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To investigate the acquisition of quinolone resistance, we examined mutations in the quinolone resistance-determining
region (QRDR) of type II topoisomerase genes in ciprofloxacin (CIP)-resistant clinical isolates and in vitro mutants
of Streptococcus parauberis. The CIP-resistant clinical isolates had one base change responsible for a Ser-79—Thr
in the QRDR of parC. However, the CIP-resistant in vitro mutants had an altered QRDR of parC (Ser-79—1Ile) that
differed from that of the isolates. None of the CIP-resistant S. parauberis clinical isolates or in vitro mutants exhibited
amino acid changes in gyrA or gyrB. However, even though involvement in the increased resistance was not clear, an
Arg-449—Ser mutation outside of the QRDR of parE was detected in CIP-resistant mutant 2P 1. These results suggest
that the topoisomerase IV gene, parC (and possibly parE, as well), is the primary ciprofloxacin target in S. parauberis.
Additionally we established a high-resolution melting (HRM) assay capable of detecting the dominant mutation in
four type II topoisomerase genes conferring ciprofloxacin resistance. These rapid and reliable assays may provide a
convenient method of surveillance for genetic mutations conferring antibiotic resistance.
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N5 £ Y22 Streptococcus parauberis, S. iniae,
Lactococcus garvieae7} #oidl= A 02 B E ¢l o (Baeck
et al., 2006), Z|Lol|l&= E3| S. parauberis®] < W=7} 5=

o1 210 et o1t AT A28 fetd 2

o] FAYAIZF ARG AL Lo, B A=
3} oju "hAo] Z7)3ko| ulat s A Q) A
Az} 8 7 A 1A ek WA el 4
+ quinolone”| YA+ nalidixic acid, oxolinic acid 12|31
fluoroquinolone 74]& H& 3 = 9)= ciprofloxacin, enrofloxa-

cin, norfloxacin, pefloxacin 5= #§}+ 3}l Qlct.
Quinolones= 52 Alw+2] DNA gHdof 23k 4491 DNA
gyrase (topoisomerase II)2} topoisomerase [V2] 2-8-& 1A
5to] DNA EA1E Aaliehe 2 gt 2H8-& vt (Gellert et
al., 1976), DNA gyrase = DNA £4], 423}, Ao L4=2]
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ol &424 DNA E£4 A] DNA2] ATP-dependent negative
supercoilingS &3} gyrA®} gyB subunit® 2 A H T},
Topoisomerase V= GAA| FA)o] upz|ut chA|of| Al A4
£ He|sl=d B4A ol AR 2 2 DNA decatenating ¥ relax-
ing activity S YEH ™ gyrA} gyBell 43-5-5h= parC} park
subunit ©. & A ¥ th(Drlica and Zhao, 1997).

o|2{gt quinoloner| A WS HolA == 7]H2
DNA gyrase 312191 gyrA 2} gyrB 2] 7] %], topoisom-
erase IVE] Y52 parC, parE 42 |7] ¥ol, 3] I 474
202 27104 71 F 23 29l0]9] quinolone 1 27
1.91¢] quinolone resistance-determining region (QRDR )] 4]
o] Ho7} 7V T att a4 A AHgsh= Ao ® dHA Stk
(Piddock, 1999; Tanaka et al., 2000).

High-resolution melting (HRM)7]¥ PCR 43 5

+ amplicon®]| intercalating fluorescent dyeS Z3A|7]1l,
T S A5G 59 target 5291] 714 o] k) 2t7] o
27 WAYsH= florescence signal®] W3} 5448 #451=

A(])-] }\é

Ho|th(Kristensen and Dobrovic, 2008; Tajiri-Utagawa et al.,
2008; Wittwer et al., 2003). w2hA] YA WA+ WA -4
Atof| Al UEFUH= mutation®] 492 HRM 7% 9] 2-8-2- 53
HrpwhE 1 247 218 4= 9)& Zlo|t

2 Aol A= o F FARAG A At S A=A
HES AA|slAL Q& S. parauberis®] quinolone®] tg WA
AeE Aol A EelE 5= 9 in vitro Hol| =5 ARE-S}] H]
L A skeleh TR YAt eoll A b= quinolone Wi/
A {FAR] WMol HRM 242 o] §3to] &40 & 411

