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Quantification of prevalent tet genes, reflecting the level of

Tc resistance in fish microflora

Young Jin Kim

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

Abstract

This study investigated the proportion of antibiotic-resistant bacteria using
quantitative analysis of tetracycline-resistant genes (fet genes) in fish
intestines. The proportion of Te¢ resistant bacteria in marine fishes in Korea
(20-50%) appeared to be much lower than that of imported freshwater
ornamental fishes| (70-95%). Additionally, the proportion of Tc resistant
bacteria from domestic freshwater *ornamental fishes (40-60%) was also
much lower than that “of ornamental fishes from other Asian countries. An
analysis of the type of tet genes present in fish microflora found that tet(A)
and tet(B) were dominant in Tc-resistant bacteria from ornamental and

marine fishes, respectively.

To determine whether the tet genes were located on plasmids or
chromosomes, we performed transformation and conjugation experiments to
test the mobility of the tet genes. Transformants and transconjugants

containing tet(A) showed tetracycline resistance. The importance of indicator



tet gene mobility to other bacteria lies in the possibility that the indicator
tet gene may also be located in mobile plasmids and can be transferred to
other bacteria. The copy number of tet genes in plasmids was higher than

that in chromosomes.

We report here the development, validation, and use of real-time PCR
(qPCR) for both the detection and quantification of various efflux tet genes:
tet(A), tet(B), tet(C), tet(D), tet(E), and tet(G), which are common in the
microflora of the aquatic environment due to the high use of tetracycline.
The copy number of each indicator tet gene was determined using qPCR,
with tet(A) used for freshwater ornamental fishes and tet(B) for domestic
marine fishes. We also examined the relationship between the frequency of
Tc-resistant colonies on coed ntional agar plates and abundances, analyzed
using qPCR. These two assays for tet gene load in Tc-resistant bacteria
were significantly .correlated and evidenceshwaterotential of qPCR for
determining the load of Tc-resistant and abundavolving tet genes in aquatic
microflora. This study demonstrated that gPCR'is not only a rapid diagnosis
method for detecting the diverse tet genes in the ecosystem, but also an
accurate and sensitive method for comparing the proportion of Te-resistant

bacteria in normal microflora.
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S7Fskel wel gAY ARE RIER HAF T FAC A 2 A
A g WAATY F7FeE vhAl Ao BT 22 A=l A7
o gl 7]Ed i Hao] wET Bell et al. (1988)7 Smith et
al. (1994)2 FA A Abgste Aol g oA HAEddY =4,
Stamm et al. (1989)2 A Al =EFFHE A|gko] A= 75 A4

¢l +2] Minimum Inhibition Concentration (MIC) %te] Z7ksttiar s}
Aot gy AR Al HY Aol e Vibrio parahaemolyticus 5 ©l 4]

= A2 YA - &do] HuxER dew (Twiddy et al,

g FA 9 54 M, Rickettsia, Mycoplasma 3 Chlamydia
171 w&oll, ol7e AW ARE AT

Abg A RA g FQ3 AXE AA| st Yrt. FERA O E acetate

o

aHon 445t AR

9} malonate”t < FAatol, 4719 AAW #L 1 mIHor A1



o Arel ribosome?] 30s subunitell Z3$+sle], aminoacyl tRNAZ}
50s subunit®] acceptor site®} AEstE AL Bt WHo R A
AAE AAA7I= 2HEol g% A 89S HEFHT (Roberts, 1996).
A7 tetracycline, oxytetracycline, chlorotetracycline, doxytetracycline,
minocycline 5 TH3E tetracycline] A A7} 48 X 8A 24 Ee
ol &= dom Atlantic salmon®] WA HE oI FAH,
chinook salmon®] rosette®, Flavobacteria®l, furunculosis, %] 7]<%¢]
of FEUH =Y B A o 5 B o ZW AEE 98 AHEH
Al AT

o] 2] &t tetracyclines °F&9¢ HE3F A}g o7 Teoll thal WAS 7HA
= B2 TRY WAddo] TASsHA HAA olgfF- i d o] A= W
A 71AY BEAS B9 AA, A T de] osf dojub= Ted
energy-dependent . efflux, =4 &3] o] <ogt  ribosomal
protection, PFA 9O 2 & Aol 93k Tco E3AISIo ol dojii= Al
7R 2 5 "tk Levy, 1992; Taylor& Chau, 1996; Chopra& Roberts,
200D). WA 717kl SA 6 mel Te WA AR 2 75 2ests
g efflux WA 713 7FHA = tet genel Z tet(A), (B), (C), (D), (E),
(G), (1), (@, (), (K), M)plY), (V), (2),(30) L& L (31) Tol 1o,
AA tet(33), (35), (38), «39)" 5. F 23702 WA F =7 2
712 Ao 2 ¥ H Y. Ribosomal protectionel-$-= tet(M), (O), (S),

(W), (Q), (T), (32) Z18]aL (36) 5 11 =77} AL enzymatic tet(X)

-~

rlo

7%

o

7F &= Aoz d# A Unknown tet gene 9 tet(U)7hA] ¥3+std =
387FA1¢] Te WA A7 EA8t= A= Ws Atk (Roberts, 2005).

V& Te A A9l tet gene &7+ Aol mek tha 2ol 7t A



7k (Roberts, 1989; Roberts et al., 1990), thH-#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 Bay vk 9td (Chopra & Roberts, 2001).
tet gene A= WI oy AFoNAN = ftet probesES A ZElo]
hybridization®.2 WA F3A] TF/FE Slst= Wo] HuHAA|H
(Depaola et al., 1988; Marshall et al, 1983; Lee et al., 1993), o]k

YRS Ad AAo] Hahst Ajzto] o] AnjEt= ©ie] v @

-

_I_z

A= polymerase chain reaction (PCR) 7]¥o] dnbx o=z dz] ALEX
AR o] ®Hoh ks Al&stA HAS W ol el A
74 7}5 3k quantitative real-time PCR (gPCR) 7]1Wo] %= %9

o glE AAolth gPCRS AA7Fo.E PCR.ZFZAHE 9 A3
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ol vt "hHolm (Heid et al, 1996; Kim et dl.,
WAlskE oA 7HAl BlBES AEst A EFote
w2 AEstd g Wyo 2 AFEE 9lF (Bach et al,’ 2002;
Stubner et al, 2002). gPCR<S bio—sample 7oA YEeEld = 9l 34

A WA T Fokload) AT AL ¥ P AL AR =Y 8
0 gRstn ARAelr 47 KA AT ¢ + dn 59

ZF UAE F EFEOAY ¥FH B4 non-culturable bacteriaZbA] A
& & 4= 9Jo] single bacterial colonyE A& 3+ classical methodel H]

desitt. =, SAtw B A Ad A A At <l
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1 o% AW AF 2A

1-1. 47 A

7|17 A F&E et FYE Bl E E v (Trichogaster leeri),
=9 S (Colisa lalia), =% T2 (Trichogaster trichoptelus
var) Fol sl F 11zl AA AP/ RLL, FlAF Betol= fEy
2t Ar|xoA  FAs = EF i (Trichogaster trichopterus
sumatranus) &2 32 AE okt s dkole] A5 el A FA
H 4 F2 olF Rock bream (Oplegnathus fasciatus), Red sea
bream (Pagrus major), Flounder (Paralichthys olivaceus) “12]3L Sea
bream (Acanthopagrus schlegelii) < 2008% 1€ oAl 20091 8¢ 7}~
& 227k AMPstAn. 2o AdRte]l Fs A 2ol 3 Rock
bream (Oplegnathus fasciatus)® L& a4 %3 9% Rock
bream (Oplegnathus fasciatus)=-2YZ} 6zkd], 4x-84 A3t Ad &

2 Al 8FA T (Table 1).



Table 1. Cultured marine fishes, wild marine fishes, and freshwater ornamental fishes used in this experiment.

Body sampling

Count WNames of fishes :
2 weight (g) frequency
Rock bream (Qpiegmatfus fasciafus) 3020 q
Marine Red seabréeam (Pazrus imajior) 1045 3
cultured Eorea
fishes Flounder (Paralicitips olivaceus) 3020 |
Black seabream (Acasthopsgr us scitieg il 135 1
Marine Korea Rock bream (Opiegaatius fasciafus) R0+40 R
caphured
fishes Japan Rock bream (Oplegastius fasciatus) EO0+300 4
Pearl zourami | Trichogastar Josri) 5
Singapore Drwvarf gourami (Coliss fafia) 2
Freshwater Golden gourami ( Trichogaster michoprelus var) 2
ornamental htZ
fishes China Pearl gourami (Trichazas fer joeri) 3
Thailand Pearl gowraml (Trichagssier jeari) 1
Korea Blue gourami ( Trichogastar frichopterus S s amis) 3




1-2. 3 A £4

M

AMEG T o7 AAE aiste] T84S Fd3 & FHAoR A
stoole Roi, 1 F 01g & 1X PBS o #Este] 10 -fold 2 W=
< 108 oA A sko] 34 BE 045 um (pore size) membrane
filter (ADVANTEC, Japan) °ll S3AA 14 3stA ) Filtero] 29 A+t
S 1% NaCl #7} TSA (Tryptic soy agar, Difco, USA) v %] ¢} t}ok3t
AU ATt o] ZALE Slal Z-zhe] AdeEufx]o] wE S FYet
ot S -5 ASI . Lactoseml 5o wel HF2 Ay Aol
Aol Fete Yell= Enterobacteriaceae A% wjx 1 CC

agar MERCK, Germany), Zt4} =gtdal xpgAle] &S Yehde
Aeromonas spp.2} Pseudomonas spp. A3 #x]2d GSP (MERCK,
Germany) 123 x=FA3I} 2 ZA colonys YEFNE Vibrio spp. A¥

vl #x1¢l TCBS (Difco, USA) ‘agar HjA| | &= F-2&}¢it). o] 2|3k agar

(Chromocult

plateE 25CelA 1872447t w3t = Z+7te] plateo] A =}=h colony <
& gQsto] strain X HES WESE ARSI T 3 o F
A AdEe sde flstel fle 374+ AE Hl =

API 20E test (Biomerieux; France)& &3l <

o
9,
ol
il
fo
-0,
=
)

&
!
ftlo
offt
o2l
ol
9%/
i)

1-3. Replica plating method

1% NaCl #7} TSA (Tryptic soy agar, Difco, USA) v} X o A vt
colonyES 2912 AEste] 1% NaCl #H7F TSA 8o 0/ME
dotting3t 1 th. 25T ol A 187244 7F v okst & Hird

=)

WA ol g3

o



o] 1% NaCl #H7} TSA (Tryptic soy agar, Difco, USA) #j%] ¢}t
tetracycline (Tc 16 pg/ml), ampiciilin (Amp 30 gg/mé), Erythromycin
(Em 8 pg/ml), Oxolinic acid (OA 2 wg/ml)e} chloramphenicol (Chp 10
pe/me)ol ZEHzE H7hel TSA wiA]o] Replica MethodS 2 Al st} o]
3l agar plateE 25Tl A 1872441 7F wik3sk & z}zhe] plated] A A&k
colonyT& &<Qlsle] AR &S WESZ AAlstger, e sk &

