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Quantitation of tet genes in the intestinal microflora of fish

So Hye Yoon

Department of Aquatic Life Medicine, The Graduate school,
Pukyong National University

Abstract

This study was investigated the proportion of tetracycline (Tc) resistant
bacteria with quantitative analysis of tetracycline resistance genes (tet
genes) in fish intestines. Proportion of antibiotic resistance bacteria of
ornamental fishes in Korea (20730%) appeared to be the lowest level
compared to that of other Asian countries (60765%). In case of cultured
marine fish, the Tc resistant proportion was. very low (10720%). And the
determination and distribution of fet genes in Tc resistant bacteria using
conventional multiplex PCR (multi PCR) | showed diverse tet genes in
ornamental fish but tet(B) showed mainly in marine fishes.

We reported here the development, validation and use of multiplex real-time
PCR (multi gPCR) for both detection and quantification of various efflux tet
genes,. tet(A), tet(B), tet(C), tet(D), tet(E) and tet(G), common in microflora
of aquatic environment by high use of tetracycline. For multi qPCR of this
study, two sets of DNA standards were prepared; purified 6 different
plasmids contain each specific tet gene and sample-derived tet gene

amplicons purified from multiPCR products using template DNA extracted



from microflora in samples. The multi qPCR assays with two different
standards, plasmid and amplicon, were significantly correlated in
quantification tet genes in fish stool DNA. And we sured that qPCR assay
used amplicon standard-degenerated primer had no difference with gPCR
assay used plasmid standard-specific primer in tet gene copy number. The
abundances of two tet gene groups (tet(A/C/G), tet(B/D/E)) parted
according to their homologies were determined by comparing with sum of
the tet genes quantified with degenerated primer sets separately. In imported
ornamental fish, abundance of tet(A/C/G) was higher than tet(B/D/E) and it
was opposed in domestic ornamental fish. In marine fish, tet(B/D/E) was
higher than the other group, constantly, independent of fish species. We also
examined the relationship between the frequency of Tc resistance colonies
on the conventional agar plate and abundances analyzed by qPCR. These
two assays for tet gene load in Tc resistant bacteria  also significantly
correlated each other, and evidenced the potential of qPCR for determination
of the load of Tc resistant bacteria with involved tet gene in the microflora

in aquatic environment.
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energy-dependent efflux, =4 &34 Mol <93t  ribosomal
protection, PFA IO 2 g Ao 293k Tco E3AI3lo os] dojvf= Al
AR BEF Aot (Levy, 1992; Taylor&Chau, 1996; Chopra&Roberts,
200D). WA 71#ke] 546 wel Te WA #AA%= 2 /5 2ests
g efflux WA 713 7FA = tet genel Z tet(A), (B), (C), (D), (E),
(@), (H), (D, (J), (K), (L), (Y), (V), (Z), (30) 18] (31) T°] o,
A tet(33), (35), (38), (39) & F 2370 WA FAA7F &
7HR Aoz 9ra At} Ribosomal protection®] 74 $-= tet(M), (0), (S),

7%

rlo
o

(W), (Q), (T), (32) 1g]aL (36) 5 11 £7F7F A3l enzymatice tet(X)
7F = Ao g2 48 A Unknown tet gene 9l tet(U)7}A] E3slH =
387kA1 o Te WA 327 EAst= Ao 2 W xtt (Roberts, 2005).
V& Te A A9 tet gene 7+ Aol we tfA 2ol 7t A
7k (Roberts, 1989; Roberts et al, 1990), BF-#2] gram 4 Altol=
tet(A), tet(B), tet(C), tet(D), tet(E) 2 tet(G)e] 6%& ] major typee] U
a2 Fxsiths Aol Baig vk ¢ltd (Chopra & Roberts, 2001).
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(Depaola et al., 1988; Marshall et al, 1983; Lee et al., 1993), ©]&]3sh
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1-1. 7 A

TUA B E AEH 7] 918 20061 11l A 2007 9L el o]

E7HA E 7
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gt £9m waolE W Tt Bl disl YT
oA 9xel, Ftat Bl A 27k kel AA AR, Fu
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ol Selvter B71melA sk W Fehl 2 3ae A5

(e} =

ol
-

Atk FUAE satel ) A ¢ 20068 12l A 2007 9L A %2

)

4 %2] o]F Rock bream (Oplegnathus fasciatus)oll ©3slo] 4x14,
Red sea bream (Pagrus major)ell tW3Fe 3zk#], Olive Flounder
(Paralichthys olivaceus)= 2*}d] 18] 3. Sea bream (Acanthopagrus
schlegelii)ol] W3t 3¢ W=7 313t} (Table 1).



Tablel. Tested ornamental fishes and marine cultured fishes in this

experiment.
Country Names of fishes Body weight (g)
Rock bream (Oplegnathus fasciatus) 30 £ 20
Marine Red sea bream (Pagrus major) 40 £20
Cultured Korea
fishes Flounder (Paralichthys olivaceus) 50 £ 20
Black sea bream (Acanthopagrus schlegelii) 40 =10
Korea Pearl gourami (Trichogaster leeri)
Ornamental Singapore Pearl gourami (Trichogaster leeri) L1,
fishes China Pearl gourami (Trichogaster leeri) '
Thailand Blue gourami (7richogaster trichopterus

sumatranus)




1-2. 3 A £4

AMEG T o7 AAE aiste] T84S Fd3 & FHAoR A
stool& HO a1, % 0.1g & 1X PBS °| #Este] 10-fold¥ 2|43}
Zy Al 3 A4S 045 um (pore size) membrane filter
(ADVANTEC, Japan)oll £3AA 1Ast9th Filtero]l 28 A< 1%
NaCl #7} TSA (Tryptic soy agar, Difco, USA) w]#| ¢} tetracycline
(Tc 16 pg/me)o]l 7 TSA® A o] ®Hol] F-2E =5 st =3 o
Fg AW A Te Wgdtol] wisto] zhzbe] Adenjxlo] wme 544
¢l Here ME Aosto] dE e - A8 Lactosed ol o
g F2 AMI Aot S Yt Enterobacteriaceae A ¥l A
¢l CC (Chromocult agar MERCK, Germany), 2zt =gk} x40 9]
Age Yell= Aeromonas spp.2t Pseudomonas spp. ¥ wjx]<l
GSP (MERCK, Germany) 18 il =@t 224 colonyE YEUE
Vibrio spp. ¥ Hlx]2d TCBS (Difco, USA) agar®t Z+2+e] Tc #7)
B2l efl i -2k dth o]2f gk agar plates 25Tl A 18724413t wj &3k

T Zk249) platedl M A&k colony S #Qlete] WA Hi&s WMEER

o 4 Be@ F PCR PO BHstGth £ oF J Y A
#Ee $AL Astel 9 b HY WA w Bao| wel API

20E test (Biomerieux, France)E E3lo] 4% #S 43



2. Conventional multiplex PCR amplification
2-1. Primer

tet(A), tet(B), tet(C), tet(D), tet(E), tet(G)= A (2003)2] <=+ol A
A2, multiplex PCR (multi PCR) Heoll A8 39 primers AM8-3}
9o Fig. 1, Table 2] YEFW T} Sense primer ¢! TETF primer: 6

N9l tet gene sequenceE Hlud ¥ 7} Eo| conserve o]

-
1

[e3]
2R

148bp ~ 168bp F-AZH-H #1235 At (degenerated primer).



0 100 200 300 400 500" 600 700 800 900 1000
Fig 1. NNustrated positions of primers used for multi PCR of fef genes.
(= : senseprimer, 4M : antisense primers)

1100

1200 1300 bp



Table 2. Expected sizes of various fef genes by multi PCR

tet genes  Oligomers name Primer sequence (5’ to 3”) Expected size
TETF GCGCTNTATGCGTTGATGCA
tet(A) TAR ACAGCCCGTCAGGAAATT 387 bp
tet(B) TBR TGAAAGCAAACGGCCTAA 171 bp
tet(C) TCR CGTGCAAGATTCCGAATA 631 bp
tef(D) TDR CCAGAGGTTTAAGCAGTGT 489 bp
tet(E) TER ATGTGTCCTGGATTCCT 246 bp
tet(G) TGR ATGCCAACACCCCCGGCG 803 bp

_10_



2-2. Total nucleic acid &g

The boiling method (Roberts et al., 1993)< o]&3}lo] total nucleic
acidg ettt Te 7F #H7kd WAl A A= colonyE F491= A
g 3lo] TSB (Tryptic soy broth, Difco, USA)ol HE3 & 25T ol A
1872471 7 vkt th vkl 1meS 12000rpmoll Al 10% HoF A4 &
g 3 3 A AL v g pelletS tHA] 1X PBS 1méell & E, 12000rpm
of ThAl 10% A4 23 tha A AE s A A Pellets TE
600plell @ESte] 95797TC <2 =olAl 10#7F heatingAl 7l & A AES

multi PCRS 93} template® ©] &3} t}.

