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EREX RAW264.7 4HA0 K R W L ¥ 5 20 i
& F 43 i B9 52 M

FEX FH BFE MYE BIA WA IxY
(PALABRHEE R BB B Al M S E AT 3% BRPT B 712100)

B ZE: (0] AEREA5E I LR GSTHH LB TR R EZ—, H-EKEABILH R
kB TARRGH KD RmAEEEmA A GFIE5E, ThH B TS RFRE, 520N R M A
R AT 9 B B e A K IR 69 R4 B AR K . 4B AR PR AL SOR R R AR & KA R B v m R P 691k
VAR & K ezt Bk tm it ot 5 B T o8k, [ %] M &K E AL RAW264.7 4%
A, ARG AR EE @I, B R AL E PCR AR 400 A T W AR AT E 4T
GRP78 #= CHOP, vA % TNF-a. IL-1B #= IL-6 /£ mRNA 7K -F 44 % 1k,; 1@ it Western blot #= ELISA
SR A EEORFG TN, [ER] AERH XL RAW264.7 @6y REASE T MOl %
100:1; iEPAAER SR ERE 4-6h, ERMILT RIMIMEANNH L RE, /6 47E0MmE T EmN
Wik, BAJE 24 h I mit AT, 48 h BIKE@IIRIL, AL KFA LT HE RAW264.7 et
BRI LR L, ARt GRPT8 #9&:L, RIAT, 42 B -Fegait. 4581 WA MR A
A5 7T RAW264.7 3+ A& K i 2 4 6987

X4 AEKHE S2H4, RAW264.7 afe, R MRk, GRP78, CHOP, itk F

Effect of Brucella suis S2 on endoplasmic reticulum stress and

cytokinesin RAW264.7 cells

YIN Yan-Long LIYang BAI Fu-Rong XIANG Cai-Xia LEI Lan-Jie
ZHI Fei-Jie  WANG Ai-Hua

(College of Veterinary Medicine, Northwest A& F University, Key Laboratory of Animal Biotechnology of the Ministry of
Agriculture, Yangling, Shaanxi 712100, China)

Abstract: [Objective] It is important to study the pathogenesis and molecular mechanism how
Brucella interacts with host cells. Many researches focus on the regulation of endoplasmic reticulum
(ER) stress on the infection and inflammation. Brucella species replicate within host cellsin the form
of ER-derived vacuoles. The mechanisms by which the bacteria are sequestered into such vacuoles
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and obtain a continuous membrane supply for their replication remain unclear. To reveal the effect of
B. suis S2 on ER stress and the excretion of cytokines in RAW?264.7 cells. [M ethods] We built an
infection model of B. suis S2 using RAW264.7 cells, and detected the expression of GRP78 and
CHORP, the makers of endoplasmic reticulum (ER) stress, through real time quantitative PCR (qPCR)
and Western blot. We measured cytokines TNF-a, I1L-1f and IL-6 via qPCR and ELISA at different
intervals after infection. [Results] The optimal MOI used in the infection model was 100:1. Most B.
suis S2 were killed during the first 4 to 6 h after they invaded into RAW?264.7 cells, then the survived
bacteria could reproductive, inducing the apoptosis at 24 h, and necrosis at 48 h. The invasion and
reproduction of B. suis S2 increased the expression of GRP78 significantly, causing ER stress of
RAW?264.7 cells, and decreased the expression of TNF-a, IL-1p and IL-6. [Conclusion] ER stress
was involved in the control of B. suis S2 infection in RAW264.7 cells.

