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Distribution of resistance genes against lincomycin of pathogenic
bacteria isolated from cultured olive flounder (Paralichthys olivaceus)

Ye Ji Kim, Lyu Jin Jun, Young Juhn Lee, Ye Jin Ko, So Ri Han",
Sung Hyun Kim" and Joon Bum Jeong'

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Republic of Korea
"Fishcare laboratory, Jeju 63629, Republic of Korea

Lincomycin as one of the lincosamides antibiotics have been mainly used in human and livestock
fields, but have not been used in aquaculture. In this study, the distribution of minimum inhibitory
concentration (MIC) values against lincomycin and the detection of the macrolide-lincosamide-strep-
togramin (MLS) resistance gene were confirmed in bacterial pathogens isolated from cultured olive
flounder (Paralichthys olivaceus). Of the 107 strains isolated from Jeju, 36 strains of Gram-positive
bacteria and 71 strains of Gram-negative bacteria were identified. Most of Streptococcus spp. was
found to have a MIC value of less than or equal to 0.5 pg/mL, and Edwardsiella piscicida was found
to have a MIC value higher than 1,024 pg/mL. V. harveyi and V. alginolyticus mostly showed MIC
values of 256 pg/mL, but V. scophthalmi displayed values of 8~64 pg/mL. In the detection of MLS
resistance gene, erm(B) was detected in 9 strains of Streptococcus spp., and erm(A) was confirmed
in one strain.

Key words: Lincomycin, Olive flounder, Minimum inhibitory concentration (MIC), Macrolide-lincosamide-
streptogramin (MLS) resistance gene
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g & Hastelr] AsiA FAAE A T
of IAAZIAY, Atsd H7Vate] 7T Fof st
FAA 2 AHERH T Fujoll = el A AL
= FAA ] gk FEg FATE §17] wZell 8%
A dAWo] WSt A A AALE
A A5 Hw A AFE5A FHAE F
B gkth. o] & Qlate] 7ol ARE3 o A
of thak WA o] o] FolA AL A& A% o
Ae Aol

Sl A& p-lactamA B 2] A E ampicillin,
amoxicillin, tetracycline| € oll oxytetracycline, dox-
yeycline, tetracycline®] B©] AF8-% ™, macrolideZ
do] YA Z erythromycin, quinoloneA E 2] flu-
mequine, oxolinic acid, nalidixic acid 5©°| F4F&
AR F2Z AEE T AT} TS lincosamide |
&l clindamycine lincomycin®] FEAZ HX] <]
HEZ oW, A7 A5 AHEH A &
THNIES, 2022).

Lincomycin< lincosamide Al €] FAYAZ, 2l B
%29] 508 subunit?} Agste] Tl S oA
st A o] g8t 2 th2 AR v =3 AHE-
7175 YEl = macrolide Al €3} streptograminZ|
& -2 lincosamideAl € o] & A<} A MLS (mac-
rolide-lincosamide-streptogramin) A A 2 w2} U
A& Y= A2 ¢4#A TH(Roberts, 2011).
Lincomycin 7dolAl =2 AHEE B o2} =
Aol A= wol AREE AL T 53] 2020 F
A4k F ROl A g 57 YA AR 2 W
A 2UE o] wr2d, 2011 d ) FlE lincomy-
cin A= 6,212 kgoll A 2020 16,772 kg2 A
LA o7 FUFsta v Ao E UERTH S4H8
SEFoZ = F=2 HA F-3AHHMycoplasma
hyopneumoniae), 5t A+ S (Clostridium per-
fringens)Oll A& THMaes et al., 2020, Landoni
and Albarellos, 2015). ]9} o] lincomycine =4t
AW A g aaA ol JMH T2 g o
2 Aol A Bt AA sl o Fsittal &
A Q7] wEell, A A g A= H AL 477
pg/Le] FAA 7o) 1 EE HEFH ATHMe-
hrtens et al., 2021, Li et al., 2021, Lee et al., 2013).
T3+ Thiang et al. (2021)°] W=, g o] AJo}e]

of o

of

2 o

#3747 ngL %9 linco-
mycin®] AEE A& FAsAh FHAAE F
Ah8 eFE S 2 lincomycin®] A 7R AFEE A &

