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fE: [ Hi ] FIFICRISPR/Cas9Fs A i 37 RPSAZKE [F e 2 1) 7L 6 B 41 g (baby hamster kidney cells,

BHK2D)ZHHL 2, NP ERPSA A 85 S Ml ML B9 2 1 TR 5 [, WI2BERIERPS AR ZE N R 5 B
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WATOR A ABCREIR . ATHEE s RE 1 2555
R, LN DL RHE T A2 B T AR R Y PR
Wil PEBEE N TAZIR N D) A 55 D8 4H 9 i P B 20
LA, JE T 348 LR B R 1R R (zine finger
nucleases, ZFNs)FIJE T4 995 It 44 3 B I 7 43
WA ) — ol 2 Sy R A A5 PR 1 T T T 2R A
SR TS TR %000 ) A% 2 T4 44 88 2 R (transcription
activator-like effector nucleases, TALENSs)J{ fy i
hy {68 R i 205 1) 5 IR 4 i R TP, ZFNs
TALENSs £ ATE 5 A 2 4545 TR L K o B RO S5 07
AL A M PR TREBR A LU AT T RIE RS2 T,
B2 3 T B AR TE Al T R vl TR AR
ARG AR . SCRIIICKC | A s NS SR X
8 S e 32 AL BRI Tz I P
CRISPR/Cas9 & [H 2 45 £ A A FH /o3 1
RNA 45 () — S [r] BE LA 20 g AR HR , 724K ZFNs
I TALENs AR ZJ5 B 55 = A8 B 5L 2
AR AZHASE I T IZAFAE Tl 20 8 B A T
o — Al fe g RGN L GE IR
CRISPR/Cas9 £{AH 1 F[1] RNA @81 fE L br Ak
PRURR 2 O S E A T YD BT i DNA ST 7, 3F
115 25 2 Il A e i) 90 2 A A ] 905K g 2 43
1) A FRAB S A, S B L PR 20 R A o gk
FromRaU B R E AR M ERE, B,
T HAA R A AR R L RE RS,
RS 5 IUBL DRORS v g, 1T LA 4R i 3 78 A0 T
P AR S AR WHR T, EAERE
2 AN R A 22 AT DA
15 EAZMEHAZE 1 SA (ribosomal protein SA,
RPSA) MM A JERY RPSA M4 A4, ik
W)=y U = i N LN {2 0 S SV
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It HAEAFh A S e E Z R Ef . RPSA £
5 RNA G M gt i & Az ug R g
il = YA R 7/ <9l [ U A 1 Y o e 1}
R RPSA REMSWOE SN EE . FHIRN TE N2
PR it o7 G 5 68 8 s 5 R AR Sy 52 A R e S A
2120, 7 O R IR YL T EANR)S , RPSA
AR MAPK 38 #% , DA T 900 5 2 110 42 1
Ut , RPSA 5535 7 16 B e 40 i mp 77 70 25 T 225Gk,
I BLAE R 3 Y il B2 RPSA Al RE A 5 A
FIEMER .. FRET 2015 4E%E T 1 Mo & 105
7K W05 9% i 2E N < 9% B (Senecavirus A, SVA), H:
ST R A I R AR 5 B L R L JRDIR
R BRI A I ARRE AR A LA X 4322 B AT
SVA B HURPLEMIA TG R, ArERA WY A
T 5T SVA Lt #i v, 15 F RPSA S & & fE
g R 2, AWF5EH A CRISPR/Cas9 42
AR g RPSA SR ai bR 4l 52, HIRADFFE SVA
FOR P P A g8 AR

| e S

1.1 M. WE AR

BHK21 #iififd thA< 525 2= $2 {4 o 5% 3% fi
& 10%M6 4 L35 1 1% X0 ) DMEM $; 3% 3
PEATRE SR . FEN RN EE CH-FJ-2017 #4k A H
AN B 27 g 2 B I F 5 T I BB 9 R R e T
T2 B BN A3 B AR AT . PX330 ZdA kv Al
R R IRV B
1.2 A5 Rtk

KIHFFIE TransSa J&3Z 75 LA Tag DNA R &
fit . BRIPEAZER N YVIEE Kpn 1 A1 Xba 1. T4 DNA
HEERG . Trizol 5. TB Greenll g A EA W T



FFIFISE | RS, 2021, 61(7)

