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Table 1. Bacterial strains and plasmid used in this study
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Strain or plamid Relevant marker”  Year, Source’ Ref
Strain
Salmonella
SY 6 Salmonella Enteritidis ACSSuT 2001, Gumi this study
SYy 7 Salmonella Enteritidis ACSSuT 2001, Gumi this study
SY9 Salmonella Enteritidis ACSSuT 2001, Gumi this study
SY 15 Salmonella Enteritidis ACSSuT 2001, Gumi this study
SY 22 Salmonella Enteritidis ACSSuT 2002, Ullung this study
SY 25 Salmonella Paratyphi A ACSSuT 2002, Pohang this study
SY 31 Salmonella Typhimurium SSuT 2002, Pohang this study
SY 32 Salmonella Typhimurium ASSuT 2002, Pohang this study
SY 33 Salmonella Enteritidis SSuT 2002, Youngduk this study
SY 35 Salmonella Paratyphi B ACSSuT 2002, Gyeongju this study
SY 36 Salmonella Paratyphi B ACSSuT 2002, Gyeongju this study
SY 37 Salmonella Typhimurium ASSuT 2002, Youngduk this study
SY 40 Salmonella Typhimurium SSuT 2002, Youngduk this study
E. coli
RG488 recipient strain for mating Ri
DHS«a recAl endA1 gyrA96 thi-1 hsdR17 supE44 relA-1 @ 80 lacZ A M15 20
Plasmid

pUCI19 Cloning vector 20
pCAST2  a40 kb multi drug resistance plasmid isolated from SY 9 this study
pSY7K pUC19 with 7 kb Sacl fragment pCAST2 this study
pT5K4 pUCI19 with 4.7 kb Sacl fragment pSY7K this study

“Abbreviation: A, ampicillin; C, chloramphenicol; S, streptomycin; Su, sulfonamide; T, tetracycline; Ri, rifampin

*Year and source of isolated strain from clinical patient.

ufjzlo] ETsk 37°ColA B wlY F UEhE JEs
223k

AT Y DNA =

Plasmid DNAS| 28], DNA 22 g 3478 52 gA=
Sambrook 5(21)¢] Wl wWikow, Hae| wal Qiagen
(Hilden, Germany) plasmid purification kitS AF&3l plasmidS
Ea)slgion, AgtEl:, DNA QA E A, alkaline phosphatase &
2 FgAke AAlel mt ARE-s T

DNA ¥7|Md ZHA

G718 ZAL Automatic DNA sequencer (ABI3700,
Applied Biosystems, Foster City, USA)Z A8+ primer
walking method (18)° W} FPF3tHAt. A7IME A
GenBank®] databaseS ©]-8-3}] NCBI BLAST (8)%+ DNASIS
(version 2.6} AME-3I T

PCR 23S
YA WA AR clusterd] ERE 5le, WARZR] &

Table 2. Gene products with sequence similarity to the antibiotic resis-
tance gene cluster in 7 kb Sacl fragment in pCAST2

Coding region  Gene L(e;)r;g)t h Function

711-1400 Orfl 690  Putative transposase in E. coli
2088-2903 sulll 816  dihydropteroate synthase
2964-3767 strA 804  streptomycin phosphotransferase
3767-4603 strB 837  streptomycin phosphotransferase
4925-5578 ()" tetR 654  tetracycline resistance repressor
5657-6856 tetd 1200 tetracycline resistance protein

“Gene encoded on the minus strand is indicated with ()

