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Expanded potential of multiplex PCR to discriminate six different tet genes in a single reaction was con-
firmed using the cloned plasmids as targets genes, even applicable for the nucleic acid contained six differ-
ent tet genes as a pool. Clearly, six different lengths of amplicons after multiplex PCR using the mixture of
cloned-plasmids of six different tet genes as templates alowed us to discriminate the specific types of tet
genes. With this method, we determined the distribution of tet genes utilized in the microorganisms present
in the environments of the marine-aquatic farms of Korea. The frequency of tetracycline (Tc) resistant bac-
teria present in the seawater, sediment and net was 6.7%, 24.4% and 30.7%, respectively. Interestingly, it
was found that these isolates resistant to tetracycline were utilizing relatively restricted tet genes, tet (B) and
(C), rather than various tet genes. It is the first report described the proportion of Tc resistant bacteria with
analysis of the specific tet genesin the bacteriaisolated from the aquatic farms.

Key words: Tetracycline resistant genes, Multiplex PCR, Marine-environment, Korea, Aquatic farms

L sfato]l B gole] AR FAeM HelHe ZA, ol WAde] EAEA, 1Y
A e ST B, AR AR Fol 5 kel AR IE e ol wA7E A7
o % FHotst B AEHA 2918 Tk A HIL Slof Al AHe] ARl B oEes
A2 Aol BAEE Zrbela Q7] Wi AL & AA oItk (Aoki, 1989; Kim and Aoki,
A O] ARG o/ A ot 1993, H ok A, 1994).
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o] WAool WA sHA =AUtk 53] Hekton &
(1995) oxytetracycline (OTC), oxolinic acid
(OA)5<] oFE©] 180~230 0] At Tl 3
& Ao 2R/ gdste] AW =2 WA
79 X 7FsAE AA AR $-2vate]
735 oA AAAQ] A7t wEg Aotk o
T AAIF R s S sl ate]ol Al i
== Ao OTC WA RliEe] A5k AR
= (Ervik et al., 1994; Kerry et al., 1994; Schmit et
al., 2000), 2.5]7 Erolol gk Zlo] vl A 2}
AlatAl o] FAX AL Q= Aotk (McPhearson
et al., 1991; Spanggard et al., 1993; Vaughan et al..,
1996).

Chopra-s (2001)> Thst 579 tetgene &
o] B osjjqtojol] wWAEe] F yElE FIL
A= I ATl energy-dependent efflux
Wi 712l A+ tet (A), (B), (C), (D), (B) 2L
23 (G)F°] ol Txgthal B yatqi) 18
1} o]x 9] tet gene HE0l g Al AFollA =
tet probesE #1215} hybridization©.2 WA
Aol FRE IRlsks Wyol HEAANE
(Depeola et al., 1988; Marshall et al., 1983; Lee et
al., 1993), ol&f gk W A3 o] EigstH
Al7Zko] Bol AHlEnE @il Utk HT &
AFHNME 2 deelld 2% Edward-
sedlatarda (E. tarda) 1Al YERI= tet gene o] &
I 2o e A AE s (unet
al., 2004). 1t W2 oAl T2 7hsAdo] 9l
= FEvEr A FHOA B E s ok
9 TeWA PAESAAE g tet gene©l
AL AEA gk A2 o} o] Fof A
| 23UT.

B Ao A= Thst tet gene ol T3k Ebe)
+=5 senseprimeret 2H2He] tet genedll specific
primersg A2F$t & single PCR3Z multiplex
PCR& ©]&ste] 11 7= 43 A4 A%
o) W 5S4 stAt efick 1 g &
AZA ket tet (A), (B), (C), (D), (B) 28]
(G) T 659 tetgene® ZF-E| 72t Al Ao]

M o
H

N

K

9
ol
Foh
e

28] - AY=

o] BB DNAE plasmidol] doningdt & o]
templates= A3}, multiplex PCR2] A &
b 84S IRlskath =g -
S el FH 373 el A mAET
Wads veille WAde Blsd 9
B primesE o83t o5 YA
ol 7KL e WA F2A types FAH L
2 ZAbskseh

