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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 14
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
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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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