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Abstract: [Objective] To explore the autophagy induced by the African swine fever virus (ASFV)
protein E423R. [Methods] The RFP-LC3 fluorescent spots following the transfection of HeLa-
Difluo™ hLC3 cells with pCMV-Myc-E423R was quantified by the High-Content Analysis
System, and the autophagic flux was assessed. The expression levels of key autophagy proteins,
LC3-1I and SQSTM1/p62, in HeLa cells were analyzed via Western blotting. Co-localization of
autophagosomes and lysosomes was examined by laser confocal microscopy. Additionally, Western
blotting was employed to investigate the dose-dependent effect of E423R on LC3-II expression and
the regulatory effect of E423R on the AKT/mTOR/ULKI signaling pathway. [Results] The High-
Content Analysis System demonstrated a significant increase in RFP-LC3 fluorescence spots in the
reporter cells expressing E423R, suggesting that E423R induced the activation of autophagy.
Western blotting further confirmed that the expression of E423R significantly elevated the LC3-11/
-actin ratio while decreasing the expression level of p62. Confocal microscopy results indicated
that E423R enhanced the expression of GFP-LC3, promoted the co-localization of GFP-LC3 with
Lyso-Tracker Red, and facilitated the fusion of autophagosomes and lysosomes. Additionally, the
expression level of E423R exhibited a positive correlation with the expression level of LC3-1I in
HeLa cells. Furthermore, E423R down-regulated the expression of p-AKT, p-mTOR, and p-ULK1
(Ser757) in the mTOR signaling pathway. [Conclusion] This study demonstrates that the ASFV
E423R protein induces complete autophagy via the AKT/mTOR/ULKI signaling pathway,
exhibiting a dose-dependent effect on LC3-II expression to a certain degree. These findings provide
a foundation for further investigation into the infection and pathogenic mechanisms of ASFV.
Keywords: African swine fever virus (ASFV); E423R; autophagy; AKT/mTOR/ULKI1 signaling
pathway

LM IR (African swine fever, ASF) AR AEMK. T i J0A S RE N R RGARTT 259
FIRJR 7 (African swine fever virus, ASFV)ESL5|  ARMIEIEZEHMELITE R, MR mE R ET 24
R —Fp k. YR . B E B ME BRI Az E S KR ASFV S — R i
FERII A BRSNS E I e AR SE OB BUEE DNA J5 8¢, SE4h 170-193 kb,
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S 68 Fh& A (A 100 Z AP AELE P,
ZHMTREES . KA. BB LS
o7 2 40 M 0 22 T AR AR 2 A R ) n
pl150. p37. pl4. p34. p35 Ml p15 EWEERL T
BAGEM EE WSy, S5 REREA; CD2v fif
2T 211t W% B 2] 4 SR e ) A L S v, A 0 i
— IR p30 SR —FhRIIBEE A, ARSI
B & A= P FLsm B e Ze i 2%, B ASFV
YR AR AR RS, SR, ASFV ZRis ik
ZHCE NI REATISR RS

FWE i fa S B0 EE, AEfE
T W B AR A SRR, DT HE B ek
Yl BESEBoR, ASFV ] A2 5905 15 3240
i G wEl'2, Hodr, ASFV E199L #& [ ml i i 5
PYCR2 tHEAEH, K&k PYCR2 WKik, 5%
A0 [ e, ASFV K205R 5 38 i 35 5 4 i
P S TS e U ASFV pl7 SR 51 =
HLPIEE H TOMM70 454, fRiEZeRifk A sz ik
SQSTM1 5 TOMM70 My454, M LRk
FHWEl, SR, ASFV BUmHLEIE 24, FmisENA
M2, 5 HLERSC R AR 7E 4

