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The lecture discussed two main topics:

1) control of membrane proteins activities through receptors.

2) Transport of ions across the plasma membrane.

control of membrane proteins activities:

(How to study this topic? understand the main idea only, the details will be
discussed in the upcoming lectures) Y. aslall 3 Sill agdl 5 § 3l 5 smsall ala (e j2) S
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Proteins embed the plasma
membrane and other
membrane bound organelles,
and perform functions such as:
lon channels, enzymes,
transporter, receptor, cell
identity marker and linker which
control the transport through
the plasma membrane.
Substances are transported
across the plasma membrane by
active & passive transport.

-general mechanism: ligand binds to its receptor (which is a type of proteins) and

the receptor changes protein activities.

/ ION CHANNELS

> ENZYMES

Receptors

control

o Receptors & Channels:

-Receptors are linked to protein
channels by a structure of protein
complex known as effectors that
cause chain reactions to get cellular
response.

e.g.(G-proteins).

-ligands bind to a receptor which
causes the activation of proteins

\ VESICULAR TRANSPORT

@ (Opens or closes Na* and K* channels)

*ligands are signal molecules
that bind to a specific

receptor.
Membrane
,‘% 1 3 Effector
_.‘ (_/’5 7= Enzyme
Ga GBY Gt Channels
\ GTP
GTP l

Intracellular
messengers

Postreceptor Event: Channel Regulation
@ (Opens Ca** channels)

a* or K* channel

. . Nonreceptor
channels meaning opening the fidricos
channels and changing the
membrane permeability to certain
ions.

Na*
For example: in this picture receptors activate
Altered flow of Na*

sodium (Na*) ion channel which leads to more
diffusion of sodium from outside (higher
concentration) to inside (lower concentration)
OR activate potassium (K*) ion channels that
diffuse from inside to outside.

calcium (Ca*?) ion can diffuse from outside to
inside.

OR from inside to outside.

-see no.3 and 4 in the picture below.

Extracellular Surface
chemical membrane
messenger receptor

90

Plasma membrane

ICF

Catt chann/
Ca’

and K* between cell

@ (Opens Ca** channels)

and ECF
(

Alters electrical
activity of the cell

Intracellular
Ca'*+* stored

@ (Opens Ca** channels

!

Plays important role

in regulating electrical

impulses in nerves
and muscles

I in
cytosolic Ca*t+

!

Induces altered
protein
and function

Brings about
celmr response

within

in organelles)
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@ calcium (Ca*2) ion channels can be|

| on the plasma membrane OR these |
Ichannels can be found in (@) organelld
[ membrane( ER membrane) |




e Receptors & Activation of Enzymes:

- By controlling enzyme activities, concentration of certain substances can be

modulated and controlled.
- we have two examples:

@
Adrenergic
receptor
G,
G-protein /
E v
nzyme /
ATP CAMP
EXAMPLE 1
Enzyme Adenylyl cyclase or
name (Adenylate cyclase)

Convert ATP to cAMP

(adenosine triphosphate to cyclic
adenosine monophosphate)

By removing two phosphate groups.
which increases concentration of cAMP
inside the cell.

**cAMP is known as second messenger
and is used in cellular activity.

Enzyme
function

Increase in
enzyme

activation cAMP .
R concentration

Binding of ligand mmmp ENZYMe o decrease in cAMP
inhibition concentration

. Binding of ligand
Regulation

mechanism

Some of receptor are linked to
enzymes (not only channels)
through G-proteins

Function of G-proteins: linking
receptor to its effector (enzyme
or channel).

