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Lecture 6 

Enzymes - Introduction to Enzymes 
Chapter 22 Sections 1-4 

Enzymes 

•! Enzymes are complex organic molecules 
synthesized by living organisms, that act like 
catalysts 

•! A catalyst is any substance that increases the rate of 
a chemical reaction without being consumed 

•! They speed up a reaction by a factor of a million 
(106) or more 

•! They are able to accomplish this at a temp of 37oC 
and pH~7 

•! They are highly specific in their mode of action 
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Enzymes are Important 
Commercially 

•! Studying enzymes is important in 
designing drugs that will inhibit or 
activate specific enzymes 

•! Example 
–!Drugs that inhibit enzymes produced by the 

Human Immune deficiency Virus (HIV) are 
used to treat AIDS  

The First Enzymes 
•! The first enzymes discovered 

were named according to their 
source or method of discovery 
–! Pepsin, which aids in the 

breakdown of proteins, is found in 
the digestive juices of the stomach 

–! Papain, also aids in the breakdown 
of protein, was isolated from 
papaya 

•! A commission was established 
that helps name and classify 
proteins  

Oxidoreductases 

•! Catalyze all reactions in which one compound is 
oxidized and the other is reduced 

•! Example 
–! Name: Alcohol Deyhdrogenase (common name) 

           Alcohol:NAD+ oxidoreductase (systematic name) 
–! Reaction: 

  RCH2-OH + NAD+      R-C-H + NADH + H+ 
O 

Alcohol  
Dehydrogenase 
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Transferases 

•! Facilitate the transfer of groups such as methyl, 
amino, acetyl from one molecule to another 

•! Example: 
–! Name: Glutamate:aspartate aminotransferase (systematic 

name) 
               Group commonly known as transaminases 
–! Reaction: 

NH3-CH-COO-  +  C-COO-             C-COO-  +  NH3-CH-COO- 
O O 
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Hydrolases 
•! Catalyze hydrolysis reactions.  These include 

lipases (catalyze the breakdown or hydrolysis of 
fats) and proteases (catalyze the hydrolysis of 
proteins) 

•! Example: Phospholipase A2 
–! Reaction: 
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Lyases 

•! Aid in the removal of certain groups without 
hydrolysis or the addition of groups to a double 
bond 

•! Example: 
–! Name: L-aspartate 4-carboxy-lyase (systematic name) 
               Aspartate 4-decarboxylase (common name) 
–! Reaction: 
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Isomerases 
•! Catalyzes the conversion of a compound to its isomer 
•! Example: 

–! Name: Glucose Phosphate Isomerase (systematic name) 
            Phosphoglucoisomerase (common name) 

–! Reaction: 
O 
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Phosphogluco- 
isomerase 

D-Glucose-6-Phosphate D-Fructose-6-Phosphate 

Ligases 

•! Are involved in the formation of new bonds between C 
and N, O, S, or another C.  These enzymes require 
energy usually supplied by the hydrolysis of ATP to carry 
out reaction  

•! Example: 
–! Name: Pyruvate Carboxylase 
–! Reaction: 

CH3C-COO-  +  HCO3
- +  ATP         -OOCCH2C-COO-  +  Pi  +  ADP 

O O 

Pyruvate Bicarbonate Oxaloacetate 

Pyruvate 
Carboxylase 

Not All Enzymes Are Created 
Equal 

•! Not all enzymes are proteins, some 
enzymes have been identified that 
consist of RNA 

•! Many enzymes are simple proteins 

•! But others contain non-protein 
components, cofactors that are 
necessary for function 
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Cofactors 

Apoenzyme  +  Cofactor             Holoenzyme  
Protein 

(Inactive) 
Non protein 

(Inactive) 
Protein+ Cofactor 

(Active) 

•! There are two types 
–! Inorganic ions (ex. Zn2+, Mn2+, 

Fe2+) 
–! Organic molecules known as 

coenzymes (ex. Vitamins or 
derivatives of vitamins) 

