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ATC(C25922 ATCC25923
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M-H SS 1 Il GenBank
1
1.2
Kirby-Bauer K-B blaTEM  blaOXA-1
catl tet B
NCCLS aacC2 gyrA parC 1
NCCLS2000 inTI1 1] inTR2 [
19 1 inF sulR
Amk Gen Kan
Neo Str - 2 inTI1 PCR
Cip Enr Nor 3 B- 1 inF
V Cfz VI Rad Amp sulR PCR
Amx 4 Chl T TaKaRa
Dox Fur B Pol NCBI  Blast2.2.12 I
Tet T™MP TMP/SMZ, II inTI2
1 PCR
Table I PCR primer sets of resistance genes used in this study
Genes" Sequence of primers 5’ ~ 3’ T./°C Length of genes/bp GenBank accession
blaTEM TTGGGTGCACGAGTGGGT 56 504 AY509004
TAATTGTTGCCGGGAAGC
blaOXA- 1 AGCAGCGCCAGTGCATCA 56 708 AY259086
ATTCGACCCCAAGTTTCC
catl CTTGTCGCCTTGCGTATAAT 56 507 BX248359
ATCCCAATGGCATCGTAAAG
tet B TTGGTTAGGGGCAAGTTTTG 56 704 BA000035
GTAATGGGCCAATAACACCG
aacC2 GGCAATAACGGAGGCAATTCGA 57 557 BA000030
CTCGATGGCGACCGAGCTTCA
2yrA ATGAGCGACCTTGCGAGAGA 60 2600 AL627274
TTACTCGTCAGCGTCATCCG
parC CAGCACGTACAGGTGCGCCA 60 334 AL627277
GTAGAGCATATGCTGATGGA
inTI1 CTACCTCTCACTAGTGAGGG 60 1000 AM040708
ATGAAAACCGCCACTGCGCC
inTI2 TTACTGATTGATAAGTAGCAT 977 AY509004
CTAACAGTCCATTTTTAAATT
ink TGACCGAACGCAGCGGTGGT 57 Unknown AMO040708
sulR CTAGGCATGATCTAACCCTC AMO040708

* BlaTEM  blaOXA-1 resistance gene of aminoglycosides Catl resistance gene of chloromycetin TeT B

resistance gene of tetracycline aacC2 resistance gene

of gentamycin gyrA parC resistance gene of quinolones inTI1 type I integrase inTI2 type Il integrase inF sulR 3’ 5’conserved sequence of type I integron.

1.4
PCR
2
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45C 18h  30pL 3ml SS 1781 100pg/mL Amp
37°C 18h LB 17Y
37°C
DNA DNA % = -
14 x 100/
1751 Amp
2 PCR
Table 2 PCR primer sets for plasmid virulence gene amplification used in this study
Genes Sequence of primers 5'—3' Length of genes/bp T,./C GenBank accession
sprA ATGAATATGAATCAGACCAC 768 60 AE006471
CTAAACTGCCGGCTGGCACG
spvB ATGTTGATACTAAATGGTTT 1772 56 AE006471
CTATGAGTTGAGTACCCTCA
spoC ATGCCCATAAATAGGCCTAA 726 60 AE006471
TTACTCTGTCATCAAACGAT
spvD ATGAGAGTTTCTGGTAGTGC 651 60 AFE006471
TCAATCGTGTTTTTCATCAT
spR ATGGATTTCTTGATTAATAA 894 56 AE006471
TCAGAAGGTGGACTGTTTCA
rek ATGAAAAAAATCGTTCGTCC 558 60 AE006471
TCAGAACCGGTAACCGACAC
1.5.2 1751 LB
100 10 °
1751 Amp LB 1.8
10pg/mL 10pg/mL 5
1751 17Y
1.6 1751 16
LD;,
18 ~ 20 )
i 2
Karber
15 2.1
19
1.4 4 17Y 14 Kan Cifz
9 8 1 Rad Amk Pol 5
17Y 42°C SDS 0.5%
15d 72h 11
IDy log Dy = X, 1781
-d Xp-0.5 X, d Fur Cip Nor Enr Amp Amx Gen TMP/SMZ TMP
» Chl Tet 11 1 1781
>p Neo Dox 2
1.7 Str 3
20 17Y 35 Amp + LB
1x 10°CFU  17Y 1781 24h Amp” LB 144 1751
P 100% 144/144
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3
Table 3 Reversal of antimicrobial resistance after plasmid elimination treatment
o o 17y 1751
Sort of antibiotics Antibiotics - — — - — —
Diameter of inhibition zone/mm Sensitivity Diameter of inhibition zone/mm Sensitivity
Aminoglycosides Gen 0 R® 21 s
Neo 16 R 16 R
Str 0 R 0 R
Fluoroquinolones Cip 9 R 24 S
Enr 0 R 23 S
Nor 7 R 23 S
B-lactams Amp 0 R 19 S
Amx 0 R 28 S
Others Chl 0 R 18 S
Fur 10 R 22 S
Tet 0 R 19 S
T™P 0 R 32 S
TMP/SMZ 0 R 27 S
Dox 0 R 13 R

*R Resistance "' S Sensitivity.

