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Abstract: [Objective] By screening the inflammatory response system, we discovered that the
African swine fever virus (ASFV) protein C717R induced an inflammatory response. This
study aims to reveal the function of C717R protein by constructing recombinant
C717R-lentivirus and observing the recombinant-induced inflammatory response in BALB/c
mice. [Methods] C717R was screened out by the inflammasome expression system and used to
construct the recombinant C717R-lentivirus. Mice were infected with the recombinant
C717R-lentivirus to enable the expression of C717R in mouse tissue. Quantitative real-time
PCR, western blotting, and enzyme-linked immunosorbent assay were employed to examine the
package of C717R-lentivirus, protein expression, and the serum levels of pro-inflammatory
cytokines including tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1pB), IL-6, and
interferon-beta (IFN-B), respectively. [Results] C717R protein was normally expressed in
mouse tissue. The serum levels of TNF-a, IL-1pB, IL-6, IFN-y, and IFN-3 were elevated in the
expression of C717R protein in mice. The mRNA levels of C717R, TNF-a, IL-1p, and IL-6
were significantly up-regulated in the expression of C717R protein in mice. Western blotting
demonstrated that expression of C717R protein induced the caspase-1 and IL-1B in different
tissues. The lesions in the liver, heart, lungs, and other organs of BALB/c mice expressing
C717R protein were severer than those in the control mice. [Conclusion] The expression of
C717R protein induced an inflammatory response in BALB/c mice. The findings provide a
basis for deciphering the mechanism of C717R protein-mediated inflammation.

Keywords: African swine fever virus; inflammation; C717R
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AE VN5 95 (African swine fever, ASF)J&
AEVPNIEIE AN B (African swine fever virus, ASFV)
JRYL ZME 5 R Y 1 BE AL Y e , B = e
FIPHE WL Z —, sREEARE ] T2
HIET %535 100%. ASF Bk T15 e Wbk %
B, HAETIEZERRYN . AR R ER AT,
WA G M T 22 v AR R 2y, R AR A
W3 AL T BRI B R IE 2018 4EE R T
LT R B ASF LR, B A ALk AR5 PR 1 1
N, G Eis L T4IC. ASFV S EEVE
L F M T, H LRI MK i B A
BERk . S /N | b B A i gD
I AR 2

ASFV ZHE 2] 220 nm [ %U5E DNA J5 7,
HA M &R Bt WIREE . K5eFsMg
231 ASFV B4 AT 4% 150-200 1,
HARF A DReTs AR H . ASFV B 1H KA
PR SR AE IO 225 RN AR L PR << XU, A HAIL TS AN T
FE RN T ASFV IR T RAEN AL 25
F 2l

IR kB (NF-«B)FIAZ TR 55 SR AL 25 35
HxhHEODSEHWEMEXEER 3
(nucleotide-binding oligomerization domain-like
receptor protein 3, NLRP3)4&AE /IMASE: 7= A= 41 ifd
HF i 2 FocE &Y BHar, SFRBEEn
& ASFV 3l 12 33 2452 (A ] S 0 o 4 BIL il e
Br, W ASFV By pF317L 25 (i B3R NF-xB 7
PETTAM ] NF-xB 38 #1980 . pH240R @it A
A1 £ NEMO I AR fig 4 i) NF-xB i 1L,
FE pro-IL-1B F gk /. L4, pH240R 5
NLRP3 A HARFIAHI SR, S8 IL-18 &
IEREARP), R4 ASFV R S RE A AL 1B 52
AWIRA AH ASFV 251555 A W 2 1AL
AiiE

N TIRIE ASFV IRGLME T T RAE N (1

S FHLE, ABFSEE XS ASFV BER 4 4ihs iy
186 NMEMMTRSME, KM CT17R HAH
SRAEKREMTNEE. CTITR HEHIREE SR
A, SHIESE CT1TR HA T3 RIE N & RN RE,
AW A @2 LV-C717R 1805 25, ffi
M8 AR Y HEK-293T i il BALB/c /N,
BRI AW 2= i . ABFRCAIRE CT17R
B S R RAE N 2B HT D Re S AL He S Ak, LUK
E—4E7R ASFV BYHLIRS | ki 32 AN &
)53 F-BL B LA

