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(57) ABSTRACT

A heteropentamer composed of a fusion monomer (32) com-
prising a fusion protein of an antigenic amino acid sequence
and an amino acid sequence of a monomer of a mucous
membrane-binding protein and a nonfusion monomer (20) of
an amino acid sequence of a monomer of a mucous mem-
brane-binding protein. A homopentamer composed of a
fusion monomer including a fusion protein of an antigen
derived from an envelope protein of Japanese encephalitis
virus and an amino acid sequence of a monomer of a mucous
membrane-binding protein. These heteropentamer and the
homopentamer can be used as a vaccine.

14 Claims, 7 Drawing Sheets
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HETERO TYPE PENTAMER RECOMBINANT
VACCINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present applicationis a35 U.S.C. § 371 National Stage
patent application of International patent application PCT/
JP04/10459, filed on ITul. 23, 2004, which claims priority to
Japanese patent application JP 2003-279156, filed on Jul. 24,
2003, and Japanese patent application JP 2003-412053, filed
on Dec. 10, 2003.

TECHNICAL FIELD

The present invention relates to heteropentameric recom-
binant vaccines containing fusion proteins, and more specifi-
cally, relates to enteric-coated oral vaccines. The present
invention further relates to Japanese encephalitis vaccines.

BACKGROUND ART

Heretofore, most vaccines have been produced by attenu-
ation or inactivation of viruses and bacteria. However,
according to the recent development in genetic recombinant
technology, the possibility of recombinant component vac-
cines utilizing only a gene derived from a specific pathogenis
suggested. Actually, the vaccine against hepatitis B virus is
produced by recombinant technology.

However, the induction of antigen-specific immune
response such as production of an antibody is difficult when
an antigen for component vaccine not having an affinity to
mucosal tissues is directly administered to mucous mem-
brane. Accordingly, a significant improvement in affinity of
vaccine antigens for nasal or intestinal mucous membrane has
been tried by fusing mucous membrane-binding proteins
such as cholera toxin B subunit (CTB), which have an affinity
for mucous membrane, with the vaccine antigens (for
example, Japanese Unexamined Patent Application Publica-
tion No. 6-206900). However, some antigens are difficult to
be produced into such fusion proteins or cannot efficiently
function as a vaccine in the form of such fusion proteins.

Furthermore, no fusion protein of a digestive tract mucous
membrane-binding protein and an antigen derived from Japa-
nese encephalitis virus has been confirmed to be useful as a
Japanese encephalitis vaccine component for producing an
antibody.

The present invention has been completed under these
circumstances, and an object is to provide a vaccine which
can be produced on an industrial scale by improving the
production scale and the purification efficiency. Additionally,
an object of the present invention is to provide a Japanese
encephalitis component vaccine.

DISCLOSURE OF INVENTION

According to the present invention, the following nucleic
acid molecules (DNA and RNA), a fusion protein, a pen-
tamer, a vaccine, and the like are provided.

[1] A heteropentamer composed of a fusion monomer
including a fusion protein of an antigenic amino acid
sequence and an amino acid sequence of a monomer of a
mucous membrane-binding protein and a nonfusion mono-
mer of an amino acid sequence of a monomer of a mucous
membrane-binding protein.

[2] The heteropentamer of aspect [ 1], wherein the antigenic
amino acid sequence and the amino acid sequence of the
mucous membrane-binding protein are joined via a linker.
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[3] The heteropentamer of aspect [1] or [2], wherein the
mucous membrane-binding protein is an enterotoxin B sub-
unit or cholera toxin B subunit.

[4] The heteropentamer of any one of aspects [1] to [3],
wherein the antigenic amino acid sequence is an antigen
derived from an envelope protein of Japanese encephalitis
virus.

[5] A nucleic acid molecule encoding the fusion monomer
and the nonfusion monomer of any one of aspects [1] to [4],
or a nucleic acid molecule complementary to the sequence
encoding the fusion monomer and the nonfusion monomer.

[6] A vector, which includes the nucleic acid molecule of
aspect [5] and expresses the fusion monomer and the nonfu-
sion monomer in a transformed host.

[7]1 A homopentamer composed of a fusion monomer
including a fusion protein of an amino acid sequence of an
antigen derived from an envelope protein of Japanese
encephalitis virus and an amino acid sequence of a monomer
of a mucous membrane-binding protein.

[8] A fusion monomer protein including an amino acid
sequence of an antigen derived from an envelope protein of
Japanese encephalitis virus and an amino acid sequence of a
monomer of a mucous membrane-binding protein.

[9] The fusion monomer protein of aspect [10], which
includes (1) the amino acid sequence of SEQ ID NO: 1; or (2)
an amino acid sequence resulting from deletion, substitution,
insertion, and/or addition of one or more amino acids in the
above-mentioned amino acid sequence and having Japanese
encephalitis virus antigenicity and a mucous membrane-
binding property.

[10] A nucleic acid molecule encoding the protein of aspect
[8] or [9], or a nucleic acid molecule complementary to a
sequence encoding the protein.

[11] The nucleic acid molecule of aspect [10], which is
defined by SEQ ID NO: 2.

[12] A vector, which includes the nucleic acid molecule of
aspect [10] or [11] and expresses the fusion monomer in a
transformed host.

[13] A host ransformed with the vector of aspect [12].

[14] A host transformed with the vector of aspect [6] or
[12].

[15] A vaccine including the heteropentamer of any one of
aspects [1] to [4], the homopentamer of aspect [7], or the host
of aspect [14].

[16] The vaccine of aspect [15], which is enteric-coated
and can be orally administered.

[17] The vaccine of aspect [16], wherein the enteric coating
includes calcium.

