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Construction of lentivirus-mediated multi-shRNAs vector and
evaluation of anti-FMDYV in vitro and vivo

ZHANG Xiaoxi', LI Lanyu', LIU Qingyou',ZHENG Haixue’, LI Xiangping', CUI Kuiqging',SHI Deshun'
(1 College of Animal Sciences and Technology, Guangxi University, Nanning 530005, China;
2 Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou 730046, China)

Abstract ; [ Objective] The study was conducted to investigate the inhibit replication of foot-and-mouth
disease virus (FMDV) by multi-shRNAs expression. [ Method] Three shRNAs were designed and chemi-
cally synthesized according to the conservative area in 3B and 3D regions of FMDV ; induced by three dif-
ferent promoters respectively, they were constructed into a multi-shRNAs expressing lentiviral plasmid.
The anti-FMDV multi-shRNAs expressing lentiviral particles were packaged by co-transfecting the three
plasmid lentivirus packaging system into 293T cells. Infected FMDV into lentivirus-treated cells and
suckling mice, inhibitions of FMDV were observed. [ Result and conclusion] Results showed that trans-
genic BHK-21 cells were obtained by infecting lentivirus. The expression of shRNAs in transgenic cells
was detected by stem-loop RT-PCR. Inoculated with FMDV type O, the transgenic cells were proven to
have an obvious inhibition to FMDV replication, which could reduce virus growth by three folds (24 h

post-infection) . After infection of FMDV type O strain into 3 —5 days suckling mice, no mouse mortality
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was observed under 5 LDy, titer, and survival time of the dead mice extended compared with negative

control under 20 LD, titer. Based on the above results, it can be concluded that the anti-FMDV multi-

shRNAs expressing lentiviral vector can improve FMDV resistance of BHK-21 cells and suckling mice.

Key words : foot-and-mouth disease virus; multi-shRNAs; lentiviral vector; anti-virus

1 B %% ( Foot-and-mouth disease, FMD) , 2 O
52595 3 ( Foot-and-mouth disease virus, FMDV) 5|2
8 LA 5 A Sh 0 A T2 0 e R e B A 1 A
FIBAL Y TEE PR B2 B E L 2N R T
/N RNA J%5 758 FMDV J& , /5 O il A %l C Al SAT |
B SAT I SATII B} Asia T F%E 7 A~ ifiL 5 74, 70
ZANTAY R 2 (8] TE A8 S AT s 2 A A Fi ik
B YLUER] A 100 ZFh Sy n] LU Ge. 1B E Bk
L sh ) T A 4H 28 ( World organization of animal
health, OIE) 5112 A KWfEGR 2 8. 25 B4R
T BT FMDV A [] 35 PR 40 it 01 20 ) 55 A [) 7K
Xt RNAQ #t FMDV &R EFT T BT RHER . A i
EFE A siRNA 30495 7 52 1l AR 7 i
2 (i 7 R 8 S 1 7 £ RNAL i, 5 20 25
e O TR TR R — Il A, AT A A
DRI LA IX s [ st A AS [ 35 R 37 o R PR
ZHRER N ZEV TR, BA ZEZH 451 1) shR-
NA Zp T HEAEA A P B H T A siRNA X $LEE [ 14 10
12803 5 5 i shRNAs 38 e e ] 2 45 [N (1 ok 28
TR B S s 7 2R A8 75 AR IR T R 5, BB AR,
FE KA 1 0 PR 3. 2008 4, Brake 45
XS EEAT 2 JLF shRNAs DUAS [R5 3l k17 2
i shRNA L3k AT HIV-1 5261, 4550 0% B, #ilk
HidgA> shRNA [ 363K 55 B L TR 31X 28 shRNA &%
FIEAR—F XAERY 2> shRNA HR IR B IR BT
] DATERG AR A 1 S5 T AR SE T shRNA 3£
IRAYRCR. A5 4002 B e B2 DR <1 1938 T3 shR-
NA 0L, LA shRNA R R TA I 4B X, 1
A FMDV [ shRNA Rk #8044, IF H o6 &k iy
sIRNA ZEARSM A Ay 40 ] 11 B 3 9 2 &2 16 %) 8 g ik
A1 T VPAs D itk — 25 AR P T R e B I K B B
N30