R
¢

o~

vy 5
wetw vigEsts nAE 7
FZX=Z Escherichia coli (E. coli)
C600 R222, E. coli HB101 pPT3, E. coli C600
pJA8122, 18] 1 E. coli HB101 pBR322S -9
Hhol Age] iF HFE 0838192, E. tarda
RE13} Aeromonas hydrophila (A. hydrophila) HA
TF= otdldl 7" WHOZ tet genes
coningstel AT sl AFEAY Y FF
Gl FAAe] d7IMgel te E4e 9
=] 3heq, o] el B tet (A)<} (E) typest 5

FAE Y F BRI ol LA,

NESR L

s 7golrfe] WAdwxE =AM f18] 2003
' 59 delleh i) s rhEE FAE 4L
ZHE dol T 23 netd] A=,
vt FHO2REH 10em Ho] AFS 77} A
& ¥ 7 samplesE pool & Ste] A2 ARE-SH
Stk ol FAR 43 T 232 °F 10941 OTC

£ AY oS 95t T8 vl oy E e
231 F 297 AAE ARES 7]150] (1]
o 7} 2329] FAel A AF 50 + 12gC] =9
Ee} (Sebagtes schlegdi) 4vta]e] A E2S
7

b2k #3 F 7 samples pool 2 3to] AR



2] vet dafj a7 FRe] BESAolEd WAl UEh= tet genes®] T 1711

ez 2

===

a7, A4, net®] F2=+ 0.15 M phosphate
buffered sdine (PBS, pH 7.2) 9589102 10u)
A @A 345 & 5149 10 m-e 045 i (pore
size) membrane filterol] &A1 A, filteroll A
ATFS 1% NaCl 71 TSAH]RA] (STSA)SH OTC
(10 ug/mf)e] H7Fel STSAHNA] S| FH 3} F215]

Mze 33

OTC 10 wg/mee] Z7Fe wiAlol|A 247] th&
NEZHE Uehd colonyE FERR FH sk
oA = EEe F colonye] HEjE A3
Gram 4, 183 TCBS CC, GSP 359 Ad
Hj Ao A o] S RE Rl g § APl 20E kit
<2} APl 20NE kit (BloMeneux s, France) 2 F=

=5 3tk o] agar plaes 25ColA 2427 FASITH
v Fet & 747ke] platedl A A2k colony+E <t
olte] WA WS wES 7 Atk 23 Primer MZAH doning
EEHE Sl 98 AR I TL05055 2] U wmed lagaS 2 3ol POR S
mee] 0.15M PBS ¢hg-&-oell ABAIA 248l a4 s19e o) TeUA EFFFE5REH &
Ok Ul Rimol ek A= Sk §4T W g8t =17)9) amplicono] A 5 g}ci pa
o= o=t tet genedll E-©14 <1 primersE MACAW program
(Verson 2.0.5, Nationa Center for Biotechnology
Table 1. Primersused in thisstudy
B ) Primer Product
Origin of the prototype  Oligo . . .
Gene Primer sequence (5C t03C) Position Size
tet gene name
(bp) (bp)
tet(A) RE1 from E. tarda TAF AATTCTGAGCACTGTCGCG 27~45
TARL ACAGCCCGTCAGGAAATT 534~517 387
TAR2 AATGCAGAATGCCAAATG 778~760 752
tet(B) R222 from E. coli TBF GACAAAGATCGCATTGGTA 12~30
TBR1 TGAAAGCAAACGGCCTAA 318~301 171
TBR2 CCATCATGCTATTCCATCC 736~718 725
tet(C) pBR322 from E. coli TCF TATCGTCCATTCCGACAGC 102~120
TCR1 CGTGCAAGATTCCGAATA 778~761 631
TCR2 AACGTTTGGTGGCGGGA 820~804 719
tet(D) pPT3 from E. coli TDF ATATCTCCCGGAAGCGGAT 96~114
TDR1 CCAGAGGTTTAAGCAGTGT 631~613 484
TDR2 GACAGTGGCCGGGATCTG 685~667 590
tet(E) HAfromA. hydrophila TER CGCACTGTGATGATGGCA 7~24
TER1 ATGTGTCCTGGATTCCT 393~-377 246
TER2 AGCAAGTCCTTGAAACAG 795~778 789
tet(G) pJA8122fromE. coli TGF GCTTGTGCCAGCAGAGCAG 96-~114
TGR1 ATGCCAACACCCCCGGCG 950~933 803
TGR2 CTTGTTACTGCTGACATT 990~973 895
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1000 bp
500 bp

