Over the HH-model

Different currents Function

slow K* firing frequency adaptation
perzistent (non-inactivating)  Na* burst

Ca* burst

Ca**-(and V-) dependent K*burst, adaptation
H hyperpolarization activated pacemaker

M ) 3
Voltage dependent currents L=g B,V (1), g, (0)=g, [] o) dgfszwfjégzt);’(”
Ca** concentration ~ d%_,, ., [Ca(
dt ca T
Ca**-dependent gate dpy_ pi.([Cal(t)=p()
di o ([Cal (o)
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The Cable Equation / 1 AANANAN

I (x.t) I (%)

conductive core
plasma
<
A~
><
—
A~~~
>
+
(@
><
H
N—

]
X >
1oV J;th
Iaxial( ’t):___x ( ,)
a[axial | — — aV V( )
W:]m(x,l() Im(x’t) IC('xft)-l_]leak(x’t)_'_“ Cm 0t Rm

simplification: no voltage-dependent currents!

v

[cm], 7 [msec] 2
Sl e | LY OV Vet g
R, [kQ/em], R_[kQem], C, [uF/cm] R ox> " Ot R,

2

A=yR /R [cm] ?\28 V—Ta—V—V<x {) 0

=R C  [msec] ax2 FY
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The Cable Equation / 2

! Voltage attenuation for different boundary conditions

08 r Sealed end]
axial( Xy )=0
06 |
V/Vo
04 |
V(o0)=0
0.2 Clamped end Infinite cable
. V(X o) .: 0 . .
° (] 0.5 1 15 2 25 3

X=X/

Constant current injection:  Transient current injection:

steady-state spatial temporal development
voltage spread ~of voltage spread
: : 100 - , —
8 v P
10 (m¥) G';GP
10
V/iVo
1
0.5
0.1
0 0.5 1.0 0 05 1.0 15
distance (x/A) time (t/tm)
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The Cable Equation / 3

Anatomy

» ﬂﬁ@%%f::m . Attenuation (in) Attenuation (in) I in
R, ﬁ\\( basal tip apical tip delay (in)
Y

H

Attenuation (out)

m\’_ Tin
}
- I, 10 ms
0.1 Agff T hett
e
\ 100 pum
.///_f;;\ —
P
& — OHz
/?; I/
RN
v
W
Lf "WV 100 Hz YWY 500 Hz

1/e
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A. Characterized Neuron

Multicompartmental modeling

B. Cable Model

1OV _ 0V Vit _,
R. oy’ " Ot R C. Compartmental Mode!,k

I m

s
>
<
s
"g

dv,
Cdt

:]k<t)+ Vk—1<t)_ Vk<t)_|_ Vk+1<t)_Vk<t>
\emm et/ Rk Rk+1
all sorts of 1onic currents (HH, etc)
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Stratum radiatum

Stratum lucidum

Stratum pyranudale

Stratum oriens

Detailed cell models: Why?
I. Reproducing different phenomena (how does 1t works?)

100 um

Axon

Table 2. Active conductance densities (mS cm™2)

Level Na* (a®t
| — -0

2 — -0

3 10 -0

4 100 10

5 30 1-0

6 3-0 1-0

7 — 2:0

8 - 30

9 — 30
10 — 1-0
11 — 1-0
IS 500 —
Axon 500 —

Modellek az idegrendszer-kutatdasban
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K(DR)

08
0-8
0-8
08
(]
08
08
08
08
08
08

K(AHD)

K(C)
+0
40
80
20
30
80
40
12
12
40
+0

Level 8

Level 6

Level 4

Level 2

Traub & Miles (1991, 1994) hippocampal pyramidal cell model

EXPERIMENT

f}\”/}\«ﬂy\410nw

Mxljlﬂijhkﬁ1o"w

L

50 ms

10 mV
01 nA
50 ms

SIMULATION

B
LU
B

T

7
T 1_I 042 nA

50 ms

| 10 mV
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Detailed cell models: Why?

What is a burst good for?

