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In this paper we investigated the ability of 2-nitrofluorene to induce mutations leading to antibiotic resistance in 
quinolone-sensitive strain Salmonella typhimurium. After preincubation of bacteria with 2-nitrofluorene, the frequency 
of mutation to ciprofloxacin resistance was 57 fold higher than in the case of spontaneous mutability. Some of result-
ant resistant colonies showed a great increase of ciprofloxacin MIC. 

INTRODUCTION

Many mutagenic agents appearing in the environment 
generated in food processing or contained in some drugs, 
can react with DNA and be responsible for the induction 
of mutations. 2-Nitrofluorene (2NF) is a nitropolycyclic 
aromatic hydrocarbon, which is potentially mutagenic and 
carcinogenic to humans through inhalation, ingestion, and 
skin contact1–3 and is mutagenic for bacteria4.

Beside undoubted role of the mutations in the carcino-
genesis, which is intensively studied, mutations are also 
the primary cause of drug resistance. Chromosomal muta-
tions can lead to antibiotic resistance in several different 
ways. A single step mutation that altered a ribosomal pro-
tein, for example, conferred resistance to streptomycin by 
presumably altering the antibiotic-binding site5. Mutations 
in regulators or regulatory regions can contribute to the 
resistance by leading to the overproduction of efflux 
pumps or the target itself6.

Emerging resistance to fluoroquinolones in Salmonella 
spp. has been reported both in human and animal cases 
and is thus threatening to become a serious public health 
problem7, 8. Human nontyphoidal Salmonella infections 
are increasingly frequent in developed countries9, and the 
emergence of fluoroquinolone-resistant Salmonella strains 
is a serious matter of concern since this class of antibac-
terial agents constitutes a treatment of choice in cases 
of acute salmonellosis due to multiresistant strains10–13, 
whose prevalence is increasing14, 15.

In Salmonella spp., quinolone resistance has be-
come attributed to point mutations in genes for DNA 
gyrase, whose complex with DNA is primary target of 
quinolones7, 8. In addition to this mechanism of target 
modification that is strictly specific to quinolones, gram-
negative bacteria can face the presence of toxic com-
pounds, including antibiotics, by excluding them from 
cell. Changes in cell envelope, including loss of outer 

membrane porins or alterations of the lipopolysacharide, 
can be partially responsible for decreased susceptibility to 
a wide range of unrelated antibiotics16, 17. Also some of the 
multidrug efflux pumps, which belong to several families, 
exhibit a low specificity and thus confer decreased suscep-
tibility or even clinically significant resistance to several 
classes of antibiotics when they are overexpressed18.

Therefore the aim of this work was to examine the ef-
fect of 2-nitrofluorene on induction of mutations leading 
to ciprofloxacin resistance in Salmonella typhimurium.

MATERIAL AND METHODS

Bacterial strain and chemicals: The bacterial strain 
used in this study, quinolone-susceptible Salmonella 
typhimurium TA 98 was received from the Collection 
of Microorganisms, Masaryk University, Brno (Czech 
Republic). 2-nitrofluorene and ciprofloxacin were pur-
chased from Sigma-Aldrich (Germany). 

Antimicrobial susceptibility testing: The MICs were 
determined by agar dilution method using agar plates 
containing serial twofold dilutions of drug, and by 
microsuspenssion assay in 96-well microplates. The MIC 
was defined as the lowest concentration of drug that 
completely inhibited visible growth of the bacteria after 
incubation for 18h at 37 °C.

Ames test: The test was performed using the classi-
cal plate incorporation method according Maron and 
Ames19.

Determination of mutation frequency to antibiotic 
resistance: 0.1 ml of overnight culture (cultivation for 
16 h at 37 °C, approximate cell density 2–5 × 108 cells/
ml), 0.1 ml of a solution of 2NF and 0.5 ml of phosphate 
buffer of pH 7.4 were mixed and preincubated at 37 °C 
for 30 min. Then 0.7 ml of double strength nutrient broth 
was added and the culture were incubated 3 h at 37 °C 
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to allow a few cell divisions and protein expression to oc-
cur. The top agar supplemented with ciprofloxacin was 
added, test tubes were vortexed rigorously and the number 
of resistant revertants that emerged in each culture was 
determined by plating the entire culture on agar plates 
containing ciprofloxacin at concentration of 2 × MIC. 
Plates were incubated aerobically for 72 h at 37 °C. 