\
DG + IP, PIP.
EXAMPLE 2
Phospholipase C
PL-C

Splits PIP, to IP;and DG
(Phosphatidylinositol bisphosphate to
inositol triphosphate and Diacylglycerol).
**|P3 binds to a receptor that activates
calcium channels that are located at
membrane of ER(endoplasmic reticulum),
which in its role activates the channel and
increase the concentration of Ca*? in the
cytosol . (ca*? move from ER to cytosol by)

enzyme

Binding of ligand activation

split PIP,

Details mentioned here read only! Just understand that substances concentration levels are

controlled by enzyme regulation
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Examples on Regulating Adenylate cyclase & cAMP **read only

Signal @

molecule l Faceglor

First Extracellular First protein
massenger fluid messanger
Hormone

Triggers responses of target cell
(activates enzymes, slimulates cellular
secretion, opens lon channels, etc.) |

(a)
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Postreceptor Event: Cyclic AMP Second Messenger System

Extracellular Surface
chemical membrane
receptor

ECF

messengir

RCHBDHG

P ‘ ICF
(Converts)

Plasma membrane
Cyclic AMP
l (3) (Activates)

Cyclic AMP-
dependent protein
kinase

Adenylate
cyclase

(4) (Phosphorylates) ATP

Particular protein '—@ <—/C
ADP

@ (Phosphorylation induces
protein to change shape)

Altered protein
shape and function

'

Brings about
cellular response




Examples on Regulating Phospholipase-C

Note that this is an example of changing the permeability of an organelle
memebrane (ER), so its an example of changing the concentration of an ion (Ca*?)
inside the cell, as calcium will exit its stores in the ER and diffuse from inside (ER)
to outside (cytosol) when calcium ion channels are activated by receptors.

Signal Extracellular

~_molecule fluid
&

_-Membrane phospholipid
Cell
0 o membrane
L == DAG —aA7
PK-C |
Intracellular
Receptor G protein 1P, Froten.x Py fluid
A/ KEY
@ irea Phos;:l;o'erlynlated PL-C = phospholipase C
P DAG = diacylglycerol
B PK-C = protein kinase C
IP; = inositol
Lok ,p'o“n"', ER = l'l’é%'}?ii’f‘n?f
- =
reticulum

signal molecule ) G protein activates ) PL-C converts membrane () DAG activates protein () IP; causes release
activates receptor phospholipase C phospholipids into kinase C (PK-C), which of Ca?* from
and associated (PL-C), an amplifier diacylglycerol (DAG), which phosphorylates organelles,

G protein. enzyme. remains in the membrane, profeins. creating a
and IP3, which diffuses Ca?+ signal.
into the cytoplasm.
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e Receptors & Vesicular Transport:

Endocytosis

-regulation of endocytosis

-in receptor mediated
endocytosis, receptor
can activate endocytic
processes by
stimulating the
formation of endocytic
vesicles.

-regulation of exocytosis

\

Exocytosis

Receptor-mediated endocytosis

< cell membrane,_ lysosome
¢
N O
d i endosome lysosomal
degradation
receptor ,/ @ .
A 0
-
2 5"‘*
ligand \\\

coated vesicle\

fusion with endosome

recycling of

-an example of regulated exocytosis:

the synaptic transmission between two neurons

receptor

1) change of presynaptic membrane permeability to calcium ion (Ca*?)

2) increase in calcium concentration in axon terminal

3) more exocytosis by increasing the release of neurotransmitters.

The Neuromuscular Junction

Axon of motor neuron ———i-

Myelin sheath

Terminal

arrives a
synaptic tra

Action potential
propagation
In muscle fiber

Myelin

An action polential

initiates

After synaptic transmission
nsmission, i \

acetylcholine and vesicles
are recycled.

: Acetyl&ﬁiiﬁ-
esterase
Postsynaptic cell

© 1998 Sinau

° Acetylcholine

receptors




Note: all details of receptor regulation processes will be discussed in signal
transduction mechanisms, a topic will we take in upcoming lectures.

Remember: binding of a ligand to its receptor is common in all previous processes
that have been mentioned.

Transport of ions across the plasma membrane

el

-The lecture discussed a comprehensive understanding on diffusion of ions across
the plasma membrane for excitable cells in a assumption that the plasma
membrane would be permeable to one ion only.

-why we assumed that the membrane is permeabile to one ion only?
To study the movement of each indivisual ion across the membrane and the
potential that’s generated upon its movement.

-the plasma membrane
seperates two
different
compartments of
different compositions.
-Cytosol has high
concentration of
proteins and
potassium ions K*
-Extracellular fluid has
high concentration of
sodium ions Na*and
chloride ions CI'.

