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The invention relates to stable immunogenic compositions for prophylaxis and treatment 

against any infections caused by Chikungunya Virus. The present invention particularly 

relates to compositions of Chikungunya virus (henceforth termed as CHIKV) strains and 

use of the subunit antigens of the virus thereof, for prophylaxis, therapeutic treatment and 

diagnosis of Chikungunya infections in humans. More particularly, the invention relates to 

stable immunogenic vaccine compositions for prophylaxis and treatment against any 

genotypes or antigenic variants or mutants of Chikungunya virus conferring an antibody 

titer sufficient for the seroprotection for any genotypic variant or mutant for the 

Chikungunya virus. The invention also relates to vaccine compositions for immunization 

against Chikungunya virus in combination with other bacterial and viral infections selected' 

from the following list that include but is not limited to vaccines for Japanese encephalitis 

virus, dengue vaccines, West Nile virus vaccine and Chandipura virus vaccine and rabies 

vaccines. Combinations with other viral vaccines are also within the scope of the 

invention. 

BACKGROUND OF THE INVENTION 

Chikungunya virus (CHIKV) is an alphavirus of the family Togaviridae. It is a positive 

strand RNA virus that causes a generally non-fatal infection characterized by high fever and 

sudden onset of polyarthralgia. Hemorrhagic and neurological manifestations including 

seizures, lymphadenopathy, fulminant hepatitis and conjunctivitis not hitherto associated 

with CHIKV infections were reported since the re-surgent infection in 2005 (Sourisseau et 

al., 2007; Kannan et al., 2007). Phylogenetic analyses based on the partial El structural 

glycoprotein sequences have identified three CHIKV lineages, the West African, Asian and 

the East, Central and South African (ECSA) (Powers et al., 2000). Asian lineage circulated 

in India and Southeast Asia until it was replaced by the ECSA genotype, which emerged 

during the 2005-2006 outbreak in the Indian Ocean islands (Yergolkar et al., 2006). Sub-

lineages of ECSA strains that had established locally were spread by travellers from endemic 

areas to Africa, Asia and Europe and caused local outbreaks (Powers and Logue,. 2007). 
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Nearly 1.39 million suspected cases of Chikungunya virus infection occurred in India in 

2006. (National Vector Borne Disease Control Programme (NVBDCP), 2007) which was 

caused by the ECSA strain carrying the E1-226A (Arankalle et al., 2007). The El -A226V 

adaptive mutation that increases transmissibility by Aedes albopictus is responsible for the 

5 wide geographical spread of the virus since then (de Lamballerie et al., 2008). Host immune 

pressure and resultant site specific mutations in the human leukocyte antigen (HLA) class-1 

restricting elements of CHIKV genome are implicated in the explosive Chikungunya virus 

outbreaks since 2005 (Tong et al., 2010). Prior art known in the field do not include any 

vaccine candidate derived from the ECSA strain. Bharat Biotech International Limited has 

10 earlier developed (disclosed in WO 2008/026225) the 2006 ECSA strain with E1-226A and 

its use in the development of potential vaccines against Chikungunya virus infections. 

Chikungunya virus strains of the urban (epidemic) transmission cycles show a higher 

evolutionary rate than that of the enzootic (sylvatic) cycle, and the difference in the 

15 evolutionary dynamics between the two transmission cycles are influenced by several 

factors that determine virus-host interactions such as vector diversity and abundance, 

vector larval habitats and herd immunity in the population (Volk et al., 2010). Arboviruses 

like Chikungunya interacts with both the arthropod and the vertebrate hosts, and the 

selection pressure on the envelope glycoproteins are driven by preferences for vector 

20 adaptation and by vertebrate host immune defense mechanisms. Viral evolution tends to 

select for mutations in the antigenic determinants involved in neutralization as well .as 

those residues involved in vector/host adaptation. 

The vaccines under development such as that disclosed in WO 2008030220 and in Akahata 

25 et al. 2010 make use of the West African genotype and the El -A226V isolates. Another 

CHIKV vaccine development is a DNA vaccine (Mallilankaraman et al., 2011) which is 

different in scope from that disclosed in this invention. An earlier prototype vaccine which 

is a live attenuated vaccine used the Asian genotype of the virus (Edelman et al., 2001). 

DNA vaccines have not, been successful in human prophylactic vaccination so far, and live 

30 attenuated CHIKV vaccine caused side effects in human subjects (Edelman et al., 2001) 

who received the vaccine. The CHIKV strain used in the earlier vaccine development (WO 

2008/026225) was the 2006 ECSA strain with E1-226A. The strains isolated in 2009-2010 
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from India as disclosed in this invention belong to a distinct sub-lineage within the ECSA 

lineage and carry novel mutations in the E2 and El envelope glycoproteins. One of the 

mutations in the El glycoprotein in all the isolates reported in the study maps to a region 

that determines host vector specificity and is under significant positive selection ' for 

5 	enhanced adaptation to Adis. aegypti, which is the most abundant mosquito vector in the 

region and indeed in the tropical countries where prevalence of Chikungunya virus 

infection is now endemic. Other novel mutations hitherto-  unreported are also disclosed. 

Thus it is desirable to make a vaccine composition which would confer immunity to the 

newly developed and distinct sublineages of the ECSA strain of the Chikungunya virus 

10 	which would also confer immune protection to the other mutated strains of the ECSA 

strain propagated by the vector Aedis aegypti. Inventors in this application after prolonged 

research disclose such an effective vaccine in this application including other additional 

advantages over the earlier vaccine (WO 2008/026225) such as new methods of 

inactivation of the virus and improved formulations with novel adjuvants that enhance the 

15 	immunogenicity of the inactivated viral vaccine and the recombinant subunit vaccines and 

virosomes which are also included herein this invention. 

OBJECT OF THE INVENTION  

20 	One object of the present invention is to provide a stable vaccine composition that is 

capable to prevent as well as provide treatment from infections caused by Chikungunya 

virus. The said vaccine composition is applicable to any genotypic variants of the 

Chikungunya virus for prophylaxis and treatment thereof. 

25 	Another object of the invention is to provide for a stable vaccine composition that is 

capable to prevent as well as provide treatment from infections caused by Chikungunya 

virus propagated by any suitable vector which includes prevention and treatment of 

Chikungunya infections propagated by the vectors Aedis albopictus and Aedis aegypit 

which happens to be the most commonly adaptable vectors of the Chikungunya virus. 

30 
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Yet another object of the invention is to provide for a stable vaccine composition which is 

effective against any genotypic variants of the Chikungunya virus particularly of the ECSA 

strain and its particular distinct and unique sublineages as applicable thereof. 

5 	One more object of the invention is to provide for a stable vaccine composition wherein 

the antigenic component of the vaccine includes the whole inactivated virion or the subunit -

antigens of the recombinant CHIKV viral strains that can be expressed as Virus Like 

particles (henceforth termed as VLPs) in combination of suitable pharmaceutically 

acceptable carriers, stabilizers, and adjuvants. 

10 

Yet another object of the invention is to provide a method for preparation of a stable 

vaccine composition that is capable to elicit an immune response sufficient to prevent as 

well as provide treatment from infections caused by any genotypic mutants or variants of 

Chikungunya virus including inactivation of the CHIKV virus and mixing with adjuvants 

15 	in appropriate amounts. 

Another object of the invention is to provide antibodies so generated against the 

Chikungunya virus strains or its subunit antigens useful for diagnosis of Chikungunya 

virus infections in humans. 

20 

One more object of the invention relates to provide major antigenic determinants of the 

Chikungunya virus which are suitable as effective vaccine candidates and nucleotide and 

protein sequences disclosed thereof. 

25 	Yet another object of the invention includes combined vaccine compositions which are 

effective for prophylaxis and treatment of infections caused by Chikungunya virus and 

other other bacterial and viral infections selected from the following list that includes but is 

not limited to vaccines for Japanese encephalitis virus vaccines, dengue vaccines, West 

Nile virus vaccine and Chandipura virus vaccine and rabies vaccines. 

30 

SUMMARY OF THE INVENTION 
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According to one aspect of the invention, the invention includes vaccine compositions 

which specifically contain the whole inactivated virion or the subunit antigens of the 

CHIKV virus strains. The compositions of the present invention more particularly relate to 

vaccine capable of eliciting protective antibody and strong T cell responses against 

5 Chikungunya virus infection. 

Another aspect of the invention is to provide inactivated recombinant CHIKV vaccines 

along with appropriate adjuvants that offer high protective efficacy. 

10 Yet.  another aspect of the invention of the present invention more particularly relate to 

vaccine capable of eliciting protective antibody and strong T cell responses against 

Chikungunya virus infections. 

One another aspect of the invention relate to methods of preparing and using Chikungunya 

15 virus (CHIKV) antigens of defined sequences expressed as recombinant proteins, virus like 

particles and as virosomes which are used to elicit protective immune response. The 

potency of such subunit vaccines are comparable to that elicited by the vaccine consisting 

of whole inactivated virion of CHIKV that are inactivated with reagents under conditions 

that confer high immunogenicity to the vaccine. 

20 

Another aspect of the invention relates to methods of inactivation of the virus which 

comprises heat, gamma irradiation, ultraviolet light or chemically inactivated whole virion 

of Chikungunya virus isolates in a stable formulation. A combination of two or more 

inactivating agents has also been used with similar effect. The virus isolates disclosed in 

25 the invention are used in vaccine development, and all the methods are applicable to any 

genotypes or genotypic variants/serotypes/strains/mutants of Chikungunya virus. 

One another aspect of the invention is to provide vaccine 	compositions against 

Chikungunya virus 	that elicit 	strong 	immunological 	response 	when 	administered 

30 parenterally, preferably intradermally, intramuscularly or sub-cutaneously in mammals 

preferably in humans, and are effective when administered mucosally and by other routes 

such as oral routes. 
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Yet another object of the invention is to provide antibodies against Chikungunya virus or 

the subunit antigens thereof to be used for treatment and diagnosis of Chikungunya virus 

infections in mammals, preferably humans. 

5 

One another aspect of the invention is to provide a composition for eliciting protective 

antibody and strong T cell responses either singly or in combination with other vaccines 

included within the scope of the invention. The other vaccines in combination are but not 

limited to vaccines for Japanese encephalitis virus vaccines, dengue vaccines, West Nile 

10 	virus vaccine and Chandipura virus vaccine and rabies vaccines. 

• 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: 

15 	Immunogenicity of CHIKV . whole virion antigen inactivated by several inactivation 

methods were tested for potency. The details of inactivation procedures are provided in 

Example 2. Potency of the 15 jag of the inactivated viral vaccine was tested in three 

intramuscular injections in 4-6 week old Balb/c mice (8 nos per group) at intervals of 0, 7 

and 21 days and bled 7 days after the last dose administration. Only a single dose of the 

20 	live virus was administered for comparison. The potency of the vaccine preparations were 

tested by estimating the titer of neutralizing antibodies by PRNT50. 

Figure 2: 

Immunogenicity of the CHIKV vaccine preparation with and without adjuvants was tested 

25 	in three intramuscular injections in 4-6 week old Balb/c mice (8 nos per group) at intervals 

of 0, 7 and 21 days and bled 7 days after the last dose administration. The composition of 

the adjuvanted vaccine formulations are provided in Example 5. The potency of the 

vaccine preparations were tested by estimating the titer of neutralizing antibodies by 

PRNT50. 

30 	
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DETAILED DESCRIPTION OF THE INVENTION  
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No detailed study on evolution of CHIKV 'serotypes due to sequence diversity has been 

reported. We report for the first time the adaptive evolution of ECSA strains of CHIKV to 

Ae.aegypti as found in the 2009-2010 virus isolates from India. Incidentally, Ae.aegypti is 

the most prevalent vector in India and indeed in several tropical countries. Despite unique 

5 mutations in isolates reported in the current invention, the virus strains cross neutralize the 

Asian genotypes and various ECSA sub-lineages of CHIKV indicating that they are good 

candidates for vaccine development. Using virus strains or antigens derived from such 

strains thereof, that are better adapted to the most prevalent vector in the region is 

important for vaccine development rather than using strains of West African or Asian 

10 genotype which are not so widely prevalent now than the ECSA genotype. Even among the 

ECSA genotype, using candidates such as LR2006 isolates from Reunion Island that carry 

El -A226V mutation which is an adaptive mutation to increase transmissibility in 

Ae.albopictus is less advantageous as Ae.albopictus vector in India is prevalent widely 

only along the West coast of India such as in the states of Kerala and South coastal 

15 Karnataka, whereas the mosquito vector that is most abundant in the rest of the country is 

Ae.aegypti. The virus strains isolated and reported in this invention are unique in that they 

show adaptive evolution to Ae.aegypti and at the same time also infect Ae.albopictus. 

Apart from the unique mutations that increase adaptation to Aedes aegypti, the advantage 

of the invention is that the virus isolates cross neutralize the Asian genotypes and various 

20 ECSA variant strains and hence are good candidate vaccines. Hence, a subunit vaccine 

derived from the virus antigens or recombinant antigens of these isolates are good vaccine 

candidates as well, as the recombinant vaccine antisera also cross neutralizes the different 

genotypes and genotypic variants. 

25 Hence, using the Indian virus strains that show unique adaptation to Ae.aegypti and also 

infects Ae.albopictus is advantageous than using the West African, Asian or ECSA El- 

226A and other variant strains as Ae.aegypti is the most widely prevalent vector in the 

, India which has the highest incidence of CHIKV infection in the world. 

30 The Chikungunya virus isolates within the scope of the invention are those that belong to 

the ECSA (East, Central and South African) genotype whose structural polyprotein 

sequence comprises of the capsid, E3, E2, 6K and El (C-E3-E2-6K-EI) proteins. The 
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isolates obtained from the Indian epidemic of 2009-2010 are unique in the sequence 

reported so far. The structural polyprotein sequence comprising the C-E3-E2-6K-E1 	• 

proteins have been deposited in the public sequence repository (GenBank) on 27th April 

2010 and have been assigned the accession numbers HM159385 to HM159390. The 

5 	sequences were published in March 2012 after the date of filing the provisional patent. The 

unique nucleotide sequences reported in this invention are SEQ ID NO.1 	(isolate 

TN01610), SEQ ID NO.2 (isolate TN15110) SEQ ID NO.3 (isolate TN06210), SEQ ID 

NO. 4 (TN06310), SEQ ID NO. 5 (TN06410) and SEQ ID NO.6 (AP0109), whose 

corresponding protein sequences when translated are SEQ ID NO.8, SEQ ID NO.9, SEQ 

10 	ID NO.10, SEQ ID NO.11, SEQ ID NO.12 and SEQ ID NO.13 respectively. The CHIKV 

strain CHIKV/03/06 has structural polyprotein of SEQ ID NO.7 and was isolated during 

the 2006 Indian epidemic, the corresponding protein sequence is SEQ ID NO.14. The 

names of the virus isolates are provided in the brackets. The full length genomic RNA 

sequences of the above mentioned virus isolates of the current invention are provided in 

15 	SEQ ID NO.15 to SEQ ID NO.20. 

The sequence of the isolates disclosed in the invention have unique genetic signatures such as 

the combination of T1766C (E2-V264A) + A3058G (E1-K211E) + 3104C (E1-226A) in the 

structural polyprotein sequence in addition to other amino acid changes when compared to 

20 	the S27 African prototype (Gen Bank Acc No. AF369024). The position of nucleotide 

substitution in the structural polyprotein and the corresponding amino acid change in the 

individual proteins within the polyprotein is indicated in brackets. Other unique mutations 

that are being reported are Capsid-A232V in TN06310, E3-D4ON in TN15110, E2-K47N in 

TN06210, E2-G55R in TN01610 and AP0109, E2-K66E in TN064110, El -P58L in 

25 	AP0109, and E1-G195R in TN15110 and TN06310. 	Codon by codon analyses by 

maximum likelihood estimates of `co' (the ratio of non-synonymous to synonymous 

substitutions) of the ECSA strains show that the amino acid mutation El -K211E in the 

isolates reported in the invention (of SEQ ID NO. 8 to SEQ ID NO.13) is under significant 

positive selection (posterior probability of >0.97; p<0.05) and is suggestive of adaptive 

30 	mutation to increase infectivity in the Aedes mosquito vectors, particularly in Aedes aegypti. 

