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Mutation in gyrA gene of nalidixic acid-resistant Salmonella
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The objective of this study was to identify mutations in the quinolone resistance determining region (QRDR)
of the gyrd, gyrB, parC and parE genes, and the presence of plasmid-mediated quinolone resistance
(PMQR) genes: gnrd, gqnrB, qnrS, aac(6’)-Ib-cr and gepA in 40 nalidixic acid- resistant (NA®) Salmon-
ella isolates isolated from poultry slaughterhouse. The MIC of NA and ciprofloxacin for 40 NA® Salmon-
ella isolates was 128 ~512 pug/mL and <0.125~0.25 pg/mL, respectively. The Salmonella isolates were
resistant to NA (100%), gentamicin (5.0%) and ampicillin (2.5%). All NA® Salmonella isolates repre-
sented point mutation in codons Aspartic acid(Asp)-87 (90%) and Serine(Ser)-83 (10%) of QRDR of
gyrd gene: Asp87—glycine, Ser§3—tyrosine. No mutations were observed in QRDR of the gyrB, parC
and parE gene. Moreover PMQR genes was not found in any of the tested isolates. Our findings show-
ed that DNA gyrase is the primary target of quinolone resistance and a single mutation in codon Asp87
and Ser83 of the gyrd gene can confer resistance to NA and reduced susceptibility ciprofloxacin in

Salmonella isolates.

Key words : Salmonella, gyrA, Nalidixic acid, Ciprofloxacin, PMQR

Salmonellay & APt 50| A=l A,
NEZ, 4 AY 59 3

2% AR R FFHASFH O R e FQA] 1L
Qlth(Timoney 5, 1988). QuinoloneZ] FAYA|+= 1962
nalidixic acid (NA)Q] FE|Z AL YA =Y o]F
[ 279 A 79 AREEJQTHWolfson2} Hooper, 1989).
o]% oka 7} 7HAE fluoroquinolone> FHP g &
AT AR 529 IY AnB ohid 4eEE
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o] FAEAAZ de] AREEO] oy ol A9
T3t ARE-2 quinolone WAJT} fluoroquinolone®]| 7+
S0l A" Salmonella #9 &AL F7HA T
(Stevenson 5, 2007; Tamang 5, 2011).

Salmonella T 4] quinolone#| FAA| AL o] oF
Aol A EQIQl DNA gyrase (gyrA} gyrB)2} DNA
topoisomerase IV (parC2} parE) S-AAS] LH Q| H=
2 U4 2HFRI(QRDR)Y] 7 EARo], Ajaza} cha
ARl porin®] T3} = 554 = FEHII
71Q1l6k= A& A& A SIthPiddock, 2002). £5] DNA
gyrase®] =AHO|= QRDRo|ZHL &= ofv|lit
67T 10681 AfojoflAl = dojubm o]F: codon 83
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H(Ser83)7} codon 87 (Asp87)0l4Q] HHol7} 71
o] & QtHEaves 5, 2004; Giraud 5, 2006).
F| plasmid 4ol EA 5= WA FHXHPMQR)] 9
st WA 7)Ao Salmonella®| Al &A1 At} PMQR
FARRE gnr 150 &8k= qnrd, qurB, qnrS 3¢
FAIAe] Mol TSH= aac(6')-Ib-or D 552 oF
= FEHE FAAR] gepd 5ol FEA ATHSj6lund-
Karlsson 5, 2010; Rodriguez-Martinez -5, 2011; Ferrari
5, 2013). 27 2 GoA EHE Salmonella

oA quinoloneA] FPA|Q] Ugdol Bt A& F
2 ARA 2Ed Al gz ojFoife &

Hrozre peld ARe HoR ¥ ds
ET}H(Bae 5, 2013a; Kim 5, 2013).

o] A+ ¥ =AM 2EdE NAY WEe 2
Q1 Salmonella 7-& 322 FAHA WA, g4, grB,
parC 3 parE §77ke] QRDROJA E<1¥0] 43t
PMQR 3R gnrd, qnrB, qnrS, aac(6’)-Ib-c X gepA
A9 BRATE Folus] 945} LA