-difference in
concentration for each
ions mean:

High tendency for Na*and CI" to move from outside to inside of the cell.
& High tendency for K*to move from inside to outside of the cell.

Remember: ions move from areas of high concentration to low concentration (downhill).




-assuming that the plasma membrane is highly permeable for one ion, the ion will
move according to its concentration gradient across the plasma membrane, this
movement will create electrical potential difference across the plasma
membrane. (This electrical potential is just across the plasma membrane not deep
inside the cells and the extra cellular fluid outside cell, in other words the
potential is only on inner and outer surface of the membrane)

" "
L Cell membrane)

If membrane has more

-
@ active channel to a
@ certain ion than other,

membrane will be

@ more permeable for
this ion.
@
| F"rc:tem)

Intracellular

e Electrical properties of plasma membrane
Plasma membrane in excitable cells is similar to an electrical device known as
capacitors.

A Out

voltage dependent Non-voltage

B K- channel and Na-channel (i) Out dependent K-channel

J) IN
-what you can see in the previous picture:
Ly ina *the plasma membrane in structure is similar to an electric circuit.
PART A there is a small patch of plasma membrane in an electric circuit that
has a capacitor which acts as a separator of charges making the charge on the




inside negative, charge on the outside positive, ion channel and high resistance
to test the electric potential across plasma membrane.

-PART B the number of ion channels in the plasma membrane has been
increased so at least there’s one sodium Na* channel and two potassium K* ion
channels, the blue color represents voltage produced by concentration
gradient of Na, the green color represents voltage produced by concentration
gradient of K.

Permeability of ions and their potential

-potential of potassium ion:

-Assuming that the membrane is highly permeable to potassium ions K* only

and has low permeability for sodium ions Na* and chloride ions CI-, the potassium
will move according to its concentration gradient from inside of the cell to outside
through active K* channels, the movement of potassium will create an electric
potential, as the positive charge will be on the outer surface of the plasma
membrane and the negative will be on the inner surface.

K+ : Na+
Exterior Outside \ N
+ + 1+ + + B + O W

(1444404444

A
A
A\
— —U | U — — — I Cramnl iyt

K" channel ey ] =
(open) inside @ L O—K

Cytosol

(The inside is negative regarding to the outside)




-potential of sodium ion:

-the same principle applies to sodium ions diffuse through Na* active ion
channels in which we assume that the plasma membrane is highly permeable to
Na* ions only and has low permeability for K*and Cl ions, the sodium will move
according to its concentration gradient from outside of the cell to inside, the
movement of sodium will create an electric potential, as the negative charge will
be on the outer surface on the plasma membrane and the positive will be on the
inner surface.

Exterior
+ + + + + + +
A 4 A 4 A 4
Na* Na* Na*
Nat channels
(open)

Cytosol

-the net diffusion of ions through channels will eventually stop due to electro-
chemical equilibrium, in which there are two energies that act upon ions:

1) chemical energy created by concentration gradient across the membrane that
pushes ions to move from high concentration to low concentration.

2) electrical energy created by voltage gradient (potential)

that was originally generated by movement of ions, this At equilibrium:
energy pushes ion in the opposite direction due to charge -the chemical
repulsion, ===l s concentration isn’t equal

across the membrane, so
in this case for sodium ion
the concentration is higher
on the outside than on the
inside.

-but the net diffusion of
ions=0

For example: when sodium ions enter the cytosol and create potential
with positive charge on the inside of the cell, the positive charge will
prevent more ions to enter the cell by repulsion therefore the

diffusion stops.




- For any specific ion Potential generated by its movement can be measured by
placing two electrodes on both (inner & outer) surfaces of the plasma membrane

and calculated using the Nernest Equation.

R = gas constant (1.987 cal mol-! K1)
T = absolute temperature (273.5 + T (°C)

RT [C] Out Z = valence (ion charge)
E = lTl F = Faraday's constant (9.6485x10* C/mol)

ZF [C ln [Clout: (outside concentration, Mm)

[Clin: (inside concentration, Mm)

at electro-chemical equilibrium: . _
AG yort: electric energy

AG o AG volt - 0 *AG conc: chemical energy

conc

*subtraction because the energies are opposite in directions.

