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(54) Title: ANTI-OBESE IMMUNOGENIC [TYBRID POLYPEPTIDES AND ANTI-OBESE VACCINE COMPOSITION COM-

(57) Abstract:  Disclosed is an immunogenic
hybrid polypeptide comprising a mimetic peptide
of a B cell cpitope of apolipaprotein B-100 and
a helper T cell epitope, the mimetic peptide being
fused at its C-terminus to an N-terminus of the
helper T cell epitope. Also disclosed is a vaccine
composition for preventing or treating obesity
comprising the polypeptide.
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ANTT-OBESE IMMUNOGENIC HYBRID POLYPEPTIDES AND ANTI-OBESE

VACCINE COMPOSITION COMPRISING THE SAME

Technical Field

The present invention relates to an immunogenic
hybrid polypeptide, which comorises an amino acid sequence
of a mimetic peptide of a B cell epitope of apolipoprotein B-
100 and in which a C-tsrminus of the mimetic peptide is fused
to an N-terminus of a helper T cell epitope, and a vaccine
composition for preventing or treating obesity comprising

the same.

Background Art

Recently, arceriosclerosis and coronary
atherosclerotic disease (CAD) have been gradually
increasing in Korea due to a shift to Western dietary
habits, and are the leading cause of increased mortality.
Serum lipids causing these diseases include cholesterol,
triglycerides (TG), free fatty acids and phospholipids.
They form lipcproteins with apolipoproteins and ere
transported through the bloodstream. Among them, low
density lipoproteins (LDL) function to transpert mainly TG
and cholesterol, and changes in LDL-cholesterol levels are

indications of the prognosis of the diseases.
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LDL-cholestercl, which is a major factor of lipid
metabol ism-associated diseases of adult people, binds to
ILDL receptors on the plasma membrane of cells in each
tissue and is stored and used in the tissue. Alternatively,
LDL-cholesterol is . taken up by scavenger cells and
hydrolyzed, and free cholesterol is transferred to KDL
along with apo E lipoprotein to be recycled in the liver,
or is converted to bile salt to be discharged. During this
Process, the apolipoprotein performs very Iimportant
functions to maintain structural homeostasis of
lipoproteins, serves as a cofactor of the enzyme
lipoprotein lipase, and plays a critical role in binding to
a specific receptor on the plasma membrane.

Apolipoprotein B-100 (Apo B-100) is a major protein
component of LDL, and 1s also present in IDL and VLDL.
Thus, when antibodies in the blood are induced to recognize
apo B-100, LDL clearance by phagocytes will easily occur.
In this regard, some recent studies have been focused on
the empleoyment of vaccines to decrease plasma LDL-
cholesterol levels and reduce the incidence of
arteriosclerosis. Antibodies induced by such anti-
cholesterol vaccine therapy are IgM types which are
considered to bkind to VLDL, IDL and LDL, and such a
strategy suggests the possibility of developing vaccines
for preventing and treating hypercholesterolemia and

atherosclerosis (Bailey, et al., Cholesterol vaccines.
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Science 264, 1067-1068, 1994; Palinski W et al., Proc Natl
Acad Sci U.S.A. 92, 821-5, 1995; Wu R, de Faire U et al.,
Hypertension. 33, 53-9, 1999). Alsc, apolipoprotein B-100 is
a huge protein molecule, which consists of 4560 amino acid
residues, contains signal peptide of 24 amino acid residues
and has a molecular weight of more than 500 kDa (Elovson J et
al., Biochemistry, 24:1569-1578, 1985). Since apolipoprotein
B-100 is secreted mainly by the liver and is an amphipathic
molecule, it can interact with the lipid componenlts of plasma
lipoproteins and an agqueous enviromnment (Segrest J. P et
al., Adv. Protein Chem., 45:303-369, 1994). Apolipoprotein
B-100 stabilizes the size and structure of LDL particles and
plays a critical xrole in controlling the homeostasis of
plasma LDL-cholesterol through binding to its receptor (Brown
MS et al., Scicnce, 232:34-47, 1986).

Korean Pat. Laid-open Publication No. 2002-0018971,
which was filed by the present inventors, describes a mimetic
peptide of an epitope of apo B-100 having an anti-cbesity
effect. However, this publication only discloses that the
mimetic peptide of the B cell epitope has an anti-chesity
effect.

Prior to the present invention, there is no report of
enhancing the immunogenicity of an apolipoprotein by fusing
a B cell epitope of the apolipoprotein and a T cell
epitope, except for an attempt to enhance immune responses

by employing a protein carrier or adjuvant.
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As desscribed in U.S. Pat. No. 5,843,446, when
luteinizing hormone releasing hormone (LHRH) is conjugated
with a different protein to enhance the immunogenicity of
LHRH, the majority of immune responses are directed to the
carrier protein rather than to LHERH, leading to carrier-
induced immune suppression. Thus, persistent effort is
required for selecting additional matcrials and determining
linkzge patterns and linkage sites capable of enhancing the
immuncgenicity of B cell epitopes.

Many attempts to fuse a hapten with a carrier protein
were made to enhance the immunogenicity of the hapten, but
failed to obtain uniform enhancing effects. In particular,
the linear linkage of a B cell epitope and a T cell
epitope, like the present invention, resulted in loss of
immunogenicity according to the orientation of the
epitopes, the type of each epitope, and the like (Francis,
M. J. et al., Nature 330:168-170, 1987), and the presence of
a linker b:.cought about reduced antigenicity (Partidos, C. et
al., Mol. Immunol. 29:651-658, 1992). That is, there is no
consistent rule applicable to design peptide vaccines, and
the efficacy of designed vaccines 1s also not predictable.
For the same reasons, when a highly hydrophobic PBl, peptide,
which is an apo-B mimetic peptide, is fused with a T cell
epitope, an antigenic region can be internalized into the
fusion protein, leading to a decrease in its ability to

induce antibody responses.
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Based on this background, the present inventors made
various attempts to enhance the Immunogenicity of PBly,
which 1is a mimetic oeptide of a B cell epitope of
apolipoprotein B-100 having an anti-cbesity effect. As a
result, a hybrid polypeptide, in which an N-terminus of a
helper T cell epitope is fused to a C-terminus of the
mimetic peptide, displayed an excellent immunoenhancing
effect, indicating that it is effective for preventing or
treating obesity. It was an unexpected result since hybrid
polypeptides displays excellent anti-obesity activity
without  inducing  immune  xesponses  that  neutralize
beneficial activities or effects of the B cell epitope of
apolipoprotein B-100 or without causing harmful side

effects.

Disclosure of the Invention

In cne aspect, the present invention provides an
inmmunogenic hybrid polypeptide, which comprises an amino
acid sequence of a mimetic peptide of a B cell epitope of
apolipoprotein B-100 znd in which a C-terminus of the
mimetic peptide is fused to an N-terminus of a helper T
cell epitope.

In enother aspect, the present invention provides a
vaccine for preventing or treating obesity, comprising an

immunogenic hybrid polypeptide, which comprises an amino
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acid sequence of a mimetic peptide of a B cell epitope of
apclipoprotein B-100 and in which a C-terminus of the
mimetic peptide is fused to an N-terminus of a helper T
cell epitope.

In a further aspect, the present invention provides a
recombinant vector comprising a gene encoding the
immunogenic hybrid polypeptide, a transformant comprising
the recombinant vector, and a method of producing the
hybrid polypeptide by culturing a host cell transformed

with the recombinant vector.

Brief Description of the Drawings

The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 shows a process of constructing pBl,T;

FIG. 2 shows the results of digestion of pBl,T with
restriction enzymes;

FIG. 3 shows a DNA sequence of pBlL,T and an amino
acid sequence predicted therefrom;

FIG. 4 shows the results of SDS-PAGE analysis for
PB1,T expression in a transformed FEscherichia coli strain,
M15/pB1sT, which has been treated with IPTG to induce PB1,T

expression, wherein the expressed recombinant PBL,T is
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indicated by an arrow (M: prestained protein size marker;
lane 1l: F. coli M15 not induced with IPTG; and lanes 3 to
7: IPTG-irduced E. coli M15/pB14T, collected 1, 2, 3, 4 and
5 hrs, respectively, after IPTG induction);

FIG. 5 shows the results of SDS—PAGE analysis for
PBly expression in a transformed KLscherichia coli strain,
M15/pBlg, which has been treated with IPTG to induce PBlg
expression, wherein the expressed recombinant FPBlg is
indicated by an arrow (M: prestained protein size marker;
lane 1: E. coli M15 nct induced with IPTG; and lanes 3 Lo
7: IPTG-induced E. coli M15/pBlg, collected 1, 2, 3, £ and 5
hrs, respectively, after IPTG induction);

FIG. 6 shows the results of SDS-PAGE analysis of the
centrifugal supernatant (lane 1) and pellet (lane 2) of an
E. coli lysate, wherein expressed PBl,T is indicated by an
arrow and is found in the pellet;

FIG. 7 shows the results of SDS-PAGE analysis of an
E. coli lysate {lane 1: whole lysate; lane 2: centrifugal
supernatant; lane 3: centrifugal pellet), wherein expressed
PBlg is indicated by an arrow and is found in the pellet;

FIG. 8 shows the results of Western blotting for
purified PBL,T with a rabbit anti-PBl, antibody (A) and an
anti-preS2 monoclonal antibedy (B) (lane 1: E. coli M15;
lane 2: E. coli MI5/pB14T not induced with IPTG; lane 3:
IPTG-induced E. coli ML15/pB14T, collected 3 hrs after IPTG

induction);
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FIG. 9 shows the PBly elution profile resulting from
Ni-NTA affinity chromatography according to a linear
imidazole gradient;

FIG. 10 shows the PBL4T elution profile resulting
from Ni-NTA affinity chromatography accocrding to a linear
imidazole gradient;

FIG. 11 shows the PBlg elution profile resulting from
Ni-NTA affinity chromatography according to a linear
imidazole gradient;

FIG. 12 shows a process of constructing pTB1y;

FIG. 13 shows the results of Western blotting for
purified 2Bl,, PBL,T and P7TBl; with a mouse anti-preS2
monoclonal antibody and an HRP-conjugated goat anti-mouse
IgG antibody (A) and with an anti-PBl; anti-serum and an
HRP-conjugated goat anti-rabbit IgG antibody (B):

FIG. 14 shows a DNA sequencc of TBl,/pCE30 and an
amino acid sequence predicted therefrom;

FIG. 15 is a graph showing the body weight increment
of SD white rats of normal, mock and vaccinated groups,
wherein the normal grcup (M) was injected with PBS, the
mock group (A) with ovalbumin, a vaccinated group (#) with
ovalbumin-conjugated PBly (PB1;+OVA), and another wvaccinated
group (e) with PB1,T peptide, each peptide being injected
three times at 2-week intervals, the arrows indicating time
points at which vaccination was carried out;

FIG. 16 is a graph showing the changes in titers of

11-




10

15

20

WO 2005/087800 PCT/KR2005/000784

anti-PBl1 antibodies induced by immunization of PBl,, PRL,T
and PTBly, respectively; and
FIG. 17 is a graph showing serum levels of

triglyceride, HDT, IDL and totzl cholesterol.

