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OBJECTIVES

» Describe the fluid mosaic model of membrane structure and function.
- Define permeability and list factors influencing permeability.
- Identify and describe transport processes: Primary active transport,

secondary active transport, facilitates diffusion. simple
dif fusion,osmosis



Cell Membrane (Plasma membrane)
o

Characteristics:

Composition of Cell Membrane
e It covers the cell.

e Itis a fluid, not solid (elastic). Bl Coriohynes
ey L ; 3.0%
e Phospholipid bilayer.
e Thickness = 7.5 - 12 nm (very thin).
e Also known as “cytoplasmic membrane”. e
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®
Cholesterol e /é
Function: to increase
membrane flexibility
(fluidity of membrane)
and stability
-  Presentin
varying amounts

Carbohydrate Sugar Hydrophilic Heads

/ Chain

Glycoprotein

Cholesterol \@

Globular Proteins

[/l

hospholipid
Bilayer

Hydrophobic Tail

Integral Membrane
Proteins

Cell Membrane
Receptor Proteins

Peripheral Membrane
Proteins

© Glycolipids

- Structure: Lipid
+ carbohydrate
(glucose)

Phospholipids (Amphipathic)
o - Head:(hydrophilic) (glycerol
molecule is attached o a
phosphate group) facing
ICF and ECF
- Tail:(hydrophobic) 2 fatty
acids (long chains of
hydrogen and carbon
molecules) face each other
in the interior of the
bilayer



Proteins (65% of CM)

-> Span the membrane.
=> Provide structural channels or pores.

Can function as:
=> Carrier proteins.

.

/ 2)  Peripheral proteins
> Present in one side .

Can function as:
- Hormone receptors.
-> Cell surface antigens.

. /

/ 1) Integral proteins \

/
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Peripheralh
membrane protein

Integral membrane protein



Carbohydrates (3% of CM).

Carbohydrates
Glycoprotein Glycolipids Proteoglycans Glycocalyx
Structure Protein + Carb Lipid + carb Mainly carbohydrate Loose coat of
Mainly protein bound bound together by a | carbohydrates on the
to carbohydrates protein cell membrane
Portion Most of the 10% = 1/10
membrane
carbohydrates
"Glyco" part is in the surface forming Function:

[
1) Attaches cells to |

each others

I 2) Act as receptors
I substances (help

| ligand to recognize
[ | its receptor) ‘o

3) Some are involved |
in immune reactions I

| .

4) Gives most of
cells an overall -ve
surface




Transport Through The Cell Membrane .

Cell membrane is selectively permeable.

Waker Saloble
o Sulbstance)
Gases Hydrophobic Small polar Large polar Charged molecules
molecules molecules molecules . 1C3

Lipid solvble
Substances

\_
-

\_

Water soluble (hydrophilic) substances
cannot pass directly through the lipid
bilayer. In order for them to go
in-and-out of the cell, they must pass
through carrier proteins

/
~

Lipid soluble (hydrophobic) substances
can pass directly through the lipid
bilayer of the membrane.

/
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| Types of membrane transport ]
- _ _— ) —— (U S S S S— —
Passive Transport I I Active Transport
I (no ATP- powered by I (requires ATP)
I electrochemical gradient) I 1. Primary active
I 1. Diffusion. I I , ;PGHSpcci)r‘r. y
a. Simple diffusion I : Tecon cu:ry active
I b. Facilitated I ransport.
diffusion I

I 2. Osmosis



Passive transport: Diffusion

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

Extracellular fluid
Lipid-insoluble solutes ﬁ,'::.':,gf,“'
e u;:k:; (such as sugars or
-~/ . soluble amino aclds) °
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Cytoplasm @ Aquaporin
(a) Simple diffusion of (b) Carrier-mediated facilitated (c) Channel-mediated (d) Osmosis, diffusion of a
fat-soluble molecules diffusion facilitated diffusion solvent such as water
directly through the via protein carrier specific for one through a channel through a specific
phospholipid bilayer chemical; binding of substrate causes protein; mostly ions channel protein
transport protein to change shape selected on basis of (aquaporin) or through
size and charge the lipid bilayer
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Passive transport: Simple diffusion

Simple diffusion

Non-carrier mediated
transport down an
electrochemical
gradient from high
concentration to low
concentration.

