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Abstract: This study aimed to explore the mechanism of how African swine fever virus (ASFV)
[226R protein inhibits the cGAS-STING signaling pathway. We observed that 1226R protein
(pI226R) significantly inhibited the cGAS-STING-mediated type 1 interferons and the
interferon-stimulated genes production by dual-luciferase reporter assay system and real-time
quantitative PCR. The results of co-immunoprecipitation assay and confocal microscopy
showed that pI226R interacted with cGAS. Furthermore, pI226R promoted cGAS degradation
through autophagy-lysosome pathway. Moreover, we found that pI226R decreased the binding
of ¢cGAS to E3 ligase tripartite motif protein 56 (TRIMS56), resulting in the weakened
monoubiquitination of c¢cGAS, thus inhibiting the activation of ¢cGAS and cGAS-STING
signaling. In conclusion, ASFV pI226R suppresses the antiviral innate immune response by
antagonizing cGAS, which contributes to an in-depth understanding of the immune escape
mechanism of ASFV and provides a theoretical basis for the development of vaccines.

Keywords: African swine fever virus; 1226R protein; cGAS-STING signaling pathway; innate
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B IE (African swine fever, ASF)J&H Ak
U R TR | AR R IR B & B ME— il 5
AEPNIEIE S B (A frican swine fever virus, ASFV)
SIE A —FhE e gett . mAET- M sh PRt
ASFV JE2—FHAIE — H RS 22 DNA
TR BE , o FERL T2 A8 AN B SMK YR : BXR DNA
JZ(nucloid), #%AK75¢/Z(core shell). PHEXL>T
W% 5t JZ (inner capsule membrane), 4 7¢)Z (capsid)
L2 (outer membrane)®! . ASFV 2L 2H K
JERZYE 170-190 kb, &5 A 150-167 IFH b i3
HE, gt 200 Z R A BT, Hamd iy K24
HREARH, JHBERE TR | B IR T TE = PO A=)
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ASFV %t ZF i 1 2 5 15 2 240 5y ik
i, 4N :pF317L 5 IxB % B (IkB kinase B, IKKB)
AEAE IR0 R LR AL, M H A% 7 «B
(nuclear factor kappa-B, NF-kB)iif kP!, pE120R
A5 TR HF 3 (interferon regulatory
factors 3, IRF3) CTD HHE A, WA TANK 45
A4 1 (TANK-binding kinase 1, TBK1)5 IRF3
Z 8] 8 AH B O BELT LR R AL , R i 4 il T4t
% P (interferon-p, IFN-B)AY TG, pI215L i
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RNF138)flfil TBK1 #J K63 32 Ak, Wi 671 1i1
15 ¢cGAS-STING {5 53l #%'', pD345L i1 1 il
IKK 1% PR 719895 NF-«xB {5538 #% ).
pDP96R 5 TBK I AHH I T TBK1 UK
IRF3 FBERIL™, pAS28R il HE [ p65, Bk
p65 S A KMl Toll #E3Z{K 8 (Toll-like
receptors, TLR8)J™ 5] NF-«xB {55 5% G401,

REE 20 T R R S S AT L g T
H DNA 5 RNA J7Beff g — Rl 5 701t
(pathogen-associated molecular patterns, PAMPs)#%:
8 T2 BARZS S A L N B CRSZ 0,
IR & 1T - R R 17 & I (cyclic GMP-AMP
synthase, cGAS). RIS FHRIAE A 1 (retinoic
acid induced gene I, RIG-I). T#£& v iEFHEH 16
(interferon-inducible protein 16, IF116), f#HERF 41
(dead-box helicase 41, DDX41)F1 DNA 4t T4
Z A B 1 3005 5] (DNA-dependent  activator of
IFN-regulatory factors, DAI)%% R 5B H
cGAS 5B DNA 4i&)5, = #mAgir
(adenosine 5'-triphosphate, ATP) Fll = B R & Ff
(guanosine-5'-triphosphate, GTP)¥% 1k N4 — {5 ff
PRIk GMP-AMP (cyclic GMP-AMP, cGAMP), 7
XA, E3 #H20F TRIMS6 5 cGAS I HAE
FH SR A IR cGAS B Lys335 #iz %1k,
FE DNA Z55 MM cGAMP 197743 g 23
I cCGAMP 254 R -0 3% 3L IR 1
(stimulator of interferon genes, STING)Jf &
STING MG A=Ak, BN 5T %6 7% 22 R /K
Fetd, FAZE TBKI A1 IRF3 FHA s EL i ma that in fik
KRR Al