Best Mode for Carrying Out the Invention

In one aspect, the present invention relates to an
immunogenic hybrid polypeptide, which comprises an amino
acic seguence of a mimetic peptide of a B cell epitope of
apolipoprotein B-100 and in which a C-terminus of the
mimetic peptide is fused to an N-terminus of a helper T
cell epitope.

In a strategy to enhance the immunogenicity of an
apolipoprotein, the present invention intends to provide an
immunogenic hybrid polypeptide in which a T cell epitope is
fused to a mimetic peptide of a B cell epitope of an
apolipoprotein, especially apolipoprotein B-100 (apo B-
100). When a T cell epitope was fused to a mimetic peptide
of the B cell epitope of apo B-100, PBl; had improved
ability to induce antibody responses and displayed vaccine
efficacy for an extended period of time, and so nad an
excellent anti-obesity effect.

The term “mimetic peptide of an epitope”, as used
herein refers to a peptide that mimics a minimal part of

the epitops, which is an epitope that is sufficdiently
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gimilzr to a native epitope so that it can be recognized by
an antibody specific to the native epitope, or that is able
to increase an antibody to crosslink with a native epitope.
A mimetic peptide is also callad a mimotope. Such a mimetic
peptide is advantageous because 1t is recognized as “non-
self” in wvivo and thus overcom=s the problem of self-
tolerance in immune responses. The mimetic peptide of a B
cell epitope of apo B-100 is recognized by an antibody
specifically binding to apo B-100. The antibody
specifically binding to apo B-100 includes polyclonal and
monoclonal antibodies, which specifically recognize and
bind to apo B-100, and fragments -therecf, for example, Fc,
Fab and F(ab')2.

The mimetic peptide of a B cell epitope of apo B-100
according to the present invention includes an amino zacid
sequence selected from SzQ ID Nos- 1, 2 and 3. Thus, in a
preferred aspect, the present dHAnvention relates to an
immunogenic hybrid polypeptide, which includes an amino
acid sequence selected from SEQ ID Nos. 1, 2 and 3, and in
which a C-terminus of a peptide xecognized by an antibody
specifically binding to apo B-100 is fused to an N-terminus
cf a helper T cell epitope.

The present inventors isolated mimetic peptides (SEQ
ID Nos. 1, 2 and 3) that are recognizable by a monoclonal
antibody against apo B-100, Mab B2 or Mab B23, from a phage

displayed peptide library by bioparmning with the library.

10
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The mimetic peptide of the epitooe of apo B-100,
which includes an amino acid sequence selected from SEQ ID
Nos. 1, 2 and 3, may be in a monomeric form that is
composed of a single copy of the amino acid seguence having
any one of the SEQ IL Nos., or, to further enhance the
immunogenicity of the mimetic peptide, may be in a
multimeric form in which two or more, preferably three to
eight, and more preferably three to six copies of the amino
acid sequence having any one of the SEQ ID Nos. are linked.
Most preferred is a tetramer (SEQ ID No. 4) in which four
copies are linked. When the mimetic peptide is in a
multimeric form, amino acid sequences each of which
constitutes a monomer may be covalently linked directly or
via a linker. When the amino acid ssquences are linked via
a linker, the linker may consist of one to five amino acid
residues, which are selected from, for example, glycine,
alanine, valine, leucine, isoleucine, proline, serine,
threonine, asparacine, aspartic acid, cysteine, glutamine,
glutamic acid, lysine and arginine. Preferred amino acids
available in the linker may include wvaline, leucine,
aspartic acid, glycine, alanine and proline. More
preferably, taking the ease of gene manipulation into
account, two amino acids selected from valine, leucine,
aspartic acid, etc. may be linked and used as a linker. A
preferred mimetic peptide is prepared by linking two or

more copies of an amino acid sequence selected from SEQ ID

11

“14-




10

15

20

25

WO 2005/087800 PCT/KR2005/000784

Nos. 1, 2 and 3 via the linker.

The term “T cell epitope”, as used herein, refers to
an amino acid sequence that is able to bind to MHC Class II
molecules with a suitable efficiercy and stimulate T cells
or bind to T cells in a complex with MHC Class ZII. In this
case, the T cell epitope is recognized by a specific
receptor present on T cells, and functicns to provide a
signal requiring the differentiation of B cells to
antibody-producing cells and induce cytotoxic T lymphocytes
(CTL) to destroy target cells. The T cell epitope is not
specifically limited as long as it stimulates T cells and
strengthens immune responses, and a variety of proteins,
peptides, etc. suitable for the purpose are available. With
respect to the objects of the present invention, the T cell
epitope is preferably a helper T cell epitope. Examples of
the helper T cell epitope may include hepatitis B surface
antigen helper T cell epitopes, Chlamydia trachomitis major
outer membrane protein helper T cell epitopes, Plasmodium
falciparum circumsporozoite helper T cell epitopes,
Escherichia coli TraT helper T cell epitopes, Tetanus
toxcid helper T cell epitopes, dipnatheria toxoid helper T
cell epitopes, Schistosoma manscni triose phosphate
isomerase helper T cell epitopes, measles virus F protein
helper T cell epitopes, T cell epitope sequences derived
from pertussis vaccines, BCG (Bacile Calmette-Guerin),

polio vaccines, mumps vaccines, rubella vaccines, rabies

12
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vaccines, purified protein derivatives of tuberculin,
keyhole 1limpet hemocyanin, and fragments or combinations
thereof. The T cell epitope may include an addition,
deletion or substitution of a selected amino acid residue
according to the specific purpose, and may be provided in a
multimeric form in which two or more different T cell
epitopes are linked. In an embodiment of the present
invention, a surface antigen of hepatitis B virus is used.
The genome of hepatitis B virus (HBV) is 3.2 kb in length,
possesses the informalion for four important proteins and
contains four open reading frames, S8 gene (surface antigen
protein), C gene (core protein), P gene (DNA polymerase)
and X gene. The S gene is divided into an S region encoding
HBsAg and a preS region. The preS region is divided into
preSl encoding 108 or 119 amino acids zccording to HBV
strains and pre$2 encoding 55 amino acids regardless of
subtype. The HEBV preS2 protein activates helper T cells
during in vivo immune responses, thereby stimulating the
formation of an antibody against HBV.

The term “hybrid polypeptide”, as used herein,
generally indicates a ©peptide in which heterogenous
peptides having different origins are linked, and in the
present invention, refsrs to a peptide in which a B cell
epitope and a T cell epitope are linked. This hybrid
polypeptide may be obtained by chemical synthesis “or

expression and purification through genetic recombination

13
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after each partner is determined. Preferably, a hybrid
gene, in which a gene sequence encoding a B cell epitope is
linked to another gene sequence encoding a T cell epitope,
is expressed in a cell expression system. In such a hybrid
polypeptide, the B cell epitope and the T cell epitcpe may
be linked directly or by means of a connector, such as a
linker. When a linker is used, it should not negatively
affect the induction of immune responses by the hybrid
polypeptide.

The term “polypeptide”, as used herein, is a term
including a full-length amino acid chain in which residues
including two or more amino acids are conjugated by
covalent peptide ponds, and includes dipeptides,
tripeptides, oligopeptides and polypeotices. In particular,
in the present invention, the polypeptide mecans a hybrid
polypeptide in which two or more peptides, in which several
to several tens of amino acids are covslently bonded, are
linked with each other. The hybrid polypeptide of the
present invention is a polypeptide in which two or more
peptides, for example, a B cell epitope and a T cell
epitope, are linked. Each peptide sequence comprising the
polypeptide includes a sequence corresponding to the
aforementioned epitope, and may further include a sequence
adjacent to the epitope. These peptides may be made of L-
or D-aminc acids, or may be in various combinaticns of

amino acids in two different configurations. The aybrid

14
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polypeptide of the present invention may be entirely
composead of an antigenic region including the
aforementioned B cell epitope, T cell epitope and a certain
sequence adjacent thereto, and may further include an
additional sequence. However, this additional sequence
preferably should not reduce the overall immunogenicity.
Such an additional sequence is. exemplified by a linker
sequence.

The term “immunogenicity”, as used herein, refers to
the ability to induce both celltlar and humoral immune
responses o defend the body against impurities. A material
inducing such immune responses is called an immunogen. The
present invention employs a polypeptide having both a B
cell epitope and a T cell epitope, which are immunogenic
materials.

The present inventors linked a C-terminus of PBl,,
which is a tetrameric apo B-100 mimetic peptide that is an
anti-obesity functional peptide having a B cell epitope but
deficient in a T cell epitope, to a portion (T fragment) of
HBV preS2 having a T cell epitope, thereby generating a
gene fragment for the expression of PB1,T (FIG. 1). A PBl,
fragment was obtained wusing BamHI and XhoI, and a T
fragment was obtained using Sall and HindIII. The PBL.T
gene fragment was inserted dinto a pQE30 vector and
transformed into E. coli JML09. An cmerged colony was

analyzed by restriction mapping (FIG. 2) and DNA sequencing
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(FIG. 3), and was found to be a correct clone in which the
B cell epitope is linked to the T cell epitope. This clone
was designated “pBL,T”. The pQE30 vector used for the
expression of PBL,;T and PBlg initiates protein expression
from its internal start codon along with six histidine
residues for the convenience of protein purification,
followed by an enterokinase cleavage site. The thus
expressed PB14T is 16.2 kDa, and PBlg is 16.5 kDa. Protein
expression was investigated by subjecting samples collected
at given time points to SDS-PAGE analysis (FIGS. 4 and 5).

