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Multiplex PCR for Detection of Quinolone Resistance gnr Genes in
Extended-Spectrum (3-Lactamase Producing
Escherichia coli and Klebsiella pneumoniae

Byoung-Seon Yang

Department of Clinical Pathology, Jinju Health College, Jinju 660-757, Korea

To develop a rapid and reliable single-tube-based PCR technique for detection simultaneously the quinolone
resistance gnrA, gnrB and gnrS genes. After multiple alignment, primers were designed to detect known gnr
variants. | was used for A total of 43 extented-spectrum (3-lactamases (ESBLs) producing Escherichia coli
and Klebsiella pneumoniae isolated from university hospital were tested for screening, as with gnr genes. In
optimized conditions, all positive controls confirmed the specificity of the PCR primers. Out of 43 isolates,
gnrA genes were detected 19 (44.2%), qnrB genes 5 (11.7%), gnrS genes 15 (34.9%) and 8 (18.6%) isolates
were not detected. | report here a fast and reliable technique for rapid screening of gnr positive strains to

be used for epidemiological surveys.
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AA WA AT gnr A A (gnrA, gnrB, gnrS)=
+ 3+ (Robicsek 2006). gnrA & A A=
pentapeptide} ol &3l 21870 9] olv|=4k& 71A]
DNAEA 9 HA} Al gyrase9} topoisomerase
IV 849 &85 w3 3cl(Martinez-Martinez 5,
1998). qnrA - HAE 7F3 M+ nadilixic acidol
A& Bola fluoroquinoloneAl Y Aol tf sk
MIC7} = A Yebdth(Poirel &, 2005; Robicsek
S, 2006). gnrA FAAE A MAHORE FE8HL
gnrAlol A gnrA67t#] 6709 WHES 71AY. HE
o % 749 ©& quinoloneAdl WA AA gqnrB<}
anS7} AR, gnrBE 6702 HES 7FA 3L gniS
= F /1Y WES 7Y A27EA]9] extended-spectrum
Blactalmse(ESBL) 2823 quinoloneZl W43 E. coli 9} K.
pneumoniaeﬂ Azde 29¥ 54 o] &3t AEst
o] da] & A SlthJacoby 5, 2006). 13U &
WS Al Algte] Be] A9 8de A A
eatA] row A AnE 4|7t 5T
PCRE 7|22 3= A g Fdx A& W
2 randomly amplified polymorphic DNA(RAPD) +4
RHot o w23, Feo] FEg oy AP
g aga HeY 5E4 9 S &
7} F 2 3}c} Pulsed-field gel electrophoresis(PFGE) &%
2] A i FFstE WRou VeFow 0134%
o] om, Algto] ol ARHY, B3 AHE JoF
stk 2322 ESBL A4 quinolonel WA E. coli <}
K. pneumoniae®] &4l WA £33 HEel o] &4
o] F2 Wolu AFAE S vehle WHS Z1ish
ofvl 3t} Multiplex PCR *'H-S ESBL A4 quinolone
A WA E. coli ¢ K. pneumoniae®] #7313 WHo=z
ESBL A4 qumoloneﬁ] WA E. coli ¢} K. pneumoniae
= 49 71251 ofElgolu; Al
S Zul7t lojor He FAA
Agolu Aol F& Wyer & &
ATelA= ESBL A4 E. coli 9} K.
pneumoniae 5 WIHEYOZHE il A
A AARS AL gnrA, gnrB, gnrS - AAFS oAt
©2 39 multiplex PCRS A8} quinoloneZ] W43
FAAE M2 At HEstarat gk
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20073 7¥€5E 10¥€71A] Ui YolA VITEK7]7]
(Biomerieux, Marcy, France)Z ESBL A4 E. coli <} K.

pneumoniae® FAHE 43709 #FE Aoz JYTt

(Table 1).

