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 Definition: These are specific protein catalysts that accelerate the rate of chemical reactions.  

- Enzyme structure is not changed by entering the reactions. 

- Enzyme does not affect the equilibrium constant (i.e. end products) of the reactions.  

 Cellular distribution of enzymes: 

A. Intracellular enzymes: Produced and act inside the cells e.g. metabolic enzymes. 

B. Extracellular enzymes: Produced inside the cells and act outside the cells e.g. digestive enzymes. 

 
 
- The general properties of enzymes are those of proteins:  

1. They are globular proteins.  

2. They can be denatured by physical and /or chemical agents and they lose their biological function as 

the denaturation change their conformation.  

3. Enzymes are usually specific in action and the specificity varies in degree (see later).  

4. Some enzymes are simple proteins, others are conjugated proteins.  

5. Each enzyme has a characteristic tertiary structure and undergoes a conformational   change suitable 

to the specific substrate 

6. Some enzymes are secreted as Proenzymes (zymogens) then they are activated at the time of action.  

 

 

 

 Enzymes  Chemistry 

Properties of ENZYMES 
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    They are inactive enzymes. 

1. Zymogens are inactive because their catalytic sites are masked by a polypeptide chain. 

2. Activation of zymogen, into active enzyme is done by removal of the polypeptide chain to open the 

catalytic site for its substrate.  

3. Examples of zymogens: are pepsinogen and trypsinogen. 

 
 
 
1. Relative specificity: One enzyme acts on compounds having the same type of bonds e.g. Lipase 

enzymes act on different TAG  

2. Group specificity: the enzyme acts on a special type of bond at specific site and attached to specific 

groups e.g.:  

               - Pepsin: acts on peptide bonds between amino group of aromatic amino acid and carboxylic 

group of another amino acid.  

              - Trypsin: acts on peptide bonds between carboxylic group of basic amino acid and amino group 

of another amino acid.  

3. Optical specificity: 

- Enzymes act on D or L isomers e.g.  

     D - Amino acid oxidase acts only on D-amino acids 

     L- Amino acid oxidase acts only on L-amino acids  

- Enzymes act on specific type of linkages according to the type of linkage (α or β)  of the compounds 

attached to it e.g.  

     α Amylase hydrolyses α-1-4 glycosidic linkage of starch. 

4. Absolute specificity: One enzyme acts only on one substrate e.g. urease enzyme acts only on urea.  

Zymogens 
 

ENZYMES SPECIFICITY 
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A. Energy of activation: 

 All the reactions that proceed from initial substrates (initial state) to products (final state) 

consume energy. This is called free energy of the reaction. 

 However the substrates do not become products directly, but must be energized (absorb energy) 

to reach an activated or transition state. This energy is called activation energy.  

 At transition state, there is a high probability that a chemical bond will be made or broken to 

form the product.  

 The definition of activation energy: is the amount of energy required to raise 1mole of substance 

to the transition state.  

 The effect of enzymes: is to decrease the energy of activation. 

 

 
B.   Active site:  

1) During the enzyme action, there is a temporary combination between the enzyme and its substrate 

forming enzyme-substrate complex.  This occurs at active site of enzyme.  

2) This is followed by dissociation of this complex into enzyme again and products. 

 

MECHANISM OF ENZYME ACTION 
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C. Theories of enzyme action:  

      Two theories have been proposed to explain the specificity of   enzyme action: 

           a) The lock and key theory: The active site of the enzyme is complementary in conformation to 

the substrate so that enzyme and substrate “recognize” one another. 

             b) The induced fit theory: The enzyme changes shape upon binding the substrate, so that the 

conformation of substrate and enzyme protein are only complementary after the binding reaction. 
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1. Concentration of enzyme: The initial velocity of a reaction is directly proportional to the 

amount of the enzyme present, provided that all other conditions remain constant.  

2. Concentration of substrate: 

The initial velocity of a reaction is directly proportional to the amount of substrate present till it 

reaches a maximum point known as maximum velocity (Vmax), where any further increase in the 

amount of substrate causes no increase in the velocity of the reaction. This is true if all other 

conditions especially enzyme concentration remain constant. 

FACTORS AFFECTING ENZYME ACTIVITY 
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a) Definition of maximum velocity (V max): It is the maximum point in substrate velocity curve where 

any further increase in the amount of substrate causes no increase in the velocity of the reaction due to 

enzyme saturation.  

c) Michaelis constant Km  - Def:  It is substrate concentration that produces half maximum velocity. 