2-3. Multiplex PCR

Heating 3t #23 DNAZ template® 8to] multi PCRS A A3+
t}. 10X PCR buffer 2u0, 200uMe] 22+l dANTP, 2uM<] sense primer
9} 1uMe] Z+Z+e] antisense primer, Tag DNA polymerase (Tag DNA
polymerase, Cosmo, Korea) % template 1S F7F3 3 distilled
water2 FZFN9  volumee] 207} F == Y. PCR EFg=&
Perkin-Elmer 2400 thermal cycler (Perkin—Elmer, Norwalk, CT, USA)
= AFE3Fe], 94T oA 387t pre-denaturation A7 &, 94ColA 30%
denaturation, 55 Cell 4] 30% annealing, 72Col A4 30% extension®] W&
S 30 cycle 38 3 3 72Col|A] 7H37F post-extension Al Z T PCR &
=% AEL 05xTAE buffer (40 mM Tris-acetate, 1 mM EDTA)S
A7195S At 3 do= st 05ug/ul EtBr (Ethinium Bromide)©]
A7tE 2% agarose gel (SeaKem®™ LE Agarose, CAMBREX Bio

-11 -



Science Rockland, Inc, USA) oA 7] dF3 F UV HE7
(Seoulin Scientific Co., Ltd., Korea)S ©]-&3}9], ultravioletdollA &

¥+ bande] ZolE ##s}Y] tet gened TFE S

3. Real-time PCR¢ E=¢

3-1. Primer A%

qPCRell AF&3t7] 8iA 6709 tet genes #HE3F7] 93 primers
A ZF3FA Tl Sense primers degenerated primer ¢! TETF2 sequence
Z oA 6719 tet genedll Z+zf 100% < *|3}= specific primer= A 2}35}
o™ antisense primeri= 6702} tet gene®] EF £ size® YEUE
£ 3}9] multiplex real-time PCR (multi gPCR)] A& & & A==
A 2SR, Primere] X4 =9 nucleotide- A 714 €2 Fig. 29+ Table 3
of YellAct. E3 F microfloras HAOE F= Ao oA
eubacterial 16s rDNAo°l t) 3t primer= &7 YERU LT}

-12 -



QTAF QTAR
tet(A) #
QTBF QTBR
tet(B) #
QTCF QTCR
tet(C) #
QTDF QTDR
tet(D) #
tet(E) #@EF r
QTGF QTGR
tet(G) #

| | | | | | |

0 100 200 300 400 500 600 bp

Fig. 2. Illustrated positions of primers used for the qPCR of zet genes.
( =) :senseprimer, 4mm : antisense primers)

_13_



Table 3. Oligonucleotide primers used for qPCR assays.

Target genes Oli;gac;r;ers Primer Sequence (5 to3") Expected size
tet(A) QTAF GCGCTGTATGCGTTGGTGCA
QTAR GTAGCCGGCGCTTATATTGCCGATATCA
te1(B) QTBF GCACTTTATGCGTTAATGCA
QTBR TGTCGCGGCATCGGTCATTGCCGATACC
QTCF GCGCTATATGCGTTGATGCA
£et(C) QTCR GTTGCTGGCGCCTATATCGCCGACATCA 220 bp
(et(D) QTDF GCGCTGTATGCGGTGATGCA
QTDR GTTGCGGCTTCGGTAGTGGCGGACAGCA
(el(E) QTEF GCGCTGTATGCAATGATGCA
QTER GTTGCAGCCTCAACAATTGCCGATGTCA
QTGF TCGCTCTATGCATTGATGCA
tet(G) QTGR GTAGCAGCCTCAACCATTGCCGATTCGA
16sF TCGCTCTATGCATTGATGCA
16s tDNA 467bp
16sR GTAGCAGCCTCAACCATTGCCGATTCGA

- 14 -



3-2. Stool DNA £3d

qPCRE 93 standard 2 template= AF&3t7] Y3 A7l2=2 g
Pl o] Aol Al & stool F 0.1ge stool DNA kit (AccuPrep”
Stool DNA extraction kit, Bioneer, Daejeon, Korea)S ©]-&3to] DNAZ
FZ3F9 . 20mg/ml 2] proteinase K 2009} lysis buffer 40005 3 7}s}
o] 60TColA 103 ¥H8 3+ & 12000rpmeoll A 53 A &2 & A
A microtubedl] %At} 400109 binding buffer A7} & thA] 60T ol
A 108 ¥ES skl W 5 isopropanol 100u40S ¥ il GtH] E column
tubeo] % Zt} Ethanols ©]-&3Fe] 2¥ washing 3 % 50u0% EB

bufferell &4 o=z &g s

o

3-3. Stool DNAE ©]|£ 3l primere 5olA

223k stool DNAE ©¢]83}9] conventional PCR¥} multiplex PCR&
A A&t WA conventional PCRE specific primersS AF&319) 0
10X PCR buffer 2x0, 200uMe] Z}Z+e] ANTP, 1uM* ] sense primer$}
antisense primer, Tag DNA polymerase (Tag DNA polymerase,
Cosmo, Korea)E #7135+ ¥ distilled water® & F 2] volume®e] 20x0
7} HEE Y. PCR =2 Perkin-Elmer 2400 thermal cycler
(Perkin-Elmer, Norwalk, CT, USA)E A}&3}e, 94TolA 3&3F
pre-denaturation A%l %, 94Col|A 30% denaturation, 55ColA 30%
annealing, 72 Col A 30% extensiond %3-S 35 cycle 3] 3 % 72T
oA T7HZF post-extension AlZth. Multiplex PCR-2 degenerated

primerE A& o 2-39] WHE Ko 35 cycle 3 s



A7 9FE T, UV HAE7]|E o] &3}, ultravioletdolA HEFH+=

3-4. Real-time PCR& ¢ 3 standard DNA A| &
3-4-1. Plasmid standard®] A%

A2 primerd] $1x]7F 23 €® 671 PCR A4 &2 PCR Purification
kit (Labopass' ™E& E3eo] AHA 8 = Al microtubed] %7 =, salt
solution 1xf, distilled water 4ux¢ —18]31 TOPO-TA Cloning vector
(Invitrogen Co., Carlsbad, CA, USA) 1S FH7}slo] A2dA 3087k
kS A| Zth thSol competent cell (E.coli DH5a-T1" OR) 5048 27}
3Fo] ice WollA 208-7F WES-A] 7] a2, 42C oAl 30%7F heat-shock A1
t}. Heat-shocke] &4 % HF=Z jcedl 273&ZF FAH7E SOC HiA&
2500 A7Vate], 37T A 9027k ' wieE AF T w2 X-Gal 40
vg/ml, Ampicillin 50ug/mle] 7} LB agar plated] Z&3lo] 24413+
Hj k&t Attt White colonyS 33t} Ampicilline 50pg/ml°] 78 LB
brothell &3 = 2447k vl 3 & Gene-all'™ plasmid SV mini kit

(General biosystem, Korea)E ©]-83}] plasmidE 2]t
3-4-2. Amplicon standard® A=

A7FEE BArolo] Ao B3 stool DNAS F3 o2 3to] 67]9

tet gene°ll W3t specific primerE ©]834 Z+7Zt single conventional

_16_



-

PCR& A4 3 % PCR S% AH&S PCR Purification kit

(Labopass'™& %3te] A A 3t}

3-4-3. Standard DNA®¢ A%

#=8" ¥ 7}A standard?l plasmid DNA¢} amplicon DNAZ
Picogreen (Quant-iT™ Picogreen® dsDNA Assay Kkit, Invitrogen,
USA)e. & A #slo] copy k< 24 8 F 1 x 10'-1 x 10 copies/ul %t

< 7HAES 10-fold 4 @A 3|435te] qPCR A&l 23 s

=2
M

-
A

9& 2= AFESA T (Yu et al, 2005).
3-5. Real-time PCR¢] & Z 3}

Plasmid standard®} amplicon standardE A}£-3l¢] sense primer=#4
TETF (degenerated primer)®} specific sense primers Z2}7F o]-&3}9]
2471 & 4789 set® qPCRES AAlsksiE olmel antisense primer=
L% specific antisense primerE ARE3IATE (Table 4). (PCRE 3}7]
f&l 10X buffer 20, 200uMe} Z+zke] dANTP, 1uMe] Z+2+e] primer,
Hot start Tag (HS prime Tag DNA polymerase, Genet Bio, Korea) %
templateZ=% F=3F stool DNA 1ng¥ 10-fold # 3]A % standard
sample2 Y2 & HEFAH o= EvaGreen (Biotium, Korea) 1uE 7}
sk & gPCR (Rotor-Gene 6000 series, Corbett Research, AUS)S 2 A
3ttt qPCRE 95T A 10%3F pre-denaturation A%l 5, 95T oA
10% denaturation, 55 C A4 15% annealing, 72 Cl 4] 20% extension®]
32 40 cycle =33FA T 40 cycleo] €% 3 72795TC oA 1T /sec?]