2 Y

Salmonella #2| 22| ¥ A

20179 4€EE 2018 44714 YA B B =
g0z Zold B G4z ¢ v 2004 3
4871 5ol A 96071 9] WA= AFI5te] Aol &
At A Salmonella 2] B2lS A3 B W
&= 1 g& BPWOl 7Fsto] 37°C 24A17F Hi St &
HijoFol 100 pL-E tetrathionate broth (Merck, Germany)
Y3 ChA] 37°C 244170 WL HjoFoL: 20 g
mL novobiocin (Merck, Germany)©| Z7}% BPLS agar
(Merck, Germany)2} Xylose lysine desoxychocolate agar
(Merck, Germany)of] =3t & 37°Cof|A] 20~24A|7
HiFstaitt. A== F2oll disiA= PCRS o83t
imvA S-AR9] A SEZ Salmonella ¥ 321513
thHRahn =, 1992).

ogt

WA 224 A

Clinical and Laboratory Standards Institute (CLSI,
2013)9] 71&0] wet nalidixic acid (NA)?} ciprofloxacin
(CIPye] et HATSAAEEMIC)E HHI Ao

=, ampicillin (10 pg), amoxicillin-clavulanic acid
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(20/10 pg), cefazolin (30 pg), cefoxitin (30 pg), cefix-
ime (5 pg), cefepime (30 pg), imipenem (10 pg), mer-
openem (10 pg), gentamicin (10 pg), tetracycline (30 pg),
levofloxacin (5 pg), moxifloxacin (30 pg), trimethoprim/
sulfamethoxazole (1.25/23.75 pg) 2 chloramphenicol
(30 ng) 5 1452 FPA|(Oxoid, UK)O] HhA = H
23 BAPOE AN A A5 ABS
A3t BEAFZE E coli ATCC 259225 AH&-5F3 T

DNA &2]

TA|Ho] St genomic DNAS] &2 boiling 2
2 A5 & TA|HS tryptic soy broth (Oxoid,
UK)Oll E3to] 37°Co| A 18 ~24A17F & HjFstod
Qe # £99 10 mLE 13,000 pmo]A] 287+ 94
BelE ¥ A% g AAT e BF S84 05
mL2 A BRI # Feole Bl 2o 102
oF 7Fh3t T 13,000 pmojlAl 1087 FAEE
T A5 UE F5to] template DNAZ ARE-SFATE

Quinolone LiA |2zle] A&

NA9 WAAS UeH Salmonella 1S HACE qui-
nolone Y §4A9] BE §RE ZAIAT. A8
¥ primer+= Table 13 ZT}. QRDRO| YX|gt gyrd,
@B, parC 4 parE 7329 $E-2 Kim 5(2013)9]
HHo] wEh AAIsHItt SE5 PCR A2 (F9)Biofact
(Korea)ol| F71A1E &A1& Q=stalon A% 27}
9] ¥714E2 NCBIOJA A|55t= BLAST L2 1
2 olgslo] EaEgael v LEASIAITh PMOR 913}
Q1 gnrd, qnrB, qnrS, aac(6’)-lb-cr X gepA FHAL9]
A& Cho 5(2019)9] "ol F&sto] AHA[SHH
PCR W32 Maxime PCR PreMix (i-StarTag, Intron,
Korea)ol] Z+Z+9] 10 pmol primer 1 pLe} template
DNA 1 pLE 42 ¥ 348 S75E J7Isto] 25
Hh-8-8Fo] 20 puL & A 5Fo] Tprofessional Thermal Cycler
(Biometra, Germany)E ©]-8&5} 43§35} t}. PCR Ht
SZ AL %7] denaturation ¥, denaturation, annealing,
extension ¥4 HHESIY = extensionS AA| 5%

. SEE AFEE 1.2% agarose gelof| 4] 100 VE 30&
7t A719%5-S AAISH & UV transilluminator (Biometra,
Germany)Z o] 83k} BHelssict.
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Table 1. Nucleotide sequence of oligonucleotide primers used in this study

Primer name Sequence ('5 to '3)