& Sle e A Sk

=
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£ Ao A ARS-E 21709 S. parauberis H5-5-2 19994 9]l
A 2012 7kA] 9] 7171 St S-2ubet o7 A H9] JA], S5
S v ool A WA o2 Aty o] SAFo| YER =

Table 2. MICs of S. parauberis isolates to quinolone and various antibiotics

MIC (pg/mL)
Strains Sources Quinolones Other antimicrobial agents
CIP" ENR? NOR® PEF* OA> NA® T Em® Amp® CM™® KM" PE™

J14 flounder, Jeju, 1999 8 8 16 32 64 256 64 256 05 64 S® S
J15 flounder, Jeju, 1999 05 05 2 4 32 256 32 256 05 <2 S S
J66 flounder, Pohang, 1999 0.25 0.25 1 2 8 128 16 <2 0.5 <2 S S
K8 flounder, Ulsan, 2007 025 05 1 4 32 128 8 <2 025 <2 S S
K14 rockfish, Pohang, 2007 05 05 2 8 32 128 16 <2 <0125 <2 S S
JE12 flounder, Jeju, 2006 05 025 05 2 32 256 8 <2 <0125 <2 S S
JE13 flounder, Jeju, 2006 05 05 2 4 32 128 64 256 05 64 S S
1576 flounder, Jeju, 2006 05 05 1 4 32 128 16 <2 <0125 <2 S S
1584 flounder, Jeju, 2007 05 05 2 4 16 256 8 <2 <0125 <2 S S
1598 flounder, Jeju, 2007 4 1 8 8 8 256 64 256 05 2 S R
12044 flounder, Jeju, 2012 05 05 2 4 64 128 64 25 0.5 64 S S
12048 flounder, Jeju, 2012 05 05 2 4 32 256 32 <2 0.5 <2 S S
12106 seawater, Busan, 2007 025 0.25 1 2 16 128 1 <2 <0125 <2 S S
12107 seawater, Busan, 2007 025 0.25 1 2 8 128 1 <2 <0125 <2 S S
12050 seawater, Busan, 2007  0.125 0.125 0.5 2 1 128 1 <2 <0125 <2 S S
12051 seawater, Busan, 2007  0.25 0.25 1 2 2 128 1 <2 <0125 <2 S S
12059 seawater, Busan, 2007  0.25 0.25 1 2 2 128 1 <2 <0125 <2 S S
12060 seawater, Busan, 2007 0.125 0.125 0.5 1 1 128 1 <2 <0.125 <2 S S
12061 seawater, Busan, 2007  0.125 0.125 1 2 2 128 <1 <2 <0125 <2 S S
7001 seawater, Busan, 2011 0.5 0.5 1 4 1 64 1 <2 <0.125 <2 S S
7002 seawater, Busan, 2011 0.25 0.25 1 2 1 64 1 <2 <0.125 <2 S S

ICIP : Ciprofloxacin, 2ENR : Enrofloxacin, *NOR : Norfloxacin, *PEF : Pefloxacin, *OA : Oxonilic acid, °NA : Nalidixic acid, "Tc : Tetracy-
cline, *Em : Erythromycin, ’Amp : Ampicillin, '°CM : Chloramphenicol, "KM : Kanamycin, ?PE : Penicillin, 'S : susceptible
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o] uigzAat sl 2 e Eelstt(Table 2). 9] &
2] 9 ujoFoll= 1%2] NaCl-S 713t Tryptic Soy Agar (TSA,
Difco, USA)Y! Brain Heart Infusion Agar (BHIA, Difco,
USA)E ol-&3t3ith. ®ofe] 2243} == TSA % BHIA|
Fsto] 28Tl A 24-48A17H53k v st 3iTt. o] % TSA B
BHIAO|A == 22 32 FEieHA] A=A colony B2t
Hn7 Aol Ao 1] FEl, 271 B A4S W 5o ho]
57458k91aL, S. parauberisoll 50122l primerE AHE- PCR
2 ANJste] 27h210l $AS ANSATKTable 1). £ 4
2] BES Q3 ufjefelof] 20% glycerol (Sigma—Aldrich Ko-
rea, Korea)S A 7}13t &, -70°C of| A AR A71A] Batsiact

