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Construction of recombinant lentiviral vector harboring shRNA of ribosomal protein S3a and its effect on cell
apoptosis

LI Ying-hua, WANG Jing, QIU Lei, LI Jian-zhong, HU Zhen-lin, ZHANG Jun-ping”

Department of Biochemical Pharmacy, School of Pharmacy, Second Military Medical University, Shanghai 200433, China

[ Abstract |
(RPS3a) and to analyze its effect on cell apoptosis. Methods Four pairs of shRNA sequences targeting mouse RPS3a¢ mRNA

Objective To construct a recombinant lentiviral vector harboring shRNA for mouse ribosomal protein S3a

were designed, and were ligated into pLLU2G-eGFP lentiviral vector. The recombinant plasmids were co-transfected with pLV/
helper plasmids into 293T cells to package the recombinant lentivirus and the titers of the virus were determined. The lentivirus
was introduced into RAW264. 7 cells and levels of RPS3a mRNA and protein were detected by real-time PCR and Western
blotting analysis, respectively. The apoptosis of RAW264. 7 cells was detected by flow cytometry assays. Results PCR and
DNA sequencing analysis confirmed that the recombinant lentivirus was successfully constructed and the virus titer was 6 X 10"-
9X10" TU/mL. Results of real-time PCR showed that the silencing efficiency of Lenti-shmRPS3a was 72. 64% , and Western
blotting analysis showed that RPS3a protein expression was decreased. Flow cytometry demonstrated that lentiviral-shRPS3a
significantly increased cell apoptosis compared with the control group (P<Z0. 05). Conclusion The constructed lentiviral vector
harboring shRNA of RPS3a can efficiently silence RPS3a gene expression and promote cell apoptosis.
[Key words ] ribosomal protein S3a; RNA interference; lentivirus; apoptosis
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RPS3a mRNA [7KFR#E™ . Kho % 58 & BH
NIEH 3k 4 M AR TE I35 RIS - RPS3a mRNA 3£
ik BT HAEAMARRI S MR A & . LAk, RPS3a
hE 5 #% 5 1 F CHOP. Bel-2. EB %% 2 % 15 19
EBNA-5 %5 #H B F I 8 21 40 ff A ™ L 985 p53
O R 2 B (ADP- B B A s pE
RPS3a fE P EE X & A (HBX) B R . 0]
DL 3 94 HBX 364011 NF-«B {5 53 % , 15 & i
L, AR 4 By i A AR 3 IR 2k R 4% ) A 2 A
BT A ST % B, RPSL31, RPS3a, RPLY 25 4%
WK FI7E 4 5 I8 R R Bl 2 b s ekt L HL
RPS3a 5 ZB 1 TS AH G 1 acsyn D REE
SRHIEN, FRATIE A SOk £R 3R T RPS3a 5 41 il
T AR AR o AR R R TR 20 S AR
RN, RNA FHH AR T4 5K DT Bk 3
PR BT N A T ARE TR IE . AR TG A
/N RPS3a 4 5 PE RNA T4 8 20 18 9 % 24K
(Lenti-shmRPS3a) , 343 #1 L35k PR 10 BR A% % 2 %) 4l
HLJR T2, Ryt — 29T RPS3a (A% (A 7B
Tfgse it TR,

1 #ET7IE

L1 AR A EERAN  sebEEAK pLLU2G Flf )
Jii ki pLV/helper-SL3., pLV/helper-SL4, pLV/
helper-SL5 It 5 #M A=W FHE A R A v . 293T 44
MiFn RAW264. 7 4l S A< 52 95 % IR A7 BRI
VIl Hpa T Xho T .T4 ZERRF.Sth13 BZ ST
Wy H TaKaRa 23#] . BRI &l 3 KA1k
FHEABRZA T . Fugen 6 # 4LIGHIW  Promega 23
Al bt /b R RPS3a $iL K1 3 Abnova 24 F].
GAPDH #Hi & fll o Y6 — Py 3 Santa Cruz 2 Al
Annexin V-FITC 4 i T #0055 &0 A 5 Al
FAEYRHE R A TRA T

1.2 ¥ RPS3a AW o9 A BT AR/
RPS3a 1) mRNA J¥ %, #] H 78 £ & i+ 3 7
Invitrogen “Block-iT RNAi Designer” #ki%k 4 £
& 21 ANMREEM 5 RPS3a [F1E 1R 5 PR % 1 1R )7
S, F 5 R (1) CGT GTG TTT GAA GTG
AGC CTT; (2) CAG ATA AGA AAG ACA TCC
TAT; (3)GCT AAG AAG AAA GTG GTC GAT;
(1) GCA TTG GGA AAG ACA TAG AAA, %
BLAST EW kLY 4 25 H B 51 R 5 HAbAT
PR A . [RIBF AT — B B %t BR B AL 51 NC.
GCG CGC TTT GTA GGA TTC, FAR4ELL I 5 Bt
FEH 3 T4 R 4 X% RPS3a 45 54 & J¢ RNA
(shRNA) J7 51, B3 X A B — 2% 1F SCE il — 4% ) X

