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Adenosine Triphosphate (ATP)

Adenosine Triphosphate (ATP)

Living organisms require energy to perform and maintainlife processes suchas movement,
nutrition and excretion
This energy isreleased by the process of cellrespiration
Energyreleased duringthe reactions of respirationis transferred to the molecule adenosine
triphosphate (ATP)
= Theenergyis transferredinaseries of small steps
= Heatislostateachstep,whichisused toregulate bodytemperature inendotherms
ATPis asmalland soluble molecule that provides ashort-termstore of chemical energythat
cellscanuseto dowork
= |ts solubilityand size enables itto move easilyin cells and living organisms by facilitated
diffusion
Itis vitalinlinking energyrequiring and energyyieldingreactions
ATPis described as auniversal energy currency
= Universal:ltisusedinall organisms
= Currency:Like money,itcanbe used fordifferent purposes (reactions)andis reused
countless times
The use of ATP as an ‘energy-currency’is beneficial formanyreasons:
= The hydrolysis of ATP canbe carried out quickly and easily whereverenergyis required
withinthe cellbythe actionofjustone enzyme, ATPase
= Auseful(nottoo small,nottoo large) quantity of energy is released fromthe hydrolysis of
one ATP molecule - thisis beneficial as itreduces waste but also gives the cellcontrolover
what processes occur
= ATPis relatively stable at cellularpHlevels

Structure of ATP

ATPis aphosphorylated nucleotide
Itis made up of:

= Ribose sugar

= Adenine base

= Three phosphate groups

ATPDiagram

Page 1 of 31
For more help visit our website www.exampaperspractice.co.uk



=l

Exam Papers Practice

Structure of ATP contains ribose sugar, an adenine base and three phosphate groups

Featuresof ATPTable

Feature

Thisis enough energyto drive important
metabolic reactions while keeping energy
wastage low

Releases asmallbut sufficient quantity
of energy
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Exists as astable molecule

ltdoesn'tbreak downunless acatalyst
(ATPase)is presentso energywon't be
wasted

Canberecycled

The breakdown of ATPis areversible
reaction,ATP canbe reformed from ADP
and P;.This means the same molecule can
bereused elsewhereinthe cellfor
differentreactions

Hydrolysis is quick and easy

Allows cells to respond to asudden
increase inenergydemand

Soluble and moves easilywithincells

Cantransport energyto differentareas of
the cell

Forms phosphorylated intermediates

This canmake metabolites more reactive
and lowerthe activation energyrequired
forareaction

O Exam Tip

Be carefulnotto use the terms energyand ATP interchangeably. Energyis the capacityorpower
to do work while ATP is amolecule which carries energyto places inthe cellthatneed itinorder

to do work.

Life ProcessesReliant On ATP

= Some ofthelife processes thatare reliant on ATP as asource of energyinclude:

= |nanabolic reactions to synthesise largermolecules (macromolecules) fromsmallerones
= Tomove molecules across the cellmembrane against theirconcentration gradient during

active transport

= Enablingmovement of the entire cell

= The move cellcomponents,suchas chromosomes,withinthe cell

= ATPisreadilyconverted to adenosine diphosphate (ADP) and aphosphate ion(P;), duringwhich

energyisreleased

= Since ATPis averyreactive molecule,itis notstored inlivingorganisms
= Molecules suchas glucose and fatty acids are used as short-term stores of energy, while
glycogen,starchand triglycerides actas long-term storage molecules of energy
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Interconversions Between ATP & ADP

= ATPis averyreactive molecule andis readilyconverted to ADP and phosphate whenreleasingits
energy
= ADP and phosphate canthenbere-converted to ATP duringrespiration
= QOrganismsrequire aconstant supply of ATP because muchof the energyislostto the
surroundings as heat
ATPCycle Diagram

The constant cycling of ATP and ADP + P;within a cell

Hydrolysis of ATP

= WhenATPis hydrolysed (brokendown), ADP and phosphate are produced
= As ADPforms,free energy isreleased thatcanbe used forprocesses withinacelle.g. DNA
synthesis
= Removal of one phosphate group from ATP releases approximately 30.5 k) molof energy,
forming ADP
= Removal of asecond phosphate group from ADP also releases approximately 30.5 k) mol- of
energy, forming AMP
= Removal of the third and final phosphate group from AMP releases 14.2 k) mol'of energy,
formingadenosine

