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Hintsfor Your Oral Presentations

Orad presentations are an important means of communicating scientific information. Oral
presentations often are used to present experimental findings at colleges and universities (where they
also are known as“seminars’), and at scientific meetings. Therefore, it isimportant that you gain
experience with this presentation format.

Everyone realizes speaking in front of a group can be uncomfortable, and it is especially hard the
first time. Y ou will make some mistakes - that’ s part of the learning process. Please readlize that any
guestions that you are asked by your classmates or instructor are not meant to be taken personally. So,
don't be afraid of questions - they are intended to further our understanding of your scientific
investigation. The best preparation for presentationsis to understand what you did, especially why you
set the experiment up the way you did in order to answer a specific scientific question.

Each group will give an ora presentation about their experiment. The presentation should be
organized in amanner similar to your scientific reports, with general categories such as: Introduction,
Material and Methods, Results, and Discussion/Conclusion. For groups of four, each person should
present one of the following sections.

1) The Introduction can include things such as background information, the reasons for doing the
experiment, and your hypothesis.

2) The Materials and Methods should include your experimental design, where you describe the
samples you are testing and the controls you have incorporated into the experiment. In addition, you
can do avery brief overview of the mgor procedures you performed. Remember to consider your
audience: all the groups did a basic enzyme laboratory, so there is no need to repeat “ standard’
protocols. Include procedures that are different from the standard protocol, and be sure to present
enough of your protocol so that everyoneis clear asto exactly what you did.

3) The Results should be a clear and concise display and explanation of your data. Y our data should be
digtilled down to the important facts, and not necessarily every piece of datayou collected. However,
don’'t make the mistake of showing afigure and saying, “Thisiswhat we got.” and then sitting saying
nothing else. Walk us through the figure. Point out important parts of each figure.

4) Finally, the Discussion will be your interpretation of your results. What do your data mean? Discuss
whether your data support your hypotheses. Do you have reason to believe your data were inaccurate?
What would you do next time to investigate the problem further?

Y our group’s presentation should last no mare than 15 minutes, because there must be time for
guestions and discussion with the rest of the class afterward. Each person in your group must speak
during the presentation. The use of visua aidsis very important; we suggest you print very small
figures and then use the digital projection system for the class to see.

In preparing your presentation, you may find it helpful to keep the following questionsin mind:



1. Do you clearly state the question(s) you are trying to answer?
2. Isit clear what you did to try and answer your question?
3. Do you explain your results, especially inconsistent or unexpected results?
4. Do you convey why you did the different conditions in your experiment?
5. Did you explain what your data mean? Can you answer the question from number 1 above?
Y our group will be critiqued in two ways. First, your classmates will review your presentation.

Y ou will not be graded by your classmates - these comments are to help you. Each person will review
every group by responding to the following two questions:

1) What were the strengths of this group?

2) What improvements could be made by this group?
When making comments about the presentation of others, keep in mind the four questions listed above,
aswell as other things such as whether the group was organized, if everyone participated, if their
conclusions were valid, etc. These comments are meant to be hel pful suggestions and not aslap inthe
face.
| will be interested in sSimilar categories, especially how clearly you present your material, whether you
display understanding of what you did and why you did it, and if the data support your conclusions.

Y ou will receive agroup grade, but the most important aspect of this exerciseis to become comfortable
talking in front of agroup and to have fun with your presentation.



Writing an Abstract

An abstract is asingle paragraph summary of your experiment. Like a paper (or lab report), an abstract
should contain an introduction, methods, results, and conclusion. Every scientific paper has an abstract at the
beginning to let the reader know what the paper is about and to make an informed decision whether the entire
paper isworth reading. Abstracts aso are printed in reference books where the whol e article does not appear,
and are used to decide which articles you need to obtain. A third use of abstracts isto summarize the work
you will be presenting at ameeting, so people will know if they should come to see your complete
presentation.

Guidelines for writing good abstracts

Revise, revise, revise. The Abstract should be clearly and concisely written. Try to address each of the
questions below (under ABSTRACT). Use plain English whenever you can, active voice when you can, and
use simple sentences. It is not necessary to refer to any literature (if you do, list the references below the
abstract). State only your most important conclusion(s). Remember, the Abstract probably will be the only
portion of your report that most people read. Make sureit iswell written.

ABSTRACT

1. Title: Thetitle should indicate the question you investigated, or the method, if that isimportant. Example:
Effect of Owner Education Level on Number of Cats per Household.

2. Author(s) and address(es). Example: Mary Darwin and John D. Helix, 1994, Introductory Biology,
Davidson College.

3. What isthe general topic you were investigating and why isit important? One to two sentences. Example:
Education level may affect choices people make about their personal lives and habits.

4. What are the specific questions you are addressing with this project? The Abstract should not include
your complete methods. Provide a one or two sentence overview. Example: We investigated the relationship
between education level and the number of cats per household for residents of asmall town.

