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Distribution of Tetracycline-Resistance Genes detected
from isolates of cultured fishes in Gyeonggi-do

Ki-Taek Cho’, Yun-Jeong Hwang, Sang-Woo Lee, Kwang-ll Kim" and Hyun-Do Jeong®

Gyeonggi Province Maritime&Fisheries Research Institute, Ansan 15651, Korea
"Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, Korea

Tetracycline (TC) is one of the antibiotics used for treatment of bacterial infection in Korea.
Inadequate usage and abuse cause the resistance to antibiotics, like Tetracycline, Erythromycin, and
Fluoroquinolone. It can also affect severe economic loss in aquaculture field in Korea. We isolated
101 bacterial samples from diseased fish at aquaculture sites in Gyeonggi-do during 2015~2018.
Minimum inhibitory concentration (MIC) method has been used to determine distribution and to
identify bacterial isolates resistant to antibiotics including Oxytetracycline (OTC), Ampicillin (AMP),
Clindamycin (CLI), Enrofloxacin (ENRO), Gentamycin (GEN). TC resistant isolates were confirmed
antibiotic resistant genes by conventional PCR. Bacterial isolates were identified as Aderomonas spp.
(43.5%), Pseudomonas spp. (4.0%) and Vibrio spp. (5.0%). It was confirmed that multi-resistant
isolates (77.2%) were predominant over single-resistant one (22.8%). TC resistant genes like tet(A),
tet(D), tet(E), tet(G), tet(M), and fet(S) were detected and tef(A) was the most prevalent. Aeromonas
spp. is a dominant strain in bacterial infections in fishes of aquaculture sites, and further investigation
on various antibiotic resistance genes will be needed for clear understanding of aquaculture sites
in Gyeonggi-do.
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Aeromonas hydrophila, Aeromonas
salmonicida, Edwardsiella tarda 5™, = 2]
A A&F o7 BARETE Bt Hojxa gl
(Akinbowale et al., 2006; Dung et al., 2009; Jun et
al., 2004). A3 A2 g3 A= 287}
7bestH, W Ao A= Oxytetracycline
(OTC), Florfenicol &3 -2 A7} @o] A&
Ha ok A AAAHCE FAA = A Al
Aol A8 ol FA4FY, FAF &2 EokollA
ol AHRHIL glom, 08 FOoR
of WS 7HAE M+ = o 3
Was vebli= oA Ao vl o] S7kskal
A THLabella et al., 2013). °©]& 3 YA ] YA
wAE 2] s H=rtg o2 gy Ao -3
ARg-ell tha] B4 S 7ol Jlom, AARZY]
(WHO)°ﬂH“ A Wi o] A galo] 21
A719] 5 BAs Agshe 78 a9 F shiet
3 743k AtH(Rodriguez-Mozaz et al., 2015).
Tetracycline (TC)-2> & 1% FA4 &L 4 Al
of AR FHEAAL FAAZ LA Uk &4
G M= EA = Oxytetracycline (OTC)2F 22
TC AQ FAA7} Bo] 2xo]al lo], oj 7o &4
A5E A% T8 YA ZEA TCE X3 8
g A5 AA AL Uk TCE T2 2 acetate
2} malonate”} 3-& A3t 4719 A2 9 &
O rAMOoF JHAT Qo AT ribosome?
30S subunitel]l A 33+, aminoacyl tRNAZ} 508
subunit®] acceptor site?} AE3H= AE B 3=
W o2 wid S AAAN = gl o
A 58-S YeEbATHRoberts, 1996). 3FA] T+ o] #
g B3 o|Holl=, oy opollA o] FEEF ALE
o 1519) Teol g Aol Z1eke EAL
A7131 QA TH(Schmitz et al., 2001; Schwarz et al.,
1998; Trzcinski et al., 2000). TC AL 2] WA 714
2 374 efflux 7123} ribosomal protection 7]2H-S
E & e, o)™ 7FAES TC WA FAAR ter
TR Aol 93] dojuA FAth(Levy, 1992; Chopra
and Roberts, 2001). tet(A), tet(B), tet(C), tet(D), tet
(E), tet(G), tet(K) 5 efflux 7]Z+ol] #o3ahr, fer

