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Construction and rescue of Chikungunya virus infectious clone

CAO Heng'?, LIU Na'’*, WANG Yong-kang'’, WANG Man-xi'*>, LONG Gangl’ZA
('Shanghai Institute of Infectious Disease and Biosecurity, Fudan University ,Shanghai 200032, China; *Department of
Medical Microbiology and Parasitology, Key Laboratory of Medical Molecular Virology (MOE/NHC/CAMS) ,
School of Basic Medical Sciences, Fudan University, Shanghai 200032 , China)

[ Abstract] Objective To rescue a strain of Chikungunya virus (CHIKV) using reverse genetics
system. Methods Molecular cloning experiments, including PCR, agarose gel electrophoresis and
homologous recombination were employed to generate an infectious ¢cDNA clone (pFK-CHIKV-LN)
derived from the isolated Caribbean Chikungunya strain (Caribbean strain, isolate M100, Genbank
1.N898083.1). The mRNA obtained from witro transcription were transfected into BHK-21 to rescue the
CHIKV. The viral titer was determined by 50% tissue culture infection dose (TCID50), with calculations
performed using the Reed-Muench method. Western blot (WB) and real time quantitative polymerase
chain reaction (RT-qPCR) were employed to assess the levels of viral protein and mRNA at various time
points during infection. Results The full-length cDNA clone of CHIKV was successfully constructed,
enabling the rescue of CHIKV progeny. RT-qPCR and WB confirmed the significant increasing expression
levels of NS1 mRNA and proteins (NS3,E1) of BHK-21 during the infection process. Conclusion The
full-length infectious clone of CHIKV has been constructed successfully, which provides a good tool for

subsequent studies on the gene structure, protein function and pathogenic mechanism of CHIKV.
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Eliminating the activity of predicted bacterial promoters

F
T75'UTR nspl _nsp2  nsp3  “sp4 268  C E3 E2 6K El mp
[T 1 TR —roiyA

=
R o

.,

-QSymhetic sequencel 1-5 389 bp Lg’Synthetic sequence 2

5390-12 2563?’/

ragment] Fragment2 Fragment3 Fragment4 Fragment5
Sacl | 1430bp | 756 b 4459 bp 2641 bp 2956 bp Abs]
EcoRl  EcoR| EcoR| EcoR1 EcoR|1R2

pFK(backbone)

To eliminate the activity of predicted bacterial promoters, 19 silence mutations were introduced into the CHIKV genomic ¢cDNA. The red bars

indicate the precise sites of these silence mutations. Details of mutations are described in Table1. The full-length sequence was synthesized in two

segments. T7 promoter required for in vitro transcription was added upstream of the 5° UTR region and an Abs | restriction site was inserted

downstream of the 3’ UTR.

1 BEAEHERKEEETEMERKTEE

Fig 1
SMARENERZI A RSN D
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T 96 FLAR ik B % L 88 RN VR AE e 2RO
IfiL 7% DMEM ( 3£ [ Gibco 24 #], C11965500BT) i 17
Tl B s B R AL A 100 pL W BRSO EE W . 4 h

Schematic diagram of the full-length CHIKYV infectious cDNA clone
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RNA J 8 PR 5 T Ja g2kl .
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S0 ML AN B30 HEAT IR i A5 B A B SRR Rl 200 pl.
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Tab 1 Prediction and silent mutation of bacterial promoter sequences of full-length CHIKYV genome

