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A. LIPOSOMES 

Liposomes are artificially prepared membrane-bound 
compartments. They can be prepared by breaking up 
biological membranes into pieces, some of which re-seal 
themselves into balls resembling empty cells, though 
much smaller on average. Like intact cells, they are 
surrounded by a phospholipid bilayer and the interior is 
usually aqueous. 

They were first described in 1961. Since then they have 
been used as artificial models of cells and, more 
importantly, for medical applications. In particular, they 
have been used to deliver drugs. Liposomes also have 
many uses. For example, they are used in the cosmetics 
industry to deliver skin care products, such as aloe vera, 
collagen, elastin and vitamins A and E, when rubbed on 
skin.  

B. Phospholipids 

If phospholipid molecules are spread over the surface of 
water, they form a single layer with their heads in the 
water, because these are polar (hydrophilic), and their 
tails projecting out of the water, because these are non-
polar (hydrophobic). The term ‘polar’ refers to the 
uneven distribution of charge which occurs in some 
molecules. If the phospholipids are shaken up with water, 
they can form stable ball-like structures in the water 
called micelles. 

 Here all the hydrophilic heads face outwards into the 
water, shielding the hydrophobic tails, which point in 
towards each other. Alternatively, two-layered 
structures, called bilayers, can form in sheets. It is now 
known that this phospholipid bilayer is the basic structure 
of membranes. 

 

C. Structure of membranes 

In 1972, two scientists, Singer and Nicolson, used all the 
available evidence to put forward a hypothesis for 
membrane structure. They called their model the fluid 
mosaic model. It is described as ‘fluid’ because both the 
phospholipids and the proteins can move about by 
diffusion. The word ‘mosaic’ describes the pattern 
produced by the scattered protein molecules when the 
surface of the membrane is viewed from above. 

 Features of the fluid mosaic model 
The membrane is a double layer (bilayer) of 
phospholipid molecules. The phospholipid tails 
point inwards, facing each other and forming a non-
polar hydrophobic interior. Some of the 
phospholipid tails are saturated and some are 
unsaturated. The more unsaturated they are, the 
more fluid the membrane. Fluidity is also affected by 
tail length: the longer the tail, the less fluid the 
membrane 

 
Two types of protein are recognised, according to 
their position in the membrane. Proteins that are 
found embedded within the membrane are called 
intrinsic proteins (or integral proteins). Intrinsic 
proteins may be found in the inner layer, the outer 
layer or, most commonly, spanning the whole 
membrane, in which case they are known as 
transmembrane proteins.  
Intrinsic proteins have hydrophobic and hydrophilic 
regions. A second type of protein molecule is the 
extrinsic protein (or peripheral protein). These are 
found on the inner or outer surface of the 
membrane.

 
 Roles of the components of cell membranes 

There are three types of lipids, namely 
phospholipids, cholesterol and glycolipids. There are 
also proteins and glycoproteins. Each of these has a 
particular role to play in the overall structure and 
function of the membrane. 
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1.  Phospholipids 
Phospholipids form the basic structure of the 
membrane (bilayer). Because the tails of 
phospholipids are non-polar, it is difficult for 
polar molecules, or ions, to pass through 
membranes, so they act as a barrier to most 
water-soluble substances. 

2. Cholesterol 
Cholesterol molecules have hydrophilic heads 
and hydrophobic tails, so they fit neatly 
between the phospholipid molecules with their 
heads at the membrane surface. At low 
temperatures, cholesterol increases the fluidity 
of the membrane. The increased fluidity means 
cells can survive colder temperatures. 
Cholesterol is also important for the 
mechanical stability of membranes, as without 
it membranes quickly break and cells burst 
open. 

