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Abstract 
 
Project Code : MRG5480128 

Project Title : Genetic and phenotypic characterization of tissue cultured-adapted 
chikungunya viruses 

Investigator : Rojjanaporn Pulmanausahakul 
  Institute of molecular biosciences, Mahidol University 

E-mail Address : rojjanaporn.pul@mahidol.ac.th 
 

Project Period : 15 มิถุนายน 2554 –  
(ระยะเวลาโครงการ) 
 
 Chikungunya virus (CHIKV), a mosquitoes-borne Alphavirus, is an etiological 
agent of chikungunya fever. The virus is an enveloped positive single stranded RNA 
virus. In 2005-2006, CHIKV re-emerged and caused the major outbreak started from the 
Indian Ocean islands and spread to many countries in Asia including Thailand. In this 
project, the whole genome of CHIKV isolated from a Thai patient was sequenced. The 
results showed the virus belongs to the East Central South African (ECSA) genotype 
with an alanine to valine substitution at position 226 of the E1 protein, which is 
consistent with other isolates in the same outbreak. The CHIKV isolates was then 
undergone through two independent plaque purification series in Vero and C6/36 cells, 
resulting in the viruses that produced large and small plaque size, respectively. The 
viruses exhibited different levels of pathogenicity after intracranially infected to suckling 
mice in which the large plaque virus is highly pathogenic whereas the small plaque virus 
is almost non-pathogenic. Comparison of the genetic sequences of the Vero adapted- 
virus and parental isolates revealed 3 amino acid differences, nsP2: P618R, nsP3: 
G117R and E2: N187K, while the C6/36 adapted-virus differ from the parental virus only 
one position at nsP2: D546G. 
 
 

Keywords: Chikungunya virus, Thai isolate, Tissue culture-adaptation, Plaque 
purification, Viral pathogenicity 

 
 

 
 

 



 

บทคัดย่อ 
 

ชื่อโครงการ: การศึกษาพันธุกรรมและคุณลักษณะของไวรัสชิคุนกุนยาที่มีการปรับตัวเข้ากับ 
เซลล์เพาะเลี้ยง 
 
 ไวรัสชิคุนกุนยาเป็นสาเหตุของโรคไข้ปวดข้อชิคุนกุนยาซึ่งมียุงเป็นพาหะ ไวรัสนี้จัดอยู่ 
ในวงศ์ alphavirus ซึ่งเป็นไวรัสที่มีเปลือกหุ้มและมีจีโนมเป็นอาร์เอ็นเอสายบวก ในช่วงปีค.ศ. 
2005 ถึง 2006 ได้เกิดการระบาดของไวรัสชิคุนกุนยาครั้งใหญ ่ โดยเริ่มเกิดขึ้นที่หมู่เกาะใน 
มหาสมุทรอินเดีย และแพร่ระบาดมาจนถึงทวีปเอเชีย รวมทั้งประเทศไทย ซึ่งโครงการนี้ได้ทำ 
การศึกษาไวรัสชิคุนกุนยาที่แยกได้จากผู้ป่วยในประเทศไทย โดยทำการหาลำดับเบสทั้งจีโนม 
ของไวรัส หลังจากนำผลที่ได้มาทำการเปรียบเทียบกับฐารข้อมูล พบว่าไวรัสนี้จัดอยู่ในกลุ่ม 
ECSA และมีการเปลี่ยนแปลงกรดอะมิโนที่ตำแหน่ง 226 ของโปรตีน E1 จาก alanine เป็น 
valine ซึ่ง สอดคล้องกับผลของผู้วิจัยอื่นที่ทำการศึกษาไวรัสชิคุนกุนยาจากการระบาดครั้งเดียว 
กันนี ้ จากนั้นผู้วิจัยได้นำไวรัสชิคุนกุนยานี้ไปเลี้ยงในเซลล์ไตลิง (Vero) และมาทำให้บริสุทธิ์ 
ด้วยวิธีการเลือก plaque ขนาดใหญ ่หรือเลี้ยงในเซลล์ยุง (C6/36) แล้วเลือก  plaque ขนาดเล็ก 
โดยไวรัสที่มีลักษณะ plaque ต่างกันนี้แสดงความรุนแรงต่างกันหลังจากฉีดเข้าสมองหนูแรกเกิด 
ไวรัสที่สร้าง plaque ขนาดใหญ่มีความรุนแรงมาก ในขณะที่ไวรัสที่สร้าง plaque ขนาดเล็ก 
เกือบจะไม่มีอันตรายต่อหนู เมื่อเปรียบเทียบลำดับเบสของไวรัสทั้งสองกับไวรัสต้นแบบที่แยก 
จากผู้ป่วย พบว่าไวรัสที่สร้าง plaque ใหญ่มีการสร้างกรดอะมิโนแตกต่างจากไวรัสต้นแบบ 3 
ตำแหน่ง คือ ที่โปรตีน nsP2 ตำแหน่ง 618 จากโพรลีนเป็นอาร์จีนีน ที่โปรตีน nsP3 ตำแหน่ง 
117 จากไกลซีนเป็นอาร์จีนีน และที่โปรตีน E2 ตำแหน่ง 187 จากแอสพาราจีนเป็นไลซีน 
ส่วนไวรัสที่สร้าง plaque ขนาดเล็กมีความแตกต่างจากไวรัสต้นแบบแค่ หนึ่งตำแหน่งที่ 546 
ของโปรตีน nsP2 จากกรดแอสพาติกเป็นไกลซีน 
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1. ความสำคัญและที่มาของปัญหาที่ทำการวิจัย 

