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The Influence of Autophagy on Apoptosis of
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Abstract: In the present study, the influence of autophagy on apoptosis of macrophage induced by
Salmonella typhimurium was investigated. Murine macrophage-like cell line J774A.1 was cultivated
with RPMI 1640 containing autophagy inducer rapamycin (RAPA) or not overnight, the standard Sal-
monella typhimurium virulent strain SR-11 was used as the test bacterium. First, the influence of RAPA
on bacteria growth and J774A.1 cells survival were detected, then the incubation of J774A.1 and SR-11
were dynamically tracked 24 h. Cell ultrastructure, the formation of autophagic vesicles, Beclin-1 and
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Bcl-2 expression, cell survival rate, the number of intracellular viable bacteria and cell apoptosis were
detected at different time. The results showed that RAPA didn’t affect bacteria growth and the survival
of J774A.1 cells. However, in cellular infectious model, RAPA could significantly reduce the number of

intracellular viable bacteria and the rate of macrophage apoptosis, thereby increasing cell survival (P <

0.05). Some bacteria was wrapped in the autophagic vacuoles of J774A.1 cells during inchoate infec-

tious stage, and cellular ultrastructure was normal after RAPA treatment. Moreover, the expression of

Beclin-1 was increased while the expression of Bcl-2 was declined, and cells damage were significantly

lighter in the late stage. All these results suggested that the regulation of cellular autophagy to lower the

level of host cells apoptosis may be used as new ways of the prevention and control for some infectious

diseases.
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A5G FEV 11 1 (Salmonella  typhimurium) F 5 4
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1.1 ##

1.1.1 EHR R Ek: B FED T #H b &Rk

Salmonella typhimurium SR-11" (LR fij & SR-11)
5 I3 e R 2 A Y BT R A B, /)
FUE B VRN bk MO J774A.1 T R B2 B
PN G

1.1.2 FEXFIRIE: RAPA, HiE R FRE
(Amikacin, AMK) I . figh [ /% — % (Monodansylcad
averine, MDC) (Sigma /A F]), RPMI 1640 T #3(Gibco
N HED), BT AR A I3 (Hyclone 23 ), Beclin-1
Bcl-2 HiiAH0 14 (Cell Signaling A H), 4l DNA &
a3 ) & (s LR ), Eclipse TE2000-U
HUE B 2¢ ) 8. 708E (Nikon /A A]), PowerPac Basic
i Uk % (Bio-Rad 2\ ] ), FC500 Ay = 44 g 4%
(Beckman-Coulter 72 ), H600 % 5 H 7 & 1 55
(Hitachi A F]).

1.2 A%

1.2.1 RAPA X4RE R MAEMEMAINE: ¥
M® J774A.1 435 25 mg/L RAPA FIAAE RAPA
) RPMI 1640 I & 3555, £ Wik ge 7k TH80E 4
B, K RAPA XG40 LIS M i s mi, [RlS ] Giemsa
Je ey MEE RAPA 1EH G ML 2E 4k, G
FEVLITHE SR-11 A 25 mg/L RAPA FIAS
RAPA 1 LB AR FRHEES IR 16 h BRI K,
ODgoo W 72 TR R VR B, IF ANV Al TR V% 3 %%, AR
RAPA fEHI S MR A L A 3 MR AL, A
#wHE 3L L,

1.2.2 RN AFES: I MO J774A.1 430 3 4,
B SR-11 /&L, RAPA Tl SR-11 YL 4 AIE #
2 L0 BRZH o 2 BEOSCHR[S TR S B0 45 21, RAPA T3
ZH E 40 B A i SR AT, B AN B % 25 mg/L
RAPA 1) RPMI 1640 sl %A F] . 3 2H 20 ifd e 1 ) 4%
Z 5 x 10° NM/mL, 3% 1 mL/ALIIA 24 FLANAEE 5%
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AN BE 5 B ECAE KR, SR-11 8344 . RAPA T
Tty SR-11 G20 I A4 TR

1.2.3 YRR RARBEI B FIE: S MSCHk[6], Hsed
B MOI 2 100 ¢ 1 B8535 B 05E KR SR-11
FA4IHI, 1500 r/min Z5.0 10 min, &1 7E 5% CO,.
37°C A8 F R 1 h 5 5% BiE LR EE N 0 45,
JIA T 100 mg/L AMK /) RPMI 1640 £/ 2 h PlZ
BRIEANE, SRJGHK AMK HEEFE R 10 mg/L, DA
NI 20 L b RE R 2 B SR U T R A T AR A, Akald
FE 24 h, 43ANFE 0, 2. 4, 8, 12 Fl 24 h WA 4 i it
(iRisall

1.2.4 BEBEESAE: EAMMEA 2.5%5% 8 HE
2h, 0.1 mol/L (MR 45 52 vh il ISV, 1%5k AR ) [
1 h, BAEEENERMLK, FREM TR, WY AL
R, BEEREN . AP R AT U ()5 H600 i 5 Hi s N AR
BhH .

