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# OE: H s P R R K JEIR RNA 43F (short hairpin RNA, shRNA) JESE HBe, Jitk  4HxTH
K BURTE (influenza A virus, TAV) #7245 [ (nucleoprotein, NP) FlfiR 14 RNA £ B [iff (acidic RNA polymerase, PA) 4t
mRNA 75 B (R 5T X P51 137 45 i shRNA (198055 DNA # S AAi , 43 5% 45 A pGenSil-1 JBURL, #4 2 NP-shRNA il
PA-shRNA F3R 8, T IEHI /S, SR LA T, ¥4 561877 & ] 4 NP-shRNA Fl PA-shRNA, K BT il %119 2 b shRNAs 4351 5 1k
5 ANSE 4000 (human bronchial epithelium, HBE) , 4R J5 & 4% TAV A/PR8 4, i i3 | .2 HBE 4 i 55 25 %505 ( cyto-
pathogenic effect, CPE) 3% V& W% 274 B2 L) &2 NP . PA mRNA 5% 4 %k K, PEAL 7 1 £ 1% shRNAs %} TAV A/PRS
7E HBE 4l sp & HI RGO . S50 4% shRNA (1 2 Rk DNA B SERCAR P 3 IE A o 30 1o (ARSI e A il 45 B9 NP-
shRNA (PA-shRNA %} 100 pl 8435028 59.4 .50. 6 nmol , ZEEEAE 2.0 LU I MR EEFISLEE 35755 o S5 oRHE 4% shRNA (%) IR
ZH He# ,NP-shRNA \PA-shRNA \NP-shRNA + PA-shRNA %% 44 20 40 Jfi ) NP mRNA 43 53k 2> 41. 7% 44. 1% 1 68. 5% , PA
mRNA Z358 /0 43. 4% 60.9% F173.7% , NP 75 (1553650 S IA5 92. 3% 84.0% F191.7% ,CPE i 88 5% 735 1 15 W%
HHERE TR, 858 MRIMHE T 2 FH0 IAV 48 % J¢ RNA 47, i il £ 9 NP-shRNA  PA-shRNA % IAV A/PR8 {4 7E
HBE 21 ifg i & i 45 52 3 A 80

KB : B EE, A K & Jetk RNA 43T RNA 4
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Biosynthesis and function verification of short hairpin RNA targeting to Influenza A virus

GUO Shu-liang, LUO Yong-ai ( Department of Respiratory Diseases, First Affiliated Hospital, Chongqing Medical University,
Chongqing 400016, China)

