Unit 4 Populations and environment


2. Role of ATP and Respiration
All living cells require energy, and this energy is provided by respiration.
glucose  +  oxygen  (  carbon dioxide  +  water  (+ energy) 
What do organisms need energy for?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
What form is this energy in?
The energy produced is in the form of chemical energy stored in a compound called ATP (adenosine triphosphate). So all respiration really does is convert chemical energy stored in glucose into chemical energy stored in ATP. 
What is ATP?

ATP is Adenosine TriPhosphate is made up of
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a five carbon sugar ___________
· an organic base called ________________-   both these make ____________________
· Both of these are joined to 3 Phosphate groups.  
ATP is synthesised by adding an inorganic phosphate group (Pi) to a molecule of ADP (Adenosine Diphosphate):    This reaction requires a lot of energy which come from chemical reactions e.g. photosynthesis, respiration
Copy equation Page 29
All the processes in a cell that require energy (such as muscle contraction, active transport and biosynthesis) use ATP to provide that energy. So these processes all involve ATPase enzymes, which catalyse the breakdown of ATP to ADP + Pi, and make use of the energy released. So the ATP molecules in a cell are constantly being cycled between ATP and ADP + Pi.
Copy Fig 2 Page30

There are three ways in which ATP can be synthesised from ADP.  These are:

Photophosphorylation ____________________________________________________________________________________________________________________________

Oxidative Phosphorylation

____________________________________________________________________________________________________________________________

Substrate-level phosphorylation

____________________________________________________________________________________________________________________________

ATP is an intermediate energy substance that is used to transfer energy. 
What are the advantages of using ATP as the energy source in cells, rather than a molecule of glucose?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Respiration  (page 50)

There are two main types of respiration – 
Aerobic Respiration_______________________________________________

Anaerobic Respiration ______________________________________________________________
Aerobic Respiration

Word equation:   Glucose  +Oxygen  → Carbon Dioxide + Water + 38 ATP

Symbol equation:  
Stages of Aerobic Respiration

There are 4 main stages in the breakdown of Glucose to Carbon Dioxide and Water

1. Glycolysis

2. The link reaction

3. Krebs Cycle

4. Electron transport Chain

 1
Glycolysis
Glycolysis is the splitting (lysis) of glucose in a series of enzyme controlled reactions 

It starts with the breakdown of 6C glucose into 2 molecules of Pyruvate (3C)

· Glycolysis takes place in the cytoplasm of the cell

· Glycolysis does not need oxygen – it is the first stage of aerobic respiration and the only stage of anaerobic respiration

Stages of Glycolysis

In order to break down Glucose energy from ATP is needed to start the reaction.

A molecule of Glucose is then broken down into 2 molecules of triose (3C) phosphates which requires 2 molecules of ATP

The triose phosphate is then converted into Pyruvate – this releases 4 ATP molecules.  

As this is an oxidation reaction Hydrogen is transferred to a carrier molecule (coenzyme) called NAD.  The Reduced NAD is transferred to the Electron Transport chain to produce more ATP.

Products of Glycolysis
· ________ ATP used, ________ ATP produced =_____ ATP produced 

· 2 Molecules of Pyruvate made

· _______   Reduced NAD produced

The rest of aerobic respiration occurs in the mitochondria

The Link Reaction

Pyruvate still contains a lot of chemical potential energy.  

The link reaction is a stage linking glycolysis and Krebs cycle. It actively transports the pyruvate into the matrix of the mitochondria.  

Pyruvate combines with coenzyme A in an oxidation reaction to produce 
acetyl coenzyme A.

This involves the loss of 1 molecule of Carbon Dioxide and the formation of another molecule of reduced NAD 

Krebs Cycle

Krebs cycled is a cycle of reactions which involves a number of steps.  
After 1 Krebs cycle we have

· 3 molecules of reduced NAD

· 1 molecule of reduced FAD 

· 1 molecule of ATP

· 2 molecules of CO2

In the Krebs cycle

Acetly coenzyme A combines with a 4 carbon compound called oxaloacetate to produce a 6 Carbon compound (Citrate)
A series of reactions take place in which the citrate (6C) is decarboxylated (Carbon removed) and dehydrogenated (hydrogen removed) – this produces 2 molecules of Carbon Dioxide which is removed as waste gas and a molecule of ATP – this is substrate level phosphorlyation.  

The hydrogen is picked up by hydrogen acceptors (coenzymes) NAD and FAD – they reduce the coenzymes which go to the electron transport chain to provide energy for the formation of ATP

The most important function of the Krebs cycle in respiration is the production of reduced coenzymes.  

