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Key TermsKey Terms

PrimaryPrimary
StructureStructure

Formed from the
order of aminoamino
acidsacids

Conden​‐Conden​‐
sationsation

Reaction occurs
joiningjoining 2
molecules together
into a larger one
with the elimin​‐elimin​‐
ation of wateration of water

SecondarySecondary
StructureStructure

Formed from the
foldingfolding of the
primary structureprimary structure
into 2 main forms:
the alpha helixalpha helix or
beta pleated sheetbeta pleated sheet

TertiaryTertiary
StructureStructure

Formed from the
foldingfolding of the
secondarysecondary
structurestructure into a 3D3D
shapeshape

HydrolysisHydrolysis The breaking downbreaking down
of large molecules
into smaller ones
by the additionaddition of a
molecule of waterwater

Metabolism TermsMetabolism Terms

MetabolismMetabolism A series of
enzyme​-co​ntr​olledenzyme​-co​ntr​olled
reactions in the
body. There are 2
main types:

AnabolicAnabolic
ReactionsReactions

Protein synthesisProtein synthesis
where amino
acids are built upbuilt up
into more complexcomplex
polype​ptidespolype​ptides

 

Metabolism Terms (cont)Metabolism Terms (cont)

CatabolicCatabolic
ReactionsReactions

Digestion ofDigestion of
proteinsproteins where
complexcomplex polype​‐
ptides are brokenbroken
downdown into simple
amino acidsamino acids

Key TermsKey Terms

Enzyme​-Enzyme​-
su​bstratesu​bstrate
complexcomplex

An interm​ediateinterm​ediate
structurestructure formed
during an enzyme​-enzyme​-
ca​talysed reactionca​talysed reaction
in which the
substratesubstrate and
enzymeenzyme bind
tempor​arily, such
that the substrates
are close enoughclose enough to
reactreact

ActivationActivation
energyenergy

The minimumminimum
energyenergy that must be
put into a chemicalchemical
systemsystem for a
reactionreaction to occur

Key Points about EnzymesKey Points about Enzymes

They are proteinsproteins that speed upspeed up
chemical reactions

They lowerlower the activation energyactivation energy
needed for the reactionreaction to take
place

They don'tdon't actually take parttake part in
the reaction

They are only needed in smallsmall
quantitiesquantities

They can be re-usedre-used

They convert substratessubstrates into
productsproducts

 

Key Points about EnzymesKey Points about Enzymes
(cont)(cont)

Therefore they can be described
as biological catalystsbiological catalysts

InhibitorsInhibitors

Enzymes can be inhibitedinhibited by
other substa​nces, which can
either combineeither combine with the activeactive
site directlysite directly or bindbind to anotheranother
part of the enzyme to preventprevent
the formationformation of an enzyme​-su​‐enzyme​-su​‐
bstrate complex.bstrate complex.

2 forms of inhibition2 forms of inhibition exist,
compet​itivecompet​itive and non-co​mpe​titivenon-co​mpe​titive
inhibi​tion, which may be either
reversiblereversible (where inhibitor binds
tempor​arilytempor​arily) or irreve​rsibleirreve​rsible
(where the inhibitor binds
perman​entlyperman​ently).

Compet​itive InhibitionCompet​itive Inhibition

This is where a moleculemolecule has a
similar shapesimilar shape to the substratesubstrate
and so it also has a compli​‐compli​‐
mentary shapementary shape to the active site.active site.

The first moleculefirst molecule to collidecollide
succes​sfullysucces​sfully with the active siteactive site
will form a complex.complex.

By increasingincreasing the concen​trationconcen​tration
of substrateof substrate, the inhibitioninhibition is
overcome, so long as the
inhibition is reversiblereversible, as it is
more likely that a substratesubstrate
molecule will formform an enzyme​-enzyme​-
su​bstrate complex.su​bstrate complex.