Fg. 1. Agarose gd dectrophoresis the cloned tet genesin
pUC18 plasmid cut with EcoR 1. Lane 1, E. tarda REL tet
(A); lane 2, E. cali C600 tet (B); lane 3, E. coli HB101
pBR322 tet (C); lane 4, E. coli HB101 pPT3 tet (D); lane5,
A hydrophila HA tet (E); lane 6, E. coli C600 pJA8122 tet
(G); M, 100 bp DNA ladder.

Information, Nationa Institues of Hedlth, Bethesda,
MD, USA)ell A1 2] tet gene dignment Z5-€] A =+
stk A4 == amplicons®] < 7)<}
primers (TAR2, TBR2, TCR2, TDR2, TER2,
TGR2) 2] 7} tet geneollA19] $IX= Table 101

713k th 7+ tet gene templateZ F-E A E
amplicon< Prep-A-Gene DNA purification kit
(Bio-Rad Laboratories, Hercules, CA, USA)E A}

£3le] AA A 0™, A DNA= TOPO-TA
Cloning Kit (Invitrogen Co., Carlshad, CA, USA)
= o]&3ted puC18el coning A1t Alkdine
Iysis(Kado and Liu, 1981) & AHg-3t>] plasmid
23k & TOPO-TA cIonlng/\] A A = o X =
EcoR 1 siteE ol&ate] Hehate] Hts o
cloning® amplicon> 71t =7]2] DNA frag-
ment 1= SRISHALL (Fig. 1), & A7l AFE-E
tet gene E-°] primers=4 (Table 1) tet gene2]
type= EHlak3ich

PCR1} Multiplex PCR

69| tet genes= cloningdt 7+ plasmid= E.
coli HB1019] transformationS A7 & (,
1993), akaline lyssH& AME-ste] H2]5k Y,
Tc WA isolates] tota nucleic acid ¥-2]= Chen
7 Kuo (1993) ol wstrh #2ld 77}
plasmidsE= &1Fe] pool 2 E%Fale] 7} tet gene

S 333k plasmide] H%7F 05ug/mé ©] =7
s . =H]¥ plasmids pool 2} total nucleic acid
A PCR & multlplex PCR®] template=
*F’”l skt tet gene®] 1S #13F LRF PCRY
2 Yoo 5 (2003)¢] ® %'..ﬂoﬂ upe}t Als)skel
Multiplex PCRAI A= 659 tet gene Z}2}oll spe-
cificgdr 6701 antisense primers (TARL, TBR1,
TCR1, TDR1, TER1, TGR1) ¢} 6%-2] tet gene°ll
A Yeh= el consarved H-9191 TETF (5 -
GCGCTNTATGCGTTGATGCA-3 , tet (A)2] 9
A0 7 148~168)S sense primers &35t
AHE-3E 2. W, amplification cydeS PCR3} £
&7 &tk PCR A3 &2 0.5ue/m¢ EtBr (ethid-
ium bromide)e] Z71E 1% agarose gel “doll A
0.5XTAE buffer (40 mM Tris—acetate 1 mM ED-
TA) o]&3le] A AETE AT & , UV (ul-
travlolet) Sl Al LehE bandsE #ESk] =
Z o5 gelstdth

tet genetype2| =E TAt

OTC7F Z7Fd wiA|l A A& colony&
50~10071 A4 = # 3} TSBoﬂ &8l 25T
A 18~24A117F wiek3t & totd nucleic acidS #
glate] ofg FolZQl primers °ol&s AW
PCR3} multiplex PCRE 918+ template® ©]-8-3}
Atk PCR 2H=2 05ug/ml EtBro] H7He 1%
agaroe gl & TAE bufferoll A A719%S AA|
gk & tetgened] = SIS

rv

2 1

Multiplex PCR2| &8
Host cell ol A cloning ¥ tet gene & 73t
Z7+9] plasmidZt 5L copyTE ZHA 371
23t 7t tet genetemplateZ H-E BT FARSE
=71¢] amplicone] A4 = 4 A= primer
(TAR2-TGR2) (Table 1)E ©]&-3}] PCRS 1A
st zhzhe] A E amplicong puUC18ell



