ENZYMES

Enzymes are biological catalysts 

· They are made by living cells.

· They can be intracellular or extracellular.

· They regulate the chemical reactions which take place in many biological processes.

· They are required in very small amounts.

· They are used over and over again.

Enzymes reduce activation energy

Enzymes, in the same way as all catalysts, work by lowering the amount of energy needed to start a reaction.  Many reactions which give out energy are prevented from starting by an energy barrier – the activation energy.  This is the energy required to break the existing bonds and start the reaction.  An enzyme reduces the activation energy necessary to initiate a chemical reaction.  It may do this by:

· binding the reactants next to each other increases the chance of a reaction

· distortion of the reactant molecules as they bind to the enzyme strains bonds which are to be broken

· reactants are held in such a way that bonds are exposed to attack

· hydrophobic amino acids create a water-free zone in which non-polar reactants may react more easily

Enzymes cannot alter a reaction – they cannot cause it to proceed in a thermodynamically unfavourable direction, or influence the final concentrations of reactants and products.  All the enzyme does is speed up the rate of reaction.

All enzymes are proteins

· Their activity depends on the tertiary structure of the protein and this influences their requirements for optimal activity.

· Each enzyme is coded for by one gene.

Enzymes work by forming an enzyme-substrate complex

When enzyme and substrate molecules meet they react together reversibly at the active site to form an enzyme-substrate complex.  This creates tension in the substrate molecule, which causes it to be converted to the products.  These are released from the active site and the enzyme can be used again.
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The enzyme-substrate complex breaks up into an enzyme and products.  The substrates have been bound in close proximity to the atoms with which it reacts.  The bonding also puts strains in the bonds of the reactants which facilitates the breaking of old bonds and the formation of new ones.

picture of enzyme substrate complex

Enzymes contain active sites

The active site of an enzyme is the region which can interact with the substrate.  The enzyme-substrate complex forms when the substrate binds to the active site.

The “lock and key” theory stated that the substrates fitted perfectly into the active site, rather like a key unlocking a padlock.

picture of lock and key theory

However, the shape of the enzyme does not seem to be exactly complementary to that of the substrate.

The more recent “induced fit” model suggests that the substrate does not fit perfectly into the active site.  The binding of the substrate induces a change in the shape of the enzyme molecule, and the substrate itself also changes slightly, in a way that may distort its chemical bonds.

picture of induced fit model

Enzymes are specific

Virtually every chemical reaction that takes place in an organism is catalysed by an enzyme.  Because there is a close relationship between the shape of the active site and the shape of the substrate, the majority of enzymes are highly specific.  Most are capable of catalysing only one reaction, although some can catalyse a few very similar reactions.  For example, many proteases will only hydrolyse the peptide next to certain amino acids – trypsin (pancreatic protease) only hydrolyses bonds next to arginine and lysine.  Sucrase will only split sucrose – it does not act on maltose or lactose.

The key to the specificity is the active site.  The precise folding of the tertiary structure of a protein gives rise to an active site of very specific proportions that will only fit a specific molecule.

Why is specificity so important?

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

How does heating an enzyme affect its function?

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

Naming of enzymes

Enzymes are usually named by the addition of the suffix –ase to the name of the substance acted upon, e.g. sucrose is split into glucose and fructose by the enzyme sucrase.  Some enzymes still have more traditional names, for example pepsin and trypsin, which break peptide bonds in proteins.

Enzymes that catalyse similar reactions are classified into groups – for example

	Enzyme class
	Function

	Oxidoreductases
	

	
	Catalyse the transfer of a functional group from a donor molecule to an acceptor molecule

	Hydrolases
	

	
	Catalyse conversion of a molecule from one isomeric form to another

	Ligases
	Catalyse certain reactions in which two molecules are joined

	Lyases
	Catalyse certain reactions in which double bonds are formed or broken


Prosthetic groups, co-factors, co-enzymes

Some enzymes are not simple proteins, but have cofactors associated with them, which are essential for their activity.  Some common inorganic cofactors are metal ions – for example the haem group in cytochrome oxidase.  If the cofactor is permanently attached to one particular enzyme (as haem is), it is called a prosthetic group.