ASFV E423R R 2 —F R RIEHE T, H
Cackett ZFUV5E 5o i 0 Y FBE A B, HAE
ASFV & il Al W 5 W1 335 . Rodriguez 257 i
RIEFR A X R I, E423R & (A ] fig 5 WA
SESEREOHEARMEH L, 50K
DpiA 5 FiHEE AR . Hrf <
ASFV E423R S H A s il dE s Do AT
FRIY B423R H54I A WER SR, AT &
IR AR BT H R, 40 # ASFV E423R 2 X
H AR A 20 5 fdi ) Western blotting 46 il
H ISR 1 LC3-11, p62 Rk ; Ao
RAEBORUES E423R KI5 N A W/ME 5 E R A
(N W id Western blotting #4%& E423R &
15 LC3-1LJ& 5 77 76 7 B R 2y, DL &
E423R Z 54 A i i HLARGE %, DU ERA

WF5E ASFV i 75 25 H R 1 240 i B L ] S 4t
RS .

1 ARSI

1.1 ZRAFIRAL

HeLa Zfifl . HeLa-Difluo™ hLC3 [ Wiz
M R A SR = A, [ 10% iR 4 im
7% (fetal bovine serum, FBS) A DMEM }5% 3¢ & i
Fiki#%. Hh, HeLa-Difluo™ hLC3 [ 1Ef 1540
MIZAES A 100 pg/mL Zeocin™ A4 K 74k rp
HEAT RS 32 AN AL A . pCMV-Myc 2844 i A< 51
B2 AT
1.2 EZEEH

TN EER FOR/MEH R &, Tiangen 24
"l 40 EE SR 2L DMEM., R i . BERE
Opti-MEM (%% 4+ H] 3% % 2£), Gibco 28 H] ;
Lip2000 Transfection Reagent, Biosharp 2% F] ;
180 kDa Prestained Protein Marker, 180 kDa Plus
Prestained Protein Marker, Vazyme /3 A ; SDS-
PAGE & [1 P AEZE Wil (5%) . Mye ik (/N BB
$1). B-Actin Mouse Monoclonal Antibody, mTOR
Rabbit Monoclonal Antibody. LI 2 $T . Alexa
Fluor 488, 1l12£47i/NEl DyLight 405 A, b
AR REWHARBAR A BRAF ;3 LC3 Polyclonal
Antibody, I =8 A W H R A R A A
SQSTM1/p62 Recombinant Rabbit Monoclonal
Antibody.  AKT1/2/3  Recombinant  Rabbit
Monoclonal Antibody. Phospho-AKT (S473)
Rabbit Antibody .
Anti-ULK1 Recombinant Rabbit Monoclonal
Antibody.  Phospho-mTOR  (S2448) Mouse
Monoclonal Antibody, HTIMAELAWHE ARG BRA
F; Goat Anti Rabbit IgG HRP, Goat Anti Mouse
IgG HRP, ABclone /A 7 ; ULKI1 (Phospho
Ser757) Rabbit Polyclonal Antibody, M [H 45 ¢
PIERAA R T

Recombinant Monoclonal
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1.3 ASFV E423R. ASFV EI199L.
ASFV DP238L E#% KA R I E K&
FRiA

ASFV E423R #t [ (GenBank # 3% 5 N
AAA65355.1), ASFV E199L %:[X(GenBank % 5%
54 AAA65358.1), ASFV DP238L %£[F(GenBank
BT AAA6S373. D) AR T AW TR (L)
et A BRA E A R, IF5 AR pCMV-Myc ik
AR EcoR 11 Eag VI 552 8] . B pCMV-
Myc. pCMV-Myc-E423R. pCMV-Myc-E199L .
pCMV-Myc-DP238L 4y %l % Yt % HeLa 41 ifl ,
24 h J5fdi 1] Western K TP 200 o 22 fife v S22 At 4 i
WA REH . I Myce Bk (N RERPT)ME RS —
P, @i Western blotting #illl E423R. E199L .
DP238L & HRIAIE N
1.4 E423R ZBA X BERAR KRR

