
-1- Description RECOMBINANT BACULOVIRUS AND TRANSFER VECTORS COMPRISING A
DUAL PROMOTER 5Technical Field         The present invention provides a
novel transfer vector, a recombinant baculovirus obtained by homologous
recombination of the transfer vector and a baculovirus DNA and methods for
production thereof. 10The present invention also relates to pharmaceuticals
(e.g., vaccines, preventive or therapeutic drugs for infectious diseases
such as malaria and influenza) comprising the recombinant baculovirus as an
active ingredient. 15Background Art         Baculovirus has been used as a
vector for method of industrially producing an objective protein using
insect cells. In recent years, it has been found that the baculovirus can
introduce a foreign gene not only into the insect cells but also 20 into
mammalian cells, and a possibility of the vector in which a gene for
therapy is introduced has been found. In Patent document 1, a recombinant
baculovirus expression vector having multiple independent promoters
composed of a DNA region comprising a gene encoding a viral non-structural
protein in the promoter derived 25 from an early gene from the baculovirus
and a DNA region comprising a gene encoding a viral structural protein in
the promoter derived from a late gene has been disclosed.        In Patent
document 2, the method in which a non-mammalian DNA virus comprising a
promoter controlled so that an exogenous 30 gene is expressed from a vector
in which the desired exogenous genes have been linked to the multiple
independent promoters is introduced into a cell and the exogenous gene is
expressed in the mammalian cell has been disclosed.           Furthermore,
in Patent document 3, the method of producing 35 the protein by gene
recombination technology using the baculovirus has been disclosed, and the
method of producing the  -2- protein by expressing a fusion gene obtained
by linking a gp64 gene of the baculovirus to a gene encoding the desired
protein, producing the desired protein in a form in which the desired
protein has been fused to viral particles, collecting the viral 



5 particles fused with the desired protein, and cleaving the desired
protein from the viral particles to collect the desired protein has been
disclosed.        In Patent document 4, for a baculovirus expression
system, a recombinant baculovirus expression vector having multiple 10
independent promoters comprising a first nucleic acid sequence encoding a
detection marker linked in the form capable of functioning to a first
promoter which is active in a host cell and is inactive in a non-acceptable
cell, and a second nucleic acid sequence comprising a foreign nucleic acid
sequence linked 15 in the form capable of functioning to a second promoter
which is active in the non-acceptable cell has been disclosed.        In
patent document 5, it has been disclosed that an influenza virus
hemagglutinin (HA) antigen-expressing recombinant baculovirus vector linked
to a CAG promoter derived from chicken  20 actin is useful as a vaccine
formulation because the vector has a preventive effect on infection with
influenza virus.        In Patent document 6, the method of producing a
baculovirus vector comprising a co-transfection step in which a plasmid in
which genes encoding proteins expressible on the cell surface 25 have been
linked to the baculovirus promoter and the promoter derived from the
mammalian cell, respectively, and a plasmid in which genes encoding
proteins expressible on the cell surface have been linked to two
baculovirus promoters, respectively are co-transfected in the insect cell
has been disclosed. 30And in patent document 7, a study on an
anti-influenza virus activity on the infection with influenza virus using
the recombinant baculovirus in which cDNA from influenza virus HA has been
incorporated in the CAG promoter has been disclosed, and it has been
disclosed that not only the recombinant baculovirus but 35 also a wild type
baculovirus has the activity.  -3-        This way, in recent years,
various recombinant baculoviruses have been developed, and pharmaceutical
development for mammals using them has been studied utilizing the
recombinant baculovirus as the active ingredient. 5In the related art, a
recombinant baculovirus vector having a novel structure, and the
development of a pharmaceutical formulation, particularly a vaccine
formulation using the recombinant baculovirus as the active ingredient,
which is effective for infectious diseases such as malaria and influenza,
10 or diseases such as cancer have been desired. Patent document 1:
Japanese Patent No. 3366328, Multiple promoter baculovirus expression
system and defect particle products. Patent document 2: W098/011243,
Non-mammalian DNA virus having modified coating protein. 15 Patent document
3: JP No. 2002-235236-A, Methods of producing proteins 



Patent document 4: JP No. 2003-284557-A, novel baculovirustransfecting
vector and recombinant baculovirus for expression of foreign gene. 20
Patent document 5: W002/062381, Baculovirus vector vaccine. Patent document
6: W004/029259, Baculovirus vector, method of producing baculovirus vector
and method of introducing gene. Patent document 7: JP No. 2005-15346-A,
Baculovirus-containing anti-viral agent. 25 DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION         An object of the present
invention is to provide a novel recombinant transfer vector, a recombinant
baculovirus obtained 30 by homologous recombination of the recombinant
transfer vector and a baculovirus DNA, and methods for production thereof.
Another object of the present invention is to provide a pharmaceutical,
particularly a vaccine formulation using the recombinant baculovirus as an
active ingredient 35MEANS FOR SOLVING THE PROBLEMS  -4-        The present
inventors have found a transfer vector having a novel structure capable of
expressing a protein having a desired immunogenicity, or a fusion protein
of a partial protein or the protein having the immunogenicity with cytokine
in insect cells 5 and vertebrate (particularly mammal, bird and fish) cells
other than insect cells, and a recombinant baculovirus obtained by
homologous recombination of the transfer vector and a baculovirus DNA. By
providing the recombinant baculovirus, the pharmaceutical having the
recombinant baculovirus as the active ingredient 10 having effective
preventive and/or therapeutic effects on infectious diseases was
extensively studied. As a result, the present inventors have newly found
that the recombinant baculovirus has the effect as the desired
pharmaceutical. And, according to the present invention, the recombinant 15
transfer vector having the novel structure, the recombinant baculovirus
obtained by homologous recombination of the transfer vector and the
baculovirus DNA and the methods for production thereof were confirmed, and
it was confirmed that the recombinant baculovirus itself was useful as the
pharmaceutical capable of 



20 expressing the protein having the desired immunogenicity in the target
cells and was useful as the preventive pharmaceutical for the infectious
diseases such as malaria and influenza, and here the present invention was
completed.              The present invention provides the invention shown
in the 25following [1] to [31]         [1] A method of producing a transfer
vector comprising a structure in which a dual promoter and a fusion gene
have been incorporated, characterized in that the fusion gene comprising at
least one gene encoding a protein capable of being a component of 30 a
viral particle and at least one immunogenic foreign gene are  linked
downstream of the dual promoter linking one vertebrate promoter capable of
functioning in vertebrate and another baculovirus promoter.            [2]
The method according to [1], wherein the vertebrate 35 promoter capable of
functioning in vertebrate is a mammalian promoter capable of functioning in
mammals.  -5- [3] The method according to [1] or [2], characterized in that
the gene encoding at least one protein capable of being the component of
the viral particle is any of a baculovirus gp64 gene, a Vesicular
stomatitis virus glycoprotein gene, a type I human 5 immunodeficiency virus
glycoprotein gene, a human respiratory syncytial virus membrane
glycoprotein gene, a type A influenza virus hemagglutinin protein gene, a
type B influenza virus hemagglutinin protein gene, a herpes simplex virus
glycoprotein gene and a murine hepatitis virus S protein gene. 10[4] The
method according to [1] or [2], wherein the vertebrate promoter capable of
functioning in vertebrate is selected from any of a cytomegalovirus
promoter, an SV40 promoter, a retrovirus promoter, a metallothionein
promoter, a heat shock protein promoter, a CAG promoter, an elongation
factor la 15 promoter, an actin promoter, a ubiquitin promoter, an albumin
promoter and an MHC class II promoter.         [5] The method according to
any of [1] to [4], wherein the baculovirus promoter is selected from a
polyhedrin promoter, a p10 promoter, an IE1 promoter, an 1E2 promoter, a
p35 promoter, a 20 p39 promoter, and a gp64 promoter.         [6] The
method according to any of [1] to [5], wherein the immunogenic foreign gene
is selected from any of a malaria antigen, an influenza antigen, an M.
tuberculosis antigen, a SARS virus antigen, a West Nile fever virus
antigen, a dengue fever 25 virus antigen, an HIV antigen, an HCV antigen, a
leishmania antigen, a trypanosoma antigen, a leucocytozoon antigen alone,
or a fusion antigen of at least one selected from these antigen gene 



group with a cytokine.         [7] The method according to any of [1] to
[6], wherein the 30 transfer vector is any of pDual-Hsp65-gp64,
pDual-PbCSP-gp64, pDual-H1N1/HA1-gp64, pDual-PbTRAMP-gp64,
pDual-PbAMA1D123-gp64, pDual-PbMSP119-gp64, pDual-PfCSP-gp64,
pDual-PfA4A1-gp64, pDual-Pfs25-gp64, pDual-H5N1/HA1-gp64,
pDual-SARS/S-gp64, pCPH1N1/HA1-gp64, pCAP-H1N1/HA1-gp64, pCU-H1N1/HA1-gp64,
35 pDua1-H1N1/M2-gp64, pDual-H1N1/NAe-gp64, pDual-M2e- gp64, pCP-  -6-
HA1/NC99-gp64, pCP-H1N1/HA0-gp64, pCP-H1N1/HA2-gp64 and pCP- H1N1/HA1-vp39.
[8] A method of producing a recombinant baculovirus comprising the steps of
producing a transfer vector comprising a 5 structure in which a dual
promoter and a fusion gene have been incorporated, characterized in that
the fusion gene comprising at least one gene encoding a protein capable of
being a component of a viral particle and at least one immunogenic foreign
gene are linked downstream of the dual promoter linking one vertebrate 10
promoter capable of functioning in vertebrate and another baculovirus
promoter; co-transfecting the transfer vector and a baculovirus DNA into a
host cell of an insect; and separating the recombinant baculovirus. [9] The
method according to [8], characterized in that the 15 gene encoding at
least one protein capable of being the component of the viral particle is
any of a baculovirus gp64 gene, a Vesicular stomatitis virus glycoprotein
gene, a type I human immunodeficiency virus glycoprotein gene, a human
respiratory syncytial virus membrane glycoprotein gene, a type A influenza 



20 virus hemagglutinin protein gene, a type B influenza virus hemagglutinin
protein gene, a herpes simplex virus glycoprotein gene and a murine
hepatitis virus S protein gene.         [10] The method according to [9],
wherein the vertebrate promoter capable of functioning in vertebrate is
selected from 25 any of 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 II
promoter. 30[11] The method according to any of [8] to [10], wherein the
baculovirus promoter is selected from a polyhedrin promoter, a p10
promoter, an IE1 promoter, a p35 promoter, a p39 promoter, and a gp64
promoter. [12] The method according to any of [8] to [11], wherein 35 the
immunogenic foreign gene is selected from any of a malaria  -7- virus
antigen, an HIV antigen, an HCV antigen, a leishmania antigen, a
trypanosoma antigen, a leucocytozoon antigen alone, or a fusion antigen of
one selected from these antigen gene group with a cytokine. 5[13] The
method according to any of [8] to [12], wherein the recombinant baculovirus
is any of AcNPV-Dual-Hsp65, AcNPVDual-PbCSP, AcNPV-Dual-H1N1/HA1,
AcNPV-Dual-PbTRAMP, AcNPV-DualPbAMA1D123, AcNPV-Dual-PbMSP119,
AcNPV-Dual-PfCSP, AcNPVDual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-Dual-H5N1/HA1,
AcNPV-Dual- 10 SARS/S, AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/M2, AcNPV- Dual-H1N1/NAe,
AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CPRINI/HA, AcNPV-CP-H1N1/HA2 and
AcNPV-CP-H1N1/HA1-vp39. [14] A transfer vector comprising a structure in
which a 15 fusion gene comprising at least one gene encoding a protein
capable of being a component of a viral particle and at least one
immunogenic foreign gene were linked downstream of the dual promoter
linking one vertebrate promoter capable of functioning in vertebrate and
another baculovirus promoter has been 



20 incorporated. [15] The transfer vector according to [14], characterized
in that the gene encoding at least one protein capable of being the
component of the viral particle is any of a baculovirus gp64 gene, a
Vesicular stomatitis virus glycoprotein 25 gene, a type I human
immunodeficiency virus glycoprotein gene, a human respiratory syncytial
virus membrane glycoprotein gene, a type A influenza virus hemagglutinin
protein gene, a type B influenza virus hemagglutinin protein gene, a herpes
simplex virus glycoprotein gene and a murine hepatitis virus S protein
30gene.  -8-         [16] The transfer vector according to [14], wherein
the vertebrate promoter capable of functioning in vertebrate is
selected from any of a cytomegalovirus promoter, an SV40 promoter, 5 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 II
promoter. [17] The transfer vector according to any of [14] to 10[16],
wherein the baculovirus promoter is selected from a polyhedrin promoter, a
p10 promoter, an IE1 promoter, an 1E2 promoter, a p35 promoter, a p39
promoter, and a gp64 promoter.         [18] The transfer vector according
to any of [14] to [17], wherein the immunogenic foreign gene is selected
from any 15 of a malaria antigen, an influenza antigen, an M. tuberculosis
antigen, a SARS virus antigen, a West Nile fever virus antigen, a 



dengue fever virus antigen, an HIV antigen, an HCV antigen, a leishmania
antigen, a trypanosoma antigen, a leucocytozoon antigen alone, or a fusion
antigen of one selected from these 20 antigen gene group with a cytokine.
[19] The transfer vector according to any of [14] to [18] which is any of
pDual-Hsp65-gp64, pDual-PbCSP-gp64, pDualH1N1/HA1-gp64, pDual-PbTRAMP-gp64,
pDual-PbAMA1D123-gp64, pDualPbMSP119-gp64, pDual-PfCSP-gp64,
pDual-PfAMA1-gp64, pDual- 25 Pfs25-gp64, pDual-H5N1/HA1-gp64,
pDual-SARS/S-gp64, pCP-H1N1/HA1gp64, pCAP-H1N1/HA1-gp64, pCU-H1N1/HA1-gp64,
pDual-H1N1/M2-gp64, pDual-H1N1/NAe-gp64, pDual-M2e-gp64, pCPHA1/NC99-gp64,
pCP-H1N1/HAO-gp64, pCP-H1N1/HA2-gp64 and pCPH1N1/HA1-vp39. 30[20] A
recombinant baculovirus produced by the method of producing the recombinant
baculovirus according to any of [8] to [13]. [21] The recombinant
baculovirus according to [20] which is any of AcNPV-Dual-Hsp65,
AcNPV-Dual-PbCSP, AcNPV-Dual- 35 H1N1/HA1, AcNPV-Dual-PbTRAMP,
AcNPV-Dual-PbAMA1D123, AcNPV-DualPbMSP119, AcNPV-Dual-PfCSP,
AcNPV-Dual-PfAMA1, AcNPV-Dual- Pfs25, AcNPV-  -9- Dual-H5N1/HAl,
AcNPV-Dual-SARS/S, AcNPV-CP- H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e,
AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HA0, AcNPV-CP-H1N1/HA2, and 5
AcNPV-CP-H1N1/HA1-vp39.         [22] A pharmaceutical composition
comprising the recombinant baculovirus according to [20] or [21].
[23] The pharmaceutical composition according to [22], comprising any of
AcNPV-Dual-H1N1/HA1, 



10 AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-Dual-PfCSP,
AcNPVDual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/M2,
AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO,
AcNPV-CP-H1N1/HA2, and AcNPV-CP-H1N1/HA1-vp39. 15[24] A pharmaceutical
composition comprising the recombinant baculovirus according to [20] or
[21], wherein the composition is administered intramuscularly, intranasally
or by inhalation.         [25] A vaccine comprising any of
AcNPV-Dual-H1N1/HA1, 20 AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-Dual-
PfCSP, AcNPV-Dual-PfAMA1, AcNPV-Dual-Pf525, AcNPV-CU-H1N1/HA1,
AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99,
AcNPV-CP-H1N1/HAO, AcNPV-CPH1N1/HA2 and AcNPV-CP-H1N1/HA1-vp39 as 25 an
active ingredient.         [26] The vaccine according to [25], wherein the
vaccine is administered intramuscularly, intranasally or by inhalation.
[27] A therapeutic or preventive agent for influenza 30 virus infection,
comprising AcNPV-Dual-H1N1/HA1, AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-Dual-PfCSP, AcNPVDual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-CU-H1N1/HA1,
AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99,
AcNPV-CP-H1N1/HAO, AcNPV-CE-H1N1/HA2, and 35 AcNPV-CP-H1N1/HA1-vp39 as an
active ingredient.         [28] The therapeutic or preventive agent for
influenza virus infection according to [27], wherein the agent is  -10-
administered intramuscularly, intranasally or by inhalation.
[29] A vaccine for influenza virus infection, comprising any of
AcNPV-Dual-H1N1/HA1, AcNPV-CP-     H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-Dual-PfCSP, AcNPV-Dual-PfA14A1, 5 AcNPV-Dual-Pfs25,
AcNPV-CU-H1N1/HA1, AcNPV- 



Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CPHA1/NC99,
AcNPV-CP-H1N1/HAO, AcNPV-CP-H1N1/HA2 and AcNPV-CPH1N1/HA1-vp39 as an active
ingredient.            [30] The vaccine for influenza virus infection 10
according to [29], wherein the agent is administered intramuscularly,
intranasally or by inhalation. EFFECT OF THE INVENTION  According to the
present invention, a novel recombinant 15 transfer vector, a recombinant
baculovirus obtained by homologous recombination of the recombinant
transfer vector and a baculovirus DNA, and methods for production thereof
are provided.  Pharmaceuticals comprising the recombinant baculovirus of
the present invention as the active ingredient are useful as the 20
therapeutic or preventive drugs for the infectious diseases such as
malaria, influenza, tuberculosis and hepatitis, cancers and autoimmune
diseases, or as cellular medicine and vaccine formulations. BRIEF
DESCRIPTION OF THE DRAWINGS  25FIG. 1 is a view showing preventive effect
(virus infectivity titer) of recombinant baculovirus AcNPV-Dual-H1N1/HA1 on
infection with influenza virus; FIG. 2 is a view showing the preventive
effect (survival      period) of the recombinant baculovirus
AcNPV-Dual-H1N1/HA1 on 30 infection with influenza virus;        FIG. 3 is
views showing Western blotting analysis of expression of a fusion product
in infected insect cell by recombinant baculovirus the influenza virus HA
gene (H1N1/HA1), the M. tuberculosis Hsp65 gene (Hsp65) or the malaria
parasite 35 CSP gene (PbCSP) produced from the transfer vector.  Lane 1:
AcNPV-WT Lane 2: AcNPV-Dual-H1N1/HA1 Lane 3: AcNPV-WT Lane 4:
AcNPV-Dual-Hsp65 



5 Lane 5: AcNPV-WT Lane 6: AcNPV-Dual-PbCSP;        FIG. 4 is a view of
fluorescence labeled staining where recombinant baculovirus produced from
recombinant transfer vector in vertebrate cells has expressed a fusion
product of 10 tuberculosis HSP65 gene and the gp64 gene. (A): HepG2 cells
transduced with AcNPV-Dual-Hsp65; (B): HepG2 cells transduced with
AcNPV-WT. FIG. 5 is a view identifying by immunoprecipitation that the
recombinant baculovirus produced from the recombinant 15 transfer vector in
the mammalian animal cells has expressed a fusion protein encoded by an
influenza virus HA antigen gene and the gp64 gene. Immunoprecipitation of
HepG2 cells introduced with recombinant baculoviruses. HepG2 cells were
transduced with AcNPV-WT (lane 1), AcNPV-CMV-H1N1/HA full (lane 2) or
AcNPV-Dual- 20 H1N1/HA1 (lane 3). At 3 h after transduction, cells were
radiolabeled with [35S]methionine for 12 h. Cell lysates were
immunoprecipitated with serum from mice infected with H1N1 influenza virus.
FIG. 6 is a view of Western blotting analysis showing 25 fusion expression
of a malaria parasite CSP gene and the gp64 gene in viral particles of the
recombinant baculovirus produced from the recombinant transfer vector in
insect cells. Lane 1 :AcNPV-WT Lane 2 :AcNPV-CMV-PbCSP 30 Lane 3 :
AcNPV-PbCSPsurf Lane 4 :AcNPV-Dual-PbCSP.        FIG. 7 is a view showing
results of RT-PCT identifying that an HAI_ antigen recombinant baculovirus
obtained by exchanging a vertebrate promoter has expressed a fusion product
of HAI_ and 