1 HE5xZ

1.1 #R
111 iRz, HRRFmES

IR U e BRI 1T B BF AR #E Bk ASFV
CN/GS/2018 2B BERISEHT P3 SLle % 70 i
FARAF . BALB/c /INH 22 M8 BEWF 5 i sl 5
gy AL BT A sh g i AR A 2 v [ O R
B M B EE T P sh W e % S ZE D oy
A3l 5 (it 4 5 . LVRIAEC-2022-053)
HEK-293T #fiffl. BMDM 4l . 1855825 24
DL KA 36 TR A A T 22 N B B A 5 BT B e S
BRI A TR A AT A
1.1.2 X5

ARG DMEM, 4= iig . BREG
H Gibco Al A — 9 £ % (polyvinylidene
fluoride, PVDF)R . HUIARG BRI . A S e iTE
15 2% i (radioimmunoprecipitation assay buffer,
Wl FR g RIPA AR W R 2% il £h 7 W
(phosphate buffer saline, PBS) . £ [1 il J* Marker .
1k % & 6 i W) (electrochemiluminescence, ECL)
WA A FiEE S RAEYEARGBRA B
FLRIEBGRAF & . PCR =¥y aifb i 5F] & 5
Promega A= W) RHEA FRZS o BRI AL Y BEAR
WILESUNR 1gG W TFHAZEN AR, /M
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IL-1B. IL-6. TNF-o., IFN-p DA K IFN-y ZHj A
1 Mg HK % B R B W %€ (enzyme  linked
immunosorbent assay, ELISA )RR &) B b
SAETEEAC A Y HOR G FR A w)  IL-1B | caspase-1
By A _EE LT R B A BR A
Flag. B-actin SFFAALIII B VYA o B B 37 (|
A AR . 510 & . TB Green 3
A Eig A PRI A PR F ., 2xTaq Master
Mix il . T, DNA &3, Xho Il EcoR 1 i,
DH50 ¥ A Lt K ERHEA R A
1.2 ## CT1TR ERET RIERAL
121 C7T1I7R &EBEYIFESH

FH P IEf Y CT1TR 2R IR 913 i 4K
PRI A SR P AT A A5 o, A
npsa-prabi  (https://npsa-prabi.ibcp.fr/cgi-bin/npsa
automat.pl) W I & (1 — gk 2544 ; FIH SWISS-
MODEL (https://swissmodel.expasy.org/interactive)
PEATHE 110 = G 4 A i
122 3I¥&ER

%% GenBank 1 C717R J:HJFH| (B 5 .
MN172368. 1) 9 ¥ 514, b N U2 s
Xho I 1 EcoR 1 BT &, F i AE TAY TR (L
A BRAF GG, Wk 1.
1.2.3 ERFE 1

ASFV CN/GS/2018 /&4t BMDM #fififl 24 h
5, WA R AN SR O B DNAL L)
ASFV 1] DNA Sy#iti, #I/ C717R B bR 51
Pry 1 C717R FEH ., PCR MK FR Ky 20 pL:
WZEIK 8 uL, b, TUF51445 0.5 b, DNA
Mt 1 uL, 2xTaqMaster Mix [iff 10 uL. 474 PCR

=1 PCR¥# C717R E£EHIS|415F
Table 1

KWL : 95°C 3 min; 95°C30s, 60°C15s,
72°C70s, 35 KAE¥R; 72 °C 5 min, PCR § 34"
W2 1% ZIREE R I o3 B df2lidk alfit C7T17R K&
IR ) 4t 7 51 (coding sequence, CDS)Y 4 B .
124 BRESERERALE

I FH Xho T Al EcoR 1435l X 1 2 ik 18 9
B AR T CT1TR LY CDS, 1% IRE I
VKR I E D) =1, T, DNA #%EH2 16 °C
R EH: CTITR FER FME R 725 24k pHBLV-
CMV-MCS-3Flag-EF1-T2A-Zsgreen-Puro , ¥ i%
- ppiEat DHSo 564k, PR s, R
TAHATYUER LB WA SRR TR, R
Promega Joufy 4 BOK N G PR B 4l ik, 28
YIS e, FFaR v BV AE R A IR T3
A28 )0 PP 250 o K 18 1 25 AR UKL Ay 44
LV-EV, E 4 C717R 18 4% 2 i ki g &
LV-C717R B VIR R 4 20 pL: 25 #iRk 5 C717R
L 3 L, XhoI2 uL, EcoR 12 pL, buffer
2 uL,H,0 11 pL 3E KR b 10 pL. 34k 2 pL,
C717R A 1 L, T, % # 1 pL, 10xH buffer
1uL, H,O5puL, F 16 °Cl %z .
125 EBRSEENREENE

I FH TG A 2 28R 4 Bk K 7R 6 B B R
LV-C717R . LV-EV K 18 5 %5 {0 % i Bl Joz i
pMD2G. PSPAX-2, #f LV-717R Jivkis{ LV-EV
JBRE 43 1) 5 A 2l B B ks A W] % Y HEK-293T
Yifd., F 48 h Al 72 h Y AEAN IS IR B, @
T B R AR R, A T Western
blotting FuiE .

