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Trimethoprim Resistance by Class I Integron in
Vibrio parahaemolyticus from a Fish Farm
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A trimethoprim resistant Vibrio parahaemolyticus, which cause acute gastroenteritis in humans, was isolated
from farmed fish and seawater. The resistance profiles of isolated V. parahaemolyticus and their correlation
with mobile elements were investigated. All of the V. parahaemolyticus were resistance to both rifampin
and trimethoprim. The presence of class 1 integron was confirmed by PCR. PCR-amplified inserted gene
cassettes contained aminoglycoside aac6-1I, rifampin arr-3 and trimethoprim dfrA427 resistance genes. This
study indicated that class 1 integron mainly contributed to the circulation of trimethoprim resistance

determinants in V. parahaemolyticus.
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A FTAZ  dihydrofolateE  tetra-
hydrofolate® -1 A]7]+= dihydrofolate reductase (DHFR, df)
of dgagS s, FEAXINE Jas vXA G,
Alelr AeF o2 Al 196295 AT 2E5e]
A g0l ARgE o]t} 18] AT sulfonamide?} sl AFS=t
ol OB R o]5 o] g3 WiaHe] &Y, Hy, &
g oz 5o X de o]&51 vt

2001; Navia et al., 2004).

A 712 LA wimethoprimoll thEr Skt WAl 714
2 F= efflux pumpol] 2% £33} Algh, £ EA 24 W3l
ol sleu, 7P duba] uiAd g5 7131 gifr At
ofst A §-2121e] X)ghe]th (Huovinen et al,, 1995). Df-f-
HAAE mobile element@ 221 plasmid, transposon
integron¥} 22 FH A7} 7153 DNA %0 £y o]
A=, ©]1E5 mobile element™ Al WA f-4x1e] gt
o3l gAY QIRE A A UTH (Warren et al., 1999;
Lau and Ingham, 2001).

Integron- AFA) o] A2 zb QA AT integrase S ©]
&t ot FF9 oA AAR] transposon (Tn) E&
insertion sequence (IS)°l] A=l ¢4 7FAH integrond]

oA
35 Eoll= 5 conserved segment (5°-CS), 3HF Eoll& 3°-CS
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7} A8k}, 3 5°-CSol= integrase AL intl9} cassette”}
AN A= H-Y anl L promoter (Pt 101 315l AYH
WA ozt BE-e 288 4 A0t Integron integrase 7
Zpo] A7 E AbsAlel Wl 1~V class integron &% #-7
W TR class [ integron?] &5 3°-CSellv 43} ARF
B3 WA FAAY 2889 gacEAIH sulfonamide WA
A2} sulle] At} (Hall and Collis, 1995; Recchia and Hall,
1995; Fluit and Schmitz, 1999; Rosser and Young, 1999).
17t} 71=e] B SollX {eld= Escherichia
coli (Jeong et al., 2005), Klebsiella pneumoniae (Kim et al.,
2005)9} Zdl} YJAMT Q] Vibrio cholerae (Dalsqaard et al.,
1999; 2000) 5ol EAF ) o|F ATFNA T gene
cassette G 4o AAH A U= di-FA (Fluit and Schmitz,
1999) €9l 23] trimethoprim Wdo] UEldT= Hile Bo
U V. parahaemolyticusll B3 A ALY HAEF Aot}
Trimethoprim-2 44H8-0. 2 = AR&-&Fo] 1] A= BAW
Oh et al. (2008)0] -F-&uhe} Falt Aol 7oA Eelg v
parahaemolyticus A trimethoprim W doll #odsk= R plasmid
pVPBW1<S K 118}91.0.M R plasmid §-44} 9]9] thE o]5A
o1ztel &E UG-t &4 7hsdS Al7)sk stk
ol¥dt HiE ofF AT & AbgbAelA v
parahaemolyticus7t A&84 02 YA o =EH A}, THF
B e @ AEAN I S FrdEe A WA
TEFHY A&L 53 UAAAE AY s 49 et
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Table 1. Vibrio parahaemolyticus used in this study