W Aol Aol Te WA ZAYS 984 Enterobacteriaceae 718 vl A

>

] CC (Chromocult agar MERCK, Germany), Aeromonas spp.2}
Pseudomonas spp. A% wl#Q0 GSP (MERCK, Germany) 123l
Vibrio spp. A3 wl#] 2l TCBS (Difco, USA) agar®t z}z+e] Tc H 7}
Hj 2] &= Replica method& AAISFATE o] 8¢t agar plates 25T ol A]
1872441 2% v <Fst & Z}7F 9] plateol Al &gt colonyF & &Qlste] WA

H &S WEg 2 AAsttt

1-4. Tc WA T &

1-391 4 AA3 TSA WA 5 Ic 16 pg/ml o] A7FE mfx|ol A =g+
colonyE F2¢] =2 A8 35ke] TSB (Tryptic soy brothytDifco, USA)el
HESH & 25T oA 187244 7+ w3} St}

2. %A #ed 4

1-4o| A A AIgk v gelS o] &3te] Tceoll tish A
2 Ye o, broth dilution methodE AF&3te] A& ATt (Kim,

o

== MIC #e



1997). WA 96 wells plated] Bir¥ TSBE 160ul, 2+ w2 s|AH &
AAE 20p0, TSBel 107 cel/mZ @AEAZl #4S 20u AL,
positive control2 TSB 180xl2} 3|A A7l <) 20uE 4 3L, negative
control> TSBT 200ut ¥ Ath. 25ColA 18A17F vjek 5 At 52
of W& AA wjA e E¥=E #HTsto] Aol AkA = FAEA

HA FEE MIC #ox AAsih

3. Conventional multiplex PCR amplification

3-1. Primer

tet(A), tet(B), tet(C), tet(D), tet(E), tet(G)x= 1 (2003)¢] =&l A
A 2HE, multiplex PCR (multi PCR) ¥l A& 39 E primer= AF-&3}
Som Fig. 1, Table 2 o YEFWHT. Sense primer ) TETF primer =
6712] tet gene sequenceE BluLdt & 71 EO| conserved o] &

148bp~168bp -9 =8 A28}tk (degenerated primer).

_10_



0 100 200 300 400° 500 600 7007 800 900 1000 1100 1200 1300bp

Fig. 1. Positions' of primers used in multi—-PCR of tet genes.

(wp : sense,primer, 4m : antisense primers)
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Table 2. Expected sizes of various tet genes assayed using multi—

PCR
tet genes  Oligomers name Primer sequence (5’ t0 3°) Expected size
TETF GCGCINTATGCGTTGATGCA
tetf(A) TAR ACAGCCCGTCAGGAAATT 387 bp
tet(B) TBR TGAAAGCAAACGGCCTAA 171'bp
tet(C) TCR CGTGCAAGATTCCGAATA 631 bp
tet(D) TDR CCAGAGGTTTAAGCAGTGT 489 bp
tet(E) TER ATGTGTCCTGGATTCCT 246 bp

tet(Q) TGR ATGCCAACACCCCCGGCG 803 bp

_12_



3-2. Total nucleic acid &g

The boiling method (Roberts et al., 1993)< o]&3}lo] total nucleic
acid & Elstsivh. 1-40A wikd wieke} 1mes 12000rpmell A 10+
e A 2 ¥ 5 AAAS MY al pellet = YAl 1X PBS 1mtoll
A e, 12000rpmell thA] 102 94 E8 s s FA A4S ks A A3
Gt} Pellet= TE 600utol] @Este] 95797TCe] &4 10#-37F heating

A & A NS multi PCRS $3F template® ©] -3} % ).

3-3. Multiplex PCR

Heating 3to] #23 DNAZ template® 3to] multi PCRS A A3
t}. 10X PCR buffer 240, 200uMe] Z+z+e] dANTP, 2uM9] sense primer
9} 1uMe] Z+Z+e] antisense primer, Tag DNA polymerase (Tag DNA
polymerase, Cosmo, Korea) % template 1lulEs F7}3+ F distilled
water2 FHF Aol volume®] 207} HE= dY. PCR EF=2
Perkin-Elmer 2400 thermal cyeler (Perkin-Elmer, Norwalk, CT, USA)
= AFE3Fe], 94T oA 387t pre-denaturation A7 §, 94ColA 30%
denaturation, 55Coll 4 30% annealing, 72C ol A4} 30% "extension®] W&
S 30 cycle 738 3 & 72Co|A4-7&7F post-extension Al T PCR &
ZZ AEL 05xTAE buffer (40 mM Tris-acetate, 1 mM EDTA)S
A7195S At 3 Ho = st 05ug/ul EtBr (Ethinium Bromide)©]
H7bE 2% agarose gel (SeaKem®™ LE Agarose, CAMBREX Bio
Science Rockland, Inc, USA) AollAd A7l 53 T UV A=V

(Seoulin Scientific Co., Ltd., Korea)E ©]-&3}9], ultravioletdolA A&

_13_



¥+ bande] ZolE ##s}Y] tet gened TFE S

4, Real-time PCR

4-1. Primer
qPCRell AF&E  tet(A), tet(B), tet(C), tet(D), tet(E), tet(G)+= =

(2008)2] =%-o A #| %%, Real-time PCR WHol| A& 339 ¢Y primers

Abg-3F o™ Fig. 2, Table 3 o e

_14_



0 100 200 300 400 500 600 bp

Fig. 2. Illustrated positions of primers used for the qPCR of tet genes.
( w=mp :sense primer, 4mB :antisense primers)

Fig. 2. Positions of.primers-used in qPCR of tet genes.

_15_



Table 3. Oligonucleotide primers used for qPCR assays.

Target genes Oli;gaizr;ers Primer Sequence (5'to 3') Expected size
tet(A) QTAF GCGCTGTATGCGTTGGTGCA
QTAR GTAGCCGGCGCTTATATTGCCGATATCA
QTBF GCACTTTATGCGTITAATGCA
teA(B) QTBR TGTCGCGGCATCGGTCATTGCCGATACC
(ef(C) QTCE GCGCTATATGCGTTGATGCA
QICR GTTGCTGGCGCCTATATCGCCGACATCA 220bp
QTDE GCGCTGTATGCGGTGATGCA
i QTDR GTTGCGGCTTCGGTAGTGGCGGACAGCA
QTEF GCGCTGTATGCAATGATGCA
) QTER GITGCAGCCTCAACAATTGCCGATGTCA
(61(G) QTGF TCGCTCTATGCATTGATGCA
QTGR GTAGCAGCCTCAACCATTGCCGATITCGA
16sF TCCTACGGGAGGCAGCAGT
16stDNA 467bp
16sR. AACAGGATTAGATACCCTGGTAGTCC

_16_



4-2. Stool DNA &

qPCRS 93t template® AF83}7] €3] Table 1.9 YeEd o9}
Aol o] Aule Al &8 stool & 0.1gS stool DNA kit (AccuPrep®
Stool DNA extraction kit, Bioneer, Daejeon, Korea) & ©]-&3}¢] DNA
FZ3F9th 20mg/mle] proteinase K 20p09} lysis buffer 40002
7Fsked 60Tl A 1023 ¥kg 3k & 12000rpmol A 5% 94 w2 & &
HS A microtubeo] %At} 400402 binding buffer A7} & thA] 6
0ColA 108 w¢ 3t ¢ 5 isopropanol 10040S ¥ 8] =
column tubeol] %Zt}. EthanolS ©]-&3}o] 2¥ washing 3 3 50409

EB bufferol] HZzd o=z dE 54T}

il

oX

4-3. Real-time PCRS $] 3 standard DNA A&

4-3-1. Plasmid standard®] A|Z

gPCRS 3%t standard A& & (2007)] =l A Al2¥ primero
917} 23 | 671 PCR AA %2 PCR Purification kit (Labopass' ™)
2 E3lo] AA 3 T A microtubedll % % salt solution 1pxl,
distilled water 40 183 TOPO-TA OPoning® vector (Invitrogen Co.,
Carlsbad, CA, USA) 1utE #H7tste] Ao A 30&7F vb-g A AT o+
o] competent cell (E.coli DH5a-T1% OR) 50uE A 78t ice oA
205 7F Wk A7) ar, 42Tl A 30%7%F heat-shock A]#Zt}. Heat-shock©]
e $ w2 jceo| 2737 FAGIE SOC wiA|E 25040 FH7Fehe] er

_17_



TCol A 90&7F g wjok Al ZTh wjdFHe X-Gal 40pg/ml,eAmpicillin
50pg/méo] H7FE LB agar plated] =2ato] 24417+ wj ksl 9dth. White
colonyS # 3ol Ampicillin 50xg/mée] #7F¥ LB brothell HE3 & 24
AIZF ek 3 3. Gene-all'™ plasmid SV mini kit (General biosystem,

Korea)E& ©]&3}o] plasmidE +2]3FA ).

4-3-2. Amplicon standard® A%

3-2014 &% stool DNAE F3O=Z 3l 16s rDNAe] digh
specific primerZ ©]-&3}o] conventional PCRS A 3 % PCR %%

A28 PCR purification kit (Labopass' )& Z3le] A st

4-3-3. Standard DNAY A

9o Al FH| %l standard DNAZS Picogreen (Quant-iT™ Picogreen®
dsDNA Assay kit, Invitrogen, USA)S 2 A &3dlo] copy #<S 2A 3
S 1 x 101 x 10 copies/ul S 7FAEZE 10-fold A ©A 3| A3l

qPCR A&l e #F dAeF S4e 2hs=d AL&st At (Yu et

AN

al., 2005).