Primer sequences of C717R gene for PCR amplification

Primer names Primer sequences (5'—3") Length (bp)
C717R-F CCGCTCGAGATGACAAAATTAGCCCAATGGATGTT 2171
C717R-R CGGAATTCTTACAAATTTTCATTAGCAAGACTGCTC

The underline is the restriction site sequence of Xho I and EcoR 1.
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T B AE < B AR RS R A7) HEK-293T 4
ML BUR R R 2 1x10°/mL, A 96 LA,
100 uL/AL(1x10* 44 L), F 37 °ClRAE . 5% CO,
BRI 81 R LV-C7T17R M
LV-EV 05 8 7 EP & P80 10 £ 06 BER RS, 3%
S 6 MFRREE . FORR BT s 7 AN A0 LR B
W 52 RWGHR R, Hopnisdest, 6
4 RAEDIC WG FUEREER, MOt &
(10%-30%Z [ AFLIEA TA B T8, FF1 3B B .

T BE (TU/mL)=41 i 550 < 5 6 43 He < 10°/9%
FEJFIRAARF(UL),

1.3 BRERREMME

VA A T 24 LAk, FRAiEK = 70%,
FRIFEA R SR, A 250 pL Bk 595 m
ANJGHEEI, 4 h J5AMTE 250 uL B BUL)S
24 h, FSWREEEEFREL, HiH TR T
YR FRAR BRI . TR 48 h e, RN
TFEAGIN C7T17R FRik KA R 4 Al ¥Rk .

1.4 18RS REE BALB/c MR

¥ 32 2 BALB/c /NRBENLSY 4 A (Z 1.
PBS. LV-EV. LV-C717R), %4 8 H, ¥ PBS.
LV-EV Fl LV-C717R 433 F/NEUBFR K ES ,
92 W, BRRS RIS 5%107 TU/mL LV-EV,
LV-C717R 189 85 2 , TIRIaIfE 3 d, 55 7 RIR
BROR M IR AR /N RS BT #8 B 0ME P L R
Ji 0 O
1.5 ELISA &1 7& - 48 pa B F 89 4337k F

RN T EIRE 2 h 5T 4 °C
i, 2 000 r/min B.0> 15 min, Y& EFEAT
ELISA A5/ B i rh A2 & 4 F TNF-a.,
IL-1B. IL-6, IFN-B Ll A& IFN-y.

1.6 qRT-PCR #3020 4248 % 20 R & F FA
C717R B mRNA 37K F

KA /IR E I . PEUE . it A D
WE, &8 1 g WAHSISYIBEEZ4Z], A TRIzol
S RNA $2BGA $E U N FROR R 4140 mRNA F54¢

H 5% R cDNA, qRT-PCR #ll C717R Jefit
RAMIA T TNF-0, IL-1B. IL-6 A mRNA %5 5%
K-
1.7 Western blotting &3040 20 A C717R LA
AR R MR EFRIAKFE

WA HSGFRE L g BT 2 mL B WN,
A 800 pL RIPA 2 FE A2 B, FIH &
i H 377 & BCA 7 (bicinchoninic acid assay,
BCA)R I ZH U A EE, B 100 pg 2 F I
#17 SDS-PAGE, %% T PVDF Ji, 5%/BiA54)
WMEM 205, 4 CHRIEFENUA, HEB%W
R VAW (TBS with Tween-20, TBST)VE 4 3 TG i
FYUAR, Wik 3 R ECL &ty &
PEAT SR L
1.8 RLAREBYIH S

AR R DI G, KR A
PR . HE Y@l Byl B, WS4 2R M
AR
1.9 ZitFERE

PRI A3 5 PE il i GraphPad Prism 8 %X
PERATGA 220, Git¥ERH PEFR,
*P<0.05 B} F /8 2 F B F; *P<0.01
#*%P<0.001 B FRRGIT2E2E T

2 BRS04

21 CTIIR EBXEMZFEERSH

it NLRP3 RYUE/NMEERERG IS
ASFV LRI Gt 1) AN [F) 2 A T AR [ ik,
ELISA 3557 by IL-18 A4k, %t ASFV
LKA gmfih B T T e, AR CT17R HA
BFRIERAEMIIEE(R 1A). CTITR HEAZEH
ATt 1B s, CT17R EA L5 o 12
ey 47.84% , 9 J5E 5 18.83%, B &4 5 5.72%,
&M 27.62%, NiEE AL EMES
%, 4 C7T17R B A ILR )T H1 258 & SWISS-
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Figure 1

400 500 600 700

Prediction of secondary and 3D structures of C717R protein. A: Inflammasome expression system

screening proteins. B: C717R protein secondary structure prediction. C: C717R protein 3D structure prediction.

