By the end of this topic, you should be able to demonstrate and apply your knowledge and

understanding of:

the ring structure and properties of glucose as an example of a hexcse monasaccharide and the
structure of ribose as an example of a pentose monosaccharide

# the chemical elements that make up biological molecules

* the synthesis and breakdown of a disaccharide and polysaccharide by the formation and

breakage of glycosidic honds
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carbohydrates: a groun of molecules contating C. H and O
glycosidic bond: 2 bond foimed between two monesacchandes bya
hydralysis reaction,

What are carbohydrates for?

Carbohydrates contain carbon, hydrogen and oxygen.
Carbohydrates are ‘hydrated carbon’, which means that for every
carbon there are two hydrogen atoms and one OXygen atom,
The functions of carbohydrates are three-fold. They act as a
source of energy (e.g. glucose), as a store of energy (e.g. starch
and glycogen) and as structural units (e.g. cellulose in plants and
chitin In insects). Some carbohydrates are also part of other
molecules, such as nucleic acids and glycolipids, There are three
main groups of carbohydrates: monosaccharides, disaccharides
and polysaccharides. The common monosaccharides and
disaccharides all have names ending in -ose.

Monosaccharides

Monosaccharides are the simplest carbehydrates. They are
particularly important in living things as a source of energy.
They are well suited to this role because of the large number of
carbon-hydrogen honds. They are sugars, which taste sweet,

are soluble in water and are insoluble in nen-polar solvents,
Monosaccharides can exist as straight chains or in ring or cyclic
forms, They have a backbone of single-bonded carbon atoms,
with one double-bonded to an oxygen atom to form a carbonyl
group. Different sugars can have different numbers of carbon
atoms (see Table 1); hexose sugars have six carbon atoms, pentose
sugars have five carbon atemns and triose sugars have three
carbon atoms. Monosaccharide hexose sugars, like glucose, are
the monomers of more complex carbohydrates, and they bond
together to form disaccharides or polysaccharides.

In solution, triose and tetrose sugars exist as straight chains. &
However, pentoses and hexoses are more likely to be found in a ring
or cyclic form (shown in Table 1).

Inboth forms (straight-chain and cydlic forms), ghicose can exist as

anumber of different isomers (molecules with the same formula, but
whose atoms are arranged differently in space}. In the siraight-chain
form, the —H and ~OH can be reversed In a ring shape, isomers can
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also form. The ring is formed when the axygen attached to carbon 5
bonds to carbon 1 (see Table 1). Because the -<OH and -H on
carbon 1 can be abovee or below the plane of the ring when the ring
forems, there are two isomers: - and B-glucose. This small difference
appears insignificant, but it becomes very important when glucose
molecules polymerise into starch or cellulose.

i ! f 1 ] . I
-The word saccharide derives from the Greek word sakkharon, which
means sugar.

Disaccharides

Like monosaccharides, disaccharides are sweet and soluble. The
most common disaccharides are maltose {malt sugar), sucrose
and lactose (milk sugar). Maltose and lactose are reducing -
sugars, whereas sucrose is a non-reducing sugar.

Disaccharides are made when two monosaccharides join together
There are lots of different combinations, which determine the
disaccharide made:

= a-glucose + a-glicose — maltose

» o~glicose + fructose — sucrose

+ (-galactose + a-glucose — lactose
+ f-glucose + f-glucose — cellobigse

When they join, a condensation reaction accurs to form a
glycosidie bond. Two hydroxyl groups Jine up next ta each
other, from which a water molecule is removed {see topic 2.2. 1).
This leaves an oxygen atom acting as a link between the two
monosaccharide units.

Disaccharides are broken into monosaccharides by a hydrelysis
reaction, which requires addition of water. The water provides

a hydroxyl group (-OH) and a hydrogen (—H), which help the
glycosidic bond to break. For example, cellobiose is obrained by
the hydrolysis of the polysaccharide cellulose.
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Table 1 Some monosaccharides.
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Figure 1 Formation and splitting of maltose fréfn o-glucese. The glycosidic
bond is formed between carbon 1 of one ¢-glucose molecule and carbon 4 of

the other ae-glucase molecule. Itis known as a 1-4 glyeosidic bond.

disaccharide is hydrolysed.

Study the formulae of ribose and deoxyribose, State the difference
between the twa.

o Oraw a trisaccharide of a-glucose.




Figure 1 Starch grains in p
cells (<80
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By the end of this topic, you should be able tg demonstigte and apply your knowledge and
understanding of: I

* the synthesis and breakdown of a disaccharide and polysaccharide by the formation and
breakage of glycosidic bonds

+ the structure of starch (amylose and amylopectin}, glycogen and cellulose molecules

* how the structures and properties of glucose, starch, glycogen and cellulose molecules relate to
their functions in living organisms

Polysaccharides are polymers of monosaccharides, They are made of hundreds or thousands
of monosaceharide monomers bonded together Polysaccharides made solely of one kind of
manosaccharide are called homopolysaccharides. Those made of more than one monomer are
called heteropolysaccharides. Starch is an example of a homopalysaccharide. Hyaluronic acid {in
connective tissue) is an example of a heteropalysaccharide.

Energy sources and energy stores

Glucose is a source of energy, as it is a reactant in respiration. The energy released is used to make
ATE, which is the energy currency of the cell:

releasing energy which is used to form ATP
Glucose + Oxygen —— —+ Carbon dioxide + Water

If you join lats of glicose molecules together into polysaccharides, you can create a store of energy,
and this is exactly what living things do, Plants stare energy as starch in chloroplasts and in membrane-
bound starch grains, and humans store energy as glycogen in cells of the muscles and liver

Why are polysaccharides good energy stores?

The structure of some polysaccharides lends itself to energy storage. Glycogen in animals and
starch in plants (comprising amylose and amylopectin) occur within cells in the form of large
granules. They form good stores of monosaccharides for the following reasons:

+ Glycogen and starch are compact, which means they do not occupy a large amount of space.
They both ‘occur in dense granules within the cell.

+ Polysaccharides hold glucose molecuies in chains, so they can be easily ‘snipped off’ from the end
of the chain by hydrolysis when required for respiration. Hydrolysis reactions are always catalysed
by enzymes.

« Some chains are unbranched {amylose) and some are branched (amylopectin and glycogen).
Branched chains tend to be more compact, but also offer the chance for lots of glucose molecules
16 be snipped off by hydrolysis at the same time, when lots of energy is required quickly. The
enzyme amylase is responsible for hydralysing 1-4 plycosidic linkages, and glucosidase is
responsible for hydrolysing 1-6 glycosidic linkages. A 1-4 glycosidic linkage is one between carbon
1 of one glucose and carbon 4 of the other:

maltose glucose
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Flgure 2 Starch is hydralysed at 1-4 linkages to preduce 2 mixture of glucose and maltose.