- 17 -



FE2 Tm (melting point) #= St B A9 39 1

jaii)
d
i

gl AL &2l 3 F plasmid standard®} amplicon standard L
?] 11 degenerated primer®} specific primer AF82] =polo] wpE 7}z
Cr value®} tet gene copy @< W] nL3}o] standard DNAS} primer =]
of wel EAsksit

_18_



Table 4. Arrangement and naming of 4 standard sets

used real-time PCR.

Primer
Standard Name
Sense-primer Antisense-primer
QTAF~QTGF ) )
) ) 3 QTAR~QTGR Plasmid-Specific (P-S)
Plasmid (specific primer)
DNA TETF !
’ QTAR~QTGR Plasmid-Degenerated (P-D)
(degenerated primer)
QTAF~QTGF 3 )
. 5 ' QTAR~QTGR Amplicon-Specific (A-S)
Amplicon (specific primer)
DNA TETF

QTAR~QTGR  Amplicon-Degenerated (A-D)

(degenerated primer)

_19_



4, 995F AW microflora number® 16s rDNA gene
copy &4 #A

o] AW 4 F microflora®] abundance”} culturable bacteria®] =<}
ofF FW Aol Te W4 Bl&3 242) ot GaAdAAES Lotz
skl
A A Edwardsiella tarda (E.tarda) &9 5% o] &34 10-fold= &
Al 323kl TSA #]#|ol smearste] 24A1%F 8] % counting 3T}
2o ko] Al¥FS High pure PCR template preparation kit (Roche,
USA)E o]&3le] DNAS #7 3 F 16s rDNA primerE A& 3}o]
gPCRS A A8ttt ojufo] A8 ¥ standarde= 9 A] amplicon standard
S AFste] AR&sA T ZF7Ee] 3A wiarddl m & counting number2t
16s rDNA gene®| copy #S <3 Ao YERHRA
T3 HI )79 Stool DNAEKE 16s rDNA 9 primer (Zucol et
al., 2006)5 ©]&3}o) amplicon standard= %= $ picogreen® & copy
s AA, 3-59 HHoZ gPCRE AAEH. T o & oF AU A
Tt filtration 23S T3l plateo| Al A= Ade] F+< qPCRES &3l
AEFE 16s rDNA F-&9] copy #tel ZHAAS FAsIATE o2 &
I 289 #3o], sjitoliF Al Tc HA T
tet gene copy S B ¥ 16s rDNAC copy #tol Hlddte] Y=

g &-§stait.

ol

A& multi gPCRS %
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5. Multiplex real-time PCR¢ &-&

5-1. tet gened 1§ 3}

2 ATl A= 6719 tet genes Al&stal GEstAl A &S] 95k
multiplex real-time PCR (multi qPCR) <& ZA &3I4t} tet(A)™ ()<
amino acid sequence homology®l we} tet(A), tet(C), tet(G) <} tet(B),
tet(D), tet(E)8] F+ 15 o= o] HAASHt (Allard et al., 1993). 6
7N tet gene 7+ amino acid sequence homology =}o]9} degenerated

primer®} specific primerzte] @714 <E zko]l & Table 50 YEF ST
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Table 5. Comparison of fef(A) through (E) and fe#(G) sequences.

tet gene Ol;i? Hﬂ?ﬁwwe Homology (%)

TETF GOGCTNTATGCGTTGATGCA -
teA)  QTAF  GOGCTGTATGCGTTGGTGCA (1) AL
te(C)  QICF  GOGCTATATGCGITGATGCA (0) gjﬁ ﬁ?gm ;‘Z(/g/ 2) SOL;)sls dgn]a;lty
teG) ~ QIGF  TCGCTCTATGCATTGATGCA (2) between
tefB)  QIBF  GCACTTTATGCGITAATGCA (2) tet( AIC/G)

and
D)  QIDF  GOGCTGTATGCGGIGATGCA(1)  55-60%identity among te(BI/E) ey B/IYE)
wfF)  QIEF  GOGCTGTATGCAATGATGCA (2)

a Number of nucleotide different with TETF (degenerated primer) sequence was considerated with the
exception of N site.
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5-2. Spiking test

Amplicon standardZ AF&3F multi gPCRe] AEA S stz
ok A7FEE #AoloA] EE3 stool DNAE Fd3 doz §hof,

10-fold 2= 7 343  amplicon standardel Z+Z 7} 3§he

degenerated primerE A}b&3te] qPCRS 2 3d3stth. PCRe A&
3-59} o amplification ¢] €% % spike 3k standard sample©l A
2 9] stool DNAC] gene copy #t= " * 1 < standard sample®]
A copy #H F&che HRE Aot AHE 23T (Yu et dl,

2005). Yot Tda WHoR A9 eubacterial 16s rDNA genes

ol

target> = 3+ primer (Table 3)& ©]&3dlo] spike A&S AAAT
Al 16s rDNA HES o] &35l amplicon standardES WE F o 7]
stool DNAE spike 3%tk gPCRS 3W whE Ad & gdAde 3l

BERI EFE BAE HE vk

5-3. Single qPCR¥} multi qPCR<e] A A

T OFo2 Uir 6719 tet gene & tet(A), tet(C), tet(G)E Z+7t
207 gPCRE AA e & ZAA = 3709 tet gene copy #= AH&A
o2 Y3At (Smith et al., 2004). Multi gPCR2 TETF 2uM= A&
3R 2L, 3719 antisense primerS 1pMA #H7}éle] 3-59] o2 2AA]
sko] 3709] tet genes AhEA o ® Tl copy # MluLEAT) tet(B),
tet(D), tet(E)= 919} 943 Wyoz AAsgn RE 2L 3H v

2 agste] AR e, Firgky wE AR A sk



5-4. AW AT tet FAAL] BFH 4

A3 Aol sjato]E A S E stool DNAES 283 & multi
gPCRE A A3t Amplicon standard - degenerated primerZS AR-&-3}h
Ao multi gPCRS 438 3 o, =7bd 1Elal ofF Fue

_'c'[);
Tc WA vl&o] wa Tc WA WA FdAE A

WL %45}
9tk PCRE 39 W 49 F A@4e 39, Jagst BF AE

E el
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1. o7 B AT £X

U Alrre] Te WA H&S dolr ol oM o7 FW Ade o
Gt AMeuizE F& 1 H&S dopr Ut (Fig. 3). 1 A YAk,
Al Bl mE A BAQle] 115 T 45 x 10" colony forming
units (cfu) 100mg ' stool A=l Ay AA AT 25 /1AL o

I FAANE GSP HjA| o A =gk 2 FA Heks A= Aeromonas

Y
4
lly
ftlo
=
o
[o
fru
>
d
—
N}
&
T
—t
D

Ls
il
1t
i
<
iR
A
rx
i)
2}
X
°
>,
=L,
Au)
T

=)
1
M
<o)
(S]]
X
o
o

(o3

1At (Table 6). 8i4koje] -9 A= (1.23+
10" cfu 100mg ' stoo)S A9 &, =&, dAAAE 492 ~ 5.
10° cfu 100mg ' stool =2 FAFofo] vla) <F 10v] = e At
S 7HA 3 ek =S d il B g R HekS WX Vibrio spp.l HF
o] 50%7} "W AH o2 Pseudomonas spp., Enterobacteriaceae 1
3l Aeromonas spp.7t W2 HIEE e @] FU M BE %
2ol & H ATt
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Fig. 3. Proportion of normal microflora in intestinal tract of imported and domestic fish. Pearl
Gourami cultured in Korea ( | ), Pearl Gourami imported from Singapore ( |1), Pearl Gourami,
China (1), Pearl Gourami, Thailand (1V), Red sea bream, Korea ( V'), Rock bream, Korea (VI),
Flounder, Korea (VI), Black sea bream, Korea(Vlll) were used.

( B : CC/TSA E:GSP/TSA []: TCBS/TSA)
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Table 6. Percentage of intestinal bacteria species in ornamental fish imported Singapore?

