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2.4.1Enzymes

Structure of Enzymes

= Enzymes are biologicalcatalysts
= ‘Biological’because theyfunctioninlivingsystems
= ‘Catalysts’because theyspeed up therate of chemicalreactions without beingused upor
changed themselves
= Enzymes have anactive site to which specific substrates bind

= Enzymes are also globular proteins
= Criticalto the enzyme's functionis the active site where the substrate binds
= Enzymes are specific to the substrate
= The shapes of the enzyme and substrate and theirchemical properties are complementary,
to allow the substrate to fitinto the active site, like two jigsaw pieces fittingtogether
= Thisis called enzyme-substrate specificity

= Due to this specificity, thousands of enzymes are needed throughout an organism, to carryout
individual chemicalreactions
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Enzyme Activity

= Enzyme catalysis involves molecularmotionand the collision of substrates with the active site
= Foranenzyme-catalysedreactionto take place,substrates collide at randomwith the enzyme's
active site
= This musthappenatthe correctorientationand speedinorderforareactionto occur
= Unsuccessfulcollisions canoccurwhenthe molecules are notcorrectlyaligned witheach
otheratthe momentofcollision
= The molecules 'bounce'off eachotherand no reactiontakes place

= Some enzymes have two substrates that must each collide with aseparate active site at the
same time

= Substrates bind to enzymes, forming atemporaryenzyme-substrate complex

= The active site of anenzyme has a specific shape and chemical properties to bind witha
specific substrate

= Thereactionoccurs withinthe enzyme-substrate complexwhichleads to changesinthe
chemicalstructure of the substrate

= Products are formed,whichdetachand move away fromthe active site, whichcanbe 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 of anenzyme is aresult of the complementary nature between the shape of the
active site onthe enzyme and its substrate(s)

= The shape of the active site (and therefore the specificityofthe enzyme)is determined by the
complex3-Dshape of the proteinthat makes up the enzyme
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= Proteins are formed from chains of amino acids held togetherbypeptide bonds
= Theorderofamino acids inthis chaindetermines the shape of anenzyme
= |fthe orderis altered, the resulting three-dimensional 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 polymeraseis not
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The temporary formation of an enzyme-substrate complex

Enzyme reactions caneitherbe catabolic oranabolic

Catabolicreactionsinvolve the breakdownof complexmolecules into simplerproducts, which
happens whenasingle substrate is drawninto the active site and broken apartinto two ormore
distinctmolecules

Examples of catabolic reactions include cellularrespirationand hydrolysis reactions
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A catabolic reaction

= Anabolic reactionsinvolve the building of more complexmolecules from simplerones whentwo

ormore substrates are held inthe active site, formingbonds betweenthemand releasing a
single product

= Examples of anabolic reactionsinclude proteinsynthesis and photosynthesis

Ananabolic reaction

O Exam Tip

Don'tforget thatbothenzymes and theirsubstrates are highly specific to each other-thisis
known as enzyme-substrate specificity.
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Factors Affecting Enzyme Activity

= Temperature, pHand substrate concentrationaffect therate of activityof enzymes

= Enzymes have aspecificoptimumtemperature - the temperature at which theycatalyse a
reactionat the maximumrate

= Lowertemperatures eitherpreventreactions fromproceedingorslowthemdown:

Molecules move relatively slowly

Lowerfrequency of successfulcollisions betweenasubstrate molecule and the active
site of enzyme

Less frequent enzyme-substrate complexformation

Substrate and enzyme collide withless energy, makingitless likelyforbonds to be formed
orbroken(stoppingthereactionfromoccurring)

= Highertemperatures speedupreactions:

Molecules move more quickly

Higher frequency successfulcollisions between asubstrate molecule and the active site
ofenzyme

More frequent enzyme-substrate complexformation

Substrate and enzyme collide withmore energy, makingit more likely forbonds to be
formed orbroken (allowingthe reactionto occur)

= However, as temperatures continue to increase, the rate at whichanenzyme catalyses areaction
drops sharply, as the enzyme begins to denature
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The effect of temperature on the rate of an enzyme-catalysed reaction
ChangesinpH