RIR I RGAE PRI —TE BT L, o
o B 52 TR 4 3 R By 0 T %) DB A
WA 50 9 B 7Y B 922 k3t AL ) R AR 2 S
1226R $E[H & ASFV iy— D HE 23 EEA, 7EA
[F 7y 2 ik P LR UEME R 90% LA |, 1X R HH 1226R
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LR AT B S e R A A S (B 1226R
B (pI226R)M Tl cGAS-STING i fif Y HLAAAL
TR AR WHGE . A5 BTEIRFY ASFV pl226R
P45 cGAS-STING 4 I T4 2R 43 W 1 73 F
B, & ASFV By faRedk i@ iLg], LU A
FAIBIE 2 B9 BRI S

1 MRETE

1.1 #R
pIFN-B-Luc . pRL-TK-luc . pFlag-cGAS .

pMyc-STING . pMyc-TBK1 . pFlag-IRF3 Al
pHA-I226R %1k Fkr L K ARG B 40 i (Human
embryonic kidney cells, HEK293T) 1% ‘& 4Hl fit
(PK-15) A SE I R AF s JR2F LI (fetal bovine
serum, FBS) A 4l Jfd 1% 77 3 (dulbecco’s modified
eagle medium, DMEM)IJ H Gibco A Fl; HRPr
TBK1/NAK . phospho-TBK1/NAK (Serl72) .
IRF3. phospho-IRF-3 (Ser396). cGAS (E9G9G)
DL K /NEPT HA | Flag., Myc., Tubulin 1 GAPDH
PRSCEBIIR . Alexa Fluor 488 il Alexa Fluor 633
BUIAYSW B Cell Signaling Technology (CST); 3k
R E AL ¥l (horseradish peroxidase, HRP)FRic
By 1Bt BRI R BT 1gG —Hi e A
Proteintech 23 F) 5 AU 2R Mg 5 PR 4G I A7)
& (Promega)ly [ Sigma 2] 5 FURLHE O &
g A RARAAL R (Lm0 A PR 7] 5 TRIzol 125
W H AR R R B R AR RO SR IR &
(PrimeScript™ II 1st Strand cDNA Synthesis Kit)
2w I E I B (2xSYBR Green PCR Master Mix)
DL S R i = % & J (polyvinylidene  fluoride,
PVDF) ¥ H E A TR (KiE) A R A A ;
Western blotting {4 R4 H Bio-Rad /A F];
7500 Real-time PCR {4 H ABI A H]
1.2 JEEREBIRERGIHE

H PK-15 4 I 0.05 % /BB fb J5 i A i



TR ZAEMEERS 226R BEDH cGAS-STING BN SHRARBBRE

T 10%FBS MG FREEMATIRSI G, F 2l defh
T 24 FLARN AR AL G BE 3R 31 60%—80% A5 47
% I %5 4 pFlag-cGAS (100 ng) . pMyc-STING
(100 ng) . pRL-TK-luc (20 ng) . pIFN-B-Luc (100 ng)
F pHA-I226R (0. 100, 200. 300 ng)s2s # A5
P PK-15 diiffaH, 5%4% 24 h J5 NSRRI
RN, AN EE K RO G ER R A B S Pk

¥ PK-15 4 A 0.05% IRl 1 16 J5 i AGE &
T 10% FBS W3R IEITIR SIS, R i b ph
F 24 fLARN, FRAHIIC G EIRE] 60%-80%4
1, WYL pRL-TK-luc (20 ng). pIFN-B-Luc
(100 ng)#1 pHA-1226R (0, 100, 200, 300 ng)zk
25 AR YL 28 PK-15 41, 18 h J5 %44 poly
(dA:dT) (2 pg), 12 h Ji5 WA b AR I 32 K e 2
RS S TS
1.3 GREENTE S

