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E[HM] EGRAKE FHRER VPL AL VP2 FE R 5 miRNA 0l 4% 44 1 125 [ 5299 9 2 (infectious bursal
disease virus,IBDV) Z A [ 474k, [ TS558 DR L VP 3L N4 7 miRNA 5 2H /& pAITR-RFPmiVPI1
B VP2 R[4 7 miRNA 5 4H 24K pAITR-RFPmiVP2E 5 & R B % 7% (avian adeno-associated virus, AAAV)
B pcDNA-ARC Fl 0 77 %6 B 2% 4K pHelper 3h7% v AAV-293 4 i , 3575 5 2 75 % rAAAV-RFPmiVP1 #l
rAAAV-RFPmiVP2E  F] [F] #£ 77 ¥ 3K 18 R 2 35 miRNA ) rAAAV-RFP Fl 5% & %F B miRNA [ rAAAV-
RFPmiVP2con, F 58 W% 1 /s H 20 5 35 2 AT 3L AU 9 AAAV JURIE 25 ; PCR A ) 45 SR 58 I 5L D 4l b &
miRNA £k & ;28 poly(A) fin 2 RT-PCR A6 Il ik B H 20 g 75 J% % 40 Jifd g 6 18 BE PR 53 19 miRNA 43 i K H
M BE 2 DP B IR AR LR 8 H Y SPF Y IR, SR 5 & 50 B IR BN & A2 T Lukert % IBDV HCEE , WAk XS IR #E 47
IBDV 2H 220 g - HiUR 4 ¥ & (TCID, ) g o 45 RAE #5553 K, rAAAV-RFP Fl rAAAV-RFPmiVP2con 4%
R4 i IBDV TCID,, 4 8. 0 logl0,rAAAV-RFPmiVP1 1 rAAAV-RFPmiVP2E 4% #0141 i) IBDV TCID, 7> %I F %
F 1.0 F1 1.5 loglO; ZE X # J5 45 6 K, rAAAV-RFP il rAAAV-RFPmiVP2con 4% F) 40 iy IBDV TCID,, 1/} K
8.0 logl0,rAAAV-RFPmiVP1 il rAAAV-RFPmiVP2E $: P 41 ) TCID, 53 5 F P& %) 0. 8 1 2.0 logl0, [ 4518 )
rAAAV ZA ) miRNA G IR 5 A 2k, &A1 VPL Al VP2 LA ¢ 5 miRNA B8 2L fH K IBDV & il
K EA GNP, miRNA XGRS A L Y P 12 PG 3 9 9 25 10 il
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A5 Yu Pk v G 2895 (infectious bursal disease,IBD)
S X B — R B b M AL e RS HE R R
b B £ B R o AR AR R LA o 4 A AT TR
B, AH 3K 3 157 P 10 vl 45 2 7 0 8 1 1T 5 | RS X Ak TG
PN YA T, 0 27 S EE R BB B, S RO B
UIRTAN NN I R O G TE R
(infectious bursal disease virus,IBDV) Z: K40 H A B

EE B HREARPAIES (30571373)

P XUEE RNA 5 Be i, 8/ B R Be 4 597 kDa
HAT RNA 55 i 008 05 1 1 4548 22 1 VP 4R
KA A 7 Beifih 110 kDa FiK 25 11, i1 2 4 11K
i VP4 I TS R R VP2 R VP
VP2 J& i 8 (1 E S E 1, 2 58 AT IE L
HEA 20 SO P S e RO

RNA + ¥ ( RNA interference, RNAi) & — Ff 4%

“H{EMEH o Tel: +86-514-87979335 ;Fax: +86-514-87972218 ; E-mail : sunh@ yzu. edu. cn
YEZ B AT LMEME (1984 — ), I TR 5/ A, B0 0F 98 A, 2 B DA e L DAL AR W TR 25 T 5

