
StudyeffectofpHandHeavymetalsonenzymeactivity



EffectofpH

ChangesinpHhaveinfluenceonenzymes.ThemostfavorablepHvalueisknownasthe
optimumpH.Thisisthepointthattheenzymeismostactive.Thisisgraphicallyillustrated
infigure.

ExtremelyhighorlowpHvaluesgenerallyresultincompletelossofactivityformost
enzymes.pHisalsoafactorinthestabilityofenzymes.Aswithactivity,foreach
enzymethereisalsoChangesinpHhaveinfluenceonenzymes.ThemostfavorablepHvalue
isknownastheoptimumpH.Thisisthepointthattheenzymeismostactive.Thisis
graphicallyillustratedinfigure.

ExtremelyhighorlowpHvaluesgenerallyresultincompletelossofactivityformost
enzymes.pHisalsoafactorinthestabilityofenzymes.Aswithactivity,foreach
enzymethereisalsoaregionofpHoptimalstability.

ChangesinpHhaveinfluenceonenzymes.

IncludingtemperatureandpHthereareotherfactors,suchasionicstrength,whichcaninfluence
theenzymaticreaction.Eachofthesephysicalandchemicalparametersmustbeconsideredand
optimizedinorderforanenzymaticreactiontobeaccurateandreproducible.

EnzymestypicallyaremostactiveinapHrangeof5-9.Thisisduetothefactthatproteins
functioninanenvironmentthatreflectsthispH.Thereareavarietyofreasonsastowhy
proteinshaveanarrowpHrange.Avarietyofaminoacidresiduesaswellasthecarboxyland
amideterminiofproteinshaveapKarangeintherangeofintracellularpH.Asaresult,a
changeinpHcanprotonateordeprotonateasidegroup,therebychangingitschemicalfeatures.
Forexample,carboxyltermini,underdeprotonated,couldpotentiallyloseaninteractionwitha
adjacentsubunit,changingtheenzymeconformation.Inconclusion,thisconformationcould
causeadecreaseinsubstrateaffinity.AmoredrasticpHchangecanchangetheprotein
folding,therebycompletelydeactivatingtheenzymeorcauseirreversibleproteolysis.

However,pHchangecanpotentiallybeutilizedbyenzymesforregulationorprotein
function.

1.Thebindingofthesubstratetoenzyme.
2.Theionizationstatesthattheaminoacidresiduesofthecatalyticsiteoftheenzymehave.
3.Theionizationstateofthesubstrate.
4.Thevariationinproteinstructure(MoresignificantatextremepHvalues).

Theratesofmanyenzymaticreactionsadheretoabellshapedcurvewhentheyareafunction
ofpH:



GraphofenzymeactivityasafunctionofpH.Green-highpHenzyme;Blue-lowpH
enzyme;Orange-neutralpHenzyme.

Thesecurvesreflecttheionizationstateoftheaminoacidresiduesthatmusthaveaspecific
ionizationstateforenzymaticactivitytotakeplace.TheobservedpK's(maximapoint)often
hintsattheidentityoftheaminoacidresidueswhichareessentialforenzymaticactivity.
Forinstance,anobservedpKof~4suggeststhateitheranAspofaGluisessentialtothe
enzyme.pKof~6canhinttowardsaHisresiduewhereaspKof~10hintstowardaLys
residue.

However,itiscrucialtorememberthatthemicro-environmentinwhichtheenzymeisinalso
affectsitsactivity.Forexample,anAspresidueinanon-polarenvironmentorinclose
proximitytoanotherAspresiduewouldattractprotonsmorestronglythaninanyother
environmentandthishaveahigherpKvalue.

Moreover,pHeffectsonanenzymecouldcausedenaturationoftheenzymeratherthan
protonationordeprotonationofspecificcatalyticresidues.

Aparticularresiduemaybereplacedbydoingsitedirectedmutagenesis.Doingsoprovides
researcherswithareliableapproachtoidentifyingresiduesthatarerequiredforsubstrate
bindingorcatalysis.

