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SUMMARY: We evaluated the effects of gnr4 gene on (1) survival of bacteria exposed to
lethal ciprofloxacin (CIP) concentration, and (2) the development of quinolone resistance
through the accumulation of amino acid substitutions in quinolone resistance-determining

regions (QRDRs) of GyrA and ParC, targets of quinolones, in Escherichia coli.

CIP-susceptible E. coli strains of different O-serotypes (O1, 06, O18, O25b,-074, and O78)

were transformed by a recombinant plasmid harboring gnr4, and the rains and their
transformants were subjected to killing curve assays and adaptation tests. In the killing curve
assay at 2x the minimum inhibitory concentration of CIP, th acterial cell numbers of
strains O1, 06 and O25b were maintained at 10°-10® C : after 24 h incubation, while
the remaining strains showed a 10°-fold reduction in wviable cell numbers. In the adaptation
test, a Ser83-Leu substitution in the QRDR jyrA:was identified earlier in the parent strains

of O25b and O1 than in their transformants; suggesting that the acquisition of gnr4 gene did

not necessarily accelerate the rate mulation of amino acid substitutions in the QRDR.

We confirmed that the presence.of the gnrd gene contributed to increasing bacterial survival

ain O-serotypes. Further studies are necessary to evaluate the

precise effects of the gnrA gene on quinolone resistance acquisition in Enterobacteriaceae.

—235—



INTRODUCTION
Multidrug resistance in Enterobacteriaceae, including resistance to fluoroquinolones (FQs), is
on the rise worldwide and has become a serious clinical concern (1-3). FQ resistance most

commonly occurs as a result of mutation accumulation in quinolone

resistance-determining regions (QRDRs) of target molecules of FQs, DNA ‘gyrase and/or

topoisomerase IV (4). In addition, plasmid-mediated quinolone resistance (PMQR) genes,

including gnr, aac(6’)-1b-cr, gepA, and ogxAB, have been recently reported as transmissible

resistance mechanisms (5-8). The presence of these PMQR genes alone has been reported to

elevate the minimum inhibitory concentrations (MICs) of FQs by 4- to 128-fold, although the

final MIC values usually remain below the b eak t of ciprofloxacin (CIP) for “susceptible”

(<1 pg/mL) settled by the Clinical and-I _atbry Standards Institute (CLSI) (9) and that
on‘ﬁ’Antimicrobial Susceptibility Testing (10).

Qnr proteins belong ﬁiépeptide-repeat family and protect bacteria from the
binding of FQs to DN aimd/or topoisomerase 1V. To date, six groups of Qnr proteins

have been identi rA ~~‘Qan, QnrC, QnrD, QnrS, and QnrVC) (11, 12). Allou et al.

evaluated the impact of the acquisition of genes encoding Qnrs, and found that the low-level
resistance to FQs conferred by these genes was associated with decreased bactericidal activity
of CIP (13) In a preliminary study, we also found that the gnrA4 gene contributed to increased
bacterial survival at lethal CIP concentrations. However, the precise effects of the acquisition

of gnr genes on the reduced bactericidal activity of FQs and on the development of high-level

quinolone resistance are not well known. Therefore, the aim of this study was to evaluate the
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effects of gnrA gene on survival of bacteria exposed to lethal CIP concentrations using
Escherichia coli strains displaying various O-serotypes. In addition, the effects of acquisition
of gnrA gene on the development of quinolone resistance through accumulation of amino acid

substitutions in QRDRs of GyrA and ParC were also evaluated.

MATERIALS AND METHODS

Bacterial strains: A total of 12 FQ-susceptible E. coli strains ;‘if’ferent serotypes (Ol,
06, 018, 025, 074, and O78; two strains each) were usg _this study. Serotypes O1, 06,
018, and 025 are fréquently detected in E. coli isolates‘obtained from patients with urinary
trac‘t infections (14—16). Strains O74 and O’ 4 frequent serotypes detected among E. coli

isolates obtained from stool specimens of 2563 healthy adult volunteers of our investigation

performed at a Public Health Cente 010. For the two strains determined as serotype 025

using E. coli antisera, genetic ping was also performed (17), and both strains were
identified as O25b. In ad , for all strains, multilocus sequence typing was performed by

analyzing seven hoi g genes, according to the protocol of the E. coli website

performed ”using the positive strain E. coli E15, and quality control for susceptibility testing

was performed using the reference strain E. coli ATCC 25922.

