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VE B b 5 G i) BB I 2 — 1 4 8 A
%) BK 8 (Stap Hylococcus aureus , 45 5 S. aureus) ,
RF ) PR Ay A T R T P 4R PR 4 B (A
ZJERTA  (Methicillin—resistant Stap Hylococcus au-
reus , MRSA) , Al 5| 2 A Fl zh ¥ £ Fh & 18 P &%
YeBl, 2017 45 T A 20 ZUK H 51 Ry ok A6 £
e ELUM Y 12 Bl P 2 10, G v 0 7 Bk AT Y
B 715 YU 4 42 o D AE 4 R LN TR AT 5 R
e, MRSA X H 4 PO bR TS 24 1 B e T 3005 e 35t 4%
Yo T mecA , HHi% T 5 K456 H 1 PBP2a,
T2 MRSA JL-F- X Ay B- M BERG B A R i 52, B
e U E RAAE T, X EEHPR PBP 1Y
KR A FEAE T, A5 200 L 5 0% 4k 252 5 1 At L B
A5 T, ABAS DG B A2, X B AR AR PE K 1 B
A TE AN T S NSO R RE ) TE RN T
MRSA K mecA B 55 F1 PBP2a 477 AE 3 Jin®2,
AR SCHIFFE AR AN [F] 56 PR 5 5t MRSA Btk , 1A
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1 MRE5RFE
1.1 R 5iEH

2 R OR S BRI (TSA) 15 32 %6 7.5% A Ak
1A% Baird—Parker BiiR 35 IR 5L | SR R T
7 (TSB)Ki Fe 3t |  & e B el v 1 A= 0 R R A BR 2
) 5 19t PR PP P e S R, 5 H KA HR
HIRA A A LR (15% ) , W # R e 4 138 571
T AR (A AR 5.5%) , IER R £k 2
RS Bt 2R K (R 5%) , M B EH w25 A
FRA W] SR AN R ER TR AL B, AR i B e Ak
T 7 ) ;Spin Column Bacteria Total RNA Pu-
rification Kit i 7] £ .2X SG Fast qPCR Master
Mix X7 & M-MuLV First Strand ¢cDNA Synthe-
sis Kit 17 & , A48 TAEY TR B A1 BRA 7]

1.2 NE5E&

CFX96 7% )¢ % & PCR .BioSpec—nano230V %
R 5 , 9% Bio—Rad;5840R #Uv4 VR B0 AL,
Eppendorf 73 & ; MOF-4086S fiCi& vk 4 , H A< =
TR HZQ-F160 ARl Ik 55 B 46 VLI R @ 1l
T K IR B R4 GHP-908, [
FEIRBF A AAS AT BRA 7 5 Wl M TAE & 95N %
B THARGRAH
1.3 EHKIE

PAASE Y 2 7E 2017 4F 9 A - 2018 4F 6 A%
BT AR T4 A RE AR ) MRSAG 5 MRSAILS [
FRAE J B 58 X 52, MRSA6 #5457 59 75 5% 3% K . it
2y % (tetM .ermB .mecA \norA .aac6’lapH2’ "),
it 3 7 ) 3 K (qacG) , 1 7 K FE A (sei seo seu .
sen sem) ; MRSA18 #47 1 15 5= 3L A h . if 245 3 [H]
(ermB .mecA .norA .aac6’lapH2’ ") , N4 i JH B
RIEEHE N EE R LD, A S Wk A
T FEARAT
1.4 FHik
LA /NI YR B (MIC) R 4 44k i 18
BRAERN ) TSB 35 77 L, 37 “CHR 55 Hi 77 18~24 h,
SR HI SCHR 412 18 77 V5 42 U AR DNANY X B ik 445 27
YT SR GLiE— P #EAT PCR 9738 4fIA . Mtk
MRSA B kX 3 il A [ 1 75 590 10 5 /0N 400 1k

