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8.1.1 Metabolic Pathways

Metabolic Pathways

Metabo lic pathways invo lve a series o f  small steps, each step invo lves a chemical change

The enz yme-catalysed  reactio ns that make up metabo lic pathways usually co nsist o f chains  o r

cycles:

Chain reactio ns are a linear sequence with a distinct beginning and end

Glyco lysis, part o f respiratio n, is an example o f a reactio n chain metabo lic pathway

Cycles invo lve the end pro duct starting the next cycle, these are less co mmo n than chain

reactio ns

The Calvin cycle, part o f pho to synthesis, is an example o f a cyclic metabo lic pathway

A chain metabolic pathway has a distinct start and �nish, whereas in a cycle the end product feeds back

into the starting reactant

Chemicals invo lved in metabo lic pathways are called metabo lites o r intermediates

So me fo rm new mo lecules within cells

Others breakdo wn mo lecules and invo lve an energy transfer
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Enzymes & Activation Energy

Metabo lic pathways  are co ntro lled by enz ymes  in a bio chemical cascade o f reactio ns

Virtually every metabo lic reactio n within living o rganisms is catalysed by an enz yme

Enz ymes are therefo re essential fo r life to  exist

Enz ymes are bio lo gical catalysts

‘Bio lo gical’ because they functio n in living systems

‘Catalysts’ because they speed up the rate o f chemical reactio ns witho ut being used up o r

undergo ing permanent change

T he Enz yme-Subst rat e Complex

The starting po int o f a metabo lic pathway is a substrate  which is co nverted to  an end pro duct

The enz yme wo rks by binding to  the substrate at a special site o n the enz yme called the active

site

The active site o f an enz yme has a speci�c shape to  �t a speci�c substrate

Substrates co llide  with the enz yme's active site and this must happen at the co rrect o rientatio n

and speed in o rder fo r a reactio n to  o ccur

An enz yme-substrate co mplex is fo rmed, tempo rarily, when the substrate binds to  the active

site

The substrate is said to  be in a transitio nal state  at this mo ment

The pro duct is fo rmed and enz yme is released to  take part in ano ther reactio n

The reactio n can be sho rtened to  a simple equatio n

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)

Enz ymes and t he lowering of  act ivat ion energy

All chemical reactio ns, including metabo lic pathways, are asso ciated with energy changes

Energy may either be released o r abso rbed during a reactio n

If energy is released to  the surro undings it is an exergo nic  reactio n

If energy is abso rbed fro m the surro undings it is an endergo nic  reactio n

Fo r a reactio n to  pro ceed there must be eno ugh activatio n energy

Activatio n energy is the amo unt o f energy  needed by the substrate to  beco me unstable  eno ugh

fo r a reactio n to  o ccur and fo r new pro ducts to  be fo rmed

Enz ymes speed up chemical reactio ns because they reduce the stability o f  bo nds  in the

substrate

Enz ymes lo wer the activatio n energy needed to  catalyse a reactio n

The energy released is unchanged but the activatio n energy required is lo wered

The rate o f reactio n is therefo re quicker
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The graph shows how an enzyme lowers the activation energy required for a reaction

Exam T ip

Do n't fo rget that enz ymes are pro teins, meaning that anything that co uld denature  a pro tein and

make it no n-o peratio nal (such as extremes o f heat, temperature, pH etc.) wo uld also  denature an

enz yme.

Endergo nic and exergo nic  reactio ns are de�ned by the net the intake o r o utput o f energy

(respectively) this di�ers fro m endo thermic  and exo thermic  reactio ns which are de�ned by the

intake o r o utput o f thermal energy  o nly.

