
ENZYMES 

Enzymes are large biological molecules responsible for the thousands of chemical 

interconversions that sustain life. They are highly selective catalysts, greatly accelerating 

both the rate and specificity of metabolic reactions, from the digestion of food to the 

synthesis of DNA. Most enzymes are proteins, although some catalytic RNA molecules have 

been identified. Enzymes adopt a specific three-dimensional structure, and may employ 

organic (e.g. biotin) and inorganic (e.g. magnesium ion) cofactors to assist in catalysis.  

As early as the late 17th and early 18th centuries, the digestion of meat by stomach secretions 

and the conversion of starch to sugars by plant extracts and saliva were known. However, the 

mechanism by which this occurred had not been identified. 

In 1833, French chemist Anselme Payen discovered the first enzyme, diastase. A few decades 

later, when studying the fermentation of sugar to alcohol by yeast, Louis Pasteur came to the 

conclusion that this fermentation was catalyzed by a vital force contained within the yeast 

cells called "ferments".In 1877, German physiologist Wilhelm Kühne (1837–1900) first used 

the term enzyme, which comes from Greek , "in leaven", to describe this process. The word 

enzyme was used later to refer to nonliving substances such as pepsin, and the word ferment 

was used to refer to chemical activity produced by living organisms. 

In enzymatic reactions, the molecules at the beginning of the process, called substrates, are 

converted into different molecules, called products. Almost all chemical reactions in a 

biological cell need enzymes in order to occur at rates sufficient for life. Since enzymes are 

selective for their substrates and speed up only a few reactions from among many 

possibilities, the set of enzymes made in a cell determines which metabolic pathways occur in 

that cell.  

Enzyme activity can be affected by other molecules. Inhibitors are molecules that decrease 

enzyme activity; activators are molecules that increase activity. Many drugs and poisons are 

enzyme inhibitors. Activity is also affected by temperature, pressure, chemical environment 

(e.g., pH), and the concentration of substrate. Some enzymes are used commercially, for 

example, in the synthesis of antibiotics. In addition, some household products use enzymes to 

speed up biochemical reactions (e.g., enzymes in biological washing powders break down 

protein or fat stains on clothes; enzymes in meat tenderizers break down proteins into smaller 

molecules, making the meat easier to chew). 

 

"Lock and key" model 

Enzymes are very specific, and it was suggested by the Nobel laureate organic chemist Emil 

Fischer in 1894 that this was because 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. However, while this model explains enzyme specificity, it fails to 

explain the stabilization of the transition state that enzymes achieve. 
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Diagrams to show the induced fit hypothesis of enzyme action 

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 is determined.Induced fit may enhance the fidelity of 

molecular recognition in the presence of competition and noise via the conformational 

proofreading mechanism. 

 

Cofactors 

Some enzymes do not need any additional components to show full activity. However, 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 prosthetic groups, which are tightly bound to an 

enzyme, or coenzymes, which are released from the enzyme's active site during the reaction. 

Coenzymes include NADH, NADPH and adenosine triphosphate. These molecules transfer 

chemical groups between enzymes.  These tightly bound 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 apoenzyme together with its cofactor(s) is called a holoenzyme (this is the 

active form). Most cofactors are not covalently attached to an enzyme, but are very tightly 

bound. However, organic prosthetic groups can be covalently bound (e.g., biotin in the 

enzyme pyruvate carboxylase). 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. 
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Coenzymes 

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

Tightly bound coenzymes can be called prosthetic groups. Coenzymes transport chemical 

groups from one enzyme to another. Some of these chemicals such as riboflavin, thiamine 

and folic acid are vitamins (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 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 700 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 even small amounts of coenzymes are used very 

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

 

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. This may result in different enzymes, called isozymes, with the same function 

having the same basic name. Isoenzymes have a different amino acid sequence and might be 

distinguished by their optimal pH, kinetic properties or immunologically. Isoenzyme and 

isozyme are homologous proteins. Furthermore, the normal physiological reaction an enzyme 

catalyzes may not be the same as under artificial conditions. This can result in the same 

enzyme being identified with two different names. For example, glucose isomerase, which is 

used industrially to convert glucose into the sweetener fructose, is a xylose isomerase in vivo 

(within the body). 

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

Control of activity 

There are five main ways that enzyme activity is controlled in the cell. 

1. Enzyme production (transcription and translation of enzyme genes) can be enhanced 

or diminished by a cell in response to changes in the cell's environment. This form of 

gene regulation is called enzyme induction and inhibition. For example, bacteria may 

become resistant to antibiotics such as penicillin because enzymes called beta-

lactamases are induced that hydrolyze the crucial beta-lactam ring within the 

penicillin molecule. Another example are enzymes in the liver called cytochrome 

P450 oxidases, which are important in drug metabolism. Induction or inhibition of 

these enzymes can cause drug interactions. 