= pHisaresultofthe hydrogenionconcentrationinasolution
= Alow pHis acid and has a highhydrogenionconcentration
= AhighpHis alkaline and has alow hydrogenionconcentration
= AlOxincreaseinhydrogenionconcentrationlowers the pHby1unit
= pHistherefore measured onalogarithmic scale of hydrogenionconcentration,not alinear
scale

= WaterhasapHof7,regarded as neutral
= Extremesof pHcanalso alterhydrogenbondingwithinanenzyme's structure and cause
irreversible denaturation
= Eachenzyme has anoptimumpH
= Notallenzymes have anoptimum pH nearto neutral. Forexample
= The stomachenzyme pepsinis adapted to workbestatpH2
= Certainbacterialenzymes workatpH9-10,inline with the pH of the bacteria's main habitat
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The effect of pH on three enzymes' rates of reaction

Changesinsubstrate concentration

The more substrate molecules are presentinasolution, thisincreases the frequency of
collisions with the enzyme's active site

Active sites are occupied or'blocked'bysubstrates whilst the reactionis takingplace

The more active sites are occupied, the fewer are available to catalyse other substrate
molecules

As substrate concentrationrises, the slowertherise inthe rate of the enzyme-catalysed reaction
The active sites have become saturated

Atthe point of active site saturation,increasing the substrate concentrationwillcause no
furtherincreaseintherate ofreaction

At the point of active site saturation,amethod ofincreasing the rate of reactionwould be to
make more active sites available byincreasing the enzyme concentration
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The effect of substrate concentration on enzyme activity

O Exam Tip

Whenanswering questions about reactionrates forenzyme-catalysed reactions, make sure to
explainhow the temperature affects the speed at which the molecules (enzymes and
substrates) are moving and how this, inturn, affects the numberofsuccessfulcollisions.You

should memorise the sketch graphs of temperature, pH and substrate concentrationand be able
to sketchnew curves forchanged conditions.
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Denaturation: Enzymes

= Enzymes canbe denatured

= Hightemperatures and extremes of pH cause denaturation

= Bonds(eg.hydrogenbonds)holdingthe enzyme moleculeinits precise 3D shape start to break
= This causes the 3-dimensional shape of the protein(ie.the enzyme) to change

= This permanentlydamages the active site, preventing the substrate frombinding

= Denaturationhas occurred if the substrate canno longer bind

= Thereactionthatwas previouslycatalysed now no longer takes place

= Denaturationoftencauses the enzyme to becomeinsoluble and formaprecipitate

= Veryfewhumanenzymes canfunctionattemperatures above 50°C

= Thisis because humans maintainabodytemperature of about 37°C,therefore even
temperatures exceeding40°C will cause the denaturationof enzymes

= Hightemperatures cause increased vibrations inthe bonds and the hydrogenbonds
betweenamino acids start to break, changing the conformationofthe enzyme

O ExamTip

Don'tforget that enzymes are always proteins and so anything that could denature a protein,
renderingitnon-operational (extremes of heat,temperature, pH etc.) would also denature an
enzyme.Avoid using the term'destroyed’'whendescribing the disruptionto enzyme structure;
the more accurate termis 'denatured’.

2.4 .2Ilmmobilised Enzymes

Immobilised Enzymes

Immobilised enzymesare widelyusedinindustry

Justbefore 1900, it was discovered that enzymes could be used to catalyse productionof
alcoholinthe absence of yeast cell
Since then,hundreds of enzymes have beendeveloped outside of living cells forcommercial
purposes
Uses of enzymesinindustrial processes canbe expensive,so we need ways to reuse themin
orderto be cost-effective
Animmobilised enzyme is anenzyme thatis attached to aninsoluble material to prevent mixing
withthe product and through this method, the enzyme canbereused insubsequentreactions
Immobilised enzymes are used inthe followingcommercial processes

= Agriculture

= Biosensors (diagnosis, analysis eg.forimpurities)

= Manufacturingprocesses

= Energygeneration

= Environmentalmanagement

= Food/drinks industry

= Medicines

Methods bywhichenzymes canbe immobilised include:
= Attachmentto aninert substance eg.glass
= Entrapment within amatrix e.g. alginate gel
= Entrapment within a partially permeable membrane
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Different ways in which enzymes can be immobilised

