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The antibiotic resistance of Lactococcus lactis isolated
from the farmed Amnguilla japonica
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Spleen, liver and intestinal mucus of Anguilla japonica cultured in a domestic recirculating aqua-
culture system were sampled to isolate and identify culturable bacteria. Based on 16s rRNA sequence
analysis, the most frequently isolated bacterium was Lactococcus lactis. To determine the antibiotic
susceptibility of L. lactis, the minimum inhibitory concentration (MIC) test was conducted using five
isolates (Al, A21, A65, A125 and A130) from Anguilla japonica and three isolates (KCTC2013,
KCTC3769 and KCTC3899) from Korean Collection for Type Culture. Differences of MICs between
A. japonica-derived isolates and KCTC isolates were observed in Tetracycline, Oxytetracycline,
Doxycyclin and Erythromycin. MICs obtained for five L. lactis isolates from A. japonica were >64
pg/mL for Tetracycline, >256 pg/mL for Oxytetracycline, 16-32 pg/mL for Doxycyclin, and > 64ug/mL
for Erythromycin. On the other hand, KCTC isolates showed the MICs of 0.25 pg/mL, 0.25 pg/mL,
0.12 pg/mL and 0.03-0.06 pg/mL for respective antibiotics. Furthermore, it was confirmed that genomic
DNA and plasmid DNA isolated from A. japonica-derived L. lactis isolates have antibiotic resistance
genes and transfer origin. These findings suggest that A. japonica-derived L. lactis isolates may have
the potential to mediate the transfer of various antibiotic resistance genes. Therefore, it is advisable
to use probiotics along with the feed or use them as postbiotics rather than dispersing them directly
into the water in aquaculture system.
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WA= 54 WA (Anguilla japonica), |+
HAab WMoY (dnguilla anguilla), EvV)4F w70
(Anguilla rostrata), T4 WA (Anguilla austra-
lis) & o2l Fol doer F oA 71 wel
2HEE iAol s S WAt S WA
ol& ¥F237] AsliAe AWl E Yalste] o
EYAE, HAALE, SRR T AARE T8t
of A FE s, Ao} o] Fo= =g

W o2 FAS AT, 2020). Ao
-2 #AA] AngHV-1, JEECV 52| H}o]
H2A AW(Jang et al, 2021; 4 5, 20193
Edwardsiella tarda, Aeromonas hydrophilla, Pseudo-
monas anguilliseptica, Vibrio anguillarum, Aeromonas
veronii, Lactococcus garveiae, Streptococcus iniae 5
o] ofH Aol Al WS dova deR
(A 5, 2005). L2} Hiol2j =4 Aol gk
e A EA5HA] &M (Jang et al., 2021) Al
4 ¥ el A & E = Oxytetracycline, Neomycin,
Florfenicol, Erythromycins 2] 3718 44H8 A
AZF A= HrateF 48, 2022).

WAl ol Zzulol 0¥l o] HIE AT
3t AM8El = Bacillus subtiliss ALg.0l 0] £33
B ARE F7heh aoh B4, Pl R BA,
Wy W Qb3 Vibrio anguillarum™} Aeromonas
hydrophila®| A& WHAE F7F 59 384U &
H7F A& Bargk vF 2Ith(Zheng et al., 2019).
T3t Lactobacillus plantarum | ©)A] Bl 50]& ™
o WkFol A g0l Hal o] xte]E B
™ IgM, HSP70, HSP90 32} & =gk 2% o
2 Z7Vstal Edwardsiella tarda®) A7l o+
AHEEo] Z7H8ctal B vl Yrh(Lee et al.,
2017). Lactococcus lactis = 18 ¥ A7+
(Song et al., 2017) &2, ZZH}O|QE]AE ALLE]
& Fo|tk(Han et al., 2015). L. lactise= IHWZ o2
A 7ZZF (Nguyen et al., 2017), B8 Z7}(Heo et
al., 2013; Won et al., 2020), FH I Ryu et al.,
2022; Sequeiros et al., 2014; Touraki et al., 2012;
& 5,2022) 59 EAE /HG 4HA AT
olgg 5o o) dwtH o7 bt {3t
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=54 WA AUnguilla japonica)s =1 =3k
2] FA A AT 28°CE AFSEHT S-S 2022
47} 620 F 60vtE]lE AFBAT Aol
290 2] (A 5 32.8+14.8g, A 29.3+4.4cm) 2}t
310k (A5 259.3+45.3g, A& 51.943.7cm) =S
A3t o, AR A MA A= EEG $44