Cytotoxicity assay: The number of viable cells was 
determined by plating an appropriate dilution of three 
cultures on nonselection medium. Plates were incubated 
aerobically for 24 h at 37°C. 

Statistical evaluation of results: Experiments were re-
peated independently at least three times in five parallel 
estimation for each 2NF concentration and results were 
statistically evaluated using the Student‘s t-test. The fre-
quency of resistant mutants (resistance index RI) was ex-
pressed as the mean number of resistant colonies divided 
by the total number of viable cells per culture.

RESULTS AND DISCUSSION

Isolation of ciprofloxacin-resistant strains
Spontaneous resistant mutants of Salmonella typhi-

murium appeared at frequencies ∼9 × 10–8 after 72h of 
incubation on agar plates containing ciprofloxacin at 2 × 
MIC. The resistance index of cells that grew at the same 
conditions increased after previous exposure to 2NF to 
values ranging from 1 × 10 –6 to 5 × 10 –6 depending from 
the 2NF concentration. At the concentration of 10 µg/
0.1 ml of 2NF we achieved 57 fold increase of RI. The 
relationship between the concentration of mutagen and 
resistance index is evident from Fig. 1. The number of re-
vertants in the Ames test confirmed the mutagenic activity 
of 2-nitrofluorene in used concentrations. 

Sensitivity of isolated cultures to ciprofloxacin
Although the resistant mutants were isolated at con-

centration of ciprofloxacin of 0.06 µg/ml, they were re-
sistant not only to selective concentration. From each 
culture which grew on selective plates after previous treat-
ment with 2-NF, one mutant colony was picked and evalu-
ated for ciprofloxacin MIC. It is evident from Fig. 2, that 
isolated cultures were capable to grow on the plates with 
higher concentrations of ciprofloxacin in some cases even 
at concentration of 50 µg/ml. 

According to National Antimicrobial Susceptibility 
Program20, ciprofloxacin susceptibility limit for Salmonella 
typhimurium is 4 µg/ml, and bacteria which grow in the 
presence of ciprofloxacin in these and higher concen-
tration are considered to be resistant. When classifying 
isolated mutant strains according of this criterion, some 
of selected mutants are resistant and some have only de-
creased sensitivity to ciprofloxacin.

The development of antibiotic resistance among bac-
terial populations reflects the interplay of intrinsic ge-
netic features of the strain and exogenous environmental 
factors21. Our results provide evidence that environmental 
mutagens may contribute to the development of bacterial 
antibiotic resistance. 

Fig. 1.  Mutation frequency (resistance index RI) to cip-
rofloxacin resistance and the number of his+ re-
vertants of Salmonella typhimurium induced by 
2-nitrofluorene.
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Fig. 2.  The highest values of ciprofloxacin concentration 
which allowed the visible growth of isolated bacte-
rial strains. Each column represents one bacterial 
culture isolated on selective plate as a consequence 
of spontaneous (0 µg/ml of 2-NF) or 2-NF–induced 
mutations. Strains growing in the concentrations of 
ciprofloxacin > 4 µg/ml (break) are considered to 
be resistant.

L. Birošová, M. Mikulášová



403

ACKNOWLEDGEMENT

This work was supported by the Slovak Grant Agency 
VEGA (Project no. 1/1173/04)

REFERENCES 

 1. IARC (International Agency for Research on Cancer) Monographs 
on the Evaluation of the Carcinogenic Risks to Humans. In: Diesel 
and Gasoline Engine Exhausts and Some Nitroarenes, vol 46. Lyon: 
International Agency for Research on Cancer, 1989.

