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What Do Membranes Do?

* Cell membrane surrounds the cell
* Protects the cell
* Semi-permeable barrier- channel&transporter
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What Do Membranes Do?

* Maintain concentration of various substances
o Homeostasis

* Allows cell recognition/communication
o Proteins and carbohydrates

Different types of membrane transport

simple diffusion facilitated diffusion primary active transport
[+ (*]
hydrophilic b ‘ .
(polar) head . ‘ ) molecule to be transported

of phospholipid
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p- adrenergic receptor

What Do

Membranes
D 0 ? Er e

factor receptor

e Allows receptivity
e Allows to maintain cell shape
e Helps to compartmentalize subcellular domains
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What Do Membranes Do?

* Links adjacent cells together by membrane
junctions. Desmosome (selectin)

e Anchors cells to the extracellular matrix.
hemidesmosome (integrin)
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What Are Cellular Membranes Made

- Phospholipids ... 25% -

- Cholesterol ....... 13%
- Other lipids ........ 4%

* Proteins ............

e Carbohydrates ....

Of?

~ Lipids

J

veveernnenees 5%

cereeenenee 3%

Core of membrane-barrier

high permeability to lipid-soluble
substances CO,, steroid

low permeability to water-soluble
substances ions, glucose

transporters, enzymes, hormone
receptors, cell-surface antigens

Cell coat- cell-cell int. antigenicity




Cell Membrane Structure and Function

Extracellular fluid Extracellular fluid
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Phospholipid Component g | o
of Cell Membranes .
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Lipid Bilayer

- C
In cell membranes, phospholipids Hydrophilic ~  ECF WATER
orient so the lipid-soluble fatty acid Je AIIFIIe
tails face each other and the water Htiebphobiste by
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Cell Membrane

Lipid Bilayer

oluble substances

d water-s




The Fluidity of Membranes

* Membrane molecules have weak hydrophobic

interactions.

 Components drift laterally, but rarely flip-flop.
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Cell membrane must be more than lipids...

* In 1972, S.J. Singer & G. Nicolson proposed that
membrane proteins are inserted into the
phospholipid bilayer

Membrane is a collage of proteins &
other molecules embedded in the fluid
It's like a fluid... matrix of the lipid bilayer
It's like a mosaic...

It's the
Fluid Mosaic Model/ Iy d

Intracellular fluid
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The Fluidity of Membranes

» The fluidity of a lipid bilayer depends on both its
composition and its temperature

* Temperature




Membrane Lipid Composition Varies

» Lipid composition affects flexibility

O

O

o O O

membrane must be fluid & flexible

about as fluid as thick salad oil

% unsaturated fatty acids in phospholipids
keep membrane less viscous

cold-adapted organisms, like winter wheat

increase % in autumn . _
Fluid Viscous

cholesterol in membrane W W
~ w4 :'\ p'v; :/-

i soudos o

Unsaturated Saturated
hydrocarbon hydrocarbon
tails with kinks tails



Cholesterol Component
of Cell Membranes

» Cholesterol modulates the properties of lipid
bilayers.

» Between phospholipid molecules
» At warm temperatures (such as 37°C), { fluidity.

» At cool temperatures, it maintains fluidity by
preventing tight packing.

“temperature buffer”

Cholesterol



The carbohydrates are not inserted into the
membrane, they are too hydrophilic for that.

Glycoprotein Extracellular fluid

= Peripheral

protein

Cytoplasm

cytoskeleton

They are attached to proteins- glycoproteins, Lipids- glycolipids



o ability of a cell to distinguish one cell from another

surface charge.

General Functions of
Cell Membrane Carbohydrates

Play a key role in cell-cell recognition

(antigens)

Attach cells to each other.