No. Stains Source Area Year

1 050916 Paralichthys olivaceus  Wando 2005

2 050926 Paralichthys olivaceus ~ Wando 2005

3 050927 Paralichthys olivaceus  Wando 2005

4 050930 Paralichthys olivaceus Wando 2005
SMH Y AI™

A A

A4d A3 Acar and Goldstein (1991)9] Tj=1
SAVES S8tel Agaldth AR PAA Hade
ampicillin (10 #g/disk), chloramphenicol (5 rg/disk), nalidixic
acid (30 1g/disk), rifampin (5 xg/disk), streptomycin (10 zg /disk),
tetracycline (5 rg/disk), sulfamethoxazole/trimethopenem (23.75/
125 pg/disk), trimethoprim (5 ug/disk) 5 8% (BBL, BBL, Becton
Dickinson, Sparks, USA)A} A &8 AF&-3I T} 344 tj~=
7} 225 Miiller hinton agar (Merck, Germany) %2 35T
A, 16-18A13F M S ok 9] oA (inhibition zone)<]
2712 354 AE WEEHAY.

MR DNAS| 22
A DNAS] 2= Hopwood et al. (1985) WS W33}
o] AlE3EFITE #FE 35CAA 18217 v %dF T 20,000xg
oA 3087 AR FASE XoW TEG (25 mM
Tris-HCl, 50 mM glucose, 10 mM EDTA, pH 8.0) $=gHo =2
13 &g & lysozyme (2 mg/mL), 10% sodium dodecy! sulfate
(Merck, Germany, SDS) B3} phenol:chlorform:isoamy
alcohol (25:24:1)& AHH O E Aeldte] FPHLS A}
o] A7 Holl RNaseA (200 mg/mL)2} proteinase K (50 mg/mL)

E A 3;2 phenol:chlorform:isoamy alcoholZ 2 2] €] 3}t
SNeee Arhstel RHAA AAH DNAS B5sach

Class | integrone| EHA
Class 1 integron®] 48 93} class I integron PCR

R B TR R

Hh-g-ofl ARS8 ke (5-TCAGCACATGCGTGTAAATCGT
CG-3)3 93k (5-ATGAAAACCGCCTCTGCGCCGT TAC
-3’} primer<= Bito and Susani (1994)2] ¥y el| whel A 2Hsts]
Tk PCR HF&-2 0.5 «L (2.5 U) Taq polymerase, 5 «L Taq
polymerase buffer (x10), 1 £L2] 10 mM dNTP, 39 zI. dH,O°]
20 pmol2] Z} primer 2 219} 25 ng 38 DNAE H7lsie
23 & 9SS 94TColl A 587 WA o5 60T
oA 1837} annealingdF & 72°CollA 1823F polymerization A
7= AL 30 cyclesZ AAISIA T
PCR 2HE 2918 913 W 7|98 2 0.8% agarose gelol 1
¢L2] 6xloading buffer (Bioneer, Korea)?} #2]3} plasmid 5
(LE EFEA 100 voltol A 1412 B<F WA 7] L ethidium
bromide (Sigma-aldrich, USA, ©]8} EtBr) (0.5 z#L/mL)& 2
2 2087 AA35tS  transilluminator (High performance
ultraviolet transilluminator, USA)ol A 213}t

Gene cassette Z=A}

Integron W 2] gene cassetted =AM}/ 9381 PCR HHg-ol
A3k kel (5°-TCATGGCTTGTTATGACTGT-3)8} 45t
3F (5'-GTAGGGCTTATTATGCACG-3") primer= White et al.
(2003)°] e et A=t PCR §H8-2 0.5 4L (2.5
U) Taq polymerase, 5 xL Taq polymerase buffer (x10), 1 xL<]
10 mM dNTP, 39 xL dH,0°) 20 pmol2] Z} primer 2 #L<}
25 ng % DNAE H7fste] & £9% § vhe-HE 94ColA
SEZF WA o] 60CollA] 127F annealingdt & 72C

ol A 187} polymerization A7) A= 30 cyclesZ A5}
o} PCR 2HE 918 913 Ar1d52 479 Wil 53t
A A s

