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DESCRIPTION

Malaria vaccine

TECHNICAL FIELD
[0001] The present invention relates to a particle
comprising a polypeptide and at least one malaria antigen,
and a composition or vaccine comprising thereof, its use in
medicine, particularly in the prevention or treatment of

malaria.

BACKGROUND

[0002] Malaria is one of the world’s‘most prevalent
serious infectious diseaées, with approximately 250 million
cases and 1 million deaths per year (WHO,; 2009). Mortality
is primarily in children under the age of’five and in
pregnant women. Every 45 seconds, an African child dies of
malaria. The disease is transmitted from person to person
by infected mosquitoes, so past eradication efforts
involved massive insecticide campaigns. These were
successful in the Southeast U.S. for example, but failed in
most poorly developed tropical countries. Current efforts
involve distribution of bednets, particularly bednets
impregnated with insecticide, to prevenf mosguito bites at
night. However, resistance to insecticides and to anti-

malarial drugs for both prevention and treatment is rapidly
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rising. Thus, the need for a malaria vaccine is imperative

for protection of millions of people from disease

(http://www.globalvaccines.org/content/malaria+vaccine+prog

ram/19614) .

[0003] Malaria caused by Plasmodium falciparum remains a
major public health threat, especially among children and‘
pregnant women in Africa. An effective malaria vaccine
would be a valuable tool to reduce the disease burden and
could contribute to elimination of malaria in some regions
of the world. Current malaria vaccine candidates are
directed against human and mosquito stages of the parasite
life cycle, but thus far, relatively few proteins have been

studied for potential vaccine development.

»[0004] The most advanced vaccine candidate, RTS, S,

conferred partial protection against malaria in phase II
clinical trials and is currently being evaluated in a phase
IITI trial in Africa. (The Journal of Clinical Investigation

120(12) 4168-4178, 2010).

[0005] The CSP is the predominant surface antigen on
sporozoites. CSP is composed of an N-terminal region that
binds heparin sulfate proteoglycans>(RI), a central region
containing a four-amino-acid (NPNA) repeat, and a GPI-

anchored C-terminal region containing a thrombospondin-like
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domain (RII). The region of the CSP included in the RTS,S
vaccine includes the last 16 NPNA repeats and thé entire
flanking C-terminus. HBsAg particles serve as the matrix
carrier for RTS,S8, 25% of which is fused to the CSP segment
(The Journal of Clinical Investigation 120(12) 4168-4178,

2010) .

[0006] In a series‘of phase II clinical trials for RTS,S,
30%-50% of malaria-naive adults immunized with RTS,S were
protected against challenge by mosquitoes infected with the
homologous P. falciparum clone. In phase II field trials in
the Gambia and Kenya, RTS,S conferred shoft-lived
protection against malaria infection in approximately 35%
of adults, although results from the Kenya trial did not
reach statistical significance. Approximately 30%-50% of
children and infants immunized with RTS,S in phase II
trials conducted in Mozambigue, Tanzania, and Kenya were
protected from clinical malaria, however, protection was
generally short-lived (The Journal of Clinical
Investigatioh 120(12) 4168-4178, 2010). Results from a

pivotal, large-scale Phase III trial, published November 9,

2012, online in the New England Journal of Medicine (NEJM),

show that the RTS,S malaria vaccine candidate can help
protect African infants against malaria. When compared to

immunization with a controcl vaccine, infants‘(aged 6-12
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weeks at first vaccination) vaccinated with RTS,S had one-
third fewer episodes of both clinical and severe malaria

and had similar reactions to the injection.

[0007] There are currently no licensed vaccines against
malaria. Highly effective malaria vaccine is strongly

desired.

[0008] Virus-like particles (VLPs) are multiprotein

structures that mimic the organization and conformation of

‘authentic native viruses but lack the viral genome,

potentially yielding safer and cheaper vaccine candidates.
A handful of prophyiactic VLP-based vaccines is currently
commercialized worldwide: GlaxoSmithKline’s -Engerix®
(hepatitis B virus) and Cervarix® (human papillomavirus),
and Merck and Co., Inc.’s Recombivax HB® (hepatitis B
virus) and Gardasil® (human papillomavirus) are some
examples. Other VLP-based vaccine candidates are in
clinical trials or undergoing preclinical evaluation, such
as, influenza virus, parvovirus, Norwalk and various
chimeric VLPs. Many others are still restricted to small-
scale fundamental research, despite their success in
preclinical tests. The implications of large-scale VLP
production are discussed in the context of proceés control,
monitorization and optimization. The main up- and down-

stream technical challenges are identified and discussed
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accordingly. Successful VLP-based vaccine blockbusters are
briefly presented concomitantly with the latest results
from clinical trials and the recent developments in
chimeric VLP-based technology for either therapeutic or
prophylactic vaccination (Expert Rev. Véccines 9(10), 1149-

1176, 2010).

[0009] Chikungunya virus (CHIKV) has infected millions of
people in Africa, Europe énd Asia since this alphavirus
reemerged from Kenya in 2004. The severity of the disease
and the spread of this epidemic virus present a serious
public health threat in the absence of vaccines or
antiviral therapies. It is reported that a VLP vaccine for
epidemic Chikungunya virus protects non-human primates
against infection (Nat Med. 2010 March; 16(3): 334-338).
US patent publication No. 2012/0003266 discloses a virus-
like particle (VLP) comprising one or more Chikungunya
virus structural polypeptides which is useful for
formulating a vaccine or antigenic composition for
Chikungunya that induces immunity to an infection or at
least one symptom thereof. W02012/106356 discloses modified
alphavirus or flavivirus virus-like particles (VLPs) and
methods for enhancing production of modified VLPs for use

in the prevention or treatment of alphavirus and
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flavivirus-mediated diseases. (these cited references are

herein incorporated by reference) .
SUMMARY OF THE INVENTION

[0010] 1In the first aspect, thevpresent invention provides
a particle which is capable of being self-assembled,
comprising a polypeptide and at least one malaria antigen,
wherein said polypeptide comprises at least one first
attachment gite and said at least one malaria antigen
comprises at least one second attachment site, and wherein
said polypeptide and said malaria antigen are linked
through said at least one first and said at least one

second attachment site.

[0011] In the second aspect, the present invention
provides a nucleic acid molecule which is designed for
expression of a particle provided in the first aspect of

the present invention.

[0012] In the third aspect, the present invention provides
a composition or vaccine comprising the particle provided
in the first aspect of the present invention and/or the
nucleic acid molecule provided in the second aspect of the

present invention.
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[0013] In the fourth aspect, the present invention provides
a method of producing an antibody, comprising contacting
the particle provided in the first aspect of the present
invention and/or the nucleic acid molecule pro&ided in the

second aspect of the present invention to a mammal.

[0014] 1In the fifth aspect, the present invention provides
a method of immunomodulation, a method of treating malaria ,
a method of inducing and/or enhancing immune response
against a malaria antigen in a mammal, comprising
administering the composition provided in the third aspect

of the present invention to a mammal.

[0015] 1In sixth aspect, the present invention provides a
method of passive immunization against a malaria-causing
pathogen, comprising administering the antibody provided in

the fourth aspect of the present invention to a mammal.

[0016] In seventh aspect, the present invention provides a
method of presenting an antigen on macrophage, comprising

contacting the particle provided in the first aspect of the
present invention and/or the nucleic acid molecule provided

in the second aspect of the present invention to a mammal.

[0017] 1In eighth aspect, the present invention provides a
method for producing the particle provided in the first

aspect of the present invention, comprising preparing a
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vector which is designed for expression of said particle;
culturing a cell which is- transfected with said vector to

express said particle; and recovering said particle.

BRIEF DESCRIPTION OF THE INVENTION

" [0018]

Fig 1 shows PVLP74_15 (VLP_CHI 532 NPNAX6) vector.

Fig 2 shows pVLP78 15 (VLP_CHI 532 NPNAx25) vector.

Fig 3 shows pVLP74_25 (VLP_VEEV 519 NPNAx6) vector.

Fig 4 shows that the serum from indi?idual monkeys
immunized with Malaria VLPs after 2 weeks induced high
titer of antibodies against CSP.

Fig 5 shows mean value and SD of the data shown in Fig 4.
Fig 6 shows effects of combined immunization of CHIKV VLP
and VEEV VLP on induction of antibédies again;t CSP. In
the figure, Adj indicates adjuvant.

Fig 7 shows effects of administered VLP fused with no.
malaria antigen on induction of antibodies against CSP. In
the figure, 4w, 6w, 10w and 14w indicate 4 weeks after
immunization, 6 weeks after immﬁnization, 10 weeks after
immunization and 14 weeks after immunization, respectively.
Fig 8 shoWs effects of administered VLP fused with malaria
antigen on induction of antibodies against CSP. In the
figure, 4w, 6w, 10w and 14w indicate 4 weeks after

immunization, 6 weeks after immunization, 10 weeks after
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immunization and 14 weeks after immunization, respectively.
Fig 9 shows effects of administered VLP fused with malaria
antigen together with adjuvant on induction of antibodies
against CSP. 1In the figure, 4w, 6w, 10w and 14w indicate 4
weeks after immunization, 6 weeks after immunization, 10
weeks after immunization and 14 weeks after immunization,
respectively.

Fig 10 shows schedule of the experiment.

Fig 11 shows detection of 18S malaria DNA by means of PCR.

DETAILED DESCRIPTION OF THE INVENTION

[0019]

(1) A particle comprising a polypeptide and at least one

malaria antigen

In the first aspect, the present invention provides
a particle which is capable of being self-assembled,
comprising a polypeptide and at least one malaria antigen,
wherein said polypeptide comprises at least one first
attachment site and said at least one antigen comprises at
least one second attachment site, and wherein said
polypeptide and said malaria antigen are linked through
said at least one first and said at least one second
attachment site.

[0020)As used herein, "a particle which is capable of being
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self-assembled" refers to a particle formed by at least one
constituent which 1is spontaneously assembled. The
constituent may be a polypeptide or non-peptide chemical
compound. In one embodiment, "a particle which is capable
of being self-assembled" may be a particle comprising or

consisting of at least one polypeptide. The at least one

polypeptide consists of one or more kinds of peptide. In

one embodiment, said particle has a diameter of at least
10nm, for example, at least 20nm, preferably at least 50nm.
In one embodiment, molecular weight of séid particle is
from 100 kDa to 100,000 kDa, preferably from 400kDa to
30,000kDa.

[0021] A polypeptide used for the present invention may be
spontaneously assembled. The polypeptide may be a virus
structural polypeptide. Thus, the particle‘provided by the
present invention may be a virus like particle.

[0022] A virus structural polypeptide may be a naturally
occurring viral polypeptide or modified polypeptidé thereof.
In one embodiment, the modified polypeptide has at least
70%, 75%, B80%, 85%, 90%, 95% or 98% amino acid seqguence
identity to a naturally occurring viial structural
polypeptide including capsid and envelope protein. In one
embodiment, the modified polypeptide is a mutant where at

most 10% of the amino acids are deleted, substituted,

and/or added to a naturally occurring viral structural
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polypeptide including capsid and envelope protein.

[0023] 'In one embodiment, virus' structural polypeptide
used for the present invention consists of or comprises

capsid and/or envelope protein or fragment thereof. For
example, virus stfuctural polypeptide used for the present
invention consists of or comprises capsid and E2 and E1.

An antigen may be inserted into E2. In one embodiment, a
particle provided by the first aspect of the present
invenfion can be formed by assembling 240 capsids, 240 E1
proteins and 240 E2 proteins where a malaria antigen is
inserted into each of E2 proteins.

[0024] Virus structural polypeptide used for the present
invention may be derived from Alphavirus or Flavivirus.

Thus, the particle provided by the present invention may be
a virus like particle derived from Alphavirus or Flavivirus.
Examples of Alphavirus and ?lavivirus include, but not
limited to, Aura virus, Babanki virus, Barmah Forest wvirus
(BFV), Bebaru virus, Cabassou virus, Chikungunya virus
(CHIKV), Eastern equine encephalitis wvirus (EEEV), Eilat

virus, Everglades virus, Fort Morgan virus, Getah virus,

Highlands J virus, Kyzylagach virus, Mayaro virus, Me Tri

virus, Middelburg virus, Mosso das Pedras virus, Mucambo
virus, Ndumu virus, O'nyong—nyong virus, Pixuna virus, Rio
Negro virus, Ross River wvirus (RRV), Salmon pancreas

disease virus, Semliki Forest wvirus, Sindbis wvirus,
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Southern elephant seal virus, Tonate virus, Trocara virus,
Una virus, Venezuelan equine encephalitis wvirus (VEEV),
Western equine encephalitis wvirus (WEEV),Whataroca virus,
West Nile virus, dengue virus, tick-borne encephalitis
virus and yellow fever virus.

[0025] Malaria is a disease which human or other animal
(e.g. mouse) suffers from. Example of malaria include, but
are not limited to, a disease caused by Plasmodium (P.)
species including P. falciparum, P. malariae, P.ovale,
P.vivax, P.knowlesi, P.berghei, P.chabaudi and P.yocelii
[0026] As used herein, the term “malaria antigen” refers
to any antigen or fragment thereof. The term antigen or
fragment thereof, means any peptide-based sequence that can
be recognized by the immune system and/or that stimulates a
cell-mediated immune response and/or stimulates the

generation of antibodies.

[0027] According to Scand. J; IJmmunol. 56, 327-343, 2002,
considering the whole parasite life cycle, there are
essentially six targets for a malaria vaccine: (1)
sporozoites; (2) liver stages; (3) merozoites; (4) infected

RBC; (5) parasite toxins; {(6) sexual stages.

[0028) Table summarizes the main candidate antigens of

each stage identified.
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Table 1. Main vaccine candidates from the differént phéses of
Plasmodium life cycle

Targets

Sporozoite

Liver stage

Merozoite

Blood stage

Toxins

Candidate antigens
Circumsporozoite protein (CSP)
Thrombospondin-related adhesive protein (TRAP)
Sporozoite and liver-stage antigen (SALSA)

Sporozoite threonine- and asparagine-rich
protein (STARP)

CSP

Liver-stage antigen (LSA)-1 and -3
SALSA

STARP

Merozoite surface protein (MSP)-1, -2, -3, -4
and -5

Erythrocyte-binding antigen (EBA)-175

Apical membrane antigen (AMA)-1
Rhoptry-associated protein (RAP)-1 and -2
Acidic-basic repeat antigen (ABRAZ)
Duffy-binding protein (DBP) (Plasmodium vivax)
Ring erythrocyte surface antigen (RESA)
Serine-rich protein (SERP)

Erythrocyte membrane protein (EMP)-1, -2 and -3
Glutamate-rich protein (GLURP)

Glycosilphosphatidylinositol (GPI)
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Table 1. Main vaccine candidates from the different phases of
Plasmodium life cycle

Targets - Candidate antigens:

. Sexual

Ps25, Ps28, Ps48/45 and Ps230
stages

(Scand. J. Immunol. 56, 327-343, 2002)

[0029] According to the present invention, one or more

‘antigens listed above can be used as long as it is formed

to a particle. For example, a circumsporozoite protein and
a fragment thereof can be used as an antigen. Examples of
circumsporozoite protein include, but are not limited to,
Plasmodium falciparum circumsporozoite protein consisting
of amino acid sequence described below (SEQ ID No.:56):

Mmrklailsvssflfvealfgeygcygsssntrvlinelnydnagtnlynelemnyygkg
enwyslkknsrslgenddgnnnngdngregkdedkrdgnnedneklrkpkhkklkgpgd
gnpdpnanpnvdpnanpnvdpnanpnvdpnanpnanpnanpnanpnanpnanpnanpna
npnanpnanpnanpnanpnanpnanpnanpnvdpnanpnanpnanpnanpnanﬁnanpn

anpnanpnanpnanpnanpnanpnanpnanpnénpnanpnanpnanpnanpnknnqgng

. gghnmpndpnrnvdenanannavknnnneepsdkhieqylkkiknsistewspcsvteg

ngigvrikpgsankpkdeldyendiekkickmekecssvinvvnssiglimvlsflflnt
r.

[0030] In one embodiment, malaria antigen is a Plasmodium
falciparum circumsporozoite protein B éell epitope.
Example of Plasmodium falciparum circumsporozoité protein B

cell epitope may be a repeat sequence of NPNA, including
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(NPNA)4-30 (i.e. 4xNPNA, S5xNPNA, 6xNPNA, 7xNPNA, B8xNPNA,
OXNPNA, 10xNPNA, 11xNPNA, 12xNPNA, l‘3xNPNA 14xNPNA, 15xNPNA,
16xXNPNA, 17xNPNA, 18xNPNA, 19%xNPNA, 20XNPNA, 21xNPNA,
ZZXNPNA, 23xXNPNA, 24xNPNA, 25xNPNA{ 26XNPNA, 27XNPNA,
28XNPNA, 29xNPNA or 30xXNPNA) .

[0031] In one embodiment, malaria antigen is a Plasmodium
yoelii circumsporozoite protein B cell epitope including

(QGPGAP) 3-12.

[0032] In one embodiment, malaria antigen is a Plasmodium
vivax circumsporozoite protein B cell epitope including

(ANGAGNQPG) 1-12.

[0033] In one embodiment, malaria antigen is a Plasmodium
malariae circumsporozoite protein B cell epitope including

(NAAG) 4-30-

[0034] In one embodiment, malaria antigen is a Plasmodium
falciparum circumsporozoite protein T cell epitope.
Example of Plasmodium falciparum circumsporozoite protein T
cell epitope may be EYLNKIQNSLSTEWSPCSVT (SEQ ID No.:44).
(EYLNKIQNSLSTEWSPCSVT)14 may bel also used as a malaria

antigen.

{0035] In one embodiment, malaria antigen is a Plasmodium
yoelii circuméporozoite protein T cell epitope which is
YNRNIVNRLLGDALNGPEEK (SEQ ID Né .45} .
(YNRNIVNRLLGDALNGPEEK);.s may be also used as a malaria

antigen.



10

15

20

25

16

[0036] The present invention addresses one or more of the
above needs by providing antigens, vectors encoding the
antigens, and antibodies (and antibody-like molecules
including aptamers and peptides) that specifically bind to
the antigen, together with the uses thereof (either alone
or in combination) in the preverition or treatment of
malaria infections. As used herein, the term “antibody"
refers to molecules which are capable of binding an epitope
or antigenic determinant. The term 1is meant to include
whole antibodies and antigen-binding fragments thereof,
including single-chain antibodies. Such antibodies include
human antigen binding antibody fragments and include, but
are not limited to, Fab; Fab' and F(ab')2, Fd4, single—chain
Fvs (scFv), single-chain antibcdies, disulfide-linked Fvs
(sdFv) and fragments comprising either a VL or VH domain;
The antibodies can be from any animal origin including
birds and mammals. Preferably, the antibodies are mammalian
e.g. human, murine, rabbit, goat, guinea pig, camel, horse
and the like, or other suitable animals e.g. chicken. As
used herein, "human" antibodies include antibodies having
the amino acid sequence of a human immunoglobulin and
include antibodies isolated from human immunoglobulin
libraries or from animals transgenic for one or more human
immunoglobulins and that do = not express endogenous

immunoglobulins, as described, for example, ianAS. Patent
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No. 5,939,598, the disclosure of which is incorporated
herein by reference in its entirety.

[0037} The antigen used for the present invention can be
modified polypeptide derived from a naturally occurring
protein. The modified polypeptide may be a fragment of the
naturally occurring protein. In one embodiment, the
modified polypeptide has at least 70%, 75%, 80%,.85%, 90%,
95% or 98% amino acid sequence identity to a polypeptide
derived from a naturally occurring protein. In one
embodiment, the modified polypeptide derived is a mutant

where at most 10% of the amino acids are deleted,

substituted, and/or added based on a polypeptide de:ived
from naturally occurring protein.

[0038] In the particle as provided by the present
invention, a polypeptide and an antigen may be linked:
through at least one first attachment site which is present

in the polypeptide and at least one second attachment site
which is present in the antigen.

[0039] As used herein, each of "a first attachment site"

and "a second attachment site" refers to a site where more
than one substance is linked each other.

[0040] In one embodiment,Athe polypeptide and the antigen
are directly fused. Alternatively, one or two 1inkers may

intervene between N-terminal residue of the antigen and the

polypeptide and/or between C-terminal residue of the
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antigen and the polypeptide.

[0041] The antigen or the polypeptide can be truncated
and replaced by short linkers. In some embodiments, the
antigen or the polypeptide include one or more peptide
linkers. Typically, a linker consists of from 2 to 25
amino acids. Usually, it is from 2 to 15 amino acids in
length, although in certain circumstances, it can be only
one, such as a single glycine residue.

[0042] In one embodiment, a nucleic acid molecule, in
which = polynucleotide encoding the polypeptide is
geﬁetically fused with polynucleotide encoding the antigen,
is expressed in a host cell so that the first attachment
site and the second attachment site are linked through a
peptide bond. In this case, the polypeptide and the
antigen are linked through a peptide bond. Relating to
this embodiment, the first attachment site and/or the
second attachment site may be genetically modified from the
original polypeptide or antigen. For example, the first
attachment site is modified from the polypeptide so that
through a 1linker peptide including S8G, GS, SGG, GGS and
8GSG, the polypéptide is conjugated with the antigen.

[0043] When the polypeptide are chemically conjﬁgated with
the antigen, the first attachment site and the second
attachment site may be 1linked through a chemical cross-

linker which is a chemical compound.
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[0044] Examples of the cross-linker include, but aré not
limited to, SMPH, Sulfo-MBS, Sulfo-EMCS, Sulfo-GMBS, Sulfo-
SIAB, Sulfo-SMPB, Sulfo-SMCC, SVSB, SIA and other cross-
linkers available from the Pierce Chemical Company.

[0045] In one embodiment, the particle provided by the
present invention comprises a polypeptide 1linked to an
antigen, wherein spatial distance between the N-terminal
residue and C-terminal residue of the antigen is 30A or
less when the distance is determined in a crystal of the
antigen or a naturally occurring protein containing the
antigen or modified protein therefrom.

[0046] The antigen used for the present invention can be
designed by a person skilled in the art. For example, the
antigen used for the present invention may be a naturally
occurring protein or a fragment thereof. Alternatively,
the antigen used for the present invention may be a protein
modified from a naturally occurring protein or a fragment
thereof. A person skilled in the art can design the
antigen so that spatial distance between the N-terminal
residue and C-terminal residue of the antigen is 304 or
less when the distance is determined in a crystal of the
antigen or a naturally occurring protein containing the
antigen or modified protein therefrom. For example, the
antigen used for the particle provided by the present

invention can be designed using a free software including
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PyMOL (e.g. PyMOL v0.99: http:/www.pymol.org). In one
embodiment, the spatial distance between the N-terminal
residue and C-terminal residue of the antigen is 30A
(angstrom) or less, 20A or less, or 10A or less (e.g. from
5 A to 15 A, from 5 A to 12 A, from 5 A to 11 A, from 5 A
to 10 A, from 5 A to 8 A, from 8 & to 154, from 8 A to 13

A, from 8 A to 12 A, from 8 A to 11 A, from 9 A to 12 A,

from 9 A to 11 A, from 9 A to 10 A or from 10 A to 11 A ).

{0047)

Chikungunya virus like particle or a Venezuelan eguine

encephalitis virus like particle

In one embodiment, thevpresent invention provides a
Chikungunya virus 1like particle or a Venezuelan equine
encephalitis virus like particle comprising a Chikungunya
or Venezuelan edguine encephalitis virus structural
polypeptide and at least one malaria antigen, wherein said
Chikungunya virus structural polypeptide or said Venezuelan
equine encephalitis virus structural polypeptide comprises
at least one first attachment site and said at least one
malaria antigen comprises at least one second attachment
site, and wherein said Chikungunya or Venezuelan eguine
encephalitis virus structural polypeptide and said at least
one antigen are linked through said at least one first and

said at least one second attachment site.
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{0048] In one embodiment, a spatial distance betwéen the
N—terminai residue énd C-terminal residue of the malaria
antigen may be 30 A or less; 25 A ‘or less; 20 A or less;
15 A or less; 14 A or less; 13 A or less; 12 A or less;
11 A or less; 10 A or less; 9 A or less; or 8 A or less
(e.g. from 5 A to 15A, from 5 A to 12A, from 5 A to 114,
from 5 A to 10A, from 5 A to 8A, from 8 A to 154, from 8
A to 13 A, from 8 A to 12A, from 8 A to 11 A, from 9 A to
12 A, from 9 A to 11 A , from 9 A to 11 A or from 10 A
to 11 A ) when the distance is determined in a crystal of
the malaria antigen or & mnaturally occurring protein
containing the malaria antigen or modified protein
therefrom.

[0049] In one embodiment, the malaria antigen is linked
to the Chikungunya or Venezuelan eguine encephalitis wvirus
structural polypeptide by way of chemical cross-1linking or
as a fusion protein produced by way of genetic engineering.
[0050]. A Chikungunya or Venezuelan equine encephalitis
virus structural polypeptide used in the present invention
may comprise a Chikungunya or Venezuelan equine
encephalitis virus envelope protein and/or a capsid.

[0051] Examples of Chikungunya virus include, but are not
limited to, strains of 37997 and LR2006 OPY-1.

Examples of Venezuelan equine encephalitis virus

include, but are not limited to, TC-83.
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[0052] Chikungunya or Venezuelan equine encephalitis
virus structural polypeptide used in the present inventioﬂ
may naturally occurring virus structural polypeptide or
modified polypeptide thereof. The modified polypeptide may
be a fragment of the naturally occurring virus structural
polypeptide. In one embodiment, the modified polypeptide
has at least 70%, 75%, 80%, B85%, 90%, 95% or 98% amino acid
sequence identity to a naturally occurring viral capsid
and/or envelope protein. In one embodiment, the modified
polypeptide 1s a mutant where at most 10% of the amino
acids are deleted, substituted, and/or added based on a
naturally occurring viral capsid and/or envelope protein.
For example, K64A or K64N mutatation may be introduced intq
a capsid of Venezuelan equine encephalitis virus structural
polypeptide used in the present invention.

[0053] Chikungunya or AVenezuelan equine encephalitis
virus structural polypeptide may consist of or comprise a
capsid, E2 and El.

[0054] Examples of Chikungunya  virus structural
polypeptide include, but are not limited to, Capsid— E2-E1
of Chikungunya wvirus Strain 37997, and Capsid- E2-El1 of
Chikungunya virus LR2006 OPY-1.

[0055] Examples of Venezuelan equine encephalitis wvirus
structural polypeptide include, but are not Ilimited to,

Capsid- E2-E1 of Venezuelan equine encephalitis virus



23

Strain TC-83.

[0056] An exemplary Chikungunya virus structural
polypeptide sequence is provided at Genbank Accession No.
ABX40006.1, which is described below (SEQ ID No.:1):

mefiptgtfynrrygprpwtprptigvirprprpargagglaglisavnkltmravpgqg
kprrnrknkkgkgkggapgnntngkkgppkkkpagkkkkpgrrermemkiendcifevk
hegkvtgyaclvgdkvmkpahvkgtidnadlaklafkrsskydlecagipvhmksdask
fthekpegyynwhhgavqysggrftiptgagkpgdsgrpifdnkgrvvaivlgganega
rtalsvvtwnkdivtkitpegaeewslaipvmcllanttfpcsgppctpccyekepeet
lrmlednvmrpgyyqllgasltesphrqrrstkdnfnvykatrpylahcpdegeghsch
spvalerirneatdgtlkigvslgigiktddshdwtklrymdnhmpadaeraglfvrts
apctitgtmghfilarcpkgetltvgftdsrkishscthpfhhdppvigrekfhsrpgh
gkelpcstyvgstaatteeievhmppdtpdrtlmsggsgnvkitvnggtvrykencggs
negltttdkvinnckvdgchaavtnhkkwgynsplvprnaelgdrkgkihipfplanvt
crvpkarnptvtygkngvimllypdhptllsyrnmgeepnygeewvmhkkevvltvpte
glevtwgnnepykywpglstngtahghpheiilyyyelyptmtvvvvsvatfillsmvg
maagmcmcarrrcitpyeltpgatvpfllslicecirtakaatygeaaiylwnegaplfw
lgaliplaalivlenclrllpececktlaflavmsvgahtvsayehvtvipntvgvpykt
lvnrpgyspmvlemellsvtleptlisldyitceyktvipspyvkecgtaeckdknlpdy
sckvitgvypfmwggaycfcdaentglseahveksescktefasayrahtasasaklrv
lyggnnitvtayangdhavtvkdakfivgpmssawtpfdnkivvykgdvynmdyppfga
grpggfgdigsrtpeskdvyantglvigrpavgtvhvpysgapsgfkywlkergaslgh
tapfgcqgiatnpvravncavgnmpisidipeaaftrvvdapsltdmscevpacthssdf
ggvaiikyaaskkgkcavhsmtnavtireaeievegnsglgisfstalasaefrvgvces
tgqvhcaaechppkdhivnypashttlgvgdisatamswvgkitggvglvvavaaliliv
vlicvsfsrh

[0057] Another exemplary Chikungunya virus structural
polypeptide sequence is provided at Genbank Accession No.

ABX40011.1, which is described below (SEQ ID No.:2):
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mefiptqtfynrryvgprpwaprptigvirprprpgrqagqlaghisavnklitmravpqqg
kprrnrknkkqrgkkqapgndpkgkkgppgkkpagkkkkpgrrermemkiende
ifevkhegkvmgyvaclvgdkvimmkpahvkgtidnadlaklafkrsskydlecagipvh
mksdaskfthekpegyynwhhgavqvsggrftiptgagkpgdsgrpifdnkgrvvai
vlgganegartalsvvtwnkdivtkitpegaeewslalpvlcllanttfpesqppetpecye
kepestlrmlednvmrpgyyqgllkasltcsphrgrrstkdnfnvykatrpylahepdeg
eghschspialerirneatdgtlkiqvslqigiktddshdwtklrymdshtpadaeragll
vrtsapetitgtmghfilarcpkgetltveftdsrkishtethpfhheppvigrerfhsrpg
hgkelpestyvgstaataeeievhmppdtpdrtlmtqqsgnvkitvngqtvrvkenecg
gsnegltttdkvinnckidgchaavtnhknwqynsplvprnaelgdrkgkihipfplan
vtervpkarnptvtygkngvtmllypdhptllssitnmggepnyheewvthkkevtltv
pteglevtwgnnepykywpqmstngtahghpheiilvyyelvptmtvvivsvasfvlls
mvgtavgmevearrreitpveltpgatvpfllsllecvrttkaatyyeaaaylwneqqplf
wlqaliplaalivlenclkllpcecktlaflavmsigahtvsayehvtvipntvgvpyktlvn
rpgyspmvlemelgsvtleptlsldyitceyktvipspyvkecgtaeckdkslpdysckvf
tgvypfmwggaycfedaentqlseahveksescktefasayrahtasasaklrvlyggn
nitvaayvangdhavtvkdakfvvgpmssawtpfdnkivvvkgdvynmdyppfgagr
pgqfedigsrtpeskdvyantglvlqrpaagtvhvpysqapsgfkywlkergaslghta
pfecgiatnpvravncavgnipisidipdaaftivvdapsvtdmscevpacthssdfggv
alikvtaskkgkcavhsmtnavtireadvevegnsqlgisfstalasaefrvqvestqvhe
aaachppkdhivnypashttlgvqdisttamswvgkitggvglivavaalilivvlevsfs
th '
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[0058] An exemplary Venezuelan equine encephalitis virus
structural polypeptide is provided at Genbank Accession No.
L01443.1 (http://www.ncbi.nlm.nih.gov/nuccore/L01443.1),
which is described below (SEQ ID No.:3):

mfpfgpmypmgpmpyrnpfaaprrpwfprtdpflamgvgeltrsmanltfkgrrdappe
gpsaakpkkeasgkagkgggggkkkknggkkkaktgppnpkagngnkkktnkkpgkrgrm
vmklesdktfpimlegkingyacvvggklfrpmhvegkidndvlaalktkkaskydley
advpgnmradt fkythekpqgyyswhhgavgyengrftvpkgvgakgdsgrpildnggr
vvaivlggvnegsrtalsvvmwnekgvtvkytpencegwslvttmcllanvtfpcagpp
icydrkpaetlamlsvnvdnpgydelleaavkepgrkrrsteelfneykltrpymarci
rcavgschspiaieavksdghdgyvrlgtssgygldssgnlkgrtmrydmhgtikeipl
hgvslytsrpchivdghgyfllarcpagdsitmefkkdsvrhscsvpyevkfnpvgrel
ythppehgvegacgvyahdagnrgayvemhlpgsevdsslvslsgssvtvtppdgtsal
vececggtkisetinktkgfsqgctkkeqgerayrlgndkwvynsdklpkaagatlkgklh
vpflladgkctvplapepmitfgfrsvslklhpknptylitrgladephythelisepa
vrnftvtekgwefvwgnhppkrfwagetapgnphglphevithyyhrypmstilglsic
aaiatvsvaastwlfcrsrvacltpyrltpnaripfclavlccartaraettwesldhl
wnnngqmfwiglliplaalivvtrllreveceovvpflvmagaagagayehattmpsqgagi
syntivnragyaplpisitptkikliptvnleyvtchyktgmdspaikccgsgectpty
rpdegckvitgvypfmwggaycfecdtentgvskayvmksddcladhaeaykahtasvga
flnitvgehsivttvyvngetpvningvkitagplstawtpfdrkivgyageiynydfp
eygaggpgafgdigsrtvsssdlyantnlvlgrpkagaihvpytqapsgfegwkkdkap
slkftapfgcelytnpiraencavgsiplafdipdalftrvsetptlsaaectlnecvy
ssdfggiatvkysasksgkcavhvpsgtatlkeaavelteggsatihfstanihpefrl
gictsyvtckgdchppkdhivthpgyhagtftaavsktawtwltsllggsaviiiiglv
lativamyvltngkhn.

[0059] In one embodiment, a first attachment site
comprises an amino group, preferably an amino group of a
lysine residue. In one embodiment, the second attachment
site comprises sulfhydryl group, preferably, a sulfhydryl
group of a cysteine.

[0060] In one embodiment, a conjugation of more than two
substances (e.g. antigen and Chikungunya or Venezuelan
equine encephalitis virus structural polypeptide) through a
first attachment site or a second attachment site 1is
achieved using chemical crosé linker. Examples of the

cross-linker include, but are not limited to, SMPH, Sulfo-
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MBS, Sulfo-EMCS, Sulfo-GMBS, Sulfo-SIAB, Sulfo-SMPB, Sulfo-
SMCC, SVSB, SIA and other cross-linkers available from the
Pierce Chemical Company.

[oo61] According to the present invention, a Chikungunya
or Venezuelan egquine encephalitis virus 1like particle
comprising a Chikungunya or Venezuelan equine encephalitis
virus structural polypeptide and an antigen, wherein said
Chikungunya or Venezuelan equine encephalitis wvirus
structural polypeptide and said antigen are expressed as a
fusion protein can be provided. |

[0062] In one embodiment, the antigen can be fused with
any site of the Chikungunya or Venezuelan equine
encephalitis wvirus structural polypeptide. For example,
the antigen may be directly or indirectly linked to N- or
C-- terminal of the Chikungunya or Venezuelan equine
encephalitis wvirus structural polypeptide, or the antigen
may be inserted into Chikungunya or Venezuelan egquine
encephalitis virus structural protein.

[0063] In one embodiment, at least one antigen is
inserted into E2 of Chikungunya or Venezuelan ‘equine
encephalitis wvirus structural protein. For example,
regarding Chikungunya virus structural protein, at least
one antigen is inserted between residues 519 and 520 of SEQ
ID Nos.l1l or 2 (i.e. between G at 519-position and Q at 520-

position of SEQ ID Nos.1l or 2); between residues 530 and
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531 of SEQ ID Nos.l or 2 (i.é. between G at 530-position
and S at 531-position of SEQ ID Nos.l1 or 2); between
residues 531 and 532 of SEQ ID Nos.l or 2 (i.e. between S
at 531-position and N at 532-position of SEQ ID Nos.l or
2); between residues 529 and 530 of SEQ iD Nos.1l or 2(i.e.
between G at 529-position and G at 530-position of SEQ ID
Nos.1l or 2); or between residues 510 and 511 of SEQ ID
Nos.l or 2(i.e. between S at 510-position and G at 511-
position of SEQ ID Nos.l or 2); or between residues 511 and
512 of SEQ ID Nos.l or 2{(i.e. between G at 511-position and
N at ©512-position of SEQ ID Nos.l or 2); or between
residues 509 and 510 of SEQ ID Nos.l or 2(i.e. between Q at
509-position and S at 510-position of SEQ ID Nos.l1l or 2).

[0064] For example, regarding Venezuelan equine

encephalitis virus structural protein, at least one antigen

is inserted between residues 517 and 518 of SEQ ID No.3
(i.e. between G at 517-position and S at 518-position of
SEQ ID No.3); between residues 518 and 519 of SEQ ID No.3
(i.e. between S at 518-position and S at 519-position of
SEQ ID No.3); between residues 5197and 520 of SEQ ID No.3
(i.e. between S at 519-position and V at 520-position of
SEQ ID No.3); between reéidues 515 and 516 of SEQ 1ID
No.3(i.e. between L at 515-position and S at 516-position
of SEQ ID No.3); between residues 516 'and 517 of SEQ ID

No.3(i.e. between S at 516-position and G at 517-position
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of SEQ ID No.3); between residues 536 and 537 of SEQ 1ID
No.3(i.e. between C at 536-position and G at 537-position
of SEQ ID No.3) ; between residues 537 and 538 of SEQ ID
No.3(i.e. between G at 537-position and G at 538-position
of SEQ ID No.3) ; between residues 538 and 539 of SEQ ID
No.3(i.e. between G at 538-position and T at 539-position
of SEQ ID No.3).

[0065] The fusion protein may be expressed using a
conventional technique in the art. A variety of expression
systems can be used for the expression of the fusion
protein. For example, the fusion protein can be expressed
in 293 cells, Sf9 cells or E.coli.

[0066] A polypeptide derived from Chikungunya virus
(CHIKV) or Venezuelan equine encephalitis virus (VEEV) may
be a naturally occﬁrring viral polypeptide or modified
polypeptide thereof. In addition, a polypeptide derived
from malaria antigen may be a naturally occurring
polypeptide or mwmeodified polypeptide of the naturally
occurring polypeptide or a fragment of the naturally
occurring polypeptide or the modified peptide. The

modified polypeptide may be a fragment of the naturally

- occurring virus structural polypeptide.

[0067] In one embodiment, the modified polypeptide
derived from malaria antigen has at least 70%, 75%, 80%,

85%, 90%, 95% or 98% amino acid sequence identity to a

’
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naturally occurring polypeptide. In one embodiment, the
modified peptide derived from malaria antigen is a mutant
where at most 10 of the amino acids are deleted,

substituted, and/or added based on a naturally occurring
polypeptide derived from malaria antigen.

[0068] When a polypeptide derived from a virus is
conjugated with a polypeptide derived from an antigen, a
linker peptide including SG, GS, SGG, GGS SGSG and TRGGS
may be used. Examples of conjugation of the polypeptide
derived from a virus (referred to as “PFV” below) with the
polypeptide derived from the antigen (referred to as “PFA”
below) include, but not limited to: PFV-SG-PFA-GS-PFV; PFV-

SG-PFA-GGS-PFV; PEFV-SSG-PFA-GS-PFV; PFV-SGG-PFA-GGS-PFV;

PFV-SGSG-PFA-GS-PFV; and PFA-SGG-PFA-TRGGS-PFV.

[0069] In one embodiment, the present invention provides a
virus 1like particle comprising a fusion protein of a
polypeptide derived from Chikungunya virus (CHIKV) or
Venezuelan equine encephalitis virus (VEEV) and a
polypeptide derived from malaria antigen, wherein the virus

like particle is prepared by transfecting an expression
vector comprising é nucleic acid molecule corresponding to
the amino acid sequence represented by SEQ ID NO. 28, 31,

34, 37, 39, 41 or 43 into a mammalian cell (e.g. 293F cell).
Regarding this embodiment, modified fusion protein can be

also used for a virus like particle provided by the present
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invention, which can be prepared by tranéfecting an
expression vector comprising a nucleic acid molecule
corresponding to the amino acid sequence having at least
70%, 75%, 80%, 85%, 90%, 95% or 98% amino acid sequence
identity to SEQ ID NO. 28, 31, 34, 37, 39, 41 or 43 into a
mammalian cell (e.g. 293F cell).

[0070] In one embodiment, the present invention provides
a virus like particle comprising or consisting of:

one or more capsid of Chikungunya virus (CHIKV) or

Venezuelan equine encephalitis virus (VEEV);

one or more El1 of Chikungunya virus (CHIKV) or Venezuelan

equine encephalitis virus (VEEV); and

one or more E2 of Chikungunya virus (CHIKV) or Venezuelan
equine encephalitis virus (VEEV), wherein malaria antigen
is inserted into E2 of cChikungunya Qirus (CHIKV) or
Venezuelan equine encephalitis virus (VEEV). For example,
present invention provides a virus like particle comprising
or consisting of:

240 capsids of Chikungunya virus (CHIKV) oxr Venezuelan
equine encephalitis virus (VEEV);

240 Els of Chikungunya virus (CHIKV) or Venezuelan equine
encephalitis virus (VEEV); and

240 E2s of Chikungunya virus (CHIKV) or Venezuelan equine
encephalitis bvirus (VEEV), wherein malaria antigen is

inserted into each of E2s of Chikungunya virus (CHIKV) or
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Venezuelan equine encephalitis virus (VEEV).

[0071) In this embodiment, the E2 into which the antigen
is inserted may consist of an amino acid sequence
répresented by SEQ ID No.50; the El may consist of an amino
acid sequence fepresented by SEQ ID No.51; and the capsid
may consist of an amino acid sequence represented by SEQ ID
NO.: 52; or

the E2 into which the antigen is inserted may consist of an
amino acid sequence represented by SEQ ID NO.53; the El may
congist of an amino acid sequence represented by'SEQ_ID
NO.54; and the capsid may consist of an amino acid sequence
represented by SEQ ID NO.: 55.

[0072] Further, regarding this embodiment, modified
capsid of Chikungunya virus (CHIKV) or Venezuelan egquine
encephalitis.virﬁs (VEEV), modified E1 of Chikungunya virus
(CHIKV) or Venezuelan equine encephalitis virus (VEEV) and
modified E2 of Chikungunya virué (CHIKV) or Venezuelan
equine encephalitis virus (VEEV) may be used for the virus
like particle. . For example, the modified capsid of
Chikungunya virus (CHIKV) or Venezuelan equine encephalitis
virus (VEEV) may have at least 70%, 75%, 80%; 85%, 90%, 95%
or 98% amino acid sequence identity to the amino acid
sequence represented by SEQ ID NO.: 52 or SEQ ID No.:55;
the modified El1 of Chikungunya virus (CHIKV) or Venezuelan

[}

equine encephalitis virus (VEEV) may have at least 70%, 75%

7
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80%, 85%, 90%, 95% or 98% amino acid sequence identity to
the amino acid sequence represented by SEQ ID NO.: 51 or
SEQ ID No.:54; and/or the modified E2 of Chikungunya virus

(CHIKV) or Venezuelan equine encephalitis virus (VEEV) may
have at least 70%, 75%, 80%, B85%, 90%, 95% or 98% amino
acid sequence identity to the amino acid sequence
represented by SEQ ID NO.: 50 or SEQ ID No.:53.

Also, the modified capsid, E1 or E2 méy be a mutantAwhere
at most 10% of the amino acids are deleted, substituted,
and/or added based on the capsid consisting of an amino
acid sequence represented by SEQ ID NO.: 52 or SEQ 1ID
No.:55; E1 consisting of an amino acid sequence represented
by SEQ ID NO.: 51 or SEQ ID No.:54; and/or E2 consisting of

consisting of an amino acid sequence represented by SEQ ID

NO.: 50 or SEQ ID No.:53.

[0073]

(2) Nucleotide, Vector, Host cell

In the second aspect, the present invention provides
a nucleic acid molecule which is designed for expression of
a particle as provided in the first‘aspect of the present
invention. |
[0074] in one embodiment, the present invention provides
a nucleic acid molecule comprising a nucleotide seguence

that encodes the Chikungunya or Venezuelan equine
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encephalitis virus 1like particle as described above.

[0075] Examples of the nucleotide sequence that encodes
the Chikungunya or Venezuelan equine encephalitis virus
like particle include, but are not limited to, a nucleotide
sequence encoding envelope of Chikungunya virus Strain
37997, a nuclectide sequence encoding Capsid-envelope of
Chikungunya virus Strain 37997, a nucleofide sequence
encoding envelope of Chikungunya virus Strain LR2006 OPY-1,
a nucleotide sequence encoding Capsid-envelope of
Chikungunya virus LR2006 OPY-1, a nucleotide sequence
encoding envelope of Veneéuelan equine encephalitis virus
Strain TC-83 and a nucleotide sequence encoding Capsid-
envelope of Vénezuelan equine encephalitis virus TC-83.
[0076) Regarding Chikungunya virus, an exemplary nucleotide

sequence that encodes envelope is described below (SEQ ID

4NO. t4)
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Atgagectegeecteccggtettgtgeetgtiggeaaacactacattecectgeteteageegeettgeacacectgetgetacga
aaaggaaccggaaagceaccttgegeatgettgaggacaacgtgatgagacccggatactaccagetactaaaageateget
gacttgeteteeccacegecaaagacgeagtactaaggacaattitaatgtetataaagecacaagaceatatetageteattg
fectgactgeggagaagggeattegtoecacageeetategeattggagegeatecagaaatgaageaacggacggaacgetg
aaaatcecaggicictttgecagategggataaagacagatgacagecacgattggaccaagetgegetatatggatagecata
cgecageggacgeggagegageeggattgettgtaaggacttcageacegtgeacgateacegggaccatgggacactttatt
ctegecegatgecegaaaggagagacgetgacagtgggatttacggacageagaaagatcagecacacatgeacacaceeg
ttecatcatgaaccacctgtgataggtagggagaggticcactetegaccacaacatggtaaagagttaccttgeageacgta
cgtgcagagecaccgetgecactgetgaggagatagaggtgeatatgeececagatactectgacegeacgetgatgacgeag
cagtctggeaacgtgaagatcacagttaatgggeagacggtgeggtacaagigeaactgeggtegeicaaacgagggactg
acaaccacagacaaagtgatcaataactgcaaaattgatcagtgecatgetgeagteactaatcacaagaattggeaatac
aactcecctttagtoccgegeaacgetgaactecggggacegtaaaggaaagatecacateccaiteccattggeaaacgtgac
ttgecagagtgecaaaageaagaaaccetacagtaactiacggaaaaaaccaagteaccatgetgetgtatectgaccateeg
acactcitgicitaccgtaacatgggacaggaaccaaattaccacgaggagtgggtgacacacaagaaggaggttacctte
accgtgectactgagggtctggagetecacttgggecaacaacgaaccatacaagtactggeecgeagatgtetacgaacggta
ctgeteatggicacecacatgagataatettgtactattatgagetgtaceccactatgactgtagteatigtgteggtggecteg
ttegtocettetgtegatggtgggeacageagtgggaatgtgtgtgtgegecacggegeagatgeattacaccatatgaattaac
accaggagecactgticecttectgeteageetgetatgetgegtcagaacgaccaaggeggecacatattacgaggetgegge
atatctatggaacgaacagcageceetgttctggttgeaggetettatecegetggeegeettgategtectgtgeaactgtety
aaactettgecatgetgetgtaagaceetggettttttageegtaatgageateggtgeecacactgtgagegegtacgaacace
gtaacagtgatecegaacacggtgggagtacegtataagactetigteaacagacegggttacagecccatggtgttggaga
tggagctacaatcagteaccttggaaccaacacigtcacitgactacatcacgtgegagtacaaaactgtcatececteecegt
acgtgaagtgctgtogtacagecagagtgcaaggacaagagectaccagactacagetgeaaggtetitactggagtetacec
atttatgtggegcgeegectactgettttgegacgecgaaaatacgeaattgagegaggeacatgtagagaaatetgaatett
gcaaaacagagtttgcateggectacagageecacaccgeateggegteggegaagetecgegtectttaccaaggaaacaa
cattacegtagetgectacgetaacggtgaceatgeegteacagtaaaggacgecaagtttgtegtgggcecaatgtecteege
ctggacacctittgacaacaaaategtggtetacaaaggegacgtetacaacatggactacceaccttttggegeaggaagac
caggacaatitggteacattcaaagtegtacaccggaaagtaaagacgtttatgecaacacteagtiggtactacagaggee
agcagcaggeacggtacatgtaccatactetecaggeaccatetggettcaagtattggetgaaggaacgaggageategeta
cageacacggeaccgtteggttgecagattgegacaaacceggtaagagetgtaaattgegetgtgeggaacataccaattte
catcgacataccggatgeggecttiactagggtigtegatgeaceetetgtaacggacatgicatgegaagtaccageetgeac
tcactectecgactttgggggegtegecateatcaaatacacagetageaagaaaggtaaatgtgeagtacattegatgacea
acgcecgttaccattegagaagecgacgtagaagtagaggggaacteccagetgeaaatatectteteaacageectggeaag
cgecgagtttcgegtgeaagtgtgetecacacaagtacactgegeageecgeatgecacectecaaaggaccacatagteaatt
acccageatcacacaccaccettggggtecaggatatatecacaacggeaatgtettgggtgecagaagattacgggaggagt
aggattaattgttoctgttgetgecttaattttaatigtggtgetatgegtgtegtitageaggeac

[0077] Regarding Chikungunya virus, another exemplary
nucleotide sequence that encodes . enveiope is described

5 below (SEQ ID No.:5):
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Atgagtcttgecateccagttatgtgeotgttggeaaacaccacgttecectgeteccageceoctigoacgecetgetgetacga
aaaggaaccggaggaaacectacgeatgettgaggacaacgteatgagacetgggtactatecagetgetacaageatectta
acatgttetecccacegecagegacgeageaccaaggacaacttcaatgtetataaagecacaagaccatacttagetcactgt
cecgactgtggagaagggeactegtgecatagteecgtageactagaacgeatcagaaatgaagegacagacgggacgetg
aaaatccaggtetectigecaaateggaataaagacggatgacagecacgattggaccaagetgegttatatzgacaaccaca
tgccageagacgeagagagggegggectatttgtaagaacateageacegtgtacgattactggancaatgggacactteat
cctggeccgatgtccaaaaggeggaaactetgacgetggrattcactgacagtaggaagattagteacteatgtacgeacceat
ttcaccacgacceicetgtgataggtegggaaaaattecatteecgacegeageacggtaaagagetacettgecagecacgtacg
tgeagagcacegeegeaactacegaggagatagaggtacacatgeccccagacaccectgatecgeacattaatgtecacaaca
gtecggeaacgtaaagatcacagicaatggecagacggtgeggtacaagtgtaattgegetggetcaaatgaaggactaaca
actacagacaaagtgattaataactgeaaggtigateaatgtoatgecgeggteaccaateacaaaaagtggecagtataact
cecctetggteccgegtaatgetgaacttggggaccgaaaaggaaaaatteacatecegtttecgetggeaaatgtaacatgea
gggtgectaaagecaaggaaccocacegtgacgtacgggaaaaaccaagteatecatgetactgtatectgaccacecaacacte
ctgtectaccggaatatgggagaagaaccaaactatcaagaagagtggetgatgeataagaaggaagtegtgetaacegtg
cegactgaagggetegaggtecacgtgggpeaacaacgageegtataagtattggeegeagttatetacaaacggtacageee
atggecaccegeatgagataattcetgtattattatgagetgtaccecactatgactgtagtagtigtgtecagtggecacgtteat
actectgtegatggteeggtatggcagegeggatgtigeatgtgtgeacgacgeagatgcatecacaccgtatgaactgacaccag
gagctacegteectttectgettagectaatatgetgeatcagaacagetaaageggecacataccaagaggetgegatatace
tgtggaacgagecageaacctttgitttggetacaageecttattecgetggeagecctgattgtictatgeaactgtetgagacte
ttaccatgetgetgtaaaacegttgecttttttagecgtaatgagegteggtgeccacactgtgagegegtacgaacacgtaaca
gtgateccgaacacggtgggagtacegtataagactctagtocaatagacetggetacageeecatggtattggagatggaact
actgtcagtcactttggagecaacactategettgattacatecacgtgegagtacaaaaccgteatecegtetecgtacgtgaag
tgetgegetacagcagagtgcaaggacaaaaacctacctgactacagetgtaaggtettcaceggegtotacecatitatgtag
ggeggegectactgettetgegacgetgaaaacacgeagttgagegaageacacgtggagaagtecgaateatgeaaaacag
aatttgecatcageatacageggeteatacegeatctgeateagetangetecgegtectitaccaaggaaataacatcactgtaa
ctgectatgeaaacggegaccatgecgtecacagttaaggacgecaaattcatigtggggecaatgtoticagectggacacettt
cgacaacaanattgtggtgtacaaaggteacgtetataacatggactaccegeectttggegecaggaagaccaggacaattt
ggcgatatecaaagtegeacacctgagagtaaagacgtetatgetaatacacaactggtactgecagagaceggctagtgggta
cggtacacgtgccatactetecaggeaccatetggetttaagtatiggctaaaagaacgeggggegtogetgeageacacagea
ccatitggetgccanatageaacaaacceggtaagagegetgaactgegeegtagggaacatgeceatetecategacatace
gegaageggecttecactagegtegtegacgegecctetttaacggacatgtegtgcgaggtaccageetgeacecattecteagac
tttgggegegtegecattattaaatatgeagecagcaagaaaggeaagtgtegcggtgeattcgatgactaacgcegtcactatt
cgggaagetgagatagaagttgaagggaatictcagetgeaaatetetttictegacggecttagecagegecgaattecgegta
caagtetgttctacacaagtacactgtgeagecgagtgecacceecegaaggaccacatagtecaactaceeggegteacatace
acceteggggtecaggacateteegetacggegatgteatgggtgecagaagatcacgggagetagtgggactggtigtigetgtt
geegeactgattetaategtggtgetatgegtgtegticageaggcac

[0078] Regarding Chikungunya  virus, an exemplary
nucleotide sequence that encodes a Capsid-envelope is

described below (SEQ ID No.:6):

atggagttcatcccgacgecaaactttctataacagaaggtaccaacccecgacecctggge
cccacgccectacaattcaagtaattagacctagaccacgtceccacagaggcaggctggge
aactcgcccagectgatctceccocgecagtcecaacaaattgaccatgecgegecggtacctcaacag
aagcctcgecagaaatcggaaaaacaagaagcaaaggcagaagaagcaggegeccgecaaaa
cgacccaaagcaaaagaagcaaccaccacaaaagaagcecggctcaaaagaagaagaaac
caggccgtagggagagaatgtgcatgaaaattgaaaatgattgcatcttcgaagtcaag
catgaaggcaaagtgatgggctacgcatgcctggtgggggataaagtaatgaaaccage
acatgtgaagggaactatcgacaatgccgatctggetaaactggectttaageggtegt
ctaaatacgatcttgaatgtgcacagataccggtgcacatgaagtctgatgectcgaag
tttacccacgagaaaccecgaggggtactataactggecatcacggagcagtgecagtatte
aggaggccggttcactatcccgacgggtgcaggcaageccgggagacagecggcagaccga
tcttcgacaacaaaggacgggtggtggccatcgtcecctaggaggggeccaacgaaggtgec
cgcacggccctcectececgtggtgacgtggaacaaagacatcgtcacaaaaattaccectga
gggagccgaagagtggagectcgecctcececcggtecttgtgecectgttggcaaacactacat
tcceectgcectcetecagecgecttgeacacectgetgctacgaaaaggaaccggaaagcace
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ttgegeatgcettgaggacaacgtgatgagacccggatactaccagctactaaaagecatce
gctgacttgctetcececcaccgeccaaagacgcagtactaaggacaattttaatgtetata
aagccacaagaccatatctagctcattgtcctgactgeggagaagggcattegtgecac
agccctatcgeattggagegcatcagaaatgaagcaacggacggaacgctgaaaateca
ggtectectttgcagatcgggataaagacagatgacageccacgattggaccaagetgeget
atatggatagccatacgccagcggacgcggagcgagecggattgettgtaaggacttca
gcaccgtgcacgatcacecgggaccatgggacactttattctcgeccgatgeeccgaaagyg
agagacgctgacagtgggatttacggacagcagaaagatcagccacacatgecacacacce
cgttcecatcatgaaccacctgtgataggtagggagaggttccactctecgaccacaacat
ggtaaagagttaccttgcagcacgtacgtgcagagcaccgctgecactgctgaggagat
agaggtgcatatgccceccagatactcectgaccgecacgctgatgacgcagcagtetggea
acgtgaagatcacagttaatgggcagacggtgcggtacaagtgcaactgeggtggcetea
aacgagggactgacaaccacagacaaagtgatcaataactgcaaaattgatcagtgecca
tgctgcagtcactaatcacaagaattggcaatacaactccectttagtecegegecaacyg
ctgaactcggggaccgtaaaggaaagatccacatccecatteccattggcaaacgtgact
tgcagagtgccaaaagcaagaaaccctacagtaacttacggaaaaaaccaagtcaccat
gctgetgtatcecctgaccatecgacactcttgtettaccgtaacatgggacaggaaccaa
attaccacgaggagtgggtgacacacaagaaggaggttaccttgaccgtgectactgag
ggtctggaggtcacttggggcaacaacgaaccatacaagtactggcecgecagatgtctac
gaacggtactgcetcatggtcacccacatgagataatcttgtactattatgagctgtace
ccactatgactgtagtcattgtgtecggtggectcgttegtgettctgtecgatggtgggce
acagcagtgggaatgtgtgtgtgcgcacggcgcagatgcattacaccatatgaattaac
accaggagccactgttcecttcecctgetcagectgectatgectgegtcagaacgaccaagy
cggccacatattacgaggctgecggcatatctatggaacgaacagcagcecectgttetgg
ttgcaggcectcttatcccgetggecgecttgatecgtectgtgcaactgtectgaaactett
gccatgcetgctgtaagaccetggettttttagecgtaatgagecatcggtgececacactyg
tgagcgcgtacgaacacgtaacagtgatcccgaacacggtgggagtaccgtataagact
cttgtcaacagaccgggttacagecccatggtgttggagatggagctacaatcagtceac
cttggaaccaacactgtcacttgactacatcacgtgegagtacaaaactgtcateccet
ccecegtacgtgaagtgetgtggtacagcagagtgcaaggacaagagcectaccagactac
agctgcaaggtctttactggagtctacccatttatgtggggcggegectactgettttg
cgacgccgaaaatacgcaattgagecgaggcacatgtagagaaatctgaatcttgcaaaa
cagagtttgcatcggcectacagagcecccacaccgcateggegteggcgaageteegegte
ctttaccaaggaaacaacattaccgtagctgectacgctaacggtgaccatgecegtcac
agtaaaggacgccaagtttgtcecgtgggcccaatgtcecctecgectggacacettttgaca
acaaaatcgtggtgtacaaaggcgacgtctacaacatggactacccaccttttggegea
ggaagaccaggacaatttggtgacattcaaagtcgtacaccggaaagtaaagacgttta
tgecaacactcagttggtactacagaggccagcagcaggcacggtacatgtaccatact
ctcaggcaccatctggcttcaagtattggectgaaggaacgaggagcatecgectacageac
acggcaccgttcggttgecagattgegacaaacccggtaagagctgtaaattgegetgt
ggggaacataccaatttccatcgacataccggatgecggectttactagggttgtegatyg
caccctetgtaacggacatgtecatgecgaagtaccagectgecacteactectecgacttt
gggggcgtcgecatcatcaaatacacagectagcaagaaaggtaaatgtgecagtacatte
gatgaccaacgcecgttaccattcgagaagccgacgtagaagtagaggggaactececage
tgcaaatatccttctecaacagecectggrcaagegecgagtttecgegtgecaagtgtgetcee
acacaagtacactgcgecagecgcecatgcecaccctceccaaaggaccacatagtcaattacce
agcatcacacaccaccecttggggtceccaggatatatccacaacggcaatgtettgggtge
agaagattacgggaggagtaggattaattgttgectgttgetgecttaattttaattgtyg
gtgcectatgcgtgtecgtttagecaggecactaa.

[0079] Regarding Chikungunya virus, another exemplary
nucleotide sequence that encodes a Capsid-envelope 1is

described below (SEQ ID No.:7):
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atggagttcatcccaacccaaactttttacaataggaggtaccageetcgaccctggac
tccgegecectactatceccaagtecatcaggeecagaccgcgecctecagaggcaagetggge
aacttgecccagctgatctcagcagttaataaactgacaatgecgecgcggtaccacaacag
aagccacgcaggaatcggaagaataagaagcaaaagcaaaaacaacaggcgccacaaaa
caacacaaatcaaaagaagcagccacctaaaaagaaaccggctcaaaagaaaaagaagce
cgggccgcagagagaggatgtgeatgaaaatcgaaaatgattgtattttecgaagtcaag
cacgaaggtaaggtaacaggttacgcgtgcctggtgggggacaaagtaatgaaaccagc
acacgtaaaggggaccatcgataacgcggacctggccaaactggcecctttaagecggtcat
ctaagtatgaccttgaatgcgcgcagatacccgtgcacatgaagtccgacgettcgaag
ttcacccatgagaaaccggaggggtactacaactggecaccacggagcagtacagtacte
aggaggccggttcaccatcectacaggtgetggcaaaccaggggacagecggcagaccga
tettecgacaacaagggacgcgtggtggecatagtcttaggaggagctaatgaaggagee
cgtacagccctctcecggtggtgacctggaataaagacattgtcactaaaatcaccccececga
gagggccgaagagtggagtcttgecatceccagttatgtgectgttggcaaacaccacgt
tcececctgeteccagececcecttgecacgecctgetgectacgaaaaggaaccggaggaaacae
ctacgcatgcttgaggacaacgtcatgagacctgggtactatcagectgetacaageate
cttaacatgttctccccaccgccagcgacgcagcaccaaggacaacttcaatgtectata
aagccacaagaccatacttagctcactgtcccgactgtggagaagggcactcgtgecat
agtcccecgtagecactagaacgcatcagaaatgaagcgacagacgggacgctgaaaatccea
ggtctccttgcaaatecggaataaagacggatgacagccacgattggaccaagectgegtt
atatggacaaccacatgccagcagacgcagagagggcggggctatttgtaagaacatca |
gcaccgtgtacgattactggaacaatgggacacttcatcctggcccgatgteccaaaagy
ggaaactctgacggtgggattcactgacagtaggaagattagtcactcatgtacgcacce
catttcaccacgacectectgtgataggtcgggaaaaattccattecececgaccgecageac
ggtaaagagctaccttgcagcacgtacgtgcagagcaccgcecgcecaactaccgaggagat
agaggtacacatgcceccagacacccectgatcegecacattaatgtcacaacagtececggea
acgtaaagatcacagtcaatggccagacggtgcggtacaagtgtaattgeggtggctca
aatgaaggactaacaactacagacaaagtgattaataactgcaaggttgatcaatgtca
tgeccgeggtcaccaatcacaaaaagtggcagtataactcececectcectggteccegegtaatyg
ctgaacttggggaccgaaaaggaaaaattcacatceccgtttccgectggcaaatgtaaca
tgcagggtgectaaagcaaggaaccccaccgtgacgtacgggaaaaaccaagtecatcat
gctactgtatcctgaccacccaacactcctgtectaccggaatatgggagaagaaccaa
actatcaagaagagtgggtgatgcataagaaggaagtcgtgctaaccgtgecgactgaa
gggctcgaggtcacgtggggcaacaacgageccgtataagtattggccgecagttatctac
aaacggtacagcccatggeccacccgcatgagataattctgtattattatgagectgtacc
ccactatgactgtagtagttgtgtcagtggccacgttcatactecctgtecgatggtgggt
atggcagcggggatgtgcatgtgtgcacgacgcagatgcatcacaccgtatgaactgac
accaggagctaccgtecctttectgettagectaatatgectgecatcagaacagetaaag
cggccacataccaagaggctgegatatacctgtggaacgagcagcaacctttgttttgg
ctacaagcccttatteccgetggcagecctgattgttectatgcaactgtctgagactett
accatgectgctgtaaaacgttggettttttagecegtaatgagegteggtgeccacactg
tgagcgegtacgaacacgtaacagtgatcccgaacacggtgggagtaccgtataagact
ctagtcaatagacctggctacagecccatggtattggagatggaactactgtcagtcac
tttggagccaacactatcgcttgattacatcacgtgecgagtacaaaaccgtecatececegt
ctcegtacgtgaagtgctgeggtacagcagagtgcaaggacaaaaacctacctgactac
agctgtaaggtcttcaccggegtcectacccatttatgtggggeggecgectactgettetg
cgacgctgaaaacacgcagttgagcgaagcacacgtggagaagtccgaatcatgcaaaa
cagaatttgcatcagcatacagggctcataccgcatctgcatcagctaagectcecgegte
ctttaccaaggaaataacatcactgtaactgcctatgcaaacggcgaccatgeecgtcac
agttaaggacgccaaattcattgtggggccaatgtcttcagectggacacctttcgaca
acaaaattgtggtgtacaaaggtgacgtctataacatggactacccgecctttggegea
ggaagaccaggacaatttggcgatatccaaagtcgcacacctgagagtaaagacgtcta
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tgctaatacacaactggtactgcagagaccggctgtgggtacggtacacgtgeccatact
ctcaggcaccatctggctttaagtattggectaaaagaacgecggggcgtcgetgecageac
acagcaccatttggctgccaaatagcaacaaacccggtaagagcggtgaactgegeegt
agggaacatgcccatctccatcgacataccggaagecggcecttcactagggtecgtegacyg
cgecectetttaacggacatgtecgtgecgaggtaccagecectgcacccattectcagacttt
gggggcgtcegeccattattaaatatgcagccagcaagaaaggcaagtgtgeggtgeatte
gatgactaacgccgtcactattecgggaagctgagatagaagttgaagggaattctcage
tgcaaatctetttectecgacggecttagecagegecgaattccgegtacaagtetgttet
acacaagtacactgtgcagccgagtgeccaccccoccgaaggaccacatagtcaactacce
ggcgtcacataccaccctcggggtccaggacatectececgectacggegatgtcatgggtge
agaagatcacgggaggtgtgggactggttgttgctgttgececgecactgattctaategtyg
gtgctatgegtgtcgttcagcaggcactaa.

foos0] In one embodiment, the present invention provides
a vector comprising the nucleic acid molecule as described
above, wherein the vector optionally comprises an
expression control sequence operably linked to the nucleic
acid molecule.

[0081] Examples of an expression control sequence
include, but are not limited to, promoter such as CMV
promoter, phage lambda PL promoter, the E. coli lac, phoA
and tac promoters, the SV40 éarly and late promoters, aﬁd
promoters of retroviral LTRs.

[0082] In this embodiment, the vector comprising an
expression control sequence operably linked to the nucleic
acid molecule as described above can Dbe used as an
expression vector for preparing the particle provided by
fhe first aspect of the present invention.

[0083] The expression vectors can be prepared by a
person skilled in the art baéed. on WO/2012/006180, the

entire contents of which are incorporated by reference

herein.
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[0084] Examples of wvectors which can be wused for
expressing a virus 1like particle comprising a fusion

protein of a polypeptide derived from Chikungunya wvirus

- (CHIKV) and a polypeptide of antigen include a vector shown

in VLP_CHI 512 vector (SEQ ID No.:8) containing CHIKV VLP
polynucleotide (SEQ ID No. 13; corresponding amino acid
sequence represented by SEQ ID No.:14); and VLP_CHI 532
vector (SEQ ID No.; 9) containing CHIKV VLP polynucleotide
(SEQ ID No. 15; corresponding amino acid sequence

represented by SEQ ID No.:16).

~[0085] The expression vectors can be prepared by a

person skilled in the art based on US2012/0003266, the

entire contents of which are incorporated by reference

herein.

[o086] Examples of wvectors which can be wused for
expressing a virus 1like particle comprising a fusion
protein of a polypeptide derived from Venezuelan equine
encephalitis virus (VEEV) and a polypeptide of antigen
include a vector shown in VLP_VEEV VLP 518 vector (SEQ ID
No.:10) containing VEEV VLP polynucleqtide (SEQ ID No. 17;
correspoﬁding amino acid sequence represented by SEQ ID
No.:18); VLP_VEEV VLP 519 vector (SEQ ID No.li) containing
VEEV VLP polynucleotide (SEQ ID No. 19; corresponding amino
acid sequence represented by SEQ ID No.:20); and VLP_VEEV

VLP 538 wvector (SEQ ID No.: 12) containing VEEV VLP
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polynucleotide (SEQ ID No. 21; corresponding' aminé acid
sequence represented by SEQ ID No.:22).

[0087J In one embodiment, the present invention provides a
nucleic acid molecule which is designed for expression of a
virus 1like particle comprising a fusion protein of a
polypeptide derived from Chikungunya virus (CHIKV) or
Venezuela equine encephalitis virus (VEEV) and a
polypeptide derived from malaria antigen, which consists of

a nucleotide sequence represented by SEQ ID Nos.26-27, 29-

30, 32-33, 35-36, 38, 40 or 42.

