Module 4: Respiration

1.4.1 Why do living organisms need to respire?

	What is respiration?
	Define respiration.
	

	What is energy?
	Fill in the blanks:
	Energy from moving molecules is called __________ __________, while energy stored in larger organic molecules is called __________ __________.

	
	Why do living organisms need to respire?
	

	
	Differentiate between anabolic and catabolic reactions.
	

	
	Give three examples of metabolic processes that need energy.
	

	
	What is the term for organisms that make energy from sunlight?
	

	
	What is ATP?
	

	
	Complete the following reactions:
	Adenine  +   __________  (  Adenosine

	
	
	Adenosine  +  3-phosphoryl groups  (   __________

	
	
	ATP  ( hydrolysis (   __________  +  __________

	
	Draw the structure of ATP on the back of this sheet.

	
	Is the energy released from ATP hydrolysis an immediate source of energy?
	


1.4.2 Coenzymes

	The stages of respiration
	Name the four stages of respiration.
	1.

	2.


	
	
	3.

	4.


	
	Draw lines to match the following.
	Glycolysis
	
	
Pyruvate is decarboxylated and dehydrogenated to form acetate

	
	
	The link reaction
	
	
ADP is phosphorylated to ATP

	
	
	Krebs cycle
	
	
Glucose  ( breaks down (  2 pyruvate

	
	
	Oxidative phosphorylation
	
	
Acetate is decarboxylated and dehydrogenated

	
	True or false:
	The link reaction and the Krebs cycle take place in the matrix of mitochondria.
	

	
	Which of the four stages of respiration can occur in the absence of oxygen?
	

	
	What is oxidation?
	

	
	Which enzymes catalyse oxidation reactions?
	

	Why are coenzymes needed?
	Why is the role of coenzymes
	

	
	What are the two kinds of coenzymes?
	

	
	What is NAD? What is it made up of?
	

	
	Which part of NAD can accept hydrogen atoms?
	

	
	When is NAD said to be reduced?
	

	
	What is the function of coenzyme A?
	


1.4.3 Glycolysis

	Introduction
	Where does glycolysis take place?
	

	Stage 1: Phosphorylation
	How many atoms of carbon are there in glucose?
	

	
	How is glucose turned to glucose-6-P?
	

	
	Fill in the blank:
	Glucose-6-P isomerises to __________.

	
	How is hexose 1, 6-bisphosphate formed?
	

	Stage 2: Splitting of hexose 1,6-bisphosphate
	How many molecules of ATP are salvaged to form two molecules of triose phosphate?
	

	Stage 3: Oxidation of triose phosphate
	Outline the oxidation reactions in this stage.
	

	
	Which enzymes and coenzymes catalyse these reactions?
	Enzyme 
	
	Coenzyme
	

	
	How many molecules of NAD are used?
	

	
	How many molecules of ATP are made by substrate level phosphorylation?
	

	Stage 4: Conversion of triose phosphate to pyruvate
	Fill in the blank:
	Triose phosphate converts to __________.

	
	How many carbon atoms does a molecule of pyruvate have?
	

	
	Are ATP molecules made in this step? How many?
	

	
	Draw a flowchart outlining the glycolysis reactions on the back of this sheet.

	What are the products of glycolysis?
	List the products of glycolysis and the respective number of molecules of each.
	

	
	During aerobic respiration where are the two molecules of pyruvate transported to?
	

	
	In the absence of oxygen, what happens to pyruvate?
	


1.4.4 Structure and function of mitochondria

	Mitochondrial ultrastructure
	What are the inner and outer membranes of mitochondria made up of?
	

	
	What are cristae? What is their function?
	

	
	What is the matrix made up of? 
	

	
	Draw a neatly labelled diagram of the structure mitochondria on the back of this sheet.

	Shape, size and distribution
	Why are mitochondria present in metabolically active cells?
	

	How does their structure enable them to carry out their functions?
	List five substances that the mitochondrial matrix contains to help it carry out the link reaction and the Krebs cycle.
	1.