The amino acid residue E1-211E is conserved in the Asian genotypes of CHIKV which are 

circulated by Ae. aegypti. Additional mutations disclosed in this invention such as the three 
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novel mutations E2-K47N, E2-G55R and E2-K66E also cluster in the same region of the E2 

protein that are reported to increase the infectivity of the Sindbis virus in Aedes aegypti. 

The E2 as 52 — 82 region is exposed at the top of the spike, which is the point of contact 

with cellular receptors. Codon by codon maximum likelihood estimates of 'to' by SLAC 

5 (Single Likelihood Ancestor Counting), eFEL (Fixed Effects Likelihood), iFEL (internal 

Fixed Effects Likelihood) and REL (Random Effects Likelihood) identified amino acid sites 

across the capsid and the structural glycoproteins under significant purifying selection. 

Among the amino acid sites that were negatively selected, the E2-199Y residue was 

selected as the genetic loci under most significant purifying selection by all the four 

10 likelihood estimates (posterior probability >0.99 by REL, p<0.01 by iFEL, p=0.001 by 

SLAC 	and p=0.00 by eFEL). E2-199Y is an important residue in Chikungunya virus 

determining virus fitness in mosquitoes. 

Viral evolution tends to select for mutations in the antigenic determinants involved inl 

15 neutralization as well as those residues involved in vector/host adaptation. Because of its; 

high immunological specificity, the serum neutralization test is often the gold standard:v 

against which the specificity of the other serological techniques is evaluated. The antisera 

raised against the virus isolates reported in the invention neutralized the virus isolates of 

Asian and ECSA lineages and several variant strains of ECSA genotype including the E1- 

20 A226V ECSA variant strain, indicating that they are good vaccine candidates as they have 

broad neutralizing activity. 

The properties of Chikungunya virus particles as an immunogen, adaptation and propagation 

of the virus in host cell lines to a high titer, determination of the identity of the virus by RT- 

25 PCR, methods of purification and inactivation of the virus, preparation of stable vaccine 

formulation in a pharmaceutically acceptable carrier suitable for administration in humans, 

the viral assays and tests for vaccine potency in animal models are also within the scope of 

the invention. The virus particles obtained from infected patients or isolated from the 

vectors of the virus where the virus resides, are adapted in cell lines and propagated in vitro 

30 in cell culture in several passages. 
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The use of the CHIKV strains in the development of an inactivated whole virion vaccine is 

one aspect of the invention. The Chikungunya virus strains were infected in mammalian cell 

lines for production of the virions. The mammalian cells include but are not limited to Vero 

cells (ATCC CCL-81), MRC-5 or any other cell line suitable for vaccine production for 

5 human use. 

10 

The whole virions obtained from cell culture were inactivated with different inactivating 

agents. The optimum time, temperature and use of stabilizers such as sugars like sucrose, 

lactose, trehalose and other sugars and sugar combinations, and the addition of sugar 

alcohols such as mannitol or sorbitol either alone or in combination with different sUgars, 

addition of human serum albumin either alone or in combination with sugars, amino acids 

and sugar alcohols during the inactivation process are within the scope of the invention. The 

virus was rendered non-infectious by inactivating either by heat, gamma irradiation or ultra 

violet light or by chemical means with formalin and beta-propiolactone (BPL) among others 

under conditions that retained high immunogenicity of the vaccine preparation. The 

15 conditions of virus inactivation were optimized and are presented in Example 2. Chemical 

inactivating agents are selected from the following list which includes but is not limited to: 

formalin, beta-propiolactone, .glutaraldehyde, N-acetylethyleneimine, binary ethyleneimine, 

tertiary ethyleneimine, ascorbic acid, caprylic acid, psolarens, detergents including non-

ionic detergents etc. is added to a virus suspension to inactivate the virus. The concentration 

20 of the sugars, sugar alcohols, human serum albumin and amino acids either when used 

alone or in various combinations were in the concentration range of 0.01% to 20%, 

preferably 0.1% 	to 10% and most preferably 0.1% to 5%. Time and temperature of 

inactivation in the presence of the stabilizers were optimized from 2-8°C to 37°C for 

varying period of time such as 30 min to 20. days. Such vaccine formulations were highly 

25 immunogenic and elicited protective neutralizing antibodies. 

The structural glycoproteins C-E3-E2-6K-E1 of the Chikungunya virus are the major 

antigenic determinants. Hence, the structural glycoproteins are excellent vaccine candidates 

for subunit vaccine for prophylaxis of CHIKV infections. The sequence of the structural 

30 proteins as defined in SEQ ID NO.8 to SEQ ID NO. 14. The recombinant non-structural 

proteins are also immunogenic and are good candidate vaccines. The eukaryotic expression 

system of choice includes mammalian cells, baculovirus in insect cells, and yeast cells of 
10 



any species, most preferably Pichia pastoris or Saccharomyces cerevisiae. Genes encoding 

the subunit antigens were also expressed in prokaryotic cells such as E.coli using any of the 

suitable prokaryotic expression vectors. Pichia pastoris as recombinant expression host is 

advantageous at industrial scale as it is cost effective for large scale manufacture compared 

5 to other eukaryotic expression systems. Recombinant proteins derived from Pichia pastoris 

have been successfully commercialized and have been found safe for human use. The 

structural proteins such as C-E3-E2-6K-E I of the sequences disclosed in this application are 

capable of assembling into 'virus like particles' (VLPs). Alternatively, the VLPs contain 

only the E3-E2-6K-E1 or E2-6K-E1 or only E2-E1 proteins and are immunogenic and 

10 elicited protective immune response when administered in animals. The subunit antigens 

comprising E3-E2-6K-E1 or E2-6K-El are also capable of assembling into virosomes as 

CHIKV is an enveloped virus. Virosomes comprising E3-E2-6K-E1 or E2-6K-E1 or only 

15 

E2-E1 	are also immunogenic. The liposomes and virosomes can contain different 

combination of lipid soluble substances which include but are not limited to cholecalciferol, 

cholesterol, phospholipids etc. and the viral envelope proteins. The methods for virosomes 

preparation such as solubilization of the virus particles with detergents or with short chain 

phospholipids and reconstitution of the envelope proteins after removal of the chaotropic 

agents and the non-envelope proteins and RNA that are applicable to any enveloped virus 

are also applicable to CHIKV. 

20 

25 

30 

Purification of the virus was achieved by physical or chemical means and preferably by a 

combination of both. Physical methods utilize the physical properties of the virus such as 

density, size, mass, 	sedimentation coefficient etc. and include any of the following 

techniques but are not limited to: 	ultracentrifugation, density gradient centrifugation, 

ultrafiltration 	etc. 	Purification 	through 	chemical 	means 	employs 	methods 	such 	as 

adsorption/desorption through chemical or physiochemical reactions such as ion exchange 

chromatography, affinity chromatography, hydrophobic interaction chromatography, gel 

filtration chromatography, hydroxyapatite matrix, salting with inorganic salts one such 

example being ammonium sulphate, and by the use of proprietary HimaxlM  technology, 

organic salts and organic compounds such as polyethylene glycol. Purification of the virus or 

the recombinant virus antigens was achieved by either one or a combination of two or more 

of the above mentioned methods. 
11 



The antigenic compositions of the above mentioned CHIKV candidate vaccines, such as the 

inactivated whole virion vaccines or the recombinant vaccines were formulated in 

pharmaceutically acceptable carrier for immunization in mammals, preferably humans. The 

Chikungunya virus vaccine formulation was adjuvanted and adjuvants were selected from 

5 the following list, which includes but is not limited to: alum; calcium phosphate; inulin of 

any 	polymorphic 	form, 	preferably 	gamma 	inulin; 	adjuvants 	containing 	inulin 	in 

combination with other organic and inorganic compounds such as aluminum hydroxide, 

aluminum phosphate, aluminum sulphate phosphate and calcium phosphate; liposomes, 

chitosan and complex carbobhydrates such as dextral', dextrins, starch, inulin, mannans and 

10 glucomannans, galactomannans, beta-glucans, heparin, cellulose, pectins and pectinates, 

lectins and . any other carbohydrates either synthetic or derived from any source, any 

biodegradable and biocompatible polymers, such as poly lactide and poly(lactide co-

glycolides; PLG) or PLGA; any emulsions including but not limited to oil in water 

emulsions one such example being ASO3, other squalene based adjuvants such as MF59 

15 etc., any water in oil emulsion; liposomes prepared with cholecalciferol as one of the 

ingredients along with other lipid soluble compounds; liposomes of other compositions; 

RIBI adjuvant systems, saponins including but not limited to QS-21, QuilA, tomatine, 

ISCOMs, ISCOMATRIX etc, lipopeptides, glycopeptides, lipopolysaccharides, muramyl 

dipeptides and any peptide based adjuvants, oligonucleotides, any TLR ligands as 

20 adjuvants, any cytokine, vitamins and non-toxic bacterial toxins etc. The most compatible 

and cost effective adjuvant was selected in the final vaccine formulation after testing for 

immunogenicity which was enhanced by the addition of adjuvants. In addition to the above, 

any other organic and inorganic substances that have good immunopotentiating activity can 

also be used as adjuvants either singly or in combinations to enhance the immunogenicity of 

25 Chikungunya virus vaccines. In addition to the inactivated whole virion vaccine, the 

aforementioned adjuvants or adjuvant combinations are also effective with recombinant 

Chikungunya virus vaccine using recombinant subunit antigens either when presented as 

virosome, virus like particles (VLPs) or when expressed, purified and formulated as 

individual recombinant proteins. The use of suitable adjuvants in the vaccine formulations 

30 reduces the amount of antigen required and helps in the manufacture of low-cost vaccines 

thus conferring economic advantage. 
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The buffer used in the formulations is phosphate or phosphate-citrate buffer or any other 

pharmaceutically 	acceptable 	buffer. 	The 	vaccines 	optionally 	contain preservative(s), 

stabilizer(s) etc. The excipients were selected from a list that includes but is not limited to 

reducing and non-reducing sugars, sugar alcohols such sorbitol and mannitol, glycerol, 

5 	amino acids, human serum albumin, inulin, thiomerosol and a choice of adjuvant from the 

aforementioned list of adjuvants. The excipients are added in the range of 0.01% to 20% for 

the liquid formulation and upto 60% of the total solids for a lyophilized formulation. The 

vaccine formulations were also presented as emulsions, either as water in oil emulsion or as 

oil in water emulsion. Such emulsions of vaccine antigens contain preservatives and 

10 stabilizers and other adjuvants. Such a stable formulation of the immunogen either in a liquid 

or in a lyophilized form and after reconstitution in a pharmaceutically acceptable buffer or 

water is suitable for administration parenterally in human host and is also formulated for 

mucosal administration. The vaccine formulations were highly immunogenic and neutralized 

homologous and heterologous CHIKV strains.  

15  
For potency testing of the vaccine, the vaccine formulations were tested in Balb/c mice and 

rabbits. The resultant serum is assayed by in vitro neutralization tests and the antibody titer 

is determined by ELISA. Seroconversion was observed in the animals immunized with the 

vaccine formulations described in the present invention. Efficacy of the recombinant 

20 vaccine in offering a protective immune response was comparable with the whole virion 

vaccine and the titers of the neutralizing antibody responses were determined by either 

serum neutralization test (SNT), plaque reduction neutralization test (PRNT50) and ELISA 

among other methods. Passive immunization of the vaccine antibody offered good 

protection against virus infection indicating therapeutic use of CHIKV antibodies. The 

25 presence of virus in infected patients samples were accurately determined using CHIKV 

antibodies. Chikungunya virus vaccine obtained by the methods included in the scope of the 

current invention elicits strong neutralizing antibodies in combination with other vaccines. 

30 

The vaccines that can be included in the combination are selected from the following list 

that includes but is not limited to vaccines for Japanese encephalitis virus, Dengue vaccines, 

West Nile virus vaccine and Chandipura virus vaccine and rabies vaccines. Combinations 

with other viral vaccines are also within the.  scope of the invention. As known to those 

skilled in the art, a bivalent or polyvalent vaccine can be prepared by mixing vaccines 
13 
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produced from two or more CHIKV strains, and is mixed in a suitable ratio based on the 

antigen content. Such mixing provides a vaccine preparation having a broad antigenic 

spectrum for protection against the infection. 	 , 

According to the present invention, the methods and compositions of CHIKV strains of the 

current invention is applicable to any CHIKV strain. The vaccines of this invention offered 

good immune protection against plural strains of CHIKV in addition to the virus strains 

used in production of the vaccine. The CHIKV isolates reported in the study have broad 

neutralizing activity as they cross neutralize different genotypes /genotypic variants / strains 

10 of CHIKV and are ideal vaccine candidates for development of whole inactivated virion 

vaccine or recombinant vaccines comprising the antigens derived from these virus isolates. 

The methods disclosed in the invention are applicable to any genotype/genotypic 

variants/serotype/strain of Chikungunya virus and as demonstrated offer good cross 

protection against multiple gentotypes/genotypic variants of the virus. 

15 

The invention is further described in the following examples. It should be noted that features, 

integers, characteristics, ranges, compounds, and/or groups described in conjunction with a 

particular aspect, embodiment or example of the invention are to be understood to be 

applicable 	to 	any 	other 	aspect, 	embodiment 	or 	example 	described 	herein 	unless 

20 incompatible therewith and should be considered within the scope of the invention. 

Example 1: Isolation of virus strains 

The virus strains were isolated from blood samples collected from febrile patients with their 

25 informed consent during an epidemic outbreak in India in 2009-2010. The blood samples 

were collected during the acute phase of Chikungunya virus infection when patients 

reported high fever, acute polyarthralgia and painful swelling in joints and rashes. 	The 

patients' sera samples were transported on dry ice to the laboratory. About 0.05 ml of the 

serum was used for infection of Vero cells (ATCC No. CCL-8 1) in 252cm flask in medium 

30 containing DMEM (Dulbecco's Modified Eagle Medium; Sigma- Aldrich Catalog # 

D5523) containing 1% fetal bovine serum (FBS). The flasks were incubated at 34°C to 

37°C. The virus was harvested 48 hours after infection. Scaled up cultures of the virus were 

14 



made in cell stacks or in cell factories or in bioreactors in liquid culture All the blood 

samples were negative for Dengue infection by specific 1gM ELISA (National Institute of 

Virology, Pune). The infectious titer of the virus increased more than 10 fold after the virus 

particles were passaged once in suckling mice brain or after passage in mosquito cell lines 

5 such as C6/36 cells, and also after repeated passage of the virus in cell culture in vitro. 

