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Abstract: [ Objective ] The aim is to construct a porcine alveolar macrophage cell line with stable
knockdown of SIRT3 gene and analyze the regulatory effect of SIRT3 knockdown on virus—induced
inflammatory response, thus laying the experimental foundation for an in—depth study of the role of SIRT3 gene
in host antiviral infection. [ Method | In this study, CRISPR/Cas9 gene editing technology was used to design
sgRNA against exon 2 of porcine SIRT3 gene and transfected 3D4/21 cells after ligating pb—U6—puro—BFP
plasmid. The monoclonal cells was screened, and the monoclonal cells were identified by combining Sanger
sequencing, qPCR, and Western blot, and then obtained the porcine alveolar macrophage cell line with
knockout of SIRT3 gene(3D4/21-SIRT3-KO).Influenza virus A/WSN/33 was used to infect wild—type and 3D4/
21-SIRT3-KO porcine alveolar macrophages, and the expression levels of inflammation—associated factors 11—
6 and IL.-8 were detected by qPCR to preliminarily analyze the role of the SIRT3 gene in the inflammatory
response induced by influenza virus infection. [ Result] Sanger sequencing results showed that in the porcine
alveolar macrophage clones selected to obtain knockout of the SIRT3 gene, a base deletion was generated at
exon 2 locus of the SIRT3 gene and resulted in a shifted—code mutation; Meanwhile, the expression of SIRT3
mRNA and protein levels in porcine alveolar macrophages were detected using PCR and Western blot, and the
results showed that neither SIRT3 mRNA and SIRT3 protein was expressed in 3D4/21-SIRT3-KO cells
compared with wild—type cells. Influenza virus infection of SIRT3 knockout porcine alveolar macrophages
revealed that knockout of SIRT3 significantly exacerbated the inflammatory response induced by influenza virus
infection. [ Conclusion | In this study, a SIRT3 knockout porcine alveolar macrophage cell line was successfully
constructed using CRISPR/Cas9 gene editing technology and preliminarily analyzed the role of SIRT3 in
influenza virus infection.
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LA, HEFR I IR Z5 A RN D RE™ . PR MR A 23 B 48 i o 155 e 240 J6 2 D A S e vb i) 7 L), T LA
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il R SRR F U AL B , 43 BT SIRT'3 54 2R o) i 1 SRR L R 52 1) , R AF 5% STRT3 5 R 5 %% it el 15 g 240 i 4% i
J ARG A )2 L SR LA B 2R A
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1.1 Rt

G 36 W4T 28 (3D4/21) (3K pb—U6-puro-BFP | F i 6 7 A/WSN/33 i a0 T K248 4%
HH SRR 0 = R AR
1.2 RWEHE
1.2.1 sgRNA )77 &k it

it A NCBI(http://www.ncbi.nlm.nih. gov/) P 3l , & 205% SIRT3 % i 1A (Gene 1D:100125971) . F ]
CRISPOR (http://crispor.tefor.net/) XIS 51X SIRT3 FEPH 55 2 5 A i T T T2 % sgRNA , S04 AH T4 5 7Y
PiXT sgRNA (K 1) o 7EH PN pb—U6—puro—BFP 2K Bbs| B VIR AT 51, 7E sgRNA Fr7E 40 .7
Wi it PCRY 34519, Fl T4 B4 IZ X B DNA P4, ZE 464 T A ) T AR (i) IR0 A B A 75 1k

%1 sgRNAFJ5PCRY S MFTER
Tab.1 Information of sgRNA sequence and PCR amplification of primer sequence

5|4 FK Primer names 574 Primer Sequence(5'-3")
SIRT3-sgRNA1-F CACCGTGAAGTCTGGAATGCCGCTGT
SIRT3-sgRNA1-R TAAAACAGCGGCATTCCAGACTTCAC
SIRT3-sgRNA2-F CACCGGTTCTGGGTGTAGAGCCGCGT
SIRT3-sgRNA2-R TAAAACGCGGCTCTACACCCAGAACC
SIRT3-PCR-F AGGTGTCTGTGGAAGTGGAG
SIRT3-PCR-R GCCTCAGCCCTCCTAGAAAT