3. Glycolipids, glycoproteins and proteins 
The lipid molecules  and the protein molecules 
have short carbohydrate chains attached to 
them. The carbohydrate chains are known as 
glycolipids and glycoproteins. They form 
hydrogen bonds with the water molecules to 
help the membrane structure to stabilise. The 
carbohydrate chains form a sugary coating to 
the cell, known as the glycocalyx. 
The carbohydrate chains help the glycoproteins 
and glycolipids to act as receptor molecules. 
surface. Different cells have different 
receptors, depending on their function. There 
are three major groups of receptors. 
One group of receptors can be called ‘signalling 
receptors’, because they are part of a signalling 
system that coordinates the activities of cells. 
The receptors recognise messenger molecules 
like hormones and neurotransmitters. A second 
group of receptors are involved in endocytosis 
A third group of receptors is involved in binding 
cells to other cells (cell adhesion) in tissues and 
organs of animals. 
 

D. Cell signalling 

Cell signalling is an important part of research in modern 
biology. It is important because it helps to explain how 
living organisms control and coordinate their bodies. 
Basically, signalling is getting a message from one place 
to another. All cells and organisms must be able to 
respond appropriately to their environments. 

A signalling pathway includes receiving a stimulus or 
signal, transmitting the message and making an 
appropriate response. Conversion of the original signal to 
a message that is then transmitted is called transduction.  

Transmitting the message involves crossing barriers such 
as cell surface membranes. Signalling includes both 
electrical and chemical events and their interactions with 
each other. The cell surface membrane is a critical 
component of most signalling pathways because it is a 
barrier to the movement of molecules, controlling what 
moves between the external and internal environments 
of the cell. In a typical signalling pathway, molecules must 
cross or interact with cell surface membranes. 

The signal brings about a change in the shape of the 
receptor, and since this spans the membrane, the 
message is in effect passed to the inside of the cell (signal 
transduction). Changing the shape of the receptor allows 
it to interact with the next component of the pathway, so 
the message gets transmitted. 

This next component is often a ‘G protein’, which acts as 
a switch to bring about the release of a ‘second 
messenger’, a small molecule which diffuses through the 
cell relaying the message. Many second messenger 
molecules can be made in response to one receptor 
molecule being stimulated.  

The sequence of events triggered by the G protein is 
called a signalling cascade. A simplified cell signalling 
pathway involving a second messenger. 
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These are a few of the possible signalling pathways 
commonly found in cells.  

 

E. Movement of substances into and out  
   of cells 
There are five basic mechanisms by which this exchange 
is achieved: diffusion, facilitated diffusion, osmosis, 
active transport and bulk transport. 

 Diffusion 
Diffusion can be defined as the net movement, as a 
result of random motion of its molecules or ions, of 
a substance from a region of its higher concentration 
to a region of its lower concentration. The molecules 
or ions move down a concentration gradient. The 
random movement is caused by the natural kinetic 
energy of the molecules or ions. 
The rate at which a substance diffuses across a 
membrane depends on a number of factors, 
including the following. 
1. The ‘steepness’ of the concentration gradient 
2. Temperature 
3. The surface area 
4. The nature of the molecules or ions 

 
 Facilitated diffusion 

Facilitated diffusion is the diffusion of a substance 
through transport proteins in a cell membrane; the 
proteins provide hydrophilic areas that allow the 
molecules or ions to pass through the membrane 
which would otherwise be less permeable to them. 
‘Facilitated’ means made easy or made possible, 
and this is what proteins do. Large polar molecules, 
such as glucose and amino acids, cannot diffuse 
through the phospholipid bilayer. Nor can ions such 
as sodium (Na+) or chloride (Cl−). These can only 
cross the membrane with the help of certain protein 
molecules. 
There are two types of protein involved, namely 
channel proteins and carrier proteins. Each is highly 

specific, allowing only one type of molecule or ion to 
pass through it. 
Channel proteins are water-filled pores. They allow 
charged substances, usually ions, to diffuse through 
the membrane. Most channel proteins are ‘gated’. 
This means that part of the protein molecule on the 
inside surface of the membrane can move to close 
or open the pore, like a gate. This allows control of 
ion exchange. 
Whereas channel proteins have a fixed shape, 
carrier proteins can flip between two shapes. As a 
result, the binding site is alternately open to one 
side of the membrane, then the other. If the 
molecules are diffusing across the membrane, then 
the direction of movement will normally depend on 
their relative concentration on each side of the 
membrane.

