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A droplet of London drinking water, from Punch magazine, 1850
The Microbe is so very small,
You cannot make him out at all. 
But many sanguine people hope
To see him down a microscope.
His jointed tongue that lies beneath
A hundred curious rows of teeth; 
His seven tufted tails with lots
Of lovely pink and purple spots
On each of which a pattern stands, 
Composed of forty separate bands; 
His eyebrows of a tender green;
All these have never yet been seen
But Scientists, who ought to know, 
Assure us they must be so ... 
Oh! let us never, never doubt
What nobody is sure about! 
Hilaire Belloc
More Beasts for Worse Children (1897), pp. 47-8
Schedule
July 13-17

Monday: Introduction to microbiology, lab safety, collections 1, cultivating bacteria
Field work (45 min)
Collect soil from campus hot spot
Collect sediment and water from UConn Swan Lake
Lab work
1. Cultivating thermophilic bacteria from the hot soil
2. Cultivate bacteria probiotic capsule

Tuesday: Metagenomics
Lab work
1. Extract DNA
2. How to measure evolutionary relatedness
3. Sequence analysis exercise: cytochrome c phylogeny
4. View and analyze metagenomic sequence data
5. Tour of DNA sequencing facility

✔Check thermophile plates and probiotic cultures

Wednesday: Food microbiology
1. Fermented foods: start kefir culture
2. Measure gas production by yeast in rising bread dough
3. Measure effectiveness of methods to disinfect wash cloths

✔Check thermophile plates and probiotic cultures

Thursday: Microbes in the environment (collection 2), gas production by termites
Field work (1 hour)
View root nodules (clover, sweet fern, Russian olive, bayberry, alder nodules), cyanobacteria in soil, iron oxidizers, marsh algae
Lab work
1. Set up termite gas collection experiment, view a termite farm
2. Taste kefir

✔Check thermophile plates, probiotic cultures, kefir, and dish cloth disinfection plates

Friday: Microscopic examination of field samples, termite data analysis
1. Analyze termite gas data
2. Use samples collected from marsh and lake to look at samples under microscope: Look for magnetotactic bacteria, iron oxidizers
3. Look at phototrophs from Winogradsky columns
4. Visit termite lab to see gut microbes

✔Check thermophile plates, probiotic cultures, and dish cloth disinfection plates

Laboratory safety

Personal safety
· Wear closed-toe shoes that cover the top of the foot. 
· Wear laboratory coats.
· Do not bring food, gum, drinks (including water), or water bottles into the laboratory. 
· Keep personal belongings in an area separate from the work area.
· Tie back long hair. 
· Do not wear dangling jewelry. 
· Do not touch your face, apply cosmetics, adjust contact lenses, or bite your nails.
· Do not handle personal items (cosmetics, cell phones, etc.) while in the laboratory. 

Safe lab practices
· Wash your hands after entering and before exiting the laboratory. 
· Disinfect bench before and after the laboratory session with a disinfectant known to kill the organisms handled. 
· Keep door closed while the laboratory is in session. Ask your instructor if you need to leave the laboratory. 
· Do not handle broken glass with fingers. If something breaks, let your instructor know. You won’t get in trouble for breaking anything. We will clean up any accidental messes. 
· Notify your instructor of all spills or injuries.
· Dispose of pipette tips and microfuge tubes in the containers provided, not the waste baskets.
· Do not pour anything but water in the sinks. Do not pour inoculated media or chemicals in the sinks.