1947

FEREABRAF . Trizol 37 . &1 WY Marker
FI Lipofectamine 3000 %% #4514 H Invitrogen /A
], Opti-MEM . 0.25% EDTA JB B A8 4= 4 1L 37
(FBS)¥JIW H Gibco A Fl. DMEM 2 Jifl 5 % i Fl
PBS & H Hyclone 23wl o BRI & .
i DNA {2 BULR &l A OMEGA 2wl K2R
KA 5 & H MACHEREY-NAGEL A+, RPSA
P& (Laminin Receptor 1)l H Abcam, 41 % 1gG
(IgG-HRP)J H Invitrogen /A F) . ZEN RIiEE VP2
BRABTZ BT A S50 = il 45 IR AT
1.3 sgRNA ¥ & fit

fE NCBI Hi# ] RPSA JEH 751, JF483] 6
SRR AL, A7 RPS 76 5L 2 HoAR [l §% s AR iy
FEXE —-1INE T, #id http:/tolls.genome-
engineering.org (http://crispr.mit.edu/) W ¥4 % 11
sgRAN, MHEIF43 1T 20 bp M 51 % RNA
(sgRNA), F7F sgRNA J¥51 5" /il CACC/AAAC
KPR, LRI TP AR 1Y 4 XF sgRNA ¥
¥, 43944 BHK-sgRNA-1, BHK-sgRNA-2
BHK-sgRNA-3, BHK-sgRNA-4, sgRNA 4] i,
%1

£ 1. RITABAIEEE RPSA AY sgRNA [F75
Table 1. The synthesized sgRNAs that target RPSA
gene

SgRNA names Sequences (5'—3")

sgRNA1 F: CACCGCTCAATAGCAACGATGGCCC
R: AAACGGGCCATCGTTGCTATTGAGC
sgRNA2 F: CACCGCATCGTTGCTATTGAGAACC
R: AAACGGTTCTCAATAGCAACGATGC
sgRNA3 F: CACCGTCTCAATAGCAACGATGGCC
R: AAACTCGTTGCTATTGAGAACCCGC
sgRNA4 F: CACCGTCTCAATAGCAACGATGGCC

R: AAACGGCCATCGTTGCTATTGAGAC

1.4 PX330-sgRNA 20 %5 FRif g

PX330-sgRNA 7 21 3% ik it ki i) a0 9%
(1) sgRNA (3B Kk . ¥ sgRNA F 7514 ™
PiFi B 2 100 pmol/L J5 , B b N iE5 [ #4% 2.5 uL,
F A ddH,O0 4 uL. Tag buffer I 1 pL, 3t 10 pL
TRFR IR 0.3 °C/s BEFEFRIR A TIR KALFE . 95 °C
3min; 95°C 1 min, 85°C 1 min, 75°C 1 min,
65 °C 1 min, 55 °C 1 min, 45 °C 1 min, 35 °C
1 min, 25°C 1 min, 16°C 1 h, ffi kR34
ROWEE . (2) FIF BBSI N VI EFEGY] PX330 44
KW ARZATR . PX330 244 5 puL, BBSI 1 pL,
10xbuffer 2 pL. ddH,O 12 puL, 3£ 20 uL (K% ;
37 °C. 2 h Y], BeAullGmE B, (3) FgY)
A sgRNA WiEH:, T, 1 pl. 10xT,
EJEMS buffer 1 pL. PX330 fEY) B 1.5 uL, B
KIGH) sgRNA 4% 6.5 uL, 10 L& &R ., 16 °C
HERE . (4) PX330-sgRNA B W1k, %
T AL TransSo JEZ SN, HRBUTR,
R
1.5 ZHAAY LG

FEEE YT & S BHK21 4 T T25 4,
A 10%8 FBS, 1%L 1 DMEM 15 373
Bigr , BAMAL AN 2-3 IR AR FURASH S 1),
Vo A AL S B T A A b, TR ARG =
70%-80%H} , #7JFiki 5 Lipofectamine 3000 (4 18
el 1 pg:2 pL)srslfn#z Opti-MEM Hr, # 1k
15 min J5 4 P& TR G 5 F G BuiR-BOR & 5 V1R &
FE S min J5 EEIN B A0SR SR P KA R
BET 37°C. 5% CO, Hi 354 9% 48 he,
1.6 4ifd DNA 942K T7EI 3%

P BEARE DNA - SR ERT) G A4 1 B $R R

http://journals.im.ac.cn/actamicrocn
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il DNA, ffi ] check 5#iEf 54 14, Xt 34
1 B R BaE AT R, R IR R AR IR KR R
FRE 7 HEAT A8 PR IR K o HUFEIR K DNA =9
8 uL. T7 ¥R YIEE 1 uL FIAHR buffer 1 pL,
10 pL KZR, IR T7 AR N VIR B Bt
fif U1 I8 B R as (] E 1 TG U], 8 10x1loading buffer
Lk, R 1% R PRI T 5w R E
HAVIRIR B, sk, it check 514
PEATRE, 514975~ Check-F: 5'-GTCTGCCT
TCCTGTAGTGTCCT-3'; Check-R: 5'-CAACCTA
ACTCAGCCAGCCTAT-3',,

