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Enzymes are used all over your body!

Biochemistry
3.1) Enzymes-I
Introduction to enzyme structure and
function, and factors involving their
actions and pathways

Prof. Dr. Klaus Heese

Enzymes as Biological Catalysts

What is an enzyme?
• Almost all enzymes are proteins that act as
biological catalysts.
• A catalyst speeds up chemical reactions. Enzymes
speed up biological chemical reactions.
• Enzymes are highly specific to a type of reaction.
• Enzymes must maintain their specific shape in order
to function. Any alteration in the primary,
secondary, tertiary, or quaternary forms of the
enzyme are detrimental.

• Enzymes are proteins
that increase the rate
of reaction by
lowering the energy
of activation
• They catalyze nearly
all the chemical
reactions taking
place in the cells of
the body
• Enzymes have unique
three-dimensional
shapes that fit the
shapes of reactants
(substrates)

CO2 + H2O

--->

H2CO3

DG

•Increased reaction rates sometimes 106 to 1012
increase
Enzymes do not change DG, just the reaction rates.
(Enzymes alter rates, not equilibria)
•Milder reaction conditions
•Great reaction specificity
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Enzymes catalyze by stabilizing transition states
• Free energy G of a chemical
reaction can be plotted over time
• Favorable reactions have a
positive difference (DG) in free
energy between the substrate
and product
• The free energy of activation for
the transition state limits the
progress of the reaction
• Enzymes act by reducing the free
energy of the transition state

Naming Enzymes
• The name of an enzyme identifies the reacting substance
- usually ends in –ase
• For example, sucrase catalyzes the hydrolysis of sucrose
• The name also describes the function of the enzyme
• For example, oxidases catalyze oxidation reactions
• Sometimes common names are used, particularly for the
digestion enzymes such as pepsin and trypsin
• Some names describe both the substrate and the function
• For example, alcohol dehydrogenase oxides ethanol

Function of enzymes
Enzymes have many jobs. They:
• Break down nutrients into useable molecules.
• Store and release energy (ATP).
• Create larger molecules from smaller ones.
• Coordinate biological reactions between different
systems in an organism.

Classification of Enzymes
• Enzymes are classified according to the type of reaction they
catalyze:
Class
§ Oxidoreductases
§ Transferases
§ Hydrolases
§ Lyases
§ Isomerases
§ Ligases

Reactions catalyzed
Oxidation-reduction
Transfer groups of atoms
Hydrolysis
Add atoms/remove atoms to/from a
double bond
Rearrange atoms
Use ATP to combine molecules
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Systematic Name
• According to the International union of
Biochemistry an enzyme name has two parts:
- First part is the name of the substrates for the
enzyme.
- Second part is the type of reaction catalyzed by
the enzyme. This part ends with the suffix “ase”.
Example: Lactate dehydrogenase

EC number
Enzymes are classified into six different groups
according to the reaction being catalyzed. The
nomenclature was determined by the Enzyme
Commission in 1961 (with the latest update
having occurred in 1992), hence all enzymes
are assigned an “EC” number. The
classification does not take into account
amino acid sequence (ie, homology), protein
structure, or chemical mechanism.

Classification of Enzymes
The Six Classes

EC numbers

Enzymes are classified according to the type of reaction they catalyze:

• EC numbers are four digits, for example a.b.c.d,
where “a” is the class, “b” is the subclass, “c” is
the sub-subclass, and “d” is the sub-sub-subclass.
The “b” and “c” digits describe the reaction,
while the “d” digit is used to distinguish between
different enzymes of the same function based on
the actual substrate in the reaction.
• Example: for Alcohol: NAD+ oxidoreductase: EC
number is 1.1.1.1

•
•
•
•
•
•

EC 1. Oxidoreductases
EC 2. Transferases
EC 3. Hydrolases
EC 4. Lyases
EC 5. Isomerases
EC 6. Ligases

Additional information on the subclasses, the sub-subclasses and sub-subsubclasses (ie, full enzyme classification and names) can be found at the
referenced web link.
• From the Web version,
http://www.chem.qmul.ac.uk/iubmb/enzyme/index.html
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EC 1. Oxidoreductases
• EC 1. Oxidoreductases: catalyze the transfer of
hydrogen or oxygen atoms or electrons from
one substrate to another, also called oxidases,
dehydrogenases, or reductases. Note that
since these are ‘redox’ reactions, an electron
donor/acceptor is also required to complete
the reaction.

