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ENZYME 

Enzymes are macromolecular biological catalysts. Enzymes accelerate, or catalyze, chemical reactions. The 

molecules at the beginning of the process upon which enzymes may act are called substrates and the enzyme 

converts these into different molecules, called products. Almost all metabolic processes in the cell need enzymes in 

order to occur at rates fast enough to sustain life. The set of enzymes made in a cell determines which metabolic 

pathways occur in that cell. The study of enzymes is called enzymology. 

Enzymes are known to catalyze more than 5,000 biochemical reaction types. Most enzymes are proteins, although 

a few are catalytic RNA molecules. Enzymes' specificity comes from their unique three-dimensional structures. 

Like all catalysts, enzymes increase the rate of a reaction by lowering its activation energy. Some enzymes can 

make their conversion of substrate to product occur many millions of times faster. An extreme example is orotidine 

5'-phosphate decarboxylase, which allows a reaction that would otherwise take millions of years to occur in 

milliseconds. Chemically, enzymes are like any catalyst and are not consumed in chemical reactions, nor do they 

alter the equilibrium of a reaction. Enzymes differ from most other catalysts by being much more specific. Enzyme 

activity can be affected by other molecules: inhibitors are molecules that decrease enzyme activity, and activators 

are molecules that increase activity. Many drugs and poisons are enzyme inhibitors. An enzyme's activity 

decreases markedly outside its optimal temperature and pH. 

Some enzymes are used commercially, for example, in the synthesis of antibiotics. Some household products use 

enzymes to speed up chemical reactions: enzymes in biological washing powders break down protein, starch or fat 

stains on clothes, and enzymes in meat tenderizer break down proteins into smaller molecules, making the meat 

easier to chew. 

Structure of Enzymes 

Enzymes are generally globular proteins, acting alone or in larger complexes. Like all proteins, enzymes are linear 

chains of amino acids that fold to produce a three-dimensional structure. The sequence of the amino acids specifies 

the structure which in turn determines the catalytic activity of the enzyme. Although structure determines function, 

a novel enzyme's activity cannot yet be predicted from its structure alone. Enzyme structures unfold (denature) 

when heated or exposed to chemical denaturants and this disruption to the structure typically causes a loss of 

activity. Enzyme denaturation is normally linked to temperatures above a species' normal level; as a result, 

enzymes from bacteria living in volcanic environments such as hot springs are prized by industrial users for their 

ability to function at high temperatures, allowing enzyme-catalysed reactions to be operated at a very high rate. 

Enzymes are usually much larger than their substrates. Sizes range from just 62 amino acid residues, for the 

monomer of 4-oxalocrotonate tautomerase, to over 2,500 residues in the animal fatty acid synthase. Only a small 

portion of their structure (around 2–4 amino acids) is directly involved in catalysis: the catalytic site. This catalytic 

site is located next to one or more binding sites where residues orient the substrates. The catalytic site and binding 

site together comprise the enzyme's active site. The remaining majority of the enzyme structure serves to maintain 

the precise orientation and dynamics of the active site.  
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In some enzymes, no amino acids are directly involved in catalysis; instead, the enzyme contains sites to bind and 

orient catalytic cofactors. Enzyme structures may also contain allosteric sites where the binding of a small 

molecule causes a conformational change that increases or decreases activity.  

A small number of RNA-based biological catalysts called ribozymes exist, which again can act alone or in 

complex with proteins. The most common of these is the ribosome which is a complex of protein and catalytic 

RNA components. 

Naming conventions 

An enzyme's name is often derived from its substrate or the chemical reaction it catalyzes, with the word ending in 

-ase. Examples are lactase, alcohol dehydrogenase and DNA polymerase. Different enzymes that catalyze the same 

chemical reaction are called isozymes.  

The International Union of Biochemistry and Molecular Biology have developed a nomenclature for enzymes, the 

EC numbers; each enzyme is described by a sequence of four numbers preceded by "EC". The first number 

broadly classifies the enzyme based on its mechanism.  