[0088] In one embodiment, the present invention provides

a nucleic acid molecule which is modified from the nucleic
acid molecule having a nucleotide sequence represented by
any one of SEQ ID Nos.26-27, 29-30, 32-33 of 35-36, 38, 40

or 42. The modified nucleic acid molecule may have at

least 70%, 175%, B80%, 85%, 90%, 95% or 98% nucleotide
sequence identity to the nucleic acid molecule having a
nuclectide sequence represented by any one of SEQ ID
Nos.26-27, 29-30, 32-33, 35-36, 38, 40 or 42. Also, the
modified nucleic acid molecule may be a mutant where at

most 10% of the amino acids are deleted, substituted,

and/or added based on the nucleic acid molecule having a

nucleotide sequence represented by any one of SEQ 1ID

Nos.26-27, 29-30, 32-33, 35-36, 38, 40 or 42.
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[0089]

(3) Composition or vaccine

In the third aspect, the present invention provides
é cdmposition or vaccine comprising the particle provided
in the first aspect of the present invention and/or the
nucleic acid molecule provided in the second aspect of the
present invention.
[0090) 1In one embodiment, the present invention provides a
composition or vaccine comprising the Alphavirus or
Flavivirus virus like particle ({(e.g. Chikungunya virus like
particle or Venezuelan equine encephalitis wvirus 1like
particle) as described above or the nucleic acid molecule
as described above. The content of the Alphavirus or
Flavivirué virus 1like particle. and the content of the
nucleic acid molecule may be 0.00001-1 w/w%.
[00921] Dosage amount of the particle provided in the first
aspect of the present invention (e.g. CHIKV VLP or VEEV
VLP) may be 1-500ug/day.
[0092] Qne or more malaria antigens may be used for one
composition or one vaccine provided by the thira aspect of
the present invention.

[0093] The composition or vaccine may further comprise a

pharmaceutical acceptable carrier and/or adjuvant.

Examples of adjuvant include, but are not limited to,

aluminium salts, sodium hydroxide, Freund's complete adjuva
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nt, Freund's incomplefe adjuvant and Ribi solution (Sigma
Adjuvant system, Sigma-Aldrich). - The composition or
vaccine provided in the third aspect of the present
invention may contain buffering agent such as dibasic
sodium phosphate hydrate, sodium dihydrogen phosphate and
sodium chloride; and preserving agent such as thimerosal.
In one embodiment, the composition or vaccine is an agqueous
solution containing 0.001-1 w/w% of the particle provided
in the first aspect of the present invention (e.g. CHIKV
VLP or VEEV VLP), 1-10w/w% of buffering agent, 0.01-1w/w$%
of adjuvant and 0.00001-0.001w/w% of preserving agent.
[0094] A skilled person can. prepare the pharmaceutical
composition and vaccine using conventional technique. For
example, the particle provided in the first aspect of the
present invention is mixed with buffer solution having
physiological pH (e.g. ©pH 5-9, pH7) to prepare the
pharmaceutical composition and vaccine provided in the
third aspect of the present invention.

[0095] The pharmaceutical composition of the present
invention may contain a single active ingredient or a
combination of two or more active ingredients, as far as
they are not contréry to the objects of the present
invention. For example, cytokines including chemokines,
anti-body of cytokines such as anti TNF antibody (e.g.

infliximab, adalimumab) , anti-vVEGF antibody (e.g.
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bevacizumab and ranibizumab), cytokine receptor antagonist
such as anti HER2 antibody (e.g. Trastuzumab), anti EGF
receptor antibody (e.g. Cetuximab), anti VEGF aptamer (e.g.
Pegaptanib) and immunomodulator such as cyclosporine,
tacrolimus, ubenimex may be wused for the combination
therapy.

[0096]- In a combination of plural active ingredients,
their respective contents may be suitably increased or
decreased in consideration of their therapeufic effects and
safeﬁy. |
[0097]) The term “combination" wused herein means two or
more active ingredient are administered to a patient
simultaneously in the form of a single entity or dosage, or
are both administered to a patient as  separate entities
either simultaneously or sequentially with no specific time

limits, wherein such administration provides

therapeutically effective levels of the two components in

the body, preferably at the same time.

[0098] In one embodiment, the composition is a vaccine
composition ipcludingAa‘DNA vaccine. In one embodiment,
the DNA vaccine provided by the present invention comprises
CpG containing oligonucleotide.

[0099] The composition or vaccine provided in the third
aspect of the present invention can be administered one or

more times. When the composition or vaccine provided in
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‘the third aspect of the present invention is administered

mcre than one time, different particle provided in the
first aspect of the present invention (e.g. CHIKV VLP or
VEEV VLP) may be used for each of the administration. 1In
one embodiment, combination of immunization using CHIKV VLP
provided in the fifst aspect of the invention and
immunization using VEEV VLP provided in the first aspect of
the invention is employed. For example, CHIKV VLP provided
in the first aspect of the present invention may be used
for the 1st immunization and VEEV VLP provided in the first
aspect of the present invention may be used for the 2nd
immunization, or VEEV VLP provided in the first aspect of
the present invention may be used for the 1st immﬁniéation
and CHIKV VLP provided in the first aspect of the present
invention may be used for the 2nd immunization.

[0100]) A skilled person can determine timing of
immunization using the composition or vaccine provided in
the third aspect of the present invention. For example,
2nd immunization is performed 1, 2, 3, 4, 5, 6, 7, 8, 9 or

10 weeks after 1st immunization.

[o0101] In one embodiment, the present invention provides

a kit comprising
(a) a vaccine composition comprising the particle provided
in the first aspect of the present invention; and

(b) another wvaccine composition comprising the particle
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provided in the first aspect of the present invention,
wherein the particle contained in (a) is a wvirus 1like
particle which is different from the particle contained in
(b). In this embodiment, the particle contained in (a) may
be Chikungunya vifus like particle and the particle
contained in (b) may be Venezuelan equine encephalitis
virus like particle.

[0102] In one embodiment, the present invention provides
a kit comprising

(a) a vaccine composition comprising the particle provided
in the first aspect of the present invention; and

(b) another vaccine composition comprising thé particle
provided in the first aspect of the present invention,

(c) one or more vaccine composition, each of which
comprises the particle provided in the first aspect of.the
present invention,

wherein (a) is used for priming immunization and (b) and
{c) are used for boosting immunization; and the particle
contained in (a) is a wvirus 1like particle which is
different from the particle contained in (b); and the
particle contained in (c¢) is different from the particle
contained in (a). and (b), or the same as the particle
contained in (a) or (b).

[0103] | The respective vaccine éompositions contained in

the above-described kit may be administered simultaneously,
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separately'or sequentially.

[0104] The Alphavirus or Flavivirus virus like particle
(e.g. Chikungunya virus or Venezuelan equine encephalitis
virus) provided in the first aspect of the present
invention or the nucleic acid molecule provided by the
second aspect of the invention can be wused for the
composition and vaccine provided in the third aspect of the
present invention.

[0105] For example, Chikungunya or Venezuelan equine
encephalitis virus like particle comprising or consisting
of:

one or more (e.g. 240) capsid of Chikungunya virus (CHIKV)
or Venezuelan equine encephalitis virus (VEEV) ;

one or more (e.g. 240) E1 of Chikungunya virus (CHIKV) or
Venezuelan equine encephalitis virus (VEEV); and

one or more (e.g. 240) E2 of Chikungunya virus (CHIKV) or
Venezuelan equine encephalitis wvirus (VEEV), wherein
malaria antigen is inserted into E2 of Chikungunya virus
(CHIKV) or Venezuelan equine encephalitis virus (VEEV) may
be used for preparing the composition or wvaccine provided
in the third aspect of the present invention. The E2 into
which the antigen is inserted méy consist of an amino acid
sequence represented by SEQ ID No.50; the E1 may consist of
an aﬁino acid sequence represented by SEQ ID No.51; and the

capsid may consist of an amino acid sequence represented by
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SEQ ID NO.: 52; or

the E2 into which the antigen is inserted may consist of an
amino acid sequence represented by SEQ ID NO.53; the E1 may
consist of an amino acid sequence represented by SEQ ID
NO.54; and the capsid may consist of an amino acid sequence
represented by SEQ ID NO.: 55.

[0106] The composition or vaccine provided in the third
aspect of the present invention can be administered to a
mamma 1 (e.qg. human) intramuscularly (i.m.),
intracutaneously (i.c.), subcutaneously (s.c.),
intradermally (i.d.) or intraperitoneally (i.p.).

[0107] The composition or vaccine provided in the third
aspect of the present invention may be used for treating or
prevénting malaria.

[0108] = Thus, use of the Alphavirus or Flavivirus (e.g.
Chikungunya virus or Venezuelan equine encephalitis virus)
virus like particle provided in the first aspect of the
present invention or the nucleic acid molecule provided by
the second aspect of the invention for manufacturing a
pharmaceutical composition or vaccine for treating or
preventing malaria 1is also provided by the present
invention.

[0109]

(4) Method of producing an  antibody, Method of

immunomodulation, Method of treating malaria, Method of
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inducing and/or enhancing immune response against a malaria

~antigen in a mammal, Method of passive immunization, Method

of presenting an antigen on macrophage, and Method for

producing a particle

In the fourth aspect, the present invention provides
a method of producing an antibody, comprising contacting
the particle provided in the first aspect of the present
invention and/or the nucleic acid molecule provided in the

second aspect of the present invention to a mammal.

[0110] The antibody produced in the fourth aspect of the
present invention may be humanized using a conventional
technique: Thus, in one embodiment; the method provided in
the fourth aspect of the invention further comprises a step

of humanizing non-human mammal produced antibody.

[0111} The particle provided in the first aspect of the
present invention and/or the nucleic acid molecule provided
in the second aspect of the present invention may be
administered directly into the patient, into the affected
organ or systemically, or applied ex vivo to éells derived
from the patient or a human cell line which are
subsequently administered to the patient, or used in vitxro
to select a subpopulation from immune cells such as B-cell
and T-cell derived from the patient, which are then re-

administered to the patient.
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[0112] According to the present inventicn, the virus like

particle can be applied for the immune therapy.

[0113) In the fifth aspect, the present invention provides
a method of immunomodulation, a method of treating malaria,
a’method of inducing and/or enhancing immune response
against a malaria antigen in a mammal comprising
administering the composition provided in the third aspect

of the present invention to a mammal.

[0114]) 1In sixth aspect, the present invention provides a
method of passive immunization against a malaria-causing
pathogen, comprising administering the antibody provided in

the fourth aspect of the present invention to a mammal.

[0115] In seventh aspect, the present invention provides a
method of presenting a malaria antigen on macrophage,
comprising contacting the particle provided in the first
aspect of the present invention and/or the nucleic acid
molecule provided in the second aspect of the present

invention to a mammal.

[0116] 1In eighth aspect, the present invention provides a
method for producing the particle provided in the first
aspect of the present invention, comprising preparing a

vector designed for expression of said particle; culturing
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a cell which is transfected with said vector to express

said particle; and recovering said particle.

[0117] Examples of mammal include, but are not limited to,

a human.

[0118] In one embodiment, the present invention provides a
method of producing an antibody against malaria antigen,
comprising contacting the Chikungunya or Venezuelan eguine

encephalitis virus like particle as described above and/or

the nugleic acid molecule as described above to a mammal.

The produced antibody may be an antibody which can
specifically bind to a malaria antigen comprised in the
Chikungunya or Venezuelan equine encephalitis wvirus 1like
particle or a malaria antigen encoded by the nucleic acid

molecule. The method of producing an antibody provided by

~the present invention may be a useful for producing a

monoclonal or polyclonal antibody against a malaria antigen.
[0119] In one embodiment, an  antibody against malaria
antigen obtained by the method of producing an antibody
according to the present invention is used for passive
immunization.  The method of passive immunization may

comprise administering the obtained antibody to a mammal.

[0120] In one preferred embodiment, the immunomodulation

‘provided by the present invention is inducing and/or
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enhancing immune response against malaria antigen in a
mammal. Thus, in one embodiment, the present invention
provides a method of inducing and/or enhancing immune
response against malaria antigen in a mammal, comprising
administering an effective amount of the composition as

described above to the mammal.

[0121] Given the symptom of patients infected with
Chikungunya or Venezuelan equine encephalitis together with
unusual big molecule of Chikingunya or Venezuelan equine
eﬂcephalitis, this VLP can act effectively and efficiently
to target macrophage and its composition such as cytokines
and immunomodulative compounds.

[0122] In one aspect, the present invention provides a
method of presenting an antigen on macrophage, comprising
administering the Chikungunya or Venezuelan eguine
encephalitis virus like particle as described above and/or
the nucleic acid molecule as described above to a mammal.
The Chikungunya or Venezuelan equine encephalitis virus
like particle provided by the present invention is good to
target macrophage. In one embodiment, the Chikungunya or
Venezuelan equine encephalitis virus like particle provided
by the present invention is a kind of delivery system of

the at least one antigen, which is comprised in the
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Chikungunya or Venezuelan equine encephalitis virus like

particle, to macrophage.

[0123] In one embodiment, the preéent invention provides a
method for producing Chikungunya or Venezuelan equine
encephalitis virus like particle provided in the first
aspect of the present invention, comprising preparing a
vector designed for expression of said particle; culturing
a cell which is transfected with said vector to express
said particle; and recovering said particle. In this
embodiment, transfection can be conducted using a
conventional method. Cells using for the transfection may
be 293 cells. Recovering VLP may include collecting a
conditioned medium after cells are transfected with a
vector, and may further include purify VLP from the

conditioned medium using ultracentrifugation.

[0124] The present invention will be described in detail
with reference to the following example, which, however, is

not intended to limit the scope of the present invention.

[0125]

EXAMPLES

EXAMPLE 1: Preparation of Chikungunya virus (CHIKV) like

particle comprising a virus structural polypeptide and a

fragment of malaria antigen




10

15

20

53

The following polynucleotides of malaria CSP1l proteins
are used. N terminal linker is SGG and C terminal linker

is GGS.

VLP74 (6 repeat of NPNA amino acid sequence)
Sggnpnanpnanpnanpnanpnanpnaggs (SEQ ID No. :46)
(Tccggaggaaacccgaatgeccaatcecccaacgecgaacceccaatgectaacccaaatgeca
acccaaacgccaaccccaacgctggtggatee) (SEQ ID No. :47)

VLP78 (25 repeat of NPNA amino acid sequence)
Sggnpnanpnanpnanpnanpnanpnvdpnanpnanpnanpnahpnanpnanpnanpna
npnanpnanpnanpnanpnanpnanpnanpnanpnanpnanpnaggs (SEQ ID

No. :48)
(tccggaggaaacccgaatgeccaatcccaacgecgaaccccaacgctaacceccaacgeca
atccgaatgecaaacccgaacgttgacccaaacgccaacccgaatgcecaatcceccaacgeg

aaccccaatgctaacccaaatgccaacccaaacgccaaccccaacgctaatccaaacge

caaccctaacgccaatcccaacgegaatcectaacgctaatcccaacgcaaatcccaatg

ctaatccgaacgcgaaccctaatgcaaaccccaacgccaacccgaacgctaacecgaac

gctaatcccaacgeccggtggatcec) (SEQ ID No. :49)

[0126] The respective polynucleotides was inserted between
the codons encoding Ser at 531-position and Asn at 532-
position of SEQ ID Nos.15 or 16 (SEQ ID Nos.1 or 2) to
conétruct a piasmid (hereinaftexr referred to as CHIKV-VLP74
or 78) for expressing Chikungunya virus 1ike particle where
the modified VLP74 or 78-derived peptide is inserted into

E2 'of Chikungunya virus structural polypeptide.
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[0127] 293F cells (Lifetechnology) were transfected with
the plasmid using PEI (GE Healthcare) or GeneX (ATCC). 4
days after the transfection, the conditioned medium was
collected and centrifuged at 3000rpm for 15 minutes to
separate it from cells. The supernatant was filtrated

using 0.45um filter to obtain virus like particles. The

virus like particles were concentrated using TFF column and

purified using QXL column (GE Healthcare) to obtain
purified virus like particles. When animals were immunized
with virus like particles, the purified virus like

particies were further concentrated using spin column
(Molecular Weight;cutoff: 100kDa) to prepére the virus like

particles for the immunization.

[0128] The expression of VLP comprising VLP74 or 78

conjugated with Chikungunya virus structural polypeptide
was confirmed by Western Blot using an antibody specific
for CHIVK (ATCC: VR-1241AF) and an antibody specific for

VLP74 or 78.

[0129]

EXAMPLE 2: Preparation of Venezuelan equine encephalitis

virus (VEEV) like particle comprising a virus structural

polypeptide and a fragment of malaria antigen
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The same polynucleotideés of malaria CSPl proteins (VLP74
and VLP78) used in EXAMPLE 1 are used. N terminal linker

is S8SGG and C terminal linker is GGS.

[0130] The respective polynucleotides was inserted
between the codons encoding Ser at 518-position and Ser at
519-position of SEQ ID Nos.19 or 20 (SEQ ID No.3) to
construct a plasmid (hereinafter referred to as VEEV-VLP74
or 78) for expressing Venezuelan equine encephalitis virus
like particle where the modified VLP74 or 78 -derived
peptide is inserted into E2 of Venezuelan equine

encephalitis virus structural polypeptide.

[0131] 293F cells (Lifetechnology) were transfected with
the plasmid using PEI (GE Healthcare) or GeneX (ATCC). 4
days after the transfection, the conditioned medium Qas
collected and centrifuged at 3000rpm for 15 minutes to
separate it from cells. The Supernataﬁt was filtrated
using 0.45um filter to obtain virus like particles. The
virus like particles were concentrated using TFF column and
purified using QXL column (GE Healthcare) to obtain
purified virus like particles. When animals were immunized
with virus like particles, the purified‘virus like
particles were furfher concentrated using spin column
(Molecular Weight-cutoff: 100kDa) to prepare the virus like

particles for the immunization.
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{0132] The expression of VLP comprising VLP 74 or 78
conjugated with Venezuelan equine encephalitis virus
structural polypeptide was confirmed by Western Blot using
an antibody specific for VEEV and an antibody specific for

VLP74 or 78.
[0133]

EXAMPLE 3:Immunogenicity in Non-human Primate (Monkey)

The monkeys were immunized with x25-CHI (80ug) at O
week and x6-VEE (80ug) at 3 week by intramuscular injection
with or without adjuvant (Sigma Adjuvant System, Sigma,
§6322). X25-CHI means 25 times malaria CSP repeat amino
acid NPNA on CHIKV VLP particle (VLP78_15). X6-VEE means 6
times malaria CSP repeat amino acid NPNA on VEEV VLP
particle (VLP74_25). The blood is taken at 2 and 5 weeks
after the first immunization.

[0134] 96 well ELISA plate were coated with 50ng of
Recombinant Circumsporozoite Protein (rCsp) (Reagent
Proteing, ATG-422) in 100ul PBS buffer pre well. The Plates
after 2 hours incubation were washed three times TBS buffer
containing 0.05% Tween-20 and blocked with TBS buffer
containing 0.05% Tween-20 and 5% dry milk. The heat
inactivated diluted serum from monkeys Qere added in the

blocking buffer and incubated for 1 h at room temperature.
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After washing three times, peroxidase 1labeled goat anti-
human IgG or anti-mouse IgG was added at 1:4000 dilution
and incubated for 1h at room temperature. After washing
three times, Peroxidase substrate was added for development
and incubated for 10 mins and 2NYH2SO4 was added to stop
the development. The data were analyzed using Gen5 (BioTek)

and GraphPad Prismé (GraphPad software Inc).
[0135] The Immunogenicities are shown in Figures 4 to 6.

[0136] 1Induction of antibodies against CSP was found in
the serum of all monkeys immunized with Malaria VLPs (see
Figure 4). The mean OD values indicating titer of
antibodies against CSP is shown in Figure 5. Figure 5
shows that the serum from immunized monkeys induced high

titer of antibodies against CSP.

[0137] As seen in Figure 6, higher titer of antibodies
against CSP was achieved when CHIKV VLP particle comprising
NPNA and VEEV VLP particle comprising NPNA were used for
the priming ihmunization and boosting immunization,
respectively, compared to when only CHIKV VLP particle
comprising NPNA was used for both of the priming
immunization and the boosting immunization. In addition,
Figure 6 shows that use of adjuvant further enhanced the

titer of antibodies against CSP. Further, Figure 6 shows
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that administration of 25-repeats of NPNA induces higher
titer of antibodies against CSP compared to administration

of 6-repeats of CSP.

[0138] The anti-Pf CSP antibody titer in the serum from
the monkeys immunized with x25-CHI (80ug) at 0 week and x6-
VEE (80ug) at 3 week without using adjuvant was measured by
ELISA at Malaria Serology Lab Malaria Vaccine Branch, WRAIR.
In the ELISA performed at Malaria Serology Lab Malaria
Vaccine Branch, WRAIR, the plates were coated with CSPrp
((NPNA) 6 Peptide) [0.2ug/pL] (Supplier: Eurogentec

EP070034) and Goat o-Human IgG (KPL/074-1002 LOT# 120714)
was used as 2nd antibody. The final titer was determined

by the dilution factor that yields an OD of 1.0 (414nm).

[0139] AS a'result, the anti-Pf CSP antibody titer in
the serum from the monkeys was enhanced after 2nd |
immunization compared to 1st immunization (see Table 2).
Compared to the anti-Pf CSP antibody titer in the serum
from the monkeys immunized with RTS,S (GlaxoSmithKline),
the anti-Pf CSP antibody titer in the serum from the
monkeys immunized with x25-CHI (80ug) and x6-VEE (80ug) in
the absence of adjuvant was considered to be higher even

though RTS,S (GlaxoSmithKline) contains adjuvant.

[Table 2]
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After 1st After 2nd
Ui . . . :
Animal No. immunization immunization
Week 2 Week 5
ot 55— e _— cem—
mm* hoczzn T ——
1 ' 8990 29420
2 48210 44100
3 80400 51230
2 16260 19640
Geometric mean -~ 27359 N 33801
[0140]
Example 4: Immunogenicity in mouse
The mice immunized with 10ug of VLP78_15 at week 0,
10ug of VLP74_25 at week3 and 10ug of VLP78 15 at week 6
with or without adjuvant (Sigma Adjuvant System, Sigma,
S6322) by intramuscular injection.
[0141] The anti-Pf CSP antibody titer in the serum from

the immunized mice were measured by ELISA at Malaria

Serology Lab Malaria Vaccine Branch, WRAIR, where plates

were coated with CSPrp ((NPNA)6 Peptide)

[0.2pg/pL]

(Supplier: Eurogentec EP070034) and Goat o-Mouse IgG -

(KPL/074-1806 LOT# 100737) is used as 2nd antibody to

detect the antibodies in the serum.
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factor that yields an OD of 1.0

(414nm) .

The final titer was determined by the dilution

[0143] The Immunogenicity are shown in Tables 3 and 4.
[0144] Tables 3 and 4 show that higher titer of
5 antibodies against CSP was achieved after immunizing virus

like particle three times.

In addition, Tables 3 and 4

show that use of adjuvant enhanced the titer of antibodies

against CSP.

[Table 3]

Mouse Week 3

(after 1°° immunization)

10

Mouse No. | VLP | vip+Adjuvant ==J
1 6070 | ONS
2 5850 13680
3 9610 7610
4 5440 23370
Sﬂ_ 16320 27390
Geometric Mean | 7875 16066
QNS=Quantity not sufficient to test
[Table 4]
Mouse Week 9 (after 1st immunization)
Mouse No. | VLP |  vip+adjuvant
1 35510 729000
2 15040 197800
3 41650 106700
4 37250 436000
5 48200 497600
Geometric Mean | 33134 319666

[0145]
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Example 5: Immunogenicity of P.'yoelii CSP inserted. VLP in

mice
QGPGAP seen in the rodent malaria CSP (P.yoelii CSP)
was used as an antigen. 6x QGPGAP was inserted into CHIKV
VLP. The mice were immunized with the CHIKV VLP 2 times at
0 and 8 week (20ug VLP per mouse) by intramuscle injection

with or without Adjuvént Ribi.

[0146] Immunogenicity was confirmed at 4, 6, 10 and 14
weeks after the first immunization. The anti- P. yoelii
C8P antibody were measured by ELISA. The ELISA was
performéd in the same way as ELISA described in Example 3
except that the plates were coated with P. Yoelii CSP
repeat sequence peptide at 0.1 ng/pl. The secondary
antibody was anti-mouse IgG HRP (Cell signal, #70768). The

results are shown in Figures 7-9.

[0147] Figurés 7-9 show that higher titer of antibodies
against CSP was achieved by intramuscler administration of
CHIKV VLP comprising 6X QGPGAP. In addition, Figures 7-9

show that use of adjuvant enhanced the titer of antibodies

ragainst CSP.

(0148]
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Example 6: Protection of mice against malaria by

intramuscle injection of CHIKV VLP comprising P. yoelii CSP

epitope: 6x QGPGAP

6x QGPGAP was inserted into CHIKV VLP. The mice ({(n=5)
were immunized with the CHIKV VLP 2 times at 0 and 8 week

(20ug VLP per mouse) by intramuscle injection with or

without Adjuvant Ribi (see Figure 10). Rodent malaria: P.

yoelii-challenge (i.v.) was conducted at 17 weeks(see

Figure 10).

[0149] Malaria infection was confirmed by PCR. Genomic
DNA was purified from the mice blood day 6 after challenge.
188 malaria DNA was amplified by PCR. Figure 11 showé
results of the PCR, indicating that all of 5 control mice
(PBS injection) were infected with malaria; all of 5 mice
immunized with Control VLP were infected with malaria;
among 5 mice immunized with CHIKV VLP comprising éx QGPGAP,
2 mice were infected with malaria and 3 mice were not
infected with malaria; and among 5 mice immunized with
CHIKV VLP comprising 6x QGPGAP with adjuvant: Ribi, 1 mouse
was infected with malaria and 4 mice were not infected with

malaria.

[0150]

Example 7: Preparation of vaccine composition comprising

Chikungunya virus (CHIKV) like particle comprising NPNA
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repeat or Venezuelan equine encephalitis virus (VEEV) like

particle comprising NPNA repeat

Chikungunya virus (CHIKV) like particle comprising 6x
or 25x NPNA was prepared according to Example 1, and
Venezuelan equine encephalitis virus (VEEV) like particle
comprising 6x NPNA was prepared according to Example 2.

To prepare a vaccine composition, 80ug of each of the
prepared particles was mixed with 1ml of Sucrose Phosphate

Solution, pH 7.2, Endotoxin Free (Teknova, SP buffer).
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SEQUENCE LISTING
<110> VLP THERAPEUTICS, LLC
<120> MALARIA VACCINE
<130> SG5972A
160> 56
170> Patentin version 3.5
2100 1
211> 1248
212> PRT
<213> Chikungunya virus
400> 1

Met Glu Phe Ile Pra Thr Gin Thr Phe Tyr Asn Arg Arg Tyr Gin Pro
1 5 10 15

Arg Pro Trp Thr Pro Arg Pro Thr 1le GiIn Val lle Arg Pro Arg Pro
20 25 30

Arg Pro Gin Arg Gln Ala Gly Gin Leu Ala Gin Leu lie Ser Ala Val
35 40 45

Asn Lys Leu Thr Met Arg Ala Val Pro Gin Gin Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys GIn Lys Gin Lys GIn Gin Ala Pro GIn Asn Asn
65 70 75 80

Thr Asn Gin Lys Lys Gin Pro Pro Lys Lys Lys Pro Ala GIn Lys Lys
85 90 95 '

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys Ile Glu Asn Asp
100 105 110

Cys ie Phe Glu Val Lys His Glu Gly Lys Val Thr Gly Tyr Ala Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr Ile
130 135 : 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160
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Asp Leu Glu Cys Ala GIn Ile Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 185 190

Ala Val GIn Tyr Ser Gly Gly Arg Phe Thr Ile Pro Thr Gly Ata Gly
195 200 205

Lys Pro Gly Asp Ser Gly Arg Pro lle Phe Asp Asn Lys Gly Arg Val
210 215 220

Val Ala lle Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp lle Val Thr Lys Ile Thr Pro Glu
245 250 255

Gly Ala Glu Glu Trp Ser Leu Ala lle Pro Val Met Cys Leu Leu Ala
260 265 270

Asn Thr Thr Phe Pro Cys Ser Gin Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Glu Thr Leu Arg Met Leu Glu Asp Asn Val Met
290 295 300

Arg Pro Gly Tyr Tyr GIn Leu Leu GIn Ala Ser Leu Thr Cys Ser Pro
305 310 ' 315 320

His Arg Gin Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

.Cys His Ser Pro Val Ala Leu Glu Arg Ile Arg Asn Glu Ala Thr Asp
355 360 365

Gly Thr Leu Lys lle Gln Val Ser Leu GIn Ile Giy lie Lys Thr Asb
370 375 380

Asb Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Asn His Met Pro
385 390 395 400

Ala Asp Ala Glu Arg Ala Gly Leu Phe Val Arg Thr Ser Ala Pro Cys
405 410 415
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Thr lle Thr Gly Thr Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys
420 425 430

Gly Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His
435 440 445

Ser Cys Thr His Pro Phe His His Asp Pro Pro Val [le Gly Arg Glu
450 455 460

Lys Phe His Ser Arg Pro Gin His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gln Ser Thr Ala Ala Thr Thr Glu Glu Jle Glu Val His Met
485 4390 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Ser Gln GiIn Ser Gly Asn
500 : 505 510

Val Lys Ile Thr Val Asn Gly GIn Thr Val Arg Tyr Lys Cys Asn Cys
515 520 525

Gly Gly Ser Asn Glu Gly Leu Thr Thr Thr Asp Lys Val lle Asn Asn
530 535 540

Cys Lys Val Asp Gin Cys His Ala Ala Val Thr Asn His Lys Lys Trp
545 550 555 560

Gin Tyr Asn Ser Pro Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg
565 570 575

Lys Gly Lys lle His {le Pro Phe Pro Leu Ala Asn Val Thr Cys Arg
580 585 590

Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn GlIn Val
595 600 605

Ile Met Leu Leu Tyr Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn
610 615 620

Met Gly Glu Glu Pro Asn Tyr GIn Glu Glu Trp Val Met His Lys Lys
625 630 635 640

Glu Val Val Leu Thr Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly
645 650 655

Asn Asn Glu Pro Tyr Lys Tyr Trp Pro Gin Leu Ser Thr Asn Gly Thr
660 665 670

Ala His Gly His Pro His Glu Ile lle Leu Tyr Tyr Tyr Glu Leu Tyr
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675 680 685

Pro Thr Met Thr Val Val Val Val Ser Val Ala Thr Phe lle Leu Leu
690 695 700

Ser Met Val Gly Met Ala Ala Gly Met Cys Met Cys Ala Arg Arg Arg
705 710 715 720

Cys lle Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu
125 730 735

Leu Ser Leu Ite Cys Cys 1le Arg Thr Ala Lys Ala Ala Thr Tyr Gln
740 745 750 :

Glu Ala Ala lle Tyr Leu Trp Asn Glu GIn Gin Pro Leu Phe Trp Leu
755 760 765

Gln Ala Leu Ile Pro Leu Afa Ala Leu Ile Val Leu Cys Asn Cys Leu
770 775 780

Arg Leu Leu Pro Cys Cys Cys Lys Thr Leu Ala Phe Leu Ala Val Met
785 790 795 800

Ser Val Gly Ala His Thr Val Ser Ala Tyr Glu His Val Thr Val lle
805 810 815

Pro Asn Thr Val Gly Val Pro Tyr Lys Thr Leu Val Asn Arg Pro Gly
820 825 830

~Tyr Ser Pro Met Val Leu Glu Met Glu Leu Leu Ser Val Thr Leu Glu
835 840 845

Pro Thr Leu Ser Leu Asp Tyr lle Thr Cys Glu Tyr Lys Thr Val Ile
850 855 860

Pro Ser Pro Tyr Val Lys Cys Cys Gly Thr Ala Giu Cys Lys Asp Lys
865 870 875 880

Asn Leu Pro Asp Tyr Ser Cys Lys Val Phe Thr Gly Va! Tyr Pro Phe
885 890 895

Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Afa Glu Asn Thr GIn Leu
900 905 910

Ser Glu Ala His Val Glu Lys Ser Glu Ser Cys Lys Thr Glu Phe Ala
915 920 925

Ser Ala Tyr Arg Ala His Thr Ala Ser Ala Ser Ala Lys Leu Arg Val
930 935 940 :
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Leu Tyr Gin Gly Asn Asn lle Thr Val Thr Ala Tyr Ala Asn Gly Asp
945 950 955 960

His Ala Val Thr Val Lys Asp Ala Lys Phe Ile Val Gly Pro Met Ser
965 870 975

Ser Ala Trp Thr Pro Phe Asp Asn Lys Ile Val Val Tyr Lys Gly Asp
980 985 990

Val Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro Gly Gln
995 1000 1005

Phe Gly Asp lle Gin Ser Arg Thr Pro Glu Ser Lys Asp Val Tyr
1010 1015 1020

Ala Asn Thr Gin Leu Val Leu Gin Arg Pro Ala Val Gly Thr Val
1025 1030 1035

His Val Pro Tyr Ser Gin Ala Pro Ser Gly Phe Lys Tyr Trp Leu
1040 1045 1050

Lys Glu Arg Gly Ala Ser Leu GiIn His Thr Afta Pro Phe Gly Cys
1055 1060 1065

Gin tle Ala Thr Asn Pro Val Arg Ala Val Asn Cys Ala Val Gly
1070 1075 1080

Asn Met Pro tle Ser Ile Asp Ile Pro Glu Ata Ala Phe Thr Arg
1085 1090 1095

Val Val Asp Ala Pro Ser Leu Thr Asp Met Ser Cys Glu Val Pro
1100 1105 1110

Ala Cys Thr His Ser Ser Asp Phe Giy Gly Val Ala Ile Ile Lys
1115 1120 1125

Tyr Ala Ala Ser Lys Lys Gly Lys Cys Ala Val His‘ Ser Met Thr
1130 1135 , 1140

Asn Ala Val Thr tle Arg Glu Ala Glu Ile Glu Val Glu Gly Asn
1145 1150 1155

Ser GIn Leu GIn Ile Ser Phe Ser Thr Ala Leu Ala Ser Ala Glu
1160 1165 1170

Phe Arg Val GIn Val Cys Ser Thr GIn Val His Cys Ala Ala Glu
1175 1180 1185
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Cys His Pro Pro Lys Asp His {le Val Asn Tyr Pro Ala Ser His

1190 1195 1200

Thr Thr Leu Gly Val Gin Asp [Ile Ser Ala Thr Ala Met Ser Trp
1205 1210 1215

Val Gin Lys lle Thr Gly Gly Val Gly Leu Val Val Ala Val Ala
1220 1225 1230

Aia Leu Ile Leu lle Val Val Leu Cys Val Ser Phe Ser Arg His
1235 1240 1245

1> 2

Q11> 1248

212> PRT

<213> Chikungunya virus
<400> 2

Met Glu Phe 1ie Pro Thr Gin Thr Phe Tyr Asn Arg Arg Tyr Gln Pro
1 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr 1lle Gin Val }le Arg Pro Arg Pro
20 25 30

Arg Pro GIn Arg Gin Ala Gly GlIn Leu Ala Gin Leu lle Ser Ala Val
35 40 45

Asn Lys Leu Thr Met Arg Ala Val Pro Gin Gln Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys Gln Arg Gln Lys Lys GIn Ala Pro Gln Asn Asp
65 70 75 80

Pro Lys GIn Lys Lys GIn Pro Pro GIn Lys Lys Pro Ala Gin Lys Lys
85 90 95

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys lle Glu Asn Asp
100 105 110

Cys Ile Phe Glu Val Lys His Glu Gly Lys Val Met Giy Tyr Ala Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr lle
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160
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Asp Leu Glu Cys Afa Gin Ile Pro Val His Met Lys Ser Asp Ala Ser
165 : 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 185 190

Ala Val GIn Tyr Ser Gly Gly Arg Phe Thr lle Pro Thr Gly Ala Gly
195 200 205

Lvs.Pro Gly Asp Ser Gly Arg Pro lle Phe Asp Asn Lys Gly Arg Val
210 215 220

Val Ala Ile Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
- 225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp Ile Val Thr Lys lle Thr Pro Giu
245 250 255

Gly Ala Glu Glu Trp Ser Leu Ala Leu Pro Val Leu Cys Leu Leu Ala
260 265 270

Asn Thr Thr Phe Pro Cys Ser Gln Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asb Asn Val Met
290 295 300

Arg Pro Gly Tyr Tyr GIn Leu Leu Lys Ala Ser Leu Thr Cys Ser Pro
305 310 315 320

His Arg GIn Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro lle Ala Leu Glu Arg lle Arg Asn Glu Ala Thr Asp
355 360 365

Gly Thr Leu Lys lle GIn Val Ser Leu GIn lle Gly Ile Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 390 395 400

Alta Asp Ala Glu Arg Ala Gly Leu Leu Val Arg Thr Ser Ala Pro Cys
405 410 415
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Thr lle Thr Gly Thr Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys
420 425 430

Gly Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys lle Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val Ile Gly Arg Glu
450 455 460

Arg Phe His Ser Arg Pro Gin His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gin Ser Thr Ala Ala Thr Ala Glu Glu lle Glu Yal His Met
485 490 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr GIn Gin Ser Gly Asn
500 505 510

Val Lys lle Thr Val Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys
515 520 525

Gly Gly Ser Asn Glu Gly Leu Thr Thr Thr Asp Lys Val [le Asn Asn
530 535 540

Cys Lys Ile Asp GIn Cys His Ala Ala Val Thr Asn His Lys Asn Trp
545 550 555 560

Gin Tyr Asn Ser Pro Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg
565 570 575

Lys Gly Lys lle His lle Pro Phe Pro Leu Ala Asn Val Thr Cys Arg
580 585 590

Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn GIn Val
595 600 605

Thr Met Leu Leu Tyr Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn
610 615 620

Met Gly Gin Glu Pro Asn Tyr His Glu Giu Trp Val Thr His Lys Lys
625 630 635 640

Glu Val Thr Leu Thr Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly
645 . 650 655

Asn Asn Glu Pro Tyr Lys Tyr Trp Pro Gln Met Ser Thr Asn Gly Thr
660 665 670

Ala His Gly His Pro His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr



9/212

675 680 685

Pro Thr Met Thr Val Val fle Val Ser Val Ala Ser Phe Val Leu Leu
630 695 700

Ser Met Val Gly Thr Ala Val Gly Met Cys Val Cys Ala Arg Arg Arg
705 710 715 720

Cys Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu
725 730 735

Leu Ser Leu Leu Cys Cys Val Arg Thr Thr Lys Ala Ala Thr Tyr Tyr
740 745 750

Glu Ala Ala Ala Tyr Leu Trp Asn Glu Gin Gln Pro Leu Phe Trp Leu
755 760 765

Gln Ala Leu Ile Pro Leu Ala Ala Leu Ile Val Leu Cys Asn Cys Leu
770 775 780

Lys Leu Leu Pro Cys Cys Cys Lys Thr Leu Ala Phe Leu Ala Val Met
785 780 795 800

Ser Ile Gly Ala His Thr Val Ser Ala Tyr Glu His Val Thr Val lle
805 810 815

Pro Asn Thr Val Giy Val Pro Tyr Lys Thr Leu Val Asn Arg Pro Gly
820 825 830

Tyr Ser Pro Met Val Leu Glu Met Giu Leu GIn Ser Val Thr Leu Glu
835 840 845

Pro Thr Leu Ser Leu Asp Tyr lie Thr Cys Glu Tyr Lys Thr Val lle
850 855 860

Pro Ser Pro Tyr Val Lys Cys Cys Gly Thr Ala Glu Cys Lys Asp Lys
865 870 875 880

Ser Leu Pro Asp Tyr Ser Cys Lys Val Phe Thr Gly Val Tyr Pro Phe
885 890 895

Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Ala Glu Asn Thr Gin Leu
900 905 910

Ser Glu Ala His Vai Glu Lys Ser Glu Ser Cys Lys ThrVﬁlu Phe Ala
915 920 ' 925

Ser Ala Tyr Arg Ala His Thr Ala Ser Ala Ser Ala Lys Leu Arg Val
930 935 940



10/212
Leu Tyr Gin Gly Asn Asn ile Thr Val Ala Ala Tyr Ala Asn Gly Asp
945 950 955 960

His Ala Val Thr Val Lys Asp Ala Lys Phe Val Val Gly Pro Met Ser
965 970 975

Ser Ala Trp Thr Pro Phe Asp Asn Lys lle Val Val Tyr Lys Gly Asp
980 985 990

Val Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro Gly Gin
995 1000 1005

Phe Gly Asp fte Gin Ser Arg Thr Pro Glu Ser Lys Asp Val Tyr
1010 1015 1020

Ala Asn Thr GIn Leu Val Leu GIn Arg Pro Ala Ala Gly Thr Val
1025 1030 1035

His Val Pro Tyr Ser GIn Ala Pro Ser Gly Phe Lys Tyr Trp Leu
1040 1045 1050

Lys Glu Arg Gty Ala Ser Leu Gln His Thr Ala Pro Phe Giy Cys
1055 1060 1065

Gln Ite Ala Thr Asn Pro Val Arg Ala Val Asn Cys Ala Val Gly
1070 1075 1080

Asn Ile Pro Ile Ser tle Asp 1!le Pro Asp Ala Ala Phe Thr Arg
1085 1090 1095

Val Val Asp Ala Pro Ser Val Thr Asp Met Ser Cys Glu Val Pro
1100 1105 1110

Ala Cys Thr His Ser Ser Asp Phe Gly Gly Val Ala lle Ile Lys
1115 1120 1125

Tyr Thr Ala Ser Lys Lys Gly Lys Cys Ala Val His Ser Met Thr
1130 1135 1140

Asn Alé Val Thr Ile Arg Glu Ala Asp Val Glu Val Glu Gly Asn
1145 1150 1155

Ser GIn Leu GIn Ile Ser Phe Ser Thr Ala Leu Ala Ser Ala Glu
1160 1165 1170

Phe Arg Val GlIn Val Cys Ser Thr Gin Val His Cys Ala Ala Ala
1175 1180 1185



11/212

Cys His Pro Pro Lys Asp His Ile Val Asn Tyr Pro Ala Ser His

1180 1195 ‘ 1200

Thr Thr Leu Gly Val Gin Asp |le Ser Thr Thr Ala Met Ser Trp
1205 1210 1215

Val GIn Lys lle Thr Gly Gly Val Gly Leu Ile Val Ala Val Ala
1220 1225 1230

Ala Leu Ile Leu lle Val Val Leu Cys Val Ser Phe Ser Arg His
1235 1240 1245

2167 3

Q11> 1255

<212 PRT

<213> Venesuelan equine encephalitis virus
<400> 3

Met Phe Pro Phe Gin Pro Met Tyr Pro Met Gln Pro Met Pro Tyr Arg
i 5 10 15

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 - 25 30

Phe Leu Ala Met Gin Val GIn Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys Gln Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Ala
50 55 60

Lys Pro Lys Lys Glu Ala Ser Gin Lys GIn Lys Gly Gly Gly Gin Gly
65 10 75 80

Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro
85 90 85

Asn Pro Lys Ala Gin Asn Gly Asn Lys Lys Lys Thr Asn.Lys Lys Pro
100 105 110

Gly Lys Arg GIn Arg Met Val Met Lvs Leu Glu Ser Asp Lys Thr Phe
115 120 125

Pro t1e Met Leu Glu Gly Lys lie Asn Gly Tyr Ala Cys Val Val Gly
130 135 ‘ 140

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys lle Asp Asn Asp
145 150 155 160



12/212

Yal Leu Ala Ala Lev Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175

Tyr Ala Asp Val Pro Gin Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

Asp Ser Gly Arg Pro Ile Leu Asp Asn Gin Gly Arg Val Val Ala lle
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys
260 265 270

Glu Gin Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 285

Phe Pro Cys Ala Gin Pro Pro lle Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu
305 310 315 320

Leu Leu Giu Ala Ala Val Lys Cys Pro Gly Arg Lys Arg Arg Ser Thr
325 330 : 335

Giu Glu Leu Phe Asn Glu Tyr Lys Leu Thr Are Pro Tyr Met Ala Arg
340 345 350

Cys Ve Arg Cys Ala Val Gly Ser Cys His Ser Pro Ile Ala Ile Glu
355 - 360 365

Ata Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gin Thr Ser
370 375 380

Ser Gin Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 395 400

Arg Tyr Asp Met His Gly Thr Ile Lys Glu lle Pro Leu His Gin Val
405 410 415



13/212

Ser Leu Tyr Thr Ser Arg Pro Cys His Ile Val Asp Gly His Gly Tyr
420 425 ‘ 430

Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser Ile Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys
450 455 460

Phe Asn Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu GIn Ala Cys GIn Val Tyr Ala His Asp Ala GIn Asn Arg Gly
485 490 495

Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Va! Ser Leu Ser Gly Ser Ser Val Thr Val Thr Pro Pro Asp Gly Thr
515 520 - 525

Ser Ala Leu Val Glu Cys Glu Cys Gly Gly Thr Lys Ile Ser Glu Thr
530 535 540

{le Asn Lys Thr Lys Gin Phe Ser Gin Cys Thr Lys Lys Glu Gin Cys
545 550 _ 555 560

Arg Ala Tyr Arg Leu Gin Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys
565 570 575

Leu Pro Lys Ala Ala Gly Ata Thr Leu Lys Gly Lys Leu His Val Pro
580 : 585 590

Phe Leu Leu Ala Asp Gly Lys Cys Thr Val Pro Leu Ala Pro Glu Pro
595 600 605

Met Ile Thr Phe Giy Phe Arg Ser Val Ser Leu Lys Leu His Pro Lys
610 615 620

Asn Pro Thr Tyr Leu tle Thr Arg Gin Leu Ala Asp Glu Pro His Tyr
625 - 630 635 640

Thr His Glu Leu 1le Ser Glu Pro Ala Val Arg Asn Phe Thr Val Thr
645 650 655

Glu Lys Gly Trp Glu Phe Val Trp Gly Asn His Pro Pro Lys Arg Phe
' 660 665 670

Trp Ala GIn Glu Thr Ala Pro Gly Asn Pro His Gly Leu Pro His Glu



14/212

675 680 685

Val Ile Thr His Tyr Tyr His Arg Tyr Pro Met Ser Thr Ile Leu Gly
690 695 700

Leu Ser lle Cys Ala Ala Ile Ala Thr Val Ser Val Ala Ala Ser Thr
705 ) 710 - 715 720

Trp Leu Phe Cys Arg Ser Arg Val Ala Cys Leu Thr Pro Tyr Arg Leu
725 730 735

Thr Pro Asn Ala Arg !le Pro Phe Cys Leu Ata Val Leu Cys Cys Ala
740 745 750

Arg Thr Ala Arg Ala Glu Thr Thr Trp Giu Ser Leu Asp His Leu Trp
755 o 760 765

Asn Asn Asn Gin Gin WMet Phe Trp Ile Gln Leu Leu lle Pro Leu Ala
770 775 780

Ala Leu lle Val Val Thr Arg Leu Leu Arg Cys Val Cys Cys Val Val
785 790 795 800

Pro Phe Leu Val Met Ala Gly Ala Ala Gly Ala Gly Ala Tyr Glu His
805 810 815

Ala Thr Thr Met Pro Ser Gin Ala Gly lle Ser Tyr Asn Thr Ile Val
820 ‘ 825 830

Asn Arg Ala Gly Tyr Ala Pro Leu Pro !le Ser Ile Thr Pro Thr Lys
835 840 845

Ite Lys Leu lle Pro Thr Val Asn Leu Glu Tyr Val Thr Cys His Tyr
850 855 860

Lys Thr Gty Met Asp Ser Pro Ala Ile Lys Cys Cys Gly Ser Gin Glu
865 870 875 ‘880

Cys Thr Pro Thr Tyr Arg Pro Asp Glu GIn Cys Lys Val Phe Thr Gly
885 890 895

Val Tyr Pro Phe Met Trp Gly Gly Ata Tyr Cys Phe Cys Asp Thr Glu
900 805 910

Asn Thr Gln Val Ser Lys Ala Tyr Val Met Lys Ser Asp Asp Cys Leu
915 920 _ 925

Ala Asp His Ala Glu Ata Tyr Lys Ala His Thr Ala Ser Val Gln Ala
930 935 940



157212

Phe Leu Asn lle Thr Val Gly Glu His Ser lle Val Thr Thr Val Tyr
945 950 955 . 960

Val Asn Gly Glu Thr Pro Val Asn Phe Asn Gly Val Lys Ile Thr Ala
965 870 975

Gly Pro Leu Ser Thr Ala Trp Thr Pro Phe Asp Arg Lys |le Val Gln
980 985 990

Tyr Ala Gly Glu Ile Tyr Asn Tyr Asp Phe Pro Glu Tyr Gly Ala Gly
995 1000 1005

Gin Pro Gly Ala Phe Gly Asp 1le Gin Ser Arg Thr Val Ser Ser
1010 : 1015 1020

Ser Asp Leu Tyr Ala Asn Thr Asn Leu Val Leu GIn Arg Pro Lys
1025 1030 1035

Ala Cly Ala lle His Val Pro Tyr Thr GIn Ala Pro Ser Gly Phe
1040 1045 1050

Glu GIn Trp Lys Lys Asp Lys Ala Pro Ser Leu Lys Phe Thr Ala
1055 1060 1065

Pro Phe Gly Cys Glu lle Tyr Thr Asn Pro Ile Arg Ala Glu Asn
1070 1075 1080

Cys Ata Val Gly Ser lle Pro Leu Ala Phe Asp lle Pro Asp Ala
1085 1090 1095

Leu Phe Thr Arg Val Ser Glu Thr Pro Thr Leu Ser Ala Ala Glu
1100 1105 1110

Cys Thr Leu Asn Glu Cys Val Tyr Ser Ser Asp Phe Gly Gly Ile
1115 ‘ 1120 1125

Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser Giy Lys Cys Ala Val
1130 1135 1140

His Val Pro Ser Gly Thr Ala Thr Leu Lys Glu Ala Ala Val Glu
1145 1150 1155

Leu Thr Glu Gin Gly Ser Ala Thr Ile His Phe Ser Thr Ala Asn
1160 1165 1170

I'le His Pro Glu Phe Arg Leu Gin Ile Cys Thr Ser Tyr Val Thr
1175 1180 1185



16/212

Cys Lys Gly Asp Cys His Pro Pro Lys Asp His lie Val Thr His

1190

Pro GIn Tyr His Ala Gln Thr

1205

Ala Trp Thr Trp Leu Thr Ser

1220

lle tle
1235

Leu Thr
1250

210> 4

211> 2964
<212> DNA
Q1

<400> 4
atgagectceg

cceccttgca
gacaacgtea
caccgccaaa
ctagctcatt
cgeatcagaa
ataaagacag
gcegaceces
accatgegac
acggacagca
ataggtageg
tacgtecaga
cctgacceca

acggtecsst

1195
1210
1225

1240

Asn Gin Lys His Asn

1255

Chikungunya virus

Phe Thr Ala Ala Val

Leu Leu Giy Gly Ser

cceteccget cttgtegccte ttepcaaaca

caccctgete

tgagaccceg

gacgcagtac

gtcctgacteg

atgaagcaac

atgacagcca

agcgagceceee

actttattct

gaaagatcag

agaggttcca

gcaccgctec

cgctgatgac

aCtaagtgcaa

ctacgaaaag
atactaccag
taaggacaat
cggagaagge
ggacggaacg
cgattggacc
attgcttgta
cecccgatgc
ccacacatgc
ctctcgacca
cactgctgag
gcagcagtcet

ctegceeteec

gaaccggaaa
ctactaaaag
tttaatgtct
cattcgtgce
ctgaaaatcc
aagctgcegct
aggacttcag
ccgaaaggag
acacacccgt
caacatggta
gagatagageg
ggcaacgtea

tcaaacgage

1200

Ser
1215

Ala
1230

fle Gly Leu Val Leu Ala Thr Ile Val Ala Met

1245

ctacattcece
gcaccttece
catcgctgac
ataaagccac
acagccctat
aggtctcttt
atatggatag
caccetscac
agacgctgac
tccatcatea
aagagttacc
tecatatgce
agatcacagt

gactgacaac

Lys Thr
Val ile

Tyr Val

ctgctetcag
catecttgag
ttectetecec
aagaccatat
cecattggag
gcagatcgesg
ccatacgcca
gatcaccege
agtgegattt
accacctgtg
ttgcagcace
cccagatact
t#atgggcag

cacagacaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840



gtgatcaata
caatacaact
cacatcccat
gtaacttacg
tettaccgta
gaggttacct
tacaagtact
atcttgtact
ttegtecttc
tecattacac
tgctgcgtca
gaacagragc

tgcaactetce
agcatcggte
ggagtﬁccgt
gagctacaat
aaaactgtca
agcctaccag
gcctactget
gaatcttgca
aagctceece
catgcesgtca
ccttttgaca

tttegcecag

actgcaaaat
ccectttagt
tcccattgec
gaaaaaacca
acatgggaca
teaccgtgce
ggccgcagat
attatgagct
tetceatest
catatgaatt
gaacgaccaa
ccctgticte
tgaaactctt
cccacactgt
ataagactct
cagtcacctt
tceecteccee
actacagctg
tttecgacsc
aaacagagtt
tectttacca
cagtaaagga
acaaaatcgt

gaagaccage

tgatcagtec
ccececgeaac
aaacgtgact
agtcaccatg
ggaaccaaét
tactgagggt

gtctacgaac

gtaccecact

gggcacagea
aacaccagga
ggcggecaca
gttecagect
gecatgetsc
gagegcegtac
tgtcaacaga
ggaaccaaca
gtacgtgaag
caaggtcttt
cgaaaataceg
tgcatcgécc

aggaaacaac

cgecaagttt

ggtgtacaaa

acaatttggt

177212

catgctgcag
gctgaactcg
tgcagagtsc
ctectgtatce
taccacgagg
ctggaggtca
getactactce
atgacigtag
gtgggaatet
gccactgttc
tattacgage
cttatceege
tgtaagacce
gaacacgtaa
cceggttaca
ctgtcacttg
tectgteata
actggastct
caattgagce
tacagagece
attaccgtag
gtcgtgeace
ggcgacgtet

gacattcaaa

tcactaatca
gggaccgtaa
Caaaagcaag
ctgaccatce
agtgegteac
cttegggcaa
ategtcacce
tc#ttgtgtc
gtetgtecse
ccttectact
ctecgecata
tggccecctt
tgectitttt
cagtgatcce
gececatget
actacatcac
cagcagasgte
acccatttat
agecacatgt
acaccgcatce
ctecctacec
caatgtccte
acaacatgga

gtegtacace

caagaatteg
aggaaagatc
aaaccctaca
gacactcttg

acacCaagaag

caacgaacca

acatgagata
getggecteg
aCcgeceraga

cagcctgcta

tctatggaac

gatcgtcctg
agcegtaatg
gaacacggtg
gttggaéatg
gtecgagtac
caaggacaag
gteegecgec
agagaaatct
ggcetegace
taacggtgac
cgcctggaca
ctacccacct

geaaagtaaa

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

- 1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280



gacgtttate
ccatactctc
éagcacacgg
gctetegeea
gatgcaccct
tttegessce
tcgatgacca
ctgcaaatat
acacaagtac
gcatcacaca
aagattacee
ctatgcatst
210> 5

Q11

Q12
Q13

DNA

<400> 5

2964

ccaacactca gttggtacta

aggcaccatc tgecttcaag
caccgttcgg tteccagatt
acataccaat ftccatceac
ctetaacgga catgtcatec
tcgecatcat caaatacaca
acgeegttac cattcgagaa
ccttctcaac agccctegca
actgcgcage cgcatgecac
ccaccctteg ggtccaggat
gaggagtageg attaattett

cgtttagcag gcac

Chikungunya virus

18/212

cagaggccag
tattgectea
gcgacaaacc
atacceggatg
gaagtaccag
gctagcaaga
gecgacgtag
agcgccgagt
cctecaaage
atatccacaa

getgttgets

atgagtcttg ccatcccagt tatgtecctg ttggcaaaca

ccecctteca cgccectectg ctacgaaaag gaaccggage

gacaacgtca tgagaccteg gtactatcag ctectacaag

caccgccasge

gacgcagcac caaggacaac

ttcaategtct

ttagctcact gtececegacts tegagaageg cactegtece

cgcatcagaa

ataaagacgg

gcagacgcag

acaatgggac

atgaagcgac agacgggacg

atgacagcca cgattggace

agagggceee getatttgta

acttcatcct gecccratat

ctgaaaatcc

aagetgegtt

agaacatcag

{Caaaagess

cagcagsgcac

aggaacgagg

cegtaagagc

cggecittac

cctgcactca

aaggtaaatg

aagtagagsg

ttcgceteca

accacatagt

cegcaatgte

ccttaatttt

ccacgttece

aaaccctacg

catccttaac

ataaagccac

atagtcccegt

aggtctectt

atatgeacaa

caccgtgtac

aaactctgac

ggtacatgta
agcatcgcta
tgtaaattac
tagegttatc
ctcctecgac
tgcagtacaf
gaactcccag
agtgtgctce
caattaccca
ttgestecag

aattgteets

ctacteccag
catgctteag
atgttctece
aagaccatac
agcactagaa
gcaaatcgga
ccacatgcca
gattactgga

getgegattc

2340

2400

2460

2520

2580

2640

2700

- 2760

2820

2880

2940

2964

60

120

180

240

300

360

420

480

540



actgacagta
ataggtcese
tacgtgcaga
cctgatcgca
acggtgcest
gtgattaata
cagtataact
cacatccest
gtgacgtace
tectaccgsa
gaagtcgtac

tataagtatt

attctgtatt

ttcatactce
tecatcacac
tectscatca
gagcagcaac
tgcaactgtc
agcgtceste
geagtaccet
gaactactst
aaaaccgtca
aacctaccte
gcetactget

gaatcatgca

ggaagattag

aaaaattcca

gCacceccye

cattaatgtc

acaagtgtaa

actecaaget

cecctetget
ttccecteac
ggaaaaacca
atatggeaga
taaccgtgce
ggcegeagtt
attatgagct
tetcgatest
cgtatgaact
gaacagctaa
ctttetttts
tgagactctt
cccacactat
ataagactct
cagtcacttt
tceeatcetee
actacascte
tctgceacsc

aaacagaatt

tcactcateat
ttccegaccs
aactaccgag
acaacagtcc
ttgcestesc
teatcaatet
cccgegtaat
aaatgtaaca
agtcatcatg
agaaccaaac
gactgaageg
atctacaaac
gtaccccact
gggtatgeca
gacaccagga
agcggccaca
Ectacaagcp
accatgctgc
gagcecgtac
agtcaataga
ggagccaaca
gtacgtgaag
taagetctte
tgaaaacacg

tecatcagca

19/212

acgcacccat
cagcacggta
gagatagagsg
gecaacgtaa
tcaaatgaag
catgcceceg
gctgaacttg
tgcagestec
ctactgtate
tatcaagaag
ctcgaggtca
getacagcce
atgactgtag
geggegatgt
gctaccgtbc
taccaagage
cttattccec
tgtaaaacat
gaacacgtaa
cctggctaca
ctatcgcttes
tgctecgeta
accggestet
cagttgageg

tacagegctce

ttcaccacga

aagagctace

tacacatgcc

agatcacagt

gactaacaac

tcaccaatca

gggaccgaaa

ctaaagcaag

ctgaccaccce

agtgegteat

cgtesggcaa

atggecaccee

tagttgtetc

gcatgtatec

ctttectect

ctgceatata

tggcageect

tggctttttt

cagtgatcce

geeccatest

attacatcac

cagcagagtg

acccatttat

aagcacacsgt

ataccgcatc

ceetectete
ttgcagcacg
cccagacace
caatggccag
tacagacaaa
caaaaagtze
aggaaaaatt
gaaccccace
aacactcctg
gcataagaag
caacgagccg
gcatgagata
agtggccace
acgacgcaga
tagcctaata
cctgtggaaé
gattgttcta
agccgtaate
gaacacggtg
attggagatg
gtgcgagtac
caaggacaaa
gtegesceec
ggagaagtce

tecatcagcet

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620

1680

1740
1800
1860
1920
1980

2040



aagctceece
catgcegtca
cctitcgaca
fttggcgcag
gacgtctats
ccatactctc
cagbacacag
gcegtagesa
gacgceccct
tttgeeeece
tcgatgacta
ctgcaaatct
acacaagtac
gegtcacata
‘aagatcaces
ctatgegtet
210> 6

Q1

212
<213

DNA

<400> 6

3747

tectttacca

cagttaagga

acaaaattgt

gaagacCCagg

ctaatacaca

aggcaccatc

caccatttee

acatgcceat

ctttaacgea

tcgccattat

acgccgteac

ctttctceac

actgtgcaec

ccacccteee

gagetgteee

cettcagcag

aggaaataac
cgccaaattc
getglacaaa
acaatttgec
actggtacts
fggctttaag
cteccaaata
ctccatcrac
catgtcatec
taaatateca
tattcgggaa
ggccttagee
cgagtgecac
getccagrac
actggttett

gcac

Chikungunya virus

atggagttca tcccgacgeca aacttictat

ccacgeccta caattcaagt aattagacct

ctcgcccage tgatctecge agtcaacaaa

cctcgeagaa atcggaaaaa caagaagcaa

ccaaagtaaa agaagcaacC acCaCazaag

20/212

atcactgtaa

attgtessgec

ggtgacgtct

gatatccaaa

Cagagacces

tattgectaa

gtaacaaacc

ataccggaag

gaggtaccag

gccagcaaga

gctgagatag

agcgccgraat

cCcCcgaage

atctccecta

getgttecce

aacagaaggt

agaccacstc

ttgaccatec

aggtagaaga

aageegecte

ctegcctatec
caatgtctte
ataacatgea
gtcgcacacc
ctgtgeetac
aagaacgceg
cggtaagage
cegecticac
cctgcaccca
aaggcaagtg
aagttgaage
tcegegtaca
accacatagt
cgegcgatgte

cactgattct

accaaccccg
cacagaggca
gegcegetace
agcaggcece

aaaagaagaa

aaacgegcgac
agcctggaca
ctacccecce
tgagagtaaa
ggtacacgte
gecgteecte
ggtgaactec
tagggtcetc
ttcctcagac
tgcegtecat
gaattctcag
agtctgttct
caactaccce
ateggtecag

aatcgtegte

accctgeece
gectgggcaa
{taacagaag
gcaaaacgac

gaaaccagsc

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

2964

60
120
180
240

300



cgtagggaga
gecaaagtga
aagggaacta
gatcttgaat
gagaaacccg
ttcactatcc
aaaggacgee
tccetegtea
tegagectee
ccgcctteaca
gacaacgtea
caccgccaaa
ctagctcatt
cgcatcagaa
ataaagacag
gcggacgcee
accatgggac
acggacagca
ataggtagee
tacgtgcaga
cctgaccgea
aceggtecest
gtgatcaata

caatacaact

21/212

gaatgtgcat gaaaattgaa aatgattgca tcttcgaast

tggectacec

tcgacaatsge

gtgcacagat

ageggtacta

cgacgestac

testeeccat

cegtggaacaa

cecteeceget

caccctects

tgagacccesg

gacgcagtac

gtcectgacty

atgaagcaac

atgacagcca

agcgagcceg

actttattet

gaaagatcag

agaggttcca

geaccegctge

cectgatgac

acaagtgcaa

actgcaaaat

ccectttagt

atgccteete
cgatctegct
accgetecac
taactggcat
aggcaagecg
cetcctagea
agacatcgtc
cttgteccty
ctacgaaaag
atactaccag
taaggacaat
CBRagaages
ggacggaacg
cgattggacc
attgcttgta
cgcccgatec
ccacacatgc
ctctcgacca
cactectgasg
gcagcagtct
ctgcgeteec
tgatcagtsc

cccgcgcaac

geggataaag
aaactggect
atgaagtcteg
cacggagcag
ggagacasce
gBggccaace
acaaaaatta
ttgecaaaca
gaaccggaaa
ctactaaaag
tttaatgtct
cattcgtece
ctgaaaatcc
aagctecect
aggacttcag
ccgaaaggag
acacacccgt
caacatggta
gagatagagg
ggcaacgtga
tcaaacgags
catgctecag

getgaactcg

taatgaaacc
ttaagesgetc
atgcctcgaa
tgcagtattc
gcagaccegat
aaggtgccce
cccctgageg
ctacattece
geaccttece
catcgcteac
afaaagccac
acagcectat
aggtctettt
atatggatag
caccgtgcac
agacgctgac
tccatcatga
aagagttacc
tecatatece
agatcacagt
gactgacaac
tcactaatca

gggaccgtaa

caagcatgaa

agcacatgte

gictaaatac -

gtttacccac
ag8Bageccee
cttcgacaac
cacggcccte
agccgaagag
ctectctcag
catgcttgag
ttgcteteee
aagaccatat
tgcattggag
gcagatcegg
ccatacgcca
gatcaccgeg
agtgegattt
accacctgte
ttgcagcace
cccagatact
taatgeecag
cacagacaaa
caagaatteg

aggaaagatc

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1740



tacatcccat
gtaacttacg
tcttaccgta
gaggttacct
tacaagtact
atcttgtact
ttcatecttc
tecattacac
tectecgtea
gaacagcagc
tecaactgtc
agcatceetg
ggagtaccgt
gagctacaat
aaaactgtca
agcctaccag
geetactact
gaatcttgca
aagctecsce
catgccatca
ccttttgaca
tttegcecag
gacgtttatg
ccatactctc

Ccagcacacgg

teccattese

gaaaaaacca

acatgggaca

tgaccgtecc

geccgeagat

attatgagct

tgtcgatget

catatgaatt

gaacgaccaa

ceotattcte

tgaaactctt

cecacactet

ataagactct

cagtcacctt

tececteece

actacagctg

tttgceacec

aaacagagtt

tecctttacca

cagtaaagga

acaaaatcet

gaagaccagsg

ccaacactca

aggcaccatc

caccgttces

aaacgtgact
agtcaccatg
ggaaccaaat
tactgagest
gtctacgaac
gtaccccabt
ggecacagca
aacaccagga
gecggeceaca
gttgcagect
geeatgetec
gagcgcgtac
tetcaacaga
ggaaccaaca
gtacgtgaag
caaggtettt
cgaaaatacg
tgcatcegcc
aggaaacaac
cgccaagttt
gegtgtacaaa
acaatttest
gttegtacta
tggcttcaag

ttgccagatt

221/212

tgcagagtec caaaagcaag aaaccctaca

ctgctetate

ctgaccatec

gacactctte

taccacgagg agtgeggtgac acacaagaag

ctggaggtca

getactectce

cttgeeecaa

atggtcacce

Caacgaacca

acatgagata

atgactgtag tcattetgtc ggtegccice

gtgegaatet

gecactgttce

tattacgage

cttatcccec

tgtaagacce

gaacacgtaa

ccegettaca

ctgtcactte

tectgtegta

actggagtct

caattgagceg

tacagagccc

attaccgtag

gtecgtggecc

ggcgacgtcet

gacattcaaa

CagaggCcag

tattgectga

gcgacaaacce

gtetetgcsc
cettectect
ctgcgecata
tegccecctt
tegctttttt
cagtgatecc
geeccatggt
actacatcac
cagcagagte
acccatttat
aggcacatgt
acaccgcate
ctegcctacec
caatgtccte
acaacatgea
gtcgtacacc
cagcagecac
aggaacgage

cggtaagagc

acgecgcaga
cagcétgcta
tctatggaac
gatcgtects
agccgtaate
gaacacggte
gttggagate

gigcgagtac

Caaggacaag

gtegeecgec
agagaaatct
gecgtceece
taacggtgac
cgcctgeaca
ctacccacct
ggaaagtaaa
ggtacatgta
agcatcecta

tgtaaattec

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240



getgteeesga
gatgcaccct
tttegeesce
tcgatgacca
ctgcaaatat
acacaagtac
gcatcacaca
aagattaceg
ctatgcetgt
Q1> 7
<> 3747
<212> DNA
23D

