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Membrane Transport

The hydrophobic core of membranes restricts
the passive diffusion of most polar molecules

For molecules which cannot diffuse across
cellular membranes, alternative mechanisms
are necessary




Cells Actively Maintain Intracellular
lon Concentrations

COMPONENT INTRACELLULAR EXTRACELLULAR
CONCENTRATION (mM)  CONCENTRATION (mM)
Cations
Na* 5to 15 145
K* 140 5
Mo 0.5 1to2
ca 10 1to2
H* 7x10° (1072 MorpH 7.2) 4x10°(107*M or pH 7.4)
Anions
cr 5to 15 110

~25% of ATP is used by neurons to maintain these disparities in ion
concentrations (~50% of ATP is used by Red Blood Cells for this purpose)

Possible Membrane Transport
Mechanisms
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Electrochemical Gradients Also
Drive Charged Molecule Transport
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Diffusion Through Membranes
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Membrane hydrophobic core is the
greatest barrier to diffusion

All molecules diffuse along a
concentration gradient

Rates of diffusion correlate most

strongly with molecular weight
and aqueous solubility
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Diffusion Through Membranes

Fick’s First Law
J = (om/ ot)IA
J =-D(0 Clox)

om/ ot = -DA(0 CIox)

Rate of transport = P(C,-C;,)
C=concentration IN membrane
C,.—= concentration outside cell
C,,=concentration inside cell
P =DAK/L
P=permeability coefficient
D=Diffusion coefficient
A=area of membrane
K= membrane partition coefficient
L=membrane thickness
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Diffusion Through Membranes
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That's ~200 Na* atoms/s
diffusing into a T-lymphocyte
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Facilitated Movement of Molecules
Across Membranes

» Specific mechanisms exist for facilitated
transport of:
— Sugars
— Amino Acids,
— Metabolic intermediates, vitamins
—lons

» Transporters are typically multipass
transmembrane proteins

Differences Between Diffusion and
Facilitated Transport

Facilitated Transport Facilitated Transport
) Vmax
Saturable kinetics

Specificity for the substrate

Can be inhibited

Diffusion

. . Vl/2 B
Energy is from concentration
gradient or external
source (e.g. ATP)

Rate of transport
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Resting membrane potential

COMPONENT INTRACELLULAR EXTRACELLULAR
CONCENTRATION (mM)  CONCENTRATION (mM)

Cations

Nat 5t0 15 145
K 140 5
Mg 0.5 1t02
ca® 10" 1to2
H* 7x10° (107*MorpH 7.2) 4 x10° (107*M or pH 7.4)
Anions
cr 5to 15 110

The resting membrane potential is the weighted average of
the equilibrium membrane potentials for all ions in solution.

Thus, resting membrane potentials often approximate the
equilibrium potential of ions with greatest membrane
permeability.

In most cells, this potential is largely influenced by K+

Resting membrane potential

Na+/K+ ATPase pumps 3 Na+ out
Na+/K+ ATPase of cell for every 2 K+ pumped in.

O K+ leak channels allow the flow of K+
O o O lons along their concentration gradient.

° When K+ leaks out of the cell it leaves an
o unpaired anion behind resulting in a net
@ Q negative membrane potential.

As the negative membrane potential
K+ leak channels  Increases, K+ leakage is reduced

The resting membrane potential is close
to that in which the net flow of a given K+
across the cell membrane is ZERO.

Resting membrane potential is
-20 to -200 mV for most animal cells
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The Nernst Equation

The equilibrium membrane potential for a given ion can be determined using the Nernst
equation.