Annealing temp. (°C) Amplicon size (bp) Reference

invA-F GTGAAATTATCGCCACGTTCGGGCAA 55 284 Rahn et al, 1992
invA-R TCATCGCACCGTCAAAGGAACC
qnrA-F ATTTCTCACGCCAGGATTTG 55 574 Cho et al, 2019
qnrd-R TGCCAGGCACAGATCTTGAC
qnrB-F CGACCTKAGCGGCACTGAAT 55 513 Cho et al, 2019
qnrB-R GAGCAACGAYGCCTGGTAGYTG
qnrS-F ACTGCAAGTTCATTGAACAG 53 431 Cho et al, 2019
qnrS-R GATCTAAACCGTCGAGTTCG
qepA-F AACTGCTTGAGCCCGTAGAT 58 596 Cho et al, 2019
qepA-R GTCTACGCCATGGACCTCAC
AAC(6)-1b-cr-F TTGCGATGCTCTATGAGTGGCTA 53 482 Cho et al, 2019
AAC(6)-1b-cr-R CTCGAATGCCTGGCGTGTTT
grA-F ACGTACTAGGCAATGACTGG 60 1,150 Kim et al, 2013
gr4-R AGAAGTCGCCGTCGATAGAAC
grB-F CAGACTGCCAGGAACGCGAT 52 885 Kim et al, 2013
grB-R biotin-AGCCAAGTGCGGTGATAAGA
parC-F TGTATGCGATGTCTGAACTG 65 702 Kim et al, 2013
parC-R biotin-CTCAATAGCAGCTCGGAATA
parE-F TACCGAGCTGTTCCTTGTGG 53 1,807 Kim et al, 2013
parE-R biotin-GGCAATGTGCAGACCATCAG

M 1 2

2

i+ #l o =5FoE SOttt HE dde®
54 T 20718 F 487 gl A 9607H9] BEAI R
£ AFste] PCRE ©] &% imd AR EA -5
2 Salmonella 9] &3S AAT A3 197 5%
(40.0%)O1 Al 463(5.0%)2] Salmonella F-& B2}t
(Fig. 1). A=2] S&5S Fot7] s E2E Salmonel-
la 465 5 407578 T Fd 5709 AT AR
9]0 ARE-5HI Tt (Table 2).

4059] Salmonella w2 A O 2 NASQ} CIPo] ojjst
MICE =43t A3} NAO| th3t MICE 128~512 pg/
mLE 100% (405 W/d= HYEFN AL, CIPo] Higt MIC
= <0.125~0.25 pg/mLE 100% (40F) 7543 et
Wdet. CLSI 7]&(2013)°] &3ke] MIC gho] NA=
32 pg/mL O, CIP= 1 pug/mL ool Wios o
A5ttt NAO WAS X9l Salmonella 40575 ThAF
O & ampicillin 5 1452] 2FAo] ths FEA A4
AEE AAEE A3} ampicillin®]] 135(2.5%), gentamicin
o 25(5%)7t W< UetlislE & UHA 4=
AMEE BE Al AedE UERRITE DNA
gyrase?} DNA topoisomerase IVS] QRDR ¥ F7]A
go| =iHo] AR5 FAs] AH grd, grB, parC
A parE FAE PCR 5% & DNA G748 &
At A 365F(90%)= grd2] Asp87°]lA aspartic

< 284 bp

Fig. 1. Polymerase chain reaction amplification of inv4 gene for
identification of Salmonella species. Lane M, 100 bp ladder; lane 1,
invA gene; lane 2, Negative control.

acid7} glycine(DS7G)C.2 L] 422(10%)= gyrd®]
Ser830f| 4] serine®| tyrosing(S83Y)L. 22| =%Ho|r}
ol th(Fig. 2). WM @B, parC X parE FAR=
AEEA &Y}, Plasmid Aol ki ez PMQR
QUA}Cl gnrd, gnrB, qnrS, aac(6)-Ib-cr L gepA SR}
o] EAE g2lstr] Sl PCR ¥H3= AAIRE A3} o]
= TR B dF@0F)O0M dEEHA FdH
(Table 2).
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Table 2. Distribution of the quinolone resistance determinants of 40 nalidixic acid-resistant Salmonella isolates