400> 7
atggagttca

ccgegeecta
cttecccage
ccacgcagega
acaaatcaaa
cgcagagaga
getaaggtaa
aaggegacca
gaccttgaat
gagaaacceg
ttcaccatcc

daggeacece

acataccaat

ctetaaceea

tcgccatcat

acgccgttac

ccttctcaac

actgcecage

ccaccctigs

gaggagtage

23/212

ttccatcgac ataccegatg cggcctttac

catgtcatgc
caaatacaca
cattceagaa
agecctgsca
cgcatgecac
ggtccaggat

attaattatt

cgtttagcag gcactaa

tcccaaccea
ctatccaast
tgatctcasc
atcggaagaa
agaagcagcc
geatgtgcat
;aggttacgc
tcgataacgc
gecgegcagat
ageggtacta
ctacaggtec

tegtegccat

Chikungunya virus

aactttttac

catcaggcce

agttaataaa

taagaagcaa

acctaaaaag

gaaaatcgaa

gteccteste

ggacctgece

acccgtecac

caactggcac

tggcaaacca

agtcttagega

gaagtaccag
gctagcaaga
geegacgtag
agcgecegagt
cctccaaags
atatccacaa

getgttects

aataggaggt

agaccgcecce

ctgacaatec

aagcaaaaac

aaaccgectce

aatgattgta

ggggacaaag

aaactgegcct

atgaagtccg

cacggagcag

ggggacascs

ggagctaatg

c;tgcactca
aaggtaaatg
aagtagagge
ttcecgteca
accacatagt
cegcaatgte

ccttaatttt

accagcctcg
ctcagaggca

gegeggtace

aacaggcecc

ddadgaaaaa

ftttcgaagt

taatgaaacc

ttaagcgsgte

acgcttcgaa

tacagtactc

gcagaccgat

aaggagleccg

tagegttete
ctcctecgac
tgcagtacat
gaactcccag
agtgtectcc
caattaccca
tteegtecag

aattgteete

accctegact
agctgegcaa
acaacagaag
acaaaacaac
gaageegeec
caagcacgaa
agcacacgfa
atctaagtat
gttcacccat
aggaggccee
cttcgacaac

tacagcectce

3300

3360

3420

3480

3540

3600

3660

3720

3147

60

120

180

240

300

360

420

480

540

600

660

720



tcegetegtea

tegagtctte

cceecttgea

gacaacgtca

caccgccagce

ttagctcact

cgcatcagaa

ataaagaceg

géagacgceag

acaatgggac

actgacagta

ataggtcges

tacgtgcaga

cctgatcgea

acggtgeggt

gtgattaata

cagtataact

cacatcccet

gigacgtace

tcctaccgga

gaagtcgtec

tataagtatt

attctgtatt

24/

212

cctggaataa agacattgtc actaaaatca cccccgageg

ccatcccagt
cgecctecte
tgagacctge
gacgcagcac
gicccgacts
atgaagcgac
atgacagcca
agagggceeg
acttcatcct
ggaagattag
aaaaattcca
gcaccgccec
cattaatgtc
acaagtgtaa
actgcaaget
ccectetgst
ttccgctgg;
ggaaaaacca
atatgggaga
taaccgtgce
geccgcagtt

attatgagcet

tatgteccte
ctacgaaaag
gtactafcag
caaggacaac
tggagaageg
agacgggacg
cgattggacc
getatttgta
ggccegatet
tcactcatet
ttcccgaccs
aactaccgag
acaacagtcc
ttecegtgec
tgatcaatgt
cccgegtaat
aaatgtaaca
agtcatcatg
agaaccaaac
gactgaages
atctacaaac

gtaccecact

ttcatactee tgtcegatget ggatatgeca

ttggcaaaca
gaaccgeags
ctgctacaag
ttcaatgtcet
cactcgtece
ctgaaaatcc
aagctecstt
agaacatcag
cCcaaaageee
acgcacccat
cagcacggta
gagatagage
ggcaacgtaa
tcaaatgaag
catgcceces
getgaactte
tgcageggtac
ctactgtatc
tatcaagaag
ctcgaggtca
ggtacagccc
atgactgtag

gcgegeatgt

ccacgttece
aaaccctacg
catccttaac
ataaagccac
atagtcccat
aggtctectt
atatgeacaa
caccgtetac
aaactctgac
ttcaccacea
aagagctace
tacacatgcc
agatcacagt
gactaacaac
tcaccaatca
gggaccgaaa
ctaaagcaag
ctgaccaccc
agtgegteat
cetgeegcaa
atggccaccc
tagttgtatc

gcatgtgtec

ggccgaagag
ctgcteccag
catgcttgag
atgttctcecec
aagaccatac
agcactagaa
gcaaatcgea
ccacatgcca
gattactaga
ggtéggattc
cectectgte
ttecagcace
cccagacacc
caatgeccag
tacagacaaa
caaaaagteg
aggaaaaatt
gaaccccace
aacattcctg
gcataagaaé
caacgagccg
gcatgagata
agtggccacg

acgacgcaga

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



tgcatcacac
tgctecatca
gagcagcaac
tgcaactgtc
agcgtceete
geagtaccst
gaactactgt
aaaaccgtca
aacctacctg
gectactget
gaatcatgta
aagctecece
catgccgtca
cctttcaaca
tttggcecag
gacgtctatg
ccatactctce
cagcacacag
gecgtaggea
gacgcegeect
ttteeeegce
tcgatgacta
ctgcaaatct
acacaagtac

gegtcacata

cgtatgaact
gaacagciaa
ctitattttg
tgagactctt
cccacactst
ataagactct
cagtcacttt
tceegtetee
actacagctg
tctecgacec
aaacagaatt
tcctttacca
cagttaagea
acaaaattgt
gaagaccagg
ctaatacaca
agecaccatc
caccattteg
acatgcccat
ctttaacgea
tcgccattat
acgccgteac
ctttctcgac
actgtecasc

ccacccteeg

gacaccagega
agcggecaca
gctacaagcc
accatgctec
gagcgcstac
agtcaataga
ggagccaaca
gtacgtgaag
taaggtcttc
tgaaaacacg
tgcatcagca
aggaaataac
cgccaaatte
getetacaaa
acaatttesc
actggtactg
tgectttaag
ctgccaaata
ctccatcgac
catgtcetec
taaatatgca
tattcgggaa
ggccttagee
cgagtgecac

getccaggac

25/212

getaccetee
taccaagagg
cttattccsgc
tetaaaacst
gaacacgtaa
cctgectaca
ctatcgctte
tectgcgsta
accgecgtcet
cagttgagce
tacageggctc
atcactgtaa
atteteggec
ggteacgtct
gatatccaaa
cagagacceg
tattegctaa
gcaacaaacc
atacéggaag
gaggtaccag
gccagcaaga
gctgagatag
agecgeegaat
cccccgaage

atctecgcta

ctttectact
ctecgatata
tggcagccet
tggctttttt
cagtgatcce
geeecatget
attacatcac
cagcagagte
acccatttat
aagcacacgt
ataccgcate
ctgcctatge
caatgtcttc
ataacatega
gtegeacace
ctgtgggtac
2agaacecer
cegtaagagc
cggcctteac
cctgcaccca
aaggcaagte
aagttgaage
tccecgtaca
accacatagt

cggcgatgtce

tagcctaata

cctetggaac

gattgttcta

agccgtaatg

gaacacgetg

attggagatg

gtecgagtac

Caaggacaaa

gteegeceec

ggagaagtce

tecafcagct

aaacggceac

agcctgeaca

ctaccegecc

tgagagtaaa .

ggtacacgte
geceteectg
ggtgaactec
tagggtcgte
ttcctcagac

tgcggtecat

gaattctcag

agtctgttct
caactacccg

atgggtecag

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600

3660



26/212

aagatcacgg gaggtetege actesttatt gctattecce cactgattct aatcgteste

ctatgcegtet cgttcagcag gecactaa

210> 8

211> 8404

<212> ONA
Q13>

<220>
223>

<400> 8

Artificial

VLP_CHI512 vector

gaattcccat tgcatacgtt gtatccatat

ccaacattac
gggteattag
ccgectgecet
atagtaacec
geecacttes
gacggtaaat
tgegcagtaca
atcaatgegc
gtcaatgega
tccgecccat
getcgtttag
agaagacacc
tactegttgc
tttccatege
ccaccatgga

gggeLccacs

cgccatgtteg
ttcatagece
gaccgcccaa
caatagggac
cagtacatca
ggccceccts
tctacgtatt
gtgeatagcg
gtitgtttte
tgacgcaaat
tgaaccetca
ggeaccgate
tgcegegcec
tcttttctec
gttcatceccg

ccctacaatt

acattgatta
atatategag
cgacccecec
tttecattga
agtgtatcat
geattatgcc
agtcatcgcet
gtttgactca
gcaccaaaat
gegcestage
gatcgcctes
cagccteesgt
gccaccagac
agtcaccetc
acgcaaactt

caagtaatta

cataatatét
ttegactagtt
ttccgegtta
ccattgacgt
cgtcaatees
atgccaagta
cagtacatga
attaccatgg
cegggatttc
caacgggact
cgtgtacest
agacgccate
faacggtgga
ataatagctg

gtcgacacgt

tctataacag

gacctagacc

acatttatat
attaatagta
cataacttac
caataatgac
tggagtattt
csgccccctat
ccitatgesga
tgatgﬁggtt
caagtctcca
ttccaaaatg
gggaggtcta
cacgctgttt
ggecagtgta
acagactaac
gtgatcagat
aaggtaccaa

acgtccacag

tegctcatgt

atcaattacg

ggtagatgec

gtatgttcce

acggtaaact

tgacgtcaat

ctitcctact
ttggcagtac
ceccattgac
tcgtaacaac
tataagcaga
tgacctccat
gictgagcag
agactgttee
atcgcggccg
cccegacect

aggcagecteg

3720

3147

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900"

960

1020



ggcaactcge
agaagectceg
acgacccaaa
caggccgtag
‘atgaaggcaa
atgtgaagee
aatacgatct
cccacgagaa
geeggttcac
acaacaaagg
cectetecat
aagagtgegag
ctcagecegee
ttgaggacaa
ctccecaccg
catatctage
tggagcacat
tceggataaa
cgccagegga
ccgggaccat
gatttacgga
ctegtgatagg
gcacgtacgt
atactcctega

ttaatgggca

ccagctgate
cagaaatceg
gaazagaag.
ggagagaate
agtgatgssc
aactatcgac
tgaatgtgca
acccgaesse
tatcccgacg
acgegtegte
geteacetee
cctegeecte
ttecacaccc
cetgatgaga
cCaaagacgc
tcattgtect
cagaaatgaa
gacagatgac
cgcgegagcea
gggacacttt
cagcagaaag
tagegagagg
gcagageace
ccgecacecte

gacggteceg

271212

tccgcagtca acaaattgac catgegegeg

aaaaacaagé
caaccaccac
tgcatgaaaa
tacgcatecc
aatgccgate
cagatacceg
tactataact
getgcaggcea
gecategtce
aacaaagaca
ccggtettat
tgctectace
cccggatact
agtactaage
gactécggag
gcaacggace
agccacegatt
gceggattec
attctcecce
atcagccaca
ttccactctc
gctgecactsg
atgacgcagc

tacaagtgca

agcaaaggca
aaaagaagce
ttgaaaatga
tegtegsesa
tegctaaact
tgcacatgaa
gecatcaceg
agccgggaga
taggaggrac
tcgtcacaaa
geetgttege
aaaaggaacc
accégctact
acaattttaa
aagggcatte
gaacgctgaa
ggaccaagct
ttgtaageac
gatgcecgaa
catgcacaca
gaccacaaca
ctgaggagat
agtccggaee

actgcgeteg

gaagaagcag
gectcaaaag
ttgcatctte
taaagtaats
gecctttaag
gtcteatece
agcagigcag
Cagcgecaga
caacgaaggt
aattacccct
aaacactaca
ggaaagcacc
aaaagcatcg
tgtctataaa
gtgccacage
aatcéaggtc
gegctatatg
ttcagcacce
aggagagace
ccegttecat
tggtaaagaé
agaggtgcat
atccaacgte

ctcaaacgag

gtacctcaac
gcgeegeaaa
aagaagaaac
ga;gtcaagc
aaaccagcac
cggtcatcta
tcgaagttta
taftcaggag
ccgatettceg
gcccgcaces
8ag8gagcce
ttcccetect
ttecgcatec
cteacttsact
gccacaagac
cctategeat
tctttecaga
gatagccata
tgcacgatca
ctgacasteg
catgaaccac
ttaccttgca
atecccccag
aégatcécag

gegactgacaa

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920 |
1980
2040
2100
2160
2220
2280
2340
2400
2460

2520



ccacagacaa
acaagaattsg
aaggaaagat
gaaaccctac
cgacactctt
cacacaagaa
acaacgaacc
cacatgagat
ceetgecctc
cacggcgcag
tcagectget
atctategaa
tgatcgtect
tagccgtaat
cgaacacgsgt
tgttegagat
cegtecgagta
gcaagegacaa
tgtgeescee
tagagaaatc
cesceteesc
ctaacggtea
ccgectgrac

actacccace

agtgatcaat

gcaatacaac
ccacatccca
agtaacttac
gicttaccst
ggaggttace
atacaagtac
aatcttgtac
gttegtectt
atgcattaca
atgctgcetce
cgaacagcag
gtgcaactet
gagcatcgst
gggﬁgtaccg
ggagctacaa
caaaactgtc
gagcctacca
cgectactec
tgaatcttec
gaagctcecge
ccatgcegtc
accttttaac

tttteaceca

tccectttag
ttcccattes
ggaaaaaace
aacatgegac
ttgaccgtsc
tgeccecaga
tattatgagc
ctgtceatgs
ccatatgaat
agaacgacca
ccectgttet
ctgaaactct
geeccacactg
tataagactc
tcagtéacct
atccccteee
gactacagct
ttttegceace
aaaacagagt
gtcctttace
acagtaaagg
aacaaaatcg

ggaagaccag

287212

aactgcaaaa ttgatcagte

tcccgegeaa
caaacgtgac
aagtcaccat
aggaaccaaa
ctactgages
tgtctacgaa
tetaccccac
teggcacagc
taacaccagg
agecggecac
gettecagsc
tgccatgcte
tgagcgceta
ttgtcaacag
tegaaccaac
cgtacgtgaa
gcaaggtctt
ccgaaaatac
ttgcatcesc
aaggaaacaa
acgecaagtt
tggtetacaa

gacaattteg

ccatgcteca
cectgaactc
ttecagagtsg
getgctgtat
ttaccacgag
tctgeagstc
cgetactect
tatgactgta
agtgggaate
agccactgtt
atattaceag
tcttatcccg
ctegtaagace
cgaacacgta
accgegttac
actgtcactt
gtectetest
tactggagtc
geaattgasc
ctacagagcc
cattacceta
tgtcgtegec
agegcgacgtc

tgacattcaa

gtcactaatc
ggggaccgta
cCaaaagcaa
cctgaccatc
gagtgestea
actteesgca
catggtcace
gtcattgtet
tgtgtetace
cccttectec
gcetgcgecat
ctegcegeet
ctegettttt
acagtgatcc
agceecateg
gactacatca
acagcagagt
tacccattta
gaggcacatg
cacaccgcat
gctecctaceg
ccaatgtcct
tacaacateg

agtcgtacac

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960



cggaaagtaa
cgatacatgt
gagcatﬁgct
ctgtanattg
ctagesttet
actcctecga
gtgcagtaca
ggaactccca
aagtgtectc
tcaattacce
cttegeteca
taattgtest
ctagttecca
gcacteccac
gtcattctat
atagcaegca
ccegttecte
cacgcccctg
cgccttcaaf
caaaccaaac
agagggagag
ageccateat
gtaatcatgg
catacgagcc

attaattece

agacgtttat

accatactct
acagcacacg
cecteteegs
cgatgcacce
ctttesggec
ttceatgace
gcetecaaata
cacacaagta
agcatcacac
gaagattacg
gctatgegteg
gecatetgtt
tgtectttec
tcteeeeest
tgcteggeat
ctgegceaga
gttcttagtt
ccecacceget
ctagceteca
aaaatgecte
ttaaggccat
tcatagctat
ggaagcataa

ttecectcac

gecaacactce
caggcaccat
gcaccgttce
aacataccaa
tctgtaacgs
gtcgecatcea
aacgeegtta
tccttctcaa
cactgcegcag
accacccttg
ggaggagtag
tcgtttagca
gtttecccct
taataaaate
geggtgeeec
geggteggect
aagaagcage
ccageccecac
aaagtacttg
agagtgsgaa
caacatgtga
catggcctaa
ttectetgte
agtgtaaagc

tecccgcttt
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agttggtact
ctggcttcaa
gttgccagat
tttccatcga
acatgtcatg
tcaaatacac
ccattcgaga
cagccctege
ccecatgcca
gestecagea
gattaattgt
gecactaagg
cceceegtace
aggaaattec
aggacagcaa
ctatgggtac

cacatcccct

tcataggaca

gageggtcte
gaaattaaag
ggaagtaateg
gcttgaaage
aaattgttat
ctgeggtece

ccagtcgera

acagaggcca
gtattgecte
tgcgacaaac
cétatcggat
cgaagtacca
agctagcaag
agccgaceta
aagecgccegag
ccctccaaag
tatatccaca
tgctgttect
atctagatct
ttectteace
atcgcattat
ggeegagegat
ccagetacte
tctctgtgac
ctcatasctc
teccteccte
caagataggc
agagaaatca
agataggatc
ccgctcacaa
taatgagtea

aacctgtcet

gcagcagaca

aaggaacgag

ccggtaagag

geggeectita

geetgeacte

aaaggtaaat

gaagtagagg

tttcecetsc

gaccacatag

acggcaatgt

gccttaattt

getgtecctt

ctgraaggte

ctgagtaggt

tegggaagaca

aagaatteac

acacccetgte

aggageactc

atcagcccac

tattaagtec

tagaatttta

aaagcttaec

ttccacacaa

gcetaactceac

gccageteca

4020

4080

4140

4200

4260

4320

4380

4440

- 4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460



ttaatgaatc
ctcecteact
aaaggcegta
aaaaggccag
gctccgcccﬁ
gacaggacta
tccgacccte
ttctcatage
ctetgtecac
tgagtccaac
tagcagagceg
ctacactaga
‘aagagttest
ttecaagcag
tacgegstct
atcaaaaage
aagtatatat
ctcagegate
tacgataces
ctcaccgect
tegtcctgca
aagtagttce
gtcacactcg

tacatgatce

30/212

geccaacgcg cgeggagagg cggttigeet atteegegct

gactcgctec
atacggttat
caaaaggcca
ccteacgasc
taaagatacc
ccgettacce
tcacectgta
gaaccececcg
ccggtaagac
aggtatgtag
agaacagtat
agctcttgat
cagattacsc
gacgctcagt
atcttcacct
gagtaaactt
tgtctatttc
gaggscttac
ccagatttat
actttatcceg
ccagttaata
tcattteeta

cccatgttgt

gcteegtest
ccacagaatc
ggaacﬁgtaa
atcacaaaaa
aggcgtttce
gatacctete
getatctcag
ttcageccea
acgacttatc
gcggtgctac
ttggtatcteg
ccggcaaaca
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtctgacag
gttcatccat
catctgscce
cagcaataaa
ccteccatcea
gtttgcecaa
tegcttcatt

gCaaaaaagc

tcegctecee
agggegataac
4aageccece
tcgacectea
ccctggaagc
cgcctttcete
ttcegtetag
ccgctececc
gccactegca
agagttctte
cgetetecte
aaccaccgct
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatgc
agttecctea
cagtgctgca
ccagccagéc
gtctattaat
cgttgttecc
cagctccgst

ggttagetec

cgageggtat
gcaggaaaga
ttectegcst
agtcagaget
tcccteatec
ccttceggaa
gtegttceact
ttatccgsgta
gcagccactg
aagtgeteec
aagccagtta
getagegets
gaagatcctt
gggattttee
tgaagtttta
ttaatcagte
ctceeegteg
atgataccac
882agEEBCCE
tetteccese
attgctacag
tcccaacgat

ttcgetecte

cttccactte
cagctcacte
acatgtgagc
ttttccatag
gecgaaacce
gctctectat
gcgtegesct
ccaagctgeg
actatcgtct
gtaacaggat
ctaactaceg
ccttcggaaa
gtttttttat
tegatctttte
tcatgagatt
aatcaatcta
aggcacctat
tetagataac
gagaaccacg
agcgcagaag
aagctagagt
gcatcgtest
caaggcgagt

cgatcgttet

5520

55680

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480
6540
6606
6660
6720
6780
6840

6900




 cagaagtaag
tactgtcatg
ctgagaatag
cgegecacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatat
atgtatttag
tgacgtctaa
geecttteee
gttgacgste
gtcagceest
actgagagte
ttgttaaatc
aaaagaatag
aaagaacgtg
acgtgaacca
gaaccctaaa
aaaggaagee
gctgceegta
ttectttgac
aggcgccatt
tcectattac

ccagegtttt

ttegccecag
ccatccgtaa
tetatgcgec
agcagaacit
atcttaccsc
gcatctttita
aaaaagggaa
tattgaagca
aaaaataaac
gaaaccatta
gteegcecett
acagettgte
gtiggcseest
caccatéaaa
agctcatttt
cccgagatag
gactccaacg
tcacccaaat
gegageeece
aagaaagcga
accaccacac
gtatecgste
cgccattcag
gccagetgsc

cccagtcace

tettatcact
gatgcttttce
gaccgagtte
taaaagtect
tgttgagatc
ctttcaccag
taagggceac
tttatcagesg
aaataggget
ttatcatgac
tcegetgatea
tgtaagcgea
gtcgeescte
ttgtaaacgt
ttaaccaata
ggtteagtat
tcaaagggcg
caagtttttt
gatttagagec
aaggagcess
ccegecacgct
tgaaatacce
getgegeaac
gaaaggeesa

acgttgtaaa
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catégttatg
tetgactest
ctcttecceg
catcattgsa
cagttcgatg
cgtttctege
acggaaatgt
ttattetctc
tccgcgcaca
attaacctat
cegtgaaaac
tecceggagc
gettaactat
taatatttieg
ggccgaaate
tgttccagtt
aaaaaécgtc
gegetceage
ttgacgeesa
cgctaggece
taatgcgccg
cacagatgcg
tgttgegaag
tgtectecaa

acgacegcca

gcagcactsc
gagtactcaa
gegtcaatac
aaacgtictt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
tttcccegaa
aaaaatagec
ctctgacaca
agacaagcce
gcgecatcag
ttaaaattce
ggcaaaatce
tggaacaaga
tatcaggece
teccgtaaag
aagccgecea
ctggcaagte
ctacagggcg
taaggagaaa
ggcgatcegt
ggcgattaag

gtgaattcca

ataattctct
ccaagtcatt
gggataatac
cggggceaaa
gtgcacccaa
caggaageca
tactcttccet
acatatttsa
aagtgccacc
gtatcacgag
tgcagetccee
gtcageggcsac
agcagattgt
cgttaaattt
cttataaatc
gtccactatt
atggcccact
cactaaatceg
acgteecgag
tagcegtcac
cgtactatge
ataccgcatc
gcegggcctet
tteggtaacg

tggtctcaac

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400



tttc

210> 9

211> 8410
212> DNA
213> Arti

<220>
223>

400> 9
gaattcccat

ccaacattac
gegtcattag
ccgccteact
atagtaacgc
geccacttae
gacggtaaat
tggcagtaca
atcaatggec
gtcaatgeea
tccgccccat
getcgtttag
agaagacacc
tactcattec
titccatege
ccaccatgga
gggecccacg

gegcaactege

ficial

tecatacgtt
cgccatgtty
ttcatagece
gaccgcccaa
caatagggac
cagtacatca
geccegecte
tctacgtatt
gtggatagcg
gttigtttte
tgacgcaaat
tgaaccgtca
gggaccgate
tgccgcgcsee
tettttctece
gttcatéccg
ccctacaatt

ccagctgatce

VLP_CHt 532 vector

gtatccatat
acattgatta
atatatgeag
cgacccecac
tttccattga
agtgtatcat
geattatace
agtcatcect
gtttgactca
gcaccaaaat
gggceetage
gatcgcctee
cagecteegt
gccaccagac
agtcaccsgtc
acgcaaactt
caagtaatta

tccgcagtcea

327212

cataatatst
ttgactagtt
ttececgtta
ccattgacst
cgtcaateeg
atgccaagta
cagtacatga
attaccatgg
cegggattte
caacgegact
cgtgtaceet
agacgccatc
taacggtgea
atéatagctg
gtcgacacet
tctataacag
gacctagacc

acaaattgac

acatttatat
attaatagta
cataacttac
caataatgac
tegagtattt
ceccccctat
ccitatgega
tgatgcestt
caagtctcca
ttccaaaatg
gegaggtcta
cacectgttt
ggecagteta
acagactaac
gtgatcagat
aaggtaccaa
acgtccacag

catececece

teectcatsgt
atcaattace
getaaatggc
gtatgttécc
acggtaaact
tgacgtcaat
ctttectact
ttegcagtac
cceccattgac
tcgtaacaac
tataagcaga

tgacctccat

gtctgagcag

agactgttcee

atcgcgecce

ccecgaccecet

aggcagectsg

gtacctcaac

8404

60

120

180

240

300

360

420

480

540

600

- 660

720
780
840
900
960
1020

1080



agaagccteg
acgacccaaa
caggecgtag
atgaaggcaa
atgtgaagee
aatacgatct
cccacgagaa
geeggtteac
acaacaaagg
cectetecet
aagagtegag
ctcagecegcee
ttgaggacaa
ctceccaccg
catatctagc
tggagegcat
tcggeataaa
tgccageera
ccgggaccat
gatttacgea
ctetgatage
gcacgtacat
atactcctea
ggcagacggt

tgacaaccac

cagaaatcgg
gcaaaagaag
ggagagaate
agtgatggsc
aactatcgac
tegaatgteca
acccgagsege
tatcccgace
aceggteste
getgacgtes
cctegeccte
ttgcacacce
cgtgatgaga
Ccaaagacec
tcattgtect
cagaaatgaa
gacagatgac
cgcgragcea
gggacacttt
cagcagaaag
tagggagage
gcagagcacc
ccgcacgcte
gcggtacaag

agacaaagtg

aaaaacaaga
caaccaccac
tgcatgaaaa
tacgcatecc
aatgccgatc
cagatacceg
tactataact
getgcageca
gecatcgtee
aacaaagaca
ccggtcttgt
tgctgctacg
cccggatact
agtactaagg
gactgcggég
gcaacggacg
agccacgatt
gecgeattec
attcteecce
atcagccaca
ttccactctc
gectgccacte
atgacgcaec
tgcaactsce

atcaataact
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agcaaaggca

dadaagaagcc

ttgaaaatga

teeteagega

tgectaaact

tgcacatgaa

ggcatcaces

agccggeaga

tageaggegc

tcgtcacaaa

gectgttage

daadaggaacc

accagctact

acaattttaa

aaggecattc

gaacgctgaa

ggaccaagct

ttgtaaggac

gatgcccegaa

catgcacaca

gaccacaaca

ctgaggagat

agtctgecaa

gteectccee

gcaaaattga

gaagaagcag
gectcaaaag
ttgcgtcttc
taaagtaate
gecctitaag
gtctgatecc
agcagtgcag
cagcgecaga
caacgaaget
aattacccct
aaacactaca
ggaaageace
aaaagcatcg
tgtctataaa
gtgccacage
aatccagstc
gegetatatg
ttcagcaccg
aggagagacg
cccgttecat
tegtaaagag
agaggtgcat
tgtgaagatc
aagtegatcc

tcagtgccat

gcgecgeaaa

dagaagaaac

gaagtcaage

aaaccagcac

cggtegtceta

tcgaagttta

tattcaggag

ccgatcttce

gcccgeacsee

gagggagccg

ttccectgct

ttecgcatgc

ctgacttgct

gccacaagac

cctatcgcat

tctttecaga

gatagccata

tgcacgatca

ctgacagtge

catgaaccac

ttaccttaca

atgeececcag

acagttaate

dacgagggac

gectgcagtcea

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520

2580



ctaatcacaa
accgtaaaeg
aagcaagaaa
accatccgac
gegtgacaca
ggegraacaa
gtcacccaca
ttgtatcest
tetecgcacg
fcctgctcag
cggcatatcet
ccgcetteat
cttttttagc
teatcccgaa
ccatggtstt
acatcacgte
cagagtgcaa
catttatgig
cacatgtaga
ccgcatcesc
cctacgctaa
tegtccteege
acatggacta

gtacaccgga

gaattgscaa
aaagatccac
ccctgcagta
actettgtcet
caagaaggag
cgaaccatac
tgagataatc
gecctegttc
gcgcagatac
cctgetatec
atggéacgaa
cgtectgtec
cgtaatgagc
cacegtgega
ggagatgegag
cgagtacaaa
ggacaagagc
gBECgEcECe
gaaatctgaa
gtcggcgaag
cggteaccat
ctgeacacct
cccacctttt

aagtaaagac

tacaactccc
atcccattce
acttacggaa
taccgtaaca
gttaccttea
aagtactesc
ttgtactatt
gtecttctat
attacaccat
tecgtcagaa
cagcagcecee
aactgtctea
atcegtegccee
gtaccgtata
ctacaatcag
actgtcatcc
ctaccagﬁct
tactgctttt
tcttgcaaaa
ctcegegtee
geegteacag
tttgacaaca
gecgcaggaa

gtttatgcca
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ctttagtcee
céttggcaaa
aaaaccaagt
tgegacagea
ccetacctac
cgcagatgtce
atgagctsgta
ceatgetges
atgaattaac
cgaccaagec
tettctestt
aactcttecc
acactgteag
agactcttat
tcaccttgea
cctececegta
afagctgcaa
gceacgecga
cagagtttec
tttaccaagg
taaaggﬁcgc
aaatcgtest
gaccaggaca

acactcagtt

gegcaacsect
cgtgacttec
caccatgcte
accaaattac
tgagestcte
tacgaacasgt
ccccactatg
cacagcagtg
accagegagcc
ggccacata{
gcaggctett
atgctsctet
cecetaceaa

caaCagaccg

accaacactg

cetgaagtec

ggtcetttact

aaatacgcaa

atcggcctac

aaacaacatt

caagttitetc

gtacaaagsc

atttestgac

ggtactacag

gaactceeee
agagtsgccaa
ctgtatccts
cacgaggagt
gaggtcactt
actgctcatg
actgtagtca
ggaatetgte
actgttccct
tacgagects
atcccactes
aagaccctegg
cacgtaacag
gettacagce
tcactteact
tgtggtacag
geagtctacc
ttgagcgage
agagcccaca
accgtagetg
gtggecccaa
gacgtctaca
attcaaagtc

aggccagcag

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020



caggcacest
aacgaggagc
taagagctat
cctttactag
geactcactc
gtaaatetec
tagageggaa
gcgtgcaagt
acatagtcaa
caatgtcttg
taattttaat
teccttctag
aaggtgccac
gtagetgtca
aagacaatag
attgacccgg
cctgteccace
gggctecgce
gcccaccaaa
aagtgcagag
attttaagsc
cttggcetaa
acacaacata
actcacatta

getgcattaa

357212

acatgtacca tactctcagg caccatctge cttcaagtat

atcectacag
aaattgcact
gettetcgat
cteccgacttt
agtacattce
ctcccagctg
gtgctecaca
ttacccagca
ggtgcagaag
tetegtacta
tteccagcca
tcccactete
ttctattcte
caggcatget
ttectectse
ccectgstte
ttcéatccca
ccaaacctag
gegagagaaaa
catgatttaa
tcatgetcat
cgagccggaa
attecgttac

tgaatcegce

cacacggcac
gtgeggaaca
geaccctcle
geegecgter
atgaccaacg
caaatatcct
caagtacact
tcacacacca
attacgggag
técgtgtcgt
tctettettt
ctttcctaat
ggeesteere
geggatgcge
gccagaaaga
ttagttccag
cccgctaaag
cctccaagag
tecctccaac
geccatcatg
agetgtttee
gcataaagteg
gctcactgcc

aaCBCECEES

cgttcestte
taccaatttc
taacggacat
ccatcatcaa
ccettaccat
tctcaacage
gcgeageeec
cccttgeeat
gagtaggatt
ttagcageca
geeeetececee
aaaatgagea
tgeggcagea
tgggctctat
agraggcaca
ccccactcat
tacttggagc
tgggaagaaa
atgteaggaa
gectaagett
tgtgtgaaat
taaagccteg
cgctttccag

gagagecsagt

ccagattece
catceacata
gtcatgcgaa
atacacagct
tcgagaagec
cctggcaage
atgccaccct
ccaggatata
aattgttect
ctaagegatct
cgtgeettee
aattgcatce
cagcaageeg
gggtacccag
tccecttcete
aggacactca
getctetece
ttaaagcaag
gtaatgagag
gaaaggagat
tgttatccec
getgcctaat
tcgggaaacc

ttgcgtattg

tegctgaage
acaaaccceg
ccegateces
gtaccagccet
agcaagaaag
gacgtagaag
gecgagttte
ccaaaggacc
tccacaacee
gttectecct
agatctects
ttgaccctse
cattgictea
gaggatteeg
gtectgaaga
tetgacacac
tagctcagea
tcccteatea
atagectatt
aaatcataga
aggatcraag
tcacaattce
gagtgagcta
tgtcgtacca

gecgctette

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520



cecttcctcg ctecactgact cegctececte

tcactcaaag
gtgagcaaaa
ccataggcte
aaacccgaca
tcctattece
gecgctttet
gctgeectet
tcgtcttgag
caggattage
ctacgsctac
Cggaaaaaga
ttttetttec
cttttctace
gagattatca
aatctaaagt
acctatctca
gataactace
accacgctca
cagaagtest
tagagtaagt
cgtegtgtca
gcgagttaca

cgttgtcaga

gcggtaatac
geccagcaaa
cgeeececte
ggactataaa
accctgccgc
catagctcac
gtecacgaac
tccaacccee
agagcgagst
actagaagaa
gttggtagct
aagcagcaga
gegtctgace
aaaaggatct
atatatgagt
gegatetetc
atacgegage
ccggctecag
cctgcaactt
agttcsccag
cgctegtest
teatceccca

agtaagttes

gettatccac

aggclaggaa

acgagcatca

gataccaggec

ttaccggata

getetageta

cceeegttea

taagacacga

atgtagecgg

cagtatttegg

ctteatceceg

ttacgcgcag

cicagtggaa

tcacctagat

aaacttgetce

tatttegttc

gettaccatce

atttatcagc

tatccecctce

ttaatagttt

ttggtatgse

tettetgeaa

ccgcagtett
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ggtegttcee
agaatcaggg
ccgtaaaaag
caaaaatcga
gtttcceect
cctgteeace
tctcagttce
geecgacese
cttatcecca
tgctacagag
tatctgcect
caaacaaacc
aaaaaaagea
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tgecceccagt
aataaaccag
catccagtct
gegeaacgtt
ttcattcagc
aaaagcggtt

atcactcatg

ctacegcgag
gataacgcag
geegegttec
cectcaagtce
geaagctcece
tttctecctt
gtetagetcg
tecgccttat
ctggcageag
ttcttgaagt
ctectgaage
accgctggta
tctcaagaag
cettaagega
taaaaatgaa
caatgcttaa
geetgactee
getgcaatga
ccagccggaa
attaattgtt
gttgccattg
tceggttecee
agctcctice

gttatggcag

cggtatcagc
ggaagaacat
tggegttttt
agageteece
tcetececte
ceggaagest
ttcgctccaa
ccgetaacta
ccactgetaa
ggteecctaa
cagttacctt
geegteettt
atcctttgat
ttttggtcaf
gttttaaatc
tcagtgagec
ccetegteta
taccgcgaga
ggeccgageg
gcceggaage
ctacagecat
aacgatcaag
gtcetecgat

cactgcataa

5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900

6960



ttctcttact gtcateccat ccetaagatg cttttctete

gtcattctga
taataccgcg
gcgaaaactc
acccaactga
aaggcaaaat
cttcettttt
atttgaatet
gecacctgac
cacgaggecce
getcceatte
gegcecegtca
gattgtacte
aaatttttst
taaatcaaaa
actattaaag
cccactacgt
aaatceggaac
ggcgagaaag
getcacgcte
ctatesttec
cgcatcaggc

geetectteae

gtaacgccag ggttttceeca

ctcaactttc

gaatagtgta
ccacatagca
tcaageatct
tettcagcat
gccgeaaaaa
caatattatt
atttagaaaa
gtctaagaaa
tttceestce
acggtcacag
gcgggtéttg
agagtgcacc
taaatcagct
gaatagcccg
aacgtggact
gaaccatcac
cctaaagega
gaageggaaga
cgcgtaacca
ttteacgtat
gecattegee

tattacecca

tacggcgace
gaactttaaa
taccgctgtt
cttttacttt
aggeaataasg
gaagcattta
ataaacaaat
ccattattat
cgeetiteag
cttetcteta
geegetetce
ataaaattsgt
cattttttaa
agatagggtt
ccaacgtcaa
tcaaatcaag
geeeecgatt
aagcgaaags
ccacacccee
gcgetetgaa
attcagecte
gctegcgaaa

gtcacgacgt

3771212

gagttgctcet
agtgctcatc
gagatccagt
caccagegtt
ggcgacaceg
tcaggettat
aggggttcee
catgacatta
tgatgaceet
agcggataece
ggectggett
aaacgttaat
ccaatagegce
gagtgttatt
agegcgaaaa
ttttttgeee
tagagcttga
agcgggcgct
cgegcttaat
ataccecaca
cgcaactgtt
geeggatgte

tgtaaaacga

actgetgagt
tgccceegcsat
attggaaaac
tcgatgtaac
tcteggteag
aaatgttgaa
tetctcatga
cecacattte
acctataaaa
gaaaacctct
gggagcagac
aactatecee
attttgttaa
gaaatcgsca
ccagtttgea
accgtctatce
tcgagetace
Cgeggaaagc
agescgcteg
gcgccgctac
gatgegtaag
gggaageecg
ctecaaggce

cggccagtga

actcaaccaa

caatacegsa

gttcttcees

ccactcetge

Caadaacagsg

tactcatact

gcggatacat

cccgaaaagt

atagecgtat

gacacatgca

aagccegtcea

catcagagca

aattcgeatt

aaatccctta

acaagagtcec

agggcgateg

gtaaagcact

cegcgaacgt

taagtetagc

agggcgcegta

gagaaaatac

atcegteces

attaagttegg

attccatget

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400

8410



210>
Q1
125
13

10
8431
DNA
Arti

220>
Q2

<400> 10

ficial

VLP_VEEV VLP 518 vector

gaattcccat tgcatacgtt gtatccatat

ccaacattac
gegetcattag
ccecctgect
atagtaacec
gcccactteg
gacggtaaat
tegcagtaca
atcaatggec
gicaatggga
tcegecccat
gotegtttag
agaagacacc
tactcgttec
tttecatess
ccaccatgtt
tcecgeccee
aggaattaac
aggegccate

dagggaagaa

cegccatgtte
ttcatagccc
gaccgececaa
caatagegac
cagtacatca
ggceegecte
tctacgtatt
gtgeatagces
gtttgtttte
teacgcaaat
tgaaccgtca
gggaccgate
teccecgcsc
tettttctec
cceettecag
gcgcageccee
ccectegateg
cgctaataaa

gaagaagaac

acattgatta
atatategag
CgacccCeec
tttccattga
agtgtatcat
geattatecc
agtcatcect
gtttgactca
gcaccaaaat
gggcegtage
gatcgcctes
cagecteest
gccaccagac
agtcaccgtc
ccaatgtatc
tggtteccca
gctaacctga
tcgaagaage

Caaggegaasga

387212

cataatatgt
ttegactagtt
ttccacgtta
ccatteacat
cetcaategg
atgccaagta
cagtacatga
attaccateeg
cggggatttc
caacgegact
cetgtacgat
agacgccatce
taacgeteea
ataatagcte
gtcgacacgt
cgatgcagce
gaaccgacce
cgttcaagca
aggcetegea

agaagectaa

acatttatat
attaatagta
cataacttac

caataatgac

tggagtattt

ceccecctat
ccttatgeea
tgatgcesgtt
caagtctcca
ttccaaaétg
gggagetcta
cacgctgttt
geecagtgta
acagactaac
gtgatcagat
aatgccctat
ttttcteecs
acgecggeac
aaaacagaaa

8aCagegcce

tggctcatgt
atcaattacg
getaaatesc
gtatettcce
acggtaaact
tgacgtcaat
ctticctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctecat
gtctgagcag
agactgttce
atcacgscce
cgcaacccgt
atecagatac
gecgccaccte
BEBgRagECce

cctaatecga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200



aggcacagaa
tcatgaaatt
acgcttatst
acgacgttct
atgtgecaca
attacagctsg
gagttegeac
ctattgtect
acgagaageg
ccaccatets
acagaaaacc
atgagctgct
tetttaatga
gegagetgcca
ttagacttca
ccatgcgsta
atacatctcg
cggcagegsa
tgccetatea
acgeagtaga
tcgagategca
gaggatccag
agtgtesces

Caaagaagga

tegaaacaag
ggaatctgac
ggtcgeages
geccgeactt
gaacatgeeg
gcatcatgga
caagggagac
ggeagetete
agttaccgtg
tctecteece
agcagagact
ggaageaget
gtataagcta
tagtccaata
gacttcctces
teacatgcac
ccegtgtceac
ctccatcace
agtgaaattt
gcaagcegtac
ccteecgeec
ttcagteace
tacaaagatc

gcagtgcaga

aagaagacca
aagacgttce
aagttattca
aagacgaaga
gecgatacat
gcagtccaat
agcggacgac
aatgaageat
aagtatactce
aatgteacet
ttgeccatgc
gttaagtece
acgegeectt
geaatcgage
cagtatgsce
gggaccatta
attgtggatg
atggaattta
aatcctgtag
caagtctacg
tcagaagtes
gtgacaccte
tccgagacca

gcatatcegsc

39/212

acaagaaacc

caatcatgtt

ggccgatgca

aagcatccaa

tcaaatacac

atgaaaatge

ccattctegga

ctaggacagc

cagagaactg

tccecatgtsec

tcagcgttaa

ccggaageaa

acategccag

cagtaaagag

tggattccte

aagagatacc

ggcacgegtta

agaaagattc

gcagagaact

cacatgatgc

acageagttt

cteatgegac

tcaacaagac

tgcagaacga

aégcaagaga
ggaaggeaag
tetegaageac
atacgatctt
ccatgagaaa
gegtticace
taaccagega
ccttteagte
cgagcaatgg
tcaaccacca
cgttgacaac
aaggagatcc
atgcatcaga
cgacgggcac
cggcaactta
actacatcaa
tttcctactt
cgtcagacac
ctatactcat
acagaacaga
getttectte
tagcgccctg
aaaacagttc

taagtegste

cagcgcateg

ataaacggct

aagatcgaca

gagtatgcaeg

ccccaaggct

gtgccgaaag

cggetegtce

gtcatatega

tcactagtga

atttectacg

ccgggctaceg

accgaggagc

tetgcagtte

gacggttatg

aaggecagea

gtgtcactct

gccaggtgce

tcctectegr

cccccagaac

ggagcttate

agecgacteceg

gtggaatgce

agccagtgca

tataattcte

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



acaaactecc
tggcagaceg
gatcagtgtc
ctgatgagcec
tcaccgaaaa
aggaaacagc
acagataccc
ccgttecasc
ggctaacaéc
cceggeccea
tctggattca
gegtgtecte
agcacgegac
caggctacec
teaacttega
getgcegsatce
cageggttta
aagtcagcaa
ataaagcgca
ttetgactac
ctgcaggtce
gggagatcta
atatacaatc
agagacccaa

aatggaagaa

caaagcagcg
caaatgcacc
actgaaacte
tcactacace
agegteerag
acccggaaat
tatgtccacc
gtctaccteg
taacgctagg
gaccaccteg
attgctgatc
tgtcgtgcct
cacgatgcce
accactccct
gtacgtcacce
tcaggaatgc
cccgttcatg
ggcctacgta
cacagcctcea
cgtgtatete
gctttecaca
taattateat
cagaacagtc
agcaggagcg

agataaagct

geagecacct
gtgcctcetag
caccctaaga
cacgagctca
tttetatgee
ccacatgesc
atcctegett
ctgttttgca
ataccatttt
gagtcctteg
ccteteegcce
tttttagtca
agccaageeg
atcagcataa
tgccactaba
actccaactt
tegegteste
atgaaatctg
gtgcaegcat
aatggagaaa
gettggacac
tttectgast
tcaagctcte
atccacgtec

ccatcattga

40/212

taaaaggaaa
caccagaacc
atcccacata
tatctgaacc
gaaaccacce
taccecacga
tgtcaatttsg
gatcaagagt
gtctegctet
atcacctatg
cctteatcst
tggcqggcgc
gaatctcgta
caccaacaaa
aaacaggaat
acagecctga
catattgctt
acgaétgcct
tcctcaacat
ctectgtgaa
cctitgatce
atgegecagg
atctgtatec
catacactca

aatttaccec

actgcatgtce
tatgataacc
tctaatcace
agctgttage
gCccgaaaage
ggigataact
tecceccatt
tecgteccta
getttactec
gaacaataac
agtgactcge
cgcaggcecc
taacactata
gatcaagctg
ggattcacca
tgaacagtec
ttecgacact

tgcggatcat

tacagtgega

tttcaatgeg
caaaatcgtsg
acaaccagea
caataccaac
ggcacctteg

ccctttecgea

ccattcttac
ttcegtttca
cgccaactte
aattttaccg
ttttggecac
cattattacc
geaaccgttt
actccttacc
geecgeactsg
caacagatsgt
ctectcagst
ggcacctace
gtcaacagag
atacétacag
gccatcaaat
aaagtcttca
gagaacaccce
getgaageat
gaacactcta
gtcaaaataa
cagtatgccg
gcatttgsag
ctagtgctec
ggtittgagc

tgcgaaatat

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540 .

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140



atacaaaccc
ttcccgacec
ctcttaacga
ccagcaagtc
cagcagtcga
acccggagtt
ccccgaaaga
tgtcaaaaac
taattesctt
attaaggatc
ccgtecctte
aaattgcatc
acagraagge
teggtaccca
atcccettcet
taggacactc
cegtctetee
attaaagcaa
agtaatgaga
tgaaagegaga
ttettatccg
gggtgﬁctaa
gtcggeaaac

tttgcgtatt

céttcgcgcc
cttgttcace
gtgcgtgtat
aggcaagtec
gctaaccgag
cagectccaa
ccatattgtsg
cgegtegerace
ggtectgect
tagatctect
cttgacccte
geattgtcts
ggaggattge
ggtectgaag
ctgtgacaca
atagctcagg
cteecteate
gataggctat
gaaatcatag
taggatcaaa
ctcacaattc
teagtgagct
ctetcgtecc

gegegetett

gaaaactgteg
agggtetcag
tettcceact
gcagtccate
caagggtces
atatgcacat
acacaccctc
tggttaacat
actattetes
gtgbcttcta
gaaggtecca
agtaggtgtc
gaagacaata
aattgacceg
ccectgtecac

agggctecgc

417212

ctgtagestce
aaacaccgac
ttegteegat
tgccatcage
cgactatcca
catatgttac
agtatcacgc
ccetgctees
ccatgtacet
gttgccagee
cteccactet
attctattct
gcaggcatec
gttectecte
geeectggtt

cttcaatcece

agcccaccaa accaaaccta
taagtgcaga gggagagaaa
aattttaagg ccatgattta
gettgecgta atcatggtcea
cacacaacat acgagccgga
aactcacatt aattecette
agctgcatta atgéatcggc

ccgcttecte getcactgac

aattccatta
actttcasce
cgeceacggtc
gactgctacc
tttctegace
gtgcaaaget
ccaaécattt
ageatcagce
getgaccaac
atctettett
cctttectaa
8ggeegetegs
tgeggatece
geccagaaag
cttagttccea
acccgctaaa
gectccaaga
atgcetcecaa
ageccatcat
tagctettte
agcataaagt
cgcteactec
caacgcgces

tcectecact

gectttgaca
gccgaatgca
aagtactceg
ctaaaagaag
gcaaatatcc
gattgtcacc
acagccgces
gtaattatta
cagaaacata
tgccectece
taaaatgagg
gtgegeecagg
gtegectcta
aagcaggcac
geceecactcea
gtactteeag
gteegaagaa
catgtgagga
gecctaaget
ctgtgtgaaa
gtaaagcets
ccecttteca
88agageCcee

cggteagttcg

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580



gctecggcea
. 8gataacgca
ggccgegtte
acgctcaagt
tegaagctce
ctttctecct
getgtagetc
ctgegectta
actggcagca
gttctteaag
tctgctgaag
caccgctget
atctcaagaa
acgttaages
ttaaaaatga
ccaatgctta
tgcctgacte
tgctgcaateg
geccagecgsa
tattaattet
tgttgccatt
ctecegttee
tagetectic
gettategeca

gactegtgag

gcggtatcag

ggaaagaaca

ctggcgtttt

cagaggtaec

ctcgtgcgct

tceegaages

gttcgcteca

tccggtaact

gccactgeta

tegtggccta

ccagttacct

agcgetggtt

gatcctttea

attttgetca

agttttaaat

atcagtgage

cccgtegtet

ataccgcgag

agggrcgage

tgcceggaag

getacageca

caacgatcaa

ggtectecga

gcactgcata

tactcaacca

ctcactcaaa
tetgagcaaa
tccatagect
gaaacccgac
ctectettee
tesgcectitc
agctesgcte
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
tttttetttg
tettttctac
teagattatc
caatctaaag
cécctatctc
agataactac
aaccacgctce
gcagaagteg
ctagagtaag
tcegtegstete
gecgagttac
tcgttgtcag
attctcttac

agtcattcte

42/

geceggtaata
aggccagcaa
ccgeececect
aggactataa
gaccctgeee
tcatagctca
tatgcacgaa
gtccaacecg
cagagcgage
cactagaaga
agttegtagc
caagcageag
geegteteac
aaaaaggatc
tatatatgag
agegatctet
gatacggeag
accggcteca
tectgcaact
tagttcecca
acgetegtesg
atgatccecec
aagtaagttg
tgtcatgeca

agaatagtet

212

cggttatcca
aaggccagga
gacgagcatc
agataccage
cttaccggat
cectgtaget
cceceegtte
gtaagacace
tatgtagece
acagtattte
tcttgatceg
attacgcgea
getcagteea
ttcacctaga
taaacttggt
ctatttcatt
gecttaccat
gatttatcag
ttatccgeet
gttaatagtt
tttegtates
atgttgteca
gcegcagtat
tccgtaagat

atgcgecgac

cagaatcagg

accgtaaaaa

acaaaaatce

cgtttcccce

acctgtccgc

atctcagtte

agCCcBacces

acttatcgce

gtectacaga

gtatctgcec

gCaaacaaac

gaaaaadagg

acgaaaactc

tccttttaaa

ctgacagtta

catccatagt

ctegeeccag

caataaacca

ccatccagte

tecgcaacgt

cttcattcag

aaaaagcgst

tatcactcat

gettttetgt

cgagttgcte

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020

7080



ttgcccggcé
cattggaaaa
ttcgatgtaa
ttctgegtea
gaaatgtiga
ttetctcate
gegcacattt
aacctataaa
tgaaaacctc
cgggagcaga
taactatece
tatttigtta
cgaaatcgec
tccagtttes
aaccgtctat
gtcgagategc
acegeegaaag
tagggcects
tgcgccecta
agatgcgtaa
tgggaageec
getgcaagec

acgeccagtg

210> 1

fcaatacgee

cgttettees

cccactegte

gCaaadacag

atactcatac

agcggataca

CCCCgBaaaag

aataggcgta

tgacacatgc

caagcccegtce

gcatcagage

aaattcegcst

aaaatccctt

aacaagagtc

cagggcgatg

cgtaaageac

CCgecgaace

gcaagtgtag

cagggcecst

ggagaaaata

gatcgetgce

gattaagttg

aattccates

ataataccgc
gecgaaaact
cacccaacts
gaaggcaaaa
tetteetttt
tatttgaats
tgccacctea
tcacgagscc
agctcecestt
agegcgcgtc
agattatact
taaatttttg
ataaatcaaa
cactattaaa
geecactacg
taaatcggaa
tggcgagaaa
cggtcacgct
actatggttg
ccecatcagg
ggcctetter
ggtaacgeca

tctcaacttt

437212

gccacatage
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cetctaagaa
ctttcegete
gacggtcaca
ageggetgtt
gagagtgcac
ttaaatcagc
agaatagccc
gaacgtggac
tgaaccafca
ccctaaageg
ggaagegaag
gecgegtaace
ctttgacata
cgccatteee
ctattacecc
gggttttece

c

agaacittaa
ttaccectst
tettttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
gegcgtttce
gcttgtetet
ggcgggtgtc
cataaaattg
tcatttttta
gagatagegt
tccaacgtcea
cccaaatcaa
ageececcegat
aaagcgaaag
accacacccg
tecegtatea
cattcagect
agctgeceaa

agtcacgace

aagtgctcat
tgagatccag
tcaccagcet
gegegacacg
atcagggtta
tagesgttce
tcatgacatt
gtgatgacge
aagcgeatgc
gggectgsct
taaacgttaa
accaataggc
tgagtgttet
aagegcgaaa
gttttttees
ttagagctte
£ageesecsec
ccgegcttaa
aataccgcac
gcgcaactgt
ageggeatgt

ttgtaaaacg

7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400

8431



8431
DNA
Arti

<2
212>
Q13

<2207
223>

<400> 1

ficial

VLP_VEEV VLP 519 vector

gaattcccat tgcatacgtt gtatccatat

ccaacattac
gggtcattag
ccgeetgect
atagtaacgﬁ
geecactteg
gacggtaaat
tegcagtaca
atcaateegc
gtcaatgeea
tccgccccat
getegtttag
agaagacacc
tactcgttec
tttccatgee
ccaccatgtt
tcecgsccce
aggaattaac
ageegccate
aagggaagaa

aggtacagaa

cgccatgtte
ttcatagcce
gaccgcccaa
caatagegac
cagtacatca
ggcecgectg
tctacgtatt
gteegatagce
gtttetttte
tgacgcaaat
tgaaccgtca
geggaccgatc
tgcceacecsc
tcttttctec
ccegttecag
gcgcagecce
ccgctegate
cgctaataaa
gaagaagaac

tggaaacaag

acattgatta
atatatggag
cgacccccgc
tttccattea
agtgtatcat
geattatece
agtcatcect
gtttgactca
gcaccaaaat
ggecgetage
gatceccteg
cagecctecst
geccaccagac
agtcaccgtc
ccaatgtate
tegttcceca
gctaacctga
ccgaagaagg
caagggaaga

aagaagacca

441212

cataatatgt
tteactagtt
ttccgcetta
ccattgacgt
cgtcaatgee
atgccaagta
cagtacatga
attaccatee
cgeggatttc
caacgggact
cgtgtacest
agacgccatc
taacsetesa
ataatagctg
gtcgacacgt
ceatgcagcc
gaaccgacce
cgttcaagca
aggcctcegea
agaaggctaa

acaagaaacc

acatttatat
attaaiagta
cataacttac
caataatgac
tggagtattt
cgeeeccctat
ccttateega
tgatgcesgtt
caagtcteca
ttccaaaatg
gggaggtcta
cacgetgttt
gggcagtgta
acagactaac
gteatcagat
aatgccctat
ttttcteece
acgeceggeac
aaaacagaaa
gacagggccg

aggcaagaga

tggctcatgi
atcaattace
ggtaaatgec
gtatgttcce
acggtaaact
tgacgtcaat
ctttectact
ttegcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
gtctgagcag
agactgttcc
atcecggcce
cgcaacccegt
atgcaggtec
geeccaccte
gggegagecct

cctaatccga

cagegcatgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



tcatgaaatt
acgettgtet
acgacgttct
atgtgccaca
attacagcte
gagttegesc
ctattgtgct
acgagaager
ccaccatgte
acagaaaace
atgagctect
tetttaatea
ggagctgeca
ttagacttca
ccatgcgéta
atacatctceg
CggCaggesa
teccgtatea
acggagtaga
tcgagatgca
ccggﬁggatc
agtgtgeceg
Caaagaagea

acaaactgcc

ggaatctgac
getcegages
geccgeectt
gaacatgceg
gcatcatgga
caagggagac
éggaggtgtg
agttaccgte
tctecteece
agcagagact
ggaagcagct
gtataagcta
tagtccaata
gacttcctces
teacatgcac
ceegtgteac
ctecatcacc
agtgaaattt
gcaagesgtsc
ccteeegeec
ctcagtcacc
cacaaagatc
gcagtgcaga

Caaagcascyg

aagacsgttcc
aagttattca
aagacgaaga
gcegatacat
gcagtccaat
agcgeacgac
aatgaageat
aagtatactc
aatgtgacgt
ttgeccatgc
gttaagtece
acgegeectt
gcaatcgagg
cagtatgecc
gegaccatta
attgtgeatg
atggaattta
aatcctgtag
caagtctace
tcagaagteeg
Etgacacgtc
tccgagacca
gcatatceec

ggagceacct

457212

caatcatgtt ggaagggaag ataaacgect

ggccgatgea
aagcatccaa
tcaaatacac
atgaaaatgsg
ccattctega
ctaggacagc
cagagaacte
tcccatétgc
tcagegttaa
cCggaaggaa
acatgeccag
cagtaaagag
tegattcctc
aagagatacc
ggcacggtta
agaaagattc
gcagagaact
cacatgatgc
acagcagttt
cteatggeac
tcaacaagac
tgcagaacga

taaaaggaaa

tegtggaagec
atacgatctt
ccatgagaaa
gegtttcace
taaccageega
cctttcagte
cgagcaatge
tcaaccacca
cegttgacaac
aaggagatcce
atgcatcaga
cgacggecac
cggcaactta
actacatcaa
tttectgett

cgtcagacac

‘ctatactcat

atagaacaga

getttectte

tagcgeccte

aaaacagitc

taagtgeets

actgcatgtc

aagatégaca
gagtatgcag
ccccaagect
gtgccgéaag
ceegtgatcg
gtcatgtega
tcactagtea
atttectacg
ccgggctace
accgaggage
tetecagtte
gacggttate
aaggscasgea
gtgtcactct
gccaggtgce
tcctecteee
cceccagaac
ggagcttate
agcggeagtt
gtgeaatace
agccagtgca
tataattcte

ccattettec

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640

2700



tggcagaceg

gatcagtsgtc.

ctgatgagce
tcaccgaaaa
aggaaacage
acagataccc
ccgttacasc
gectaacacc
cccgggccea
tctggattca
gegtetacte
agraceceac
caggctacec
tgaacttega
gctgcegatce
cageggettta
aagtcagcaa
ataaagcgca
ttetgactac
ctecaggtce
gggagatcta
atatacaatc
agagacccaa
aatggaagaa

atacaaacce

caaatgcacc
actgaaactg
tcactacacg
agegtegeag
acccggaaat
tatgtccace
gtctaccteg
taacectageg
gaccacctee
attectgatc
tetcgtgcct
tacgatecce
accacteect
gtacetcacc
tcaggaatec
ccegttcate
ggcctaceta
cacagectca
cgtgtatgte
getttccaca
taaftatgat
cagaacagtc
agcaggagecg
agataaagct

cattcecece

gtgcctctag
caccctaaga
cacgagcica
tttetategs
ccacatgeec
atcctgeett
ctetttteca
ataccatttt
gagtcctteg
cctetggccs
ttittagtca
2BCCAABCER
atcagcataa
tgccactaca
actccaactt
tegeetzgty
atgaaatctg
gtgcaggcet
aatgeagaaa
gcttegacac
tttcctgagt
tcaagctcte
atccacgtac
ccatcattea

ganaactgte

46/212

caccagaacc
atcccacata
tatctgaacc
gaaaccaccc
taccgcacga
tetcaattig
gatpaagagt
gtctegctet
atcacctatg
cctteatcat
tegcceggcec
gaatctcgta
caccaacaaa
aaacaggaat
acaggcctea
catattectt
acgactgcct
tcctcaacat
ctcctetgaa
ccttteatce
ategeecagg
atctgtatec
catacactca
aatttaccsc

ctetagggtc

tatgataacc
tctaatcacc
agctettage
BCcgaaaagg
ggtgataact
teccgccatt
tgegtegccta
getttectec
gaacaataac
agtgagtcgc
cecagecsce
taacactata
gatcaagctg
ggattcacca
tgaacagtec
ttecgacact
tecggatcat
cacagtgeega
tttcaatgee
caaaatcetg
acaaccagga
caataccaac
ggcaccttcg
cccttteaga

aattccatta

ttcggtttca
cgccaacttg
aattttacce
ttttegscac
cattattacc
gcaaccgttt
aétccttacc
geccgcactg
caacagatgt
ctgctecaget
gecgcctacg
gtcaacagag
atacctacag
gccatcaaat
aaagtcttca
gagaacacce
gctgaagcat
gaacactcta
gtcaaaataa
cagtatacce
gcatttgeag
ctagtgctsc
gettttgagc
tecgaaatat

geetttgaca

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140

4200



ttccceacgc
ctcttaacga
ccagcaagic
cagcagtcga
acccegagtt
ccccgaaaga
tgtcaaaaac
taattgectt
attaagsatc
ccetgectte
aaattgcatc
acagcaages
tgggtaccca
atccecttet
taggacacfc
cgrtetetee
attaaagcaa
agtaatgaga
tgaaaggaga
ttgttatcce
‘ggetgcctaa
gtcgggaaac
tttecetatt

getgcgecea

47/212

cttgttcacc agggtgtcag aaacaccgac

gtecgtatat
aggcaagtéc
gctaaccgasg
caggctccaa
ccatattgtg
cecgtegace
getgcteect
tagatctgct
ctteacccte
geattgtcte
ggaggattee
getectgaag
ctgtgacaca
atagctcage
ctcccteate
gatagéctat
gaaatcatag
taggatcaaa
ctcacaattc
tgagtgagct
ctetcgtece
gggegcetett

gecggtatcag

tcttecgact
gcagtccate
caagggtcee
atatgcacat
acacaccctc
teettaacat
actatteteg
gigcciteta
gaaggtecca
agtagetgtic
gaagacaata
aattgaccce
ccetetccac
agggctecege
agcccaccaa
taagtgcaga
aattttaage
gcttgeceta
cacacaacat
aactcacatt
agctgcatta
ccgcttecte

ctcactcaaa

ttegtggeat
teccatcage
cgactatcca
catatgttac
agtatcacec
ccctectges
ccatgtacgt
giteccagce
ctcecactgt
attctattct
gcaggcatgc
gttcctectg
geeectestt
cttcaatccc
accaaaccta
gegagagaaa
ccatgattta
atcatgetca
acgagccgea
aattecette
atgaatcesc
gctcacteac

gecggtaata

actttcagce
cgccacgete
gactgctace
tttctceacc
gtgcaaaggt
ccaaacattt
aggatcagcc
gctgaccaac
atctgtiett
cctttcctaa
geeegeteee
teeggatece
ggCCagaaag
cttagttcca
acccgctaaa
geetecaaga
atgectecaa
aggccatcét
tagctetttc
agcataaagt
cectcactge
caacgcgceg
tcgctecact

cggttatcca

gecgaatgca

aagtactceg

ctaaaagaag

gcaaatatcc

gattgtcacc

acagccgces

gtaattatta

cagaaacata

fgceectece

taaaatgage

gtesggcage

gteggctcta

aagcagecac

geeccactcea

gtacttegag

gtgggaagaa
catgtgagea
gecctaagct
ctgtatgaaa
gtaaagcctg
cegettteea
ggagaggcee
cgetegttce

cagaatcagg

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640



ggataacgca
geccecgtty
acgctcaagt
tggaagetce
ctttcteect
’ggtgtaggtc
ctgecgcctta
actgecagcea
gttcttgaag
tctectgaag
caccgctggt
atctcaagaa
acgttaageg
ttaaaaatga
ccaatgctta
tgcctgacte
tectecaate
gccageegea
tattaattst
tgtteccatt
ctecgettee
tagctecttc
ggttatggca
gactigetgag

ttgcccgsce

ggaaagaaca
ctggegttitt
cagaggtesc
ctecetecect
tceggaagce
gttecgcteca
tccggtaact
gccactegta
tegteeccta
ccagttacct
agcggtegtt
gatcctttea
attttestca
agttttaaat
atcagteage
ccegtegtat
ataccgcgag
agegccgage
teccgegaag
gctacaggca
caacgatcaa
getcctecea
gcactgcata
tactcaacca

tcaatacggg

tgtgagcaaa
tccataggct
gaaacccgac
ctectattce
tegcectttc
agctaegcte
atcgtcttea
acaggattag
actacggcta
tcegaaaaag
tttttgttte
tcttttctac
teagattatc
caatctaaag
cacctatcte
agataactac
aaccacgctc
gcagaagtes
ctagagtaag
tcgtggtste
ggcgagttac
tcettgtcag
attctcttac
agtcattctg

ataataccgc

48/

aggccagcaa
ccgecccect
aggactataa
gacceteccg
tcatagetca
tgtgcacgaa
gtccaacceg
cagagcgasg
cactagaaga
agttggtasc
caagcagrag
ggeetctgac
éaaaaggatc
tatatatgag
agcgatctet
gatacgggag
accggcfcca
tcctgcaact
tagttcecca
acgctcgteg
atgatceecece
aagtaagttg
tetcatgcca
agaatagtst

gccacatagc

212

aaggccagega
gacgagcatc
agataccageg
cttacceeat
cegctgtaget
cceceeegtic
gtaagacacg
tatgtaggcg
acagtatttg
fctigatcce
attacgcgca

gctcagtgea

‘ttcacctaga

taaacttget

ctatttcett

gecttaccat
gatttatcag
ttatccgect
gttaatagtt
tttegtateg
atgttgtgca
gccgcagtst
tccgtaagat
atgcgegcgac

agaactttaa

accgtaaaaa
acaaaaatcg
cetttecece
acctgtecsc
atctcagttc
agecegaccg
acttatcecc
gtectacaga
gtatctgcsc
gcaaacaaac
gaaaaaaagg
acgaaaactc
tecttttaaa
ctgacagtta
catccatasgt
ctegecccag
caataaacca
ccatccagte
tgcgcaacet
cttcattcag
aaaaagceet
tatcactcat
gettttctst
cgagttectc

aagtectcat

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140



cattggaaaa
ttcgatgtaa
ttcteeetea
gaaatgttga
ttgtctcats
gcgcacattt
aacctataaa
tgaaaacctc
cgggagcaga
taactatece
tattttgtta
cgaaatcesc
tccagtttgg
aaccgtctat
gtcgagatsc
acggggaaag
tagegcectg
tgcgccecta
agatgcgtaa
teggaageec
gctgcaagec
acggccagtg
Q10> 12