Hydrolysisof ATP Diagram
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The hydrolysis of ATP
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ATP synthesis

= Onaverage humans use more than50 kgof ATPinadaybut onlyhave amaximumof ~200g of ATP
intheirbodyatanygiventime
= Organisms cannot build up large stores of ATP and itrarelypasses throughthe cellsurface
membrane
= This means the cells must make ATP as and whentheyneed it
= ATPis formed whenADPis combined with aninorganic phosphate (Pi) group
= Thisis anenergy-requiringreaction
= Waterisreleased as awaste product (therefore ATP synthesis is acondensationreaction)

Synthesisof ATPDiagram

Energy-requiring synthesis of ATP from ADP and Phosphate

O Exam Tip

Note thatyouare notrequired to know the exact quantity of energyinkilojoules that are involved
withtheinterconversions between ATP and ADP, but you should appreciate thatitis sufficient for
performing tasks within the cell.
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CellRespiration

CellRespiration

Cellrespiration as a system for producing ATP

= Cellrespirationis the controlled release of energy fromorganic compounds to produce ATP
= Respirationis aseries of chemicalreactions that happensinevery cell
= |ts purposeis torelease energy inusable forms fromchemicalenergystoredinfood e.g.
glucose
= Respirationis acatabolic process
= Glucoseis the mainrespiratoryfuelusedincells
= Lipids and proteins canalso be used but theymust undergo several changes before they
canentertherespiratory pathway
= Glucose canenterglycolysis directly whichmakes it easierto oxidise thanlipids and
proteins
= Since proteins are primarily structural molecules, theywillonlybe used as arespiratory fuelin
conditions where glucose and lipids are not available
= Organic food substances containalot of chemicalenergy
= This energy cannot bereleased inone,uncontrolled step incells, whichwould cause cell
damage and tissue death
= Enzymes controltherelease of energy through aseries of chemicalreactions called apathway
= Thisendsinthe productionof ATP (adenosine triphosphate)
= To make ATP,aphosphate group is linked to adenosine diphosphate (ADP)
= This processrequires energy whichcomes fromthe breakdown of organic molecules
= The energythatisreleasedisused for
= Fuellinganabolic processes
= Muscle contraction
= Fuellingactive transport
= Movingmolecules around the cell
= Generating heat to maintain bodytemperature inwarm-blooded animals

O ExamTip

Respirationis oftenconfused withgas exchange, but rememberthatrespirationis achemical
process while gas exchange involves the exchange of carbondioxide and oxygen at the alveoli
orcells
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Comparing Anaerobic & Aerobic Cell Respiration

Differences between anaerobic and aerobic respirationin humans

Respirationinvolves the transferof chemical potential energy from nutrient molecules (such as
carbohydrates, fats and proteins)into ausable energy form (through the synthesis of ATP) that
canbeused forwork withinanorganism
Itis avital process that takes place inthe cells of allliving organisms
There are two forms of respiration depending on the oxygen availability of the cell:

= Aerobicrespiration

= Anaerobicrespiration
Aerobic respirationis the process of breakingdown arespiratory substrateinorderto
produce ATP usingoxygen

= The substrateis completelyoxidised, therebyreleasingalarge amount of energy
Anaerobic respirationtakes place inthe absence of oxygenand also breaks down arespiratory
substrate but producesless ATP forthe cell
The mainrespiratory substrate involved inrespirationis glucose

Aerobic respiration

Aerobic cellrespirationrequires oxygen and gives alarge yield of ATP fromglucose
The presence of oxygenallows glucose to be brokendownfully into carbondioxide and water
This yields farmore energy (approx. 36 ATP molecules) than anaerobic respiration (2 ATP
molecules) permolecule of glucose
COjisawaste product and has to be excreted
= Exceptinplants whereitis used forphotosynthesis
Wateris aby-product and contributes to the organism's waterneeds
= Some animals thatlive indeserts drink very little but survive onthis water
Most of the reactions of aerobic respiration,ineukaryotes, take place inthe mitochondria

Aerobic respiration releases energy during the reaction between glucose and oxygen

