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Inhibition of severe acute respiratory syndrome-associated coronavirus replication and

infection by plasmid-mediated siRNA
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Abstract: Objective To inhibit severe acute respiratory syndrome-associated coronavirus ( SARS-CoV) repli-
cation by constructing specific small interfering RNA (siRNA) vectors which can induce RNA interference (RNAi) .
Methods The hairpin siRNA template oligonucleotides that target SARS-CoV were designed and synthesized accord-
ing to the whole genomic sequence of this virus. The products of annealing the hairpin siRNA template oligonucleoti-
des respectively were cloned into vector pSilencer 3. 1-HI to construct the plasmids expressing siRNA. After these
plasmids were transferred into; Vero E6 cells by DOTAP reagent, the stable cells expressing short hairpin siRNA were
obtained by using hygromycin ‘selection. Then CPE and MTT experiments and plaque reduction array were conducted
with above cells. Results The sequencing results indicated that the sequences cloned into vectors were identical to
the expected. Combined with the negative control, the number of alive cells transfected plasmids expressing siRNA
increased dramatically under SARS-CoV attack. Conclusion The inhibitive effect of RNAi on SARS-CoV replica-
tion may provide us a new strategy to prevent and treat SARS.
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TEIZHLG . AN S AR dsRNA # Dicer BT E Y 21
~23 nt /N5 F T 48 RNAs (small interfering RNA,
siRNAs) J5 , siRNAs 35 {4 i il A 23 58 &9 AL RNA
755 1 2 BT8R & 4 1A ( RNA-induced silencing com-
plex, RISC),#RJG 16 LI RISC i1 ) siRNA 25 (1) 5



92 = F E K

27

w % i

FEC T B S b B BLA (R IR T B A i AR R B
P R R T ER ROV . B AT, RNAG HE AR R R+ il
SR E R R A ) TR IR IEESOH
T AT VAT M SC R g b . JUHORALE T
S-S (1 JE U S5 B 5T 400, A1) P RNAG 5 A SF 45 S5 9 40
4| HIV . HCV , HBV F B0 35 04 & 1 M B 1 ek
BTHERINR " . 5 HCV AL E , SARS-CoV
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1.1 itk 3ERE R kide SARS J& 7

Vero 6 41 M1 [ ATCC; DMEM 1 37 3 1l iy 4 1fi 75 6 A
GIBCO 7% ) ; ik /I % J¢ 45 #4] RNAs 1 siRNA JFi KL pSilencer
3, 1-HIM [ Ambion 27, %F0RN AT 4 # F T i 3 A VI3
A5 F01 3 843 5 8 Hind Il F1 BamH T 863 45 ; SARS 5 7 bR
R BJ-01 H , 1 ZE 58 5 25 Ak 2 Bt A 00 R0 4 7905 TF 90 O 4 % 9
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T4 VSR K R HI M A V) ES Hind [T . BamH 1 W4 [ Takara 2y
71 s High Pure Bk B4 & JEF /& DOTAP W3 A Roche 23
LS EE NEEN A A TARMIT BlF]E A Sigma
AT LA MR o PR T i B B R B I [ GIBCO 22 ]
1.3 &t .4 A siRNA 451

