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Objectives

1.

Understand how enzymes are able to speed up the
rate of biochemical reactions in the body.

|dentify classes of enzymes based on the type of
reactions they catalyze.

Comprehend the basic terms of coenzymes,
isoenzymes, enzyme activity and specificity along with
factors affecting their activity.

Understand the enzyme kinetics, types of inhibition
and regulation of enzyme activity.

Discuss the clinical role enzymes play in the diagnosis
of diseases.



What are Enzymes ?

“» Enzymes are biological catalysts that speed up the rate of a reaction without being -consumed-

changed in the reaction.
“ Enzymes are non-consumable molecules.
< All enzymes are protein in nature, but not all proteins are enzymes.
*» Some enzymes have both active and regulatory sites.

%+ Substances upon which the enzymes act are called substrates.

“» Enzymes bind to their specific substrates to convert them to product(s).
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Properties of Enzymes
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* It's the region of enzyme that binds with the substrate and where catalysis
occurs.

» All enzymes have one or more active sites.
» Once the substrate is bound, catalysis takes place.

« Enzymes bind to their specific substrates in the active site to convert them

to product(s).
» Highly specific, Interact with only one or a few of the substrates.
« Catalyze only one type of reaction.

« Enzymes can be activated or inhibited so that the rate of product
formation responds to the need of the cell.




Models of enzyme-substrate binding
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Classification of enzymes:

They are classified into 6 types, according to the type of chemical reaction catalyzed.

Classification

Type of reaction catalyzed

O 1. oxidoreductases

Oxidation — Reduction reaction

T 2. transferases

Transfer of functional groups

3. hydrolases

Hydrolysis reactions

L 4. lyases

Group elimination to form double bonds

| 5. isomerases

isomerization

L 6. ligases

Bond formation coupled with ATP hydrolysis
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enzyme Nomenclature (naming):

It is based on the rules given by IUBMB
(international union of biochemistry and
molecular biology)

Class.Subclass.Sub-subclass.Enzyme number

Example:
EC: 3.4.17.1 (carboxypeptidase A)
B

Class Sub-subclass

Subclass Enzyme number

EC: Enzyme Commission classification
Laaall a8 Y1 1Akl



Objective 3: Comprehend the basic terms of coenzymes, isoenzymes

Holoenzymes:

Some enzymes require non-protein groups to become active:

* If the non-protein part is a
metal ion such as Cu?*, Fe3*, :
Zn?*, etc. :

: If the non-protein part is a :
: small organic molecules, :

- known such as NAD* : : ;
S EEEEEEEE NSNS EEEEEEEEEEESEEEEEEEEEEEE : ° They help an enzyme E

catalyze a reaction.

: 1.Prosthetic Group

S : Coenzymes that are permanently associated with
an enzyme e.g. FAD :

- 2. Co-substrate

>

Coenzymes that only temporarily associate with -«
- an enzyme e.g. NAD :



Ribozymes, Isoenzymes and
Zymogens

Isoenzymes

Ribozymes

are enzymes that catalyze the same
chemical reaction but they have slightly
different structures.

are RNAs (Ribonucleic acids) with
enzymatic activity.

Zymogens

are inactive enzyme precursors
that require a
biochemical change to become active
e.g. cleavage of a peptide blocking the
active site.




Activation energy

- In every chemical reaction, the reactants pass
through a transition state that has greater energy
than that of the reactants or products alone (the
highest point as shown in the figure, it’s also called
high-energy intermediate)

- activation energy (Ea): The difference in energy
between the reactants and the transition state.

- If the activation energy is available then the reaction
can proceed forming products

For molecules to react, they must contain sufficient energy to
overcome the energy barrier of the transition state. In the
absence of of enzyme, only a small amount of molecules may
posses enough energy to achieve the transition state between
reactants and products.

So, the lower activation energy, the more molecules have
sufficient energy to pass through the transition state, and
therefore, the faster the rate of the reaction.

* Enzyme induction — increases enzyme activity.
* Enzyme inhibition — decreases enzyme activity.