Anaerobic respiration
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= |ncells,thereisamuchlower energy yield fromrespirationinanaerobic conditions thanin
aerobic conditions
= Thereactions of anaerobic respirationwilloccurinthe cytoplasmofcells and does notinvolve
the mitochondria
= There canbe different ways inwhich oxygenbecomes unavailable
= Whenoxygensupply can't keep up withdemand in heavilyrespiring cells
= ButashortsupplyofATPis stillrequired e.g.vigorous exercise requiringalotof muscle
contraction
= |nconditions where oxygencannotreachthe organisms e.g.inwaterlogged soil
= |nanaerobic respiration, glucose is only partially oxidised meaningonlyasmallpart of its
chemical energy is released and transferred to ATP
= The onlyATP-producingreactionthat continuesis the first stage of respiration (around 2 ATP
molecules permolecule of glucose)
= Asthereis no oxygen,none of the remainingreactions (of aerobic respiration) cantake place
= This means thataround 36 ATP molecules are not produced anaerobically that would
otherwise have beenproduced inthe presence of oxygen
= 2ATP molecules are betterthanzero ATP molecules,so anaerobic respirationcangive a
short discharge of energy when oxygenruns out
= Differenttypes of organisms produce different products whenrespiring anaerobically
= Plants and yeasts produce ethanoland CO3
= Animals produce lactate

Anaerobic respiration in humans (and other animal cells) will partially oxidise glucose to form lactic acid

Comparison of Aerobic & Anaerobic Respirationin HumansTable

Acerobic respiration Anaerobic respiration

Oxidationof glucose Complete Incomplete
Oxygenrequired Yes No
Page 9 of 31
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Relative ATP yield High(~36 molecules) Low (2molecules)

Products COjand HyO Lactate

Cytoplasmand

Locationofreactions ) .
mitochondria

Cytoplasm

O ExamTip

Youshould be able to write simple word equations forboth types of respiration, with glucose as
the substrate.Rememberthat ATP is produced duringboth aerobic and anaerobic respiration
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CellRespiration: Skills

The Rate of Cell Respiration

Variables affecting the rate of cell respiration

= Therate of cellrespiration mayvarydependingonthe following:
= How metabolically active the cellis
= e.g.muscle cells willhave ahigherrate of cellrespirationthan adipose cells because of
theirhigherenergyneeds
= Size of the organism
= e.g.smallerorganisms will have a highersurface area:volume ratio thanlargerorganisms,
so theywillhave ahigherrate of respirationto compensate forhigherheatloss
= The oxygensupply
= Whenoxygen availabilityis low, cells will respire anaerobically
= Supplyofrespiratory substrates
= e.g.glucose availabilityis of particularimportance, since it is the mainrespiratory
substrate
= Thelowerthe supplyofthese substrates,the lowerthe rate of respiration will be
= Temperature
= Therate of respirationwillincrease up to the optimumtemperature of the enzymes
catalysingthe reactions,whereafterthe rate willdrop as the enzymes denature
= pH
= Carbondioxidereleased duringrespirationwilldecrease the pHof cells and tissues,
whichmayalso denature enzymes involved withrespiration

Determining the rate of respiration

= Respirometers are used to measure and investigate the rate of oxygenconsumptionduring
respirationin organisms
= The experiments usuallyrequire live organisms such as seeds orinvertebrates
= Use of animals should be minimised whenseeds canprovide excellentdata
= There are many different designs of respirometers, thoughtheyall have certainfeaturesin
common
= Asealed container containing live organisms and air
= Analkaline solution(e.g.potassiumhydroxide)to absorb CO;
= Acapillary tube connected to the containerand set against agraduated scale (a
manometer)
= The organisms respire aerobically and absorb oxygenfromthe air
= The COztheyreleaseis absorbed by the alkali
= Thisreduces the air pressureinside the sealed chamber
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= The manometerfluid (showninred below) moves towards the organisms because of the
pressure dropinside the chamber
= Therespirometermustbe keptinvery temperature-controlled conditions because slight
fluctuations intemperature canaffectthe airpressure
= Athermostatically controlled waterbathis the best wayto maintainaconstant
temperature
= Repeatreadings should be carried out foreachset of experimentalconditions,inorderto
identify and eliminate anomalies
= Repeatreadings give areliable mean
Analysis