35 gp64 in HeLa cells. FIG. 8 is a view showing production of IgG antibody
-12- specific for a PbCSP antigen in sera from mice inoculated with the
recombinant baculovirus. FIG. 9 is a view showing numbers of
IFN-r-producing cells     reactive to a CTL epitope of PbCSP in spleen
cells from mice 5 inoculated with the recombinant baculovirus.        FIG.
10 is a view showing preventive effects (virus infectivity titer) by the
recombinant baculovirus AcNPV-Dual-M2e on infection with influenza virus.
FIG. 11 is a view showing preventive effects (virus 10 infectivity titer)
by recombinant baculovirus AcNPV-CP-HA1/NC99 on infection with influenza
virus.         FIG. 12 is a view showing the production of IgG antibody
specific for influenza virus in blood, induced by the recombinant
baculovirus AcNPV-Dual-H1N1/HA1 administered via different four 15 routes.
FIG. 13 is a view showing the production of IgG antibody and IgA antibody
specific for influenza virus in nasal wash and alveolar wash, induced by
the recombinant baculovirus AcNPV-DualH1N1/HA1 administered via different
four routes. 20FIG. 14 is a view showing the preventive effects (virus
infectivity titer) on influenza virus in nasal cavity by the recombinant
baculovirus AcNPV-Dual-H1N1/HA1 administered via different four routes.
FIG. 15 is a view showing the preventive effects (virus 25 infectivity
titer) on intrapulmonary influenza virus by the recombinant baculovirus
AcNPV-Dual-H1N1/HA1 administered via different four routes. BEST MODES FOR
CARRYING OUT THE INVENTION  Representation herein by abbreviations of amino
acids, 



30 peptides, base sequences and nucleic acids accedes to IUPAC-IUB
Communication on Biological Nomenclature, Eur. J. Biochem., 138: 9(1984)
defined by IUPAC-IUB, "Guideline for preparing specifications comprising
base sequences and amino acid sequences" (Patent Office) and commonly used
notes in the art. 35A DNA molecule herein encompasses not only double
strand  -13- DNA but also single strand DNA including sense chains and
antisense chains which compose them, and is not limited to a length
thereof. Therefore, the polynucleotide (DNA molecule) encoding the
immunogenic foreign gene of the present invention 5 includes the double
strand DNA including genomic DNA and the single strand DNA (sense chain)
including cDNA and the single strand DNA (antisense chain) having the
sequence complementary to the sense chain and synthetic DNA fragments
thereof unless otherwise mentioned. 10The polynucleotide or the DNA
molecule herein 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. The polynucleotide also includes RNA and
DNA. The 15 polypeptide composed of the certain amino acid sequence and the
polynucleotide composed of the certain DNA sequence include fragments,
homologs, derivatives and mutants thereof. The mutants of the
polynucleotide, e.g., mutant DNA include naturally occurring allelic
mutants, not naturally occurring 20 mutants and mutants having deletion,
substitution, addition and  insertion. But, these mutants encode the
polypeptide having substantially the same function as the function of the
polypeptide encoded by the polynucleotide before the mutation. In the
present invention, the transfer vector refers to a 25 plasmid for producing
the recombinant baculovirus, comprising the structure in which a fusion
gene linking at least one gene encoding a protein capable of being a
component of a viral particle to at least one immunogenic foreign gene has
been incorporated downstream of a dual promoter linking two promoters 30
which are one vertebrate promoter (mammalian promoter, bird promoter, fish
promoter) and another baculovirus promoter. 



In one of the preferable embodiment of the invention, it is preferable that
the immunogenic foreign gene is located downstream of the dual promoter and
upstream of the gene 35 encoding the protein capable of being the component
of the viral  -14- particle.        The recombinant baculovirus of the
present invention is used for vertebrates as the active ingredient of the
pharmaceuticals or vaccines. As the vertebrates, mammals 5 including human
beings, e.g., horses, swines, sheeps, goats, monkeys, mice, dogs and cats,
birds such as chickens, quails, gooses, dabblers, pigeons, turkeys,
pintados and parrots, and fishes such as yellow tails, adult yellowtails,
sea breams, amberjacks, scads, striped jacks, striped pigfish, salmons, 10
blueback salmons, carps, crucian carps, rainbow trouts, brook trouts and
amago trouts can be exemplified.        In one embodiment, the present
invention provides the transfer vector comprising the novel structure in
which the fusion gene comprising the gene encoding a viral membrane protein
15 expressible in the insect cell and one immunogenic foreign gene has been
incorporated under the control of the dual promoter in which one vertebrate
promoter has been linked to another baculovirus promoter. By
co-transfecting this transfer vector together with the baculovirus DNA into
the insect cell to induce 20 the homologous recombination, it is possible
to obtain the recombinant baculovirus in which the fusion gene which is
under the control of the baculovirus promoter, expresses in the insect cell
and can produce a fusion protein capable of being the component of the
budded viral particle has been incorporated. 25In the present invention,
when the recombinant baculovirus is administered to a vertebrate, the
fusion protein of the protein capable of being the component of the budded
viral particle with the immunogenic protein probably functions as a
component vaccine. The recombinant baculovirus administered to 30 the
vertebrate invades in the vertebrate cell, a fusion antigen with the
objective immunogenic foreign antigen from the viral genome is produced in
the vertebrate cell, and functions as a DNA vaccine. 



Therefore, in the case of the mammal, by administering the 35 recombinant
baculovirus of the present invention to the mammal,  -15- the fusion
protein of the protein capable of being the component of the viral particle
with the immunogenic protein is presented as the antigen, the fusion
protein of the protein capable of being the component of the viral particle
with the immunogenic 5 protein is produced in the cell of the mammal, and
is thought to function as the preventive or therapeutic agent for
infections with virus, protozoa and bacteria due to its immunopotential
action. The baculovirus DNA to be co-transfected with the transfer 10
vector may be any of a wild type, a mutant and a recombinant baculovirus
DNA. Host cells to be co-transfected include, for example, cells from the
insect such as Spodoptera frugiperda.        In the present invention, the
gene encoding an amino acid sequence of an antigenic protein which is an
immunogen of 15 immunotherapy including vaccine therapy for prevention and
treatment of infectious diseases such as malaria, influenza and
tuberculosis, autoimmune disease and cancers, for example, the gene
encoding the amino acid sequence of the protein such as malaria antigen,
influenza virus antigen and M. tuberculosis 20 antigen is referred to as
the immunogenic foreign gene.        Here, the "foreign" gene means the
gene introduced from the outside, which corresponds to the "foreign" gene
even if the same gene is present in the cell.              In the present
invention, the gene encoding the amino acid 25 sequence of the protein
which is the above immunogen is not particularly limited as the gene
encoding the amino acid sequence of the antigenic protein as long as the
gene is the gene encoding the amino acid sequence of the antigenic protein
having the       immunogenicity against a substance which causes the
diseases such 30 as infectious diseases, cancers and autoimmune diseases.
Examples 



of these genes encoding the amino acid sequence of the antigenic protein
having the immunogenicity include the followings. As the gene encoding the
amino acid sequence of the malaria      antigen, for example, the genes
encoding the amino acid sequences 35 of the proteins such as a surface
antigen CSP (Circumsporozoite  -16- Protein) of sporozoite surface of
malaria parasite, MSP1 (merozoite surface protein 1) of a membrane protein
of metrozoite surface, a malaria S antigen secreted from erythrocytes
infected with malaria, PfEMP1 protein present in knob of the erythrocytes 5
infected with malaria, SERA protein, TRAMP protein and AMA1 protein are
exemplified.        As the gene encoding the amino acid sequence of the
influenza virus antigen, the genes encoding the amino acid sequences of the
proteins such as HA antigen (hemagglutinin 10 antigen), NA antigen
(neuraminidase antigen), M2 antigen (matrix protein antigen) and NP antigen
(nucleoprotein antigen) can be exemplified. As the gene encoding the amino
acid sequence of the antigenic protein for tuberculosis, the genes encoding
the amino 15 acid sequences of the proteins such as HSP65 (65-kDa heat
shock protein), a-antigen (Antigen85A, Antigen85B, Antigen85C), Mtb72f,
MDP-1, ESAT-6, MPB51, Mtb8.8, Mtb9.9, Mtb32, Mtb39 and Mtbll. With respect
to vertebrate genes, as the mammalian genes, the genes encoding the amino
acid sequences of the antigenic 20 proteins of the infectious diseases in
human beings, cattle, horses, swine, sheep, monkeys, mice, dogs and cats
can be exemplified. As the bird genes, the antigen genes (e.g., bird
influenza S antigen) of the infectious diseases in chickens, dabblers,
pigeons, turkeys, pintados and parrots can be 25 exemplified. As the fish
genes, the antigen genes of the infectious diseases in yellow tails, adult
yellowtails, sea breams, amberjacks, scads, striped jacks, striped pigfish,
salmons, blueback salmons, carps, crucian carps, rainbow trouts, brook
trouts and amago trouts are included. 



30Pathogen genes whose association with the infectious diseases in the
above mammals, birds and fishes has been reported are easily available from
the institutions where public data such as GenBank registering the pathogen
genes have been stored. In the present invention, for the immunogenic
foreign genes, 35 in addition to the above immune antigens present outside
the  -17- human body, for example, cytokine genes present inside 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-y gene and an M-CSF gene, or fusion genes
obtained by fusing a given antigen having the 5 immunogenicity with the
above antigenic protein using gene recombination technology are also
addressed as the immunogenic foreign genes in the present invention as long
as they are introduced from the outside. In the present invention, it is
possible to provide the 10 transfer vector having these immunogenic foreign
genes and the recombinant baculovirus obtained by homologous recombination
thereof, as well as provide a pharmaceutical composition comprising the
recombinant baculovirus having the immunogenic foreign gene as the active
ingredient and the vaccine formulation 15 composed of the pharmaceutical
composition.        The baculovirus used for the present invention is an
insect pathogen virus which causes the infection in the insect and is one
group (Baculoviridae) of DNA viruses having a cyclic double strand DNA as
the gene. Among them, one group of the viruses 20 referred to as a nuclear
polyhedrosis virus (NPV) makes an inclusion referred to as a polyhedron in
a nucleus in an infected cell in the late phase of the infection. Even if
the foreign gene to be expressed is inserted in place of a polyhedrin gene,
the virus infects, grows and produces the 25 desired foreign gene product
in a large amount with no problem. Thus, this has been practically applied
to the production of the desired protein in recent years. As the
baculovirus used for the present invention, 



Autographa californica Nuclear 30 Polyhedrosis Virus: AcNPV, Bombyx mori
Nuclear Polyhedrosis Virus: BmNPV, Orgyia pseudotsugata Nuclear
Polyhedrosis Virus: OpNPV and Lymantria diper Nuclear Polyhedrosis Virus:
LdNPV can be exemplified. The baculovirus DNA may be any DNA which can
perform the 35 homologous recombination with the transfer vector of the
present invention. Specifically, the viral gene of the baculovirus DNA
-18- which can perform the homologous recombination with the transfer
vector of the present invention is 130 kbp which is huge, and the
immunogenic foreign gene of 15 kbp or more can be inserted. The baculovirus
gene itself is scarcely expressed in the vertebrate 5 cells. Thus, there is
almost no need to consider its cytotoxicity, and thus, it is thought that
no harmful immune response is induced.       (1) Transfer vector and
production of transfer vector of the 10 present invention Production of
immunogenic foreign gene DNA        The immunogenic foreign gene DNA
capable of being fused to the viral gene, which is one of the components of
the baculovirus transfer vector can be easily produced and acquired by 15
synthesizing based on nucleic acid sequence information of the
polynucleotide encoding the amino acid sequence of the antigenic protein
having the objective immunogenicity disclosed herein, or directly
synthesizing (chemical DNA synthesis method) the DNA corresponding to the
nucleic acid sequence of a coding region of 20 the immunogenic foreign gene
based on the nucleic acid sequence information of the immunogenic foreign
gene. General gene engineering techniques can be applied to this production
(e.g., see Molecular Cloning 2d Ed, Cold Spring Harbor Lab. Press(1989);
Zoku Seikagaku Jikken Kouza, "Idenshi Kenkyuho I, II, III" edited 25 by the
Japanese Biochemistry Society, 1986). As the synthesis methods of the DNA,
chemical synthesis 



means such as phosphate triester method and phosphate amidite method (J.
Am. Chem. Soc., 89, 4801(1967); ibid., 91, 3350(1969); Science, 150,
178(1968); Tetrahedron Lett., 22, 1859(1981); ibid., 30 24, 245(1983)) and
combination methods thereof can be exemplified. More specifically, the DNA
can also be chemically synthesized by a phosphoramidite method or the
triester method, and can be synthesized using a commercially available
automatic oligonucleotide synthesizer. A double strand fragment can be 35
obtained by synthesizing a complementary chain and annealing the  -19-
complementary chain with a chemically synthesized single strand under an
appropriate condition or adding the complementary chain with appropriate
primer sequences to the chemically synthesized single strand using a DNA
polymerase. 5As specific one aspect of the immunogenic foreign gene DNA
produced in the present invention, DNA composed of the DNA sequence
encoding the amino acid sequence of the M. tuberculosis antigen protein,
the DNA sequence encoding the amino acid sequence of the malaria antigen
protein or the DNA sequence 10 encoding the amino acid sequence of the
influenza virus antigen protein can be exemplified. The DNA utilized in the
present invention is not limited to the full length DNA sequence of the DNA
sequence encoding the amino acid sequence of the polypeptide of the
antigenic protein 15 having the immunogenicity, and may be the DNA sequence
encoding a partial sequence as long as the protein of the amino acid
sequence encoded by the DNA sequence has the immunogenicity.        The DNA
utilized in the present invention may be the DNA sequence obtained by
fusing the DNA sequence encoding the amino 20 acid sequence of the
antigenic protein having the antigenicity to the cytokine gene present
inside the human body, e.g., the IL-12 gene, the IL-1 gene, the IL-6 gene,
the IL-6 receptor gene, the IL-2 gene, the IL-18 gene, the IFN-a gene, the
IFN-P gene, the IFN-y gene, the TNF gene, the TGF-13 gene, the GM-CSF gene
and the 25 M-CSF gene. The fused DNA sequence is not limited to the full
length of 



the coding region of the DNA sequence encoding the amino acid sequence of
the polypeptide of the antigenic protein having the antigenicity and the
DNA sequence of the cytokine gene, and may 30 be the partial DNA sequence.
The DNA of the immunogenic foreign gene used for the present invention is
not limited to the DNA molecule having the such a particular DNA sequence,
and can also have the DNA sequence obtained by combining and selecting the
optional codon 35 for each amino acid residue. The choice of the codon can
be  -20- performed in accordance with standard methods. At that time, for
example, it is possible to consider a usage frequency of the codon in the
host utilized. (Nucleic Acids Res., 9, 43(1981)). The method of producing
the DNA of the immunogenic foreign 5 gene used for the present invention by
gene engineering techniques can be more specifically performed by preparing
cDNA library from an appropriate origin which expresses the DNA of the
immunogenic foreign gene in accordance with standard methods and selecting
the desired clone from the library using an appropriate 10 probe or an
antibody against an expressed product which is inherent for the immunogenic
foreign gene (see Proc. Natl. Acad. Sc., USA., 78, 6613(1981); Science,
222, 778(1983)).        In the above, as the origin of the genomic DNA,
various cells, tissues and cultured cells derived therefrom which express
15 the DNA of the immunogenic foreign gene can be exemplified. In
particular, it is preferable to use the extract of the erythrocytes
infected with malaria parasites, the extract of the cells infected with
influenza virus or the extract of Ph tuberculosis as the origin. The
extraction and separation of 20 total DNA and RNA from the origin, the
separation and purification of mRNA and the acquisition and cloning of cDNA
can be performed in accordance with the standard methods.        The
production of the DNA of the immunogenic foreign gene can also be performed
by extracting mRNA of each immunogen, then 25 adding poly A to the RNA,
collecting the poly A-added RNA, producing cDNA using a reverse
transcriptase, adding restriction enzyme sites to both ends of the cDNA and
using a phage library prepared by incorporating the cDNA into the phage, in
addition to obtaining using cDNA library of each immunogen obtained by the
30 extraction, separation and purification of mRNA from the immunogenic
tissue or cell using the extract as the origin. 



The method of screening the DNA of the immunogenic foreign gene from the
cDNA library is not particularly limited, and can be performed in
accordance with ordinary methods. As the specific 35 method, for example,
the method of selecting a corresponding cDNA  -21- clone by immunological
screening using a specific antibody (e.g., anti-malaria antibody,
anti-influenza virus antibody, anti-M. tuberculosis antibody) against the
protein produced by the cDNA; a plaque hybridization method using a probe
selectively binding 5 to the objective DNA sequence; a colony hybridization
method ; and the combinations thereof can be exemplified.        As the
probe used in the hybridization methods, DNA fragments chemically
synthesized based on the information for the DNA sequence of the
immunogenic foreign gene are common. The 10 immunogenic foreign gene
already acquired and the DNA sequences of fragments thereof can be
advantageously utilized as the above probe. Furthermore, a sense primer and
an antisense primer designed based on the DNA sequence information of the
immunogenic foreign gene can also be used as the probe for the above 15
screening.        The DNA (nucleotides) used as the probe is the partial
DNA (nucleotides) corresponding to the DNA sequence of the immunogenic
foreign gene, and one having at least 15 consecutive DNA, preferably at
least 20 consecutive DNA and more preferably 20 at least 30 consecutive
DNA. A positive clone itself for producing the above DNA can also be used
as the probe.        When the DNA of the immunogenic foreign gene is
acquired, a DNA/RNA amplification method by PCR (Science, 230, 1350 (1985))
can be utilized suitably. In particular, when a full length cDNA 25 is
hardly obtained from the library, RACE method [Rapid amplification of cDNA
ends; Jikken Igaku 12(6), 35(1994)], in particular, 5'-RACE method [M. A.
Frohman, et al., Proc. Natl. Acad. Sci., USA., 8, 8998(1988)] is suitably
employed. The primer used for the PCR can be designed based on the 30 DNA
sequence information of the immunogenic foreign gene, and synthesized in
accordance with the standard methods. As this primer, as shown in Examples
described later, DNA portions (5P6 promoter primer and T7 terminator
primer) added to both ends of the vector plasmid in which the DNA of the
immunogenic foreign 35 gene has been incorporated in can also be used. 



