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[0048] In one embodiment, a spatial distance between the 

N-terminal residue and C-terminal residue of the malaria

antigen may be 30 Å  or less; 25 Å  or less; 20 Å  or less; 

15 Å  or less; 14 Å  or less; 13 Å  or less; 12 Å  or less; 

11 Å  or less; 10 Å  or less; 9 Å  or less; or 8 Å  or less 5 

(e.g. from 5 Å  to 15 Å , from 5 Å  to 12 Å , from 5 Å  to 

11 Å , from 5 Å  to 10 Å , from 5 Å  to 8 Å , from 8 Å  to 

15 Å , from 8 Å  to 13 Å , from 8 Å  to 12 Å , from 8 Å  to 

11 Å , from 9 Å  to 12 Å , from 9 Å  to 11 Å , from 9 Å  to 

10 Å or from 10 Å  to 11 Å ) when the distance is 10 

determined in a crystal of the malaria antigen or a 

naturally occurring protein containing the malaria antigen 

or modified protein therefrom. 

[0049]   In one embodiment, the malaria antigen is linked 

to the Chikungunya or Venezuelan equine encephalitis virus 15 

structural polypeptide by way of chemical cross-linking 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 20 

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. 25 









 25

[0058] An exemplary Venezuelan equine encephalitis virus 

structural polypeptide is described below (SEQ ID No.:3): 

[0059] In one embodiment, a first attachment site 

comprises an amino group, preferably an amino group of a 5 

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 10 

equine encephalitis virus structural polypeptide) through a 

first attachment site or a second attachment site is 

achieved using chemical cross linker.  Examples of the 

cross-linker include, but are not limited to, SMPH, Sulfo- 
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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%, 85%, 90%, 95% or 98% amino 5 

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 may be a mutant where 

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

and/or added based on the capsid consisting of an amino 10 

acid sequence represented by SEQ ID NO.: 52 or SEQ ID 

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 

an amino acid sequence represented by SEQ ID NO.: 50 or SEQ 

ID No.:53. 15 

[0073] 

(2) Nucleotide, Vector, Host cell

In the second aspect, the present invention provides 

a nucleic acid molecule which is designed for expression of 20 

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 sequence 

that encodes the Chikungunya or Venezuelan equine  25 







































 51

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 5 

described above to the mammal. 

[0121]  Given the symptom of patients infected with 

Chikungunya or Venezuelan equine encephalitis together with 

unusual big molecule of Chikungunya or Venezuelan equine 

encephalitis, this VLP can act effectively and efficiently 10 

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 equine 15 

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 20 

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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[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 5 

using 0.45μm 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 10 

particles were further concentrated using spin column 

(Molecular Weight-cutoff: 100kDa) to prepare the virus like 

particles for the immunization. 

[0128]  The expression of VLP comprising VLP74  or 78 

conjugated with Chikungunya virus structural polypeptide 15 

was confirmed by Western Blot using an antibody specific 

for CHIKV (ATCC: VR-1241AF) and an antibody specific for 

VLP74 or 78. 

[0129] 

EXAMPLE 2: Preparation of Venezuelan equine encephalitis 20 

virus (VEEV) like particle comprising a virus structural 

polypeptide and a fragment of malaria antigen 
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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 NAPA.  

[0138] The anti-Pf CSP antibody titer in the serum from 

the monkeys immunized with x25-CHI (80ug) at 0 week and x6-5 

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) [0.2µg/µL] (Supplier: Eurogentec 10 

EP070034) and Goat α-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 15 

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 20 

the absence of adjuvant was considered to be higher even 

though RTS,S (GlaxoSmithKline) contains adjuvant. 

[Table 2] 
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CLAIMS 

1. A virus like particle comprising a virus structural

polypeptide and at least one malaria antigen, wherein said 

virus structural polypeptide is a polypeptide 5 

derived from alphavirus. 

2. The virus like particle according to Claim 1, 

wherein said virus structural polypeptide comprises an 

envelope protein and at least one malaria antigen is 10 

inserted into the envelope protein of the virus structural 

polypeptide. 

3. The virus like particle according to Claim 1 or 2,

wherein said virus structural polypeptide comprises the 15 

capsid and/or the envelope proteins E1 and E2. 

4. The virus like particle according to Claim 3, 

wherein said at least one malaria antigen is inserted into 

E2 of the envelope protein. 20 

5. The virus like particle according to any one of

Claims 1-4, wherein said virus structural polypeptide is a 

polypeptide derived from Chikungunya virus (CHIKV) or 

Venezuelan equine encephalitis virus (VEEV).  25 

6. The virus like particle according to any one of

Claims 1-5, wherein said at least one malaria antigen is a 

fragment derived from the circumsporozoite protein. 

30 

7. The virus like particle according to any one of

Claims 1-6, wherein said at least one malaria antigen is an 

MCSLLP
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antigen comprising (NPNA)n wherein n is from 4 to 30 and/or 

an antigen comprising (EYLNKIQNSLSTEWSPCSVT)y wherein y is 

from 1 to 6. 