An organic, non-polypeptide compound that serves as a cofactor is called a coenzyme.  They often transfer some component from one molecule to another.  Important examples are NAD, NADP and ATP.  Most of the B vitamins are required for making co-factors for enzymes.

Find out about NAD, NADP and ATP – what processes are they involved in?

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

Enzymes are most effective at optimal conditions

Enzymes generally work best under certain narrowly defined conditions.  These include temperature and pH.  Any departure from optimal conditions will have an adverse effect on enzyme activity.

1. Temperature

· Chemical reactions occur more rapidly as the temperature rises because the molecules are moving about more rapidly and with more energy, thus more collisions occur and more of them are “successful”, leading to a reaction.

· There is usually a doubling of the reaction rate for every 10°C rise in temperature.

Temperature coefficient Q10 = rate of reaction at T + 10°C   = 2





rate of reaction at T°C

· As enzymes are proteins they are progressively denatured and lose their tertiary structure as the temperature rises – the longer they are exposed to high temperatures the more completely they are denatured, and the higher the temperature the less time is needed for denaturation.  This is usually irreversible.

· Each enzyme has an optimum temperature – these vary considerably, but for enzymes from warm-blooded animals they are close to body temperature.

· Time and temperature – since it takes time to denature enzymes, and the higher the temperature the faster an enzyme will be denatured as its tertiary structure is destroyed, the optimum temperature for an enzyme will differ according to the length of time it is expected to work. 

In studies of the effect of temperature on enzyme-catalysed reactions, why are the enzyme and substrate solutions pre-incubated to a particular temperature before they are mixed together?

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

graph of effect of temperature

2. pH

· Each enzyme has an optimum pH, and is active over a narrow pH range.

· Changes in pH affect the ionic bonds which contribute to tertiary and quaternary structure, which in turn changes the protein’s conformation and activity.

· Most human enzymes have a pH of between 6 and 8.  Exceptions are enzymes which work in acid or alkaline conditions – e.g. pepsin at pH 2.

· Extremes of pH destroy enzymes since they denature them, destroying the tertiary structure.

graph of effect of pH

What are the optimum pHs for pepsin and trypsin?

…………………………………………………………………………………………………………………………………………………

Why are they different?

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

3. Substrate concentration

· The initial rate of reaction plotted against the substrate concentration gives a curve like the one below

graph of effect of substrate concentration

Interpretation


…………………………………………………………………………………………………………………………………………………


…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

4. Enzyme concentration

Draw a graph to show the expected effect of enzyme concentration on the rate of reaction.

Interpretation

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

5. Inhibitors

Most enzymes may be inhibited (so that their activity is decreased) or even destroyed by certain chemicals.  Inhibition can be reversible or irreversible.

Reversible

a) Competitive inhibitors.

Molecules which have a similar shape to the substrate molecule may be able to combine with the active site to form an inhibitor – enzyme complex.  This blocks the active sites which are then not available for reaction with the substrate.  However the inhibitor will only block the active site temporarily.  Inhibition is dependent on the concentration of inhibitor, but is reduced by an increase in substrate concentration as the two substances are competing for the active site. 

b) Non-competitive inhibitors.

The inhibitor binds with the enzyme at a site other than the active site.  It inactivates the enzyme by altering its shape so that the active site cannot bind with the substrate.

The concentration of substrate will have no effect on the amount of inhibition which will be dependent on the amount of the inhibitor present.  Some non-competitive inhibitors occur naturally, and have a role in the control of cellular metabolism.

Irreversible inhibitors

This is where an inhibitor permanently inactivates or destroys an enzyme.  Many poisons are irreversible enzyme inhibitors, e.g. heavy metals such as mercury and lead bind irreversibly to and denature many proteins including enzymes.  Cytochrome oxidase, one of the enzymes that transport electrons in cellular respiration, is especially sensitive to cyanide.