1.7 AR%RE

T7EL 5255 i HAT )R 464 0 4t ML k17 B
i R P e B 5 A A L R P 0.25% R T AL 241 i
BRI, AR SR IERATI 5] B 100 pL
240 e 2 B T I I P (5 P DA A THEAVE . R
4% AN MG TG I T RS SR RO AN I R R 2
1x10%/mL, B ] 5% FBS 5535 KA B F) 10 41~2H
ffl/mL, B4 0.1 mL #5573 1 S 4H 5 i ] 100 pL
HER K A5 B8 4 LB R AL 0.1 mL A 96 FLAR
Hy KEAR 45 d R, BREBUAEMIIL . 240
fL, XA A IE R B —di i fLARic s ARS8k
7% 7-9 d, ¥ 96 fLAnMIfLUEE A 48 fLAREkSE
iR, FRANIERCE R IR AL 2 24 fLAR . 6 LRI
PP G FR
1.8 Western blot 2 [ &

HSUHET AR Y A0 5 4% 1 Mo 258 B o A 4 O PR 0
S TRE SR, R A AT S, WSO Rk vk b
TGS £ 1xSDS loading buffer 784> H HEZLf | 75
AT TSR R EP B, UFRRIC: 4
B AEYE 10 min, 4 °C B0 JE, BCEHEAT
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SDS-PAGE. HLIKJqil i M5 L EN % NC JIiE |,
FEENJE T 5% AR Uik 3t AT, FHWASE Y 67 kDa
laminin H—¥#T, FHiR 1gG (IgG-HRP) N —Hi,
HEATHURPUARSE SR, X RPSA JE R @B 1)
BHK21 FLAH ] R 75 8 1 5K BT IR
1.9 Sanger Il 7 %X E

YBCHET AR Y 20 i 5 4% 1 e 16 B A A N ok 0
AT R SR, TP e, OB AR A K |
i REZH s DNA S HGUR) £ ud B 4 VR SR
DNA, ffiff] check 5¥14 &4 sgRNA [ {i;
SR B, BRIl ali Ak Je R A EA T S . K
R EZE R BRI B, SiErE . Bk
AT SRR, AT, KIS R B
B T #ilk, AT, S BIBEHLEEE 5 A
By B T A T RN T 4
1.10 4B g ik g

K 1E# AL 48 2-3 AR 7 4 B BHK21 #l RPSA
BEDR R R A B o e TR SRR D, REHEmIERK R
90%H, f8 HIJC LI s S BRI VE AN L, UE 2R
M3 5 TG ML TE 35 5% 30K 3 8 70 R 208 Y Wk T
FEATRSIEIMALM ; 37 °C. 5% CO, 411 5544
HBIEE 1 h, BESARRERRSRE, EohEh
1%IMIE AR, 8 TR SR T ah e 55
1.11 Trizol IEEHL RNA K ¥ %

WO AR S (A0 6 FLARBE R IR AR, A
1 mL Trizol, & WATIEAS 40 5670 346, =i
i 5 min, FRUBRAMMIEEEA EP E b 78 iR
EP A 250 uL 45, ¥k 30s, 4 °CHLE
15 min, 4 °C. 12000 r/min Z.[> 15 min; B 450 pL
B3 (IO JZUUHE) #IH Y G RNase 9 1.5 mL
EP ', FFEIASER I 5 NI LIUIRE RNA,
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—20 °C J'# 30 min, 4 °C. 12000 r/min #5.0>
15 min, % Ei; MA 1 mL i 75%4 8%, %
% FFEME 31K, 4 °C. 12000 t/min &> 5 min,
F B, o EP EHIE THW S PTG
it DEPC /K¥fi# RNA, B, il E T80 °C
PRAF o B 5xHiScript II gRT SuperMix II 4 pL, RNA
4 pL, ddH,O 12 pL, #£20 pL &R, $#84 50 °C
15 min, 85°C2min, 16°C 10 s JEF7T) 5%,
1.12  %Y6EE PCR (TB Green Il &)
WA, $RICE. RNA, e skakfs
cDNA., #/ TB GreenlIl Premix Ex Taq 10 uL,
F WS4 1 uL, ¢DNA 1 pL, ddH,0 7 pL,
I 10 pL AR RS BRSO N , H4% B CFX96™
real-time system #/EWRAE, 95 °C 3 min; 95 °C
10's,60 °C 34 s, 3t 40 MEFR AT E B PCR
[, FIF GAPDH 1k N 2 47 AN R 2 R 1
mRNA X E & o R t-test £ 50 X A [ b B

