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Enzyme nomenclature:
1. Recommended name:
Most commonly used enzyme names have the suffix "-ase"
attached to the substrate of the reaction (for example, Protease="
glucosidase, urease, lipase), or to a description of the action Pe ptidase=?
performed (for example, lactate dehydrogenase and Maltase =7

Glucose oxidase="?
Maleate isomerase = ?
Lactate dehydrogenase="

adenylyl cyclase). Some enzymes retain their original
trivial names, which give no hint of the associated

enzymatic reaction, for example, trypsin and pepsin.
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Two models of Enzyme — Substrate binding ) Balall - a3V puall Cpa (e ol

1.  Lock and key model :Cm‘ — Jall a1

Emil Fischer proposed, in 1894, that both the enzyme and the substrate possess specific .
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complementary geometric shapes that fit exactly into one another. This is often referred to as
"the lock and key" model. This early model explains enzyme specificity, and assumes that the
active site is a perfect fit for a specific substrate and that once the substrate binds to the enzyme

no further modification occurs

Enzyme-substrate complex
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Diagram of the lock and key hypothesis

1. Induced fit model B J?.JJ" Y
The induced fit model (suggested by Daniel Koshland in 1958) is a
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site is flexible and it changes shape until the substrate is completely

bound. The substrate is thought to induce a change in the shape of

the active site. The hypothesis also predicts that the presence of
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Factors Affecting the Rate of

Enzyme Reactions:

1. Effect of substrate Concentration:

Reaction velocity of an enzymatic process increases
with constant enzyme concentration and increase of
substrate concentration. The velocity (V) is
expressed in micromoles of substrate converted per
minute. As the substrate concentration increases, the
rate of the reaction increases because more substrate
molecules can collide with active sites, so more
enzyme-substrate complexes form. At higher
concentrations the enzyme molecules become
saturated with substrate, and there are few free active
sites, so adding more substrate doesn't make much
difference (though it will increase the rate of E-S
collisions). The maximum rate at infinite substrate

concentration is called V and the substrate

max?
concentration that gives a rate of half V. is called
K,,. These quantities are useful for characterising an
enzyme. A good enzyme has a high V_,, s and a low

K
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2. Effect of enzyme Concentration

As the enzyme concentration increases the rate of the
reaction also increases, because there are more enzyme
molecules (and so more active sites), available to catalyse
the reaction therefore more enzyme-substrate complexes
form. It is worthy of note that the enzymes are rarely
saturated with substrates under physiological conditions.

1.  Effect of temperature:

Enzymes have an optimum temperature at which they work
fastest. For mammalian enzymes this is about 37°C, but
there are enzymes that work best at very different
temperatures, e.g. enzymes from the arctic snow flea work
at -10°C, and enzymes from thermophilic bacteria work at
90°C. Up to the optimum temperature the rate increases
geometrically with temperature (i.e. it's a curve, not a
straight line). The rate increases because the enzyme and
substrate molecules both have more kinetic energy and so
collides more often and also because more molecules have
sufficient energy to overcome the activation energy.

Above the optimum temperature the rate decreases as more
of the enzyme molecules denature. The thermal energy
breaks the hydrogen bonds holding the secondary and
tertiary structure of the enzyme together, so the enzyme
loses its shape and becomes a random coil and the substrate
can no longer fit into the active site.
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4. Effect of pH: (> g dgd) ) il

Like temperature, all enzymes have an optimum pH, at which the enzymatic
activity will be at maximum. Many enzymes are most efficient in the region of pH

7-8 (normal body pH), which is the pH of the cell. Outside this range, enzyme ;dcmﬂ s sl Aoyl GL'"' Jial L'?‘"“A L o Jaxi Silay Y S
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Enzyme Kinetics:

Enzymes are protein catalysts speed up the rate of a é‘:‘}y‘ QQSJA
chemical reaction without being used up in the process. They Gt (oA o WY1 Jae 4SS agdl a28Y) 3acal)
achieve their effect by temporarily binding to oyl Huath by U a5 o Y Jelddl) de
the substrate and, in doing so, lowering the activation A Y ClS o e e I g ddaall
energy needed to convert it to a product. i 4y bl cBle ) il Gl 3 Jaatind
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In 1913, Leonor Michaelis and Maud Menten proposed a

simple model to account for many enzyme kinetic
characteristics. The model proposed is
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According to the model above the Michaelis-Menten equation
describes how reaction velocity varies with substrate
concentration is written as :

concentration of substate
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kg K - Vv [S] Michealis-Menten equation
E+S\—ES_2’E+PV0_ —

ks K., +[3]

o . . . . . g il A pudl =V max
Where V| 1s initial reaction velocity, V., 1s maximum velocity, L) 33l 35S =[s]
Vo . _Vmu ‘)XS:'\'A “—u\—’ =Km

[S] 1s substrate concentration

K., 1s Michaelis constant =k , +k,/k,
[S]~Km >V =%V __

Vo (#M/min)

[Sl<<<< Km = V= (V,./K.) [S.
Characteristics of K

[S] >>>>Km >V, =V__

K., (the Michaelis-Menten constant) is characteristic of an

enzyme and its particular substrate, and reflects the affinity of Kn (S] ()

the enzyme for that substrate.
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K, does not vary with the concentration of enzyme.




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

Small Ky, for enzyme 1
reflects a high affinity
of enzyme for the
substrate.

Km { { { high affinity of [S] to the enzyme= a low concentration
| of substrate is needed to half-saturate the enzyme

1 Km TP low affinity of [S] to the enzyme = a high concentration
| of substrate is needed to half-saturate the enzyme



Lineweaver-Burke plot Lineweaver-Burke plot
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determine when V_,, has been achieved, because of the gradual
upward slope of the hyperbolic curve at high substrate
concentrations. However, if 1/V, 1s plotted versus 1/[S], a
straight line is obtained (Figure 5). This plot, the Lineweaver-
Burke plot (also called a double-reciprocal plot) can be used to
calculate K and V_,, as well as to determine the mechanism of
action of enzyme inhibitors. The equation describing the

. : 1/V,| Slope = Ky/V,
Lineweaver-Burke plot 1s: 0 P M7 ¥ max

VO Vmax [SJ Vmax lntercept —] -1/KM

~— Intercept = 1/V,,,.x

Y 1/[S]



Q= The data below describe an enzymatic reaction. Plot these data using Lineweavwe-Burk
method and determine Km and V max.

[S] mM velocity uM Sec'!
2.5 0.024
5.0 0.035
10 0.05
15 0.06
20 0.061
Solution
1 K, 1 " 1 Slope= Km/Vmax
VO Vmax [S] Vmax 1 /V \
1/[S] 1/V0
-1/Km 1/Vmax
S

1/[S]



Inhibition of enzyme activity:
Any substance that can diminish the velocity of an enzyme-
catalyzed reaction 1s called an inhibitor. The binding of an

inhibitor can stop a substrate from entering the enzyme's active

site and/or hinder the enzyme from catalyzing its reaction.

Inhibitor binding is either reversible or irreversible. Irreversible
inhibitors usually react with the enzyme and change it

chemically (e.g. via covalent bond formation).

In contrast, reversible inhibitors bind non-covalently and
different types of inhibition are produced depending on whether
these inhibitors bind to the enzyme, the enzyme-substrate

complex, or both. In fact, many drug molecules are enzyme

inhibitors, so their discovery and improvement is an active area

of research in biochemistry and pharmacology. Generally, there

are three kinds of reversible enzyme inhibitors.
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1.

Competitive inhibitors: A competitive inhibitor molecule has a similar structure to
the substrate molecule, and so it can fit into the active site of the enzyme. It
therefore competes with the substrate for the active site, so the reaction is slower
(the mechanism is illustrated in figure 6). Increasing the concentration of substrate
restores the reaction rate and the inhibition is usually temporary and reversible.
Competitive inhibitors increase K, for the enzyme, but have no effect on V_,,

