

[bookmark: _GoBack]Archaealogy & More       Name	
Today we will continue our study of prokaryotic organisms focusing on organisms adapted for extreme environmental conditions. We start with some thermophilic bacteria and move on to halophilic organisms from domain/kingdom Archaea…the study of archaea is so-far uncoined, but I’ll call it “archaealogy.”
Practical Extremophile Bacteriology - Yogurt
In addition to studying bacteria as important organisms in their own right, it is also true that bacteria are important to us in practical ways. Today we will make some yogurt. Yogurt is a combination of milk and non-fat dry milk, which is preserved by acids fermented by bacteria from the lactose and other organic compounds found in the milk and milk solids.
The bacteria that make yogurt are organisms that naturally occur in milk, but of course modern milk is pasteurized. This means that the milk was heated to 60°C for about 30 minutes to kill most of the natural bacteria that occur in the milk as collected from a cow. That means that if you just left grocery milk in warm conditions for bacterial growth, the milk would only rot. Foreign bacteria, yeast, and other fungi that make it into the milk from the environment would grow, thrive, curdle, and produce some nasty aromatic molecules (butyric acid). Phew! So what we must do to make yogurt with pasteurized milk is to add back a “starter” culture of some bacterial species that would normally be found in milk. To be considered true yogurt these species must include Lactobacillus bulgaricus and Streptococcus thermophilus. Another species often included in the starter mix is Lactobacillus acidophilus.
You will find two containers for your group to use. Fill the containers about 1/4 full with nonfat dry milk. Fill the containers with fresh milk to about 1 cm from the rim. With a brand new disposable spoon, stir to dissolve all of the dry milk and top off with the fresh milk and stir in as needed. Cover one container securely and label it as the “no-starter control.”
Into the remaining open container, stir in one rounded spoonful of commercial yogurt (with live cultures). Put the lid on the container, and label the container as “starter-treated”. Add your group name onto the lid of each container, and put the containers in the incubator. Your instructor will refrigerate it in the morning to hold it until the next laboratory period.
You will measure the pH of the stock milk today and then the pH of the finished yogurt next week.
Beginning pH of Milk______
	
	“Starter-treated” Yogurt
	“No-Starter” Control

	Final pH
	
	

	Smell
	
	

	Texture
	
	
	

	Color
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Archaea
How salty and acidic can conditions be and still allow some prokaryotic organism to survive? Well there are the extremophiles…the archaea. These organisms can tolerate some of the most extreme environments. For these the anaerobic, salty, acidic and hot environments are their specialties. Today you will do start some work with Halobacterium salinarium, an organism found in the Great Salt Lake of Utah and the Dead Sea. This organism is not a bacterium…it is an archaeon. A culture of this organism is available in the laboratory today. It has been grown at 40°C on a nutrient agar medium altered specifically for its needs (8 pts total):
	5g Peptone
3g Beef Extract
250 g NaCl
0.5 g MgSO47H2O
1 L dH2O
pH 7.2
20 g Agar (not Phytagel if to be solid)
	Use your cranial digital zoom!  Draw a few cells nicely!  Label!


Using the available culture, carry out a Gram stain reaction and sketch the results above 
If gram negative, repeat the stain process, stopping before alcohol and observe.
	Motility
(wet mount in 25% NaCl)
	Cell Shape
	Cell Grouping
	Gram Result

	+      –
	coccus   bacillus   spirillum   vibrio
	uni      diplo      strepto      staphylo
	+      –


