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General physiology
Lecture 11
Resting membrane potential

Zuheir A Hasan
Department of anatomy , physiology and biochemistry
The Hashemite University

Lecture objectives

* Define the resting membrane
* Review the different types of ionic channels in the cell membrane

* Understand ionic basis of resting potential by applying the concept of
diffusion potential

* Describe the relation between the resting membrane potentials and K and
Na equilibrium potentials

* Apply the Nerst equation and GHK equation and to estimation of resting
potential

* Describe the contribution of NaK ATPase pump to the resting potential

* Know the resting membrane of different cell types including neurons,
muscle cells and other cell types of the body
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Schematic diagram of a neurons
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Measurement of Resting membrane potential

RMP is a potential difference across biological
membranes, and it reflects the separation

of charges across the membrane.

There are a few excess negative charges (about 1
pmol/cm2) on the inner surface and the same
number of excess positive charges on the outer
surface

The resting membrane potential

measured when the cell is at rest—that is, not active
Different cells have different resting potentials.

Silver-silver
chloride
electrode
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Resting Membrane Potential of Different cell
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Skeletal muscle fibers -85 t0 95 mV resting Wais o

Smooth muscle fibers -50 to -60 mV o o .

Astrocytes -80 to -90 mV P 2lf Gope 9 poten‘tlal
Neurons -60 to -70 mV volume I dules
Erythrocytes -8t0-12mV 295 255 9 sregulation
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lonic channels in nerve cells

channels

Outside
.
* Predominately for K lons
* Some Na Leak channels
* cell membranes of Neurons and muscle cell

in resting state are highly permeable to K ions
than Na lons ((100X)

3. Thus the resting membrane potential is mainly

determined by the concentration gradients of K ion (@)
Na* K+

K* "leak"
channels
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Origin of Resting Membrane Potential of Neurons

RMP ==90 mV
Contribution of K Diffusion Through the Nerve Membrane 4 -:M.

DDOD
Concentration difference 35 : 1 & K+ Nernst potential =-94 mV K

140 mEgQ/L 94 mv)

If K+ ion concentration and permeability were the only factors f0soM

causing RMP - RMP inside the fibber would be equal to -94
millivolts and will be equal to the Nerst potential of K ions
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The observed membrane potential as a function of the external K+ concentration
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The solid line Is the theoretical $ 2
prediction for a membrane that is permeable only to K+. Notice the ( Nernst potent |al = zero )
logarithmic concentration scale.

Effects Of hyo and | rkalemia,
+ /il negativity
Hypokalemia the resting potential moves closer to the threshold for
eliciting an acti tentfal and the neurog becomes more exiitable‘
.‘B + d negativity md Depolarized
Hyperkalemia If the extracellular level of K+ is decreased (hypokalemia),
the membrane potential is reduced and the neuron is hyperpolarized

Effects of Ca ions
A decrease in extracellular Ca2+ concentration increases the excitability of
nerve and muscle cellsimembrane destabilization)

If you calculate the AMP usually the will be the same
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Origin of Resting Membrane Potential of Neurons
RMP ==90 mV

Contribution of Na Diffusion Through the Nerve Membrane

Concentration difference 10 : 1 - Na+ Nernst potential =+61 mV = Na' K
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Origin of Resting Membrane Potential of Neurons
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1f we have a resting muscle cells that is permeable mainly to k+ 4 slightly
permeable to Na+ diffusion potential will contribute about -86 mv and
Na+-k+ pump contribute about -4mv So according to these factors

The resting potential = -90mv

Active Transport of Na* and K *

Electrogenic pump o) s ol Jas Hgis Wl
More positive charges are pumped to the outside than to the TP 092 Do prolg
inside=> causing negative potential inside the cell membrane.

Causes large concentration gradients for Na & K across the
resting nerve membrane.
K*

Na+

inside outside
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The Resting Membrane Potential
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Membrane potentials are generated mainly by diffusion of ions and are determined by
* the ionic concentration differences across the membrane, and
* the membrane’s relative permeabilities to different ions.
Plasma-membrane Na,K-ATPase pumps maintain intracellular sodium concentration low and
potassium high.
* In almost all resting cells, the plasma membrane is much more permeable to potassium than to

sodium, so the membrane potential is close to the potassium equilibrium potential—that is, the
inside is negative relative to the outside.

