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The gyrdA gene mutations associated with quinolone resistance were determined in 21 epidemiologically
unrelated clinical isolates of Acinefobacter baumannii. Our studies highlight the conserved sequences in the
quinolone resistance-determining region of the gyr4 gene from A. baumannii and other bacteria. All 15 isolates
for which the MIC of ciprofloxacin is =4 pg/ml showed a change at Ser-83 to Leu. Six strains for which the
MIC of ciprofloxacin is 1 pg/ml did not show any change at Ser-83, although a strain for which the MIC of
ciprofloxacin is 1 pg/ml exhibited a change at Gly-81 to Val. Although it is possible that mutations in other
locations of the gyr4 gene, the gyrB gene, or in other genes may also contribute to the modulation of the MIC
level, our results suggest that a gyr4 mutation at Ser-83 is associated with quinolone resistance in A. baumannii.

The incidence of nosocomial infections caused by Acineto-
bacter baumannii has been steadily rising in recent years (4, 29,
31). Several outbreaks of nosocomial infections caused by mul-
tiply resistant strains of Acinetobacter spp. have been docu-
mented (2, 7, 10, 13, 16, 22, 33). Many of these outbreaks have
occurred in intensive care units in which extensive use of an-
tibiotics can select for the emergence of multiply resistant
strains (2, 7, 10, 13, 33). Until 1988, the new fluorinated quino-
lones presented very good activity against Acinetobacter strains
(3, 11, 20, 28), even better than that of expanded-spectrum
cephalosporins or aminoglycosides. However, resistance to
these antibiotics rapidly emerged in clinical isolates (1, 32, 34).
The emergence of fluoroquinolone resistance is of particular
concern, given that relatively few antimicrobial agents are ef-
fective against A. baumannii.

In several bacteria, mutations conferring quinolone resis-
tance have been found in both gyr4 and gyrB genes of DNA
gyrase, the intracellular target of quinolones. In Escherichia
coli, several mutations have been identified in the gyr4 gene (6,
14, 27, 35, 38, 40). Of these, mutations at Ser-83 and Asp-87
have been found with a higher frequency in quinolone-resis-
tant E. coli clinical isolates than in susceptible isolates (35).
Similar mutations have also been identified in quinolone-resis-
tant isolates of Staphylococcus aureus (12, 19, 24, 30), Campy-
lobacter jejuni (36), and Pseudomonas aeruginosa (21). Specific
mutations in the gyrB gene also seem to be associated with
quinolone resistance (35, 37, 39), although in quinolone-resis-
tant E. coli clinical isolates, the frequency is very low (35).
Alterations in drug permeation can also play a role in render-
ing bacteria quinolone resistant. In E. coli, this phenomenon
has been associated with mutations leading to decreasing
amounts of the outer membrane protein OmpF (9, 15, 17).
However, alterations of outer membrane lipopolysaccharides
and fluoroquinolone efflux at the inner membrane (8, 25)
should also be considered as factors. It was observed that such
an efflux system, in addition to DNA gyrase and outer mem-
brane protein alterations, results in a high level of resistance
(18). The molecular bases of quinolone resistance in A. bau-
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mannii remain to be investigated; therefore, the aim of this
study was to determine whether there were gyrA mutations
associated with quinolone resistance in epidemiologically un-
related clinical isolates of A. baumannii.

