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Table 1.0 Effect of substituents at the 6-position on
DNA gyrase inhibitory activity 1Cso[] and
antibacterial activity) MICO
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HN CaHs
R6 1Cso0] p g/mLO MICO p g/mLO
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Cl 0.88 0.10
Br 3.58 0.78
H 4.61 0.78
NO2 5.13 0.78
OH 8.09 12.50
NH2 16.3 3.13
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QRDR: Quinolone Resistance-Determining Region[] 67-106a.a.0] O
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Fig. 2. Schematic representation of E. coli GyrA amino acid sequences with mutations as-

sociated with quinolone resistance.
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Table 2.0 Properties of norfloxacin-resistant mutants in E. coli K-12

MICO p g/mLO
Strain Characteristics
NFLX CPFX OFLX NA CFEX CP
KL-16 Wild type 0.05 0.025 0.05 3.31 3.13 6.25
KEA12 norA: GyrA mutation 0.39 0.20 0.39 100 3.13 6.25
KEA13 norB: OmpF decrease 0.20 0.10 0.20 12.5 25 12.5
KEA16 norC: OmpF and LPS decrease 0.20 0.05 0.05 0.78 6.25 3.13
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Table 3.0 Properties of norfloxacin-resistant mutants in P. aeruginosa PAO
MICO p g/mLO
Strain Characteristics
NA NFLX CPFX CBPC CAZ IPM CcP
PAO4009 Wild type 50 0.39 0.1 50 1.56 0.78 100
KH4023 nfxA: GyrA mutation 0 1600 3.13 0.78 50 1.56 0.78 50
KH4013 nfxB: 54K ONIl OprJ[J expression 200 6.25 0.78 12.5 0.78 0.78 50
KH4014a nfxC: 50K OMI OprN[ expression 800 | 125 1.56 25 0.78 6.25 0 200
OprD decrease
PAO6006 nalB: 49K ONI OprMUO increase 800 3.13 0.78 200 6.25 0.78 0 200
A. Wild-type
nfxB mexC mexD oprJ
= — I I —
4 4 : : :
(DA v v v
MexC MexD OprJ
NfxB 0 54kDall [
B. nfxB mutant
nfxB mutant mexC mexD oprd
ST} — I I —
! A v v
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. O - (54kDa)

NfxB mutant

Fig. 3.

monas aeruginosa PAO by NfxB.
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History of mode of action and resistance mechanisms of quinolones
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Many new quinolones, namely fluoro-quinolones, have been developed since norfloxacifl NFLXO was discov-
ered in 1978. These drugs became useful medicine for various infectious diseases including pneumonia. The re-
searches on mode of action of quinolone and resistant mechanisms have been made great advances with the
progression of these new quinolones. In this review, | would like to introduce the progress of studies on mode
of action of quinolones and mechanisms of quinolone-resistance in bacteria from mid 1970s.

1. Mode of action; Target enzymes: DNA gyrase and Topoisomerase IV:

It was known that quinolones inhibit DNA replication in Escherichia coli, however, detailed mode of action
was not clarified when we started the research and development of new quinolones. DNA gyrase was identified
as the target enzyme of quinolone in 1977. Afterward, researches on mechanism of actions of quinolones have
been made a remarkable progress using various new quinolones such as norfloxacin. Consequently, interesting
findings were reported such as formation of cleavable complekX] DNA gyrase-DNA-Quinolonelby quinolone, qui-
nolone resistance-determining regiofl QRDR[, and structure-activity relationship for various DNA gyrase in
bacteria. In 1990, new target, namely Topoisomerase IV, of quinolone other than DNA gyrase was identified.
This enzyme was showed to involve with antibacterial activity of quinolones especially respiratory quinolones
and quinolone-resistance mechanisms in Gram-positive bacteria.

2. Quinolone-resistance mechanisms involved in membrane:

We found that quinolone-resistant mechanisms were due to alterations in DNA gyrase and in cell permeabil-
ity of outer membrane proteins in E. coli and Pseudomonas aeruginosa. In E. coli, it was suggested that qui-
nolone might penetrate through the OmpF porin, and alterations in permeability to quinolones in members of
the Enterobacteriaceae have been associated with the decrease of specific outer membrane proteins. We iso-
lated three types of norfloxacin resistant mutants, nfxB, nfxC, and nalB ,showed alteration in membrane per-
meability associated with the appearance and/or increase of outer membrane proteins. Using these mutants, it
was found that these mutations activated efflux pumps in P. aeruginosa, and these data suggested efflux
pumps might play an important role in resistance for various antibacterial agents in P. aeruginosa.

More recently, plasmid-mediated quinolone-resistance in Gram-negative bacteria was found in US and China.
These finding might be very critical for spread of quinolone-resistant genes by plasmids, therefore we will have
to keep watch on this type quinolone-resistance.