(minimum inhibitory concentration, MIC )il i& £ %
5 [ 1l PR FN 52 56 %5 A5 HE AL B 25 (Clinical and Lab-
oratory Standards Institute, CLSI)"$§ R/, R H & 97
A 7 i R A T T A VA, LA Ay« IR IR s 37
J& W BE M 1x10% CFU/mL B9 B & 50 wL 433 i A
F| 4.5 mL 19 TSB (94, J3 A 450 L 7 B
JEIE N, B B BT B AN 50 WL B +4.5
mlL TSB+450 pL 258 7K ; BItEXT a2 Ry . LB F
/K 50 wL+4.5 mL TSB+450 pL it % 282, 37 CCIH
TR K 3% 18~24 h, AR I B 70 4 75 1l FH e 2
FB K C B 75 v B A i i R
0.0038% ,0.0075% ,0.015% ,0.03% ; X S TR 4 (4%
B AR ):0.0425% ,0.085% ,0.17% ,
0. 34% ;B i R K (P4 30 E 3T HR) 0.0000625%
0.000125% ,0.00025% ,0.0005% ,0.001% ) % i
W g TR . PEPEXT BB AL Fh I R0 B AR 1 3k B
PEXT REAR TH I R, 358 41 TG 1A A K 7 1 e 11
T 75 75 1k 3 B R A2 38 MRSA B AR 4% i 75 770 19
MIC,

PRHUCBA T Y5 T Baird—Parker BiIgF-4k I 4lifk
Wil H: AN TSB 532 W 37 °C, 150 v/min i 4%
K5 3% 5 PRI UL 19 Lo ) 42 Fh 210087 19 TSB 85 37 )
37 CHE IR 5 7R AR IR R e 1 o
142 RIRHE &0 R MR A B B
an I ek A v R I B A A R EE . WS MRSA 1Y
KA

R . B30 IR IR 5 MR AL,
B E 34T, 0 5 A MRSA6 5 MRSA18
R4S 2 mL, — 41 BT 4 CokA b RIE Mria 24
h, 7 4 4505 A 45,50,55,60 C/K ¥ 4k BE 30
min , [7] B BRI 2 mL AF R %k B SEHORS BE A
A7, W % TREL

ER B30 . R RE B S MR, % E 3
ASEAT, 3B A MRSA6 5 MRSA18 Bk 4% 2
mL,6 000 r/min &> 5 min, 2% b5 W, & 24 5 5
BAAE ] HCL 2 NaOH ¥4 pH {6344 2,4,6,8,10
() TSB B3 323 IR A) , iR B 5557 1 h, A U
R (pH 7.2)2 mL AE Ry xf B SF A B B 2R A
7 175 TR B

B EEMG . 24 iR E 4 MR
WM, AR E 3 AT, 73 3 A MRSA6 5 MR-
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SA18 B A 2 mL, [A] b2 F 8.0, 25 L, 4350l 1)
TSB 15 7% B AR5 # ok 0.75% ,25% ,30%
35% 1) AL AN B 5532 35 TR A58 ,0.75% 5 W
IR S IR E 3R 1 h, SRR BEA A I AE TR
AL,
1.4.3 Wi gbF T MRSA Huih 3 K K 3 30 &
by AL|
1.4.3.1 Wrif b3 JH R Mo 4b B HR 18
FIRE IS 3 MR, A E 3 AT, 5
B MRSA6 5 MRSA18 B 4% 4.5 mL, [ £
53 R I 48 R R SRR B BT R R W,
HZHe g 1/2 MIC,37 CHEBEIR G 55557 24 h, 5
FREEHE , IR, YRR 3 P45 h 4.5 mL
TSB H#+500 pL 258 7K,

IR MM AL BE . L MRSA6 5 MRSA18 [ i
% 5 mL, IR0 24 h R

PR 30 Ab B . U MRSA6 5 MRSAI8 H 4% 5
mL,6 000 r/min . & .0> 5 min, W 25 b 3E W in A %
AU 1 mol/L 19 HCL % W& 4 35 i pH 4 1Y TSB
Rige 4k 37 CHE 3% 24 h WA H K,

Bl Py 31 Ab B . BU MRSA6 5 MRSA18 4% 5
mL,6 000 r/min . & .0> 5 min, W 25 b 3E W n A %