* The Na,K-ATPase pumps also contribute directly a small component of the potential because they
are electrogenic.
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Net Driving Force on lons across the cell membrane

* When multiple ions contribute to membrane potential (Vm) of a cell>
membrane potential would not be at the equilibrium potential (Veq.) for any
of the contributing ions. Thus, no ion would be at its equilibrium (i.e., Veq.
#Vm).

* i.e. chemical and electrical forces acting on K+, Na+, and Cl- are not
equal-> electrochemical driving force (VDF) acts on the ion, causing the
net movement of the ion across the membrane down its own
electrochemical gradient. T Ty wv
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* VDF = Vm - Veq. i ek
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Voltage-Gated Na Channel in neuronal cell membranes
Activation and Inactivation of the Voltage-Gated Na Channel

This channel has two gates: Activation

2 s a gate Na+

ctivation gate — near the outside
of the channel >
inactivation gate — near the inside eTeTe L= eTeTeT
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Activation and Inactivation of the Voltage-Gated Na Channel

state of two gates in:
A- RMP=-90 mV. B- Activation of the Na Channel S;l"'g:n"""t’“ of the Na Channel.
activation gate is closed — prevents Na  activation gate — open position : v ﬁog”';‘md
entry to the interior inactivation gate — open—s Na pour inward, N' chMQ gene—
increasing Na permeability of membrane 500- o Nelone eny
i 5000X.
gate  Na* Selectivity Na*
N Na*  fiter
4 = o
7
Inactivation Inactivated
gate (+35t0 -90 mV,
Resting delayed)
(-60mV) = - Occurs a few 10,000ths of a second after activation gate opens.
- + Conformational change that closes inactivation gate is a slower
R process than conformational change that opens the activation gate
l J \ + The inactivation gate will not reopen until the membrane potential
/ fetums to of near the original RMP

state of two gates in:

A- RMP=-90 mV.
activation gate is closed — prevents Na
entry to the interior
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B- Activation of the Na Channel
activation gate — open position
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C-Inactivation of the Na Channel.
activation gate — open

Inactivation gate— closed

No Na ions entry
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Voltage-Gated K Channel and Its Activation

two states:
A- during the resting state— Closed
B-Activation state — opened— K diffusion outward

Opens just at the same time that the Na channels are beginning to close — | Na entry & 1 K exit— recovery of
RMP within another few 10,000ths of a second.
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From Guyton Textbook

Membrane Potentials Caused by Diffusion
* Diffusion Potential (caused by an lon Concentration Difference on the Two Sides of the Membrane)

* Figure A, the potassium concentration is great inside a nerve fiber membrane but very
low outside the membrane. Let us assume that the membrane in this instance is
permeable to the potassium ions but not to any other ions. Because of the large
potassium concentration gradient from inside toward outside, there is a strong tendency
for extra numbers of potassium ions to diffuse outward through the membrane. As they
do so, they carry positive electrical charges to the outside, thus creating
electropositivity outside the membrane and electronegativity inside because of negative
anions that remain behind and do not diffuse outward with the potassium. Within a
millisecond or so, the potential difference between the inside and outside, called the
diffusion potential, becomes great enough to block further net potassium diffusion to
the exterior, despite the high potassium ion concentration gradient. In the normal
mammalian nerve fiber, the potential difference required is about 94 millivolts, with
negativity inside the fiber membrane.
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* Figure B shows the same phenomenon as in Figure 5-1A, but this time with high concentration
of sodium ions outside the membrane and low sodium inside. These ions are also positively
charged. This time, the membrane is highly permeable to the sodium ions but impermeable to
all other ions. Diffusion of the positively charged sodium ions to the inside creates a membrane
potential of opposite polarity to that in Figure 5-1A, with negativity outside and positivity
inside. Again, the membrane potential rises high enough within milliseconds to block further
net diffusion of sodium ions to the inside; however, this time, in the mammalian nerve fiber,

the potential is about 61 millivolts positive inside the fiber.

