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The major aim of this study was to investigate the distribution of genes that encode multidrug efflux pumps in
Enterococci spp. isolates from bovine milk samples and antibiotic resistance patterns of these strains. Of the 245
isolates, 44.1% showed ampicillin resistance, 79.2% showed erythromycin resistance, 76.3% showed tetracycline
resistance and 36.3% showed chloramphenicol resistance. In case of vancomycin and ciprofloxacin, all of the
isolates were susceptible to these antibiotics. Of the 245 enterococcal isolates, 82.1% have MFS type eme(A) gene,
72.7% have ABC type efi(A) gene, 77.1% have ABC type efi(B) gene, and 71.8% have ABC type /sa gene. In case
of Enterococcus faecalis, the original strain for these genes, 92.5% have eme(A), 87.4% have efi(A), 88.4% have
efi(B), and 88.4% have Isa. Interestingly, in case of different species of Enterococci, eme(A) was also detected in
four strains of E. faecium, seven strains of E. avium, four strains of E. durans and two strains of E. raffinosus. efi(A)
was also detected in two strains of E. faecium and two strains of E. durans and efi(B) was also detected in four
strains of E. faecium, five strains of E. avium and four strains of E. durans. This means the possibility of co-transfer
of resistance genes between Enterococci species in natural environment. These results are the first report describing
the presence of same multidrug efflux pumps in different species of Enterococci in Korea.
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FE Al I8 FEHF R AR FE AdRHeR
AAsks Al @Fo2 BHE AT FEY &34, opR
A FAIE SolM HA HE=e Folth(Devriese et al., 1992;
Flahaut et al., 1997). 2173t AFtollAl= 239 f1do] glovt
A o] oFgt whA A8 des Ay AdS doA
e 309, 8er| T 4 785 F8 A FOo B &
7] N &8 thKlein et al., 1998). 3} gk Aeko] Zef A A
<= Yetll= A7 B & okl ZAdold Aol o
3 WS g5st= A7t got FRAE o83 AU+t A
X 2E o]PA sl Yth(Malani ef al., 2002). YA YA Q] &
Al AbgHERt ofu gt bR ok A = W S7HE Q1% 7H5¢]
A A5 oEeS A3 3 Wew B ol Hofsh=
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A7} ARl AR Y] A 7HsAdo] A7) HaL qlo] 3554
gtR o2 293 FE 2 YTHOIE, 2001; NORM, 2003).
Aol B8R o WS Uetll= 7132 1) 348A1 o 52493
2) FEY] 77 R4 W3} 3) Az Tt Wl o3t FE
I AZY F= A2 4) FEY 554 F& T2 TELT =4
Th(Putman e al., 2000). 53] ThA| W42 EAI7H A2t @4
oA =9 55 FEo Btk H2Y FoAHS MM F
7¥staL Qlot. oFE §E% B9ote Bxe FAY FF7l +
off Wkx] of w1 ThFSE BHABA|, At 25 L 4F =4 2SR
Bl FEA7IH Bolido] 2R g7 Wil HE =&5d
Aol gle AR HE ALY FHAE &5 5 3lo] SAlol o
g A WS Ut H=F dtth(Levy, 1992; Saier et al,
1994). Aol A g%l thaokE §-5 B2 olvA et €7
A Eo| fFAMd ol wet A TR = 8 4= )t 1) ATP
binding cassette (ABC) superfamily (Lubelski et al., 2007), 2)



