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(FREEREA GO BT, bt 100850)

WE ARG RILFEIREIT T, RNA 9 RNAD) TR SRAT 77 1E P DT AL R 2k (s e T iy
— =T AENT LS PR R A R R A HL R IA SIRNA A R 20 RNA T 05T (L BT 2 —. M HepG2
U EEIN 2] DNA g3 H1 £ K830 T 374 bp), LI NEEAREME T 4 RNA T 3K R %, pSL M H
SRt OGN (EGFP) FRZEM) pESL,  JF%F p53 ZEMIEAT T AHMIK RNA TUSHESE. T3 JFUREIBE I 7% 44 HepG2 41 fitd
Jio AR % i RT-PCR FIE (A BN IR RS p53 Rk K. 5 i WAk 2044 pSilencer™ 3.1-H1 hygro #Htt, pSL
FI pESL 3% p53 Kk DA TE AT By () F I8 280 S R WoR: T80k pSL M pESL it 80K e b T 1 B 1) Ak D&

i, WAENE R B R D R s BT I LA
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FRSES Q782

FEDIAR R 5 Al N SSERAN B AR 1 S 2R BRI
B> TR A RS O v RE (R BB H AT, )
7570 15000 A2 35 000 A T 40 AR EE K 1 Th g
EATE RN T s N2 A S Al BT
filt, VARG TR AL 20 I 2 a0
SR A T g SE PR AT Th REWF 7T Ot 45 B ok ik o 2
RNA T35 77 7 (0 8 FH L2 A oK Hh s g 17 5k IR o g
W73, HAlT, RNA T35 (1) 2 AR T g
B WA o, HE W4 G siRNA (fh23
SEND AR g Waa P N B U Ex i U REZ PN
WU I ik sIRNA B shRNA 84K R 88 (ki ak
TR A, AL SIRNAY, Hor, [ 5 R
SIRNA ¥ 5y A S 30 803 (IR IN 1, N H 52 2]
AR K T BRI DRI, A S M L 38 T R A R AT
RNARFFE ) B ik

5 R 8 R0 RS K 8 3 38 344 1) F g R AL,
RNA ¥ 800k 1 F g 32 2% H RNA K 4 B T
(Pol 1) J3 2N+ PolllJH 8 ¥ 3550 A =2, i
=K (Type ) JF3h+ (t445 H1 F1U6 J58)¥), H
Tl 7 N4 g b /KPR H ) RNA 2 71,
DA 3L T A R W XA oo 0 T A e sk i 57
AMI X skt B, BRI R R S T RNA T35 2R 1 1
. AHR, R U6 JH 8 1 BR R S S — A
AT N S IR, BT LAYE RNA T3 4111
R B TR R RYE, JEHX T mRNA 7
FEE R ) R R BB 4 B 5. H J3 ) 7 AN AE |

L Rk, M2 R, HI A3 H#HIE T RNA
T EAR R . ARSI E RS T UL B E, R
4K 374 bp [ HI JA 30 TP 4R & T PIF RNA 1
WK pSL M A A & 14 2¢Ot i 1 (EGFP) A5 %5 (1)
pESL. LA RNA T3 p53 LA H, Jf LU LS HI
JA B A i 100 bp J¥F1 1 B AL 8K pSilencer™
3.1-H1 hygro 4 FHPEXT I, 364F T pSL Al pESL [
TR, SR g R, pSL Fl pESL AMHAEHS
A A H R R R IE, T H Y pSilencer™
3.1-H1 hygro AL, HA WK TSR, T
A& pSL M1 pESL [ Bl e gt Ay 5 25 AR KL PR 1) i
DRILBR S D REF AT T R A7 1R itk

1 #RFTTE

1.1 ##

1.1.1  JFCRLR1 & A . pEGFP-C1 #% 4K 1 Clontech
4y H) . pSilencer™ 3.1-H1 hygro (Ambion 2 &) 7= i)
PHAS = B AT L 0. pGH-T 2044 th A= 1 461,
TELSCHR[14]. K B DHSac tHA = F A7