71 EE5E] 433 primer (Bioneer, Changwon, Korea)SE A&
sled PCRE FFSHTh PCRYHE-S HA 20u7F HA 1U
Taq DNA polymerase, 10 mM dNTP, 10 mM Tris-HCl (pH3.0),
1.5mM MgCL, 53 DNA, 10pmol?] primerE 21 33}
t}. o] W] % DNAE Table 18] ARz} #F2RE 2T
plasmid DNAS ©]-83}9t}h. PCR Whg-231e Z71WHA AR
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Table 3. Primers used for PCR

sulll-strA-strB-tetR-tetd WAA-RA-E 301

Expected size

Gene cluster Fragment (bp) Primer Nucleotid sequence (5'-3") Position” Tm®
sul 1 (+)° CAGGTGGAGCTGACTTCAT 2806-2824
sut II- strA A 406 59
StrA2 ()¢ GTTATCACCAAGCATGCAC 3193-3212
strAl (+) CCTATTCAATGTATTGGGGA 3693-3702
strA - strB B 305 57
strB2 () ATCAGATTGTTCTCACGACC 3979-3998
strB1 (+) GCCAATATGTTCTACGATCC 4369-4389
strB - tetR C 631 59
tetR2 (-) GGTGATTGTCGATGGATT 4983-5000
tetR1 (+) GTTCCTGAAGTGCCAGTAAA 5411-5430
tetR - tetA D 549 57
tetA2 (-) CGATATAGAGAACCCAAAGG 5941-5960
sul 1 (+) CAGGTGGAGCTGACTTCAT 2806-2824
sulll-strA-strB E 1192 55
strB2 (-) ATCAGATTGTTCTCACGACC 3979-3998
strAl (+) CCTATTCAATGTATTGGGGA 3693-3702
strA-strB-tetR F 1307 55
tetR2 (-) GGTGATTGTCGATGGATT 4983-5000
strB1 (+) GCCAATATGTTCTACGATCC 4369-4389
strB-tetR-tetA G 1591 55
tetA2 (—) CGATATAGAGAACCCAAAGG 5941-5960

“Position of nucleotide sequence in accession no. AF542061
®Annealing temperature in PCR reaction

“Oligonucleotides corresponding to the forward primer
Oligonucleotides corresponding to the reverse primer

94°Co A 283 13 AR ¥, HAANRS-L 94°Ce A 1% é
g wke-o Z}Zko] primeroll Wl 55~59°CelA 1 B, F3NEE-S
72°Co A 2 B7F8k 30 718 WHESIRAT) 30 57 o] F E}Z]“‘
232 720cl A 15 27 ?ﬂ% sted 13 ¥kS-A1ATh PCR
EA] A primerst AR L 5+& Table 33 2t} 212be]

ZZg]o)Z] DNAE 1.2% agarose gel A A71FEoZ H]l
YL ojdl size marker=Z+= 100 bp ladderE AFE-5}IT}H

A LA FEXL EE HIIMYE S8HMSE

Salmonella Enteritidis THAIMA plasmid®] W4 34 &
sulll-strA-strB-tetR-tetd 4% 7kbe] H71XE-& EMBL database
o accession no. AF542061% S5 lch

dot o o3

Salmonella Enteritidis SY9 TFESFE| CHHLHM plasmid
o 22|

2001, 2002A% AARE Qo A] MG ARE FxtZ HE]
EE Salmonella W& FolA ampicillin, chloramphenicol,
streptormnycin, sulfonamide, tetracyclineol] HA3-E Yehl= ohAlU
A 7% Salmonella Enteritidis SY9E A€sle o)5 tlAliA
FRARte] F2E Bt Aok TAAERAAS B9 g
plasmidel]] #1X)3h= 7357} B7] wTol] »A o] T2 plasmid
DA g}ﬁmg}q. °] #F= Fig 1914 BE AXY B4

plasmidZ Z+i YAk 2efA o]5 AU §AAE @

plasmid ol AEA, BT B4 plasmid o] &5 Z2 &S
Ao EABR=A| T3] 98t SY9 TFellA fatﬂ plasmid
£ E coli DHSeo| §3AZsIS ZH2te) A4 @5 e R
74 AR ZFo 2 FHAYTE AEech 1 2 B
o] YA 2oz Hud A= EE, A ©E &
AR AdE YHHIFES B5F ampicillin, chloramphenicol,
streptomycin, sulfonamide, tetracycline®l] & WS el
Atk = 0% AU xR B4 plasmid $lol A3
AA| 3L 3 plasmid Aol EAIFE ERIEIAL o|5 LM