» Polysaccharides are less soluble in water than monosaccharides. If many glucose moiecules did
dissclve in the cytoplasm, the water potential (see topic 2.5.3) would reduce, and excess water
woudd diffuse in, disrupting the normal workings of the cell Polysaccharides are less soluble
because of their size, but also because regions which could hydrogen-bond with water are hidden
away inside the molecule. Sometimes the amylose molecule may form a double helix, which
presents a hydrophobic external surface in contact with the surrounding solution.

Amylose coils into a spiral s;h:a_p.;, with ) Ihg Lo g
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@ Copy and camplete the following table;

| Do you find it in humans or plants? ) I !

E—
" Where in the organism is it stored?
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Is it & form of starch? ! i
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iW}'m:h glycosidic bonds does it have: 1-4 or 1-67 ;

i Is it spiratled?

{_f\re hydrogen bonds important in holding the structure in place? \
S0

&5] Glycogen is more branched than starch. Explain why this difference is important to anirmals.

€'i Why is it important that hydroxyl groups on carbon 2 of glucose are found on the inside of the amylose spiral?

Eg What kind of bonding holds the coiled structure of amylose together?

@i What are the advantages of a polysaccharide having a branched chain? Explain your answer.
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By the end of this topic, you should be zhle to demaonstrate and apply your knowledge and
understanding of:

= the structure of starch (amylose and amylopectin, glycoaen and cellulose matecutes

* how the structures and properties of glucose, starch, glycogen and cellulose molecules relate to
their functions in living organisms

Cellulose

Cellulose is found in plants, forming the cell walls. It is a tough, insoluble and fibrous substance,
Cellulase is a homopolysaccharide made from long chains of up to 15 600 B-glucose molecules,
bonded together through condensation reactions to form glycosidic bonds.

(@) (b) removal of H,O
I here forms glycosidic
H)—o0 OH bond
,{’_f /{ B-glucose molecule \
AN / H )l —o OH HO, _H
HO — — H L N 1/ 4
. B-glucose |r B-glucose
| \'\. /./ ;_,- |
HC —  H H O oOH
second §-glicese molecule is rotated forwards by
180° compared to first — as if it is doing a handstand
(©)
H g ~— H H 4 == H
/ " 4 v Wl /
|/ ] © ¥ j 07, |
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* chains of -glucose joined by condensation reactions are straight

Figure 1 Cellulose is made up of a chain of fglucose molecules,
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Cellulose is the mast common polysaccharide in the world,

Rather than spiralling like chains of a-glucose, cellulose chains are straight and lie side by side. This
difference in structure is a direct result of banding:

* Hydrogen and hydroxyl groups on carbon 1 are inverted in S-ghicose (as compared with
a-glucose). This means that every other @-glucose maolecule in the chain is ratated by 180
degrees. This and the 314 glycosidic bond help to prevent the chain spiralling.

+ Hydrogen bonding between the rotated F-glucose molecules in each chain also gives the chain
additional strength, and stops it spiralling,

+ Hydrogen bonding between the rotated A-glucose molecules in different chains gives the whole
structure additional strength. The hydroxyl group on carbon 2 sticks out, enabling hydrogen bonds
to be formed hetweer chains. "
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Figure 2 Straight cellulose molecules lie side by side. Hydrogen banding within and between the chains of 8-glucose molacules gives the structure strength.

When 80 to 70 cellulose chains are bound together in this way, they forrn microfibrils, which are
10-30 nm in diameter. These then bundle tagether into macrofibrils containing up to 400 microfibrils,
which are embedded in pectins {like glue!) to form plant cell walls.

Arrangement of cellulose chains in the formation of cell wall macrofibrils.
The macrofibrils are embedded in pectins to form the wall.
Macrofibrls run in all directions criss-crossing the wall for extra strength.

macrofibril
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B-glucose units X I)

in cellulose chain B—
hydrogen bonds form between the cellulose chains

adding to the strength of the structure

Figure 3 Relative structures of cellulose chains, microfibrils and a macrofibril fibre}.

Structure and function of plant cell walls
Cellulose is an excellent material for plant cell walls:

+ Microfibrils and macrofibrils have very high tensile strength, both because of the strength of
the glycosidic bonds but also because of the hydrogen bonds between chains. Macrofibrils are
stronger than steel wire of the same diameter.

= Macrofibrils run in all directions, criss-crossing the wall for extra strength.

» Itis difficult to digest cellulose because the glycosidic bonds between the glucose molecules are
less easy to break. Indeed, most animals do not even have an enzyme to catalyse the reaction.

These key features help the plant cell walfto do its job:

+ Because plants do not have a rigid skeleton, each cell needs to have strength to support the whole
plant.

* There is space between macrofibrils for water and mineral ions to pass on their way into and out
of the cell. This makes the cell wall fully permeable.




By the end of this topic, you should be able to demenstrate and apply your knowledge and

understanding of:

= the role of enzymes in catalysing reactions that affétt metabolism at a cellular and whole

organism level

* the role of enzymes in catalysing both intracetlular and extracellular reactions

KEY DEHNITIONS ]
active site: ndented area on the surface of an enzyme molecule, with a
shape that is cornplementary to the shape of the substrate molecule
catalyst: chemical tnat speeds up the rate of a reaction ard remains
unchanged and reusable ac the end of the reactron.

extracellular: putside the cell.

intracellular: inside the cell.

metaballc metabolism: the chemical reactions that take place insida
tiving cells or organisms,

product: motecule produced fram substrate molecules. by an emzyme-
catatysed reactuil,

substrate: molecule that (5 altered by an enzyme-cataiysed reaction

Enzymes are called biological catalysts because they speed up
metabolic reactions in living organisms. Their actions affect both
structure and function within cells, tissues and organs.

» Catalysts speed up chemical reactions and remain unchanged
at the end of the reaction, able to be used again.

+ A small amount of catalyst can catalyse the conversion of a
large number of substrate molecules into product molecules.

+ The number of reactions that an enzyme molecule can catalyse
per second is known as its turnover mumber.

Why are enzymes so remarkable?

Whereas chemical catalysts usually need very high temperatures,
increased pressures and extremes of pH, enzymes speed up
metabalic reactions by up to 10'2 times at lower termperatures,
often at neutral pH and at normal pressures. Hence, as

biological catalysts, they are able to function in conditions that
sustain life.

Enzymes are also more specific than chemical catalysts. They do
not produce unwanted by-products and rarely make mistakes. The
cells in which they are made and/or act can also regulate their
production and activity to fit the needs of the cell or organism at
the time.