Thus, an immunogenic hybrid polypeptide of SEQ ID No.
9, in which a tetrameric apc B-100 mimetic peptide is
linked to an HBV surface antigen preS2, may be provided in
the practice of the present invention.

The immunogenic hybrid polypeptide of the present
invention may be produced by chemical synthesis or genetic
recombination. Preferably, the present hybrid polypeptide
may be produced by transforming a host cell with a
recorbinant vector and isolating and purifying a
po_ypeptide expressed by the host cell.

Thus, in another aspect, the present invention
provides a recombinant vector comprising a gene encoding
the immunogenic hybrid polypeptide, and a host cell
transformed with the recombirant vector.

In a further aspect, the present invention provides a

method of producing the immunogenic hybrid polypeptide by
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culturing a host cell transformed with the recombinant
vector.

A process of producing the immunogenic hybrid
polypeptide of the present invention by  genetic
recombination comprzises the following four steps.

The first step is to insert a gene encoding the
hybrid polypeptide into a vector to construct a recombinant
vector. A vector into which foreign DNA is introduced may
be a plasmid, a wvirus, a cosmid, or the like. The
recombinant vector includes a cloning vector and an
expression vectcr. A cloning vector contains a replication
origin, for example, a replication origin of a plasmid,
pharge or cosmid, which is a “replicon” at which the
replication of an exogenous DNA fragment attached thereto
is initiated. An expression vector was developed for use in
protein synthesis. A recombinant vector serves as a carrler
for a foreign DNA fragment inserted thereto, which
typically means a double-stranded DNA fragment. The term
“foreign DNA”, as used herein, refers to DNA derived from a
heterogeneous species, or a substarntially modifled form of
native DNA from a homogenous species. Also, the foreign DNA
includes a non-modified DNA sequence that is not expressed
in cells under normal conditions. In this case, a foreign
gene is a specific target nucleic acid to be transcribed,
which encodes a polypeptide. The recombinant vector

contains a target gene that is operably linked to
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transcription and  translation expression  regulatory
sequences, which exert their functions in a selected host
cell, in order to increase expression levels of the
transfected gene in the host cell. The recombinant vector
is a genetic construct that contains essential regulatory
elements to which a gene insert is operably linked to be
expressced in cells of an individual. Such a genetic
construct 1is prepared using a standard. recombinant UNA
technique. The type of the recombinant vector s not
specifically limited as long as the vector expresses a
target gene in a variety of host «cells including
prokaryotes and eukaryotes and functions to produce a
target protein. However, preferred is a vector which is
capable of mass-producing a foreign protein in a form
similar to a native form while possessing a strong promoter
to achieve strong expression of the target protein. The
recombinant vector preferably contains at least a promoter,
a start codon, a gene encoding a target protein, a stop
codon and a terminator. The recombinant vector may further
suitably contain DNA coding a signal peptide, an enhancer
sequence, 5'- ard 3-untranslational regions of a target
gene, a selection marker region, a replication unit, or the
like.

The second step is to transform a host cell with the
recombinant vector and culture the host cell. The

recombinant vector is introduced into a host cell to
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generate a transformant by a method described by Sambrook,
J. et al., Molecular Cloning, A Laboratory Manual (2nd
Ed.), Coid Spring Harbor Laboratory, 1. 74, 1989, the
method including a calcium  phosphate or calcium
chloride/rubidium chloride method, electroporation,
electroinjection, chemical treatments such as PEG
treatment, and gene gun. A useful protein can be produced
and isoclated on large scale by culturing a transformant
expressing the recombirant vector in a nutrient medium.
Commor. media and culture conditions may be suitably
selected according to host cells. Culture conditions,
including temperature, pH of a medium and culture time,
should be wmaintained suitable for cell growth and mass
production of a protein of interest. Host cells capzable of
being transformed with the recombinant vector according to
the present invention include both prokaryotes and
cukaryotes. Host cells having high introduction efficiency
of DNA and having high expression levels of an introduced
DNA may be typically used. Examples of host cells include
known prokaryotic and eukaryotic cells such as Escherichia
sp., Pseudomonas sp., Bacillus sp., Steptomyces sp., fungi
and yeast, insect cells such as Spodoptera frugiperda
(5£9), and animal cells such as CHO, CO0S 1, COS 7, BSC 1,
BSC 40 and BMT 10. E. coli may be preferably used.

The third step is to induce the hybrid polypeptide to

express and accumulate. In the present invention, the
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inducer IPTG was wused for the dinduction of peptide
expression, and induction time was adjusted to obtain
maxmimal protein yield.

The final step is to isolate and purify the hybrid
polypeptide. Typically, a recombinantly produced peptide
can be recovered from a medium or a cell lysate. When the
peptide is in a membrane-bound form, it may be liberated
from the membrane using a suitable surfactant solution
(e.g., Triton-X 100) or by enzymatic cleavage. Cells used
in the expression of the hybrid peptide may be destroyed by
a variety of physical or chemical means, such as repeated
freezing and thawing, sonication, mechanical disruption or
a cell disrupting agent, and the hybrid peptide may be
isolated and purified by commonly used biochemical
isolation techniques (Sambrook et al., Molecular Cloning: A
laborarory Manual, 2nd Ed., Cold Spring Harbor Laboratory
Press, 1989; Deuscher, M., Guide to Protein Purification
Methods Enzymology, Vol. 182. Academic Press. Inc., San
Diego, CA, 1990). Non-limiting examples of the biochemical
isolation Lechniques include electrophoresis,
centrifugation, gel filtration, precipitation, dialysis,
chromatography (ion-exchance  chromatograpay, affinity
chromatography,  immunosorbert affinity chromatography,
reverse phased HPLC, g¢gel permeation HPLC), isoelectric
focusing, and variations and combinations thereof.

In detail, in the present invention, the PBL,T gene
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fragment was ligated with a pQE30 vector and transformed
into E. coli. The pQE30 vector is useful for mass-producing
proteins in E. coli because it contains a promoter element
consisting ©f the phage T5 promoter and a lac operator
system using IPTG as an inducer. The expression of PBL,T
was confirmed by Western blotting using twe antibedies
recognizing PB1,I, a rabbit anti-PBl4 polyclonal antibody
and a mouse anti-preS2 meonoclonal antibody, as primary
antibodies, and expressed proteins were then purified. PBIl,
and PB1,T were denatured with 8 M urea because they are
insoluble, and were purified by affinity chromatography
using Ni-NTA resin for histidine-tagged proteins.

Rats were immunized with the expressed and purified
polypeptide, and were assessed for an increase in body
weight of rats, serum antibody titers and changes in serum
lipid profiles. As a 'result, compared to a normal group or
a group vaccinated with a non-fusion mimetic peptide, a
group vaccinated with the hybrid polypeptide showed
suppressed weight gain, high titers and extended retention
of an antibody against the mimetic peptide, and decreased
serum levels of TG and LDL-cholesterol.

There 1is no consistent rule applicable to peptide
vaccine design, and the efficacy of designed vaccines is
also unpredictable. 'For the same reasons, when a highly
hydrophobic PBls peptide is fused with a T cell epitope that

is a heterogeneocus peptide, an antigenic region can be
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internalized into the fusion protein, leading to a decrease
in its ability to induce antibody responses. In this
difficult situation to deduce the fusion results, the
present inventors designed the hybrid polypeptide in which
a mimetic peptide of the apc B-100 epitope is linked toc a T
cell epitope, and demonstrated that the hybrid polypeptide
has increased immunogenicity that results in increased
anti-obesity effect.

The immunogenicity of an artificially synthesized
hybrid polypeptide and a vaccine comprising the same 1is
achieved when a B cell epitope and a helper T cell epitope
are present at the same time. Also, the efficacy of the
vaccine may be determined according to the orientation of
the B cell epitope and the helper T cell epitope. That is,
the ability of the hybrid polypsptide to induce antibody
responses may vary depending on the helper T cell epitope
being located at an N-terminus or a C-terminus of the B
cell epitope (Partidos, C, Stanley, C, and Steward, M, The
effect of ozientation oZ epitope on the immunogenicity of
chimeric synthetic peptides representing measles virus
protein sequences, Molecular Immunology, 29(5), €51-658,
1992) .

In order to investigate the effect of the orientation
of the B cell epitope and the helper T cell epitope on the
induction of immune responses, the present inventors

prepared a TBl, gene fragment by linking an N-terminus of
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PBl; to a T fragment (FIG. 12), unlike the preparation of
the BI1,T gene fragment invclving linking a C-terminus of
PBl; te a T fragment. In detail, a pTBls, vector was
constructed according to a method described in Example 9,
transformed into E. coli M15, and expressced therein. The
expressed hybrid polypeptide PTBl;, which has a His tag, was
purified by affinity chromatography using Ni1-NTA His-bound
resin.

In order to compare PTBl, and PB1,T for Lheir ability
Lo induce antibody responses and immunogenicity, SD rats
were immunized with each of the polypeptides, and blood
samples were collected. Compared to PBl4, PTBls had
ennanced ability to induce antibody responses, and the
retention period of the serum antibody against PTBl,; was
prolonged. However, these improvements upon immunization
with PTBl,; were remarkably found to be about 50-60% lower
than with PB1,T (FIG. 18). The same results were found in
the suppression of body weight gain of the rals (Table 2).
These results indicate that the PBL.T polypeptide, prepared
by linking a C-terminus of PBl, to a T fragment, has much
stronger irmunogenicity and anti-obesity effects.

Thus, in yet another aspect, the present invention
relates to a vaccine for preventing or treating obesity,
comprising an immunogenic hyorid polypeptide which includes
an amino acid sequence of z mimetic peptide of the apc B-

100 epitepe and in which a C-terminus of the mimetic
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peptide is fused to an N-terminus of a helper T cell
epitope.

An immunogen can be determined to be available as a
vaccine having good efficacy by comparing the magnitude of
responses to the immunogen and the ratio of observed
individuals. In the present invention, with respect to the
present object to provide a vaccine for preventing and
treating obesity, the effect of an antigen on the induction
of immune responses was assessed by investigating (a) body
weight gain, (b) serum antibody tilers and ({c) changes in
serum lipid profiles, thereby determining a highly
efficient form cf the antigen.

