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Gas Exchange in Organisms

Gas Exchange in Organisms

= Cellularrespirationis aprocess occurringinallliving cells thatreleases energy inthe formof ATP
= This energyisreleased whensubstrate molecules suchas glucoseis oxidised
= Organisms use this energyto performimportantlife functions such as nutrition and excretion
= Aerobicrespirationrequires oxygento occurand it produces carbondioxide as awaste
product
= Livingorganisms acquire this oxygenfrom theirenvironment and release carbondioxide
backinto theirsurroundings
= The process bywhichthese gases are exchanged betweenliving organisms and their
environmentis called gas exchange
= Thisincludes oxygenuptake and therelease of carbondioxide by organisms
= |nplants,carbondioxide willbe absorbed and oxygenreleased duringthe dayas aresult of
photosynthesis
= Gas exchange takes place bythe process of diffusion, therate of whichis determined bythe
following factors:
= Size of therespiratorysurface - the biggerthe surface, the higherthe rate of diffusion
= Concentrationgradient
= Diffusiondistance -the shorterthe distance, the higherthe rate of diffusion
= Small,unicellularorganisms such as amoebahave alarge surface areacompared to the volume
of cytoplasmand ashort diffusiondistance
= This means that the rate of diffusionis sufficient to supply the organism with enough oxygen
to function

Single Celled OrganismDiffusion Diagram

Small, unicellular organisms have a large surface area to volume ratio and a short diffusion distance to
allow foreffective gas exchange to occur
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Challenges of gas exchange in organisms

= Asanorganismincreasesinsize,the challenges of gas exchange become greater
= Thisisbecause anincreaseinsize willresultina:
= Smaller surface areato volume ratio
= Greaterdiffusiondistance
= |arge, multicellularorganisms therefore cannot rely ondiffusionalone to supplyeverycell with
oxygen
= Anotherchallenge is that the external surface of these organisms are designed to provide
protectionto the tissue underneath and is therefore not suitable as arespiratory surface
= Thecells oflarge, active organisms will require more oxygenthansmaller,less active organisms
inorderto meettheirmetabolic demands
= These organisms willrequire specialised organs forgas exchange

O ExamTip

Make sure thatyoudo not confuse respiration and gas exchange with each other.Respirationis a
chemical process occurringinallliving cells while gas exchange refers to the diffusionof oxygen
and carbondioxide across arespiratorysurface.

Gas Exchange Surfaces: Properties

= To maximise the rate of diffusionof oxygenand carbondioxide, gas exchange surfaces require
certainproperties whichinclude:
= Permeability inorderforgases to move across the surface
= Thintissuelayerto create ashortdiffusiondistance foroxygenand carbondioxide
= Presence of moisture so that gases candissolve
= This will facilitate the diffusionof gases across a gas exchange surface
= Large surface areaso that manygas molecules candiffuse across at the same time

Maintaining a Concentration Gradient

= Asteepconcentrationgradient willensure ahighdiffusionrate across a gas exchange surface
= Inorganisms,this will allow the diffusion of oxygeninto the bodyand the diffusionof carbon
dioxide out of the body
= These concentrationgradients are maintained in the followingways:
= Adensenetworkofblood vessels to provide alarge surface areaforthe diffusionof gases
= Blood providesagood transport mediumforbothoxygenand carbondioxide
= Acontinuousblood flowinthe blood vessels to ensure that oxygenis constantly
transported away fromthe gas exchange surface and carbondioxide towards them
= This ensures that oxygenwill always diffuse into the blood and carbondioxide out of the
bloodinthelungs
= Ventilationwith airinlungs and waterin gills to bringoxygenclose to the gas exchange

surface and to remove carbondioxide
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AlveolusDiagram

The alveolus is the gas exchange surface in humans where a concentration gradient foroxygen and
carbon dioxide is maintained
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Mammalian Lungs: Adaptations

