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Chapter 1: Chemistry for Biologists  
[1.1]   The bond present in water are polar bonds. This causes the water to have a permanent dipole which 
is an uneven distribution of charge within the molecule, making water a polar molecule. All these properties 
are a result of dipoles and hydrogen bonding between water molecules. Make sure that you can explain the 
link between the property and the hydrogen bonding. Water molecules have a polar arrangement 
of oxygen and hydrogen atoms—one side (hydrogen) has a positive electrical charge and the other side 
(oxygen) had a negative charge. This allows 
the water molecule to become attracted to 
many other different types of molecules. 
Water has relatively high melting and boiling 
points compared with other substances that 
have molecules of a similar size because it 
takes a lot of energy to break all the hydrogen 
bonds that hold the molecules together.  

 The importances of water are as follows: 

 Water is a polar solvent. Because it is a polar molecule, many ionic substances like sodium 
chloride will dissolve in it. Many covalently bonded substances are also polar and will 
dissolve in water, but often do not dissolve in other covalently bonded solvents such as 
ethanol. Water also carries other substances, such as starch. As a result, most of the 
chemical reactions within cells occur in water (in aqueous solution). 

 Water is an excellent transport medium because the dipole nature of water enables many 
different substances to dissolve in it. 

 As water cools to 4 °C, it 
reaches its maximum density. As 
it cools further, the molecules 
become more widely spaced. As a 
result, ice is less dense than 
water and floats, forming an 
insulating layer and helping to 
prevent the water underneath it from freezing. It also melts quickly because, being at the 
top, it is exposed to the sun. It is very unusual for the solid form of a substance to be less 
dense than the liquid form. This unusual property enables organisms to live in water, even in 
countries where it gets cold enough to freeze in winter. 
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 Water is slow to absorb and release heat – it has a high specific heat capacity. The 
hydrogen bonds between the molecules need a lot of energy to separate them. This means 
the temperature of large bodies of water such as lakes and seas does not change much 
throughout the year. This makes them good habitats for living organisms. 

 Water is a liquid – it cannot be compressed. This is an important factor in many hydraulic 
mechanisms in living organisms. 

 Water molecules are cohesive – the forces between the molecules mean they stick together. 
This is very important for the movement of water from the roots to the leaves of plants. 

 Water molecules are adhesive – they are attracted to other different molecules. This is also 
important in plant transport systems and in surface tension. 

 Water has a very high surface tension because the attraction between the water molecules, 
including hydrogen bonds, is greater than the attraction between the water molecules and 
the air. As a result, the water molecules hold together forming a thin ‘skin’ of surface 
tension. Surface tension is very important in plant transport systems, and also affects life 
at the surface of ponds, lakes and other water masses. 

[1.2], [1.4]   Carbohydrates are important in cells as a usable energy source and important in human 
foods around the world. They are also important for storing energy and they form an important part of the 
cell wall in plants, fungi and bacteria. Carbohydrates are classified into three group as follows: 

a. Monosaccharide a single sugar monomer. Monosaccharides are simple sugars in which there 
is one oxygen atom and two hydrogen atoms for each carbon atom in the molecule. A general 
formula for this can be written 
(CH2O)n. Here n can be any 
number, but it is usually low. 
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b. Disaccharide a sugar made up of two monosaccharide units joined by a glycosidic bond, 
formed in a condensation reaction. Disaccharides consist of two monosaccharides joined 
together. for example, sucrose (table sugar) is formed by a molecule of α-glucose joining 
with a molecule of fructose. Two 
monosaccharides join in a 
condensation reaction to form a 
disaccharide, and a molecule of 
water (H2O) is released. The link 
between the two monosaccharides 
results in a covalent bond known as 
a glycosidic bond. We use numbers 
to show which carbon atoms are 
involved in the bond. If carbon 1 on 
one monosaccharide joins to carbon 4 on another monosaccharide, we call it a 1,4-glycosidic 
bond. If the bond is between carbon 1 and carbon 6, it is a 1,6-glycosidic bond. 

Disaccharide  Source Monosaccharide producing the 
Disaccharide 

Sucrose stored in plants such as sugar 
cane 

glucose + fructose 

Lactose  milk sugar – this is the main 
carbohydrate found in milk 

glucose + galactose 

Maltose malt sugar – found in 
germinating seed such as 

barley 

glucose + glucose 

c. Polysaccharide a polymer consisting of long chains of monosaccharide units joined by 
glycosidic bonds. 

Glycosidic bonds are formed with the removal of a molecule of water in condensation reactions. Glycosidic 
bonds are broken with the addition of a molecule 
of water in hydrolysis reactions. 
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Polysaccharides are excellent energy sources because: 

a. They can form very compact molecules, which take up little space.  
b. They are physically and chemically inactive, so they do not interfere with the other 

functions of the cell. 
c. They are not very soluble in water, so have almost no effect on water potential 

within a cell and cause no osmotic water movements. 

Starch consists of long chains of α-glucose. But if you look at it more closely you will see that it is a 
mixture of two compounds: 

a.  Amylose: an unbranched polymer of between 200 and 5000 glucose units. As the chain 
lengthens the molecule spirals, which makes it more compact for storage. 

b. Amylopectin: a branched polymer of glucose units. The branching chains have many terminal 
glucose units that can be broken off rapidly when energy is needed. 

It all depends on the carbon atoms involved in the glycosidic bonds. Amylose has only 1,4-glycosidic bonds, 
which is why the molecules are long unbranched chains. In amylopectin, many of the glucose molecules are 
joined by 1,4-glycosidic bonds, but there are also a few 1,6-glycosidic bonds. This results in the branching 
chains that change the properties of the molecule. 

Starch has a combination of straight-chain 
amylose and branched chain amylopectin 
molecules. This combination explains why 
carbohydrate foods like rice and pasta are so 
good for you when you are doing sport or hard 
physical work. The amylopectin releases glucose 
for cellular respiration rapidly when needed. 
Amylose releases glucose more slowly over time, 
keeping you going longer. 

 

Glycogen is sometimes referred to as ‘animal 
starch’ because it is the only carbohydrate 
energy store found in animals. It is also an 
important storage carbohydrate in fungi. 
Chemically, glycogen is very similar to the 
amylopectin molecules in starch, and it also has 
many α-glucose units. Like starch, it is very compact, but the glycogen molecule has more 1,6-glycosidic 
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bonds than the starch molecule, giving it many side branches. This means that glycogen can be broken down 
very rapidly. This makes it an ideal source of glucose for animals which may require rapid release of 
energy at certain times of high activity levels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

[1.5]   Lipids are a large family of organic molecules that are important in cell membranes and as an 
energy store in many organisms; they include triglycerides, phospholipids and steroids. The lipids are 
another group of organic substances that play a vital role in organisms. They are an integral part of all cell 
membranes and are also used as an energy store. Lipids contain many carbon– hydrogen bonds and almost 
no oxygen. When lipids are oxidised in the respiration process, the bonds are broken and carbon dioxide 
and water are the final products. This reaction can be used to drive the production of much ATP. Lipids, 
especially triglycerides, store about three times as much energy as the same mass of carbohydrates. Many 
plants and animals convert spare food into oils or fats as an energy store to use when needed. For 
example, the seeds of plants contain lipids to provide energy for the seedling when it starts to grow, which 
is why seeds are such an important food source for many animals. 

i. Fatty acids. 
Organic acids with a long hydrocarbon chain. 

ii. Glycerol and write the general formula of glycerol. 
Propane-1,2,3-triol, an important component of triglycerides. Glycerol has the 
chemical formula C3H8O3. 
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iii. Ester bonds. 
Bonds formed in a condensation reaction between the carboxyl group (–COOH) of a 
fatty acid and one of the hydroxyl groups (–OH) of glycerol. 

iv. Saturated fatty acid 
A fatty acid in which each carbon atom is joined to the one next to it in the 
hydrocarbon chain by a single covalent bond. 

v. Unsaturated fatty acid 
A fatty acid in which the carbon atoms in the hydrocarbon chain have one or more 
double covalent bonds in them 

Fatty acids vary in two ways: 

 The length of the carbon chain can differ (but is often 15–17 carbon atoms long). 
 The fatty acid may be a saturated fatty acid or an unsaturated fatty acid. 

