Industrial uses of enzymes

Some enzymes have a long tradition of industrial use.  For example, in leather tanning, hides have for centuries been softened and hair removed using proteases naturally present in faeces.  In brewing, enzymes present in barley grains at germination are used to convert the starch stored in the grain to sugars and the proteins to amino acids.  These sugars and amino acids are then used by yeast for growth and alcohol production.  In cheese manufacture, the proteins in milk are coagulated by using the stomach enzyme rennin, obtained from veal calves.

Today there are many new developments in the use of enzymes as industrial catalysts.

Advantages of using enzymes rather than inorganic catalysts

· they are highly specific.

· they are efficient – a tiny quantity of enzyme catalyses the production of a huge quantity of products.

· they work at normal temperatures and pressures, so need much less energy than most chemical catalysts.

Sources of industrial enzymes

Useful enzymes are obtained from both plant and animal sources, but most enzymes are obtained from microorganisms, mainly bacteria and fungi.  The advantages of microoganisms are:-

· they are grown economically in bulk fermenters.

· they have high growth rates and contain a larger proportion of enzymes in relation to their body mass than plants or animals.

· their growth is not limited by season or climate.

· they occur naturally in a wide range of habitats, and so some contain enzymes that will function under extremes of temperature or pH.

· they can be genetically manipulated, for example a human gene for insulin production has been introduced into a bacterium called E. coli.

Immobilised enzymes

One disadvantage of isolated enzymes as industrial catalysts is that they cannot be used again and again.  Also the enzyme may need to be removed from the product, and this may be expensive.  

An alternative is the use of immobilised enzymes.   They are held in granules, or attached to fibres, than packed into a column through which a supply of the reactants is continuously passed, to form the product.  Advantages are:-

· it allows the enzyme preparation to be reused.

· the product is obtained enzyme-free.

· the enzyme may be much more stable and long-lasting, since it is protected by the inert matrix.

Examples of developments in the applications of enzymes

Biological detergents

Most of the enzymes for “biological” washing powders come from bacteria adapted to live in hot springs (at or above 45(C).  Their enzymes are not denatured at these temperatures and can therefore be used in washing programmes carried out at moderate temperatures.  Washing powder enzymes must also be able to function at alkaline pH, due to the presence of phosphate ions in most detergents.

A “biological” detergent washing powder often contains the following enzymes:-

· A ………………………… to degrade proteins present in blood, grass and egg stains.

· An ……………………………… to remove starch stains.

· A …………………………. which digests free cellulose microfibrils from damaged cotton fibres, returning the fabric to a generally softer, brighter appearance.

· A ………………………… to digest fat, oil and grease stains

“Biological” washing powder enzymes can produce an irritating dust that may trigger reactions in the lungs and the exposed skin of some people after prolonged contact.  

Medical treatment of thromboses

Thromboses are the blood clots that sometimes build up in damaged blood vessels.  They are in danger of becoming dislodged and travelling in the blood until they come to block an artery in the heart (resulting in a heart attack) or the brain (resulting in a stroke).  Blood clots can be digested away by proteases which dissolve fibrin, from which the clot is built up.

Fruit juice production

During the manufacture of fruit juice the cells of the fruits have to be broken down before the bulk of the juice can be extracted.  Plant cell walls are built of cellulose fibres which are held together by pectins and hemicelluloses, and they are extremely tough.  If very high temperatures are used to break down fruit tissues, this will affect the colour and flavour of the juice.  Instead, the fruit is crushed, and enzyme preparations containing cellulases, hemicellulases and pectinases are added.  These cause the cell walls to break up and most of the liquid is released.

Lactose-free milk

Some people are unable to produce lactase in their pancreatic juice, so cannot digest milk sugar (lactose) in their small intestine.  As a result, bacteria in the large intestine feed on the lactose there, producing fatty acids and methane.  The result is diarrhoea and flatulence.  The patient is advised to avoid ordinary milk and to drink lactose-free milk.  Lactose-free milk can be produced by passing milk through a column containing immobilised lactase, which hydrolyses the lactose to glucose and galactose.  The enzyme is obtained from bacteria and enclosed in capsules.

High fructose syrup

A sweetener that is widely used in food and drinks is high-fructose corn syrup (HFCS).   It is manufactured from starch in corn fruits (maize).  The grains are milled to a starch slurry and the enzyme amylase is added.  This produces a glucose syrup, which is then decolourised and concentrated.  Finally, this syrup is passed down a column of immobilised glucose isomerase enzyme:  this converts much of the glucose to fructose.  Fructose has the same energy content as glucose, yet is far sweeter – so much less is needed, and it is used to sweeten foods without adding too many calories.
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Question

1) Biological washing powders make use of enzymes such as lipases and proteases to help in removing stains.  The manufacturers of these powders recommend a washing temperature of 40(C.

a) Explain

i) how biological washing powders help to remove protein stains from 

clothing








(4)

ii) the effect on the protease of increasing the washing temperature 

from 30(C to 40(C






(3)

b) Suggest why research into bacteria which live in hot springs has been significant in the development of biological washing powders.

(2)