(figure 7), so the rate can approach a normal rate if the substrate concentration is

increased high enough.
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2. Non-competitive inhibitors: A non-competitive inhibitor molecule is
quite different in structure from the substrate and does not fit into the
active site. It binds to another part of the enzyme molecule, changing the
shape of the whole enzyme, including the active site, so that it can no
longer bind substrate molecules (the mechanism is illustrated in figure 8).
Non-competitive inhibitors therefore simply reduce the amount of active
enzyme. This is the same as decreasing the enzyme concentration, so they

decrease V..., but have no effect on K (figure 7). This kind of ihibitor

max?

tends to bind tightly and irreversibly, such as the poisons cyanide and

heavy metal ions. Many nerve poisons (insecticides) work in this way too.
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3. Uncompetitive inhibitors: An uncompetitive inhibitor is an
inhibitor that only binds to the enzyme-substrate complex.. The
uncompetitive inhibition does not work when additional substrates
are trying to be involved. The enzyme-substrate-inhibitor complex
does not produce any product. Uncompetitive inhibition decreases

the maximum velocity as well as the K . Both V_.. and K are

X

reduced by equal amounts.
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Direct Plots
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Hormones

What are Hormones, and What Do They Do?
Hormones are special chemical messengers in our body which
secreted from the glands. Hormones are able to control the major
functions of organs. They can control the simplest needs like
hunger as well as the more complicated systems such as
reproduction , and even our emotions and mood.

Organs communicate with each other to coordinate their growth
and metabolism via hormones: Hormones control the
communication between cell to cell Hormones carry information
from sensor cells, that sense changes in the environment, to
target cells that respond to the changes;

Hormones tend to coordinate various metabolic processes in the
body.
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Classification of hormones

Hormones are classified according to:

1. proximity of their site of synthesis to their site of
action,

2. their chemical structure,

3. their degree of solubility in agueous medium

1. Classification of hormones according to the proximity of
site of synthesis to site of action

Hormones can be classified into 5 groups:

*Autocrine Hormones: which act on the same cells that

synthesized from;

*Paracrine Hormones: those which are synthesized very close

to their site of action;

*Endocrine Hormones: hormones are synthesized by endocrine

glands and moved via the blood to the target cells that contain

the appropriate receptors for this type of hormones, see Fig 1

e Exocrine hormones: secreted into a duct or tube not the
blood.

* Nurocrine Hormones: hormones secreted from neurons into
the blood
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Figure 1. Classification of hormones according to the site of synthesis to the site of action
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2. Classification of hormones according to their chemical structure:

Hormones (H)

Ster0|d H Peptide H: Fatty acid derivative H:  Amino acid derivatives H:
Thyroprotein releasing H Prostaglandins Adrenaline, Catecholamine,
(TRH), Insulin, Glucagon Thyroid H
Adrenal Corticol H: S
Corticoids

~

Male sex H: Female sex H:

Testosterone

J

Progesterone Estrogens



3. Classification of hormones according to solubility in agueous medium

SN
Hormones (H)

A e

Hydrophilic H Lipophilic H

[Lipophobic H] [Hydrophobic H]
NS NS

Protein, peptide hormones & e Steroid hormones,
catecholamine Receptor thyroid hormones

in nucleus

through the cell

: membrane and
Water soluble, binds the receptors on Bird t cyiosolis o

the surface and generate reactions nuclear receptors.
within the cell.

Lipophilic signal
molecules diffuse O
O

Water insoluble, oil-soluble,
cross the membrane and enter
the target tissues to carry a

reaction

Ex: Insulin, glucagon, Epinephrine
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Ridney | Somatostatin
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Acronyms of some hormones

Hormones

AdrenoCorticoTrophic Hormone (Corticotrophin)
Arginine Vasopressin (Anti-Diuretic Hormone)
Corticotrophin Releasing Hormone

Follicular Stimulating Hormone
Gonadotrophin Releasing Hormone

Growth Hormone

Growth Hormone Releasing Hormone
Luteinizing Hormone

Parathyroid Hormone

Thyroid Stimulating Hormone

Thyrotrophin Releasing Hormone
Tri-iodothyronine

Thyroxine

Acronym
ACTH
AVP (ADH)
CRH

FSH
GnRH

GH (HGH)
GHRH

LH

PTH

TSH

TRH

T3

T4



