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uids=9518

RESEARCH HIGHLIGHTS

A helping hand

Hsp90 is well known for its role as
a molecular chaperone — a protein
that assists the folding of other pro-
teins (‘clients’). Now, research pub-
lished in Science reveals that Hsp90
might also influence the evolution
of new traits by potentiating the
phenotypic effect of genetic varia-
tion. Studies of the evolution of drug
resistance in several strains of patho-
genic fungi demonstrate an essential
role for Hsp90 and its client protein
calcineurin, and implicate Hsp90 as
a novel antifungal target.

As a chaperone for many signal
transducers, Hsp90 is able to ‘buffer’
the effects of genetic variation by ena-
bling the cell to tolerate mutations.
Although Hsp90 is highly inducible
following environmental stress, the

demands of stress-induced protein
misfolding can outpace its induction,
enabling previously silent mutations
to act combinatorially and generate
new phenotypes. It now seems that
Hsp90 has yet another role in the
emergence of new traits: by allow-
ing a mutation to have immediate
effects rather than buffering against
it, HSP90 might actually potentiate
the appearance of new phenotypes.

Leah Cowen and Susan Lindquist
examined the role of Hsp90 in the
evolution of resistance to antifungal
drugs. Using rapid selection of three
strains of Saccharomyces cerevisiae
with varying levels of Hsp90, they
demonstrated that the development
of resistance depended on high-level
expression of Hsp90. Moreover,
Hsp90 was required to maintain
resistance rather than just to cope
with the initial selection stress.

The Hsp90-dependent effect was
specific to mutants generated by rapid
selection, which favours mutations
that prevent the accumulation of
toxic metabolites, rather than gradual
selection which involves upregula-
tion of a multidrug transporter.
However, in 11 previously identified
S. cerevisiae drug-resistant deletion
strains, all were found to be Hsp90-
dependent, showing that Hsp90 can
influence the resistance caused by a
variety of different genetic lesions.

But how does Hsp90 achieve
this? One possibility is that a com-
mon regulator exists to mediate
Hsp90-dependent effects on differ-
ent mutations. An obvious candidate

was calcineurin, an Hsp90 client
known to regulate the cell’s response
to azoles. Accordingly, inhibition
of calcineurin strongly reduced
fluconazole resistance in all Hsp90-
dependent resistant strains.

These findings reveal an attractive
therapeutic strategy against fungal
infection, as similar results were seen
with several fungal pathogens. It is
particularly significant that Hsp90
was crucial for the evolution of anti-
fungal resistance in clinical isolates of
Candida albicans collected from an
HIV-infected individual. With
continued exposure to fluconazole,
the clinical isolates evolved towards
Hsp90-independent resistance,
prompting speculation that Hsp90
initially allows the phenotype to be
expressed but that environmental
stress drives the cell towards stabiliz-
ing the resistant phenotype. Inhibiting
Hsp90 early in infection could there-
fore render resistant fungal pathogens
sensitive to conventional treatment
or could prevent the initial develop-
ment of antifungal-drug resistance.
Moreover, Hsp90 inhibitors are
already being evaluated in clinical
trials for cancer, and seem to be well
tolerated at levels that achieve signifi-
cant inhibition.

Joanna Owens, Associate Editor,
Nature Reviews Drug Discovery

&) References

ORIGINAL RESEARCH PAPER Cowen, L.
& Lindquist, S. Hsp90 potentiates the rapid
evolution of new traits: drug resistance in
diverse fungi. Science 309, 2185-2189
(2005)

NATURE REVIEWS [MICROBIOLOGY

© 2005 Nature Publishing Group

VOLUME 3 [ DECEMBER 2005 | 1



	A helping hand
	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


