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Abstract — Clinically isolated methicillin-resistant Staphylococcus aureus strains were exposed to subinhibitory concen-
tration of DW286, DW-224a, gemifloxacin, trovafloxacin, sparfloxacin and ciprofloxacin during 26- to 39-days period. Sub-
culturing led to resistance development, and most of the selected mutants were above susceptible breakpoints. Selected
mutants had broad cross resistance to other quinolone antibiotics and only one mutant was completely susceptible to all flu-
oroquinolones. Twenty five among 42 mutants revealed mutations on DNA gyrase and topoisomerase IV by sequencing.
Also 16 mutants had fluoroquinolones MICs that were 4-32 times lower in the presence of reserpine. In conclusion, alter-
ations in DNA gyrase or topoisomerase IV and action of efflux pumping out system are the resistance mechanisms of DW-
224a.
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Fig. 1 - The chemical structures of DW286 and DW-224a.
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Table I - Initial and final MICs of strains for the serial passages and MICs of stabilized strains

Strai MIC (ng/ml)
n Selecti t
clectng agents DW286 DW-224a GEM TVA SPX CIP
Initial 0.008 0.03 0.03 0.03 0.06 0.5
SAL MIC (ug/mil) Final 0.25 32 128 0.5 4 128
Stabilized** 0.25*% 8 4 0.5 2 128
No. of passages 32 38 38 32 32 32
Initial 0.008 0.03 0.03 0.06 0.06 0.25
SA2 MIC (ug/mil) Final 8 32 32 1 2 256
Stabilized 2 8 4 0.25 2 32
No. of passages 29 29 29 29 29 29
Initial 0.008 0.03 0.03 0.03 0.06 0.25
SA3 MIC (ug/ml) Final 0.25 4 64 8 2 512
Stabilized 0.25 4 64 8 2 16
No. of passages 26 26 26 26 26 26
Initial 0.008 0.03 0.03 0.06 0.06 0.25
SA4 MIC (ug/mil) Final 16 64 128 0.5 4 256
Stabilized 4 8 128 0.5 2 128
No. of passages 39 39 39 33 33 35
Initial 0.008 0.03 0.03 0.03 0.06 0.25
SA5 MIC (ug/mil) Final 1 32 32 4 2 128
Stabilized 1 32 4 2 1 64
No. of passages 29 29 29 29 29 29
Initial 0.25 0.004 0.06 0.03 0.03 0.015
SAG MIC (ug/ml) Final 0.12 4 4 4 4 128
Stabilized 0.12 2 4 2 2 32
No. of passages 26 26 26 26 26 26
Initial 0.008 0.015 0.03 0.03 0.06 0.5
SA7 MIC (ug/mil) Final 0.25 32 8 4 2 512
Stabilized 0.12 4 8 1 1 128
No. of passages 29 29 29 29 29 29

*Bold numbers mean under the breakpoint.
**All the mutants were stabilized by 10 antibiotic-free subcultures.
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Table II - Cross resistance and alterations in DNA gyrase and topoisomerase IV of selected mutants

) ) MIC (ug/mi) Alterations on enzymes of:
Strain  Selecting agents
DW286 DW-224a GEM TVA SPX CIP GyrA GyrB GrlA GriB
DW286 0.25 4 4 0.5 2 32
DW-224a 0.5 8 4 0.5 2 32
GEM 4 64 64 8 64 >64 G82C S80F
SA1 TVA 0.06 0.5 0.5 05 1 8 E590K
SPX 0.12 0.5 0.5 0.5 2 4 MB86I
E84G
CIP 0.25 4 4 2 2 >64 S84del S80F
DW286 2 32 16 1 8 >64 E84K  L515F
DW-224a 0.25 8 4 0.5 0.5 32 E472K
SA2 GEM 0.5 8 4 1 2 >64
TVA 0.06 0.06 0.12 0.25 0.25 1 ND ND ND ND
SPX 0.25 2 2 2 2 16
CIP 0.06 1 0.5 0.5 0.5 32
DW286 0.25 1 1 0.5 1 8
DW-224a 0.06 4 2 0.25 1 16
SA3 GEM 2 64 64 8 64 >64 S84L E84K  N584K
TVA 16 16 8 8 4 32
SPX 0.25 1 1 8 2 8
CIP 0.06 1 0.5 0.25 0.5 16 S80F
DW286 4 64 64 16 64 >64 S84L S80F  H633R
DW-224a 0.5 8 8 4 8 >64 E88G W592R  D79N
GEM 8 >64 >64 32 64 >64 S84L All16L
TVA 0.06 1 1 0.5 1 16 W592R  D79N
SA4 Ms861
V87F
SPX 0.12 0.5 0.5 0.5 2 8 E84G
Ms861
CIp 1 8 16 4 8 >64 S84L Al16E
DW 286 1 32 16 1 2 >64
DW-224a 1 32 16 1 2 >64 S84L P585T
GEM 0.5 8 4 1 1 >64 Al16P
SA5 TVA 0.5 1 1 2 2 32 S84A Al116P  T557R
SPX 0.12 1 1 0.5 1 4 E84G
M861
CIP 0.12 1 1 05 0.12 64
DW 286 0.12 4 8 1 1 32 G623D  D79N
DW-224a 0.12 2 1 05 0.5 32
GEM 1 64 4 1 2 32
SA6 TVA 0.12 0.5 0.5 2 0.5 8 A120E S80F
SPX 1 4 2 1 2 8 S84L E84V
S85P
CIP 0.06 4 1 05 0.12 32
DW 286 0.12 1 1 1 0.5 8 S80F
DW-224a 0.5 4 2 0.5 1 32 E88G A588E  S108N
SA7 GEM 1 8 8 1 1 64
TVA 0.06 0.12 0.25 1 0.5 16 S80F
SPX 0.5 2 1 1 1 4
CIP 1 64 32 2 64 >64 S84L E84K

*Bold numbers mean cross resistance.
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Table III - MIC determination with or without reserpine for the mutants having no alterations in DNA gyrase or topoisomerase IV

DW286 DW224a GMFX TVFX SPFX CPFX
reserpine () (+) R* () (+) R () (+) R 60 + R (- () R - ) R
SAl DW28 - - - 4 05 8 4 05 8 - - - - - 32 4 8
DW224a 05 012 4 8 05 16 4 05 8 - - - - - 32 4 8
SA2  GEM - - 8 2 4 1 4 1 025 4 - - - >64 16 >8
SPX - 2 05 4 e e -
CIP - 1 025 4 - - - - - 32 4 8
SA3  DW286 - - 1 012 8 1 012 8 - - - - 8 2 4
DW-224a - - - 4 025 16 2 025 8 - - - - - 16 4 4
TVA 6 05 32 16 05 32 8 1 8 - - - - - . 32 4 8
SPX - - . 1 02 4 1 012 8 8 05 16 - - - 8 2 4
SA5 DW 28 - - 32 2 16 16 05 32 - - - - - >4 4 >16
CIP - 1 025 4 1 012 8 - - - - - 64 4 16
SA6 DW-224a - - 2 025 8 1 025 4 - - - - - 32 1 32
GEM - 64 1 64 4 1 4 1 025 4 - - 32 4 8
CIP .- - 4 006 64 1 012 8 - - - 32 2 16
SA7  GEM 1 02 4 8 05 16 8 05 16 1 025 4 - - 64 4 16
SPX - 2 05 4 - - -

*R means ratios MIC without reserpine/with reserpine.
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