Cell membrane structure
and transport across cell
membrane




objectives

At the end of this session, the students should be able
to:

« Describe the fluid mosaic model of membrane structure and
function.

- Define permeability and list factors influencing permeability.

« Identify and describ transport processes: Primary active
transport, secondary active transport, facilitates diffusion.
simple diffusion,osmosis.



Cell Membrane

It covers the cell.

e Itis afluid and not solid.

« Plasma membrane.



Composition

Protein

Phospholipids )
Cholesterol >~ lipid
Glycolipid D

Carbohydrates



The Cell Membrane Phospholipids
Consist Of ;

1. Glycerol head 8 §¢ 98 §
(hydrophilic). —éL Qiai) o
2. Two fatty acid

“tails” b

(hydrophobic).




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

Amphipathic.



The Cell Membrane Proteins.

1. Integral proteins span the membrane .
Proteins provide structural channels or pores.

2. Peripheral proteins (carrier proteins)
-Present in one side.

- Hormone receptors ..



EXTRACELLULAR FLUID

Phospholipid
bilayer

Membrane-spanning
protein with channel
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Intracellular fluid

-~ Lipid
bilayer

Peripheral Integral Gated ion
protein protein channel
Extracellular fluid
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The Cell Membrane Carbohydrates:

Glycoproteins (most of it ).
Glycolipids

Proteoglycans (mainly carbohydrate
substance bound together by protein)

“’glyco” part is In the surface forming.
Glycocalyx.(loose coat of carbohydrates.



| o Lipid
Integral blayer |

protein

Peripheral —|
protein




Function Of Carbohydrates:

« Attaches cell to each others.

« Act asreceptors substances. (help ligend to
recognize its receptor ).

° Some enter 1n to iImmune reactions.



Transport Through The Cell
Membrane

« Cell membrane is selectively permeable.

« Through the proteins.
water —soluble substances e.g. ions, glucose .

« Directly through the bilayer.
Fat — soluble substance (02, CO2, OH..



.=’:. 232 ::'Sjs:;: s f";zg.
Extracellular §?§ = Intracellular
i s fluid, EE

ﬂUld t.é &géggg . '::géiéts:;g:i gllg%%ggﬁ‘g '..!. i

Nat————————————— 142 mEg/L ——Ezanzms 10 mEg/L
4 mEqg/L ——f=2--==140 mEqg/|
CaFf ¥ 2.4 mEq/L -- =*%§_;g6’8§iﬁﬁ'~sﬁ?
Mg ™+ * ——— 1.2 mMEgQ/L —Frm=s
Cl~ —————— 103 mEq/L ===
HCO; ——————— — 28 mEq/L —==

Phosphates ——————

SO,  ——————-—-——1mEg/L
Glucose ———————— 90 mg/dl —
Amino acids —————— 30 mg/dl ——fe=i—

Cholesterol
Phospholipids ¢ ———
Neutral fat

PCOs; —— - — 46 mm Hg —f==
pH———— o 74 oo

Protéeins -« -« caasiae—

- = - selel- i;a

ar__

:}}.

i

ALY
S
IIA

1

Al E

Sreey
Y
.

3t
;0
¥

L

. -
E -
'

TegeIeIeteTels

> m q.' T 33
gmt«oﬁou%.-‘; @.,,g_!;:‘! B i
-4 mEg/L

B

e

h%‘ ;b
2l ; .A
250
/)

'o'uoouumuau'o.u
ree

A

"

A AL
LLLALL)

3 ‘
-agt
R

3 E .. -

$ T 3 : £ : EE :?::zf

2 gm/dl. - [EEEEEE THinnisa
s



Types Of Membrane Transport

 1- Diffusion

« a)- Simple diffusion.

e b)- Facilitated diffusion.

« 2- Active transport.

e a)- Primary active transport.

* b)- Secondary active transport.

¢ 3- Osmosis.



Diffusion

« Random movement of substance either through
the membrane directly or in combination with
carrier protein down an electrochemical gradient.