Cloning of the gnrA gene: OnrA gene and its surrounding regions were amplified with the
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specific primers ORF513-QnrA.f (5'-CCGGAATTCCGGCGAAGATGACTATGGCAAGC

AA-3") and ampR-QnrA.r (5'-CCCGGATCCGGGGCAGCAGGGTAAAGCGGTGAAT-3").

The product was digested with EcoRI and BamHI (Takara Bio Inc.; Tokyo, Japan), and the

resultant fragments were ligated into a cloning vector, pSTV28, which. contained a

osidase genes

reconstructed chloramphenicol-resistant gene composed of the Tn9 and B-g:

Japan). In addition, the cloning vector pSTV28 wa duced into each E. coli strain, and

the resultant transformants were used as the rain of each transformant harboring gnr4
gene.

Antimicrobial susceptibility test: The MIC of CIP was determined using Etest (SYSMEX
bioMérieux, Co., Ltd , Japan) performed on Mueller-Hinton agar plates (Becton
Dickinson Diagno: / em \“Sparks, MD, USA), according to the manufacturer’s procedure
guidelines. The susceptibility category was determined according to CLSI criteria (9).
Minimumh‘ bactericidal concentration (MBC) and mutant prevention concentration
(MPC): MBCs of CIP for the parent strains and transformants were determined according to

the protocol recommended by the CLSI (18). In the present study, MBCs for each strain were

determined using seven different CIP concentrations (1x MIC, 1.5x MIC, 2x MIC, 2.5x MIC,
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3x MIC, 3.5x MIC, and 4x MIC). The MBC was defined as the lowest antibiotic
concentration that produced a >99.9% decrease in survival (in CFU/mL) relative to that of the
starting inoculum.

MPCs of CIP for the parent strains and transformants were also determined, as described

previously (19). MPCs for each strain were determined using 10 different ntrations (step

range for the parent strains: 0.024, 0.032, 0.047, 0.064, 0.094, 0.1, 0.75, and 1

pg/mL; step range for transformants: 0.38, 0.5, 0.75, 1, 1.5, 2 6, and 8 ug/mL). The

MPC was defined as the lowest antibiotic concentration at ch'no colonies grew on a plate,

and the mean MPC for each strain was determined i ndependent experiments that were

repeated three times on different days. In a A sequences of the QRDRs of the gyr4

and parC genes were performed as* bed previously (20). DNA sequences were

determined for resistant colonies recovered on Mueller-Hinton agar plate one step below the

MPC value. The nucleotide and deduced amino acid sequences were analyzed with the

BLAST program (http:/, ncbi.nlm.nih.gov/blast).

Killing curv “assay: Killing curve assays were performed for the parent strains and
transformar boring the gnrA gene. Each strain was cultivated in Luria-Bertani (LB) broth
containing 100 uM of isopropyl’B-D-l-thiogalacopyranoside (IPTG) (Nacalai Tesque, Inc.;
Kyoto, Japan) for 24 h, and the bacterial test suspension was then adjusted to an optical

density of approximately 0.1 at 660 nm (~10% CFU/mL). The test suspensions were diluted

100-fold in LB broth (~10% CFU/mL), and 2% or 3% the MIC of CIP for each parent strain (or



transformant) was added to the test suspension of the parent strain (or transformant). After 0,
4, 6, 8, 24, or 48 h incubation at 37°C, aliquots (100 puL) of the mixture were spread onto
nutrient agar (Eiken, Chemical Co., Ltd.; Tokyo, Japan) after serial 10-fold dilutions, and the

plates were incubated at 37°C for 18 to 24 h. The total number of bacterial ¢

on each plate was counted, and the viability (CFU/mL) of the original bacterial culture was

calculated. To avoid distortion of the results owing to experimental , all'experiments were
performed in triplicate and repeated three times on different day.

Adaptation to CIP and sequencing of QRDRs o gyrA and parC genes: The parent

strains and transformants were subjected to on test to CIP for 20 passages. Aliquots

(50 pL) of overnight culture were added of LB broth containing 100 uM of IPTG and

incubated at 37°C with shaking a 0 rpm. When its optical density at 660 nm reached

approximately 0.1 (~10% CFU MIC of CIP for each strain was added to the bacterial
culture, and incubatior ntinued at 37°C with shaking at 120 rpm for 5 days. The 1/2

incubated on LB agar plates containing the same concentration of

CIP for 24 h at 37°C. Ten colonies grown on each agar plate were randomly selected, and the

MICs of™ ere determined using Etest. Of the colonies selected, one colony showing the
highest MIC value was named passage 1 (P1) and subjected to. the next passage. This
procedure was repeated 19 times after the selection of P1.

