AcNPV-CAP-HA1/Anhui/272,
AcNPV-CAP-HA1/Anhui/467, AcNPV-CAP-HAl/Vietnam/OG, AcNPV-CAPbGal,
AcNPV-CAP-Rluc, AcNPV-CAP-Luc, AcNPV-CAP-AFP, and AcNPV-CAP-Neo,
respectively.        Sf9 cells were cultured so that the cell
concentration was adjusted to 2 x 107 cells/plate (150-mm cell
culture  plate, Sumilon, product of Akita Sumitomo Bekelite Co.,
Ltd.), and the cells were infected with each of the aforementioned
recombinant baculoviruses at a multiplicity of infection of about
0.1. After culturing for 5 days, the culture liquid was recovered by
centrifugation at 10,000xg and 4C for 25 minutes, followed by
centrifugation by means of a Beckman ultra-centrifuge (5W28 Swing
Rotor) at 25,000 rpm and 4C for 90 minutes, to thereby recover virus
particles. [0095] Example 3: Subculture of recombinant baculovirus
In a manner similar to that of Example 2, transfection was performed
with each of the recombinant baculoviruses produced in Example 2 by
means of a BacVector-2000 Kit (product of Novagen). After culturing
for 5 days, the supernatant was recovered, and plaque purification
was performed twice.       After the second purification, Sf9 cells
inoculated to a 48-well plate were infected with the isolated plaque.
After culturing for 5 days, the supernatant was recovered. Sf9 cells
inoculated to a 25-cm2 flask were infected with the supernatant at a
multiplicity of infection of about 0.1. After culturing for 7 days,
the supernatant was recovered (the recovered supernatant was employed
as P2 virus stock). Sf9 cells were further infected with the P2 virus
stock at a multiplicity of infection of about 0.1, and the culture
supernatant recovered after 7 days culture was employed as P3 virus
stock. During transfection and infection in the 48-  well plate, a
BacVector Insect Cell Medium (product of Novagen) was employed;
during plaque purification, a 1.3x5f900II medium (product of
Invitrogen) was employed; and a TNM-FH Insect cell medium (product of
Becton Dickinson) was employed during infection in the 25-cm2 flask. 



[0096] Example 4: Recovery of genomic DNA from recombinant
baculovirus, and PCR analysis of virus DNA       To each virus
solution (50 p,L), a DNA extraction buffer (50 mM Tris-HC1 (pH: 8.0),
20 mM EDTA, 0.1 M NaC1, and 1% SDS) (400 'AL), and 20 mg/mL
proteinase K (8 RL) were added, and the mixture was incubated at 50C
for 3 hours. The solution was cooled to room temperature and then
treated with phenol-chloroform (TE-saturated phenol : chloroform = 1
: 1, Wako Pure Chemical Industries, Ltd.) (458 RL). The genomic DNA
of the virus was recovered from the supernatant through ethanol
precipitation. [0097] (1) PCR analysis of virus DNA       PCR was
performed by use of the recovered genomic DNA (1 ng) of the virus as
a template.       PCR cycle was 94C for two minutes, 30 cycles of 98C
for 10 seconds, 60C for 30 seconds, and 68C for 5 minutes, followed
by 4C. An aliquot (10 'AL) of the PCR reaction mixture was subjected
to agarose gel electrophoresis, and DNA was stained with ethidium
bromide. The combinations of primers employed in the PCR were as
follows: forward primer Pol h-F (5'-CCATCTCGCAAATAAATAAGTA-3' (SEQ ID
NO: 41)) and reverse primer Pol A-f (5rAGAAGTCAGATGCTCAAG-3' (SEQ ID
NO: 42)); forward primer CAG-FFseI (5'-CTAGTTATTAATAGTAAT-3' (SEQ ID
NO: 43)) and reverse primer GP64-R2 (5r-CATCGCCACGATTTGTTGCAC-3' (SEQ
ID NO: 44)); and forward primer Pol h-F (5'-CCATCTCGCAAATAAATAAGTA-3'
(SEQ ID NO: 41) and reverse primer GP64-R2
(5rCATCGCCACGATTTGTTGCAC-3' (SEQ ID NO: 44)). [0098]       A PCR
product was extracted from the agarose gel through irradiating the
ethidium bromide-stained gel with UV light, cutting a DNA band of
interest, and extracting DNA from the gel by means of a QIAquick Gel
Extraction Kit (product of QIAGEN). 



Sequencing of the PCR product was performed through extracting a
PCR-amplified target DNA from the gel and employing the extract as a
template for sequence analysis. Alternatively, the extract was cloned
by means of a Zero Blunt TOPO PCR Cloning Kit (product of Invitrogen)
and then employed as a template for sequence analysis. Cycle reaction
was performed by use of DNA (5 to 300 ng) as a template and BigDye
Terminator v3.1 (product of Applied Biosystems). The employed primers
were Pol h-F (5r-CCATCTCGCAAATAAATAAGTA-3' (SEQ ID NO: 41)) and Pol
A-f (5'-AGAAGTCAGATGCTCAAG-3' (SEQ ID NO: 42)).       The employed
sequencer was Applied Biosystems 3130x1 Genetic Analyzer (product of
Applied Biosystems).  [0099]       Subsequently, gene fragments for
producing probes to detect restriction enzyme-treated virus DNA
fragments in Southern blot analysis performed in the Examples
hereinbelow were amplified through PCR. The target probes were as
follows: an HAl/VN probe (which can detect a fusion gene of an
antigen gene HAI and a gp64 gene); a gp64 probe (which can detect a
fusion gene of an antigen gene HAI and a gp64 gene, a gene (mutant
virus DNA) formed through removal of the antigen gene from the fusion
gene, and an endogenous gp64 gene); and a promoter probe (which can
detect a fusion gene of an antigen gene HAI_ and a gp64 gene and a
gene formed through removal of the antigen gene from the fusion
gene). The promoter probe was produced, since the aforementioned gp64
probe cannot bind to a virus DNA fragment which includes a
polynucleotide obtained through modification of a polynucleotide
sequence of a naturally occurring gp64 gene, or a virus DNA fragment
which includes a polynucleotide obtained through shortening the DNA
sequence of the gp64 gene. The concentration of each amplified gene
fragment was measured, and the fragment was used as a probe in an
amount of 50 to 100 ng with respect to 10 mL of hybridization buffer.
[0100] (2) Production of probes employed in Example 5 (I)       In
order to produce a DNA fragment of the HAl/VN probe, PCR was
performed by use of 10 pM forward primer VN-F2 (5'-
GTGTCCAGCGCCTGCCCCTACCAGG-3'(SEQ ID NO: 45)), 10 pM reverse  primer
VN-R3 (5'-CCGTACTCCAGTTCTGACTTCATG-3' (SEQ ID NO: 46)), and a
transfer plasmid pCAP-HAl/vietnam as a template DNA. In order to
produce the gp64 probe, PCR was performed by use of 10 pM forward
primer GP64-271-F (5'-ACCGAGTCAAGAAGCGGCC-3' (SEQ ID NO: 47)), 10 pM
reverse primer pol A-f (5'- AGAAGTCAGATGCTCAAG-3' (SEQ ID NO: 42)),
and a transfer plasmid pCAP-HA1/PR8 as a template DNA. Through the
above PCR procedures, gene fragments for producing probes were
obtained. The nucleotide sequences of the DNA fragments are shown in
SEQ ID NOs.: 50 and 51. 



The probes were produced from the gene fragments by means of a kit;
an AlkPhos Direct Labeling and Detection System (GE Healthcare).
[0101] (3) Production of probes employed in Example 8 (II)       The
same HAl/VN probe and gp64 probe as employed in Example 5 were used.
In order to produce the promoter probe, PCR was performed by use of
10 pM forward primer CAP-PromF F213-22 (5'-GCCTCTGCTAACCATGTTCATGC-3'
(SEQ ID NO: 48)), 10 JIM reverse primer CAP-PromR F213-22 (5'-
CTTGCTTGTGTGTTCCTTATTGAAGCC-3' (SEQ ID NO: 49)), and a transfer
plasmid pCAP-HAl/vietnam as a template DNA.       Through the above
procedure, DNA fragments of the HAl/VN probe and the gp64 probe, and
a gene fragment for producing the promoter probe were obtained. The
nucleotide sequences of each DNA fragments are shown in SEQ ID NO:
50, 51, and 52.          The probes were produced from the gene
fragments by means of a kit; an AlkPhos Direct Labeling and Detection
System (product of GE Healthcare). [0102]        In a manner similar
to that of Example 3, recombinant viruses were subcultured, and the
amount of produced virus DNA was determined through PCR. Through
Western blot analysis, a drop in expression amount of a target
antigen was observed. In order to confirm the cause for the drop in
expression amount, PCR was performed by use of a primer set to
amplify a region including a promoter sequence and an antigen
sequence (CAG-F-FseI and GP64-R2), and virus genomic DNA prepared
from each virus as a template (5 1.11). After PCR, the PCR products
were analyzed through agarose gel electrophoresis. As shown in Fig.
1, an unexpected band (lower) was observed at a size different from a
deduced size (upper). This unexpected band was cut from the gel, and
was subjected to sequence analysis, whereby a sequence containing no
antigen gene in which a promoter sequence was ligated to a sequence
of the gp64 gene was identified. This sequence suggests that the
recombinant virus includes a mutant virus lacking an antigen gene.
[0103] 