Compet​itive Inhibition diagramCompet​itive Inhibition diagram

 

Compet​itive Inhibition SummaryCompet​itive Inhibition Summary

The substratesubstrate and compet​itivecompet​itive
inhibitorinhibitor both 'compete' for the
active siteactive site. It can be overcomeovercome
by increasing substrate concen​‐increasing substrate concen​‐
tra​tion.tra​tion.

BiosensorsBiosensors

Contain immobi​lised enzymesimmobi​lised enzymes
that can be used to detect smalldetect small
concen​tra​tionsconcen​tra​tions of specificspecific
moleculesmolecules in a mixturemixture, e.g.
glucose in a sample of blood.

A biosensorbiosensor consists of a
specific immobi​lised enzymespecific immobi​lised enzyme, a
select​ively permeableselect​ively permeable
membranemembrane, and a transducertransducer
connected to a display.display.

The select​ively permeableselect​ively permeable
membranemembrane allows the metabolitemetabolite
to diffusediffuse through to the immobi​‐immobi​‐
lised enzymelised enzyme, whilst preventingpreventing
the passagepassage of other molecules.molecules.

The metabolite bindsmetabolite binds to the
active siteactive site of the enzyme, and is
convertedconverted into a productproduct, which
in turn combinescombines with the
transducertransducer turning the chemicalchemical
energyenergy into an electrical signal.electrical signal.

The higherhigher the concen​trationconcen​tration of
metabolitemetabolite present, the greatergreater
the electrical signal.electrical signal.

This techniquetechnique is used to
accurately measureaccurately measure the bloodblood
glucoseglucose of diabetic parentsdiabetic parents
whose blood glucoseblood glucose should
normally be kept between 3.893.89
and 5.83mmol dm-3.and 5.83mmol dm-3.
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Enzyme StructureEnzyme Structure

ComplexComplex folded polype​ptidepolype​ptide
chainschains that are held together in a
complex 3D shapecomplex 3D shape

each amino acidamino acid in primaryprimary
structurestructure is joined to the next by
a conden​sation reactionconden​sation reaction which
forms a peptide bondpeptide bond

This structure is then foldedfolded into
an alpha helixalpha helix or beta pleatedbeta pleated
sheetsheet, held together by
hydrogen bondshydrogen bonds called the
secondary structuresecondary structure

The secondary structuresecondary structure is
folded again to form a 3D shape3D shape
that is held together by
hydrogen, ionic and disulphidehydrogen, ionic and disulphide
bondsbonds

This creates an active siteactive site where
substratessubstrates can bindbind

The bondsbonds that hold the tertiarytertiary
structurestructure in place are suscep​‐suscep​‐
tibletible to changes in temper​ature,temper​ature,
pHpH and the action of reducingreducing
agentsagents

EnzymesEnzymes act in an aqueousaqueous
enviro​nmentenviro​nment because they are
solublesoluble and catalysecatalyse many
reactions including hydrolysishydrolysis

How enzymes workHow enzymes work

In a cataboliccatabolic reaction, the
substratesubstrate binds to the active siteactive site,
forming the enzyme​-su​bstrateenzyme​-su​bstrate
complex.complex.

The reaction proceeds and
products are releasedproducts are released, the activeactive
sitesite is now freefree to catalysecatalyse
another reaction.

In anabolicanabolic reactions, several
substratessubstrates bind and one or more
productsproducts are released.released.

 

How enzymes work (cont)How enzymes work (cont)

As biologicalbiological reactions,
enzymes lowerlower the activationactivation
energyenergy needed to start a
reaction by providing energyenergy to
break bondsbreak bonds in existing
molecules so newnew ones can
form in new molecules. By doing
so, chemical reactionschemical reactions are spedsped
up.up.

Enzyme workEnzyme work

Intrac​ellular and Extrac​ellularIntrac​ellular and Extrac​ellular

EnzymesEnzymes may act intrac​ell​ularlyintrac​ell​ularly,
e.g. during protein synthesisprotein synthesis
where the formationformation of a peptidepeptide
bondbond between 2 amino acids2 amino acids is
catalysed.catalysed.

