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Many biological motor patterns such as leech and lam-
prey swimming, ventilation in crabs and food particle
filtration in crustaceans are maintained in a range of fre-
quencies. This phenomenon is well-studied in the crus-
tacean pyloric network, a central pattern generator
(CPG) which produces a distinct bursting pattern with
three-to-fivefold changes in period [1-4]. The flexibility
of the network output requires neurons to adjust their
temporal characteristics, such as burst duration, inter-
burst interval and time to firing from synaptic input, in
order to maintain their phase in the network pattern as
the period changes. Recently, it has been shown that the
coordinated neuromodulation of currents in pyloric neu-
rons is a cellular mechanism sufficient to support phase
maintenance [3,4].
In the model neuron reported here, coordinated varia-

tion of the voltages of half-activation for the potassium
(θK2) and hyperpolarization-activated (θh) currents pro-
vides a family of dynamical mechanisms for fine control
of burst duration, interburst interval and latency to spik-
ing. The mechanisms are determined by a global codi-
mension-2 bifurcation, the Cornerstone bifurcation with
bifurcation parameters θK2 and θh.. In Mechanism 1, the
burst duration of a bursting neuron grows arbitrarily
large as θK2 approaches a blue sky catastrophe, and the
interburst interval grows arbitrarily large as θh
approaches a SNIC bifurcation. We found level sets of
duty cycle using an analytical approximation imposed by
the Cornerstone bifurcation. These level sets describe
coordination of the parameters that could be realized
through neuromodulation. In Mechanism 2, a silent
neuron exhibits a single burst in response to synaptic
inhibitory input; the duration of the burst is determined
by θK2. In Mechanism 3, a spiking neuron exhibits a

pause before firing in response to synaptic inhibitory
input; the duration of the pause is determined by θh.
When applied to neurons connected in a pyloric

motif, the family of mechanisms allows the neurons to
maintain phase with one another as period grows up to
fivefold. We consider three models: all three neurons
are endogenously bursting (Mechanism 1), a pacemaker
neuron is bursting and the follower neurons are silent
(Mechanisms 1 and 2, Figure 1), and a pacemaker neu-
ron is bursting and the follower neurons are spiking
(Mechanisms 1 and 3). In each model, the pacemaker
neuron maintains duty cycle with increasing period and
the follower neuron’s parameters are coordinated to
match. These mechanisms are generic, cellular in
essence, and not sensitive to synaptic parameters.
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Figure 1 Phase maintenance in a pyloric motif with a bursting
driver and two silent follower neurons at 10, 16 and 32
second periods. Mechanism 1 controls the burst duration and
interburst interval of the pacemaker neuron. Mechanism 2 controls
the burst duration of the two follower neurons. The pattern was
maintained with fourfold variation in period.

O’Brien et al. BMC Neuroscience 2013, 14(Suppl 1):P76
http://www.biomedcentral.com/1471-2202/14/S1/P76

© 2013 O’Brien et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:gcymbalyuk@gsu.edu
http://creativecommons.org/licenses/by/2.0


Author details
1Mathematics, Agnes Scott College, Decatur, GA, 30030, USA. 2Neuroscience
Institute, Georgia State University, Atlanta, GA, 30303, USA.

Published: 8 July 2013

References
1. Mouser C, Nadim F, Bose A: Maintaining phase of the crustacean tri-

phasic pyloric rhythm. J Math Biol 2008, 57(2):161-181.
2. Hooper SL, Buchman E, Weaver AL, Thuma JB, Hobbs KH: Slow

conductances could underlie intrinsic phase-maintaining properties of
isolated lobster (Panulirus interruptus) pyloric neurons. J Neurosci 2009,
29(6):1834-1845.

3. Soofi W, Archila S, Prinz AA: Co-variation of ionic conductances supports
phase maintenance in stomatogastric neurons. J Comput Neurosci 2012,
33(1):77-95.

4. Marder E, Bucher D: Understanding circuit dynamics using the
stomatogastric nervous system of lobsters and crabs. Annu Rev Physiol
2007, 9:291-316.

doi:10.1186/1471-2202-14-S1-P76
Cite this article as: O’Brien et al.: Cellular mechanisms of phase
maintenance in the pyloric motif. BMC Neuroscience 2013 14(Suppl 1):P76.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

O’Brien et al. BMC Neuroscience 2013, 14(Suppl 1):P76
http://www.biomedcentral.com/1471-2202/14/S1/P76

Page 2 of 2


	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