2. eMMZTd Al™

Al#& McFarland No. 0.5 %5 9 HHds
Mueller-Hinton 2+ (BD, Detroit, USA)oll 1124 HZE3}k

T, Bjx|e] Fol= nalidixic acid(NA)2} ciprofloxacin
(CIP) g&==2E5 2 ecm 114 S T 28, $Y9% 4
Yezel Agate AL 2 omvt HES 9T BE
HiA= 37T 7)ol 18A1%F vk & eﬂr—% Clinical
and Laboratory Standards Institute(CLSI) 7]F3%E FaL

o =,

3. #F=Z FE{2| DNA £

4372] E. coli ¢} K. pneumoniae TE QlAamp
DNA Mini kit(Qiagen, USA)E o] 8315 DNAS %3}
At

=4 £2]9 437 5= LB media(BD, Detroit, USA)
£ o] &3t 37T 7] oA oFF Ft Rt
skt kel 13,000 rpmoll A 37 YA F AFT
& Hga JAES o] &3t QlAamp DNA Mini Kit7}
AXZ HOZ DNAS FZ3t

4. Multiplex PCRZ I8t Primer2| &Hd

gnr F3Ae] =
Co., Korea)E t}2-3 o

7] %13} primer(Bioneer
13} A tH(Table 2).
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10 x PCR buffer 2 uL, primer 10 pmol Ztzt 1 ulL® ¥}t
31, genomic DNA(25ug) 1uL, Tag DNA polymerase
(2 unit) 1uL, HF A FHFZ 20uL HAF 4
A8ttt DNA thermal cycler(Perkin Elmer, Wellesley,
USA)ol A 94Tl A 13, 54TolA 138, 72TCollA 1329]
&M 3535 Algstar 72°ColA 1087 vH3-EtAt

6. PCR &t=2| =0l

PCR SZ,He-S 2% agarose geloll 1x TAE bufferoi] ]
70 volt, 100 mAZ 13 &<t A71F5S AAISE o,
agarose gel ethidium bromide(0.5 ug/mL) =& < of A
2057 FAEla FRFRol 1087 gA3le] UV transi-

lluminator(Spectroline Co. New York, USA)Z ¥z3}a1,

polaroid camera(Spectroline Co. New York, USA)Z A}z
ZFsaich

Im. A .
1. SHRIZSA AlE

A 74 AT A Nalidixic acidoll= 2571 W
Ao 2 et oH, Ciprofloxacine = E8, E11, E15 18]
il K10 4757 WA E Uehgten, ymAls 2
F7F WA S H Y tKTable 1).

Table 1. List of ESBL producing quinolone resistance E. coli and K. pneumoniae isolates used in this study

AST Quinolone resistance gene AST Quinolone resistance gene
Strains Strains
NA CIP  gnrA gnrB gnrS ND NA CIP  gnrA gnrB gnrS ND
E1l R R + K1 R R +
E 2 R R + K 2 R R
E3 R R K3 R R
E 4 R R K 4 R R +
ES R R + K 5 R R +
E6 R R + K 6 R R +
E7 R R + K7 R R +
E S8 R | + + K 8 R R +
E9 R R + K9 R R +
E 10 R R + K 10 R | +
E 11 R | + + K 11 R R
E 12 R R + K 12 R R +
E 13 R R + K 13 R R
E 14 R R + K 14 R R
E 15 R | + + K 15 R R +
E 16 R R + K 16 R R +
E 17 R R + K 17 R R +
E 18 R R + K 18 R R +
E 19 R R + K 19 R R
E 20 R R + K 20 R R +
K 21 R R +
K 22 R R +
K 23 R R +

AST, antibiotic susceptibility test; NA, nalidixic acid; CIP, ciprofloxacin; R, resistant; I, intermediate;

ND, not detective; +, positive; -, negative
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Table 2. Primer sets used in charactering qnr gene

Size of PCR-amplified

Primer Sequence(5~3") Gene Position product(bp)
QnrA-F AGAGGATTTCTCACGCCAGG gnrAl to gnrA6 30-49 580
QnrA-R TGCCAGGCACAGATCTTGAC 589-608

QnrB-F GGMATHGAAATTCGCCACTG gnrB1 to gnrB6 283-302 264
QnrB-R TTTGCYGYYCGCCAGTCGAA 526-545

