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Enzymes

Enzymesarespecificbiologicproteinsthatcatalyzebiochemical

reactionswithoutalteringtheequilibriumpointofthereactionorbeing

consumedorchangedincomposition.Theothersubstancesinthe

reactionareconvertedtoproducts.

Inadditiontothebasicenzymestructure,anonproteinmolecule,called

activators.

ProstheticGroups

Prostheticgroupsaredistinguishedbytheirtight,stableincorporation

intoaprotein’sstructurebycovalentornoncovalentforces.Examples

includepyridoxalphosphate,flavinmononucleotide(FMN),flavin

dinucleotide(FAD),thiaminpyrophosphate,biotin,andthemetalionsof

Co,Cu,Mg,Mn,Se,andZn.Metalsarethemostcommonprosthetic

groups.Theroughlyone-thirdofallenzymesthatcontaintightlybound

metalionsaretermedmetalloenzymes.

Cofactors

Cofactorsservefunctionssimilartothoseofprostheticgroupsbutbindin

atransient,dissociablemannereithertotheenzymeortoasubstrateThe

mostcommoncofactorsalsoaremetalions.Enzymesthatrequireametal

ioncofactoraretermedmetal-activatedenzymestodistinguishthemfrom

themetalloenzymesforwhichmetalionsserveasprostheticgroups.

Coenzymes

A coenzyme is an organic cofactor, such as nicotinamide
adenine(dinucleotideNAD).
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ENZYMECLASSIFICATION

1.Oxidoreductases.Catalyzeanoxidation–reductionreactionbetween
twosubstrates

2.Transferases.Catalyzethetransferofagroupotherthanhydrogen
fromonesubstratetoanother

3.Hydrolases.Catalyzehydrolysisofvariousbonds

4.Lyases.Catalyzeremovalofgroupsfromsubstrateswithouthydrolysis;
theproductcontainsdoublebonds

5.Isomerases.Catalyzetheinterconversionofgeometric,optical,or
positionalisomers

6.Ligases.Catalyzethejoiningoftwosubstratemolecules,coupledwith
breakingofthepyrophosphatebondinadenosinetriphosphate(ATP)ora
similarcompound.
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Howenzymeswork

Enzymeshaveanactivesite.Thisispartofthemoleculethathasjustthe
rightshapeandfunctionalgroupstobindtooneofthereactingmolecules.
Thereactingmoleculethatbindstotheenzymeiscalledthesubstrate.

Lockandkeymodel

Enzymesareveryspecific,anditwassuggestedbyEmilFischerin1894
thatthiswasbecauseboththeenzymeandthesubstratepossessspecific
complementarygeometricshapesthatfitexactlyintooneanother.Thisis
oftenreferredtoas"thelockandkey"model.However,whilethismodel
explainsenzymespecificity,itfailstoexplainthestabilizationofthe
transitionstatethatenzymesachieve.
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Inducedfit

Inthismodeltheenzymemoleculechangesshapeasthesubstrate
moleculesgetsclose.Thechangeinshapeis'induced'bytheapproaching
substratemolecule.Thismoresophisticatedmodelreliesonthefactthat
moleculesareflexiblebecausesinglecovalentbondsarefreetorotate.
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Factorsaffectingcatalyticactivityofenzymes

Temperature:

Asthetemperaturerises,reactingmoleculeshavemoreandmorekinetic
energy.Thisincreasesthechancesofasuccessfulcollisionandsothe
rateincreases.Thereisacertaintemperatureatwhichanenzyme's
catalyticactivityisatitsgreatest(seegraph).Thisoptimaltemperatureis
usuallyaroundhumanbodytemperature(37.5oC)fortheenzymesin
humancells.Abovethistemperaturetheenzymestructurebeginstobreak
down(denature)sinceathighertemperaturesintra-andintermolecular
bondsarebrokenastheenzymemoleculesgainevenmorekineticenergy.

pH:

EachenzymeworkswithinquiteasmallpHrange.ThereisapHat
whichitsactivityisgreatest(theoptimalpH).Thisisbecausechangesin
pHcanmakeandbreakintra-andintermolecularbonds,changingthe
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shapeoftheenzymeand,therefore,itseffectiveness.