PCR A& Ez24 gl

FZg PCR AHES F2Y 3171 A8t Wizard SV Gel
and PCR Clean-Up system kit (Promega, USA)E A}-8-3}¢]
PCR &S AGASIF o TA 29SS AAE7] st
pGEM-T Easy Vector System kit (Promega, USA)E ©]-83}%
o TA E29¢ 48 3& V2] AXs| F E coli DHS @
FHAAEAZ 0111 plasmid extraction kit
(Bioneer, Koreays Al&-&te] HAASFZHEY plasmidE 5
Z3l9u. o)gA 2y plasmldA FIIMES EAM% &
NCBI A #%9%= BLAST (http:/blast.ncbi.nim.nih.gov
/blast.cgh)E ©]-&3te] F5dE AlstATh

ATIMY E

competent cell®]]

[

7Eﬂj'_|- al 7
Felm e MK LR
Oh et al. (2008)2 2005 d8ieF ol F k) AdiA
trimethoprim®] th3ll =& WS Yehl= V. parahaemolyticus
S5TFE BEstden olg dFE F V. parahaemolyticus
05091979l A trimethoprim®l] WAdell #dsl= R plasmid?)
pVPBWIE |8t 1 A4S 798t Basidet. & A
Tl WA 4ol gk WAZIRS Atz dat
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Al WA frzre] kel B8l integron®] RA-H-5-
AFEEATE,

Ao AR AY TFEe FAA WA S Table
20 YERNRITE. V. parahaemolyticus 050916 T
sulfamethoxazole/trimethopenem, rifampin, nalidixic acid =
trimethoprim®ll, V. parahaemolyticus 050926 T ampicillin,
sulfamethoxazole/trimethopenem, rifampin 2 trimethoprimol],

il

£

V. parahaemolyticus 050927 TS~ ampicillin, streptomycin,
sulfamethoxazole/trimethopenem, rifampin 2 trimethoprimol|,
1931 V. parahaemolyticus 050930 T+ ampicillin, rifampin
2 trimethoprim®l A WAS YERA T, o)l & 55
< EF trimethoprim 2 rifampin  WA-S 7HA 3 1ot
oE FAA ) g W AES FFERY vA Aol E
YER] AT

Table 2. Antibiotic resistance patten of trimethoprim resistant
Vibrio parahaemolyticus isolates

Strain AM” S SXT RA C TE NA TMP

050916 122 11 AG AG 28 12 AG AG
050926 AG” 14 AG AG 10 28 24 AG
050927 AG 8 AG AG 12 28 26 AG
050930 AG 12 24 AG 10 28 26 AG

1)AM, Ampicillin; S, Streptomycin; SXT, Sulfamethoxazole/
trimethopenem; RA, Rifampin; C, Chloramphenicol; TE,
Tetracycline; NA, Nalidixic acid; TMP, Trimethoprim.
?The numbers indicate the diameter of clear zone (mm).
YAG, no inhibition.

M 1 2 3

2,000
1,600
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800
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Fig. 1. Agarose gel electrophoresis pattern of the amplicons
of partial integrase gene and gene cassettes. M, 100 bp DNA
ladder; 1, Partial integrase gene; 2, gene cassette groups [ ;
3, gene cassette groups II.

Vibrio parahaemolyficus®| class | integron &5

Trimethoprim®ll W42 YelN= V. parahaemolyticus T
59 YWAAAS a5l $8HY integron Bofr -5 FAL
3ttt PCRS 38 A3}, V. parahaemolvticus 4047 X579
A g w=o] pCR AHES FR1E F AT (Fig. 1) ©]
PCR AFE-0] integron?1 A& &<15}7] 93} pGEM-T vector
o F2Yd T dA7|xE BAE AAska

BEA3 32 471440 dist 4sA 232 Table 300
ERAATE Integrone integrase AR @71AE A3E/dol
w2} 1~IV class integron® 2 5% =H V. parahaemolyticus
47l 4 gelE PCR V22 Escherichia coli strain 1387
9 Pseudomonas aeruginosa strain B3 754 1% class
I integrase A3 AL} 99% A E 4L 7MAE AR YRS
W, A A A Shigella flexneri 59 Salmonella enterica
Paranphi A T500x4 8918 class [ integrase F- ARSI 99%
9] AEAS e o]|RACE Kol V. parahaemolyticus
4757} A AL e AL B class [ ol £3h= integron©] ™
Az DNAU] 4= e AoE FHHUT

