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A tetracycline resistant Vibrio parahaemolyticus, capable of growing on TCBS medium
containing tetracycline, was isolated from cultivated fishes. A gene responsible for the
tetracycline resistance was cloned from chromosomal DNA of the V. parahaemolyticus strain
using Escherichia coli KAM3, which lacks major multi-drug efflux pumps (A acrB) as host cells.
The nucleotide sequence and homology analysis revealed an open reading frame (ORF) for
tetracycline resistance protein (TetB). In order to characterize the antibiotic resistance of TetB
originated from the V. parahaemolyticus strain, the gene was subcloned into plasmid pSTV28.
The resulting plasmid was designated as pSTVTetB and transformated into E. coli KAM3. E.
coli KAM3 cells harboring the recombinant plasmid pSTVTetB are able to grow on plates
containing tetracycline and oxytetracycline but not doxycycline, indicating that the tetB gene
confers the tetracycline- and oxytetracycline-resistance to the host cell.
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Introduction

Antibiotics are widely used in human, veterinary
medicine and fish farming for increasing production
or keeping them free from pathogens. As a result, the
emergence and spreading of drug resistance bacteria
has become a serious clinical issue in many countries.
Furthermore, drug contamination of aquatic environ-
ments has also become a growing concern due to
increasing drug-resistant genes which may affect
overall human health via the food chain (Kim et al.,
2007).

Tetracycline use in human and aquatic animals
over the last 50 yrs has influenced the appearance of
tetracycline resistance bacteria (Anderson and Sandra,
1994). In bacteria, there are three mechanisms of
tetracycline resistance which have been known to be
mediated by over 38 different tetracycline resistance
genes; ribosomal protection, efflux pump and inacti-
vating enzymes, (Pratt and Korolik, 2005; Roberts,
2005). Numerous studies have examined the distri-
bution of different fet genes encoding efflux pumps in
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various aquaculture environments (Depaola et al.,
1993; DePaola and Reberts, 1995; Schmidt et al.,
2001; Nonaka and Suzuki 2002; Teo et al., 2002; Jun
et al., 2007). However, there have been no unam-
biguous reports about the mechanism of the tetra-
cycline resistant. Therefore, studies related to in the
function of antibiotic resistant gene(s) or protein(s)
are urgently necessary to elucidate the mechanism of
tetracycline resistant at a molecular level.

Vibrio parahaemolyticus is one of the major food
poisoning bacteria in Korea (Kim, 2001). It has been
recently reported that over 97% of V. parahae-
molyticus strains isolated from aquaculture farms or
cultivated fishes exhibit some form of antibiotic
resistance (Kim, 2001). In this paper, we report on the
cloning and characteristics of a tetracycline resistant
gene from V. parahaemolyticus.

Materials and Methods
Isolation of tetracycline resistant bacteria
Tetracycline resistant Vibrio sp. was isolated to
culture on thiosulfate citrate bile salts sucrose (TCBS;
Difco, Sparks, MD, USA) containing 20 pg/mL of
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tetracycline. Isolates were further identified by an
APl 20E kit (BioMerieux SA, Mgrey-1’Etoile,
France).

Antibiotic sensitivity assay

Antibiotic-sensitivity of isolates was evaluated by
an agar diffusion assay on Muller Hinton (MH; Difco,
Sparks, MD, USA) agar with disc containing 10 pg
ampicillin (AM), 5 pg tetracycline (TC), 23.75 ug
trimethoprim-sulfamethoxazole (SXT), 1.25 ug tri-
methoprim (TMP), 10 pg streptomycin (S), 5 pg
chloramphenicol (C), 5 ug rifampin (RA), and 5 pg
nalidixic acid (NA). Zones of growth inhibition were
evaluated after overnight incubation according to
NCCLS guidelines (the National Committee for
Clinical Laboratory Standards, 2002).

Measurement of minimum inhibitory concentra-
tion

Measurement of minimum inhibitory concentration
(MIC) of antibiotics against the isolates was deter-
mined by the two-fold serial dilution method in MH
broth as described by the National Committee for
Clinical Laboratory Standards (2002). MIC was
defined as the lowest concentration of antibiotics that
inhibited visual growth after incubation at 37°C for
24 h and was performed in triplicates.