Keywords: B. suis S2, RAW264.7 cells, ER stress, GRP78, CHOP, Cytokine

A1 6 IR (Brucella) 4 i PR GL B 5 | iy A3
S, BAMSRIEHE TG Rl NS R ANh) fid e
FEFHE UM A E R , AR R HBSE I Sl A X
SN Gy FEor T AT TR T e S s RO LY
O3 TR R PR A1 B DR B 1 8 AT B AR 1 56
b U, TR A SRR TS A IS
SR FEG T, R R AR S A AR
PN BE Y AR G S RETE ML O A S e v A
YER, [RIEE, PR BT SO 22 i A S g re b sl 3 o
PERAGREIARREAT S BETSIESE, PRS0 &
HAEIT B R RS S T 2R Ui g
A FRTRITETE FAHRE N e | SR P A o i v [
FES NI G SR IR 2R o A1 QTR e 1 At
Ji RE A% I B S5 199 G2 ks A i 200 M T4
fFEA, I B AR TR g™, ik
EATT 5 PQRRT 2 7138 e VA A 2 200 PR S X 1 S
P LIRE, SRR B B AAEE R, A
FIH] RAW264.7 2t 7 A4S MGG, 600 oA J5T 1
IR R ME R T GRPT8 Il CHOP (3555 K 4
JtL_ 3 e R AR AL, SR AR AE 24
AT TR G BAE G R IR AT K
1 MR5TE
11 ##

111 3EFE:DMEM KB4 H Invitrogen A A ;
SR I35 (FBS)IA [ Hyclone /A /], A w7 ik 11 kB
JE(TSA) . JHREE K 52 A7 (T SB) R IARE F5 HE 55 1

MW (FRMEY ki S ) PEeh.

112 HEHRSHMER: MAE R S2 WMk
SERFERBUEVEOR AT IO A B KA #%
FE R AR UM BIR (TSA) A _E Rk B2, 37 °C
K% 48 h, PhEBUERK RAFRIETE, MHeE L Ry
T, BRIE AR TR OR 9 PR (T SB) R A 1 77 3
i, 37 °CHEFR 72 he V- ML A T 40 TR R V& T
8, 4°CIRAF, FiH. /M RAW264.7 B WR4HM 3 :
H ARV B AE PR E S S B AR . BUHTRFER
RAW264.7 AT #1775, HSA 10%64 g
(FBSHY DMEM 1538 T 37 °C. 5% CO, ki34
R, YNl RE IR MAY 70%—80%) HEA AL
i, #2222 G TSR .

1.1.3 5149: 519 ItdH Primer Premier 5.0 4k
o 51T AT AY TR A A PR FHA R
AT BB 19 S P8 L3R 1.

114 T EMMEE4LRT: SYBR® Premix
ExTag™ I i#] 4. cDNA & HUXH & . ELISA #
WAL . TRIZOL %50 A Ki% TaKaRa w5 42
PRI & L BCA B I R £ B R el
IR KR AT B A Wl 5 HRP fb2% & iR &
A At AR R A0 & SRR A BRA F] s HRP AR
P LAEPT R 1gG HUIRSEI A TR AZ & AR B A TR
/swl; GRP78 Fil CHOP HiiiAllI H SANTA AF];
0.25% 45 [ [ Hyclone 23] BRI Py Y il
MPrA: RS A4 TAY TR ()R A RA
Al AR Ry [ = oAl
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%1 LRRAEE PCRSIHMFT
Tablel Thesequencesfor the specific primersused in real time PCR
B GenBank J7515 519575 TR
Target gene Accession number Primer sequence (5'—3) Product size (bp)