1 #MREFE

1.1 FZi#r#

P e 3 R AL 2k R 48 (pNRF  pVsvg FlI pSi-
coR) 293 T 41l fifd Fl BHK-21 4 ffd ply ) 78 2% 7 $4is
PN AP PR AR 5 AT E K S A AT
173 IR B4 Lipofectamine™ 2000 . DMEM 4 it 4% 55 3
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K435 (FBS) Sy [ Tnvitrogen 23 6] 7 i 5 i 56
FHEE /N BREh ] Aol B 2 B == -5 = AF 5 T 4
HE. Fr A W e FMDV G 5 B S5 78 v [ R0k B B
22 P BT E 5K 1 B S 2 S S R T

1.2 FEKWHE

1.2.1 4% 0% % shRNA B O Asia 1,
AL C SEIM % AN [A] 8 Bk 9 FMDV & R 41 )% 47
(AF189157 . AY304994  AY593751 Fl AF274010) , i
ARSI I 5L 3B 0 3D MR SE X AT 3 B
shRNA | i1 #5704 073 25 R4 A B 7] 6 .

1.2.2 ## % shRNA $ B o #E Ak RE W
K4 TSK 5 3l 1 (IN417658 ) | 7K 4 U6 Jii 3l +
(IN417659) LI %25 U6 i 3T ( DQ150532 ) 4 il 122
7E3 /1 shRNA (15 5" %5 £ 3 21 shRNA 2 ik 4E 53
106, LIS B A TOREL pSicoR Dy A H AL MR 2
AP B shRNA 363K 2544 pSicoR-3shRNA. $k15
[ JiT kL pSicoR-3shRNA J& 18 9 7 R 44 1 28044 ot
1.2.3 a¥Bsmasnl @A ¥ 293T 4EEt
2 HSEHTA R 55 L b, {5 293 244 Jfd Y B g )
Has D AR S YL i R TR Y BT RS AR TR 3
TR pSicoR-3shRNA 5518 455 2 40 kL pNRF £
JEJFRL pVsvg DL 2:3: 1 [ L il 3055 25 293T 4ff it .
HUL)5 24 h MERDEEG L. BLRT pVsvg FRIBTE B
TR ST FE 293 T A AR TE , (HAS 52 s 35 1 JE
B B SE 72 h AR B35, 3 000 r/min #.0
10 min, DL ABRAAIEE - ,0. 45 pm JESF L8, Hrp—
INERGT 43BN S00 WL/, — 80 C AR R AT I
10 L %5583 )5 W H Reed-Muench 325 31712 i 25 1% B
e .

1.2.4  #)&1% 55 5/~ 546 4 B BHK-21 2965 4o
shRNA &% K 500 wlL k35 5 BGR in A BHK-21
ARG SR R R D R IR A5, BT
37 C CO, JEFHMMEE 12 ~24 h 5 sl &R 5041
37 10% FBS 5 DMEM ¥ 3256, &L 72 h J5 il 10 5%
S U L% A it 2 D' 28 3 17 0 5 8 2ot 3t = A it 4
o3k, 15 B 3L 41 ML & (BHK-LV) . #IHZE - 3%
RT-PCR ¥, LA U6 JEFAE R NS IER Kl 3 4% shR-
NA FR 0L
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1.2.5 #4] FMDVZ}_ BHK-LV % & F W&
BHK-LV 1% BHK-21 401 2 x 10° mL ™" 43514
FF 7 A 24 fUAF, 24 h 6 O B B K 7
HKN/2002 DAFE4IMI 5 x 10° TCIDs, Y Lo i 42 Fh T 41
Hirp. o3 AR RETE S 6.1218 .24 .36 F148 h 440
BT IR A5 H 200 pL WiCER Y AR IR AR R
96 fL RNA 2B+, I QIAGEN 4 [ 3l =yl 1 2% R
P BT AE 0 ( QTAxtractor ) 2 BUEL RNA 5, W BSR4
BUR L RNA MR Shaw %51 (1 SCEkARE , FiT Super-
Seript [l /Platinum Tag One-Step rRT-PCR 77| & k1T
JE B PCR. AR A CHRIE ™, LI FMDV S 4
i 5" s UTR XA P9 e 81 33T TagMan® 5]
) (SA-IR-219-246F F1 SA-IR-315-293R) LA M ¥R &1
(SAmulti2-P-IR-292-269R) . £ £ PCR i{ig 2%
SuperScript [l /Platinum Tag One-Step rRT-PCR iz 7|
AU A kAT

