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Curriculum links
National 5 Unit 3, Life on Earth
	Mandatory Course key areas 

	Suggested learning activities 

	Exemplification of key areas 


	c. Nitrogen in ecosystems 
Animal and plant proteins are produced from nitrates. The roles of nitrifying, denitrifying, root nodule and free-fixing soil bacteria. 
Decomposers convert proteins and nitrogenous wastes to ammonium and nitrate. 
	Construct simple flow diagrams that illustrate the cyclical activities in the Nitrogen cycle. 

	Fertilisers supply nitrates to increase yield. 



[image: ]
This practical activity is based on an investigation in Practical Microbiology for Schools, Society for General microbiology, 2008. Because it involves microbiological sterile technique, this practical is suitable for S5 /6 pupils.
Prior to carrying out any microbiological work in schools, reference should be made to the guidance in Safety in Microbiology, A Code of Practice for Scottish Schools and Colleges,  SSERC, 2012
The purpose of this activity is to allow pupils to culture the nitrogen-fixing bacterium  Rhizobium from root nodules of leguminous plants and to reinforce understanding of the role of bacteria in the nitrogen cycle. 
Background
Rhizobium fixes atmospheric nitrogen into compounds plants can use to manufacture proteins. Nitrogenase enzymes catalyse the processes involved in nitrogen fixation.  Nitrogenase activity is sensitive to the presence of oxygen. Root nodules contain leghaemoglobin - the only haemoglobin found in plants. This absorbs oxygen providing anaerobic conditions for the 


bacteria in the root nodules.  Soil is ‘fertilised’ when organic nitrogen compounds produced by bacteria in root nodules diffuse into the surrounding soil.
Rhizobium can be grown when not in a root nodule on a medium containing a source of fixed nitrogen and a source of carbon and energy. 
MYEA (Mannitol yeast extract agar):
· Yeast extract provides nitrogen 
· Mannitol (a hydrogenated carbohydrate) provides carbon and energy.
Micro-organisms outside the nodules will be removed by sterilising the nodules with alcohol. The fixed nitrogen-containing culture medium will be inoculated with a sample taken from inside the root nodule. If the nodules are cleaned well in alcohol, colonies that are predominantly Rhizobium should occur.  Rhizobium colonies are off-white and mucoid in appearance.
Suitable plant material will be required.  Peas, beans or clover will provide root nodules. These, however tend to be small.   Lupins are good to use with pupils because the roots are sturdy and the nodules are large.
Pupils should be made aware of the necessity for ‘sterile technique’ and the procedures involved in this should be demonstrated and explained.
Materials and chemicals
For each group of pupils
· roots from a plant with root nodules, e.g. pea, sweet pea, lupin, bean
· 2 x Mannitol yeast extract (MYEA) agar plates (one of which is to be left unopened as a control)
· 4 x small sterile Petri dishes
· Small beaker of alcohol – to be kept covered and away from the bunsen flame
· 3 x small bottles of sterile distilled water
· Bunsen burner and heatproof mat
· Metal forceps
· Glass rod
· Wire loop
· Marker pen
· Sticky tape
· Scalpel / scissors
· White tile
· Small bottle 1% bleach solution - to disinfect the work area






For 1 litre of mannitol yeast extract agar medium (MYEA):

 Suspend 10 g agar in 1 litre of water. Heat to dissolve.  Add:

· 0.5 g K2HPO4 
· 0.2 g MgSO4.7 H2O
· 0.2 g NaCl 
· 0.2 g CaCl2.6H2O 
· 10 g mannitol 
· 0.4 g yeast extract. 
Sterilise by autoclaving at 1210 C for 20 minutes.  Containers for autoclaving should each contain no more than 500 cm3.
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