Fig. 1. Multi-drug resistance plasmid, pCAST2, isolated from
Salmonella Enteritidis SY9. AHindIll and KE327(6) were usde as
size marker. Lanes: 1, AHindIIl; 2, SY9 plasmid; 3, pCAST2; 4,
KE327.
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ZFE oF 40kb F719) plasmid® 2t YU M(Fig. 1), ©) THA
WA plasmidE pCAST22}F " 3}sich

Zgholl o8t LHM R XXte] MEL
PlasmidA] CHIWA F3AE AY3 Sl SY9 7572 ohAlY
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©]’d2] transconjugant 9] plasmid Y-S AN A3} 25 FA
T SY9 TF9 LA =, 40kbe THAINA  plasmid
pCAST2 ¥tk ohjg} Umx] TE plasmidEx 7 AE= =
AL & 5 AT o9 E. coli DHSa®) pCAST2 BAXSSE
(Fig. 1, lane 3)Z AFE3le] pCAST29] A2%-& 2AR Ay

pCAST29] APFL AT = UATKAE vAA). obn}
rifampin W43 E. coli RG488 TFE 4-§0 O 2 3} SY9 TF pCAST2= A EAd(self-transmissible) plasmide o}l 7154]
o HEgA1Z1 27, rifampin? THANY FAAE -3k A (mobilizable) plasmid¥ RAOZ AZtE} o= ¢o 2 ¢ 73]
Ay Z243t transconjugantE® BT ¢ YUk olE Holop & 4= & Zolt}h. HIE pCAST2 A= Aol fith
transconjugant®] ampicillin, chloramphenicol, streptomycin, sul- 3L SY9d] HAEYIE BEH, pCAST2= HAEsS AU
fonamide, tetracycline o ¥t AL SAAF=E S A7 U= AT rRRHAIR AZEE, AW A f32be] gt st
FAR FUAHAR WAA)D. &, FHACE 2% 1070 ZF 85 Bstn S 7 AZE) B 5 S Aotk

4 §AA7 APl el AHEAS =AY SA5he]

sul1 strA1 strB1 tetR1

ﬁmﬁ% salll > strA Y strB >— tetR >—< tetA

! «— ! D

strA2 strB2 tetR2 tetA2
— } pSY7K —
sac | 2.3kb sac | 4.7kb sac |

Fig. 2. Organization of the antibiotic resistance gene cluster and schematic presentation of primer binding sites within the genes sulll, strA, strB,
tetR and tet4 in 7 kb Sacl fragment of pCAST2. Arrows indicate primers used PCR for detection of antibiotic resistance gene cluster.

pCAST2

pKKTET7

SXTMO10

RSF1010

repB g repA i repA

oG
mobC mobA mobB
@m..y D= pLS88
sul ll StrA  AstrB
pMHSCS1
sulll catlll.  strA = Astn mobC mobA mobB
pMVSCS1

catll StrA ~ Astri

Fig. 3. Comparative analysis of structural organization of multi drug plasmids. The reading frame for genes involved in plasmid mobilization
(mobA, mobB, mob(), plasmid replication (repA, repB, repC), transposase (tmpA), sulfonamide resistance (sulll), streptomycin resistance (s#74,
strB), tetracycline resistance (tetA), tetracycline repression (tezR) and chloramphenicol resistance (cat4lll) are shown as arrows with the direction
of transcription indicated. The prefix 4 indicated trucated genes. Accession no. of each plasmid: pPKKTET7, AF497970; SXTMO10, AY034138;
RSF1010, M28829; pIG1, U57647; pL.S88, L23118; pMHSCS1, AJ249249; pMVSCS1, AJ319822.

rep
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UL {FEXLS] cloning

SGAWA plasmid pCAST2E ATEA Sacdo® A &5t
pUC19 vectord]] GA3}TL E. coli DH5e0 A E &} Zhzte]
FAAZ 215 AHuiR]o] =dsle] FAARAE KAEd) 2
3}, streptomycin, sulfonamide, tetracyclineol] Tl FAjoll WAL
A= ARY plasmidE EE3H3l, pSYIKE HWH3IFHTh
pSYTK plasmide= Saclol]l 2J8)] 4.7kbe} 23 kb2 HEEE 7kb
9} pCAST2 B -g Zka1 U} Fig. 2).