Species® % bacteria isolates from intestine

Citrobacter freundii 42.8

Aeromonas hydrophyla 26

Vibrio spp. 12

Klebsiella pneumoniae 9

Salmonella spp. 4.7

Pseudomonas spp. 2.3

Unknown 7

244 intestinal bacteria isolates were tested.
b [dentified by API 20E system.
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2. F FW AFe Tc WA Hl=

BAMEE, T 2 Hmol A FaE Bl Sk W], F4
fakol o] Al Aol vEhvE Te WA H&S Fig. 40 YERT
Felvetell A A | ' wdo] AW At A oF 20730%°] WA H
&o] YeRon o= ANER 60%, T 65%, Hl= 58%E YERA T
ofAlo} = 7ke]l F=dd wAdol AWl Al WA BlEd e w2
Aojth, ¥FE Te A Hl&= JA] A9 tiFEe] #5771 Z5F FYat
wFofell A 50% olde] ¥ Te Wds 7HAaL e 53] Terk A
b ¥ CC wiA| el A= Enterobacteriaceaes] Tc W7 Hl&o] 80%°l
ul 519 o}
ajitele] A AW Aol Te WA Hl&2 20727% = HlaF urokA|
T TCBS ®l Aol A &ehi= Vibrio spp.2] Tc WA Hl &2 Age] 29l
4% 9] #ito] F 53 553 AAFo] 50770% 7F e AS 23 5t
o BF 30%7F 9tk

it

g

N
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Fig. 4. Proportion of Tc resistant bacteria in the intestinal flora of fish on on TSAmedia and

various selective media. Pearl Gourami cultured in Korea (1), Pearl Gourami inported from

Singapore( |1, Pearl Gourari, China (111)

, Pearl Gourami, Thailand (1V), Rock bream,

Korea ( V), Red sea bream, Korea (1), Flounder, Korea (VII), Black sea bream, Korea(VIll) were
used. ( l :TSA(Tc)/ TSA B :C((Tc)/CC E: GSP(Te)/ GSP Bl : TCBY(Tc)/ TCBS)
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3. Tetracycline WA F3R X FA}

e WAook Fulil B, st E Yt e ® Te WA
Az BAS AASEATE Gram &7 Aol A Wol YEdTE fet(A),
tet(B), tet(C), tet(D), tet(E) 1283 tet(G)el a4 multi PCRE S &
al HEstaat slal vdd A7]e] PCR e A7ges &8 &
AT 4 ARt (Fig. 5). A7FEE b H FEv A= tet(A)7F 32.5%,
tet(D)7} 5%, tet(E)7} 25% 3L tet(B), tet(C), tet(G)= @502 3l
H A ekt vkl A= tet(A)7}F 5%, tet(D)7} 25%, tet(E)7F 20%,
a8la AGA tet(B), tet(C), tet(G)e ©G5o2 EA A ggton o]=
A7tEEAA #9482 TH S fARRE A4S BT FxddAE
tet(A)7} 50%, tet(B) tet(D)7} 3.3% A, tet(E)7} 6.6% = <
gupet WAoo Hla gYd Al fFHA dEsoR FlEioen
tet(G)= AZFHA FAh BFALTAFo] o] BG- tet(A)7} 7HE Wol &
=02 IAHNH tetB)o tetD7F G4 5%, 1%Z HAEHAH
(Table 7.). F 7FA o] WA #AAE [E3hst= v &2 H7FE=E 4
A7 7 =1, 1 FRE g #F HAow HA Te WA
T F 5% tet(A), tet(C), tet(E), tet(G), 4712 WA FHAE A
of 7FAaL 90+ multi-tet gene & A EH T, T AL H=A B3
of Ag 2709 WA FAAE JHAE #F7F 24 26%, 55% FEA A
370 ool WA FARE A E dFE TS gl FXx ko
B =22 A 2%t Al Bdole] A9 multi-tet gene®] B]&
of AAIL] 40% F=RomW 37 ol FAAE VM= dFE AE Y

A gkob F=3h fAbeE AE RATh
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gl akole] A tet(B)7) @R o® s Wol HE Hew, 3719 Tc
W Fraars ZhAs Aok dAle 20% Amel Aem sels gl
W tet(A) S} tet(B)e EZ3Fstal A AT (Table 8, 9).

olH gt AHNEFH 7} tet A Fd HIEE Table 109} 11 e}
WAtk #dole] A9 tet(A), tet(D), tet(E), tet(G)7F 2+ etz 74
HIHSHA glEom, A7FE=E AbolA 7H st /e g 74
27} vrebETh @Akl A9 6719) tet gene & tet(B)e] H]E(90%)o]
A o7 7} =gkt

B7rEEA FAR E e E Ui es vdd Te WA 57 7F
A= tet geneoll tslo] Lolr gkrh A8 X 2HEH A& Tc WA
of thate] multi PCR & AA|3t Z3} Enterobacteriaceaes latose 2
ol BAIGlol tet(A)St tet(D) 7}, Vibrio spp.2l 75 tet(B)e} tet(D)
7b 8 WA FAAR &9 A, GSP agaroll A =@ H2g e
W= Aeromonas spp.i= tet(A),(B),(D)7F FL& U FHAZ Yo
 z}FA S UElE Pseudomonas spp. A5 tet(A),(D),(G)E] H]

i

¢kl (Table 12715).

N
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100bp —»

Fig. 5. Agarose gel electrophoresis of amplicons generated by the multiplex PCR for
efflux fet genes. Lane 1~23 : Tc resistant bacteria isolated TSA containing Tc (1648/ml)
randomly, M : 100bp DNA ladder.
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Table 7. Proportion of Tc resistant bacterial isolates identified as a single fef gene.

Pearl Gourami, Pearl Gourami, Pearl Gourami, Blue Gourami, Marine Fish,

Korea Singapore China Thailand Korea

(40)? (80) 30) (40) (60)
tet(A) 5 325 50 30 0
tet(B) 0 0 38 12.5 25
te(C) 0 0 33 0 0
tet(D) 25 S 33 2.5 5
tet(E) 20 25 6.6 0 0
tet(G) 10 0 0 0 0

4 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes, domestic fresh water and marine fishes on TSA media with Tc 1648/ml.
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Table 8. Proportion of Tc resistant bacterial isolates identified as dual tef genes.

Pearl Gourami, Pearl Gourami, Pearl Gourami, Blue Gourami Marine Fish,

Korea Singapore China Thailand Korea

(40)? (80) (30) (40) (60)
tet(A), tet(B) 5 2.5 0 27.5 5
tet(A), tet(C) 0 10 0 5 0
tet(A), tet(D) 15 0 0 5 0
tet(A), tet(E) 0 12.5 0 25 0
tel(A), tet(G) 10 2.5 66 0 0
tet(B), tet(C) 0 0 0 s 5
tet(B), tet(D) 10 0 6.6 0 10
tet(B), tet(E) 0 0 0 0 40
tet(B), tet(G) 0 0 0 10
tet(C), tet(D) 0 0 0 5 0
tet(D), tet(E) 0 12.5 6.6 0
tet(D), tet(G) 0 0 6.6 0

2 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes, domestic fresh water and marine fishes on TSA media with Tc 1648/ml.
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Table 9. Proportion of Tc resistant bacteria isolates identified more than three zet genes.

Pearl Gourami,  Pearl Gourami, Pearl Gourami,  Blue Gourami, = Marine Fish,
Korea Singapore China Thailand Korea
(40) (80) 30) (40 (60)
tef(A), te(B), tef(C) 0 2.5 0 2.5 0
tet(A), tet(B), tet(D) 0 0 0 25 0
tet(A), tet(B), tet(E) 0 0 0 0 5
tet(A), tet(B), tet(G) 0 25 0 0 15
tet(A), tet(C), tet(E) 0 2.5 0 0 0
tet(A), tet(C), tef(G) 0 gr 0 0 0
tef(A), te(D), tet(E) 0 2.5 0 0 0
tet(A), tet(C), tet(E), tet(G) 0 5 0 0 0

2 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes, domestic fresh water and marine fishes on TSA media with Tc 1648/ml.
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Table 10. Distribution of Tc resistant genes among bacteria isolates from the imported fresh water
ornamental fishes, the domestic fresh water and marine fish.

Pearl Gourami,  Pearl Gourami,  Pearl Gourami, Blue Gourami = Marine Fish,

Korea Singapore China Thailand Korea

40y (80) 30) (40) (60)
tet(A) 40 65 $8 .3 7 25
tet(B) 15 7.3 10 50 95
tet(C) 0 20 0 17.5 5
tet(D) 45 18.7 233 15 15
tet(E) 10 23 10 2.5 25
tet(G) 20 12.5 13.3 0 25
ND 0 23] 6.6 0 0

2 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes, domestic fresh water and marine fishes on TSA media with Tc 16/48/ml.
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Table 11. Comparisom of multi-ter genes in tetracycline resistant bacteria from different fishes (%).

i Number of genes 2, 3, 4 Single Multi Not
Country Fish
Two genes Three genes Four genes 8¢S genes detected
Marine fish
Korea ° 50 20 0 30 70 0
(60)
Pear] Gourani
Koea Lol 0o 40 0 0 60 40 0
(40)
Pearl Gourami
Singapore 40 125 5 40 57.5 25
(80
Pearl Gourami
China 26.6 0 0 6.6 26,6 6.6
(30)
Pearl Gourami
Thailand ear(40) 50 5 0 45 55 0

@ Number of isolates analyzed.
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Table 12. Proportion of Tc resistant bacterial isolates identified as a single tet gene from the Singapore
fresh water ornamental fishes.

