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leak Density Mechanism
NonSpecific ohmic ion current
    i_leak (mA/cm2) = g_leak * (v - e_leak)
g = gmax
  Default gmax = 0 (S/cm2)   e = 0 (mV)
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    i_leak (mA/cm2) = g_leak * (v - e_leak)
g = gmax
  Default gmax = 0 (S/cm2)   e = 0 (mV)

Select here to construct gates

ChannelBuild[0] managed KSChan[0]
Close Hide

Properties

nahh Density Mechanism
na ohmic ion current
    ina (mA/cm2) = g_nahh * (v - ena)
g = gmax * m^3 * h
  Default gmax = 0 (S/cm2)

m’ = am*(1 - m) - bm*m
h’ = ah*(1 - h) - bh*h

ChannelBuild[1] managed KSChan[1]
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Selective for Ion...

Ohmic i=g*(v-e)
Goldman-Hodgkin-Katz

Default gmax (or pmax)
  HH sodium channel
  HH potassium channel
Clone channel type
Copy gates from
Text to stdout

Provide transition aliases
Use fixed step HH rate tables

Gate Constructor
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nahh Density Mechanism
na ohmic ion current
    ina = g_nahh * (v - ena)
g = gmax * m^3 * h
  Default gmax = 0 (S/cm2)

m’ = am*(1 - m) - bm*m
h’ = ah*(1 - h) - bh*h

ChannelBuild[0] managed KSChan[0]

Close Hide

States Transitions Properties

Select hh state or ks transition to change properties
m
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m^3
m’ = am*(1 - m) - bm*m

Power 3

Fractional Conductance
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m <-> m (a, b)         (KSTrans[0])
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am = A*x/(1 - exp(-x)) where x = k*(v - d)

A 1

k 0.1

d -40

bm = A*exp(k*(v - d)))

ChannelBuildGateGUI[0] for ChannelBuild[0]
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na ohmic ion current
    ina (mA/cm2) = g_nahh * (v - ena)
g = gmax * m^3 * h
  Default gmax = 0 (S/cm2)

m’ = am*(1 - m) - bm*m
h’ = ah*(1 - h) - bh*h

ChannelBuild[0] managed KSChan[0]
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States Transitions Properties
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h <-> h (a, b)         (KSTrans[1])
Display inf, tau

ah = A*exp(k*(v - d)))

A (/ms) 0.07

k (/mV) -0.05

d (mV) -65

bh = A/(1 + exp(-k*(d - v)))

A (/ms) 1

k (/mV) -0.1

d (mV) -35

EquationType

ChannelBuildGateGUI[0] for ChannelBuild[0]
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    ina (mA/cm2) = g_nahh * (v - ena)
g = gmax * m^3 * h
  Default gmax = 0 (S/cm2)

m’ = am*(1 - m) - bm*m
h’ = (hinf - h)/htau

ChannelBuild[0] managed KSChan[0]

Close Hide
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EquationType
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aC2O = A

ChannelBuildGateGUI[0] for ChannelBuild[0]
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kca Density Mechanism
k ohmic ion current
    ik (mA/cm2) = g_kca * (v - ek)
g = gmax * (0.25*C2 + O) * O2 * O3
  Default gmax = 0 (S/cm2)

(0.25*C2 + O): 3 state, 2 transitions
O2: 2 state, 1 transitions
O3’ = aO3*(1 - O3) - bO3*O3

ChannelBuild[0] managed KSChan[0]
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  Default gmax = 0.12 (S/cm2)
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khh Density Mechanism
k ohmic ion current
    ik (mA/cm2) = g_khh * (v - ek)
g = gmax * n4
  Default gmax = 0.036 (S/cm2)

n4: 5 state, 4 transitions

ChannelBuild[1] managed KSChan[1]

Close Hide

Properties

leak Density Mechanism
NonSpecific ohmic ion current
    i_leak (mA/cm2) = g_leak * (v - e_leak)
g = gmax
  Default gmax = 0.0003 (S/cm2)   e = -54.3 (mV)