major facilitator superfamily (MFS) (Pao et al., 1998), 3) small
multidrug resistance (SMR) superfamily (Jack et al., 2001), 4)
multidrug and toxic compound extrusion (MATE) superfamily
(Kuroda and Tsuchiya, 2009), 5) resistance-nodulation-cell
division (RND) superfamily (Tseng et al., 1999; Seeger et al.,
2008). o]= 1ok Ald-& ABC, MFS 2 SMR E}Ql9] $&
HIE 7Fy Q= Ao Z R uEtH(Depardieu et al., 2007).
ForE 2 e G4 B plasmid Aol 1 AR E
Aoty 5] GAA Yol ST A2 7140 FAA S
o3 dao wat A% HEE 24T 5 Sl Aol "ot
(Grkovic et al., 2002; Hollenbeck and Rice, 2012). t&2 21 A+
ot AlatQl Enterococcus faecalis (E. faecalis)o| A 2 &8
7 t5eE 5 BEE = MFS EFYof &3t= EmeASt ABC
Eldol &31= EfrAB¢} Lsa7} Utk EmeA:= Staphylococcus
aureus® NorAe} G7| A F2o] $AIA o] 9l= HIZ quinolone
A FAA, gL T At 2549 ol st
a1 )eo] &2 A QchJonas et al., 2001). Lsa= | F7FA] A
T4 Aldt F E. faecalio| ARt ZAJ8H= Aoz A7l 5ok
E & H=Z lincosamide ¥ streptogramnin], quinolonA| &
A 9 AFFA| Q] & Tojet= Ao F B 1EchSingh e
al., 2002). Z Lee 5(2003)2] d3tof w29 A& 22l ABC
ElQ9] oFF =& H 2o Gz EfrAB7} E. faecalisoll A &
A=gon 3 SRR efr(A)S} efr(B)7} U2L B}
t}. EfrAB+ tetracycline, quinolone#| 3HAYA| & Z}£ A, A&
SA ol g WAl st thEekE §& B Zo|th(Lubelski
et al., 2007). 1 &) %= macrolideA] A ] E0]Z Q] mef(A),
tetracyclineol] 0|32l tet(K), tet(L)2 drug-specific efflux
pumpE G2 7 Fetol] EX5t= MFS Bty 9] Hzolt}),
Sanchez F(2013)2 AHQ10] HF Ua AFoA £33 E
faecalis®] 96%7} ABC B9 9] &= HZ Q| EfrABS 21 9o
W E. faecium®) 16%7} o] SFAAE ztn 9ok B skt
£ Aol M= vt A AlEolA Bt FdS WAt
2 7% AR gk WA siES Askar Fgtel £/
ot B E thEokE G H 2ol EmeA, EfrAB 9 Lsao] B
E5 24}, v wstar} skt §3] E. faecalis 0199 tHE F
ofl 43t AFFL A eme(A), efr(A), efr(B) B Isa FH LI
23} A2 @719 FAE Bhelsha sheich
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2 Aol AR F= 2 AN B, 585t B
St Jd At & Al 245d5(Kim et al., 2012)5 diAke
2 AL 5t o #5729 %S Brain Heart Infusion (Difco,
USA) 12 ARg-aHlT.

SR 24 AL

245752 AL A2 ampicillin (Sigma Co., USA),
erythromycin (Sigma Co.), tetracycline (Sigma Co.), chloramphenicol

A& At ke 72 EE 127

(Sigma Co.), vancomycin (Sigma Co.) ¥ ciprofloxacin (Korea
united pharm Inc.)ol| T3t =g HARE AAISHRTH A4 &
A= Clinical Laboratory Standards Institute (CLSI, USA)2] 14|
v R] A H o 2 AA|5}9 2 w(CLSI, 2007) Muller-Hinton (Difco)
iR & ARESlaL 35 AF O 2 E. faecalis ATCC29212E A
Eotgich = Adof ARgS FAEAL H1 FEF 64 pg/ml
2 52 28 A|E 34 ste] H#] 5=7}0.03 pg/ml = =5 g4
27 84 AQE BEAT. ovlo] S A v Fo4e
10° CFU/ml S| =2 343 3 5 n1% A v =] HFs}o]
wlopala 2o S Bels S gl Y W PR 5
EE FAYA|E=Minimum Inhibitory Concentration, MIC)
= At
%S RE "o ZHH RTXC| HE

TUE 2 T AR FERICZE eme(A), efr(A),
efr(B) ¥ IsaSs TIALZE 31H 2™ drug specific 3 msr(A),
msr(C), meflA), ter(L) H tet(K)ol] gt L= A ER15+5
t}. At2] genomic DNAE GeneAll Cell SV kit (GeneAll
Biotechnology Co. Ltd., Seoul, Korea)S ]85} E&3tH2
w Ao AlZH o] BE golstA s17] st lysozyme
(30 mg/ml, Sigma)2 H718FH e} F-4AFe] HE-L gene specific
PCR 4HF2-& AA3}E 2™ primer= Genotech (Daejeon,
Korea)ol A A| &5t Attt 2 AE ol AH8-gF primer
9] H7I gt ¥hg27& Table 19 Vel Sitt. PCR HHg-2
AccuPower™ premix (Bioneer, Korea) 2 AM-5}0d 95C, 587
denaturation & 95°C, 30, Table 19]] A% annealing 27|
A 30%, 72°C 187t extension ¥H2-2 303] HHE & nfx|uf
72°C 1087t elongationd}H T

