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Enzyme 

• Proteins with catalytic properties

• A small group of catalytic RNA 
molecules

• Catalyze reactions (degrade, conserve 
and transform chemical energy, and 
make biological macromolecules)
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Enzyme

• The substrates of enzymes are the reactants that 
are activated by the enzymes

3



Enzyme

• Active site: The area on the enzyme where the 
substrate attach to is called the active site. 

• Enzymes are specific to their substrates

• The specificity is determined by the active site.
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APOENZYME and HOLOENZYME

• The enzyme without its non protein moiety is 
termed as apoenzyme and it is inactive. 

• Holoenzyme is an active enzyme with its non 
protein component
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Why enzymes?

• A bag of sugar can remain on 
the shelf for years without 
any obvious conversion to 
CO2 and H2O.

• All chemical reactions require 
some amount of energy to 
get them started = THE 
ACTIVATION ENERGY

• During this part of the 
reaction the molecules are 
said to be in a transition 
state.
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Why enzymes?

• Increasing the temperature makes molecules move 
faster : For chemical reactions the Q10 = 2 to 3

• Biological systems are very sensitive to 
temperature changes

• Enzymes can increase the rate of reactions without 
the need to increase the temperature

• They do this by lowering the activation energy
• They create a new reaction pathway “a short cut” .
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Why enzymes?

• All chemical reactions in living organisms require 
enzymes to work
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We can’t live 
without enzymes!



Enzyme controlled reactions proceed 108 to 1011 times 
faster than corresponding non-enzymic reactions
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The Lock and Key Hypothesis

• Fit between the substrate 
and the active site of the 
enzyme is exact: Like a key 
fits into a lock very precisely 

• Products have a different 
shape from the substrate

• This explains enzyme 
specificity

• This explains the loss of 
activity when enzymes 
denature
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The Induced Fit Hypothesis

• The active site is flexible, not rigid and enzyme can
change their shape (conformation)

• Substrate + enzyme, induces a change in the enzyme’s 
conformation

• The chemical environment is now suitable for the 
reaction

• The bonds of the substrate are stretched to make
reaction easier (lowers activation energy).
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The Induced Fit Hypothesis

• Other mechanisms: Serine protease, acid base 
catalysis, covalent catalysis, and transition-state 
stabilization
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Hexokinase (a) without (b) with glucose substrate
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Factors affecting Enzymes

• Enzyme and substrate concentration

• Environmental Conditions
• pH, température, Ionic concentration

• Cofactors and Coenzymes
• Inorganic substances (zinc, iron) and vitamins 

• Enzyme Inhibitors
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Enzymes Affect Reaction Rates, Not 
Equilibria
• Thermodynamics as a regulatory force
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Enzyme availability

• Transcription (and translation)
• Protein processing (degradation)
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Substrate concentration: Non-enzymic reactions

The increase in velocity is proportional to the 
substrate concentration.

Reaction 
velocity

Substrate concentration
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Substrate Concentration and Reaction Rate

• Faster reaction but it reaches a saturation point when all 
the enzyme molecules are occupied

• Alter the concentration of the enzyme then Vmax will 
change too.



The effect of pH
Optimum pH values

Enzyme 
activity Trypsin

Pepsin

pH

1 3 5 7 9 11
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The effect of temperature

• Optimum temperature 
human enzymes 35°- 40°C 
(body temp = 37°C)

• Cold water fish will die at 
30°C because their enzymes 
denature

• A few bacteria have enzymes 
that can withstand very high 
temperatures up to 100°C

• Most enzymes however are 
fully denatured at 70°C.
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Some enzymes require cofactor or 
coenzyme
• Cofactor: inorganic ions

• Coenzyme: a complex 
organic or metalloorganic
molecule
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Enzyme Inhibitors
• Competive - mimic substrate, may block active site, but may dislodge 

it.
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Enzyme Inhibitors
• Noncompetitive



Non-competitive

• @ allosteric site
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Un-competitive
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Enzyme regulation
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Allosteric modification
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Covalent modification 

• Covalent modification of an enzyme by phosphate 
molecules can turn it on or off

• Usually catabolic enzymes are stimulated by 
phosphorylation and anabolic enzymes are turned 
off, but not always

• Phosphatases catalyze dephosphorylation; these 
have the opposite effects
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Covalent modification
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Covalent modification by glucagon
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Naming Enzymes

• The name of an enzyme in many cases end in –ase, 
sucrase catalyzes the hydrolysis of sucrose

• Sometimes common names are used, particularly 
for the  digestion enzymes such as pepsin and 
trypsin

• Some names describe both the substrate and the 
function, alcohol dehydrogenase oxides ethanol
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EC number Classification

• The International Union of Biochemists (I.U.B.).