Enzymes are therefore remarkable molecules, and in this chapter
we shall see how they work,
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Enzyme structure determines function

As with all biological molecules, the structure of enzymes enablag
them to carry out their functions.

+ For enzymes to catalyse some reactions, they may need help
from cofactors {see topic 2.4.2).

+ The instructions for making enzymes are encoded in genes.
If the gene has a mutation that alters the sequence of amino
acids in the protein, then this may alter the enzyme’s tertiary
structure and prevent it from functioning.

» If an enzyme that catalyses & metabolic reaction is deficient,
then a metabolic disorder results,

+ Enzymes also catalyse the formation of the organism’s
structural components, such as collagen in bone, cartilage,
blood-vessel walls, joints and connective tissue. Some genetic
disorders cause malformations of connective dssue and can he
very harmfll, such as ‘stene man syndrome’ (see the Thinking
Bigger spread in Chapter 2.6).

DD YO RNOW?= - = Ao aec o i o |

Many metabotic disorders are caused by deficient ar non-functioning

enzymes, for example if the active site is misshapen, The genetic

disorder phenylketonuria, PKU, results when the enzyme phenylalanine

hydroxylase does not function and cannot convert the essential aming

acid, phenylalanine, to another amino acid, tyrosine. As a result,

sufferers cannot make melanin {which is made from tyrosine), and the

accumulation of phenylalanine in their blood impairs brain development,

leading to severe mental impaiment,

Because this enzyme deficiency is so severe, all new-born babies are

screened for PKU, so that if the result is positive their diet can be

adjusted to include only very small amounts of phenylatanine, to pravent

the ireversible brain damage.

The active site

Erzymes are large molecules with a specific area, an indentation
or cleft on the surface of the molecule, called the active site. This
consists of just a few — often about 6 to 10 — amino acids.

+ The tertiary structure of the active site is crucial, as its shape is
compiementary to the shape of the substrate molecule.

+ Sn, each type of enzyme is highly specific in its function, as it

can only catalyse a reaction involving the particular type of
substrate molecule that fits into its active site.
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» The shape of the enzyme's active site, and hence its ability to catalyse a reaction, can be altered
by changes in temperature and pH, as these affect the bonds that hold proteins in thefr tertiary
structure.

EN GTip e I ol C T
The active site is part of the enzyme moelecule, nat part ai the substrgte malgcule.
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fiost Bnzymes cataiyse 3 reactior in efther direction depending on the cell's needs. Hence ATPase can catalyse
the formation of ATP or the hydrelysis af ATP. Sometimes an BNZYMEe Lalalyses two reacrions, tecause it is really
1 large enzyme comalex and has more than one active site. 50, the same enzyme camplex may be known by
sifferent names

Where enzymes work
HEnzymes catalyse a wide range of intracellular as well as extracellular reactions,

intracellular enzymes

In any cell, and within its organelles, there may be up to 1000 metabolic reactions going on ar
the same time, each being catalysed by a different enzyme. Some of these reactions are part of a
metabolic pathway (see Figure 2).

» Each metabolic pathway in a living cell is one of a series of consecutive redctions, every step
catalysed by a specific enzyme that produces a specific product.

» The various reactants and intermediates act as substrates for specific enzymes.
+ The reactants, mtermediates and products are known as metabolites,

* In some metabolic pathways, described as catabolic, motabolites are broken down to smaller
rolecules and release eneray.

+ In other metabolic pathways, described as gnabofic. energy is used to synthesise larger molecules
from smaller ones.

« Respiration and photosynthesis are examples of complex metabolic pathways, with many
enzymes involved.

substrate 2
enzyme A l )
[ \j N\ L 1—‘*\{) enzyme B
e
substrate 1
L -
substrate 3 q

subs.trate 4 l‘* &D

énafme C
m 7
product eﬂz}m eD
maleculeg

Figure 2 & metabalic pathway. Each step is catalysed by a different enzyme. If one of the enzymes cannot function,
€N the metabolic pathway cannot run.

Enzymes

substrate molecules artached
mne's active site

Figure 1 Structure of an enzyme
molecule. The protein, made from a
spectfic sequence of amino acids (the
primary structure) has some pleats
and coils (secondary structurel and is
folded inte its tertiary structure. The
substrate molecule is shown attached
to the cleft that farms the active site.
This region, consisting of Just a few
amino acids, has a specific shape
that is complementary to that of the
substrate malecule. '
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Catalase is found in nearly all living organisms that are exposed to oxygen. It is a very important
enzyme, as it protects cells from damage by reactive oxygen by quickly breaking down hydrogen
peraxide, a potentiaily harmful by-product of many metabolic reactions, to water and oxygen.

« Catalase consists of four polypeptide chains and contains & haem group with iron (see topic 242

» ltis the fastest-acting engyme, having the highest turnover number known, of about 6 million per
second. @

+ In eukaryotic cells, catalase is found ingide small vesidés_ called peroxisomes,
+ When white blood cells ingest pathogens they use catalase tc help kill the invading microbe.

The aptimum pH for human catalase is around pH 7, but for other species it varies between pH 4
and 11. The optimum temperature also varies with species. For humans this is 45 °C and for some
thermophilic archaea it is 90 °C.

o T . ! . _ " ¢ 1 .
Some peopte [ose hair pigment and “go grey” earlier in life than others. One reason may be that these people
have lowered levels of catalase, and so more hydrogen peroxide bleaches their hair shafts from the inside.

Extraceliular enzymes

Some enzymes are secreted from the cellz where they are made and act on their substrates,
extracellularly. Fungi, such as the bread mould Mucor, release hydrolytic enzymes from their thread-
like hyphae. The enzymes digest carbohydrates, proteins and lipids in the bread, and the products of
digestion - glucose, amino acids, glycerol and fatty acids, are absorbed into the fungal hyphae for use
in respiration and growth.

Tn our digestive system many enzymes are secreted, from cells lining the alimentary canal, into the gut
turnen. There they extracellularly digest the large molecules, such as proteins, lipids, carbohydrates and
nucleic acids, found in food. The products of digestion are then absorbed, via epithelial celis of the gut
wall, into the bloodstream in order to be used for respiration, growth and tissue repair

+ Amylase is produced in the salivary glands, and acts in the mouth to digest the polysaccharide
starch to the disaccharide maltose. It is also made in the pancreas, and acts to catalyse the same
reaction in the lumen of the small intestine.