12 3 4 5 & 7 & 910 11 12 MIM2

by

— 1 54000

3 PCR
1 SDS Fig.3  PCR products of Salmonella typhimurium plasmid virulence
Fig.1  Drug resistance reversal after SDS treatment. 1. Drug resistance genes.1.17S1 spvR 2.17Y spvR 894bp  3.17S1 spvD 4.17Y spvD
for resistant strain 17Y 2. Drug resistance was reversed by SDS. 651bp  5.1781 spvC  6.17Y spvC 726bp ~ 7.17S1 spvB 8.17Y

spvB 1772bp ~ 9.17S1 spvA 10.17Y spvA 768bp  11. 17SI rck
12. 17Y rck 558bp  MI1. DNA ladder DLI5S000 M2. DNA ladder

4 DI2000.
SDS 3
5 8-
) blaTEM  blaOXA-1 cat1
. 5 tet B aacC?2
—_ 1751 5
5
PCR
, 1751 1 inTl1
Fig.2 Plasmid profile comparison of resistant strain 17Y lane I and 2 inTI2 7Y 2
susceptible strain 1781 lane 2 . The arrow shows the disappeared plasmid inTI2 1 inTT1
band in 17S1 after SDS treatment of 17Y. I
2.2 inF/sulR 17Y 3200bp
1
PCR 1 BLAST
17Y 6 spA - spuB sppC
spuD  spvR rck 1781 dhfrX [I
3 ORF aadA8b 1
3 qackE &> sull
2.3 qacEA
17Y sull GenBank
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AMO030708 98 %

bp Mo 2 i o4 5 &4 7T K 9N

4 5 PCR
Fig. 4 PCR products of five resistance genes. M. DNA ladder DL.2000
1.17S1blaTEM  2.17Y blaTEM 504bp  3.17S1 blaOXA-1 4.17Y
blaOXA-1 708bp  5.17S1Catl 6.17Y catl 507bp 7. 17SI aacC2

8. 17Y aacC2 557bp 9.17Sl tet B 10.17Y tet B 704bp .
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Fig. 5 Dynamic distribution of Salmonella typhimurium 17Y and 1781

in mouse liver and spleen.
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Characterization of Salmonella typhimurium multidrug resistance
and the reversal of antimicrobial resistance

JIA Ai-ging' > LIU Wei-hong' GUO Ai-zhen'* CHEN Huan-chun'
' National Key Laboratory of Agricultural Microbiology — Provincial Key Laboratory of Preventive Veterinary Medicine  College of Veterinary Medcine
Huazhong Agricultural University ~Wuhan 430070 China
2 Institute of Veterinary Medicine Guangdong Academy of Agricultural Science — Guangzhou 510640  China

Abstract  Salmonella typhimurium 17Y  isolated from one diseased pig that was clinically diagnosed as pig
salmonellosis  was a multiresistance strain with resistance to 14 antibiotics among tested 19 antibiotics. In this study the
resistance to 11 antimicrobials was reversed by high temperature and high concentration 0.5% of SDS  resulting in the
sensitive strain 17S1. PCR results showed that the resistant genes BlaTEM  blaOXA-1 catl tet B aacC?2 located
on the plasmid. Furthermore PCR detected the class | integron which carries dhfrX [ for trimethoprim resistance
aadA18b for aminoglycoside resistance and sull for sulfamethoxazole resistance. The integron was identified to exist in
the plasmid. Because the target genes gyrA and parC for quinolone category were detected by PCR from both resistant
and sensitive strains it was determined that the genes gyrA and parC were located in the bacterial genome. The gene
sequencing of gyrA and parC revealed that a point mutation AAC—GAC resulting in one amino acid replacement of
N87D in gyrA occurred for the sensitive strain 17S1. It was demonstrated that the amino acid 87 was a hot point for
mutation in quinolone resistance determining region QRDR . The finding suggests that the amino acid replacement of
N87D is responsible for the quinolone susceptibility. In addition the 100 continuous passages of the sensitive strain
showed that the drug sensitive status was stable. However when the drug pressure maintained for a long time the
resistance was induced again. Meanwhile 6 salmonella plasmid virulence genes sppA-D R and rck  were eliminated
with the resistance reversal indicating that the virulence plasmid was cured. Reasonably the bacterial virulence
decreased shown by 10- fold increase of LDy, for the sensitive strain and the statistical significant decline of in vivo
spread and growth P < 0.05 in mice. Taken altogether the multidrug resistance of Salmonella typhimurium was
determined by its plasmid. The plasmid elimination with SDS reversed most of the resistance 11/14 and decreased the
bacterial virulence. Therefore strategy to eliminate the plasmids would be an effective way to deal with the
multiresistance issue. However drug control in routine clinical practice would not be neglected at any time.
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