How to use a phase contrast microscope
The microscopes you will use are called phase contrast microscopes. Unlike typical light microscopes, these allow you to see bacteria without staining them. This makes them especially useful to see living bacteria in samples taken from nature.
We won’t go into the theory of light microscopy, but suffice it to say that bacteria are so small that is difficult to see the color of individual cells and most bacteria are not colored. They are also made of over 80% water, so they are nearly invisible in regular light microscopes. A phase contrast microscope splits the light beam coming up from the bottom of the microscope and passes each beam through the suspension of bacterial cells on the microscope stage at different angles. It then collects these beams and puts them back together before they pass through the lenses above the stage and then into your eye. The light beams bend differently as they pass through the bacterial cells and the water that surrounds them, so you can see this difference and so see the bacteria. This also helps enhance the color of the bacterial cell, if they are colored.
Even if you have experience with microscopes, your instructors will do most of the manipulations of the microscopes. We will do it with you so you learn to use them. These are very expensive instruments (several thousand dollars), so we must be very careful with them.
Basic care and use of the phase contrast microscopes
From http://depts.noctrl.edu/biology/resource/handbook/mic.pdf
[image: :::Desktop:scope.jpg]Care of microscopes
· When moving the microscope, hold it by the arm and the base, using both hands.
· When you plug in the microscope, be sure its cord is out of the way, so the microscope won’t get pulled off the table. 
· Always start with a low-power (4× or 10×) objective lens in place and with the objective raised as far from the stage as possible. 
· Use only lens paper—never a Kimwipe, Kleenex or paper towel—to clean the lenses. If cleaning beyond a simple wipe is required, ask your instructor about a safe cleaning solution. 
· Put the microscope away with the lowest power lens in place. Be sure you haven’t left a slide on the stage and that any oil has been removed from the oil-immersion lens with lens paper. 
· Cover the microscope with its dust cover. 
Using the microscope
1. Plug in the microscope and turn on the light with the switch on the base. Set the illumination to its lowest setting. The ring under the stage should be at the bright field (BF) setting.
2. Be sure the 10× (or, if you are working with a very large specimen, 4×) objective is in place. 
3. Open up the spring-loaded slide clip of the mechanical stage (see photo below) and slip your slide into place. Use the knobs under the stage (see photo below) to move the slide. 
4. Looking from the side or front, not through the lens, use the coarse focus knob to bring the stage all the way to the top. For standard slides, the stage should stop before the slide hits the lens, but you need to watch to make sure the slide does not hit the lens.. 
5. [image: :::Desktop:clips.jpg]Now, look through the microscope and use the fine focus knob to slowly move the stage down (away from the objective) until the specimen comes into focus. The microscope is set so that it should normally take no more than 1.5 full rotations of the fine focus knob to find the focus. If you don’t see anything the first time, raise the stage again and focus slower. 
6. Adjust the width of the ocular lenses to match the width of your eyes. You should be able to look comfortably through both lenses and see a single image. 
7. If your vision is different in your two eyes (or if the microscope is adjusted for someone whose eyes were different), you can adjust the focus of the ocular lenses separately. First, close your left eye and use the fine focus knob to focus on the specimen. Then, close your right eye and use the ocular adjustment on the left lens to focus. 
8. Adjust the iris diaphragm (labeled PH, 6-2) intensity of the light to get a good image. Resolution is improved by using the smallest iris diaphragm setting (lowest number, 6-2) that provides sufficient light. Try closing the iris until you get the sharpest image, then increasing the light intensity as necessary. The numbers on the iris diaphragm ring give you good initial settings for the iris at different magnifications. 
9. Choose an appropriate objective for what you are viewing. The lowest-power objective (4× or “scanning”) is usually used only for very large specimens. The 10× objective (“low power”) is good for getting an overview of the specimen, but won’t show cells in detail. Using the 40× objective (called “high-dry”), cells can be seen clearly and some of their internal details can be observed; tiny organisms such as bacteria are also visible at this power. Detailed observations of bacteria or cellular structures require the 100× (oil immersion) objective.
10. To change to a higher power, don’t move the stage! Our objective lenses are parfocal, which means that once an object is in focus at low power, you can swing a higher-power objective into place and the focus should still be nearly perfect. You should only have to use the fine focus knob to make small corrections. If you lose the specimen, go back to a lower power and try again. 
11. After changing lenses, adjust the iris diaphragm (higher power requires more light) and adjust the light intensity if needed, as well.
To switch to phase contrast:
1. Focus on your specimen and switch to the 40× objective as usual.
2. Set the iris diaphragm to PH.
3. Turn the ring under the stage to Ph2.
4. Turn the light intensity control to its brightest setting. 
5. Observe your specimen; you should see significantly higher contrast. 
When finished, return the scope to all the starting settings, the 4x objective and place the stage to its lowest setting when you are done.
Cultivating thermophilic bacteria from a hot soil
Bacteria are found in places that other kinds of creatures cannot live because the conditions are too extreme. One of those extreme conditions is high temperature. Ants in the Sahara desert forage for food in the mid-day sun at temperatures up to 55°C (131°F). Tube worms that live inside chimneys that form around deep ocean hot water vents can tolerate temperatures up to 80°C (176°F). Other animals can withstand short exposures to higher temperatures, but cannot live at those temperatures. There are bacteria that live continuously at over 90°C (194°F) and archaea that live at 120°C (248°F). Remember, water boils at 100°C (212°F) at atmospheric pressure. These bacteria are called “thermophiles” which means “heat loving.”
We are going to take samples from a soil on the UConn campus that is artificially heated by an underground steam pipe. Steam pipes crisscross the campus to provide heating for the buildings. In some places the pipes lie close enough to the surface to heat the soil around plant roots. In some cases they are heated enough to kill the plants. A patch of soil outside a building near the Biological Sciences Building is heated enough to kill the grass. We will take samples from this site at different depths to see if we can isolate high temperature bacteria from the soil.
We will be looking for bacteria that use oxygen to respire by a process like the one we use. We will try to grow them on different kinds of nutrients (called “carbon sources”) including sugars and amino acids. These are commonly used by soil bacteria. Soils can a be a particularly tough place for microbes to live. They can dry out and nutrients can come and go. To survive in soil, many microbes form spores, a resting form that allows them to be dormant until favorable growth conditions return. Spores are formed by soil bacteria that belong to the genus Bacillus and by molds that belong to the eukaryotes. Molds cannot grow at the highest temperatures, so we might expect to find Bacillus-type bacteria in our samples. We might also find bacteria called Thermus that can grow in hot water tanks and streams coming from hot springs in places like Yellowstone National Park. Who knows, we might even find a kind of bacteria that no one has ever found!
Procedure
Field collection
We will collect a soil sample by digging a core out of the hot soil site. We will measure the temperatures of the soil at different depths and record these. We will scrape off the outer surface of the soil core to remove any possible bacteria that we introduced from our coring tool or the soil surface. We will take samples of the core from different depths and place them into sterile tubes to take back to the lab. We will use sterile tools to prevent contamination of our samples. Each of you will get a sample. You should write in your notes the depth and temperature that your sample came from.
Lab work
Preparation of tubes and plates
1. Mark 3 tubes of nutrient broth with “0,” “10-2,” and “10-4.” Put your initials on each tube.
2. Each of you has 3 more tubes of media that contain either glucose, acetate, or glutamate. Mark each kind of media with the name of the carbon source it contains and with your initials.
3. Draw lines on the bottom of 2 plates of nutrient agar to divide them into 4 equal sections. One each plate mark the sections as  “soil,” “0,” “10-2,” and “10-4.” Mark the plates as “room temperature” and “60°C.” These are the temperatures you will incubate them at. Put your initials on each plate.
Inoculate the growth media
1. Place a spatula tip of your soil sample into the tube of 5 ml of sterile water and place the cap back on top.
2. Mix the tube thoroughly to suspend the soil and wash it down from the side of the tube. Let the tube sit to allow the soil particles to settle to the bottom.
3. Remove 100 l of the water that is above the soil in the sterile water tube and place it into the “0” tube of nutrient broth. Mix the tube thoroughly.
4. Remove 100 l of the broth in the “0” tube and place it into the “10-2” tube of nutrient broth. Mix the tube thoroughly.
5. Remove 100 l of the liquid in the “10-2” tube and place it into the “10-4” tube of nutrient broth. Mix the tube thoroughly.
6. Inoculate each of your other carbon source tubes (acetate, glucose and glutamate) by removing 100 l of the water that is above the soil in the sterile water tube and placing it into the each tube. Mix the tubes thoroughly.
7. Dip a sterile cotton swab into the liquid above the soil in the sterile water tube and rub it across the surface of a plate of a nutrient agar plate in the “soil” section. Repeat this procedure using a fresh sterile swab each time to inoculate a different section of the plate using your dilutions in nutrient broth as the source of the inoculum.
8. We will incubate the inoculated plates at room temperature and 60°C and all the inoculated tubes at 80°C. We cannot incubate agar plates at 80°C because agar nearly melts at that temperature. The plates placed at 60°C will be put inside plastic bags to minimize their tendency to dry out during incubation.
Each day afterwards
We will observe your plates for colonies and the tubes for growth each day. If you see colonies on your plates or cloudiness in your tubes, note this in your notebook. Describe the color of any colonies (white, cream, tan, brown), their shape (circular, irregular shape, feathery), their texture (smooth, glistening, rough, dry), and whether they are translucent (almost transparent) or opaque (no light comes through).
We will choose some interesting colonies to look at their cells under a microscope.



Data page for thermophilic bacteria cultures
Depth and temperature of your soil sample:

Observations of culture tubes (write down the day that your make each observation):

	
	0
	10-2
	10-4

	Nutrient broth
	
	
	



Glucose:



Acetate:



Glutamate:




Observations of plates (write down the day that your make each observation):

	
	Room temperature
	60°C
	
	Room temperature
	60°C

	Soil
	
	
	10-2
	
	

	0
	
	
	10-4
	
	