Mammalian Lungs: Adaptations

Airmoves inthroughthe nose and mouthbeforeitis carried to the lungs through the trachea
The tracheais a tube supported byrings of cartilage which help to supportits shape and ensure
it stays openwhile allowingit to move and flexwith the body
The tracheadivides to formthe two bronchi(singularbronchus) withwalls also strengthened
with cartilage and alayerof smoothmuscle that cancontract orrelaxto change the diameterof
the airways.Both tracheaand bronchiare lined with ciliated epitheliumto remove particles
trapped inmucus that enter the airways
= Onebronchusleadsto eachlung
Bronchioles branch off the two bronchito formanetwork of narrow tubes
= Thewalls of the bronchioles are lined withalayerof smoothmuscle to alterthe diameterof
the bronchiole tubes
= This helps to regulate the flow of airinto the lungs by dilatingwhen more airis needed and
constrictingwhene.g.anallergenis present
Groups of alveoliare found at the end of the bronchioles
Eachalveolusis surrounded byan extensive network of capillaries to provide agood blood
supply formaximum gas exchange

Human GasExchange SystemDiagram

The main structures of the human gas exchange system
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Adaptations of mammalianlungs for gas exchange

Eachmammalianlungis comprised of many, small alveoli
= These provide alarge surface areaforgas exchange
Alveoliare grouped around the ends of bronchioles, which spreads out to formabranched
networkacross eachlung
= This ensures anevendistributionof alveolithroughout the lungs
The clusters of alveoliare surrounded by an extensive capillary bed
= This provides anincreased surface areaforthe diffusionof oxygenand carbondioxide
betweenthe alveoliand blood
= Deoxygenated blood enters the capillarybeds fromabranch of the pulmonary artery while
oxygenated blood leaves the capillarybeds viaabranch of the pulmonaryvein

= This maintains the concentrationgradient of oxygenand carbondioxide betweenthe
alveoliand blood

= Cellsofthe alveolarwallsecrete asubstance called surfactant whichlowers the surface tension

inthe alveoli
= This prevents the alveolifrom collapsing and sticking togetherduring expiration

Human AlveoliDiagram

Many, small alveoliand an extensive capillary network are examples of how the mammalian lung is
adapted forgas exchange

Q ExamTip

Make sure of the terminologythat youuse here;do not confuse the alveolarwall witha cell wall.
The alveolar wallis asingle layer of epithelial cells that forms the alveoli, while a cellwallis arigid
structure that surrounds aplant cell.
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Mechanism of Ventilation

Ventilation: Mechanism

= Ventilationis essentialforthe effective exchange of gasesinthe lungs
= |treplaces olderairinthelungs with fresh airfrom the external environment
= This helps to maintain the concentration gradient of oxygenand carbondioxide between the
alveoliand blood
= Ventilationinvolves inspiration(breathingin) and expiration(breathingout)
Inspiration

= The breathing-in, orinspiration, process causes the volume of the chest to increase and the air
pressure to decrease untilitis lower thanthe atmospheric pressure
= Whengasisinalarge volume containerthat allows the gas particles to spread out, the
pressure exerted by the gas onthe walls of the containeris low
= Asaresult,airmoves downthe pressure gradient and rushes into the lungs
= Agas willalways move downapressure gradientfromanarea of high pressure to anareaof
low pressure
= Theinspirationprocess
= The diaphragmcontracts and flattens,increasingchestvolume
= |nadditionto the flattening of the diaphragm the externalintercostal muscles contract,
causing theribcage to move upwards and outwards; this also increases chestvolume
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The process of inspiration
Expiration

= Breathingout,orexpiration,occurs mostlydue to therecoil of the lungs aftertheyhave been
stretched bythe inspiration process,and is therefore amainlypassive process
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Volume of the chest decreases and pressure increases, causingairto be forced out downits
pressure gradient
= Whengasisinalowvolume containeritis compressed, causing the gas particles to exert
more pressure onthe walls of the container
The passive expirationprocess
= Externalintercostalmuscles relax, allowing the ribcage to move downand in
= Diaphragmrelaxes and becomes dome-shaped
= Therecoilofelastic fibresinthe alveoliwalls reduces the volume of the lungs
The expirationprocess canbe active whenthereis aneed to expelexcess airfromthe lungs e.g.
whenblowingoutacandle
The active expirationprocess
= [nternalintercostalmuscles contract to pullthe ribs downand in
= Abdominalmuscles contract to pushorgans upwards against the diaphragm, decreasing
the volume of the chest cavity
= This causes forced exhalation

The process of passive expiration
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Measuring Lung Volumes: Skills