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

mmmmmm

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

mmmmmm
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The number of opening in the cell membrane for
the substance (pores) selective gating system.

Amount of substance available

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

Electrical potential difference.

Molecular size of the substance.

Lipid solubility.

Temperature.

Rate of dif fusion=P X A(C1-C2)

1, P=Permeability coefficient.
a.Temperature. b. Size of molecule. . Solubility
in lipids. d. Thickness of membrane.

2, A=surface area.

3. C1-C2 = gradient difference:
a. Concentration difference
b. b. Electrical difference.

¢. Pressure difference.



Passive transport: Facilitated Diffusion (carrier-mediated)

Definition:

- The process that allows selective movement in and out of
membrane

-> Carrier mediated transports down an electrochemical gradient.

Transport glucose, most of amino acids (due to their big size).

Features Of Carrier-Mediated Transport

Inc. concentration = inc. binding of protein,

01 Saturation if all protein is occupied we achieve full
) saturation.
02 Stereospecificity The binding site recognizes specific

substances, D-glucose but not L-glucose

Chemically similar substances can compete
03 Competition for the same binding site.
: Ex. D-galactose and D-glucose

12
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Passive transport: Facilitated Diffusion (carrier-mediated)

Revision: General steps for any carrier-mediated transport:

1. Solute binding at one side of the membrane (substance-protein complex)
2. Change in carrier conformation (shape), allowing solute to pass
3. Release of solute on the opposite side of membrane

Substance -> binding sites -> substance-protein complex -> conformational changes -> release of substance




Passive transport: Comparison

.
Simple diffusion Facilitated diffusion Tm = transport maximum = the
transport rate at which saturation
* Non carrier mediated transport. + The rate of diffusion pEELE
o increases proportionately \

* The rate of diffusion increases b onen ot \ "

proportlon.ately Wit the _ the diffusing substance until o

concentration of the diffusing it reaches a transport Saapon

substance.

maximum (Tmax).

Transport rate

_~""Simple
diffusion

* At Tmax, an increase in the
concentration of the
diffusing substance does
not increase the rate of |
diffusion.

Concentration

What limits maximum rate (Vmax) of
facilitated diffusion? Number of carriers

When does the facilitated diffusion reach (Vmax)?
The rate of diffusion reaches a maximum (Vmax) when all
the carriers are functioning as rapidly as possible 14



Passive transport: Osmosis

Definition:

> Net diffusion of water from a region of high water concentration to region of low
water concentration. (It was explained in detailed in body fluids and edema
teamwork presentation).

Solute Selectively permeable
molecules membrane blocks solute

Equal Concentration
Direction of water movement

15



-  Transport (uphill) against electrochemical gradient, requires energy(direct or indirect
source), as well as a carrier-protein.

Primary Secondary
Active Transport Active Transport
Active 5] Q Glucose
Transport o \ O

WL, | DGO | TG

G YRT

Primary Active Secondary Active

Transport Transport
(Direct energy- ATP) (Indirect energy)
4
K+

EnergyAsE‘t_Jgpﬁe: deirfpiﬂy from ATP. Antiport Symport

Examples: Co-Transport Countertransport
A.  Sodium-Potassium Pump

B.  Calcium ATPase (Ca 2+ ATPase)
C.  Hydrogen Ions H+-K ATPase




1. Present inall cell membranes
2. 3 Na+ in — out
3. 2K+out —in

1. Maintaining Na+ and K+ concentration
difference.

2. It's the basis of nerve signal transmission.
3. Maintaining -ve potential inside the cell

4. Maintains a normal cell volume.

Outside

Inside

Important example

o1

02

03

04

05

06

Carrier protein is formed from a
and p subunits

Binding site for Na is inside the
cell

Binding site for K is outside the
cell

It has ATPase activity

3 Na out

2Kin



https://youtu.be/_bPFKDdWlCg

Primary Active Transport

B- Primary active transport of calcium (Ca *+ ATPase).
Found in:

1.
2.
3.