2. Enzymes can be compartmentalized, with different metabolic pathways occurring in 

different cellular compartments. For example, fatty acids are synthesized by one set of 

enzymes in the cytosol, endoplasmic reticulum and the Golgi apparatus are used by a 

different set of enzymes as a source of energy in the mitochondrion, through β-

oxidation.  

3. Enzymes can be regulated by inhibitors and activators. For example, the end 

product(s) of a metabolic pathway are often inhibitors for one of the first enzymes of 

the pathway (usually the first irreversible step, called committed step), thus regulating 

the amount of end product made by the pathways. Such a regulatory mechanism is 

called a negative feedback mechanism, because the amount of the end product 

produced is regulated by its own concentration. Negative feedback mechanism can 

effectively adjust the rate of synthesis of intermediate metabolites according to the 

demands of the cells. This helps allocate materials and energy economically, and 

prevents the manufacture of excess end products. The control of enzymatic action 

helps to maintain a stable internal environment in living organisms. 

4. Enzymes can be regulated through post-translational modification. This can include 

phosphorylation, myristoylation and glycosylation. For example, in the response to 

insulin, the phosphorylation of multiple enzymes, including glycogen synthase, helps 

control the synthesis or degradation of glycogen and allows the cell to respond to 

changes in blood sugar. Another example of post-translational modification is the 

cleavage of the polypeptide chain. Chymotrypsin, a digestive protease, is produced in 

inactive form as chymotrypsinogen in the pancreas and transported in this form to the 

stomach where it is activated. This stops the enzyme from digesting the pancreas or 

other tissues before it enters the gut. This type of inactive precursor to an enzyme is 

known as a zymogen. 

5. Some enzymes may become activated when localized to a different environment 

(e.g., from a reducing (cytoplasm) to an oxidizing (periplasm) environment, high pH 

to low pH, etc.). For example, hemagglutinin in the influenza virus is activated by a 

conformational change caused by the acidic conditions, these occur when it is taken 

up inside its host cell and enters the lysosome.  
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 Biological function 

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 

moving 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. 

Glycolytic enzymes and their functions in the metabolic pathway of glycolysis 

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 nor be fast enough to serve the needs of the 

cell. Indeed, a metabolic pathway such as glycolysis could not exist independently of 

enzymes. Glucose, for example, can react directly with ATP to become phosphorylated at one 

or more of its carbons. In the absence of enzymes, this occurs so slowly as to be insignificant. 

However, if hexokinase is added, these slow reactions continue to take place except that 

phosphorylation at carbon 6 occurs so rapidly that, if the mixture is tested a short time later, 

glucose-6-phosphate is found to be the only significant product. As a consequence, the 

network of metabolic pathways within each cell depends on the set of functional enzymes 

that are present. 

 

 

DISEASE INVOLVMENT 

 Since the tight control of enzyme activity is essential for homeostasis, any malfunction 

(mutation, overproduction, underproduction or deletion) of a single critical enzyme can lead 

to a genetic disease. The importance of enzymes is shown by the fact that a lethal illness can 
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be caused by the malfunction of just one type of enzyme out of the thousands of types present 

in our bodies. 

One example is the most common type of phenylketonuria. A mutation of a single amino acid 

in the enzyme phenylalanine hydroxylase, which catalyzes the first step in the degradation of 

phenylalanine, results in build-up of phenylalanine and related products. This can lead to 

mental retardation if the disease is untreated.  

Another example of enzyme deficiency is pseudocholinesterase, in which there is slow 

metabolic degradation of exogenous choline.  

Another example is when germline mutations in genes coding for DNA repair enzymes cause 

hereditary cancer syndromes such as xeroderma pigmentosum. Defects in these enzymes 

cause cancer since the body is less able to repair mutations in the genome. This causes a slow 

accumulation of mutations and results in the development of many types of cancer in the 

sufferer. 

Oral administration of enzymes can be used to treat several diseases (e.g. pancreatic 

insufficiency and lactose intolerance). Since enzymes are proteins themselves they are 

potentially subject to inactivation and digestion in the gastrointestinal environment. Therefore 

a non-invasive imaging assay was developed to monitor gastrointestinal activity of 

exogenous enzymes (prolyl endopeptidase as potential adjuvant therapy for celiac disease) in 

vivo.  

 

                                                        -------------------------- 
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