W %5 H #5:2010-09-25; & [B] H #§:2010-10-26



RIS AR 45 - 2H B MR IR 1A T A miRNA ) £ e A vk T 2 9 0 2 7 X IR PN ) ST /AR oA 4 (2011)51(2) 257

SR e PR ER AL A, BEAAS it 39 1 A 4 i 1) XL
RNA ¢ Dicer Mg M ¥ 21 - 23 A% H LAY/
RNA ( small interfering RNA, siRNA) 5§ f# /> RNA
(microRNA ,miRNA) , iH 5 3f 3 7% RNA i S A9 U0 2k
52 4% (RNA-induced silencing complex, RISC) , i fk.
i) RISC 7F B %% siRNA 8¢ miRNA 5| & T 5 5 40 %
B, 2 E mRNA [ B A s B PR BILAE 7 0 1 1994 4F
RILIOK ,RNAL E 20k 2 68 5 A BF 5T Mg i )7
FILI 25 R e (9 5 A 1 5 BE T o) 249 0 R
FHAY F ZEHEHZ siRNA 3¢ miRNA K P 5 ARR
i o AR B D e B8 48044, IR 1B 7 ((adeno-associated
virus, AAV) A T PE i E ) TRk
o3 2490 DL KA IR A P Rk Fa e S, BT 2
IE T 5 DR o7 RBE T e Al W AR
SIRINA (4 P A1 338 % 8 010 LA O 4 1 P Y
sIRNA 34 5% 0K i JC s o FRATT 0% i I A 50 45 21
~, LLEE 4 R OR s & MR KW B (avian adeno-
associated virus, AAAV) # 4 ¥ 4 X VP1 B VP2 %t
PR miRNA 5 A& IR A0, BB AT 03 i [ P50 53
PRk IBDV B &1L N T — R R
PR YR T AT P AR5 T35 VPL # VP2 JE A
Fi 5 miRNA By H 20 AAAV 3R G IR, SR 5 FH TR 5 ik
IBDV 47 B 4 il e, R 45 2R 5 ik

1 AR %

1.1 ##

L1.1 4 X505 & AdS E1 ERH Y AAV-
293 4iifif g A Stratagene 2\ 5 3 JIR 8 4T 4E 40 &R
DF-1 il Lurkert ¥k IBDV fy 4 M K 2% 5 & 5 B %8 %
AL SPF XY IG B ILAR SER RO T

1.1.2 ki 5@ . 3235 YZ-1 # AAAV Rep Al
Cap it ( GenBank: GQ368252. 1) Wy 1 % Jii %
pcDNA-ARC fiAc = ' " ;4 Ad5 E2A (B4 f1 VA
FLIR (Y %H Bh & 87 pHelper 3 H Stratagene 2 @] ;
IBDV VPI1 [ 455 miRNA 23k &1 AAAV #65 #;
& pAITR-RFPmiVP1 VP2 3t 5 4 % miRNA £k &
1% #% 2% /K pAITR-RFPmiVP2E X} miRNA 3 ik
55 R 3R 4K pAITR-RFPmiVP2con FI A & miRNA
FIk G2 AR pAITR-RFP i 7 5216 58 #) 4, i 2
R AR O EHR DY E A aYOtER
(RFP) #4536 K DHS o K AT 11 J8% 52 245 400 i Fhy

1.1.3  F F 3k 5% : microRNA purification kit ) B
Norgen Biotel Corporation;poly (A) polymerase W H
New England Biolabs ; DMEM 3% 3% £ H 3£ [E GIBCO
A MR M (FCS) Mg A HyClone 2% #;
RevertAid ™ MMLV Reverse Transcriptase [l H
Fermentas Life Sciences; H & i&X7 8 E r= 5 Hr 45 2%
1.2 SEHARSHE

¥ IBDV A 45 5 miRNA £ ik AAAV ¥ 8 2
& pAITR-RFPmiVP1 5{ pAITR-RFPmiVP2E ., X} &
miRNA F K5 35 /& pAITR-RFPmiVP2con | 55 38, /&
pAITR-RFP 5 AAAV £33 3% K pcDNA-ARC Fl R %
B4 B 2044 pHelper 21 1 = R % g4 R 40, H W5 IR
FEUCTER: " LR AAV-293 AL, FEULJT 72 ok
RANME ,TE - 20°C S i S S VRl 4 1K, 12000 x g
B 10 min, W 4E B9 E W RO R W R .
rAAAV B e 45 5 4l k4 SOk g Tk AT
H ARG 1Y 10000 1% 4 i 5 735 W T - 20°CORAF 8 o
1.3 EARSEEUR