M 1 2 3 4 5 6 M

Fig. 2. Agarose gdl eectrophoresis of the PCR products
from cloned tet genesin pUC18 plasmid with asingle set of
tet gene primer. Lane 1, tet (A); lane 2, tet (B); lane 3, tet
(C); lane 4, tet (D); lane 5, tet (E); lane 6, tet (G); M, 100 bp
DNA ladder.

1000 bp
500 bp

100 bp

Fig. 3. Agarose gel dectrophoresis of amplicons generated
by multiplex PCR with mixed primer sets to mixture of
eech different pUC18 plasmids carrying different tet gene.
Lanel, tet (B), tet (E) and tet (A); lane 2, tet (B), tet (E) and
tet (D); lane 3, tet (A), tet (D) and tet (C); lane 4, tet (A), tet
(C) and tet (G); lane 5, tet (B), tet (E), tet (A) and tet (D);
lane 6, tet (E), tet (A), tet (D) and tet (C); line 7, tet (A), tet
(D), tet (C) and tet (G); line 8, tet (B), tet (E), tet (A), tet (D)
andtet (C); line9, tet (B), tet (E), tet (A), tet (D), tet (C) and
tet (G); M, 100 bp DNA ladder.

W o] HEgrte]Z WAl A UEh = tet genes®] X 173

cloning 3} tt (Fig. 1).

A3 7] o2 tet gene & 3 659
plasmid= transformantsZ -8 #2] 3 $ pool
2 3t ARG siith 1213 6%9] tet genes©l
z+= conserved region® 2 H-E A 2E TETFS}
7}7+e] tet genedll 5-o]Z <l primers (TARL,
TBR1, TCR1, TDR1, TERL, TGR1)Z 3h}&E
sted & sto] primers ©]83t 7} tet genell
5ol Uil PCRS AAIH 23} amplicon?]
717} tet gene®] typeol] wet &S] FHEEE,
tet (A) (387 bp), tet (B) (171 bp), tet (C) (631 bp),
tet (D) (484 bp), tet (E) (246 bp) 121 tet (G)
(803bp)<! A= I = ATt (Fig. 2). &
¥ plasmidE templae® st multi-templatel]
gk multi-primer] 23, = 6% 9] template®} 6
%] primers AREste] Huje] FE¥, = 671

o] 72}7] B ZolE 7k amplicons AxA}
stk 1 A3 74 #-A1eH DNA homology S

Zk= 39 templaes =9t 4958 67 A
o] templates S A7HA BE A9
A FElgE 5ol¥ bandE 1T F Qo]
multiplex PCRe] A&} B8 187 &8
Aol 7 A& plasmidE template= A-8-slo] X
ot P&t g1 AAT (Fig. 3).

QUAEN FH o D|MENM TR HIE &M
o FelRe| I3

Table 2. Proportion of OTC resgtant bacteriain marine agquatic environment of Korea

% of OTC resistant Numbers of % of each tet gene
Samples

isolates isolates tet (B) tet (C)

Seawater of farm 6.7 50 80 20

Sediment 24.4 25 % 4

Net 30.7 25 100 0

Intestine of rockfish (a) 283 25 100 0

Intestine of rockfish (b) 0.25 50 92 8

* Rockfish (a) : OTC trestment before 1 week of sampling

* Rockfish (b) : no antibioticstrestment before 3 months of sampling
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Folg A APE ANEE BT A,
FAG FH AFAAE 6.7%, A =
24.4% 12]3 net] FAREAA = 30.7%<]
WA RIEE Bk I8 A ES] 24
oA, WA FAAE FoIetA k> P9
ZHEeo A Uehve Al Alellxe] WA
T RlEs 025%S o PAAIE FAE A
do] o gl A Uehte gl Aol A9
WA HeE 2.83%=2 e} SR 9] ARE-
I} 7] Al Aol Al veh= WA vl
TE 9SS A WA dSE BAFUH
(Table 2).