[ 18] A method for preparing a vaccine, which includes the
steps of:

integrating a gene sequence encoding a fusion protein of an
antigenic amino acid sequence and an amino acid sequence of
a monomer of a mucous membrane-binding protein and a
gene sequence encoding an amino acid sequence of a mono-
mer of a mucous membrane-binding protein into a gene of a
vector;

introducing the vector into a host for transformation;

expressing the vector to produce a heteropentamer com-
posed of a fusion monomer of the fusion protein and a non-
fusion monomer of the monomer; and

purifying the heteropentamer secreted by the host in a
culture solution.

[19] A method for intestinal immunization by orally
administering the vaccine of any one of aspects [15] to [17] or
the host of aspect [14] to a human or an animal.
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[20] A medicinal composition for intestinal immunization
by oral administration, which includes the vaccine of any one
of aspects [15] to [17] or the host of aspect [14].

According to the present invention, there is provided a
heteropentamer able to give the following effects:

(1) The molecular weight of a fusion vaccine molecule can be
highly increased. It can be said that an increase in the size
of an antigen to be fused diversifies the antigen.

(2) The pentamer-forming efficiency in heteropentamers can
be improved.

(3) The purification of the heteropentamer can be simplified
because the heteropentamers are secreted in a yeast-cultur-
ing supernatant.

(4) Since intestinal immunization by oral administration
route can be performed by the host producing and holding
intracellularlly the heteropentamers, the conformation for
the direct immunization which is not necessary even the
simplified purification described in (3) is available in some
cases.

Furthermore, according to the present invention, the het-
eropentamer can be expressed in other expression systems,
such as a plant, in addition to the yeast expression system.
Thus, the heteropentamer is useful as a recombinant mucosal
vaccine to animals and humans.

Additionally, the present invention can provide a Japanese
encephalitis component vaccine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a homopentamer.

FIG. 2 is a diagram illustrating a homopentamer.

FIG. 3 is a diagram illustrating a heteropentamer.

FIG. 4 is a graph showing the ELISA data in Example 1.

FIG. 5 is a photograph of the Western blotting in Example
L.

FIG. 6 is a graph showing the measurement results of
JEV-specific serum IgG levels in Example 2.

FIG. 7 is graphs showing the measurement results of neu-
tralizing antibody titers in Example 2.

FIG. 8 is a graph showing the measurement results of
CTB-specific serum IgG levels in Reference Example 1.

BEST MODE FOR CARRYING OUT THE
INVENTION

A mucous membrane-binding protein formed into a pen-
tamer from its five monomers shows the function. In order to
prepare a vaccine by gene engineering technology using a
mucous membrane-binding protein, a gene sequence in
which “a gene sequence of an antigen” and “a gene sequence
ofa single monomer of a mucous membrane-binding protein”
are bound is integrated into a vector, and, as shown in FIG. 1,
a host is transformed with the vector to produce fusion pro-
teins 30 each containing the antigen 10 and the monomer 20
in the host. The fusion proteins 30 are formed into a pentamer
(homopentamer) via the monomers 20 contained therein. The
administration of the pentamer as a vaccine induces effective
immunoreaction.

However, the present inventors have found that a method of
using the mucous membrane-binding protein as a carrier of a
vaccine antigen has a limitation in the molecular weight of the
fusable vaccine antigen. As shown in FIG. 2, when an antigen
12 having a large molecular weight is fused with the mono-
mer 20, the pentamer formation may be inhibited by intermo-
lecular interaction between the fusion proteins 32. When the
pentamer is not formed, the mucosal administration of such a
vaccine may lead to insufficient immunization.
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Furthermore, as shown in FIGS. 1 and 2, when each of the
five monomers 20 of the pentamer is fused with a vaccine
antigen 10 or 12, the formed pentamers are not secreted to the
outside of the cell in conventional Escherichia coli or other
expression systems and are accumulated in the cytoplasm.
Consequently, the purification efficiency is low and the indus-
trial production is difficult.

Therefore, in the present invention, “a gene sequence of a
single monomer of a mucous membrane-binding protein” in
addition to a gene sequence including “a gene sequence of an
antigenic amino acid sequence” and “a gene sequence of a
single monomer of a mucous membrane-binding protein” is
integrated into a vector, and a host is transformed with the
vector. These genes are coexpressed in a cell such as yeast to
produce a “fusion protein (fusion monomer) 32” and a
“monomer without the fusion of the antigen 12 (nonfusion
monomer) 20” as shown in FIG. 3. These fusion monomer 32
and nonfusion monomer 20 together form a pentamer, but,
unlikely the pentamers in FIGS. 1 and 2, the antigen 12 is not
fused with all the monomers (heteropentamer). Therefore, the
intermolecular interaction during the formation of the pen-
tamer can be decreased to allow the fusion of high-molecular-
weight antigens, which has been heretofore difficult.

The heteropentamer is classified into the following 6 types
(I to VI) by the members of the monomer forming the pen-
tamer.

1 I I w A% VI
Fusion monomer 0 1 2 3 4 5
Nonfusion monomer 5 4 3 2 1 0

The heteropentamer of the present invention mainly con-
tains types of Il to V, but may contain types of I and VI.

Since the heteropentamer has a compact molecular struc-
ture, not only the pentamer-forming efficiency is facilitated
but also a large amount of the pentamer is secreted in the cell
culture medium, e.g., in yeast culture medium. As a result, the
subsequent isolation and purification of the recombinant mol-
ecules are simplified. Thus, the protein production at an
industrial scale is possible. The pentamer-molecule-forming
efficiency of a hetero-type fusion protein antigen is signifi-
cantly facilitated compared to that of a homo-type fusion
protein antigen, and the amount of the pentamer antigen
having the mucosal immunogenicity is increased in the host
cell. Therefore, the effect of intestinal immunization by direct
oral administration of the host (plant, yeast, etc.), which car-
ries a vaccine containing the heteropentamer in its cytoplasm,
can be improved.

An exemplary fusion monomer of the present invention is
a fusion monomer protein composed of an amino acid
sequence of an antigen derived from Japanese encephalitis
virus envelope protein and an amino acid sequence of amono-
mer of a mucous membrane-binding protein.

