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Building a Cell With Neurokit

DAVID BEEMAN

17.1 Intr oduction and Review

In the �rst four GENESISprogrammingtutorials,we coveredthe featuresof the GENE-
SIS/XODUSscriptlanguageneededto constructa simplemodelneuron.Thisneuroncon-
tainsa dendritecompartmentwith a synapticallyactivatedexcitatorychannelanda soma
with Hodgkin-Huxley sodiumandpotassiumchannels.A sourceof randomlydistributed
spikesis usedto excite thesynapse.Action potentialsproducedin thesomatriggeraspike
generatorthat may be usedto provide input to a synapseon anothercell. In our model,
we useda feedbackconnectionto the cell's own synapsethat canbe toggledon andoff.
Enoughdetailsof XODUS wereintroducedto creategraphsfor the membranepotential
andchannelconductance,alongwith buttons,togglesanddialogboxesfor controllingthe
simulation.

Thepreviousprogrammingtutorialusedthereadcellfunctionto build thesameneuron
from a data�le. This is the preferredmethodfor the constructionof complex cells and
the exchangeof cell modelswith other GENESISusers. The tutorial also provided an
introductionto the library of prototypecell componentsthat are usedwith the Neurokit
cell builder. In this tutorial, we will usethe sameneuronasan examplefor the useof
Neurokit to constructa cell with a minimum of GENESISprogramming.Although it is
notnecessaryto have workedthroughtheprogrammingdetailsof theprevous� ve tutorials
beforebeginningthis one,you shouldreadthroughthemin orderto understandthemodel
thatis beingimplementedhere.
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266 Chapter 17.Building aCell With Neurokit

The Neurokit cell builder is a GENESISsimulationconsistingof a main script Neu-
rokit.gandseveralotherincludedscripts.Thesemake useof thecell readerto createa cell
model,just aswe did in thepreviouschapter. However, Neurokit alsoprovidesa graphical
interfacefor controllingthesimulation,modifying thecell model,stimulatingthecell with
varioustypesof input,anddisplayingthevalueof �elds in thevariouscompartments.

In orderto recreateoursimulationwith Neurokit, weneed�les for thecell readersimilar
to the onesthat we usedin the previous chapter. We will againusea cell descriptor�le
cell.p. We alsoneedthescriptscompartments.g, hhchan.g, synchans.gandprotospike.g in
theneurokit/prototypesdirectory. Again,thesewill beusedto createtheprototypeelements
from whichthecell will beconstructed.As before,weneedascriptthatincludestheabove
scriptsandusesthemto createtheprototypeelementsundera neutral /library element.In
theprevious chapter, we choseto call this �le protodefs.g. Neurokit requiresthat this �le
be calleduserprefs.g. It performsthe functionsof our protodefs.g�le, plus a few others
describedin thefollowing section.

Beforebeginning this tutorial, you shouldalsofamiliarizeyourselfwith Neurokit by
runningoneof theNeurokit-basedsimulationsdescribedin Chapter7. Alternatively, you
might run thesimulationin theNeurokit directory(Scripts/neurokit), usingthecamit.pcell
parameter�le which is foundthere.Try out someof thefeaturesthataredescribedin the
README�le, which is available as the on-line help. If you wish to explore the chan-
nel editingcapabilitiesof Neurokit, you mayrun thetutorial in Scripts/channels. Channel
editing with Neurokit is alsotreatedin a following chapter, in Sec.19.2.2. Note that the
Neurokit �

�������	��
��
�

�
� menuchoiceonly refersto voltage-dependent ionic channels,and
not to synapticallyactivatedchannels.