Changes in the shape of a carrier protein during 
facilitated diffusion. Here, there is a net diffusion of 
molecules or ions into the cell down a concentration 
gradient. 
 

 Osmosis 
Osmosis is the net movement of water molecules 
from a region of higher water potential to a region 
of lower water potential, through a partially 
permeable membrane, as a result of their random 
motion (diffusion). 
In the explanations that follow, remember that: 
solute + solvent = solution 
In a sugar solution, for example, the solute is sugar 
and the solvent is water. 

 
Two solutions separated by a partially permeable 
membrane. a Before osmosis. The solute molecules 
are too large to pass through the pores in the 
membrane, but the water molecules are small 
enough. b As the arrows show, more water 
molecules moved from A to B than from B to A, so 
the net movement has been from A to B, raising the 
level of solution in B and lowering it in A. 
This movement of water molecules from a dilute 
solution to a concentrated solution, through a 
partially permeable membrane, is called osmosis. 
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1. Water Potential 
The term water potential is very useful when 
considering osmosis. The Greek letter psi, ψ, 
can be used to mean water potential. We can 
think of water potential as being the tendency 
of water to move out of a solution. This 
depends on two factors: 

 how much water the solution contains 
in relation to solutes, and  

 how much pressure is being applied to 
it. 

Water always moves from a region of high 
water potential to a region of low water 
potential. We say water always moves down 
a water potential gradient. For example, a 
solution containing a lot of water (a dilute 
solution) has a higher water potential than a 
solution containing only a little water (a 
concentrated solution). 

What would happen if we could press down 
very hard on side B? Applying pressure to a 
solution increases the tendency of water to 
move out of it – that is, it increases its water 
potential. Here, water molecules move from 
B to A. 

Pressure on a liquid increases water 
potential. By definition, the water potential 
of pure water at atmospheric pressure is 0. 
This means that a solution (water with a 
solute or solutes dissolved in it) must have a 
water potential less than 0 – that is, a 
negative value. 

2. Solute Potential and Pressure Potential 
The contribution of the concentration of the 
solution to water potential is called solute 
potential. Solute potential can be shown using 
the symbol subscript s – ψs. 
Whereas the contribution of pressure to the 
water potential of a solution is called pressure 
potential. Pressure potential can be shown 
using the symbol ψp.  
 

3. Osmosis in Animal Cells 
A convenient type of animal cell to study in 
practical work is the red blood cell. A slide of 
fresh blood viewed with a microscope will 
show large numbers of red blood cells. 

 

It shows the effect of osmosis on an animal 
cell. Movement of water into or out of red 
blood cells by osmosis in solutions of different 
concentration. Figure a shows that if the water 
potential of the solution surrounding the cell is 
too high, the cell swells and bursts. If it is too 
low, the cell shrinks (Figure c). This shows one 
reason why it is important to maintain a 
constant water potential inside the bodies of 
animals. 
 

4. Osmosis in Plant Cells  
Unlike animal cells, plant cells are surrounded 
by cell walls, which are very strong and rigid. 
But, in another case plant cells have in 
common like animal cells, the volume of the 
cell increases, but in the plant cell the cell wall 
pushes back against the expanding protoplast 
(the living part of the cell inside the cell wall), 
and pressure starts to build up rapidly. 

 
Osmotic changes in a plant cell in solutions of 
different water potential. 
Figure b shows the pressure potential, and it 
increases the water potential of the cell until 
the water potential inside the cell equals the 
water potential outside the cell, and 
equilibrium is reached. When a plant cell is 
fully inflated with water it is described as fully 
turgid.  
For plant cells, then, water potential is a 
combination of solute potential and pressure 
potential. This can be expressed in the 
following equation: 
ψ = ψs + ψp 
 
Figure c shows the situation where a plant cell 
is placed in a solution of lower water potential. 
An example of the latter would be a 
concentrated sucrose solution. In such a 
solution, water will leave the cell by osmosis. 
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How plasmolysis occurs?