%, s A LL—A loop 51 5'-CTCGAG-3"#Hi » Ji5 i
A RNA G 54 5% 26 kA7 45 [ I A5E A 5% PR
SR Hpa 1 F1 Xho 1 FGYINL & A AR
M FERZ AT PR EE 4 HSERZ TR F 2 W 1 R SCE CT 4
HANR 0 1) S 0 3 3 91 I s SCJF 90D 43 ) 2
RPS3a-1F:5'-TCG F TGT GTT TGA AGT GAG
CCT TCT CGA GAA GGC TCA CTT CAA ACA
CAC GTT TTT C-3', RPS3a-1R; 5-TCG AGA
AAA ACG TGT GTT TGA AGT GAG CCT TCT
CGA GAA GGC TCA CTT CAA ACA CAC GA-
3"; RPS3a-2F: 5'-TCA GAT AAG AAA GAC
ATC CTA TCT CGA GAT AGG ATG TCT TTC
TTA TCT GTT TTT C-3', RPS3a-2R: 5'-TCG
AGA AAA ACA GAT AAG AAA GAC ATC
CTA TCT CGA GAT AGG ATG TCT TTC TTA
TCT GA-3'; RPS3a-3F.: 5'-TGC TAA GAA GAA
AGT GGT CGA TCT CGA GAT CGA CCA CTT
TCT TCT TAG CTT TTT C-3', RPS3a-3R: 5'-
TCG AGA AAA AGC TAA GAA GAA AGT
GGT CGA TCT CGA GAT CGA CCA CTT TCT
TCT TAG CA-3'; RPS3a-4F;: 5'-TGC ATT GGG
AAA GAC ATA GAA ACT CGA GTT TCT ATG
TCT TTC CCA ATG CTT TTT C-3',RPS3a-4R;
5-TCG AGA AAA AGC ATT GGG AAA GAC
ATA GAA ACT CGA GTT TCT ATG TCT TTC
CCA ATG CA-3', X 4 3£ 4% 15 R ¥ 5] NC-1F .
5'-TGC GCG CTT TGT AGG ATT CCT CGA
GCG CGC GAA ACA TCC TAA GTT TTT C-3/,
NC-1R:5-TCG AGA AAA AGC GCG CTT TGT
AGG ATT CCT CGA G CG CGC GAA ACA TCC
TAA GA-3',

1.3 pLLU2G-shmRPS3a & 4112 J& & & 4k 09 #y 2
L%Z HEBMSERERRIE XS ROCEETEIR X
GE R AT ROWAR R AR 250 pmol /L Y IE
X4k oligo 20 pl, 50 pmol/L iz 4% oligo 20 pl,
ddH, O 40 pL, 5> 38 2% v 20 pl, 3k 100 pl 2
NAARR GRS EHA T RT3 E PCR AL TIR K
M :95C 2 min;&F 8 s FREO.1IC,FEE 25°C 2 90
min; 4 CIRAF. 76 37T°C &M T HNYIE Hpa 1 i
Xho 1 FgY) pLLU2G A& LA Z VA K il B [m]
W2t ik pLLU2G 53R K5 i 3UEE DNA %
Fe o % 2 IOV AR IR - pLLU2G i 1) (8] 4 7 4
(200~ 300 ng) 8 pl; iR kY oligo DNA (1/10
dilute) 1 pl;10X T4 DNA #2028 0Pl 2. 5 pls
T4 DNA J%H: 1 pLs b HoO 22K RN 25 pL,
ACHEIESR ., EH YR Sth13 B2 BW .
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FHEAREG VAL 5 P i 1 51 W 64T PCR 9738 3 H Y
B ik PH A R % R B, PCR 51975 41 .
pLLU2G-F / AGG CTT AAT GTG CGA TAA
AAG AC, pLLU2GR ) GAG CTT ATC GAT
ACC GTC GAC,
1.4 pLLU2G-shmRPS3a 12 5% & 49 ¢, % fo % 4 4
JEegml 2 o3 piHs B Bk pLLU2G-shmRPS3a-1
~4 B Fikr pL.V/ helper-SL3. pLV/helper-
SL4.pLV/helper-SL5 d:4£7L 293T 4, 555 48 h
J5 9SG ARG T M YRR IR & A Y
Bt B B m) I BSOS . 0. 45 pm B2
S8 0 90 min UUTE NG B UKL, FHE R IR
T BIN EEUINE » B — 80 CLRAE

