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The E248R protein of African swine fever virus inhibits the
cGAS-STING-mediated innate immunity
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Abstract: We researched the mechanism of African swine fever virus (ASFV) protein E248R in

regulating the cGAS-STING pathway. First, we verified via the dual-luciferase reporter assay system

that E248R protein inhibited the secretion of IFN-B induced by cGAS-STING or HT-DNA in a

dose-dependent manner. The relative quantitative PCR analysis indicated that the overexpression of

E248R inhibited HT-DNA-induced transcription of /FN-b1, RANTES, IL-6, and TNF-a in PK-15 cells.

Next, we found that E248R interacted with STING by co-immunoprecipitation assay and laser confocal

microscopy. Finally, we demonstrated that E248R inhibited the expression of STING protein by using

Western blotting. We demonstrated for the first time that the E248R protein of ASFV suppressed the

host innate immune response via inhibiting STING expression. The results are pivotal in extending the

understanding of the ASFV immune escape and can guide the design of vaccines against ASFV.

Keywords: African swine fever virus; E248R protein; innate immunity; cGAS-STING signaling pathway

ASF #5115, 8 A 3 H#fig AR REIE g™,
ASFV H:R4#5E 170 kb, 615 T80 150 4

AENFE IR (African swine fever, ASF) &
LR TE (African swine fever virus, ASFV)

SRR GO B A T 5 | RS A — b L e PR R AE
RN EBRRAE A ZUVE AL YRt o AN ) R AR
[F) 4F % B 48 1 Byl e, i sl ) T4 4 4
(World Organization for Animal Health, OIE) ¥
B Ry i Z50H R ) S e, F LK HL A Sy —
KWL . ASFV 2 JE PH R I AR 5G9 2 B
(Asfarviridae) JE RS &8 AP, J&—
it B DNAJHE , Bl WU ASFV 1Y H AR BT,
T AN AT S I S R Sl LB A
HH B oA RO A B AT B, R,
ASF H AR P — BB R, By 42 W0 TR 3
2018 4F 8 A 2 H, TEFHLALHr X A A BE )
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FFHC R EHE  (open reading frame, ORF), Ji 74
T EHAMBIL 200 nm, 5 557 41 HAZ R BB B
BT, PR EE A A4, ASFV i
kit ik, B Z AL, ASFV 4
T A 36 P 7E R R 2H 2 . DNA B G 52 DL R gt
Rk i R #EA LA . ILoh, ASFV 3
RN ZH i 22 5 e g A S B 11, s
TR TR A S A MM T8 11, 41 DP96R .
MGF-505-7R #il pEI99L Z%EH, HKZH
ASFV BE K 2 % 25 1A P RE I R DL AR IA
RARGIE SN F A FHCHUR U E DA
25— BB 2. 2L 3l AR R 5 32 44
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(pattern recognition receptors, PRRs) 51 P4 Ff
81 O B OISR = S i Rl 20
(pathogen-associated molecular patterns, PAMPs)
s 1 05 A0 ¢ 4 F B X (damage-associated
molecular patterns, DAMPs)™® 5 5 i A5 4 75 i
eyt #irp, DNA RS 2 Ta st , 1F
oy — T MR F 5 S50 1 AH DGR X, Bl AE AN
PHHIPT BT TLRY (toll-like receptor 9) AJ LLiR
B F B A b 2 i SR DNAUC 2y
BAFTEZ R DNA 52 4%, il ¢GAS (cyclic
GMP-AMP synthase, cGAS), DDX41, DAI fl
RNA AWM, cGAS 4 b EE Y
J Bt DNA EZ 4511, 58 DNA 2545, JB
J8 LA cGAS: DNA Jy 2: 2 (94 A 1K1Y, i
1k ATP Fil GTP & i, cGAMP (cyclic GMP-AMP,
cGAMP)!"™ . cGAMP %% & Jf B4 1 A T P4 Jt )
(endoplasmic reticulum, ER) [ T$Jt 2% 3 [A 34
[ (stimulator of interferon genes, STING)!'""®,
151k )5 1 STING i i3 ER-Golgi 414K A ER %
O B X, ZEdal 2, TBKI Al IRF3
Pe5FAE S STING MCHE G H, TBK1 H#E
WAL )5 i IRF3 BERR AL . — Ak, 1L/ 1 IRF3
A, RS RPUR TR 1 FE 5%, R IEDUR
BRI, cGAS-STING 155 i i 76 23 [ Hl
IF ] B 52 2™k O AR B 5, DU PR AE VS BR
o er AR R g %) ) o, 3 DR i 8 S g A B
X LA AR 0™, cGAS-STING {553 #
TE DNA i #5155 5 19 56 K S0 SOy o & #5846 K
SEVEF, 25 Bl DNA Jg 5 AL H Dk sk fiE 32 R AR
e iEe™ . Gui S54RiE, {1 ISD. HT-DNA 4§
AbFRAT LA cGAS-STING {5 53 i A5 19 B
mEP geAh, A WS EoR STING nf i ZFh
WS TUHE 5 AE, fARHGE IRF3, NF-xB,
P WE RS R AR A M SE TS (lysosomal
cell death, LCD)®; 1tb4h, STING if ] LA i
BERERR ALY 2 RACTRIE BE A B SRS R
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FEIRER20 ) A S Bk b K AR BT,

