




































UNITII

Enzymes

Enzymesareproteinsthatactasbiologicalcatalysts.Catalystsacceleratechemical

reactions.Themoleculesuponwhichenzymesmayactarecalledsubstrates,andthe

enzymeconvertsthesubstratesintodifferentmoleculesknownasproducts.

Enzymes Classification

AccordingtotheInternationalUnionofBiochemists(IUB),enzymesaredividedintosix

functionalclassesandare classifiedbasedonthetypeofreactioninwhichtheyare

usedtocatalyze. Thesixkindsofenzymesarehydrolases,oxidoreductases,lyases,

transferases,ligasesandisomerases.

Listedbelowistheclassificationofenzymesdiscussedindetail:

Types BiochemicalProperty

 Oxidoreductases

The enzyme Oxidoreductase catalyzes the oxidation reaction

wheretheelectronstendtotravelfrom oneform ofamoleculeto

theother.



 Transferases
The Transferases enzymes help in the transportation ofthe

functionalgroupamongacceptorsanddonormolecules.

 Hydrolases
Hydrolasesarehydrolyticenzymes,whichcatalyzethehydrolysis

reactionbyaddingwatertocleavethebondandhydrolyzeit.

 Lyases
Addswater,carbondioxideorammoniaacrossdoublebondsor

eliminatethesetocreatedoublebonds.

 Isomerases
TheIsomerasesenzymescatalyzethestructuralshiftspresentin

amolecule,thuscausingthechangeintheshapeofthemolecule.

 Ligases
TheLigasesenzymesareknowntochargethecatalysisofa

ligationprocess.

Oxidoreductases

These catalyze oxidation and reduction reactions,e.g.pyruvate dehydrogenase,

catalysingtheoxidationofpyruvatetoacetylcoenzymeA.

Transferases

Thesecatalyzetransferringofthechemicalgroupfrom onetoanothercompound.An

exampleisatransaminase,whichtransfersanaminogroupfrom onemoleculeto

another.

Hydrolases

Theycatalyzethehydrolysisofabond.Forexample,theenzymepepsinhydrolyzes



peptidebondsin proteins.

Lyases

Thesecatalyzethebreakageofbondswithoutcatalysis,e.g.aldolase(anenzymein

glycolysis)catalyzesthesplittingoffructose-1,6-bisphosphatetoglyceraldehyde-3-

phosphateanddihydroxyacetonephosphate.

Isomerases

They catalyze the formation of an isomer of a compound. Example:

phosphoglucomutasecatalyzestheconversionofglucose-1-phosphatetoglucose-6-

phosphate(phosphategroupistransferredfrom onetoanotherpositioninthesame

compound)in glycogenolysis(glycogen isconverted to glucose forenergyto be

releasedquickly).

Ligases

Ligasescatalyzetheassociationoftwomolecules.Forexample,DNAligasecatalyzes

thejoiningoftwofragmentsofDNAbyformingaphosphodiesterbond.

Propertiesofenzymes:

(1)Enzymesarecomplexmacromoleculeswithhighmolecularweight.

(2)Theycatalyzebiochemicalreactionsinacell.Theyhelpinthebreakdownoflarge

moleculesintosmallermoleculesorbringtogethertwosmallermoleculestoform alarger

molecule.

(3)Enzymesdonotstartareaction.However,theyhelpinacceleratingit.

(4)Enzymesaffecttherateofbiochemicalreactionandnotthedirectionofthereaction.



(5)Mostoftheenzymeshaveahighturnovernumber.Turnovernumberofanenzymeis

thenumberofmoleculesofasubstancethatisacteduponbyanenzymeperminuteunder

saturated substrate concentration.High turnovernumberofenzymes increases the

efficiencyofthereaction.

(6)Enzymesarespecificinaction.

(7)Enzymaticactivitydecreaseswithincreaseintemperatureandallenzymesshow

maximum activityatanoptimum of30-40oC.

(8)Theyshowmaximum activityatanoptimum pHof6–8.

(9)Thevelocityofenzymeincreaseswithincreaseinsubstrateconcentrationandthen,

ultimatelyreachesmaximum velocity.

Enzymekinetics

Enzymekineticsisthestudyofthechemicalreactionsthatarecatalysedbyenzymes.

In enzymekinetics,thereaction rateismeasured and theeffectsofvarying the

conditionsofthereactionareinvestigated.

Michaelis–Mentenkinetics

A chemicalreactionmechanism withorwithout enzymecatalysis.Theenzyme(E)

binds substrate (S)toproduce product (P).