[ 5 A SRR A BRI I H (973) (2002CB513103) FE %K A
SRR R4 B I I H (30200073) .
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1.1.2 40005 8RR 7). HepG2 40 M 2 6 A v [ B2
SRFEE B AN M. AP IR EIYE N IR, rTaq DNA 2R
4G, T4 DNA ERN M 4 G 2F IR I W A KGE
S A W) . pfuTaq DNA 58 & i 1 55t I 4 U6t I
DNA [FIGR T £ 85 0 E A 50 R R AR AT BR 2
. FOREHR O A £ A ImProm- 1T ™ fi2 %% % g 1
Promega /s 7] . Trizol 7] /% Lipofectamine 2000
A5 B8 W B Invitrogen A A . B TR 4T 4 2 BN
Amersham pharmacia 22 7 77 it $it P53 1 A B 50
B P A BT Actin 25 (1 1L 3E 2 s HUR B W A
Santa Cruz 7~ #). B S AL W)l (HRP) bric (HHL
F/ R db st b A | = 5L ECL A A 71 £
W6 B Pierce A A B 5143 A6 = i & A=)
FEOR A= i e B E t AR R A
5E K.

1.2 A

1.2.1 HepG2 4l i 5 K21 DNA 2. fedE 10° 4>
R, I 400 pl Z4# 7 (10 mmol/L Tris pH 8.0,
0.1mol/L EDTA, 0.5% SDS), 7t/ Ja A
filf K K 0.1 g/L, 37°CAREER. kH, 2%
B Tris ORIy Hh 42 2 G, SEARR G / e G
(24:1) HhfE 1 k. EIEMANEER AR, T
SEERLUE, B0 R =R T &5, A 50 pl
% 20 mg/L RNase ) TE W diie, &, T
20 CHRA7#H.

1.2.2 5I8E. 5149 1 F1 2 (primer 1 F12) T
M HepG2 JE[K 41 DNA H5gfE HI J5 81, 1E[ 5]
¥ primer 1: 5" TTA TAG GGA GCT GAA GGG
AAG GGG GTC ACA 3', &[54 primer 2: 5’
GGG AAA GAG TGG TCT CAT ACA GAA CTT

ATA 3'. 5% 3 Fl 4 (primer 3 Al 4) H T M ki
pGH-T-H1 H1 5B H1 Ji8h 7, JF7E H1 38T 1
Wesgn— B T7 51%)F 4, 1E R 514 primer 3: 5’
GAAGATCTTAATACGACTCACTATAGGGTTATAG
GGAGCTGAA GGGAAG 3’ (NIl Bgl 11 {7 145
FHK A T7 518 ¢ 51)), & 17 514 primer 4: 5
AAAACTGCAG CCCGGGAAAGAGTGGTCTCAT
ACAGAACTTATAAGA 3’ (HIJG W T RIZ 4 7 A
Pst 1 F1 Sma 1 47 55). 5141 5 F1 6 (primer 5 F1 6) H
T M pEGFP-C1 JUKiHh v [% SV40-polyA, 1F [H] 5]
Y primer 5: 5 GAAGATCTAGATAACTGATC
TAATCAGCCATACCACATTTG 3’ (Bgl1l), JxIf
51 %) primer 6: 5" CGAAGCTTTTTACGCGTTAA
GATACATTG ATG 3’ (HindIl).

1.2.3 T3 %4k pSL #1 pESL (I HE. M HepG2
A 21 DNA 5 B H1 3 85 1, PCR 7“4 AN
pGH-T # /K43 pGH-T-H1. LA A BHRF 514 3
H14 34T PCR 14, /=4 Bel 11 A Pst 1 XU )
Ji, 54 BamH 1 Al Pst T XU V) pEGFP-C1 i
¥, R pEH. pEH 4548 Ase 1 FI Bgl 11 XU V),
A & 5 2E R (MB nuclease) Bl F-Zh 1 AR bt
RIE H S IEIEE, BT 804k pSL. [FI,
LA pEGFP-C1 4 Bt ) T 514 5 F 6 9 1 43
SV40-polyA ¥4I v Bt, J5# 4 Bgl Il #1 Hind Il XL
W U] J5 3% N pEH W _EIREE V)AL A, T 8
& pESL.