AR AS FLHH 50 L alifl rAAAV i 75 A 3
R H R 1, 10 min J5 98 400 25 2 R Wk, H
3% WS (pH6.0) L4, 2 — 3 min Ji5, 37 Bl AT &
YR ML
1.4 FEHHFSP miRNA RiZZH PCR &7

AL EE DNA (3R IS B SR aE " 10 7 %
HEAT o MAE AAAV BeRE R h miRNA Rk & b T
e b 50 it — xSl W, e i e 50-
TCCCTCGACCTGCAGCCCAAGCTTGCGGCCGCGACA
ACACAAGCATCGAGCCC-3"#1 5'-CCGATTCATTAAT
GCAGCGGATCCATCGATAAAAAAGCTTACCGT-3',
50 pL PCR R W& H:5 pl 10 x ZZ i ,2 pl B
MR IR, 15 pmol 1E 54,5 U Tag DNA
Polymerase, 30 XfE¥F PCR F2)% 5 :94°C/45 s (5
— KGN 4 min) ,69°C /45 s,72°C /1 min ()5 —
AR A 10 min) o [6] I 3 %5 K pRFPRNAIC []
P47 B Fl miRNA 5% 3% 2% f& pRFPRNAmiVP2E [ 14
R, R REEAR S wL 3 B 0. 8% 3
W B IS P K 3 AT o
1.5 EHRSERFEFENE

¥t DF-1 4% 1 x 10* 40 ./ FL f % J 32 Fh 96
FLEEFENR ,37°C 5% CO, 3% )a , & 2% FCS
() DMEM ¥ 2l b rAAAV 503%E 2245 L7 B, 4 FL 40
JfL 42 Fp 50 WL 55 8 75 B ,37°C 5% CO, I 2 h,
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BN 50 pL & 10% FCS #1 10 mM T B2 #h 19
DMEM, 37°C 5% CO, W5 48 h J5 , £ 96 i il
T FL I REP B 40 MO8, Hh T 5 B8 34 &
FL 5 19 rAAAV & RFP 245 & A, DYt ] AR 4
SRR 0 3 55 vh ) REP B 20 i B 2 rAAAV 1Y
¥ 5 B (transduction unit, TU ) b, B 2% L M % 75 60
T ECE R A TU/mL = RFP B 240 i 2
x i BEAE A
1.6 poly(A)mE RT-PCR #;: il miRNA & X

Fe DF-1 40 g £ F 35 mm 85 5% 1L, HIA W) B9
rAAAV BEYL YL IS 48 h iR 41, 42 B microRNA
Al AR & W] A3 2 B RNA S A I miRNA 33K /Y
poly (A) fil & RT-PCR $% SChk 43t (9 77 ¥ 47,
50 WL iR iAR R 461 wg RNA,20 U poly(A)
polymerase, 5 pL 10 mmol/L ATP, 20 U RNase
inhibitor, S 25 R 37°C (1 hy SN 7 H) 45 T2 T -
S5l BTN £ BEUUVE T HEAT S 58,25l SN AR
FAL45:2 pg iR RNA,200 U RevertAid™ MMLV
Reverse Transcriptase,l g oligo (dT),, 5| ¥, # 5
PR 22 Tris- P -G8 07 4 48 1 2 BE DT E SR L BL miRNA
S W AN B R 5140 (57 -CGAATTCTAGAGCT
CGAGGCAGG-3") #t 47 PCR ¥ &, 40 K 15 ¥ Y
PCR ¥ H:95C/15 s (58— MG K 10 min) ,
50°C /30 s,72°C/30 s (&) — MG ¥H H 10 min) ,
FRLES RS S WL 5784 7= W R AT 2. 0% SR Bt BE
B2 F UK 3 T
1.7 MBHRFESBEERR