ofH d-d Al

2

Quinolone Al 3AYA| % fluoroquinolne®! ciprofloxacin
(CIP), enrofloxacin (ENR), norfloxacin (NOR) 18] 1! peflox-
acin (PEF) 4% ¥} oxolinic acid (OA), nalidixic acid (NA) 2%,
71831 4] quinolone A AYA| 2A] tetracycline (Tc), erythro-
mycin (Em) ampicillin (Amp) chloramphenicol (CM) kana-
mycin (KM) Z12] 31 penicillin (PE) 6%(Sigma—Aldrich Ko-
rea, Korea)oll tiet S. parauberis®] WA 2 Minimum
Inhibitory Concentration (MIC)3}F< broth dilution o2 =
Aslo] A5 THGruson, 2005).

Total DNA £2| & PCR

Ciprofloxacin WA £-2] 755 tj4}2 &2 HiGene™ Genom-
ic DNA prep kit For Bacteria (Biofact, Korea)E A8-3f A|
ZAF2] manual®] w2} total DNA =52 A A5t} Topoi-
somerase T F1219] 71ES 913 PCRE 10 X PCR buffer

Table 1. Primers used in this study

2 uL, 200 uMe] z+zre] ANTP, 1 uM <] sense primer?} anti-
sense primer, Taqg DNA polymerase (Cosmogentech, Korea)
9 DNA template 1 uL £ 7|3t 3 distilled water= |52l
9] volume©| 20 uL7} & =% 3} T} o|uf) ARE-3F primer set+=
ayrA, gyB &} parC, parE 2] QRDRE & 51= H 9] £ target
02 51908 HRM BA40A = 24835t Zol7l 34 2 4 9
%= 2 PCR AHE9] 51717} 2F 200 bp7} & =2 primersS A 25}
S tHTable 1). PCRE%HE-2 Perkin-Elmer 2400 thermal cy-
cler (Perkin-Elmer, Norwalk, CT, USA)E A&-5}10] 94°C ol A]

E7F pre-denaturation A]71 &, 94Cof| 4 30% denaturation,
55C 9|4 30% annealing, 72C°l|A] 30% extension®] HF-$-2
30 cycle=al gt & 72°C ol A 72T post-extensionA] # T}
Cloning % &7|uig &4

PCR A =2 Gene-all™ GEL SV elution kit (General bio-
system, Korea)& AM8-519] agarose gel 25-E] 28], At &
pGEM-T Easy Vector System I (Promega, USA)E Al-8-5}¢]
A ZAFS] manualo] wlebA] E2Y A|Zth Competent cell (E.
coli DH50) 100 uL o} &3} 5o AF2Zof oJ5}o] transfor-
mation A g 3 IPTG 1 mM, X-gal 40 ug/mLY} Amp 50
ug/mLo] 7} Luria-Bertani (LB, Difco, USA) agar Hl|A|
of meksto] SlM o] HekE AEsto] Amp 50 pg/mLo] 7t
% LB brothul x| o] vjoF 3Fict. vkl 1.5 mL25E Gene-
all™ plasmid SV mini kit (General biosystem, Korea)E A}
g5to] Zehanjeg Belsiinh. 7] A9 242 Big Dye
Terminator Cycle DNA Sequencing Kit (Applied Biosystems,
USA)E ARE-sto] ie|E Sekin| & Yol Al H |7 AES