The clinical isolates of A. baumannii used in this study were
collected from three Spanish hospitals. Identification of A.
baumannii was based on standard biochemical reactions and
the criteria of Bouvet and Grimont (5). All the clinical isolates
studied were epidemiologically unrelated, as shown previously
(23). Susceptibility testing was performed by an agar dilution
method and in accordance with the guidelines established by
the National Committee for Clinical Laboratory Standards
(26). Approximately 10* CFU of each isolate was inoculated
with a multipoint replicator onto freshly prepared medium
containing serial dilutions of ciprofloxacin (Bayer, Leverkusen,
Germany) or nalidixic acid (Prodesfarma, Barcelona, Spain).
To identify gyr4A mutations in resistant isolates, PCR and direct
DNA sequencing were used. We utilized conserved amino acid
sequence motifs found in diverse GyrA proteins to design
oligonucleotide primers. Two primers, 5’AAATCTGCCCGT
GTCGTTGGT3' and 5'GCCATACCTACGGCGATACC3’
from Genosys Biotechnologies, Cambridge, United Kingdom,
were used. The PCR was performed as follows. Half of a
colony grown on MacConkey agar was resuspended in 25 pl of
sterile distilled water and boiled for 10 min. After a short
centrifugation step at 15,000 X g, 25 pl of a reaction mixture
containing 20 mM Tris-HCI (pH 8.8), 100 mM potassium chlo-
ride, 3.0 mM magnesium chloride, gelatin (0.1%, wt/vol), 400
M deoxynucleoside triphosphates, and 1 wM each primer was
added together with 2.5 U of Taq polymerase (Boehringer,
Mannheim, Germany). Each reaction mixture was overlaid
with mineral oil and amplified at the following temperature
profiles: 30 cycles at 94°C for 1 min, 55°C for 1 min, and 72°C
for 1 min. Amplification was performed in a DNA thermal
cycler Model 480 (Perkin-Elmer Cetus). Amplified DNA prod-
ucts were resolved by electrophoresis in agarose (2%, wt/vol)
gels containing 0.5 mg of ethidium bromide per liter. The PCR
product was recovered from the agarose gel and purified with
the Wizard DNA clean-up system according to the manufac-
turer’s instructions (Promega Co., Madison, Wis.). The sample
was then directly processed with the DNA sequencing kit and
analyzed in an automatic DNA sequencer (Applied Biosystems
373A). When the PCR product was digested with Hinfl, 20 pl
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FIG. 1. Detection of the mutation in the gyr4 gene of quinolone-resistant
clinical isolates of A. baumannii by Hinfl restriction fragment length polymor-
phism analysis of PCR products. (A) Agarose gel electrophoresis of Hinfl-
digested PCR products of the gyr4 gene. Lane 1, nondigested PCR product; lane
2, Hinfl-digested PCR product of quinolone-resistant clinical isolate; lane 3,
Hinfl-digested PCR product of quinolone-susceptible clinical isolate; left lane,
DNA molecular weight marker VI from Boehringer. Fragments of 343, 291, and
52 bp are shown (noted to the left of the gel). (B) Nucleotide sequence of a
285-bp fragment containing the putative quinolone resistance-determining re-
gion of the gyrA gene of A. baumannii. The location of the Hinfl site is noted.

of the PCR mixture was incubated for 2.5 h with 10 U of
restriction enzymes under conditions recommended by the
manufacturer, and the digestion products were separated by
electrophoresis in 1.5% NuSieve plus 1% agarose gels. A frag-
ment of the gyr4 gene including the quinolone resistance-
determining region was analyzed by PCR and automated direct
DNA sequencing in 21 clinical isolates of A. baumannii. The
PCR product had the expected size of 343 bp (Fig. 1A). After
the fragment was eluted from the agarose gel, 285 bp of this
amplicon was sequenced with the lower primer (Fig. 1B). The
nucleotide sequence of a fragment of the A. baumannii gyrA
gene including the quinolone resistance-determining region
exhibits about 71% identity with the same region in the gyr4
gene of E. coli and 69% identity with that of P. aeruginosa.
When compared with other GyrA sequences (Table 1), the
derived amino acid sequence of the A. baumannii GyrA pro-
tein showed 82% identity with that of E. coli, 74% with that of
S. aureus, 75% with that of C. jejuni, and 83% with that of P.
aeruginosa. Our studies highlight the sequence conservation of
the quinolone resistance-determining region of the gyr4 gene
of A. baumannii and other bacteria. The A. baumannii GyrA

TABLE 1. Comparison of the amino acid sequences of the region
containing Ser-83 and four GyrA subunits®

E.coli VGDVIGKYHPHGDSAVYDTTVRMAQPE ST RYMLVDGOGNFGSIDGDSAAAMR
VGDVMGKYHPHGDSSTYEAMVRMAQDF SYRYPLVDGOGNFGSMDGDGAAAMR

S.aureus

Cjejuni VGAVIGRYHPHGDTAVYDALVRMAQDEF SMRYPSITGQGNFGSIDGDSAAAMR
P.aeruginosa  VGDVIGKYHPHGDTAVYDTIVRMAQPEFSI RYMLVDGOGNFGSVDGINAAAMR
Abaumannii  VGDVIGKYHPHGDSAVYETTVRMAQDF SLRYLIVDGOGNFGSIDGDSAAAMR