Cloning of a gene responsible for tetracycline re-
sistance

The isolated cells were cultured for 18 h at 30°C in
Tryptic Soy Broth (TSB; Difco, Sparks, MD, USA)
supplemented with 1% (w/v NaCl). Then, the culture
was collected and chromosomal DNA was prepared
using Accu-Prep Genomic DNA  Extraction Kit
(Bioneer, Dacjeon, Korea). The DNA was partially
digested with the restriction enzyme Sau3A41. DNA
fragments of about 2.0 kbp were separated and then
ligated into the BamH]I site of pSTV28 (Takara, Shiga,
Japan). Competent cells of Escherichia coli KAM3
(AacrB) were transformed with the ligated recom-
binant plasmids and then spread onto Luria-Bertani
(LB) agar plates containing chloramphenicol (15
pg/mL) and tetracycline (20 pg/mL). The plates
were incubated at 37°C for 3 days. One colony was
archived and plasmid was isolated from the candidate.
Plasmid DNA was used for restriction mapping and
sequencing. The nucleotide sequence of the inserted
DNA was determined by the dideoxy chain ter-
mination method (Sanger et al., 1977).

In order to sub-clone a gene encoding tetracycline
resistant protein (TetB), PCR was carried out using
two synthetic oligonucleotides based on the current

study to generate a BamHI restriction enzyme site:
(Forward) 5-CGGGATCCCGTTTACCACTCCCTAT
CAGTG-3', and (Reverse) 5-CGGGATCCCGCGG
AATAACATCATTTGGTG-3'. DNA was amplified
through 30 cycles of denaturation (94°C, 30 sec),
annealing (50°C, 30 sec), and polymerization (72°C,
60 sec). The PCR product was digested by BamHI
restriction enzyme and then ligated into pSTV28E,
which had been digested with BamH]I. The resulting
plasmid was designated as pSTVTetB and trans-
formed into E. coli KAM3 cells.

Results and Discussion

Isolation of tetracycline resistant ¥ parahae-
moliticus

The tetracycline resistant V. parahaemoliticus,
capable of growing on TCBS medium containing
tetracycline, was isolated from cultivated fishes and
identified (Table 1). Antibiotic resistance of each
isolated strain was evaluated as described in
Materials and Methods. As shown in Table 2, all
isolates exhibited tetracycline resistance. Among
them, V. parahaemolyticus 0854 showed antibiotic
resistance against not only tetracycline but also
rifampin, indicating that isolate 0854 may be a multi-
drug resistance bacteria (Table 2). The MIC of
tetracycline resistant isolates against tetracycline was
over 64 pg/mL (Table 3).

Cloning of a gene responsible for tetracycline re-
sistance

A gene responsible for tetracycline resistance was
cloned from the chromosomal DNA of V. parahae-
molyticus 0854 using E. coli KAM3, which lacks
major multi-drug efflux pumps (L acrB) as a host cell.
The obtained candidate recombinant plasmid enabled
E. coli KAM3 cells to grow in the presence of
tetracycline. The 2,018 bp DNA sequence analysis
revealed that it contained an open reading frame
(ORF) for tetracycline resistant protein TetB (Fig. 1).
DNA sequences was translated in the reading frame
(Fig. 1) and the putative product was compared, using
BLAST algorithm, with all publicly available protein
sequences contained in the nonredundant database.
Comparison of the deduced primary structure of TetB
with those of proteins present in the GenBank
database indicated that the greatest similarity was
with bacterial TetBs (Table 4). The putative TetB of
Photobacterium sp. TC21 (Furushita et al., 2003)
showed the highest similarity (99% identity)
throughout the entire sequence (Table 4). Many of the
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Table 1. Biochemical characteristics of tetracycline resistant Vibrio sp. isolates