kol 7+ hA o] v kS A3 sk BHIA
(BD, USA)ell HEatd L & HAL M2z Fof
2 S Ay A PTRE 345t iAo =

% 28°Co| A sttt wigd A 5 59
s 7H A28 BRShL o 28 s
ABtATh =4 EEE Al 16s tRNA uni-
versal primers (Table 1)& AM&3te] FA3AT

W Akojo| A B2 ¥ Lactococcus lactis & U=
Al FF4Y A=, HZd A 28), A21 #54€
Ag, 2 Ao A 1)), A6S FT(6¥E AE, 2l
A '), A125 F5(68 AR, HAd A 1),
A130 T2 A&, F HYo A )l 57
FE Azt Aol AHEstdom 2 Aol
ANA B2 Lactococcus lactis TF2+2) A4 vl
£ #]3)l KCTC (Korean Collection for Type Culture,
A EA-LA BN A L. lactis subsp. lactis KCTC
3899, KCTC2013, KCTC3769 ¥F5 & &itol o
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Table 1. PCR primer sets and conditions used in this study
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Antibiotics group/

Function Genes Primer Sequence PCR condition
blaTEM TEM F ATGAGTATTCAACATTTCCGT
TEM R TTACCAATGCTTAATCAGTGA
blaSHV SHV F CCGGGTTATTCTTATTTGTCGCT
SHV R TAGCGTTGCCAGTGCTCG
blaCTX-M-1 CTXM-1 F ACCGTCACGCTGTTGTTAGG
CTXM-1 R GTCGGTGACGATTTTAGCCG
blaCTX-M-2 CTXM-2 F AATGTTAACGGTGATGGCGA
CTXM-2 R ACCGTGGGTTACGATTTTCG
blaPER PER F GAATGTCATTATAAAAGCTGTAGT 94°C 5 min + 30X (94°C 30sec + 52°C
PER R CTTAGGGCAGAAAGCTTTTTC 20sec + 72°C 40sec) + 72°C 7 min
p-Lactam blaIMP IMP F TGAGCAATGTATCTGTATTC
IMP R TTAGTTGCTTGGTTTTGATG
blaVIM VIM F TGGTCTACATGACCGCGTCT
VIM R CGACTGAGCGATTTGTGTG
blaCMY-2 CIT F TGATGAAAAAATCGTTATGCTCC
CIT R GTTAGGATAGCTTTTGTTTGCC
blaACT-1 ACT F GATGACAAAATCCCTAAGCTGT
ACT R GGGTTCGGATAGCTTTTATTC
glmM glmmF GAGTCAACTGCGGTCCAAAC 94°C 5 min + 30X (95°C 1 min + 55°C
glmmR ACGGTATTCCTCGCAAAGCC I min + 68°C 1 min) + 68°C 5 min
tet Forward TETF GCGCTNTATGCGTTGATGCA
tet(A) TAR ACAGCCCGTCAGGAAATT