Tally of products so far:
	
	Number of molecules of

	
	ATP produced by substrate level phosphorylation
	ATP used
	Reduced NAD produced
	Reduced FAD produced

	Glycolysis
	
	
	
	

	Link Reaction
	
	
	
	

	Krebs Cycle
	
	
	
	

	TOTAL
	
	
	
	


At present only ________ ATP molecules have been produced by substrate phosphorylation.  The remaining _________ATP molecules are produced in the final stage – the electron transport chain.  This chain of events depends on oxidative phosphorylation.
Electron Transport Chain

This stage requires Oxygen

· Occurs in the cristae – the inner membrane of the mitochondria. 

During the Electron transport chain hydrogen in removed from the coenzymes (they are oxidised) and the electron transport chain involves a series of carrier molecules along which the hydrogen atoms and electrons are transferred.  

A hydrogen atom is made from a proton (H+) and an electron (e-) – in the electron transport chain the electrons are passed along the chain of electron transport carrier molecules in a series of oxidation-reduction reactions – in which the previous carrier is oxidised and hydrogen removed and electrons donated and the accepting molecule is reduced by accepting the hydrogen atom and electrons


[image: image1]
· Describe what happens to the H ions and how they help in the synthesis of ATP
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The oxygen dependent synthesis of ATP within the mitochondria using energy released from redox (reduction-oxidation) reactions is called oxidative phosphorylation.  

The first stage of the electron transport chain is the oxidation of Reduced NAD – it transfers Hydrogen to FAD.  The hydrogen atom is split to Hydrogen ions (H+) and electrons.  
Depending on where the coenzyme enters the electron transport chain determines how many ATP molecules are made.

· 1 molecule of Reduced NAD = 3 ATP molecules are made

· 1 molecule of reduced FAD = 2 ATP molecules are made 

Q
From one molecule of Glucose how many molecules of Reduced NAD are made?

1 molecule of Glucose =                         Reduced NAD

From one molecule of Glucose how many molecules of Reduced FAD are made?

1 molecule of Glucose =                         Reduced FAD

How many molecules of ATP will be made from all the reduced NAD of 1 molecule of Glucose?                  Molecules of Reduced NAD =               molecules of ATP
How many molecules of ATP will be made from all the reduced NAD of 1 molecule of Glucose?                 Molecules of Reduced NAD =               molecules of ATP
From 1 molecule of Glucose how many molecules of ATP are made?

REMEMBER: when the glucose is split there are 2 pyruvate molecules made therefore there are 2 link reactions, 2 Krebs cycles for each molecule of glucose

In Glycolysis –         ATP used but       ATP made = total        ATP
In Krebs Cycle -              ATP made

Reduced NAD and Reduced FAD made

Glycolysis =   _______     Reduced NAD = _______________ ATP

Link Reaction = ________Reduced NAD = _________ATP

Krebs Cycle = __________Reduced NAD = ________ATP

Krebs Cycle =                      Reduced FAD = _________ATP

TOTAL ATP = _______molecules

Anaerobic Respiration

Without oxygen the final reaction of the electron transport chain cannot occur.  
As a result the electron transport chain and Krebs cycle stop.  
In these cases the pyruvate is converted to another compound.   These pathways are called anaerobic respiration and occur in the cytoplasm

In the absence of oxygen only glygolysis can operate.

Result= energy yields in anaerobic respiration is low.

Anaerobic respiration enables organisms to survive in environments with low Oxygen concentrations

1 Fermentation

· Takes place in yeast

· Here the pyruvate is converted to ethanol and Carbon Dioxide.

During glycolysis NAD is reduced and the hydrogen I s transferred to the electron transport chain.  If all the NAD in a cell are converted to Reduced NAD then respiration will stop- no more available NAD to accept the hydrogen.  

In anaerobic Respiration the reduced NAD is used to convert pyruvate to ethanol

1 molecule of glucose in anaerobic respiration = __________ ATP

1 molecule of glucose produces 2880KJ energy.

1 ATP = 30KJ energy

How much energy is produced in fermentation?

What is the efficiency of this form of anaerobic respiration?

2
Lactate production in muscle tissue

During vigorous exercise we do not get enough oxygen to the muscle so anaerobic respiration occurs.

Again glycolysis takes place but the pyruvate is converted o lactate instead of ethanol.