= Respirometers canbe usedinexperiments to investigate how different factors affect the
rate of respirationof organisms overtime
= E.g.temperature -using aseries of waterbaths

Use of technology to measurerate of respiration

= Technologicaldevices canautomate and make the measurement of respirationrate easier
= Notto be confused withbreathingrate

= Oxygensensors and CO2; monitors canmeasure oxygenand COj concentrationinreal-time
= Withoutthe need to expose the subjectto hazards such as strong alkalis

= Dataloggers canrecord dataoveraperiod of time foranalysis later

Respirometer Diagram
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The typical set-up of a respirometer

The equation for calculating a change in gas volume

= Thevolume of oxygenconsumed (mm3min duringrespiration canbe worked out using the
radius of the lumen of the capillary tube r(mm) and the distance moved by the manometerfiuid h
(mm) ina minute using the formula:
nr’h
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= Thevolume of oxygenconsumed canthenbe used to determine the average rate of respiration
perunittime

@ Worked example

Arespirometerwas set up with germinating mung beans in the experimental tube. Aftera period
of equilibration, the liguid in the capillarywas measured to move by 2.3 cmin 25 minutes.The
capillarytube had aninternal diameterof 0.30 mm. Calculate the average rate of respirationof
the mung beans, measured as the rate oxygen uptake,inmm3min-Use the value of pi () = 3.141.

Answer:
Step 1: Calculate the cross-sectionalareaof the capillary tube
Diameter=0.30mm,so radius =0.30+2=0.15mm
Cross sectionalarea=nr2=3.141X0.152=0.0707 mm?
Step 2:Calculate the volume of oxygenthat had beentakenup
The liquid moved 2.3 cm, whichis 23mm
Volume of liquid moved in 25 minutes =
ar?h, where h=23 mm
=0.0707 X 23 =1.625 mm3
Step 3:Calculate the average rate of oxygenconsumptionper minute
Rate perminute =1.625 + 25

=0.065mm3 min-!

Q Exam Tip

There are several ways you can manage variables and increase the reliabilityof results in
respirometerexperiments:

= Useacontrolled waterbathto keep the temperature constant

= Have acontroltube withanequal volume of inert material to the volume of the organisms to
compensate forchangesinatmospheric pressure

= Repeatthe experiment multiple times forreliability and calculate amean
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Oxidation & Reduction (HL)

Oxidation & Reductionin CellRespiration

Oxidationand reductionare commonlyknown as redoxreactions
Thesereactions occuratthe same time and involve the transferof electrons betweenmolecules
= Oxidationis theloss of electrons
= Reductionis the gainof electrons
Redoxreactions also involve hydrogen, oxygenand energytransfer
= Oxidationis also theloss of hydrogen,gainof oxygenand releases energy to the
surroundings (exergonic)
= Reductionis also the gainof hydrogen,loss of oxygenand absorbs energy fromthe
surroundings (endergonic)
Molecules that have astrongtendencyto lose/donate theirelectrons, are known as reducing
agents
Molecules that that have astrongtendencyto gainelectrons, are known as oxidising agents
Oxidationand reductionreactions feature in cellularrespirationand photosynthesis

Comparison of Oxidationand Reduction Table

Oxidation Reduction
Lossofelectrons Gainofelectrons
Loss of hydrogen Gainofhydrogen
Gainof oxygen Loss of oxygen
Exergonic (releases energy) Endergonic (absorbs energy)

Oxidation and reductionincellrespiration

Respirationinvolves agroup of molecules called electroncarriers whichacceptordonate their
electrons
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= NAD* (nicotinamide adenine dinucleotide)is the primaryelectroncarrierinvolved in
respiration
= FAD (flavinadenine dinucleotide)is anotherelectroncarrierused inrespiration
NAD and FAD are both coenzymes which serve as links betweenredoxreactions
Both NAD and FAD serve as oxidising agents:
= NAD*and FAD gainelectrons and also gainone ormore hydrogenions (frommolecules
involved inrespiration), switching to aslightly different form called reduced NAD (NADH) and
reduced FAD (FADH,)
= NAD*+2e~+2H*--> NADH +H*
= FAD +2e~+2H*--> FADH,
These electroncarriers are used to transport the electrons theyhave gained to otherreactions in
respiration
Whentheylose these electrons theyreturnto theiroriginal formreleasing theirelectrons inthe
process
= NADH--> NAD*+2e"+2H*
s FADH; -->FAD +2e~+2H*
Thisis anexample of aredoxreaction