tet(B) TBR TGAAAGCAAACGGCCTAA . . . ‘ .
Tetracycline tet(C) TCR CGTGCAAGATTCCGAATA 9‘; OC Szc“lmnt, (:303); (59;)23 7;"('; ;r ; ?nc
tet(D) TDR CCAGAGGTTTAAGCAGTGT
tet(E) TER ATGTGTCCTGGATTCCT
tet(G) TGR ATGCCAACACCCCCGGCG
qnrA qurA_F GGCCATGGATATTATTGATAA
qnrA_R GGATCCGGGCAGCACTATTACTCC
qurB1 qurB1_F CAGATTTCCGCGGCGCAAGC . . . .
Quinolones qnrB1_R CGCOATGCCAAGTCGCTCCA 5;"5CC2 lriitrmn 1Jlrl ;23((1) X3 (r:?nfj 71213(1: +10
qnrB4 qurB4_F TGACTCTGGCGTTAGTTGGCGA i
qnrB4_R GCAACGATGCCTGGTAGCTGTCC
qnrS qurS_F TGCTGCGTCAGGAACGGCTG
qnrS_R TGAGCGTGGGTCTCGCGGTA
mecAl mAl_F TGCTATCCACCCTCAAACAGG
mA2_R AACGTTGTAACCACCCCAAGA 94°C 2 min + 30X (94°C 2 min + 57°C
mecC2 mecC MFP GAAAAAAAGGCTTAGAACGCCTC 1 min + 72°C 2 min) + 72°C 2 min
mecC MRP GAAGATCTTTTCCGTTTTCAGC
Glycopeptide vanAl vanA_F AGCTGTACTCTCGCCGGATA
vanA R CCGGCTTAACAAAAACAGGA
vanB1 vanB_F GGCTCAGAAAATGCGATGAT 94°C 3 min + 30X (94°C 1 min + 52°C
vanB_R TGTCAATCAGTGCAGGAAGC 30sec + 72°C 30sec) + 72°C 10 min
vanM vanHM_F CAGCGTGGGGCACAAGTCTGA
vanHM_R TGCCGTACGCCAACACGTGA
aacA4 aacA4-F AACTTGCGAGCGATCCGATG
aacA4-R ATGTACACGGCTGGACCATC
Aminoglycoside aacA7 aacA7-F AATGGATAGTTCGCCGCTCG 94°C 5 min + 30X (‘?5°C 1 min + 5‘5°C
aacA7-R TTCCGGAAGCAGCGTACTTG 1 min + 68°C 1 min) + 68°C 5 min
strA strAF TCTGTCGCACCTGCTTGATC
strAR CATTGCTGATGAACTGCGCG
MefA/MefE MefAE F AGTATC ATTAATCACTAGTGC 35X (98°C 10sec + 53°C 1 min + 72°C
MefAE R TTCTTCTGGTACTAAAAGTGG 2 min)
Macrolide- ErmA ErmA F TCTAAAAAGCATGTAAAAGAA
lincosamide- ErmA R TGATTATAATTATTTGATAGCTTC
streptogramin ErmB ErmB F GAAAAGGTACTCAACCAAATA 93°C 3 min + 52°C Imin + 35X (72°C
ErmB R CATTTGTTAAATTCATGGCAATGA 1 min + 93°C 1 min) + 72°C 5 min
ErmC ErmC F TCAAAACATAATATAGATAAA