1. Common sense (Lisman): more robust transmission

2. Izhikevich: selective communication with resonance {\ M1 [1mv (\ each other

A\ 6 ms

ol

:
= e

WW

Inhibitory input
TR

12.5 ms

Pulses cancel

AN 12 ms

II. Revealing computational functions (What it is good for?) / 1

Pulses

Pulses cancel

add up ” iach other

AN 18 ms

5ms

Non-resonant burst

15ms 10ms
Non-resonant burst Resonant burst

Modellek az idegrendszer-kutatdasban
2024 Neuroinformatika, Zaldnyi Ldszlo

F iz my
\/\,—_—

Slngle pulse Non-resonant doublet Resonant doublet Non-resonant doublet
V  Threshoid| Y Threshold| |Y  Threshold| |¥  Threshold
@ || @ ®
I | |
Resonant for B Resonant for C
| S |
1 L L
12 ms 18 ms
Period
- 12 ms
B Pi2mv
Period
18 ms |20 mv
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Detailed cell models: why?
II. Revealing computational functions (What it is good for?) / 2

What is the role of the dendrites?

1. Common sense (Cook&Johston): amplification of distal synaptic effects
2. Mel InCI’eaSIng Storage Capacrty Linear Cell Nonlinear Cell

- O d
= o | dmk=3 a,x) a,(x)
® i3

. 1 2 j
] A rq‘—_————__ * ©) b(2x; + x2) +
1 i l"': ;/ t" . 4y + 30 +2x | b2y +x) +
] . 3 i bxa+ 2x3)

w8 o s
T . o % ;ﬁb
i 4 b 2 €
. u L o
| = x 2 ' 3|®
1 Py, L N mze st U "= & b(2x1 + x3) +
T2 z - ) N : S 4x; + 3xp +22 blx; + 2x) +
! e £ 885 h g b(xy + X, + x3)
¥ 1 al
I-\- v » e
Total number
d of distinct i /o 110 20
J o functions
e
A Capacity for Fixed Branch Length B Capacity for Fixed Branch Count C Capacity for Fixed Cell Size
5 5 4
25 x 10 25 x 10 15 x 10
d =1000
d =400 d =400 =10,000 3
2 A7 2 d =400
) ’ / 10+ Nonlinear model
215 Nonlinear model ‘ 15 Nonlinear model 7
= i v,
g :
%
O 1 1
5
05 05
~ Linear model Linear model / b~ Linear model —___ '\ i
0 ] = 0 oo - Sooeet 4 /
0 05 1 15 2 0 05 1 15 2 0 1 2 3 4
Number of Sites (k -m) 104 Number of Sites (k -m) x10? Number of Branches (log,m)

— 4 e - K =
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2D taxonomy of single cell modells

. Morphology
S ) D] ey CcOmpleX

multi compartment

one compartment two compartments

McCulloch-Pitts
Rate
Integrate and fire

linear

discrete

branching

continuous

R-C circuit =
8 = leaky Integrator
E
g FitzHugh
E Morris-Lecar
Hodgkin-Huxley
Wang
Pinsky-Rinzel
complex

Modellek az idegrendszer-kutatdsban
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Equvivalent
cylinder

Ball & Stick

Traub '91

passive
multi-
compartmental

Standard
multi
compartmental

Bursting

Multi
compartmental
(Traub '94)

cable-equation

(Rall)

S]apout pasvq 2oupjonpuod [pI1sydorg

SUODAIUIIUOD
punsi]
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Synaptic models

1. presynaptic action potential

2. Ca* influx

The aim synaptic models:
To calculate the postsynaptic
potential changes, based on
the presynaptic activity.

3. transmitter release from the vesicles

4. transmitter-receptor binding

- 5. postsynaptic conductance ("PSG"),
A current (PSC) and potential changes (PSP)

Modellek az idegrendszer-kutatdsban
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Between two neuron: The synapse (A 1ON CHANNEL LIKED RECEPTOR

& " ons

2 wme lonotrophic (A) and
# . 4\# metabotrophic (B,C)
1, receptors

(B} G-PROTEIN-LINKED RECEPTOR

ligand

G protein activated activated

EAYME oF G protein enzyme of
Ion channel ion channal

(€1 EMZYME-LINKED RECEPTOR

Merve =
impulse =
inactive active
catabytic catalytic
{D domain darmain

Excitatory and inhibitory postsynaptic potentials

(a) Excitatory synapse
my

—60 = (b} Inhibitory synapse
mv

Acetylcholina addad
10 Resting potential

Muscls
call

Resting potentiall _72

Acetyleheling added »

| | 1 | | 1
Sarcoplasmic reticulum 10 20 30 40 1 2 3 Fl

Time {ms) Time (s}
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Excitatory and inhibitory neurotransmitters