Measuring Lung Volumes

= |tis possible toinvestigate the effect of exercise onventilationusinganapparatus called a
spirometer
= |tcontains achamberfilled withwaterwhichis covered byahinged plastic lid
= The personpartakinginthe experiment breathes through amouthpiece whichis connected
to the spirometerchamber
= The plastic lid moves up and down as breathingoccurs
= The spirometerchambercould be filled with eitherair or oxygen
= Whenfilled with air,itcanbe used to determine lung capacity indifferent conditions
= Whenfilled withoxygenand sodalime (forabsorbingcarbondioxide),it canmeasure oxygen
consumptionindifferent conditions
= Spirometertraces are created by:
= Drawingaline onarevolvingdrumas the lid moves
= Acomputerwhichdraws agraphof the results
= Severalmeasurements canbe made using spirometertraces suchas:
= Ventilationrate
= Tidalvolume
= Reserve volumes duringinspiration and expiration
= Vitalcapacity

A classic spirometercan be used to investigate ventilation
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Using a spirometer to monitorventilation can also be carried out with an electric spirometer

Analysis of spirometer trace

= The effectofexercise onventilationcanbe seeninthe spirometertrace below
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Tidal volume

= The tidalvolumeis the volume of airinhaled and exhaled duringnormal breathing
= Exercise willlead to anincrease inthe tidal volume as more airis moved inand out of the
lungs
= We do have the potential to take extradeep breaths
= The maximumvolume of airthat can enterthe lungs duringinspirationis known as the
maximumi inspiratory level

= Similarly, the maximum volume of airthat can be exhaled during expirationis known as the
maximumexpiratory level
Inspiratoryand expiratoryreserve volumes

= Thereserve volumes of the lungs referto the extravolume of airthat canbe inhaled orexhaled
whentaking anextradeep breathand are determined as follows:
= Thedifference betweenthe maximuminspiratorylevel and tidalvolume is called the
inspiratory reserve volume
= The difference between the maximum expiratoryleveland tidalvolumeis called the
expiratory reserve volume
Vital capacity

= Thevitalcapacity (VC)refers to the totalamount of airexhaled aftertakingadeepbreath
= This canbe calculated byadding the tidalvolume (TV), inspiratory reserve volume (IRV) and
expiratory reserve volume (ERV) together
VC=TV+IRV+ERV

Ventilationrate

= The ventilationrate canbe determined by countingthe numberofinhalations orexhalations per

minute
= Exercise willcause anincrease inthe ventilationrate as you will be taking more breaths per
minute

Page 11 of 32
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

Gas Exchange inPlants

Leaf Adaptations for Gas Exchange

= Gas exchangeinplants occurthroughthe leaf
= Theleaf contains the followingtissues:
= Epidermaltissue forming the outerboundaryof the leaf
= Mesophylltissue that make up the bulk of internal structure of the leaf

= Vasculartissue whichtransports substances betweenthe leaf and therest of the plant
Epidermis

= Thisis formed byasingle layer of tightlypacked cells
= Theleafhas anupperand lowerepidermis which protects the innerparts of the leaf
= Thelowerepidermis contains tinypores called stomata (singularstoma)
= Fachstomais surrounded bytwo guard cells which controls the opening and closure of the
pore
= Whenwatermoves into the guard cells theybecome turgid and change shape which
opens the stomata
= Theybecome flaccid whenwaterislost and this causes the stomatato close
= Stomataare the structures through which gas exchange occurinaleaf
= Theyallowforthe diffusionof oxygenand carbondioxide into and out of the leaf
= The epidermisis oftencovered byawaxylayercalled the cuticle
= This forms animpermeable barrier
Mesophyll tissue

= These are formed byparenchyma cells which contain chloroplasts
= Thisis where photosynthesis occursintheleaf
= Two types of mesophylltissue are found in the leaf:
= Palisade mesophyllforms alayerbeneath the upperepidermis and contain many
chloroplasts formaximum photosynthesis

= Spongy mesophyllcontains large airspaces betweenthe cells forgas exchange to occur
Vascular tissue

= Vasculartissueis arranged invascularbundles and is responsible forthe transport of
substances around the plant
= Vascularbundles formthe veinsinleaves
= Xylemtransports water and mineralions fromtheroots to the leaves

= Phloemtransports the products of photosynthesis fromthe leaves to otherparts of the
plant

Structure of alLeaf Diagram
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The structure of a leaf has distinct layers each with theirown function

Adaptations for gas exchange

= Theleafhas severaladaptations that facilitate gas exchange
Leaf Adaptationsfor GasExchange Table

