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How to trigger a fungal

weapon

A fungus called Aspergillus terreus produces a secondary metabolite in

response to various environmental signals to give it an advantage over

its competitors.
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Image Researchers have identified several
genes that trigger the production of terrein

(pink) in the fungus

both positive and negative. One of the

reasons for this is that most fungi produce
a multitude of small organic molecules called
secondary metabolites. Different species employ
a strikingly diverse arsenal of secondary metabo-
lites, most of which are released into the
environment (Sanchez et al., 2012). Secondary
metabolites are not directly required to ensure the
growth of the organism, but confer an advantage
under specific environmental conditions.

Fungi use secondary metabolites to defend
against predators and competitors, for chemical
communication, or in the case of pathogenic
fungi, to manipulate their animal and plant hosts
(Brakhage et al., 2013). Secondary metabolism
is therefore likely to be shaped to a large extent
by interactions with other organisms. For exam-
ple, fungi secrete enzymes to digest their food,
which allows them to grow on virtually any
organic matter, but also means that the products

Fungi affect our lives in many different ways,

of their digestion are in principle a free meal for
other organisms. And by secreting secondary
metabolites that target these organisms, fungi
are able to defend their niche to avoid compet-
itors taking advantage of the available food.

Well-known examples of secondary metabo-
lites produced by fungi are the poisonous food
contaminant aflatoxin, the antibiotic penicillin
and the anticancer drug taxol. These molecules
illustrate the negative and positive effects of
secondary metabolites on humans, and underline
their outstanding potential for medicinal use.
However, it is not known what roles most of these
molecules play in the lives of the fungi that produce
them. Moreover, most secondary metabolites are
not produced when the fungi are grown in the
laboratory, which makes it difficult to characterize
them. Now in elLife, Matthias Brock and co-workers
- including Markus Gressler as first author — report
a new role for a major secondary metabolite called
terrein, and characterize the environmental stimuli
that induce the mold Aspergillus terreus to pro-
duce it (Figure 1; Gressler et al., 2015).

A. terreus is a common soil-borne fungus that
feeds on dead organic material, but is also able to
invade plants and cause life-threatening infections
in humans with weakened immune systems.
Genome analysis indicated that this fungus might
produce more than 68 secondary metabolites,
although only 14—including the cholesterol-
lowering drug lovastatin—have been identified
so far (Guo and Wang, 2014). The compound
terrein was first described 80 years ago, but how
A. terreus makes terrein was only resolved in 2014
by the Brock group (Zaehle et al., 2014). Terrein
was previously shown to be harmful to plant cells
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Figure 1. Environmental signals activate production of
terrein by the mold Aspergillus terreus to improve its
competitiveness. To adapt to changing environmental
conditions and different ecological niches, microorgan-
isms need to be able to sense and respond to
environmental signals. Gressler et al. identified three
independent signals that stimulate production of the
compound terrein by Aspergillus terreus — nitrogen
starvation, methionine, and iron starvation. In this
mold’s natural niche within plants and in the soil
surrounding plant roots, terrein is a chemical weapon
used to inhibit the growth of bacteria, plants and other
fungi, but also helps to improve iron supply to the
producer.

as it inhibits the germination of seeds and causes
lesions on plant surfaces, and probably helps the
fungus to colonize its host.

Based on the observation that potato extract
(an ingredient of a standard medium used for
culturing fungi) activates the production of terrein,
Gressler et al. — who are based at the Hans Knoell
Institute, Friedrich Schiller University and Notting-
ham University — systematically characterized
how different conditions impact terrein produc-
tion. This analysis revealed that the genes that
encode the terrein biosynthetic pathway are
activated by three independent environmental
stimuli: nitrogen starvation, iron starvation, and
the presence of the amino acid methionine. These
conditions are typically found in the plant and the
plant root area, known as the rhizosphere, and are
used by the mold to sense these niches.

Next, by genetic engineering of the mold,
Gressler et al. identified three transcription factors
that activate genes in response to environmental

signals. Previous studies have revealed the roles
of these regulators in altering the production of
primary metabolites — which are required for
normal growth and reproduction — in response to
stress and the availability of nitrogen and iron
(Haas, 2012; Tudzynski, 2014). However, it is not
known how the mold perceives the methionine
signal. Nitrogen and iron also regulate the pro-
duction of other secondary metabolites (Tudzynski,
2014; Wiemann et al., 2014), suggesting that
these environmental cues are often used to adjust
secondary metabolism. The complex environmental
control of terrein production revealed by Gressler
et al. represents a prime example of how micro-
organisms adapt their secondary metabolism to the
niche they inhabit.