4-4. Real-time PCR

& (2007) =ENA HAsE 7S o]&3ste] qPCRS AAlatth. 9ol A

L3
S
Lo

A 2FeE Plasmid standardel]l 3-191A <43+ specific primers



tet geneol #&3dto] gPCR= AAlstt. gPCR+= &7l fl8f 10X
buffer 2x0, 200uMe] Z+zte] dNTP, 1uMe] Z+zte] primer, Hot start
Tag (HS prime Tag DNA polymerase, Genet Bio, Korea) % template
2ZHM 10-fold A 3% Plasmid DNAS ¥ § %% o2 EvaGreen
(Biotium, Korea) 1uE #7F 3+ & gPCR (Rotor-Gene 6000 series,
Corbett Research, AUS)S AAlstdth. gPCRE 95TdA 1027t
pre-denaturation A%l %, 95TCeo|A 10% denaturation, 55ColA 15%
annealing, 72Cel4 20% extension®] ¥Hg& 40 cycle T 333t 40

cycleo] ¥4 & 72795CoA 1TC/sece] £ %E% Tm (melting point) #k

5. A o] F9 stool DNAY W3t real-time PCRY]
&

4-201 A 23 stool DNAE o] &3st] gPCR = A A5ttt Plasmid
standard ¢} specific primerS AF83F3 2 # 4-42] PCR =742 = gPCR
S T8 3 ¥ ofFEH, I7bE TI-ar o F Ao Tc WA H&el e

Te @ U4 FAAEGF - vn Bk
6. Pearson A& &4 B4
Ayl EAA A= SPSS 54 22713 (SPSS Inc) & ©] &3}

1
Pearson ##7 #41S A ddAlg #hel s -15H 41

7hAolH Ale] Bz = dAle] WIS vhElvIar ddigke] 1ol Thke s
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= ZaaAE

Hir

o,

7. 915 AW microflora number® 16s rDNA gene
copy #34e #A

o] AW 4 F microflora®] abundance”} culturable bacteria®] =<}
ofF FW Aol Te Wd ml&3 242) ot JaAdAAES Lotz
skl
WA Escherichia coli HB101 (E.coli HB101) @ w55 ©]&3}¢]

i

10-fold= A 343kl TSA #jAell _smearsto] 24A13F HlQF
counting 3dFAth. £ ¥ AFS Genomic DNA. prep kit for
Bacteria (SloGent, Korea)E ©¢|&3lo] DNAE & 3 % 16s rDNA
primerE AH&3tel qPCRE AAlSHH. o|me] A% stadarde A
amplicon standardE 7l #tste] ARESFivt. Zp2be] 3|4 mjgre] wE
counting number$} 16s rDNA gene?] copy #<= ¥ % o] e
t}.

s

T3

R4

iy

3t o] 72 Stool DNARFE 16s tDNAC primer (Zucol et

al., 2006)% ©]&3}o] “amplicon standardE %S $ picogreen & copy

s 24, 3-59 WHOEZ gPCRE HAISATE T s ofF Ful Al

7t filtration 435 E3 plateol A AlF® AT ¢ qPCRe 3l

dFE 16s rDNA F29] copy #¢ FHAAES EA8Ah olHd &
i

22 gPCRS B3 24" o], dfrto]i A Tc WA

At
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8. tet gened Y X<} copy #HFHe #A

tet gene? X9l wWE Escherichia coli C600 R222, E. coli C600
pJA8122, Aeromonas hydrophila HA 12l qPCRolA o] &37] 93t
o AZEAE tet(B) standard WFE o]&ste] ARHES HA AT
(Table. 4).

ol By % F#8o=FE Tryptic Soy Broth (TSB, Difco)t}
Tryptic Soy Agar (TSA, Difco)E& A-&3tA o™, E. coli ¥+ 37Tl

A 16A17F v kslal A, hydrophilas= 25Col A 16A17F vl Fs & =

A\

A&}ar, spectrophotometer (UVIKON, KONTRON INSTRUMENTS)
£ o]&3to] ODe#ts T35 Aol A&t

2o 4o M-S Genomic DNA prep kit for Bacteria. (SloGent,
Korea)& ©]&3}o} DNAE #3278 F 16s.rDNA primers At-&3ho]
gPCRS AAI3tATE o] ufol] AF8% stadardi= Al amplicon standard
£ AlAete] AbESAY ERE 74kl w5 ZEAL Ql= tet genedl Bt
3 specific primerg A3t qPCRS 2 A8k & culturabl cell 4, 16s

rDNA copy ¥ tet gene® copy. #rS H als}s] o).
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Table 4. Bacteria used.

Accession No.

Strains Characteristics tet genes (GenBank)
Escherichia coli C600 R222 plasmid tet(B) JO1830
Aeromonas hydrophila HA chromosome tet(E) L06940
Escherichia coli C600 pJA8122 ' R plasmid tet(G) S52437
Escherichia coli DHb5a plasmid tet(B) JO1830
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9. Transformation

Calcium chloride-& o] &3kl A AATH (Kim, 1993). E. coli DH5a
E 5ml LBul Aol HE3Fe] 24A13F vt A& HE dol 1% HEE 5
m¢ LBell Al HE3e] ODsxpoll A 0.47F 2 wi7zhA] 273417 vf 3k o}

7

S Qdgd 10870 WAAAGL 15 m & st e Wz

3, FAZe] 50 mM + CaCly + 10mM Tris-Cl (pH 8.0)& < 750 ul &
7heE v Aol A 1583 WA Z T 5000 rpm, 5% E¢F ¥4 e
st AAES A3, of7]d thA] 50 mM CaCly +10 mM Tris-Cl (pH
80) €9 100 w & E& 3 4CoA 127244 7F W2 3lo] competent
cell& AxsAh. Tc WA FHAAE 71 AR WA - FF=5E

Fl k. Competent cell

ol

plasmidE #2]3}9] transformation A & ol o] &
of ZA 3= plasmid DNAS Wi & dojg e A& 3087k X
g T 42T 9] water bathZ &A 2% &< AZlstidh 7 o3 1 ml 9
SOCHi A& #H7ksted 37TolAl 1A1ZF &<k BIFAIZL & Tc 2 pg/meo]
ol 3l LB agardl 20000 TSRSl 12724417k b sl

transformantE A 5133 o},

10. Conjugation

Conjugation< Aurora et al. (1992)°] WS FA3Io] HAeAT Te

of A3AE 7AA &= E coli HB101S recipient ¥+ = AF&3LH S

o, AAHTFES donor TR AFESEA T E coli HB1012 Tcoll i 3l
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A AFdAAS el A gow Streptomycind] MIC 1024 pg/mé ©]4+¢]
S 7FAw CC (Chromocult agar MERCK, Germany)oll A 3}k ]
Aegs dAst B Ao = SM (Streptomycin 256 wg/ml )3 OA
(Oxalinic acid 2 pg/m)E FH7Fe WA & o] &3lo] donor 59| Ml¥E

efAske] Teoll gk WA 1oL SMell W& 7HAw CC Aol A =}

oZ:

1S trans-conjugant®A] TG O™ filter

b =]
mating¥ & o] &8ttt teks] Adeld oS3 2l Donor cell¥
recipient cell’S 1.0x10” cell/mlo] ¥ == 3319, 022 m (pore size)

membrane filter (Millipore Corp., Bedford, Mass)oll E3A|7# 143t
o filterel 2¥ AlTS TSA plate] EWI B FFH T2 &t} o

agar plateg W Y3 5 filters o] TSB 1 mlol} A H o™, &3

gl Aol = & 25°CelA 18A17F Al & PCRHS &3l

Fe] do] HE BH o E,
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m. 2 3

1. o7 AW ATy £X

AU Aol Te WA W&S Folnrle] %A ojFel B AFe o
Fa HEE|AE B 1 W& Folrud ATk WA EEHFE

oj-&3te] zhztel Adeujxol el He AZde F1skddtt (Table 5). 1

(Fig. 4). 71 A7} 3|ato} & EEoal= 184 x 10" ~ 27

o
X
—_
=
Q
o
—_
o
=)

<

forming units (cfu) 100mg ' stool X AUl A4 AT £& 7IX 2
wAem FE ARE, A ZE L AAL vk S5 48 EF5dA4

= 54 x 10° T 382 x 107 ¢fu 100mg ' stool =t 1 FJAM=

of\
o

TCBS Ao A ==t zFA ks JASk= Vibrio spp.o] H

5097 Wi AelA ez GSP Al A mgkal A FEA e WA
1=

fo
@
@)
=
N
=2
2,
o
rlo
1=
)
o
(03
L
1=

Aeromonas spp., Pseudomonas spp.

FAgS PA S Enterobdcteriaceae 50 St Ml &2 YEhth oA
olo] A9 Ak (2.3 x 10" cfu100mg ' ‘stool )E A& a =9l akol A]
= 1.04 T 456 x 10° cfu 100mg ' stool BE® it mTt ok 10w A

=2 AT FE AN Jdk I FFE ¥R BHYS uk

4

H

Aeromonas spp., Pseudomonas spp. —1¥] il Enterobacteriaceae 5 ©|
A Alet FollA =2 vHlFE& AA sl Ao ™ Vibrio spp.e A<

10% olst= w2 Hles B AEujAoA FE3 2 AdsS
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Yo API 20E test® AAI@ A3k Ael wjxol A vpehibs gete)
=44 AL olgstd EAP Aot AAdRen AHE fRi

95% o]’ oAt} (Table 6).
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—HEH 2 S eSS HE=pEE

le+ b le+ R le+ 7 le+ 8 le+ 9 le+ 10
Total number of intestinal bagteria in 100me stool

Fig. 3. Numbers 'of total.bacteria. in 100-mg stool on TSA medium.
Rock bream( 1), Red sea bream(II), Black sea bream(Ill);” Flounder
(IV) cultured in Korea. “Rock: bream captured in Korea(V), Rock
bream, Japan(VI), Pearl Gourami imported from Singapore(Vl), Pearl
Gourami, Thailand(Vl), Pearl Gourami, China(IX), Blue Gourami,
Korea(X ), Dwarf Gourami, Singapore(XI), Golden Gourami, Singapore

(XI) were used.
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Table 5. Colony of reference bacteria analysed by different selective

media.
Strains TCBS GSP CC
Aeromonas hydrophila N.G* yvellow light purple
Aeromonas sobria N.G yvellow light purple
Pseudomonas aeruginosa N.G pink white
Edwardshiella tarda N.G transparent white
FEscherichia \coli HB101 N.G transparent purple
Escherichia coli-DHb5a N.G transparent blue
Vibrio parahaemolyticus green N.G N.G
Vibrio anguillarum vellow N.G N.G

* N.G; Not growed
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(A)

captured Rock bream, Japan
captured Rock bream, Korea
Flunder, Korea

Elack sea bream, Korea

Red sea bream, Korea

Rock bream, Korea

0 20 40 60 80 100(%)
(B)

Golden Gourami, ‘_angapc:_re

Dwarf Gouram, Singapore

Blue Gaurami, Korea | 1
Pearl Gouram, Singapore '3

Pearl Gou F'almi, China

&
Pearl Gourami, Thairlaﬁ&g__

x e W g
{} - -.'5'21} | ﬁﬂ -ﬁ.|j a0 100 E%:I

Fig. 4. Proportion of normal microflora in the intestinal tracts of

imported and domestic fishes. (A) Marine fish, (B) Freshwater

ornamental fish.

(Il TCBS/TSA, [ GSR/TSA, M CC/TSA)
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Table 6. Idendification of intestinal bacteria species, using API 20E

kit (bioMerieux, Inc., Hazelwood, MO). (A) captured Rock bream in

Korea, (B) freshwater ornamental fish imported Singapore.