EC 3. Hydrolases
• EC 3. Hydrolases – catalyze hydrolytic
reactions. Includes lipases, esterases,
nitrilases, peptidases/proteases. These are of
the general form:
• A-X + H2O ↔ X-OH + HA

EC 2. Transferases
• EC 2. Transferases – catalyze group transfer
reactions, excluding oxidoreductases (which
transfer hydrogen or oxygen and are EC 1).
These are of the general form:
• A-X + B ↔ BX + A

EC 4. Lyases
• EC 4. Lyases – catalyze non-hydrolytic (covered in
EC 3) removal of functional groups from
substrates, often creating a double bond in the
product; or the reverse reaction, i.e. addition of
function groups across a double bond.
• A-B → A=B + X-Y
X Y
• Includes decarboxylases and aldolases in the
removal direction, and synthases in the addition
direction.
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EC 5. Isomerases
• EC 5. Isomerases – catalyzes isomerization
reactions, including racemizations and cistrans isomerizations.

Oxidoreductases, Transferases and Hydrolases

EC 6. Ligases
• EC 6. Ligases -- catalyzes the synthesis of
various (mostly C-X) bonds, coupled with the
breakdown of energy-containing substrates,
usually ATP

Lyases, Isomerases and Ligases
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Enzyme action overview
• Enzymes are large molecules that have a small section
dedicated to a specific reaction. This section is called
the active site.
• The active site reacts with the desired substance, called
the substrate.
• The substrate may need an environment different from
the mostly neutral environment of the cell in order to
react. Thus, the active site can be more acidic or basic,
or provide opportunities for different types of bonding
to occur, depending on what type of side chains are
present on the amino acids of the active site.

Enzyme Specificity
• Enzymes have varying degrees of specificity for substrates
• Enzymes may recognize and catalyze:
- a single substrate
- a group of similar substrates
- a particular type of bond

Active Site of an Enzyme
• The active site is a region
within an enzyme that fits
the shape of substrate
molecules
• Amino acid side-chains
align to bind the substrate
through H-bonding, saltbridges, hydrophobic
interactions, etc.
• Products are released
when the reaction is
complete (they no longer
fit well in the active site)

Enzyme-Catalyzed Reactions
• When a substrate (S) fits properly in an active site, an
enzyme-substrate (ES) complex is formed:
E + S D ES
• Within the active site of the ES complex, the reaction
occurs to convert substrate to product (P):
ES ® E + P
• The products are then released, allowing another
substrate molecule to bind the enzyme
- this cycle can be repeated millions (or even more) times
per minute
• The overall reaction for the conversion of substrate to
product can be written as follows:
E + S D ES ® E + P
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Example of an Enzyme-Catalyzed Reaction
• The reaction for the sucrase catalyzed hydrolysis of sucrose to
glucose and fructose can be written as follows:
E + S D ES ® E + P1 + P2
where E = sucrase, S = sucrose, P1 = glucose and P2 = fructose

Isoenzymes
• Isoenzymes are different forms of an enzyme that catalyze
the same reaction in different tissues in the body
- they have slight variations in the amino acid sequences
of the subunits of their quaternary structure
• For example, lactate dehydrogenase (LDH), which converts
lactate to pyruvate, consists of five isoenzymes

Diagnostic Enzymes

Factors that affect enzyme action

• The levels of diagnostic enzymes in the blood can be used
to determine the amount of damage in specific tissues

Denaturing Enzymes
(= conformation change = change of proteins’ 3D structure)

• When an enzyme is denatured it is damaged.
• Denaturing changes the shape.
• Without the correct shape enzymes won’t
function properly.
• HOW are enzymes denatured?
– Temperature
– pH
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Factors that affect enzyme action
Enzymes are mostly affected by changes in temperature
and pH.