1.2.5 EFH&f(Autophagy vacuoles, AVs)RIt&M:
MDC %6 sk HE 4 i A& MDC 50 pmol/L
) TAER, 5% CO,. 37°C W% H 10 min, BEERERZE n
W 2 s, BIEYOERMET T UVilE, Mk
JE( A 365 nm ., 23648 395 nm, W E (4 420 nm
S T MBI Ao

1.2.6 BHMKZEH Beclin-l. MEBHNRATER
Bel-2 B9 78 40 PO A S IS R RS 24 20
Hd, 12000 r/min &5.0> 10 min, WH %5 BCA (Bi-
cinchoninic acid)iEfEHE®m .. B 45 pg FFEHST
10% SDS-PAGE HLyk &, W8 B EMRLT 4 %
K90 V fH I 70 min); 5% AE Wik = B4 1 h, T
AFPL B-actin (1 2 5000 FiBg). FPL Bel-2 (1 : 600
i ) At Beclin-1 (1 : 500 #Ff) 4°C vkt 7%;
WHZERME 2 h, TBST ¥E% 31K, £ IgG-HRP
(1 25000 #8), FHi% IgG-HRP (1 : 5000 Fike) %
HEIEE 90 min, TBST PEW 3 Ik, fk¥EMILE,
¥ Beclin-1 1 Bel-2 25 AR5 .

127 ERTEEERMBAERERNE: 59
PR S AS [R] B [0 05, P 200 i s oA 8 4t 5 5 5%
FRWOARAGE, BT BOGai, B 3 AN
FL RS- B EAE R 06 AN B, AN A7 16 =1 41 i 4/
0 TR A FH A A0 ER ) IR A% I T A5 BT Wi 3R 1) 4t e
1 0.1%F) Triton X-100 ] 3 min, #8551t 2251
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s B VL RO i 7 B, B bR A —2X 3 1,
FH 2 AN [RI R R B (B AR R BE ] 2 N5 SR, BOH:
SEIMEAE R Traan 2 LN B985 A

1.2.8  ZH AR E 0 RO A I e B ) 00 B A5
Yo b TG 58 FE W b A 20 i, AR 6 FL I b AN () ] 4,
H DNA FatanAAHRl. KA T B i g K o
DNA, JE— 4“1 G, I (Sub-G, I§), 55644k
P1 454 J5 F i A LA (Flow cytometer, FCM)£:il
HAOCHRE, A S WA Mg TR A . S b A ZH A
L BRI B 1) A 1 3 N EAL, SERER 3 Ik
DL b

1.2.9 Zit=Z4b3E: ] SPSS 15.0 HEfT48 2443,
Bl LR (%) RoR, 41225 LR A 2 e .

2 iR

2.1 25 mg/L RAPA XJ4H & & 40 A& 189 520

AT G W Y T BOE 4 i, DR IE H A0
FELHE R £ W i, T A6 T 200 i 1 3 3 1 24 o, T 5
WY R fa, 45K 25 mg/L RAPA fEHJA,
M®Jq4n 76 40 L% 5 R ] RAPA 41k 2% 5,
Giemsa 078278 RAPA YEF S H4IES TG
WY R 1), 4058 FR AN BRI OD (BN & 25
2B RAPA X} SR-11 &= LM .
22 EHRELER

E 6T REZH B 2 A ) A B B, s, A
B A4 5) . BEREANI S A ERE 4 h,
20 10 PN AT DL K RS A R A0 B, RAPA TS vl L
3 20 TR B2 R S T B W, 20 AR P 4 R
RINZTH A ; A5 20 B A S 09 ] D0 4 € S5 34
R T UL, RAPA VRIS 4 M 722 18 (18] 2).
2.3 BRI

SR LR BIR, RAPA T SR-11 jg& 4l
JT74A.1 4N P 2 h F1 4 h A B 509 30y 4R 9¢
SERUR Y F W, R FH RAPA 9 SR-11 JE L4 41 i
W2 R AR RE SR B, IR/ —; 12 h
FURZOEFRL >, 24 h 6Pk LT %%, SR-11
SR AN M SE RS R, RS 2%, PLET Py ] DL 3 A A
MIANIRE -, T RAPA T 1021 Z 504l LR AT R 55
I (& 3)