The top-level classification is: 

 EC 1, Oxidoreductases: catalyze oxidation/reduction reactions 

 EC 2, Transferases: transfer a functional group (e.g. a methyl or phosphate group) 

 EC 3, Hydrolases: catalyze the hydrolysis of various bonds 

 EC 4, Lyases: cleave various bonds by means other than hydrolysis and oxidation 

 EC 5, Isomerases: catalyze isomerization changes within a single molecule 

 EC 6, Ligases: join two molecules with covalent bonds. 

These sections are subdivided by other features such as the substrate, products, and chemical mechanism. An 

enzyme is fully specified by four numerical designations. For example, hexokinase (EC 2.7.1.1) is a transferase 

(EC 2) that adds a phosphate group (EC 2.7) to a hexose sugar, a molecule containing an alcohol group (EC 2.7.1).  

Mechanism 

Substrate binding 

Enzymes must bind their substrates before they can catalyse any chemical reaction. Enzymes are usually very 

specific as to what substrates they bind and then the chemical reaction catalysed. Specificity is achieved by binding 

pockets with complementary shape, charge and hydrophilic/hydrophobic characteristics to the substrates. Enzymes 

can therefore distinguish between very similar substrate molecules to be chemoselective, regioselective and 

stereospecific.  

Some of the enzymes showing the highest specificity and accuracy are involved in the copying and expression of 

the genome. Some of these enzymes have "proof-reading" mechanisms. Here, an enzyme such as DNA polymerase 

catalyzes a reaction in a first step and then checks that the product is correct in a second step. This two-step 

process results in average error rates of less than 1 error in 100 million reactions in high-fidelity mammalian 
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polymerases. Similar proofreading mechanisms are also found in RNA polymerase, aminoacyl tRNA synthetases 

and ribosomes.  

Conversely, some enzymes display enzyme promiscuity, having broad specificity and acting on a range of different 

physiologically relevant substrates. Many enzymes possess small side activities which arose fortuitously (i.e. 

neutrally), which may be the starting point for the evolutionary selection of a new function.  

"Lock and key" model 

To explain the observed specificity of enzymes, in 1894 Emil Fischer proposed that both the enzyme and the 

substrate possess specific complementary geometric shapes that fit exactly into one another. This is often referred 

to as "the lock and key" model. This early model explains enzyme specificity, but fails to explain the stabilization 

of the transition state that enzymes achieve.  

Induced fit model 

In 1958, Daniel Koshland suggested a modification to the lock and key model: since enzymes are rather flexible 

structures, the active site is continuously reshaped by interactions with the substrate as the substrate interacts with 

the enzyme. As a result, the substrate does not simply bind to a rigid active site; the amino acid side-chains that 

make up the active site are molded into the precise positions that enable the enzyme to perform its catalytic 

function. In some cases, such as glycosidases, the substrate molecule also changes shape slightly as it enters the 

active site. The active site continues to change until the substrate is completely bound, at which point the final 

shape and charge distribution is determined. Induced fit may enhance the fidelity of molecular recognition in the 

presence of competition and noise via the conformational proofreading mechanism.  

Catalysis 

Enzymes can accelerate reactions in several ways, all of which lower the activation energy (ΔG‡
, Gibbs free 

energy)  

1. By stabilizing the transition state:  

o Creating an environment with a charge distribution complementary to that of the transition state to 

lower its energy.  

2. By providing an alternative reaction pathway:  

o Temporarily reacting with the substrate, forming a covalent intermediate to provide a lower energy 

transition state.  

3. By destabilising the substrate ground state:  

o Distorting bound substrate(s) into their transition state form to reduce the energy required to reach 

the transition state.  

o By orienting the substrates into a productive arrangement to reduce the reaction entropy change. 

The contribution of this mechanism to catalysis is relatively small.  

