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· Most enzymes are globular proteins - precise 3D shape. Revise protein structure

· Biological catalysts - increase the rate of metabolic reactions without being permanently changed.

· Catalyse anabolic reactions (joining small molecules to make a larger one) as well as catabolic reactions (breaking down molecules).

· Can be reused again and again - a small amount can catalyse a large volume of substrate.

· Act by lowering the activation energy. Be able to draw graph
· Have an active site - precise 3D shape.

· Each enzyme usually only catalyses one reaction or one group of similar reactions - specificity (due to precise shape of active site).

· When substrate binds to enzyme to form the enzyme-substrate complex it causes a slight change in the shape of the enzyme = lock and key hypothesis and induced fit .

· The product is formed and released.

· Name ends in -ase usually e.g. proteases break down protein molecules.

· Can be totally made of protein or contain non-protein parts. If non-protein part is permanent it is called a prosthetic group. If it can be detached it is a coenzyme.

[image: image3.png]



The rate of an enzyme catalysed reaction is the amount of substrate converted to product per unit time.
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The course of reaction curve can be explained as follows: 
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Initially - excess substrate                                                   Later - Less substrate available.

ensures that enzyme and                                                     Enzyme and substrate collide

substrate molecules collide                                                less frequently - oxygen 

frequently - a large volume                                                production per unit time slows. 

of oxygen is produced in                                                   It eventually stops when 

a short time.                                                                       there is no substrate left.

The initial rate of reaction needs to be calculated to allow comparison of different course of reaction curves.
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At high enzyme concentrations,
adding more enzyme has no effect
on the initial rate of reaction.
The rate of reaction is no longer
limited by shortage of enzyme but
by other factors.

At low enzyme concentrations, adding more
enzyme increases the initial rate of reaction.
‘With more enzyme present, it is more likely that
a substrate will bind to an empty active site on
an enzyme.
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· Substrate concentration
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· Enzyme concentration



· pH


· Temperature



Inhibitors are substances that react with an enzyme altering the rate of its reaction.

1) Irreversible - enzyme is permanently damaged e.g. nerve gas.

2) Reversible - can be competitive or non-competitive.

Competitive  - 
inhibitor similar in structure to the substrate.


binds at or very close to the active site.


competes with substrate for active site.

increasing substrate concentration reduces the effect of the inhibitor. Know the shape of the graph


enzyme not permanently damaged.

e.g. Rubisco (ribulose bisphosphate carboxylase) - enzyme used to fix CO2 in photosynthesis is competitively inhibited by O2.

Non-competitive - 
inhibitor not similar in structure to the substrate.


binds somewhere other than the active site.


blocks the active site or changes its shape.


increasing substrate concentration does not reduce the effect of the inhibitor.


enzyme not permanently damaged.

e.g. cyanide ions combine with cytochrome oxidase which is a respiratory enzyme present in all cells.


Allosteric Inhibition



We looked at reactions where we measured the rate of formation of the product e.g. oxygen produced when hydrogen peroxide was converted to water and oxygen in the presence of catalase (see opposite).





  2H2O2                     2H2O   +   O2





We also looked at rate of disappearance of substrate e.g. starch being converted to maltose in the presence of amylase.











As substrate concentration increases, the initial rate of reaction also increases - because there are more substrate molecules available to bind to the active site of each enzyme molecule. As substrate concentration is further increased there eventually comes a point when all enzyme active sites are working continuously. Adding more substrate does not further increase the initial rate of reaction.





As long as there is plenty of substrate available, the initial rate of reaction will increase linearly (in a straight line) as you increase the enzyme concentration. This is because the more enzyme present, the more active sites there will be available for the substrate to bind to. Eventually the initial rate of reaction cannot be further increased by adding more enzyme.





Changing pH alters the ionic charges on some groups in the protein molecule. This damages ionic bonds, changing the shape of the molecule. Small changes in pH cause reversible damage. Very large changes may irreversibly denature the enzyme. 





These enzymes have another site, separate from the active site to which another molecule can bind and act as an inhibitor or activator. This ability to be activated makes allosteric control different from non-competitive inhibition.








Allosteric inhibition is a type of reversible inhibition which allows the rate of enzyme catalysed reactions to be controlled. The end-product of the reaction can act as a non-competitive inhibitor and bind at a site on the enzyme. This alters the shape of the active site and reduces the rate of the reaction. Once the amount of end-product falls, the enzyme will be able to catalyse the reaction again.








Increasing temperature increases the kinetic energy of molecules. This causes an increase in the rate of reaction due to: a) more frequent collisions, b) collisions being more energetic and therefore more likely to react. The temperature coefficient (Q10) of a chemical reaction states that the rate of reaction will double for each 10(C rise in temperature. In enzyme catalysed reactions this holds up to a point. After this point (the optimum temperature) increasing kinetic energy causes hydrogen bonds and hydrophobic interactions to break. The active site starts to lose its shape and the enzyme denatures. This is an irreversible change.