 Chikungunya is the dengue-like illness that produces a high fever, myalgia, skin 
rashes, severe and sometimes prolonged arthritis. Although it originated in Africa, 
chikungunya became epidemic throughout Asia including Thailand. Recently, the 2005-
2006 massive outbreak of chikungunya in La Reunion Islands lead to 270,000 infected 
cases and more than a million cases were reported all over Asia in 2007. The situation of 
chikungunya outbreak in Thailand became more significant in the October of 2008. By 
the end of 2009, the total of 49,000 confirmed cases were reported throughout the 
country, particularly in the South. Unlike the prior outbreaks that caused by the Asian 
genotype of chikungunya virus, the severity of the disease in this most recent outbreak, 
which caused by the ECSA genotype with A226V mutation, was shown to be elevated. 
Hence, a better understanding about the pathogenicity of the virus is a great concern, as 
ultimately, it might lead to a chikungunya vaccine development that is still unavailable 
at present. Serially passages of the virus in non-natural host cells can lead to the virus-
host adaptation. 

2. วัตถุประสงค์ 
1. To obtain the complete genomic sequence of wild-type clinical isolate of 

chikungunya virus and perform phylogenetic analysis. 
2. To obtain tissue culture-adapted chikungunya viruses that produce homogenous 

large or small plaques.  
3. To genotypically and phenotypically characterize tissue culture-adapted 

chikungunya viruses in comparison to wild-type chikungunya virus and identify 
tentative genotypic markers of the plaque morphologies. 

3. ระเบียบวิธีวิจัย 

Complete genomic sequencing of clinical isolated virus 
 The wild-type virus, isolated from the patient from Phang-nga, was kindly given 
from Professor Sukathida Ubol, faculty of science, Mahidol University. Viral RNA was 
extracted using Trizol and used for first strand cDNA synthesis. Nine overlapping 
fragments covering the entire genome were amplified and cloned into sequencing 
plasmids. 5’end of the genome was amplified using RACE PCR. The sequences from 3 
clones of each fragment were aligned to determine the consensus sequence. Then, the 
sequences of 9 fragments were joined to construct the complete genomic sequence. 

 



Tissue culture-adapted viruses 
 Tissue cultured-adapted CHIKVs derived from several passages of viral 
propagation and plaque purified in suitable cell-lines. Vero cells were used for large 
plaque purification while C6/36 cells were used to select small plaque virus. Wild-type 
CHIKV was used in plaque assay and large or small plaques from terminal dilution were 
picked by using sterile pipette tips, suspended in serum-free medium and inoculated 
directly onto the Vero or C6/36 cells, respectively. The recovered viruses were harvested 
when CPE was observed. Plaque purifications were done several times until 
homogenous small or large size plaques were obtained. 

In vitro characterization 
 Plaque morphologies of tissue cultured-adapted CHIKVs in comparison to wild-type 
virus were determined by standard plaque assay using Vero cells. The growth kinetics of 
the viruses was studied in C6/36 cells. 

In vivo characterization  
 Mouse neurovirulent assay were performed to study the pathogenecities of the 
viruses. Groups of suckling mice were intracranially infected with wild-type or tissue 
cultured-adapted viruses and monitored for the survival for 21 days. 

Determination of genotypic markers of plaque morphology 
 The whole genome sequencing of tissue cultured-adapted viruses were 
performed and the results were compared to that of wild-type virus to determine the 
tentative genotypic markers. The mutations were confirmed in 2 additional clones. 
 

4. ผลการทดลอง 
 In this project, the whole genome of chikungunya virus (CHIKV) isolated from a 
Thai patient, WT-CHK025, was sequenced. The results showed the viral genome is 11,811 
nucleotides in length. The virus belongs to the East Central South African (ECSA) 
genotype with an alanine to valine substitution at position 226 of the E1 protein, which 
is consistent with other isolates in the same outbreak. The CHIKV isolate was then 
undergone through two independent plaque purification series in Vero and C6/36 cells, 
resulting in the viruses that produced large and small plaque size, respectively. The 
viruses exhibited different levels of pathogenicity after intracranially infected to suckling 
mice in which the large plaque virus is highly pathogenic whereas the small plaque virus 
is almost non-pathogenic. Comparison of the genetic sequences of the Vero adapted-
virus and parental isolates revealed 3 amino acid differences, nsP2: P618R, nsP3: G117R 



and E2: N187K, while the C6/36 adapted-virus differ from the parental virus only one 
position at nsP2: D546G. 

5. Output 
อยู่ระหว่างการเตรียม manuscript สำหรับตีพิมพ์ในวารสารวิชาการระดับนานาชาติ โดยชื่อเรื่องที่คาดว่า 
จะตีพิมพ์คือ Genetic and phenotypic characterization of tissue cultured-adapted 
chikungunya viruses. 
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วัตถุประสงค ์  
1. To obtain the complete genomic sequence of wild-type clinical isolate of CHIKV 

and perform phylogenetic analysis. 
2. To obtain tissue culture-adapted CHIKVs that produce homogenous large or 

small plaques.  
3. To genotypically and phenotypically characterize tissue culture-adapted CHIKVs 

in comparison to wild-type CHIKV and identify tentative genotypic markers of the 
plaque morphologies. 

