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Learning Objectives:

 Describe the model of membrane structure and
function

« Define permeability and list factors influencing
permeability

 ldentify and describe carried-mediated
transport processes: Primary active transport,
secondary active transport, facilitated diffusion.



Eukaryotic Cell Structure

» The cell i1s basic unit of structure and function within the ‘body
(~100 trillion cells in body).

» Comprises three principal parts; .-

1) Plasma (cell) membrane
1) Cytoplasm & organelles

111) Nucleus

Mitochondrion
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Cell membrane

t covers the cell.

tis a fluid and not solid.

tis 7-10 nanometer thick.

t Is also referred to as the plasma membrane.
Composition

Protein 55%

Carbohydrate 3%

Lipid 42%



The Plasma Membrane
» Malin constituents of plasma membrane are PHOSPHOLIPIDS.

Phospholipid
(e.g., phosphatidylcholine)

Hydrophilic
(polar)
Hydrophobic e
y (non-E)olar) /0“

Fatty acyl chains ' Polar head groups




Cell membrane structure

1. Glycerol head (hydrophilic).
2. Two fatty acid " "tails’” (hydrophobic).

« Heads (hydrophilic) facing ICF and ECF
and tails (hydrophobic) face each other in
the interior of the bilayer




Cell Membrane Proteins

» Proteins integrated into phospholipid bilayer separated into 2 groups;
1) Peripheral
i) Integral (intimately attached to PM)

1. INTEGRAL proteins span the membrane (Proteins provide
structural channels or pores)

2. PERIPHERAL proteins (carrier) can participate in intracellular
signalling, present in one side, work as cell membrane receptor
and cell surface antigens.
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The cell membrane carbohydrates

Peripheral
GPl-anchored / membrane /Carbohydrate

membrane protein\ AR protein

& Integral
Lipid-anchored membrane

membrane protein protein -
Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.

Cholesterol

membrane
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- (most of it)

i (1/10)

- (mainly carbohydrate substance bound together by

protein)

(loose coat of carbohydrates)



The cell membrane carbohydrates

» Function of carbohydrates:
o Attaches cell to each others.

* Act as receptors substances (help ligand to
recognize its receptor )

e Some enter Into IMmMune reactions.
 GIve most of cells overall —ve surface.



Cholesterol

present in membranes in varying amounts
controls much of the fluidity of the membrane
Increases membrane FLEXIBILITY and STABILITY




Transport through the cell
membrane

Cell membrane is selectively permeable.
Through the proteins.

- water —soluble substances e.g. ions, glucose
Directly through the lipid bilayer.

- fat — soluble substance (02, CO2, alcohol)

Peripheral
GPl-anchored membrane Carbohydrate
= / Cholesterol

membrane protein \ e~ protein

- ) _—~ Peripheral
& Integral / membrane
annd-anchored membrane \ : protein

membrane protein protein

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
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Solute Movement Across Plasma Membrane

» For cell viability, nutrients must continually enter the cell-and
waste products must exit.

» Four principal mechanisms:

) Simple Diffusion Movement with a concentration gradient,

i) Facilitated Diffusion e.g. high to low concentration,
(+ Osmosis) no metabolic energy required

Movement against a concentration gradient,

iii) Active Transport e.g. low to high concentration,
requires metabolic energy (ATP)

iv) Bulk (Vesicular) Transport } Large quantity transport of molecules
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Simple Diffusion

»-Small, uncharged substances cross the membrane by
SIMPLE PIFFUSION (by dissolving in PM).
e.g. gases, alcohol, steroids and general anaesthetics

CO,,N,, O,

Permeable é
Small (

uncharged Ethanol -

polar

molecules H,0 ({

b, -
Permeable
o

Slightly
permeable (

- Non carrier mediated transport down an electrochemical
gradient
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> QUESTION: How do larger and / or lipid-insoluble substances
(charged molecules, ions) cross the lipid bilayer?

S

Glucose, fructose

Impermeable -

K*, Mg2*, Ca2*, CI-,
HCO4~, HPO,2-

Impermeable

Amino acids, ATP,
glucose 6-phosphate,
proteins, nucleic acids :
Lodish et al., 6! Ed. Impermeable ¢

» They require transport (carrier) proteins - these are all

» Responsible for allowing transport of the majority of molecules
(and all ions) across biomembranes (in & out).