A triglyceride is made when glycerol combines with three fatty acids. A bond is formed in a condensation 
reaction between the carboxyl 
group (–COOH) of a fatty acid and 
one of the hydroxyl groups (–OH) 
of the glycerol. A molecule of water 
is removed and the bond created is 
called an ester bond. This type of 
condensation reaction is called 
esterification. 

 

 

 

 

 

 

 

 

 

 

 

Saturated fatty acid chains 
are straight and no C=C 
double bonds. 

Unsaturated fatty acid 
chains are bent and have 
C=C double bonds. 
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Chapter 2: Mammalian Transport systems 
[1.6]   For a single-celled organism like an amoeba and for very small multicellular organisms including 
many marine larvae, the nutrients and oxygen that they need can diffuse directly into the cells from the 
external environment and waste substances can diffuse directly out. This works well for the following 
reasons. 

 The diffusion distances from the outside to the innermost areas of the cells are very small.  
 The surface area in contact with the outside environment is very large when compared to 

the volume of the inside of the organism. Its surface area to volume ratio (sa : vol) is large, 
so there is a relatively big surface area over which substances can diffuse into or out of the 
organism. 

 The metabolic demands are low – the organisms do not regulate their own temperature and 
the cells do not use much oxygen and food or produce much carbon dioxide. Single-celled 
organisms and very small multicellular organisms do not need specialised transport systems 
because diffusion is enough to supply their needs. 

Vertebrates are animals with a backbone or spinal column; they include mammals, birds, reptiles, 
amphibians and fish. They have a mass transport system. Mass transport system is an arrangement of 
structures by which substances are transported in the flow of a fluid with a mechanism for moving it 
around the body. Mass transport systems are very effective for moving substances around the body. Most 
mass transport systems have certain features which are the same. They have: 

 Exchange surfaces to get materials into and out of the transport system  
 A system of vessels that carry substances – these are usually tubes, sometimes following a 

very specific route, sometimes widespread and branching 
 A way of making sure that substances are moved in the right direction (e.g. Nutrients in and 

waste out)  
 A way of moving materials fast enough to supply the needs of the organism – this may 

involve mechanical methods such as the pumping of the heart or ways of maintaining a 
concentration gradient so that substances move quickly from one place to another (e.g. 
Using active transport)  

 A suitable transport medium (e.g. Fluid)  
 In many cases, a way of adapting the rate of transport to the needs of the organism. 
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There are two types of circulation system as follows: 

i. Single circulation system 
A circulation in which the heart pumps the blood to the organs of gas exchange and 
the blood then travels on around the body before returning to the heart. 

ii. Double circulation system  

A circulation that involves two separate circuits, one of deoxygenated blood flowing from the heart to the 
gas exchange organs to be oxygenated before returning to the heart, and one of oxygenated blood leaving 
the heart and flowing around the body, 

 

[1.7]   There are 3 main type of blood vessels in the body: 

 Arteries  
Vessels that carry blood away from the heart. 

 Veins 
Vessels that carry blood towards the heart. 

 Capillaries 

Single 
circulation 
system 

 

Double 
circulation 
system 
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Tiny vessels that spread throughout the tissues of the body. 

 

 

 

 

 

 

 

 

 

 

 

ARTERIES 

The arteries leaving the heart branch off in every direction, and the diameter of the lumen, the central 
space inside the blood vessel, gets smaller the further away it is from the heart. The very smallest 
branches of the arterial system, furthest from the heart, are the arterioles. Blood is pumped out from the 
heart in a regular rhythm, about 70 times a minute. Each heartbeat sends a high-pressure flow of blood 
into the arteries. The major arteries close to the heart must withstand these pressure surges. Their walls 
contain a lot of elastic fibres, so they can stretch to accommodate the greater volume of blood without 
being damaged. Between surges, the elastic fibres return to their original length, squeezing the blood to 
move it along in a continuous flow. The pulse you can feel in an artery is the effect of the surge each time 
the heart beats. The blood pressure in all arteries is relatively high, but it falls in arteries further away 
from the heart. These are known as the peripheral arteries. In the peripheral arteries, the muscle fibres in 
the vessel walls contract or relax to change the size of the lumen, controlling the blood flow. The smaller 
the lumen, the harder it is for blood to flow through the vessel. This controls the amount of blood that 
flows into an organ, so regulating its activity. The role of the muscles in the wall of the arterioles is to 
reduce the size of the lumen to increase resistance – this can reduce blood flow to areas that do not need 
so much blood and will cause the oxygenated blood to flow to other tissues. Arterioles lead into networks 
of capillaries. These are very small vessels that spread throughout the tissues of the body. The capillary 
network links the arterioles and the Venules. Capillaries branch between cells – no cell is far from a 
capillary, so substances can diffuse between cells and the blood quickly. Also, because the diameter of 
each individual capillary is small, the blood travels relatively slowly through them, giving more opportunity 
for diffusion to occur (see fig C). The smallest capillary is no wider than a single red blood cell. Capillaries 
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have a very simple structure which is well adapted to their function. Their walls are very thin and contain 
no elastic fibres, smooth muscle or collagen. This helps them fit between individual cells and allows rapid 
diffusion of substances between the blood and the 
cells. The walls consist of just one very thin cell. 
Oxygen and other molecules, such as digested food 
molecules and hormones, quickly diffuse out of the 
blood in the capillaries into the nearby body cells, and 
carbon dioxide and other waste molecules diffuse 
into the capillaries. Blood entering the capillary 
network from the arteries is oxygenated. When it 
leaves, it carries less oxygen and more carbon 
dioxide. The two exceptions in arteries are: 

•The pulmonary artery – carrying 
deoxygenated blood from the heart to 
the lungs. 
• the umbilical artery – during pregnancy, this carries deoxygenated blood from the fetus to 
the placenta. 

VEINS  

Veins are blood vessels that carry blood towards the heart. Most veins carry deoxygenated blood from the 
tissues back to the heart; exceptions are the pulmonary and umbilical veins, both of which carry oxygenated 
blood to the heart. In contrast to veins, arteries carry blood away from the heart. The exceptions in veins 
are: 

• the pulmonary vein – 
carrying oxygen-rich 
blood from the lungs 
back to the heart for 
circulation around the 
body.  
• the umbilical vein – 
during pregnancy, it 
carries oxygenated blood 
from the placenta into 
the fetus. 
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The blood is not pumped back to the heart, it returns to the heart by means of muscle pressure and one-
way valves.  

 Many of the larger veins are situated between the large muscle blocks of the body, 
particularly in the arms and legs. When the muscles contract during physical activity they 
squeeze these veins. The valves (see below) keep the blood travelling in one direction and 
this squeezing helps to return the blood to the heart. 

 There are one-way valves at frequent intervals throughout the venous system. These are 
called semilunar valves because of their half-moon shape. They develop from infoldings of 
the inner wall of the vein. Blood can pass through towards the heart, but if it starts to flow 
backwards the valves close, preventing any backflow. 

[1.8]   Your heart is continuously contracting then relaxing. The contraction of the heart is called systole. 
Systole can be divided into atrial systole, when the atria contract together forcing blood into the ventricles, 
and ventricular systole, when the ventricles contract. Ventricular systole happens about 0.13 seconds after 
atrial systole, and forces blood out of the 
ventricles into the pulmonary artery and the 
aorta. Between contractions the heart relaxes and 
fills with blood. This relaxation stage is called 
diastole. One cycle of systole and diastole makes 
up a single heartbeat, which lasts about 
0.8 seconds in humans. This is known as the 
cardiac cycle (the cycle of contraction (systole) 
and relaxation (diastole) in the heart). 
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[1.9]   The many haemoglobin molecules that are in the red blood cells transport oxygen. Each haemoglobin 
molecule is a large globular protein consisting of four peptide chains, each with an iron-containing 
prosthetic group. Each group can collect four molecules of oxygen in a reversible process to form 
oxyhaemoglobin: 

 

 

The first oxygen molecule that binds to the 
haemoglobin changes the arrangement of 
the molecule making it easier for the 
following oxygen molecules to bind. The 
final oxygen molecule binds several hundred 
times faster than the first. The same 
process happens in reverse when oxygen 
dissociates from haemoglobin – it gets 
progressively harder to remove the oxygen. 
When the blood enters the lungs, the 
concentration of oxygen in the red blood 
cells is relatively low. Oxygen moves into 
the red blood cells from the air in the lungs 
by diffusion. The oxygen is collected and 
bound to the haemoglobin, so the free oxygen concentration in the cytoplasm of the red blood cells stays 
low. This maintains a steep concentration gradient from the air in the lungs to the red blood cells, so more 
and more oxygen diffuses in and joins onto the haemoglobin. The oxygen levels are relatively low in the 
body tissues. The concentration of oxygen in the cytoplasm of the red blood cells is higher than in the 
surrounding tissue. As a result, oxygen moves out into the body cells by diffusion down its concentration 
gradient. The haemoglobin molecules give up some of their oxygen. When you are at rest or exercising 
gently, only about 25% of the oxygen carried by the haemoglobin is released into your cells. There is 
another 75% in reserve in the transport system for when you are very active. The strong affinity of 
haemoglobin for oxygen means that a small change in the proportion of oxygen in the surrounding 
environment can have a big effect on the saturation of the blood with oxygen. So in the lungs, the 
haemoglobin rapidly gains oxygen and in the tissues, as the oxygen saturation of the environment falls, 
oxygen is released rapidly. 