Saturationcurve foranenzymereactionshowingtherelationbetweenthesubstrate

concentrationandreactionrate.

Asenzyme-catalysedreactionsaresaturable,theirrateofcatalysisdoesnotshow a

linearresponsetoincreasingsubstrate.Iftheinitialrateofthereactionismeasured

overarangeofsubstrateconcentrations(denotedas[S]),theinitialreactionrate

increasesas[S]increases,asshownontheright.However,as[S]getshigher,the

enzyme becomes saturated with substrate and the initialrate reaches Vmax,the

enzyme'smaximum rate.

Lineweaver–Burkplot

 Lineweaver–Burkplot (or doublereciprocalplot)isagraphicalrepresentation

of the Lineweaver–Burk equation of enzyme kinetics, described by Hans

Lineweaver and DeanBurk in1934.



The plot provides a useful graphical method for analysis of

the Michaelis–Menten equation,asitisdifficulttodeterminepreciselytheVmax ofan

enzyme-catalysedreaction:

Takingthereciprocalgives:



where V isthereactionvelocity(the reactionrate), Km isthe Michaelis–Menten

constant, Vmax is the maximum reaction velocity, and [S] is the

substrate concentration.

TheLineweaver-Burkplotputs1/[S]onthe x-axis and1/Vonthe y-axis

TheLineweaver–Burkplotwaswidelyusedtodetermineimportanttermsinenzyme

kinetics,such as Km and Vmax,before the wide availability ofpowerfulcomputers

and non-linearregression software.The y-intercept ofsuchagraphisequivalenttothe

inverseof Vmax;the x-intercept ofthegraphrepresents−1/Km.Italsogivesaquick,

visualimpressionofthedifferentformsof enzymeinhibition.

Whenusedfordeterminingthetypeofenzymeinhibition,theLineweaver–Burkplotcan

distinguish competitive, non-competitive and uncompetitive inhibitors. Competitive

inhibitorshavethesame y-interceptasuninhibitedenzyme(since Vmax isunaffectedby

competitiveinhibitorstheinverseof Vmax alsodoesn'tchange)buttherearedifferent

slopesand x-interceptsbetweenthetwodatasets.Non-competitiveinhibitionproduces

plotswiththesame x-interceptasuninhibitedenzyme(Km isunaffected)butdifferent

slopesand y-intercepts.Uncompetitiveinhibitioncausesdifferentinterceptsonboth

the y-and x-axes.



Eadie-Hofsteeplot 

The Eadie-Hofstee plot is a more accurate linear plotting method with v

is plotted againstv/[S].A plot ofvagainstv/[S]willhenceyieldVmaxasthey-intercept,

Vmax/Km asthex-intercept,andKm asthenegativeslope



Aplotofvagainst v/[S]willhenceyield Vmax asthey-intercept, Vmax/KM as

thex-intercept,and KM asthenegativeslope.

Usage

Like other techniques that linearize the Michaelis–Menten equation,the

Eadie–Hofsteeplotwasusedhistoricallyforrapididentificationofimportantkinetic

termslike KM and Vmax,buthasbeensupersededby nonlinearregression methodsthat

aresignificantlymoreaccurateandnolongercomputationallyinaccessible.Itisalso

more robustagainsterror-prone data than the Lineweaver–Burk plot,particularly

becauseitgivesequalweighttodatapointsinanyrangeofsubstrateconcentrationor

reactionrate.(TheLineweaver–Burkplotunevenlyweightssuchpoints.)Bothplots

remainusefulasameanstopresentdatagraphically.

Hanes–Woolfplot 

Hanes–Woolfplot isagraphicalrepresentationof enzymekinetics inwhichthe

ratiooftheinitialsubstrateconcentration[S]tothe reactionvelocity v isplottedagainst

[S].Itisbasedontherearrangementofthe Michaelis–Mentenequation shownbelow:



Asisclearfrom theequation,perfectdatawillyieldastraightlineofslope1/Vmax,a y-

interceptof Km/Vmax andan x-interceptof−Km.

LikeothertechniquesthatlinearizetheMichaelis–Mentenequation,theHanes–Woolf

plot was used historically for rapid determination of the important kinetic

parameters Km, Vmax and Vmax/Km, but it has been superseded by nonlinear

regression methodsthataresignificantlymoreaccurateandnolongercomputationally

inaccessible.Itremainsuseful,however,asameanstopresentdatagraphically.

