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2.7.1 Cellular Respiration

Cellular Respiration De�ned

Cell respiratio n is the co ntro lled release o f energy fro m o rganic co mpo unds to  pro duce ATP

Respiratio n is a series o f  chemical reactio ns  that happens in every cell

Its purpo se is to  release energy  in usable fo rms fro m the chemical energy sto red in fo o d e.g.

gluco se

Respiratio n is a catabo lic  pro cess

Gluco se  is the main respirato ry fuel used in cells

Lipids  and pro teins  can also  be used

Organic  fo o d substances co ntain a lo t o f  chemical energy

This energy canno t be released in o ne, unco ntro lled step  in cells, which wo uld cause cell

damage and tissue death

Enz ymes co ntro l the release o f  energy  thro ugh a series o f chemical reactio ns called a pathway

This ends in the pro ductio n o f AT P (adeno sine tripho sphate)

To  make ATP, a pho sphate gro up  is linked to  adeno sine dipho sphate (ADP)

This pro cess requires energy  which co mes fro m the breakdo wn o f o rganic mo lecules

The energy that is released is used fo r

Fuelling anabo lic  pro cesses

Muscle co ntractio n

Fuelling active transpo rt

Mo ving mo lecules aro und the cell

Generating heat  to  maintain bo dy temperature in warm-blo o ded animals

Exam T ip

Respiratio n is o f ten co nf used with breathing, but remember, respiratio n is a chemical pro cess,

breathing is a metho d o f mo ving air in and o ut o f the bo dy
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ATP

ATP is a so urce o f  energy  fo r cellular pro cesses

The energy can be released immediately, exactly when it is required

All o rganisms require a co nstant supply o f  energy  to  maintain their cells and stay alive

This energy is required:

In anabo lic  reactio ns – synthesiz ing larger mo lecules fro m smaller mo lecules

To  mo ve mo lecules  acro ss the cell membrane (active transpo rt)

To  mo ve substances and o rganelles within the cell

In animals, energy is required:

Fo r muscle co ntractio n – to  co o rdinate mo vement at the who le-o rganism level

In the co nductio n o f  nerve impulses, as well as many o ther cellular pro cesses

In all kno wn fo rms o f life, ATP fro m respiratio n is used to  transfer energy in all energy-requiring

pro cesses  in cells

ATP is co nverted to  ADP and pho sphate  when releasing its energy

ADP and pho sphate can then be re-co nverted to  AT P during respiratio n

Organisms require a co nstant supply o f  AT P because much o f the energy is dissipated (lo st to

the surro undings) 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

In cells, there is a much lo wer energy yield  fro m respiratio n in anaero bic co nditio ns  than in

aero bic co nditio ns

There can be di�erent ways in which o xygen beco mes unavailable

When o xygen supply can't keep up with demand  in heavily respiring cells

But a sho rt supply o f ATP is still required eg. vigo ro us exercise  requiring a lo t o f muscle

co ntractio n

In co nditio ns where o xygen canno t reach the o rganisms  eg. in waterlo gged so il

In anaero bic respiratio n, gluco se is o nly partially o xidised meaning o nly a small part o f  its

chemical energy is released  and transferred to  ATP

The o nly ATP-pro ducing reactio n that co ntinues is the �rst stage o f respiratio n (aro und 2 ATP

mo lecules per mo lecule o f gluco se)

As there is no  o xygen, no ne o f  the remaining reactio ns  (o f aero bic respiratio n) can take place

This means that  aro und 36 AT P mo lecules are no t pro duced anaero bically  that wo uld

o therwise have been pro duced in the presence o f o xygen

2 ATP mo lecules is better than z ero  ATP mo lecules, so  anaero bic respiratio n can give a sho rt

discharge o f  energy  when o xygen runs o ut

Di�erent types o f o rganisms pro duce di�erent pro ducts  when respiring anaero bically

Plants and yeasts  pro duce ethano l and CO

Animals  pro duce lactate
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Anaerobic respiration in yeast produces di�erent products to anaerobic respiration in animals

Anaerobic Respiration: Yeast

Bakers can make use o f anaero bic cell respiratio n in yeasts to  pro duce ethano l and carbo n

dio xide in baking

Yeasts are single-celled f ungi that live in areas where sugars are present eg. o n fruit o r o n leaves

