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1. Structure of Enzymes 

Like all proteins, enzymes are made up of amino acids connected by peptide bonds. 

The order of amino acids is called the primary structure of the protein. This structure is then 
folded or twisted into a more complex shape – the Secondary Structure. This structure is further 
folded to give the Tertiary structure. The tertiary structure is held together by Hydrogen bonds, 
disulphide bridges and ionic interactions. Amino Acids that were far apart in the original Primary 
structure can now be held close together. 

 

2. The Function of Enzymes 

Enzymes are proteins (globular= rounded protein with tertiary structure, soluble in water) that catalyse 
(chemical) reactions (Catalyst=Speed up reactions) (occurring in the body) and reduce the activation 
energy of a specific reaction. As they are not altered by the reactions they catalyse, they can be 
used over and over again. 

All metabolic processes involve enzyme-controlled reactions; metabolic pathways involve 
chains or cycles of many reactions catalysed by different enzymes 

Enzymes are usually named after their substrate, with the letters –ase (e.g. substrate for the 
enzyme sucrase is sucrose) 
 

Define Enzyme and Active Site 

1. Enzyme: Globular proteins used to catalyze chemical reactions. 
2. Active site: The binding site on the surface of an enzyme where catalysis occurs. Regions on the 

enzyme’s surface to which substrates bind and which catalyses a chemical reaction involving the substrates 
(reactant, converted into one/more product/s). 

 

3. What enzymes do – Activation energy 

Explain that enzymes lower the activation energy of the chemical reactions that they catalyse. 

During chemical reactions, substrates are converted into products. Before a molecule of the 
substrate can take part in the reaction, it has to gain energy = activation energy of the reaction. It is 
needed to break bonds within the substrate. During the progress of the reaction, energy is given 
out as new bonds are made. Enzymes reduce the activation energy of the reaction that they 
catalyse and therefore make it easier for reactions to occur. 

 Energy needs to be added in order to bind the substrates together so that the reaction can 
proceed. This is the activation energy. 

 Enzymes reduce the activation energy. Involvement of an enzyme increases the rate of 
reaction by a billion times! By lowering activation energy, reaction can take place at the 
temperatures and pressures which exist inside living cells. 

For example, sucrose and water can react in a test tube to produce glucose and fructose. But the 
sucrose and the water must collide with enough energy to break the glycosidic bond. To catalyse this 
reaction, the enzyme Sucrase could be added which would lower the activation energy. Sucrose and water 
collide with one another and form an unstable high-energy intermediate that quickly changes into Glucose 
and fructose. In rearranging the bonds of Sucrose and water some energy is released = products have less 
energy than initial molecules. The minimum of energy needed to start reaction, leading to form an unstable 
intermediate = activation energy. 



3 + 7  –  H L  E n z y m e s   P a g e  2 

4. Models of enzyme action 

Explain enzyme-substrate specificity 

Most enzymes are specific - they catalyse very few different reactions. They thus only have a small 
number of possible substrates = enzyme/substrate specificity. 

Why enzymes are specific is explained by models of enzyme action at the molecular level – the 
lock-and-key and induced fit models. 

 

a. The lock and key model 

(at a molecular level, simple model for how enzymes work) 

The active site for an enzyme is very specific in shape, with very precise 
chemical properties. Active sites match the shape of their substrates. Other 
molecules do not fit or do not have the same chemical properties. The enzyme 
is therefore substrate specific. This enzyme is a lock, and the substrate is the 
key which fits. This is why an enzyme can only catalyse one specific reaction. 

During the reaction, the substrate binds momentarily to the active site, forming an enzyme-
substrate complex. This is a short-lived intermediate which breaks apart when the substrate 
is transformed into the product, which is then released by the enzyme. 

The lock and key model is a simple hypothesis to explain this method of enzyme action. 

b. induced fit model 

Describe the induced fit model. 

It has been found that until the substrate binds, the active site doesn’t 
fit the substrate precisely. As the substrate approaches the active 
site and binds to it, the shape of the active site changes and only then does it fit the substrate. The 
substrate induces the active site to change, weakening bonds in the substrate during the process 
and thus reducing the activation energy. When a substrate collides with an enzyme and enters 
the active site, the substrate is stressed in a way that allows its bonds to break easier. 
Enzymes can process reactions such as this very rapidly. 

Some enzymes can have quite broad specificity, e.g. some proteases. So the induced fit model 
explains this better than the lock and key model – fit the shape of an active site alters when 
substrates bind, several different but similar substrates could easily bind successfully to it. 

 
 

5. Factors affecting enzyme-controlled reactions 

Explain the effects of temperature, pH and substrate concentration on enzyme activity 

Enzymes are proteins with a precise 3-dimensional structure, if environmental conditions are not 
optimal, the structure of individual molecules may be disrupted. As conditions become more 
extreme, more molecules are affected and the rate of reaction is reduced. 

 

a. Effect of temperature 

As temperature increases, the rate of reaction increases, often doubling with each 10°C, to an 
optimum. This is because collision between substrate and active site happen more frequently at 
higher temperatures, due to fast molecular movement, resulting in formation of more enzyme-
substrate complexes. 

Above that optimum temperature, there is a rapid reduction in the rate of reaction as the 
enzymes become denatured because bonds in the tertiary structure of the enzyme break and it 
loses its globular shape, thus the substrate no longer fits. 