As a positive control, plasmid pCAP-HA1/PR8 was employed (lanes 1 and
2). When the genomic DNA (100 ng) derived from Sf9 cells was
employed, no such unexpected band  was observed (lane 8). Thus, the
obtained unexpected band was thought to be attributable to a
recombinant baculovirus. Therefore, the recombinant virus, which also
serves as an active ingredient of a medicament, was confirmed to be
lowered in purity.        In the agarose gel electrophoresis, an
aliquot (10 gL) of the reaction mixture, in which the template
content was 5 p1/50 pL, was loaded on agarose gel. [0104]        Fig.
1 shows the results of PCR employing an annealing temperature of 60C:
lane 1, PCR product from 5 pg of plasmid pCAP-HA1/PR8; lane 2, PCR
product from 0.5 pg of plasmid pCAP-HA1/PR8; lane 3, molecular weight
marker (1kb Plus DNA ladder (product of Invitrogen)); lane 4, PCR
product from virus DNA prepared from P2 virus stock; and each of
lanes 5 to 7, PCR product from DNA of virus prepared through
subculturing virus employed in lane 4 once more (P3 virus stock).
[0105] Example 5: Detection of mutant virus through Southern blot
analysis       A virus from the P3 virus stock of recombinant
baculovirus AcNPV-CAP-HAliVietnam obtained through subculturing in
Example 3 was subcultured once more. From the thus-obtained virus,
virus DNA (0.2 jig) was recovered and digested with restriction
enzymes SwaI (NEB) and XbaI (NEB). The whole digestion product was
subjected to agarose gel  electrophoresis. [0106]        The gel was
treated with 0.25 M HC1 solution, denaturation buffer (0.5 M NaOH,
1.5 M NaCl), and neutralization buffer (1 M Tris-HC1 (pH: 7.5), 1.5 M
Nadi). The DNA was transferred to a membrane by means of a Turbo
Blotter (product of Whatman) and fixed through UV cross-linking
(1200x100 uj/cm2). [0107] 



Subsequently, the membrane was immersed in a hybridization buffer, to
thereby perform prehybridization (hybridization buffer 10 mL/6x11 cm
membrane) at 65C for 30 minutes.        The hybridization buffer
employed was a hybridization buffer included in a kit; AlkPhos Direct
Labeling and Detection System (product of GE healthcare), and used
according to an instruction attached to the kit. [0108]       The
HAl/VN probe or gp64 probe produced in Example 4 was added to the
hybridization liquid, and hybridization was performed at 65C for 4
hours or longer.       After completion of hybridization, the
membrane was washed, and bands were detected by use of a CDP-star
detection reagent (product of GE Healthcare).       After detection
of signals, re-probing was performed. Another hybridization was
performed by use of a lkb plus DNA ladder probe, which had been
produced by labeling a lkb plus  DNA ladder (product of Invitrogen)
(20 to 100 ng) by means of a kit; AlkPhos Direct Labeling and
Detection System (product of GE Healthcare), to thereby determine the
sizes of the bands. The results are shown in Figs. 2(A) and 2(B).
[0109]        In Fig. 2, (A) shows the results of the case in which
the HA1/VN probe was used, and (B) shows the results of the case in
which the gp64 probe was used: lane 1, clone 1 of
AcNPV-CAP-HA1/Vietnam; lane 2, another clone (clone 2) of
AcNPV-CAP-HAl/Vietnam; lane 3, molecular weight marker (1kb plus DNA
ladder (product of Invitrogen)); lane 4, clone 1 of
AcNPV-CAP-HAl/Vietnam; lane 5, clone 2 of AcNPV-CAPHAl/Vietnam; and
lane 6, molecular weight marker (1kb plus DNA ladder (product of
Invitrogen)).       As shown in Fig. 2(A), the HA gene was detected
at the expected size. In Fig. 2(B), a band attributed to a fusion
gene of the HA' gene and the gp64 gene, and a band attributed to the
endogenous gp64 gene (both bands being attributed to non-mutant
virus) were observed. In Fig. 2(B), a band attributed to the gp64
gene (lacking HAI_ gene) was also observed (the band being attributed
to mutant virus). Thus, the presence of a mutant virus in the virus
solution was confirmed. [0110] Example 6: Southern analysis of
modified products of gp64 gene for preventing generation of mutant
virus 



Since the presence of the aforementioned mutant virus  has been
confirmed, the transfer vector produced in Example 1 (i.e., a plasmid
vector having a polynucleotide sequence having a reduced identity of
about 7796 with a polynucleotide sequence encoding the amino acid
residues constituting the naturally occurring GP64 protein so as not
to alter the amino acid residues constituting the naturally occurring
GP64 protein) was employed as a modified product of gp64 for
preventing generation of mutant virus. By use of the plasmid vector,
a recombinant baculovirus (AcNPV-CAP-HAl/Vietnam/OG) was produced.
For the purpose of further refined analysis, some modified products
of GP64 having a partially shortened GP64 nucleotide sequence were
subjected to PCR in a similar manner.       Specifically, virus DNAs
were recovered from P3 virus stock obtained through subculturing in
Example 3, including AcNPV-CAP-HA1/Vietnam/OG, AcNPV-CAP-HA1/Vietnam,
AcNPV-CAPHAl/Vietnam/51, AcNPV-CAP-HA1/Vietnam/101,
AcNPV-CAPHA1/Vietnam/154, AcNPV-CAP-HA1/Vietnam/201,
AcNPV-CAPHA1/Vietnam/272, and AcNPV-CAP-HA1/Vietnam/467, in a manner
as employed in Example 4. Each virus DNA was subjected to PCR
analysis employing relevant primers. Fig. 3 shows the results. [0111]
In Fig. 3, lane 1 shows a molecular weight marker (1kb plus DNA
ladder (product of Invitrogen)); lane 2 shows a band attributed to
AcNPV-CAP-HA1/Vietnam/OG virus DNA; lane 3 shows bands attributed to
AcNPV-CAP-HA1/Vietnam virus DNA;  lane 4 shows bands attributed to
AcNPV-CAP-HA1/Vietnam/51 virus DNA; lane 5 shows bands attributed to
AcNPV-CAPHA1/Vietnam/101 virus DNA; lane 6 shows bands attributed to
AcNPV-CAP-HA1/Vietnam/154 virus DNA; lane 7 shows bands attributed to
AcNPV-CAP-HA1/Vietnam/201 virus DNA; lane 8 shows bands attributed to
AcNPV-CAP-HA1/Vietnam/272 virus DNA; and lane 9 shows a band
attributed to AcNPV-CAPHA1/Vietnam/467 virus DNA. [0112]        As is
clear from Fig. 3, mutant virus was virtually or completely
undetected in the cases of AcNPV-CAPHAI/Vietnam/0G (i.e., a modified
product obtained by reducing to about 77% the identity of the
polynucleotide sequence of the gp64 gene with the polynucleotide
sequence encoding the amino acid residues constituting naturally
occurring GP64 protein so as not to alter the amino acid residues
constituting the naturally occurring GP64 protein) and
AcNPVCAP-HA1/Vietnam/272 and AcNPV-CAP-HA1/Vietnam/467 (i.e.,
modified products obtained by partially shortening gp64 genes, in
which the polynucleotide sequences were modified so that a portion of
the amino acid residues constituting GP64 protein was deleted (49%
and 87% amino acid sequences deleted, respectively)). [0113] Example
7: Southern analysis of modified products of gp64 gene for preventing
generation of mutant virus As clearly described above, generation of
mutant  



viruses can be prevented or suppressed by constructing a transfer
vector for a modified product by modifying the polynucleotide
sequence of the gp64 gene so as not to alter the amino acid residues
constituting the naturally occurring GP64 protein; or by constructing
a transfer vector for a modified product by partially shortening the
gp64 gene, in which the polynucleotide sequence was modified so that
a portion of the amino acid residues constituting GP64 protein was
deleted.       Then, generation of mutant viruses was studied when a
transfer vector for a modified product (i.e., partially shortened
gp64 gene), in which the immunogenic protein was changed to other
influenza antigens, was employed.       Specifically, virus DNAs were
recovered from P3 virus stock obtained through subculturing in
Example 3, including AcNPV-CAP-HAl/Vietnam,
AcNPV-CAP-HA1/Vietnam/272, AcNPV-CAPHA1/Vietnam/467,
AcNPV-CAP-HAl/Anhui, AcNPV-CAP-HA1iAnhui/272, and
AcNPV-CAP-HA1/Anhui/467, in a manner as employed in Example 4. Each
virus DNA was subjected to PCR analysis employing relevant primers.
Fig. 4 shows the results. [0114]       In Fig. 4, lane 1 shows a
molecular weight marker (1kb plus DNA ladder (product of
Invitrogen)); lane 2 shows bands attributed to AcNPV-CAP-HAl/Vietnam
virus DNA; lane 3 shows bands attributed to AcNPV-CAP-HA1/Vietnam/272
virus DNA; lane 4 shows bands attributed to AcNPV-CAP-HA1/Vietnam/467
virus DNA; lane 5 shows bands attr ibuted to AcNPV-CAP-HAl/Anhui
virus DNA; lane 6 shows bands attributed to AcNPV-CAPHA1/Anhui/272
virus DNA; lane 7 shows bands attributed to AcNPV-CAP-HA1/Anhui/467
virus DNA; lane 8 shows bands attributed to AcNPV-CAP-HAl/Vietnam
(mutant virus previously confirmed, positive control); each of lanes
9 to 13 shows a band for DNA obtained by PCR employing, as a template
the genomic DNA of baculovirus AcNPV-CAP-bGal, AcNPV-CAP-R-Luc,
AcNPV-CAP-Luc, AcNPV-CAP-AFP, or AcNPV-CAP-Neo, respectively,
produced by use of a transfer vector in which the gp64 gene was not
ligated to each target gene (pCAP-bGal, pCAP-Rluc, pCAP-Luc,
pCAP-AFP, or pCAP-Neo); and lane 14 shows a molecular weight marker
(1kb plus DNA ladder (product of Invitrogen)). [0115]      As is
clear from Fig. 4, AcNPV-CAP-HA1/Vietnam/272,
AcNPV-CAP-HA1/Vietnam/467, AcNPV-CAP-HA1/Anhui/272, and
AcNPV-CAP-HA1/Anhui/467, in which the N-terminal amino acid sequence
length of GPE4 protein was shortened by 51% or 13% (gene level),
exhibited a clear decrease in bands derived from mutant viruses
(lanes 3, 4, 6 and 7), as compared with the constructs in which the
N-terminal amino acid sequence length of GP64 protein was not
shortened. In addition, when five clones (lanes 9 to 13) having a
gene encoding a foreign immunogenic protein with which the gp64 gene
was not fused were tested, no such mutant virus was detected.
Furthermore, when the immunogenic protein was changed to other
influenza antigens, no mutant virus was detected.  [0116] Example 8:
Detection of amounts of recombinant virus and mutant virus through
Southern blot analysis Virus DNAs were recovered from recombinant
baculoviruses obtained through subculturing P3 virus stock obtained
through subculturing in Example 3, including AcNPVCAP-HAl/Vietnam,
AcNPV-CAP-HA1/Vietnam/272, AcNPV-CAPHA1/Vietnam/467,
AcNPV-CAP-HAl/Vietnam/OG, and wild-type baculovirus (AcNPV). Each of
the virus DNA was digested with restriction enzymes SwaI (NEB) and
XbaI (NEB) and subjected to agarose gel electrophoresis. 



