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ABSTRACT

Chikungunya is an acute febrile illness caused by chikungunya virus
(CHIKV). Inthis study, a short 24-kDa N-terminal of E2 glycoprotein of
chikungunyavirus was cloned and expressed in E.coli expression system.
The E2 recombinant protein was expressed asafusion proteinto 6-Histidine
for ease of purification. The expressi on of the 24-kDarecombinant protein
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was detected by SDS-PAGE and the protein reactivity was evaluated by
western blot analysis. Theimmunogenicity of the 24 kDaprotein wasfurther
tested against human positive and negative sera for chikungunya and
dengue. The results showed that the recombinant antigen was able to
detect CHIKV positive sera and no cross reactivity was observed with

dengue virus positive serum.

INTRODUCTION

Chikungunyafever isan acuteillness caused by
chikungunyavirus(CHIKV), anaphavirusof thefam-
ily Togaviridae. CHIKV istransmitted to humans by
mosquitoes of the genus Aedes, particularly Aedes
aegypti and Aedes albopictus. The hallmark of
CHIKV infectionisalonglasting polydthragia, which
may persist for monthsor even years. Though gener-
dly anon-fatd condition, CHIKYV infectionsmay rarely
be associ ated with complications such asencepha opa
thy and hepatic failure? and occasional deathshave
been reported over the last decade™. Theclinicdl ill-
nessisoften associated with prolonged morbidity, which
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canimpose enormoussocia and economic disadvan-
tages on affected communities“. Thefirst formal de-
scription of the disease was during an outbreak of
chikungunyafever in 1952 in Tanzanid® and the subse-
quentisolation of CHIK V., Thefirst outbresk inAsia
was documented in Bangkok, Thailand in 1958 and
sincethen, outbreaks have been reported in Cambo-
dia, Vietnam, Laos, Myanmar, Maays a, Singapore, the
Philippines, and Indonesid™. Mdaysiareporteditsfirst
outbreak between December 1998 and February
19998, Therearethreedistinct lineagesof CHIKV, a
West African, an East Central and South African
(ECSA) andanAsanlineage. In 2004-2005, CHIKV
of the ECSA lineage caused massive outbreaksinthe
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Indian Oceanidand of LaReuni o,y Thesinglemuta:
tionintheEl (A226V) of the CHIKV duringtheln-
dian Ocean outbreaks enhanced the ability of thevirus
to replicatein Aedesal bopictus mosguitoesthat greetly
facilitated thetransmission of thediseasd™. Currently
thereareno specific treatmentsfor CHIKV infections
and no licensed vaccinefor any aphavirusisavailable
for humanuse.

The CHIKV genome consistsof alinear, positive-
sense, single-stranded RNA of approximately 11.8kb,
and encodesfour non-structural proteins (nsP1, nsP2,
nsP3 and nsP4) at the 5’end and five structural pro-
teins (C, E3, E2, 6k and E1) at the 3’ end. The non-
structural proteins are required for viral replication
whereasthestructurd proteinsare produced by trans-
lation of an MRNA that isgenerated from an internal,
sub-genomic promoter immediately downstream of the
non-structural openreading frame*. The5’ end of the
genome hasa 7-methylguanosine cap, whilethe 3’ end
ispolyadenylated. Twoimportant viral glycoproteins
E1 and E2 are conserved among al phaviruses®3. The
E1 glycoprotein of CHIKV mediatesfusionof thevird
and host cell membranesduring virusentry and the E2
glycoproteinisrespons blefor receptor binding to host
cellg*. ThereforetheglycoproteinsE1 and E2 serve
asthemajor targetsfor diagnostic and vaccine devel -
opment.