O ExamTip

To helpyourememberwhichwayaround loss and gain of electrons is fromredoxreactions, think
OILRIG:

= Oxidationls Loss

= Reductionls Gain

NADis acollective termforthe different forms NAD takes;NAD exists inanoxidised and a
reduced form:

= NAD"is the oxidised formand acts as an oxidising agent
= NADHis thereduced formand acts areducingagent
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Glycolysis (HL)

Glycolysis

= Glycolysisis the first stage of respiration
= |ttakes placeinthe cytoplasmofthe cellandinvolves:
= Trappingglucoseinthe cellbyphosphorylatingthe molecule
= Splitting the glucose moleculeintwo
= [tresultsinthe productionof
= Two pyruvate (3 carbon/3C)molecules
= Netgaintwo ATP (FourATP are produced intotal buttwo are used during the reactions of
glycolysis)
= Two reduced NAD

Stepsof glycolysis

= Phosphorylation: glucose (6C)is activated byphosphorylationfromtwo ATP to form fructose-
1,6-bisphosphate (6C)
= This makes the 6C molecule less stable and therefore more reactive
Glucose + 2ATP —»Fructose-1,6-bisphosphate

= Lysis
= Fructose-1,6-bisphosphate (6C)splitsinto two molecules of triose phosphate (3C)
Fructose-1,6-bisphosphate —2 Triose phosphate

= Oxidation:
= Hydrogenisremoved fromeachmolecule of triose phosphate bydehydrogenase enzyme
and transferred to coenzyme NAD to form two reduced NAD
= Triose phosphateis oxidised to foranother3C molecule glycerate-3-phosphate
2 Triose phosphate —»2 Glycerate-3-phosphate
4H + 2NAD — 2NADH + 2H*

= ATPformation
= Phosphates are transferred fromthe intermediate substrate molecules to formfour ATP
through substrate-linked phosphorylation
4P; +4ADP - 4ATP

= Two molecules of pyruvate are produced as the end product of glycolysis whichcanbe used in
the next stage of respiration
= Eachstepinthe pathwayis catalysed by adifferent enzyme
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Glycolysis, the formation of two pyruvate molecules from one glucose sugar molecule

O ExamTip

[t mayseemstrange that ATPis used and also produced during glycolysis. At the start ATP is used
to make glucose more reactive (itis usuallyverystable) and to lower the activationenergy of
thereaction.

Youmaysee 4H (fourhydrogens) also writtenas 2H* + 2e-

Youdo notneed to know the intermediate compounds of glycolysis but do take note thateach
stepinthe pathwayis catalysed byadifferent enzyme.
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Anaerobic Respiration (HL)

Anaerobic CellRespiration: Lactate Production

Anaerobic pathways

= Sometimes cells experience conditions with little or no oxygen, which prevents respiratory
substrates suchas glucose frombeingcompletelyoxidised
= This prevents mostofthereactions that produce ATP fromoccurring
= However, thereis stillawayforcells to produce some ATP inlow oxygenconditions through
anaerobicrespiration
= Some cells are able to oxidise the reduced NAD produced during glycolysis so it canbe used
forfurtherhydrogentransport
= This means that glycolysis cancontinue and smallamounts of ATP are stillproduced
= Thereisanetyield of abouttwo ATP molecules perglucose molecule
= Differentcells use different pathways to achieve this
= Yeastand microorganisms convert pyruvate to ethanol
= Othermicroorganisms and mammalian muscle cells convert pyruvate to lactate

Converting pyruvate to lactate

= Inthis pathwayreduced NAD transfers its hydrogens to pyruvate to formlactate
= This allows NADto be reoxidised inthe absence of oxygen and pyruvate formationcan
continue
= Pyruvateisreduced tolactate byenzyme lactate dehydrogenase
= Pyruvateis the hydrogenacceptor
= The finalproductlactate canbe furthermetabolised

Lactate Fermentation Diagram
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The pathway of lactate fermentation

