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2.7.1Cellular Respiration 4

Your notes

Cellular Respiration Defined

= Cellrespirationis the controlled release of energy from organic compounds to produce ATP
= Respirationis a series of chemical reactions that happensin every cell
= |tspurposeistorelease energy in usable forms from the chemical energy stored infood e.g. glucose
= Respirationis a catabolic process
= Glucoseis the mainrespiratory fuelusedin cells
= Lipids and proteins canalso be used

= Organic food substances contain alot of chemical energy
= This energy cannot be released in one, uncontrolled step in cells, which would cause cell damage and
tissue death
= Enzymes control the release of energy through a series of chemical reactions called a pathway
= Thisendsinthe production of ATP (adenosine triphosphate)
= Tomake ATP, a phosphate group is linked to adenosine diphosphate (ADP)
= This processrequires energy which comes from the breakdown of organic molecules

= Theenergythatisreleasedisused for
= Fuelling anabolic processes
= Muscle contraction
= Fuelling active transport
= Moving molecules around the cell
= Generating heat to maintain body temperature in warm-blooded animals

O Examiner Tip

Respirationis often confused with breathing, but remember, respirationis a chemical process,
breathingis a method of moving airin and out of the body
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ATP /

. Your notes
= ATPis asource of energy for cellular processes

= Theenergy can be released immediately, exactly whenit is required
= Allorganismsrequire a constant supply of energy to maintain their cells and stay alive
= Thisenergyisrequired:
= |nanabolicreactions - synthesizing larger molecules from smaller molecules
= To move molecules across the cellmembrane (active transport)
= Tomove substances and organelles within the cell
= |nanimals, energyisrequired:
= Formuscle contraction - to coordinate movement at the whole-organism level
= |nthe conduction of nerve impulses, as well as many other cellular processes

= |nallknown forms of life, ATP fromrespiration is used to transfer energy in all energy-requiring
processesin cells
= ATPis converted to ADP and phosphate whenreleasingits energy
= ADP and phosphate can then be re-converted to ATP during respiration

= Organisms require a constant supply of ATP because much of the energy is dissipated (lost to the
surroundings) as heat

ATP

ACTIVE TRANSPORT,
RESPIRATION MUSCLE CONTRACTION,
ANABOLIC REACTIONS

ADP + P,

SHORTHAND FOR
"INORGANIC PHOSPHATE"

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

Anaerobic Respiration: ATP Yield

= |ncells, thereis amuch lower energy yield from respirationin anaerobic conditions thanin aerobic
conditions
= There canbe different ways in which oxygen becomes unavailable
= When oxygen supply can't keep up with demand in heavily respiring cells
= Butashortsupply of ATP is still required eg. vigorous exercise requiring alot of muscle
contraction

= |nconditions where oxygen cannot reach the organisms eg. in waterlogged soil

= |nanaerobic respiration, glucose is only partially oxidised meaning only a small part of its chemical
energy is released and transferred to ATP
= Theonly ATP-producing reaction that continuesis the first stage of respiration (around 2 ATP
molecules per molecule of glucose)

= Asthereisno oxygen, none of the remaining reactions (of aerobic respiration) can take place
= This means that around 36 ATP molecules are not produced anaerobically that would otherwise
have been producedin the presence of oxygen
= 2 ATP moleculesis betterthanzero ATP molecules, so anaerobic respiration can give a short
discharge of energy when oxygen runs out

= Different types of organisms produce different products whenrespiring anaerobically
= Plants and yeasts produce ethanol and CO,
= Animals produce lactate

ANAEROBIC RESPIRATION IN YEAST

CARBON
GLUCOSE | | D | AcoroL |+ | Soine
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ANAEROBIC RESPIRATION IN MUSCLES
DURING VIGOROUS EXERCISE

LACTIC
GLUCOSE | I D ol

#Fsavemyexams

Anaerobic respiration in yeast produces different products to anaerobic respiration in animals
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Anaerobic Respiration: Yeast /

. o o Your notes
= Bakers can make use of anaerobic cell respirationin yeasts to produce ethanol and carbon dioxide in

baking
= Yeasts are single-celled fungi that live in areas where sugars are present eg. on fruit oron leaves
= They canrespire aerobically or anaerobically
= Flour contains starch, and when mixed with water and yeast can form a bread dough
= The doughis kneaded to mix everything together
= Thedoughisthenleftinawarm place to encourage the yeast to respire
= Yeast cells grow rapidly in number while oxygenis still presentin the dough
= Theyeast hydrolyses the starchinto maltose and glucose and respire the sugars, aerobically at
first