Along with the clinical diagnosis based on
symptoms, laboratory confirmation of CHIKV infec-
tioniscritical, especialy in dengueendemic aress, as
clinical symptomsof thetwo diseasesaresimilar. The
ability todistinguish CHIKYV infection from denguevi-
rusinfectionisimportant tolaunchdifferent control strat-
egies. Enzyme-linked immunosorbent assays
(ELISAS) and reverse transcriptase-polymerase chain
reactions (RT-PCR) are among the recognized sero-
logical and molecular toolsfor the specific detection
of CHIKYV in patient samples™. RT-PCR isan excel-
lent tool for the early phase confirmation of CHIKV
infections, and many protocol s have been established
for thispurposg®. Unfortunately, thisviral detection
method islimitedtotheviraemic phase, whichisusudly
onetofivedaysafter fever onset!'”. Thereefter, confir-
mation of CHIKYV infection requires serological tests.
Theserologicd testsindudehemagglutinationinhibition
(HI) and ELISAsdetecting IgM antibodiesof CHIKV.
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HI testisasimpleand rapid test, however theresults
can bedifficult tointerpret dueto cross-reactivity with
other viruses*®. ELISA isamorepreferablemethod to
detect viral antigen specific antibodies because of its
high sengitivity and specificity. Currently, reported se-
rological methodsfor CHIKV infection commonly use
wholevirusor crude extractsfor thetarget antigeni*9.
The use of such materials presentsapotential health
hazard through exposuretoinfectiousvirusparticles. In
addition, production costsassociated with the cultiva
tion of virusfor liveor inactivated vird antigen aregen-
erdly high. Asaresult, utilization of recombinant pro-
teins, which can be produced more chegply and present
littleor no hedlth hazard, isan attractive dternative.
Hencein thisstudy we aimed to devel op an effec-
tivediagnostic method for serologica detection of anti-
chikungunyaantibodiesin chikungunyapatientsusing
recombinant protein expressed in E.coli expression
system asan alternative antigen. In thispaper weare
reporting theexpression of a24-kDaof the N-termina
of CHIKV E2 protein, and theimmunogenicity evaua
tion of therecombinant antigen inimmunobl ot assay.

EXPERIMENTAL

Propagation of CHIKV in cell culture

Thevirus, named BS5 wasisolated from alocal
outbreak of CHIKV in Sarawak in 2009. The virus
was propagated in Vero cells, whichwasmaintained in
Dulbecco’s Modified Eagle’s Medium, DMEM (Gibco,
SouthAmerica), supplemented with 5% Fetd Calf Se-
rum (FCS), 100 U/ml Penicillin Gand 100 ug/ml Strep-
tomycin Sulfate. Vero cellswere maintained in ahu-
midifiedincubator a 37°C supplemented with 5% CO,,

RNA isolation and RT-PCR

The N-terminal of E2 genewas amplified using
primer pairsaslisedin TABLE 1. Prior to theamplifi-
cation, RNA was extracted using High Pure Viral
NucleicAcid Kit (Roche Diagnostics, Germany) ac-
cording to the manufacturer’s manual. The RNA was
subjected to reversetranscription PCR (RT-PCR). For
thispurpose6 ul of the extracted RNA was mixed with
1 pl of downstream primer for 10 minutes at 70°C and
immediately chilled oniceafterwards. A master mix
containing 0.5 ul of 10 mM dNTPS, 2.0 ul1of 5X RT
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TABLE 1: Primersused for amplification of N-terminal of E2 gene

Gene Primers Primer sequences (5’-3’) Genome positions
CHIKV E2 CHIKE2/SUMO/F AACTTCAATGTCTATAAAGCCA 8512-8533
CHIKE2/SUMO/R "TTACGCCCTCTCTGCGTCTGC 8725-8742

Table note: 2Genome positions given with reference to the complete sequence of Chikungunya virus strain FD080231 (accession

GU199353); PA stop codon was included in the reverse primer

buffer and 0.5 ul (100U) M-MLV RT (MBI Fermentas,
NY, USA) wasadded to the mixturefollowed by incu-
bation at 37°C for 1 hour and 70°C for 10 minutes.
The cDNA wasthenamplifiedina50 ul PCR reaction
[2ul of cDNA, 1.5 ul of upstream primer (20 pmol/ pl),
1.5 ul of downstream primer (20 pmol/ ul), 5.0 pl of
10X Taqbuffer, 3ul of 25 mM MgCl, 1.5 pl of 10 mM
dNTPs, 1.0 ul of Tag DNA polymerase (MBI
Fermentas, NY, USA), 34.5 ul sterile UHQ water] at
94°C for 5 minutesfollowed by 35 cyclesat 94°C for
20 seconds, 55°C for 30 secondsand 72°C for 2 min-
utes, with afina extension at 72°Cfor 5 minutes. The
PCR products were analyzed on a 1.5% agarose gel
electrophoresis.

Cloning of N-terminal of the E2 gene

The Champion pET SUMO Protein Expression
System (Invitrogen, CA, USA) was used to generate
the recombinant clone of the E2 gene. Theamplified
product waspurified from agarose gel using QIAquick
gd extraction kit (Qiagen, Germany) according to the
manufacturer’s manual. The concentration of the puri-
fied DNA was determined by Nanodrop 1000 spec-
trophotometer (Willmington, DE, USA) prior totheli-
gation process. Theligation reaction of the vector and
insert was set up at 1:10 molar ratio and incubated at
16°C for an overnight reaction. The next day, theli-
gated mixturewastransformed into MACH1™-T1R
E.coli competent cells, providedinthesystem. 5 ul of
theligation reaction wasadded to avia containing 50
ul of competent cells. The uptake of the plasmid DNA
was achieved by subjecting the mixture to a heat-
shocked reaction at 42°C for 30 secondsand immedi-
ately chilled onicefor 2 minutes. Preewarmed S.O.C
mediumwasadded to themixturebeforeincubated with
shakingfor 1 hour at 37°C. Thetransformed cellswere
then plated on agar plateswith kanamycin resi stance
selectionat 37°C, overnight. Cloneswith therecombi-
nant plasmid were screened by colony PCR. For this
purpose, primer pairsaslisted in TABLE 2 wereused