Oligonucleotide sequences

Primers (5—3) Amplicon size Objects References
Spa 2152 TTTCGTCTGAGGCAATGTTG ificati
P 718bp Identification of -\ - et al., 2004
Spa 2870 GCTTCATATATCGCTATACT S. parauberis
ACF AATAGAAATTTRRTKRAYG ) )
2237bp gyrA cloning This study
ACR AAYRTBACTGMDAAAAATGG
BCF CATGCYGGMGGKAARTTYGGC i )
1511bp gy cloning This study
BCR GAAMAYCGCTTRATGGCBCGT
PA112 GGGTTGAAACCAGTTCATCG
219bp HRM for gyrA
PA331 CGGAAATTTCGGTTCTATGG
PB1196 CACGTGAAGTAACGCGAAAG
204bp HRM for gyrB
PB1400 TAGTGTAGGTCGTTCAAGACC This stud
is stu
PC150 GGACGGCAATACCTTTGAGA y
218bp HRM for parC
PC368 CGTTATACAGAGGCTCGCCT
PE1257 GCCTGCCCAATCTAAGAATC
219bp HRM for parE
PE1476 GAGCTGGAGTTGGTGCTGAT
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93] 3 MACAW program (Version 2.0.5., National Center
for Biotechnology Information, National Institutes of Health,
Bethesda, MD, USA)S AME-5}0] H|n 24 5}% T
Quinolone W4 in vitro mutant &M%

ABAFRE BS 45 F ciprofloxacing EZ33 of2
quinolone A& 3HEAIEl tsl 7Hg @& MICE Hol= S.
parauberis 7002 5 wild type 2.2 A8-51% S0 A 7}
Z 71 Mueller Hinton (MH, Difco, USA) agarii A & ©|-§-5}
of Ao HAH 0= W EAZITh HA wild type®] +5
MH brothol| 4] 16-18A]7F v %F & 7} plated MICE=2] 1-16
vl 9] ciprofloxacin®] 7}1el MH plateo]] =45kt Feto]
U= 2305 = 9] oA8A| u x| ol 4] 571 9] ek weskal
71 % 3] #3=(1P1)2 MH brotho] v oFstsict. o] 2jgt a}
% 1% step mutant +-2] 2 5}tk MH brothol| A 2-33] Altj
ujoFEl 73 ohe w91 2 step mutant E-2]of] AR&-SFSITH
(Fig. 1). E3F 3¢ 12] 17 4" step®] mutant £-2] %= d1&E 2 072
FUZ S o] 8-5ke] AT

HRM

1z

HI

Parent | S. parauberis 7002 (0.03125)*

1% step | 1P1 (0.25) | | 1P2, 1P3, 1P4, 1P5 (0.25) |
[

I
20d step |2P1(1)| |2P2,2P3,2P4,2P5(1)|

3dstep |3P1 (8)| |3P2,3P3, 3P4, 3P5, 3P6 (8) |
T

4% step | 4P1 (64) | | 4P2, 4P3, 4P4, 4P5 (64) |

Fig. 1. Flow chart showing the relationships between S. parauberis
7002 and its quinolone-resistant mutants. Quinolone-resistant mu-
tants were prepared by screening colonies resistant to ciprofloxa-
cin by culturing S. parauberis 7002 on agar plate containing cip-
rofloxacin. The concentration of ciprofloxacin in the agar plates
were increased from 0.25 pg/mL at 1% step to 64 pg/mL at 4™ step.
" MIC of ciprofloxacin

HRME AJ&st7] 913t vhg-Helli= 10 uLe] MeltDoctor™
HRM Master Mix, 3.5 mM MgCl, 5 uM¢] sense primer 2}
5 uM9] antisense primer, template (20 ng/uL) 1 uLE 7}
% distilled water= %% 2] volume©] 20 uL7} ¥ =% it}
HRM £4]-2 StepOne™ Real-Time PCR System (Applied
Biosystems, USA)2 ARE-5l¢ 0L oo} 22 o2 AlA
ahaic.

HA| 95C )| A 557} pre-denaturation A]71 3, 95T of|A] 10
% denaturation, 56 C 9l 4] 10 annealing, 72°Cof| A 15% ex-
tension®] B3-S 45 cycles 433 T} & 45 cycles BH-5-0]
B4 & 60-90ColA 0.1T/s9 £=2 Tm (melting tempera-
ture) = =745t melting-curve £4]-2 High-Resolution
Melt Software (Ver. 3.0) (Applied Biosystems, USA)E AR
steich

