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[ Abstract ] Objective  To investigate the relationship between enterovirus 71 ( EV71) and
autophagy and the effect of autophagy on viral replication. Methods RD cells were pretreated with
rapamycin, Chloroquine (CQ) and 3-methyladenine (3-MA). The effects of different stages of autophagy on
viral replication were detected by Western blotting and plaque assay. Results The study showed that EV71
infection could induce incomplete autophagy in RD cells. Replication of EV71 was promoted in the CQ
treatment group, while the level of replication of the rapamycin and 3-MA treatment groups was reduced.
Further studies have  shown that mTOR is a key molecule affecting EV71 replication, and inhibition of
mTOR by rapamycin can inhibit the synthesis of viral RNA. Conclusions The effects of different stages of
autophagy on viral replication are also different. Inhibition of autophagic lysosome degradation promotes viral
replication, while inhibition of the early stage of autophagy or promotion of autophagy reduces the level of
viral replication. mTOR can affect the replication of EV71 at RNA level.
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1.1 HEMFEH  EVTL EAE S SDLY107 4B
FI L 7R I U7 7 HEMD 3 T 9% i, R OIE 9 bk
SDJN2015-01 73 & H LR 57 7115 HEMD B8 5% 3l
RD 43 A 111 2R3 45 5 s T80 )7 4 ol oo LIS o 2 1
A MOT =1 Ry RE IR YL ATIL
1.2 ##  LC3B(Cell Signaling Technology,2775) .
p62 (Abcam,56416) .EV 71 (Abcam,169442)  Bactin
( ZSGB-BIO ) . anti-GAPDH ( Proteintech, 60004 ) .
mTOR ( Cell Signaling Technology, 2983 ) | phospho-
mTOR ( Cell Signaling Technology,5536) \HRP #Ric Y
24T BLET ALY 1gG TURIE A A2 &0 AR R
NI

A ( Chloroquine, CQ) , 3-H 3& it 12 0% ( 3-
Methyladenine ,3-MA) F AR R W H Sigma A F ;
DMSO 4 [ Solarbio 23 7] ; SDS-PAGE &[5 &1
H Solarbio 23 F] ; SR AT 4E Z B (NC) 0. 22 pum 1 H
Millipore /A ] ; & FH Marker 14 H Thermo 23 F] ; RNA
PG G H Omega 2\ F 5 108 4% 558 7] & W A

Toyobo 2~ Fl; 52 B} %¢ )6 % 1 PCR iR 7 & ( Light
Cycler 480 SYBR Green | Master) 14 1 Roche 2\ Fl ;
oA a7 A = Ak 2 o pr 2t

1.3 ZysbrE o fLARE 96 FLARAEFN 40 LSS, I
A AH A BT 7 AL B . CQ (B 1 Wk i il
PR ) 7 T MEM, TAEWRMKRE N 20 pmol/L; 3-
MA (] B W I BB ) 3 T MEM, AR WK B2
50 wmol/L; B IAEE R ({2 FI W) % T DMSO, T/
WM 10 nmol/L, Z5WACERANAE 2 h J5 , F5- HW B
YA

1.4 Western blot #iififd 24 A5 4 4b B/, BCA 7%
e, B30 pg 25 A EAT SDS PAGE MUK, 1B
BRI AR NC R, 5% B NE W4 = 3 1 h, 5 51
E XN — P4 6,4 CEE %, TBST 50k 3 i
SRIG S HRP FRic i 1250 Rk P iy 1eG bk
ZFIRMFE 1 h, TBST %9k 3 3, ECL (4,

1.5 ZWEKRMFSEHEE RD 402 12 4L
R, VA T o 110 B R e A B, s R UL 4 A
ARTEOL, BN A P REBEIE i, 22 5 W I == 0
FEANAEL 20 min, 455G 30 min, THEERE

1.6 ZARHEXEE PCRKINFKEE RNA 2 4
AFRIBE R g B B TE RNA RS 5 cDNA
ffiH qRT-RT-PCR #1722 f A, 350 £ 4 Light
Cycler 480 SYBR Green | Master, 5| ¥ U158 1 Fr~,
A Cod) , I bR 2T F EE RNA AR,

