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Adenosine Triphosphate (ATP)

Adenosine Triphosphate (ATP)

Living o rganisms require energy to  perfo rm and maintain life pro cesses such as mo vement,

nutritio n and excretio n

This energy is released by the pro cess o f cell respiratio n

Energy released during the reactio ns o f respiratio n is transferred to  the mo lecule adeno sine

tripho sphate  (ATP)

The energy is transferred in a series o f small steps 

Heat is lo st at each step, which is used to  regulate bo dy temperature in endo therms

ATP is a small and so luble mo lecule that pro vides a sho rt-term sto re o f chemical energy that

cells can use to  do  wo rk

Its so lubility and siz e enables it to  mo ve easily in cells and living o rganisms by f acilitated

di�usio n

It is vital in linking energy requiring and energy yielding reactio ns

ATP is described as a universal energy currency

Universal: It is used in all o rganisms

Currency: Like mo ney, it can be used fo r di�erent purpo ses (reactio ns) and is reused

co untless times

The use o f ATP as an ‘energy-currency’ is bene�cial fo r many reaso ns:

The hydro lysis o f  AT P can be carried o ut quickly and easily  wherever energy is required

within the cell by the actio n o f just o ne enz yme, ATPase

A usef ul (no t to o  small, no t to o  large) quantity o f  energy is released  fro m the hydro lysis o f

o ne ATP mo lecule - this is bene�cial as it reduces waste but also  gives the cell co ntro l o ver

what pro cesses o ccur

ATP is relatively stable  at cellular pH levels

Structure of AT P

ATP is a pho spho rylated nucleo tide

It is made up o f:

Ribo se sugar

Adenine base

Three pho sphate gro ups

AT P Diagram
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Structure of ATP contains ribose sugar, an adenine base and three phosphate groups

Feat ures of  AT P Table

Feature Benefit

Releases a small but su�cient quantity

o f energy

This is eno ugh energy to  drive impo rtant

metabo lic reactio ns while keeping energy

wastage lo w
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Exists as a stable mo lecule It do esn't break do wn unless a catalyst

(ATPase) is present so  energy wo n't be

wasted

Can be recycled

The breakdo wn o f ATP is a reversible

reactio n, ATP can be refo rmed fro m ADP

and P . This means the same mo lecule can

be reused elsewhere in the cell fo r

di�erent reactio ns

Hydro lysis is quick and easy
Allo ws cells to  respo nd to  a sudden

increase in energy demand

So luble and mo ves easily within cells
Can transpo rt energy to  di�erent areas o f

the cell

Fo rms pho spho rylated intermediates

This can make metabo lites mo re reactive

and lo wer the activatio n energy required

fo r a reactio n

Exam T ip

Be careful no t to  use the terms energy and ATP interchangeably. Energy is the capacity o r po wer

to  do  wo rk while ATP is a mo lecule which carries energy to  places in the cell that need it in o rder

to  do  wo rk. 

Life Processes Reliant On ATP

So me o f the life pro cesses that are reliant o n ATP as a so urce o f energy include:

In anabo lic reactio ns  to  synthesise larger mo lecules (macro mo lecules) fro m smaller o nes

To  mo ve mo lecules acro ss the cell membrane against their co ncentratio n gradient during

active transpo rt

Enabling mo vement o f  the entire cell

The mo ve cell co mpo nents, such as chro mo so mes, within the cell

ATP is readily co nverted to  adeno sine dipho sphate  (ADP) and a pho sphate io n (P ), during which

energy is released

Since ATP is a very reactive mo lecule, it is no t sto red in living o rganisms

Mo lecules such as gluco se and f atty acids  are used as sho rt-term sto res o f energy, while

glyco gen, starch and triglycerides  act as lo ng-term sto rage mo lecules o f energy

i

i
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Interconversions Between ATP & ADP

ATP is a very reactive mo lecule and is readily 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 lo st to  the

surro undings as heat

AT P Cycle Diagram

The constant cycling of ATP and ADP + P  within a cell

Hydrolysis of AT P

When ATP is hydro lysed (bro ken do wn), ADP and pho sphate are pro duced

As ADP fo rms, f ree energy  is released that can be used fo r pro cesses within a cell e.g. DNA

synthesis

Remo val o f o ne pho sphate gro up fro m ATP releases appro ximately 30.5 kJ mo l  o f energy,

fo rming ADP

Remo val o f a seco nd pho sphate gro up fro m ADP also  releases appro ximately 30.5 kJ mo l  o f

energy, fo rming AMP

Remo val o f the third and �nal pho sphate gro up fro m AMP releases 14.2 kJ mo l  o f energy,

fo rming adeno sine

Hydrolysis of  AT P Diagram

i
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The hydrolysis of ATP
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AT P synthesis

On average humans use mo re than 50 kg o f ATP in a day but o nly have a maximum o f ~ 200g o f ATP

in their bo dy at any given time

Organisms canno t build up large sto res o f  AT P and it rarely passes thro ugh the cell surface

membrane

This means the cells must make ATP as and when they need it

ATP is fo rmed when ADP is co mbined with an ino rganic pho sphate (Pi) gro up

This is an energy-requiring reactio n

Water is released  as a waste pro duct (therefo re ATP synthesis is a co ndensatio n reactio n)

Synt hesis of  AT P Diagram

Energy-requiring synthesis of ATP from ADP and Phosphate

Exam T ip

No te that yo u are no t required to  kno w the exact quantity o f energy in kilo jo ules that are invo lved

with the interco nversio ns between ATP and ADP, but yo u sho uld appreciate that it is su�cient fo r

perfo rming tasks within the cell.