Mechanism ofenzymeaction

An enzyme attractssubstratestoitsactivesite,catalyzesthechemicalreactionby

whichproductsareformed,andthenallowstheproductstodissociate(separatefrom

the enzyme surface).Thecombinationformedbyan enzyme anditssubstratesiscalled



the enzyme–substratecomplex.

"Lockandkey"model

Toexplaintheobservedspecificityofenzymes,in1894 EmilFischer proposedthatboth

theenzymeandthesubstratepossessspecificcomplementarygeometricshapesthat

fitexactlyintooneanother.Thisisoftenreferredtoas"thelockandkey"model. This

earlymodelexplainsenzymespecificity,butfailstoexplainthestabilizationofthe

transitionstatethatenzymesachieve.

Inducedfitmodel

In1958, DanielKoshland suggestedamodificationtothelockandkeymodel:since

enzymesareratherflexiblestructures,theactivesiteiscontinuouslyreshapedby

interactionswiththesubstrateasthesubstrateinteractswiththeenzyme. Asaresult,

thesubstratedoesnotsimplybindtoarigidactivesite;theaminoacid side-chains that

makeuptheactivesitearemoldedintotheprecisepositionsthatenabletheenzymeto

perform its catalytic function. In some cases, such as glycosidases, the

substrate molecule alsochangesshapeslightlyasitenterstheactivesite. Theactive

sitecontinuestochangeuntilthesubstrateiscompletelybound,atwhichpointthefinal

shapeandchargedistributionisdetermined.Inducedfitmayenhancethefidelityof

molecularrecognitioninthepresenceofcompetitionandnoiseviathe conformational

proofreading mechanism.

Coenzymes

Coenzymesaresmallorganicmoleculesthatcanbelooselyortightlyboundtoan

enzyme.Coenzymestransportchemicalgroupsfrom oneenzymetoanother.Examples



include NADH, NADPH and adenosine triphosphate (ATP). Some coenzymes,such

as flavin mononucleotide (FMN), flavin adenine dinucleotide (FAD), thiamine

pyrophosphate (TPP),and tetrahydrofolate (THF),are derived from vitamins.These

coenzymescannotbesynthesizedbythebody denovo andcloselyrelatedcompounds

(vitamins)mustbeacquiredfrom thediet.Thechemicalgroupscarriedinclude:

 the hydride ion(H−),carriedby NADorNADP+

 thephosphategroup,carriedby adenosinetriphosphate

 theacetylgroup,carriedby coenzymeA

 formyl,methenylormethylgroups,carriedby folicacid and

 themethylgroup,carriedby S-adenosylmethionine

Sincecoenzymesarechemicallychangedasaconsequenceofenzymeaction,itis

usefultoconsidercoenzymestobeaspecialclassofsubstrates,orsecondsubstrates,

whicharecommontomanydifferentenzymes.Forexample,about1000enzymesare

knowntousethecoenzymeNADH.

Coenzymesareusuallycontinuouslyregeneratedandtheirconcentrationsmaintained

ata steady levelinside the cell.Forexample,NADPH is regenerated through

the pentose phosphate pathway and S-adenosylmethionine by methionine

adenosyltransferase.This continuous regeneration means thatsmallamounts of

coenzymescanbeusedveryintensively.Forexample,thehumanbodyturnsoverits

ownweightinATPeachday.



Allostericenzymes

Allostericsitesarepocketsontheenzyme,distinctfrom theactivesite,thatbindto

moleculesinthecellularenvironment.Thesemoleculesthencauseachangeinthe

conformationordynamicsoftheenzymethatistransducedtotheactivesiteandthus

affectsthereactionrateoftheenzyme.Inthisway,allostericinteractionscaneither

inhibitoractivate enzymes.Allosteric interactions with metabolites upstream or

downstream inanenzyme'smetabolicpathwaycause feedback regulation,alteringthe

activityoftheenzymeaccordingtothe flux throughtherestofthepathway.

Enzymeinhibition

Enzymereactionratescanbedecreasedbyvarioustypesof enzymeinhibitors

Typesofinhibition

Competitive

A competitive inhibitor and substrate cannotbind to the enzyme atthe same

time. Oftencompetitiveinhibitorsstronglyresembletherealsubstrateoftheenzyme.