Experimentalprocedure:
1.PreparationofdifferentbuffersofdifferentpHlikeAcetatebuffer(pH3.6to5.6),Tris-
HClbuffer(pH6.8to9),GlycineNaOHbuffer(pH8.6to10.6)followingthemethodinChapter1.

2.Enzymealkalinephosphataseasinthepreviouschapter.

3.Substratep-nitrophenylphosphatesolutionfollowingthepreviouschapter.



4.Protocolshouldbeasfollows:
Tube pH of Buffer Substratein Enzymein Time 1M Reading at
No. the added in specified specified for NaOH 410nm.

buffer ml. buffer buffer soln .to
added added in added in beadded

ml. ml. inml.
1 5 0.5 0.5 0 In 1
1' 5 0.4 0.5 0.1 1
2 6 0.5 0.5 0 cu 1
2' 6 0.4 0.5 0.1 1
3 7 0.5 0.5 0 1
3' 7 0.4 0.5 0.1 ba 1
4 8 0.5 0.5 0 1
4' 8 0.4 0.5 0.1 ti 1
5 9 0.5 0.5 0 1
5' 9 0.4 0.5 0.1 on 1
6 10 0.5 0.5 0 1
6' 10 0.4 0.5 0.1 At37

0
C 1

5.DrawthegraphofpHvs.∆ODie.,readingat410nm.ThepHatwhichreadingis

maximumthatistheoptimumpHoftheenzymesubstratereactionunderexperiment.



EffectofHeavymetals

Bacterialalkalinephosphatase(ALP)isessentialforefficientrecyclingofphosphorousinthe
soil.However,soilpollutionbyvariousheavymetalshasthepotentialtoaffectsoilmicrobial
ALPactivityandadverselyaffectsoilquality.Toassesstheeffectofvariousheavymetal

pollutantsonE.coliALP,asystematicstudytoexaminetheeffectofCd
2+

,Hg
2+

,Cu
2+

,

Co
2+

,Ca
2+

(individuallyaswellincombination)onALPactivitywasobserved.Resultsshow

thatHg
2+

,Cu
2+

,andCd
2+

allreadilyinhibitedE.coliALP(Hg
2+

andCu
2+

weremost

inhibitory,followedbyCd
2+

)
.

However,Co
2+

hadminoractivatingeffectonALP.

Furthermore,asexpected,divalentalkalineearthmetalslikeCa
2+

andMg
2+

activatedthe
enzyme

Co-incubationstudiessuggestacumulativeinhibitoryeffectwhenCu
2+

andHg
2+

were

incubatedtogetherwithALP.Interestingly,incubationofCa
2+

decreasestheinhibitoryeffectof

Cd
2+

,however,nosuchprotectionwasobservedwhenCa
2+

wasincubatedwithHg
2+

.

Experimentalprocedure:

1.Alkalinephosphatasesolutionpreparationasdiscussedinpreviouschapter.

2.Substratepnitrophenylphosphatepreparationasdiscussedinpreviouschapter.

3.CaCl2,ZnSO4,MgCl2,Cd(NO3)2 saltsolutionsof20mMofeachshouldbeprepared.

4.Glycine-NaOHbufferof0.01MandofpH9istobeprepared.

5.Thefollowingprotocolcanbeused:

Tube Buffer Substrate Metalion Enzyme Incubation 1MNaOH Reading

No. added addedin addedinml. added at37
0
C addedin at

inml. ml. inml. ml.tostop 410nm

reaction

1 0.5 0.5 0 0 For 1

2 0.3 0.5 0 0.1 10mins 1

3 0.3 0.5 Ca
2+

0.1 0.1 Maximum 1

4 0.3 0.5 Mg
2+

0.1 0.1 1

5 0.3 0.5 Zn
2+

0.1 0.1 1

6 0.3 0.5 Cd
2+

0.1 0.1 1



• 6.DrawthebardiagramconsideringtheTube2(control)as100likethefollowing .


