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2.4.1 Enzymes

Structure of Enzymes

Enz ymes are bio lo gical catalysts

‘Bio lo gical’ because they functio n in living systems

‘Catalysts’ because they speed up the rate o f  chemical reactio ns  witho ut being used up o r

changed themselves

Enz ymes have an active site to  which specific substrates bind

Enz ymes are also  glo bular pro teins

Critical to  the enz yme's functio n is the active site  where the substrate binds

Enz ymes are specific  to  the substrate

The shapes o f the enz yme and substrate and their chemical pro perties  are co mplementary,

to  allo w the substrate to  fit into  the active site, like two  jigsaw pieces fitting to gether

This is called enz yme-substrate specificity

Due to  this specificity, tho usands o f enz ymes are needed thro ugho ut an o rganism, to  carry o ut

individual chemical reactio ns
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Enzyme Activity

Enz yme catalysis invo lves mo lecular mo tio n and the co llisio n o f substrates with the active site

Fo r an enz yme-catalysed reactio n to  take place, substrates co llide at rando m with the enz yme's

active site

This must happen at the co rrect o rientatio n and speed  in o rder fo r a reactio n to  o ccur

Unsuccessf ul co llisio ns  can o ccur when the mo lecules are no t co rrectly aligned with each

o ther at the mo ment o f co llisio n

The mo lecules 'bo unce' o ff each o ther and no  reactio n takes place

So me enz ymes have two  substrates  that must each co llide with a separate active site at the

same time

Substrates bind to  enz ymes, fo rming a tempo rary enz yme-substrate co mplex

The active site  o f an enz yme has a specific shape  and chemical pro perties  to  bind with a

specific substrate

The reactio n o ccurs within the enz yme-substrate co mplex which leads to  changes in the

chemical structure o f  the substrate

Pro ducts  are fo rmed, which detach and mo ve away  fro m the active site, which can be re-used

The active site of an enzyme has a specific shape to fit a specific substrate (when the substrate binds an

enzyme-substrate complex is formed)

The specificity  o f an enz yme is a result o f the co mplementary nature  between the shape o f the

active site o n the enz yme and its substrate(s)

The shape  o f the active site (and therefo re the specificity o f the enz yme) is determined by the

co mplex 3-D shape  o f the pro tein that makes up the enz yme
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Pro teins are fo rmed fro m chains o f  amino  acids  held to gether by peptide bo nds

The o rder o f amino  acids in this chain determines the shape o f an enz yme

If the o rder is altered, the resulting three-dimensio nal shape changes

An example of enzyme specificity – the enzyme catalase can bind to its substrate hydrogen peroxide as

they are complementary in shape, whereas DNA polymerase is not
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The temporary formation of an enzyme-substrate complex

Enz yme reactio ns can either be catabo lic  o r anabo lic

Catabo lic  reactio ns invo lve the breakdo wn o f co mplex mo lecules into  simpler pro ducts, which

happens when a single substrate is drawn into  the active site and bro ken apart into  two  o r mo re

distinct mo lecules

Examples o f catabo lic reactio ns include cellular respiratio n and hydro lysis  reactio ns
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A catabolic reaction

Anabo lic  reactio ns invo lve the building o f mo re co mplex mo lecules fro m simpler o nes when two

o r mo re substrates are held in the active site, fo rming bo nds between them and releasing a

single pro duct

Examples o f anabo lic reactio ns include pro tein synthesis  and pho to synthesis

An anabolic reaction

Exam T ip

Do n't fo rget that bo th enz ymes and their substrates are highly speci�c to  each o ther – this is

kno wn as enz yme-substrate speci�city.
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Factors Affecting Enzyme Activity

Temperature, pH and substrate co ncentratio n affect the rate o f activity o f enz ymes

Enz ymes have a specific o ptimum temperature  – the temperature at which they catalyse a

reactio n at the maximum rate

Lo wer temperatures  either prevent  reactio ns fro m pro ceeding o r slo w them do wn:

Mo lecules mo ve relatively slo wly

Lo wer f requency o f  successf ul co llisio ns  between a substrate mo lecule and the active

site o f enz yme

Less frequent enz yme-substrate co mplex fo rmatio n

Substrate and enz yme co llide with less energy, making it less likely fo r bo nds to  be fo rmed

o r bro ken (sto pping the reactio n fro m o ccurring)

Higher temperatures speed up reactio ns:

Mo lecules mo ve mo re quickly

Higher f requency successf ul co llisio ns  between a substrate mo lecule and the active site

o f enz yme

Mo re frequent enz yme-substrate co mplex fo rmatio n

Substrate and enz yme co llide with mo re energy, making it mo re likely fo r bo nds to  be

fo rmed o r bro ken (allo wing the reactio n to  o ccur)

Ho wever, as temperatures co ntinue to  increase, the rate at which an enz yme catalyses a reactio n

dro ps sharply, as the enz yme begins to  denature
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The effect of temperature on the rate of an enzyme-catalysed reaction

Changes in pH

pH is a result o f the hydro gen io n co ncentratio n in a so lutio n

A lo w pH is acid  and has a high hydro gen io n co ncentratio n

A high pH is alkaline  and has a lo w hydro gen io n co ncentratio n

A 10× increase  in hydro gen io n co ncentratio n lo wers the pH by 1 unit

pH is therefo re measured o n a lo garithmic scale  o f hydro gen io n co ncentratio n, no t a linear

scale

Water has a pH o f 7, regarded as neutral

Extremes o f  pH can also  alter hydro gen bo nding within an enz yme's structure and cause

irreversible denaturatio n

Each enz yme has an o ptimum pH

No t all enz ymes have an o ptimum pH near to  neutral. Fo r example

The sto mach enz yme  pepsin is adapted to  wo rk best at pH 2

Certain bacterial enz ymes wo rk at pH 9-10, in line with the pH o f the bacteria's main habitat
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The effect of pH on three enzymes' rates of reaction

Changes in subst rat e concent rat ion

The mo re substrate mo lecules are present in a so lutio n, this increases the f requency o f

co llisio ns  with the enz yme's active site

Active sites are o ccupied  o r 'blo cked' by substrates whilst the reactio n is taking place

The mo re active sites are o ccupied, the f ewer are available to  catalyse o ther substrate

mo lecules

As substrate co ncentratio n rises, the slo wer the rise in the rate o f the enz yme-catalysed reactio n

The active sites have beco me saturated

At the po int o f  active site saturatio n, increasing the substrate co ncentratio n will cause no

f urther increase  in the rate o f reactio n

At the po int o f active site saturatio n, a metho d o f increasing the rate o f reactio n wo uld be to

make mo re active sites available by increasing the enz yme co ncentratio n
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The effect of substrate concentration on enzyme activity

Exam T ip

When answering questio ns abo ut reactio n rates fo r enz yme-catalysed reactio ns, make sure to

explain ho w the temperature affects the speed at which the mo lecules (enz ymes and

substrates) are mo ving and ho w this, in turn, affects the number o f successf ul co llisio ns.Yo u

sho uld memo rise the sketch graphs o f temperature, pH and substrate co ncentratio n and be able

to  sketch new curves fo r changed co nditio ns.
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Denaturation: Enzymes

Enz ymes can be denatured

High temperatures  and extremes o f  pH cause denaturatio n

Bo nds  (eg. hydro gen bo nds) ho lding the enz yme mo lecule in its precise 3D shape start to  break

This causes the 3-dimensio nal shape  o f the pro tein (ie. the enz yme) to  change

This permanently damages  the active site, preventing the substrate  fro m binding

Denaturatio n has o ccurred if the substrate can no  lo nger bind

The reactio n that was previo usly catalysed no w no  lo nger takes place

Denaturatio n o ften causes the enz yme to  beco me inso luble  and fo rm a precipitate