F 1 SERPOGERE PCR THSIY

Tab.1 Primers used for real-time fluorescence quantitative PCR

L EA SIS 57 -3 PCR P28 K/
EV71-S GCAGCCCAAAAGAACTTCAC 226 dp
EV71-A ATTTCAGCAGCTTGGAGTGC

1.7 Sit®AE R SPSS 16. 0 Bk #1758t
SOyHT. SRH K FU SR N R L CQ 3-MA X
B A LA 3R A 520, P<0. 05 h 25 5 A Gt

2 #R

2.1 EV71 BiffesE RD AahiFESHE EV7I
&Y RD 200, 73 7EIR 4S5 6 h 9 h 12 h 24 h i
PR H |, Western blot #6020 itg )y B W AH 56 25
F LC3.p62 M1k, 2 M9k B 2B YL RD i ML),
p62 BRI b IS T R B S LC3 1 % i Rl
R R E R T (R 1), BB SDLY 107 #k
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LA M SDJN2015-01 BRI AT RD 40 [ 1, Jf-40
il F WA A A R A . {2 SDLY 107 #RJEY: RD 4
Mi12 h f5,LC3 1 & &t A TR B Uil SDLY107
PRIEEGE RD AL J5 , Se S 30 1 e 75 g A o i, i
JEORE T IEE B4 A W, T SDAJN2015-01 B
JEYL RD 405,24 h NiE S 32 AR 52 A0 40 i
AW,
A : SDLY107 ; B SDIN2015-01

6h 9h 12h 24h 6h Sh 12h 24h mock

p62 —— — —————— —
B-actin e

p62/B-actin 117 134 133 o087
& SDL\".IU?

121 133 162 146 1
D SDIN2015-01

Les i

LC3 11 /B-actin 026 0.31 047 045 023 026 054 063 1

TE:A:SDLY107 BR/E&Z: RD LT , Western blot 4l 41l P4
p62 i i 7AE 4k ; B: SDLY107 #EJE 4% RD 4 i J5 , Western
blot Kl 41 g P LC3 & 1t ) 454k ; € SDIN2015-01 #R k4
RD 4L )5 , Western blot Il 40 ii 9 p62 & #1945 fk; D
SDIN2015-01 BRI Hs RD 4l L5 , Western blot 45 I 24 2 P4
LC3 F 9 AsfL
B 1 RD JIHERYIN TG Western blot K F W AH 5 2K 14
Note: A: SDLY107 strains were infected with RD cells, the
content of p62 was detected by Western blot; B: SDLY107
strains were infected with RD cells, the content of L.C3 was
detected by Western blot; C: SDJN2015-01 strains were infected
with RD cells, the content of p62 was detected by Western blot;
D. SDJN2015-01 strains were infected with RD cells, the
content of LC3 was detected by Western blot
Fig.1 Autophagy-associated protein was detected by Western

blot after RD cells were infected with virus

2.2 BEEBEIEEVIL BEH NI A
Wi XS EVT1 52 il i 5 mi , A58 4350 CQ .3-MA |
T PR 2T 20 2R A7 i A B R 24 h JE IR
AN 1, 4559 R CQ I kv il 1A % fie
Je AR EE VP & Tk, 1 T A R AR A
Ji WS AN VP L A i SRR, 3-MA #
F g L BN AR B P VP 0 AT B 5
(K 2), Fas B3k K I 40 i 55 5% b 3 9% 75 19 7%
i 45 3 B 7R SDLY107 .SDIN2015-01 J& e 25 i
B 3-MA Zh B (A0S, 40 i B 5% B R
B 7 B RAR, i S e CQ A L A 40 s B
Fr b O B AT B AL AR AT R R (R A L
fib A 2 R (T 3) o S 1 S e A T I AR
T aE py S i 3w R B sl AR A

I T 1 52 D55

2.3 mTOR Z4A N EV71 EF M XEBES
SF  mTOR {5538 M S 598 7 40 RAE 0 40
4R AR I, & TS R 4 1 D R A i AR
A RD 4Ry SDLY107 #kJ5, T 6 h.9 h 12
h 24 h WAL & 11, - F Western blot A0 41 g 14
mTOR 58§/ 1t mTOR ( p-mTOR) 7254k, B 45 Je&
YLt A)FE K, 200N p-mTOR K F AR (K 4) .
AR XA AL EE S SDLY 107 #% 12 h
S WSO AL B 1, R A0 L Y VP AR Ak R A
PR IR 1 IE BRI R RNA, K2l 7 RNA
i, G5AERY W INE ZMH mTOR J&, 41 A
p-mTOR KRG, i 7 VP A& =l (K S
A) ., HIMH mTOR J&, 8 RNA A9 kA% (1A
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=K

3 itig

EV71 J& 8 5E HFMD A9 32 2205 Js 4, it H 1l i
WA RRIRIT 20 . UM A R AR A AR S Y
HE R, 25T 3 B A0 M 9 W B R
B R EE EEAEN . ABFUEN] EVT1 &G n]
PLET RD 4 [ W, OF 30 3 W 5 B AR B A
EV71 82 RD 415, 17 W6 S i bR s i 4 i
W LC3 T &% & BERF ] BT, p-62 K156 BRI E A
TR, WFEEET, 6 CVB3 YL S5, SQSTM1 7] 4 5
BEAEAME 2 A (pro) 2%, ML AR SQSTMI %
i BEASTRZ AW IR, OB iR SRR 1 fig
FIRKBEARS S G5 1 p-62 7K B AR AT E 5 9%
B2 A HABHETEA O,