M LM FHXE EEe| I MEEM W 2=
pCAST28] 7kb Sacl THY @VIME EAHS B3

sulfonamide, streptomycin, tetracycline®] /3o &= sulll,

(A) sul ll - strA

sulll-strA-strB-tetR-tetA A28 303

strd, strB, tetR, tetd -RA7} putative transposase®}t A 6 71
o ORF7} aivte] Y2 wEl2 WjAs o] Qeol BRI Fig
2, Table 2). sulll-strA-strB-tetR-tetd gene cluster®] “+F= 7|&
ol R1H Shigella sonnei plasmid pKKTET7 (1) joll= o217}
] 80 = A3, pKKTET7 gene cluster}x ¢F7ke] xjol&
BAF3 ok pKKTET7 AME mpa #34E FAT 4= ¢l
AL (Fig. 3), teR, tetd TR TR}, R4} FHAL Alo]
o] GrIMEE 23 AolstdhAE vIAAl. I Fibrio
cholerge strain MO10 SXT element antibiotic resistance gene
(16), Mannheimia varigena plasmid pMVSCS1 (17), Pasteurella
multocida plasmid plG1 (12), Enterobacterial plasmid RSF1010
(20,23), Haemophilus ducreyi plasmid pLS88 (14) & tiHi-E-2

(B) StrA - strB

M1234567891011 121314 M M 1234567881011 121314 M

300

) tetR - tetB
M1234567891011121314M

F) strA - strB - tetR

M1234567891011 121314 M M12345678910 111213 14 M

400
(C) strB - tetR
M1234567891011 121314 M
850
(E) sul ll - strA - strB
1200
(G) StrB - tetR - tetA
M12345678910 1112 13 14 M
1600

1300

Fig. 4. PCR amplications generating fragment A, B, C, D, E, F, and G. Amplicons obtained with primers sul/l-strA2 (A), strA1-strB2 (B), strB1-
tetR2 (C), tetR1-tetA2 (D), sull-strB2 (E), strd I-tetR2 (F) and strB1-retA2 (G). Plasmid DNAs isolated from following strains were used as tem-
plates. Lanes: 1, pSY7K; 2, SY6; 3, SY7; 4, SY9; 5, SY15; 6, SY22; 7, SY25; 8, SY31; 9, SY32; 10, SY33; 11, SY35; 12, SY36; 13, SY37; 14,

SY40; M, sizemarter (100 bp ladder).
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tetR-tetd S RAAZE AT sulll-strd-strBS] F+25 HAFT
(Fig. 3). °15 WA #3219 Jg2 drdet g5olx HH3
o2 A3 sulfonamide, streptomycin, tetracycline, ampicil-
lin, chloramphenicol 52| A AME-(10)9] W=} pCAST27}

A3 = s WA FRAEe] S dEsojAa w3t
A AL & A= 78S AFdTE A A Gram
negative bacteria®ll 92l HA U= WAAREA ] =L vigS
vl Tk = putative transposase@} Al sulll, strd, strB,
tetR, tetd FAAZ o]Foj7 Fe ojzle] A BT A7
o, A4 A1) ot JslAe 4 5 i sy
o] £ 47t & 4 gl AL

sulll 232 2Fe & putative transposase®] FEH
Shigella flexneri®]  virulence plasmid pWRS501 IS1328 trans-
posase®}t 61%2] Aol AATH26). Sulfonamide] Aol &
4Bl sulll SRS 816 bp, streptomycin®l] W/gol) B3k
BARR= stra9)h sorB FRAAE 242 804 bp, 837 bpE 0] F1A
ARk 2L srd FRAS] FEAET sirB2) NAFES] T
A7} AAA Ao, 71El H24,25)H R ALY 29}
2o} REA0) A UErdT) seB F3A dRolle
resistance repression®l] AR rerR FAAS} tetracycline®] W
Ao BATR= tetd SRR DQAL tetR 2R A, E. coli
9] tetR A AH(accession no. AJ307714)%} HIEAS W C T
F-9of opm)=st 8 A|7F AA = AT