DIFFUSION POTENTIALS

Figure 5-1 A, Establishment of a “diffusion” potential across _  Nerve fiber . _  Nerve fiber
a nerve fiber membrane, caused by diffusion of potassium (Amoni) + (An ) + .
ions from inside the cell to outside through a membrane , _(Anions)~ 4 (Anions)™
that is selectively permeable only to potassium. B, Py S + 4 /_’: 5 B
Establishment of a “diffusion potential” e " + & 1\\ . * -
when the nerve fiber membrane is permeable only to K7 = o s Mo ==Na o -
sodium ions. Note that the internal membrane potential is \h* - 4 + 3 \\\: - q.’,q B —
negative when potassium + = + gy - - -
ions diffuse and positive when sodium ions diffuse because (=94 mV) + (+61 mV) N
of + - + - + + -
opposite concentration gradients of these two ions + == + + N -
A B
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The Nernst Potential

* The diffusion potential level across a membrane that exactly opposes the net diffusion of a
particular ion through the membrane is called the Nernst potential for that ion.

* The magnitude of this Nernst potential is determined by the ratio of the concentrations of
that specific ion on the two sides of the membrane. The greater this ratio, the greater the
tendency for the ion to diffuse in one direction, and therefore the greater the Nernst
potential required to prevent additional net diffusion

* When using this formula, it is usually assumed that the potential in the extracellular fluid
outside the membrane remains at zero potential, and the Nernst potential is the potential
inside the membrane. Also, the sign of the potential is positive (+) if the ion diffusing from
inside to outside is a negative ion, and it is negative (=) if the ion is positive.

Concentration inside
Concentration outside

EMF (millivolts) = + 61 x log

Origin of the Normal Resting Membrane Potential

* 1-Contribution of the Potassium Diffusion Potential.
* 2-Contribution of Sodium Diffusion Through the Nerve Membrane.

* 3-Contribution of the Na+-K+ Pump.

Outside
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A ;
Na K
ATP Na* K+ ADP = N
Sy K* “loak
Na*-K* pump channels

Figure 5-4 Functional characteristics of the Na'-K' pump and of
the K' "leak™ channels. ADP, adenosine diphosphate; ATP, adenos-
ine triphosphate. The K* “leak”™ channels also leak Na* ions into the
cell slightly, but are much more permeable to K*
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1-Contribution of the Potassium Diffusion Potential.

* In Figure 5-5A, we make the assumption that the only movement of
ions through the membrane is diffusion of potassium ions, as
demonstrated by the open channels between the potassium
symbols (K+) inside and outside the membrane. Because of the high
ratio of potassium ions inside to outside, 35:1, the Nernst potential
corresponding to this ratio is =94 millivolts because the logarithm of
35is 1.54, and this multiplied by =61 millivolts is =94 millivolts.
Therefore, if potassium ions were the only factor causing the resting
potential, the resting potential inside the fiber would be equal to
-94 millivolts, as shown in the figure.

2-Contribution of Sodium Diffusion Through the Nerve Membrane.

* Figure 5-5B shows the addition of slight permeability of the nerve membrane
to sodium ions, caused by the minute diffusion of sodium ions through the
K+-Na+ leak channels. The ratio of sodium ions from inside to outside the
membrane is 0.1, and this gives a calculated Nernst potential for the inside of
the membrane of +61 millivolts. But also shown in Figure 5-5B is the Nernst
potential for potassium diffusion of =94 millivolts. How do these interact with
each other, and what will be the summated potential? This can be answered
by using the Goldman equation described previously. Intuitively, one can see
that if the membrane is highly permeable to potassium but only slightly
permeable to sodium, it is logical that the diffusion of potassium contributes
far more to the membrane potential than does the diffusion of sodium. In the
normal nerve fiber, the permeability of the membrane to potassium is about
100 times as great as its permeability to sodium. Using this value in the
Goldman equation gives a potential inside the membrane of =86 millivolts,
which is near the potassium potential shown in the figure.
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3-Contribution of the Na+-K+ Pump.

