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2.7.1Cellular Respiration

Cellular RespirationDefined

= Cellrespirationis the controlled release of energy from organic compounds to produce ATP
= Respirationis aseries of chemicalreactions that happensinevery cell
= |ts purposeis torelease energy inusable forms from the chemicalenergystoredinfoode.g.
glucose
= Respirationis acatabolic process
= Glucoseis the mainrespiratoryfuelusedincells
= Lipids and proteins canalso be used

= Organic food substances containalot of chemical energy
= This energy cannot bereleasedinone,uncontrolled step incells,whichwould cause cell
damage and tissue death
= Enzymes controltherelease of energy throughaseries 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

= Theenergythatisreleasedisusedfor
= Fuellinganabolic processes
= Muscle contraction
= Fuellingactive transport
= Movingmolecules around the cell
= Generating heat to maintainbody temperature in warm-blooded animals

O ExamTip

Respirationis oftenconfused withbreathing, but remember,respirationis achemical process,
breathingis amethod of movingairinand out of the body
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ATP

= ATPisasourceof energy forcellularprocesses
= The energycanbe released immediately, exactlywhenitis required
= Allorganisms require aconstant supply of energy to maintain theircells and stayalive
= This energyisrequired:
= |nanabolicreactions - synthesizinglargermolecules fromsmallermolecules
= To move molecules across the cellmembrane (active transport)
= To move substances and organelles within the cell
= [nanimals,energyisrequired:
= Formuscle contraction-to coordinate movement atthe whole-organismlevel
= |Inthe conductionof nerve impulses,as wellas manyothercellularprocesses

= |nallknownforms oflife, ATP fromrespirationis used to transferenergyin allenergy-requiring

processesincells
= ATPis converted to ADP and phosphate whenreleasingits energy
= ADP and phosphate canthenbere-converted to ATP duringrespiration

= Organismsrequire aconstant supply of ATP because muchof the energyis dissipated (lostto
the surroundings) as heat

The constant cycling of ATP and ADP+Pi within a cell
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2.7.2 Anaerobic Respiration

Anaerobic Respiration: ATP Yield

Incells,thereis amuchlower energy yield fromrespirationin anaerobic conditions thanin
aerobic conditions
There canbe different ways in which oxygen becomes unavailable
= Whenoxygensupply can't keep up withdemand in heavilyrespiringcells
= ButashortsupplyofATPis stillrequired eg.vigorous exercise requiringalotof muscle
contraction

= |nconditions where oxygencannot reachthe organisms eg.inwaterlogged soil

Inanaerobic 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)

As there is no oxygen,none of the remainingreactions (of aerobic respiration) cantake place
= This means that around 36 ATP molecules are not produced anaerobically that would
otherwise have beenproduced inthe presence of oxygen
= 2ATPmoleculesis betterthanzero ATP molecules, so anaerobic respiration can give ashort
discharge of energy when oxygenruns out

Different types of organisms produce different products whenrespiring anaerobically
= Plants and yeasts produce ethanoland CO»
= Animals produce lactate
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Anaerobic respiration in yeast produces different products to anaerobic respiration in animals

Anaerobic Respiration: Yeast

Bakers canmake use of anaerobic cellrespirationinyeasts to produce ethanoland carbon
dioxide inbaking
Yeasts are single-celled fungithat live in areas where sugars are presenteg.onfruitoronleaves
Theycanrespire aerobically oranaerobically
Flour contains starch,and when mixed with water and yeast canform abread dough
The doughis kneaded to mix everythingtogether
The doughis thenleftinawarmplace to encourage the yeastto respire
Yeast cells grow rapidly innumber while oxygenis still presentinthe dough
= Theyeasthydrolyses the starchinto maltose and glucose and respire the sugars,
aerobically at first

The doughsoonbecomes anaerobic (all the oxygenwithinitis used up aerobically by the yeast)
Anaerobic respirationtakes over and CO; bubbles beginto forminthe dough

These bubbles allow the doughto rise (swell up)

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
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The role of anaerobic respiration of yeast in breadmaking to cause bread dough to rise

Anaerobic Respiration: Lactate Production

= Animals have evolved asystemto provide ashort burst of energy in exceptional circumstances
= Anaerobic respirationcanhelp to generate powerfulmuscle contractionsinthe shortterm
eg.to escape fromapredatororto catchprey