Enzymes may use several of these mechanisms simultaneously. For example, proteases such as trypsin perform 

covalent catalysis using a catalytic triad, stabilise charge build-up on the transition states using an oxyanion hole, 

complete hydrolysis using an oriented water substrate. 
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Dynamics of enzymes 

Enzymes are not rigid, static structures; instead they have complex internal dynamic motions – that is, movements 

of parts of the enzyme's structure such as individual amino acid residues, groups of residues forming a protein loop 

or unit of secondary structure, or even an entire protein domain. These motions give rise to a conformational 

ensemble of slightly different structures that interconvert with one another at equilibrium. Different states within 

this ensemble may be associated with different aspects of an enzyme's function. For example, different 

conformations of the enzyme dihydrofolate reductase are associated with the substrate binding, catalysis, cofactor 

release, and product release steps of the catalytic cycle.  

Allosteric modulation 

Allosteric sites are pockets on the enzyme, distinct from the active site, that bind to molecules in the cellular 

environment. These molecules then cause a change in the conformation or dynamics of the enzyme that is 

transduced to the active site and thus affects the reaction rate of the enzyme.
[46]

 In this way, allosteric interactions 

can either inhibit or activate enzymes. Allosteric interactions with metabolites upstream or downstream in an 

enzyme's metabolic pathway cause feedback regulation, altering the activity of the enzyme according to the flux 

through the rest of the pathway. 

Cofactors 

Some enzymes do not need additional components to show full activity. Others require non-protein molecules 

called cofactors to be bound for activity. Cofactors can be either inorganic (e.g., metal ions and iron-sulfur 

clusters) or organic compounds (e.g., flavin and heme). Organic cofactors can be either coenzymes, which are 

released from the enzyme's active site during the reaction, or prosthetic groups, which are tightly bound to an 

enzyme. Organic prosthetic groups can be covalently bound (e.g., biotin in enzymes such as pyruvate carboxylase).  

An example of an enzyme that contains a cofactor is carbonic anhydrase, which is shown in the ribbon diagram 

above with a zinc cofactor bound as part of its active site. These tightly bound ions or molecules are usually found 

in the active site and are involved in catalysis. For example, flavin and heme cofactors are often involved in redox 

reactions.  

Enzymes that require a cofactor but do not have one bound are called apoenzymes or apoproteins. An enzyme 

together with the cofactor(s) required for activity is called a holoenzyme (or haloenzyme). The term holoenzyme 

can also be applied to enzymes that contain multiple protein subunits, such as the DNA polymerases; here the 

holoenzyme is the complete complex containing all the subunits needed for activity.  

Coenzymes 

Coenzymes are small organic molecules that can be loosely or tightly bound to an enzyme. Coenzymes transport 

chemical groups from one enzyme to another. Examples include NADH, NADPH and adenosine triphosphate 

(ATP). Some coenzymes, such as riboflavin, thiamine and folic acid, are vitamins, or compounds that cannot be 

synthesized by the body and must be acquired from the diet. The chemical groups carried include the hydride ion 

(H
−
) carried by NAD or NADP

+
, the phosphate group carried by adenosine triphosphate, the acetyl group carried 
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by coenzyme A, formyl, methenyl or methyl groups carried by folic acid and the methyl group carried by S-

adenosylmethionine.  

Since coenzymes are chemically changed as a consequence of enzyme action, it is useful to consider coenzymes to 

be a special class of substrates, or second substrates, which are common to many different enzymes. For example, 

about 1000 enzymes are known to use the coenzyme NADH.  

Coenzymes are usually continuously regenerated and their concentrations maintained at a steady level inside the 

cell. For example, NADPH is regenerated through the pentose phosphate pathway and S-adenosylmethionine by 

methionine adenosyltransferase. This continuous regeneration means that small amounts of coenzymes can be used 

very intensively. For example, the human body turns over its own weight in ATP each day.  

Factors affecting Enzyme Activity 

 The activity of an Enzyme is affected by its environmental conditions. Changing these alter the rate of 

reaction caused by the enzyme. In nature, organisms adjust the conditions of their enzymes to produce an 

Optimum rate of reaction, where necessary, or they may have enzymes which are adapted to function 

well in extreme conditions where they live. 