[0117]        Specifically, virus DNA (2 4g) was digested with a
restriction enzyme SwaI (NEB) and XbaI (NEB), follwed by ethanol
precipitation. The thus-obtained pellets were dissloved in a TE
buffer, and the digestion product was separated by 0.896 agarose gel.
[0118]       Subsequently, the gel was treated with 0.25 M HC1
solution, denaturation buffer (0.5 M NaOH, 1.5 M NaCl), and
neutralization buffer (1 M Tris-HC1 (pH: 7.5), 1.5 M NaCl). The DNA
contained in the gel was transferred to a membrane by means of a
Turbo Blotter (product of Whatman) and fixed through UV cross-linking
(1200x100 uj/cm2).       Subsequently, the membrane was immersed in a
hybridization buffer, to thereby perform prehybridization
(hybridization buffer 10 mL/6x11 cm membrane) at 65C for 30  minutes.
The hybridization buffer employed was a hybridization buffer included
in a kit; AlkPhos Direct Labeling and Detection System (product of GE
healthcare), and used according to an instruction attached to the
kit.       The promoter probe produced in Example 4 was added to the
hybridization liquid, and hybridization was performed at 65C for 4
hours or longer.       After completion of hybridization, bands were
detected by use of a CDP-star detection reagent (product of GE
Healthcare).       After detection of signals, re-probing was
performed. Another hybridization was performed by use of a lkb plus
DNA ladder probe, to thereby determine the sizes of the bands. The
results are shown in Fig. 5 and Table 2. [0119]       In Fig. 5, lane
1 shows a band attributed to 1 x 108 copies of pCAP-HAl/Vietnam
plasmid (control) (0.84 ng); lane 2 shows a band attributed to 3 x
107 copies of the control plasmid (0.252 ng); lane 3 shows a band
attributed to 1 x 107 copies of the control plasmid (0.084 ng); lane
4 shows a band attributed to a wild-type baculovirus DNA; lane 5
shows bands attributed to AcNPV-CAP-HAl/Vietnam/OG virus DNA; lane 6
shows bands attributed to AcNPV-CAP-HAl/Vietnam virus DNA; lane 7
shows bands attributed to AcNPV-CAP-HA1/Vietnam/272 virus DNA; and
lane 8 shows bands attributed to AcNPV-CAPHA1/Vietnam/467 virus DNA.
[0120]  



As is clear from Fig. 5, no mutant virus was detected in the cases of
the recombinant baculovirus (AcNPV-CAPHAI/Vietnam/0G), in which the
polynucleotide sequence encoding GP64 protein was modified so as not
to alter the amino acid residues constituting the naturally occurring
GP64 protein; and a modified product (AcNPV-CAP-HA1/Vietnam/467), in
which an N-terminal portion of the amino acid sequence constituting
GP64 protein was considerably shortened, the two products falling
within the scope of the present invention. However, bands attributed
to mutant viruses were detected in the cases of AcNPV-CAP-HAl/Vietnam
and AcNPV-CAPHA1/Vietnam/272.       Then, the amount of expressed
mutant virus was quantitatively determined based on the density ratio
of the bands for non-mutant virus, mutant virus, and control plasmid.
Table 2 shows the results. [0121] [Table 2]  Mutant ratio (90
AcNPV-CAP-HAl/Vietnam/OG ND AcNPV-CAP-HAl/Vietnam 9.1
AcNPV-CAP-HA1/Vietnam/272 0.8 AcNPV-CAP-HA1/Vietnam/467 ND 



ND: No detection [0122]       As is clear from Table 2, the mutation
was observed in about 9% of viruses in the case of
AcNPV-CAP-HAl/Vietnam, in which the identity of the polynucleotide
sequence of the gp64  gene had not been reduced, and in 0.8% of
viruses in the case of AcNPV-CAP-HA1/Vietnam/272, in which only an
N-terminal amino acid sequence of GP64 protein had been shortened. In
addition, in the cases of AcNPV-CAP-HAl/Vietnam/OG and
AcNPVCAP-HA1/Vietnam/467, in which an N-terminal amino acid sequence
of GP64 protein had been considerably shortened, the amount of mutant
virus was under the detection limit (marked with ND (no detection) in
Table 2). [0123]       In other words, since mutation of
AcNPV-CAPHAI/Vietnam/0G and AcNPV-CAP-HA1/Vietnam/467 were
suppressed, the purity of a pharmaceutical substance containing as an
active ingredient a recombinant baculovirus expressing a fusion
product of an immunogenic antigen gene and the gp64 gene can be
maintained. A drop in amount of expression of an immunogenic antigen,
which is a member of the fusion product, caused by decrease in purity
results in a reduced sensitization level of an administered antigen.
Thus, the therapeutic effect by the antigen is problematically
insufficient. However, through application of the production method
according to the present invention, the aforementioned problem can be
solved. [0124]  Example 9: Western blot analysis of Sf9 cells
infected with baculovirus       Variation in amount of generated
mutant virus was investigated in the case where the transfer vector
has a   single promoter and in the case where the transfer vector has
a dual promoter.        Recombinant baculovirus AcNPV-Pol-HA1/PR8
having a single promoter and recombinant baculovirus
AcNPV-CAP-HA1/PR8 having a dual promoter, which were produced in
Example 2, were used to produce plaques. In each case, eight plaques
were collected. Separately, Sf9 cells were inoculated to a 48-well
plate (product of Corning) and cultured. The cultured Sf9 cells were
infected with a portion of the plaques. Five days after infection,
the supernatant was removed, and Sf9 cells remaining on the plate was
lyzed with 2xSDS sample buffer (5 mM Tris-HC1 (pH: 7.0), 20%
glycerol, 4% SDS, 0.004% BPB (Bromophenol Blue), and 10% 2-
mercaptoethanol). The cell solution was transferred to an Eppendorf
tube, followed by boiling for five minutes. 



[0125]        The solution was subjected to SDS-PAGE. Proteins were
transferred to an Immubilon-P membrane (product of Millipore), and
Western blot analysis was performed by use of an antiGP64 antibody
(product of e-Bioscience, 5,000-fold diluted) and a secondary
antibody, Goat Anti-Mouse IgG (H+L) HRP Conjugate (product of BIORAD,
5,000-fold diluted), to thereby detect a fusion protein of GP64 and
an antigen, and an endogenous GP64 protein. There were used an
SDS-PAGE electrophoresis buffer containing 25 mM Tris, 192 mM
glycine, and 1% SDS, a blotting buffer containing 48 mM Tris (pH:
9.2), 39 mM glycine, 0.038%   SDS, and 20P6 methanol, and, as a
detection reagent, high-sensitivity chemiluminescence detecting ECL
plus (product of GE Healthcare). Fig. 6 shows the results of Western
analysis. [0126]        In the left photograph of Fig. 6, lanes 1 to
8 show clones 1 to 8 of recombinant virus AcNPV-CAP-HA1/PR8 produced
from a transfer vector having a dual promoter; and lanes 9 to 16 show
clones 1 to 8 of recombinant virus AcNPV-Pol-HA1/PR8 produced from a
transfer vector having a polyhedrin promoter as a single promoter.
[0127]       The right photographs (upper and lower) of Fig. 6 show
the results of PCR analysis of virus DNAs prepared from the
above-isolated clones. In the right upper and lower photographs of
Fig. 6, lanes 17 and 27 show a molecular weight marker; lanes 18 to
24 show clones 2 to 8 of recombinant virus AcNPV-CAP-HA1/PR8 produced
from a transfer vector having a dual promoter (not including clone 1,
which was employed in another test); lanes 28 to 34 show clones 2 to
8 of recombinant virus AcNPV-Pol-HA1/PR8 produced from a transfer
vector having a polyhedrin promoter as a single promoter (not
including clone 1, which was employed in another test); lanes 25 and
35 show a positive control; and lanes 26 and 36 show a negative
control.       As is clear from Fig. 6, both AcNPV-CAP-HA1/PR8 and
AcNPV-Pol-HA1/PR8 generated mutant viruses, regardless of the type of
promoter.  [0128] 