HPRE RNA AR 2 53 AT Geit 22 0 i
AN P<0.01, GEiteA b 22 R

2 HERAAT

2.1 sgRNA BRI HLEE

¥ PX330 fiF I =95 sgRNA #5610, 12
WJRORE S, 8 PX330 #4451 Wy F1AH I 0
sgRNA 43 JIE R RS M #E4T PCR 44 %
G, FURE A 250 0 JORCR6 M . 81 BLAST K
XTI PP 25 R 55 B R IR P S0 AT L, A
AR B AR HE SN T sgRNA FH 4
kL, 43l iy 4 A . PX330-RPSA-sgRNAL |
PX330-RPSA-sgRNA2, PX330-RPSA-sgRNA3,
PX330-RPSA-sgRNA4 . T 41 Jii i 455 X 45 44 WL
Bl 1o I 1%B0 AR A R e % JBRE K /N it A 7
YOE, SERILE 2, HOR/MEGPUNSE R . R
2 JTOR L) )

1. PX330-RPSA-sgRNA E4H [R5 E

Figure 1.

[El 2. PX330-RPSA-sgRNA =48 F i AL ER AL 5k A8
Identification of PX330-RPSA-sgRNA
recombinant plasmid. M: DNA maker; 1: PX330-
RPSA-sgRNAT; 2: PX330-RPSA-sgRNA2; 3: PX330-
RPSA-sgRNA3; 4: PX330-RPSA-sgRNA4.

Figure 2.

The model of PX330-RPSA-sgRNA recombinant plasmid.

2.2 RIF] RPSA [ 2 4 M ik i i s A1 48 8

2.2.1 A sgRNA FGUIBCHELEE . KAl d
i) 4 i PX330-sgRNA 541 Jii ki 43 1) % 4« BHK21
A0, 48 ho 5 OB AR MR T S EOAN i L DY 41
DNA. f#iff] sgRNA check 5|#j#t45 PCR § 1,

Wi xs DNA B B mUs , #1522 1 R
A, R TT7 %R DD ARSI 1) 5 200 A R K
KGRI 3 iR, 4 X sgRNA S BFD) 4671

http://journals.im.ac.cn/actamicrocn
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VRG] 24 R 4 = i PX330-RPSA-sgRNA2 4T
PE— 5 42525 . B PX330-RPSA-sgRNA2 #54L
R e BLEFEIEAT DNA Y, 25580
Kl 4 pros, Myl s b3l TR ENE, R
Pou R Beh B AR T AL 4R, sgRNA2 A%
k¥ T AT AN o [/ B XF PX330-RPSA-
sgRNA2 YL (R 4 i st , F1H Western blot £l
RPSA FKikfE, 45 R & 5 frs ,RPSA- ngNA2
UL JS, RPSA MYFRIAT D E TR, HE—PUEsL

A bp M C 1 2 3 4

2000

1000

750
500 750 bp

250
100

(B)

sgRNA2 B A& 44 9 BB AN,

2.2.2  RPSA X i B 5 57 Fae 4 o {6 356 R A 0%
e F A BRAGBEL K PX330-RPSA-sgRNA2 #
QR AN iR ] 96 FLANMEES RN, IE R R
& 7-9 d, KB4l . Zanfl, UPkiERR
R [ Ob B S i R Y S ES AU E [N T S 2P U €1
PR BELL IR VE A 10 BRAG I BRL 5 18 20 B 53 0 A
TCN#L, #2, #3 . #4, #5. #6., #7. #8. #9. #10,
WE 6 i RREF% 8 d I BT 43 PR e B 40 AL 1A .

bp M Co 1 2 3 4

2000—

1000—
750—
500—
250—

100—

— 750 bp
— Cleaved bands

3. A[E sgRNA BEHIRZB94& M 53 47

Figure 3.

The analysis of the editing efficiency of each sgRNA. A: the RPSA gene fragments amplified using

the check primer. M: DNA maker; Co: WT BHK21; lane 1: PX330-RPSA-sgRNATL; lane 2: PX330-RPSA-sgRNA2;
lane 3: PX330-RPSA-sgRNA3; lane 4: PX330-RPSA-sgRNA4; B: the electrophoresis analysis of the re-annealed
DNA products digested by the T7E1 endonuclease. M: DNA Maker; Co: negative control; lane 1: PX330-
RPSA-sgRNAL; lane 2: PX330-RPSA-sgRNAZ2; lane 3: PX330-RPSA-sgRNA3; lane 4: PX330-RPSA-sgRNA4.