Or extrac​ell​ularlyextrac​ell​ularly e.g. when
pancreatic amylasepancreatic amylase is releasedreleased
from pancreatic cellspancreatic cells and travelstravels
to the small intestinesmall intestine via the
pancreatic ductpancreatic duct where it
catalysescatalyses the breakdownbreakdown of
starchstarch to maltose.maltose.

Factors affecting the rate ofFactors affecting the rate of
reactionreaction

Rate of reaction = number of
reactions that occur per second
or unit time

Enzyme action is affected by 5Enzyme action is affected by 5
things:things:

1. Substrate concen​tration

2. Temper​ature

3. pH

4. Enzyme concen​tration

5. Presence of inhibitors

 

Product formationProduct formation

Product formationProduct formation is differentdifferent
from the rate of reactionrate of reaction as it
shows the total producttotal product made.

Once a plateauplateau is reached, nono
more productmore product is formed and the
reactionreaction has stopped.stopped.

With a rate of reaction graphrate of reaction graph, the
rate would drop to zerodrop to zero at this
point.

Product formation diagramProduct formation diagram

Non-co​mpe​titive inhibitionNon-co​mpe​titive inhibition

An inhibitor bindsbinds to another siteanother site
on the enzyme (the allostericallosteric
site).site).

This binding changeschanges the shapeshape
of the active siteactive site, preventing
substratesubstrate molecules from
forming an enzyme​-su​bstrateenzyme​-su​bstrate
complex.complex.

An example is cyanidecyanide that
bindsbinds to cytochrome oxidase
inhibiting respir​ation.inhibiting respir​ation.

Non-co​mpe​titive inhibitionNon-co​mpe​titive inhibition
diagramdiagram

 

Non-co​mpe​titive inhibitionNon-co​mpe​titive inhibition
summarysummary

The inhibitorinhibitor binds to an
allosteric siteallosteric site deforming the
shapeshape of the enzyme's activeactive
sitesite. It cannotcannot therefore be
overcomeovercome by increasingincreasing
substrate concen​tra​tion.substrate concen​tra​tion.

Biosensor definitionBiosensor definition

A devicedevice that combinescombines a
biomol​eculebiomol​ecule such as an enzymeenzyme,
with a transducertransducer, to produceproduce an
electrical signalelectrical signal which measuresmeasures
the concen​trationconcen​tration of a chemical.chemical.

Biosensor diagramBiosensor diagram

Lock and Key ModelLock and Key Model

The substratesubstrate has a compli​‐compli​‐
mentary shapementary shape to the enzyme's
active siteactive site, like a key fitting into
a lock.

This explains the specif​icityspecif​icity of
many enzymesenzymes i.e. that many
only catalysecatalyse one substrate.substrate.

Lock and key diagramLock and key diagram
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Induced fit modelInduced fit model

Many observ​ationsobserv​ations show that the
enzymes active siteactive site was being
alteredaltered by the binding substratebinding substrate
molecule.

The induced fit theoryinduced fit theory suggests
that the active siteactive site is able to
changechange slightly to accomm​odateaccomm​odate
the substrate.

This change places strainstrain on the
substratesubstrate molecule, helping to
break bondsbreak bonds and so loweringlowering the
activation energy.activation energy.

This explains why in some
cases several moleculesseveral molecules with
similar shapessimilar shapes are able to bindbind
to the active site.active site.

This is shown by the enzymeenzyme
lysosomelysosome, which is an anti-b​act​‐anti-b​act​‐
erialerial enzyme found in humanhuman
tearstears and saliva.saliva.

The active siteactive site consists of a
groovegroove, which closes over the
polysa​cch​aridespolysa​cch​arides found in the
bacterial cell wallsbacterial cell walls, and the
enzyme molecule changeschanges
shapeshape, which allows hydrolysishydrolysis
to occur.