8. The virus like particle according to any one of 5 

Claims 1-7, wherein said at least one malaria antigen is 

inserted between 509-510, 510-511, 511-512, 519-520, 529-

530, 530-531 or 531-532 of SEQ ID No. 1 or 2, or between 

residues 515-516, 516-517, 517-518, 518-519, 519-520, 536-

537, 537-538 or 538-539 of SEQ ID No. 3.  10 

9. The virus like particle accordingly to Claim 8,

wherein said at least one malaria antigen is inserted 

between residues 531 and 532 of SEQ ID No. 1 or 2, or 

between residues 518 and 519 of SEQ ID No. 3.  15 

10. An isolated nucleic acid molecule comprising a 

nucleotide sequence for expressing the virus like particle 

according to any one of Claims 1-9. 

20 

11. An isolated 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; or

a nucleotide sequence which has a sequence identity of 90% 

or more with a nucleotide sequence represented by SEQ ID 25 

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

12. A vector comprising the nucleic acid molecule 

according to Claim 10 or 11, wherein the vector optionally 

comprises an expression control sequence operably linked to 30 

the nucleic acid molecule. 

MCSLLP
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13. A pharmaceutical composition comprising:

(a) the virus like particle according to any one of

Claims 1-9, the nucleic acid molecule according to Claim 10 

or 11, and/or a vector according to Claim 12; and 

(b) a pharmaceutically acceptable carrier. 5 

14. A vaccine composition comprising the virus like

particle according to any one of Claims 1-9. 

15. A DNA vaccine composition comprising the nucleic10 

acid molecule according to Claim 10 or 11, and/or a vector 

according to Claim 12. 

16. Use of the virus like particle according to any one

of Claims 1-9, the isolated nucleic acid molecule according 15 

to claim 10 or 11, and/or a vector according to claim 12 in 

the manufacture of a medicament for producing an antibody. 

17. A method for producing the virus like particle

according to any one of Claims 1-9, comprising preparing a 20 

vector designed for expression of said virus like particle; 

culturing a cell which is transfected with said vector to 

express said virus like particle; and recovering said 

particle.  

25 

18. Use of the virus like particle according to any one

of Claims 1-9, the nucleic acid molecule according to Claim 

10 or 11, and/or a vector according to Claim 12 in the 

manufacture of a medicament for preventing or treating 

malaria. 30 

19. Use of a combination comprising:

MCSLLP



67 

(a) a priming composition comprising the virus like

particle according to any one of Claims 1-9 which comprises 

at least one first malaria antigen or at least one 

polynucleotide encoding at least one first malaria antigen; 

and 5 

(b) a boosting composition comprising the virus like

particle according to any one of Claims 1-9 which comprises 

at least one polypeptide comprising at least one second 

malaria antigen or at least one polynucleotide encoding at 

least one second malaria antigen; 10 

in the manufacture of a medicament for preventing or 

treating malaria. 

20. Use of:

(a) a priming composition comprising the virus like15 

particle according to any one of Claims 1-9 which comprises 

at least one first malaria antigen or at least one 

polynucleotide encoding at least one first malaria antigen; 

and 

(b) a boosting composition comprising the virus like20 

particle according to any one of Claims 1-9 which comprises 

at least one polypeptide comprising at least one second 

malaria antigen or at least one polynucleotide encoding at 

least one second malaria antigen; 

in the manufacture of a medicament for treating 25 

malaria, a medicament for inducing and/or enhancing an 

immune response against a malaria antigen, or a medicament 

for immunomodulation. 

21. The virus like particle according to any one of30 

Claims 1-9, the isolated nucleic acid molecule according to 

MCSLLP
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claim 10 or 11, and/or a vector according to claim 12 for 

use in producing an antibody.  

22. The virus like particle according to any one of

Claims 1-9, the nucleic acid molecule according to Claim 10 5 

or 11, and/or a vector according to Claim 12 for use in 

preventing or treating malaria. 

23. A combination comprising:

(a) a priming composition comprising the virus like10 

particle according to any one of Claims 1-9 which comprises 

at least one first malaria antigen or at least one 

polynucleotide encoding at least one first malaria antigen; 

and 

(b) a boosting composition comprising the virus like15 

particle according to any one of Claims 1-9 which comprises 

at least one polypeptide comprising at least one second 

malaria antigen or at least one polynucleotide encoding at 

least one second malaria antigen; 

for use in preventing or treating malaria. 20 

24. (a) A priming composition comprising the virus like

particle according to any one of Claims 1-9 which comprises 

at least one first malaria antigen or at least one 

polynucleotide encoding at least one first malaria antigen; 25 

and 

(b) a boosting composition comprising the virus like

particle according to any one of Claims 1-9 which comprises 

at least one polypeptide comprising at least one second 

malaria antigen or at least one polynucleotide encoding at 30 

least one second malaria antigen; 
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for use in treating malaria, inducing and/or 

enhancing an immune response against a malaria antigen, or 

immunomodulation, wherein the primary composition and the 

boosting composition are to be separately administered. 

MCSLLP