-22-        The isolation/purification of the DNA/RNA fragment amplified by
PCR can be performed in accordance with the standard methods, e.g., gel
electrophoresis. For the DNA of the immunogenic foreign gene obtained as
the 5 above or various DNA fragments, their DNA sequences can be determined
in accordance with the standard methods, e.g., dideoxy method (Proc. Natl.
Acad. Sci., USA., 74, 5463(1977)) or MaxamGilbert method (Methods in
Enzymology, 65, 499(1980)), or simply using a commercially available
sequencing kit. 10The gene encoding the amino acids of the protein capable
of being the component of the viral particle may be any one as long as it
is the gene encoding the protein expressible as the protein capable of
being the component of the viral particle in the insect cell and as the
fusion protein by fusing the immunogenic 15 foreign gene in the objective
cell.        As the gene encoding the amino acids of the protein capable of
being the component of the viral particle, for example, the genes of a gp64
protein (GenBank Accession No. L22858), a Vesicular stomatitis virus
glycoprotein (GenBank Accession No. 20 M21416 ), a herpes simplex virus
glycoprotein (KOS; GenBank Accession No. K01760), a type I human
immunodeficiency virus gp120 (GenBank Accession No. U47783), a human
respiratory syncytial virus membrane glycoprotein (GenBank Accession No.
M86651), a type A influenza virus hemagglutinin protein (GenBank 25
Accession No. U38242), or the gene of envelop proteins of viruses closely
related to the baculovirus can be exemplified. In the present invention,
the gp64 gene shown in Examples described later can be preferably
exemplified. The DNA of the gene encoding the amino acids of the protein 30
capable of being the component of the viral particle can be easily produced
and acquired by synthesizing based on the nucleic acid sequence information
of the polynucleotide encoding the amino acid sequence of the polypeptide
of the gene encoding the amino acids of the objective protein capable of
being the 35 component of the viral particle, or by directly synthesizing
the  



-23- DNA corresponding to the nucleotide sequence encoding the amino acid
sequence based on the amino acid sequence information of the gene encoding
the amino acids of the protein capable of being the component of the viral
particle (chemical DNA synthesis) as is 5 the case with the production of
the DNA of the immunogenic foreign gene.        A DNA sequence
corresponding to a nucleic acid sequence encoding amino acids of a protein
capable of being a component of a viral particle is not limited to a full
length of a coding 10 region, and may be DNA composed of a partial DNA
sequence.        As is the case with the production of the DNA molecule of
the immunogenic foreign gene, the DNA of the gene encoding the amino acids
of the protein capable of being the component of the viral particle can be
produced by general gene engineering 15 techniques (e.g., see Molecular
Cloning 2d Ed, Cold Spring Harbor Lab. Press(1989); Zoku Seikagaku Jikken
Kouza, "Idenshi Kenkyuho I, II, III" edited by the Japanese Biochemistry
Society, 1986).        In the present invention, the commercially available
vector plasmid in which a part of the promoter which controls the 20
expression of the immunogenic foreign gene described later has been already
incorporated and the gene (portion) encoding the amino acids of the protein
capable of being the component of the viral particle has been previously
introduced can also be used. Vertebrate promoters  25As the vertebrate
promoter (capable of functioning in vertebrates) which is one of the
components of the transfer vector used for the present invention, the
promoters such as mammalian promoters, bird promoters and fish promoters
can be exemplified. 30 Mammalian promoters         As the mammalian
promoter (capable of functioning in mammals) which is one of the components
of the transfer vector used for the present invention, a cytomegalovirus
promoter, an SV40 promoter, a retrovirus promoter, a metallothionein
promoter, 35 a heat shock protein promoter, a CAG promoter, an elongation
-24-- factor la promoter, an actin promoter, a ubiquitin promoter, an
albumin promoter and an MHC class II promoter can be exemplified. Bird
promoters  



As the bird promoters, the actin promoter, the heat shock 5 protein
promoter, the elongation factor promoter, the ubiquitin promoter and the
albumin promoter can be exemplified. Fish promoters           As the fish
promoters, the actin promoter, the heat shock protein promoter and the
elongation factor promoter can be 10 exemplified. Baculovirus promoters
As the baculovirus promoter which is one of the components of the
baculovirus transfer vector used for the present invention, a polyhedrin
promoter, a p10 promoter, an IE1 promoter, a p35 15 promoter, a p39
promoter, and a gp64 promoter can be exemplified. Production of recombinant
transfer vector         The present invention relates to the novel transfer
vector having the structure capable of expressing the objective immunogenic
foreign gene as the antigenic protein in both the 20 insect cell and the
vertebrate cell, particularly the mammalian cell. In the present invention,
the structure of the novel transfer vector produced is characterized in
that the DNA sequence encoding the amino acid sequence of the desired
immunogenic protein and the DNA sequence encoding the amino acid 25
sequence of the protein capable of being the component of the viral
particle are linked downstream of the linked promoters which are one
vertebrate promoter, particularly the mammalian promoter and another
baculovirus promoter. DNA regions comprising the DNA sequences of two
promoter which are one vertebrate 30 promoter, particularly the mammalian
promoter and another baculovirus promoter may be directly linked, or an
intervening DNA sequence may be present between the DNA sequences of the
two promoters (but, in this case, respective promoters are necessary to
have the activity in the insect cell and the vertebrate cell, 35
particularly mammalian cell). Either the vertebrate promoter,  -25-
particularly the mammalian promoter or the baculovirus promoter to be
linked may be disposed more closely to the gene to be expressed in their
promoter region. In Examples described later, the baculovirus is disposed
more closely to the gene to be 5 expressed than the mammalian promoter. 



In the structure, for the fusion gene comprising the gene encoding the
protein capable of being the component of the viral particle and the
desired immunogenic foreign gene, these two genes may be directly lined, or
the intervening DNA sequence may 10 be present between them (but, it is
necessary to dispose the DNA to cause no frameshift). It is preferable that
an antigen presenting region of the protein encoded by the foreign gene
having the desired immunogenicity is fused to the protein capable of being
the component of the viral particle. Thus, it is 15 necessary to use in the
form fused without cutting off the protein encoded by the foreign gene
having the desired immunogenicity from the protein capable of being the
component of the viral particle. A fusion gene comprising these two genes
may be formed in 20 advance and this may be incorporated in the vector.
Alternatively, any one gene may be incorporated in the vector in advance,
and subsequently the other gene may be incorporated in the vector to form
the fusion gene in the vector. For the above manipulations, commercially
available 25 expression vectors already having the promoter regions of the
above vertebrate promoter, particularly the mammalian promoter and
baculovirus promoter and the gene regions encoding the amino acid sequence
capable of being the component of the viral particle, which are portions of
the constitution required as the 30 transfer vector of the present
invention may be used. Utilizing them, the required components may be
inserted by inserting the DNA sequence in which the desired immunogenic
foreign gene has been fused to the gene encoding the amino acid sequence of
the protein capable of being the component of the viral particle in 35 the
cloning region of the vector by optionally cutting off with  -26-
restriction enzymes or incorporating into another vector, or inserting the
desired immunogenic foreign gene into the N terminus side of the DNA region
of the gene encoding the amino acid sequence of the protein capable of
being the component of 5 the viral particle already incorporated in the
plasmid.        For the detection of the protein, a His-tag or an HVS-tag
may be added before a poly A tail at a C terminus side of the DNA sequence
fusing the desired immunogenic foreign gene to the gene encoding the amino
acid sequence of the protein capable of being 10 the component of the viral
particle. Alternatively, for the expression, the purification and the
detection of the recombinant fusion protein, the DNA sequence encoding a
FLAG sequence composed of 8 amino acids may be inserted as a peptide tag
between the promoter region and the region in which the desired 15
immunogenic foreign gene has been fused to the gene encoding the amino acid
sequence of the protein capable of being the component of the viral
particle. In the present invention, the plasmid vector having the structure
capable of expressing the desired immunogenic foreign protein as the
antigenic protein in both the 20 insect cell and the vertebrate cell,
particularly the mammalian cell may be produced by using the commercially
available plasmid having the structure already satisfying the portion
thereof. The amino acid sequence of the peptide may intervene for cleaving
the fusion protein with the enzyme in the vertebrate cell. In the 



25 transfer vector of the present invention, an enhancer for increasing a
transcription activity in the vertebrate cell, particularly the mammalian
cell may be disposed upstream of the two promoters, or the DNA sequence
encoding the amino acid sequence of a signal peptide for facilitating
extracellular 30 secretion of the expressed protein in the host may be
bound to the gene to be fused and expressed. A vertebrate terminator
region, e.g., a rabbit p globulin terminator which is effective in the
vertebrate cell may be disposed for terminating the transcription
downstream the gene to be fused and expressed. 35As the above, the transfer
vector capable of expressing the  -27- fusion gene of the immunogenic
foreign gene capable of expressing the desired immunogenicity in the
baculovirus particle and the gene encoding the amino acid sequence of the
protein capable of being the component of the viral particle can be
produced. 5For specific examples of the transfer vector and the method for
production thereof, as shown in Examples described later, the transfer
vector composed of the structure in which the cytomegalovirus (CMV)
promoter" the CAG promoter modified from CMV promoter, and the
ubiquitin(UBB) promoter fused CMV enhancer 10 as the vertebrate promoter,
particularly the mammalian promoter and the polyhedrin (Polh) promoter as
the baculovirus promoter have been linked and the DNA sequence in which the
influenza virus antigen gene, the malaria antigen gene and the AL
tuberculosis antigen gene as the foreign genes and the gp64 15 antigen gene
as the gene encoding the amino acid sequence of the protein capable of the
component of the viral particle were fused has been incorporated can be
exemplified as pDual-Hsp65-gp64, pDual-PbCSP-gp64, pDual-H1N1/HA1-gp64,
pDual-PbTRAMP-gp64, pDualPbAMA1D123-gp64, pDual-PbMSP119-gp64,
pDual-PfCSP-gp64, 20 pDual-PfAMA1-gp64, pDual-Pfs25-gp64,
pDual-H5N1/HA1-gp64 and pDual-SARS/S-gp64, pCP-H1N1/HA1-gp64,
pCAP-H1N1/HA1-gp64, pCU- H1N1/HA1-gp64, pDual-H1N1/NP-gp64,
pDual-H1N1/M2-gp64, pDualH1N1/NAe-gp64, pDual-M2e-gp64, pCP-HA1/NC99-gp64,
pCP-H1N1/HAO- gp64, pCP-H1N1/HA2-gp64, pCP-H1N1/HA1-vp39, pCP-H1N1/NP-vp39.
25 (2) Production of recombinant baculovirus 



The present invention provides the method of producing the recombinant
baculovirus comprising the steps of producing the transfer vector composed
of the structure in which fusion gene 30 comprising at least one gene
encoding the protein capable of being the component of the viral particle
and at least one immunogenic foreign gene linked downstream of the dual
promoter linking one vertebrate promoter and another baculovirus promoter
has been incorporated, co-transfecting the transfer vector and 35 the
baculovirus DNA into the host cell and separating the  -28- recombinant
baculovirus.        In the above method of producing the recombinant
baculovirus, the methods of introducing the desired recombinant DNA
(transfer vector) into the host and the methods of 5 transforming therewith
are not particularly limited, various methods which are well known and
commonly used can be employed, and for example, can be performed in
accordance with the ordinary gene recombination technology (e.g., Science,
224, 1431 (1984); Biochem. Biophys. Res. Comm., 130, 692(1985); Proc. Natl.
Acad. 10Sci. USA, 80, 5990 (1983). The recombinant DNA (transfer vector)
can be expressed and produced with reference to Ohno et al., "Tanpaku
Jikken Protocol 1 Functional analysis, Saibo Kogaku Bessatu Jikken Protocol
Series, 1997, Shujunsha" . For general techniques of handling of the insect
cells, gene recombination 15 and co-transfection, the same techniques as in
the well-known methods of making recombinant virus in insect cells can be
used (Yoshiharu Matsuura, Proteins, Nucleic acids and Enzymes, 37:211-222,
1992; Yoshiharu Matsuura, Saibo 33(2):30- 34,2001) 20The resulting
recombinant baculovirus can be cultured in accordance with the standard
methods. By the culture, a fusion product (expressed product) in which the
DNA of the immunogenic foreign gene and the DNA encoding the amino acid
sequence of the protein capable of being the component of the viral
particle of 25 the present invention have been fused designed as desired is
expressed, produced (accumulated) and secreted inside, outside the cells or
on the cell membrane.        As a medium used for the culture, various
media commonly used can be appropriately selected and used depending on the
host 30 cells employed, and the culture can be performed under the
condition suitable for growth of the host cells.        The method of
producing the recombinant baculovirus more particularly comprises the steps
of preparing the baculovirus DNA for performing the homologous
recombination with the transfer 



35 vector produced above and co-transfecting the transfer vector and the
baculovirus DNA in the insect cells such as Sf-9 cells, Sf-21  -29- cells
derived from Spodoptera frugiperda, Tn5 cells (High Five cells supplied
from Invitrogen) derived from Trichoplusia ni as the host cells. The
baculovirus DNA produced above for performing the 5 homologous
recombination with the transfer vector may be any of the wild type, the
mutant or the recombinant baculovirus DNA.        A baculovirus DNA can
enhance a probability of homologous recombination as long as it has the DNA
structure homologous to the DNA derived from the baculovirus DNA located
upstream of the 10 dual promoter used for the transfer vector so as to
produce the homologous recombination with the transfer vector of the
present invention, except for the DNA derived from a baculovirus which
sandwichs a fusion gene in which DNA in the dual promoter region, the
immunogenic foreign gene and the gene encoding the protein 15 capable of
being the component of the viral particle have been fused.        To induce
the homologous recombination, it is better that the transfer vector and the
baculovirus DNA is mixed at a weight ratio of about 1:1 to 10:1. 20After
introducing into the insect cell simultaneously by the step of
co-transfection and culturing the cell, plaques of the virus are made from
the culture supernatant, then suspended in the medium, subsequently the
virus is eluted from the agar by vortex to yield a solution comprising the
recombinant virus. 25In the above, the commercially available baculovirus
DNA may be used, and for example, it is possible to use BacVector1000 DNA
and BacVector-2000 DNA (supplied from Novagen) in which the polyhedrin gene
has been removed from AcNPV. The co-transfection of the transfer vector and
the 30 baculovirus DNA obtained above into the insect cell for the
homologous recombination can be performed using the commercially available
vector transfection kit described above (BacVector Transfection Kits
supplied from Novagen) in accordance with instructions attached to the
vector transfection kit. As the 



35 above, the transfer vector produced above can be co-transfected  -30-
together with the baculovirus DNA in the insect cell such as Sf-9 cell to
yield the recombinant baculovirus. In the present invention, in accordance
with the above method of producing the recombinant baculovirus, the
transfer 5 vectors such as pDual-Hsp65-gp64, pDual-PbCSP-gp64,
pDualH1N1/HA1-gp64, pDual-PbTRAMP-gp64, pDual-PbAMA1D123-gp64,
pDualPbMSP119-gp64, pDual-PfCSP-gp64, pDual-PfAMA1-gp64, pDual-Pfs25-gp64,
pDual-H5N1/HA1-gp64, pDual-SARS/S-gp64, pCPH1N1/HA1-gp64,
pCAP-H1N1/HA1-gp64, pCU-H1N1/HA1-gp64, pDual- 10 H1N1/NP-gp64,
pDual-H1N1/M2-gp64, pDual-H1N1/NAe-gp64, pDual-M2e- gp64,
pCP-HA1/NC99-gp64, pOP-H1N1/HAO-gp64, pOP-H1N1/HA2-gp64, pCP-H1N1/HA1-vp39,
pCP-H1N1/NP-vp39, and the baculovirus DNA were used and co-transfected in
the Sf-9 insect cell to yield the recombinant baculoviruses such as
AcNPV-Dual-Hsp65, AcNPV-Dual- 15 PbCSP, AcNPV-Dual-H1N1/HA1,
AcNPV-Dual-PbTRAMP, AcNPV-DualPbAMA1D123, AcNPV-Dual-PbMSP119,
AcNPV-Dual-PfCSP, AcNPVDual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-CP-H1N1/HA1,
AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/NP,
AcNPVDual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP- 20
HA1/NO99, AcNPV-CP-H1N1/HAO, AcNPV-CP-H1N1/HA2, AcNPV-CPH1N1/HA1-vp39,
AcNPV-CP-H1N1/NP-vp39.        Also, the recombinant baculoviruses such as
AcNPV-DualH5N1/HA1 and AcNPV-Dual-SARS/S can be obtained. In addition to
the above method of producing the 25 recombinant baculovirus, as the other
method of producing the recombinant baculovirus, it is possible to use the
method of inserting the foreign gene efficiently in Escherichia coli by
utilizing a transposon for a phagemid (bacmid) in which the entire
baculovirus genome has been incorporated. According to the 30 method, the
recombinant baculovirus can be easily produced and collected by only
extracting the bacmid bearing the viral gene from microbial cells and
transfecting it in the insect cell.        The purification of the
recombinant baculovirus of the present invention obtained by the above
method of producing the 35 recombinant baculovirus can be performed using
the virus purification method known publicly. 



-31-        For the purification of the recombinant baculovirus, for
example, 0.5 to 1.0 mL of a stock virus (usually 1 x 107-8 pfu/mL) obtained
by the above method of producing the recombinant baculovirus is inoculated
to the insect cells (1 x 107 cells/10 cm 5 dish) such as Sf-9 cells, the
culture supernatant is collected several days (4 days) after the infection,
and a virus pellet obtained by centrifugation is suspended in buffer such
as PBS. The resulting suspension is applied on sucrose gradient of 10 to
60%, which is then centrifuged (25,000 rpm, 60 minutes, 4C) to 10 collect a
virus band. The collected virus is further suspended in PBS, subsequently
centrifuged (same condition as the above), and the resulting purified
recombinant virus pellet is stored in the buffer such as PBS at 4C. An
infectivity titer of the above resulting purified 15 recombinant virus can
be measured by plaque assay (Fields VIROLOGY 4th Edition p29-32 2001) using
the insect cells such as Sf-9 cells. In the recombinant virus exemplified
in the present invention, the N terminus of the baculovirus protein gp64 is
20 exposed outside the particle and its C terminus is exposed inside the
particle. Thus, if the protein encoded by the desired immunogenic foreign
gene is fused to the N terminus of gp64, the entity thereof as the
component of the viral particle is exposed outside the viral protein
particle in the insect cell, and thus 25 the antigen is more easily
presented, which is suitable for the object of the vaccine formulation of
the present invention.    (3) Pharmaceutical composition of the present
invention (pharmaceutical comprising recombinant baculovirus of the present
30 invention as active ingredient)        The recombinant baculovirus of
the present invention which is the active ingredient in the pharmaceutical
composition of the present invention can be obtained by the gene
engineering techniques shown in the above (2). 35It is important for the
pharmaceutical composition of the  -32- present invention to contain as the
active ingredient the recombinant baculovirus obtained by homologous
recombination of the baculovirus DNA and the transfer vector constructed so
that the fusion gene fusing the immunogenic foreign gene of the 



5 present invention to the gene encoding the amino acid sequence of the
protein capable of being the component of the viral particle can be
expressed in the insect cells and the vertebrate cells, particularly cells
from mammals including human being. In particular, the present invention
provides the 10 pharmaceutical composition comprising any of the particular
recombinant baculovirus, such as AcNPV-Dual-H1N1/HA1 , AcNPVDual-Hsp65,
AcNPV-Dual-PfCSP, AcNPV-Dual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-Dual-H5N1/HA1,
AcNPV-Dual-SARS/S, AcNPV-CP- H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, AcNPV-Dual- 15 H1N1/NP, AcNPV-Dual-H1N1/M2,
AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO,
AcNPV-CP-H1N1/HA2, AcNPVCP-H1N1/HA1-vp39 or AcNPV-CP-H1N1/NP-vp39 as the
active ingredient. The recombinant baculovirus of the present invention,
such 20 as AcNPV-Dual-H1N1/HA1, AcNPV-Dual-Hsp65, AcNPV-Dual-PfCSP,
AcNPV-Dual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-Dual-H5N1/HA1, AcNPVDual-SARS/S,
AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1,
AcNPV-Dual-H1N1/NP, AcNPV-Dual-H1N1/M2, AcNPVDual-H1N1/NAe, AcNPV-Dual-M2e,
AcNPV-CP-HA1/NC99, AcNPV-CP- 25 H1N1/HAO, AcNPV-CP-H1N1/HA2,
AcNPV-CP-H1N1/HA1-vp39 and AcNPV-CPH1N1/NP-vp39, which is the active
ingredient in the pharmaceutical composition of the present invention has
the actions which enhances an infection-preventing effect on the infectious
antigen and reduces the infectivity titer, and this 30 action or activity
can be utilized for procedures of the diseases associated with the
infection of the target cells or tissues. Such target cells affected by the
infection include, for example blood cells, and other target cells include
hepatic cells, renal cells, brain cells, lung cells, epithelial cells and
muscular 35 cells. The tissues comprising these cells include lung, liver,
kidney, arterial and venous veins, stomach, intestine, urethra, skin and
-33- muscle. 



