R EmiB Modern Food Science and Technology 2020, Vol.36, No.4

hERRAEReFRIKEN T BN AR HET
2=JE3[: Y ol

=&, TR, BAR, EEE’, FiE', ERE'
(1. B RARFZAPHFZERRFR, FRGRDWEE T RRP SAAKFHEEFERE, W) RAF 610041)
(2. LiBsGB R FRLEAYFRY ER B LIRSART T S, Lif 200240)

WE: FARTERNREFZER ARG FTEEN, WML LS LHERTSBHRMIC TR, VARG &5 AR FHEL.
RERAFEMEAZTE AH AR 57640, KA RIHHE RN E R4t 4B ke MIC, R PCR BN 4B Bk 5 Frad iy
FAA£ %A (gacA/B. qacC/D. qacG. gacH. gacl) HATHM, 576 ARG F 4 5135 297 b5 ERHRE, S5 B EH 51.56%;
£, REEHL37440, 25 d 1584 REFHDL 2024, 45 & 139 4k, FILELTH B HARE) MIC £ 0.00125~0.01 ug/mL,
207 ¥k 168 Arib 4 A whE A A AR, AR A 56.6%, gacA/B. gacC/D. qacG. gacH. oacl 4946 tE E 5514 2.36%. 19.86%-
40.74%. 6.73%. 0.67%. HREVH A REEZER HHE 90 B ERAREEHABARETERS, HATIBEEERHk
BT B4 i RN AR, AP AT ER WA, GF BRE e 2O IR AT

KR BN, £FERHRE; HENRHAR; MIC

YEES: 1673-9078(2020)04-296-303 DOI: 10.13982/j.mfst.1673-9078.2020.4.039

Isolation of Staphylococcus aureus from Pork Source and the Detection of

Disinfectant Resistance Genes

MENG Han®, LI Qing*, HE Su-wan*, SHI Chun-lei?, CHEN Juan®, TANG Jun-ni*
(1.College of Life Sciences and Technology & Key Laboratory of Qinghai-Tibet Plateau Animal Genetic Resource and
Utilization, Southwest Minzu University, Chengdu 610041, China)
(2.MOST-USDA Joint Research Center for Food Safety, School of Agriculture & Biology, and State Key Lab of Microbial
Metabolism, Shanghai Jiao Tong University, Shanghai, 200240, China)

Abstract: In this work, the pollution of Staphylococcus aureus from pork purchased from the market was investigated. The MIC ranges of
quaternary ammonium disinfectant to the isolated strains and the disinfectant resistant genes carrying were detected. The 576 samples of the
commercial raw pork in four seasons were collected. The MIC values of the isolated strains were determined by broth dilution methods. The five
anti-disinfectant-related genes (qacA/ B, gacC/ D, gacG, gacH, gacJ) were detected by PCR. The 297 strains of S. aureus were isolated from 576
pork source samples, and the total isolation rates was 51.56%. The 158 S. aureus strains were isolated from 374 samples that collected in spring
and summer. The 139 S. aureus strains were isolated from 202 samples that collected in autumn and winter. The MIC ranges to benzalkonium
bromide were 0.00125~0.01 pg/mL. Among 297 strains of S. aureus, 168 strains were found to carry the disinfectant-resistant genes, and the
total detection rate was 56.6%. The positive detection rates for gacA/B, gacC/D, gacG, qacH, and gacl were 2.36%, 19.86%, 40.74%, 6.73%,
0.67%, respectively. The result showed that the isolation rates from pork source and the resistance genes to disinfectant were relatively high. The
S. aureus isolated from pork were sensitive to the quaternary salt-based disinfectant. This study will provides reference for
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the prevention and control of S. aureus pork isolates.