% pFlag-cGAS (100 ng) .pHA-STING (100 ng) .,
pHA-1226R (0. 100, 200, 300 ng)u s {4 ki
iYL % PK-15 4iM8(12 fLAR), 24 h 554 LG,
A2 I 2R S SE 4, BT 4 °Clés 2R
30 min DA F. 98 °CE&EWMI 10 min, ZJ5
12 000 r/min 5.0 10 min, BEACFRIE BORE 5L R T
SDS-PAGE, #:E1& PVDF J)5, BilgFLE i
60 min, Z3HILL 1:2 000 (1 Eb 5] FH 3 e e 1 k) 3
MR BEHT HA . $T Flag 5Bt Tubulin BT, 5
H PVDF i€ 4 °Cil, PeEues 3 ik, &K
10 min, & HRP pric Pt =451 1 h, TBST ¥k
% 3K, HHK 10 min, F)H Western blotting 5%
RGN PGB

4+ pFlag-cGAS (1 pg). pMyc-STING (1 pg).
pHA-1226R (1.5 pg) B¢ 25 % 1K i kL % Y =
HEK293T 4 fit3(6 FLAR), 24 h J Wr A 7 kb 2 40 it
FEihiEAT SDS-PAGE, ¥ E1 22 PVDF JJ5 174
JEENE 38T, FIFH Western blotting Bif% R Go ki
MR Rk

&: 010-64807509

# pFlag-cGAS (1 pg). pHA-1226R (1.5 pug)
B A AR BRI FE YL 2 HEK293T 412 fL)
24 h Ji , #2188 1:1 000 I BZL B (cycloheximide,
CHX), 4ilabBE 0, 3, 6. 9 h, YA AP
Mtk 61T SDS-PAGE, §%E1 & PVDF [ )5 47
S EENI M, FIH Western blotting % R 4t
Rl S ESvN

4 pFlag-cGAS (1 pg). pHA-I226R (1.5 pg)
A A AR TR FE YL 2= HEK293T 4if(12 fLHR)
24 h 5, #ZM1:1 000 N AR (CHX) . —
FH L7 M (dimethy] sulfoxide DMSO), MG132 &,
NH,Cl b3 8 h, WedE I Ak 20 Mo A o e A7
SDS-PAGE. ¥ E1% PVDF 5 #F4T o yi B
', F) Fl Western blotting i{% R A 25 112654
1.4 SBEHIERE

fdi 1 0.05%M Tk HEK293T i), fin
NG IEFREE MRS B 2 HA N 10 om 35
FRM AR, R ZAIERG BEE 80% 24 AT,
¥ HA-1226R (4 pg)4yill5 pFlag-cGAS (3 pg).
pMyc-STING (3 pg). pMyc-TBK1 (6 pg)siAH
23 i AR L 28 HEK293T 4l ; 24 h j5 35
FEREFEEL, A1 mL 20 S s R A
4 °CHEFHR R 2% 30 min LA |, 12 000 r/min %
L 10 min. WEHL 80 pL _354/E WCL 41, /il 20 uL
Sx PR, BT 98 °C4:JE VA M 10 min,
12 000 r/min B.L> 10 min, B T—20 °C#H; F
A 3 AR 1P A6, B Beads 1RST, fiFE D46
SKIRER, FZY#RSE iR (lysis buffer)iEVEREER ; FEAD
A 20 puL Anti-Flag-Beads 1Y, Anti-Myc-Beads,
4 *CIRSI R AUR A1 s IR ST e (SR
F 300 mmoL Zfi# 5% thi Al 150 mmoL 2 fi# 5% v
W 5-7 K, BHK 4 °C .4 000 r/min 5.0 2 min,
W2 B3, EEANER ] beads; Bl —UKENL
Ja, PER R R AR S T, A 20 pL 1
150 mm Z4FZZ AN S pL (1) 5% FAEZZ 0L, 98 °C
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ZFE 15 min, B.OFRCERE FAEET SDS-PAGE
HEEFRIK
1.5 #tHXIEE PCR

¥ pHA-1226R (3 pg)mlizs #AA%4 YL & PK-15
A (12 FLBO)RESE 18 h, Z 55T poly (dA:dT)
(2 pe)FHEE IR 12 h, 5 2R, F TRIzol Yk
A EEHCE RNA, [k ¢DNA J5, 17
AHXT5E i PCR A& .