211> 8431
<212> DNA

491212

cettcttcge gecgaaaact ctcaageate

cccactegte cacccaactg atecttcagca

gtazaaacag gaaggcaaaa'tgccgcaaaa

atactcatac
agceggataca
ccccgaaaag
aataggcgta
tgaqacatgc
caagccegte
gcatcasgage
aaattcscet
aaaatccctt
aacaagagtic
cagegcgatg
cgtaaagcac
ccegcgaace
gcaagtgtag
cagggcgcet
ggagaaaata
gatcegtace
gattaagtte

aattccatag

tettectttt
tatttgaats
tgccacctga
tcacgagecc
agctceegtt
aggécgcgtc
agattgtact
taaattttte
ataaatcaaa
cactattaaa
geecactacg
taaatcegaa
tggcgagaaa
cggtcacget
actatgettg
ccgecatcage
ggcctettce
getaacgcca

tctcaacttt

tcaatattat
tatttagaaa
cgtctaagaa
ctitcesgic
gacggtcaca
agceegtett
gagagtecac
ttaaatcage
agaatagccce
gaacgtegac
tgaaccatca
ccctaaagee
ggaagggaag
gcecgtaace
ctttgacgta
cgeeatteec
ctattacecc
gegttttece

c

ttaccgctat
tcttttactt
aagegaataa
tgaagcattt
aataaacaaa
accattatta
gegcgttice
gcttetctat
ggceegtete
cataaaattsg
tcatttttta
gagatagegt
tccaacgtcea
cccaaatcaa
agececccgat
aaagcgaaag
accacacccg
tecegtatsga
cattcagact
agctegcgaa

agtcacgacg

tgagatccag

tcaccagcst

ggecgacacg

atcagggtta

tagegettce

tcatgacatt

gteatgacge

aagcgeatec

geesctgect

taaacgttaa

accaatagec

tgagtgttat

aagegcgaaa

gttttttees -

ttagagctte

gagegeacec

ccgcecttaa

aataccgcac

gcegcaactet

aggeegatgt

ttgtaaaacg

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8431



{213> Artificial

<2207

<223> VLP_VEEV VLP 538 vector

<400> 12

gaattcccat tecatacgtt gtatccatat

ccaacattac

gegteatiag

ccgectgeet gaccgcccaa

atagtaacgc

geccacttes

gacggtaaat

tggcagtaca

atcaatgesgc

gtcaatggea

tccgeeccat

getegtttae

agaagacacc

tactcgttec

tttccatgee

ccaccatgtt

tcgegegccee

aggaattaac

aggeeccatc

aagggaagaa

dggcacagaa

tcatgaaatt

cgecategtte

ttcatagcee

caatagegac

cagtacatca

gegcccegecte

tctacgtatt

gtggatageg

gtttgtttts

teacgcaaat

tgaaccetca

gggaccgatc

teccececsc

tcttttetec

ccegttecag

gCECagECCce

ccgctecegate

cectaataaa

gaagaagaacC

tggaaacaag

ggaatctegac

acattgatta

atatatggag

cgacccccec

tttecattea

agtgtatcat

gcattatgee

agtcatcect

gtttgactca

gcaccaaaat

geeceetage

gatcgceetag

cageectecet

gccaccagac

agtcaccgte

ccaatgtate

tggttcecca

getaacctea

CCgaagaagsg

Caagggaaga

aagaagacca

aagacgttcce

50/212

cataatétgt
ttgactagtt
ftccgcatta
ccattgacat
cgtcaatgeg
atgccaagta
cagtacatga
attaccatge
cegeegatttc
caacgggact
cgtetacest
agacgccatc
taacggtgea
ataatagctg
gtcgacacet
cgatgcagcee
gaaccgacce
cgttcaagca
aggcctcegea
agaagectaa
acaagaaacc

caatcatett

acatttatat
attaatagta
cataactiac
caataatgac
tggagtattt
cgecccectat
ccttatgega
tgatgcgstt
caagtctcca
ttccaaaate
gggaggtcta
cacgetgttt
gegcagtgta
acagactaac
gtgatcagat
aatgccctat
ttttctgace
acgccggsac
aaaacagaaa
gacagegccy
aggcaagaga

ggaaggeaag

tgectcatgt
atcaattacg
ggtaaatgec
gtatgttcee
acgetaaact
tgacgtcaat
cittcctact
ttegcagtac
cceccatteac
tcgtaacaac
tataagcaga
tgacctccat
gtctgagcag
agactgttcc
atcecegcce
cgcaacccest
atgcagegtec
gegecacctg
8ge8gagece
cctaatccea
cagcgcateg

ataaaceggct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



acgettgtat
acgacgttct
atgteccaca
attacagcte
gagttegesc
ctattgtect
acgagaageg
ccaccatgtg‘
acagaaaacc
atgagctgct
tgtttaatea
ggagctgcca
ttagacttca
ccatgcgeta
atacatctcg
cggcaggerea
teccgtatga
. acggagtaga
tcgagatgca
cagtcaccsgt
gaggatcceg
caaagaagga
acaaactgcc

tegcagaces

ggtcgeageg
ggcegegett
gaacatgcee
geatcatgea
caagggagac
gegagetste
agttaccgte
tctactegce
agcagagact
ggaagcagct
gtataagcta
tagtccaata
gacttcctee
tgacatgcac
ccegtgteac
ctccatcace
agtgaaattt
gcaageegtec
cctceegesc
gacacctect
cacaaagatc
gcagtgcaga
caaagcagcs

caaatgcace

aagttattca
aagacgaaga
gecgatacat
gcagtccaat
agcggacgac
aatgaaggat
aagtatactc
aatgtgacet
ttggccatsc
gttaagtece
acgcgecctt
gcaatcgage
cagtateggcc
gggaccatta
attgtggétg
atggaattta
aatcctgtag
caagtctacg
tcagaagteg
gatgggacta
tccgagacca
geatatcgec
ggagccacct

gtegcctctag

51/212

ggccgateca
aagcatccaa
tcaaatacac
atgaaaateg
ccattctgea
ctaggacaac
cagagaactg
tcccatetec
tcagcgttaa
ccggaaggaa
acatggccag
cagtaaagag
tegattectc
aagagatacc
ggcacggtta
agaaagattc
gcagagaact
cacatgatec
acagcagttt
gegeccteet
tcaacaaéaé
tgcagaacga
taaaaggaaa

caccagaacc

tgtggaagec
atacgatctt
ccatgagaaa
gegtttcacg
taaccaggga
cctttcagte
cgagcaatgg
tcaaccacca
cgttgacaac
aaggagatcc
atgcatcaga
cgacgggcac
cggcaactta
actacatcaa
tttcctgctt
cgtcagacac

ctatactcat

acagaacaga-

gettteccttg
ggaatgceag
aaaacagttc
taagtegete
actgcatgtc

tatgataacc

aagatcgaca

gagtatgcag

ccccaagect

gtgccgaaag

cegetggtceg
gtcatgtgga
tcactagtea
atttgctace
cceggctacg
accgaggagc

tgtecaatte

gacggttate

aagggcagea
gtgtcactct
gccaggtgece
tcctectess
cccecagaac
ggagettate
agcggcagtt
tatggcteeg
agccagteca
tataattcte
ccattcttec

ttcggtttca

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1980

2040

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700

2760



gatcagtgtc
ctgatgagcc
tcaccgaaaa
‘aggaaacasc
acagataccc
cegttgcagc
gectaacacc
cccgesccea
tctggattca
gegtgtecte
agcacgcgac
cagectacgc
tgaacttgea
gctecegate
caggegttta
aagtcagcaa
ataaagceca
ttetgactac
. ctecaggtce
gggagatcta
atatacaatc
agagacccaa
aatggaagaa
atacaaaccc

ttccceacec

actgaaactg
tcactacacg
aggeteegag
acccegaaat
tatgtccacc
gtctacctes
taacgctagg
gaccaccteg
attgcteate
tgtegtgcct
cacgatgccg
accactccct
gtacgtcace
tcaggaatgc
ccegtteate
ggcctacgta
cacagectca
cetgtatgte
getttecaca
taattatgat
cagaacagtc
agcaggagcg
agataaagct
cattcgcgce

cttgttcace

caccctaaga
cacgagctca
tttgtatege
ccacatggsc
atcctgegtt
ctgttttgca
ataccatttt
gagtcctteg
ccteteeceg
tttttagtca
agCcaageee
atcagcataa
tgccactaca
actccaactt
teegetegts
atgaaatcte
gtgcagecet
aatggagaaa
gcttgeacac
tttccteagt
tcaagctcts
atccacgtec
ccatcattea
gaaaactete

agggtgtcag

5217212

atcccacata
tatctgaacc
gaaaccacce
taccecacga
tetcaattte
gatcaaéagt
gtctgectet
atcacctatg
ccttgateet
tegccegcec
gaatctcgta
caccaacaaa
aaacaggaat
acaggcctea
catattectt
acgactgeet
tectcaacat
;tcctgtgaa
cctttgatce
atgeggcags
atctgtatec
catacactca
aatttaccec
ctgtaggstc

aaacaccgac

tctaatcacc
agetgttags
gccgaaaagg
getgataact
teccgccatt
tgcgteccta
getttgctac
gaacaataac
agtgactcge
cgcagecece
taacactata
gatcaagctg
geattcacca
tgaacagtgc
ttgcgacact
tgcggatcat
cacagtgesa
tttcaategg
caaaatcgte
acaaccagga
caataccaac
ggcaccttcg
ccctttegea
aattccatta

actttcagcg

cgccaacttg

aattttacce

ttttesgcac
cattattacc
gcaaccgttt
actccttacc
gcccgcactg
caacagatgt
ctgctcagst
gecgcectacg
gtcaacagag
atacctacag
gccatcaaat
aaagtcttca
gagaacacce
getgaagcat
gaacactcta
gtcaaaataa
cagtatgccg
geatttegag
ctagtactsgc
gegttttgagc
tgcgaaatat
gcetttgaca

gecgaatgcea

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260



ctcttaacega
ccagcaagtc
cagcagtcea
acccggagtt
ccccgaaaga
tgtcaaaaac
taattgectt
attaaggatc
ccgtecctte
aaattgecatc
acagcaageg
tgeggtacccea
atcceetict
faggacactc
cggtctetec
attaaagcaa
agtaatgaga
tgaaaggaga
ttegttatecse
geetecctaa
gtcgegaaac
tttgcetatt
gctecegega

gegataacegca

gtgcgtgtat
aggcaagtec
gptaaccgag
caggctcéaa
ccatattgte
cgcgteeace
ggtectegct
tagatctgct
ctteacccte
geattgtetg
ggageatteg
ggtgcteaag
ctetgacaca
atagctcasgs
cteccteate
gataggctat
gaaatcatag
taggatcaaa
ctcacaattc
tgagtgagcet
ctetcgtace
gegegetett

gegetatcag

tctteceact

gcagtccatg

caagggtceeg

atatecacat

acacaccctc

tggttaacat

actattgtee

gtegccttcta

gaaggtecca

agtaggtgtc

gaagacaata

aattgaccce

ccctgtecac

agggctceec

agcccaccaa

taagtgcaga

aattttaage

gettggegta

cacacaacat

aactcacatt

agctgcatta

ccegettecte

ctcactcaaa

53/212

ttegtgegat
tgccatcagg
cgactatcca
catatgttac
agtatcacgc
ccetgctgee
ccatgtacst
gttgccagce
cteccactst
attctattct
gcagecatec
gttcctecte
geeectggtt
cttcaatcee
accaaaccta
gggagagaaa
ccatgattta
atcatgetca
acgagecgea
aattegcette
atgaatcgec
getcactgac

ggcgetaata

ggaaagaaca tgtgagcaaa aggccagcaa

cgccacgetce

gactgctacc

tttctegace

gtgcaaaget

ccaaacattt

aggatcagcc

gctgaccaac

atctgttatt

cctttectaa

gegeeetags

tegggatgce

ggCCagaaag

cttagttcca

acccgctaaa
gcctccaaga
atgcctccaa
aggccatcat
tagctetttc
agcataaagt
cgeteactec
caacgcgcgg
tcgctacect
ceggttatcca

aaggccagea

aagtactceg

ctaaaagaag

gcaaatatce

gattgtcace

acagccaeces

gtaattatta

cagaaacata

teccecteee

taaaatgags

gtggeecage

gteggectcta

adagcagecac

geeecactcea

gtacttegag

gteggaagaa

catgtgagsa

ggcctaasct

ctgtetgaaa

glaaagecteg

cegettteca

ggagageces

cegtegttce

cagaatcagg

accgtaaaaa

4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640

5700



gegccgegtte

acgctcaagt

tggaagctce

ctttetecet

getgtaggtce

ctgceectta

actggcagca

gttctteaag
tctgctgaag
caccggtggt
atctcaagaa
acgttaagee
ttaaaaatea
ccaategctta
tgcctgacte
tgctgcaatg
gccagccega
tattaattgt
tgtteccatt
ctcegettcec
tagctcctte
gettatggcea
gactggteag
ttecccescs

cattggaaaa

ctgecgtttt

cagaggtpec gaaacccgac

ctcgtecsct
tcgggaageg
gttcactcca
tccegtaact
gccactegta
tegtegccta
ccagttacct
agcggtegtt
gatcctttea
attttestca
agttttaaat
atcagtgagg
ccegtegtat
ataccgcgag
agggccgasc
tgcceggaag
gctacageca
caacgatcaa
ggtectecega
gcactgcata
tactcaacca

tcaatacgeg

tccatagget

ctectettee
tegcegcttte
agctggects
atcgtcttga
acaggattag
actacgecta
tcggaaaaag
tttttettte
tcttttctac
tgagattatc
caatctaaag
cacctatcte
agataactac
aacéacgctc
gcagaagtgg
ctagagtaag
tcgtestsete
gecgagttac
tcgttetcag
attctcttac
agtcattctg

ataataccgc
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ccecccccct
aggactataa
gaccctgccg
tcatagctca
tgtgcacgaa
giccaacceg
cagagcgage
cactagaaga
agttggtagc
caégcagcag
ggggtcteac
aaaaaggatc
tatatatgag
agcgatctet
gatacggsgag
accggcteca
tcctgcaact
tagttcegcca
acgctegtcee
atgatccccc
aagtaagtte
tgtcatgcca
agaatagtst

gccacatage

cgttcttcgg gecgaaaact ctcaaggate

gacgagcatc
agataccagg
cttacceeat
cectgtaget
cceeeegtte
gtaagacacg
tatgtagace
acagtatttg
tcttgatcce
attacecgca
getcagtega
ttcacctaga
taaacttgat
ctatttcatt
ggcttaccat
gatttatcag
ttatccecct
gttaatagtt
tttegtatgs
atgttgteca
gecgeagtat
tecgtaagat
atgcgeceac
agaactttaa

ttaccgctet

acaaaaatcg

cettteceece

acctgtcceac

atctcagttc

agcccgacce

acttatcgce

gtgctacaga

gtatctecec

gcaaacaaacC

gaaaaaaagg

acgaaaactc

tccttttaaa

ctgacagtta

catccatagt

ctggccccag

caataaacca

ccatccagtce

tgcgcaacgt

cttcattcag

aaaaagcgst

tatcactcat

gettttetet

ceagttectce

aagtgctcat

teagatccag

5760

5820

5880

5940

6000

5060

6120

6180

6240

6300

6360

6420

6480

6540

. 6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200



ttcegatgtaa
ttctegetea
gaaatgttga
.ttgtctcatg
gegeacattt
aacctataaa
tgaaaacctc
teggagcaga
taactatgce
tattttgtta
cgaaatcggc
tccagttteg
aaccgtctat
gtcéaggtgc
acggggaaag
tagggescts
tecgecgcta
agatgcgtaa
tgggaagsgc
gctgcaagec
acggccagte
10> 13
211> 3750

<212> DNA
213> Arti

cccactcgie
gcaaaaacag
atactcatac
agcegegataca
ccccgaaaag
aataggcgta
tgacacatgc
caagcccete
gcatcagage
aaattcecst
aaaatccctt
aacaagagtc
cagescgatg
cgtaaageac
CCBBCRAacE
gcaagtetag
caggececet
ggagaaaata
gatcgetecg

gattaagtte

cacccaactg
gaaggcaaaa
tettectttt
tatttgaate
tgccacctea
tcacgagecc
agctceegtt
agggcgtgtc
agattgtact
taaatttite
ataaatcaaa
cactattaaa
geecactacg
taaatcggaa
tegcgagaaa
ceggtcacect
actatggttg
ccgcatcage
gecctettcg

ggtaacgeca
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atcttcagea
teccgcaaaa
tcaatattat
tatttagaaa
pgtctaagaa
ctttcgsetc
gacggtcaca
agcgeetstt
gagagtgcac
ttaaatcagc
agaatagccce

gaacgtgeac

tgaaccatca

ccctaaagee

ggaagggaag

geecgtaace

ctttegacgta

cgccattege

ctattacecc

geggttttece

aattccateg tctcaacttt ¢

ficial

tettttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
gegeetttes
gcttgtetat
gecgegtate
cataaaatteg
tcatttttta
gagatagegt
tccaacgtca
cccaaatcaa
agceeecgat
adagcgaaag
accacacccé
tecggtgtea
cattcagect
agctgeceaa

agtcacgace

tcaccagcgt
ggecgacacg
atcageetta
taggegttce
tcatgacatt
gtgatgaceg
aagcggatec
geegctegct
taaacgttaa
accaatagec
teagtettet
aagggcgaaa
gttttttees
ttagagctte
8agC8BBCEC
ccgegettaa
aataccgcac
gegcaactgt
agegeggatat

ftgtaaaacg

7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7820
7980
8040
8100
8160
8220
8280
8340
8400

8431



220
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<223> VLP_CHI 512 vector-CHIKV VLP

<400> 13

atggagttca tcccgacgca aactttctat aacagaaggt

ccacgcccta
ctcgeccage
cctegeagaa
¢Caaagcaaa
cgtagegaga
ggcaaagtea
aagggaacta
gatcttgaat
gagaaaccce
ttcactatcce
aaageacege
tccetestea
tegagcctce
ccgecttgea
gacaacgtea
caccgecaaa
ctagctcatt
cgcatcagaa
ataaagacag
gCgEgacCeces
accatgggac

acggacagca

caattcaagt
tgatctcese
atcpgaaaaa
agaagcaacc
gaatgtgcat
tesgctacec
tcgacaatgc
gtecacagat
agggetacta
cgacgestac
tggtgeccat
cgtggaacaa
cccteccgeat
caccctéctg
teagacccge
gacgcagtac
gtcctgacts
atgaagcaac
atgacageea
agcgagccee
actttattct

gaaagatcag

aattagacct
agtcaacaaa
caagaagraa
accacaaaag
gaaaattgaa
atgcctegts
cgatctgsct
accggtecac
taactgecat
aggcaagcce
cgtectagea
agacatcgtc
cttgteccte
ctacgaaaag
atactaccag
taaggacaat
Cggagaagses
ggacgeaace
cgatfggacc
attgettata
cgccegatge

ccacacatgc

agaccacgtc
ttgaccatgc
aggcagaaga
aagceggcte
aatgatteca
ggggataaag
aaactggcct
atgaagtctg
cacggagcag
ggagacageg
ggegccaace
acaaaaatta
ttgecaaaca
gaaccggaaa
ctactaaaag
tttaatgtct
cattcgtecc
ctgaaaatce
aagbtgcgct
aggacttcag
ccgaaaggag

acacacccgt

accaaccccg
cacagaggca
gegeegtace
agcagecgcc
aaaagaagaa
tcttcgaagt
taatgaaacc
ttaagcagte
atgectegaa
tgcagtattce
gcagaccgat
aaggtgcceg
ccccteaggg
ctacattccc
gcaccttgcg
catcectgac
ataaagﬁcac
acagecctat
aggtetcttt
atatggatag
caccgtgcac
agacgctgac

tccatcatga

accctgsgce
ggcteegcaa
tcaacagaag
gCaaaacgac
gaaaccagec
caagcatgaa
agcacatgtg
gtctaaatac
gtttacccac

aB8aBECCEE

cttcgacaac

cacgecccte
agccgaagag
ctactctcag
catecttgag
ttectctece
aagaccatat
cecattreag
gcagatcese
ccatacgeca
gatcacceesg
agtgegattt

accacctgtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380



ataggtageg
tacgtecaga
cctgaccgca
gggcagacee
gacaaagtea
aattggcaat
aagatccaca
cctacagtaa
ctettatett
aagaaggagg
gaaccataca
gagataatct
geetegttceg
cgcagatgca
ctgcta;gct
tegaacgaac
gtcectgteca
gtaatgagca
acggteggag
gagatggasge
gagtacaaaa
gacaagagcc
gecegcgect

aaatctgaat

agaggttcca
gcaccgctgc
cgctgatgac
tgcggtacaa
tcaataactg
acaactccce
tcccatteee
cttacggaaa
accgtaacat
ttaccttgac
agtactggcc
tgtactatta
tecttctstc
ttacaccata
gcgtcagaac
agcagecccet
actgtctgaa
tcegtgcccea
taccgtataa
tacaatcast
ctgtcatcee
taccagacta
actgctttte

cttgcaaaac

ctctegacca
cactgcteag
geagcagtce

gtgcaactgc

‘caaaattgat

tttagtceeg
attggcaaac
aaaccaagtc
gggacaggaa
cgtgcctact
gcagatgtet
tgagctgtac
gatgstsgegc
tgaattaaca
gaccaagecg
gttctestte
actcttacca
cactgtgagc
gactcttgte
caccttggaa
ctceecegtac
cagctgcaag
cgacgccgaa

agagtttgca
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caacatggta
gagatagagg
ggaggatcca
getgectcaa
cagtgccate
cgcaacgcetg
gtgactteca
accatgctec
ecaaattaCC
gaggetcteg
acgaacgeta
cccactatga
acagcagteg
ccaggagcea
gccacatatt
caggctctta
tgctectgta
gcgtacgaac
aacagaccgg
ccaacactet
gtgaagtact
gtctttacte
aatacgcaat

tcggectaca

aagagttacc
tg;atatgcc
acgteaagat
acgageggact
ctgcégtcac
aactcgggea
gagtgccaaa
tegtatcctea
acgaggagtg
aggtcactte
ctgctcatee
ctgtagtceat
gaatgtgtat
ctgttcectt
acgagectsc
tccegctgsc
agaccctgac
acgtaacagt
gttacagcce:
cacttgacta
gtegtacagc
gagtctacce
tgagcgagec

gagcccacac

ttgcagcace
cccagatact
cacagttaat
gacaaccaca
taatcacaag
ccgtaaagga
agcaagaaac
ccatccgaca
ggtgacacac
gggcaacaac
tcacccacat
tetgtcegete
gtececacee
cctgctcage
gecatatcta
cgccttrate
ttttttagcc
gatcccgaac
catggtgtte
catcacetge
agagtgcaag
atttatgtee
acatgtagag

cgcatcgecg

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2820
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tcggcgaage tccgegtect ttaccaagga aacaacatta ccgtagetgc ctacgctaac 2880
geteaccatg ccgtcacagt aaaggacecc aagtttetes teegcccaat gtectecece 2940
tggacacctt ttgacaacaa aatcetegte tacaaagece acgtctacaa catggactac 3000
ccacctttte gegcageaag accaggacaa tttggtgaca ttcaaagtcg tacacceggaa 3060
agtaaagacg tttatgccaa cactcagtteg gtactacaga ggccagcage aggcacggta 3120
catgtaccat actctcagec accatctesc ttcaagtatt gectgaagea acgaggagca 3180
tcgctacage acacggcacc gttcgettge cagattgcga caaacccget aagagetgta 3240
aattecectg tgeegaacat accaatttcc atcgacatac cgeatgcgec ctttactage 3300
gttetcegatg caccctctgt aacggacatg tcatgcgaag taccagcctg cactcactce 3360
tccgacttte egeeceteec catcatcaaa tacacagcta gcaagaaagg taaatgtgca 3420
gtacattcga tgaccaacgt cgttaccatt cgagaagcecg acgtagaagt agageggaac 3480
tcccagetge aaatatcctt ctcaacagec ctegcaagcg ccgastttce cetgcaagte 3540
tgctccacac aagtacactg cgeagccgea tgccaccetc caaaggacca catagicaat 3600
tacccagcat cacacaccac ccttggegtc caggatatat ccacaacgec aatgtctieg 3660
gtgcagaaga ttacggeage agtageatta attgttgcte ttgctgectt aattttaatt 3720
gtegtgctat gcetgtegtt tagcagacac ' : 3750
Q10> 14

Q11> 1250

212> PRT

213> Artificial

220>
<223> VLP_CHI 512 vector-CHIKV VLP

<400> 14

Met Glu Phe Ile Pro Thr Glin Thr Phe Tyr Asn Arg Arg Tyr Gin Pro
i 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr Ile GIn Val Ile Arg Pro Arg Pro
20 25 30



59/212

Arg Pro Gin Arg Gin Ala Gly GIn Leu Ala GIn Leu lle Ser Ala Val
35 40 45 ‘

Asn Lys Leu Thr Met Arg Ala Val Pro Gin Gin Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys Gln Arg Gin Lys Lys Gln Ala Pro GIn Asn Asp
65 70 75 80

Pro Lys Gin Lys Lys Gin Pro Pro Gin Lys Lys Pro Ala Gin Lys Lys
85 90 95

Lys Lys Pro Gly Are Arg Glu Arg Met Cys Met Lys lle Glu Asn Asp
100 105 110

Cys Ile Phe Glu Val Lys His Glu Giy Lys Val Met Gly Tyr Ala Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr lle
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160

Asp Leu Glu Cys Ala GIn Ile Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 ‘ 185 190

Ala Val GIn Tyr Ser Gly Gly Arg Phe Thr lle Pro Thr Gly Ala Gly
195 200 205

Lys Pro Gly Asp Ser Gly Arg Pro Ile Phe Asp Asn Lys Gly Arg Val
210 215 220

Val Ala 1le Val Leu Gly Gly Ala Ash Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp [{e Val Thr Lys Ite Thr Pro Glu
245 250 255

Gly Ala Glu Glu Tfp Ser Leu Ala Leu Pro Val Leu Cys Leu Leu Ala
260 265 ' 270

Asn Thr Thr Phe Pro Cys Ser Gin Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asp Asn Val Met
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290 295 300

Arg Pfo Gly Tyr Tyr Gin Leu Leu Lys Ala Ser Leu Thr Cys Ser Pro
305 310 315 320

| His Arg Gin Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Prb Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro Ile Ala Leu Glu Arg Ile Arg Asn Giu Ala Thr Asp
355 360 365

Gly Thr Leu Lys lie Gin Val Ser Leu Gin lle Gly Ile Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 390 395 400

Ala Asp Ala Glu Arg Ala Gly Leu Leu Val Arg Thr Ser Aia Pro Cys
405 410 415

Thr Ile Thr Gly Thr Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys
420 425 430

Gly Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys |le Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val ile Gly Arg Giu
450 455 460

Arg Phe His Ser Arg Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gin Ser Thr Ala Ala Thr Ala Glu Glu fle Glu Val His Met
485 490 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr Gin Gln Ser Gly Gly
500 505 510

Ser Asn Val Lys Ile Thr Val Asn Gly Gin Thr Val Arg Tyr Lys Cys
515 520 525

Asn Cys Gly Gly Ser Asn Glu Gly Leu Thr Thr Thr Asp Lys Val lle
530 535 540

Asn Asn Cys Lys |le Asp GIn Cys His Ala Ala Val Thr Asn His Lys
545 550 555 560
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Asn Trp Gin Tyr Asn Ser Pro Leu Val Pro Arg Asn Ala Glu Leu Gly

565

570 575

Asp Arg Lys Gly Lys [le His 1le Pro Phe Pro Leu Ala Asn Val Thr

580

590

Cys Arg Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn

595

Gln Val Thr Met Leu Leu Tyr
610 615

Arg Asn Met Gly GIn Glu Pro
625 630

Lys Lys Glu Val Thr Leu Thr
645

Trp Gly Asn Asn Glu Pro Tyr
660

Gly Thr Ala His Gly His Pro
675

Leu Tyr Pro Thr Met Thr Val
690 695

Leu Leu Ser Met Val Gly Thr
705 - 710

Arg Arg Cys ile Thr Pro Tyr
725

Phe Leu Leu Ser Leu Leu Cys
740

Tyr Tyr Glu Ala Ala Ala Tyr
755

605

Pro Asp His Pro Thr Leu Leu Ser Tyr

620

Asn Tyr His Glu Glu Trp Val Thr His

635 640

Val Pro Thr Glu Gly Leu Glu Val Thr

650 655

Lys Tyr Trp Pro Gin Met Ser Thr Asn

670

His Glu fle ile Leu Tyr Tyr Tyr Glu

685

Val 1le Val Ser Val Ala Ser Phe Val

700

Ala Val Gly Met Cys Val Cys Ala Arg

715 720

Glu Leu Thr Pro Gly Ala Thr Val Pro

730 735

Cys Val Arg Thr Thr Lys Ala Ala Thr

750

Leu Trp Asn Glu GIn Gin Pro Leu Phe

765

Trp Leu GIn Ala Leu Ve Pro Leu Ala Ala Leu Ile Val Leu Cys Asn

770 775

780

Cys Leu Lys Leu Leu Pro Cys Cys-Cys Lys Thr Leu Ala Phe Leu Ala

785 790

795 800

Val Met Ser Ile Gly Ala His Thr Val Ser Ala Tyr Glu His Val Thr

805

810 815
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Val Ile Pro Asn Thr Val Giy Val Pro Tyr Lys Thr Leu Val Asn Arg
820 825 830

Pro Gly Tyr Ser Pro Met Val Leu Glu Met Glu Leu Gin Ser Val Thr
835 | 840 845

Leu Glu Pro Thr Leu Ser Leu Asp Tyr lle Thr Cys Giu Tyr Lys Thr
850 855 860

Val lle Pro Ser Pro Tyr Val Lys Cys Cys Gly Thr Ala Glu Cys Lys
865 870 875 880

Asp Lys Ser Leu Pro Asp Tyr Ser Cys Lys Val Phe Thr Gly Val Tyr
885 890 895

Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Ala Glu Asn Thr
900 905 910

GIn Leu Ser Glu Ala His Val Glu Lys Ser Glu Ser Cys Lys Thr Glu
915 920 925

Phe Ata Ser Ala Tyr Arg Ala His Thr Ala Ser Ala Ser Ala Lys Leu
930 935 940

Arg Val Leu Tyr Gin Gly Asn Asn lle Thr Val Ala Ala Tyr Ala Asn
945 » 950 955 960

Gly Asp His Ala Val Thr Val Lys Asp Ala Lys Phe Val Val Gly Pro
965 970 975

Met Ser Ser Ala Trp Thr Pro Phe Asp Asn Lys Ile Val Val Tyr Lys
980 985 - 990

Gly Asp Val Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro
995 1000 1005

Gly Gin Phe Gly Asp Ile GIn Ser Arg Thr Pro Glu Ser Lys Asp
1010 1015 1020

Val Tyr Ala Asn Thr Gin Leu Val Leu Gln Arg Pro Ala Ala Gly
1025 1030 1035

Thr Val His Val Pro Tyr Ser GIn Ala Pro Ser Gly Phe Lys Tyr
1040 1045 1050

Trp Leu Lys Glu Arg Gly Ala Ser Leu Gin His Thr Ala Pro Phe
1055 1060 1065

Gly Cys GIn tle Ala Thr Asn Pro Val Arg Ala Val Asn Cys Ala



1070

Val Gly Asn lle Pro lle
1085

Thr Arg Val Val Asp Ala
1100

Val Pro Ala Cys Thr His
1115

lle Lys Tyr Thr Ala Ser
1130

Met Thr Asn Ala Val Thr
1145

Gly Asn Ser Gin Leu Gin
1160

Ala Glu Phe Arg Val GIn
1175

Ala Ala Cys His Pro Pro
1190

Ser His Thr Thr Leu Gly
1205

Ser Trp Val Gin Lys lle
1220

Val Ala Ala Leu lle Leu
© 1236

Arg His
1250

210> 15

211> 3756
212> DNA

213> Artificial

2207
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1075 1080

Ser lle Asp Ile Pro Asp Ala Ala Phe
1090 1095

Pro Ser Val Thr Asp Met Ser Cys Glu
1105 : 110

Ser Ser Asp‘Phe Gly Gly Val Ala lle
1120 1125

Lys Lys Gly Lys Cys Ala Val His Ser
1135 1140

tie Arg Glu Ala Asp Val Glu Val Glu
1150 1155

fle Ser Phe Ser Thr Ata Leu Ala Ser
1165 1170

Val Cys Ser Thr GIn Val His Cys Ala
1180 1185

Lys Asp His lle Val Asn Tyr Pro Ala
1195 1200

Val Gin Asp lle Ser Thr Thr Ala Met
1210 1215

Thr Gly Gly Val Gly Leu Ile Val Ala
1225 1230

Ile Val Val Leu Cys Val Ser Phe Ser
1240 ’ 1245

<223> VLP_CH! 532 vector-CHIKV VLP

<400> 15

atggagttca tcccgacgea aactttctat aacagaaget accaaccecg accciggsce

60



ccacgeccta
ctcgcccage
cctcgcagaa
ccaaagcaaa
cgtagggaga
ggcaaagtga
aagggaacta
gatcttgaat
gagaaaccce
ttcactatce
aaageacges
tccgtegtea
tegagcctce
ccecctteca
gacaacgtea
caccgccaaa
ctagctcatt
cgcatcagaa
ataaagacag
gcggaceces
accateegac
acggacagea
‘atagstagee

tacegtecaga

caattcaagt
tgatctccec
atcggaaaaa
agaagcaacc
géatgtgcat
teegctacgc
tcgacaatec
gtgcacagat
aggegtacta
cgaceggtec
tegtggccat
cgtggaacaa
cccteccget
caccctgcts
tgagacccgg
gacgcagtac
gtcctgactg
atgaagcaac
atgacagcca
agcgagecge
actttattct
gaaagatcag
agaggttcca

gecaccgcetec
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aattagacct agaccacgtic cacagaggca

agtcaacaaa
caagaagcaa
accacaaaag
gaaaattgaa
ateccteets
cgatctgact
accggtgcac.
taactggcat
aggcaageeg
cegtcctagea
agacatcgtc
cttgieccte
ctacgaaaag
atactaccag
taaggacaat
Cggagaageg
ggacggaacg
cgattggace
attectteta
cgcccgatsc
ccacacatec
ctctegacca

cactgctgag

ttgaccatgc
aggcagaaga
aageeggcete
aatgattgca
ggggataaag
aaactggect
atgaagtcte
cacggagcag
ggagacagcg
gegegccaacg
acaaaaatta
ttegecaaaca
gaaccggaaa
ctactaaaag
tttaatgtct
cattcgtecc
ctgaaaatce
aagctgeget
aggacttcag
ccgaaaggag
acacacccet
caacatggta

gagatagagg

gegeggtace
agcaggcecc
aaaagaagaa
tcttcgaagt
taatgaaacc
ttaagcsgtc
atgcetegaa
tgcagtattc
gcagaccgat
aaggtgceeg
cccctgagse
ctacattcce
gcaccttgce
catcactgac
ataaagccac
acagecctat
aggtctettt
atategatag
caccgtecac
agacgctgac
tccatcatea
aagagttacc

tgcatatgec

ggctegecaa
tcaacagaag
graaaacgac
gaaaccagec
caagcatgaa
agcacatgtg
gtctaaatac
gtttacccac
agegagecceg
cttcgacaac
cacggcccte
agccgaagag
ctgctcteag
catgcttgag
ttactctece
aagaccatat
cgcattggag
gcagatcegg
ccatacgeca
gatcaccegg

agtgggattt

accacctgtg

ttecagcace

cccagatact

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

1260

1320

1380

1440

1500



cctgaccgca cgetgatgac

acggtgcegt acaagigcaa

accacagaca aagtgatcaa

cacaagaatt
aaaggaaaga
agaaacccta
ccgacactct
acacacaaga
aacaacgaac
ccacatgaga
tceggtegcct
gcacggcgca
ctcagectsc
tatctatega
ttgatcgtce
ttagccetaa
ccgaacacgg
gtgttgegaga
acgtgegaet

tgcaaggaca

atgteggeece gcecctacts
gtagagaaat cteaatctte

tceecgtceg ceaagetece

ggcaatacaa
tccacatcce
cagtaactta
tetcttacce
aggaggttac
catacaagta
taatctteta
cgttegtect
gatgcattac
tatgctacsgt
acgaacagca
tetgcaacte
tgagcatceg
tggragtace
tggagctaca
acaaaactgt

agagcctacce

gcégcagtct
ctecegtesc
taactgcaﬁa
ctceectita
attcccattg
cggaaaaaac
taacatgesa
citgaccatg
cteeccscag
ctattatgag
tctgtegate
accatatgaa
cagaacgacc
geeectgtic
tctgaaactc
tecccacact
gtataagact
atcagtcacc
catcccctce
agactacagc
cttttgceac
caaaacagag

cegtectttac

gctaacegtg accatgccgt cacagtaaag

tccaccteega caccttttga caacasaate

657212

ggcaacgtga
tccggaagts
attgatcast
gicceacegcea
gcaaacgtea
caagtcacca
cageaaccaa
cctactgage
atgtctacga
ctgtacccca
gtgggcacag
ttaacaccag
aaggcescca
tagttecags
ttgccatect
gtgagcecet
cttetcaaca
ttggaaccaa
ccgtacgtga
tgcaagstct
gccgaaaata
tttgcatcgg
caaggaaaca
gacgccaagt

gtggtgtaca

agatcacagt
gatccaacega
gecatgctec
acgcteaact
cttgcagagt
tgctectsta
attaccacga
gtctgeagst
acggtactgc
ctatgactst
cagtgggaat
gagccactgt
catattacga
ctettatece
gctgtaagac
acgaacacet
gaccgegtta
cactgtcact
agtgctgteg
ttactgegast
cgcaattgag
cctacagagc
acattaccet
ttetcgtege

aagecgacgt

taateggcag
gggactgaca
agtcactaat
cegegaccet
gccaaaagcea
tceteaccat
geagtgegte
cacttgsgggc
tcatgetcac
agtcatigteg
gtetgtetac
tcecttecte
ggctgcegca
gcteeccece
cctggetttt
aacagtgatc
cagccccatg
tgactacatc
tacagcagag
ctacccattt
cgaggcacat
ccacaccgea
agctecctac
cccaatgtce

ctacaacatg

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000



66 /212

gactacccac cttttggcec aggaagacca ggacaatttg gtgacattca aagtcgtaca
ccggaaagta aagacgttta tgccaacact cagttggtac tacagagecc agcagcagsc
acggtacatg taccatactc tcaggcacca tctggcttca agtattgect gaaggaacea
ggagcatcgc tacagcacac ggcaccgttic ggttgccaga ttgcgacaaa cccgetaaga
gctgtaaatt’gcgctgtggg gaacatacca atttccatce acataccgea tecegccttt
actagegttg tcgatgcacc ctctgtaace gacatgtcat gegaagtacc agectecact
cactcctecg acttteeege cetcegccate atcaaataca cagctageaa gaaaggtaaa
tetecagtac attcgatgac caacgecgtt accattcgag aagecgacet agaagtagag
V ggeaactcce agetgcaaat atcctictca acagecetge caagegecga gtttegeateg
caagtgtget ccacacaagt acactgcgca geegeatgec accctccaaa ggaccacata
gtcaattacc cagcatcaca caccaccctt ggegtccagg atatatccac aacggcaatg

tcttgegtec agaagattac geggaggagta ggattaattg ttgctgttec tgecttaatt

‘ttaattetege tgctatecet gtegtitage agecac

210> 16

Q11> 1252

212> PRT

213> Artificial

<2207
<223> VLP_CHI 532 vector-CHIKV VLP

<400> 16

Met Glu Phe |le Pro Thr Gin Thr Phe Tyr Asn Arg Arg Tyr Gln Pro
1 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr tie Gin Val lle Arg Pro Arg Pro
20 25 30

Arg Pro Gin Arg GIn Ala Gly Gln Leu Ala Gin Leu Ile Ser Ala Val
35 40 45

Asn Lys Leu Thr Met Arg Ala Val Pro Gin GIn Lys Pro Arg Arg Asn
50 55 60

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3756



67/212

Arg Lys Asn Lys Lys GIn Arg Gin Lys Lys GIn Aia Pro Gln Asn Asp
65 70 75 : 80

Pro Lys Gln Lys Lys Gin Pro Pro GIn Lys Lys Pro Ala GIn Lys Lys
85 90 95

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys {le Glu Asn Asp
100 105 110

Cys Ile Phe Glu Val Lys His Glu Gly Lys Val Met Gly Tyr Ala Cys
115 120 125 '

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr lie
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160

Asp Leu Glu Cys Ala Gin Ile Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Giu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 185 190

Ala Val GIn Tyr Ser Gly Gly Arg Phe Thr {le Pro Thr Gly Ala Gly
195 200 205

Lys Pro Gly Asp Ser Gly Arg Pro Ile Phe Asp Asn Lys Gly Arg Val
210 ' 215 220

Yal Ala ile Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp ite Val Thr Lys Ile Thr Pro Glu
245 250 255

Gly Ala Glu Glu Trp Ser Leu Ala Leu Pro Val Leu Cys Leu Leu Ala
260 265 270

Asn Thr Thr Phe Pro Cys Ser GlIn Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asp Asn Val Met
290 295 300

Arg Pro Gly Tyr Tyr GIn Leu Leu Lys Ala Ser Leu Thr Cys Ser Pro
305 310 315 320



687212

His Arg Gin Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro tie Ala Leu Glu Arg lie Arg Asn Glu Ala Thr Asp
355 360 365

Gly Thr Leu Lys Ile Gin Val Ser Leu Gln Ile Gly [le Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 380 385 400

Ala Asp Ala Glu Arg Ala Gly Leu Leu Val Arg Thr Ser Ala Pro Cys
405 410 415

Thr Ile Thr Gly Thr Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys
420 425 430

Gly Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys |le Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val Ile Gly Arg Glu
450 455 460

Arg Phe His Ser Arg Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gin Ser Thr Ata Afa Thr Ala Glu Glu ite Glu Val His Met
485 490 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr Gin Gln Ser Gly Asn
. 500 505 510

Val Lys Ile Thr Val Asn Gly Gin Thr Val Arg Tyr Lys Cys Asn Cys
515 520 525

Gly Gly Ser Gly Ser Gly Ser Asn Glu Gly Leu Thr Thr Thr Asp Lys
530 535 540

Val 1le Asn Asn Cys Lys Ile Asp GIn Cys His Ala Ala Val Thr Asn
545 550 555 560

His Lys Asn Trp GIn Tyr Asn Ser Pro Leu Val Pro Arg Asn Ala Glu
565 570 575

Leu Giy Asp Arg Lys Gly Lys lle His ile Pro Phe Pro Leu Ala Asn



69/212

580 585 590

. Val Thr Cys Arg Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly
595 600 605

Lys Asn GiIn Val Thr Met Leu Leu Tyr Pro Asp His Pro Thr Leu Leu
610 615 620

Ser Tyr Arg Asn Met Gly Gin Glu Pro Asn Tyr His Glu'GIu Trp Val
625 630 635 640

Thr'His Lys Lys Glu Val Thr Leu Thr Val Pro Thr Glu Gly Leu Glu
645 650 655

Val Thr Trp Gly Asn Asn Glu Pro Tyr Lys Tyr Trp Pro Gin Met Ser
660 665 670

Thr Asn Gly Thr Ala His Gly His Pro His Glu Iie {le Leu Tyr Tyr
675 680 685

Tyr Glu Leu Tyr Pro Thr Met Thr Val Val [le Val Ser Val Ala Ser
690 635 700

Phe Val Leu Leu Ser Met Va! Gly Thr Ala Val Gly Met Cys Val Cys
705 710 _ 715 720

Ala Arg Arg Arg Cys tle Thr Pro Tyr Glu Leu Thr Pro Giy Ala Thr
725 730 735

Val Pro Phe Leu Leu Ser Leu Leu Cys Cys Val Arg Thr Thr Lys Ala
740 745 750

Ala Thr Tyr Tyr Gtu Ala Ala Ala Tyr Leu Trp Asn Glu GIn GIn Pro
755 760 765 '

Leu Phe Trp Leu GIn Ala Leu lle Pro Leu Ala Ala Leu lle Val Leu
770 7% 780

Cys Asn Cys Leu Lys Leu Leu Pro Cys Cys Cys Lys Thr Leu Ala Phe
785 . 790 : 795 800

Leu Ala Val Met Ser Ile Giy Ala His Thr Val Ser Ala Tyr Glu His
805 810 815

Yal Thr Val 1ie Pro Asn Thr Val Gly Val Pro Tyr Lys Thr Leu Val
820 825 830

Asn Arg Pro Gly Tyr Ser Pro Met Val Leu Glu Met Glu Leu Gin Ser
835 840 845



70/212
Val Thr Leu Glu Pro Thr Leu Ser Leu Asp Tyr lie Thr Cys Glu Tyr
850 855 860

Lys Thr Val ile Pro Ser Pro Tyr Val Lys Cys Cys Gly Thr Ala Glu
865 870 875 880

Cys Lys Asp Lyé Ser Leu Pro Asp Tyr Ser Cys Lys Val Phe Thr Gly
885 890 895

Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Ala Glu
500 905 910

Asn Thr Gin Leu Ser Glu Ala His Val Giu Lys Ser Glu Ser Cys Lys
915 920 : 925

Thr Glu Phe Ala Ser Ala Tyr Arg Ala His Thr Ala Ser Ala Ser Ala
930 935 840

Lys Leu Arg Val Leu Tyr Gin Gly Asn Asn lle Thr Val Ala Ala Tyr
945 850 955 960

Ala Asn Gly Asp His Ala Val Thr Val Lys Asp Ala Lys Phe Val Val
965 970 975

Gly Pro Met Ser Ser Ala Trp Thr Pro Phe Asp Asn Lys lle Vél Val
980 ‘ 985 990

Tyr Lys Gly Asp Val Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly
995 1000 1005

Arg Pro Gly Gln Phe Gly Asp lle Gin Ser Arg Thr Pro Glu Ser
1010 1015 1020

Lys Asp Val Tyr Ala Asn Thr Gin-Leu Val Leu Gin Arg Pro Ala
1025 1030 1035

Ala Gly Thr Val His Val Pro Tyr Ser Gin Ala Pro Ser Gly Phe
1040 1045 1050

Lys Tyr Trp Leu Lys Glu Arg Gly Ala Ser Leu Gin His Thr Ala
1055 1060 1065

Pro Phe Gly Cys Gln Ile Ala Thr Asn Pro Val Arg Ala Val Asn
1070 : 1075 1080

Cys Ala Val Gly Asn lle Pro Ile Ser Ile Asp Ile Pro Asp Ala
1085 1090 1095



Ala Phe Thr Arg Val Val
1100

Cys Glu Va! Pro Ala Cys
1115

Ala Ite Ile Lys Tyr Thr
1130

His Ser Met Thr Asn Ala
1145

Val Glu Gly Asn Ser Gin
1160

Ala Ser Ala Glu Phe Arg
1175

Cys Ala Ala Ala Cys His
1190

Pro Ala Ser His Thr Thr
1205

Ala Met Ser Trp Val GIn
1220

Val Ala Val Ala Ala Leu
1235

Phe Ser Arg His
1250

210> 17

QN> 3177
<212> DNA

213> Artificial

220>

717212

Asp Ala Pro Ser Val Thr Asp Met Ser
1105 1110

Thr His Ser Ser Asp Phe Gly Gly Val
1120 , 1125

Ala Ser Lys Lys Gly Lys Cys Ala Val

1135 1140

Val Thr 1le Arg Glu Ala Asp Val Glu
1150 1155

Leu Gln Ile Ser Phe Ser Thr Ala Leu
1165 1170

Val GIn Val Cys Ser Thr Gin Val His
1180 1185

Pro Pro Lys Asp His lle Val Asn Tyr
1195 1200

Leu Gly Val Gin Asp (le Ser Thr Thr
1210 1215

Lys 1Ile Thr Gly Gly Val Gly Leu lle
1225 1230

Ile Leu Ile Val Val Leu Cys Val Ser
1240 1245

<223> VLP_VEEV VLP 518 vector-VEEV VLP

400> 17

atgttcccgt tccagccaat gtatccgatg cageccaatge cctatcgcaa cccgtteecs
geceogegca geccctegtt coccagaace gaccctttite tgscgatgea getecaggaa

ttaacccget cgatgectaa cctgacgtic aagcaacgcc gggacgcgce acctgaggse

60

120

180



ccatccgcta
aagaagaaga
cagaatggaa
aaattggaat
tgtgtestce
gttcteecce
ccacagaaca
agctggceatce
ggegccaage
gtectgeeag
aaggeagtta
atgtetctec
aaaccagcag
ctecteggaag
aatgagtata
tgccatagtc
cttcagactt
cegtatgaca
tctcgeecegt
geegactcca

tatgaagtga

gtagagcaag

atgcacctcc

tccagttcag

ggcgecacaa

ataaaccgaa
agaaccaagg
acaagaagaa
ctgacaagac
gagggaagit
cgcttaagac
tgcgggcéga
atggagcagt
gagacagcsg
gtgtgaatga
ccgtgaagta
tcgecaatet
agacttteec
cagctgttaa
agctaacgcg
caatagcaat
cctcgcagta
tgcacgegac
gtcacattgt
tcaécatgéa
aatttaatcc
cgtgccaagt
cgesctcaga
tcaccgtgac

agatctccga

79/212

gaaggagecc tcegcaaaaaCt agaaagesesg

gaagaagaag
gaccaacaag
gttcbcaatc
attcaggccg
gaagaaagca
tacattcaaa
ccaatatgaa
acgacccatt
aggatctagg
tactccagag
gacgttccca
catgctcage
gtgccecgea
cccttacatg
cgaggcagta
tegcctggat
cattaaagag
égatgggcac
atttaagaaa
tgtagecaga
ctacgcacat
agtggacagc
acctcctgat

gaccatcaac

gctaagacag
aaaccageca
atgttegaag
atgcatsteg
tccaaatacg
tacacccate
aatggecett
ctgsataacc
acageecttt
aactgcgasc
tgtgctcaac
gttaacette
aggaaaagga
gccagatsca
aagagcgacg
tectecgeca
ataccactac
ggttattice
gattccgtca
gaactctata
gatgcacaga
agtttgsttt
gggactagceg

aagacaaaac

gegccgectaa
agagacagcg
ggaagataaa
aaggcaagat
atcttgagta
agaaacccca
tcacegtacc
aggeacgest
cagtcgtcat
aatggtcact
caccaatttg
acaacccgeg
gatccaccga
tcagatgtac
ggcacgacge
acttaaageg
atcaagtete
tecttgccag
gacactccts
ctcatceccc
acagaggage
céttgagcgg
ccetegteea

agttcagceca

aggccaageg
tccgaageca
catggtcatg
cegctacact

Cgacaacgac

tgcagatgtg.

aggctattac
gaaaggagtt
getcactatt
gtggaacgag
agteaccacc
ctacgacaga
ctacgatgag
ggégctgttt
agttggegagc

ttatgitaga

caggaccatg

actctataca
gtecccgeca
ctcegtgecg
agaacacgega
ttatgtcgag
ctcegeagea
atecgagtat

gtecacaaag

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680



aaggagcagt
ctecccaaag
gacggcaaat
gtetcactea
gagcctcact
gaaaaagest
acagcacccg
taccctatgt
gcagegtcta
acaéctaacg
gccgagacca
attcaattsc
tgctgtetes
gcgaccacsga
tacgcaccac
ttgeagtace
ggatctcagg
gtttacccgt
agcaaggcct
gecgeacacag
actaccgtst
ggtcegettt
atctataatt

caatccagaa

gcagagcata
cagcgeeage
gcaccgtace
aactgcacce
acacgcacga
gegagtttst
gaaatccaca
ccaccatcct
ccteectett
ctaggatacc
cctgggagtc
teatccctet
tecctttttt
tgcceagcca
tcectatcag
tcacctgcca
aatgcactcc
tcateteses
acgtaatgaa
cctcagteca
atgtgaateg
ccacagctte
atgattttce

cagtctcaag

tcgectgcag
cacctfaaaa
tctagcacca
taagaatccc
gctcatatet
atgeggaaac
tgggctacce
gegtttatca
ttgcagatca
attttetcte
cttggatcac
geeegectts
agtcatgace
agcgegaatc
cataacacca
ctacaaaaca
aacttacage
tggtecatat
atctgaﬁgac
gecettecte
agaaactcct
gacacccttt
tgagtatges

ctctgatete

73/212

aacgataagt
ggaaaactec
gaacctatga
acatatctaa
gaaccagctg
tacccgccga
cacgéggtga
atttetgcce
agagttgcet
getetecttt
ctatggaaca
atcgtagtea
gecgeegceag
tcetataaca
acaaagatca
ggaatggatt
cctgatgaac
tecttttece
tgcctteceg
aacatcacag
gtgaatttca
gatcgcaaaa
gcaggacaac

tatgccaata

gegtgtataa
atgtcccatt
taaccttcee
tcacccgeca
ttaggaattt
aaaggtttte
taactcatta
ccattgcaac
geetaactcee
getgeeccce
ataaccaaca
ctegectget
gegeceegcgc
ctatagtcaa
agctgatacce
caccagccat
agtgcaaagt
acactgagaa
atcatgctea
tgegagaaca
ateggegtcaa
tcetecagta
caggagcatt

ccaacctagt

ttctgacaaa

cttectgeca

tttcagatca

acttgcteat
taccgtcacc
gecacageaa
ttaccacaga
cetttecgtt
ttaccgscta
cactgccecge
gatgttcteg
caggtgcete
ctacgagcac
CagagCcagec
tacagtgaac
caaatectgc
cttcacagge
cacccaagte
agcatataaa
ctc{attgtg
aataactsgca
teccegggag
tggagatata

getgcagaga

1740

1800

1860

1820

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120



cccaaagcag gagcgatcca
aagaaagata aagctccatc
aaccccattc gogccgaaaa
gacgccttet tcaccageet
aacgagtgcg tgtattcttc
aagtcaggca agtgcgeagt
gtcgagctaa ccgagcaage
gagttcaggc tccaaatatg
aaagaccata ttgtgacaca
aaaaccecgt ggacgtgett
ggettggtec tggctactat
210> 18

211> 1259

212> PRT

213> Artificial

Q20>
Q2%

<400> 18

cgtgccatac

attgaaattt

ctgtgcteta

gtcagaaaca

cgactttggt

ccatgtgcca

gtcgeceact

cacatcatat

ccctcagtat

aacatcccte

tgtegecatg

741212

actcaggcac

accgcecctt

geggtcaattc

ccgacacttt

gggatcgeca

tcagggactg

atccatttct

gttacgteca

cacgcccaaa

ctgggaggat

tacgtgctga

VLP_VEEV VLP 518 vector-VEEY VLP

cttcgeettt
tceeatecea
cattagcctt
cagcgeccea
cggtcaagta
ctaccctaaa
cgaccgcaaa
aaggteattg
catttacagc
cagcegtaat

CCaaccagaa

tgagcaatgs

aatatataca

tgacattece

atecactctt

ctcagecage

agaagcagca

tatccacceg

tcaccecceg

cgeggtgtea

tattataatt

acataat

Met Phe Pro Phe GIn Pro Met Tyr Pro Met Gin Pro Met Pro Tyr Arg
1 5 10 15

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gin Val GIn Glu Leu Thr Arg Ser Met Ala Asn Leu
35 ‘ 40 45

Thr Phe Lys Gin Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn
50 55 60

Lys Pro Lys Lys Glu Ala Ser GIn Lys Gin Lys Gly Gly Gly Gin Gly
65 70 75 80

_Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3777



751212

85 90 95

Asn Pro Lys Ala Gin Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro
100 105 110

Gly Lys Arg Gin Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr Phe
]15 ' 120 125

Pro Ile Met Leu Glu Gly Lys le Asn Gly Tyr Ala Cys Val Val Gly
130 135 140

Giy Lys Leu Phe Arg Pro Met His Val Glu Gly Lys 1le Asp Asn Asp
145 150 - 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175

Tyr Ala Asp Val Pro Gin Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Giy Ala Val Gin
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

‘Asp Ser Gly Arg Pro lle Leu Asp Asn Gin Gly Arg Val Val Ala lle
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
‘ 245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys
260 265 270

Giu GIn Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 - 285

Phe Pro Cys Ala Gln Pro Pro lle Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu'
305 310 315 320

Leu Leu Glu Ala Ala Val Lys Cys Pro Gly Arg Lys Arg Arg Ser Thr
325 330 335

Glu Giu Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg
340 345 350



76/212
Cys |le Arg Cys Ala Val Gly Ser Cys His Ser Pro Ile Ala lle Glu
355 360 365

Ala Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gln Thr Ser
370 375 380

Ser Gin Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 395 400

Arg Tyr Asp Met His Gly Thr Ile Lys Glu Iie Pro Leu His Gin Val
405 410 415

Ser Leu Tyr Thr Ser Arg Pro Cys His lle Val Asp Gly His Gly Tyr
420 425 430

Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser [fe Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys
450 455 460

Phe Asn Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu GIn Ala Cys G!n Val Tyr Ala His Asp Ala Gin Asn Arg Gly
485 490 | 495

Afa Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Val Ser Leu Ser Gly Ser Gly Gly Ser Ser Ser Val Thr Val Thr Pro
515 520 525

Pro Asp Gly Thr Ser Ala Leu Val Glu Cys Glu Cys Gly Gty Thr Lys
530 535 540

Ile Ser Glu Thr Ile Asn Lys Thr Lys Gin Phe Ser Gin Cys Thr Lys
545 550 555 560

Lys Glu Gln Cys Arg Ala Tyr Arg Leu Gin Asn Asp Lys Trp Val Tyr
565 570 515

Asn Ser Asp Lys Leu Pro Lys Ata Ala Gly Ala Thr Leu Lys Gly Lys
580 585 590

Leu His Val Pro Phe Leu Leu Ala Asp Gly Lys Cys Thr Val Pro Leu
595 600 605



Ala Pro Glu Pro Met Ile Thr Phe
610 615

Leu His Pro Lys Asn Pro Thr Tyr
625 630

Glu Pro His Tyr Thr His Glu Leu
645

Phe Thr Val Thr Glu Lys Gly Trp
660

Pro Lys Arg Phe Trp Ala GIn Glu
675 680

Leu Pro His Glu Val lle Thr His
690 695

Thr 1le Leu Gly Leu Ser Ile Cys
705 710

Ala Ala Ser Thr Trp Leu Phe Cys
725

Pro Tyr Arg Leu Thr Pro Asn Ala
740

Leu Cys

755 760

Leu Trp Asn Asn Asn Gln
775

Asp His
770

Leu Ala Ala Leu [le Val
790

Ile Pro
785

Val Val Pro Phe Leu Val
805

Cys Cys

Glu His Ala Thr Thr Met
820

Ala Tyr

Ile Val Asn Arg Ala Gly
835 840

Asn Thr

Thr Pro Thr Lys lie Lys Leu lle
850 855

Thr Cys His Tyr Lys Thr Gly Met
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Gly Phe Arg Ser Val Ser Leu Lys
620

Leu Ile Thr Arg GIn Leu Ala Asp
635 640

Ile Ser Glu Pro Ala Val Arg Asn
650 655

Giu Phe Val Trp Gly Asn His Pro
665 670

Thr Ala Pro Gly Asn Pro His Gly
685

Tyr Tyr His Arg Tyr Pro Met Ser
700

Ala Ala Ile Ala Thr Val Ser Val
715 720

Arg Ser Arg Val Ala Cys Leu Thr
730 735

Arg lle ProvPhe Cys Leu Ala Val
745 750

Cys Ala Arg Thr Ala Arg Ala Glu Thr Thf Trp Glu Ser Leu

765

Gin Met Phe Trp lle GIn Leu Leu
780

Val Thr Arg Leu Leu Arg Cys Val
795 800

Met Ala Gly Ala Ala Gly Ala Gly
810 815

Pro Ser Gin Ala Gly lle Ser Tyr
825 830

Tyr Ala Pro Leu Pro lle Ser lle
845

Pro Thr Val Asn Leu Glu Tyr Val
860

Asp Ser Pro Ala lle Lys Cys Cys
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865 870 - 875 880

Gly Ser GIn Glu Cys Thr Pro Thr Tyr Arg Pro Asp Glu GIn Cys Lys
885 - 890 895

Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe
900 ‘ 905 910

Cys Asp Thr Glu Asn Thr Gin Val Ser Lys Ala Tyr Val Met Lys Ser
915 _ 920 ‘ 925

Asp Asp Cys Leu Ala Asp His Ala Glu Ala Tyr Lys Ala His Thr Ala
930 935 940

Ser Val GlIn Ala Phe Leu Asn lle Thr Val Gly Glu His Ser 1le Val
945 950 955 960

Thr Thr Val Tyr Val Asn Gly Glu Thr Pro Val Asn Phe Asn Gly Val
965 970 ' 975

Lys tie Thr Ata Gly Pro Leu Ser Thr Ala Trp Thr Pro Phe Asp Arg
980 985 990

Lys Ile Val Gin Tyr Ala Gly Glu !le Tyr Asn Tyr Asp Phe Pro Glu
995 1000 1005

Tyr Gly Ala Gly Gin Pro Gly Ala Phe Giy Asp Ile Gin Ser Arg
1010 1015 1020

Thr Val Ser Ser Ser Asp lLeu Tyf Ala Asn Thr Asn Leu Val Leu
1025 ' 1030 1035

GIn Arg Pro Lys Ala Gly Ala Ile His Val Pro Tyr Thr Gin Ala
1040 1045 1050

Pro Ser Gly Phe Glu Gin Trp Lys Lys Asp Lys Ala Pro Ser Leu
1055 1060 © 1065

Lys Phe Thr Ala Pro Phe Gly Cys Glu Ile Tyr Thr Asn Pro lie
1070 1075 1080

Arg Ala Glu Asn Cys Ala Val Gly Ser 1le Pro Leu Ala Phe Asp
1085 1090 1095

lle Pro Asp Ala Leu Phe Thr Arg Val Ser Glu Thr Pro Thr Leu
1100 1105 : 1110

Ser Ata Ala Glu Cys Thr Leu Asn Glu Cys Val Tyr Ser Ser Asp
1115 1120 1125
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Phe Gly Gly Ile Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser Gly

1130 - 1135 1140
Lys Cys Ala Val His Val Pro Ser Gly Thr Ala Thr Leu Lys Glu
1145 1150 1155
Ala Ala Val Glu Leu Thr Glu Gin Gly Ser Ala Thr ile His Phe
1160 ' 1165 1170
Ser Thr Ala Asn Ile His Pro Glu Phe Arg Leu Gin 1le Cys Thr
1175 1180 - ‘ 1185
Ser Tyr Val Thr Cys Lys Gly Asp Cys His Pro Pro Lys Asp His
1190 1195 - 1200
Ile Val Thr His Pro Gln Tyr His Ala GIn Thr Phe Thr Ala Ala
1205 1210 ; 1215
Val Ser Lys Thr Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly
1220 1225 - 1230
Ser Ala Val lle Ile Ile lle Gly Leu Val Leu Ala Thr {le Val
1235 . 1240 ' 1245
Ala Met Tyr Val Leu Thr Asn Gin Lys His Asn
1250 1255
10> 19
Q1> 3177
212> DNA
213> Artificial
220>
(223> VLP_VEEV VLP 519 vector-VEEV VLP
400> 19
atgttcccgt tccagccaat gtatccgate cagccaatge cctatcgcaa cecgtteece 60
gecececsca gecectggtt ccccagaace gaccettttc tggcgataca getgcaggaa 120
ttaaccegct cgaiggctaa cctegacgttc aagcaacgcc gggacgrece acctgaggeg 180
ccatcegcta atéaaccgaa gaaggaggece tcgcaaaaac agaaaggeeg ageccaagge 240
aagaagaaga agaactaage gaagaagaag gctaagacag ggccgectaa tccgaageca 300

cagaatggaa acaagaagaa gaccaacaag aaaccaggcta agagacagcg catggtcatg 360



aaattggaat
tatgteetce
gttctegcce
ccacagaaca
agctgecatce
gggeccaags
‘8tgctegeag
aagggagtta
atgtetctec
aaaccagcag
ctgctggaag
aatgagtata
tgccatagte
cttcagactt
cegtatgaca
tctceccest
géggactcca
tatgaagtea
gtagagcaag
atgcacctce
ggatccteas
ggcggcacaa
aaggagcagt

ctgcccaaag

ctgacaagac
gagggaagtt
cgcttaagac
tgcegeccea
atgeagcagt
gagacagcgg
gtetgaatea
ccetgaagta
tcaccaatgt
agactttegc
cagctgttaa
agctaacecs
caatagcaat
cctcécagta
tgcacgegac
gtcacattst
tcaccatgga
aatttaatce
cgtgccaagt
cgeectcaga
tcaccetgac
agatctccga
gcagagcata

cagcgggagc

gttcecaatc
attcaggcce
gaagaaagca
tacattcaaa
tcaatatgaa
acgacccatt
aggatctags
tactccagag
gacgttcccé
catgctcage
gtgcccegga
cccttacatg
cgaggcagta
tggccteeat
cattaaagag
ggategecac
atttaagaaa
tgtaggéaga
ctacgcacat
agtggacagc
acctcetgat
Baccatcaac
tcggctgcag

caccttaaaa
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atgttgraag
atgcatgteg
tccaaatacg
tacacccatg
aatggecett
ctggataacc
acagececttt
aactgcgagc
tatectcaac
gttaacgtte
aggaaaagga
gccagatgca
aagagcgacg
tcctecegca
ataccactac
gettatttee

gattccgtcea

gaactctata

gatgcacaga
agtttesttt
gegractagcg
aagacaaaac
aacgataagt

ggaaaactgc

ggaagataaa
aaggcaagat
atctteasgta
agaaacccca
tcacgstace
aggeacgegt
cagtcgtcat
aatggtcact
caccaatttg
acaacccgeg
gatccaccga
tcagatgtec
gecacgacgg
acttaaagee
atcaagtgtc
tgcttaccag
gacactccte
ctecatcecce
acagaggage
ccttgagees
ccctegtaga
agttcagcca
gggtgtataa

atgtcccatt

cgectacgct

cgacaacgac

tgcagatgte

aggctattac

gaaaggagtt

getcgetatt

gtggaacgag

agtgaccacc

ctacgacaga

ctacgatgag

ggagctettt

agttegeeagc

ttatgttaga

caggaccate

actctataca

gtecccgeca
ctcegtegccg
agaacacgea
ttatstcgag
cagttccgea
atgcgagtst
gtgcaca;ag
ttctgacaaa

cttgctegca

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800



gacggcaaat
gtetcactga
gagectcact
gaaaaaegget
acagcacccg
taccctatat
gcagcgtceta
acacctaacg
gecgagacca
attcaattgc
tgctgtgtég
gcgaccacea
tacgcaccac
ttegagtace
ggatctcage
gtttaccest
agcaaggect
gcecacacag
actaccetet
ggteegettt
atctataatt
caatccagaa
cccaaagcag
aagaaagata

aaccecatte

gecaccgtecc

aactgcacce

actacgcacea

ggeagtttgt

gaaatccaca

ccaccatect

cctgectgtt

ctaggatace

cctgaeagte

teatccctet

tgcctttttt

tgccgagcca

tcectatcag

tcacctgcca

aatgcactce

tcatgtegse

acgtaatgaa

cctcagteca

atgtgaatgg

tcacagettg

atgattttce

cagtctcaag

gagcgatcca

aagctccatce

gCgccgaaaa

tctagcacca
taagaatccc
getcatatet
atgeggaaac
tgggctaccg
gegtttgtca
ttgcagatca
attttgtcte
cttegatcac
gecegeette
agtcatggcce
agcgggaate
cataacacca
ctacaaaaca
aacttacaeg
tggtacatat
atcteacgac
gecgttecte
agaaactcct
gacacccttt
tgagtatege
ctcteatcteg
cgtgccatac
attgaaattt

ctgtecteta
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gaacctatga
acatatctaa
gaaccagcte
cacccgecga
cacgagegtga
atttgtgccg
agagttecet
getgtacttt
ctatgeaaca
atcgtagtea
ggcgccgeas
tcgtataaca
acaaagatca
ggaatggatt
ccteatgaac
tecttttece
teccttecee
aacatcacag
gtgaatttca
gatcgraaaa
gcagegacaac
tatgccaata
actcaggcac
accgccectt

gegtcaattc

taaccttceeg
tcacccgeca
ttaggaattt
aaaggtttte
taactcatta
ccattgcaac
gectaactec
gctacececg
ataaccaaca
ctegectect
§CECCERCRL
ctatagtcaa
agctgatace
caccagccat
agtgcaaagt
acactgagaa
atcatgctea
tegggagaaca
atggegtcaa
tcetecagta
caggagcatt
ccaacctagt
cttceggattt
tcggatgcea

cattagectt

tttcagatca
acttactgat
taccgtcace
ggcacaggaa
ttaccacaga
cgtttccatt
ttaccgecta

cactgccceg

gatgttcteg

caggtgcete
ctacegagcac
Cagagragec
tacagtgaac
caaatgctec
cttcacaggg
cacccaagtc
égcatataaa
ctctattete
aataacteca
tgccggggag
tegagatata
getgcagaga
tgagcaatgg
aatatataca

tgacattcce

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300
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gacgecttat tcaccageet gtcagaaaca ccgacacttt cagegeccga atgeactett
aacgagtacg tgtattcttc ceacttteet gegatcgcca cegtcaagta ctcgeccage
aagtcaggca agtecgcagt ccatgteacca tcagggactg ctaccctaaa agaagcagea
gtcgagctaa ccgagcaage gteggegact atccatttct ceaccgeaaa tatccacceg
gagttcagec tccaaatatg cacatcatat gttacgteca aaggtgattg tcacccccce
aaagaccata ttetgacaca ccctcagtat caégcccaaa catttacage cgcgetgtca

aaaaccgcgt ggacgteett aacatccctg ctgggaggat cagecgtaat tattataatt

gectteggtec teectactat tgtgegccatg tacgtectga ccaaccagaa acataat

10> 20

211> 1259
212> PRT

213> Artificial

220>
<223> VLP_VEEV VLP 519 vector-VEEV VLP

400> 20

Met Phe Pro Phe Gin Pro Met Tyr Pro Met Gin Pro Met Pro Tyr Arg
1 5 10 15

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gln Val Gin Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys GIn Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn
50 55 60

Lys Pro Lys Lys Glu Ala Ser GlIn Lys Gin Lys Gly Gly Gly Gin Gly
65 70 75 80

Lys Lys Lys Lys Asn GIn Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro
85 90 95

Asn Pro Lys Ala Gin Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro
100 105 110

3360

3420

3480

3540

3600

3660

3720

3T
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Gly Lys Arg GIn Arg Met Val Met Lys Leu Giu Ser Asp Lys Thr Phe
115 120 125

Pro Ile Met Leu Glu Gly Lys Ile Asn Gly Tyr Ala Cys Val Val Gly
130 135 140 '

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys Ile Asp Asn Asp
145 150 ' 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175

Tyr Ala Asp Val Pro Gin Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

Asp Ser Gly Arg Pro Ile Leu Asp Asn Gln Gly Arg Val Val Ala Ile
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys
260 265 270

Glu GIn Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 285

Phe Pro Cys Ala Gln Pro Pro lle Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu
305 310 315 320

Leu Leu Glu Ala Ala Val Lys Cys Pro Gly Arg Lys Arg Arg Ser Thr
325 330 335

Glu Glu Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg
340 345 350

Cys Ile Arg Cys Ala Val Gly Ser Cys His Ser Pro lle Ala lle Glu
355 360 365

Ala Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gln Thr Ser
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370 375 380

Ser GIn Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 395 400

Arg Tyr Asp Met His Gly Thr lle Lys Glu tle Pro Leu His Gin Val
405 410 415

Ser Leu Tyr Thr Ser Arg Pro Cys His lle Val Asp Gly His Gly Tyr
420 425 430

Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser Ile Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys
450 455 460

Phe Asn Pro Val Giy Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu Gin Ala Cys GIn Val Tyr Ala His Asp Ala Gln Asn Arg Gly
485 480 495

Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Val Ser Leu Ser Gly Ser Ser Gly Gly Ser Ser Val Thr Val Thr Pro
515 520 525

Pro Asp G!y Thr Ser Ala Leu Val Glu Cys Glu Cys Gly Gly Thr Lys
530 535 540

Ite Ser Glu Thr Ile Asn Lys Thr Lys Gln‘Phg Ser GIn Cys Thr Lys
545 550 555 560

Lys.Glu GIn Cys Arg Ala Tyr Arg Leu Gin Asn Asp Lys Trp Val Tyr
565 570 575

Asn Ser Asp Lys Leu Pro Lys Ala Ala Gly Ala Thr Leu Lys Gly Lys
580 585 990

Leu His Val Pro Phe Leu Leu Ala Asp Gly Lys Cys Thr Val Pro Leu
595 600 605

Ala Pro Glu Pro Met Ile Thr Phe Gly Phe Arg Ser Val-Ser Leu Lys
610 - 615 ' ' 620

Leu His Pro Lys Asn Pro Thr Tyr Leu lle Thr Arg GIn Leu Ala Asp
625 630 635 640
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Glu Pro His Tyr Thr His Glu Leu Ile Ser Glu Pro Ala Val Arg Asn

645 650 655

Phe Thr Val Thr Glu Lys Gly Trp Glu Phe Val Trp Gly Asn His Pro
§60 665 670

Pro Lys Arg Phe Trp Ala Gin Glu Thr Ala Pro Gly Asn Pro His Gly
675 680 685

Leu Pro His Glu Val lle Thr His Tyr Tyr His Arg Tyr Pro Met Ser
690 695 700

Thr Ile Leu Gly Leu Ser Ile Cys Ala Ala Ile Ala Thr Val Ser Val
705 710 715 - 720

