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+Enzymes 

 

Enzymes are biocatalysts produced by living tissue that increase the rate of 

reaction that occur in the tissue. 

In the absence of some enzymes, some reactions occur, but at lower rate. 

All enzymes are protein in nature. Co-enzymes are heat stable, have lower 

molecular weight, and they are organic molecules, they differ from enzymes 

which are protein in nature. 

Holoenzyme is a catalytic entity consists of apo-enzyme (protein part) and 

bounds to co-enzyme. Binding of co-enzyme may be covalently or non-

covalently to the apoenzyme. 

Naming and classifying enzyme 

1- Enzymes have been names by adding the suffix (ase) to the name of the 

substrate on which enzyme acted e.g. 

Esterase, urease and lipase 

2- The classification depends on type and reaction mechanism. Those 

classifications divided the enzyme into 6 classes with (4-13) subclass  

a- Oxidase reductase: catalysing oxidoreduction 

b- Transferase: enzyme catalysing a transfer of a group ( other than H) 

between a pair of substrates 

c- Hydrolyase: enzyme catalysing hydrolysis of ester, peptide, glycosyl, 

acid anhydride, C-C or P-N 

d- Lysases: enzyme catalyses the removal of groups from substrate by 

mechanisms other than hydrolysis 

 

e- Isomerase: includes all enzyme catalysing interconversion of optical, 

geometrical or positional isomers 

enzymes 
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f- Ligases: enzymes catalyse the linking together of 2 compounds coupled 

to the breaking of pyrophosphate bound in ATP or similar compound 

included are catalysing reaction forming C-O,C-S, C-N bond 

 

ATP + Acetyl COA +CO2            ADP+ Pi + malonyl COA  

 

Prosperities of enzyme: 

Substrate: the substance on which the enzyme acts 

 

Active site: a specific three-dimensional regionon the enzyme surface that 

has unique arrangement of groups enabling the enzyme and its substrate 

to fit together property 

 

Apoenzyme: the enzyme protein without it’s cofactor 

Cofactor: non protein molecule, which necessary for enzyme activity 

 

Coenzyme classified into: 

 

a- Activator (cofactors, e.g. mg, Fe) 

b- Coenzyme (organic molecule, e.g. NAD 

c- Prosthetic group (coenzyme bound tightly) 

d- Proenzyme: a protein has no catalytic activity but can be changes by a 

specific chemical reaction within their organism 

 

Co-enzyme has certain features 

1- The coenzyme may be regarded as a second substrate or co-substrate: 

-The chemical changes in the Co-enzyme exactly counter balance 

those taking place in substrate 

-To give equal emphasis to the reaction may have greater 

fundamental physiological significance. 

2- Coenzyme acts as reagent in intermediary metabolism as transfer of H by 

NAD,NADP, FMN,FAD,coenzyme 

For transfer group other than H: 

Pyridoxal phosphate, Biotin, folate, CoA-SH 

3- Coenzyme as B-vitamin of AMP derivatives (B-vitamin forms part of the 

structure of many coenzyme as enzyme of amino acid 
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How enzyme work? 

A catalyst whatever the kind, combine with a reactants to activate it. In enzyme-

catalysed reactions, reactant is referred to as substrate (S). In the first step in all 

enzyme catalysis, enzyme and substrate combine to form an activated complex 

called enzyme-substrate (ES) complex. This complex then undergoes a 

chemical change to form enzyme-product complex from which one product or 

more then dissociate and regenerate the enzyme 

E+S                 [ES]               [P]+ E 

The interaction between an enzyme and substrate generally involve non 

covalent forces, such as ion-ion, hydrogen bonding or salt bridges 

Michaelis and Menton proposed a simple model that account for simple of the 

feature of enzyme catalase reaction. In this model the enzyme reversibly 

combined with its substrate to form [ES] complex. This complex is 

subsequently breaks down to product and free enzyme molecule. In this 

equation Michaelis and Menton described how the reaction velocity varies with 

substrate concentration 

V0= initial velocity 

Vmax= maximal velocity 

Km= Michaelis –Menton constant 

[S]=substrate concentration 
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Important conclusion about Michaelis –Menton equation 

1- [S]=Km          when V0=1/2 Vmax 

2- [S]< Km        first order reaction 

3- [S]> Km         zero order reaction 

4- Large Km value: reflect a low affinity of the enzyme to the substrate 

Low Km value: reflect high affinity of the enzyme to the substrate 

5- Km is a measure of strength of [ES] complex (binding of E toS) 

 

- Alternate reaction pathway 

Treat catalysis in term of energy change that occur during the reaction, 

enzyme provide an alternate energetically favourable reaction pathway 

different from uncatalysed reaction (the enzyme allows the reaction to 

proceed rapidly under conditions prevailing in the cell by providing an 

alternate pathway with lower free energy of activation 

The enzyme does not change the free energy nor changes the equilibrium 

of reaction 

- Describes how the active site chemically facilities catalysis 

All chemical reactions have an energy barrier separating the reactants and 

products. This barrier called the free energy of activation which is the energy 

difference between that of the reactant and high energy intermediate that occurs 

during the formation of products.  
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- Free energy of activation: 

The peak of energy represents the transition state in which a high-energy 

intermediate is formed during the reactant to product, because of the large 

activation energy, the rate of uncatalysed chemical reaction are often 

slow. 