Abstract; Objective To investigate the inhibitive effects of biosynthesized short hairpin RNA (shRNA)
on the duplication of Influenza A virus (IAV) in human bronchial epithelium (HBE) cells. Methods NP-
shRNA and PA-shRNA targeting to the highly conservative sequences of IAV nucleoprotein ( NP) and acidic
RNA polymerase (PA) were designed and biosynthesized by in vitro transcription, and then were inserted into
the plasmid pGenSil-1. After sequencing analysis, the recombinant plasmids NP-shRNA and/or PA-shRNA
were transduced into HBE cells followed by infected with IAV A/PR/8/34 HIN1 ( A/PR8) virus. The cyto-
pathogenic effect (CPE) of the HBE cells, hemagglutination assay (HA) and 50% tissue culture infective dose
(TCIDy, ) titer of A/PRS in the culture supernatants were determined respectively. The mRNA and protein ex-
pressions of NP and PA were detected by RT-PCR and Western blotting respectively, and the results were com-
pared in order to evaluate the inhibitive efficiency of NP-shRNA and/or PA-shRNA to A/PR8 duplication in
HBE cells. Results The content of NP-shRNA and PA-shRNA biosynthesized by in vitro transcription were
respectively 59.4 nmol and 50. 6 nmol in each 100 pl. The purity was more than 2.0 and the sequences were
verified to be correct after sequencing analysis. The CPE of HBE cells and the virus titer in the culture superna-
tants of cells transfected with NP-shRNA, PA-shRNA or NP-shRNA + PA-shRNA were markedly lower than
those of the control groups. In 3 h after 1 TCID,;A/PR8 infection, the mRNA level of NP in NP-shRNA group,
the mRNA level of PA in PA-shRNA group and those in NP-shRNA + PA-shRNA group were 41.7% , 43.4% ,
68.5% and 73.7% respectively, lower than those of the control group. At 48 h after 1 TCID;,A/PR8 infection,
NP synthesis were 92.3% , 84.0% and 91.7% respectively of those of the control group. Conclusion Anti-IAV
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NP-shRNA and PA-shRNA are successfully prepared by in vitro transcription. Both of those markedly inhibit the
reproduction of IAV A/PR8 and produce a favorable protective effect on HBE cells.
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IR 35 R B 7 (influenza A virus,
TAV) 5|2 B 18 3 A% G P, 7™ Tl N S A
IR S0 7 NS THE, & WS AT 1
XU TR R D B R A S S A
ARE R RAP A IR IR F 9 RCR 22, B RIE TR, &
R BB R AR 25 . RNA T4 (RNA in-
terference, RNAT) $A R H B A AL BB 1A 1R 1 8L
8, AR RNAI S, AT I TE R AP I 2 e 5%
i85 1 2 Bk B RN AR Y R BT TAV KR IR RNA
(short hairpin RNA, shRNA) 731, 2R 51 241 fifd 7K ~F-fF
FEUESEX U B B 52 AT R A I RIVE L, B 12 A Bt
TAV RNA 25 0T A& 357 S50 BE Al

1 #R5FE

1.1 ##
111 DNABSZ(E 1) SRS W h Ligd T
PR TR B A B, FL LA 55 o +T, BEhF

+ + loop + [JZ S 4k| + TT + [Hind |, 1 oligo-NP #1
oligo-PA 435 ¥a] 1AV #7¢ 2 I ( nucleocapsid protein, NP) Fl
g RNA £ i (acidic RNA polymerase, PA) %% mRNA,
oligo-HK Ay 38 T EF 14 XF i

1.1.2 Wismdtk 1AV A/PR/8/34 HINI ( A/PRS) Bk i
R BRI LRI 5T i R 92 01 B

1.1.3  FEH] Pyrobest DNA Z & [iff Hind Il \EcoR T T,
RNA £ T, DNA %40 . DNase I (RNase free) (NEB /2
7]), DL 2000 #5 #E, RT-PCR X 7| & ( K % TaKaRa /A #]),
pGenSil-1 FURE A (BT FEA T ) |, BURL/ Nl BB 1] i)
& (LSRN  PCR P2l & (AL ati S B A A
T, Transcription Kit ( 37 Ff %8 Fermentas 2\ &) ) , METAFECTENE
e gein) (78[5 Biontex 23 7]) , Mouse anti-TAV NP 77 [ 477 {4
(Influenza Virus Type A IgG1 Nucleoprotein, #i N 2H %5 VG4 ) ,
Trizol RNA filj #2377 & ( Invitrogen A H] )

1.2 7

1.2.1 4w shRNA f¥) DNA #1545 H G T FH 78 7
%% A/Puerto Rico/8/34 ( A/PR8) W% NP FI1 PA ) mRNA 4>
HEPF A RNAT BB, fELR T siRNA S 454 3cik
[3 1Mt %) NP mRNA 45 1 498 F1 PA mRNA 4 2 089 A2 51

FLUS 19 4 nt JFF11 2 4> siRNA, BLAST 2 1)) 5§ )37 5] LA Sh
YA L R TE RS MRS SF BN T4 B 1 X BRI S
shRNA (Y SERZTTRREERAR 519 . 1R KAH 2 455 B AN &, IF58
it PCR ZEAHANF-, 775 4 i shRNA [ BURE DNA F5 SR (%
1)o PCR 44 WA M, 94 °C,5 min, 1 RAE ;28 4,
94 °C ,30 s,32 IKAEFF; 1B 'k ,42 C—36 C, EEHE 0.5 C,
30 5,12 KAEH ;58 °C,30 5,20 G ; 2B ,72 °C,30 5,32 X
PRI ; oo A1, 72 °C,5 min, 1 {RYEH . SR PCR 74 [ it
& aifk PCR 7=¥)JF - 20 CLRAF#5