Example 2: Purification and inactivation of CHIKV virus 

The two virus isolates TN01610 and TN15110 were purified from the infected Vero cell 

10 monolayers from scaled up cultures by initial ultrafiltration to remove cellular debris, and 

by filtration and concentration through a 300 kD membrane followed by purification by ion 

exchange and gel filtration column chromatography. Heat inactivation of the virus was 

carried out at different temperatures ranging from 45°C to 60°C for 30 min to 4 hrs and 

optimally at 56°C for 30 min. Inactivation by ultraviolet (UV) light was done at 254 nm for 

15 varying period of time from 30 — 120 min on ice, and optimally for 40 min. Chikungunya 

virus was inactivated effectively by formalin at ratios upto 1:3000 for formalin:virus at 2°C 

-8°C 	upto 	7 	days, 	and 	with 	beta 	propiolactone 	at 	1:1000 	to 	1:2500 	(beta 

propiolactone:virus) for upto 7 days at 2°C -8°C. In both the cases, the time of inactivation 

was reduced to 24-48 hrs when carried out at ambient temperatures of +20 - 25°C. Formalin 

20 and beta propiolactone were removed by dialysis. During inactivation, use of additives such 

as glycine, mannitol, sorbitol and sugars and sugar combinations increased the stability of 

the vaccine preparation. The sugars used may be selected from sucrose, lactose, trehalose, 

maltose at varying concentrations from 0.5% to 5%. Inactivation of the virus by gamma 

irradiation was carried out by exposure of the virus samples to a dose of 10 kGy (Kilo Gray) 

25 to 25 kGy from a 60Co source (Ms.Gamma Agro-Medical Processings Pvt.Ltd. Hyderabad) 

and optimally to 20 kGy. 	Complete inactivation of the virus samples by all of the above 

methods were confirmed by three serial passages in Vero cells for absence of virus 

cytopathic effect, and additionally by the absence of growth abnormalities and death when 

inoculated by intracerebral route in the brain of 2-day old mice. The inactivated virus 

30 antigens were tested for potency as candidate vaccines.. 

15 



Example 3: 	Reverse Transcriptase- 	Polymerase 	Chain 	Reaction 	(RT-PCR) and 

Sequencing: 

Viral RNA was isolated using Absolutely RNA Miniprep kit (Stratagene, La Jolla, CA) 

5 from infected Vero cells (ATCC CCL-81), after a single passage. RT-PCR was carried out 

using the AccuScript High Fidelity 1st  Strand cDNA Synthesis Kit (Stratagene) as per the 

kit protocols, and the 3,747 bp structural polyprotein gene was amplified with the PfuUltra 

High-Fidelity DNA polymerase (Stratagene). PCR primers were designed based on the 

consensus sequence of the S27-African prototype (AF369024) and the Indian 2006 isolate 

10 (HM159384), and used to amplify overlapping sequences of the structural polyprotein gene. 

PCR reaction consisted of initial denaturation at 95°C for 1 min, followed by 32 thermal 

cycling steps at 94°C for 40 sec, annealing at 52-65°C (depending on the primer sets) for 30 

sec and extension at 70°C for 3 min, followed by final extension at 70°C for 10min. PCR 

products were purified by QlAquick gel extraction kit (QIAGEN, Hilden, Germany) after 

15 separation on 1% agarose gel and used for DNA sequencing. Nucleotide sequencing of 

CHIKV structural polyprotein gene gel purified PCR products were sequenced on both 

Strands of DNA by BigDye terminator v3.1 reaction (Applied Biosystems, Foster City, CA) 

and the sequence data was analyzed using Sequencher v4.7 (GeneCodes, Ann Arbor, MI). 

The sequences were deposited in GenBank on 27th  April 2010 before filing the provisional 

20 patent and published by GenBank on 02 March 2012. The unique nucleotide sequences 

reported in this invention are SEQ ID NO.1 (isolate TN01610), SEQ ID NO.2 (isolate 

TN15110) SEQ ID NO.3 (isolate TN06210), SEQ ID NO. 4 (TN06310), SEQ ID NO.5 

(TN06410) and SEQ ID NO.6 (AP0109), whose corresponding protein sequences when 

translated are SEQ ID NO.8, SEQ ID NO.9, SEQ ID NO.10, SEQ ID NO.11, SEQ ID 

25 NO.12 and SEQ ID NO.13 respectively. The CHIKV strain CHIKV/03/06 has structural 

polyprotein gene of sequence SEQ ID NO.7 and was isolated during the 2006 Indian 

epidemic and its corresponding protein sequence is SEQ ID NO.14. The names of the virus 

isolates are provided in the brackets. For complete genomic RNA sequences,  the 

sequencing reactions were performed using sequencing by synthesis (SBS) technology on 

30 the Illumina GAIIx (Genotypic Technology Pvt. Ltd. Bangalore). The complete nucleotide 

sequences (in the form of eDNA) of the virus genomic RNA of the above mentioned virus 

strains are provided in SEQ ID NO.15 to SEQ ID NO.20. Mutations identified with 
16 



reference to strain S27-African prototype (AF369024) were mapped to the individual 

5 

10 

15 

structural proteins and are presented in Table 1. 

TABLE I. Unique mutations in the Chikungunya virus structural genes reported in this 
study. 

Amino acid 
position Nucleotide 

change in 
polypeptide 

strain 
S27- 
African 
prototype 

CHIKV/03 
/06 

TN01610 TN151100 TN06210 TN06310 TN06410 AP0109 

Poly- 
peptide 

Protein 

232 C-232 c695t A . . . V . . 

301 E3-40 g901a D . . N • . . . 

372 E2-47. aI 116t K . • N . 

380 E2-55 g1138a G . R . . . . R 

391 E2-66 al 171g K . • • • • E . 

589 E2- 	. 
264 

t1766c V . A A A A A . 

867 E1-58 c2600t P . . . . • . L 

1004 El- 
195 

g3010c G . . R R . . 

1020 El- 
211 

a3058g K . E E E E E E 

Example 

Unique mutations identified in the capsid, El, E2 and the E3 structural glycoproteins in the 
2009-2010 CHIKV isolates from the States of Tamil Nadu and Andhra Pradesh. 

"." Amino acids identical to the reference strain S27-African prototype (AF369024). The 
GenBank accession numbers of the isolates from Tamil Nadu are HM159385 (TN01610), 
HM159386 (TN15110), HM159387 (TN06210), HM159388 (TN06310),. HM159389 
(TN06410), and from Hyderabad, Andhra Pradesh are HM159384 (CHIKV/03/06) and 
HM159390 (AP0109). 

4: Phylogenetic Analyses and Inference of Selection Pressure 	 . 
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5 

10 

15 	than 

20 out 

25 

recombination 

the 

from 

substitutions) 

(eFEL) 

Fixed 

selection 

testing 

using 

proteins 

The sequences reported in this study and those retrieved from GenBank were screened for 

by the Genetic Algorithm Recombination Detection (GARD) (Kosakovsky 

Pond et al. 2006) prior to phylogenetic analysis. 	Evolutionary analyses were performed in 

MEGA5 (Tamura et al. 2007) using Kimura-2 parameter model of nucleotide substitution 

with 	1000 	bootstrap 	replicates. 	Multiple 	sequence 	alignment was performed using 

ClustalW2.0.3. The ECSA structural polyprotein sequences from 2005-2010 retrieved from 

GenBank and those reported in the study were used in the inference of selection pressure on 

ECSA lineage. About 52 unique sequences were short listed by Hyphy (Pond et al. 2005) 

58 sequences retrieved from GenBank for the analyses. Codon-based Maximum 

Likelihood estimates of co or the dN/dS (the ratio of non-synonymous to synonymous 

were inferred by Random Effects Likelihood (REL), Fixed Effects Likelihood 

and selection along the internal branches of phylogeny was tested using Internal 

Effects Likelihood (iFEL) method in HyPhy. In the likelihood methods, positive 

was inferred as significant if the p value of the likelihood ratio test (LRT) was less 

0.05 or when the Bayes factor was equal to or larger than 100 for a site. 	Statistical 

of positive selection operating on the entire protein was inferred by Single Likelihood 

Ancestor Counting (SLAC) method in HyPhy. Inference of co by empirical Bayesian method 

LRT (Likelihood Ratio Test) with the MEC (Mechanistic Empirical Combination) 

model for positive selection, and M8a model for purifying and neutral selection was carried 

using Selecton v2.2 (Stern et al. 2007). The amino acid sites of CHIKV structural 

under significant positive and purifying selection is provided in accompanying 

Table II. 

TABLE II. Amino acid sites of CHIKV structural proteins under significant positive and 
purifying selection 

_ 

Method 
Codon no. in 

structural 
nolvDrotein 

Positively 
selected 

amino acid 

Negatively 
selected 

amino acid 
p-value Posterior 

nrobabilitv 
Bayes factort 

REL 
. 

523 E2-198R 0.87 111.55 

524 E2-199Y 0.999 505.10 

645 E2-320T 0.86 100.71 

711 E2-386A 0.87 108.86 
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15 RNA 

1020 E1-211K 0.97 532.15 

1035 .E1-226A 0.98 .773.33 

1078 E1-269V 0.86 100.10 

1113 E1-304 P 0.88 120.58 

iFEL 28  C-281 0.034 

273 E3-12N 0.008 

326 E2-IS 0.036 

397 E2-72N 0.008 

524 E2-199Y 0.003 

834 El-25S 0.036 

909 E1-100N 0.005 

916 E1-107H 0.016 

1020 E1-211K 0.040 

1035 E1-226A 0.006 

• 1120 E1-311D 0.042 

1245 E1-436F 0,009 

The 

glycoproteins 

Likelihood 

5 	package. 

and 

indicated 

positive 

10 Example 

The 

all 

polyprotein 

amino acids under positive selection in the capsid (C) and in the El, E2 and E3 

in the 2009-2010 Indian CHIKV isolates were inferred by 'Random Effects 

(REL) and by Internal Fixed Effects Likelihood (iFEL) methods using the HyPhy 

The amino acid sites under signific.ant positive and purifying selection in the El 

E2 proteins respectively (Bayes factor >500, posterior probability >0.97 and p<0.05) are 

in boldface. t Bayes factor is statistical estimation of posterior odds/prior odds for 

selection (dN>dS) at the site. 

5: Cloning and Expression of the Structural Polyprotein Sequences 

virus isolates reported in this patent was used as the source for cloning and expression of 

viral antigens. The complete open reading frame of the Chikungunya virus structural 

encoded by the SEQ ID NO.1 was amplified by RT-PCR of the viral genomic 

using the primers CHKVCPFP as the forward primer and CHKVE1RP as the reverse 
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primer to obtain a — 3747 bp PCR fragment. The sequence of the PCR primers used for PCR 

amplification is: 

CHKVCPFP: 

55' ACAGAATTCATATGGAGTTCATCCCAACCCAAAC 3' 

CHKVE1RP: 

5' AATTGGATCCGCGGCCGCTTAGTGCCTGCTGAACGACACGC 3' 

The PCR fragment was digested with Ndel and BamH1 and cloned into the Nde 1 and 

10 BamHl sites of the prokaryotic expression vector, pET-11B and the recombinant plasmid 

containing the insert was transformed in E.coli DH5a. The recombinant plasmid DNA 

isolated from DH5a was used to transform the E. coli strain BL21(DE3). The PCR gene 

fragment was digested with EcoRl and Not 1, gel purified by standard protocols and cloned 

into EcoRl 	and Notl 	sites of the yeast expression vector pPIC3.5K 	(Invitrogen 

15 Corporation, Carlsbad, USA) and transformed in E. coli DH5a. Recombinant plasmid DNA 

isolated from E.coli clone was linearized with BglII and was transformed into Pichia 

Pastoris GS115 as per the protocol from manufacturers (Invitrogen). The gene has been 

cloned into the AOX1 locus and expressed under the A0X1 promoter by methanol 

induction. The cloning, screening, isolation of the recombinant Pichia strains and induction 

20 of the cloned gene with methanol were carried out as per the User's manual "A Manual of 

Methods for Expression of Recombinant Proteins in Pichia pastoris" Version M Jan 2002, 

of Pichia Expression Kit, Catalog # K1710-01, Invitrogen Corporation, Carlsbad, USA). 

Example 6: In vivo potency testing of the vaccine formulations: 

25 

The inactivated virus sample in vaccine formulations was tested with different adjuvants for 

potency. The adjuvants tested(at concentrations per single human dose) in 

hydroxide (0.5mg aluminum content) b) aluminum phosphate (0.5 mg aluminum content) c) 

gamma inulin (10 mg), d) algammulin (a combination of aluminum hydroxide and gamma 

30 inulin) at 10 mg, e) cholecalciferol in oil at 0.75 mg per dose, f) an oil in water emulsion 

OWEM1, containing 4.3% squalene, 0.5% 	tween-80, and 0.5% Span-85 (Sigma Aldrich 

product # S7135) in 10 mM phosphate-citrate buffer, f) oil in water emulsion OWEM2 
20 



containing 9.5mg squalene, 1 mg tween-80, 1 mg Span-85, 11 mg alpha tocopherol 	in 

phosphate-citrate buffer, g) an oil in water emulsion OWEM3 containing at the same 

concentration of excipients as. in OWEM2 except that alpha tocopherol is replaced with 1-10 

mg cholecalciferol. The formulated and adjuvanted vaccine preparations were injected 

5 intramuscularly in mice and booster doses were administered on day 7 and day 21 after 

administration of the first dose. Blood was collected at 28 days after the first dose was 

administered. Pooled sera frOm each test group were complement inactivated at 56°C for 

about 30 min. All the formulations contained 15 lig viral antigen in 40 mM phosphate buffer, 

pH 6.8 — 7.2 containing 150 mM . NaCI. Sera samples were used for estimation of 

10 neutralizing antibodies and for the estimation antibody titer by ELISA. Vaccinated animals 

offered complete protection against viremia with a virus challenge dose of 104'5  pfu/ml when 

monitored over a period of 72 hours after intravenous/intraperitoneal administration of the 

challenge virus. In another experiment, passive immunization with rabbit antisera with 

PRNT50  titer of 640 when administered intravenously in 4-6 week old Balb/c mice offered 

15 complete protection against viremia when challenged with 104'5  pfu/ml of the challenge 

virus. For serotype analyses, antisera against CHIKV/03/06 neutralized heterotypic virus 

isolates of the Asian genotype (GenBank Acc No. EF027140, isolated in Kolkata in 1963), 

ECSA, (E1-A226V, E1-211K; GenBank Acc No. FJ000069, isolated in Kerala in 2007) and 

ECSA (E1-226A, El -K211E, GenBank Acc No. HM159386, obtained from Tamil Nadu in 

20 2010 with neutralizing antibody titer > 40 indicating heterotypic protection against genotypic 

variants, and also indicating that no distinct serotypes have evolved. 