 
As the protoplast continues to shrink, it begins 
to pull away from the cell wall. 
This process is called plasmolysis, and a cell in 
which it has happened is said to be 
plasmolysed. The point at which pressure 
potential has just reached zero and 
plasmolysis is about to occur is referred to as 
incipient plasmolysis. Eventually, as with the 
animal cell, an equilibrium is reached when 
the water potential of the cell has decreased 
until it equals that of the external solution. 

 Active Transport 
The process responsible is called active transport. 
Active transport can be defined as the movement of 
molecules or ions through transport proteins across 
a cell membrane, against their concentration 
gradient, and using energy from ATP. Active 
transport can occur either into or out of the cell. 

 
Changes in the shape of a carrier protein during 
active transport. Here, molecules or ions are being 
pumped into the cell against a concentration 
gradient. 

 

An example of a carrier protein used for active 
transport is the sodium–potassium (Na+ –K+) pump. 
As you can see, the pump has a receptor site for ATP 
on its inner surface. It acts as an ATPase enzyme in 
bringing about the hydrolysis of ATP to ADP 
(adenosine diphosphate) and phosphate to release 
energy. 
 

 Bulk Transport 
Bulk transport can be defined of transport which 
involves the transport of large amount of substance 
like lipid droplets and solid food particles across 
plasma membrane by utilising energy. Mechanisms 
that include bulk transportation of materials in bulk 
are into the cell (endocytosis) or out of the cell 
(exocytosis). 
 

 Endocytosis 
Endocytosis is the bulk movement of liquids 
(pinocytosis) or solids (phagocytosis) into a cell, by 
the infolding of the cell surface membrane to form 
vesicles containing the substance; endocytosis is an 
active process requiring ATP. 
 Pinocytosis or ‘cell drinking’ – this is the bulk 

uptake of liquid material. The vacuoles 
(vesicles) formed are often extremely small, in 
which case the process is called 
micropinocytosis. 

 Phagocytosis or ‘cell eating’ – this is the bulk 
uptake of solid material. Cells specialising in 
this are called phagocytes. The process is 
called phagocytosis and the vacuoles are 
phagocytic vacuoles. An example is the 
engulfing of bacteria by certain white blood 
cells. 

Stages in phagocytosis of a bacterium by a white 
blood cell. 

 Exocytosis 
Exocytosis is the bulk movement of liquids or solids 
out of a cell, by the fusion of vesicles containing the 
substance with the cell surface membrane; 
exocytosis is an active process requiring ATP. 
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. 
Exocytosis in a secretory cell. If the product being 
secreted is a protein, the Golgi body is often involved 
in chemically modifying the protein before it is 
secreted, as in the secretion of digestive enzymes by 
the pancreas. 

EXERCISE 

1. Carrier protein take part in 
A. Passive transport of ions 
B. Active transport of ions 
C. Water Transport 
D. Water evaporation 
E. All of these 

Answer : B. Active transport of ions 
Model of active transport - ATP hydrolysis is used to 
transport hydrogen ions against the 
electrochemical gradient (from low to high 
hydrogen ion concentration). Phosphorylation of 
the carrier protein and the binding of a hydrogen 
ion induce a conformational (shape) change that 
drives the hydrogen ions to transport against the 
electrochemical gradient. 
 

2. Among the following, which one is included in the 
process of endocytosis… 
A. Plasmolysis 
B. Glycolysis  
C. Pinocytosis 
D. Photosynthesis 
E. Exocytosis 

Answer : C. Pinocytosis 
Because endocytosis is divided into 2 processes, the 
bulk uptake of liquid material (pinocytosis) and the 
bulk uptake of solid material (phagocytosis) into a 
cell. 
 

3. What are the 2 types of proteins involved in 
facilitated diffusion? And give an explantion of 
both. 
Answer : 
The 2 types of proteins involved in facilitated 
diffusion are channel proteins and carrier proteins.  
Carrier proteins (also called carriers, permeases, or 
transporters) bind the specific solute to be 
transported and undergo a series of conformational 
changes to transfer the bound solute across the 
membrane. Whereas channel proteins in contrast, 
interact with the solute to be transported much 
more weakly 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


