LAB #7
How long does it take for Chlamydomonas to regenerate its flagella?

Adapted from Vanderwalle and Heyes, Journal of Biological Ed., (1993) 27(2): 125-129.

Focused Reading:
“Microtubules…” pp 74-75. Stop @ “Centrioles. . .”


Figures 4.21 (pg. 72) and 4.24 (pg. 74).

Goals for this Session:

     During this session, you will collect data on the regeneration of flagella on Chlamy. These cells will have been deflagellated before you come to lab and you will measure the length of the flagella over a one hour time period. You will learn how to use a version of NIH Image (called Scion Image) and the computer to capture images of the cells and measure their flagella on the computer monitor. 

     This set of experiments requires a lot of teamwork. You should have decided who will do which job(s) in order to make the necessary observations, and record all the information. [However, in the interest of your own edification and getting more bang for the buck, each person should sneak time to make observations for yourself because there will be test questions which are based on your laboratory work.] Do not waste time at the beginning of lab. The cells have just lost their flagella which means they cannot follow the best light in order to eat, or escape predators. They will start regenerating their flagella ASAP. On the other hand, do not begin the experiments below until you are ready - you may have to repeat the entire process if you begin before organizing yourselves because, “I thought you were keeping the time!”

     You will want to measure the length of the flagella as a function of time. At each time point, two people should each measure the length of 20 flagella (total of 20 flagella on 20 cells). Once the cells have been fixed with Lugol’s solution, the data are safe and you do not need to rush. With this point in mind, you might want to rotate the job of measuring flagella. You should organize yourselves so that aliquots are fixed every 15 minutes. You will use the same ingredients, reagents, as last week so stain them with Lugol’s to fix the cells and flagella and to enhance visualization. 
Detailed Protocol:

A) I have laboriously removed the flagella from about 5.0 X 1012 cells 

How many flagella did I pile up? (For those with time on their hands, 

how close to the moon would this stack go if they were placed end to end?)

B) Because there are 4 people in a group, each person should have a job:

#1 - One person should record all the data and make sure that no time points are missed.

#2 - One person should be the time keeper and fix all the aliquots at the right time.

#1 and #2 should prepare all the slides for #3 and #4. Do not make the slides until they are ready for them. If you leave Chlamy cells under a cover slip too long, they will pop off their flagella again.

#3 and #4 - Two people should measure the length of the fixed flagella.

Turn to Appendix B to read how to use NIH Image to measure flagella length.

C) Person #1: set up 5 microfuge tubes and label them 0 - 60 at intervals of 15. In each tube there should be 

50 µl of Lugol’s fixative.  Have a table ready that has spaces for all the data he or she will need to record.  

Person #2: As soon as your group is ready, add 50 µl of deflagellated cells to the appropriate microfuge tube and move the flask back to the light shelf. Call this time point time zero. This measurement is the starting length of the flagella. 

People #3 and #4: measure the flagella lengths from the fixed cells; 20 flagella from 20 cells. 

D) This cycle of events should happen every 15 minutes, so there will be a total of 5 time points and data for each. DO NOT record averaged data in your lab book. Enter the raw data; there will be time to average the results later and a good scientist keeps all data, not just the averaged results. If you were doing AIDS research and you recorded only averaged results, you might find yourself in jail.

E) After one hour has passed, you should have collected all the data. The last step in any experiment is to clean up. You should clean your area, turn off the microscopes, throw away any trash, and return any equipment to where you found it. This step is important because so many people use this equipment and room. If you get an opportunity to work in a research lab, you had better clean up and return things properly or you may find yourself unemployed.
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General Information about Chlamydomonas Flagella

     To remove the flagella of Chlamy, you can either have great eye-hand coordination, or use the pH shock method. As it so happens, Chlamy is very sensitive to changes in its environment. If we manipulate the pH of the growth medium by adding acetic acid until the pH decreases from about 7.2 to 4.5, the cells shed their flagella. Scientists have investigated why this event happens. We know that cells will not shed their flagella if there is no calcium in the growth medium. (Calcium can be removed from any solution by adding in a compound commonly referred to as EGTA. EGTA has a very high affinity for calcium and acts as a chelator, like a molecular sponge, to absorb ionically all the calcium, which means Chlamy cells can not use or sense any calcium ions if EGTA is present.) Other researchers have shown that if one can experimentally elevate the level of calcium in the cytoplasm of Chlamy cells, they shed their flagella. Hypothesize what is going on when Chlamy cells shed their flagella when pH shocked in the presence of calcium. Can you devise an experiment to test your hypothesis?

