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Definition 
Enzyme: 
•  Are protein that function act as catalysts to speed up 

biological reaction by lowering activation energy. 
• Enzyme undergo physical change during the reaction but 

revert to their original state when reaction is complete. 
• They are not consumed during chemical reaction. 
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Terminology 

Substrate : The compound on which an enzyme acts 

converting it into product 

Active site : Is the site that bind to the substrate . 

 Its the area in the enzyme structure involved in its 

catalytic activity. 

• It is three dimensional entity. 

• It take small portion of the enzyme molecule 
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Some enzyme do not need additional components to 

show full activity . Other require non-protein molecules 

for catalytic activity called cofactor. Cofactor can be 

either : 

 Inorganic (mate ions Zn, Mg, Fe)  

Organic  (NADH,FADH2) )  it is called Coenzyme. 

Prosthetic groups ( Heme group of cytochrome, 

Biotin of acetyal CoA carboxylase). 

The protein part in non-active enzymes are called 

apoenzymes .  

An enzyme together with coenzyme or cofacter 

required for activity is called a holoenzyme. 

Apoenzyme + Coenzyme                     holoenzyme 
protein part           non-protein part               complete catalytic 

                                                                             system 
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Structure of enzymes 

Enzymes 

Simple (only protein) Complex or holo_enzymes (protein part 
and non protein part – cofactor) 

Non protein part 
Cofactor 

Apoenzyme (protein part) 

Coenzyme  

-large organic 
molecule 

-loosely bound to 
apoenzyme 

Prosthetic groups 

-usually small inorganic 
molecule or atom; 

-usually tightly bound to 
apoenzyme 
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Apoprotein – responsible for the reaction. 

 

Cofactors   – responsible for : 

a. Bond formation between enzyme  and substrate 

b. Transfer of functional group. 

c. Takes place in the formation of tertiary structure of 

protein part. 

 

Coenzyme organic molecule derived from the vitamin 

B which participate directly in enzymatic reactions. 

Enzymes that require a metal in their composition 

known as metalloenzymes. 
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Model of enzyme substrate binding(Mechanisms 
of enzyme action) 
 
Two theories includes the reaction between the substrate 
and active site to form the enzyme- substrate complex : 
1. Lock and key model 
2. Induced  - fit model  
 
1.Lock and key model of enzyme action 
 proposed earlier this century , proposed that substrate 
must have a matching shape to fit into the active site of 
the enzyme, the enzyme can be visualized as containing 
grooves with fixed dimensions that permit only 
compounds with specific shape to be inserted in .  
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Lock and key theory implies rigidity of the active site. 
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2.Induced  - fit model  

 

More recent studies have revealed that the process is 

much more likely to involve an induced – fit  . 

The enzyme allow an initial superficial attachment of 

the substrate . 

This causes conformational changes that provide a 

more perfect apposition between the active site of the 

enzyme and the substrate .So, the shape of the 

active site is modified by substrate binding , and the 

active site has a shape which is complementary to 

that of the substrate only after the substrate is bound. 
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Induced  - fit model implies flexibility of the active site. 
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 Enzyme nomenclature 
Two systems: 

A. IUB system : International union of Biochemistry 

The enzyme name consists to part  

The 1st part : the name of substrate(s). 

The 2nd part  : the type of reaction (ending in – ase). 

Examples: 

Aspartate aminotransferase 

Glutamate dehydrogenase. 

B. By adding ʺaseʺ to the name of substrate. 

Examples: 

Urea is called Urase 

Arginine is called arginase 
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Classification 
There are six major classes 
1. Oxidoreedutase  - are enzymes that catalyzes oxidation – 

reduction . The enzymes that catalyze oxidation – reduction in 
the body are important because these reaction responsible for 
production of heat and energy . 

2. Transferase - are enzymes that catalyzes  the transfer of 
particular group from one molecule to another like one carbon 
, amino and phosphate groups. 

3. Hydrolase – hydrolytic enzymes catalyze  the hydrolysis of 
ester, carbohydrates and protein. 

4. Lyase - are enzymes that catalyzes the removal of groups from 
substrates by means other than hydrolysis , usually with the 
formation of double bonds (catalyzes the joining of spical 
molecules or group by a double bond). 
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5. Isomerase - are enzymes that catalyzes the interconvertion of 
cis- trans isomer. 
6. Ligase or Synthetase - are enzymes that catalyzes the coupling 
of two compounds with breaking of pyrophosphate bond in ATP 
or similar compound .  
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Coenzymes usually functions as intermediate carriers 
of functional groups or specific atoms or electrons  
are transferred in the over all enzymatic  reactions. 
 