Enter;ltuéztc(’)t:;ifzceae Enteroll;ic;f:;'afeae Pseudomonas spp.  Aeromonas spp. Vibrio spp.

P o5 @5) a7 e)
tet(A) 71 14 4 6 0
tet(B) 0 0 0 0 14
te(C) 0 0 0 0 0
te(D) 0 21 0 0 52
tet(E) 5 3 0 0 0
1et(G) 0 3 0 0 0

@ Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes on each media with Tc 1648/ml.
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Table 13. Proportion of Tc resistant bacterial isolates identified as dual tet gene from the Singapore
fresh water ornamental fishes.

Enterobacteriaceae Enterobacteriaceae

latctose - latotose + Pseudomonas spp. Aeromonas spp. Vibrio spp.

@1y 29) (25) 17) (29)
tet(A), tet(B) 0 0 0 6 0
tet(A), tet(C) 0 0 8 0 0
tet(A), tet(D) 14 41 12 12 17
tet(A), tet(E) 5 0 0 0 0
tet(A), tet(G) 0 3 20 6
tet(B), tet(D) 0 3 0 18 17
tet(B), tet(G) 0 0 0 6 0
tet(D), tet(E) 0 3 0 0 0
tet(D), tet(G) 0 0 8 0 0
tet(E), tet(G) 0 0 0 0 0

2 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes on each media with Tc 1648/ml.
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Table 14. Proportion of Tc resistant bacterial isolates identified more than three et genes from the
Singapore fresh water ornamental fishes.

Enterobacteriaceae  Enterobacteriaceae

Jatctose - latose + Pseudomonas spp. Aeromonas spp. Vibrio spp.
Q1 9 (25) an (29)
tet(A), tet(B), tet(C) 0 0 4 0 0
tet(A), tet(C), tet(D) 0 0 4 0 0
tet(A), tef(D), te((E) 5 0 0 6 0
tet(A), tet(D), tet(G) 0 g 36 0 0
tet(A), tet(E), tef(G) 0 0 4 6 0
tet(B), tet(D), tet(E) 0 0 0 0 0
tet(A), tet(C), tet(E), tef(G) 0 0 0 12 0

3 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes on each media with Tc 1648/ml.
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Table 15. Distribution of Tc resistant genes among bacteria isolates from the Singapore fresh water
ornamental fishes.

Enterobacteriaceae Enterobacteriaceae

latctose - R Pseudvgs’;w spp. Aerongn;)zs spp. Vibr(i;gspp.
@n 9 )
tef(C) 0 0 16 2 0
tet(G) 0 10 68 29 0
ND 0 0 0 23 0

3 Number of tested isolates ; Tc resistant isolates were isolated from the imported fresh water
ornamental fishes on each media with Tc 164g/ml.
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4. Real-time PCR assay9 & d
4-1. AZE primery EolA <l

G BAdoe] Fol A el stool DNAE o] &35to] 2 Ao Ab
43 primer® PCR 3t Z3¥% Fig. 6°] YeEFARA T Specific primers=
o]-&3te] PCR &tls Wl 6709 WA Fd# 5y £ 479 F%
AES B3 v 5old bande HEHA FSoRM qPCRE $138H]
A2k specific primere] Sol4d& &A= U
Fig. 69 lane 7H-2 multi PCRol AF& HAH A (2003)2] primerE
ARESE Ao mM A7FEECA FdE FH Tk 9 stool ME Sl A 6
Nel tet gene®]l EF HE FHAtE o]+ stool DNA®F TETF primers

o] &3 Tc WA FAe] HZEo] 7]FE9 single isolateE ©]-83F W

Ma Wex gasrhs A welFH (PCR SOl dold AFEE
s}l 39t
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Fig. 6.Agarose gel eletrophoresis of the PCR products from stool DNA with specific and
multiplex tet gene primers. Lane 1 ~ lane 6 : specific primer of zet(A)-(G) respectively,
lane 7 : tet(A)-(G) genes with multiplex PCR primer, M : 100bp DNA ladder.
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4-2. Plasmid standard®} amlplicon standard A& W&

tet gene® copy & HlX

Amplicon standard - Degenerated primer, Amplicon standard -
Specific primer, Plasimid standard - Degenerated primer ZL2]3l

Plasmid standard - Specific primerE ©|&3}¢] gPCRE A A], 47}A

AN

;\_J:]L:
A A4S 4A (Fig. 7). 1 23 /M4 5+ A% 345 ¥

3Fo] ® kS uw standard zFeolol o3k copy #Hel AFoli= A kA wE

(e

# Plasmid standardE AF&3H A3 A3 QTBFY Cr value(17.55 +
053)7F TETFS Cr value(2648 = 03)Eth 9 cycle A% LMoy

Ae A3zt 92 degenerated TETF sense primer® <138l specificdt
QTBF sense primer H.t} ¢F 10 eycle 7 & Cr value?7} =%A7 tet(B)
o copy #< Ztzt 222 + 03 x 10° copies w0 ' 422 + 1.8 x 10°
copies ¢ '2 A FE A} (Table 16).

A Cr valueZt 247 th2A4] ZAGH QAR A o2 ALEE tet gene
o] copy #= 4709 samplee] R AFSHAl UEMSTE S stool DNAE
o] &3 tet genes AHEF F= AT A  amplicon standard -

Degenerated sense primers A< wlol% plasmid standard - Specific
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sense primergs AR&SE Ao} HluwetR S wf A& © copy akel U
2Fol7F It oldl ofF AW A & tpkd Te WA FHAAES A

= - A7) Y3 multi gPCR

)
=
o)

amplicon standard -
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Fig. 7. Standard curve of tet(B) abundance with real-time assay used the different standard and
primer. Stool DNA in the intestine of Pearl gourami imported from Singapore was used as
template. (A) Amplicon standard-Degenerated primer, (B) Amplicon standard-Specific primer,
(C) Plasmid standard-Degenerated primer (D) Plasmid standard-Specific primer
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Table 16 . fef(B) abundance, mean =+ standard deviation (copies 4£1 ) with real-time assay used

the different standard and primer. Stool DNA in the intestine of Pearl gourami imported from

Singapore was used as template.

. Copy number

Type of standard Primer Cy value (copies /2 1)

Degenerated Primer (A-D) 2646 £ 0.18 222+03 x 10
Amplicon standard

Specific primer (A-S) 16.58 £0.36 422 £ 1.8 X 10°

Degenerated Primer (P-D) 2648 £0.3 354108 x 103
Plasmid standard

Specific primer (P-S) I 0.53 4.82 £2.1 X 10°
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5. Multiplex real-time PCR

5.1 Spiking test

Multi qPCRe] AEAHLS copy #= & tet gene templateZ

L

al
stool DNA®] #H7}elo] AHEFstozn FH et tet(A/C/G)e E+ 7
2 ZMe] RS 099399 01 olo oA AFH 16s tDNA FES o4

o~

il

o2 & spike AFANAE ZFE FHo Rgro] 099792 =2 A s

H At Fig. 89 (A (B)®

Lo
I

32 = spike sampleo] A EZ 2] stool
DNA 9] copy #= ® % 71 Zt& standard sample®] 2 A| copy #
A&t ARE Aot AAHAS O™ Aol a1 A 271 HH& A

o] dAstA e HAH 7|7k AFE Kol =2 RS B
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(A) 1.00E+08

LOOE+07 |- y =0.1831x1-1846 A
R?=0.9979

1.00E+06
1.00E+05 |
1.00E+04 +

1.00E+03 +

1.00E+02 .
1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07

16s rDNA genes in mixture of
16s rDNA standard and stoolDNA

(B) 16s rDN Agenes in mixture of 16s rDNA standard and stool DNA

.00E+08

.00E+07 | ¥y =1.6953x°27%%
R?2=0.9939

.00E+06 |

.00E+05 |

.00E+04 |

.00E+03 |

tet(A/C/G) genes in mixture of
tet(A/C/G) standard and stool DNA

.00E+02 - L : : i
1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08

tet (A/C/G) genes in tet (A/C/E) standard

Fig. 8. Validation curves plotting actual gene copies versus quantified gene copies by real-time PCR
assays. (A) 16s rDNA genes (B) tet(A/C/G) genes. The actual numbers of genes copies (x axis, solid
lines) were plotted against the quantification values (y axis) for the genes (dashed lines).
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5.2 Single real-time PCR¥ multiplex real-time PCRS$

copy % Hl

Amplicon standard - degenerated primerZ ©|-&3%F tet gene copy

AAol 7bsdE &9l 3 F ol F AW stool & tet genes HTF 2143}
o AZgsLA A#E7] 8] single gPCRIF multi gPCRS ¥ 3 #4243}