*1
Table 1

1 mol/L () NaOH ¥ W7 2 pH 10 9 TSB %
FRF 37 CHiFE 24 h W RIK,

MRSA 5% KM if . B MRSA6 5 MR-

SA18 H K 4% 5 mL,6 000 r/min & 0> 5 min, W %
L VE WS A S5 AR B NaCl R BL43 B0R 20% 1)
TSB 15353, B4l MRSA 76 €0 o T #2 b al fig
8 5 5 B B TR R 37 CCHE 3R 24 h WU TR A,
1432 REUHE B RNA 4% Bl & i 45
7 FH 200 B A RNA Jly 12 48 7] 85 448 B0 360 15 )5 40 oA
(4 RNA, W BE A 25 RNA ¥ T -80 CIR AT,
B 1E L R i
1433 JESRSE —FEEMN G SRR E
D 5 S0 2 A% B2 VA B, A o/ A oo LU 1B VAT A2 2 2
B, P4 B S R B M=MuLV 2 —2%% ¢cDNA
A B SR AE 7 I BRI R AR R R S
55 cDNA,-80 CH~AF .
1434 MXERBERBE/HM 4% 8 2X SG
Fast qPCR Master Mix(SYBR Green )i 5l & 5 /E
UEH I MRSA B R W 38 117 J5 AH G Rk it |
I F M 295 °C,3 min;95 °C,5 s;60 °C,30 s;72
°C,30s,40 MEF, MHRTIFHIILE 1,

51 R 51

Primmer sequences

BKE OKAEK AF

EN 5l 4 & AR (5 —3) BEIC Ehp KA

HAER 16S rRNA-F GGGACCCGCACAAGCGGTGG 55 156 [12]
16S rRNA-R GGGTTGCGCTCGTTGCGGGA

it K A A A B qacA/B-F GCTGCATTTATGACAATGTTTG 53 630 [13]
qacA/B-R AATCCCACCTACTAAAGCAG
qacC-F ATAAGTACTGAAGTTATTGGAAGT 50 260 [13]
qacC-R TTCCGAAAATGTTTAACGAAACTA
qacG-F TTTCGTTTGGAATTTGCTTT 50 213 [13]
qacG-R AATGGCTTTCTCCAAATACA
qacH-F CAATAGTCAGTGAAGTAATAGGCAGTG 55 295 [13]
qacH-R TGTGATGATCCGAATGTGTTT

it 25 A A mecA-F TGGCTCAGGTACTGCTATCC 56 556 [14]
mecA-R CACCTTGTCCGTAACCTGAA
norA-F TATCGGTTTAGTATTACCAGTC 53 406 [15]
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R k38 B P 3R R MRSA B Ak £ K A ) Ao bk K B R A 09 %o

11

(&E*k 1)
A E R HEF% s 514 53 (5°—3) R }#ﬂﬁk 75‘%
BEIC Elbp Xk
norA-R AACTTCTGCCATAAATCCAC
ermB-F CCGTTTACGAAATTGGAACAGGTAAAGGGC 55 359 [16]
ermB-R GAATCGAGACTTGAGTGTGC
tetM-F GTGTGACGAACTTTACCGAA 55 501 [16]
tetM-R GCTTTGTATCTCCAAGAACAC
aac6’/apH2’’—F CCAAGAGCAATAAGGGCAT 45 220 [16]
aac6’/apH2’ ’—R CACTATCATAACCACTACCG
mEELR sei—F TGCCTTTACCAGTGTTATT 55 176 [17]
sei—-R AGGACAATACTTAAATTCTGCT
sem—F AATCACCTGCTAATGTAACTC 50 159 [17]
sem—R ATCATCTTTCGCATCAATTAG
sen—F TCATGCTTATACGGAGGAGTTACGATACATGATGGAAATC 60 103 [18]
sen—R AACCTTCTTGTTGGACACCATCTTTAAATACATTAACGC
seo—F GTGGAATTTAGCTCATCAGCGATTTCTAAAGAATTTCTAGG 55 116 [18]
seo—R GTACAGGCAGTATCCACTTGATGCTCACCATGACAATGTGC
seu—F TGAAAAACATAACAGCACAAG 55 100 [17]
seu—R CCAGACTCATAAGGCGAAC
144 BORAFS G400 Wit ab B RS %2 HEF MRSA MB/NIERE