4 pFlag-cGAS (1 pg). pMyc-STING (1 pg)
FIpHA-1226R (2 pg)ah zs #h AL 4L e 2 PK-15 4
ffi6 fLAR)EEFR 24 h, F% BJ2WHA, H TRIzol
WCEE AN IR RNA, o fk5Ek ¢cDNA J5, i
AR 2 i PCR Al o S Wi 2721 95 °C 30 s;
95°C 5, 60°C 34s, 1L 40 MEH, HXE R
IR 1 s (519l AL s R A iRk
ARAEE), B 27T 41 mRNA
[ S KT 1) 25 A 8, i i 1 gk S 52
3 WRINEs Fon, PHALZ A B FL AR IR 224
t-test *ﬁg’ﬁ(unpaired, two-tailed Student’s t test)7)
Hro *: P<0.05; **. P<0.01; ***. P<0.001,
1.6 WHHBREIXIW

PEET 1 d ¥ HEK293T 40AE AL G455 2k
g ) 24 Lt EE SR, K pHA-I226R
(500 ng)JFki 1 Flag-cGAS JFiiki(500 ng)ttit e
% HEK293T 4, &= T4Mss s i
18h J5, 3 b, I PBSIHUE 1K; 4%L &M
[ %€ 45 min; FJ 0.05% Triton X-100 4b#f
15 min; F 5%4 i3 A 25 11 (bovine serum

#1 RT-qPCR FTH5|4

albumin, BSA)#f4] 30 min; FJ Flag #RZEHiIK
(1:200) 4 °Cil s 5E , FHIPLEAY TRITC —4C
(1:800)if 474, ZIRAEM 1 h, JIA PBST ¥
3 FH HA FREEPUIR(1:200) 4 °Cid %5 E .,
FH$L % FITC 19 —Pi(1:800)EA7 YLt , 2= IR 4E
1 h, MIA PBST ¥t 3 ¥K; ffa Hl 4,6-— kJE-2-
7K JE 15| W (47,6-diamidino-2-phenylindole) %% {4,
10 min, Bfi/5H PBST ¥ 3 1k, H R /EE THE
FE AR NS

2 ZERE54

2.1 pI226R ##) cGAS-STING 7 SHyI8Y
T ZREE

£ PK-15 40 g %% Y+ pIFN-B-Luc .
pRL-TK-luc. pFlag-cGAS. pMyc-STING ki L)
KRR pHA-I226R k(0. 100, 200,
300 ng), &I pI226R fE . E il cGAS-STING
P IFN-B J5 3 12O R BHE P , IF-2 905
KRB ERE 1A). 78 PK-15 4 ik e
pIFN-B-Luc. pRL-TK-luc J&Hi L K A ] 51 42 )
pHA-1226R FikJFki, 18 h J5HEY% poly (dA:dT)
(1 pg/mL)FIEL 12 h, % 3K pI226R 114 poly (dA:dT)
P51 IFN-B J5 8 12O R G T, IF-2 90
KRB AER (B 1B). 78 PK-15 4 o 4% e
pFlag-cGAS. pMyc-STING DA K pHA-I226R H;
234K, 24 h J5 F TRIzol #2HU4H RNA, it
H¢tE B PCR #&:11 IFNA. IFNB. 1SG15. 1SG54
F11SG56 HY mRNA 7KF-; 78 PK-15 Zfiffd vh % 4t

Table 1 Primers for RT-qPCR

Gene names Forward primers (5'—3") Reverse primers (5'—3")

p-actin GGACTTCGAGCAGGAGATGG GGATTCCATGCCCAGGAAGG
IFNA CTGCTGCCTGGAATGAGAGCC TGACACAGGCTTCCAGGTCCC
IFNB TTCGAGGTCCCTGAGGAGAT ACGGTTTCATTCCAGCCAGT
1SG15 CCCTTGAGGGACTGCATGAT GACCCTTGTCGTTCCTCACC
1SG54 GCACAGCAATCATGAGTGAGAC GCTTGCCGTAAGCATTCCAG
1SG56 TCAGAGGTGAGAAGGCTGGT GCTTCCTGCAAGTGTCCTTC

http://journals.im.ac.cn/cjben
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& & W & &