CIE2A4E K= EHIO| DNAGEZIME 2M

PCR ¥hg-02 2 DNA o] 8% o2 $3 BZ ¢
ARIA] BsH] FIoke] DNA @714 2L Selslsie. 2 %
ZAA}2] PCR ¥HE- & A7) P55 AAI5te] 3l 2719 DNA &
H-S agarose gelof| A ZEH & GeneAll PCR purificaiotn kit
(GeneAll Biotechnology Co. Ltd.)& ©]83} agarose gelofA]
DNAE 52, AA| ¥ Genotecho]| 2|5t G7|MES 2H &
35 g3 YA T(PubMed)o|A]  AlFsHe  F7IAEEA
(nucleotide blast) S 5101 91714 2] £242 ek},

Am g g

ol shdin e

YA ROA BT 245 FUTFS A9 A S =
ARet A3} ampicilline]] gt WAEAES 44.1% MICso 8 pg/ml,
MICy 32 pg/ml), erythromycin®]] et YAEL 79.2% (MICso
> 64 pg/ml, MICq > 64 pg/ml), tetracyclineo] tfjet YAAELS
76.3% (MICsp > 64 pg/ml, MICqo > 64 pg/ml), chloramphenicol
o gt WSS 36.3% (MICso 8 pg/ml, MICs > 64 pg/ml),
vancomycin®]] gt YAE2 0% (MICs, 0.5 pg/ml, MICy 1 pg/ml)
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Table 1. Primers used for this study

Gene Sequences (5—3) Amplicon (bp) Annealing Temp. (C)
AGCCCAAGCGAAAAGCGGTTT
eme(A)  CCATCGCTTTCGGACGTTCA 123 53
GTCTGTTTCGTTTAATGGCAGCAGCC
A 258 5
erfii) CGAATAGCTGGTTCATGTCTAAGGC 7
ATGTTCTTAATCAATCCGCTGATGGC
erf(B) 345 57
: CATAGTAACTACCAAGGACAGCTACCC
1 GTGACTTCTTTTGAACAGTGGGA - 55
sa TTCAGCCACTTGTTGTCTGCC
ATTGCAGCTGGTTTACAGGC
A 425 55
meflA)  ATGATACAATGCACACGCA
()  GCAAATGGTGTAGGTAAGACAACT - s
YA
s ATCATGTGATGTAAACAAAAT
ATAACAAACCTGCAAGTTC
msrC) I TCAATTAGTCGATCCATA 324 53
TTAGGTGAAGGGTTAGGTCC
tet(K 18 53
et(K) GCAAACTCATTCCAGAAGCA 7
CACGATAGCTAAGGTTATAACGAAGATAGTAGCC
ret(L) 508 58

AATGGAAAAGGTTAACATAAAGGCTGTGTTCACCC

Table 2. Distribution of MIC values against the 245 Enterococcal isolates from raw milk sample

. . MIC range Interpretation
Abs Number of isolates with MIC (ug/ml) (ug/ml) %)

=0.03 006 013 025 05 1 2 4 8 16 32 64 >64 range MICsy  MICyg S I R
Amp 2 4 2 4 18 26 24 57 56 37 10 5 0.06~>64 8 32 (515379) 0 (i‘(‘)ﬁ)
Em 4 5 9 10 20 9 13 15 0 160 0.13~>64 >64 >64 (397) (14;21) (7199‘;)
Te 2 3 9 5 38 1 4 8 29 146 0.25~>64 >64 >64 (25373) (014) (71573)
Cam 3 3 5 8 6 42 54 35 20 41 28 <0.03~>64 8 >64 (4:5 Z) (1153) (;:)93)
Van 13 27 32 145 14 100 3 1 =0.03~16 0.5 1 (92;2) (014) 0
Cip 17 14 17 42 76 68 11 =0.03~2 05 1 (92531) (i 15) 0

Amp, ampicillin; Em, erythromycin; T, tetracycline; Cam, chloramphenicol; Van, vancomycin; Cip, ciprofloxacin.

S, sensitive; I, intermediate; R, resistant.

9 ciprofloxacin®]] gt AAES 0% (MICso 0.5 pg/ml, MICo
1 pgmhE FFECE 2 A7 23 FLH9| erythromycint
tetracycline®]] o3t YA +S] v]&0] 79.2%%} 76.3% 2 =A| L}
Epkon oleigt ATk Th2 T, 9] ThE 47 Aok At
3t AR Kol L2 & 4 YJom(Mannu et al., 2003;
Kwon et al., 2007, Jeong et al., 2008; Nam et al., 2009) 2|1t
2} 2AME G2 At 9] erythromycind} tetracyclineo]] Ttk U
AHlEo] 35 & 5 ISITH(Table 2).