Dalsqaard et al. (1999; 2000)> W EY F#| T} 2x}ol A
B2 Vibrio cholerae O13 Bl 9] 24 € SA A Z}7)
Az o2 A8t 0 Vibrio cholerae TFEZHE class
I integrons WA38e] B u8$).0.H, Ceccarelli et al. (2006)
o ormgatol A BEld  Vibrio  parahaemolyticusl A
trimethoprim®l] WAl #AJsl= grals A L= ol
)& class I integrong W18} T Class | integron- Vibrio
£2E A ATl A Bt ofde} FulAld el £
Abgolnt 7] X R == Escherichia coli (Jeong
et al., 2005), Klebsiella pneumoniae (Kim et al., 2005), Shigella
spp. (Iversen et al., 2003), Salmonella spp. (Zhang et al., 2004)°l
Az ZAE 7] i o]& AdEe] 7/HAL U= FAA
YA AEo] gt AAAT F Pl V. parahaemolyticus
2 dolgjo] tpekdt Ao WA 7HE Vs Aol Tk
& 4 ok F, S3A fFaEs B feEle el
Azl e} B el e AlTEY A U 5
agla s AT R WA He] 7 del tied
A77F AAHCZE o]Fojxol & Ao AR HA.

Table 3. Homology analysis of the class I integrase gene
of Vibrio parahaemolyticus isolates

Homology Accession

Strain Gene (%) o,

Escherichia coli strain 1387 Class I integrase 99 EUG75686

Pseudomonas aeruginosa strain B3 Class [ integrase 99 EU588392

Enterobacter aerogenes plasmid i FJ00
4895

OYMG-8 Class I integrase 99

Shigella flexneri 5 Class I integrase 99 DQ923619

Salmonella enterica Paratyphi A Class 1 integrase 99 AM412236
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Table 4. Homology analysis of the aminoglycoside
6'-N-acetyltransferase (aac6-11) gene located in 0.8 kb
fragment of Group I

Homology Accession

Strain Protein(gene)

(%) no.
Pseudomonas aminoglycoside 6'-
aeruginosa strain N-acetyltransferase (aac6-Il) 100 EUB86980
pacd43
Acinetobacter aminoglycoside 6'-

100 EF127959

baumannii K43 N-acetyltransferase (aac6-1II)

Aeromonas aminoglycoside 6'-

hydrophila N-acefyltransferase (2ac6-1I) 100 DQAs93182
Klebsiella aminoglycoside 6'-

pneumoniae N-acetyltransferase (aacé-1I) 100 DQg02344
Salmonella

enterica subsp. aminoglycoside 6'-
enferica serovar N-acetyltransferase (aac6-II)
Typhi

100 AY123251

V. parahaemolyticus2] dass | integron LHS| gene cassettes

V. parahaemolyticus 43077} 7FR|= class I integron W <]
gene cassettes % 2Ol trimethoprim Aol BFodsts FAAAL
7t A Ee] JeA A58-E 2A8kAt 2 A3 Fig 1914
gl &  Fol T 1gow FHo| Hed p
parahaemolyticus 0509167 A= Group 1 9] T3 F
70 08 B 1.5 kbp)ye] DHE] FA=UL U] Al #5olM
= B Group Mol si33l= dhte] T (1.5 kbp)Th 915
itk

ol= @HE) oJudt FAA WAABA FAREC) 13
o] A=AE &5l 9atd pGEM-T vectoro] 238 &
F71ME G st A5 A4S dAsyt o AR,
0.8 kbp @ ol = ofu|:=F g A o] = (aminoglycoside) 7]