1WT 147  TGTTTGAGGTGGAACCTAGGCAGGTCACATCAAATGACCATGCTAATGCT 192 NS1 0.99
Mutant TGTTTGAGGTGGAACCTAGGCAGGTCACATCAAACGACCATGCTAATGCT ND
2WT 493 CTCATGTAGACAGAGAGCAGACGTCGCGATATACCAAGACGTCTATGCTG 547 NS1 0.96
Mutant CTCATGCAGACAGAGAGCAGACGTCGCGATATACCAAGACGTCTATGCTG ND
3WT 745 CAAATTGTCTATCATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGC 790 NS1 0.91
Mutant CAAATTATCTATCATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGC ND
4WT 1655 GAACAACTTGAGGATAGAGCTGGTGCTGGAATAATAGAGACTCCGAGAGG 1700  NS2 0.90
Mutant GAACAACTCGAGGATAGAGCTGGTGCTGGAATAATAGAGACTCCGAGAGG ND
5WT 2538 TCTTCAATATGATGCAGATGAAAGTCAACTACAATCATAACATCTGCACT 2583 NS2 0.94
Mutant TCTTCAATATGATGCAGATGAAAGTCAACTACAACCATAACATCTGCACT ND
6WT 2636 GCCATTGTGTCGTCGTTGCATTACGAAGGCAAAATGCGCACTACGAATGA 2681 NS2 0.97
Mutant GCCATCGTGTCGTCGTTGCATTACGAAGGCAAAATGCGCACTACGAATGA ND
TWT 3926 AGAGCATTGAAACCACCATGTATCACCAGTAATACTGAGATGTTCTTCCT 3971 NS2 0.94
Mutant AGAGCATTAAAACCACCATGTATCACCAGTAATACTGAGATGTTCTTCCT ND
SWT 3980 AGCAGTTTTGACAATGGCAGAAGGAATTTTACAACGCATGTTATGAACAA 4025 NS2 0.94
Mutant AGCAGTTTCGACAATGGCAGAAGGAATTTTACAACGCATGTTATGAACAA ND
IWT 6620 CTATGTGGAATTCACAGAGAATTGGTTAGGAGATTGAACGCCGTCCTCCT 6665 NS4 0.95
Mutant CTATGCGGAATTCACAGAGAATTGGTTAGGAGATTGAACGCCGTCCTCCT ND
10WT 6750 CCGTTTTAGAAACGGACATAGCCTCCTTTGATAAGAGCCAGGATGATTCA 6795 NS4 0.94
Mutant CCGTTTTAGAAACGGACATAGCCTCCTTTGACAAGAGCCAGGATGATTCA ND
1MWT 6852 TGTTGGACCTGATAGAGGCTGCTTTTGGAGAGATTTCCAGCTGTCACCTG 6897 NS4 0.93
Mutant TGTTAGACCTGATAGAGGCTGCTTTTGGAGAGATTTCCAGCTGTCACCTG ND
12WT 7163 TACTTTTGTGGAGGGTTTATACTGCATGATACTGTGACAGGAACAGCTTG 7208 NS4 0.99
Mutant TACTTCTGTGGAGGGTTTATACTGCATGATACTGTGACAGGAACAGCTTG ND
13WT 8447 TGCTTGAAGACAATGTCATGAGCCCCGGGTACTATCAGCTGCTACAAGCA 8 492 E3 0.98
Mutant TGCTCGAAGACAATGTCATGAGCCCCGGGTACTATCAGCTGCTACAAGCA ND
14WT 8711 GCCATGATTGGACCAAGCTGCGTTATATGGACAATCACATGCCAGCAGAC 8756 E2 0.92
Mutant GCCATGACTGGACCAAGCTGCGTTATATGGACAATCACATGCCAGCAGAC ND
15WT 9142 GACTCAAGTGAAGGATTAACCACTACAGATAAAGTGATTAATAACTGCAA 9187 E2 0.92
Mutant GACTCAAGTGAAGGATTAACCACTACAGACAAAGTGATTAATAACTGCAA ND
16WT 9898 AACTGTCTGAGACTCTTACCATGCTGTTGTAAAATGTTGACTTTTTTAGC 9943 6K 0.97
Mutant AACTGTCTCAGACTCTTACCATGCTGTTGTAAAATGTTGACTTTTTTAGC ND
17WT 10105 TGTTTGAGGTGGAACCTAGGCAGGTCACATCAAATGACCATGCTAATGCT 10150 E1 0.90
Mutant TGTTTGAGGTGGAACCTAGGCAGGTCACATCAAACGACCATGCTAATGCT ND
18WT 10299 CTCATGTAGACAGAGAGCAGACGTCGCGATATACCAAGACGTCTATGCTG 10344  E1 0.95
Mutant CTCATGCAGACAGAGAGCAGACGTCGCGATATACCAAGACGTCTATGCTG ND
19WT 10749 CAAATTGTCTATCATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGC 10794 E1 0.95
Mutant CAAATTATCTATCATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGC ND