Page 6 of 14
For more help visit our website www.exampaperspractice.co.uk



Cell Respiration

Cell Respiration

Cell respiration as a system for producing AT P

Cell respiratio n is the co ntro lled release o f  energy f ro m o rganic co mpo unds to  pro duce AT P

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 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 but they must undergo  several changes befo re they

can enter the respirato ry pathway

Gluco se can enter glyco lysis directly  which makes it easier to  o xidise than lipids and

pro teins

Since pro teins are primarily structural mo lecules, they will o nly be used as a respirato ry fuel in

co nditio ns where gluco se and lipids are no t available

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 gas exchange, but remember that respiratio n is a chemical

pro cess  while gas exchange invo lves the exchange o f carbo n dio xide and o xygen at the alveo li

o r cells
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Comparing Anaerobic & Aerobic Cell Respiration

Differences between anaerobic and aerobic respiration in humans

Respiratio n invo lves the transfer o f chemical po tential energy  fro m nutrient mo lecules (such as

carbo hydrates, fats and pro teins) into  a usable energy fo rm (thro ugh the synthesis o f ATP) that

can be used fo r wo rk within an o rganism

It is a vital pro cess that takes place in the cells o f all living o rganisms

There are two  fo rms o f respiratio n depending o n the o xygen availability o f the cell:

Aero bic respiratio n

Anaero bic  respiratio n

Aero bic  respiratio n is the pro cess o f breaking do wn a respirato ry substrate  in o rder to

pro duce ATP using o xygen

The substrate is co mpletely o xidised, thereby releasing a large amo unt o f energy

Anaero bic  respiratio n takes place in the absence o f  o xygen and also  breaks do wn a respirato ry

substrate but pro duces less AT P fo r the cell

The main respirato ry substrate invo lved in respiratio n is  gluco se

Aerobic respiration

Aero bic cell respiratio n requires o xygen and gives a large yield o f  AT P f ro 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

Anaerobic respiration

2
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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

The reactio ns o f anaero bic respiratio n will o ccur in the cyto plasm o f cells and do es no t invo lve

the mito cho ndria

There can be different 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 e.g. 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  e.g. 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 first 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 are 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

Different types o f o rganisms pro duce different pro ducts  when respiring anaero bically

Plants and yeasts  pro duce ethano l and CO

Animals  pro duce lactate

Anaerobic respiration in humans (and other animal cells) will partially oxidise glucose to form lactic acid

Comparison of  Aerobic & Anaerobic Respirat ion in Humans Table

Aerobic respiration Anaerobic respiration

Oxidatio n o f gluco se Co mplete Inco mplete

Oxygen required Yes No

2
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Relative ATP yield High (∼36 mo lecules) Lo w (2 mo lecules)

Pro ducts CO  and H O Lactate

Lo catio n o f reactio ns
Cyto plasm and

mito cho ndria
Cyto plasm

Exam T ip

Yo u sho uld be able to  write simple wo rd equatio ns fo r bo th types o f respiratio n, with gluco se as

the substrate. Remember that ATP is pro duced during bo th aero bic and anaero bic respiratio n

2 2
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Cell Respiration: Skills

The Rate of Cell Respiration

Variables affecting the rate of cell respiration

The rate o f cell respiratio n may vary depending o n the fo llo wing:

Ho w metabo lically active  the cell is

e.g. muscle cells will have a higher rate o f cell respiratio n than adipo se cells because o f

their higher energy needs

Siz e  o f the o rganism

e.g. smaller o rganisms will have a higher surface area : vo lume ratio  than larger o rganisms,

so  they will have a higher rate o f respiratio n to  co mpensate fo r higher heat lo ss

The o xygen supply

When o xygen availability is lo w, cells will respire anaero bically

Supply o f respirato ry substrates

e.g. gluco se availability is o f particular impo rtance, since it is the main respirato ry

substrate

The lo wer the supply o f these substrates, the lo wer the rate o f respiratio n will be

Temperature

The rate o f respiratio n will increase up to  the o ptimum temperature o f the enz ymes

catalysing the reactio ns, whereafter the rate will dro p as the enz ymes denature

pH

Carbo n dio xide released during respiratio n will decrease the pH o f cells and tissues,

which may also  denature enz ymes invo lved with respiratio n

Determining the rate of respiration

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 different 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 (e.g. 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

2

2
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The mano meter fluid (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

fluctuatio ns in temperature can affect 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 different f acto rs affect the

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

E.g. temperature – using a series o f water baths

Use of technology to measure rate of respiration

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

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

Respiromet er Diagram

2 2 
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The typical set-up of a respirometer

T he equation for calculating a change in gas volume

The vo lume o f o xygen co nsumed (mm  min ) during respiratio n 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 fluid h

(mm) in a minute using the fo rmula:

πr h

3 -1

2
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The vo lume o f o xygen co nsumed can then be used to  determine the average rate o f respiratio n

per unit time

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. The

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

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

Answer:

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 =

πr h , where h = 23 mm

= 0.0707 ✕ 23 = 1.625 mm

Step 3: Calculate the average rate o f  o xygen co nsumptio n per minute

Rate per minute = 1.625 ÷ 25

= 0.065 mm  min

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

3 -1

2 2 2

2

3

3 -1
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