R AR T B IR B T R A R (R L A
Br, iR SPSS19.0 geit b, R Mi-
crosoft Excel il [§1 3% . AH 5 PR 38 3K o A6 ) 38 4o
otk 30 S R R B Ce B, DA B A A BRI 16S
rRNA NS ATH— A, JF . 2722 31
A H Y BE R A Rk

2 #HER55MH

2.1 3MESFFIX MRSA HER/IMNIE IR E
TEICE Al I TR e T BB 3 AR LY

THHEER A SR R SR BRI it R R I HE Xof

AR Y A /N B0 TR MR R L3 TE R X MRSA6 il

MRSA18 ) MIC TG 25 5, Jf HL 45 R i/

T B S A R R S5 IR LR 2,

22 AEMEREIERE KM

2.2.1 JREEXT MRSA A fRROCAT 2 i 7E 4

CARIRFREE LA Iz 45,50,55,60 °C 1 i /K 4 36 55 %

MRSA #E47 rid | IF 5 % i (37 °C) #5945 F MRSA

PR A A R X IR S5 SR N 1 FR T

5h # 4 CARIE WA J5 , MRSA6 B Fk A K X #(E

Table 2 The minimum inhibitory concentration (MIC)

value of disinfectant

SRTB]/ KA HFERR/

Hk% 5
%o % %
MRSA6(qacG*) 0.03 0.17 0.0005
MRSA18(qacG™) 0.03 0.17 0.0005
HeF R IE 0.2~0.5 0.05~1 0.005~0.5

9.1, 5 Z R0 (9.127) 4 H T B B 22 &% (P>0.05) 5
MRSA18 7E Wi Ji5 1 BRHG T I 52, A= K X E (M 8
W7 (8.727)iK%) T 9.014, 2% % W] B (P<0.05) , 7E
45 CHY Wit PR 58 R, MRSA6 By 2 K X #(E
8.991,MRSA18 M2k K X418 Hy 8.952, 2% 5 A
i (P>0.05) ; £ 50 CH} ,MRSA6 14 K %t 5l h
8.885,MRSA18 A=K X5l Jy 8.881, ZEF AW
(P>0.05) ; 7 55 CIF, 9 I R A= R 2 32 Bl i
P2 3 A5 4K (P<0.05) ;60 CHE 30 min J& , B #
FEE RN 0,388 T RAFEBCER .

222 EREEMME X MRSA WAEAR R Ll pH 2,
4,6,8,10 B3l MRSA 78 & & T.ad 7% b v] gE 8
2 B IR B PR B, 5 7E W B R LR (pH 7.2) F
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Fig.1 Effects of low temperature and high temperature Fig.2 The effect of acid-base stress on the growth

stress on the growth of MRSA strains

AR B EMRE L 25 R 2 FiR, 78 pH N
2 IARAR A5G, AR B R RBZE K FE pH (E R 4 B,
AR A K O BB TS B 2 A8 4R (P>0.05) , R 7E pH 6
IR E PR BN MRSA 6 AR K BT R4S, {HAT
1E9 WLk b, 16 pHAE R 8 B BRI R AE K40
W A2k (P>0.05). 7 pH 10 FAAEE T A 1 h
Ji ,MRSA18 i BL¥E A= K X %05 8 9.008 (P<
0.05), 1ii MRSA6 4K # LR FE A4S bR pH 2 41,
553 19 553 Rl F MIRSA. (18 A4 K B2 AN K
223 EibU IR X MRSA A KM AWF
58 LA ER R EL A 05 B R 25% ,30% ,35% 1) 15 3% B4
RS NRSA 7660 56 b Tad A5 v vl B4l 21 A4 55 8
BEIAEE, WS 38 mT RE e AR K 1 R 52
M, I DL 5 R R (ER AR 4 8k 0.75% T
MRSA B4 KX EUE I =%, IR 40 5h
25%F1 30% 1 P45 T ke 1 h WL 5] MRSA 2 £
XTEUE T B, e 3576 10° 5 10° 7736 , Wi 5 5
THHT A A TG RN AR 35 22 5 (P>0.05) , (HAESR
BB 35% M PR 454 IR, MRSA6 (194 K Xf
(M 10° T RN 10378 MRSAL8 A 103, Wi fk
K BUE Y A R R, B 2257 83 (P<
0.05), 45520 MRSA %58 Ab4Rh 4 i 52 1 4 v
2.3 BrBEAIEXT MRSA HilkH E R ik 200
7N PCR K A [7] 38 25 4 /5 J5 MR-
SA6 5 MRSA18 #ar btk R Rk 22 57, 45
K 4 R, 2ak Bk /R K 5 MRSA6 Fil
MRSA18 ) mecA PR ik KF-Hi i (P<0.05), H.
22 AR FE R (pH 4) W38 1) MRSAG6 T# & mecA
SR RAW I EIH 2858 4 LR DL KT R