FEHE PCR WA R E B H ] Stratagene®
MxPro™ QPCR # {3545 st FMDV &2 il ity vf
i 2 [m1 U5 07 R 158 LR BRI ] A 5 RNA 5 D1
B, A0 b O B FMDV 1 ~48 h P % 7 52 1 it
1.2.6 a3 RmaRke L& FMDV 3%
B AETUAR R, Soxd FMDV 7R U5 T Y B W
/N B LD AT R IE. B AR YOR FH Y O #Y FMDV
JEB A PBS 22 vhif AT 10 £5 5 B, I H 10° ~ 10° Hi
FERERR R T 0 B 4 HUN BT S5 B2 T $E
ﬁ‘ FRAAABE 1 /N BT A B R 7K 7 S A o BH 2

BRI S 72 h WS/ INERBE TG L.

HEREE > 1 x 10" TU/mlL {44kt F 18 99
ik (LV-3shRNA) Fi] PBS B¢ 10 4%, DA% 2 0. 2 mL
RS B TS 3 ~5 H L L, B Mt BT
PBS (A #E e (3R 1) . 4 LV-3shRNA 4b3{ 24
h )5, B HELERSUS KR 2301 41 5,20 ,100 i1 000
LD, % BE ) O & FMDV 0. 2 mL . 257 B 41 7L Bl
D1 EEHG 12 .24 30,3648 72 h /17 d W%
LV-3shRNA 25 K [k %of B 2 &3 B 4P BR B SE T2
OL. 7 d JEREA R A e 1 HFLEL SR RNAL
SuperScript [Il /Platinum Tag One-Step rRT-PCR iz 7|
EHEATIEI E B PCR ARSING 75 35 4

*1 RRIRNSA
Tab.1 Grouping the experimental suckling mice

A FMDV Hef 7L S

ikl

51D, 20LD, 100 LD, 1000 LD,
LV3shRNA 4 4 4 2
PBS([ITEA ) 4 4 4 2

2 HBRESH

2.1 % shRNA BEH ARG RIEFAEAE

R H& GenBank | O A FMDV 3t [H 4 JF %
(AF189157) , 345 3 4~ FMDV HE45 48 5L K] 3B
3D ESFIX A (1) 3B X3 5'-CCT GTC GCT TTG
AAA GTG AAA GC-3' {3 F4 900 ~4 922 nt;(2) 3D X
#H 5'-GAG ATT CCA AGC TAC AGA TCA CTT TAC
CTG CGT TGG GTG AAC GCC GTG TGC GGT GAC
GC-3' i F 6 934 ~6 992 nt; (3) 3D X I 5'-GAC
GAG TAC CGG CGT CTC TTT GAG CC-3' i F 6 892
~6 917 nt'" . &3t 3 4~ shRNA, HF 51 4nE 1A.

a3 K% A 3 A~ shRNA H K791 f5, 15
| p18T-3shRNA , [f] Xba 1 /Not T XI5 30 (1) F Bt
(Xba 1 -bu7SK-Consl- buU6-Cons2-boU6-Cons3-loxP-
Not 1) %11 298 bp. 2441 11 % shRNA Fik (&
pSicoR-3shRNA #5414 1B.