Example 7: Plaque Reduction Neutralization Assay 

One day prior to the assay 0-well plates were seeded with 2.5 x 103  Vero cells (ATCC 

25 CCL-81) per well and the plates were incubated at 37°C in a 5% CO2  incubator. To 4-fold 

dilutions of the sera samples, in MEM containing 2% fetal bovine serum, equal volume of 

the standardized virus (105, pfu/ml) Was added and incubated at 37°C with 5% CO2  for 90 

mM. The cells were washed ttwice with 1 x PBS pH 7.4 (10 mM phosphate with 150 mM 
. 

NaCI) and 0.3 ml of each dilutithi of the serum-virus mixture was added to the 
iii 

30 corresponding well and incubated for 90 min at 37°C in a 5% CO2  incubator. Each assay 
t 	. 

was carried out in triplicates: The cells were overlaid with 2 ml of 0.85% methyl cellulose 

in MEM 	containing 10% , fetal bovine serum, 1% penicillin-streptomycin and 1% L- 
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glutamine. The plates were Mcubated,at 37°C in a 5% CO2 incubator for 5 days. At the end 

of incubation, the plaques were fixed with 10% formalin, washed with 1 x PBS, pH 7.4 and 

were visualized with 0.1% crystal violet. The highest dilution of serum causing 50% 

reduction in plaques formed'by the control virus sample was estimated as the PRNT50  titer. 

5 PRNT50  assays were carried out to test the potency of the vaccine preparations by various 

inactivation methods, as well as for adjuvanted CHIKV vaccines and vaccine combination 

with JEV vaccine.. 

f 
Example 8: Vaccine combinations 

10 A combination of CHIKV' vaccine • inactivated by beta-propiolactone was tested in 

combination with formalin inactivated vaccine for Japanese encephalitis virus (JEV). 15 lug 

of CHIKV vaccine antigen formulated in alum (0.5mg aluminum/ dose) was tested in 

combination with inactivated JE (JEV) virus vaccine containing 6 pg of Japanese 

encephalitis virus whole virion antigen also formulated in alum. The vaccine combination 

15 was injected in 8 nos of Balb/c mice with appropriate controls that included either of the 

antigens alone, and also control animals that received equivalent amount of alum. The 

animals were boosted at 7 and at 21 days after the first immunization. Blood was collected 

at 7 days after the last booster injection. Pooled sera from each group were complement 

inactivated at 56°C for about 30 min. The sera samples were used for estimation of 

20 neutralizing antibody by PRNT50  for both CHIKV and JEV. The buffer used in all the 

formulations was 40 mM phosphate buffer, pH 6.8 — 7.2 containing 150 mM NaCI. All the 

methods disclosed above are applicable to any genotype/genotypic variants/serotypes and 

strains of Chikungunya virus. 

22 
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088Z 	DE6D66DEPP D61P1DD6lD ET161DEDIX DEUTETP66P PDYe111DD1 E0D6DD1D6R2 

RR 	1D6PD1PD61 D1PDE0DPIX D1D666PDP1 pp6Eplp061 alep6eDupp RD61-eplp.26 

09LZ 	DDI6ET6E66 161pppApp 6D6p6116pD 6DEDpEpp61 D6Du6D61D1 1D61Du1DD6 

OOLZ 	D66D666616 TellTeDDDE 1D1EID663Dp DalD166pe1 61060PDElae 610DP1DDYE 

01792 	PPPDPMPPD 616E6PAPD P156D61D61 6PP616DP16 DD1D46DDD1 PD1.6DDEPPE 

08SZ 	Dp16p6DE16 DPDaPDP11P 61.43E01n3 PDPEDD6P66 111DPD16P3 161Dpappe6 

OZSZ 	6126E6611p 1.661EDDDD6 upr1D66133 p6plyeD46p I.D4DE6upTe 1.6pae16u66 

09172 	6166Deppp6 DDD1p616ED ppl6DpDpE6 Dp16D6D6p6 161DPDP3DD 6166D16D6P 

00.172 	61PP1E0D6P 411111D664 16Dppy2161 p61D61p3Dp 4431Du6p6; D461DueD61 

OVEZ 	plp1.1611p6 aDDD6ED661 D6D)11E11D DD6PPDP1D6 61.1116111D DePAUD6P6 

08ZZ 	DE266161DD plp1p6DEaD 66P6PPDTel PDPDA6D6P PP1D6PDPP6 upapp61D61 

OZZZ 	plupaDD6p1 1D61DD1110 DD163DpaD6 p66pDpupp6 1DPE61E163 DPDPD1PD61 

09TZ 	p6up6D.26Dp D616161pD6 164p6666D6 pD661p1666 1661p6D161 DDlpplppla 

OOTZ 	6DED36646p D1616116p1 6p161Dp61E appaDDDE16 1D6E61p11p 11p1.61Dllp 

OVOZ 	P1P6P61PD5 iDDPDDE161P DDAPDP1b6 DPPEOP1DIT 11EreDE0D66 44u46ye1pl 

086T 	eIDD6P6DPPD PPD666616D ED166U6013 666pr61pp6 DD616Dapp1 D616D16pu6 

OZ6T 	6pp6pp1ED6 1E6166616E 6pp6epplpl DPPEDDUP6U E6E6661E.E u66Dye1pp1 

0981 	61031DPDEP DDDPDDPEsli D1T161Dp1D 61E01PD16P PDDPPEEP66 6DP16DP616 

0081 	DDPDDDDEPE0 bETDETEPai D64666p)61 PDPPATePP Db61ADD11 160D31uppp 

017L1 	llppppp66p upp6pDp666 611Dpp6aD6 lep16363DD 1.664310DDD 1ppelp1.6ED 

0891 	6616PETPPD PDPPDDPDa 6636»61ED 161ppDIT61 166ppD61op rlepl1p616 

0Z9T 	PPEDP6PDP1 DEPDUP1DPE0 6PP61PPEO1 D5616E0611 PE1646PPDP 166D6166Dp 

09ST 	6=661pep 16pDpD1p6E,  ppa6DppD66 D316EOPPDP 31.51PUllED EDEID1P61DD 

00ST 	DDEDPETDDD DA1PDEOP1 66p6p1p6p6 6E6DpulDpe ADADDPD6 P6E0516DP1 

II-NHD-6upsq aDuanbaS 



E abpd 

00ST 	DDPDP6PDDD DD61PDPDP1 66p6p1u6p6 EIP5DDP1DPP D6DD6DDPD6 eftp615DE1 

OIVE 	6DPD6PD611 DDP1D5PETP P165DPD6PD 6DDP6DDD11 PDD11PPPPP 666D166P1P 

08ET 	6161DD1DDD P6DPDDPD11 1PDDDPD6DP 161PD11PD1 EIP11P6PP66 pl6PDP61DP 

OZET 	Dalp666156 DP61D1DPPP 6666PPPPDD 151P6DDD66 1DD1PD11DP DP6661PPDP 

09ZT 	P661DP4Te6 Dp1.616Dyn buDImpuft p16141p1D6 665D666P6p 6pD6DE6PD6 

00ZT 	PDD61PDPDD PPDP661P1P 116D61D6PP DDP6611P6D PDD6PDP61P 66Du6uPPzP 

OVTT 	p6631.eppD6 11DD1D156P DD1PPPP61D 6DP666DP6P DP6D6PP61P PP6PD1PD6D 

080T 	PP6P1DPD6P 16DDD16P1P DD616D1DPD 666PP6P661 61DP6DDD16 1DPDaD6P11 

OZOT 	DP1PDDP6PP DPDD5PPP1P 10161-eppla DPPDP66PPD DPD6PD67P6 D6PDADDPD 

096 	Diplo1161p DPP11DD1PD 66PDP1D61D ETD1P1DP16 66PDDP6P61 PD16DPPDPP 

006 	6P611DE01PD 6DP1DDDPPP 55Pb6DDPP6 6PPPP6DP1D 61D61DDD6D PD611DDDDD 

Oi8 	6PDDD1D61D DDD116DPDD PDPPPD661D 61DD6161P1 16PDDD1PDD 611D16P661 

08L 	6P6pE6D)66 666P6DDDDD PD1PPPP1DP D1611PDP6P PP1PP661DD P615616631 

OZZ 	D1DDD6PDP1 6DDD6P66PU 61PP1D6P66 P6E0P11D16P 1PDD661661 636DES66Pu 

099 	DPP3P6D11D 1P6DDPEIPD6 6D6PDP6666 PDDPPPD661 D6166PDP1D DD1PDDPD11 

009 	66DD66p66E ilyelftpul buo6p66Dto DPDE61DPPD P1DP16666P 66DDPPP6P6 

OVS 	1PDDDPD116 PP6311D67P 5DD16PP61P DPD615DDDP 1P6PD6D676 1PP611DDP6 

081w 	1.216EnDlp D166D6ppla 17D661Dpup Dp661Dpp66 DEopplp6D1 ppDP6666.ep 

OZV 	P16DPDPD6P DDPPP61PP1 5PPPDP6666 61661DD616 ADE1466ED ppl66epa66 

09E 	PP5DPD6PPD 16PP6D1111 P1611P61PP PP6D1PPPP6 app6161P66 e6P6p6e360) 

00E 	D666)D6up6 PPPPP6PPPP D1D663DPPP 6PPPPP1DDP DAPAPP6P PPPD1PPPDP 

OVZ 	DPPDPPPPDP DD6D66PDPP DPPPPPD6PP PPD6PP6PP1 PP6PP66D1P P66PD6DPDD 

08T 	6PP6PDPPDD DDP166D6D6 D61PPDP61D PPP1PP116.2 D6PD1D1P61 APppo614D 

OZT 	PeD6661D6p P366P6PD1D DAD6DDP6P DDD66P11PD 1PPPDD1P1D P1D1D6D6DD 

09 	;Dp661DDDp 6D1DD6PDDP 166E66.elpp Dpalulppp PDDDPPDDD1 PD116P661P 
Z 	<00V> 

snap\ pAun6unAND 	<ETz> 
VW 	<ZTZ> 

LVLE 	<LW> 

LVLE pplpuD6 

Z 	<0T Z> 

ETD6p3116D 1616361p1D 

OZLE 	616616D1ye 1011p613-eD 6D)6116106 11611661pp 66616166r6 66DepTe6pp 

099E 	6PD616661u D161p6A6D PlADD1D1P DP65PDD166 65D1DDDPDD P1PDPD1636 

009E 	6DDDP1DPPD 16P1PDPDDP 66PP6DDDDD DPDD616P61 D6PD6161DP DP16PPDPDP 

OVSE 	1D1161016p uppl6ADD1 1pp6DAD6E DDET11DD66 Dp6D131110 aplx.epAlp 

II-NHD-6upsq aDuanbaS 



-17 	a6pd 

OVSE 	1)1161D16p pppl6D6DD1 Tep6DD6D6p 336pilD366 7E6D1D111D l7lpppD61D 

08VE 	6pD1714pE6 66pp6116pp 6p1p6p6;p6 ET666D11p1 DE016D767p pl7E64E6D1 

OZVE 	1pD666D61 646PEO66PP PETPDBPDDE, ED61P1PPP1 1PlaPD76Da 6766666111 

09EE 	Dp6ppl77ll PDDDP76a7D 6PDDP166P6 DE4167a6TeD U66DET11.1D 13DD6D6DP6 

00EE 	7l671666pa Dup11.D7657 5pp6E0Telp DU6D1PDD1D aED7D61PDP p666E1.67J6 

OtZE 	D5lopp6166 D6P6PP166D DDPPP7PP75 P1PPEDD61D 6611.1pDpp7 6E7P7PD5PD 

08TE 	61DpD16D66 66D6ipp6ET pElD6611p1 6PP1110661 7IXD7PD56e D1D1DP1PD7 

OZTE 	616D-23E166 DE.1.566D613 66DDE6p6p) 61DP1.6617P PDEDPVETZD 64E1046Du6 

090E 	PP616P6P61 DDPDPDE016 PPP731PaP6 7E$61.11TPDP 66EDDP6PP6 DP75D66111 

000E 	DDDE0DTeaD P66EOPPIT 10167E6166 EPPDP16166 1611PPEPDP E7e63111DD 

Ot6Z 	pDp661376E 7117161pp7 D66661611P DaTePPDDEID P66PP116P7 p7163D61.27 

0882 	DPE0663PPP D61P13D61] PE1647EDIX DETITPPMP PD7P1143D4 6D6Dpa76pp 

OZ8Z 	1.76PD1P361 7TeDEIDDP1P D10666UTel PD6PD1PD61 11PP6P7PPP pp6ap7lpp6 

O9LZ 	DD16pp6p66 161.2Dp76E.E. 6D6p5116E0 67eyeppp61 D6Dp6D61.D1 1D610E1DD6 

OOLZ 	D66D666616 1.2111E0DDE 431.6D6Eopp D11D165pel 6106-e7ul7E 61DDPIODPP 

0179Z 	PPP7P66PPD 616P6P76PD P1.66361.D61. 6PP616aelb DD1D1E0DD1 PD16DDEPPP 

08SZ 	yea6p6D616 7EO1PDP11P 611D6Dapap PDPPDD6P66 all7epl6pD 161Dpappp6 

OZSZ 	51T6.26641E 1661E0D776 p7ElD6643) pETTeppl6p a7l7p6pplp 1677p16E66 

09172 	6166DE7pp6 DDDTe6l6PD EPa6DE7PP6 DP16D6D6P6 161)PDPDDD 6166D1.6DET 

00tZ 	EaPpl6DD6P 111111.7661 76DEETp161 D61D6apapp 11D17p6p61 D1.617veD61 

OVEZ 	p1011.611p6 10»6E0661 Appalpalp DD6PPDP1D6 6111461117 7PPDET76P6 

08ZZ 	Dpp661613D plplE6D64D 66P6PE77P1 PDPD36636P PE176EOPP6 PD1E061761 

OZU 	PlEP1DD6el 106177111D D716DDP1D6 P66P77P7P6 1DPE61P1.6) DEOU7ITD51 

09TZ 	P6P36DP6DP )616161PD6 lbaP6666D6 PAE01E1666 1.661P67161. 771DPI.P741 

OOTZ 	63E0)66 16p 71.616116Ez 6p1610p6lp a7pappDp16 1.36E6Tellp 11p1617lap 

OVOZ 	plp6p6TED6 DDDPD3661P DDD6PDP;66 DPPPDP1D1P 11bPD6D766 11P1.6YeTel 

086T 	6036P6DPED PPD66661E0 pD166p631) 666pp617p6 DD616pDppl 7616716pp6 

OZET 	6pp6pplE06 12666616p 6pp6up7lpl DPET77PP6P P6P6651X4E p66)Dpappa 

098T 	61D31DEDEE DDDPDDPb1D DlE1613p10 61pjappa6p PDDPPPPP56 6Dp16DE61.5 

008T 	DDPDDDDPEti 6eeD6PPPIO D61666E061 P7PPD6aPPE 766106DD11 1677DIXOP7 

OVLT 	llppEpp66p ppp6DD-2666 6113-ep6106 luul6D6DDD 166aD1DDDD 1DPP1P;EIED 

089T 	6616PPETPD EDIXE7DPD1 66D6DDEI1PD 161PP74P61 166PPD61DU PPP11P616 

OZ9T 	PEEDP5PDPI. DPP7PP1DP6 6PP61.PPP74 7661.66353.1 PP1616PP7P 166761667p 

09ST 	6p376612E7 16ppEolp6p PP1b7PPD66 DD16PDPPDP D161PP11P7 PD6D1P6107 
II-NHD-6upsq aDuanbas 