Act as receptor sides. Some involved in immune
reactions.

important in organ & tissue development

Give most of cells overall negative Extracellular side
Glycolipid A
Glycoprotein

Carbohydrate

v’ Primarily attached to the outer
surface of the membrane as:

2, Nonpolar
Leg-end —
Polar |
, end

- Glycoproteins ... (most of it). Y "
- Glycolipids ...... (1/10). Cholesterol Proteins = Phospholipids

Intracellular side




transmemt?rane adsorbed - transmembrane
glycoprotgin glycoprotein proteoglycan
e = sugar residue -

cell coat
(glycocalyx)

lipid

CYTOSOL

Surface molecules constitute a layer at the surface of

the cell called «cell coat or glycocalyx». Made inside the
cell and secreted

Other Functions

e protect the membrane against the harsh conditions
* preventing unwanted cell—cell interactions



Protein Component Of Cell
Membranes

* Proteins determine membrane’s specific functions
— cell membrane & organelle membranes each have
unique collections of proteins

Transmembrane
proteins

Carbohydrate Phospolipids
portion of

glycoprotein
e Membrane proteins: Channel

Intregral
proteins

1. Integral proteins
2. Peripheral proteins

Peripheral
protein

W
> |

Polar regions

Nonpolar regions Intracellular fluid




Cell Membrane Proteins

1. Integral proteins: / Internal or intrinsic

* Permanently embedded in, and anchored to the cell
membrane by hydrophobic interactions

 They can be defined as those proteins which require a
detergent (such as SDS or Triton X-100) or some other a polar
solvent to be displaced.

Transmembrane Phospolipids

proteins
S 8 /\
A 0
.... o..

Carbohydrate
portion of
glycoprotein

E.G Channel
* Ligand-binding receptors (hormones) i)
* Transporter proteins (Na+-K+ ) &%L

* Cell adhesion molecules

 GTP-binding proteins
* lon channels

protein

Polar regions

Nonpolar regions Intracellular fluid




Integral Proteins

Integral polytopic proteins (transmembrane) are
permanently attached to the lipid membrane and span
across the membrane

provide structural channels or pores, Cell-surface receptors.

Only transmembrane proteins can function on both sides of
the bilayer or transport molecules across it.

Integral monotopic proteins are permanently attached to
the lipid membrane from only one side

and do not span across the membrane.
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Cell Membrane Proteins

2. Peripheral proteins: / external or extrinsic proteins

 Found on one side (face) of the membrane. (not covalently bound)
loosely bound to surface of membrane

* temporarily associated with lipid bilayer or with integral
membrane proteins

* Easily removed by high salt solutions or elevated pH

Transmembrane Phospolipids

proteins
g /\
Q .‘z. < ... \
.....

Carbohydrate
portion of
glycoprotein

Intracellular; enzymes, regulatory side

Channel

of ion channels, carrier,

. . . Intregral
vesicle trafficking gqimtems

Extracellular; Receptors, enzymes,

Peripheral
protein

Polar regions

Antigens, adhesion molecules.




membrane proteins are amphiphilic having
hydrophobic and hydrophilic regions.

Peripheral proteins

Integral Proteins
multipass ® o
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Many Membrane Proteins Are
Glycosylated

Most transmembrane proteins in animal cells

sugar residues are added in the lumen of the
ER and the Golgi apparatus

oligosaccharide chains are always present on
the noncytosolic side of the membrane

polysaccharide chains of integral membrane
proteoglycan molecules as part of the
extracellular matrix

carbohydrate-binding proteins called lectins



Many Functions of Membrane Proteins

"Channel”

Outside
Plasma
membrane
‘ & \
Inside | Q
Transporter Enzyme Cell surface
activity receptor

Cell surface Cell adhesion structural support
identity marker Attach to CS&ECM.
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Membrane
Potential

<>Electrical potential
difference across the cell
membrane

<-caused by different

concentrations of K*, Na
* and Cl ions on each
side of the membrane.

Extracellular Fluid

J

Intracellular Fluid

Extracellular Fluid

Intracellular Fluid

Voltmeter

-0mV -
| !