1.2.2  shRNA #ZRAR I FHIE  pGenSil-1 23 2% FUki Al
WU DNA #5354 EcoR 1 1 Hind TN AL V). T, DNA 7% 4%
TR T U B AR 7% A Ze M Ak 1Y pGenSil-1 H1,22 °C /K i [ i
Ao BT A2 A5 A i DHS o, Kana 1 M 0 5 , /1N it
FRBUFRL . FEALUFRLH EcoR T + Hind TR 3 h J5 1% Bl
WHEERC VKA o 36 WD) 48 2 TE A 09 3% AL TR 22 7 Tnvitro-
gen 2\ FIX YRR

1.2.3 NP-shRNA 5 PA-shRNA §y{&4MEY)E XM T,
3 SRR SR A S5 i NP-shRNA Fil PA-shRNA,  Hind T i
Vi SRR 2 T8 i A R R . W Y0 7= 4 53 4 A
PRANGE 38 A 50wl IR A 55 x 6 20k 10 ] Ri-
bolock Ribonuclease Inhibitor 2.0 wl,rNTP %54 (10 mmol/L)
10 pl,Hindm%@sz% 5.0 pl,T, RNA £ 1.5 pl,DEPC 4k
K 21.5 wl, IRGIRSIGE, 37 CORKBIMLIT R, —20 CHERH]
20 W o ST RNase-free DNAse,37 “Cil4k 15 min 2[5 0 4%
DNA #4, W3/ 05 & 05 S EE iR 4lifk, T € D (260) 1
D(280) {8,143 shRNA &AL, = 1iin AJooK 21 - 70 C
7%, 100 pl shRNA 54 (nmol) =100 x 50 x D(260) x i ¥
{58/ X4y T it . shRNA 4liEE = D(260)/D(280)

1.2.4 NP-shRNA Fi1 PA-shRNA 7E R4 40 ff 7K SE4 1 1AV &
FISCRIIE B IRIMNE FAE WG U NP-shRNA FiI PA-shRNA
HOh B A A NSGE R YIS (human bronchial epithelium,
HBE) v, 2% Ju i B 8 A/PR8 #k, XF bk WL 4¢ NP-shRNA |
PA-shRNA NP-shRNA + PA-shRNA %% A 45 5 B 1t % BB 40 (045
HK-shRNA %% AZH J JC shRNA %% A 40, T¢ shRNA 2 A 20 43 45
HIN1 A/PR8 41 HI1IE 40 HE AL ) (1) 40 B3 28 553 ( eytopathogenic
effect, CPE) . IfiL &7 & I %€ ( hemagglutination assay, HA) 2%
A0 M jB Gy B (50% tissue culture infective dose, TCIDs, ) .
RT-PCR Western blot % 45 4 , DA 5 52 il £ . 241 O 5 2% S5 g
FRJE HE mRNA 58K B B3O & 2 T AT TAV
shRNAs 75 HBE 4 P ] 1AV 6 RCR

F1 I AH DNA #iR

DNA #ik izl

oligo-NP ik 5'-|AATTC| TAATACGACTCACTATAG [GGATCTTATTTCTTCGGAG | TTGAAGAAG [CTCCGAAGAAATAAGATCC| TT [A]-3
T 5'-|AGCTT| AAGGATCTTATTTCTTCGGAGCTTCTTCAACTCCGAAGAAATAAGATCCCTATAGTGAGTCGTATTA .3’

oligo-PA ik 5'-[AATTC| TAATACGACTCACTATAG [GCAATTGAGGAGTGCCTGA | TTGAAGAAG [TCAGGCACTCCTCAATTGC] TT -3'
T 5'-[AGCTT] AAGCAATTGAGGAGTGCCTGACTTCTTCAATCAGGCACTCCTCAATTGCCTATAGTGAGTCGTATTA [G|-3/