This fusion monomer protein includes, for example, the
amino acid sequence represented by SEQ 1D NO: 1. This
fusion monomer protein can be produced, for example, by
expressing in a transformed hosta vector containing a nucleic
acid molecule encoding the fusion monomer protein repre-
sented by SEQ ID NO: 2 or a nucleic acid molecule comple-
mentary to the sequence encoding the protein.

Functional derivatives of the above-mentioned fusion
monomer protein, for example, proteins including an amino
acid sequence resulting from deletion, addition, insertion,
and/or substitution of one or more amino acids in the above-
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mentioned amino acid sequence and proteins including an
amino acid sequence having at least 70%, preferably 80% or
more, and more preferably 90% or more homology to the
above-mentioned amino acid sequence, can be employed in
the present invention provided these proteins have the char-
acteristic functions of the proteins of the present invention.
Here, the homology of the amino acid sequence can be
defined as a positive percentage shown by BLASTP algo-
rithm which is available at the Internet site http://www.ncbi.n/
m.nih.gov/egi-gin/BLAST by a search using the default
parameter (matrix=Blosum62; gap existence cost =11; gap
extension cost=1) of the program.

The nucleic acid molecule encoding the above-mentioned
protein is also useful for preparing a sensor protein of the
present invention. Herein, examples of the nucleic acid mol-
ecules include those specifically shown in this specification
and those encoded by other many nucleotide sequences
caused by degeneracy of a genetic code. In some expression
systems, codons most frequently-used in that host can be
advantageously used. The nucleic acid molecules having
these degenerate sequences are also included in the nucleic
acid of this invention.

The heteropentamer of the present invention will now be
further described in detail.

The term “mucous membrane-binding protein” used in the
present invention is a protein antigen having ability to directly
or indirectly bind to a mucous membrane via a receptor such
as a glycolipid found in the mucous membrane. Examples of
the mucous membrane include respiratory mucosal tissues of
nasal cavity and respiratory tract, mucous membranes of
digestive system, e.g., oral cavity, esophagus, stomach,
duodenum, small intestine, colon, and rectum, and mucous
membrane of genitalia, e.g., vagina. The representative
examples are cholera toxin (CT) and heat-labile toxin (LT).
These CT and LT are very closely related proteins produced
by Fibrio cholerae and enterotoxigenic E. coli (ETEC),
respectively. These toxins each are composed of an A subunit
responsible for toxicity and a non-toxic B subunit (CTB and
L1B), and entry of the A subunit into the cell is facilitated by
the B subunit. This B subunit binds to GM1-monosialogan-
gioside receptor. GM1 is present on the surface of a variety of
mammalian tissues, including mucosal epithelium. When
these mucous membrane-binding proteins are orally or intra-
nasally administered with an antigen, immune response
against the antigen is induced by the GM1 binding properties
of the B subunits.

The term “antigenic amino acid sequence” of the present
invention includes antigens derived from pathogens such as
viruses, bacteria, and parasites, in particular, amino acid
sequences having an epitope which is important for infection
protection in humans and animals. Autoantigens, which are
important for autoimmune diseases of humans and animals,
are also included. Furthermore, prion proteins, which are
infectious forms of auto- or analogous antigens by degenera-
tion thereof, are included. Additionally, proteins containing
allergens, which are a factor of allergic reactions, are also
included. Examples of the pathogens preferably include
arthropod-borne pathogens such as Japanese encephalitis
virus and malaria and enteric parasites such as swine ascaris.
Examples of the autoimmune diseases include insulin depen-
dent diabetes and inflammatory rheumatism. Examples of
prion diseases include Creutzfeldt-Jakob disease. Examples
of allergens include antigens inducing food allergy, mite
allergens, and allergens for pollen allergy triggered by Japan
cedar.

The term “antigenic amino acid sequence” used in the
present invention can induce both positive and negative
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immune responses, for example, positive response to activate
humoral immunity (antibody response) or cellular immunity
and negative response (immune tolerance) to suppress
inflammatory reactions which are caused in specific or non-
specific tissues or organs.

Examples of the epitope may be derived from a virus,
bacterium, fungus, yeast, or parasite.

The length of the “antigenic amino acid sequence” does not
have any limitation. However, the sequence should not dis-
rupt the ability of the heteropentamer to bind to GM1-gan-
glioside. The sequence may be up to 200 residues, up to 150
residues, or up to 100 residues long. Additionally, a shorter
sequence of up to 60, for example up to 30 or 20, amino acid
residues in length may be employed.

The fusion proteins constituting the fusion monomers of
the present invention have a monomer protein (12 kDa) at the
N-terminus and an arbitrary antigen protein (up to 22 kDa) at
the C-terminus.

A linker may be provided between the “amino acid
sequence of antigenic epitope” and the “amino acid sequence
of the monomer of a mucous-binding protein”. The linker has
a four to twenty-amino acid sequence of a repeat sequence of
Gly-Pro. There may be up to four residues of the repeat
sequence, for example. The linker is fused to the C-terminus
of the monomer.

The Gly-Pro repeat sequence may be adjacent by other
amino acid residues. These are suitably uncharged non-aro-
matic residues. Up to four amino acid residues, for example
two amino acid residues or one amino acid residue, may be
provided after the B subunit monomer residue and before the
Gly-Pro repeat sequence. Up to four amino acid residues, for
example two amino acid residues or one amino acid residue,
may be provided after the Gly-Pro repeat sequence and before
the amino acid sequence of a pathogen epitope.

The amino acid sequence of the epitope may be fused to the
C-terminus of the linker.

The fusion monomer can be represented by the formula
(SEQID NO: 35) (I):

X—Y1-(Gly-Pro)n-Y2-Z O
inwhich X represents the B subunit monomer residue, Y1 and
Y2 are each independently peptide bonds or amino acid
sequences of up to 4 amino acid residues, Z represents the
amino acid sequence of the epitope, and n is 2, 3, or 4.
Preferably, Y1 is leucine (L), and Y2 denotes the amino acid
residues glutamic acid-isoleucine (EI).