At temperatures at or below freezing point the enzymes become deactivated (not denatured) 
and regain their function if temperature increases again 
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b. Change of PH 
(pH = measure of the concentration of hydrogen ions in a solution; the higher the hydrogen ion concentration, the lower the pH) 

Most enzymes function efficiently over a narrow pH range. A change in pH above or below this 
range reduces the rate of enzyme activity considerably because both, acids and alkalis, can 
denature enzymes. 
 

c. Substrate concentration 

At low substrate concentrations, enzyme activity is directly proportional to substrate concentration 
because random collision between substrate and active site happen omore frequently with higher 
substrate concentrations. 

As the substrate concentration increases, for a given enzyme concentration, then the rate of 
reaction also increases. As there are more substrate molecules present, an enzyme’s active 
site can bind with more new substrates in a given time. 

If the substrate concentration continues to increase with a constant enzyme concentration, there 
comes a point where every enzyme’s active site is forming enzyme-substrate complexes at its 
maximum rate. If more substrate is added, the enzyme can’t bind with it any faster, the 
substrate molecules are queuing up for an active site to become available again (enzymes work 
at their maximum possible turnover rate, rate of reaction reaches a plateau). All the active sites 
of the enzyme are fully occupied, so raising the substrate concentration has no effect. 
 

Define denaturing 

A structural change in a protein that results in a loss of its biological properties. 
This can be caused by pH or by temperature. 

 

d. Competitive and Non-competitive inhibitors 

Explain the difference between competitive and non-competitive inhibition, with reference to one example of each. 

An inhibitor is a substance that slows down or stops enzyme action. 

Inhibitors combine with enzymes, preventing the substrate binding at the active site and forming an 
enzyme-substrate complex. So the rate of reaction will decrease when an inhibitor is present. Some 
inhibitors are non-reversible – once they are bound to an enzyme, they cannot be released and the 
enzyme is useless. Some poisons bind to enzymes in this way. But most are reversible – the inhibitor may 
be released with no permanent damage caused to the enzyme. There are two types of reversible inhibitors 

Competitive inhibitors 

 Complete with the substrate for the active sites of the enzyme molecules 

 Do this because molecules of the inhibitor are similar in shape to the substrate itself, 
so they can fit the active site. While the inhibitor is bound here, no substrate 
molecules can fit the active site. 

 Whether the inhibitor or the substrate enters the active site depends on their 
concentrations; the one with the largest number of molecules is most likely to bind 
with the enzyme. So, at high substrate concentrations, the effect of CI is minimised. 

 Example: Methanol can bind to the active site of the enzyme dehydrogenase, whose true 
substrate is ethanol. A person who swallowed methanol is treated by being given large doses 
of ethanol, which competes with methanol for the active site. 

Non-competitive inhibitors don’t bind at the active site. 

 However, they can bind at some other site in the enzyme molecule. Once bound 
there, they alter the complex 3-dimensional shape of the enzyme molecule, so the 
substrate can no longer bind, so enzyme-substrate complexes cannot form. 

 The rate of reaction declines. 

 Even at high concentrations of the substrate, NCI can significantly reduce the rate of an 
enzyme-controlled reaction. 

 Example: Metal ions, including copper, mercury and silver, act as non-competitive inhibitors of many 
enzymes by binding reversibly to the –SH groups of cysteine – the amino acid that forms disulfide 
bridges. This disrupts the structure of the enzyme. 
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e. End-product inhibition 

o State that metabolic pathways consist of chains and cycles of enzyme- catalysed reactions. 
o Explain the control of metabolic pathways by end-product inhibition, including the role of allosteric sites. 

Metabolic pathways (such as respiration) are made up of series of 
chemical reactions, each of which is catalysed by a different enzyme. 

Each individual reaction in the chain takes a substrate and converts it to 
a product that becomes the substrate of the next reaction. 

Levels of the ultimate end product of these reactions need to be 
controlled. 
This control is often achieved by end-product inhibition. 

o As the ultimate end product accumulates, it acts as an inhibitor on 
the enzyme catalysing the first step in the chain. Usually, it binds at the allosteric site of the 
enzyme, altering the shape of its active site. This prevents the first reaction in the chain 
occurring, so none of the ultimate end product is made. 

o As levels of the ultimate end product decline (as it is used up by other processes), the end 
product molecules leave the allosteric sites and the enzyme is no longer inhibited, so the 
chain reaction resumes. 

This is an example of negative feedback: as the amounts of the end product vary from an ideal 
level, changes take place that serve to return the level to its ideal state. 
 

6. The use of lactase in the production of lactose free milk 

Explain the use of lactase in the production of lactose free milk 

Production of lactose free milk is an example of an industrial process depending on biological 
methods (biotechnology). These methods are of huge and increasing economic importance. 

Lactase enzymes catalyse the hydrolysis of lactose (milk sugar) to glucose and galactose. 
Both of these sugars taste sweeter than lactose and are more readily digestible than them. Milk 
can be treated with the enzyme to make lactose-reduced milk suitable for cats or humans who are 
lactose intolerant. 

o Mix 2 cm3 of lactase enzyme with 8 cm3 of 2% sodium alginate solution. 

o Add the alginate/enzyme mixture to 1.5% calcium chloride solution a drop at a time. Allow 
the beads to set for a few minutes. 

o Use a tea strainer to separate the beads from the calcium chloride solution. 

o Pack the beads into a column made from a syringe barrel. Ordinary milk goes into the 
column, lactose sugar is split by the trapped enzyme, glucose and galactose are formed. 
Milk leaving the column contains easy-to-digest sugars, glucose and galactose. 

 

 