AP 293 T 4R 6 FLAR o (58 4 A B ik 2]
30%0~50%0 Br it . 43I 56 AR 34 10 £
FEFERR B TR B AEEON 10773 1077, EKBR
293T AR 38 W AR B J R BEAE s T 6
pg/mL B EREENE B2 AR T8 5]  [m] B 150 B AN TN 75
M2 ZS 0 R, TR 24 h 5 5 A B BRI B 5
WA 2 mL B fif 1 50 5 SR Ak 221557 2 72 h
J& s e S A LB A SRR B . N T
JE = H P A BRSO R R RE X DO A 43 L
1.5 Real-time PCR 5 %& & Jit b7 i ik 46 ] RPS3a
# £k Lenti-shmRPS3a 185 75 Bt RAW264. 7
M, 48 h J5 WA A0 A . fl 42 5 RNA, PL shRNA-
control 20 X i, RT-PCR £l RPS3a Y mRNA
FIRIKE 47 B 2722 o Ar b B AR R . 51 e 4
I K., RPS3a-Forward: ACC GAT GGG TAT

bp M 1 2 3 456
500 1
400

300
200

bp M 1 2 3 4 5 6
000+

750-
500~

250-

A

bp M 1 2 3 45 6

TTG CTC CGA CTT, RPS3a-Reverse: TGG CGG
ACT TGC TGG TGC TG; GAPDH-Forward:
TCG TCC GGT AGA CAA AAT GG, GAPDH-
Reverse: GAG GTC AAT GAA GGG GTC GT,
Lenti-shmRPS3a 18 J% 7 J& Jr RAW264. 7 4
1,48 h Jg R HUREE 1, BCA o it 5 3 b A,
LB 8 pg H A 5 X SDS-PAGE Loading
Buffer F#E, % %4 SDS-PAGE 43 B )5 ¥ 5 2 il R
FYERE | AT RPS3a 1 Actin BYFS SEHEBUIA %
PEEPIE
1.6 AX@mpeREn e B B RAW264. 7 41
MILARRAL 3 T A2 22 12 LA . 70 40 O B 5
INAFE R 75 . 5597 48 h JF IS EDTA [
T AL SR AN B B0 5 3 3 . & 104 i A &R
I A B IRk 2% b Y 1 A 200 JRL, Tk 25 00 i 1) A T
JEH Binding buffer # &, # % m A 2. 5 pL
Annexin V-FITC, &EEE W 15 min; EHLETN
A 2.5 pL AL PIBE AT 457 I i A B A A T
1.7 it daz 3RS R s L x4 3R
s 2 E) 25 55 R ¢ K58 R K 1 () 2 0. 05,

2 & R

2.1 EARBRERELEE DATHEZRZFR L
BHE 5 2 e 5 B9 SO AR AR AR o ] 288 A il 17 57 4 i
(514047 PCR Y38 . & 1 Al L, PR A H 9 R B
520, PCR 47 3 8 41 A 15 20 9 i BoR T2 31
&, %7 4 9F 52 RPS3a-shRNA IF #i #fi A 2k &
pLLU2G . A4k 2 BLAST 41 Eb %HiEBe
H BSR4 A SN, 4 P 20 BRI A )

bp M 1 2 3 45 6

B 1 pLLU2G-shmRPS3a PRIt EH e R BRI L E

Fig 1 Restriction endonuclease digestion analysis of the recombinant plasmid pLLU2G-shmRPS3a
A: pLLU2G-shmRPS3a-1; B: pLLU2G-shmRPS3a-2; C; pLLU2G-shmRPS3a-3; D: pLLU2G-shmRPS3a-4. M: Marker; 1: Positive control;

2: Negative control; 3-6: pLLLU2G-shmRPS3a

2.2 @EmE  pLLU2G-shmRPS3a E 4 i i il
Tl BB 2 PR e B e 293T 4 48 h Ji . AT LA it
JAZA A R B EE A 2% (98 6 3 (GFP) 2k L
2,

P B AN 72 h 5 . 2 4 M B Bl s T A
B g . HH8E 1 Lenti-shmRPS3a-1,
Lenti-shmRPS3a-2,  Lenti-shmRPS3a-3,
shmRPS3a-4 17 & 43 51| A 6. 6 X 107, 7. 8 X 107,

