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ENZYMES
Learning objectives:
· Define the term enzyme with respect to its structure and function.
· Explain the mode of enzyme action using the lock and key hypothesis.
· Investigate the effects of pH and temperature on enzyme activity.
· Relate optimal enzyme activity to the various conditions under which enzymes work.
WHAT ARE ENZYMES
  Enzymes are biological catalysts made of protein. They alter the rate of chemical reactions without themselves being chemically changed at the end if reaction.
Whereas, a catalyst is a substance which speeds up a chemical reaction without being chemically changed at the end of reaction.
There are many reactions that can be speeded up by the use of enzymes. To break down carbohydrates, fats or proteins in the laboratory without any enzyme requires the use of complex and highly expensive apparatus and high temperatures. However, the living body can bring about the same reactions quite rapidly without having to raise the body temperature. It does this by using organic catalysts made of proteins known as enzymes.
TYPES OF ENZYME CATALYSED REACTIONS
· Digestion:  This is a process by which complex, insoluble food substances are broken down into small soluble molecules. This process involves the action of digestive enzymes which act like molecular scissors, cutting up big molecules to form smaller molecules.
· Some reactions result in the synthesis of complex substances from simpler ones, e.g. the amino acids taken into the cells maybe used to build up the cell proteins. The cytoplasm produces special enzymes to bring about such reactions.
· Some reactions involve the breaking the breaking of complex substances into simpler ones, e.g. the oxidation of glucose to release energy and form carbon dioxide and water, this process involves a chain of chemical reactions. A series of enzymes are involved, each catalyzing one reaction and acting together with the others to bring about the complete process.
· Sometimes during chemical reactions in the cells, hydrogen peroxide is produced. This substance is highly poisonous to the tissues. The cells therefore produce an enzyme catalase which catalyses the breakdown of hydrogen peroxide to water and oxygen. In this way its poisonous effect is prevented.
Thus, it is learned that enzymes catalyse practically all the numerous reactions that occur in an organism. However, enzymes are only produced when they are needed. For example, digestive enzymes are only needed when there is food to digest in the gut. Therefore we learn that enzymes play an important role in controlling the numerous reactions that occur in a living organism.
CLASSIFICATION OF ENZYMES
The name of each enzyme: (how are enzymes named).
· Shows the substance on which the enzyme acts, and
· is denoted by the suffix “ase”.
However some enzymes are also named after the persons who discovered them, e.g. pepsin.  
Enzymes may be classified according to the chemical reactions they catalyse. Digestion is an example of a chemical reaction, called hydrolysis (hydro=water, lysis=splitting). In hydrolysis, water molecules are needed to break down a complex molecule into simple molecules. Therefore, enzymes that catalyse hydrolytic reactions are known as hydrolases.
Examples of some hydrolases are:
· carbohydrases which digest carbohydrates, e.g:
· amylases, which digest or hydrolyse starch.
· Cellulases, which digest cellulose.
· Proteases (pepsin), which digest proteins.
· Lipases (steapsin), which digest fats (lipids).
CHARACTERISTICS OF AN ENZYME
Enzymes are very potent. Since they remain unchanged in the reactions which they catalyse, the same enzyme molecules can be used over and over again. Moreover, a small amount of enzyme can bring about a large amount of chemical reactions.
It has been estimated that one catalase molecule can break down five million molecules of hydrogen peroxide in one second.
· Enzymes and speed of chemical reactions:
Enzymes alter or speed up the rates of chemical reactions that occur in a cell.
· Enzymes are required in minute amounts:
As enzymes are not altered or used in a chemical reaction, a very small quantity of an enzyme is capable of catalysing a huge chemical reaction.
THE LOCK AND KEY HYPOTHESIS
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The basic mechanism by which enzymes catalyze chemical reactions begins with the binding of the substrate (or substrates) to the active site on the enzyme. The active site is the specific region of the enzyme which combines with the substrate. The binding of the substrate to the enzyme causes changes in the distribution of electrons in the chemical bonds of the substrate and ultimately causes the reactions that lead to the formation of products. The products are released from the enzyme surface to regenerate the enzyme for another reaction cycle.