olates MIC* (ug/mL) Amino acid substitution " in PMQli Antimicrobial §
NA CIP GyrA GyrB ParC ParE genes resistance pattern’
SPC-1-2 256 <0.125 D87G wt wt wt ND -
SPC-11-1 256 <0.125 D87G wt wt wt ND -
SPC-11-2 256 <0.125 D87G wt wt wt ND -
SPC-15-2 256 <0.125 D87G wt wt wt ND -
SPC-18-2 256 <0.125 D87G wt wt wt ND -
SPC-20-3 256 <0.125 D87G wt wt wt ND -
SPC-20-12 256 <0.125 D87G wt wt wt ND -
SPC-21-8 256 <0.125 D87G wt wt wt ND -
SPC-23-20 256 <0.125 D87G wt wt wt ND -
SPC-27-1 256 <0.125 D87G wt wt wt ND -
SPC-29-1 128 <0.125 D87G wt wt wt ND -
SPC-29-7 256 <0.125 D87G wt wt wt ND -
SPC-29-8 256 <0.125 D87G wt wt wt ND -
SPC-29-10 256 <0.125 D87G wt wt wt ND -
SPC-29-20 128 <0.125 D87G wt wt wt ND -
SPC-31-19 256 <0.125 D87G wt wt wt ND -
SPC-32-2 256 <0.125 D87G wt wt wt ND -
SPC-32-4 256 <0.125 D87G wt wt wt ND -
SPC-32-16 256 <0.125 D87G wt wt wt ND -
SPC-34-5 128 <0.125 D87G wt wt wt ND -
SPC-34-10 256 <0.125 D87G wt wt wt ND -
SPC-34-20 128 <0.125 D87G wt wt wt ND -
SPC-36-1 256 <0.125 D87G wt wt wt ND -
SPC-36-2 256 <0.125 D87G wt wt wt ND -
SPC-36-10 128 <0.125 D87G wt wt wt ND -
SPC-37-1 256 <0.125 D87G wt wt wt ND -
SPC-37-15 256 <0.125 D87G wt wt wt ND -
SPC-38-5 256 <0.125 D87G wt wt wt ND -
SPC-38-6 128 <0.125 D87G wt wt wt ND GM
SPC-38-14 256 <0.125 D87G wt wt wt ND -
SPC-38-20 128 <0.125 D87G wt wt wt ND -
SPC-40-15 128 <0.125 D87G wt wt wt ND -
SPC-41-4 128 <0.125 D87G wt wt wt ND AM
SPC-41-7 256 <0.125 D87G wt wt wt ND -
SPC-42-3 256 <0.125 D87G wt wt wt ND GM
SPC-43-2 512 0.25 S83Y wt wt wt ND -
SPC-43-4 256 <0.125 D87G wt wt wt ND -
SPC-43-5 512 0.25 S83Y wt wt wt ND -
SPC-43-6 512 0.25 S83Y wt wt wt ND -
SPC-43-10 512 0.25 S83Y wt wt wt ND -

*NA, nalidixic acid; CIP, cprofloxacin.

TD, aspartic acid; G, glycine; S, serine; Y, tyrosine; wt, wild type.

TPMQR, plasmid-mediated quinolone resistance (gnr4, gnrB, qnrS, aac(6’)-Ib-cr and gepA); ND, not detected.
§GM, gentamicin; AM, ampicillin.

83 87
Sbjct 194 YVLGNDWNKAYKKSARVVGDVIGKYHPHGD | SAVYD | NTIVRMAQPFSLRYMLVDGQGNFGSI 15
DG 194 YVLGNDWNKAYKKSARVVGDVIGKYHPHGD | SAVYG | TIVRMAQPFSLRYMLVDGQGNFGSI 15
S83Y 173 LGNDWNKAYKKSARVVGDVIGKYHPHG | YAVYD | DTIVRMAQPFSLRYMLVDGQGNFGS 3

Fig. 2. Nucleotide sequences of QRDR of gyr4 gene in nalidixic acid-resistant Salmonella isolates.