*k ok ok kkkkdkok * dkkkk kk Ak *hkKKKK KAk Khkkkk

YTETRTAKTAHET MADL EKETVDEVENYDGTEK T PDVMPTKIP
YTEARMTKTTLELI RDTNKDTTDFTICNYDGNFREPSVL PARFP
YTEAKMSKLSHELI KDIDKDTVDFVENYDGSESEPLVLPSRVP
YTEVRMAKT AHEL LA EKETVDWVENYDGTEQT PAVMPTQTP
YTEVRMIKTAHET I ADLEKDTVDWELNYDGSERT PEVLPTRVP

KKK * * ok ok ok ok kkkk Kk k k% *

“ Asterisks indicate positions in the alignment that are perfectly conserved in
all five GyrA proteins. Bold letters indicate an amino acid equivalent to Ser-83
in E. coli.
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TABLE 2. Quinolone resistance mutations in the gyr4 gene of
clinical isolates of A. baumannii

MIC (pg/ml)*
Strain(s) _ Amino acid change?
CIP NAL
167 0.125 2
58 and 201 0.125 8
88 0.5 8
77 1 8
93 1 8  Gly-81 to Val
33 and 661 4 256 Ser-83 to Leu
34 8 512 Ser-83 to Leu
175 8 64  Ser-83 to Leu
29 16 256  Ser-83 to Leu
547 32 >1,024  Ser-83 to Leu
31, 2545, 24, 13, and 30 64 >1,024  Ser-83 to Leu
65 64 >1,024 Ser-83 to Leu and
Ala-84 to Pro

14, 522, and 1543 128 >1,024  Ser-83 to Leu

“ CIP, ciprofloxacin; NAL, nalidixic acid.
> Amino acid position equivalent to Ser-83 of E. coli.

protein carried conserved Asp-Ser residues at positions equiv-
alent to 82 and 83 for E. coli; both codons form a Hinfl
restriction site (GANTC). Hinfl digestion of the PCR product
from a quinolone-susceptible A. baumannii strain generated
two fragments of 291 bp and 52 bp. The HinfI restriction site
in isolates carrying a mutation at codon 83 was abolished,
resulting in no digestion of the fragment containing the full-
length PCR product (Fig. 1A). The presence or absence of
gyrA mutations at codon 83 can be determined by the digestion
of the PCR products with Hinfl, and this procedure may be
used for the rapid screening of a large number of clinical
isolates.

The mutations in the gyr4 gene leading to amino acid
changes are shown in Table 2. All clinical isolates for which the
MIC of ciprofloxacin is =1 pg/ml had identical gyr4 sequences,
except for strain 58, which had a mutation at amino acid codon
Ala-119 that changed it to Ser. Two other resistant strains
(strains 661 and 34) also presented this mutation (data not
shown). Although it is very close to the active-site tyrosine 122,
a novel mutation at amino acid codon Ala-119 found in these
three clinical isolates of A. baumannii does not seem to play a
particularly important role in the acquisition of resistance since
it is found in either susceptible or resistant strains. Those
clinical isolates for which the MIC of ciprofloxacin is =1 pg/ml
did not show any change at Ser-83, although a strain for which
the MIC of ciprofloxacin is 1 pg/ml exhibited a change at
Gly-81 to Val. All 15 isolates for which the MIC of ciprofloxa-
cin is =4 pg/ml presented a change at Ser-83 to Leu. A strain
for which the MIC of ciprofloxacin is 64 pg/ml showed a
double change of Ser-83 to Leu and Ala-84 to Pro. It has been
found that the amino acid residues most frequently mutated in
spontaneous gyr4A mutations and in clinical isolates of E. coli
and S. aureus are Ser-83 and Ser-84 (6, 14, 27, 35, 38, 40).
Similar mutations for 4. baumannii have been found in our
study. In these mutations, a change at Ser-83 leads to a high
level of resistance to ciprofloxacin and nalidixic acid. Gly-81,
Ala-84, and GIn-106 residues, for which substitutions are as-
sociated with quinolone resistance in E. coli, are all conserved
in A. baumannii gyrase A. However, only changes at Gly-81
and Ala-84 have been found in 2 isolates of the 21 clinical
isolates analyzed, suggesting that their contribution to the re-
sistance mechanism, if any, is of little importance. The residue
Asp-87, another important amino acid in the acquisition of a
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high level of resistance to ciprofloxacin in E. coli (35), is
changed in A. baumannii by Glu, the same as in S. aureus (36).
However, no mutations affecting this amino acid have been
found in any of clinical isolates analyzed.