17.2 Customizing the userprefs File

WhenNeurokit is run, it beginsby assigningdefault valuesto anumberof globalvariables
calleduser-variables. Thesevariablesarede�ned in theNeurokit directory�le defaults.g,
andareresponsiblefor the initial valuesof mostof the Neurokit dialog boxes,scalesfor
graphs,andagooddealof whatyouseeon thescreen.Althoughyoumaywishto examine
defaults.g, it shouldnotbemodi�ed. Next, Neurokit looksfor a �le calleduserprefs.g. This
�le is responsiblefor creatingthe prototypeelementsin the library and for makingany
desiredchangesin the user-variablesthat wereset in defaults.g. Unlessyou arerunning
theexamplecamit (CA mitral cell) demonstrationsimulationfrom theNeurokit directory,
you will want to run Neurokit from anotherdirectorythat containsyour own customized
userprefs�le andyour own cell parameter�le. Typically, you will have a .simrc �le that
hassetapathto theScripts/neurokit andScripts/neurokit/prototypesdirectories,sothatthis
maybedone.If theuserprefs�le is not foundin thedirectoryfrom whichNeurokit is being
run, thedefault userprefs.gin theNeurokit directoryis used.This �le, shown in Fig. 17.1,
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maybeusedasa modelfor theconstructionof your own userprefs�le. To illustratethis
customization,we will go throughthe �le, makingthe changesneededto constructour
modelneuron.If youarefeelingimpatient,youmayconsulttheresultinguserprefs.glisting
in AppendixB. However, you will gain the mostfrom this tutorial by developingthe �le
pieceby pieceasyouwork throughthetutorial.

17.2.1 Step 1

The �rst stepis to include the scriptsthat de�ne the functionsto be usedto createthe
prototypeelements.In Chapter19, we will createour own prototypechannels.For now,
we will build our neuronwith channelsthatwe can�nd in the prototypesdirectory. The
neurokit/prototypes/LIST�le providesasummaryof these.

We needcompartments(de�ned in compartments.g), sodiumandpotassiumHodgkin-
Huxley channels(de�ned in hhchan.g), anexcitatorysynapticchannel(a synchanobject),
anda spike generatorlike theonewe usedin theprevious tutorial. We can�nd the latter
de�ned in protospike.g. In Fig. 17.1, the �le mitsyn.gde�nes functionsfor creatingboth
anexcitatorychannel(make glu mit upi) andaninhibitory channel(make GABA mit upi).
Notethat,unlike thenamesin our “generic” synchans.g�le, theprototypechannelnames
follow theconventionrecommendedin theneurokit/prototypes/README�le. Forexample,
glu mit upi is aglutamate-activatedmitral cell channel,authoredby Upi Bhalla.In general,
youshouldlook for a�le thatde�nesaprototypeclosestto theoneyouneed.In somecases,
it maybenecessaryto modify anexisting�le to producethedesiredprototype,or to change
thedefault �eld values,oncetheprototypeis created.For our model,we canusethe �le
synchans.g, which hasexactly what we need. Thus,the �rst sectionof our userprefs �le
will befairly similarto thatof thedefaultversionandto thestatementsgivenin Sec.16.2.2.
It will containthestatements:
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17.2.2 Step 2

Neurokit begins by creatinga neutralelement/library to containthe prototypes,so our
secondstepshouldbe to changeto this elementandexecutethe functionsthatwill create
the desiredprototypeelements.However, we should�rst considerwhat we needto do
in order to properlyset the valuesof the internal �elds of theseprototypes. In the case
of compartments,all the relevant �elds canbe setfrom informationcontainedin the cell
parameter�le. For channels,the maximumchannelconductanceis the only �eld that is
determinedfrom thecell parameter�le. Neurokit allows someother�elds to besetfrom
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Figure17.1 Theuserprefs.g®le for thedefaultNeurokit simulation.For brevity, someof thecommentshave
beenremoved.
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dialogboxes,but many would have to bechanged,usingtheGENESISset�eld command,
if thedesiredvaluesarenot setwhentheprototypesarecreated.Thus,we shouldexamine
thechannelcreationfunctionsin orderto seewhatchangeswe might needto make within
theuserprefs�le.