24 BHEZEQH Beclin-l. HIBEMATSESA
Bel-2 B4
Western blot 458 2 /x, H RAPA T Wi/57E
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SR-11 5 J774A.1 FAEFM RO, 2 Fl 4 h), Be-
clin-1 FFERIE AN, 1 Bel-2 AYFRIB TR T A0
RAPA 41; 7E4NEEEMIMG (12 #1 24 h), P44
JitS E W B 11 Beclin-1 4R (F 4).
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A B
1 25 mg/L RAPA {EFI 5 E MM Giemsa FBER

Fig. 1 Giemsa staining of J774a.1 with the treatment of

RAPA
Note: A: J774A.1 cells cultured by RPMI 1640 without RAPA;

B: J774A.1 cells cultured by RPMI 1640 containing 25 mg/L
RAPA.

20 pm 20 pm

20 pm

B2 ESRENRMAMENMED
Fig. 2 Ultrastructure of J774A.1 cells observed by trans-

mission electron microscope

Note: A: Normal J774A.1 cell; B: J774A.1 infected by SR-11 at 4
h; C: J774A.1 infected by SR-11 with RAPA treatment at 4 h; D:
J774A.1 infected by SR-11 at 24 h; E: J774A.1 infected by SR-11
with RAPA treatment at 24 h. =—=> Bacterium; —> Auto-

phagy vacuole; ==—=> Chromatin margination.

B C

El3 J774A.1 4058 MDC RBER
Fig.3 The results of J774A.1 staining with MDC
Note: A: Normal J774A.1 cell; B: J774A.1 infected by SR-11; C: J774A.1 infected by SR-11 with RAPA treatment.
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& 4 Beclin-1 #1 Bel-2 &£ Western blot 45

Fig. 4 The results of Western blot of Beclin-1 and Bcel-2
Note: A: J774A.1 infected by SR-11 with RAPA treatment; B:
J774A.1 infected by SR-11.

2.5 J774A.1 TEIEERMMAFERE I

P J774A.1 520 TR AE F G 25 WL B [B] A5, RAPA
T 5 5 AR TE 2N 4 h B 2% 5 RAPA T
2 B B WA AT K = TR RAPA 41(P < 0.05)
(E SA); ZAE TS BRI XTBON 0 SR JINES 1 h)
B S 302 RAPA T-HiZLA% T4 I RAPA 41(P < 0.05)
(K 5B).

A —&— J774A.1 infected by SR-11
» 120 - —0—J774A.1 infected by SR-11 with rapamycin
3 treatment
Q
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<
<
S 80
=
>
B 40
&
S
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3
[-¥ 0 | 1 1 L |
0 2 4 8 12 24
t(h)
B —&— J774A.1 infected by SR-11
8.5 r —0O— J774A.1 infected by SR-11 with rapamycin
treatment

8.0

W
W
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Log CFU/10° J774A.1 cells
S h
S o
o

b
=)

¢ (h)

5 RAPA MHMEFEXRMBEAERHNFZM

Fig. 5 The effect of RAPA on J77441 viability and the sur-
vival of SR-11 in J774A.1

Note: The percentage of viable J774A.1 cells (A) and Log bacterial
CFU per 10° J774A.1 cells (B) (y axis) and time after addition of
amikacin (x axis) are indicated.

http://journals.im.ac.cn/wswxtbcn

2.6 HHAEIAT I (sub-G, IE)AYHEM)

SR BN, A0S A0 AR R R B A1 Y
PR TR BEAE B o) i B K i T v, VEFH 24 h s B
20 6 %) 8 T F G ik 62%, RAPA T 76 40 1 5 40 i
LR AY 3 (8 hile )40 B R 7% B & T (P < 0.05)
(K 6).