ErmC R

TAACTGCTAAATTTGTTATAATCG
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Table 1. Continued
Annblotlc; group/ Genes Primer Sequence PCR condition
Function
All ISCR CRFF-F GGRYGCAACGSCTCAAGCG
Macrolid CRFF-R CGCTTGAGSCGTTGCRYCC 94°C 5 min + 30X (95°C 1 min + 55°C
acrolide ISCR2 LECR2_F CACTGGCTGGCAATGTCTAG 1 min + 68°C 1 min) + 68°C 5 min
RECR2 R CTTTGGACCGCAGTTGACTC
Intl Ina-F GCCTGTTCGGTTCGTAAGCT
Ina-R CGGATGTTGCGATTACTTCG
Sull Sull-F ATGGTGACGGTGTTCGGCATTCTA
Sull-R CTAGGCATGATCTAACCCTCGGTCT
Sul2 Sul2-F GAATAAATCGCTCATCATTTTCGG
Folate-pathway Sul2-R CGAATTCTTGCGGTTTCTTTCAGC ~ 94°C 5 min + 30X (95°C 1 min + 55°C
inhibitor dfrA20 dfra20F GGGAAACACCGAGAAATGGG 1 min + 68°C 1 min) + 68°C 5 min
dfra20R TTCTTCTTCCCATTCTCCCC
dfrA9 dfrA9F CAGATTCCGTGGCATGAACC
dfrA9R GACCTCAGATACGAGTTTCC
dhfr10 dfrA10F TGTAGCGCGTGGTGTAAACG
dfrA10R ACGTCTACGTGAGTATCCGC
Transfer oriT oriT F CGACACVVTCCAAAGGGG 94°C 3 min + 30X (94°C 30sec + 52°C
organization oriT R ATAAAATGCCHCAGCGCT 30sec + 72°C 1min) + 72°C 5min
Identification 165 IRNA 27F AGAGTTTGATCMTGGCTCAG 95°C 5 min + 35X (95°C lmin + 54°C
entiticatio s 1492R GGTTACCTTGTTACGACTTC Imin + 72°C 2min) + 72°C 10min
ol AME-3FH TE KCTC3899 ¥+ BHI A 2 lide Al €2} ErythromycinZ} Phenicol A€ 2] Florfe-

28°Col| 4], KCTC2013
2 37°Col| A1, KCTC3769

S MRS HjA|(BD, USA)
= MRS HJ A Z 30°C

nicol¥} Follate-pathway inhibitor®} Z#E Trime-
thoprim/Sulfadiazine 2] 1971 2] A A7} GA| 5] A

A wlk T A A A F ] AFLEA T

+ Clinical and Laboratory
Standards Institute (CLSI; www.clsi.org) Guidelines
VETO04, European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST; www.eucast.org) 2 =

/‘/\]—jq_?_'i_l—_%] oﬂ }\—] Hl—7]-8]. /‘/\}-_g_ 6‘1—}\(&;(1] 71-/‘/H
ZAAL ol g el AAE broth microdilutiont &2 31
Y =] AATH(CLSI, 2018; EUCAST, 2022; = {54k}
skl 2021)

Aol AH&H Sensititre KRAQ3, KRAQ4 panel
(Thermofisher, USA)2 = {498l ol A tf &}
A Ao Z(FHFAE, 2021) B-lactam Al D
9] Ampicillin, Amoxicillin, Amoxicillin/Clavulanic
acid¥} Cephalosporin Al @ 2] Cephalexin, Ceftiofur
I} Tetracycline Al € 9] Tetracycline, Oxytetracycline,
Doxycycline®} Quinolone Al E<2] Nalidixic acid,
Enrofloxacin, Oxolinic acid, Ciprofloxacin, Flume-
quine®} Aminoglycoside Al €2 Neomycin, Genta-
mycin@} Lincosamide Al € 2] Clindamycin¥} Macro-

ol Ao ZF welldll M EEAS ST

BHIA®] W% L. lactis TS demineralized
3}3L Nephelometer (Thermofisher, USA)
£ AF8-3}e] McFarland standard 0.52 233 &
% ¥ % 5x10° CFU/mI®] ¥ %= cation-adjusted
Mueller-Hinton broth containing TES buffer (CAMHBT)
5 mlol HFst] st Al @_%Qﬂg
well & 100 pl A FF3FaL 24A17F Bl & Al o]
2R S HAae MIC (Minimum Inhibitory
Concentration) 4422 #=53{ 0 WAo] B
£ 28°Coll A vl FE AT KCTC #5& 4 A
Aol AAE =AUt