Halophile or not?
 (
12.5%
) (
6.25%
) (
25%
)Your station will include the standard medium as well as plates of medium that have less salt than the standard medium. We will attempt to see how well Halobacterium and Micrococcus grow over a range of salt concentrations. Inoculate half of each plate with a streak (if you see color on the gel, you have WAY too much!) from one stock culture, and the other half from the other stock culture. Place the three plates together and seal in a ZipLok bag. Incubate the dishes at 40C with the dishes inverted. Describe the results obtained after a week of growth. (11 pts)
 (
HS           ML
) (
HS           ML
) (
HS           ML
)
Halobacterium is an obligate halophile because it grew well in   higher    lower   salt…
…but did not grow in   higher    lower   salt.
Micrococcus is not a halophile because it grew better in   higher    lower   salt…
…than in   higher    lower   salt.
Micrococcus is not a halophobe because it grew well with up to   25%    12.5%    6.25%   salt.
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Can Halobacterium Carry Out Fermentation?
We do not know how well this organism can deal with various carbon sources…so you will find four tubes of the Halobacterium broth medium amended with 0.1 g/L phenol red and either plain, or supplemented to be 1% glucose, or sucrose, or lactose in Durham fermentation tubes. Inoculate each tube with Halobacterium salinarium. After a week of growth at 40° C, record the results: (14 points total)
	
	Color at
Outside
	(t=7d)
Durham
	mm Gas (t=0)
	mm Gas (t=7d)
	mm Gas Produced

	Plain
	R      Y
	R      Y
	
	
	

	Lactose (Glu-Gal)
	R      Y
	R      Y
	
	
	

	Sucrose (Glu-Fruc)
	R      Y
	R      Y
	
	
	

	Glucose (Glu)
	R      Y
	R      Y
	
	
	


Note: Gas change must be more than 3 mm to be meaningful!
What conclusions do you draw about the ability of this organism to ferment these sugars?
Halobacterium   does      does not   ferment lactose anaerobically into acids
Halobacterium   does      does not   ferment lactose anaerobically into gas
Halobacterium   does      does not   ferment sucrose anaerobically into acids
Halobacterium   does      does not   ferment sucrose anaerobically into gas
Halobacterium   does      does not   ferment glucose anaerobically into acids
Halobacterium   does      does not   ferment glucose anaerobically into gas

If the gas inside the Durham tube decreased (gas production was <0), then what may have happened is that Halobacterium   aerobically      anaerobically   processed the carbohydrate and the evidence for this is that the reduction of the gas space is about 20% which is not too different from the concentration of _____________________ gas in air.
How many cells are in the tube?
In our bacteria lab exercise, we learned how to spread a broth culture onto plates of medium solidified with agar. Today we will use this technique to determine the size of a bacterial population. Your group will receive a 2.5 mL of a broth culture of Halobacterium salinarium. The culture of the routine Halobacterium broth medium has been innoculated with the archaeon and grown for seven days at 40°C with 1000 rpm shaking to aerate the medium. Cell division has occurred and filled the culture with cells; a faint pinkish color is the evidence for this. How can we determine the number of archaeons in the tube?
We will start by making five serial dilutions of the stock culture:
• Mark five 13x100 mm tubes containing 4.95 mL of sterile Halobacterium broth with these labels:
102    104    106    108     1010.
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• Using the pipette, transfer 50µL from the stock culture to the tube labeled 102
• Mix the contents of the 102 tube with 5 inversions. Discard the tip.
• Move 50µL of the contents from the tube labeled 102 into the tube labeled 104
• Mix the contents of the 104 tube with 5 inversions. Discard the tip.
• Move 50µL of the contents from the tube labeled 104 into the tube labeled 106
• Mix the contents of the 106 tube with 5 inversions. Discard the tip.
• Move 50µL of the contents from the tube labeled 106 into the tube labeled 108
• Mix the contents of the 108 tube with 5 inversions. Discard the tip.
• Move 50µL of the contents from the tube labeled 108 into the tube labeled 1010
• Mix the contents of the 1010 tube with 5 inversions. Discard the tip.
Label six Petri dishes containing solid Halobacterium medium with the labels from the tubes: (100 is the stock?!)
100    102    104    106    108     1010.
Set the pipettor to 100 µL. Pick up a fresh sterile pipette tip with the pipettor.
Starting with the tube with the most dilute (1010) solution, move 100µL of what is in the tube into the corresponding plate of agar medium. Repeat with the other dilutions and, finally, with the undiluted stock culture for a total of six dishes.
Use the spreader and, after flaming it off, start with the 1010 dish and work your way up the concentration range to spread the liquid over the surface of the medium in all the dishes. Be sure to flame-off the spreader between the dishes! You should end with the dish labeled 100 that has the undiluted stock broth on it.
Put two groups of three dishes together in Ziplok™ bags and seal. Incubate for two weeks at 40° C.
Record the number of colonies on each plate. Use the ∞ symbol if growth in a plate is confluent.
	1010
	106
	102