 
How many bacteria are really in a probiotic tablet?
You are hearing more and more in the news and advertisements about bacteria that are good for you, especially bacteria that live in your digestive system. You may have heard about “probiotic” bacteria and “probiotics.” Probiotics are live bacteria and yeasts that are good for your health, especially your digestive system. Some probiotics have been linked to health benefits, but there are many claims made for benefits that are not backed up by good research studies. One known benefit is the use of probiotics to help combat the diarrhea that may result from taking antibiotics.
You can find probiotic products in drug stores and grocery stores and often they list the kinds of microbes the contain. The names are confusing and often are not the real scientific names of the organisms. If the product is a tablet of microbes, it usually tells how many bacteria each tablet contains. We will test one product that is said to contain the probiotic bacterium Lactobacillus acidophilus to see if a tablet actually contains as many bacteria as the package states.  To be fair, the manufacturer can only state how many bacteria were in the tablet when it was made. Many bacteria may have died during the manufacturing of the tablet and storage of the product, so we can expect to find fewer bacteria than the package states. We can also find out if we see other kinds of bacteria than are listed on the package.
Preparation of tubes
1. Using a sterile pipette tip, remove 1 ml of medium from 3 tubes of Lactobacillus medium and place them into a beaker (do not touch the beaker with the tip because it is not sterile). Mark these tubes as  “10-5,” “10-6,” and “10-7.” Put your initials on the tubes.
2. Using another sterile pipette tip, remove 100 l of medium from 2 tubes of Lactobacillus medium and place them in the same beaker. Mark these tubes as “10-2” and “10-4.” Put your initials on the tubes, too.
Inoculate Lactobacillus growth media
1. Using sterile forceps, each of you will be given one probiotic tablet. Do not touch the tablet or the powdered tablet so you do not contaminate it with bacteria on your fingers.
2. Grind the tablet gently into a powder using the sterile mortar and pestle. Try to keep the powder in as small an area in the mortar as possible.
3. Add 1 ml of sterile water to the powder and mix it with the pipetter tip. Suck up the suspension and place it into your tube of sterile water. Repeat adding 1 ml of water from this tube and placing more of the suspension into the tube until you have gotten as much as possible into the tube. We will mix the suspensions using a vortexer mixer. If necessary we will gently warm the tubes to get more dissolution of the tablets.
4. Remove 100 l of the water that is above the tablet powder in the sterile water tube and place it into the “10-2” tube of Lactobacillus medium. Mix the tube thoroughly.
5. Remove 100 l of medium from the “10-2” tube and place it into the “10-4” tube of Lactobacillus medium. Mix the tube thoroughly.
6. Remove 1 ml of the medium in the “10-4” tube and place it into the “10-5” tube of nutrient broth. Mix the tube thoroughly.
7. Remove 1 ml of the medium in the “10-5” tube and place it into the “10-6” tube of nutrient broth. Mix the tube thoroughly.
8. Remove 1 ml of the medium in the “10-6” tube and place it into the “10-57” tube of nutrient broth. Mix the tube thoroughly.
9. We will incubate the tubes at 37°C.

Data page for Lactobacillus acidophilus cultures

Indicate growth in tubes as: 0, no growth; +, slight growth; ++, more growth; +++, very good growth

	
	Dilution

	
	10-2
	10-4
	10-5
	10-6
	10-7

	Wednesday
	
	
	
	
	

	Thursday
	
	
	
	
	

	Friday
	
	
	
	
	






Extracting DNA from environmental samples
Any examination of DNA starts with extracting the DNA from the cells that contain it. Many times bacterial DNA comes from cells that still in their environmental material, either from their hosts (like humans) or natural environments. We will extract DNA from sediment samples that we collect from Swan Lake. We will extract any DNA that the samples contain, so that will likely include DNA from bacteria, archaea, protists, algae, as well as debris from plants and animals. This DNA could be used to get the sequences of the chromosomes of the organisms that left their DNA there. The process of getting those sequences is too long and complicated for us to do in this session, but you will get experience performing the first step of the process. We can analyze the DNA you extract to see how successful you were in getting the DNA out of the sediment. Don’t be disappointed if you cannot actually see the DNA you extract. There is very little actual DNA in sediment and DNA is colorless, so you usually cannot see what you extracted. We can use other methods to detect the DNA. We may or may not detect any since many things can go wrong when extracting DNA and when you do it for the first time you are lucky if it works as planned.
We will work with relatively safe chemicals, but you need to handle them carefully nonetheless. Do not drink any liquids or eat any food during the lab. Obviously, do not drink these chemicals, or even jokingly put anything to your mouth. These are poisonous laboratory chemicals, not meant for human consumption!
DNA extraction procedure
1. Wear gloves and handle pipette tips and tubes carefully. Everything is sterile. Even though you have gloves on, you do not want to touch the ends of the tips or inside the tubes and their caps with your gloved fingers. Doing things with gloves on takes some getting used to, so take your time and pay attention to what you are doing.
2. Place a pea-sized sample of sediment in a microfuge tube.
3. Using the pipetter, add 400 l of the NaCl extraction buffer to the tube. Tightly close the tube bay snapping down its cap.
4. The instructor will place all the tubes in the 60°C incubator for 30 min.
5. The instructor will centrifuge the tubes for 5 minutes (2,500 x g).
6. Add 270 l of isopropyl alcohol to a clean microfuge tube.
7. Remove 270 l of the liquid above the material at the bottom of the tube and place it into the microfuge tube containing isopropyl alcohol. Do not disturb the bottom material so you do not get any of it in your pipetter tip. Tightly close the tube bay snapping down its cap.
8. Gently mix the tube by turning it upside down repeatedly for 30 seconds.
9. The instructor will place the tubes in a freezer at -20°C for 15 minutes.
10. The instructor will centrifuge the tubes for 5 minutes (2,500 x g).
11. Uncap the tube gently and slowly tip it over to pour the isopropyl alcohol out onto a paper towel. Gently tap the tube on the towel to remove the last bit of isopropyl alcohol.
12. Add 200 l of the 70% ethanol to the tube that now contains your DNA. Tightly close the tube bay snapping down its cap.
13. The instructor will centrifuge the tubes for 5 minutes (2,500 x g).
14. Open the tube and remove the ethanol the same way you removed the isopropyl alcohol.
15. The instructor will place the open tubes in the 60°C incubator for 40 minutes to evaporate all the ethanol.
16. Add 300 l Tris/EDTA buffer and close the tube.
17. The instructor will place the tubes in the 60°C incubator for 30 minutes to dissolved the DNA.

Solutions used in this experiment

NaCl extraction buffer
40% (v/v) 5 M NaCl and 60% (v/v) extraction buffer

Extraction buffer
200 mM Tris/HCl pH 7.5
250 mM NaCl
25 mM EDTA
0.5% SDS

Tris/EDTA buffer
10 mM Tris
1 mM EDTA




How to read evolutionary trees
[image: ]Modern classification of plants, animals, and microbes is based on evolution theory. One way to discover how groups of plants and animals are related to each other (phylogeny) is to compare the anatomical structures (body organs and parts) of many different organisms. Corresponding organs and other body parts that are alike in basic structure and origin are said to be homologous structures (for example, the front legs of a horse, wings of a bird, flippers of a whale, and the arms of a person are all homologous to each other). When different organisms share a large number of homologous structures, it is considered strong evidence that they are related to each other. When organisms are related to each other, it means they must have had a common ancestor at some time in the past.
Bacteria and archaea do not have structures that allow scientists to use structures to determine how they are related. Now scientists use the sequences of amino acids found in proteins or sequences of nucleotides found in nucleic acids (DNA and RNA) to discover the relationships among microbes. These sequences are compared with one another to measure relatedness. The principle of measure relatedness using sequences and anatomical structures is the same, so we will start with structures of animals to learn the principle of showing relatedness in the form of tree diagrams so that later we can use that principle to show how microbes are related to one another. Microbiologists use evolutionary relatedness to name new organisms and to understand how a new microbe might function even if the organism has not been isolated from nature.
When we study comparative anatomy of animals, we first count the numbers of shared characters that exist between different groups. We can draw a diagram of branching lines that connect those groups, showing their different degrees of relationship. These diagrams look like trees and are called "phylogenetic trees" or "cladograms" (CLAY-doe-grams). The organisms are at the tips of the branches. Common ancestors are at the branch points and are sometimes shown by circles there. The more common structures two organisms share, the closer is their evolutionary relationship -- that is, the more recently their common ancestor lived. On the cladogram, close relationships are shown by a recent fork from the supporting branch. The closer the fork in the branch between two organisms, the closer is their relationship.