GAPDH XM-011241212 AF:. GGTTGTCTCCTGCGACTTCAACAGC 230
AR: CGAGTTGGGATAGGGCCTCTCTTGC

GRP78 NM-001163434.1 AF. AGAAACTCCGGCGTGAGGTAGA 176
AR: TTCCTGGACAGGCTTCATGGTAG

CHOP NM-007837.3 AF: CTCGCTCTCCAGATTCCAGTC 134
AR: CTTCATGCGTTGCTTCCCA

IL-18 NM_008361 AF: GAAATGCCACCTTTTGACAGTG 116
AR: TGGATGCTCTCATCAGGACAG

IL-6 NM_031168 AF: CTGCAAGAGACTTCCATCCAG 131
AR: AGTGGTATAGACAGGTCTGTTGG

TNF-a NM_031693 AF: CAGGCGGTGCCTATGTCTC 89

AR: CGATCACCCCGAAGTTCAGTAG

12 #HERBEBREEH(MOI)BYTHE

B RAW264.7 41l , 45451 1.0x10° 4~ T
6 fLAH, IMASA 10%f54- 1fL7% ) DMEM 2 mL,
BEFR 12 h B AT TR 200 LU S 5 (MO g Bil
10:1, 50:1, 100:1 /&y, 4r5I7ei&yL)s 0. 6.
12, 24 F1 48 h WAEANNE, SRR T- 5050k
3R 57 £ (Apoptosis and Necrosis Assay Kit):ill| 2
MR T S AR SERE B, RS EH MO,
1.3 RAW264.7 A& K& AN

HU RAW264.7 2% 1 1.0x10%FL470 T 6 1L
M, A S 10%f6 4 M5 DMEM 2 mL, %
7% 12h, $#1E MOI & 100:1 JE: RAW264.7 4ilfifd,
ER 4h 538 B, FWEE PBSHVE 2-3 1k, Ml
AGA 1% KFE XN DMEM 1] 1 h, PBSTfuE
2-3 K, INA DMEM F:LLIEES A O h, 7£ 0, 6, 12,
24 F1 48 h JHIREGHAL, RN, 15 0.25%
TrizonX-100 Z4f@ 40, BRERR:, HA(TSA),
RS ER 3, THHEAE R CFU,
1.4 WHKEE PCR &N
141 RNA $2BEL: A& RE S2 BRELE mEgH i
RAW?264.7, 1 MOI 2 100:1 i}, Z35I7E 0. 6. 12,
24 F1 48 h AN, $2EL RNA, 2 TaKaRa
RNAiso Reagent A G UL R AR Y RNA
B 2 L #E5LIEFT RNA HREE AL EENE , JF6fE

RNA 1 &
142 cDNA HIER: VHRIUY RNA SR, >k
Ffl TaKaRa cDNA Synthesis Kit &7 £ 14T cDNA [
AR, RSAKZ U . 5xPrime Script Buffer 4.0 L,
Prime Script RT Enzyme Mix 1.0 uL, & RNA £
1.0 uL, Oligo dT Primer (50 pmol/L) 1.0 uL , Random
6 mers 1.0 uL, JC RNAase i WZE £ /K 12.0 L,
SN AR K - 37 °C 30 min, 85°C5's, 13 °C 50 min,

NS5 G R Sk F-20 °C fRf£Ek-80 °C
KIAGREF
143 HAEE PCR RM: ¥ TakaRa SYBR®
Premix ExTagq™ II Kit i8] 45, Bl 20 ul 2665
PCR 2 Wi{A % : SYBR Premix ExTag™ 11 10.0 uL, PCR
forward primer 0.8 pL, PCR reverse primer 0.8 puL,
DNA #itl 2.0 uL, ddH,06.4 L, IREHAE, F
MU, HAERF M. 95°C30s; 95°C5s, 60°C
30s, #t 40 MEH.
1.5 Western blot 4|

MR S2 PRLL 10001 A9 J gy &5 B0k e

RAW?264.7 #iififl, /3 3IFEi&I 0. 6. 12, 24 Fil
48 h AN .+ HEBILIL 4 2R (R U S v B S
PBEGSE N . HEYLIE BCA & BANIRA &
PEATHREE A e, WEFT SDS-PAGE BEICHLIK, FEK
&, HIEEFT Western blot #5:31] ,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FHETE A A IRTRXT RAW264.7 4 A J5E I 17 3345 240 i PR 52 8 4 52 2899

1.6 ELISA M ERE S2 A RAW264.7
AR X R EFHFRIET L

e RIS, EERRYLE 0 h il 24 h 4l
W, FI ELISA XA & BEULIIINE TNF-a.
IL-1B. IL-6,
1.7 HUBRZiItH

SERLRH 27T g0 IR B R A
FRAEZE TR, JH SPSS 17.0 Gt #1175
PRI 25 5 BB (P<0.05 £ i3, P<0.01 %
).