AN
L

& 4. PX330-RPSA-sgRNA2 3 BHK21 4Hfff5, check 547 18 RPSA & & F EX I FigE
Figure 4. The sequencing data of the RPSA fragment amplified by the check primers from the
PX330-RPSA-sgRNA2-transfected BHK21 cells.

actamicro@im.ac.cn
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E 5. 3 PX330-RPSA-sgRNA2 REG5FE{X BHK21
#AE RPSA BIFRIE

Figure 5. Transfection of PX330-RPSA-sgRNA?2
decreased RPSA expression in BHK21 cells.

B 6. ABR®EEIRENAY S5 bE iR F

Figure 6. Screening the single-cell clones by the

limited dilution method. A: single-cell clone #1; B:
single-cell clone #3; C: single-cell clone #6; D:
single-cell clone #7.

2.2.3  AFEPFCREMMMERAK PR LEE: 2
PRBE I A, OB b A A M RE S AT
Western blot % ik, HE5RUNE 7 s, HiEYess
AR AE R BHK21 MHEL, #1. #6. #7 ARk
t RPSA I RIA R Tk

224 AFBFTEAMEK RPSA EEREBR
R . AR BATE AN DNA st , i check
ST B AR Y3, S —H W5, [l

WT #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

-— '—--- --- RPSA

— s s——e | Tubulin

7. RPSA ZF|HFERIEE FE R RiE R
Western blot £l

Figure 7. Detection of RPSA expression in the
candidate KO cell lines by Western blot.

We#l | #6, #7 JEFEATIN R o 5N 8 o, #1,
#7 FLER RN ENE, #6 LB, (HEA T H
Hgmi. Kd Hm#1, #6. #7 HA B, T
WA, SRk 5 A PR TE , HREUR
KPR HEA T Y %58 o (87T MegAlign X Fp 45
RAATHT, IR HBFA R AR, 4G
BEAKPEER, BNk Hi#e diflik Sl RPSA Kk
DR o o 4 e

2.3 RPSA Z:H RiBR 40 M 2R M40 2 0

2.3.1 WER RPSA Ml SVA MEHI: 1515
RPSA FERGBRAMME RIS, B EE i 75
o 5% L R 1) A K DR RIS S BT AR A BHK21
MAERY 225, MMEARINA . Al TS PRI 45 R
FWI1E BHK-21 il iR RPSA BAT B 2 520
AR I A KRR (B 9-A-B). BRI, AT
PE— LRI TSI A R VI HF T RPSA X
SVA SR Z 5T, 1 SVA BB A4
B BHK21 #ifl fi#6 RPSA LR GiBRamME, 455
7R RPSA SEHERJF, SVA A HilKF B E T
B L5 J AN 9-C 5 9-D iR, B RPSA Xf SVA
5 I B A SR AEE R, ¥ RPSA MRS
SVA (152 il 58 71 52 3 ™ 0

http://journals.im.ac.cn/actamicrocn
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B 8. #1. #6. #7 ZHAIR check 5|44 18 RPSA £ &k Bl 5 UE E
The sequencing data of the RPSA fragment amplified by the check primers from the #1, #6 and #7
BHK21 KO cells.

Figure 8.

2.3.2 RPSA 1% ERK @HJEE SVA S#l.

RPSA fEMSHTE MAPK S SR, 1mH
RPSA EAZHE ) MAPK 38 T 11 e 2 il
9 THESE RPSA ££ SVA & il F 2 75 Refg #L )
MAPK EHEJHEAER], AW E JetitsE T MAPK i
FEITE AR SVA A, FIF SVA 4351l
Yt BHK-21 4t 5z MAPK i A0l M0126 AbH
) BHK-21 #iffl, #5RFKY] SVA K HIREGE BUS
MAPK 38 & FT5 AL(ERK 1/2 &4 T BieeAk), i)

actamicro@im.ac.cn

MO126 il MAPK PG5, SVA I i
PN 10-A), FIH MAPK @ A9TE LRERSIEUE
SVA I, 3 MAPK 38 B% 15 L BERS AR SVA fY
K. FATE—AH5E T RSPA fiFRfG MAPK
WKL, S50 R RPSA B EVK S,

MAPK 8 #6022 R, SVA Kl B3z 4 il
(Kl 10-B). Hitt, BFE45RRU] RSPA RS HE [
MAPK 3@ I35 AL SVA &1, bk RPSA il 1
MAPK i BT Ak, T30 SVA IR0 T %
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NI ® 100 - =Wl =80
- WT -
& 8- =KO $ 80
X s
g 6t 75 60
5 4t 540
3 af 3 20
1 1 1 | 0 L L 1
0 0 12 24 48 12 24 48
t/h t/h
(©) D250 mwr -
7) =46 M
WT 46 520f
<
04821?24_048121624 Z 15t
—-—ees SVA-VP2 & N
' < 1.0
- - an =1
>
. < 05F
WP G — w— — - ——— —— Tubulin n
OO 1 1 1
0 6 12
hpi