Phylogenetic trees or cladograms are of the drawn with the names of the organisms on the right side as shown here. Both trees show the same relationships among the organisms.
[image: ]human
mouse

common ancestor of mammals
amphibian

common ancestor of 4-legged vertebrates
fish

common ancestor of all vertebrates



The tree on the right above was rearranged by simply spinning the “common ancestor of mammals” branch point and that is shown on left below. Similarly the above tree was rearranged by spinning the branch point of the “common ancestor of all vertebrates and that tree is shown on the right below. All four trees show the same relationships among these organisms. This illustrates that to interpret the relationships in a tree you should ignore how close the names of the organisms are on the tree. Instead follow the branches to see how they are connected.
mouse
human

common ancestor of mammals
amphibian

common ancestor of 4-legged vertebrates
fish

common ancestor of all vertebrates


human
mouse

amphibian

fish







On the next page you are given 7 groups of animals and a list of some of their distinguishing characteristics. From this information you will construct a cladogram, and we will talk about the evolutionary relationships that are revealed from the tree.
From Evolution & Nature of Science Institutes (ENSI/SENSI)
http://www.stmarycss.ca/parents/teachers/murphy/per2/files/1427993378.pdf


How to measure evolutionary relatedness

Traits
Set 1: Dorsal nerve cord (running along the back or “dorsal” body surface); Notochord (a flexible supporting cartilage-like rod running along the dorsal surface)
Set 2: Paired appendages (legs, arms, wings, fins, flippers, antennae); Vertebral column (“backbone”)
Set 3: Paired legs
Set 4: Amniotic sac (a membrane that holds in the amniotic fluid surrounding the embryo; may or may not be inside an egg shell)
Set 5: Mammary glands (milk-secreting glands that nourish the young)
Set 6: Placenta (structure attached to inside of uterus of mother, and joined to the embryo by the umbilical cord; provides nourishment and oxygen to the embryo)
Set 7: Short canine teeth (same length as other teeth)

Place an X in each box if that animal has the trait

	
	Set

	
	1
	2
	3
	4
	5
	6
	7

	Animal
	Dorsal nerve cord
Notochord
	Paired appendages
Vertebral column
	
Paired legs
	
Amniotic sac
	
Mammary glands
	
Placenta
	
Short canine teeth

	Kangaroo
	
	
	
	
	
	
	

	Lamprey
	
	
	
	
	
	
	

	Rhesus Monkey
	
	
	
	
	
	
	

	Bullfrog
	
	
	
	
	
	
	

	Human
	
	
	
	
	
	
	

	Snapping Turtle
	
	
	
	
	
	
	

	Tuna
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Comparison of animal traits

In each white box write how many traits are different between each pair of animals

	
	Kangaroo
	Lamprey
	Rhesus monkey
	Bullfrog
	Human
	Snapping turtle
	Tuna

	Kangaroo
	0
	
	
	
	
	
	

	Lamprey
	
	0
	
	
	
	
	

	Rhesus Monkey
	
	
	0
	
	
	
	

	Bullfrog
	
	
	
	0
	
	
	

	Human
	
	
	
	
	0
	
	

	Snapping Turtle
	
	
	
	
	
	0
	

	Tuna
	
	
	
	
	
	
	0




Draw a cladogram

A cladogram is a diagram (often shaped like a tree) that shows how organisms are evolutionarily related to one another. To create a cladogram of your animals, find two animals (in the cladogram below, A and B) that have the fewest differences. Now connect them like this:
A
B

ancestor 1

Animal A has one trait that animal B lacks. Their most recent ancestor, ancestor 1, did not have that trait. When one of those ancestral animals evolved that trait, that animal lead to the modern animals A. It is possible that animal B is exactly like ancestor 1, but it is more likely that it has changed, too. There may not be any more animals like that ancestor, that is, it is extinct.


Now, using animal A as your reference animal, find an animal that has two differences (this will be animal C). You should find that animal B also has two differences with animal C since A and B have a common ancestor (ancestor 1) that no other animal has. Connect animal C to A and B like this: A
B

ancestor 1
C

ancestor 2


Just as animal A has a trait that animal B lacks, animals A and B have a trait that animal C lacks. Ancestor 2 also lacks that trait. When an ancestor 2 animal evolved the trait that animals A and B now have, that animal eventually gave rise to ancestor 1.
Continue this process by finding an animal that has 3, then 4, 5 and 6 traits different than animal A. Continue to draw branches off the cladogram until you have all seven animals on your diagram. Use the space below to draw your cladogram.





Sequence analysis exercise: cytochrome c phylogeny
Biochemical characteristics, like similarities in DNA or protein sequences can also be used to produce phylogenetic trees. If there is strong agreement between the patterns produced using anatomical similarities and those produced by using sequences, it provides what we call "independent confirmation" of the phylogenetic tree. Independent confirmation is where two or more sources of evidence that are not dependent on each other produce the same pattern. The more independent confirmation that is available, the more confidence we have in the evolutionary relationships.
In this activity, we will examine and compare the amino acid sequence of a protein called cytochrome c that is found in all seven of the organisms used in the previous activity. Cytochrome c is an enzyme that is important in oxygen respiration in a cell that helps release the energy in food molecules. The complete sequence of amino acids for this protein has been determined for many organisms, including six of those seven animals (the sequence for the lamprey protein is not available). The fewer differences in the amino acid sequences between the proteins from two animals, then those animals are more closely related.
[bookmark: _GoBack]On page 19 there is a table showing the amino acid sequences of the cytochrome c proteins in the six animals. Each amino acid is represented by a unique letter in the table.
Compare the sequence of amino acids in each pair of organisms in the table with one another by counting the number of differences between them. It helps to use a ruler or other straight edge to keep track of which lines of sequence you are examining. Notice that the amino acids showing no differences in any of the organisms are in grey text, so you can just ignore them when you scan the lines of letters. The amino acid positions (the columns of letters) that have differences have a dot below the column (there are 28 such positions). When an organism has a "-" instead of an amino acid, that means there is no amino acid there. When comparing a "-" to an organism that has an amino acid at the position, it should be considered as a difference. When both organisms have a "-" at that spot, it is not considered as a difference.
Record the number of differences between the pairs of organisms in the table on the following page.


In each white box write how many amino acids are different between each pair of animals

	
	Kangaroo
	Rhesus monkey
	Bullfrog
	Human
	Snapping turtle
	Tuna

	Kangaroo
	0
	
	
	
	
	

	Rhesus Monkey
	
	0
	
	
	
	

	Bullfrog
	
	
	0
	
	
	

	Human
	
	
	
	0
	
	

	Snapping Turtle
	
	
	
	
	0
	

	Tuna
	
	
	
	
	
	0



Using the same kind of analysis you used to draw a cladogram using the animals’ anatomical structures, draw a cladogram (phylogenetic tree) based on your comparison of amino acid sequences. Use the space below to draw your cladogram. How does this cladogram compare to the one you drew earlier?





AMINO ACID SEQUENCES IN CYTOCHROME-C PROTEINS FROM 20 DIFFERENT SPECIES

Symbols in gray represent amino acids which show NO differences in any organism on the list, so you can ignore them.
There are 28 amino acids that differ among these six animals. These have dots below the columns.