T e R L L [ CAAGAGAT T TCACT TTCAAAGCGACAR
AOAGOGAAAGT RRRIAAGT TCTOTAAAGTGAAAGT T TCGGTGTHEY

AAGTTCTCTTCCATTTCACTAGACATCG]

Tt TCAAGAGACAAAGAGACGCCGGTACTC]
IR G T TG TaTar T ToToTacaa00AT oA N

Cons2

Kpn 1

pSicoR-3shRNA

HV-1 5'LTR RRE

HV-13'LTR

A :shRNA J¥51; B 5t B9 shRNA 342044 pSicoR-3shRNA 244,
Bl 1 shRNA JF50FIHT 1B 2 A A

Sequences and expression vector constructions of multiple

FMDV-specific shRNAs

2.2 FHEFZHA BHK-LV §l & MPAEAaRIEKRT

N QTAGENE 2 N8 2 BURL 4l Ak iR & , 4815
5 JE B 1) pSicoR-3shRNA . pNRF 55 pVsvg # A k.
3 e EE BRI g 293 T 41 ff, 72 h J57E950
{5 B AREE 488 nm P HEOE T MG AR (4,9 R Gk
FEOL, AN 2A B, 23T 100% 11 293T 21 it 460 5]
SR04 A 22 1) TG W I ) R, 4t M B S s
225, VLN C 20T 06 AE 7 08 0 B UKL, IRl
RN FR B, B 0 e IR . K R R AR 1Y
18 s B IR, 84853 250411 30 000 r/min B0 30 min
J& , 1 PBS F R REDLIE , 15 ) 40 A48 9 1 2. 21
)5 12 5E PBS M BRI 1 I 5 25 R 4n 18] 2B. i 2
DE 25 3R BoR , A28 1Y LV-3shRNA 1835 75 28 {4 7
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BE K2R 1 x 10° TU/mL.

12 M i (A) SOH D E (B) 45
Fig.2 Lentivirus package (A) and titre detection (B)

FHAR LR 029 7 i sk s BHK-21 4t , 289
UM 2 IS, PR 20 i R 420 100% (1 3) . W4k
PR3 LR 20 s BHK-LV, 42 JCEL RNA | B I 25 - 3
BEAT LR E B PCR. @& PCR 4558 R, 3 41Xt
FMDV f#) shRNA 7 BHK-LV 40 jiti th 34 33k, T #F
-3l BHK-21 i L% A k. Hh# 3 4> shRNA
(AR X} 22 35 i, & B Consl AH Xf 3% 3k & fe &, 1M
Cons3 [FIRTEAHRT AR (1 4).

A B
K3 POt RS WAL N 40 BHK-LV (200 x )

Fig.3 The transgenic cells BHK-LV under fluorescence micro-

scope (200 x )
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otllNs
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ShRNAs

B 4 #EFEPYME BHK-LV o 3 4~ shRNA FikH
Fig. 4  The bar graph of the expression of 3 shRNAs in the trans-
genic cells BHK-LV

2.3 FMDV ZERHERAMAE H/1ER

HEAE 10 fi586 BERR RS S bR i B A 19 C, (E RIS
DU AR HE T 2 S [T H 7 #, y = - 3. 4161 +
42.850,R* i 0. 998, Jf EHLiT 4 H 519 9 B R0R
5 96% .

FH O BY 17 B 95 i HKIN/2002 Ja e i 5 TR 44 i
BHK-LV, 2} %I7E 1.6 .12 .18 24 36 Fl148 h % 7 i}
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SEEIY FMDV 35 25 75 4% DR 200 i 70K 36 200 i v 2 )
L. 45 9L R, 32 107 TCID,, O % FMDV 387 )5 6 h
imF, &5 A dilh 2k b 2 Fhanfops e RNA £ 01 80L
T 2200, P X — B[] 55 AT #E R shRNA A -5
FoEE A i 22 7 0 06 A, BGISE, 2 A0 60 i B
RNA #5 DU R 124 1,50 x 107, 7E4% 7 )5 12 h At
S FLR A0 BHK-LV g e 45 DUV S A0 T8 3 240
fifd BHK-21 "5 7. 1M 24 h i44 3% B 20 it BHK-LV
HH A B e/ 0 2 E 20 i BHK-21 TR 2y 1/3, B
FI| 48 h I KL DR 20 AT 3 B LR — o A R CR

ik —=— BHK-21
12 —e— BHK-LV
> 1r
£ 00
= g
® 7t
< 6F
Z
¥ 5t
®w oat
£ 3r

2 -

1 -

0

1 6 12 18 24 36 48
FMDV g3 J5 bif /] /h

K5 FMDV fEF 5L K 40 i BHK-LV Hhp 52 i il 2k
Fig.5 The application curve of FMDV in transgenic cells BHK-