5. How did you do this experiment? For a single paragraph abstract, one or two sentences are needed. Y ou
are not trying to be complete, just give ageneral ideaof how you did it. Example: The residents of asmall
town in North Carolinawere polled as to the number of years of education for adultsin households and the
number of cats associated with the household.

6. What did you observe? One sentence should be enough: state only your main point(s). Example: Adults
with either low education levels (0-10 years of school) and those with high education levels (more than 16
years of school) had significantly more cats per household than those with intermediate education levels (11-
16 years of school). Include your most important data (mean values, standard deviations, number of samples
you studied, etc.) which influenced your conclusion.

7. What did you find out about the general topic or question (see #3 above)? One sentence, 2-3 sentences for

alonger abstract. Example: We concluded that education level can affect choices not directly associated with
academic pursuits.
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Hereisthe fina abstract from the example above:

Effect of Owner Education Level on Number of Cats per Household. Anna Author
and Aaron Associate, Biology Department, Davidson College, Davidson, NC 28036.

Education level may affect choices people make about their personal lives and habits. We investigated
the relationship between education level and the number of cats per household for residents of a
small town. The residents of asmall town in North Carolina were polled as to the number of years of
education for adults in households and the number of cats associated with the household. Adults with
either low education levels (0-10 years of school) and those with high education levels (more than 16
years of school) had significantly more cats per household than those with intermediate education
levels (11-16 years of school) when analyzed by the statistical test ANOVA, (p<.005). Thisfindingis
highlighted by noting that those people with high or low education levels were more likely to have
four or more cats (23%) than those people with intermediate education (4%). We concluded that
education level affects whether ahousehold will have pet cats.

With the method outlined above, you should be able to produce a good abstract in less than an hour. If
you haven't clearly and carefully thought through what you did in the experiment, writing the abstract
should help you do so. It is shorter than alab report, but includes most important points. (For your
information, the study and abstract above was invented for this lab and does not reflect an authentic study.)
Other sample abstracts will be available in the lab for your viewing pleasure. Also, consult the posters on
display in Watson and Dana.

NEWS ITEM: If you are under the mistaken impression that the research you do is unimportant, then take a lesson from
Emily Rosa. Emily published her research results in JAMA - the Journal of the American Medical Association. She
conducted her research whilein the fourth grade! She was curious whether there was any validity to anew form of
alternative medical therapy called “touch therapy” . She and her mom, a nurse, conducted an experiment which Emily
designed. The end result demonstrated that touch therapy was not able to discern as much information as the practitioners
claim. You can read her article in the April 1, 1998 issue of JAMA in our library (Rosal, Rosa E, Sarner L, Barrett S.
A close look at therapeutic touch. JAMA. 1998 Apr 1;279(13):1005-10).



Guidelines for Scientific Papers

|. Scientific Laboratory Report
Writing alaboratory report is like writing an original research paper. The most common format for a
scientific research paper is.

Abstract

Introduction

Materials and Methods
Results

Discussion

References

Introduction

The "Introduction” of the report should explain why the work was done. What were the objectives of the
research? How does the research help to fill ahole in our knowledge? The Introduction should include a
clear statement of the problem or question to be addressed in the experiment. It is always helpful to put this
guestion into some context by stating why this question needs to be answered or why you found this
guestion to be particularly interesting. Any background material that is particularly relevant to the question
should be included in this section.

Materials and Methods

The "Materials and Methods" section tells how the work was done. It should NOT beasimplelist of
the materials used. What procedures were followed? What research materials were used: the organism,
gpecia chemicals, instruments? In some of the experiments you will be doing, many of the procedures are
given in great detail in the handouts. It is not necessary to retype these verbatim, but rather summarize them
and cite the laboratory manual in your references. Provide details only about changes from the handout and
about your individual project. The most important feature of this section should be to include enough detail
in your description of how your experiment was set up and run so that anyone reading the Materials and
Methods could repeat your experiment.

Results

The "Results" section explains in words what you found, the data that you generated, explained
succinctly in the body of the report and presented in detail as tables or graphs. The results section should
be written so that any college student could read the text to learn what you have done. For example, you
might use a paragraph to explain what is seen on a particular graph; “When the enzyme was soaked in
sulfuric acid, no change in absorbance was observed (Table 1)” Do not make the common mistake of
writing, “We performed the experiment, see figures 1-4.” That istoo brief and does not convey to anovice
what you have done. When stating your results in the body of the text, refer to your graphs and tables. Do
not attempt to discuss the interpretation of your data - explanations should be included in the
“Discussion” section. Each table and figure should be numbered sequentially for easy referencein the
text, and all figures must have a brief description called alegend, which provides the reader enough
information to know what you did to produce the data.