Atk WA tet(A), tet(C), tet(G)E o= a3l W 37H9] tet gene
< specific primers®= ©=02 G copy TE AtEAHoZ vl
copy #< 596 x 10° copies -ng ' %3, multi gPCRE 4.86 x 10’
copies - ng ‘2 ZAAHAT}. tet(B), tet(D), tet(E) 7% multi qPCRS
23 Tc WA §4x 47} 1.02 x 10° copies - ng ‘& ©Eoz Ay
tet gened &Aooz wa 107 % 10° copies ~ng o AL A
AF HAY [Fig. 7). gPCR A ¥ A=HE Tm  (melting
temperature) #ol SAA = 6718 tet genes T T 7 AT
tet(A)S] A% 95T, tet(B)E 89T, tet(C)E 935, tet(D)o} tet(G)=
915, tet(E)= 85T = YESS™ multi gPCR A 315 %2 template

Z A}E3 sampleo A= -3 melting curveE #eld 4 i)
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Fg 9. tet gene copy numbers were determined by real-time PCR assay of stool DNAs extracted
fromomamental fish inported singapore. (A) ze(A), tef(O), te(G), the total of these three genes

and e AIC/G). (B) te(B), tet(D), tet(E), the total of these three genes and fe(B/D/E).
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6. 7 FU Tc A F+8AS BF

20061 12€5-E 2007 9€ol AA AEHT FUF B, wuiil
HAAo 9} fite]l E Ao &2 multiplex real-time PCRE A A&ttt &
A& 2l tet gene copy number?] A @A Ak ?_’2}01-‘4 745
7FE2 2b BT tet(A/C/G)7F 7.84 x 10° copies - ng ', tet(B/D/E)
7} 148 x 10° copies - ng ' o2 AZFE AT FFA #AFolw o9k wl
FA7MA R tet(A/C/G)7F 145 x 10° copies - ng ', tet(B/D/E)7} 4.05 x
10° copies - ng 'S tet gene copy S JHHTE EHEAE #dol=
tet(A/C/G)¢t tet(B/D/E)7 747k 629 x 10° copies - ng |, 1.36 x 10°
copies - ng 02 AAF UL} oo Hlg] T WA= ret(A/C/G)7)
3.72 x 10° copies - ng ', tet(B/D/E)7} 5.28 x 10° copies - ng ‘24 +
A BAfolob= v R (et(B/D/E) 2] copy #kol B =4 e (Table
17).

2

o>

o= TSA wjx|olA F2ej= F
multi PCRe] Z3ot% X8, A7IE2 T, 18|37 BT
2t

P B FW A Te WA F57E7HA= A wAdxe ve2
tet(A)7F A 50% ol’doz 6719 WA FAdx & 7Hd w9 O

3l tet(A/C/G)e] Hl&o] =tk WA il #Ake] Fd Aol Te
WA #F7F 7HA = WA FAAE tetB/D/E)S] Bl Eo] tet(A/C/G) B

wal B Afo = Aol 16s rDNA genes ©| &3t Tc WA F4
ol d 112} skt 944, Fig. 1094 culturable
intestinal microflora®} 16s rDNA gene? copy =+ H|#3Gch o] A2

X
Lo,
o2
o
0%
r g
r g
X
i
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9 #FE ddeR s wWek (Fig. 10 (A) AP olFo & A
AFFE QYo 39S W (Fig. 10 (B) 25 FUskA vebwttt. o]
23 Ays w'ge® multi PCRS T3l AHFd  tet(A/C/G)%
tet(B/D/E)E 16s rDNASIe] F# <l vl &= YetAdoh (Fig. 11). 2
At GA FAAE A1 A S tet(A/C/G)7} tet(B/D/E) LEol 4]
=on Uik BAoldAE olek w2 YERdTh =3 Tc

o]
WA TS o] 83 multi PCR A &9 FHAY 67 tet gened] H] &3 H]
al
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Table 17 . Absolute copy numbers of fet genes in intestinal microflora of fish.

tet gene (copiesng™)

Country Fish Erequency of Te
tet(A/C/G)  tet(B/D/E) Sum resistant bacteria (%)

Korea Pearl Gourami (3)*>  3.72E+04° 528E+05  5.65E+ 05 20°
Singapore Pear] Gourami (9) 7.84E + 05 1.48E +05 - 8.96E + 05 60
China Pearl Gourami (3) 1.45E+06  4.05E+05 1.55E+06 63
Thailand Blue Gourami (3) 6.29E + 05 1.36E+05  7.65E+ 05 56
Rock bream (4) 1.76E +04 2.34E+04 4.10E + 04 23
Korea Red sea bream (3) 2.02E+04 344E+04  5.46E + 04 26
Flounder (2) 1.81E+04 3.67E+04  5.48E + 04 27
Black sea bream (3) 1.63E+04 6.64E+05  8.27E + 04 20

3 Number of tested sampling times.

® Mean of tet gene copy numbers determined using multiplex real-time PCR.
¢ Frequency of Tc resistant bacteria on TSA media contained Tc 1648/ME .
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le+8 7

le+7 1

let6 1

le+t5 1

let4 1

le+3 1

16s rDNA gene copy number

le+2 1

le+1 T T T T T T T 1
le+0 le+1 le+2 le+3 le+4 le+5 let6 le+7 le+8

(B)

le+9 o O

let+8

let7 o

Numbers in 100mg stool

let6

—@— Culturable intestinal bacteria
O - 16s IDNA genes

let5 T T T T U I T 1

| Il Ml I\ \ \4 Vil vill

Fig. 10. Correlation between 16s rDNA gene copy number and culturable bacteria number.
(A)16s rDNA gene copy number (x axis) were plotted against the quantification values (y axis)
for culturable bacteria number. (B) Copy number of 16s tDNA genes and culturable intestinal
microflora (y axis) were plotted against different samples (x axis), Pearl Gourami cultured in
Korea ( | ), Pearl Gourami imported from Singapore( 1), Pearl Gourami, China (), Pearl
Gourami, Thailand (1V), Red sea bream, Korea ( V), Rock bream, Korea (VI), Flounder, Korea
(VII), Black sea bream, Korea(VIll) were used.
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B tet(A/C/E) ||
1 tet(B/D/G)
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let+5 o ol 4B

let+4 o

[tet genes abundance / 16s rDNA gene] X 107

le+3 T T T T T T

I [l M % \ Vi Vil Vil

Fig. 11. tet gene copy number relative to 16s rDNA using multi PCR. Pearl Gourami
cultured in Korea ( | ), Pearl Gourami imported from Singapore( || ), Pearl Gourami,
China (IIl), Pearl Gourami, Thailand (1V), Rock bream, Korea ( V'), Red sea bream,
Korea (VI), Flounder, Korea (VIl), Black sea bream, Korea(VIl) were used.
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geuhebol A Al Abgel dF FAl 2 AEAL ;o] v
Agole %, o FR ohlnt J1E HFAAA oY FF FYA
2R

olal Qlth Yol A4 FHiE AL o]y FAA o0&

2 ggow Qate], okxl WA AT 2@ 2 Bxol g, kAo A
W b 2o Al ghe] wa WA o Al T B2 A Ee] HAet
aL Sk

2 AT E oMot FHE " BAolek Huiat g o]
a3 sakel Al AFe Te WA HRS ol y Te WA S4%

Tc WA vl&S 27 &4 AHajR] S0l ste] Fu A4 AdFE
ol TANAM Aeromonas spp., Enterobacteriacea, Pseudomonas spp. —L
Vibrio spp. &9 gram A @™ol 8%k Floz2 wsxon 44

al
b g Batolo] 4789 AU Al FASE FZ8 1 API 20ES A
4

Lo

3} Citrobacter freundii, A. hydrophyla 123l Vibrio spp. %

o
op

Foz WFe AR Wb Aumxlel o] Sojx Mg

stol ¥R, $4% Avsh AR PRk o7 Deuioke]

T,

o

Lo

A Al A.hydrophila, Corynebacterium urealyticum, Ecsherichia coli &
gram w/d¥o] Al AR Al Foll WIHEA S B A o
™ (Al-Harbi et al., 2004), "]=4}F channel catfish®] U Aol A=
Vibrionaceae, A. hydrophyla, C. freundii’} +8 T2 ZAEAG

(DePaola et al, 1995). Z1&jv} =4t Antarctic fish?l Notothenia
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neglecta®l = Vibrio spp.7} F& W Aoz d#Ad gt (Mac
Cormack et al, 1990). 3+ 7|4 A9 ik Ao Fof
(Micropterus sp.)Z Aoz A AS ZAME Axt 7] A Ao A
= Aeromonas spp., Pseudomonas spp., Enterobacteriacea 1%l
Vibrio spp. 2.2 YEFSEA|TE S| QbR Aol A= Vibrio spp., Aeromonas
spp., Flavobacteria —L¥) il Enterobacteriacea 2.2 ZU Alit B Fo]
2 A0E Yy ofFo] FF A wE Fdl Ali v & AolE
HolF At (MacFarlane et al., 1986).