» Trypsin is made in the pancreas, and acts in the lumen of the small intestine to digest proteins into
smaller peptides by hydrolysing peptide bonds, Its optimum pH is between 7.5 and 8.5,

DID YOU ENOW? o
if you had to wait for a meal to be digested in your alimentary canal, without any enzymes, it would take several
years. Hence, without enzymes, the speed of chemical reactions inside living organisms could not sustain Life.
Humans produce about six times as much amylase as chimpanzees do. Chimpanzees eat some meat and a Lot of
fruit, but very few starchy vegetables.

o Explaln why enzymes (a) are specific in their action, and (b) are described as biological catalysts.

o Peptidases are enzymes that catalyse the breaking of peptide bends within small peptide molecules.
Suggest names for the following enzymes: (a) those‘that catalyse the breaking of glycosidic bonds
. between glucose residues in polysaccharides) and (b) those that catalyse the breaking of ester bonds (in
triglyceridas),

e Explain what is meant by the ‘turnover number’ of an enzyme.

o Explain why a change to the sequence of DNA base triplets in a gene can result in an enzyme that cannot
functian properly.

e Suggest why a non-functioning enzyme may cause a serious disease.
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.

1e mechanisn

By the end of this tepic, you should be able to demonstrate and apply your knowledge and

the mechanism of enzyme action
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enzyme-praduct complex: enzyme molecule with product molecule(s) in its active site. The twa are (gined

termporarily by non-covalent forces.

enzyme-substrate complex: grizyme molecule with substrate moleculets) in its active site. The two are joined

tempoiaiily by non-covalent forces.

The lock-and-key hypothesis

You have already seen (in topic 2.4.1} that a specific indented area on the surface of the enzyme

' molecule, called the active site, is where the substrate molecules fit, They fit because the tertiary
structure of the enzyme's active site gives it a shape that is complementary to that of the substrate
molecule — rather ke the way in which only a specific key will fit into a particular lock This idea
about how enzymes work is described as the lock-and-key hypothesis (see Figure 1). The lock is the

enzyme’s active site, and the key is the substrate molecule.

(a)

' substrate molecules

active site

™

~ —’ | ’
enzyme —"
tmolecule Substrate molecule

i fits into the enzyme’s

{ active site. Temporary

H hydrogen bonds hold the

| two together forming an

1 enzyme-substrate complex
(ES complex).

bonds form between

substrate molecules _
- substrate molecules

} (o)
' active site gaps. ! =
| \\\ ,;,‘ & — =2
enzyme ~———__

| molecule

Substrate molécules Enzyme-product

—

The substrate molecule
is braken into smaller
product molecules that
leave the active site.

The larger product

| fit into the active site; .  complex. molecule leaves the
1 forming an enzyme- the active site.,
b substrate complex
|| (ES complex). )
F':Sl'-!l'e 1 Lock-and-key mechanism of enzyme action. (a} A large substrate molecule is split into smaller product molecules

the

that are then released from the active site, {b) Two small substrate molecules attach to the active site and bonds form
between them, making a larger product molecule, which then leaves the active site. In each case, at the end of the reaction,
Enzyme is able to form an ES complex with another substrate molecule and catalyse another reaction,
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» The substrate molecules and enzyme melecules each have kinetic energy and are constantly
moving randomly.

» I a substrate molecule successfully collides with an enzyme molecule, then an enzyme-
substrate complex (ES complex) forms as the substrate molecule fits into the complementary-
shaped active site on the enzyme molecule.

+ The substrate meiecules are either broken down or bfu]t up nto the product moleculefs), and
these form an nzyme-product complex whilst still in the active site.

= The product molecules leave the active site.

« The enzyme molecule is now able to form another enzyme-substrate complex.

+ A small number of enzyme melecules can therefore convert a farge nurnber of substrate
molecules into product molecules.

A scientist, Emil Fischer, discovered In 1894 that glycolytic {(sugar-splitting) enzymes could distinguish between
sugar molecules that have the same molecular formula but slight differences in the geometry of how the atoms
are arranged within the molecules (think of a left-hand glove and a right-hand glove). This ted him to form his
lock-and-key hypothesis, which explains enzyme specificlty.

1T

Although scientists have knnwn about enzymes sirnce the late 19th century, it was only in the 1930s that it was
established that enzymes are proteins, The first enzyme to have its amino acid sequence worked out was bovine
pancreatic ribonuclease, In 1963. In 1965, the first 3D structure of an enzyme, hen sgg-white lysozyme, was
worked out using X-ray diffraction. Since then, the structures of many enzymes have been elucidated. |n the
1980s, scientists discovered that some types of RNA have catatytic properties in cells.

The induced-fit hypothesis |

Although the lock-and-key hypothesis explains enzyme specificity, it does not explain how the !
transition state — narnely the ES complex —is stabilised. ]

In 1958, Daniel Koshland modified the lock-and-key hypothesis by suggesting that the active site of
the enzyme is not a rigid fixed structure, but that the presence of the substrate molecule in it induces
a shape change, giving a good fit (see Figure 2).

He suggested that:

» When the substrate molecules fit into the enzyme’s active site, the active site changes shape
slightly to mould itself around the substrate molecule. Think of putting on a glove — it will only
accept a hand-shaped abject, but when you insert your hand the glove moulds around and fits

your hand perfectly, |
active site &/ substrate |
; —“;\ P |

__k]

Figure 2 The induced fit hypothesis. Binding of the substrate molecule (yellow) to the active site of the enzyme (blue)
results in & change of shape in the enzyme’s active site so that 1t fits around the substrate molecule more closely to
give the enzyme-substrate {ES} complex. When the product molecules are still attached to the active site this gives an
enzyme-product complex.

» The active site still has a shape complementary to the shape of the substrate molecule. But, on
binding, the subtle changes of shape of the side chains (R-groups) of the amino acids that make
up the active site give a more precise conformation that exactly fits the substrate molecule.

» This moulding enables the substrate to bind more effectively to the active site.
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« An enzyme-substrate complex is formed, and nor-covalent
forces such as hydrogen bonds, ionic attractions, van der
Waals forces and hydrophobic interactions, bind the substrate
molecule to the enzyme’s active site,

+» When the substrate molecules have been converted to the
product molecules and these are still in the active site, they
form an enzyme-product complex.

. As the product molecules have a slightly different shape from
the substrate molecule, they detach from the active site,

» The enzyme molecule is now free to catalyse another reaction
with another substrate molecule of the same type.
» The equation below outlines how an enzyme catalyses a reactor:
Enzyme + — Enzyme-substrate — Enzyme-product — Enzyme +
Substrate complex camplex Product

E+5 — ESC — EPC — E+P

Enzymas lower the activation energy ol a
reaction

Chemical reactions need energy to activate or begin them. Many
chemicals can be heated to provide this activation energy and
make them react together. This increases the kinetic energy of the
molecules so that they move about more, in & random fashion,
and are more likely to successfully collide and then react together.