ol
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i R

(M), tet(S), tet W) 5= ribosomal protection®] ]
S Zo2 4l th(Roberts, 2005). F=3E, tet
(A), tet(B), tet(C), tet(D), tet(E), tet(G)= 1 =73
oA F2 YR, fer(K), tet(S), tet(W)
O A F2 A% 53] 15
M) 25 FAHFH 547 BFolA EELH
I THChopra and Roberts, 2001).
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B Ao A& 2015~2018d FeF A= W
217 ok 3007 A YA E AY TUEHE
AletATh AL i A ddEdol
At AL BARE L& AAgske] RIAL &=
AFE AASIAT FAo R dEAAE S8l
Az L YRR oS &elstar, X }
e F Ao g2 HIE Tryptic Soy Agar (TSA)
o =ttt wi X = 25 Coll A 24A13F vl 4319
I, 3Y F2YE £33+ Tryptic Soy Broth
(TSB)ol Al Sdste] Aol AR&StAT. d5F+
Hf okl 3} wlj okl o] 20%9] glycerol S Egtale] 2
Pl AH&3H7] H7EA -80C ol sttt
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AAAS. S
AL oheFst Ao th g MIC(Minimum Inhi-
bitory Concentration) #t< FAlol] &4 7153
Sensititre Bovine/Porcine plate (Thermo Fisher, USA)
& A8t tH(Ruzauskas et al., 2018). Ampicillin
(AMP), Oxytetracycline (OTC), Gentamycin (GEN),
Clindamycin (CLI), Enrofloxacin (ENRO)®)| tjgk
MIC #-& 813+, CLSI 59| 71+ #asty
g F5FE 3d3dt. ZE FFE2 Biolog
(USA)ol A Al 3to] A 5tehA %7@% JNIEE
AH8-3} 91 31, Microstation (Biolog, USA) ZHH]
A ANE Q"JOB/\E}.

TC WA(ten ST Bl
TC WA FFOIA WAL FRohs o FAAE

Table 1. Primers used in this study

AN+ 9] Tetracycline WA GAA B 41

1317] $13Fe] Conventional PCRS A A 5153 T}
Total DNAT 8] w52 < | 4] DNeasy Blood
&Tissue kit (QIAGEN, Germany)2 ©| &3] #&|3}
R, APAHE AF viwdol ot e
10X PCR buffer 2 ul, 200 pM2] Z}zHe] dNTP, 1
uME] sense primer®} antisense primer, Taq DNA
polymerase (TaKaRa, Japan) & template 1 ulS 7}
3t & distilled waterZ # 54 2] volume©] 20 pl7}
HEE ) Primers EAR] ter F-AAE O
3 SolA o= AAE AS AHESHA L, te(A)~tet
G)= BNl A=l 7hed =8-S AHESAT
(Table 1) (Jun et al., 2004; Jun, 2010; Aminov et
al., 2001). PCR &%%E2 Biometra TAdvanced
Thermal Cycler (Analytik-Jena, Gennany)%' A-&-3F
o, 94 C o A 387} pre-denaturation A7 $, 94°C

