


FUNCTION

Enzymes catalyse biochemical reactions;
they are biological catalysts

control metabolic reactions in living cells

convert substrate to product

synthesis reactions join substrates

e.g. protease combines amino acids to form protein

breakdown reactions breakdown a substrate

e.g. lipase breaks down lipids to fatty acids and glycerol

reactions are reversible



STRUCTURE

- globular proteins with a complex 3D tertiary structure
* the polypeptide chain is folded and twisted into shape

- each enzyme has an indent called the ACTIVE SITE
which the substrate binds to

Substrate
Active ' i

Site &

REMEMBER substrate = molecule the enzyme acts on



SPECIFICITY

-each enzyme catalyses only one kind of reaction

* only one substrate will fit the active site

- specific amino acids from different parts of the

polypeptide chain are found within the active
site and are responsible for binding to the
substrate

* most other amino acids are involved in
maintaining the correct globular shape of the
molecule

+ So enzyme specificity is due to the highly
specific 3D shape
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Enzymes
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HOW ENZYMES WORK

2 theories:

THE LOCK AND KE
HYPOTHESIS ﬁ ?
THE INDUCED FIT

@ THEORY J@:}




Tlie L0 el WeY RYPOME0L

O The shape of the active site is complementary
to part of the substrate

O The substrate molecule is like the key that fits
info the enzymes lock, active site

d The 2 molecules form a temporary structure called
an enzyme-substrate complex

1 The reaction takes place at the active site where
products are formed

 Products have a different shape to the substrate so
no longer fit the active site and are repelled

O The active site is free to react with more substrate
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enzyme-substrate
complex

product
molecules

nzyme can be reused



Te lNellteel Pt Thie0ry

0 The active site is not exactly complementary to the
substrate

O The active site is flexible

[ As the substrate binds it causes the active site to mould
itself into a tighter fit around the substrate

[ The enzyme puts strain on the bonds in the substrate

[ The shape of the substrate in the enzyme-substrate
complex distorts, causing the reaction to occur rapidly

[ As the product is a different shape to the substrate
it diffuses out of the active site, which returns to its
original shape, ready to bind with the next substrate
molecule
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BOTH THEORIES
ARE
SUBSTRATE SPECIFIC




ENZYMES AND ENERGY

If substrates and enzyme collide with sufficient energy
they will form a high-energy, unstable intermediate
called an enzyme-substrate complex that quickly
changes into product .
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E + = E= E + F
ENZYme substrate  enzyme-substrate enzyme products
complex

This energy is called ACTIVATION ENERGY



ACTIVATION ENERGY IS DEFINED AS
THE MINIMUM AMOUNT OF ENERGY REQUIRED
TO FORM AN ENZYME-SUBSTRATE COMPLEX.

Enzymes help to
reduce the activation energy
for a reaction.



This allows reactions to take place
at the lower temperatures
found in cells.

The enzyme provides a different pathway
for the reaction to follow




energy of molecules

normal reaction

activation
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energy change
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The reaction in this graph is
exothermic/exogonic as the substrate
energy level is more than product
energy level

Draw a graph to show an endothermic/
endogonic reaction



Copyright © The NcGoaw-Hll Companies, Inc. Permussion required for reproducica or dleplay

Endergonic reactions Exergonic reactions
e 1

§ :

i £

% %

3

:

_ Progress of reaction—» &

Energy required

Carbon water glucose oxygen Oxyg G :.onm bl

dioxide

photosynthesis respiration



Copyright © The NcGoaw-Hll Companies, Inc. Permussion required for reproducica or dleplay

Endergonic reactions Exergonic reactions
e 1

§ :

i £

% %

3

:

_ Progress of reaction—» &

Energy required

Carbon water glucose oxygen Oxyg G :.onm bl

dioxide

photosynthesis respiration



A NUMBER OF FACTORS AFFECT
ENZYME ACTIVITY

temperature
P EX

pubetrats concentration
enzyme coneentration




remperatune

Particles must collide before they can react!

Raising the temp gives
molecules more kinetic
energy therefore there
is a greater chance of
collisions occurring.
More enzyme-substrate
complexes are formed
making reaction more
likely.
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* Anincrease of 10°C causes the rate of enzyme controlled
reactions to double (exponential) up to an optimum
temperature.

» This is because increasing femp causes particles to
vibrate more which eventually results in H bonds and
other bonds breaking. This changes the shape of the
tertiary structure o? the enzyme which includes its
active site which will no longer fit the substrate.

* The enzyme is denatured. This is a permanent change
that can't be reversed by cooling. The enzyme has lost
its activity as it can no longer form enzyme/substrate
complexes

substrate substrate
h =)
/D
. /
J active heating to a high

Sit temperature changes
' the tertiary structure of
the enzyme and destroys

the active site A _;
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» Small changes in pH can affect the rate
of reaction without denaturation occurring
but at the extreme pH the enzyme can
become unstable and denature.

* Many of the bonds holding the enzyme's
3D shape together are ionic bonds.