ChannelBuild[2] managed KSChan[2]

Close Hide

Properties

nahh0 Point Process (Allow Single Channels)
na ohmic ion current
    ina (mA/cm2) = nahh0.g * (v - ena)*(0.01/area)
g = gmax * m3h1
  Default gmax = 0.12 (uS)

m3h1: 8 state, 10 transitions
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nahh0[0]
at: soma(0.5)

nahh0[0]

Nsingle 0

gmax (uS) 0.12

g (uS) 6.816e-08

i (nA) -8.5813e-06
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About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

somaapicdend

all
somatic
basal
apical

Hints

First, select,

Select
Select One
Select Subtree
Select Basename

then, act.

New SectionList

Selection->SecList

Delete SecList

Change Name

Move up

Move down

Parameterized Domain Page

CellBuild[0]
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About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

p=0.701413
apic[80] (0.444568)

all
somatic
basal
apical
   apical_x

Hints

Parameterized Domain Specification

Return to Subset Selection Page

3D projection onto line
with minimum projection value at 0
and normalized so max is 1
ranges from 0 to 1

Show domain value
Specify projection axis

origin_ (um) 41.798

Angle (deg) -59.151

metric proximal distal

Remove

CellBuild[0]
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About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

somaapicdend

Specify Strategy

all:    manage ...
somatic
basal:    manage ...
apical:    manage ...
  apical_x: manage ...
 soma
 apic
 apic[1]
 apic[2]
 apic[3]
 apic[4]
 apic[5]
 apic[6]
 apic[7]
 apic[8]
 apic[9]

Hints

for apical_x.loop(&x,&p) { // specify
cm
gnabar_hh
gkbar_hh
gl_hh
el_hh

CellBuild[0]
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About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

p=491.255
f(p)=0

Specify Strategy

 all
     Ra
     cm
 basal
     pas
 apical
     hh
 apical_x
     gnabar_hh

Hints

/* p is Path Length from root
and ranges from 54.2503 to 928.259 */
for apical_x.loop(&x, &p) {
    gnabar_hh(x) = f(p)
}

f(p) show

f(p) = A0 + A/(1 + exp(k*(d - p)))

A0 0

A 0

k 0

d 0

CellBuild[0]

Boltzmann
Ramp
Exponential
New
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About   Topology   Subsets   Geometry   Biophysics   Management   Continuous Create

p=0.593642
apic[89] (0.885275)

f(p)=0.0406358

Specify Strategy

 all
     Ra
     cm
     hh
 apical_x
     gnabar_hh

Hints

/* p is 3D projection onto line
with minimum projection value at 0
and normalized so max is 1
and ranges from 0 to 1 */
for apical_x.loop(&x, &p) {
    gnabar_hh(x) = f(p)
}

f(p) show

f(p) = b + m*p/(p1 - p0)

b 0.1

m -0.1

CellBuild[0]
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File

170 sections; 640 segments

* 1 real cells
    * root soma
        170 sections; 640 segments
        * 7 distinct values of nseg
        * 5 inserted mechanisms
            Ra = 80
            cm = 1
            ena = 50
            ek = -77
            * hh
                * 114 gnabar_hh
                    114 or more distinct values
                gkbar_hh = 0.036
                gl_hh = 0.0003
                el_hh = -54.3
        * 2 subsets with constant parameters
        * 113 sections with unique parameters
        0 Point Processes
0 artificial cells
0 NetCon objects
0 LinearMechanism objects

* Density Mechanisms
* 0 point processes

ModelView[1]
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f(p)=0.0406358

Specify Strategy

 all
     Ra
     cm
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 apical_x
     gnabar_hh

Hints

CellBuild[0]



soma(0.5)

Vm
VcIc

Vm

soma(0.5)

cell[0](0.5) cell[1](0.5)

Rgap

axon[0](0.5) axon[1](0.5)

R_ephaptic

soma(0.5)

Vm
Re2

Vx
Ac

Vc

Ri

Ai

Acmd

synth(0.5)