 2. Fu PP. (1990) Metabolism of nitro-polycyclic aromatic hydrocar-
bons. Drug Metab Rev  22, 209–68.

 3. Purohit V, Basu AK. (2000) Mutagenicity of nitroaromatic com-
pounds. Chem Res Toxicol  13, 673–92.

 4. Lankaputhra WEV, Shah NP. (1998) Antimutagenic properties of 
probiotic bacteria and of organic acids. Mut Res 397, 169–82. 

 5. Davies J, Wright GD. (1997) Bacterial resistance to aminoglycoside 
antibiotics, Trends Microbiol 5, 234–40.

 6. Hogan D, Kolter R. (2002) Why are bacteria refractory to antimi-
crobials? Current Opinion Microbiol 5, 472–7.

 7. Pidock LJ. (2002) Fluroquinolone resistance in Salmonella serov-
ars isolated from humans and food animals. FEMS Microbiol Rev 
26, 3–16.

 8. Cloeckaert A, Chaslus-Dancla E. (2001) Mechanism of quinolone 
resistance in Salmonella. Vet Res 32, 291–300.

 9.  Tauxe RV. Epidemiology of Salmonella. In: Oral communica-
tion presented at session 94 of the 92nd General Meeting of the 
American Society for Microbiology. Washington DC, American 
Society for Microbiology, 1992. 

10. Barnass S, Franklin J, Tabaqchali S. (1990) The successful treat-
ment of multiresistant non-enteric salmonellosis with seven day 
oral ciprofloxacin. J Antimicrob Chemother 25, 299–300.

11. Cherubin CE, Eng RHK. (1991) Quinolones for the treatment of 
infections due to Salmonella. Rev Infect Dis 13, 343–44.

12. Reid TMS. (1992) The treatment of non-typhi salmonellosis. J Anti-
microb Chemother 29, 4–8.

13. Shah PM. (1989) Use of quinolone for the treatment of patients 
with bacteremia. Rev Infect Dis 11 (Suppl. 5), S1156–9.

14. Fisher IST. (1997) Salmonella enteritidis and S. typhimurium in 
Western Europe for 1993-1995: a surveillance report from Salm-
Net. Eurosurveillance 2, 4–6.

15.  Threlfall EJ, Ward LR, Rowe B. (1997) Increasing incidence of re-
sistance to trimethoprime and ciprofloxacin in epidemic Salmonella 
typhimurium DT 104. Eurosurveillance 2, 81–3.

16. Cohen SP, McMurry LM, Levy SB. (1988) marA locus causes 
decreased expression of OmpF porin in multiple-antibiotic-resistant 
(Mar) mutants of Escherichia coli. J Bacteriol 170, 5416–22.

17. Rajyaguru JM, Muszynski MJ. (1997) Association of resistance to 
trimethoprim/sulphamethoxazole, chloramphenicol and quinolo-
nes with changes in major outer membrane proteins and lipopoly-
saccharide in Burkholderia cepacia. J Antimicrob Chemother 40, 
803–9.

18. Nikaido H, Basina M, Nguyen V, Rosenberg EY. (1998) Multidrug 
efflux pump AcrAB of Salmonella typhimurium excretes only those 
beta-lactam antibiotics containing lipophilic side chains. J Bacteriol 
180, 4686–92.

19. Maron D, Ames B. (1983) Revised methods for the Salmonella 
mutagenicity test. Mutat Res 113, 173–215.

20. Fedorka-Cray PJ, Miller M, Tollefson L, Dargatz DA, Wineland 
NE. National Antimicrobial Susceptibility Monitoring Program 
– Veterinary Isolates. Washington DC: United States Government 
Printing, 1998.

21. Monteiro ACM, Ferreira RCC, Padilla LCS, Costa SOP. (2003) 
Environmental and genetic factors affecting mutability to aminogly-
coside antibiotics among Escherichia coli K12 strains. Genetic and 
Molecular Biology 26, 221–7.

Development of ciprofloxacin resistance due to chromosomal mutations induced by 2-nitrofluorene 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