—Z
qE

waterol] SE

=
o =

Genomic DNA 2! plasmid DNA £&

HﬂX]—O—]_O/] X]— 2] Oﬂjq. 11—7] oﬂ/\-] ELE]E] L. lactis
50 HF T(Al, A21, A65, A125, A130)E BHI Broth
ol w3t 3 Polymerase Chain Reaction 2 &< ¢
3l genomic DNA®} plasmid DNAE Z}Z} &3
T} Genomic DNA F&-2 22 oA A v
of mjeFste] dAEE & HHAEES QlAmp DNA
Mini kit (Qiagen, USA)E 53l genomic DNAE &
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3R AL, plasmid DNAS] 74$-ol&= Exprep™
Plasmid SV (GeneAll, Korea)S AF-&3tH Tt 2t 4
d 25 Az AZHE 33k genomic DNA
9} plasmid DNAE 533t} £23 genomic
DNAE 0.6% agarose gelol A 719 F31d ge-
nomic DNAY| EA|ARE FRA3}H 3, plasmid
DNAE Novel juice (GeneDireX, Taiwan)9} &3 &
0.7% agarose gelo| Al 271953}l plasmid DNA
o &4 AFE gRlstAt 2 DNAS 43 &%
spectrophotometer (Biochrome, Libra S35PC, UK)
AF-&-3te] A260/A280%F S F A4St ARE-
Aom, Zt DNAE Aol AHgE w7k —20°C
of Byste] AHEsH

o flF

PCR (Polymerase Chain Reaction)

Walolo A 28 L lactis 7571 SAA WA
FAAE Bkl eA &lskr] 9fsl PCR &
As AAEIAT F i gAS &2 $ QlAamp
DNA Mini Kit (Qiagen, USA)& ©]-&3}o] DNA F
Zo AFgEIAT ZF AlgE A WA FRAe
AZES 93 Table 10 AAIE 5] primer sets<}F

ol (Anguilla japonica)| X E81E Lactococcus lactis® FAA WA 111

PCR =7 o2 3ttt

FZ% plasmidE G2 A WA FH2
o HA=x P on FHx dEa Hdd
oriT FRAAT} EAt=A o et AR
oriT primer set= NCBI genebank®l 5=%¥ pSRQ
800, pSRQY00 (Genbank access no: NC_004960.1,
NC _004959.1)2] Transfer origin FAAZ 7|¥to &
A 2+ Th(Boucher et al., 2001). oriT primer set<}
PCR Z71-& Table 19 AIAI= At

PCR-2 Noblezyme ™ PCR Plus Premix 2X (Noble
Bioscience Inc., Korea)S AF&-3}e] 20 ul HF-g-<Y =
Noblezyme ™ PCR Plus Premix 2X 10 pl, forward
primer2} Reverse primer 2} 1 ul, DEPC-treated water
6 ul, template 2 plE E38FATE. oriTol 3k PCR
2 TaKaRa Ex Taq (Takara, Japan) 0.125 ul, 10X Ex
Taq Buffer 2.5 ul, dNTP Mixture (2.5 mM each) 2
ul, forward primer} reverse primer 2t 1 pl, DEPC-
treated water 18.5 pl, template 1 pulE &35+ con-
ventional PCRS =313} t}. £Z % PCR product
T 1.5% agarose gelol A 71 G F3td SF o5

£ st

Table 2. The MIC value of five L. lactis isolates from farmed Anguilla japonica (Al, A21, A65, A125, A130)