 
 
 
วิธีทดลอง  

Cells and viruses: 

 C6/36 cells, an Aedes albopictus larvae cells, were maintained at 28∘C in 

minimum essential medium (MEM; Gibco, CA, USA) supplemented with 10% heat 
inactivated fetal bovine serum (FBS; Gibco, CA, USA or HyClone, Cramlington, UK) and 
100 unit of penicillin/streptomycin per ml. Vero cells, African green monkey kidney 

epithelial cells, and MRC-5 cells, human lung fibroblast, were maintained at 37 ∘C, 5% 

CO2 in Dulbecco’s modified Eagles medium (DMEM; Gibco, CA, USA) supplemented 
with 5% FBS and 100 unit of penicillin/streptomycin per ml.  
 CHIKV was kindly given from Prof. Sukathida Ubol, Department of Microbiology, 
Faculty of Science, Mahidol University. The virus was isolated from a patient in Phang-
nga, Thailand in 2009 and passaged two times in C6/36 cells. The virus was designated 
as WT-CHK025. CHIKV stock was propagated in C6/36 cells. The culture medium and 

the infected cells was harvested at 40 hr after infection and stored at -80 ∘C until use. 

Standard plaque assay: 
Vero cells were used for the plaque assay since they display distinct cytopathic 

effect (CPE). The cells were seeded in 6 wells plate with DMEM, supplemented with 5% 
heat inactivated FBS. Viruses were 10-fold serially diluted in BA-1 medium (1xM-199E, 
1 M Tris-HCl pH 7.6, 2% (w/v) BSA, 100 units of penicillin/streptomycin per ml, 0.075% 
(w/v) NaHCO3) and 200 µl of each dilution was used to infect 90-95% confluent of 
monolayer Vero cells. The plates were incubated and rocked every 10 min for 2 hr at 37 
ºC. After that, each well was overlaid with 4 ml of nutrient agarose [0.8%agarose 
(SeaKem LE, USA) containing Earle’s balanced salts supplemented with 0.5% (w/v) 
yeast extract, 2.5% lactalbumin hydrolysate, 3% FBS] and incubated at 37ºC, 5% CO2 
for 3 or 6 days until plaque formation. The cell layer was stained with the second 



 

overlay containing 1% neutral red and incubated as above condition for 16 hr for plaque 
observation. To determine virus titers, plaque assay was done in duplicated. The 
plaques were counted and calculated as plaque forming unit per ml (pfu/ml). 

Tissue cultured-adapted viruses: 
 Tissue cultured-adapted CHIKV derived from several passages of viral 
propagation and plaque purified in suitable cell-lines. Vero cells were used for large 
plaque purification while C6/36 cells were used to select small plaque virus. WT-
CHK025 was used in plaque assay and large or small plaques from terminal dilution 
were picked by using sterile pipette tips, suspended in serum-free medium and 
inoculated directly onto the Vero or C6/36 cells, respectively. The recovered viruses 
were harvested when CPE was observed. Plaque purifications were done several times 
until homogenous small or large size plaques were obtained. 
 For Vero-adapted CHIKV, isolated CHIKV was propagated three times in C6/36 
cells and two times in Vero cells (WT-CHK025 passage 5), followed by 6 plaque 
purifications alternated with propagation in Vero cells for the total of 17 passages. The 
virus showed homogenous large plaque morphology and was designated as CHK-L.  
 To obtain CHIKV with small plaque morphology, the process was started with 
WT-CHK025 passage 4 (isolated CHIKV that propagated two times in C6/36 cells and 
two times in Vero cells). Plaque assay was performed to separate small plaques. One 
clone of transferred small plaque virus was propagated in three different monolayer cell 
lines; Vero, MRC-5 and C6/36 to select optimum cell line for small plaque purification 
and C6/36 was selected. Plaque purifications were continued two times in Vero cells 
alternated with three times virus propagation in C6/36. Finally, homogenous small 
plaque morphology was observed after three times plaque purification and total 14 times 
viral propagations. This virus was designated as CHK-S. 

Virus growth kinetics: 
 Monolayer of C6/36 cells were infected with CHK-L or CHK-S at MOI of 5. The 
viruses were adsorbed at room temperature for 2 hours. Then the cells were washed 
with PBS for 3 times and maintained in fresh media at 37ºC with 5% CO2. Supernatants 
of infected cells were collected every 6 hours post-infection (hpi) until 48 hpi. The titers 
of the infectious viruses were determined by standard plaque assay using Vero cells. 

Mouse Neurovirulence: 
  This study was kindly performed by the Center for Vaccine Development, 
Institute of Molecular Biosciences, Mahidol University. Three groups of suckling mice 
(>24 to 72 hr-old), 50, 55 and 45 mice/group, were intracranially injected (i.c.) with 103 
pfu of WT-CHK025, CHK-S or CHK-L, respectively. The mice were observed daily for 



 

21 days. The results were used to plot the survival curves and calculate for average 
survival times. 