Waste carbon dioxide diffuses from the respiring cells of the body tissues into the blood along a 
concentration gradient. The reaction of the carbon dioxide with water is crucial. When carbon dioxide is 
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dissolved in the blood it reacts slowly with the water to form carbonic acid, H2CO3. The carbonic acid 
separates to form hydrogen ions H+ and hydrogencarbonate ions  

 
 

About 5% of the carbon dioxide is carried in solution in the plasma. A further 10–20% combines with 
haemoglobin molecules to make carbaminohaemoglobin. Most of the carbon dioxide is transported in the 
cytoplasm of the red blood cells as hydrogencarbonate ions. The enzyme carbonic anhydrase controls the 
rate of the reaction between carbon dioxide and water to produce carbonic acid. In the body tissues, there 
is a high 
concentration of 
carbon dioxide in 
the blood, so 
carbonic 
anhydrase 
catalyses the 
formation of 
carbonic acid. 

 

 

Bohr effect is the name given to changes in the oxygen dissociation curve of haemoglobin that occur due to 
a rise in carbon dioxide levels and a reduction of the affinity of haemoglobin for oxygen. The way in which 
haemoglobin collects and releases oxygen is also affected by the proportion of carbon dioxide in the 
tissues. When the proportion of carbon dioxide in the tissues is high, the affinity of haemoglobin for oxygen 
is reduced. In 
other words, 
haemoglobin 
needs higher 
levels of oxygen 
to become 
saturated and 
releases oxygen 
much more 
easily. So in 
active tissues 
with high carbon 
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dioxide levels, haemoglobin releases oxygen more readily. Carbon dioxide levels in the lung capillaries are 
relatively low, which makes it easier for oxygen to bind to the haemoglobin. The changes in the oxygen 
dissociation curve that result as the carbon dioxide level changes are known as the Bohr effect. 

A fetus in the uterus depends on its mother to supply it with oxygen. Oxygenated blood from the mother 
flows through the placenta close to the deoxygenated fetal blood. If the blood of the fetus had the same 
affinity for oxygen as the blood of the mother, very little oxygen would be transferred. Fortunately, the 
blood of the fetus contains a special form of the oxygen-carrying pigment called fetal haemoglobin. Fetal 
haemoglobin has a higher affinity for oxygen than the adult haemoglobin of the mother. Consequently, the 
fetal haemoglobin can remove oxygen from the maternal blood even when the proportion of oxygen is 
relatively low. The maternal and fetal blood also run in opposite directions. This makes the oxygen 
concentration gradient 
between the mother’s 
blood and that of her 
fetus as steep as 
possible, maximising 
the oxygen transfer to 
the blood of the fetus. 

 
 
 

[1.10]   Cardiovascular diseases are diseases of the heart and circulatory system, many of which are linked 
to atherosclerosis. 

i. Atherosclerosis and the effect of atherosclerosis. 
Atherosclerosis, a hardening of the arteries, is a disease in which plaques (made of 
a yellowish fatty substance) build up on the inside of arteries. It can begin in late 
childhood and continues throughout life. A plaque can continue to develop until it 
restricts the flow of blood through the artery or even blocks it completely. Plaques 
are most likely to form in the arteries of the heart (coronary arteries) and neck 
(carotid arteries). Atherosclerosis begins with damage to the endothelial lining of 
blood vessels. This damage can be caused by several factors, including high blood 
pressure and substances in tobacco smoke. Atherosclerosis usually occurs in 
arteries rather than in veins. This is because the blood in the arteries flows fast 
under relatively high pressure, which puts more strain on the endothelial lining of the 
vessels and can cause small areas of damage. In the veins, the pressure is lower so 
damage to the endothelium is much less likely. Once damage to the endothelium has 
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occurred, the body’s inflammatory response begins and white blood cells arrive at 
the site of the damage. These cells accumulate chemicals from the blood, especially 
cholesterol. This leads to a plaque (also known as an atheroma) forming on the 
endothelial lining of the artery. Fibrous tissue and calcium salts also build up 
(increase in amount) around the atheroma, turning it into a hardened plaque. This 
hardened area means that part of the artery wall is less elastic and narrower than it 
should be. The plaque causes the lumen of the artery to become much smaller. This 
increases the blood pressure, making it harder for the heart to pump blood around 
the body. The raised blood pressure makes damage more likely in other areas of the 
endothelial lining and more plaques will form. This will make the blood pressure even 
higher, and so the problem gets worse. There are many factors that are linked to the 
development of atherosclerosis. Atherosclerosis can have many serious effects on 
the health of an individual. The development of atherosclerosis can be summarised 
as: damage to the endothelium of the arteries → inflammatory response → 
accumulation of cholesterol → atheroma → fibrous tissue/calcium salts → plaque 
→ narrowing/loss of elasticity of the artery. 

ii. Aneurysms  
If an area of an artery is narrowed by plaque, blood tends to collect behind the 
blockage. The artery bulges and the wall is put under more pressure than usual, so it 
becomes weakened. This is known as an aneurysm. The weakened artery wall may 
split open, leading to massive internal bleeding. Aneurysms frequently happen in the 
blood vessels supplying the brain or in the aorta, especially when it passes through 
the abdomen. The massive blood loss and drop in blood pressure are often fatal, but 
if aneurysms are diagnosed they can be treated by surgery before they burst. 

iii. Raised blood pressure  
The arteries narrowed due to plaques on the walls cause raised blood pressure. This 
can lead to severe damage in a number of organs, including the kidneys, the eyes 
and the brain. The high pressure damages the tiny blood vessels where your kidney 
filters out urea and other substances from the blood. If the vessels feeding the 
kidney tubules become narrowed, the pressure inside them gets even higher and 
proteins may be forced out through their walls. If you have high blood pressure, your 
doctors can test for protein in your urine as a sign of kidney damage. Similarly, the 
tiny blood vessels supplying the retina of your eye are easily damaged. If they 
become blocked or leak, the retinal cells are starved of oxygen and die and this can 
cause blindness. 

iv. Heart disease- angina  
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A condition in which plaques are deposited on the endothelium of the arteries and 
reduce the blood flow to the cardiac muscle through the coronary artery; it results in 
pain during exercise 

v. Heart disease- myocardial infarction 
The events which take place when atherosclerosis leads to the formation of a clot 
that blocks the coronary artery entirely and deprives the heart muscle of oxygen, so 
it dies; it can stop the heart functioning 

vi. Stroke  
An event caused by an interruption to the normal blood supply to an area of the brain 
which may be due to bleeding from damaged capillaries or a blockage cutting off the 
blood supply to the brain, usually caused by a blood clot. 

 

[1.11]   Plasma, blood cells and platelets flow from a cut vessel. Contact between the platelets and 
components of the tissue (e.g. collagen fibres in the skin) causes the platelets to break open in large 
numbers. They release several substances, two of which are particularly important.  

• Serotonin causes the smooth muscle of the blood vessel to contract. This narrows the 
blood vessels, cutting off the blood flow to the damaged area.  
• Thromboplastin is an enzyme that starts a sequence of chemical changes that clot the 
blood. 

The blood clotting process is a very complex sequence of events in which there are many different clotting 
factors. Vitamin K is important in the production of many of the compounds needed for the blood to clot, 
including prothrombin. Here is a simple version of the events in the blood clotting process.  