= The mechanismofimmobilised enzyme use works as follows:

The immobilised enzymes are contained withinacolumn

The substrateis filtered throughthis columninsolution

As the substrate runs throughthe column,enzyme-substrate complexes are formed and
products are produced

These products thenflow out of the column, leaving the enzymes behind to catalyse the
reactionagain
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The immobilised enzymes are contained within a column

Advantagesof immobilised enzymes

There is no enzyme inthe product (the product is uncontaminated) and therefore there is no
need to furtherprocess orfilterthe end product
Theimmobilised enzyme can be reused multiple times whichis both efficientand cost-
effective (manyenzymes are expensive)
= Reusingthe enzyme also avoids the need to separate the enzyme fromthe productin
downstream processing

Immobilised enzymes have agreatertolerance of temperature and pH changes (immobilisation
oftenmakes enzymes more stable)

Substrates canbe exposed to higher enzyme concentrations thanwhenusingenzymesin
solution,increasing the rate of throughput

Conditions canbe controlled carefully, allowingimmobilised enzymes to functionclose to
theiroptimumconditions and be more stable

Disadvantagesof immobilised enzymes
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= Specialistexpensive equipmentis required

= Immobilised enzymes are more costly to buy, so are unlikely to be financiallyworthwhile for
smallerindustries

= Therate ofreactionis sometimeslowerwhenusingimmobilised enzymes as the enzymes
cannotmixfreelywiththe substrate

Examplesof immobilised enzymesinindustry

= There are manyindustrial and medical applications of immobilised enzymes,including
productionofthe following:
= Lactose-free dairyproducts suchas milk
= Enzyme:lactase
= Convertslactoseto glucose and galactose

= Semi-synthetic penicillinwhichovercomes issues of penicillinresistance
= Enzyme:Penicillinacylase
= Converts the original form of penicillininto one whichis effective against penicillin-
resistant organisms

= Glucose products used to sweetenand thickenfoods
= Enzyme:Glucoamylase
= Converts starchand otherdextrins into glucose

= Fructoseforsweeteningoffoods where alowerquantityof sugaris necessary
= Enzyme:Glucoseisomerase
= Converts glucoseinto the sweetersugar, fructose

= Purified samples of L-amino acids used infood production
= Enzyme:Aminoacylase
= Separates out L-amino acids from D-amino acids

= Acrylamide required indisposable nappy/diaperproduction
= Enzyme:Nitrilase
= Converts acrylonitrile into acrylamide

O Exam Tip

Youwillnotnecessarilybe asked about these specific examples of industrialuses of
immobilised enzymes (exceptforlactose modification),butitis usefulto know ofsomeusesin
orderto be able to applyyourknowledge accuratelyinthe exam.Whendiscussing the
advantages and disadvantages of immobilised enzymes, tryto be specific about the cost
implications as there are various considerations whenitcomes to the economical value of
immobilising the enzymes.
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Lactose-free Milk Production

Acloserlookatlactose-free milkproduction

Milkis avaluable source of nutrients containing protein, fat and the carbohydrate lactose
5-10% of the UK populationare lactose intolerant
= Theycan'tdigestlactose and suffer frombloating, digestive problems,discomfort and
pain

Lactoseis adisaccharide thatis hydrolysed into glucose and galactose

The yeast Kluyveromyces/actisgrows naturallyin milk and can be cultured as asource of the
enzyme lactase

Glucose and galactose are sweeter thanlactose,so less sugarneeds to be added to
foods withmodified lactose to achieve the same sweetness

Ice creamand yoghurt productionalso benefit fromhavingmore glucose and galactose
thanlactoseinthe milk theyare made from

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

Practical 3: Enzyme Experiments

Design of experimentstotest the effect of temperature,pHand substrate
concentrationonthe activity of enzymes

= Three differentindependent variables canbe tested

Temperature
pH
Substrate concentration

= Youshould planhow the dependent variable is goingto be measured

With appropriate units

= Also,whatintervals of the independent variable are goingto be chosen

= Thesefactors dictate the choice of apparatus and otherequipmentrequired forthe experiment

= The controlvariables need to be identified and monitored eg. temperature when measuring the
effectofpH