In addition, DNA sequences of the QRDRs of the gyr4 and parC genes were determined

as described previously (20). The nucleotide and deduced amino acid sequences were
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analyzed with the BLAST program (http://www.ncbi.nlm.nih.gov/blast).

RESULTS AND DISCUSSION

Among 12 FQ-susceptible E. coli strains, seven strains were identified as.ST9S, and two

strains were identified as O25b-ST131. Acquisition of gnrA4 gene increased the MICs of CIP

10%-fold tion in survival after incubation for 24 h, and no viable bacteria were recovered
after 48 h (Fig. lAl). The transformants of strains O1, 06, and O25b maintained levels of 10°
to 108 CFU/mL viable bacteria after incubation for 24 h at 2x MIC of CIP, while the
remaining transformants (018, 074, and O78) showed a 10°-fold reduction after 24 h and no

viable bacteria were recovered after incubation for 48 h (Fig. 1B). In addition, at 3x MIC of
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CIP, only viable bacteria cells of the transformants of O25b strains were recovered up to 10°
CFU/mL after incubation for 48 h (Fig. 2), and the effect of gnr4 gene on bacterial survival
was greatest in O25b:H4-ST131 strains. These results suggested that the contribution of gnr4

gene to bacterial survival is not equivalent in all serotypes of E. coli strains. To date, some

investigators have reported that E. coli isolates with gnr genes could s
isolates without gnr genes in the presence of CIP (13, 21). In the present stijdy, we also

confirmed that the acquisition of gnr4 gene contributed to increased bacterial survival under

exposure to lethal CIP concentrations in E. coli strains displaying certain O-serotypes (O1, O6,

and O25b). Therefore, the presence of gnr genes might well confer an appreciable effect on

bacterial viability under conditions of lethal

Although E. coli strains of certain O serotypes harboring gnrA4 gene could survive when

exposed to lethal CIP concentratio ithin the mutant selection window (MSW), in which

single-step mutants will be en , no amino acid substitutions in the QRDRs of GyrA
and/or ParC were found . transformants recovered after incubation for 48 h in the killing
curve assays. Alth e préSence of gnrA gene extended the range of the MSW, exposure
to lethal CIP concentration within the MSW may nonetheless block the growth of susceptible
»p mutants. Furthermore, in the MPC assays, relatively more amino acid
substitutim;s were found in the QRDRs of GyrA in the parent gstrains than in their
transformants (Table 2). This observation led us speculate that the presence of gnrd gene

might have the same effect as acquisition of resistant mutations on the survival of the

transformants.
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We next evaluated the effects of acquisition of gnr4 gene on the development of FQ
resistance through the accumulation of amino acid substitutions in the QRDRs of GyrA and/or
ParC by continuous exposure to 1/2 MIC of CIP. As shown in Fig. 3, the MIC values of CIP

were gradually elevated after adaptation of 20 passages in the O1-ST95 and O25b-ST131

strains, and those of the transformants harboring gnr4 gene increased u "pg/mL. In

addition, amino acid substitutions, which were consistent with the hot spots o substitutions

observed in clinical FQ-resistant strains (23, 24), were found i RDRs of GyrA and/or

ParC in the parent strains and/or transformants. A Se substitution in GyrA was
identified after passage 4 in the parent strains o -ST131, after passage 13 in the
transformants of O25b-ST131, and after p éa the transformants of O1-ST95 (Table
3). On the other hand, a Ser80-Arg .‘ltﬁ'iion in ParC was identified only in the
transformants after passage 17 (6 nd 025T-17) (Table 3). Some investigators have
gene might increase MPC values, which would facilitate
selection for one-step E! stant mutants with any substitutions in the gyr4 and/or parC
genes (21, 22). Ho Cesaro et al. reported that topoisomerase mutations were rarely
selected by CI moxifloxacin in gnr-harboring strains (25). Although the conditions of

each experiment were different (e.g., bacterial origin, concentration of CIP, and methodology),

our results' are more similar to those of Cesaro et al. The increased levels of MICs were
similar between strains harboring gnrd gene and those that acquired a single Ser83-Leu
substitution in GyrA (Table 1 and Table 3). This suggests that QnrA might completely protect