[1] Thromboplastin catalyses the conversion of a large soluble protein called prothrombin 
found in the plasma into another soluble protein, the enzyme called thrombin. Prothrombin is 
biologically inactive while thrombin is biologically active – prothrombin is a precursor of 
thrombin. This conversion happens on a large scale at the site of a wound. Calcium ions need 
to be present in the blood at the right concentration for this reaction to happen.  
[2] Thrombin acts on another soluble plasma protein called fibrinogen, converting it to an 
insoluble substance called fibrin. Again, fibrinogen is the biologically inactive precursor of 
biologically active fibrin. The fibrin forms a mesh of fibres to cover the wound. 
[3] More platelets and red blood cells pouring from the wound get trapped in the fibrin 
mesh. This forms a clot.  
[4] Special proteins in the structure of the platelets contract, making the clot tighter and 
tougher to form a scab that protects the skin and vessels underneath as they heal. 
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In a sequence such as clot formation, a small event is amplified through a series of steps. 
However, sometimes the body’s clotting mechanism is started in the wrong place, and this 
can lead to serious problems in the blood vessels. A clot in the vessels that supply your 
heart muscle with blood can cause a heart attack and a clot in the brain can cause a stroke. 
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Chapter 3: Cardiovascular Health and Risk 
[1.12]   Risk factors are factors which affect the risk of an event happening. 

i. Smoking and atherosclerosis. 
Studies have shown that smokers are far more likely to develop atherosclerosis than 
non-smokers with a similar lifestyle. Causation was established by research. For 
example, studies found that the substances in tobacco smoke:  

 Can damage the artery linings, which makes the build-up of plaques more 
likely. 

 Can cause the arteries to narrow, raise the blood pressure and increase the 
risk of atherosclerosis. 

ii. Inactivity and CVDs. 
Regular exercise helps lower blood pressure, prevent obesity and diabetes, lower 
blood cholesterol levels, balance lipoproteins and reduce stress. These also lower 
your risk of developing atherosclerosis and CVDs. High levels of activity were linked 
to a reduced risk of all these conditions. Several studies have shown that exercise 
both reduces the formation of plaques in the arteries and also keeps plaques that are 
present more stable and less likely to break. 

iii. High blood pressure and atherosclerosis. 
The heart pumps blood out into your arteries in a regular rhythm. The blood travels 
through your arterial system at pressures which change as your heart beats and 
which are easily measured. At systole, when the blood is forced out of the heart, a 
healthy blood pressure is around 120mmHg. When the heart is relaxed and filling 
during diastole, a healthy blood pressure is around 80mmHg. Measuring blood 
pressure is used as an indicator of the health of both your heart and your blood 
vessels. Your blood pressure goes up and down naturally during the day – but it 
shouldn’t be constantly raised. If your blood pressure is regularly above 
140/90mmHg, you have high blood pressure or hypertension. Raised blood pressure 
can be a sign of atherosclerosis. The blood pressure goes up when the walls of the 
arteries become less flexible due to the build-up of plaque, and when the lumen of 
the arteries get narrower as they are blocked by the plaques. This means that raised 
blood pressure can be the result of atherosclerosis and can be used to help diagnose 
the disease. However, other factors can also raise the blood pressure. For example, 
smoking narrows the blood vessels and raises the blood pressure. Obesity, inactivity, 
a high level of salt in the diet and stress can also narrow the arteries or affect the 
way the heart is pumping and raise the blood pressure. When the blood pressure is 
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constantly high, the lining of the arteries is more likely to be damaged, leading to 
atherosclerosis and ultimately CVDs. So high blood pressure can also contribute to 
CVDs. If a doctor discovers you have high blood pressure, they will try to help you 
reduce the level by making lifestyle changes or with medication, to try to reduce 
your risk of developing CVDs. 

iv. Diet, obesity and atherosclerosis. 
An increasing number of studies suggest that being overweight does not directly 
affect your risk of developing CVDs, but it is a very important indicator of risk. Most 
scientists think that the best predictors of future CVDs are: 

 Where fat is stored on your body.  
 How much exercise you do. 
 The levels of different fats in your blood. 

Two other factors which are often a direct result of being overweight do increase 
the risk of atherosclerosis and CVDs. These are: 

 High blood pressure – increases the risk of damage to blood vessel 
linings, and so of plaque formation. 

 Type 2 diabetes – this can result in damage to the lining of the blood 
vessels which increases the risk of plaque formation. 

[1.13]   Vitamins, such as vitamin A found in carrots, vitamin C from citrus fruits and vitamin E from leafy 
green vegetables, almonds and sunflower oil, are antioxidants and they are found in fruits and vegetables. 
Several studies appeared to show that antioxidants were the answer and many people started taking 
antioxidant supplements to protect their hearts. However, recent studies, including some very large 
metadata analyses (studies where scientists have looked at the results of many different investigations), 
have shown that the evidence for antioxidants being good for your heart is inconclusive. There is some 
evidence that some antioxidants may cause harm. Antioxidants are molecules that inhibit the oxidation of 
other molecules which can lead to chain reactions that may damage cells. 

[1.15], [1.16]   These are terms you must know in order to approach application questions. 

i. Multifactorial disease 
A disease which results from the interactions of many different factors – not from 
one simple cause. 

ii. Correlation 
A strong tendency for two sets of data to change together.  

iii. Causation  
When a factor directly causes a specific effect. 
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iv. Longitudinal studies  
Scientific studies which follow the same group of individuals for many years. 

v. Valid 
An investigation which is well designed to answer the question being asked. 

vi. Precision  
Measurements with only slight variation between them. 

vii. Reliable  
Evidence which can be repeated by several different scientists. 

viii. Biased  
When someone is unfairly for or against an idea (e.g. When a scientist is paid by 
someone with a vested interest in a specific result – they may receive benefit from 
the outcome). 

ix. Evaluate 
To assess or judge the quality of a study and the significance of the results.  

x. Metadata analysis (meta- analysis) 
When data from all the available studies in a particular area are analysed. 

[1.17]   Personal perception of risk is based on variety of factors which includes: 

a. How familiar you are with the activity. 
b. How much you enjoy the activity. 
c. Whether or not you approve of the activity.  

[1.18]    

a. Low-density lipoproteins (LDLs) are made from saturated fats, cholesterol and 
protein and bind to cell membranes before being taken into the cells. If there are 
high levels of some LDLs, your cell membranes become saturated and so more LDL 
cholesterol remains in your blood. [lipoproteins which transport lipids around the 
body] 

b.  High-density lipoproteins (HDLs) are made from unsaturated fats, cholesterol and 
protein. They carry cholesterol from body tissues to the liver to be broken down, 
lowering blood cholesterol levels. HDLs can even help to remove cholesterol from 
fatty plaques on the arteries which reduces the risk of atherosclerosis. [lipoproteins 
which transport cholesterol from body tissues to the liver and can help reduce risks 
of CVDs] 

The ratio of LDL: HDL that seems to have the greatest effect on cardiovascular disease. A healthy ratio is 
about 3:1 LDL: HDL. 



  

23 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

[1.19]   BMI stands for body mass index. BMI is a calculation to determine if you are a healthy weight by 
comparing your weight to your height in a simple formula. 

 
 
 

Doctors and scientists look at your body mass index (BMI) to decide if you are unhealthily heavy. 

i. BMI of less than 18.5kgm-2= underweight 
ii. BMI of 18.5 -25kgm-2= ideal range or normal range  
iii. BMI of 25- 30kgm-2= overweight 
iv. BMI of 30- 40kgm-2= obese 
v. BMI over 40kgm-2= morbidly obese 

 

 

 

 

 

 

 

 

 

 

 

 

Waist- to- hip ratio is another best measure of obesity and best way to predict n increased risk of CVD.  
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[1.20]    

[1] Antihypertensive is a drug which reduces high blood pressure. 

a. Treatment often begins with diuretics, which increase the volume of urine produced. This 
eliminates excess fluids and salts, so that the blood volume decreases. With less blood, a 
smaller volume is pumped from the heart and the blood pressure falls. [diuretics are drugs 
which increase the volume of urine produced]. 

b. Beta blockers interfere with the normal system for controlling the heart. They block the 
response of the heart to hormones such as adrenaline, which normally act to speed up the 
heart and increase the blood pressure. So, beta blockers make the heart rate slower and the 
contractions less strong, so the blood pressure is lower. [beta blockers are drugs which 
block the response of the heart to hormones such as adrenaline] 

Angiotensin is a hormone which stimulates the constriction of your blood vessels and so causes the blood 
pressure to rise. ACE inhibitors block the production of angiotensin, which reduces the constriction of your 
blood vessels and so keeps your blood pressure lower. The side-effects from commonly used 
antihypertensive include coughs, swelling of the ankles, impotence, tiredness and fatigue, and constipation. 
These are not serious compared with the health risks from high blood pressure – but to the patient they 
may feel very significant. High blood pressure often doesn’t make you feel ill, but the medication needed to 
control it can affect your quality of life. Doctors find many patients stop taking their medication – the side-
effects make them ignore the much larger but invisible risk of CVDs. 