= The dough soonbecomes anaerobic (all the oxygen withinit is used up aerobically by the yeast)

= Anaerobic respiration takes over and CO; bubbles begin to formin the dough

= These bubbles allow the dough torise (swell up)

= Baking the doughkills the yeast and the bubbles form the fluffy texture of the finished bread

= Ethanol, the other product of anaerobic respiration of yeast, is produced but evaporates during the
final baking stage
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YEAST -’ Your notes
-+ +
WATER

BAKING KILLS THE YEAST,
EVAPORATES ETHANOL
AND LEAVES AIR POCKETS

TOGETHER TO FORM DOUGH IN' THE RISING DOUGH

IN A WARM ENV!RONMENT\

YEAST BREAKS DOWN THE
STARCH IN FLOUR, THEN
RESPIRES ANAEROBICALLY
TO RISE THE DOUGH

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

Page7of14

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Anaerobic Respiration: Lactate Production /

. . . . . Your notes
= Animals have evolved a system to provide a short burst of energy in exceptional circumstances

= Anaerobicrespiration can help to generate powerful muscle contractionsin the short termeg. to
escape from a predator orto catch prey

= Forhumans, anaerobic respiration plays arole in sport and exercise more thanin survival
= Glucoseis metabolised to lactate when oxygen can't be supplied quickly enough to muscle cells
= | actate accumulatesinthose cells and tissues
= Lactateis toxic above a certainlevel and can cause discomfort and even pain (cramp)
= This limits how long an athlete can perform anaerobically for eg. sprinters, who typically only race
over400 metres orless
= Afterlactateis producedit hasto be broken down aerobically
= The breakdown of lactate needs extra oxygen
= This extra oxygenisreferred to as an oxygen debt
= |texplains why animals breathe deeper and faster for a period of time after exercise

O ExaminerTip

Youwon’t be expected to know the total yield of ATP from each type of respiration in detail but be
prepared to explain why anaerobic respiration produces substantially less ATP than aerobic
respiration.
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2.7.3 Aerobic Respiration 4

Your notes

Aerobic Respiration

Aerobic cellrespiration requires oxygen and gives a large yield of ATP from glucose
The presence of oxygen allows glucose to be broken down fully into carbon dioxide and water
This yields farmore energy (approx. 36 ATP molecules) than anaerobic respiration (2 ATP molecules) per
molecule of glucose
CO, is awaste product and has to be excreted
= Exceptinplants whereitisused for photosynthesis

Wateris a by-product and contributes to the organism's water needs
= Some animals thatlive in deserts drink very little but survive on this water

Most of the reactions of aerobic respiration, in eukaryotes, take place in the mitochondria

AEROBIC RESPIRATION

K S

GLUCOSE | + | OXYGEN v + | WATER

CARBON
> DIOXIDE

#Fsavemyexams

Aerobic respiration releases energy during the reaction between glucose and oxygen

Comparing combustion and respiration

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

Both require oxygen and produce CO3 and water

Bothrelease heat from the breakdown of chemical bonds in the fuel

Comparing Respiration and Combustion Table
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Oxygen Energy
Reaction  supply Products Output
Bunsen Methane | Combustion | High CO, and High
Burner (collar open) water (blue flame)
Acell Glucose Respiration | High CO, and High
(aerobic) water (36 ATPs)
Bunsen Methane | Combustion | Low Carbon, Low
Burner (collar closed) | carbon (yellow
monoxide flame)
Acell Glucose | Respiration | Low Lactate Low
éj (anaerobic) (2 ATPs)
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2.7.4 Skills: Respiration 4

Your notes

Respirometer

Analysis of results from experiments involving measurement of respirationratesin
germinating seeds or invertebrates using a respirometer

Respirometers are used to measure and investigate the rate of oxygen consumption during
respirationin organisms
The experiments usually require live organisms such as seeds orinvertebrates

= Use of animals should be minimised when seeds can provide excellent data

There are many different designs of respirometers, though they all have certain featuresin common
= Asealed container containing live organisms and air
= Analkaline solution (eg. potassium hydroxide) to absorb CO»
= Acapillary tube connected to the container and set against a graduated scale (a manometer)

The organisms respire aerobically and absorb oxygen from the air
The CO3 they release is absorbed by the alkali
This reduces the air pressure inside the sealed chamber
The manometer fluid (shown in red below) moves towards the organisms because of the pressure
dropinside the chamber
The respirometer must be kept in very temperature-controlled conditions because slight fluctuations
intemperature can affect the air pressure
= Athermostatically controlled water bathis the best way to maintain a constant temperature