The pharmaceutical composition enhances the infection- preventing effect on
infectious antigens such as malaria antigens, e.g., the surface antigen CSP
of sporozoite surface of malaria 5 parasite, the MSP1 of the membrane
protein of metrozoite surface, the malaria S antigen secreted from
erythrocytes infected with malaria, the PfEMP1 protein present in knob of
the erythrocytes infected with malaria, the SERA protein, the TRAMP protein
and the AMA1 protein as well as influenza antigens e.g., the HA 10 antigen,
the NA antigen, the M2 antigen and the NP antigen, and reduces the
infectivity titer (e.g., viral infectivity titer). Thus, a surviving period
and a survival rate of the mammals including human beings administered with
the pharmaceutical composition of the present invention are increased
compared with 15 those not administered. Therefore, the pharmaceutical
composition of the present invention is useful as the preventive or
therapeutic agent for infection with particularly malaria and influenza
virus. The pharmaceutical composition of the present invention is 20 useful
as the preventive or therapeutic agent for infectious diseases caused by
the pathogen and their complications, e.g., viral diseases caused by
influenza virus, papilloma virus, herpes virus, AIDS virus, hepatitis C
virus, SARS virus, west nile fever virus and dengue fever virus, parasite
diseases caused 25 by malaria, trypanosome and leishmania parasites, and
bacterial diseases caused by bacteria, such as dysentery, enteric fever,
cholera, pneumococcus, MRSA, VRE, Neisseria gonorrhoeae and Chlamydia,
syphilis and tuberculosis by utilizing the actions to enhance the
infection-preventing effect on the infectious antigen 30 and reduce the
infectivity titer.         By using the immunogenic foreign gene for the
vertebrate other than the human being in the transfer vector for obtaining
the recombinant baculovirus which is the active ingredient in the
pharmaceutical composition of the present invention, it is 35 possible to
utilize the pharmaceutical composition of the present  -34- invention for
procedures of the diseases associated with the infection of the target
cells and the tissue as chicken influenza vaccine, bovine trypanosome
vaccine and Japanese trout cold water disease vaccine by utilizing its
actions to enhance the 



5 infection-preventing effect on the infectious antigen and reduce the
infectivity titer.         The pharmaceutical composition of the present
invention can be prepared as the composition comprising the
pharmaceutically effective amount of the recombinant baculovirus and a 10
pharmaceutically acceptable carrier.         For the infection-preventing
effect of the recombinant baculovirus of the present invention in the
vertebrate, particularly, the mammals including the human being or the
mammalian cells, for example, the pharmaceutical composition 15 produced by
the recombinant baculovirus of the present invention and the composition
capable of being added for pharmaceutical administration is administered
intramuscularly, intranasally or by inhalation in the vertebrate,
particularly, the mammal including the human being, which is subsequently
immunized with 20 the pharmaceutical composition comprising the recombinant
baculovirus of the present invention as the active ingredient multiple
times. The pharmaceutical composition of the invention is administered
particularly by inhalation. And, the preventive effect on the infection can
be 25 evaluated by after immunizing with the pharmaceutical composition of
the present invention multiple times, administering the pathogen to be
subjected to the vertebrate, particularly, the mammal including the human
being, and after passing a certain period, comparing the survival rate of
the vertebrates, 30 particularly, the mammals including the human beings
administered with the recombinant baculovirus which is the active
ingredient in the pharmaceutical composition of the present invention with
those not administered therewith.  -35- The recombinant baculovirus, such
as AcNPV-Dual-H1N1/HA1, AcNPV-Dual-Hsp65, AcNPV-Dual-PfCSP,
AcNPV-Dual-PfAMA1, AcNPVDual-Pfs25, AcNPV-Dual-H5N1/HA1, AcNPV-Dual-SARS/S,
AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1, 5
AcNPV-Dual-H1N1/NP, AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe,
AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO, AcNPV-CPH1N1/HA2,
AcNPV-CP-H1N1/HA1-vp39 or AcNPV-CP-H1N1/NP-vp39 which is the active
ingredient of the pharmaceutical composition of the present invention is
purified as the viral particle budded from 10 the insect cell, comprising
an expressed product of the fusion DNA sequence fusing the gene encoding
the amino acid sequence of the protein capable of being the component of
the viral particle to the immunogenic foreign gene of the present invention
having the desired immunogenicity to enhance the preventive effect on 15
the infection with the pathogen and exhibit the action to reduce the
infectivity titer. Then, it is thought that the foreign antigen protein
which became the component of the viral particle 



facilitates acquired immunity (humoral immunity and cellular immunity) by
administering the pharmaceutical composition in the 20 form of the viral
particle to the vertebrate, particularly, the mammals including the human
being, and further the antigenic protein which is the expressed product of
the fusion DNA sequence further facilitates the acquired immunity (humoral
immunity and cellular immunity) in the vertebrate cells, particularly, the
25 cells in the mammals including the human being. Thus, the recombinant
baculovirus of the present invention is useful as the vaccine.        In
particular, the present invention provides the vaccine comprising any of
the particular recombinant baculovirus such as 30 AcNPV-Dual-H1N1/HA1,
AcNPV-Dual-H5p65, AcNPV-Dual-PfCSP, AcNPVDual-PfAMA1, AcNPV-Dual-Pf525,
AcNPV-Dual-H5N1/HA1, AcNPV-DualSARS/S, AcNPV-CP-H1N1/HA1,
AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/NP,
AcNPV-Dual-H1N1/M2, AcNPV- Dual-H1N1/NAe, AcNPV-Dual-M2e,
AcNPV-CP-HA1/NC99, AcNPV-CP- 35 H1N1/HAO, AcNPV-CP-H1N1/HA2,
AcNPV-CP-H1N1/HA1-vp39, AcNPV-CP- H1N1/NP-vp39 as the  -36- active
ingredient. As is the case with the pharmaceutical composition of the above
(3), the vaccine enhances the preventive effect on the infection and
reduces the infectivity titer(e.g., viral 5 infectivity titer) for
pathogenic organisms such as malaria antigens e.g., the surface antigen
(CSP) of sporozoite surface of malaria parasite, the MSP1 of a membrane
protein of metrozoite surface, the malaria S antigen secreted from
erythrocytes infected with malaria, the PfEMP1 protein present in knob of
the 10 erythrocytes infected with malaria, the SERA protein, the TRAMP
protein and the AMA1 protein or the influenza virus HA antigen, the
influenza virus NA antigen, the influenza virus M2 antigen and the
influenza virus NP antigen. Thus, by comparing the surviving period and the
survival rate in the infected mammals 15 including human beings with those
not administered with the pharmaceutical composition of the present
invention, the vaccine is particularly useful as the preventive or
therapeutic agent for the infection with malaria and influenza virus. 



The vaccine of the present invention is useful as the 20 preventive or
therapeutic agent for infectious diseases caused by the pathogen and their
complications, e.g., the viral diseases caused by influenza virus,
papilloma virus, herpes virus, AIDS virus, hepatitis C virus, SARS virus,
west Nile fiver virus and dengue fever virus, the parasite diseases caused
by malaria, 25 trypanosome and leishmania parasites, and bacterial diseases
caused by bacteria of dysentery, enteric fever, cholera, pneumococcus,
MRSA, VRE, Neisseria gonorrhoeae and Chlamydia, syphilis and tuberculosis,
by utilizing the actions to enhance the infection-preventing effect on the
infectious antigen and 30 reduce the infectivity titer.        By using the
immunogenic foreign gene for the vertebrate other than the human being in
the transfer vector for obtaining the recombinant baculovirus which is the
active ingredient in the vaccine of the present invention, it is possible
to utilize the 35 pharmaceutical composition of the present invention for
-37- procedures of the diseases associated with the infection of the target
cells and the tissue as chicken influenza vaccine, bovine trypanosome
vaccine and Japanese trout cold water disease vaccine by utilizing its
actions to enhance the infection-preventing 5 effect on the infectious
antigen and reduce the infectivity titer. The recombinant baculovirus, such
as AcNPV-Dual-H1N1/HA1, AcNPV-Dual-Hsp65, AcNPV-Dual-PfCSP,
AcNPV-Dual-PfAMA1, AcNPVDual-Pfs25, AcNPV-Dual-H5N1/HA1, AcNPV-Dual-SARS/S,
AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1, 10
AcNPV-Dual-H1N1/NP, AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe,
AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO, AcNPV-CPH1N1/HA2,
AcNPV-CP-H1N1/HA1-vp39, AcNPV-CP-H1N1/NP-vp39 of the present invention,
which is the active ingredient in the vaccine of the present invention has
the actions which enhances an 15 infection-preventing effect on the
infectious antigen and reduces the infectivity titer, and this action or
activity can be utilized for procedures of the diseases associated with the
infection of the target cells or tissues. Such target cells affected by the
infection include, for example blood cells, and 20 other target cells
include hepatic cells, renal cells, brain cells, lung cells, epithelial
cells and muscular cells. The tissues comprising these cells include lung,
liver, kidney, arterial and venous veins, stomach, intestine, urethra, skin
and 



muscle. 25The vaccine of the present invention as the pharmaceutical
composition in the above (3) can be prepared as the composition comprising
the pharmaceutically effective amount of the recombinant baculovirus
(AcNPV-Dual-H1N1/HA1, AcNPV-Dual-Hsp65, AcNPV-Dual-PfCSP,
AcNPV-Dual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV- 30 Dual-H5N1/HA1,
AcNPV-Dual-SARS/S, AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/NP, AcNPV- Dual-H1N1/M2,
AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CPHA1/NC99, AcNPV-CP-H1N1/HAO,
AcNPV-CP-H1N1/HA2, AcNPV-CPH1N1/HA1-vp39, AcNPV-CP-H1N1/NP-vP39) and the
pharmaceutically 35 acceptable carrier. The vaccine can be prepared into a
pharmaceutical  -38- composition form utilizing the acceptable as the
pharmaceutical as with the pharmaceutical composition in the above (3) in
accordance with the standard methods. The carrier can include, for example,
physiologically acceptable solutions such as sterile 5 saline and sterile
buffered saline. The vaccine (hereinafter, the formulation is the same as
in the pharmaceutical composition) can be prepared as a liposome
formulation comprising the recombinant baculovirus (AcNPV-DualH1N1/HA1,
AcNPV-Dual-Hsp65, AcNPV-Dual-PfCSP, AcNPV-Dual-PfAMA1, 10 AcNPV-Dual-Pfs25,
AcNPV-Dual-H5N1/HA1, AcNPV-Dual-SARS/S, AcNPV-CP-H1N1/HA1,
AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/NP,
AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99,
AcNPV-CP-H1N1/HA0, AcNPV-CPH1N1/HA2, AcNPV-CP-H1N1/HA1-vp39,
AcNPV-CP-H1N1/NP-vp39) as the 15 active ingredient, and can be combined
with an adjuvant. Specific examples of the vaccine (pharmaceutical
composition) of the present invention can include the liposome formulation.
The liposome formulation can be one in which the recombinant baculovirus of
the present invention has been retained in the 20 liposome using acidic
phospholipid as a membrane component or using neutral phospholipid and
acidic phospholipid as the membrane component.        The neutral
phospholipid and acidic phospholipid used as the membrane component are not
particularly limited, and various 



25 lipids commonly used for the liposome formulation can be used alone or
in mixture of two or more.        A liposome membrane is formed in
accordance with the standard methods using the acidic phospholipid alone or
combining the neutral phospholipid and the acidic phospholipid. In the case
30 of combining the neutral phospholipid, the rate of the acidic
phospholipid to be combined may be about 0.1 to 100 mol%, preferably 1 to
90 mol% and more preferably about 10 to 50 mol% in the liposome membrane
components. When the above liposome is prepared, for example 35 cholesterol
can be added. This can control the fluidity of the phospholipid and make
the preparation of the liposome easier. The  -39- cholesterol is typically
added at the amount equivalent to that of the phospholipid, and preferably
it is preferable to add and combine at the amount 0.5 times to equivalent
to that of the phospho lipid. 5For the rate of the active ingredient and
the acidic phospholipid in the liposome formulation, the rate of the acidic
phospholipid is about 0.5 to 100 equivalents, preferably about 1 to 60
equivalents and more preferably about 1.5 to 20 equivalents relative to the
active ingredient. 10The amount of the recombinant baculovirus of the
present invention which is the active ingredient to be used can be several
mol% to several tens mol%, preferably about 5 to 10 mol% and typically
around 5 mol%. The production, concentration and particle diameter control
15 of the above liposome formulation can be performed in accordance with
the standard methods. Various additives described above can also be
combined with the liposome formulation if desired. Fatty acid (e.g.,
behenic acid, stearic acid, palmitic acid, myristic acid, oleic acid),
alkyl group, cholesteryl group and the like 20 can also be bound thereto
and used. The production of the liposome formulation prepared by binding
them can also be performed in accordance with the standard methods (see
Long Circulating Liposomes: old drugs,New therapeutics., M. C. Woodle, G.
Storm, Eds: Springer-Verlag Berlin(1998)). 25The vaccine (pharmaceutical
composition) of the present invention can be preferably used as a vaccine
composition. When it is used, it is preferable for enhancing an
anti-infection (anti-malaria or anti-influenza) effect to be combined with
the adjuvant in pharmaceutically effective amount. 



30As the adjuvant, any ones commonly used for this type of vaccine can be
used without limitation. As examples thereof, Freund's complete adjuvant,
muramyl dipeptide, aluminium hydroxide, BCG, IL-12,
N-acetylmuramine-L-alanyl-D-isoglutamine, thymosin al and QS-21 can be
exemplified. The amount of the 35 adjuvant to be combined can be
appropriately determined depending  -40- on softening, erythema of skin,
fever, headache and muscular pain which are likely expressed as a part of
the immune response in the human beings or the animal after the
administration thereof. The vaccine (pharmaceutical composition) of the
present invention 5 can be combined with other publicly known
pharmaceutical articles such as immune response-facilitating peptide and
antibacterial agents (synthetic antibacterial agents). Optional drugs and
additives can be further contained in the vaccine (pharmaceutical
composition). As examples thereof, 10 the drug such as calcium ion which
aids intracellular uptake of the recombinant baculovirus of the present
invention can be exemplified. The drugs and additives, e.g., the liposome,
and for example, fluorocarbon emulsifier, cochleate, tubule, golden
particles, biodegradable microsphere and cationic polymers which 15 make
the transfection easy can be used.        The amount of the active
ingredient contained in the vaccine (pharmaceutical composition)
(formulation) of the present invention is not particularly limited and can
be selected from the wide range as long as it is the pharmaceutically
effective 20 amount. The dosage of the vaccine (pharmaceutical composition)
is not particularly limited, and can be appropriately selected from the
wide range depending on the desired therapeutic effect, the  administration
method (administration route), the therapeutic period, age and gender of
the patient, and other conditions. 25When the recombinant baculovirus which
is the active ingredient of the vaccine (composition) of the present
invention is administered to the human being, in terms of PFU of the
recombinant virus, the recombinant baculovirus corresponding to 102 to 1012
PFU, preferably 105 to 1010PFU and more preferably 106 



30 to 109 PFU per patient is administered.        The dosage of the
recombinant baculovirus (AcNPV-DualH1N1/HA1, AcNPV-Dual-H5p65,
AcNPV-Dual-PfCSP, AcNPV-Dual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-Dual-H5N1/HA1,
AcNPV-Dual-SARS/S, AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, 35 AcNPV-Dual-H1N1/NP, AcNPV-Dual-H1N1/M2,
AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e,  -41- AcNPV-CP-HAl/NC99,
AcNPV-CP-H1N1/HA0, AcNPV-CP-H1N1/HA2, AcNPVCP-H1N1/HA1-vp39,
AcNPV-CP-H1N1/NP-vp39) which is the active ingredient of the vaccine
(pharmaceutical composition) of the present invention is selected from the
very wide range as the 5 amount of expressible DNA introduced into the
vaccine host or the amount of transcribed RNA. Their amounts also depend on
strength of transcription and translation promoters used for the transfer
vector. The vaccine (pharmaceutical composition) of the present 10
invention is administered by directly injecting a recombinant baculovirus
suspension in which the vector has been suspended in PBS (phosphate
buffered saline) or saline into a local site (e.g., in lung tissue, in
liver, in muscle and in brain), inhaling through nose or airway, or
administering in blood vessel (e.g., 15 intra-arterial, intravenous, and in
portal vein). The vaccine of the invention is preferably administered by
inhalation.        It is preferable that the vaccine (pharmaceutical
composition) of the present invention is administered not once but once to
multiple times by observing the state after the 20 initial administration
and administering the additional vaccine(s). This makes it possible to
enhance the desired effect. It is possible to additionally immunize with
the pharmaceutical composition composed of the recombinant baculovirus
(AcNPV-DualH1N1/HA1, AcNPV-Dual-H5p65, AcNPV-Dual-PfCSP, AcNPV-Dual-PfAMA1,
25 AcNPV-Dual-Pf525, AcNPV-Dual-H5N1/HA1, AcNPV-Dual-SARS/S,
AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1,
AcNPV-Dual-H1N1/NP, AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe,
AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO, AcNPV-CPH1N1/HA2,
AcNPV-CP-H1N1/HA1-vp39, AcNPV-CP-H1N1/NP-vp39) of the 30 present invention
after administering the vaccine (pharmaceutical composition). The
combination of the above various drugs to be combined also has the
possibility to enhance the therapeutic effect by the administration of the
vaccine (pharmaceutical composition). 35In one embodiment of the vaccine
(pharmaceutical 



composition) of the present invention, the recombinant  -42- baculovirus
which is one of the active ingredient of the vaccine  (pharmaceutical
composition) of the present invention can be formulated by mixing the
recombinant baculovirus obtained by homologous recombination of the
transfer vector in which the 5 fusion gene obtained by fusing the desired
immunogenic foreign gene and the gene encoding the protein capable of being
the component of the viral particle has been introduced with the
baculovirus DNA in the form capable of injecting a unit dose (solution,
suspension or emulsion) with the pharmaceutically 10 acceptable carrier
(i.e., non-toxic for the vertebrates including the human beings in the
dosage and concentration to be administered, and compatible with other
ingredients in the formulation). For example, the formulation preferably
contains no antioxidant and no other compounds publicly known to be harmful
15 for the recombinant baculovirus. The carrier appropriately contains the
additives in small amounts, such as substances which augment an isotonic
property and a chemical stability. Such substances are non-toxic for the
mammals including the human beings in the dosage and 20 concentration to be
administered, and can include buffers such as phosphoric acid, citric acid,
succinic acid, acetic acid and other organic acids or salts thereof,
antioxidants such as ascorbic acid, low molecular weight (e.g., less than
about 10 residues) polypeptides (e.g., polyarginine or tripeptide) 25
proteins (e.g., serum albumin, gelatin, or immunoglobulin), amino acids
(e.g., glycine, glutamic acid, aspartic acid or arginine), monosaccharides,
disaccharides and other carbohydrates (including cellulose or derivatives
thereof, glucose, mannose, or dextrin), chelating agents (e.g., EDTA),
sugar alcohols (e.g., mannitol or 30sorbitol), counterions (e.g., sodium),
and/or nonionic surfactants (e.g., polysorbate, poloxamer).        The
pharmaceutical vaccine (composition) comprising the recombinant baculovirus
can be stored representatively in a unit or multiple dose container, e.g.,
a sealed ampoule or a vial as 35 an aqueous solution or a lyophilized
product.  