Discussion

The"Discussion” section typically includes your appraisal of what your research means, including its
success in meeting the objectives stated in the introduction, and its significance in advancing your
knowledge of the subject. This section aso is the place to explain discrepancies or difficulties with
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experiments, aswell as suggestions for future work. For example, if you had known initially what you
know now, how might you have changed your experiments? Most importantly, the Discussion provides an
opportunity to compare your results with those of others. What previous information exists that is relevant
to your research? Do your results support or supplement that information? Once again, when providing
your interpretation of the data, direct the reader to specific tables and graphs to prove your point.

References

Finaly, it isimportant to place your work in perspective with the published work of other scientists. We
will not have much opportunity to use references in Introductory Biology, but references are an important
component of any report. Scientific journals usualy require specific reference formats. We will discuss
the preferred format for your reports.

II. Presentation of Resultsin Scientific Reports: Figuresand Tables

Data that have been collected need to be presented clearly and succinctly. Asaresult, two forms of
presentation are most commonly used in scientific papers: figures and tables. Which method to use
depends somewhat on the data, but in general anything that can be displayed pictorialy (e.g. agraph or
diagram) is more desirable, because the reader can immediately see the trendsin the data. In the paper itsalf,
graphs are referred to as “ Figures’, and are numbered sequentially in the order of presentation (Figure 1,
Figure 2, etc). Tables also are numbered sequentially. Although figures and tables often are placed directly
into the middle of scientific papers. For ssmplicity, you may include them at the end of your report, with one
figure or table per page.

Graphs
Graphs can be made using a graphing program such as Excel. Remember to label each axis, including

units of measurement, and clearly identify the data you are displaying (e.g. label each linein agraph). In
addition, every graph must have a short description below it to tell the reader some basic information about
that data and the way it was obtained. This description is known as alegend. The legend starts with the
figure number, followed by a one sentencettitle. The text of the legend should be no more than one short
paragraph and should be as brief as possible. Following is an example of a graph with legend:
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Regeneration of Chlamy Flagella
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Figure 1. Regeneration of Chlamydomonas flagella as a function of time.
Flagellawere removed from cells using the pH shock method and allowed to
regrow under constant light. Each data point represents the averaged result of 20
individua cells and the error bars represent the 95% confidence interval.

This graph was made using the statistical program Excel. Notice how the axes are labeled, and thefigureis

numbered and titled (bold type). The legend explains how the data were obtained. Please also ook at the
sample scientific papers posted in the laboratory as other examples of legends.

vil



Tables

Tables should be made using the same principles outlined for graphs, though the format is different.
Tables can be created with Word, using tabsto create the different columns. Tables are numbered, but this
number usually appears at the top of the table. The title usually follows the table number:

Table 2. List of studentswho loved Intro Biology (1837 - present)

Name Date Class was Taken Final Grade (%) ||
Alfred Nobel Fall, 1923 94 .
Charles Darwin Spring, 1897 81 ||

Tables generally do not contain legends. Often, though, footnotes are included under atable to provide
explanatory information. Of course, al column headings should be clearly labeled to describe the data

listed below them.

When preparing your data for a presentation, think about the most effective way of showing your datato
the audience. Some information can be conveyed mogt effectively in atable. Other information can be
conveyed most effectively inafigure. 1f you do decide to use afigure, then consider what type of figure

will be most effective.
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How to Use a Micropipettor

The micropipettor is used to transfer small amounts (< 1 ml) of liquids. The scales on micropipettors are
in microliters (1000 pl = 1 ml). The micropipettors we will be use are made by Rainin and called
“Pipetmen”. They comein three sizes which are capable of pipetting three ranges of volumes. P20 = 0.5-
20 pl, P200 = 20-200 pl, and P1000 = 200-1000 . They are used in conjunction with disposable (often
sterile) plastic tips; the smaller two micropipettors (P20 and P200) require the yellow tips and the P1000
pipettor uses the larger blue tips. The following is an illustration of a micropipettor:

o
Isplay
window Plunger
Plastic tip XI—I
, Todiscard
IS tip

Discharge end

Directions for use of the micropipettor:

1. Never exceed the upper or lower limits of these pipettors. They are very expensive and delicate
Instruments which we cannot afford to damage. The limits are:

P20: 0.5t020.0¢
P200: 20to 200
P1000: 200 to 1000 ul

2. Set the desired volume by turning the centrally located rings clockwise to increase volume or
counterclockwise to decrease volume. Some examples are provided below:

P20 200 1000
«— ref digit
red digit —p»
15u 20 200
1 «— red digit
5
red digit —Pp»[0
15 W 200 p 1000 pl




3. Placeatip on the discharge end of the pipettor. NOTE: If sterile conditions are necessary, do not allow
the pipet tip to touch any object (including your hands).