and three KCTC strains

Antibiotics L MIC (ug/mL)
Antibiotics Range
Group Al A21 AG5 A125  A130 KCTC3899 KCTC2013 KCTC3769
Ampicillin 0.25~128 0.25 0.25 0.25 0.25 0.25 0.5 0.25 0.25
B-Lactam Amoxicillin 0.06~16 0.25 0.25 0.25 0.25 0.25 0.25 0.06 0.12
Amoxicillin/ 0.06/0.03~8/4  025/0.12 0.250.12 0250.12 025/0.12 0.25/0.12 0.25/0.12  0.25/0.12  0.12/0.06
Clavulanic acid
Tetracycline 0.06~64 >64 >64 >64 >64 >64 0.25 0.25 0.25
Tetracycline Oxytetracycline 0.12~256 >256 256 256 >256 256 0.25 0.25 0.25
Doxycycline 0.12~128 32 32 16 32 16 0.12 0.12 0.12
Cephal . Cephalexin 0.25~64 16 >16 16 16 16 16 16 16
ephalosporin Ceftiofur 0.03~32 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Nalidixic acid 0.5~64 >64 >64 >64 >64 >64 >64 >64 >64
Enrofloxacin 0.03~32 2 2 1 2 1 0.5 0.5 0.5
Quinolone Oxolinic acid 0.5~32 >32 >32 >32 >32 >32 >32 >32 >32
Ciprofloxacin 0.015~64 8 8 8 8 8 2 2 4
Flumequine 0.12~128 128 128 64 128 64 64 128 128
Aminoglveoside | Neomyein 0.5~64 >64 >64 >64 >64 >64 16 0.5 0.5
sy Gentamyein 0.12~32 2 1 1 2 1 2 0.25 0.12
Chloramphenicol Florfenicol 0.06~64 4 4 2 2 2 2 2 2
Macrolide Erythromycin 0.03~64 >64 >64 >64 >64 >64 0.06 0.03 0.03
Lincomycin Clindamycin 0.015~16 >16 >16 0.5 1 2 0.12 0.015 0.03
Folate-pathway — Trimethoprin/ 1, ) 3¢ 16304 ~16/304 >16/304 0.59.5 16304 0505  16/304 05/9.5  0.12/2.38

inhibitor Sulfadiazine
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i3] 16s rRNA E71A<E
Sequencing WHOE FA 3
d 4ol MY w9
NE2 ZYHAL Z7]A
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A ZeE AlEEel

©] &3} Sanger
L. lactis<= 2022
Yol ] 34.2%9]
0%°] Riz= &

3}

A
4

N
o o

rr

) Holo A Eeld 570 #F< o
Z #5291 KCTC %i— F w3 3719 thgk MIC %2
Table 291 A A= AT}, B-Lactam Al B2 Ampicillin

< KCTC3899E A|d =E #Fol thste] 0.25
pug/mLe] MIC#E-S B %3 KCTC3899= 0.5 pug/mL
o] MICAS ER{Y. Amoxicillin® KCTC20139]
0.06 pg/mL, KCTC37697} 0.12 pg/mLe] MIC#<

G YW BE FFE= 025 pg/mLe] MICEEHS
B AT Amoxicillin/Clavulanic acidE KCTC3769
0.12/0.06 pg/mL-& A 9)3 ZE FF7} 0.250.12 pg/
mLe MICZS EHTh Cephalosporin Al g 2]
Cephalexin®l] 3|4 ZE FFoA 16 pg/mL ©]
o] MIC #S EtH(Table 2).

Tetracycline Al € 2] Tetracycline, Oxytetracycline,
Doxycycline®} Macrolide | € 2] Erythromycin 1]
I Aminoglycoside €2 Neomycinol W34
AR #Fet dx &5 Y MIC ghollA vl &
Zlol & Rt WAo] Ee 5 EF Tetracycline
64 pg/mL ©]7+2] MIC7} E&5 o] tlz #3F 0.25
pg/mLe} Bl Al zFo]7t ZAT}. Oxytetracycline 9]
ZAgol= By #F BF 256 ng/mL °) 49 &
Bo thx 7 025 pgmL o Hl&j u]-$- & 2ol
X3, Doxycycline2 #2 #5 571 F 3717} 32
ug/mL, 2707} 16 ug/mLe] MICZHS P o oz
T BT 0.12 ugMle @S 7HA & Zpol & Ko

