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Bacteria and Archaealogy vame

Today we will continue our study of prokaryotic organisms. With some understanding of the
structure and functions of bacteria, today we turn our attention to some important and practical
examples of bacteriology. We also extend our exploration of organisms into domain/kingdom
Archaea...the study of archaea is so-far uncoined, but I’ll call it “archaealogy.”

Cyanobacteria

Available in laboratory this week is a range of organisms known collectively as cyanobacteria.
These are the descendants of the organisms that produced the oxygen-based atmosphere on earth,
making aerobic life possible. Working cooperatively, and for each species, we will assemble a
slide with a tiny bit of the cyanobacterium in a wet mount (slide plus medium drop with
specimen plus coverslip). We will then share these slides with each other to observe what we can
of structure and function. Note: no staining is required thanks to the presence of
bacteriochlorophyll and chlorophyll a. As you get the opportunity to observe each species, make
a sketch showing as much cellular detail as possible and label each sketch completely. Also
include with each sketch any other notes you have on the organism you have observed. Should
you miss a specimen, photos of these cyanobacterium are on our class website.

Gloeocapsa Cylindrogpermum Merismopeadia Lyngbya
Oscillatoria Eucapss Tolypothrix Fischeela
Anabaaa Arthrospira Gloeotrichia Calothrix

Document © Ross E. Koning 1994. Permission granted for non-commercial instruction.

Koning, Ross E. 1994. Bacteria and Archaealogy. Plant Information Website.
http://plantphys.info/organismal/labdoc/archaea.doc
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A Cladogram of Cyanobacteria

Here is a good chance to reinforce your skills in cladistics with a real-life example. A cladogram is no better than the
quality of the data matrix behind it...so I am providing the matrix for you! In polarizing character states, a naked

unicellular coccus without special associations or cell types would be the outgroup for these cyanobacteria.

IS
>

g 8 .

© © =

21 & -g. 5 " £ %’ © = | 5

g o ) e |8 | s o) g | c

9 5 g 2 | = ol 0 & @ o =

s |ls |23 |8 |5 8|8 (5|8

= = =} Ke) R c < =

character (apomorphic state) © |G |= 4 | O w |- L | < < | O

1. filamentous/strepto- 0 1 0 1 1 0 1 1 1 1 1

2. colonial 1 0 1 0 0 1 0 0 0 0 0

3. sheet 0 0 1 0 0 1 0 0 0 0 0

4. spiral 0 0 0 0 0 0 0 0 0 1 0

5. motile 0 0 0 1 1 0 0 0 0 1 0

6. branched 0 0 0 0 0 0 1 1 0 0 0

7. true branch 0 0 0 0 0 0 0 1 0 0 0

8. tapered filament 0 0 0 0 0 0 1 0 0 0 1

9. sheath present 1 1 1 0 0 1 1 1 1 0 1

10. heterocyst present 0 1 0 0 0 0 1 1 1 0 1

11. akinete present 0 1 0 0 0 0 1 1 1 0 1

Using the data matrix above, provide a most-parsimonious cladogram for all eleven genera of cyanobacteria below.
Be sure to mark evolutionary steps with numbers 1-11, write in all genus names, and circle all homoplasies. Make
sure your homoplasies are most parsimonious (remember about reversals)! Also, be sure to twist branches so that
you show most of the steps toward the right on each dichotomy.
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Practical Extr emophile 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 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 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 mix is Lactobacillus acidophilus.

You will find two containers for your group to use. Fill the containers about '/, full with
nonfat dry milk. Fill the containers with fresh milk to about 1 cm from the rim. Stir to dissolve
all of the dry milk and top off with the fresh milk and stir in as needed. Into just ONE of your
containers, stir in one rounded spoonful of commercial yogurt (with live cultures). Put the lid on
the containers, be sure to label the cultures with your group name and whether the container is a
treatment or a control (which is which?), and put the containers in the incubator. You will
measure the pH of the stock milk today and then the pH of the finished yogurt next week.

pH of Milk pH of finished yogurt pH of “no-starter” control

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 Halobaderium 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
42°C on a medium designed specifically for its abilities:

50 g NaCl Use your cranial digital zoom! Draw a few cells nicely! Label!
0.4 ¢ K,HPO,

0.1 g MgSo,¥7/H,0

2 g Yeast Extract

9 drops 4N KOH (to pH 7.2)

200mL dH,O

4 g Agar (not Phytagel if to be solid)

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 Cell Shape Cell Grouping Gram Result

(wet mount in 25% NaCl) coccus bacillus spirillum vibrio uni diplo strepto staphylo + -
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Halophile or not?

