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Hodgkin - Huxley axon
Physical System

49 B
From http://www.mbl.edu

M odel

Hodgkin-Huxley cable equations
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Simulation

Representation

create axon

axon {
nseg = 50
diam = 100
L = 20000
i nsert hh
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Neur on specific syntax
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Cable Section

| physical length

le—— physical distance —}

le—— nomalized distance —]



create axon, sonm, dendrite[ 3]
connect axon(0), sonn(0)
for 1=0,2 connect soma(l), dendrite[i1](0)



axon.L = 1000
axon {

| nsert hh
gnhabar hh = .120

}

nseg = 20
diam 0:.1) = 20:2
diam(.1:1) = 2:2
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nseg =1 ¢ ®

nseg =2 ¢

nseg = 3 ¢ ® ®
forall nseg *= 3
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objref stim syn
stim= new I anp(.1)
syn = new Synapse(.7)

1
S

sti m dur
stimanp

set poi nter syn.vpre, cell[15].axon.v(1)



begi nt enpl ate Cel |
publ i ¢ axon, sonm, dendrite[ 3]

endt enpl ate Cel |

obj ectvar cel | [ 32]
for 1=0,31 cell[i] = new Cell ()

cell[15]. axon. v(1)



proc run() {

finitialize(—65)

while (t < tstop) {
fadvance()

pt + dt



CellBuild[0]

« About 4 Topology <  Subsets <, Geometry < Biophysics <~ Management D Continuous Create

dend[1]

soma dend

dend[2]

Basename:|| dend

Undo Last

Click and drag to

v Make Section

v Copy Subtree

~ Reconnect Subtree
v Reposition

4 Move Label

Click to

v Insert Section
v Delete Section
v Delete Subtree
v ChangeName

Hints

CellBuild[1]

v About ~, Topology -, Subsets <, Geometry < Biophysics 4 Management B Continuous Create

dendNte_5

« Cell Type < Export 4 Import

Hints

Import

“#Furn offindexed named
“iDon’t draw short sectio

Subsets (notimplemented)
Geometry (notimplemented)
Membrane(notimplemented)

Import from top level of interpreter.
This works only if there is one cell in the interpreter.

Shape x-619.845:653.847 y




CellBuild[1]

« About < Topology 4 Subsets <, Geometry < Biophysics <, Management Continuous Create

den

te 5

First, select,

g Select One

v Select Subtree
 SelectBasename

then, act.




CellBuild[1]

« About < Topology -, Subsets 4 Geometry <, Biophysics ~, Management Continuous Create

L
diam
area
circuit

all: d_lamb: | Al

Spatial Grid
nseg
i lambda
d_X

dendNte 5

CellBuild[1]

« About < Topology -, Subsets 4 Geometry <, Biophysics ~, Management Continuous Create

Specify Strategy| forsec all{ ...

all: d_lambda r /[ lambda_w(f)"2 = diam/(4*PI*f*Ra*c
/I nseg = ~L/(d_lambda*lambda_w(10

// fraction of space constant at 100HZ

0)|

I | Cxm—

dendNte 5




CellBuild[1]

« About < Topology ~, Subsets <, Geometry 4 Biophysics ~, Management Continuous Create

forsec all { /specify
T Be

pas
extracellular
hh
cadifpmp
cachani
cachan
capump
HHk

MCna
nacax
HHna

trel

dendNte 5

_tines |

CellBuild[1]

« About < Topology -, Subsets <, Geometry 4 Biophysics <, Management li"{}‘ontinuous Create

SpecifyStrategy forsec all { // specify Ra

dendNte 5




NEURON Main Menu

None
at:soma(0.5)




PointProcessManager

PointProcessManager

|IClamp[1]
at:soma(0.5)

IClamp[1]

PointProcessManager

|IClamp[0]
at:dendrite_1[7](0.5)




RunControl

Init (mV) «<*{_{ [-65 121
Init & Run

2
Continue for (ms) « | 5403 E
2
=
2

Real Time (s)

Graph x-0.5:5.5 y-92:52

Shape Space Plotx-619.885:

Graph x-1071.19:491.323 y-92:52

/




LinearCircuit[0]
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cable(0.5)

R1

v Arrange
v Label
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4 Simulate
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Source f(t)
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| New Graph
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cable(0.552632)
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LinearCircuit[0]

v Arrange
v Label
~ Parameters
4 Simulate
Ve
<—+{ Parametersl
Ri Source f(t)
__ec " "
out Initial Conditions
R2 N
~ 12
>ﬁ Vmc
cable(0.5) cable(0.552632)
LincirGraph[0] for LinearCircuit[0]
PattE | Graph Zoom in/outx—36.7 :539 y —211.7 : 109.
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VecWrap([0]