1.2.2  pb-U6—-puro-BFP &AL EARG &5 FU M r ey ¥ &

SHE B F" NG SIRT3-sgRNAT LR U5 1153 IFG B ZE 10 umol/L, 0S5 wWL S ARBURA A
5 wL MgCl,.1 wL Tris HCl, ddH,0 %M AR 2 50 L, WITIRA), BEES,95 CHEE 5 min, B H E IR, 48
150U 5E DNA . il F BR il 12 9 U i Bbs1 X 8K JEAT V), [ AR R U0« pb—U6-puro-BFP 24K 1 pg,
Bbsl 1 pL., Buffer 2 pL,ddH,0 #ME % 20 wL, B 55T 37 CIFE 5~15 min, 65 CIFH 20 min, Y14
10 o/ L Byt A 8 10 e VRS DU, 38 2 DNA 2k [nD i 77 &5 (DP210, RARA R I M 20K DNA . LA
T4 DNA 2 HE AR 5B K 51W . S5 ERH 5 B AL B2 A 4l il DHSa[CB101, RAR
AR (b 5T) A D], R TP LB AR #5238, 37 °C, 200 v/min & 75 1 h &, BGE & R R T
B2 R VI AR (ampicillin, Amp) HUPERY LB RSS2 5, 37 CE B A 578 . PR sebE, T Amp Bt
PE LB WG TR 1 35 5% J5 00 25 N 82 38 /N R S B0 7] S 38 USRI 1
1.2.3  SIRT3 A R # 3tk B &) i i

PEAE & A 10%FBS 1Y 1640 15 3% 5 1 Y Cas9-3D4/21 41 il 22 15 3% 204 JE 1Kk 70%~80% I k47 4%
YUl F I A 4 A0 )7 Bl pb—U6-SIRT3-sgRNA—puro—BFP % A Cas9-3D4/21 40 i & , UL 5 T
37 °C,5%CO, 5 FEf th Ak Se 15 9% , 24 h R i . 48 h i & 1.5 pg/mL IR 55 % (puromycin, puro) Fi 5
FRHEAATIRE . AR BRIE O, B 1~2 d B4 5 AT IR RS B R M I R 5 RRLR 2 7 d, 2428 G R 2
A ERAE T ARSI R Y A AE TR A0 . PRIBCR AR AT, 320 T 96 LR 15 5% WA Al it A KRS 4l
b 2 i 55 21 80% i, KA 3%, A AN AR BU DN A, HE 4T PCRASIN I >, 519 P 5 L3 1.
1.2.4 SIRT3 A R 28K F %%

PEHCZE 5L LA 1A B A BT A 40 DN A, 433 fifi ] SIRT3-PCR-F ,SIRT3-PCR-R 5| #Ji£45 PCR ¥ 3%
(F 1), 1B KIRFE R 66 °Co A5 4N Mk H BE K BBl Y SIRT3 KPR e 2, 7 HY B 217 bp K/NBY 2535 . e A
Al e A 4l A AR AN B PCR =404 T I [RTIAC , 36 2 A4 T AE W) TR (13 ) B A BR S WA 50 5, )
JPE5 05 3D4/21 JE AN HEAT XS LE , B 5 S 75 FE gRNA S 5 18] K A= R 7 Bl ok
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1.2.5 SIRT3 AW FiaK-FEZE

FRAE DNA W3 AT 25 5%, 16458 H A R0 B 1) Al it 3R dE— 54 KB 3% 30 VR A5 . 2% RNA sim-
ple 5 RNA $2 U & 30 F[DP419, RARA AL BHE (b 5) 20w ) 142 A A B RNA #E47 5% st 7K P-4
o CL) AR ARG % LA AN 1 mL Trizol , 522 WAT 2 40 M 4 V% , WCEE REAS ; (2) 1a) S 8 A REAS i A
200 L 05, BIZUE GRS, 25 IR % 5 2 min; (3)4 °C, 12 000 r/min 250> 10 min; (4) WU )2 &4 RNA
VW KA 2= T, A SR BUR N EE IR 215 R E 10 min; (5)4 °C, 12 000 r/min 20> 10 min, 57
3 (6) A1 mL75% %, 55 22 BEL A T iE 0% 5 (7)4 °C,7 500 r/min &0 5 min, 3¢ FIE , ST B
15 (8)MIA 30 WL ICHE K fifE RNA, ME MR B2, AT IR Aok . 276 Jil SR B8 A5y Wk L ) i A 4 DNA 5B
5 R SRR ZR FEIF 4 50 °C 15 min, 85 °C 550 G SRIERUG M5 ) (R 2) il i) qPCR K SIRT3 P
EE YLK i — 2L B UE 2 75 M bR A, L GAPDH NS 3EH . 5 2% ST 98628 1 PCR A & i 1 45
(Q712, B 5 MERE A MR Iy A BR 2 B ECHI S NAR 3R R A TIRA) B . 42 CIFE 2 min, )
P95 °C 305,95 °C 105,60 'C 305,60 °C 1 min,95 °C 15 s,40 MG,