Transition state
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The activation energy barrier is
like a wall between two parts of a
pond. If an enzyme lowers the
wall, more frogs have enough
energy to reach the other side



How do enzymes work?

An enzyme reduces the activation energy required for a reaction
It provides an alternative transition state of lower energy called the
enzyme-substrate complex and thus speeds up the reaction.

Enzymes decrease the activation energy but they do not alter the free
energy (AG) (available energy).

(AG remains the same, whilst Ea is reduced) i.e. enzymes do not
change the equilibrium of the reaction. However, they accelerate the
rate by which equilibrium is reached.

The difference between Activation energy (Ea) and free energy (AG)
 Activation energy is reduced.
* Free energy remains the same.

Figure 8.13
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Objective 1: Understand how enzymes speed up the rate of biochemical reactions in the body

Cont. How do enzymes work?

Enzyme Activity or Velocity

* Velocity is the rate of a reaction catalyzed by an enzyme
* Enzyme activity is expressed as: 1 moles of product formed/min/mg enzyme

Factors

the affect

enzyme
activity

[E] & [S]

concentrations

Temperature




Objective 4: Understand the enzyme kinetics, types of inhibition and regulation of enzyme activity

Factors that affect enzyme activity:

1. The effect of temperature:

e  The rate of an enzyme reaction initially
increases with rise in temperature
(increase in velocity).

. Every enzyme has an optimal temp. for
catalyzing a reaction (In humans most
enzyme have an optimal temp. of 37C)

e At high temp. enzymes are denatured
and become inactive.

2. The effect of pH:

 Every enzyme has an optimal
pH for catalyzing a reaction

* Most enzymes have highest
activity between pH 6 and pH
8

* Pepsin (digestive enzyme in
the stomach) has highest
activity at pH 2

On the ionizable
groups in the active
site of enzyme

Effect pf pH

In the substrate

(the bell-shaped curve)
Effect of pH on the initial rate
of the reaction catalyzed by

MOst enIymes

Wy

Affect catalysis

Affect catalysis
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3. The effect of [E] and [S] Concentrations:

The reaction velocity increases initially with
increasing [S]

* Atlow [S], the reaction rate is proportional to [S]

*  Further addition of substrate has no effect on
enzyme velocity (v).

[5] substrate

* The rate of an enzyme reaction is directly I:ﬂ"l:l:El'ltl":'itIl:ﬂ'l {E] EnZyme
proportional to the conc. of enzyme if the substrate .
concentration [S] is higher than enzyme. concentratio

Until excess substrate causes the reaction
velocity to be constant *Further addition of ;“
substrate has no effect on enzyme velocity (v)* Increase of the substrate concentration will increase the rate i
(because enzyme is saturated). of the enzyme; until the enzymes reaches saturation and then {
further increase of the [S] will have no effect. “Is no longer a
limiting factor”

IS8y adiad 71 Jelitll de ju Alall (538 3 [E]c;».JSSi [S]ows 13 Increase of the enzyme concentration will increase the rate of
s &J:;‘udjw Oﬁéfﬁi}\” HEA )L 453‘ [El= L9‘°J§ the enzyme; until all substrate are used up and bound to their
[S]t= A e ¢ & [S]oe AT [E]losal g enzymes; then further increase of enzyme concentration will

have no effect “ no longer a limiting factor”



Enzyme Kinetics:

The model of enzyme kinetics was first
proposed by Michaelis and Menten in 1913
and later modified by Briggs and Haldane.

The Michaelis Menten equation describes the
relationship of initial rate of an enzyme

reaction Catalytic step
to the [S] — v product
E+S<=—ES — E+P
N, |
Substrate binding Enzyme

Michaelis Menten Equation:

It measures the initial velocity (Vo) of an reaction enzyme

(. [S] [S] = substrate concentration
Vo= - V..« = maximum velocity
K., + [S],, K., = Michaelis constant

You might be asked to either find (Vo, or Vmax, Km
or [S] ) using this equation

Initial rate of enzyme reaction

The time they take to get
arranged

/

1. Pre-steady state:

Enzyme + high concentration of substrate= an
initial short period of time (a few hundred
microseconds) during which intermediates of
products gradually build up.