	
	
	2.

	
	
	3.


	
	
	4.


	
	
	5.


	
	What is oxaloacetate?
	

	
	What does mitochondrial DNA code for?
	

	
	What is the role of the outer membrane?
	

	
	Give three features of the inner membrane.
	1.


	
	
	2.


	
	
	3.


	
	What is an electron carrier?
	

	
	How is a proton gradient built up between the intermembrane space and the matrix of the mitochondria?
	

	
	Give two features of ATP synthase enzymes.
	1.


	
	
	2.


	
	How is ATP formed?
	


1.4.5 The link reaction and Krebs cycle

	Introduction
	Where is the pyruvate that was produced during glycolysis transported to?
	

	The link reaction
	How is pyruvate converted to acetate?
	

	
	What is the role of pyruvate dehydrogenase?
	

	
	What is the role of pyruvate decarboxylase?
	

	
	How do coenzymes participate in the link reaction?
	NAD 
	

	
	
	Coenzyme A (CoA)
	

	
	When NAD accepts hydrogen atoms, does it become reduced NAD or oxidised NAD?
	

	
	How many molecules of NAD are reduced from two pyruvate molecules during the link reaction?
	

	
	What is the function of CoA?
	

	The Krebs cycle
	Where does the Krebs cycle take place?
	

	
	Fill in the blanks:
	1.
Acetate combines with oxaloacetate to form a __________ __________ called __________.

	
	
	2.
Citrate is and to form a 5-carbon compound.

	
	
	3.
The 5-carbon compound is __________ and __________ to form the first .

	
	
	4.
The second __________ __________ is produced when the first 4-carbon compound isomerises.

	
	
	5.
When the second 4-carbon compound changes to the third 4-carbon compound, __________ is reduced.

	
	
	6.
Oxaloacetate is regenerated from the third __________ __________ by the __________ reaction.


	
	During which three steps in the Krebs cycle is reduced NAD produced?
	In
	
	When
	

	
	
	In
	
	When
	

	
	
	In
	
	When
	

	
	Draw a neatly labelled flow chart of the link reaction and the Krebs cycle on the back of this sheet.

	
	How many turns of the Krebs cycle are there for one molecule of glucose? Why?
	

	
	Tabulate how many molecules of reduced NAD, reduced FAD, ATP and carbon dioxide are produced from one molecule of glucose in the link reaction and the Krebs cycle.
	Product
	Link reaction
	Krebs cycle

	
	
	Reduced NAD
	
	

	
	
	Reduced FAD
	
	

	
	
	ATP
	
	

	
	
	CO2
	
	

	
	Fill in the blank:
	The process by which ATP is released due to change in one form of a substrate to the other is called __________ __________ _________.


	Quiz – Sections 1.4.1 to 1.4.5


Quiz – Sections 1.4.1 to 1.4.5

1.
Label the molecules of ATP.







2.
Describe the anabolic reactions.

3.
Give two examples of coenzymes.

4.
List the products of glycolysis.

5.
Where do glycolysis reactions take place?

6.
Why is the inner membrane of mitochondria folded into cristae?

7.
Which reactions are carried out in the matrix of mitochondria?

8.
Give the equation that summarises the link reaction.

9.
Define the Krebs cycle.

10.
What are the products of the Krebs cycle per turn?

1.4.6 Oxidative phosphorylation and chemiosmosis

	The final stage of aerobic respiration
	Fill in the blanks:
	The final stage of aerobic respiration is carried out by __________ __________ embedded in the __________ __________ __________.

	
	Why are mitochondrial membranes folded into cristae?
	

	
	What is the first electron carrier to accept electrons from molecules of reduced NAD?
	

	
	What is the last electron acceptor in the electron transport chain?
	

	
	What happens to the hydrogen atoms donated by molecules of reduced NAD and reduced FAD?
	

	
	How is a proton gradient built in the intermembrane matrix?
	

	
	What are the ion channels in the inner membrane associated with?
	