-43- The pharmaceutical composition comprising the vaccine (composition) of
the present invention is administered in a mode identical to Good Medical
Practice with considering a clinical condition (e.g., condition to be
prevented or treated) of an 5 individual patient, a delivered site of the
vaccine (composition) comprising the recombinant baculovirus, a targeted
tissue, the administration method, a regimen and other factors publicly
known to those skilled in the art. Therefore, the proper dosage of the
vaccine (composition) herein is determined in consideration of 10 the
above. EXAMPLES          The present invention will be described below in
more detail with reference to Examples. These Examples are 15
exemplifications only and do not limit the present invention.  [Example 1]
Transfer vector plasmid and method for production thereof of the present
invention       (1) Construction of transfer vector plasmid pDual-Hsp65- 20
gp64 of the present invention (1.1) Construction of plasmid pBACsurf-CSP
A plasmid pcDNA-CS87 was made by obtaining a NheI-NotI fragment comprising
the sequence fusing genomic DNA from Plasmodium berghei ANKA strain, a
signal sequence of murine Igk 25 secretion and a FLAG sequence in
accordance with Yoshida et al's method (Yoshida, S., et al., B.B.R.C., 271,
107-115(2000) and inserting the NheI-NotI fragment in a NheI-NotI site of
pcDNA3.1 (supplied from Invitrogen). A blood sample was collected from a
BALB/c mouse infected 30 with malaria parasite P. berghei ANKA, and P.
berghei genomic DNA was extracted using QIAamp DNA Midi Kit (supplied from
Qiagen). Subsequently, the P. berghei ANKA genomic DNA was amplified by 



PCR using a primer pbCSP1-F1: 5'-
GGAGGGCTAGCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTG 35
GGTTCCAGGTTCCACTGGTGACGCGGATCCACTGCAGGACTACAAGGACGTAGACAAGGGATATG  -44-
GACAAAATAAAGCATCCAAGCCC-3 (SEQ ID NO:1) (a NheI site newly made is
represented by an underline, the signal sequence of murine Igk secretion is
represented by Italic and the FLAG sequence is represented by a double
underline) and PbCSP-R1: 5
GGAGGGCGGCCGCATCCCGGGTTTTCTTATTTGAACCTTTTCGTTTTCTAACTCTTATACCAGAA CC-3'
(SEQ ID NO:2) (a NotI site newly made is represented by the underline). The
PCR was performed using PfuDNA polymerase (supplied from Stratagene) by 30
cycles (denaturing at 94C for 30 seconds, annealing at 55C for one minute
and extending at 72C 10 for 2 minutes). The PCR product does not have
glycosyl phosphatidyl inositol (GPI) anchor and encodes PbCSP fused to the
signal sequence of murine Igk secretion in place of its original signal
sequence. The PCR product was purified, cleaved with restriction 15 enzymes
NheI/NotI, which was then inserted in the NheI/NotI sites of pcDNA3.1 (+)
(supplied from Invitrogen), and a resulting plasmid was designed as
pcDNA-CS87. The pcDNA-CS87 plasmid contains a CMV promoter, the signal
sequence of murine Igk secretion, a protein (corresponding to 21 to 305
amino acids) 20 encoded by the PbCSP gene, a poly A signal derived from a
bovine growth hormone gene and a poly A sequence.        A gene fragment
encoding an amino acid sequence at positions 21 to 305 of a peptide from
PbCSP was obtained by cleaving the pcDNA-CS87 with the restriction enzymes
PstI and 25 SmaI, the DNA fragment was inserted in the PstI and SmaI sites
of pBACsurf-1 (supplied from Novagen), and the constructed plasmid was
designed as pBACsurf-CSP. (1.2) Construction of plasmid pBACsurf-H5p65 An
Hsp65 gene was obtained by extracting genomic DNA from M. 30 tuberculosis
H37Rv strain using QIAamp DNA Midi Kit (supplied from Qiagen) and cloning
by PCR. That is, the genomic DNA extracted from N. tuberculosis H37Rv
strain was amplified by PCR 



using a primer, phsp65-F1 : 5'-AATAATAGATCTAATGGCCAAGACAATTGCGTACGACGAAGA-3
(SEQ ID NO: 3) (a 35 BglII site is represented by the underline) and
phsp65-R1 :  -45-
AATCCAATGCGGCCGCGGGAATTCGATTCCTGCAGGTCAGAAATCCATGCCACCCATGTCGCC - 3 (SEQ ID
NO:4) (the NotI site is represented by the underline). The PCR product was
purified, cleaved with the restriction enzymes BglII/NotI, ligated to the
BamHI/NotI sites in 5 pcDNA-CS87, and the resulting plasmid was designated
as pcDNA-Ighsp65. The pcDNA-Ighsp65 plasmid is a construct in which the
signal sequence of murine Igk secretion was fused to the hsp65 gene. 10The
PCR was performed with pcDNA-Ighsp65 as a template using the primer
phsp65-F2: 5-CACCOCTGCAGGACTACAAGGACGACGATGACAAGGAATT0ATGGCCAAGAC
AATTGCGTACGACGAAGAGGCC -3' (SEQ ID NO:5) (Sse8387I, EcoRI sites are
represented by underlines, and the FLAG sequence is 15 represented by
Italic), and phsp65-R2: (5'-CCCGGGCGAAATCCATGCCACCCATGT0GC0GC0ACC-3' (SEQ
ID NO: 6) (a Cfr9I site is represented by the underline). The resulting
Hsp65 gene DNA fragment (about 1660 bp) was cloned into pENTR/D-TOPO
(supplied from Invitrogen), subsequently cleaved with 20 Sse8387I/Cfr91,
which was then inserted in the PstI/Cfr9I sites of pBACsurf-CSP (Yoshida et
al. Virology 316: 161-70, 2003) obtained above. The plasmid constructed as
the above was designed as pBACsurf-Hsp65. 



25(1.3) Construction of plasmid pENTR-gp64        The PCR was performed
with pBACsurf-1(supplied from Novagen) as the template using the primer
pPolh-F2: 5'-CACCOGGACCGGATAATTAAAATGATAACCATCTCGCAAATAAATAAG-3 (SEQ ID
NO:7) (a RsrII site is represented by the underline), and pgp64- 30 R2:
5'-GGTACCATATTGTCTATTACGGTTT0TAATCATAC-3' (SEQ ID NO:8) (a KpnI site is
represented by the underline). The resulting gp64 gene DNA fragment (about
1700 bp) was inserted in pENTR/D-TOPO to construct the plasmid pENTR-gp64.
The plasmid constructed as the above was designated as 35 pENTR-gp64. (1.4)
Construction of transfer vector pDual-Hsp65-gp64 of the  -46- present
invention pBACsurf-Hsp65 was cleaved with PstI/Cfr9I, and the hsp65 gene
DNA fragment (about 1660 bp) was inserted in the PstI/Cfr9I sites of
pENTR-gp64 to construct the plasmid 5 pENTR-hsp65-gp64.        Furthermore,
pENTR-hsp65-gp64 was cleaved with RsrII/KpnI, and a DNA fragment (about
3360 bp) composed of a polyhedrin promoter and the hsp65-gp64 gene was
inserted in RsrII/KpnI of pTriEx-3 (supplied from Novagen) to construct the
transfer vector 10 plasmid pDual-Hsp65-gp64 in which the expression was
controlled by the desired dual promoter.  (2) Construction of transfer
vector pDual-PbCSP-gp64 of the present invention The plasmid pBACsurf-CSP
obtained in (1.1.1) was cleaved 15 with PstI/Cfr9I, and a PbCSP gene DNA
fragment (about 890 bp) was inserted in the PstI/Cfr9I sites of
pDual-Hsp65-gp64 to construct the plasmid pDual-PbCSP-gp64.  (3)
Construction of transfer vector pDual-H1N1/HA1-gp64 of the 



present invention 20RNA was extracted from a culture supernatant of MDCK
cells infected with influenza virus PR/8/34 strain using QIAamp MiniElute
Virus Spin Kit (QIAGEN), and amplified by RT-PCR using the primer HA-f:
5'-CCTGCAGGTATGAAGGCAAACCTACTGGTC-3' (SEQ ID NO:9) (a SbfI site is
represented by the underline) and HA-r: 5'- 25 GCCCGGGCGATGCATATTCTGCA-3
(SEQ ID NO:10) (a Cfr9I site is represented by the underline). The
resulting influenza virus HA gene fragment with full length of 1700 bp was
cloned into pCRBlunt II-TOPO (supplied from Invitrogen). The resulting
plasmid was designed as pCR-Blunt-HA. The PCR 30 was performed with the
pCR-Blunt-HA as the template using the primer pHA-Fl:
5'-CACCGAATTCGACACAATATGTATAGGCTACCATGCG-3'(SEQ ID NO:11) (an EcoRI site is
represented by the underline) and pHA- R1:
5'-CCCGGGCACCTCTGGATTGGATGGACGGAATG-3' (SEQ ID NO:12) (a Cfr9I site is
represented by the underline). The resulting 35 H1N1/HA1 gene DNA fragment
(about 1000 bp) was cloned into pENTR/D-TOPO (supplied from Invitrogen),
subsequently cleaved  -47- with EcoRI/Cfr9I, which was then inserted in the
EcoRI/Cfr9I sites of pDual-Hsp65-gp64 to construct the plasmid
pDualH1N1/HA1-gp64.      (4) Construct of transfer vector
pDual-PbTRAMP-gp64 of the 5 present invention        The blood sample was
collected from a BALB/c mouse infected with malaria parasite P. berghei
ANKA, and P. berghei genomic DNA was extracted using QIAamp DNA Midi Kit
(supplied from Qiagen). A PbTRAMP gene was cloned by FOR with this genomic
DNA as 10 the template according to the following method. That is, the FOR
was performed using the primer pTRAMP-Fl: 5'-
CACCGAATTCAAAATTGATACGAAAAAAAATGAAG-3' (SEQ ID NO:13) (the EcoRI site is
represented by the underline) and pTRAMP-R1:
CCCGGGCTTTTAATTTTGAGGAGTCTTTATTTTC-3' (SEQ ID NO:14) (the Cfr9I 15 site is
represented by the underline). The resulting PbTRAMP DNA fragment (about
800 bp) was cloned into pENTR/D-TOPO (supplied from Invitrogen),
subsequently cleaved with EcoRI/Cfr9I, which was then inserted in the
EcoRI/Cfr9I sites of pBACsurf-Hsp65. The constructed plasmid was designated
as pBACsurf-PbTRAMP. 20Subsequently, the pBACsurf-PbTRAMP was cleaved with 



EcoRI/Cfr9I, and a PbTRAMP gene DNA fragment (about 860 bp) was inserted in
the EcoRI/Cfr9I sites of pDual-Hsp65-gp64 to construct the plasmid
pDual-PbTRAMP-gp64.       (5) Construction of transfer vector
pDual-PbAMA1D123-gp64 of the 25 present invention        The blood sample
was collected from the BALB/c mouse infected with malaria parasite P.
berghei ANKA, and the P. berghei genomic DNA was extracted using QIAamp DNA
Midi Kit (supplied from Qiagen). 30A PbAMA1 gene domain 123 (D123) gene was
cloned by FOR with this genomic DNA as the template according to the
following method. That is, the FOR was performed using the primer pAMAl-Fl:
5'-CACCGAATTCAATCCATGGGAAAAGTATACGG1\AAAATAT-3' (SEQ ID NO: 15) (the EcoRI
site is represented by the underline) and pAMA1-R1: 35
5'-000GGGCTTCTCTGGTTTGATGGGCTTTCATATGCAC-3' (SEQ ID NO:16) (the  -48- Cfr9I
site is represented by the underline). The resulting PbAMA1D123 DNA
fragment (about 1280 bp) was cloned into pENTR/DTOPO (supplied from
Invitrogen), subsequently cleaved with EcoRI/Cfr9I, which was then inserted
in the EcoRI/Cfr9I sites of 5 pBACsurf-Hsp65. The constructed plasmid was
designated as pBACsurf-PbAMA1D123.        Subsequently, the
pBACsurf-PbAMA1D123 was cleaved with EcoRI/Cfr9I, and the PbAMA1D123 gene
DNA fragment (about 1280 bp) was inserted in the EcoRI/Cfr9I sites of
pDual-Hsp65-gp64 10 obtained in the above (1.4) to construct the plasmid
pDualPbAMA1D123-gp64. (6) Construction of transfer vector
pDual-PbMSP119-gp64 of the present invention             The blood sample
was collected from the BALB/c mouse 15 infected with malaria parasite P.
berghei ANKA, and the P. berghei genomic DNA was extracted using QIAamp DNA
Midi Kit (supplied from Qiagen). A PbMSP119 gene was cloned by PCR with
this genomic DNA as the template according to the following method. That
is, 20 the PCR was performed using the primer pMspl-Fl: 5'-
CACCCTGCAGGACTACAAGGACGACGATGACAAGCACATAGCCTCAATAGCTTTAAATAACTTAA
ATAAATCTGG-3' (SEQ ID NO:17) (the PstI site is represented by the
underline) and pMspl-R1: 5'- 



CCCGGGTTCCCATAAAGCTGGAAGAGCTACAGAATACACC-3' (SEQ ID NO: 18) (the 25 Cfr9I
site is represented by the underline). The resulting PbMSP119 DNA fragment
(about 450 bp) was cloned into pENTR/D-TOPO (supplied from Invitrogen),
subsequently was cleaved with PstI/Cfr9I, which was then inserted in the
PstI/Cfr9I sites of pBACsurf-Hsp65. The constructed plasmid was designated
as 30 pBACsurf-PbMSP119.        Subsequently, the pBACsurf-PbMSPlnwas
cleaved with PstI/Cfr9I, and the PbMSP119 gene DNA fragment (about 450 bp)
was inserted in the PstI/Cfr9I sites of pDual-Hsp65-gp64 to construct the
plasmid pDual-PbMSP119-gp64. 35(7) Construction of transfer vector
pDual-PfCSP-gp64 of the  -49- present invention        The genomic DNA of
falciparum malaria parasite, P. falciparum was extracted from human
erythrocytes infected with P. falciparum 3D7 strain using QIAamp DNA Midi
Kit (QIAGEN). A PfCSP 5 gene was cloned by PCR with this genomic DNA as the
template according to the following method. That is, the PCR was performed
using the primer pPfCSP-Fl: 5'- CACCGAATTCTTATTCCAGGAATACCAGTGCTATGGAAGT-3'
(SEQ ID NO:19) (the EcoRI site is represented by the underline) and
pPfCSP-R1: 5'- 10 CCCGGGCTTTTTCCATTTTACAAATTTTTTTTTC-3' (SEQ ID NO:20) (the
Cfr9I site is represented by the underline). The resulting PfCSP DNA
fragment (about 1100 bp) was cloned into pENTR/D-TOPO (supplied from
Invitrogen), subsequently cleaved with EcoRI/Cfr9I, which was then inserted
in the EcoRI/Cfr9I sites of 15 pDual-PbAMA1D123-gp64. The constructed
plasmid was designated as pDual-PfCSP-gp64.  (8) Construction of transfer
vector pDual-PfAMA1-gp64 of the present invention The genomic DNA of
falciparum malaria parasite, P. 20 falciparum was extracted from human
erythrocytes infected with P. falciparum 3D7 strain using QIAamp DNA Midi
Kit (QIAGEN). The PfAMA1 gene was cloned by PCR with this genomic DNA as
the template according to the following method. That is, the PCR was
performed using the primer pPfAMA1-F1: 



25 5'-CACCCTGCAGGACTACAAGGACGACGATGACAAGCAGAATTATTGGGAACATCCATAT
CAAAATAGTGATGTG-3' (SEQ ID NO:21) (the PstI site is represented by the
underline, the FLAG sequence represented by Italic) and pPfAMA1-R1:
5'-CCCGGGCTTTCATTTTATCATAAGTTGGTTTATG-3' (SEQ ID NO:22) (the Cfr9I site is
represented by the underline). The 30 resulting PfAMA1 DNA fragment (about
3500 bp) was cloned into pENTR/D-TOPO (supplied from Invitrogen),
subsequently cleaved with PstI/Cfr9I, which was then inserted in the
PstI/Cfr9I sites of pDual-PbAMA1D123-gp64. The constructed plasmid was
designated as pDual-PfAMA1-gp64. 35(9) Construction of transfer vector
pDual-Pfs25-gp64 of the present invention  -50-        The genomic DNA of
falciparum malaria parasite, P. falciparum was extracted from human
erythrocytes infected with P. falciparum 3D7 strain using QIAamp DNA Midi
Kit (QIAGEN). The Pfs25 gene was cloned by PCR with this genomic DNA as the
5 template according to the following method. That is, the PCR was
performed using the primer pPfs25-F1: 5'-
CACCGAATTCAAAGTTACCGTGGATACTGTATGCAAAAGAGGA-3' (SEQ ID NO:23) (the EcoRI
site is represented by the underline), and pPfs25-R1:
5'-CCCGGGCAGTACATATAGAGCTTTCATTATCTAT-3' (SEQ ID NO:24) (the 10 Cfr9I site
is represented by the underline). The resulting Pfs25 DNA fragment (about
530 bp) was cloned into pENTR/D-TOPO  (supplied from Invitrogen),
subsequently cleaved with EcoRI/Cfr9I, which was then inserted in the
EcoRI/Cfr9I sites of pDualPbAMA1D123-gp64. The constructed plasmid was
designated as pDual- 152fs25-gp64.  (10) Construction of transfer vector
pDual-H5N1/HA1-gp64 of the present invention        An HAI_ gene is
synthesized from bird influenza virus H5N1, and inserted in the EcoRI/Cfr9I
sites of pDual-Hsp65-gp64 to 20 construct the plasmid pDual-H5N1/HA1-gp64.
(11) Construction of transfer vector pDual-SARS/S-gp64 of the present
invention An S gene of SARS virus is synthesized and inserted in the
EcoRI/Cfr9I sites of pDual-Hsp65-gp64 to construct the plasmid 25
pDual-SARS/S-gp64. 



(12) Construction of transfer vector pCP-H1N1/HA1-gp64 of the present
invention The PCR was performed with pDual-H1N1/HA1-gp64 as the template
using Polh-f RsrII (5'- 30 GGGCGGACCGGATAATTAAAATGATAACCATCTCG-3': SEQ ID
NO:25) (the RsrII site is represented by the underline) and GP64-r DraIII
(5'- GGGCACTTAGTGATATTGTCTATTACGGTTTCTAATC-3': SEQ ID NO:26) (the DraIII
site is represented by the underline). A resulting DNA fragment of 2700 bp
was linked to a vector obtained by digesting 35 pDual-H1N1/HA1-gp64 with
the restriction enzymes RsrII and DraIII to construct pCP-H1N1/HA1-gp64.
(13) Construction of transfer vector pCAP-H1N1/HA1-gp64 of the  -51-
present invention HA' obtained by cleaving pCP-H1N1/HA1-gp64 with the
restriction enzymes RsrII and DraIII and a gp64 gene fragment were inserted
in the vector obtained by cleaving pTriEx-1.1 5(supplied from Novagen) with
the restriction enzymes RsrII and DraIII to construct a plasmid
pCAP-H1N1/HA1-gp64.  (14) Construction of transfer vector pCU-H1N1/HA1-gp64
of the present invention The PCR was performed with pTriEx3.1 as the
template using 10 CMVenh-f FseI (5'-GGGGGCCGGCCCTAGTTATTAATAGTAATCAATTAC-3'
:SEQ ID NO:27) (the FseI site is represented by the underline) and CMVenh-r
KpnI (5'-GGGGGTACCCATGGTAATAGCGATG ACTAATACG -3': SEQ ID NO:28) (the KpnI
site is represented by the underline) to amplify a CMV enhancer region. In
addition, the PCR 15 was performed with human genomic DNA as the template
using UBBp-f KpnI (5'-GGGGGTACCTCGAGGAAGGTTTCTTCAACTC-3':SEQ ID NO:29) (the
KpnI site is represented by the underline) and UBBp-r RsrII (5'-
GGGCGGTCCGGACCTAGTTTAAAAGTAAAACATAAG-3': SEQ ID NO:30) (the RsrII site is
represented by the underline) to amplify an UBB promoter 20 region.
Resulting two fragments were linked to the vector 



