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A thought-provoking new study 
indicates that inhibiting mutation in 
the genomes of pathogenic bacteria 
might be a viable strategy for dealing 
with the growing problem of antibi-
otic resistance.

Floyd Romesberg and colleagues 
used resistance to ciprofloxacin in 
Escherichia coli as their model sys-
tem. Ciprofloxacin interferes with 
the action of topoisomerases, so 
mutations in topoisomerase-encod-
ing genes (such as gyrA) confer 

ciprofloxacin resistance in bacteria. 
Previous work indicated that, when 
challenged with antibiotics, bacteria 
actively induce proteins that promote 
such mutations.

The SOS response — a DNA-
repair process that is triggered by the 
autoproteolytic activity of the gene 
repressor LexA — was thought to be 
a key component of the mutation-
induction process. The authors used 
a mouse-thigh infection model to 
show that LexA was indeed involved: 
a LexA-mutant form of E. coli (lexA 
(S119A)) did not develop resistance 
to ciprofloxacin, whereas 3% of the 
control-strain population did so 
within 72 hours. Repeating these 
experiments with an antibiotic from 
a different class — rifampicin — pro-
duced qualitatively similar results.

The authors followed up these 
studies with in vitro experiments 
that allowed them to compare the 
number of ciprofloxacin-resistant 
mutants arising before and after 
exposure. From these experiments, 
they estimated that ciprofloxacin 
increases the rate of evolution of 
resistance in control strains of E. 
coli by a factor of 104. By contrast, 
the post-exposure mutation rate was 
100-fold lower in the lexA (S119A) 
strain, confirming the in vivo finding 
that LexA derepression is necessary 
for efficient induction of resistance.

In an attempt to identify the 
downstream components of the 
pathway that LexA triggers, Cirz et 
al. then undertook a series of similar 
studies of pre- and post-exposure 

mutation rates for different E. coli 
strains with deletions in various genes 
that are involved in candidate path-
ways. These experiments provided 
clear-cut evidence that both nucleo-
tide-excision-repair and recombina-
tional-gap-repair pathways are not 
involved, whereas RecBC-mediated 
homologous recombination is. 
Moreover, the authors showed that 
the effect of deleting any of the three 
LexA-repressed DNA polymerases 
(Pol II, Pol IV and PolV) was equiva-
lent to preventing LexA cleavage, 
so it seems that LexA acts through 
derepression of all of these enzymes 
to induce mutations.

The authors suggest that the 
recombinational-DNA-repair path-
way might also underlie bacterial 
responses to other antibiotics, and 
indeed other cellular challenges. Such 
a neat system of mutational feedback 
designed to restore the evolutionary 
status quo certainly has an intuitive 
appeal. Moreover, if true, it would 
also have huge implications for our 
understanding of, and therapeutic 
approach to, antibiotic resistance.

Nick Campbell, Executive Editor, 
Heredity

 References and links
ORIGINAL RESEARCH PAPER Cirz, R. et al. 
Inhibition of mutation and combating the evolution 
of antibiotic resistance. PloS Biol. 3, e176 (2005)

M I C R O B I A L  G E N E T I C S

Embrace your inhibitions

NATURE REVIEWS | MICROBIOLOGY  VOLUME 3 | JULY 2005 | 1

R E S E A R C H  H I G H L I G H T S


	Embrace your inhibitions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


