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Silencing sounds off

Silent chromatin in budding yeast is propagated from one generation to

the next, even though ‘silenced’ genes are occasionally expressed.
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Image A new assay employs a permanent
switch from red to green fluorescence to
mark yeast cells that ‘derepress’ silenced

genes

f a tree falls in a forest and no one is there to

hear it, does it make a sound? While questions

about the perception and generation of sound
can be debated endlessly, one thing is certain:
a tree did fall. If a tree only swayed in a forest,
how would we know? Sometimes events
transpire that leave no evidence of their
occurrence.

DNA in eukaryotic cells is wrapped around
histone proteins to form a structure called
chromatin. Heterochromatin
densed form of chromatin that silences the genes
encoded in the DNA, and is inherited by new
cells via a code of chemical marks on the histones
and sometimes the DNA. Female mammals
convert one of their two X chromosomes into
heterochromatin, which stops them from
expressing a double dose of all X-linked genes
for a lifetime. Likewise, a heterochromatin-like
structure in budding yeast, termed ‘silent chro-
matin’, controls the yeast's sexual identity via
faithful gene silencing. Now, in elife, Anne
Dodson and Jasper Rine—from the University of
California, Berkeley—report that budding yeast

is a more con-

occasionally breaks this wall of silence (Dodson
and Rine, 2015).

During mating of the budding yeast, Saccha-
romyces cerevisiae, cells of opposite mating-
types fuse with one another. A yeast cell’'s mating
type can be MATa or MATa, depending on which
pair of genes is at the MAT locus in its genome
(Figure 1A). Identical, but silenced, copies of the
mating-type genes are found at two other
genome locations. Budding yeast use these
‘hidden MAT loci’ as templates to replace the
genes at the MAT locus when switching between
mating types. The hidden MAT loci have been
studied for decades to understand how chroma-
tin shuts off genes.

Nearby sections of DNA, termed silencers,
distinguish the hidden MAT loci from all other
locations in the yeast genome (Ruschée et al.,
2003). Proteins bind to the silencers, and recruit
a set of proteins called the Sirs. Sir2, Sir3 and Sir4
proteins form a large complex that spreads out
from the silencers by binding to, and modifying,
the surrounding histones (Figure 1B). An addi-
tional Sir protein, called Sir1, remains at the
silencers to help recruit the other Sirs. Gene
silencing by Sir proteins reduces the expression
of ‘silenced’ genes below detectable limits and
renders the DNA almost entirely inaccessible.
Typically, non-silenced cells are found about as
often as the spontaneous mutations that in-
activate the silencing process.

To the casual observer, silent chromatin might
thus seem inert and unchanging. Two previous
observations, however, suggested that this is not
the case. First, silencing proteins constantly move
onto, and off of, heterochromatin (Cheng and
Gartenberg, 2000; Cheutin et al., 2003; Fes-
tenstein et al., 2003). Second, reporter genes
placed within silent chromatin can be artificially
prodded toward expression during certain stages
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Figure 1. Gene silencing in budding yeast, and the recombinase assay used to record transient derepression.
(A) The mating-type loci of budding yeast. The two silenced hidden MAT loci, HML and HMR, are indicated by red
slashes and contain the a and a mating-type genes (purple arrows), respectively. The expressed MAT locus can
contain either set of genes. Orange ovals depict sections of DNA called silencers. (B) The distribution of silencing
proteins at one hidden MAT locus HMR. Silencer binding proteins (orange) together with Sir1 (light green) recruit
the Sir complex, composed of Sir2, Sir3 and Sir4 (pink). The complex spreads out from silencers; binding to and de-
acetylating histone proteins (blue cylinders) in the chromatin, which results in gene silencing. (C) Dodson and Rine
devised a new assay to measure transient derepression of a silenced locus. They replaced a2 in HML with the coding
sequence of an enzyme called Cre recombinase (yellow arrow). If HML derepresses, even briefly, the recombinase is
expressed. The Cre enzyme recognizes two loxP sequences (arrowheads) in a reporter construct elsewhere in the
genome, causing a rearrangement in the construct that removes RFP and activates GFP. This means that transient
derepression events are recorded by a permanent switch from red to green fluorescence.