Temperature and Enzyme Activity
• Enzymes are most active at an optimum temperature (usually
37°C in humans)
• They show little activity at low temperatures
• Activity is lost at high temperatures as denaturation occurs

• Too high of a temperature will denature the protein
components, rendering the enzyme useless.
• pH ranges outside of the optimal range will protonate
or deprotonate the side chains of the amino acids
involved in the enzyme’s function which may make
them incapable of catalyzing a reaction.

pH and Enzyme Activity
• Enzymes are most active at optimum pH
• Amino acids with acidic or basic side-chains have the
proper charges when the pH is optimum
• Activity is lost at low or high pH as tertiary structure is
disrupted

Optimum pH for Selected Enzymes
• Most enzymes of the body have an optimum pH of about 7.4
• However, in certain organs, enzymes operate at lower and
higher optimum pH values
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Factors that affect enzyme action
Enzymes are also affected by the concentration of substrate,
cofactors and inhibitors, as well as allosteric regulation and
feedback inhibition.

Enzyme Concentration and Reaction Rate
• The rate of reaction increases as enzyme concentration
increases (at constant substrate concentration)
• At higher enzyme concentrations, more enzymes are
available to catalyze the reaction (more reactions at once)
• There is a linear relationship between reaction rate and
enzyme concentration (at constant substrate concentration)

• The concentration of substrate will dictate how many enzymes
can react. Too much substrate will slow the process until more
enzyme can be made.
• The availability of cofactors also dictate enzyme action. Too little
cofactors will slow enzyme action until more cofactors are added.
• An influx of competitive or non-competitive inhibitors will not
necessarily slow the enzyme process, but will slow the amount of
desired product.

Substrate Concentration and Reaction Rate
• The rate of reaction increases as substrate concentration
increases (at constant enzyme concentration)
• Maximum activity occurs when the enzyme is saturated
(when all enzymes are binding substrate)
• The relationship between reaction rate and substrate
concentration is exponential, and asymptotes (levels off)
when the enzyme is saturated

Enzyme action theories
• Lock and Key: This theory, postulated by
Emil Fischer in 1894, proposed that an
enzyme is “structurally complementary
to their substrates” and thus fit together
perfectly like a lock and key. This theory
formed the basis of most of the ideas of
how enzymes work, but is not completely
correct.
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Enzyme action theories

Lock-and-Key Model

• In the lock-and-key model of enzyme action:
- the active site has a rigid shape
- only substrates with the matching shape can fit
- the substrate is a key that fits the lock of the active site
• This is an older model, however, and does not work for all
enzymes

Enzyme action theories

Induced Fit Model

• In the induced-fit model of enzyme action:
- the active site is flexible, not rigid
- the shapes of the enzyme, active site, and substrate adjust
to maximize the fit, which improves catalysis
- there is a greater range of substrate specificity
• This model is more consistent with a wider range of enzymes

Enzyme action theories
• Induced Fit: An enzyme that is perfectly complementary to its
substrate would actually not make a good enzyme because the
reaction has no room to proceed to the transition state of the
reaction. To go to completion, a reaction must go through the
transition state. In the lock and key theory, the substrate or the
enzyme cannot change conformations to the transition state.
Therefore, enzymes must actually be complementary to the
transition state so the reaction may proceed. This idea was
researched by Haldane in 1930, and Linus Pauling in 1946. This
idea led the Induced Fit theory, postulated by Daniel Koshland
in 1958, where the enzyme itself can change conformations to
facilitate the transition state of the substrate. This change in
conformation of the enzyme allows the necessary functional
groups at the active site to move closer to the substrate,
enhancing the efficiency of the reaction.

Induced Fit Model
• Enzymes can form to the shape of its
substrate.
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Enzyme cofactors
• A cofactor is a substance, that is not a protein, that must
bind to the enzyme in order for the enzyme to work.

• metal ions as cofactors: Zn2+, Fe2+, Cu2+, Ca2+, Mg2+,
others
• A cofactor can be of organic origin. An organic cofactor is
called a coenzyme.