Glutamat

(information transmission) . S
GABA-gamma aminobutyric acid

Serotonin (in the central neural system)

(mood, wake/sleep)

Acetlicholin
(neuromuscular junct

Noradneraline Glycine
(arousal) (in the periphery)

periphery
Dopamine

(reward system,
Parkinson disease,
schizophrenia)

»
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Detailed kinetic synaptic models:

Kkinetic schema
(example)

B I

T
Ca ) Ca2+ Ca )

4Ca+X ¢ » X"

u

k
W > we Ko nT K

2

Ca** intracellular calcium
X,X*  protein, activated protein
W, W* vesicle, activated vesicle
T transmitter

Reminder:

]Ca(t>:gCaS<t)(ECa_ Vpre(t>)
@_Sw(Vpre(l‘) —s(1)
dt TS(VW(I))

Modellek az idegrendszer-kutatdsban
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the presynaptic side (1-3.)

d[fl‘;ﬂ —Blca(t)—lcajl(t) -

—4k,|Ca” (1) X (1)+4k X (1)
%:_ L () X () +k, X (1)
ddg—kb[C ) X(6)k, X (1)

—k, X ()W () +k, W' (1)
“;Z_V;/:_kl)(*(t) W (t)+k, W (1)
dd_VT:klx*u)W(r)—sz*(r)—sz*U)
%:@nW*(r)—kﬂ](ﬁ

Vpre 40 mV
[Ca2+] I 50 nM
!‘l
"\
'
\
\\
xX*, W* J\ 0.07 nM
[T] ‘ 0.5mM
5ms
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Detailed kinetic synaptic models:
the postsynaptic side (4-5.)

?Vpost
C J— _[:]_g leak I
mT T B |

kientic schema
(example)

r[T] r

Reminder:

1syn<t):gsynQ< )(Evyn Vpost<

Qoo -

)

%g n[T r,[T]
sy
E CO‘Ti C“Ti Z‘fo()

transmitter

closed receptor
desensitized receptor
open receptor

AMPA

Simplified kinetic synaptic models

postsynaptic side

presynaptic side

[TV ,.(t)|=

Modellek az idegrendszer-kutatdsban
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C g O
(I-q) B (q)
‘é_‘t]:ajT](z)(l—q(t))—BCI(f)

AMPA
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Phemomeological synaptic models

The postsynaptic conductance change, caused by one, V
single presynaptic action potential ? post

Esyn_Vposl(t))foA(Vpre(tO)_V®)OQ<t_t0>dt0 C gleak . gsyn
m
Linear summation of the individual E E
T leak I -  syn

conductance changes

(convolution by Dirac-delta function) !

[syn<t):gsyn

alpha-function double exponential function

1= " ot
qde(t>:AleT2.\e TZ_e B
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Number of
variables

reproduced
phenomena

Synaptic models: summary
detailed

presynaptic

postsynaptic

senzitisation

desenzitisation

saturation (PSG, PSC)

saturation (PSP)

Shunting
inhibitiotM

Mo

excitation

threshold

‘rest

n

inhibitio

2024 Neuroinformatika, Zaldnyi Lds%lo’

Excitation or inhibition?

%)
<
=

additive effect

A

divisive effect

v
subtractive effect

40

-40
-80

0.8

-82 -
-84 -

-68 -
=70
-72 4

>=5

~5
yes

yes
yes
yes

vV, /mV

1 I[TYmMm
0.6 -
0.4 -
0.2 4

simplified
0

1
no

no
no
yes

poszt

f
0

0 20 2 40 0
t [msec]

T T T 1
10 20 30 40

phenomenological
0

no

no
no
no

RN

t [msec]
Lengyel Maté: Egysejt modellek I/ 16




	Dia 1
	Dia 2
	Dia 3
	Dia 4
	Dia 5
	Dia 6
	Dia 7
	Dia 8
	Dia 9
	Dia 10
	Dia 11
	Dia 12
	Dia 13
	Dia 14
	Dia 15
	Dia 16