Metabolisation of lactate

= Afterlactateis produced two things canhappen:
1l.ltcanbe oxidised backto pyruvate whichis thenchannelled into the Krebs cycle for ATP
production
2.ltcanbe convertedinto glycogenforstorage inthe liver
= The oxidationof lactate backto pyruvate needs extraoxygen
= This extraoxygenisreferred to asanoxygendebt
= |texplains whyanimals breathe deeperand faster after exercise
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Anaerobic CellRespiration: Yeast

Alcoholic fermentationoccurringinyeast cells have beenusefulto humans forthousands of
years
= Carbondioxide causes bread doughto rise inbread making
= Ethanolis the mainingredientinalcoholic beverages, such as beerand wine
Bakers canmake use of anaerobic cellrespirationinyeasts to produce ethanoland carbon
dioxide inbaking
Yeasts are single-celled fungithat live inareas where sugars are presente.g.onfruitoronleaves
= Theycanrespire aerobically oranaerobically
Flour contains starch,and when mixed withwater and yeast canformabread dough
The doughis kneaded to mix everythingtogether
The doughis thenleftinawarmplace to encourage the yeast to respire
Yeast cells grow rapidly innumber while oxygenis still presentin the dough
= Theyeasthydrolyses the starchinto maltose and glucose and respires the sugars,
aerobically at first
The doughsoonbecomes anaerobic (all the oxygen withinitis used up aerobically by the yeast)
Anaerobicrespirationtakes overand CO; bubbles beginto forminthe dough
These bubbles allow the doughtorise (swellup)
Baking the doughkills the yeast and the bubbles form the fluffy texture of the finished bread
Ethanol, the otherproduct of anaerobic respiration of yeast,is produced but evaporates during
the final baking stage

Role of Yeast in Bread Making Diagram
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The role of anaerobic respiration of yeast in bread making to cause bread dough to rise

Inthe alcoholic fermentation pathwayreduced NAD transfers its hydrogens to ethanal to form
ethanol

Inthe first step of the pathwaypyruvate is decarboxylated to ethanal producingCO»
Thenethanalis reduced to ethanolbythe enzyme alcoholdehydrogenase

Ethanalis the hydrogenacceptor

Ethanolcannot be furthermetabolised;itis awaste product

AlcoholFermentation Diagram
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The pathway of alcoholic fermentation

O ExamTip

Rememberthat carbondioxide is also produced as aproduct of alcoholic fermentation, which
isnotthe case whenpyruvate is converted to lactateinanimal cells.

Itis easyto confuse the words ethanal and ethanolso be clearinyour mind which one you are
referringto inexamanswers.
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The Link Reaction & The Krebs Cycle (HL)

The Link Reaction

Entering the link reaction

= Theendproductofglycolysisis pyruvate (3C)

= Pyruvate contains asubstantialamount of chemical energythat can be furtherutilised in
respirationto produce more ATP

= Whenoxygenis available pyruvate will enter the mitochondrial matrixand aerobic respiration will
continue

= Onceinthe matrix pyruvate takes partinthe link reaction

Thelink reaction

= Thelinkreactiontakes place inthe matrix of the mitochondria
= [tisreferred to as thelinkreactionbecause it links glycolysis to the Krebs cycle
= The steps are:
= Oxidative decarboxylationreactioninwhich:
= Carbondioxideisremoved to produce a2C molecule
= This 2C molecule is thenoxidised (loss of hydrogen and 2 high energyelectrons) to
produce anacetylcompound and therebyreducing NAD to NADH
= Combinationof the acetylcompound withcoenzyme Ato formacetylcoenzyme A (acetyl
CoA)
It produces:
= Acetyl COA
= Carbondioxide (COy)
= Reduced NAD (NADH)
pyruvate + NAD + CoA —acetylCoA + carbondioxide + reduced NAD

Acetylcoenzyme Ais supplied to the Krebs cycle where aerobic respiration continues

LinkReaction Diagram
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Thelink reaction occurs in the mitochondrial matrix. It dehydrogenates and decarboxylates the three-
carbon pyruvate to produce the two-carbon acetyl CoA that can enter the Krebs Cycle.