SRS RS WSk [8]. R4 pSilencer 3. 1-HI ZAEHY
(SR A — B0 S R P AR LR Y L 1S 55 ~ 60 TN
HLAFEAL TR , 3P 2 B RN 60 & %M 31 I 3L TP &
SeLEHIES SRS R R EF . RAIEFES LA T 8
St (D1 54k : 5'-GATCCCG CAGCCCTATGTGTTCATTA ticaaga-
gaTAATGAACACATAGGGCTG rittt GGAAA-3'; D2 54 : 5'-AG-
CTTTTCCAAAAAACAGCCCTATGTGTTCATTAtetettgaa TAATGAACA-
CATAGGGCTGCGG-3' 3 @3 B fiff : 5'-GATCCCG CTCACTCGTGAG
CTCAATG ttcasgagaCATTGAGCTCACGAGTGAG 11ttt GGAAA-3';
@4 B f: 5'-AGCTT TICCAAAAAACTCACTCGTGAGCTCAATGIe-
etigaaCATTGAGCTCACGAGTGAGCGG-3' : ©5 5§ : 5'-GATCCCG-
TGTGTACAACTCCACAATG ticaagagaCATTIGTGGAGTTGTACA-
CAmitGGAAA-3'; ® 6 F i : 5'-AGCTT TTCCAAAAAATGIGTA-
CAACTCCACAATGtetettgaaCATTGTGGAGTTGTACACACGG-3' s @ 7
B4k . 5'-GATCCCGAGGCATACTATGTCTAAC ttcaagagaGTTAGA -
CATAGTATGCCTCuatitGGAAA-3'; @ 8 5 i : 5'-AGCTTTTCCA-
AAAAAGAGGCATACTATGTCTAACtctettgaaGTTAGACATAGTATGC-
CTCGG-3' . ik FRILREFFI R S 4PN BamH 1 WY
{378, FE SR Hind T B 0L 5 /NG HR4T RIE U A Je 45
FE B P B e o B P 0 LT 1) L S, PR
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7, ECTEE K 400 pg/ml. 10 d 5 e E AR E () LA R
oPE A AN i
1.7 4m Ay % 2 & (cytopathic effect, CPE)
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FEFE 2 x 107 [ SARS {5 H# ,37 CURHH 2 h, Fem s, 8 i
1. 5% SR8 Fe b 35 4k, PR 0 (B 5 R B S R, WH (72 h )5)
DA HRPE£T I 0 2 PR
1.9 MITT %5

IR R T ~ IV 5 20 A e Bk 20 0 43 Bk T 5
A 96 FLAR , T 100 400, AR 7 8 7 At RAL CIn R e e
ORI ) F 3 425 1AL ORI ) o 5 SARS T 4 #5 1 J
Wkl 107" ~ 107" HEAT 10 5 R 50 R, S8 545 A (] ok 32 ) 7 e
AT BN BRI 0 7L o Cof BREFL AR ) L TR 5D, B — R
T 4L, A CO, BT TR, 3 d JF B &R, IF LIEH,
HNEEFEE 100 0, MTT H(5 mg/ml) 10 o1, ARSERTE 4 b f5 57 B
0 B IERR 100 /AL, BR 4% 10 min, FEEHRL L, B 570 nm
T2 A, A FLEEEE Dy ) o
1.10 %it$FFiE

BB & + 5 257, 00 FH SPSS SE ik {4 X T 18- HE T T
HEHEmT.
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5 AUEE DNA B 5 240 £ 58 5% L 6 L) (37 450, BT LACHE A 95 B 8%
2 T4 FEHREE £, 75 fK DHSo, 76 4 M &N 8 A T L5 R
BUG B AT A K/ — 19 20 A~ BE P 058 e 1 7% & i
R B AR AT T T v A S e SR 1 ~ 4 B2 b Y B VR
P74 J5 1 High Pure JRE fili $2 i 7] & 4R UKL, Al BamH T /
Hind [l BEATWURGVD -, B e tH 30 & T ~ IV 5 H i 1 B B
PECRERE (B 1) o 2E— 00 452 , L% S ik ok I 751
[ ~ V53X DNA 1 B 81 5 8 A8 T 77 1 58 42— 3, OF
R s 31 O A o7

2 000 bp—F

M: DI2000 DNA marker; 1 - 4: Recombinant plasmids from No. [ to
No. IV digested with BamH I and Hind [ll respectively
E1 1 ~NSEHsRNA TR W EY) & E Bk E
Fig 1 Electrophoretic analysis of double enzymatic digestion of
plasmids expressing siRNA from No. [ to No. IV
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W3R 1~ 3 JIraR A b ot IR AR S 7 e BORE Y Vero E6 40 i
24 WEZERETETEE 107" ~ 107 ED B CPE, 72 b J5 7 3 FRdsh
FE e PR B A B L Y B CPE, T EL CPE FRAEAE R ™ @ L M
I ~ WS40 24 h J5 ¥k BB CPE;48 h 5 78 i e 9 7 15 1
THBREAFEY CPE;72 h J5, [ 540 M7/ #8107 15
(LA 4SS CPE, IT .11 . IV 540 /0 CPE #5455 # % & 107",
AT, T ~ V5 siRNA JH LK % s 24 A 40 il 2803 L BE {74
M, (AR SR A 22 R
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Tab 1  Cytopathic effect of cells at 24 h after virus attack