Temperature 

 Increasing temperature increases the Kinetic Energy that molecules possess. In a fluid, this means that 

there are more random collisions between molecules per unit time. 

 Since enzymes catalyse reactions by randomly colliding with Substrate molecules, increasing 

temperature increases the rate of reaction, forming more product. 

 However, increasing temperature also increases the Vibrational Energy that molecules have, 

specifically in this case enzyme molecules, which puts strain on the bonds that hold them together. 

 As temperature increases, more bonds, especially the weaker Hydrogen and Ionic bonds, will break as a 

result of this strain. Breaking bonds within the enzyme will cause the Active Site to change shape. 

 This change in shape means that the Active Site is less Complementary to the shape of the Substrate, so 

that it is less likely to catalyse the reaction. Eventually, the enzyme will become Denatured and will no 

longer function. 

 As temperature increases, more enzymes' molecules' Active Sites' shapes will be less Complementary 

to the shape of their Substrate, and more enzymes will be Denatured. This will decrease the rate of 

reaction. 

 In summary, as temperature increases, initially the rate of reaction will increase, because of increased 

Kinetic Energy. However, the effect of bond breaking will become greater and greater, and the rate of 

reaction will begin to decrease. 
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 The temperature at which the maximum rate of reaction occurs is called the enzyme's Optimum 

Temperature. This is different for different enzymes. Most enzymes in the human body have an Optimum 

Temperature of around 37.0 °C. 

pH - Acidity and Basicity 

 pH measures the Acidity and Basicity of a solution. It is a measure of the Hydrogen Ion (H
+
) 

concentration, and therefore a good indicator of the Hydroxide Ion (OH
-
) concentration. It ranges from 

pH1 to pH14. Lower pH values mean higher H
+
 concentrations and lower OH

-
 concentrations. 

 Acid solutions have pH values below 7, and Basic solutions (alkalis are bases) have pH values above 7. 

Deionised water is pH7, which is termed 'neutral'. 

 H
+
 and OH

-
 Ions are charged and therefore interfere with Hydrogen and Ionic bonds that hold together 

an enzyme, since they will be attracted or repelled by the charges created by the bonds. This interference 

causes a change in shape of the enzyme, and importantly, its Active Site. 

 Different enzymes have different Optimum pH values. This is the pH value at which the bonds within 

them are influenced by H
+
 and OH

-
 Ions in such a way that the shape of their Active Site is the most 

Complementary to the shape of their Substrate. At the Optimum pH, the rate of reaction is at an 

optimum. 

 Any change in pH above or below the Optimum will quickly cause a decrease in the rate of reaction, 

since more of the enzyme molecules will have Active Sites whose shapes are not (or at least are less) 

Complementary to the shape of their Substrate. 
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 Small changes in pH above or below the Optimum do not cause a permanent change to the enzyme, 

since the bonds can be reformed. However, extreme changes in pH can cause enzymes to Denature and 

permanently lose their function. 

 Enzymes in different locations have different Optimum pH values since their environmental conditions 

may be different. For example, the enzyme Pepsin functions best at around pH2 and is found in the 

stomach, which contains Hydrochloric Acid (pH2). 

Concentration 

 Changing the Enzyme and Substrate concentrations affect the rate of reaction of an enzyme-catalysed 

reaction. Controlling these factors in a cell is one way that an organism regulates its enzyme activity and 

so its Metabolism. 

 Changing the concentration of a substance only affects the rate of reaction if it is the limiting factor: that 

is, it the factor that is stopping a reaction from preceding at a higher rate. 

 If it is the limiting factor, increasing concentration will increase the rate of reaction up to a point, after 

which any increase will not affect the rate of reaction. This is because it will no longer be the limiting 

factor and another factor will be limiting the maximum rate of reaction. 

 As a reaction proceeds, the rate of reaction will decrease, since the Substrate will get used up. The 

highest rate of reaction, known as the Initial Reaction Rate is the maximum reaction rate for an 

enzyme in an experimental situation. 