ASFV B[R KXHA BT, 7
I B3 B YL AN R B 103k HE 5 DI RE AN B 2R 1
BN T 22 Ik pp220 F1 pp62 Xif 95 F A% 00 il 21 24
JEEL P SRR Y pS4 X TR BT AR SR 4R
FIBE L X 3 2 e B 50 ASFV G i i F 40
FRHE 1 DPI6R, il TBK1 I IKKB
JA¥E NF-kB W55 S AIE IFN MRk, i
A S 5 1 S 2k . ASFV MGF-505-7R
AR UE [ WEAE G EE 1T ULKL Y 3R 3K B
STING, {1 I #5 STING # A1 BT B S v 2
ASFV E199L 5 i 5 PYCR2 M E AR, il F
¥ PYCR2 515 S AR,

A CHkHikiE , ASFV Armenia/07 k45t
cGAS-STING /31 IFN {S5@ IS, M
il IFN-PRYFIEEY, ASFV &1 E248R &
M RIB S E T, M TR TN AR,
A S EE 1O R R A B0 E248R A B I 5 25 0k

5 M B 1) A 2R VR, H 32 ke o s i 11 J
etk NS I BE 1 X FL BT A UG RERRAIRZY 100 fi o
SR1M, E248R 72 51H# cGAS-STING i i
AR DARIE . A5 B TEAR ST ASFV E284R i
PEVR TR 0 W 1 o0 L, 37 el i o
ik 1) B B R 30 TN, AR P AR SR B A Y
L

WEERE

1.1 ##

pRK-HA-cGAS . pRK-HA-STING . pRK-
HA-TBK1. pRK-HA-IRF3 Fl pRK-HA-IRF7 &
S7.0 g VA I VA G NE i i A NP S O izl B
pCMV-Flag-E248R (GenBank No. MK333180.1)
Al pRL-TK . pIFN-B-Luc Al IRF1-Luc ki i

B A I A 2 TR R S S A R AR DV
Pt HA | Flag FlB-actin BFCREHUAIG T Merck 24
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Al; HRP FRic i IIFEdif 1gG. thaFEHi/NR Y
IgG T Santa Cruze A Fl; #OEIEEAE 20 mm
BRI H NEST /vw]; Alexa Fluor 488 i
Alexa Fluor 594 /NER3TIAK . Alexa Fluor 488 Fl
Alexa Fluor 594 f i Hi/AI H Cell Signaling
ol NG E 408 (HEK293) . & B 40 i
(PK-15) FINE U4 (HeLa) W H ATCC;
W E P 2R TR 45 FE R A I 7 & (Promega) Fl
HT-DNA Il H Sigma 23 ] .
1.2 WK A ZBIRE R %KL K (dual-
luciferase reporter assay system)

