The Channel Builder

Voltage- and ligand-gated channels

Kinetic schemes, HH-style differential equations
Optional stochastic gating mode for point processes
Faster than equivalent NMODL mechanisms

Much easier to use than writing NMODL code

Limited to channels

NMODL needed for pumps, buffers, diffusion, event-driven
synaptic mechanisms, artificial spiking cells

Tutorial: see Documentation at NEURON's home
page http://www.neuron.yale.edu/




Conceptualize the task

lon selectivity
1/V relationship

Description of
dynamics

Gates

Sensitivity
Transition style

na, k, other, nonspecific |
ohmic / GHK (constant field)
HH style / kinetic scheme

Independent identical subunits
fractional openness

voltage / ligand

alpha, beta / inf, tau
functions / tables




Implementing the HH sodium channel
with the Channel Builder

Ina = Ing (V- Eng) Where
Ong = gbary, m3h
gbary, = 0.12 S/cm?

m and h are described by DEs of the form
dx/dt = alpha (1 - x) - beta x




How to proceed

1. Bring up a Channel Builder
2. Specify channel's basic properties

3. Specify channel gating
e states
e transitions (if a kinetic scheme)
e effects of voltage and ligands




1. Bring up a Channel Builder
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The Channel Builder
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We need to change its name,
lon selectivity,
default conductance,
and equilibrium potential

Clo=se Hide

| Froperties I

leak Density Mechanism

MonSpecific ohmic ion current

I _leak [mAdzmZ]=g_leak * [v - e_leak]

g = gQrnax

Default grmax = 0 [SicmZ] e =0 [mY]

Select here to construct gates A




2. Specify channel's basic properties

I ChannelBuild[0] manag:e s [=] 5

Click on Properties,
then select item to change




Name

Properties / Channel Name CIEEGEESSSE -[o0/xi

Then change leak to myna
fleak
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lon selectivity

Properties
[ Selective for lon... / na
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Default conductance
and equilibrium potential

Properties / Default gmax
Specify 0.12 S/cm?2

Equilibrium potential:
na has its own ena,
So nothing to do!

il Default gmax for C - O] x|
Close Hide
‘ Oefault gmax[SJ‘cmE]I! IIII.12 g




3. Specify channel gating

"Select here to construct gates"

I ChannelBuild[0] managedsaes =] 1

rmyna Oensity Mechanism
rnaE obiric ion current
ina [mAfsmz]=g_myna * [ - ena)

g = grnax

Oefault grnax = 012 [Shomi ]

Select here to construct gates h
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"GateGUI": States page

i ChannelBuildGateGUI[0] for ChannelBuild[0] - |I:I|E|
Close Hide
4 States., Transitions., Properties no gate selected
Orag news state from left. Orag off canwas to delete
o
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Spawn states

I ChannelBuildGateGUI[O] fg

Close

4 States. . Transitions., Frope

Orag news state from left.

Click and drag O ("open") ]
from palette . . . i%

]
... to canvas. ‘ i [N

Repeat for C ("closed")




Rename states

) C
.: [

Click O without dragging

Change to m

0 i h

Change Cto h




"GateGUI": Properties page

i ChannelBuildGateGUI[0] for ChannelBuild[0]

Close

Hide
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w States,, Transitions4 Froperties

h

Selectm . ..
... toseeall this

Select hh state or k= transition to change properies

Il

m fraction

m'=am*1-m]-brm*m

FPovweer I I |1—§

Fractional Conductance
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m =-=m[=a, b]

am= A

b= A

j Display inf, tau
A=) I I IIII 3
A=) I I IIII E

[KETran=[1]] Fy

EquationType




Set m exponent

™3

m'=am*1- m]-bm*m

Change Powerto 3 | rawer [MT: o




Specify voltage dependence
of am and bm

Choose functional form
for am

Set parameter values

Do same for bm

alpha beta

| Eﬁuati-:-nTEe | I

=Ny

Bm

A
Atexplk*v - dll)

Al - expl-x]] wherex = k¥w - d]

KSChanTable

A + expl-ked - ) M

am = Al - expl-x])] where x = k¥w - d]

[ [elo




il ChannelBuildGateGUI[0] for ChannelBuild[0]

Cloze Hide

=101 %]

s States,, Transitions4 Properties

Select hh state or ks transition to change properties

m h

m properties

™3

m'=am*[1 - m]-brn*m

Fractional Conductance

e

m fraction I 1 3

after configuring am and bm
£ 3 Adjust Ij Run m=-=m[a, b] [KETran=[1]] F
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Il ChannelBuildGateGUI[0] for ChannelBuild[C

Close
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Hide

s States,, Transitions4 Properties

h

Select hh state or ks transition to change properties R’ =ah[1-hi-bAeh
- . Porear I I |1 g
Fractional Conductance
h t- h fraction 1 3
properties - WS
after configuring ah and bh
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NEURON Main Menu

ChannelBuild[0] managed K! &

rmyna Density Mechanism
na chric ion current

ina (mAfcmz) = g_myna * (v - ena)
g=gmax*m3*h
Default gmax = 0.12 (Sfcmz)

|Clamp([0]
at: soma(0.5)

sdha