Characteristics Results
L . . Strain Strain Strain Strain
Tests Active ingredients Reaction/enzymes 0854 1020 1021 9220
ONPG 2-nitrophenyl-gD- B-galactosidase ) } _
galactopyranoside (ortho nitrophenyl-gD-galactopyranosidase)
ADH L-arginine arginine dihydrolade - - - -
LDC L-lysine lysine decarboxylase + + + +
oDC L-omithine omithine decarboxylase + + + +
CIT trisodium citrate citrate utilization - - - -
H,.S sodium thiosulfate H,S produstion - - - -
URE urea urease - - - +
TDA L-tryptophane tryptophane deAminase - - + -
IND L-tryptophane indole production + + + +
VP sodium pyruvate acetoin production (Voges Proskauer) - - -

GEL Gelatin (bovine origin) gelatinase + - - -
GLU D-glucose fermentation/ oxidation (glucose) + + + +
MAN D-mannitol fermentation/ oxidation (mannitol) + + + -
INO inositol fermentation/ oxidation (inositol) - + - -
SOR D-sorbitol fermentation/ oxidation (sorbitol) - - - -
RHA L-rhamnose fermentation/ oxidation (rhamnose) - - - -
SAC D-sucrose fermentation/ oxidation (sucrose) - - - -
MEL D-melibiose fermentation/ oxidation (melibiose) - - - -
AMY amygdalin fermentation/ oxidation (amygdalin) - - - -
ARA L-arabinose fermentation/ oxidation (amygdalin) + + + +
OX oxidase test cytochrome-oxidase + + + +
NO, potassium nitrate NO, prodution + + - +
N> potassium nitrate reduction N, gas - - - -
MOB microscope motility + + + +
McC MacConkey medium growth + + + +
OF-F glucose (APl OF Medium) fermentation : under mineral oil + + + +
OF-O glucose (AP| OF Medium) oxidation : exposed to the air + + + +

Identification (%) with Vibrio parahaemolyticus 99.9 99.9 99.9 99.8

Tetracycline resistant Vibrio sp. was isolated on thiosulfate citrate bile salts sucrose (TCBS) containing 20
ug/mL of tetracycline. Isolates were identified by an API 20E kit. +, positive result; -, negative result.

Table 2. Antibiotic resistance pattern of tetracycline resistant Vibrio parahaemolyticus isolates

Strains AM TC SXT T™MP S C RA NA
0854 28 AG 26 18 14 22 AG 28
1020 10 AG 28 22 14 22 22 30
1021 30 AG 30 18 14 22 22 30
9220 AG AG 22 18 12 16 20 28

Antibiotic-sensitivity of isolates was evaluated by an agar diffusion assay on Muller Hinton agar with disc
containing each antibiotic. The numbers indicate the diameter of clear zone (mm). AG, no inhibition; AM,
ampicillin (10 pg); TC, tetracycline (5 pg); SXT, trimethoprim-sulfamethoxazole (23.75 ug); TMP,
trimethoprim (1.25 pg); S, streptomycin (10 pg); C, chloramphenicol (5 ng); RA, rifampin (5 pg); NA, nalidixic

acid (5 pg).

Table 3. Minimum inhibitory concentration of tetra-
cycline resistant Vibrio parahaemolyticus isolates

Strains Tetracycline (ug/mL)
0854 64
1020 128
1021 128
9220 64

bacterial TetB registered in the GenBank database

also showed similar levels of identity (99%) to the
TetB of V. parahaemolyticus 0854 (Table 4).

Characterization of the cloned fetB gene

In order to clucidate the mechanism of antibiotic
resistance caused by TetB, it was sub-cloned into
plasmid pSTV28. The tetB gene was amplified by
PCR using the VP-tetBF and VP-tetBR primer set
and the amplified PCR product was expected to be
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1 GATCT TOCAAT A AN G AT AMAATUOO0CACA D TGAGTCATATATACAT TCTCTAGTCAMACCTTGT TOECATARMAACCUTAATTGAT TTTOGAGAGT TTCATACT
121 QT T TG AT GTA L TARATGTACT T T TS TOCATOCGATACT TAGTAMECACATCTAMCT TT TACIGT TATTACGTAMAATCTTCOCACCTTTOOCCTTCTARAG
241 AAMAGTAGT AT T A T A CATC AR TG T AN G TG AAA GO T TATT T T TTACATOOCARTACATGTARC TACTC TACACCTACC TTCTRBA0GAGTT
361 T TG TAM T TOGAT TG T AT AN AT T TARTRCC T TANTCACTTTACTTT TATCTARTCTAGRCATCAT TART TOCTAAT T T TGT TROCACTCTATCATY
481 CATAGAGTTATTTTACCACTOUCTATCAGTGATAGNGAAAAGTGAN/ TG/ ART/AGT / TOG/ACA/ ARG ATC/GCA/ TTG/ GTAVATT /ACG/ TTA/CTC/GAT/COC/ATG/GE/A