Enzymes classes requires coenzymes 
Classes : 1 , 2 , 5 , 6. 
Enzymes classes does not  requires coenzymes 
Classes : 3 , 4. 
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Factors affecting enzyme activity 
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Over a limited temp. range , the velocity of enzyme – 
catalyzed reactions increased as the temp. increases. The 
velocity doubles with a 10C rise in temp. and is halved if 
temp. is decreased by 10 C .   
   However, since enzymes are proteins which are rapidly 
denatured at high temp. So an excessive increase in temp 
has deactivating effect on the enzyme. 
  
 Optimal temperature:  is the temp. at which the enzyme activity 
is the highest and the enzyme molecule  is stable. The optimal temp. 
for most enzymes is 37 C.    
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Effect of Temp.  
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The pH -scale measures how acidic or alkaline a 

substance is: 

The chemical properties of many solutions enable 

them to be divided into three groups: 

1- Neutral: solutions a pH of 7. 

2- Alkaline: solutions with a pH greater than 7. 

3- Acidic: solutions with a pH less than 7.  
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The net effect of pH on enzyme activity  may be 

the result of the following factors :- 

  

1. The H+ ion conc. Of the medium determine whether 

certain  groups are ionized or remain in an 

undissociated form  

2. The effect of PH on the degree of S. ionization. 

 
increase in (H) ion concentration(PH) influence the 
enzyme activity and bell- shaped curve is normally 
obtained : 
 
 
 
 
 
 



9/18/2019 25 

Optimal  PH :  the pH at which the enzyme is most 

active. 

 However, So enzymes have their activities below or 

above there  pH values. 

Like all protein, enzymes are denatured by extremes 

PH(acidity or alkalinity). 

Each enzyme has own optimum pH at which the 

velocity maximum. 

Most of the enzyme  showed optimum activity  

around neutral  pH , pH(6-8). 
 



5-7.5 1.5-2 

10.5-11 5.35 
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as the conc. Of enzyme is increased ,the velocity of the 
reaction is increased.
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o At low S. conc. or phase A :-  

The reaction velocity is directly    proportional to 

the S. conc. ( First order kinetics).  

o At intermediate S. conc. (or phase B) :-  

The  effect of S. conc. On initial velocity 

diminishes.  

o At high S. conc :-  In the phase C  

the velocity reaches a maximum and cannot by 

increased by increasing S. conc., this velocity is 

called maximal velocity ( V max) , and at which the 

enzyme is fully saturated & reached it’s maximal 

catalytic effect (Zero order kinetics).  
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 In biochemistry, Michaelis–Menten kinetics is one of 

the best-known models of enzyme kinetics. It is named 

after German biochemist Michaelis and Canadian 

physician  Menten. The model takes the form of an 

equation describing the rate of enzymatic reactions, by 

relating reaction rate  to , the concentration of 

a substrate .  

 

https://en.wikipedia.org/wiki/Biochemistry
https://en.wikipedia.org/wiki/Enzyme_kinetics
https://en.wikipedia.org/wiki/Enzyme_kinetics
https://en.wikipedia.org/wiki/Enzyme_kinetics
https://en.wikipedia.org/wiki/Leonor_Michaelis
https://en.wikipedia.org/wiki/Leonor_Michaelis
https://en.wikipedia.org/wiki/Maud_Menten
https://en.wikipedia.org/wiki/Maud_Menten
https://en.wikipedia.org/wiki/Enzymatic_reaction
https://en.wikipedia.org/wiki/Enzymatic_reaction
https://en.wikipedia.org/wiki/Enzymatic_reaction
https://en.wikipedia.org/wiki/Reaction_rate
https://en.wikipedia.org/wiki/Reaction_rate
https://en.wikipedia.org/wiki/Reaction_rate
https://en.wikipedia.org/wiki/Concentration
https://en.wikipedia.org/wiki/Enzyme_substrate_(biology)
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Michaelis – menten equation is modified by taking 
the reciprocal of both sides of the equation. 

The new plot is called     Lineweaver – Burk plot. 
  

Advantages of Lineweaver - Burk plot:-  
1. Allow accurate determination of Vmax & Km. 
2. Give valuable information on enzyme inhibition.  
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Use: 

The Lineweaver–Burk plot was widely used to determine 
important terms in enzyme kinetics, such as Km and V max , 
before the wide availability of powerful computers 
and non-linear regression software. The x -intercept of 
such a graph is equivalent to the inverse of V max; the x-
intercept of the graph represents −1/Km . It also gives a 
quick, visual impression of the different forms of enzyme 
inhibition. 

 

http://us.wow.com/wiki/Nonlinear_regression?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Nonlinear_regression?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Nonlinear_regression?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Y-intercept?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Y-intercept?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Root_of_a_function?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Root_of_a_function?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Root_of_a_function?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Enzyme_inhibition?s_pt=source7&s_chn=16
http://us.wow.com/wiki/Enzyme_inhibition?s_pt=source7&s_chn=16
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the accumulation of reactive product  generally decrease 
the enzyme velocity . 