DNA gyrase and/or topoisomerase IV from CIP; therefore, the transformants harboring gnr4
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gene would survive in a lethal concentration of CIP, even without QRDR mutations. Indeed,
the fact that more amino acid substitutions were observed in the QRDRs of GyrA in the parent

strains than in their transformants also supports this hypothesis. Further studies considering

the effects of different experimental conditions, including bacterial origin, CIP concentration,

all O-serotypes compared, which could explain the rapid spread of E. coli O25b:H4-STI131.

ly spreading among the family Enterobacteriaceae.

is necessary to elucidate the impact of low-level resistance to FQs due to acquisition of gnr
genes. In particular, Enterobacteriaceae isolates exhibiting relatively low MICs around the

susceptibility breakpoint of FQs should be evaluated to determine the clinical significance of

isolates harboring gnr genes.

—244—



Acknowledgments
This study was supported by grants from the Japanese Ministry of Health, Labour, and
Welfare (H21-Shinkou-Ippan-008 and H24-Shinkou-Ippan-010). We are grateful to the

. Hospital for

department of Infection Control and Prevention, The University of Tok;

providing E. coli E15.

References

1. Neuhauer MM, Weinstein RA, Rydman R Antibiotic resistance among

gram-negative bacilli in US intensive car plications for fluoroquinolone use.
JAMA. 2003;289:885-8.

2. Garau J, Xercavins M, Rodri :Car alleira M, et al. Emergence and dissemination of

quinolone-resistant Escherichia ol;' in the community. Antimicrob Agents Chemother.

1999;43:2736-41.

3. Nicolas-Chano H; Blanco J, Leflon-Guibout V, et al. Intercontinental emergence of

clone 025:H4-ST131 producing CTX-M-15. J Antimicrob Chemother.

4. Hooper DC. Mechanism of fluoroquinolone resistance. Drug Resist Update.
1999;2:38-55.
5. Tran JH and Jacoby GA. Mechanism of plasmid-mediated quinolone resistance. Proc

Natl Acad Sci USA. 2002;99:5638-42.

—245—



10.

12.

13.

Robicsek A, Strahilevitz J, Jacoby GA, et al. Fluoroquinolone-modifying enzyme: a new
adaptation of a common aminoglycoside acetyltransferase. Nat Med. 2006;12:83-8.

Yamane K, Wachino J, Suzuki S, et al. New plasmid-mediated fluoroquinolone efflux
pump, QepA, found in an Escherichia coli clinical isolate. Antimicrob Agents Chemother.

2007;51:3354-60.

Hansen LH, Johannesen E, Burmelle M, et al. Plasmid-encoded multidrug efflux pump
conferring resistance to olaquindox in Escherichia coli. Antimicrob Agents Chemother.
2004;48:3332-7.
ance standards for antimicrobial

Clinical and Laboratory Standards Institute.

susceptibility testing. 23rd Infonnafi’;;io’ ﬁpplement. CLSI/NCCLS document

M100-S23. 2013. Clinical and LaBora ory;Standards Institute, Wayne, Pa, USA.

European Committee on An obial Susceptibility Testing. Breakpoint tables for

interpretation of M zone diameters. Version 3.1. 2013. Online at

. Strahilevitz J,.Jac by GA; Hooper DC, et al. Plasmid-mediated quinolone resistance: a

multifaceted threat. Clin Microbiol Rev. 2009;22:664-89.

Fons L and Vicente AC. Epidemiology of gnrVC alleles and emergence out of the
Vibrz'i?zceae family. ] Med Microbiol. 2013;62:1628-30. |

Allou N, Cambau E, Massias L, et al. Impact of low-level resistance to fluoroquinolones
due to gnrAl and gnrS1 genes or a gyr4A mutation on ciprofloxacin bactericidal activity

in a murine model of Escherichia coli urinary tract infection. Antimicrob Agents

—246—



14.

15.

16.

17.

18.

19.

20.

Chemother. 2009;53:4292-7.
Lau SH, Reddy S, Cheesbrough J, et al. Major uropathogenic Escherichia coli strain
isolated in the northwest of England identified by multilocus sequence typing. J Clin

Microbiol. 2008;46:1076-80.