• EC 1. Oxidoreductases
• EC 2. Transferases
• EC 3. Hydrolases
• EC 4. Lyases
• EC 5. Isomerases
• EC 6. Ligases
• Each enzyme has classification number consisting of four 

digits:
• Example, EC: (2.7.1.1) HEXOKINASE
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EC 1. Oxidoreductases

• Catalyze Oxidation/Reduction Reactions Act on 
many chemical groupings to add or remove 
hydrogen/oxygen atoms.

• e.g. Lactate dehydrogenase, Glucose Oxidase, 
Peroxidase, Catalase, Phenylalanine hydroxylase.
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EC 2. Transferases

• Biochemical Activity: 
•Transfer a functional groups (e.g. methyl or 

phosphate) between donor and acceptor 
molecules.

• Examples:
•Transaminases (ALT & AST).
•Phosphotransferases (Kinases).
•Transmethylases.
•Transpeptidases.
•Transacylases. 
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EC 3. Hydrolases

• Biochemical Activity: 
• Catalyse the hydrolysis of various bonds Add water 

across a bond.
• Examples:

• Protein hydrolyzing enzymes (Peptidases).
• Carbohydrases (Amylase, Maltase, Lactase).
• Lipid hydrolyzing enzymes (Lipase).
• Deaminases.
• Phosphatases.
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EC 4. Lyases
• Biochemical Activity:

•Cleave various bonds by means 
other than hydrolysis and 
oxidation.

•Add Water, Ammonia or Carbon 
dioxide across double bonds, or 
remove these elements to 
produce double bonds.

• Examples:
•Fumarase.
•Carbonic anhydrase.
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EC 5. Isomerases

• Biochemical Activity:
•Catalyse isomerization changes within a 
single molecule.

•Carry out many kinds of isomerization:
•L to D isomerizations.
•Mutase reactions (Shifts of chemical 
groups).

• Examples:
•Isomerase.
•Mutase.
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EC 6. Ligases

• Biochemical Activity:
• Join two molecules with covalent bonds Catalyse 

reactions in which two chemical groups are joined 
(or ligated) with the use of energy from ATP.

• Examples:
• Acetyl~CoA Carboxylase.
• Glutamine synthetase
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...انواع آنزیم ھا
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انواع آنزیم ھا
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Regulatory Enzymes

• The activities of metabolic pathways in cells are 
regulated by control of the activities of certain 
enzymes

• The activity of allosteric enzymes is adjusted by 
reversible binding of a specific modulator to a 
regulatory site. Modulators may be the substrate itself 
or some other metabolite, and the effect of the 
modulator may be inhibitory or stimulatory. The 
kinetic behavior of allosteric enzymes reflects 
cooperative interactions among enzyme subunits.

• Other regulatory enzymes are modulated by covalent 
modification of a specific functional group necessary 
for activity. The phosphorylation of specific amino acid 
residues is a particularly common way to regulate 
enzyme activity
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Enzyme Regulation

• Allosteric enzymes exist in either an active or 
inactive state.

- possess an allosteric site where molecules other 
than the substrate bind

- allosteric inhibitors bind to the allosteric site to 
inactivate the enzyme

- allosteric activators bind to the allosteric site to 
activate the enzyme



The study of enzymes 

• In some diseases, especially inheritable genetic 
disorders, there may be a deficiency or even a 
total absence of one or more enzymes

• Level of enzyme in blood are of diagnostic 
importance e.g. it is a good indicator in disease 
such as myocardial infarction.

• The quantity or concentration of an enzyme can be 
expressed in molar amounts, as with any other 
chemical, or in terms of activity in enzyme units.
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Enzyme activity

• The SI unit is the katal, 1 katal = 1 mol s−1

• This is an excessively large unit

• enzyme unit (U) = 1 μmol min−1.

• 1 Unit = amount of enzyme that will convert one 
μmole of substrate to product in one minute at a given 
pH (optimum value) and temperature (usually 25°C or 
37°C).

• 1 U corresponds to 16.67 nanokatals
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"Specific Activity"

• Units of enzyme activity per mg protein

• Specific activity gives a measurement of enzyme 
purity in the mixture

• Moles of product formed by an enzyme in a given 
amount of time (minutes) under given conditions 
per milligram of total proteins
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