Genes Primer Oligonucleotide sequence (5'—3') Expected size Reference
TETF? GCGCTNTATGCGTTGATGCA
TAR ACAGCCCGTCAGGAAATT 387
te(A) TBR TGAAAGCAAACGGCCTAA 171
te G) TCR CGTGCAAGATTCCGAATA 631
° TDR CCAGAGGTTTAAGCAGTGT 489
TER ATGTGTCCTGGATTCCT 246
TGR ATGCCAACACCCCCGGCG 803 Jun et al., 2004;
) TKR-F GTAATGGTACCTGGTAAATC 190 Jun, 2010
€ TKR-R CTATTACCTATTGTCGCTAC
tei(L) TLR-F GATCGATAGTAGCCATGG 430
¢ TLR-R CTTCTATCAACAAGTATC
TMR-F GAATCTGAACAATGGGAT
tet(M) 1,099
TMR-R CTAACAATTCTGTTCCAGC
1et(0) TOF-F ACGGARAGTTTATTGTATACC 171
€ TOF-R TGGCGTATCTATAATGTTGAC
tef(S) TSR-F GAAAGCTTACTATACAGTAGC 169
¢ TSR-R AGGAGTATCTACAATATTTAC
tet(W) TWR-F GAGAGCCTGCTATATGCCAGC 168 Aminov et al.,
¢ TWR-R GGGCGTATCCACAATGTTAAC 2001
(e(Q) TQR-F AGAATCTGCTGTTTGCCAGTG 169
€ TQR-R CGGAGTGTCAATGATATTGCA
tei(T) TTR-F AAGGTTTATTATATAAAAGTG 169
¢ TTR-R AGGTGTATCTATGATATTTAC

*TETF designed from the conserved region of six different ter genes and used as the common sense primer for

PCR amplification.
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o] 4 30% denaturation, 55C ¢l /“] 30%
72°Coll A 30% extension®] HF-§-S 30 cycle 3] %
T 72C ol A 7EZF post-extension A H T FSZA4HE
<2 QIAxcel Advanced Instrument (QIAGEN,
Germany)E ©|-&3to] 7|95 saL, S34HE
9] Aol&E RIS ter FHAAY FFHE &3}

=

annealing,

4%/

Zn 9

ag
[

ELH orAIAH'= I=la|a.2'<_ EL|E-|E-|

2015~2018 A7} A] ZA71=ol AA S F&AS
Fo g AW RUEHY S AASA L, A4S
BAY HAZE BT o]go] = o
dom 3, AA, vl A Alits el vl st
o U EY A, w7, W] 5ol e
W ol FolA & 0170 #FT B
(Table 2). E2]& ‘;_,L.]_ %, Aeromonas spp.7} 43.5%
2 71 -39 21, A veronii, A. hydrophila, A.
allosaccharophila, A. eucrenophila 5-°] g% T}
(Table 3). B TF Tole oHAlE oz 2 <
A A= A hydrophila 87/1E W|E3+A, P. fluo-
rescens, P. anguilliseptica, E. tarda, L. garvieae, Y.
ruckeriZV Z42F 174, 170, 270, 102 A FH A}
dutd o g WH o FollAlE 4. hydrophila, A

salmonicida®} 32 Aeromonas spp., E. tarda, P. flu-

e - o4 - U

i R

orescens Tl &gt Al Aol & <HA It
(Jun ez al.,, 2010). o] AFoA = JA & v ETH
S o] Fol| 2 WAYSH= L garvieae7t S H
7oA ZeE A=, ol =l FAH yel-
low catfish®] U] Al SolA E2EHAT= il
SIA UE A ERANAE ek hesithe
A& & & AH(Wu et al, 2010).

SHMA| LI EM Hlw
Aol A EeIgk o] FAA WA FEE

2o

ZAbs7] ek, el 5 S = TC, GEN,
AMP, CLI, ENRO®| th3F 144*3 %%“4% ICHOE
gelstdt = 101702 #5 5 7H4 5l
A TRk A o o IH l A=glem,

HA 97l FFol e AR EATHTable 4). 1
% TColl WS Yetdl= dFE 477071 SRl
I, AA 759 46.5%= 2= U TH(Table 3). &=
3}, Aeromonas spp.= A TC WA+ vl 51.1%
2 71 &3k o ) A hydrophilas VI E3F o B A
TAXE TCo| g Wdo] 215 Ath(Table 3).