Looking at the listing for hhchan.g in AppendixB, we seethat it makes useof the
globalvariablesERESTACT, ENA, andEK to de�ne therestingpotentialandtheNa and
K equilibriumpotentials.Thefunctionsmake Na squidhhandmake K squidhhusethese
valueswhencreatingthechannels.If they arenot thevalueswe want,we shouldmodify
themwithin userprefs.g. This shouldbe doneat a point after the script is included,but
before thefunctionsareinvoked. As thedefault valueshadbeenmodi�ed from theoriginal
Hodgkin-Huxley squidvaluesfor usein a mitral cell simulation,we will needto change
themto thepropervalues,aswedid in Chapters14through16. (Youmaynotethathhchan.g
assignsavalueto a fourthglobalvariable,SOMAA. Why maywe leave thisasis?)

As in theprotodefs.g�le from theprevious tutorial, we canusethemake Ex channel
function to createthe glutamate-activatedchannelEx channelwith all the properdefault
�eld values.Althoughit isn't usedby thecell modelthatwe aregoingto create,we might
aswell put a GABA channelInh channelin the library, in casewe want to edit thecell to
includeit later. Chapter15describeshow aspikegeneratorlinkedto thesomamaybeused
to translatesomaticactionpotentialsto presynapticneurotransmitterrelease.As before,we
will usethe make spike function in protospike.g to createan elementnamedspike with a
unit amplitudeandanabsoluterefractoryperiodof 10 msec. Thus,thesecondsectionof
userprefs.gcontains:
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Of course,one doesnot have to rely on the functionsthat are de�ned in the neu-
rokit/prototypes�les. Neurokit setsthe SIMPATH to include“./prototypes”, so you may
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have yourown prototypesdirectorywith scriptscontainingyourown functionde�nitions.

17.2.3 Step 3

The�nal stepis to make any neededchangesin theuser-variablesfrom thevaluesgivenin
defaults.g. Althoughmostof thesemaybesetfrom dialogboxeswithin Neurokit, it is far
moreconvenientto have Neurokit startup con�gured for the simulationthat you want to
run. In thispartof thetutorial,wewill setsomeof themorecommonuser-variables.

TheNeurokit �

�

� � menucontainsdefault valuesfor thenameof thecell to becreated
andthesource�le name(thecell descriptor�le) thatwill beloadedwhenyouclick on ���
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� � . In Chapter16,wecreatedacell called/cell from the�le cell.p, sowewill start
with:
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� selectionbringsup a ��� �
!���"
#$�&%('*)+%('�#�,-%&�/.�"
'+0�� form with dialog
boxesfor many parametersthatwe will wantto customizefor our simulation.Figure17.2
shows the display that is producedwith the camit simulation. It would be best to run
Neurokit asyou readthroughthis tutorial. If you do this with theuserprefs �le you have
createdsofar, you will beableto experimentby changingthedialogboxesby handasyou
edityouruserprefs�le to changetheuser-variables.Theparametersthatwearemostlikely
to want to changearethe run time, the simulationtime step(
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� 1

), andthe numberof
stepsbetweenupdateof thegraphs( � ���
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�(� ). In theprevioustutorials,weranthe
simulationfor 100msec, usinga timestepof 0.05msec. Wecansave someexecutiontime
by plotting the graphsevery � ve simulationsteps,insteadof plotting at every simulation
step.Thesevaluesmaybesetwith thestatements:
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We will alsoneedto modify somevariablesthatappearin thedialogboxesunderthe
0+��0�)(#�,-%&.�>+?����&%(��%
@�? headingof the ��� �
!��+"�#$�&%('/)�%('�#�,�%(�/.+"�'+0�� . Someof thesedialog
boxesappearanddisappearaccordingto thetypeof stimulationthat is appliedto thecell.
Table17.1 lists the typesof stimulation,the dialog box labels,and the associateduser-
variables.