[2] Statins are a group of drugs that lower the level of cholesterol in your blood. They block the enzyme in 
the liver that is responsible for making cholesterol, and are very effective at blocking the production of 
LDLs. Statins also improve the balance of LDLs to HDLs and reduce inflammation in the lining of the 
arteries. Both functions reduce the risk of atherosclerosis developing. [statins are drugs that lower the 
level of cholesterol in the blood.] 

i. Placebo. 
an inactive substance resembling a drug being trialled which is used as an 
experimental control. 

ii. Plant stanols and sterols. 
Similar in structure to cholesterol, these compounds can help reduce blood 
cholesterol in those consuming them. 

Following heart surgery, or after suffering from a blood clot (thrombosis), drug treatments are used to 
help prevent the blood clotting too easily. 
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[3] Warfarin is an anticoagulant that interferes with the manufacture of prothrombin in the body. Low 
prothrombin levels make the blood clot less easily. Warfarin has been used in rat poison – in high doses the 
blood will not clot at all and the rats bleed to death after the slightest injury. In humans, the dose is 
carefully monitored to make sure that the clotting of the blood is reduced but not prevented completely.  

[4] Platelet inhibitory drugs make the platelets less sticky, and so reduce the clotting ability of the blood. 
The cheapest and most common of these is aspirin but clopidogrel is also commonly used. 

 

 
 
 

 

 

 



  

26 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

Chapter 4: Membranes and Transport 
[2.1]   Multicellular organisms need a require exchange system to obtain sufficient oxygen for respiring 
cells. The factors to increase gas exchange are: 

 Surface area to volume ratio  
Larger the surface area to volume ratio, there is a greater surface rea for the organism to 
carry out gas exchange and this will increase the rate of gas exchange.  

 Concentration gradient  
The greater the difference in the concentration gradient between the 2 areas means there 
will be a steeper concentration gradient and result in faster diffusion. 

 Diffusion distance  
Smaller diffusion distance means the rate of substances moving will increase. 

It states that 'the rate of diffusion is proportional to both the surface area and concentration difference 
and is inversely proportional to the thickness of the membrane'. The rate of diffusion is dependant in these 
properties and can be calculated using Fick’s Law of Diffusion.  

 
 
 

The path of the air from nose to alveoli is: 

When the air moves through the 
respiratory track from the nose to 
the alveoli, the concentration of 
CO2 in the blood capillaries (these 
are deoxygenated blood arriving 
from the heart) is higher than the 
air entering the alveoli. Due to 
this, concentration gradient 
difference, the carbon dioxide in 
the blood capillaries will diffuse 
through the one cell wall thick 
capillary into the alveoli. The 
oxygen in the alveoli will diffuse 
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into the blood capillaries. The CO2 rich air will move out of the alveoli and out from the body, when exhaling. 
The oxygenated blood will go to the heart. The features of alveoli to increase rate of gas exchange is as 
follows: 

 One cell wall thickness in the wall of the alveoli and blood capillaries. This will decrease the 
diffusion distance which will increase the rate of diffusion. 

 There is a network of blood capillaries which increases the amount of diffusion occurring so 
faster gas exchange. 

 There is a large surface area in the alveoli and this increases the rate of diffusion, which 
will ultimately 
increase the gas 
exchange. 

 There is a steep 
concentration 
gradient so increase 
rate of diffusion.  

 The distance 
between alveoli and 
blood capillaries is 
short so this 
increases the rate of 
diffusion. 
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[2.2]   The function of the cell membrane is to control what substances enters and leaves the cell or a cell 
organelle. The main structure of the cell membrane is the phospholipid bilayer.A phospholipid is a lipid made 
of glycerol, two fatty acid tails, and a phosphate-linked head group. Biological membranes usually involve 
two layers of phospholipids with their tails pointing inward, an arrangement called a phospholipid bilayer. 
The 

phosphate groups are hydrophilic 
(WATER- LOVING OR HAVING A 
STRONG AFFINITY FOR WATER) 
which means it forms the outer part of the bilayer. The fatty acid chains are hydrophobic (RESISTS 
WATER OR WATER- HATING) and they lie between 2 rows of phosphate heads. Furthermore, the fatty acid 
chains are non- polar and this means they allow non- polar molecules to pass through the phospholipid 
bilayer. Polar molecules can’t pass through the phospholipid bilayer, but polar molecules like water travel 
through channel proteins present in the phospholipid bilayer.  

The fluid part of the name fluid mosaic model means that the molecules in the cell membrane can freely 
move and this describes the fluidity 
of the phospholipid bilayer. The cell 
membrane contains a mosaic of 
transport proteins, receptor proteins, 
enzymes of varies sizes. Cholesterol 
molecules are found in the bilayer and 
this gives the membrane it’s stability 
and it reduces the fluidity. 
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 Channel proteins  
A channel protein is a special arrangement of amino acids which embeds in the cell 
membrane, providing a 
hydrophilic passageway for 
water and small, polar ions. 
Like all transport proteins, 
each channel protein has a 
size and shape which 
excludes all but the most 
specific molecules. 

 Carrier proteins  
Carrier proteins are proteins that 
carry substances from one side of a 
biological membrane to the other. 
Many carrier proteins are found in a 
cell's membrane, though they may also 
be found in the membranes of internal 
organelles such as the mitochondria, 
chloroplasts, nucleolus, and others. 
 

 Intrinsic proteins  
Integral membrane proteins, also called intrinsic proteins, have one or more segments that 
are embedded in the phospholipid bilayer. 

 Extrinsic proteins  
Peripheral membrane proteins, or extrinsic 
proteins, do not interact with the 
hydrophobic core of the phospholipid 
bilayer. 
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[2.4]   Osmosis- This is the net movement of water molecules from a high concentrated area to a low 
concentrated area through a partially permeable membrane through a partially permeable membrane. This 
process also does not require energy. Factors affecting osmosis are: 

 Temperature 
 Concentration gradient  
 Water potential  
 Osmotic pressure 

 

 

 

 

 

 

[2.5]    

i. Diffusion  
This is the passive movement of molecules from a high concentration area to a low 
concentration area down a concentration gradient, through a partially permeable 
membrane. 

ii. Simple diffusion  
Simple diffusion is the passive movement of molecules through a cell membrane 
without using the channels formed by integral membrane protein. The molecules 
move from a high concentrated area to a lower concentrated area down a 
concentration gradient through a partially permeable membrane. 

iii. Facilitated diffusion 
In facilitated diffusion, molecules diffuse across the plasma membrane with 
assistance from membrane proteins, such as channels and carriers. A concentration 
gradient exists for these molecules, so they have the potential to diffuse into (or out 
of) the cell by moving down it.  

iv. Active transport  
This is an active movement of molecules form a low concentrated area to a high 
concentrated area against a concentration gradient. Energy is gained from the 
hydrolysis of ATP. 
 



  

31 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

v. Exocytosis  
Exocytosis is a form of active transport and bulk transport in which a cell transports 
molecules (e.g., neurotransmitters and proteins) out of the cell (exo- + cytosis) by 
secreting them through an energy-dependent process. 

vi. Endocytosis  
Endocytosis is a cellular process in which substances are brought into the cell. The 
material to be internalized is surrounded by an area of cell membrane, which then 
buds off inside the cell to form a vesicle containing the ingested material. 

Factors affecting diffusion are: 

 Temperature  
When temperature increases, the energy gained by particles are high so the movement of 
the molecules will increase. This is increases the rate of diffusion. Lower temperatures 
decrease the energy of the molecules, thus decreasing the rate of diffusion. 