TcLHM 0| &8t tet genetype?] X ZTA}

717] 2 AEEHE FeEE AT Z R E
total nucleic acidg 2|3t ¥ ©|& template=
o]-83] multiplex PCRS AAIg2ZH 7 AR
ZRE et TellAdd2 oush typed tet
geneS ©]&3t AEAE EAATE SHE
A BE AgdA vehd Teld+ o>
tetracycline resistant determinant £ tet (B)S ©]-&
sl e AL 1 = AT ojH g Al
¥ tet gene ©]-8-> THF3 species®] Tc WA 3i
Tl BFollA FEAR AR YR 1
HER A FHe Tell A sl mlAE2 tet
(B)et (O, 7+ +74 W FHaxE dF=EA
o]§31L AL & F YA (Fig. 4).

M1 2 3 4 5 6 7 8 9

10 11 12

Fig. 4. Agarose gel dectrophoresis of amplicons generated
by multiplex PCR from the nucleic acids of oxytetracycline
resstance bacterias in marine aguetic environment. Lane 1,
2, tet (B); lane 3, tet (C); lane 4, 5, tet (B); lane 6, tet (C);
lane 7~12, tet (B); M, 100 bp DNA ladder.

&2l Akdell A E. tarda, Mbrio sp., Aeromonas
hydrophila, Pasteurella piscicida, Sreptococcus sp.
S Mg Ao R Qg A E42 Al7tst
™, A WS FE2 FAA olEse Aol
d dAgoltk shAINE Al 9] HE B 282
AT Ao Al Ao WS o
Aoz el o], oAl el 9507 4
W 25 olE S AL Atk

$2) Yl NE E tarda®) o5 394 A
oAl SRl el HEH BTt
wo] AT (sl 7, 1994 F 5., 1996), 2]
b el FU 87 Sol dE B 3
of vl UehtE Teudtel REt

L AHERIA], T3 Yot WAdstol ZheE
WA A7t type A2l TR/ tet genetypezr
o] A om gk AR = EA E o)A YA Tk
B Ao M= 7o) tet geneC ZHE| A
3l 37]9] PCRproductE AT 4= A= Eo)
A2l primersg A&+t & 7} tetgened] X A
F2HE £33 totd nudec acidS template®
ste] PCRS A5y, AAE amplicons
TOPO TA vectorell cloning~]# E. coli HB101
host cell ©ll transformationS- A A 5le] plasmidE
etk o)EA ¥ plasmidE2 7} tet
geneoll tate] A3} tet gene?] copy 9+ £
St host cell E2¢] g3 U= templae=A] 2
q9gS & IA Stk I 23 et (A), (B),
(©), (D), (B), 1812 (G) 652 U= tet genes
St A plasmidsE &3 multi tem-
plaesE ©]-&3F multiplex PCROIA1E tet gene 6
N B tigk PCR A ES dof, 17195
= 67119 318 band7t shke] laneol Al e
U= 2S5 skt (Fig. 3). 1822 & mul-
tiplex PCR & ThE A7 ool Al Hr} 3
A3 SEYHE U ¢ S ZolEE Hu
kst SHoA I AAE S BAEE Ax vl
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T Fa3% 4 Aotk

=4 tet (A), (B), (©), (D), (B), ZL&IAL ()&
7FA Zbzhe) AF2EE By total nu-
ceicacids E&ste] 3hte] pool = g F mul-
tiplex PCR2] template® ©]-8-3151<S ), tet gene
9] type E=+= chromosome/plasmid 54| location
o wE WA F=ke] copyT 2kl wiEQIA=
HetelA] FAT FA e totd nucleic acid
£ AHERE 27 tet geneoll Hisll, 5% PCR
&2 ztolg Hol 19 templaesE
ZAE A= SR 3FFel PCRAA =
S AL F UYL 479 templaesS &3t
Afrse

it

HN

= tetgene 4 Froll whet x}ol

(1993)4 Lee 5 (1993) —6}144 IHH#OM 3
7 o149 tet geneo] UERE A9t giSitia
B39 0= totd nucleic acidE ©]-&3te] s
Z9] Aol 7 tet genetype = A 3=t