*2 (PCRIIMFIER
Tab.2 qPCR Primer sequences

CIL/ER IYFH(5'-3") B EEC
Primer name Primer sequence(5'-3") Annealing temperature

GAPDH-Pig—qPCR-F TCGGAGTGAACGGATTTG 60
GAPDH-Pig—-qPCR-R CCTGGAAGATGGTGATGG

SIRT3-Pig—qPCR-F CTCTCATTTTTCTTCCACAATCCCA 60
SIRT3-Pig-qPCR-R GGCGGAGGAAGTAGTGAGCAGT

IL-6-Pig-PCR-F CCAGGAACCCAGCTATGAAC 60

IL-6-Pig-qPCR-R CTGCACAGCCTCGACATT

I1.-8-Pig—qPCR-F TCTTGGCAGTTTTCCTGCTTT 60

IL.-8-Pig-qPCR-R AATTTGGGGTGGAAAGGTGT
TNF-a-Pig-qPCR -F GCTCTTCTGCCTACTGCACTTC 60
TNF-a-Pig-qPCR-R GTCCCTCGGCTTTGACATT

1.2.6 SIRT3 A B % & & A KF LT

FRAE DNA P HXF 45 5%, BEP8 1 A SRR i A it R tE— 201 K 3%, 3o A7 e SR B B A
S 25 K| 4 ¥ S5V vk 3 5 BCA ¥E 1 72 25 F ¥ ¥, SDS-PAGE Loading Buffer JiE & 7 il 28 ¥ J5 #E 47 SDS-
PAGE MK . TR 5 (100 V, 50 min) Ji ] IXTBS IE W EEHE 5 min. 5% BEAE WIS Ef ] 2 ho IXTBS I
TR PE 3 U, B K2 10 min; il A BA T BEHAK SIRT3 (1: 1 000 75 B, 6105R, T AR fifk A &) . — i
4 CHFT IR IXTBST IR 3 YK, FF K 2 10 min; 25 S ROCIEE 1 h B i 4L Y B (HRP) Fric 1l
%R TP (1:10 000 i B, 7074P2, CST) o IXTBST ¥ W EEPE 3 YK, K 29 10 min., K JH ECLAL2 % &%
& (PW30601, SEN A YR A R A F)) W 6, A2 & AR AURZ (QuickChemi 5200, 5C 44 4= Yy BHE AT
BRAFD
1.2.7 #AEH

RIS HE >R I SPSS 20.0 47 Student’s ¢ 46:56 M2 B[R 32 J7 22 73 M7 (one—way ANOVA) . P<0.05 1A 22
SEA G L ("R P<0.05, “#%7 R P<0.01, “##%” k) P<0.001) .