(A)
Species Numbers of bacteria
Vibrio spp. 13/21% (62)
Enterobacter spp. 4/21 (19)
Serraia odoriferal 2/21 (10)
Klebsiella pneumoniae 1/21 (5)
unknown 1/21(5)
total 21/21 (100)
(B)
Species Numbers of bacteria

Aeromonas spp.
Citrobacter freundii
Escherichia eoli
Vibrio cholerae

total

8/18 (44)
6/18 (33)
3/18 (16)
1/18 (&)
18/18 (100)

? Intestinal bacteria isolates were tested.
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2. % AW AT FAA WA w1

Sl G B AALE diAte] el dEol S sfitol e AR
2, T3 2 HFeA TR Bl B oSuat Bt A Al
ol YetyE A4 WA ¥1& (Te, Amp, Em, OA, Chp) & Fig. 5°I
et sl FA slakele] A Teok EM Ul Mol X (77}
80790%, 70775%)% AlS|sta 77k 20750%, 30750%% vhebdich ma
OA% Chp WA HI&S 0710% % wrekal o2 A v Amp WA

H &2 60790% 2 =& FAE YERh
g oY A AVMEE, T3, vmdA Yz el Te,
Amp, Em, OA, Chp WA -w]&o] ZH7 70795%, 807100%, 50780%,
70790% 1]l 50770% % RE FAA A st ¥ = WA Y
S YERAT Uil Aol e oAl wrhe] dAdo] A Al
e HEE HERUA sfitoj R

ri
ol
o

Tc WA Bl& 23 dioe] BF TCBS HiA AN Aet=
Vibrio spp.2] Tc' WA vl &o] RAAA E5S A st EF 60%7F ¢
Atk 2P ar el E - Tcrb A7 GSPHiAIeE  CCHEA ol A
Aeromonas spp., Pseudomonas :spp. L&l al Enterobacteriaceae2] W74
Hgo] B 609% o] 4e 54X Lpebulel

TSANA F2 2 FE3 isolatesS WFoE oA WA Ao &
= ol UTE (Table 7). =1 A3} sfjqko] o] 35 apite] A vl
Al UAdES 7HAE WA vFo] 36%= 7 =%kal 27HA, 3744, 4
7EA 2o 57kA o] A Al tiste] sAldl WS THA= WA
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o] 53%E 7Hg =AU 17FA, 27FA], 37bA], 474A19] g AlAlel df 5o
YAS 7R WA v &o] ZhzE 4%, 6%, 9%, 23% %= LERuE

(Fig. 7.). o1& Axt= siatolet g4 #dele] W mAE Fol w
o #F7 A FAA WAl
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=

FProportion of antibiotics resistant bacteria (%)

100

80

B0

40

20

Tcla

Rock bream, korea

Red zea bream, Komea

Black ==a bream, Korea
Flounder, Korea

captured Rock bream, korea
captured Rock bream, Japan

LN VI |

1
Amp3( EME Chpl0

Fig. 5. Continued
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~100
a\h = =T Pl Gowam, g amie |5
g Pl Gowam, Mhodard |13
i H bi-2| Pocil Cowams, Chna @
s L Bus Cowam, Foim |2)
E 1 & —I ] Dvant Ganam, Tngpos |23
— | Bl Coken Gouiam, Snppom |1
o B0 4 1 £ [ 1
3] [ fel 1 _
~ I
= —[ 2 E [ H e
= Al i T
= I E i b

HH I
m g il
m Bl I ile ]
o : E | B :
t il 1 [
_.5; 11 ¥ 5 ]
S - H il e
2 40 g I | H
4+ El [+ H -
= ] kI b 4 K
u | 11 1 H o I
I El b 1 R
(o] I ol I | K
= 20 4 % I]
5] ] il o
= [ I
[ | b 14
=] i le| b 14
o LI i
=] 5 E
Pk [ il I
N0 T '

Amp30 Em& QAR Chplo

Fig. 5. Proportion ofantibietic-resistant bacteria in _intestinal flora on
TSA medium (TSA with- antibiotics / TSA). (A) Marine fish, (B)

Fresh water ornamental fish.
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Fig. 6. Proportion of Tc-resistant bacteria in the intestinal flora of
fishes on various selective media. (A) Marine fish, (B) Freshwater

ornamental fish.
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Table 7. Percentage of multiple-antibiotic-resistant bacteria from
total culturable microflora in the intestinal tracts of Rock bream and
Pearl gourmi. TSA agar plates with different antibiotics (Tc 16xg/mé,
Amp 30pg/ml, Em 8ug/ml, OA 2ug/mé, ChplOug/ml) were used for the
isolation of antibiotic resistant bacteria from the total intestinal

bacteria in 100mg stool.

Rock Pearl
Antimicrobial agent bream gourami

(320)° (320)
Tc" 10 0
Amp"® 22 1
Em"® 1
OA" 1 1
Chp" 0 1
Tc®  Amp® 18 0
TR Em® 1 1
Tc®  OAR 2 0
T Chpt 0 0
Amp®  Em"® 7 2
Amp®  OAF 0 1
Amp®  Chp"® 1 1
Em®  OA" 0 0
Em” Chp® 0 0
OA®  Chp" 0 1

? Number of tested isolates.
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Table 7. Continued.

Rock Pearl
Antimicrobial agent bream gourami
(320) (320)
Tc®  AmpT Em" 5 1
T Amp®  OAR 3 3
Tc®  Amp®  Chp® 1 0
T Em®  0AR 1 0
Tt Em"® Chp" 0 0
T 0A%  Chpt 0 0
Amp® Em® OA® 1 2
Amp® Em® Chp"® 2 1
Amp®  OA® | Chp® 0 B
Em® OA" | Chp" 0 !
Tc®  Amp®| Em®  OAR 2 T
Tc®  Amp® ' Em® ' Chp® 1 0
T Amp® QA%  Chp® 0 2
T Em®  OAY Chpt 0 0
Amp® Em® OA® ~Chp" 0 14
Tc®  Amp® Em® OAM—Chp® 1 53

4 Number of tested isolates.
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20 - Iy
10 - I \
.‘"'.
|
|:| | - _ENE B LL——L—.
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Fig. 7. Prevalence of multi-drug-resistant bacteria in intestinal

microflora. R 1~5"shows _.the proportion of bacteria resistant'to 1~5
numbers of different antibioticsrespectively.

(H; Rock bream, ! ; Pearl gourami)
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Rl

3. Tetracycline WA ¢ & H]

broth#1= &3to] Teoll WS Yetls L5 #FS FHsko] Teol wigh
WA A=E MIC gtez yetit 2 A3 sjat

Hop ool A FHE Fl Ao MIC ol =& 59 A4S 7t
I= Aoz YUewth (Table 8). feluetel A FA ol afqlof o A
Tc" isolates®] MIC #t2 dA 32 pg/ml, 5 5

I A E 256 pg/me7t 7HE =S MIC #ho = SRlE i o]
A9 FHAL 512 pg/ml, AZTEE 1024 pg/ml 23 BT T
1024 pg/mb ©1742] MICZ d4toi Rt =2 %2 MIC & Rt
ol#] gk Tcoll g MIC el #fol= ol wef thh dFS H& A
olgt FA4sti el Eae Tc isolates & Vibrio%t Aeromonas®)
MIC %<& thA] el sttt (Table 9). & A3 Vibrio spp.e 7%
327128 pg/mle] MIC %5 YERNA AL Aeromonas spp.ol A& 327256 ug
/mee] MIC #t& YeEHIlth ol= Kim et al (2004)°] Aol Al 19994
A B "o (Seriola quinqueradiata)e] “JollA &2l ¥ 34709 Vibrio /
Aeromonas 5 7F OTCell thgh MIC #o] 625ug/ml ©]A2 Ho=z
Bl A} FASEA T B8 Lactobacillus sakeiol . A & thE
7172 A tet(L), tetND= Aol 7FA AL Qe B¢ F A A
ke oA 3 MIC ghol shvte] WA FdAE 7HA L s o
Hth =A e < 391359 vk (Mohammed Salim Ammor ef al.,
2007). °ol= ¥ AFA%E Aeromonas spp.”F 270 ©]A9] multi-tet
gene=< 7FA+= H|&9] Vibrio spp. Bt =7] wj&o MIC kol A= =}o]
= 7t e = Aoleler A4

g

N

s

e
ro
j=s)

e
i

s

A

Fl(‘
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Table 8. MIC levels of tetracycline in Tc® isolates on TSA medium from the intestinal flora of fishes. (A)

Marine fish, (B) Freshwater ornamental fish.

(A)
MIC (ug/mb)
Samples
< 16+ 32 64 128 256 512 1024 <
Rock bream 397 30 40 8 23

Red sea bream 29 66 3 7 24
Black sea bream 7 29 71

Flounder 74 72 28
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Table 8. Continued.

(B)
MIC (ug/mb)
Samples
< 16 3264 128 256 512.1024 <
Singapore 79 18 29 34 23 3 2
Thailand 26 19 8 46 35 4
China 58 12 14 28 9 28 9
Korea 85 32 19 15 18 16

? Number of tested isolates ; Tc resistant isolates were isolated from-the imported fresh water ornamental

fishes, domestic marine and fresh water ornamental fishes-on TSA media with Tc 16xg/ml.
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Table 9. MIC levels of tetracycline in Tc® isolates on TSA medium from the intestinal flora of fishes.

MIC (ug/mb)

Samples
= 16 327 64 128 256 512 1024 <
Vibrio spp.” 20° 55 .
Aeromonas spp.” 30 20 43| 27 10

* Rock bream, Korea.

> Pearl gourami, Singapore.
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4. Tetracycline WA F3R X FA}

Table 1o A®=olx Ay olF oz Te WA F1x £4&
AAEATE. Gram &4 AldelA wol UetdthE  tet(A), tet(B),
tet(C), tet(D), tet(E) 18]3L tet(G)oll W3l A multi PCRES T3l #HE
oAt i tgd A719 PCR 4SS A7|95S S8 g &
ARt (Fig. 8). =mlAr sfjzto] o] A5 RE ofFollA tet(B)7F 50%°] %
o H[ &S KA tet(A), tet(C) 1L tet(G)= Do = FRAEA &
At tet(B)e AAEGR)S AT e oFdA FlEA kg
tet(D)¢} tet(BE)= A w3 FAANAT 2h2 5% 1%7F vebwtth. 34
ojo] A Artx= 2 H Fetulol = tet(A)7F 38%, tet(D)7} 4%,
tet(B)9} tet(E)v= 1% il tet(G)v= Txo2 Flx 2] eFgkrt. i =of
M= tet(A)7} 60%, tet(D) 7%, tet(B), tet(C), tet(E), tet(G)e @52
gH A gk = 4 A FEHdAE tet(A)7t 35%, tet(B)S}
tet(D) 4%} 6%, tet(E) 9% I18]al tet(C)9} tet(G) = @5 o= ol
gt Artxa A == Rk S A ted(A)7)
7}7} 58%, 70% tet(B)7} 27t 2%, 5% tet(D)7} 27t 7%, 10%7F sk

3l tet(C), tet(R), tet(G)s @502 3015 x| okokry Sfib B e
ul AA tet(A)7} 65%, tet(B)7F-3%, tet(D) 110%, tet(E) 9%, tet(C),
tet(G)e= =07 oy ggrow oled AHgFe e FUA A
oj¢} W23 A3E BT} (Table 10). F 7HA ol WA FHAE X
et Hl &2 sjitolel ' B E XFS BE 9
AbE Feberh TR Eoka, 1 TRE vgeA #EEA e 37 o

Aol WA FHAAES Al 7FRlar JE multi-tet gene? Hl&°] 11%

)
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T A BAold A= 2709 WA FAAE JHA AL e dFY v
31%= 7 =A FAEA oy 37 ool WAl mHAE Ad dEFE
G E A Fokrh Il Bl A ret(A)S} tedB)E FAA 7HA
T HFE ARE EE oFoA M w2 HlEE YERIYL UiAt @l
koo A w3 dxolM = 37 o] WA FHAE Ad #F
2] gkrom HEolAl ted(A), tetB), tet(D), tet(G)E Al
(Table 11~13).

o] o] B-3¥ 9} multi-tet gene H] &
o= Mt Firol wel %S ve A Zrh gste] felA e
g Tc® isolates & Vibrio®t Aeromonas®l WA FHAZ thA gels}
At 1 A3} Vibrio spp.ollA = tet(B)7} 63% Aeromonas. spp.oll A+
tet(A)7} 48% =2 =/ el ¥ At} multi-tet genes 7FA &= Hl &2 7+7)
20% ¢} 27% % YEE o™ Aeromonas spp.olA 3719 WA FAAE 7}
A= #F03%)E sttt (Table 14715).

