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Growth & Color of Halobacterium in Various Conditions – Teacher Copy
Lab Hints

Important lab notes:  

· Warm up the spectrophotometers at least 15 minutes before the students will be completing the lab.

· Place the given (full spectrum) bulb in a lamp and place the lamp so the rays from the bulb shine through the student samples.  The bulb should be approximately 7 inches away any flasks or tubes.  These bulbs get hot, so be careful with its placement.  May want to hang a sign nearby to assure custodian does not turn off bulb.

· Students that use unique medium (e.g. CM that has different pH levels) MUST save the extra of these samples (must save at least 3 mL) to use as the blank in the spectrophotometer.

· All experiments should have control samples that go through the same process as the samples that get Halo.  That means if the experiment has 3 levels of CM (e.g. CM with pH of 5, 6 & 7), there should be 3 flasks of each of the 3 solutions without Halo added placed in the same incubation conditions.  This is in addition to the sample saved to be used as the spec blank.  These control samples should show the students that cloudiness is due to Halo – not incubation.  It will also show students if they have contaminated their base CM solution (if these control samples contain Halo after incubation – a common problem). These extra samples may require some limits on how many variables can be tested (based on your supplies and space). You may need to assign multiple lab groups to test different levels of the variable and combine results.  This will significantly lower the number of samples that will need to be incubated.

· This lab needs at least 72 hours to see a difference in the light and dark phenotypes (no other variable levels should lead to different phenotypes – unless amount of light was not a truly controlled variable).  If you wait longer than 72 hours, the difference becomes more pronounced.  At about 72 hours you should see a progressively greater difference in the amount of cell growth in all samples.  This is especially important if oxygen was a variable OR samples were grown in low oxygen conditions.  

· Samples grown without light and in low oxygen grow very slowly.  These samples should be grown longer than 72 hrs AND at higher temperature than 37°C (42°C suggested) to see some increase in cell population.

· Be certain the samples that have light as their variable (either amount or type) are positioned so the light samples will have ample light moving through them.  If the filters are used for type of light, be sure to not put these in front of any tubes requiring direct, white light.  Opaque samples can be set in back of the clear samples.  Any samples that do not get substantial light will have a phenotype from red to light pink (possibly even orange) depending on the amount of light they receive.  Students should be able to talk about why their samples have the phenotype they do, based on their placement from light.

Expected Experimental Results:  

· Refer to Purple Membrane Network Simulation to see reasons for phenotypic differences based on light and oxygen values.

	Independent/Manipulated Variable
	Population Growth Results
	Phenotypic Results
	Variable specific Notes

	Light
	Light may be slightly higher 


	Light – more purple

Dark – more orange/tan
	- if incubation was only 48hrs, color difference may be less dramatic 

- if this experiment is done WITH oxygen (shaking or bubbling), most of the ATP created is with cellular respiration – so BR levels may be less than low oxygen (making color difference & population difference more dramatic in low oxygen)

	Oxygen
	High Oxygen - large increase in population

Low Oxygen – smaller increase in population
	Same phenotype 
	- low oxygen may be considerably more purple IF it is in direct light, since light + low oxygen will create more BR than light + high oxygen.

	Salinity
	Highest population increase should be 3.3M, but 3.8M & 4.3M should both be higher than 2.3M and 2.8M.  2.3M should be lowest population increase.
	Same phenotype
	- very low salinity, may have small or no ODU increase – this may result in the phenotype appearing different.

- This experiment should be done with oxygen.

	Color of Light
	Clear Tube highest growth, Blue Tube next highest, Red Tube least growth.
	Clear & Blue should be same phenotype, Red Tube was more orange than others.
	

	pH
	Neutral pH will have largest increase in population (pH of CM will be between 6 & 7)
	Same phenotype
	– the success of the Halo as pH goes up or down depends largely on how extreme the pH levels are that the students use.  

	Temperature
	As temperature increases, population growth will increase to about 42°C.
	Same phenotype
	- temp changes will change the pH of a solution.  This means as the temp is raised from room temp (when the pH was determined) than the pH of the solution goes down (becomes more acidic).

	Amino Acids
	The more amino acids (up to the 10g/L), more growth.  No amino acids will have the least growth.
	Same phenotype
	– if the students want to be sure Halo is ONLY using arginine energy pathway, experiment should be done without oxygen AND without light – but this will take longer than 72 hrs to see any results and even then they may be hidden in the general spread of the data.

– a quicker experiment will be to use oxygen (mimicking Halo’s natural environment) that will show amino acids are required for Halo AND too many amino acids can be detrimental since the increase in nutrients lead to less dissolved oxygen.

– Peptone Oxoid is hard to dissolve.  Students will probably need to use a stir bar AND manually break up any clumps that form while stirring.  Students control group should be 10g/L.


Metals: There are many metals that could be done, but the hints would vary based on the metal.  These are some general hints if using the presence of a metal as the independent variable.

· Depending on what metal compound used – be sure these components will be soluble in the CM.

· Here's what's in the 4.3M nutrient media per 1L of solution:

250 grams NaCl

20 grams MgSO4 · 7H2O

2 grams KCl

3 grams Sodium citrate (Na3C6H5O7)

10 grams of Peptone Oxoid (amino acids)
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General Rules of Solublity

1. All ammonium, potassium and sodium compouds are soluble in water.

2. All acetates, chlorates, and nitrates are soluble in water

3. All chlorides are solube in water except those of silber, mercury (I) and lead

4. All sulfates are soluble in water except those of barium and lead. Calcium, strontium and silver
sulfates are only slightly soluble.

5. Carbonates, phosphates, oxides, silicates, sulfides, and sulfates are genearlly insoluble with the
exceptions of those of ammonium, potassium, and sodium.

6. All hydroxides are insoluble except those of ammounium, potassium, sodium, barium, calcium, and
strontium. Those of barium calciu, and strontium are only partially soluble in water.




http://www.docstoc.com/docs/100751320/solubility-chart-and-rules

· Here is a solubility chart to be sure what you are adding will be soluble – don’t forget to check all the ions in the CM to be sure no insoluble products will get made when compound is added.
· If you would prefer an interactive chart, visit: 

http://periodic-table-of-elements.org/#/SOLUBILITY 
Complete Media:  To make various dilutions for varying the salinity, keep the Peptone in the same amount.  Change the molarity of the other ingredients only.  Remember to add all solids to your container and then fill to 1L.




4.3M solution (for 1 liter)




250 grams NaCl

20 grams MgSO4 · 7H2O

2 grams KCl

3 grams Sodium citrate (Na3C6H5O7)

10 grams of Peptone Oxoid (amino acids)

	
	4.3M
	3.8M
	3.3M
	2.8M
	2.3M

	 NaCl 
	      250g
	       221g
	       192g
	    163g
	       134g

	MgSO4.7H2O
	      20g
	      17.7g
	        15.3g
	      13g
	      10.7g

	KCl
	        2g
	       1.8g
	          1.5g
	      1.3g
	        1.1g

	Na3C6H5O7
	        3g
	       2.7g
	          2.3g
	        2g
	        1.6g


Tips:

-flasks should only be filled 1/3 full in order to maximize the surface area exposed to air; tubes may be filled 1/2 full.

-inoculation should be in a 1 to 5 ratio.  ex. a 50mL flask would have 4 mL Halobacterium inoculate in 20mL complete media.
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