In a living cell, the temperature cannot be raised too much or

the proteins within it would denature and lipids would melt.
Because enzymes have an active site specific to oniy the substrate
molecules, they bring the substrate molecules close enough
together to react, without the need for excessive heat. Therefore
they lower the activation energy and hence speed up metabolic
reactions (see Figure 3).

| T activation energy
| tequired without
- \\ | enzyme o
= T \ activation

D ~\ \ | I energy required
o = \\ . with enzyme
? maltose } ]
5 molecule bv

glucose molecules

Progress of reaction
Adding the enzyme maltase reduces the amount of
activation energy required for the reaction to take place

Figure 3 How the enzyme maltase lowers the activation energy needed to
hydrotyse maltose to glucose. :
il

EARNING TIE T

Digestron means to break down, Large molecules in food, such as
proteins and starch, are digested by being broken down by fiydrolys!s (o
smaller molecules, such as aming acids and glucose. Thererote the wards
‘digestion’ ang “hydmolysis’ may be used syponymousty

INVESTIGATION =
Enzyme specificity

Wear eye protection.

Yeast, Saccharomyces cerevisiae, Is a single-celted fungus. it is &
facultative anasrobe, which means it can respire with or without oxygen.
i oxyeen is present, then it wilt respire aerobicatly. but if oxygen is
ahsent then it can respire anaerobically.

When yeast respires anaerobically it produces ethanot and carbon

-dioxide. The carbon dioxide produced during a unit time, such as 10

minutes, can be cotlected and its volume measured.

Yeast may respire different sugars. Enzymes are specific and each type
will catatyse a specific sugar. You can investigate whether yeast can
metabolise the monosaccharide sugars glucose, fructose and galactose,

Questions

Use information gained from previous chapters, as well as the
information ir this chapter, to help you answer these questions,

o Explain how enzymes lower the activation energy and therefore
enable metabolic reactions to proceed quickly at the refatively
low body temperatures of Living organisms.

e Explain how a cell can carry aut many different types of metabolic
reaction at the same time.

e Describe how the lock-and-key hypothesis of enzyme action
differs from the induced-fit hypothesis.

o Some organisms grow in extreme enviranments. For example,
same archaea and bacteria grow in very hot springs. Suggest how
the structure of their enzymes, and other proteins, enables them
to withstand such high temperatures.

e Explain how an enzyme-substrate complex differs from an
enzyme-product complex.

Ara the enzymes involved in respiration intracellular or
extracellular? Explain your answer.

o Explain why a large amount of substrate can be converted by a
~ small amount of enzyme.




understanding of:

By the end of this topfc, you should be able to demoqjtrate and apply vour knowledge and

+ the effect of temperature on enzyme activity

practical investigations into the effect of temperature on enzyme activity

Ve s SO A
@y4: temperature coefficient, calcutated by dividing the rate of reacton
at (T = 101%C by the rate of the reaction a1 T°C.

| KEY DEFINITION

Heat and kinetic energy

All molecules have kinetic energy and can continuously move
around randornly. In so deing, molecules will collide with one
another.

If a substance is heated, then:

« The extra energy, in the form of heat, cauges the molecules to
move faster

« This increases the rate of collisions between malecules.

« It also increases the force with which they collide, as they are
moving faster.

Collisions between enzyme and substrate
molecules

You have already seen in topic 2.4.3 that an enzyme-catalysed
reaction only takes place if a substrate molecule successfully
collides with the active site of an enzyme molecule, forming an
enzyme-substrate complex.

If the reactant mixture containing enzyme and substrate
molecules is heated, then:

» both types of molecule will gain kinetic energy and move faster

s this will increase the rate {number per second) of successful
collisions

« therefore the rate of formation of ES complexes increases,
and the rate of reaction increases, increasing the number of
enzyme-product complexes per second, up to a point

« at a particular temperature, called the enzyme's optimum
temperature, the rate of reaction is at its maximum.

108

RHeat makes molecutes vibrate

As well as making molecules move faster, increasing the
temperature also makes them vibrate,

s This may break some of the weak bonds, such as hydrogen and
ionic bonds, that hold the tertiary structure of the enzyme's
active site.

+ Agthe active site shape begins to change, the substrate
molecules will not it into it so well and the rate of reaction
begins to decrease.

» As more heat is applied, the shape of the enzyme’s active
site completely and irreversibly changes 3o that it is no longer
complementary to the shape of the substrate molecule.

» The reaction cannot proceed at all.

+ The enzyme is denatured (see Figure 1).

Heat does not break the peptide bonds between amino acids, so
the enzyme's primary structure iz not altered.

This protein is folded into its correct
3D shape, part of which, in an enzyme
molecule, is the active site.

hydrophobic core _
region contains o hydrogen bonds can
nenpelar % L Q sy form to polar side
side chains . 7 chains on the outside
— "\ /,/"/‘) / of the melecule
Pretes A f
F N e ¥
. po]ar_ # nonpelar
side c}}ams ~~  gu-—side chains
S\
&= .
unfolded polypetide
p-8n e

C-‘.‘_v_.'
Heat has broken hydrogen honds so that the
protein has unfolded. Tt no longer has its 3D
shape and the active site is not complementary
to the shape of the substrate molecule,

Figure 1 Oenaturation.




Enzymes

Optimum temperature

This is the temperature at which the enzyme works best, It is the temnperature at which the enzyme
has its maximum rate of reaction.

ARNING 1P
Enzymes are biological molecules
Sorne enzymes work best at cool temperatures. Bear in mind that some organisms ave adapted to but they are not organisms, [fiey
living in cold places. For exaraple, there are psychrophilic bacteria {see Figure 2(a)), which live in very ¢ notkilleo, they are denaturad.
cold conditions. Their enzyrmes can work at really low temperatures.

Some organisms, such as thermaophific bacteria in hot springs, live at very high temperatures (see
Figure 2(b}). Their enzymes {as well as their other proteins) are heat stable. They have more disulfide
bonds that de not break with heat and keep the shape of the protein molecules stable. Their enzymes
will have high optimum temperatures. You will learn in the second year of your course about an
enzyme cbtained from a thermophilic bacterium, Thermophilus aquaticus, called Tag polymerase, that
is used at high temperatures in the polymerase chain reaction (PCR) to amplify fragments of DNA for
forensic gene-screening analysis or cloning.

Figure 2 {3} Red algae growing in ice. Their enzymes function at cold temperatures. {b) Thermophilic bacteria in a hot
pool. The enzymes of these bacteria function well at high temperatures.