Adaptation

Prevents gases and watervapourfromleaving throughthe
Waxy cuticle epidermis so that gas exchange must occurthrough stomata.
This allows gas exchange and waterloss to be controlled

Containstomataforgas exchange.Most stomataare foundin
Epidermis the lowerepidermis where the temperature is lower. This
reduces waterloss

Airspaces Maintains aconcentrationgradient of gases betweenthe air
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and spongy mesophyll cells by allowingmovement of gases

Spongy mesophyll Increases the surface areaforgas exchange

Controlgas exchange and waterloss byopeningorclosing

Guard cells
stomata
Xylemvessels bringwaterto the leaf whichis required for
Veins photosynthesis and transpiration. Photosynthesis requires

carbondioxide to diffuse into the leaf while transpiration
involves the loss of watervapour

Transpiration: Consequence of Gas Exchange

= The majorityof photosynthesis takes place inthe leaves of plants
= Some plants are able to carryout photosynthesisinthe cells of theirstems
= Duringphotosynthesis,carbondioxideis takeninby the leaf and oxygenisreleased
= The poresinthe epidermis of the leaf through whichthis gas exchange takes place are
known as stomata (singularstoma)
= Thestomataneedto be openallthe timeinorderforgas exchange, and therefore
photosynthesis, to continue
= The problemforplantsis that as the stomataopento allow gas exchange to occur,waterinthe
formof watervapouris also lost throughthe stomata
= This waterlossis knownas transpiration
= Mostplants canuse cells called guard cells to close theirstomatainorderto reduce water
loss, but this will also reduce gas exchange and therefore theirrate of photosynthesis
= Transpirationis the inevitable consequence of gas exchange in the leaf
= There are some advantages to the process of transpiration
= [tprovides ameans of cooling the plantviaevaporation
= The transpirationstreamis helpfulinthe uptake of mineralions
= The turgorpressure of the cells,due to the presence of wateras it moves up the plant,
provides support to the leaves and to the stems of non-woodyplants
= |eaves withhighturgorpressure do notwilt and therefore have anincreased surface area
forphotosynthesis
TranspirationinthelLeaf Diagram
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The loss of watervapour from leaves by evaporation through the stomata is unavoidable as gas
exchange forphotosynthesis can only occur when the stomata are open

Factors affecting therate of transpiration

= Airmovement
= More airmovement leads to increasedrates of transpiration
= Theairoutside aleaf usuallycontains alowerconcentrationof water vapour than the air
spacesinside aleaf,causing watervapourto diffuse out of the leaf
= Whenthe airis relatively still, water molecules canaccumulate just outside the stomata,
creatingalocalareaof highhumidity
= Lesswatervapourwilldiffuse outinto the airdue to thereduced concentration
gradient
= Aircurrents,orwind,cancarry water molecules away fromthe leaf surface,increasing
the concentrationgradient and causing more watervapourto diffuse out
= Temperature
= Highertemperatureslead to higherrates of transpiration,upto apointat which
transpirationrates willslow
= Anincrease intemperature results inanincrease inthe kinetic energy of molecules
= Thisincreases therate of transpiration as water molecules evaporate out of the leaf at
afasterrate
= |f the temperature gets too highthe stomataclose to prevent excess waterloss
= Thisdramaticallyreduces therate of transpiration
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= lightintensity
= Higherlight intensities willincrease the rate of transpirationup to apointat which
transpirationrates willlevel off
= Stomatacloseinthe dark and theirclosure greatlyreduces therate of transpiration
= Stomataopenwhenitis light to enable gas exchange forphotosynthesis;thisincreases
the rate of transpiration
= Oncethestomataare allopenanyincreaseinlightintensityhas no effect ontherate of
transpiration
= Humidity
= Higher humidity levels reduce therate of transpiration
= |f the humidityis high that means the air surrounding the leaf surface is saturated with
watervapour
= This causes therate of transpirationto decrease as there is no concentrationgradient
betweenthe inside of the leaf and the outside
= Atacertainlevelof humidity,anequilibriumis reached;watervapourlevelsinside and
outside the leaf are the same, so thereis no netloss of watervapourfromthe leaves

Several environmental factors affect the rate of transpiration in plants
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O ExamTip