to confirm the present of the genein correct orienta-
tion. Clonecarryingtheinsert inthe correct orientation
was chosenfor expression. Prior tothe expression pro-
cessthe plasmid DNA was purified using PureLink
Quick Plasmid Miniprep Kit (Invitrogen, CA, USA)
according to themanufacturer’s manual. The plasmid
DNA sequenceswereverified by sequencing. The DNA
sequencing wasachieved by using Big Dyein conjunc-
tion with an automated DNA sequencer (ABI PRISM
377 DNA sequencer, PE-Applied Biosystems, USA)
following standard protocols.

TABLE 2: Primersfor colony PCR

Primers Primer Sequences Exgt;;ted
pPETSUMO F AGATTCTTGTACGACGGTATTAG 339
CHIKE2/SUMO/R TTACGCCCTCTCTGCGTCTGC P
pPETSUMOR TAGTTATTGCTCAGCGGTGG

383bp

CHIKE2/SUMO/F AACTTCAATGTCTATAAAGCCA

Expression and affinity purification of therecom-
binant E2 protein

The plasmid of the selected clonewastransformed
into E.coli BL21.DE3for expression purposes. 1 ul of
thepurified plasmid wastransformed into the competent
cdlsasprevioudy mentioned. Therecombinant protein
wasexpressed asN-termina fusonto6-Higtidine. The
expression of the protein wasinduced with addition of
IPTG a 100mM. For thispurposean overnight culture
wasdiluted to 1in 10dilutionsandincubated with agita-
tionfor 2 hoursat 37°C prior to the addition of IPTG
and incubated for another two hour more. Cellswere
then harvested by centrifugation at 10,000 x g for 10
minutesat 4°C. The pellet wasdrained completely and
resuspendedin 1 X binding buffer of theHisBind Purifi-
cation kit (Novagen, WI, USA). The protein was puri-
fied according to themanufacturer’s manual under dena-
turing conditionwith 6 M Ureaasthe denaturant. The
fractions collected from the affinity column wereana-
lyzed by SDS-PAGE and western blotting.

SDS-PAGE and western blot
The purified recombinant protein was preparedin
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reducing protein sample buffer and separated on 12%
SDS-PAGE according to Laemli®, Electrophoresis
was performedin avertica direction with aconstant
voltage of 120V with 1X running buffer (25mM Tris,
192mM Glycine, 0.1% SDS pH8.3). The gelswere
either stained with coomassie brilliant blue (CBB) or
transferred to anitrocel lulose membrane according to
Towhbinf?Y a constant mA 200 for 1 hour. At theend of
therun, the membraneswere blocked with either 1X
PBS containing 5% skimmed milk or 1% Bovine se-
rum abuminin 1X PBSfor further incubationwith se-
rum or Nickel HRPrespectively.

I mmunoblot assay

Thereactivity of therecombinant proteinwastested
againgt CHIKV known positivesera, tested previoudy
with PRNT50. The blotswere probed overnight with
the selected serafollowed by 2 hoursincubation with
anti-human 1gG-HRP (Dako, Denmark). In between
incubation the blots were subjected to 3X wash with
1X PBSat 10 minutesinterval. Col our was devel oped
by addition of chromogenic substrate, 4-chloro-1-
napthol, for 30 minutes. For the detection of thefusion
tag, 6X Higtidine, themembranewas probed overnight
with Nickel HRP (Kirkegaard, Maryland, USA) and
waswashed asmentioned previoudly prior to the addi-
tion of the chromogeni c substrate.

RESULTS

Amplification of N-terminal of E2 glycoprotein

TheN-termina of the CHIKV E2 glycoprotein was
amplified usngthespecificprimersaslistedin TABLE
1. The PCR product size of 230 bp asshownin Figure
1 wasconfirmed by sequencing. Theamplified product
wasclonedintotheTA cloning siteof thepET SUMO
vector.

Recombinant E2 protein

Therecombinant protein was expressed and puri-
fied and the purified product was analyzed by SDS-
PAGE and western blot. The protein was highly ex-
pressed and can be seen as a clear band of expected
molecular weight of 24 kDa (Figure 2A) on aCBB
stained gel. The expression of therecombinant fusion
protein was confirmed with the detection of the

polyhisitidinetag (Figure 2B). Theresultsclearly dem-
ongtrate the successful expression and purification of
therecombinant CHIKV E2 protein.