                                     10                  20                  30                  40 
Amino Acid Number----->   1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Human ............ G D V E K G K K I F I M K C S Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G Y S Y T
Rhesus monkey..... G D V E K G K K I F I M K C S Q C H T V E K G G K H K T G P N L H G L F G R K T G Q A P G Y S Y T
Kangaroo.......... G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L N G I F G R K T G Q A P G F T Y T
Snapping turtle... G D V E K G K K I F V Q K C A Q C H T V E K G G K H K T G P N L N G L I G R K T G Q A E G F S Y T
Bullfrog.......... G D V E K G K K I F V Q K C A Q C H T C E K G G K H K V G P N L Y G L I G R K T G Q A A G F S Y T
Tuna.............. G D V A K G K K T F V Q K C A Q C H T V E N G G K H K V G P N L W G L F G R K T G Q A E G Y S Y T
                         •         •   • •     •         •   •           •         •   • •               •   • •    

[CONTINUED FROM ABOVE]
                   50                  70                  80                  90                 100                 110
Amino Acid Number----->   0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4
Human............. A A N K N K G I I W G E D T L M E Y L E N P K K Y I P G T K M I F V G I K K K E E R A D L I A Y L K K A T N E
Rhesus monkey..... A A N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F V G I K K K E E R A D L I A Y L K K A T N E
Kangaroo.......... D A N K N K G I I W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R A D L I A Y L K K A T N E
Snapping turtle... E A N K N K G I T W G E E T L M E Y L E N P K K Y I P G T K M I F A G I K K K A E R A D L I A Y L K D A T S K
Bullfrog.......... D A N K N K G I T W G E D T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R Q D L I A Y L K S A C S K
Tuna.............. D A N K S K G I V W N N D T L M E Y L E N P K K Y I P G T K M I F A G I K K K G E R Q D L V A Y L K S A T S –
                   •       •       •   • • •                                         •           •     •     •         •   • • •

AMINO ACID SYMBOLS A = Alanine C = Cysteine  D = Aspartic acid E = Glutamic acid F = Phenylalanine G = Glycine
H = Histidine I=Isoleucine K = Lysine  L = Leucine M = Methionine N = Asparagine P = Proline Q = Glutamine R = Arginine
S = Serine  T = Threonine V = Valine W = Tryptohpan Y = Tyrosine
(adapted from Strahler, Arthur, Science & Earth History, 1987, p. 348))




Kefir
People have been preserving food by using microbes for thousands of years. When some foods are kept under conditions with little or no air, the bacteria or fungi that naturally occur on their surface will grow and produce acids. Those acids prevent the growth of harmful bacteria and transform the food into a different product. Cheese, sourdough bread, vinegar, sauerkraut, yogurt, soy sauce, and pickles are some common foods that are produced by microbial fermentations. Animal food is produced by fermentations, too. Silage is fermented hay and the fermentation acids not only preserve the hay, but break down the plant fibers to make it easier for animals to digest. We will examine the microbes responsible for fermenting milk into yogurt in these exercises.
Yogurt is produced by the fermentation of milk. A similar product called kefir is also produced by fermenting milk. The microbes that produce yogurt and kefir are slightly different, so the two products have a different consistency and flavor. Two of the bacteria commonly found in yogurt are Lactobacillus bulgaricus and Streptococcus thermophilus. Kefir is made using both bacteria and yeasts. Lactobacillus species and yeast like Saccharomyces cereviseae (used to make bread) are commonly used. In both products the microbes use the most abundant sugar in milk, lactose. They ferment it to lactic acid that gives each its sour taste. In kefir the yeasts use glucose that is released from the lactose by the bacteria to make ethanol that gives kefir a milder taste. These bacteria and yeasts grow best in the absence of oxygen. Some of those used in yogurt are thermophiles that grow best at fairly high temperatures, about 40-42°C (104-108°F). Those used in kefir are mesophiles, that is they grow best at room temperature.
How kefir is made
We will demonstrate for you how kefir is made and then we will look at the microbes responsible for kefir fermentation under the microscope.
Ingredients
1 quart (or liter) milk — whole or 2% are best, but skim can also be used
dry yogurt starter (5 g or follow instructions on package)
Equipment
Small measuring cup or small bowl
Whisk
Instructions
1. Add the dry starter to cup of milk in a measuring cup. Whisk until the powder is completely suspended in the milk.
2. Pour the resuspended starter into the remaining milk while whisking gently. This inoculates the milk with the kefir culture.
3. Leave the inoculated mild at room temperature about 24 hours — the exact time will depend on the cultures used, the temperature of the room, and your taste preferences. The longer kefir incubates, the more tart it becomes. Stop when it reaches a flavor and consistency you like. After about 12 hours the surface of the milk will become thick, like yogurt and it may separate into a white portion and a yellower, watery portion called whey. The white portion may float on top of the whey because the yeast can also make carbon dioxide (as they do with rising bread). The whey forms because of the effect of lactic acid produced by the Lactobacillus cells. 
4. Once the kefir has set to your liking, whisk the whey back into the kefir. Whisking also gives the kefir a more consistent creamy texture. You may notice small clumps in the kefir. These are clumps of the microbes embedded in sugars that they make. These kefir granules are used to inoculate the next batch of kefir. Some people strain these out (best to use cheesecloth for this) so the kefir is not lumpy. The granules can be stored in a refrigerator for up to a few weeks to use as inocula for future batches. Homemade yogurt will keep for about 2 weeks in the refrigerator.
5. Once you start making your own kefir, you can use some of each batch to culture your next batch. If after a few batches, you notice some odd flavors in your yogurt or that it's not culturing quite as quickly, that means that either some outside bacteria have taken up residence in your kefir or that your strains are becoming weak. As long as a batch tastes good to you, it will be safe to eat, but if you notice any strong flavors discard that batch and go back to using a commercial inoculum for your next batch.