- Rate of reaction 

For molecules to react, they contain sufficient energy to overcome the 

energy barrier of transitional state. In absence of enzyme, only small 

preparation of molecules may possess enough energy to achieve the 

transitional state between reactants and product. 

In general the lower the free energy of activation, thee more molecules 

have sufficient energy to pass through the transitional state and faster rate 

of reaction 
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The enzyme specifity: 

It is the ability of an enzyme to catalyse one specific reaction and essentially no 

other, it is prophase the most significant property. Enzymes are large sized 

protein reactive to substances contain restrictive region on the enzyme which is 

concerned with catalysis that is called catalystic site. 

The enzymatic reaction explained on theory: 

1- Lock and key or template model interaction of substrate and enzyme 

(catalytic site) because it is complement in shape 

2- Induced fit model in which catalytic site of enzyme is presumed to be 

preshaped to fit the substrate i.e. the substrate induce conformational 

changes in the protein structure of the enzyme to fit it 

 

Rate of enzyme reaction  

Enzyme does not alter final equilibrium of reaction but accelerate it. 

But accelerate it. 

The factors that affect rate of enzyme reaction are: 

1- Concentration of enzyme 

When enzyme concentration increase the reaction rate increase 
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2- Substrate concentration: the reaction rate with substrate concentration 

increase till it reach a plate due to: 

The curve is asymptotic to maximum velocity (Vmax). There is a 

stage at which all the enzyme present is saturated with reacting 

substrate.  

S= substrate,  E=enzyme 

 

 
 

From the figure maximum velocity a(Vmax) which is approached at 

high substrate concentration [S] i.e. concentration of substrate at 

which we may presume that the enzyme is saturated with substrate, 

which enable us to measure catalytic power or activity of enzyme. 

If [E] >[S] the reaction increase as [S] increases and the reaction is 

following first – order reaction kinetics 
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If [S] >[E] the substrate concentration is high enough to saturated all 

the enzyme and reaction reach maximum, the reaction zero order 

kinetics ( the reaction rate depend on [E] only) 

 

3- Optimum PH 

The PH affects the binding of the enzyme to substrate and function of 

active site. Optimum PH depends on kind of enzyme, of buffer 

particular substrate and source of enzyme. 

Most physiologic enzymatic reactions are active in the PH rang (5-9) 

 

Enzyme denaturation occur at high or low PH 

 

4- Optimum temperature  

The temperature increase will increase reaction rate till reach optimum 

temperature 

- optimum temperature (O.T): the reaction is most rapid, above O.T 

reaction is decrease due to denaturation of enzyme by heat  
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Activation and inhibition of enzymes: 

Activation is that the velocity of an enzymes reaction is increased. 

1-  Increase in catalytic activity of the enzyme 

2- Increase in amount of enzyme synthesized and available to transform to 

substrate 

3- Increase of a viability of substrate provided that enzyme not saturated 

Enzyme inhibition is the reverse of this reaction. 

 

Inhibition of enzyme activity 

Any compound that decrease the activity of enzyme called inhibitor 

 

Inhibitors 

Compounds which combined with enzyme and prevent enzyme and 

substrate from combining e.g. HCN, H2S and drugs  

 

Types of enzyme inhibition: 

1- None reversible inhibitors.(irreversible inhibitors) 

At which the inhibitor combines with the active site in such way that 

enzyme does not restore it catalytic activity (poison of enzyme) 

e.g. (nerve gas) which combines with acetylcholine esterase this 

enzyme presents in synapses and inhibited by diisopropyl 

flurophophate (DPFP) that causes paralysis. Other example: blockage 

of sulfhydryl groups of active site of enzyme by heavy metals as 

mercury 

 

2- Reversible inhibition 

Removed by increase the concentration of substrate and classified 

into: 

a- Competitive inhibition: bind to active site of enzyme and compete 

with substrate  to active site of enzyme e.g. 
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b- Non-competitive inhibition :bind to enzyme at place other than the 

active site 

c- Allosteric inhibition: it is an interaction of an effector with enzyme 

molecule at site removed from catalytic site (active site) but such 

way to reduce the catalytic activity of enzyme         

Effectors:a substrate which when bounds to allosteric enzyme, 

alters its catalytic activity, may be positive or negative (by 

increased or reduced activity), so we have 2 sites for allosteric 

enzyme. 

 

 