2 I

S. parauberis®| A EN

1999 oA 2012W7HA] E2]9 S. parauberis®] 2171¢]
T % 23t7(10%)7} CIP9]| disl Wids Uetll= 2 &
o 4= 2ASItK(Table 2). “1e{ut Wdat Rim= 12 $0] d%
getoll A vepgtonz, A4 d% EeldtolAe] WA
&2 17%= ettt @A S. pneumoniacs A 2Jstal th=
Streptococcus spp.©l] 3t ciprofloxacin®] MIC #= 7|
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) ¥ Clinical Laboratory Standards Institute (CLSI)
oA &= B = v} §iTh. S. pneumoniae®| 73-%- ciprofloxacin
Aol 3t breakpointS EUCAST o4l 2 ug/mL o]A4ko.
2, CLSI= 4 pg/mLZ 11435} It EUCAST. 2011, CLSI.
2010). whebA] @4 £ quinolone Wi/dw2] -2 CIPof|
S MIC ko] 2 ug/mL o)/l ALz sk} EH vl = TA
7HA S. parauberis ©] OA°] tfgt W/ 7]Eef ek Hale gl
Ak, @4 B2 o4 OA-MIC7} 8 ughnl & 7] 202 YA
3} wild type 5 group 2.2 Us 4= A Itk Table 2). 182
2 OA-MIC7} 8 ug/mL & 7|2 0.2 1420] F5 2 67% A%
7FdS Uil e 535 12 59 A 2=t A5 A

et

2

= fe

Table 3. Mutations detected in the gyrA, gyiB, parC and parE of CIP-resistant clinical isolates of S. parauberis

cIP gyrA gyrB parC parE
Strains MIC Amino acid Amino acid Amino acid Amino acid
(ug/mL) Base change change Base change change Base change change Base change change
J66 0.25 - - - - - - - -
JE13 0.5 - - - - - - - -
1598 4 - - - - G-236-C  Ser-79"-Thr - -
J14 8 - - - - G-236-C  Ser-79-Thr - -

Residue numbers counted from the 5° end (“base) and N-terminal (“amino acid) residue respectively.
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Fo.2 77 H|9ITh OAL 44 ARl o] Abgo] 3j7hel 44t
8 9 % ShhRA o AR E Bol A HlojA grom v
40] BT} this 7 LK 2102 BofAn], o] 3 Al
CIPE= OAC] H]3) aFz2lo] § om 4] AHg e w5t 4o
B Y4 0] 7]30] Wl b 202 mof AT Table 2). 2
grobet217he] 5 5 W4 22 7 127) #5 25 Teol
ofat 42, 5%2] @ Em, 2] Amp, Cm 5] ofgh v
A Ueo] @4 Bel B o WO e 59
o, e} 5% A AL A 17 75 R ALgE A
Aol Thsto] S LA ook 4 7o) ob) 71A) = o

At AdEof 93-& 4 & 9lleh
S. parauberis®| topoisomerase {RHXt Hst

A Hojol| A Be| = CIP WA S. parauberis % MIC7}
0.25-8 ug/mL & Hol= 421 4 7]¢] isolatesE Yol = A
B3} type 11 topoisomerase & 4212l gyrA, gyB, parC,
parE gene Z¥ZF2] QRDR {9 £ target2 ¢F PCRS AA] 5}
ot A4 E amplicon2 pGEM-T Easy Vectoref| cloning 3}
a7 G7IAEE BAeRA WA S5 7 fAAe A 9
mutation 5/ $3te}o] A HA S A5kt

Ade 3t 4% 5 CIP-MIC7} 4 ug/mL o[22 LEh= 2
7 /3] QRDR-parC F-9Jof| 4] Ser-79—Thr 2 22 amino
acid Ho| & ek 4= Q) Qltt. 12yt gyrA, gyrB, “18] 3L parE
gene®| QRDR 79]9] 7] AHofA= Wol& A & = ¢l
9ItH(Table 3). =3k CIP-MIC7} 0.5 ug/mL o|3}2 Ho|= &
A H2]ot 12044 9 K149] topoisomerase I X} Lo
A% QRDR -]l 4] 9] 312 #3524 ¢ 4= gl S th(data
not shown).