Repeat readings should be carried out for each set of experimental conditions, in order to identify and
eliminate anomalies
= Repeatreadings give areliable mean

Analysis

= Respirometers can be usedin experiments to investigate how different factors affect the rate of
respiration of organisms over time
= Eg.temperature - using a series of water baths

Use of technology to measure rate of respiration

Technological devices can automate and make the measurement of respiration rate easier
= Not to be confused with breathing rate

Oxygen sensors and CO2 monitors can measure oxygen and CO; concentrationinreal-time
= Without the need to expose the subject to hazards such as strong alkalis

Dataloggers canrecord data over a period of time for analysis later
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1em® SYRINGE: USED TO RESET THE POSITION
OF THE MANOMETER FLUID AFTER EACH TRIAL

SCREW-CLIP: USED TO

SEAL THE APPARATUS AND
TO REFILL THE TUBES WITH
AIR BETWEEN TRIALS

[ GLASS BEADS
EQUAL TO
VOLUME OF MUNG
| BEAN SEEDS:
THIS ENSURES

GERMINATING
MUNG BEAN
SEEDS CONSUMING
OXYGEN
AND PRODUCING |
CARBON DIOXIDE
THROUGH
RESPIRATION

VOLUME OF AR
IN BOTH TUBES
IS EQUAL
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| CONTROL TUBE |

EXPERIMENTAL TUBE |

SODA-LIME/KOH/NaOH: REMOVES
CARBON DIOXIDE PRODUCED BY
CELLULAR RESPIRATION

GAUZE PLATFORM:
PROTECTS THE

| SEEDS  FROM
CONTACT WITH
CORROSIVE SODA-

| LIME/KOH/NaOH

CAPILLARY U-TUBE CONTAINING
MANOMETER FLUID:

|_FLUID MOVES UPWARDS DUE TO
CHANGE IN AIR PRESSURE IN
EXPERIMENTAL TUBE AS OXYGEN
| |S CONSUMED BY SEEDS

The typical set-up of arespirometer

The equation for calculating a change in gas volume
= The volume of oxygen consumed (mm?3 min~') can be worked out using the radius of the lumen of the
capillary tube r(mm) and the distance moved by the manometer fluid h (mm) in a minute using the

formula:

1trlh
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@ Worked example

Arespirometerwas set up with germinating mung beans in the experimental tube. After a period of
equilibration, the liquid in the capillary was measured to move by 2.3 cmin 25 minutes 30 seconds. The
capillary tube had aninternal diameter of 0.30 mm.Calculate the rate of respiration of the mung beans,
measured as the rate oxygen uptake, in mm?3 hr-'Use the value of pi (1) = 3.141 and state your final
answer to 2 significant figures

Step 1: Calculate the cross-sectional area of the capillary tube
Diameter=0.30mm, soradius=0.30+2=0.15mm
Cross sectional area =tr? = 3.141 X 0.152 = 0.0707 mm?
Step 2: Calculate the volume of oxygen that had been taken up
The liquid moved 2.3 cm, whichis 23mm
Volume of liquid moved in 25 minutes 30 seconds =

mr’h, where h=23mm
=0.0707X23=1.625mm3

Step 3: Calculate the rate of oxygen consumption per hour
25 minutes 30 seconds = 25.5 minutes

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

To2sf=3.8mm3hr-!

NOS: Assessing the ethics of scientific research: the use of invertebrates in respirometer
experiments has ethical implications

= The use of live animals in experiments has raised ethical concerns
= Should we be removing animals from their natural habitat?
= Doeshuman learning outweigh the suffering that may be caused?

= Willthe animals suffer or feel pain?
= How can exposure to hazards be minimised for the animals eg. avoiding contact with the alkali
= Animals must be returned to their natural habitat directly after the readings have been taken

= Canan alternative method that uses other non-animal species be found that still provides learning eg.

the use of germinating seeds?
= There must be nolaboratory work that causes pain or suffering to animals or humans
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O Examiner Tip /

. , N . , Your notes
There are several ways you can manage variables and increase the reliability of results in respirometer

experiments:

= Use acontrolled water bath to keep the temperature constant

= Have acontrol tube with an equal volume of inert material to the volume of the organisms to
compensate for changesin atmospheric pressure

= Repeat the experiment multiple times forreliability and calculate amean
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