Respiration

Respiration is the enzyme-controlled release of energy from organic compounds in a living cell.

Aerobic Respiration
Aerobic Respiration is the release of energy from food using oxygen.
Aerobic respiration produces more energy than anaerobic respiration and completely breaks down the sugar molecules into carbon dioxide and water. 
Glucose 
+ Oxygen 
→  
Carbon Dioxide + Water + Energy 
C6H12O6 
+ 6O2 
→  6CO2 + 6 H2O + Energy
Respiration release energy in a usable form called ATP.
Adenosine triphosphate (ATP) is a short-term energy store and immediate source of energy for cell work. ATP can be remade by the addition of a phosphate onto ADP, i.e., by the phosphorylation of ADP. The phosphorylation of ADP requires energy. 
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Experiment: yeast and glucose solution



Chemistry of Respiration. 
Anaerobic respiration occurs in 2 distinct stages.

Stage 1: Glycolysis

Takes place in the cytoplasm. 

Oxygen is not used and its presence is  not required. 

The six-carbon glucose is converted to two 3-carbon pyruvate molecules 

Stage 2. Krebs Cycle

Takes place in the mitochondrion – the presence of free oxygen is essential.

Pyruvate loses a carbon dioxide and a pair of hydrogen atoms.  

Pyruvate is converted to acetyl coenzyme A, which enters a series of reactions, called krebs cycle which removes hydrogen and carbon dioxide.

Hydrogen is accepted by NAD+ and forms NADH. NADH passes electrons to an electron transport chain in the cristae of the mitochondrion. 

The electrons are passed from carrier to carrier losing energy, which is used to form ATP. At the end of the chain electrons recombine with hydrogen ions which combine with oxygen to form water. 
The role of NAD+

NAD+ is a hydrogen acceptor molecule or coenzyme made from vitamin B. It takes on hydrogen ions and transfers the electrons to electron transport chains where ATP is synthesised

Anaerobic Respiration 

Anaerobic Respiration is the release of energy from food in a living cell without using oxygen.

Anaerobic respiration produces less energy than aerobic respiration and does not completely break down the sugar molecules into carbon dioxide and water.

Glucose → Ethanol (or Lactic acid) + Carbon dioxide + Energy

Fermentation is an industrial process where organic compounds such as glucose are broken down into simpler molecules in the absence of oxygen. Industrial fermentation can be described as growing micro-organisms in order to extract some product. Yoghurt and beer production involves fermentation.

Obligate Anaerobes are organisms that are not capable of aerobic respiration (free oxygen is toxic to some of these).  Facultative Anaerobes usually respires aerobically but can survive by anaerobic respiration in the absence or shortage of free oxygen.
Bioprocessing

Bioprocessing is the use of biological materials (organisms, cells, organelles, and enzymes) to carry out manufacturing or treatment procedures such as the production of antibiotics. Bioprocesing reactions are carried out in a glass or stainless steel container called a bioreactor. 

The bioreactor is sterile – other types of micro-organisms would have a major negative impact. Temperature, pH, substrate and product concentration and waste level are controlled and monitored. The product can be produced by continuous flow or by once off batch processing. 

The biological material can be free or immobilised in a bead of soft permeable gel, which allows the material to be reused and kept separate from the product.


Prepare and Show the Production of Alcohol by Yeast.
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Boil water for 15 minutes to remove all the dissolved oxygen and add 100 ml of the deoxygenated water to 2 conical flasks 

Stopper and allow them to cool to 25°C.

Dissolve 10g of glucose in each flask.  Measure the density (specific gravity) of each solution using a hydrometer and record. 

Add live yeast to one and leave the other without yeast as a control. 

Place a thin layer of oil on the top of the water to prevent reoxygenation

Insert a ‘fermentation lock’ into each. The fermentaton lock allows waste carbon dioxide to escape without the entry of air. 

Maintain the temperature at 25°C in a water bath.

After a week measure the density of both the experiment and control solution. Test both solutions for alcohol using orange acidified potassium dichromate. 

Results:
The control shows no change in density and no alcohol (no colour change) The density of the glucose and yeast solution has decreased and the colour changed from orange to green showing that alcohol has been produced.
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