ClP-resistant in vitro mutant 0A2] topoisom—
erase 7t Hat B4

Wild type®] S. parauberis 70025 CIP7} %715 MH agaro]|
A HAEE F 4 DAE AA WS =51 in vitro CIP-
WA mutant= 22| SFGITHFig. 1). BAE 2 AEE 450 ¥
o] WATS(1P1, 2P1, 3P1 & 4P1)o]| 3t CIP-MIC 24 2
topoisomerase I 2 IV 532} Z4z}o]| tfgt PCR-E A A5}

251

QRDRe| thgt 97] A E-& 453 chTable 4). 1 A} &+
WA T o 4] CIP-MIC7} 1 pg/mL & Ve mutant 2P1
9] gyrA (C-242-T)%} parE (C-1345-A)9] nucleotide ®Ho]7}
AEEUE 2 gyrAQ] Wol= ofn|iAtke] WHo 7} gl
Ser-81—Ser?] silent Ho| AL, parEe] Holi= QRDREH 9]
5 end Zof = F-912A] Arg-449—Ser o] H3E Hof 9]
o} 3 A §A TA ol A 9] mutant 3P1 2 parC 799 F-219
A Ho)7k dojut 4 2] WAt (Ser-79—Thr)t 5 U3t ¢
2o} 1 w0l Ser-79—lle ©. & LER} A 2.8 #o| Fe
£ 1o Fgit} 3P12] CIP-MIC+= 8 ug/mL £ LeRo] 2P1
O] MICe] v|sto] U2 715l BEet WA 571 &1
4= ASIth.
HRMS 0|88t Lid=2| mutation £4

HRM 42 DNA &4 Al @717 29 o) 7= 5+
o] zpo|= Qlste] @717k st 2= signalo] thE A4
© 2 vheh}7] ol CIP-Ui4d+t2] topoisomerase f-%12-2]
QRDR #9]ollA] U= mutations #H&E5kL 246k &
Aol &8 319l gyrA, gyrB, parC, partl geneof 4| 8. ®o]
7} UEl= QRDR O] 7| A Hol 23 = =5 A2}t primer
£ 0]|-8-5}%{(Table 1), in vitro mutants testdt Aol 4] Ho|
7FUrend gyrA, parC, parE geneo| W0 7F dofubA] ok =
oF HE 5= melting curveS YEI= 2& 2l 4= Uit
(Fig. 2). 12|22 B A3L9] primersE ©]-&3F HRM 241
2 S. parauberis®] type II topoisomerase & encoding 3}+= Z
A= 9] 213t QRDR of| 4 &f ¥ o] T3 Bl & 4= 3135

3ol 3 4= Ql9iet.

oo

B oo A= 19990l A 20121714 9] 717 B¢k, 92t
g} o] 2| 9] Y], 55 v Ho| 2R E A=
Uo7 HUItel S. parauberisE 225310 oo tisf
quinolone®] WA-& ARSI WA 259 YelS Fdalaat
5ot} o] d ] Aol WhEH Aol 9lof S. iniaet
t] 20| L. garvieae’t 58 YA 2 ¥ 11 =]o] $hrH(Nakatsug-

Table 4. Mutations detected in the gyrA, gyrB, parC and parE of CIP-resistant mutants of S. parauberis selected in vitro conditions

cIP gyrA gyB parC parE
Strains ~ MIC Amino acid Amino acid Amino acid Amino acid
(ug/mL) Base change change Base change change Base change change Base change change
1P1 0.25 - - - - - - - -
2P1 1 C-242°-T - - - - ) C-1345-A  Arg-449”-Ser
3P1 8 C-242-T - - - G-236-T  Ser-79-lle C-1345-A  Arg-449-Ser
4P1 64 C-242-T - - - G-236-T  Ser-79-lle C-1345-A  Arg-449-Ser

Residue numbers counted from the 5' end (“base) and N-terminal (™" amino acid) residue respectively.
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O 50 2P1,3P1, 4P1
I 40 (TTA)

740 745 750 755 760 765 770 775 78.0 785 790 795 800 805 810 815 820 825
Temperature (‘C)