FU Alxte] Te W Hle2 A7txs, S04k F Fahvled Bl =
Ab s et Ao w e A HlES B ¥ (200609 A
NM= A T3, A7FE2ZERE ofy el Bl=, =Yool A e o
ol = AU Alito] ¥e Tce WA HE (48788%)% 71X 1L
ol WA P& Hol= FAA AdH FHAL EA

Ao Tl wepx dAg & we=val st =
H =xolAe 20060 39l A £ (Oncorhynchus mykiss) %
Fol A B8 E Aeromonas spp.d OTC Aol 100%0°)] o|&tta Xl
3tk (Gordon et al, 2006). & AFAAE Fr4t AT E dde

facs

i %
2
E
o
> £

o2
>

2 3 Tc WA H& ATFolA Aeromonas spp., Pseudomonas spp. —L
2] 3l Enterobacteriacae®l Tc W/ Hl&o] 60780%7FA YEFSLTEH 3
lrkol o] A TCBS platedl A A2tE Vibrio @57 th2 gram &4
o 1o Fa3 AW AdoR yewoew Tce WA Hl& 3 & A
g wjx]o wlE] A YERSTE Kim et al (2004)2] Aol A= 1999
dE o] (Seriola quinqueradiata)®]  FolA  EElE 34719

Vibrio/Aeromonas =7} OTCeoll thgt MIC gko] 62.5ug/ml 740 A
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o2 YeEYY (Kim et al, 2004). 20051 23| 1ol A
= ostd wAo]  (Anguilla  japonica) ol A
furnissii ¢ OTC WA H]&L2 33% 3, TSA plateol A
Tc WA T2 WA v&2 18% A== YEY (Alcaide et al., 2005)
oA Aol vz aith

Bacterial isolatesE ©]-83% multi PCR2 o] F/< FuloA EAlst= o
2 WEe® do] TSA wjA ¢ 37FA Adeujxo A FaA9=2 +3 F
Z3to] ZAFSEATE #Fo e B tet(A)-(G7HA dlFe 2 g 6714
W AR B e A dEEAeH 1 SR tet(A), tet(D),
tet(E) 12]3L tet(G)7F Fo3HA debstth. g =l x Z2ld WA
T2 A8 dA Gl AT 5 HlFol E=RY  Enterobacteriacea,
Aeromonas spp., Pseudomonas spp. 54 tet(A)S} tet(D)7} 2 W
A AR EAce e & st 53 AVEEE At Y Ay
A F Tc WS 7HA= Aeromonas spp.s WA S ® multi PCR 3f
AE W AA 170 WA FF F 53%7) tet(A)E THAE oR FFH
o] Aeromonas spp.ol A= tet(A)7F 2 WA F31AZ FHEY. £
FU Bl A stuel #7270 elde WA wAAE A=
multi-tet gene®] W2 Fo=Z Yttt 53 AVIEZAA g9 2
Tetrle] A9 TSA platedl A F49= F=s Ul +5 F 5%7}
tet(A), tet(C), tet(E), tet(G) 4719] tet genes 713 Ao 2 ZALE AT
Wb A o] 23k multi-tet geneo] TFE Ao g ol H 754 ol
Al recipientEol] H% & 9FS v Adom AZHo

Sk Al IO E tet(A), tet(D), tet(G)7F FL& WA FHAAR
2 HAow tet(C)v= HEHA FAh T3 A7PEE ool vl
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K
w
=
o
o,
lo
=
o

=
o,

multi-tet gene®] H]-&o] =2 &t +r

A #FE A5 HJ9A FAvh e AN s 22 "@Eodl [
(Silurus asotus)®] AW Aol A E2 ¥ Ahvdrophila o+ tet(A)<}
tet(E)7} WIS A YeERE ™ (Depola et al., 1988), tet(D)=

&O

M+ A.hydrophyla, E.tarda®} Pasturella piscicida 5 °l*
He WA A2 8 A Aok (Aoki and Takahashi, 1987).
aiakel Al Aol B tet(B)7F 7 WIS Al H =5 AL multi-tet
gene®] 79 tet(B)} tet(D)7F A ZAME Te WA oF T 40%E A
A3kt tet(B)E gram Ao Wol] EA5t= Aow dHA Yt}
(Roberts et al., 2005). 314 274 A& W A hydrophyla, P. fluorescens
59 TFolAM = tet(E)7}, lactose fermenting oA+ tet(B)7F +8
YA FAAE B9 Act (Andersen and Sandaa, 1994). 3] =29 o]
NX= tet(E) FHAAZF o Al Vibrio salmonicida, Vibrio
anguillaruim, Aermononas salmonicida Sol4 =2 HEZ=A 1 A
(Serum et al. 1992). tet(G) 38+ Vibrio spp., Pseudomonas spp. <F
Salmonella spp. (31) &9 BWAQ Aol SAlstE F2 W FHAA=E
&84 ot (Furushita et al., 2003; Miranda et al., 2003). ©] ¢+ & A
o] AlFoly ¥FF9 AU Alit Escherichia coli o= tet(A), tet(B),
tet(C) 12]al tet(D) “sol WMHSHA HEdv= ATE Hol itols
AFHAsts AT vl AR WA FdA dole] 7heAdel o4 dn
(Bryan et al., 2004). Aoki et al (1988)¥} Furushita et al (2003)2 Tc
WA Aol Aol Al R-plasmid®] o] $1@Adol diste] Agh vl
UTH A FAAA WAE AR A AR e Edbav| =] 9

g Aol oM WAFAAE dol= el B fe TRl 9

rr

f



Hotal Atk EolstAl e gl A MHE Vibrio spp. & WH-Eo] Tc
WA 712+ % ribosomal protection 7|s= 7FA| = tet(M)o] efflux pump
7175 7= tet(B)oF A AT E A7 )T (Kim et al,
2007). ¥ Aol = FHA B AW AT T Vibrio spp.oll A
tet(A), (B) z22laL (D) T WA FdxE5 &<l shdAnt v, tet(M)
< A A= HA GobA wuel EAstE Vibrio spp.&te thE A
< BT

719 A (¥ 2006) A= o AW Al Te WA &3 WA
FAAES 2487 Yl $4S homogenatedto] AF&3FITh AT o]
Ho AT E TNA stools FHAOR FEste] 24 4 34
o] qPCRES 93 template=X stool DNAE FE3slo] AF&3¢dth.
Stool DNA®] A& & AFroll A A= o] A=k primerst 37 2 ¢4
< A3 o™ non-culturable #5744 A& & £ 9o qPCRS &
o A EAMA 2849 FustE 7HASTh

B AFo A= 7]£€9 conventional PCRH ¥ EvaGreen A ¢S o]&

i
ON

]_
o] qPCRE 2.2 oF FU Mg Tec A SdAAE A9t PCR

o WY 94 AGe Fad YU BE BEAT olgae ANow

=1

ol

g
@)
=
o|N
I
e
(il
Lo,
0
o
_\3
o,
o
4

B8 5te] target SAAZS A= db
Ho ZH ALEH = ¥d @A Alekoll= DNAC| Primerel o] AHAH
0 A7 E S o] &3 TagMan, Molecular beacon 5©] 3 DNA<S] o]

= YA nEojH o g A%dE= EvaGreen, SYBR Green S| Uth.