= Forhumans,anaerobic respirationplays aroleinsport and exercise more thaninsurvival
= Glucoseis metabolised to lactate whenoxygencan't be supplied quicklyenoughto muscle
cells
= |actate accumulatesinthose cells and tissues
= |actateis toxic above acertainleveland cancause discomfort and even pain(cramp)
= This limits howlonganathlete canperformanaerobically for eg.sprinters, who typicallyonly
race over400 metres orless
= Afterlactateis producedithasto be brokendownaerobically
= The breakdownoflactate needs extraoxygen
= This extraoxygenisreferred to asanoxygendebt
= |texplains whyanimals breathe deeperand fasterforaperiod of time after exercise

O Exam Tip

Youwon'tbe expected to know the totalyield of ATP fromeachtype of respirationin detail but
be prepared to explain why anaerobic respiration produces substantiallyless ATP than aerobic
respiration.
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2.7.3 Aerobic Respiration

Aerobic Respiration

Aerobic cellrespirationrequires oxygenand gives alarge yield of ATP from glucose
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 on this water

Most of thereactions of aerobic respiration,ineukaryotes, take place inthe mitochondria

Aerobic respiration releases energy during the reaction between glucose and oxygen

Comparing combustionandrespiration

There are important similarities between the burning (combustion) of fuels and the two forms
of respiration

Bothrequire oxygenand produce CO3 and water

Bothrelease heat fromthe breakdown of chemicalbonds inthe fuel

Comparing Respirationand CombustionTable
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2.7.4 Skills: Respiration

Respirometer

Analysis of resultsfromexperimentsinvolving measurement of respirationratesin
germinating seedsorinvertebratesusing arespirometer

= Respirometers are used to measure and investigate the rate of oxygenconsumptionduring
respirationinorganisms
= The experiments usuallyrequire live organisms such as seeds orinvertebrates
= Use of animals should be minimised whenseeds canprovide excellent data

= There are many different designs of respirometers, though theyall have certainfeaturesin
common
= Asealed container containinglive organisms and air
= Analkaline solution(eg.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

= Thisreducesthe air pressure inside the sealed chamber

= The manometerfluid (showninred below) moves towards the organisms because of the
pressure dropinside the chamber

= Therespirometermustbe keptinvery temperature-controlled conditions because slight
fluctuations intemperature canaffect the airpressure
= Athermostatically controlled waterbathis the best wayto maintainaconstant

temperature

= Repeatreadings should be carried out foreachset of experimental conditions,inorderto
identify and eliminate anomalies
= Repeatreadings give areliable mean

Analysis

= Respirometers canbe used inexperiments to investigate how different factors affect the
rate of respirationof organisms overtime
= Eg.temperature - usingaseries of waterbaths

Use of technologytomeasurerate of respiration

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

Page 8 of 11
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= Oxygensensors and CO; monitors canmeasure oxygenand CO, concentrationinreal-time
= Withoutthe need to expose the subjectto hazards suchas strong alkalis

= Dataloggers canrecord dataoveraperiod of time foranalysis later

The typical set-up of a respirometer

The equation forcalculatingachangeingasvolume
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= Thevolume of oxygenconsumed (mm3min-') canbe worked out using the radius of the lumen of
the capillary tube r(mm) and the distance moved by the manometerfluid Ah(mm)inaminute using
the formula:

mr2h

@ Worked example

Arespirometerwas set up with germinating mung beans inthe experimental tube. Aftera period
of equilibration, the liquid inthe capillarywas measured to move by 2.3 cmin 25 minutes 30
seconds.The capillarytube had aninternaldiameterof 0.30 mm.Calculate the rate of respiration
of the mung beans, measured as the rate oxygenuptake,inmm3hr-lUse the value of pi () = 3.141
and state yourfinal answerto 2 significant figures

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 30 seconds =

nr2h , where h=23 mm
=0.0707 X23 =1.625 mm?3

Step 3:Calculate the rate of oxygenconsumptionperhour

25 minutes 30 seconds =25.5 minutes

Rate perhour=1.625X(60 +25.5)
3.824 mm3hr!

To2sf=3.8mm3hr-!

NOS: Assessing the ethicsof scientificresearch: theuse of invertebratesin
respirometer experimentshasethicalimplications

= Theuse oflive animals in experiments has raised ethicalconcerns
= Should we be removing animals from theirnatural habitat?
= Does humanlearning outweighthe sufferingthat maybe caused?

= Willthe animals sufferorfeel pain?
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How canexposure to hazards be minimised forthe animals eg.avoiding contact with the alkali
Animals must be returned to theirnatural habitat directly after the readings have beentaken
Cananalternative method that uses othernon-animal species be found that still provides
learningeg.the use of germinatingseeds?

There must be no laboratory work that causes painor suffering to animals orhumans

O Exam Tip

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

= Useacontrolled waterbathto keep the temperature constant

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

= Repeatthe experiment multiple times forreliability and calculate amean
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