8.1.2 Inhibition

Enzyme Inhibitors

Inhibito rs  are chemical substances that can bind to  an enz yme and  reduce its activity

Inhibito rs can be fo rmed fro m within the cell o r can be intro duced fro m the external

enviro nment

An enz yme's activity can be reduced  o r sto pped, tempo rarily, by an inhibito r

There are two  types o f inhibito rs: co mpetitive  and no n-co mpetitive

Compet it ive inhibit ors

Co mpetitive inhibito rs have a similar shape  to  that o f the substrate mo lecules

They bind to  the active site  o f the enz yme, interfering with it and co mpeting with the substrate

fo r the active site

The substrate, therefo re, canno t bind to  the active site if a co mpetitive inhibito r is already bo und

Non-compet it ive inhibit ors

No n-co mpetitive inhibito rs bind to  the enz yme at an alternative site, which alters the shape  o f

the active site

This therefo re prevents the substrate fro m binding to  the active site
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Competitive and non-competitive inhibition

Examples of  compet it ive and non-compet it ive inhibit ors

An example o f a co mpetitive  inhibito r invo lves the enz yme RuBisCo , an impo rtant carbo n �xatio n

enz yme in pho to synthesis

Oxygen is a co mpetitive inhibito r to  this enz yme and blo cks the active site fo r carbo n

dio xide

Therefo re carbo n dio xide canno t bind to  RuBisCo  and reactio ns invo lved in pho to synthesis

slo w do wn o r cease to  o ccur

This can be f atal to  the plant
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An example o f a no n-co mpetitive inhibito r invo lves the enz yme cyto chro me c o xidase, a

mito cho ndrial enz yme that catalyses o ne o f the key reactio ns in aero bic respiratio n

Cyanide io ns  are a no n-co mpetitive inhibito r that binds to  a site o n the enz yme and change

the shape o f  the active site

Therefo re cyto chro me c o xidase canno t carry o ut its functio ns in respiratio n

This can be f atal as it takes to o  lo ng to  pro duce new enz ymes and the o rganism will die

befo re this can o ccur

Cyanide is kno wn as a metabo lic po iso n because it interferes with metabo lic pathways

Table co mparing co mpetitive and no n-co mpetitive inhibito rs

Exam T ip

Yo u need to  be able to  give a named example fo r co mpetitive and no n-co mpetitive inhibitio n
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End-product Inhibition

Enz ymes can be regulated  by chemical substances that bind to  a site o n the enz yme away fro m

the active site, kno wn as the allo steric site

Binding to  this site, away fro m the active site fo rms an allo steric interactio n leading to  a

reversible change in the shape and activity

Chemicals that regulate the metabo lic pathway like this are termed allo steric regulato rs

End-pro duct inhibitio n o ccurs when the end pro duct fro m a reactio n is present in excess and

itself acts as a no n-co mpetitive inhibito r o f the enz yme

The end pro duct binds to  an allo steric site  o n the enz yme and causes inhibitio n o f the pathway,

so  they are referred to  as allo steric inhibito rs

Allo steric inhibito rs are impo rtant to  prevent the build-up o f intermediate pro ducts  in a

metabo lic pathway, as each small step o f the pathway may pro duce a new pro duct

The pro duct therefo re do es no t accumulate and the pathway can co ntinue

An o utline o f the pro cess is as fo llo ws:

As the enz yme co nverts substrate to  an end pro duct, the pro cess is itself slo wed do wn

as the end-pro duct o f the reactio n chain binds to  an allo steric site o n the o riginal

enz yme, changing the shape o f the active site and preventing the fo rmatio n o f further

enz yme-substrate co mplexes

The inhibitio n o f the enz yme means that pro duct levels fall, at which po int the enz yme

begins catalysing the reactio n o nce again; this is a co ntinuo us f eedback lo o p

The end-pro duct inhibito r eventually detaches fro m the enz yme to  be used

elsewhere; this is what allo ws the active site to  ref o rm and the enz yme to  return to  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

Sho w, with a diagram, the end-pro duct inhibitio n o f the pathway that co nverts threo nine  to

isoleucine

Example of end-product inhibition between threonine and isoleucine

Exam T ip

Yo u need to  kno w the speci�c example o f end-pro duct inhibitio n o f theo nine  and iso leucine
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8.1.3 Bioinformatics & Metabolism