MODEL 47 = Zr g #y i, 25530,
B C717R =% ,nif’zy‘ﬁ%ﬂﬁza/%ﬁﬁﬁﬁﬁﬁwﬁ

SERYTRIIENE R 17.35% (B 1C). MGt 4 5
C717R 25 [ A] B8 A FL e 1% 1 s R Ak 18 4R
T A AR
22 EBRESERARNEE

SN 2 Yk 1 B, @it PCR 944 3Kk4%
& CT1TR B[ fY CDS HBE, HA/NA 2154 bp,
KNS —%. # CT17R i CDS FHE G #as
AR LV-EV 4351 [] i 47 Xho 1 il EcoR 1 i),
IRIT RIS () PCR =2 40k, HAb)s
PEHCE A Pop WIS E , 45 anE 2 56 3 7K
B /R, CTITR B[R Y46 A2 9 28 25 2R

P4 actamicro@im.ac.cn, & 010-64807516
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2 000
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2 LV-C717R R AIH3E

Figure 2 The plasmid LV-C717R was constructed.
M: DNA marker; 1: PCR product of C717R gene; 2:
Enzvmes digested empty plasmid of LV-EV; 3:
LV-C717R enzvme digestion; 4: The plasmid
LV-C717R.
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>

LV-EV, B33 T LV-C717R EIGHEd F=ik
AR TR, BHPE R 6 A RIS s i
LIAD RIS g f
23 CTITRIEFREEEMETE

WK 3A FR A2)5 B9 LV-C717R il LV-EV
P Y HEK-293T A5 &R A= 4f (a0, Uk
SRR . LV-EV 189555 LV-C717R 12
TR 3714 9.24x10° TU/mL H17.79%10° TU/mL .,
T LV-C717R %5 45 Flag #r%5, i FH1E A2
Yt HEK-293T 4, /ﬂ;)ﬁ%%@ﬁ%}[(multiplicity of

>.

M % B, 78 79 kDa B B H B C717R & 45+

P17 (1K 3B), 456 LV-C717R 18K 2 REME
EH#35 C7T17TR A .
2.4 1BTRERAMA

St BF C7T17R B IR A RE N A I RE

LV-EV 1857 M LV-C717R 18Ry 4.
Western blotting #5:illl C717R 51 AR R AN A F7=
ik, ZERAE 4 B, LV-C717R 18R ey
i, AEXTFXTHRL (S PO R . LV-EV 129%%5),
LV-C717R 12k EEYs HEK-293T 4iffi)s, fesetk

infection, MOI)=2, 4l 5 HiE 1L Flag HiiAk: 40T IL-1B 1 caspase-1 Fik /K FH 2 B,
TRANS Merg

LV-C717R [

Mock C717R

79 kDa

Flok e
Bractin | s W— | 42 kDa

3 CTITR @RBERMBIEELEE

Figure 3 Packaging and identification of recombination C717R lentivirus. A: The results of green fluorescent
protein expression in HEK-293T cell 72 h after transfection with overexpression vector. TRANS: White light inferior
visual field; GFP: Green fluorescent lower field of vision; Merge: White light and green fluorescence overlapping
field; Mock: Blank controller; LV-EV: Empty vector recombinant lentivirus group; LV-C717R: C717R recombinant
lentivirus group. B: The expression of C717R recombinant lentivirus was verified by Western blotting.

& 2.5 ELISA #2/\FRUIERREEFHY 533K F

N
@00 && X PBS. LV-EV &5 8 & LV-C717R 1855
: %U’ﬁ% AN un): ELISA 7F"U”' 7N BRI A 28 40 it 1R
Caspase-1 “ 20 kDa

IL-1 W |7 | Da LV-EV '%’aﬁa&ﬁ%éﬂﬁﬁd\ﬁtzrﬂ, TNF-a., IL-1f.
g w— | 7 kDa IL-6 1 IFN-y [0 WK BT & A . AR T
XoTHBZH (25 (X BEZH . PBS XTHEZH A LV-EV 1895

_ i 42 kD S .
B-Actin | N W a #), LV-C7T17R 18/ NRUG , /MRS

4 Western blotting #3I] C717R X ZRpEE T3k
BRI

Figure 4 The expression levels of C717R and
cytokines were detected by Western blotting.