Enzyme-substrate complex formation
only

2. steady state:

occurs after initial state, when the
reaction rate and the concentration of
intermediates changes slowly with time.

An intermediate changes into steady state
when the rate of its synthesis becomes
equal to its rate of degradation.



Amount of product

Explanation

Pre-steady state kinetics
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K, (Michaelis Constant):
Lineweaver-Burk Plot

* Km is the substrate concentration at which the initial
rate is one-half of the maximum rate (1/2 Vmax)

Definition:
* Itisthe [S] (substrate concentration) required to « Also called the double-reciprocal plot, obtained by taking
saturate half of all of the active sites of an enzyme reciprocals of the Michaelis Menten equation
Usage:

* Itisplottedto
* 1) calculate the Km and Vmax values

* 2)determine the mechanism of action of enzyme
inhibitors

* High Km means low affinity with enzyme
(more substrate needed to saturate the enzyme)

* Low Km means high affinity with enzyme
(less substrate needed to saturate the enzyme)

Affinity= tendency to bind to a substrate



graphs are for further understanding,
but you should be able to recognize each graph

Lineweaver-Burk plot

Initial velocity of a simple
Michaelis- Menten reaction

Vs

the substrate concentration

K, (S]




Enzymes i Catalysis

are

[ Protein catalysts ]
1
that contain

Active site(s)
which is
a cleft or crevice on
the surface of the
enzyme that is
complementary
to the structure
of the substrate

permitting

[ Substrate binding ]

which leads to

Stabilization of the
transition state

is studied using

[ Reaction models

| for example

E+S—ES—E+P

which lead to

[ Kinetic equations

for example

Michaelis-Menton
equation:

_Vmax[S]

Ve =
° T Km + [S]

]
which fre dict

How changes in [S]
affect vo

for example, for Michaelis-Menton:

A plot of [S] versus vo
is hyperbolic

|
which leads to

Decreased activation
energy

which leads to

[ Increased rates S — P

but

the equilibrium

No change in
of the reaction

A

which predicts that

When [S] is much
greater than K,
the reaction rate is
independent of [S]

which is called

{

[ Zero order

N\

Vmax
Vo
——
o
(o]

b 4

‘\_‘S‘,’—-‘

When [S] = K,

then vo = "2V imax

r

When [S] is much less

than K. the reaction

rate is proportional
to [S]

which is called

First order ]




-

1- an enzyme is:
a) Lipid

b) Protein

¢) Nucleic acid
d) Carbohydrate

-

/2- Enzymes that are having slightly
different molecular structures but
performing identical activity are:
a) holoenzymes

b) Apoenzymes

c) coenzymes

d) isoenzymes

-

J
~

MCQs:

/4- Km is the substrate concentration at which: \

a) initial rate is one half the
maximum rate

b) initial rate is one third the
maximum rate

/

él’he Michaelis constant depends on? \

a) The affinity of an enzyme to a
receptor.

b)  The concentration of substrates.

c) The affinity of a substrate to an
enzyme.

an enzyme.

N

d) The dissociation rate of a substrate to

c) initial rate is one quarter the

\ maximum rate /

/ 5-a single enzyme can catalyze:
a) 6 types of reactions
b) 1 type of reaction

J

c) 2 types of reactions

J

/

\__d) 3types of reactions

-

6- an enzyme increases reaction velocity by:
a) Increasing activation energy
b) decreasing activation energy
c) Increasing free energy

\d) decreasing activation energy

~

J

Answer key:




SAQsS

Q1: how enzymes are able to speed up the rate of biochemical
reactions in the body ?

Q2: Name 3 types of enzymes

Q3: what does an Apoenzyme require to be active?

Q4: Most enzymes have highest activity between ....... And ........
pepsin have highest activity at ...... ?
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