Example 10: Analysis of characteristics of gp64 gene codonmodified
baculovirus by use of a baculovirus to which human malaria
(Plasmodium falciparum) CSP antigen was incorporated
Recombinant baculoviruses containing a malaria antigen (obtained
through subculturing P3 virus stock); AcNPVCO/full/OG,
AcNPV-00/76/0G, AcNPV-00/205/0G, and AcNPVC0/76/467, were purified
and then denatured with 2xSDS sample buffer. The product was
subjected to SDS-PAGE, transferred to membrane, and immunostained
with an anti-GP64 antibody (product of e-Bioscience, 5,000-fold
diluted) and a secondary antibody, sheep anti-mouse IgG (H+L) HRP
Conjugate (product of BIORAD, 5,000-fold diluted), to thereby detect
a fusion protein of GP64 and an antigen, and an endogenous GP64
protein. For attaining high sensitivity, immunostaining was performed
with an anti-CSP antibody MRA-183 (MR4, 10,000-fold diluted) and a
secondary antibody, sheep anti-mouse IgG (H+L) HRP Conjugate (product
of BIORAD, 5,000-fold diluted), to thereby detect a fusion protein of
GP64 and the antigen. [0129]       In Fig. 7, lanes 1 to 4 show the
results of immunostaining by use of the anti-GP64 antibody; and lanes
5 to 8 show the results of immunostaining by use of the antiCSP
antibody. AcNPV-CAP-CO/full/OG was loaded on lanes 1 and 5,
AcNPV-CAP-00/76/0G was loaded on lanes 2 and 6, AcNPV-CAPco/205/0G
was loaded on lanes 3 and 7, and AcNPV-CAPC0/76/467 was loaded on
lanes 4 and 8. As shown in Fig. 7,  although the amounts of
GP64-antigen fusion proteins relative to the amount of endogenous
GP64 protein vary depending on the type of antigen, expression of
GP64-antigen fusion protein was observed in all clones, even in the
cases where codons of the gp64 gene were substituted. [0130]       In
order to confirm that these recombinant viruses generated no mutant
virus, the genomic DNA was prepared from each virus and subjected to
PCR by use of Pol h-f primer and Pol A-f primer. Fig. 8 shows the
results: lane 1, lkb Plus DNA ladder; lane 2, PCR product from
AcNPV-CAP-CO/full/OG; lane 3, PCR product from AcNPV-CAP-00/76/0G;
lane 4, PCR product from AcNPV-CAP-00/205/0G; lane 5, PCR product
from AcNPV-CAP-00/76/467; lane 6, PCR product from
AcNPV-CAPHAI/Vietnam/0G as a negative control; and lane 7, PCR
product from AcNPV-CAP-HAl/Vietnam as a positive control. Except the
positive control, no mutant virus was detected.   Claims [Claim 1]
A method for producing a transfer vector which includes therein a
fusion gene containing at least one gene encoding a
virus-particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising modifying the
polynucleotide sequence of the gene encoding the
virusparticle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein and/or modifying the polynucleotide
sequence of the gene so that a portion of the amino acid residues
constituting the naturally occurring virus-particle-forming protein
is deleted. [Claim 2] 



A method for producing a transfer vector which includes therein a
fusion gene containing at least one gene encoding a
virus-particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising modifying the
polynucleotide sequence of the gene encoding the
virusparticle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein. [Claim 3]       A method according to
claim 1, which comprises the following steps (a) to (c) and/or (d)
and (e):       (a) a step of modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as   not to
alter the amino acid residues constituting a corresponding naturally
occurring virus-particle-forming protein, and obtaining the nucleic
acid sequence information of a polynucleotide including the gene
encoding the virusparticle-forming protein;        (b) a step of
synthesizing the polynucleotide on the basis of the nucleic acid
sequence information obtained in step (a);        (c) a step of
ligating or inserting, into the polynucleotide synthesized in step
(b), a polynucleotide of the gene encoding the foreign immunogenic
protein;        (d) a step of synthesizing a polynucleotide encoding
a partial polypeptide of the naturally occurring
virusparticle-forming protein obtained through deletion of a portion
of the amino acid residues constituting the naturally occurring
virus-particle-forming protein, or a polynucleotide whose sequence
has been modified so as not to alter the amino acid residues
constituting the partial polypeptide; and        (e) a step of
ligating or inserting, into the polynucleotide synthesized in step
(d), a polynucleotide of the gene encoding the foreign immunogenic
protein. [Claim 4]       A method according to claim 1 or 2, wherein
the fusion gene includes, upstream thereof, a polynucleotide encoding
a signal sequence derived from the virus-particle-forming protein.
[Claim 5]  



A method according to claim 1 or 2, wherein the gene encoding the
virus-particle-forming protein is any of a baculovirus gp64 gene, a
vesicular stomatitis virus glycoprotein gene, a human
immunodeficiency virus type 1 glycoprotein gene, a human respiratory
syncytial virus membrane glycoprotein gene, an influenza A virus
hemagglutinin gene, an influenza B virus hemagglutinin gene, a herpes
simplex virus glycoprotein gene, and a murine hepatitis virus S
protein gene. [Claim 6]      A method according to claim 1 or 2,
wherein the gene encoding the virus-particle-forming protein is a
baculovirus gp64 gene. [Claim 7]      A method according to claim 1
or 2, wherein the gene encoding the foreign immunogenic protein is a
gene for an antigen selected from among a malaria antigen, an
influenza virus antigen, a Mycobacterium tuberculosis antigen, an
SARS virus antigen, a West Nile fever virus antigen, a dengue fever
virus antigen, an HIV antigen, an HCV antigen, a leishmania antigen,
a trypanosome antigen, a leucocytozoon antigen, and a cancer antigen;
or a gene for a fusion antigen of a cytokine and at least one gene
selected from the group of these antigen genes. [Claim 8] A method
according to claim I or 2, wherein, in the transfer vector, the
fusion gene is ligated to the downstream  of a dual promoter prepared
through ligation between a promoter capable of functioning in
vertebrate cells and a baculovirus promoter. [Claim 9]       A method
according to claim 8, wherein the promoter capable of functioning in
vertebrate cells is selected from among a cytomegalovirus promoter,
an 8V40 promoter, a retrovirus promoter, a metallothionein promoter,
a heat-shock protein promoter, a CAG promoter, an elongation factor
la promoter, an actin promoter, a ubiquitin promoter, an albumin
promoter, and an MHC class promoter; and the baculovirus promoter is
selected from among a polyhedrin promoter, a p10 promoter, an IE1
promoter, a p35 promoter, a p39 promoter, and a gp64 promoter. [Claim
10] 



A method for producing a transfer vector containing a DNA region of a
gene encoding a foreign immunogenic protein, the DNA region being
inserted between virus DNA regions including at least one gene
encoding a virus-particle-forming protein, the method comprising
modifying a polynucleotide sequence of an N-terminal and/or
C-terminal virus DNA region fused with the DNA region of the gene
encoding the foreign immunogenic protein so that the polynucleotide
sequence exhibits reduced identity to a naturally occurring
polynucleotide sequence of the same virus DNA region; and/or
modifying the polynucleotide sequence so that a portion of the amino
acid residues constituting a corresponding  naturally occurring
virus-particle-forming protein is deleted. [Claim 11]       A method
for producing a recombinant baculovirus comprising employing a
transfer vector which includes therein a fusion gene containing at
least one gene encoding a virusparticle-forming protein and a gene
encoding a foreign immunogenic protein, the method comprising
co-transfecting, into an insect host cell, baculovirus DNA and the
transfer vector produced by modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as not to
alter the amino acid residues constituting a corresponding naturally
occurring virus-particle-forming protein, and/or modifying the
polynucleotide sequence of the gene so that a portion of the amino
acid residues constituting the naturally occurring
virus-particle-forming protein is deleted. [Claim 12]       A
transfer vector which includes therein a fusion gene containing at
least one gene encoding a virus-particleforming protein and a gene
encoding a foreign immunogenic protein, wherein the polynucleotide
sequence of the gene encoding the virus-particle-forming protein is
modified so as not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming protein
and/or the polynucleotide sequence of the gene is modified so that a
portion of the amino acid residues   constituting the naturally
occurring virus-particle-forming protein is deleted. [Claim 13]
A transfer vector which includes therein a fusion gene containing at
least one gene encoding a virus-particleforming protein and a gene
encoding a foreign immunogenic protein, wherein the polynucleotide
sequence of the gene encoding the virus-particle-forming protein is
modified so as not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming protein.
[Claim 14] A transfer vector according to claim 12, which is 



produced by performing the following steps (a) to (c) and/or (d) and
(e):        (a) a step of modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as not to
alter the amino acid residues constituting a corresponding naturally
occurring virus-particle-forming protein, and obtaining the nucleic
acid sequence information of a polynucleotide including the gene
encoding the virusparticle-forming protein;        (b) a step of
synthesizing the polynucleotide on the basis of the nucleic acid
sequence information obtained in step (a);        (c) a step of
ligating or inserting, into the polynucleotide synthesized in step
(b), a polynucleotide of  the gene encoding the foreign immunogenic
protein;        (d) a step of synthesizing a polynucleotide encoding
a partial polypeptide of the naturally occurring
virusparticle-forming protein obtained through deletion of a portion
of the amino acid residues constituting the naturally occurring
virus-particle-forming protein, or a polynucleotide whose sequence
has been modified so as not to alter the amino acid residues
constituting the partial polypeptide; and        (e) a step of
ligating or inserting, into the polynucleotide synthesized in step
(d), a polynucleotide of the gene encoding the foreign immunogenic
protein. [Claim 15]       A transfer vector according to claim 12 or
13, wherein the fusion gene includes, upstream thereof, a
polynucleotide encoding a signal sequence derived from the
virus-particleforming protein. [Claim 16]       A transfer vector
according to claim 12 or 13, wherein the gene encoding the
virus-particle-forming protein is any of a baculovirus gp64 gene, a
vesicular stomatitis virus glycoprotein gene, a human
immunodeficiency virus type 1 glycoprotein gene, a human respiratory
syncytial virus membrane glycoprotein gene, an influenza A virus
hemagglutinin gene, an influenza B virus hemagglutinin gene, a herpes
simplex virus glycoprotein gene, and a murine hepatitis virus S
protein gene. 