Enzyme cofactors cont.
• An enzyme that is bonded to its cofactor is called a
holoenzyme.
• An enzyme that requires a cofactor, but is not bonded to
the cofactor is called an apoenzyme. Apoenzymes are not
active until they are complexed with the appropriate
cofactor.

• Cofactors are not permanently bonded. Permanently
bonded cofactors are called prosthetic groups.

Coenzymes
Coenzymes: smaller molecules that aid in enzyme chemistry.
Enzymes can:
a. Carry out acid-base reactions
b. Transient covalent bonds
c. Charge-charge interactions
Enzymes can not do:
d. Oxidation - Reduction ( = Redox) reactions
e. Carbon group transfers
Prosthetic group: permanently associated with an enzyme
or transiently associated.
Holoenzyme: catalytically active enzyme with cofactor.
Apoenzyme: Enzyme without its cofactor.

Common coenzymes
Many coenzymes are derived from vitamins:
• NAD+ (nicotinamide adenine dinucleotide); derived
from niacin (B3).
• Coenzyme A (CoA); derived from pantothenic acid
(B5).
• FAD (flavin adenine dinucleotide); derived from
riboflavin (B2).
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Commom Coenzymes
Coenzyme

Vitamins are Coenzyme precursors

Reaction mediated

Biotin

Carboxylation

Cobalamin (B12)

Alkylation transfers

Coenzyme A

Acyl transfers

Flavin

Oxidation-Reduction

Lipoic acid

Acyl transfers

Folic acid

Nicotinamide

Oxidation-Reduction

Nicotinamide

Nicotinamide

Pellagra

Pyridoxal Phosphate

Amino group transfers

Pantothenate

Coenzyme A

Not observed

Tetrahydrofolate

One-carbon group transfers

Thiamine pyrophosphate Aldehyde transfer

These are water soluble vitamins. The Fat soluble vitamins are vitamins A and
D.
Humans can not synthesize these and relay on their presence in our diets.
Those who have an unbalanced diet may not be receiving a sufficient supply.
Niacin (niacinamide) deficiency leads to pellagra characterized by diarrhea,
dermatitis and dementia. Pellagra was endemic is Southern United States in the
early 20th century. Niacin can be synthesized from the essential amino acid,
tryptophan. A corn diet prevalent at the time restricted the absorption of
tryptophan causing a deficiency. Treatment of corn with base could release the
tryptophan (Mexican Indians treated corn with Ca(OH)2 before making tortillas!)

Vitamin

Coenzyme

Deficiency Disease

Biotin

Biocytin

not observed

Cobalamin (B12)

Cobalamin

Pernicious anemia

tetrahydrofolate
Megaloblastic anemia

Neural tube defects

Pyridoxine (B6) Pyridoxal phosphate
Riboflavin (B2)
Thiamine (B1)

Not observed

Flavin
Thiamine pyrophosphate

Not observed
Beriberi

Common coenzymes
Coenzymes can be derived from sources other than vitamins:
• ATP (adenosine triphosphate); derived from NADH from
carbohydrates consumed. (ATP can also act as
neurotransmitter)
• CTP (Cytidine triphosphate); derived from glutamate and
carbamoylphosphate.
• PAPS (3'-Phosphoadenosine-5'-phosphosulfate); derived from
adenosine 5'-phosphosulfate (APS) and sulfate ion.
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Coenzyme reactions
• Coenzymes help to transfer a functional group to a molecule.

Fatty acid synthesis
Coenzyme A is converted to acetyl-Coenzyme A
enzyme is pyruvate dehydrogenase

• For example, coenzyme A (CoA) is converted to acetyl-CoA in
the mitochondria using pyruvate and NAD+.
• Acetyl-CoA can then be used to transfer an acetyl group
(CH3CO) to aid in fatty acid synthesis.
• see also Enzyme group 2: Transferases: transfer of NH3 groups

Factors that affect enzyme action
• Enzymes that can be activated will be affected by the
amount of activator or inhibitor attached to its
allosteric site. An abundance of an allosteric activator
will convert more enzymes to the active form creating
more product.
• Enzymes that are part of a metabolic pathway may be
inhibited by the very product they create. This is
called feedback inhibition. The amount of product
generated will dictate the number of enzymes used or
activated in that specific process.

