Respiration


	2.2 Cell Metabolism


	Objectives

At the end of this sub section students should be able to:

	2.2.5 Respiration
	1. Definition of the term: aerobic respiration.

2. Explain the role of aerobic respiration – what does it do for organisms?

3. Express aerobic respiration by a balanced equation.

4. State the nature of respiration from syllabus – what stages are involved, where do these take place, what happens?

5. Definition of the term: anaerobic respiration.

6. Express anaerobic respiration by a balanced equation.

7. State the nature and role of fermentation.

8. State the cellular location of the first & second stage.

9. Explain the role of microorganisms in fermentation.

10. Explain the role of microorganisms including bioprocessing and Bioreactors


	2.2.8.H The role of ATP and NAD
	11. Explain the role of ATP and describe how it is formed from ADP + P

12. Explain the role of NADP+ in trapping and transferring electrons and hydrogen ions in cell activities

	2.2.10.H Respiration extended study
	13. State the first stage reaction: Glycolysis
14. Explain the difference in the fermentation option.
15. State the second stage reaction: Krebs Cycle


Respiration is the controlled release of energy from food by living cells.


Aerobic respiration uses oxygen.



Energy released is stored as ATP – which is the immediate source of energy in the cell (“energy currency” of cell)

Anaerobic respiration is the breakdown of sugar to release energy in the absence of oxygen.  Occurs in some bacteria and most animal cells e.g. muscle cells during strenuous exercise. End product is lactic acid.  This reduces the efficiency of the cells The acidity lowers the pH which slows down enzyme action and causes cramps and stiffness.   The deeper and faster breathing at the end of strenuous exercise is needed to convert the lactic acid back into glucose in the liver.



	
	Aerobic Respiration
	Anaerobic respiration

	Oxygen present /absent
	
	

	Amount of energy released
	
	

	Takes place in:
	
	

	Number of stages:
	
	

	Products:
	
	In plants and fungi = 

In animals = 

	Equation:
	
	Plants and fungi:

Animal:




Fermentation is the anaerobic respiration of sugars. It is an example of biotechnology - the manufacture of a useful product using living things.  Bacteria and fungi are the main organisms used.  Plants and animals can also be used. 

Biological advantages of fermentation:

Source of energy in oxygen-deficient environments.

Disadvantages:

Only 2 ATPs produced compared to 38 ATPs per glucose in aerobic respiration.  Products are also toxic and have to be excreted.

	Microbe
	Product
	Uses

	Bacteria
	Antibiotics
	Kill bacteria

	
	Yoghurt, cheese
	Food

	
	Enzymes
	Washing powder

	
	Hormones
	e.g. insulin for diabetics

	Yeast
	Ethanol
	Beer, Wine making

	
	CO2
	Raising of bread, soft drinks


ATP = Adenosine triphosphate, found in all cells, has a role in the transfer of energy.
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ATP is an energy courier as it is v. soluble and diffuses rapidly. Also referred to as the ‘energy currency’ of the cell. Mitochondria are often seen in high numbers where a large amount of ATP is needed.

ADP + Energy + P → ATP and vv

ATP is found in small quantities in all living cells.  It can be broken down and remade very quickly. 60% of the released energy in respiration is in the form of heat.

 40% of the energy released in respiration is used for heat (body temp 37oC), absorption of mineral nutrients by plant roots, reabsorption of glucose by kidney cells, protein synthesis, DNA replication, cell growth, muscle contraction, cell division.

Energy sources for ATP formation

ATP can be produced from light, oxidation of inorganic & organic compounds (above).

Light – ATP is produced in the light stage of photosynthesis when light is absorbed by chlorophyll in chloroplasts and is used in the dark stage (anabolic reactions).

Chemical:  some autotrophic bacteria produced ATP from the oxidation of inorganic compounds.  The ATP is used to make carbohydrate from CO2 in a process similar to the dark stage of p/s.

Biochemistry of respiration

.

Stage 1: Glycolysis – oxygen-independent stage

Stage 2: Kreb’s Cycle and Electron Transport Chain  - oxygen-dependent stage

.