Substrate Concentration 

 Increasing Substrate Concentration increases the rate of reaction. This is because more substrate 

molecules will be colliding with enzyme molecules, so more product will be formed. 
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 However, after a certain concentration, any increase will have no effect on the rate of reaction, since 

Substrate Concentration will no longer be the limiting factor. The enzymes will effectively become 

saturated, and will be working at their maximum possible rate. 

 

Enzyme Concentration 

 Increasing Enzyme Concentration will increase the rate of reaction, as more enzymes will be colliding 

with substrate molecules. 

 However, this too will only have an effect up to a certain concentration, where the Enzyme Concentration 

is no longer the limiting factor. 

 

Enzyme Inhibition 

Enzyme reaction rates can be decreased by various types of enzyme inhibitors.  

Types of inhibition 

Competitive 

A competitive inhibitor and substrate cannot bind to the enzyme at the same time. Often competitive 

inhibitors strongly resemble the real substrate of the enzyme. For example, the drug methotrexate is a 

competitive inhibitor of the enzyme dihydrofolate reductase, which catalyzes the reduction of dihydrofolate 

to tetrahydrofolate. This type of inhibition can be overcome with high substrate concentration. In some 
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cases, the inhibitor can bind to a site other than the binding-site of the usual substrate and exert an allosteric 

effect to change the shape of the usual binding-site. 

Non-competitive 

A non-competitive inhibitor binds to a site other than where the substrate binds. The substrate still binds 

with its usual affinity and hence Km remains the same. However the inhibitor reduces the catalytic 

efficiency of the enzyme so that Vmax is reduced. In contrast to competitive inhibition, non-competitive 

inhibition cannot be overcome with high substrate concentration.  

Uncompetitive 

An uncompetitive inhibitor cannot bind to the free enzyme, only to the enzyme-substrate complex; hence, 

these types of inhibitors are most effective at high substrate concentration. In the presence of the inhibitor, 

the enzyme-substrate complex is inactive. This type of inhibition is rare.  

Mixed 

A mixed inhibitor binds to an allosteric site and the binding of the substrate and the inhibitor affect each 

other. The enzyme's function is reduced but not eliminated when bound to the inhibitor. This type of 

inhibitor does not follow the Michaelis-Menten equation.  

Irreversible 

An irreversible inhibitor permanently inactivates the enzyme, usually by forming a covalent bond to the 

protein. Penicillin and aspirin are common drugs that act in this manner. 

Functions of inhibitors 

In many organisms, inhibitors may act as part of a feedback mechanism. If an enzyme produces too much of one 

substance in the organism, that substance may act as an inhibitor for the enzyme at the beginning of the pathway 

that produces it, causing production of the substance to slow down or stop when there is sufficient amount. This is 

a form of negative feedback. Major metabolic pathways such as the citric acid cycle make use of this mechanism.  

Since inhibitors modulate the function of enzymes they are often used as drugs. Many such drugs are reversible 

competitive inhibitors that resemble the enzyme's native substrate, similar to methotrexate above; other well-

known examples include statins used to treat high cholesterol, and protease inhibitors used to treat retroviral 

infections such as HIV. A common example of an irreversible inhibitor that is used as a drug is aspirin, which 

inhibits the COX-1 and COX-2 enzymes that produce the inflammation messenger prostaglandin. Other enzyme 

inhibitors are poisons. For example, the poison cyanide is an irreversible enzyme inhibitor that combines with the 

copper and iron in the active site of the enzyme cytochrome c oxidase and blocks cellular respiration.  

Biological function 
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Enzymes serve a wide variety of functions inside living organisms. They are indispensable for signal transduction 

and cell regulation, often via kinases and phosphatases. They also generate movement, with myosin hydrolyzing 

ATP to generate muscle contraction, and also transport cargo around the cell as part of the cytoskeleton. Other 

ATPases in the cell membrane are ion pumps involved in active transport. Enzymes are also involved in more 

exotic functions, such as luciferase generating light in fireflies. Viruses can also contain enzymes for infecting 

cells, such as the HIV integrase and reverse transcriptase, or for viral release from cells, like the influenza virus 

neuraminidase.  