= 02 dee g% 94 A BE ASd A3 499 copy #ol

M= zol7h glas Wl ol 2 dATeld= AAlE 1Al probe Al
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A Z o]gste] wjd %A & non-culturable bacteria’?t 7FA &= Te U
A AR gigk ekl Jhsskal ole sk warF ZHAl= A fF A A
A Wdatel Fabed o= Jreof J3Fs v A=A & 5 St

AA7A = o]l#g qPCRY %T A% FAS 24387 98] copy &

a4

= g3 Y= Aol (Hein et al, 2001) targeto] &= 42 9439
copy & AAEste] ALE-3F =t (O'Mahony et al., 2004) o 5Lof A
o

g

L

[
X

A9l multiplex PCR=S 3l7] 9la dS3 22 o|F2 sample
derived standard 91 amplicon standardES AF&3}3TH (Yu et al., 2005).
A A, plasmid standard =+ multiplex real-time PCRS 3 & 4+ ¢l
th. microfloradll EAst= WA #F7F 7HA= WA 842 7= o

T3 o]lH g teft WA FARE SRt Blee 7z &
el w2t b5 Aot} ojAd ofF A £ EAst= Te WA F83

ufj Fof] ¢l o] & plasmid standardE Z3Fsto] 227
o] &S 74 & = Utk skAIRE amplicon standard

A
HH AA o7 Wl &£ Te WA FHA] Ales ad=
&

& AR5t
A gate] A g A =4, ALY template S ZHH S HF

amplicon standard®] =% stool DNAE ©] &3 qPCR A] inhibitorel] 2]

st o7t U A AEE 4 vk F multi gPCRS 874 =& 8%
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o MAE T Agatel B FAA WA KA B A8
Aetoj = A9l template= - F&% amplicon standardE AF-8-3}
gES ATe Aol e avka @ 5 adrk A,

TFE g 29 glo] PCR 3% 2= AAT AXW Ml real-time

T e 2 AY Sde o8 A copy @k Aol WA &F%

a1 Fo] AFo] EYF degenerated primerE  ©]-&3F] amplicon

e e & fAd fadAe Al i g Bol RuHA

ST J1Ee ATE B FAXNE gaes Ausaa, 27 o4

-

o FHAE AFFsl7] A= primer pairs® T E A JHET
F AFESY T (Smith et al, 2004; Peak et al, 2007). Allard et al
(1993)+= 6789 Tc WA -+ A amino acid sequences=S H|nl3] X

A3 tet(A), tet(C), tet(G)e} tet(B), tet(D), tet(E)7} Z+Zt #-AFsE 7]

=ola1z} 6719] tet genes T $F Ho] AEol7|Ed 99 o] + 1
Fo® o]l multi gPCRE AAlskdoh g & Aol A= multi
gqPCRS Bttt g84o=m Adsl7] ¢ste] WA 67019 tet gene®l A7)
AqEdSs A5k A#ZE st o] degenerated sense primer$! TETFZ
o]-&3to] multi gPCR Al AF&-5 = primer?] 7HE E°f ALdS £l

I primer 7189l nzp WEE-9] 7hEAS FolaAl T A (2003)2
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TETFE7} tet(A)-(G)ell 90% A E°] binding &E<S 7FAa Jrar
t}. o]2lg TETF primer:= conventional multiPCRS 2 Al 23}
670l WA At wistel z}z) Soldow Astste Ae A
oh. E]F muiti gPCRO AFE8k7] flete] 322 A7]9] S bEo] 5
=% 6709 antisense primer® A ZEA T o] ¥ 3k primer pairs®
aPCR 3+ A3 670 WA Fd2 25z ke 9714 L val &
o]f o2 A# % sense-antisense primer pairsE AF-&3%F ZA¥e} w]nls}t
of ¥F AY A FHA olFog Qs Cr #eol Aolwk gl A
FE copy #ell= 2 Aol7F yhAl Ut
okA amplicon standard - degenerated primerE AF&3F multi qPCR
o] S dolEH LA}t spiking A & A7 spike® stool DNA] of
4 A E A gow ng AAE &3 9l copy T ¢ <
ek s 48 F AT (Fig. 89). ©l+= Yu et al (20059 T4
9} 7o) spike sampleol A E @] stool DNAS] copy #< W & 1 F
standard sample®] 2 A copy #%Y A Sole FHEZ WEAR HA
29 71&719 A7t EF A4 16 7k #s UHERT =2
7 AFAS 2o, =3 multi gPCRA] A& copydte] single gPCR

A3} & tet gene copy #el AEH Pl 2HEA AHE AL g

o
il
c

A #73

o1t o &4 amplicon standard - degenerated primeroll ©fj3gt ¥z 3}

1t
2
s
v
o
of\
o, 1
1t
il
o
jus)
=
ul
(0]
fr
—
(@)
=
e
2,
N
R0
o2
il
o,
rol
o
o
2

o} s Ako] o] Y stool DNAES #2]3F9] multi gPCR WH S %83}
tet gene abundanceE Z7A stk Copy #h< wA8t7]ed <Al multi

qPCR Al 153} 9 tet gene°] 74+ -2 Tm (melting point) #=
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o

4 AU gPCRAIA Tm #S SZ9 Fdx9 4% sta e
g3 Arrt 9o Yrhes 228 wated FEs A st Ak
71 Ad, GC 9 H] &l uhet s 7Hztt (Fan et al,
2007). ¥ Aol E multi gPCRA ¥ X9 DNAES H7t 39S v

i

=l
do
1o

aEd EadE Z47zbe] tet geneol AHF Tm S PRI o] g
Tm #& ¥R o2 WA F87ke] Typed] 80| 7Hsdls BrF ol
primer dimertt H] 5o]4Ql FF 4tE9 FF& AT = ATt
Peak et al. (2007)& Tc WA FHAS AF
U AL 4 Ae Fdl wrlESel WA FAAe] 3t vldEste A
HAAE 7T st ol g A= 2 HAFgAE A FHEA
ok YA Bl A AHF =L Te A 34 5 By, &
Ao 2 tet(A/C/G)2] abundance’} tet(B/D/E)oll Hl3] =93, =
g Fevle B4 tet(B/D/E)7} tet(A/C/G)HRTE =A JERY Tce WA
&

FHAe] A Aol A= k3 Te resistant bacterial isolatesS ©] 83
multi PCRY] Z 79} 25 dX 8ttt (Table 10, 17). @ate] o] ¢+
Aol 2220 471 oF B5F tet(B/D/E)ZF T E 1Fo HE =&

copy #= ERoeH I ¥ HXe BAEFSN welAor =uth

tet(A/C/G)¢} tet(B/D/E)2] o & e tet gene copy ¥ Tc W
A g AAAAE AduE dd, wdel aFdAE Te WA H&
o] =E&T5 tet gene copy &% T7beFATh SHAIRE 20727% Akele] Tc
Wd HlE&S 7HAE iRl dlAkel o] ter gene copy # WA HlEol
uet Frbske AdE BAAT Bl2d WA BlEs B sulld wdo]
of vl&} HluA & tet gene copy S YEFAATE o= &

of EASE FL o BT AT Aol woln e $4
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Mol A F2 YElY= Aeromonas spp.i= 50% ©]7d°] tetracycline¥}t
ampicillin ## WA FAA7F F& plasmid Aol EA3 ot wa A 9l
3l o] &3t plasmidi= self-transmissibledt™ thE #F=29 do] 7MeA
o] =t <#A Atk (Jacobs and Cheina, 2007). °]o] plasmid<}t
R-plasmid’deoll &4 st= WA FdxFo oigt A8k copy kel oisgh
A HERE A& ofof e Folr}
2 AT A= 16s tDNA gene¥ Te WA F+H2F Alole] AaAaAE
elolr 7] 93] 16s rDNA F-#9] universal primerE ©]-83to] stool
DNA 248 amplicon standardE w51 oA o2 ofF A AA A
o TS AEFste] tet gene copy ool A H&S UEd=
ARESEA T 16s tDNA®Le] A3 F49 -2 microflora®] 49
Moo ARl o Al AW ofF Fl Ao ® Qs total
DNA?9 45 7|22 st Ao on7t s W A& = dv=
Zolt}h. Nadkarni et al (2002)F 16s rDNA geneS AFS3F & A9
abundance”’} agar plateE 53 AT Alre FRU 404 7+ 2o
i ar, T3 o] =Fo| wEZW Escherichia colix 77V, Pseudomonas
spp.= 47V, Staplylococce= 97 %=29] 16s rRNA operons 3+ single
chormosome®l| 7}FA]aL Qthil Skl 2 A& @Y w25 Etarda
= ez 3% 16s rDNA gene®] copy 2 viable countingel A
4768 zpol7F s FRleHa 9o AG-eF FAFSHAl 16s rDNA gene®]
abundance”’} Y ¥ 3kt}.
7P E A E ofF FU Mo & fet gene®] Y2 stool 100mgo. =
ghabetal E 9 stoolell &0l F WA #F FE Adtee] B H

FAow shbe] Aol Il 7AX WA fARE AXm 9k Aow
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BAlt oA M2 vE &AM microflora’t 7= WA *F &
Plasmid % WA -+4 St 2] vl o 95l ZF sample®] ftet gene
copy ¢ W37t S Yoy, Te W] Hl&o] =2 A2 WA
AR Fell QoAM= =

AA vE A st Al e At £XE ol F= FoE FAHEAC
o e AFAdA 75 FAAH Tl lagoon 2meoll tet(O), tet(W),
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