In detail, 100 pg of each of purified PBly and PB1,T
peptides were intraperitoneally injected into 7-week-old SD
white rats threc times at 2-week intervals, and changes in
body weight of the rats were observed and plotted on a
graph (FIG. 15). From the primary injection to boosting
(secondary injection), rats of each group showed similax
body weight ranging from 292 g to 297 g. However, from one
week after the secondary injection, a difference in body
weight of rats was observed between vaccinated groups and
normal and mock groups. This indicates that the weak immune
responses induced by the primary injection were enhanced
after bocsting by the secondary injection, and that the
enhanced immune responses lead to the suppression of body

weight gazin of rats. Compared to the normal and mock
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groups, the vaccinated groups displayed a reduction in body
weight increment. Also, the PB1,T peptide had a stronger
inhibitory effect on body weight increment than the PBIl,
peptide (Table 2). This difference in body weight increment
was maintained even after the third injection. In addition,
the chimeric antigen PB14T, which was homogenous, was found
to more effectively induce immune responses than the PBI,
peptide conjugated with a carrier protein, ovaibumin. In
vaccinated SD white rats, serum antibody titers were
measured at 10, 12, 14 and 16 weeks of age by ELISA (FIG.
16). The PBL,T-immunized group showed increased antibody
titers relative to the PBlj~irmunized group. At 14 weeks of
age, the PBRI,T-immunized group displayed 1.5-fold higher
absorbancy {0.D.: optical density) values than the PBly—
immun.ized group. At 16 weeks of age, the PBl,~immunized
group showed a reduction in antibedy titer, whereas the
PBl,T-immunized group maintained the increased antibcdy
titers. With respect to serum lipids, the vaccinated groups
displayed lower levels of TG and cholesterol than the
normal and mock groups. In particular, LDL-cholesterol
levels were reduced to 60% of normal levels (FIG. 17).

These results demonstrate that a fusion form cof PBR1y
with a T cell epitope has higher immunogenicity than PBl,
itself, which has a B cell epitope, and thus can be used in
an effective vaccine composition.

In addition, the present inventors conducted a
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clinical test with pet dog subjects for the efficacy of
PBL4T. PBILT was mixed with alumina and injected into ten
pet dogs twice at 2-week intervals, and changes in body
welght were observed. As a result, no increment in body
welight was found in the pet dogs even when the dogs werc
allow to freely eat snacks and high-fat diets (Table 4).
Also, when serum samples were collected from the immunized
pet dogs after the secondary injection and serum antibody
titers were measured by ELISA, high absorbance was found
even when the serum samples were diluted 5,000-50,000
times, indicating that the PB14T peptide has an excellent
effect on the induction of antibody respconses.

The anti-cbesity vaccine of the present invention is
composed of an antigen, a pharmaceutically acceptable
carrier, a suitable adjuvant and other common materials,
and is administered in an immunologically effective amount.
The term “immunologically effective amount”, as used
herein, refers to an amount that is sufficient to exert the
therapeutic and preventive effect on obesity and does not
cause side effects or severe or excess immune responses. An
accurate dosage may vary according to the specific
immunogen to be administered, and may be determined by
those skilled in the art using a known method for assaying
the development of an immune response. Also, the dosage may
vary depending on administration forms and routes, the

recipient’s age, health state and weight, properties and
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degree of symptoms, types of currently received therapy,
and treatment frequency. The carriers are known in the art
and include a stabilizer, & diluent and a buffer. Suitable
stabilizers include carbohydrates, such as sorbitol,
lactose, mannitel, starch, sucrose, dextran and glucose,
and proteins, such as albumin or casein. Suitable diluents
include saline, Hanks’ Balanced Salts and Ringer’s
so_ution. Suitable buffers include an alkali metal
phosphate, an alkall metal carbonate and an alkali earth
meta’® carbonate. The vaccine may alsc contain one or more
adjuvants to enhance or strengthen immune responses.
Sulitable adjuvants include peptides; aluminum hydroxide;
aluminum phosphate; aluminum oxide; and a composition that
consists of a mineral oil, such as Marcel 52, or a
vegetable oil and one or more emulsifying agents, or
surface active substances such as lysolecithin, polycations
and polyanions. The vaccine composition of the present
invention may be administered as an individual therapeutic
agent or in combination with another therapeutic agent, and
nay be co-administered either sequentially or
simultaneously with a conventional therapeutic agent. The
vaccine composition may be administered via  known
administration routes. Administration methods include, but
are not limited to, oral, intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, and intranasal

routes. Also, a pharmaceutical composition may be
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administered using a certain apparatus, which can deliver
an active material to target cells.

A better understanding of the present invention ray
be obtained through the fcllowing examples which are set
forth to illustrate, but are not to be construed as the

limit of the present invention.

EXAMPLES

Test Materials

A DNA miniprep kit and a kit used to extract DNA from
a gel were purchased from Nucleogen, Bacto trypton, Bacto
yeast extract, agar, etc. from Difco (Detroti, MI),
restriction ecnzymes from Takara, and T4 DNA ligase from
NEB. pBluescript II SK (Stratagene), PCR 2.1 (Invitrogen,
Carlsbad, CAR) and pQE30 (Qiagen) vectors and E. coli JM10%
and M15 strains (Qiagen) were used.

IPTG used to induce protein production was purchased
from Sigma, the Ni-NTA resin used to purlfy expressed
proteins from Novagen, and the prestained marker used in
SDS~PAGE, Western blotting, ECL, ets. from NEB. Urea used
to denature proteins was purchased from Duchefa, and
immidazole used in protein purification from USB. The
membrane used in dialysis was MWCO 3,500 purchased from

Spectrum, and the reagent used to prevent protein
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aggregation was CHAPS from Amresco. The antibody used in
ELISA was HRP-conjugated anti-rat IgG from Sigma. The
substrate solution used in Western blotting and ECL was
BCIP/NBT from Sigma, and the ECL Plus Western Blotting
Deteclion Reagent was purchased from Amersham. Adjuvants
used were Freund’s adjuvant (Sigma) and aluminum hydroxide
(Reheis). Protein concentration was determined by Pierce’s
BCA protein assay and Biorad’s Bradford assay.

Tryglycerides, total cholesterol, HDL cholesterol and
LDL cholesterol in the serum were measured using
triglyzyme-v, cholestezyme-v, HDL-C555 (Shinyang
Diagnostics, Korea) and EZ LDL cholesterol (Sigma),
respectively. An LDL calibrator (Randox) was used.

5-week-old male Sprague Dawley (SD) white rats were
purchased from Daehan Biolink Co. Ltd., Korea, and fed with
a feedstuff from Samtako Inc., Korea, which contains more
than 18% natural proteins, 5.3% crude fats, 4.5% crude
fiber and 8.0% ash.

The following buffers were used to purify recombinant
PBL4T and PBl, peptides: sonication disruption buffer (5 mM
imidazole, 0.5 M NaCl, 20 mM Tris-Cl, pH 7.9), binding
buffer (5 mM imidazole, 0.5 M NaCl, 20 mM Tris-Cl, 8 M
urea, pH 7.9), washing buffer (50 mM imidazole, 0.5 M NaCl,
20 mM Tris-Cl, 8 M urea, pH 7.9), and elution buffer (400

mM imidazole, 0.5 M NaCl, 20 mM Tris-Cl, 8 M urea, pH 7.9).
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EXAMPLE. 1: Preparation of an artificial gene for production

of anti-cbesity PBL,T peptide

A pBluescript II SK vector was digested with BamHI
and Xhol to cobtain a Bls fragment, and a PCR 2.1 vector was
digested with Sall and HindIII to obtain a T fragment.
Since Xhol and Sall have compatible cohesive ends, the Bly
and T fragments, obtained from the two vectors, were
ligated using T4 DNA ligase at 16°C for 12 hrs. Since the
ligated site is not digested by Sall or XhoI, SalIl/HindIII
digestion was carried out again to obtain a BI1,T fragment.
For protein expression, a pQE30 plasmid was selected as a
vector system, which is designed to express a protein of
interest in a form fused with six histidine residues to
facilitate protein purification. The B1,T gene fragment was
inserted into Sall/HindlIl sites of the pQE30 vector. The
resulting expression vector was designated “pBl,T” (FIG. 1).
The expression vector was transformed into E. coli JM109.
Plasmid DNA was isclated from the transformed cells and
subjected to restriction mapping with Sall and HindIII. As
a result, & 450 bp fragment was successfully inserted into
the pQE30 vector (FIG. 2).

The recombinant vector pBl4T was deposited in the
form of being transformed into E. coli (E. coli M15/pBl,T)
at the Korean Culture Center of Microorganisms (KCCM, 361-

221, Yurim B/D, Honje l-dong, Sudaemum-gu, Seoul, Republic
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of Korea) on March 4, 2004, and was assigned accession

number KCCM-10562.

EXAMPLE. 2: Preparation of an artificial gene for production

of anti-obesity PBly peptide

A pBluescript II SK vector was digested with Sall and
and XhoI to obtain a Bl; fragment. A pBX4 vector (pQE30
vector having a Bl, fragment insert, Korean Pat. Laid-cpen
Publication No. 2002-0018971) was linearlized by Sall
digestion, and ligated with the Bl, fragment using T4 DNA

ligase at 16°C overnight.

EX2AMPLE 3: Nucleotide sequence determination of gene

In order to confirm whether the B1,T gene fragment is

correctly inserted in the pBl,T rscombinant vector, the

recorbinant vector was prepared in a concentration of 300-

500 ng/pg and subjected to DNA sequencing, which was

performed by Core Bio System Co. Ltd., Korea. As a result,

the selected recombinant vector was founc to be a correct

clene (FIG. 3).

EXAMPIE. 4: Recombinant peptide PB1,T expression

The PB1,T and PBlg peptides were expressed from the
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pQE30 vector, which initiates protein expression from its
internal start codon along with six histidine residues for
convenience of protein purification, followed by an
enterokinase cleavage site. E. coli ML5 was used as a host
cell for peptide expression. The E. coli ML5 strain was
transformed with a recombinant vector and smeared onto LB
plates containing ampicillin (Amp) and kanamycin (Kan). An
emerged colony was cultured in 10 ml of LB medium
containing Amp (100 pug/ml) and Kan (25 pg/ml) overnight. In
order to 1investigate protein expression according to
culture time, 1 ml of the overnight-cultured culture was
inoculated in 50 ml of fresh LB medium. Then, the cells
were incubated with agitation at 37°C for 1 hr 30 min, where
OD at 600 nm was C.4 to 0.5. At this state, IPTG was added
to the medium at a final concentration of 1 mM, and the
cells were further cultured for 5 hrs, during which 1 ml of
the culture was collected every hour. Before IPTG addition,
1 ml of the culture was collected to be used as a non-
induced control. The ccllected samples were centrifuged at
14,00C rpm for 1 min. The cell pellets were dissolved in 30
pl of 2xSDS sample buffer and subjected to SDS-PAGE. The
results are given in FIGS. 4 and 5. The SDS-PAGE analysis

revealed that PB1,T is 16.2 kDa and PBlg is 16.5 kDa.