I

ko) Kim et al. (2017)2 =] 23 TA 34
oA 14.8 ng/lL %9 lincomycin®] A&H AE
I3 H A o] AL F4koll A AFEE YA TF
A A AFE FYE ALE AAZL Y
X FA e PEE SFTFZE o) &3 75724 &
AFE3H, o] FAH-2 I Hltholl A Bl

o

oo} Aol Fgate] AHERE AbSet 8

= ®)o|th(Jee et al., 2013, Cho et al., 2019,
Jang et al., 2018). o] # & U JXFA4] F=x
4 lincomycin®] ZFE o = 3F7t FAA W
2 FAEAES A5, &2 @A FAAE A
3FA] ¢rol= FAA #-7d 9 lincomycinol] WA S
7HA & oAl ol WA fAA7 23 7Hs
dol Ut

M2 chromosomal DNA HE+= plasmid DNA®I
EA)8k= FA WA A= conjugation, trans-
duction, transformation 52 WHOZ FHA F4
2} Ao] 7153} H(Tenover, 2006, Chen et al.,
2020). T84 32} g2 transposon, integron¥}t
2o olsA JIAE B4 OE Aol WS
Aeshr] wwoll GA FA oA Tt o
Aol FAA WA &3 WA 849 ZUH
g2 dasty A &2 A7 g ofof gk
(Normark and Normark, 2002, Pepi and Focardi,
2021, Saenz et al., 2019).
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A FAA Eed AT lincomycinoll T WA FxdAte]

A JESAToE B/ st uidE
9] colonys A8t 2FFNS AASAT =
Sk 7o 8-S 93+ blood agar plate (KOMED,
Korea), thiosulfate citrate bile salts sucrose (TCBS)
agar (Difco, USA) 12| 1L salmonella-shigella (SS)
agar (Difco, USA)oll Al colony2] &} 2148 3
QASIATE. 2t v R ol A &gk AlF-2 tryptic soy agar
(TSA, Difco, USA)ll A ¥l FAIA F2te] Fe)of A
Zs 53 = LAt e glE
T+ TSBOl vl 43ted 20% glycerol (Sigma, USA)
<= A7He F AHRSH7] A7bA -80°Col A East
%t

32| 4

A2 54< 93l, Genomic DNA prep kit
(Biofact, Korea)2 DNAE #E|3} polymerase
chain reaction (PCR)< F33+%th PCR £4< ¢
}o] AFE-3F primer sets= Table 191 A A]8}FS3 T
PCRE 53l %% A& 1X TAE bufferg 7]
P HFHOFE AL-83F% 3L, SYBR safe DNA gel
stain (invitrogen, USA)°] %718 1% agarose gel 3
oA H71¥E F, UV A=71°1A band®] 715
glste] Alds FA3 AT

fn
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EEERREEEDEFEREEREL TS
o B E 10°~10°0.2 FH|3} 1, lincomycine
mueller hinton broth (MHB, Difco, USA)Z 1/2 ©A)
34 ake] 0.125~1,024 pg/mLe] W E A28
T} 96 well plate®] MHB HJX] 160 uLE Y1, BF %
2 A FAAE 242 20 LA F A
H] & platex= 27°Col A] 24A13F vl F3l R a1, Al
| GAIE ] AeA] e A T= F HiT
£ minimum inhibitory concentration (MIC)%t2
Attt