¥ HEK293 4 fd FH 0.05%/ gt 25
A S 7 K 3R % (Dulbecco’s modified Eagle
medium, DMEM; 10% fetal bovine serum, FBS)
i 48 FLARL, 7E 37 C . 5% CO, iR P37, fF
MR G ETE 75% 40, # pRK-HA-cGAS
(100 ng).pRK-HA-STING (100 ng) .pRL-TK (20 ng).
pIFN-B-Luc (100 ng) Fl pCMV-Flag-E248R ([&]
1A) Bizs #@MAaL 5 YL 2 HEK293 4ififih, 24 h
Je AR R SR AL B, ARSI A

fifi il HEK293 4ilig (DMEM, 10%FBS) 4
48 fLH, 53749 10 h J5, K pRL-TK (20 ng).
pIFN-B-Luc (100 ng) 1 pCMV-Flag-E248R (&l
1B)al 23 # i dh 44 L 22 HEK293 4iffirf, 16 h |5
Yt HT-DNA (500 ng), F55% 8 h, AbPRIfH:
DA s

# pRL-TK (20 ng). pIRF1-Luc (100 ng) I
pCMV-Flag-E248R (& 1C) EiZs s ALt ye 5
HEK?293 4fififirh (48 fL#R), 16 h J5%% 4% IFN-y
(50 ng/mL), PR 12 h, #HATREEOLIRE &
ESTY ORI N
1.3 GBHLIIERE

¥ HEK293 fii [l 0.05%JEmF LS, TIA
IR RS, AR EEFRIL (100 mm)
RS, fFRZ ARG ETE T5% A0, B
pCMV-Flag-E248R (2 ug) 7335 pRK-HA-cGAS
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(4 ng). pRK-HA-STING (3 ug). pRK-HA-TBK1
(6 ug). pRK-HA-IRF3 (2 pg) % pRK-HA-IRF7
(5 ug) HFEYLZ HEK293 4iifig; 24 h 5352 F2
Bk, WEARN A NP-40 ZH# (50 mmol/L
Tris (pH 8.0), 150 mmol/L NaCl, 5 mmol/L EDTA,
1% NP-40, 2 mg/mL aprotinin, 2 mg/mL
leupeptin, 1 mmol/L phenylmethanesulfonyl
fluoride), 4 CJief5HE K Z4f# 10 min, 12 000 r/min

B0 10 min, WX 80 uL 2508 FIF, A 20 uL
Sx_FFEZ MR, BT 100 C4 8 in# 10 min,
12 000 r/min &> 10 min, & T-20 C&MH; %
& BEFB AW, INAGE & 1gG 38 HA $t
&, fiImA 50 uL Protein G, fillA NP-40 ZUAFB 4
Z 1mL, 4 CHEFEHRARME 3 h, 0.5 mol/L
NaCl NP40 ZLARWEVE G B AR, 1Tk
3 A 60 uL 2x EAEGE i, BT 100 C4:
JEI R IIE L, 4T Western blotting Kl
1.4 SIZENE S

# pRK-HA-STING (200 ng). pCMV-Flag-
E248R (0. 3 Hl 6 ug) sz AR 5% gL =
HEK293 4i/fd (6 fL#Rk), 24 h 5% B, &
EANMIAE S, B 100 uL Z2 0Pk, 100 C4xJE
W 10 min, ZJ5 12 000 r/min #.0> 10 min.
WAL HL S AR EAE, #E1T SDS-PAGE. Hijk
JE B L BN 2 NC i, K5 5% W34 £
I 30 min, fRJEIIA—HT 4 CAFHEIRNG & i
., M TBST ¥k 3 ¥k, HHK 10 min; fIA
P, EIEMEHE 1 h, TBST ¥k 3 ¥k, 4K 10 min,
= 5

# pCMV-Flag-E248R (0. 2. 4 il 6 pg) =k
2S5 HWAREE Y & HeLa 41 (6 FLAR), 24 h 5 IR
BCAnf, A 100 uL P, &F 100 CEJE
WAYER 10 min, B 12 000 r/min 5.0 10 min,
FAE S A SDS-PAGE #ifLH, 2&1di ] 60 V Hg
7k 30 min, P 150 V BRIk B AE.,
JEEES), JEEEHL o 100 V #5160 min, BEJSI
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NC JE & T 5% i A5 95 % 09 o 2 £k 22 vh Wi
(phosphate buffered saline, PBS) "3} 4] 30 min,
IMA—HIZEIR 1 h 8 4 CEEKER, HiH
TBST ¥t 3 ¥, £ 10 min, IAZHL, i
MEHEIR 1 h, 1 F] TBST ¥k 3 e, BEE B,
1.5 #EME= PCR