AI VIc

RI

Re1

Control

e
Vout

R1

axon[2](0)axon[1](0)

Vm

R2

VC

gap(0.5)

B1 B2

left(0) right(0)



Init (mV) -80

Init & Run

Stop

Continue til (ms) 5

Continue for (ms) 1

Single Step

t (ms) 150

Tstop (ms) 150

dt (ms) 0.005

Points plotted/ms 40

Scrn update invl (s) 0.05

Real Time (s) 25.55

RunControl
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Init (mV) -80

Init & Run

Stop

Continue til (ms) 5

Continue for (ms) 1

Single Step

t (ms) 150

Tstop (ms) 150

dt (ms) 0.23528

Points plotted/ms 40

Scrn update invl (s) 0.05

Real Time (s) 1.49
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Use variable dt
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INITIAL {
  net_send(0, init)
}

NET_RECEIVE (w) {
  if (flag == init) {
    WATCH (v < vh) down
    WATCH (v > vth) up
  }
  if (flag == mid) {
    WATCH (v < vh) down
    WATCH (v > vth) up
  }
  if (flag == down) {
    WATCH (v > vh) mid
  }
  if (flag == up) {
    WATCH (v < vh) down
    WATCH (v > vth−1) up
  }
}

init

up

mid

down
v < vh

v > vth

v < vh

v > vth

v > vh

v < vh

v > vth − 1
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v(.5)

init t=0 v=−65
up t=2.925 vth=−35 v=−34.8438
down t=6.8 vh=−60 v=−60.098
mid t=17.875 vh=−60 v=−59.9339
up t=19.675 vth=−35 v=−34.6043

init t=0 v=−65
up t=2.90163 vth=−35 v=−35.0412
down t=6.74939 vh=−60 v=−60.0083
mid t=17.7923 vh=−60 v=−60.0002
up t=19.5997 vth=−35 v=−35.0351
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78 points 
76 advance
1 interpolate
2 init
138 f(y)

(177*8)/(138*4 + 115*4) = 1.4
71 points
68 advance
2 interpolate
3 init
115 f(y)

Local Step

113 points
107 advance
5 interpolate
4 init
177 f(y)

Global Step



t0 t_ tn

advance

interpolate

init

One integrator instance per cell
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S1

C

m

S2

NEURON {
  ARTIFICIAL_CELL IntFire
  RANGE tau, m
}

...declarations...

INITIAL { m = 0   t0 = t }

NET_RECEIVE (w) {
  m = m*exp(−(t − t0)/tau)
  t0 = t
  m = m + w
  if (m > 1) {
    net_event(t)
    m = 0
  }
}
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1

NET_RECEIVE (w) {
   m = minf + (m − minf)*exp(−(t − t0)/tau)
   t0 = t
   if (flag == 0) {
      m = m + w
      if (m > 1) {
         m = 0
         net_event(t)
      }
      net_move(t+firetime())
   }else{
      net_event(t)
      m = 0
      net_send(firetime(), 1)
   }
}

FUNCTION firetime() { : m < 1 < minf
   firetime = tau*log((minf−m)/(minf − 1))
}

: dm/dt = (minf − m)/tau
: input event adds w to m
: when m = 1, or event
:  makes m >= 1, cell fires
: minf is calculated so
:  that the natural interval
:  between spikes is invl

INITIAL {
   minf = 1/(1 − exp(−invl/tau))
   m = 0
   t0 = t
   net_send(firetime(), 1)
}
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Number of all to all cells 40

All to all connection weight 0

Delay (ms) 0

Cell time constant (ms) 10

Lowest natural interval 10

Highest natural interval 15
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Number of all to all cells 40

All to all connection weight −0.05

Delay (ms) 0

Cell time constant (ms) 10

Lowest natural interval 10

Highest natural interval 15
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Number of all to all cells 40

All to all connection weight −0.05

Delay (ms) 9

Cell time constant (ms) 10

Lowest natural interval 10

Highest natural interval 15
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