Korean J Vet Serv, 2019, Vol. 42, No. 3



5 SN 228t nalidixic acid W& Salmonella 79| gyrA STt SAHHO| 157

2 @

52 Salmonellasy w2 AL 540l &
Asks =8 QAR imvd FHAE HAaokal 9o
o] FHAE ©0]&g PCRYZ Salmonella®] 5782 9
S AREEAL UATHChiu®t Ou, 1996). ©F FALo]A
Salmonella 2] 57 PCRHO R AA|5IA{T}. =
Fow Eotd Ho WA WE&EolA 465:(5.0%)Y
Salmonella 0] 2| =|QUtt. o|= =W 5704 Yang
5(2009)2] 7.3% (FHHAA7E 5.9%, B 8.6%)%] &
= 1|25} 0, Bae S5(2013b)2] EA A 42.7%
9] A ET= 2t ol #E&9] Aol A
A, A AFFE D A7l webA oefstAl b
g 4= Qlth ?HH Zhu 520172 S99 & =54
oA 30.1% (WA HWE&E 48%, LA 18.8%, AT
31.3% 4 Y5 9 14.0%) 22&S EISHH o]
W 2A0l4 welE 2ol det BHAL oA o
JAFE o] " AFAE(Yang 5, 2009; Bae 5, 2013b;
Lee 5, 2016)9] A= S5 & o A =iolA
G ot= Salmonella BH B2 S. Enteritidis?} S. Ty-
phimuriume|t}. 71&1} SAMEO|A B2t Salmonella
9] HF A W8 A== AFOlA Salmon-
ella 49 29 FA5t1 7F=o|AQ] Salmonella
2 Bejsin) Basi) ofd ATl 2aE s
monella #o] et BHRe] FHo| 7140z ol
oo B Aoz Az,

Bae 5(2013a)2 NA©S|| WAl Salmonella +39]
MIC #1Z 512 pg/mL o]4o]gloy CIpof| thgt MIC
2 0.5 pg/m ofstetal H skt o] Ao
Salmonella 4059 st NAS] MIC ZF2 128~512 g/
mLE TEWAAS YeR9la, CIPS] MIC #HE 0.125~
025 ngymlLE BF A4S Ho] AR 295 ¢
it} 3HH NAL oxolinic acid Z+2 quinoloneZ| FAY
Ao yAol A7 Salmonella 4= CIP Z2 fluo-
roquinoloneZ| F=tAol Aol AASHAY HAdol
AZ 5 AHOteo 5, 2000). = oA E2|H Salmon-
ella 7oA quinolone AN NAS] tigt WEES
1995~1996A9] 1.8%, 2000~2002H°] 21.8%, 2006~
20089 50~68%= HH F7F FA°l ATH(Choi &
2005; Chung S, 2012). o]l ZAloJA] RE =7}
NAo| WS HetHo] NAo| tiet =2 WAES °]
A AFAEY A7t YA 5Fth(Lee 5, 2008; Yang
5, 2009). Yang -5(2009)2 ampicillin®]] 5.4%, tetracy-
clinedl] 162%2] WAES A Yslie AMLH 2E

Aol A5/ Ealsto] o A+t Axel Hlw
A] tetracyclineo] & WAIES AQst1E SARH &
= HEHHATE ES Im 5(2015) AFHA &7l
A ampicillin 4.0%, tetracycline 1.0% %! gentamicin 1.0%
I3 YA AR HsiAs BF Aede B
skl fAbeREth ¥ Kim 5(2011)9] 1738t ol
A ampicillin®]] 51.1%, gentamicin®]] 17.0%, tetracycline
of 44.7%, chloramphenicol®] 21.3%2] WAES X1
Stof o ATLoA] 4TS RUATE ol= FAA AR
gl Zpolof 7|1tz Ao = AYZteT)

o|H ILo]A NAO| WAES ROl Salmonella 40F
2% grd 429 QRDR P HQl Asp87 E+= Ser83
oA EA®ol7t ERI=UTt. GyrA FHA}2] Ser83t
Asp870 4 EAHol= ol ARt FEOA 224
Salmonella®|A] 71 &3] B 1% 11 QIth(Eaves 5, 2004;
de Souza 5, 2011; Ferrari 5, 2013; Ngoi®} Thong,
2014). ESF grd FRAAONA EAWOl= Ser830 4
Hoh Asp879)4] © Wol] #EE o] o]d AFAE9
AL} AA|5}HTHde Souza &, 2011; Bae 5 2013a).
H Griggs 51996y Ser830]4 E¢®ol7} o @
o] dojut}il X158} 3!, Ferrari 5(2013)2 Asp87
o Sers3oll Al Eeluol Hl%el] ofuri 5%
t}. SFH Giraud 5(2006)2 Asp872} Ser830] 42 &
o] Rl = Salmonella 770 wet Zfo]7h Qlof S.
Newport, S. Virchow @ S. Typhimurium-= Ser83°J4],
S. Hadar?} S. Kottbuss= Asp870]|4 Zo] dojdrtyr
steich ol AATolA BNE grd §ARH] AspsT
oAl glycine & Ser830JA] tyrosine Q.22 ZHHo| £
7 ofjet the Reje] ofuliedl Wo] we BT
Qith(Eaves 5, 2004; Lee 5, 2008; Bae 5, 2013a;
Ferrari 5, 2013; Campioni 5, 2017).