Key words: pork; Staphylococcus aureus; disinfectant-resistant genes; MIC

S EE AR (Staphylococcus aureus) F&—F
Iz A T BRI = G A RO i, & 51
AL R, B NSRRI I
BRI, X s ] & BR BV B D A U, i
ok, FEEIS. WK, SEUHEAIMAREMA, &
BT AR B B BN S S, AR T ST
BRI R, B AT O R K o R
AT T4 Eh A B 2E A gac, #%H7 gac (14T
AR A BRI ] I X e AT R 2 BRI 24
gac FEEAITE 4 B E0 5 28 BK TR (0 H 26 B s AT SRR 22
FECK, ARZHIAREEE D TERIEARSRD,
W 51 ZE AR S PR B I R 0 B 1) 4 3 €0 A BR T
gacA FEEKHIZEN 41.67%; HHELRPELEIGAR S
i A AR P AR 4 B 0T 2 BK TR qacA/B JE[RI )k H 2
N 40.4% 0T PRI 4 35 62581 28] BR TR 70 25 TR AR AT R
T BT R BT A >, mr AR
SO EIRE RIS RS TRA HEE S
DTG NI R LSS5 e, ity 23775
R IRZEAE PR A ™ B ATV AT A il iy >k PR
M, T ARSE R AR R 2 O £ i A8 S5 L B R
O, Rk, AT RASHL X 78 A4 0% A 435 (i A ER
BRI 70 B TRV 23 756 R R iy 1 0L, DA A BS TR bR
X2 SR ITH FE RN BTN O AN FE0] BT b X AR
B T 37 S R T A [R] 225 SR AR R AR RRE it E A T BRI
IEEEE s KT B R BRI ARIEA T R AL IR B R M RTIAR
J5E R it i 7 70 2 R ARSI . I ARt R A L Y
EETTH R TR LS KR

1 MRERE

B

11,1 EHERR

2017 FEANEZE T MR T & XCR SR T R
EAREWRE I 576 1. Ho, HEZFE (3~8 H) 374
¥y, BKEZE (9~11 A) 202 177
112 &KA Gk

JIRER F R K R85 779 (trypticase soy broth,
TSB), WG AEMFARGIRAR; TE Ll (10
mmol/L Tris-HCL, 1 mmol/L pH 8.0 Z &Y Z.) Iy
H K% TaKaRa /A #]; 2xPCR Master Mix. DL 2000

DNA Marker, 330 H LR AEH ARG R A
Al WA, W TR TR s Ik
SUREWAT, T A AT R A TR AR 2R4L
Wik, WHEME A2 ERAT.
113 MRELHEKE

Eppendorf 5804R /44550041, W H Eppendorf
AR A E]; PTC-200 PCR 41X Versadoc 2000 #EZ
HARAL, HI0H 2 [H Bio-Rad AH]; DYY-6C HLIKAX,
AL SN —ES: UV-6100 7366, IWE -
WGELIL AT HZQ-F160 4iREwHF-M, WHE -
BT IRBFEA AR R AT o

1.2 7k

12.1 EttinB %

KAEFTA IR i Y232 8 GB 4789.10 (& il
PR e- £ M AT RIS AT K PTE
T8 BRI DNA R4 781 % 3K 16s tDNA 1 nuc
HEH ) PCR 4 4% 20,

W& R B BREE 7 S AL R R o R T 5
mL [{] TSB ;7#%Er, 37 °C, 150 r/min 1537 18 ho B
1 mL @& 4 ‘C24 T 12000 r/min 250> 2 min J5,
IR TR, $REL DNA J7i5:2 2% S04, SRS 2
) DNA FEAT-20 CORAE, FTAHER 17+ % At
TH BRI IR DR AT
1.2.2 @il 7 L E &9 PCR A2