EREQH
2.1 pb-U6-gRNA-puro-BFPEFEHEMNHERMNFLEELER

22 BRI N VTG Bos B V15 12K (81 1) 5 sgRNA i 42, #9 8E pb—U6-gRNA—puro—BFP 189 #E 4k {4 .
45 I A2 AN A M DHS o, PR TR 9% S B, 4738 35 57 5 S UBOR DT . P 90 0 BT 4 2R o
sgRNA BLIAf A ZAAR, 7T T — 20 g it Gl (B 2) .
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A : pb=U6-puro—BFP FURLEI3 ; B : ph—U6-puro—BFP [FURL BbsT BT 2k A4k H 1k (8] 5 S22RAE g AR LR M AL BT A7 15 BbsT ;
M :DL100; Control : pb—U6—puro—BFP; 1,2 BbsI FAEEFI =4y, #ik Wr48 MG 5 B 1 S o
A : Plasmid map of pb—U6—puro—BFP; B: Linear electrophoretic map of pb—U6—puro—BFP plasmid Bbsl digested by enzyme;
Solid frame as carrier linear enzyme cutting site Bbsl; M: DL100 D; Control: pp—U6—puro—BFP; 1, 2: product of Bbsl single en-
zyme digestion.The arrow refers to the end band after restriction enzyme digestion.
El 1 pb-U6—puro-BFP ki K155 Bosl FE1) 2k AL 55T

Plasmid map of pb—U6-puro—BFP and by Bbsl plasmid after digestion

Fig.1

]
A CACGCCCAGCBGCATTCCABACTTCAGGTGCCCA

CACGCCCAGCGGCATTCCAGACTTCAGGTGCCCA

00 110

B GCACGCCCABCGGCATTCCAGACTTCAGGTGCC!

GCACGCCLAGCGGCATTCCAGACTTEAGGTGCC!

C CTCCTGCGGCTCTACACCCAGAACATCGACGG

CTCCTGGGGCTCTACACCCAGAACATCGACGG

D ITGCTCCIGCGECTCTACACCCAGAACATCGA

CTGCTCCIGCGGCTCTACACCCAGRACATCGA

430

A: SIRT3-sgRNA1-F M /P 455 ; B: SIRT3—sgRNA1-R )P 255 5 C: SIRT3-sgRNA2-F il F 45 4 ; D : SIRT3-sgRNA2-R
Iy 25 28 s £LEHE Ry sgRNA T4

A: SIRT3-sgRNA1-F sequencing results; SIRT3-sgRNA1-R sequencing results; C: SIRT3-sgRNA2-F sequencing results;
D:SIRT3-sgRNA2-R sequencing results ; The red box indicated the sgRNA sequence.
B2 SIRT3-sgRNA P27 2 2 (AU 1 56 TIE 45 5
Fig.2 Sequencing verification of SIRT3-sgRNA lentivirus carrier
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2.2 SIRT3 EF R R T2 AR R R

SHVPRE G ST, R R SIRT3 LR S 5 A L 24 DNA BT LAY 34 H 559 bp (19 5541 , #2740
FRLR: E0 30 Rl g BE DR Bk 2, 7 3 B 217 bp R/ 2541 (I 3A) o S5 SR TR, BY AR 74 3D4/21 4 7 3 1y
559 bp (4T, 1M SIRT3 JE PR i B 40 i (SIRT3-KO) 34 HH T 217 bp (9 454 (81 3B) . Sanger Il 7745 S 411
WESE T SIRT3 H KRR bR At v SIRT3 HE PR 3 1 v Bl 2k (181 3C) , SR W 31645 SIRT3 KPR ik 2 1) . e
R 240 L % o

A 5 37 {Wild-type)
RN BEAAL
on )
ERNAZ
57 3/(HIR']—I\'(|)

el
Exon 1 / / Euen 6
purn

Maker control 2 8 9 10 15 Maker

B
750 bp 750 bp
500 bp 500 bp
250 bp 250 bp
C
PAM BRNAL 342 b gHNAZ
C—‘—‘

Control: 5 COGCATCAGOACTCOCAGCGGUATTCCAGAC T TCAG.. . e OGO TCTACACCCAGAACA TCGACGGGCTIGA 37

SIRT 3-20 3220 COUUATCAGUACGUOCAGU GG G AUA TOGACGGGC | TGA

SIRT 3-8: lH I COGCATCAGEACGUOUAGU, - . LLACCCAGAACA TCOACOGGUTTGA
B2 OO0 i i e PR BPSAT DPL e, GETCTACACCCAGAAC A TCOACGGOCTTGA