Lenti-

6.0 107, 8. 4 X 10" TU/mL, %} B4 # Lenti-
shNC iR 7. 0107 TU/mL,

2.3 FHaEMZ Lenti-shmRPS3a |8 575 B YL
RAW264. 7 4iiffl 48 h 520 0 i T WEE. KB 5
ST R A BUR P AN, B R R T 700,
Real-time PCR ¥ 40 5 N RPS3a ) mRNA Fik
K, 45 B OB R, Lenti-shmRPS3a-1. Lenti-
shmRPS3a-2, Lenti-shmRPS3a-4 (1] {1 2R %5 % 43 51l
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F3(72. 6448, 09) %, (63. 446. 56) %, (60. 22 &
4.22) Yo SXF IR EE Lenti-shNC A 22 57 A 4e it
R (P<K0.05) . X ULH, 55X IR AH LE  ABIESE
Hl Y RPS3a (1T 40180k 1 DTSRG N

Cellular background

B 2 pLLU2G-shmRPS3a #:3% 293T 44
48 h ERBRABANRE
Fig 2 Expression of GFP in 293 cells transfected
with pLLU2G-shmRPS3a for 48 h
A-D: pLLU2G-shmRPS3a-1-4. Original magnification: X 100

E B A I 45 R () 3) R RAW 264, 7
RS T B B shNC J5, RPS3a 35 H K P %A
A B AR AL T A LR G £ 6 H 3£ P RPS3a 1 T3
1B o » RPS3a 285 FHKFI8D IR IE Y 452k B
s 5 % B 40 A [, Lenti-shmRPS3a-1, Lenti-
shmRPS3a-2., Lenti-shmRPS3a-4 /£ i RAW264. 7
M f5. RPS3a 1Y 3 3k K F 43 ) oy (64, 59 &
7.55) %, (54.99+6. 24) ¥, (44.16+£3.52) %,

o ‘bfq/ o ﬂ.;b-’b‘
% %
& o & O

= <
& & & & ¢
R S
RPS3a - (i SR e e S

oot Yo a0
3 RNA THBmEx RPS3a & [k FE RN
Fig 3 Down-regulated expression of RPS3a protein in
RAW264. 7 cells transfected with the recombinant lentiviral vectors
RAW264. 7 cells were transfected with lentiviral-shNC or Lenti-
shmRPS3a for 48 h, and RPS3a protein expression was detected by

Western blotting analysis

Z34y real-time PCR FIE [ T FI3T 3 A 6 0 45
R, shmRPS3a-2 THACR AT B07E 5 L2 5 vh &
PR HZ RS T RPS3a i) RNA T4,
2.4 RPS3a Tl RAW264. 7 20§, 1= 64 % v
T AL AT BT 1 25 5 R RAW264. 7 20 i jgk e
XF R BE shNC I AR L-F- AN P8 T2 g% T 4%
H A EER RPS3a 1T Hi 12 0 5 J5 14 20 B 9 12 a4
hn 2 £ (P<<0. 05, & 4A~4C) . 5 [ 5 B il A6 0 45
F(E AD) S &L T shNC 18955 75 19 40 il 5 ok 4b
PR AN Gt B2 RPS3a 5 (4 35 14 TC U] i 25 5, i
&Y shmRPS3a-2 12 95 7 B9 41 Jfd )y RPS3a ) 3% 38
BT B /D 5 TR B A 5 T R L 5 0 B AR TG
Lenti-shmRPS3a-2 YE )5 9 40 e v RPS3a 1 3k
JK-2H (40, 38+4.12) %,

. =

n 10~ ~ 10~
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10° : 10° .
10° 10! 10> 10° 10*A 10° 10' 10* 10° 10*B

FL1-H FL1-H

Medium shNC shmRPS3a-2

» ‘. » .
RPS33—.W; -
29 800 . -
Actin— -w
! 43 000 T
10°

4 RAHMA (A~C)FE B FENEE (D)
i shmRPS3a Xt RAW264. 7 48 f 8 T B0 540
Fig 4 Effect of shmRPS3a on RAW264. 7 cell apoptosis as
shown by flow cytometry (A-C) and Western blotting analysis (D)

A: Non-treatment control; B: Lenti-shNC treatment; C: Lenti-

shmRPS3a-2 treatment; D: RPS3a expression levels after RAW264.

7 cells were transfected with Lenti-shNC or Lenti-shmRPS3a for 48 h

3 i i

M ARZE 1 RPS3a B 8 E B 2 — 1~ 2 Ui i
.25 TR A B 4088 5 A K5 o1k
P T 255V 2 4 P #E . RNAL 4R )
58 R1 £ 7 AR o i D) 2 2 B 9 ) B e s EAS ST
R AT R T A O 12— P BF5E RPS3a
MILEY)EDIRE . 18 BE BT B N2 i R i 7
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