QnrS-F GCAAGTTCATTGAACAGGGT gnrS1 to gnrS2 137-156 428
QnrS-R TCTAAACCGTCGAGTTCGGCG 543-563

2. gnr SRS IvV. 11 -3,

Multiplex PCROIX= ZA| 437 Z quinolonewj A
gqnrA S AATE 197F(44.2%), qnrB AR 5EF
(11.7%), qnrS A7} 1575(34.9%) L2)al 8dF
(18.69%)01 M= AZE x| 2gtt). E. coli 207 FFo|AE
gqnrA - 271 93 F(45%), gqnrB A A7} 53 F(25%),
gnrS F3AA7F 3TF(15%)7F AEH AL, 635(30%)°1
Ae AZHA ZUth K. pneumoniae 23Tl A=
gnrA FZAA7E 1095(43.5%), gnrS FZAA7E 129
(52.29%)7} AEE I, 2FFBI%) NN E HEE A &gk
t}. E. colidl A= 37(E8, E11, E15)7} gnrA, gnrB -
2ol EAlo] 7AZE 23, K. pneumoniae AE 173
(K10)7} qnrA, gnrS 5-Aztol] FAlo)] AZHUTHTable
2, Fig. 1, 2).

Sl

2ol B-lactam A WA Aol &3 A<
7V 93 EAE FEI vk Aol Blactam
A et WS g53he 7132 Blactamase 443
penicillin-binding protein2] ¥4, B-lactam A 2] A|E
ot Bk As) AE groze gAl §& 5 gdsiy,
A A& —?_i 3] B-lactamase A§4d ol 40}04 B-lactam 3}
53tk 3371, L 2HAS
St T HA AllolH, 313}
a7 wiol 713)3dEH Tl
"ok =3 HTZole A E9E K
WA Aol AU

% o)

ﬁ‘ﬂ**ﬂfﬂl A gHg o
9] €<lo]
pneumoniaei| 4]  quinolone
(Robicsek 5, 2006).
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Fig. 1. Electrophoresis of the amplified products of gnr genes by mutiplex PCR in 2% agarose gel. Lane M, 100-bp DNA ladder;
lanes 1 to 20, E. coli university hospital isolates. The amplified products and their sizes are indicated on the left.
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Fig. 2. Electrophoresis of the amplified products of qnr genes by mutiplex PCR in 2% agarose gel. Lane M, 100-bp DNA ladder;

lanes 1 to 23, K. pneumoniae university hospital

QuinoloneAdl WA f+-AA=  plasmidell  $1x]3kaL
transferable THAlW A S YeR 2 £3] ESBL == AmpC
B-lactamase2} ##o] St} Quinolone T A2 penta-
peptide©] 2L quinoloneZ] WA A= A/delA 29
E. coli, K. pneumoniae, Enterobacter, Citrobacter, Shigella
TFAXE LA TH(Pai 5, 2005; Poirels, 2005). 53]
quinoloneAdl WA= ciprofloxacinzt=A 3ol A
T 2759 quinoloneAd] WA AT &3 HE0] &7

=t} QuinoloneAdl WA gnr Fr3AE 47 ok S
Ho] g7|49S BEAsE gqirA FAARE 94%-99%,

gnrB - AA= 85%-99%, gnrS - AAE 0% EE
3FoH(Pnaiara 5, 2000).

B 2904 Multiplex PCRS A8 A3} E. coli 20
N #dFANME gnrA F- AR 97 F(45%), gnrB - A}
7} 53(25%), qnrS frAAE 3dF(15%)7F HEE
I, 678 F(30%)ANAM= HEFA LUtk K. pneumoniae
2375 A gnrA 2271 10733F(43.5%), gnrS F 7
A7F 1275(52.2%) 7 HAEHALL, 27F(8.7%) N A=
HEH A &hth E. colidlA= 3757} gnrA, gnrB 3
Aol FAlo HEF AL, K. pneumoniae A= 1757}
anrA, gnrS frJztel] FAld HEE Ak 53], A T
4 ALl A ciprofloxacinel] =5 % WA & et 4
Ne] w5 gnrA 9} gnrB == gnrA 9} gnrS 3RS
Al 7HAAL e Ao®E U Al T Al
e fEE= 280 F quinolonesAl YA o WAlS
Uetll= 202 AAsdy. JguE B A= 7Y
%l multiplex PCRS o] &gt gqnr 32| A xag
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isolates. The amplified products and their sizes are indicated on the left.
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