Although we have only examined a small region of the gyr4
gene sequence and it is possible that mutations at other loca-
tions of the gyrA4 gene, the gyrB gene, or in other genes may also
contribute to the modulation of the MIC level, our results
strongly suggest that a gyr4 mutation at a codon equivalent to
Ser-83 in E. coli is responsible for, or at least contributes to,
ciprofloxacin and nalidixic acid resistance in A. baumannii.

Nucleotide sequence accession number. The EMBL acces-
sion number for the partial sequence of the quinolone-suscep-
tible (HCP-77) and quinolone-resistant (VH-525) A. bauman-
nii gyrA gene is X82165.
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1229 from DGICYT-Spain.

REFERENCES

1. Acar, J. F., T. F. O’Brien, F. W. Goldstein, and R. N. Jones. 1993. The
epidemiology of bacterial resistance to quinolones. Drugs 45(Suppl. 3):24—
28.

2. Beck-Sagué, C. M., W. R. Jarvis, J. H. Brook, D. M. Culver, A. Polts, and E.
Gay. 1990. Epidemic bacteremia due to Acinetobacter baumannii in five
intensive care units. Am. J. Epidemiol. 132:723-733.

3. Bergogne-Berezin, E., and M. L. Joly-Guillou. 1985. An underestimated
nosocomial pathogen, Acinetobacter calcoaceticus. J. Antimicrob. Che-
mother. 16:535-538.

4. Bergogne-Berezin, E., M. L. Joly-Guillou, and J. F. Vieu. 1987. Epidemiology
of nosocomial infections due to Acinetobacter calcoaceticus. J. Hosp. Infect.
10:105-113.

5. Bouvet, P. J. M., and P. A. D. Grimont. 1986. Taxonomy of the genus
Acinetobacter with the recognition of Acinetobacter baumannii sp. nov., Aci-
netobacter haemolyticus sp. nov., Acinetobacter johnsonii sp. nov., and Acin-
etobacter junii sp. nov. and emended descriptions of Acinetobacter calcoace-
ticus and Acinetobacter Iwoffii. Int. J. Syst. Bacteriol. 36:228-240.

. Cambau, E., F. Bordon, E. Collatz, and L. Gutmann. 1993. Novel gyr4 point
mutation in a strain of Escherichia coli resistant to fluoroquinolones but not
to nalidixic acid. Antimicrob. Agents Chemother. 37:1247-1252.

. Cefai, C., J. Richards, F. K. Gould, and P. McPeake. 1990. An outbreak of
Acinetobacter respiratory tract infection resulting from incomplete disinfec-
tion of ventilatory equipment. J. Hosp. Infect. 15:177-182.

. Cohen, S. P., D. C. Hooper, J. S. Wolfson, K. S. Souza, L. M. McMurry, and
S. B. Levy. 1988. Endogenous active efflux of norfloxacin in susceptible
Escherichia coli. Antimicrob. Agents Chemother. 32:1187-1191.

9. Cohen, S. P., L. M. McMurry, D. C. Hooper, J. S. Wolfson, and S. B. Levy.
1989. Cross-resistance to fluoroquinolones in multiple-antibiotic-resistant
(Mar) Escherichia coli selected by tetracycline or chloramphenicol: de-
creased drug accumulation associated with membrane changes in addition to
OmpF reduction. Antimicrob. Agents Chemother. 33:1318-1325.

10. French, G. L., M. W. Casewell, A. J. Roncoroni, S. Knight, and I. Phillips.
1980. A hospital outbreak of antibiotic resistant Acinetobacter anitratus.
Epidemiology and control. J. Hosp. Infect. 1:125-131.