They can respire aero bically  o r anaero bically

Flo ur co ntains starch, and when mixed with water and yeast  can fo rm a bread do ugh

The do ugh is kneaded  to  mix everything to gether

The do ugh is then lef t in a warm place  to  enco urage the yeast to  respire

Yeast cells gro w rapidly in number while o xygen is still present in the do ugh

The yeast hydro lyses the starch into  malto se and gluco se and respire the sugars,

aero bically at �rst

The do ugh so o n beco mes anaero bic  (all the o xygen within it is used up aero bically by the yeast)

Anaero bic respiratio n takes o ver and CO  bubbles  begin to  fo rm in the do ugh

These bubbles allo w the do ugh to  rise (swell up)

Baking the do ugh kills the yeast  and the bubbles fo rm the �u�y texture o f the �nished bread

Ethano l, the o ther pro duct o f anaero bic respiratio n o f yeast, is pro duced but evapo rates  during

the �nal 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 evo lved a system to  pro vide a sho rt burst o f  energy  in exceptio nal circumstances

Anaero bic respiratio n can help to  generate po werf ul muscle co ntractio ns  in the sho rt term

eg. to  escape fro m a predato r o r to  catch prey

Fo r humans, anaero bic respiratio n plays a ro le in spo rt and exercise  mo re than in survival

Gluco se is metabo lised to  lactate  when o xygen can't be supplied quickly eno ugh to  muscle

cells

Lactate accumulates  in tho se cells and tissues

Lactate is to xic abo ve a certain level and can cause disco mfo rt and even pain (cramp)

This limits ho w lo ng an athlete can perf o rm anaero bically f o r eg. sprinters, who  typically o nly

race o ver 400 metres o r less

After lactate is pro duced it has to  be bro ken do wn aero bically

The breakdo wn o f lactate needs extra o xygen

This extra o xygen is referred to  as an o xygen debt

It explains why animals breathe deeper and f aster fo r a perio d o f time af ter exercise
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Exam T ip

Yo u wo n’t be expected to  kno w the to tal yield o f ATP fro m each type o f respiratio n in detail but

be prepared to  explain why anaero bic respiratio n pro duces substantially less ATP than aero bic

respiratio n.

2.7.3 Aerobic Respiration

Aerobic Respiration

Aero bic cell respiratio n requires o xygen and gives a large yield o f ATP fro m gluco se

The presence o f o xygen allo ws gluco se to  be bro ken do wn f ully  into  carbo n dio xide and water

This yields far mo re energy (appro x. 36 ATP mo lecules) than anaero bic respiratio n (2 ATP

mo lecules) per mo lecule o f gluco se

CO  is a waste pro duct  and has to  be excreted

Except in plants where it is used fo r pho to synthesis

Water is a by-pro duct  and co ntributes to  the o rganism's water needs

So me animals that live in deserts drink very little  but survive o n this water

Mo st o f the reactio ns o f aero bic respiratio n, in eukaryo tes, take place in the mito cho ndria

Aerobic respiration releases energy during the reaction between glucose and oxygen

Comparing combust ion and respirat ion

There are impo rtant similarities  between the burning (co mbustio n) o f fuels and the two  f o rms

o f   respiratio n

Bo th require o xygen and pro duce CO and water

Bo th release heat  fro m the breakdo wn o f chemical bo nds in the fuel
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2.7.4 Skills: Respiration

Respirometer

Analysis of  result s f rom experiment s involving measurement  of  respirat ion rat es in
germinat ing seeds or invert ebrat es using a respiromet er

Respiro meters are used to  measure and investigate the rate o f  o xygen co nsumptio n during

respiratio n in o rganisms

The experiments usually require live o rganisms  such as seeds o r invertebrates

Use o f  animals sho uld be minimised  when seeds can pro vide excellent data

There are many di�erent designs o f  respiro meters, tho ugh they all have certain features in

co mmo n

A sealed co ntainer co ntaining live o rganisms  and air

An alkaline so lutio n (eg. po tassium hydro xide) to  abso rb CO

A capillary tube  co nnected to  the co ntainer and set against a graduated scale  (a

mano meter)