fii FH SYBR J7 vk 47 AHX % 5 PCR Kol .
W 4B 40 M AR Y, TRIzol ¥ 32 B 40 i &
RNA, LUIHOWEH (100 ng) #EFT 5 53K
cDNA. W) #5511 cDNA ST SR,
DL GAPDH 1NN Z A, Gl AH iz 248 ffd P 5
B K. B pCMV-Flag-E248R (3 ug) %
SRR E PK-15 4 (12 fLiR) 853
12 h, ZJ5% Y HT-DNA (2 ug) 535 12 h,
WS A0 AR IR RNA, [ fE 5% cDNA J5,
A% g PCR . RIARFH: 95 C
3 min; 95 °C 3s; 60 ‘C 10 s, 40 Mg, #H
XERLIY ER) FFAImE 1 PR (319H
SN G, B 22T mRNA
SOEE S O A
1.6 HOLHBESW

¥ HEK293 20 iH b )5 4 % 2 LR AR L rp
B 3%, ¥ pRK-Flag-E248R (3 pg) Jit ki Fl
pRK-HA-STING J& k. (2 pg) L4 =
HEK293 4fifiiH, & F 37 C. 5% CO, s+
BiFR 18 h i, WA 4t o o 525 BIE L JH PBS

*1 tHXZE= PCR 5|4

THUE 2K 4%Z RPEAE 10 min; JH 0.02%
Triton X-100 b FEAIAE 15 min; F 5% BSA £ /4]
30 min; 435! ] Flag 8% HA Fr&HTIAIEE , 4 C
%, A PBST ¥ 31K, 5min/ik. FEHBLARM
PrEefn, Z=IEMER 1 h, A PBST 2% 3 K.

fJ5 FH DAPI 44{%, 15 min, Fifi/5 F PBST ¥ 3 K.
FE it b PS5 RS 5 P S AR A AR

2 BERXR504

2.1 E248R ZEBH#lHl c¢GAS-STING Ik
HT-DNA iS5 #) IFN-B BY#E

MG ASFV E248R HEHAEBIEMT
cGAS-STING {5 Zili%, 7 HEK293 4 fifgr 3t
LT pRK-Flag-E248R 5 z5# /A& . pRK-HA-c
GAS (100 ng). pRK-HA-STING (100 ng). pRL-
TK (20 ng). pIFN-B-Luc (100 ng), 24 h J5{itHK
YHREAE AL, BEATRR DU A3 AT &K BL, E248R i
cGAS-STING %31 IFN-BJE sh T iiE 1k,
pCMV-Flag-E248R {75 #{& . pRL-TK (20 ng).
pIFN-B-Luc (100 ng) %% 4% % HEK293 ZH i,
16 h J5 % 4« HT-DNA (500 ng) V£ 8 h, Wiz
FRURE i, R4 ARSI 4347 2 B, E248R #1fi] HT-DNA
WS H IFN-BJA s F TG fL. ¥ pCMV- Flag-
E248R = pCMV-Flag %#. pRL-TK (20 ng).
pIRF1-Luc (100 ng) JFikifsYe s HEK293 Aif,

Table 1  Primers used for relative quantitative PCR in this study

Primer names Primer sequences (5'—3’)