W D/ Microelectrode
‘ |
K* Channel || | '
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|
/

0mV

65 mV

Voltmeter

! |
K* Channel
]’T ! Microelectrode
D 0 my_‘
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Functions of The Membrane
Potential

*It allows a cell to function as a battery

*In electrically excitable cells such as neurons and muscle
cells, it is used for transmitting signals between different

parts of a cell.
The Motor Unit

Branches of Myofibrils
motor neurons




Excitable Tissues

Excitable Non-excitable

@ neuron ;
N Red cell
- == muscle
@ GIT

eRBC
e|ntestinal cells
eSkeletal eFibroblasts

eCardiac .
[ ]
«Smooth Adlpocytes



Electrical Properties of
Membranes

* All cells have electrical properties.

* Cell interior is negative with
respect to the exterior

Cell

: fiar '
, faor
* voltage difference (Vm) that W
exists across the plasma ﬁw
membrane o
* Moving ions into or out of a cell W@ ©
Charge Imbalance between the Extracellular. gy Intracellular
ICF and the ECF Charge Separation + | — Acrf)ss Membrane
lon Concentration Gradients
Na+-:ff '
e Iy

cr|



FORMATION OF MIEMBRANE
POTENTIALS

“Electro” due to the charges of the ions

Electrical
+ driving force

Electrical
+ driving force

(a) (b)

“Chemical” due to the number and types of ions




ION CHANNELS

Integral membrane spanning proteins

when open, permit the passage of certain ions
Selective; size, charges

controlled by gates

The gates on ion channels are controlled by three types of
sensors.

. g . Second
Resting K+ Voltage-gated Ligand-gated Signal-gated
I channel 1 channel 2 channel 3 channel messenger-gated
channels
. 'i- Na~ .'»,.‘ Na+* Na' Na*
Exter.or N \ ++++ s M /-\’ - A ™ 3:1 ™ r‘v |f\‘ |
Resting | | |
membrane —3- > ‘ N ;
potential - J |
e \ _: =y \_j' {_J _x_ 3 ___\ (_J
CytOSO' P B — o *re ’ ! .‘&SF‘-—)V :
K+ Na* Na* *  Na* K
Always open Opens (transiently) Opens (closes) in Opens (closes)in
in response to change responsetoa response to a specific
in the membrane specific extracellular  intracellular molecule
potential neurotransmitter

Na, Ca, Cl|, K Nerve-Hormones, NT cardiac sinoatrial node- cAMP



Types of Membrane Potentials

Diffusion potentials
Equilibrium potentials

Resting potentials

Threshold membrane potential

Action potentials



K* diffuses out of the model cell via
K*-selective channels. The charge
imbalance generates a diffusion
potential across the lipid membrane.

\ ' 4
4+ ° W K’
o o =0 @ CI-
- =) C’__
Kt-selective—a 7~ v
channels o 4+
—_—
o & - o
\\’, g /‘
Recording
electrode

Loss of K* from the ICF
creates an excess of
negative charge, and
the inside of the cell
becomes negative with
respect to the ECF.

Reference
electrode

Diffusion Potentials

potential difference
generated across a
membrane when a charged
solute diffuses down its
concentration gradient.

potassium ions have
charge, so their movement
causes a diffusion
potential to form across
the membrane.



Electrical
driving force

Electrochemical
driving force

Opposite charges attract to each other,
potassium movement slow down and eventually it stops.

© 2011 Pearson Education, Inc.



Equilibrium Potentials (E)

At electrochemical equilibrium, the chemical and electrical driving
forces acting on an ion are equal and opposite, and no further net
diffusion occurs

Cell permeable to sodium only

High [Na™] o % o - o o o _
High [c|—| BT Na ions °© o e o o s =9 9
e ngh K" \\ o o o 0 yo o -/ ° N
// High [AT] -// \\ - 7T o +\\ O
S5 W @ [ ¥ *\\ o i o © \\ @
r | —_ o || g | _ - | -
\\  Nomembrane || g \\ Inside of cell /| — \ Equilibrium
potential : o Membr.ane becomes (+) o) Equnlnl?rlum o potential
o /, potential /) 0 established +
0mV // \, o ENa =+60 mV
// 0 develops o N\ + + /9O /
Q —1 [ (®) S = QO SN T m—
5 o == g Q = S o
o o ° 4 Chemical Electrical Qo (&)
force force
Chemical force Electrical force exactly
opposes chemical force
(a) (b) (c)