Johnson JR. Virulence factors in Escherichia coli urinary tract infec n Microbiol
Rev. 1991;4:80-128.
Rice JC, Peng T, Kuo YF, et al. Renal allograft injury is associated with urinary tract

infection caused by Escherichia coli bearing adhérence” factors. Am J Transplant.
2006;6:2375-83.

Clermont O, Lavollay M, Vimont S, TX-M-15-producing Escherichia coli

diffusing clone belongs to a highly. virulent B2 phylogenetic subgroup. J Antimicrob

Chemother. 2008;61:1024-8.
Clinical and Laboratg dards Institute. Methods for determining bactericidal
activity of antimic gents, approved guideline. CLSI/NCCLS document M26-A.
aboratory Standards Institute, Wayne, Pa, USA.

Marcuss L, Olofsson SK, Komp Lindgren P, et al. Mutant prevention concentrations
acin for urinary tract infection isolates of Escherichia coli. J Antimicrob
Chemother. 2005;55:938-43.

Rodriguesz-Martinez JM, Velasco C, Pascual A, et al. Correlation of quinolone resistance

levels and differences in basal and quinolone-induced expression from three

gnrA-containing plasmids. Clin Microbiol Infect. 2006;12:440-5.

—247—



21.

22.

23.

24.

25.

26.

27.

Briales A, Rodriguesz-Martinez JM, Velasco C, et al. In vitro effect of gnrAl, gnrBl1, and
gnrS1 genes on fluoroquinolone activity against Escherichia coli isolates with mutations
in gyrd and parC. Antimicrob Agents Chemother. 2011;55:1266-9.

Rodriguesz-Martinez JM, Velasco C, Garcia I, et al. Mutant prevention concentrations of

fluoroquinolones for Enterobacteriaceae expressing the plasmic ;&' quinolone

velopment of high-level

Microbiol Infect Dis. 2010;67:70-7.
Allou N, Cambau E, Massias L, et al. Impact of low-level resistance to fluoroquinolones
due to gnrAl and gnrS1 genes or a gyrA mutation on ciprofloxacin bactericidal activity

in a murine model of Escherichia coli urinary tract infection. Antimicrob Agents

—248—



Chemother. 2009;53:4292-7.
28. Jakobsen L, Cattoir V, Jensen KS, et al. Impact of low-level fluoroquinolone resistance

genes gnrAl, gnrB19 and gnrS1 on ciprofloxacin treatment of isogenic Escherichia coli

strains in a murine urinary tract infection model. J Antimicrob Chemother.

2012;67:2438-44.

29. Dominguez-Herrera J, Velasco C, Docobo-Pérez F, et al. Impact.of gnr

gnrS1 on the efficacy of ciprofloxacin and levofloxacin in aniexperimental pneumonia

model caused by Escherichia coli with or without the utation Ser83Leu. J

Antimicrob Chemother. 2013;68:1609-15.

Figure Legends

Fig. 1. Killing curve assay at 2x MIC of* arent strains, (B) transformants.

In the killing curve assay, 2x MIG:of CIP for the parent strains or their transformants was

added to each test suspension, and. mber of viable bacterial cells was counted after 0, 4,

6, 8, 24, or 48 h incubation . The actual concentrations of CIP used in killing curve
assays were as follow. ‘strain Nos. 92 and 155: 0.012 pg/mL; parent strain Nos. 3, 189,
205, 252, 286, and - 0.016 pg/mL; parent strain Nos. 16, 23, 27, and 41: 0.024 ug/mL;
transformant , 92, 155, 252, and 485: 0.38 ug/mL; transformant Nos. 16, 41,189, 205,
and 2862 @.YSO pg/mL; transformant Nos. 23 and 27: 0.76 pug/mL. All experiments were
performed in triplicate, and the values reported represent the mean values. Error bars

represent standard deviations (SD) of results from three experiments.
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Fig. 2. Killing curve assay at 3x MIC of CIP for transformants.
In the killing curve assay, 3x MIC of CIP for the transformants was added to each test
suspension, and the number of viable bacterial cells was counted after 0, 4, 6, 8, 24, or 48 h

incubation at 37°C. The actual concentrations of CIP used in killing curve assays were as

follows: transformant Nos. 3, 92, 155, 252, and 485: 0.57 ug/mL; Nos. 16, 4 89, 205, and
286: 0.75 pg/mL; Nos. 23 and 27: 1.14 pg/mL. All experiments were performed in triplicate,

and the values reported represent the mean values. Error bars rep it standard deviations

(SD) of results from three experiments.