     By now you may be wondering why anyone would care how long it takes pond scum to regrow its flagella. Chlamy is a model organism for studying flagella and much of our understanding of cilia and flagella is due in large part to our understanding of Chlamy flagella. 

 There is an interesting story of colossal proportions that you must figure out. As you read in Purves, the flagella are comprised of many different proteins (about 200 different proteins are required to make a normal flagellum) but the predominant protein is tubulin. Each Chlamy flagellum is built upon the 9+2 structure of microtubules (see the figure below). The outer 9 microtubels are “doublets”, consisting of a complete circle of 13 protofilaments fused with a partial circle of 10 protofilaments. The two centrally located microtubules consist of a “singlet” of 13 protofilaments. Therefore, each flagellum contains (9x(13+10)) + (2x13) protofilaments. Each protofilament is composed of dimers of  tubulin and  tubulin. Each monomer of a globular tubulin molecule has a 4 nm (4.10-9 meters) diameter and is comprised of 450 amino acids. Therefore, the / dimer has a diameter of 8 nm and is made of 900 amino acids. Although there are multiple genes for tubulin, for the sake of simplicity let’s assume a single gene for each form of tubulin (one for  and one for ). These prototypical genes are about 1800 bases long. Remember that Chlamy is haploid so one allele = one gene = one locus.

[image: image1..pict]
Compare with Figures 4.21 and 4.24 in the Purves text.

Here are some questions for you to answer:
1) Based on your results for flagella regeneration, calculate how many amino acids are being polymerized per 

     minute into the tubulin component of the regenerating flagella. 

2) Assume that all of the mRNA needed for this process is being synthesized de novo, from scratch. How 

    many mRNA bases (assume no introns) must be transcribed per minute if every mRNA is translated only 

    once? What if each mRNA is translated 100 times?
3) If RNA polymerase can travel no faster than 2500 bases per minute, is it possible for all of the RNA to be 

    transcribed de novo? Explain your answer.

     You will not be able to answer these questions with your experimentally determined rate because that rate will not be determined for another two weeks. However, make the assumption that they grow at 0.17 µm per minute. Once you have determined the rate in your experiment, you can try the calculations again. 

Before the end of lab
     At this time, each laboratory group has to formulate an hypothesis and design an experiment to test that hypothesis. To formulate an hypothesis, you might just wonder aloud,  “What if we....?” For instance, what if we prevent the cells from transcribing any new RNA? What if we prevent the cells from translating any new proteins? What if these plant cells are put in the dark? Would gametes (in G0) regenerate flagella faster or slower than vegetative (mitotically active) cells? What would happen in the presence of added ATP? caffeine? glucose? amino acids? EGTA?  Once you have found a question that interests you, you then should use your knowledge of molecular and cellular biology to formulate an answer to your question. For example, if we block translation with cycloheximide, then you might hypothesize that flagella will not grow at all. This hypothesis is a good one; a good hypothesis can be tested. A bad hypothesis might be, “Chlamy cells do not like to have their flagella removed and are happier when the flagella are regenerated.” How could this hypothesis be tested? Formulate your hypothesis so that you can design an experiment to test it. 

Here are some reagents you might want to use next week:

NAME

FUNCTION



STOCK

FINAL
Cycloheximide

translation inhibitor


2 mg/ml

10 µg/ml

Actinomycin D
transcription inhibitor


5 mg/ml

50 µg/ml

Caffeine

cyclic nucleotide (cAMP)

66 mM


6.6 mM




phosphodiesterase




inhibitor

Arginine

essential amino acid


10 mg/ml

100 µg/ml

Calcium

signal transduction/


100 mM

1 mM




second messenger 

Lithium chloride
disrupts production of 

1M


20 mM




IP3 (NOTE: lithium is a teratogen)
Remember to include good controls in your design. A good control is an experimental condition that will give you a standard or predictable result against which you can compare the results of the condition you are actually interested in studying. For example, if you wanted to see the effects of disco music on the regeneration of flagella, you would design an experiment that had 2 experimental conditions:

1) Cells regenerating their flagella in the presence of disco music

2) Control cells regenerating their flagella in the presence of pleasant, non-disco music

(Notice the difference between the control and experimental is only one variable - the presence or absence of disco muisic.)