	
	Explain how chemiosmosis occurs when proton gradient is built up in the intermembrane space?
	

	
	How is ATP produced during oxidative phosphorylation?
	

	
	How many molecules of ATP are made during glycolysis?
	
	By
	

	
	How many molecules of ATP are made during the Krebs cycle?
	
	By
	

	
	Tabulate the total number of reduced NAD and reduced FAD formed during the different stages of respiration.
	Molecule
	Glycolysis
	Link reaction
	Krebs cycle

	
	
	Reduced NAD
	
	
	

	
	
	Reduced FAD
	
	
	

	
	During oxidative phosphorylation:
	
	molecules of ATP are produced from
	
	molecules of NAD.


	
	Give three reasons why the total yield of 30 molecules of ATP is rarely achieved.
	1.

	
	
	2.

	
	
	3.



1.4.7 Evaluating the evidence for chemiosmosis

	Peter Mitchell’s theory
	Describe the chemiosmosis theory by Peter Mitchell.
	

	
	What is the energy released from transfer of electrons used for?
	

	
	What is the proton motive force?
	

	Evidence from other studies
	In an intact mitochondria what was the potential difference across the inner membranes?
	

	
	True or false:
	The pH of the intermembrane space is higher than that of the matrix.
	


1.4.8 Anaerobic respiration in mammals and yeast

	What happens when there is no oxygen?
	In the absence of oxygen does oxidative phosphorylation, the link reaction and the Krebs cycle continue?
	

	
	Under anaerobic conditions what is the only source of ATP production?
	
	How many ATP molecules does this produce?
	

	
	What are the two pathways that can be adopted by eukaryotic cells to reoxidise NAD?
	
	

	
	During lactate fermentation what is the hydrogen acceptor from reduced NAD?
	

	
	What happens to the reoxidised NAD?
	

	
	Which enzyme catalyses the oxidation of reduced NAD and reduction of pyruvate to lactate?
	

	
	Under what circumstances is lactate converted back to pyruvate?
	

	
	Explain how pyruvate molecules are converted to ethanol under anaerobic conditions in yeast cells?
	

	
	Which enzyme catalyses ethanal formation from pyruvate?
	

	
	Which enzyme catalyses ethanol formation from ethanal?
	

	
	How does reduced NAD reoxidise during alcoholic fermentation? 
	


1.4.9 Respiratory substrates

	Energy values of different respiratory substrates
	What is a respiratory substrate?
	

	
	Why is it essential to eat organic molecules with a large proportion of hydrogen atoms?
	

	
	What is the chief respiratory substrate?
	

	
	How are other monosaccharides used in respiration?
	

	
	After the deamination of proteins what happens to the non-amine part of the molecule?
	

	
	Why is the energy released from proteins higher than that released from carbohydrates?
	

	
	What are triglycerides hydrolysed to by lipases?
	

	
	How can glycerol enter the respiratory cycle?
	

	
	Rearrange, in ascending order, the following in terms of their energy values:

carbohydrates, lipids, proteins
	


	Quiz – Sections 1.4.6 to 1.4.9


Quiz – Sections 1.4.6 to 1.4.9

True or false:

	ATP synthase enzymes are embedded in the outer membrane of mitochondria.
	
	
	

	Chemiosmosis drives ATP synthesis.
	
	
	

	Energy is consumed as electrons are passed through the electron transport chain.
	
	
	

	Oxidative phosphorylation is the formation of ATP from ADP and Pi in the presence of oxygen.
	
	
	

	Watson and Creek are the founders of the chemiosmosis theory.
	
	
	

	Lactate fermentation or alcoholic fermentation begins in the absence of oxygen.
	
	
	

	Under anaerobic conditions alcoholic fermentation begins in mammalian muscle tissue.
	
	
	

	Lactate dehydrogenase converts pyruvate to lactate under anaerobic conditions.
	
	
	

	Lipases hydrolyse triglycerides to fatty acids and glycerol.
	
	
	

	The energy value of lipids is higher than proteins.
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