2FV-RT In2 =0
Ci

we multiplied by this constant to convert from In to logio

RT Co l7RT Co
V=—In —=2.3— log, —
yAd C1 yAd C1
**final equation
Co|

Eion =61.54 mV |0810 E

Concentration of lons

Extracellular Intracellular Nernst Potential

[on (mM) (mM) (mV)

Na,+ 145 15 6() ———— positive charge means

Cl— 100 5 —80 the inner surface is
5 : positive regarding to

K+ 4.5 160 —95 the outer surface of

Ca2+ 1.8 10—+ 130 the membrane




¢ final note to keep in mind when using nernest equation: the value z (valence)

differs from ion to another in concern of charge (+,-) and number (1 or 2).

-so the final equation can be used directly to calculate potential for K*and Na*.

alias cbbaal)

but calculations will differ for ClI"and Ca*%.

» Transport summary as mentioned in the slides:

Table 3.1 Transport of Materials Into and Out of Cells

Transport Substances
Process Description Transported
Osmosis Movement of water molecules across a selectively permeable membrane Solvent: water in living systems.
from an area of higher water concentration to an area of lower water
concentration.
Diffusion Random mixing of molecules or ions due to their kinetic energy. A
substance diffuses down a concentration gradient until it reaches
equilibrium.
Diffusion Passive diffusion of a substance through the lipid bilayer of the plasma Nonpolar, hydrophobic solutes: oxygen,
through the membrane. carbon dioxide, and nitrogen; fatty acids,
lipid bilayer steroids, and fat-soluble vitamins; glycerol,
small alcohols; ammonia.
Polar molecules: water and urea.
Diffusion Passive diffusion of a substance down its electrochemical gradient Small inorganic solutes, mainly
through through channels that span a lipid bilayer; some channels are gated. ions: K*, Cl-, Na*, and Ca?*.
membrane Water.
channels
Facilitated Passive movement of a substance down its concentration gradient via Polar or charged solutes: glucose, fructose,
Diffusion transmembrane proteins that act as transporters; maximum diffusion galactose, and some vitamins.
rate is limited by number of available transporters.
Active Transport in which cell expends energy to move a substance across the Polar or charged solutes.
Transport membrane against its concentration gradient through transmembrane

Primary active

transport

Secondary

active transport

Transport In
Vesicles

Endocytosis
Receptor-
mediated

endocytosis
Phagocytosis

Pinocytosis

Exocytosis

proteins that act as transporters; maximum transport rate is limited by
number of available transporters.

Transport of a substance across the membrane against its concentration
gradient by pumps; transmembrane proteins that use energy supplied by
hydrolysis of ATP.

Coupled transport of two substances across the membrane using energy
supplied by a Na* or H* concentration gradient maintained by primary
active transport pumps. Antiporters move Na* (or H*) and another
substance in opposite directions across the membrane; symporters
move Na* (or H") and another substance in the same direction across
the membrane.

Movement of substances into or out of a cell in vesicles that bud from the
plasma membrane; requires energy supplied by ATP.

Movement of substances into a cell in vesicles.
Ligand-receptor complexes trigger infolding of a clathrin-coated pit that
forms a vesicle containing ligands.

“Cell eating”; movement of a solid particle into a cell after pseudopods
engulf it to form a phagosome.

“Cell drinking”; movement of extracellular fluid into a cell by infolding of
plasma membrane to form a pinocytic vesicle.

Movement of substances out of a cell in secretory vesicles that fuse with

the plasma membrane and release their contents into the extracellular
fluid.

Na‘*, K*, Ca?*, H*, I, Cl", and
other ions.

Antiport: Ca?*, H™ out of cells.
Symport: glucose, amino acids into cells.

Ligands: transferrin, low-density lipoproteins
(LDLs), some vitamins, certain hormones,
and antibodies.

Bacteria, viruses, and aged or dead cells.

Solutes in extracellular fluid.

Neurotransmitters, hormones, and
digestive enzymes.
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