The graph in Figure 3 shows the effect of temperature on the rate of an enzyme-catalysed reaction.
In this case, the reaction is the digestion (hydrolysis) of cocked egg-white {the protein albumen) by
the protease enzyme pepsin, at pH 2. The rate of reaction was measured by the time taken for the
end point {a clear solution) to be reached.

Rate of reaction= -~ .- R -
time taken to reach end point

The units for rate of reacton are s

g increasing temperature
A B beyond the aptimum (B}
~[botwmen Aand B TN temperature‘reduces the
L) e ) /S L8 \ rate of reaction due
8 |temperature P gﬂ:: g ‘ ta the breaking of b’onds
S |increases the rate g E holding the enzyme's
5 of reaction due g “6 \ tertiary structure in place
= |to increased E" g
8 |knetic / 8 E
& energy g3 . )
| g E at C there is no reaction
/ =4l 5 \ because the enzyme is
|~ - o Cl denatured
s ' T s | g

20 30 4 50 80 70 80
Temperature (°C)

Figure 3 The results of an investigation into the effect of temperature on the action of the protease enzyme pepsin. This
Enzyme has an eptimum ternperature of around 50—60 °C, which ts higher than the mammalian body temperature.




| Temperature coefficient, Oy, :
The temperature coefficient here refers to the increase in the rate of a process when the temperature
| is increased by 10 °C. |
[t is grven by the equation:
01 = rate of reaction at {7 + 10)°C
B rate of reaction at 7°C '

For chemical reactions in a test tube, O, 1s apprcnﬂmateﬁz 2 which means that for every 10°C rise in |
ternperature the rate of reaction is doubled.

For metabolic reactions catalysed by enzymes, befween temperatures of 0 °C and approximately
40°C, the rate of these reactions is also roughly doubled for every 10 °C rise in temperature, This
ig hecause the increase in temperature provides more kinetic energy, so enzyme and substrate
molecules move faster and collide more often.

For enzymes at temperaiures above thelr optimum ternperature, the value of the temperature coefficient,
Oy, drops. This is because the higher temperatures alter the structure of the active sites of the enzyme
molecules so that they are o longer complementary o the shape of the substrate malecules.

Errpi= Ay BN e w7 el ey N e W Sl AN . | 1

The tabie belnw shons the results of starch hydrolysis in a solunion of Lintrer's {solublet starch and amylase erzyme

—u

35 “108 o - |
45 . 100
(., tbetweean 25 and 35 °Ci s = 1;'03 = 2.16

100 0.93

} 35 and 45 °C) is
U, Ibetween 35 an )i 108
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There are many enzymes that you can use to |nvest|gate the effect of temperature change. One is phosphatase |
enzyme. This enzyme breaks down organic phosphaies In cells in order to maintain the pool of phosphate ions ||
for use by cells to make chemicals such as ATP, ribulose bisphosphate and NAGP.

Effect of temperature on phosphatase enzyme
Wear eye protection. !
tn this investigation, a chemical substrate phenolphthalein phosphate, (PPP), is used. Phospliatase enzyme breaks
this down, liberating free phenolphthalein. When sodium carbonate, which is alkaline, is added in excess, the free
phenoiphthalein produces a deep-pink colour. The intensity of the colour is proportional to the concentration of
free phenolphthalein. This |ntensity can be measured using a colorimeter with a green fltter. i each reaction fibe
has been given the same length of time, the intensity of the colour gives an indicaticn of the rate of reaction — the
darker the pink, the more molecules of PPP were hydrolysed by the enzyme in the set period of time.

" —— = s . o= e 33 = = e, T T
o Explain why the rate of an enzyme-controlled reaction is lower at 10 °C than it is at 30°C.

e Explain why an enzyme solution kept in the fridge far a week will catalyse a reaction at 40 °C, whereas an
' enzyme solution that has been beiled does not catalyse a reaction at 40 °C.

e Explain why the rate of an enzyme-cataltysed reaction does not keep on increasing as the temperature is
increased above 40 or 50 °C.

I 0 Explain why using living tissue, such as bean sprouts, as a source of enzyme may {ead to difficulties in
| controlling the enzyme concentration.

e {a) Explain the difference between the independent variable and the dependent variable.

(b) Explain why tubes of reactants and separate tubes of enzyme solutions are placed in the water-bath for
5-10 minuies before they are mixed and the reaction allowed to proceed.

{c) Explain why, in an investigation about enzyme activity, the enzyme solution is always added last.
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By the end of this topic, you should be able to demonstrate and apply your knowledge and
understanding of:

= the effect of pH on enzyme activity

| What is pH:
. The pH indicates whether a substance is acidic, alkaline or neutral.

pH values of (-6 are acidic, pH 7 indicates neutral, and pH 8-14
indicates that the solution is alkaline.

——

Acids such as hydrochloric acid and sulfuric acid dissociate into
protons and a negatively charged ion.

HCl — H*+ Cl-

i H,50y — H* + HSQ, -

Organic acids are also proton dongrs;

s lactic acid dissociates inte H* and lactate

S T

—

+ pyruvic acid dissociates into H* and pyruvate

e

. Inbiology, a buffer is something that resists changes in pH. There
are certain chemicals in your blood that help resist changes in

pH <o that the blood pH remains within fairly narrow limits close
to pH 7.4. These chemicals can donate or accept hydrogen ons.
Some proteins, such as haemoglobin, can also donate or accept
protons and so act as buffers,

In laboratory investigations, you will use buffer solutions to maintain
the desired pH for investigating enzyme action at different pH values
or to keep the pH constant whilst you investigate another factor

ARG TP 5 2 =
* Retember ehat pH is worked out by the Forruta log lHl! 54 a large
<accentration of hydiogen ions gives a small value ot pH. If the

cGidity tnereases, then the oM decreases.
* Resnember atso that hydrogen lons are protans

A eEESEESE I I e -

Jow changes in ~H affect bonds

molecules

- * Ahydrogen ion, which is a proton, has a positive charge, so it is
attracted towards negatively charged ions, molecules or parts
of molecules. Figure 1 shows how hydrogen bonds and ionic
forces between amino acids hold the tertiary structure of an
enzyme molecule, particularly the active gjte, in the correct
shape so that the substrate molecule will fit into it.

AT

? * Excess hydragen ions will interfere with these hydrogen bonds
and ionic forces, and so the active site of the enzyme molecule
will change shape. If the substrate molecule does not fit

well into the active site, then the rate of the reaction that the
enzyme catalyses will be lowered.

i practical investigations into the effect of pH on enzyme activity

+ Increasing the concentration of hydrogen ions will also alter
the charges on the active site of enzyme molecules, as more
protons will cluster around negatively charged groups (for
example amino acid R-groups — see topic 2.2.8) in the active

site. This interferes with the binding of the substrate molecule

to the active site.