AN

[*]

b bt

A e |Tx 4=

MLS WA 32 HE&L& PCRE &3l &3t
Ho ™, A3 primer= Table 20 UERATE &
AFANA = erm (erythromycin ribosome methyl-
ation) 4<&, msr (macrolide and streptogramin B) 1-&,
vga (virginiamycin factor) 47, mef (macrolide efflux)
1€, ere (erythromycin esterase) 1§, mph (macrolide
phosphotransferase) 3%, Inu (lincomycin nucleotidyl-
transferase) 3&< o2 F 1759 WA F3A
E ZASFE T PCR 271 9] pre-denaturation 95
°Coll A 3%, denaturation= 95°C°l| 4] 30X, anneal-
ing2 Table 29 YEIH &= F 30X, extension
72°Coll A 30% 2 30 cycles A3Y 3 Zof] 72°C0l A
73t final extensiond}S T}

Table 1. Primer sets used for detection of bacterial isolates in this study

Oligonucleotide sequences

Product size

T h Ref
arget pathogen 5" to 3 (bp) eterence
o asber TCCAGTCTTTCGACCTTCTT 10
CPIOCOCCUS paraubers CAAAGAGATGTTCGGCTTG Woo e dl.
o » AAGAGACGCAGTGTCAAAAG o7 2006
repiococcus miae CGTTTCTTATCTTGTTACTC
Vo GTGATGAAGAAGCTTATCGCGATT ol
Y CGCCTTCTTCAGTTAACGCAGGA Kim ef dl.,
Vit — ATGCAATCATGCCTCAAGATCTA s 2014
1orio; scophthatmt AAATGTACCTTCTTCAGTCAACTT
Vibrio aleinolvtiows ACGGCATTGGAAATTGCGACTG 106 Kim ef al.,
guoy TACCCGTCTCACGAGCCCAAG 2015
Edwardsiella piscicida CTTTGATCATGGTTGCGGAA 130 Griffin et al.,

CGGCGTTTTCTTTTCTCG 2014
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Table 2. Primer sets used for detection of macrolide-lincosamide-streptogramin (MLS) resistance genes in this study

Target Product  Annealing

Mechanism gene Oligonucleotide sequences (5' to 3') size (bp) temp (°C) Reference
erm(A) TCTAAAAAGCATGTAAAAGAA s 5
CTTCGATAGTTTATTAATATTAGT
GAAAAGGTACTCAACCAAAT
erm(B) 639 52
RNA AGTAACGGTACTTAAATTGT Chung et al.
methylase m(C) TCAAAACATAATATAGATAAA o 5 1999
GCTAATATTGTTTAAATCGTCAAT
erm() CGGGTCAGCACTTTACTATTG 466 s
GGACCTACCTCATAGACAAG
N GGCACAATAAGAGTGTTTAAAGG 040 s
msr AAGTTATATCATGAATAGATTGTCCTGTT Lina ef al.
) AGTGGTGGTGAAGTAACACG 659 s 1999.
vea CTTGTCTCCTCCGCGAATAC
(B) TGACAATATGAGTGGTGGTG 577 55 Hammerum
Effux o GCGACCATGAAATTGCTCTC et al., 1998
pump ea(©) TAGCAGACGAACCGACGACC 063 5 Li et al.,
g TTCACCACCGCTTAGCACAT 2013
CAACTGGAGCGAGCTGTTA Jung et al.,
vga(D) GACAGCCGGATAATCTTTTG 201 37 2010
ACCGATTCTATCAGCAAAG Luna ef al.,
meflA) GGACCTGCCATTGGTGTG 940 33 2000
ere(A) AACACCCTGAACCCAAGGGACG 420 6
CTTCACATCCGGATTCGCTCGA Sutcliffe ef dl.
1996
AACTGTACGCACTTGC
mph(A) GGTACTCTTCGTTACC 837 49
W) ATTAAACAAGTAATCGAGATAGC 560 s Achard et dl.,
P TTTGCCATCTGCTCATATTCC 2008
naciivating AAGGAATCCTTCTCTCTCCG 143 55 Werner et al.,
enzyme P GTAAACAAAATCGTTCCC G 2001
pun) GGTGGCTGGGGGGTAGATGTATTAACTGG . s Lina et al.,
GCTTCTTTTGAAATACATGGTATTTTTCGA 1999
CCTACCTATTGTTTGTGGAA Bozdogan
Inu(B) ATAACGTTACTCTCCTATTTC 944 > et al. 1999
ACGGAGGGATCACATGGTAA Haenni et al.,
Inu(D) 475 59
TCTCTCGCATAATAACCTTACGTC 2007