Ala Ala Ser Thr Trp Leu Phe Cys Are Ser Arg Val Ala Cys Leu Thr
725 730 735

Pro Tyr Arg Leu Thr Pro Asn Ala Arg lle Pro Phe Cys Leu Ala Val
740 745 750

Leu Cys Cys Ala Arg Thr Ala Arg Ala Glu Thr Thr Trp Glu Ser Leu
755 760 765

Asp His Leu Trp Asn Asn Asn GIn Gin Met Phe Trp lle GIn Leu Leu
770 775 780

Ile Pro Leu Ala Ala Leu lle Val Val Thr Arg Leu Leu Arg Cys Val
785 790 795 800

Cys Cys Val Val Pro Phe Leu Val Met Ala Gly Ala Ala Gly Ala Gly
805 : 810 815

Ala Tyr Glu His Ala Thr Thr Met Pro Ser Gin Ala Gly lle Ser Tyr
820 825 830

Asn Thr |le Val Asn Arg Ala Gly Tyr Ala Pro Leu Pro tie Ser Ile
835 840 845

Thr Pro Thr Lys lle Lys Leu ile Pro Thr Val Asn Leu Glu Tyr Val
850 855 . 860

Thr Cys His Tyr Lys Thr Gly Met Asp Ser Pro Aia lle Lys Cys Cys
865 870 875 880

Gly Ser Gln Glu Cys Thr Pro Thr Tyr Arg Pro Asp Glu Gln Cys Lys
885 830 - 895
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Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe
900 905 90

Cys Asp Thr Glu Asn Thr Gin Val Ser Lys Ala Tyr Val Met Lys Ser
815 920 1925

Asp Asp Cys Leu Ala Asp His Ala Glu Ala Tyr Lys Ala His Thr Ala
930 935 940

Ser Val GIn Ata Phe Leu Asn lle Thr Val Gly Glu His Ser 1le Val
945 450 955 960

Thr Thr Val Tyr Val Asn Gly Glu Thr Pro Val Asn Phe Asn Gly Val
965 970 975

Lys lle Thr Ala Gly Pro Leu Ser Thr Ala Trp Thr Pro Phe Asp Arg
980 985 990

Lys lle Val GlIn Tyr Ala Gly Glu lle Tyr Asn Tyr Asp Phe Pro Glu
995 1000 1005

Tyr Gly Ala Gly Gin Pro Gly Ala Phe Giy Asp lle Gln Ser Arg
1010 ‘ 1015 ' 1020

Thr Val Ser Ser Ser Asp Leu Tyr Ala Asn Thr Asn Leu Val Leu
1025 1030 1035

GIn Arg Pro Lys Ala Gly Ala 1le His Val Pro Tyr Thr Gin Ala
1040 1045 1050

“Pro Ser Gly Phe Glu Gin Tro Lys Lys Asp Lys Ala Pro Ser Leu
1055 ‘ 1060 1065

Lys Phe Thr Ala Pro Phe Giy Cys Glu Ile Tyr Thr Asn Pro lle
1070 1075 1080

Arg Ala Glu Asn Cys Ala Val Gly Ser !le Pro Leu Ala Phe Asp
1085 1080 1095

|le Pro Asp Ala Leu Phe Thr Arg Val Ser Glu Thr Pro Thr Leu
1100 1105 1110

Ser Ala Ala Glu Cys Thr Leu Asn Glu Cys Val Tyr Ser Ser Asp
1115 1120 1125

Phe Gly Gly Ile Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser Gly
1130 1135 1140

Lys Cys Ata Val His Val Pro Ser Gly Thr Ala Thr Leu Lys Glu
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1155

1170

1185

1200

1215

1230

1245

1145 1150

AMa Ala Val Giu Leu Thr Glu Gln Gly Ser Ala Thr Ile His Phe
1160 1165

Ser Thr Ala Asn lle His Pro Glu Phe Arg Leu Gin lle Cys Thr
1175 1180

Ser Tyr Val Thr Cys Lys Gly Asp Cys His Pro Pro Lys Asp His
1190 1195

[le Val Thr His Pro Gln Tyr His Ala GIn Thr Phe Thr Ala Ala
1205 1210

Val Ser Lys Thr Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly
1220 1225

Ser Ata Val Ile (le {le {le Gly Leu Val Leu Ala Thr Ile Val
1235 1240

Ala Met Tyr Val Leu Thr Asn Gin Lys His Asn
1250 1255

Q10> 21

Q1Y 3117

<212> DNA

213> Artificial

<2207 :
<223> VLP_VEEV VLP 538 vector-VEEV VLP

400> 21
atgttecegt tccagecaat gtatccgatg cagcecaatsce

geecececgca ggeecctgett ceccagaacc gaccctttte
ttaacccgct cgatggctaa cctgacgttc aagcaacgce
ccatccgcta ataaaccgaa gaaggaggec tcgcaaaaac
aagaagaaga agaacCaage gaagaagaag gctaagacag
cagaatggaa acaagaagaa gaccaacaag aaaccaggca
aaattggaat ctgacaagac gttcccaatc atgttggaag

tetgtegtce gaggraagtt attcagecce atgcatetes

cctatcgcaa ccegttegce
tegcgatgca ggtacaggaa
gegacgcgcc acctgagess
d8aaaBELEE ABECCAaBEE
geccgectaa tccgaaggcea
agagacagcg catggtcatg
ggéagataaa cggctacgct

aaggCaagat cgacaacgac

60

- 120

180

240

300

360

420

480



gttceteacce
ccacagaaca
agctggceate
gggeccaass
gtgctgegag
aaggeagtta
atgtgtctsc
aaaccagcag
ctgctggaag
aatgagtata
taccatagtc
cttcagactt
cggtatgaca
tctcgcccsgt
gggeactcca
tatgaagtga
gtagagcaag
atgcacctcc
accgtgacac
tccggcacaa
aaggagcagt
ctgcccaaag
gacggcaaat
gtgtcactga

gagcctcact

cecttaagac
tgcgeeccea
atgeagcagt
gagacagcge
gtgtgaatga
ccgtgaagta
tcaccaatgt
agactttesc
cagctgttaa
agctaacgcs
caatagcaat
cctegeagta
tgcacgegrac
gtcacattat
tcaccatgga
aatttaatcc
cgtgccaagt
cggectceaga
ctcctgatesg
agatctccga
gcagagcata
cagcggeagc
gcaccgtecc
aactgcacce

acacgcacega

gaagaaagca
tacattcaaa
ccaatatgaa
acgacccatt
aggatctagg
tactccagag
gacgttecca
catgctcagc
gtgceccegea
cccttacatg
ceaggcagta
tggcctggat
cattaaagag
ggatgegcac
atttaagaaa
tgtagecaga
ctacgcacat
agtggacagc
gactagcgec
gaccatcaac
tcgectecag
caccttaaaa
tctagcacca
taagaatccec

getecatatet
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tccaaatacg
tacaccbatg
aatgegcett
ctggataacc
acagcccttt
aactgcgagc
tgtectcaac
gttaacgtte
ageaaaagga
gecagatgea
aagagcgacg
tectecgsea
ataccactac
ggttatttce
gattccgtca

gaactctata

gatgcacaga

agtttesttt
ctegtggaat
aagacaaaac
aacgataagt
ggaaaactgc
gaacctatga
acatatctaa

gaaccagctg

atcttgagta

dgaaacccca

tcacggtecc

agggacegegt

cagtcgtcat

aatggtcact

caccaatttg

acaaCccesg

gatccaccea

tcagatgtsc

ggcacgacge

acttaaaggsg

atcaagtetc

tgctteccag

gacactcctg

ctcatcccce

acagaggagce

ccttgagcesg

gcgagteteg

agttcagcca

gegtgtataa

atgtecccatt

taaccttcgg

tcacccgcca

ttaggaattt

tgcagatete

aggctattac

gaaaggagtt

getcgctatt

gtggaacgag

agtgaccacc

ctacgacaga

ctacgatgag

geagetgitt

agttgeeagc

ttatgttaga

caggaccatg

actctataca

gtgccceeca

ctcegtecce

dgaacacgega

ttatgtcgag

cagttcagtc

ctecggagea

gtgcacaaag

ttctgacaaa

cttectgeca

tttcagatca

acttectgat

taccgtcace

540
600
660
720
780
840
900
960
1620
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1980



gaaaaagget gesagtttst
acagcacccg gaaatccaca
taccctatet ccaccatcct
gcagegtcta cetgectett
acacctaacg ctaggatacc
gccgagacca cctgggagtc

attcaattge teatccctcet

tgctetstce
gceaccacea
tacgcaccac
ttggagtacg
ggatctcage
gtttaccegt
agcaaggcct
gegeacacag
actaccetgt
ggtccacttt
atctataatt
caatccagaa
cccaaageag
aagaaagata
aaccccattc
gacgccttat

aacgagtecg

tecctttttt
tgccgageca
tccctatcag
tcacctgcca
aatgcactcce
tcatetggss
acgtaatgaa
cctcagteca
atgtgaateg
ccacagette
atgattttee
cagtctcaag
gagcgatcca
aagctccate
gegecgaaaa
tcaccagggt

tetattcttc

atggegaaac
tgegctacce
gggttfgtca
ttgcagatca
attttgtcte
cttggatcac
geccgeette
agtcatgece
agcgegaatce
cataacacca
ctécaaaaca

aacttacaseg
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cacccgeega
cacgaggtga
atttgtecce
agagtfscgt
gctgtacttt
ctatggaaca
atcgtagtea
gecgccgcag
tcgtataaca
acaaagatca
ggaatgeatt

cctgatgaac

tggtgeatat tecttitace
atctgacgac tgccttecge
ggcgttectc aacatcacag
agaaactcct gtgaatttca
gacacccttt éatcgcaaaa
tgagtatege gcaggacaac
ctctgatcte tatgecaata
cgtgccatac acfcaggcac
attgaaattt accecccctt
ctgtectgta gegtcaatte
gtcagaaaca ccgacacttt

cgacttteat gesatcgcca

aaaggtttte
taactcatta
ccattgcaac
gectaactee
getgegecce
ataaccaaca
ctegectect
gCBCCRBECEC
ctatagtcaa
agctgatace
caccagecat
agtgcaaagt
acactgagaa
atcatgctea
teggagaaca
atgegetcaa
tcgtgcagta
caggagcatt
ccaacctagt
cttcegettt
tcegatecea
cattagectt
cagcegccea

cgetcaagta

ggcacageaa
ttaccacaga
cgtttecett
ttaccgecta
cactgccceg
gatgttcteg
caggtgcetg
ctacgagcac
cagagcagec

tacagtgaac

caaatgctec

cttcacager

cacccaagtc

agcatataaa

ctctattgts

aataactgca

teccggegag

tggagatata

getgcagaga

tgagcaateg

aatatataca

tgacattcee

atgcactctt

ctcggccage

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420
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aagicaggca agtgcgcagt ccatgtegeca tcagggacte ctaccctaaa agaagcagea
- gtcgagctaa ccgagcaage gteegscgact atccatttct cgaccgeaaa tatccaccceg
gagttcagec tccaaatatg cacatcatat gttacgtgca aaggtgattg tcaccceceg

aaagaccata ttgtgacaca ccctecagtat cacgeccaaa catttacage cgegetegtea

aaaaccgeet geacgtegtt aacatcccte ctgggageat cagecgtaat tattataatt

gecttgetec tgectactat tstgeccatg tacgigetsa ccaaccagaa acataat

Q10> 22

Q11> 1259
212> PRT

213> Artificial

<2207
{223> VLP_VEEV VLP 538 vector-VEEV VLP

400> 22

Met Phe Pro Phe Gin Pro Met Tyr Pro Met Gln Pro Met Pro Tyr Arg
1 5 10 15

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gin Val GIn Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys Gln Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn
50 55 60

Lys Pro Lys Lys Glu Ala Ser Gin Lys Gln Lys Gly Gly Gly GlIn Gly
65 70 75 80

Lys Lys Lys Lys Asn GIn Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro
85 90 © 95
Asn Pro Lys Ala GIn Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro
100 105 110

Gly Lys Arg Gln Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr'Phe
115 120 : 125

Pro Ile Met Leu Glu Gly Lys lle Asn Gly Tyr Ala Cys Val Val Gly
130 135 140

3480

3540

3600

3660

3720

3777
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Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys lie Asp Asn Asp
145 150 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175

Tyr Ala Asp Val Pro GIn Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190

His Glu Lys Pro GIn Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

Asp Ser Gly Arg Pro lte Leu Asp Asn GIn Gly Arg Val Val Ala lle
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys
260 265 270

Glu GIn Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 285

Phe Pro Cys Ala Gin Pro Pro lle Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu
305 310 315 320

Leu Leu Gfu Ala Ala Val Lys Cys Pro Gly Arg Lys Arg Arg Ser Thr
325 330 335

Giu Glu Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg
340 345 350

Cys lle Arg Cys Ala Val Gly Ser Cys His Ser Pro ile Ala Jie Glu
355 360 365

Ala Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu GIn Thr Ser
370 375 380

Ser Gin Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 395 400



92/212

Arg Tyr Asp Met His Gly Thr lie Lys Glu lle Pro Leu His Gin Val
405 410 415

Ser Leu Tyr Thr Ser Arg Pro Cys His Ile Val Asp Gly His Gly Tyr
420 425 430

Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser lle Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys
450 455 460

Phe Asn Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu G!n Ala Cys Gin Val Tyr Ala His Asp Ala GIn Asn Arg Gly
485 - 490 495

Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Val Ser Leu Ser Gly Ser Ser Val Thr Val Thr Pro Pro Asp Gly Thr
515 520 525

Ser Ala Leu Val Glu Cys Glu Cys Gly Ser Gly Gly Ser Gly Thr Lys
530 535 540

ile Ser Glu Thr Ile Asn Lys Thr Lys Gln Phe Ser GIn Cys Thr Lys
545 550 555 560

Lys Glu GIn Cys Arg Ala Tyr Arg Leu Gin Asn Asp Lys Trp Val Tyr
565 570 575

Asn Ser Asp Lys Leu Pro Lys Ala Ata Gly Ala Thr Leu Lys Gly Lys
580 585 590

Leu His Val Pro Phe Leu Leu Ala Asp Gly Lys Cys Thr Val Pro Leu
595 600 : 605

Ala Pro Glu Pro Met Ile Thr Phe Gly Phe Arg Ser Val Ser Leu Lys
610 615 620 ‘

Leu His Pro Lys Asn Pro Thr Tyr Leu {le Thr Arg Gin Leu Ala Asp
625 630 635 640

Glu Pro His Tyr Thr His Glu Leu !le Ser Glu Pro Ala Val Arg Asn
645 - 650 655

Phe Thr Val Thr Glu Lys Gly Trp Glu Phe Val Trp Gly Asn His Pro
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660 665 670

Pro Lys Arg Phe Trp Ala Gin Glu Thr Ala Pro Gly Asn Pro His Gly
675 580 685

Leu Pro His Glu Val Ile Thr His Tyr Tyr His Arg Tyr Pro Met Ser
690 695 700

Thr Ile Leu Gly Leu Ser Ile Cys Ala Ala lie Ala Thr Val Ser Val
705 710 715 : 720

Ala Ala Ser Thr Trp Leu Phe Cys Arg Ser Arg Val Ala Cys Leu Thr
725 730 735

Pro Tyr Arg Leu Thr Pro Asn Ala Arg lle Pro Phe Cys Leu Ala Val
740 745 750

Leu Cys Cys Ala Arg Thr Ala Arg Ala Glu Thr Thr Trp Glu Ser Leu
755 760 765

Asp His Leu Trp Asn Asn Asn GIn GIn Met Phe Trp Ile Gin Leu Leu
770 775 780

I1e Pro Leu Ala Ata Leu fle Val Val Thr Arg Leu Leu Arg Cys Val
785 790 795 800

Cys Cys Val Val Pro Phe Leu Val Met Ala Gly Ala Ala Gly Ala Gly
805 810 815

Ala Tyr Glu His Ala Thr Thr Met Pro Ser Gin Ala Gly ile Ser Tyr
820 825 830

Asn Thr 1le Val Asn Arg Ala Gly Tyr Ala Pro Leu Pro ile Ser ile
835 840 845

Thr Pro Thr Lys lie Lys Leu lle Pro Thr Val Asn Leu Glu Tyr Val
850 855 860

Thr Cys His Tyr Lys Thr Gly Met Asp Ser Pro Ala Ile Lys Cys Cys
865 870 875 880

Gly Ser Gin Glu Cys Thr Pro Thr Tyr Arg Pro Asp Glu Gin Cys Lys
885 890 895

Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe
900 905 910

Cys Asp Thr Gld Asn Thr GIn Val Ser Lys Ala Tyr Val Met Lys Ser
915 920 925
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Asp Asp Cys Leu Ala Asp His Ala Glu Ala Tyr Lys Ala His Thr Ala

930

935

940

Ser Val GIn Ala Phe Leu Asn fle Thr Val Gty Glu His Ser 1lle Val

945

Thr

Lys

Lys

Tyr

Thr

Gin

Pro

Lys

Arg

Ile

Ser

Phe

Lys

Ala

950

955

960

Thr Val Tyr Val Asn Gly Glu Thr Pro Val Asn Phe Asn Gly Val

965

870

975

Ile Thr Ala Gly Pro Leu Ser Thr Alé Trp Thr Pro Phe Asp Arg

980

985

990

Ile Val Glh Tyr Ala Gly Glu lie Tyr Asn Tyr Asp Phe Pro Glu

995

1000

1005

Gly Ala Gly G!n Pro Gly Ala Phe Gly Asp lie Gin Ser Arg

1010

Val Ser Ser Ser Asp
1025

Arg Pro Lys Ala Gly
1040

Ser Gly Phe Glu GIn
1085

Phe Thr Ala Pro Phe
1070

Ala Glu Asn Cys Ala
1085

Pro Asp Ala Leu Phe
1100

Ala Ala Glu Cys Thr
1115

Gly Gly lle Ala Thr
1130

Cys Ala Val His Val
1145

Ala Val Glu Leu Thr
1160

1015

Leu Tyr Ala Asn Thr
1030

Ata 11e His Val Pro
1045

Trp Lys Lys Asp Lys
1060

Gly Cys Glu tie Tyr
1075

Val Gly Ser ile Pro
1090

Thr Arg Val Ser Glu
1105

Leu Asn Glu Cys Val
1120

Val Lys Tyr Ser Ala
1135

Pro Ser Gly Thr Ala
1150

Glu GIn Gly Ser Ala
1165

1020

Asn Leu Val Leu
1035

Tyr Thr Gin Ala
1050

Ala Pro Ser Leu
1065

Thr Asn Pro lle
1080

Leu Ala Phe Asp
1095

Thr  Pro Thr Leu
1110

Tyr Ser Ser Asp
1125

Ser Lys Ser Gly
1140

Thr Leu Lys Glu
1155

Thr 1le His Phe
1170
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Ser Thr Ala Asn lle His Pro Glu Phe Arg Leu Gin tle Cys Thr

1175 1180 1185

Ser Tyr Val Thr Cys Lys Gly Asp Cys His Pro Pro Lys Asp His
1190 _ 1195 1200

J{e Yal Thr His Pro Gin Tyr His Ala Gin Thr Phe Thr Ala Ala 4
1205 1210 1215

Val Ser Lys Thr Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly
1220 1225 1230

Ser Ala Val lle Ile ltle Ile Gly Leu Val Leu Ala Thr lle Val
1235 1240 1245

Ata Met Tyr Val Leu Thr Asn Gln Lys His Asn
1250 1255

210> 23

<{211> 8416

<212> DNA

213> Artificial

220>
{223> VLP_CHI h20 vector

<400> 23

gaattcccat tgcatacgtt gtatccatat cataatatgt acatttatat tegctcatst
ccaacattac cgccatgtteg acattgatta ttgactagtt attaatagta atcaattacg
gggtcattag ttcatagecc atatatégag ttccgcgtta cataacttac getaaatgec
ccgcctgget gaccgcccaa cgacccccge ccattgacgt caataatgac gtatsttcec
atagtaacgc caatagggac tttccattga cgtcaatgeg tggagtattt acgetaaact
geecacttgg cagtacatca agtgtatcat atgccaagta cgeeccctat tgacgtcaat
gacgetaaat geccegectg geattatgce cagtacatga ccttatgesa ctttcctact
tegeagtaca tctacgtatt agtcatcect attaccatee teatgcestt ttgecagtac
atcaafgggc gtegatageg gttteactca cgeegatttc caagtctcca ccecattgac
gtcaatgega gtttgttite graccaaaat caacgggact ttccaaaatg tcgtaacaac

tccgecccat tgacgcaaat gegacegtage cgtgtaceet gegagegtcta tataagcaga

60

120

180

240

300

360

420

480

540

600

660



getecgtttag
agaagacacc
tactcgttgc
tttccatgee
ccaccatgga
gggeeccacg
ggcaactege
agaagcetee
acgacccaaa
caggccgtag
atgaaggcaﬁ
atgteaages
aatacgatct
cccacgagaa
geeggttcac
acaacaaage
cectetecat
aagagtggag
ctcascegee
ttgaggacaa
ctcccecaccg
catatctagc
tggagcgcat

tceggataaa

tgaaccetca

gegaccgatc

tgccgegcge

tettttetee

gttcatccce

ccctacaatt

ccagetgate

cagaaatceg

gCaaaagaag

geagagaatg

agtgatgeesc

aactatcgac

tgaatgteca

acccgageeg

tatcccgacg

acgegteste

getgacgtee

cctegcecte

ttgcacacce

cetgatgaga

CCazagacgc

tcattgtect

cagaaatgaa

gacagatgac

gatcgcctee
cagecteest
gccaccagac
agtcaccetc
acgcaaactt
caagtaatta
tccgeagtca
aaaaacaaga
caaccaccac
tgcatgaaaa
tacgcatgcc»
aatgccgate
cagataccsg
tactataact
ggtgeaggca
gecategtee
aacaaagaca
ceggtettst
tgctectacg
cceggatact
agtactaageg
gactgcegag

gcaacgeace
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agacgccatc cacgctattt tgacctccat

taacggtgea

ataatagcte

gtcgacacst

tctataacag

gacctagace

acaaattgac

agcaaageca

aaaagaagcce

ttgaaaatega

teeteesgga

tggctaaact

tgcacatgaa

ggcatcacgsg

agecgegaga

tageagegec

tcgtcacaaa

gcetattgec

aaaaggaacc

accagctact

acaattttaa

aaggecattc

gaacectgaa

gegcagtata

acagactaac

gtgatcagat

aaggtaccaa

acgtccacag

catgcgcgce

gaagaagcag

ggctcaaaag

ttgcatcttc

taaagtaatg

gecctttaag

gtetegatece

agcagtgcag

cagcggcaga

caacgaagst

aattacccect

aaacactaca

ggaaagcacce

aaaagcatcg

tetctataaa

gtgccacase

aatccaggte

agccacgatt ggaccaaget geectatate

gtctgagcag
agactgttce
atcgcgsccg
cccegaccet
aggcagsecte
gtacctcaac
gegeegeaaa
aagaagaaac
gaagtcaagc
aaaccagcac
cggtcegteta
tcgaagttta
tattcaggag
ccgatctter
gceegceaceg
gagggagece
ttceectect
ttgcecatgc
ctgacttgct
gccacaagac
cctatcgcat
tctitgcaga

gatagccata

720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100



cgccageeea
cceggaccat
gatttacega
ctgteatage
geacgtacst
atactcctga
getccggage
agggactgac
cagtcactaa
tcggegacce
tgccaaaase
atcctgacca
aggaetgeet
tcactteses
ctcateetca
tagtcattat
tgtgtetate
ttcccttect
aggctacgec
cgcteeccec
ccctegcttt
taacagtgat
acageccccat
ttgacfécat

gtacagcaga

cecgragega
gggacacttt
cagcagaaag
tagegagage
gcagagcace
ccgcaﬁgctg
atccgecees
aaccacagac
tcacaagaat
taaaggaaag
aagaaaccct
tcecgacactc
gacacacaag
caacaacgaa
cccacatgag
gtcegtegce
cecacggcsc
gctcageets
atatctateg
cttgatcgte
tttagecgta
cccgaacace
getettegag
cacgtgcgag

gtecaaggac

geeggattgc
attctcgecc
atcagccaca
ttccactctc
gctgecacteg
atgacgcagc
cagacggtsc
aaagtgatca
tggcaataca
atccacatcc
acagtaactt
ttetcttacc
aaggagetta
ccatacaagt
ataatcttgt
tegtteatec
agatgcétta
ctatgctece
aacgaacagc
ctgtgcaact
atgagcatcg
gtgggagtac
atggagctac
tacaaaacte

aagagcctac
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ttetaaggac
gatgcccgaa
catgcacaca
gaccacaaca
ctgaggagat
agtcteggcaa
ggtacaagte
ataactgcaa
actccccttt
cattcccatt
acggaaaaaa
gtaacategs
cctteaccat
actgecceca
actattatga
ttctetceat
caccatatga
tcagaacgac
agecectgtt
gtctgaaact
gtgcccacac
cgtataagac
aatcagtcac
tcatccecte

cagactacag

ttcagcaccg
aggagagacg
ccegttecat
tegtaaagag
agaggtgcat
cetgaagatc
caactgcesgt
aattgatcag
agtcccacgc
ggcaaacgte
ccaagtcace
acageaacca
gectactgag
gatgtctace
gctgtaccec
getgegcaca
attaacacca
caaggceecc
ctgettecag
cttgccatec
tgtgagcece
tcttetcaac
cttggaacca
cccgtacgte

ctgcaagetce

tgcacgatca

ctegacagteg

catgaaccac

ttaccttgca

atgccececag

acagttaatg

ggctcaaace

teccatecte
aacgctgaac
acttgcagag
atgctgctat
aattaccace
sgtctggage
aacggtacte
actatgactg
gcagtegsaa
ggagccacte
acatattace
getcttatce
tectgtaaga
tacgaacacg
agaccgesgtt
acactgtcac
aagtectate

tttactgeag

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2040
3000
3060
3120
3180
3240
3300
3360
3420
3480
3640

3600



tctacccatt
gcgaggcaca
cccacaccec
tagctgecta
gcccaatgte
tctacaacat
aaagtcgtac
cagcagcage
tgaaggqacg
acccggtaag
atgcegcctt
cagectgcac
égaaaggtaa
tagaagtaga
agtttcgeat
aggaccacat
caacggcaat
ctgccttaat
ctgctgtécc
ccctegaags
gtctgagtag
atteggaaga
tgaagaatte

acacaccctg

tatgtgsggc
tgtagagaaa
atcgecgtes
cectaacgst
ctccgccteé
geactaccca
accggaaagt
cacggtacat
aggagcatcg
agctetaaat
tactaggstt
tcactcctce
atgtecagta
ggggaactce
gcaagtgtec
agtcaattac
gtcttegste
tttaatigte
ttctagttec
teccactcece
gtatcattcet
caatagcagg
acccggttee

tccacgceece

ggegectact
tctgaatctt
gegaagcetcee
gaccatgccg
acacctttte
cctttteece
aaagacgttt
gtaﬁcatact
ctacagcaca
tgcectetee
gtcgatecac
gactiteese
cattcgatga
cagctecaaa
tccacacaag
ccagcatcac
cagaagatta
gtectatgces
cagccatctg
actetccttt
attctegess
catgcteseer
tcctegecca

tggttcttag
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gettttecea cgccgaaaat acgcaattea

graaaacaga
gegtecttta
tcacagtaaa
acaacaaaat
caggaagacc
atgccaacac
ctcaggcacc
cggcaccgtt
ggaacatacc
cctetgtaac
gcgtcgccét
ccaacgecegt
tatccttcte
tacactgcgc
acaccaccct
cgeggaggagt
tgtcgttitag
ttgtttecce
cctaataaaa
gtegestsage
atgcegtese
gaaagaagea

ttccagccce

gtttecatce
ccaaggaaac
ggacgccaag
cgteetetac
aggacaattt
tcagttegta
atctgecttc
cggtteccag
aatttccate
ggacatgtca
catcaaatac
taccattcea
aacageccte
agccgcafgc
teeggstccag
aggattaatt
caggcactaa
ctecccegte
tgaggaaatt
gcaggacasc
ctctatgest
ggcacatccee

actcatagga

gectacagag
aacattaccg
tttetcegtee
aaaggcgacg
ggtgacattc
ctacagagec
aagtattgsc
attgcgacaa
gacataccee
tecgaagtac
acagctagca
gaagcegacg
gcaageeccs
caccctccaa
gatatatcca
gttectatte
ggatctagat
ccttecttga
gcatcgceatt
aagegsgase
acccaggtgc
cttctetete

cactcatagc

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040



tcaggaggsc

tcatcagece

gctattaagt

catagaattt

tcaaagcttg

aattccacac

gagctaactc

gtgccagete

ctettecect

atcagctcac

gaacatgtga

gittttccat

gtegegcgaaac

gegetetect

aagcgteece

ctccaagcte

taactatcat

tggtaacage

gectaactac

taccttcegsga

tegttttttt

tttgatcttt

ggtcatgaga
taaatcaatc

tgaggcacct

tccgecttca
accaaaccaa
geagagegag
taageccatg
gegtaatcat
aacatacgag
acattaattg
cattaatgaa
tectegctea
tcaaaggceg
gcaaaagece
agectccece
ccgacaggac
gttccgacce
ctttctcata
gectetetsac
ctteagtcca
attagcagag
sgctacacta
aaaagagtte
gtttgcaagc
tctacgegst
ttatcaaaaa
taaagtatat

atctcagcea

atcccaccee
acctagcctc
agaaaatgcc
atttaaggcc
ggtcatagcet
ccggaageat
cegttececte
tcgeccaace
ctgactcact
taatacegstt
agcaaaagec
ccccteacea
tataaagata
tgccgcttac
getcacecte
acgaacccce
accceggtaag
cgaggtatgt
gaagaacagt
gtagctctte
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac

tetgtetatt
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ctaaagtact
caagagtgee
tccaacatgt
atcatggcct
gtttcctete
aaagtgtaaa
actecccesct
cgcegegaga
gegetegete
atccacagaa
caggaaccet
gcatcacaaa
ccaggcgttt
cggatacctg
tagatatctc
cgttecagece
acacgactta
aggcegtect
atttegtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatectt
ttegtctaac

tcgttcatee

tggageegic tcteectcee
aagaaattaa agcaagatag
gaggaagtaa tgagagaaat
aagcttgaaa gegagatagga
tgaaattgtt atccactcac
gectggegte cctaatgagt
ttccagtcgs gaaacctgté
gecggtttec gtattgeece

gttcgectgc gecgagegsat

tcaggegata
aaaaaggccg
aatcgacect
ccccctggéa
tcegectite
agttcestst
gaccgctecg
tcgccacteg
acagagttct
tgcgctetsc
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat

atagttsgcet

acgcaggaaa
cettgctesc
caagtcagag
gcteccteat
tecctteeere
aggtcgttce
ccttatccee
cagcagecac
tgaagtegte
tgaagccagf
ctggtagcee
aagaagatcc
aagggatttt
aatgaagttt
gettaatcag

gactcceeat

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

- 5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540



cgtgtagata
gcgagaacca
cgagcecaga
ggaagetaga
aggcatcets
atcaagecga
tccgatggtt
geataattct
aaccaagtca
acgggataat
ttcegeecea
tcgtgeacce
aacaggaagg
catactcttc
atacatattt
aaaagtsecca
gegtatcacg
catgcagctc
ccgtcagagc
agagcagatt
cgcgttaaat
cccttataaa
gagtccacta

tgatgeccca

actacgatac
cgctcacceeg
agtggtectg
gtaagtagtt
gtgtcacect
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcegeceac
aaactctcaa
aactgatctt
caaaateccg
ctitttcaat
gaatgtattt
cctgacgtet
aggcccttte
ccettgacge
gegtcagceg
gtactgégag
tttigttaaa
tcaaaagéat
ttaaagaacg

ctacgtgaac

gegageectt

ctecagattt

caactttate

cgccagttaa

cgteatitean

cccccatgtt

agttggccgce

tgccatcegt

agtgtatece

atagcagaac

ggatcttace

cagcatcttt

Caaaaaageg

attattgaag

agaaaaataa

aagaaaccat

gegtcgcece

tcacagctte

gtetteaceg

tgcaccataa

tcagctcatt

agcecgagat

tggactccaa

catcacccaa
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accatctggc

atcagcaata

cgeetecate

tagtttecsc

tatggcttca

gtgcaaaaaa

agtgttatca

aagategcttt

gcgaccgagt

tttaaaagte

getetteaga

tactttcacc

aataageece

catttatcag

acaaatageg

tattatcatg

tttcegtgat

tctetaageg

gtetcegeec

aattgtaaac

ttttaaccaa

agggttgagt

cgtcaaageg

atcaagtttt

cccagtgetsg
aaccagccag
cagtctatta
aacgttette
ttcagetceg
geegttaget
ctcatestta
tcteteacte
tegctcttacc
ctcatcatte
tccagttcea
agegtttcte
acacggaaat
gettattgte
gttccgceca
acattaacct
gacggtgaaa
gatgccgega
tggcttaact
gttaatattt
taggccgaaa
gttgttccag
cgaaaaaccg

tteeestcea

caatgatacc
ccgeaaggsc
attettgcce
ccattgctac
gttcccaacg
cctteggtcee
tggcagcact
gtgagtactc
cegcgtcaat
gaaaacettc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcee
catttﬁcccg
ataaaaatag
acctcteaca
gcagacaage
atgcggcatce
tgttaaaatt
tcegcaaaat
tttggaacaa
tctatcageg

ggteccgtaa

6600

6660

6720

6780 .

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

1740

7800

7860

7920

7980



agcactaaat
gaacgteece
tetagcaste
cecgtactat
aaataccgca
gtgcgeecct
agttegsgtaa
catggtctca
24
3762

DNA
Arti

Q10>
QI
Q12>
Q1

220>
223>

400> 24
atggagttca

ccacgcecta
ctcgeccage
cctcgeagaa
ccaaagcaaa
cgtagegaga
ggcaaagtea
aagggaacta
gatcttgaat
gagaaacccg
ttcactatcc

aaageacegg

101/212

cggaacccta aagggageee ccgatttaga gettgacgge gaaageegec

Aagaaaggaag ggaagaaagc gaaaggagCce gecgctagee cectegcaag

acgctgcece taaccaccac acccgccece cttaatecee cgctacazeg

gettecttte acetatecge tgtgaaatac cgcacagate cgtaaggaga

tcagecgcca
cttcectatt
cgccagegtt

actttc

ficial

tccceacgea
caattcaagt
tgatctccese
atcggaaaaa
agaagcaacc
gaatgtecat
teggctacac
tcgacaatsc
gtecacagat
agegegtacta
cgacegetec

tegtggccat

ttcgccatte

acgccagetg

ttcccagtca

VLP_CHI 520 vector insert

aactitctat
aattégacct
agtcaacaaa
caagaagcaa
accacaaaag
gaaaattgaa
atgccteets
cgatctggct
accggtgcac
taactggcat
aggcaégccg

cgtectagea

aggctecgea actgttgega
gcgaaagegee gatetectac

cgacgttgta aaacgacgge

aacagaagegt accaaccccg

agaccacgtc cacagaggca
tteaccatec gegcggtace
aggcagaaga agcagecece
aagcegectc aaaagaagaa
aatgattgca tcttcgaagt
geegataaag taatgaaacc
aaactggect ttaascggtc
atgaagtctg atgcctcgaa
cacggagcag tgcagtattc
ggagacagcg gcagaccgat

ggggccaacg aaggtgcceg

agegcgatcg
aaggegatta

cagtgaattc

accctgegecc
ggctggegcaa
tcaacagaag
gcaaaacgac
gaaaccagec
caagcatgaa
agcacatgtg
gtctaaatac
gtttacccac
agEageCCee
cttcgacaac

cacgecccte

8040

8100

8160

8220

8280

8340
8400

8416

60
120
180
240
300
360
420
480
540
600
660

720



tccgtegtea
tegageetcs
ccgecttaca
gacaacgtga
taccgecaaa
ctagcteatt
cgcatcagaa
ataaagacag
gcggacgcee
accatgegac
acggacagca
ataggtages
tacgtecaga
cctgacceca
geaggatceg
ctgacaacca
actaatcaca
gaccgtaaag
aaagcaagaa
gaccatccga
tgegteacac
tgeggcaaca
ggtcacccac

attetgtcee

cgtggaacaa
cccteecgst
caccctacte
tgagaccceg
gacgcagtac
gtecteacte
atgaagcaac
atgacagcca
agcgageege
actttattct
gaaagatcag
agaggttcca
gcaccgctec
cecteatgac
gcgggcagac
cagacaaagt
agaattggca
gaaagatcca
accctacagt
cactctigte
acaagaagega
acgaaccata
atgagataat

tggcctegtt

agacatcgte
cttgteccte
ctacgaaaag
atactaccag
taaggacaat
cggagaageg
ggacggaacg
cgattggacc
atfgcttgta
cgceegatec
ccacacatsc
ctctegacca
cactgctgag
geagcagtct
getecegtac
gatcaataac
atacaactcc
catcccattc
aacttaceega
ttaccgtaac
gettaccttg
caagtactge
cttgtactat

cgtecttctg

1027212

acaaaaatta cccctgagge agecgaagag

tteggcaaaca
gaaccggaaa
ctactaaaag
tttaatetct
cattcgtecc
ctgaaaatce
aagctecect
aggacttcag
ccgaaageag
acacaccegt
caacatgsta
gagatagage
ggcaacgtga
aagtgcaact
tgcaaaatte
cctttagtec
ccattggcaa
aaaaaccaag
ateggacagg
accgtgccta
ccgcagatet
tatgagctst

tceatggtee

ctacattcce
gcaccttgcé
catcgetgac
ataaagccac
acagecctat
agetctettt
atatggatag
caccgtgcac
agacgctgac
tccatcatea
aagagttacc
tgcatatgee
agatcacagt
gegetggcte
atcagtgcca
cgcgcaacsc
acgtgactte
tcaccatgcet
aaccaaatta
ctgaggstct
ctacgaacesg
accccactat

gcacagcagt

ctectctcag
catgcttgag
tfgctctccc
aagaccatat
cecattggag
gcagatcgsg
ccatacgcca
gatcaccgeg
agtgegattt
accacctgtg
ttgcagcace
cccagatact
taatggctce
aaacgageea
tectgcagtc
tgaactcese
cagagtgcca
getetatecet
ccacgaggag
ggaggtcact
tactectcat
gactgtagtc

gegaatgtet

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



gtgtececac
ttcctgctcea
gegecatate
geegecttea
getittttag
gtgatcecga
cccategtat
tacatcacgt
gcagagteca
ccatttatgt
gcacatgtag
accgecatces
gectacecta
atgtcctece
aacatggact
cgtacaccge
gcaggcacgg
gaacgagegag
gtaagagctsg
geetttacta
tgcactcact
getaaatgte
gtagageeea
cgcetgcaag

cacatagtca

ggcgcagatg
geetectatg
tatggaacga
tcgtcctetg
ccgtaatgag
acacggtess
tegagatega
gegagtacaa
aggacaagag
EEBECEECEC
agaaatctea
ceteggcgaa
acggtgacca
cctggacace
acccaccttt
aaagtaaaga
tacatgtacc
catcgctaca
taaattgcec
gegttgtcga
cctcégactt
caétacattc
actcccaget
tetectecac

attacccage

cattacacca

ctecgtcaga

acagcagcce

caactgtcte

catcegtece

agtaccgtat

gcetacaatca

aactgtcate

cctaccagac

ctactgettt

atcttegcaaa

geteegegte

tgccgtcaca

tttteacaac

tggcgcagga

cgtttatgce

atactctcag

gcacacggca

tgteeggaac

tgcaccctet

tggegscetc

gatgaccaac

gcaaatatcce

acaagtacac

atcacacacc

103 /212

tatgaattaa
acgaccaage
ctettctegt
aaactcttec
cacactgtga
aagactctte
gtcacctteg
ccetecceet
tacagctgca
teceacecce
acagagtttg
ctttaccaag
gtaaaggace
aaaatcétgg
agaccaggac
aacactcagt
gcaccatctg
ccgttcestt
ataccaattt
gtaacggaca
gcecatcatcea
geegttacca
ttctcaacag
tececagcce

acccttgeee

caccageagc
cggccacata
tgcaggctct
catectgcts
gegegtacga
tcaacagacc
aaccaacact
acgtgaagte
aggtctitac
aaaatacgca
catcegccta
gaaacaacat
ccaagtttet
tgtacaaagg
aatttggtea
tggtactaca
gettcaagta
gccagattec
ccatcgacat
tgtcatacega
aatacacagc
ttcgagaage
ccetegcaag
catgccacce

tccaggatat

cactettcce

ttacgaggct

tatccegctg

taagaccctg

acacgtaaca

gggttacasc

gtecacttgac

ctetegtaca

tggagtctac

atteagcgag

cagagcccac

taccetagct

cetegeccea

cgacgtctac

cattcaaagt

gaggccagea

ttggctgaag

gacCaadccce

accggatgce

agtaccagcc

tagcaagaaa

cgacgtagaa

cgccgagttt

tccaaaggac

atccacaacg

2220
2280
2340
2400
2466
2520
2580
2640
2700
2160
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600

3660



104 /212

gcaatgtctt geetecagaa gattacegga ggagtageat taattgttge tgttectece

ttaattttaa ttgtggtect atscetgtcg tttagecagee ac

210> 25

Q11> 1254
{212> PRT
©<213> Artificial

220>
<2237 VLP_CHI 520 vector

<400> 25

Met Glu Phe lie Pro Thr Gin Thr Phe Tyr Asn Arg Areg Tyr Gln Pro
1 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr fle Gin Val Ile Arg Pro Arg Pro
20 25 30

Arg Pro Gln Arg Gin Ala Gly Gin Leu Ala GlIn Leu lle Ser Ala Val
35 40 45

Asn Lys Leu Thr Met Arg Ata Val Pro Gln Gin Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys Gln Arg Gin Lys Lys GIn Ala Pro Gin Asn Asp
65 70 75 80

Pro Lys GIn Lys Lys Gin Pro Pro Gin Lys Lys Pro Ala Gin Lys Lys
85 80 95

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys Ile Glu Asn Asp
100 105 110

Cys Ile Phe Glu Val Lys His Glu Gly Lys Val Met Gly Tyr Ala Cys
115 120 125

Lew Val Gly Asp.Lys Val Met Lys Pro Ala His Val Lys Gly Thr lle
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 ' 155 160

Asp Leu Gilu Cys Ala Gin lle Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

3720

3762



Lys Phe Thr His Glu Lys
180

Ala Val Gln Tyr Ser Gly
195

Lys Pro Gly Asp Ser Gly

210

Leu Gly
230

Val Ala ile Val

225

Ser Val Val Thr Trp Asn

245

Gly Ala Glu Glu Trp Ser

260

Asn Thr Thr Phe Pro Cys
275

Glu Lys Glu Pro Glu Ser

290

Tyr Gln
310

Arg Pro Gly Tyr
305

His Arg GIn Arg Arg Ser
325

Thr Arg Pro Tyr Leu Ala

340

Cys His Ser Pro lle Ala
355

Gly Thr Leu Lys lle Gin

370

Asp Ser His Asp Trp Thr
385 390

Ala Asp Ala Glu Arg Ala
405

Thr e Thr Gly Thr Met
420

Gly Glu Thr Leu Thr Val

105/212

Pro Glu Gly Tyr Tyr Asn
185

Gly Arg Phe Thr lie Pro
200

Arg Pro lie Phe Asp Asn
215 220

Gly Ala Asn Glu Gly Ala
235

Asp lle Val Thr Lys
250

Lys

Leu Pro Val Leu
265

Lleu Ala

Gln
280

Ser Pro Pro Cys Thr

Leu Glu
300

Thr
295

Leu Arg Met

Ser Leu
315

Leu Leu Lys Ala

Thr Asp Asn Phe Asn

330

Lys

His Pro Asp Cys Gly

345

Cys

Glu Arg Asn

360

Leu Arg lle

Val
375

Leu Gin {le Gly

380

Ser

Arg Tyr Met Asp
395

Lys Leu

Leu Val Arg Thr
410

Gly Leu

Phe Ile Leu Ala
425

Gly His

Gly Phe Thr Asp Ser Arg

Trp His His Gly
190

Thr Gly Ala Gly
205

Lys Gly Arg Val
Arg Thr Ala Leu
240

Ite Thr Pro Glu
255

Cys Leu Leu Ala
270

Pro Cys Cys Tyr
285

Asp Asn Val Met
Thr Cys Ser Pro
320

Val Tyr Lys Ala
335

Glu Gly His Ser
350

Glu Ala Thr Asp
365

I1e Lys Thr Asp
Ser His Thr Pro
400

Ser Ala Pro Cys
415

Arg Cys Pro Lys
430

Lys lie Ser His



106 /212

435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val lie Gly Arg Glu
450 455 460

Arg Phe His Ser Arg Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gin Ser Thr Ala Ala Thr Ala Glu Glu tle Glu Val His Met
485 490 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr Gin Gln Ser Gly Asn
500 505 510

Val Lys tie Thr Val Asn Gly Ser Gly Gly Ser Gly Gly GIn Thr Val
515 520 525

Arg Tyr Lys Cys Asn Cys Gly Gly Ser Asn Glu Gly Leu Thr Thr Thr
530 535 540

Asp Lys Val Ile Asn Asn Cys Lys Ile Asp Gln Cys His Ala Ala Val
545 550 555 560

Thr Asn His Lys Asn Trp GIn Tyr Asn Ser Pro Leu Val Pro Arg Asn
565 570 575

Ala Glu Leu Gly Asp Arg Lys Gly Lys {le His lle Pro Phe Pro Leu
580 585 590

Ala Asn Val Thr Cys Arg Val! Pro Lys Aia Arg Asn Pro Thr Val Thr
595 600 605

Tyr Gly Lys Asn Gin Val Thr Met Leu Leu Tyr Pro Asp His Pro Thr
610 615 620

Leu Leu Ser Tyr Arg Asn Met Gly Gin Glu Pro Asn Tyr His Glu Glu
625 630 635 640

Trp Val Thr Bis Lys Lys Glu Val Thr Leu Thr Val Pro Thr Giu Gly
645 650 655

Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr Lys Tyr Trp Pro Gin
660 665 670

Met Ser Thr Asn Gly Thr Afa His Gly His Pro His Glu [le Ile Leu
675 680 685

Tyr Tyr Tvr Glu Leu Tyr Pro Thr Met Thr Val Val lle Val Ser Val
690 695 700



1077212

. Ala Ser Phe Val Leu Leu Ser Met Val Gly Thr Ala Val Gly Met Cys
705 710 715 720

Val Cys Ala Arg Arg Arg Cys lie Thr Pro Tyr Glu Leu Thr Pro Gly
725 730 735

Ata Thr Val Pro Phe Leu Leu Ser Leu Leu Cys Cys Val Arg Thr Thr
740 745 | 750

Lys Ala Ala Thr Tyr Tyr Glu Alé A!a Ala Tyr Leu Trp Asn Glu Gin
755 760 765

Gln Pro Leu Phe Trp Leu Gin Aia Leu {le Pro Leu Ala Ala Leu lle
770 775 780

Val Leu Cys Asn Cys Leu Lys Leu Leu Pro Cys Cys Cys Lys Thr Leu
785 790 795 800

Ala Phe Leu Ala Val Met Ser lle Gly Ala His Thr Val Ser Ala Tyr
805 810 815

Glu His Val Thr Val tie Pro Asn Thr Vali Gly Val .Pro Tyr Lys Thr
820 825 830

Leu Va! Asn Arg Pro Gly Tyr Ser Pro Met Val Leu Glu Met Glu Leu
835 840 845

GIn Ser Val Thr Leu Glu Pro Thr Leu Ser Leu Asp Tyr Ile Thr Cys
850 855 . 860

Glu Tyr Lys Thr Val lie Pro Ser Pro Tyr Val Lys Cys Cys Gly Thr
865 870 875 880

Ala Glu Cys Lys Asp Lys Ser Leu Pro Asp Tyr Ser Cys Lys Val Phe
885 890 895

Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp
900 905 910

Ala Glu Asn Thr Gin Leu Ser Glu Ata His Val Glu Lys Ser Glu Ser
915 920 925

Cys Lys Thr Glu Phe Ala Ser Ala Tyr Arg Ala His Thr Ala Ser Ala
830 935 940

Ser Ala Lys Leu Arg Val Leu Tyr Gin Gly Asn Asn lle Thr Val Ala
945 950 955 960



1087212

Ala Tyr Ala Asn Gly Asp His Ala Val Thr Val Lys Asp Ala Lys Phe
965 970 975

Val Val Gly Pro Met Ser Ser Ala Trp Thr Pro Phe Asp Asn Lys lle
980 985 990

Val Val Tyr Lys Gly Asp Val Tyr Asn Met Asp Tyr Pro Pro Phe Gly
995 1000 1005

Ala Gly Arg Pro Gly Gin Phe Gly Asp Ile Gln Ser Arg Thr Pro
1010 1015 _ 10620

Glu Ser Lys Asp Val Tyr Ala Asn Thr Gin Leu Val Leu Gin Arg
1025 1030 1035

Pro Ala Ala Gly Thr Val His Val Pro Tyr Ser Gln Ala Pro Ser
1040 1045 1050

Gly Phe Lys Tyr Trp Leu Lys Glu Are Gly Ala Ser Leu Gin His
1055 1060 1065

Thr Ala Pro Phe Gly Cys Gin 1ie Ala Thr Asn Pro Val Arg Ala
1070 1075 1080

Val Asn Cys Ata Val Gly Asn Ile Pro lle Ser lle Asp Ile Pro
1085 1090 1095

Asp Ala Ala Phe Thr Arg Val Val Asp Ala Pro Ser Val Thr Asp
1100 1105 1110

Met Ser Cys Glu Val Pro Ala Cys Thr His Ser Ser Asp Phe Gly
1115 1120 1125

Gly Val Ata lle lle Lys Tyr Thr Ala Ser Lys Lys Gly Lys Cys
1130 1135 1140

Ala Val His Ser Met Thr Asn Ala Val Thr lie Arg Glu Ala Asp
1145 1150 1155

Val Glu Val Glu Gly Asn Ser Gin Leu GIn [le Ser Phe Ser Thr
1160 1165 1170

Ala Leu Ala Ser Ala Glu Phe Arg Val GIn Val Cys Ser Thr GIn
1175 1180 1185 '

Val His Cys Ala Ala Ata Cys His Pro Pro Lys Asp His ile Val
1190 1195 1200

Asn Tyr Pro Ala Ser His Thr Thr Leu Gly Val Gin Asp lie Ser



1205

1210

109/ 212

1215

Thr Thr Ala Met Ser Trp Val Gln Lys Ile Thr Gly Gly Val Gly

1220

Leu Ile Val Ala Val Ala Ala Leu lle Leu lle Vali

1235

Val Ser
1250

210
Q1
Q12>
1

26

DNA
220>
223>

<400> 26
gaattcccat

ccaacattac
gggtcattag
.ccgcctggct
atagtaacec
geecacttgg
gacggtaaat
tggcagtaca
atcaatggec
gtcaatggea
tcceccecat
getegtttag
agaagacacc

tactegttec

8485

Artificial

1225

1240

Phe Ser Arg His

1230

Val
1245

VLP74_11 (CHI VLP 532 _NPNAx6) whole sequence

tgcatacgtt gtatccatat cataatatgt acatttatat

cgccatgtty
ttqatagccc
gaccgeccaa
caatagegac
cagtacatca
geccegects
tctacgtatt
gteggatageg
gtttgtttte
tegacgcaaat
tgaaccgtca
gggaccgate

tgccecscec

acattgatta
atatatggag
Cgacccecac
tttccattea
agtgtatcat
gcattatgcc-
agtcatcgct
gtttgactca
gcaccaaaat
gegceetage
gatcgccteg
cagcctecgt

gecaccagac

ttgactagtt
ttccecgtta
ccattgacet
cgtcaatgeg
atgccaagta
cagtacatea
attaccateg
cgeegatttc
caacgggact
cetgtacest
agacgecate
taacgetgea

ataatagctg

attaatagta
cataacttac
caataatgac
tggaétattt
cgcceccctat
ccttategea
tgatgcestt
caagtctcca
ttccaaaate
gegagetcta
cacgetgttt
gggcagteta

acagactaac

Leu Cys

tggctcatgt
atcaattace
getaaatgac
gtatgtteee
acgetaaact
tgacgtcaat
ctttectact
ttggcagtac
ccecattgac
tcgtaacaac
tataagcaga
tgacctccat
gtctgagcag

agactgttee

60

120

180

240

300

360

420

480

540

600

660

720

780

840



tttccatesg
ccaccatgga
gegccccacg
ggcaactcec
lagaagcctcg
acgacccaaa
caggccgtag
atgaaggcaa
atgtgaageg
aatacgatct
cccacgagaa
geeggttcac
acaacaaagg
ccetetecegt
aagagtggag
ctcagecegee
ttegaggacaa
cteecccaceg
- catatctage
fegagcecat
tcggeataaa
cgccagcgsa
ccgggaccat
gatttacega

ctgtgatagg

tettttctec
gttcatcces
ccctacaatt
ccagetgate
cagaaatceg
gcaaaagaag
geagagaate
agtgatessc
aactatcgac
teaatgteca
acccgageeg
tatcccgacg
acggeteste
gegteacetee
cctegeecte
ttgcacacce
cgtgatgaga
ccaaagacec
tcattgtect
cagaaatgaa
gacagatgac
cecggagcega
gggacacttt
cagcagaaag

tagggagage

agtcaccgtc
acgcaaactt
caagtaatta
tccgcagtca
aaaaacaaga
caaccaccac
tecatgaaaa
tacgcatecc
aatgccegatc
cagatacceg
tactataact
ggtgcaggca
gecatcatcec
aacaaagaca
cegetettat
tectgctace
ccegeatact
agtactaagg
gactgcgeag

gtaacggacg

agccacgatt

geeegattec

attctcgcee

atcasccaca

ttccactetce

110/212

gtcgacacgt gtgatcagat atcecggceg

tctataacag aaggtaccaa ccccgaccct

gacctagace

ataaattgac

agcaaaggca

daaagaagee

ttgaaaatga

tgeteggsea

tgectaaact

tgcacatgaa

ggcatcaceg

agccegeegaga

tageagegsc

tcgtcacaaa

gectgttege

daaaggaacce

accagctact

acaattttaa

aagggcatte

gaacgctgaa

ggaccaaget

ttgtaageac

gatgcccgaa

catgcacaca

gacCacaaca

acgtccacag
catgcgcece
gaagaagcag
ggctcaaaag
ttgcatcttc
taaagtaate
gecctttaag
gtctgatecc
agcagtgcag
cagcgecaga
caacgaaget
aattacccet
aaacactaca
ggaaagcace
aaaagcatcg
tgtctataaa
gteccacage
aatccagstc
gegctatatg
ttcagcacce
aggagagacg
ccegttecat

tggtaaagag

aggcagectg
gtacctcaac
gegecgeaaa

adagaagaaac

gaagtcaagc

aaaccagcac

cggtegtcta

tcgaagttta

tattcaggag

ccgatctteg

gecegeacege

EaggRagCecE

ttceecteet

ttacecatgc

cteacttget

gccacaagac

cctatcgeat

tctttecaga

gatagccata

tgcacegatca

ctgacagtee

catgaaccac

ttacctteca

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2340



geacgtacet
atactcctea
ggcagacest
ccaacgcgaa
gatccaacega
geeatectec
acectgaact
cttgcagagt
tgctgctgta
attaccacga
gtctggaget
acggtactsc
ctatgactgt
cagtgegaat
gagecacigt
catattacega
ctettatece
gctgtaagac
acgaacacgt
gaccgegtta
cactgteact
agtgctgteg
ttactgeast

cecaat tgag

gcagagceace
ccecacectg
gceggtacaag
ccccaatect
geggactgaca
agtcactaat
cggegaccet
gccaaaagea
tccteaccat
ggagtgggtg
cacttgegec
tcatgetcac
agtcattgte
gtgtgtgtgc
tcecttcctg
gectecggcea
getggeegce
cctegetttt
aacagtgatc
cagecccate
tgactacatc
tacagcagag
ctacccattt

cgaggcacat

gctgccacte
atgacgcagc
tgcaactgce
aacccaaatg
accacagaca
cacaagaatt
aaaggaaaéa
agaaacccta
ccgacactct
acacacaaga
aacaacgaac
ccacatgaga
tceetgecct
gcacggceca
ctcageetgc
tatctatega
ttgatcetce
ttagccgtaa
ccgaacacge
gtettggaga
acgigcgagt
tgcaaggaca
atgteessace

gtagagaaat

111/212

cteaggagat
agtctegcaa
gtgectcces
ccaacccaaa
aagtgatcaa
gecaatacaa
tccacatcece
cagtaactta
tetcttacce
aggaggttac
cétacaagta
taatcttgta
cgttegtact
gatgcattac
tatgctgcsat
acgaacagca
tgtgcaacte
tgagcatceg
tgeggagtacc
tegagctaca
acaaaactgt
agagcctace
gegectactg

ctgaatctte

agaggtgcat
cgteaagatc
aggaaacceg
cgccaaccec
taactgcaaa
cteceecttta
attcccatte
cggaaaaaac
taacatggga
ctigaccete
ctggccgcag
ctattateag
tctgtcgate
accatategaa
cagaacgacc
geeeetgtte
tctgaaactc
tgcccacact
gtataagact
atcagtcacc
catccectee
agactacagc
cttttgegac

caaaacagag

atgcceccag
acagttaate
aatgccaatc
aacgcteste
attgatcagt
gtcccgegca
gcaaacgtga
caagtcacca
caggaaccaa
cctactgagg
atgtctacea
ctgtacceea
gtgggcacag
ttaacaccag

aagecgecca

tegttecage

ttgccatect

gtgagegcet

cttgtcaaca

ttggaaccaa

ccegtacgtga

tgcaaggict

gccegaaaata

tttgcatcesg

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780



cctacagasc
acattaccst
ttetcetege
aaggcgacgt
gtgacattca
tacagaggce
agtattgact
ttecgacaaa
acataccgga
gcgaagtace
cagctagcaa
aagccgacgt
Caagcerega
acccteccaaa
atatatccac
ttgctettec
gatctagatc
cttccttgac
catcgcatte
agegegeasea
cccaggtact
ttctctgtea
actcatagct
ctececteect

gcaagatagg

ccacaccgca
agctgcctac
cccaatgtee
ctacaacatg
aagtcgtaca
agcagcagec
gaaggaacea
cccggtaaga
tgcggecttt
agectgcact
gaaaggtaaa
agaagtagag
gtttcecete
ggaccacata
aacggcaatg
tgccttaatt
tectgtgcct
cctggaaget
tctgagtagg
ttgggaagac
gaagaattea
cacaccctgt
caggagggct
catcagcccea

ctattaagtsg

112/212

tcgecgtcge cgaagetecg cgteetttac

gctaacgete
tccgecteea
gactacccac
ccggaaagta
acggtacatg
ggagcatcec
getetaaatt
actagesgttg
cactccteee
tgtgcagtac
gegaactece
caagtgtget
-gtcaattacc
tctteeatsc
ttaatfgtge
tctagttecc
gecactecca
tetcattcta
aatagcagec
ceegettcct
ccacgcecct
ccgectteaa
ccaaaccaaa

Cagageegaga

accatgeest
caccttttea
ctttteecec
aagacgttta
taccatactc
tacagcacac
gegcteteee
tcgatgcace
actitggese
attcgatgac
agctgcaaat
ccacacaagt
cagcatcaca
agaagattac
tgctatgcet
agccatctat
ctgtectttc
ttcteseess
atgctggeea
cctggeccag
gettcttagt
tcccacccese
cctagectee

gaaaatgecet

cacagtaaag
caécaaaatc
aggaagacca
teccaacact
tcaggcacca
gecaccattc
gaacatacca
ctctgtaace
cgtegecate
caacgcegtt
atccttctea
acactgcgca
caccaccctt
gggaggagta
gtegtttaegc
tgttteccce
Claataaaat
tegegtgese
tecegtegec
aaagaagcag
tccageccca
taaagtactt
aagagteegga

ccaacatgte

caaggaaaca
gacgccaagt
gtegtgtaca
ggacaatttg
cagttagtac
tctggcttea
ggttaccaga
atttccatcg
gacatgtcat
atcaaataca
accattcgag
acagcecter
geegeatgce
gggetccase
ggattaatte
aggcactaag
tccecegtgc
gaggaaatig
caggacagca
tctatgegta
gcacatccee
ctcataggac
geagcggtct

agaaattaaa

aggaagtaat

3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220

5280



gagagaaatc
gagataggat
tccgctcaca
ctaatgagte
aaacctgtcg
tattgegcec
gcgageegta
Cgcaggaaag
" gttecteece
aagtcagage
cteectegte
cccttegega
ggtegttcec
cttatccget
agcagecact
gaagtesgtss
gaagccagtt
tegtagceet
agaagatccet
agggatttte
atgaagtttt
cttaatcagt
actccecete

aatgatacce

atagaatttt
caaagctteg
attccacaca
agctaactca
tgccagetec
tettecgctt
tcagcteact
aacatgtgag
tttttccata
tegcgaaacc
cgctctecte
agegtggcec
tccaageteg
aactatcegtc
ggtaacaggé-
cctaactace
accttcggaa
gettttttte
ttgatctftt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa

cgagaaccac

aaggccatea
cgtaatcate
acatacgagc
cattaattec
attaatgaat
cctegeteac
caaaggceet
caaaagecca
ggctecgece
cgacaggact
ttcecgaccet
tttctcatag
getgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttes
tttecaagca
ctacgegetc
tatcaaaaag
aaagtatata
tctcagegat
ctacgatacg

gctecaccesee

1137212

tttaagecca
gtcatagcte
cggaagcata
gttecectca
cggccaacec
fgactcgctg
aatacggtfa
gcaaaagecc
ccctgacgag
ataaagatac
geegettace
ctcacgctgt
ceaaccccce
cccggtaaga
gaggtatgta

aagaacagta

tagctcttea

gcagattacg
tgacgctcag
gatcttcace
tgagtaaact
ctgtctattt
ggagegctta

tccagattta

tcatgeccta
tttectatat
aagtgtaaag
ctecccgett
gegegeeagag
cectegates
tccacagaat
aggaaccgta
catcacaaaa

caggcegttte

Aggatacctgt

aggtatctca
gttcageceg
cacgacttat
ggcgetecta
tttggtatct
tcceggcaaac
cgcagaaaaa
tggaacgaaa
tagatcettt
tgstctgaca
cgttcatceca
ccatctggce

tcagcaataa

agctteaaag
gaaattgtta
cctgeestec
tccagtcgee
gegetttece
ttcgectace
cageeeataa
aaaageccegc
atcgacegcte
cccctggaag
ccgcctttet
gttcesteta
accgetgese
cgccactgec
cagagttctt
gegetetact
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgccte
ccagtgctgc

accagccage

5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940

6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660

6720



Cggaagegce
ttettecces
cattgctaca
ttceccaacga
cttegetect
ggcagcacte
tgagtactca
gecgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcegga
atttcccega
taaaaatagg
cctctéacac
cagacaagcec
tgcggcatca
gttaaaattc
cggcaaaatc
ttggaacaag
ctatcaggec

gteccetaaa

1147212

gagcgcagaa gteetectee aactttatee

gaagctagag
gecatcgtee
tcaaggcgag
ccgatcgtte
cataattctce
accaagtcat
cgggataata
tcgsgecgaa
cgtgcaccca
acaggaagec
atactcttee
tacatattig
aaagtgccac
cgtatcacga
atgcagetcee
cgtcaéggcg
gagcagatig
gegttaaatt
ccttataaat
agtccactat
gatggcccac

geactaaatce

aaagecgecg aacgtgecea

gctggcaagt

gtagcegtca

taagtagttc
tgtcacectc
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgegecaca
aactctcaag
actgatcttc
aaaatgccec
tttttcaata
aatgtattta
ctgacgtcta
gececttteg
cgttgacest
cgtcagcggg.
tactgagast
tttgttaéat
caaaagaata
taaagaacgt
tacgtgaacc
ggaaccctaa
gaaaggaagg

cgctececet

gecagttaat

gtcgtttest

ccccatgtte

gttggcceca

gccatcegta

gtgtatgcee

tagcagaact

gatcttaccg

agcatctttt

aaaaaaggea

ttattegaagc

gaaaaataaa

agaaaccatt

setcacecset

cacagettegt

tettegecese

gcaccataaa

cagctcattt

gceegagata

ggactccaac

atcacccaaa

agggageccee

gaagaaagce

aaccaccaca

geetecatec

agtttgceca

atggcttcat

tgcaaaaaag

gtgttatcac

agatgetttit

cgaccgagtt

ttaaaagtsc

ctettgagat

actttcacca

ataagegcga

atttatcasg

caaataggeg

attatcatega

ttcggteate

ctegtaageee

tgtcegeect

attgtaaace

tttaaccaat

gegttgagte

gtcaaagese

tcaagttttt

cgatttagag

aaaggagcee

cccgecegcesc

agtctattaa
acgttgttge
tcagctcege
cggttagete
tcatgettat
ctegtgactgg
gctettecce
tcatcatteg
ccagttcgat
geetttctee
cacggaaatg
gttattetcet
ttccgcgcac
cattaaccta
acggtgaaaa
atgcegegag
gecttaacta
ttaatatttt
aggccgaaat
ttettccagt
gaaaaaccgt
teggstcgag
cttgacgees
gcectageec

ttaatgcsce

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220



115/212

gotacaggge gegtactatg gttectttea cgtatgcget gtgaaatace gecacagatec

gtaaggagaa aataccgcat cagecgccat tegecattca gectecgcaa ctegttggeaa

geecgatcgg tgegggecte ticgetatta cgccagctgg cgaaaggeer atgtacteca

aggcgattaa gttgeggtaac gecagegttt toccagtcac gacgtigtaa aacgacgece

agtgaattcc atggtetcaa ctite

Q1
QD
1
Q1P

27

DNA
<2207
223>

<400> 27
atggagttca

ccacgeecta
ctegcccage
cctcgcagaa
¢caaagcaaa
égtagggaga
ggcaaagtea
aagegaacta
gatcttgaat
gagaaacceg
ttcactatce
aaaggacgeg
tccgtestaa

tggagecteg

3831

Artificial

tcecgacgea
caattcaagt
tgatctccec
atcggaaaaa
agaagcaacc
gaatgtecat
tgeggctacec
tcgacaatge
gtgcacagat
aggggtacta
cgacgestec
tggtggccat
cgtggaacaa

cccteecaet

VLP74_11 (CHI VLP 532 NPNAx6) CHIKV-NPNAx6 sequence only

aactttctat aacagaaget accaaccccg accctgggee

aattagacct

agicaacaaa

Caagaagcaa

accaCaaaag

gaaaattgaa

atecctegte

cgatcteget

accggtecac

taactggcat

28gCaagecy

cgtectagea

agacatcgte

cttgteccte

agaccacetc

ttegaccatgc

aggcagaaga

aagcceggete

aatgattgca

geggataaasg

aaactggcct

atgaagtcte

CaCggagecag

ggagacagcg

gggeccaace

acaaaaatta

tteggcaaaca

cacagaggca
gcgceetace
agcaggcegce
aaaagaagaa
tcttcgaagt
taatgaaacc
ttaagcgetc
atgectcgaa
tgcagtattc
gcagaccegat
aagstecceg
cccctgages

ctacattcee

gectgegcaa
tcaacagaag
gtaaaacgac
gaaaccagec
caagcatgaa
agcacatgte
étctaaatac
gtttacccac
aggagecces
cttcgacaac
caceggecctc
agccgaagag

ctectictcag

8280
8340
8400
8460

8485

60
120
180
240
300
360
420
480
540
600
660
720
780

840



ccgectigea
gacaacgtga
caccgccaaa
ctagctcatt
cgcatcagaa
ataaagacag
gregacecee
accatgegac
acgeacagca
ataggtageg
tacgtgcaga
cctgaccgca
acggtecest
gcgaaccceca
aacgagggac
getgeagtca
gaactcgess
agagtgccaa
ctetatcets
cacgaggagt
gaggtcactt
actgctcatg
actgtagtca
geaatetete

actgttcect

caccctecte
tgagacccge
gacgcagtac
gtectgacts
atgaagcaac
atgécagcca
agCgageees
actitattct
gaaagatcag
agaggttcca
geaccgctac
cectgatgac
acaagtgcaa
atgctaacce
tgacaaccac
ctaatcacaa
accgtaaagg
aagcaagaaa
accatccgac
geetgacaca
ggggcaacaa
gtcacccaca
ttgtgtcget
tgtgcgeacg

tcctectcag

ctacgﬁaaag
atactaccag
taaggacaat
Cggagaagee
ggacggaaceg
cgattggace
attgctigta
cgccpgatgc
ccacacatec
ctctcgacca
cactgctgag
gcagcagtet
ctecggtesc
aaatgccaac
agacaaagte
gaattgscaa
aaagatccac
cectacagta
actcttatet
caagaaggag
cgaaccatac
tgagataatc
ggcctegtte
gegcagatge

cctgctatac

116/212

gaaccggaaa

gecaccttacg

ctactaaaag catcectgac

tttaatgtct
cattcetgce
ctgaaaatce
aagctgeect
aggacttcag
CCgaaaggag
acacacccet
caacatgeta
gagatagage
ggcaécgtga
tccgeageaa
ccaaacgcca
atcaataact
tacaactcce
atcccattec
acttacgeaa
taccgtaaca
gttaccttga
aagtactegc
ttgtactatt
gtacttctet
attacaccat

tecgtcagaa

ataaagccac
acagccctat
aggtctcttt
atatggatag
caccgtgcac
agacgcteac
tccatcatga
aagagttacc
tecatatecc
agatcacagt
acccgaatgc
accccaacgc
g;aaaattga
ctttagtece
cattgecaaa
aaaaccaasgt
tgegacagea
ccetacctac
cgcagatgic
atgagctgta
cgatggtese
atgaattaac

cgaccaaggc

catgcttgag
ttgctetece
aagaccatat
cecattggag
gcagatceee
ccatacgecea
gatcaccegs
agteggattt
accacctetg
ttecagcace
cccagatact
taatgeggcag
caatcccaac
tegtggatcee
tcagtgccat
gegeaacget
cgtgacttec
caccatgctg
accaaattac
tgaggetcte
tacgaacget
ccccactate
cacagcagte
accaggascc

ggccacatat

800

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2340



tacgagectg
atcccgctge
aagaécctgg
cacgtaacag
ggttacagce
tcacttgact
tgtegtacae
ggagtctace
ttgagcgage
agagcccaca
accgtagcte
gtgggcccaa
gacgtctaca
attcaaagtc
aggccagcag
tegctgaage
acaaaccceg
ccggatgces
gtaccagect
agcaagaaag
gacgtagaag
gccgagtttc
CCaaaggacce

tccacaacgg

cggeatatet
ccgecttgat
cttttttage
tgatccceaa
ccatgetgtt
acatcaceteg
cagagtgcaa
catttatgte
cacatgtaga
ccgcatceac
cctacgctaa
tgtectecec
acatggacta

gtacaccgga

»caggcacggt

aacgaggagce

taagagetgt

cctttactag

geactcacte

gtaaatstec

tagaggggaa

gegtgcaagt

acatagtcaa

caatgtcttig

atggaacgaa
cgteetgtegc
cgtaatgagc
cacegtggea
ggagatggag
cgagtacaaa
ggacaagage
8E8CRECRCC
gaaatcteaa
gtcegcgaag
cggtgaccat
ctegacacct
cccacctttt
aagtaaagac
acatgtacca
atcgctacag
aaattgcect
gettetceat
ctccgacttt
agtacattcg
ctecccagete
gtectccaca
ttacccagca

ggtegcagaag

117/212

cagcagecee
aactgtctega
atcggtecce
gtaccgtata
ctacaatcag
actgtcatcc
ctaccagact
tactgctttt
tcttecaaaa
cteegegtec
geegteacag
tttgacaaca
ggrgcaggaa
gtttatgcca
tactctcageg
cacacggcac
gigeggaaca
gcaccctetg
ggeegcegtceg
ateaccaacg
caaatatect
caagtacact
tcacacacca

attacgggag

tgttcteett
aactcttece
acactetgag
agactcttgt
tcaccftgga
ccteecceta
acagctgcaa
gceacgeega
cagagtitgc
tttaccaage
taaaggacge
aaatcgtegt
gaccaggaca
acactcagtt
caccatctgg
cegttcegttg
taccaatttc
taacggacat
ccatcatcaa
ccgttaccat
tctcaacage
gcgrageeec
cccttegest

gagtaggatt

geaggctett
atgctgctat
cegcgtacgaa
caacagacce
accaacactg
cgtgaagtec
getctttact
aaatacgcaa
atceacctac
aaacaacatt
caagtttatce
gtacaaagec
atttgetgac
ggtactacag
citcaagtat
ccagattgce
catcgaca{a
gtcatgcgaa
atacacagct
tcgagaagee
cctggcaagc
atgccacﬁct
ccaggatatg

aattgttsct

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480‘
3540
3600
3660
3120

3780



118/212

gttectgcct taattttaat tgtgetscta tecetgtcet ttagcageca ¢ 3831

210> 28

&1y on2n
212> PRT

213> Artificial

220>
<223> VLP74_11 (CHI VLP 532 NPNAx6) amino acid sequence

<400> 28

Met Glu Phe lle Pro Thr Gin Thr Phe Tyr Asn Arg Arg Tyr Gin Pro
1 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr {le Gin Val Ile Arg Pro Arg Pro
20 25 30