The “gene sequence of the fusion monomer” and the “gene
sequence of the nonfusion monomer” preferably exist in par-
allel on a plasmid vector, and, depending on the gene trans-
ferring method, exist in the ring structure (plasmid) in the
cytoplasm or are inserted in chromosome in the nucleus or
chloroplast after linearization. The “gene sequence of the
fusion monomer” and the “gene sequence of the nonfusion
monomer” may form an expression unit including the respec-
tive own promoter/terminator sequences transcribed in a
monocistronic fashion of a eukaryote; may hold a ribosome-
binding sequence such as IRES, which is important for
expression of a plurality of genes, therebetween; or may form
operon in a polycistronic fashion expression manner of a
prokaryote. A plurality of copies of each of the “gene
sequence of the fusion monomer” and the “gene sequence of
the nonfusion monomer” may exist in the host cell, and the
ratio between them may not be necessarily 1:1.

The fusion monomers and the nonfusion monomers are
correctly folded and assembled into pentamers. The hetero-
pentamer can bind to GM1 -ganglioside and, at the same time,
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provides an amino acid sequence having immunogenicity.
Therefore, the heteropentamer can be used as a vaccine, in
particular, as a mucosal (intranasal, oral, etc.) vaccine.

The heteropentamer includes an amino acid sequence
functional as an enterotoxin B subunit which is capable of
ADP-ribosylating GTPase, and can bind to GMI-ganglio-
side.

The heteropentamer may be composed of LTB or CTB.
Actually, the natural B subunit amino acid sequence, LTB and
CTB may be modified by substitution, insertion, or deletion
of one or more amino acids in the range that the antibody
prepared against the natural B subunit can bind to the fusion
protein of the modified subunit amino acid sequence.

Such a modified amino acid sequence may be employed
provided the monomer including the modified amino acid
sequence retains abilities to form pentamers and to bind to
GM1-ganglioside. The physicochemical characters of the
original sequence should be preserved, i.e., in terms of charge
density, hydrophilicity/hydrophobicity, size, and configura-
tion. Candidate substitutions include, based on the one-letter
code (Eur. J. Biochem. 138, 9-7, 1984), a substitution of G by
A and vice versa; a substitution of V by A, L, or G; a substi-
tution of K by R; a substitution of T by S and vice versa, a
substitution of E by D and vice versa; and a substitution of Q
by N and vice versa.

The degree of homology between the natural sequence of
an enterotoxin B subunit and a modified amino acid sequence
may be 80% or more, for example, 90% or more or 95% or
more. The natural amino acid sequence ofa B subunit may be
shortened, for example, by up to 4 or up to 2 amino acid
residues, at either or each terminus. Namely, the C-terminus
of LTB or CTB may be shortened in this way.

The heteropentamer of the present invention can be pre-
pared by recombinant DNA technology. Namely, the hetero-
pentamer can be prepared by transforming a host with a
vector capable of expressing the fusion and nonfusion mono-
mers in that host, expressing the vector in the host, and iso-
lating the produced heteropentamer.

Therefore, the preparation of the heteropentamer depends
on the provision of a DNA sequence encoding the fusion and
nonfusion monomers. The DNA sequence may be provided at
its 5'-end with a sequence encoding a leader peptide for the
fusion and nonfusion monomers so that the fusion and non-
fusion monomers are released from the cytoplasm of the host
cell in which they are expressed. Any appropriate leader
sequence may be employed. However, typically, a DNA
encoding the natural leader sequence for the B subunit is
provided immediately upstream of the DNA encoding the
amino acid sequence of the mature B subunit residues.

The choice of codons specifying the residues of the linker
is important. Suitably, at least half of the codons are rare
codons for amino acid residues in the host in which a fusion
protein is expressed. Therefore, the codons should not be the
optimal codons, i.e., the codons of first choice, for use in the
host. Generally, they should not be the codons of second
choice. At least 75%, at least 95%, or all of the codons for the
linker may be rare codons. Such rare codons for E. coli are
reported by Sharp & Li (1986). Rare codons create pauses
during translation, which allows the B subunit to be correctly
folded independently of the linker and fusion of the linker.

Thus, a DNA sequence encoding the desired fusion and
nonfusion monomers can be obtained. The DNA sequence is
inserted into a vector to prepare an expression vector express-
ing the fusion and nonfusion monomers when it is provided in
a suitable host. Appropriate transcriptional and translational
control elements are provided for the DNA sequence, in par-
ticular, a promoter and a translational termination codon are
provided for the DNA sequence. The DNA sequence is
located between the translation start and stop signals in the
vector. The DNA sequence is provided in the correct frame
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such as to enable expression of the fusion and nonfusion
monomers to occur in a host compatible with the vector.

The vector for use in the present invention is a gene expres-
sion vector encoding the base sequences of the fusion mono-
mer and the nonfusion monomer and preferably including
host-specific promoter/terminator base sequences which can
be expressed in E. coli, a gram-positive bacterium, lactoba-
cillus, yeast, a mammal cell, an insect cell, or a plant cell.

The coding sequence for the linkeris selected so that it ends
with arestriction site into which a gene encoding an antigenic
amino acid sequence can be inserted. The restriction site
allows the gene to be inserted in the correct reading frame.
Namely, the protein translated from the gene sequence for the
fusion monomer should be a fusion protein having a primary
structure of a full-length.

When the B subunit is LTB, a vector capable of expressing
LTB can be obtained by first cloning the LTB gene (Dallas,
1983) into the vector under the control of appropriate tran-
scriptional and translational regulatory elements. Oligo-
nucleotides corresponding to the linker can be synthesized
and fitted to the 3'-end of the LTB gene. In particular, a DNA
sequence encoding the linker can be cloned into the Spel site
located at the natural termination codon of the 3'-end of the
LTB gene. A gene encoding the amino acid sequence having
biological activity can be cloned in phase into an appropri-
ately located restriction site at the 3'-end of the DNA
sequence encoding the linker.