U4E RS Hx |IXle| 2= HIE

Zedato]l £R5H= multidrug efflux pumpE coding 3=
eme(A), efr(A), efr(B) R Isa 7472] £EE PCRY 2= 8115}
A}, 71 AT F 24572 2 2017282 1%) 7} eme(A) S H95)T
AR, 178F(72.7%)7} efr(A) FRAE, 1894(77.1%)
7} efr(B) GHAE BO5tT Qo 17627(71.8%)7} Isa
FARE HH8kaL Igiet 3HH WA BlEo] =& erythromycin

3} tetracycline®]] £0]2Q1 efflux pump?l meflA), msr(A), msr(C),
tet(K) @ ter(L)9] B2 3 A3 A} 143 73(58.4%) 7}
erythromycin specific pumpQl meflA)S 3045(12.2%)7}
tetracycline specific pump?l rer(L)S 21 122 EIskATh
(Table 3). FUFHo) A 27 EH 5IE 45 =
EmeA= MFS A gol| £381= HZZ S, qureus?] NorA2} G714
g GAFAJo] 32% <] Hxo|thJonas et al., 2001). EmeA= Z+H&
WA ATRT S Fo) A A5A] ol Belalar o]
2o] A Q= g EA Q] multidrug efflux pumpZ2 £ Ag o]
ARR3E AA FUAFE 82.1% (201/245)0] BZ3kT QIQiTh E.
faecalis®] 73 19904-F F 184730 4(92.5%) eme(A) G
A7t BEFE FRlIstem 1 Lol E. faecium ol A 25
TF 5 47N FAM16%), E. aviume] 73%- T7H 45 B4
(100%), E. durans®] 73%- 655 47l 459\ A, E. raffinosus
9] B 4l #5527l FFoNA eme(A)7F EAFE & 5 L
glou] 2t gze] 47| M Ae] FAXLS E. faecalis V83§71
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Table 3. Distribution of multidrug drug efflux pump genes in Enterococci spp. isolated from bovine milk samples in Korea

Phenotypes Genotypes
. Drug-specific
No. of Erythromycin Tetracycline Multidrug Z:fﬂux pumps efflux pumps
. . (%) 0
Strains isolates (%)
(%) Resistance Resistance
R MI MI R MI MI
ange. MICso MiCoo =0 (o) Range MICo MICo =00 ome(A) ofi(A) ofi(B) Isa mefiA) reL)
MIC (ug/ml) MIC (ug/ml)
. 184 174 176 176 135 24
E. faecalis  199(81.2) 0.13~>64 >64  >64 170(85.4) 0.5~>64 >64 >64 149(74.9) (92.5) (874) (88.4) (884) (67.8) (12.1)
4 2 4 5 4
E. faecium  25(10.2) 3.13~>64 >64  >64  15(60.6) 0.25~25 >64 >64 18(72.0 0
f (102 (606 0 a6 ® a6 20)  (16)
. 7 5 3
E. avium 729) 4~>64 4 >64 3(429) 64~>64 64 >64  7(100) (100) 0 (71.4) 0 42.9) 0
4 2 4 1
E. durans 6(2.5) 2~>64 4 >64 2(33.3) 16~>64 >64 >64  6(100) 667) (333) (66.7) 0 0 (16.7)
E. gallinarum  4(1.6) 0.25~>64 >64  >64 3(75) >64 >64 >64  4(100) 0 0 0 0 0 (215)
E. raffinosus  4(1.6) 0.13~>64 0.25 32 1(25) 1~>64 >64 >64 3(75.0) (520) 0 0 0 0 0
Total 245(100) 0.13~>64 >64  >64 194(79.2) 0.25~>64 >64 >64 201 178 189~ 176 = 143 30

100 (g21) (12.7) 77.1) (71.8) (584) (122)