9. iRk RPSA BER% T Z %] SVA 7£ BHK21 R Y & H)

Figure 9. Knockout of RPSA in BHK21 cells considerably inhibited SVA replication. A: the growth curve of
wild-type BHK21 and #6 RPSA KO cells. Same amount of WT or KO cells were seeded equally in the 6-Well
culturing plates. The cell number was calculated at 0, 12, 24 and 48 h respectively. B: the cell viability was measured
at 0, 12, 24 and 48 h respectively. C: the wild-type BHK21 and #6 RPSA KO cells were infected with SVA for 0, 4, 8,
12, 16 or 24 h, and the expression of viral VP2 protein was detected by Western blotting at the indicated time point.; D:
the wild-type BHK21 and #6 RPSA KO cells were infected with SVA for 0, 6 or 12 h, the total RNA was extracted
and the SVA transcripts were detected by qPCR. The error bar indicated mean+SD: ** P<0.01 (highly statistically
significant).

(A) DMSO 0126 ®) WT KO
SVA: 0 6 12 0 6 12 SVA: 0 12 0 12 hpi
o= s = s s —ERKI12 5&39—5}11{1/2
°"*“_p'ERKW & =  -ERKIZ
- I SVA-VP2 W qyAvP2

o - - - [-actin .
- e = s — (-actin

10. AiF% RPSA #EWEHNEI MAPK BB AITEIL, %] SVA IS4
Figure 10. Knockout of RPSA in BHK21 cells inhibited the activation of MAPK pathway, resulting in the decreased
replication of SVA. A: wild-type BHK21 were pretreated with DMSO (solvent control) or 20 umol/L of U0126 for 1 h
and then infected with SVA for 0, 6, 12 h. The cells were then lysed and subjected to Western blotting analysis. The
expression levels of ERK1/2, p-ERK1/2, SVA VP2 were detected. B: wild-type BHK21 and #6 RPSA KO cells were
infected with SVA for 0, 12 h. The cells were then lysed and subjected to Western blotting analysis. The expression of
ERK1/2, p-ERK1/2, SVA VP2 were detected by anti-ERK1/2, anti-p-ERK1/2 and anti-SVA VP2 antibodies respectively.
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AHWFFE K CRISPR/Cas9 3 R HE 37 RPSA %t
NEBR D BHK21 diffutk, mik—P RPSA
FoA B B i M R B ML T 5% . RPSA FE il
R R A B PA ET PX330-sgRNA
kL, #EYe BHK21 405, &4 RS
B3PS R i 7 R T PO I e = BN P O i 541
W, N34S T RPSA BEDR AR 40 Ml & . 120
6 5 R R o 200 it e 2o A v (0 ok A B R T
TE, RERAEMBUARETE, MRAER
Fi 28 1T 200 6 2 3000 2 4 R 3 B T A ) 32 TR vt ok
YA R A K R AR S S A BHK21 21 i
AAHIE], 5 KRR BE ORAF T 4 M ) TE AR B AR
SAE RPSA H [H] i 5 4 M 28 b — 2038 2 o Pk i
e HEAT 22 B D B 35 Rl . [WIEE, A R
CRISPR/Cas9 F AR M AT PR fEal firh, xbfe gy
JraC BRI, A B B A — R A B
MO AT TR, B4 T A A 956 3R 1R
FE, BEET AR AN R L ROR

ASZEG R A RPSA mBRANME R, 7EIE# 1L
REEFRIG IR SVA RS, 5 1E 8 B A 1Y
BHK21 #ifaAH L, FoATT & B 25 52 7K1 K B
TR R AR RPSA JER GRS T SVA 7E 41
& T, B RPSA XF SVA 94 il LA K
PEPEVER, 0T DIRG9l SVA G & il i) — A
HE N, PR Y] RPSA REGE )
MAPK i J% % fb i SVA &2 1l .