An important function of enzymes is in the digestive systems of animals. Enzymes such as amylases and proteases 

break down large molecules (starch or proteins, respectively) into smaller ones, so they can be absorbed by the 

intestines. Starch molecules, for example, are too large to be absorbed from the intestine, but enzymes hydrolyze 

the starch chains into smaller molecules such as maltose and eventually glucose, which can then be absorbed. 

Different enzymes digest different food substances. In ruminants, which have herbivorous diets, microorganisms in 

the gut produce another enzyme, cellulase, to break down the cellulose cell walls of plant fiber.  

Metabolism 

The metabolic pathway of glycolysis releases energy by converting glucose to pyruvate by via a series of 

intermediate metabolites. Each chemical modification (red box) is performed by a different enzyme. 

Several enzymes can work together in a specific order, creating metabolic pathways. In a metabolic pathway, one 

enzyme takes the product of another enzyme as a substrate. After the catalytic reaction, the product is then passed 

on to another enzyme. Sometimes more than one enzyme can catalyze the same reaction in parallel; this can allow 

more complex regulation: with, for example, a low constant activity provided by one enzyme but an inducible high 

activity from a second enzyme.  

Enzymes determine what steps occur in these pathways. Without enzymes, metabolism would neither progress 

through the same steps and could not be regulated to serve the needs of the cell. Most central metabolic pathways 

are regulated at a few key steps, typically through enzymes whose activity involves the hydrolysis of ATP. 

Because this reaction releases so much energy, other reactions that are thermodynamically unfavorable can be 

coupled to ATP hydrolysis, driving the overall series of linked metabolic reactions.  

Industrial applications 

Enzymes are used in the chemical industry and other industrial applications when extremely specific catalysts are 

required. Enzymes in general are limited in the number of reactions they have evolved to catalyze and also by their 

lack of stability in organic solvents and at high temperatures. As a consequence, protein engineering is an active 

area of research and involves attempts to create new enzymes with novel properties, either through rational design 

or in vitro evolution. These efforts have begun to be successful, and a few enzymes have now been designed "from 

scratch" to catalyze reactions that do not occur in nature.  

Application Enzymes used Uses 
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Biofuel industry Cellulases Break down cellulose into sugars that can 

be fermented to produce cellulosic ethanol.  

Ligninases Pretreatment of biomass for biofuel 

production.  

Biological detergent Proteases, amylases, lipases Remove protein, starch, and fat or oil 

stains from laundry and dishware.  

Mannanases Remove food stains from the common 

food additive guar gum.  

Brewing industry Amylase, glucanases, proteases Split polysaccharides and proteins in the 

malt.  

Betaglucanases Improve the wort and beer filtration 

characteristics.  

Amyloglucosidase and pullulanases Make low-calorie beer and adjust 

fermentability.  

Acetolactate decarboxylase (ALDC) Increase fermentation efficiency by 

reducing diacetyl formation.  

Culinary uses Papain Tenderize meat for cooking.  

Dairy industry Rennin Hydrolyze protein in the manufacture of 

cheese.  

Lipases Produce Camembert cheese and blue 

cheeses such as Roquefort.  

Food processing Amylases Produce sugars from starch, such as in 

making high-fructose corn syrup.  

Proteases Lower the protein level of flour, as in 

biscuit-making.  

Trypsin Manufacture hypoallergenic baby foods.  
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Cellulases, pectinases Clarify fruit juices.  

Molecular biology Nucleases, DNA ligase and polymerases Use restriction digestion and the 

polymerase chain reaction to create 

recombinant DNA. 

Paper industry Xylanases, hemicellulases and lignin 

peroxidases 

Remove lignin from kraft pulp.  

Personal care Proteases Remove proteins on contact lenses to 

prevent infections.  

Starch industry Amylases Convert starch into glucose and various 

syrups.  
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