* Free H* and OH- ions can affect the
charges on the amino acid side chains of
the enzyme's active site. This will affect
the ionic bonding and so change the 3D
shape of the enzyme and its active site.
The substrate will no longer fit the active
site the enzyme loses it activity and the
rate of reaction falls.



Rate of reaction
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* If the amount of enzyme remains constant
and you add more substrate the rate of
reaction will increase as the enzymes
active sites are being filled until all the
active sites are filled.

- When all the active sites are filled the
rate of reaction cannot further increase
when more substrate is added as it can't
bind with the enzymes active site as they
are all filled.



enzyme concentration

As long as there is excess substrate
any increase in the number of enzyme
molecules will result in an increase in
the number of enzyme-substrate
complexes and therefore an increase
in the rate of reaction.



Rate of reaction

Unlimited substrate

Enzyme concentration



Obtain four clean tubes. H202
Add 3 ml. of Hydrogen
Peroxide (H202) to each —10

Click on the
Graduated
cylinder.


http://bioweb.wku.edu/courses/Biol114/enzyme/enzyme1.asp

Video AS Guru enzymes




COFACTORS

+ Some enzymes heed the presence of another
molecule if they are to work

» These cofactors are non-organic molecules

» They modify the chemical structure of
enzymes in some way so that it can function
more effectively

e.g. prosthetic groups, activators



COENZYMES

» Small non- protein organic molecules that
are not permanently attached to an enzyme

* Help enzyme and substrate to bond with
each other

+ Enzyme only functions if the coenzyme is
present

* Many derived from vitamins

- NAD, from vitamin nicotinic acid, acts as a
coenzyme for a number of dehydrogenase
enzymes, by acting as a hydrogen acceptor.
Involved in respiration reactions.
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Lew-Port's Biclegy Place


http://www.lewport.wnyric.org/JWANAMAKER/animations/Enzyme activity.html

ClZYITIE
INhibItiOll




elizy e iMhioitol's

» Substances that prevent
substrate attaching to the
active site and forming an
enzyme-substrate complex.

+ 2 types of inhibitor:
Competitive
Non-competitive



COMIPEtCtVe MhibrOls

- have a molecular structure similar to
the substrate

- attach to the active site forming
inhibitor-enzyme complexes

* reaction slowed or stopped as substrate
complexes cannot form



substrate
enzyme

Inhibitor molecule Inhibitor occupies

competes for active site the active site
preventing the formation

of enzyme-substrate complexes
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* Read page 72 Froggy

» Explain how malonate acts as a
competitive inhibitor of the
enzyme succinate dehydrogenase



Rate of reaction

The effect of competitive inhibitors
depends on the relative concentration
of the substrate and inhibitor

without
competitive
inhibitor

....... with
competitive
inhibitor

Substrate concentration



At low substrate concentrations
there is a higher chance of the
inhibitor colliding with the active site,
so reaction rates are greatly reduced.

When there is a high concentration
of substrate there is less chance of
inhibitor colliding and more chance of
enzyme substrate complexes forming;
therefore inhibitors have less effect
at high substrate concentrations



(1001 COMPELENVE INhibrtOrs

» Different shape to the substrate
molecule

- Do not bind with the active site

» Bind at another area away from the
AS called an allosteric site

» Causes the active site to change
shape preventing the formation of
substrate-enzyme complexes.



allosteric site

\
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1. inhibitor attaches
to an allosteric site
on the enzyme

2. inhibitor-enzyme complex
alters the shape of the
active site preventing
substrate binding




Rate of reaction

* Non-competitive inhibitors are not
affected by substrate concentration.

without
non-competitive
inhibitor

....... with
non-competitive
inhibitor

Substrate concentration



* The ions of some heavy metals such
as arsenic and cyanide may bind onto
allosteric sites and act as poisons,
stopping important enzyme controlled
reactions.

» End point inhibition is an example of
non-competitive inhibition and is an

important method of regulating the
activity of enzymes.



* Read pages 72-73 Froggy

» Explain how end point inhibition
can be used as an example of
negative feedback in controlling
enzyme activity.




What is an ?



http://programs.northlandcollege.edu/biology/Biology1111/animations/enzyme.html

IMMOBILISED ENZYMES

* As enzymes are catalytic
molecules they are not directly
used up in reactions but due to
denaturation, they lose activity
with time. Therefore they
should be stabilised against
denaturation.



* When the enzymes are used in a soluble
form they can contaminate the product,
and its removal may involve extra
purification costs.

» To eliminate wastage and improve
productivity the enzyme and product can
be separated during the reaction.

* The enzyme can be imprisoned allowing it
to be reused but also preventing
contamination of the product - this is
known as immobilisation.



» Unstable enzymes may be immobilised by
being attached to or located within an
insoluble support, therefore the enzyme
is not free in solution. Once attached,
an enzyme's stability is increased,
possibly because its ability to change
shape is reduced.



Bbmethods used to immobilise
enzymes

. Adsorption in glass or alginate beads -
enzyme is attached to the outside of an
inert material.