GAPDH Forward: GAGTCAACGGATTTGGTCGT
Reverse: GACAAGCTTCCCGTTCTCAG

IFNBI Forward: TTGTTGAGAACCTCCTGGCT
Reverse: TGACTATGGTCCAGGCACAG

RANTES Forward: GGCAGCCCTCGCTGTCATCC
Reverse: GCAGCAGGGTGTGGTGTCCG

TNF-o Forward: GCCCAAGGACTCAGATCATC
Reverse: GGCATTGGCATACCCACTCT

IL-6 Forward: CTGCTTCTGGTGATGGCTACTG
Reverse: GGCATCACCTTTGGCATCTT

: 010-64807509
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16 h J5/MA IFN-y(50 ng/mL), fHHZAWE )  HFEA (B 10). 7£ PK-15 4iffaHhit i (12 FLiR)
50 ng/mL, FFE 12 he WHMMEES, 470 pCMV-Flag-E248R (3 pg) Jikis# pCMV-Flag
IR RGN, SR E/R, BE248R Xf ZSEkiK, BigE 18 h, ZJEHU HT-DNA (2 pg) Al
IFN-Bi75 31 IRF1 J& 8+ 193E A BB AR W12 h, KBUAE PK-15 4ifeH i) 263k E248R 5,
5L R, E248R FIHH A6 cGAS-STING fi1 W@ HiBlH| IFNBI. RANTES. IL-6 FI TNF-o
HT-DNA Frifs 31 IFN-Ba sh Fiuigfe (B 1A, LR BEE K (F 1D). DL ESERER, %k
B), {HX} IFN-y 3 IRF1 JHZFROTETCM 35 E248R H A cGAS-STING 155 %

A 600 HEK293;I*FN-[3 B 20¢ HEK293;I*FN—B C 40, HEK2&—I%/II:01C
== Mock mmm [FN-y
‘ 5 = HT-DNA 30l
g 400 3 .
§ g 10 i 20}
. = 3
[~ 5] —
0 « 5t & 10

0 0 0
E248R (ng): X Q,ﬁ@\@m@ E248R (ng): 0 25 50 100200 E248R (ng): 0 25 50 100200

c¢cGAS-STING - + + + + +
D 5. IFNBI 4~  RANTES 4 IL-6 10~ TNF-a_**
==Con

ok o *k wm E248R
4+ — 8

—

W
T

W
T

3t

2+

| il B
0 J:l . L
HT-DNA (ug): 0 2 0 2 0 2 0 2

1 E248R ZEB#I#| cGAS-STING #1 HT-DNA 5 59 IFN-p B9i8E

Figure 1 [E248R inhibited the activation of IFN-B induced by cGAS-STING or HT-DNA. (A) E248R
inhibited c¢GAS-STING-induced IFN-f activation in a dose-dependent manner. HEK293 cells were
transfected with pIFN-B-Luc (100 ng), pRL-TK-Luc (20 ng) reporter plasmid, pRK-HA-cGAS (100 ng),
pRK-HA-STING (100 ng), and increased amounts of the pCMV-Flag-E248R for 24 h followed by luciferase
assays. (B) E248R inhibited HT-DNA-induced IFN-activation in a dose-dependent manner. HEK293 cells
were transfected with pIFN-B-Luc and pRL-TK-Luc reporter plasmid and increased amounts of the
pCMV-Flag-E248R for 18 h. Then transfected HT-DNA (500 ng) for 8 h by luciferase assays. (C) HEK293
cells were transfected with pIRFI1-luc and pRL-TK-luc reporter plasmid and increased amounts of the
pCMV-Flag-E248R for 18 h. Then added IFN-y (50 ng/mL) for 12 h followed by luciferase assays. (D)
E248R inhibited HT-DNA-induced transcription of antiviral genes in PK-15 cells. PK-15 cells were
transfected with pCMV-Flag-E248R (3 ng) or vector for 18 h, then transfected HT-DNA (500 ng) for 12 h
followed by relative quantitative PCR analysis. All of the above experiments were repeated three times with
similar results. EV: empty vector; Mock: control; **: P<0.01; ***: P<0.001.

Rel. mRNA level
Rel. mRNA level
()

I
Rel. mRNA level
)

I
Rel. mRNA level
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2.2 E248R 5 STING tHE1EA
HISCELAIESE , E248R AT U] cGAS-STING
{EEEEs, RIS B248R fEHI T ¢GAS-STING
i P AR B 1, FRATHEF pCMV-Flag-E248R 41
Y5 pRK-HA-cGAS. pRK-HA-STING. pRK-
HA-TBKI1. pRK-HA-IRF3 & pRK-HA-IRF7 #t
YL HEK293 40l (100 mm 40k 3E10),
24 h S WCHU IO S AT AR B . A 2R
Wi ge & B, E248R 5 STING fE7EAHEAEH
(El 2A). ¥ HEK293 i T4 105 5 =L R 5
A Flag-E248R