of MRSA strains

10.0

~ 98 | ——-MRSA6
’\_“ R
E o6l —x—MRSA18
£ 941
]
= Ef; 92 L
%3 90}
bl B S
E 84t
S 82l
8.0 - - ;
0.75 25 30 35
B

volume fraction of NaCl/%
3 SEEE3 MRSA BE#k £ KK
Fig.3 The effect of high salt stress on the growth
of MRSA strain

KI5 ,MRSAG6 ) gacG &K Fi5 ETH(P<0.05)
BRI P 38 Ko iok 480 < 1R 38 5 MRSA6 T A 19 5T
PEFE R R IKTCWI AL, BROB is ZR IR AR F A
() BTG i 7 =X % MRSA18 (1) mecA PR 3k
PRI RAE R

Zid H WM EAE IR, MRSAG 1 #k B no-
rA .ermB i tetM F&[H 43 F 35 K FEH B i (P<
0.05), WHAMRGAIME 5, MRSA6 1Y £ if 24 2 K =
5 1 RN (P<0.05) , H7 i K KRR MR-
SA6 1 norA J aac6’ fapH2’* FE D ik K- 1,
15 tetM 1 ermB SEWAAN K, ¥ Jolh 30 R S5 8 38 H X
i 245 & DAL 1 26 2 4 i /E ], MRSAG6 19 ermB %k
PRI AE B PR 358 T 3K A B B TF . MRSAILS 76557 1 /K
KRBT norA Fl ermB FEH ik L F, HE
BE DR 38 14 32 38 PREE A
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Fig.4 Relative expression of resistance genes of two MRSA strains under different stress conditions
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Z
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TR K 38 FREE T 34 S B R AKF B (P<0.05)
(BN SERS I E 3 SN E SV A W Ny N
BB BT, A 0 a3 3 N 2k 5 i
il 52 B (P<0.05) , H B FEE 38 X5 MRSA /Y
Jo B 3 BE R 43 7 3R 35 7K 7 A AN [) A8 4000 i A
M.

3 itig

I IR EE A5 A5 A B AT AR B AR T
P E—E RS T RRIE BRI AE B R A
By R e AR 20 AT LA MRSA BRI AR AE A A5
XF 5%, T A DA 5] 1 36 4% 14 %o 4 8 €0 ) A BR T
(25 R S8 Ty R S R SRR s A T
o AR DB 1 S

G, SRR S T AR A 3 R R
Fi S8 LR R AR AN FIUHT I R K, T MRSA B
BRI B 700 B MIC AEL, K0 445 5% 35 /N T 314 78 791 $
FE IR B, 15 I L A R S ol T 2 50 AT A AROR
K MRSA ik, 7EABETEH,0.03% (1) 14 & £ R nT
PLFEA i MRSA BRRAE K, 5k RH 0.
2% A LR FE 1 MRSA 1 min J&, HAFNS
KA 0, Wi LR BENS A R K MRSA Bk
I FL A FH e B A4 FH IR IR) R L, 45 3 AR 9T
45 SR AR T 38 24 4 K A A ) R AR 0o 4 2 i f T vk
B IR B BOR WD A ROR . Z 8 8R035 M B/
R P AT B A R AR, AR MRSA TR Bk (qac™