tetracycline

PCROI| 2] 8} sullI-strA-strB-tetR-tetA gene cluster?] EfX|

54 fFze] E4 e 2] wide 359 5, ¥4
IRl FoF TR 013% g ok, ohepa ‘jrmzi——i Ll
Al A AF5Ee A9, e 24, By, ¢y ¥ v
BEY FH ¥ 9.351'5‘—/\}"] ole 8% X]JJ_«] shtE f-83)
A o148 § AL ot} o] B W A EXHARE
ek ARt 32 433e] wiEGBAE 2ABME vlS &

F3lar f-83 A2 2 o]84E 4 Ak olof TR FEA
gte] G71AE B4 A8 E ZAE WARARY A5 wjddA
Z golgt 4= = primer (Fig. 2, Table 3)E A|33}Fe], 2001,
2002 Ao AHEXHo|A EEl3 sulfonamide, streptomycin
tetracyclineol] WS YeRlE 12 59 Arde}l 58 e
2, o159 WAFARAY FZ7} sulll-strA-strB-tetR-tetA gene
cluster 2 EA3H=A] BRI 271 /34 PCR & I 5IATH

Fig. 494 BE ZAXY 429 primer® PCRE 34T A
Aol A3 BE @F7) SY9 79 BUT e JERY
o} o]Z A Fu dm, ®e A9, JA4A WA, dFFHol
A}o)8Y Salmonella TWF7V sulll-strA-strB-tetR-tetd 7-%2] A=}
AL 7 UL-S PCRE ERIT 4= SUUTh ool M
B3 AU A o]F FRe vl dy EAsa
S vehfa o, o ¢ B 8 O 75E
’“—-i APSPH o] FHA T BXe g JRE S F
Aoz Azt A 1997 GRE 1999 G74A] S B A
Atake B3l Bel" 63759 Salmonella Typhimurium DT 104
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o B 5 98 Aol

A 54 9 B o) paFe Ry SBe Y 4%
Sol WAL, o13A) WA AR QrNES e 7
Zte] {§AAZRE Eo)Q  primert} probe® PCRI}
hybridization®] £]3F WARZHAE B9 & 4= = whe) /i
Holstth(15). B AFAME Salmonella Enteritidis SY9 7=
BE) cylll-strd-strB-tetR-tetd AR} R FZE AL W31
PCRE B34 ol 75 BRI + U= e 1’\]&9&‘1
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AAQ AR 848 FajA BT A7E A 7124}
B5E 82 IS AL E J|dET

= |
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ABSTRACT : Organization of Antibiotic Resistance Gene Cluster of Multi-Drug Plasmid in Clinically

Isolated Salmonella Enteritidis Strain

Seo-Youn Jung, Chang-Kyu Son', Kyung-Tak Kwak, Byung-chun Kim, and Wan Park*
(Department of Microbiology, College of Natural Sciences, Kyungpook National University,
Taegu 702-701, Korea, 'Kyungsangbuk-do Institute of Health and Environment, Taegu 702-702,

Korea)

Clinically isolated Salmonella Enteritidis strain has a multi drug resistance plasmid, which confers ampicillin,
chloramphe-nicol, sulfonamide, streptomycin and tetracycline, named pCAST2. We cloned a 7 kb Sacl fragment
of pCAST2 which has sulfonamide, streptomycin and tetracycline resistance genes. The 7 kb Sacl fragment
showed the organization of sulll-strA-strB-tetR-tetA gene cluster which is different from the other clusters
reported previously. In this study, we presented the method to detect this cluster by PCR analysis and showed that

this cluster was found in Salmonella strains occurred sporadically at Kyungpook province in 2002.