Lh5 x 10"TU/JR () 4k, 43 518 41 0 %
rAAAV-RFPmiVP1 | rAAAV-RFPmiVP2E, rAAAV-
RFPmiVP2con il rAAAV-RFP 25 5f # 9 $: F 8 H #
SPF XS, B4 6 DAY IR, H 2H 5 BRI L W K, LA
1000 TU rAAAV/1 4~ TCID, it bt 1) 22 45, T FR 5% i 122
it Lukert # IBDV , TEJ&YL 5 3 KA 6 K, H:2H 53 %)
W gk 3 AN GRS IR 98 B PR EE L, B9 #E 5 A 500 L
PBS, T -20°C LA [ Rl 4 ¥, 12000 x g &
L 10 min J5 Y5 FIEWIEAT IBDV S0 460
1.8 IBDV TCID, il

JiI DMEM B i 15 5% 56 4 b 38 50 13 AR
S2 10 F B, 43 0 $ Ah 96 FL B I7 Al K R A 2 Y
DF-1 40 fifd, 100 wL/fL, 455 B B2 8 fL 8 &, [ i
BRI 3T C IR 2 h 5, 57 20 1, 40 i
JiI DMEM 3 1 %, IMA % 1% FCS ) 445 1, 4k &%

Wit 5 KIg 3 L, M5 B 28 0 & i A B i LU
Karber 3 " 1555 2 f TCID,, .

2 #X

2.1 EAREBENE

FEH W G5 T, Al i rAAAV A [
AAV FRITE 25, AR 290 20 nm , A 8 520 F1 %8
AL W B 55k, rAAAV-RFPmiVP2E [ B &5 1/ H 4
B1FTs .

1 rAAAV-RFPmiVP2E fHEER K
Fig. 1  Electron photograph of rAAAV-RFPmiVP2E (65000x) .

2.2 BEFKEF mRNA REZHA

H T HEBR cAAAV o B 7 2L R T e B 8
PCR 400 {2 I , 45 PCR 0 31 6 7 DNase 1 3k
PAAAV F5 5, SR 5 UL 20 1L 0 T 40 15 B R S A
BT miRNA %3k 1 F WS 9347 PCR 7,
B BRI R UK 4R BT 45 B B R, A rAAAV-
RFPmiVP1 | rAAAV-RFPmiVP2E i rAAAV-
RFPmiVP2con 3 A4 5 H BB 025 1 kb 45 5 4
5 T N rAAAV-RFP i A4 58 H0A I 9 2645 (
2),

pp M 1 2 3 4 5 6

4254 —
3472 —

2690 —
1882 —
1489 —

952 — <—1000 bp

2 rAAAV 1 miRNA RiZ &/ PCR # i

Fig.2 PCR detection of miRNA expression cassettes in TAAAV. M.
Lambda DNA/Eco1301 marker;1. pAITR-RFP as the negative control;
2. pAITR-RFPmiVP2E as the positive control;3. rAAAV-RFPmiVP2E;
4. rAAAV-RFPmiVPI ;5. rAAAV-RFPmiVP2con;6. rAAAV-RFP.
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2.3 EAEFERLUERE

3 A6 rAAAV Gy DF-1 46 g, 75 % e
J&i 48 h, AESE G AR T AT L R () 21 5,58 % PH
AR 3) o AR A AL b 2Ol BA P 4 M B B A6
B, 4k, Wk 45 J5 9 rAAAV-RFPmiVPl | rAAAV-
RFPmiVP2E £ rAAAV-RFPmiVP2con {19 J2% 4% i & /3
Bk 6 x 10° TU/mL, rAAAV-RFP () J&k s Pk 7 1
7 x10°TU/mL,

3 rAAAV-RFPmiVP2E %3 40 B 0 5% 5k B 5 W 5%
Fig. 3 Fluorescent microscopy of rAAAV-RFPmiVP2E-infected DF-1
cells (100 x ). A.24 h;B.48 h

2.4 miRNA Rix# 0
439 I 2235 IBDV 3 R 4% 5% miRNA §) 5 41 9%
77 rAAAV-RFPmiVP1 fl rAAAV-RFPmiVP2E | % ik
Xf B miRNA ) 8 4155 % rAAAV-RFPmiVP2con L K
A3k miRNA {1 & 20 5% 3 rAAAV-RFP % 5 DF-1
0, AR YL J5 48 h AR 41 ff AT B RNA, F poly
(A) JnE RT-PCR £ Il miRNA ik, By g b 5E i
LUK 4 BT 45 S 58 7%, L TAAAV-RFPmiVP1  rAAAV-

