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8.1.1Metabolic Pathways

Metabolic Pathways

= Metabolic pathways involve aseries of smallsteps,eachstepinvolves achemical change
= The enzyme-catalysed reactions that make up metabolic pathways usuallyconsist of chains or
cycles:
= Chainreactions are alinearsequence with adistinct beginningand end
= Glycolysis,part of respiration,is anexample of areaction chainmetabolic pathway
= Cyclesinvolve the end product starting the next cycle,these are less common than chain
reactions
= The Calvincycle, part of photosynthesis,is anexample of a cyclic metabolic pathway

A chain metabolic pathway has a distinct start and finish, whereas in a cycle the end product feeds back
into the starting reactant

= Chemicalsinvolved inmetabolic pathways are called metabolites orintermediates
= Someformnew molecules withincells
= Others breakdownmolecules and involve anenergytransfer
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Enzymes & Activation Energy

= Metabolic pathways are controlled byenzymes inabiochemical cascade ofreactions
= Virtuallyeverymetabolic reactionwithinliving organisms is catalysed byanenzyme
= Enzymes are therefore essential forlife to exist
= Enzymes are biological catalysts
= ‘Biological’because theyfunctioninlivingsystems
= ‘Catalysts’because theyspeedup therate of chemicalreactions without beingused upor
undergoing permanent change

The Enzyme-Substrate Complex

= The startingpointofametabolic pathwayis asubstrate whichis converted to anend product
= The enzyme works bybindingto the substrate at aspecial site onthe enzyme called the active
site
= The active site of anenzyme has a specific shape to fitaspecific substrate
= Substrates collide withthe enzyme's active site and this must happen at the correct orientation
and speedinorderforareactionto occur
= Anenzyme-substrate complexis formed,temporarily,whenthe substrate binds to the active
site
= The substrateis said to be inatransitional state at this moment
= Theproductis formed and enzyme s released to take partinanotherreaction
= Thereactioncanbe shortened to asimple equation

The simple equation can show how an enzyme reaction proceeds
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The formation of the enzyme-substrate complex where the substrate is said to be in a transitional state,
before forming the product(s)

Enzymesand thelowering of activationenergy

= Allchemicalreactions,includingmetabolic pathways, are associated with energy changes
= Energymayeitherbereleased orabsorbed duringareaction
= [fenergyisreleasedto the surroundingsitis anexergonic reaction
= |fenergyis absorbed fromthe surroundings itis anendergonic reaction
= Forareactionto proceed there mustbe enoughactivationenergy
= Activationenergyis the amount of energy needed bythe substrate to become unstable enough
forareactionto occurand fornew products to be formed
= Enzymes speed up chemicalreactions because theyreduce the stability of bonds inthe
substrate
= Enzymeslowerthe activationenergy needed to catalyse areaction
= Theenergyreleased is unchanged but the activationenergyrequired is lowered
= Therate ofreactionis therefore quicker
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The graph shows how an enzyme lowers the activation energy required for a reaction

O Exam Tip

Don'tforgetthatenzymes are proteins, meaning that anything that could denature a proteinand
make it non-operational (such as extremes of heat, temperature, pH etc.) would also denature an
enzyme.

Endergonic and exergonic reactions are defined by the net the intake oroutput of energy
(respectively) this differs from endothermic and exothermic reactions which are defined by the
intake oroutput of thermal energy only.

8.1.2Inhibition

Enzyme Inhibitors

= |nhibitors are chemical substances thatcanbind to anenzyme and reduce its activity

= |nhibitors canbe formed fromwithinthe cellorcanbeintroduced from the external
environment

= Anenzyme's activitycanbereduced orstopped, temporarily, by aninhibitor

= There are two types of inhibitors: competitive and non-competitive

Competitive inhibitors

= Competitive inhibitors have a similar shape to that of the substrate molecules

= Theybind to the active site of the enzyme,interferingwithitand competing with the substrate
forthe active site

= Thesubstrate,therefore,cannotbind to the active site if acompetitive inhibitoris alreadybound

Non-competitiveinhibitors

= Non-competitive inhibitors bind to the enzyme at an alternative site, which alters the shape of
the active site

= This therefore prevents the substrate frombinding to the active site
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Competitive and non-competitive inhibition

Examples of competitive and non-competitiveinhibitors

= Anexample of acompetitive inhibitorinvolves the enzyme RuBisCo,animportant carbon fixation
enzyme inphotosynthesis
= Oxygenis acompetitive inhibitorto this enzyme and blocks the active site forcarbon
dioxide
= Therefore carbondioxide cannotbind to RuBisCo and reactions involved inphotosynthesis
slowdownorcease to occur
= This canbe fatal to the plant
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= Anexample of anon-competitive inhibitorinvolves the enzyme cytochrome c oxidase, a
mitochondrial enzyme that catalyses one of the keyreactions inaerobic respiration
= Cyanideions are anon-competitive inhibitorthat binds to a site onthe enzyme and change
the shape of the active site
= Therefore cytochrome c oxidase cannotcarryoutits functionsinrespiration