Enzyme activity and inhibition
• The “normal” way an enzyme functions is when the specific
substrate binds to the active site and creates the products.
• A similar substrate can also bond to the active site covalently
and irreversibly. This prevents the enzyme from functioning.
Irreversible inhibition.
• A similar substrate can bind to the active site, not permanently,
and prevents the desired substrate from entering the active site.
This changes the products and functioning of the enzyme. This is
called competitive inhibition.
• A molecule can bond to another part of the enzyme and cause a
change in conformation. This change causes the active site to
change shape as well. This change in shape prevents the desired
substrate from entering the active site. This is called noncompetitive inhibition.
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Enzyme Activators
• Chemicals that help the enzyme work.
• Activators increase the enzyme reaction rate.

Enzyme Inhibitors
• Chemicals that prevent the enzyme from working.
• Inhibitors decrease the enzyme reaction rate.

Active
Site
Activator

X
Binding
Site

Substrate

Enzyme Inhibitors
• Inhibitors (I) are molecules that cause a loss of
enzyme activity
• They prevent substrates from fitting into the
active site of the enzyme:
E + S D ES ® E + P
E + I D EI ® no P formed

Reversible Inhibitors (Competitive Inhibition)
• A reversible inhibitor goes
on and off, allowing the
enzyme to regain activity
when the inhibitor leaves
• A competitive inhibitor is
reversible and has a
structure like the substrate
- it competes with the
substrate for the active site
- its effect is reversed by
increasing substrate
concentration
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Example of a Competitive Inhibitor
• Malonate is a competitive inhibitor of succinate dehydrogenase
- it has a structure that is similar to succinate
- inhibition can be reversed by adding succinate

Reversible Inhibitors (Non-competitive Inhibition)
• A non-competitive inhibitor
has a structure that is
different than that of the
substrate
- it binds to an allosteric site
rather than to the active site
- it distorts the shape of the
enzyme, which alters the
shape of the active site and
prevents the binding of the
substrate
• The effect cannot be reversed
by adding more substrate ,
but eventually reversed by
washing the inhibitor away.

Irreversible Inhibitors
• An irreversible inhibitor destroys enzyme activity, usually by
bonding with side-chain groups in the active site

http://upload.wikimedia.org/wikipedia/commons/thumb/6/6f/Major_digestive_enzymes.png/750px-Major_digestive_enzymes.png

Life Sciences-HHMI Outreach. Copyright 2009 President and Fellows of Harvard College
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Biochemistry

Summary of Enzymes-I
•
•
•
•
•
•
•
•
•

Enzymes are mostly proteins
They are highly specific to a reaction
They catalyze many reactions including breaking down nutrients, storing and
releasing energy, creating new molecules, and coordinating biological
reactions.
Enzymes use an active site, but can be affected by bonding at other areas of
the enzyme.
Some enzymes need special molecules called cofactors to carry out their
function.
Cofactors that are organic in nature are called coenzymes.
Coenzymes are usually derived from vitamins.
Coenzymes transfer functional groups for the enzyme they work with.
Enzymes are affected by changes in pH, temperature, the amount of
substrate, cofactors and inhibitors, as well as the amount of allosteric
inhibitors and activators and concentration of products that control feedback
inhibition.

3.2) Enzymes-II
Introduction to enzyme structure and
function, and factors involving their
actions and pathways
Enzyme - Kinetics

Prof. Dr. Klaus Heese

The Six Classes
•
•
•
•
•
•

EC 1. Oxidoreductases
EC 2. Transferases
EC 3. Hydrolases
EC 4. Lyases
EC 5. Isomerases
EC 6. Ligases

Additional information on the subclasses, the sub-subclasses and sub-subsubclasses (ie, full enzyme classification and names) can be found at the
referenced web link.
• From the Web version,
http://www.chem.qmul.ac.uk/iubmb/enzyme/index.html

Some common types of enzymes
Hydrolases

Polymerases

Nucleases

Kinases

Proteases

Phosphatases

Synthases

ATP-ases

Isomerases

Oxidoreductases (dehydrogenases)
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Enzyme Active Sites

Enzyme Active Sites

Active sites:
The region that binds substrate.
Only a small fraction of the enzyme.