MNS STK J ALY IT LLD AMG

582 TT/QC/CTT/ATG/ATG/CON GG/ TTG/CCAVACG/ TTAVTTAVOGT/GAA TT/ATT/GCT/ TOG/GAA/GAT/ ATC/GCT/ AG/CAC/ TTT/GRC/GTAY TTG/CTT/QCA/C
6L I MPVLPTLLREFIASED!IANHFGVY LLA
672 TT/TAT/Q0G/TTAVATG/CAG/GTT/ATC/ TTT/QCT AXCT/ TaG/CTT /A AMA TG TCT /GAC/ CGA QT /0 00 00V GTG/CTG/ TTG/ TG/ TGV TTAVATAG
LYAL MQVIF AP WLGKMS DRFGRRPY LLLSL
782 QG/GCA/TTT/ TOG/CTG/GAT/TAC TTA/ TG/ CTG/CT/TTT/TCAVAGT /G0G/ CTT/ TOG/ATG/ CTG/ AT/ TTA/GEC/CGT/ TIG/CTT/ TCA/ G/ ATG/ ACAIGVG
IF'6A SLDYLLLAFS SALWMLY LGRL LSG!ITE®G
852 CT/ACT/CR/ACT,/ GG/ 0G/CCA/ TO/GTC/ ATT/GOG/GAT/ACT/AG TCAVECT/ TCT/CAN O/ GTG/ AAG/ TR/ TG/ BT/ TOG/ TTAVGXS/AVAGT/TTT/G
ATGA VAAS VI ADT TSASQRVK WFGW¥¥ LGASTEF
A2 C/CTT/QGT/TTAYATAVGOG/ G5/ CCT/ATT/ATT /GG /GGT/TTT/GOA G GAG/ATT/ TCA/QOG/CAT/AGT/QCC/ T/ TTT/ATC/ G/ GO/ TIG/CTAVAAT/A
GLGLIAGPI!I 1 GGFAGEI SPHSPFFITAALLN
1082 TT/GIC/ACT/TTC/CIT/GIG/GTT/ATG/TTT/TaG/ TTC/OGT/GAAACC/ AN/ART/ACA/GGT /GAT/ART ACA/GAT/ AL/ GA GTAY GG/ GI T/GAG/ A/ CA/ T
' VT F LVVYMFWFRET KNTRDODNTDT EVGEGVETA

1122 CG/AAT/TOG/GTAY TAC/ ATC/ACT/TTA/TTT /A KOG/ ATG/ QOG/ATT/ TG/ TTG/ATT/ATT/TAT/ YT/ TCA/GUG/GAA TTG/ ATA/ G/ CAAVATT/QOC/CCAVA
SNSV YT TLFKTHRPILLITYFSAGLLEIGQ | PA