1.2.4 EIXF p53 BEPRIR 00 BORR . & eEEX) p53
FEIR ) siRNA Bkl DNA F Bt p53i fl ApS3ill & 5
ZAHS B B R 7 A1) B se-pS531 Al se-Ap53i (K
1). ¥ p53i S sc-p53i MIE SR SCERIR K i, A
28 Sma 1 F1 Hind 1 XUEGFD) ) pSL A1 pESL 1, 44

Table 1 Sequences of hairpin siRNA template oligonucleotides and their scrambled sequences

Name Sense (5'—3")

p53i GACTCCAGTGGTAATCTACTTCAAGAGAGTAGATTACC

ACTGGAGTCTTTTTA

sc-p53i
CCATGTAGTTTTTTA

Ap53i GATCCGACTCCAGTGGTAATCTACTTCAAGAGAGTAGA

TTACCACTGGAGTCTTTTTA

sc-ApS3i
AGAGTCCATGTAGTTTTTTA

ACTACATGGACTCTTGGCATTCAAGAGATGCCAAGAGT

GATCCACTACATGGACTCTTGGCATTCAAGAGATGCCA

Antisnese (5'—3")

AGCTTAAAAAGACTCCAGTGGTAATCTACTCTCTTGAA
GTAGATTACCACTGGAGTC

AGCTTAAAAAACTACATGGACTCTTGGCATCTCTTGAA
TGCCAAGAGTCCATGTAGT

AGCTTAAAAAGACTCCAGTGGTAATCTACTCTCTTGAA
GTAGATTACCACTGGAGTCG

AGCTTAAAAAACTACATGGACTCTTGGCATCTCTTGAA
TGCCAAGAGTCCATGTAGTG
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BT ¥ FURL pSL-p53i Ml pESL-p53i M2 &} I J5 hi
pSL-sc-p53i il pESL-sc-p53i. #f Ap53i M sc-Ap53i
M 1E SCRI R SCREIR K, 1EANZE BamH 1 A1 Hind 1l
XUV pSilencer™ 3.1-H1 hygro W, g il T
JIRL pSilencer-p53i M B TRL pSilencer-sc-pS3i.

1.2.5 T 50K KOk IROBORE IR 8% 4. HepG2 41 it
Fie 3x10° A / LR T /S FL 40 Ml B5 TR, 24 40 i
80% il &I, 2 Lipofectamine 2000 %% 443X 7 i)
W 45 4> W) ¥ Y% 9 ki pSL-p53i, pSL-sc-p53i,

pSilencer-sc-p53i. ¥ YL f, Jii ki 5 Lipofectamine
2000 FLEBIHZ 122 (g/pd) BEAT.

1.2.6 p53 B mRNA K&KV HEL M. HepG2 4
s e 5 48 h $EHUE RNA, E& 1 wg, JHAIH
Oligo(dT) J #5315 cDNA. FJ | p53 Fl B-actin 45 5+
1) (% 2) 714 cDNA 45717, 1% 3 IR B B vk
o, IFAI Alphalmager™ 1220 B 5 70 &
GEUEAT B BE ARG, LA Y AN IR JTORL 40 ) pS3
FEPRIFE mRNA 7KF E R RIA 722 5.

pESL-p53i, pESL-sc-p53i A pSilencer-p53i Al
Table 2 Sequences of primers for RT-PCR
Primer(sense) Primer(antisense)
Gene
(5/4)3/) (5/4)3/)
p53 CAGCCAAGTCTGTGACTTGCACGTAC CTATGTCGAAAAGTGTTTCTGTCATC
B-actin GGCATCGTGATGGACTCCG GCTGGAAGGTGGACAGCGA

1.2.7 p53 FERE H R IA KA. 4% 45 48 h
WAE4H M, 4%, Bradford v 85 [ UE & )5 #H4T 5
FIBEDIE 5256, B 80 weg AR I, 28 10% 3K T4 )4 Ik
N vk oy B Ja, HERS RANIR T 4E R B 430
H P53 Fl Actin —$iiF & 1.5h 5, AN PG
2h, ECL ¥l