The red nucleotides represent the mutation site. ND: Not detectable; WT: Wild type.
CHIKV 7£ BHK-21 #0 VeroE6 B £ K45 E# A Ml 'h E1.NS3 H /£ 24 h 5 8 & £ 5 (A
MWK AU L MOI=0.1 B 3 BHK-21 Ml 4C 4E).
VeroEo6 4 ifl , 48 h & 7T W8 %< 21 46 gt 28 20 Ji 3 22 2%

B AR IR 4 R (B 4A) . 72 ] B ] A ) 1w
WAL BB 240 B R A 2 AT WB R RT-qPCR A, 25 3L
78 AE BHK-21 fil VeroE6 48 itd tf , NS1 ) mRNA 7K CHIKV == 23 o g ] s 1% 4%, e - F 1952

FAE 12 h)E 3 T m (K 4B .4D) o 6 4h ,BHK-21  AFEFEM R JE W 2040 25 o B %00 8 78 L 48
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A: EcoR 1 digested identification of CHIKV infectious clone on 1% agarose gel. B: Linearized CHIKV infectious clone on 1% agarose gel
DI1.15000 (Takara). C: In vitro transcription RNA of CHIKV infectious clone on 1% agarose gel. The pFK-ZI.1 is the positive control of ZIKA
full-length infectious clone constructed in our lab.

2 pFK-CHIKV-LN 5 #7 36 1 & {5 5 5%
Fig 2 Construction of CHIKYV full-length cDNA clone

A B C
CHIKV LN M, CHIKV LN
10 000 hpL 4h 24h 48h 72h 96 h ]{'u BHEK-21
25 £ 108
= 100 Bt
=y a 10
oo 55 1Q —
£ T
2< ﬁ 43 000 win = 10
o 0.1 3 000 - — Aetin & il f . .
4h 24h 48h 72h 96h 4h 12h 24h 36h 48h 72h
Time after transfection Time after infection
D E Cys Asp Leu
LN898093.1 ATGTIGGAA TGATAAGA TTGGACC
Recombinant virus IGCIGG TIGAC G TTAGACC

6622-6631 bp 6778-6787 bp 6853-6860 bp

A': Analysis of CHIKV loads in BHK-21 cells transfected with in vitro transcribed CHIKV RNA by RT-qPCR assay; B: Western blot analysis
of CHIKV protein expression; hpt: hours post transfection; C: TCID50results after viral infection in BHK-21 cells, based on three independent
experiments. The Reed-Muench method was employed to calculate the virus titer. D: Corresponding ¢cDNA of the recombinant virus on 1%
agarose gel. Marker: DL.2000 (Takara). E: Sequencing after reverse transcription of the recombinant virus.

3 CHIKV £ RKELMRERY
Fig 3 Rescue of full-length CHIKY infectious clone

WAL Z 2R Z K (P ED, R T IJLRH W E ks 8 th CHIKV ™. 20104, CHIKV 7)™
BRSNS . P T 1987 A n i — A B E M ARIDE T —0h S8 B A2 1 , 12 0% 0135 156 191,
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A CHIKV-LN B BHK-21 2 BHK-21
—— s
M e 0 SO
o 1x10° " hpi. ISP
2 £ 10 7200 [~ TINE
z £ 55000 .
55 :
D
5 &
=4

10x 10%

4h 12h 24h 36h 48h
Time after infection

D E

— VeroE6 VeroE6
g - y Mo ail s DS
2% 1x10°} v hpi. 7 A YAkl
5S 10 NS3
$= 4300 El
g2 1x10° 4300 i
=2 a-Actin
o

