Exploring the magnificent world of N-fixing bacteria

Aim of the practical:
· Understanding of the nitrogen cycle
· Investigating the significant role of bacteria in the nitrogen cycle
· Culture N- fixing bacteria from root nodules of leguminous plants
· Discover an example of symbiosis or mutualism 


Necessary materials to set up this practical   

For the teacher 
1. Agar plate, mannitol yeast extract agar (MYEA), to be left untouched as a control
2. Suitable disinfectant solution for work area and discard pots 
3. Leguminous plants with root nodules (beans, lentils, peas etc.)
For group of students 
1. Mannitol yeast extract agar plate
2. Sterile Petri dish
3. Root mass from leguminous plant 
4. Ethanol (IDA), 70% (v/v) to sterilise roots and apparatus
5. Bottle of sterile water
6. Pasteur (dropping) pipette
7. Bunsen burner
8. Forceps
9. Blunt glass rod
10. Marker pen
11. Adhesive tape



Procedure
Advance planning for this practical is needed to make sure suitable plant material would be available. Sow legumes plants in the school garden and destruct plants at the stage of their maximum N fixation, i.e. anthesis.    
Making nutrient agar
Weigh the dry powder. Wear heatproof gloves to handle vessels of hot liquid. For 1 litre of mannitol yeast extract agar medium (MYEA) suspend 10g 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 and 0.4 g yeast extract. 
Disinfectants
Disinfectants include sodium chlorate(I) (hypochlorite) at concentrations greater than 1%. Wear eye protection when handling disinfectants.
Roots 
Any leguminous plant (peas, beans or clover) will have nodules. 
Ethanol – use 70% (v/v) industrial denatured alcohol to sterilize the apparatus and root material. 
SAFETY:
Before start the practical inform the students for standard health & safety guidance that need to follow to participate in the microbiology practical. (Details in http://www.microbiologyonline.org.uk/teachers/safety-information). It is a very nice chance for students to be familiar with laboratory activities.  Take care with ethanol and be prepared to deal calmly with small fires. Wear eye protection when handling disinfectants.
1. Prepare enough agar medium for the investigation (12-15 cm3 for normal depth in a 90 mm Petri dish). Any surplus will keep for 6-12 months in tightly-sealed screw-top bottles if sterile and stored out of direct sunlight.
2. Prepare mannitol yeast extract agar medium (MYEA) using the recipe above.
3. Distribute the agar medium into individual McCartney bottles (glass bottles) and sterilize them if you want the students to pour their own plates.
4.  Prepare a solution to disinfect the work area (with chlorine). Students should wear eye protection.
Research
· Leave one plate unopened as a control treatment.
· Collect a mannitol yeast extract agar plate. Label with your initials, add the date and ‘Root nodules’.
· Destruct a plant. Choose a length of root with pink-red nodules (only pink-red nodules are active). Hold the root with forceps; rinse off adhering soil using tap water.
· Transfer several drops of ethanol (IDA) 70% (v/v) to a sterile Petri dish using a Pasteur (dropping) pipette with a teat. Put the pipette into your discard pot.
· Put the washed root into this ethanol using sterile forceps; leave immersed for 1-2 minutes.
· Use aseptic technique. Transfer enough sterile water to cover the base of a sterile Petri dish, using a sterile Pasteur pipette and teat. Keep the pipette sterile for later use by resting it under the lid of another sterile Petri dish.
· Sterilise forceps by dipping in ethanol (IDA), then quickly flaming and allowing to cool. Use the forcepts to transfer the root to the sterile water and rinse off the ethanol. Repeat this twice more with fresh sterile water.
· Transfer a few drops of sterile water to another sterile Petri dish. Add the portion of root using sterile forceps. Mash the nodules with the forceps or a sterile glass rod to produce a milky fluid.
· Sterilise a wire loop by flaming, take a loopful of macerated nodules, and make a streak on the MYEA medium plate. Flame the loop again. 
· Tape plates closed before incubating with the base uppermost at 20-25°C for 2-3 days.
· Next lesson, study the colonies on the plate. Do not open the plate.
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Remarks for the teachers 
Inform students about the nitrogen cycle and its importance for humans. Rhizobium fixes gaseous nitrogen from the air into compounds plants can use to help them grow. An enzyme complex called nitrogenase catalyses this reaction. Nitrogenase activity is sensitive to the presence of oxygen. Root nodules may appear pink because they contain leghaemoglobin. This is the only haemoglobin found in plants. It absorbs oxygen and provides anaerobic conditions for bacteria in the root nodules. Rhizobium can also grow free-living in soil although not fixing nitrogen. Commercial legume seeds are often coated with these organisms. The nitrogen fixed by bacteria in root nodules will fertilize the soil.
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