 
 

d) Important conclusions about Michael is-Menten kinetics: 

 - Km is a constant, characteristic of an enzyme and a particular substrate. Km reflects the affinity of 

the enzyme for the substrate.  

 - The smaller the Km value → the more active the enzyme: 

        i- Small (low) Km reflects a high affinity of the enzyme for substrate i.e. low concentration of 

substrate   is needed to half saturate the enzyme. 

        ii- Large (high) Km reflects a low affinity to the enzyme for substrate i.e. high concentration of   

substrate is needed to half saturate the enzyme. 

3. Effect of temperature:  

- The optimal temperature for enzymatic activity in human body is 37 °C i.e. the temperature of the 

cells.  
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- At zero temperature, the enzyme is inactive. The reaction velocity increases with increase of 

temperature until a maximum velocity is reached.  

- Further elevation of the temperature results in a decrease in reaction velocity. At 55°C - 60°C, most 

enzymes are denaturated and become permanently inactive.  

4. Effect of pH:  

- The optimal pH for enzyme activity is that pH at which the enzyme acts maximally. 

- Above or below this pH, the ionic state of both enzyme and substrate will be changed, and the rate of 

reaction will therefore decrease. 

- Each enzyme has its own optimal pH e.g.     

                                - Salivary amylase 6.8.                  - Pepsin 2     

                                - Trypsin 8                                      - Alkaline phosphatase 8.4   

- Extremes of pH can also lead to denaturation of the enzyme.  

    

5. Effect of Co-enzymes concentration:  

    - Co-enzymes concentration has the same effect and gives the same curve of substrate 

concentration on enzymatic activity, as NAD.  

6. Effect of physical agents: 

   - Red and blue lights increase the enzyme activity.  

   - Heating, shaking stirring inhibit enzyme activity by denaturation.  

   - Ultra violet rays and infrared rays inhibit enzyme activity. 

7. Effect of time; 

     - In all the previous factors, time must be taken into consideration, and its effect on enzyme 

kinetics must be measured against time. 
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8. Effect of product concentration:  

     - Increased product concentration decreases enzyme activity, this may be due to: 

          1. Change in the pH of the medium. 

        2. The product is more or less similar to the substrate, so it may compete it to catalytic site of 

the enzyme 

   3. The product may bind to the enzyme at the allosteric Site (in case of allosteric enzyme). 

9. Enzyme activators: 

     - Activators increase the rate of enzyme catalyzed reactions.  

     - Velocity of the reaction depends on activator concentration. 

     - Some enzymes are activated by different ways:  

           A. Removal of peptide converts inactive forms of the enzyme (zymogen) to active. 

                                                                                Pepsin or HCI   
                                   e.g.             Pepsinogen      pepsin       
           B.Some enzymes containing SH groups e.g. glyceraldehyde 3-P dehydrogenase 

                    require reducing agents (vitamin C)  to be activated.  

         C. Some enzymes require minerals; they are called metal activated enzymes eg. 

                  - Cl   for   amylases (nonmetal ions)                 - Mg++     for     kinases 

  

        D. Allosteric activators (Allosteric modifiers): The binding of allosteric activator produces 

Conformational changes in the protein structure of the enzyme resulting in increased velocity of 

the reaction  

                        e.g. AMP is an allosteric activator of phosphofructokinase enzyme. 
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10. Enzyme inhibitors: 
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                                            Enzyme activity is regulated by many mechanisms. 

A. Allosteric regulation of enzyme activity:  

     1. Allosteric enzymes generally catalyze the irreversible steps in metabolic pathways. 

     2. The term allosteric means “other site”, It indicates that a molecules called effectors   (also called 

modifiers or modulators) can bind non-covalently at a site other than active site. 

 

 
 

         a) Effectors are positive if they stimulate catalytic reaction and negative if they   inhibit the 

reaction. 

        b) Effectors may be the end product of a metabolic pathway. If it inhibits the reaction (negative 

regulation), it is called: feedback inhibition. 

B. Feedback inhibition:   

It means that the end product of a series of reactions directly inhibits the first enzyme of that series. 