B A W A 40 i HeLa-Difluo™ hLC3 2fh T
96 fLHML, 37°C. 5% CO, Bt . fFdui sk
KZE 70% 5, %Y 200 ng pCMV-Myc-E423R,
24 h JE (A 11 IRAI A H L N ER AT 2, PBS
THUE 33, A DAPI %65k} 37 °Ciftehric
8 min, W EUIFXHE. Mock ZH (%5 HXIE, N
AT BRI 8% Y% | Rapamycin 4 ), EV 41 (FHE
X, 200 ng pCMV-Myc %% 4%), Rapamycin ZH
(P XT B8, fdi 25 pmol/L Rapamycin 4k # 4
ML, 2 h 5 AT REDE S5 e 228 E), E199L 4
(FHPEXTHR , fdi ] pCMV-Myc-E199L JFoki k1744
), DP238L 4l (JLkXf |, fifi i pCMV-Myec-
DP238L i diA1% 4% ) . i H] Operetta CLS 1
PR A AR A HCA 54T B W AR 558 e 7
WEE
1.5 E423R ZEAX BEX#EEH LC3.
SQSTM1/p62 FiXHIF M

T VY E423R ER D6 H MEOCEE R 1 LC3
SQSTM1/p62 W5, 4 HeLa 4ifuzAh T 24 £L
Kb, A7 FALEE . 43 ) FH 800 ng
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pCMV-Myc, pCMV-Myc-E423R. pCMV-Myc-
E199L % %% HeLa #H i . WX HE AT 2 h 5T 4 5
25 umol/L 75 M1 % K 8¢ 100 nmol/L 1 1% %5 K
Al ') DMEM, ZkZ355 % 24 h, WORUSEH .
i 127 Western blotting & ] LC3., SQSTM1/p62
(2R KF-
1.6 E423R EBEXT BRI

T R SY E423R AR 0 [ sk R Y
SN, H4 HeLa ANHERN T 4UUIE 1 24 £L
W, F37°C, 5% CO,K5i7%id %, f#1] 800 ng
pCMV-Myc-E423R #t475: 4%, 24 h J5 il A PBS
THEVEANH . ] 37 °CHAM 4% ZRHIE, =i
@5 15-20 min, PBS &k, 1A 0.5% Triton
X-100 400 pL ¥ JEMEAE 20 min, K AHLE S 5%
BSA (1) PBS ™' 37 °CH 4] 2 h, {KIKIFEH LC3
Polyclonal Antibody. Myc HTi&(/NEAAPT), BT
4 °C. 40 r/min F7KF4E K Eot % . PBS i Uk
4 Y, BFIK S min, A LS Alexa Fluor
488, 11 #i /) Bl DyLight 405 37 °CH## & 2 h,
PBS JH¥E 4 K, £ 5min, AAHTH. F5H
B R, REWFAE, Mock ZH(ZS FAXTIE, Ak
Tickif% gy . Rapamycin AbEY), EV 4 (BAEXT IR,
fH ] 800 ng pPCMV-Myc #4#4%), EV+Rapamycin £
(BHMEXTER , {800 ng pCMV-Myc #1755 14Y),
22 h JEfdiF 25 umol/L i ABE FE AL 2 h FEEAT
[ 1 5 S SRR A o
1.7 E423R EHF S AT S KB

9 7 A E423R 5 LC3-114% 4 22 ] J& 75 77
TERBRAMARN, ] 24 FLH %R HeLa 400,
3% 600 ng pCMV-Myc %% Y& HeLa 41 i {E A
XFRE 4L, B 200, 400, 600, 800, 1 000 ng
pCMV-Myc-E423R #: 4L 5] HeLa 401, 24 h J5Uk
BURE A . Mye Fit ik (/b B $T) . LC3
Polyclonal Antibody 1E & — #i ,
blotting ¥l E423R . LC3 fFEIAIKF-,

il of Western
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1.8 E423R & B % AKT/mTOR/ULK1
ESBRAIEIEER

TR E423R H I AL A WP
M5 T B, ] 24 fLARIEF HeLa 4000, FF
pCMV-Myc-E423R 5352k 200, 400, 600, 800,
1 000 ng 57 YL 1] HeLa i ; [W] A5 7 X%
W4, ¥ pCMV-Myc L) 600 ng F4 7] 42 % e 3|
HeLa #it. 24 h 7, #EATEE . WokE. fliH]
AKT1/2/3 Recombinant Rabbit
Antibody. Phospho-AKT (S473) Recombinant
Rabbit Monoclonal Antibody., mTOR Rabbit
Phospho-mTOR (S2448)

Monoclonal

Monoclonal Antibody .