O Exam Tip

Rememberthat there are two pyruvate molecules produced perglucose molecule so youneed
to multiply everythingby 2 when thinkingabout what happens to asingle glucose molecule in
aerobic respiration.

The Krebs Cycle

The Krebs cycle (sometimes called the citric acid cycle) consists of aseries of enzyme-
controlled reactions
The Krebs cycle takes place inthe matrixof the mitochondria
Two carbon(2C)Acetyl CoA enters the circularpathwayfrom the linkreaction
Afourcarboncompound (4C) called oxaloacetate accepts the 2C acetyl fragment fromacetyl
CoAto formasixcarboncompound (6C) called citrate

= Coenzyme Aisreleasedinthisreactionto bereusedinthelinkreaction
Citrate (6C)is thenconverted backto oxaloacetate (4C)throughaseries of oxidation-
reduction(redox)reactions

The KrebsCycle Diagram
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The Krebs Cycle uses acetyl CoA from the link reaction to produce reduced carbon dioxide, reduced NAD,
reduced FAD and ATP

Thereactionsinvolved in the Krebs cycle

= Oxaloacetate (4C)isregenerated inthe Krebs cycle throughaseries of redoxreactions
= Decarboxylationof citrate (6C)
= Releasingtwo CO, as waste gas
= Oxidation(dehydrogenation) of citrate (6 C) releases hydrogenatoms
= Reductionofcoenzymes NAD and FAD (by the released Hatoms)

Page 26 of 31
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= 3NAD*and TFAD — 3NADH + H* and 1FADH,
= Substrate-levelphosphorylation
= Aphosphateistransferred fromone of the intermediates to ADP,formingone ATP

= Asthelinkreactionproduces two molecules of acetyl CoA(one pereach pyruvate), the Krebs
cycleoccurs twice
= Perglucose molecule, the Krebs cycle produces:
= 4COy
= 2ATP
= 6 NADH+H*(reduced NAD)
= 2FADH; (reduced FAD)

O Exam Tip

The Krebs cycleis oftenreferred to as cyclical orcircular. This is because the 4C oxaloacetate is
regenerated throughout the reactionso thatitcanstart alloveragainbyaddinganotheracetyl
CoA.

You are required to name only the intermediates citrate (6 C) and oxaloacetate (4C) inthe Krebs
cycle.
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Oxidative Phosphorylation (HL)

Transfer of Energy to the ElectronTransport Chain

= Theelectrontransport chainis made up of aseries of redoxreactions that occurviamembrane
proteins (also known as electron carriers) embedded into the innermitochondrialmembrane
= The chainisused to transport electrons and move protons (hydrogenions) across the membrane
= Electroncarriers are positioned close togetherwhich allows the electrons to pass from
carrierto carrier
= The cristae of the mitochondria are impermeable to protons so the electroncarriers are
needed to pumpthemacross the membrane to establishaproton(orelectrochemical)
concentrationgradient that canbe used to poweroxidative phosphorylation
= Energy is transferred whenapairofelectronsis passed to the first carrierin the chain
= This converts reduced NAD back to NAD
= Thereduced NAD comes from glycolysis, the link reaction and the Krebs cycle
= H*(protons)are created whenelectrons are removed fromhydrogenatoms
= These protons playarole ingenerating ATP inthe electrontransport chain
= Aselectrons,thatarereceived fromreduced NAD (and FAD), are transported alongthe electron
carriers,energy is released inacontrolled manner
= Thisenergyisused to form ATP byadding P;to ADP
= 3 ATP molecules are produced foreverymolecule of reduced NAD
= This contributes to the totalyield of 32 ATP molecules permolecule of glucose oxidised
during aerobic respiration
= Oxygenacts as the finalelectronacceptorinthe chainand forms water

ElectronTransport Chain: Flow of Electrons

= Protons and electrons are importantinthe electrontransportchainas theyplayaroleinthe
synthesis of ATP

= Electrons are givento the electrontransport chain(fromreduced NAD and reduced FAD)

= Protons (fromreduced NAD and reduced FAD) are released whenthe electrons are lost

= The carrierproteins pump these protons across the cristae into the intermembrane space,
creatingaprotongradient (more hydrogenions inthe matrix)

= Returningthe protons downthe gradient, backinto the mitochondrial matrix,releases the
energy required for ATP synthesis
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Chemiosmosisin Cell Respiration