[Claim 17]          A transfer vector according to claim 12 or 13,
wherein the gene encoding the virus-particle-forming protein is a
baculovirus gp64 gene. [Claim 18]       A transfer vector according
to claim 12 or 13, wherein the gene encoding the foreign immunogenic
protein is a gene for an antigen selected from among a malaria
antigen, an influenza virus antigen, a Mycobacterium tuberculosis
antigen, an SAPS virus antigen, a West Nile fever virus antigen, a
dengue fever virus antigen, an HIV antigen, an HCV antigen, a
leishmania antigen, a trypanosome antigen, a leucocytozoon antigen,
and a cancer antigen; or a gene for a fusion antigen of a cytokine
and at least one gene selected from the group of these antigen genes.
[Claim 19]       A transfer vector according to claim 12 or 13,
wherein the fusion gene is ligated to the downstream of a dual
promoter prepared through ligation between a promoter capable of
functioning in vertebrate cells and a baculovirus promoter. [Claim
20]       A transfer vector according to claim 19, wherein the
promoter capable of functioning in vertebrate cells is selected from
among a cytomegalovirus promoter, an SV40 promoter, a retrovirus
promoter, a metallothionein promoter, a heat-shock protein promoter,
a CAG promoter, an elongation factor la promoter, an actin promoter,
a ubiquitin promoter,  an albumin promoter, and an MHC class
promoter; and the baculovirus promoter is selected from among a
polyhedrin promoter, a p10 promoter, an IE1 promoter, a p35 promoter,
a p39 promoter, and a gp64 promoter. [Claim 21]        A transfer
vector containing a DNA region of a gene encoding a foreign
immunogenic protein, the DNA region being inserted between virus DNA
regions including at least one gene encoding a virus-particle-forming
protein, wherein a polynucleotide sequence of an N-terminal and/or
C-terminal virus DNA region fused with the DNA region of the gene
encoding the foreign immunogenic protein is modified so that the
polynucleotide sequence exhibits reduced identity to a naturally
occurring polynucleotide sequence of the same virus DNA region;
and/or the polynucleotide sequence is modified so that a portion of
the amino acid residues constituting a corresponding naturally
occurring virus-particle-forming protein is deleted.  



SEQUENCE LISTING <110> Otsuka Pharmaceutical Co., Ltd. <120> Method
for producing recombinant virus <130> 0P0060 <150> US 12/705, 317
<151> 2010-02-12 <160> 62 <170> Patent In version 3. 1 <210> 1 <211>
42 <212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer phsp65-F1 <400> 1 



aataatagat ctaatggcca agacaattgc gtacgacgaa ga42 <210> 2 <211> 63
<212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer phsp65-R1 <400> 2 aatccaatgc ggccgcggga attcgattcc
tgcaggtcag aaatccatgc cacccatgtc60 gcc63 <210> 3 <211> 74 <212> DNA
<213> Artificial sequence 



<220> <223> Oligonucleotide as PCR primer phsp65-F2 <400> 3
cacccctgca ggactacaag gacgacgatg acaaggaatt catggccaag acaattgcgt60
acgacgaaga ggcc74  <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer phsp65-R2 <400> 4 cccgggcgaa atccatgcca
cccatgtcgc cgccacc37 <210> 5 <211> 30 



<212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer HA-f <400> 5 cctgcaggta tgaaggcaaa cctactggtc30 <210> 6
<211> 23 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer HA-r <400> 6 gcccgggcga tgcatattct
gca23 



<210> 7 <211> 37 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer p1-IA-F1 <400> 7 caccgaattc gacacaatat
gtataggcta ccatgcg37 <210> 8 <211> 32 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer pHA-R1 



<210> 9 <211> 35 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer Polh-f Rsrll <400> 9 gggcggaccg
gataattaaa atgataacca tctcg35 <210> 10 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> Oligonucleotide as PCR primer 6P64-r
Draill  <400> 10 



gggcacttag tgatattgtc tattacggtt tctaatc <210> 11 <211> 990 <212> DNA
<213> Artificial sequence <220> <223> Artificial gene synthesized
based on Hemagglutinin HA1 domain of the influenza virus, H5N1/Vie
<400> 11 gaccagatct gtatcggata ccacgccaac aacagtaccg gagaagaatg
tgaccgtgac ccacgcccag gatatcctgg ctgtgcgatc tggacggcgt gaagcccctg
atcctgcgcg ctgctgggca accctatgtg cgacgaattt atcaacgtgc gagaaggcta
accccgtgaa tgacctgtgc taccccggag ctgaagcatc tgctgtcaag gattaaccac
ttcgagaaga agctggagct cccacgaggc ctcactggga gtgtccagcg tcaagcttct
ttcgcaacgt ggtgtggctg atcaagaaga aagaggtcct acaacaacac caaccaggaa
gacctgctgg cccaatgacg ctgccgaaca gaccaagctg taccagaacc  ggcaccagca
ggccagtccg ttcgagagca gattccacca cccatgggcg gagtgcccca ccacagaggg
cactgaacca gccgcatgga atggaaactt tcatgaagtc ccatcaactc agtacgtgaa
agagacgcag gcgcctggtg atttttctgg catcgccccc agaactggag cagcatgcca
gtccaacaga gaagaagaga cctagaatcg acaatcctga gaatacgcct tacggcaact
ttccacaaca ctggtgctgg ccaccagatc caaagtgaac agcccaatga tgccatcaac
acaagattgt gaaaaaaggc gtaacaccaa gtgccagact tccatccact gaccatcggc
ctaccggact gcgcaattcc 



660 720 780 840 900 960 990  <210> 12 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> Oligonucleotide as PCR primer VN-F1
<400> 12 cagtctgcag gaccagatct gtatc25 <210> 13 <211> 25 <212> DNA
<213> Artificial sequence <220> <223> Oligonucleotide as PCR primer
VN-R4 <400> 13 cagtcccggg ctctcttctt cctgc25 <210> 14 <211> 34 <212>
DNA <213> Artificial sequence <220> 



<223> Oligonucleotide as PCR primer gp64(51)-f <400> 14 gactccccgg
gtggaaatca ccatcgtgga gacg34 <210> 15 <211> 34 <212> DNA <213>
Artificial sequence  <223> Oligonucleotide as PCR primer gp64(101)-f
<400> 15 gactccccgg gatttgctta tgtggagcat cagg34 <210> 16 <211> 34
<212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer gp64(154)-f <400> 16 gactccccgg gcgcaccaca cgtgcaacaa
atcg34 <210> 17 <211> 34 <212> DNA <213> Artificial sequence 



<220> <223> Oligonucleotide as PCR primer gp64(201)-f <400> 17
gactccccgg gacactgtgc ttcatcgaga cggc34 <210> 18 <211> 31 <212> DNA
<213> Artificial sequence <220> <223> Oligonucleotide as PCR primer
gp64(272)-f <400> 18 gactccccgg gtcgagcacc gagtcaagaa g31 <210> 19
<211> 31 <212> DNA <213> Artificial sequence <220> 



<223> Oligonucleotide as PCR primer gp64(467)-f <400> 19 gactccccgg
gacatcactt ccatggctga a31 <210> 20 <211> 37 <212> DNA  <213>
Artificial sequence <220> <223> Oligonucleotide as PCR primer GP64-r
Drain <400> 20 gggcacttag tgatattgtc tattacggtt tctaatc37 <210> 21
<211> 987 <212> DNA <213> Artificial sequence <220> <223> Artificial
gene synthesized based on the amino acid sequence of Hemagglutinin
HA1 domain of the influenza virus, H5N1/Anhui/1/05. 



<400> 21 gaccagattt gcatcggata ccacgccaac aacagcaccg agcaggtcga
taccatcatg60 gagaaaaacg tgaccgtcac ccacgctcag gacatcctgg agaagactca
caatggaaag120 ctctgcgacc tggacggcgt gaaacccctc atcctgagag attgttctgt
ggccggatgg180 ctgctgggaa accccatgtg cgatgaattt atcaacgtcc cagagtggag
ttacatcgtg240 gagaaggcca accctgccaa cgacctgtgt taccccggca acttcaacga
ctacgaggag300 ctgaagcacc tgctctcacg catcaaccac ttcgagaaga tccagattat
ccctaagtct360 agttggagtg accacgaggc cagttccggc gtgtcctctg cctgtccata
ccagggcaca420 cccagtttct tcagaaacgt cgtctggctg atcaagaaga acaacacata
ccccaccatc480 aagcgaagtt acaacaacac caaccaggag gacctcctca tcctgtgggg
aatccaccac540 tctaacgacg ctgccgaaca gacaaagctg taccagaatc ccaccaccta
catctccgtg600 ggaacaagca ccctcaacca gcgcctggtg cccaagatcg ctacacgatc
aaaggtgaat660 ggccagtccg gcaggatgga ctttttctgg accatcctca aacccaacga
cgccatcaat720 tttgagtcta atggcaactt catcgccccc gagtacgctt acaagatcgt
caagaaagga780 



gactccgcca tcgtgaagtc cgaggtggag tacggcaact gcaacaccaa gtgccagacc840
ccaattggag ccattaactc cagtatgccc ttccacaata tccacccact gacaattggc900
gaatgcccca aatacgtgaa aagcaacaaa ctggtcctgg ctaccggact gcgcaacagc960
cccctgcgcg agcgcaggcg caagaga987  <211> 25 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer AH-F1 <400> 22
cagtctgcag gaccagattt gcatc25 <210> 23 <211> 25 <212> DNA <213>
Artificial sequence <220> 



<223> Oligonucleotide as PCR primer AH-R4 <400> 23 cagtcccggg
ctctcttgcg cctgc25 <210> 24 <211> 34 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer bGal-F Pstl
F189-105 <400> 24 actgctgcag atgtcgttta ctttgaccaa caag34 <210> 25
<211> 35 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer bGal_Rev(Dra3) <400> 25 actgcactta
gtgtttttga caccagacca actgg35 <210> 26 <211> 33 <212> DNA <213>
Artificial sequence 