Mouse  Monoclonal  Antibody.  Anti-ULK1
Recombinant Rabbit Monoclonal  Antibody .
ULK1 (Phospho Ser757) Rabbit Polyclonal

Antibody £ & —%¥1, i#id Western blotting £ il
AKT, p-AKT., mTOR. p-mTOR, ULKI %%
HRIBIKF-

B
A kDa M 1 2

kDa M
| § 130 —
130 — . 100 —
100— 70 — s
70 — - 55—
55—1-
0 S < [423R 40 — -
— - " (48kDa) 35
35— . -
25— 25— .-
20— 4
15— .
15— .
12— 12— =

E1 E423R. E199L. DP23SLEARIENLE
Figure 1

1.9 BitFEaih
BRI A5 % 1 GraphPad Prism 8 {4
HEAT ¢ Ko b, it R PAERR, *:
P<0.05; **. P<0.01, ***. P<0.001, ¥ K&
geiteE s 20 HE 3 IR,
2 HEREHM
2.1 E423R. E199L. DP238L ERFIZHY
S 4 Ml pCMV-Myc-E423R.  pCMV-Myc-
EI199L. pCMV-Myc-DP238L ki Z 31k, 7
%] ¥ pCMV-Myc-E423R, pCMV-Myc-E199L .
pCMV-Myc-DP238L Jii ki’ %« HeLa #4iiffd, 24 h
JR R, L Mye LR (D BP0/ B —
U 17 Western blotting, %5 S W& 1 fFrw
pCMV-Myc-E423R YL 27 48 kDa Z2 4745 W i
Al LI 40 (8] 1A), pCMV-Myc-E199L %5 e 24
£ 22 kDa £ 47 A B Al UL B % (& 1B),

C
1 2 kDa M 1 2
130—
100— =
70— .
55—
40— -
-
35—
b .«—DP238L
E199L 20— . (27 kDa)
(22 kDa)
15—
12—

Identification of expression of E423R, E199L and DP238L proteins. A: Western blotting was used to

detect the expression of E423R protein (Lane M: 180 kDa Prestained Protein Marker; Lane 1: pCMV-Myc; Lane
2: pCMV-Myc-E423R); B: Western blotting was used to detect the expression of E199L protein (Lane M: 180 kDa
Plus Prestained Protein Marker; Lane 1: pCMV-Myc; Lane 2: pCMV-Myc-E199L); C: Western blotting was used
to detect the expression of DP238L protein (Lane M: 180 kDa Prestained Protein Marker; Lane 1: pCMV-Myc;

Lane 2: pCMV-Myc-DP238L).
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pCMV-Myc-DP238L %% L 20 1 27 kDa 7247 A W]
BRI 10), S5Hngs R —5, mis
BT Ju 2 R DL 45, R W] B423R. E199L.
DP238L 2 [ 7E EAZ AN s h ik .
2.2 E423R EHIFFEEMAEF K