Take note that the movement of watermolecules during transpirationis not by osmosis.One of
therequirements of osmosis is that watermolecules move across acellmembrane, whichdoes

nothappenduring transpiration. We therefore saythat watervapourdiffuses out of the leaf
through stomata during transpiration

Measuring therate of transpiration

= The effect of environmentalfactors ontherate of transpirationinplants canbe measured
usingapiece of equipment called apotometer
= Note that while potometers are used to measure transpirationrates, theytechnically
measure therate of wateruptake ratherthantherate of transpiration, as asmallamount of
the watertakenup byaplantwillbe used inphotosynthesis
= Because the amount of waterused in photosynthesisis so smallinrelationto the total
amount of waterthat passes through aplant,the rate of wateruptake canreasonably
beusedtorepresent therate of transpiration
= Differenttypes of potometerexist
= Bubble potometers measure the movement of anairbubble along awater-filled tube
connectedto aplantshootas wateris drawnup bythe shoot
= The positionofthe airbubbleisrecorded at the start of anexperiment,and thena
researchercaneithermeasure how far the bubble movesinaset amount of time, or
time howlongit takes forthe bubble to move acertaindistance
= Masspotometers measure the changeinmass of awater-filled test tube connectedto a
plantshootasitloses wateroverasetamount of time
= The effectofvarious environmentalfactors ontranspiration canbe measured byplacingthe
potometerindifferent conditions e.g.
= Wind speed
= Humidity
= lightintensity
= Temperature
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A bubble potometeruses the movement of an airbubble to measure the rate at which wateris drawn up
by a plant shoot. In this image the airbubble will move to the left along the tube as the plant transpires

= Environmentalfactors canbe investigated inthe following ways
= Airmovement
= Afanondifferent settings could be used to varythe flow of airaround a plant shoot
= Humidity
= Enclosingthe plantshootinaplasticbagcanincrease the humidity
= Ahumidifier or dehumidifier could be used to give ameasurable variationin humidiy
= Lightintensity
= Alamp at different distances orwith different types of light bulb canbe used to vary
lightintensity
= Temperature
= Athermometerortemperature probe canbe used to find surroundings with different
airtemperatures
= Aheaterorairconditioner canbe used to give ameasurable variationintemperature
= Aresearcherwould needto be aware of theimportance of controlling any variables other than
the variable beinginvestigated to ensure that anyresults are valid e.g. placing aplant shootin

differentrooms could be away of varying temperature, but might bring the risk of also varying light
levels and humidity;these variables would need to be controlled
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Drawing Leaf Structure: Skills

Drawing Leaf Structure

= Youwillbe expected toidentifythe followingstructuresinthe leaf of adicotyledonous plant:
= Chloroplasts
= Cuticle
= Guardcells
= Stomata
= Upperandlowerepidermis
= Palisade mesophyll
= Spongymesophyll
= Airspaces
= Vascularbundles (xylem and phloem)
Structure of Leaf Diagram
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Diagram showing the transverse section of a leaf
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Drawing a plan diagram

= Plandiagrams are drawings made from micrographs orfromviewing specimens underalow
magnification
= Keepthe followingin mind whendrawing a plandiagram:

No individual cells are drawn, onlytissue layers enclosed bylines should be present
Payattentionto the distributionof tissue throughout the plant organ
Use asharp penciland draw clear, continuous lines
Do not shade anypart of yourdrawing
Make sure yourproportions and observations are accurate

= Draw whatyouactuallysee,notwhatyouwould expectto see fromatextbook
Draw yourdrawing bigenoughto fillup at least half the available space

= Whenlabellingyourplandiagramrememberto:

Use arulerto draw labellines,not freehand

= Avoidusingarrowheads and make sure the labellines stop at the structure

Make sure labellines do not cross eachother

= Write alllabels horizontally,not at different angles
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@ Worked example

The following micrograph shows a transverse sectionof adicotyledonous leaf.

Draw alabelled plan diagram of this micrograph.

