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Resting membrane potential

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Na*- K* pump
Extrudes 3 Na*ions
Brings 2 K*ions in

Unequal distribution of ions
Na*and Cl - extracelullary
K*and A intracelullary

Intracellular concentration Extracellular concentrace

[mmol/l] [mmol/I]

Na* 12 Na* 145
K* 155 K* 4
Ca?* 0,0002 Ca?* 2
Cl 4 Cl- 120
HCO, 8 HCO, 27
proteins (A) 155 proteins (A) 0
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The equilibrium membrane potential for K*
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The equilibrium membrane potential for K*

diffusional Chemical driving force
force
K e
Diffusion

Outward movement of K+

Na*

Cl-

extracellular




The equilibrium membrane potential for K*

K* escapes out of the cell along concetration
gradient

A-cannot leave the cell
Greater number of positive charges is on the

diffusional outer side of the membrane
~ force

K+

On the inner more negative charges

Na+ electrical driving force emerges,

Cl-

extracellular




The equilibrium membrane potential for K*

i diffusional
force
@ Electrical Gradient
o Inward movement of K*
electrical
force
i intracellular - extracellular :




The equilibrium membrane potential for K*

! diffusional
o s force  °
o
Chemical gradient equals electrical gradient

5 No net movement

I of ions

electrical No net movement of ions

o

force 2 Steady state is balanced
o
intracellular extracellular




The equilibrium membrane potential for K*

1 =2
i i diffusional
force
Negative membrane potential
o No net movement
: of ions
- electrical®  ° Equilibrium membrane potential for potassium is
force negative
intracellular ' extracellular




The equilibrium membrane potential for K*

-+
How to calculate the magnitude of the membrane potential - i i
i =i+ diffusional

[
force

. Mo net movement
Osmotic work A
The work, which must be done to move 1 mol of the substance electrical’ .
from concentration C_to concentration C, force g # o

A,=RTIn[C]/IC] o ﬁ 1 /_O

Electric work

The work, which must be done to move 1 mol of the substance
across the potential difference E intracellular - T, extracellular
A =E.n.F

of ions

R — universal gas constant
T — absolute temperature
Ce, Ci—ion concentration
E — potential difference

n — charge of ion

F — Faraday’s constant



The equilibrium membrane potential for K*

How to calculate the magnitude of the membrane potential :

diffusional
force

When the system is in balance then osmotic work equals No net movement

electric work i of ions
- electrical® o
Ao Ae force g # -y
RTIN[C.]/[C]=E.n.F ﬁ ] ,F.
-+
E= intracellular a extracellular

R — universal gas constant
T — absolute temperature
E=RT/nF.In[C.]/IC] Ce, Ci—Ion concentration
E — potential difference

n — charge of ion

F — Faraday’s constant

Nernst equation

(natural logarithm)
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The equilibrium membrane potential for K*

How to calculate the magnitude of the membrane potential

The equilibrium membrane potential for K*

Nernst equation Countif Kte =4 mM/I
E=-62/n.log[C]/[C,.] K*i = 155 mM/I
(decimal logarithm)

-98 mV
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Resting membrane potential

Real cell
Membrane permeability
K* : Na* : Cl-
1 : 0,03 : 0,1
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Resting membrane potential

Real cell Resting membrane potential
Real cell membrane permeability Goldmanova equation
K* Na* Cl
1 : 0,03 : 0,1

RT Pk' [Ko 4] + Pna' [Nao +] + Pci [Cli ]
V= F In i ; -
Pk' [Ki ']+ Pna'[Nai 1+ Pci [Clo ]
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Resting membrane potential
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Resting membrane potential

Membrane potential is not a potential. It is a difference of two
potentials so it is a voltage, in fact.
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The equilibrium membrane potential for other ions

Nernst equation
E=-62/n.log[C]/[C.]

Intracellular concentration Extracellular concentrace
[mmol/I] [mmol/I]

Na* 12 Na* 145

K* 155 K* 4

Ca?* 0,0002 Ca?* 2

Cl- 4 Cl- 120
HCO; 8 HCO; 27
proteins (A) 155 proteins (A) 0
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The equilibrium membrane potential for other ions

The equilibrium membrane potential for Na*
For Ca?*
For CI-

https://create.kahoot.it/

Log in — e mail: ustav.fyziologie@gmail.com
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Signal propagation

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Neuron
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Signal propagation

Dendrite d Neuron Soma

&/

4

ﬁbhﬂ‘-"

Passive spread of electrical current R
along the axon O—
Electrotonic propagation

Equivalent electrical circuit

Ry transverse or membrane resistance
Volts
R, longitudinal resistence (axoplasm)

I
I
ECF resistance is negligible. XL

Distance x
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Signal propagation

Dendrite d Neuron Soma

| "' 4

G‘bhﬂﬂ

Space constanty

Potential seen at each
compartment will fall in a fixed ratio
(at a rate that will dependent on
the ratioR,,/ R))

Exponential decline in voltage

y = the distance you have to go
before voltage V,has dropped to
37% of its original value.

/

o =

' ‘/w’lim

Volts
Vo/e

v=Y(Ry/R)

(square root of the ratio)

Distance x

-/
,4]# /-

Ry, 3, , . V4 Vs
S Y3 YS YS YS YS e
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Signal propagation

Dendrite d Neuron Soma
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Action potential

Conductive Membranes:
Axon of neurons

Skeletal muscle fibre
Smooth muscle cell

Closed but available ~Activated (open) Heart muscle

ha‘O

voltage dependent sodium channel

Extracellular
side

Cytoplasmic
side
Activation gate

Inactivated 22



Action potential
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Closed

Sodium channel
Open

Na+ channels
become

refractory, no
more Na+
enters cell

K+ channels
open, K+
begins to leave
cell

Na+t channels
open, Na+
begins to enter

cell .