5 P RIERE G s o, s1hE T
AT (R BRBARAR G, 5 FhiE T
FERHG T HNE N 1.

DA 1.2.1 $2HLUT) DNA SRR, %408 i AT Bk
(M E AL RIEAT PCR 3. PCR ¥ 34 e itk &
4 20 uL: 2xPCR Master Mix 10 pL, b RS54 0.4
uL, DNA i 1 uL, JCH/KAMNEZR 20 uLo § 38
26 95 CTIARM: 5 min; #EA PCR fE¥F, 95 CAE
40s, WIESIWIAE 45 T~60 CIBK 50, 72 °CiEAH
40s, 35 MER, 72 CLEMH 10 min, §HE=)T 4 C
A7 P R 1%A35 Me bt AT Faik,
FEFLEFES S uL. HIKZEHN 95V, 50 min. 55 H
BINI NG RGNS, iR [, PR
FELRIP) 1~2 ANBEPEY 3% bl AE Ty, adid s
Eb X IR 1A 285 TR IR R

297



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.4

% 1 PCR 3|45 RAT SR N

Table 1 PCR primers sequence and amplification products size

HEZEZ S Pl g (5-37) J= MK op
gacA/B-F GCTGCATTTATGCAATGTTTG 630
gacA/B-R AATCCCACCTACTAAAGCAG
gacC/D-F ATAAGTACTGAAGTTATTGGAAGT 236
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gacJ-F CTTATATTTAGTAATAGCG P,
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Fig.1 Electrophoresis of PCR amplification products for gac
genes in partial S. aureus isolates
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Fig.2 Detection rates of disinfectant-resistant genes in S. aureus

pork isolates
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Table 2 The distribution of disinfectant-resistant genes in S. aureus pork isolates
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Fig.3 The detection rates of disinfectant resistance genes
carrying in S. aureus pork isolates in different seasons
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2 gacC/D+gacG 19 11.78
gacC/D+gacH 2
gacG+gacH 10
it 35
3 gacC/D+gacG+gacH 3 1.01
At 3

300



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.4

3 Z5ig

AT 576 8 IFE S 4 BS A5 3 297 R4
ERIEERE, BERN51.56%; Hi, FEBEMN
374 4y, 4y 158 Bk (59.40%) ; AKAZEREM 202
U3, e 139 ¥k (68.81%) o AFLIRAET /) B Hk
ff) MIC 7E 0.00125~0.01 pg/mL X ], 297 ¥/ B bk
HH, 168 HRAS H 15 ST 35 708 R, A tH %6 56.6%:;
gacA/B. gacC/D. qacG. gacH. qac) (I H 25
N 2.36% 19.86%. 40.74%- 6.73%+ 0.67%. MATH}
T2t AT LAt DU 1| X 7 A 4 PR v 4 i A 3K
BRI 20 B F A, TV B2 DR () iy 0 LR e,
VLA SN B A5 7 v B R A I . 4 PR R
I B8 & T T AT ER R DN 2 B I BRI U, A
IH B3 77 FH AR 2 9 L e A A ) 4 % £ 7 46 2K v A
K, ABFFONTTEE G A & U] 4 BREE T 7 4% ST bR
RS,

(1] B 4, L EAK. B2 U E Y 2 M) B 50 N RZE R i
#1,1999:16-39
ZHAO Fu-xi, JIANG Guo-shu. Medical Microbiology [M].
Beijing: People's Military Medical Press, 1999: 16-39

[2] Noguchi, N. Susceptibilities to Antiseptic agents and
distribution of antiseptic-resistance genes qacA/B and smr of
methicillin-resistant Staphylococcus aureus isolated in Asia
during 1998 and 1999 [J]. Journal of Medical Microbiology,
2005, 54(6): 557-565

3] EMFREWL. {L75HIX MRSA fif mecA. gacA/B %
DRI U] Hr AR R B s e 24 ,2005,15(9):96 1-964
WANG Wei, LI Cai-xia. Detection on mecA gene and
gacA/B gene in meticillin-resistant Staphylococcus aureus
isolated from Zhejiang and Jiangxi provinces [J]. Chinese
Journal of Nosocomiology, 2005, 15(9): 961-964

(4] W& S1H, BT AL &R, S5 I R A [FIR IR B3 (R & R A
R 53700 77 S ORI PR 7 e ], F L 57 2% 65,2015,
32(5):448-451
PAN Yin-jun, XIE Ling-li, REN Zhi-hua, et al. Analysis of
disinfectant resistance of Staphylococcus aureus from
different clinical sources and related gene analysis [J].
Chinese Journal of Disinfection, 2015, 32(5): 448-451