RPSA Ny BEORSF BB A R A BT, HAMY
LR RE, ©S 54T i
BRI R TG, B2 2005
T2 S RERYHE 5 RPSA RIE R I AL 1 45 & SN IR
FORMCE A MEEEN, S 5hoREERNES
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AR, FE B 4 e, RPSA 5 52254 )5
I AL 2R T (MAPK) (5538 6 (14 AR DGR 517 [
I} RPSA JE 6 b st A 200 ML 1% 1 375 AU
SV, SRR R R e AT S At
AN I 25 214 . RPSA L FR A 37 kDa JZ2 Kk
A ZIARFTA/67 kDa J2 R 8 1 Z R H
JET 2 SVA Bt MR — MBTEZAR, A7
HE—2P IS . FRATTRE R P BT 7 1) RPSA JEA]
FRANMLZR XS RPSA JE AN SVA JEe HoA 40
TR TEZ AR Tl — 208 , IR AT RPSA s
SVA Z il #7>FHliil, 24 RPSA HE HIIRE.

zi ERrR, AR H CRISPR/Cas9 Jk [H 44
FRSZI T RPSA FEH By m ks, Sy HA LA
g S A ML R B S BR R T2 . RPSA DA R
0 2 R ST RERE A RPSA 20 T I RE IR AT
PEALSZI AR, RPSA T8 SVA & il (5T e
itk — DI JE RSPA 4% oAt 2 52 1l 0 AL i ot
FEHRMLILRE

2 % Wk

[1] Joung JK, Sander JD. TALENs: a widely applicable
technology for targeted genome editing. Nature Reviews
Molecular Cell Biology, 2013, 14(1): 49-55.

[2] Kianianmomeni A. Genome editing using engineered zinc
finger nucleases. Clinical Biochemistry, 2011, 44(S13): S28.

[3] Zhang F, Wen Y, Guo X. CRISPR/Cas9 for genome editing:
progress, implications and challenges. Human Molecular
Genetics, 2014, 23(R1): R40-R46.

[4] Cong L, Ran FA, Cox D, Lin SL, Barretto R, Habib N, Hsu
PD, Wu XB, Jiang WY, Marraffini LA, Zhang F. Multiplex
genome engineering using CRISPR/Cas systems. Science,
2013, 339(6121): 819-823.

[5] Ishino Y, Shinagawa H, Makino K, Amemura M, Nakata A.
Nucleotide sequence of the iap gene, responsible for alkaline
phosphatase isozyme conversion in Escherichia coli, and
identification of the gene product. Journal of Bacteriology,
1987, 169(12): 5429-5433.



FFIFISE | RS, 2021, 61(7)

1955

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Plagens A, Richter H, Charpentier E, Randau L. DNA and
RNA interference mechanisms by CRISPR-Cas surveillance
complexes. FEMS Microbiology Reviews, 2015, 39(3):
442-463.

Christian M, Cermak T, Doyle EL, Schmidt C, Zhang F,
Hummel A, Bogdanove AJ, Voytas DF. Targeting DNA
double-strand breaks with TAL effector nucleases. Genetics,
2010, 186(2): 757-761.

Bolotin A, Quinquis B, Sorokin A, Ehrlich DS. Clustered
regularly interspaced short palindrome repeats (CRISPRs)
have spacers of extrachromosomal origin. Microbiology,
2005, 151(8): 2551-2561.

Sternberg SH, Haurwitz RE, Doudna JA. Mechanism of

substrate selection by a highly specific CRISPR
endoribonuclease. RN4, 2012, 18(4): 661-672.
Horii T, Hatada I. Genome engineering using the

CRISPR/Cas system. World Journal of Medical Genetics,
2014, 4(3): 69-76.

Yao SH, He ZY, Chen C. CRISPR/Cas9-mediated genome
editing of epigenetic factors for cancer therapy. Human
Gene Therapy, 2015, 26(7): 463—-471.

Karimian A, Azizian K, H, Rafieian 8§,
Shafiei-Irannejad V, Kheyrollah M, Yousefi M, Majidinia M,

Parsian

Yousefi B. CRISPR/Cas9 technology as a potent molecular
tool for gene therapy. Journal of Cellular Physiology, 2019,
234(8): 12267-122717.

Swiech L, Heidenreich M, Banerjee A, Habib N, Li YQ,
Trombetta J, Sur M, Zhang F. In vivo interrogation of gene
function in the mammalian brain using CRISPR-Cas9.
Nature Biotechnology, 2015, 33(1): 102-106.

Knorr C, Beuermann C, Beck J, Brenig B. Characterization
of the porcine multicopy ribosomal protein SA/37-kDa
laminin receptor gene family. Gene, 2007, 395(1/2):
135-143.

Ben-shem A, de Loubresse NG, Melnikov S, Jenner L,
Yusupova G, Yusupov M. The structure of the eukaryotic
ribosome at 3.0 A resolution. Science, 2011, 334(6062):
1524-1529.

O’Donohue MF, Choesmel V, Faubladier M, Fichant G,
Gleizes PE. Functional dichotomy of ribosomal proteins
during the synthesis of mammalian 40S ribosomal subunits.
Journal of Cell Biology, 2010, 190(5): 853—-866.