FIAERIEA I 7 TNF-a, IL-1B. IFN-B. IL-6
A IFN-y 7038 0 25 iR, DL RS R BIR, CT17R
RS AL R I F M RIK 430 1R
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A c D
600 - 200 - er = 250
= 200
= 400 2 y =
£ £ ' E 150
= > d 2 2
= = : = o
v = H ¢ L 100
2 200 = 5 £
50
& & ’
N
VP <
v v

B 5 ELISA M 4AEE T 53 b7k F
Figure 5 Cytokine secretion levels were detected by ELISA. A: Serum TNF-a secretion was detected by
ELISA. B: Serum IL-1f secretion was detected by ELISA. C: Serum IL-6 secretion was detected by ELISA. D:

Serum IFN-B secretion was detected by ELISA. E: Serum IFN-y secretion was detected by ELISA. ns: No
significance, P>0.1; *: P<0.05; **: P<0.01; ***: P<0.001.

2.6 qRT-PCR#MZ 42 mRNA 3R 7K F
FHfIA CTITR H A RIR XS SR S L

RAE/INEGL LR IRV, $REBUNRS A
) RNA, # il C7T17R LA AR 5 4 i X - (TNF-a.,

BRI, S 4], PBS. LV-EV IR EELIL  IL-1p #l IL-6)MIFE SEAKE . 45 R AnE 6A Fxs,
LV-C717R 185k #E A0 FE /N R A BB HLE 3 H, AES T X BB (55 (141 . PBS Fll LV-EV 1855 #),
A 60 = Mock B 250 = Mock
*=mPBS 4 =mPBS
1)
E =LvEy g 20T TaLv-EV
240 F o _ 7
% 0 l:l:nLV C717R 8 E 150 b mu[V-C717R
S u a g * %
(5] 53
e = L
= 20 k .E Z 100 . *
5 £F
& 50 f E
O = T - = - [ = = ‘ 0 =K E ; fu iy éé o
Heart  Liver Spleen Lung Kidney Heart  Liver Spleen Lung Kidney
C 100 = Mock D 500 % I Mock
zx
5 g0k 4y SPBS 5 00l PBS
& « I =LV-EV g =LV-EV
2 i : 7 < LV-C717R
5% 60| | TLV-CTITR 22 300F  # =
a g D.Qé
S a 8
o~ 40 | o £ 200}
Z A 2z
£= Z
) - S 100 f
~ 20 ek = E Kok
&k
NI Y : oL P | i
Heart  Liver Spleen Lung Kidney Heart Liver Spleen Lung Kidney

6 qRT-PCR #&0 C717R K AREET mRNA £ RKF

Figure 6 mRNA transcription levels of C717R and cytokines were detected by qRT-PCR. A: The mRNA level
of C717R transcription was detected by qRT-PCR. B: The mRNA level of TNF-a transcription was detected by
qRT-PCR. C: The mRNA level of IL-1p transcription was detected by qRT-PCR. D: The mRNA level of IL-6
transcription was detected by qRT-PCR. ns: No significance, P>0.1; *: P<0.05; **: P<0.01; ***: P<0.001.
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LV-CT17R M sEE g/ N, CT17R TERAER &
T #5220k, e ME R R 20 21363k 0y
. B A/NRG . RS, diEEF
TNF-a, IL-1p Ml IL-6 % 5:/KF W2 T & (#
6B-6D), kg il C717R AURIKEES S/
BRI 4R 200 PR ) 2 5
2.7 Western blotting ¥M2HANZEB R
KK

R T RS CT17R 55 RAE N )
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Figure 7 The expression levels of C717R and cytokines were detected by Western blotting.

&8 C717R iFS/)RIRIELH L A AE IR (%20)

Figure 8 C717R induced inflammatory injury in mouse pathological tissue (x20). A—E: Heart, liver, spleen,
lung and kidney of mice in the Mock group from top to bottom. F-J: Heart, liver, spleen, lung and kidney of
mice in the PBS group from top to bottom. K—O: Heart, liver, spleen, lung and kidney of mice infected with
LV-EV lentivirus from top to bottom. P-T: Heart, liver, spleen, lung and kidney of mice infected with C717R
lentivirus from top to bottom.
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