(51 WAREAR, 284, o S50 T A PR < B 0 2 BR AT T 24 2
AT R 9 25750 5 DR (7 72 0], H 4R = Bl e 27 24,2006,
5:481-484
HU Zhi-dong, LI Jin, MA Rui, et al. Drug-resistant gene and

]

[10]

[11]

[12]

disinfectant-resistant gene for MRSA [J]. Chinese Journal of
Nosocomiology, 20006, 5: 481-484

A, FA B, IR P T A A A o < ] B R A
I R FE 2 T (0] DA B R RHEE,2014,4:255-259

SHI Lei, ZHOU Chen-qing, YAN He. Isolation and
antimicrobial susceptibilities of Staphylococcus aureus in
commercially available raw pork in Guangzhou [J]. Modern
Food Science and Technology, 2014, 4: 255-259

GB 4789.10-2010, £ it 2 4 [F SR 1E, B i G A4 S
G 8 E R B BRI AT IGTS]

GB 4789.10-2010, National Standard of Food Safety;
Detection of Staphylococcus aureus in Food Microbiology
Experiment [S]

I R YR 7K, S O R R TR AU 3K sek ZE
fE 3 PR AR BT AR I R[] 12 i B1H22,2016,37,13:
140-146

WANG Qiong, TANG Jun-ni, TANG Cheng, et al. Temporal
expression of staphylococcal enterotoxin K (sek) gene in
three isolates from food samples [J]. Food Science, 2016, 37,
13: 140-146

FBR R Y, 7K, 55— TR AR I SR bR i 2
DNA HIF- PCR 4 3477 V()] V6 S BRI R 224 (L AR
2£1),2015,41(2):150-155

WANG Qiong, TANG Jun-ni, TANG Cheng, et al. Rapid
method with microwave oven heating for bacterial DNA
extraction applied to PCR amplification [J]. Journal of
Southwest University for Nationalities (Natrual Science
Edition), 2015, 41(2): 150-155

Wassenaar TM, Ussery D, Nielsen LN, et al. Review and
phylogenetic analysis of gac genes that reduce susceptibility
to quaternary ammonium compounds in Staphylococcus
species  [J].
Immunology, 2015, 5(1): 44-61

FREAR, X1 2, TR O, 55 TS A 10 < 3 €000 26 BRI IR
R B R VA PRI 25 P 2 BT 0], B AR R ,2014,46(11):
82-84

XUE Lin, LIU Yan, WANG Zhen-wen, et al. Investigation on

European Journal of Microbiology and

the contamination of Staphylococcus aureus in the
commercial pork and the analysis of the drug resistance of the
strain [J]. Animal Husbandry & Veterinary Medicine, 2014,
46(11): 82-84

AT BRRKAE T340 00 55 MRSA. X 6 Fi 23 77 24 S A
U DR 1) B AT A (0], Y 5 2k 7,2012,29(3):
173-175

REN Zhe, WEI Qiu-hua, SU Yu-xin, et al. Comparative study

301



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.4

[13]

[14]

[17]

[19]

302

on resistance to six disinfectants in MRSA and resistance
related genes [J]. Chinese Journal of Disinfection, 2012,
29(3): 173-175

T, e 5K e, SR <o B C0 ] R AT T VI 4 77 2 K]
gacA HIRFFE[I]. H EPTA 240 %,2007,32(4):229-231
WANG Hua-li, SHENG lJia-qi, HUANG Wen-xiang. Study
on the disinfectant-resistant gene gacA in Staphylococcus
aureus [J]. Chinese Journal of Antibiotics, 2007, 32(4):
229-231

AT R, B 7 55 55 RSt DX YR P8 bk g R
BRI gacA JERGHIN L2 H WM 3R KT vEmT 72 (). 04
NPE2,2017,4:12-15