By Berkshire Community College Bioscience Image Library, Public domain, Wikimedia

Answer:

cuticle

upper
—_ epidermis

xylem

A = S =

palisade
mesophyll

spongy
mesophyll

e lower

epidermis

guard cells
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Determining Stomatal Density: Skills

Determining Stomatal Density

= Thedensity of stomata(the numberof stomataperunitofarea) canbe ausefulmeasurementto
biologists
= To assess the plant's likely response to adryspell of weather
= To predictits behaviourinwindyorwet climates if the plant was beingmoved foragricultural
/horticulturalreasons
= Thistechnique canbe used to assess how stomataldensity varies from species to species

Apparatus

= Aplantto sample aleaf from

= Clearnailvarnish(ideallysolvent based)

= Sellotape

= Microscope

= Microscopeslides

= Stage micrometer

= Countingdevice (clicker/phone appetc.)
= Calculator

Method

= Selectaleaffromalive plant and cutit off the plant
= Geraniums and spider plants make good subjects forthis experiment
= Placetheleafupside downonaflat surface suchas atile orworktop
= Paint clear nail varnish onto the underside of the leaf
= Wait forthe nail varnish to dry (approx. 5 minutes)
= Peeloff thelayerof varnishusingsellotape
= Discard the leaf
= Thelayerofvarnishnowforms aleaf cast
= Place the dried varnishimpressiononamicroscope slide
= Acoverslipis notrequired as thisisn'tabiological sample,justanimpressionofone
= Adrop of waterisnotrequired either,so longas the sampleis laid flat on the slide
= Usetheusualstepstofocusonthe sample (youcanread about thisinourrevisionnote on
microscope skills)
= Adjustthezoomsuchthatacountable numberof stomataare visible inthe field of view
= Betweenl15and100isideal
= Evenifastomais partiallyvisible at the edge, stillcountitas1
= Count thestomatainthatfield ofview
= Youmaywishto use aclickerorphone app so youdon'tlose count!
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= Move the field of view to anotherarea of the nail varnish layerand repeat
= Countatleast 3 separate fields of view and take ameanvalue
= Repeatreadings allowyouto eliminate anomalous results and calculate areliable mean

Measurementstotake

= Use astage micrometer to measure the diameter of the field of view
= This has to be at the same magnificationpowerthat youused whencounting the stomata
= The stage micrometerwill be calibrated inmicrometers

= Atypicalmicroscope allows the scientistto look atafield of view of about 0.5 mmdiameter
whenon fullpower(x400)

= Youwillhave calculated ameannumberof stomataperfield of view from the previous stage
= Youcanread aboutusingastage micrometerinourrevisionnotes onmicroscope skills

@ Worked example

Astudyreveals ameancountof16 stomataperfield of view at amagnificationof x400.The
stage micrometercalculates the diameter of the field of view at amagnificationof x 400 to be
0.46mm

Calculate the stomatal densitybased onthese data. Give units in stomata permm2

Use avalue of t=3.14 and give youranswerto the nearest whole numberof stomata.
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Answer:
Step 1: Calculate the radius of the field of view
Radius =Diameter+2
Radius =046 mm+2=0.23mm
Step 2: Calculate the areaof the field of view
Area=nr?2 = x0.232
Area=0.1662mm?

Step 3:Divide the meannumber of stomataby the areaof the field of view to calculate
density

Density=16 +0.1662 =96.27 stomata per mm?
Step 4:Round to therequired precision(nearest whole number)

Density =96 stomata permm?
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Limitations

Not allplant species have easilyaccessible stomata that create astrongimprint
Solvent-based nail varnishcandestroy some of the cell structure itcomes into contact with
Does the plant grow more stomata(guard cells) according to the conditions ineachindividual
habitat?

Water-based nail varnishis saferto use but dries more slowly

NOS: Reliability of quantitative datais increased by repeating measurements

Reliabilityrefers to thelevel of trust that we canplace innumerical measurements
= These types of measurements are known as quantitative data
Repeatingthe stomatalcountforthe same species of leaf underthe same conditions will
increase the reliability of the results
= |tisverypossible that the data gathered duringasingle count could containerrors thatwe
maynotbe aware of
= Takingrepeated measurements willidentifyanomalous measurements and allow us to
calculate amean
= Anomalous measurements are those that deviate from the expected measurements
= Anomalies are omitted when calculatingthe meanforadataset
If repeated stomatal counts deliversimilarresults, the datais said to be reliable
= We cantherefore place ahigherlevel of trustin the datathan what would have beenpossible
if we gotverydifferentresults witheverycount
Repeatingmeasurements is acrucial stepingathering data during ascientific investigation

O Exam Tip

Anomalous results are sometimes referred to aoutliers.
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Haemoglobin & Oxygen (HL)