Again the reduced NAD is used to reduce the pyruvate to lactate rather than enter the electron transport chain (no oxygen = no electron transport chain can occur)

· What is the efficiency of lactate anaerobic respiration?

The build up of lactate in the muscle causes fatigue and cramp.  When oxygen is available the lactate is broken down – it is carried by the blood to the liver where it is converted back to pyruvate and the rest is converted to glycogen.

The oxygen required to break down the lactate is called the oxygen debt.

At the end of the activity the oxygen debt is repaid by continuous deep and rapid breathing
Complete Summary questions page 59, 60 and exam style questions
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Questions
(a) The flow chart shows the main stages in aerobic respiration.

 (i) Complete the flow chart by writing, in the appropriate boxes, the number of

carbon atoms in substance P and the name of substance Q.    (2 marks)

(ii) Some ATP is formed in the cytoplasm and some in the mitochondria. Use the information given to calculate the number of molecules of ATP formed in a

mitochondrion from one molecule of glucose in aerobic respiration. Show how

you arrived at your answer.
Answer ..................................... (2 marks)

(iii) In the presence of oxygen, respiration yields more ATP per molecule of glucose than it does in the absence of oxygen. Explain why.

........................................................................................................................................................

.........................................................................................................................................................
........................................................................................................................................................
.........................................................................................................................................................
..........................................................................................................................................................
............................................................................................................................................................
(3 marks)0106
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2 The diagram represents two of the stages of aerobic respiration that take place in a mitochondrion.

(a) Name substance X.

............................................................................................................................................(1 mark)

(b) Which stage of aerobic respiration takes place inside a mitochondrion and is not represented on the diagram?

.......................................................................................................................................................(1)

(c) Explain why oxygen is needed for the production of ATP on the cristae of the mitochondrion.

........................................................................................................................................................

.........................................................................................................................................................
........................................................................................................................................................
.........................................................................................................................................................
..........................................................................................................................................................
............................................................................................................................................................
 (3 marks)mod 5 0206

3 (a) Give two properties of an ATP molecule that make it suitable as an immediate source of energy in cells.

1 ........................................................................................................................................

............................................................................................................................................

2 ........................................................................................................................................

............................................................................................................................................

(2 marks)
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(b) The diagram shows part of the membranes surrounding a mitochondrion.

When protons (H+) pass through the ATP synthase protein, they release energy. This energy is used to synthesise ATP.

(i) Two other transport proteins are shown in the diagram.  Describe their function.

............................................................................................................................................................

…………....................................................................................................................................................

...............................................................................................................................................................

.........................................................................................................................................................(2)

(ii) People who suffer from chronic fatigue syndrome have mitochondria in which

some of these transport proteins are damaged. Explain how this might result in

the fatigue that is a feature of the condition.

...............................................................................................................................................................

.........................................................................................................................................................(1)Mod 5 0108

4(a) The main stages in anaerobic respiration in yeast are shown in the diagram.
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(i) Name process X..................................................................................................(1 mark)

(ii) Give one piece of evidence from the diagram which suggests that the conversion

of pyruvate to ethanol involves reduction.

.............................................................................................................................................................................................................................................................................................................(1 mark)
(iii) Explain why converting pyruvate to ethanol is important in allowing the continued

production of ATP in anaerobic respiration.

.........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(2 marks)
(b) Give two ways in which anaerobic respiration of glucose in yeast is 

(i) similar to anaerobic respiration of glucose in a muscle cell;

1 ...................................................................................................................................................
………………………….................................................................................................................................

2 ..........................................................................................................................................................

..........................................................................................................................................................(2)
(ii) different from anaerobic respiration of glucose in a muscle cell.

1 ............................................................................................................................................................
.............................................................................................................................................................
2 ...........................................................................................................................................................
..........................................................................................................................................................(2)

(c) Some students investigated the effect of temperature on the rate of anaerobic

respiration in yeast. The apparatus they used is shown in the diagram. The yeast

suspension was mixed with glucose solution and the volume of gas collected in five

minutes was recorded.
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(i) Each student repeated the experiment and the results were pooled. Explain the

advantages of collecting a large number of results.

...............................................................................................................................................................
.....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(2)
(ii) At 30 °C, one student obtained the following results.
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Calculate the mean rate of gas production. Give your answer in cm3 s–1.
Answer ............................... cm3 s–1.(2)
(iii) If aerobic respiration had been investigated rather than anaerobic respiration, how would you expect the volumes of gas collected at 30°C to differ from these results?   Explain your answer.

...............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(2)mod5 0205
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