Arg Pro Gin Arg GIn Ala Gly GIn Leu Ala Gln Leu lle Ser Ala Val
35 40 45

Asn Lys Leu Thr Met Arg Ala Val Pro Gln Gin Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys Gin Arg Gin Lys Lys Gln Ala Pro Gln Asn Asp
65 70 75 80

Pro Lys Gin Lys Lys GIn Pro Pro Gin Lys Lys Pro Ala Gin Lys Lys
85 90 95

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys lle Glu Asn Asp
100 105 110

Cys lle Phe Glu Val Lys His Glu Gly Lys Val Met Gly Tyr Afa Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr lle
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160

Asp Leu Glu Cys Ala Gin Ile Pro Val His Met Lys Ser Asp Ala Ser
165 , 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 ' 185 190



119/212

Ala Val Gin Tyr Ser Gly Gly Arg Phe Thr Ile Pro Thr Gly Ala Gly
195 200 205

Lys Pro Gly Asp Ser Gly Arg Pro [le Phe Asp Asn Lys Gly Arg Val
210 218 220

Val Ala {le Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp Ile Val Thr Lys lie Thr Pro Glu
245 250 : 255

Gly Ala Glu Glu Trp Ser Leu Ala Leu Pro Val Leu Cys Leu Leu Ala
260 265 270

Asn Thr Thr Phe Pro Cys Ser Gin Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asp Asn Val Met
290 295 300

Arg Pro Gly Tyr Tyr Gin Leu Leu Lys Afa Ser Leu Thr Cys Ser Pro
305 310 35 320

His Arg GlIn Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro Ile Ala Leu Glu Arg Ile Arg Asn Glu Ala Thr Asp
355 360 365

Gly Thr Leu Lys |le GIn Val Ser Leu Gln lle Gly lle Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 © 390 395 400

Ala Asp Ala Glu Arg Ala Giy Leu Leu Val Arg Thr Ser Ala Pro Cys
405 410 415

Thr tte Thr Gly Thr Met Gly His Phe Ile Leu Ala Arg Cys Pro Lys
420 425 430

Gly Glu Thr Leu Thr Vai Gly Phe Thr Asp Ser Arg Lys Ile Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val Ile Gly Arg Glu



1207212
450 455 460

Arg Phe His Ser Arg Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 . 480

Tyr Val Gin Ser Thr Ala Ala Thr Ala Glu Glu Ile Glu Val His Met
485 490 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr Gln Gin Ser Gly Asn
500 505 510

Val Lys lle Thr Val Asn Gly Gin Thr Val Arg Tyr Lys Cys Asn Cys
515 520 525

Giy Gly Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
530 535 540

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser
545 : 550 555 560

Asn Glu Gly Leu Thr Thr Thr Asp Lys Val iie Asn Asn Cys Lys lle
565 570 575

Asp Gin Cys His Ala Ala Val Thr Asn His Lys Asn Trp Gin Tyr Asn
580 585 590

Ser Pro Leu Val Pro Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys -
595 600 605

ile His lle Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys
610 ‘ 615 620 '

Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val Thr Met-Leu
625 630 635 640

Leu Tyr Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly GIn
645 650 655

Glu Pro Asn Tyr His Glu Glu Trp Val Thr His Lys Lys Glu Val Thr
660 665 670

Leu Thr Val Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu
675 680 685

Pro Tyr Lys Tyr Trp Pro Gin Met Ser Thr Asn Gly Thr Ala His Gly
690 695 700

His Pro His Glu tie Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met
705 710 715 720



1217212

Thr Val Val 1le Val Ser Val Ala Ser Phe Val Leu Leu Ser Met Val
725 730 735

Gly Thr Ala Val Gly Met Cys Val Cys Ala Arg Arg Arg Cys lie Thr
740 745 750

Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu
755 760 765

Leu Cys Cys Val Arg Thr Thr Lys Ala Ala Thr Tyr Tyr Glu Ala Ala
770 775 780

Ala Tyr Leu Trp Asn Glu GIn Gin Pro Leu Phe Trp Leu Gin Ala Leu
785 790 795 800

Ile Pro Leu Ala Ala Leu Ile Val Leu Cyé Asn Cys Leu Lys Leu Leu
805 810 815

Pro Cys Cys Cys Lys Thr Leu Ala Phe Leu Ala.Val Met Ser ile Gly
820 825 830

Aia His Thr Val Ser Ala Tyr Glu His Val Thr Val lle Pro Asn Thr
835 840 - 845

Val Gly Val Pro Tyr Lys Thr Leu Val Asn Arg Pro Gly Tyr Ser Pro
850 855 860 '

Met Val Leu Glu Met Glu Leu Gln Ser Val Thr Leu Glu Pro Thr Leu
865 870 875 880

Ser Leu Asp Tyr lle Thr Cys Glu Tyr Lys Thr Val {le Pro Ser Pro
885 890 895

Tyr Val Lys Cys Cys Gly Thr Ala Glu Cys Lys Asp Lys Ser Leu Pro
900 905 910

Asp Tyr Ser Cys Lys Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly
915 920 925

Gly Ala Tyr Cys Phe Cys Asp Ala Glu Asn Thr Gin Leu Ser Glu Ala
930 935 840

His Val Glu Lys Ser Giu Ser Cys Lys Thr Glu Phe Ala Ser Ala Tyr
945 950 955 960

Arg Ala His Thr Ala Ser Ala Ser Ata Lys Leu Arg Val Leu Tyr GIn
965 970 975



122/212

Giy Asn Asn 1le Thr Val Ala Ala Tyr Ala Asn Gly Asp His Ala Val
880 985 950

Thr Val Lys Asp Ala Lys Phe Val Val Gly Pro Met Ser Ser Ala Trp
995 1000 1005

Thr Pro Phe Asp Asn Lys lle Val Val Tyr Lys Gly Asp Val Tyr
1010 1015 1020

Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro Gly Gln Phe
1025 1030 1035

Gly Asp Ile Gin Ser Arg Thr Pro Glu Ser Lys Asp Val Tyr Ala
1040 1045 1050

Asn Thr Gln Leu Val Leu Gin Arg Pro Ala Ala Giy Thr Val His
1055 1060 1065

Val Pro Tyr Ser GIn Ala Pro Ser Gly Phe Lys Tyr Trp Leu Lys
1070 1075 1080

Glu Arg Gly Ala Ser Leu Gln His Thr Ala Pro Phe Gly Cys Gin
1085 1090 1095 '

[{e Ala Thr Asn Pro Val Arg Ala Val Asn Cys Ala Val Gly Asn
1100 1105 1110

[1e Pro Iie Ser lle Asp 1le Pro Asp Ala Ala Phe Thr Arg Val
1115 1120 1125

Val Asp Ala Pro Ser Val Thr Asp Met Ser Cys Giu Vai Pro Ala
1130 | 1135 1140

Cys Thr His Ser Ser Asp Phe Gly Giy Vai Ala Ile lle Lys Tyr
1145 1150 1155

Thr Ala Ser Lys Lys Gly Lys Cys Ala Val His Ser Met Thr Asn
1160 1165 1170

Ala Val Thr lle Arg Glu Ala Asp Val Glu Vai Giu Gly Asn Ser
1175 , 1180 1185

Gin Leu Gin lie Ser Phe Ser Thr Ala Leu Ala Ser Ala Glu Phe
1190 1195 1200

Arg Val Gln Val Cys Ser Thr Glin Val His Cys Ala Ala Aia Cys
1205 1210 1215

His Pro Pro Lys Asp His Ile Val Asn Tyr Pro Ala Ser His Thr



1220

1225

123/212

1230

Thr Leu Gly Val Gin Asp ile Ser Thr Thr Aia Met Ser Trp Val

1235

Gin Lys
1250

Ile Thr Gly Gly Val

1240

1255

1245

- 1260

Gly Leu {le Val Ala Val Ala Ala

Leu Ile Leu Ile Val Val Leu Cys Val Ser Phe Ser Arg His

1265

210> 29
Q1
<A
213

DNA

<220>
223>

<400> 29

8713

Artificial

1270

gaattcccat tecatacegtt gtatccatat

ccaacattac
gegtcattag
ccgcctgect
atagtaacsc
geecactteg
gacggtaaat
tggcagtaca
atcaatggec
gtcaatggea
tccgecccat
gctegtttag
agaagacacc

tactcgttac

cgccatgitg
ttcatagece
gaccgeccaa
caatagggac
cagtacatca
ggéccgcctg
tctacgtatt
gtggatagce
gtttgtttte
tgacgcaaat
tgaaccgtca
gggaccgatc

tgcegegcec

acattgatta

atatatggag

cgaCcccCcec

ttteccattga

agtgtatcat

geattatecc

agtcatcect

gtttgactca

gcaccaaaat

geecggtage

gatcgccteg

cagectceeat

gécaccagac

VLP78_11 (CHI VLP 532 NPNAx25) whole

cataatatgt

ttgactagtt

ttccecetta

ccattgacsat

cgtcaatgee

atgccaagta

cagtacatga

attaccatgg

cgeggatttc

caacgggact

cgtgtacget

agacgccate

taaceetgra

ataatagcte

1275

seguence

acatttatat
attaatagta
cataacttac
caataatgac
tgegagtattt
cgcccectat
ccttateeea
tgatgcestt
caagtctcca
ttccaaaatg
gggaggtpta
cacgetgttt
gggcagtgta

acagactaac

tegctcatgt

atcaattacg

ggtaaatgec

gtatgttcee

acggtaaact

tgacgtcaat

ctttcctact

ttegcagtac

cecccattegac

tcgtaacaac

tataagcaga

teacctccat

gtctgagcag

agactgttce

60

120

180

240

300

360

420

- 480

540

600

660

720

780

840



tttccatese
ccaccatgea
gggeeccace
ggcaactege
agaagecteg
acgacccaaa
caggcegtag
atgaagecaa
atgtgaageg
aatacgatct
cccacgagaa
geegettcac
acaacaaagg
cceteteesgt
aagagtggag
ctcageegec
ttgaggacaa
ctececaccg
catatctagc
tggagcgcat
tcgggataaa
cgccageega
ccegggaccat
gatttaceea

ctgtgatage

tettttctac
gttcatcece
ccctacaatt
ccagctgate
cagaaatceg
gcaaaagaag
geagagaatg
agtgategec
aactatcgac
tgaatgteca
accceagese
tatcccgace
acgegtegts
getgacetee
cctegeecte
ttgcacaccc
tgtgatgaga
ccaaagacgec
tcattgtect
cagaaatgaa
gacagateac
cgcggagcea
gegacacttt
cagcagaaag

taggeagage

1247212

agtcaccgtc gtcgacacet gtgatcaéat

acgcaaactt
caagtaatta
tccecagtca
aaaaacaaga
caaccaccac
tgcatgaaaa
tacgcatgcee
aatgccgatce
cagatacceg
tactataact
ggtacaggca
gecategtee
aacaaagaca
ccggtettgt
tectgctacg
cccggatact
agtactaagg
gactgcggag
gcaacggacg
agccacgatt
gceggattec
attctcgccc
atcagccaca

ttccactctce

tctataacag

gacctagacc

acaaattgac

dgtaaaggeca

aaaagaagce

ttgaaaatga

tegtegeesa

tggctaaact

tgcacateaa

ggcatcaceg

agecgeeaga

taggageesc

tcegtcacaaa

geetgttese

daaaggaacc

accagctact

acaattttaa

aagggcattc

gaacgctgaa

ggaccaagct

ttgtaaggac

gatgcccgaa

catgcacaca

gaccacaaca

aaggtaccaa
acgtccacag
catgcecgeg
gaagaagcag
ggctcaaaag
ttgcatctte
taaagtaate
gecctttaag
gtctgatgce
agcagtgcag
cagcegcaga
caacgaaget
aattacccct
aaacactaca
ggaaagcacc
aaaagcatcg
tgtctataaa
gtgccacagc
aatccaggtc
gegctatatg
ttcagcaccg
aggagagacg
ccegttecat

tggtaaagag

atcgcescce
cccegacect
aggcagectg
gtacctcaac
gegccgraaa
aagaagaaac
gaagtcaage
aaaccagcac
cegtegtcta
tcgaagttta
tattcaggag
ccgatcttce
gcceacaces
gagegagccg
ttccectect
ttgcgcatge
ctgacttact
gccacaagac
cctatcgeat
tctttecaga
gatagccata
tgcacgatca
ctgacagteg
catgaaccac

ttacctteca

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



gcacgtacet
atactcctga
ggcagaceet
ccaacgcgaa
caaacgccaa
caaacgccaa
ctaacgctaa
ccaacgccaa
gactgacaac
tcactaatca
gegaccetaa
caaaagcaag
ctgaccatce
agteggtgac
ctteggecaa
atggtcéccc
tcattgtgtc
gtetetecec
ccttectect
ctecggcata
tegccgcctt
tegctttttt
cagtegatcec

geeccategt

gcagagctacc

ccgeacgete

geegtacaag

ccccaacecet

cccgaatgce

ccccaacect

tcccaacgca

cccgaacgct

cacagacaaa

caagaattesg

aggaaagatc

aaaccctaca

gactactcttg

dCdaCaagaag

Caacgaacca

acatgagata

getggcctee

acggcgeaga

cagectgcta

tctategaac

gatcgtectg

agcegtaatg

.gaacacggtg

gttegagatg

getgecactg
atgacgcage
tgcaactace
aaccccaacg
aatcccaace
aatccaaacg
aatcccaate
aacccgaacg
gtgatcaata
caatacaact
cacatcceat
gtaacttacg
tcttaccgta
gaggttacct
tacaagtact
atcttgtact
ttcgtecttc
tgcattacac
tgctecgtea
gaacagcage
tgcaactgtc
agcatceete

geagtaccgt

125/212

ctgaggagat agaggtecat atecccccag

agictegcaa cstgaagatc acagtiaatg

gtgectccege aggaaacccg aatgecaate

ccaatccgaa

Cgaaccccaa

ccaaccctaa

ctaatccgaa

ctaatcccaa

actgcaaaat

ccectttagt

tcccatteee

gaaaaaacca

acatgggaca

tgaccgtgce

gecegeagat

attatgagcet

tgtcgatest

catatgaatt

gaacgaccaa

ccctgttcte

tgaaactctt

cccacactet

ataagactct

tgcaaacceg
tgctaaccca
ceccaatece
cgcgaaccet
cecceetgea
teatcagtac
cccgegeaac
aaacgtgact
agtcaccatg
ggaaccaaat
tactgagget
gtctacgaac
gtacéccact
gegcacagea
aacaccagga
ggcegccaca
gitecaggct
gccatectec
gagcgegtac

tgtcaacaga

gagctacaat cagtcacctt ggaaccaaca

aacgttgacc

aatgccaace

aacgegaate

aatgcaaacc

tccaacgageg

catgctgcag

gctgaactcg

tgcagagtec

ctgctgtate

taccacgagg

ctggaggtcea

gegtactgctce

atgactgtag

gteggaatet

geecactgtte

tattacgase

cttatccege -

tgtaagaccc

gaacacgtaa

ccgegttaca

ctetcactteg

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780



actacatcac

cagcagagtg caaggacaag

acccatttat
aggcacatat
acaccgceatc
ctgcctacec
caatgtccte
acaacatgga
gtcetacace
cégcaggcac
aggaacgage
cggtaagagc
cggcctttac
cctgcactca
aaggtaaatg
aagtagagssg
ttcecgteca
accacatagt
cgecaatetc
ccttaatttt
ctgtgccttc
tggaagetec
tgagtaggte
gggaagacaa

agaattgacc

gtecgagtac

gtgeescgsc
agagaaatct
gecgteegce
taacgetgac
cgcctggaca
ctacccacct
ggaaagtaaa
getacatgta
agcatcgcta
tgtaaattec
taggettete
ctcetecgac
tgcagtacat
gaactcccag
agtgtactce
caattaccca
tteegtecag
aattgtgete
tagtteccag
cactcccact
tcattctatt
tagcaggcat

cggttectee

aaaactgtca
agcctaccag
geectactect
gaatcttgca
aagctecece
catgccgtca
cctttteaca
tttgecgcag
gacgtitate
ccatactcte
cagcacacee
getgteeesga
gatgcaccct
tttegegece
tceatgacca
ctgcaaatat
acacaagtac
gcatcacaca
aagattacsee
ctatgcetet
ccatctette
gicetttect
ctggeeeste
gctegeeate

tgggccagaa

1267212

teeceetecce
actacagctg
ttteceacec
aaacagagtt
tcctttacca
cagtaaagea
acaaaatcgt
gaagaccagg
ccaacactca
aggcaccate
caccettcee
acataccaat
ctetaacesa
tcgecateat
acgeegttac
ccttcteaac
actgcgcagc
ccacccttge
gaggagtageg
cgtttageag
tttgceecte
aataaaatea
gegtgegeca
cggteescte

agaagcagsce

gtacgtgaag
caaggtcttt
cgaaaatacg
tgcatceece
aggaaacaac
cgécaagttt
ggtgtacaaa
acaatttest
gttggtacta
teggcttcaag
ttgccagatt
ttccatcgac
catgtcatgc
caaatacaca
cattcgagaa
ageectgsea
cecatgccac
getccaggat
attaattgtt
gcactaagga
cceegtgect
ggaaatteca
ggacagcaag
tatgegtacc

acatcccctt

tectgtegta
actggagtct
caattgagceg
tacagagccce
attaccetag
gtcategeece
gecgacgtct
gacattcaaa
cagaggccag
tattgectga
gcgacaaace
ataccgeatg
gaagtaccag
gctagcaaga
gecgacgtag
agcgccgagt
cctccaaags
atatccacaa
getgttacte
tctagatcte
tecttgaccee
tcgcattgte
ggegagratt
caggtgctea

ctctetgaca

3840

3800

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280



caccctgtee
ggaggectcc
tcageccace
attaagteca
agaattttaa
aagetteece
tccacacaac
ctaactcaca
ccagctgceat
ttcegcttec
agctcactca
catgtgagca
tttccatagg
gcgaaaccceg
ctctcptgtt
cetgscgctt
caagctesec
ctatcgtcett
taacaggatt
taactacggc
cttcggaaaa
tttttetatt
gatcttttct

catgagatta

acgceccctes
gectteaate
aaaccaaacc
gagggggaga
geccatgatt
taatcatget
atacgagcce
ttaattgeset
faatgaatce
tcgeteacte
aagecegtaa
aaaggccagc
cteceeccee
acaggactat
ccgaccctgc
tctcatasct
tgtgtecacg
gagtccaace
agcagagega
tacactagaa
agagttggta
tecaagcage
aceggeetcte

fcaaaaagga

ttcttagttc
ccacccgeta
tagectccaa
aaatgcctee
taaggecate
catagctgtt
gaagcataaa
tgcgctcact
BCCaacgcec
actcgctecg
tacggttate
aaaaggccag
ctgacgagea
aaagatacca
cecttaccge
cacgctgtag
aacccceegt
cgetaagaca
ggtatetage
gaacagtatt
getctigatce
agattacgcg
acgctcagtg

tcttcaccta

127/212

cagecccact
aagtacttgg
gagtgggaag
aacatgtgag
atggcectaag
tectetetea
gtgtaaagce
gecegettte
ggggagaggc
cteegtegtt
cacagaatca
gaaccgtaaa
fcacaéaaat
gecgttteee
atacctgtce
gtatctcagt
tcagecccgac
ceacttatce
cgétgctaca
tegtatctec
cggcaaacaa
chaaaaaaa
gaacgaaaac

gatcctttta

cataggacac
agegstctet
aaattaaagc
gaagtaatga
tttgaaagga
aattgttatce
tggeetgccet
cagtcgggaa
getttaceta
cgectgcgec
geggataacg
aagsccgegt
cgacgctcaa
cctggaagct
geetttetee
tcegtgtage
cectgegeet
ccactggcag

gagttcttga

gctetactsa

accaccgcte

ggatctcaag

tcacgttaag

aattaaaaat

tcatagctca
ccetecctea
aagatagsct
gagaaatcat
gataggatca
cgcteacaat
aatgagtgag

acctgtegts

ttgggcgctc -

gagceggtatce
caggaaagaa
tecteecatt
gtcagaggte
ccctegtecg
cttcggeaag
tegttcacte
tatccggtaa
cagccacteg
agteggtesce
agccagttac
gtagcgeteg
aagatccttt
ggattttget

gaagttttaa

5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660

6720



atcaatctaa agtatatatg agtaaactte

ggcacctatc tcagcgatet gtctatttce

gtagataact
agaaccacec
gegcagaagt
agctagagta
catcgtegte
aaggcgagtt
gatcettgte
taattcictt
caagtcattc
gegataatacc
BgLECgaaaa
tgcacccaac
aggaaggcaa
actctteett
catatttgaa
agteccacct
tatcacgagg.
gcagctceeg
tcagegecece
gcagattgta
gttaaatttt
ttataaatca

tccactatta

acgatacgee
tcaccgscte
ggtectgeaa
agtagttcee
tcacgctcat
acatgatecc
agaagtaagt
actgtcatec
tgagaatagt
gegecacata
ctctcaagea
tgatctfcag
aatgccgeaa
tttcaatatt
tetatitaga
gacgtctaag
cecttteeee
ttgacégtca
tcagcegests
cteagagtsc
tgttaaatca
aaagaatagc

aagaacgteg

agggettace

cagatttatc

ctttatccec

cagttaatag

cgtttigetat

ccatgttgte

fgeccgcagt

catcecgtaag

gtatgcgece

gecagaacttt

tcttaccgcet

catcttttac

aaaaggeaat

attgaagcat

aaaataaaca

aaaccattat

tcegcgegttt

cagcttigtct

ttegcesets

accataaaat

getcattttt

ccgagatage

actccaacat

1287212

gtcteacagt
ttcatccata
atctegccce
agcaataaac
ctccatecag
tttgcecaac
gecttcatte
Caaaaaagce
gttatcactc
atgettttet
accgagttec
aaaagtgcte
gttgagatcce
tttcaccage
aagggcgaca
ttatcaggst
aatagggstt
tatcatgaca
cggtgateac
gtaagceegat
tcegesctee
tgtaaacgtt
taaccaatag
gttgagtatt

Caaagggcga

taccaatgct
gttgccteac
agtgctécaa
tagccagece
tctattaatt
etfgttecca
agctecgett
gttagctect
atgettateg
gtgactegte
tcttecccee
atcattggaa
agttceatgt
gtttcteeet
cggaaatgtt
tattgtctea
ccgegeacat
ttaacctata
ggtgaaaacc
gCecgegagca
cttaactatg
aatattttgt
geegaaateg
gttccagttt

aaaaccgtct

taatcagtea
tcceegtest
tgataccace
gaaggeccga
gttgccegea
ttgctacagg
cccaacgatc
tcggtectee
cagcactgea
agtactcaac
cgtcaatace
aacgtictte
aacccactcg
gagcaaaaac
géatactcat
teagcggata
ttccecgaaa
aaaataggcg
tctgacacat
gacaagceeg
cggcatcaga
taaaattcec
gcaaaatcee
ggaacaagag

atcagggcea

6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160

8220



tggeccacta

actaaatcge

cegtgecgaga

agecggtcacg

- gtactatgst

taccgcatca
ceggectett
4tgggtaacgc
ggtctcaact
210>
QI

Q12>
13>

30

DNA
<220>
223>

<400> 30
atggagttca

ccacgeecta

ctcgeccage

cctcecagaa

CCaaagcaaa

cetaggeaga

ggcaaagtga

aagggaacta

gatcttgaat

gagaaacccg

4059

VLP78_11

cgtgaaccat

aaccctaaag

aaggaageea

ctecgegtaa

tgctttgace

ggegecattc

cgctattacg

cagegttttc

tte

Artificial

tccegacgca
caattcaagt
teatctecac
atcggaaaaa
agaagcaacc
gaatgtgeat
tegectacse
tcgacaatsgc
gtegcacagat

ageggtacta

cacccaaatc
8gagCcccece
agaaagcgaa
ccaccacacc
tatgcggtet
gccattcage
ccagetescg

ccagtcacga

aactitctat
aattagacct
agtcaacaaa
caagaagcaa
accacaaaag
gaaaattgaa
atgcctegtsg
cgatcteact
accggtgcac

taactggcat

129/ 212

aagtttttts

atttagagct

aggagcgeec gctagescec

cgcegegctt

gaaataccsce

ctgegecaact gttggeaage

gegtcgaget

tgacgeegaa

aatgcgccegc

acagatgegt

gecgtaaagc

agccggcgaa

tggcaagtgt

tacaggecgc

aaggagaaaa

gegatcgets

aaaggggeat gtectgcaag gecgattaagt

cgttegtaaaa cgacgeccag

aacagaaggt.
agaccacgtc
ttegaccatge
agecagaaga
aagccegecte
aatgattaca
geggataaag
aaactggccet
atgaagtcteg

cacgeagcag

tgaattccat

(CHI VLP 532 NPNAx25) CHIKV-NPNAx25 sequence only

accaaccceeg accctgegcee

cacagaggca

gegegetace

agcagececc

daadgaagaa

tcttcgaagt

taatgaaacc

ttaagcggtc

atgectcgaa

tgcagtattc

gectggecaa
tcaacagaag
gcaaaacgac
gaaaccagec
caagcatgaa
agcacatgte
gtctaaatac
gtttacccac

aggagglces

8280

- 8340

8400
8460
8520
8580
8640
8700

8713

60
120
180
240
300
360
420
480
540

600



ttcactatcc

aaaggaceee

tccgtegtea

tggagectcg

ccgecttgea

‘gacaacgtga

caccgecaaa

ctagetcatt

cgcatcagaa

ataaagacag

gCeBacgCee

accatgegac

acggacagca

ataggtagee

tacgtgcaga

ccteacceca

acggtgceet

gcgaacccca

gccaacccga

gccaacccca

gctaatccca

gccaacccea

acaaccacag

aatcacaaga

cgtaaaggaa

130/212

cgacggetec aggcaagecg ggagacagcg gragaccgat

tegteeccat
cgtgeaacaa
céctcccggt
caccctectg
tgagaccegg
gacgcagtac
gtccteacte
atgaagcaac
atgacagcca
agcgageese
actttattcet
gaaagatcag
agaggttcca
geaccgetec
cegctgategac
acaagtgcaa
acgctaaccc
atgccaatcee
acgctaatcee
acgcaaatcc
acgctaaccc
acaaagtgat
attggcaata

agatccacat

cgtcctagea

agacategte

ctigtgecte

ctacgaaaag

atactaccag

taaggacaat

Cggagaagee

ggacggaacsg

cgattgeace

attectteta

cecccgatec

ccacacatgc

ctctceacca

cactgctgas

gcagcagtct

ctgcegtgec

caacgccaat

caacgcgaac

aaacgccaac

caatgctaat

gaacgctaat

caataactgc

caactccect

cccattecca

gegeccaace
acaaaaatta
ttggcaaaca
gaaccggaaa
ctactaaaag
tttaatgtct
cattcetece

ctgaaaatce

aagctecect

aggacttcag
ccgaaaggag
acacacccgt
caacatggta
gagatagagg
ggcaacgtga
tccgraggaa
ccgaatecaa
cccaatgcta
cctaacgcca
ccgaacgcga
cccaacgecg
aaaattgatc
ttagtcccee

ttgecaaace

aaggtgeeceg
ccecteagee
ctacattcéc
gcaccttece
catcgctgac
ataaagccac
acagccctat
aggtctettt
atatggatag
caccgtgcac
agacgctgac
tccatcatga
aagagttacc
tgcatatece
agatcacagt
acccgaatgc
écccgaacgt
acccaaatec
atcccaacec
accctaatec
gtggatccaa
agtgccatec
gecaacgetea

tgacttecag

cttcgacaac
cacggcccte
agccgaagag
ctgctetcag
catgctteag
ttgctctece
aagaccatat
cgcattggag
gcagatcgeg
ccatacgcca
gatcaccgeg
agtggeattt
accacctate
ttgcagcacg
cccagatact
taatggecag
caatcccaac
tgacccaaac
caacccaaac
gaatcctaac
aaaccccaac
cgaggeactg
tecagtcact
actcggeggac

agtgccaaaa

660
720
780
840
500
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100



gcaagaaace
catccgacac
gtgacacaca
ggtaacaacg
cacccacatg
gtgtcegtes
tgcgcacggc
ctectcagee
geatatctat
geettgateg
tttttagccg
atcccgaaca
ategtgtteg
atcacgtece
gagtgcaagg
tttatateee
catgtagagé
gcatcgecst
tacgctaacg
tecteegecet
atggactacc
acaccggaaa
-ggcacgetéc

cgaggagceat

ctacagtaac
tcttgtctta
agaaggagsgt
aaccatacaa
agataatctt
ccteetteat
gcagatgcat
tectatgcte
ggaacgaaca
tcctetgeaa
taatgagcat
cggteggagt
agatggagct
agtacaaaac
acaagagect
geggegecta
aatctgaatc
cggcgaaget
gtgaccatgc
ggaqaccttt
caccttttge
gtaaagacet
atgtaccata

cgctacagca

ttacgegaaaa

ccgtaacatg

taccttgacc

gtactgeccg

gtactattat

getictgtee

tacaccatat

cgtcagaaceg

geagececte

ctgtctgaaa

cgetecceac

accgtataag

acaatcagtc

tgtcatceee

accagactac

ctgcttttec

ftgcaaaaca

cegegtectt

cgtcacagta

tgacaacaaa

¢gCaggaaga

ttatgccaac

ctctcageca

cacggcaccg

1317212

aaccaagtca
ggacaggaac
gtgcctacte
cagatgtcta
gagctgtace
atggteeeca
gaattaacac
accaaggces
ttcteettec
ctcttgecat
actgtgagcy
actcttgtca
accttggaac
tceeegtace
agctgcaage
gacgccgaaa
gagittgcat
taccaaggaa
aaggacgcca
atcgtagtet
ccaggacaat
actcagttse
ccatctegct

ttcggttece

ccatgctect
caaattacca
agggtttgga
cgaacegtac
ccactatgac
cagcagtege
caggagccac
ccacatatta
agectcttat
getgctetaa
cgtacgaaca
acagaccege
caacactgtc
tgaagtgctg
tctttactse
atacgcaatt
cegcctacag
acaacattac
agtttetcat
acaaagecga
ttegtgacat
tactacagag
tcaagtattg

agattgceac

gtatccteac

cgaggagteg

getcactigs

tectcateat

tgtagtcatt

aatgtegtgte

tattccctte

cgaggctace

cececgetegce

gacceteggct

cgtaacagte

ttacagccce

acttgactac

tggtacagca

agtctaccca

gagcgageca

ageccacace

cgtagetece

geggcccaatg

cetctacaac

tcaaagtest

gccagcagcea

gctgaaggaa

aaacccggta

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540



1327212

agagctgtaa attgcgctgt geggaacata ccaatttcca

tttactageg ttgtceatec accctctgta acggacatgt

actcactcct ccgactttgg sescgtcgec atcatcaaat

aaatgtgcag tacattcgat gaccaacgee gttaccatte

gaggggaact cccagetgea aatatecttc tcaacagece

gtgcaagtet gctccacaca agtacactgc gcagccgcat

atagtcaatt acccagcatc acacaccacc cttggegtec

atgtcttges tecagaagat tacgggagga gtaggattaa

attttaatte agcaggcac

tggtegctate coteteettt

CATDIKY

211> 1353

<212> PRT

213> Artificial

220
<223> VLP78_11 (CHI VLP 532 NPNAx25) amino
<400> 31

Met Giu Phe le Pro Thr Gln Thr Phe Tyr Asn
1 ) 10

Arg Pro Trp Ala Pro Arg Pro Thr lle GIn Val
20 25

Arg Pro Gln Arg GIn Ala Gly GIn Leu Ala Gln
35 40

Asn Lys Leu Thr Met Arg Ala Val Pro Gin Gin
50 55

Arg Lys Asn Lys Lys Gin Arg Gin Lys Lys Gin
65 70 75

Pro Lys Gin Lys Lys Gin Pro Pro Gin Lys Lys
85 90

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met
100 105

tcgacatacc
catgcgaagt
acacagctag
gagaagcega
tegcaagesc
geecacectcec
aggatatatc

ttgttgctet

acid sequen

Arg Arg Tyr
Ile Arg Pro
30

Leu lle Ser
45

Lys Pro Arg
60

Ala Pro Gin

Pro Ala Gln

Lys Ile Glu
110

ggatgcggce
accageetgc
caagaaaget
cgtagaagta
ceagtttcec
aaaggaccac
cacaacggca

tgctgectta

ce

Gin Pro
15

Arg Pro

Ala Val

Arg Asn

Asn Asp
80

Lys Lys
95

Asn Asp

3600

3660

3720

3780

3840

3800

3960

4020

4059



133/212
Cys tte Phe Glu Val Lys His Glu Gly Lys Val Met Gly Tyr Ala Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr lle
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser>Lys Tyr
145 150 155 160

Asp Leu Glu Cys Ala Gln Ile Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 185 180

Ala Val Gin Tyr Ser Gly Gly Arg Phe Thr Ile Pro Thr Giy Ala Gly
195 200 ~ 205

Lys Pro Gly Asp Ser Gly Arg Pro lle Phe Asp Asn Lys Gly Arg Val
210 215 220 '

Val Ala Ile Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp lle Val Thr Lys {le Thr Pro Glu
245 250 : 255

Gly Ala Glu Glu Trp Ser Leu Ala Leu Pro Val Leu.Cys Lleu Ley Ala
260 265 270

Asn Thr Thr Phe Pro Cys Ser Gin Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asp Asn Val Met
290 295 300

Arg Pro Gly Tyr Tyr Gin Leu Leu Lys Ala Ser Leu Thr Cys Ser Pro
305 310 315 320

His Arg Gin Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro Ile Ala Leu Glu Arg [le Arg Asn Glu Ala Thr Asp
355 360 365



134/212

Gly Thr Leu Lys lle Gln Val Ser Leu GIn lle Gly lfe Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 390 395 400

Ala Asp Ala Glu Arg Ala Gly Leu Leu Val Arg Thr Ser Ala Pro Cys
405 410 415

Thr 1le Thr Gly Thr Met Gly His Phe lle Leu Ala Arg Cys Pro Lys
420 425 - 430

Gly Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val lle Gly Arg Glu
450 455 460

Arg Phe His Ser Arg Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val GIn Ser Thr Ala Ata Thr Ala Glu Glu e Glu Val His Met
485 490 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr GIn GIn Ser Gly Asn
500 505 510

Val Lys 1le Thr Val Asn Gly Gln Thr Val Arg Tyr Lys Cys Asn Cys
515 520 525

Gly Gly Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
530 535 540

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Val Asp Pro Asn
545 550 555 560

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
565 570 575

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
580 585 590

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
595 600 605

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
610 - 615 620

Ala Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser Asn Glu Gly Leu



1357212

625 630 635 640

Thr Thr Thr Asp Lys Val lle Asn Asn Cys Lys |le Asp GIn Cys His
645 650 655

Ala Ala Val Thr Asn His Lys Asn Trp Gin Tyr Asn Ser Pro Leu Val
660 665 670

Pro Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys lle His lle Pro
675 680 685

Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg Asn Pro
690 695 700

Thr Val Thr Tyr Gly Lys Asn Gin Val Thr Met Leu Leu Tyr Pro Asp
705 710 715 720

His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Gln Glu Pro Asn Tyr
725 730 735

His Glu Glu Trp Val Thr His Lys Lys Glu Val Thr Leu Thr Val Pro
740 745 750

Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr Lys Tyr
755 760 765

Trp Pro Gin Met Ser Thr Asn Gly Thr Ala His Gly His Pro His Glu
770 775 780

Ile e Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val Val Ile
785 790 795 800

Val Ser Val Ala Ser Phe Val Leu Leu Ser Met Val Gly Thr Ala Val
805 810 815

Gly Met Cys Val Cys Ala Arg Arg Arg Cys lle Thr Pro Tyr Glu Leu
820 825 830

Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Leu Cys Cys Val
835 840 845

Arg Thr Thr Lys Ata Ala Thr Tyr Tyr Glu Ala Ala Ata Tyr Leu Trp
850 855 860

Asn Glu GIn Gin Pro Leu Phe Trp Leu GIn Ala Leu Ile Pro Leu Ala
865 870 875 880

Ala Leu ile Val Leu Cys Asn Cys Leu Lys Leu Leu Pro Cys Cys Cys
885 890 895



136/212
Lys Thr Leu Ala Phe Leu Ala Val Met Ser Ile Gly Ala His Thr Val
- 900 805 810

Ser Ala Tyr Glu His Val Thr Val Ile Pro Asn Thr Val Gly Val Pro
915 920 925

Tyr Lys Thr Leu Val Asn Arg Pro Gly Tyr Ser Pro Met Val Leu Glu
930 935 940

Met Glu Leu GIn Ser Val Thr Leu Glu Pro Thr Leu Ser Leu Asp Tyr
945 950 955 960

Ile Thr Cys Glu Tyr Lys Thr Val ile Pro Ser Pro Tyr Val Lys Cys
965 970 975

Cys Gly Thr Ala Glu Cys Lys Asp Lys Ser Leu Pro Asp Tyr Ser Cys
980 985 990

Lys Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys
995 1000 1005

Phe Cys Asp Ala Glu Asn Thr Gln Leu Ser Glu Ala His Val Glu
1010 1015 1020

Lys Ser Giu Ser Cys Lys Thr Glu Phe Ala Ser Ala Tyr Arg Ala
1025 1030 1035

His Thr Ala Ser Ala Ser Ala Lys Leu Arg Val Leu Tyr Gin Gly
1040 1045 1050

Asn Asn 1le Thr Val Ala Ala Tyr Ala Asn Gly Asp His Ala Val
1055 1060 1065

Thr Val Lys Asp Ala Lys Phe Val Val Gly Pro Met Ser Ser Ala
1070 10875 1080

Trp Thr Pro Phe Asp Asn Lys |lie Val Val Tyr Lys Gly Asp Val
1085 1090 1095

Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro Gly Gin
1100 1105 1110

Phe Gly Asp ile Gin Ser Arg Thr Pro Glu Ser Lys Asp Val Tyr
1115 1120 1126

Ala Asn Thr Gin Leu Val Leu Glin Arg Pro Ala Ata Gly Thr Val
1130 1135 1140



137/212

His Val Pro Tyr Ser Gln Ala Pro Ser Gly Phe Lys Tyr Trp Leu

114

Lys Glu Arg Gly Ala Ser

116

220>

5

0

1150

Leu Gin His Thr Ala
1165

1155

Pro Phe Gly Cys
1170

Gin Ile Ala Thr Asn Pro Val Arg Ala Val Asn Cys Ala Val Gly
1175 1180 1185

Asn Yle Pro lle Ser Ile Asp lle Pro Asp Ala Ala Phe Thr Arg
1190 1195 1200

Val Val Asp Ala Pro Ser Val Thr Asp Met Ser Cys Glu Val Pro
1205 1210 1215

Ala Cys Thr His Ser Ser Asp Phe Gly Gly:Val Ala lle lle Lys
1220 1225 1230

Tyr Thr Ala Ser Lys Lys Gly Lys Cys Ala Val His Ser Met Thr
1235 1240 1245

“Asn Ala Val Thr lle Arg Glu Ala Asp Val Glu Val Glu Gly Asn

1250 1255 1260 '

Ser GIn Leu GIn {!e Ser Phe Ser Thr Ala Leu Ala Ser Ala Glu
1265 1270 1275

Phe Arg Val Gin Val Cys Ser Thr Gin Val His Cys Ala Ala Ala
1280 1285 1290

Cys His Pro Pro Lys Asp His lle Val Asn Tyr Pro Ala Ser His
1285 1300 1305

Thr Thr Leu Gly Val GIn Asp lle Ser Thr Thr Ala Met Ser Trp
1310 1315 1320

Val GIn Lys Ile Thr Gly Gly Val Gly Leu |le Val Ala Val Ala
1325 1330 1335

Ala Leu 1lle Leu lle Val Val Leu Cys Val Ser Phe Ser Arg His
1340 1345 1350

Q10> 32

Q11> 8137
<212> DNA
213> Artificial



1387212

<223> VLP78_21 (VEEV VLP 519 NPNAx25) whole sequence

400> 32

gaattceccat tgcatacgtt gtatccatat cataatatgt

ccaacattac

cgecatgttg

acattgatta

gegtcattag ttcatagcec atatatsgag

ccgcctgact

atagtaacge

gaccgcccaa

caatagegac

cgacccccec

tttccattea

geecacttge cagtacatca agtgtatcat

gacggtaaat
tgecagtaca
atcaatggec
gtcaatgega
tecgececcat
getegtttag
agaagacacc
tactcgttec
tttccatgeg
ccaccatgtt
tcgegeccee
aggaattaac
agggeccatc
aagggaagaa
aggcacagaa
tcatgaaatt

acgcttetat

geccecgecte
tctaégtatt
gtggatagce
gtttgtttte
tegacgcaaat
tgaaccetca
ggegaccgatc
tgcégcgcgc
tettttetec
ccegttecag
gcecagecce
ccectcgatg
cgctaataaa
gaagaagaac
tggaaacaag
ggaatctgac

ggtcgeaegs

gcattategce
agtcatcgct
gtttgactca
gcaccaaaat
geecggtagg
gatcgeetgg
cagectecet
gecaccagac
agtcaccgte
ccaatgtatc
tegttcccca
gctaacctea
ctgaagaagg
Caagggaaga
aagaagacca
aagacgttcc

aagttattca

ttegactagtt

ttecgegtta

ccattgacsgt

cgtcaatege

atgccaagta

cagtacatga

attaccatge

cgeggatttc

caacgggact

cetgtacget

agacgcecate

taacggteea

ataatagctg

gtcgacacet

cgatgcagce

gaaccgaccce

cgttcaagca

aggectcgca

agaaggctaa

acaagaaacc

caatcatgtt

-geccgatgca

acatttatat
attaatagta
cataacttac
caataatgac
tggagtattt
cgcecectat
ccttategea
tgatgcegtt
caagtctcca
ttccaaaatg
gggaggtcta
cacgetgttt
ggecagtgta
acagactaac
gtgatcagat
aatgcectat
ttttctesce
acgecegeeac
aaaacagaaa
ggcagggccg
agecaagaga
ggaagggaag

tetegaagec

tggcteatgt

atcaattacg

getaaatgec

gtatgttcee

acgetaaact

tgacgtcaat

ctttectact

ttgecagtac

ccccattgac

tcgtaacaac

tataagcaga

teacctecat

gtctegagcag

agactgttce

_atcgcggccg

cgcaacccgt

atgcagetec

gegceaccte

SEBBEaAgELCC

cctaatccga

cagcgeateg

ataaacggct

aagatcgaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



acgacgttct

atgtegccaca

attacagcte

gagttgeeac

ctattetect

acgagaagee agttaccgte

ccaccatgts
acagaaaacc
atgagctact
tgtttaatea
ggagctgcca
ttagacttca
ccatgeggta
atacatctce
¢gglaggesa
tgccetatea
acggagtaga
tcgagateca
ccggaggaaa
cgaatgcaaa
ccaatgctaa
ctaacgccaa
cgaacgcgéa
ccaacgccge

aatgegagte

ggceecgett
gaacatgcee
geatcatgea
caagggagac

ggeagetete

tetactegce
agcagagact
geaagcaget
gtataagcta
tagtccaata
gacttcctce
tgacatgcac
ccegtgteac
cteccatcace
agtgaaattt
gcaagcgtsc
ccteceggec
cccgaatgcc
cccgaacegtt
cccaaatgce
fcccaacgeg
ccctéatgca
tegatcctca

tggcgecaca

139/212

aagacgaaga aagcatccaa atacgatctt

geegatacat tcaaatacac ccatgagaaa

gcagtccaat atgaaaatege gegtitcace

agcggacgac ccattetgga taaccaggega

aafgaaggat
aagtatactc
aatgtgacgt
ttggccatgc
gttéagtgcc
acgcgeectt
gcaatcgage
cagtatggce
gegaccatta
attgtggatg
atggaattta
aatcctgtag
caagtctacg
tcagaagtsg
aatcccaécg
gacccaaacg
aacccaaacg
aatcctaacg
aaccccaacg
gtcaccgtga

aagatctece

ctaggacagc

cagagaactg

tcccatgtec

tcagcgttaa

CCggaaggaa

acatgeccag

cagtaaagag

tegaticcte

aagagatacc

ggcacggtta

agaazagattc

gcagagaact

cacatgatgc

acagcagttt

cgaaccccaa

ccaacccgaa

ccaaccccaa

ctaatcccaa

cCaacCcgaa

cacctectea

agaccatcaa

cctttcagtc
cgagcaatge
tcaaccacca
cettgacaac
aaggagatce
atgcatcaga
cgacgggcac
cggcaactta
actacatcaa
tttcctectt
cgtcagacac
ctatactcat
acagaacaga
ggtttcctte
cgctaacece
tgccaatece
cgctaatcca
cgcaaatcce
cgctaacccg
tgggactagc

caagaCaaaa

gagtatgcag

ccccaagect

gteccgaaag

ceegtegteg

gtcatgtgea

tcactagtea

atttgctace

ccgggetacs

aCCgaggeage

tegtecagtig

gacggtitatse

aaggecagea

gtetcactct

gccaggtece

tcctecteesg

cccccagaac

ggagettatg

agcegcagtt

aacgccaatc

aacgcgaacc

aacgccaacce

aatgctaatc

aacgctaate

geecteetes

cagttcagec

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880



agtgcacaaa
attctgacaa
tcttectgec
'gtttcagatc
aacttectea
ttaccgtcac
gggcacagea
attaccacag
cegttteesgt
cttaccggct
gcactgcccg
agatgttctg
tcaggtecet
cctacgagca
acagagcage
ctacagtgaa
tcaaatgctg
tcttcacage
acacccaagt
aagcatataa
actctattst
aaataactgc
atgccggeea

ttgeagatat

gaaggagcag
actgcccaaa
agacggcaaa
agtgtcacte
tgagcctcac
cgaaaaageg
aacagcacce
ataccctatg
tecagegtct
aacacctaac
ggccgagacc
gattcaatte
gtectgtete
cgcgaccacg
ctacgcacca
cttggagtac
cegatctcag
ggtttaccesg
cagcaagecc
agcgcacaca
gactaccgtg
aggtecgett
gatctataat

acaatccaga

tgcagagcat
gcagcgesag
tecaccgtac
aaactgcacc
tacacgcace
tgggagtttg
ggaaatccac
tcecaccatee
acctegctat
gctaggatac
accteegagt
ctgatcecte
gtgecttitt
atgecgagee
ctccctatca
gtcacctgce
gaatgcactc
ttcatgtess
tacgtaatea
gccteagtec
tatgtgaate
tcéacagctt
tatgatttte

acagtctcaa

1407212

atcgretegca

ccaccttaaa

ctctageacce

ctaagaatcc

agctcatate

tatggegaaa

atgegctace

teggtttate

fttgcagatc

cattttgtct

ccttgratca

tggecgeett

tagtcatesc

aagceggaat

gcataacacc

actacaaaac

caacttacag

gtgetecata

aatcteacga

aggegttect

gagaaactcc

ggacaccctt

ctgagtateg

getetgatet

gaacgataag
aggaaaacte
agaacctatg
cacatatcta
tgaaccagct
ccacccgeeg
gcacgagetg
aatttetacc
aagagttgcsg
gectgtectt
cctategaac
gatcgtagte
cggcegccgea
ctegtataac
aacaaagatc
aggaatggat
gcetgatgaa
ttecttttec
cteccttece
caacatcaca
tgtgaatttc
tgatcgcaaa
gecaggacaa

gtatgccaat

tgegtetata
catgtcccat
ataaccttcg
atcacccgcee
gttaggaatt
aaaaggittt
ataactcatt
gccattgcaa
tgcctaactc
tectecgeec
aataaccaac
actcgcctec
gececceece
actatagtca
aagctegatac
tcaccagcca
cagtgcaaag
gacactgaga
gatcatgcte
gtgegagaac
aatgeggtca
atcgtgeast
ccaggagcat

accaacctag

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720,
3780
3840
3900
3960
4020
4080
4140
4200
4260

4320



tgctecagag
ttgagcaate
aaatatatac
ttgacattcc
aatgcactct
actcggccag
aagaagcagc
atatccacce
gtcaccccce
ccecegetgtc
ftattataat
aacataatta
ccteceeegt
atgaggaaat
ggcaggacag
getetatese
aggcacatcce
cactcatage
ttggagcest
gaagaaatta
tgaggaagta
taagcttgaa
gtgaéattgt

agectegest

acccéaagca
gaagaaagat
aaaccccatt
ceacgceettg
taacgagtec
caagtcagsc
agtcgagcta
geagttcage
gaaagaccat
aaaaaccecg
tegecttegtg
aggatctaga
geettectte
tgcatcgeat
Caagggesag
tacccagete
ccttctetst
acactcatag
ctetecctec
aagcaagata
atgagagaaa
aggagatagsg
tatccgetea

gcctaatgag

tttccagtce ggaaacctat

geagcgatce
aaagctccat
cgcgecgaaa
ttcaccages
gtgtattctt
aagtgcegcag
accgagcaag
ctccaaatat
attetgacac
tgeacgteet
ctgectacta
tctgctatec:
accctggaag
tgtctgagta
gattgegaag
cigaagaatt
gacacaccct
ctcaggageg
ctcatcagee
gectattaag
tcatagaatt
atcaaagctt
caattccaca
tgagctaact

cgtaccaget

1417212

acgtgccata
cattgaaatt
actgtectst
tgtcagaaac
ccgactttes
tccatgtgce
ggtcgecgac
gcacatcata
accctcagta
taacatcect
ttetgeccat
citctagtis
gigccactcc
getgtcatte
acaatagcag
gaccegsttc
gtccacgece
ctcegectte
caccaaacca
tgcagagesa
ttaaggccat
ggcgtaatca
caacatacga
cacattaatt

geattaatga

cactcageca

taccgcccct

agggtcaatt

accgacactt

tgggatcace

atcagggact

tatccatttce

tettacgtee

tcacgcccaa

gctgggagea

gtacetecty

ccagccatct

cactegtectt

tattctgeee

geatgctges

ctcctggece

ctggttctta

aatcccacce

aacctagcct

gagaaaatgc

gatttaagsc

tggtcatage

gccggaagea

gegttgeact

atcggccaac

ccttcegett
ttcgeatgcs
ccattagcct
tcagcggcce
acggtcaagt
getaccctaa
tcgaccgcaa
aaaggtgatt
acatttacag
tcagecgtaa
accaaccaga
gttgtttgee
tcctaataaa
getgegsstee
gatgcggfgg
agaaagaagc
gttccagecc
gctaaagtac
ccaagagtge
ctccaacatg
catcatgece
tetttectat
taaaétgtaa
cactgccese

gcgcgeegag

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820



aggegstttg
cettcgecte
atcagegeat
taaaaaggcc
aaatcgacec
tecccctega
gtceecettt
cagttceste
cgaccgctge
atcgccactg
tacagagttc
ctgcgctete
;caaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgce
ccccagtact
aaaccagcca
ccagtctatt
caacgitgtt
attcagctce

agegettage

cgtattegec
cggcgagbgg
aacgcaggaa
geettgetee
tcaagtcaga
agcteecteg
cteecttceg
taggtegttc
geettatecs
gcagcageca
ttgaagtest
ctgaagccag
gctggtagcs
caagaagﬁtc
taagggatit
aaatgaagtt
tgcttaatea
tgactceceg
gcaatgatac
gecggaages
aattgttecc
gecattecta
ggttcccaac

tceticeete

getecttecac
tatcagctca
agaacatstsg
cgtttttcca
geteeceaaa
tecscteice
gaagcgtegsc
getecaaget
gtaactatce
ctggtaacag
gecctaacta
ttaccttcgg
gtggtttitt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tcgtgtagat
cgcgagaacc
ccgagegceag
gggaagctag
taggcatcest
gatcaagece

ctcceategt

142/212

ttcetegcte
ctcaaaggce
agraaaagec
tagectcegc
cccgacagga
tattccgace
gettteteat
gegctetste
tcttgagtee
gattagcaga
cgectacact
aaaaagasgtt
tgtttgcaag
ttctacgees
attatcaaaa
ctaaagtata
tatctcasce
aactacgata
acgctcacce
aagtggtect
agtaagtagt
getetcacac
agttacatga

tgtcagaagt

actgactcsc
gtaataceet
cagcaaaagg
cceectgace
ctataaagat
ctgccgctta
agctcacgcet
cacgaaccee
aacccggtaa
gcraggtate
agaagaacag
ggtagctcft
cagcagatta
tctgacegcte
aggatcttca
tatgagtaaa
atctgtctat
cggeaggsct
gctecagatt
gcaactttat
tcgccagtta
tcgteetttg
tcececcatet

aagttegcce

tgcecteget
tatccacaga
ccaggaaccg
agcatcacaa
accagecett
ccggatacct
gtaggtatct
ccgttcagee
gacacgactt
taggcegtsc
tatttggtat
gatccggeaa
cecgcagaaa
agtggaacga
cctagatcet
cttegtctea
ttegttcate
taccatctee
tatcagﬁaat
cegectecat
atagtttece
gtatgecttc
tgtgcaaaaa

cagtgttatc

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260



actcatgstt atgegcagcac tgcataattc

ttctgteact ggtgagtact caaccaaete

ttactcttge ccggegtcaa tacgggataa

getcatcatt
atccagttce
cagegtttct
gacacggaaa
gggttattet
ggttccegeac
gadattaacc
tgacegteaa
geatgccees
ctggcttaac
cgttaatatt
atageccgaa
tgttetteca
gcgaaaaacce
tttesestce
agcttgaceg
gggcectage
gettaatece
ccgcacagat
aactetteee
geatgtecte

aaaacgacegg

ggaaaacgtt
atgtaaccca
gegtegagcaa

tgttgaatac

ctcatgagce

acatttccee
tataaaaata
aacctctgac
agcagacaag
tatgcgecat
ttegttaaaat
atcggcaaaa
gttiggaaca
gtctatcage
aggtecceta
£8aaagCcCee
gegctgacaa
ccgetacagg
gegtaaggag
aagggcgatc
caaggcgatt

ccagtgaatt

cttceregce

ctegtgcace

aaacaggaag

tcatactett

gatacatatt

gaaaagtgcc

gegcgtatcac

acatgcagcet

ceccgtcageg

tagagcagat

tcecettaaa

tcecttataa

agagtccact

gcgatggecc

aagcactaaa

cgaacgtesc

gtgtagegst

gegcgtacta

aaaataccgc

ggtecgesce

aagttegeta

ccatggtete

1437212

tcttactgte
attctgagaa
taccecgcca
aéaactctca
caactgatct
gcaaaatgce
cctttttcaa
tgaatgtatt
acctgacgtce
gaggeecttt
ccegtteace
cecgtcagce
tgtactgaga
tttttgttaa
atcaaaagaa
attaaagaac
actacgtgaa
tcggaaccct
gagaaaggaa
cacgctgcesc
tggttgcttt
atcaggcece
tettegctat
acgccagget

aactttc

atgccatcce
tagtgtatec
catagcagaa
aggatcttac
tcagcatctt
graaaaaage
tattatteaa
tagaaaaata
taagaaacca
cgegtegcec
gtcacagctt
getetteece
gtgcaccata
atcagctcat
tagcccgaga
gtggactcca
ccatcaccea
a2agggagce
gggaagaaag
gtaaccacca
gacgtatece
attcgecatt
tacgccagct

tttcccagtce

taagatectt
gecgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataageec
geatttatca
aacaaatage
ttattatcat
gtttcestsga
gtctgtaage
getetceese
aaattgtaaa
tttttaacca
tagegtteag
acgtcaaaegg
aatcaagttt
cccgatttag
Cgaaaggagc
cacbcgccgc
gtgtgaaata
caggctecec
B8CBaaager

acgacgttet

7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700

8737



210> 33

211> 4086
<212> DNA

213> Artificial

220>
223>

<400> 33
atgttcccet tccagecaat

gcccegegca geccctggtt
ttaacccgct ceatggctaa
ccatccgcta ataaaccgaa
aagaagaaga agaaccaage
cagaatgeaa acéagaagaa
aaattggaat ctgacaagac
tgtgtegtce gagggaagtt
gttctegccs cgettaagac
tcacagaaca tgcggececga
agctgecatc atgragcast
8888CCaage gagacageeg
gtectgesag gtetgaatea
aagggagtta ccgtgaagta
atgtgtctge tceccaatgt
aaaccagcag agactttesc
ctectggaag cagctgttaa
aatgagtata agctaacece

tgccatagtc caatagcaat

gtatcceate
ccccagaace
cctgacettc
gaaggagsce
gaagaagaag
gaccaacaag
gitcccaate
attcaggccg
gaagaaagea
tacattcaaa
ccaatatgaa
acgacccatt
aggatctagg
tictccagag
gacgttccca
catgctcage
gtgceccgea
cccttacate

cgaggcagta

144/ 212

cagccaatgc

gacccttttc

dagcaacgce

tcgcaaaaac

gctaagacag

aaaccageca

atgttggaasg

atgcatetes

tccaaatacg

tacacccatg

aatggecett

ctegataacc

acageccttt

aactgcgagc

tgtactcaac

gttaacgtte

aggaaaagea

gccagateca

aagagcgace

cctatcecaa
tegcgatgca
gegacececc
agaaagesee
ggccgectaa
agagacagce
ggaagataaa
aaggcaagat
atcttgagta
agaaacceca
tcacggtecc
aggeaceest
cagtcgtcat
aategtcact
caccaatttg
acaacccgee
gatccaccga
tcagatgtac

ggcacgacee

VLP78_21 (VEEV VLP 519 NPNAx25) VEEV-NPNAx25 seauence only

ccegtteeeg
ggtgcaggaa
acctgageee
ageccaageg
tccegaagegca
catgegtcatg
cgectacect
cgacaacgac
tegcagatgtg
aggctattac
gaaaggagtt
ggtcectatt
gtggaacgag
agtgaccace
ctacgacaga
ctacgatsag
ggagetgttt
agtteggasc

ttatgttaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

800

960

1020

1080

1140



cttcagactt
cggtatgaca
tctceccest
geggactcca
tatgaagtea
gtégagcaag
atgcacctee
ggaaacccga
gcaaacccga
getaacccaa
gccaatccca
gegaacccta
geegetegat
gagtgtesce
acaaagaagg
gacaaactgc
ctggcagacg
agatcagtgt
gctgatgage
gtcaccgaaa
caggaaacag
cacagatacc
tccgttecag
cggetaacac

gcccgegcce

cctegcagta
tgcacggegac
gtcacattgt
tcaccatgea
aatttaatcc
cgtgccaagt
cgggctcaga
atgccaatcc
acgtteacce
atgccaacce
acgcgaatece
atgcaaacce
cctcagtcac

gcacaaagat

tegcctgeat

cattaaagag

geatgegcac

atttaagaaa

tgtaggcaga

ctacgcacat

agtggacage

Caacgcgaac

daaCgccaac

aaacgccaac

taacgctaat

caacgccaac

cetgacacct -

ctcegagace

1457212

tcetecggca

ataccactac

gettatttce

gattccgtca

gaactctata

gatgcacaga

agtttgettt

cccaacgcta

ccgaatgceca

cccaacgcta

cccaacgcaa

ccgaacgcta

cctgatggga

atcaacaaga

agcagtgcag agcatatcee ctgcagaacg

CCaaagcage

gcaaatgcac

cactgaaact

ctcactacac

aageetgsgga

cacccgpgaaa

ctategtccac

gggagcecace
cgtgecteta
gcaccctaag
gcacgagctce
gtttgtater
tccacategs

catcctegst

cgtetacctg getgttttac

ctaacgctag

gataccattt

agatcacctg gegagtectte

ttaaaaggaa
geaccagaac
aatcccacat
atatctgaac
ggaaaccacc
ctaccgcace
ttgtcaattt
agatcaagag
tgtcteects

gatcacctat

acitaaageg
atcaagtetc
tgctteccag
gacactcctg
ctcatcecce
acagaggagc
ccitgagceg
accccaacge
atcccaacgc
atccaaacec
atcccaatge
acccgaacsec
ctagcgccct
caaaacagtt
ataagteget
aactgcatgt
ctatgataac
atctaatcac
cagctgttag
cgccgaaaag
aggtgataac
gteccgccat
ttecetecct
tectttecte

ggaacaataa

caggaccatg

actctataca

gtecccgeca

ctegeteces

agaacacgea

ttatgtcgag

cagttecega

caatccgaat

gaaccccaat

caacectaac

taatccgaac

taatcccaac

getggaatec

cagccagtac

gtataattct

cccattette

ctteegtttc

ccgccaactt

gaattttacc

gtttteggeca

tcattattac

tgcaaccgtt

aactecttac

cgeeegeact

ccaacagatg

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

2640



ttcteeattc

aattgctgat

tgcetgtect gtgtcgtace

gagcacgcea
gcaggctace
gtgaacties
tectgcegat
acaggesttt
caagtcagca
tataaagcec
attgteacta
actgcagste
geggagatct-
gatatacaat
cagagaccca
caatggaaga
tatacaaacc
attcccgacg
actcttaacg
gecageaagt
gcagcagtceg
cacccggagt
cccccgaaag
gtgtcaaaaa

ataattgect

ccacgatgcce

caccactccce

agtacgtcac

ctcaggaatg

acccgttcat

aggcetacet

acacagectc

ccgtetatet

cectttecac

ataattatga

ccagaacagt

aagcaggage

aagataaagc

ccattcgcec

ccttettcac

agtecgtgta

caggcaagte

agctaaccga

cecctetgece
ttttttagtc
gagccaagce
tatcagcata
cteccactac
cactccaact
gtegegtaet
aatgaaatct
agtgcagsce
gaatggaéaa
agcttgeaca
ttttectgag
ctcaagctct
gatccacetg
tccatcattg
cgaaaactat
caggetetca
ttcttccgac
cgcagtecat

gcaagegtcesg

1467212

gecttgatce
atggcegece
ggaatcteet
acaccaacaa
aaaacaggaa
tacaggccte
geatattget
gacgactgcc
ttccicaaca
actcctetea
ccctttgate
tatgegecag
gatctgtatsg
ccatacacte
aaatttaccé
gctetagest
gaaacaccga
tttegteega
gteccatcag

gegactatcee

tcaggctcca aatatgcaca tcatatgtta

accatattegt gacacaccct cagtatcacg

ccegcgteggac gtggttaaca tcectgctes

tgetgctege tactattgtg gecatgtacg

tagtgactce
ccgcagecec
ataacactat
agatcaagct
tggattcace
atgaacagts
tttgcgacac
ttecegatca
tcacagtess
atttcaatgg
gcaaaatcgt
gacaaccagg
ccaataccaa
aggcaccttc
cccettteeg
caattccatt
cactttcage
tceccacest
geactgctac
atttctcgac
cgtgcaaagg
cccaaacatt
gaggatcagc

tectzaccaa

cctgcteage
cggcecctac
agtcaacaga
gatacctaca
agccatcaaa
caaagtcttc
tgagaacacc
tgctgaagea
agaacactct
ggtcaaaata
gcagtatecc
agcattteea
cctagtgcte
geettttgag
atgégaaata
agcetttgac
ggccgaatsc
caagtactceg
cctaaaagaa
cgcaaatatc
tgattgtcac
tacagccgce
cgtaattatt

ccagaaacat

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020.