Very few human enz ymes can functio n at temperatures abo ve 50°C

This is because humans maintain a bo dy temperature o f abo ut 37°C, therefo re even

temperatures exceeding 40°C will cause the denaturatio n o f enz ymes

High temperatures cause increased vibratio ns in the bo nds and the hydro gen bo nds

between amino  acids  start to  break, changing the co nfo rmatio n o f the enz yme

Exam T ip

Do n't fo rget that enz ymes are always pro teins and so  anything that co uld denature a pro tein,

rendering it no n-o peratio nal (extremes o f heat, temperature, pH etc.) wo uld also  denature an

enz yme.Avo id using the term 'destro yed' when describing the disruptio n to  enz yme structure;

the mo re accurate term is 'denatured'.

2.4.2 Immobilised Enzymes

Immobilised Enzymes

Immobilised enz ymes are widely used in indust ry

Just befo re 1900, it was disco vered that enz ymes co uld be used to  catalyse pro ductio n o f

alco ho l in the absence o f yeast cell

Since then, hundreds o f enz ymes have been develo ped o utside o f living cells fo r co mmercial

purpo ses

Uses o f enz ymes in industrial pro cesses can be expensive, so  we need ways to  reuse them in

o rder to  be co st-e�ective

An immo bilised enz yme  is an enz yme that is attached to  an inso luble material to  prevent mixing

with the pro duct and thro ugh this metho d, the enz yme can be reused  in subsequent reactio ns

Immo bilised enz ymes are used in the fo llo wing co mmercial pro cesses

Agriculture

Bio senso rs (diagno sis, analysis eg. fo r impurities)

Manufacturing pro cesses

Energy generatio n

Enviro nmental management

Fo o d/drinks industry

Medicines

Metho ds by which enz ymes can be immo bilised include:

Attachment to  an inert substance  eg. glass

Entrapment within a matrix e.g. alginate gel

Entrapment within a partially permeable membrane
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Different ways in which enzymes can be immobilised

The mechanism o f immo bilised enz yme use wo rks as fo llo ws:

The immo bilised enz ymes are co ntained within a co lumn

The substrate is filtered thro ugh this co lumn in so lutio n

As the substrate runs thro ugh the co lumn, enz yme-substrate co mplexes  are fo rmed and

pro ducts are pro duced

These pro ducts then flo w o ut  o f the co lumn, leaving the enz ymes behind  to  catalyse the

reactio n again
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The immobilised enzymes are contained within a column

Advant ages of  immobilised enz ymes

There is no  enz yme in the pro duct  (the pro duct is unco ntaminated) and therefo re there is no

need to  further pro cess o r filter the end pro duct

The immo bilised enz yme can be reused multiple times  which is bo th efficient and co st-

effective  (many enz ymes are expensive)

Reusing the enz yme also  avo ids the need to  separate  the enz yme fro m the pro duct in

do wnstream pro cessing

Immo bilised enz ymes have a greater to lerance o f  temperature and pH changes  (immo bilisatio n

o ften makes enz ymes mo re stable)

Substrates can be expo sed to  higher enz yme co ncentratio ns  than when using enz ymes in

so lutio n, increasing the rate o f thro ughput

Co nditio ns can be co ntro lled caref ully, allo wing immo bilised enz ymes to  functio n clo se to

their o ptimum co nditio ns  and be mo re stable

Disadvant ages of  immobilised enz ymes
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Specialist expensive equipment  is required

Immo bilised enz ymes are mo re co stly to  buy, so  are unlikely to  be financially wo rthwhile fo r

smaller industries

The rate o f  reactio n is so metimes lo wer when using immo bilised enz ymes as the enz ymes

canno t mix freely with the substrate

Examples of  immobilised enz ymes in indust ry

There are many industrial and medical applicatio ns o f immo bilised enz ymes, including

pro ductio n o f the fo llo wing:

Lacto se-f ree  dairy pro ducts such as milk

Enz yme: Lactase

Co nverts lacto se to  gluco se and galacto se

Semi-synthetic penicillin which o verco mes issues o f penicillin resistance

Enz yme: Penicillin acylase

Co nverts the o riginal fo rm o f penicillin into  o ne which is effective against penicillin-

resistant o rganisms

Gluco se  pro ducts used to  sweeten and thicken fo o ds

Enz yme: Gluco amylase

Co nverts starch and o ther dextrins into  gluco se

Fructo se  fo r sweetening o f fo o ds where a lo wer quantity o f sugar is necessary

Enz yme: Gluco se iso merase

Co nverts gluco se into  the sweeter sugar, fructo se

Purified samples o f L-amino  acids  used in fo o d pro ductio n

Enz yme: Amino acylase

Separates o ut L-amino  acids fro m D-amino  acids

Acrylamide  required in dispo sable nappy/diaper pro ductio n

Enz yme: Nitrilase

Co nverts acrylo nitrile into  acrylamide

Exam T ip

Yo u will no t necessarily be asked abo ut these specific examples o f industrial uses o f

immo bilised enz ymes (except fo r lacto se mo dificatio n), but it is useful to  kno w o f so me uses in

o rder to  be able to  apply yo ur kno wledge accurately in the exam.When discussing the

advantages and disadvantages o f immo bilised enz ymes, try to  be specific abo ut the co st

implicatio ns as there are vario us co nsideratio ns when it co mes to  the eco no mical value o f

immo bilising the enz ymes.
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Lactose-free Milk Production

A closer look at  lact ose-f ree milk product ion

Milk is a valuable so urce o f nutrients co ntaining pro tein, fat and the carbo hydrate lacto se

5-10%  o f the UK po pulatio n are lacto se into lerant

They can't digest lacto se and suffer fro m blo ating, digestive pro blems, disco mfo rt and

pain

Lacto se is a disaccharide  that is hydro lysed into  gluco se and galacto se

The yeast Kluyveromyces lactis gro ws naturally in milk and can be cultured as a so urce o f the

enz yme lactase

Gluco se and galacto se are sweeter than lacto se, so  less sugar needs to  be added to

fo o ds with mo dified lacto se to  achieve the same sweetness

Ice cream and yo ghurt  pro ductio n also  benefit fro m having mo re gluco se and galacto se

than lacto se in the milk they are made fro m

Using the immobilised enzyme lactase to modify milk
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2.4.3 Skills: Enzyme Experiments

Practical 3: Enzyme Experiments

Design of  experiment s t o t est  t he effect  of  t emperat ure, pH and subst rat e
concent rat ion on t he act ivit y of  enz ymes

Three different independent variables  can be tested

Temperature

pH

Substrate co ncentratio n

Yo u sho uld plan ho w the dependent variable is go ing to  be measured

With appro priate units

Also , what intervals o f  the independent variable  are go ing to  be cho sen

These facto rs dictate the cho ice o f  apparatus  and o ther equipment required fo r the experiment

The co ntro l variables  need to  be identified and mo nito red eg. temperature when measuring the

effect o f pH

Invest igat ing t he effect s of  t emperat ure or pH on cat alase act ivit y

The pro gress  o f enz yme-catalysed reactio ns  can be investigated by:

Measuring the rate o f  f o rmatio n o f  a pro duct

Measuring the rate o f  disappearance o f  a substrate

In this investigatio n, the rate o f pro duct f o rmatio n is used to  measure the rate o f an enz yme-

co ntro lled reactio n:

Hydro gen pero xide  is a co mmo n but to xic  by-pro duct o f metabo lism

This means it must be bro ken do wn quickly

Catalase  is an enz yme fo und in the cells o f mo st o rganisms that breaks do wn hydro gen

pero xide into  water and o xygen

Hydro gen pero xide and catalase are co mbined and the vo lume o f  o xygen generated is

measured in a set time

The rate o f  reactio n can then be calculated
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Experimental set-up for investigating the rate of formation of a product using catalase

