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Example: ion channel family in the Jurkat cells
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Example: ion channel family in the Jurkat cells
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Patch-clamp: major electrophysiological tool

@ Whole-cell

@ Perforated patch .
© Cell-attached

© Loose patch

© Inside-out patch
O Outside-out

(LU)
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Whole-cell patch-clamp technique

Rpecaback

probe

command voltage
(holding potential)

bath solution bath l

electrode

pipette
electrode

micropipette

Chemical ECS concentration (mM) ICS concentration (mM)
Na* 126 5
K" 6 147
Mgt 2.5 1.2
Ca?* 1.2 0
Cl- 125 150
GTP 0 0.1
ATP 0 N
HEPES 10 20
Glucose 11 11
Sucrose 67 0
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Peculiarities:
O large pipette
QVe>V,>\V,
© perfusion
@ Dialysis
Assumptions:
© Constant temperature
@ Equal osmolarities
© Equal pH
@ Equal hydraulic pressure
© No hardware filtering
Advantages:
© Quick assertion of ion channel populations
@ Cytosolic environment is controlled
© Extracellular side can be perfused
Disadvantage: Washout of cytosolic factors (Dialysis).
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Extracted information

Separation of required current:
@ Shape of the current response
@ Drugs (blockers for specific channels and pumps)

© Manipulation of ion concentration. Problem with an unknown
channel.
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Conductance
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Conductance

f(V) or f(Ca, etc)

Voltage dependence

Calcium dependence
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Peak currents
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Tail-current analysis
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Non-stationary noise analysis

A
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Single-channel recordings
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GHK: V(C)

Easy and therefore common
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Assumptions:
@ constant electric field
@ ions move under the influence of diffusion and the electric field

© concentrations of ions at the edges of the membrane are directly
proportional to those in the aqueous solutions.

@ The ions access the membrane instantaneously from the intra- and
extracellular solutions.

© The membrane is a homogeneous substance

@ The permeant ions do not interact.
Disadvantages:

@ Constant field contradicts Poisson's eq.

@ Steady. Fixed bulk concentrations.
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Phenomenological models

Polynomial equations to describe ionic current kinetics
Functions are more intimately associated with physical realities

Many parameters (usually obtained from experimental fit)
HH

FitzHugh-Nagumo
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Hodgkin-Huxley model

Ingeniously simple.

Extracellular Medium
f I = lp+ Co%y2 + gun*(Vim — V) +
o | @ew) o %ﬁam’jh(vm - Vna) +&81(Vin — V),
= WO | @ = an(Vn)(1 = n) = Bo(Vi)n
E, '|' ELT dT = am(Vm)(1 — m) = Bm(Vim)m
& = ap(Vim)(L = h) = Ba(Vin)
Intracellular Medium
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HH: pros and cons

Current balance equation obtained using Kirchoff's law and relaxation
equations for the components in the ionic conductances.
Accurate assumption: K channels contain four identical voltage-sensor
domains that can activate largely independently.
Assumptions:
@ lonic currents obey Ohm's law
@ The channel contains four independent and identical voltage sensors
that activate in two steps.
@ Channel opening (CO) represents a concerted conformational change
that follows but is distinct from voltage-sensor activation.
Limitation:
Does not capture correctly the kinetics of the Na™ channel.
Cannot account for the stochastic response to current injection (discrete
nature of ion channels).
Spatial domain effects
Hydration

No C-V coupling
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@ How the activity of ion channels alters voltage properties?
@ Why do fluctuations appear?
@ What defines their magnitude?

@ How the observed spectrum can be explained?

Briefly: theory is needed.
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Simple model: Poisson-Nernst-Planck

Jdc 7 e )
87:’ ==V, Iy =—Dm | Vcm — k:iTCmE +Im;
VeE = V(eV6) = 4o = 47¢ Y 2

m
1 A T 0 T g
. DX 02
o5 - Dx 01 |
. D, * I ——
. D\(, , :'—‘-—* ‘ ‘ -1 ‘ 0 | 1 |

0 Il 1
-10 -8 -6 -4 -2 0 2 4 6 8 10

Concentration and the net electric charge profiles
T T T T T

1.5 -
0.5¢ i
o .
05 [o®0m, @0 —ax0) - e « b o Qup - G0 o ch ---cx0=c,x0)]
: ; : : : : : z ;
-10 -8 -6 -4 -2 0 2 4 6 8 10

(LU) 14 October 2016 20 / 24



PNP: Pros and cons

Advantages:

@ from profound physical principles

@ self-consistent

© computationally cheap

@ |-V curves. Detection of a given ion species.
Faults:

@ Continuous. Not applicable in narrow channels.

@ No saturation

© No self-energy barrier

@ Spontaneous gating only. No voltage gating.
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Fourier spectra
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PNP: main result
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