1 pI226R #l#] cGAS-STING T SRR T E

Figure 1 pI226R inhibits the cGAS-STING mediated type I interferon. A: pI226R inhibits cGAS-STING
mediated IFN-B in a dose-dependent manner. PK-15 cells were transfected with pIFN-B-Luc, pRL-TK-luc,
pFlag-cGAS, pMyc-STING and increased amounts of pHA-I226R for 24 h followed by luciferase assay (top).
Immunoblot analysis of [226R, STING, cGAS, and tubulin was shown in the bottom. B: pI226R inhibits poly
(dA:dT) mediated IFN-B in a dose-dependent manner. PK-15 cells were transfected with pIFN-B-Luc,
pRL-TK-luc, and increased amounts of pHA-I226R for 18 h, and then transfected with poly (dA:dT) followed
by luciferase assays. Immunoblot analysis of 1226R, STING, cGAS, and tubulin was shown in the bottom. C-G:
pI226R inhibits cGAS-STING-induced transcription of antiviral genes in PK-15 cells. PK-15 cells were
transfected for 24 h. Then the TRIzol extracted cellular RNA was used to detect the mRNA levels of IFNA,
IFNB, 1SG15, 1SG54, 1SG56 by real-time PCR. H-L: pI226R inhibits poly (dA:dT)-induced transcription of
antiviral genes in PK-15 cells. PK-15 cells were transfected with pHA-1226R for 24 h and poly (dA:dT) for 12
h, followed by detecting the mRNA levels using real-time PCR. EV: Empty vector; Mock: Blank control; All
experiments were performed in triplicate; ns: No significance; *: P<0.05; **: P<0.01; ***: P<(0.001.
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pHA-1226R B 75 %4, 18 h J5HE 4% poly (dA:dT)
Hi% 12 h 5, F TRIzol $2HLANMI RNA, 7%
JerE® PCR & IFNA, IFNB, 1SG15, 1SG54
1 1SG56 1) mRNA K- 455R3RH], pl226R fiE
B ZE I cGAS-STING(IE 1C—G) 1 poly (dA:dT)
(B TH-L)yiFE S TR S . DL ESERER
B, pI226R REfL B E i cGAS-STING 4 F:HY
BRSNSl
2.2 1226R 0% TBK1 F1 IRF3 BI#EZ 1L
F T #E—HUESE 1226R F ¢cGAS-STING 15
S P RYANRIVE T, FRATRI T B T I TBK
FlIRF3 R8BSR 1L /K V. 7 HEK293T 4 il it
87t Flag-cGAS . Myc-STING #1 HA-1226R 5i#H
W2 B P FRIR R, B YLE 12, 24,
36, 48 h WA AHMIFE i, FH Beuge BDSd i) g A il
TBK1 H1 IRF3 £ 1 BB R AL KT A 2A i
1 ik cGAS 1 STING 7] LU$2 5 TBK1 £ IRF3
HIBE R A K, T 1226R X 3% R e b K 7 B
T A (8 2B, 2C). DL S5 R

SR e N g S A

226-HA - - - — + + + +
12 24 36 48 12 24 36 48 (h)

———a T ar1

2 1226R #&] TBK1 1 IRF3 B9REER L7k £
Figure 2

1226R ] L] cGAS-STING 41 TBK1 Fl
IRF3 R 1L -
2.3 ¢GAS 2 1226R Il cGAS-STING &
BAENEER

AT BIE 1226R Ji$E cGAS-STING 1554
PR BT 7R A, 75 HEK293T 2l rhé% % pIFN-B-
Luc. pRL-TK-luc Fil pHA-I226R JFi#i 18 h J5,
3 EEYE ¢GAS., STING. TBKI, IRF3 k&
B, 24 h JE R IFN-B J5 8l F 2 R BHE P
SRR, 1226R Wi Rk B EMH T cGAS ¥
I IFN-B Ji3 shFiiE 1k (&l 3A), TiXT STING.,
TBK1 Al IRF3 i34 IEN-B 3 3 701k 3-8
IVE (B 3B-3D), #I2EUi B 1226R BYHE s 5
A STING., TBKI1 Hl IRF3, N T #k—HR%R
HVSTERE S, pHA-I226R 433115 pFlag-cGAS .
pMyc-STING . pMyc-TBK1 I pFlag-IRF3 }:4%
YL HEK293T 401, 24 h J 4 o 22 A i WA B
YHMIFE S, ST iE I R, 1226R 5 ¢GAS
FAEAEAEHE 3E-3H). SLFEf, % pHA-1226R