TS, e A da AaS vEdE o
AW o] Bl &S EAE A=, &Y A ol
s WAEES e+ 7 57(22.8%) B T tHA WA
79 vl &(772%)°] B =t AL FAsAT
(Table 4). & WA =A== CLIZF 7HE E3%keH
(13.0%), THAIWAHAAE CLIVF 285 U=

Table 2. Various species of diseased fish used for monitoring in this study

Common name

Species

The number of
Isolates

individuals®
Altum angelfish™ Pterophyllum altum 3 1
Far eastern catfish Silurus asotus 49 37
Japanese eel Anguilla japonica 11 7
Koi™ Cyprinus carpio 8 8
Korean bullhead Pseudobagrus fulvidraco 14 11
Korean weatherfish Misgurnus anguillicaudatus 6 4
Rainbow trout Onchorhynchus mykiss 1 1
Mandarin fish Siniperca scherzeri 4 4
Chinese Sturgeon Acipenser sinensis 4 4
Ussurian bullhead Leiocassis ussuriensis 1 1

* Some individuals have two or three different isolates.

™ They were cultured for ornamental use.
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Table 3. Identification of isolates from diseased fishes in aquaculture sites

43

The number of isolates (%)

Genus Species -
Total TC-resistance
101 47
Aeromonas 44 (43.5) 24 (51.1)
A. hydrophila 8 6
A. bestiarum 6 6
A. veronii 8 5
A. allosaccharophila 8 2
A. caviae 2 -
A. sobria 1 1
A. eucrenophila 8 2
A. ichthiosmia 1 1
A. jandaei 2 1
Pseudomonas 4 (4.0) 3 (6.4)
P. fluorescens 1 1
P. anguilliseptica 1 -
P. aeruginosa 1 1
P. viridilivida 1 1
Vibrio 5 (5.0) -
V. metschnilcovii 3 -
V. Cholerae 01/0139 2 -
Yersinia Y. ruckeri 1 (1.0) 1(2.1)
Lacotococcus L. garvieae 1 (1.0) 1 (2.1
Edwardsiella E. tarda 2 (2.0) 2 (4.2)
Etc. 44 (43.5) 16 (34.0)

AMP?/CLI®(19.6%), TC®/AMP®/CLI*(12.0%) L&
o] & vl &S AA| 8 A TH(Table 4).

TC WM tet RTXI B

Sy FAEANA TC B S T2 o7&
FAAE gofatr] 918t TCol WA S Yk

TE WSO E for AR X FdE &<
At I 24 ATl s FE efflux 7|3
3= tet(A) ~ tet(G) ol 98 WAo] ftdT
I EHA o, FTF tet(M), tet(S) 5| riboso-
mal protection 7]2H& Y oA TCol WS YeRA
o= 237t Jth(Poole, 2005). H Aol A Hg]
H TC AT 4715 A2 ZE fet(A) 5 14719
tet AR BE S EAT AH, ter(A), tet
(D), tet(E), tet(G), tet(M), tet(S)7} E=AES &<2ls}
ATkFig. 1). 1 = tet(A)7F 7P BS 11 FFolA
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Fig. 1. The number of isolates containing TC resistant

(tet) genes.
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Table 4. The number of the multiple antibiotic resistant isolates
Antimicrobial agent The number of the
g isolates (%)
Total isolates 101
Non-resistant 9
Resistant isolates 92
OTC} 1 (L.1)
GENR 3.3
AMP*? 4 (4.3)
CLI® 12 (13.0)
ENRO® 1 (L.1)
OTC} GEN® 2 (22)
OTC} AMP? 8 (8.7)
OTC®? CLI® 6 (6.5)
OTC®? ENRO® 3 (3.3)
GEN® AMP® 2 (22)
GEN® CLI® -
GEN® ENRO® -
AMP*? CLI? 18 (19.6)
AMPR ENROR -
CLI® ENROR 2 (2.2)
OTCR GENF AMPR 2 (22)
OTCR? GEN® CLI? -
OTCR? GEN® ENRO® -
OTCR? AMP? CLI? 11 (12.0)
oTC®? AMPR ENROR -
OTCR CLI} ENROR 3 (3.3)
GEN® AMP*® CLI® 1 (L.D)
GEN® CLI® ENRO® -
AMP® CLI® ENROR® 1 (1.1)
OTCR? GEN® AMP®? CLI? 6 (6.5)
OTCR? GEN® AMP®? ENRO® -
OTCR AMPR CLI® ENROR 2 (2.2)
GEN® AMP® CLI® ENRO® 1 (L.1)
OTCR GENR AMPR? CLI® ENROR 3 (3.3)
o A &1 = AT}, Ribosomal protection 712l A Al A tef(A)~ tet(E), tef(G) o] $HA o=
At ret AR EZF SRJAFHAST, rer(S) Uehue, O &3 MM e uls =54 e
Enterococcus spp.2}F L. garvieae®} 2 I1F A gty d# A dthButaye et al., 2003; Poole,