FI W2 — DR ST 10 20 A A R | %o 248 L ) At
BECEE, AUFER, M T LU [ g
AR T A SMEFY, B LZH, EVIL i S
NSC-34 2l A A A e A 0 2 0 52 i Al 2L ik
B Tee % WEFT R, EVT1 YL A 2 BF 40
0985 20 ifd ( human neuroblastoma ) SK-N-SH 7] i S H
Wik PRI AR PR TR B LA B 1 kit & A, ELAMA A Wk, o
BEVHTERRAIC, A ST & BUAM I [ w0 R B B,
BE A2 BN, 0 B 5 LT e B B A A1 ok
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A E‘;—MA + - - - - - B ua +
<Q g = W - - cQ : +
ﬂ.apa‘ B i Rapa - - +
oMso - - + + DME0 i i . .
SDLY107 + + + + +

SDINZ015-01 + + + + +

p62 — —_— , 62 .
VP1 VP1

Les | ' Le3 | I ——
Lc3ll | Lesll m- =
C D
SDLY107 SDJN2015-01

= i = we ZMA
ﬂ ggm :__& wm OO
§ Rapa g wa Rapa
= « DMSO = e DMSO
= sDLY107 = = SOLY107
= Mock = s Mock
£ £
. A:SDLY107 YL H] 3-MA CQ . FH M R ALY RD 41MJ5 , Western blot K5l 4 W HH 56 2 11 2

VP1 f9%E 11 ;B :SDIN2015-01 /&3¢ RD 40/l 5, Western blot 3 [ Wi A5G 2 14 J VPL 45 C;
SDLY107 /&J4 ] 3-MA ,CQ . MEF ALY RD 41T 40 A AR DG SR 11 % VP T 811 d s
£ ;D :SDJN2015-01 /&% RD 405 , 400 A E AR DG 11 B VPL B 1 & B Ak
B2 3-MA.CQ.FHIAE RN , Western blot Fa:ill] (5 WA SE 25 14 M VP1
Note: A:SDLY107 infected RD cells treated with 3-MA, CQ and rapamycin, autophagy-related protein
and VP1 protein were detected by Western blot; B: SDIN2015-01 infected RD cells treated with 3-MA ,
CQ and rapamycin, autophagy-related protein and VP1 protein were detected by Western blot ; C ; Changes
of autophagy-related protein and VP1 protein content in RD cells after SDLY 107 infection ; D ; Changes of
autophagy-related protein and VP1 protein content in RD cells after SDJN2015-01 infection

Fig.2 3-MA, CQ, rapamycin treatment of cells, Western blot was used to detect autophagy-associated protein and VP1
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E ;3-MA‘CQ\ﬁ?'ﬁﬂgiﬁﬂﬁﬂﬂﬁ)ﬁ,éﬁf%ﬁiﬂﬂ Bk LB R
T, " P<0.05, 5% BZEAR 1L ;¥ P<0. 05, 5 DMSO 4b B 46 Af
L, Rapa {REHM R E
B3 3-MA .CQ.EMRRAIRANNS KI5 5% 1 T 1 B
Note: 3-MA, CQ, rapamycin treatment of cells, plaque assay for
*P < 0.05,

culture supernatant virus titer CQ, rapamycin;

compared with the control group; *P<0.05, compared with the
DMSO-treated group. Rapa stands for rapamycin
Fig.3 Cells were treated with 3-MA, CQ and rapamycin, and then

viral titer in culture supernatant

PR EE —IE B2, vl i BT K AR Y
UL NS E 7S R EB TV R N P N Sk L 3T

6h 9h 12h 24 h mock
MTOR o we——_p O e W—
p-mTOR
GAPDH T -—_—_—— | e et S
P-mTOR/GAPDH 0.93 0.90 0.72 0.60 1

4 SDLY107 BRI&Z: RD 4HAL/S 4N p-mTOR 7K-F-2Efk
Fig.4 Changes of intracellular p-mTOR levels in SDLY107
infected RD cells
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Ah B 6 S 9 2 A ) T AR CQ H A 1 v i kA
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PI3K/Akt/mTOR 1553 B 7E 8 15 [ Wi i 72 v & 4%
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107 +
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mTOR SE——

p-mTOR
B -actin
VP1

VPL/p—actin 077 0.7

HERR B

we Rapa
= SOLY107

¥ :Rapa REBFMER A FHERCHANEE M VPL KP4k ;B. qRT-RT-PCR KI5 RNA &
Bl 5 PR IAEE AN A , R A P

Note: Rapa stands for rapamycin A ; Changes in intracellular VP1 levels after rapamycin treatment of cells;B: qRT-RT-PCR detection of viral RNA

Fig.5 Detection of intracellular viral content after cells treated with rapamycin
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il T 0 A8 I T A 1% o8 e DO A R o B )
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