Hydrogen bonds hold structures like an «
helixz in place in protein molecules.

—ve ™,

“,
+ve - -
K .fe —ve
—ve - +ve™ tvye
+ve . .,:\."e
+ve
H* added
—ve
"‘“
H ~ve
H+"
s,

As H* is increased in concentration, the positive
charges are attracted to the negative charges
on the & helix and so 'replace’ the hydrogen bonds.

Figure 1 How protons interfere with the hydrogen bonds halding the tertlary
structure of an enzyme molecule.

Enzymes work within a narrow range of pH.

s+ Small changes of pH, either side of the optimum pH, slow
the rate of reaction, because the shape of the active site is
disrupted (see Figure 2).

» However, if the normal optimum pH is restored, the hydrogen
bonds can re-form and the active site’s shape is restored.

« At extremes of pH, the enzyme’s active site may be
permanently changed. When the enzyme is thus denatured, it
cannot catalyse the reaction.

ST it o o



Reducing or increasing the pH away from the
optimum pH reduces the rate of reaction
because the concentration of H* in solution
affects the tertiary structure of the enzyme
molecule.

Initial rate of reartion
~—
optirnum pH gives \\

maxirnum rate of reaction

|

D/
I

-1
[=a)
w

pH
Extremes of pH can lead to denaturation
of the enzyme (at points D + E}.

Flgure 2 The effect of pH on an enzyme-catalysed reaction.

Vot alt enzymes have the same optimum pH

Enzymes that work intracellularly have an optimum pH that js
closetopH 7.

« Enzymes that work extracellularly may have optimum pH
values different from pH 7. During digestion, for example, food
is first taken into your mouth, and the amylase enzymes that
digest starch to maltose there work best at a pH of 6.8.

» As food passes into your stomach, hydrochloric acid is
secreted, giving a very low pH, One of the acid’s functions is
to kill bacteria and other pathogens in the food. The protease
enzyme, pepsin, in the stornach works best at very low pH
values, of between 1 and 2. It digests large protein molecules
into smaller peptide molecules.

+ As the partly digested food moves into the small intestine, salts
in bile made in the liver neutralise it and raise the pH to around
7.8. This is optimal for the protein-digesting enzymes, trypsin
and enterokinase, that catalyse further digestion of peptides to
armino acids in the small intestine (Figure 3).

MDD VOU KNDW?2 i
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It is important that your Dlood pH is mainttained within guite narrow
limits, between 7.35 and 7,45. There are many plasma proteins in blood.
Changes in blood pH can also cause vasodilation or vasoconstriction.

tn the blood plasma there are buffers that resist changes in pM. For
example, potassium dihydrogenphosphate can donate hydrogen ions.
Some proteins act as buffers, as they can donate or accept protons.
Hydrogencarbonate lons also act as buffers.
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' The rate of reaction <

- . pepsin and trypsin at
REPSIN UYPSM - different pH values. |
./ /\  Note that each enzyme

has its own optimurn
pH, and that each
/ \ would probably he

Rate of reaction

\optimum pH value.

56 7 8 9 10 11 12
pH

Figure 3 Pepsin and trypsin ~ rates of reaction at different pH values,

1 2 3 4

INVESTIGATION 5 o o
The effect of pH changes on tha rate of ar enzyme-catalysed
reaction

Design an investigation to find the effect of changing pH on the activity
of the enzyme phesphatase. You can then carry out similar experiments
with the enzymes pepsin and trypsin.

In each case, write a plan for your investigation. Include a clearly stated
testable hypothesis: a list of apparatus needed: the independent and
dependent variables; contral variables with details of how and why you

need to control them; and how you will deal with your data.

o Explain why enzymes ‘only work within narrow ranges of pH.

e Suggest why blood pH is one of the factors monitored closely in
some hospital patients,

a Explain what is meant by ‘a buffer selution”,

e Explain why both increasing and decreasing the pH away from the
optimum pH for a specific enzyma reduces its rate of reaction.

9 Dogs produce a much greater concentration of stomach acid than
do humans. Hence they are able to eat fond that would make us
ilL How would you expect the optimum pH of canine pepsin to
differ from that of hurman pepsin? How could you investigate this
expetimentally?

9 The proteases pepsin and trypsin are both produced in an Inactive
form — pepsinagen and trypsinogen, respectively. The stomach
acid changes pepsinogen to the active pepsin, and an enzyme
enterokinase changes trypsinogen to trypsin, Suggest why these
enzymes are first secreted in.an inactive form.

\ denatured at the other's

=
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By the end of this topic, you should be able to demonstrate and apply your knowledge and
understanding of:

+ the effects of substrate concentration on enzyme activity

+ practical investigations into the effects of subsirate concentration on enzyme activity

IREY BEEINITION == ol ri T T S |+

concentration: number of motecules per unit volume,

fhe effect of changing substrate
concentration

If there is no substrate present, then an enzyme-catalysed reaction
(see topic 2.4.3) cannot proceed. This is because there are no
substrate molecules to fit into the enzyme molecules’ active sites,
and so 1o enzyme-substrate complexes can be formed.

As substrate is added and its concentration increases, the rate of
reaction increases (see Figure 1),

» This is because more enzyme-substrate (ES) complexes can form.
« As a result, mere product molecules are formed.

» Substrate concentration is limiting the reaction, because, as it
increases, the rate of reaction increases.

» Substrate concentration is the limiting factor.

As the concentration of substrate is increased even further, the

reaction will reach its maximum rate.

= Adding mare substrate molecules to increase the substrate
concentration will rot increase the rate of reaction.

* This is because all the enzymes' active sites are occupied with
substrate molecules.

» [f more substrate molecules are added, then they carmot
successfilly collide with and fit into an enzyme’s active site,

'
<] I —— - £
S o & i All enzymes present are
2 /" Substrate: waorking at maxinium rate
‘E /:oncentration
& isthe }imit[ng‘é Substrate concentration
- / factor.; iz no longer limiting the
= i reaction. Another factor
"/ Increased substratei s limiting the reaction.

/concentration leads to - #
4 increased reaction rate. :

Substrate concentration

Flgure L The effect of increasing substrate concentration on the rate of an
enzyme-controlled reaction.

UMVESTIGATION 5 : s .
The effect of increasing substrate concentration on the rate of an
enzyme-catalysed reaction
tUrease Is a hydrotytic enzyme found in some bacteria, furgi and plants. It
breaks the C-N bonds in amides, such as urea.

{NH.),C0 + H,0 — 2NH, + €O,
This releases ammonia. which can be used by the organisms as a source
of nitrogen.