Fig. 3. MICs of CIP after persistent passages.
Adaptation to CIP was generated by repeated subculture in LB broth containing CIP. The
bacterial culture (~108 CFU/mL) was added‘to LB broth containing 1/2 MIC of CIP for each

strain, and incubation was contin 7°C with shaking at 120 rpm for 5 days. The 1/2

MIC culture (50 pL) was ad onto LB agar plates containing the same concentration of

CIP, and 10 colonies»grd n each agar plate were randomly selected. MICs of CIP were
determined usin st‘,(";md that showing the highest MIC value was named passage 1 (P1).

This proced : ’ as repeated 19 times after the selection of P1. The MIC values of CIP were

gradually& g»le\}ated after the adaptation of 20 passages in the O1-ST95 and O25b-ST131
strains, and the MICs of CIP for the transformants harboring the gnr4 gene increased up to 32

pg/mL (solid squares).
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Table 1. MIC, MBC, and MPC of ciprofloxacin for the parent strains and transfo

MSW @

Strains  Serotype ~ MLST MIC Gig/mL) MBC (ug/ml) mb) (MPC/MIC [pg/mL])
Parent  Transformant Parent  Transformant " Transformant Parent  Transformant
No. 3 O1:H12 ST95 0.008 0.19 0.016 0.285 0.75 23.8 39
No. 16 O1:HUT ST95 0.012 0.25 0.018 0.50 0.19 0.75 15.8 3.0
No. 155 O6:HUT ST92 0.006 0.19 0.006 0.19 1.0 31.7 53
No.252  O6:HUT ST9S 0.008 0.19 0.012 0.19 0.5 23.8 2.6
No. 92 O18:H7 ST9S 0.006 0.19 0.006 0.19 1.0 31.7 53
No.286  O18:H7 ST9S 0.008 0.25 01 0.375 0.094 0.75 11.8 3.0
No. 23 025b:H4 STI131 0.012 0.38 1.14 0.19 4.0 15.8 10.5
No. 41 025b:H4 ST131 0.012 0.25 0 0.75 0.38 3.0 31.7 12.0
No.27  O74H7  ST95 0012 038 0.018 0.38 0.38 1.5 317 3.9
No.205 O74:H7 ST95 0.008 0.25 }0.012 0.375 0.19 0.75 23.8 3.0
No. 189 O78:H6 ST3200 0.008 0.016 0.375 0.094 1.0 11.8 4.0
No.485 O78:HUT  ST23 0.008 0.012 0.38 0.094 0.75 11.8 3.9

MIC, minimum inhibitory concentration; MBC;

- H-antigen untypable; Parent, parent strain.

2 MSW, mutant selection window (i.e., the.a

iotic concentration found between the MIC and MPC)

um bactericidal concentration; MPC, mutant prevention concentration; HUT,
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in the QRDRs

MPC (ug/mL)?
Strains  Serotype =~ MLST Parent Parent strain Transformant

. Transformant

strain GyrA ParC GyrA ParC

No. 3 O1:HI2 ST95 0.19 0.75 ' S83L wt wt
No.16 ~ OI:HUT  ST95 0.19 0.75 wt wt wt
No. 155 O6:HUT  ST92 -0.19 1.0 wt wt wt
No.252 O6:HUT  ST95 0.19 0.5 wt wt wt
No. 92 O18:H7 ST95 0.19 1.0 wt S83L wt
No.286 O18:H7 ST95 0.094 0.75 wt wt wt
No. 23 025b:H4 ST131 0.19 4.0 wit wt wt
No. 41 025b:H4  ST131 0.38 3.0 wt wt wt
No. 27 074:H7 ST95 0.38 wt wt S83L wt
No.205 0O74:H7 ST95 0.19 S83L wt wt wt
No. 189  O78:H6  ST3200 0.094 S83L wt wt wt
No. 485 O78:HUT  ST23 0.094 . wt wt wt wt

—252—

MPC, mutant prevention concentration HU

a) The MPC was deﬁned as the lowest: antlblotlc concentration at which no colonies grew on a plate
b) DNA sequences of the QRDRS of GyrA and ParC were performed for resistant colonies recovered on Mueller-Hinton