Active sites:

Formed from AAs in different parts of the sequence.

Usually form a cleft or pocket.
Substrates are bound by
multiple weak interactions.

carboxypeptidase

pH, T
Lock-Key-model
Induced-Fit-Model

Properties of Enzymes

Reaction Thermodynamics

• Enzymes are highly efficient and specific
catalysts.
• Enzymes alter rates, not equilibria.
• Enzymes stabilize transition states.
• Reaction rates depend on concentrations of
enzymes, substrates, and on the efficiency
of the enzyme.

Enzymes stabilize the transition state, lowering the activation barrier.
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Rate
Acceleration

How is Transition State Stabilization
Achieved?

EA

– acid-base catalysis: give and take protons
– covalent catalysis: change reaction paths
– metal ion catalysis: use redox cofactors, pKa shifters
– electrostatic catalysis: preferential interactions with

• The enzyme lowers
the activation barrier
(EA or DG‡) compared
to the uncatalyzed
reaction.
• DGro is not changed !

transition state
EA

Enzymes stabilize the transition
state, lowering the activation barrier.

How to Lower DG‡?
Enzymes organizes reactive groups into
proximity (---> induced-fit-model)
• Uncatalyzed bimolecular reactions:

two free reactants ® single restricted transition state
conversion is entropically unfavorable

• Uncatalyzed unimolecular reactions:

flexible reactant ® rigid transition state conversion is
entropically unfavorable for flexible reactants

• Catalyzed reactions:
Enzyme uses the binding energy of substrates to organize
the reactants to a fairly rigid ES complex
Entropy cost is paid during binding
Rigid reactant complex ® transition state conversion is entropically OK

Enzyme Kinetics
Kinetics is the study of the rates of reactions
• Enzymes endow cells with the remarkable capacity to
exert kinetic control over thermodynamic potentiality
• Enzymes are the agents of metabolic function
• What we want to be able to determine:
– Maximum velocity
– Substrate affinity
– Inhibitor affinity
• What it can tell us:
– Flow through metabolic pathways
– Utilization of substrates
• What can we do with the information:
– Control and manipulate metabolic events
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Enzyme Kinetics

Enzyme Kinetics

Reaction Thermodynamics

Enzymatic Equations

reminder: Consider:
[A] + [B]

[C] + [D]

E+S

[C][D]
[A][B]

Keq =

ES

EP

E+P

There are at least three steps…….

Keq depends only on the nature of the products and the
reactants.
Reaction will proceed spontaneously only when the change
in free energy (DG) is negative.

Enzyme Kinetics

The Michaelis-Menten Equation

Enzymatic Equations II

Kinetics: Vmax and Km

E+S

ES
k1
k-1

EP
ES

kcat

E+P

at steady state: forward = reverse reaction: d[ES]/dt = -d[ES]/dt <---> k1 [E] [S] = k-1 +kcat [ES]
= [E] [S] = (k-1+ kcat )/k1 [ES] ---> with [E]total = [E]t and [S]0 = [S] at time point 0:
[E] = [E]t –[ES] ---> ([E]t –[ES]) [S] = Km [ES] ---> [ES] = [S] [E]/Km + [S] --->
is the product formation controlling the velocity of the reaction: --->
V0 = kcat [ES] = kcat { [S] [E]/Km + [S] }; if [S] high so that enzyme fully satisfied: Vmax = kcat [E]t
---> V0 = Vmax [S] / Km + [S]

kcat

E+P

Km = (k-1+ kcat )/k1

usually kcat <<< k-1, so Km = k-1/k1 = Kd

Enzyme Kinetics

E+S

Reaction rate (V) varies with substrate
concentration.
Vmax = the maximum reaction rate.
Km = substrate concentration where V = Vmax/2
Measures affinity of enzyme for substrate.