S D6Pd 
OZ9T 	PPPDP6PDP1 DETDUPIOP6 6PPEaPUED1 7661667611 PP1516PPDP 166761667e 

09ST 	6pDp661-epp a6p7pD4p6p PP16DPPDE06 DDIIIPDEPDP Da61PP11PD PD6D1P61DD 

00ST 	D7E7U6E777 DA1P7PDP1 66P6P4P5P6 6P6DDP17PU D6DDE0DP35 e6p7646DE4 

OttT 	6DPAPD614 DDP1D6P6PP P166DPAPD 63DP6DDD11 PDD11PPEW b65D156P1P 

08E1 	6161Dpl77p p6DuD7ED41 TE777EO6DP 1.61p7aTe71 6E11E6EE66 pl6PDP617p 

OZET 	7alp666166 DP61717PPP 6666UPPPDD 161.P677765 1D74P3117P 7P666;PPDP 

09ZT 	p6613plap6 Dp16167DpD 6E7lpppp6u E16441E176 6667666p6p 6eD6Dp6uD6 

00ZT 	EDATEOPD) PPDPbblUVE 14676136EE DDPbblUesD PDDEIUDE6Te 66DP6PPEZP 

OTT 	p66D1ppvD6 al7DI.D166p p7lplpp617 6DE666Dp6p Dp6D6pr6lp ep6PD4p76D 

0801 	PP5P1DEO6P 167DD46P1P 7D61.6D17E7 666EE6E661 61DP6DDD1.6 l7e7176P11 

OZOT 	DE1PDDPEIET 7E7D6PEPaP 4D16aPP7aa DETDPMPED DP76UD6DPE0 D6PDD6DDPD 

096 	7731J11612 DPP11771P7 66PDP17617 6eD1P17P16 56177P6P61. PD167PPDP6 

006 	6P611D61pD b3Pa7D7EPE 66P6E0DPP6 6PPPP63P17 61061)DD6D PD611DDDDD 

0t8 	6P7771)617 DDDllbaeDi PDPPPD661D 61DD6161P1 loPDDDlEDD 6;1-746E661 

08L 	6P6uP63)66 666P6DD7DD PD1PPPPDU D1611PDP6P ET1PP66177 P6166166D1 

OZL 	D4DDD6uppl 6DDD6p66Ep 61-ep4D6u66 p66ull7i6e le7D661664 6D6Dp666up 

099 	DPPDP6D11D 1u6p7p6PD6 636p7p6666 ED7EEED661 D61.66.e7plp DD1PDDPD14 

009 	667D66p66p il7el6pDp1 6pD6p66.3pD DPD661DPPD P17P16666P 5637PPPEIP6 

&VS 	1PD77ED116 PPI5D1136DE EIDD46PE6Te DPD516DDDP .PEYeD6D6DE0 lue6117DE.6 

08t 	1pa6pplplu D16636ppal aD766a7evp DD6643Dp66 Appplu671 t7pp6666pu 

OZt 	plEopppDET DDPPP61PU4 6pruppE666 61.66177616 D67p4166p7 EE.66EE166 

09E 	PEE0P76PPD 16PP6D11.11 El6aap61-ev pu6D1pppp6 ap3661.E66 u6p6p6ED6) 

00E 	7666DD6PP6 EEEEE6EEEE D1D6677PPP 6PPEPP4DDP 77ETD6PP6P PPP31PPPDP 

OVZ 	DPEDUPPPDP DDEobbPDPP DPUPPEDETP PP76PP6PP1 pu6E-667IT p66ED67uD7 

08T 	6PP6PDEPDD DDP165D6D6 D61PPDP61.3 UPP1PPla6E 76P7171P61 D6PD376110 

OZT 	ppD6661D6E pD66p6ED1D DDEIDE0DP6P DDDE6P11.ED 1UPPDD1U1D PaD136D6DD 

09 	1DP661DDDP 6D1D76PDTE 166E66E1EE DP11111.3Re EDDDPPD331. up1.46p661u 
E 	<00t> 

snJ!_A pAunbumiND 	<ETZ> 
VNO 	<ZTZ> 

LtLE 	<TTZ> 
E 	<OW> 

LtLE PP1DP36 6PAUD1l6D 1616061P1.3 

OZLE 	61661631EE 1311p613pD 6DD611.61D6 115116617p 66616166E6 66yeD1E6p1? 

099E 	6pD61666ap D161p6D66D pl76D7aDlr Dp66.E.DD466 6601DDDE7D pappupl6D6 

009E 	53DDP1DEPD 16P1PDPDDP 66PP67D7DD DEOD616P6a D6PD5161DP DP46PEDP7P 
II-NH'-6141Sq aDuanbDS 



Sequence listing-CHK-II 

gtgattaata actgcaaggt tgatcaatgt catgccgcgg tcaccaatca caaaaagtgg 1680 

cagtataact cccctctggt cccgcgtaat gctgaacttg gggaccgaaa aggaaaaatt 1740 

cacatcccgt ttccgctggc aaatgcaaca tgcagggtgc ctaaagcaag gaaccccacc 1800 

gtgacgtacg ggaaaaacca agttatcatg ctactgtatc ctgaccaccc aacactcctg 1860 

tcctaccgga atatgggaga agaaccaaac tatcaagaag agtgggtgat gcataagaag 1920 

gaagtcgtgc taaccgtgcc gactgaaggg ctcgaggtca cgtggggcaa caacgagccg 1980 

tataagtatt ggccgcagtt atctacaaac ggtacagccc atggccaccc gcatgagata 2040 

attctgtatt attatgagct gtaccctact atgactgtag tagttgtgtc agtggccacg 2100 

ttcatactcc tgtcgatggt gggtatggca gcggggatgt gcatgtgtgc acgacgcaga 2160 

tgcatcacac cgtatgaact gacaccagga gctaccgtcc ctttcctgct tagcctaata 2220 

tgctgcatca gaacagctaa agcggccaca taccaagagg ctgcgatata cctgtggaac 2280 

gagcagcaac ctttgttttg gctacaagcc cttattccgc tggcagccct gattgtccta 2340 

tgcaactgtc tgagactctt accatgctgc tgtaaaacgt tggctttttt agccgtaatg 2400 

agcgtcggtg cccacactgt gagcgcgtac gaacacgtaa cagtgatccc gaacacggtg 2460 

ggagtaccgt ataagactct agtcaataga cctggctaca gccccatggt attggagatg 2520 

gaactactgt cagtcacttt ggagccaaca ctatcgcttg attacatcac gtgcgagtac 2580 

aaaaccgtca tcccgtctcc gtacgtgaag tgctgcggta cagcagagtg caaggacaaa 2640 

aacctacctg actacagctg taaggtcttc accggcgtct acccatttat gtggggcggc 2700 

gcctactgct tctgcgacgc tgaaaacacg cagttgagcg aagcacatgt ggagaagtcc 2760 

gaatcatgca aaacagaatt tgcatcagca tacagggctc ataccgcatc tgcatcagct 2820 

aagctccgcg tcctttacca aggaaataac atcactgtaa ctgcctatgc aaacggcgac 2880 

catgccgtca cagttaagga cgccaaattc attgtggggc caatgtcttc agcctggaca 2940 

cctttcgaca acaaaattgt ggtgtacaaa ggtgacgtct ataacatgga ctacccgccc 3000 

tttggcgcag gaagaccagg acaatttggc gatatccaaa gtcgcacacc tgagagtgaa 3060 

gacgtctatg ctaatacaca actggtactg cagagaccgg ctgcgggtac ggtacacgtg 3120 

ccatactctc aggcaccatc tggctttaag tattggctaa aagaacgcgg ggcgtcactg 3180 

cagcacacag caccatttgg ctgccaaata gcaacaaacc cggtaagagc ggtgaactgc 3240 

gccgtaggga acatgcccat ctccatcgac ataccggaag cggccttcac tagggtcgtc 3300 

gacgcgccct ctttaacgga catgtcgtgc gaggtaccag cctgcaccca ttcctcagac 3360 

tttgggggcg tcgccattat taaatatgca gccagcaaga aaggcaagtg tgcggtgcat 3420 

tcgatgacta acgccgtcac tattcgggaa gctgagatag aagttgaagg gaattctcag 3480 

ctgcaaatct ctttctcgac ggccttagcc agcgccgaat tccgcgtaca agtctgttct 3540 

acacaagtac actgtgcagc tgagtgccac cccccgaagg accacatagt caactacccg 3600 

gcgtcacata ccaccctcgg ggtccaggac atctccgcta cggcgatgtc atgggtgcag 3660 
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L aftd 

0891 	6616PPUPP3 P31PP3DPD1 66D5D361p3 161-epplp61 166pp3613p plyelTe646 

OZ9T 	PPP3e6Eael DPPDPP1DP6 6PP61UPPD1. 366166D6la pp1616uppp 1.663616bDE 

09ST 	6pDpb61.prp 16-eyeD1.p6e PP15DPPD56 DDlErEOPPDP Dl6lYellP3 ED6Dap61D3 

00ST 	DDE7PET733 7361PDPDP1 66P6P1P6P6 6P6DDE1DUP 7E0375DDPD6 v6up61.67E4 

017171 	67pD6pD6la DDP1D6P6Re PlE067E36P7 6DDP63DD11 PD)11EPPEP 6663166pl.p 

08E1 	6161DD1DDD P6DU3DPD11 TEODDPD6DP 161P311E31. 6P11P6PP66 pl6pae61DE 

OM 	D11P66b166 DP6101DPPP 6666UPUEDD 161P6DDDE6 aDD1PD14DP DP6661.UPTe 

09ZI 	p561Dpllp6 DP16163DE7 6PD1PDPE6E P15111PaD6 666D66bE6u 6p767e6r36 

OOZ1 	P7D64PDEDD PPDP661P1P 11.6361D6Re DDP6611E6D upp6p3p6ap 66Dp6ppulp 

01711 	u6671pETD6 110D10166p DDIXEUE61.) 6DP665DU6P DP6D6PP6Te pu6pD1p36D 

0801 	PPEcelDEDEce 1633746P1P 7761501DPD 666PP6E661. 617U673316 appplogvell 

MI 	7ETE77P6PP DEDD6PPP1P 1D164PUD11 DEPDP66EP3 3P3E0PD6DP6 D6PDADDUD 

096 	ppplollblp Dup11)Dlup NryelpEaD bppl.plaulb 661DTBEIP61 P71E7PPDP6 

006 	5P61.1.D64ED 63P1337EPP 56.266DDET6 6PETPEIDE13 61.7613D76D PD61aD33DD 

0178 	6p73D1361D 3D3116DPDD PDPPPD6613 blD76161pa 1.5P3D7I.PDD 611.716P661 

08L 	6p5pu6DD66 666P6DDDD3 PDITYM.3.2 DlEolapppft pplyefflapp r5166166Da 

OZL 	D13335PDP1 5DDAP66PP EaPP116P66 E66P41316E aPD3661661 6)63u66Eep 

099 	DPPDP6D110 1PEIDDP6PD5 6D6PDP6666 PDDPPRD661 D6166PDP13 77lE77P711. 

009 	66DD66p66E ii.pplEIEDel Ee3bP6E0PD DPD661DPP3 UlDE16566E 66DDPPP6P6 

017S 	1P333P3116 PP6D11DE0DP 6DD15PP61P DPAlEIDDDE VebPD6D6D6 TPU611DDE6 

0817 	aplbpplplp D166D6yell 1»6613ppe 7pb6177E,66 AppplE6D1. p7ae6666pp 

OZV 	Pl6DEDPAP DiPPPEIVffel EMPPDP6566 61661.DDE016 ADEllbEsED pp156pp166 

09E 	PPE0PD6PP3 16Y2531111 P1611P61PP PP571PPPE6 1P76161P66 E6E6p6e763 

00E 	D6bEIDD6PP6 PEUPPETEEP D1DMDDPPE 6PPPPU1DDE DAP76PP6P PPPD1PPPDP 

OVZ 	DPP3PPPPDP DADMPDPP DEPPPPAPP PPAPE6e24 PP6PP66D1P E66up6DFD3 

081 	5PP6PDPPDD DDP166D6D6 D6lEPDP61.3 PPEaPP115P D6eD1D1P61 Au7D3611D 

OZT 	pp36661D6u P76EIP6PD1D 336D6D3P6P DDDE6PlaED TETPD31P4D pl71D6DEID3 

09 	43E661777E 631D76P3DP 166PE6P1PU DE11.144DUP PDDDPPD3Da PD116P664E 
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09ZT 	E6617E11E6 Dr1616DDED 6ED1EDPE6p p161.3.1Plo6 66E0666E6p 6eD6DP6ED6 

00ZT 	PD761PDEDD UPDP664P1P 11636176EE DDE.6611E6D PDAPDP6IT 667PETET1P 

OVTT 	P66D1pPPD6 110D13166P DDIPPReblD 67P6667P6P DE6D6PP6aP PPETD1PD6D 

080T 	PP6u4DE76p 1.6DDDI6elp D7616Dapp7 666pp6p561 61DE6DD7I.6 17E71D6ell 

OZOT 	DPTED3P6PP 7E776EEE1E 1DZEITP711 DEEDEMPPD DE76P767P6 DETDADDPD 

096 	DDDiDalblp DEP11DDIXD 6pp7p1D61.3 6p71.217pa6 616107P6P61 PDa67PPDP6 

006 	6p6a1DbleD 6DE1DDDEPP 66P56DDPPEI EIPPPP6DPIO 61D64DDAD PD611DDDDD 

0178 	6pDDD1D61D 77D1167E77 PDPPE06611 613D616121 lbPD37aPDD 6117.6r661 

08L 	6P6PP67766 666P6777D7 P7TEPPP17P 71611PDP6P PP1PUE16107 P5466166D1 

OZL 	71D77ETDE1 EID7D6P66PP 61ET176P66 P66U11D16P 1PD7651661 676Dp666ye 

099 	DvpDpEollD 1p1D7p6pD6 67ET7E6666 PDDPPP3661 D6166PDP1D DD4PDDPD11 

009 	667D66E66P pl7pl6rDE1 ET76E66DPD 7P7E161DPPD P1DE1.6666P 6EIDDPPP6P6 

OS 	TeDDDED1.16 PP6311.ADP E03116PP61P DPD61E0DDE 1P6PDE0636 1EE64477E6 

0817 	1P16PP1DIT D166D6Ppll 1DD6617EEp D3661D7eb6 36DPP1p6D4 ED7P6666PP 

0Z-17 	U16DEDU76E DDEPP64PP1 6yeeDP66bb 61.6617766 767E4166ED PP166PP166 

09E 	PE67E7ETED 16EP6D1111 P1611261PP UPEIDTPPEPE0 1PD6161P66 p6p6E6E767 

00E 	D6E6DD6up6 EEEEE6EEEE 71065DDPPP 6PPPPP1DDP 7DETD6UP6P PPPD1PPUDP 

OVZ 	DPPDPPPPDP DADMIPDPP DPPPPPDETP PP76PE6PE1 UP6PPE6DZP PMEADPDD 

08T 	EIPPETDPPDD DDPI66DEID6 D61PEDE61D EEEIEEL16E 76PD1D1P61. DETDDD611] 