obtained by digesting pCP-H1N1/HA1-gp64 with the restriction enzymes FseI
and RsrII to construct pCU-H1N1/HA1-gp64.  (15) Construction of transfer
vector pDual-H1N1/NP-gp64 of the present invention 25The RT-PCR was
performed with genomic RNA from influenza virus PR/8/34 strain as the
template using NP-f EcoRI (5'- ACGGAATTCCATTCAATTCAAACTGGA-3': SEQ ID NO:31
(the EcoRI site is represented by the underline) and NP-r Cfr9I(5'-
GATCCCGGGCCTTGTCAATGCTGAATGGCAA-3': SEQ ID NO:32) (the Cfr9I site 30 is
represented by the underline). A resulting fragment was digested with the
restriction enzymes EcoRI and Cfr9I, and inserted in pDual-H1N1/HA1-gp64
digested with the restriction enzymes EcoRI and Cfr9I to make
pDual-H1N1/NP-gp64.       (16) Construction of transfer vector
pDual-H1N1/M2-gp64 of the 35 present invention  -52-        The RT-PCR was
performed with genomic RNA from influenza virus PR/8/34 strain as the
template using M2-f EcoRI (5'- CGGAATTCATGAGTCTTCTAACCGAGG-3': SEQ ID
NO:33) (the EcoRI site is represented by the underline) and M2-r Cfr9I (5'-
5 GATCCCGGGCCTCCAGCTCTATGCTGAC-3':SEQ ID NO:34)(the Cfr9I site is
represented by the underline). A resulting fragment was digested with the
restriction enzymes EcoRI and Cfr9I, and inserted in pDual-H1N1/HA1-gp64
digested with the restriction enzymes EcoRI and Cfr9I to make
pDual-H1N1/M2-gp64. 10(17) Construction of transfer vector
pDual-H1N1/NAe-gp64 of the present invention        The RT-PCR was
performed with genomic RNA from influenza virus PR/8/34 strain as the
template using NAe-f EcoRI(5'- ACGGAATTCCATTCAATTCAAACTGGA-3': SEQ ID
NO:35) (the EcoRI site is 15 represented by the underline) and NAe-r Cfr9I
(5'- GATCCCGGGCCTTGTCAATGCTGAATGGCAA-3': SEQ ID NO:36) (the Cfr9I site is
represented by the underline). A resulting fragment was digested with the
restriction enzymes EcoRI and Cfr9I, and inserted in pDual-H1N1/HA1-gp64
digested with the restriction 20 enzymes EcoRI and Cfr9I to make
pDual-H1N1/NAe-gp64.   (18) Construction of transfer vector pDual-M2e-gp64
of the present invention The PCR was performed with pDual-H1N1/M2-gp64 as
the 



template using M2-f EcoRI(5'-CGGAATTCATGAGTCTTCTAACCGAGG-3': SEQ 25 ID
NO:37) (the EcoRI site is represented by the underline) and M2e-r Cfr9I
(5'-GATCCCGGGCATCACTTGAACCGTTGCA-3': SEQ ID NO: 38) (the Cfr9I site is
represented by the underline). A resulting  fragment was digested with the
restriction enzymes EcoRI and Cfr9I, and inserted in pDual -H1N1/HA1-gp64
digested with the 30 restriction enzymes EcoRI and Cfr9I to make
pDual-M2e-gp64.   (19) Construction of transfer vector pCP-HA1/NC99-gp64 of
the present invention        RNA was extracted from a frozen stock of
influenza virus NewCaledonia/20/99 (NC99) using QIAamp MiniElute 35 Virus
Spin Kit (QIAGEN), and the RT-PCR was performed using primers HAl-f  -53-
EcoRI(5'-GATGAATTCGACACAATATGTATAGGCTACC-3': SEQ ID NO: 39) (the EcoRI site
is represented by the underline) and HA1-r Cfr9I (NC99)
(5'-GATCCCGGGCTCTGGATTGAATGGATGGGATG-3': SEQ ID NO: 40) (the Cfr9I site is
represented by the underline) to amplify an 5 HAI_ gene fragment. A
resulting fragment and pCP-H1N1/HA1-gp64 were treated with the restriction
enzymes EcoRI and Cfr9I to newly insert the HAI gene fragment derived from
NC99 in an HAl introduction region of pCP-H1N1/HA1-gp64. A resulting
plasmid was designated as pCP-HA1/NC99-gp64. 10(20) Construction of
transfer vector pCP-H1N1/HAO-gp64 of the present invention The PCR was
performed with pCR-Blunt-HA as the template using HAO-f EcoRI
(5'-GGGGAATTCATGAAGGCAAACCTACTGG-3':SEQ ID NO:41) (the EcoRI site is
represented by the underline) and HA2-r 15
Cfr9I(5'-GATCCCGGGCGATGCATATTCTGCA-3':SEQ ID NO: 42) (the Cfr9I site is
represented by the underline) to amplify the full length HA gene. A
resulting fragment and pCP-H1N1/HA1-gp64 were treated with the restriction
enzymes EcoRI and Cfr9I to newly insert the HAO gene fragment in the HAl
introduction region of pCP-H1N1/HA1- 20 gp64. A resulting plasmid was
designated as pCP-H1N1/HAO-gp64.  (21) Construction of transfer vector
pCP-H1N1/HA2-gp64 of the present invention 



The PCR was performed with pCR-Blunt-HA as the template using HA2-f EcoRI
(5'-GATGAATTCATATTTGGAGCCATTGCCG-3': SEQ ID 25 NO:43) (the EcoRI site is
represented by the underline) and HA2-r Cfr9I
(5'-GATCCCGGGCGATGCATATTCTGCA-3':SEQ ID NO:44) (the Cfr9I site is
represented by the underline) to amplify the HA2 region of HA gene. A
resulting fragment and pCP-H1N1/HA1-gp64 were treated with the restriction
enzymes EcoRI and Cfr9I to 30 newly insert the HA2 gene fragment in the
HAI_ introduction region of pCP-H1N1/HA1-gp64. A resulting plasmid was
designated as pCPH1N1/HA2-gp64.  (22) Construction of transfer vector
pCP-H1N1/HA1-vp39 of the present invention 35The PCR was performed with
baculovirus DNA attached to BacVector-2000 Transfection Kit (Novagen) as
the template using  -54- vp39-f
(5'-CTTACTAGTATGGACTACAAGGACGACGATGACAAGGAATTCGG
CGGCGGCGGCTCGGCGCTAGTGCCCGTGGGT-3' :SEQ ID NO:45)(the SpeI site is
represented by the underline and the EcoRI site is represented by the
double underline) and vp39-r (5'-CTT 5
CACTTAGTGATGGTGATGATGGTGGTGCCCGGGGCTTTAAAGCTTGACGGCTATTCCTCCACC3': SEQ ID
NO:46) (the DraIII site is represented by the underline and the SmaI is
represented by the double underline) to amplify a vp39 gene region. An
amplified fragment and pDualH1N1/HA1-gp64 were cleaved with the restriction
enzymes SpeI and 10 DraIII, and ligated one another to construct
pDual-vp39. Furthermore, the PCR was performed with pDual-H1N1/HA1-gp64 as
the template using Polh-S1 (5' GCTAACCATGTTCATGCC-3':SEQ ID NO: 47) and
HAl-r EcoRI (5'-GGGGAATTCACCTCTGGATTGGAT GGAC-3':SEQ ID NO:48) (the EcoRI
site is represented by the 15 underline). A resulting fragment was digested
with EcoRI to prepare the HAI_ gene. A resulting fragment was inserted in
pDualvp39 digested with EcoRI to construct pCP-H1N1/HA1-vp39.  (23)
Construction of transfer vector pCP-H1N1/NP-vp39 of the present invention 



20The PCR was performed with pDual-H1N1/NP-gp64 as the template using NP-f5
EcoRI (5'- ACGGAATTCATGGCGTCCCAAGGCACC-3': SEQ ID NO:49) (the EcoRI site is
represented by the underline) and NP-r EcoRI (5'-
ACGGAATTCATTGTCGTACTCCTCTGCATTG-3':SEQ ID NO:50) (the EcoRI site 25 is
represented by the underline). A resulting fragment was digested with
EcoRI. A resulting fragment was inserted in pDualvp39 digested with EcoRI
to construct pCP-H1N1/NP-vp39.        [Reference Example 1] Construction of
pBACgus-CMV-PbCSP 30(1.1) Construction of pcDNA-GL3 (luc)
pGL3-Enhancer (Promega) was cleaved with the restriction enzymes
HindIII/XbaI, a luciferase gene DNA fragment (about 1690 bp) was ligated to
the HindIII/XbaI sites of pcDNA3.1 (supplied from Invitrogen), and the
resulting plasmid was designated as 35 pcDNA-GL3(luc).  -55- (1.2)
Construct of pBACgus-CMV-IgHsp65 pcDNA-IgHsp65 was cleaved with BglII/SphI,
and a gene cassette (about 2850 bp) composed of the CMV promoter, the Hsp65
gene carrying the murine Igk signal sequence, and the 5 poly A signal
derived from the bovine growth hormone was inserted in the BglII/SphI sites
of pBACgus-1 (Novagen). The constructed plasmid was designated as
pBACgus-CMV-IgHsp65. (1.3) Construction of pBACgus-CMV-GL3 The plasmid
pcDNA-GL3(luc) obtained above was cleaved with 10 the restriction enzymes
NheI/XbaI, the luciferase gene DNA fragment (about 1690 bp) was inserted in
the NheI/XbaI sites of the plasmid pBACgus-CMV-IgHsp65, and the resulting
plasmid was designated as pBACgus-CMV-GL3. (1.4) Construction of
pBACgus-CMV-PbCSP 15A gene fragment encoding the amino acid sequence
corresponding to positions 21 to 305 of the PbCSP peptide was yielded by
cleaving the plasmid pBACsurf-CSP with the restriction enzymes PstI and
SmaI, the DNA fragment (about 858 bp) was inserted in the PstI and SmaI
sites of pBACgus-CMV-GL3 obtained 



20 above, and the resulting plasmid was designated as pBACgus-CMVPbCSP.
(1.5) Construction of pBACgus-CMV-HA-full        pCR-Blunt-HA was cleaved
with BamHI/Sse83871, and an HA gene DNA fragment (about 1750 bp) was
inserted in the BamHI/PstI 25 site of pBluescript II (KS-) to construct the
plasmid pBluescript-HA.        Furthermore, the pBluescript-HA was cleaved
with HindIII/XbaI, and an HA gene DNA fragment (about 1800 bp) was inserted
in the HindIII/XbaI sites of pBACgus-CMV-GL3 obtained in 30(1.3) to
construct the plasmid pBACgus-CMV-HA-full.  -56- [Example 2] Recombinant
baculovirus and method for production thereof of the present invention
(1) The recombinant baculovirus was made using the kit (BacVector-2000
Transfection Kit supplied from Novagen) for 5 making the recombinant
baculovirus, by co-transfecting BacVector2000 DNA with each of the transfer
vectors: pDual-Hsp65-gp64, pDual-PbCSP-gp64, pDual-H1N1/HA1-gp64,
pDual-PbTRAMP-gp64, pDualPbAMA1D123-gp64, pDual-PbMSP119-gp64,
pDual-PfCSP-gp64, pDual-PfAMA1-gp64, pDual-Pfs25-gp64, pCP-H1N1/HA1-gp64,
pCAP- 10 H1N1/HA1-gp64, pCU-H1N1/HA1-gp64, pDual-H1N1/NP-gp64,
pDualH1N1/M2-gp64, pDual-H1N1/NAe-gp64, pDual-M2e-gp64, pCP-HA1/NC99- gp64,
pCP-H1N1/HAO-gp64, pCP-H1N1/HA2-gp64, pCP-H1N1/HA1-vp39, pCP-H1N1/NP-vp39
constructed in the above Example 1, and the plasmids, pBACgus-CMV-PbCSP and
pBACgus-CMV-HA-full obtained in 15 Reference Example 1 into Sf-9 cells.
The recombinant baculoviruses made were designated as AcNPV-Dual-Hsp65,
AcNPV-Dual-PbCSP, AcNPV-Dual-H1N1/HA1, AcNPVDual-PbTRAMP,
AcNPV-Dual-PbAMA1D123, AcNPV-Dual- PbMSP119, AcNPV- CMV-PbCSP,
AcNPV-CMV-H1N1/HA-full, 20 AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/NP, AcNPV-Dual-H1N1/M2,
AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO,
AcNPV-CPH1N1/HA2, AcNPV-CP-H1N1/HA1-vp39 and AcNPV-CP-H1N1/NP-vp39,
respectively. 25The Sf-9 cells were cultured so as to become 2 x 107 cells
per 150 mm plate for culture (sumilon supplied from Akita 



Sumitomo Bakelite Co., Ltd.), and each baculovirus described above was
infected at an infection multiplicity of about 5. After 5 to 6 days, the
medium was centrifuged at 10,000 xg at 4C for 25 30 minutes to collect a
supernatant, which was further centrifuged using a Beckman ultracentrifuge
(5W28 swing rotor) at 25,000 rpm at 4C for 90 minutes to yield viral
particles.         (2) The recombinant baculovirus can be made using the
kit (BacVector-2000 Transfection Kit supplied from Novagen) for 35 making
the recombinant baculovirus, by co-transfecting BacVector- 2000 DNA with
each of the transfer vectors: pDual-H5N1/HA1-gp64  -57- and
pDual-SARS/S-gp64 constructed in the above Example 1 into the Sf-9 cells.
The recombinant baculoviruses to be made is designated as
AcNPV-Dual-H5N1/HA1 and AcNPV-Dual-SARS/S, respectively. 5The Sf-9 cells
were cultured so as to become 2 x 107 cells per 150 mm plate for culture
(sumilon supplied from Akita Sumitomo Bakelite Co., Ltd.), and each
baculovirus described above was infected at an infection multiplicity of
about 5. After    5 to 6 days, the medium can be centrifuged at 10,000 xg
at 4C for 10 25 minutes to collect the supernatant, which can be further
centrifuged using the Beckman ultracentrifuge (SW28 swing rotor) at 25,000
rpm at 4C for 90 minutes to yield viral particles. [Example 3]
Pharmacological effect test of recombinant 15 baculovirus of the present
invention (Pharmacological effect test as malaria vaccine) (Malaria
infection prevention test) 3. Experimental methods 



3.1 Vaccine inoculation 20A recombinant virus solution for vaccine was
inoculated to BALB/c female mice three times at three week intervals. In
the case of injection into thigh muscle, the amount was 0.2 mL/body, and
the virus solution was prepared so that the virus amount was 5 x 106
pfu/body. 25 3.2 Infection of mice with malaria        The mice in each
group were anaesthetized with a anesthesia solution for mice, 3 weeks after
the third vaccine inoculation, and infected with malaria by making
Anopheles stephensi SDA 500 strain infected with Plasmodium berghei ANKA
2.34 clone bite the 30 mice. 3.3 Calculation of mouse survival rate in each
group        After the infection with malaria, death cases in each group
were counted, and the survival rate of the mice in each group was
calculated. 35 3.4 For the malaria infection prevention effect of the
pharmaceutical composition of the present invention as the  -58- vaccine,
the results of the pharmacological effect test are shown in Table 1. The
survival rate in each group was shown in right columns in Table 1. As shown
in Table 1, all of the mice in which the 5 erythrocytes infected with
malaria in peripheral blood had been identified were died within 38 days
after the infection. Among the recombinant virus in which the antigen (CSP)
gene in the sporozoite phase had been inserted, in the group (group No. 4)
in which the recombinant baculovirus (Example 1 (2)) containing the 10
transfer vector: AcNPV-Dual-PbCSP) obtained in Example 2 had been
inoculated intramuscularly, 100% of the infection prevention effect was
observed.        In the wild type baculovirus (group No. 2), no difference
from the control group (group No. 1) was observed. In the group 15(group
No. 3) in which the recombinant baculovirus obtained in Example 2 using the
mammal promoter (AcNPV-CMV-PbCSP, including the vector in Reference Example
1) had been included, the slightly higher survival rate was observed
compared with the control group, suggesting the probability that the effect
by the 



20 virus inoculation appeared although it was weak. Table 1 Survival rates
of mice in each group Group No. Survival/ cases Survival rate(%) 1 None
5/20 25 2 AcNPV-WT 6/20 30 3 AcNPV-CMV-PbCSP 5/10 50 4 AcNPV-Dual- PbCSP
10/10 100 



[Example 4] Pharmacological effect test of recombinant 25 baculovirus of
the present invention (Pharmacological effect test as influenza virus
vaccine) (Influenza virus infection prevention test) 4. Experimental
methods 4.1 Vaccine 30A virus solution for vaccine was inoculated twice at
2 week  -59- intervals. The vaccine virus was injected at 106'5 PFU per
mouse in thigh muscle using a syringe with 29G for insulin injection. 4.2
Preparation of virus solution for challenge On a current day of the
infection with influenza virus, a 5 stored virus solution of the influenza
virus A/PR/8/34 strain was naturally thawed at room temperature. The thawed
stored virus solution was diluted to 1000 TCID50/0.05mL for lower
respiratory tract infection and 1000 TCID50/0.005mL for upper respiratory
tract infection using Dulbecco's Phosphate Buffer Saline: (D-PBS) 10
containing 0.1% sterile BSA: bovine serum albumin to make the virus
solution for challenge. 4.3 Intranasal inoculation of virus solution
Two weeks after the second vaccine inoculation, the mice were anesthetized
by intramuscularly administering 0.05 mL of the 15 anesthesia solution for
mice. The influenza virus solution made in 4.2 was inoculated in the nose
of the mice at 0.005 mL for the upper respiratory tract infection or 0.05
mL for the lower respiratory tract infection. 4.4. Sampling of lung 20Three
days after the virus inoculation, 0.1 mL per mouse of the anesthesia
solution for mice was intramuscularly administered to 4 mice in each group,
and euthanized by bleeding from aorta abdominalis under the anesthesia.
Subsequently, the mice were anatomized, and the lung was sterilely removed.



25 4.5 Records of survival rate of the mice after the inoculation of
influenza virus         Until 11 days after the inoculation of influenza
virus, the survival rate of the mice was confirmed and recorded once a day.
4.6 Preparation of lung homogenate and dilution solution 30A lung
homogenate was made by adding 3 mL of 0.1% BSA, 10 mM HEPES, Minimum
Essential Medium (MEN, GIBCO) containing antibiotics and homogenizing using
a polytron homogenizer. The  lung homogenate was dispensed in cryotubes and
stored in an ultralow temperature freezer. 35A series of dilution of 10
times or 100'5 times was made  -60- using the MEN medium to which the above
antibiotics and trypsin (SIGMA, T-4549, 2pg/mL) had been added. 4.7
Preparation of medium for cell growth           The medium for cell growth
(MEM + 10% FBS) was prepared by 5 adding 50 mL of fetal bovine serum: FBS
to 500 ml of MEN, and stored in a refrigerator until use. 4.8 Culture of
MDCK (Madin-Darby canine kidney) derived from canine kidney The frozen and
stored MDCK cells were rapidly thawed in 10 warmed water, then suspended in
10 mL of the medium for cell growth, and the supernatant was removed by
centrifugation (1000 rpm, 5 minutes, 4C). A cell pellet collected by
centrifugation was suspended in the medium for cell growth. The cells were
seeded in a culture flask, and cultured in an incubator with 5% 15 CO2 at
37C. After the start of the culture, morphology and growth of the cells
were observed under a microscope, just before the MDCK cells became
confluent, the cells were washed with D-PBS(-), the treatment with trypsin
+ EDTA was given to the cells to disperse, and the cells were suspended in
the medium for cell 20 growth. The cell suspension was seeded in the
culture flask, and the fresh medium for cell growth was added to make cell
passage. 4.9 Preparation of medium for viral growth (maintenance medium) 



The medium in which BSA at 0.1% had been added to 500 mL of MEN (10 mM
HEPES buffer was added) was rendered the medium for 25 virus growth (MEN +
0.1% BSA), and was stored in the refrigerator after the preparation until
use. The antibiotics was added in use. 4.10 Measurement of viral
infectivity titer (Cytopathic Effect, CPE method) Just before the MDCK
cells in the culture flask became 30 confluent, the treatment with trypsin
+ EDTA was given to the cells to disperse the cells, the number of the
cells was counted, and a suspension of MDCK cells at 6 x 105 cells/mL was
prepared using the maintenance medium. This was dispensed by 0.05 mL in
each well of a 96-well plate, and cultured overnight in the CO2 35
incubator with 5% CO2 at 37C.  -61- On the subsequent day, it was confirmed
that the cells adhered, and each lung homogenate dilution made previously
was dispensed by 0.05 mL in each well for 6 wells in the 96-well plate,
which was then cultured in the 002 incubator with 5% 002 at 5 37C for 3
days.        On the 3rd day of the culture, it was confirmed that the cells
in the well are denatured, then a 30% formalin-containing crystal violet
solution was dispensed by 0.05 mL in each well in the 96-well plate to fix
and stain the cells, and the infectivity 10 titer of the virus in the lung
was calculated by Reed-Munch method. 4.11 Effects of each vaccine group on
infectivity titer of virus in vivo in the mouse The infectivity titers in
the murine lung homogenates in 15 the control group (inoculated with
AcNPV-WT) and the test groups (inoculated with the recombinant baculovirus
[including the transfer vector: AcNPV-Dual-H1N1/HA1 obtained in Example
1(3)] and the recombinant baculovirus [containing the vector:
AcNPVCMV-H1N1/HA full obtained in Reference Example 1]) were compared. 