Glycolysis:

Glycolysis is the breakdown of glucose into two pyruvates in the cytosol (= complex liquid of cytoplasm in which the cell organelles are suspended). 
Glucose is ‘energised’ (phosphorylated) by adding 2 phosphates to it from 2 ATP molecules.  This 6-C compound is unstable and is then converted, in a series of steps, into 2 pyruvates.  4 ATPs are formed in the process, but allowing for the 2 ATPs used initially there is a net gain of 2 ATPS.  
( glucose
(
2 pyruvates +  4H  +  2 ATP

If oxygen is not present, the pyruvates are converted into either lactic acid or ethanol and carbon dioxide. 

Kreb’s Cycle

The pyruvate now enters the matrix/lumen of the mitochondrion where it loses CO2 and 2H.  The remaining 2C, acetyl group is attached to a carrier molecule, co-enzyme A, to form acetyl coenzyme A.  The acetyl group is passed by co-enzyme A into a series of reactions called the Kreb’s cycle.  A 4C compound bonds to the acetyl group forming a 6C compound.  The co-enzyme A is detached and recycled.  This 6C compound is converted in steps back to the 4C compound by losing two CO2s and 4 hydrogen pairs. One ATP is also released.

Electron transport chain 

i.e. the formation of ATP in the cristae using oxygen.

The electrons from the 2 H atoms are passed along a series of carrier molecules and the energy released in each transfer is used to make ATP.  The hydrogen ions and electrons finally unite with oxygen to form water. 

The water may be used by the cell.  

Role of NAD+ is to pick up and transfer electrons (NAD – Nicotinamide adenine dinucleotide)

. 

 NAD+ receives two electrons when it picks up two hydrogen atoms.  

NAD+
+ 2H  ( NADH + H+
NADH passes the two electrons on to an electron transport chain and NAD+ is reformed. Therefore NADH is an energy source for ATP formation.

NADH (  NAD+   + H+ + 2e- 

NAD+ can also function as a tightly bound coenzyme.  Its ability to receive and give electrons plays a vital role in the activity of specific enzymes.

Industrial fermentation refers to the growth and use of m/o in liquid in presence or absence of oxygen. 

In a bioreactor (usually a large stainless steel vessel) m/o are grown in a liquid culture medium that has a suitable substrate (e.g. yeast with glucose).  Air is pumped in and product (alcohol) is removed.  The contents of the bioreactor are mixed to bring the microbes into contact with the substrate.  

Bioprocessing with immobilised cells:

M/o are often fixed or immobilised for use in a bioreactor.
Microbe cells may be:

· Attached to each other

· Attached to an insoluble support e.g. glass beads

· Enclosed in a gel or membrane (e.g. alginate)

Advantages of using immobilised cells:

· A gentle procedure (doesn’t damage cells – longer life, more efficient)

· Cells can be recovered easily and so product is purer.

· They can be reused & therefore they are economical

In addition, advantages with continuous bioreactors:

· Easier, quicker, cheaper production of product on a large scale.

· Constant high efficiency of production.

· Easier purification of product as filtration is not required to remove reactor cells.

Uses of immobilised cells:

Production of fertilisers, steroids, alcohol, vinegars, artificial antibiotics.

Beer manufacture

Malting –grain is dampened and kept warm to allow the barley to germinate.  Then the malt is dried and stored.  To start fermentation, the malt is ground with water to allow the enzyme, amylase, to convert the starch to sugar.  More barley can be added to increase the starch supply.

The solution is then boiled, to stop the amylase working.  Hops (and maybe sugar) are added after filtering the mixture – enhance flavour and reduce growth of unwanted bacteria.  

Starter culture of Saccharomyces is added and allowed to ferment for about a week.  The beer is filtered to remove the yeast and then barrelled or bottled for distribution.

Alternatively, the yeast cells can be immobilised in sodium alginate beads.  The sugar solution is passed down through a bioreactor of these beads and alcohol is collected at the bottom (sugar can enter beads via pores and alcohol/CO2 can diffuse out.  Yeast cells are too big to pass out).  The bioreactor can be continuously used without the need to stop the reaction and separate the cells from the alcohol.


Mandatory expt.: To investigate fermentation by Saccharomyces cerevisiae

Name:





C6H12O6 + 6O 2  ( 6H2O + 6CO2 + 2820 kJ


	(plants & animals)








C6H12O6   (   2CH3CH(OH)COOH  + 150 kJ         	


                  Lactic acid








C6H12O6 (  2C2H5OH + 2CO2 + 210 kJ


	          (ethanol)	


(plants, fungi & some bacteria)
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