© 2011 Pearson Education, Inc.

in other words, if a cation diffuses down its concentration gradient, it
carries a positive charge across the membrane, which will retard and
eventually stop further diffusion of the cation.



Resting Membrane Potential (V;) RMP

Constant membrane potential present in cells of non
excitable tissues and those of excitable tissues when
they are at rest

 Some ion channels are open at rest.

* Resting V_ (resting potential= sum of the diffusion)
potentials generated by each of these ions flowing
through open channels.

* The equilibrium condition, in which there is no net
flow of ions across the plasma membrane, defines
the resting membrane potential for this idealized
cell.



The Membrane potential:
Balance of Two Forces

High
concentration
Low . /\
concentration 51
Outside of Cell - Fc.)rce.of M; Electrostatic Force of Electrostatic
diffusion pressure dlfoSlon pressure
- - - “ -

Cannot =
leave Force of
cell diffusion

Electrostatic
pressure

Inside of Cell

FIGURE 2.15 Control of the Membrane Potential. The figure shows the relative concentration of some important ions inside
and outside the neuron and the forces acting on them.



Membrane Potential

* Proteins and phosphates are negatively charged at
normal cellular pH.

 These anions attract positively charged cations that
can diffuse through the membrane pores.

* Membrane more permeable to K* than Na*.
— Concentration gradients for Na* and K*.

Na*/ K*ATP pump 3 Na* out for 2 K* in.

» All contribute to unequal charge across the
membrane.



Resting Membrane Potential (V)

*Different membrane permeabilities due to
passive ion channels for Na+, K+, and Cl-

*The K+ permeability is
higher than Na+
*more of the K* leakage channels than Na*

~70 mV (across membrane)

—Plasma
membrane




lons in the Extracellular and Intracellular Fluid

*Na* ions are actively transported

Ssodumions  sedum-potssum L0 Maintain the resting potential.
R transporter
Nat Na
Membrane Na® *The sodium-potassium pump

\ Outsideof Cell  exchanges three Na* ions for
RTINS W/ <« <« « «  twoK'ions.

L] '.n;f} il | )

Inside of Cell

” “ *Na* K* pump is an active, it
| . needs energy taken from ATP

" *Very important to maintain the
B 2 potsssium ions concentration gradient across
pumped in the cell membrane

FIGURE 2.16 A Sodium-Potassium Transporter. These
transporters are found in the cell membrane.



Maintenance of Membrane Potential-
Transporter Contribution

* Without energy, the membrane potential
would eventually be destroyed as

— K* leaks out the cell due to membrane leakage channels
— Na* leaks in due to membrane leakage channels

* Na*/K* ATPase (Sodium-Potassium Pump)

restores the balance pumping Na* out and K* back
In.



Excitable Tissues

excitable

i%zg neuron

muscle

Excitable tissues have more
negative RMP

o -7/0 mV Neurons
o -90 mV Skeletal Muscle

o O O O

Non-excitable

Red cell '

GIT

Non-excitable tissues have
less negative RMP

-53 mV epithelial cells
-8.4 mV RBC

-20 to -30 mV fibroblasts
-58 mV adipocytes



Excitable Membranes

e Excitable Tissues — electrically active tissues

* Tissues which are capable of generation and
transmission of electrochemical impulses

— nervous tissue

— muscle tissue

d 4 \\

Cardiac muscle cells

Smooth muscle cells



Nerve Conduction

Action
A: Slow Spread potential

Propagating
depolarization

Refractory Na* Na* Na* Na® Na'

channels
R

[
ExCitation

e

ST

+ ++ -
- - - +

AXON

The electrical changes caused by increased
membrane permeability to ions

(e.g., Na* versus K* or CI”)




How These Cells Use This Exitaiton???