Aligned Melt Curves

951 yrB

75.25 75,50 75.75 76.00 76.25 76.50 76.75 77.00 77.25 77.50 77.75 78.00 7825 78,50 78.75 79.00 79.25 79.50 79.75 80.00 80.25
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7525 7550 75.75 76,00 76.25 7650 7675 77.00 77.25 7750 T7.75 7800 7825 7850 78.75 7900 7925 7950 7975 8000 8025 8050 8075 8100 8125 8150
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1004 \ parE

0 Wild type, 1P1
(ICG)

@ 2P1,3P1,4P1
D 25 (TAG)

765 770 775 780 785 790 795 80.0 805 81.0 815 820 825 830 835 84.0
Temperature (‘C)

Fig. 2. Mutation screening of CIP-resistant S. parauberis mutants
using high-resolution melting (HRM) analysis.

awa, 1983, Heo et al., 2001). 21L&} Z|of|l+= S. parauberis7}
2 d7E A& NETL =515 F7kste] @ 7 ohaeE AR
shu, f-2jutetol| A BIH 3] AMftateS HAA7 = HAA
B H 5 Qe Eot T HHY P AlFE FA o R Sy
e oo ShkE R glof Ta7t AZie slo A oot

(Baeck et al., 2006).

DNA gyrase®} topoisomerase V2] gyrA, parC 372 A
Hol= quinolone W7 &kof| A4 C R Fadt gaolm,
gyBe} parE GA| YAdof| #osh= @ A0]th(Pan and Fisher,
1998). @7} S. parauberis®] topoisomerase Tl G- 2}l
ek 540 A2 o] Fol A A] ghar qlek. 1Al & Aol A
T A2 gyrA @F gyB of|419] conserved region®f| tj gt
degenerated primer (Table 1)& AR8-5}0] 2237 bp &} 1511 bp
(GenBank number; GU324257.1 £} GU324260.1)E cloning
312 Nho et al. (2011)2] S. parauberis full sequence®i| T
o 54 FEolA gyrA oF gyB = 4 - A Fejeke] o
7] Qo] gyrA= 98.8%, gyBE= 99.3% EAsIGIT). T2
2 parCe} parE o] G7] M= & A4L9)] isolates®] AS} 5
A Ao g 4 3k 4= glo] olof thgh 3744} cloning A A|
512 9231 Nho et al. (2011)9] §7d%F A7) v S ARE-stod
PCR primerE A2} s1¢itt. ©] 213t primer setst= S. parauberis
2] DNA gyrase 4! topoisomerase IV -F-3A=2] #Ho] 54 4
=S dobny] $lstel 2} 4215 9) QRDR] 7] AR
34817] $1% PCR3} HRM #-4J0] A1 5131,

S. pneumoniae®) 73-5- parC2] Ser-792} gyrA 2] Gly-81, Ser-
839] ofu|iAk §lo]7} quinolone WA 2] 7H Q3 Ho|=
& #] Qlth(Pan and Fisher, 1996). ©|&3t B & njgto g
B 2ko]| A E-2]3t quinolone WA S. parauberis®| parCe} gyrA
£ 233 QRDR F9 9] mutation 43+ A1} parC2] Ser-
79 F-91oll A Thro 20] Hol 7k Lelyt o, parC 0] 212 gyrA,
gyB, parES] QRDRZ-9] ol A= THE Blo| 7k =] 2] oFqet.

olggh Holof| thgt 243} e in vitro /o) 4 quinolone®]]
el WA= =t A AAIsHITh Wild type?! 7002
£ ciprofloxacin®] 27Hd MH ujZ]of| dAA S 2 L ZA| 7S
22X AYA g FAAES HolE fFiedte AFoR 717t
% 4 HAE AA mutantE A|ZsECE 2t HAER 5 A5
Aol o2 Hesto] gyrA, gy, parC, parE gene®| oFn| =it
Hol & AR A iK(Table 4), WA 2HA THA|o|| A park (Arg-
449—Ser)2] WHol7} LeRLEAL, MIC 42 482 S7Fs13ich.
7} quinolone W/doll W3k ol Uehf= Zloz del
gyrAol| 4| 2] Hol= nucleotide®] ol = Y YAIRE oF| e AF A
ol YERLFR] 9kkal o]+ silent mutation.®. 2 A] ciprofloxa-
cinof] thet W2l 7= gyrAeh= & dddo] gl& Ales
o] 2k, parEe] 9 71 9170} 916] QRDR region®] muta-
tion hot pointol| A Blo1% 2.1 Mycoplasma pneumoniaeZ A
95k th2 HFFol| A BarE & o] gltk(Gruson et al., 2005). &
St part AHA|7F LAREA O 2 quinolone W/oll A Y= vl
27 Q=rha B o] $hong 2 ojulE A4 9k A0
2 A7FE| 25k o] of thallAl = o] o] Sz A7) ol o] A
of g} Zlo|t}. uwkeba| S. parauberis®] quinolone W/d-2 Al W
A A Lhed parC (Ser-79—Tle)o] Wol7} o] 8] 4