OZT 	ppD60661D6p PD66EETD4D D7676DDP6P DDAEIPDTPD ITEEDDlelD Pl71D6D6DD 

09 	1DE661DDDE 67a776EODP 166p66papp 7E1141.4DEE PDDDPP7DD1 U3146E664P 
L 	<00k> 

sruo pAuriburilpo 	<Ew> 
II-NHD-6upsq aDuanbas 



VT aftd 
8 	<00V> 

sm4A pAunburDIND 	<ETZ> 
ilm 	<ZTZ> 
8.17ZT 	<TTZ> 

8 	<OW> 

LtLE PP17P76 5PD6PD116D 1616D61P1D 

OZLE 	616616D1PP 1311p61DE7 E776416176 1.1.6115617p 66526166P6 Hoppapftp 

099E 	6pD61.6661p 7161.26D553 papEoplpap Dp66pD3166 6671777PDD P1PDPD1636 

009E 	67DDP1DPPD 16P1PDPDDP 66PP6DD7D3 7e77616p61 DETD61617p DP/5PPDPDP 

OVSE 	171161.716e p7e16D6731 1ep6D76D6P 3DET113D66 DE6313111D 1D1Reu3613 

08VE 	ET71711pp6 66pp6116pp 6p1.6E6136 pp666741p1 DP3163D6DP P1DP61P671 

OZVE 	1p36166361 616pED66pp PEIPP76PDD6 p761e1ppp1 1u11u7p631 6766666111 

09EE 	DPEIPD1D311 PDDDPDEaDD 6PD3P1b5P6 7616)164p) p657pp1113 137DEI767E6 

00EE 	31b31566p1 3p711D7E67 bupftopelp 7P671PD313 1PDDD61PDP p666p16D36 

OVZE 	D613Pv6156 D6P6PP1667 DDPPPDPPD6 P1PPPDD613 65111P77PD 6PDPDPD6PD 

08TE 	617ED16766 b676DET6pr pp176644p4 6PP/417661 D1P37PD66P DI.DzTeleDD 

OZTE 	616DrDP166 Dp1666D613 6677ebPETD 61DP1661DP PDPDP/UP1D E1p1D16Dp6 

090E 	PPP16P5P61 37P7P76316 PPPDD1P1P6 366111PPDP 66P33P6PP6 6p3636611; 

000E 	DDD6DDDP1D P661PDPP1P 131E0P6/66 PPP7P16165 1611PPPP7P uppE341177 

01762 	pDpbblopfte D11D161pED 766661611E 3//PPPDD5D P66PP116PD ep16DD61RD 

088Z 	7P67657PPP 361P1D3613 PP161DPD1P DPP/PPP66P PDDP111331 63633135PP 

0Z8Z 	136pD1p761. p1uD63ye1p D13666p7p1 p76p31p361 alpubpDyep p761ppapp6 

09LZ 	7p16upET66 461pDED6pp 636P6116P7 67PDPPPP61. D67P676131 13613P1)36 

OOLZ 	3661566616 1P11/PDDDP 171676677E 71131556P/ 5176PDP1DP 6103P173PP 

0V9Z 	PPP3PE6PPD 616P6PD6PD P/66361361 6PP6163P16 7717167771 P31577EPPP 

08SZ 	DP16pEo61.6 DPD1P7P11P 6113671P1D P7PP776P66 /117PD16PD 161DP13PP6 

WS? 	61P6P5611P 1661P333D6 P7P17661DD P6P1PP716P 1D17P6PP1P 16DDP16E66 

09VZ 	6166DPDPr6 DDD1P616PD PP167PDPP5 DP1676D6P6 161DPDEDD3 616631676E 

00VZ 	61ye16D3ET 1111117661 167PPPP161 361361P33P 4131Dp6re61 71613pED61 

OVEZ 	p1311511p6 17p76pp661 76DD1/P113 776PP7P1D6 51111611;D DPPD6PD6P6 

08ZZ 	Dpu66161DD p1p1E63617 66v6pp37e1 PDPDD6636P pplp6u3ppb p31pp61D61 

OZZZ 	p1ye1D7ET1 1D61DD111D DD16DDE1D6 EnbuDyeyeb 1DPP61P163 DPDPD1ED61 

09TZ 	P6PD67P6DP D6161E11E36 161P666635 P3661P1656 1661P6D161 7313P1PD11 

OOTZ 	EopppboaEre D1616116p1 6P161DP61P 1DPDDDDP16 17ET61p11u 11u461)41p 

OK? 	p1ap61pp6 DDDPD3661P DDD5PDP166 3PPPDP/D/P 116PA3366 11P16PP1P1 

II-NIAD-6ups!.1_ aDuanbas 



Sequence listing-CHK-II 

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

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 25 30 

Arg Pro Gln Arg Gln Ala Gly Gln Leu Ala Gln Leu Ile Ser Ala val 
35 40 45 

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

Arg Lys Asn Lys Lys Gln Lys Gln Lys Gln Gln Ala Pro Gln Asn Asn 

65 70 75 80 

Thr Asn Gln Lys Lys Gln Pro Pro Lys Lys Lys Pro Ala Gln 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 Ile 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 

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 Gln Tyr Ser Gly Gly Arg Phe Thr Ile 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 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 Ile Thr Pro Glu 
245 250 255 

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro Val Met Cys Leu Leu Ala 
260 265 270 
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Sequence listing-CHK-II 

Asn Thr Thr Phe Pro Cys Ser Gln 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 Gln Leu Leu Gln Ala Ser Leu Thr Cys Ser Pro 
305 310 315 320 

His Arg Gln 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 Ile Gln Val Ser Leu Gln Ile Arg Ile Lys Thr Asp 
370 375 380 

Asp 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 

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 Ile Ser His 
435 440 445 

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

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

Tyr Val Gln Ser Thr Ala Ala Thr Thr Glu Glu Ile Glu Val His Met 
485 490 495 

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

Val Lys Ile 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 Ile Asn Asn 
530 535 540 
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Sequence listing-CHK-II 

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

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

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

Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln 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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

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

Pro Thr Met Thr Val Val Val Val Ser Val Ala Thr Phe Ile 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 Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr val Pro Phe Leu 
725 730 735 

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gin 
740 745 750 

Glu Ala Ala Ile 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 

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 Ile 
805 810 815 
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Sequence listing-CHK-II 

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 Ile Thr Cys Glu Tyr Lys Thr Val Ile 
850 855 	 860 

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

Asn 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 Gln 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 

Leu Tyr Gln Gly Asn Asn Ile 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 
965 970 975 

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 Ile Gln Ser Arg 	Thr Pro Glu Ser Glu Asp val Tyr 
1010 1015 	 1020 

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

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

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

Gln Ile Ala Thr Asn Pro val 	Arg Ala Val Asn Cys Ala val Gly 
1070 1075 	 1080 
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Sequence listing-CHk-II 

Asn Met 	Pro Ile Ser Ile Asp 	Ile Pro Glu Ala 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 Gly 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 Ile Arg Glu 	Ala Glu Ile Glu val 	Glu Gly Asn 
1145 1150 1155 

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

Phe Arg 	Val Gln Val Cys ser 	Thr Gln Val His Cys 	Ala Ala Glu 
1175 1180 1185 

Cys His 	Pro Pro Lys Asp His 	Ile val Asn Tyr Pro 	Ala Ser His 
1190 1195 1200 

Thr Thr 	Leu Gly val Gln Asp 	Ile Ser Ala Thr Ala 	Met Ser Trp 
1205 1210 1215 

Val Gln 	Lys Ile Thr Gly Gly 	Val Gly Leu Val val 	Ala Val Ala 
1220 1225 1230 

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

<210> 	9 
<211> 	1248 
<212> 	PRT 
<213> 	Chikungunya virus 

<400> 	9 

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

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 25 30 

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

Asn Lys Leu Thr Met Arg Ala Val Pro Gln Gln Lys Pro Arg Arg Asn 
50 55 60 
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Sequence listing-CHK-II 
Arg Lys Asn Lys Lys Gln Lys Gln Lys Gln Gln Ala Pro Gln Asn Asn 
65 70 75 80 

Thr Asn Gln Lys Lys Gln Pro Pro Lys Lys Lys Pro Ala Gln 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 Ile 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 

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 Gln Tyr Ser Gly Gly Arg Phe Thr Ile 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 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 Ile Thr Pro Glu 
245 250 255 

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro val Met 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 Glu Thr Leu Arg Met Leu Glu Asn Asn Val Met 
290 295 300 

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

His Arg Gln Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala 
325 330 335 
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Sequence listing-CHK-II 
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 Ile Gln Val Ser Leu Gln Ile Gly ile Lys Thr Asp 
370 375 380 

Asp 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 

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 Ile Ser His 
435 440 445 

Ser Cys Thr His Pro Phe His His Asp Pro Pro Val Ile 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 Ile Glu Val His Met 
485 490 495 

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

Val Lys Ile 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 Ile Asn Asn 
530 535 540 

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

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

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

Val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln Val 
595 600 605 
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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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

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

Pro Thr Met Thr Val Val val Val Ser Val Ala Thr Phe Ile 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 Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu 
725 730 735 

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln 
740 745 750 

Glu Ala Ala Ile Tyr Leu Trp Asn Glu Gln 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 

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 Ile 
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 Ile Thr Cys Glu Tyr Lys Thr val Ile 
850 855 860 

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

Leu Tyr Gin Gly Asn Asn Ile 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 	 970 975 

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 Arg Arg 	Pro Gly Gln 
995 	 1000 	 1005 

Phe Gly 	Asp Ile Gln Ser Arg 	Thr Pro Glu Ser Glu Asp val Tyr 
1010 	 1015 	 1020 

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

His val 	Pro Tyr Ser Gln Ala 	Pro Ser Gly Phe Lys Tyr Trp Leu 
1040 	 1045 	 1050 

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

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

Asn met 	Pro Ile Ser Ile Asp 	Ile Pro Glu Ala 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 Gly 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 
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Asn Ala 	val Thr Ile Arg Glu 	Ala Glu Ile Glu Val 	Glu Gly Asn 

1145 	 1150 	 1155 

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

Phe Arg 	val Gln Val Cys Ser 	Thr Gin Val His Cys 	Ala Ala Glu 
1175 	 1180 	 1185 

Cys His 	Pro Pro Lys Asp His 	Ile val Asn Tyr Pro 	Ala Ser His 
1190 	 1195 	 1200 

Thr Thr 	Leu Gly val Gln Asp 	Ile Ser Ala Thr Ala 	met ser Trp 
1205 	 1210 	 1215 

Val Gln 	Lys Ile Thr Gly Gly 	val Gly Leu val val 	Ala val Ala 
1220 	 1225 	 1230 

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

<210> 	10 
<211> 	1248 
<212> 	PRT 
<213> 	Chikungunya virus 

<400> 	10 

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

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 25 30 

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

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

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

Thr Asn Gln Lys Lys Gln Pro Pro Lys Lys Lys Pro Ala Gln Lys Lys 
85 	 90 95 

Lys Lys Pro Giy 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 Thr Gly Tyr Ala Cys 
115 120 	 125 

Leu Val Gly Asp Lys val Met Lys Pro Ala His val Lys Gly Thr Ile 
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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 Gln Tyr Ser Gly Gly Arg Phe Thr Ile 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 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 Ile Thr Pro Glu 
245 250 255 

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro Val Met 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 Glu Thr Leu Arg Met Leu Glu Asp Asn val Met 
290 295 300 

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

His Arg Gln 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 Asn Ile Gln Val Ser Leu Gln Ile Gly Ile Lys Thr Asp 
370 375 380 

Asp 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 
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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 Ile Ser His 
435 440 445 

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

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

Tyr Val Gln Ser Thr Ala Ala Thr Thr Glu Glu Ile Glu val His Met 
485 490 495 

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

val 	Lys Ile 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 Ile Asn Asn 
530 535 540 

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

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

Lys Gly Lys Ile His Ile Pro Phe Pro Leu Ala Asn Ala 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 

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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

Ala His Gly His Pro His Glu Ile Ile Leu Tyr Tyr Tyr Glu Leu Tyr 
Page 26 



Sequence listing-CHK-II 
675 680 685 

Pro Thr Met Thr Val val val Val Ser Val Ala Thr Phe Ile 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 Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr val Pro Phe Leu 
725 730 735 

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln 
740 745 750 

Glu Ala Ala Ile Tyr Leu Trp Asn Glu Gln 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 

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 Ile 
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 Ile Thr Cys Glu Tyr Lys Thr Val Ile 
850 855 860 

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

Asn 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 Gln 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 

Leu Tyr Gln Gly Asn Asn Ile Thr Val Thr Ala Tyr Ala Asn Gly Asp 
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945 950 955 	 960 

His Ala Val Thr val Lys Asp Ala Lys Phe Ile val Gly Pro met Ser 
965 970 	 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 Ile Gln Ser Arg 	Thr Pro Glu Ser Glu 	Asp Val Tyr 
1010 1015 1020 

Ala Asn 	Thr Gln Leu val 	Leu 	Gln Arg Pro Ala Ala 	Gly Thr val 
1025 1030 1035 

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

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

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

Asn Met 	Pro Ile Ser Ile Asp 	Ile Pro Glu Ala 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 Gly 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 Ile Arg Glu 	Ala Glu Ile Glu val 	Glu Gly Asn 
1145 1150 1155 

ser Gln 	Leu Gln Ile Ser Phe 	Ser Thr Ala Leu Ala 	ser Ala Glu 
1160 1165 1170 

Phe Arg 	Val Gln val Cys Ser 	Thr Gln Val His Cys 	Ala Ala Glu 
1175 1180 1185 

Cys His 	Pro Pro Lys Asp His 	Ile val Asn Tyr Pro 	Ala Ser His 
1190 1195 1200 

Thr Thr 	Leu Gly val Gln Asp 	Ile ser Ala Thr Ala 	met ser Trp 
Page 28 



Sequence listing-CHK-II 
1205 1210 1215 

Val Gln 	Lys Ile Thr Gly Gly 	Val Gly Leu Val val 	Ala Val Ala 
1220 1225 1230 

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

<210> 	11 
<211> 	1248 
<212> 	PRT 
<213> 	Chikungunya virus 

<400> 	11 

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

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 25 30 

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

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 Lys Gln Lys Gln Gln Ala Pro Gln Asn Asn 

65 	 70 75 80 

Thr Asn Gln Lys Lys Gln Pro Pro Lys Lys Lys Pro Ala Gln 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 Ile 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 

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 Ile Pro Thr Gly Ala Gly 
195 200 205 
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Lys Pro Gly Asp Ser Gly Arg Pro Ile Phe Asp Asn Lys Gly Arg Val 
210 215 220 

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

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

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro val Met 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 Glu Thr Leu Arg Met Leu Glu Asp Asn Val Met 
290 295 300 

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

His Arg Gln 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 Ile Gln Val Ser Leu Gln Ile Gly Ile Lys Thr Asp 
370 375 380 