Dilution ratio of virus
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Cytopathic effect
Control Vero BB cells +++ 44+ ++
Na. I Vero E6 cells - -
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Tab 2 Cytopathic effect of cells at 48 h after virus attack

Dilution ratio of virus

10" 1072 107* 1074 1075 10°% 10-7 1078 10°° 10-
Cytopathic effect

Control Vero F6 cells 44+ +H++  +H+  +H+  ++ + + + - -
No. [ Vero E6 cells +++ ++  + = & = = e " -
No. Il Vero E6 cells ++  + -
No. Il Vero E6 cells ++ + = = = = - = -
No. IV Vero Eb cells ++ + +
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Tab 3 Cytopathic effect of cells at 72 h after virus attack

Dilution ratio of virus

10°1 1072 1073 1074 1075 1079 10-7 10-% 10-7 10-°

Cytopathic effect

Control Vero Eb cells 4+ 4+ -+ 4 e
No. I Ve E6 cells +++ ++ +H ++ =+  + + - - -
No, Il Vero E6 cells +++ ++  ++  + - - - - - -
No. [l Vero E6 cells ++++ +++  ++ + - - - - - -

No. [V Vero E6 cells +++  ++ 4+ + - = = = - =
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RFEYL TR Vero E6 1 M AS 11115 75 1 TG 28 BETE A, A
2% 107 Vi FERTEE AL ANMOTE A 18 S BE; T ~ IV S 4 Te i
M2 BESC AT .7 £2.35.5.33 £ 1.80,3.66 £ 1.52,3.3+ 1.15 4~
(B K8 ]) . S50 JRAE EL , 25 BERCH I sl b | L WA
T~ IV 540 P Rl e s 7 40 B B 2 R (P < 0.01) 9%
EE il e AN 2 2 T A R
2.4 MIT %8

Pt 5 90 T T EEE ST R I, 45 7L Do (Lt AS T T35 L (EL R AR [R)
FAEF T~ VS AR AT T A Y TR Vero B HIHE: Doy B
PR HRR A T TG 3 = 0 2 AT ML e S /%) R
AL G, T3 A FLAN AT 36, 22 i il 2R B () 2) .
MEAT LAV RE A, 1 ~ IV 540 M A 175 220 B0 I 8 X B A e
(P <0.01) , 77 3 75 76 33 S 200 i o 32 31 [R) 72 B2 3 )
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Fig 2 Survival curves of different cells
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SARS-CoV [ 2T 5 C 4 E . ZREN
IEHE Y HLEE RNA S8, B il i A 284 DNA Hr )4k, {ff
FRPRHE R TS T, ZEF 4 21 29 727 bp, H A SEEA 5
AU IFH) RS HNHN 37 A 51 5 HE R 4R X A4 4
FREEHE 5 E R 1 L, S 11 A 0 i fE
(ORFs), S 1 B4 28 550 bp, 8 ANFEL4 M 96%;
ORFs 43 B 4if% TG EE I ThAE 5 FAE S ME . A
[ IR A SARS %5 B #k 1) 3 B P 31 2 AR — 30, R %
TR A LR & A SARS s SR IA AT 2
BA —3 e, A E SARS-CoV FY 45 s #54 F T )
RNAi e XF 200 Ml A 9 2 204 7405 S P 0 o 3, R e 3
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(I3 T %1% SARS-CoV JE R 7 4 ST HAEF, B
TERTE R LA BT O 15445463 (£ X}
leader 3£ ;@ 11 5 : 766-784 (%1 %t leader FE[H ) ; @ Il
5 111851-11869( 4 Xf nspd HEH ) ; @ IV 5 : 13574-13592
(CEFXF RARp JE[A) o e 33k 4 e 4] (1 it ) J L 20 5
AT LR 2 4 “A7IET,GC F B E 30% ~
50% , AREE A ESE 4 T ELL BB T B3, IR
FEa) 5 AT, X FEA A AT BESR M RNAT 15 43K
Ri. (A1, By R 235 ) siRNA 7 A4 19 T4 7E F He
b2 4 B siRNA EHRPA AR, BT ATRATH Rk
/N JEEER] RNAs 7518 T 204 pSilencer 3.1 ) H1
AT, M E TR R B R siRNA.