     Your hypothesis probably would be that disco will prevent flagella from growing. This hypothesis is a testable hypothesis because you can measure the length of the flagella in the two situations (plus and minus disco). Let’s look at a hypothetical set of results. When the cells are subjected to disco, the flagella did not grow. When the cells were grown in the presence of normal music, they did not grow either. How should these results be interpreted? Did disco prevent the regeneration? What do the results of your control condition tell you? Why must every experiment have good controls?

     Each group should decide upon a question to answer next week, formulate an hypothesis, design the experiment, and discuss the protocol with me. This meeting will give us a chance to answer any major questions you might have and order the reagents you will need. 

     Your written protocols must be turned in today and they should be specific enough so that next week, you can come into the lab and begin immediately by following your own directions. We will look over your protocols and give them back to you at the next lab meeting. 

You also should have the following in your lab notebook:
1) The data from today’s experiment.

2) Answer all the questions asked of you in the protocol above (with the exception of the optional question regarding the moon).

3) You should note any observations you think note worthy - use your best judgment. 
LAB #8
Testing the effects of “environmental” changes 

on the regeneration of Chlamydomonas  flagella

Focused Reading: 

Review pp 108-112





Review pp 270-273, pp. 276-277.
You will perform the experiments you have designed in your protocols. If any modifications were made to your written protocols, you should talk to me before you begin the experiment. 

Before the end of today's session, you should:

1) Obtain all the data you need to draw a conclusion. We will spend the next period working with Excel to analyze your data from today.
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Experimental Data A
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Experimental Data B
time
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

0





















15





















30





















45





















60





















READ THIS!
Before you leave lab today: 
Start thinking about the next set of experiments we will be conducting.  Using a modified version of the Ames test, we will be testing the mutagenicity of various compounds.  By next week's laboratory session, bring something (Your Favorite Potential Mutagen - YFPM) you have been curious about or have heard “might cause cancer”: tobacco, hair dyes, smoked meats, fried bologna, charcoal, pesticides, insecticides, rat poison, UV light, caffeine, ethidium bromide, mustard, green M&Ms, peanut butter - be creative!  We will prepare these materials for you so you can test their mutagenicity.

When your read about the Ames test, be sure to think about controls (positive and negative) and how you can determine the dose response of your agent.  Do your protocol as before: state a hypothesis, determine how many conditions you are going to test (and thus how many petri plates you will use), and be detailed enough in your outline of procedures so that you know what you are doing.

Lab #9
A Beginner’s Guide to Descriptive Statistics

Your instructor will give you directions for making YFPM (your favorite potential mutagen).

     Once you have collected a large set of data, you need to use some descriptive statistics to convey the important aspects of the distribution of your data. Two features of the distribution that you should describe are:




1) The central tendency




2) The spread of your data

Mean
     A simple measure of the central tendency of the data is the mean (or average):




Mean = sum of all the data ÷ sample size (often called n)

For example, with the data set (1,1,1, 5), n = 4; the mean is 8 ÷ 4 = 2.

Range
The simplest measure of the spread of your data is the range, which tells you the distance between your most extreme data values, but does not address the issue of how frequent these extreme values are. The formula for calculating the range is:




Range = value of maximum data point minus value of minimum data point

For example, with the data set (1,1,1, 5), the range is 5 - 1 = 4.

Variance
     The variance of your data is a measure of spread that will take into account both the deviations of your data (away from the mean) and how frequently these deviations occur. The formula for calculating variance is:




Variance = the sum of (each data point minus the mean)2 ÷ sample size

For example, with the data set (1,1,1, 5):       (1-2)2 + (1-2)2 + (1-2)2 +(5-2)2 =  12




The variance is 12 ÷ 4 = 3. 

Standard Deviation
     The standard deviation of your data is the square root of the variance, and therefore it reflects both the deviation from the mean and the frequency of this deviation. Standard deviation often is used instead of the variance because the scale of the variance tends to be larger than the scale of the raw data, while the standard deviation is on the same scale as most of the data. The formula for standard deviation is:

[image: image2..pict]


        




Standard deviation =

For example, with the data set (1,1,1, 5), the standard deviation is the square root of 3, which is 1.73.