We will experimentwith thevaluesof mostof theselateron in the tutorial. You may
assignreasonableinitial valuesto thesein the userprefs �le now, or may do it later after
having gainedsomeexperiencewith thesimulation.In theearliertutorials,we foundthat
0.3 nA wasa good value to usefor the injection current,so you may set user inject to
thisvaluenow. Thetwo boxeslabeled
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��A obtaintheirvalues
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Figure17.2 TheNeurokit SIMULATION CONTROL PANEL form.

whenyou click on a compartmentin oneof thetwo Cell Windows, for eitherrecordingor
stimulation.Finally, thereis adialogbox labeled���

�

#��
��� . Thiscontainsthenameof the
channelthatwill beusedfor oneof thethreeformsof synapticstimulation.Thecontentsof
thisboxmaybesetby hand,or by clicking ononeof thetwo buttonsto theleft. Wecanset
thelabelsof thesebuttonsto thetwo availablesynapticallyactivatedchannelsby including
thestatements
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in theuserprefs�le, aswasdonein thedefault userprefs�le for thecamitsimulation.
Therearealsooneor two Cell Windows thateachcontaina diagramof thecell anda

graphwith axesscaledappropriatelyfor thequantityto beplotted.Thesimulationthatwe
aretrying to recreatehadagraphto plot thesomamembranepotential,andasecondgraph
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Stimulation Dialog BoxLabel User-variable
Iclamp Inject (nA) userinject
Vclamp Clampvoltage(mV) userclamp
Synact Amountof synapticactivation useractiv
Synspike Weightof spike userspike
Synrand Spike rate(Hz) userrate

Spike weight userweight

Table17.1 Thedialogboxesanduser-variablesassociatedwith thevarioustypesof stimulationthatmaybe
appliedto thecell.

to plot theconductanceof theexcitatorychannel.Wecanspecifytheaxisscalingfor these
two graphsto bethesameasweusedbefore,if weaddthestatements:
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We alsoneedto usetheusernumxoutsvariableto specifythat two graphswill beshown,
andwe needto specifywhat will be plotted in eachgraph. The defaults.g�le speci�es
valuesof “ � � ” and“ � ” for theuser-variablesuser �eld1 anduserpath1. This meansthat
the Vm �eld will be plottedfor the compartmentthat is selectedfor recordingin the �rst
Cell Window. This is just whatwe want for the�rst graph.However, thesesamedefaults
arealsospeci�edfor thesecondgraph.For our secondCell Window, we would like to be
ableto plant a recordingelectrodein the dendritecompartmentandplot the conductance
Gk of theexcitatorychannelEx channel. Wecanmake thesechangeswith thestatements:
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Thereare also �

� 


� � buttonsthat will bring up menusto changethe representation
of the cell which is shown in eachwindow. The Neurokit READMEanddefaults.g�les
provide informationon thevariablesthatappearin thesemenus.Most of thesecorrespond
to �elds of thexcell widget,asdescribedin theGENESISReferenceManual.For now, we
will usethedefault values.
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17.3 The Cell Descriptor File

The format of the cell descriptor�le wasdiscussedin Chapter16, so you may wish to
review thatsectionof thetutorial. For our simulationunderNeurokit, we canusethesame
cell.p�le.

You shouldrecall that thecell readerusesthe“ �

�

�

� �

�����

�

�




�




� ” optionto specify
its own internalvariablesCM, RM andRAin thecell descriptor�le in orderto calculatethe
�elds Cm, RmandRafrom thecompartmentdimensions,ignoringany initial valuessetin
theprototypes.TheEmandinitVm �elds aresimilarly setfrom theERESTACT variable.
TheELEAK variablemaybeusedif it is necessaryto seta differentleakagepotentialfor
Em. Also, themaximumconductancefor a channelis setfrom thedensparameterandthe
dimensionsof theparentcompartment,overridingany valuesetin theprototype.However,
all otherchannelparametersremainthesameasthosein theprototypelibrary. Fortunately,
Neurokit providesdialogboxesfor changingmany of them.