RNA extraction, cDNA synthesis and PCR  
  RNA was extracted from the supernatant or cell lysate of CHIKV passage 2 
infected cells using Trizol reagent (Invitrogen, USA.) following the manufacturer’s 
protocol. The RNA was resuspended in 50 µl of DEPC-treated water. One µg of RNA 
was reverse transcribed using Improm IITM reverse transcriptase and random hexamer 
or oligo-dT as a primer (Promega, USA.). 
  To design specific primers for PCR, several sequences of CHIKV isolates were 
aligned to get the consensus sequence using clustalW web online. Nine primer pairs 
were designed to amplify 9 overlapping fragments covering the entire 12 kb of CHIKV 
genome using ApE (Davis M. W.: http://www.biology.utah.edu/jorgensen/wayned/ape/) 
and Primers3 (Lincoln S., et al.: http://frodo.wi.mit.edu/primer3/) v.0.4.0. software (figure 
1). Some primers were synthesized following the paper from E.Sreekumar, et al.,2010. 
Table 1 shows sequences and priming positions of the primer pair for each fragment.  
 
 

 
Figure 1: PCR primer pairs were designed to amplify nine overlapping fragments 
covering the entire 12 kb of CHIKV genome. 
 

  The cDNA was amplified by PCR with the following reaction mixture; cDNA, 1X 
buffer (20mM Tris-HCL (pH 8.4), 50 mM KCL), 1.5 mM MgCl2, 0.2 mM dNTP, 0.2 µM of 
each forward and reverse primers, 1U Platinum@ Taq DNA polymerase and the volume 
was adjusted to 50 µl with ddH2O. The PCR condition is as follow; 
 
 
 



 

 

  94 ºC  2 min     

  94 ºC  30 sec 

  52-60 ºC  30 sec    35 cycles 

  68 ºC  2-3 min 

  68 ºC  7 min   

  The amplified PCR products were analyzed by gel electrophoresis and purified 
with Gel/PCR DNA fragments extraction kit (Geneaid, Taipei, Taiwan) according to 
manufacturer’s protocol. 
 

Table 1: Primer pairs for amplifying 9 fragments of CHIKV genome 

Fragment Primers Primer sequence (5'-3') nt position 

F:anchor 
primer  

GAC CAC GCG TAT CGA TGT CGA CTT 
TTT TTT TTT TTT TT 

- 
Fragment1 

R:R889 ACG TAG CCC TCA CAC GAA ACC 913-993 

F:chf2 CGT CTA TGC TGT ACA CGC A 532-549 
Fragment2 

R:chr5 CGT CGT ACG CTT CGA CCG 1863-1880 

F:chf4 GAC AGC TTT GTG GTA CCG A 1418-1436 
Fragment3 

R:R3209 GGG CTA CTT CAG GTG ACT ATG 3213-3233 

F:chf8 CCT ATC CTC GAA ACA GCG 3134-3151 
Fragment4 

R:R4871 TGA CGC GTT CTG GAG TCA TA 4876-4895 

F:chf12 GAA ATG CCC GGT GGA TGA 4807-4824 
Fragment5 

R:chr17 ACG CGG ATT TTG TCA GAC G 7025-7043 

F:chf16 ATA CAG GCG GCT GAA CCC T 6599-6617 
Fragment6 

R:chr20 GAT GGC AAG ACT CCA CTC T 8343-8361 

F:K5F CTC GGT GGT GAC CTG GAA TA 8286-8305 
Fragment7 

R:K5R TGT TGG CTC CAA AGT GAC TG 10097-10116 

F:E1F AAA CAT ATG TAC GAA CAC GTA ACA G 9994-10009 
Fragment8 

R:E1R 
AAA GGA TCC GTG CCT GCT GAA CGA 
CA 

11294-11313 

F:E1(10564) GGC GCC TAC TGC TTC TG 10564-10582 
Fragment9 

R:oligo dT  Oligo dT (16 mer) - 

 



 

 The 5' end of the viral RNA was amplified using 5'/3' RACE, 2nd Generation Kit 
(Roche, Switzerland) following the manufacturer’s instruction. Briefly, the RNA was 
reverse transcribed using specific primer chr5. RT reaction mixture was composed of 
1xcDNA synthesis buffer, 0.5 mM dNTP, 12.5 µM chr5 primer, RNA 0.2-2 µg, 1 unit 
Transcriptor reverse transcriptase enzyme and DEPC-water up to 20 µl. RT reaction 
was incubated at 55 ºC for 60 minutes followed by additionally incubation at 85 ºC for 5 
minutes. The cDNA product was purified by High pure PCR product Purification kit 
(Roche, Switzerland) according to the manufacturer’s protocol. After that, a 
homopolymeric A-tail was added to the 3'end of purified cDNA product using 
recombinant terminal transferase enzyme. The reaction mixture (1xbuffer, 0.2 mM dATP 
and purified cDNA up to 24 µl) was incubated at 94 ºC for 3 minutes and immediately 
chilled on ice. Then 1µl of 80 unit/µl terminal transferase enzyme was added into the 
reaction and incubated at 37 ºC for 30 minutes. Finally, the enzyme was heat 
inactivated at 70 ºC for 10 minutes. The dA-tail cDNA was amplified using oligo d(T) 
anchor primer and specific primers R889 using Platinum@ Taq DNA polymerase enzyme 
with the condition described above. The PCR product was monitored by gel 
electrophoresis and purified by Gel/PCR DNA fragments extraction kit. 

