Enzymes part 1 752 5) ! v

0GR
- W

Jeneen Alhasan #/ .2l sbe] Y ol Aeadomy

oA
A




Enzymes



vV

Enzymes

Enzymes are protein catalysts that increase the
rate of reactions without being changed in the
overall process.

Nomenclature
@ Recommended name
Most commonly used enzyme names
substrate + -ase e.g. sucrase, urease, glucosidase)

Action performed e.g. lactate dehydrogenase and adenylyl
cyclase

(@ Systematic name
IUBMB divided the enzymes into six major classes:
Oxidoreductase, Transferase, Hydrolases, Lyases,
Isomerases, Ligases
Example: lactate:NAD+ oxidoreductase
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Enzymes increase rate of rxn without being consumed or changed in the rxn
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Enzyme properties

Active sites: enzyme contain special pocket or cleft that binds the
substrate

Catalytic efficiency: highly efficient (103-108) faster than uncatalyzed
reaction

Specificity: highly specific, catalyzes only one type of chemical
reactions.

Cofactors, Apoenzyme and holoenzyme: some enzymes need
nonprotein cofactors like metal or organic molecule. The enzyme with
cofactor is called holoenzyme, the protein portion is apoenzyme. The
enzyme without cofactor doesn’t show biological activity

Regulation: can be activated or inhibited by different substances.

Location within the cell: each enzyme is localized in specific organelle
within the cell which isolates the reaction substrate or product from other
competing reactions.
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How enzymes work

In each chemical reaction there is an energy barrier
(energy of activation)

For the molecules to react, they must overcome the
energy barrier

Enzymes reduce the energy of activation without
affecting the free energy of the reactants and products
and fasten the reaction rate

There is no difference in the free
energy of the overall reaction (energy

of reactants minus energy of products)
between the catalyzed and uncatalyzed
reactions.

Free energy (G)

Free energy
of activation
(uncatalyzed)

Initial state
(reactants)

Free ergy
of activation
(catalyzed)

Final state

(products)

Progress of reaction ——
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Factors affect Reaction velocity
Substrate concentration

Maximal velocity: The rate of an enzyme-
catalyzed reaction increases with substrate
concentration until a maximal velocity (Vmax) is
reached (saturation with substrate of all available

binding sites on the enzyme)
Menten kinetics show

Enzymes following Michaelis-
hyperbolic curve.

Allosteric enzymes
show sigmoid curve.
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[Substrate]

H?/perbolic shape of the enzyme kinetics curve:
Most enzymes show Michaelis-Menten kinetics
show hyperbolic curve while, allosteric enzymes
frequently show a sigmoidal curve
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Reaction velocity
Temperature

Increase of velocity with temperature: The reaction
velocity increases with temperature until a peak
velocity is reached as a result of increased number of
molecules having sufficient energy to pass over the
energy barrier and form the products of the reaction.

Decrease of velocity with higher temperature: as a
result of temperature-induced denaturation of the
enzyme

Reaction velocity (vo)

Heat inactivation
of enzyme

—— T

20 40 60 80

Temperature (°C)

Sunceatalyzed (xn
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Reaction velocity
pH

Effect of pH on the ionization of the active site:
First, the catalytic process usually requires that the
enzyme and substrate have specific chemical groups
in either an 1onized or unionized state in order to
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Effect of extremes of pH on enzyme denaturation:
because the structure of the catalytically active
protein molecule depends on the ionic character of
the amino acid side chains.

The pH optimum varies for different enzymes:
often reflects the [H] at which the enzyme functions
in the body

Reaction velocity (v)
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Michaelis-Menten equation
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Where

>
> vo = initial reaction velocity

> «Vmax = maximal velocity- U«

>

>

>

Reaction velocity (vov)u
o
3
%

Km = Michaelis constant = (k-1 +k2)/k1
[S] = substrate concentration

' Velocity of the reaction is directly proportional to
the enzyme concentration 2oL k' g 35

Large Km of enzyme 2
reflects a low affinity
of enzyme for the
substrate.

> assumptions made in deriving the Michaelis-
Menten rate:

1 Small Kr, for enzyme 1
1. The conc. of substrate [S] is much greater than the ollocts & HGh S
conc. of cnzyme [E] of enzyme for the
substrate.

2. [ES] does not change with time (the steady-state
assumption  Steady stobe S22 L 18
DT L L sl s <Slas
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Michaelis-Menten constant

S I e
> Km-the Michaelis constant- is characteristic of an enzyme and its Hb o & o Sy -
particular substrate, and reflects the affinity of the enzyme for that substrate . - e

> Km is numerically equal to the substrate concentration at which the afllinicy I
reaction velocity 1s equal to 1/2 Vmax kw = subtersre cenc: =4 ymax

> Km does not vary with the concentration of enzyme

> Small Km reflects a high affinity of the enzyme for substrate, because a
low concentration of substrate is needed to half-saturate the enzyme

> Large Km reflects a low affinity of enzyme for substrate because a high
concentration of substrate 1s needed

f::’:)S\ 3 DY T Le ¥ ” _
Q) 2hzoms Cencentoliien afQeces kwn (TR /CALSR) o e B oo
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Michaelis-Menten constant

The rate of the reaction is directly proportional to the enzyme
concentration at all substrate concentrations

For example, if the enzyme concentration is halved, the initial rate of the
reaction (vo), as well as that of Vmax, are reduced to one half that of the
original.

When [S] is much less than Km, the velocity of the reaction is
approximately proportional to the substrate concentration (first order)

When [S] is much greater than Km, the velocity is constant and equal to
Vmax. The rate of reaction is then independent of substrate concentration
(zero order)

e —
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Linearization of Michaelis-Menten equation
(Lineweaver-Burke plot)

It 1s not always possible to determine the Vmax from plotting vo against
[S] & Max J) o}u S5 VIS LM SRceve )

3
1
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The intercept on the x axis = -1/Km / Hiiais —

The intercept on the y axis = 1/Vmax T_‘Rm S
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Inhibition of enzyme activity

RANNR WY
? decrense
> Inhibitor: any substance that can diminish the velocity of an enzyme-

catalyzed reaction

> Reversible inhibitors: bind to enzymes through noncovalent bonds.
- Dilution of the enzyme-inhibitor complex results in dissociation of the
) I>! reversibly bound inhibitor, and recovery of enzyme activity

> Irreversible inhibition: occurs when an inhibited enzyme does not

regain activity on dilution of the enzyme-inhibitor complex.

> The above types can be competitive or noncompetitive.
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