11. Godineau-Gauthey, N., D. Lesage, F. Tessier, D. Kollia, and G. L. Daguet.
1988. Acinetobacter calcoaceticus variete anitratus ou Acinetobacter bauman-
nii. Etude de la sensibilite aux antibiotiques de 65 souches hospitalaries.
Med. Mal. Infect. 2:124-127.

12. Goswitz, J. J., K. E. Willard, C. E. Fasching, and L. R. Peterson. 1992.
Detection of gyr4 gene mutations associated with ciprofloxacin resistance in
methicillin-resistant Staphylococcus aureus: analysis by polymerase chain re-
action and automated direct DNA sequencing. Antimicrob. Agents Che-
mother. 36:1166-1169.

13. Hartstein, A. L., A. L. Rashad, J. M. Liebler, A. A. Luis, J. Freeman, and
J. W. Rourve. 1988. Multiple intensive care unit outbreak of Acinetobacter
calcoaceticus subspecies anitratus respiratory infection and colonization as-
sociated with contaminated, reusable ventilator circuits and resuscitation
bags. Am. J. Med. 85:624-631.

14. Heisig, P., H. Schedletzky, and H. Falkenstein-Paul. 1993. Mutations in gyrA
gene of a highly fluoroquinolone-resistant clinical isolate of Escherichia coli.
Antimicrob. Agents Chemother. 37:696-701.

15. Hirai, K., H. Aoyama, T. Irikura, S. Iyobe, and S. Mitsuhasi. 1986. Differ-
ences in susceptibility to quinolones of outer membrane mutants of Salmo-
nella typhimurium and Escherichia coli. Antimicrob. Agents Chemother. 29:
535-538.

16. Holton, J. 1982. A report of further hospital outbreak caused by a multire-
sistant Acinetobacter anitratus. J. Hosp. Infect. 3:305-309.

17. Hooper, D. C., J. S. Wolfson, M. A. Bozza, and E. Y. Ng. 1992. Genetics and

(=)

~

oo

20.

21.

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

—_

32.

33.

35.

36.

37.

38.

39.

40.

NOTES 1203

regulation of outer membrane protein expression by quinolone resistance
loci nfxB, nfxC, and cfxB. Antimicrob. Agents Chemother. 36:1151-1154.

. Ishii, H., K. Sato, K. Hoshino, M. Sato, A. Yamaguchi, T. Sawai, and Y.

Osada. 1991. Active efflux of ofloxacin by a highly quinolone-resistant strain
of Proteus vulgaris. J. Antimicrob. Chemother. 28:827-836.

. Ito, H., H. Yoshida, M. Bogaki-Shonai, T. Niga, H. Hattori, and S. Naka-

mura. 1994. Quinolone resistance mutations in the DNA gyrase gyr4 and
grB genes of Staphylococcus aureus. Antimicrob. Agents Chemother. 38:
2014-2023.

King, A., and I. Phillips. 1986. The comparative in vitro activity of eight
newer quinolones and nalidixic acid. J. Antimicrob. Chemother. 18(Suppl.
D):1-20.

Kureishi, A., J. M. Diver, B. Beckthold, T. Schollaardt, and L. E. Bryan.
1994. Cloning and nucleotide sequence of Pseudomonas aeruginosa DNA
gyrase gyrA gene from strain PAO1 and quinolone-resistant clinical isolates.
Antimicrob. Agents Chemother. 38:1944-1952.

Marcos, M. A,, S. Abdalla, F. Pedraza, A. Andreu, F. Fernandez, R. Gomez-
Lus, M. T. Jimenez de Anta, and J. Vila. 1994. Epidemiological markers of
Acinetobacter baumannii clinical isolates from a spinal cord injury unit. J.
Hosp. Infect. 28:39-48.

Marcos, M. A., M. T. Jimenez de Anta, and J. Vila. Correlation of six
methods for typing nosocomial Acinetobacter baumannii clinical isolates. J.
Med. Microbiol., in press.

Margerrison, E. E. C., R. Hopewell, and L. M. Fisher. 1992. Nucleotide
sequence of the Staphylococcus aureus gyrB-gyrA locus encoding the DNA
gyrase A and B proteins. J. Bacteriol. 174:1596-1603.

Masecar, B. L., R. A. Celesk, and N. J. Robillard. 1990. Analysis of acquired
ciprofloxacin resistance in a clinical strain of Pseudomonas aeruginosa. An-
timicrob. Agents Chemother. 34:281-286.