Your station will include the standard medium as well as plates of medium that have been
serially diluted from the standard medium. We will attempt to see how well Halobaderium and
Microooccus grow over a range of salt concentrations. Inoculate half of each plate with a streak
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.

25% 12.5% 6.25%
HS | ML HS | ML HS | ML

Halobaderiumis an obligate halophile because it grew well in

...but did not grow in

Microococcusis not a halophile because it grew better in

...than in

However, Micrococcusis not a halophobe because it grew with up to

/11
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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
tubes of phenol red culture medium plain, or with glucose, or sucrose, or lactose in Durham
fermentation tubes. Inoculate each one with Halobaderium salinarium After a week of growth

at 40C, record the results:

Color at (t=7d) mm Gas mm Gas mm Gas

Outside Durham (t=0) (t=7d)  Produced

Plain

Lactose (Glu-Gal)

Sucrose (Glu-Fruc)

Glucose (Glu)

Note: the choices for color are RED or YELLOW (remember last week?)!
Note: Gas change must be more than 2 mm to be meaningful (remember last week?)!

What conclusions do you draw about the ability of this organism to ferment these sugars?

Halobaderium| does

does not | ferment lactose anaerobically into acids

Halobaderium| does

does not | ferment lactose anaerobically into gas

Halobaderium| does

does not | ferment sucrose anaerobically into acids

Halobaderium| does

does not | ferment sucrose anaerobically into gas

Halobaderium| does

does not | ferment glucose anaerobically into acids

Halobaderium| 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 Halobaderium| 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.
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How many cellsin thetube?

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 1 mL 25% NaCl LB broth culture of Halobaderium
salinarium The culture has been grown for a five days at 42°C with shaking to aerate the
medium. Cell division has occurred and filled the culture with cells. How can we determine the
number of cells in the tube?

We will start by making five serial dilutions of the stock culture:
 Mark five sterile tubes with these labels: 10> 10* 10° 10
* Put 990uL of sterile broth in each of the five tubes
* Using the pipette, transfer 10uL from the stock culture to the tube labeled 10°
e Titurate the contents of the 10* tube 12 times with the plunger. Discard the tip.
» Move 10uL of the contents from the tube labeled 10 into the tube labeled 10*
* Titurate the contents of the 10* tube 12 times with the plunger. Discard the tip.
» Move 10uL of the contents from the tube labeled 10* into the tube labeled 10°
» Titurate the contents of the 10° tube 12 times with the plunger. Discard the tip.
* Move 10uL of the contents from the tube labeled 10° into the tube labeled 10°
» Titurate the contents of the 10® tube 12 times with the plunger. Discard the tip.
* Move 10uL of the contents from the tube labeled 10® into the tube labeled 10"
* Titurate the contents of the 10" tube 12 times with the plunger. Discard the tip.

10"

Label six Petri dishes with the labels from the tubes...the sixth dish should be labeled 1.

Pick up a fresh sterile pipette tip with the pipettor

Starting with the tube with the most dilute (10'°) solution, move 100uL 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 10" 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 1
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 40C.

Record the number of colonies on each plate. Use the e symbol if growth in a plate is confluent.

10" 10° 107

10° 10* 1

Now...remembering that you only counted 10% of each dilution...calculate the number of cells
in the original stock culture tube. Be sure to use proper scientific notation for your answer.
Write X in the cell if growth above was confluent or if there were no colonies on the plate.

10" 10° 107

10° 10* 1
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