e
o
>

Y AIQ] gentamicinoll W Adoll B3l aminoglycoside
6'-N-acetyltransferase T3] qacs- L7} AR H o] Y-&o) T
QIHE A=, o aac6-1 FARE= Pseudomonas aeruginosa
strain pae943 R Kiebsiella pneumoniae® R1H aac6-T H2
2k8F 100%9] 45488 7Fg0] &8ttt (Table 4).
Group 1T & TollA &AL 15 kbp THHY AFEAE AL
A7, 15 kbp T Woll= FrHe] FAA HAAATE AP
o] AATh WA rifampin WAl TSz A QRS
rifampin ADP-ribosylating transferase® <1 A3} S8 =4
arr-37F A E o] AAEY, o] a3 FAAE Klebsiella
preumoniae strain Kpl B Vibrio cholerae non-01/mon-0139
5ol BaE g3 FHA) 22 AEAE Y ® OE
WARJNAZE trimethoprim W/Ado) #edskE dihydrofolate
reductases {1 A)BHE dhd27 AL AdE ol ddlon
Klebsiella pneumoniae R Escherichia coli strain 13879 4] B2
H dirA27 FAAS SdFe] FAR1E AT} (Table 5, 6).
gHA, Ceccarelli et al. (2006) Vibrio parahaemolyticus<)
class 1 integron 9] gene cassettes %3 G oll+= trimethoprim
Aol Bofshe didls A 2359 gtk Bs)

$.2.9, Fluit and Schmitz (1999)-2 trimethoprimol #o] &}+=
WA AR dfrds, dfid7, dfrdl2, dfrAlS, dfrBI, dfiB2 %
dfrB37} class 1 integrontl 9] gene cassettes % ol A &=
ATk B0 Eo

ol’de] AAZ Table 79l )3t Ve AT, Trimethoprim
o el =& A& HebA V. parahaemolyticus &d-5+ FH
A DNAW S 150 2= class 1 integron Wol) &4 31
drd27 F-AA 28] trimethoprimol EF WA& B4-8ke
RO gjlEglon, olg FFE0| 7FAL U class |
integron W ol & trimethoprim 430l Beddh= 1A} B vk o
Z gentamicin® rifampin W/3o] Bdste AAERE Tghdof
Aol AUt

Table 5. Homology analysis of rifampin ADP-ribosylating
transferase (arr-3) gene located in 1.5 kb fragment of group
I and O

Homology Accession
(%) no.

100 EJ459817

Strain Protein(gene)

Kilebsiella pneumoniae Rifampin ADP-ribosylating
strain Kp1 transferase (arr-3)
Vibrio cholerae Rifampin ADP-ribosylating

non-C1/non-0139 transferase (ar~-3) % EU678897

Acinetobacter junii  Rifampin ADP-ribosylating
strain BDC0O7 transferase (arr-3) % EUGB6387
Acinetobacter Rifampin ADP-ribosylating

baumannii 509107 transferase (arr-3) % EU340416

Escherichia coli strain Rifampin ADP-ribosylating

DR22806 transferase (arr-3) b EF415651

Table 6. Homology analysis of dihydrofolate reductase (df#427)
gene located in 1.5 kb fragment of group 1 and 1

Homology Accession
(%) no.

Strain Gene

Dihydrofolate reductase

Klebsiella pneumoniae 100 FJ976724

(dfrA27)
Vibrio cholerae Dihydrofolate reductase
non-01/non-0139 (dfrA27) 100 EUs78897

Escherichia coli strain  Dihydrofolate reductase

100  EUB75686

1387 (dfrA27)
i |

Kluyvera ascorhata Dlhydrof((:;rfzge)ductase 99 EU495238
i |

Aeromonas hydrophila D'hyd’°‘2‘z,fri\e2;e)d”°tase 97 FM877476

Table 7. Relationships between amplicon size, resistance

genes and resistance patterns found within Vibrio

parahaemolyticus isolates

Groups Patter_n of Resistance gene  Type of resistance Strain
amplicon

I 08 15kbp aac6-1I, a3, dffA27 SXT-RA-NA-TMP 050916

I 1.5 kbp arr-3, dffA27 AM-SXT-RA-TMP 050926
I 1.5 kbp arr-3, dffA27 AM-S-SXT-RA-TMP 050927
o 1.5 kbp arr-3, dfrA27 AM-RA-TMP 050930
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