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The purpose of this study was to investigate the fluoroquinolone resistance frequency of Enterococcus spp. from
normal chicken feces and to analyse mutations of the gyrA and parC gene associated with fluoroquinolone resistance.
Among 52 Enterococcus faecalis and 25 E. faecium isolates, 23 (44.2%) E. faecalis and 7 (28.0%) E. faecium were
resistant to ciprofloxacin (CIP) by disc diffusion method. Genetic exchange in gyrA and parC gene among 2 CIP
intermediate isolates and 15 CIP resistant isolates were found in the amino acid codon of Ser-83 and Asp-87, and Ser-80
and Glu-84, respectively. These mutants contained a change from Ser to Phe, Val, Tyr, lle, Thr or Pro at codon 83 and
from Glu to Gly or Leu at codon 87 in gyrA gene, and a change from Ser to lle or Thr at codon 80 and from Glu to Asp
or Lys at codon 84 in parC gene. The isolates with mutation in gyrA regardless of a mutation in parC showed high
resistance (MIC =32 pg/ml) to CIP, enrofloxacin, norfloxacin and ofloxacin. These results suggested that gyrA gene is
the primary target for 4 fluoroquinolones resistance in Enterococcus spp.
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Fl5ke] 1900 tioll == glom, FHZoll= 715 E. coli,
Campylobacter jejuni 2! Salmonella spp. 5-°llA4] fluoroquino-
lone WAt 7ol S7bskar glgol Hard b Ut (34,
8,11).

Quinolonee 2 A|i2] DNA FHAdol a3k a4l
DNA gyrase (topoisomerase 1) =+ topoisomerase V2] 2}&-
= 9Alste] DNA S5 Asfigtes dt2e-2 b,
DNA gyrasei= gyrA 2 gyrB subunit=, topoisomerase IV
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parC % parE subunit® %o At} (12,15). 53], fluoro-
quinoloneA] &rAlol gk W2 gyrA =¥ parC 734}
o] ol AR delA dom, gyrA frdAte]
67HF-E 106812 E. colig} 5L 3}Al quinolone resistance de-
termining region (QRDR)S. 2 2 A fluoroquinolone] 4
Ao =23 deks ata u} (9,10,19,21,26).
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Enterococcus spp. 1215 7750l tha}ke] ciprofloxacin (CIP)
9] sensi disk (BBL, Becton-Dickinson, USA)S ©]-&-3F T3

Fabi S AABIR o, =3 CIP, enrofloxacin (ENO), nor-
floxacin (NOR) 2 ofloxacin (OF)°ll tg+ minimal inhibitory
concentration (MIC) =78 E test (AB Biodisk, Solna, Sweden)
Z o]&-3o] AAEI3ITE =, Mueller hinton brothell 35T ol 4
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Sk & wFe] 1.5 mlS- eppendorf tubeol] 3 3ke] 13,000 rpm
ol 4 5E7F AR EEIl o AgE ol A|A % 500 pl Bt
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Enterococcus spp.2] gyrA % parC F-Ax1e] S22 93
primer: Amin 5 (7)0] Bk Wl wel 438t (Ta-
ble 1). Enterococcus spp.2] gyrA 2 parC f-d#ke] S8
$J3ke] 2.5 U Taq polymerase, 25 mM dNTP, 10 mM Tris-Hcl,
40 mM Kcl 2 1.5 mM MgClLE *Z3s= AccuPower PCR
Premix (Bioneer Co., Korea)oll primer Z+Z} 1 ul® 2} DNA 5
s Hrksla HEHo] 50 wrt HEs 49 SHFE 92
5, thermal cycler (Biometra, Germany)E- ©]-&3}o] PCRS &
3}sith PCR 712 94Coll A 587t predenaturation] 71
%, denaturation (94, 11"%) annealing (55°C, 1), extention
(72°C, 139 & F 303 WHE AAEIg o FHF exten-
tiona 72°ColA 10%7F 4 ] 313tk PCR 42He-2 1.2% agarose
oA A713ES A3 F, ethidium bromide (0.5 pg/ml)=
AAsle] UV transilluminator (Biometra, Germany)oll 4] 5]

Table 1. Primers sequences used for the amplification of gyrAand parC gene

Target genes FIR Primer sequence (5'—3') Fragment size (bp)
A Forward CGGGATGAACGAATTGGGTGTGA oal
r
u Reverse AATTTTACTCATACGTGCTTCGG
Forward AATGAATAAAGATGGCAATA
parC 191
Reverse CGCCATCCATACTTCCGTTG
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Aol WS JebdS B gk v gtk 71563 Enteroco-
ccus spp.oll Tt fluoroquinoloneZl WA&-& & A71A] =)
ol A= B vyt glo] & A vud Fe A,
FUZ B FATS el E. coligh HmA] B A A o) A
el Enterococcus spp.o] WA BEE B Ao wtt
=, ol2]g WATY 3L fluoroquinoloneZl 7} Al Eok