As amimonia is reteased, the pH of the solution is increased. The indicator
phenol red changes from yellow to pink when alkaline {see Figure 2},
Universal Indicator solution may alsa be used to detect the change of pH due
to the evolution of ammeonia. The solution will change from green to blue.

Colorimetry can be used to measure absorbance and hence depth of
cotour, and therefore the ampunt of ammonia produced in @ set time.
This gives an indication of the rata of reaction.

The independent variable is concentration of urea. The dependent
variable is ate of reaction as measured by absorbance.

Conrrai variables:
» concentration of enzyme solution
« volume of enzyme and substrate solutions

» temperature (use a thermostatically controlled water-bath at a
specified temperature within the range 30-40°C)

»  time for reaction, eg. 20 minutes
« stirring/shaking of reactants
« wavelength of tight/fliter in the colorimater.

Wear eye protection.

You will have a stock sotution of urea af 0.1 M concentration. Make up a
range of vrea concentrations as follows:
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By the end of this topic, you should be able to demonstrate and apply your knowtedge and

= the effects of enzyme concentration on enzyme activity -

+ practical investigations into the effects of enzyme concentration on enzyme activity

Enzyme availability in cells

In a laboratory practical, you rmay be able to change the
concentration of a solution of & particular enzyme. In living cells,
the enzyme concentration or availability depends on the rate of
synthesis of the enzyme and its rate of degradation.

Hach of these rates is directly controlied by the cell.

Enzyme synthesis

Depending on the cell's needs, genes for synthesising particular
enzymes can be switched on or off

Enzyme degradation

The protein cornponent of living cells is constantly being turned
over, Celle are continuously degrading old enzyme molecules

to their component amineo acids and synthesising new enzyme
molecutes from amino acids.

This might appear to be rather wasteful, but there are
advantages:

« the elimination of abnormally shaped proteins that might
otherwise accurmulate and harm the cell

» the regulation of metabolism in the cell by eliniitating any
superfluous (surplus to requirernents) enzymes.

Therefore, for a cell to regulate its metabolist properly, the
control of enzyme degradation is equally as important as the
control of enzyme synthesis.

B T S P R iy S|

One of the longest-lived proteins in humans is haemogtobin, found
Inside erythrocytes. Each haemoglobin molecule lasts for about 120
days.

Increasing the enzyme concentration (n an
enzyme-controlied reaction™

As enzyme concentration increases (see Figure 1.

* more active sites on the enzyme become available

* Tore successful collisions between the enzyme and substrate
oceur

« more enzyme-substrate (ES) complexes can form per unit time,
30 the rate of reaction increases

. enzyme congcentration is the limiting factor — as it increases, 5o
does the rate of reaction.

[f substrate concentration is fixed or imited, all the substrate
molecules will be occupying an active site, or will have occupied an
active site and been released as product molecules, The reaction is
at its maximum rate for the fixed substrate concentration, so:

« if the enzyme concentration is increased further, then there
will be no increase in the rate of reaction because the active
sites of the extra enzyme molecules will not be occupied by
substrate molecules

+ the enzyme conceniration is no longer the limiting factor; as
enzyme concentration increases, the rate of reaction does not
increase

» substrate concentration is now the limiting factor. Lack of
substrate molecules is preventing the rate of reaction from
increasing.

Wr'en you stidy a geaph. describe what is happening [0 each region uiid
exnlaim why these changes are eccurring. Refer to fotn axes and quote

datz figures if you can.

t  Enzeme ‘bt subsbate concenauo.

i{.CII wenbation WOl I8 nOwW the IMITng
g is the tactgr, = hcreased rhen
§ limiting ;Jn?e r:r: oi reactlon can
[ tactod INurgdaae. i
% £ a. Fixed _
o g concentration
— ’ H
= /i . batrate.
% /| Enzyme concentration of su

/ | -+ - —_——

:‘E p i iz no longer the limiting factor.
= / i Substrate corcentration is the

¢ limiting factor,

Concentration of enzyme

Figure 1 Effect of enzyme concentration on the rate of an enzyme-controtled
reaction.




Initial rate of reaction

In any reaction, the initial rate of reaction between the reactants is
fastest. The same s true of an enzyme-catalysed reaction.

« At the beginning of the reaction, when enzyme and substrate
molecules are first mixed and are then moving randornly, there
is a great chance of & substrate molecule successfully colliding
with an enzyme’s active site.

+ As the reaction proceeds, substrate molecules are used up as
they are converted to product malecules, so the concentration
of substrate drops.

+ As aresult, the frequency of successful collisions between
enzyme and substrate molecules decreases because some
enzymes may collide with product molecules, and so the rate
of the reaction slows down.

+ Thus, the inifial reaction rate gives the maximum reaction rate
for an enzyme under a particular experimental situation.

—

a) 1 mitial rate calculated as
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Figure 2 {a) Comparing the initial rates of reaction, at different pH vatues, for
the breakdown of hydrogen peroxide catalysed by the enzyme catalase, using
the apparatus shown in (bl
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[NVESTIGATION

The effect of enzyme concentration on an enzyme-cataiysed
reaction
Wear eye piotection,
You have carried out an investigation into the effect of changing the
substrate (irea) concentration on the activity (rate of reaction) of the
enzyme Urease. *h
Now think about hew changing the enzyme {urease) concentration wilt
affect the rate of the sarme reaction — the breakdown of urea cata lysed by
urease.
Wirite a plan for the investigation to include the following:

1 State your hypothesis and explain it,

2 State your independent and dependent varlabtes.

3 Decide which concentration of substrate {urea) you will use. Do you
want the substrate to be in excess?

4. Decide on a sujtable range of enzyme concentrations and how YO
will make up these solutions. Which strength of stock solution of
urease will you néed?

5 Which variables will you need to cantroi? How will you control them?
Why do they need to be controlied?

6 Draw up a table showing the apparatus that you will need and
explain why you need each piece,

7 Cairy out 2 risk assessment.

& Camy out your investigation, repeating each reading so you have
three sets of data at each enzyme cancentration and can find the
mean value. This will alse help you identify anomalies and repeat
those anomalous readings if necessary.

9 Graph vour data.

10 Write a conclusion.

11 Discuss sources of emors and timitations, and suggest improvernents
0 your method,

o Sugaest why cells regulate the amount of enzymes in them,

e When cells make new enzymes they may need more of speciflc
types of amino acids than have been made available by enzyme
degradation. What is the source/origin of the amino acids that
have not come from the degradation of enzymes?

o Suggest why the number of enzyme molacules within a living cell
Is kept fairly low.

0 Explain why, if you want to demonstrate the effect of any
independent variable on the rate of an enzyme-catalysed reaction,
it is best to compare the initial reaction rates at different values
for the independent variable.