>
2 = Jl
o,
o
e
N
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(A)

M1 2 3 4 5% 6 7 8 9101112 1314 1516 17 1819 20 2122 23 N

1000bp—»
S00hp —p

100bp —p

(B)

M12 3 4 5 67,808 1D IFA2E5TAAS 3617 1L3=10 202122 23 N

1000bp—
S00bp—

100bhp—»

Fig. 8. Agarose gel electroporesis_of amplicons—of efflux tet genes
generated by multiplex PCR. Lane 1723 : Tc resistant bacteria
isolated TSA containing Tc (16pg/m¢) randomly, M : 100bp DNA
ladder, N : Negative control. (A) Marine fish, (B) Fresh water

ornamental fish.
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Table 10. Proportion of Tc-resistant bacterial isolates identified with

a single tet gene. (A)Marine fish, (B)Fresh water ornamental fish.

(A)

Red sea Black sea
Rock bream Flounder
bream bream
(83)* (30) (19) 93)
tet(A) 0 0 0 0
tet(B) 83 50 68 75
tet(C) 0 0 0 0
tet(D) 0 0 5 A
tet(E) 0 0 5 0
tet(Q) 0 0 0 0
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Table 10. Continued.

(B)
Pearl Pearl Pearl Blue Dwarf Golden
Gourami, Gourami, Gourami, Gourami, Gourami, Gourami,
Singapore Thailand China Korea Singapore  Singapore
(80) 27 47) (68) (55) (82)

tet(A) 38 68 35 65 58 70
tet(B) 1 0 4 3 2 5
tet(C) 15 0 0 0 0 0
tet(D) 4 15 6 10 7 10
tet(E) 1 0 9 9 0 0
tet(Q) 0 0 0 0 0 0

* Number of tested isolates ; Tc resistant isolatesiwere isolated from the fresh- water ornamental fishes,

domestic fresh water and marine fishes on TSA media with Tc 16pg/ml.

_47_



Table 11. Proportion of Tc-resistant bacterial isolates identified with
dual tet genes. (A)Marine fish, (B)Fresh water ornamental fish.

(A)

Red sea Black sea
Rock bream Flounder
bream bream
(83)% (30) (19) 93)
tet(A), tet(B) 4 16 6 8
tet(A), tet(G) 1 0 5 5
tet(B), tet(D) 1 0 0 0
(B)
) Blue Dwarf Golden
Pearl Gourami, . . .
Gourami, Gourami, Gourami,
Singapore Thailand = China Korea Singapore
(80) (27) 47) (68) (55) (82)
tet(A), tet(B) 1 i 2 4 4 2
tet(A), tet(C) 4 4 6 0 5 3
tet(A), tet(D) 9 0 4 0 0 0
tet(A), tet(E) 6 0 0 0 Il 5
tet(B), tet(D) 0 0 4 0 ¥ 0
tet(B), tet(E) 0 0 2 0 0 0
tet(C), tet(D) 9 0 0 0 0 0
tet(D), tet(E) 1 0 19 0 4 0

Number of tested isolates ; Tc resistant isolates were isolated from
the fresh water ornamental fishes, domestic fresh water and marine

fishes on TSA media with Tc 16pg/ml.
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Table 12. Proportion of Tc-resistant bacterial isolated with more than three tet genes. (A)Marine fish,

(B)Fresh water ornamental fish.

(A)

Rock Red sea  Black sea
Flounder
bream bream bream
(83)" (30) (19) (93)
tet(A), tet(B), tet(G) 5 0 0 0
tet(A), tet(B), tet(D), tet(G) 0 3 0 0
®B) Pearl Pearl Pearl Blue Dwarf Golden
Gourami, = ‘Gourami, = Gourami,  Gourami, ‘Gourami, Gourami,
Singapore = Thailand China Korea Singapore Singapore
(80) (27) (47) (68) (55) (82)
tet(A), tet(B), tet(D) 3 0 0 0 0 0
tet(A), tet(C), tet(D) 3 0 0 0 0 0
tet(A), tet(D), tet(E) 3 0 0 0 0 0
tet(B), tet(C), tetD) 1 0 0 0 0 0
tet(B), tet(C), teE) 0 0 0 0 2 0
tet(C), tet(D), tet(E) 0 2 0 0 0 0
tet(A), tet(B), tet(C), tet(D) 1 0 0 0 0 0
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Table 13. Comparison of multi-tet genes in Tc-resistant bacteria

from different fishes (26).

Number of genes 2, 3, 4

Country Fish Two Three Four Single Multi N.D

genes  genes
genes genes genes

Rock bellream 6 5 0 33 11 6
(83)
Red sea

bream 16 0 3 50 19 31
(30)

Korea Black sea

Bream 11 0 0 78 11 11
(19)

Flounder 13 0 0 76 13 11
(93)

Average 11 1 0 71 13

Pearl

Singapore ~ Gourami 30 10 1 59 41 0
(80)
Pearl

Thailand ~ Gourami 11 2 0 83 13 4
27)
Pearl

China Gourami 37 0 0 54 37 9
47
Blue

Korea Gourami 4 0 0 87 4 9
(80)
Dwarf

Singapore ~ Gourami 10 0 0 85 10 5
(62)
Golden

Singapore ~ Gourami 31 2 0 67 33 0
(55)

Average 20 2 0 72 23

? Number of isolates analyzed.

N.D Not detected.
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Table 14. Proportion of Tc-resistant bactrial isolates identified as
single or more than two tet genes. (Vibrio spp. from domestic marine

fish, Aeromonas spp. from fresh water ornamental fish.)

Vibrio spp. Aeromonas spp.
(30)° (33)
tet(A) 0 48
tet(B) 63 0
tet(C) 0 0
tet(D) 13 9
tet(E) 3 o
tet(G) 0
tet(A), tet(B) 3 0
tet(A), tet(E) 0 24
tet(A), tet(G) 0 >,
tet(B), tet(D) | 0
tet(E), tet(G) 0 3
tet(A), tet(D), tet(E) 0 3

? Number of isolates analyzed.
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Table 15. Comparison of multi-tet genes in Tc-resistant bacteria

from different strains (%s).

Number of genes 2, 3

Fish Single Multi Not
S Two Three genes genes detected
genes genes
Vibrio spp.
20 0 80 20 0
(30)*
Aeromonas
SpDp. 30 3 67 27 0
(30)

? Number of isolates analyzed.
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5. 4% AW Tc WA FA4Y 4P

2008 1958 2009d 8¢l AA AMEHST FUF Ao, =4y
Bgolol sjatol S A S &2 real-time PCRS A A1s 9t WA Ao ¥
Ql tet gene copy number®] FFNA =5, FE, AHEL A A
tet(B)7} zFz+ 341 X 10% copies-100mg stool!, 8.70 X 10° copies-
100mg stool™, 1.36 x 10* copies-100mg stool™!, 8.44 X 10” copie
s100mg stool "2 77t AAH Y o= ThE EFH 9| tet gene HU} =
o Aoz FAHYL. 1 F BB A tet(A)7} 1.60 X 10° copies
100mg stool '® ZAAHE A& AgslaL sjitele] BE o FolA
tet(A), tet(C), tet(G)7} 886 X 10% copies-100mg stool' o3tz ZAA
ot Bl A fet(A)7 BE o]Fd A 100X 10° copies
100mg stool ' olde= @ am ArlEE 4k I petue A
tet(B)™(E) 183l tet(G) 9Al 1.00 X 10° copies-100mg stool ' o]
o2 gRlEAE (Table 16).

B Ao Ao 16s TDNA genes o] &38to] Tc WA #xx9
G HFHHAE dotr izt &3tk o] e K i ¥ %l Nadkarni et al
(2002)= 16s rDNA gene< At-&-3t & Alire] abundance’} agar plate
& Tl AsE MY FHT 408 7HF BHa o &g
Escherichia coli= T/, Pseudomonas spp.i= 47V, Staplylococce= 97}
A= 16s TRNA operong 3 single chormosome®] 7}A 3 dthar s}

Ak ol|@ oW ATE Fu] 9elA wY FFE o

f

ro

culturable intestinal microflora®} 16s rDNA gene®] copy 5 H| L
A3} 16s tDNA gene® copy -7} culturable intestinal microflora®]

of Bls] 10844 A yEbwth (Fig. 9.). =& sfato]ef wdofol A

12
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Al 25 16s tDNA gene® copy -7} culturable intestinal microflora$]
ol wlel zbzh 17107~ 1/10° Wiy AA dEhdE AE gelssle
(Fig. 10.) ©]i= stool DNA #2]9} stool We| inhibitor £ =2 <13}
gPCRe Aol & 713 Aoz HAY, AFd M FHT 16s
rDNA gene® copy 7} AA WeERSAIRE Zb7ke] DNAE o] &3 16s

rDNA gene¥} tet gened A #atEtd dojA EHxo] &S nx gt

s

ol

FA43ta qPCRE =3 A#HH tet(A)(E) 283 tet(G)E 16s rDNA9}
Aol v&=2 Yeldde 2 A3 9A] 67FA 9] tet gene & 3l4Ho]

o] A5 tet(B) Wl = tet(A)7F =Skth (Fig. 11).
Table 17 ZF Lol Te WA +F7F 7HA= WAl &

H] &3 stool DNAO| £33l=% tet gene copy #oll Aol Z+zhe] tet
geneo] AA|etal Qe HleS HERE Zoltk F AI LR & 1ko]

= tet(B)7F B Wold A= tet(A)7 FASA YEtuE RS &8
ATH.
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Table 16. Absolute copy numbers of tet genes in intestinal microflora of fishes.