Table 2. Ciprofloxacin resistance frequency of 52 E. faecalis and
25 E. faecium isolates from chicken

No. (%) of isolates

Isolates

Resistant  Intermediate  Susceptible  Total
E. faecalis 23 (44.2) 23(44.2) 6(11.6) 52 (100)
E. faecium 7(28.0) 12 (44.2) 6(24.0) 25(100)
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Enterococcus spp.2] fluoroguinoloneol] th&k A &-%-=
gyrA 72ke] Wolo} WAdeh #de] gtk Rk 9o
(16), Kanematsu 5 (14) E. faecalis®} 72 Z1ehkAd ool A
= parC fr7Ake] o]} gyrA fdxke] WHolol| 9kx o]
v, o}-&2 topoisomerase 1V7} fluoroquinoloneol] o3k uj
4 B FEAYS R E s3Itk ey £ AT
AE UdE Hel 155 F 6577} parC fdzte] Wole} 73t
SHA gyrA A AP A RE ol uhS B Kanematus 5 (14)
o] Bueh= dXsA] &= Ao 2 el Pand} Fisher
(22)= Streptococcus pneumoniae2] fluoroquinolone |l ol &
Ul dA4e Ao FHel wet GEbdE Rasgl vl
Z CIP thek x4 L parC fF&AAFo|Y sarafloxacine]
FAL gyrA AL 81 AL, Onodera 5 (20)2 E. fae-
calis2] levofloxacinoll ek WA Ao =12 =3k gyrA

Table 3. Prevalence of mutations within gyrA and parC genes of 24 Enterococcus spp. isolates

No. (%) of mutants in amino acid position

Pattern against No. of gyrA parC gyrA/parC
ciprofloxacin isolates

Susceptible 7 1(14.3)

Intermediate 2 1 (50.0) 1(50.0)

Resistant 15 5(33.3) 1(6.7) 2(13.3) 5(33.3) 1(6.7) 1(6.7)
Total 24 6 (25.0) 1(4.2) 3(125) 1(42) 5(20.8) 1(4.2) 1(4.2)

#Mutation at Ser80 and Glu84 of parC gene.
“Mutation at Ser83 of gyrA and Glug4 of parC gene.

® Mutation at Ser83 of gyrA and Ser80 of parC gene.
Mutation at Ser83 and Glu87 of gyrA, and Ser80 of parC gene
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Table 4. Minimal inhibitory concentration for fluoroquinolones and mutations in the gyrA and parC genes of 24 Enterococcus spp. isolates

MIC (ug/ml)® Amino acid at position®
Isolates® CIP disc® gyrA parC
CIP ENO NOR OFL
83 (Ser) 87 (Glu) 80 (Ser) 84 (Glu)
Efs 26 S 0.5 0.38 2 15
Efs 31 S 0.5 0.5 15 15
Efs 54 S 0.75 0.75 2 15
Efs9 S 0.75 0.75 2 2 Cys
Efm 18 S 05 0.38 2 2
Efm 24 S 05 1 15 3
Efm 38 S 05 0.38 15 15
Efs 20 | 3 3 16 4 lle
Efm 36 | 2 4 3 lle Asp
Efs 47 R =32 =32 =32 =32 Phe
Efs 51 R =32 =32 =32 =32 Phe
Efs 33 R =32 =32 =32 =32 Val
Efs 38 R =32 =32 =32 =32 Tyr
Efs 39 R =32 =32 =32 =32 lle
Efs 40 R =32 =32 =32 =32 Gly
Efs 4 R =32 =32 =32 =32 lle
Efs 6 R =32 12 =32 =32 lle
Efs 18 R =32 =32 =32 =32 Phe lle
Efs 16 R =32 =32 =32 =32 lle lle
Efs 30 R =32 =32 =32 =32 Val lle
Efs 56 R =32 =32 =32 =32 Tyr Lys
Efm 29 R =32 =32 =32 =32 Phe Thr
Efm 10 R =32 =32 =32 =32 Thr lle
Efm 28 R =32 =32 =32 =32 Pro Leu lle

2Efs, E. faecalis; Efm, E. faecium.
b, susceptible; I, intermediate; R, resistant.

“CIP, ciprofloxacin; ENO, enrofloxacin; NOR, norfloxacin; OFL,

ofloxacin.

Y For those isolates with no amino acid shown, the codon is identical to that of the wild type isolates
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