JI Feng-bing, XIONG Jie, HU Zhang-yong, et al. Detection
of gacA gene in methicillin-resistant Staphylococcus aureus
and its resistance to common disinfectants in Chengdu area
[J]. Sichuan Medicine, 2017, 4: 12-15

DRI 8, IR 55 < o 0030 6] TR TR 245 225 R S5 TV
B 7713 R AR 5 43 A7 (] 7 98 2 22 24 5,2016,8:732-
734

SHEN Lin-hai, ZHAO Lan, XIE Li-jun, et al. Detection and
analysis of antibiotic-resistant genes and disinfectant-resistant
genes among Staphylococcus aureus [J]. Chinese Journal of
Disinfection, 2016, 8: 732-734

TRPT R TR A R 55 e R 70 0 < 0 AT ) R R i 24 178
Qi 3 B 7 LR R I 0], o R A 2R 2015,
32(5):507-509

XU Dan, CHEN Yu-feng, LUAN Ming-chun, et al. Detection
of drug resistance and disinfectant resistance gene of
Staphylococcus aureus isolated in clinic [J]. Chinese Journal
of Disinfection, 2015, 32(5): 507-509

TR Tk Y S P A < A 1 e Bk T 245 8 DR T ¥ 712
DRI 9 [J]. AR B Bk e 24 ,2009,19(3):244-246

FENG Li. Drug-resistant gene and disinfectant-resistant gene
in MRSA [J]. Chinese Journal of Nosocomiology, 2009,
19(3): 244-246

ARG (R PR B, A < B 0 4 BRI 26 1 5 Y 277
P S gac(A/B) [ BIF 7T [J]. #ir 1T 19 7 1= =% ,2015,2:
134-136

WANG Xiao-xiao, FU Ying, LIN Jun-ming, et al. A study on
drug resistance and disinfection- resistant gene gac (A/B) in
Staphylococcus aureus [J]. Zhejiang Journal of Preventive
Medicine, 2015, 2: 134-136

R ER LR PG BB 55 KPS UL 2 R T 24 MRSA
B FURS 52 5E R FRIAAT S Honh 5 g O BURE [/ 2 e i
PRIGA D 55 IS e A AR 22,2012:69-69

[21]

[22]

[24]

[25]

[26]

LIU Qing-zhong, HAN Li-zhong, SUN Jing-yong, et al.

Prevalence of high-level mupirocin-resistant MRSA

disinfectant tolerance genes and their
chlorhexidine [C]/ National
Microbial and Infectious Immunity, 2012: 69-69

TR XA, AR R, 55 A S B h e B e e Bk
T O 2 B R SR B R BUIE BE AE (0] 24 BE S A R Ok
4,2010,3:224-226

ZHANG Hong-mei, LIU Xue-lu, LI Fa-jun, et al. Study on

sensitivity to

Symposium on Clinical

quaternary ammonium compounds resistance among
Staphylococcus spp. in disinfected public environment
[J].Journal of Environment and Health, 2010, 3: 224-226

g e %, 2 /N DU, 45 5 P PR AR B IR G (B 5 43 B )
<5 B O 2 TR AT 24028 T 122 R A T RS B ST 1],
rRAE B B2k 2014,20(7):630-636

YE Jian-zhong, WEI Xiao, LI Xiao-si, et al. Antimicrobial
resistance characteristics of and disinfectant-resistant gene
distribution in Staphylococcus aureus isolates from male
urogenital tract infection [J]. National Journal of Andrology,
2014, 20(7): 630-636

IRFREL, SRR, XA T FFY 420 78 AR < 0 €00 T 67 R T TV )
FERIIRA L[] o Bk e 5 497 4% 6,2014,5:432-435

XU Wei-hong, ZHANG Jun, LIU Jie. Disinfectant-resistant
gene of methicillin-resistant Staphylococcus aureus [J].
Chinese Journal of Infection and Chemotherapy, 2014, 5:
432-435