2 ZRH54hH
21 #HERKHEMEA CFU T

iR S2 MRIEYL E M4l RAW264.7 7,
HARME P BT T DL WL 1o TEIRYE) 4 h A S
QIR AN, (AR ABIHT 6 h AR B A TR,
2 J SRR [A) B 0, 38R A5 4 [Q TR 7E B w2
MG IR IG5E, CFU B id it £, g5
K.
22 HERBEBREEHMONBEE

A5 FC RS RAW264.7 41 MOI 435149 5:1.
10:1. 50:1., 100:1 B, K555 24 h i/ 7 Hoechst33342/PI
gefr,, K2R ILE 2, A 2 o] DIE B A0E
e B W 22, 75 MO g 100:1 I H BR58 5 (0. 5¢
i, RUAMEIFG IR T(E 2 §iskpoR); o
17 AOIEB Yol R BL: TE/YL)S 12, 24, 48 h,
UM T BN, 7E 24 h R &, 48 h IR
BY, Ud BH I A TR BRI IV A0 L ] Y ZE
YA PA T AERS N (B 3).
23 HWERMEEiRESF GRP78 #1 CHOP 7
mRNA 7K RIE

i€ [T R RAW264.7 Z4Hfif5, GRP78 #i
CHOP 7 mRNA 7K-F-r9-2 b ILIE 4. & 4 7T UL,
1E B. suis S2 J&Y4H) 6 h | 12 h GRP78 fll CHOP
mRNA #4182 7155 (P<0.01), FfiJ5 GRP78 mRNA
FIRBWREAL; SXT R4, GRP78 mRNA 7&
24 h %5 i #(P<0.05), CHOP mRNA FHikiE7E

15+

Log (CFU of B. suis S2 per mL)

0 6 12 24 48
t(h)

1 HEKHE S2 ¥R7E RAW264.7 1A A R IE5E
Figurel Theproliferation of B. suisS2in RAW264.7 cells

PI Hoechst33342

2 RAW?264.7 £ B T A9 46 (100x)

Figure 2 Apoptosis detection of B. suis S2 infected
RAW264.7 cells (100x)

H: A: ZEXE; B: 51; C: 10:1; D: 50:1; E: 100:1.
Note: A: Control; B: 5:1; C: 10:1; D: 50:1; E: 100:1.
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Figure3 Necrosis of B. suis S2 infected RAW264.7 cells (100x)
Note: A: 0 h; B: 6 h; C: 12 h; D: 24 h; E: 48 h.

A g T3 Control R B suis S2 B g C3Control mmm B. suis S2
5 - g .
§ !:; b i % w0k
2= 6 g £ 15} —
& e
2 é : 2 é 10
Z25* £3 .
52 5= .
252 Z = 5t
S o = T
=0 ;.E &)
o Al [ ﬁ G i
0 P-El.i " L s ) 0 [-].i ﬁ—h |t Y I_I-|. r:EI.
0 6 12 24 48 0 6 12 24 48
£ (h) ¢ (h)

B 4 GRP78%1 CHOP ZEARREIATE K mRNA RiEE
Figure4 Expression of GRP78 genein different time by real-time PCR
H: A: GRP7T8 mRNA #£ik&; B: CHOPmMRNA £ikk. *: P<0.05, 22738 3#; **. P<0.0l, 5 EH.