The fusion and nonfusion monomers are expressed by
culturing a host transformed with the vector. The fusion and
nonfusion monomers are self-assembled into a pentamer. Any
appropriate host-vector system may be employed. The host
may be a prokaryotic or eukaryotic host. Preferable examples
of the host include E. coli, gram-positive bacteria, lactoba-
cillus, yeast, insect cells, mammalian cells, plant cells, trans-
genic animal cells, and transgenic plant cells. Additionally,
the “host” is not necessarily a cell. Cell-free expression sys-
tems may be employed, provided that appropriate translation
and subsequent modification (glycosylation, phosphoryla-
tion, etc.) of the protein are performed.

The vector may be a plasmid. In such a case, a bacterial or
yeast host, for example, gram-negative bacillus such as E.
coli or Vibrio species, or S. cerevisiae, can be used. Alterna-
tively, the vector may be a viral vector. This may be used to
transfect cells of mammalian cell line, for example, Chinese
hamster ovary (CHO) cells or COS cells, to cause expression.

The expressed heteropentamer can be isolated. In the
present invention, since all the five monomers for forming the
pentamer are not necessarily fused with an antigen, the het-
eropentamer is secreted from the cytoplasm to the culture
medium. The heteropentamer can be isolated and purified
from the culture medium. Additionally, the direct oral admin-
istration of the host itself can induce the intestinal immuni-
zation.

The purified heteropentamer, a killed vaccine of toxin-
producing E. coli strain expressing the heteropentamer, and
an attenuated live virus vaccine capable of expressing the
heteropentamer can be each used as a vaccine. Typically, the
vaccine includes a physiologically acceptable carrier or dilu-
ent. Conventional formulations, carriers, and diluents can be
employed.

A suitable attenuated live virus vaccine may be an attenu-
ated microorganism having a non-reverting mutation in each
of two discrete genes in its aromatic biosynthetic pathway.
Such microorganisms are disclosed in EP-A-0322237. The
microorganism is typically a pathogenic bacterium from the
genus Salmonella such as S. typhi, S. typhimurium, S. dublin,
and S. cholerasius.

The non-reverting mutation may be generally induced in
any two of aroA, aroB, aroC, aroD, and aroE genes. Prefer-
ably, one of the non-reverting mutations is in the aroA gene.
A suitable attenuated microorganism harbors an expression
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cassette encoding the fusion and nonfusion monomers such
that the fusion and nonfusion monomers can be expressed by
the microorganism. For reliable expression through genera-
tions of the microorganism, the expression cassette should be
stably inherited in the absence of antibiotic selection.

The vaccine can be administered by any arbitrary route.
The choice of the route (for example, an oral route, an intra-
nasal route, a respiratory tract route, a vagina route, a rectum
route, and a non mucosal route such as subcutaneous, intra-
venous, and intramuscular administration), the dose, and the
frequency of vaccination depend on the purpose of the vac-
cination, whether a human or animal is being treated, and the
condition of the human or animal to be vaccinated.

However, typically, the heteropentamer is administered in
an amount of 1 to 1000 pg per dose, preferably 10 to 100 pg
per dose, by the oral, intranasal, or parenteral route. On the
otherhand, in the case of the attenuated S. typhi, a dose 0f 109
to 1011 S. typhi organisms per dose is generally convenient
for a 70 kg adult patient, via the typical oral route.

The heteropentamer may be formulated for administration
as a pharmaceutical composition containing a pharmaceuti-
cally acceptable carrier or diluent. Arbitrary conventional
carriers and diluents can be employed.

The vaccine according to the present invention is prefer-
ably enteric-coated for oral administration. The enteric coat-
ing can prevent the vaccine from the decomposition by diges-
tive fluids so that the vaccine reaches the intestine to be
absorbed.

Any conventional enteric coating can be used, but those
containing calcium are preferable from the viewpoint of cost
and safety. In a method for enteric coating with calcium fine
particles, as disclosed in Japanese Unexamined Patent Appli-
cation Publication Nos. 7-328416, 10-5577, and 10-155876,
calcium fine particles are absorbed on the surface of an oil
droplet to form a shell, and then the oil droplet in the shell is
substituted by a vaccine.

The oral vaccination according to the present invention can
induce immunization by orally administering a vaccine con-
taining the above-mentioned heteropentamer or a recombi-
nant host (plant, yeast, etc.) retaining the heteropentamer in
its cytoplasm directly.

The vaccine according to the present invention can be
applied as a mucosal vaccine to commercial animals such as
domestic animals and animals such as pets. In particular, the
vaccine can be applied to humans by combination with tech-
nology encapsulating the vaccine into an enteric-coating
agent. Furthermore, there is a possibility of a plant vaccine
using a genetically engineered crop containing a fused gene
for the heteropentamer.

Additionally, the present invention provides a homopen-
tameric Japanese encephalitis component vaccine. Its prepa-
ration method and utilization method as a vaccine are the
same as those in the above-mentioned heteropentamer except
that, in the preparation method, only a DNA encoding a
fusion protein of an antigen derived from Japanese encepha-
litis virus envelope protein and a monomer of a mucous
membrane-binding protein is inserted into a vector. A host to
which such a vector is introduced expresses only the fusion
protein to form a homopentamer.

Japanese encephalitis virus envelope protein is used as an
antigen in the following Examples, but the present invention
is not limited to this and can be applied to other antigens.

EXAMPLE 1

[Preparation of Heteropentamer|

5'-end primer (SEQ ID NO: 3) and 3'-end primer (SEQ ID
NO: 4) of JEV EIII were produced, and PCR was carried out
using a DNA derived from Japanese encephalitis virus cell
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line (JaOHO566 strain) as a template. The PCR amplification
product was digested by EcoRI (G/AATTC), and purified.