1- Simple diffusion.
o- Facilitated diffusion.



Simple Diffusion

« Non carrier mediated transport down an
electrochemical gradient.

« Diffusion of nonelectrolytes (uncharged) from high
concentration to low concentration.

 Diffusion of electrolytes (charged) depend on both
chemical as will as electrical potential difference.



Membrane

A B
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Ch-selactive
membrane
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Rate Of Simple Diffusion Depend On:

1- Amount of substance available.

2- The number of opening in the cell
membrane for the substance.

selective gating system

3- Chemical concentration difference.
net diffusion= P x A (Co-Ci)



4- Electrical potential difference.

5- Molecular size of the substance.

6- Lipid solubility.

7- Temperature.



Facilitated Diffusion

e Carrier mediated transport down an
electrochemical gradient.




Features Of Carrier Mediated
Transport

1- Saturation;
! concentration — tbinding of protein

If all protein is occupied we achieve full saturation.
2- Stereopecificity:
The binding site recognize a specific substance

D-glucose but not L-glucose



3- Competition:

Chemically similar substance can compete for
the same binding site.

Substance — binding site —. substance protein
complex — conformiational changes
release of substance



Outside

Iinside



Activation gate

Inactivation gate

Rest Upstroke Repolarization
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* Glucose, most of amino acids.



Active Transport:

« Transport (uphill) — . against

electrochemical gradient.
« Required energy —— direct.

L . indirect.

« Required carrier — protein.



1- Primary Active Transport:

-Energy is supplied directly from ATP.
ATP
A. - Sodium-Potassium pump (Na-K pump).

ADP +P+ energy.

- its present in all cell membranes.
- Nain ——out.

-K out . in.



Intracellular fluid A Extracellular fluid

Intracellular flid Extracellular fluid
3Nat E,'JP——} o eeseenns b Nt
| .l ADP +P, R
Care o ¥ Cate
glycosides G e (lycosides
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Characteristic Of The Pump:

Carrier protein is formed from a and [ subunits.
Binding site for Na inside the cell.

Binding site for K outside the cell.

It has ATPase activity.

3 Na out.

AL S

2 Kin.



QOutside

Inside



Function:

1. Maintaining Na and K concentration difference .

2. It’s the basis of nerve signal transmition .

3. Maintaining —Ve potential inside the cell.



B. - Primary active transport of calcium
(Ca 2+ ATPase).
- sarcoplasmic reticulum (SR).
- mitochondria.
- in some cell membranes.
Function:

Maintaining a low Ca2+ concentration inside the
cell.



« C.-Primary active transport of
hydrogen lons H+-K ATPase.

- stomach.

- kidneys.

- pump to the lumen.

- H+-K ATPase inhibitors (treat ulcer

disease). (omeprazol)



2)

Secondary Active Transport:

Co- transport and countertransport:

is 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.



 Co transport:
- All solutes move in the same direction
“inside cell”.
- e.g. - Na - glucose Co transport.
- Na — amino acid Co transport.

- in the intestinal tract kidney.



Lumen Intestinal epithelial cell Blood

» 3Nat
Nat
Glucose — Glucose
Luminal or Basolateral

apical membrane membrane
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Countertransport:

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

Ca2+ - Na+ exchange.

(present in many cell membranes)

Na —H+ exchange in the kidney.



Muscle cell
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0OSMOSIS

- net diffusion of water from a region of
high water concentration to region of
low water concentration.



OsmosiIs

Solute Selectively permeable
molecules membrane blocks solute

Direction of water movement
Hypartonic
Conditions
plasma
— membrane
Hypaotonic
Conditions

Animal
Cells




1 2 Piston applies 1 2
pressure to stop
water flow
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OsmosiIs

A

Net movement of
water into cells

Net movement of Equal movement of water
water out of cells into and out of cells




A le
> ||,

(o "."280.mOsm/L . = - )
B ISOTONIC

C No change

HYPOTONIC HYPERTONIC
Cell shrinks

Cell swells
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Thank you