. Cross-linkage to another chemical e.g.
cellulose or glyceraldehydes.

. Entrapment in a silica gel - enzyme is held
in a mesh or capsule of an inert material.

. Membrane confinement

. Covalent bonding- A non essential part of
the enzyme binds to the support.
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DIAGNOSTIC REAGENT STRIPS

* Immobilised enzymes are used
in diaghostic reagent strips as P
biosensors which can detect Juste B
trace amounts of biologically
important molecules e.g.

* CLINISTIX -detects glucose
(Red- Dark blue)

- ALBUSTIX detects protein
(yellow green to blue green)

lx._g-_.
;
s,

WO



http://images.google.com/imgres?imgurl=http://www.expresschemist.co.uk/getimage.jsp%3Fpicid%3DBRIEFCASE_2349_1_2&imgrefurl=http://www.clinical-measuring-and-testing.cheap-online-shopping.co.uk/&h=301&w=155&sz=16&tbnid=_QBThPFlAuleCM:&tbnh=112&tbnw=57&hl=en&start=4&prev=/images%3Fq%3DAlbustix%2B%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

diastix

.f’
-
4
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Albustix




ALBUSTIX

PROTEIN gl 0.30 1 3 z 20
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Advantages of immobilisation Disadvantages of immobilisation

1. Easier to separate enzyme and 1. Immobilisation may alter shape of
products enzyme

2. Allows catalysis in unfavourable

media 2. May alter catalytic ability

3. Increases stability and can be

manipulated easily 3. Enzyme may become detached

4. Allows continuous

production/enzyme used for longer 4. Expensive

5. Enzyme can be recovered and
reused

6. Enzyme does not contaminate
product/no purification required




Immobilised enzymes other
advantages

* More stable at high temperatures and are resistant
to changes in pH.

+ Less likely to be degraded by organic solvents

+ Use of columns of immobilised enzyme allows
automation of the industrial process.

+ These advantages are very important for industrial
processes. These processes often use extremes of
pH and organic solvents.



2 The diagram below shows the action of an enzyme on substrate molecules
according to the “lock and key” hypothesis.

. 9 (!_ﬁtg

-

Enzyme Substrate Enzyme-substrate Enzyme Product
complex

(a) Use the information in the diagram above to explain the specificity of
enzymes.

[3]




(b) Explain how an enzyme affects the activation energy of a reaction such
as the one shown above.

[2]

(c) Explain how the “induced fit” hypothesis of enzyme action differs from
the “lock and key” hypothesis.

[2]



Enzyme
activity/
arbitrary
units

The graphs below illustrate the results of two experiments in which the
activity of a single enzyme was investigated over a range of temperatures.
In one experiment, the enzyme was in its soluble form. In the other
experiment, an identical concentration of the same enzyme was in an
immobilised form. Study the graphs and use them to help you answer the
questions that follow.

Temperature/°C

(aa) In graph A, at which temperature does this enzyme achieve its
maximum activity?

(1]

(b) At which temperature are both forms of this enzyme equally active?
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(¢) (i) Which of the two graphs, A or B, represents the results for the
enzyme in its immobilised form?

[1]
(ii) Identify, and explain, two pieces of evidence in the graph that
justify your decision in part (i).
1.
2.
[2]

(d) Explain the rapid decline in activity of both forms of the enzyme at the
higher temperatures investigated.

[1]




(a) In terms of molecular structure, explain fully the changes which occur
in most enzymes when the temperature exceeds 45 °C.

[3]

(b) (D) Entrapment of enzyme molecules in microcapsules is a common
method of enzyme immobilisation.

%ﬁé}“ capsule wall

enzyme molecule

Suggest two properties of the capsule wall essential for optimal
functioning of the entrapped enzyme.
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(ii) Diagnostic reagent strips contain immobilised enzymes. Give one

example of such a reagent strip and describe how
. - ow th
involved are immobilised in this example. = SzymE(s)

[2]

(c) The graph below shows the effect of temperature on the activity of an
enzyme when free in solution and when immobilised.
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Temperature/°C

Compare and contrast the enzyme’s activity when free in solution and
when immobilised.




4

The graph below shows the energy profile for an exergonic reaction
between two molecules, A and B.
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(a) (i) What does the value X on the graph represent?

(1]

(ii) On the graph above, draw the alternative energy profile if an

appropriate enzyme had been used to catalyse the reaction between
molecules A and B. [1]

(b) Explain, concisely, how an enzyme acts as a catalyst.



(c) An enzyme extract, made by crushing various types of fruit, was added
to an appropriate substrate and mixed in solutions with different pH
values. The results of this experiment were plotted in the graph below.
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12

i) Use the graph to determine the optimum pH for the action of this
enzyime.

L11]

(ii) Compare and contrast the effect of increasing acidity and alkalinity
on the activity of this enzyvme extract.

L2]

(d) When this experiment was repeated using another enzyme extract, the
graph showed two optimum pH values. What would this suggest about

the purity of this second enzyme extract?