Note: A: Expression of GRP78 gene; B: Expression of CHOP gene. *: P<0.05 mean significant difference; **: P<0.01 mean very
significant difference.
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24 h 1 48 h {788 B 2 i T A L 4H (P<0.05) . 13d W]
A TR TR AR TE 1 1 4 RAW264.7 1IN
5T P 7 384 S
24 GRP78#1 CHOP AZEHKTFHRIET L
Western blot FillliE],, GRP78 £ [ i 3R ik Fifi
B. suis S2 JE YL iif [A] (1 14 finize i 4 m (&1 5), M 12 h
THih 2% 5 T AR 1R Y4 (P<0.05), CHOP & [ fy %
RPERGL S 6 h I 3 E (P<0.05), ZJ5, MIRAH
. F 754k (P>0.05),,
25 TNF-o. IL-1p. IL-6 MRNA BYFRIET L
TNF-a. IL-1B. IL-6 7E mRNA 7KF- A5 45
RE/R(E 6), iR LLEE N RAW264.7
A0 = RhAH I T mRNA 1955k, (H R Rt
] A SE A, LR IR B FEAIG o 55 0 FRAHAH L, TNF-a
MRNA FA 8 7E 0-6 h 22 74 12 % (P<0.01),24-48 h
#=5B#(P<0.05), SUtAML, 1L-18 F11L-6 7£ B.
suis S2 JE YL T B mRNA Rk AL
26 TNF-o. IL-1p. IL-6 B9 ELISA ¥4 R
A FiEH TNF-o. IL-1B. 1L-6 fO7Z54k LA

A Control

7.7 W, B. suis S2 4L AT 5| 2 —Fh 4 f 8- 53
W TNF-a B9 7E 6-12 h 2.3 717 (P<0.05).
IL-1B 7EIRYL(Y) 12 h 2k 3l 5 (P<0.01);
IL-6 Fi4 43 1 HZE YL 12 h i X R 2H 25 (P<0.05)
HA 2R 8% (P>0.05),
3 i

i & [C R (Brucellosis) J& M A & [
(Brucella)5 | E2 i —FP AN &L, AlE A& K
W, IR E . BV EAE K
PRUERGL g BRI, ARSI, &R EA
EL WA S ZE SR Y 4 h N IR 8 K (29 90%),
PR ANE] 10960941 6 F B a] LA TP, Abr
Y@t B. suis S2 7E RAW264.7 2l il H () 34 556
BRI B, e, EREM 4 h
MEREATHAERRANE, (HZ 5B E LW
B, Z 10 h BPATREREA e, $ERTEM & [RIERA
E WA, BRI R 1 T R KA A
MIVERT, HXFIARKIFATE S, 0GR I
(A 1), UL QRIS 19ET 10 h A GE2

Brucella

0 6 12

24 48 (h)

0 6 12 24 48(h)

(e I — _— e e -
| -] | |

CHOP R T e T Y

RS S |

Bractin | we— — — — : |-_-—l'l—l'-i- |

B
g 207 = Control M B syis S2
ES 1S5t
o= *
o=
5210t
S
o, o0
=<
é 00 L L 1
0 6 12 24 48

t(h)

@)

_ 1 Control = B. suis S2
*

— i
T

— o
T T

(CHOP/B-actin) (fold)

el e
(98]

(=]

Relative protein expression

0 6 12 24 48
1 (h)

5 Western blot #i] GRP78 1 CHOP &R RI&RIE
Figure5 Expression of GRP78 and CHOP protein in RAW264.7 by Western blot

H: *: P<0.05, ZEREBE.
Note: *: P<0.05 mean significant difference.
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27 o Nl s
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2L
gg 04t
=5
23
S=02r I
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t(h)

@]

1.5 ¢ T3 Control M B. suis S2

0.5F

I NN}

El 6 TNF-a. IL-1p 1 1L-6 B mRNA Rz Tk
Figure 6 Expression of TNF-a, IL-1p and IL-6 gene in
different time by real-time PCR

E: A: TNF-a mRNA £ik; B: IL-18 mRNA #ik; C: IL-6
MRNA %Kik, *K/RZEH B % (P<0.05); **FREFHDE
(P<0.01).