T o 1 NS PR ST B423R A X AR A
W i) 5% 1 . HeLa-Difluo™ hLC3 2 Jifl & 5 5 T
HeLa 4 2 (9 A MEHCAA0ME, BEUERIARAL & &
1 RFP::GFP::LC3, 3 & K X o e ul B o el
8 LC3 B SC I W el = . 7E 3 R
RFP Fll GFP {5 S &R g A B . i A WA 5%
FER ARl A, GFP 2655, H T Wiy
RFP %G, — 38 &:F RFP-GFP [ 4 jg 1Y %%
6 BE 5 4 b B RFPFH PR 20 i A 9¢ D' BE A
o VA A R, QiR 2A s, RARFR
ZH(Mock). Z5# AL (EV) 5 pCMV-Myc-DP238L
& Yu 2H (DP238L) H 1) H Wi 1 M 4k T A IR AK -,
GFP-LC3., RFP-LC3 @il & 8 F 7 i i p £ 2L 2
YRHEL A3 AR 0 7E TR A 2 2R % 2H (Rapamycin) |
pCMV-Myc-E199L ¥4 44 (E199L) Fl pPCMV-Myc-
E423R %5 YL 2H (E423R)"', GFP-LC3. RFP-LC3
A E PR RE AR L, BRI R A
LRSI . 38 AT E P 2 BT R G2 X HeLa-
Difluo™ hLC3 1 RFP-LC3 ¢ GCHE S B0 T4k
H7(E 2B), 5 EV 4iAHLL, E423R 41 RFP-LC3
UG BE 5 I I 3 £ (P<0.05), LRSI FH,
E423R HE BB A T A ME L fE e if, fE ok 1
H AR BT 1
23 E423R EHIFSTEMNMEKRE K
U

SR E423R 25 XA A W AR EVE A,
& F Western blotting 43 #1 ¥ 1] pCMV-Myc-
E423R ¥ )5 HeLa 4Hfih LC3-11. p62 ik
Ko Wi 3A s, 525 X IR (Mock) f1ZS
AR (EV)MI L, pCMV-Myc-E423R % 4k K [
PEXT B pCMV-Myc-E199L % Y (i) 40 i vh LC3-10
ACEFHE s f81] Imagel %t LC3 Feik i i 7K
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b, S @A MItt, pCMV-Myc-E423R
YL 5 LC3-11/B-actin I 3 F 5 (P<0.05) (K] 3B).
WA SRR AT R T A WS S Bl A W Y
BHWT . il 2 E423R & F5A 509 A W f2 2
ok, H— R p62 FRIkKFE, S55%
R AR I, E5 YL 24 h 5 p62 7235 7K F FEA%
(I 3A); f#FH Image] X} p62 Fik AT IKIE 4
Mr, S84 MIL, pCMV-Myc-E423R %4
J& p62/B-actin . [ (P<0.05) (/&1 3C). Ay it
— DA E B423R R RS2 H b, i
CEh IR FE &= Al AL FE pCMV-Myc-E423R % YL i)
Hif . SR EoR, SARBIAMLL, Wme e
WAEE AL PRAAE SN LC3-IBRE L, Jf
H ARG p62 Ffi(F 3D). Rl Ik B 23 Hr 0
SRFIFAAAR L, AME IS R R AL RIS
Yy LC3-11/B-actin (K] 3E)5 p62/B-actin (& 3F)4
Ft. Pk, E423R 2 I BBHS AL i 58 5 1Y) 41 A
H R
2.4 E423R EAFESBEEASAMAE
HeLa #HfEF I ERL

ik —AESE E423R AT A ROt R
eV, R BOGIE R WIS E423R R
F75 S 20 7 A F AR B D K g/ M 5
B B I AL . I pCMV-Myc-E423R %%
Yt HeLa 40 fifl, Lyso-Tracker Red %k} fric 40 Jig
IRV AR, 7EROEIL R B N g A
AR Lyso-Tracker Red 7E4H g de e v o 45
RAE 4A TR, 18 pCMV-Myc-E423R 5421
(E423R) g W< 2] [ W/ IMAS 5 i B AR 240 it
AL ERE, VLU E423R E I REW A S H /)N
WS RS . A Image) BT 484
r, pCMV-Myc-E423R %% 4t 2H (E423R)H', LC3
PGS (K 4B). AWRIA S Lyso-Tracker Red [
I 7 (K] 4C) 525 # AR 41 EV A1 L4 8 14
(P<0.01, P<0.001), DL 455 FEW, E423R &
H BB A S A WA S RIS B ARG, 2F—2
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Mock