HA- ¢GAS STING TBK1 IRF3 IRF7
Abs: ]gaH 1g(XH lqu lg(xH lg oH

s — HA-TBK1
. _._ HA-IRF7
— HA-cGAS
— HA-IRF3
[P:aHA - e o — [oH

—
. — HA-STING

= — Flag-E248R
S B Flag-E248R
- —HA-TBK]1
Input —IIA-IRFX AL
had @ HATRF [A-cGAS
-~ —HA-STING

B Flag-E248R HA-STING Merge

B2 E248R 5 STING #HE{EM

Figure 2 Interaction between E248R and STING.
(A) HEK293 cells were transfected with pE248R
and HA-cGAS, HA-STING, HA-TBK1, HA-IRF3, or
HA-IRF7 for 24 h followed by coimmunoprecipitation
and immunoblot analysis with the indicated
antibodies. (B) Colocalization E248R with STING.
HEK293 cells were transfected with Flag-E248R and
HA-STING for 18 h followed by confocal microscopy.

: 010-64807509

/NILEESR , B TIRAR PR R2) 10 h, 2448 pCMV-
Flag-E248R (3 ug) ki fl pRK-HA-STING Ji&
A (2 ng), 18 h JE IR S A 3 sE A OGSt
BAEI L P, E248R 5 STING f1E L& i 31
% (K 2B), VI F455R%, E248R 5 STING
FHEAEM .

2.3 gRiX E248R #l# STING EHHY
ik

[5

STING & BMMin, AT k4
U, FERRGE R REEEEH. ik
WIGUFH] E248R 5 STING MHEAMEM, MR
E248R 5 STING WJ/EHIALH], Fefi 14T T AR
K. £ HEK293 #ifig (12 fL#) &%k g
pRK-HA-STING (200 ng) HI A [& 7] & i
pCMV-Flag-E248R (0. 3 5( 6 ug) sz ik, il
R RN T K B, B Flag-E248R %%
YL Bt TN, HA-STING & (1 447 B B 55 (A
3A); IEAh, 7E HeLa 4 (12 FLAR) H YR
[ 575 () pCMV-Flag-E248R (0. 2. 4 5% 6 ug),
8 EE AT, s TR STING 198
A R, 5K 3A 455 (8 3B), LU
25 EIR, E248R A STING By ik
3 Gtk

ASFV J&— ™ £ 3 A2 4% 37 A8 M i 21
ey, BUE RAET R, HRr A rd ik
(AP B SRR X LA T IR B REE E R
ASFV BNA K, wmidErZL, HE RN G0E
b 35 TR W B I T S O A PRI o B SCRERHGE
ASFV MGF360-12L 7] L4 1< BH Wi A% 5% 42 26
M NF-kB 5538 F 09 AH B/ FSEm g 1 %
IFN f477£EB; ASFV E199L H1 E248R 75 JiE il
HRZ OB B R RS CER, (RER
E248R /N5 M 2 A 4155 AR i P . Rodriguez
EGHUE, E248R WP BUBYME 0 B R A
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A HEK293
Flag-E248R: —
HA-STING: +  +  +

WB:oF

WB:GHA [ #% & HA-STING

WB:ap-actin “— fB-actin

(&

Flag-E248R: -
WB:aF

wB:SsTING i i

WB:up-actin “— Actin

3 d3RiE E248R #l#) STING EHHIFRIE

— -— Flag-E248R

el

e — . —Flag-E248R

— STING

B HEK293

e
o0

<
o

HA-STING/B-actin
= ="
io P

0.0
E248R (ug): 0 3 6

D HelLa
1.5

%*

1.0

0.5

HA-STING/B-actin

0.0
E248R (ng): 2 4 6

Figure 3 Overexpression of E248R inhibited the expression of STING. (A) pRK-HA-STING and increased
amounts of pCMV-Flag-E248R were co-transfected to HEK293 cells, and collected the cells after 24 h for
Western blotting analysis. (B) The ratio of HA-STING/B-actin in HEK293 cells from three independent
experiments. (C) Transfected increased amounts of pCMV-Flag-E248R into HelLa cells for 24 h and the cell
were collected for Western blotting analysis. (D) The ratio of STING/B-actin in HeLa cells from three

independent experiments. *: P<0.05; **: P<0.01.
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