For certain enzymes , the product combine with active 
site of the enzyme  and form a loose complex and this 
inhibit the enzyme activity. 

Activators : substances which increases enzyme activity  
Ex: Cl - act as activator of salivary amylase . 
 
Inhibitors: substances which reduces or abolishes enzyme 
activity. 
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 properties of enzyme 
 
• Enzymes can act on only one type of substrate 

(specific). 
• They always produce the same products 
• Although they take part in the reaction ,they are not 

used up 
• Enzymes have enormous catalytic power .  
• Because enzymes are proteins they are denatured by 

heat or some chemicals. 
• Most enzymes are soluble in water  
• Enzymes are colloidal in nature 
• Small quantity is required for enzyme action 
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Mechanism of enzyme catalysis 
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 Enzyme regulation 
1. Inhibition 
2. Covalent modification and Genetic control 
 

1. Inhibition :   
The prevention of an enzyme process as a result of 
interaction of inhibitors with enzyme. 
 
Inhibitors: 
Any substance that can diminish the velocity of an 
enzyme catalyzed reaction is called inhibitor. 
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The nature of enzyme inhibitors :  
Irreversible inhibitors : Inhibition of enzyme activity by combining 
with active site. 
Reversible inhibitors : Inhibitors binds non-covalently with the 
enzyme and the enzyme can be reversed if the inhibitor is 
removed. 
 
a-Competitive inhibitors : Inhibition of enzyme activity by 
competing with active site . 
 
b-Un Competitive inhibitors : Inhibition of enzyme activity by 
combining with allosteric site. 
 
c-Non Competitive inhibitors : Inhibition of enzyme activity by 
combining with both to free enzyme and ES at allosteric site. 
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The inhibitor competes with the substrate and binds at the active 
site of the enzyme but doesn't undergo any catalysis. 
Ex. Of clinical &pharmacological  inhibition. 

xanthine Uric Acid Xanthine 
oxidase 

Allopurinol   

Hypoxanthine 

a. Competative  inhibition: 
 
The inhibitor is closely resemble the substrate {S}  substrate 
analogue. 
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Allopurinol acts as competitive inhibitor to xanthine oxidase , it 
competes with enzyme xanthine oxidase and prevent or block 
the reaction. 
so control Gout ( decrease uric acid production). 
 

Dihydrofolic acid Tetrahydrofolic acid FH4 
Folinic acid 

Dihydrofolate 
 

Reductase 
 
 

 

methotrxate 

Antimetabolites : are chemical compound that block the reaction 
by their inhibitor effect on the enzyme . 
Antimetabolite are structural analogues of substrate and they are a 
competitive inhibitor . 
They are used for cancer therapy 
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b. Un-competitive inhibition: 

Reversible inhibition, not very common ,the inhibitor 
doesn't bind with the enzyme  but only bind with 
enzyme-substrate complex 

E + S                 ES                 E+P 
 + 

I 

ES I 
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C-Non-competitive Inhibitor: 
The inhibitor binds at the site other than the active  site 
on the enzyme surface & impair the enzyme function 
with strong affinity for the inhibitor to bind and prevent 
the catalysis possibly due to in the enzyme 
conformation. 
Ex: heavy metal ions Ag+2,Pb+2,Hg+2 

E------- SH +Hg+2            E-S---------Hg+2 + H+ 

Ex. Hg+2   heavy metal ion as non competitive 
inhibitor. 
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2.Irreversable Inhibition: 

The inhibitors bind covalently with the enzymes and inactivate 
them which is irreversible and the inhibition  is usually toxic 
substance. 

Ex : Di isopropyl flurophosphate (DFP) is a nerve gas irreversibly 
bind with enzyme at the active site. 

Organophosphorous  compound (insecticides) block the activity of 
Ach.esterase essential for nerve conduction  resulting in paralysis of 
vital body function.                                     

Diagnostic importance of Enzymes: 

Measurement of enzyme activities in biological fluid  
(plasma/serum) is of great clinical importance. 

Enzymes in the circulation is divided into two groups: 
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 plasma specific or plasma functional enzymes: 

Certain enzymes are normally present in the plasma  and they 
have specific function. 

Generally these enzymes activities are higher in plasma than in 
tissues. They are mostly synthesized in the liver and enter the 
circulation. 

Ex: lipoprotein lipase   plasmin, choline esterase. 

Impairment of liver function or genetic disorders leads to fall in 
the activities of plasma function enzyme. 

  Non –plasma specific: these enzymes are either totally absent or 
present  at a low concentration in plasma compared to their level  
found in the tissues. 

All GIT enzymes ,amylase, pepsin , trypsin present in the plasma are 
known as secretary enzymes. 
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Measurement of the activities of non plasma specific is important 
in the diagnosis and prognosis of several diseases 
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Thank you 