20 Each viral infectivity titer was converted into logarithm. The
therapeutic effect among the groups was analyzed by Tukey test (Release
8.1, SAS Institute Japan Ltd) considering its multiplicity. The results are
shown in FIG. 1. 25 Effect of each vaccine on survival period after the
infection with influenza virus The survival periods in the control group
(inoculated with AcNPV-WT) and the vaccine groups (inoculated with
AcNPV-DualH1N1/HA1 or AcNPV-CMV-H1N1/HA full) were compared using log rank
30 test, and the results are shown in FIG. 2.        Statistical analysis
was performed using SAS system (SAS Institute Japan,R.8.1). A significant
level was 5%. 4.12 Infectivity titer of virus in lung In the group in which
AcNPV-Dual-H1N1/HA1 had been 35 inoculated intramuscularly, the infectivity
titer of the virus in  -62- lung on the day 6 after the infection was
significantly inhibited (p=0.0009) compared with the control group
(inoculated with AcNPV-WT). Meanwhile, in the group in which
AcNPV-Dual-H1N1/HA1 had been inoculated intramuscularly, the infectivity
titer of the 5 virus in lung on the day 6 after the infection was
significantly inhibited (p=0.0094) compared with the group in which
AcNPV-CMV- RINI/HA full had been inoculated. 4.13 Survival period In the
group in which AcNPV-Dual-H1N1/HA1 had been 10 inoculated intramuscularly,
the survival period was significantly prolonged (p=0.0031) compared with
the control group (inoculated with AcNPV-WT). Meanwhile, the survival
period in the group in which AcNPV-CMV-H1N1/HA full had been inoculated was
not significantly different (p=0.7851) from that in the control group
15(inoculated with AcNPV-WT). The survival period in the group in which
AcNPV-Dual-H1N1/HA1 had been inoculated intramuscularly was 



significantly prolonged (p=0.0031) compared with the group in which
AcNPV-CMV-H1N1/HA full had been inoculated. In this evaluation system, the
mouse causes influenza virus 20 pneumonia and dies. Thus, it can be
speculated that growth of the virus in lung was inhibited to reduce the
death of mouse from the pneumonia by inoculating AcNPV-Dual-H1N1/HA1
intramuscularly.       [Example 5] Expression test of vaccine antigen from
recombinant 25 baculovirus of the present invention in insect cells The
Sf-9 cells were cultured at 3 x 106 cells per well in a 12-well plate, and
baculovirus particles of AcNPV-Dual-PbCSP, AcNPV-Dual-Hsp65 or
AcNPV-Dual-H1N1/HA1 obtained in Example 2 or the wild type baculovirus,
AcNPV-WT as the control were 30 infected at infection multiplicity of about
5. After 3 to 4 days, the culture supernatant was removed, the plate was
rinsed three times with PBS, and then 0.2 mL per well of Leamuli solution
(Tris-hydrochloride pH 6.8, 2% SDS, 10% glycerol, 0.1%    bromophenol blue)
containing 2% 2-mercaptoethanol was added to 35 completely lyse the cells.
The sample was boiled at 95C for 5 minutes, and  -63- electrophoresed on
SDS-PAGE. After the electrophoresis, the protein was transferred onto a
PVDF membrane (Immobilon-P supplied from Millipore) and blocking was
performed by immersing the membrane in block ace (supplied from Dai Nippon
5 Pharmaceutical Co., Ltd.) at 4C for 12 hours. Western blotting was
performed by the following procedure. The membrane to which the proteins
from the Sf-9 cells infected with each baculovirus had been transferred was
incubated with a mouse anti-FLAG monoclonal antibody (supplied from Sigma)
as the primary antibody, 10 and then incubated with a biotin-labeled goat
anti-mouse IgG (H+L) antibody as the second antibody (supplied from
Vector). Further, an avidin labeled alkaline phosphatase (supplied from
GIBCO-BRL) was added and a color was developed with NBT/BCIP (supplied from
GIBCO-BRL) to detect bands of the protein. 15The results are shown in FIG.
3.        FIG. 3 shows Western blotting analysis showing the expression of
the fusion antigen of the influenza virus HA gene, the N. tuberculosis
Hsp65 gene and the malaria parasite CSP gene from the recombinant transfer
vector in the recombinant 20 baculovirus in the insect cells. In the
figure, the lane 1 shows the bands from the wild type baculovirus
(AcNPV-WT), the lane 2 shows bands from the recombinant baculovirus
(AcNPV-DualH1N1/HA1) in which the influenza virus HA gene was inserted
under the dual promoter of the present invention, the lane 3 shows the 



25 bands from the wild type baculovirus (AcNPV-WT), the lane 4 shows the
bands from the recombinant baculovirus (AcNPV-Dual-Hsp65) in which the N.
tuberculosis Hsp65 gene was inserted under the dual promoter of the present
invention, the lane 5 shows the bands from the wild type baculovirus
(AcNPV-WT), and the lane 6 shows 30 the bands from the recombinant
baculovirus (AcNPV-Dual-PbCSP) in which the malaria parasite CSP gene was
inserted under the dual promoter of the present invention.           As
shown in the lanes 2, 4 and 6 in the figure, the band corresponding to the
expressed fusion product of the immunogenic 35 foreign antigen gene and the
gp64 gene is observed in the  -64- recombinant baculovirus in which each
antigen gene and the gp64 gene were fused and expressed under the dual
promoter of the present invention. From this, it has been identified that
the immunogenic 5 foreign antigen gene and the gp64 gene can be fused and
expressed in the insect cells. [Example 6] Expression test of vaccine
antigen from recombinant baculovirus of the present invention in mammal
10HepG2 cells were infected with AcNPV-Dual-Hsp65, or AcNPV- WT as the
control at an infection multiplicity of about 1. After 24 hours, the
culture supernatant was removed, the plate was rinsed three times with PBS,
and then an acetone ethanol solution (7:3) cooled at -20C was added to fix
the cells at -20C for 5 15 minutes. The blocking was performed at room
temperature by adding 5% normal goat serum (supplied from Sigma).
Subsequently, a mouse anti-Hsp65 antibody (Yoshida et al., Vaccine 2005) as
the primary antibody and then the FITC-labeled goat anti-mouse IgG (H+L)
(BIOSOURCE) were added and incubated. The reacted cells were 20 detected
under a fluorescence microscope.        HepG2 cells were also cultured 1 x
107 cells per 100 mm plate for cell culture, and infected with the
baculovirus particles, AcNPV-Dual-H1N1/HA1 or AcNPV-CMV-H1N1/HA full or
AcNPV-WT as the control at an infection multiplicity of about 5. 25 After 2
hours, the culture supernatant was removed, the plate was rinsed three
times with PBS, and then the cells were cultured in the medium not
containing methionine and cysteine (medium in which 10% FBS dialyzed
against PBS was added to Dulbecco's Modified Eagle medium (Invitrogen)) for
3 hours. An isotope- 30 labeled methionine and cysteine solution
(TRANS35S-LABEL MP Biomedicals, Inc.) was added at a final concentration 5
gCi/mL. 



After 12 hours, the culture supernatant was removed, the plate was rinsed
three times with PBS, and then the cells were lysed with 0.5 mL of RIPA
buffer (1% Sodium deoxycholate, 1% Triton X- 35100, 0.1% SDS, 10 mM
Tris-HCl[pH 7.5]) to make a sample. The  -65- sample was added to Protein
A-Sepharose CL-4B (Pharmacia) carrier to which the serum from the mouse
infected with influenza virus had been absorbed in advance, and incubated
on ice for 2 hours. The carrier was washed 5 times with RIPA buffer,
Leamuli solution 5 containing 2% 2-mercaptoethanol was added, the sample
was boiled at 95C for 5 minutes, and electrophoresed on 6% SDS-PAGE. After
the electrophoresis, the gel was dried, and the protein reacted with the
antibody was detected by autoradiography. The results are shown in FIGs. 4
and 5. 10FIG. 4 (A) shows the cells stained with the fluorescence labeled
antibody showing the expression of the M. tuberculosis Hsp65 gene in the
recombinant baculovirus in HepG2 cells. FIG. 4 (B) shows the case in which
the wild type baculovirus was added to HepG2 cells. 15As is evident from
(A) in the figure, it is found that the recombinant baculovirus using the
transfer vector with the dual promoter of the present invention can express
the objective antigen in the mammalian cells. This suggests that when
administered to the mammal 20 including human beings, the recombinant
baculovirus produced from the recombinant transfer vector of the present
invention invades into the mammalian cells, the mammalian promoter is
operated, and the objective foreign antigen gene and the gp64 gene are
fused in the mammalian cells to induce the acquired immunity. 25FIG. 5
shows immunoprecipitation analysis of the expression of the fusion antigen
in the recombinant baculovirus in which the influenza virus HA antigen gene
was incorporated under the dual promoter in the mammalian cells. In the
figure, the lane 1 shows the wild type baculovirus (AcNPV-WT), the lane 2
shows the 30 recombinant baculovirus (AcNPV-CMV-H1N1/HA full) in which the
influenza virus HA antigen gene was incorporated under the CMV promoter,
and the lane 3 shows the recombinant baculovirus (AcNPV-Dual-H1N1/HA1) in
which the influenza virus HA antigen gene was incorporated to fuse with the
gp64 gene and express 35 under the dual promoter. 



-66-        In the recombinant baculovirus (AcNPV-CMV-H1N1/HA full) in
which the influenza virus HA antigen gene was incorporated under the CMV
promoter and the recombinant baculovirus (AcNPV-DualH1N1/HA1) in which the
influenza virus HA antigen gene was 5 incorporated to fuse with the gp64
gene and express under the dual promoter, it is evident that the protein
which specifically reacts with the serum infected with influenza virus,
i.e., the protein including the HA antigen was newly synthesized in HepG2
cells. 10From this, it is thought that the recombinant baculovirus of the
present invention expresses the antigen protein encoded by the desired
immunogenic foreign antigen gene even in the mammalian cells, and that when
the recombinant virus is administered to the mammals including human
beings, with the 15 expression of the fusion antigen in human cells, the
acquired immunity specific for the antigen can be induced.    [Example 7]
Identification test of fusion antigen in vaccine antigen presented on viral
particle (virion) of recombinant 20 baculovirus of the present invention
To 0.005 mL of each virus concentration solution of the baculovirus
particles, AcNPV-WT, AcNPV-CMV-PbCSP, AcNPV-PbCSPsurf or AcNPV-Dual-PbCSP
collected by ultracentrifuge, 0.005 mL of Leamuli solution (2x) was added,
which was then boiled at 95C for 25 5 minutes, and electrophoresed on 6%
SDS-PAGE. After the electrophoresis, the proteins were transferred onto the
PVDF membrane (Immobilon-P supplied from Millipore) and blocking was
performed by immersing the membrane in block ace (supplied from Dai Nippon
Pharmaceutical Co., Ltd.) at 4C for 12 hours. The 30 Western blotting was
performed by the following procedure. The membrane to which the viral
particle proteins had been transferred was incubated with the mouse
anti-FLAG monoclonal antibody (supplied from Sigma) as the primary
antibody, and then incubated with the biotin-labeled goat anti-mouse IgG
(H+L) 35 antibody as the second antibody (supplied from Vector). Further,  



-67- avidin-labeled alkaline phosphatase (supplied from GIBCO-BRL) was
added and the color was developed with NBT/BCIP (supplied from GIBCO-BRL)
to detect bands of the protein. The results are shown in FIG. 6. 5FIG.6
shows the Western blotting analysis showing the expression of the malaria
CSP gene (PbCSP) in the viral particles of the recombinant baculovirus made
from the recombinant transfer vector. In the figure, the lane 1 shows the
wild type baculovirus, the lane 2 shows the recombinant baculovirus made
from the 10 transfer vector in which the PbCSP antigen gene was inserted
under the control of the mammalian promoter, the lane 3 shows the
recombinant baculovirus made from the transfer vector in which the PbCSP
antigen gene was inserted to fuse with the gp64 gene and express under the
control of the baculovirus polyhedrin 15 promoter, and the lane 4 shows the
recombinant baculovirus made from the transfer vector in which the PbCSP
antigen gene was inserted to fuse with the gp64 gene and express under the
control of the dual promoter. The baculoviruses were electrophoresed and
the expression product of the fused PbCSP gene and gp64 gene was 20
identified.        As shown in the lanes 3 and 4, for AcNPV-PbCSPsurf and
AcNPV-Dual-PbCSP, the strong band which indicated the presence of the
fusion antigen was identified in the recombinant viral particles. 25This
way, from Example 7, it is found that in the recombinant baculovirus
produced from the recombinant transfer vector of the present invention, the
expression product of the fused gp64 gene to the desired immunogenic
foreign gene can be present in the recombinant viral particles. 30 Example
8: Sustained gene expression by exchange of promoter 1) Sustained gene
expression by exchange of promoter         In order to identify whether the
recombinant virus sustains the antigen expression in cultured cells, HeLa
cells were 35 infected with AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1 or
AcNPV-CU-  -68- H1N1/HAl, and the antigen expression was identified. The
cells were seeded in a 24-well plate at 1.0 x 104 cells/well, and then
infected with the virus at MOI=10, 20, 100, which was adhered for one hour.
Subsequently the virus was removed from a cell culture 



5 supernatant, and the cells were cultured in an incubator. The cells were
collected with time, and RNA was extracted. RT-PCR was performed with the
extracted RNA as the template using the primer HA1 F01
(5'-GAGCTGAGGGAGCAATTGAG-3' (sequence: SEQ ID NO: 51) and _ the primer
HA1_RO1 (5'-GGGTGATGAATACCCCACAG-3'(sequence: SEQ ID 10 NO: 52). The
amplified DNA was analyzed on electrophoresis.        As a result, the
expression was identified in all three types, confirming that the CMV
promoter can be converted to another eukaryotic promoter with respect to
the recombinant baculovirus of the present invention. 15FIG. 7 shows the
results of detecting the gene expression in HeLa cells by RT-PCR. M
represents DNA markers for electrophoresis. Samples are as follows:
1. RNA from cells infected with wild type virus at MOI=10;       2. RNA
from cells infected with wild type virus at MOI=20; 20 3. RNA from cells
infected with wild type virus at MOI=100;       4. RNA from cells infected
with AcNPV-CP-H1N1/HA1 at MOI=10; 5. RNA from cells infected with
AcNPV-CP-H1N1/HA1 at MOI=20; 6. RNA from cells infected with
AcNPV-CP-H1N1/HA1 at MOI=100;       7. RNA from cells infected with
AcNPV-CU-H1N1/HA1 at MOI=10; 25 8. RNA from cells infected with
AcNPV-CU-H1N1/HA1 at MOI=20;  9. RNA from cells infected with
AcNPV-CU-H1N1/HA1 at MOI=100; 10. RNA from cells infected with
AcNPV-CAP-H1N1/HA1 at MOI=10;  11. RNA from cells infected with
AcNPV-CAP-H1N1/HA1 at MOI=20; and 30 12. RNA from cells infected with
AcNPV-CAP-H1N1/HA1 at MOI=100 The sample was collected with time 0 hour,
one day, 4 days and 7 days after the infection, was amplified by RT-PCR,
and amplified DNA was electrophoresed.  -69- antigen recombinant virus 



1. Vaccine inoculation         A solution of the recombinant virus for
vaccination was inoculated to BALB/c female mice three times at three week
5 intervals. An inoculated dose was prepared at 0.2 mL/body corresponding
to 1 x 108 pfu/body of a virus amount for intramuscular injection at a
thigh muscle. The wild type virus (AcNPV-WT), AcNPV-PbCSPsurf (Yoshida et
al. Virology 316: 161-70, 2003) or AcNPV-Dual-PbCSP was injected as the
vaccine. 10 2. Anatomy of mice         The mouse was euthanized three weeks
after the last immunization, and serum and spleen were removed from the
mouse. The serum was used for measuring the specific antibody titer and the
spleen was used for ELISPOT assay. 15 3. Measurement of antibody titers
The antibody titer was measured by ELISA using a plate on which a PbCSP
recombinant protein forcibly expressed in Escherichia coil and
purified/recovered had been immobilized. The ELISA was performed according
to the standard methods. As a 20 result, although no increase of the
antibody titer was identified in groups in which no virus had been
inoculated or the wild type virus had been inoculated, the increase of the
specific antibody titer could be identified in the group in which
AcNPV-PbCSPsurf had been inoculated and the group in which AcNPV-Dual-PbCSP
had 25 been inoculated.         In FIG. 8, IgG antibody titers specific for
PbCSP in the non-inoculation group, the wild type virus inoculation group,
the AcNPV-PbCSPsurf inoculation group and the AcNPV-Dual-PbCSP inoculation
group are shown. 30 4. Evaluation of cellular immunity using ELISPOT assay
ELISPOT assay was performed using spleen cells from immunized mice. The
spleen cells from the mouse were prepared and an appropriate number of the
cells was added to MultiScreen-IP (Millipore). A peptide (amino acid
sequence: SYIPSAEKI SEQ ID 35 NO:53) known as a CD 8 epitope of PbCSP was
added thereto, which  -70- was then cultured overnight. Subsequently the
reaction was performed using ELISPOT Mouse IFN-y ELISPOT Set (BD Sciences),
and a color was developed using AEC substrate set (BD Sciences). The cell
number which had responded specifically for the antigen 5 was identified by
measuring colored spots. As a result, no antigen specific cell could be
identified in the group in which no virus, the wild type virus or
AcNPV-PbCSPsurf had been inoculated, but about 350 reacted cells per 106
spleen cells were identified in the group in which AcNPV-Dual-PbCSP had
been 



10 inoculated. This has demonstrated that AcNPV-Dual-PbCSP can more
significantly induce the cellular immunity than AcNPV-PbCSPsurf.         In
FIG. 9, the numbers of IFN-y-producing cells specific for the CTL epitope
of PbCSP in the non-inoculation group, the wild type virus inoculation
group, the AcNPV-PbCSPsurf 15 inoculation group and the AcNPV-Dual-PbCSP
inoculation group are shown. Example 10: Test for confirming anti-virus
effects of vaccine comprising a recombinant baculovirus as an active
ingredient 20(Test for confirming effects of M2e recombinant baculovirus)
The M2e recombinant baculovirus (AcNPV-Dual-M2e) in an amount of 3.4 x 108
PFU per mouse was inoculated in thigh muscle twice at two week interval.
The mice were infected with influenza virus A/PR/8/34 by inoculating 0.005
mL of solution containing 25 1000 TCID50 of the virus intranasally two
weeks after the final vaccine inoculation. On 6 days after the infection,
the mice were euthanized, the lung was removed, and the amount of virus in
the lung was detected using MDCK cells. As a result, no influenza virus
could be detected in all mice inoculated with AcNPV-Dual- 30 M2e. At the
same time, this was the same effect as in the group in which the HAI_
recombinant baculovirus vaccine (AcNPV-DualH1N1/HA1) (1.0 x 107 PFU per
mouse) had been inoculated in the thigh muscle.              In FIG. 10,
intrapulmonary virus amounts 6 days after the 35 infection with influenza
virus in the PBS group, the AcNPV-Dual-  -71- M2e inoculation group and the
AcNPV-Dual-H1N1/HA1 inoculation group are shown. 5 Example 11. Study for
identifying preventive effect of pharmaceutical containing HA1/NC99
recombinant baculovirus as active component HA1/NC99 recombinant
baculovirus (AcNPV- CP-HA1/NC99) at 1.0 x 108 PFU per mouse was inoculated
in thigh 10 muscle twice with a two week interval. Two weeks after the
final inoculation, the mouse was infected with Influenza virus
A/NewCaledonia/20/99 by inoculating 0.05 mL of a solution containing the
virus at 1000TCID50 in a nasal cavity. Three days after the infection, the
mouse was euthanized, lung was removed 