<220> <223> Oligonucleotide as PCR primer Rluc F Pstl F189-134 <400>
26 actgctgcag atgacttcga aagtttatga tcc33 -7-  <210> 27 <211> 35
<212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer Rluc R Dralll F189-134 <400> 27 actgcactta gtgttattgt
tcatttttga gaact35 <210> 28 <211> 33 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer Rluc F Pstl
F189-105 



<400> 28 actgctgcag atgggagctc gaattccagc ttg33 <210> 29 <211> 35
<212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer Rluc-Rev2 F189-127 <400> 29 actgcactta gtgttacaat
ttggactttc cgccc35 <210> 30 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer AFP-F F189-77
<400> 30 acgcctgcag gctagcaaag gagaagaact cttca35 <210> 31 <211> 35 



<212> DNA <213> Artificial sequence <220> <223> Oligonucleotide as
PCR primer AFP-Rev2 F189-127  <400> 31 actgcactta gtgtcaatcg
atgttgtaca gttca35 <210> 32 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer Neo-F Sbfl
F189-105 <400> 32 actgcctgca ggtgattgaa caagatggat tgcac35 <210> 33
<211> 35 <212> DNA <213> Artificial sequence <220> 



<223> Oligonucleotide as PCR primer Neo-Rev2 F189-127 <400> 33
actgcactta gtgtcagaag aactcgtcaa gaagg35 <210> 34 <211> 1639 <212>
DNA <213> Artificial sequence <220> <223> Artificially synthesized
gp64 gene digested with Spe I and Dra Ill restriction enzymes and
subcloned into pCAP-HA1/Vietnam that had been digested with Spe I and
Dra Ill restriction enzymes <400> 34 actagtaaat cagtcacacc aaggcttcaa
taaggaacac acaagcaaga tggtatcagc60 aattgttttg tatgtacttc tcgcagctgc
cgctcactca gctttcgccg atctgcagga120 



ctacaaggac gacgatgaca aggaattcgc ccgggcggag cattgcaacg cacagatgaa180
gacagggccc tataaaatca agaacctgga tattactcca cccaaagaaa cactgcaaaa240
ggacgttgag attaccattg tggagactga ctataacgag aacgtgatca ttggctataa300
aggttactac caagcatatg cctataacgg cggaagcttg gaccccaaca ctcgggttga360
agaaaccatg aaaactctca acgtggggaa ggaggacttg ctgatgtgga gtataagaca420
ccgcgacaac caacaaccat aaagatgtat cgacgccgaa aagtatgatt ccttatcaaa
caacgacatt gagaaaggtc gaagtacacg catgtatgag actgaacaac tggaaatctt
gatgccatgt agaaggtcgg ggaactcgca ccacgatagt tatcacaact ctccatggct
gaatttcgtt tcgacagtac   gaaggtcgag tttgcacacc tccagattgg ggcaacccca
ctcaagcaga gacgataaga tatgatctct gagcatcggg gagggagata aacgaccttc
atgcttcacg atgaacaaca actaacccac tgggtggcca atcgatgacg tggaaggatg
atggagaata gagggagagc attatcctga cactaagtg   gccagtgggt acacatgtaa
agtgtcagga tcaacgttac agtccacctt ataacccaga ccaaaaatac tgaaaaagcg
cggcaaccaa tgaagatgaa accttatcgt gcgtatcctc cggcccacac acaccgactc
acgtcgagtt cgagcggctg cgaaatttgg tcgcagccaa tcgtaattct  caagggaaaa
taagagctgg cgacactgat tgtggacacc cacaacaaga gtccgtgact atggaattgc
ccctcctacg aggtgacctc tattgaactt gtctgtggct tactttcctg atctaactgt
cagccagtgc ctggatccca gtcttttatc gggcgtgggc gttgacctcc ttttctctac  



gagttggtga agatgcggca gaatgccagg gttctgcacc caaatcaaag agggagcact
aaattcaaca tggcggcata atgcacatcc atgcacgccc aaagtcgatg tcagatgata
tacaataact attgatttct accatcggca gctcaacaga act tccctga ttcatgttcg
tgcatgatcc  480 aacgacagaa540 tcagtacctc600 tgtatatcct660
gggacggagt720 ccgcctgcct780 gcctgattga840 ggtgtatcaa900 acgtacgcgc960
aggaagagct1020 atattaacaa1080 agaggctcat1140 



cctttttgct1200 ccatttacaa1260 ctaattacaa1320 atactacgta1380
agagtaacct1440 gtgacatcac1500 gccatgttgt1560 ggaacagaaa1620 1639
<210> 35 <211> 1191 <212> DNA <213> Artificial sequence 



<220> <223> Polynucleotide sequence of PfCSP(3D7)_oot as artificial
gene <400> 35 atgatgcgaa aattggccat actgtcagtc agcagcttct tgttcgtgga
ggccctgttt60 caggaatacc agtgctatgg ttccagctct aatacgcgag ttctgaacga
gctgaactac120  gataacgccg gcaccaacct ctacaatgag ctggagatga attactacgg
caagcaggag180 aattggtact cactcaagaa gaactccaga agtctcgggg agaacgacga
cggaaataat240 gaggacaacg aaaaacttag aaaacccaaa cacaagaaac tgaaacaacc
tgccgatggt300 aatcctgatc ctaatgcaaa cccaaatgtg gaccccaatg ctaaccccaa
cgtcgatccg360 aacgcgaacc ctaatgtgga tcctaacgcc aatccaaacg cgaatccgaa
tgccaaccca420 aacgccaacc caaacgctaa ccccaacgcg aaccccaacg ctaatccgaa
cgccaatccc480 aatgctaatc ccaatgcgaa ccctaacgct aatcccaacg caaatccgaa
cgcaaaccct540 aacgcaaacc ccaatgccaa ccctaacgcc aacccgaatg ccaatcctaa
tgtggacccg600 



aacgccaatc cgaatgcaaa cccaaatgcc aatccaaacg ctaatcctaa cgccaacccc660
aacgccaacc ctaatgctaa tccgaatgcg aatccaaatg ctaacccgaa cgctaatcca720
aatgcaaatc ccaatgcaaa tccaaatgcg aacccgaatg ctaaccctaa tgcaaatcct780
aatgcaaacc ctaatgcgaa tcccaatgca aaccccaata agaataatca gggaaatggc840
cagggacata atatgcctaa tgaccctaac aggaacgttg atgagaacgc gaatgcgaac900
tctgctgtaa agaacaacaa caatgaagag ccctccgata aacatattaa ggagtatctg960
aataagatcc agaactcctt gtctaccgaa tggtccccct gttctgtgac gtgtggtaac1020
ggaatccagg taaggatcaa acccggcagt gccaacaagc caaaggacga gctcgattac1080
gctaatgata ttgaaaagaa aatttgtaag atggagaagt gcagctccgt attcaatgtg1140
gtcaacagct caattggcct catcatggtt ctttcctttc tgttcctcaa t1191 <210> 36
<211> 34 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer PfCSP_opt-f <400> 36 



gactctgcag atgatgcgaa aattggccat actg34 <210> 37 <211> 39 <212> DNA
<213> Artificial sequence <220> <223> Oligonucleotide as PCR primer
PICSP_opt-r(397)  <400> 37 cgatcccggg cattgaggaa cagaaaggaa
agaaccatg39 <210> 38 <211> 35 <212> DNA <213> Artificial sequence
<220> <223> Oligonucleotide as PCR primer PfCSP_opt-f(76) <400> 38
gactctgcag gacgacggaa ataatgagga caacg35 



<210> 39 <211> 50 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer PfCSP_opt-073) <400> 39 cgatcccggg
ccttctccat cttacaaatt ttcttttcaa tatcattagc50 <210> 40 <211> 39 <212>
DNA <213> Artificial sequence <220> <223> Oligonucleotide as PCR
primer PfCSP_opt-f (205) <400> 40 gactctgcag aatgcaaacc caaatgccaa
tccaaacgc39 <210> 41 <211> 22 <212> DNA <213> Artificial sequence 



<220> <223> Oligonucleotide as PCR primer Pol h-F <400> 41 ccatctcgca
aataaataag ta22 <210> 42 <211> 18 <212> DNA  <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer Pol A-f <400> 42
agaagtcaga tgctcaag18 <210> 43 <211> 18 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer CAG-F-Fsel 



<400> 43 ctagttatta atagtaat18 <210> 44 <211> 21 <212> DNA <213>
Artificial sequence <220> <223> Oligonucleotide as PCR primer 0P64-R2
<400> 44 catcgccacg atttgttgca c21 <210> 45 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> Oligonucleotide as PCR primer VN-F2
<400> 45 gtgtccagcg cctgccccta ccagg25 <210> 46 <211> 24 <212> DNA
<213> Artificial sequence <220> 



<223> Oligonucleotide as PCR primer VN-R3 <400> 46 ccgtactcca
gttctgactt catg24  <210> 47 <211> 19 <212> DNA <213> Artificial
sequence <220> <223> Oligonucleotide as PCR primer 6p64-271-F <400>
47 accgagtcaa gaagcggcc19 <210> 48 <211> 23 <212> DNA <213>
Artificial sequence <220> <223> Oligonucleotide as PCR primer
CAP-PromF F213-22 <400> 48 gcctctgcta accatgttca tgc23 