12107

4h 12h 24h 36h 48h
Time after infection
A': Cytopathic effects (CPEs) in BHK-21 cells infected with the rescued CHIKV-LN strain (MOI=0.1) at 48 hpi in light microscope(10X); B

and C: CHIKV RNA and protein expression in BHK-21 cells infected with CHIKV (MOI=0.1) by RT-qPCR assay and Western blot at different
time points; hpi: hours post infection; D and E: CHIKV RNA and protein expression in VeroE6 cells infected with CHIKV (MOI=0.1) by RT-
qPCR assay and Western blot at different time points; hpi: hours post infection. CHIKV-specific antibodies were purchased from Gentax. Mock
represents the uninfected group.

Bl 4 CHIKV-LN B3t J5 £ KRR

Fig4 Growth characteristic of CHIKV-LN

J& T ECSA B (&R /h/mIEFEH A, 20194, &=
A8 B T T RO BT N BB Y CHIKV AL 1%
B2 1 3k 112 451, Herb 21 491 19 4 ) 1) A 1R
1) 2 3 I R A £ AT Y R AL R R ST 2008
—2020 4, & B B T 2 200 £ 6 555 A K
CHIKV 9 1] , 5.1 3= BEAE v 7 74 B R AR B 1L DX, Bl
Je 2 1) A v L RS L SR Y p VR IR 1) PN R R Y
B, HLBE A & AR AR AR B e o PRk, X
F CHIKV (4 B 38 TAE T 51 L.

CHIKV TE A% # 2 # vh 2 4815 38 W P 248, — 4>
F 4 B SR FHAFJE ECSA WA B4k i TOL (B JE ¥
TR )4y 35 R EE E1R (5 226 7 2848 BN TR
G875 Ry B A TR 3K — 58 AF (A5 1 SC A IR IS N R
LB TR R R AR RE T R
JE ] Py CHIKYV 78 4R g K MR 22 &, 3 i T 4%
KA BA MM, s, CHIKV /E b A28 E 2R
SRR Z — , R G i R0 B A2 AR A e . BT
DI HE A7 B 22 CHIK YV & YL i 72 o 7 2 il M i
A O B R I o I st A% o T R A 1 DR R
S5 RE AR I b 0 FH T CHIKV 37 19 98 728 25 4k DL X A
KREURFHLHIE 5T

J2 1) 35 2 2 AT A Sy BF 5% 06 7 45 4 DA K ) RE Y
HE T H CHIKV /E RN —F B IESE RNA B, 2K
FBL#y 12 kb, XF TaX KK R B 431 v B U A AEAE
PCRY 4B 25 5 B 52748 | 7 Bt 45 TR M LA 2 40
DNA F3F [ 5% A 38R AR Y ) 50, W] B3R K1 43
it SRCHLLE 0 T G 0 S

AR B9 38 S 1] 38 A% A A T AL A T
SRR M T SR IR HE DL AR pFK AR Ry 4 A
AR F I B, T4 & T 5 B 0 B RO R
AT RET BR AN G o Tk . AR RO R R T
T7 )8 8 FAE 0 A%k 0 s 8+l 7R S0 & B
A RNA JF % G 4 i, 45 68 0% 76 i BT A 4% i 17
B, O G b A ADL R A R L AR T AR RO T
R AP PR B CHIKV i 4w, 35 8 107/mL.

Z TR FR GEBR T ORE W BIF 5T 0 6 45 A AT RE 2
GhRREA TRIBAMESE . BT HREEA SR
RUCTESE R T S ARG M R 1 2 R A 268 Y
K 2l 7, B E AT DK B 58 DR A & 268 W JE A
JA BT 25, 7 A AR R A AR 3 N mRNA I3 15 A
N H A, B H PR A mRNA R 8E A 7E
B I ) Y PR RE 3 KT o B T DL 2o ) B
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