National Committee for Clinical Laboratory Standards. 1990. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
2nd ed. Approved standard M7-A2. National Committee for Clinical Labo-
ratory Standards, Villanova, Pa.

Oram, M., and L. M. Fisher. 1991. 4-Quinolone resistance mutations in the
DNA gyrase of Escherichia coli clinical isolates identified by using poly-
merase chain reaction. Antimicrob. Agents Chemother. 35:387-389.
Rolston, K. V. I, D. H. Ho, B. Leblanc, G. Gooch, and G. P. Bodey. 1988.
Comparative in vitro activity of the new difluoroquinolone temafloxacin
(A-62254) against bacterial isolates from cancer patients. Eur. J. Clin. Mi-
crobiol. Infect. Dis. 7:684-686.

Siegman-Igra, Y., S. Bar-Yosef, A. Gorea, and J. Avram. 1993. Nosocomial
Acinetobacter meningitis secondary to invasive procedures: report of 25 cases
and review. Clin. Infect. Dis. 17:843-849.

Sreedharan, S., L. R. Peterson, and L. M. Fisher. 1991. Ciprofloxacin resis-
tance in coagulase-positive and -negative staphylococci: role of mutations at
serine 84 in the DNA gyrase A protein of Staphylococcus aureus and Staph-
ylococcus epidermidis. Antimicrob. Agents Chemother. 35:2151-2154.
Tilley, P. A. G., and F. J. Roberts. 1994. Bacteremia with Acinetobacter
species: risk factors and prognosis in different clinical settings. Clin. Infect.
Dis. 18:896-900.

Traub, W. H., and M. Spohr. 1989. Antimicrobial drug susceptibility of
clinical isolates of Acinetobacter species (A. baumannii, A. haemolyticus,
genospecies 3, and genospecies 6). Antimicrob. Agents Chemother. 33:1617—
1619.

Vila, J., M. Almela, and M. T. Jimenez de Anta. 1989. Laboratory investi-
gation of hospital outbreak caused by two different multiresistant Acineto-
bacter calcoaceticus subsp. anitratus strains. J. Clin. Microbiol. 27:1086-1089.

. Vila, J., M. A. Marcos, F. Marco, S. Abdalla, Y. Vergara, R. Reig, R. Gomez-

Lus, and T. Jimenez De Anta. 1993. In vitro antimicrobial production of
B-lactamases, aminoglycoside-modifying enzymes, and chloramphenicol
acetyltransferase by and susceptibility of clinical isolates of Acinetobacter
baumannii. Antimicrob. Agents Chemother. 37:138-141.

Vila, J., J. Ruiz, F. Marco, A. Barcelo, P. Goiii, E. Giralt, and T. Jimenez De
Anta. 1994. Association between double mutation in gyrA gene of ciprofloxa-
cin-resistant clinical isolates of Escherichia coli and MICs. Antimicrob.
Agents Chemother. 38:2477-2479.

Wang, Y., W. M. Huang, and D. E. Taylor. 1993. Cloning and nucleotide
sequence of the Campylobacter jejuni gyrA gene and characterization of
quinolone resistance mutations. Antimicrob. Agents Chemother. 37:457-
463.

Yamagishi, J. I., H. Yoshida, H. Yamayoshi, and S. Nakamura. 1986. Nali-
dixic acid-resistant mutations of the gyrB gene of Escherichia coli. Antimi-
crob. Agents Chemother. 34:1271-1272.

Yoshida, H., M. Bogaki, M. Nakamura, and S. Nakamura. 1990. Quinolone
resistance-determining region in the DNA gyrase gyrA gene of Escherichia
coli. Antimicrob. Agents Chemother. 34:1271-1272.

Yoshida, H., M. Bogaki, M. Nakamura, L. M. Yamanaka, and S. Nakamura.
1991. Quinolone resistance-determining region in the DNA gyrase gyrB gene
of Escherichia coli. Antimicrob. Agents Chemother. 35:1647-1650.
Yoshida, H., T. Kojima, J. I. Yamagishi, and S. Nakamura. 1988. Quinolone-
resistant mutations of the gyrA gene of Escherichia coli. Mol. Gen. Genet.
211:1-7.