(IL-6/CAPDH) (fold)

Relative mRNA expression

Note: A: Expression of TNF-a gene; B: Expression of IL-1p gene;

C: Expression of I1L-6 gene. *P<0.05 mean significant difference;
**P<0.01 mean very significant difference.
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Figure7 Expression of TNF-a, IL-1f and IL-6 proteinin
different time by ELISA

. A: TNF-o f5E35; B: IL-1B U5k C: IL-6 [k, *
725t B (P<0.05); **. ZE5# B3 (P<0.01).

Note: A: Expression of TNF-o protein; B: Expression of IL-1B
protein; C: Expression of IL-6 protein. *P<0.05 means significant
difference; **P<0.01 means very significant difference.
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HAEAYIRFE(E 3), X HHTHIBIR —E B2 AT,
A FCTRPIH A0 R T ML SR LA e 5 4 B

BT I N T AN B, =S S5
BEA . A A RN G, FEH 2SN
TS . RS, MEA G BEE M. R
PrEE A REN AT UMRFELE A NG, BN
RN BRI ARITE R, 5T L N5 R
W, FEETEEA R, GRP78 il CHOP &k
Pr Bk A RS SRR S B GRPT8 (UK
Bip)J& THUKTEE T HSP70 FIRMIM G, J&—hh
Ca* SEA R 1, PRI I8 i HL I DR A 2 S 1
PERT LIS =) 10-25 f%, Fk @i, Mmdiss
PR Ca?* ik MR Ra s, pE e i
MRS, T4 T2, CHOP J2& P4 J5T I i
W R E LR T SR IR, IEE BT CHOP JLT
AR, YN R LA A B B N
RE 1A 251 CHOP By kit#ik, XHf CHOP
VE R R ST T S R, 175 5 A0 M e 2 1
TN BRI R, RS AT LA S AR
5 RN GRP78 [k Ml Bl 2 4L 4 i i)
P, fEdERE s AR & B B. suis S2
J&YE RAW264.7 411 it 5 , GRP78 it 235 i i 5 34,
XA RE SR E W20 AL Y —Fh B AL, DI HE
H SEAFIE 2 T AEE R ], CHOP 3k 7E B.
suis S2 JEYLAYHTI 6 h Py ik FEAR XS T AR YL 4 5
R (P<0.05), Z )5, bififs B. suis S2 7£ RAW264.7
AN BIEEE , FFBCE S CHOP A 1) %721k
(P>0.05). X HIRATZHITE L FI% 72 AL N 45
SR A R X SR S g T Y A
PR i Hh ] BEAC VR A

AWFTERR, A6 R E B WA I P 3 5 5
TRIAUAR S N A 56 . HFFCIE S & R Y R
WA AT AR AR 2 TR F TNF-o B304 A
IR B. suis S2 /&Y RAW264.7 4ifiidf5 TNF-a
(I8, RIS AE R —3. IL-1B #A
R R AN -, ZEFRAE PSR

RAER N, 1L-1B ff T A1 B kL4052 | 45
Sk SR A A B S S i IL-6 P EA Z
FECRER AN+, AT T 4G sl 1L-2
AT B 4431k 3 4t it 42 F BT 44 1 43
WO AR % B AE YO h. 6 h), TNF-a,
IL-1B Fll IL-6 Fik i B E T, Z 5k B. suis S2
1t RAW264.7 4l Jit] PN 1Y 14 58 0 A 12 3 b 15 fin
TNF-o., IL-18 F1 IL-6 404, BP B. suis S2 7E
RAW264.7 4 ifd PN () TRV A i 5 s e PR 7
RN, T AT AORIIEA & [RTR7E RAW264.7 4ifiEl
PN AEE AR . A BFFE TS Dy 5 0 ik
ERAET R E RN 2 T4 - iy
TRILHLH AN o0 A o A B TR R 7 et A 5 1)
7 YA IS I R 45 A O B 92 DR P iR B AL A
i — R .
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