J774A.1 infected by SR-11
80 r & J774A.1 infected by SR-11 with rapamycin

70 F treatment
g 50 ¢ \
N\
2 40 | I N
2 L \
2 @ﬁ g
& 207 @ N\ N
N\ N
oo, 8L R NN R
0 Ml N N XN 1 N N |
0 2 4 8 12 24
¢ (h)

B 6 RAPA XH4HAET R M
Fig. 6 The effect of RAPA on apoptosis of J774A.1 at dif-
ferent time

3 Wik

I 0 2 R S AT X AR R B8 A — ol )y 4
B, Z5TERANMEY) . 450 E @A K 5,
[ A W 2 5 Z R i e B FE, TG F
L AN AR T S Rk . AR T
PRI W] B R e M A AE T, (HP & L R+
PIEL F gl DU A IR A SR T, I A s AL
T & AW AT AR BT, POl A e
TR B P T A5 5 i SR R T T A
TS, PIHAT A — 405 iR AR 2 T 2 ik A
Ty — PR A AT

MO FEHLMAR IR S R S M DR e S v 35
REEEAEH, BRI MO o HHF ARG
WA, J5 R AE A B A S S R
ORI, fn T AAL BRI R, kAR BIYE T 400,
e 2 A LRI T G 28 R o LA 4RGE T S B0 T T
FTBE AT E A 175 5 MO I8 Tk LA 5653 25 45 110 1
PR Y AR AR ST R A A TR RAPA
A3 AR FH F 40 20 TR RS, X 20 B T P R R TG
S, TR 20 AR AR AR R B RAPA ] B 8 B AIG
20 6L DAY 1143 TR ESORIT 20 TR T B AR MR TR . FEANEA
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5540 M LA P B A, R0 A TR AT A )2 A R TR
Ji% A WL, Beclin-1 AYFIE BRI AN, 4078 1F F /5 140
I AL 455 A R A1) A A L T A AR A B S A TR
RAPA 4, DA I 5206 2% S B 3 o 78 45 4 B 3 Wi 7
JE AT B T A T R AR AR YT
JaE PR R P T, L PN SRR i D A BT R T T R A
) 7 285 S I A R 8 4 A PN 38 7

AR R R B 2 ST R, A WEEBUR A
20 AT R s T U g v A S R AR R I A AR
— 7 1T WA AT X L PN R e s AR R W B
—J7 1T, PR IR D A ek R e AT i 0k AL AR 1Y
A g Oy BAR A Jif A 0t 4 TR (Listeria mono-
cytogenes), 8 1L B I 25 B IR H W 1A 1) B 25 44,
EA B b AT Bl . 5 RO s T
HBEAA S I A R RS, i AR, B %€
W T R HEREPR SR-11 #5747 — 431124 100 kb 18
TR, R A 2 8 kb B 4N B I B
Rl B R0 JE A O 1 R B AR ST I 4 spv (Salmo-
nella plasmid virulence genes)!', E.%1H 5 ORF
(spvR . spvA-D) spvB W] 4ih ADP KM IEAL R, 75
SEEMEAT ., ALK R RAPA T iKY
SR-11 /&L, e IR B & MDC % (5 4R A
WO 240 f G ] A B T B, B A PN 9 A
KA M T R WY B s T RAPA TR, Ui B
SR-11 FYEEJ1 BURLAME ATHEHT MO Jd 3 A W42 %)
YU TR AR B, T EL AT ARG A0 8 S W R 2
P A AR T F . FH RAPA 5% A 5, SR-11
K LB VA ) 2 W e 38 B0 S iR AA oh R A, DR
2 DR NT 240 LT 3 S 573

Beclin-1 J& A Mg 2 rh— R EZ MW EA T, EA
R R NS TR (1 = R8T 5 P e
RAPA THIZ7E R Beclin-1 R ILA B L, i
TESR P H AN Beclin-1 PR IAITEAR, $ER7ERK
Peth e i & AR R R g R N R,
HAK A TE R M SR Beclin-1 KA1 2, RAPA
TG Bel-2 RIAHIFEAK, Bel-2 & —Fhii T
H, [ E g A B, B0 5 Beclin-1
FAEAEFIJF BT Beclin-1 BT /-S040 A Wi S H
PEFET-US A2 F IR Bel-2 F0 A WE AT T3 1
(A 23K 5 20 it T b BRI DA K I W B RR AT G . 7R
Mo F AW, Bel-2 S kA B L,

f# Bel-2/Beclin 1 251546, #i% Beclin-1 iS5
SR D= R 2 IS iR N S 1S b T S 4
Tk VT ) R BN P T 40 B A S B, Bel-2 (R
A Ak DU J i LT T A FE ), Bel-2 ZEA A T
5 A mgE R R EEAACEE

I W T TR e 2 v AR S LA 53 B v R
BT, AWEoR SR 1 A0 M A e AR e B T AR
I SE R R AR, N — R AR SR AR A I
PRSI B WA 09 43 HIL ] A H 5 2 i 0 T AR B
R (5 A I, AT S VR A A 1 AT T K
LR S DI RE, IRER BRI G  A F R RE Y
RS

2 % XM
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