v density
K1/TBK
> —
n (e
\|a

*
:l—||
%

1226R inhibits phosphorylation levels of TBK1 and IRF3. A: I226R inhibits TBK1 and IRF3

phosphorylation. HEK293T cells were transfected with pFlag-cGAS, pMyc-STING, and pHA-I226R or empty
vector, and samples were collected to detect phosphorylation. B, C: The ratio of p-TBK1/TBK1 and
p-IRF3/IRF3 in HEK293T cells was performed in triplicate. ns: No significance; ***: P<0.001.
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Fl pFlag-cGAS Ht457L % HEK293T 4Hft, i *ﬁﬁi WA 4R M RE AL, B HA-Beads i 3
IR AR B AR WAL E AL R L . SRR, REILDTVE R J A B N IEPER) cGAS 25 (]
1226R 5 cGAS fFEILEMIMG(E 3D). BRitz  3)). MULal i, 1226R @it 5 cGAS HHHAE
Fh, FE PK-15 i Pt 3Rk 1226R siAHXTA A il cGAS-STING i i A3 o

A B C D
cGAS STING TBK1 IRF3
50 150 500 150 -
ns
S 40+ %‘ S 50400 = —
[e} = [} )
<30k g 100 < 300 | g 100
3 = 3 2
A 20 & & 200 >
z E 50 - i Z sof
E 10} = & 100 |- H
0 3 - ol —=1 0 —— 0
‘1“ <§“ & & & & & &
YOS TP T P
GY. é§ &Q‘% é
E F G H
cGAS-Flag - + STING-Myc  — + TBKI1-Myc - + IRF3-Flag — +
226R-HA +  + 226R-HA +  + 226R-HA +  + 226R-HA +  +
: I N N —
I B e I e I e
B — T B e B e e B e
e —m | @S a0l i a— i
GAPDH @ @msm|35 kDa  |GAPDH| @ == |35 kDa (GAPDH] e «==={35 kDa |GAPDH e emmm|35 kDa

J
PCAGGS-HA + -
1226R-HA - +

£[ocons|__am] a0
D

a-cGAS E 62 kDa
1

T R— HA[ | 27KkDa

Distance (pm) Tubulin (I @] 35 kDa

HA-I226R  Flag-cGAS DAPI

.l £

3 ¢GAS 2 I1226R 1l ¢cGAS-STING (BRI TEIE =

Figure 3 cGAS was the potential target for 1226R to suppress cGAS-STING pathway. A—D: HEK293T cells
were transfected with pIFN-B-Luc, pRL-TK-luc, pHA-I226R, or empty vector, along with pFlag-cGAS,
pMyc-STING, or pMyc-TBKI1 for 24 h followed by luciferase assays. Triplicate experiments were conducted.
ns: No significance; ***: P<0.001. E-H: I1226R interacts with cGAS. HEK293T cells were transfected with
pHA-I226R and pFlag-cGAS, along with pMyc-STING, pMyc-TBK1, or pFlag-IRF3 for 24 h, the lysates were
immunoprecipitated with anti-Flag antibody or anti-Myc agarose beads. I: Colocalization 1226R with cGAS.
HEK293T cells were transfected with pFlag-cGAS and pHA-1226R for 18 h followed by confocal microscopy.
Bar=5 um. J: 1226R interacts with endogenous cGAS. PK15 cells were transfected with pHA-I226R and
pPCAGGS-HA (empty vector) for 24 h, and the lysates were immunoprecipitated with anti-HA agarose beads.
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2.4 pI226R BT B ABEMIRRMERE cGAS  HALHE 0. 3. 6. 9 h J5, GIEENLAN cGAS

N TRIE pI226R JE 5 cGAS WU ENE,  WyFeik, L5 B/R pI226R S0 T cGAS &
1t HEK293T 4l b ML %% 4t pFlag-cGAS 1 gk, I HEAREMIE (B 4A), 40N &
pHA-I226R, 24 h Ji5 LA TS LR B i (CHX) 733 %F 1 PR ok i S AR T2 3R -2 AR AR A