RFPmiVP2E Fl rAAAV-RFPmiVP2con J&& 4L 21 il v 7]
o W G 29 120 bp 19 %47, 1 N rAAAV-RFP
B A0 M P R BE Y HE AR R 2 (R 4) 6

bp M 1 2 3 4

4 rAAAV # S miRNA 53R %4

Fig. 4 Detection of miRNA expression in DF-1 cells transduced with
rAAAVs. M. DNA molecular marker; 1. rAAAV-RFP-transduced cells;
2. rAAAV-RFPmiVP2con-transduced  cells; 3. rAAAV-RFPmiVPI-
transduced cells;4. rAAAV-RFPmiVP2E-transduced cells.

2.5 3PEE/KTEH RNA F# IBDV £4I

R T AEXG IR P AR R T KRR 5 miRNA )
il IBDV S i w] 47 ¥, 43 i FH 38 VP15 A Ry 57
miRNA [ rAAAV-RFPmiVP1 3 ik VP2 3t [N &
miRNA [ TAAAV-RFPmiVP2E 2% ik % B miRNA [
rAAAV-RFPmiVP2con il AN 3 35 miRNA [ rAAAV-
RFP 57 SPF X It , 8K J5 ] IBDV BUEE , 43 ) 76 BUE
JE 55 3 RFNEE 6 KU AR X ik bR 2 B 3 17 TCID, I
o W R, rAAAV-RFP 4 Fi 2 iy IBDV TCID,,
J 8.0 logl0, rAAAV-RFPmiVP1 #% #h 240 1y IBDV
TCID,, 4% % F W& %) 1.0 F1 0.8 logl0, rAAAV-
RFPmiVP2E #%#2H i) IBDV TCID,, 435I FF&EF] 1.5
F1 2.0 loglO, i rAAAV-RFPmiVP2con $% i 41 1y

IBDV TCID, JC B 254k (B 5) .

rAAAV-RFP ] rAAAV-RFPmiVP2con
B AAAV-RFPmiVP1 [ rAAAV-RFPmiVP2E
T I T

8

=N
|

o
|

MMM

MMM

B8

3 6
t/d

5 3BEEKTH RNA Fif IBDV £l
Fig. 5  Inhibition of IBDV replication by gene-specific miRNAs in

chicken embryos.
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3 itk

P2 W 4 R R FRG IBD Y H 2B, {H i T IBDV
A S RV B AS B 1 G, B RCR AR EAR A
TRk R AT 2 BB SEB #E IBD BT W
RNAG 2 DA 5t et 381 8 45 20 48 ) 3% 3 77 78 1) 5 KAk Bt
FEREHLA T M AE ORI BF 5T SR R, AT
Gu GR35 B HE AR T AR siRNA 5 miRNA X
2 e BE IR BRI 3 A R AR T TR e e R
WF9E 7 T £ 20 7w HE R R A5

AT AT M oY AR R, DL 4 R ER
AAAV % VP 8¢ VP2 E: N4 5% miRNA § A&
U P, e 2 )[R JR R0 S U Bk IBDV (W &
FINL T — R AAAV AR AN T A
miRNA K HAN ] IBDV & i 5y /] 47 2% , A8 58 4
P i G vk 3R A8 T 3R 38 VPL R RE S miRNA
rAAAV-RFPmiVP 32 i5 VP2 3t A 4 5 miRNA 1§
rAAAV-RFPmiVP2E | 3 ik Xf 8 miRNA ) rAAAV-
RFPmiVP2con 1A %35 miRNA [ rAAAV-RFP, %
6 R B WL ZE A RT-PCR A I 4% 52 S 7%, 3k 26 1 4]
g B AN (e A 20 5 0 IR 41 L, i B BB IE ) % ik
miRNA (& 3 FIE 4) 35 7T TS K A RNA T4k
IBDV & il i 45