A(BCOHC
sz_)lt

AG,y,. = - RTIN(Co/Ci) Z = ion valency

F = Faraday’s constant
AG, = zZFV V = membrane potential

R = ideal gas constant
AG, g + AGgne= T = temperature

Co = ion extracellular concentration
zZFV — RTIn(Co/Ci) = 0 Ci= ion intracellular concentration

Example for K+ ions:

zFV = RTIn(Co/Ci)
Co =5 mM, Ci = 140 mM
v = Blin(corci)

Vi, = 26mVIn(5 mM/140 mM)

Vi, = -87 mV

Membrane potential as the driving
force for ion flux

So when the resting membrane potential is -87 mV, net K+
flux is ZERO

Similarly, when V = 26 mV In ([Na+]o/[Na+]i) = + 59 mV,
net Na+ flux is ZERO

Thus, the greater the difference between the actual
membrane potential and the equilibrium potential for a given
ion determines the driving force for an ion through a channel
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lon Channels are Not

Continuously Open

vialtage- ligand-gated ligand-gatad machanically
gated {extracellular {intracallular gated
ligand) ligand)

The Function of lon Channels

» 100’s of ion channel proteins have been
identified to date

* Many have functions in maintaining normal cell
physiology and cell signaling pathways (e.g., K+
leak channels)

* Nerve cells and muscle cells have developed
specialty uses for ion channels (e.g.,
acetylcholine receptors are ion channels used to
transmit intercellular signals)
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How do they work?

* Using the Potassium leak channels as an example:

— How can these channels be 104 times more selective for K+
than Na+?
 lons have same charge valency

+ Diameters are comparable at 1.33 and 0.95 A, respectively
» Pore sieving properties cannot impart selectivity since Na+ is smaller

« Given the high rate at which K+ is conducted through the channel, the
pores cannot have a higher binding affinity for K+

K+ channels

potassium
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» A tetrameric structure (only 2 showr'i"'ébove)”creates the channel structure.

» lons are transported more than half way across the membrane due to the
open pore and vestibule structures
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K+ channels

potassium

salectivity filter ian selectivity loop
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Selectivity for K+ ions is imparted by 4 rigid loops lining the pore, termed
selectivity filter

Peptide carbonyl oxygens of these loops or oriented such that they can
replace the oxygens of water bound to neutralize the K+ positive charge

K+ channel selectivity
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CLOSED View from the cytosol

For voltage gated K+ channels, in response to changes in membrane potential,

the two transmembrane helices for each of the 4 subunits rearrange.

This results in the inner helix occluding the pore opening into the vestibule,
preventing ions from gaining access to the selectivity filter

Generation of action potentials in
electrically excitable cells
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* In neurons, local alterations in the membrane
potential are propagated relatively great
distances to transmit signals within and out of
the CNS

» This propagation of altered membrane
potential is called an action potential
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Action potentials are propagated by
voltage-gated cation channels

* Most commonly Na+ Channels but can be
generated by Ca+ or K+ channels
— After initial change decrease
in the membrane potential, H
Na+ channels are opened ’

— Membrane potential rapidly N
approaches the equilibrium :
potential for Na+ (+57 mV) :

::::::

Action potentials are propagated by
voltage-gated cation channels

propagation
Na* channels closed inactivated open closed
polari; resting

resting
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Channel inactivation allows directional
action potential propagation

cyYTosoL

Lowest energy conformation is dependent upon membrane potential
-At the resting potential, the closed conformations is most stable
-Upon depolarization the open conformation is a at a local energy minima
-The inactivated conformation is the lowest energy conformation in

depolarized membranes

Neurotransmitter-gated ion
channels facilitate cell-cell signals
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The acetylcholine receptor form

acetylcholine-

binding
site

occupied
and closed
(inactivated)

neuromuscular junctions

A relatively non-selective cation channel
-Transport: Na+ > Ca++ > K+

Composed of 4 different yet homologous
polypeptides

Forms a hetero-pentamer

Possesses 2 ACh binding sites on each
alpha subunit

Binding of 2 Ach results in a conformational
change which opens the pore

Acetylcholinesterase degradation of Ach
results in decreased receptor occupancy
and conversion to the closed conformation
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