4080



147/212

aattaa 4086

210> 34

211> 1361
212> PRT

213> Artificial

220>
<223> VLP78.21 (VEEV VLP 519 NPNAx25) amino acid seauence

<400> 34

Met Phe Pro Phe Gln Pro Met Tyr Pro Met Gln Pro Met Pro Tyr Arg
1 5 10 15

Asn Pro Phe Ala Ata Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gin Val GIn Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys Gin Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn
50 55 60

Lys Pro Lys Lys Glu Ala Ser Gin Lys GIn Lys Gly Gly Gly Gin Giy
65 70 75 80

Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro
85 90 95

Asn Pro Lys Ala Gin Asn Giy Asn Lys Lys Lys Thr ‘Asn Lys Lys Pro
100 105 110

Gly Lys Arg Gin Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr Phe
115 120 . 125

Pro Ile Met Leu Giu Gly Lys ile Asn Gly Tyr Ala Cys Val Val Gly
130 135 _ 140

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys Ile Asp Asn Asp
145 , 150 ' 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175

Tyr Ala Asp Val Pro GIn Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190



1487212

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

Asp Ser Gly Arg Pro lle Leu Asp Asn Gin Giy Arg Val Val Ala lle
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val -Lys Tyr Thr Pro Glu Asn Cys
260 265 270

Glu Gin Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 285

Phe Pro Cys Ala Gin Pro Pro lle Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu
305 310 315 320

Leu Leu Glu Ala Ala Val Lys Cys Pro Gly Arg Lys Arg Arg Ser Thr
325 330 335

Glu Glu Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg
340 345 350

Cys Ile Arg Cys Ala Val Gly Ser Cys His Ser Pro [le Afa lie Glu
355 360 365

Ala Val Lys Ser Asp Giy His Asp Gly Tyr Val Arg Leu Gin Thr Ser
370 375 380

Ser Gln Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 395 400

Arg Tyr Asp Met His Gly Thr Ile Lys Glu lle Pro Leu His Gln Val
405 410 415

Ser Leu Tyr Thr Ser Arg Pro Cys His lle Val Asp Gly His Gly Tyr
420 425 430

Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser Ile Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys



1497212

450 455 460

Phe Asn Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu Gin Ala Cys Gin Val Tyr Ala His Asp Ala Gln Asn Arg Gly
485 490 ' 495

Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Val Ser Leu Ser Gly Ser Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn
515 520 : 525

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
530 535 540

Val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
545 550 555 560

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
565 : 570 575

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
580 585 ; 590

Ala Asn Pro Asn Ala Asn Pro Asn Ata Asn Pro Asn Ala Asn Pro Asn
595 600 605

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser
610 615 620

Ser Val Thr Val Thr Pro Pro Asp Gly Thr Ser Ala Leu Va! Glu Cys
625 630 635 640

Glu Cys Giy Gly Thr Lys 1le Ser Glu Thr Ile Asn Lys Thr Lys Gin
645 650 655

Phe Ser Gin Cys Thr Lys Lys Glu Gin Cys Arg Ala Tyr Arg Leu Gin
660 665 670

Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys Leu Pro Lys Ala Ala Gly
675 ' 680 685

Ala Thr Leu Lys Gly Lys Leu His Val Pro Phe Leu Leu Ala Asp Gly
690 695 700

Lys Cys Thr Val Pro Leu Ala Pro Glu Pro Met 1le Thr Phe Gly Phe
705 710 715 720



150/212

Arg Ser Val Ser Leu Lys Leu His Pro Lys Asn Pro Thr Tyr Leu lle
725 730 735

Thr Arg Gin Leu Ala Asp Giu Pro His Tyr Thr His Glu Leu lie Ser
740 745 750

Glu Pro Ala Val Arg Asn Phe Thr Val Thr Glu Lys Gly Trp Glu Phe
755 760 765

Val Trp.Gly Asn His Pro Pro Lys Arg Phe Trp Ala Gin Glu Thr Ala
770 7758 , 780

Pro Gly Asn Pro His Gly Leu Pro His Glu Val |le Thr His Tyr Tyr
785 790 795 800

His Arg Tyr Pro Met Ser Thr lle Leu Gly Leu Ser lie Cys Ala Ala
805 810 815

Ile Ala Thr Val Ser Val Ala Ala Ser Thr Trp Leu Phe Cys Arg Ser
820 825 830

Arg Val Ala Cys Leu Thr Pro Tyr Arg Leu Thr Pro Asn Ala Areg lle
835 840 845

Pro Phe Cys Leu Ala Val Leu Cys Cys Ala Arg Thr Ala Arg Ala Glu
850 856 860

Thr Thr Trp Glu Ser Leu Asp His Leu Trp Asn Asn Asn Gin GiIn Met
865 870 875 . 880

Phe Trp 1le GIn Leu Leu |le Pro Leu Ala Ala Leu lle Val Val Thr
885 890 895

Arg Leu Leu Arg Cys Val Cys Cys Val Val Pro Phe Leu Val Met Ala
900 905 ‘ 910

Giy Ala Ala Gly Ala Gly Ala Tyr Glu His Ala Thr Thr Met Pro Ser
915 920 925

Gin Ala Gly tle Ser Tyr Asn Thr lie Val Asn Arg Ala Gly Tyr Ala
830 935 940

‘Pro Leu Pro lle Ser 1le Thr Pro Thr Lys tle Lys Leu Ite Pro Thr
945 950 955 960

Val Asn Leu Glu Tyr Val Thr Cys His Tyr Lys Thr Gly Met Asp Ser
965 970 975



1517212

Pro Alé lle Lys Cys Cys Gly Ser Gin Giu Cys Thr Pro Thr Tyr Arg

Pro Asp Glu Gln Cys Lys Val Phe Thr Gly Val Tyr Pro Phe Met Trp

980

395

985

1000

590

1005

Gly Gly Ala Tyr Cys Phe Cys Asp Thr Giu Asn Thr Gin Val Ser

1010

1015

1020

Lys Ala Tyr Val Met Lys Ser Asp Asp Cys Leu Ala Asp His Ala

Glu

e

Gly

Pro

Tyr

Gly

Ser

Lys

Phe

Ala

Asn

Ala

1025

Ala Tyr Lys Ala His
1040

Thr
1055

Val Gly Glu His
Glu Thr Pro Val Asn
1070

Leu Ser Thr Ala Trp
1085

Ala Gly Glu Ve Tyr
1100

1030

Thr Ala Ser Val GIn
1045

Ser lle Val Thr Thr

1060

Phe Asn Gly Val Lys
1075

Thr Pro Phe Asp Arg

1090

Asn Tyr Asp Phe Pro
1105

Asn Thr Asn Leu Val

Val Pro Tyr Thr Gin

Gln

1115 1120
Ser Asp Leu Tyr Ala

1130 1135
Ala Gly Ala |le His

1145

Glu Gin Trp Lys Lys
1160

Pro Phe Gly Cys Glu
1175

Cys Ala Val Gly Ser
1190

Leu Phe Thr Arg Val
1205

1150

Asp Lys Ala Pro Ser
1165

{1e Tyr Thr Asn Pro
1180

lle Pro Leu Ala Phe Asp

1195

Ser Glu Thr Pro Thr
1210

1035

Ala Phe Leu Asn
1050

Val Tyr Val Asn
1065
{le Thr Ala Gly
1080
Lys 1le Vatl Gin
1095
Glu Tyr Gly Ala
1110

Pro Gly Ala Phe Gly Asp lie GIn Ser Arg Thr Val Ser

1125

Leu GIin Arg Pro
1140

Ala Pro Ser Gly
1155

Leu Lys Phe Thr
1170

Ile Arg Ala Glu
1185

Ile Pro Asp
1200

Leu Ser Ala Ala
1215

Glu Cys Thr Leu Asn Glu Cys Val Tyr Ser Ser Asp Phe Gly Gly



152/ 212

1220 1225 1230

Ile Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser Gly Lys Cys Ala
1235 1240 1245

Val His Val Pro Ser Gly Thr Ala Thr Leu Lys Glu Ala Ala Val
1250 1255 1260

Glu Leu Thr Glu Gin Gly Ser Ala Thr lle His Phe Ser Thr Ala
1265 1270 1275

Asn Ile His Pro Glu Phe Arg Leu Gin !le Cys Thr Ser Tyr Val
1280 1285 1290

Thr Cys Lys Gly Asp Cys His Pro Pro Lys Asp His lie Val Thr
1295 1300 1305

His Pro Gin Tyr His Ala Gin Thr Phe Thr Ala Ala Val Ser Lys
1310 1315 1320

Thr Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly Ser Ala Val
1325 1330 1335 ’

{le tle ile ile Gly Leu Va! Leu Ala Thr 1le Val Ala Met Tyr
1340 1345 1350

Yal Leu Thr Asn Gln Lys His Asn
1355 1360

210> 35

211> 8509

<212> DNA

213> Artificial

220>

{223> VLP74_21 (VEEV VLP 519 NPNAx6) whole sequence

<400> 35

gaattcccat tgcatacgtt gtatccatat cataatatgt
ccaacattac cgccatgtte acattgatta ttgactagtt
gegtcattag ttcatagccc atatatggag ttccgcgtta
ccgcctgect gaccecccaa cgacceccge ceattgacgt

atagtaacgc caatagggac tttccattga cgtcaatgeg

acatttatat tegctcatst

attaatagta atcaattacg

cataacttac ggtaaatgsgc

caataatgac gtatgttcce

tggagtattt acggtaaact

60

120

180

240

300



geccactigg
gacggtaaat
tegcagtaca
atcaatggsc
gtcaategea
tccgecccat
gcteatttag
agaagacacc
tactcgttge
tttccatags
ccaccatgtt
tcgcgeccce
aggaattaac
ageggccate
aaggeaagaa
aggcacagaa
tcatgaaatt
acgcttgtst
acgacgttcet
atgtgccaca
attacagctsg
gagttgessc
ctattgtact
acgagaagsg

ccaccatgtsg

cagtacatca
ggceegectg
fctacgtatt
gtegatagce
gtttetttte
tgacgcaaat
tgaaccgtca
gggaccgatce
tgccegcecee
tettttctec
ccegttecag
gcecaggeee
ccectegateg
cgctaataaa
gaagaagaac
tggaaacaag
ggaatcteac
getcggases
geccgeectt
gaacatgcgg
gcatcatgga
caageggagac
geeaggtete
agttéccgtg

tctectegce

agtgtatcat
geattatgce
agtcatcect
gtttgactca
gcaccaaaat
gggcgetags
gatcgectes
cagcctecet
gceaccagac
agtcaccgtc
ccaatgtate
tegticccca
getaacctga
écgaagaagg
Caagggaaga
aagaagacca
aagacgttee
aagttattca
aagacgaaga
gecgatacat
gcagtccaat
agcggacgac
aatgaaggat
aagtatactc

aatgtgacet

1537212

atgccaagta cecccectat tgacgtcaat

cagtacatga ccttatggga ctttectact

attaccatgg tgatgcgett ttgegcagtac

cggggatttc
caacgegact
cgtgtacgst
agacgccatc
taacggtega
ataatagcte
gtceacacgt
cgatgcagee
gaaccgacce
cgttcaagca
aggcctcgea
agaaggctaa
acaagaaacc
caatcatgtt
ggccgatgca
aagcatccaa
tcaaatacac
atgaaaatgg
ccattctgea
ctaggacagc
cagagaactg

tcccatgtec

caagtctcca
ttccaaaate
gegaggtcta
cacgctgttt
gggcagtgta
acagactaac
gtegatcagat
aatgecetat
ttttctesce
acgccgegac
aaaacagaaa
gacagegccg
aggcaagaga
geaagggaag
tgtggaagec
atacgatctt
ccatgagaaa
gegtttcace
taaccagega
cctttcagtc
cgagcaatee

tcaaccacca

cceccattgac
tcgtaacaac
tataagcaga
tgacctecat
gtctgagcag
agactgttce
atcecgeccg
cgcaacccet
atgcagegtec
gegecaccte
gagggaggce
cctaatccega
cagcgcatgg
ataaacggct
aagatcgaca
gagtatgcag
ccccaagect
gtgccgaaag
ceggtesteg
gicatgtgea
tcactagtea

atttectace

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
162d
1680
1740

1800



acagaaaacc
atgagetect
tgtttaatza
ggagctgcca
ttagacttca
ccatgcggta
atacatctce
cgecaggega
tgcegtatea
acggagtaga
tcgagatgca
(Cg8gaggaaa
caaacgccaa
gegccctegt
aacagttcag
agtgeeteta
tecatgtece
teataacctt
taatcaccce
ctegttaggaa
cgaaaagett
tgataactca
~ccgeeattae

cgtgectaac

agcagagact
ggaagcagct
gtataagcta
tagtccaata
gacttcctce
teacatgcac
ccegtgteac
cteccatcace
agtgaaattt
gcaagegtec
ccteeccgeece
cccgaatece
ccecaacgct
gegaatgcgag
ccagtgcaca
taattcteac
attcttegcte
cegtttcaga
ccaactigcet
ttttaccgte
ttegecacag
ttattaccac
aaccgtttec

tecttacceg

ttegccatgc
gttaagtece
acgcgecctt
gecaatcgagg
cagtatgecc
gggaccatta
attgtgeate
atggaattta
aatcctgtag
caagtctace
tcagaagtee
aatcccaace
getggatect
tetgeceeca
a2gaageage
aaactgccca
gcagacggca
tcagtgtcac
gatgagectce
accgaaaaag
gaaacagcac
agatacccta
gttgeagegt

ctaacaccta

154 /212

tcagcgttaa
cCcggaaggaa
acatggccag
cagtaaagag
tgeattcctce
aagagatacc
ggcacggtta
agaaagattc
gcagagaact
cacatgaigc
acagcagttt
cgaaccccaa
cagtcaccet
caaagatcte
agtgcagage
aagcagcees
aatgcaccegt
tgaaactgca
actacacgca
getgggagtt
ccggaaatcee
tgtccaccat
ctacctgect

acgctaggat

cgttgacaac
aaggagatce
atgcatcaga
cgacgescac
cggcaactta
actacatcaa
tttectectt
cgtcagacac
ctatactcat
acagaacaga
getttcctte
tectaaccea
gacacctcect
cgagaccatc
atatcgsctg
agccacctta
geetctagea
ccctaagaat
cgagctcata
tetategeea
acatggecta
cctgegttte
gttttgcagé

accattttgt

ccggectace

accgaggagce

tetgcagtte

gacgettateg

aaggeragsa

gtgtcactct

geccagatgce

tectgctege

CCCCCagaac

gragcttate

agcggeagtt

aatgccaace

gateggacta

aaCaagacaa

cagaacgata

aaaggaaaac

ccagaaccta

cccacatate

tctgaaccag

aaccacccec,

ccgcacgage

tcaatttgtg

tcaagagttsg

ctgectgtec

1860

1920

- 1580

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2820

1 2880

2940

3000

3060

3120

3180

3240



tttgctgcec
acaataacca
tgactcecct
Caggececces
acactatagt
tcaagcteat
attcaccagc
aacagtgcaa
gcgacaciga
cegatcatgc
cagteggaga
tcaatggest
aaatcgtgca
aaccaggagc
ataccaacct
caccttcese
ctttcgeatg
ttccattagc
tttcagcesc
ccacegtcaa
ctectaccet
tctcgaccéc
gcaaagetga
aaacatttac

gatcagccgt

ccgcactgce
acagatgttc
gctcagetsc
cgcctacgag
caacagagca
acctacagte
catcaaatge
agtcttéaca
gaacacccaa
tgaagcatat
acactctatt
caaaataact
gtatgccges
atttgeagat
agtgctecag
ttttegagcaa
cgaaatatat
ctttgacatt
cgaatgcact
gtactcegace
aaaagaagca
aaatatccac
ttgtcaccee
agccgesste

aattattata

cggeccgaga
tggattcaat
gtetectgte
cacgcgacca
gectacecac
aacttgeagt
tgcggatcte
geggtttace
gtcagcaagg
aaagcgcaca
gtgactacce
gcaggtccec
gagatctata
atacaatcca
agacccaaag
tggaagaaag
acaaacccca
ccegacgeet
cttaacgagt
agcaagtcag
geagtcgasc
ccegagttca
ccgaaagace
tcaaaaaccg

attgecttgg

155/212

ccacctgega
tectgatcec
tegteccttt
cgatgcceag
cactccctat
acgtcacctg
aggaatgcac
cgttcatgte
cctacgtaat
cagcctcagt
tetatgtgaa
tttccacage
attatgattt
gaacagtcte
caggagcgat
ataaagctce
ttcgceccra
tgttcaccag
gegtgtatte
gcaagtécgc
taaccgagca
ggctecaaat
atattgtgac
cgteracgte

tectegctac

gtecttggat

tetggeegee

tttagtcate

CCaagcgesa

cagcataaca

ccactacaaa

tccaacttac

gegtegteca

gaaatcteac

graggcgttc

tggagaaact

tteggacacce

tcctgagtat

aagctcteat

ccacgtgeca

atcattgaaa

aaactgtect

getgtcagaa

ttecgacttt

agtccatgte

agggtcgece

atgcacatca

acaccctcag

gttaacatce

tattetescc

cacctatgga
ttgatcgtag
gccgececce
atctcgtata
CCaacaaaga
acaggaatgg
aggcctgate
tattgetttt
gactgcctte
ctcaacatca
cctgtgaatt
ttteatceca
ggegcaggac
cigtatgeca
tacactcagg
tttaccecce
gtagegtcaa
acaccgacac
ggtgggatcg
ccatcaggga
actatccatt
tatgttacet
tatcacgcce
ctectgegag

atetacgtec

3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680

4740



tgaccaacca
ctgttettte
tttcctaata
geegtegeet
gegatgceet
ccagaaagaa
tagttccagc
ccectaaaet
ciccaagagt
gectecaaca
gccatcatgé
getgtttect
cataaagtet
ctcactgcce
acgCecesss
getecectcg
gttatccaca
ggccaggaac
cgagcatcac
ataccagecg
taccggatac
ctegtaggtat
cceegtteag

aagacacgac

gaaacataat
cccetecece
aaatgaggaa
geggcaggac
gegctcetate
gcagecacat
cccactcata
acttggagce
gggaagaaat
tgtgaggaag
cctaagctte
gtetgaaatt
aaagcctees
getttecagt
agagecggtt
gtcgttcgec
gaatcaggee
cgtaaaaage
aaaaatcgac
tttcececte
ctgtccecct
ctcagttcee
ccegaceget

ttatcgcecac

taaggatcta
gtgcettect
attgcatcec
agcaageees
getacccage
ceeettetet
geacactcat
gicteteecet
taaagcaaga
taatgagaga
anaggagata
gttatccgct
gtgcctaatg
cgggaaacct
tecgtatteg
tgcggcgage
ataachagg
ccgcettect
getcaagtca
gaagcteect
ttcteeettc
tgtaggtest
gegecttate

tggcagcage

156/212

gatctgctsat
teaccctgera
attgtctgag
aggattgega
tectgaagaa
gtgacacacc
agctcagegag
ccetcatcag
taggctatta
aatcatagaa
ggatcaaage
cacaattcca
agtgagctaa
gtegtgccag
gegetettee
ggtatcagct
aaagaacatg
gecgtttttc
gaggtgecea
cgtgegctet
gggaagcgtg
tcectccaag
cegtaactat

cactggtaac

gecttctagt

aggteccact

taggtgteat

agacaatagc

ttgacccegt

ctgtecacec

gectccgeet

c¢ccaccaaac

agtgcagage

ftttaagecc

fteecegtaat

cacaacatac

ctcacattaa

ctgcattaat

gettecteec

cactcaaagg

tgagcaaaag

cataggctcc

aacccgacag

cctettecea

gegctttete

ctggectgts

cetettgagt

aggattagca

tgccagcecat

cccactgtee

tctattctes

agecatecte

tectectees

ccctegttcet

tcaatcccac

caaacctagc

gagagaaaat

atgatttaag

catggtcata

gagccggaag

ttecgttece

gaatcggcca

tcactgacte

cgetaataceg

gcCagcaaaa

geceeectea

gactataaag

cccteccact

atagctcaceg

tgcacgaace

ccaacccegt

gagcgaggta

4800

4860

4920

4980

5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060

6120

6180



157/212

tetaggecget getacagagt tcttgaagte gtggectaac tacggctaca

agtatttegt
ttgatccgec
tacgcgcaga
tcagtegaac
cacctagatc
aactteetct
atttcgttca
cttaccatct
tttatcagca
atccgectee
taatagttte
tggtateect
gttgtecaaa
cgcagtetta
cgtaagatgc
gcgecgacce
aactttaaaa
accgetgtte
ttttactttc
gegaataagg
aagcatttat
taaacaaata
cattattatc

gegtttegst

atctgcgcte

aaacaaacca

aaaaaagegat

gaaaactcac

cttttaaatt

gacagttacc

tccatagtte

ggccccagte

ataaaccagc

atccagtcta

cgeaacgtisg

tcattcagct

aaagcgetta

tcactcateg

ttttctetga

agttgctett

gtgcteatca

agatccagtt

accagegttt

gcgacacgga

tagggttatt

gegettccec

atgacaitaa

gatgacgetg

tectgaagce
ccgctegtag
ctcaagaaga
gttaagggat
aaaaatgaag
aatgcttaat
cctgactecc
cigcaatgat
cagccggaag
ttaattgtteg
tigccattac
ccggttecca
getecttcee
ttatggcaec
ctgetgagta
gcceggeste
ttggaaaacg
ceatgtaacc
ctegatgage
aatgttgaat
gtctcatgag
gcacatttce
cctataaaaa

aaaacctctg

agttaccttce
cegteggttit
tccttteate
tttestcate
ttttaaatca
cagtgageca
cgtegtatag
accgcgagaa
geccgagegc
ccgggaaget
tacaggcatc
acgatcaage
tcctecgate
actgcataat
ctcaaccaag
aatacgegat
ttcttceree
cactcgtgca
aaaaacagga
actcatacte
cggatacata
ccgaaaagte
tagecgtatce

acacatgcag

geaaaaagag
tttettteca
ttttctacge
agattgtcaa
atctaaagta
cctatctcag
ataactacea
ceacgctceac
agaagtgetc
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctcttacte
tcattctgag
aataccgcgc
cgaaaactct
cccaactgat
aggcaaaate
ttectttttc
tttgaatgta
ccacctgacg
acgaggcect

cteccgttea

ctagaagaac
ttegtagctc
agcagcagat
getcteacec
aaaggatctt
tatatgagta
cgatctgtct
tacgegages
cgectecaga
ctgcaacttt
gttcgeeagt
getegtegtt
gatcccecat
gtaagttgec
tcatgccatc
aatagtgtat
cacatagcag
caaggatctt
cttcageatc
ccgcaaaaaa
aatattatte
tttagaaaaa
tctaagaaac
ttcggetcesc

cggtcacage

6240

6300

6360

6420

6480

6540

6600

6660

6720

- 6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680



ttgtctgtaa
ceggtetces
taaaattgta
attttttaac
gatagestty
caacgtcaaa
caaatcaagt
ccecegattt
agcgaaagga
cacacccecce
cegtetgaaa
ttcaggctac
ctggcgaaag
tcacgacgtt
<210> 36

Q1

<21
13>

DNA

<2207
Q2P

<400> 36

atgtteccegt tccagccaat gtatccgatg cagecaatge ccotatcgeaa cecgtteges

3858

geggatgcce
ggcteectta
aacgttaata
caataggccee
agtgttatte
ggecgaaaaa
tttttegeet
agagctteac
geggecgcta
gcecttaateg
taccegcacag
gcaactgttg
gggeatetec

gtaaaacgac

Artificial

ggagcagaca
actatgcgec
ttttettaaa
aaatcggcaa
cagtttggaa
ccetctatca
cgaggtgccg
geggaaagec
ggecegcteec
cgccegctaca
atecgtaagg
gBaageeCea
tgcaaggcga

geccagtgaa

1587212

ageccgteag

atcagagcag

attcgcetta

aatcccttat

caagagtcca

geecgatesc

taaagcacta

ggcgaacgts

aagtgtagcg

geecgcgtac

agaaaatace

tcegtecese

ttaagttges

ttccatgste

ggcecgtcag cgaetatieg
attgtactea gagtgcacca
aatttttett aaatcagctc
aaatcaaaag aatagcccea
ctattaaaga acgtggactc
ccactacgtg aaccatcacc
aatcgeaacc ctaaagegag
gcgagaaagy 2ageEaagaa
gtcacgctge gegtaaccac
tatggttect ttgacgtatg
gcatcagecg ccattcgeca
cctetteact attacgccag
taacgccagg gtttteccag

tcaactttc

VLP74_21 (VEEV VLP 519 NPNAx6) VEEV-NPNAx6 seauence only

geecegesca gecectegett ccccagaace gacectittc tgecgateca getpcaggaa

ttaacccgct cgatggctaa cctgacgttc aagcaacgcc gggacegcgce acctgagese

ccatccgcta ataaaccgaa gaageagece tcgcaaaaac agaaagegge aggccaaggg

aagaagaaga agaaCcaagg gaagaagaag gctaagacag gegccgcctaa tccgaaggca

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8509

60

120

180

240

300



cagaatggaa
aaattgeaat
tetgtegtcg
gttctgecce
ccacagaaca
agctegcate
gEEECCaasy
gtgctgggag.
aagggagtta
atetgtctec
aaaccagcag
ctectegaag
aatgagtata
tgccatagte
cttcagactt
cggtatgaca
tctcgecest
ggeeactcca
tatgaagtea
gtagagcaag
atgcacctee
ggaaacccga
gccaaccccea

ctggtgraat

acaagaagaa
ctgacaagac
gagggaagtt
cgcttiaagac
tecggeccea
atggagcagt
gagacagceg
gtgtgaatga
ccegtgaagta
tcgccaatet
agactttgsc
cagctgttaa
agctaacgcg
taatagcaat
cctcgcagta
tgcacgegac
gtcacattgt
tcaccatgga
aatttaatcc
cgteccaagt
cgeectcaga
atgccaatce
acectesteg

gecgagtgtge

159/212

gacCaacaag aaacCcaggca agagacagcg

gttcccaatc atettggaag ggaagataaa

attcaggcce

ategcatgtee

aaggcaagat

gaagaaagca tccaaatacg atcttgagta

tacattcaaa tacacccatg agaaacccca

ccaatatgaa

acgacccatt

aggaiciagg

tactccagag

gacgttecca

catgctrage

gteccecgra

cccttacate

cgaggcagta

tgegcctggat

cattaaagag

ggatggecac

atttaagaaa

tgtaggcaga

ctacgcacat

agtggacagc

caacgcgaac

atcctcagte

cggcacaaag

ttcagccagt gcacaaagaa ggagcagtec

aatgeecstt
ctggataacc
acagecettt
aactgcgagc
tetgctcaac
gttaacgtteg
aggaaaagga
gtcagatgca
2agagrgace
tccteceeca
ataccactac
ggttatttce
gattccgtca
gaactctata
gatgcacaga
agtttegttt
cccaatgcta
accgtgacac
atctccgaga

agagcatatce

tcacgetece
agggacgegt
cagtcgtcat
aatggtcact
caccaatttg
acaacccege
gatccaccga
tcagatgtéc
ggcacgaceg
acttaaaseg
atcaagietc
tecttgccag
gacactcctg
ctcatccccee
acagaggagc
ccttgagces
acccaaatgc
ctectgates
ccatcaacaa

ggctgcagaa

catggtcatg
cgectacgct
cgacaacgac
tgcagatatg
aggctattac
gaaaggagtt
getcectatt
gtggaacgag
agtgaccacc
ctacgacaga
ctacgatgag
ggagctettt
agttgegage
ftatgttaga
caggaccatg
actctataca
gtgccegsca
ctcestecce
agaacacgga
ttatgtceag
cagttccgea
caacccaaac
gactagcgce
gacaaaacag

cgataagteg

360

420

480

540

600

660

720

780

840

800

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



gtgtataatt
gtcccattct
accttcestt
acccgecaac
aggaatttta
aggttttess
actcattatt
attgcaacce
ctaactectt
tgcgeccgca
aaccaacaga
cgcctectea
gceggegect
atagtcaaca
ctgataccta
ccagecatca
tgcaaagtct
actgagaaca
catgctgaag
ggagaacact
geggtcaaaa
gtgcagtatg
ggagcatttsg

aacctagtec

ctgacaaact
tectgecaga
tcagatcagt‘
ttectgatga
ccgtcaccga
tacaggaaac
accacagata
tttcegttac
accgectaac
ctgeecgegse
tettctegat
ggtecatete
acgagcacec
gagcaggcta
cagtgaactt
aatgctecee
tcacaggsgt
cccaagtcag
catataaage
ctattgtgac
taactgcage
cceeggagat
gagatataca

tgcagagace

gcccaaagea
cggcaaatec
gtcactgaaa
gectcactac
aaaagggtes
agcacccgga
cectatgtec
agecgtetace
acctaacect
cgagaccace
tcaattgcte
ctetgtcsts
gaccécgatg
cgcaccact§
geagtacgtc
atctcaggaa
ttacccgttc
caaggcectac
gracacagcc
taccgtgtat
tccectttee
ctataattat
atccagaaca

caaagcagsa

160/212

gcgggagceca
accgteccte
ctgcacccta
acgcacgage
gagtttgtat
aatccacatg
accatccteg
tegctgtttt
aggataccat
tgegagtect
atccetcteg
cettttttag
ccgagccaag
cetatcagea
acctgccact
tegcactccaa
atateessts
gtaatgaaat
tcagtgeage
gtgaatggag
acagcttgga
gattttccte
gtctcaaget

gegatccace

ccttaaaage
tagcaccaga
agéatcccac
tcatatctga
ggggaaacca
gectaccgea
gtttatcaat
gcagatcaag
tttgtctasc
tggatcacct
ccgectteat
tcatesccee
cgggaatctce
taacaccaac
acaaaacage
cttacagecc
gtgcatatte
ctgacgacts
cetteccteaa
aaactcctet
caccctttga
agtatgeesc
ctegatcteta

tgccatacac

aaaactgcat

acctatgata

atatctaatce

accagctgtt

¢CCgcCgaaa

cgagegtpata

ttegtgccgee -

agttecgtec
tgtgctttac
atggaacaat
cgtagtgact
CECCBCagsc
gtataacact
aaagatcaag
aatggattca
teatgaacag
cttttgcesac
ccttgcggat
catcacagte
gaatttcaat
tcgcaaaatc
aggacaacca
tgccaatacc

tcaggcacct

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180

3240 .



tceggtttts
ggatgcgaaa
ttagecttte
gcggccgaat
gtcaagtact
accctaaaag
accgcaaata
ggteattgtc
tttacagcce
geegtaatta
aaccagaaac
Q10> 37
211> 1285
{212> PRT

213> Arti

{2200
223>

<400> 37

agcaatgegaa

tatatacaaa

acattcccga

gcactcttaa

cggccagceaa

aagcagcagt

tccacccgea

accccccgaa

cggtgtcaaa

ttataattiss

ataattaa

ficial

161/212

gaaagataaa gectccatcat tgaaatttac
ccccattcee gecgaaaact gtgctetage
cgccttettc accagegtet cagaaacace
cgagtecetg tattcttécg actttgetes
gtcagecaag tgcgeagtce atgteccate
ceagctaacc gagcaagest cesceactat
gttcaggctc caaatatgca catcatétgt
agaccatatt gtgacacacc ctcagtatca
aaccgegteg acgtggttaa catcectgct

citgstecteg gctactatte tezsccatgta

cgeeecttic

gtcaattcca

gacactttca

gatcgccacg

ageggactect

ccatttctcg

tacgtgcaaa

Cgcccaaaca

gegaggatca

cgtgctgace

VLP74_21 (VEEV VLP 519 NPNAx6) amino acid seguence

Met Phe Pro Phe Gin Pro Met Tyr Pro Met Gln Pro Met Pro Tyr Arg

1

5

10

15

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gin Val Gin Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys Gln Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn
50 B§ 60

Lys Pro Lys Lys Glu Ala Ser Gin Lys Gin Lys Gly Gly Gly GIn Gly
65 70 75 80

Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro

3300
3360
3420
3480
3540
3600
3660
3720

3780

3840

3858



162 /212

85 90 95

Asn Pro Lys Ala Gln Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro
100 105 110

Gly Lys Arg Gin Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr Phe
115 120 125

Pro ile Met Leu Glu Gly Lys 1le Asn Gly Tyr Ala Cys Val Val Gly
130 135 140

Giy Lys Leu Phe Arg Pro Met His Val Glu Gly Lys lle Asp Asn Asp
145 150 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175

Tyr Ala Asp Val Pro Gln Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gln
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

Asp Ser Gly Arg Pro lle Leu Asp Asn Gin Gly Arg Val Val Ala lle
225 230 235 » 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Giu Asn Cys
260 265' 270

Glu GIn Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 285

Phe Pro Cys Ala Gin Pro Pro 11e Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu
305 310 : 315 ‘ 320

Leu Leu Glu Ala Ala Val Lys Cys Pro Gly Arg Lys Arg Arg Ser Thr
325 330 335

Glu Glu Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg
340 345 350



163/212
Cys lle Arg Cys Ala Val Gly Ser Cys His Ser Pro tie Ala e Glu
355 360 365

Ala Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gin Thr Ser
370 375 380

Ser GIn Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 385 400

Arg Tyr Asp Met His Gly Thr Ite Lys Glu Ile Pro Leu His Gln Val
405 410 415

Ser Leu Tyr Thr Ser Arg Pro Cys His lle Val Asp Gly His Gly Tyr
420 425 430

Phe Leu Leu Ala Arg Cys Pro Ala Giy Asp Ser Ile Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys
450 455 460

Phe Asn Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu Gin Ala Cys GIn Val Tyr Ala His Asp Ala Gin Asn Arg Gly
485 490 495

Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Val Ser Leu Ser Gly Ser Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn
515 520 525

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
530 535 540

Alta Gly Gly Ser Ser Val Thr Val Thr Pro Pro Asp Gly Thr Ser Afa
545 550 555 560

Leu Val Glu Cys Glu Cys Gly Gly Thr Lys lle Ser Glu Thr tle Asn
565 570 575

Lys Thr Lys GIn Phe Ser GIn Cys Thr Lys Lys Glu GIn Cys Arg Ala
580 585 580

Tyr Arg Leu Gln Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys Leu Pro
595 600 605



164/212

Lys Ala Ala Gly Ala Thr Leu Lys Gly Lys Leu His Val Pro Phe Leu
610 615 620

Leu Ala Asp Gly Lys Cys Thr Val Pro Leu Ala Pro Glu Pro Met lle
625 630 635 640

Thr Phe Gly Phe Arg Ser Val Ser Leu Lys Leu His Pro Lys Asn Pro
645 650 655

Thr Tyr Leu lie Thr Arg Gin Leu Ala Asp Giu Pro His Tyr Thr His
660 : 665 670

Glu Leu lle Ser Glu Pro Ala Val Arg Asn Phe Thr Val Thr Glu Lys
675 680 ' 685

Gly Trp Glu Phe Val Trp Gly Asn His Pro Pro Lys Arg Phe Trp Ala
690 635 760 ’

Gin Glu Thr Ala Pro Gly Asn Pro His Gly Leu Pro His Glu Val |le
705 710 715 720

Thr His Tyr Tyr His Arg Tyr Pro Met Ser Thr lle Leu Gly Leu Ser
725 730 735

“1te Cys Ala Ala Ite Ala Thr Val Ser Val Ala Ala Ser Thr Trp Leu
740 - 745 750

Phe Cys Arg Ser Arg Val Ala Cys Leu Thr Pro Tyr Arg Leu Thr Pro
755 760 765

Asn Ala Arg lle Pro Phe Cys Leu Ala Val Leu Cys Cys Ala Arg Thr
770 775 780

Ala Arg Ala Glu Thr Thr Trp Glu Ser Leu Asp His Leu Trp Asn Asn
785 790 795 800

Asn Gin Gin Met Phe Trp fie Gin Leu Leu Ile Pro Leu Ala Ala Leu
805 810 815

Ile Val Val Thr Arg Leu Leu Arg Cys Val Cys Cys Val Val Pro Phe
820 825 830

Leu Val Met Ala Gly Ala Ala Gly Ala Gly Ala Tyr Glu His Ala Thr
835 840 . 845

Thr Met Pro Ser GIn Ala Gly Ile Ser Tyr Asn Thr Ile Val Asn Arg
850 855 860

Ala Gly Tyr Ala Pro Leu Pro Ile Ser ile Thr Pro Thr Lys ile Lys



165/212

865 870 875 , 880

Leu tle Pro Thr Val Asn Leu Glu Tyr Val Thr Cys His Tyr Lys Thr
885 890 895

Gly Met Asp Ser Pro Ala lle Lys Cys Cys Gly Ser Gin Glu Cys Thr
900 805 910

Pro Thr Tyr Arg Pro Asp Glu Gin Cys Lys Val Phe Thr Gly Val Tyr
915 820 925

Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys Asp Thr Glu Asn Thr
930 935 ) 940

GIn Val Ser Lys Ala Tyr Val Met Lys Ser Asp Asp Cys Leu Ala Asp
945 950 955 860

His Ala Glu Ala Tyr Lys Ala His Thr Ala Ser Val Gin Ala Phe Leu
965 970 975

Asn Ite Thr Val Gly Glu His Ser Ile Val Thr Thr Val Tyr Val Asn
980 985 990

Gly Glu Thr Pro Val Asn Phe Asn Gly Val Lys ite Thr Ala Gly Pro
995 1000 1005

Leu Ser Thr Ala Trp Thr Pro Phe Asp Arg Lys Ile Val Gin Tyr
1010 1015 1020

Ala Gly Glu 1le Tyr Asn Tyr Asp Phe Pro Glu Tyr Gly Ala Gly
1025 1030 1035

Gin Pro Gly Ala Phe Gly Asp 1le Gin Ser Arg Thr Val Ser Ser
1040 1045 1050

Ser Asp Leu Tyr Ala Asn Thr Asn Leu Val Leu GIn Arg Pro Lys
1055 1060 1065

Ala Gly Ala |le His Yal Pro Tyr Thr Gin Ala Pro Ser Gly Phe
1070 1075 1080

Giu Gin Trp Lys Lys Asp Lys Ala Pro Ser Leu Lys Phe Thr Ala
1085 1090 1095

Pro Phe Gly Cys Glu {le Tyr Thr Asn Pro lle Arg Ala Glu Asn
1100 1105 1110

Cys Ala Val Gly Ser lle Pro Leu Ala Phe Asp lle Pro Asp Ala
1115 1120 1125



166/212

Leu Phe Thr Arg Val Ser Glu Thr Pro Thr Leu Ser Ala Ala Glu

1130 1135 1140

Cys Thr Leu Asn Glu Cys Val Tyr Ser Ser Asp Phe Gly Gly 1le
1145 1150 1155

Ala Thr Val Lys Tyr Ser Ala Ser Lys Ser Gly Lys Cys Ala Val
1160 1165 1170

His Val Pro Ser Gly Thr Afa Thr Leu Lys Glu Ala Ala Val Glu
1175 1180 1185

Leu Thr Giu Gln Gly Ser Ala Thr ile His Phe Ser Thr Ala Asn
1190 1195 1200

Ile His Pro Glu Phe Arg Leu Gin [le Cys Thr Ser Tyr Val Thr
1205 1210 1215

Cys Lys Gly Asp Cys His Pro Pro Lys Asp His [le Val Thr His
1220 1225 1230

Pro Gin Tyr His Afa Gin Thr Phe Thr Ala Ala Val Ser Lys Thr
1235 1240 1245

Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly Ser Ala Val lle
1250 1255 1260

[le Ile Ile Gly Leu Val Leu Ala Thr Ile Val Ala Met Tyr Val
1265 1270 1275

Leu Thr Asn Gln Lys His Asn
1280 1285

<210> 38

211> 7305

212> DNA

213> Artificial

<2207

€223> VLP74_15 (CHI VLP 532 NPNAx6) Whole seauence

<400> 38

tcgcgegttt cegtgatgac eggtgaaaacc tcigacacat gcagctcccg gagacggtcea 60

cagettegtct gtaagcggat gecegeagca gacaageecg tcaggegcgce tcageggete 120

tteeceegtey tcesegctgg cttaactatg cgecatcaga gcagattgta ctgagagtec 180



accatatgcg
attcgccatt
tacgccaget
tttcccagte
attgactagt
- gttececett
cccattgacs
acgtcaateg
tatgccaagt
ccagtacate
tattaccatg
acgeggattt
tcaacgggac
gegtgtacee
aggtcgacga
gaaggtacca
cacgtccaca
ccatgescec
agaagaagca
ceectcaaaa
attgcatctt
ataaagtaat
tggcctttaa

agtcteatgc

gtetgaaata
caggctecgc
ggcgaaagee
acgacgttet
tattaatagt
acataactta
tcaataatga
gtggagtatt
acgcccccta
accttategg
gteatgcest
ccaagtctcee
titccaaaat
tggegaggtct
tatceceecc
accccgacce
gaggcaggct
getaccteaa
ggCeCcCRCaa
gaagaagaaa
cgaagtcaag
éaaaccagca
geggtegtet

ctcgaagttt

ccgcacagat
aactgttege
geatgtecte
aaaacgacgg
aatcaattac
cggtaaater
cgtatgttce
taceggtaaac
tteacetcaa
actticctac
tttegcagta
accécattga
gtcgtaacaa
atataagcag
gccaccatgg
teggecccac
gggcaactce
tagaageete
aacgacccaa
ccaggeegta
catgaageca
éatgtgaagg
aaatacgatc

acccacgaga

167 /212

gcgtaaggag
aagggceatc
caaggcgatt
ccagtgaatt
geggtcatta
ccegecterac
catagtaace
tgcccactte
tgacggtaaa
ttgecagtac
catcaatgeg
cgtcaatgeg
ctcegcccca
agctcgttta
agttcatcce
geectacaat
cccagetgat
gcagaaatcg
agcaaaagaa
gegagagaat
aagtgatess
gaactatcga
tteaatgtaec

aacccgagsg

aaaataccgc
getgcegece
aagttggeta
gacgegtatt
gttcatagce
tgacceccca
ccaatagega
gcagtacatc
tegcccecct
atctacetat
cgtegatasc
agtttgtttt
ttgacecaaa
gtgaaccgtc
gacgcaaact
tcaagtaatt
ctcegcaste
gaaaaacaag
gcaaccacca
gtgcateaaa
ctacgcatge
caatgccgat
acagataccg

gtactataac

atcaggegcc
tcttcgctat
acgccagegt
gegcattgatt
catatatgga
acgacccccg
ctttccattg
aagtgtatca
gecattatec
tagtcateec
gettteactc
gecaccaaaa
tggecegtag
agataactgc
ttctataaca
agacctagac
aacaaattea
aagcaaagec
caaaagaage
attgaaaate
ctegteeeee
ctggctaaac
gtgcacatga

tggcatcace

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



gagcagtgcea
acageggcag
ccaacgaagg
aaattacccc
caaacactac
Cggaaagcac
taaaagcatc
atgtctataa
cgtgccacag
aaatccagst
tgcgctatat
cttcageacc
aaggagagac
accegtteca
atggtaaaga
tagagetgca
acgtgaagat
gaggaaacce
acgccaacce
ataactgcaa
actceecettt
catteccatt
acggaaaaaa
gtaacatgeg

ccttegaccet

168/

212

gtattcagea geccgettca ctatcccgac gegtgcagse

accgatcttc
tgcceecace
tgagggasce
attccectac
cttgcecatg
getgacttge
agccacaaga
ccctategea
ctetttacag
geatagcceat
gtecacgatc
gcteacagtg
tcatgaacca
gttaccttec
tatgccccca
cacagttaat
gaatgccaat
caacgctgst
aattgatcag
agtcccgcesc
gecaaacgtg
ccaagtcacc
acaggaacca

gectactgag

gacaacaaag

gacgggtget

geccatcgtc

geectetece tegtgacgte gaacaaagac

gaagagtgga

tctcagecge

cttgaggaca

tctecccace

ccatatctag

ttgeageeca

atcgegataa

acgccagcees

accgggacca

ggatitaceg

cctgtgatag

agcacgtaceg

gatactccte

gggcagacee

cccaacgcega

ggatccaacg

tagccatecte

aacgctgaac

acttgcagag

atgctgctgt

aattaccace

getctegage

gectegecect

cttgecacacce

acgtgatgag

glcaaagacg

ctecattetece

tcagaaatga

agacagatga

acgcegagcy

teggacactt

dcagcagaaa

gtagegagag

tgcagagcac

accgcacect

tecgetacaa

accccaatge

agggactgac

cagtcactaa

tcegggacce .

tgccaaaage

atcctgacca

aggagteest

tcacttgege

cccégtcttg
ctegctgctac
acccggatac
cagtactaag
tgactecesa
agcaacggac
cagccacgat
agcegegatte
tattctcgce
gatcagccac
gttccactcet
cectgccact
gatgacgcag
gtecaactge
taacccaaat
aaccacagac
tcacaagaat
taaaggaaag
aagaaaccct
tccgacactc
gacacacaag

caacaacgaa

aagccggaag

ctageaggse

atcgtcacaa

tgcctgttee

gaaaaggaac

taccagctac

gacaatttta

gaagggcatt

geaacgctea

tggaccaage

ctigtaagea

cgatgeccga

acatgcacac

cgaccacaac

gctgageaga

cagtetgeca

getegrctecg

gccaacccaa

aaagtgatca

tgecaataca

atccacatcce

acagtaactt

ttgtettace

aaggagetta

ccatacaagt

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120



actggecgea
actattatga
ttctgtceat
caccatatea
tcagaacgac
ageceetgtt
gtctéaaact
gtgcecacac
cgtataagac
aatcagtcac
tcatccecte
cagactacag
gettttecea
gcaaaacaga
gegtecttta
tcacagtaaa
acaacaaaat
caggaagacc
atgecaacac
ctcaggcacc
ceecaccgtt
ggaacatacc
cctetegtaac

gegtegeceat

gatgtctace
getgtacece
ggtgggcaca
attaacacca
caaggcggcc
ctggttacag
cttgecatge
tgteagcace
tcttgtcaac
cttggaacca
ccegtacgte
cigcaagetc
cgccgaaaat
gtitgcatcg
ccaaggaaac
ggacgccaag
cgteetsgtac
aggacaattt
tcagttegta
atctggctte
cggttgecae
aatttccatc
ggacatgtca

catcaaatac

aacggtacte
actatgacte
gcagtggeaa
ggagccacte
acatattacg
getettatee
tectgtaaga
tacgaacace
agaccgegstt
acactgtcac
aagtgetete
tttactegag
acgcaattsa
gcctacagag
aacattaccg
tttetcatee
aaaégcgacg
ggteacattc
ctacagagsc
aagtattgec
attgcgacaa
gacatacceg
tecgaagtac

acagctagca

169 /212

ctcategtca
tagtcattgt
tatetgtats
tteccttect
aggctgcssc
cgétggccgc
ccetggettt
taacagtgat
acagccccat
ttgactacat
gtacagcaga
tctacccatt
gcgaggcaca
cccacaccec
tagcteccta
geccaatgtce
tctacaacat
aaagtcgtac
cagcagcagg
tgaaggaace
acccgrtaag
atgcgecctt
cagectgeac

agaaaggtaa

cccacatgag
gtcgetgece
cgcacgecsgc
getcagectsg
atatctateg
cttgatcgte
tttagccata
cccgaacacg
getettegag
cacgtgcgas
gtgcaaggac
tatgtessgc
tetagagaaa
atcggcgtice
cgctaacest
ctccgecter
gegactaccea
accggaaagt
cacgetacat
aggagcatcg
agctgtaaat
tactaggstt
tcactcctee

atgtgcagta

ataatcttat
tegtteetec
agatgcatta
ctatéctgcg
aacgaacagc
ctetgcaact
atgagcatceg
gtgggagtac
atggagctac
tacaaaactg
aagagectac
gecgectact
tctgaatctt
gcgaagetce
gaccatgcce
acacctttte
ccttttgece
aaagacgttt
gtaccatact
ctacagcaca
tgcgeteteg
gtcgétgcac
gactttesee

cattcgatga

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560



ccaacgcegt
tatccticte
tacactecac
acaccaccct
cgggaggagt
tgtcgtttag
ttetttecce
cctaataaaa
gteseetese
atgcggtggg
cgctcacaat
aatgagtgag
acctgtcgtg
ttggecscte
gagcggtate
caggaaagaa
tgctggcgtf
gtcagagetg
ccetegtecs
cttcggeaag
tcgttescte
tatccggtaa
cagccactes
agtggtggce

agccagttac

taccattcga
aacageecte
agccgeatgc
tggretccag
ageattaatt
caggcactaa
cteceecete
tgaggaaatt
gcageacagc
ctctatggct
tccacacaac
ctaactcaca
ccagctgcat
ttececttcee
agctcacfca
catgtgagca
tttccatage
gcgaaacccg
cteteetgtt
cgtegegctt
caagctgesc
ctatcgtett
taacaggatt

taactacgec

gaagcegace
gcaagegees
caccctecaa
gatatatcca
gttectatte
ggatctagat
ccttccttéa
gcatcgcatt
aageeegage
cgagcatggt
atacgagccg
ttaattgegt
taatgaatcg
tcectcactg
aaggcggtaa
aaaggccagc
cteegeeece
acaggactat
ccgaccctec
tctcataget
tgtgtgcace
gagtccaacc
agcagagcga

tacactagaa

170 /212

tagaagtaga
agtttcecgt
aggaccacat
caacggcaat
ctgecttaat
ctectgtgee
ccctgegaage
gtcteagtag
attgegaaga
catagctgtt
gaagcataaa
tgcgeteact
gCCaacgcec
actcgetgce
tacgettatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccsg
cacgctgtag
aaccecceest
cggtaagaca
getatgtage

gaacagtatt

cttcgeaaaa agagttegta getettaate

geggaactce

geaagtgtec

agtcaattac

gtcttgests

tttaattete

ttctagttec

tgccactcee

gtgteattct

caatagcagg

tcctetgtea

gtataaagcc

geeegettic

geggagagsc

cteggteett

cacagaatca

gaaccgtaaa

fcacaaaaat

gecgtttcee

atacctgtec

gtatctcagt

tcagccegac

cgacttatcg

cggtectaca

teggtatctgc

cggCaaacCaa

cagctgcaaa
tccacacaag
ccagcatcac
cagaagatta
gtgctatgce
cagecatcte
actgtecttt
attcteases
catgcteseg
aattgttatc
tggestgcct
cagtcgegaa

ggttteceta

cgectgcgsc

geegataacg
aageccecet
cgacgctcaa
cctggaaget
geetttetee
tcegtetage
cectgegect
ccactgecag
gagttcttea
ectctgctga

accaccgetg

4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000

6060



gtagceetes
aagatccttt
geattttegt
gaagttttaa
catceagcat
gaaaaagcce
gatcctggta
cctegtcaaa
agaatggcaa
cgtcafcaaa
gacgaaatac
gcaggaacac
cctgeaatsc
ggataaaatg
tcteatetat
catcesgctt
cccatttata
acgtttcece
agegttattg
gesttececs
tgacattaac
<210> 39
Q1> 12

12> PRT
213> Arti

tttttttgtt
gatcttttct
catgagatta
atcaatctaa
caaatgaaac
tttctgtaat
tcegtctece
aataaggtta
aagtttatgc
atcactcgca
gegatcecte
tgccagegca
tegttticcca
cttgateetc
aacatcatte
cccatacaat
cccatataaa
ttgaatatgg
tctcatgasc
cacatttcce

ctataaaaat

ficial

tecaagcage
acegggetcte
tcaaaaagga
agtatatatg
tecaatttat
gaaggagaaa
attccgacte
tcaagtgaga
atttetttec
tcaaccaaac
ttaaaageac
tcaacaatat
gggatcgcag
Bgaagageca
geaacgctac

cgatagatte

171/212

agattacgcg
acgctcagte
tcttcaccta
agtaaactte
tcatatcags
actcaccgag
gtccaacatce
aatcaccatg
agacttgtte
cgttattcat
aattacaaac
tttcacctga
tgétgagtaa
taaattccst
ctttgccate

tcecacctea

cagaaaaaaa
gaacgaaaac
gatcctttta
gictgacagt
attatcaata
écagttccat
aatacaacct
agigacgact
aacaggccag
tcetgattsgc
aggaatceaa
atcaggatat
ccatgcatca
cagccagttt
tttcagaaac

ttecccgaca

tcagcatcca tgttegaatt taatcscegc

ctcatactet tcctttttca atattattea

ggatacatat ttgaatgtat ttagaaaaat

cgaaaagtec cacctgacgt ctaagaaacc

agecgtatca cgaggccctt teetc

gegatctcaag

tcacgttaag

aattaaaaat

tagaaaaact

ccatatttit

aggatggcaa
attaatttce
gaatccegte
ccattacact
gcetgagega
tgcaaccgec
tcttctaata
tcaggagtac
agtctgacca
aactctegcg
ttatcécgag
ctagagcaag
agcatttatc
aaacaaatag

attattatca

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7305



172/212

{2200
223> VLP74_15 (CHI VLP 532 NPNAx6) amino acid sequence

<400> 38

Mef Glu Phe lle Pro Thr Gin Thr Phe Tyr Asn Arg Arg Tyr Gln Pro
1 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr tle Gin Val lle Arg Pro Arg Pro
20 25 30

Arg Pro Gin Arg Gin Ala Gly Gln Leu Ala Gin Leu fle Ser Ala Val
35 40 45

Asn Lys Leu Thr Met Arg Ala Val Pro Gin Gin Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys Gin Arg GIn Lys Lys Gin Ala Pro Gin Asn Asp
65 70 75 80

Pro Lys Gin Lys Lys GIn Pro Pro Gin Lys Lys Pro Ala Gin Lys Lys
85 90 95

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys fle Glu Asn Asp
100 165 110

Cys Hle Phe Giu Val Lys His Glu Gly Lys Val Met Gly Tyr Ala Cys
115 120 125

Ley Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr lle
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 : 155 160

Asp Leu Glu Cys Ala GIn tle Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Glu Lys Pro Giu Gly Tyr Tyr Asn Trp His His Gly
180 185 199

Ala Val Gin Tyr Ser Gly Gly Arg Phe Thr lle Pro Thr Gly Ala Gly
195 200 205

Lys Pro Giy Asp Ser Gly Arg Pro 1le Phe Asp Asn Lys Gly Arg Val
210 215 220

Val Ala Ile Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240



1737212

Ser Val Val Thr Trp Asn Lys Asp lie Val Thr Lys Ile Thr Pro Glu
245 - 250 255

Gly Ala Glu Glu Trp Ser Leu Ala Leu Pro Val Leu Cys Leu Leu Ala
260 265 ' 270

Asn Thr Thr Phe Pro Cys Ser Gin Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asp Asn Val Met
290 295 300

Arg Pro Gly Tyr Tyr Gin Leu Leu Lys Ala Ser Leu Thr Cys Ser Pro
305 310 315 320

His Arg Gln Are Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro Ile Ala Leu Glu Arg lle Arg Asn Glu Ala Thr Asp
355 360 365

Gly Thr Leu Lys 1le Gin Val Ser Leu Gln lle Gly 1le Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 390 395 400

Ala Asp Ala Glu Arg Ala Gly Leu Leu Val Arg Thr Ser Ala Pro Cys
405 419 415

Thr tle Thr Giy Thr Met Gly His Phe lie Leu Ala Arg Cys Pro Lys
420 425 430

Gly Gtu Thr Leu Thr Val Gly Phe Thr Asp Ser Arg Lys lie Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val lle Gly Arg Glu
450 455 460

Arg Phe His Ser Arg Pro Gin His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gln Ser Thr Ala Ala Thr Ala Glu Glu lle Glu Val His Met
485 490 ‘ 495



174 /212

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr Gin Gin Ser Gly Asn
500 505 510

Val Lys |le Thr Vai Asn Gly Gin Thr Val Arg Tyr Lys Cys Asn Cys
515 520 _ 525

Gly Gly Ser Gly Gly Asn Pro Asn Ala Asn Pro.Asn Ala Asn Pro Asn
530 535 540

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser
545 550 555 560

Asn Giu Gly Leu Thr Thr Thr Asp Lys Val Ile Asn Asn Cys Lys lle
565 570 575

Asp Gin Cys His Ala Ala Val Thr Asn His Lys Asn Trp Gin Tyr Asn
580 585 590

Ser Pro Leu Val Pro Areg Asn Ala Giu Leu Gly Asp Arg Lys Gly Lys
585 600 605

lle His {le Pro Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys
610 615 620

Ala Arg Asn Pro Thr Val Thr Tyr Gly LyS Asn Gin Val Thr Met Leu
625 630 635 640

Leu Tyr Pro Asp His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Gin
' 645 650 655

Glu Pro Asn Tyr His Glu Giu Trp Val Thr His Lys Lys Glu Val Thr
660 665 670

Leu Thr Va! Pro Thr Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu
675 680 685

Pro Tyr Lys Tyr Trp Pro Gin Met Ser Thr Asn Gly Thr Ala His Gy
630 695 700

His Pro His Glu 1te Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met
705 ’ 710 715 720

Thr Val Val tfe Val Ser Val Ala Ser Phe Val Leu Leu Ser Met Val
725 730 735

Gly Thr Ala Val Gly Met Cys Val Cys Ala Arg Arg Arg Cys lle Thr
740 745 750

Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu



175/212
755 760 765

Leu Cys Cys Val Arg Thr Thr Lys Ala Ata Thr Tyr Tyr Glu Ala Ala
770 775 780

Ala Tyr Leu Trp Asn Glu Gin Gin Pro Leu Phe Trp Leu Gin Ala Leu
785 790 4 795 800

Ile Pro Leu Ala Ala Leu Ile Val Leu Cys Asn Cys Leu Lys Leu Leu
805 810 815

Pro Cys Cys Cys Lys Thr Leu Ala Phe Leu Ala Val Met Ser lle Gly
820 825 830

Ala His Thr Val Ser Ala Tyr Glu His Val Thr Val {le Pro Asn Thr
835 840 845 .

Val Gty Val Pro Tyr Lys Thr Leu Val Asn Arg Pro Gly Tyr Ser Pro
850 855 860

Met Val Leu Glu Met Glu Leu Gin Ser Val Thr Leu Glu Pro Thr Leu
865 870 875 880

Ser Leu Asp Tyr ile Thr Cys Glu Tyr Lys Thr Val lie Pro Ser Pro.
885 890 895

Tyr Val Lys Cys Cys Gly Thr Ala Glu Cys Lys Asp Lys Ser Leu Pro
900 905 910

Asp Tyr Ser Cys Lys Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly
915 920 925

Gly Ala Tyr Cys Phe Cys Asp Ala Glu Asn Thr Gin Leu Ser Glu Ala
930 935 940

His Val Giu Lys Ser Glu Ser Cys Lys Thr Glu Phe Ala Ser Ala Tyr
945 950 955 960

Arg Ala His Thr Ala Ser Ala Ser Ala Lys Leu Arg Val Leu Tyr Gin
965 a70 975 '

Gly Asn Asn lle Thr Val Ala Ala Tyr Ala Asn Gly Asp His Ala Val
980 985 990

Thr Val Lys Asp Ala Lys Phe Val Val Gly Pro Met Ser Ser Ala Trp
945 1000 1005

Thr Pro Phe Asp Asn Lys lle Val Val Tyr Lys Gly Asp Val Tyr
1010 1015 1020



Asn Met Asp Tyr
1025

Gly Asp lle Gln
1040

Asn Thr Gln Leu
1055

Val Pro- Tyr Ser
1070

Glu Arg Gly Ala
1085

e Ala Thr Asn
1100

Ife Pro Ile Ser
1115

Val Asp Ala Pro Ser Val Thr

1130

Thr His Ser

1145

Cys

176 /212

Pro Pro Phe Gly Ala Gly Arg Pro Gly Gin Phe

Ser Arg

Val Leu

Gin Ala

Ser Leu

Pro Val

{ie Asp

Ser Asp

1030

Thr Pro Glu Ser Lys

1045

Gin Arg Pro Ala Ala
1080

Pro Ser Gly Phe Lys
1075

Gin His Thr Ala'Pro
1090

Arg Ala Val Asn Cys
1105

ile Pro Asp Ala Ala
1120

Asp Met Ser Cys
1135

Phe Gly Gly Val Ala
1150

1035

Asp Val Tyr Ala
1050

Gly Thr Val His
1065
Tyr Trp Leu Lys
1080

Phe Gly Cys Gin
1095

Ala Val Gly Asn
1110

Phe Thr Arg Val
1125

Glu Val Pro Ala
1140

lte 1le Lys Tyr
1155

Thr Ala Ser Lys Lys Gly Lys Cys Ala Val His Serv Met Thr Asn
1160 1165 1170

Ala Val Thr Ile Arg Giu Ala Asp Val Glu Val Glu Giy Asn Ser
1175 1180 1185

Gln Leu GIn Ile Ser Phe Ser Thr Ala Leu Ala Ser Ala Glu Phe
1190 1195 1200

Arg Val Gln Val Cys Ser Thr Gin Val His Cys Ala Ala Ala Cys
1205 1210 1215

His Pro Pro Lys Asp His Ile Val Asn Tyr Pro Ala Ser His Thr
1220 1225 1230

Thr Len Gly Val Gin Asp lie Ser Thr Thr Ala Met Ser Trp Val
1235 1240 1245

Gin Lys 1le Thr Gly Gly Val Gly Léu [1e Val Ala Val Ala Ala

1250

1255

1260



Leu lle Leu tle Vai Val Leu Cys Val Ser Phe Ser

1265

10
QI
212>
@1

40

DNA
<220>
223>

<400> 40
tcgcregttt

cagcttgtcet
ttegceegts
accatatece
attceccatt
tacgccagcet
tttcccagte
attgactagt
gttccacstt
cccattgacg
acgtcaatgg
tatgccaagt
ccagtacatg
tattaccatg
acgegeattt
tcaacggegac
gcgtgtacee

agetcgacea

7533

Artificial

ceggtgatgac

gtaagcgeat

tcegeeecteg

gtgtgaaata

caggctgcec

g8cgaaagsee

acgacgttet

tattaatagt

acataactta

tcaataatga

gtegagtatt

acgcecccta

accttatges

gtgatgceest

ccaagtctcc

tttccaaaat

teggagstcet

tatcgcegce

1270

gegtgaaaace

gecgggagea

cttaactatg

ccgcacagat

aactegttgsg

geatgtecte

adaacgacgs

aatcaattac

cgegtaaatge

cgtatgttcc

tacggtaaac

ttgacgtcaa

actttcctac

ttteecagta

accccattga

gtcegtaacaa

atataagcag

gccaccatge

1771212

VLP78_15 (CHI VLP 532 NPNAx25) Whole

tctgacacat
gacaageeeg
cggcatcaga
gegtaaggag
aagegegcgatc
caagecgatt
ccagtgaatt
geggtcatta
cccecctaec
catagtaacg
tgcccactte
teacggtaaa
ttggcagtac
catcaatege
cetcaategs
ctcegeececa
agctégttta

agttcatcce

1275

sequence

Arg His

geageteceg gagacggtica

tcaggececeg

geagattgta

aaaataccgc

getgegggcee

aagttegeta

gacgcgtatt

gttcatagce

tgaccgccca

ccaataggga

gecagtacate

tegcecgect

atctacgtat

cgtggatage

agtttgtttt

ttgacgcaaa

gteaaccgtc

gacgcaaact

tcagcagsts
ctgagagtec
atcagecgcc
tettcgctat
acgccagget
ggcattgatt
catatatega
acgacccceg
ctticcatte
aagtgtatca
gacattatec
tagtcatcec
getttgactc
ggcaccaaaa
tgegcgetag
agataactgec

ttctataaca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080



gaaggtacca
cacgtccaca
ccatgcgege
agaagaagca
cggctcaaaa
attgcatctt
ataaagtaat
tegccittaa
agtctgatec
gagcagtgca
acagcgecag
ccaacgaagg
aaattaccce
caaacactac
cggaaagcac
taaaagcatc
atgtctataa
cgtgccacag
aaatccaggt
tecgctatat
cttcagcace
aaggagagac
acccgttecea
ateggtaaaga

tagaggteca

accccgaccee
gaggcaggct
getacctcaa
ggeeccgeaa
gaagaagaaa
cgaagtcaag
gaaaccagca
geggtegict
ctcgaagttt
gtattcagea
accgatcettc
tgcccgeacy
teagggagce
attccectec
cttgcgcatg
getgacttec
agccacaaga
ccctatceca
ctctttgcag
ggatagccat
gtecacgate
getgacagte
tcatgaacca
gttaccttec

tateccccca

tegeccccac gecctacaat tcaagtaatt agacctagac

178 /212

gegcaactcg cccagetgat ctecgecagte aacaaattga

cagaagectc gcagaaatcg gaaaaacaag aagraaagec

aacgacccaa
ccaggccegta
catgaaggca
catgtgaagg
aaatacgatc
acccacgaga
geccgettca
gacaacaaag
geecteteeg
gaagagtgea
tctcagecsc
ctigaggaca
tctececace
ccatatctag
ttggageaca
atcgggataa
acgecagege
accgegacca
ggatttaceg
cctgteatag
agcacgtace

gatactccte

agcaaaagaa
gggagagaat
aagtgatgeg
gaactatcga
ttgaategtec
aacccgagesg
ctatccceac
gacggetegt
tegtgacete
geeteeccect
ctigcacacc
acgtgatgag
gccaaagacg
ctcattgtce
tcagaaatga
agacagatga
acgcegages
tggeacactt
acagcagaaa
gtagggagag
tecagagcac

accgeacget

gtaaccacca

gtgcatgaaa

ctacgcatgc

caatgccegat

acagataccg

gtactataac

ggetecaggc

geccatcstc

gaaCaaagac

cceggtette

ctectectac

accceggatac:

cagtactaag

tgactecesa

agcaacgeac

cagccacgat

agecggatte

tattctcgee

gatcagecac

gitccactct

cecteccact

gatgacgcag

caaaagaagc
attgaaaatg
ctegteeses
ctggctaaac
gtgcacatea
tegcatcace
aagccgegag
ctageagese
atcgtcacaa
tgcctgttee
gaaaaggaac
taccagctac
gacaatttta
gaagggeatt
ggaacgctea
tggaccaage
cttgtaagea
cgatgeccea
acatgcacac
cgaccacaac
gctgaggaga

cagictegca

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400 |
2460
2520

2580



acgtgaagat
gaggaaacce
atgtaaaccc
atgctaacce
.acgccaatcc
acgcgaacce
acgeeggteg
ttegatcagtg
tcecgcgeaa
caaacgtgac
aagtcaccat
aggaaccaag
ctactgageg
tetctacgaa
tgtaccccac
teggcacagc
taacaccage
aggcgeccac
gettecagec
tgccatgcte

teagcgcgtia

cacagttaat
gaatgccaat
gaacgttgac
aaatgccaac
caacgcgaat
taatgcaaac
atccaacgag
ccatgcteca
cgctgaactc
ttecagagte
getgctgtat
ttaccacgag
tctegagete
cgetactact
tatgactgta
agtgggaatg
aéccactgtt
atattacgag
tcttateccg
ctgtaagace

cgaacacgta

gggcagaces

¢ccaacgcga

Cccaaacgcca

Ccaaacgcca

cctaacgcta

cccaacgcca

ggactgacaa

gttactaatc

geggaccgta
ccaaaagcaé
cctgaccate
gagtgeetga
acttgeesca
catggtcacc
gtcattgtet
tetgtgtace
ccettectae
gctgegeeat
ctegcegect
ctggcttttt

acagtgatcc

ttgtcaacag accgggttac agecccatgy

tggaaccaac

actgtcactt

gactacatca

cgtacetgaa gtgctgtggt acagcagagt

179/

tgcggtacaa
accccaacge
acccgaatec
accccaacec
atcccaacec
acccgaacsc
ccacagacaa
acaagaattg
aaggaaagat
gaaéccctac
cgacactctt
cacacaagaa
acaacgaacc
cacatgagat
cgeteecctc
cacggcgcag
tcagectect
atctatggaa
tgatcgtcct
tagccgtaat
cgaacacest
tgttegagat
cgtgcgagta

gCaaggacaa

212

gtgcaactec
taaccccaac
caatbcéaac
taatccaaac
aaatcccaat
taacccgaac
agtgatcaat
gcaatacaac
ccacatccea
agtaacttac
gtcttaccet
ggaggttacc
atacaagtac
aatcttetac
gttcgtactt
atgcattaca
atgctgcetc
cgaacagcag
gtgcaactgt
gagcatcegt
gggagtaccg
geagctacaa
caaaactgtc

gagcctacca

geteectcce

gecaatecga

gCgaaccccea

gccaacccta

gctaatcega

gctaatcecca

aactgcaaaa

tccectttag

ttcccattgg

ggaadaaace

aacatggegac

ttgaccgtsc

tggccegcaga

tattatgagc

ctetcgateg

ccatatgaat

agaacgacca

cecctgttcot

ctgaaactct

geccacacte

tataagactce

tcagtcacet

atccccteee

gactacagct

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960

4020



gcaaggtctt tactgegagtc tacccattta

ccgaaaatac gcaattgagc gaggcacatg

ttgcatcgec ctacagagee cacaccgeat

aaggaaacaa
acgccaagit
tegtgtacaa
gacaatttge
agtteetact
ctgecttcaa
gtteccagat
tttccatcea
acatgtcate
tcaaatacac
ccattceaga
cagecctgsc
ccecatecca
gegtccagga
gattaattgf
ggcactaagg
cceecgtgce
ageaaattec
aggacagcaa
ctatgsctes
cacacaacat

aactcacatt

cattaccsta
tetceteesc
aggcgacstc
teacattcaa
acagagecca
gtattgectg
tegcgacaaac
cataccggat
cgaagtacca
agctagcaag
agcegacgta
aagcgccgag
cectccaaag
tatatccaca
tgctettect
atctagatct
ttcctteace
atcgcattgt
gegggageat
agcatggtca
aceagccgsa

aattecgttg

getgectace
ccaatgtect
tacaacateg
agtcgtacac
grageageca
aaggaacgag
ccegtaagag
gegeccttta
gceetgeacte
aaaggtaaat
gaagtagage
tttcacatsec
gaccacatag
acgecaatet
gecttaattt
getgtgectt
ctggaaggts
ctgagtagset
tgggaagaca
tagctgttte
égcataaagt

cgctcactge

180/212

tetgegecee

tagagaaate

ceggcegteeec

ctaacgetga

ccgectegac

actacccace

cggaaagtaa

cggtacatgt

gagcatcect

ctgtazatteg

ctagegttst

actcctccga

gtgcagtaca

ggaactccca

aagtegtgctc

tcaattacce

ctteegteca

taattgtagt

ctagttgcca

ccactcccac

gtcattctat

atagcaggca

ctetgteaaa

gtaaagccte

ccgettteca

cecctactge
tgaatcttec
gaagctccec
ccatgcceete
acctttteac
ttttesceca
agacgtttat
accatactcet
acagcacacg
cectgtagse
cgatgcacce
ctttegeesc
ttcgatgacc
gctgcaaata
cacacaagta
agcatcacac
gaagattacg
gctatgcete
gecatctatt
tetcctttce
tctgeesest
tectggegat
ttgttatccg
gegtacctaa

gtcgggaaac

ttttgeeace
aaaacagagt
gtectttace
acagtaaagg
aacaaaatce
ggaagaccag
gccaacactc
caggcaccat
geaccgttce
aacataccaa
tctgtaacgs
étcgccatca
aacgcegtta
tccttetcaa
cactgcgcag
accacccttg
ggaggagtag
tcgtttagca
gtttecccct
taataaaate
gegategeegc
geestegect
ctcacaattc
tgagtgagct

ctgteetace

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520



agctgeatta
ccgettecte
ctcactcaaa
tetgagcaaa
tccataggct
gaaacccgac
ctectattee
tggegettte
agctegacte
atcgtcttea
acaggattag
actacegcta
tcggaaaaag
tttttgttte
tcttttctac
tgagattatc
caatctaaag
aatgaaactg
tctgtaatea
getctgceat
taaggttatc
gtttatgcat
cactcgcate

gatcgctgtt

atgaatceec
getcactgac
geceggtaata
aggccageaa
ccgececcct
aggactataa
gacccteccg
tcatagctca
tetecacgaa
gtccaacceg
cagagceage
cactagaaga
agttggtage
caagcagcag
geggtcteac
aaaaagegatc
tatatatgag
caatttattc
aggagaaaac
tccgactcegt
aagtgagaaa
ttctttecag
aaccaaacce

addaggacaa

caacgcgcgy geagageceg tttgcgtatt geecgcictt -

tcegctecect

cggttateea

aaggccagga

gacgagcate

agataccagg

cttaccegat

cectgtagat

ceceeeegtte

gtaagacacg

tatgtagece

acagtattte

tctigatccg

attacgceca

getcagteea

ttcacctaga

taaacttegt

-atatcaggat

tcaccgagec

ccaacatcaa

tcaccatgag

acttgttcaa

ttattcattce

ttacaaacag

181/212

cgetegttce getgcgecea gegetatcag

cagaatcagg
accgtaaaaa
acaaaaatcg
cgttteccee
acctetecec
atctcagttce
agcccgaces
acttatcegce
gtectacaga
gtatctecec
gcaaacaaac
gaaaaaaagg
acgaaaactc
tccttttaaa
ctgacagtta
tatcaatacc
agttccatag
tacaacctat
tgacgactga
caggccagee
gteattecec

gaatcgaatg

ggataacgca
ggeegegtte
acgctcaagt
tegaagctcc
ctiteteect
getegtagetc
ctecgectta
actggcagcea
gttcttgaag
tctecteaag
caccgctget
atctcaagaa
acgttaagsse
ttaaaaatga
gaaaaactca
atatttttga
gatggcaaga
taafttcccc
atccggteag
attacgctceg
ctgagcgaga