X 2 T S B0 RE R P 5 R, rAAAV-
RFPmiVP1 1 rAAAV-RFPmiVP2E 43 ff 4H 1y IBDV
TCID,, # rAAAV-RFP ( A~ ik miRNA) F rAAAV-
RFPmiVP2con ( 335 % B miRNA) 3 f 40 34 i & F
B (B S) AU R A E A AAAV BEA RUEE 5 X8 Ik 40
MuAn IR H B9 miRNA, i H 36 B H A 5 /9 RNA T
Pt IBDV il VE H B A7 5 R S 1k o X Rl il 7E H
/YR 6 R (RIS ) , R T AAAV £ 311
RNA T4 IBDV Z HI/E R AR A, MILZ T,
rAAAV-RFPmiVP1 4 51 RNA T4 /E 8 rAAAV-
RFPmiVP2E 1 3y W] i RIS & , 7T G (9 s XA G A4
—J& VP2 & IBDV [y EZ M E A (L5 KeE A
() 50% ), i VP1 gk B4 Hg 2 11 W 3 S K F
AN [) $eth 5 B miRNA F 209 22 5, BT AH [R] K
Py miRNA A A BE 73 RNA THAEHI 2 5 —
S VP2 (LR B AE T VP R R ARSE g
ARG R IE M miRNA &2 AR §& Lukert ¥ IBDV
S P A it BeEE i et [E] R RE Bk AT, B
RO SRS R Z AL, H VP2 B ] fig A B AR

S, HEm R RNA T H04E B &4 . VR XA
A 5 IS 96 F 58 2 — AP IR 55, (B4 T RNA
8 IBDV il &, =AM E VP 2 NS S
LI [N
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Recombinant avian adeno-associated virus-mediated

Inhibition of infectious bursal disease virus replication in
chicken embryos by miRNAs delivered by recombinant
avian adeno-associated viral vector

1 . 2 . 1 . 1 . . .1
Pengpeng Shen' , Yongjuan Wang™ , Huaichang Sun * , Xinyu Zhang , Xiaoli Xia
"College of Veterinary Medicine, Yangzhou University, Yangzhou 225009 , China
* Animal Husbandry and Veterinary Vocational & Technical College, Taizhou 225300, China

Abstract: [ Objective | : We studied the inhibition of infectious bursal disease virus ( IBDV ) replication in chicken
embryos by recombinant avian adeno-associated virus ( AAAV ) -delivered VP1- and VP2-specific microRNAs ( miRNAs).
[ Methods and Results] We co-transfected AAV-293 cells with the VP1- or VP2 gene-specific miRNA expression vector
pAITR-RFPmiVP1 or AITR-RFPmiVP2E, AAAV packaging vector pcDNA-ARC and adenovirus helper vector pHelper,
resulting in recombinant virus rAAAV-RFPmiVPlor rAAAV-RFPmiVP2E. We also generated the recombinant viruses
rAAAV-RFP (without miRNA expression cassette) and rAAAV-RFPmiVP2con ( expressing control miRNA ) using the
same method as the control purpose. Electron microscopy showed that the recombinant viruses had a typical morphology of
AAV. We confirmed the presence of miRNA expression cassette in the recombinant viral genomes by using PCR. Our poly
(A)-tailed RT-PCR showed correct expression of the miRNAs in the rAAAV-transduced DF-1 cells. We inoculated the
recombinant viruses individually into 8-day-old SPF chicken embryos and then challenged them using Lukert strain IBDV
on day 2 after inoculation. Our IBDV titration assay showed that the 50% tissue culture infectious dose ( TCID, ) of
rAAAV-RFP- or rAAAV-RFPmiVP2con-inoculated group was 8.0 loglO, whereas the TCID,, of rAAAV-RFPmiVP1-
inoculated group decreased to 1.0 and 0.8 loglO on day 3 and 6 after challenge, respectively. Similarly, the TCID,, of
rAAAV-RFPmiVP2E-inoculated group decreased to 1.5 and 2.0 logl0, respectively. [ Conclusion ] ; These data suggest
that rAAAV can transduce efficiently chicken embryos and the expressed VP1- and VP2-specific miRNAs can inhibit the
replication of IBDV efficiently.

Keywords: recombinant avian adeno-associated virus, miRNAs, chicken embryo delivery, infectious bursal disease virus

replication
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