 

 

Regulation of enzyme activity 
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C. Feedback regulation:   

     It means that the end product of a series of reactions has no inhibitory effect on the first enzyme. It 

rather affects the gene(s) that code for the formation of that enzyme preventing its synthesis  

D. Covalent modification: phosphorylation / de phosphorylation: 

      1. Some enzymes may be regulated by covalent modification, most frequently by the   addition or 

removal of phosphate groups from the enzymes. 

     2. Phosphorylation reactions are catalyzed by a family of enzymes, called: protein   kinase. It utilizes 

ATP as a phosphate donor.  

      3. Phosphate groups are removed from Phosphorylated enzymes by the action of phosphor protein 

phosphatase 

 

 

 
- Definition: Isoenzymes are different molecular forms of the enzyme that activate the same 

reaction, use the same coenzyme and same substrate but they are different in chemical protein 

structure. This leads to:  

                                    1. Different immunological reactions. 

                                    2. Different Km and Vmax. 

                                    3. Different physical properties.  

    - Example: 

           1. Lactate dehydrogenase enzyme (LD)  

    - Is a tetramer i.e. contains 4 polypeptide chains. These 4 chains are a mixture of different proportions 

of 2 chains H and M (H. after heart & M after muscle).  

   - There are 5 isoenzymes of LD enzyme having a Diagnostic importance: 

Isoenzymes 
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2. Creatine kinase (CK) (CPK): 

   - CK-BB: in brain. 

   - CK-MB: in Skeletal muscle. 

   - CK-MM: in myocardium.  

3. Isocitrate dehydrogenase: (cytosolic & mitochondrial) 

4. Phosphodiesterases: 1-5 

 
A- Diagnosis of diseases 

     - Enzymes are intracellular and when there is cellular damage, they are released into the 

circulation  

     - The measurement of these enzymes in the serum can be used in the diagnosis of certain diseases. 

 Enzymes in plasma are classified into:  

      A. Functional plasma enzymes: These are enzymes present normally in blood to perform certain 

physiological functions. They are characterized by:  

                        1. They are synthesized in the liver. 

                        2. They are present in blood in higher concentration than tissues. 

                        3. Their substrates are present in the circulation. 

                                 - Examples: Proenzymes of blood clotting, lipoprotein lipase. 

  

   B.   Non-functional plasma enzymes:  These enzymes are present in a very low   concentration in 

blood due to tissue turn over and increase in case of tissue damage. 

                    They are characterized by: 

1. They perform no physiological function in blood, 

2. Their substrates, are absent from blood. 

3. Their level is normally low and they increase in tissue damage  

         - Examples: for these enzymes are: 

1.  Alkaline phosphatase: increases in obstructive jaundice, hyperparathyroidism, rickets and 

metastatic carcinoma to bone.  

2.  Transaminases: 

CLINICAL IMPORTANCE OF ENZYMES 
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            - Aspartate aminotransferase (AST) or glutamic oxaloacetic transaminase (GOT) 

                                                              Increases in heart disease  

            - Alanine aminotransferase (ALT) or glutamic pyruvic transaminase (GPT) 

                                                          Increases in liver diseases. 

 

B- TUMOR MARKERS:  
 Definition of tumor markers: 

          - Tumor markers are macromolecules mostly proteins whose appearance or changes in 

concentration in blood or other body fluids is indicative to the presence, extent or progress of a 

malignant tumor.  

        - Tumor markers may be tumor antigens, hormones or enzymes. 

 

   - Alterations of serum enzymes in malignancy may be due to:  

           1. Production of increased amounts of enzymes by tumor cells. 

           2. Release of intracellular enzymes due to cell damage.  

 Enzymes used as tumor markers: 

         1. Alkaline phosphatase (ALP). It increases in bone metastasis. 

         2. Creatine kinase (CK): The isoenzyme fraction of the brain (CKBB) diagnose breast   tumors, 

prostatic carcinoma, colonic cancer, and transitional cell carcinoma of bladder. 

        3. Lactic dehydrogenase (LDH). It is generally increased in malignancy.  

  

 - Also decreased level of some enzymes can be used to diagnose inborn errors of metabolism e.g.  

                         1. Glucose-6-phopshate dehydrogenase in Favism. 

                         2. Galactosyl transferase in galactosemia 

C- Treatment of diseases: 

 Enzymes are used in treatment of some diseases e.g.  

              1. Fibrinolysins in treatment of infarctions (streptokinase). 

              2. Digestive enzymes in treatment of maldigestion. 

              3. α-chymotrypsin for treatment of intraocular haemorrhage. 

 

 