T3 Macrolide A€ 9] Erythromycin®] 73-%-
KCTC #F+= 0.03~0.06 pg/mL & ZES 2l ¥k,
Ta %LZ_ TF 64 pg/mL o]4e] #e Bl

T3k Aminoglycoside Al 2] Neomycin < T
T7} 0.05~16 pg/mL & Ho|= WA Ee #F

I

to
=
™
oy
o
=
o
n
™
o)
2
i

T 64 ng/mL ©]°39] #k< BT Quinolone A€
A= tHEEe] #F7} Nalidixic acid, Oxolinic
acid, Flumequine®] thal]l &2 MIC ##<S R
(Nalidixic acid : 64 pg/mL ©]“¢, Oxolinic acid : 32
pug/mL ©]/¢, Flumequine : 64 ug/mL ©]4) A%
Fo} Iz #3 2] MIC @A & 2ol & Ho]
A ¢EFTHTable 2). Lincomycin A €¢] Clindamycin
o gl A= A21 #59} A65 7} 16 pg/mL ©]
%ol MIC #h< ‘4"5]";93} AN FTHAEHE =z
o Hs A3 779 MIC#e] B 5 =
R 9 Th(Tetracycline : 2564 ©]73, Oxytetracycline :
10244] ©]’¢, Doxycycline : 1334] ©]’¢, Neomycin
: KCTC3899 t = w5l Blsf 4uf o], 71 ] tf
Z 5ol tis] 12891 ©]%, Erythromycin : 10661}
o]/}, Clindamycin : Al, A217F 5= 1308] ©]X).
A LiE ST

2] Al, A21, A65, A125, A130 o+

i > g2 oo
o}
2

oA EE3 ¢gDNAE o= A YA &4
AE AZ B AT A1S FEE AN 47 F
Fo A= TetracyclineAl &AA ol digk Ul /3

AE B I A125 FFo A= Tetracy-
clinel WA 32 AEHA 29Il B-lactam,
Quinolone, Aminoglycoside, Folate-pathway inhibitor

of UF FAA WA FAAE BASHL 9o

g2 FFos EA3}A] &= MacrolideA] Y A
of thgt WA+ A} ISCR27} <1 %l th(Table 3).
570 & WA ol A plasmid isolation kitS AF-&-

3t &% AL A719 53+ plasmid DNAE &
Q13 A th(Fig. 1A). 82 plasmidZ A A U4
FHAE HEs) 2 23 B-lactam Al €3} Folate-
pathway inhibitorell ™ g &4 WA FHx= 2
Z5 A 9k oy Tetracycline AlE, Aminoglyco-
side A1 €3} Quinolone Al g ol thdk A YA
U BF8kal A 9ATKTable 3). E3F Al A65, Al25,
A130 FFoll A 8% plasmidoll = FA A AE34}

TAS oriT7F AESH A (Fig. 1B).
7 o
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Table 3. Amplified antibiotic resistance gene in genomic DNA (gDNA) and plasmid DNA (pDNA) of L. lactis

isolates from the farmed Anguilla japonica

Al

A21

A65 A125 A130

Antibioti G
ntibiotics group ene GDNA  pDNA DNA

pDNA  gDNA pDNA  gDNA pDNA  gDNA  pDNA

blaTEM + - +
blaSHV - -
blaCTX-M-1 - -
blaCTX-M-2 - -

blaPER - - -

blaIMP + - +
blaVIM - -
blaCMY-2 - -
blaACT-1 - -
glmM - -

B-Lactam
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Fig. 1. Agarose gel electrophoresis. Extracted plasmid of L. lactis isolates (Al, A21, A65, A125 and A130) from
Anguilla japonica (A). Amplified oriT gene of purified plasmid of L. lactis isolates from Anguilla japonica (B).

M, molecular marker; NC, negative control.
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