LV

124% 5 LV-3shRNA 4123 R #9351 FMDV &
*h
BRI LR 72 h MERLE R B R IE 10° ~
107 411 B W1/ BR B8 JGA7- 35 , i R B 10° 414 2/4
/N BRAE G , 4 2E 1 P %o B /N RO JE 6 4730,
SEVZALK FMDV (1) LDy, ky 10° 75 R
Pralifk 5 i LV-3shRNA 28 PBS ik, Hi 5 f2 K
S0, 2 mL 56 FL B (LV-3shRNA 41) /& PBS kb#f
Y BT BRZLERL, 72 b J5 2340 51 DAAS [6] 35 B2 1) O 7Y
FMDV W# , WiE 3L B 7E 25 B[R] 5 &0 st el st T
MO R 25 R B os, #5572 h N NC 478 5
LD B T A 2 HELEURRNSET: , 76 20 LD, % B2 T
TCFL BUFES ;T LV-3shRNA ZH7E 5 LD Wi 3 A
FLERARIET: 75 20 LD i B T A5A 3 KL BTG
457 K b LV-3shRNA 4l 7% 1 000,100 .20 F1 5
LD, i B Bt i, HEAE T 2L BRI A7 38 B[R] AH Eb NC 41
YA i 4 (&1 6) . 740 B2 N B ALZE B 1 2 3L B
), B R AR HR B RNA, % 3D KL P 5 B K 0 45
R, 7E 1000 F1 100 LD, 3% B 4, LV-3shRNA 41
FESL R BE 1 A loglO {E 7351 8. 1 A1 7. 4, T ]
PEXoF B LA s [ 5 0 B 0 30l R 8.1 R 7.5, 7

2.4
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SHBUE TG 5. 25 22 5] i LV-3shRNA 41 20 F1 5 LD, ji%
JE PIAE T L B MR AR ff o 5 7 2 19 logl0 {H 50

Ak 5.4 F1 4.6, X BB AR T FHPEXT B4l At T 3L R
e h %L (E 6.9 Fn 6. 7(&6).
g5 | # E | %% [12h 24h 30n 36h 48h T2h 7d
1000LDs,
100LDy,
:
= | 20LDy,
175
g
5LDy,
R
1000LDs
100LDs,
<
z
£
= | 20upy,
5LDy,

IR R, ORI, EOFR AN, B EFRRPBE, AR
(e BRI T AR 8. 25 Cate B i 801 o L SRUI A 2 5 L 4
{9 logl0 (.

K6 18 ab BFL BT FMDV fE A8
Fig.6  The detection of Anti-FMDV ability of lentivirus-treated

sucking mice

3 e

AT Y% Kahana 2 A58, 363 T 3 4 shR-
NA, HFHFT e 1K 25 RNA B4 1L 5 3 75
S A O I SO S IR S AE TE 40 I 9 S SR A
sIRNA, D) ik 21 42 5 40 g 5L 25 3 4 % FMDV [ 4637t
J1. WAMEFBE T 24 shRNA BIEEIR L5493
Sr BIAARIR B 37515, 5% A 280 B [l i 3¢
IKZ A shRNA, T 44> shRNA 2 3k (1 4% R 5 4>
shRNA Fh IR BIRCR To 35 22 )L S ke B 45 44
— 7 TSR T 2 U e L % 2 U 1 5 7 A0 B 4 O 1Y
G ot 2 i 50 0 4 SR 4 S 6 B A AR A5 S —