EXAMPIE 5: Western blotting for the recombinant peptide

PB1,T
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The PB1,T peptide was identified by size analysis
using SDS-PAGE, but in order to further confirm whether the
expressed protein is PBL4T, Western blotting was carried out
using two antibodies capable of recognizing PBL,T. 2As a
control in Western blotting for PBL,T, E. coli MI5 was
transformed with the pQE30 vector not containing the BI1,T
fragment. Samples were collected before IPTG induction and
three hours after IPTG induction. A rabbit anti-PBls
polyclonal antibody and a mouse anti-preS2 monoclonal
antibody were 1:10000 diluted in PBS and used as primary
antibodies. As secondary antibodies capable of recognizing
the primary antibodies, peroxidase-conjugated goat anti-
rabbit IgG and goat anti-mouse IgG were used after being
1:10000 diluted in PBS. A resulting blet was developed
using an ECL Plus Western Blotting Kit. The blot was placed
in a cassette, and a sheet of Fuji medical X-ray film was
placed onto the blot. The blot was exposed to the film: for
10 sec and developed. Since the rabbit anti-PBl,4 polyclonal
antibody recognizes a PBl, fragment of PBL,T and the mouse
anti-pre32 monoclonal antibody recognizes a T fragment of
PB14,T, bands should be cbhserved on both blots, which were
individually incubated with each of the primary antibodies,
when the PB1,T protein is correctly expressed. As shown in
FIG. 8, the primary antibodies individually recognized PBlg

and T of PBl,T, indicating that PBL4 T 1is correctly
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expressed.

EXAMPIE 6: Evaluation of expression form of PB1,T and PBlg

recombinant peptides in E. coli

In order to determine whether PBL1,T and PBlg were
expressed as soluble or insoluble proteins, the cells were
harvested three hours after IPTG induction by
centrifugation. The harvested cells were resuspended in
sonication buffer and sonicated. The resulting pellet and
supernatant were analyzed by SDS-PAGE. In detail, the cells
treated with TIPTG to induce protein expression were
centrifuged at 9,000 rpm at 4°C for 30 min. The pelleted
cells was frozen ab -20°C for a while, thawed on ice, and
resuspended in sonication disruption buffer (5 ml per 1 g
pellet). The cells were sonicated fifteen times for 30 sec
(each time with 1 min pause). The cell lysate was then
centrifuged at 39,000 rpm at 4°C for 30 min. The supernatant
was recovered, thus yielding a crude extract A containing
unprocessed soluble proteins. Also, the pellet was
recovered, thus giving a crude extract B containing
unprocessed inscluble proteins. The crude extracts A and B
were individually mixed with 2x SDS sample buffer, boiled
at 95°C for 5 min, and electrophoresed on an SDS-PAGZ gel.
The SDS-PAGE analysis revealed that the target proteins

were present mainly in the ©pellet rather than the
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supernatant, indicating that the PB1,T and PBlg proteins are

expressed in an insoluble form(FIGS 6 and 7).

EXAMPLE 7: Purification of PBl;, PBL;T and PBlg reccmbinant

peptides

Peptide purification was carried out using Ni-NTA
resin for histidine-tagged proteins. This purification is
an affinity chromatographic method using the interaction
between Ni* bound to the resin and the histidine hexamer at
a terminal end of a fusion protein. After transformed E.
coli cells were pre-cultured in 10 ml of LB medium
overnight, the 10-ml culture was inoculated in 500 ml of LB
medium and cultured at 37°C until OD at 600 nm reached 0.4
to 0.5. Then, 1 mM IPTG was added to the medium, and the
cells were further cultured for 4 hrs. The cells were
centrifuged at 9000 rpm for 30 min, and the cell pellet was
placed at -20°C. After the frozen cells were thawed on ice,
they were resuspended in sonication disruption bufier (5
ml/g of wet cells) and sonicated. The cell lysate was then
certrifuged at 9000 rpm at 4°C for 30 min. The pellet was
resuspended in a volume of binding buffer egual to that of
the supernatant, sonicated three times to remove cell
debris, and centrifuged at 9000 rpm at 4°C for 30 min. The
thts obtained supernatant was subjected to affinity

chromatography using Ni—NTA resin.
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A column was 1 cm in diameter and 15 cm in height and
was packed with 2 ml of a resin, and all of the steps were
carried out at a flow rate of 2 ml/min. After the resin was
packed into the column, the resin was washed with a three
to five column volume of distilled water, and the resin was
charged with Ni%?" using a five column volumn of 1x charge
buffer (50 mM NiSOs) and equilibrated with the binding
buffer, thereby generating a Ni-chelate affinity column.
After a sample was loacded onto the column twice, the column
was washed with the binding buffer until the absorbance at
280 nm reached a baseline of 1.0 and then with washing
buffer for 10 min. After +the column was completely
equilibrated, the column was eluted with elution buffer
containing a higher concentration of imidazole than the
washing buffer, thereby forming an imidazole gradient, and
the elution was run alone tarough the column for a futher
10 min to completely elute proteins bound to the resin. A
total of twenty 2-ml fractions were collected. Since the
eluted peptide was dissolved in 8 M urea, it was dialyzed
in PBS overnight to remove urea.

As described above, since each protein was highly
insoluble, it was purified after being denatured with a
buffer containing 8 M urea, and proteins bound to the resin
were sluted using an imidazole gradient of 50 mM to 400 mM.
The results are given in FIGS, 9, 20 and 11. Most proteins

were eluted at about 300 mM of imidazole. Protein yields

36

-39-




10

15

20

WO 2005/087800 PCT/KR2005/000784

per 1 L culture were 3-3.5 mg for PBlg and 4-4.5 mg for

PB1,T.

EXAMPIE 8: Quantification of PBl,, PB1,T and PBlg recombinant

peptides

When the eluted PB1,T, PBl, and PBlg peptides were
dialyzed in PBS, proteins were aggregated because urez was
removed, thus forming precipitates. In this stale, accurate
protein concentrations could not be measured. The
aggregation cf the purified proteins was solved using 50 mM
CHAPS. Protein concentrations were determined by a BCA
protein assay and a Bradford assay. 2 mg/ml of BSA was
serially diluted te 1000, 500, 250, 125 and 62.5 pg/ml, and
the serial BSA dilutions were used as standard. The BCA
assay was performed according to the protocel provided by
pPierce. The BCA protein color reaction was carried out at
37°C for 30 min, and absorbance was then measured at 562 nm.
Also, a sample was allowsd to react with e Bradford reagent
at room temperature for 10 min, and absorbance was then
measured at 595 nm. Standard curves were obtained using the
absorbance of serial dilutions of BSA or Bradford oprotein
color reactions, and protein concentrations of samples were

determined using the standard curves.

EXAMPLE 9: Construction of pTBl, vector for PTBIl, expression
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The pQE30 vector, transformed into E. coli M15, was
dotble-digested with KpnI (Takara) and SalI(Takara) to
excise a T cassette (preS2). A pBluescript plasmid wes also
treated with the same restriction enzymes. The excised T
cassette and linearlized pBluescript were separated on a
gel, purified, and ligated with each other using T4 DNA
ligase. 4 pl of pBluescript, 4 pl of T cassette, 1 pl of T4
DNA ligase (MBI Fermentas, 1 Weiss u/ml) and 1 pl of 10x
buffer (MBI Fermentas) were mixed in a 1.5-ml tube, and the
ligation mixture was incubated at 16°C overnight. The
recombined vector was then mixed with JML09 competent
cells, heat-shocked at 42°C for 90 sec, and incubated in LB
medium at 37°C for 1 hr. Then, the transformed cells were
smeared onto TR/Amp plates and incubated at 37°C. Several
colonies were randomly selected from the emerged colonies
and cultured. Plasmid DNA was then disolated from the
cultured cells, digested with restriction enzymes, and
electrophoresed on an agarose gel to analyze the size of
DNA fragments. An Xhol site in the T cassette was removed
to obtain a TBy cassette. That is, since the T cassette
(HBV preS32 gene, 183 bp) could not be used in cloning due
to the Xhol site near its 3'-end (about 150 bp apart from
the 5'-end of the T cassette), the T cassette was point-
mutated at the internal Xhol site and thus had a new

sequence. A short DNA fragment (30 bp) was excised from
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pBluescript-preSZ due to the internal Xhol site of the T
cassette. Synthetic oligomers were inserted into this
position. To prevent self-ligation, the vector was treated
with alkaline phosphatase (Boehringer Mannheim, GmbH,
Germany) at 37°C for 30 min, dephosphorylated at 95°C for 5
min, and eluted from a gel. The oligomers were
phosphorylated at thelr S-ends by treatment with
polynucleotide kinase at 37°C for 30 min and 6&5°C for 20
min. Then, the vector and the oligomers were allowed to
stand at 95°C for 5 min, and were slowly cooled in a heat
block to be annealed. The oligomers and pBluescript-T were
then trcated with ligase at 16°C overnight. The recombined
pBluescript-T was transformed intc JM109 cells and smeared
onto LB/Amp plates. After plasmid DNA was dsolated from
emerged colonies and analyzed, a clone carrying a desired
plasmid was obtained. The oligomers consisted of 28
nucleotides corresponding to preS2, in which the fifth
nucleotide, G, at the 5-end of a sense-strand was replaced
with A to remove Xhol site, thereby having a lysine
substitution for arginine. Sense and anti-sense strands,
each of which was designed to be 28 mer, were annealed and
inserted into the XhoI-treated pBluescript-preS2. After the
pBluescript-T was double-digested with Sall and XheI and
pOE30-B; was digested with Sall, they were purified from
gels. The obtained T was inserted into the pQE30-B; cleaved

at its 5-end, thereby generating pQE30-pTBs. The recombined

39

-42-




10

20

WO 2005/087800 PCT/KR2005/000784

TB; was confirmed by restriction mapping with Sall and
HindIII. The thus obtained vector was designated pTBl.

(FIG. 13).