1212 O/GTG/ TOG/GTG/ CTA/ TTT/ACC/ GAAAT /CGT/ TTT /A T/ AT/ AGC/ ATG/ ATG/GTT/GOC/ T/ TCA/ TTAVGOG/GT /GTT /GGT/CTT/ TTA/CAC/TCA/G
TVWVLFTENA AFGWNSMHMMVYVGEGFS LAGLGLLHS
1302 TAVTTC/CAN GG/ TTT/ GG/ GCAVCGAVAGA ATA/ GG ACT/ A TR/ G0/ AN/ AMY ACG/ GCA/GTA CTG/CTC /GG T/ AT/ COAVGAT/AGT/AGT /AT
VFQAFVAGRIAT KWGEKTAY LLGFI!I ADSSA
132 TT/COG/TTT/TTAVGOG/TTT/ATAV TCT/GAAGT/ O/ TIAVGTT/TTC/CCT/GTT/ TTAVATT/ TTAY TYG/CCT /T /GT /GG ATC/ GCT/TIA/QCT/GCA/TIAC
FAFLAFI SEGWLY FPY LITLLAGG GLALPAL
AR G/ CLAVGTG/ ATG/ TCT/ ATC/ CAA ACA ARG AT /AT /CAG/ CAN T /GT/ TTAVCAG/ QA TTAY TTG/GTG/ACC/CTT/ ARG/ AT /GOA A/ GGT/GIT/ATT/G
QGVMSIQTKS HQQ@GALQGLL VSLNNAT GV
1572 CC/OCA/ TIA/CTG/ TTT/GCT/GTT/ATT/TAT/ AT /CAT/ TCA/CTAVCCA/ATT / TOG/GAT /GG TOG/ATT /T ATT/ATT /T /Y TA/OG/ T/ TAC/TGT/ATT/A
GPLLFAVIYNHS LPIWDG WI WI Lt GLAFYGC|
1662 TT/ATC/CTG/CTA/ TOG/ AT/ A TTC/ ATG/ TTAVACC/ CCT/CAA LT/ CAG/ GG/ AGT/ A CAG/ GG/ ACA AGT /LT TAG/ TTATTTCGTCACCARATGATGTTAT
' LLSMTFMLTPQAQ GS KQETSA
1713 TOO AT ATARTCACOC TC T TaAT AN CCAGACCAT T TACGATAMAGAAGAT TTACC T TCAMTAMACTATCTATTTTATT TATCT T TCAAGCTCARTAMAACOAG
1013 GR AN AT AT TGOOCTT T T TTATORE ANGCTCT TT TAGST TT TTOCATGT AT TAOGATATACATAMCACCATTGAGTAAGT TT TTANGCACATCATCATCATANCLTTT
A3 AGTTAGTICICTTZATC

Fig. 1. Nucleotide sequences of the inserted DNA containing a gene responsible for tetracycline resistance. The
deduced amino acid sequences of the tetracycline resistant gene, zetB, are indicated under the nucleotide
sequences. The DNA sequence is numbered on the left.

Table 4. Homology analysis of the tetracycline resistance protein (TetB) of Vibrio parahaemolyticus 0854

Strains Protein Homology (%} Accession No.
Photobacterium sp. TC21 tetracycline resistance protein 99 BAC67134
Photobacterium sp. TC33 tetracycline resistance protein 99 BACG7137
Vibrio sp. TC68 tetracycline resistance protein 99 BACB7141
Serratia marcescens tetracycline resistance protein 99 NP_941291
Escherichia coli tetracycline resistance protein 99 YP_001096450
Haemophilus parasuis tetracycline resistance protein 99 YP_195816

Table 5. Antibiotic resistance profiles of the tetracycline resistance protein (TetB)

Minimum inhibitory concentration (ug/mL)

Strains
Tetracycline Oxytetracycline Doxycycline
Vibrio parahaemolyticus 0854 128 32 16
Escherichia coli KAM3/pSTV28 <4 <4 <4

E. coli KAM3/pSTVTetB 64 32 <4
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e 1.200 bp

Fig. 2. PCR products of the tetB gene containing
BamH I endonuclease sites. M, 100 bp plus DNA
ladder (Bioneer, Korea); lane 1, tetB of Vibrio
parahaemolyticus 0854.

about 1,200 bp (Fig. 2). The amplified DNA was
digested with BamHI and then ligated into pSTV28
as described in Materials and Methods. The resulting
plasmid was designated as pSTVTetB and trans-
formated into E. coli KAM3 cells. The £. coli KAM3
cells harboring recombinant plasmid pSTVTetB are
able to grow in MH medium containing tetracycline
and oxytetracycline but not doxycycline, indicating
that the TetB gene originated from V. parahae-
molyticus 0854 confers its tetracycline- and oxyte-
tracycline-resistance to host cells (Table 5).
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