* Nerve cells use this exitation for signaling
nerve to muscle or nerve to nerve

neuron cell body
synapse

axon of
previous axon

neuron
neuron cell body \

axons of
motor neurons

axon d ot of NPT T T,
tips next neuron ‘ s

synapse ‘ o electrical
' signal

dendrites neuromuscular

junctions




The Motor Unit Axonal terminal Neurotransmitter released diffuses

across the synaptic cleft and attaches
Branches of Myofibrils / Synaptic ' ACh receptors on the sarcolemma
motor neurons

cleft
& a@ SMCsmme T tubule
y #

>\ J an &2 G : ‘{ ‘;-‘C““--- M i =
(T ‘ Qr ‘ B R} S \)Q)Action potential — ™ A\ ===
(0 120 "'67-'}"7 A) (505~ generated is propagated \ \
‘é' z Vv ¥ i along the sarcolemma \\ \
ACh ACh  ACh and downthe T tubules \\
. '.’ \ '\

e Ol
) rs Ca?* re
Muscle fiber — : from terminal

- cisternae of SR ' o tlere b N
®T in blockage e s
rest bloddngacmangtm Ca?+ - Ca?
gh. oot;nmm a;gg“ ’@Cabiumiombindlolroporin:

temmnmin aAhannse chana ramen

 The muscle cell, in turn, uses a change exitation to
initiates muscle contraction.

 Neuronal and muscle action potentials coordinated

selective passage of ions ( Na*, Ca’*, and K*) between
ICF and ECF.



How Neurons Communicate at Synapses

~ V¢,
\ AL

“‘information” must not only

/'{ ‘ M 4
axoncr [N O be co_nducted_ along nerve
neuron | °_ knob iy cells information” BUT

Y, vestels ALSO, be transferred from
{Asly.f.tapuc ) one nerve cell to another
@ cle .

across the synapse

Neurotransmitter

R‘I |
Receiving broken down
neuron Synapse Neurotransmitter and released
~
/ Na*

o

Transmitting neuron (@) Neurotrans-
@ . ;nltter bi tnds
. o receptor
fuses with @ ﬁ?&?‘:’:ﬁ on receiving ‘
plasma leased into neuron's
membrane synaptic cleft ~ Membrane -

(5) lon channel opens (8) lon channel closes

@

lon channels

Receiving neuron



ACTIVATED ACTIVE
NERYE TERMINAL SYNAPSE

nerve terminal

nheurotransmitter
bound to
receptor

neurotransmitter

' \ in synaptic cleft

neurotransmitter
receptor (transmitter-
gated ion channel)

change in
membrane
potential
{electrical
signal)

postsynaptic
cell
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Continuation of the Nerve
Impulse between Neurons

* Impulses are able to cross
the synapse to another

nerve
1. Neurotransmitter is =
released from a nerve’'s  Transmitting neuron @N?t‘t'mé?":'
rminal mitter binds
axon te a ®}{,§’::'5, tn @ Neurotrans- L%'é?ci'?\t,?ﬁg
' tte
2. The dendrite of the next plasma ::aserd ;",,{f,‘ neuron's

membrane synaptic cleft =~ Membrane

neuron has receptors
(Ach gated Na W
channel) that are @ 9380 5

' P transmittero
stimulated by the Synaptic cleft oo go %‘-";gu'el;sm o

neurotransmitter %@ a° - N
3. An action potential is

started in the dendrite lon channels " Receiving neuron




Membrane Potential
Changes

 The inside of a cell negative
than ECF.

* Na+.in: Membrane loses
polarization called
membrane depolarization.

e K+ out: Caused membrane
hyperpolarization.

|| Cation influx causes

an inward membrane
current (l,,) and
depolarizes membrane
potential (V).