For example, the drug methotrexate is a competitive inhibitor of the

enzyme dihydrofolate reductase,which catalyzes the reduction of dihydrofolate to

tetrahydrofolate.Thesimilaritybetweenthestructuresofdihydrofolateandthisdrug

areshownintheaccompanyingfigure.Thistypeofinhibitioncanbeovercomewith

highsubstrateconcentration.Insomecases,theinhibitorcanbindtoasiteotherthan

thebinding-siteoftheusualsubstrateandexertan allostericeffect tochangetheshape



oftheusualbinding-site.

Non-competitive

A non-competitiveinhibitor bindstoasiteotherthanwherethesubstratebinds.The

substratestillbindswithitsusualaffinityandhenceKm remainsthesame.Howeverthe

inhibitorreducesthecatalyticefficiencyoftheenzymesothatVmax isreduced.In

contrasttocompetitiveinhibition,non-competitiveinhibitioncannotbeovercomewith

highsubstrateconcentration.

Uncompetitive

An uncompetitiveinhibitor cannotbindtothefreeenzyme,onlytotheenzyme-substrate

complex;hence,these types ofinhibitors are mosteffective athigh substrate

concentration.Inthepresenceoftheinhibitor,theenzyme-substratecomplexisinactive.

Thistypeofinhibitionisrare.

Mixed

A mixedinhibitor bindstoanallostericsiteandthebindingofthesubstrateandthe

inhibitoraffecteachother.Theenzyme'sfunctionisreducedbutnoteliminatedwhen

boundtotheinhibitor.Thistypeofinhibitordoesnotfollow theMichaelis–Menten

equation.

Irreversible

An irreversible inhibitor permanently inactivates the enzyme,usually by forming

a covalentbond totheprotein. Penicillinand aspirin arecommondrugsthatactinthis

manner.



Enzymeactivators 

Enzymeactivators aremoleculesthatbindto enzymes andincreasetheir activity.They

are the opposite of enzyme inhibitors.These molecules are often involved in

the allostericregulation ofenzymesinthecontrolof metabolism.Anexampleofan

enzyme activator working in this way is fructose 2,6-bisphosphate, which

activates phosphofructokinase1 andincreasestherateof glycolysis inresponsetothe

hormone glucagon.Insomecases,whenasubstratebindstoonecatalyticsubunitof

anenzyme,thiscantriggeranincreaseinthesubstrateaffinityaswellascatalytic

activityintheenzyme'sothersubunits,andthusthesubstrateactsasanactivator.

Hexokinase-I

Hexokinase-I (HK-I) is an enzyme activator because it draws glucose into

the glycolysis pathway.Itsfunctionistophosphorylateglucosereleasing glucose-6-

phosphate (G6P)astheproduct.HK-Inotonlysignalstheactivationofglucoseinto

glycolysisbutalsomaintainsalowglucoseconcentrationtofacilitateglucosediffusion

intothecell.Ithastwocatalyticdomains(N-terminaldomainandC-terminaldomain)

whichareconnectedthroughanα-helix.TheN-terminalactsasanallostericregulator

ofC-terminal;theC-terminalistheonlyoneinvolvedinthecatalyticactivity.HK-Iis

regulatedbytheconcentrationofG6P,whereG6Pactsasafeedbackinhibitor.Atlow

G6Pconcentration,HK-Iisactivated;athighG6Pconcentration,theHK-Iisinhibited. 

Glucokinase



Glucokinase (GK)isanenzymethathelpsintheglycolyticpathwaybyphosphorylating

glucoseintoglucose-6-phosphate(G6P).Itisanisozymeofhexokinaseandisfound

mainlyinpancreaticβcells,butalsoliver,gut,andbraincellswhereglycolysiscause

glucose-induced insulin secretion. Glucokinase activator lowers blood glucose

concentrations by enhancing glucose uptake in the liverand increasing insulin

production by the pancreatic β cells. Due to this,Glucokinase and glucokinase

activators are the focus oftreatmentforthose with type 2 diabetes mellitus.

Glucokinasehaveasingleallostericsitewheretheglucose-regulatingprotein(GKRP)

bindsinthenucleusofthecellinitsinactiveform whenthereisalowconcentrationof

glucosepresentin thecell.However,when theglucoseconcentration ofthecell

increases the glucokinase-GKRP complex breaks apartand GK proceeds to the

cytoplasm whereitthenphosphorylatesglucose.Glucosewhenabundantincellsacts

asanenzymeactivatorforglucokinase.Glucokinaseactivationintheβcellsandliver

cellsresultsintheuptakeofglucoseandproductionofglycogen.Thisactivationinthe

βcellsleadstoinsulinsecretion,promotingglucoseuptakestoringitasglycogeninthe

muscles.