Induced fit diagramInduced fit diagram

Substrate concen​trationSubstrate concen​tration

When the substrate concen​‐substrate concen​‐
tration increasestration increases in an enzyme​-enzyme​-
co​ntr​olled reactionco​ntr​olled reaction, there is a
greater chancegreater chance of a successful
collisioncollision between the substratesubstrate
and the enzymeenzyme resulting in
more enzyme​-su​bstratemore enzyme​-su​bstrate
complexescomplexes forming which
increasesincreases the rate of reaction.rate of reaction.

 

Substrate concen​tration (cont)Substrate concen​tration (cont)

When all the enzyme activeenzyme active
sitessites are occupiedoccupied, a plateauplateau is
reached which represents the
maximum rate of reactionmaximum rate of reaction for
their condit​ions.condit​ions.

Substrate concen​tration diagramSubstrate concen​tration diagram

Enzyme concen​trationEnzyme concen​tration

When the substrate concen​‐substrate concen​‐
tration increasestration increases in an enzyme​-enzyme​-
co​ntr​olled reactionco​ntr​olled reaction, there is a
greater chancegreater chance of a successfulsuccessful
collisioncollision between the substratesubstrate
and enzymeenzyme so more enzyme​-enzyme​-
su​bstrate complexessu​bstrate complexes are
formed, thus increasingincreasing the raterate
of reaction.of reaction.

As long as substratesubstrate is presentpresent
in excessin excess this will continue to
riserise so long as there are nono
limiting factors.limiting factors.

Enzyme concen​tration diagramEnzyme concen​tration diagram

 

End product inhibitionEnd product inhibition

Often seen in complexcomplex
metabolic pathwaysmetabolic pathways where
several enzymesseveral enzymes are involved.

It is an example of compet​itivecompet​itive
inhibitioninhibition at work in cells, and
preventsprevents the build-upbuild-up of the endend
productproduct in the pathway, which
couldcould become harmful.harmful.

In essence, the productproduct of oneone
reactionreaction acts as the substratesubstrate for
the nextnext, and the end productend product
acts as a compet​itive inhibitorcompet​itive inhibitor
for an enzymeenzyme earlier in the
pathway.pathway.

In the example below, the endend
product inhibits enzyme 1product inhibits enzyme 1: as
the end productend product is used upused up in the
cellcell, the concen​tration of endend
product fallsproduct falls and the concen​‐concen​‐
trationtration of the initial substrateinitial substrate
risesrises, so overcomingovercoming the inhibi​‐
tor's effect

End product inhibition diagramEnd product inhibition diagram

Advantages of immobi​lisedAdvantages of immobi​lised
enzymesenzymes

1. EnzymesEnzymes can be easilyeasily
recoveredrecovered and reused.reused.

2. Product is not contam​inatednot contam​inated
by the enzyme .

 

Advantages of immobi​lisedAdvantages of immobi​lised
enzymes (cont)enzymes (cont)

3. More stablestable at higher temper​‐higher temper​‐
ature.ature.

4. CatalyseCatalyse reactions at a higherhigher
range of pH.pH.

The result is that severalseveral
enzymesenzymes with different temper​‐different temper​‐
atureature and pHpH optima can be
used at the same time.same time.

EnzymesEnzymes can also be easilyeasily
addedadded or removedremoved giving
greater controlgreater control over the reaction.reaction.

Temper​atureTemper​ature

When the temper​aturetemper​ature of an
enzymeenzyme and substrate increasessubstrate increases
in an enzyme​-co​ntr​olledenzyme​-co​ntr​olled
reactionreaction, both the enzymeenzyme and
substratesubstrate molecules gain moregain more
kinetic energykinetic energy and so move
fasterfaster, increasingincreasing the chance of
a successful collisionsuccessful collision between
them.