<210> 49 <211> 27 <212> DNA <213> Artificial sequence <220> <223>
Oligonucleotide as PCR primer CAP-PromR F213-22 <400> 49 cttgcttgtg
tgttccttat tgaagcc27 <210> 50 <211> 425 <212> DNA <213> Art <220>
<223> DNA <400> 50 gtgtccagcg atcaagaaga gacctgctgg taccagaacc
cctagaatcg acaatcctga ificial sequence fragment of HAl/VN probe
cctgccccta ccagggcaag tcaagcttct atagtaccta ccccacaatc aagaggtcct
tgctgtgggg aatccatcac cccaatgacg caactaccta catcagcgtg ggcaccagca
ccaccagatc caaagtgaac ggccagtccg agcccaatga tgccatcaac ttcgagagca
-14- 



ttcgcaacgt ggtgtggctg acaacaacac caaccaggaa ctgccgaaca gaccaagctg
cactgaacca gcgcctggtg gccgcatgga atttttctgg atggaaactt catcgccccc  60
120 180 240 300 360  tacgg425  gagacactgc atttgctgaa tgcacgacct
acaactctgt atccgccggc tggccaacac acgacgacgt aagatgccag agaacaccaa
gcgaattggc tattaattgt aagtgattaa cctggctcac tcatgaagcc tagtgtgttg
taaaacatca cataacccct  acacaccagt ggactcgtcg cgagttttgg cggctggtcg
gtttggcggc cgctaaattg gattttattt cctcaggtgc aaataccact ccttgagcat
gaattttttg gaatgagtat tggggcctct  aattgctaca caatgcatag atcccgacca
tttattgccc gtcggcacca acttcgttca ttgtactgta aggctgccta gagatcgatc
ctgacttctg tgtctctcac ttggtttaga aaacgggtct  gccacaacgt atattcaaga
atgcgcacat tggacgagcg acgacacgtt acaacagcat attttagcaa tcggcaacac
aacaaaaaag gtctgagcga tgtttggtca tgattagaaa tcagaaggtg tttttccctc
gctaataaag tcggaaggac gtttggcaac   tagagccaag ggagctgatg caacaagcta
tttgattggc tttgctgatg ctacaaagaa ctacaaggaa gacctatcac caacctcata
catcacttcc tgtagttaac ccgtaataga gtggctggtg tgccaaaaat gaaatttatt
atatgggagg atatgcccat 



tacacagagg tacgaaaacg aacaatatgc aatctcatga ccgtgcacca gggcgttggg
ctagcaattg gacagttgga accaccatgg atggctgaag tttgtaatta caatatcact
tggccaatgc tatggggaca ttcattgcaa gcaaatcatt atgtaactag     60 120 180
240 300 360 420 480 540 600 660 720 780 840 900 960 1020 1050  <210>
52 <211> 252 <212> DNA <213> Artificial sequence <220>  <223> DNA
fragment of promoter probe <400> 52 gcctctgcta accatgttca tgccttcttc
tttttcctac agctcctggg caacgtgctg60 gttattgtgc tgtctcatca ttttggcaaa
gaattggatc ggaccggata attaaaatga120 taaccatctc gcaaataaat aagtatttta
ctgttttcgt aacagttttg taataaaaaa180 acctataaat acggatctat gctactagta
aatcagtcac accaaggctt caataaggaa240 



cacacaagca ag252 <210> 53 <211> 60 <212> DNA <213> Artificial
Sequence <220> <223> Codon-Optimized GP64 Signal sequence <400> 53
atggtatcag caattgtttt gtatgtactt ctcgcagctg ccgctcactc agctttcgcc60
<210> 54 <211> 990 <212> DNA <213> Artificial Sequence <220> <223>
Codon-Optimized HA1(VietnaM sequence <400> 54 gaccagatct gtatcggata
ccacgccaac aacagtaccg aacaggtgga caccattatg60 gagaagaatg tgaccgtgac
ccacgcccag gatatcctgg agaagaagca caacggcaaa120 ctgtgcgatc tggacggcgt
gaagcccctg atcctgcgcg attgctccgt ggccggatgg180 ctgctgggca accctatgtg
cgacgaattt atcaacgtgc ccgaatggag ttacattgtg240 



gagaaggcta accccgtgaa tgacctgtgc taccccggag act tcaacga ctacgaagag300
ctgaagcatc tgctgtcaag gattaaccac ttcgagaaga tccagattat tcccaagtct360
agctggagct cccacgaggc ctcactggga gtgtccagcg cctgccccta ccagggcaag420
tcaagcttct ttcgcaacgt ggtgtggctg atcaagaaga atagtaccta ccccacaatc480
aagaggtcct acaacaacac caaccaggaa gacctgctgg tgctgtgggg aatccatcac540
cccaatgacg ctgccgaaca gaccaagctg taccagaacc caactaccta catcagcgtg600
ggcaccagca cactgaacca gcgcctggtg cctagaatcg ccaccagatc caaagtgaac660
-16-  ggccagtccg gccgcatgga ttcgagagca atggaaactt gattccacca
tcatgaagtc cccatgggcg ccatcaactc gagtgcccca agtacgtgaa ccacagaggg
agagacgcag atttttctgg acaatcctga catcgccccc gaatacgcct agaactggag
tacggcaact cagcatgcca ttccacaaca gtccaacaga ctggtgctgg gaagaagaga
<210> 55 <211> 1191 



<212> DNA <213> Artificial Sequence <220> <223> Codon-Optimized CSP
sequence <400> 55 atgatgcgaa aattggccat actgtcagtc agcagcttct
tgttcgtgga ggccctgttt60 caggaatacc agtgctatgg ttccagctct aatacgcgag
ttctgaacga gctgaactac120 gataacgccg gcaccaacct ctacaatgag ctggagatga
attactacgg caagcaggag180 aattggtact cactcaagaa gaactccaga agtctcgggg
agaacgacga cggaaataat240 gaggacaacg aaaaacttag aaaacccaaa cacaagaaac
tgaaacaacc tgccgatggt300 aatcctgatc ctaatgcaaa cccaaatgtg gaccccaatg
ctaaccccaa cgtcgatccg360 aacgcgaacc ctaatgtgga tcctaacgcc aatccaaacg
cgaatccgaa tgccaaccca420 aacgccaacc caaacgctaa ccccaacgcg aaccccaacg
ctaatccgaa cgccaatccc480 aatgctaatc ccaatgcgaa ccctaacgct aatcccaacg
caaatccgaa cgcaaaccct540 



aacgcaaacc ccaatgccaa ccctaacgcc aacccgaatg ccaatcctaa tgtggacccg600
aacgccaatc cgaatgcaaa cccaaatgcc aatccaaacg ctaatcctaa cgccaacccc660
aacgccaacc ctaatgctaa tccgaatgcg aatccaaatg ctaacccgaa cgctaatcca720
aatgcaaatc ccaatgcaaa tccaaatgcg aacccgaatg ctaaccctaa tgcaaatcct780
aatgcaaacc ctaatgcgaa tcccaatgca aaccccaata agaataatca gggaaatggc840
cagggacata atatgcctaa tgaccctaac aggaacgttg atgagaacgc gaatgcgaac900
tctgctgtaa agaacaacaa caatgaagag ccctccgata aacatattaa ggagtatctg960
aataagatcc agaactcctt gtctaccgaa tggtccccct gttctgtgac gtgtggtaac1020
ggaatccagg taaggatcaa acccggcagt gccaacaagc caaaggacga gctcgattac1080
-17-  gctaatgata ttgaaaagaa aatttgtaag atggagaagt gcagctccgt
attcaatgtg1140 gtcaacagct caattggcct catcatggtt ctttcctttc tgttcctcaa
t1191 <210> 56 <211> 894 <212> DNA <213> Artificial Sequence 



<220> <223> Codon-Optimized CSP sequence <400> 56 gacgacggaa
ataatgagga caacgaaaaa cttagaaaac ccaaacacaa gaaactgaaa60 caacctgccg
atggtaatcc tgatcctaat gcaaacccaa atgtggaccc caatgctaac120 cccaacgtcg
atccgaacgc gaaccctaat gtggatccta acgccaatcc aaacgcgaat180 ccgaatgcca
acccaaacgc caacccaaac gctaacccca acgcgaaccc caacgctaat240 ccgaacgcca
atcccaatgc taatcccaat gcgaacccta acgctaatcc caacgcaaat300 ccgaacgcaa
accctaacgc aaaccccaat gccaacccta acgccaaccc gaatgccaat360 cctaatgtgg
acccgaacgc caatccgaat gcaaacccaa atgccaatcc aaacgctaat420 cctaacgcca
accccaacgc caaccctaat gctaatccga atgcgaatcc aaatgctaac480 ccgaacgcta
atccaaatgc aaatcccaat gcaaatccaa atgcgaaccc gaatgctaac540 cctaatgcaa
atcctaatgc aaaccctaat gcgaatccca atgcaaaccc caataagaat600 aatcagggaa
atggccaggg acataatatg cctaatgacc ctaacaggaa cgttgatgag660 



aacgcgaatg cgaactctgc tgtaaagaac aacaacaatg aagagccctc cgataaacat720
attaaggagt atctgaataa gatccagaac tccttgtcta ccgaatggtc cccctgttct780
gtgacgtgtg gtaacggaat ccaggtaagg atcaaacccg gcagtgccaa caagccaaag840
gacgagctcg attacgctaa tgatattgaa aagaaaattt gtaagatgga gaag894 <210>
57 <211> 507 <212> DNA <213> Artificial Sequence <220> <223>
Codon-Optimized CSP sequence <400> 57 aatgcaaacc caaatgccaa
tccaaacgct aatcctaacg ccaaccccaa cgccaaccct60 -18-  aatgctaatc
aatgcaaatc aatgcgaatc atgcctaatg aacaacaaca aactccttgt aggatcaaac
gaaaagaaaa  cgaatgcgaa tccaaatgct caaatgcgaa cccgaatgct ccaatgcaaa
ccccaataag accctaacag gaacgttgat atgaagagcc ctccgataaa ctaccgaatg
gtccccctgt ccggcagtgc caacaagcca tttgtaagat ggagaag 



aacccgaacg aaccctaatg aataatcagg gagaacgcga catattaagg tctgtgacgt
aaggacgagc  ctaatccaaa tgcaaatccc caaatcctaa tgcaaaccct gaaatggcca
gggacataat atgcgaactc tgctgtaaag agtatctgaa taagatccag gtggtaacgg
aatccaggta tcgattacgc taatgatatt  <210> 58 <211> 987 <212> DNA <213>
Artificial Sequence <220> <223> Codon-Optimized NM (Anhui) <400> 58
gaccagattt gcatcggata ccacgccaac gagaaaaacg tgaccgtcac ccacgctcag
ctctgcgacc tggacggcgt gaaacccctc ctgctgggaa accccatgtg cgatgaattt
gagaaggcca accctgccaa cgacctgtgt ctgaagcacc tgctctcacg catcaaccac
agttggagtg accacgaggc cagttccggc cccagtttct tcagaaacgt cgtctggctg
aagcgaagtt acaacaacac caaccaggag tctaacgacg ctgccgaaca gacaaagctg
ggaacaagca ccctcaacca gcgcctggtg ggccagtccg gcaggatgga ctttttctgg
tttgagtcta atggcaactt catcgccccc gactccgcca tcgtgaagtc cgaggtggag
ccaattggag ccattaactc cagtatgccc gaatgcccca aatacgtgaa aagcaacaaa
<210> 59 <211> 723 <212> DNA <213> Artificial Sequence <220> 