Streptococcus parauberis®] F=2 WA T} A AFS] mutation Al< EA 253

o

P FE nld o S AR AR &, ofef3t 4

quinolone®| W-goll 3ol E. colis :£313F T1%t 573+
+= DNA gyrase”} A HHA)] targeto]| = ATk, Streptococcuse}t
& a7 FtolAl= 2312 topoisomerase V7 A H1AY
target©| =[], DNA gyraseo]| 49| ¥ o] X.th= parCy parEe]
Ao Hol7t A F7tol] Ao r kS mXitke ek
3tch(Pan and Fisher, 1998). tiit S. pneumoniae®} S. suis
58 32515 o] & Streptococcus©l| A parC2] 79H ofm]i-Ato]
WA dEof Hojslo] B 1% o] £FO LK(Pan and Fisher, 1996;
Escudero et al., 2007), o}4] parE2] Ho|7} A 7 9] targeto]
Hrbs Bas glglen g oo ek et o] dad A
© 72 Wit gEo] % Eeftoll A yehd Ser-79—Thr ¥
3} B o}= in vitro mutantsol| 4] UERS Ser-79—lle 2] 37}
Ho} &2 52 WA UEhf o] QRDR 9] hydrophobic-
ity 717t S. parauberis °] W4 5 S B4 she S8
o a7k 5 4 Qe Re A S AAIS ki A7t B
3 4P10] 313} S5t parC Mol 2 Liehf 9L o} 4P12] Cip-
rofloxacin®]] tgt MIC 32 8ulf o4} F7lsk= A o= et
L}, quinoloneA| YA tf$t WAl Z7}+= topoisomerase TV
9k oby 2}t & thE quinolone W/ HAY 7241 efflux pump,
plasmid-mediated quinolone resistance (PMQR) 12|31 2]
o)A Ws} T A ke v = 9SS HolgeaL Qlok

HRM £4-2 M. pneumoniac®] mutation®] 2|3+ macrolide
e glst=tl 85HA AREE T Halzh lgle
(WOolff et al., 2008), DNA gyrase E+= topoisomerase -1z}
wHol ZAo) 283t A= AlS7HA BAEA] ohglith & A
TollAl= gyrA, gyB, parC, parES] QRDR F-¢jof 4] #o]7}
o= G714 Fo] ZE T primers THE¢] HRM £4]
of o] &5ttt 71 A} Ho| & Hol= i} HolE HolA| &
= w9 9714 E2H= o2 HRM signal -2 1.0 wild type
T} mutation type©| AE5HA| 78 7153F ch(Fig. 2). 182
2 QRDROJ|A 9] F-A4AH O] & HRM 2.2 screeningdl= S
2 Ao A w2 5=9] quinolone WA isolatesS H-4{5lofof
St 735 gyrA, gyiB, parC, parEoll A UEft= QRDR O]
ojE W= AEA 0% 1 o 4= Sl et Roleal &
= Stk

2 AT A ANTREY 28 Ual@el S. parauberise)
quinolone WA ESof= parC2] $-412] 3ol 17 parE2)
ol 7547 = A ABEA T T2 3L HRM ©]8-51o] type
IT topoisomerase -2} gyrA, gyiB, parC Z1] a1 parE2] H
o] & 7tetslal &Aoo g upefah 4= Q1A skl

m > e

2153

Al AL

o] RS 2013dE AW(WETrIER)] oo
FIEATATY] AP Wob E 7] 2ATAYIYT
(2013054773).
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