	108
	104
	100


Now…remembering that you only counted 100 µL of each dilution and that your stock culture was 2.5 mL…calculate the number of cells in the original stock culture tube. Be sure to use proper scientific notation for your answer(s). Write C in the cell if growth above was confluent or ND (no data) if there were no colonies present to count.
	1010
	106
	102

	108
	104
	100
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Measuring a population without counting
Today we will learn one more method of measuring a population of microscopic organisms. You will notice that the Halobacterium stock broth culture used above has a slight pinkish color. This is due to the production of bacteriorhodopsin by the archaeons. In lecture you learned that this pigment absorbs green light. We can measure the abundance of this pigment as an estimate of the organismal population by detecting light absorption using light of green wavelengths. The green range includes 540 nm light.
You will use a Bausch and Lomb Spectronic 20™ spectrophotometer. This instrument focuses a beam of light of a specific wavelength and known intensity through a 13x100 tube (or cuvette) and measures the amount of light lost by absorption of the contents of the tube. Of course it determines this by measuring the percentage of light being transmitted through the tube and hitting a light sensor. The amount of light trapped by the contents of the tube is absorbance.
Turn on your spectrophotometer to warm it up. Set the wavelength control on the top of the instrument to 540 nm (green light). Then turn the left knob on the front of the spectrophotometer a few turns until the needle is "on-scale" rather than being "pinned" at either end of the scale. The warm-up time required is about 5 minutes.
A new dilution series:
Make a 1:1 dilution series using the remaining stock broth culture of Halobacterium salinarium. You are provided with five 13x100 mm tubes containing 2 mL of sterile Halobacterium medium for this purpose. As you make each dilution, you will mix the 2 mL from a previous concentration with the 2 mL of sterile broth. Mixing the solution can be done by trituration (using the pipette pushbutton repeatedly to slosh up and down the solution in the tube). Immediately after mixing, and before making the next dilution in the series, you will measure the absorbance and transmittance of the dilution in the spectrophotometer.
Spectrophotometry:
With the tube chamber empty and the lid down, set the needle to read 0% transmittance at the left end of the scale by adjusting the left knob on the front of the instrument. Do not use other knobs at this time.
Insert the 13x100 mm tube containing 4 mL of sterile Halobacterium medium all the way down into the tube chamber. Close the lid. Now set the needle to 100% transmittance at the right end of the scale by adjusting the right knob on the front of the instrument. Do not use other knobs at this time; if you accidentally adjusted another knob, start Spectrophotometry over!
With the spectrophotometer both zeroed and calibrated, record the absorbance and transmittance of the solution in each of your five dilution tubes at 540 nm. Be sure to use the two scales on the meter correctly. One reads right to left, the other reads left to right. On one scale the subdivisions are different in different portions of the measuring range! OUCH! Also be sure to use leading zeroes correctly in recording your data:
	0.5
A	%T
	0.25
A	%T
	0.125
A	%T
	0.0625
A	%T
	0.03125
A	%T


Using good logic and your knowledge of the calibration you performed, what are the Absorbance and Transmittance values for a relative cell concentration of 0? 
A________  %T_______
Your data will be used for the Double-Y Plot writing assignment.
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