 Abzyme 

An abzyme (from antibody and enzyme),alsocalled catmab (from catalyticmonoclonal

antibody), and most often called catalytic antibody, is a monoclonal

antibody with catalyticactivity.Abzymesareusuallyraisedinlabanimalsimmunized

againstsynthetichaptens,butsomenaturalabzymescanbefoundinnormalhumans

(anti-vasoactiveintestinalpeptideautoantibodies)and inpatientswith autoimmune

diseases such as systemic lupus erythematosus,where they can bind to and



hydrolyze DNA.Todateabzymesdisplayonlyweak,modestcatalyticactivityandhave

notprovedtobeofanypracticaluse.[1] Theyare,however,subjectsofconsiderable

academic interest.Studying them has yielded important insights into reaction

mechanisms,enzymestructureandfunction,catalysis,andtheimmunesystem itself.

Enzymesfunctionbyloweringtheactivationenergyofthetransitionstateofachemical

reaction,therebyenabling the formation ofan otherwise less-favorable molecular

intermediatebetweenthereactant(s)andtheproduct(s).Ifanantibodyisdevelopedto

bindtoamoleculethatisstructurallyandelectronicallysimilartothetransitionstateof

a given chemicalreaction,the developed antibodywillbind to,and stabilize,the

transitionstate,justlikeanaturalenzyme,loweringtheactivationenergyofthereaction,

andthuscatalyzingthereaction.Byraisinganantibodytobindtoastabletransition-

stateanalog,anewanduniquetypeofenzymeisproduced.

Sofar,allcatalyticantibodiesproducedhavedisplayedonlymodest,weakcatalytic

activity.Thereasonsforlow catalyticactivityforthesemoleculeshavebeenwidely

discussed.Possibilitiesindicatethatfactorsbeyond thebinding sitemayplayan

importantrole,in particularthrough protein dynamics. Some abzymes have been

engineeredtousemetalionsandother cofactors toimprovetheircatalyticactivity.

Isozymes 

Isozymes (alsoknownas isoenzymes ormoregenerallyas multipleformsofenzymes)

are enzymes thatdifferin amino acid sequence butcatalyze the same chemical

reaction. These enzymes usually display different kinetic parameters (e.g.

different KM values),ordifferentregulatory properties.The existence ofisozymes



permitsthefine-tuningofmetabolism tomeettheparticularneedsofagiventissueor

developmentalstage.In biochemistry,isozymes(orisoenzymes)are isoforms (closely

relatedvariants)ofenzymes.Inmanycases,theyarecodedforby homologous genes

thathavedivergedovertime.Although,strictlyspeaking, allozymes representenzymes

from different alleles ofthesame gene,andisozymesrepresentenzymesfrom different

genesthatprocessor catalyse thesamereaction,thetwowordsareusuallyused

interchangeably.

Allostericenzymes

Thistypeofenzymespresentstwobindingsites:thesubstrateoftheenzymeand

the effectors.Effectorsaresmallmoleculeswhichmodulatetheenzymeactivity;they

functionthroughreversible,non-covalentbinding ofaregulatorymetaboliteinthe

allostericsite(whichisnottheactivesite).Whenbound,thesemetabolitesdonot

participatein catalysis directly,buttheyarestillessential:theyleadtoconformational

changes in a concrete partofthe enzyme.These changes affectthe overall

conformationoftheactivesite,causingmodificationsontheactivityofthe reaction.

Properties

Allostericenzymesaregenerallylargerinmassthanotherenzymes.Differentfrom

havingasinglesubunitenzyme,inthiscasetheyarecomposedofmultiplesubunits,

whichcontainactivesitesandregulatorymoleculebindingsites.

Theypresentaspecialkinetics:the cooperation.Inhere,configurationchangesineach

chainoftheproteinstrengthenchangesintheotherchains.Thesechangesoccuratthe

tertiaryandquaternarylevelsoforganisation.



Basedonmodulation,theycanbeclassifiedintwodifferentgroups:

 Homotropicallostericenzymes:substrateandeffectorplayapartinthemodulation

oftheenzyme,whichaffectstheenzymecatalyticactivity.

 Heterotropicallostericenzymes:onlytheeffectorperformstheroleofmodulation.

Questions

5marks

1.Writethepropertiesofenzymes

2.Giveanoteonactivesites

3.BrieflydescribetheLineweaver–Burkplot

4.Commentonabzymes

10marks

1.Describetheclassificationofenzymeswithexamples

2.Explainthemechanism ofenzymeaction