Sarcoplasmic reticulum (SR)
Mitochondria
Some cell membranes

Function:

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

Fo
1

2
3.
4

- Maintaining a low Ca®+ concentration inside the cell.

und in:
Stomach
Kidneys
Pump to the lumen
H+-K ATPase inhibitors (treat ulcer disease) (omeprazol= drug used)
(300 ) Bamall dpcaas JI85 o g yngl) Ja5 Cad 6 Lal)
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Secondary Active Transport

Definition

- It is the transport of one or more solutes against an electrochemical
gradient, coupled to the transport of another solute down an electrochemical
gradient.

> Energy is supplied indirectly from primary transport

-"downhill” solute is Na (down the electrochemical gradient)
-“uphill” solute is Glucose (against the electrochemical gradient)

Na-binding
site

Glucose-binding
site

Gﬂ&ﬂ X | _ ¥y
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Secondary Active Transport

Lumen Intestinal epithelial cell Blood

A) Co-transport:
- All solutes move in the same
direction " inside cell”.
e.g.

1. Na+ - glucose Co transport.

2. Na+ - amino acid Co transport.
Found in: intestinal tract, kidney

3Nat

Na* ATP

2k

Glucose Glucose
Pa
- ¥

Basolateral
membrane

Luminal or
apical membrane

B) Countertransport ...

* Na+ is moving to the interior causing

other substance to move out. aNa 3Na
- Ca®+ - Na+ exchange (present in - CZI ¥ .

many cell membranes)

* Na -H+ exchange in the kidney. \guan duf“ \"'"Ijm
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MCOs

Q1: Diffusion is Random movement of substance either through the membrane directly or in combination with carrier protein____ an

electrochemical gradient.

A) Against B) Up C) Down D)  None of the above
02: All solutes move in the same direction  inside cell”.
A) Osmosis B) Co transport C) Countertransport D) Passive transport

03: The binding site recognize a specific substance D-glucose but not L-glucose.

A)  Competition

B) Saturation

C) Diffusion

D) Stereospecificity

04 : It’s the basis of nerve signal transmission

SAQ

Q1: What are the functions of
peripheral proteins?

02:Where do we find
Sodium-Potassium pump?

a (s
v
a (€
a (¢
3
: Jamsue £3y sDIN

A)  Sodium-Potassium
pump

B) Primary active transport of
calcium

C) Primary active transport of
hydrogen lons

D) Secondary Active transport

05: Water soluble (hydrophilic) substances ____ pass directly through the lipid bilayer

A) Can

B) Cannot

C) May

D) Both A and B

saueJquiaw [ja9 je uj (g
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QuIZ! MCOs

A) Glycolipids B) Phospholipids C) Glycocalyx D) Cholesterol

A) Glucose B) Sodium C) A&B D) Calcium

A1 B) 2 C) NONE D) 1 NADH

OoOm<ta oo
—
o

: Jamsue £8y sQIW

A) Electrical difference B) Surface area C) Temperature D) Stereospecificity

A) Proteins attached to the B) Proteins that function as C) Proteins that selectively bind | D) Proteins made up of a

surface of membrane enzymes and adhesion molecules to small molecules and undergo a | bilayer
conformational change to release
the molecule on opposite side
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https://docs.google.com/document/d/1--ho2SjIlylYXCWdaBIpu9DJDw83KuR1kAgy0gwJQQA
https://docs.google.com/document/d/1--ho2SjIlylYXCWdaBIpu9DJDw83KuR1kAgy0gwJQQA
https://docs.google.com/document/d/1--ho2SjIlylYXCWdaBIpu9DJDw83KuR1kAgy0gwJQQA
https://drive.google.com/drive/folders/1bgAtP-Ol_f5N19OpkTLkuectfPa7Wh9p