In Figure 5-5C, the Na+-K+ pump is shown to provide an additional contribution to the
resting potential. In this figure, there is continuous pumping of three sodium ions to the
outside for each two potassium ions pumped to the inside of the membrane. The fact that
more sodium ions are being pumped to the outside than potassium to the inside causes
continual loss of positive charges from inside the membrane; this creates an additional
degree of negativity (about -4 millivolts additional) on the inside beyond that which can be
accounted for by diffusion alone. Therefore, as shown in Figure 5-5C, the net membrane
potential with all these factors operative at the same time is about =90 millivolts. In
summary, the diffusion potentials alone caused by potassium and sodium diffusion would
give a membrane potential of about -86 millivolts, almost all of this being determined by
potassium diffusion. Then, an additional =4 millivolts is contributed to the membrane
potential by the continuously acting electrogenic Na+-K+ pump, giving a net membrane
potential of =90 millivolts.

Resting Membrane Potential of Nerves

* The resting membrane potential of large nerve fibers when not
transmitting nerve signals is about =90 millivolts. That is, the
potential inside the fiber is 90 millivolts more negative than the
potential in the extracellular fluid on the outside of the fiber.
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Awnother Notes from Videos

Voltage-Gated Sodium Channels in Neurons

65K views + 2 years ago
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This video explains how voltage-gated sod|

Is work in neurons, and how they influence the shape of an action potential ..,

Full video
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Sodium ions are more concentrated outside the cell whilst potassium ions are more
concentrated inside the cell. Due to the concentration gradient formed, the ions will diffuse
down their concentration gradients (known as the chemical gradient) across the membrane.
For example, potassium will diffuse outside of the cells through potassium leak channels.
However, as more potassium leaves the cell this causes the inside of the cell to become more
negative, due to the presence of negatively charged molecules and ions. This means that the
potassium will then diffuse back into the cell down its electrical gradient.

The potential difference needed to make the net movement of potassium equal zero is called
the equilibrium potential, or Nernst potential.

An ion’s Nernst potential can be calculated by the Nernst equation, and the resting membrane
potential (RMP) can be calculated by the GHK equation, which is the combination of multiple
Nernst equations. This is because there are many ions contributing towards the overall
membrane potential, with potassium being the main contributor (90%) due to being the most
permeable, which is why the RMP very close to the equilibrium potential of potassium.

Potassium’s equilibrium potential is -94mV, Sodium’s equilibrium potential is +61mV, and
chloride’s equilibrium potential is -86mV. Since each ion’s contribution towards the membrane
potential differs, the resting membrane potential will be related to the activity of each of these
ions. Potassium contributes towards 90% of membrane permeability, chloride contributes
towards 8% and sodium contributes 1%. Thus, 0.9 x -94 + 0.01 x 61 + 0.08 x -86 = approximately
-86mV.

Since the sodium potassium pump actively transports 3 sodium ions out of the cell and 2
potassium ions into the cell, this further decreases the value of the RMP, making it more
negative by about -4mV, giving us the final value for the RMP as -90mV.

Resting potential is thus the difference in potential across the membrane when the cell is not
active (an example of an activity is action potential propagation). Different cells have different
RMP’s, with muscle and nerve cells having the most negative resting potential values.

Voltage-gated channels:

The voltage-gated channels for sodium has two gates, an activation gate on the outside of the
membrane and an inactivation gate on the inside of the membrane. At RMP the activation gate
is closed, so no sodium ions can enter. Once the membrane potential reaches threshold value
due to stimulation, the activation gate opens leading to a massive influx of sodium ions. Once
the sodium reaches +30mV, the inactivation gate closes, no more sodium enters the cell.

The voltage-gated potassium channels open once the sodium channels begin to close, which
causes a massive efflux of potassium ions which repolarizes the membrane potential back to
RMP.
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Another Questions

16. The velocity of conduction of action
potentials along a nerve will be increased by

(A) stimulating the Na™—K* pump

(B) inhibiting the Na*™—K" pump

(C) decreasing the diameter of the nerve
@ myelinating the nerve

(E) lengthening the nerve fiber

6. If this cell were permeable only to K*, what would be the effect of reducing the extracellular K
concentration from 14 to 1.4 millimolar?
A) 10 millivolts depolarization
B) 10 millivolts hyperpolarization
C) 122 millivolts depolarization
D) 122 millivolts hyperpolarization
E) 61 millivolts depolarization
F§ 61 millivolts hyperpolarization
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