[S]

V = Vmax K + [S]
m

The Michaelis-Menten equation
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Important Conclusions of Michaels Menten Kinetics

Effect of Substrate Concentration

• when [S] >> KM, the equation reduces to

• when [S] << KM, the equation reduces to

• Ideal Rate:

Enzyme Kinetics

Enzyme Kinetics

• when [S]= KM, the equation reduces to

Effect of Substrate Concentration

v=

Vmax [ S ]
Km + S

• Deviations due to:
– Limitation of
measurements
– Substrate inhibition
– Substrate prep
contains inhibitors
– Enzyme prep
contains inhibitors

Vmax and Km

Vmax [S]
V = K--------------+ [S]
M

Enzyme Kinetics

Enzyme Kinetics

Vmax

Vmax depends on the amount of enzyme.
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Lineweaver – Burk Double Reciprocal Plots

Enzyme Kinetics

Enzyme Kinetics

Different substrates, Vmax and Km

Km is a property of both enzyme and substrate.

=

([S]+Km )
Vmax [S]

=

Vmax [S]
([S]+Km )

=

[S]
Vmax [S]

Km 1
Vmax [S]

+

+

Km
Vmax [S]

1
Vmax

Linearized double-reciprocal
plot is good for analysis of
two-substrate data or
inhibition.
Lineweaver – Burk Double
Reciprocal Plots

V and [S] can be
determined
experimentally

Enzyme Kinetics

1
v0
1
v0

=

• A plot of 1/V versus 1/[S] will give a straight line
with slope of KM/Vmax and y intercept of 1/Vmax
• Such a plot is known as a Lineweaver-Burk double
reciprocal plot

Significance of Km

Determination of Kinetic Parameters
v0

• It is difficult to determine Vmax experimentally
• The equation for a hyperbola can be transformed into
the equation for a straight line by taking the
reciprocal of each side
• The formula for a straight line is y = mx + b

• Km is a constant
• Small Km means tight binding; high Km means weak
binding
• Useful to compare Km for different substrates for one
enzyme
Hexokinase : D-fructose – 1.5 mM
D-glucose – 0.15 mM
• Useful to compare Km for a common substrate used
by several enzymes
Hexokinase: D-glucose – 0.15 mM
Glucokinase: D-glucose – 20 mM
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Enzyme Inhibition
Enzyme inhibitors are important for a variety of reasons
1) they can be used to gain information about the shape on
the enzyme active site and the amino acid residues in the
active site.
2) they can be used to gain information about the chemical
mechanism.
3) they can be used to gain information about the regulation
or control of a metabolic pathway.
4) they can be very important in drug design.

Inhibition Patterns
Inhibitors act in a variety of mechanisms

• An inhibitor may bind at the same site as one of the
substrates
– these inhibitors structurally resemble the substrate

• An inhibitor may bind at an alternate site affecting
catalytic activity without affecting substrate binding
• Many inhibitors do both
• Most common types
– Competitive
– Mixed or Non-competitive
– Uncompetitive

Enzyme inhibition
Tool to study enzymatic reactions.
Important in host/pathogen interactions.
Important in drug design.
Irreversible (suicide) inhibition (eg - nerve gas).
Reversible inhibition:
competitive (eg. - transition state analogues).
non-competitive.
uncompetitive.
Type of inhibition can be determined experimentally.

Enzyme activity and inhibition
• The “normal” way an enzyme functions is when the specific
substrate binds to the active site and creates the products.
• A similar substrate can also bond to the active site covalently
and irreversibly. This prevents the enzyme from functioning.
Irreversible inhibition.
• A similar substrate can bind to the active site, not permanently,
and prevents the desired substrate from entering the active site.
This changes the products and functioning of the enzyme. This is
called competitive inhibition.
• A molecule can bond to another part of the enzyme and cause a
change in conformation. This change causes the active site to
change shape as well. This change in shape prevents the desired
substrate from entering the active site. This is called noncompetitive inhibition.
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Enzyme Activators
• Chemicals that help the enzyme work.
• Activators increase the enzyme reaction rate.

Enzyme Inhibitors
• Chemicals that prevent the enzyme from working.
• Inhibitors decrease the enzyme reaction rate.