Rea VEA, Rossi FW, de Paulis A, Ragno P, Selleri C,

Montuori N. 67 kDa laminin receptor: structure, function

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

and role in cancer and infection. Le Infezioni in Medicina,
2012, 20(Suppl 2): 8-12.

Bernard A, Gao-li J, Franco CA, Bouceba T, Huet A, Li ZL.
Laminin receptor involvement in the anti-angiogenic activity
of pigment epithelium-derived factor. The Journal of
Biological Chemistry, 2009, 284(16): 10480—10490.

Brassart B, da Silva J, Donet M, Seurat E, Hague F, Terryn C,
Velard F, Michel J, Ouadid-Ahidouch H, Monboisse JC,
Hinek A, Maquart FX, Ramont L, Brassart-Pasco S. Tumour
cell blebbing and extracellular vesicle shedding: key role of
matrikines and ribosomal protein SA. British Journal of
Cancer, 2019, 120(4): 453-465.

Ould-Abeih MB, Petit-Topin I, Zidane N, Baron B,
Bedouelle H. Multiple folding states and disorder of ribosomal
protein SA, a membrane receptor for laminin, anticarcinogens,
and pathogens. Biochemistry, 2012, 51(24): 4807—4821.

Zhu ZX, Li WW, Zhang XL, Wang CC, Gao LL, Yang F,
Cao WIJ, Li KL, Tian H, Liu XT, Zhang KS, Zheng HX.
Foot-and-Mouth disease virus capsid protein VP1 interacts
with host ribosomal protein sa to maintain activation of the
MAPK signal pathway and promote virus replication.
Journal of Virology, 2020, 94(3): €01350-19.

Zhu Z, Yang F, Chen P, Liu H, Cao W, Zhang K, Liu X,
Zheng H. Emergence of novel Seneca valley virus strains in
China, 2017. Transboundary and Emerging Diseases, 2017,
64(4): 1024-1029.

Bolze A, Mahlaoui N, Byun M, Turner B, Trede N, Ellis SR,
Abhyankar A, Itan Y, Patin E, Brebner S, Sackstein P, Puel A,
Picard C, Abel L, Quintana-Murci L, Faust SN, Williams AP,
Baretto R, Duddridge M, Kini U, Pollard AJ, Gaud C,
Frange P, Orbach D, Emile JF, Stephan JL, Sorensen R,
Plebani A, Hammarstrom L, Conley ME, Selleri L,
Casanova JL. Ribosomal protein SA haploinsufficiency in
humans with isolated congenital asplenia. Science, 2013,
340(6135): 976-978.

Chen JN, He WR, Shen L, Dong H, Yu JH, Wang X, Yu SX,
Li YF, Luo YZ, Sun Y, Qiu HJ. The laminin receptor is a
cellular attachment receptor for classical swine fever virus.
Journal of Virology, 2015, 89(9): 4894-4906.

Thepparit C, Smith DR. Serotype-specific entry of dengue
virus into liver  cells: identification = of  the
37-kilodalton/67-kilodalton high-affinity laminin receptor as

a dengue virus serotype 1 receptor. Journal of Virology,

2004, 78(22): 12647-12656.

http://journals.im.ac.cn/actamicrocn



1956 Lili Gao et al. | Acta Microbiologica Sinica, 2021, 61(7)

Construction of RPSA gene knockout BHK21 cell line using the
CRISPR/Cas9 system
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Abstract: [Objective] Generating ribosomal protein SA (RPSA) knockout baby hamster syrian kidney (BHK21)
cells using the clustered regularly interspaced short palindromic repeats/Cas 9 nuclease (CRISPR/Cas9) gene
editing technology, and evaluation of the regulatory effect of RPSA on Senecavirus A (SVA) replication. [Methods]
We designed 4 pairs of guide RNAs (sgRNA). After screening, the PX330-RPSA-sgRNA2 recombinant plasmid
was used for construction of RPSA gene knockout cell line. PX330-RPSA-sgRNA2 was transfected into BHK21
cells, and the monoclonal cell was screened by limited dilution method. The knockout of RPSA was evaluated by
Western blotting. The replicative difference of SVA in the wildtype and RPSA knockout cells was investigated by
Western blotting and qPCR analysis. [Results] The Western blotting and Sanger sequencing results showed that
RPSA within the BHK21 cell line was knocked out. We further investigated the replication of SVA in the RPSA
knockout cells which showed that SVA replication was dramatically decreased in RPSA knockout cells comparing
with that in the wildtype cells. [Conclusion] The RPSA gene knockout BHK21 cell line was successfully
constructed, and RPSA played an important role during SVA replication. The constructed cell line will be a useful
tool for exploiting RPSA functions.
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