Foetal & Adult Haemoglobin

= Haemoglobinis the molecule responsible forbindingoxygeninourblood
= Theyareglobularproteins found inabundanceinred blood cells
= Eachhaemoglobinmolecule consists of four polypeptide subunits
= Atthe centre of eachsubunitis aniron-containing haem group with which oxygen combines
= Fachhaemgroup canbind to one oxygenmolecule
= Thatmeans thateachmolecule of haemoglobincantransport four oxygenmolecules
= Oxygenisone ofthe gases foundinairand eachof these gases exerts apressure
= The pressure of each gas inamixture of gases is called its partialpressure
= The symbolforpartial pressureis p, therefore the partial pressure of oxygencanbe denoted
as pO»
= Due to the shape of the haemoglobinmolecule itis difficult forthe first oxygen molecule to bind
toits haemgroup
= However, afterthe first oxygen molecule binds, the haemoglobin protein changes shape, or
conformation, makingit easierforthe next oxygenmolecules to bind
= Thisis knownas cooperative binding
= The ease withwhichhaemoglobinbinds and dissociates withoxygencanbe described as its
affinity foroxygen
= |nareas where there are high partial pressures of oxygen(such as the alveoliof the lungs), the
affinityof haemoglobinforoxygenis high
= This means haemoglobinand oxygenwillbind easily
= |nareas where there are low partialpressures of oxygen(suchas respiringmuscle cells), the
affinityof haemoglobinforoxygenis low
= This means haemoglobinand oxygenwilldissociate easily fromeachother
= This ensures thathaemoglobincaneasilybind to oxygeninthe lung capillaries to transport it
to and thenrelease it nearrespiring cells that require oxygen

Foetal haemoglobin

= The haemoglobinofadeveloping foetus has a higher affinity for oxygenthanadult
haemoglobin
= Thisisvitalasitallows afoetus to obtainoxygenfromits mother'sblood at the placenta
= Foetalhaemoglobincanbind to oxygenatlow pO,
= Atthislow pOjthe mother's haemoglobinis dissociatingwithoxygen
= We canrepresentthe percentage saturationof haemoglobinat different partial pressures of
oxygenas agraph
= Thisis called the oxygendissociationcurve
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Onadissociationcurve, the curve forfoetalhaemoglobinshifts to theleft of that foradult
haemoglobin
= This means thatat any givenpartial pressure of oxygen, foetalhaemoglobinhas a higher
percentage saturationthanadult haemoglobin
Afterbirth, ababybegins to produce adult haemoglobinwhich gradually replaces foetal
haemoglobin
= Thisisimportantforthe easy release of oxygenintherespiringtissues of amore
metabolicallyactive individual

Haemoglobin has the abilityto change shape,orconformation,once oxygenbinds to itdue to
cooperative binding
= Proteins like this are known as allosteric proteins as theycanexistin multiple conformations
Carbondioxideis anallosteric inhibitor of haemoglobin
= This means that whenitbinds to haemoglobin,itis more difficult foroxygento bind to
haemoglobinas the proteincannot change its conformation

= Thislowers the affinity of haemoglobinforoxygen
= Carbondioxide hasless of anallosteric effectonfoetalhaemoglobin
= This enables foetalhaemoglobinto have a higher affinity foroxygenevenif carbondioxide is
boundto it
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The Bohr Shift (HL)

The Bohr Shift

= Changesinthe oxygendissociationcurve as aresult of carbondioxide levels are known as
the Bohr effect, orBohrshift
= Whenthe partial pressure of carbondioxide inthe blood is high, haemoglobin’s affinity for
oxygenisreduced
= Thisisthe caseinrespiringtissues,where cells are producingcarbondioxide as awaste
productofrespiration
= Thisoccurs because CO2lowers the pHof theblood
= COjycombines withwaterto formcarbonic acid
= Carbonic acid dissociates into hydrogencarbonate ions and hydrogenions
= Hydrogenions bind to haemoglobin,causingthe release of oxygen
= Thisis ahelpfulchange because it means that haemoglobingives up its oxygenmore readily in
therespiring tissues whereitis needed
= Onagraphshowingthe dissociation curve, the curve shifts to the right when CO; levelsincrease
= This means that at any givenpartial pressure of oxygen, the percentage saturationof
haemoalobinis lower at higherlevels of CO»