of the cell cycle (Aparicio and Gottschling, switch from red to green fluorescence. Recom-
1994)—suggesting that heterochromatin might binases have been used similarly in the past to

occasionally break its silence. detect gene expression in bacterial pathogens
Do the dynamic properties of silent chroma-  during infection (Camilli et al., 1994).
tin ever permit silenced mating-type genes to This assay revealed that ‘silenced’ yeast genes

be expressed? To address the question, Dodson are expressed, or ‘derepressed’, in wild-type
and Rine developed an elegant assay that cells, as Dodson and Rine observed green
means even a rare event—a momentary loss of  fluorescent sectors within otherwise red fluores-
silencing in this case—is marked in a way that cent yeast colonies. Each green sector marks
persists and is easily detectable. They intro- when silencing was briefly lost, and looking at
duced the coding sequence of an enzyme called how often these sectors appeared suggests that
Cre recombinase into the hidden MAT loci such events are rare, occurring roughly once out
(Figure 1C). On a different chromosome, Dod-  of every 1000 cell divisions. The assay was used
son and Rine assembled a reporter construct to reveal that Hst3, an enzyme closely related to
from the genes for red and green fluorescent Sir2 that also modifies histones, also contributes
proteins (i.e. RFP and GFP) that works as to silencing of the hidden MAT loci. Mutants
follows: if silencing is lost in a cell, the withoutthe gene for Hst3 develop seven times as
recombinase removes the RFP gene and causes many green sectors as wild-type yeast, but fail to
that cell, and all its descendants, to permanently register derepression in conventional assays
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(Yang et al., 2008). This illustrates the sensitivity
of the recombinase approach.

Dodson and Rine also looked at how often
they could detect the expression of Cre recom-
binase within individual cells using a technique
called ’‘single-molecule RNA FISH' (Raj et al.,
2008). In most cells, they detected nothing more
than background. However, in about one in every
2500 cells (about as often sectors formed in their
colony assay), they found Cre recombinase was
expressed at roughly 25% of the level reached in
cells that cannot silence at all. The data indicate
that rare, sub-maximal bursts of transcription
occur within chromatin that has been silenced.

Silencing is viewed as the culmination of
three steps: a silent state is first established,
then maintained and finally passed on to the
cell’'s descendants. Sir2, Sir3 and Sir4 participate
in all three steps, but Sir1 is different. In mutant
yeast without Sir1, silencing is lost and not
restored efficiently in some cells, whereas in
other cells silencing is propagated from
generation to generation. This suggests that
silencing cannot be established well without
Sir1 (Pillus and Rine, 1989; Xu et al., 2006).
Dodson and Rine revisited the role of Sir1
using their sensitive sector-based assay and
found that silencing cannot be properly main-
tained and/or inherited without Sir1 either. But
how might this work? It's possible that Sir1
counteracts common disruptions to silent
chromatin, like DNA replication, and rapidly
re-establishes the silent state each cell cycle.
Alternatively, Sir1 might continuously replace
any silencing proteins that are normally lost
from heterochromatin. In this regard, it is
significant that silencers, where Sir1 binds,
also continuously maintain the silent state,
even in the absence of DNA replication
(Cheng and Gartenberg, 2000).

Evolution has not selected for a more durable
silent chromatin, most likely because of a need to
balance silencing with other cellular processes.
Silent chromatin must be flexible enough to
permit the passage of the DNA replication
machinery and allow mating-type switches.
Moreover, if the Sir protein complex could
associate with histones tightly enough to block
all gene expression, then non-specific binding by
the complex might silence the wrong genes
elsewhere in the genome. Instead, evolution
settled upon a heterochromatin-like structure at
the hidden MAT loci that is dynamic and permits

breaks in the silence that had never been heard
before now.