Asp 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 

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 Ile Ser His 
435 440 445 

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

Lys Phe His Ser Arg Pro Gln His Gly Lys Glu Leu Pro Cys Ser Thr 
465 470 475 480 
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Tyr Val Gln Ser Thr Ala Ala Thr Thr Glu Glu Ile Glu Val His met 
485 490 495 

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

val Lys Ile 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 Ile Asn Asn 
530 535 540 

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

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

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

val Pro Lys Ala Arg Asn Pro Thr Val Thr Tyr Gly Lys Asn Gln 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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

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

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

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln 
740 745 750 
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Glu Ala Ala Ile 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 

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 Ile 
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 Ile Thr Cys Glu Tyr Lys Thr Val Ile 
850 855 860 

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

Asn 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 Gln 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 

Leu Tyr Gln Gly Asn Asn Ile 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 
965 970 975 

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 Arg Arg Pro Gly Gln 
995 1000 1005 

Phe Gly Asp Ile Gln Ser Arg Thr Pro Glu Ser Glu Asp val Tyr 
1010 1015 1020 
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Ala Asn 	Thr Gln Leu val Leu Gln Arg Pro Ala Ala Gly Thr val 

1025 1030 1035 

HiS val 	Pro Tyr ser Gln Ala Pro Ser Gly Phe Lys Tyr Trp Leu 
1040 1045 1050 

Lys Glu 	Arg Gly Ala Ser Leu Gln His Thr Ala Pro Phe Gly Cys 

1055 1060 1065 

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

Asn Met 	Pro Ile Ser Ile Asp Ile Pro Glu Ala 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 Gly 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 Ile Arg Glu Ala Glu Ile Glu Val Glu Gly Asn 
1145 1150 1155 

Ser Gln 	Leu Gln Ile Ser Phe Ser Thr Ala Leu Ala ser Ala Glu 
1160 1165 1170 

Phe Arg 	Val Gln Val Cys Ser Thr Gin Val His Cys Ala Ala Glu 

1175 1180 1185 

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

1190 1195 1200 

Thr Thr 	Leu Gly Val Gln Asp Ile Ser Ala Thr Ala Met Ser Trp 

1205 1210 1215 

val Gln 	Lys Ile Thr Gly Gly Val Gly Leu val Val Ala Val Ala 
1220 1225 1230 

Ala Leu 	Ile Leu Ile Val Val Leu Cys Val Ser Phe ser Arg HiS 

1235 1240 1245 

<210> 	12 
<211> 	1248 
<212> 	PRT 
<213> 	Chikungunya virus 

<400> 	12 
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Met Glu Phe Ile PrO Thr Gln Thr Phe Tyr Asn Arg Arg Tyr Gln Pro 
1 5 10 15 

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 25 30 

Arg Pro Gln Arg Gln Ala Gly Gln Leu Ala Gln Leu Ile Ser Ala val 
35 40 45 

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

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

Thr Asn Gln Lys Lys Gln Pro Pro Lys Lys Lys Pro Ala Gln 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 Ile 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 

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 Gln Tyr Ser Gly Gly Arg Phe Thr Ile 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 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 Ile Thr Pro Glu 
245 250 255 

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro val Met Cys Leu Leu Ala 
260 265 270 
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Asn Thr Thr Phe Pro Cys Ser Gln 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 Gln Leu Leu Gln Ala Ser Leu Thr Cys Ser Pro 
305 310 315 320 

His Arg Gln 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 Ile Gln val Ser Leu Gln Ile Gly Ile Lys Thr Asp 
370 375 380 

Asp Ser His Asp Trp Thr Glu 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 

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 Ile Ser His 
435 440 445 

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

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

Tyr val Gln Ser Thr Ala Ala Thr Thr Glu Glu Ile Glu Val His Met 
485 490 495 

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

Val Lys Ile 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 Ile Asn Asn 
530 535 540 
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Cys Lys val Asp Gln Cys His Ala Ala Val Thr Asn His Lys Lys Trp 
545 550 555 560 

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

Lys Gly Lys Ile His ile Pro Phe Pro Leu Ala Asn Ala Thr Cys Arg 
580 585 590 

val Pro Lys Ala Arg Asn Pro Thr val Thr Tyr Gly Lys Asn Gln 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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

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

Pro Thr Met Thr val Val Val Val Ser Val Ala Thr Phe Ile 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 Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu 
725 730 735 

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln 
740 745 750 

Glu Ala Ala Ile Tyr Leu Trp Asn Glu Gln 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 

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 Ile 
805 810 815 
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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 Ile Thr Cys Glu Tyr Lys Thr val Ile 
850 855 860 

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

Asn 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 Gln 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 

Leu Tyr Gln Gly Asn Asn Ile 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 
965 970 975 

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 Ile Gln Ser Arg 	Thr Pro Glu Ser Glu Asp val Tyr 
1010 1015 1020 

Ala Asn 	Thr Gln Leu val 	Leu 	Gln Arg Pro Ala Ala Gly Thr val 
1025 1030 1035 

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

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

Gin Ile 	Ala Thr Asn Pro val 	Arg Ala Val Asn Cys Ala val Gly 
1070 1075 1080 
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Asn Met 	Pro Ile Ser Ile Asp 	Ile Pro Glu Ala 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 Gly 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 Ile Arg Glu 	Ala Glu Ile Glu Val 	Glu Gly Asn 
1145 	 1150 1155 

Ser Gln 	Leu Gln Ile Ser Phe 	ser Thr Ala Leu Ala 	ser Ala Glu 
1160 	 1165 1170 

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

Cys His 	Pro Pro Lys Asp His 	Ile Val Asn Tyr Pro 	Ala Ser His 
1190 	 1195 1200 

Thr Thr 	Leu Gly val Gln Asp 	Ile Ser Ala Thr Ala 	Met Ser Trp 
1205 	 1210 1215 

Val Gln 	Lys Ile Thr Gly Gly 	Val Gly Leu Val Val 	Ala Val Ala 
1220 	 1225 1230 

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

<210> 	13 
<211> 	1248 
<212> 	PRT 
<213> 	Chikungunya virus 

<400> 	13 

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

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 	 25 	 30 

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

Asn Lys Leu Thr Met Arg Ala Val Pro Gln Gln Lys Pro Arg Arg Asn 
50 	 55 60 
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Arg Lys Asn Lys Lys Gln Lys Gln Lys Gln Gln Ala Pro Gln Asn Asn 
65 70 75 80 

Thr Asn Gln Lys Lys Gln Pro Pro Lys Lys Lys Pro Ala Gln 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 Ile 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 

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 Gln Tyr Ser Gly Gly Arg Phe Thr Ile 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 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 Ile Thr Pro Glu 
245 250 255 

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro Val Met 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 Glu Thr Leu Arg Met Leu Glu Asp Asn Val Met 
290 295 300 

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

His Arg Gln Arg Arg Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala 
325 330 335 
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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 Ile Gln Val Ser Leu Gln Ile Arg Ile Lys Thr Asp 
370 375 380 

Asp 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 

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 Ile ser His 
435 440 445 

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

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

Tyr Val Gln Ser Thr Ala Ala Thr Thr Glu Glu Ile Glu val His Met 
485 490 495 

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

val Lys Ile 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 Ile Asn Asn 
530 535 540 

Cys Lys val Asp Gln Cys His Ala Ala val Thr Asn His Lys Lys Trp 
545 550 555 560 

Gln Tyr Asn Ser Pro Leu val Pro Arg Asn Ala Glu Leu Gly Asp Arg 
565 570 575 

Lys Gly Lys Ile His Ile 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 Gln val 
595 600 605 
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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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

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

Pro Thr Met Thr val val val Val Ser Val Ala Thr Phe Ile 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 Ile Thr Pro Tyr Glu Leu Thr Pro Gly Ala Thr Val Pro Phe Leu 
725 730 735 

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln 
740 745 750 

Glu Ala Ala Ile Tyr Leu Trp Asn Glu Gln 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 

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 Ile 
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 Ile Thr Cys Glu Tyr Lys Thr Val Ile 
850 855 860 

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

Leu Tyr Gln Gly Asn Asn Ile 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 	 970 975 

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 ile Gln Ser Arg 	Thr Pro Glu Ser Glu Asp Val Tyr 
1010 	 1015 	 1020 

Ala Asn 	Thr Gln Leu Val Leu 	Gln 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 Gly Ala Ser Leu 	Gln His Thr Ala Pro Phe Gly Cys 
1055 	 1060 	 1065 

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

Asn Met 	Pro Ile Ser Ile Asp 	Ile Pro Glu Ala 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 Gly 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 

Page 42 



Sequence listing-CHK-II 
Asn Ala 	Val Thr Ile Arg Glu 	Ala Glu Ile Glu val 	Glu Gly Asn 

1145 1150 	 1155 

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

Phe Arg 	val Gin val Cys Ser 	Thr Gln val His Cys 	Ala Ala Glu 
1175 1180 	 1185 

Cys His 	Pro Pro Lys Asp His 	Ile Val Asn Tyr Pro 	Ala Ser His 
1190 1195 	 1200 

Thr Thr 	Leu Gly val Gln Asp 	Ile Ser Ala Thr Ala 	Met Ser Trp 
1205 1210 	 1215 

val Gln 	Lys Ile Thr Gly Gly 	Val Gly Leu val val 	Ala Val Ala 
1220 1225 	 1230 

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

<210> 	14 
<211> 	1248 
<212> 	PRT 
<213> 	Chikungunya virus 

<400> 	14 

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

Arg Pro Trp Thr Pro Arg Ser Thr Ile Gln Ile Ile Arg Pro Arg Pro 
20 25 	 30 

Arg Pro Gln Arg Gln Ala Gly Gln Leu Ala Gln Leu Ile Ser Ala val 
35 40 	 45 

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

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

Thr Asn Gln Lys Lys Gin Pro Pro Lys Lys Lys Pro Ala Gln 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 Ile 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 
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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 Gln Tyr Ser Gly Gly Arg Phe Thr Ile 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 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 Ile Thr Pro Glu 
245 250 255 

Gly Ala Glu Glu Trp Ser Leu Ala Ile Pro Val Met 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 Glu Thr Leu Arg Met Leu Glu Asp Asn val met 
290 295 300 

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

HiS Arg Gln 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 Ile Gln val Ser Leu Gln Ile Gly Ile Lys Thr Asp 
370 375 380 

Asp 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 
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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 Ile Ser His 
435 440 445 

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

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

Tyr Val Gln Ser Thr Ala Ala Thr Thr Glu Glu Ile Glu val His Met 
485 490 495 

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

Val 	Lys Ile 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 Ile Asn Asn 
530 535 540 

cys Lys val Asp Gln Cys His Ala Ala Val Thr Asn His Lys Lys Trp 
545 550 555 560 

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

Lys Gly Lys Ile His Ile 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 Gln 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 Gln 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 Gln Leu Ser Thr Asn Gly Thr 
660 665 670 

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

Leu Ser Leu Ile Cys Cys Ile Arg Thr Ala Lys Ala Ala Thr Tyr Gln 
740 745 750 

Glu Ala Ala Ile Tyr Leu Trp Asn Glu Gln 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 

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 Ile 
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 Ile Thr Cys Glu Tyr Lys Thr Val Ile 
850 855 860 

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

Asn Leu Pro Asp Tyr Ser Cys Arg 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 Gln 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 

Leu Tyr Gln Gly Asn Asn Ile Thr val Thr Ala Tyr Ala Asn Gly Asp 
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945 950 955 960 

His Ala Val Thr Val Lys Asp Ala Lys Phe Ile Val Gly Pro Met Ser 
965 970 	 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 Ile Gln Ser Arg 	Thr Pro Glu Ser Lys 	Asp Val Tyr 
1010 1015 1020 

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

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

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

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

Asn Met 	Pro Ile Ser Ile Asp 	Ile Pro Glu Ala 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 Gly 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 Ile Arg Glu 	Ala Glu Ile Glu Val 	Glu Gly Asn 
1145 1150 1155 

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

Phe Arg 	Val Gln Val Cys Ser 	Thr Gln val His Cys 	Ala Ala Glu 
1175 1180 1185 

Cys His 	Pro Pro Lys Asp His 	Ile Val Asn Tyr Pro 	Ala Ser His 
1190 1195 1200 

Thr Thr 	Leu Gly val Gln Asp 	Ile Ser Ala Thr Ala 	Met Ser Trp 
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Sequence listing-cm-11 

gaacagctaa agcggccaca taccaagagg ctgcgatata cctgtggaac gagcagcaac 9780 

ctttgttttg gctacaagcc cttattccgc tggcagccct gattgttcta tgcaactgtc 9840 

tgagactctt accatgctgc tgtaaaacgt tggctttttt agccgtaatg agcgtcggtg 9900 

cccacactgt gagcgcgtac gaacacgtaa cagtgatccc gaacacggtg ggagtaccgt 9960 

ataagactct agtcaataga cctggctaca gccccatggt attggagatg gaactactgt 10020 

cagtcacttt ggagccaaca ctatcgcttg attacatcac gtgcgagtac aaaaccgtca 10080 

tcccgtctcc gtacgtgaag tgctgcggta cagcagagtg caaggacaaa aacctacctg 10140 

actacagctg taaggtcttc accggcgtct acccatttat gtggggcggc gcctactgct 10200 

tctgcgacgc tgaaaacacg cagttgagcg aagcacatgt ggagaagtcc gaatcatgca 10260 

aaacagaatt tgcatcagca tacagggctc ataccgcatc tgcatcagct aagctccgcg 10320 

tcctttacca aggaaataac atcactgtaa ctgcctatgc aaacggcgac catgccgtca 10380 

cagttaagga cgccaaattc attgtggggc caatgtcttc agcctggaca cctttcgaca 10440 

acaaaattgt ggtgtacaaa ggtgacgtct ataacatgga ctacccgccc tttggcgcag 10500 

gaagaccagg acaatttggc gatatccaaa gtcgcacacc tgagagtgaa gacgtctatg 10560 

ctaatacaca actggtactg cagagaccgg ctgcgggtac ggtacacgtg ccatactctc 10620 

aggcaccatc tggctttaag tattggctaa aagaacgcgg ggcgtcactg cagcacacag 10680 

caccatttgg ctgccaaata gcaacaaacc cggtaagagc ggtgaactgc gccgtaggga 10740 

acatgcccat ctccatcgac ataccggaag cggccttcac tagggtcgtc gacgcgccct 10800 

ctttaacgga catgtcgtgc gaggtaccag cctgcaccca ttcctcagac tttgggggcg 10860 

tcgccattat taaatatgca gccagcaaga aaggcaagtg tgcggtgcat tcgatgacta 10920 

acgccgtcac tattcgggaa gctgagatag aagttgaagg gaattctcag ctgcaaatct 10980 

ctttctcgac ggccttagcc agcgccgaat tccgcgtaca agtctgttct acacaagtac 11040 

actgtgcagc tgagtgccac cccccgaagg accacatagt caactacccg gcgtcacata 11100 

ccaccctcgg ggtccaggac atctccgcta cggcgatgtc atgggtgcag aagatcacgg 11160 

gaggtgtggg actggttgtt gctgttgccg cactgattct aatcgtggtg ctatgcgtgt 11220 

cgttcagcag gcac 11234 

<210> 	16 
<211> 	11234 
<212> 	DNA 
<213> 	chikungunya virus 

<400> 	16 
atggatcctg tgtacgtgga catagacgct gacagcgcct ttttgaaggc cctgcaacgt 60 

gcgtacccca tgtttgaggt ggaaccaagg caggtcacac cgaatgacca tgctaatgct 120 

agagcgttct cgcatctagc tataaaacta atagagcagg aaattgaccc cgactcaacc 180 

atcctggata tcggcagtgc gccagcaagg aggatgatgt cggacaggaa gtaccactgc 240 
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OZ6L 	ppDpbbbbpp plbypDpDbp DDPPP61PP; Eceppaebbbb 61.66133616 DbpulabbPD 
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01717L 	4D6PDP1DUD 6DP466P1PE ElDD4.66366 DP;6411DEP TED16D3DP6 6P6PD4D6Re 

