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Introduction 
Water is the medium for life. Living organisms

control their composition by a complex web

of chemical reactions that occur within this

medium. Photosynthesis uses the energy in 

sunlight to supply the chemical energy needed

for life and cell respiration releases this energy

when it is needed. Compounds of carbon,

Molecular biology explains living processes in 

terms of the chemical substances involved. 

Carbon atoms can form four bonds allowing a 

diversity of compounds to exist. 

Life is based on carbon compounds 

including carbohydrates, lipids, proteins and 

nucleic acids. 

Metabolism is the web of all the enzyme 

catalysed reactions in a cell or organism. 

Anabolism is the synthesis of complex 

molecules from simpler molecules including 

the formation of macromolecules from 

monomers by condensation reactions. 

Catabolism is the breakdown of complex 

molecules into simpler molecules including the 

hydrolysis of macromolecules into monomers. 

hydrogen and oxygen are used to supply and 

store energy. Many proteins act as enzymes to 

control the metabolism of the cell and others 

have a diverse range of biological functions. 

Genetic information is stored in DNA and can 

be accurately copied and translated to make the 

proteins needed by the cell. 

9 Applications
Urea as an example of a compound that is 

produced by living organisms but can also be 

artificially synthesized. 

-+ Drawing molecular diagrams of glucose, ribose, a 

saturated fatty acid and a generalized amino acid. 

-+ Identification of biochemicals such as 

carbohydrate, lipid or protein from 

(l; Nature of science
-+ Falsification of theories: the artificial synthesis 

of urea helped to falsify vital ism. 
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MOLECULAR BIOLOGY 

and the oil in sunflower seeds. Fats are liquid at body temperature 
(37 °C) but solid at room temperature (20 °C) whereas oils are liquid at 
both body temperature and room temperature. 

A triglyceride is made by combining three fatty acids with one glycerol 
(see figure 7). Each of the fatty acids is linked to the glycerol by a 
condensation reaction, so three water molecules are produced. The 
linkage formed between each fatty acid and the glycerol is an ester bond. 
This type of bond is formed when an acid reacts with the -OH group in 
an alcohol. In this case the reaction is between the -COOR group on a 
fatty acid and an -OH on the glycerol. 

Triglycerides are used as energy stores. The energy from them can be 
released by aerobic cell respiration. Because they do not conduct heat 
well, they are used as heat insulators, for example in the blubber of 
Arctic marine mammals. 

Gh:Jcerol 
Fatty acids 

Triglyceride (fat) 
H 
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H-C D II II 
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( water removed J H-C D C-(CH2JnCH3 C-(CH2JnCH3 

I
II II 
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H-C D 
C-(CH2J
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CH3 C-(CH2JnCH3 

I
H II II 

D 

Ester bond 

• Figure 7 Formation of a triglyceride from glycerol and three fatty acids

Energy torage 

Lipi is dre mar suita le for long t�rm energy storage in humans than carbohyd 0s. 
Lipids and carbohydrates are both used for energy 
storage in humans, but lipids are normally used 
for long-term energy storage. The lipids that are 
used are fats. They are stored in specialized groups 
of cells called adipose tissue. Adipose tissue is 
located immediately beneath the skin and also 
around some organs including the kidneys. 

There are several reasons for using lipids 
rather than carbohydrates for long-term 
energy storage: 

• The amount of eriergy released in cell
respiration per gram of lipids is double
the amount released from a gram of
carbohydrates. The same amount of energy
stored as lipid rather than carbohydrate
·therefore adds half as much to body mass.
In fact the mass advantage of lipids is even

greater because fats form pure droplets in 
cells with no water associated, whereas each 
gram of glycogen is associated with about two 
grams of water, so lipids are actually six times 
more efficient in the amount of energy that 
can be stored per gram of body mass. This 
is important, because we have to carry our 
energy stores around with us wherever we go. 
It is even more important for animals such as 
birds and bats that fly. 

• Stored lipids have some secondary roles
that could not be performed as well by
carbohydrates. Because lipids are poor
conductors of heat, they can be used as
heat insulators. This is the reason for much
of our stored fat being in sub-cutaneous
adipose tissue next to the skin. Because fat
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4.3 Carbon cycling 

Understanding 9 Applications
-+ 

-+ 

-+ 

-+ 

-+ 

-+ 

-+ 

-+ 

-+ 

-+ 

Autotrophs convert carbon dioxide into 

carbohydrates and other carbon compounds. 

In aquatic habitats carbon dioxide is present as 

a dissolved gas and hydrogen carbonate ions. 

Carbon dioxide diffuses from the atmosphere or 

water into autotrophs. 

Carbon dioxide is produced by respiration and 

diffuses out of organisms into water or the 

atmosphere. 

Methane is produced from organic matter 

in anaerobic conditions by methanogenic 

archaeans and some diffuses into the 

atmosphere. 

Methane is oxidized to carbon dioxide and 

water in the atmosphere. 

Peat forms when organic matter is not fully 

decomposed because of anaerobic conditions 

in waterlogged soils. 

Partially decomposed organic matter from past 

geological eras was converted into oil and gas 

in porous rocks or into coal. 

Carbon dioxide is produced by the combustion 

of biomass and fossilized organic matter. 

Animals such as reef-building corals and molluscs 

have hard parts that are composed of calcium 

carbonate and can become fossilized in limestone. 

Carbon fixation 

� Estimation of carbon fluxes due to processes in 

the carbon cycle. 

-+ Analysis of data from atmosphere monitoring 

stations showing annual fluctuations. 

@Skills 
-+ Construct a diagram of the carbon cycle. 

0 Nature of science
-+ Making accurate, quantitative measurements: 

it is important to obtain reliable data on the 

concentration of carbon dioxide and methane 

in the atmosphere. 

Autotrophs convert carbon dioxide into carbohydrates 

and other carbon compounds. 
Autotrophs absorb carbon dioxide from the atmosphere and convert 

it into carbohydrates, lipids and all the other carbon compounds 

that they require. This has the effect of reducing the carbon dioxide 

concentration of the atmosphere. The mean C02 concentration of the

atmosphere is currently approximately 0.039% or 390 micromoles per 

mole (µmol/mol) but it is lower above parts of the Earth's surface where 

photosynthesis rates have been high. 
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