%

\ Name: Topic: Enzymes

Enzymes are biological catalysts made up of proteins used to speed up rate of
chemical reactions. They lower activation energy by providing an alternative pathway
and remains chemically unchanged at the end of the chemical reaction.

Characteristics of enzymes:
« three dimensional shape held by weak hydrogen bonds
+ specific in nature
« affected by temperature and pH
« can catalyse reversible reactions

Human salivary amylase
Types of enzymes

e Hydrolases are hydrolytic enzymes that use water to cleave chemical bonds,
usually dividing a large molecule into two smaller molecules. Examples of
common hydrolases include esterases, proteases, glycosidases, nucleosidases,
and lipases.

e Synthases are enzymes that catalase the synthesis of a substance without the
use of a high-energy source such as cleavage of a phosphate bond in ATP.

e Synthetases are enzymes that catalyses the linking together of two molecules
especially by using the energy derived from the concurrent splitting off of a
pyrophosphate group from a triphosphate (as ATP).

(b) Spontaneous folding of ribonuclease during synthesis. The same
interactions between amino acid R groups act on the elongating polypeptide
during its synthesis on a ribosome (left to right). This results in the
spontaneous folding of the polypeptide into its unique conformation.
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Topic: Enzymes

KEY BIOLOGICAL PROCESS: How Enzymes Work
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Active site w
/ Enzyme-substrate complex

Enzymes have a complex An enzyme and its substrate(s) bind As a result, a chemical reaction

three-dimensional surface to which tightly together, forming an occurs within the active site, forming

particular reactants (called substrates of enzyme-substrate complex. The binding the product. The product then

that enzyme) fit, like a hand in a glove. brings key atoms near each other and diffuses away, freeing the enzyme to
stresses key covalent bonds. work again.

LO: Explain enzyme action in terms of the ‘lock and key’ hypothesis

e Enzyme is the “lock”

Substrate is the “key”

e Specific substrate fits into_active site of the enzyme. The three dimensional shape
of the substrate is complementary to the shape of the active site of the enzyme

e Formation of enzyme-substrate complex

Reaction takes place then the enzyme and substrate separates.

e Enzymes remain chemically unchanged at the end of the chemical reaction.

° The substrate, sucrose, Glucose
consists of glucose and
fructose bonded together.

4 ° The substrate binds to the Q { <’

enzyme, forming an
enzyme-substrate complex.
Bond H:0 o Products are released,

and the enzyme is free

Fructose

\- - to bind other substrates.

Active site
| /' The binding of the
substrate and enzyme
places stress on the
Enzyme glucose-fructose bond
and the bond breaks.
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The induced fit model

polypeptide of 49 amino acid residues,
making up a simple enzyme

/ substrate

/

active site (pocket/crevice
in the protein molecule)

The amino acids in a
protein have different
roles.

The substrate molecule
combines (temporarily)
with the enzyme by
inducing a change in
shape of the enzyme
molecule.

the ‘induced fit’ process plays a

part in bringing about the chemical

changes, which are the enzyme-

catalysed reaction ) ) .
some amino acid residues

match certain groupings on the

| substrate molecule, enabling the

| enzyme—substrate complex to form,
| e.g. residues 3-4-5 and 24-25-26

other amino acid
residues are ‘reactive’,
i.e. catalytic residues
that induce the
breaking of bonds,
and the formation

of product(s),

e.g. 20 and 41

Specificity:

* Some amino acid residues allow a
particular substrate molecule to “fit’

e Some amino acid residues bring about
particular chemical changes.

Figure 3.5 The induced fit hypothesis of enzyme action

LO: Explain the mode of action of enzymes in terms of an active site, enzyme-
substrate complex, lowering of activation energy and enzyme specificity

e Enzyme binds to the substrate at the_active site on the enzyme molecule.

e Results in the formation of an enzyme-substrate complex.

e Enzymes reduce the activation energy needed for the reaction to occur, so the
reaction occurs more readily. Activation energy is the energy needed to start a
chemical reaction.

e Enzyme specificity due to the three dimensional shape of the enzyme held by
weak hydrogen bonds. The active site of the enzyme is complementary to the
three dimensional shape of the substrate.
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Enzyme
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LO: Investigate and explain the effects of temperature and pH on the rate of
enzyme catalysed reactions

Temperature

enzyme activity

10 15 20 25 30 35 40 45 50 55 60
temperature (°C)
Low temperature
e Kinetic energy of particles is low, enzyme is inactive.
e Enzyme substrate complex formation is slow and rate of reaction is low.

Increasing temperature to optimum temperature
¢ Kinetic energy of particles increases, increasing the frequency of collision of the
substrate and enzyme molecules.
e Rate of formation of enzyme substrate complex_increases and rate of reaction
increases.
¢ Note: Rate of reaction usually doubles for every 10°C increase.
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W

Optimum temperature

Enzyme is most active.
Rate of formation of enzyme substrate complex is at its maximum and rate of
reaction is the highest.

Beyond optimum temperature

Weak hydrogen bonds in three dimensional enzyme structure is broken.
Three-dimensional shape of enzyme is lost and shape of active site is altered.

Substrate can no longer bind to active site of enzyme and no enzyme-substrate
complexes are formed.

Enzyme is denatured and rate of reaction decreases to zero.
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Below optimum pH
e Weak hydrogen bonds in three dimensional enzyme structure is broken.
e Three-dimensional shape of enzyme is lost and shape of active site is altered.
e Substrate can no longer bind to active site of enzyme and no enzyme-substrate
complexes are formed.
e Enzyme is denatured and rate of reaction decreases to zero.
Optimum pH
e Enzyme is most active.
e Rate of formation of enzyme substrate complex is at its maximum and rate of
reaction is the highest.
Above optimum pH
e Weak hydrogen bonds in three dimensional enzyme structure is broken.
e Three-dimensional shape of enzyme is lost and shape of active site is altered.
e Substrate can no longer bind to active site of enzyme and no enzyme-substrate
complexes are formed.
e Enzyme is denatured and rate of reaction decreases to zero.
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(a) Spontaneous refolding of ribonuclease following denaturation. Anfinsen's experiment showed
that all the information needed for the proper folding of a ribonuclease polypeptide into its native
three-dimensional conformation is present in its amino acid sequence.

@ Denaturation. First, the folded polypeptide was €@ Renaturation. Then, renaturing conditions
exposed to denaturing conditions (heating) that (cooling) allowed renewed interactions between the
disrupted noncovalent interactions between its amino amino acid R groups. The polypeptide returned
acid R groups, resulting in a ribonuclease molecule spontaneously to its native conformation, regaining
with no fixed shape and no enzymatic activity. enzymatic activity.

— —-
Denaturing Renaturing
conditions conditions
Native Denatured Renatured
molecule molecule molecule

Industrial uses of enzymes
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