= Thiscanbe fatalasittakes toolongto produce new enzymes and the organismwill die
before thiscanoccur

= Cyanideis knownas ametabolic poisonbecause itinterferes withmetabolic pathways

Table comparing competitive and non-competitive inhibitors

O Exam Tip

Youneed to be able to give anamed example forcompetitive and non-competitive inhibition

Page 6 of 15
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

End-product Inhibition

= Enzymes canbe regulated bychemical substances that bind to asite onthe enzyme awayfrom
the active site,known as the allosteric site

= Bindingto this site,awayfromthe active site forms an allosteric interactionleadingto a
reversible change inthe shape and activity

= Chemicals thatregulate the metabolic pathwaylike this are termed allosteric regulators

= End-productinhibitionoccurs whenthe end productfromareactionis presentinexcess and
itself acts as anon-competitive inhibitor of the enzyme
= The end productbinds to anallosteric site onthe enzyme and causes inhibition of the pathway,
so theyarereferred to as allosteric inhibitors
= Allosteric inhibitors are important to prevent the build-up of intermediate productsina
metabolic pathway, as each small step of the pathwaymay produce anew product
= Theproducttherefore doesnotaccumulate and the pathwaycancontinue
= Anoutline ofthe processis as follows:
= Asthe enzyme converts substrate to anend product, the process isitself slowed down
as the end-product of the reactionchainbinds to an allosteric site onthe original
enzyme, changing the shape of the active site and preventing the formation of further
enzyme-substrate complexes
= Theinhibitionofthe enzyme means that productlevels fall,at which point the enzyme
begins catalysingthe reactiononce again;this is acontinuous feedbackloop
= The end-productinhibitoreventuallydetaches fromthe enzyme to be used
elsewhere;this is what allows the active site to reformand the enzyme to returnto an
active state

End-product inhibition where the end-product of an enzyme controlled pathway inhibits the starting
enzyme and limits the reactions
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@ Worked example

Show, with adiagram, the end-productinhibition of the pathwaythat converts threonine to
isoleucine

Example of end-product inhibition between threonine and isoleucine

O Exam Tip

Youneed to know the specific example of end-productinhibition of theonine and isoleucine
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8.1.3Bioinformatics & Metabolism

Bioinformatics: Investigating Metabolism

NOS: Developmentsin scientificresearch followimprovementsin computing:
developmentsinbioinformatics,suchastheinterrogation of databases, have
facilitatedresearchintometabolic pathways

= Bioinformaticsis theuse of computers to analyse and sequence datainbiologicalresearch
= |thasledto the creationofmassive databases ofinformationonmolecules suchas proteins,
genes and DNAsequences
= Bioinformatics involves multiple scientific research groups contributinginto central databases;
othergroups canthenanalyse the research and raise queries
= There are anumberof different applications of bioinformatics
= Testingcommercially available drugs ondiseases that the drugs have notbeen originally
targeted for
= Theoreticalmolecularchemicals canbe developed to screendatabases for new
compounds with the potential fortargeting specific diseases, such as malaria
= Gene functioncanbe studied usingmodelorganisms with similarsequences
= Whendevelopingnew drugs scientists cantestwhole libraries of chemicals individuallyona
range of modelorganisms

The use of bioinformatics by scientists

= Onebioinformatics technique has specificallyfacilitated researchinmetabolic pathways and is
called chemogenomics

= Chemogenomics focuses onfindingchemicals that target enzyme binding sitesinorderto alter
metabolic pathways
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Bioinformatics: Identifying Anti-malarial Drugs

= Malariais adisease caused bythe parasitic protozoans of the genus Plasmodium

= Some Plasmodiumprotozoahave becomeresistant to manyof the available drugs currently
used to treat the disease,suchas chloroquine

= The developmentand life cycle of the parasite is governed by specific enzymes and metabolic
pathways

= Aglobalresearcheffortisinplace to determine new methods of treatment formalaria

= Theuse ofbioinformatics has acrucial placeinthisresearchbytargetingthe enzymes and
metabolites withinthe parasite