17.4 Some Experiments Using Neurokit

Now thatyou have acustomizeduserprefs.g�le andacell.p�le, youarereadyto try some
experimentswith Neurokit. YoushouldrunGENESISfrom thedirectorythatcontainsthese
�les, andthentype“ ' �
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1 ���

” to theGENESISprompt.If all iswell, theNeurokit title bar
shouldeventuallyappearat thetop of thescreen.If GENESIScannot�nd Neurokit, make
surethatyour .simrc �le hasproperlysettheSIMPATH. If you get fatalerrorsduring the
loadingof userprefs.g, look for syntaxor typographicalerrorsin this �le. OnceNeuorokit
is running,click on the �

�

� � optionon thetitle bar. (As usual,whenwesay“click on . . . ”
we mean“click the left mousebutton on . . . ,” unlessanotherbutton is speci�ed.) Next,
click the ���
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� � buttonon the �
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� � menu,andthenclick �
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� � � on thetitle
bar. You shouldseethe ��� ��!���"
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'+0+� with the timing parametersyou
providedandtwo Cell Windows with properlyscaledgraphs.

Initially the 0��+0�)
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@
? buttonswill show thatyouarereadyto plantrecord-
ing electrodes.Click onthesomain the�rst Cell Window andonthedendritein thesecond
Cell Window. The two
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”.
As a start, let's do a simplecurrentinjection experimentto make surethat the soma

compartmentis working properly. After clicking on �

�

�




��� , you shouldseea dialogbox
showing that the injection currentis 0.3 nA. Click on the somain the �rst Cell Window
to plant an injection electrode.Now click on �




�

in the ��� ��!��+"�# �(%('/)�%&'+#�,�%(�/.+"�'�0+� .
After you have satis�edyourselfthat this providestheexpectedactionpotentials,remove
theinjectionelectrodeby clicking on thesomawith themiddlemousebuttonandclick on

� �

�

�

�

to clearthegraph.
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We arenow readyto try applyingsynapticactivation. We will startby usingmouse
clicks to deliver spikesto theEx channelchannel.This channelnameshouldbedisplayed
in the ���

�

#��(��� dialogbox. If not, thenamecanbeenteredin thebox “by hand”,or by
clicking on thebuttonlabeled“ 0 �

� ��
 � �

� � ” at theleft.
First, click on the � �

�

�

�

��1

� button underthe 0+��0�)
#
,-%&.�>�?����&%(��%(@�? heading.Note
that the �-%�! �&0 displayat the top of the two Cell Windows now shows that the left button
is labeled“ ���

�

� �

��1

� ” andthat themiddlebuttonis labeled“ !

�

���

��1

� ”. Unlessyou have
changedthe userspike variablein the userprefs �le, the

�

�

��� � �

���

�

�

��1

� dialog will
show thedefaultvalueof 1.0.Themaximumconductance(gmax) of asynapticallyactivated
channelis reachedwhenaspike with aunit amplitudeis deliveredto thechannel,sothis is
a reasonableamplitudeto use.

Now, click on �




�

in the ��� �
!��+"�#$�&%('/)�%('�#�,�%(�/.+"�'+0�� . After themembranepotential
hasleveledoff to about � 70 mV, click on thedendritecompartmentin thesecond(right)
Cell Window. You shouldseea nearly linear rise of the channelconductance,followed
by anexponentialdecaywith a time constantof about3 msec. Try clicking several times
rapidly in succession,in orderto let theconductanceandpostsynapticpotentialbuild up to
a level suf�cient to createanactionpotentialin thesoma.In orderto checktheconsistency
of theseresults,we caninspectthechannelparametersby selecting�

��� � �

�
�
� from the
topmenubar.

Click on the dendritecompartmentin the Cell Window (lower left) and thenon the
Ex channelchannelin the CompartmentWindow (upperright). The ParameterWindow
shoulddisplaythedendritedimensionsandthemaximumchannelconductancein S� m2. Of
course,gmaxcanalsobefoundby typing“ �

�

�����

�

� �

�

�

�

� �
���

�

�

���

�(0��

� ��
 �
�

� �

�

�




� ”
to theGENESISprompt.Verify that this agreeswith themaximumconductanceprovided
by asinglespike.