I qac™) XoF 2R ER ST 35 00 BT K K By MIC BT
FELERII R 5 we/ml, Seier—Petersen 552G I H K
FLIR X MRSA ) MIC A 1~8 pg/mL, SAHF5E
R 25 SRARAT . o T AR 5 2 qac HE P K5 AT 4
IR FANHESE 40 B G 2 A A W I SRR
P, (LA H, Bk MRSA B4R (gac* il gac™)
XoF BT I 2R KB MIC B — 250, 4 00 4 A 2 i 6 25 41
P T 25 7R S DR X TR S e A A T 2 R IR 2R
HBrHEHLHE T RASET

<G 0, 2 35K TG I TR B A R A 1 3
AfEgE, GRS, PR KR Z 5
Wi, il L A TR, MRSALS 7E 45 °CJ 50 CH
PR BTG (HAE 55 CCR1 60 CHY B B g 4l , A
WEFE R B, 4 51605 %) BR A TE 45 CAb B — Bt [a]
Jei % B g A B 0 i A7 e ) s B, R T MR-
SA18 ] RE X 8T 2 P14 3 B AR — 2 A W BB
32 R SR B B T A2 MR, TR AR AR R 4K
35%1E M N HKIH AT A7 o IZWEE T , MRSA A K
PO G TR N E IS o s 1 9 N =T
pH 2 (R FREE h MRSA AR ALK (HAR PR 5T
A Al BEfE #F MRSA 94K ,pH 4 pH 6 1 pH 8
B bR AE K B2 F A K, 2 pH (235 10 B,
MRSA18 8L 7 W W iy 345 . HEiOC T &
25 BR TR 6 04 TR 37 M R B A ST R
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Effects of Stress Conditions on the Growth, Virulence and Resistance Gene Expression
of Food-sourced MRSA Strains

Qu Yun'?, He Suwan'?, Zhu Chenglin'?, Zhao Yanying?, Chen Juan'?,
Liu Ji'?, Dao Xiaofang'?, Tang Junni'*
(College of Food Sciences and Technology, Southwest Minzu University, Chengdu 610041
’Key Laboratory of Qinghai-Tibet Plateau Animal Genetic Resource and Utilization, Chengdu 610041)

Abstract The purpose of this study is to simulate the effect of sublethal conditions on methicillin—resistant Stap Hylococ-
cus aureus (MRSA) during food processing. In the experiment, two MRSA strains (MRSA6 and MRSA18) from pork with
different background genes were selected, and they were treated with common disinfectants, low temperature, acid—base,
and osmotic stress. The growth, virulence and resistance genes expression changes of the two strains before and after the
treatment were investigated. The experimental results showed that the expression of virulence and resistance genes carried
by the strains increased to varying degrees after benzalkonium bromide stress. Peracetic acid could promote and inhibit
the expression of strain resistance genes, and inhibit the expression of virulence genes. Sodium hypochlorite could inhibit
the expression of genes carried by the strain; low temperature, hypertonicity and alkali stress all could inhibit the ex-
pression of related genes of the strain; after acid stress treatment, the expression of mecA in MRSA 6 could be signifi-
cantly promoted. The resistance genes all showed inhibitory effects. The minimum inhibitory concentration (MIC) of per-
acetic acid on the strain was 0.03%, the MIC of sodium hypochlorite on the strain was 0.17%, and the MIC of trice-
ramide on the strain was 0.0005% , which were all lower than the recommended concentration of disinfectant. Low tem-
perature stress had no obvious effect on the growth of the strains; 55 °C stress had a good inhibitory effect on the strain,
and 60 °C high temperature could achieve a better killing effect. The strains showed tolerance to hypertonic environment,
and the growth of the strains was inhibited at a concentration of 35% sodium chloride. Low acid environment (pH 2) had
a good inhibitory effect on the growth of strains. The alkaline environment had no obvious effect on the growth of the
strains. In this study, it was found that the sublethal environmental conditions of conventional food processing might in-
crease the virulence and resistance of strains by exploring the effects of different stress conditions on the growth of MRSA
strains and the expression of virulence and resistance genes. The results of this study provided references for the selection
of antibacterial methods during food processing and the possible influence on bacterial growth and changes in virulence
and resistance.

Keywords Methicillin—resistant Stap Hylococcus aureus (MRSA); stress conditions; sublethal damage; virulence and resis-

lance genes expression