A DNA of CTB was inserted into a yeast expression vector
pAOS81S (MultiCopy Pichia Expression kit: Invitrogen), and
the resulting vector was treated with EcoRI as in the PCR
amplification product.

The JEV DNA ftreated with EcoRI was inserted into the
yeast expression vector pAO815-CTB containing the CTB
gene so that the fusion gene is provided in a correct frame.

A sequence encoding a hinge region was inserted down-
stream of the CTB gene. A sequence GPGP (SEQ ID NO: 6)
between CTB and JEV EIII in the fusion protein can reduce
the intermolecular interaction between both protein portions.
This effectively functions for forming a pentamer of CTB.
Thus, the fusion protein is formed into a pentamer and
acquires a GM1-ganglioside-binding property. Since glycine
(G) has the smallest side chain (H) in 20 different amino acids
and proline (P) has the amino group and the carboxyl group at
a right angle, they are suitable as the hinge.

E. coli XL-1 Blue strain was transformed by electropora-
tion using a plasmid DNA, and ampicillin-resistant strain was
selected with LB-Amp medium. A plasmid vector was iso-
lated from the ampicillin-resistant strain, and DNA sequenc-
ing was carried out using a DNA sequencer (AGT ATG GCA
AAT (SEQIDNO: 7)-[CTB]-GGC CCCGGT CCA (SEQID
NO: 8)-[GPGP (SEQ ID NO: 6) (linker)]-GAA TTC-
[EcoRI]-ACC TAT GGC ATG (SEQ ID NO: 9)-[JEV EIII
domain N'-terminal sequence]). The DNA base sequence is
shown by SEQ ID NO: 2, and the amino acid sequence
induced from the nucleotide sequence is shown by SEQ 1D
NO: 1. In SEQ ID NO: 2, the 1st to 372nd base sequence is
derived from CTB, the 373rd to 384th base sequence is the
linker, the 385th to 390th base sequence is EcoRI site, and the
391stto 882nd base sequence is JEV EIIl domain N'-terminal
sequence.

The produced plasmid vector pAO815-CTB:JEV EIIl was
digested by BamHI (G/GATCC), treated with calf intestinal
alkaline phosphatase (CIAP), and then purified.

At the same time, a plasmid vector pAO815-CTB was
digested by BamHI/BgllI, and then subjected to agarose gel
electrophoresis, and a band of a DNA fragment containing a
CTB expression cassette was purified from the gel.

The above-mentioned CIAP-treated plasmid vector
pAOS815-CTB:JEV EIII and the DNA fragment containing
the CTB expression cassette (BamHI-BglII fragment were
ligated using T4 DNA ligase.

Again, E. coli X1.-1-Blue strain was transformed. Plasmid
vector pAO815-CTB:JEV EIII/CTB was purified from the
recombinant . coli and was cut with Sall in order to intro-
duce the gene into yeast (Pickia pastoris GS115 strain). After
the purification, electroporation was conducted at 1.5kV. The
yeast was incubated in an MD medium containing 1 M sor-
bitol at 28° C. for 2 to 3 days. After the incubation, in order to
confirm the expression in a colony of the yeast, the yeast was
incubated in BMMG medium at 30° C. at 250 rpm for 16 to 24
hr and then was transferred to BMMY medium to incubate at
30° C. at 250 rpm for 72 hr with addition of 1% methanol
every 24 hours. After the 72-hour incubation, the supernatant
was separated from the cells by centrifugation at 3000 rpm for
10 min.

[Immunogenicity of Heteropentamer]

(ELISA Analysis)

The resulting supernatant was analyzed by ELISA. Wells
were coated with GM1-ganglioside (100 pl/well) overnight at
4° C. After washing, the wells were blocked (1 hr) with 1%
BSA-PBS. The culture supernatant was applied to the wells.
After washing, primary antibody (anti-JEV antibody or anti-
CT antibody, 1/1000 dilution) was applied to the wells and
incubated for 1 hr and then secondary antibody (anti-rabbit
IgG antibody-AP conjugate: Sigma, 1/2000 dilution) was
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applied to the wells and incubated for 1 hr. After washing,
color reaction (OD at 415 nm) was conducted. With the data
shown in FIG. 4, antigens which react with anti-JEV antibody
and anti-CT antibody were confirmed.

(Western Blotting Method)

Additionally, the supernatant was analyzed by Western
blotting. The supernatant was applied to electrophoresis
(SDS-PAGE) using acrylamide gel (gel concentration:
12.5%) at 20 mA (constant current) for 60 min and transferred
ona nitrocellulose membrane at 100V (constant voltage) for
120 min by using a wet-type transfer system.

After blocking with 5% skim milk/PBS-T at 25° C. for 60
min, the membrane was incubated with primary antibody
(anti-CT antibody or anti-JEV antibody, 1/1000 dilution) at
25° C. for 60 min and then washed. Then, the membrane was
incubated with secondary antibody (anti-rabbit IgG antibody,
1/1000 dilution) at 25° C. for 60 min and then washed. Then,
DAB coloring was performed. A fusion protein which reacts
withanti-JEV antibody and anti-CT antibody was confirmed.
FIG. 5 shows the photographs of the Western blotting.

EXAMPLE 2

CTB-JEV fusion protein (homopentamer) was expressed
in E. coli as in Example 1 except that only a DNA including
JEV and CTB base sequences was inserted into the vector.

E. coli expressing the CTB-JEV fusion protein was dis-
rupted to retrieve the CTB-JE fusion protein, and the fusion
protein was column purified.

The purified E. coli (CTB-JEV fusion protein), JEV vac-
cine, a mixture of the purified £. coli and CTB, and a mixture
of JEV vaccine and CTB were intranasally (i.n.) or intraperi-
toneally (i.p.) administered to mice (dose: 18 pg/mouse,
administration: 4 times, each group: 4 mice). The results were
compared with those of non-treated mice as a negative control
(NC). Blood samples were measured for JEV-specific serum
1gG levels by ELISA. FIG. 6 shows the results.