•! The part of the enzyme that binds 
the cofactor is referred to as the 
apoenzyme 

Localization of Enzymes 

•! Intracellular enzymes 
perform their function in 
the cell 

•! Extracellular enzymes 
perform their function 
outside 

Zymogens OR Proenzymes 

•! Some enzymes are secreted in large inactive forms 
known as zymogens or proenzymes 

•! These enzymes can be quickly activated when 
needed by clipping away the inhibitory portion 
(protein regulation) 

•! Typical zymogens include the protein-digesting 
enzymes and the blood clotting factors  

Activation 

Proenzyme Catalytic Active 

Exposed 
Active Site 

Enzymes are Biological Catalysts 

•! Catalysts increase the rate of a 
reaction by lowering the energy 
of activation 
–! They do not get consumed 

•! Enzymes are the more efficient 
catalysts and help reactions 
proceed at lower temps 

•! The overall energy change is 
not affected by the presence of 
enzyme 

Reactant 

Product 

Overall 
energy 
change 

Overview of an Enzymatic Reaction 

•! Enzymatic reaction proceeds by two steps 
1)! The Enzyme (E) and Substrate (S) collide to 

produce the Enzyme-Substrate complex (E-S) 

2)! The Enzyme (E) catalyzes the formation of 
Product (P), which is then released  

E      +      S              E-S (Reversible) 

E-S               E      +      P  (Not Reversible 
As Written) 

The E & S are held together by H-bonds and electrostatic interactions 
between functional groups 

Active Site 

•! The active site is the cleft or pocket where the 
reaction takes place 

•! Important functional groups are responsible for 
aiding in the conversion 
–! The conformation allows the important amino acids to 

be placed in a position where they can compliment 
the substrate and aid in the reaction  

Lock and Key Model  
& 

Induced Fit Model 
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Factors that Influence Activity 

•! Important functional groups in specific amino 
acids help by: 
–! Binding 
–! Participating in Reaction 

•! When the enzyme binds the reactants, they 
are now in close proximity and in the proper 
alignment, so the effective concentration of 
the reactants is increased 

Turnover Number 

•! Is the number of substrate molecules 
converted to product in one second by a 
single enzyme active site 

•! Example:  Catalase 
      2H2O2                 2H2O  + O2  

Turnover Number =  40,000,000 molec/s 

Enzymes are Specific 

•! One important characteristic of enzymes, that distinguish 
them from other catalysts, is that they are specific 

•! Recall that acid (a catalyst) can hydrolyze  
–! Disaccharides, polysaccharides, lipids, protein 

•! Whereas in an organism a different enzyme is needed to 
hydrolyze each one 

•! This specificity results from the uniqueness of each 
active site 

•! Enzyme specificity ensures that the proper reactions 
occur in the proper place and at the proper time 

Absolute Specificity 

•! Enzymes that have absolute specificity 
catalyze one particular reaction, for one 
particular substrate 

•! Example:  Urease 

•! Absolute specificity is rare 

H2N-C-NH2  +  H2O             CO2  +  NH3  
O 

Urea 

Urease 

Stereochemical Specificity 

•! Because enzymes are chiral molecules, they 
show a high degree of stereochemical 
specificity for one stereoisomer form of the 
substrate 

•!  Example:   Lactate Dehydrogenase 

C COO- O -O 

OH-C-H 

CH3 
L-lactate 

C=O 
CH3 

Pyruvate 

Lactate 
Dehydrogenase 

NADH NAD+ 

Only 
recognizes 

L not D 

Group and Linkage Specificity 
•! Enzymes that have group specificity act upon 

structurally similar molecules that have the 
same functional group 
–! Example:  Peptidases- Chymotrypsin and Trypsin 

•! Enzymes that have linkage specificity are the 
least specific, because they attack a 
particular kind of chemical bond irrespective 
of the structural features in the vicinity 
–! Example: Lipases, they hydrolyze ester linkages in 

lipids 
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Questions????? 