The dissociation curve shifts to the right as a result of the Bohr effect. This means that any given partial
pressure of oxygen, the percentage saturation of haemoglobin is lower at higher COlevels.
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The OxygenDissociation Curve (HL)

The OxygenDissociation Curve

= The oxygendissociationcurve shows the rate at whichoxygenassociates, and also
dissociates, withhaemoglobinat different partial pressures of oxygen (pO3)
= Partial pressure of oxygenrefers to the pressure exerted by oxygen withinamixture of
gases;itis ameasure of oxygenconcentration
= Haemoglobinisreferred to as beingsaturated whenall of its oxygenbinding sites are
takenup withoxygen;so whenit contains four oxygenmolecules
= The ease withwhichhaemoglobinbinds and dissociates withoxygencanbe described as
its affinity for oxygen
= Whenhaemoglobinhas a high affinityit binds easily and dissociates slowly
= Whenhaemoglobinhas alow affinityforoxygenitbinds slowly and dissociates easily
= |notherliquids,suchas water,we would expect oxygento becomes associated withwater,orto
dissolve,ataconstant rate, providing a straight line on a graph, but withhaemoglobinoxygen
binds at different rates as the pO; changes;hence the resulting curve
= |tcanbe said thathaemoglobin's affinity for oxygenchanges at different partial pressures
of oxygen
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The oxygen dissociation curve

Interpreting the curve
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= Whenthe curveisread fromleftto right,it provides informationabout the rate at which
haemoglobinbinds to oxygenat different partial pressures of oxygen
= Atlow pOs (the bottomleft cornerof the graph) oxygenbinds slowly to haemoglobin;this
means thathaemoglobincannot pick up oxygenand become saturated as blood passes
throughthe body's oxygen-depleted tissues
= Haemoglobinhas alow affinity for oxygenat low pO5, so saturation percentageis low
= Atmedium pO3 (inthe centralregion of the graph) oxygenbinds more easily to
haemoglobinand saturationincreases quickly;at this point onthe graph asmallincrease in
pO2 causes alarge increase inhaemoglobinsaturation
= At high pO, (inthe topright cornerof the graph) oxygenbinds easily to haemoglobin; this
means that haemoglobincan pick up oxygen and become saturated as blood passes
throughthe lungs
= Haemoglobinhas ahigh affinity for oxygenat high pO,, so saturation percentage is high
= Note thatat this pointonthe graphincreasing the pO2 by alarge amount only has a small
effect onthe percentage saturationof haemoglobin;thisis because most oxygen
binding sites onhaemoglobin are alreadyoccupied
= Whenread fromright to left, the curve provides information about the rate at whichhaemoglobin
dissociates withoxygen at different partial pressures of oxygen
= Inthelungs,where pO;is high, there is very little dissociation of oxygenfromhaemoglobin
= Atmedium pO3,oxygendissociates readily fromhaemoglobin,as shownbythe steep
regionof the curve;thisregioncorresponds withthe partial pressures of oxygenpresent
intherespiringtissues of the body,so readyrelease of oxygenisimportant forcellular
respiration
= Atthis pointonthe graph asmalldecrease in pO; causes alarge decreasein
percentage saturationof haemoglobin,leadingto easyrelease of plentyof oxygento
the cells
= Atlow pO; dissociationslows again; there are few oxygenmolecules left onthe binding
sites,and therelease of the final oxygen molecule becomes more difficult,inasimilarway to
the slow binding of the first oxygenmolecule

Explaining the curve

= The curved shape of the oxygendissociationcurve forhaemoglobincanbe explained as follows
= Due to the shape of the haemoglobinmoleculeitis difficult for the first oxygenmolecule to
bind to haemoglobin
= This means thatbinding of the first oxygenoccurs slowly, explaining the relatively shallow
curve at thebottomleft cornerof the graph
= Afterthe first oxygenmolecule binds to haemoglobin, the haemoglobinproteinchanges
shape,orconformation, makingit easier for the next haemoglobinmolecules to bind due
to cooperative binding
= This speeds upbinding of the remaining oxygen molecules and explains the steeper part
of the curve inthe middle of the graph

= Asthe haemoglobinmolecule approaches saturationittakes longerforthe fourthoxygen
molecule to bind
= Thisis due to the shortage of remaining binding sites, explaining the levelling off of the
curveinthe top right cornerof the graph
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