erm, erythromycin ribosome methylation; msr, macrolide and streptogramin B; vga, virginiamycin factor; mef, macro-
lide efflux; ere, erythromycin esterase; mph, macrolide phosphotransferase; /nu, lincomycin nucleotidyltransferase.
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AR AT IF RS FEke] 1074 F 5 1%
FATE 367, AHSATL 7175 2=
et ] 725 918k Streptococcus spp.i=
BAPO A1 8] S B5 FRIs AL, Vibrio spp.<
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AT AT

TCBS || A 2524 colony A oF
¢}, E. piscicidai= SS WA ol A A2 colonyE &
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lincomycin®l Tt g+

o =

S 53 S parauberis 34T, S. iniae 2 T2 &<l
3tR oW, E piscicidas= 30452 A=A 41

9] Vibrio spp.2l 578 AIZEE V. scophthalmi
27;7‘ 2 7P %ol =AU, UHAE V. har-
veyi 85, V. alginolyticus 672 U= AT}

SHHE| ZEAM ZA}
Lincomycin®l] tig+ oy AlFo| YA A
AN AARAS A S S 7 FRe

MIC #h& Ittt I83SF - F 42%(S. para-
uberis 1357‘7‘ 9 S inige 27 F)= 025 pgmL T%
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=
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Fig. 1. The graph of minimum inhibitory concentration (MIC) distribution against lincomycin. (a) MIC values for
representative 3 genera of bacteria isolated from olive flounders. S, Streptococcus spp.; V, Vibrio spp.; E, Edwardsiella
piscicida. (b) MIC values for 41 strains of Vibrio spp. VS, V. scophthalmi; VH, V. harveyi; VA, V. alginolyticus.
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Table 3. List of bacteria isolated in this study , =S MIC e 7HAE AL 8 = A=
Gram Isolates No. Eﬂ V. scophthalmi o7} 73T 2| 0.2 w2 MIC gk
Streptococcus parauberis 34 7HE 2o SAH A Th(Fig. 1b). Vibrio spp.
Gram-positive  S. iniae 2 419 TANA V. harveyi TdF(17%)S} V. algino-
Total 36 Wticus 6T F(15%)= E5F 256 pg/mLe] MIC #<
Vibrio scophthalmi 27 7 ]'7(]“: A2 YEVRTY V. scophthalmi  95-5+(22%)
V. harveyi 8 = 8 pg/mL, 47 F(10%)= 16 pg/mL, 7dF(17%)=
Gram-negative V. alginolyticus 6 32 pg/mLZ T2 Vibrio spp. RO ¥ a3 v
Edwardsiella piscicida 30 MIC e 7hA= Ao Hels ).
Total 71

Shdx| LiY |TXt 2A
auberis 9TF(25%)= 0.5~1 pg/mL2] MIC %< 7} E AFA A B3 1077F5 o2 PCRES
Ae A2 Yettth U A S, parauberis 127 538 MLS YA F32F 1759] HE 785 Els)
T(33%)E 16 pg/mL ©]7d9] E2& MIC #-& 714 Aok WA 2F-SA A Vibrio spp. 41759} E.