EXAMPLE 10: Expression and purification of PTBly

The expression vector pTBls was introduced into E.
coli M15, and the transformed cells were cultured in 2 L of
IB medium containing Amp and Kan. The cultured cells were
centrifuged at 7000 rpm for 10 min, thus yielding 9 g of
wet cells. Since the recombinantly expressed hybrid
polypeptide PTBy had a His-tag, it was subﬁected to affinity
chromatography using an Ni-NTA His-bound resin. A column
used was 4 ml in resin volume, 1.8 cm in diameter and 8 cm
in height. The absorbance range of an Econo system was 0.5,
the paper speed of a recorder was 2 cm/hr, anc the sample
loading rate was 2 ml/min. First, the wet cells were
suspended in sonication buffer, sonicated and centrifuged
at 10,000 rpm at 4°C for 30 min. The pellet was dissolved
in binding buffer and subjected te affinity chromatography.
A binding sclution flowed through the column to settle a
resin. When a baseline was decided using a detector and a
predetermined value was indicated, the sonicated sample was
loaded onto the column. When the sample entered into the
column and a predetermired value was indicated, a washing

solution was run through the colurn. When a predetermined
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value was indicated, an elutiom» solution was run through
the column, thereby isolating PTBl,. The expressed and
purified hybrid polypeptide wes analyzed by SDS-PAGE and
Western blotting. The PTBl, separated on an SDS-PAGE gel
was transferred onto a membrane by semi-dry transfer. The
blot was incubated in blockding buffer (0.5% casein-
phosphate buffered saline-Tween, 0.02% NaNs;) at 37°C for 2
hrs, and washed with Tris-buffexed saline-Tween (TBS-T, pH
7.6) twice for 2 min each washing. Then, the blot was
incubated in a primary antibody at 37°C for 1 hr and washed
with TBS-T four times for 5 mim each time. The blot was
incubated in a secondary antikbody for 1 hr and washed
according to the same method. To identify the T cassette,
an anti-preS2 monoclonal antibody (1:10,000) and an HRP-
conjugeted goat anti-mouse IgG antibody (1:10,000) were
used. A B cassette was detected using a rabbit anti-PB1,
anti-serum (1:10,000) and an HRP-conjugated goat anti-
rabbit IgG antibody (1:10,000). After being dried, the blot
was treated with ECL reagents fox £ min to detect bands. As
a result, in the B cassette, wlaich was detected using the
rabbit anti-PBl; anti-serum and the HRP-conjugated goat
anti-rabbit IgG antibody, an about 16-kDa band was found in
FB1,T and PTBl, samples. In the T cassette, which was
detected using the anti-preS2 monocclonal antibody and the
HRP-conjugated goat anti-mouse IgG antibody, a band of

about 8 kDa was found in the PBl; sample, and a band of
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about 16 kDa band was found in PBIL,T and PTBl, samples.
These results indicate that each hybrid polypeptide was

accurately expressed and purified (FIG. 13).

EXAMPLE 11: Conjugation of PBl; and ovalbumin

PBl, was conjugated with a carrier protein,
ovalbumin. The carrier protein and PBl, were mixed at a
molar ratio of about 1:10, and allowed to react with
agitation at 4°C for about 1 hr in a reaction vial. After
the reaction nixture was supplemented with 2%
glutaraldehyde, it was allowed to react for 3 hrs. The
reaction mixture was then dialyzed wusing a dialysis
membrane, MWCO 3,000, in PBS buffer overnight to remove

remaining glutaraldehyde.

EXAMPLE 12: Vaceination (Immunization)

7-week-old SD white rats were divided into six groups
and vaccinated (Table 1). As described in Table 1, 100 pg
of each peptide, purified and quantified in Examples 7 and
10, was mixed with each adjuvant to give a final volume of
100 pl, and intraperitoneally injected into the rats.
Injection was carried out three times at 2-week intervals,
that is, at 7, 9 and 11 weeks of age. Freund’s adjuvant and

aluminum hydroxide were as adjuvants. The Freund’s adjuvant
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was used in the same amount as the peptide. Aluminum
hydroxide of 5.8 mg/ml was adjusted to a final
concentration of 0.2 mg/ml, mixed with each peptide, and
incubated with agitation at room temperature. Blood samples
were collected five days after the first boosting and five

days, two weeks and four weeks after the second beoosting.

TABLE 1

Vaccination with peptides

Test groups
Nommal Maock 3 B G D E
Antigen | EBS OVE. FBL, "0 PRL,T PR, " PBly PTEl,
Adjuvant Aluminum | Freund's | Freund’s |Aluminum | Aluminum | Freund’s
hydroxide | adjuvent | adjuvant | hydroxide | hydroxide | adjuvant
or or or
aluminum ; aluminum aluminum
hydroxide | hydroxide hydroxide

Changes in body weight of SD rats after vaccination
were plotted on a graph (FIG. 15). From the primary
injection to boosting (secondary injection), rats of each
grcup showed similar body weight ranging from 292 g to 297
g. However, from one week after the secondary injection, a
difference in body weight of rats was observed between
vaccinated groups and normal and mock groups. At 18 weeks
of age, compared to the mock groups, the PBls—vaccinated
group showed a difference of 16 g in body weight, and the
PBl,T-vaccinated group displayed a difference of 27 g in
body weight (Table 2). This indicates that the weak immune

responses induced by the primary injection were enhanced
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after boosting by the secondary injection, that and the
enhanced immune responses lead to the suppression of body
welght increment of rats. This difference in body weight

increment was maintained even after the third injection.

TABLE 2

Changes in body weight of SD rats after vaccination

Age (wk) | Normal [ Mock PR1," | PB1,T [ PTB1,

6 13040 | 13040 | 13040 | 13040 | 1300
7y 20040 [ 19316 | 20244 | 20244 | 20136
8 25346 [ 25746 | 25449 | 254+11 | 252+5
%z 20248 | 29946 [ 297413 | 303+56 | 30048
10 32548 | 32844 | 323412 | 332+7 | 332+#4

11w 35446 | 36243 [ 357414 | 362110 | 35948
12 372415 | 37648 [ 365411 | 362+13 | 363+13
13 395%12 | 396112 | 383410 | 37713 | 379415
14 407414 | 40748 | 39548 | 391x12 | 396410
15 413X16 | 41419 | 403411 { 397210 | 40110
16 422418 | 424410 | 414413 | 406=10 | 412410
17 436422 | 435411 | 425414 | 41529 | 42049
18 456124 | 152411 | 436412 | 42529 | 433411

In Table 2, all data are represented as meantSD,
wherein SD (standard deviation) was calculated for five SD

white rats, and units are grams.
EXAMPLE 13: Measurement of antibody titers

Antibody titers were measured using serum samples by

indirect ELISA. 100 pl (100 ng) cf PBl; was placed into

each well of a microtiter plate. The plate was ircubated at
4°C overnight, and incubated in a blocking solution (PBS,

0.5% casein, 0.02% NalNi) at 37°C for 1 hr. Fach well was
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washed with PBST three times. Serum samples collected from
vaccinated SD rats were 1:500 to 1:8000 diluted in PBS. 100
pl cof sach diluted serum sample was added to each well, and
incubated at 37°C for 1 hr. Each well was washed with PBST
three times and incubated with a 1:1000 dilution of goat
anti-rat 1IgG as a secondary antibody. The plate was
subjected to color develcpment with OPD, and absorbance was
measured at 450 nm.

FIG. 16 shows the antibody titers of SD rats of
vaccinated groups at 10, 12, 14 and 16 weeks of age. Titers
were determined by ELISA based on the absorbance value of
0.6 when each serum sample was 1:2000 diluted. When the
serun sample was diluted at 1:500 to 1:8000, the groups
injected with PBl,, PBI1,T and PTBl; showed increased
antibody titers until 14 weeks of age. The PBIl,T-immunized
group displayed 1.5-fold higher 0.D. values than the PBls,-
immunized group, and the PTBl;-immunized group showed a
slight increase compared to the PBly; group. At 16 weeks of
age, the PBl,; group showed a reduction in antibody titer,
and the PB1,T and PTBl; groups maintained the increase of
antibody titers. However, PTBl; was found to have a
remarkably weak effect in increasing antibody titers by

about 50-60% compared to PBI14T.

EXAMPLE 14: Evaluation of serum lipid profiles
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TG and cholesterol levels werse measured as follows. 4
pl of a serum sample were mixed with 200 pi of a
development reagent and incubated at 37°C £or 5 min, and
absorbance was then measured at 505 nm amd 500nm. To
measture HDL levels, a serum sample was mixed with a
precipitation reagent at a ratio of 1:1, allowed to stand
at room temperature for 10 min, and centri fuged at over
3000 rpm for 10 min. 4 pl of the centrifugal supernatantc
was mixed with 200 pl of a development reagent and
incubated at 37°C for 5 min, and abscrbance was then
measured at 555 nm. IDL-cholesterol levels were measured
using an EZ IDL cholesterol kit (Sigma) and an LDL
calibrator (Randox). According to the protocol supplied by
the manufacturer, 4 pl of a serum sample was mixed with
1,150 pl of a reagent contained in the kit, incubated at
37°C for 5 min, supplemented with 250 pl oFf the reagent,
and incubated again at 37°C for 5 min. Then, absorbance
was measured at 600 nm. Serum levels of each lipid were
determined using measured absorbance and a standard curve
was obtained using standard solutions.
The test results for lipid profiles in serum samples
collected five weeks after the third injectiom into SD rats

are given in Table 3, below.

TABLE 3

Serum lipid profiles

46

-49-




10

15

20

WO 2005/087800 PCT/KR2005/000784

G HDL-cholesterol| Total cholesterol| LDL-cholesterol
Normal] 102.3%5.€  51.512.7 110.246.5 47.7%9.5
Mock | 98.045.9| 54.6%7.8 104.143.9 42.9%9.1
P31, 92.5%4.5 41.744.3 94.647.1 34.844.0
P3L,T | 90.3%6.2 43.0%2.5 97.642.3 33.044.3

In Table 3, all data are represented as meantSD,
wherein SD (standard deviation) was calculated for five SD
white rats, and units are mg/dl.

The normal and mock groups displayed levels of TG and
cholesterol about 10 mg/ml (10 mg/100 ml) higher than the
vaccinated groups. When the vaccinated groups were compared
with each other, higher levels of TG and LDL-cholestercl
were found in the PBls-vaccinated group bult the difference

was negligible (FIG. 17).