A AEHANoH, tes(M)> 138 <4 AT
Q1 C. freundii, Y. ruckeriol Al &A=t B A+
A M= a8 543 ATl ARE efflux A<
tet(A), tet(D), tet(E), tet((G)7} A= A=, GHHE
O Z efflux 71ZHS YO 7| ter FAAE I

¢

n[o

2005; Roberts, 2005). =3+ |8 2o Fo A=
tet(B)%} te(D)7} A o2 A 02 Y=
WA, W o]/l wZlelA EeE E tarda
AAE tet(A)S} tet(D)7F $HAH 2 HAEAGE
HB7} dth(Jang et al., 2018; Jun et al, 2004). ]2}
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A F 2008 #FolAAsE & AT
NA GO R T ter TR BT ASHA &3t
th. TC WA 9 7172 =4 37HA & U, zhzt
efflux, ribosomal protection, enzymatic 7]2t0. 2 &
A}, efflux 712 tef(A)~(E) ©1 2ol %= 1e1(30), tet
(1), rer(33) & TFFIF AL MG 712E T3l
Aol TC WA S 33, plasmid =+ chromo-
some®l] SRt &#] A I THChopra and Roberts,
2001; Poole, 2005). =3}, ribosomal protection Z=&=
enzymatic 712t& Yo 71E b fer A &
Ak, FAF e ARFFAA teY), teiX) T
o] A&o] RuE3 Qt(Furushita et al., 2003,
Huang et al., 2017). TehA] B AT oA rer 3}
7t HEHA 22 TC WATES OE rer +AA
EE 71Fe R 18] TC WAool =5 Zlolet
oA AR

o Ok
-l -

Tetracycline (TC) =Uloll A Al 7+ X 50l
HreA Hagk Al AR A Uk 1
Ay B2 -3 AL G809 F Q3] Tetracycline,
Erythromycin, Fluoroquinolone &3} Z2 a4y A of|
gk WA o] At glom, ol = 4 &
ofoll A AZ+3 AANA A& FEget & Aol

_‘

oA 10170 #F5 288t &
o] 2l A43tstz &

AAFEMIC)®] FRI&
(OTC), Ampicillin (AMP), Clindamycin (CLI), Enro-
floxacin (ENRO), Gentamycin (GEN)ol| o & W]
ARE FRAsAT o]F TCol WS Hol& +
T PCRES &3 ter 370 £X2F ZASHA
th. 1 Ad, F 10170 FF SN A deromonas spp.
7} 440(43.5%) 2 7+ AT, 1 gL R
Pseudomonas spp. 471(4.0%), Vibrio spp. 571(5.0%)
7F FRIHEAT. =3, tF WAES Hole +F

A Al4+9] Tetracycline WA {-AAF B3z 45

(772%)7F &4 WA F(22.8%) R0t B2 s}
AT} ter(A), tet(D), te(E), te(G), tet(M), tet(S)7} TC

4
o2 AU, deromonas spp.= EEH F5
TollA 7HE Btow, A71= W &A@
oheke A WA FAke] S tig 714
?l A7F Hasih

- =
o] EEL AV EHFFAALAAT 28] B4
A F paagBed £9 2 APATAY o
el ols) %95 A% T
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