Cloning and sequencing 
 Each purified PCR fragment was cloned into the sequencing vector. Fragments 
1-5 were cloned into p-SC-A vector (Takara, Japan) while fragments 6-8 were cloned 
into pCR@2.1vector (Invitrogen, USA.) and fragment 9 was cloned into pCR4-TOPO 
vector (Invitrogen, USA.).  
 Since the PCR fragment was amplified with Taq DNA polymerase, it can be 
directly cloned into the pCR@2.1 vector using TA cloning technique. The purified PCR 
product was ligated to the vector using T4 DNA ligase enzyme. The ligation reaction 
was composed of 1x ligation buffer (6 mM Tris-HCl, pH 7.5, 6 mM MgCl2, 5 mM NaCl, 

0.1 mg/ml bovine serum albumin, 7 mM β-mercaptoethanol, 0.1 mM ATP, 2 mM 
dithiothreitol and 1 mM spermidine), 2 µl of pCR@2.1 vector (25 ng/µl plasmid DNA in 
10 mM Tris-HCl, 1 mM EDTA, pH 8), 50 ng of purified PCR product, sterile-water up to 
9 µl and 1 µl of 1unit/µl T4 DNA ligase. Then, this reaction was incubated at 16 ºC for 
overnight.  
 The PCR products were cloned into pCR4-TOPO and p-SC-A vectors using 
Topoisomerse I enzyme, which covalently bound to the vector. Therefore, the ligation 
reaction was incubated at room temperature for only 5 min. In detail, the ligation 
reaction of pCR4-TOPO vector was composed of 0.5-4.0 µl of purified PCR product 
(about 10-50 ng), 1 µl of salt solution (1.2 M NaCl, 0.06 M MgCl2) and 1µl of pCR4-
TOPO vector (10 ng/µl plasmid DNA in 50% glycerol, 50 mM Tris-HCl pH 7.4, 1 mM 



 

EDTA, 2 mM DTT, 0.1%Triton X-100, 100 µg/ml BSA and 30 µM phenol red). The p-
SC-A ligation reaction was composed of 3µl of StrataClone Cloning buffer, 2 µl of 
purified PCR product (5-50 ng) and 1 µl of StrataClone vector. The ligation reaction was 
mix gently by pipetting and incubated as described. When the incubation was 
completed, the reaction was placed on ice. 
 Every ligation product was transformed into Escherichia coli DH5α competent 

cells using heat-shock method at 42 ºC for exactly 90 seconds. The transformant was 
grown on LB agar plate containing 100 ng/µl of amplicilin with 4 µl of 400 mM IPTG and 
20 µl of 20 mg/ml X-gal. The bacterial colonies were initially screened using blue/white 
colony method. The white colonies were picked and cultured in LB broth containing 100 
ng/µl of ampicillin at 37ºC for 12-16 hr. Then, the plasmid DNA was extracted using 
High-speed plasmid mini kit (Geneaid, Taipei, Taiwan) and the insert fragment was 
confirmed by restriction enzymes digestion analysis. 
 Three clones of recombinant plasmids of each fragment were sequenced at 
Tech Dragon Limited (Hong Kong) and Macrogen (Korea). The plasmids were 
sequenced with two universal primers, M13F and M13R, and one specific internal 
primer with the exception of fragment 2 that was sequenced with only two specific PCR 
primers, chf2 and chr5. Finally, fragment 9 was sequenced with one universal primer at 
3´end of this fragment. The sequences of the specific internal primers are shown in 
table 2. Three clones of recombinant plasmids of each fragment were aligned to confirm 
and generate the consensus sequence. Then the sequences of 9 fragments were 
combined to reconstruct the whole CHIKV genome using BioEdit Sequence Alignment 
Editor Program (version 7.0.5.3). The CHIKV nucleotide and amino acid sequence were 
subjected to the phylogenetic analysis using CLC program based on complete genome 
sequences. 
 
Table 2: Sequencing primers 

Fragment 
Sequencing 

primers 
Primer sequence (5'-3') nt position 

Fragment1 R: Chr2 TGC GTG TAC AGC ATA GAC G 532-549 

Fragment3  R: Chr5 CGT CGT ACG CTT CGA CCG 1863-1880 

Fragment4 F: FS3584 
AAC CTT GCA CTG CCT ACT AAG 
AGA G 

3608-3632 

Fragment5 F: FS5229 TAA TGA GCA CCG TAG CTG TC 5253-5272 

Fragment6 R: Chr19 ACC TTC GTG CTT GAC TTC G 7911-7929 

Fragment7 F: FS8793 GAT TAC TGG AAC AAT GGG ACA C 8817-8838 

Fragment8 F: E1F10564 CCC TTT GGC GCA GGA AGA C  10564-10582 
  



 

The sequences of CHK-L and CHK-S were obtained from RT-PCR directly. The 
viral RNAs were extracted, cDNAs were generated and then 9 fragments were amplified 
by PCR using the primer pairs shown in table 1. The products were sequenced using 
the same PCR primers excepted fragment 9 that was cloned and sequenced with 
universal primer. The sequences of plaque-purified viruses were reconstructed the same 
as those of WT-CHK025.  

To identify the tentative genotypic markers for plaque morphologies, the 
sequences of CHK-L and CHK-S were compared to WT-CHK025 sequence using 
BioEdit Sequence Alignment Editor software. The differences were confirmed with two 
others plaque purified CHIKV clones. 

 
ผลการทดลอง  

Complete genomic sequencing of wild type CHIKV isolates 025  
To sequence the genome of WT-CHK025, nine overlapping fragments covering 

the entire 12 kb were amplified by RT-PCR as described earlier. Figure 2 shows the 
result of agarose gel electrophoresis of all 9 fragments.  