EXAMPLE 15: Clinical test with pet dog subjects

PB1,T was mixed with alumina as an adjuvant. 0.5 ml
of the mixture (2 mg/ml) was intramuscularly or
subcutaneously injected into ten pet dogs (menaged with an
obesity treatment in an animal hospital in Ansan, Korea)
twice at 2-week intervals. Changes in body weight of the
dogs were observed for & period of 1.5 to 3 months. 2As a
result, an antibody was slowly reduced (half-life: three
months), and no increase in body weight was found in the
pet dogs even when the dogs were allow to freely eat snacks

and high-fat foods. In detail, the body weight increment
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was suppressed in all of the ten pet dogs even when the
dogs digested snacks and high calorie foods. In partzicular,
Yorkshire Terriers did not increase body weight when
injected with PBL,T even in the situation in which tlhe body
weight of the dog was predicted to increase accorcing to
the dog’s sex and zge.

In addition, serum samples were collected frrom the
immunized pet dogs to assess the induction degxee of
antibody responses. One week after the secondary injection,
serum titers of an antibody to PBl4T and PBl; were measured
by ELISA. A high absorbance of 0.5 was found even when the
serum samples were diluted 5,000-50,000 times, inddcating
that the PB1,T peptide has an excellent effect on the

induction of antibody respensecs.

TABLE 4

Changes in body weight after vaccination

2 Bedy weight (kg) for the
Species Sex ('égaj“) test period (wk) Di et
¥ 0 [ 4 8 1
Skin Tzu | F 4.4 | 55| 52|55 5.3/ 53| Bleb
calorie
Maltese F 8 4.3 4.0 4.2 Noxrmal
Poodle F 7.4 | &7 47 a5 Low—
calor-ie
Poodle £ 6.1 | <5 4.5 4.4 Low—
calorie
Yorkshire |, 4 5.9 | 5.6 | 5.6 Noxmal
Terrier
vorkshire | o 15 8.7 ] 8.8 | 8.5 fligh -
Terrier calorie
vorkshire | o 5.7 | 3.8 3.8 | 3.7 High -
Terrier calor-ie
Yorkshire | 5.1 | 2.8 | 4.8 | 4.7 Noxrmal
Terrier

48

-51-




17 Jan 2008

2005222019

10

15

20

-49-

Yorkshire M 25 33 34 33 High-
Terrier calorie
Miniature M 5.1 3.6 3.5 35 High-
Pinsher calorie
Miniutre F 14 7.2 7.0 7.0 Normal
Schunauzer

Industrial Applicability

As described hereinbefore, the hybrid polypeptide of the present invention, in which a C-
terminus of a mi_metic peptide of a B cell epitope of apo B-100 having an anti-obesity
effect is fused to an N-terminus of a helper H cell epitope, displays an excellent anti-
obesity activity without inducing immune responses that neutralize beneficial activities or
effects of the B cell epitope of apolipoprotein B-100 or without causing harmful side

effects. Therefore, the hybrid polypeptide is very useful in preventing or treating obesity.

Throughout the specification and claims, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any

other integer or group of integers.

Each document, reference, patent application or patent cited in this text is expressly
incorporated herein in their entirety by reference, which means that it should be read and
considered by the reader as part of this text. That the document, reference, patent
application or patent cited in this text is not repeated in this text is merely for reasons of

conciseness.

Reference to cited material or information contained in the text should not be understood
as a concession that the material or information was part of the common general

knowledge or was known in Australia or any other country.
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Claims

1. An immunogenic hybrid polypeptide, in which a C-
terminus of a peptide comprising an amino acid sequence
selected from SEQ ID Nos. 1, 2 and 3 is fused to an N-

5 terminus of a helper T cell epitope.

2. The polypeptide according to claim 1, wherein the
peptide 1is prepared by linking two to eight copies of the

amino acid sequence selected from SEQ ID Nos. 1, 2 and 3.

3. The polypeptide according to claim 2, wherein the
10 peptide 1s prepared by linking four copies of the amino

acid sequence selected from SEQ ID Nos. 1, 2 and 3.

4, The polypeptide according to claim 3, wherein the
peptide is prepared by linking four copies of the amino

acid sequence of SEQ ID No. 1.
15 5. The polypeptide according Lo claim 4, wherein the
peptide is a polypeptide having an amino acid sequence of
SEQ ID No. 5.
6. The polypeptide according to claim 1, wherein the

helper T cell epitope is selected from the group consisting

20 of hepatitis B surface antigen helper T cell epitopes,
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Chlamydia trachomitis major outer membrane protein helper T
cell epitopes, Plasmodium falciparum clrcumsporozoite
helper T cell epitopes, Escherichia coli TraT helper T cell
epilopes, Tetanus toxoid helper T cell epitopes, diphtheria
toxoid helper T cell epitopes, Schistosoma mansoni triose
phosphate isomerase helper T cell epitopes, measles virus F
protein helper T cell epitopes, and rabies virus helper T

cell epitopes.

7. The polypeptide according to claim 6, wherein the
T cell epitope is a helper T cell epitope of the hepatitis
B surface antigen.

8. The polypeptide according to claim 7, wherein the
T cell epitope is a preS2 helper T cell cpitope of the

hepatitis B surface antigen.

9. The polypeptide according to claim 8, wherein the

T cell epitope has an amino acid sequence of SEQ ID No. 7.

10. The polypeptide according to claim 1, which has

an amino acid sequence of SEQ ID No. 9.

11. A vaccine for preventing or treating obesity,

comprising the polypeptide of any one of claims 1 to 10.
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12. A recombinant vector comprising a gene encoding the polypeptide of any one of

claims 1 to 10.
13. The recombinant vector according to claim 12, which is pBI4T (KCCM-10562).

14. A host cell transformed with the recombinant vector of claim 12.

15. A method of preparing the polypeptide of claim 1 by culturing the host transformed

with the recombinant vector cell of claim 12.

16. An immunogenic hybrid polypeptide according to claim 1 as herein before described

with reference to the examples.

17. Use of the immunogenic hybrid polypeptide according to claim 1 in the manufacture

of a medicament for the treatment or prevention of obesity.
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211

Start: 61 His B
Wet aig Oly S His His Hie  His Kia Mig 3l S Mp A fw K dys Ko Vel s
ATG AGA GBA TCG CAT CAC CAT CAG AT CAC GGA TCC GAT GAT GAT GAG AMG ATC 67C G0

#rg Asn Wal Pro Fre He P fsn jeo W Wi Trp e Ale P Lo dep Arg ks Vel
COT AAT GTT CGT GCT ATC TTG AAT BAT GIT TAT TGG ATT GCA TIC CTC GAC 0BT ANT GTT

Pro Py Lts e Asn fsp Val Tyr Tep lle Ale Pe km dp dp Asn Wl Fro Pro e
GCT OGT ATC TTG AAT GAT GITT 'TAT TGE ATT GCA TIC CFG GAC OGT AAT GIT CCT CGT ATC

i

Fie dsn by Vel Tyr Trp e Ma o P lsu Awp Ag fan Vil Fro Pro dte Pre  fap fen
TTG ART GAT GTT TAT TGS ATT GCA TTG CTC GAG CGT AAT GTT CCT CCT ATC TTC AAT GAT

Wl T e M Mhe Lm A &0 O Tp A S T Tu fe M G Ma te
GTT TAT TGB ATT 6CA TIC CTC GAG AT6 GAR TGB AC TG ACC AGA TTC CAG CAA GOT GT6

lou fap Pro Arg Vol Arg 8ly tew Tyr Pw Pro Ala Gly 81y S Si Ser Gly T val
CTA GAT GCC AGA GTG AGG GGG CTA TAT TTT CCT GCT GGT GGC TCC AGT TOC GGA AGA GTA

An o Pre o ¥al Bo T T Ale Ser fe le S S Me Me S Arg Tor Bly Mp Poo
MC COT 67T COG AGT ACT GCC TCA CCG ATA TCG FOA ARG TTG TCG ABG ACT GBG GAC COT

M Pro Aen len Gl Arg St Stop
GCA CCG ARG GTC GAG GGG TCA TAA GGG A& TTC GAG CAD AGT GOC GGO QGT TAC JAG The

ATC CO4 GOT 08 TAC CAf 60T
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I

14

Met Ag Gy Ser His Fis Hs Hs Hs Fs QGly Ser Asp Asp Asp Asp

ATG AGA GGA TCG CAT CAC CAT CAC CAT GAC GGA TCC GAT GAT GAT GAC
His tag

lys le Vval Asp Met Gin Tmp Asn Ser Thr Thr Phe His Gn Aa Leu

AAG ATC GTC GAC ATG CAG TGG AACTCC ACC ACA TTC CAC CAA GCT CTG
L preS2

lau Asp Pc Ag Val Arg Gy Leu Tyr Phe Pro Ala Gy Gy Ser Ser

CTA GAT COC AGA GTG AGG GGC CTA TAT TTT CCT GCT GGT GGC TCC AGT

Ser Gy Thr val Asn Po Va Pm Thr Thr Ala Ser Fro lle Ser
TCC GGA ACA GTA AAC CCT GTT COG ACT ACT GCC TCA CCC ATA TCG

Ser lle Phe Ser Lys Thy Gy Asp Pio Ala Pro Asn leu Asp Ay
TCA ATC TTC TCG AAG ACT GGG GAC CCT GCA CCG AAC CTC GAC CGT
preS2 4 linker &
Asn val Pro Pro lle Phe Asn Asp Vel Twr Tp le Ala Phe Leu
AAT GTT CCT CCT ATC TTC AAT GAT GIT TAT TGG ATT GCATIC CTC
2=l 4 linker
Asp Alg Asn Val Po Po lle Phe Asn Asp Val Tyt T lle Al
GAC CGT AAT GTT CCT CCT ATC TTC AAT GAT GTT_TAT TGG ATT GCA
b PBI
Fhe leu Asp Arg Asn Vel Pro P lle PheAsn Asp Vel Tyr Tm
TTC CTC GAC CGT AAT GTT CCT CCT ATC TICAAT GAT GTT TATTGG
o lnker b P81
le Ala Phe Lleu Asp Arg Asn Val Pro FPro le  PheAsn Asp Vel
ATT GCA TTC CTC GAC CGI AAT GTT CCT CCTATC TTC AAT GAT GTT
4 linker b FBi
T T le Aa Phe Stop
TAT TGG ATT GCA TTC TAA
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Sequence Listing

<110>  SJBIOMED INC.