tet gene(copies/100mg stool)

Country Fish tet(A) tet(B) tet(C) tet(D) tet(E) tet(G) Sum
Rock bream (2)° 1.60E +02° 3.41E +02 _3.16E +00 = 1.96E +02 2.44E -01 547E +00 7.06E +02
Red sea bream (2) 6.96E +00 8.70E.+03 3.55E +00  1.49E +01.. 4.18E +01 1.35E +00 8.77E +03
Korea Black sea bream (1) 8.86E +00 1.36E +02 -3.39E -01 1.35E +02  1.71E +01 1.12E +00 2.98E +02
Flounder (3) 2.83E -01 8.44E +02 3.01E +00 2.54E +01 6.51E -02 1.44E +00 8.74E +02
Pearl gourami (4) 2.07E +03 L. ISE + 02 4% 32E +02 1.78E +02 " 6.80E +02 2.95E +02 3.57E +03
Singapore Dwarf gourami (2) 1.01E +03 1.34E +01 2.68E +01 1.09E +02 " 8.08E +02 3.39E +01 2.00E +03
Golden gourami (2) 3.00E +03 2.48E +02 5.94E +00 1.45E +01 1.36E +03 3.97E +00 4.63E +03
Korea Blue gourami (3) 3.89E +03 1.49E +02 1.00E +01 5.64E +01 1.79E +02 1.49E +00 7.84E +02
Thailand Pearl gourami (1) 1.52E +03" " 4.92E +01 1.50E +01 3.66E +00  2.44E +01 5.10E +01 1.66E +03
China Pearl gourami (3) 4.44E +03 * 8.03E-+02 1.67E +02 2.13E +02 1.57E +03 4.35E +01 7.23E +03

? Number of tested sampling times.

> Mean of tet gene copy numbers determined using real-time PCR.
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Fig. 9. Correlation between 16s rDNA gene-copy-number and culturable bacteria
number. 16s rDNA gene copy number (X axis) were plotted against the

quanification values (y axis) for culturable bacteria number.
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Fig. 10. Correlation between ~16s rDNA gene copy number and culturable
bacteria number. Copy number-of 16s rDNA genes and: culturable intestinal
microflora (y axis) were plotted “against different samples (x axis), Rock bream
(I), Red sea bream(II), Black sea bream(Ill), Flounder(IV) cultured in Korea.
Pearl Gourami imported from Singapore(Vl), Pearl Gourami, Thailand(Vll), Pearl
Gourami, China(IX), Blue Gourami, Korea(X), Dwarf Gourami, Singapore(XI),

Golden Gourami, Singapore(Xl) were used.
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Fig. 11. tet gene copy number relative to 16s rDNA using real-time PCR. (A)

Marine fish, (B)fresh water ornamental fish.
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Table 17. Comparison between the proportion of Tc-resistant genes and copy

numbers of tet genes in fish microflora.

Country Fish tet(tA) tetB) tet(C) tetD) tet(E) tet(G)
Rock 107 93 0 1 0 6
b
bream 21 66 0 12 0 0
Red sea 18 68 0 3 0 3
Korea bream 0 99 0 0 0 0
Black sea 11 74 0 6 5 5
bream 3 46 0 45 6 0
Flounder 13 83 0 1 0 5
0 96 0 3 0 0
Pearl 68 7 34 34 11 0
gourami 58 3 7 o 19 8
Singapore Dwarf 78 15 % 18 17 0
gourami 50 1 1 5 40 2
Golden 80 7 3 10 5 0
gourami 65 5 0 0 29 0
Korea Blue 69 7 0 10 9 0
gourami 50 19 i 7 23 0
Thailand Pearl 78 7 6 17 2 0
gourami 91 3 1 O 1 3
China Pearl 46 12 6 a3 30 0
gourami 61 11 D 3 22 1

? Proportion of the Tc resistant bacteria carrying a specific tet gene (%).
> Proportion of copy number of an one specific tet gene to sum of the copy

numbers of six different tet genes determined by real-time PCR.
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6. Tc WA Y] &3 indicator tet geneH 2 &4

2008 19H 2009 8o AA AEHI FUAL g

o

i
0%,
2
H
=
e
i
s

o} 3
A E FaEl AR A3 #AFol ek dfike] 1Fel A9 indicator tet genes 7+
tet(A)} tet(B)2 AR5t 12lste] afite] 5 1F (Fig, 12. bar 175), ¥4
9 1% (Fig. 12. bar 6714) oA el Tc WA H]E&3 2 Z2FoA 9 indicator tet

ol
_

—

gene? copyE H| st TE SPSS A4 23 (SPSS Inc.) & %53}9 Pearson
FHABAAZTAS A ¢ O A3E AAAT 02 YERAT ik 5 159
FAASG ¢ B2 0881 T WOl 9 aFAdAE 07525 R 1 A3 A v

&0 wet indicator tet gene®] copy ol G#HIAAE = S FAEIATH
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Fig. 12. Correlation between e @be[s]glf ﬂe tet gene and the

proportion of a specific isolates carrying that fet gene. Bar 175 : individual

marine fish, bar 6714 : individual fresh water ornamental fish.

_61_



7. tet geend 9 X ¢ copy &Y ol

Table 4.0 AW H#FE5 o]&ste] WA FAA7 EAets 1Al wet
of tiate] olrE kvt WA 4749 HF7F A7t TEA 1
6.90 x 10° colony forming units (cfu) 1ml*
S o] &3l DNA®ZE 3 & 16s rDNA primer
2 o] 83le] qPCR A Ag A7 16s rDNA genedl copy ake]l 2.60 ~ 3.89 x 10°
copies-ul ' B AAF o, ol A AFF 9 FFole] Al FUAEA 16s
rDNA gene©] culturable cells number Xt} ¢F 1/10 AEA %A YJepvts AS 3
o1& = g (Fig. 13).
O tet gene®| fXol WE copy #tel zolE LolHT-flsto] 77t wHFT)
7R 3L Q1= tet gene typed] B specific primerE AR&dle] Tro kS A3 &
Zb 3t59] 16s rDNA gene= °]8-3to] AdidRl @ F o= YeEgle (Fig. 14). 1
A3} tet(E)7} A2l chromosomee] €Al U= A hvdrophila HAS A 4.00 x
10> copies'ul ' 2 7b AN fet(G)7F R-plasmidell 18] 1= E.| coli C600
pJA8122¢1 4 271 x 10° copies: ™t = 1= 81t} plasmidel tet(B)7F 1213 9
= E. coli C600 R222¢} E. coli DH5a tetB)= 212k 1.63 x 10° copies-ul ', 9.46 x
10° copies-ut ' 2 2Q1¥ %Y. A hydrophila HAR T} 1008}, B eoli €600 pJA81223:.
ok 1001 =4 gelE At o= plasmid el WA FRJAES 71 A= w50

A copy 7F B =A UEYE AS HolETh
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Fig. 13. Correlation between 16s rDNA gene .copy number and culturable
bacteria number. Copy number of 16s-rDNA" genes and culturable intestinal

microflora (y axis) were plotted against different samples (x axis).
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Fig. 14. tet gene copy number-relative to 16s- rlDNA using ‘real-time PCR.
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8. Tc WA FAHAY transformation ¥ conjugation

_—

=

=

A atol et T AAFoJo A FEElE Tc AT S indicator tet geneol| gk 7o
& T

=5 sty Yl Z+-2F Vibrio spp. 20352 Aeromonas spp. 207t

oo
e«

] o] transformoation % conjugation 23S AAIEATE Ao hI A
Fig. 133} Table 18 (A)ol] YE}W T}

St A =5 AW At 5 Vibrio spp. it
o
=

o

A

A

_Zr
o] FW A 5 Aeromonas spp. T EHE FAH tet(A) A2}

-
i
0%

transformants$} transconjugants ol PCRE S %53+ ZF¢olA F<l¥ ). Fig.
13914 & 4 %ol o] F 7kA WA FHx= A4 #FoA & Ades
o] 7} ¥ A Th.

Ao Arg9 tet(B)E 7FA Vibrio spp. 2075 % 517} tetracycline 2ug/ml o]
S9] 9+ CC agarol A transformantS-X. %13l Aeromonas spp. 2075 % tet(A)
E 7M7 1335 T T, tet(A)Sitet(BE)E 717 Tt 5 2v 57} transformantS
UEFWTh Transformant=45-E plasmidE 23t ¢ multi PCR HHS &3 ¢

St tet genes 1T = AT (Fig. 13).

o

Conjugation 2 ¢S 53t transconjugant® % =2 recipient ¥ (E. coli HB101)

7} donor T¥FZE 5

4

A

£

e dE was A5, FAAZ @7k CC agarel A

FA wiot AT Vibrio spp.ol A$ 207FF E ol A

]

A wed gee 34

oftt

ol

transconjugant® A& F AL Aeromonas spp. 20 FFAAE tet(A)S 7HA

1375 & 1033, tet(A)S} tet(B)E 714 745 % 61594 transconjugantE 7
2590 tet(A), (E)2 717 6T 2o A 5855 tet(A)Sh tet(E) = th WolzhA
o A= tet(A)RF Hold AL gstt

w3 A SARe Aol oate] copy ol oW T FEFS 7] X =A S olr

s WAdul&ol Apojel mE WA ol HlE&E s Hovh WA Ha wdo
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ol WAHIE Hirol 0% AXE ¥+ IS high 0% A% H+= IS low 1
Foz A3 H Z aFolA ®BUE Tc HATES E289] transformation 2
conjugation A3 AAsAt. 2 A3 table 18 (B)oll YEFWTE high Lol A
9] transformation¥} conjugation®] H]&°] Z}7Z} 75%, 100% 3 3L low ZLwolA = 2t

2} 73%SF 80% = 7 1wke] FEld Ayt Aol HolA| ¢dokth
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(A) plasmid franformant

plastnid fransfortmant fransconjugant

(B)

Fig. 13. Agarose gel electorphoresis of PCR amplicons in which a transformant
and transconjugant were used as specific primers. (A) Vibrio spp. from domestic

Rock bream, (B) Aeromonas spp. from fresh water ornamental fish in Singapore.
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Table 18. Result of transformation and conjugation experiments.

(A)
Result (%)
D . No. of Transferred con 7
onor strain tet genes . . . .
isolates (%) gene transformation conjugation
Vibrio spp.” tet(B) 20 (100) tet(B) 5/20 (25) 0/20 (0)
tet(A) 13°665) tet(A) P IEs53) 10/13 (76)
Aeromonas
spp.” tet(A), tet(E) 2/5 (40) 5/5 (100)
tet(A), tet(E) i, 35)
tet(A) 0/2 (0) 1/2 (50)
4 Vibrio spp. from domestic marine fish, > Aeromonas spp. from fresh water ornamental fish.
(B)
Frequency of Results
Tc resistant bacteria No.~of 1solates
(%) transformation conjugation
Fresh water 90 12 9 (75) 12 (100)
ornamental fish 70 15 11 (73) 12 (80)
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2 AT AL opAotl A U B Bl TN B ol
W oalakel gl Aol ol @AM W U4 W&S olr i, Te WA

475 AFgens 1o me Te WA mese] BAd faNE

FAA WA HlEs Bl kM Y wixE ol &sto] A Ad A

Z9o] TAANA Aeromonas spp., Enterobacteriacea, Pseudomonas spp.