4. The plunger will stop at two different positions when it is depressed. The first of these stopping pointsis
the point of initial resistance and is the level of depression that will result in the desired volume of solution
being transferred. Because thisfirst stopping point is dependent on the volume that is being transferred, the
distance you have to push the plunger to reach the point of initia resistance will change depending on the
volume being pipetted. The second stopping point can be found when the plunger is depressed beyond the
initial resistance until it isin contact with the body of the pipettor. At this point, the plunger cannot be
depressed further. This second stopping point is used for the complete discharging of solutions from the
plastic tip. Y ou should not reach this second stop when drawing liquid into the pipettor, only when expelling
the last drop. Before continuing, practice depressing the plunger to each of these stopping points until you
can easily distinguish between these points.

5. Depressthe plunger until you feel theinitial resistance and insert tip into the solution, just barely below
the surface of the liquid and not as deep as possible.

v
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6. Carefully and dowly release plunger. If you release the plunger too quickly, it will suck liquid up into
the pipettor and damage it. NOTE: If the solution you are pipetting is viscous, alow the pipet tip to fill to
final volume before removing it from solution to avoid the presence of bubblesin the plastic tip which will
result in an inaccurate volume.

7. Discharge the solution into the appropriate container by depressing plunger. Thistime, depressthe
plunger to the point of initial resistance, wait one second, and then continue pressing the plunger asfar asit
will go in order to discharge the entire volume of solution.

8. Removetip by pressing down on thetip discarder.

REMEMBER TO CHANGE TIPS BETWEEN SOLUTIONS TO AVOID MIXING OR
CONTAMINATING THE SOLUTIONS USED!



Introduction to Spectrophotometry

Focused Reading: “Propertiesof Light”... pg. 138 — 140. Stop @ “Light absorption and biological...”
Bring a calculator to lab

Introduction
The purposes of thislaboratory are to introduce you to:

1. Conventions used in making solutions: molarity, and per cent.

2. Spectrophotometry and the use of the microplate reader.

3. Proceduresfor obtaining, recording, and analyzing data.

4. Conventions used in presenting dataiin graphs.

5. Procedures for planning and working through a series of related experiments.

Note: Remember to record your data, answers to questions and problems, and notes on the blank pages of
thislab manual. Keep it beside you and writein it asyou work.

Concentrations of solutions

It isimportant that you understand the units of the metric system (i.e. milli- and micro-). If you do not,
please review these units of measurement as well as the Celsius (centigrade) temperature scale in the back of
your textbook (front inside cover of Purvestext).

In the instructions below, the solute is the substance dissolved, the solvent isthe liquid in which the solute is
dissolved, and the resulting mixture is the solution.

Molar Concentrations

In technical terms, amole of acompound is 6.02 x 10* molecules of that compound. Practically speaking, a
mole is the compound's molecular weight in grams. A one molar (1.0 M) solution has one mole of a
compound (the solute) dissolved in solvent so that the final volumeis 1000 ml (oneliter). The molecular
weight of NaCl is58.54. Therefore:

» 1.0 M solution of NaCl has 58.54 g NaCl dissolved in dH,0 with afinal volume of 1000 ml (or 5.85gin
100ml).

* 0.1 M solution of NaCl has5.85gin 1 liter - or 0.585 g in 100 ml - or 0.058 gin 10 ml.

* 0.2M solution of NaCl has11.71gin 1 liter - or 1.17gin 100 ml - or 0.117 gin 10 ml.

Concentration in Percent (Weight/Volume = w/v)

By definition, percent means "in ahundred" and by convention, a 10% w/v solution contains 10 grams of a
solute in atotal volume of 100 ml of the solution. A w/v solution is not made by adding 10 grams of a solute
to 100 ml of solvent, but instead by dissolving 10 grams solute in enough solvent to dissolve the solid and
then more solvent is added to reach atotal volume of 100 ml of the solution. Note the differencesin results
as you think through the following mental exercise.

Experiment 1:

Hereis ademonstration experiment for you to observe. The directionsin Step 1 were followed exactly.
Examine the graduated cylinder on the front bench and record the results in your lab manual.

Step number one has been done for you:

1. 5grams(g) of sodium chloride (NaCl) was obtained and added to exactly 50 ml of distilled water
(dH,0) in agraduated cylinder. The salt was stirred vigorously to dissolveit.

2. Determine the excess volume by reading the volume of the graduated cylinder. This procedure was a
failed attempt to make a 10% w/v solution. The number of ml in excess of 50 represents the volume
displaced by the 5 g of dissolved NaCl.

3. What isthe actual percentage of NaCl (w/v)?



Concentrationsin Percent (Volume/Volume = v/v)

Aqueous solutes may be specified as percent solutions volume/volume (v/v). One hundred ml of a5% v/v
solution will have 5 ml solute diluted to 100 ml with solvent. Thus, a5% v/v aqueous solution of ethanol is
made by diluting 5 ml 100% ethanol with enough dH,0 (95 ml) to make atotal of 100 ml (or by diluting 5
liters 100% ethanol with 95 liters dH,0).