4 pI226R EF BREAEEIRZIEERR cGAS FHAFH cGAS HIBIZ R

Figure 4 plI226R degrades cGAS via the autophagy-lysosomal pathway and inhibits the monoubiquitination of
cGAS. A: pI226R degrades cGAS. HEK293T cells were transfected with pFlag-cGAS, pHA-1226R, or empty
vector for 24 h, and treated with CHX. The changes in the abundance of cGAS were normalized to GAPDH. B:
pI226R degrades ¢GAS via the autophagy-lysosomal pathway. HEK293T cells were transfected with
pFlag-cGAS and pHA-I226R, or empty vector for 24 h, then treated with DMSO (negative control), MG132
(20 umol/L), or NH4Cl (100 mmol/L), respectively for 8 h. The changes in the abundance of cGAS were
normalized to GAPDH. C: pI226R blocks the interaction between TRIMS56 and cGAS. HEK293T cells were
transfected with pFlag-cGAS, pHis-TRIMS56, and pHA-I226R for 24 h and then co-immunoprecipitated with the
antibody. D: pI226R inhibits TRIM56-mediated monoubiquitination of cGAS. HEK293T cells were transfected with
pFlag-cGAS, pHis-TRIM56, pHA-Ub, and pHA-I226R for 24 h and then co-immunoprecipitated and Western
blotting analyzed with the antibody. ns: No significance; **: P<0.01.
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IR-TE AR, HIbidE—209E T pI226R X
cGAS (IR 4% . HEK293T 41 i v 344 i
pHA-1226R #l pFlag-cGAS, %4t 24 h 435I
DMSO, & FIEH AR HIFI(MG132) . A k&
AR FAL B (NH, CDAL A 8 h, 43R B
A (NHLC)ALHZ ] T pI226R X} cGAS
IR, FHH pI226R i [ WV B A i 42 %
fiz cGAS (&l 4B).
2.5 pI226R BTN cGAS HIE;Z RN
il ELE AL

TRIMS6 1E8 cGAS Y E3 # 0, REWA
S Hz KAk, %t cGAS Bin HA Eg
R, HE—EK pI226R A5 50H T cGAS 5
TRIMS6 2 [8] (A B AE T2 00 cGAS iz %
fb. #E HEK293T 4iifif Hr 345 4 pHis-TRIMS6
pFlag-cGAS il pHA-1226R, 24 h Ji5 J 4 i 54 i
TRSCEEFE S I AT f e LT vE 5280, 25 R R
pI226R (K1 A4 T TRIMS6 5 ¢GAS HI#H
HAEHFE 4C), X$E/R pI226R A FHIKT TRIMS6
5 cGAS MM EAEH . #—2L0HF5 T pl226R Xt
TRIMS6 /-5 cGAS ZEfb®m, 45HRE/R
pI226R it FiEME T TRIMS6 /T cGAS
FIBAZ RAL(F 4D). DL EZESRFERE, pI226R 1]
eI BT cGAS 5 TRIMS6 (M HAE FHIE S5
TRIMS56 S cGAS Rz £k, Miminil
cGAS i1k

3 WibE4£&#®

T RAIE RGENE FHCPUREE . AN S0 )5
H TR IS —E B, cGAS-STING i
I3 18 IFN 5514 5 NF-«B 5515, 16
HEAH DNA J 2 fe rp A4 EEHEM . ASFV ik
HH— RGN ey b iR R mg R bk s £ 1 BTHLR
B LM EE s . HETC ki ASFV ZHE
KIGHI A Z & H A R dkR ) DIae . #1an .