1.2.8 Ziiloriir. Seg0 45 R A SAS8.0 A 1474t
W2, FJT 2250 T 25 SIS 41 2 [A1 R 22531

2 & B

21 HlBaFHIRE

M HepG2 JE[X 4] DNA g% HI JH8h 74K
JE 4102, PCR P##i% N pGH-T #4A %3 pGH-T-H1.
BamH 1 Al Hind X Y) pGH-T-H1 " #35 H (1) Fr
BOMAFF A B W Js, kWP o Jc (& 1).
2.2 FiH# 4K pSL #0 pESL RO

pEH £¢ EcoR 1 Al Hind I XUBEY) Jo,  BH M v [
NA5 250 bp M H B B, &y Effis, HTT
WS pSL IEM E AL 148 Neo 1 BEV) 5, N A3
1.8kb. 1.6 kb fil 0.7 kb 3 N FBt, &My LiRG
1+ R 25525, pESL £ Bgl I F1 Hind I XU ) )5

BHAPE v B N4 250 bp 19 H 19 7 B, 3 1IE A 5
TSR (K 2 R 3).

2000

1000
750

500

250

100

Fig.1 Cloning of H1 promoter
MI: DL2000 marker; M2: N-Hind Il digest DNA marker; /: PCR
products of Hl promoter; 2: digested products of pGH-T-H1 with
BamH 1 and Hind Il
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HepG2 Genome DNA PCR HI Promoter
e Primer 1+2 Ligation
——— S e PGH-T-HI
pGH-T Vector —
PCR| Primer 3+4
T7 H1 Promoter
pEGFP-C1 | E—
BamH 1 +Pst | Bel 11 +Pst 1
PEGEECI digestion digestion
PCR | Primer 5+6 L
Ligation
" *
SV40 polyA Pecmv
— pUC ori EGFP
Bgl 11 +Hind Il EH IS
digestion [ p | F H1 Promoter
Bt L +Hmdll 5.1kb W T7 Prtomoter
& di tm x SV40 polyA
igestion Kan'/Neo' . i ori
Ligation (1) Ase I +BglII digestion
(2) Smootired with MB nuclease
i (3) Ligation
L
~ Pcmv
. == MCS
: EGFP UC ori
pUC ori € 1Y "'{ - H1 Promoter
SV40 polyA T7 Promoter

MCS

pESL
'~ H1 Promoter
=T7 Promoter

43 kb
Kan'/Ne&_—. —‘/

~ SV40 polyA
ti ori

pSL
|

s 4
:: /’ ti ori

Kan'/Neo'"

Fig.2 Construction of pSL and pESL

bp bp
23130
9416
6557
4361
2322
2 00 2027
1000
750 ¢
| 564

500 ¢

250 ¢

100

Fig.3 Restriction endonuclease analysis of pEH, pSL and
pESL

M1: DL2000 DNA marker; M2: \-Hind Il digest DNA marker; I:

digested products of pEH with EcoR I and HindIll; 2: digested products

of pSL with Neo I ; 3: digested products of pESL with Bgl Il and
Hindlll.

2.3 §t3t ps3 BERE T RfiiE

T siRNA #iH DNA B Bii%E A pSL 1 pESL
J&i» pSL A1 pESL HF[f) Sma T 47 53 2%, PRI A)
Hind Il }2 H1 J3 27" ¥ EcoR T 47 5 3E 4T Mg ) %6
SE . BAPEFURL A HY 290 bp 16 H 9 B TTIE N
siRNA #1582 DNA F Bt 1) pSilencer™ 3.1-HI hygro
ki, 22 EcoR 1 Fl Hind XM Y] )5, 1EMGE 4T
Pl 3.2 kb. 1.2 kb F1 160 bp ) H i) i Bt. &
0 Ji ki pSL-p53i, pSL-sc-p53i, pESL-p53i,
pESL-sc-p53i & pSilencer-p53i # pSilencer-sc-p53i
SWFariwia, HT F255%8 (K 4).
24 T BORL R X BR R B % R 8 R A