B oA 73k multiplex PCREHS 24
st S o o] UE Zlolth 17l o]y
31 multiplex PCRH S oj2] ¥ PCRS 43} 3}
A 0}0}_‘7—_ %3 hybridizations} 72 E-313k 3}

| e

ot HEE AIA, FAA &4

=4 ? o= Aol vk
FHE e sFRAEAM A HFE
Agk A3 n 4 254 (30.7%) %
4 (244%)°14 7V =2 TCUAdwe] B2
Hol Folow, BHTOHHL mRL R
| Uebatth 222 A5 5 IR 3
T Folg ZyEEe] A AlgelMe] Ui
T W= 2.83%, PYAIE FoshA] 2 2
222 025%] WA WEE Be] JAAE
ot o 7t PAAE FoAsA B2 ofFel
Blate] 7 YERsTh Kerry 5 (1995)2] ATl
Ah Aol e oTCol Wk Wi wl&e] 26
87%= UEht & A Ase} ks &
A ANeH, sF BB BT sl £
;(H 3l= o]7) oko]Lo] A 9} BEA Ealx)
= @Adstel A ol SAdT= ek <

W o] HEgrte]Z WAl A UEh = tet genes®] X 175

AS F1E 4 ATt (Pusdl et al. 1996). 71

2|3, A3} nete] FA=AoA AR WA

o] M7} 24.4%, 30.7%%E Z 74 E{—ﬂ] et
= 74 0] HW&A

Ao TR/l mWepa Zol7p ' & JOeHE
ME AFAHOE 11 vES v ]E oHE
FE AUth

ol FWHoA E AFedA FAS AF9

speciesE API20ES} 20NES AMg-ate] ZAlsh
A3} 1 Z77F Mbrio sp. 7} 60-70% ©]4-2 &}
] 3F4L Enterobacter .9 Shewanella sp.7}t
20-30% “12] 3. A. hydrophila 7} ¢F 4-20%¢1 A
o2 JeEPgoy 11 =R A= u)9 A3
z—lo]\:q,j_ m-oﬂ 3 2= %= W\O 74 oz ;dEh;} (da.
tanot shown). =3k A|§7Fe] F813t A3
Aol Aol vEhAl @tk 1y o] Te
WA #E0] o853 Sl tetgene?] type tet
(B)St tet (C) 7709l FAAte =z yeht A4
g Y& FoA = ozt FY5kaL
th IARL ol \Mbrio . 71 tet (B) F-HAE
dominantst typeC = AME-EE A Aol 2
o gty 4 ¥t (Kimetal., 2007). 187 &
1) e AL alrst AlFolA W HEE
1A F AT A hydrophilait< =5 tet (C)&
ol-g3tal e Ag & F Ul H]E Ander-
=N 5 (199)2 s AFelA welE WA
= 1% A tel —;zﬂé}% tet genes AN
A3} tet (A), (B), (C), (D) 181 (E) 5<) thst
XS Bty HISPARE 2 A=
tet (B), (C)h= RIS = o] Aol& BT

JRe 2PN el HE AARS BHE A%
o} A Fwe] ARE UoR B AT
shel Aeleld vert RelAY Be® el
species7h A Aol Aol fdl S

TE AUth
HE B2 AFeXe Gram 53l F=2
Uehh= 659 tet genetypedl gk E47=



Z}7ro] 6% tet gene A 719 DNAZE
cloningdt ¥ plasmidsE ©]-&3le] multipex PCR
AAEt 6709 templateE E3 73-9-7HA
7ol FElgk 5ol4 bandE EU0T
2 il ey Y Oga &84

6.7%, A H ol A
X‘OMb 30.7%°] WA+t Hyom,
A E gt o Eere] ] Aol A9
3t ‘ﬂE‘: 2.83%, Wﬂzﬂ~ 3R] ke =
v B2k 0.25%2] AT RIEE EO% A
£ T3t {7 FAAE Fo

of Blgte] E=A Yebstth #2E 141 é
(B), tet (C)= &AT & Qlo] o] + &
Fol WA AR AFEA JEehds & F

/\}\ AR Tq—

=
Hes

INEPN:

B ATE YRR Fu5
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