Ser830| 4] EHol3EE= CIPY]| i3k MIC ZFo] 0.13
pug/mLZE Asp87°4 0.061 pg/mL RET} &0} Serg30]
A E¥Hol= fluoroquinolone WAJo £33t IS
OFS u|Xthal 51 th(Piddock &, 1998; Giraud 5,
2006). o/ AL A L Ser830) 4 NALF CIPo|| tgh
MIC g2 Asp879A4 Hrth &9kt LR O 2 NAoj
WA 7HA Salmonella w52 CIPY| #AaH 744
= Hof ow gyrd FHA] QRDRO|| 59| H =
dRlolE Zh=th W CIPdl] WAS ZHe 4E2
grd FAA] QRDRO| = 719] H FARClE ZaL
= Aoz IHA AtHOteo 5, 2000). Salmonella
oA gyrB, parC & parE F74H9] QRDROA =
Hol= &8 o] FAANA Wol= NAZE WA=

Korean J Vet Serv, 2019, Vol. 42, No. 3
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S55t=t & IF= "IAA L=l 5FAHH(Ngoi
@} Thong, 2014; Campioni 5, 2017) o oA
@B, parC R parE FARO| A EAROl= FRIE A
erorc

Kim 5(2013)2 2 oA E2|E Salmonella 185
Fo\| A gnrB 273} gnrS 455 E 15191, Chung 5
(2012)2 NAC] WAQl i+t 5758} v 45
585 5 YAHFTONA gnrS 25, Tamang 5(2011)2
= A 85E A EE Salmonellad) A aac(6")-Ib-cr
435 H 15}, Sjolund- Karlsson 5(2010y2 H]=+
o A AN EE HIFEFAA Salmonella
2,165 B4 AANA EEE 22355 F A
AAONA E2E 6749 PMQR FHA7H HEH
Qa1 o|F gnrS7} 33, qnrB7} 25, aac(6)-Ib-cro] 1
ATHY HAge} o]e} Zo] FUjeofA EE|H Sal-
monella®| A PMQR FHAt= ofA7HA = - E=
t}. o] AFONA gnrd, gnrB, gnrS, aac(6’)-Ib-cr L
gopd AR BE BRI AEHA YIIHGuo
= 2018).

olAe] At o TEA oA EE3t Salmonella 41|
4] DNA gyrasex= quinolone W9 FHZo|H gyrd
FAAS] QRDR FHQI Ser833} Asp87 F-919] H &
AHol7F NAo| S7He WA E CIpof A4aH A4
I o] = RISk TH(Piddock, 1999).

2 £

20179 495¥E 2018 49714 Al W H =
SHoE Eolvt §9] WAW-E=oNA E2 3 NA Y
A3 Salmonella = WHACE grd, grB, parC 4
parE §31710] QRDROIAS] ¥l 9F4 8 qurd
gnrB, qnrS, aac(6’)-Ib-cr U gepAd AR EEZAS}
2 A AT o83 2ot B 487 5 9607
A& & Salmonella T2 197 =74(40.0%)°A] 465
(5.0%)7F B2 =t Ao A3t Salmonella 40F2]
NAQ} CIPO] T3t MICY Z}z} 128~512 pg/mL 2
<0.125~025 pg/mLE NAOJE= 40% RE AL U}
B QLLL, CIPOl= HE #5771 A5/dE EATH NA
of WS E9Ql Salmonella 405+ ampicillin®]] 2.5%,
gentamicin©]| 5.0%2] WAES YEHHAOH, YA
FAA M= 25 ApAdE UE ek NA A& U
ERH Salmonella 405 3 365(90%)+= gyrd FAAY]
Asp879]|A] aspartic acid’} glycine© 2, 65(10%)~= Ser83

Korean J Vet Serv, 2019, Vol. 42, No. 3

oA serine®] tyrosine2 22| 3 EAHOI7F A=Y
t}t. ¥t grB, parC X parE FAANA EdHo|=
SolE|R] kTt BLo] gnrd, gnrB, qnrS, aac(6’)-1b-
cr A gepd FRAAE BE dFollA AEEA] Lot
o] ATt gyrd SAA Sers3sh Asps7 O A =
Q¥lol NAS) U4 % CIPo] H4E 744t Bl

o O A
o U< & = WA
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