oligo-HK i 5'-|[AATTC| TAATACGACTCACTATAG [GACTTCATAAGGCGCATGC| TTGAAGAAG |GCATGCGCCTTATGAAGTC| TT -3'
T 5'-|AGCTT| AAGACTTCATAAGGCGCATGCCTTCTTCAAGCATGCGCCTTATGAAGTCCTATAGTGAGTCGTATTA .3'
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2.1 shRNAs 57| & HAF F ¥eds &

J 45 1) NP-shRNA (177514 5'-GGAUCUUAUUUCUUCG-
GAGUUCAAGAAGCUCCGAAGAAAUAAGAUCC-3’, PA-shRNA [f) 5
5 4 5'-GCAAUUGAGGAGUGCCUGAUUCAAGAAGUCAGGC-
ACUCCUCAAUUGC-3', 1ESUFFN A 2 J 1) B AM Y I ) )5 51
229 bp MFRIRIEHE (RIZFB ) 18I Uk JERERUEE RNA 45
¥4, NP-shRNA FI PA-shRNA 1 I (% IAV #1835 B ¥ 41 43 0
GGATCTTATTTCTTCGGAG H1 GCAATTGAGGAGTGCCTGA, 7
TAV g FEORY
2.2 shRNAs $ F A e My K2 55 550 M 2

X5 DNA FEA AL DI A B E LAY pGenSil-1 5k 2 74
Hh R A H AT e SR 45 B shRNA (4 B0k 60K 804, o 20 ok 2%
PR WU D) 5 AR vk e (BT 1) .

1 2 3 4 5 M

500 bp
250 bp

400 bp—

1:#407% & pGenSil-1 37 88;2,4: % & pGenSil-1 3} 8; 3, Fin &
48 NP-shRNA F ik #48;5: 840 & 40 PA-shRNA & ik % 4k; M.
DNA # (DL 2000)

1 EARNRE R R EIXE

55 3.5 VKBS WA Hind T (EcoR T XU )5 i) NP-shRNA
H1 PA-shRNA F 2 Fb 3R 34K, 5 BT 10 7R (22 4k pGenSil-1
KA BEAN, BE BB A 1 4 DNA XUBERAR F B, {8 K K
/NI T0 bp Z247) , 78 1% BEREHRBEIE EXELL B IR . A Y) % @
L5 RAIAAUE S, DNA SUHEAS AR 4 1 2 5 [ 5] pGenSil-1, 55 41 it
i FE R AR AA (shRNAs 54 A5 M i ol

NP-shRNA & PA-shRNA % S50 T ¥ 85 28 )3 51 il 22 43
Br 2R e AR
2.3 shRNAs =R E 545

NP-shRNA 5 PA-shRNA ({AR%F 4> T &4 13. 629 x 10°,
NP-shRNA 1 PA-shRNA =4 fBE F2li BE 48 (£ 2) o

X2 shRNA FYHIRERGE

P D(260) D(280) ¥ (nmol/100 pl) i
NP-shRNA 0.054 0.021 59.4 2.57
PA-shRNA 0.046 0.017 50.6 2.71
HK-shRNA 0.047 0.017 51.7 2.76

2.4 shRNAs f£ 491 am oK -F4p 4] TAV 4] 2R
NP-shRNA ,PA-shRNA NP-shRNA ¢4 PA-shRNA ;34
A/PR8 Htifi HBE Ji, 4/l CPE 3% 5% LW 2 HA i
P E R T EUR TR U shRNAs (1) A/PR8 X 41, i HUZTE
BEYEHI 1 ~3 d (K 3.4) . A/PR8 Tili B, shRNAs #Y

