lon concantration

gradient
Inside Cutside
12 mhM 145 mAd
Ma’ Ma”
Ma*
.
AG, 1.45 keal/mol
i

Origin of the resting membrane potential

Membrane
elactrical potential

Free-energy change during
transport of Ma® from outside

to inside

Inzide

AG = AG,+ AG,, = —3.06 keal/mol

Inside Cutside
. Nernst-equation:
- : relationship between potential difference
and ion concentration in equlibrium
4Gy = ~1.61 keal/mol for one sort of ion
v
_ _RT, [Clge
Outside ZF :|IC
*
. ) . more, independently
Na* Goldman-Hodgkin-Katz-equation (GHK): moveing ions
X resting membrane potential as a function of the constant electric force
* ion concentrations and permeabilities ‘ intensity throug the
membrane
+ + -
RT 1 Pyl K EC-I_PNa[Na EC+PCZ[CI Lc
= n
rest + + -
F PK[K et Py Na IC-I_PCl[Cl ]EC

Nernst-Planck equation:
ionic flux (current) as a
function of the electro-
chemical potentials

Modellek az idegrendszer-kutatdsban
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Basics of the conductance-based models

EC fluid (matrix)

lipid core:
capacitor L._ <J

[

|C fluid (cytosol)

Modellek az idegrendszer-kutatdsban
2024, Neuroinformatika, Zaldnyi LdszIlo

ionchannel:
resistance (conductance)

Vi(t)

C —V(t
"dt R (1),

w \y o/ Ny -4
v -

capacitice resistive or conductive
current current
fe T Vin
S ol i L S
; 0.63 AV
: '
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Model with parallel conductances

L ﬁ LT Lo
EK insert

Cl T Na

Equation for current equlibrium:

dv(t)
Cm dt :gCl(ECl_V<t>)+gNa
Nernst-
potential
w
driving force
“

single ion current

Modellek az idegrendszer-kutatdasban
2024, Neuroinformatika, Zaldnyi Ldszlo

ENa_ V<t>)+gK(EK_ V<t))+[insert<t>
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The Hodgkin-Huxley model / 1

mT E E E insert
T leak —I— Na T K

Equation for current equlibrium:

C, dl;,—it):gzeak E = V<t>)+gNa<t)(ENa_ V<f))
Leak current (mainly CI)
Equations for ionic currents: closed open
g )=gyem (1) h(1)

channel

Modellek az idegrendszer-kutatdsban
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The Hodgkin-Huxley model / 2

What is most important in the HH model: voltage dependent gating Kinetics

(04
closed ~——* open
R
dm(t)_ _mooV<t) (t)
— =, |V (1) )(l—m( t) Hm(V( t) Im(t)= )]
(7 Eo ] mw -ty
el V) ) TR (V] %_ﬂ;ﬁ]ﬂ U | | 3 U oo
v, (V) = :
" o, (V) +B, (V)
10ms
] ] ]/ |
1 mannel_r_ 10 channels 100 channels
Modellek az idegrendszer-kutatdsban

. . . a7 . P Dayan, LF AbBoll: Thearedical Meumacence, (MIT Press, Cambridgs, 2001])
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The Hodgkin-Huxley model / 3

What is most important in the HH model: voltage dependent gating Kinetics

[msec]

[1]

-100 V [mV] 50

Modellek az idegrendszer-kutatdsban -100
2024, Neuroinformatika, Zaldnyi Ldszlo
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The Hodgkin-Huxley model / 4

HH model in work:

N
o
<
membranepotential 3
— closed (inactivated)
o5
o
i time
. . B 1-2 ms
gating variables <
5 = F
- o
Depol. Repol.
B 7 «Q
channel i ] =
conductances I 1 2 Y
I K 1 3
i ’ o
(0]
8 ;
channel i leak. i _
currents - / . § .
i | g closed (resting) closed (inactivated)
i K i =
S
0 S

(6)
o

t [msec]|

Modellek az idegrendszer-kutatasban
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The Hodgkin-Huxley model / 5

Mullivolts

——-0

D
Milliseconds

Sir John Carew Eccles, Alan Lloyd Hodgkin, Andrew Fielding Huxley: Awarded
by Nobel-prize in medicine, 1963.

Modellek az 1aegrenaszer-kurarasoan
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The Hodgkin-Huxley model / 6

Nay channel

Voltage
sensing

Inactivation

Amino
terminus
Carboxy
terminus
B

MthK K*channel
(open)

KesA Kt channel
(closed)

Modellek az idegrendszer-kuiaiusvan
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