ALy 4 T P A8 A8 L 23 BEFE AR MTT 3258 19 45
AT DA A 00 e 4 Bl siRNA KL Y 41 i 30 X
SARS 75 A HEHLIE FH , TEAA X 26 FRCRL7E 40 B P &R A 4L
Feik /N & Je 454 RNAs, J5 & 800 TALHE A siRNA #
SF SRS SARS-CoV 3 Y RNAI 20, 5
FopT A N 2k 52 B, X 4 MR A T R
YER. T ~ IV B RN SARS %5 3 (4100 il R 43 91| K
61.1% .70.4% .79.6% Fl 81.6% , X Fi & T P 1 4L )7
Z) 75 H0 35 R e BRUAS TRV 1 7= A A ) R R ) B A
(BN . IR R E X Leader BEERERE M [ 5
ST FH =4 T HRZER M TR LITE
LERF H A TEARFGTE HOBF I8 Pk & BE Leader X9 55 (42
SRS A A EEAE A, BT LT E W3R IK R
T RE RIS Ho A2 0 00 00 1 400 ) 280, FRATT 0 5 SR AR 55
TiX—f. R nspd FITHEE M ATERE , (ELEH R AT
FHBRE WAL . RARp J2 RNA HKHi 1) RNA B4 i,
SRR EXEEMNERA A eSS —SEA
e R S AR HE S, B LA E R TR R S
PR, AR 4 Rk siRNA 3051 59 S R T PR A
B BNFRIE ERNZA 25% 1)L R|— & THRCRIA
3] 909 LA I # siRNA $E/F51, i SL i ah B 5 B A
i S X R B it — A e — e B e L
B (T4t e A A3 A B ) el R ReR, 4
A ] S 2 EE A TR EIT ) RNAL 300 .

5 WA 2 T R S AR B KSR s T RE T
FIFIRL , SARS B TR L) 1 B 17 4R 2 1 R 1) it 7
FTERIRIGHH 3 ~25 K), ik KRR RZhiE—H
PR, HR NK 40 AN [T B DC 4 A A B0 i 2
RES TR . KRG W T A ARHEHT IR A Y
FEGL, — H BN, SARS 95 55 5 42 35 w7 A 35 K
R, AT R I A2 0 4 0 FIRAE . B A 9 2 1Y
AN ], B AR AT AN AL, R TN B
DA M6 SARS 9 75 (10 & iR 1A TT 0 OCHE . AT N
SRA AR SARS J 85 1Y FRL 2235 ) siRNA 755 41l g
FEHE RNAG ZLR , AR T B A 280000 il 975 75 52 1, B ARG
FEARAT , BELAE D, DA TN A 3 1, R L

(KB TR e ThAE . [FIBE, 7E A& 0 LA (A 2 15 siRNA
() JTOREHEAT BE PRAST , v LA SRR, R ER
SF BB E St (E] . 540, X iR ] DLkl IR i<
] ) A A e P SRR A IR T RO SRR E 4R
AR R s E R0 — R EIE R SW R E G
B, BT RNAI B4 R, S50 T 33K siRNA TR 40
L f19 1 ThRE A2 Z B S, B LUK i B0k 8 H T
TRl SARS RMETEE

HRiTE 1A 1697 SARS IR & 2y, £ B & FE X
FEHEAT & PP S FFIAIT - 1R RNAI A0 | SARS Ji
AL AR AP 40 M G A 7 T, TE (RS B SRR
SE, XCH T BE IBTF SARS $R A TET AY S8 B AT k.
Qs Ar Ik SiRNA AR, 1 G FH ARG 2 3 1A 4R 5
YL RCR I B B T AR E S FE Sy
YEITHR S A4 AT SARS B9 RNAI 1 Ry 3 RGYF F
B A AR .
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