 Diffusion distance  
The greater the distance that a substance must travel, the slower the rate of diffusion. This 
places an upper limitation on cell size. A large, spherical cell will die because nutrients or 
waste cannot reach or leave the centre of the cell. Therefore, cells must either be small in 
size, as in the case of many prokaryotes, or be flattened, as with many single-celled 
eukaryotes. 

 Membrane surface area 
Larger the surface area, the faster the rate of diffusion. 

 Extent of the concentration gradient  
The greater the difference in concentration, the more rapid the diffusion. The closer the 
distribution of the material gets to equilibrium, the slower the rate of diffusion becomes. 

 Mass of molecules diffusing 
Lighter molecules can easily travel so rate of diffusion is high. Whereas, heavier molecules 
will move more slowly as due to the mass if high. This will make molecules diffuse more 
slowly. 
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Chapter 5: Proteins and DNA 
[2.6]   The monomers present in amino acid are: 

 Amino group (-NH2) 
 Carboxylic acid (-COOH) 
 A variable group, which is represented as ‘R’. This is either a hydrogen atom or a carbon- 

containing chain. 
 Hydrogen atom  

Amino acid is a monomer consisting of –NH2, -COOH, Hydrogen atom and a variable group. An amino acid is 
the monomer of making a polypeptide chain which makes a protein. There are 20 different amino acids and 
each are different due to the different ‘R’ group. A polypeptide is a single linear chain of many amino acids 
(any length), held together by amide bonds. A protein consists of one or more polypeptides. The elements 
present in proteins are: 

 Carbon  
 Hydrogen  
 Oxygen  
 Nitrogen  
 Sometimes Sulphur 

 

 

An amino acid can ionise both as an acid and a base due to the carboxyl group acting as an acid and the 
amino group acting as the base and this is why amino acid are amphoteric (This is a compound which acts 
both as a base and an acid). The amino acid can form both negative and positive charges, when they ionise, 
which means they form –COO- and –NH3

+ and this is why amino acids are considered as zwitterion (A 
molecule or ion having separate positively and negatively charged groups). Two amino acids will combine 
together by peptide bonds to form a dipeptide and this reaction is a condensation reaction. This is a 
condensation reaction with the elimination of water. A peptide bond (is an amide type o covalent bond) is a 
chemical bond that is formed by joining the carboxyl group of one amino acid to the amino group of another. 
During this bond formation, there is a release of water (H2O) molecule. 
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Formation of a dipeptide is as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 

The 4 types of proteins are:  

 Primary protein  
This is the sequence of amino acids which are joined together by peptide bonds.  

 Secondary protein  
Secondary structure refers to regular, recurring arrangements in space of adjacent amino 
acid residues in a polypeptide chain. It is maintained by hydrogen bonds between amide 
hydrogens and carbonyl oxygen of the peptide backbone. The major secondary 
structures are α-helices and β-structures. 
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 Tertiary protein  
This structure is the 3D arrangement of its polypeptide chain. This can be either globular or 
fibrous protein. Globular proteins, for example like enzymes, are compact spherical shape 
protein. Whereas, fibrous proteins, for example like keratin, are long fibre like structures. 
Usually, the 3D structure of the protein is determined by hydrogen bonds, ionic bonds, 
disulphide bonds between the R groups of the amino acids. 

 Quaternary protein  
The quaternary structure of a protein is the association of several protein chains or 
subunits into a closely packed arrangement. Each of the subunits has its own primary, 
secondary, and tertiary structure. The subunits are held together by hydrogen bonds and 
London forces between nonpolar side chains. 

The bonds present in the 3D structure of protein are:  

 Hydrogen bonds  
A hydrogen bond) is a primarily electrostatic force of attraction between a hydrogen (H) 
atom which is covalently bound to a more electronegative atom or group, particularly the 
second-row elements nitrogen (N), oxygen (O), or fluorine (F). 

 Disulphide bonds 
A disulphide bond is a covalent bond between two sulphur atoms (–S–S–) formed by the 
coupling (–SH) groups. Cysteine, one of 20 protein amino acids, has a –SH group in its side 
chain, and can easily be dimereized to cystine in aqueous solution by forming a disulphide 
bond. 

 Ionic bonds  
The attraction between negatively and positively charged ions. 
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The two type of tertiary proteins are: 

i. Fibrous protein. 
Fibrous proteins are made up of polypeptide chains that are elongated and fibrous in 
nature or have a sheet like structure. These fibres and sheets are mechanically 
strong and are water insoluble. They are often structural proteins that provide 
strength and protection to cells and tissue. 

ii. Globular protein. 
Globular proteins are spherical 
proteins and are one of the 
common protein types. Globular 
proteins are somewhat water-
soluble (forming colloids in 
water), unlike the  
fibrous or membrane proteins. 

 

 

[2.7]   Enzymes are biological catalyst, which is used to speed up the rate of chemical reactions that take 
place in the cells. Enzyme is a 
globular protein, with an active site. 
Enzymes are biological catalyst. 
Catalyst speed up a chemical 
reaction by lowering the activation 
energy. Enzymes won’t be used up 
in these reactions 

The following terms are involved 
with enzymes: 

 Active site- Active site is the part of the enzyme where the substrate joins to the active 
site and the enzyme- substrate complex occurs. The active site and the substrate should be 
like the lock and key.  

 Substrate- Substrate is the substance which joins to the active site of the enzyme and the 
substrate breaks as products due to the chemical reaction occurring in the enzyme. 

 Enzyme- substrate complex- The enzyme substrate complex is a temporary molecule formed 
when an enzyme comes into perfect contact with its substrate. Without 
its substrate an enzyme is a slightly different shape. The substrate causes a conformational 
change, or shape change, when the substrate enters the active site. 
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The substrate will combine with the enzyme’s active site to form an enzyme- substrate complex. In this 
enzyme- substrate complex, chemical reactions will happen and the substrate will break to form the 
products. This is the lock and key mechanism. 

 

[2.9]   Nucleic acids contain all the information of a cell. The information is stored in chromosomes in the 
nucleus of the cell. There are two types of nucleic acids: DNA [Deoxyribonucleic acid] and RNA 
[Ribonucleic acid]. DNA is a double stranded nucleic acid. Two strands of polynucleotide chains are joined 
together in a double helix structure. RNA is a single stranded nucleic acid. There are different types of 
RNA which are tRNA and mRNA, used during protein synthesis.  
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The monomers forming the nucleotide are: 

 A pentose sugar  
 A nitrogen containing organic base 
 Phosphate group 

The nitrogenous bases of each are as follows: 

 DNA- adenine, cytosine, guanine and thymine. 
 RNA- adenine, cytosine, guanine and uracil. 

The pentose sugar of each are: 

 DNA- deoxyribose sugar  
 RNA- ribose sugar 

Complementary base pairing is the rule used when two stands of the double helix are held together by 
hydrogen bonds. The two strands are antiparallel. Guanine will combine with cytosine with 3 hydrogen 
bonds. Thymine and adenine 
will join by 2 hydrogen bonds. 
In RNA, the uracil will combine 
with adenine by forming 2 
hydrogen bonds. 

Semi- conservative replication 
steps are as follows: 

 The double helix will first 
unwind. Enzyme Helicase will 
break the hydrogen bonds 
between the complementary 
bases and this will unwind the 
DNA forming 2 separate 
strands. 

 Each strand will be used as a 
template and the 
complementary bases pairing 
will occur between the template 
and the free nucleotides.  
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 The enzyme polymerase will move along the strands and join the adjacent nucleotides 
forming the phosphodiester bonds in condensation reactions. 

[2.10]   The scientists involved in Meselson and Stahl’s experiment are Franklin Stahl and Matthew 
Meselson. This entire experiment proved the theory of semi- conservative replication. The experiment is as 
follows: 

 Initially they start by growing bacteria in a broth containing one isotope. The isotope used is 
Nitrogen- 15. This isotope is more abundant than nitrogen- 14. Nitrogen- 15 is known as the 
heavy isotope. After allowing the bacteria to grow and take the heavy nitrogen into their 
DNA and centrifuge it.  

 Bacteria which has 15N DNA transferred to the broth which has only 14N. After the 1st 
replication of DNA, each double helix will contain one strand containing 14N and the other 
strand will contain 15N.  

 In this 2nd replication, still in the 14N set, the results of the centrifuge confirmed the semi- 
conservative as this set also half of the DNA has only 14N and the other half has both 14N and 
15N. 