If measuring the effect o f temperature o n enz yme activity, the co nical flask co ntaining po tato

pieces can be held in a water bath at the required temperature

The water level in the water bath must be higher than the level o f H O  in the co nical flask, to

ensure even heating

The co nical flask can also  be swirled gently to  mix the co ntents and maintain an even

temperature

Invest igat ing t he effect  of  subst rat e concent rat ion on amylase act ivit y using iodine

In this investigatio n, the rate o f substrate disappearance  is used to  co mpare rates o f reactio n

under different co nditio ns

Amylase  is a digestive enz yme that hydro lyses starch into  malto se and gluco se

Amylase functio ns best at pH 7 and 37 C (all enz ymes o perate best under specific co nditio ns)

Amylase and starch are co mbined and this reactio n mixture is then tested f o r starch at regular

time intervals

2 2

o
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This can be do ne by taking samples fro m the reactio n mixture at each time interval and adding

each sample to  so me io dine in po tassium io dide so lutio n

Starch fo rms a blue-black co lo ur with this so lutio n

If no  starch is present, the io dine so lutio n remains yello w-bro wn

In this way, the time taken fo r starch to  be bro ken do wn can be measured

The investigatio n can be repeated under different starch co ncentratio ns  and the reactio n

rates can then be co mpared

This experiment also  can be adapted to  measure the effects o f altering pH, temperature o r

enz yme co ncentratio n

Experimental set-up for investigating the rate of disappearance of a substrate using amylase

Invest igat ing t he effect  of  st arch concent rat ion on amylase act ivit y using

colorimet ry

A co lo rimeter is able to  measure light abso rbance  (ho w much light is abso rbed) o r light

transmissio n (ho w much light passes thro ugh) a substance

Co lo rimetry can be used in any enz yme-catalysed reactio n that invo lves a co lo ur change
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As the co lo ur breaks do wn the transmissio n increases  o r light abso rptio n decreases  and this

can be used to  measure the rate o f  the reactio n

Fo r example, a co lo rimeter can be used to  fo llo w the pro gress o f a starch-amylase catalysed

reactio n as the amylase breaks the starch do wn into  malto se

This can be carried o ut as fo llo ws:

Co lo rimeter calibratio n: this is an impo rtant step in a co lo rimetric investigatio n and in this

case, a weak io dine so lutio n can be used to  calibrate the co lo rimeter as the endpo int (o r

100%  transmissio n)

Preparatio n o f a starch so lutio n o f kno wn co ncentratio n (sto ck so lutio n), fro m which a range

o f co ncentratio ns are made using serial dilutio ns  (metho d o utlined in diagram belo w)

Fo llo wing calibratio n and switching o n the red filter (to  maximise the percentage

transmissio n o r abso rbance), the co lo rimeter is used to  measure the percentage

abso rbance o r percentage transmissio n values

So metimes a reagent o r indicato r is used to  pro duce the co lo urs detected by the

co lo rimeter and so metimes the so lutio ns themselves abso rb light waves

A calibratio n graph is then plo tted o f starch co ncentratio n (x-axis) vs percentage

abso rbance o r percentage transmissio n (y-axis)
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Serial dilution of starch to make a range of concentrations

NOS: Experiment al design; accurat e, quant it at ive measurement s in enz yme
experiment s require replicat es t o ensure reliabilit y

Accurate  measurements mean data that are clo se to  the true value

Quantitative  measurements must be made

A qualitative  measurement might state that, "the enz yme wo rked at a faster rate at the higher

temperature", whereas

A quantitative  measurement fo r the same experiment might state that, "the enz yme wo rked

at a rate o f 2.3 mmo l pro duct minute  at 40°C, versus 1.6 mmo l pro duct minute  at 25°C"

Quantities, using numbers and appro priate units, are quo ted in the experimental results

Reliable data are generated fro m repeated experiments

Ano malies  can be identified and eliminated

A reliable mean can be calculated fro m the data that remain

Exam T ip

RE-member: RE-peats bring RE-liability to  experimental data.

-1 -1
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