A

Refractory

" ~Sodium ions enter

K+ continues to
leave cell,

causes membrane
potential to return
to resting level

K+ channels close,
Na* channels reset

Threshold of
excitation

N

Extra K+ outside
diffuses away



Action potential

Membrane permeability
K* Na* Cl-

1 : 15 : 0.1
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Signal propagation - Action potential

Propagation
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action potential




Signal propagation - Action potential
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Action potential

The all-or-nothing law

Stimulus strength

Subthreshold  Threshold Suprathreshold
stimuli stimulus stimulus

Time (msec)

@ 2011 Pearson Educatan, Inc
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Action potential

Stimulating
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Action potential

Absolute Relative
Absolute and relative refraktectory period Refractory Refractory
Period Period

The period of time when an AP cannot be elicited
+30 |-

Closed but available Activated (open)

“CpOlarization

Membrane potential (mV)

Inactivated N



Action potential

. Adjacent inactive node
Saltatory Conduction into which depolarization
. Active node at peak Is spreading; will soon Remainder of nodes
myelinated axon of action potential reach threshold still at resting potential
A AR i
'\Nl:'
i 7!
e\t + + =0\ + + + f=—""el"

J Local current flow that
— depolarizes adjacent inactive
\ node from resting to threshold _em
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Action potential

Saltatory Conduction
myelinated axon

t=1

i
=1
=1

Action No action
potentials potentials
(active reglon)\ (passive current)
J. A ~1 mm
S Vi A \ f i
| ) TS——a—) \ S
> Toward
/ Myelinated synaptic
Node of portion Direction of terminals
Ranvier (internode) propagation >
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Action potential

Adjacent !nctlvc node
into whiclidepolarization
Active node at peak Is spreadfjg; will soon Remainder of nodes
N O r m a I of action potential reach threshold still at resting potential
r h e Gy r \
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=——1 Myelin

depolarizes adjacent inactive Myelinated
\ node from resting to threshold ol
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Action potential

Adjacentinactive node
into whigh depolarization
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Signal propagation

Elektrotonic potencial Action potential

Cell body

Nervous - tsoma)

system \}\\
P

AP

Initial segment Node of Ranvier Schwann cell

A\ ——— <o
. ) ;\\’__;:?’-"/ * Axon hillock Uvolnéni -
‘ /T\ ‘ N%leus T e e g e s monrs1eurotransm|teru
\ Der'drites ™ o 1
| —oo= 17N — S ==

mv 2

Volts

|
|
|
A Distance x

N N BN B B B B B B |
2
&
(=]
—
w
t

S KN ) ] 35



Signal generation

Sensory receptors Synaptic transmission

Sending Electrical Signal

Neuron

*" Axon Hillok

Chemical Signal

Receiving
Neuron

Receptor Potential Generator Potential

Stimulus

Voltage-gated channels l
+

Stimulus

Chemically gated . ) )
channels Na Diffusion of e

chemical
messenger

O N
S S—

<)
. N i )

neuron fiber Na®

Afferent

neuron fiber Na™ Receptor

Receptor

© Brooks/Cole - Thomson Learning

(separate cell)

(modified ending
of afferent neuron)
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Signal generation

Pacemaker activity

Smooth muscle

Heart GIT — interstitial cells of Cajal

Sinoatrial node

PACEMAKER " Action Potentials
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Time ——»
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Skeletal Muscle

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------

> 1 Refractory period
E +235
] 1 Depolarization
0
8 -4
& 1 Repolarization
& g
é’ .
© 1
z -
; = Resting potential
8% QP
1 1 1 ) 1 1 1
0 2 6 8 10 12
Time [ms)
Regulation
?’ofmuv:'.r
intraceliular excitability
K* K* K*
‘ )
a ]
D 4[1-
Cl Na* cl
Extracellular
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Smooth Muscle

Multiunit Synapses Nerve fibers

each smooth-muscle cell receives its synaptic
input. This allows for multi-unit smooth muscle
to have much finer control. Multi-unit smooth
muscle is found in the airways of the lungs, large
arteries, and ciliary muscles of the eye. Mulfianit Smooth Muscle

Varicosities

Single unit (unitary) — NEn ot

Urinary tract, digestive tract, vessels

Single-unit Smooth Muscle
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Smooth Muscle

Smooth muscle

Single unit (unitary) — Nerve fiber - varicosity
Receptors on the muscle surface
gap junctions

Multi-unit

Smooth muscle action potential

Millivolts

o | ]

;

feas

Slow waves of Intestinal wall

Spontaneous
pacemaker -
cells of Cajal

\

Slow waves

) 1

|
0 50 100
Milliseconds

Millivolts

T T
0 10
B

20 30
Seconds

”“U\terus — AP with a plateau
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+30

Cardiac Conduction System. Figure 15.19
Interatrial septum Nerve

Cell —>
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Left bundle
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Purkinje fibers

Hole's Human Anatomy and Physiology, 7th adition, by Shier,

Interventricular a1
septum



Heart — sinoatrial node

Cardiac Pacemaker Potential (ll)
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Action potential - comparison

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Neurons Skeletal musclecells Myocardial contractile cells
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Thanks for your attention

Questions ??7? Comments ?7??
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