Experiment 2:

On the front bench is astock solution (1.0 M) of adye, neutral red. Make 2 ml of a4% v/v solution from
this neutral red stock using dH.,0. Label your tube and save this solution; you will useit later today.

Spectrophotometry

A solution, such as neutral red, appears colored because it absorbs certain wavelengths of light in the visible
spectrum and transmits or reflects others. Each solution with a different solute hasits own characteristic
absorption properties or "spectrum.” A spectrophotometer is an optical machine that measures and lets you
see (sense) how much light energy is transmitted by a substance in solution at different wavelengths of
radiant energy. Biologists use the spectrophotometer for two different purposes (we will do both in the
laboratory today):

1. to determine the absorption spectrum of a pure substance in solution
2. to determine the concentration of a solution.

A spectrophotometer consists of awhite light source (light of all visible wavelengths), aprism or diffraction
grating that separates the light into different wavelengths, a dlit through which a narrow beam of the desired
wavelength passes (the incident light, 1), asample solution holder, a photosensitive tube which measures the
energy of light transmitted through the solution (1), and arecording device that displays the amount of
transmitted light energy digitally or on adia. SeeFig. 1 below.

| | | oT
—’ \H O>O—>@)/ 0.012 °A

OF

light refracting  wavelength
source prism selector

sample photoelectric digital
P tube display
Figure 1. A schematic diagram of the components of a spectrophotometer 20. The arrowsindicate
the pathway of light.

Transmittanceistheratio of the transmitted light energy (1) to theincident light energy (1,); percent
transmittance is 100X that ratio. Transmittance, however, is not proportiona to solute concentration, soitis
usually converted into absorbance which is proportional to solute concentration. Digital spectrophotometers
have readouts for both percent transmittance and absorbance, but we will always measure the absorbance.

%T=(+1, 100 Abs. = log,, (100/%T)

Microplate Reader

Aboveisasimplified diagram of a spectrophotometer that can measure one sample a atime. In our
experiments, we will be using amicroplate reader that is capable of measuring the absorbance of 96 samples
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in about 8 seconds. The basic design is exactly the same; a selected wavelength of light passes through the
samples and a phototube measures the amount of light transmitted through the sample, which the plate reader
converts to absorbance. However, the samples are located in microwells that are arranged in an 8 X 12 matrix
in one plastic plate (see figure 2). Y ou can put your samplesin any or all of the microwells. The plateis
moved over an array of 8 fiber optics light sources and 8 phototubes. Each row of 8 is scanned and then the
plate advances by one row and the process continues until al 12 rows are scanned. The absorbance data then
are displayed on ascreenin an 8 x 12 array. These data can be saved in the memory to be printed later. This
technology is based on the same principles as older spectrophotometers, but now we can measure more
samplesin lesstime. Y ou aso can program the plate reader to measure the absorbance of all 96 samples at
time intervas of your choice (e.g. every 30 seconds). Y ou should take advantage of these capabilities when
you design your experiments for next week.

fiber optics cables A - H

v

1234567891011
AQOOOO0OO0O0O0O0OO photoelectric tube A
BOOOOOOOOOOOO photoelectric tube B
cOO00000000000 photoelectric tube C .
b 000000000000 photoelectric tube D 8 x 12 display
EQO0O0OO0O0O0O00000 photoelectric tube E of data
FOOOOOOOO0O0000 photoelectric tube F
00000000000 O — photoelectric tube G
HOOOOOOOOOOO O — photoelectric tube H

Figure 2. Schematic diagram of a microplate reader. Samples are placed in the 96 microwells, analyzed by
the 8 channel spectrophotometer, and the absorbance data are displayed in the large LED window.

The Absor ption Spectrum

Because solutions of pure substances do not absorb the energy of all wavelengths of light equaly, a
substance may be identified by the unique pattern of wavelengths absorbed. The chlorophyllsin plants
absorb strongly in the blue wavelengths (about 450 nm) and red wavelengths (about 650 nm), but reflect the
green wavelengths (about 525 nm). A plot of absorbance versus visible wave lengths (400 to 700 nm) for a
solution of chlorophyll a shows two mgor peaks, one at 450 and one at 650 nm, and avalley from 500 to
625 nm (See Figure 3). This spectrum is characteristic for chlorophyll aand may be used asan aid in its
identification.

By measuring the absorbance of an uncharacterized solution over arange of wavelengths and plotting the
absorbance value on the Y -axis and the wavelength on the X-axis, one can determine the absorption spectrum
of asample. The absorption maximum of any pure substance in solution is the wavel ength where absorption
Isthe greatest.