15 and the intrapulmonary virus amount was detected using MDCK cells. As a
result, no influenza virus could be detected in three of four mice
inoculated with AcNPV-CP-HA1/NC99. In FIG. 11, the intrapulmonary virus
amounts 3 days after      the infection with influenza virus in the PBS
group, the wild 20 type virus (AcNPV-WT) inoculation group, and the
AcNPV-CP-HA1/NC99 inoculation group are shown. Example 12. Study for
identifying specific antibody depending on      administration routes of
pharmaceutical composition containing 25 recombinant baculovirus as active
component         HA1 recombinant baculovirus (AcNPV-Dual-H1N1/HA1) at 2.0
x 107 PFU per mouse was inoculated twice with a two week interval by
inoculating 0.005 mL of the virus solution in both noses (nasal drop),
inoculating 0.05 mL of the virus solution from the nose
30(rhinovaccination), inoculating 0.05 mL of the virus solution from a
respiratory tract (through the respiratory tract) and  -72- inoculating
0.05 mL of the virus solution in thigh muscle  (muscular injection). Two
weeks after the final inoculation, a nasal wash, an alveolar wash and serum
were collected, and the expression of the antibody specific for the
influenza virus was 5 identified. The antibody titer was measured by ELISA
using a plate to which an extract of MDCK cells infected with influenza
virus A/PR/8/34 had been immobilized. The ELISA was performed in accordance
with standard methods. As a result, the specific IgG antibody was
identified in blood from the rhinovaccination group, 10 the intratracheal
vaccination group and the intramuscular vaccination group. In particular,
the antibody was identified to be strongly induced in the intratracheal
vaccination group. Likewise, the antigen specific IgG antibody was also
identified in the nasal wash and the alveolar wash, and in particular, the 



15 antibody was strongly induced in the intratracheal vaccination group.
Furthermore, in the intratracheal vaccination group, the production of
antigen specific IgA antibody was also identified in the alveolar wash. In
FIG. 12, the results of ELISA measuring the IgG antibody 20 specific for
influenza virus in the blood in the nasal drop group, the rhinovaccination
group, the intratracheal vaccination group and the intramuscular
vaccination group are shown.        In FIG. 13, the results of ELISA
measuring the IgG and IgA antibodies specific for influenza virus in the
nasal wash and the 25 alveolar wash in the nasal drop group, the
rhinovaccination group, the intratracheal vaccination group and the
intramuscular vaccination group are shown. Example 13. Study for
identifying effects depending on 30 administration routes of pharmaceutical
composition containing recombinant baculovirus as active component HAI_
recombinant baculovirus (AcNPV-Dual-H1N1/HA1) at 1.0 x 107 PFU per mouse
was inoculated twice with a two week interval by the administration route
of nasal drop, rhinovaccination, through 35 the respiratory tract or
muscular injection. Two weeks after the  -73- final inoculation, the mouse
was infected with influenza virus A/PR/8/34 by inoculating 0.005 mL of a
solution containing the virus at 1000TCID50 in the nasal cavity. Three days
after the infection, the nasal wash was collected, 6 days after the 5
infection, the lung was removed, and the intrapulmonary virus amount was
detected using MDCK cells. As a result, the virus amount in the nasal
cavity 3 days after the infection was remarkably reduced in the
rhinovaccination group and the intratracheal vaccination group.
Furthermore, in the 10 intratracheal vaccination group, the intrapulmonary
virus amount 6 days after the infection was reduced to a detection limit or
lower as well as in the intramuscular vaccination group.        In FIG. 14,
the virus amounts in the nasal wash 3 days after the infection with
influenza virus in the nasal drop group, 15 the rhinovaccination group, the
intratracheal vaccination group and the intramuscular vaccination group are
shown.        In FIG. 15, the intrapulmonary virus amounts 6 days after the
infection with influenza virus in the nasal drop group, the
rhinovaccination group, the intratracheal vaccination group and 



20 the intramuscular vaccination group are shown. SEQUENCE LISTING FREE
TEXT         SEQ ID NOS: 1 and 2 are the sequences of primers PbCSP-F and
PbCSP-R1 for FOR of genomic DNA from P. berghei ANKA strain; 25SEQ ID NOS:
3 and 4 are the sequences of primers phsp65-F1 and phsp65-R1 for FOR of
genomic DNA from M. tuberculosis H37Rv;        SEQ ID NOS: 5 and 6 are the
sequences of primers phsp65-F2 and phsp65-R2 for PCR with pcDNA-IgHsp65 as
a template; SEQ ID NOS: 7 and 8 are the sequences of primers pPolh-F2 30
and pgp64-R2 for FOR with pBACsurf-1(supplied from Novagen) as the template
for obtaining a gp64 gene DNA fragment;        SEQ ID NOS: 9 and 10 are the
sequences of primers HA-f and HA-r for FOR for producing an influenza virus
HA gene fragment; and  -74- and pHA-R1 for PCR with pCR-Blunt-HA as the
template.        SEQ ID NOS: 13 and 14 are the sequences of primers
pTRAMPFl and pTRAMP-R1 for PCR of PbTRAMP gene. 5SEQ ID NOS: 15 and 16 are
the sequences of primers pAMA1-F1 and pAMA-R1 for PCR of PbAMA1 gene domain
123 (D123).        SEQ ID NOS: 17 and 18 are the sequences of primers
pMspl-F1 and pMspl-R1 for PCR of PbMSP119 gene.              SEQ ID NOS: 19
and 20 are the sequences of primers pPfCSP10 Fl and pPfCSP-R1 for PCR of
PfCSP gene.        SEQ ID NOS: 21 and 22 are the sequences of primers
pPfAMA1- Fl and pPfAMA1-R1 for PCR of PfAMA1 gene from P. falciparum 3D7. 



SEQ ID NOS: 23 and 24 are the sequences of primers pPfs25- 15 Fl and
pPfs25-R1 for PCR of Pfs25 gene from P. falciparum. SEQ ID NOS: 25 and 26
are the sequences of primers Polh-f RsrII and GP64-r DraIII for PCR with
pDual-H1N1/HA- gp64 as the template. SEQ ID NOS: 27 and 28 are the
sequences of primers CMVenh-f 20 FseI and CMVenh-r KpnI for PCR of CMV
enhancer region. SEQ ID NOS: 29 and 30 are the sequences of primers UBBp-f
KpnI and UBBp-r RsrII for PCR of UBB promoter region. SEQ ID NOS: 31 and 32
are the sequences of primers NP-f      EcoRI and NP-r Cfr9I for RT-PCR of
genomic RNA from influenza 25 virus PR/8/34 strain;        SEQ ID NOS: 33
and 34 are the sequences of primers M2-f EcoRI and M2-r Cfr9I for RT-PCR of
genomic RNA from influenza virus PR/8/34 strain;           SEQ ID NOS: 35
and 36 are the sequences of primers NAe-f 30 EcoRI and NAe-r Cfr9I for
RT-PCR of genomic RNA from influenza virus PR/8/34 strain;         SEQ ID
NOS: 37 and 38 are the sequences of primers M2-f EcoRI and M2e-r Cfr9I for
PCR with pDual-H1N1/M2-gp64 as a template; 35SEQ ID NOS: 39 and 40 are the
sequences of primers HAl-f EcoRI and HAl-r Cfr9I(NC99) for RT-PCR of
genomic RNA from  -75- NewCaledonia/20/99(NC99); SEQ ID NOS: 41 and 42 are
the sequences of primers HAO-f 



EcoRI and HA2-r Cfr9I for PCR with pCR-Blunt-HA as a template; SEQ ID NOS:
43 and 44 are the sequences of primers HA2-f 5 EcoRI and HA2-r Cfr9I for
PCR with pCR-Blunt-HA as a template; SEQ ID NOS: 45 and 46 are the
sequences of primers vp39-f and vp39-r for PCR of vp39 gene region.
SEQ ID NOS: 47 and 48 are the sequences of primers Polh-S1 and HAl-r EcoRI
for PCR of HAI_ gene fragment. 10SEQ ID NOS: 49 and 50 are the sequences of
primers NP-f 5 EcoRI and NP-r EcoRI for PCR with pDual-H1N1/NP-gp64 as a
template;           SEQ ID NOS: 51 and 52 are the sequences of primers for
detecting expression of AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1 and 15
AcNPV-CU-H1N1/HA1.         SEQ ID NOS: 53 is a polypeptide which is known
as CD8 epitope of PbCSP.  -76- CLAIMS        1. A method of producing a
transfer vector comprising a structure in which a dual promoter and a
fusion gene have been incorporated, 5including the step of linking the
fusion gene comprising at least one gene encoding a protein capable of
being a component of a viral particle and at least one immunogenic foreign
gene to downstream of the dual promoter linking one vertebrate promoter
capable of functioning in vertebrate and another baculovirus 10 promoter.
2. The method according to claim 1, wherein the vertebrate promoter capable
of functioning in vertebrate is a mammalian promoter capable of functioning
in mammals.        3. The method according to claim 1, characterized in 15
that the gene encoding at least one protein capable of being the component
of the viral particle is any of a baculovirus gp64 gene, a Vesicular
stomatitis virus glycoprotein gene, a type I human immunodeficiency virus
glycoprotein gene, a human respiratory syncytial virus membrane
glycoprotein gene, a type A influenza 



20 virus hemagglutinin protein gene, a type B influenza virus hemagglutinin
protein gene, a herpes simplex virus glycoprotein gene and a murine
hepatitis virus S protein gene.        4. The method according to claim 1,
wherein the vertebrate promoter capable of functioning in vertebrate is 25
selected from any of 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 II
promoter. 305.The method according to claim 1, wherein the baculovirus
promoter is selected from a polyhedrin promoter, a p10 promoter, an 1E1
promoter, an 1E2 promoter, a p35 promoter, a p39 promoter, and a gp64
promoter. 6.The method according to claim 1, wherein the 35 immunogenic
foreign gene is selected from any of a malaria  -77- antigen, an influenza
antigen, an M. tuberculosis antigen, a SARS virus antigen, a West Nile
fever virus antigen, a dengue fever virus antigen, an HIV antigen, an HCV
antigen, a leishmania antigen, a trypanosoma antigen, a leucocytozoon
antigen alone, or 5 a fusion antigen of at least one selected from these
antigen gene group with a cytokine.         7. The method according to
claim 1, wherein the transfer vector is any of pDual-Hsp65-gp64,
pDual-PbCSP-gp64, pDualH1N1/HA1-gp64, pDual-PbTRAMP-gp64,
pDual-PbAMA1D123-gp64, pDual- 10 PbMSP119-gp64, pDual-PfCSP-gp64,
pDual-PfAMA1-gp64, pDualPfs25-gp64, pDual-H5N1/HA1-gp64, pDual-SARS/S-gp64,
pCP-H1N1/HA1gp64, pCAP-H1N1/HAl-gp64, pCU-H1N1/HAl-gp64,
pDual-H1N1/M2-gp64, pDual-H1N1/NAe-gp64, pDual-M2e-gp64, pCPHA1/NC99-gp64,
pCP-H1N1/HA0-gp64, pCP-H1N1/HA2-gp64 and pCP15 H1N1/HA1-vp39.         8. A
method of producing a recombinant baculovirus comprising the steps of
producing a transfer vector comprising a structure in which a dual promoter
and a fusion gene have been incorporated, characterized in that the fusion
gene comprising at 20 least one gene encoding a protein capable of being a
component of a viral particle and at least one immunogenic foreign gene are
linked downstream of the dual promoter linking one vertebrate promoter
capable of functioning in vertebrate and another baculovirus promoter;
co-transfecting the transfer vector and a 



25 baculovirus DNA into a host cell of an insect; and separating the
recombinant baculovirus.         9. The method according to claim 8,
characterized in that the gene encoding at least one protein capable of
being the component of the viral particle is any of a baculovirus gp64
gene, 30 a Vesicular stomatitis virus glycoprotein gene, a type I human
immunodeficiency virus glycoprotein gene, a human respiratory syncytial
virus membrane glycoprotein gene, a type A influenza virus hemagglutinin
protein gene, a type B influenza virus hemagglutinin protein gene, a herpes
simplex virus glycoprotein 35 gene and a murine hepatitis virus S protein
gene.  -78-         10. The method according to claim 9, wherein the
vertebrate promoter capable of functioning in vertebrate is selected from
any of a cytomegalovirus promoter, an SV40 promoter, 5 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 II promoter.         11. The
method according to claim 8, wherein the 10 baculovirus promoter is
selected from a polyhedrin promoter, a p10 promoter, an IE1 promoter, a p35
promoter, a p39 promoter, and a gp64 promoter.         12. The method
according to claim 8, wherein the immunogenic foreign gene is selected from
any of a malaria 15 antigen, an influenza antigen, an Ph tuberculosis
antigen, a SARS virus antigen, a West Nile fever virus antigen, a dengue
fever virus antigen, an HIV antigen, an HCV antigen, a leishmania antigen,
trypanosoma antigen, a leucocytozoon antigen alone, or a fusion antigen of
one selected from these antigen gene group with 20 a cytokine.         13.
The method according to claim 8, wherein the recombinant baculovirus is any
of AcNPV-Dual-Hsp65, AcNPV-DualPbCSP, AcNPV-Dual-H1N1/HA1,
AcNPV-Dual-PbTRAMP, AcNPV-DualPbAMA1D123, AcNPV-Dual-PbMSP119,
AcNPV-Dual-PfCSP, AcNPV- 25 Dual-PfAMA1, AcNPV-Dual-Pfs25,
AcNPV-Dual-H5N1/HA1, AcNPV-DualSARS/S, AcNPV-CP-H1N1/HA1,
AcNPV-CAP-H1N1/HA1, AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/M2, AcNPV-
Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CPH1N1/HAO,
AcNPV-CP-H1N1/HA2 and AcNPV-CP-H1N1/HA1-vp39. 



3014.A transfer vector comprising a structure in which a fusion gene
comprising at least one gene encoding a protein capable of being a
component of a viral particle and at least one immunogenic foreign gene
were linked downstream of the dual promoters linking one vertebrate
promoter capable of functioning 35 in vertebrate and another baculovirus
promoter has been  -79- incorporated.        15. The transfer vector
according to claim 14, characterized in that the gene encoding at least one
protein 5 capable of being the component of the viral particle is any of a
baculovirus gp64 gene, a Vesicular stomatitis virus glycoprotein gene, a
type I human immunodeficiency virus glycoprotein gene, a human respiratory
syncytial virus membrane glycoprotein gene, a type A influenza virus
hemagglutinin protein gene, a type B 10 influenza virus hemagglutinin
protein gene, a herpes simplex virus glycoprotein gene and a murine
hepatitis virus S protein gene.        16. The transfer vector according to
claim 14, wherein the vertebrate promoter capable of functioning in
vertebrate is 15 selected from any of 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
II promoter. 2017.The transfer vector according to claim 14, wherein the
baculovirus promoter is selected from a polyhedrin promoter, a p10
promoter, an IE1 promoter, an 1E2 promoter, a p35 promoter, a p39 promoter,
and a gp64 promoter. 18.The transfer vector according to claim 14, wherein
25 the immunogenic foreign gene is selected from any of a malaria antigen,
an influenza antigen, an M. tuberculosis antigen, a SARS virus antigen, a
West Nile fever virus antigen, a dengue fever virus antigen, an HIV
antigen, an HCV antigen, a leishmania antigen, a trypanosoma antigen, a
leucocytozoon antigen alone, or 30 a fusion antigen of one selected from
these antigen gene group  



-80- with a cytokine.           19. The transfer vector according to claim
14 which is any of pDual-Hsp65-gp64, pDual-PbCSP-gp64, pDual-H1N1/HA1-gp64,
5 pDual-PbTRAMP-gp64, pDual-PbAMA1D123-gp64, pDual- PbMSP119-gp64,
pDual-PfCSP-gp64, pDual-PfAMA1-gp64, pDual-Pfs25- gp64,
pDual-H5N1/HA1-gp64, pDual-SARS/S-gp64, pCP-H1N1/HA1-gp64,
pCAP-H1N1/HA1-gp64, pCU-H1N1/HA1-gp64, pDual-      H1N1/M2-gp64,
pDual-H1N1/NAe-gp64, pDual-M2e-gp64, pCP-HA1/NC99- 10 gp64,
pCP-H1N1/HAO-gp64, pCP-H1N1/HA2-gp64 and pCP-H1N1/HA1-vp39.         20. A
recombinant baculovirus produced by the method of producing the recombinant
baculovirus according to any of claims 8 to 13.           21. The
recombinant baculovirus according to claim 20 15 which is any of
AcNPV-Dual-Hsp65, AcNPV-Dual-PbCSP, AcNPV-DualH1N1/HA1, AcNPV-Dual-PbTRAMP,
AcNPV-Dual-PbAMA1D123, AcNPV-DualPbMSP119, AcNPV-Dual-PfCSP,
AcNPV-Dual-PfAMA1, AcNPV-Dual- Pfs25, AcNPV-Dual-H5N1/HA1,
AcNPV-Dual-SARS/S,      AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-CU-H1N1/HA1, 20 AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-
Dual-M2e, AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO, AcNPV-CF-H1N1/HA2 and
AcNPV-CP-H1N1/HA1-vp39.         22. A pharmaceutical composition comprising
the recombinant baculovirus according to claim 20 or 21. 2523.The
pharmaceutical composition according to claim 22, comprising any of
AcNPV-Dual-H1N1/HA1, AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-Dual-PfCSP, AcNPVDual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-CU-H1N1/HA1,
AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, 30
AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO, AcNPV-CP-H1N1/HA2 and
AcNPV-CP-H1N1/HA1-vp39. 24.A pharmaceutical composition comprising the
recombinant baculovirus according to claim 20 or 21, wherein      the
composition is administered intramuscularly, intranasally or 35 by
inhalation.  



-81-         25. A vaccine comprising any of AcNPV-Dual-H1N1/HA1,
AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1, AcNPV-Dual- PfCSP,
AcNPV-Dual-PfAMA1, AcNPV-Dual-Pfs25, AcNPV-CU-H1N1/HA1, AcNPV-Dual-H1N1/M2,
AcNPV-Dual-H1N1/NAe, 5 AcNPV-Dual-M2e, AcNPV-CP-HA1/NC99,
AcNPV-CP-H1N1/HAO, AcNPV-CPH1N1/HA2 and AcNPV-CP-H1N1/HA1-vp39 as an active
ingredient.            26. The vaccine according to claim 25, wherein the
vaccine is administered intramuscularly, intranasally or by 10 inhalation.
27. A therapeutic or preventive agent for influenza virus infection,
comprising AcNPV-Dual-H1N1/HA1, AcNPV- CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-Dual-PfCSP, AcNPV-DualPfAMA1, AcNPV-Dual-Pfs25, AcNPV-CU-H1N1/HA1, 15
AcNPV-Dual-H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e, AcNPVCP-HA1/NC99,
AcNPV-CF-H1N1/HAO, AcNPV-CP-H1N1/HA2 and AcNPV-CPH1N1/HA1-vp39 as an active
ingredient.            28. The therapeutic or preventive agent for
influenza virus infection according to claim 27, wherein the agent is 20
administered intramuscularly, intranasally or by inhalation.         29. A
vaccine for influenza virus infection, comprising any of
AcNPV-Dual-H1N1/HA1, AcNPV-CP-H1N1/HA1, AcNPV-CAP-H1N1/HA1,
AcNPV-Dual-PfCSP, AcNPV-Dual-PfAMA1, AcNPVDual-Pfs25, AcNPV-CU-H1N1/HA1,
AcNPV-Dual- 25 H1N1/M2, AcNPV-Dual-H1N1/NAe, AcNPV-Dual-M2e,
AcNPV-CP-HA1/NC99, AcNPV-CP-H1N1/HAO, AcNPV-CP-H1N1/HA2 and
AcNPV-CP-H1N1/HA1-vp39 as an active ingredient.           30. The vaccine
for influenza virus infection according to claim 29, wherein the agent is
administered intramuscularly, 30 intranasally or by inhalation. 