» Rate of diffusion far higher than simple diffusion.
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Rate of simple diffusion depends
on:

1- Amount of substance available

2- The number and sizes of opening in the
membrane for the substance (selective gating
system)

3- Chemical concentration difference
4- Electrical potential difference

5- Molecular size of the substance
6- Lipid solubility

/- Temperature



Protein-Mediated Transport

» Two types of protein-mediated transport;
) &
i) Active Transport

Facilitated Diffusion

> Facilitated diffusion is a PASSIVE process i.e., movement is
a concentration gradient and does require ATP.

» There are two principal types of membrane proteins
that mediate facilitated diffusion;

| lon channels (e.g., Na*, K*, Cl- & Ca?)
1) Channel Proteins

Aguaporins (water & small solutes)

2) Carrier Proteins ——> _ _ 16
Glucose & amino acids



Facilitated Diffusion

Channels

Gated channels are usually closed. They
open in response to chemical, mechanical,
or electrical signals.

Open channels create 6 g
a water-filled pore. (10°-10° ions/s)

membrane

Carriers

Carriers never form an open channel
between the two sides of the membrane.

Extracellular fluid Intracellular fluid

Passage Molecule > Gate closed

open to tobe @
one side transported Carrier

i B & Membrane

Transition

state with

both gates
closed

- .
W
W

~ (102-5x10%
Passage molecules/s)

open to Gate closed c '
other side b N
=

Adapted from Silverthorn/ 4t Ed.

» Diffusion continues until equilibrium iIs reached

(or otherwise terminated)

» Processes are . SATURABLE and

COMPETITIVE.




> QUESTION: How do larger and / or lipid-insoluble substances
(charged molecules, ions) cross the lipid bilayer their
concentration gradient?

Primary Active Transport

» Primary active transport enables net transport of a solute
Its concentration gradient that hydrolysis
of as energy source.

ATP-powered pumps
(109-103 ions/s)

- ATP-powered pumps. S
“ATPases”. Exforiar

- Primary examples are;
Ca2* | H* ATPase Cytosel”
H* / K* ATPase ATP ADP + P;
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Nat / Kt ATPase

» Na* [ K*ATPases most prevalent example of primary active transporters
(vital for cell volume maintenance & neuronal cellular excitability).

Eﬁ" Sodium-Potassium Exchange Pump

» In some cells (e.g., neurones), ,
] Extracellular fluid _ . ® Na'
energy needed to move these ions . . ox

uses 70% of all ATP production of
the cell.

» Carries three Na* ions out of cell
iIn exchange for two inward K* ions —
‘ELECTROGENIC PUMP'.

Na-K pump act as Carrier protein and
binding site for Na inside the cell also
binding site for K outside the cell

Function
1. Maintaining Na and K concentration difference

2. It’ s the basis of nerve signal transmition .
3. Maintaining —Ve potential inside the cell



Active transport

Primary active transport of calcium (Ca %+ ATPase)
- sarcoplasmic reticulum (SR)
- mitochondria
- In some cell membranes

 Function: Maintaining a low Ca?+ concentration inside the
cell

Primary active transport of hydrogen ions (H+-K ATPase)
- stomach
- kidneys
- pumps to the lumen
- H+-K ATPase inhibitors (treat ulcer disease). (omeprazol)



Secondary active transport

 Transport of one or more solutes against an
electrochemical gradient, coupled to the transport of
another solute down an electrochemical gradient

« “downhill’” solute is Na.
 Energy is supplied indirectly form primary transport.
- All solutes move in the same "1 ‘1
. . (v - . y » Na-t::in-:glg ~, ' - g:g-::cnse—t:ain-::iing
direction "~ inside cell’ " . e.q. NGO "
* Na - glucose Co transport. {
« Na —amino acid Co transport
Ma* Glucose

In the InteStIna’I traCt kldney Figure 4-13 Postulated mechanism for sodium co-transport of

glucose.




The Na*/ glucose symporter

(Secondary Active Transport)

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Carrier

Extracellular fluid .
protein

Glucose

\) Glucose

1. A Na*—K* pump (ATP-powered pump) maintains a concentration
of Na™ that is higher outside the cell than inside.

2. Sodium ions move back into the cell through a carrier protein (symporter
that also moves glucose. The concentration gradient for Na* provides
energy required to move glucose against its concentration gradient.
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Active transport

* Na is moving to the interior causing other substance to
move out.

« Ca2?+ - Na+ exchanger (present in many cell membranes)
* Na —H+ exchanger in the kidney.

Inside
Ca++ H+

Figure 4-14 Sodium counter-transport of calcium and hydrogen
ions.