 
 

 

 

Figure 2: Agarose gel electrophoresis of the RT-PCR products of fragment 1-9 of 
CHIKV genome. The sizes are about 1, 1.3, 1.8, 1.8, 2.2, 1.8, 1.8, 1.3 and 1.3 kb, 
respectively. M: DNA marker; lane1-9: RT-PCR products of fragment 1-9. 
 
 The products of each fragment were cloned into sequencing vectors and 
checked by restriction enzyme digestion analysis. Three clones of recombinant plasmids 
of each fragment were sequenced and aligned to determine the consensus sequence 
and reconstructed to obtain complete genomic sequence of WT-CHK025. The result 
was submitted to GenBank, NCBI. The accession number is KP164869.  
 The size of the entire genome of WT-CHK025 is 11,811 bp with the 5' and 3' 
NTR of 76 and 498 bp, respectively. The length of the first open reading frame (ORF) is 
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7,422 nucleotides while the second ORF is 3,747 nucleotides. In addition, there is a 68 
nucleotide-untranslated junction between the two ORFs. 
 The first ORF comprises four non-structural genes; nsP1 to nsP4, which are 
1,605, 2,394, 1,590, and 1,833 nucleotides in length, respectively. After being translated 
and proteolytically cleaved, the sizes of nsP1-4 are 535, 798, 529 and 611 amino acids, 
respectively. At C-terminal of nsP3, there is an opal stop codon (UGA) at nucleotide 
position 5,645-5,647. The second ORF consists of capsid, E3, E2, 6k and E1 genes, 
which are 783, 192, 1,269, 138 and 1,320 nucleotides long or 261, 64, 423, 46 and 440 
amino acids after being expressed, respectively. The amino acid at position 226 of E1 
protein is valine, which is hypothesized to affect the vector specificity that responsible 
for this massive outbreak. At the 3'end, there are poly (A) tracts and 19-nucleotides of 
conserved sequence element (CSE), 5'-AUUUUGUUUUUAAUAUUC-3', which is 
conserved among alphavirus. Moreover, 3'NTR contains three repeats sequence 
elements (RSEs) at nucleotides position 11,384-11,418, 11,513-11,547 and 11,598-
11,632. The whole genome sequence of WT-CHK025 is shown in figure 3.  
  
 

 
 

 
  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The genomic sequence of WT-CHK025 with the color-coding of each genetic 
element. 
 



 

 The result of phylogenetic analysis based on whole genome sequence using the 
neighbor-joining method calculated with CLC Sequence Viewer 6.6.1 program showed 
WT- CHK025 is classified in ECSA genotype, similar to other recent isolates in Thailand 
(Fig. 4). 
 
 
 

 

 

Figure 4: Phylogenetic analysis of WT-CHK025 based on complete genome sequence. 
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Tissue culture-adapted CHIKVs 

 To obtain tissue cultured-adapted CHIKV, WT-CHK025 was serially passaged in 
particular cell line. In addition, the virus was purified using plaque purification technique 
to get the virus that produces certain plaque morphology. 

 It was noticed that CHIKV produced from Vero cells showed larger plaque 
morphology when compared to its previous passage. So WT-CHK025 was subjected to 
the total of 17 passages alternating with 6 large plaque purifications in Vero cells 
resulting in CHIKV that produced uniformly large plaques, designated as CHK-L (Fig. 5).  
 
 

 
 

Figure 5: Plaque morphology of Vero-adapted CHIKV. WT-CHK025 was undergone 
through 17 passages with 6 plaque purifications, resulting in CHK-L. WT-CHK025 and 
CHK-L were subjected to plaque assay and monitored at 4 dpi. P: passage; pp: plaque 
purification.   
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 Since it was not possible to maintain the small plaque phenotype of CHIKV in 
Vero cells, the procedure to obtain the virus began with selecting the cell line that 
provides optimal condition for small plaque virus propagation. The 4th passage of WT-
CHK025 was subjected to standard plaque assay for small plaque purification. After one 
small plaque was picked and propagated, this virus was used to infect three cell lines, 
Vero, MRC-5 and C6/36. The results showed that C6/36 cell produced more 
homogenous small plaques when compared to the others (fig.6).  
 
 

 
 

 

 

 

 

 
 

Figure 6: Plaque morphology of CHIKV that was plaque purified for small plaque 
phenotype (A) then propagated in Vero (B), MRC-5 (C) and C6/36 (D) cells. The viruses 
were subjected to standard plaque assay and monitored at 7 dpi.  
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 After propagated in C6/36 cells alternating with plaque purified for 3 times to the 
total of 14 passages, the virus showed the homogeneous small plaque phenotype and 
was designated as CHK-S (fig.7).  
  
 
 

 

Figure 7: Plaque morphology of C6/36-adapted CHIKV. WT-CHK025 was undergone 
through 14 passages with 3 plaque purifications, resulting in CHK-S. WT-CHK025 and 
CHK-S were subjected to plaque assay and monitored at 7 dpi. P: passage; pp: plaque 
purification.  
 
 
 To compare parental and both tissue cultured-adapted CHIKVs in terms of the 
plaque morphology, WT-CHK025, CHK-L and CHK-S were subjected to the plaque 
assay in the same experiment. While WT-CHK025 produced plaques with different 
sizes, Vero-adapted CHK-L and C6/36 adapted CHK-S showed homogeneously large 
and small plaques, respectively (fig. 8). 
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Figure 8: Comparison of plaque morphology of WT-CHK025 (B and E), CHK-L (A and 
D) and CHK-S (C and F). The viruses were subjected to plaque assay and monitored 
on day 4 (A, B, C) or day 7 (D, E, F) post-infection. 
  