Raising bread
From http://www.microbeworld.org/microbeworld-experiments/yeast-on-the-rise
All breads are not created equal. Why are some flat and others fluffy? What is the difference between tortillas and sandwich bread? Are all breads made of the same ingredients? What happens if you change the ingredients in bread dough?
Yeast are living organisms that require food, water, and a warm place to grow. They break down sugars as a food source for their energy needs and produce carbon dioxide gas and ethanol as waste products. This process is called fermentation.
Fermentation is important in the production of many food products such as bread, yogurt, cheese, pickles, and sauerkraut. When flour is mixed with water, sugar, and yeast, the yeast feed on the sugar. As the yeast release carbon dioxide and alcohol, the gas becomes trapped as bubbles in the dough, causing it to rise. When the bread is baked, the gas is vaporized, leaving a honeycomb texture.
Materials for bread dough (amounts are for 3 groups)
3 cups of flour
9 paper or plastic cups
2 packages of rapid-rise yeast (or bulk yeast)
2 cups of warm water
24 teaspoons of sugar (alternate sweeteners such as honey, jelly, artificial sweeteners can be tested, too)
1 measuring teaspoon per group
12 clear drinking straws per group
Measure 1 cup of flour, 1 cup of warm water (40 to 45°C), and 8 teaspoons of sugar into paper or plastic cups for each group. If using a bulk supply of yeast, measure out 1 teaspoon per group.
Procedure
1. Consider the bread ingredients before you begin. Which one makes the bread rise? What limits the bread’s ability to rise?
2. [image: ]Dust your tray and hands with flour. Divide your portion of flour into 4 equal mounds of 1/4 cup each. Designate the mounds as Control 1, 2, and 3. Measure 1 teaspoon of sugar and add it to Mound 1. Measure 2 teaspoons of sugar and add to Mound 2. Measure 3 teaspoons of sugar and add to Mound 3. Add no sugar to the Control Mound. Pour 1/4 package, or 1/4 teaspoon, of yeast over each mound. See Figure 1. While continuing to keep each mound separate, very slowly add warm water a teaspoon at a time to moisten the mixtures. Continue to add water and knead by hand until the mounds have doughy consistencies. The dough should not stick to the tray or your hands. If it is too sticky, add more flour. Form each mound into a ball. See Figure 2.
3. [image: ]Measure 3 cm from the end of a straw and mark it. Repeat the process with 11 more straws. Number or letter each straw C, 1, 2, 3, and 4 and letter each straw A, B and C within each numbered group. For example, mark them CA, CB, CC, 1A, 1B, 1C, etc.
4. Working quickly, push 3 straws into the Control Mound (C straws), filling each with dough to the 3-cm mark. Repeat the process for Mounds 1, 2, and 3. See Figure 3.
5. You may have to punch your straw into the dough repeatedly to fill it to the 3 cm line. If it is not going in easily, your dough is too sticky. Knead into the dough more flour until it no longer sticks to you fingers.
6. Remove the straws from the dough and pinch the ends of the straws to push the dough away from the ends. Place a clothespin perpendicular to the dough end of each straw. The clothespins should function as stands, holding the straws upright. Mark the new height of the dough on each straw. This is your time zero mark. See Figure 4.
7. What is the variable or factor that changes in this activity? Why did you create 3 straws from each mound? Which dough will rise the most? As the dough begins to rise, it will push up into the straws. Predict how far the dough will rise in each straw in 10, 20, and 30 minutes. Write down your predictions.
8. [image: ]After 10 minutes, measure and mark the heights of the dough in the straws. Write your measurements in your notebook. Calculate an average height for each mound.
9. Repeat the process after 20 and 30 minutes. Each time measure from the mark where the dough in the straw started from (time zero). Write your measurements in your notebook and average the three measurements for each mound at each time point.
10. [image: :::Desktop:graph.tiff]Graph your results in 4 bar graphs, one for each mound (C, 1, 2, and 3). The x axis of each graph should be labeled “Time of incubation” and marked with the time points 10, 20 and 30 minutes. The y axis for each should be labeled “Dough height” and marked “cm” above the starting point (time 0). 
11. Make another graph using the 30 minute measurement for each mound. Use “Teaspoons of sugar” on the x axis and “Dough height” for the y axis. Your plot may look the one shown here.
What do the first four graphs allow you to show? What does the fifth graph show you?

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	



Kitchen dish cloth disinfection
From a USDA study reported by Sharma, et al. Food Control 20 (2009) 310–313.  (naldc.nal.usda.gov/download/23351/PDF)
Cross contamination of foodborne pathogens in the household kitchen may contribute to the estimated 76,000,000 cases of foodborne illness in the US, each year. Improper domestic food handling and unhygienic practices are thought to be a major factor in sporadic cases of foodborne illness. It is estimated that up to 87% of foodborne disease outbreaks that occurred in the United Kingdom, Europe, Australia, New Zealand, the United States, and Canada originated from food prepared or consumed in the home.
Kitchen sponges deserve attention in the household because they can remain wet and serve as a reservoir and vehicle for foodborne pathogens to cause illness. In a study of ten kitchens in the US, 33% and 67% of sponges tested positive for E. coli and fecal coliforms, respectively.
Gram-positive pathogens (Staphylococcus. aureus, Bacillus cereus) have been more frequently isolated from dry surfaces in households than gram negative bacteria. Listeria monocytogenes was found in 21% of households in the Netherlands, with the most common source identified as wet dish cloths. Other studies have established that areas that were moist or frequently touched by human hands (sponges, dishcloths, kitchen faucet handles, and kitchen sink drains) had higher numbers of fecal coliform, coliform, and heterotrophic bacteria than other areas in the kitchen. Foodborne pathogens can persist in a kitchen environment, and they may be spread using kitchen sponges unless properly disinfected.
Procedure
1. Divide a dirty dish cloth into sections 2 cm x 2 cm. You will use 6 sections for your experiment.
2. Using a tweezers, fully immerse your dish cloth section into a sterile beaker containing 50 ml of either 5% clothes washing solution, single strength lemon juice (pH 2.9), a 10% solution of household bleach (Clorox, 5.25% sodium hypochlorite), and room temperature tap water (your control). Your instructor will help you immerse one of your sections into a beaker of boiling water. Start a timer when you immerse the first section.
3. Leave the sections in their liquids for 3 minutes.
4. Remove each section and place on a stack of folded Kimwipes to absorb most of the liquid.
5. Mark the bottom of two nutrient agar plates to divide each into 4 sectors. Mark each sector with the treatment conditions of your experiment. Also put your name on each plate.
6. Using a sterile forceps rub the surface of each section with the cloth section appropriate for that section of the nutrient agar plate. After using the forceps for one cloth, dip it into a beaker of ethanol to disinfect it before picking up the next section of cloth.
7. Turn in your plates to the instructor for incubation at 25°C.

Termite gas collection
Termites have many microbes in their gastrointestinal tract, just like we do. Their microbes are different than ours because they eat a different food, wood. The next pages describe the microbes found in a termites mid-gut and we will look at these in our visit to a lab that does research on termite gut microbes. Termites are known for their wood eating habits, but they are also famous for producing large amounts of gas that results from their digestion of wood. The gas is mostly carbon dioxide and methane. Both of these are greenhouse gasses meaning that when they accumulate in the atmosphere, they promote trapping the heat produced when sunlight warms the surface of the Earth. This is the major cause of climate change. Termites are just one part of the problem, but human activities are a much larger producer of greenhouse gasses.
In 1932 Professor Sherburne F. Cook of the University of California Medical School, Berkeley published a paper describing his studies of gas production from termites. He wanted to learn how the respiration of termites might affect where they could live and how respiration affects their activities. He placed termites in a small space and measured their consumption of the air around them using a sensitive device that measured the pressure of the atmosphere around the termites. This device is called a manometer. Below is an actual table from his 1932 paper with his text describing what he observed in one set of experiments.[image: ]
Professor Sherburne F. Cook (1964)

We will try to recreate Prof. Cook’s experiment using a small manometer. Prof. Cook found that the termites are not harmed during the experiment and recover after several hours.