18] 3L Vibrio spp. &2 gram /o] a3 o= Wt 53
| 2kol ol A= Vibrio spp. Ao ol A =-Aeromonas spp.d] H]Fo] &
Aoz FAFHUTE o= 4 UMt Fa BFofer FUAk sjitofodl A ZHzt

1870, 21709 AW Alits T2 FE5t] API 20EE AAIgH 239}
= A= Aol el H$-Vibrio spp,. Enterobacteriacae '~1E] il
Serraia odoriferal 5 <& HFTS XASAL HF DA A=
Aeromnas spp., Citrobacter freundii, Escherichia coli ~1&]3l Vibrio
cholerae ¢ o= YelWth HFA ofFSl defyote] A A
A.hydrophila, Corynebacterium urealyticum, Ecsherichia coli %
gram Aol FH B AT Foll WHEA =T H BE A o
™ (Al-Harbi et al., 2004), ®l=4F channel catfish®] ] Aol A=
Vibrionaceae, A. hydrophyla, C. freundii’} +8 52 ZAEAG
(DePaola et al, 1995). Z1&jv} =4t Antarctic fish?l Notothenia
neglecta®l = Vibrio spp.7} +& AU Adoz 48 9tk (Mac
Cormack et al, 1990). 3+ 7|4 A9z ik Ao  Fof
(Micropterus sp.)E& WAoz AU M-S A A3 7] A oA

= Aeromonas spp., Pseudomonas spp., Enterobacteriacea 1%l
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Vibrio spp. 2.2 YEFSEA|TE S| QbR Aol A= Vibrio spp., Aeromonas
spp., Flavobacteria ~1¥]1l Enterobacteriacea =22 ZFW A3t W] 59|
= o® Yeht o7 5 A wE Al Al vlE9 ZolE
HolF At (MacFarlane et al., 1986).

FU Al A WA HlES ok A3 sjite]r
Ale] AAFHoR vre WA A

&
ofFol Wl =uitko]l 30%% $r WA FEES BTk Teol 45 A7

AUl Aol =2 Te WA M-S (48788%)= 7FAlaL 1l & (2008)¢]
ATolA A Artrz T, BiaellA e Bl (58765%)¢0 A

3l = UAE (20730%)°] RAl YERd T Aol A XS o] ¢l gk WA
Ad srazre]l A4 w5k Al AEe Tl
weba dAFg Y Tt T (H 2006). ZH oA ZAE
=l A= 20051 39l A7) Fol (Oncorhynchus mykiss) 47l
A B2l¥ Aeromonas spp.2l OTC WAl el 100%¢9] o] &rtar H.a138}Sd
t}t (Gordon et al, 2006). & AF-AAME GFFik AJojE5 S ddo= gt

Rl

Tc WA HE& Aol Aeromonas spp.,. Pseudomonas spp. —LE

-~

Enterobacteriacae®] Tc WA H]Eo] 50% oA YEelykt). £k &4
o]o] A$ TCBS platedl A A&t Vibrio ¥57F ©E gram <4
Hu Fa3 Fl Adom yetwtow Te WA BE& E3 & A
wjzlo wlE] =A e 20053 2FQlel A R E =] 25
Wzlkol (Anguilla japonica) 7oA =819 Vibrio furnissii 2] OTC W
4 A& 33% S1aL, TSA platecl A A AA Te WA E59 A

H & 18% A== YEY = (Alcaide et al, 2005) o]o] Hl&j & <

2 Mo

ol
off
2

_70_



TollM= WA BlEel O =4 vewd 58], 949 4¢ Tc WA +
T Hl&o] 80% ol Yo ® ofF A UEYT ols LAEdH Ao}
k2l Ao A 2MHAS 64709 Vibrio spp. & OTC WA H&°] 65%=
vEel = A3 (Akinbowale et al., 2005)¢tx= 2 zFol S Bl
Bacterial isolatesE ©]-&3F Tce] MICE 913t A} djitojolA F=&
3t Vibrio spp. MIC kS 327128ug/mlollal &Aoo A  FZ=3)
Aeromonas spp.2]l A% 647128ug/ml ©| At} o= Kim et al. (2004)<]
Ao A 19993 U X o] (Seriola quingueradiata)®] Fol A Ee
34709 Vibrio / Aeromonas w57} OTCel tfgt MIC gto] 62.5ug/ml
o] ¢l Aoz etz (Kim et al, 20042 3ot AU
multi PCR& ©]&3te] ol Fof Fudl EAlet= Adess dde=
tet(A)~(G)7HA A FHAe] 2 vE&S dolr it} T4 #Agod
A FET AW AdES AR 3 A3 674 WA FEAE RS
HatA AEHAeH 1 FAAE tet(A), tet(D), tet(E)7F Fo3hA
WL sfjakolel A FE=3 Fl Aol A #olekE @ tet(B) ¢
tet(D)7} F-AISHAl A HJA=H o= & (2008)Fe] A 7-ot%= LA 8
th sl abof of ' Aol w2z fAleA vty Vibrio spp.
9} Aeromonas spp.& Wdo.Z multi PCRS 2 A|$k A3}, Vibrio spp.
ol = 30709 WA HFF. 5 80%7t tet(B)E 7FA= A shol {9
Aeromonas spp.2l A5 tet(A)E ZkAl= WA w71 337 & 78%

2 Axete Aow #elHo] zhzte] ERolA Fa Y4 FH4A Ao

<]

A

$
[o
fa

Rl

2 FA9Y A9 2 F=9 Bacterial isolate = A7IEE Ay =
b g I A sty T FTE 27 oY U R AAE MR =

multi-tet gene®] H]&©°] 30% o] o= YEIST difiEe WA #55
S 2709 WA FHAAE 7FAE multi-tet gened H]&o] kot AU}

T2 4 pEue] 4% 3ol olabe U §HAS AL HEol
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11%= 7FE =4 9. & dTodAs 22 @50 w7
(Silurus asotus)®] AW Aol A EE ¥ Ahydrophila o+ tet(A)<}
tet(E)7} ¥ Al yeEbsk=t] (Depola et al., 1988) o] H ol oA
A XS Aeromonas spp.E WAC=Z 3 multi PCRY Z¥e} dx3
o} 28l Aol FAW M = Vibrio spp.o A -$ tet(B)7F 71 Wi
Al A=H AL multi-tet gene®] B tet(B)o tet(D)E 7H3 EF7}
17% %2 YEPth b2 Ao o8t tet(B)E= gram 2Altol] Wo] &
Aete Aoz dex 9t (Roberts et al, 2005). 3+ 74 A& Y
A. hydrophyla, P. fluorescens w2 FolAxe tet(E)7}, lactose
fermenting T FoAE=  tet(B)7F F8& WA FAAR RuEHAT
(Andersen and Sandaa, 1994). 53] =2 olo A= tet(E) FHAA7} o]
W AM3Ql Vibrio salmonicida, Vibrio anguillaruim, “Aermononas
salmonicida S oN4 F2 ZAE9d 1 A (Serum et al. 1992). tet(G)
w3 Vibrio spp., Pseudomonas spp. ¢ Salmonella spp. (31) 52 3
A Aol EAlets Fo WA AR EHA vk (Furushita et
al., 2003; Miranda et al., 2003).

oAF FW Ao Tc WA Hl&d WAd FHAS A7 Al 5
ANA stools FHALRE FEHste] A W #AF gle]l PCRE 1%
template 24 stool DNAE FZEsFo ARE3FAF Stool DNA S| Ap&-2
ol AT (&, 20084 AZE primers - ©}-&3to] gPCRS A a3
t}. 71¥£ 9 conventional PCRH 3} EvaGreen A|¢FS ©|&3lo] qPCRH &
2 ol AW Ao Te WA #FdxE BEstdth. gPCRS &3 94
AekE Fotel AR 3 FEAE ol &ste] AAZre R PCR F3HAE
o] AAHAS BUH Y target FHAE At WHOEHA, AME

= 9% 9 Alofoli= DNACl Primerst Zo] R 7ML=

&

o] 83k TagMan, Molecular beacon 5 °] 13l DNAS] o]% yAld HE
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ol]xo w2 ZAgsl:= EvaGreen, SYBR Green %°] 2t} Maeda et
al.(2003)¢] A o= L FAA da o] F A A= HE o
go] PG AN AkS BF AMES A H=FE copy #olAl= Abolvb
es HATh ol ¥ AFolAE AAY AL probe AFe FiE
Y 4 9l Evagreen 3% A4 AlekS AFESEH T ol gk qPCR 71

S AFEste] Al A1ESkAl o] A A Wl microflorac] &AL &=

al

ol F Ao EE microflorad] & &o] 71538tk gEo] mAE o] &3
o] wjeF ¥ A &+ non-culturable bacteria?} 7FAE=. Tc WA H# A}
il

3 A ko] 7hSdla olg e FEAF A= A SAAE AR AT

16s TDNA gene?] A =S 98 gPCR A L3 F+ H=k =249 4
AL & (2008)9) A+ WS weEl sample derived standard <!
amplicon standardZ= A} (Yu et al, 2005) 6702 Tc WA A
2] s %k e HEF F49 ZAL plasmid standardE A 28}
of Abgetith ¥ Aol A= 16s rDNA| gene?t Te Wi 42k Afol
o] AAAAZS dolr 7]~ 3to] _16s rDNA 49 universal primerZ

o
ob
8
o

0] &3}o] stool DNA ZHE amplicon standardE WHE1L o| Ao 2 o] F
Al A A TS A tet gene copy T AiA QL HlES
ey = d  AFESEATE 16s rDNA<Fe] Ao EAeo] A

microflora®] BA oA o] AARZo] ol & Ao YA oF Fu
Z# o7 23] total DNAS] 45 7|Fo = & Aol 2uj7l ¢l wo

g 4 tp= Aot} Nadkarni et al (2002)= 16s rDNA genes
AbE-3 = A3 9] abundance”} agar plateE F3 AlGFH AT FHU}
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408 74 Bohal SFdal. EgE o] &=itdl WEW Escherichia coliv= 7
N, Pseudomonas spp.©= 470, Staplylococce= 97} A x°] 16s rRNA
operone 3%+ single chormosome®] 7}X|a Qltial &t th, 18] Joel
A. Klappenbach et al (2001)| %= S A| Escherichia coli7t 7}A = 7}
2 22 16s r RNA operon®] Hd 36702t H st B A3l o
A FFE E colis oz 16s rDNA gene® copy 9 viable
counting® #TAE Fdsl Hke=d o]de A Aot &l 2w A
=4 16s rDNA gene® copy 7} @A UElyE= AL e}, o]
© Table 1ol Au o]zl afiltojel g wAtololA e 16s rDNA
gene?| copy ¢ viable counting@}e] FAoA] 3sitoi= 1/10008) &
Aol 1/1008 AE 9HA UEdss FRolth ofe s HAEF el A=
stoolel /1 DNAE ]38 U7k #gel A stool W] inhibitor Al A 2}
4 mFor Qo) gPCR Ado = F3FS v A= FAHHAT o
= A faecal sample e =9 2A  polysaccharide complexes, 9 ©]2]
T, AW AT w579 A4 e wE oY inhibitor7t | EA
(Goncalves et al., 2008) 3}7] W&ol DNA extraction ¥}7golA o] &3k
inhibitor A AES 93k stepe] ZR3t}ar Roose-Amsaleg et al,. (2001)
ol ] AF3 v} vk, B Ao A= 16s tDNA gene® .copy F7} ©] %
o] Ao HE] BrA UERRER gk ZEZE o] stool -sampled Al 53 DNA
E o] 83}l 16s rDNA gened Te WA Fd1AE A Fsly] w o
copy #ell= F2ol dFS wA FAs L HAPS AAESH