Relative Absorbance

400 500 600 700
wavelength in nanometers (nm)

violet blue green yellow orange red

Figure 3. The absorption spectrum of chlorophyll a. The absorbance of visible light by
chlorophyll ais measured spectrophotometrically as a function of wave length. The absorption
maximum is about 460 nm. Compare with figure 8.7 on page 140 of Purves.

How to use a spectrophotometer to Answer Biological Questions

Standard Concentration Curve and
Deter mining the Concentration of a Characterized Substance

One can construct a standard concentration curve of a solution by measuring the absorbance of severd
different known concentrations of the solution and graphing the results by plotting absorbance on the Y -axis
and concentration on the X-axis. Spectrophotometry can be used to measure the absolute or relative
concentration of a characterized substance in solution. To determine the absol ute concentration of a pure
substance, one first constructs a standard concentration curve from known concentrations and then takes the
absorbance reading of the unknown concentration. The unknown concentration can be determined from the
standard curve by drawing a horizontal line on the graph parallel to the X-axis and through the point on the

Y -axis which corresponds to the absorbance. Thislinewill intersect the standard curve; at thisintersection, a
vertica lineis dropped to the X-axis and the concentration read from the X-axis.

Two factors are important in determining unknown or relative concentrations. The absorption maximum
should be used, and absorbance rather than percent transmittance should be plotted because absorbance is
directly proportional to concentration and transmittance is not.



Standard Curve with Imaginary Data
0.6

0.5+
0.4 -
Abs.  0-37

0.2

0.1+

0 {r' | | | |
0 1 2 3 4 5

Concentration in per cent (v/v)

y = 0.136x + 0.001 r2=0.994

Figure4. Thisis an example of a standard curve. A best fit line has been generated and
the resulting equation and r* value are shown below the X-axis labdl.

Experiment 3:

Using the 4% (v/v) neutral red solution you prepared in experiment #2, set up the following solutionsin
microfuge tubes using distilled water available on the 1ab benches.

TABLE 1 Volumes of neutral red and distilled water used to prepare solutions for tubes 1 - 6. Y ou must
calculate the volumes and fill in the table for the first two columns before you begin the experiment.

Tube Distilled Neutral Red | % Neutral Red | Concentration | Concentration
Number Water Solution (4%) Solution of Neutral Red | of Neutral Red
) (®) (vIv) (o) ** | (M) **

1 0.0 400 4.0

2 3.25

3 25

4 1.75

5 1.0

6 400 0.0 0.0

** These parts of the table should be completed when answering question #6 at the end of the lab.
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Experiment 4:

Determination of absorption maximum.

Usetubes1 - 6.

Put 200 Wl of the six different dilutions of neutral red into six different wells (wellsH7 - H12) of your
96-well plate.

Y ou will collect the datafor experiments 4 and 5 at the same time (see below).

Experiment 5.
Determination of a standard concentration curve for neutra red.
Y ou will generate these data at the same time as those from Experiment 4. Use only the data from the
wavelength that is the absorption maximum for neutral red. With the appropriate data, you will generate a
curve to measure the unknown concentration of a solution. Follow the directions below to collect the data.

Operation of the Microplate Reader
1. Turn on the spectrophotometer and let it warm up for 15 minutes.

There are two main variables which you must pay attention to while you use the plate reader: the
ANALYSISNUMBER and the FORMAT NUMBER. Format is easy because we will always use
format #1, which simply means that all of the wells are to be analyzed for absorbance. Analysisisthelist of
options you want to use when performing your spectrophometric analysis of your samples. Specifically, you
tell the machine which wavelength of light to use, to caculate the absorbance, to use a single wavel ength of
light, and to make only one reading for each time you pressthe START key. Today, we will use ANALY SIS
NUMBERS 1- 6.

2. Beforeyou collect any data, clear the memory of the platereader. To do this:
press FUNCTION, CLEAR ALL; when it asksyou if thisis OK?,
press FUNCTION, CLEAR.

3. Start the reading of your samples by using all six wavelengths of light that the plate reader can use. At the
end of each reading, you will get a printout of your absorbance data. When you have finished al six, tear off
your paper, clean up any mess you created and remove your 96-well plate. To execute the analysiswith all 6
wavelengths (1 = 340; 2 = 405; 3 = 450; 4 = 490; 5 = 595; and 6 = 655 nm):

a pressANALYSIS, 1, ENTER, START. When the reading is complete,
b. pressANALY SIS, 2, ENTER, START. When the reading is complete,
c. pressANALY SIS, 3, ENTER, START. When the reading is complete,
d. pressANALYSIS, 4, ENTER, START. When the reading is complete,
e. pressANALY SIS, 5, ENTER, START. When the reading is complete,
f. pressANALYSIS, 6, ENTER, START. When the reading is compl ete,
g. remove your paper printouts, remove your plate and clean up any mess.