The active site has a unique geometric shape that is complementary to the geometric shape of a substrate molecule, similar to the fit of puzzle pieces. This means that enzymes specifically react with only one or a very few similar compounds. So it can be deduced that:
· Substrate=key       and
· Enzyme=lock
ENZYMES ARE SPECIFIC
Enzymes are highly specific in their action, e.g. amylase will only act on starch, and not on proteins or fats. Similarly, proteases will only act on proteins and lipases only on lipids (fats).
The substances on which enzymes act are called substrates. Currently, biologists think that when a substrate molecule fits into an enzyme molecule, the enzyme molecule alters its shape slightly so that it fits more tightly around the substrate molecule. This facilitates chemical reaction.
EFFECT OF TEMPERATURE ON ENZYME ACTIVITY
                       40-45 °C
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Like most chemical reactions, the rate of an enzyme-catalyzed reaction increases as the temperature is raised. A ten degree Centigrade rise in temperature will increase the activity of most enzymes by 50 to 100%. Variations in reaction temperature as small as 1 or 2 degrees may introduce changes of 10 to 20% in the results. In the case of enzymatic reactions, this is complicated by the fact that many enzymes are adversely affected by high temperatures. As shown in Figure above, the reaction rate increases with temperature to a maximum level, then abruptly declines with further increase of temperature. Because most animal enzymes rapidly become denatured at temperatures above 40°C, most enzyme determinations are carried out somewhat below that temperature.
Over a period of time, enzymes will be deactivated at even moderate temperatures. Storage of enzymes at 5°C or below is generally the most suitable. Some enzymes lose their activity when frozen.
· Why do enzymes become denatured?
Enzymes are made of protein. When protein is heated to a fairly high temperature       (40-45°C), it undergoes changes in its shape, i.e. 3-d structure, and is said to be denatured. The proteins become less soluble and eventually coagulate. Various chemicals such as and alkalis also bring about the denaturation of protein.
The 3-d structure of an enzyme plays a very important role in its function. This is because denaturation results in loss or alternation of active sites of enzymes. Hence when an enzyme is denatured, it can no longer act as a catalyst.
An irreversible destruction of an enzyme can be brought about by extreme heat, e.g. boiling. Each enzyme has its own optimum temperature. In animals this is often the body temperature (37°C). Certain enzymes in plants have high optimum temperatures, e.g. optimum temperature of the enzyme papain found in pawpaw or papaya is about 65°C. Most enzymes are completely denatured above 65°C.
EFFECT OF pH ON ENZYMES
Enzymes are affected by changes in pH. The most favorable pH value - the point where the enzyme is most active - is known as the optimum pH. This is graphically illustrated in Figure below.
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Extremely high or low pH values generally result in complete loss of activity for most enzymes. pH is also a factor in the stability of enzymes. As with activity, for each enzyme there is also a region of pH optimal stability.
· EFFECTS OF SUBSTRATE AND ENZYME CONCENTRATIONS ON RATE OF REACTION?
It has been shown experimentally that if the amount of the enzyme is kept constant and the substrate concentration is then gradually increased, the reaction velocity will increase until it reaches a maximum. After this point, increases in substrate concentration will not increase the rate of velocity.
The enzyme binds to or somehow interacts with the substrate to speed up the reaction. There are certain sites on the substrate that the enzyme will act on. So as you increase the concentration of enzymes it increases the number of successful collisions and so to a point the rate of reaction is directly proportional to enzyme concentration and the higher the concentration of the enzyme the faster the reaction.

However, at some point this will 'plateu' - that is it will 'level' or reach equilibrium where the reaction reaches its maximum rate regardless of the enzyme concentration because all the sites on the substrate are 'full' and so the excess enzyme is just floating around doing nothing because it has nothing to react with. And eventually if the temperature is further increased, the enzymes may become denatured.
· ENZYMES MAY NEED CO-ENZYMES FOR ACTIVITY.
Some enzymes require another compound called a co-enzyme to be bound to them before they can catalyse reactions. Such coenzymes are non-protein organic compounds. Most vitamins, especially the B complex vitamins, are essential components of many co-enzymes.
· ENZYMES CATALYSE REVERSIBLE REACTIONS.
Most reactions in living cells are reversible, e.g.
       A + B = C + D
Enzymes therefore catalyse reversible reactions. However, in living cells, reactions usually proceed in the forward direction ( i.e. from left to reight) because the products ( C and D)  are not allowed to build up but are used up or removed from the cel as soon as they are formed.