FERE G AN R HEAT pS3 JERl mRNA A 1 ik
$eai N Gl <O o1 I 1 R IS E R I e R T & Y 4
pESL-p53i A1 pESL-sc-p53i 1) Je s % (Hi4x 4 Fp
FORLIR e Je e ] A2 IR, A bR c 1% 40 i [
PEZ AL 80%, X 15 B T30 KO fUSURL ] R A
Rk N HepG2 41 (1 5).
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p53 FE Al mRNA KA (14 il %~ 35 v] 15 81.53%,
. M4 pSilencer-sc-p53i % e 4l L AH LE pSilencer-p53i
P 9 N
YA pS3 FE K] mRNA 3K 41 i) 2 57 1 1L
69.86% . AHIF S8 ¥ A 3 Ik, & BRI B
(Kl 6).
bp
500
2000 550 P53
1 000
750 750 | B-actin
500 500
250 Fig.6 Determination of p53 mRNA expression using semi-
100 quantitative RT-PCR in HepG2 cell transfected with RNAi

Fig.4 Restriction endonuclease analysis of RNAi pasmids
M1: DL2000 DNA marker; M2: N-Hind lll digest DNA marker; 1~6:
digested products of recombinant plasmids with EcoR | and Hind Il ; 7:
pSL-p53i; 2: pSL-sc-p53i; 3: pESL-p53i; 4: pESL-sc-p53i; 5:

pSilencer-p53i; 6: pSilencer-sc-p53i.

(a)

©

Fig.5 HepG2 cells transfected with pESL-p53i and pESL-
sc-p53i (48 h after transfection)
(a), (b) (The same field of vision) pESL-p53i transfected;(c), (d) (The
same field of vision) pESL-sc-p53i transfected (x200).

2.5 p53 EE mRNA Fikk By

5 i RT-PCR 4738t p53 JE K F 5+ cDNA
G, [N, DAAH A R 9™ B-actin 15k P 0 HR
(G172 W3R 2). 41 i Y5 ) B-actin FE K] 1 B
2 2 P SR 55 A0 AL, UIE W) RT-PCR AR AR & —
;B EFR A R R, A5 pSL-sc-pS3is
pESL-sc-p53i M pSilencer-sc-p53i ¥4 4 41l iy PU 2 11
p53 mRNA ik & 2 [\ G 2 3% 1 % 7 (P>0.05). 5
pSL-sc-p53i #% YL 41 fu A Lt pSL-p53i #% YL 41 iy p53
LD mRNA ik i # il #2122 T ik 87.66%, 5
pESL-sc-p53i % 44 41 Jfu Al Lt pESL-p53i % 4% 41 il

plamids and their control plamids
1~7 : HepG2 cDNA amplification by semi-quantitative RT-PCR using
p53 and B-actin primers. M: DL2000 marker; /: from normal HepG2
cells; 2~ 7: from HepG2 cells transfected with pSL-p53i, pSL-sc-p53i,

pESL-p53i, pESL-sc-p53i, pSilencer-p53i and pSilencer-sc-p53i

respectively.

2.6 p53 EEEBRFIEKFHIHE

SERG AR RN, AN YR Y Actin 455 5 4 o
SHAHUT, F BH A 0 B R S A AR A B A R —
O E LS KW, FAM S pSL-sc-p53is
pESL-sc-p53i J pSilencer-sc-p53i 4 4 41 fd DY =& 1)
P53 FiL w2 WG 8 F %% % P>005. 5
pSL-sc-p53i % YL 41 ffd #H b pSL-p53i %% 441l iy P53
FEIE [N T v A 85.64%, 1 pESL-sc-p53i
B ML, pESL-p53i L4 iy P53 ik i
I T Ik 80.78%, T4 pSilencer-sc-p53i 4 44
YA LE, pSilencer-p531 5 YL 4l iy P53 Kk g4
IR P 1 70.38%. 512 & RT-PCR 2047 i 15
SRR ). AR R SE0 B A 3 Ik, 45 RICF A
(K 7).

e - e o wes 53
... .. wmP Actin

Fig.7 Determination of P53 expression using Western
blotting in HepG2 cell transfected with RNAi plamids and
their control plamids
1~7 : HepG2 protein amplification by Western blotting using antibody
of P53 and Actin. /: from normal HepG2 cells; 2~ 7: from
HepG2 cells transfected with pSL-p53i, pSL-sc-p53i, pESL-p53i,
pESL-sc-p53i, pSilencer-p53i and pSilencer-sc-p53i respectively.
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3w #