 
Phenotypic characterization of tissue culture-adapted CHIKVs  

 The growth kinetics is one of the distinct phenotypic characters of each virus. 
However, due to the limited amount of WT-CHK025 virus, only tissue cultured-adapted 
viruses were used in this experiment. Single-step growth kinetics was performed in 
C6/36 cells and the viral titers were determined in Vero cells. Although both viruses 
reached the plateau phase in 18 hpi, CHK-L showed the maximum titer of log10 pfu/ml 
whereas the maximum titer of CHK-S is approximately 1,000 times lower than that 
indicating the higher growing efficiency of CHK-L over CHK-S (fig.9). 
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Figure 9: Growth kinetics of CHK-L (opened circle) and CHK-S (opened triangle). C6/36 
cells were infected with the viruses at MOI of 5. The supernatants were collected every 
6 hours until 48 hpi and subjected to plaque assay in Vero cells in duplicate. The values 
are means from 2 independent experiments. The sample was done in duplicate for each 
experiment. The error bars indicate SD. 
 
 Next, the pathogenicities of the viruses were compared by mouse-
neurovirulence study in suckling mice. Three groups of newborn mouse were 
intracranially injected with 103 pfu of WT-CHK025, CHK-L or CHK-S. The mice were 
kept for observation for 3 weeks and the numbers of survived mouse were used to plot 
survival curves (fig.10). Mice that received CHK-L succumbed to the infection from 4 dpi 
and only 17.8% of them survived by the end of the experiment. On the other hand, only 
one mouse of the group that infected with CHK-S was dead, making the survival rate of 
this group to be 98.2%. The group that got WT-CHK025 showed survival rate in 
between of those 2 groups with 74% of mouse survived at 21 dpi. In addition, the 
average survival times of the mice were calculated. The mice that infected WT-CHK025, 
CHK-L and CHK-S showed average survival times of 17.68, 8.18 and 20.82 days, 
respectively. These results indicate the correlation between CHIKV plaque size and 
pathogenecity in which the virus that produce large plaque is more pathogenic than the 
virus with small plaque. 
 



 

 
 
Figure 10: Mouse neurovirulence of CHIKVs. Three groups of suckling mouse were 
intracranially infected with WT-CHK025 (cross), CHK-L (opened circle) or CHK-S 
(opened triangle).  Mice were observed for survival for 21 days. The graph showed 
percentage of survived mouse.  
 
 
Genotypic characterization of tissue culture-adapted CHIKVs  
 The whole genomes of CHK-L and CHK-S were sequenced as described in the 
previous section. The resulting sequences were compared to WT-CHK025 sequence. 
 Seven nucleic acid differences between the genome of WT-CHK025 and CHK-L 
were found at 5’NTR, nsP1, nsP2, nsP3, E2 and 3’NTR regions, resulting in 5 amino 
acid differences. To confirm these differences, two additional clones of large plaque 
purified-Vero adapted CHIKV were sequenced at those particular regions. The result 
showed 4 consensus mutations, which lead to 4 amino acid changes at nsP1: G230R, 
nsP2: P618L, nsP3: G117R and E2: N187K (table 3). 
 
 
 
 
 
 



 

Table 3 Differences between WT-CHK025 and 3 clones of CHK-L when complete 
genomic sequences were compared. 

Gene/ 

position 
virus 

Nucleotide

s 

Amino 

acid 
WT L-17 L-17/2 L17/3 

WT TGC C nsP1 

134 Large AGC S 

C 

TGC 

S 

AGC 

C 

TGC 

C 

TGC 

WT GGG G nsP1 

230 Large AGG R 

G 

GGG 

R 

AGG 

R 

AGG 

R 

AGG 

WT CCA P nsP2 

618 Large CTA L 

P 

CCA 

L 

CTA 

L 

CTA 

L 

CTA 

WT GGG G nsP3 

117 Large AGG R 

G 

GGG 

R 

AGG 

R 

AGG 

R 

AGG 

WT AAC N E2 

187 Large AAA K 

N 

AAC 

K 

AAA 

K 

AAA 

K 

AAA 

WT A - 
5' NTR 

Large G - 
A G A A 

WT A - 
3' NTR 

Large G - 

N
uc

le
ot

id
es

 a
nd

 a
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in
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id
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A G A A 

 
 
 The nucleotide sequence alignment between WT-CHK025 and CHK-S showed 4 
nucleotide differences in nsP1, nsP2 and nsP3, which are consensus in all 3 clones of 
CHK-S. However, the changes in nsP2:761 (A→G) and nsP3:39 (A→G) resulted in 

synonymous mutations while one mutation in nsP1 turned out to be the same mutation 
as CHK-L. Therefore, the mutation that might responsible for the small plaque 
phenotype remain only at position 546 of nsP2 in which Aspartic acid is changed to 
Glycine (table 4). 

 

 

 

  



 

Table 4 Differences between WT-CHK025 and 3 clones of CHK-S when complete 
genomic sequences were compared. 