= Movementofelectrons throughthe electrontransport chaincauses aprotonor
electrochemical gradient
= Positivelycharged protons accumulate inthe intermembrane space
= The movement of protons backinto the matrixis thenused to power ATP synthesis
= Protons that have builtupinthe intermembrane space canonlypass through the phospholipid
bilayerbyfacilitated diffusion through a membrane-embedded proteincalled ATP synthase
= ATPsynthase acts alotlike awaterwheel;itis turned by the flow of the protons moving throughiit,
downtheirelectrochemical gradient.
= As ATP synthase turns,it catalyses phosphorylation of ADP,generating ATP
= Thisprocess,inwhichenergyfromaprotongradientis used to make ATP,is called
chemiosmosis.

Chemiosmosis Diagram

Oxidative Phosphorylation, involving the electron transport chain and chemiosmosis, generates a large
amount of ATP
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Oxygenas the Final Electron Acceptor

= The finallinkinthe electrontransportchainis oxygenand is referred to as the final orterminal
electronacceptor
= Thisisthelastacceptorof the electrons and allows forthe continued flow of electrons
alongthe chain
= Oxygenisreduced bythe electrons,and whencombined withprotons fromthe
mitochondrial matrix, it forms water
= |foxygenisnot presentto acceptelectrons:
= Reduced NAD andreduced FAD willnotbe oxidised to regenerate NAD+and FAD, so there
will be no furtherhydrogentransport
= Theelectrontransport chainwillstop,and ATP willno longerbe produced by chemiosmosis
= WithoutenoughATP, cells can’t carry out the reactions theyneed to function
= Theelectrontransportchainis hugely efficient at generating energyin the cellbutrelies onan
abundance of oxygen

Oxygenis the final electron acceptorand combines with protons to form metabolic water

O Exam Tip

Examiners oftenask why oxygenis so important foraerobic respiration,so rememberthe
following:
= Oxygenacts as the finalelectronacceptor.
= Without oxygen,the electrontransport chaincannot continue as the electrons have nowhere
to go.
= Without oxygenacceptingthe electrons (and hydrogens) the reduced coenzymes NADH
and FADH; cannotbe oxidised to regenerate NAD and FAD, so theycan’tbe used infurther
hydrogentransport.
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Respiratory Substrates (HL)

Respiratory Substrates: Lipids & Carbohydrates

= |lipids are anexcellentsource of energy
= Whenoxidised duringrespiration, theytransfermore thantwice the amount of energy per
gramas carbohydrates
= Thisis because lipids have less oxygenatoms permolecule thancarbohydrates, which
makes the hydrogenand carbonatoms inlipid molecules more oxidisable
= |ipids are also verygood at theirrole as anenergy storage molecule
= Thisis mainlydue to the fact that theyare insoluble and willnot cause adecrease inthe water
potentialofacell
= Adecreaseinthe waterpotential willcause waterfromnearby cells to move into the cell
byosmosis
= Fatstores willallow animals to survive unfavourable conditions, while plants maystore ol
reservesinseeds and fruits
= Lipidscanalso beusedas asource of metabolic waterfordesertanimals
= Thisis because oxidation of lipids will produce much more waterthanthe same amount of
carbohydrates
= Glycolysis and anaerobic respirationcanonlyoccurif carbohydrate is the substrate
= |norderto enterrespiratorypathways, lipids must first be brokendowninto fatty acids
= The fattyacids are thenfurtherbrokendowninto 2C acetylgroups
= These canthencombine withcoenzyme Ato formacetylcoenzyme Awhichcanenter
the Krebs cycle

Comparing Lipidsand CarbohydratesTable

Function

Carbohydrates

Energystorage

Higherenergycontent per
gram

Lowerenergycontent per
gram

water

Source of metabolic

Oxidationproduces higher
volume of metabolic water

Oxidationproduces lower
volume of metabolic water

Solubilityincells

Insoluble therebynot
affecting the osmotic
properties of cells

Soluble therebyaffecting the
osmotic properties of cells

Abilityto be brokendown

Hydrolysed less easilyso
energyis transferred more
slowly

Hydrolysed more easilywith
energytransferred more
quickly
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