Standard Error of the Mean

     The standard error of the mean is another common way to describe the deviation from the mean and the frequency of this deviation, but it also takes into account the size of your data set. The formula for standard error is: 

[image: image3..pict]









Standard error = 

For example, with the data set (1,1,1, 5), the standard error is the square root of 3 ÷ 4 = 0.866.

To see why standard error is a useful statistical description, let’s consider another data set where the variance equals 3 but n = 30.





Standard Error = square root of 3 ÷ 30 = 0.316. 

The same variance of 3 gave different standard errors (if n = 4: 0.866 versus if n = 30: 0.316) because of the difference in sample size. However, if you look closely at standard error and standard deviation, you will notice that standard error has taken the sample size into account twice. To some extent, this calculation is statistics at its worst. Standard error is a statistical analysis of one set of data treated as if you had actually repeated the same experiment many times and gotten a range of means. In other words, standard error is a statistical approach that attempts to look at the variance of this imaginary range of means and determine the variance of these means. Many scientists use standard error to make their data look better than it really is. What we would like to be able to say is we are > 95% sure that if we were to repeat a particular experiment another time, the mean value would fall within a certain range. Excel can generate a 95% confidence interval as well.  To calculate the 95% confidence interval, the following formula is used:

( + 1.96(((  n )

where ( is the average, ( is the standard deviation, and n is the sample size.

Excel for Office ‘98
     Rather than calculating averages, standard deviations, etc. manually, we will enter our data into a Excel, a spreadsheet software program, and have this program calculate these values for us. Once you have entered data in Excel, you also can use this program to graph the results.

1) Enter your data with the times listed down the first column and with your flagella measurements going across in rows. 

[image: image4..pict]
Save these data: give the file a good name and have the file saved to the Bio111 folder and your section’s lab folder. When entering the same number many times, you can save yourself some time with a short cut. Enter the number once, highlight that number, then click and drag the small box in the lower right hand corner to fill as many boxes as you need with the same number.

2) Once all the data are entered, save the file again.

Start a new column called average length and click on the first box:

[image: image5..pict]
Click on the Insert menu and select “Function…”

[image: image6..pict]
[image: image7..pict]3) You will see a window like the one shown above. Select Statistical and then Average and click on OK. You will get a dialog box like the one below. At the top is the formula for averaging the data entered in boxes B2 through U2. You want to make sure all the boxes that you want to have averaged are within the range you have selected. Do not select A2 because that has your time values in it. Then click OK.

4) When you hit OK, you will see this:  

[image: image8..pict]
Put your cursor on the box as shown and click and drag down until you reach the 60 minute row. When you let go, all the averages will be calculated.       

[image: image9..pict]
5) Create a new heading called Standard Deviation: 

Click on the box below. Go to the insert menu and

select “Function…” Select Statistical and STDEV as shown:

[image: image10..pict]
[image: image11..pict]6) You will get another dialog box. Enter the same range as before. In our example, we are using B2- U2 so we would type “B2:U2”

When you click on OK, the value will be entered (probably close to 0). Then click on the lower right hand corner and drag it down to the 60 minute level. The program will calculate the standard deviation for all of your averages. 

[image: image12..pict]
7) Enter a new heading called 95% confidence. 

Under this heading, click on the next box.

[image: image13..pict]
Go to the Insert menu and select “Function…” as you did earlier. You will see this dialog window. Select statistical and confidence as shown.

7) Now you will get a new dialog box: 

[image: image14..pict]
You will need to enter some information:


1) The alpha number is the percentage of confidence you want. Enter 0.05.


2) The Standard_dev is can be obtained by typing in the box location where the first standard 


deviation was pasted W2. 


3) The size is your sample size, or n value. For us, it will be 20. 

8) When you have done this step, you will see something like the dialog box below. Notice that the values are entered in the white boxes, but the numbers are shown to the right, near the cursor in the figure below. The standard deviation has to be greater than zero to calculate the confidence value, but don’t worry about this for now.

[image: image15..pict]
9) When you click OK, you will get either a number or a “#NUM!” if a standard deviation was zero. This prompt is Excel’s way of telling you that zero is an unacceptable value for standard deviation. Ignore that and drag the box down to calculate all the confidence values through 60 minutes.  After you have obtained all the values, change your “#NUM!” values to zero.

10) You now are done analyzing your data.  Obviously, though, the data are not easy to present in this format.  Rather, it is convenient to present such data as a graph.  If you are note familiar with the graphing capabilities of Excel, follow the directions found in Appendix A in the back of this manual.
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