Gene/ 

position 
virus Nucleotides 

Amino 

acid 
WT S14 S14/2 S14/3 

WT GGG G nsP1 

230 Small AGG R 

G 

GGG 

R 

AGG 

R 

AGG 

R 

AGG 

WT GAT D nsP2 

546 Small GGT G 

D 

GAT 

G 

GGT 

G 

GGT 

G 

GGT 

WT GAA E nsP2 

761 Small GAG E 

E 

GAA 

E 

GAG 

E 

GAG 

E 

GAG 

WT AAA K nsP3 

39 Small AAG K N
uc

le
ot

id
es

 a
nd

 a
m

in
o 

ac
id
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om

pa
ri

so
n 

K 

AAA 

K 

AAG 

K 

AAG 

K 

AAG 

 

 In summary, 3 mutations in nsP2, nsP3 and E2 might be responsible for large 
plaque phenotype while only single mutation in nsP2 seemed to be determinant of small 
plaque. The nsP1: G230R seemed to be the tissue culture adapted mutation since this 
mutation is present in both CHK-L and CHK-S (table 5). 
 
Table 5 Summary of amino acid differences among WT-CHK025, CHK-L and CHK-S. 

aa position Gene WT-CHK025 CHK-L CHK-S 

230 nsP1 
G 

GGG 

R 

AGG 

  R 

AGG 

546 nsP2 
   D 

GAT 

   D 

GAT 

   G 

GGT 

618 nsP2 
P 

CCA 

L 

CTA 

P 

CCA 

117 nsP3 
G 

GGG 

R 

AGG 

G 

GGG 

187 E2 
N 

AAC 

K 

AAA 

N 

AAC 

 
 
 



 

สรุปและวิจารณ์ผลการทดลอง  

 The complete genomic sequence of CHIKV clinical isolate, WT-CHK025, was 
determined. The length of the genome is 11,811 bp. Phylogenetic analysis revealed this 
virus is classified in ECSA genotype based on whole genome sequence analysis and 
amino acid position 226 of E1 protein is Valine, which is similar to other CHIKV isolates 
from the recent outbreaks in Thailand and neighboring countries. In the previous study, 
E1:A226V mutation was suggested to enhance viral vector adaptation to A.albopictus. 
This could be a major factor leading to an epidemic in the area that is predominated by 
A.albopictus including the southern part of Thailand.  
 Through serially passages and plaque purifications, CHIKV was tissue cultured-
adapted in mammalian cells, Vero, and mosquito cells, C6/36, resulting in large and 
small plaque viruses, respectively. Vero cells are capable of adapting the virus to 
produce large plaque. In addition to our result, other study also showed that Vero cell 
adapted-enterovirus 71 produced larger plaque size than the original enterovirus 71. In 
contrast, C6/36 cells showed the ability to stabilize the small plaque morphology of the 
virus. 
 The viruses with different plaque morphology also display different degrees of 
virulent in mouse. Percentages of the survived suckling mouse after infected with WT-
CHK025, CHK-S and CHK-L are 74.0%, 98.2% and 15.6%, respectively. CHK-L shows 
the highest pathogenicity while CHK-S is almost nonpathogenic. Our result also concurs 
with the general acceptance that the virus with larger plaque size is more pathogenic 
than the virus with smaller one.  
 Comparison of entire genomic sequences of WT-CHK025 and CHK-L reveals 3 
mutations at nsP2: P618L, nsP3: G117R and E2: N187K. Previous report showed that a 
point mutation in the protease domain of nsP2 could affect the infectivity and 
pathogenesis of sindbis virus (SINV), the other virus in the same Alphavirus family. The 
nsP2: P618L mutation is also located in nsP2 protease domain. Hence, this change 
from proline to leucine might be able to alter the infectivity, resulting in large plaque 
phenotype.   
 The nsP3: G117R mutation is located in the macro domain, which is believed to 
display an ADP-ribose binding capacity. The RNA binding property can be enhanced by 
the presence of positively charged patches of amino acid at protein surface or outside 
of the active site pocket of this domain. The mutation increases positive charge of this 
macro domain, which might lead to an increase in ADP-ribose binding activity and 
consequently increase viral transcription. Moreover, nsP3 macro domain was shown to 
be significant in an age-dependent susceptibility of mice to SINV encephalomyelitis. 
Thereby, this mutation might also involve in the increase of viral pathogenicity. 



 

 The viral E2 protein functions as a receptor binding protein. Previous study in 
chimeric alphaviruses suggested that the mutations in E2 that increase positive charge 
of the protein can enhance the binding of the protein to heparan sulfate, one of the 
putative alphavirus receptor, which lead to more efficient viral entry. E2: N187K 
mutation, which increases positive charge of CHK-L, might also work the same way in 
enhancing the viral entry and lead to the enlarge plaque. 
 Only one nonsynonymous mutation of CHK-S was identified, nsP2: D546G. This 
mutation is located in the nsP2 protease domain, very close to catalytic site of the 
protein. The nsP2 amino acid residues 546, 547 and 548 of CHIKV (or 544, 545 and 
546 of VEEV crystal structure) form a thumb that regulate grooved binding and it is also 
responsible for substrate specificity of nsP2 protease enzyme. The efficiency of the 
protease activity of nsP2 has a high impact on the viral replication since the processes 
in viral RNA replication depend largely on the cleavage of the viral replication complex. 
Therefore, any change that might interrupt the protease activity will alter the viral 
replication as well. However, the contribution of these mutations on the viral phenotype 
has to be confirmed by reverse genetics. 

 
 

 
 

 
 