Bioinformatics: Investigating Metabolism

NOS: Development s in scient i�c research f ollow improvement s in comput ing:
development s in bioinf ormat ics, such as t he int errogat ion of  dat abases, have

f acilit at ed research int o met abolic pat hways

Bio inf o rmatics  is the use o f co mputers to  analyse and sequence data in bio lo gical research

It has led to  the creatio n o f massive databases o f info rmatio n o n mo lecules such as pro teins,

genes and DNA sequences

Bio info rmatics invo lves multiple scienti�c research gro ups co ntributing into  central databases;

o ther gro ups can then analyse the research and raise queries

There are a number o f di�erent applicatio ns o f bio info rmatics

Testing co mmercially available drugs  o n diseases that the drugs have no t been o riginally

targeted fo r

Theo retical mo lecular chemicals can be develo ped to  screen databases f o r new

co mpo unds with the po tential fo r targeting speci�c diseases, such as malaria

Gene f unctio n can be studied using mo del o rganisms with similar sequences

When develo ping new drugs  scientists can test who le libraries o f chemicals individually o n a

range o f mo del o rganisms

The use of bioinformatics by scientists

One bio info rmatics technique has speci�cally facilitated research in metabo lic pathways  and is

called chemo geno mics

Chemo geno mics fo cuses o n �nding chemicals that target enz yme binding sites in o rder to  alter

metabo lic pathways
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Bioinformatics: Identifying Anti-malarial Drugs

Malaria is a disease caused by the parasitic pro to z o ans  o f the genus Plasmodium

So me Plasmodium pro to z o a have beco me resistant to  many o f the available drugs currently

used to  treat the disease, such as chlo ro quine

The develo pment and life cycle o f the parasite is go verned by speci�c  enz ymes  and metabo lic

pathways

A glo bal research e�o rt is in place to  determine new metho ds o f  treatment fo r malaria

The use o f bio inf o rmatics  has a crucial place in this research by targeting the enz ymes and

metabo lites within the parasite

Map showing the occurrence of resistant malaria parasites across the globe

T he use of  bioinf ormat ics in ident if ying malarial inhibit ors

Scientists have sequenced the pro teo me o f the parasitic Plasmodium falciparum

Co nsequently the enz ymes invo lved in the parasite's metabo lism have been identi�ed  and can

be targeted  fo r inhibitio n

Targeting these enz ymes and metabo lic pathways by inhibitio n can facilitate the develo pment o f

new anti-malarial drugs and medicatio ns

Bio info rmatics can be used to  screen the parasite's enz ymes against a database o f  chemicals

to  identify po tential enz yme inhibito rs

Mo lecular mo dels o f the target enz ymes can be tested against co mputer designed mo dels

o f  inhibito rs

So  far o ver 300,000 chemicals have been screened against resistant malaria strains to

identify 19 new chemicals that can inhibit the parasite's enz ymes

T he use of  bioinf ormat ics in �nding t reat ment s f or malaria
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Aside fro m targeting malarial inhibito rs, bio info rmatics has also  played a key ro le develo ping

o ther new treatments  fo r malaria, including

Chemical mo di�catio n o f  current anti-malarial drugs to  create hybrid drugs

Screening databases fo r new co mpo unds with po tential anti-malarial activity

15 new chemicals  have been identi�ed that bind to  61 malarial pro teins creating new lines o f

investigatio n fo r scientists to  fo llo w in the search fo r anti-malarials

8.1.4 Skills: Rates of Reaction & Types of Inhibition

Calculating & Plotting Rates of Reaction

Enz yme catalysed reactio ns can be a�ected by changes in pH, temperature o r substrate

co ncentratio n

The rate o f  reactio n can be determined by measuring the rate o f  disappearance o f  a substrate

o r the rate o f  pro duct accumulated  in a given time perio d

This may be sho wn as a change in quantity (usually vo lume o r mass) o f substrate o r pro duct o ver a

measured time perio d:

Or, if we canno t co llect quantitative data o n the amo unt o f substrate o r pro duct, we can

calculate the rate o f reactio n based o n the time measured  using the fo llo wing equatio n: 

1 ÷ time taken (seco nds) and sho uld include the units s ⁻¹
A high rate o f reactio n is when the reactio n happens in less time  i.e. it is faster

A lo w rate o f reactio n is when the reactio n happens in mo re time  i.e. it is slo wer

The rate o f a reactio n is likely to  change thro ugho ut a reactio n as the substrate co ncentratio n

will decrease  as the reactio n pro ceeds

This leads to  a graph that starts o ut as a directly pro po rtio nal straight line (the value o n the X

increases at the same rate as the value o n the Y) but then plateaus as the reactio n slo ws

do wn

The steeper the line the f aster the rate o f  reactio n

The rate o f reactio n can be calculated fro m a graph plo tted where the reactio n time  is sho wn o n

the X-axis and the quantity o f  pro duct o r substrate is sho wn o n the Y-axis
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Graph produced when plotting the volume of a product produced against time

The gradient is calculated fro m a po int o n the graph and used as a measure o f the rate o f reactio n

at that po int in time

A tangent  must be drawn to  calculate the change in x and y so  the rate o f reactio n can be

calculated

E.g. if calculating the initial rate o f reactio n 

Place a ruler o n the po int o f o rigin and draw a line that co rrespo nds to  the curve during

the early part o f the reactio n

Extend the line  as far as is co nvenient to  perfo rm the calculatio ns e.g. to  60 seco nds
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Drawing a tangent to the graph to calculate the initial rate of reaction

Calculat ing t he rat e of  react ion

Once the tangent is drawn yo u can calculate the gradient  o f the line which is equal to  the rate o f

the reactio n

Initial rate = a ÷ b

Where

a = change in vo lume and

b = change in time

The units will be cm³ sec ⁻¹ (this means vo lume per sec)

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

The e�ect o f co mpetitive and no n-co mpetitive inhibito rs o n enz yme co ntro lled reactio ns can

be represented graphically

Bo th types o f inhibito rs slo w do wn o r sto p  enz yme activity, decreasing the rate o f reactio n

Increasing the co ncentratio n o f an inhibito r reduces  the rate o f reactio n and eventually, if

inhibito r co ncentratio n co ntinues to  be increased, the reactio n will sto p co mpletely

Fo r co mpetitive inhibito rs co untering the increase in inhibito r co ncentratio n, by increasing

the substrate co ncentratio n, can increase  the rate o f reactio n but the substrate needs to

reach a high eno ugh co ncentratio n in o rder to  displace the inhibito r (mo re substrate

mo lecules mean they are mo re likely to  co llide with enz ymes and fo rm enz yme-substrate

co mplexes)

Fo r no n-co mpetitive inhibito rs increasing the substrate co ncentratio n canno t increase  the

rate o f reactio n, as the shape o f the active site o f the enz yme remains changed and enz yme-

substrate co mplexes are still unable to  fo rm

A graph can be used to  distinguish between the two  di�erent types o f inhibito rs and their e�ect

o n the rate o f reactio n

The patterns sho wn are no tably di�erent f o r each type o f  inhibito r and also  fo r an uninhibited

enz yme
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Graph showing di�erent types of inhibitors and their e�ect on rate of reaction

A co mpetitive inhibito r will lo wer the initial rate o f reactio n (by o ccupying so me o f the available

active sites), whilst the maximal rate is no t a�ected

Eventually, the same amo unt o f pro duct will be pro duced as wo uld have been pro duced

witho ut the co mpetitive inhibito r

No n-co mpetitive inhibito rs lo wer the initial rate o f reactio n and the maximal rate o f reactio n

A lo wer amo unt o f pro duct is pro duced than wo uld no rmally be pro duced
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