A+ SIRT3 3L R 4546 F gRNA FTHUAL 45 5 B: PCR % € 45 S (M: DL100 DNA Marker; Control : 3D4/21;2,8,9, 10, 15:3D4/
21-SIRT3-KO) ; C:3D4/21-SIRT3-KO 4il itl SIRT3 $ P Bl e i ) 4%
A:SIRT3 gene structure and gRNA targeting site B: PCR detection electrophoresis of monoclonal cells SIRT3-KO(M: D1.100
DNA Marker;control: 3D4/21;2,8,9,10,15:SIRT3-KO) ; C: Sequencing plot of monoclonal cells SIRT3-KO.
P13 SIRT3 S D R 3D4/21 41 1 7 16 K %4
Fig.3 Screening and identification of SIRT3 knockout 3D4/21 cell

2.3 SIRT3 EFRRR 2 EHME B SIRT3 R E B RIEHF

qPCR KM 25 S I 7 , STRT3 & IR it 9 20 Jif0 v SIRT'3 %8 53 41 32 35 7K F i 25 FRAIK (P<0.01) , SIRT3 3£ [A]
A A0 T S S AR T SIRT3 B9 2635 7K F- (81 4) . Western blotting {3645 5 At /s , SIRT3 & PR il 6 40 it o
SIRT3 £ [ R IAAK P i 2 FEAR (A 5) .

15F
sk
o —
So
Z0 10r
59
£
é% 05t
=
0.0
WT KO

WT:3D4/21;KO0: SIRT3-KO 3 ##* & /R 9253 0.1% KV k.
WT:3D4/21;KO0:SIRT3-KO; ***significant at 0.001 level.
P4 SIRT3HEPHBER AT 3D4/21 1ML SIRT3 kX e 5 K- I 52
Fig.4 Effect of SIRT3 knockdown on the transcriptional level of SIRT3 gene in 3D4/21 cells
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15
sfeokok
=] I 1
2
WT KO z 10F
(o]
—
GAPDH I- [ — I 36 KD &
Qo
o
£ osr
SIRT3 | se—— | 4x0 >
0.0
wT KO

WT:3D4/21;KO:SIRT3-KO ; *## /R E 5 0.1% /K55
WT:3D4/21;KO:SIRT3-KO ; ***significant at 0.001 level.
5 SIRT3-KO 1 SIRT3 2 113236 7K
Fig.5 SIRT3 protein expression levels in SIRT3-KO

2.4 SIRT3 EFEER AT BHEEERRIENZE

K T BFSE SIRT3 7955 75 B e v A VE T, B 28 78 3D4/211 F1 SIRT3 J5 DA G 4% 200 . Je e 3 o 743 405 -
7 : SIRT3 BRI T B 1 mRNA 7K 38 28 T, I LRV 7 np 25 FH Rk KCF FEBF A= 780 5 (81 6) |, B
SIRT3 i 55 B i 2 e 2 37 o = A2+l o

15F
sk
o —
So
Z0 10r
£5
59
£
é% 05t
=
0.0
WT KO

A+ WSN S e s 1 AR KF- 5 B: WSN B ] 2 1 3R 357K F s WT:3D4/21; WT: 3D4/21-WSN; KO : SIRT3-KO 4l ; KO-
WSN: SIRT3-KO-WSN ; #*# 37K 22 55 0.1% 7K1 i %

A: Expression level of WSN gene transcriptome; B: Expression level of WSN gene transcriptome; WT:3D4/21; WT:3D4/21-
WSN cells; KO : SIRT3-KO ; WT: SIRT3-KO-WSN ; #**significant at 0.001 level.

E6  SIRT3 HEIH R 20 %o 3 B e L IR np 238 A 52 1
Fig.6  Effect of SIRT3-KO on np expression of influenza virus genes
2.5 SIRT3 EFE R MMM K AEE F IL-6 IL-8 TNF-a EE ¥ RHIZM
E— 2L T RAE R TR B K- A 8L, SIRTS W BRAE 18 1L-6 K 1K (R IL-8 \ TNF-a K KF- 5 B

A SRR ) 5 B B B ), SIRTS R BR BE 0 2 LRI I 575 3 1 IL~6 R IL-8 ik (18] 7) 1K 50 3k W
SIRT3 SRRAR BE T BN BEF 2 Y JAE S
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Fig.7 Effect of WSN on the relative expression of inflammatory factor genes in 3D4/21 porcine alveolar macrophages
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