THXRE AR XS 27 A5 %) shRNA 3235, RE AT R H %
TR A LR ARSI 3 A8 7 8%
3 FURL RS, M 2 D Pi H B e shRNA Rk 18 9
BB, 18 B AR PR L FE e R BB RCR T, B
BE AT HE YUl T8 22 3 405 BRI 0 40 M, ORI 5% L 4y
GG S T o3 LR IR i, 52 BB AT
TR, BUCA AR P9 RSP I PR 5 A% 1 — B oA R0 Y
T H. i1 F BHK-21 J&2A AR FMDV JBYL i 5Bl
AT e BHK-21 ] 5 %6 J5t DR 4 . 308 3o A 00 e 5
HIZ L 3 4~ shRNA [ 3R3K 6, B IR % 24P H B
E shRNA IR E A B A &, LR IERI ] FMDV &2
R 1 AT A AN B S PE. RNAG (4 FH s 1] 4 F
BEAIII RN — B2 RNAL TR b ia B —
AP A 2004 4 Chen 2515 373 vfr g T 4
%t FMDV %) 1D S shRNA F2i6#k 44 , 78 BHK-21
HA A X FMDV SE il i RCR. [RIRE, B2 K
iT7E IBR-2 A g 4% Ju it %f 2B FE A shRNA Kk
HARD LKA BHK-21 o B e Ah o £ pf ol
i Cocktail 175 & A BT siRNA | Fr 45 45 5t 2 AH L
(9> AEABIFTE T 08 T A A o
SRR ML A T 3R A, 2o T S AR A i
FE TR 20 . 7E % 3 D 40 i BHK-LV 00315 #4342 113k
Sorh, b 1 UEBEE SR A0 M ) FMDV B EE T, A BF
7%t 58 1 3L B 4 4% A 107 TCID,, O B FMDV
(HKN/2002 ) , 3 A~ 5] 5 A2 5 80K I 57) = A9 10°
2 G SR 45 R, 7 R FMDV ki
TR R A B A AR E R 2l 638 shRNA Jf-5E
RO 273 W EE IR, IR BT 50% H 2R, )
AE_LUE B AN 240 11 B9 shRNA 74895 8 20k 115
PIARERIS.

TEZ MK _E B0 E T 1 B 93 18 5 B 2R AR X FM-
DV Byl ae )5, Al ek — 0 7E 3 ~5 Higmy/h
IR UEZ shRNA 23518 995 75 2 AR HKAH FMDV
REJ). ZETAA SCHR B, AATTRE B — 1 X 1 B2
Jpi e shRNA (1% 2 38 TR LA K2 Ji s B 28 14 13 55 A7
B BT R, Z R R FMDV 3 5
BN LRSI TR R, FEFLEL 5 LD, (%K
FIER) DL KE R 50 1D, (CREUL G ) V4R
TRXF B A — s PR ROCR T FMDV 5530 BN %)
N TCAORAPRICR . A0 38 3 8 0, R A e B 4l
IR Z A0 B shRINA R34 18 5 75 0RL , LA Tf
HAES YA b i e Je s8R T Ak B 5 75 2R 19 3,
FUTE 5 LDy, W9 B2 N Y45 247G , 1 EL7E 20 LDy, 1Y
TEEE T AT AN 1/4. XA I 45 AL T Z A Y

http://xuebao.scau.edu.cn



6 SN I/ S AN

¥oE AR

5535 &

FIARIE T B IE I 21 shRNA 3551845 7
ARTES YR NHURTEVE T LL S shRNA S35 B0k
Bl I T 2 AR

Wikt # LV-3shRNA #1951 5L AE B0 2K 45 505 1Y
FMDV $pP, I\ — 8 B B2 bW T8 03 2 40K ) 42
BEEIXF T B 1) B 6 2 A A, X BE— AP 4R
WA~ shRNA ERIKFIBHT 1 B 18 7 20 10
B PR 7 8 B 8 2K 7 R 1 AR At T I M Al
A3 e e e D 7 0 R R K A R R R P RE
X —RARBE T AL
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