Yu-Fan Chen is in the Department of Biochemistry and
Molecular Biology, Robert Wood Johnson Medical
School, Rutgers University, Piscataway, United States
Marc R Gartenberg is in the Department of Bio-
chemistry and Molecular Biology, Robert Wood John-
son Medical School, Rutgers University, Piscataway,
United States and The Cancer Institute of New Jersey,
New Brunswick, United States
marc.gartenberg@rutgers.edu

Competing interests: The authors declare that no
competing interests exist.

Published 02 March 2015

References

Aparicio OM, Gottschling DE. 1994. Overcoming
telomeric silencing: a trans-activator competes to
establish gene expression in a cell-cycle dependent
way. Genes & Development 8:1133-1146. doi: 10.1101/
gad.8.10.1133.

Camilli A, Beattie DT, Mekalanos JJ. 1994. Use of genetic
recombination as a reporter of gene expression.
Proceedings of the National Academy of Sciences of USA
91:2634-2638. doi: 10.1073/pnas.91.7.2634.

Cheng TH, Gartenberg MR. 2000. Yeast heterochromatin
is a dynamic structure that requires silencers
continuously. Genes & Development 14:452-463.
Cheutin T, McNairn AJ, Jenuwein T, Gilbert DM, Singh
PB, Misteli T. 2003. Maintenance of stable
heterochromatin domains by dynamic HP1 binding.
Science 299:721-725. doi: 10.1126/science.1078572.
Dodson AE, Rine J. 2015. Heritable capture of
heterochromatin dynamics in Saccharomyces
cerevisiae. elife 4:e05007. doi: 10.7554/eLife.05007.
Festenstein R, Pagakis SN, Hiragami K, Lyon D,
Verreault A, Sekkali B, Kioussis D. 2003. Modulation of
heterochromatin protein 1 dynamics in primary
mammalian cells. Science 299:719-721. doi: 10.1126/
science.1078694.

Pillus L, Rine J. 1989. Epigenetic inheritence of
transcriptional states in Saccharomyces cerevisiae. Cell
59:637-647. doi: 10.1016/0092-8674(89)90009-3.

Raj A, van den Bogaard P, Rifkin SA, van Oudenaarden
A, Tyagi S. 2008. Imaging individual mRNA molecules
using multiple singly labeled probes. Nature Methods
5:877-879. doi: 10.1038/nmeth.1253.

Rusché LN, Kirchmaier AL, Rine J. 2003. The
establishment, inheritance, and function of silenced
chromatin in Saccharomyces cerevisiae. Annual Review
of Biochemistry 72:481-516. doi: 10.1146/annurev.
biochem.72.121801.161547.

Xu EY, Zawadzki KA, Broach JR. 2006. Single-cell
observations reveal intermediate transcriptional
silencing states. Molecular Cell 23:219-229. doi: 10.
1016/j.molcel.2006.05.035.

Yang B, Miller A, Kirchmaier AL. 2008. HST3/HST4-
dependent deacetylation of lysine 56 of histone H3 in
silent chromatin. Molecular Biology of the Cell 19:
4993-5005. doi: 10.1091/mbc.E08-05-0524.

Chen and Gartenberg. eLife 2015;4:e06717. DOI: 10.7554/eLife.06717

3of3


mailto:marc.gartenberg@rutgers.edu
http://dx.doi.org/10.1101/gad.8.10.1133
http://dx.doi.org/10.1101/gad.8.10.1133
http://dx.doi.org/10.1073/pnas.91.7.2634
http://dx.doi.org/10.1126/science.1078572
http://dx.doi.org/10.7554/eLife.05007
http://dx.doi.org/10.1126/science.1078694
http://dx.doi.org/10.1126/science.1078694
http://dx.doi.org/10.1016/0092-8674(89)90009-3
http://dx.doi.org/10.1038/nmeth.1253
http://dx.doi.org/10.1146/annurev.biochem.72.121801.161547
http://dx.doi.org/10.1146/annurev.biochem.72.121801.161547
http://dx.doi.org/10.1016/j.molcel.2006.05.035
http://dx.doi.org/10.1016/j.molcel.2006.05.035
http://dx.doi.org/10.1091/mbc.E08-05-0524
http://dx.doi.org/10.7554/eLife.06717


<<
  /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