We will work as a team for this experiment. We will set up two termite enclosures and measure the gas pressure inside the enclosures using small manometers. We will attempt to create a time-lapsed film of the manometers overnight so we can watch the pressure changes and record the readings. We will then plot out the readings to show the rate of gas consumption measured as the change in pressure inside the enclosures. If Prof. Cook’s results happen here, too, then we should see the pressure go back up a bit after several hours as the gas production from the termites exceeds their consumption of the oxygen in the enclosures. We should see production of his “undetermined gas” after about 24 hours.
Create a small manometer
A manometer is made by cutting a length of plastic tubing with an inside diameter of 0.07 inches (1.8 mm) and filling it about one-half full with food coloring in water. The liquid should be placed far enough into the tubing to allow a U-shaped area to form with several cm of empty tubing at both ends. Bend the tubing (but do not kink it) so that the ends of the fluid region are even with one another and tape the tubing to a sheet of 1 cm x 1cm graph paper. Tape a metric ruler next between the two arms of the U-shape to allow measurements of the heights of the two arms of the fluid to be made. The termite-containing enclosure will be attached to one side of the tubing and the other end will be left open to the air.
Procedure
1. Carefully place about 10 termites into a pipetter tip.
2. Plug the end of the tip with a small bit of tissue and dampen the tissue with water.
3. Seal the plug with parafilm and then drip hot candle wax on this to complete the seal.
4. Connect the tip to one end of the manometer.
5. Record the heights of both ends of the manometer and the time. This time will be “time zero” on your plots of the data.
6. Periodically observe the manometer and record the heights of the fluid and the time. You might see the levels change even within an hour.
7. Let the experiment proceed for a day or two, make recordings of the heights and times periodically.
8. When the experiment is done, free the termites back to their home. Plot the number of hours after the experiment started (your “time zero”) on the x-axis and the heights of each arm of the manometer fluid on the y-axis. Each of those height measurements will form a separate line on the plot. Plot each manometer’s data on separate plots on the following pages of graph paper.
9. Did both manometers behave the same? How do the rates of oxygen consumption compare? Did you observe any gas production at the end of the experiment? Were the rates of gas production in both manometers comparable?





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	





	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	




Termite gut microbes
From http://www.kennethnoll.uconn.edu/nsf-termite-project/termite-gut-microbes.html
Termites depend upon the microbes in their gut or digestive tract to digest the complex sugars in wood into simpler molecules that they can use for food. Cellulose is a major sugar in wood and it is broken down in the hindgut of the termite by microbes into molecules called short-chain fatty acids. Acetic acid is one of these acids. You know it better as vinegar. The termite's cells use these acids as nourishment, just like our cells do. The microbes in our guts break down our food into these same acids to feed our tissues. The termite's microbes also produce gasses during this breakdown process. Methane gas is a major product and termites are a large source of methane in our atmosphere. Methane is a more potent greenhouse gas than carbon dioxide.
No one microbe in the termite gut can do the job. A whole community of microorganisms is necessary. These microbes belong to three groups, bacteria, archaea and protozoans. Organisms that live with one another for long periods of time are said to live in symbiosis. The symbioses in the termite gut are often beneficial to both partners and so are called a mutualistic relationship. Sometimes neither partner can live without the other, so the relationship is called an obligate symbiosis. The protozoans and the bacteria and archeae that live insided them often depend upon one another and cannot live without each other, so they are an example of an obligate symbiosis. The bacteria and archaea that live inside their partner are also called endosymbionts, "endo-" meaning "within."
In these photos you can only see the largest microbes, the protozoans. Bacteria and archaea are about a ten times smaller and appear as small specks in these photos. None of these organisms have a color and are largely transparent. To photograph them without using dyes to stain them (which would kill them) we used a special kind of microscope that uses Nomarski optics to distinguish the microbes from the surrounding water. This gives three-dimensional images of the microbes.
[image: :::Desktop:names1_med_hr.jpeg]The protozoans come in a variety of shapes and move around rapidly. For example, if you look closely at the Trichonympha agilis cells here, you can see around them some thread-like strands. These are their flagella that they use to move. (The Trichonympha cells in this image were inadvertently labeled "Trichomonas.")


[image: :::Desktop:pyrsonympha-vertens_med_hr.jpeg]



Personympha vertens or Personympha minor


[image: :::Desktop:microjoenia_med_hr.jpeg]



Microjoenia




[image: :::Desktop:14-3-2011---105046_med_hr-2.jpeg]


Holomastigotes elongatum





[image: :::Desktop:names-and-sizes-3_med_hr.jpeg]


Pyrsonympha major



Microbes you might see in samples from the environment
We will use phase contrast microscopes to look at the sediment samples that we collected from Swan Lake and the marsh as well as samples from the Windogradsky columns. We’ll look for magnetotactic bacteria and iron oxidizing bacteria. Both of these use oxygen, but they cannot tolerate as much oxygen as we can. They both grow in the water deep enough to avoid exposure to too much oxygen, but shallow enough to avoid lacking oxygen altogether.
Magnetotactic bacteria are attracted to magnets. In nature they detect the Earth’s magnetic field and move along its lines of magnetic force. This keeps them moving up or down and not sideways so they can find the right oxygen conditions faster. Some are attracted to the north pole of a magnet and others to the south pole. They are difficult to find because they do not last long after you remove them from the natural environment. The conditions change too fast in a sample bottle to allow them to stay alive. We’ll detect them using magnets to draw them to the edge of a microscope slide.
Here are some close-up photos of magnetotactic bacteria. Some are spiral shaped and others are round cocci. These photos were taken with electron microscopes so you can see that inside their cells they have several small squares of magnetite, the magnetic form of iron. These cause the cells to move along magnetic field lines.
[image: Mac HD:Users:noll:Desktop:40540a.jpg][image: Mac HD:Users:noll:Desktop:magnetic-bacteria.jpg]





Iron oxidizing bacteria take soluble iron (called ferrous iron) and convert it to insoluble iron (called ferric iron) using oxygen. They basically make rust. The ferric iron accumulates around them, so you might see clumps of rust either surrounding cells or with cells on the surface of the rust clumps. Some of these bacteria form long filaments. Another kind, called Gallionella, forms curved cells that have long projections that extend from the cells in a helix pattern. This helix might have rust encrusted on it.
[image: ][image: Mac HD:Users:noll:Desktop:preston_1.jpg][image: Mac HD:Users:noll:Desktop:F_BAG pool1b_40x.jpg]




[image: :::Desktop:13.jpg][image: :::Desktop:2911989_orig.gif]
[image: :::Desktop:common-pond-organisms-vector-1855354.jpg]
[image: :::Desktop:sewagepondalgaemix.jpg]