In addition to its ability to inhibit the growth of
plants, it has been reported that terrein can inhibit
the growth of bacteria, fungi and mammalian cells,
and that it can also act as an antioxidant and anti-
inflammatory (Zaehle et al., 2014). Now, Gressler
et al. have discovered that terrein supports iron
uptake by the fungus that produces it, but inhibits
the growth of even closely related molds. This
clearly indicates that terrein improves the com-
petiveness of the producer. It will be exciting to
learn how terrein is able to influence many
different biological processes in different organ-
isms, and how the producer protects itself against
this molecule.

Hubertus Haas is in the Division of Molecular Biology,
Biocenter, Medical University of Innsbruck, Innsbruck,
Austria

hubertus.haas@i-med.ac.at

Competing interests: The author declares that no
competing interests exist.

Published 01 September 2015

References

Brakhage AA. 2013. Regulation of fungal secondary
metabolism. Nature Reviews Microbiology 11:21-32.
doi: 10.1038/nrmicro2916.

Gressler M, Meyer F, Heine D, Hortschansky P,
Hertweck C, Brock M. 2015. Phytotoxin production in
Aspergillus terreus is regulated by independent
environmental signals. eLife 4:e07861. doi: 10.7554/
elLife.07861.

Guo CJ, Wang CC. 2014. Recent advances in genome
mining of secondary metabolites in Aspergillus terreus.
Frontiers in Microbiology 5:717. doi: 10.389/fmicb.
2014.00717.

Haas H. 2012. I[ron—a key nexus in the virulence of
Aspergillus fumigatus. Frontiers in Microbiology 3:28.
doi: 10.3389/fmicb.2012.00028.

Sanchez JF, Somoza AD, Keller NP, Wang CC. 2012.
Advances in Aspergillus secondary metabolite research
in the post-genomic era. Natural Product Reports 29:
351-371. doi: 10.1039/c2np00084a.

Haas. elife 2015;4:e10504. DOI: 10.7554/eLife.10504

20of3


mailto:hubertus.haas@i-med.ac.at
http://dx.doi.org/10.1038/nrmicro2916
http://dx.doi.org/10.7554/eLife.07861
http://dx.doi.org/10.7554/eLife.07861
http://dx.doi.org/10.389/fmicb.2014.00717
http://dx.doi.org/10.389/fmicb.2014.00717
http://dx.doi.org/10.3389/fmicb.2012.00028
http://dx.doi.org/10.1039/c2np00084a
http://dx.doi.org/10.7554/eLife.10504

e LI F E Insight

Tudzynski B. 2014. Nitrogen regulation of fungal
secondary metabolism in fungi. Frontiers in
Microbiology 5:656. doi: 10.3389/fmicb.2014.00656.
Wiemann P, Lechner BE, Baccile JA, Velk TA, Yin WB,
Bok JW, Pakala S, Losada L, Nierman WC, Schroeder
FC, et al. 2014. Perturbations in small molecule
synthesis uncovers an iron-responsive secondary

Microbial ecology | How to trigger a fungal weapon

metabolite network in Aspergillus fumigatus. Frontiers
in Microbiology 5:530. doi: 10.3389/fmicb.2014.
00530.

Zaehle C, Gressler M, Shelest E, Geib E, Hertweck C,
Brock M. 2014. Terrein biosynthesis in Aspergillus terreus
and its impact on phytotoxicity. Chemistry & Biology 21:
719-731. doi: 10.1016/j.chembiol.2014.03.010.

Haas. elLife 2015;4:e10504. DOI: 10.7554/eLife.10504

3of3


http://dx.doi.org/10.3389/fmicb.2014.00656
http://dx.doi.org/10.3389/fmicb.2014.00530
http://dx.doi.org/10.3389/fmicb.2014.00530
http://dx.doi.org/10.1016/j.chembiol.2014.03.010
http://dx.doi.org/10.7554/eLife.10504


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'eLife'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