Active
Site
Activator

X
Binding
Site

Substrate

Enzyme Inhibitors
• Inhibitors (I) are molecules that cause a loss of
enzyme activity
• They prevent substrates from fitting into the
active site of the enzyme:
E + S D ES ® E + P
E + I D EI ® no P formed

Reversible Inhibitors (Competitive Inhibition)
• A reversible inhibitor goes
on and off, allowing the
enzyme to regain activity
when the inhibitor leaves
• A competitive inhibitor is
reversible and has a
structure like the substrate
- it competes with the
substrate for the active site
- its effect is reversed by
increasing substrate
concentration
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Example of a Competitive Inhibitor
• Malonate is a competitive inhibitor of succinate dehydrogenase
- it has a structure that is similar to succinate
- inhibition can be reversed by adding succinate

Competitive Inhibition

• A competitive inhibitor reduces the amount of
free enzyme available for substrate binding
thus increasing the Km for the substrate

• The effect of a competitive inhibitor can be
overcome with high concentrations of the
substrate

Competitive Inhibition

Competitive Inhibition

• Unimolecular
Reaction

• Bimolecular
Reaction
Change of Lineweaver – Burk graph
by enzyme inhibition
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Reversible Inhibitors (Non-competitive Inhibition)
• A non-competitive inhibitor
has a structure that is different
than that of the substrate
- it binds to an allosteric site
rather than to the active site
- it distorts the shape of the
enzyme, which alters the
shape of the active site and
prevents the binding of the
substrate
• The effect can not be reversed
by adding more substrate , but
eventually reversed by washing
the inhibitor away.

Mixed or Non-Competitive Inhibition
• The inhibitor can bind to both free enzyme and the ES
complex
• The affinity of the inhibitor to the two complexes might be
different
– If binding of inhibitor changes the affinity for the substrate, Km will be
changed and called mixed inhibition
– If only Vmax affected called Non-competitive inhibitor

Non-Competitive

Mixed Inhibition

Change of Lineweaver – Burk graph
by enzyme inhibition
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Mixed Inhibition

•
•

The result will be decrease in
Vmax and either an increase or
decrease in Km
The effect of an non-competitive
inhibitor can only be partially
overcome by high concentrations
of the substrate

Uncompetitive Inhibition

Uncompetitive Inhibition
• An uncompetitive
inhibitor binds to the
enzyme substrate
complex but not to
free enzyme
• The result is a
decrease in Vmax
and Km
• The effect of an
uncompetitive
inhibitor can not be
overcome by high
concentrations of the
substrate

Uncompetitive
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Irreversible Inhibitors
• An irreversible inhibitor destroys enzyme activity, usually by
bonding with side-chain groups in the active site

Reaction of the irreversible inhibitor
diisopropylfluorophosphate (DFP) with a
serine protease;
DFP is a irreversible cholinesterase inhibitor:
Diisopropyl fluorophosphate is a very potent
neurotoxin. Its LD50 in rats is 1.3 mg/kg. It
combines with the amino acid serine at the
active site of the enzyme
acetylcholinesterase, an enzyme that
deactivates the neurotransmitter
acetylcholine. Neurotransmitters are needed
to continue the passage of nerve impulses
from one neuron to another (or to the
(striated) muscle) across the synapse. Once
the impulse has been transmitted,
acetylcholinesterase functions to deactivate
the acetylcholine almost immediately by
breaking it down. If the enzyme is inhibited,
acetylcholine accumulates and nerve
impulses cannot be stopped, causing
prolonged muscle contraction. Paralysis
occurs and death may result since the
respiratory muscles are affected.

Summary of Enzymes-II
•
•
•
•
•
•
•
•
•

Enzymes are mostly proteins
They are highly specific to a reaction
They catalyze many reactions including breaking down nutrients, storing and
releasing energy, creating new molecules, and coordinating biological
reactions.
Enzymes use an active site, but can be affected by bonding at other areas of
the enzyme.
Some enzymes need special molecules called cofactors to carry out their
function.
Cofactors that are organic in nature are called coenzymes.
Coenzymes are usually derived from vitamins.
Coenzymes transfer functional groups for the enzyme they work with.
Enzymes are affected by changes in pH, temperature, the amount of
substrate, cofactors and various types of inhibitors.
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