219} 98% o4 BAAO] 9L & 4 ATk EmeAk Ul E
faecalis®l| EA3F= MFS BtY 9] oFE §& HZo|G 2 A+ 2
ol k= E. faecium, E. avium, E. durans L E. raffinosus©]|
A= G7IMgo] Al FUZ eme(A) FAATF EAFTE B2l
2 91508 ol 2L So] 7T Aole] $HA}e] 57 of
Foll gt 7hs/d& Taf =2 qick 31 ABC B19] 9| o5&
& B=Q Isa, efi(A) R ofr(B) F-RAS] B2 lsa] S
24595 F 17635001 4(71.8%) THEJ LT efr(A)= 2457
Z 178N X(72.7%), efr(B)= 189X (77.1%) TE =
St} Singh 5(2002)¢] B ilof| wEH At A A £ Y
& e 2 gt At A3} E. faecalisd-2 100% 7} Isa A}
£ 53] 1 9j2) the S0 FURINE ba $HA) ER)E
BRISHA] ZBtAThaL St Isa F-RARE JAAA SR E. faecium
of =519 u FAFA o2 W E o] quinupristin/dalfopristine
of didt A g53e Husty) AT B dtef maw
88.4% 9| E. faecalis7} Isa - AAE A&7-511 9lleo 1 9 o
£ Sl Isa AR EASHA] okt 3Hd 71 & 2ol &
A 22 ABC €99 8= HZQ) EfrAB HXZ SAAE= E
faecalis )= efr(A)+= E. faecium 24, E. durans 2159
ZAS FlstH o efr(B)= E. faecium 445, E. avium 5
T, E. durans 4530l EX5t= AZ ERISHAT Adat &
EA8= efr(A)S} efr(B) S-4A X E X113 Sanchez 5
(2013)9] Ao ©k=2H E. faecalisO| X+= 96%, E. faecium®|| A
£ 13%9) o] 3§82} BEetein Bnsha Qe s
£ AtollA ERIE AL 2= E. faecalis T 87.4%°1A efr(A)
7}, 88.4%NA efr(B)7} BESIH O™ E. faecium F 8%l A
efr(A)7h 16% 1A efr(B)7} Bkl Uict. g 19 v&
A2l E. avium, E. durans L E. raffinosusO| X = efr(A),
ofi(B) AT EA TS TSR B3] 2 ATolA FHelE
ZF g ] A7 M E S FEAIL E. faecalis V5833 ¥ 1L3HS,

< 1 98% ol sEA0] US ¥ F UNeH E. faecalis B
E. faecium©) 2] Ut &0l A efr(A), efr(B)7} EA| TS B 11sH
Hzo) Buz ARl U A7} Gt ARE BEET &
B YA B4 Eajg o] erythromycind} tetracycline
o da =2 WAEES Uetdo] F oF=o Sol&Q efflux
pump?] A& ZAsH A3} erythromycino]] gt efflux pump
Folle meflA)Rto] EAt= AL FRISHH O™ (143/245,
58.4%) tetracyclineo]] £0]2] 2] efflux pump+= rer(L)THo] £
3= A-2(30/245, 12.2%) 15+t £33 tetracyclineo]] gk
=2 WAEC BIE| ter(L) ] BEES AH R WO o=
oju] B &3} So] B3t B Z(Kim and Choi, 2012) 63.7%
of o] EARYE US| rer(M)& 23 917] T R
2 AR 2 A7 Seale] 248 ) FLFol o
FUE FE I AR eme(A), efr(A), efr(B), H Isa 531
Ao BEH| &S AS A Bt AR E E3FE. faecalis O]
9 thE T ALl E. faecalis®l EAgTHL g7 v
OE FE HZ FARR eme(A), efr(A) D efr(B)7F EATE
T ATRA EUL0] 43 T2 Fo FETe] YA $
o) ol 5ol i 75 AL A AR 2 FolE A4
Mol mUE o] Bagr)

He

YRR RAA et U4 Al 245052 FAA WA
o Totl= EIE F& Hx A B2 =9 A WA
WS Akt 1 23 245 LS FF2 ampicillin]]
et WAHELS 44.1%, erythromycinol] i3t WASLS 79.2%,
tetracyclineo]] thgt WAEL 76.3%, chloramphenicolo]] gt
WAEL 36.3% 2 vancomycin®} ciprofloxacin®] o} 4]
£ R 4449 o 4 deith U4 B §H7 5 MEse
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A9 eme(A)= 82.1% 2] et EEsFH 2™, ABC EFY <]
SARR] efr(A)= 72.7%, efr(B)= 77.1%, Isa=71.8%2] A<
ol B35 E35| o3t -8 -Rke] 71 AletQl Enterococcus
Jaecalis®] 735 eme(A)= 92.5%, efr(A)= 87.4%, efr(B)=
88.4%, lsa= 88.4% 2 X =& UYe St} g FY% FY
&0 ARt Fo| ThE A dtoll A eme(A)= E. faecium 4vt7,
E. avium T4+F, E. durans 445 4 E. raffinosus 2450 £X
3}l QAT efr(A)= E. faecium 202} E. durans 24-70l) £
Z3lF o, efr(B)= E. faecium 4, E. avium 54-F 9 E.
durans 49t5=0] EE3IQCH B AT U= AR A
BT AARE ol FO) BN FAT OFHE $2
HEZ(multidrug efflux pump) 2] E32o] tjgt A HH| H gt ALz
=X E. faecalis ©]2]9] FLat&olA ol2jgt f342e] B
MR THE 2710 SR A 0|5 1AL Ak

INEE

2 AF+= 20128 A% A dietn R de 2 S EG e
o o]l A= Ut

I
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