As more enzyme​-su​bstrateenzyme​-su​bstrate
complexescomplexes are formed, the raterate
of reaction decreasesof reaction decreases rapidly as
hydrogen bondshydrogen bonds in the tertiarytertiary
structure breakstructure break due to increasedincreased
vibrationsvibrations resulting in a change
to the shape of the active siteactive site -
this is called denatu​ring.denatu​ring.

Temper​ature diagramTemper​ature diagram
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pHpH

When the pHpH of an enzyme
increases or decreasesincreases or decreases either
side of the optimumoptimum, the rate ofrate of
reaction decreases.reaction decreases.

The chargescharges on the amino acidamino acid
side chainsside chains (R groups) that
make up the enzyme's activeenzyme's active
sitesite are influenced by freefree
hydrogenhydrogen (H+) and hydroxylhydroxyl
(OH-) ions.

If too manytoo many H+ or OH- ions are
presentpresent, the substratesubstrate can be
repelledrepelled from the active siteactive site,
preventing it from binding.binding.

If these changeschanges are relativelyrelatively
minorminor, then it is revers​ible.revers​ible.

More excessive changesexcessive changes in pHpH
will result in the ionic bondsionic bonds in
the tertiary structuretertiary structure breaking
which causes denaturingdenaturing by
creating a permanent changepermanent change to
the shapeshape of the active site.active site.

pH diagrampH diagram

pH OptimumpH Optimum

 

Use of buffers in enzymeUse of buffers in enzyme
experi​mentsexperi​ments

The rate of an enzyme​-co​ntr​‐enzyme​-co​ntr​‐
olled reactionolled reaction, is greatly
influenced by small changessmall changes in
pH.pH.

It is therefore essentialessential, when
carrying out any enzymeenzyme
experimentexperiment (where pH is not the
indepe​ndent variable), that pH ispH is
controlledcontrolled, ideally at its optimumoptimum,
so it is not limitingnot limiting the rate ofrate of
reaction.reaction.

This can be achievedachieved by using a
pH buffer.pH buffer.

A bufferbuffer is a solution that can
resist changesresist changes in pH by neutra​‐neutra​‐
lising acidlising acid/alkalis that are addedadded
to the solution.solution.

In the body, we bufferbuffer the pH ofpH of
the bloodthe blood around 7.47.4 by using 22
chemicalschemicals - carbonic acidcarbonic acid and
bicarb​onate.bicarb​onate.

Buffer SummaryBuffer Summary

A chemicalchemical that resists changesresists changes
in pH.pH.

Neutra​lises excessNeutra​lises excess acids or
alkslis.

Can be used to maintainmaintain the
optimum pHoptimum pH for a given reaction.

Importance of immobi​lisedImportance of immobi​lised
enzymesenzymes

Immobi​lised enzymesImmobi​lised enzymes are
enzymes that are fixedfixed to an
inert matrix. inert matrix. This can be
achieved in 2 main ways:2 main ways:

1. EntrapmentEntrapment - held inside a gelgel
e.g. silica gel.

2. Micro-​enc​aps​ulationMicro-​enc​aps​ulation - trapped
inside a micro-​capsulemicro-​capsule e.g.
alginate beads.

 

Importance of immobi​lisedImportance of immobi​lised
enzymes (cont)enzymes (cont)

BeadsBeads containing the enzymeenzyme
can be packed into a glassglass
columncolumn, and substratesubstrate added at
one end.one end.

The rate of flowrate of flow of the substratesubstrate
over the beadsbeads can be
controlledcontrolled: a slow flow rateslow flow rate will
give more timemore time for the enzyme​-enzyme​-
su​bstrate complexessu​bstrate complexes to formform,
and therefore yield moreyield more
product.product.

Because the enzymesenzymes are
containedcontained within their own
'micro​-en​vir​onment''micro​-en​vir​onment' , the
enzymes are less suscep​tibleless suscep​tible to
changes in pH, temper​aturepH, temper​ature and
the action of chemicalschemicals such as
organic solvents.organic solvents.
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