= & gkt v, 1854 +]l E piscici— piscicida 307 F= ¥ AT 2ANY 1759 &
da 30+ =7 1,024 pg/mL %EEE} & MIC AA WA a7 25 B E5 U tH(Table 4).
e 7HAE Ao 2 YEY, 1FE 9 lincomycin a8y, g4 Streptococeus spp. 36T 5
o= o] AAFHA L= 2 gi 3+¢1 5] 9 th(Fig. 97Tl A erm(B)7} HEHAIL, erm(B)7} HEE
la). Vibrio spp. % IHIAATI v sty S 95 F S. parauberis 17T erm(A)E o] 7}

Table 4. Detection of macrolide-lincosamide-streptogramin (MLS) resistance genes for bacteria isolated from oli
ve flounder

rRNA methylase Efflux pump Inactivating enzyme

Isolates erm erm erm erm msr vga vga vga vga mef ere mph mph Inu Inu Inu

A B © B AW K B © OB A A © ;B O O

Streptococcus spp. (n=36) 1 9 - - - - - - - - - - - - - -
Vibrio spp. (n=41) - - - - - - - - - - - - - - - -

E. piscicida (n=30) - - - - - - - - - - - - - - - -

erm, erythromycin ribosome methylation; msr, macrolide and streptogramin B; vga, virginiamycin factor; mef, macro-
lide efflux; ere, erythromycin esterase; mph, macrolide phosphotransferase; /nu, lincomycin nucleotidyltransferase;
-, not detection.

ermiA) ermiB)

M |1 2 3||4 5 6 7 8 9 10 11 12 13 14 15|

645 bp 639 bp

Fig. 2. PCR amplification for detection of erm(A) (Lane 1-3) and erm(B) (Lane 4-15). Lane 1, 4-12, S. parauberis;
Lane 2, 13, Vibrio spp.; Lane 3, 14, E. piscicida; Lane 15, negative control; M, 100 bp DNA ladder.
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AEnk oy}, I ajF S o= A WA
o] FUHHAA Thg3t A o2 S HaA]
TH(Hwang et al., 2015, Kim et al., 2018). =3, M
4 Aol s A5 a7t A" FLI A
£ AREStA Sl = Bekar, A e =3
O = Rlsto] A 87} o] FARA &= A7 DA
et o] 2§ oS HAEH] fsliAe A
oA Aoz Qg Arjo] TIPS o, 21&4E
Al Ad+FE sk f%“ﬂiﬂ A AAE A
ste] 2143 JAHAE delsta 8187l Bte
A7E AAlstooF T
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Lincomycin &A= AA7FA] o] FAHRE
ofo Al AHEE A ghk o, AA L Sk ool A
ol ALEE ] ZFFAAA I} ST F R S

<7 ]’

Ha WA gto] Aagete] Al FdE
S0l =k wetA B AqolAE g é
do 7= A9 lincomycin®l gk U A
ghobstil MLS A Faxe] AES <3t
sttt

AdA As BHE UEFH = clinical break-
point7} EA}3HA FAA o] A WS A
g 4= A THKwon ef al., 2016). T]=+2] clinical and
laboratory standards institute (CLSI)2} 32 euro-
pean union committee on antimicrobial susceptibility
testing (BUCAST)AI A AA g FAAA | 7&
A AAL 3 AP NA Fasts ASE 4
Z A (Weinstein and Lewis, 2020). Lincomycin®]l
g FT3-& CLSI®F EUCASTOIA & Al A 5o
UA Fon}, 2o A A 7]EANA = Stre-
ptococcus spp.°ll TSt MIC #t©] 2 pg/mL ©]5}9]
H 444, 8 uygmL Bty S0 YAHOE FH
S AAEI YTHCA-SEM, 2019). & Ao A
E819 Streptococcus spp. 36Tl AAH THH
2431, 247 F(67%)= A, 129F(33%)
WATFZE EFZ 5 9t} Lincomycin®] 2H-&