LA VE R . AR RIS . DL 1 TCID,, (HA JHEE1: 1 280
FREEICAF R B 10 7 ° £%) A/PR8 YL - 4141/, 3 h )5 3 41
shRNA %5 UL 20 4l NP/B-actin mRNA 43 %8 A/PRS Xif BB 4
/> 41.7% 44. 1% F1 68. 5% (& 2) ,PA/B-actin mRNA 43 7|4
A/PR8 X HELH I /D> 43. 4% 60.9% F173.7% (& 3),48 h |5
NP/GAPDH & [ 3% ik 45 %) % A/PR8 Xt M8 41 [& /% 92. 3% .
84.0% F191.7% (&l 4) . A HI % 5% 15 WO TCID, i B 43
J%E A/PR8 X HRZH W (R (P <0.01,58 5)

%3 1 TCID;,A/PR8 R[E) R 18] B & A MR TR MW RE R

415 1d 2d 3d 4d 5d
NP-shRNA + A/PR8 - + ++ o+ .
PA-shRNA + A/PR8 - ++ +++ +++ +HH+
NP-shRNA + PA-shRNA + A/PR8 - + ++ +++ +H+H+
HK-shRNA + A/PR8 + +H+ +H++ ++++ +H+H+
HIN1 A/PR8 + +++ -+ -+ +H++

- R CPE; +: < 25% mA K £JA K5 ++:25% ~50% mAem % ;
4 :51% ~T5% 20 I T 5 ++++ :76% ~100% 2 fiym &

%4 1 TCID;, A/PRS REREHAMIEF FiFHK HA HENELER

21 5| 1d 2d 3d 4.d
NP-shRNA + A/PR8 0 2 8 32
PA-shRNA + A/PR8 0 16 32
NP-shRNA + PA-shRNA + A/PR8 0 8 32
HK-shRNA + A/PR8 2 16 64 64
HIN1 A/PR8 4 16 64 64

2 000 bp—
1 000 bp—
750 bp— Bacti
< p-actin
500 bp— 570 bp
"SNP
250 bp— 330 bp

100 bp—

M:DNA 474z ( DL 2000) ;1 iE% 4m #2032 . HINI A/PRS 21;3 : HK-
shRNA + A/PR8 #1; 4. NP-shRNA + A/PR8 #1; 5. PA-shRNA +
A/PR8%1 ;6 : NP-shRNA + PA-shRNA + A/PR8 1

2 RT-PCR @il % A 20 NP mRNA FikKFE

M 1 2 3 4 5 6

2 000 bp—

1 000 bp— ~PA
750 bp— 831 bp
500 bp— “~B-actin
250 by 570 bp

M:DNA 4742 (DL 2 000) ;1 % 49 f.48;2 . HIN1 A/PRS #1;3 : HK-
shRNA + A/PR8 #1;4. NP-shRNA + A/PR8 #1;5. PA-shRNA +
A/PR8#1 ;6. NP-shRNA + PA-shRNA + A/PRS 21

E 3 RT-PCR #ill% A 40 PA mRNA By RixKF
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60x 10— - NP

36x10°— <~—GAPDH

1. HIN1 A/PR8 #1; 2. HK-shRNA + A/PR8 4; 3. NP-shRNA +
A/PR84H ;4. PA-shRNA + A/PR8 41 ;5. NP-shRNA + PA-shRNA +
A/PR841

4 Western blot Jll7E & A 40 5] HIN1 A/PR8 NP & H RixKF

%5 1 TCIDs, A/PR8 48 h )F&MAEF LER IAV TCID,,

TWENELER
205 TCIDs, TCIDsofRXEL iR (% )
HINI A/PR8 10733 1 6982
HK-shRNA + A/PR8 10 -3-%0 3 162¢ 86.2
NP-shRNA + A/PR8 10720 316 -81.4
PA-shRNA + A/PR8 10-277 588b -65.4
NP-shRNA +PA-shRNA + A/PR§ 1025 316 -81.4