<223> GP64 sequence <400> 59 gtcgagcacc gagtcaagaa gcggccgccc
acttggcgcc acaacgttag agccaagtac60 acagagggag acactgccac caaaggcgac
ctgatgcata ttcaagagga gctgatgtac120 gaaaacgatt tgctgaaaat gaacattgag
ctgatgcatg cgcacatcaa caagctaaac180 aatatgctgc acgacctgat agtctccgtg
gccaaggtgg acgagcgttt gattggcaat240 ctcatgaaca actctgtttc ttcaacattt
ttgtcggacg acacgttttt gctgatgccg300 tgcaccaatc cgccggcaca caccagtaat
tgctacaaca acagcatcta caaagaaggg360 cgttgggtgg ccaacacgga ctcgtcgcaa
tgcatagatt ttagcaacta caaggaacta420 gcaattgacg acgacgtcga gttttggatc
ccgaccatcg gcaacacgac ctatcacgac480 agttggaaag atgccagcgg ctggtcgttt
attgcccaac aaaaaagcaa cctcataacc540 accatggaga acaccaagtt tggcggcgtc
ggcaccagtc tgagcgacat cacttccatg600 gctgaaggcg aattggccgc taaattgact
tcgttcatgt ttggtcatgt agttaacttt660 gtaattatat taattgtgat tttatttttg
tactgtatga ttagaaaccg taatagacaa720 



tat723 <210> 60 <211> 138 <212> DNA <213> Artificial Sequence <220>
<223> 0P64 sequence <400> 60 gacatcactt ccatggctga aggcgaattg
gccgctaaat tgacttcgtt catgtttggt60 catgtagtta actttgtaat tatattaatt
gtgattttat ttttgtactg tatgattaga120 aaccgtaata gacaatat138 <210> 61
<211> 1476 <212> DNA <213> Artificial Sequence <220> 



<223> Codon-Optimized GP64 sequ ence <400> 61 gagcattgca acgcacagat
gaagacaggg ccctataaaa tcaagaacct ggatattact60 ccacccaaag aaacactgca
aaaggacgtt gagattacca ttgtggagac tgactataac120 gagaacgtga tcattggcta
taaaggttac taccaagcat atgcctataa cggcggaagc180 ttggacccca acactcgggt
tgaagaaacc atgaaaactc tcaacgtggg gaaggaggac240 ttgctgatgt ggagtataag
acaacagtgt gaagttgggg aggagctgat cgatagatgg300 ggctccgata gtgatgactg
cttccgcgac aacgaaggtc gaggccagtg ggtcaaggga360 aaagagttgg tgaaacgaca
gaacaacaac cattttgcac accacacatg taataagagc420 tggagatgcg gcatcagtac
ctcaaagatg tat tccagat tggagtgtca ggacgacact480 gatgaatgcc aggtgtatat
cctcgacgcc gaaggcaacc ccatcaacgt tactgtggac540 accgttctgc accgggacgg
agtaagtatg attctcaagc agaagtccac cttcacaaca600 agacaaatca aagccgcctg
cctccttatc aaagacgata agaataaccc agagtccgtg660 actagggagc actgcctgat
tgacaacgac atttatgatc tctccaaaaa tacatggaat720 



tgcaaattca acaggtgtat caagagaaag gtcgagcatc gggtgaaaaa gcgccctcct780
acgtggcggc ataacgtacg cgcgaagtac acggagggag atacggcaac caaaggtgac840
ctcatgcaca tccaggaaga gctcatgtat gagaacgacc ttctgaagat gaatattgaa900
cttatgcacg cccatattaa caaactgaac aacatgcttc acgaccttat cgtgtctgtg960
gctaaagtcg atgagaggct cattggaaat cttatgaaca acagcgtatc ctctactttc1020
ctgtcagatg ataccttttt gctgatgcca tgtactaacc caccggccca cacatctaac1080
tgttacaata actccattta caaagaaggt cggtgggtgg ccaacaccga ctccagccag1140
tgcattgatt tctctaatta caaggaactc gcaatcgatg acgacgtcga gttctggatc1200
ccaaccatcg gcaatactac gtaccacgat agttggaagg atgcgagcgg ctggtctttt1260
atcgctcaac agaagagtaa ccttatcaca actatggaga atacgaaatt tgggggcgtg1320
ggcacttccc tgagtgacat cacctccatg gctgagggag agctcgcagc caagttgacc1380
tccttcatgt tcggccatgt tgtgaatttc gttattatcc tgatcgtaat tctttttctc1440
tactgcatga tccggaacag aaatcgacag taccac1476  



<210> 62 <211> 512 <212> PRT <213> Autographa californica
nucleopolyhedrovirus <400> 62 Met Val Ser Ala Ile Val Leu Tyr Val Leu
Leu Ala Ala Ala Ala His 151015 Ser Ala Phe Ala Ala Glu His Cys Asn
Ala Gln Met Lys Thr Gly Pro 202530 Tyr Lys Ile Lys Asn Leu Asp Ile
Thr Pro Pro Lys Glu Thr Leu Gln 354045 Lys Asp Val Glu Ile Thr Ile
Val Glu Thr Asp Tyr Asn Glu Asn Val 505560 Ile Ile Gly Tyr Lys Gly
Tyr Tyr Gin Ala Tyr Ala Tyr Asn Gly Gly 65707580 Ser Leu Asp Pro Asn
Thr Arg Val Glu Glu Thr Met Lys Thr Leu Asn 859095 



Val Gly Lys Glu Asp Leu Leu Met Trp Ser Ile Arg Gln Gin Cys Glu
100105110 Val Gly Glu Glu Leu Ile Asp Arg Trp Gly Ser Asp Ser Asp Asp
Cys 115120125 Phe Arg ASP Asn Glu Gly Arg Gly Gin Trp Val Lys Gly Lys
Glu Leu 130135140 Val Lys Arg Gln Asn Asn Asn His Phe Ala His His Thr
Cys Asn Lys 145150155160 Ser Trp Arg CYS Gly Ile Ser Thr Ser Lys Met
Tyr Ser Arg Leu Glu 165170175 Cys Gin Asp Asp Thr Asp Glu Cys Gin Val
Tyr Ile Leu Asp Ala Glu 180185190  Gly Asn Pro Ile Asn Val Thr Val
Asp Thr Val Leu His Arg ASP GlY 



195200205 Val Ser Met lie Leu Lys Gin Lys Ser Thr Phe Thr Thr Arg Gin
Ile 210215220 Lys Ala Ala Cys Leu Leu Ile Lys Asp Asp Lys Asn Asn Pro
Glu Ser 225230235240 Val Thr Arg Glu His Cys Leu Ile Asp Asn Asp Ile
Tyr Asp Leu Ser 245250255 Lys Asn Thr Trp Asn Cys Lys Phe Asn Arg Cys
Ile Lys Arg Lys Val 260265270 Glu His Arg Val Lys Lys Arg Pro Pro Thr
Trp Arg His Asn Val Arg 275280285 Ala Lys Tyr Thr Glu Gly Asp Thr Ala
Thr Lys Gly Asp Leu Met His 290295300 Ile Gin Glu Glu Leu Met Tyr Glu
Asn Asp Leu Leu Lys Met Asn Ile 



305310315320 Glu Leu Met His Ala His Ile Asn Lys Leu Asn Asn Met Leu
His Asp 325330335 Leu Ile Val Ser Val Ala Lys Val Asp Glu Arg Leu Ile
Gly Asn Leu 340345350 Met Asn Asn Ser Val Ser Ser Thr Phe Leu Ser Asp
Asp Thr Phe Leu 355360365 Lets Met Pro Cys Thr Asn Pro Pro Ala His
Thr Ser Asn Cys Tyr Asn 370375380 Asn Ser Ile Tyr Lys Glu Gly Arg Trp
Val Ala Asn Thr Asp Ser Ser 385390395400 Gin Cys Ile Asp Phe Ser Asn
Tyr Lys Glu Leu Ala Ile ASP Asp Asp 405410415  



420425430 Trp Lys Asp Ala Ser Gly Trp Ser Phe Ile Ala Gin Gin Lys Ser
Asn 435440445 Leu Ile Thr Thr Met Glu Asn Thr Lys Phe Gly Gly Val Gly
Thr Ser 450455460 Leu Ser Asp Ile Thr Ser Met Ala Glu Gly Glu Leu Ala
Ala Lys Lev 465470475480 Thr Ser Phe Met Phe Gly His Val Val Asn Phe
Val Ile Ile Leu Ile 485490495 Val Ile Leu Phe Leu Tyr Cys Met Ile Arg
Asn Arg Asn Arg Gin Tyr 500505510 