k1 H'l OP.E
2L o

fr oo #

A< lincomycin®l Tj

et

A sz B2 53

MIE IRPETE 2 IReH FEROE, I
MHOE YRR IFSAEE AARHS U

ERA TH(Spizek and Rezanka, 2004). & oA &
2|t E. piscicida 3075+ 55 1,024 pg/mL Rt}
< MIC &< 7HA+= A& YElS T V. harveyi
2} V. alginolyticus= -3 256 pg/mLe] MIC
P et oy SHISAE V. scophthalmi®| 73
T 6dFE A 21 F= G OE W2 8~
64 ug/mLe] MIC 3ts UERfo] 22 vlEE 4
el A= MIC e B2t g2 Jehdes AL
=8kt

MLS 479 28714 IA 3= Ye
glom oS3 2t} (1) 23S IRNAS WEFA A
FAAZE Ao Aedste AL Welske 71&
(rRNA methylase), 2) A|E W2 HES YA E
M E =2 B E3tE 7] 2 efflux pump), 3) T Al
E sl Thrie] 5o 4R HIAAAN B
A3} Al71E= 712k (inactivating enzyme)©] U 1i]r(Le-
clercq, 2002). B Ao A ZAFSE MLS A /%
A 17% 5 erm(A), erm(B), erm(C), erm(F)= rRNA
methylase®l] #33H, msr(A), vga(A), vga(B), vga
(C), vga(D), mef(A)< efflux pump®ll, ere(A), mph
(A), mph(B), mph(C), Inu(A), Inu(B), Inu(D)< in-
activating enzyme®ll #o3t= Ao E A Yot
(Roberts, 2011).

o -] MLS W+g
Staphylococcus spp., Enterococcus spp., Streptococ-
cus spp. oA ZAATT RUFJA S, erm(B)
T A= Streptococcus spp.oll T3 erythromycin
A - AFe]th(Robert et al., 1999, Hung et al.,
2008). & ATl A Bt S. parauberis 367 F
9Tt F= em(B)E 7HAL Y= 7}1 o= A=A
o erm(B)E 7HA L = 97T 59 linco-
mycin ]| Eﬂa' MIC H9 = 64-1,024 ug/mLi e}
Wb B3 Park ef al (2009)0] AF G| oA Ee
3t S paraubersz]- S. iniael X erm(A)= HAE=A
Zdo B AFoA = erm(B)Y erm(A)E FA

M

§\i

X R= Streptomyces spp.,

ol 7}A AL A= S. parauberis TF7F EAE o T
2 235 B} Roberts (2004)0] WEH, erm(B)
FAAE 2 RNA methylase B F2 29} T
=

A U 2FSAd 7oA FRAEAIL, Lee et al.
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(2015)2 E. tarda TFNA ermB)7} AZH A
Bstdt) a8y, B AFolA B E piscici-
da 30T A= T FAATE AEFHA FRe
o, ol B A4 B 75l 3t er-
ythromycin®] WA +&& Iotste Aol 48
Ao g BFATH mph(A), mph(B) SR 1%
ST AT BARATT G A2, ere(A)
AR Vibrio spp. Al A= SARAT L dH A 9l
TH(Roberts, 2004). & Aol Al &3 Vibrio spp.
41770l A= MLS #d WA FdA7t 25 A=
H ] O}, Nonaka et al. (2015)8] ATl E
FAA 129 dFoll A EEE Vibrio spp.oll A
mef(C)2}F mph(G) A7 2= As &elst
A7) Wz, FF ol gt FHA EAM 8
& Aoz AgdEn
MLS Ay A 2] iAol
@Qi‘: ZEHL 91
MLS WA Al &g A7) of4 w5k A4
olth, J¥BE, %2
oz WA £EE& Felsta ML
ZAREE AARR] ATe T
© oM W MLS WA &
28R 482 F USs ZoE A8

ZAtel =

o] =L 20218 % AFvstu
dArgel ofsted A= AU+
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