T AR PR A TR I 50 3 R R ER TR
H) 3% TR AR VT A 9], A Rk e 4 1) 2 7 2017,16(12):
1116-1119

DONG Xia, LI Pei-qun, LUO Dong, et al. Bactericidal
efficacy of five kinds disinfectant on Staphylococcus aureus
[J]. Chinese Journal of Infection Control, 2017, 16(12):
1116-1119

Smith K, Gemmell C G, Hunter I S. The association between
biocide tolerance and the presence or absence of gac genes
among hospital-acquired and community-acquired MRSA
isolates [J]. Journal of Antimicrobial Chemotherapy, 2007,
61(1): 78-84

Paulsen I T, Brown M H, Littlejohn T G et al. Multidrug
resistance proteins QacA and QacB from Staphylococcus
aureus: Membrane topology and identification of residues
involved in substrate specificity [J]. Proceedings of the
National Academy of Sciences of the United States of
America, 1996, 93(8): 3630-3635

Brown MH, Skurray RA. Staphylococcal multidrug efflux



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.4

(27]

protein QacA [J]. Journal of Molecular Microbiology and
Biotechnology, 2001, 3(2): 163-170

Anthonisen IL, Sunde M, Steinum TM, et al. Organization of
the antiseptic resistance

gene gacA and

Tn552-related-lactamase genes in multidrug- resistant
Staphylococcus haemolyticus strains of animal and human
origins [J]. Antimicrobial Agents and Chemotherapy, 2002,
46(11): 3606-3612

FINERIR, KA, B HA, .45 R MRSA S BRI/ INR I
TGS 257722 LR RO ARG DU 0] 970 B BE B R 22 5241,2009,30(8):
804-804

SUN lJing-na, ZHANG Zheng, WU Yan, et al. Detection of
the MIC to disinfectant-resistant gene in forty-five strains of
MRSA [J]. Journal of Hebei Medical University, 2009, 30(8):
804-804

Heir E, Sundheim G Holck AL. Resistance to quaternary
ammonium compounds in Staphylococcus spp. isolated from

the food industry and nucleotide sequence of the resistance

plasmid pST827 [J]. The Journal of Applied Bacteriology,
1995, 79(2): 149-156

Russell AD. Plasmids and bacterial resistance to biocides [J].
Journal of Applied Microbiology, 1997, 83(2): 11

20 2 I A8 T P 0 R < €0 2 R 0V
FUIEB e )] o NV #5228 75,2012,29(3):223-226
LI Shuang, LI Wu-ping, YAN Pei, et al. Research progress on
resistance of methicillin-resistant Staphylococcus aureus to
disinfectants [J]. Chinese Journal of Disinfection, 2012, 29(3):
223-226

P R 5 A, 5 < e T 2 R TR R B R B B
FLUWAT o 2T FUE 0], o [EBGe F2 1) 2% 55,2014, 7:442-
446

LU Zhong-yi, CHEN Yong, CHEN Wei, et al. Research
advances in resistance of Staphylococcus aureus to
disinfectant and its epidemiology [J]. Chinese Journal of

Infection Control, 2014, 7: 442-446

(32 81 70

[34]

[35]

Raederstorff D G, Schlachter M F, Elste V, et al. Effect of
EGCG on lipid absorption and plasma lipid levels in rats [J].
Journal of Nutritional Biochemistry, 2003, 14(6): 326-332

Gallaher C M, Munion J, Hesslink Jr R, et al. Cholesterol
reduction by glucomannan and chitosan is mediated by
changes in cholesterol absorption and bile acid and fat

excretion in rats [J]. The Journal of Nutrition, 2000, 130(11):

[36]

2753-2759

JAANER BRG] 3, A N R AR B T 20 o TR AR B
LR R AT R )]. & SR 2£,2011,32(8): 1-4
ZHOU Xiao-li, QIAN Yun-fang, ZHOU Yi-ming, et al.
Effect of different processing methods on in vitro antioxidant
properties of dietary fiber from tartary buckwheat bran [J].
Food Science, 2011, 32(8): 1-4

303