Peak et al. (2007)2 Tc WA FHdAE A =st=d 16s rDNA geneo| 4



kol A= tet(B)9] abudance”’t 7FE =okoe™ F I1F EF Tc WA
FAaAe] AiF el A# F3 Tc resistant bacterial isolatessS ©]-&g
multi PCRS] Ay} ZF AR5t (Table 17). S. Koike et al
(2007)0l A= lagoonell EA3tL A= tetM), tet(0), tet(Q), tet(W),
tet(C), tet(H) 12]al tet(Z) ThE ddoez S HAAT F

gene / 16s rDNA gene ¢ WW o2 16s rDNA gene copy®l tal tet
gene®| A AHFS Lot A tet(C)7F ASHA HEtd= A=
gkl skttt

B Ao = sfrto] et @ Bato] 1Eo A9 indicator tet genel
2 47 tet(B)9 tet(A)Z AA3 3 Tc WA WL} indicator tet
gene copy #¥el AAIAZ AHEUT, 1 A7 Tc WA HEo] =
545 indicator tet gene copy #%E Wt F78 e A ES HIAT
70%° Tc WA HE&S HEHl= T #H4o9 tet(A) copy gol Tc
YA HE 85%E Ue = 95 3499 tet(A) copy #hol 10v) A=
g = Ued7i= . ol B35 B Hd AddA F= e
U= Aeromonas spp.© 50% ¢]%9] tetracycline®} ampicillin @& WA

target

Jk?i

FHA7F F2 plasmid el SR B A A3 ol @ plasmide
self-transmissibles}® th& w529 o] 7peAo] &t &eA Q)
t} (Jacobs and Cheina, 2007). 8k 3 oA -FolAl A A7Fx = 2F G4
Hgojol Al FE3 tet(A)E 7FAeromonas-spp. & °©l &3] WA &
AAel Holel gk HFS F Ay ojxe] RIe} mRIIAE
transformant 45%, transconjugantt= 70% =% WA (Table 18 (A))
TUg AyE HAFT) o]de & BEiEd 9 3¥ mobile genetic
elements®] F7F= Qlsto] A WA S We7F Wolxdva A3 vt
2Ath (Rhodes et al., 2000; schmidt et al, 200la, b). o] E 23 oA

AARE trnasfer A o] Avpell A Hol= ZAHH plasmid Wol EA1sh=
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2 dFolA Teel #3 WS ddst= A
3k Enterobacteriaceae| X tet(A), tet(B)7}+
o2 M 1 $3olFo] YeEldttn R 193 (Roberts, 1996) ©] <}
THAA o] AHoly ¥ {579 AW Alit Escherichia coli o+ tet(A),
tet(B), tet(C) 18] tet(D) sol WIMsHA AEdAts A= Hol 3
AolE AAste AT anlAed A= A FdA dole] 7heAde] 9
A ®tt (Bryan et al, 2004). Aoki et al (1988)¥ Furushita et al
(2003) Tc W78 Akl Aol 4 R-plasmide] o] 1@A el st
of Awg vk AUk Aeromonas spp.©ll °]o] mUiAb FA EEolA

F=3  tet(B)E 7V Vibrio spp.&  ©] €3+  transfer A=

ol

Aeromonsas spp.2t= €8 transformant 25%¢| i -transconjugant= 7
ZHA ol WA FARE] Aol HlEo] vtk ol tfet(B)E 7H
Vibrio spp.°l A4 transformation®} conjugation®] # o] Foj %] x| o}l
4 fHA7F chromosomeo] $4A[skal 1S 5 Shvka F8E 7 AR
origin 59 xFo]lZ E. coli HB101°| A replication®] Loj}A &S =
Ao Frech et al (200002 tet gene® <fIA= &lelr] 3l tet
probes= A Z3}9] hybridizations A2l ¥, plasmid®] %= FAe=
Aol AagEojxor gl @ astgled], 2 Ao 0l HHE o &
abAl k7] witel oS- S dFzt ool Hof s AoR ALE HoX
t}.

HoAGo = WA FH1A7F chromosome, plasmid®} R-plasmid <
ME uE AR WAa T RISl w2l WA 2] copy
of s 7A= Ad diste] AFe AAsdn. 1 A3 Al d e
tet gene®] plasmid, R-plasmid, chromosome®] ¢ X3} U= O =2 fet
gene copy ¢ E=2 Aoz FQHUT o]= plasmidyt R-plasmid”}

sttt Al el A 4777 ZAE 10710070 7bA 7tk Bael w9

-
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sto] stue]l U Adate] B2 Yo WA FHAAE M s HoE
t}. Z12]31 Roberts et al (2005)91A tet gene®] plasmid®} transposon
I #Hsta Q= H il o] 2% mobile elementsell o] WA A

o Holst 3 copy #e ¥ VA= TaI &9 F R FF
Aot 2o B Ao AT Te WA leveldl ©E WA Aol vl &
o oAM= high®t low L& Alolol A zbo]7t §1&<S &eld 4 A
o} olg3t AxpE= B Apoa] E# o7 sl indicator tet gened WA
level®] AaAAE EA48t= ol oA ddEo] HA €= A &9

g ¢ drh. AW plasmid9t R-plasmiddtol]l €48t WA # =kl

ek A& copy #hol WiE AFAQA A= AFAA ALHofop &

off o] AFoA] 7t FA F=Wel lagoon 2mloll tet(O), tet(W),
tet(Q7F ok 45748 x 10" copies7t EATTE AT (Smith et al,
2004)7F dAth o] Aol = Al el A FHAS single gPCR &
< copy #= ZZF e al ©]lA S microfloradl Al FFste A A
¥ dlu stek, o Ay FAA e JREO| =STF tet gene copy
number’t S7tshe A o2 yEpt £ Aol s 671 A Fd AR
copy #t= Tc WA Hl&¥ Hlwst= WA ZF 25dA F2 ey
= WA #AAE indicator tet.géneoZ AR skl Te A ®] &3 M|

8

o

Wtk 24t 189 indicator tet geneol TFE-HA fHA copy #E
o feHez = veua o 6709 WA FHA & copy #el 7t
4 2 9 (Table 13)& WA= o2 YA FAA4 copy #hs T

A Q ¢lo] indicator tet gene®l copy W zZ%E ZF 1F 9 Tce WA H]

@A R FA AL AW FAolo Hls Bl BE G
FYAE Ageta Aok oA 53] wole Tk b ol BA Ao
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W, A Brow FAAE ot AgsE A3 dve] Aok 58 §
Pt 3 dwomPH FAof, Tum Artmest A=A
7}

FEREE wAolst HFOR £UN I YOonE ofF R F9

o
[ob]

wn

=

@ ]
=
o
_O|L
2
2
Ir
o
i
o
N
o
e

A7 e Aol

NAE T

o] Fatet AA microfloracl Aol Wdw Hl&e] HAAAS TAlstd
A 7o) A 2] resistance indicatorE A4Sl o] & T F Q=
2ol Wt HZo) s el doz og A A FHEee ALE
o= Q&) A7 FAA WE FHASe "Hg HeE ATz 3 A

ol thAl WA ik Toll e Bk 7S A A 7E 288 Aol
efflux pump® WA 7]k 9]9 .ribesomal. proteéction®|t enzymatic 7]
o M HE tet genedll tiE9et 2 AFE 1 Hojof & A
oz AmAd
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V.8 ¢

= Aol AR whel osh St kA sjake] o] Al Te WA
A& 20750% AER wHg @Adoldl wls) wgtom, g #de] Wl
M A7VEZ, S5, B (70795%)0 4 e wdolFel nls] =
Ab Eg B3] (40760%) 2 A o2 wokth o] el F e witt
A7t ol EA B o] Tc FAAZE 2e]7] wjiEoz A Erh
aqPCR Aol oA Ao Te WY #FE ©]&3 multi PCRAIA =

Ak, ik Bgel Boskolell A tet(A)-(G) 7HA HhEFEE WA

cHl 53], A7FEE AR5 A T Ao oA 30% ¢) ] HE=
=A gl At e o]Fo e 2719 multi-tet geneg 7HA =
= gVIE =0 Rl |, o Bkl =
°F 11% o]/de] 37 o179 i FdAE BEF 7t = A2 x4 H
ATt Tc resistant bacterial isolates®] multi PCR 2} & 4kofof A=
tet(B)7} B Aol A= tet(A)7F major tet genel = Q1 ST}
tet gene S 9% qPCRE AlE-o| A+ plasmid standardE ©] &35}
A3 16s rDNA gene®l A #dl 4}+= amplicon standardE AF&3F3ich. o
ool sjitole] Ul stool DNA-E #&3lo] single qPCR WS 4
&3t tet gene abundances AR 3FATE HEgH o] 16s rDNA gene
ZA] &2 Yerde o Al Te WA FHxe] A=
U AAE Ho] A A WY A ATEFY Feok Te WA

=
FARe F7b vldshe ARRAE e S

£
Lo

ro

)
o

o

-

-3

b

ol
o
%2
kl
ro

o]

_l U
rr

e,
{
Y

KeX
=

off
ot

]

Tc resistant bacterial isolates®] multi PCR 2 #¢} %=

Q15 o,
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| ako] o} W BAto] 1Eol A9 indicator tet genel ® ZHZ} tet(B) 2}
tet(A)2 ZAAZ F Tc WA W& indicator tet gene copy #@e A
HAAE AHE A Tc WA HlE&o] S7kstel wel indicatior tet
gene®| copy #%= F7Feh= 7 &

Zob f1A e W& copy #e Aole Aoy ME HUE IS 0T
microfloracl = WAT FTFF A HES LT ZoE HI
indicator tet gene® copy #LE Tc WA HEY AEES FH

lolA A%stn A% e B ARH wge] frk: AL FA59

.
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