08EL 	bpbplapppp pl.pbpDpapb ppD61113Dp DD651p3D16 1pplbblbaz bpDlplpzbb 

OZEL 	bPDblbpubp plbbplolDp 1pabbpbupp bpbblperebl p61;pplp66 6PDEP6DEPD 

09ZL 	661P6PD1Pb 16Pp6pp61D bbaDbpbubp pbppbpapbp P61PbPPDPP 6DP6166P36 

OOZL 	6p6P1D6pDp pppbbblppp pllallpbbp PPPPIDEODD PETD6616E6 ED61136PDE 
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cccctctggt cccgcgtaat gctgaacttg gggaccgaaa aggaaaaatt cacatcccgt 9240 

ttccgctggc aaatgcaaca tgcagggtgc ctaaagcaag gaaccccacc gtgacgtacg 9300 

ggaaaaacca agttatcatg ctactgtatc ctgaccaccc aacactcctg tcctaccgga 9360 

atatgggaga agaaccaaac tatcaagaag agtgggtgat gcataagaag gaagtcgtgc 9420 

taaccgtgcc gactgaaggg ctcgaggtca cgtggggcaa caacgagccg tataagtatt 9480 

ggccgcagtt atctacaaac ggtacagccc atggccaccc gcatgagata attctgtatt 9540 

attatgagct gtaccctact atgactgtag tagttgtgtc agtggccacg ttcatactcc 9600 

tgtcgatggt gggtatggca gcggggatgt gcatgtgtgc acgacgcaga tgcatcacac 9660 

cgtatgaact gacaccagga gctaccgtcc ctttcctgct tagcctaata tgctgcatca 9720 

gaacagctaa agcggccaca taccaagagg ctgcgatata cctgtggaac gagcagcaac 9780 

ctttgttttg gctacaagcc cttattccgc tggcagccct gattgtccta tgcaactgtc 9840 

tgagactctt accatgctgc tgtaaaacgt tggctttttt agccgtaatg agcgtcggtg 9900 

cccacactgt gagcgcgtac gaacacgtaa cagtgatccc gaacacggtg ggagtaccgt 9960 

ataagactct agtcaataga cctggctaca gccccatggt attggagatg gaactactgt 10020 

cagtcacttt ggagccaaca ctatcgcttg attacatcac gtgcgagtac aaaaccgtca 10080 

tcccgtctcc gtacgtgaag tgctgcggta cagcagagtg caaggacaaa aacctacctg 10140 

actacagctg taaggtcttc accggcgtct acccatttat gtggggcggc gcctactgct 10200 

tctgcgacgc tgaaaacacg cagttgagcg aagcacatgt ggagaagtcc gaatcatgca 10260 

aaacagaatt tgcatcagca tacagggctc ataccgcatc tgcatcagct aagctccgcg 10320 

tcctttacca aggaaataac atcactgtaa ctgcctatgc aaacggcgac catgccgtca 10380 

cagttaagga cgccaaattc attgtggggc caatgtcttc agcctggaca cctttcgaca 10440 

acaaaattgt ggtgtacaaa ggtgacgtct ataacatgga ctacccgccc tttggcgcag 10500 

gaagaccagg acaatttggc gatatccaaa gtcgcacacc tgagagtgaa gacgtctatg 10560 

ctaatacaca actggtactg cagagaccgg ctgcgggtac ggtacacgtg ccatactctc 10620 

aggcaccatc tggctttaag tattggctaa aagaacgcgg ggcgtcactg cagcacacag 10680 

caccatttgg ctgccaaata gcaacaaacc cggtaagagc ggtgaactgc gccgtaggga 10740 

acatgcccat ctccatcgac ataccggaag cggccttcac tagggtcgtc gacgcgccct 10800 

ctttaacgga catgtcgtgc gaggtaccag cctgcaccca ttcctcagac tttgggggcg 10860 

tcgccattat taaatatgca gccagcaaga aaggcaagtg tgcggtgcat tcgatgacta 10920 

acgccgtcac tattcgggaa gctgagatag aagttgaagg gaattctcag ctgcaaatct 10980 

ctttctcgac ggccttagcc agcgccgaat tccgcgtaca agtctgttct acacaagtac 11040 

actgtgcagc tgagtgccac cccccgaagg accacatagt caactacccg gcgtcacata 11100 

ccaccctcgg ggtccaggac atctccgcta cggcgatgtc atgggtgcag aagatcacgg 11160 

gaggtgtggg actggttgtt gctgttgccg cactgattct aatcgtggtg ctatgcgtgt 11220 
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096 	6DEDE6DDE1 DE6PED6161 P61)711E66 7E6ED6DEDD EDDDEE1667 61p4666EDE 

006 	77euppE661 plalD366pD Dp6p61p6Dp plpp6p6ppa 1E0163p106 66p6a6a6D1 

0178 	11661.6p3p1 Pb 6176776 1pDp31;p6u 71opaeD666 PEE111E771 164667TeDD 

08L 	610DpD661D 6P6PE11DE1 D6RE763D6P EP66D7DE11 1763pED166 6el6eD1Dal 

OZL 	b1D61616DD P6D616DDEP PE1D6PEPPE 666p6p6ara 1.epa6116p p366u6De6e 

099 	166pp66ae6 177E6PDPE7 1161E11E66 ETEDEP6PE1 766PEE01DE1 66pD5p6Te6 

009 	ED6661DEPE DE6D1DE1ED 1DDDDE13D6 166E0661P7 361EEDE161 ED116DDDDE 

OtS 	p3pDp6D116 66116661ip 1676616.ep7 D16666pppa 1p6D66e77u 77papa76D1 

0817 	6DEDDDED6D P7P161D61E 1D163E6PED 7ETE1E1767 163E6E76E6 P6EDE6P161 

NV 	P31316DE6T DEDEDE11D6 1D11PDPED7 67EET66PE7 P6E7D616DD 661ppl6pD6 

09E 	ppppll3e66 6671p6ppp6 61D171pDae p6pDp661DD 16.eppu66ED 67761DluD6 

00E 	P1D6ePP6u6 D61PlappaD 6313p6r6r6 7D71v6up66 7616p76761 P677D61716 

OVZ 	D617PDD-e46 rE66E.D.e66D 1.6;E6J 66PP76EDD6 D616pD66D1 Ple66;DD1P 

08T 	DDEED1DE6D 7DDE611PEE 66E76P6P1E P1DEPPE1E1 76P1D1E76D 17146D6p6p 

OZT 	1D61PU1361 E77P61PE6D 7E3E7166ED 66PED7EP66 166E611161 P3D7DE16D6 

09 	163pp76177 366Ep641.1.4 43D6D6pDp6 1367E611ED E6616Dp161 64)D1p661p 
ST 	<0017> 

sn.ly‘ rAun6unAND 	<ETZ> 
VNO 	<ZTZ> 

VEZTT 	<TTZ> 
ST 	<OTZ> 

VEZTT 3uD6 6pD6E011.67 
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08ZE 	p6ED1p611p 1D1D1D66D6 66DDETPD1D 61DPEIU611P D1DE61.6666 631D6apppp 
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08VE 	pp66app6pp p6666ppppl E0277767727 22677E616E 11PDaDEOPD Dp4Dp6p66p 

OZVE 	DREDD66DDE 1PDIXDUEDD P3DP1DDDPP 111DEETP6P 1PEIET66PDD pipp616D61 

09EE 	D1PbPD6PPD PPD1PDPE66 1622EI66222 2723112771 Pl6ePP6PPP 6p1plapppl 
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000E 	PUDDPD16ED 61D1PD666D 661ETWeD1 UD61PDET66 166P66616P 66pplvelpp 
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OV9Z 	upplDEDE.66 16P161.1T6D DETPDEPDP1 626122E024 DPD6D6TeeP p766226D.21 
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08U 	P6P6rDgm6 1x6;6Du6DD ED3PD1PPP6 YeDDE41DPEE v6rep6pPE6 616plor61.6 
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09TZ 	D1131.6p66p TeD16PD611 EPPEDElEDD 7610)6177] 6DD1PPEPP1 D666pp61pl. 

OOTZ 	PD5D1.1PPEID PDDP1DDD63 DTET1DE611 7257656165 1DP1661DP6 6PDEIDD62P6 

OVOZ 	2266226221 61061p6pp6 pftpap6616 7267217167 Ul6P6DEDEE 6EDE66p6u6 

086T 	ED666p6166 1D6p6ap46D 16PETP5DP6 DDEDPP51DD 7627726672 D61E6DE11p 

ONT 	1PDDEOP1D6 PPP6PDPPP1 E01.16PEe6E ET6DPP1P16 1661E6DEPD 6D6PPP6D6P 

092T 	ulplftEreDD llip6pp61D D6D1DlyeD6 Telp66ED13 D3616pappl 6p6DD66D26 

008T 	ppl6D6pp6D 166D61.2166 266627626D P65DPPDPD6 D2761672ET P646EPD6E6 
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We claim : 

1.  A stable vaccine composition of inactivated Chikungunya virus strain with one or 

more mutations that enhance the adaptation of the virus to Aedes aegypti and 

capable of infecting Aedes albopictus or purified virus antigens derived from the 

strains thereof, as the therapeutically active ingredient for prophylaxis, treatment 

and diagnosis of infedtions caused by Chikungunya virus thereby making it capable 

of conferring immunity against any genotypic variants or mutants of Chikungunya 

virus. 

2.  The vaccine composition of claim 1, wherein the strains of the Chikungunya virus 

isolates are selected from TN01610, TN015110, TN06210, TN06310, TN06410, 

and AP109 containing the nucleotide sequences disclosed in SEQ. ID. NO. 1 to 

SEQ ID NO.7 and SEQ ID NO.15 to SEQ ID NO.20 for recombinant cloning and 

expression of structural antigens in eukaryotic or prokaryotic expression vectors to 

be used as potential vaccine candidates against Chikungunya virus infections. 

3.  The vaccine composition of claim 1, wherein the Chikungunya virus strain has a 

non-synonymous mutation K1020E in the structural polyprotein corresponding to 

El-K211E in the El structural glycoprotein either singly or in combination with 

other mutations selected from A232V, D301N, K327N, G380R, K391E, V589A, 

P867L, G1004R, and A1035V of the structural polyprotein sequence of the 

Chikungunya virus. 

4.  The vaccine composition of claim 1, wherein the Chikungunya virus isolates 

having the structural polyprotein sequences as disclosed in SEQ. ID No. 8 to SEQ. 

ID No. 	14 corresponding to ' nucleotide SEQ ID. NO.1 to SEQ ID NO.7 

respectively, for use as vaccine antigens againSt Chikungunya virus infections and 

any genotypes or mutants thereof. 

5.  The vaccine composition of claim 1, wherein the therapeutically active antigen is a 

combination 	of the 	capsid protein and the 	structural 	glycoproteins 	of the 
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Chikungunya virus Strains as disclosed, comprising of C-E3-E2-6K-El, C-E2-E1 

and E2-E1 proteins for expression as Virus Like Particles. 

. 	. 

6. The vaccine composition of claim 1, wherein the prokaryotic expression system for 

expression of recombinant pitite:ins of the Chikungunya virus strains as disclosed is 
30 : 	! 

E. coli and the eukaryptic expression system is yeast Pichia pastoris. 

7. The vaccine composition of claim 1 wherein the Chikungunya virus is inactivated 

by any of the following'Methods:: . 

i) heat inactivation at 45°C to 60°C for 30 min to 4 hrs; 

ii) Ultraviolet radiation at 254 nm for 30 min to 120 min; 

iii) Formalin treatment at ratios upto 1: 3000 (formalin:virus) at 2°C-8°C 

for 7 days,  or at ambient temperatures ranging from 20°C-25°C for 2 

days; 

iv) Beta propiolactone (henceforth BPL) ratios upto 1: 1000 to 1:2500 

(BPL:virus) at 2°C-8°C for 7 days or at ambient temperatures ranging 

from 20°C-25°C fOr 2 days wherein the additive is selected from 

glycine, mannitol, sorbitol, sucrose and trehalose; 

v) Gamma irradiation by exposing the virus samples to a dose of 10kGy 

(Kilo Gray) to 25 kGy from a 60Co source. 

8. The vaccine composition of claim 1 further comprising an adjuvant selected from 

(a) aluminum hydroxide 	(b) aluminum phosphate (c) gamma inulin, (d) 

algammulin (a combination, of aluminum hydroxide and gamma inulin) (e) 

cholecalciferol in oil (f) an, oil in water emulsion OWEM1, containing squalene, 
.,, 

tween-80, Span-85 la 10 mM 'phosphate-citrate buffer, (f) oil in water emulsion 

OWEM2 containing squalene; tween-80, Span-85, alpha tocopherol in phosphate-

citrate  buffer, (g) an' oil in water emulsion OWEM3 containing squalene, tween-80, 

Span-85, cholecalciferol iriphOspliate-citrate buffer. 
1 
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9.  The vaccine compoSition of claim 1, further comprising the viral antigen at doses 

ranging from 1µg to 100 ug per human dose in 40 mM phosphate buffer and 

150mM NaCl. 

10.  A method of eliciting a protective immune response in human individuals against 

Chikungunya virus infections comprising administering the vaccine composition of 

claim 1 to humanS through any . of the routes selected from intramascular, 

intradermal, subcutaneous, intravenous, oral or intranasal. 

. 	.. 	. 
11.  The use of ChikunguriYa virus isolates whose structural polyprotein gene sequence 

is disclosed in SEQ. ID. Nos.1 to 7 and proteins translated thereof, as disclosed in 

SEQ. ID. Nos.8 to 14 as an iminunodiagnostic agent for detection of Chikungunya 

virus infections in hunins. 

12.  A combined vaccine composition comprising inactivated Chikungunya virus 

antigen and inactivated Japanese Encephalitis whole virion antigen and an adjuvant 

selected from (a) aluminum hydroxide (b) aluminum phosphate (c) gamma inulin, 

(d) algammulin (a combination of aluminum hydroxide and gamma inulin) (e) 

cholecalciferol in oil '(f) ari oil in water emulsion OWEMI, containing squalene, 

tween-80, Span-85 in 10 rriM 'phosphate-citrate buffer, (f) oil in water emulsion 

OWEM2 containing squalene,, tween-80, Span-85, alpha tocopherol in phosphate-

citrate buffer, (g) an oil in water emulsion OWEM3 containing squalene, tween-80, 

Span-85, cholecalciferol 	in phosphate-citrate buffer for eliciting a protective 

immune response against Chikungunya virus and Japanese Encephalitis virus 

infections in humans 
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