The results of each replication are: 

AT START  

DNA isolated from cells at the start of the experiment (“generation 0,” just before the switch to 14N 
medium produced a single band after centrifugation. This result made sense because the DNA should have 
contained only heavy 15N at that time. 

1st REPLICATION  

DNA isolated after one generation (one round of DNA replication) also produced a single band when 
centrifuged. However, this band was higher, intermediate in density between the heavy 15N DNA and the 
light 14N DNA. The intermediate band told Meselson and Stahl that the DNA molecules made in the first 
round of replication was a hybrid of light and heavy DNA. This result fit with the dispersive and semi-
conservative models, but not with the conservative model. The conservative model would have predicted 
two distinct bands in this generation (a band for the heavy original molecule and a band for the light, newly 
made molecule). 

 

 

 

 



  

39 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

2nd REPLICATION 

When second-generation DNA was centrifuged, it produced two bands. One was in the same position as the 
intermediate band from the first generation, while the second was higher (appeared to be labelled only with 
14N). This result told Meselson and 
Stahl that the DNA was being 
replicated semi-conservatively. The 
pattern of two distinct bands—one 
at the position of a hybrid molecule 
and one at the position of a light 
molecule—is just what we'd expect 
for semi-conservative replication (as 
illustrated in the diagram below). In 
contrast, in dispersive replication, all 
the molecules should have bits of old 
and new DNA, making it impossible 
to get a "purely light" molecule. 

 

 

 

 

 

[2.11], [2.12], [2.13]   The order of nucleotides bases in a DNA makes up the genetic code. The genetic 
code consists of three bases, known as triplets of bases or codon. Each triplet codes for a particular amino 
acid. The features of a genetic code are as follows: 

 Genetic code is universal  
 Genetic codes are usually in triplets.  
 Genetic code is known to be non- overlapping. This means each triplet is read only once and 

triplets don’t share any bases.  
 Genetic code is degenerative. This means that more than one triplet codon is used to code 

for the same amino acid. 
 There are start and stop codons. These are used to either start protein synthesis or stop 

protein synthesis. 
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Gene is a sequence of bases on a 
DNA molecule that codes for a 
sequence of amino acids in a 
polypeptide chain. 

 Introns- non coding 
section of the DNA. 

 Exons- coding 
section of the DNA. 

Protein synthesis is the process in 
which cells make proteins. It occurs 
in two stages: transcription and 
translation. Transcription is the 
transfer of genetic instructions in 
DNA to mRNA in the nucleus. 

 Transcription  
In this process the mRNA strand is made. The enzyme RNA polymerase attaches to the DNA 
at the start of the gene. The 
hydrogen bonds between the DNA 
strands are broken. This will unwind 
the DNA and separates the two 
strands and the nitrogenous bases 
are exposed. 
One DNA is acting as the template 
and the other strand acts as 
antisense strand. Free nucleotides 
will attach to the template and the 
RNA polymerase attaches the free 
nucleoids with the template 
according to complementary base 
pairing rule. Phosphodiester bonds 
are formed between adjacent 
nucleotides and this causes the 
formation of the mRNA. The stop 
codon determines the end of the transcription process. 
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 Translation  
Translation is the process by which a protein is synthesized from the information contained 
in a molecule of messenger RNA (mRNA). During translation, an mRNA sequence is read 
using the genetic code. Translation occurs in a structure called the ribosome, which is a 
factory for the synthesis of proteins. The ribosome has a small and a large subunit and is a 
complex molecule composed of several ribosomal RNA molecules and a number of proteins. 
Translation of an mRNA molecule by the ribosome occurs in three stages: initiation, 
elongation, and termination. During initiation, the small ribosomal subunit binds to the start 
of the mRNA sequence. Then a transfer RNA (tRNA) molecule carrying the amino acid 
methionine binds to what is called the start codon of the mRNA sequence. The start codon in 
all mRNA molecules has the sequence AUG and codes for methionine. Next, the large 
ribosomal subunit binds to form the complete initiation complex. During the elongation stage, 
the ribosome continues to translate each codon in turn. Each corresponding amino acid is 
added to the growing chain and linked via a bond called a peptide bond. Elongation continues 
until all of the codons are read. Lastly, termination occurs when the ribosome reaches a stop 
codon (UAA, UAG, and UGA). Since there are no tRNA molecules that can recognize these 
codons, the ribosome recognizes that translation is complete. The new protein is then 
released, and the translation complex comes apart. 
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Chapter 6: Gene expression and Genetics  
[2.14]   Genetic mutation is a change that occurs in the gene and this eventually causes a permanent 
change in the protein structure. Main causes of mutation are natural exposure to environmental factors 
like UV light or chemical carcinogens. 

Common diseases caused by gene mutation: 

 Cystic fibrosis  
 Sickle cell anaemia  
 Tay- Sachs disease 
 Colour blindness  

Types of gene mutation: 

 Substitution  
This is the gene mutation where one base will substitute another bases. For example: the 
sequence ACGGTCACGA to ACGTTCACGA. Sometimes, the amino acid won’t change for this 
mutation because of the degeneracy nature of the genetic code. Degeneracy nature of the 
genetic code means the more than one triplet code will code for the same amino acid. In 
other times, the triplet codon will not code for the same amino acid and a change in the 
polypeptide chain will occur. 
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 Insertion  
This is the gene mutation where one extra base will be inserted to the DNA sequence. For 
example: the sequence ACCTACG TO 
ACCTACTG. Mostly, this mutation 
will cause a protein that has no 
function. This is because all the 
codons after the insertion will be 
affected as gene is considered non- 
overlapping. Non- overlapping 
means each triplet is read only once 
and triplets don’t share any bases. 
This usually causes a frame- shift. 
A frameshift mutation is a genetic 
mutation caused by a deletion or insertion in a DNA sequence that shifts the way the 
sequence is read. Therefore, frameshift mutations result in abnormal protein products with 
an incorrect amino acid sequence that can be either longer or shorter than the normal 
protein. 
 
 
 

 Deletion  
This is a type of mutation where a 
base is removed from the gene 
sequence. This also can result in a 
frame shift and result in a non- 
functional protein. 
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 Inversion  
An inversion mutation is one type 
of mutation. 
Inversion mutations occur when a 
section of DNA breaks away from 
a chromosome during the 
reproductive process and then 
reattaches to the chromosome in 
reversed order.  

 

 

 

Introns is the non- coding region of the DNA, therefore a mutation that occurs in the introns will cause no 
change in the protein structure. Exons is the coding region of the DNA and if a mutation occurs in the exon 
will cause a change in the protein structure. 

Main mutation types: 

i. Chromosomal mutation- this involves a change in the position of the gene sequence. 
The four different types of chromosomal mutations are deletion, translocation, 
duplication and inversion. 

ii. Whole- chromosome mutation- this is where the entire chromosome is either lost 
during mitosis or duplication in one cell by errors in the process. 

[2.15] 

i. Gene 
This is a sequence of bases on a DNA molecule that codes for a sequence of amino 
acids in a polypeptide chain. 

ii. Allele 
This is a another form of a particular gene. For example: one gene codes for the hair 
colour brown and another gene will code for the gene black.  

iii. Genotype  
The genetic constitution of an individual organism. 

iv. Phenotype  
These are the observable characteristics of an individual resulting from the 
interaction of its genotype and environmental factors. 

v. Dominant allele 
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The allele that are expressed in the phenotype. Usu 
vi. Recessive allele 

A recessive allele is a variety of genetic code that does not create a phenotype if a 
dominant allele is present. 

vii. Codominance  
Codominance is a relationship between two versions of a gene. Individuals receive 
one version of a gene, called an allele, from each parent. In codominance, however, 
neither allele is recessive and the phenotypes of both alleles are expressed. 

viii. Homozygote  
An individual having two identical alleles of a particular gene or genes and so 
breeding true for the corresponding characteristic. 

ix. Heterozygote  
An individual having two different alleles of a particular gene or genes, and so giving 
rise to varying offspring. 

x. Monohybrid inheritance  
A monohybrid cross is a genetic mix between two individuals who have homozygous 
genotypes, or genotypes that have completely dominant or completely recessive 
alleles, which result in opposite phenotypes for a certain genetic trait. 

xi. Punnett square  
The Punnett square is a square diagram that is used to predict the genotypes of a 
particular cross or breeding experiment. 

xii. Genetic pedigree diagram 
A pedigree chart is a diagram that shows the occurrence and appearance of 
phenotypes of a particular gene or organism and its ancestors from one generation 
to the next. 

xiii. Sex chromosomes  
Humans and most other mammals have two sex chromosomes, the X and the Y. 
Females have two X chromosomes in their cells, while males have both X and a 
Y chromosome in their cells. Egg cells all contain an X chromosome, while sperm cells 
contain an X or Y chromosome. 

xiv. Sex- linked characteristics  
Sex-linked character, an observable feature of an organism controlled by 
the genes on the chromosomes that determine the organism’s sex. Each individual 

https://www.britannica.com/science/gene
https://www.britannica.com/science/chromosome
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has a pair of sex chromosomes; one member of the pair is inherited from each 
parent. 