&: 010-64807509

pMGF505-7R 3 3:f [ I - 75 T 44 3% 722 400 (] % %
STING fifii[a]i#45 cGAS-STING {55 5@ %"
pPMGF505-7R if g - J# 3R 8 125 (ring finger
proteinl25, RNFI125) 3R L #F Janus A 1
(janus kinase 1, JAK1)Fl Janus # 2 (janus kinase
2, JAK2) I REARRY; MGF360-12L 7] L) 354k 5
k%25 M o2 (karyopherin a2, KPNA2), Eiftiz
FE 1 02 (karyopherin a3, KPNA3)MIZ 4%z 1 o4
(karyopherin a4, KPNAOMHEAEH, HKi T p65 5
KPNA2, KPNA3 Fl KPNA4 Z [A] 454, MMl
il NF-xB 25017, pMGF360-14L RESAEIE E3
HEAERF TRIM21 /519 IRF3 i K63 £z %1k, 5
IRF3 A HAE A A 2 ), pMGFS05-11R
5 STING #EAEM, @iz R-EAKMA
-SRI AR MR STING, M 6l i 15
cGAS-STING {5 5@ #%*" . pMGF360-15R/pA276R
LA ) IRF3 SRl Toll FESZ{A 3 (Toll-like
receptors, TLR3)FIILFRAZH) IFN-B 5S>, LI
EWFIEN ASF RO HR I T E SR ISR
HHT ASF 119 B 45 45 B8 04 M7 K 14 4%
FRAR YT B, A A R S Ve S T
SIS B4 4 B L AR N B I ) TG 2 T AN B
BRHOE ST CD8 T Ui, Afext
ASFV Y= A 412027 S {93 1 R F 2 Ak
() E A A L ECE L 22 B, BG4 R S DR A
o e N, A 3 7540 32 7 F1 DNA S 1 3
AAREST ASFV YL = E 2 2 3 AR,
L MER ASFV G il Ji D5 Ay 2 iy L DR e 2k
BT P2 T U PN R S ) A U 9 1
KA o 1226R BEKIE T ASFV JERIZH /Y 3
Aty , HeEAR T ASFV i) B646L
BS 1226R KM 5 1 SY 18 Wk 5 36 ACHH o 7 1 1
TR W R RERE RS SY 18 SEAAYIK
i, BXARIR B 1226R e [H] 1) #5 4k AT BEIHOS T
KV 1 RAR G T G52 SY 18 BERR I IR,
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X T 1226R HE P i 26 ik 1) 22 4k | R 1 DA K
IR 1R T BT J o 2 Ao TAE
WFFR S5 R, pI226R i it [ M-I B S
R cGAS B I X H AT B AR, B
cGAS-STING i FHIH TR . ARV,
pI226R 3 Fk#M ] NF-xB Hl IRF3 HI3405 ,
S3T NEMO 972 RIbFEARPY, X W pl226R
AR R —Fh ZIIRe & 1, AR R AL RS B
5 B RIR I RN . ABFFEXT pI226R 21

cGAS-STING 155 B ML HET T T RIS o 1
Z5ILFRW], ASFV JES5HIEE T pl226R i1 4 7]
cGAS M7l cGAS-STING i i ke 15 = R
%5 pI226R REME I 1F [ WE - 75 B 1A 35 4% 15
cGAS; [Ali} pI226R AYid ik nfBHWT cGAS 5
E3 &40 TRIMS6 BI454, il TRIMS6 4%
1 cGAS Hiz &k, MIMESS ¢GAS-STING i#
BEESE S 5). MaHh, BT R bR
TRIMS56 T HRAIRTIZ . 1 A (herpes simplex

E) o

)@( ASFV dsDNA
/ l Transcription

Ub
( TRIMS56
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L (—’

=

_IRF3

Lysosome

Type I IFN l

g™

5 pI226R #M#] cGAS-STING {55 1@ %
Figure 5

pI226R down-regulates the cGAS-STING signaling pathway. Upon ASFV infection, pI226R

interacts with cGAS and triggers cGAS degradation via the autophagy-lysosomal pathway. Meanwhile, pI226R
decreases the activation of cGAS by reducing the binding of cGAS to TRIMS56.
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virus type 1, HSV-1)#{JE ) cGAS-STING i {4
S IFNo/B =4 32 31 B & 30, $2 78 TRIMS6
FEGUIR 15 H s S H & 5 ZAE AT, TRIMS6
B 4 NEEfs, AT C i NHL [RIJR X
B(307-755 aa)C B UERTEY cGAS Y N K
Pt RD (1-160 aa) 5 A F Ay S8 X
AWFFEUESE T pI226R 5 cGAS MHEAER, [F
i T pI226R BEWZIHES TRIMS6 5 cGAS Z[H]
FIFHE AR, SR1 pI226R 5 cGAS HAFEHI4EH
B ARTEAE  HEMPTRE 5 cGAS B9 N % RD 4514
Hx, HARE—P5 ., AU5EHE T pl226R
H A M2 hE, /R T pI226R FEPifE 1 RR %
£ N B B FTHLE L oA 1226R BRI [R B 22 3 [H] ek
CEEPE I DR S AR AL T B H AR
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