Cation efflux
causes an outward
current and

hyperpolarizes V,,.

Depolarization

rpolarization

QOutward
current




Action Potential

3. Initially membrane is slowly depolarised
(Na influx)

 Until the threshold level is reached
— (This may be caused by the stimulus)

+35

Threshold level— |/ k/‘
-90




Action Potentials-Threshold potential

4. The electrical voltage needed to open the voltage
dependent Na* channels required to trigger an
action potential.

 This occurs in most excitable tissues at -60mV

Once the threshold level is reached

”/Overshoot
— APissetoffand noonecan = | ol 0mV

stop it ! Like a gun S 1 P

Once Vy, is crossed,
a spike is inevitable.

- Afterpotential




Physiological Basis of Depolarisation

Voltage-gated Na+ channel
+30

60
.90 k/‘

4. When the threshold level is reached

— Voltage-gated Na+ channels open up
* (Na+ conc. outside is higher than the inside)

— More Na* goes inside the cell

— The positivity of the membrane potential increases and causes
depolarisation

Na+

outside

inside




Physiological basis of Repolarisation

At +30

outside
| inside Z:

-70 K+

+30

5. When membrane potential reaches +30 mV, Na+
channels are inactivated

— Then K+ channels open, K+ goes outside

— Positive ion leaving the inside causes negativity at ICF

— Repolarisation occurs



Action Potentials-Overshoot

* The action-potential peak often “overshoots” the
zero-potential line, and the inside of the cell

becomes positively charged with respect to the ECF.

F++
+++ +30

+++

BBV

++ +

” i Overshoot

.........

Once Vy, is crossed,
a spike is inevitable.

— Afterpotential




Sodium channel

Closed Open Refractory Reset
1 3 5
=+ ) =1 =+ / I — =4 — =5 . ir
X Y mYy. W Y Y Y, :
Z'ﬁ‘t N e LK L= v = ! ETH
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" Sodium ions enter

+40 = Not channels/ 3

become
refractory, no
more Nat

o enters cell

Z 4 K+ continues to

g | leave cell,

c O

= causes membrane

3 K+ channels potential to return

S open, K+ 2 to resting level

® begins to leave

§ cell

0

€

o) Na* channels

— open, Na*t
begins to enter,
cell 1 5 K* channels close,

Na* channels reset

Thrgshold of Extra K+ outside
excitation diffuses away

FIGURE 2.18 lon Movements During the Action Potential.
The shaded box at the top shows the opening of sodium channels
at the threshold of excitation, their refractory condition at the peak
of the action potential, and their resetting when the membrane
potential returns to normal.

Refractory period
is a period during
which another
normal action
potential cannot
be elicited in an
excitable cell.



Action potentials-After Potentials

5. The downstroke is caused in
part by voltage-dependent K*

channels that open to allow K*
efflux, causing V,, to repolarize.

Once Vy, is crossed,
a spike is inevitable.

Cation influx causes
an inward membrane
current (I,,) and
depolarizes membrane
potential (V).

Depolarization

Cation efflux
causes an outward
current and

hyperpolarizes V.

Qutward
L current




Action potentials-After Potentials

6. A hyperpolarizing afterpotential (hyperpotential)
takes the membrane negative to V_ for a period
before eventually settling at the normal resting
potential.

ﬁ S Overshoot

Upstroke P Downstroke

Once Vy, is crossed,
a spike is inevitable.

Vo ----% i- .........................
th % J
Vg ot cccccccceoccccccccacaaag -70 mV

— Afterpotential




Role of Na+/K+ pump

Since Na+ has come in and K+ has gone out
Membrane has become negative
But ionic distribution has become unequal

Na+/K+ pump restores Na+ and K+ conc. slowly.

— By pumping 3 Na+ ions outward and 2+ K ions inward




VENTRICLES,
TIME TO FIRE
ACTION POTENTIALS
AND CONTRACT.

NOT INTERESTED
RIGH NOW.
MAayBE LATER...