 

 

 

 

 

 

 

 

[2.16]   In a healthy person: 

 Chloride ions are actively transported into the epithelial cells that line the respiratory tubes 
from the tissue fluid surround them. This transport system is known as a chloride pump.  

 As a result of this pump, the chloride ion concentration in the epithelial cells lining the 
airways is high. This creates a concentration gradient between the cell contents and the 
fluid on the surface of the epithelium inside the airway. 

 Chloride ions will diffuse out of the cells into the fluid in the airways. They pass through 
chloride channels in the membrane that lines that lumen of the airways. The proteins that 
form these channels are known as cystic fibrosis transmembrane regulatory channel (CFTR). 

 When the CFTR channel is functioning properly, it inhibits the movement of Sodium ions into 
the cell through the sodium channels. As a result, the concentration of Sodium and Chloride 
ions in the fluid lining the airways are higher than the concentration of the solutes in the 
cytoplasm of the epithelial cells. Water moves out of the cells into the fluid lining the 
airways by osmosis. 

https://www.britannica.com/science/sex-chromosome
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 The water that moves out of the epithelial cells by osmosis mixes with the mucus which is 
also produced by cells in the epithelial layer and keeps it runny so that it can be moved 
easily by the cilia.  

 
2. Cystic fibrosis is a hereditary disease that affects the lungs and digestive system. The body 

produces thick and sticky mucus that can clog the lungs and obstruct the pancreas. Cystic 
fibrosis (CF) can be life-threatening, and people with the condition tend to have a shorter-than-
normal life span. A faulty or absent CFTR causes cystic fibrosis. The gene that codes for it is so 
large. A mutation in any part of the gene can affect the CFTR protein and so cause cystic fibrosis. 
People with cystic fibrosis will lack the CFTR protein. Cl- ions build up in their cells instead of 
moving out through the channels. As a result, water does not move out of their cells to dilute the 
mucus on the surfaces of their membranes. Water moves into the cells by osmosis from the fluid 
surrounding the cells, making the mucus even more thick and sticky. 
 
 
 
 
 
 
 
 

 



  

48 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

 Respiratory system  
In a healthy person, the chloride ions are transported out of cells into mucus lining the 
epithelium and this will lower the water potential of the mucus causing water to also move 
out of the cell through the process osmosis. This makes the mucus sticky enough to trap 
pathogens that are breathed in. People, who are diagnosed with cystic fibrosis, do not have 
the CFTR protein so they do not have the movement of chloride ions out of the cell, so water 
does not move out of the cell and this will make the mucus very thick and sticky. As a 
result, the cilia won’t be able to move. This will result in the pathogen getting stuck in the 
respiratory tract and this will lead to infections. 

 Digestive system  
The people diagnosed with cystic fibrosis which cause a thick mucus. The thick mucus will 
block the pancreatic duct and digestive enzymes won’t be able to pass. Less enzymes will 
enter the small intestine so less food will be broken down and absorbed. In the long term, 
digestive enzymes that are not released from the pancreases can start to breakdown the 
pancreas, if the cells producing insulin are affected, patients can also develop diabetes. 

 Reproductive system  
Children with cystic fibrosis (CF) have an abnormality in the function of a cell protein called 
CFTR (cystic fibrosis transmembrane regulator). CFTR controls the flow of water and 
certain salts in and out of the body's cells. As the movement of salt and water in and out of 
cells is altered, mucus becomes thickened. In the reproductive system, the thickened 
secretions can cause blockages. These can affect how the sex organs develop and work. For 
most men with CF, the tube (vas deferens) that carries sperm to the penis does not 
develop. This is called congenital bilateral absence of the vas deferens (CBAVD). Women 
also have an increase in thick cervical mucus. This may make it harder for them to get 
pregnant. But it does not affect sex drive or performance. Symptoms that may be present 
due to CF’s effects on the reproductive system include: 

 Delayed sexual development 
 Absence or stopping of menstruation 
 Irregular menstrual periods 
 Inflammation of the cervix 
 Infertility or sterility 

Common treatments for cystic fibrosis: 
 Antibiotics to prevent and treat chest infections. 
 Medicines to make the mucus in the lungs thinner and easier to cough up. 
 Medicines to widen the airways and reduce inflammation. 
 Special techniques and devices to help clear mucus from the lungs. 
 Medicines that help the person absorb food better. 

https://www.nhsinform.scot/tests-and-treatments/medicines-and-medical-aids/types-of-medicine/antibiotics
https://www.nhsinform.scot/illnesses-and-conditions/infections/chest-infection
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 Following a special diet and taking supplements to prevent malnutrition. 
[2.17]   Gene therapy involves taking a copy of the healthy gene and finding an effective way of getting it 
into the cells that need it, so they can produce the correct protein. Genetic screening is the process of 
testing a population for a genetic disease in order to identify a subgroup of people that either have the 
disease or the potential to pass it on to their offspring. Genetic testing is a type of medical test that 
identifies changes in chromosomes, genes, or proteins. The results of a genetic test can confirm or rule 
out a suspected genetic condition or help determine a person's chance of developing or passing on a 
genetic disorder. Uses if genetic screening: 

 Preimplantation genetic diagnosis (PGD) 
PGD, also known as preimplantation genetic testing (PGT-M), is a treatment which involves 
checking the genes or chromosomes of your embryos for a specific genetic condition. 
Because the embryos need to be tested in a lab, you will need to have IVF, even if you and 
your partner have no fertility problems. Embryos which have been tested and are free of the 
condition will be placed back into your womb to hopefully continue to develop. Historically, 
the embryo was usually transferred two to six days after being created (ie, a fresh embryo 
transfer) but now, the embryo is more often frozen and transferred at a later date. 
 

 Prenatal testing  
Prenatal screening is a test done on the fetus for a genetic condition before birth, which 
then the parents will have option of terminating the pregnancy or continuing with it. In order 
to find out about the genetic disorders, tests need to be conducted on fetal cells. The fetal 
tissue can be obtained in two ways: 
 Amniocentesis is a procedure in which amniotic fluid is removed from the uterus for 
testing or treatment. Amniotic fluid is the fluid that surrounds and protects a baby during 
pregnancy. This fluid contains fetal cells and various proteins. Amniocentesis is usually very 
safe. But the test does have some risks. You'll have to weigh the risks against the benefits 
of knowing if something might be wrong with your baby. There is a chance that the test may 
cause you to have a miscarriage. 
 Chorionic villus sampling can reveal whether a baby has a chromosomal condition, 
such as Down syndrome, as well as other genetic conditions, such as cystic fibrosis. CVS 
may carry a slightly higher risk of miscarriage than amniocentesis, because the procedure is 
done in early pregnancy. Infection may also occur. Rare cases of defects in baby's fingers or 
toes have been reported, especially when CVS was done before nine weeks. This risk seems 
unrelated to the doctor’s experience or how the test was done. Due to this potential risk, 10 
weeks is generally the earliest recommended time to perform this test. 
 

https://www.nhsinform.scot/illnesses-and-conditions/nutritional/malnutrition
https://www.webmd.com/baby/video/amniocentesis
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 Identification of carriers  
Carrier testing is used to identify people who carry one copy of a gene mutation that, when 
present in two copies, causes a genetic disorder. This is mainly done because people with 
have recessive allele that is as a carrier so they won’t show the characteristics. 

[2.18]   ethics of genetic screening: 

 Religion  
 Social  
 There is a risk to the foetus and marriage  
 The outcome of testing might lead to an abortion  
 Right to life 
 Cost of bringing up a baby with a genetic disorder 
 Emotional and mental issues surrounding the birth of a baby with a disorder. 

 