The o rganisms respire aero bically  and abso rb o xygen fro m the air

The CO they release is abso rbed by the alkali

This reduces the air pressure  inside the sealed chamber

The mano meter �uid (sho wn in red belo w) mo ves to wards the o rganisms  because o f the

pressure dro p inside the chamber

The respiro meter must be kept in very temperature-co ntro lled co nditio ns  because slight

�uctuatio ns in temperature can a�ect the air pressure

A thermo statically co ntro lled water bath is the best way to  maintain a co nstant

temperature

Repeat readings  sho uld be carried o ut fo r each set o f experimental co nditio ns, in o rder to

identif y  and eliminate ano malies

Repeat  readings give a reliable  mean

Analysis

Respiro meters can be used in experiments to  investigate ho w di�erent f acto rs a�ect the

rate o f  respiratio n o f o rganisms o ver time

Eg. temperature – using a series o f water baths

Use of  t echnology t o measure rat e of  respirat ion

Techno lo gical devices  can auto mate and make the measurement o f respiratio n rate easier

No t to  be co nfused with breathing rate
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Oxygen senso rs  and CO  mo nito rs  can measure o xygen and CO co ncentratio n in real-time

Witho ut the need to  expo se the subject to  haz ards such as stro ng alkalis

Datalo ggers  can reco rd data o ver a perio d o f time fo r analysis later

The typical set-up of a respirometer

T he equat ion f or calculat ing a change in gas volume

2 2 

The vo lume o f o xygen co nsumed (mm  min ) can be wo rked o ut using the radius o f the lumen o f

the capillary tube  r (mm) and the distance mo ved by the mano meter �uid h (mm) in a minute using

the fo rmula:

πr h

3 -1

2
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Worked example

A respiro meter was set up with germinating mung beans in the experimental tube. After a  perio d

o f equilibratio n, the liquid in the capillary was measured to  mo ve by 2.3 cm in 25 minutes 30

seco nds. The capillary tube had an internal diameter o f 0.30 mm.Calculate the rate o f respiratio n

o f the mung beans, measured as the rate o xygen uptake, in mm  hr Use the value o f pi (π) = 3.141

and state yo ur �nal answer to  2 signi�cant �gures

Step 1: Calculate the cro ss-sectio nal area o f  the capillary tube

Diameter = 0.30mm, so  radius = 0.30 ÷ 2 = 0.15 mm

Cro ss sectio nal area = πr  = 3.141 ✕ 0.15  = 0.0707 mm

Step 2: Calculate the vo lume o f  o xygen that had been taken up

The liquid mo ved 2.3 cm, which is 23mm

Vo lume o f liquid mo ved in 25 minutes 30 seco nds =

πr h , where h = 23 mm

= 0.0707 ✕ 23 = 1.625 mm

Step 3: Calculate the rate o f  o xygen co nsumptio n per ho ur

25 minutes 30 seco nds = 25.5 minutes

Rate per ho ur = 1.625 ✕ (60 ÷ 25.5)

3.824 mm  hr

To  2 sf = 3.8 mm  hr

NOS: Assessing t he et hics of  scient i�c research: t he use of  invert ebrat es in
respiromet er experiment s has et hical implicat ions

The use o f live animals in experiments has raised ethical co ncerns

Sho uld we be remo ving animals fro m their natural habitat?

Do es human learning o utweigh the su�ering that may be caused?

Will the animals su�er o r feel pain?

3 -1

2 2 2

2

3

3 -1

3 -1

Ho w can expo sure to  haz ards be minimised  fo r the animals eg. avo iding co ntact with the alkali

Animals must be returned  to  their natural habitat directly af ter the readings have been taken

Can an alternative metho d  that uses o ther no n-animal species be fo und that still pro vides

learning eg. the use o f germinating seeds?

There must be no  labo rato ry wo rk that causes pain o r su�ering to  animals o r humans
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Exam T ip

There are several ways yo u can manage variables and increase the reliability o f results in

respiro meter experiments:

Use a co ntro lled water bath to  keep the temperature  co nstant

Have a co ntro l tube with an equal vo lume o f inert material to  the vo lume o f the o rganisms to

co mpensate fo r changes in atmo spheric pressure

Repeat the experiment multiple times fo r reliability and calculate a mean
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