TCID, %9 B3 3 : #4% 50% HBE Za jé 2% 3 0 b i o 4 % B
B3] % (% ) = (shRNA 285 A8 & - HINI 8% S )/
HINI A/PR8 4% & ## B x100%

a:P<0.01,%5 NP-shRNA + A/PR8 PA-shRNA + A/PR8 NP-shRNA +
PA-shRNA + A/PR8 41 tt4s; b: P <0.01,55 NP-shRNA + A/PR8 &
NP-shRNA + PA-shRNA + A/PRS 28 b4k

3 it

AV J #3414 8 17 BE, 40 B4 A% 3 > RNA
REW(PB,, PB,, PA) 3 MFZAFEE H (HA, NP,
NA) 1 ANFETEE (M, 5 M,) Rl 1 ASIEZEH 8 1 (NS,
B NS,) o Hir g AR B 1 e R (HA) b 28 % 1R It
(NA) P FER T BAS ko , A& A 21 > nt DA E AR
SEIP A, ANEAE S RNAL (88 38 R, HiAth 6 15 B, 3
A TAV BB RSF A L B X SR SF S, Ge
B3I AT 20 4~ siRNAs, 78 Madin-Darby %
A (MDCK 40 g ) Je 39 e b B 53 % B, Hovh 55% #Y
siRNAs Xf TAV B9 &6l = A= 7 il 4E H , LLEF X NP Al
PA %5t mRNA 19 2 4~ siRNA {EH & B 2 o

NP 5% # /A RNA J RNA 8445 446 pl TAV
K% TR L5 K5 55 1 (riboncleoprotein, RNP) |, 7] f& %8 J 7
& RNA , i H. #2572 RNase FI/EFH . NP 1E%5 3 9 3L K
FERANE i AR P R A AR . NP HAG Ay
S, SR BN R R BRI . T TAV
F4E R A& & (9 HINI, H3N2 . H5N1, H7N7 .
HON2 %5 NP g5 Efasr™ . PA 5 PB1 fil PB2 JL[H 41
A RNA REEIE AR, HEEIAR RNA A5 5% 42 il 7]
PELAZE PA 2517, 5 NP —Ff, PA 76 TAV fii g
FEARSED S PR XT NP AT PA 4f% mRNA S/
RNA 40507, HA |7 M A9 8 AT 5. Tomp-
kins | Li 255 558 % 30, NP-siRNA + PA-siRNA %f H1 |
H5 H7 H9 V.7 TAV 7= 7 B @ A4l /E H . %
F NP PA {m syt B HAE TAV & il b il 5 3L
FRATIRIREEE XS NP Fl PA gt {457 FE 51 i% 4T TAV /)

RNA T4+

/I RNA T T8 TR 2, o R A 5%
WA I siRNA 8% shRNA J7 ik HE, lAIG, B,
BN, RUE TGS, 5 5% siRNA 5% shRNA HFZE 1/10
Ab2F A R B 5 vT LI AR R ) RNAL R, 1 H ke
AL AEPRS . R4F H S A siRNA 5 shRNA 7=
A1) RNAG R0 EFEI (500 . (AXT B3 TAV B L i
T IFAFEER KA, R i e 2o i T 7E
R M DX AR YA T IS R A B AT AT B A T 4 R Lk
gy (il F e B 2 AR EWA) MiZE 4
g, LTI, WATARIN Sl £ T NP-shRNA il PA-
shRNA .

229052 ,NP-shRNA F1 PA-shRNA 4fifE#57E 2.0 L)
1, 100wl F ) > 50 nmol , ¥ BEFN4LRE 2y, Ak
A IRIFLT o RSN K SRS IR B, T & B A
NP-shRNA , PA-shRNA 2 ] 5% Bt 4 i, %F IAV 7
HBE 41l Jitd oy &2 il A7 S 240 il /8, LAl £ A =228
1 f% NP mRNA . PA mRNA MBI NP.PA B4
WA . 5 AR YL shRNAs (19 %] BRZHAH 1L, TAV 75 %%
YL A REFE L RO R B R B, HBE A9 40 it AR
SRV I 35 08, ¢ B UT & L) NP-shRNA | PA-shRNA
Xt HBE 2L X TAV oA B B i AR VB o
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