MHEAL I B HE, RNA TR —Fh40 i
H 5 HPUs 23 2 G A S Bk ) 1) 0 AL . A A
—FhEERITER G T B, RNA TWAAEE —FhREs
IS FH 998 75 P08 18 97 RN L DR h BERIF ST IR B B R
SRAMT, LB FH siRNA (175 &) 9% I e SLAE FH It gk
I PEAE RNA T3 R — 20 N H =2 2B 6. T
&, R B AR N RIE sIRNA IS 1)
WP, fEASEIG b, FRAIRE TR SR T
i, SPFFERE M RNA T3 &4:: pSL Ml pESL,
AP RNA T RE R DI RERF 74T T R
L (1 A,

pSL Al pESL & %t T H1 JH 3 + & K 7 41
(374 bp) M, 55 AL B pSilencer™ 3.1-H1
hygro AH b B A7 B & 1) T35 2% pSL 1 pESL 5
pSilencer™ 3.1-H1 hygro AH LU 1L J5 2l 45 # | 3= 22
AW ARE: a. pSL A pESL 19 H1 JE 31 1 A4 K
FE4, 1 pSilencer™ 3.1-H1 hygro X 4% H1 Ji 5
T A 100 bp F#41); b. pSL Fl pESL [¥) H1 )i 5
F 3 N AR, RAEAEAT B, {H pSilencer™
3.1-H1 hygro 3’3 [f] 6 % 1T R A% 244 Bl BamH 1

pSilencer™ 3.1-H1 hygro BA 5 & 530K,

pSL H pESL W 84K {E HI 381 3" % i) F
Ui e T A A S 56 TNy (AN 22 5. A AR I
BANEZR, H1 B30 1 354 3 DELSE .
R, FRATTE T8 A1 3 A g 2 f5 X
N HI b 3 A SIS EU R T —A Smal
(DI R XA BT AMA R A A HL 8 31 1)
FEA, i FLAE A B RNAG FRAR 55 A% T R 1 FE T
i, AN T SE50 A,

Wt pESL TW kM =, M1 i 7 EGFP 45
B, MO AR B e JE AR {5 Rl 0 S e e bR XA R
TSI A . HE, AT REIE & KOk AT EGFP
PRI ZHL, pESL [T R ig K T pSL.

4, pSL Fl pESL i H A7 DL AL s, 41 s
LT H B B T7 5190 5 58 & T3 i
IS RN TAETE A 7 (8 8044 B S R FE AT
ZHA TR Rk s 4 B neor K&
DRI 2 G Ji 7 12 A e s DR B o 10 1) 1900 &40 R i 4y
nJ .

ASZIG R T WA R HE . ST RTRRE N
RNA T #H4k £4:: pSL il pESL, JF¥iF 7 H+
WA X AR DR XA R SE AT RNA T
ARt T EE T A,

2 % 3 Wk
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Construction of Two Highly Efficient RNAi Vectors and Their Application”

YANG Ming, FU Han-Jiang, TIE Yi, ZHU Jie, JIANG Hong, ZHENG Xiao-Fei™
(Institute of Radiation Medicine, Academy of Military Medical Sciences, Betjing 100850, China)

Abstract RNA interference (RNAi), which could silence specific gene expression post-transcriptionally, has
become a powerful tool for identifying gene function in eukaryotic cells. One important approach of RNA
interference is to construct a vector system which can direct the synthesis of small interfering RNAs (siRNA) in
cultured mammalian cells. The H1 RNA promoter (374 bp) was cloned from HepG2 genome DNA. Two RNAi
vector systems, pSL and pESL which has an EGFP gene, were constructed and used to knock down the expression
of p53 gene. Then, the mRNA and protein expression of p53 gene were detected by semi-quantitative RT-PCR and
Western blotting after the RNAi plasmids were transiently transfected to the HepG2 cells. It turned out that the
RNAI efficiency of pSL and pESL are much higher than that of pSilencer™ 3.1-H1 hygro RNAI vetor. Therefore,
the data suggested that pSL and pESL RNAIi vector systems, which could suppress specific gene expression with
high efficiency, are new useful tools to identify gene functions in cultured mammalian cells.

Key words RNA interference (RNAi), H1 promoter, p53 gene
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