M 1 2
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1000 st
700 —
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- —

Figurel: PCR amplification of the N-terminal of E2 gene.
M : 100bp DNA marker (MBI Fermentas); 1: water control;
2: N-terminal of E2 gene
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Figure2: SDS-PAGE and western blot of the recombinant
24-kDaE2protein. (A) CBB stained SDS-PAGE. (B) West-
ern blot probed with Nickel HRP. M : Broad rangeprotein
mar ker, (Biorad); 1: E2recombinant protein; 2: vector pro-
tein alone

Evaluation of therecombinant CHIKV E2protein
by immunoblot assay

Therecombinant protein wastested inimmunbl ot
assay against apane of known positive CHIKV sera
fromalocal outbreak (unpublished data). Thesesera
weretested positive by RT-PCR and the antibody was
tittered in PRNT50 assay, and the result was as shown
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TABLE 3: Panel of CHIKYV positivesera

CHIKV CH'.KV. Blot assay with 24 kDa
Sample RT- nwt;aslsl;atlon recombinant protein
PCR (PRNTS(}’“ ten) (this study)
K002 Pos 1:2560 Pos
K017 Pos 1:2560 Pos
K311 Pos 1:2560 Pos
K003 Pos 1:2560 Pos
K012 Pos 1:40 Pos
BS132 Pos 1:640 Pos

inTABLE 3. Theimmunogenicity of therecombinant
protein wastested againgt al Six sera. Thepositivereec-

1 2 1 2 1

K002 K311 K017

tion can be clearly seen asaband of about 24 kDaon
theimmunobl ot asshown in Figure 3. Therecombinant
antigen wasd so tested negative againg known CHIKV
negative seraaswell aspand of dengue positivesera
both individua serum and pooled dengue serum avail-
ablein our laboratory asdescribed previoudy?. There
was no reaction observed in theimmunoassay withthe
two negative sera. Moreinterestingly no crossreaction
was observed with the dengue positivesera(Figure4).
Thissuggestsapotentia for the 24-kDarecombinant
proteinto beeval uated further asantigentobeusedin

serological assay.

1 2 1 2 1 2

K003 K012 BS132

Figure3: Immunoblotsprobed with apand of CHIKV postivesera.

1 2 1 2 1 2

A B C

1 2 1 2 1 2

D E F

Figure4: Immunablotsprobeswith CHIKV negativeseraaﬁd denguesera. (A) and (B) CHIKV negativesera; (C) and (D)
dengue positivefrom single serum specimen; (E) and (F) Pool denguesera

DISCUSSION

Chikungunyaisaconsiderable public health con-
cernin Southeast Asian and African countries. Despite
thefact that CHIKV resurgenceisassociated with epi-

demics of unprecedented magnitude, only afew spe-
cific serologica and molecular diagnogtictoolsarecur-
rently available€?®. CHIKV diagnosisis essentialy
based on virusisolation, ELISA and reverse-transcrip-
tion (RT)-PCR assays. Although RT-PCR isthemethod
of choicefor early detection of virusinclinical sample,
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inresourcelimited settingsthismethod may not beavail-
ableor too costly; and virusisol ationistime consum-
ing, necessitating other assays such asserologica as-
say that ismore cost and timeeffective. Although anti-
body-based assays for the diagnosis of acute
chikungunyainfectionsarecommercidly available, poor
diagnostic accuracy has been reported?l. Hereweare
reporting apreliminary finding of apotentia recombi-
nant antigen that can be used in aserol ogical assay for
diagnogisof chikungunyainfection. A small fragment of
the N-terminal of the CHIKV E2 protein was cloned
and expressed in E.coli. The 24-kdaprotein was shown
to be highly expressed and reactive against CHIKV
positive human sera. Furthermore, no crossreactivity
was shown againgt dengue positivesera Thisiscriticd
especially for our region whereboth CHIKV and den-
guevirusesare co-transmitted. Our resultsshowed that
the recombinant N-termina region of theE2 proteinis
highly antigenic. Thisisimportant becauseasmdler sze
recombi nant antigen carrying the antigenic property will
beagood aternative antigen sincethe expressionis
easy to perform and bacteria expressioniscost effec-
tive. Thesmplicity and cost-effectiveness of therecom-
binant protein preparation isimportant for aresource
limited |aboratory setting to devel op fast and effective
assays. However morework needed to bedonein as-
sessing the sensitivity and specificity of therecombinant
antigenin serologicd assays. Weare currently eval ua-
ing theusefulness of therecombinant antigeninantigen
based ELISA system.
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