Rapamycin

EV

DP238L

3 pm

E199L

E423R

The mean number of red
spots per cell

Al

Mock Rapamycin EV DP238L  E199L E423R

E2 E423RERIFSEMER N

Figure 2 E423R protein promotes the formation of autophagosomes. A: The impact of E423R protein on
autophagosome formation was assessed using High-Content Analysis System; B: Quantitative analysis of High-
Content Analysis results. Mock: Blank control; Rapamycin: 25 pmol/L rapamycin stimulation; EV: pCMV-Myc;
DP238L: pCMV-Myc-DP238L; E199L: pCMV-Myc-E199L; E423R: pCMV-Myc-E423R. *: P<0.05.
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B-actin

&3 ASFV E423RERIF SRR BT iE
Figure 3

LC3-1I/B-actin
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p62/B-actin

o
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S
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T

kskok
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p62/B-actin

o
W

Complete autophagy induced by ASFV E423R protein. A: Western blotting was used to detect the

effect of E423R protein on the expression of autophagy-related proteins LC3 and p62; B: The gray values of the
protein LC3-II; C: The gray values of the protein p62; D: Western blotting was employed to assess the autophagic
function of E423R in response to stimulation by bafilomycin Al; E: The gray values of LC3-1I stimulated by
bafilomycin A1; F: The gray values of p62 stimulated by bafilomycin A1. *: P<0.05; **: P<0.01; ***: P<0.001.

YSE T B423R 15219 A WETE HeLa 2
SRR R
25 E42R EHIFSBEREXEBER
LC3-IIZRIAFH 2 F E MKW

SR E423R AR 620 A B 9 DG B R
LC3-IIAYfE /EH, ¥ 200-1 000 ng pCMV-
Myc-E423R 1, pCMV-Myc (EV 41) 43 5l 5% 4 5]
HeLa 4fffirf, 24 h J5i@ i Western blotting Il &
LC3-TIFIA/KF. i 5A. SB Fias, FERE
I E423R Rik G MiE, LC3-IIRIAFEMZE
50RW, E423R HABEMS IS A wEd R, JF
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H5 LC3-IIE B A

2.6 E423R Z& H & ;¥ AKT/mTOR/
ULK1 55 BT

FE [ W BT ARV 2 A IR T, X R
F 38 o A BRI A R TR . AR Western
blotting Z5HULEEH], i 200-1 000 ng pCMV-
Myc-E423R $5 YL}, BEEFE YL &, BER
b)) AKT Fil mTOR % i A% (& 6), p-ULKI
(Ser757) MR ALz MR/, W] E423R HR
6 T ULKL, LV AW, X255 RH
AKT/mTOR/ULK1 i i 2% 51| E423R & [ (1) 1)
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A

Lyso-Tracker Red GFP-LC3 ASFV plasmid
Mock
EV
EV+Rapamycin
E423R
B
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3
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2 €3
2107 s
e 2 r
Q
23 5t g
&)
0 = 1T < - N
- & S >
W & W AP MY 4
Qﬁb’Q
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El4 E423RERFSEMEFSAEEAEHeLaZfEha)E L

Figure 4 E423R protein induces autophagosome-lysosomal colocalization in HeLa cells. A: The acid lysosomes
were stained with Lyso-Tracker Red, and the HeLa cells were immunolabeled with LC3 (green fluorescence) and
ASFV recombinant plasmid (blue fluorescence) after transfection for 24 h; B: LC3 spots were counted using
Imagel software; C: Autophagosomes and lysosomes colocalization were counted using ImageJ software. Scale:
50 pm. **: P<0.01. ***: P<0.001.
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3204
pCMV-Myc-E423R (ng)
EV 200 400 600 800 1000 kDa 20r
LC3-1 " g5t
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Figure 5 E423R protein can induce the expression of LC3-1I in a dose-dependent manner. A: Western blotting
was used to detect the effect of gradient overexpression of LC3-II on the expression of E423R in HeLa cells; B:

Grayscale analysis of Western blotting results.
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Figure 6 E423R protein activates autophagy through the AKT/mTOR/ULK1 signaling pathway.
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