VecWrap[1]

CrossHairAction |

CrossHairAction |
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NMODL

NEURON Model Description Language

Add new membrane mechanismsto NEURON

Density mechanisms Point Processes

® Distributed Channels ® Electrodes
® Jon accumulation ® Synapses

Described by

® Differential equations
® Kinetic schemes
® Algebraic equations

Benefits

® Specification only -- independent of solution method.
® Efficient -- translated into C.
® Compact
O One NMODL statement -> many C statements.
O Interface code automatically generated.
® Consistent ion current/concentration interactions.
® Consistent Units




NMODL general block structure

What the model looks like from outside

NEURON {
SUFFI X kchan
USEI ON k READ ek WRI TE ik
RANGE gbar, ...

}

What names are manipulated by this model

UNITS { nvV = (millivolt) ... }

PARAVETER { gbar = .036 (mho/cnR) <0, 1e9>... }
STATE{ n ... }

ASSIGNED { ik (m¥cnR) ... }

I nitial default valuesfor states

INITIAL {
rates(v)
n = ninf

}
Calculate currents (if any) asfunction of v, t, states

(and specify how states are to be integrated)

BREAKPO NT {
SOLVE deriv METHOD cnexp
ik = gbar * n"4 * (v - ek)
}

State equations

DERI VATI VE deriv {
rates(v)
n = (ninf - n)/ntau

}
Functions and procedures

PROCEDURE rates(v(nV)) {
}




|on Channd

NEURON {
USEI ON k READ ek WRI TE ik

}

BREAKPO NT {
SOLVE states METHOD cnexp
Ik = gbar*n*n*n*n*(v - ek)

}
DERI VATI VE states {

|on Accumulation

NEURON {
USEI ON k READ i k WRI TE ko

}
BREAKPO NT {

SOLVE state METHOD cnexp

}
DERI VATI VE state {

rate(v*1(/ nV)) ko’ = ik/fhspace/ F*(1e8)
n = (inf - n)/tau + k*(kbath - ko)
} }
40 20 [ soma.ko(0.5)
v(.5)
15 |
0 1
0 2 4 6 8 10 10
—40 5 |
L] soma.ek(0.5)
-80 0 ‘
0 2 4 6 8 10
soma.ik(0.5)
3.0
20 1
1.0 T
0.0 ‘
0 2 4 6 8 10




Achase

Vesicle
O
O O
Ach 0o
, (Z/A Internal Free Calcium
ICa
—_— O\ O\ O\ O\
Saturable Calcium Buffer

STATE {
Vesicle Ach Achase Ach2ase X Buffer[N] CaBuffer[N] Ca[N]
}
KINETIC calcium_evoked_release {

: release
~ Vesicle + 3Ca[0] <—> Ach (Agen, Arev)
~ Ach + Achase <—> Ach2ase (Aase2, 0) :idiom for enzyme reaction
~ Ach2ase <—> X + Achase (Aase2, 0) : requires two reactions

: Buffering
FROMi=0TO N-1 {
~ CalJi] + Buffer[i] <—> CaBuffer[i] (kCaBuffer, kmCaBuffer)

:Diffusion
FROMi=1TO N-1{
~ Ca[i-1] <—>Ca[i] (Dca*a[i—-1], Dca*bl[i])

- inward flux
~ Ca[0] << (ica)
}



UNITS Checking

NEURON { POl NT_PROCESS Shunt ... }

PARAMVETER {
e
r

0O (mllivolt)
1 (gi gaohm <le-9, 1e9>

}

ASSI| GNED {
i (nanoanp)
v (mllivolt)

}

BREAKPO NT {
i =(v-e)lr
}

Unitsareincorrect inthe"i = ..." current assignment.
The output from

nmodl unit shunt
is:

Checki ng units of shunt. nod
The previous primary expression with units: 1-12 coul/sec
is mssing a conversion factor and shoul d read:
(0.001)*()
at line 14 in file shunt. nod
i = (v - e)lr<>

To fix the problem replace the line with:

i = (.001)*(v - e)/r

What conversion factor will make the following consistent?

nai’ = I na / FARADAY * (c/radius)
(uM ns) (mycnR) / (coulonb/nmole) / (um