<120>  Anti~obese immunogenic hybrid polypeptides and anti-obese vaccine

composition comprising the same
<160> 9
<170>  Kopatentln 1.71
210> 1
211> 16
<Z12> PRT

<213>  Artificial Sequence

<220>
<223>  mimetic peptide for apolipoprotein B-100 epitope

<400> 1

Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe
1 5 10 15

<L10> 2

211> 15

<212> PRT

<213>  Artificial Sequence
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<220>
<223>  mimetic peptide for apolipoprotein B-100 epitope

400> 2

Arg Phe Arg Gly Leu lle Ser Leu Ser Gln Val Tyr Leu Asp Pro
1 5 10 15

210> 3

211> 15

<212> PRT

213>  Artificial Sequence

220>
<223>  mimetic peptide for apolipoprotein B-100 epitope

400> 3

Ser Val Cys Gly Cys Pro Val Gly His His Asp Val Val Gly Leu
1 5 - 10 15

210> 4

211> 204

<212> DNA

<213>  Artificial Sequence

<220>

<223>  DNA sequence for terameric mimetic peptide

[y}
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<220>
<221> CDS
<222>  (1).(204)

400> 4
gtc gac cgt aat gtt cct cct ate tte aat gat gtt tat tgg att gca 48
Val Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala

1 5 10 15

tte ctc gac cgt aat gtt cct cct ate ttc aat gat gtt tat tgg att 96
Phe Leu Asp Arg Asn Val Pro Pro Ile Phe Asn Asp Val Tyr Trp Ile
20 25 30

gca tte cte gac cgt aat gtt cot cct ate tic aat gat git tat teg 144
Ala Phe Leu Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp
35 40 45

att gea tte cte gac cgt aat gtt cct ect ate tte aat gat git tat 192
Ile Ala Phe Leu Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr
50 1S) 60

tgg att gea ttc 204

Trp lle Ala Phe

65

210> 3
<211> 68
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<212> PRT

<213> Artificial Sequence

<400> 5

Val Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala
1 5 10 15

Phe Leu Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle
20 25 30

Ala Phe Leu Asp Arg Asn Val Pro Pro llc Phe Asn Asp Val Tyr Trp
35 40 45

lle Ala Phe Leu Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr
50 55 60

Trp lle Ala Phe
65

210> 6

<L2l1> 180

<212> DNA

<213>  Ilepatitis B virus

<220>

221> (DS

222> (.77

<223>  Hepatitis B virus preS2
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<220>
<221>  terminator
<222>  (178).(180)

<400> 6
atg cag tgg aac tce acce aca tic cac caa get ctg cta gat cec aga 48
Met GIn Trp Asn Ser Thr Thr Phe His Gln Ala Leu Leu Asp Pro Arg

1 5 10 15

otg agg ggc cta tat ttt cct get got gge tee agt tee gra aca gta 96
Val Arg Gly Leu Tyr Phe Pro Ala Gly Gly Ser Ser Ser Gly Thr Val
20 25 30

aac cct git ccg act act gee tea cec ata teg tea ate te teg agg 144
Asn Pro Val Pro Thr Thr Ala Ser Pro Ile Ser Ser lle Phe Ser Arg
35 40 45

act ggg gac cct gea ccg aac cte gag cgg tea taa 180
Thr Gly Asp Pro Ala Pro Asn Leu Glu Arg Ser
50 35

210> 7

<211> 59

<212> PRT

<213> Hepatitis B virus

<400> 7
Met GIn Trp Asn Ser Thr Thr Phe His Gln Ala Leu Leu Asp Pro Arg
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1 5 10 15

Val Arg Gly Leu Tyr Phe Pro Ala Gly Gly Ser Ser Ser Gly Thr Val
20 25 30

Asn Pro Val Pro Thr Thr Ala Ser Pro lle Ser Ser lle Phe Ser Arg
35 40 45

Thr Gly Asp Pro Ala Pro Asn Leu Glu Arg Ser

50 55
210> 8
211> 444
<212> DNA

<213>  Artificial Sequence
220>

<223>  DNA sequence for hybride polypeptide

<220>
221> CDS
<222> (1).(44D1

220>
<221>  terminator

<222>  (441)..(444)

400> 8

73-
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atg aga gga tcg cat cac cat cac cat cac gga tee gat gat gat gac 48
Met Arg Gly Ser His His His His His His Gly Ser Asp Asp Asp Asp
1 5 10 15
aag atc gtc gac cgt aat git cct cct ate ttc aat gat git tat tgg 96
Lys lle Val Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp
20 25 30
att gea tte ctc gac cgt aat git cel cct atc ttc aat gat gtt tat 144
lle Ale Phe Leu Asp Arg Asn Val Pro Pro Ile Phe Asn Asp Val Tyr
35 40 45
tgg att gea tic cte gac cgt aat git cot cct atc ttc aat gat git 192
Trp lle Ala Phe Leu Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val
50 55 60

tat tgg att gea tte cte gac cgt aat gtt cct et ate tic aat gat 240
Tyr Trp lle Ala Phe Leu Asp Arg Asn Val Pro Pro Ile Phe Asn Asp

85 70 75 80
gtt tat tgg att gea tte ctc gac atg cag tgg aac tcc acc aca tie 288
Val Tyr Trp lle Ala Phe Leu Asp Met Gin Trp Asn Ser Thr Thr Phe

85 90 95
cac caa gct ctg cta gat ccc aga gig agg gge cta tat ttt cct gel 336
His Gln Ala Leu Leu Asp Pro Arg Val Arg Gly Leu Tyr Phe Pro Ala
100 105 110

g8t ggc tee agt tee gga aca gta aac cct gtt ceg act act gec tea 384

Gly Gly Ser Ser Ser Gly Thr Val Asn Pro Val Pro Thr Thr Ala Ser
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115 120 125

cce ata teg tea ate ttc teg agg act ggg gac cct gea ceg aac cte 432
Pro Ile Ser Ser Ile Phe Ser Arg Thr Gly Asp Pro Ala Pro Asn Leu
130 136 140

gag cgg tca taa 444
Glu Arg Ser
145

<210> 9

211> 147

<212> PRT

<213> Artificial Sequence

<400> 9
Met Arg Gly Ser His His His His His His Gly Ser Asp Asp Asp Asp
1 5 10 15

Lys Ile Val Asp Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp
20 25 30

lie Ala Phe Leu Asp Arg Asn Val Pro Pro Ile Phe Asn Asp Val Tyr
35 40 45

Trp lle Ala Phe Leu Asp Arg Asn Val Pro Pro Ile Phe Asn Asp Val
50 55 60

Tyr Trp lle Ala Phe Leu Asp Arg Asn Val Pro Pro lle Phe Asn Asp

-75-




WO 2005/087800 PCT/KR2005/000784

10

15

20

0o
i

30

65 70 75 80

Val Tyr Trp lle Ala Phe Leu Asp Met Gln Trp Asn Ser Thr Thr Phe
85 90 95

His Gln Ala Leu Leu Asp Pro Arg Val Arg Gly Leu Tyr Phe Pro Ala
100 105 110

Gly Gly Ser Ser Ser Gly Thr Val Asn Pro Val Pro Thr Thr Ala Ser
115 120 125

Pro lle Ser Ser lle Phe Ser Arg Thr Gly Asp Pro Ala Pro Asn Leu
130 135 140

Glu Arg Ser
145

210> 10

Q211> 432

<212> DNA

<213>  Artificial Sequence

<220>

223>  DNA sequence for PTBI4

<220>
<221> CDS
222>  (1).(429)
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<400> 10
atg aga gga tcg cat cac cat cac cat cac gga tce gat gat gat gac 48
Met Arg Gly Ser His His His His His His Gly Ser Asp Asp Asp Asp

1 5 10 15

aag atc gtc gac atg cag tgg 2ac tee ace aca tic cac caa get ctg 96
Lys Ile Val Asp Met GIn Trp Asn Ser Thr Thr Phe His GIn Ala Leu
20 25 30

cta gat ccc aga gtg agg gge cta tat tit cct get ggt goe tee agt 144
Leu Asp Pro Arg Val Arg Gly Leu Tyr Phe Pro Ala Gly Gly Ser Ser
35 40 45

tce gga aca gta aac cct gtt ceg act act gee tea coc ata teg tea 192
Ser Gly Thr Val Asn Pro Val Pro Thr Thr Ala Ser Pro lle Ser Ser
50 55 60

atc ttc tcg aag act ggg gac cct gea ccg aac cte gac cgt aat git 240
Ile Phe Ser Lys Thr Gly Asp Pro Ala Pro Asn Leu Asp Arg Asn Val
65 70 75 80

cct cct ate tic aat gat gtt tat tgg att gea ttc cte gac cgt aat 288
Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe Leu Asp Arg Asn

85 90 95
gtt cct cct ate ttc aat gat gtt tat tgg att gea tte cte gac cgt 336

Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe Leu Asp Arg
100 105 110

10
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aat git cct cct atc tte aat gat gtt tat tgg att gea tic ctc gac 384
Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe Leu Asp
115 120 125

cgt aat gtt cct cct ate tic aat gat git tat tgg att gea tic t 430
Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp Ile Ala Phe
130 135 140

aa 432

<210> 11

211> 143

<212> PRT

213> Artificial Sequence

<400> 11
Met Arg Gly Ser His His His His His His Gly Ser Asp Asp Asp Asp
1 5 10 15

Lys Ile Val Asp Met Gln Trp Asn Ser Thr Thr Phe His Gln Ala Leu
20 25 30

Leu Asp Pro Arg Val Arg Gly Leu Tyr Phe Pro Ala Gly Gly Ser Ser
35 40 45

Ser Gly Thr Val Asn Pro Val Pro Thr Thr Ala Ser Pro lle Ser Ser
50 55 60

lle Phe Ser Lys Thr Gly Asp Pro Ala Pro Asn Leu Asp Arg Asn Val

11

-78-




10

15

WO 2005/087800 PCT/KR2005/000784

65 70 75 80

Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe Leu Asp Arg Asn
85 90 95

Val Pro Pro Ile Phe Asn Asp Val Tyr Trp lle Ala Phe Leu Asp Arg
100 105 110

Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe Leu Asp
115 120 125

Arg Asn Val Pro Pro lle Phe Asn Asp Val Tyr Trp lle Ala Phe
130 135 140

12
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