In orderto deliver spikesat randomintervals,select�




� �

� � � againandclick on ���

�

�


����

in the 0+��0�)
#
,-%&.�>�?����&%(��%(@�? menu.Dialog boxeswill appearfor both ���

��1

� �


 �

�

and � �

� 1

��� �

��� � �

. Try a spike rateof 200 Hz, andleave the weight at 1.0, asbefore.
The left andmiddlemousebuttonswill now be labeled“ ,


 � �

���

�

” and“ !

�

,


����

”. Click
theleft buttonon thedendritecompartmentin Cell Window 2, andthenrun thesimulation.
Repeatedruns (after � �

�

�

�

) will continueto deliver randomspikes until you click the
middlebuttonin theCell Window 2 dendritecompartment.(Notethatswitchingto another
form of input to the neuron,suchas �

�

�




��� or ���

�

�

�

��1

� , will not remove the random
spike inputunlessyou �rst usethemiddlebuttonto remove theinput.)

The � �

� 
 ���

buttondeliversaconstantsynapticinput. Usingthedefault valueof 1000
for the "��$�




� �

���

�

�

��


�

� � � 
 ��� �	� 
 � �

�

�

, run thesimulationandclick the left button
in theCell Window 2 dendritecompartment.Notethatthechannelconductancelevelsoff
at about4 
 0 � 10�

9 siemen.Canyou explain why? Be sureto usethe middle button to
remove theactivationwhenyouarethrough.

Now, how aboutthefeedbackconnectionthatweusedin Chapters15and16?Neurokit
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wasdesignedfor singlecell modeling,without connectionsbetweenthe cells,sowe will
have to entersomeadditionalGENESIScommandsin orderto make the connection.As
we want to make a synapticconnectionbetweenthe spike generatorandthe Ex channel
channel,we entera commandat the GENESISpromptto senda SPIKE messageto the
channel:


 � �

�

�

�

�

�

� � �+�

�

���




�

�

�

� 1

���

�

� �
���

�

�

���

�(0����

�	��
��
�

�
� �(. ����0

We alsoneedto assigna synapticweightanda delayfor propagationalongtheaxon.
In the previous tutorials,we useda weight of 10 synapticconnectionsanda delayof 5
msec. We alsoneedto setsomeparametersfor thespike generator. Thecell parameter�le
only letsyou setthethreshholdfor thespike generator. We alsoneedanamplitudeandan
absoluterefractoryperiod. As with our previous implementationsof this cell model,we
wantto giveeachspikeaunit amplitudeandto givethespikesanabsoluterefractoryperiod
of 10msec. Thus,weneedto give theadditionalcommands:
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��� � �
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�(� �����
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35�;3$6 3

By using show�eld to �nd the numberof synapticconnectionsto Ex channel, you
shouldverify that the index “0” is the properone to designatethis synapticconnection.
After enteringthesecommands,performthe � �

�

�


 ���

experimentagain.You shouldno-
tice thatafterthe�rst actionpotentialoccurs,thefeedbackproducesa continousstreamof
actionpotentials,asin Chapters15 and16. As we did in thesetutorials,we candeletethe
connectionwith thecommand

�

�
� �

�

���

�

�

�

�

� �
���

�

���




�

�

�

��1

� 3 9
�




�

Sofar, wehave donenothingwith theinhibitory synapticchannelthatis lying dormant
in thelibrary. Use �

��� � �

�
�
� to pastein theInh channelchannel.Usethecell parameters
form to setthemaximumconductanceto thesameasthatof theglutamatechannel.Select
this as the ���

�

#��(��� and inject somecurrentto the somain order to get the cell �ring.
We would like to deliver someactivation to this channelto prevent the cell from �ring.
However, we would alsolike to seea plot of theconductancefrom this channelinsteadof
that from theglutamatechannel.This canbechangedwith the �

� 


� � buttonat thetop of
Cell Window 2. Changethe �

�

� �

�

�


 � �

dialogentry to “ �

�
� � ��
��
�

� � ”. Now useeither
���

�

�

�

��1

� or ���

�

�


����

to inhibit the�ring thatis producedby thecurrentinjection.
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17.5 Exercises and Projects

1. In the simulationsof Chapters15 and 16, we had a toggle button to allow us to
addanddeletethe feedbackconnectionbetweentheaxonandtheexcitatorysynap-
tic channel. Here, we had to resort to the ratherawkward expedientof entering
long GENESIScommands.Will Neurokit allow us to extend its capabilitiesand
build in the feedbackconnectionalong with a toggle to take it in and out? Can
we have dialogboxesto enterthevalueof theweightanddelayparametersfor the
synapticconnection? Fortunately, the answeris “yes.” The �




�

�




�


 �����

� but-
ton in the ��� ��!���"
#$�(%&'*)+%('+#
,-%&�/.�"
'+0+� will invoke auser-suppliedfunctioncalled
do paradigm. Thede�nition of this functionandthe statementsneededto createa
form with the neededdialog boxesandtogglecanresidein a supplementaryscript
that is broughtinto thesimulationwith the includestatement.This maybedonein
youruserprefs�le or maybedoneat theGENESISpromptafteryoursimulationhas
beenstarted.Thedemonstrationsimulationin Scripts/vclampprovidesanexample
of sucha paradigm�le. For anotherexample,take a look at thescriptI plots.gfrom
the Burster tutorial of Chapter7. Usethis informationto write a function thatwill
causethe �




�

�




�


 �����

� buttonto togglethefeedbackconnectiononandoff.

2. Therearea numberof experimentsthatonecando with just a “naked” somain or-
der to studytheeffectsof varioustypesof voltage-activatedionic channels.Modify
your cell.p �le to createjust this simplesomawith the two Hodgkin-Huxley chan-
nels.Also modify youruserprefs�le to put a non-inactivatingmuscarinicpotassium
current(the “M-current”) in the library. The conductancemay be createdwith the
function make KM bsgyka in the neurokit/prototypes �le yamadachan.g. This �le
containsfunctionsto createseveralconductancesthatwereusedin amodelof abull-
frog sympatheticganglionneuronby Yamada,KochandAdams(1989).

Startby calculatingandmakinga plot of thecurrent-frequency (f-I) relationshipof
a standardHodgkin-Huxley patchof membrane(i.e., containingonly the Na and
K channels).That is, inject a constantamountof currentfor, e.g.,200 msec, and
plot the resultingfrequency of spikesversusthe amplitudeof the injectedcurrent.
Reducethe potassiumconductanceanddescribehow the f-I curve changes.Next,
use �

����� �

�
�
� to pastein theM-currentchannelandrecomputethef-I curve. How
doesit change?Note thateven if very large input currentsareapplied,the spiking
frequency will not becomearbitrarily large. What underlyingparameterlimits the
spikingfrequency?

3. In Chapter7 (Sec.7.3.2),we brie�y mentioneda low thresholdcalciumcurrentthat
contributesto burstproductionin thalamicrelaycells. The�le THALMODES.gin
theneurokit/prototypes directoryimplementsthechannelmodelsthataredescribed
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by McCormick et al. (1992). Use thesechannelsto createa single compartment
burstingthalamicrelaycell model.

4. Try to recreatetheresultsobtainedby ConnorandStevens(1971c)for theirmodelof
Anisidorisgastropodneurons.Thechannelprototypesarecontainedin CSchan.g.

5. If you have workedthroughtheprogrammingof thetutorial in Chapter15,you may
be interestedin doingsome“snooping”beneaththesurfaceof Neurokit. While the
simulationof our simplecell is runningwith � �

�

�


 �

selectedfor synapticinput to
theEx channelchannel,usetheshow�eld andshowmsgcommandsto discover how
the input is provided to this channel.How doesthis comparewith theway that the
randominput wasimplementedin Chapter15? What connectionsor messagesare
usedto provide the � �

��
�� �

option?
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