With FIG. 6, it was confirmed that antibodies against JEV
were induced in the blood.

Furthermore, the neutralizing antibody titers were mea-
sured by a neutralization test. FIG. 7 shows the results. The
correspondence between FIG. 7 and FIG. 6 is as follows:

O inCLJEV B of FIG. 7: CTB:JEV Eelll (in.) in FIG. 6,

Ain CT:JEV E/MIofFIG. 7: CTB:JEV E°IlI+CT (in.) in FIG.
6,

Oin CTJEV E/MI of FIG. 7: CTB:JEV EellI (i.p.) in FIG. 6,

O in JEV vaccine of FIG. 7: JEV vaccine (i.n.) in FIG. 6,

A in JEV vaccine of FIG. 7: JEV vaccine+CT (i.n.) in FIG. 6,
and

Oin JEV vaccine of FIG. 7: JEV vaccine (i.p.) in FIG. 6.
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With FIG. 7, it was confirmed that neutralizing antibodies
against JEV were induced.

EXAMPLE 3

CTB-JEV fusion protein (homopentamer) was expressed
in Agrobacterium as in Example 1 except that only a DNA
including JEV and CTB base sequences was inserted into the
vector.

Agrobacterium expressing the CIB-JEV fusion protein
was intranasally or orally administered to mice (dose: intra-
nasal administration: 0.1 g/mouse, oral administration: 1
g/mouse; administration: 3 times; each group: 5 mice). The
production of anti-JEV antibodies was confirmed by ELISA.
Table 1 shows the results. Mice not administered with the
Agrobacterium were employed as a control.

TABLE 1

Immunization method Number of positive/total mice

Administration {mean OD value)
Dose ratio route CTB: JEV ENIL Control
1 Intranasal 5/5 (0.486) 0/5 (0.069)
10 Oral 5/5 (0.465) 0/5 (0.024)

With Table 1, it was confirmed that antibodies against JEV
were induced by the administration via nasal and intestinal
mucous membranes.

REFERENCE EXAMPLE 1

As in Example 1,aDNA including CTB base sequence was
inserted into yeast expression vector pAO815, followed by
expression of CTB.

CTB was roughly purified from the yeast culture superna-
tant in which CTB was secreted, and was encapsulated with
calcium to form enteric coating (CalShell/CTB). As a com-
parison, a phosphate buffer solution was similarly encapsu-
lated with calcium to form enteric coating (CalShell/PBS).
These enteric-coated products and recombinant yeast were
orally administered to mice (dose: each enteric-coated prod-
uct: 0.5 g/mouse, yeast: 0.5 g/mouse; administration: S times;
each group: 4 mice). Blood samples before and after immu-
nization were measured for CTB-specific serum IgGlevels by
ELISA. FIG. 8 shows the results.

With FIG. 8, it was confirmed that antibodies against CTB
were induced in the blood.

INDUSTRIAL APPLICABILITY

The heteropentamer and the homopentamer according to
the present invention are useful as a vaccine for humans or
animals.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 293

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

polypeptide

<400> SEQUENCE: 1

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic
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Met Ile Lys

Ala Tyr Ala

Tyr His Asn

35

Thr Glu Ser
50

Asn Gly Ala
65

Ser Gln Lys

Tyr Leu Thr

Thr Pro His

115

Glu Phe Thr
130

Pro Ala Asp
145

Gly Ser Asp

Asn Asp Met

Ala Thr Ser

195

Phe Gly Asp
210

His His Trp
225

Thr Leu Lys

Asp Phe Gly

His Gln Val
275

Trp Ile Thr
290

Leu Lys Phe Gly Val

His Gly Thr Pro Gln

20

Thr Gln I

Leu Ala G

Thr Phe G

Lys Ala I
85

le His Thr
40

ly Lys Arg
55

1n Val Glu
70

le Glu Arg

Glu Ala Lys Val Glu

100

Ala Ile Ala Ala Ile

Tyr Gly M

Thr Gly H
1

120

et Cys Thr
135

is Gly Thr
50

Gly Pro Cys Lys Ile

165

Thr Pro V
180

al Gly Arg

Ser Ala Zsn Ser Lys

Ser Tyr 1

200

le Val Val
215

His Lys Ala Gly Ser

2

Gly Ala G
245

Ser Ile G
260

Phe Gly G

Gln Gly

<210> SEQ ID NO 2
<211> LENGTH: 882

<212> TYPE:

DNA

30

1n Arg Leu

ly Gly Val

ly Ala Phe
280

Phe Phe Thr
10

Asn Ile Thr
25

Leu Asn Asp

Glu Met 2la

Val Pro Gly

75

Met Lys ZAsp
90

Lys Leu Cys
105

Ser Met 2la

Glu Lys Phe

Val Val Ile

155

Pro Ile Val
170

Leu Val Thr
185

Val Leu Val

Gly Arg Gly

Thr Leu Gly

235

Ala Ala Leu
250

Phe Asn Ser
265

Arg Thr Leu

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyn

ucleotide

<400> SEQUENCE: 2

atgattaaat
ggaacacctce
ctaaatgata
attactttta

tcacaaaaaa

taaaatttgg
aaaatattac
agatatttte
agaatggtgc

aagcgattga

tgtteeeett
tgatttgtgt
gtatacagaa

aacttttcaa

aaggatgaag

acagttttac
gcagaatacc
tctetagety
gtagaagtac

gataccctga

Val Leu Leu
Asp Leu Cys
30

Lys Ile Phe
45

Ile Ile Thr
60

Ser Gln His

Thr Leu Arg

Val Trp Asn

110

Asn Gly Pro
125

Ser Phe Ala
140

Glu Leu Ser

Ser Val Ala

Val Asn Pro

190

Glu Met Glu
205

Asp Lys Gln
220

Lys Ala Phe

Gly Agp Thr

Ile Gly Lys

270

Phe Gly Gly
285

tatctteage
acaacacaca
gaaaaagaga
caggtagtca

ggattgcata

Ser Ser
15

Ala Glu

Ser Tyr

Phe Lys

Ile Asp

80

Ile Ala
95

Asn Lys

Gly Pro

Lys Asn

Tyr Ser
160

Ser Leu
175

Phe Val

Pro Pro

Ile Asn

Ser Thr

240

Ala Trp
255

Ala Val

Met Ser

atatgcacat
aatacatacg
gatggctatce
acatatagat

tcttactgaa

60

120

180

240

300



US 7,544,361 B2

15

16

-continued
gctaaagtcg aaaagttatg tgtatggaat aataaaacgce ctcatgcgat tgecgcaatt 360
agtatggcaa atggccccgg tccagaatte acctatggea tgtgcacaga aaaattctcec 420
ttecgcgaaaa atccggegga cactggtcac gggacagttg tcattgaact ctectactet 480
gggagtgatg gcccctgecaa aattccgatt gtctcoegttg cgagectcaa tgacatgacce 540

ccegteggge ggetggtgac agtgaaccec ttegtegega cttecagtge caattcaaag 600

gtgctggteg agatggaacc ccecttcegga gactcctaca tcgtagttgg acggggagac 660

aagcagatca accaccattg gcataaagct ggaagcacgce tgggcaaagce cttttcaaca 720

actttgaagg gagctcagag actggcageg ttgggtgaca cagectggga ctttggetece 780

attggagggg tettcaacte cataggaaaa gecgtteace aagtgtttygg tggtgectte 840

agaacactct tcgggggaat gtcttggatce acacaagggt ga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
primer

SEQUENCE: 3

gcggaattcea cctatggcat gtgcacagaa aaattctcce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
primer

SEQUENCE: 4

gcggaattet tacccttgtg tgatccaaga cat

<210>
<211>
<212>
<213>
<220>
<223»>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223»>
<220>
<223>

SEQ ID NO 5

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
peptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)

OTHER INFORMATION: B subunit monomer residue
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (2)..(5)

OTHER INFORMATION: Any amino acid or not present
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (6)..(13)

OTHER INFORMATION: This region may encompass 2 to 4
'Gly-Pro' repeating units

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (14)..(17)

OTHER INFORMATION: Any amino acid or not present
FEATURE:

NAME/KEY: MOD RES

LOCATION: (18)

OTHER INFORMATION: Any amino acid

FEATURE:

882

Synthetic

39

Synthetic

33

Synthetic

OTHER INFORMATION: see specification as filed for detailed

description of substitutions and preferred embodiments
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18

-continued

<400> SEQUENCE: 5

Xaa Xaa Xaa Xaa Xaa Gly Pro Gly Pro Gly Pro Gly Pro Xaa Xaa Xaa

1 5 10

Xaa Xaa

<210>
<211l>
<212>
<213>
<220>
<223>

SEQ ID NO ¢

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 6

Gly Pro Gly Pro
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 7

agtatggcaa at

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 8

ggccceggte ca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 9

acctatggea tg

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

15

Synthetic

Synthetic

12

Synthetic

12

Synthetic

12

The invention claimed is:

1. A heteropentamer composed of a fusion monomer com-
prising a fusion protein of an antigenic amino acid sequence
and the amino acid sequence of a monomer of a pentameric
mucous membrane-binding protein and a nonfusion mono-
mer of the amino acid sequence of a monomer of the mucous
membrane-binding protein.

2. The heteropentamer according to claim 1, wherein the
antigenic amino acid sequence and the amino acid sequence
of the mucous membrane-binding protein are joined via a
linker.

3. The heteropentamer according to claim 1, wherein the
mucous membrane-binding protein is an enterotoxin B sub-
unit or cholera toxin B subunit.

55

60

65

4. The heteropentamer according to claim 1, wherein the
antigenic amino acid sequence is an antigen derived from an
envelope protein of Japanese encephalitis virus.

5. A nucleic acid molecule encoding the fusion monomer
and the nonfusion monomer of any one of claims 1 to 4, or a
nucleic acid molecule complementary to the sequence encod-
ing the fusion monomer and the nonfusion monomer.

6. A vector, which comprises the nucleic acid molecule of
claim 5 and expresses the fusion monomer and the nonfusion
monomer in a transformed host.

7. The heteropentamer of claim 4, in which the fusion
monomer comprises (1) the amino acid sequence of SEQ ID
NO: 1; or (2) an amino acid sequence 90 % homologous to
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SEQ ID NO: 1 and having Japanese encephalitis virus anti-
genicity and a mucous membrane-binding property.

8. The nucleic acid molecule of claim 5, wherein the
nucleic acid encoding the fusion monomer comprises SEQ ID
NO: 2.

9. A nonhumanhost transformed with the vector of claim 6.

10. An immunogenic composition comprising the hetero-
pentamer of any one of claims 1 to 4, or the host of claim 9.

11. The immunogenic composition of claim 10, which is
enteric-coated and can be orally administered.

12. The immunogenic composition according to claim 11,
wherein the enteric coating comprises calcium.

13. A method for preparing a immunogenic composition,
which comprises the steps of:

integrating a gene sequence encoding a fusion protein of an

antigenic amino acid sequence and an amino acid

20

sequence of a monomer of a mucous membrane-binding
protein, and a gene sequence encoding an amino acid
sequence of a monomer of a mucous membrane-binding
protein into a gene of a vector;

3 introducing the vector into a host for transformation;

expressing the vector to produce a heteropentamer com-
posed of a fusion monomer of the fusion protein and a
nonfusion monomer of the monomer; and
purifying the heteropentamer secreted in a culture solution
by the host.
14. A method for intestinal immunization by orally admin-
istering the immunogenic composition of claim 10 to a
human or an animal.

15
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