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Timing the switch

Establishing how neuronal activity
contributes to synaptic development
and plasticity is of key importance for
understanding the formation of neu-
ronal circuitry. In contrast to its usual
function as an inhibitory neurotrans-
mitter, y-aminobutyric acid (GABA)
mediates excitatory signalling, which
is important for neuronal maturation
and integration, during early devel-
opment. The mechanisms underlying
the timing of this excitatory period
and the subsequent switch to inhibi-
tory neurotransmission are poorly
understood. In their recent Science
paper Berg and colleagues show

that nicotinic and GABA-mediated
activity interact to control both this
transition and later aspects of neuro-
nal development.

The early excitatory effects of
GABA-mediated neurotransmission
are the result of a reversed chloride
gradient, which is no longer present
after neuronal maturation. However,
the mechanisms by which the chlo-
ride gradient matures were unclear.
The authors showed that, in chick
ciliary ganglion neurons, the switch
to inhibitory GABA-mediated neu-
rotransmission occurs by embryonic
day 14. The addition of nicotinic
acetylcholine receptor antagonists
delayed this transition, indicating
that nicotinic receptor activity is
required to ‘switch off” the period of
GABA-mediated excitation. Similar
results were obtained in chick spinal
cord neurons using antagonists and

by comparing hippocampal neurons
from wild-type and nicotinic recep-
tor knockout mice.

The chloride gradient is governed
by the activity of various chloride
transporters. Blocking nicotinic
receptors resulted in an extended
‘immature’ pattern of chloride
transporter expression: there were
higher levels of NKCC1 (also known
as SLC12A2), which is responsible
for accumulating chloride inside the
neuron, and lower levels of KCC2
(also known as SLC12A5), which
acts to extrude chloride from the cell.
This provides a mechanism by which
the chloride gradient is regulated by
nicotinic receptor activity.

The authors next investigated the
importance of the onset of inhibitory
GABA-mediated neurotransmis-
sion for neuronal development. In
cultured ciliary ganglion neurons,
overexpression of KCC2 accelerated
the switch to inhibitory neurotrans-
mission and resulted in dramatic dif-
ferences in neuronal morphology and
synapse formation. In KCC2-express-
ing cells, exposure to GABA resulted
in a unipolar morphology and a
reduction in the number of develop-
ing synapses. Interestingly, both in
culture and in ovo these effects were
also shown to rely on nicotinic recep-
tor activity, suggesting a combined
synergistic effect of GABA and
acetylcholine. The authors suggest
that GABA-mediated inhibitory
signalling might suppress the activity

of voltage gated calcium channels,
allowing nicotinic receptor activity
to alter gene expression through the
activation of transcription factors.

This study demonstrates how
interactions between GABA-medi-
ated neurotransmission and nicotinic
activity can shape different stages
of nervous system development.
Extending these principles to other
neurotransmitter systems could add
to our understanding of the contribu-
tion of neuronal activity to synapse
development.

Katherine Whalley

ORIGINAL RESEARCH PAPER Liu, Z., Neff, R. A.
& Berg, D. K. Sequential interplay of nicotinic and
GABAergic signalling guides neuronal
development. Science 314, 1610-1613 (2006)

NATURE REVIEWS | NEUROSCIENCE

© 2007 Nature Publishing Group

VOLUME 8 | FEBRUARY 2007



	Timing the switch
	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
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness 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
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /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


