Cell Biology Laboratory

Role of the Cytoskeleton in Phagocytosis

October 26-28, 2004

In this lab another important model organism, Tetrahymena, is introduced. This organism feeds by ingesting food by phagocytosis. Using dyed yeast cells as a food, the rate of phagocytosis will be determined by allowing the organisms to feed, fixing the cells, and counting the number of colored vacuoles that have been produced. The process will also be examined in the presence of two cellular toxins: cytochalasin B inhibits formation of actin fibers, while colchicine inhibits the formation of microtubules. This should allow you to determine the relative involvement, if any, of these two types of cytoskeletal molecules in phagocytosis. This experimental approach, the use of specific toxins to dissect complex pathways, is a commonly used and powerful technique in cell biology. These inhibitory molecules can also be labeled with fluorescent dyes and used as specific labels for cellular structures.

Useful background reading and research: What are the biological sources of cytochalasin B and colchicine? What types of molecules (i.e. peptide, steroid, approximate molecular weight) are they? In MBOC: phagocytosis pp. 746-748; actin and tubulin pp. 908-916; examples of inhibitors pp. 927-929. A very interesting gallery of fluorescent microscope views of actin and tubulin is at http://www.probes.com/servlets/gallery?id=12.

Phylogenetically where is Tetrahymena placed in the web of life? What are characteristics of this group of organisms and what are examples of organisms related to it? Harriet Smith-Somerville at the University of Alabama maintains a Tetrahymena web link page at http://bama.ua.edu/~hsmithso/prof/tweb.shtml. As you can see from the number of labs listed, it is still a widely used organism. There is a Tetrahymena genome project. It is used as a test organism to quickly determine chemical toxicity. Historically it is interesting because many of the early discoveries about RNA splicing and telomeres were made in this model system.

Precautions:

Cells will be fixed with an aqueous solution of glutaraldehyde. Skin and inhalation exposure to glutaraldehyde should be avoided. Whenever handling solutions containing glutaraldehyde, cytochalasin, or colchicine you should be wearing gloves. Glutaraldehyde transfers and storage should be in the fume hood as much as possible. Whenever you are not looking in the microscope, and especially in transferring chemicals, (or around those transferring chemicals), wear safety glasses. When you are done with lab, all tubes containing fixative or drugs should be placed in the designated waste container.

Specific activities:

1. Observation of non-fixed Tetrahymena.  (This can be done at any point during the lab.) When healthy, these protists can move very quickly; there will be dropper bottles of a non-toxic polymer (Protoslow) which will slow down their movements. The best observation method for these organisms is a hanging drop mount using a depression slide. This helps avoid crushing the cells. A drop of solution is placed on a cover slip on the counter and the depression of the slide is placed over the drop. The slide and cover slip are quickly inverted and ideally the drop will now be hanging from cover slip. What do you observe for size, shape, motion, and organelles? 

2. Determination of rate of phagocytosis. You should conduct at least one run without the use of the toxins to determine that your procedure and timing will produce reasonable data. Make sure in this run that your microscopic observation and counting procedures work.

a. Before starting, prepare a small Eppendorf tube for each time point expected. This includes the label and the addition of 10 microliters of glutaraldehyde fixing solution.

b. In a large Eppendorf tube place 1 ml of Tetrahymena culture. At your zero time point add the dyed yeast food and withdraw 20 microliters of culture as your 0-time point reference. As in c., place this zero time reference in the corresponding small tube with fixer and mix. At this point we are still determining an appropriate food to organism ratio. NOTE: check at the start of lab for advice on food/organism ratio.

c. At regular intervals collect 20 microliters of culture, add to the fixing solution in the corresponding small Eppendorf, and mix well. Recommended time points to start (in minutes): 0, 5, 10, 15, 20, and 30. NOTE: check at start of the lab for any possible changes in advised data collection times.

d. When completed with the experiment examine each collected fixed sample separately under the microscope. Count the number of Tetrahymena observed and the number of food-filled vacuoles. Count at least 20 organisms for each time point. 

e. Convert your data into an average ratio of filled vacuoles/organism and present the time points as both a table and a graph. What is the pattern observed, if any?

f. A useful examination of the scatter of data in this experiment would be to repeat the observations of one time point collection but several microscope observations. How large is the standard deviation of the data compared to the mean value?

g. A bit more on data analysis; it is helpful to present inhibition, if present, as a percentage or ratio relative to the uninhibited value. Determine a counting method that avoids having to make decisions about whether you do or do not count an individual. This helps avoid bias. The x-y movement system on the microscope stage allows you to use a set and repeatable scanning system.

3. Testing the role of the inhibitor:

Each lab partnership will be assigned one drug or combination of drugs. You will repeat the feeding experiment described above in part 2., running one time series for the drug test and a second non-drug control. What should be added to your control tube? For the sample containing the drug, 10 microliters of the drug stock solution (see appendix for concentration) is added to the Tetrahymena culture before the food is added. Repeat the remainder of the data collection and data analysis steps. What is the final concentration of your test drug in the experiment?


Compare the test and control. Does the drug make any difference in the ability of the organism to use phagocytosis? What does this result tell you about the importance (or lack of importance) of actin and microtubules in this process?

Other possible questions that could be investigated using this system:

A. Is the release of new plasma membrane from the Golgi to the cell surface needed? Brefeldin A can interrupt this process.

B. What is the effect of changing the concentrations of the inhibitors?

C. Does the cell need to maintain a given electrical potential across the plasma membrane? This is a little more indirect, but data could be observed on the effect of changing the concentration of external ions likely to be involved in any membrane potential. One could also add ionophores specific for likely ions and examine what the effect of increasing permeability for ions has on phagocytosis. Based on other systems we have read about, what are likely ions that could be involved?

D. Is new protein synthesis needed? Several antibiotics act on ribosomes to block protein synthesis. 

Appendix: Materials

Tetrahymena were obtained from Carolina Biological Supply as an axenic (bacteria-free) culture. They are maintained on 2 % proteose peptone medium at room temperature. Their optimal growth temperature is 20-22 o C. 48-72 hours before use the culture is expanded by a factor of 1:100 on fresh media.

The test yeast are ordinary baker’s yeast grown to a dense solution. They are then boiled 5 minutes with Congo Red dye. This dye is red at pH >5 and turns purple at more acidic pH values.

Cytochalasin B (Sigma-Aldrich) is in a stock solution of 5 mg/ml in 70 % ethanol. Cochicine (Sigma-Aldrich) stock solution is 500 mg/ml in water. 

The glutaraldehyde fixing solution is 5% glutaraldehyde in water.