Concentrationofenzymeandsubstrate:

           

Therateofanenzyme-catalysedreactiondependsontheconcentrations
ofenzymeandsubstrate.Astheconcentrationofeitherisincreasedthe
rateofreactionincreases(seegraphs).

Foragivenenzymeconcentration,therateofreactionincreaseswith
increasingsubstrateconcentrationuptoapoint,abovewhichanyfurther
increaseinsubstrateconcentrationproducesnosignificantchangein
reactionrate.Thisisbecausetheactivesitesoftheenzymemoleculesat
any given momentare virtually saturated with substrate.The
enzyme/substratecomplexhastodissociatebeforetheactivesitesarefree
toaccommodatemoresubstrate.

Providedthatthesubstrateconcentrationishighandthattemperatureand
pHarekeptconstant,therateofreactionisproportionaltotheenzyme
concentration.
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Inhibition

Competitiveinhibitorsbindreversiblytotheenzyme,preventingthe

bindingofsubstrate.Ontheotherhand,bindingofsubstrateprevents

bindingoftheinhibitor.Substrateandinhibitorcompetefortheenzyme.
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Typesofinhibition.

Enzymereactionratescanbedecreasedbyvarioustypesofenzyme
inhibitors.

Competitiveinhibition

Incompetitiveinhibition,theinhibitorandsubstratecompeteforthe
enzyme(i.e.,theycannotbindatthesametime).Oftencompetitive
inhibitorsstronglyresembletherealsubstrateoftheenzyme.For
example,methotrexateisacompetitiveinhibitoroftheenzyme
dihydrofolatereductase,whichcatalyzesthereductionofdihydrofolateto
tetrahydrofolate. Incompetitiveinhibitionthemaximalrateofthe
reactionisnotchanged,buthighersubstrateconcentrationsarerequired
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toreachagivenmaximumrate.

Uncompetitiveinhibition

Inuncompetitiveinhibition,theinhibitorcannotbindtothefreeenzyme,
onlytotheES-complex.TheEIS-complexthusformedisenzymatically
inactive.Thistypeofinhibitionisrare,butmayoccurinmultimeric
enzymes.

Non-competitiveinhibition

Non-competitiveinhibitorscanbindtotheenzymeatthebindingsiteat
thesametimeasthesubstrate,butnottotheactivesite.BoththeEIand
EIScomplexesareenzymaticallyinactive.Becausetheinhibitorcannot
bedrivenfromtheenzymebyhighersubstrateconcentration(incontrast
tocompetitiveinhibition

Allostericenzyme:

Allostericenzymesareenzymesthatchangetheirconformational

ensembleuponbindingofaneffector,whichresultsinanapparent

changeinbindingaffinityatadifferentligandbindingsite.This"action

atadistance"throughbindingofoneligandaffectingthebindingof

anotheratadistinctlydifferentsite,istheessenceoftheallosteric

concept.Allosteryplaysacrucialroleinmanyfundamentalbiological

processes,includingbutnotlimitedtocellsignalingandtheregulationof

metabolism.Allostericenzymesneednotbeoligomersaspreviously

thought.andinfactmanysystemshavedemonstratedallosterywithin

singleenzymes
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Isoenzymes:

Isozymes(alsoknownasisoenzymesormoregenerallyasMultiple
formsofenzymes)areenzymesthatdifferinaminoacidsequencebut
catalyzethesamechemicalreaction.Theseenzymesusuallydisplay
differentkineticparameters(e.g.differentKM values),ordifferent
regulatoryproperties. forexamplelactatedehydrogenase(LDH)).In
biochemistry,isozymes(orisoenzymes)areisoforms(closelyrelated
variants)ofenzymes.Inmanycases,theyarecodedforbyhomologous
genesthathavedivergedovertime.