Investigating the effectsof temperature or pHon catalase activity

= The progress of enzyme-catalysed reactions canbe investigated by:

Measuringthe rate of formationof aproduct
Measuring the rate of disappearance of asubstrate

= Inthisinvestigation,therate of product formationis used to measure therate of anenzyme-
controlled reaction:

Hydrogenperoxide is acommon but toxic by-product of metabolism

This means itmust be brokendown quickly

Catalaseisanenzyme found inthe cells of most organisms that breaks downhydrogen
peroxide into waterand oxygen

Hydrogenperoxide and catalase are combined and the volume of oxygengenerated is
measured inasettime

Therate of reactioncanthenbe calculated

Page 15 of 19
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Experimental set-up forinvestigating the rate of formation of a product using catalase

If measuring the effect of temperature on enzyme activity, the conical flask containing potato
pieces canbe held inawaterbath at the required temperature
= The waterlevelinthe waterbath must be higherthanthelevelof H,O; inthe conical flask, to
ensure even heating
= The conicalflask canalso be swirled gentlyto mixthe contents and maintainan even
temperature

Investigating the effect of substrate concentration on amylase activityusingiodine

Inthis investigation,therate of substrate disappearanceis used to compare rates of reaction
underdifferentconditions

Amylase is adigestive enzyme thathydrolyses starchinto maltose and glucose

Amylase functions bestat pH7 and 37°C (allenzymes operate best underspecific conditions)
Amylase and starchare combined and this reaction mixture is thentested forstarchatregular
time intervals
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= This canbe done bytakingsamples from the reaction mixture at each time intervaland adding
eachsample to someiodineinpotassiumiodide solution
= Starchforms ablue-black colourwiththis solution
= |fno starchis present,theiodine solutionremains yellow-brown

= Inthis way, the time takenforstarchto be brokendowncanbe measured
= Theinvestigationcanberepeated underdifferent starchconcentrations and the reaction
rates canthenbe compared

= This experimentalso canbe adapted to measure the effects of altering pH, temperature or

enzyme concentration

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

Investigating the effect of starch concentration on amylase activityusing
colorimetry

= Acolorimeteris able to measure light absorbance (how muchlightis absorbed) orlight
transmission(how muchlight passes through) asubstance
= Colorimetrycanbe usedinanyenzyme-catalysed reactionthatinvolves acolour change
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As the colourbreaks downthe transmissionincreases orlight absorptiondecreases and this

canbe usedto measure therate of thereaction

Forexample,acolorimetercanbe used to follow the progress of astarch-amylase catalysed

reactionas the amylase breaks the starchdowninto maltose

This canbe carried out as follows:

= Colorimetercalibration: thisis animportant stepinacolorimetric investigationand in this

case,aweakiodine solutioncanbe used to calibrate the colorimeteras the endpoint (or
100% transmission)

= Preparationofastarchsolutionofknownconcentration(stocksolution), fromwhicharange

of concentrations are made using serial dilutions (method outlined indiagram below)

= Followingcalibrationand switching onthe red filter (to maximise the percentage
transmissionorabsorbance), the colorimeteris used to measure the percentage
absorbance orpercentage transmissionvalues

= Sometimesareagentorindicatoris used to produce the colours detected bythe
colorimeterand sometimes the solutions themselves absorb light waves

= Acalibrationgraphis thenplotted of starch concentration (x-axis) vs percentage
absorbance orpercentage transmission (y-axis)
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Serial dilution of starch to make a range of concentrations

NOS: Experimentaldesign; accurate, quantitative measurementsin enzyme
experimentsrequirereplicatestoensurereliability

= Accurate measurements meandatathatare close to the true value
= Quantitative measurements must be made
= Aqualitative measurement might state that, "the enzyme worked at afasterrate at the higher
temperature”, whereas
= Aquantitative measurement forthe same experiment might state that, "the enzyme worked
atarate of 2.3 mmol product minute'at 40°C, versus 1.6 mmol product minute'at 25°C"
= Quantities,usingnumbers and appropriate units, are quoted inthe experimental results

= Reliable dataare generated fromrepeated experiments
= Anomalies canbeidentified and eliminated
= Areliable meancanbe calculated fromthe datathat remain

O ExamTip

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