Map showing the occurrence of resistant malaria parasites across the globe

The use of bioinformaticsinidentifying malarialinhibitors

= Scientists have sequenced the proteome of the parasitic Plasmodium falciparum
= Consequentlythe enzymes involved in the parasite's metabolismhave beenidentified and can
be targeted forinhibition
= Targetingthese enzymes and metabolic pathways byinhibition canfacilitate the development of
new anti-malarial drugs and medications
= Bioinformatics canbe used to screenthe parasite's enzymes against adatabase of chemicals
to identify potential enzyme inhibitors
= Molecularmodels of the target enzymes canbe tested against computer designed models
of inhibitors
= So farover300,000 chemicals have beenscreened againstresistant malaria strains to
identify19 new chemicals that caninhibit the parasite's enzymes

The use of bioinformaticsin finding treatmentsfor malaria
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= Aside fromtargeting malarial inhibitors, bioinformatics has also played akeyrole developing
othernew treatments formalaria,including
= Chemical modificationof current anti-malarial drugs to create hybrid drugs
= Screeningdatabases fornew compounds with potential anti-malarial activity
= 15new chemicals have beenidentified that bind to 61malarial proteins creatingnew lines of
investigationforscientists to followinthe search foranti-malarials

8.1.4 Skills: Rates of Reaction & Types of Inhibition

Calculating & Plotting Rates of Reaction

= Enzyme catalysedreactions canbe affected bychangesinpH,temperature or substrate
concentration

= Therateofreactioncanbe determined bymeasuringthe rate of disappearance of asubstrate
ortherate of product accumulated inagiventime period

= This maybe shownas achange in quantity (usuallyvolume ormass) of substrate orproductovera
measured time period:

= Or,if we cannotcollect quantitative dataonthe amount of substrate orproduct,we can
calculate therate of reactionbased onthe time measured using the following equation:

B 1:timetaken(seconds)and shouldinclude the units s’
= Ahighrate ofreactionis whenthe reactionhappensinless timei.e.itis faster
= Alowrate ofreactionis whenthereactionhappensinmore timei.e.itis slower
= Therate ofareactionislikelyto change throughout areactionas the substrate concentration
willdecrease as the reactionproceeds
= Thisleadsto agraphthatstarts outas adirectly proportional straightline (the value onthe X
increases at the same rate as the value onthe Y) but thenplateaus as thereactionslows
down
= The steepertheline the fastertherate of reaction
= Therate ofreactioncanbe calculated fromagraphplotted where the reactiontimeis shownon
the X-axis and the quantity of product or substrateis shownon the Y-axis

Page 11 of 15
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Graph produced when plotting the volume of a product produced against time

The gradientis calculated fromapoint onthe graphand used as ameasure of therate ofreaction
atthat pointintime

Atangent must be drawnto calculate the change inxand yso therate ofreactioncanbe
calculated

= E.g.if calculatingtheinitial rate of reaction

= Placearuleronthe pointoforiginand draw aline that corresponds to the curve during
the earlypart of the reaction

= Extend theline as farasis convenient to performthe calculations e.g.to 60 seconds
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Drawing a tangent to the graph to calculate the initial rate of reaction
Calculating therate of reaction

= Oncethetangentis drawnyoucan calculate the gradient of the line whichis equalto the rate of
thereaction
= |nitialrate=a+b
= Where
= a=changeinvolume and
= b=changeintime
= The units willbe cm3 sec(this means volume persec)

Calculating the rate of reaction from the tangent
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Identifying Types of Inhibition

= The effectofcompetitive and non-competitive inhibitors onenzyme controlled reactions can
be represented graphically
= Bothtypes ofinhibitors slowdownorstop enzyme activity,decreasing the rate of reaction
= Increasingthe concentrationofaninhibitorreduces therate of reactionand eventually, if
inhibitorconcentration continues to be increased, thereactionwillstop completely
= Forcompetitive inhibitors countering the increase ininhibitorconcentration, byincreasing
the substrate concentration, canincrease the rate of reaction but the substrate needs to
reachahighenoughconcentrationinorderto displace the inhibitor(more substrate
molecules meantheyare more likelyto collide withenzymes and form enzyme-substrate
complexes)
= Fornon-competitive inhibitors increasingthe substrate concentrationcannotincrease the
rate of reaction, as the shape of the active site of the enzyme remains changed and enzyme-
substrate complexes are stillunable to form

= Agraphcanbeusedto distinguishbetweenthe two different types of inhibitors and theireffect
ontherate ofreaction

= The patterns shown are notably different foreachtype of inhibitor and also foranuninhibited
enzyme
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Graph showing different types of inhibitors and their effect onrate of reaction

= Acompetitive inhibitorwilllowerthe initial rate of reaction (by occupying some of the available
active sites), whilst the maximal rate is not affected
= Eventually, the same amount of productwillbe produced as would have beenproduced
without the competitive inhibitor
= Non-competitive inhibitors lowerthe initialrate of reaction and the maximalrate of reaction
= Aloweramountofproductis produced thanwould normallybe produced
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