CcaacCggcsc

ggaaagaaca
ctegcetttt
cagaggteac
ctegtecect
tcgegaagce
gttcgeteca
tccggtaact
gecactggta
tegtgeccta
ccagttacct
agcggtestt
gatcctttea
attttegtca
agttttaaat
tcgageatca
aaaagcegtt
tcctegtate
tcgtcaaaaa
aatggcaaaa
tcatcaaaat
cgaaatacec

aggaacactg

5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900

6960



182/212

caggatattc

ccagegcatc aacaatattt tcacgtgaat

ttttcccage gatcgcagtg gtgagtaace atgeatcate

tgateggtcgs aagaggcata aattccgtca gecagtttag

catcattggc aacgctacct ttgeccatgtt tcagaaacaa

geecgacatt

catacaatcg atagattgtc gcacctgatt

catataaatc agcatccatg ttggaattta atcecgecct

gaatatgect catactcttc ctttttcaat attattgaag

tcatgagcge atacatattt gaatgtattt agaaasataa

cattteccccg aaaagtgeca cctgacgtet aagaaaccat

ataaaaatag gcgtatcacg aggccctttc gtc

210> 41

211> 1353
212> PRT

213> Artificial

<220
<223> VLP78_15 (CHI VLP 532 NPNAx25) amino
<400> 41

Met Glu Phe lie Pro Thr Gin Thr Phe Tyr Asn
1 - 5 10

Arg Pro Trp Aia Pro Arg Pro Thr lle Gin Val
20 25

Arg Pro Gin Arg GIn Ala Gly Gln Leu Ala Gin
35 , 40

Asn Lys Leu Thr Met Arg Ala Val Pro Gln Gln
50 55

ttctaatace

aggagtaceg

tctgaccate

ctctgececa

atcgegasgce

agagcaagac

catttatcag

acaaatagge

tattatcate

tggaatectg
ataaaatgct
tcatctgtaa
tcggacttec
catttatacc
gtttcceett
8éttattgtc
gttccaceca

acattaacct

acid sequence

Arg Arg Tyr Gin Pro

15

lle Arg Pro Arg Pro

30

Leu Ile Ser Ala Val

45

Lys Pro Arg Arg Asn

60

Arg Lys Asn Lys Lys Gln Arg GIn Lys Lys Gin Ala Pro Gln Asn Asp

65 70 75

80

Pro Lys GIn Lys Lys Gin Pro Pro Gin Lys Lys Pro Ala Gin Lys Lys

85 90

95

7020

7080

7140

7200

7260

7320

7380

7440

7500

7533
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Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys tle Glu Asn Asp
100 105 110

Cys fle Phe Glu Va! Lys His Glu Gly Lys Val Met Gly Tyr Ala Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr Ile
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Ala Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160

Asp Leu Glu Cys Ala Gln Ile Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 185 190

Ala Val Gin Tyr Ser Gly Gly Arg Phe Thr {le Pro Thr Gly Ala Gly
195 200 205

Lys Pro Gly Asp Ser Gly Arg Pro lle Phe Asp Asn Lys-Gly Arg Val
210 215 220

Val Ala Ile Val Leu Gly Gly Ata Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp lie Val Thr Lys lie Thr Pro Glu
245 250 255

Gly Ala Glu Glu Trp Ser Leu Ala Leu Pro Val Leu Cys Leu Leu Ala
260 265 270

Asn Thr Thr Phe Pro Cys Ser Gin Pro Pro Cys Thr Pro Cys Cys Tyr
275 280 285

Glu Lys Glu Pro Glu Ser Thr Leu Arg Met Leu Glu Asp Asn Val Met
290 205 . 300

Arg Pro Gly Tyr Tyr Gin Leu Leu Lys Ala Ser Leu Thr Cys Ser Pro
305 310 315 320

His Arg Gin Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala
325 330 ‘ 335

Thr Arg Pro Tyr Leu Ala His Cys Pro Asp Cys Gly Glu Gly His Ser
340 345 350

Cys His Ser Pro {le Ala Leu Glu Arg lle Arg Asn Glu Ala Thr Asp



184 /212

355 360 365

Gly Thr Leu Lys {le GIn Va! Ser Leu Gin tle Gly Jle Lys Thr Asp
370 375 380

Asp Ser His Asp Trp Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro
385 390 395 400

Ala Asp Ala Glu Arg Ala Gly Leu Leu Val Arg Thr Ser Ala Pro Cys
405 410 415

Thr tle Thr Gly Thr Met Gly His Phe Ile Leu Ala Are Cys Pro Lys
420 425 . 430

Gty Glu Thr Leu Thr Val Gly Phe Thr Asp Ser Afg Lys Ile Ser His
435 440 445

Thr Cys Thr His Pro Phe His His Glu Pro Pro Val lle Gly Arg Glu
450 455 460

Arg Phe His Ser Arg Pro Gin His Gly Lys Glu Leu Pro Cys Ser Thr
465 470 475 480

Tyr Val Gin Ser Thr Ala Ala Thr Ala Glu Glu [le Glu Val His Met
485 480 495

Pro Pro Asp Thr Pro Asp Arg Thr Leu Met Thr Gln GIn Ser Gly Asn
500 505 510

Val Lys 1le Thr Val Asn Gly GIn Thr Val Arg Tyr Lys Cys Asn Cys
515 520 525

Gly Gly Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
530 535 540

Ala Asn Pro Asn Ala Asn Pro Asn Ata Asn Pro Asn Val Asp Pro Asn
545 550 555 560

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
565 570 575

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
580 585 590

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
595 600 605

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
610 615 620



185/212
Ala Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser Asn Glu Gly Leu
525 630 635 640

Thr Thr Thr Asp Lys Val lle Asn Asn Cys Lys lle Asp Gin Cys His
645 650 655

Afa Ala Val Thr Asn His Lys Asn Trp Gin Tyr Asn Ser Pro Leu Val
660 665 670

Pro Arg Asn AMla Glu Leu Gly Asp Arg Lys Gly Lys [le His lle Pro
675 680 685

Phe Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg Asn Pro
690 695 700

Thr Val The Tyr Gly Lys Asn Gin Val Thr Met Leu Leu Tyr Pro Asp
705 710 715 720

His Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Gin Glu Pro Asn Tyr
725 730 735

His Glu Glu Trp Val Thr His Lys Lys Glu Val Thr Leu Thr Vai Pro
740 745 750

Thr Glu Gly Lews Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr Lys Tyr
755 760 765

Trp Pro Gin Met Ser Thr Asn Gly Thr Ala His Gly His Pro His Glu
770 775 780

Ile Ile Lew Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val Val lle
785 790 795 800

Val Ser Val Ala Ser Phe Val Leu Leu Ser Met Val Gly Thr Ala Val
805 810 815

Gly Met Cvs Val Cys Ala Arg Arg Arg Cys lle Thr Pro Tyr Glu Leu
820 825 830

Thr Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Leu Cys Cys Val
835 840 845

Arg Thr Thr Lys Ala Ala Thr Tyr Tyr Glu Ala Ala Ala Tyr Leu Trp
850 855 860

Asn Glu Gin Gin Pro Leu Phe Trp Leu Gin Ala Leu lle Pro Leu Ala
865 870 875 880



186/212

Ala Leu ile Val Leu Cys Asn Cys Leu Lys Leu Leu Pro Cys Cys Cys
885 890 895

Lys Thr Leu Ala Phe Leu Ala Val Met Ser lie Gly Ala His Thr Val
900 905 910

Ser Ata Tyr Glu His Val Thr Val ile Pro Asn Thr Val Gly Val Pro
915 920 925

Tyr Lys Thr Leu Val Asn Arg Pro Gly Tyr Ser Pro Met Val Leu Glu
930 935 540

Met Glu Leu Gin Ser Val Thr Leu Glu Pro Thr Leu Ser Leu Asp Tyr
945 - 950 955 960

Ile Thr Cys Glu Tyr Lys Thr Val lle Pro Ser Pro Tyr Val Lys Cys
965 970 975

Cys Gly Thr Ala Glu Cys Lys Asp Lys Ser Leu Pro Asp Tyr Ser Cys
980 © 985 ' 990

Lys Val Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys
995 1000 1005

Phe Cys Asp Ala Glu Asn Thr Gin Leu Ser Glu Ala His Val Glu
1010 1015 1020

Lys Ser Glu Ser Cys Lys Thr Glu Phe Ala Ser Ala Tyr Arg Ala
1025 1030 1035

His Thr Ala Ser Ala Ser Ala Lys Leu Arg Val Lew Tyr GIn Gly
1040 1045 1050

Asn Asn lle Thr Val Ala Ala Tyr Ala Asn Gly Asp His Ala Val
1055 1060 ’ _ 1065

Thr Val Lys Asp Ala Lys Phe Val Val Gly Pro Met Ser Ser Ala
1070 1075 1080

Trp Thr Pro Phe Asp Asn Lys Ile Val Val Tyr Lys Gly Asp Val
1085 1090 1095

Tyr Asn Met Asp Tyr Pro Pro Phe Gly Ala Gly Arg Pro Gly Gin
1100 1105 1110

Phe Gly Asp Ile Gin Ser Arg Thr Pro Glu Ser Lys Asp Val Tyr
1115 1120 ’ 1125

Ala Asn Thr GIn Leu Val Leu Gln Arg Pro Ala Ala Gly Thr Val



187/212

Cys

Gly

Arg

Pro

Lys

Thr

Asn

His

Trp

Ala

1130 1135 1140

His Val Pro Tyr Ser Gin Ala Pro Ser Gly Phe Lys Tyr Trp Leu
1145 1150 1155

Lys Glu Arg Gly Ala Ser Leu Gln His Thr Ala Pro Phe Giy
1160 1165 1170

Gin 1ie Ala Thr Asn Pro Val Arg Ala Va! Asn Cys Ala Val
1175 1180 1185

Asn Ile Pro lle Ser lle Asp lle Pro Asp Ala Ala Phe Thr
1190 1195 1200

Val Val Asp Ala Pro Ser Val Thr Asp Met Ser Cys Glu Val
1205 1210 1215

Ala Cys Thr His Ser Ser Asp Phe Gly Gly Val Ala lle lle
1220 1225 1230

Tyr Thr Ala Ser Lys Lys Gly Lys Cys Ala Val His Ser Met
1235 1240 1245

Asn Ala Val Thr tle Arg Giu Ala Asp Vai Glu Val Glu Gly
1250 1255 1260

Ser Gin Leu GIn lle Phe Ser Thr Ala Leu Ala Ser Ala Glu
1265 1270 1275

Phe Arg Val Gin Val Cys Ser Thr Gin Val His Cys Ala Ala Ala
1280 1285 1290

Cys His Pro Pro Lys Asp His |Ile Val Asn Tyr Pro Ala Ser
1295 1300 1305

Thr Thr Leu Gly Val GIn Asp lle Ser Thr Thr Ala Met Ser
1310 1315 1320

Val GIn Lys Ile Thr Gly Gly Val Gly Leu ile Val Ala Val
1325 1330 ’ 1335

Ala Leu Ile Leu Ile Val Val Leu Cys Val Ser Phe Ser Arg His
1340 1345 1350

<210 42

Q11> 7329

<212> DNA

213> Artificial



220>

188/212

<223> VLP74_25 (VEEV VLP 519 NPNAx6) Whole

<400> 42

tcececgttt cgetratgac geteaaaacc tctgacacat

cagcttgtet
ttgeceeste
accatatecg
attcgecatt
tacgccaget
tttcccagte
attgactast
gttccecatt
cccatteacg
acgtcaatge
tatgccaagt
ccagtacate
tattaccatg
acgegeattt
tcaacgggac
gegtgtaces
aggtcgacga
caatgcccta
cttttctesc
aacgccegea

daaaacagaa

gtaagcegat
tceggecteg
gigtgaaata
caggctgcec
ggcgaaaggs
acgacgttat
tattaatagt
acataactta
tcaataatga
gtggagtatt
acgcceecta
accttatges
gtgatecest
Ecaagtctcc
tttccaaaat
tggeagetct
tatcgcegcc
tcgecaacccg
gatgcaggte
cgegeeacct

ageeegagec

gcceggagea
cttaactatg
ccgeacagat
aactgttges
ggatgtecte
aaaacgacgg
aatcaattac
cegtaaatgg
cetatettec
tacggtaaac
ttgacegtcaa
actttcctac
tttgecagta
accccattga
gtcgtaacaa
atataagcag
gccaccatgt
ttcecgscce
caggaattaa
gaggegccat

Caagggaaga

gacaageccg
cgecatcaga
gcetaaggag
aagegcgatce
caaggcgatt
ctagtgaatt
geggtcatta
cccecctgec
catagtaace
tgcccacttg
teacegtaaa
ttegcagtac
catcaatgee
cgtcaatgge
ctcecgeccea
agctegttta
teccgttceca
cgcgcagsece
ccegetegat
ccgctaataa

dgaagaagaa

sequence

geagcteecg
tcagggcece
gcagattgta
aaaataccec
ggtecggecc
aagttgegta
gacgegtett
gttcatagec
tgaccgccca
ccaatagega
geagtacatc
tegcccacct
atctacgtat
cetggatage
agtttetttt
ttgacgcaaa
gtgaaccetc
gccaafgtat
ctegttccee
gectaaccte
accgaagaag

cCaagggaag

gagacggtca
tcagcgeets
ctgaéagtgc
atcagecgcc
tcttcgotat

acgccagest

gecattgatt

catatatega

acgacccecg

ctitccatte

aagtgtatca

ggcattatge

tagtcatcegc

gettteacte

ggcacCcaaaa

tggecegtag

agataactec

ccgatacagc

agaaccgace

acgttcaage

gaggcectcesge

aagaaggcta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260

1320



agacagggcc
caggcaagag
tggaagegaa
atgtgegaage
aatacgatct
cccatgagaa
ggcgtttcac
ataaccaggg
cccttteagt
gcgagcaatg
ctcaaccacc
acgttgacaa
aaaggagatc
gatgcatcag
. gcgacgeeca
ccggcaactt
cactacatca
atttectact
ccetcagaca
tctatactca
cacagaacag
tggtttectt
atgctaacce
tgacacctcc

ccgagaccat

189/212

gectaatecg aaggcacaga atggaaacaa

acagegcate gtcatgaaat tggaatctga

gataaacgge tacgcttete tgstcgeage

caagatcgac

tgagtatgca

accccaagec

ggteccgaaa

acgggteste

cgtcatetes

gicactagisg

aatttgctac

cccgggctac

caccgaggag

atgtgcagtt

cgacggttat

daaggEcags

agtgtcactc

tgccagetsc

ctectacteg

tcecccagaa

aggagcttat

gagcggcagt

aaatgccaac

tgateggact

CaaCaagaca

aacgacgttc

gatgtgccac

tattacagct

geagttiggee

getattgtee

aaCgagacge

accaccatgt

gacagaaaac

gatgagetge

ctgtttaatg

gegagetece

gttagacttc

accatgceet

tatacatctc

ccgecagsee

gtaccgtatg

cacggagtag

gtcgagatec

tccggageaa

Ccaaacgcca

agecegccctesg

aaacagttca

tggcegesct

agaacatgcg

ggcatcatge

CCaagggaga

teggagetet

gagttaccgt

gtetgetcsc

cagcagagac

tegaagcagc

agtataagct

atagtccaat

agacttectce

atgacatgca

geeegtgtea

actccatcac

aagtgaaatt

agcaagegte

acctcccesgs

acccgaatec

accccaacge

tggaatgcga

gccagtgeac

gaagaagacc
caagacgttc
gaagttattc
taagacgaag
geccgataca
agcagtccaa
cagcggacga
gaatgaagga
gaagtatact
caatgtgace
tttgaccate
tgttaagtsc
aacgegeect
agcaatcgag
geagtatgec
cgggaccatt
cattgtggat
catggaattt
taatccteta
ccaagtctac
ctcagaagte
caatcccaac
tggtgeatce
gteteeceec

aaagaageag

aaCaagaaac

ccaatcatgt

aggccgatgc

aaagcatcca

ttcaaataca

tatgaaaatg

ceccatteteg

tctaggacag

ccagagaact

tteccatete

ctcagegtta

cccggaagea

tacatgecca

gcagtaaaga

ctggattcet

aaagagatac

gegcaceggtt

aagaaagatt

ggcagagaac

gcacatgatg

gacagcagtt

gegaacccca

tcagtcaccg

acaaagatct

cagtgcagag

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2820



catatcggct gcagaacgat aagtgegtet

gagccacctt
tecctctagc
accctaagaa
acgagctcat
ttetateees
cacatgggct
tcctegsttt
tgttttecag
taccattttsg
agtcctteea
ctctegccec
ttttagtcat
gccaageeee
tcagcataac
gecactacaa
ctccaactta
gegstertec
tgaaatctga
tgcaggcett
atgeagaaac
cttegacace
ttccteagta

caagctctea

aaaaggaaaa
accagaacct
tcccacatat
atctgaacca
aaaccacccg
accgcacgag
gtcaatttat
atcaagagtt
tctgectete
tcacctateg
ctteatceta
ggccggcegce
aatctcatat
accaacaaag
aacaggaatg
caggcctgat
atattgettt
cgactgectt
cctcaacate
tcctgigaat
ctttgatcsc
tggeecagea

tctgtatgce

ctecatgtce

atgataacct

ctaatcacce

gctettagga

ccgaaaaggt

gtgataactce

gecgecatte

gegtgectaa

ctttegctece

aacaataacc

gtgactcgcc.

grcagecgcce

aacactatag

atcaagctga

gattcaccag

gaacagtgca

tecgacactg

gcegatcatg

acagteggag

ttcaateses

aaaatcetec

caaccaggag

aataccaacc

190/212

ataattctga
cattcttect
tcgstttcag
gecaacttec
attttaccat
ttteggcaca
attattacca
caaccgttte
ctecttacce
ccegeactec
aacagatett
tgctcagste
gegectacga
tcaacagagc
taéctacagt
ccatcaaate
aagtcttcac
agaacaccca
ctgaagcata
aacactctat
tcaaaataac
agtatgcces
catttgeaga

tagtgctgca

caaactgccc

ggcagaceec

atcagtetca

teatgageet

caccgaaaaa

ggaaacagca

tagataccct

cettegcagce

gctaacacct

ccggeccgag

cteggattcaa

cetgtectat

geacgcgace

aggctacgea

gaactiggag

ctecggatct

aggegtttac

agtcagcaag

taaagcgcac

tetgactacc

tgcagetccg

ggagatatat

tatacaatcc

gagacccaaa

aaagéagcgg
aaatgcacce
ctgaaactac
cactacacgc
gegteggagt
cccggaaate
atgtccacca
tctacctgec
aacgctagega
accacctgeg
ttectgatce
gtegtacctt
acgatgcega
ccactcecta
tacgtcacct
caggaatgca
cegttcatet
gectacgtaa
acagcctcag
gtgtatgtea
ctttccacag
aattatgatt
agaacagtct

gcaggagcea

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260



tccacgtece
catcattgaa
aaaactgtgc
gegtgtcaga
cttccgactt
cagtccatst
aagegtcgec
tatgcacatc
cacaccctca
gettaacatc
ctattgtgec
tgcctictag
aaggteccac
gtagetgtca
aagacaatag

tetttectat

taaagtetaa

cactgcecac

gcgceeeeasg

tgegcteget

tatccacaga

-CCaggaacceg

agcatcacaa

accaggcsatt

ccggatacct

atacactcag
atttaccecc
tetagegtca
aacaccgaca
tegtggeatc
gccatcageg
gactatccat
atatgttace
gtatcacgcc
cctgcteega
catgtaceteg
tteccageea
tcccactgte
ttctattcte
caggcatgct
gteaaattgt
agcctegest
tttccagtce
aggcggtttg
cgttcescte
atcagggéat
taaaaaggcc
aaatcgacgc
tcececteea

gtecgecttt

191/212

geaccticge gttitgagca atggaagaaa

cctttcgeat
aftccattag
ctttcagceg
gccacggtcea
actgctacce
ttctcgacce
tegcaaaggte
caaacattta
ggatcageeg
ctgaccaacc
tetettettt
ctttecctaat
gegegteges
geggatecey
tatccectca
gcctaatgag
ggaaacctgt
cgtattagec
cgecgagees
aacgraggaa
gegttecteg
tcaagtcaga
agctcectey

cteecttcee

gcgaaatata
cctttgacat
ccgaatgcac
agtactcesc
taaaagaagc
caaatatcca
attgtcacec
cagccgeget
taattattat
agaaacataa
geeecteece
aaaatgagga
tgggecagea
teggctctat
caattccaca
tgagctaact
cgtgccaget
gctctteege
tatcagctca
agaacatgte
cgttttteca
getgecgaaa
tegcactctcee

gaagcgteec

tacaaaccce

tcccgacgcee

tcttaacgag

tagcaagtca

agcagtcgag

cccggagttce

¢ccgaaagac

gtcaaaaacc

aattegctte

ttaaggatct

cetgccttcee

aattgcatce

Cagcaagees

gectcgagca

caacatacga

cacattaatt

gcattaatega

ttectegete

ctcaaagecg

agcaaaaggc

taggctccege

cccgacagega

tgttccgace

gettteteat

gataaagctc
attcgcgees
ttettcacca
tecetgtatt
ggcaagtecg
ctaaccgage
aggctccaaa
catattgtéa
gcgtgracet
gtgctgacta
agatctecte
ttgaccctee

cattgtctea

gageattgre:

tggtcatage

gecggaagca

gegttecect

atcggccaac

actgactcsc

gtaataceget

cagcaaaage

ccecctgacg

ctataaagat

ctgccgctta

agctcacgct

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760
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gtagstatet cagticeete taggtcgttc getecaagct

ccgttcagee cgaccgetege gecttatecg gtaactateg

gacacgactt
taggcgetsc
tatttestat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatect
ctteggtctea
caggattatc
cgaggcagtt
catcaataca
catgagteac
gttcaacagg
tcattcgtea
aaacaggaat
ctgaatcage
gtaaccatgc
ccgtcageca
catgtttcag
ctgattecce
aatttaatcg

ticaatatta

atcgccactg
tacagagttc
ctecectctg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttagaaa
aataccatat
ccataggatg
acctattaat
gactgaatce
ccagccatta
ttgégcctga
cgaatgcaac
atattcttct
atcatcagga
gtttagtcte
aaacaactct
gacattatcg

cggcctagag

gcagcageca
ttgaagtest
ctgaagecag
gctestages
caagaagatc
taagggattt
aaatgaagtt
aactcatcga
ttttgaaaaa
gcaagatcct
ttececteat
ggtgagaatsg
cgctegteat
gcgagacgaa
cggcecagea
aatacctgsa
gtécggataa
accatctcat
gegcgcatces
ceageccatt

caagacgttt

ctggtaacag
gecctaacta
ttaccttceg
gtgettttit
ctttgatctt
tggtcatgag
ttaaatcaat
gcatcaaatg
geegtttete
getatcegtc
caaaaataag
gcaaaagttt
caaaatcact
atacgcgatc
acactgccag
atgctgtttt
aatgcttgat
ctgtaacatc
gettcccata
tatacccata

cccgttgaat

tteaagcatt tatpagggtt atigtctcat

ggectgtgte
tcttgagtee
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacegee
attatcaaaa
ctaaagtata

aaactgcaat

taatgaagga

tgcgattece

gttatcaagt

atgcatttct

cgcatcaacc

getgttaaaa

cgcatcaaca

cccagggatce

ggtcegaaga

attegcaace

caatcgatag

taaatcagca

ateggctcata

gagcggatac

cacgaaccce
aacccgetaa
gcgaggtateg
agaagaacag
getagctctt
cagcagatta
tctgacectc
aggatcttca
tatgagtaaa
ttattcatat
gaaaactcac
actcgtccaa
gagaaatcac
ttccagactt
aaaccgttat
ggacaattac
atattttcac
gcagfggtga
ggcataaatt
ctacctttec
attgtcecac
tccatgtteg
ctetteettt

atattigaat

5820

5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140

7200
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gtattiagaa aaataaacaa atagsgettc cececacatt tccccgaaaa gteccaccig 7260
acgtctaaga aaccattatt atcatgacat taacctataa aaataggcgt atcaceaggc 7320
ccttteete 7329
210> 43

211> 1285

212> PRT

213> Artificial

{220
(223> VLP74.25 {VEEV VLP 519 NPNAx6) amino acid sequence

<400> 43

Met Phe Pro Phe GIn Pro Met Tyr Pro Met Gin Pro Met Pro Tyr Arg
1 5 10 15

Asn Pro Phe Ala Ala Pro Arg Arg Pro Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gin Val Gin Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys Gln Arg Arg Asp Ala Pro Pro Glu Gly Pro Ser Ala Asn
50 55 60

Lys Pro Lys Lys Giu Ala Ser GIn Lys Gin Lys Gly Gly Gly GIn Gly
65 : 70 75 80

Lys Lys Lys Lys Asn GIn Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro
85 90 95

Asn Pro Lys Ata GIn Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro
100 105 110

Gly Lys Arg GIn Arg Met Val Met Lys Leu Glu Ser Asp Lys Thr Phe
115 120 125

Pro lle Met Leu Glu Gly Lys 1ie Asn Gly Tyr Ala Cys Val Val Gly
130 135 140

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys Ile Asp Asn Asp
145 150 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 175



194/212

'Tyr Ala Asp Val Pro GIn Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 . 190

His Glu Lys Pro Gin Gly Tyr Tyr Ser Trp His His Gly Ala Val Gin
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 v 215 220

Asp Ser Gly Arg Pro Ile Leu Asp Asn GIn Gly Arg Val Val Afa lle
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys
260 265 270

Glu Gin Trp Ser Leu Val Thr Thr Met Cys Leu Leu Ala Asn Val Thr
275 280 . 285

Phe Pro Cys Ala Gin Pro Pro Ile Cys Tyr Asp Arg Lys Pro Ala Glu
290 295 300

Thr Leu Ala Met Leu Ser Val Asn Val Asp Asn Pro Gly Tyr Asp Glu
305 310 315 320

Leu Leu Glu Ala Ala Val Lys Cys Pro Gly Arg Lys Afg Arg Ser Thr
325 330 335

Glu Glu Leu Phe Asn Giu Tyr Lys Leu Thr Arg Pro Tyr Met Ala Arg
340 A 345 : 350

Cys !le Arg Cys Ala Val Gly Ser Cys His Ser Pro Ile Ala lle Gfu
355 , 360 365

Ala Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gin Thr Ser
370 375 380

Ser Gin Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg Thr Met
385 390 395 400

Arg Tyr Asp Met His Gly Thr Ile Lys Glu !le Pro Leu His Gln Val
405 410 415

Ser Leu Tyr Thr Ser Arg Pro Cys His lle Val Asp Gly His Gly Tyr
420 425 430



1957212

Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser {le Thr Met Glu Phe
435 440 445

Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu Val Lys
450 455 460

Phe Asn Pro Val Gly Arg Glu Lev Tyr Thr His Pro Pro Glu His Gly
465 470 475 480

Val Glu GIn Ala Cys GIn Val Tyr Ala His Asp Ala Gin Asn Arg Gly
485 490 495

Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser Ser Leu
500 505 510

Val Ser Leu Ser Gly Ser Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn
515 520 525

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
530 535 540

Ala Gly Gly Ser Ser Val Thr Val Thr Pro Pro Asp Gly Thr Ser Ala
545 550 555 560

Leu Val Glu Cys Glu Cys Giy Gly Thr Lys tle Ser Glu Thr t{e Asn
565 570 575

Lys Thr Lys Gin Phe Ser GIn Cys Thr Lys Lys Glu GIn Cys Arg Ala
580 585 5390

Tyr Arg Leu Gin Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys Leu Pro
595 : 600 605

Lys Ala Ala Gly Ala Thr Leu Lys Giy Lys Leu His Val Pro Phe Leu
610 615 620

Leu Ata Asp Gly Lys Cys Thr Val Pro Leu Ala Pro Giu Pro Met e
625 630 635 640

Thr Phe Gly Phe Arg Ser Val Ser Leu Lys Leu His Pro Lys Asn Pro
645 650 655

Thr Tyr Leu lle Thr Arg Gin Leu Ala Asp GIuAPro His Tyr Thr His
660 665 670

Glu Leu lle Ser Glu Pro Ala Val Arg Asn Phe Thr Val Thr Glu Lys
675 680 685

Gly Trp Glu Phe Val Trp Gly Asn Hjs Pro Pro Lys Arg Phe Trp Ala




690 695

GIn Glu Thr Ala Pro Gly Asn
705 710

Thr His Tyr Tyr His Arg Tyr
725

Ile Cys Ala Ala ile Ala Thr
740

Phe Cys Arg Ser Arg Val Ala
755

Asn Ala Arg lle Pro Phe Cys
770 775

Ala Arg Ala Glu Thr Thr Trp
785 790

Asn Gin Gin Met Phe Trp lle
805

Ile Val Val Thr Arg Leu Leu
820

Leu Val Met Ala Gly Ala Ala
835

Thr Met Pro Ser Gin Ala Gly
850 855

Ala Gly Tyr Ala Pro Leu Pro
865 870

Leu lle Pro Thr Val Asn Leu
885
Gly Met Asp Ser Pro Ala lle
900

Pro Thr Tyr Arg Pro Asp Glu
915

Pro Phe Met Trp Gly Gly Ala
930 935

196 /212

Pro His Gly Leu

715

Pro Met Ser Thr
730

Val Ser Val Ala
745

Cys Leu Thr Pro
760

Leu Ala Val Leu
Glu Ser Leu Asp
795

Gln Leu Leu Ile
810

Arg Cys Val Cys
825

Gly Ala Gly Ala
840

11e Ser Tyr Asn
Ile Ser Ile Thr
875

Glu Tyr Val Thr
850

Lys Cys Cys Gly
905

Gln Cys Lys Val
920

Tyr Cys Phe Cys

700

Pro His Glu Val lle
720

Ile Leu Gly Leu Ser
735

Ala Ser Thr Trp Leu
750

Tyr Arg Leu Thr Pro
765

Cys Cys Ala Arg Thr
780

His Leu Trp Asn Asn
800

Pro Leu Ala Ala Leu
815

Cys Val Val Pro Phe
830 -

Tyr Glu His Ala Thr
845

Thr 1le Val Asn Arg
860

Pro Thr Lys Ile Lys
880

Cys His Tyr Lys Thr
895

Ser Gin Glu Cys Thr
910

Phe Thr Gly Val Tyr
925

Asp Thr Glu Asn Thr
940

Gin Val Ser Lys Ala Tyr Val Met Lys Ser Asp Asp Cys Leu Ala Asp

945 950

955

960



His

Asn

Gly

Leu

Ala

Gin

Ser

Ala

Glu

Pro

Cys

Leu

Cys

Ala

His

Leu

197/212

Ala Glu Ala Tyr Lys Ala His Thr Ala Ser Val Gin Afa Phe Leu
965 970 875
{le Thr Val Gly Giu His Ser Ile Val Thr Thr Val Tyr Val Asn
980 985 990
Glu Thr Pro Val Asn Phe Asn Gly Val Lys lle Thr Ala Gly Pro
995 1000 1005
Ser Thr Ala Trp Thr Pro Phe Asp Arg Lys lle Val Gin Tyr
1010 1015 A 1020
Gly Glu lle Tyr Asn Tyr Asp Phe Pro Glu Tyr Gly Ala Gly
1025 1030 1035
Pro" Gly Ala Phe Gly Asp lle Gin Ser Arg Thr Val Ser Ser
1040 1045 1050
Asp Leu Tyr Ala Asn Thr Asn Leu Val Leu Gin Arg Pro Lys
1055 1060 1065
Gly Ala lle His Val Pro Tyr Thr Gin Ala Pro Ser Gly Phe
1070 1075 1080
Gin Trp Lys Lys Asp Lys Ala Pro Ser Leu Lys Phe Thr Ala
1085 1090 1095
Phe Gly Cys Glu Ile Tyr Thr Asn Pro ile Arg Ala Glu Asn
1100 1105 1110
Ala Val Gly Ser Ile Pro Leu Ala Phe Asp Ile Pro Asp Ala
1115 1120 1125
Phe Thr Arg Val Ser Glu Thr Pro Thr Leu Ser Ala Ala Glu
1130 1135 1140
Thr Leu Asn Glu Cys Val Tyr Ser Ser Asp Phe Gly Gly tle
1145 1150 1155
Thr Val Lys Tyr Ser Ala Ser Lys Ser Gly Lys Cys Ala Val
1160 1165 1170
Val Pro Ser Gly Thr Ala Thr Leu Lys Glu Ala Ala Val Glu

1175 1180 1185

Thr Glu Gln Gly Ser Ala Thr lle His Phe Ser Thr Ala Asn
1190 1195 1200



198/ 212

Ile His Pro Glu Phe Arg Leu GIn [le Cys Thr Ser Tyr Val Thr

1205 1210 1215

Cys Lys Gly Asp Cys His Pro Pro Lys Asp His lle Val Thr His
1220 1225 1230

Pro GIn Tyr His Ala Gln Thr Phe Thr Ala Ala Val Ser Lys Thr
1235 1240 1245

Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly Ser Ala Val 1le
1250 1255 1260

Jle tle 1lle Gly Leu Val Leu Ala Thr lle Val Ala Met Tyr Val
1265 1270 1275

Leu Thr Asn Gln Lys His Asn
1280 1285

210> 44

211y 20

212> PRT

<213> Plasmodium falciparum

<400, 44

Glu Tyr Leu Asn Lys lle GIn Asn Ser Leu Ser Thr Glu Trp Ser Pro

1 5 10 15

Cys Ser Val Thr

20

Q210> 45

Q211> 20

212> PRT

213> Plasmodium yoelii
(400> 45

Tyr Asn Arg Asn lie Val Asn Arg Leu Leu Gly Asp Ala Leu Asn Gly
1 5 10 . 15

Pro Glu Glu Lys
20

<210> 46
211> 30



199/212

212> PRT
<213> Artificial

220>
223> VLP74 insert

<400> 46

Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
1 5 10 15

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser
20 25 30

Q10> 47

11> 90

<212> DNA

213> Artificial

Q207
<223> VLP74 insert

<400> 47
tccegaggaa acccgaatge caatcccaac gcgaacccca atgctaacce aaatgccaac

ccaaacgcca accccaacge tggtggatce
<210> 48

Qi 106

<212> PRT

213> Artificial

2200
<223> VLP78 insert

<400> 48

Ser Gly Gly Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
1 5 10 15

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Val Asp Pro Asn Ala Asn
20 25 30

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
35 40 45

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn

60

- 90




200/212

50 55 60
Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
65 70 75 80
Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
85 90 95
Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser
100 105
{210> 49
Q11> 318
<212> DNA

213> Artificial

220>
{223> VLP74 insert

<400> 49

tccegaggaa acccgaatgr caatcccaac gcgaaccceca acgctaacce caacgccaat
ccgaatgcaa acccgaacgt tgacccaaac gecaacccga atgecaatce caacgcgaac
cccaatgeta acccaaatge caacccaaac gccaacccca acgetaatcc aaacgecaac
cctaacecca atcccaacge gaatcctaac gctaatccca acgcaaatcc caatgctaat

ccgaacgega accctaatge aaaccccaac gecaacccga acgetaacce gaacgctaat

cccaacgecg gtgeatec

10> 50

211> 452

<212> PRT

213> Artificial

220>
<223> CHIKV E2-74 fusion protein

<400> 50

Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala Thr Arg Pro Tyr Leu
1 5 10 15

Ala His Cys Pro Asp Cys Gly Glu Gly His Ser Cys His Ser Pro Ile
20 25 30

60

120

180

240

300

318



201/212

Ala Leu Glu Arg Ile Arg Asn Glu Ala Thr Asp Gly Thr Leu Lys lle
35 40 45

Gin Val Ser Leu GIn Ile Gly lle Lys Thr Asp Asp Ser His Asp Trp
50 55 60

Thr Lys Leu Arg Tyr Met Asp Ser His Thr Pro Ala Asp Ala Glu Arg
65 70 75 80

Ala Gly Leu Leu Val Arg Thr Ser Ala Pro Cys Thr lie Thr Gly Thr
85 90 95

Met Gly His Phe |le Leu Ala Arg Cys Pro Lys Gly Glu Thr Leu Thr
100 105 110

Val Gly Phe Thr Asp Ser Arg Lys Ile Ser His Thr Cys Thr His Pro
115 120 125

Phe His His Glu Pro Pro Val lle Gly Arg Glu Arg Phe His Ser Arg
130 135 140

Pro GIn His Gly Lys Glu Leu Pro Cys Ser Thr Tyr Val GIn Ser Thr
145 150 155 160

Ala Ala Thr Ata Glu Glu 1le Glu V&l His Met Pro Pro Asp Thr Pro
165 170 175

Asp Arg Thr Leu Met Thr GIn Glin Ser Gly Asn Val Lys Jle Thr Val
180 185 190

Asn Gly Gin Thr Val Arg Tyr Lys Cys Asn Cys Gly Giy Ser Gly Gly
195 200 205

Asn Pro Asn Aia Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
210 215 - 220

Asn Pro Asn Ala Asn Pro Asn Ala Gly Gly Ser Asn Glu Gly Leu Thr
225 ' 230 235 240

Thr Thr Asp Lys Val Ile Asn Asn Cys Lys Ile Asp Gln Cys His Ala
245 250 255

Ala Val Thr Asn His Lys Asn Trp Gin Tyr Asn Ser Pro Leu Val Pro
260 265 270

Arg Asn Ala Glu Leu Gly Asp Arg Lys Gly Lys Ile His lle Pro Phe
275 280 285



202/212

Pro Leu Ala Asn Val Thr Cys Arg Val Pro Lys Ala Arg Asn Pro Thr
290 295 300 .

Val Thr Tyr Gly Lys Asn Gin Val Thr Met Leu Leu Tyr Pro Asp His
305 ‘ 310 315 320

Pro Thr Leu Leu Ser Tyr Arg Asn Met Gly Gin Glu Pro Asn Tyr His
325 330 335

Glu Glu Trp Val Thr His Lys Lys'Glu Val Thr Leu Thr Val Pro Thr
340 345 350

Glu Gly Leu Glu Val Thr Trp Gly Asn Asn Glu Pro Tyr Lys Tyr Trp
355 360 365

Pro Gin Met Ser Thr Asn Gly Thr Ala His Gly His Pro His Glu e
370 375 380

Ile Leu Tyr Tyr Tyr Glu Leu Tyr Pro Thr Met Thr Val Val Ile Val
385 380 395 400

Ser Val Ala Ser Phe Val Leu Leu Ser Met Val Gly Thr Ala Val Gly
405 410 415

Met Cys Val Cys Ala Arg Arg Arg Cys lle Thr Pro Tyr Glu Leu Thr
420 425 430

Pro Gly Ala Thr Val Pro Phe Leu Leu Ser Leu Leu Cys Cys Val Arg
435 440 445

Thr Thr Lys Ala
450

210> 51

211> 439

<212> PRT

<213> Artificial

<220>
<223> CHIKV E1

<400> 51

Tyr Glu His Val Thr Val |le Pro Asn Thr Val Gly Val Pro Tyr Lys
1 5 10 15

Thr Leu Val Asn Arg Pro Gly Tyr Ser Pro Met Val Leu Glu Met Glu
20 25 30



20317212
Leu GIn Ser Val Thr Leu Glu Pro Thr Leu Ser Leu Asp Tyr lje Thr
35 40 45

Cys Glu Tyr Lys Thr Val Ile Pro Ser Pro Tyr Val Lys Cys Cys Gly
50 55 60

Thr Ala Glu Cys Lys Asp Lys Ser Leu Pro Asp Tyr Ser Cys Lys Val
65 70 75 80

Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys
85 90 95

Asp Ala Glu Asn Thr Gln Leu Ser Glu Ala His Val Glu Lys Ser Glu
100 105 110

Ser Cys Lys Thr Glu Phe Ala Ser Ala Tyr Arg Ala His Thr Ala Ser
15 120 125

Ala Ser Ala Lys Leu Arg Val Leu Tyr Gin Gly Asn Asn [ie Thr Val
130 135 140

Ala Ala Tyr Ala Asn Gly Asp His Ala Val Thr Val Lys Asp Ala Lys
145 150 155 160

Phe Val Val Gly Pro Met Ser Ser Ala Trp Thr Pro Phe Asp Asn Lys
165 170 175

[te Val Val Tyr Lys Gly Asp Val Tyr Asn Met Asp Tyr Pro Pro Phe
180 185 190

Gly Ala Gly Arg Pro Gly GIn Phe Gly Asp lle Gin Ser Arg Thr Pro
195 200 205

Glu Ser Lys Asp Val Tyr Ala Asn Thr Gin Leu Val Leu GIn Arg Pro
210 . 215 220

Ala Ala Gly Thr Val His Val Pro Tyr Ser GIn Ala Pro Ser Gly Phe
225 230 235 240

Lys Tyr Trp Leu Lys Glu Arg Gly Ala Ser Leu Gln His Thr Ala Pro
245 250 255

Phe Gly Cys Gin 1le Ala Thr Asn Pro Val Arg Ala Val Asn Cys Ala
260 265 270

Val Gly Asn ile Pro Ile Ser Ile Asp lle Pro Asp Ala Ala Phe Thr
275 280 285



204 /212

Arg Val Val Asp Ala Pro Ser Val Thr Asp Met Ser Cys Glu Val Pro
290 295 300

Ala Cys Thr His Ser Ser Asp Phe Gly Gly Val Ala lle Ile Lys Tyr
305 310 315 320

Thr Ala Ser Lys Lys Gly Lys Cys Ala Val His Ser Met Thr Asn Ala
325 330 335

Val Thr |le Arg Glu Ala Asp Val Glu Val Glu Gly Asn Ser Gin Leu
340 345 350

Gin lie Ser Phe Ser Thr Ala Leu Ala Ser Ala Glu Phe Arg Val Gin
355 ‘ 360 365

Val Cys Ser Thr Gin Val His Cys Ala Ala Ala Cys His Pro Pro Lys
370 375 380

Asp His 1le Val Asn Tyr Pro Ala Ser His Thr Thr Leu Gly Val GIn
385 380 395 400

Asp lle Ser Thr Thr Ala Met Ser Trp Val Gin Lys lle Thr Gly Gly
405 410 415

Val Gly Leu Ife Val Ala Val Ala Ala Leu Ile Leu lle Val Val Leu
420 . 425 430

Cys Val Ser Phe Ser Arg His
435

210> 52

211> 261

<212> PRT

{213> Artificial

220>
<223> CHIKV capsid

<400> 52

Met Glu Phe lle Pro Thr Gin Thr Phe Tyr Asn Arg Arg Tyr Gin Pro
1 5 10 15

Arg Pro Trp Ala Pro Arg Pro Thr Ile Gin Val lle Arg Pro Arg Pro
20 25 30

Arg Pro GIn Arg Gin Ala Gly Gln Leu Ala Gin Leu Ile Ser Ala Val
35 40 45




205/212

Asn Lys Leu Thr Met Arg Ala Val Pro Gln Gln Lys Pro Arg Arg Asn
50 55 60

Arg Lys Asn Lys Lys GIn Arg GIn Lys Lys Gln Ala Pro GIn Asn Asp
65 70 75 80

Pro Lys GIn Lys Lys GIn Pro Pro GIn Lys Lys Pro Ala GIn Lys Lys
85 90 | 95

Lys Lys Pro Gly Arg Arg Glu Arg Met Cys Met Lys lle Glu Asn Asp
100 105 ' 110

Cys Ile Phe Glu Val Lys His Glu Gly Lys Val Met Gly Tyr Ala Cys
115 120 125

Leu Val Gly Asp Lys Val Met Lys Pro Ala His Val Lys Gly Thr 1le
130 135 140

Asp Asn Ala Asp Leu Ala Lys Leu Afa Phe Lys Arg Ser Ser Lys Tyr
145 150 155 160

Asp Leu Glu Cys Ala Gin lle Pro Val His Met Lys Ser Asp Ala Ser
165 170 175

Lys Phe Thr His Glu Lys Pro Glu Gly Tyr Tyr Asn Trp His His Gly
180 185 190

Ala Val Gln Tyr Ser Gly Gly Arg Phe Thr |le Pro Thr Gly Ala Giy
195 200 205

Lys Pro Gly Asp Ser Gly Arg Pro lle Phe Asp Asn Lys Gly Arg Val
210 215 220

Val Ala lle Val Leu Gly Gly Ala Asn Glu Gly Ala Arg Thr Ala Leu
225 230 235 240

Ser Val Val Thr Trp Asn Lys Asp lle Val Thr Lys lle Thr Pro Glu
245 250 255

Gly Ala Glu Glu Trp
260

210> 53

Q11> 453

<212> PRT

<13 Artificial



206/212

Q20>
<223> VEEY E2-74 fusion protein

<400> 53

Ser Thr Glu Glu Leu Phe Asn Glu Tyr Lys Leu Thr Arg Pro Tyr Met
1 5 10 15

Ala Arg Cys Ile Arg Cys Ala Val Gly Ser Cys His Ser Pro lle Ala
20 25 30

Ile Glu Ala Val Lys Ser Asp Gly His Asp Gly Tyr Val Arg Leu Gin
35 40 45

Thr Ser Ser Gln Tyr Gly Leu Asp Ser Ser Gly Asn Leu Lys Gly Arg
50 55 60

Thr Met Arg Tyr Asp Met His Gly Thr Ile Lys Glu |le Pro Leu His
65 70 75 80

Glin Val Ser Leu Tyr Thr Ser Arg Pro Cys His fle Val Asp Gly His
85 90 95

Gly Tyr Phe Leu Leu Ala Arg Cys Pro Ala Gly Asp Ser lle Thr Met
100 105 110

Glu Phe Lys Lys Asp Ser Val Arg His Ser Cys Ser Val Pro Tyr Glu
115 120 125

Val Lys Phe Asn Pro Val Gly Arg Glu Leu Tyr Thr His Pro Pro Glu
130 135 140

His Gly Val Glu Gin Afa Cys GIn Val Tyr Ala His Asp Ala Gin Asn
145 150 155 160

Arg Gly Ala Tyr Val Glu Met His Leu Pro Gly Ser Glu Val Asp Ser
165 170 175

Ser Leu Val Ser Leu Ser Gly Ser Ser Gly Gly Asn Pro Asn Ala Asn
180 - 185 190

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
195 200 205

Pro Asn Ala Gly Gly Ser Ser Val Thr Vai Thr Pro Pro Asp Gly Thr
210 215 . 220 ‘

Ser Ala Leu Val Glu Cys Glu Cys Gly Gly Thr Lys Ile Ser Glu Thr
225 230 235 240



2071212

le Asn Lys Thr Lys GIn Phe Ser Gln Cys Thr Lys Lys Glu Gin Cys
245 250 255

Arg Ala Tyr Arg Leu GIn Asn Asp Lys Trp Val Tyr Asn Ser Asp Lys
260 ‘ 265 270

‘Leu Pro Lys Ala Ala Gly Ala Thr Leu Lys Gly Lys Leu His Val Pro
275 280 285

Phe Leu Leu Ala Asp Gly Lys Cys Thr Val Pro Leu Afa Pro Glu Pro
290 295 300

Met Ile Thr Phe Gly Phe Arg Ser Val Ser Leu Lys Leu His Pro Lys
305 310 315 320

Asn Pro Thr Tyr Leu lle Thr Arg GIn Leu Ala Asp Glu Pro His Tyr
325 330 335

Thr His Glu Leu Ile Ser Glu Pro Ala Val Arg Asn Phe Thr Val Thr
340 345 350

Glu Lys Gly Trp Glu Phe Val Trp Gly Asn His Pro Pro Lys Arg Phe
355 360 365

Trp Ala Gin Glu Thr Ala Pro Gly Asn Pro His Gly Leu Pro His Glu
370 375 380

Val |le Thr His‘Tyr Tyr His Arg Tyr Pro Met Ser Thr Ile Leu Gly
385 390 395 400

Leu Ser Ile Cys Ala Ala lle Ala Thr Val Ser Val Ala Ala Ser Thr
405 410 415

Trp Leu Phe Cys Arg Ser Arg Val Ala Cys Leu Thr Pro Tyr Arg Leu
420 425 430

Thr Pro Asn Ala Arg Ile Pro Phe Cys Leu Ala Val Leu Cys Cys Ala
435 : 440 445

Arg Thr Ala Arg Ala
450

Q210> 54

Q211> 442

<212> PRT

<{213> Artificial



1208/212

220>
- <223> VEEV E1

<400> 54

Tyr Glu His Ala Thr Thr Met Pro Ser Gln Ala Gly lle Ser Tyr Asn
1 5 10 15

Thr -11e Val Asn Arg Ala Gly Tyr Ala Pro Leu Pro Ile Ser lle Thr
20 25 30

Pro Thr Lys {le Lys Leu 11e Pro Thr Yal Asn Leu Glu Tyr Val Thr
35 40 45

Cys His Tyr Lys Thr Gly Met Asp Ser Pro Ala {le Lys Cys Cys Gly
50 55 60

Ser Gin Glu Cys Thr Pro Thr Tyr Arg Pro Asp Glu Gin Cys Lys Val
65 70 75 80

Phe Thr Gly Val Tyr Pro Phe Met Trp Gly Gly Ala Tyr Cys Phe Cys
85 90 95

Asp Thr Glu Asn Thr Gin Val Ser Lys Ala Tyr Val Met Lys Ser Asp
100 105 110

Asp Cys Leu Ala Asp His Ala Glu Ala Tyr Lys Ala His Thr Ala Ser
115 120 125

Val GIn Ala Phe Leu Asn lle Thr Val Gly Glu His Ser lle Val Thr
130 135 140

Thr Val Tyr Val Asn Gly Glu Thr Pro Val Asn Phe Asn Gly Val Lys
145 150 155 160

I1e Thr Ala Gly Pro Leu Ser Thr Ala Trp Thr Pro Phe Asp Arg Lys
165 170 175

Ile Val Gin Tyr Ala Gly Glu lle Tyr Asn Tyr Asp Phe Pro Glu Tyr
180 185 190

Gly Ala Giy GIn Pro Gly Ala Phe Giy Asp Ile Gin Ser Arg Thr Val
195 200 205

Ser Ser Ser Asp Leu Tyr Ala Asn Thr Asn Leu Val Leu GIn Arg Pro
210 215 220

Lys Ala Gly Ala Ile His Val Pro Tyr Thr GIn Ala Pro Ser Gly Phe
225 230 235 240



209/212

Glu Gin Trp Lys Lys Asp Lys Ala Pro Ser Leu Lys Phe Thr Ala Pro
245_ 250 255

Phe Gly Cys Glu Ile Tyr Thr Asn Pro lle Arg Ala Glu Asn Cys Ala
260 265 270

Val Gly Ser lie Pro Leu Ala Phe Asp lle Pro Asp Ala Leu Phe Thr
275 280 285

Arg Val Ser Glu Thr Pro Thr Leu Ser Ala Ala Glu Cys Thr Leu Asn
250 295 300

- Glu Cys Val Tyr Ser Ser Asp Phe Gly Gly Ile Ala Thr Val Lys Tyr
305 310 315 320

Ser Ala Ser Lys Ser Gly Lys Cys Ala Val His Val Pro Ser Gly Thr
325 330 335

Ala Thr Leu Lys Glu Ala Ala Val Glu Leu Thr Glu Gin Gly Ser Ala
340 345 350

Thr I1e His Phe Ser Thr Ala Asn lle His Pro Glu Phe Arg Leu Gin
355 360 365

[le Cys Thr Ser Tyr Val Thr Cys Lys Gly Asp Cys His Pro Pro Lys
370 375 380

Asp His lle Val Thr His Pro Gin Tyr His Ala Gin Thr Phe Thr Ala
385 390 395 400

Ala Val Ser Lys Thr Ala Trp Thr Trp Leu Thr Ser Leu Leu Gly Gly
405 410 415

Ser Ala Val lie lle lle lle Gly Leu Val Leu Ala Thr [le Val Ala
420 425 430

Met Tyr Val Leu Thr Asn Gln Lys His Asn
435 440

210> 55

211> 275

212> PRT

213> Artificial

220>
<223> VEEV Capsid



2107212
<400> 55

Met Phe Pro Phe GIn Pro Met Tyr Pro Met Gin Pro Met Pro Tyr Arg
1 5 10 15

Asn Pro Phe Ala Ala Pro Arg Arg Pra Trp Phe Pro Arg Thr Asp Pro
20 25 30

Phe Leu Ala Met Gin Val GIn Glu Leu Thr Arg Ser Met Ala Asn Leu
35 40 45

Thr Phe Lys Gln Arg Arg Asp Ala Pro Pro Giu Gly Pro Ser Ala Asn
50 55 60

Lys Pro Lys Lys Glu Ala Ser Gln Lys GIn Lys Gly Gly Gly GIn Gly
65 70 75 80

Lys Lys Lys Lys Asn Gin Gly Lys Lys Lys Ala Lys Thr Gly Pro Pro
85 : 90 95

Asn Pro Lys Ala Gin Asn Gly Asn Lys Lys Lys Thr Asn Lys Lys Pro
100 105 110

Gly Lys Arg Gin Arg Met Val Met Lys Leu Giu Ser Asp Lys Thr Phe
115 120 125

Pro Ile Met Leu Glu Giy Lys Ile Asn Gly Tyr Ala Cys Val Val Gly
130 135 140

Gly Lys Leu Phe Arg Pro Met His Val Glu Gly Lys 1le Asp Asn Asp
145 150 155 160

Val Leu Ala Ala Leu Lys Thr Lys Lys Ala Ser Lys Tyr Asp Leu Glu
165 170 , 175

Tyr Ala Asp Val Pfo Gln Asn Met Arg Ala Asp Thr Phe Lys Tyr Thr
180 185 190

His Glu Lys Pro Gla Gly Tyr Tyr Ser Trp His His Gly Ala Val Gln
195 200 205

Tyr Glu Asn Gly Arg Phe Thr Val Pro Lys Gly Val Gly Ala Lys Gly
210 215 220

Asp Ser Gly Arg Pro lle Leu Asp Asn Gin Gly Arg Vél Val Ala lle
225 230 235 240

Val Leu Gly Gly Val Asn Glu Gly Ser Arg Thr Ala Leu Ser Val Val
245 250 255



911/212

Met Trp Asn Glu Lys Gly Val Thr Val Lys Tyr Thr Pro Glu Asn Cys

Glu Gin

210>
2115
12>
213>

<4005

260 265 270

Trp
275

56
414
PRT
Plasmodium falciparum

56

Met Met Arg Lys Leu Ala tle Leu Ser Val Ser Ser Phe Leu Phe Val

1

Glu Ala
Arg Val

Asn Glu
50

Leu Lys
65

Asn Asn
Gly Asn
Leu Lys
Val Asp

130

Val Asp
145

Ala Asn

Ala Asn

5 10

Leu Phe Gin Glu Tyr Gin Cys Tyr Gly Ser Ser Ser
20 25 30

Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr Asn
35 40 45

Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn Trp
55 60

Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp Giy
70 75

Gly Asp Asn Gly Arg Glu Gly Lys Asp Glu Asp Lys
85 90

Asn Glu Asp Asn Glu Lys Leu Arg Lys Pro Lys His
100 105 10

Gin Pro Gly Asp Gly Asn Pro Asp Pro Asn Ala Asn
115 120 125

Pro Asn Ala Asn Pro Asn Val Asp Pro Asn Ala Asn
135 140

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
150 155

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn
165 170

Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn

15

Asn Thr

Leu Tyr

Tyr Ser

Asn Asn
80

Arg Asp
85

Lys Lys

Pro Asn

Pro Asn

Pro Asn
160

Pro Asn
175

Pro Asn



180

185

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn

195

Val Asp Pro Asn Ala Asn
210

Ala Asn Pro Asn Ala Asn
225 230

Afa Asn Pro Asn Ala Asn
245

Ala Asn Pro Asn Ala Asn
260

Ala Asn Pro Asn Ala Asn
275

200

Pro Asn Ala Asn

215

Pro Asn Ala Asn

Pro Asn Ala Asn

250

Pro Asn Ala Asn

265

Pro Asn Ala Asn

280

Lys Asn Asn Gin Gly Asn Gly Gln Gly His

290

295

212/212

190

Pro Asn Ala Asn Pro Asn
205

Pro Asn Ala Asn Pro Asn
220

Pro Asn Ala Asn Pro Asn
235 240

Pro Asn Ala Asn Pro Asn
255

Pro Asn Ala Asn Pro Asn
270

Pro Asn Ala Asn Pro Asn
285

Asn Met Pro Asn Asp Pro
300

Asn Arg Asn Val Asp Glu Asn Ala Asn Ala Asn Asn Ala Vai Lys Asn

305 310

Asn Asn Asn Glu Glu Pro Ser Asp Lys His

325

330

Lys Ile Lys Asn Ser Ile Ser Thr Glu Trp

340

345

Cys Gly Asn Gly lle Gin Val Arg Ile Lys

355

360

Pro Lys Asp Glu Leu Asp Tyr Glu Asn Asp

370

375

Lys Met Glu Lys Cys Ser Ser Val Phe Asn

385 390

315 320

ile Glu Gin Tyr Leu Lys
335

Ser Pro Cys Ser Val Thr
350
Pro Gly Ser Ala Asn Lys
365

Ile Glu Lys Lys lle Cys
380

Val Val Asn Ser Ser Ile
395 400

Gly Leu lle Met Val Leu Ser Phe‘Leu Phe Leu Asn Thr Arg

405

410



10

15

20

25

64

CLAIMS

1. A particle comprising a virus structural polypeptide
and at least one malaria antigen, wherein Asaid virus
structural polypeptide comprises at least one first
attachment site and said at least one malaria antigen
comprises at least one second attachment site, and wherein
said virus structural polypeptide and said malaria antigen
are linked through said at least one first and said at
least one second aftachment site, and wherein said particle
is virus like particle.

2. The particle according to Claim 1, wherein said virus
like particle is derived from alphavirus or Flavivirus.

3. The particle according to Claim 2, wherein said
alphavirus or Flavivirus 1is selected from the group
consigting of Aura virus, Babanki virus, Barmah Forest
virus (BFV), Bebaru virus, Cabassou virus, Chikungunya
virus (CHIKV), Eastern equine encephalitis wvirus (EEEV),

Eilat wvirus, Everglades virus, Fort Morganv virus, Getah
virus, Highlands J virus, Kyzylagach virus, Mayaro virus,

Me Tri wvirus, Middelburg virus? Mosso das Pedras virus,

Mucambo virus, Ndumu virus, O'nyong-nyong virus, Pixuna
virus, Rio Negro virus, Ross River virus (RRV), Salmon
pancreas disease virus, Semliki Forest virus, Sindbis virus,

Southern elephant seal virus, Tonate virus, Trocara virus,



10

15

20

25

65

Una virus; Venezuelan equine encephalitis wvirus (VEEV),
Western equine encephalitis Virus (WEEV),Whataroa virus,
West Nile virus, dengue virus,  tick-borne encephalitis
virus and yellow fever virus.

4. The particle according to Claim 3, wherein said
alphavirus is Chikungunya virus (CHIKV) or Venezuelan
equine encephalitis virus (VEEV).

5. The particle accofding to any one of Claims 1-4,
wherein said virus structural polypeptide comprises an
envelope protein.

6. The‘ particle according to any one of Claims 1-5,
Qherein, said wvirus structural polypeptide comprises the
capsid and/or the envelope proteins El1 and E2.

7. The particle according to Claim 6, wherein said at
least one malaria antigen 1s inserted into E2 of the
envelope protein.

8. The particle accordirig ito any one of Claims 1-7,
wherein said virus structural polypeptide is a polypeptide
derived from’Chikungunya virus (CHIKV) or Venezuelan equine
encephalitis virus (VEEV).

9. The particle according to any one of Claims 1-8,
wherein the particle comprises an envelope protein E2 into
which the antigen is inserted, an envelope protein El and a
capsid.

10. The particle according to any one of Claims 1-8,
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wherein the particle is Chikungunya virus 1like particle
consisting of one or more envelope protein E2 into which
the antigen 1s inserted, éne or more envelope protein E1
and one or more capsid, and

wherein the envelope protein E2 into which the antigen is
inserted consists of an amino acid sequence represented by
SEQ ID No.50; the envelope protein E1 congists of an amino
acid sequence represented by SEQ ID No.51; and the capsid
consisgts of an amino acid sequence represented by S8EQ ID
NC.: 52.

11. The particle according to any one of Claims 1-8,
wherein the particle 1is Venezuelan eguine virus like
particle consisting of one or more envelope protein E2 into
which the antigen is inserted, one or more envelope protein
El and one or more capsid, and

wherein the‘envelope protein E2 into which the antigen is
inserted consists of an amino acid sequence represented by
SEQ ID NO.53; the envelope protein E1l consists of an amino
acid sequence represented by SEQ ID NO.54; and the capsid
consists of an amino acid sequence represented by SEQ ID
NO.: 55.

12. The particle according to any one of Claims 1-11,
wherein said at least one malaria antigen and said virus
structural polypeptide are expressed as a fusion protein.

13. The particle according to Claim 12, wherein said virus
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structural polypeptide and said at 1least one malaria
antigen are directly fused.

14. The particle according‘to Claim 13, wherein said at
least one malaria antigen are fused with said wvirus
sﬁruétural polypeptide, wherein one or two linkers
intervenes between N-terminal residue of said antigen and
said polypeétide and/or between C-terminal residue of said
antigen and said virus strué;ural polypeptide.

15. The particle according to any one of Claims 9-14,
wherein said at ;east one malaria antigen is inserted
between residues 531 and 532 of SEQ ID Nos.1l or 2, or
between residues 518 and 519 of SEQ ID No.3.

16. The particle according to any cne of Claims ©-15,
wherein said particle comprising said fusion protein is
expressed Dby transfecting a nucleic acid molecule
corresponding to the amino acid sequence represented by SEQ
ID Nos. 28, 31, 34, 37, 39, 41 or 43 into a mammalian cell.
17. The particle according to any one of Claims 9-15,
wherein sald particle comprising said fusion protein‘ is
expressed by transfecting a nucleic acid molecule
corresponding to an amino acid sequence which has a
sequence identity of 90% or more with an amino acid
seguence represented by SEQ ID Nos. 28, 31, 34, 37, 39, 41
or 43 intc a mammalian cell.

18. The particle according to any one of Claims 1-8,
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wherein said at least one malaria antigen is linked to said
virus structural polypeptide by way of chemical cross-
linking.

19. The particle according to any one of Claims 1-18,
wherein said at least one malaria antigen is a fragment
derived from the circumsporozoite protein.

20. The particle according to any one of Claims 1-19,
wherein said at least one malaria antigen is an antigen
comprising (NPNA), wherein n is from 4 to 30 and/or an
antigen comprising (EYLNKIQSLSTEWSPCSVT), wherein y is from
1 to 6. |

21. An isolated nucleic acid molecule comprising - a
nucleotide sequence for expressing the particle according
to any one of Claims 1-20.

22. An isclated nucleic acid molecule consisting of a
nucleotide sequence represented by SEQ ID Nos. 26-27, 29-30,
32-33, 35-36, 38, 40 or 42.

23. An isolated nucleic acid molecule consisting of a
nucleotide seguence which has a sequence identity of 90% or
more with a nucleotide sequence encoding represented by SEQ
ID Nos.26-27, 29-30, 32-33, 35-36, 38, 40 or 42.

24. A vector comprising the nucleic acid ' wmolecule
according to’any one of Claims 21-23, wherein the wvector
optionally comprises an expression control sequence

operably linked to the nucleic acid molecule.
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25. A composition comprising the particle accqrding to any
one of Claims 1-20 and/or the nucleic. acid molecule
according to any one of Claims 21-24.

26. A pharmaceutical composition comprising:

(a) the particle according to any one of Claims 1-20 and/or
the nucleic acid molecule according to any one of Claims
21-24; and

{b) a pharmaceutically acceptable carrier.

27. A wvaccine composition comprising the particle
according to any one of Claims 1-20.

28. A DNA vaccine composition éomprising the nucleic acid
molecule according to any one of Claims 21-24.

29. A method of producing an antibody, comprising
contacting the particle according to any one of Claims 1-20
and/or the nucleic acid molecule according to any one of
Claims 21-24 to a mammal.

30. The method according to Claim 29, wherein said
antibody is a monoclonal antibody.

31. A method of immunomodulation, comprising administering
an immunologically effective amount of the composition of
any one of Claims 25-28 to a mammal.

32. A method of inducing and/or enhancing immune response
against a malaria antigen in a mammal, comprising
administering an effective amount of the composition of any

cne of Claims 25-28 to the mammal.
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33. A method of treating malaria, comprising administering
an effective amount of the composition ¢of any one of claims
25-28 to a mammal.

34. A method of passive immunization against a malaria-
causing pathogen, comprising administering the antibody
obtained by the method according to Claim 29 or Claim 30 to
a mammal. |
35. A method of presenting an antigen on macrophage,
comprising contacting the particle acccrding to any one of
Claims 1-20 and/or the nucleic acid molecule according to
any one of Claims 21-24 to a mammal.

36. A method for producing the particle according to any
one of Claims 9-20, comprising preparing a vector designed
for expression of said particle; culturing a cell which is
transfected with said vector to express said particle; and
recovering said particle.

37. The method according to any one of Claims 29-36,
wherein said at least one malaria antigen comprises at
least a fragment of the circumsporozoite polypeptide.

38. A vaccine for use in the method of any one of Claims
31-33 comprising, as separate components, a priming
composition comprising at least one first malaria antigen
or at least one polynucleotide encoding at least one first
malaria antigen; and a boosting composition comprising at

least one polypeptide comprising at least one second
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malaria antigen or at least oﬂe polynucleotide encoding at
least one second malaria antigen. .

39. The vaccine of claim 38, wherein the polynucleotide
encodes substantially all of the circumsporozoite protein;
40. The vaccine composition according to Claim 27 for use
in the prevention or treatment of malaria, comprising a
plurality of malaria-derived antigens.

41. A kit comprising

(a) é vaccine composition comprising the particle according
to any one of Claims 1-20; and

(b) another vaccine composition comprising the particle
according to any one of Claims 1-20,

wherein the particle contained in (a) 1is a virus like
particle which is different from the particle contained in
(b) .

42. The kit according to Claim 41, wherein the particle
contained in (a) is Chikunguﬁya virus like particle and the
particle contained in (b) is Venezuelan equine encephalitis
virus 1like particle, or the particle contained in (a) is
Venezuelan equine encephalitis virus like particle and the
particle contained in (b) is Chikungunya virus like
particle(

43. The kit according to Claims 41 or 42, further
comprising {c¢) one or moOre vaécine compdsitions, each of

which comprises the particle according to any one of Claims
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1-20, wherein (a) is used for priming immunization and (b)
and (¢) are used for boosting immunization, and the
particle contained in (c) is different from the particle
contained in (a) and.‘(b), or the same as the particle
contained in (a) or (b).

44. The kit according to any one of Claims 41-43, wherein
the respective vaccine compositions' are administered

simultaneously, separately or sequentially.