These area all microscopic genera, a few of which may form filaments or crusts visible to the naked eye. 
[image: :::Desktop:planktonic-algae-freshwater.jpg]Epilithic:
1. Calothrix, 2. Ulothrix, 3. Chaetphora, 4. Chamaesiphon, 5. Cymbella. Epiphytic: 6. Oedogonium, 7. Ophiocytium, 8. Characium, 9. Tabellaria, 10. Cocconeis, 11.Gomphonema, 12. Dermocarpa. Planktonic: 13. Pandoria, 14. Fragilaria, 15. Anabaena, 16. Ceratium, 17. Ankistrodesmus, 18. Melosira, 19. Chlamydomonas, 20. Mallonomas, 21. Staurastrum, 22.Dinobyron, 23. Cyclotella, 24 Navicula, 25 Green Unicells, 26. Opephora, 27. Nitzschia, 28. Amphora, 29. Achnanthes, 30. Nitzschia, 31. Achnanthes, 32. Cymbella, 33. Gomphonema. Epipelic:
34. Caloneis, 35. Spirulina, 36. Mesimopedia, 37. Navicula, 38. Amphora, 39. Oscillatoria, 40. Euglena, 41.Phormidium, 42. Pinnularia, 43. Surirella, 44. Closterium, 45. Trachelomonas, 46. Cymatopluera.
Examples of the tremendous diversity in cell form of the microscopic planktonic algae in freshwater. Epilithic = growing on rocks, Epipsammic = growing in sand, Epipelic = growing in sediments, Epiphytic = growing on plants. (Round 1981). Used with permission of Cambridge University Press.
Biosphere in a Bottle (Winogradsky column)
http://www.microbeworld.org/microbeworld-experiments/biosphere-in-a-bottle
Think about the different places various kinds of plants and animal live. As you know, many, like penguins and cacti, can only live in certain places.
Now think about times you’ve dug a hole in the ground. Did you notice differences in the color of the soil layers? Did you wonder what causes those color differences?
Lots of different kinds of bacteria make their home in the soil. Some are photosynthetic. Light provides the energy they need to grow. Photosynthetic microbes live in specific kinds of light. To some, too much light is as harmful to them as no light at all.
Different bacteria also need different amounts of oxygen. In mud, the surface area has lots of oxygen. Further below the surface, the mud lacks oxygen. Bacteria that need oxygen to live are called aerobic and live at or near the surface, while bacteria that don’t need oxygen are called anaerobic and live deeper in the earth.
Note: This is a long-term experiment. It will take 3-4 weeks for bacteria to grow before you can get full results.
You’ll Need:
· 4 wide-mouth jars with lids or clear plastic 2-liter soda bottles with labels removed (If you use soda bottles, you’ll need to cut the tops off. The tops can then be used as funnels. To seal the bottles, you’ll need clear, sturdy plastic wrap and rubber bands.)
· marker
· masking tape
· 2-gallon bucket
· funnel with a wide spout
· 1-cup measuring cup
· tablespoon
· paint stirrer or other stirring utensil
· 4 small buckets of soil or mud, each collected from one of four different sources (e.g., pond, stream, lake, garden, forest, yard). Label each bucket with the source.
· 4 small buckets of water, one from each place you collected soil (use distilled water for soil collected from a dry place such as your backyard or a forest). Label each bucket with the source.
· 4 sheets of newspaper
· 1 cup of powdered chalk (crush several pieces of chalk): calcium carbonate; provides carbon for some microbes
· lamps with 40- or 60-watt bulbs (optional)
What To Do:
1. Wash your hands before starting. (If you have a cut or wound, you should wear latex or rubber gloves when collecting and working with soil.)
2. Shred a sheet of newspaper into thin strips and set it aside.
3. In the 2-gallon bucket, add five or six cups of soil or mud from one of your collection buckets. Pick out all the sticks, leaves and pebbles. While stirring, slowly add water (collected from the same source) to the soil until your mixture becomes like thick cream. The amount of water you need to add will depend on how wet your soil is at the start. Add the shredded newspaper and one tablespoon of powdered chalk. Mix the contents gently. Make sure the mixture is wet enough that it will flow easily through the funnel. (In some formulas a teaspoon of Epsom salts, magnesium sulfate, is added to provide sulfur for some of the organisms. This is more important if you used mud from marine or coastal marsh sources. [image: ouring]Alternatively, an egg yolk can be added as a source of sulfur.)
4. Using masking tape, make a label for one jar or bottle with the name of the soil source on it (e.g. My Backyard). Using the funnel, pour approximately a half-inch of your mixture into the jar or bottle.
5. [image: haking]With one hand covering the opening of your jar and the other holding the base, gently tap the base a few times on a hard surface to allow the mixture to settle evenly. Continue to fill the jar, gently tapping the base every few inches, until it is filled to within two inches from the top. Close the lid or cover the bottle tightly with plastic wrap secured by rubber bands.
6. Repeat the process to fill each of your jars/bottles with soil or mud collected from a different place. (Rinse out your 2-gallon bucket well in between mixing each new batch.) Be sure each new jar/bottle is labeled properly.
7. Place your jars/bottles in a well-lit place, but not in direct sunlight. If you wish, shine indirect light on the jars/bottles with your lamps. Keep them out of heat and at room temperature.
8. For three or four weeks, observe the jars/bottles daily looking for color changes in the mixtures. Record your observations in a notebook. Draw, label and color a picture of each of the jars at the end of each week.
Questions
1. Why are there different colors in the jars/bottles? 
2. What causes the red, orange, green, white and black colors? 
3. Why do some colors appear in one part of a jar/bottle and not another? 
4. What would happen if you kept a jar/bottle in a dark closet? 
5. What would happen if you left a jar/bottle in intense heat? 
6. What would happen if you covered your jars or bottles with different colored plastic wrap? 
(Answers are at the website above)

Another good site for a method to make a Winogradsky column: http://quest.arc.nasa.gov/projects/astrobiology/fieldwork/lessons/Winogradsky_5_8.pdf
The Harvard Law of Biology
"Under the most rigorously controlled conditions of temperature, pressure, volume, humidity and other variables, the organism will do as it darn well pleases".
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Con{rol

Figure 1. How to set up the flour, yeast, and sugar.

Control

Figure 2. Add water and form into 4 balls of dough.
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Figure 3. How to use a straw to remove dough from
the dough ball.
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Oxygen Absorption by Termites at Very Low Tensions
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The oxygen uptake was steady for a short time (about 3040 minutes),
then began to fall off. The decrease continued until the gas consump-
tion ceased. But on continuing the readings it was observed that a
positive pressure appeared, suggesting that now some other gas was being
evolved. The rate of evolution became constant within an hour and
remained so as long as measurements were continued—a matter of sev-
eral hours. Since the vessel contained strong potassium hydroxide, this
gas could not be carbon dioxide. The experiment was repeated with
an inset of 10 per cent sulphuric acid as well as alkali, but the general
course of the reaction was similar. The termites therefore evolve a
gas which can be absorbed by neither acid nor alkali. No further at-
tempt was made to determine the exact composition of this substance,
but there is a strong possibility that it may be hydrogen or methane, or
a mixture of both. If so, a reasonable assumption is that the micro-
organisms in the gut are responsible. The principal constituent of the
termite diet is cellulose and the breakdown of this material is usually
ascribed to the protozoa and possibly bacteria which inhabit the digestive
tract. In other animals which utilize cellulose in a similar manner,
such as cattle, large amounts of hydrogen and methane are produced.
There is therefore considerable likelihood that we are dealing with an
analogous situation in the termite, although naturally such a statement
cannot be made with certainty in the absence of a quantitative analysis
of the gas produced.
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Oxygen Absorption by Termites at Very Low Tensions
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The oxygen uptake was steady for a short time (about 3040 minutes),
then began to fall off. The decrease continued until the gas consump-
tion ceased. But on continuing the readings it was observed that a
positive pressure appeared, suggesting that now some other gas was being
evolved. The rate of evolution became constant within an hour and
remained so as long as measurements were continued—a matter of sev-
eral hours. Since the vessel contained strong potassium hydroxide, this
gas could not be carbon dioxide. The experiment was repeated with
an inset of 10 per cent sulphuric acid as well as alkali, but the general
course of the reaction was similar. The termites therefore evolve a
gas which can be absorbed by neither acid nor alkali. No further at-
tempt was made to determine the exact composition of this substance,
but there is a strong possibility that it may be hydrogen or methane, or
a mixture of both. If so, a reasonable assumption is that the micro-
organisms in the gut are responsible. The principal constituent of the
termite diet is cellulose and the breakdown of this material is usually
ascribed to the protozoa and possibly bacteria which inhabit the digestive
tract. In other animals which utilize cellulose in a similar manner,
such as cattle, large amounts of hydrogen and methane are produced.
There is therefore considerable likelihood that we are dealing with an
analogous situation in the termite, although naturally such a statement
cannot be made with certainty in the absence of a quantitative analysis
of the gas produced.
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Gallionella ferruginea: ironoxidizing, stalked bacteria
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Common Pond Organisms
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