Analysis of the Data for Experiments 4 and 5
Experiment 4:
Now that you have several pages of data, what do you do next? Follow the order of the experiments,
beginning with number 4; determine the absorption maximum for neutral red. Find the wavel ength that
produced the highest absorbance values. Thiswavelength is the absorption maximum for neutral red and all
subsequent experiments should use only the data generated with this wavelength of light. To generate an
abbreviated absorption spectrum, plot the absorbance for tube number 3 in agraph with the Y -axis asthe
absorbance value and the X-axis as the wavel ength of light. This graph will be graph number 1.

Experiment 5:
Using the absorbance data that were generated with the absorption maximum, subtract the absorbance of the

blank from the values for the samples. This subtraction corrects for the amount of light absorbed by the
plastic and the water. Now, construct a graph with the X-axis as per cent neutral red (increasing from left to

8



right), and the Y -axis as absorbance at your selected absorbance maximum (e.g. Abs «..) USing your
adjusted absorbance values. Plot the results from tubes 1 through 6 and draw a straight line (best fit) to
generate the standard concentration curve. This graph will be graph number 2.

After completing these analyses and generating two graphs, continue with experiment number 6 below.

Experiment 6:
Determination of the concentration of the unknown neutral red solutions.
Obtain four neutral red solutions of unknown concentration from your instructor and record the identifying
letter in your lab manual. Determine the concentration of your unknowns by putting 200 pl of itinawell,
and record the well’ sidentifying letter and number (e.g. H3 - H6). Use the plate reader at the wavelength of
light that is absorbed the best by neutral red. Subtract the absorbance of water (the blank) from these values
and use these corrected values to determine the concentrations of the four unknowns.

Analysis of the Data for Experiment 6

Using the standard curve (graph number 2), determine the concentration of your unknown dilutions of
neutral red. For each unknown, the unknown concentration can be determined from the standard curve by
drawing a horizontal line on the graph paralel to the X-axis and through the point on the Y -axis
corresponding to the absorbance (after subtraction) for the unknown. Thislinewill intersect the standard
curve; a thisintersection, avertical lineis dropped to the X-axis and the concentration read from the X-axis.

Experiment 7:
Determine the absorption maximum for NADPH and NADFP",
Over the next two weeks, we will use NADPH and NADP', and we need to know which wavelength of light
to use. You will want to perform a series of experiments similar to experiments 4 and 5. Record which
wavelength is absorbed the best and verify your results with the instructor.

Experiment 8:
Clean up. Leave your workstation as you found it. Although this step may seem like a stupid thing to list in
aprotocal, it is quite important. It is basic laboratory courtesy to leave the workspace as clean as you found it
with equipment back in its proper place(s).

Before you leave lab:

Make sure you have recorded al data and observations and plotted both of your graphs for this week:
1) Maximum absorption wave length of neutral red,

2) Standard curve, and determination of concentration of unknown solutions.

3) Determine the absorption maximum for NADPH.

Questions to answer on your own time

How do you account for the excess volume you observed in Experiment 1?

The solution made in experiment 1 does not constitute a 10% wi/v solution of sodium chloride but

something lessthan that. Calculate the actual percentage from your data.

Why do you have to dissolve the solute in avolume of solvent less than the final volume you eventually

want? Does it matter if the salt is added first or second to the graduated cylinder?

Describe precisely how you made up the 4% v/v solution of neutral red.

Does it matter whether the proper volume of solute is added first or second (relative to the water)

to the graduated cylinder?

The agueous stock solution of neutral red isa 1.0 M solution. Determine the molar concentration of

the six solutions you made. If neutral red has a molecular weight of 87, how many pg/pl are contained in

your 4% (v/v) solution? Calcul ate the concentration of neutral red in each tube (ug/l) and add these data

to the table from experiment 3.

7. Describe how to prepare 50 ml of 70% ethanol when your only source is a stock container of 95%
ethanol.

8. What isthe molarity of your 10% w/v NaCl solution?

9
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9. What isthe percent concentration of a2 M NaCl solution?

10. The molecular weight of N&a,C0, is 106. Describe how you would make up 100 ml of a0.15 M
solution.

11. What is the absorption maximum for NADPH?

10



Lab #2
| socitrate Dehydrogenase: Measurement of IDH Activity

Assigned Reading: “Enzymes...” pp. 102-106 Stop @ "Molecular Structure. . ."
Pg. 116, Fig 7.3 [reduction of NAD"]
Bring a calculator to lab

Goals of this exercise:
With this session, we begin athree week study and discussion of some of the properties of
NADP*-dependent IDH. The goals of these |aboratory sessions are:

1. Learn spectrophotometric analyses of enzyme activity.

2. Determine how the amount of enzyme in the assay affects the rate of
activity.

3. Determine how the amount of substrate in the assay mixture affects rates
of activity of an enzyme.

4. Determine the effects of environmental conditions on enzyme activity.

5. Learn how to organize our data into tabular and graphic form.

|. Introduction

Enzymes are biological catalysts with remarkable power, increasing reaction rates by at least
amillion-fold. They increase reaction rates by lowering activation energies, allowing chemical
reactions to proceed under physiological conditions. Enzymes are highly specific asto substrates
and reactions catalyzed. They are usually proteins, although some enzymes are other types of
biological molecules. Enzymes function best in dilute aqueous solutions under limited conditions
of temperature, pH and salt concentration. Some enzymes require one or more non-protein
components called “ coenzymes’ and “ cofactors’; a coenzyme is an organic molecule, while a
cofactor may be ametal ion. Some enzymes simultaneoudly require both a cofactor and a
coenzyme. |socitrate dehydrogenase [IDH] is one of these enzymes, requiring both NADP" asa
coenzyme and Mg®* or Mn** asadivaent metal cofactor,

IDH isaubiquitous enzyme found in al living organisms and has two catalytic activities
(Figure1). Asitsnameimplies, IDH removes hydrogens from its substrate, isocitrate. In addition,
it is a decarboxylase, removing a CO, from the six-carbon substrate to generate a five-carbon
product, a-ketoglutarate .

step 1 step 2
COO" COO- 2+ COO"
Mg CO,
NADP* I

|CH2 NADPH (I:Hz (I:Hz
H-(IZ-COO' H-C-COO H-CI:-[HI
H-IC-OH (I::o (I::o

COO" M COO" COO"
| socitrate Oxalosuccinate a-Ketoglutarate

Figure 1. IDH catalyzes the sequential dehydrogenation and decarboxylation of isocitrate to
o—ketoglutarate.
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Two distinct forms of IDH are found in higher organisms. They differ in their distribution
within the cell and in their coenzyme requirements. The soluble form of IDH requiresNADP" as
its coenzyme (Figure 2). This NADP*-dependent form of IDH is considered to be the only IDH in
bacteria and is the most prevalent form of IDH in most plants and animals. In higher organisms,
thisform of IDH appearsto be found in all organs and tissues. Thisform of IDH isused in lipid
synthesis. The NAD*-dependent form of IDH islimited to eukaryotic organisms and islocalized in
mitochondria. Y ou may be familiar with thisform of IDH from previous study of the Krebs cycle.
Both forms of IDH require adivalent metal ion.

site of hydrogen

atom addition \

T
N A~ N icotinamide
positive charge - 4 |
N

NH,
OH OH NZ | N A denine
NP
N
o0
I
P— O—P—OCH . .
| | 20 D inuclectide
OH  OH
on 1l
O_Fl’_o"' P hosphate

Figure 2. Themolecular structure of NADP'. The active site is where the hydrogen atom will be
added to convert NADP* to NADPH. In NAD", the phosphate group is replaced with an H*. This
diagram illustrates what the letters N-A-D-P represent.

NEWSITEMS: In June, 1996, ateam of researchers found a species of voles that was resistant to
mutations caused by radiation. When they analyzed their cells, they found that the voles had elevated levels
of IDH, which they believe is protecting them from radiation-induced mutations. (See summary in Science.
Vol 273. 19 July, 1996)

NADP+-dependent IDH activity is especialy high in cardiac tissue and is often monitored in the blood of
heart attack patients. Detectable IDH activity in the arterial blood suggests severe tissue damage with
leakage of the soluble (cytosolic) IDH into the blood system.

Protocols
IDH activity routinely is measured using a spectrophotometer to monitor the reduction of
NADP' to NADPH. While performing assays, the spectrophotometer is set at 340 nm, the
absorption maximum of NADPH (and results from last week’ s lab). Assays are performed at a
standard temperature, usually 25°C to 30°C.
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Before a scientist begins an experiment, he or she must first define a problem and suggest
possible explanations based upon previous knowledge or observations. In other words, develop an
hypothesis, which might be considered an “educated guess’ or atentative explanation as to the
cause and effects relating to that problem. A good hypothesisis one that is testable and fosters
predictions that consider one variable at atime. The hypothesis may turn out to be incorrect, but it
isagood hypothesisif it can betested. In fact, an hypothesis that cannot be tested is useless to
science - it may be good philosophy, but not good science. Hypotheses can not be proven to be
correct - they may be tested extensively and rigoroudly and they may be proven to be incorrect, but
an hypothesis can never be proven to be true.

A scientist must first define a problem and then develop an hypothesis. Next one must devise
predictions that will hold, or will not hold, if the hypothesis were true. These predictions lead to
experiments. Many experiments may be possible, and all may be tried eventually; however, itis
important to perform one discrete experiment at atime. After designing an experiment, our scientist
must outline a series of logical procedures to be completed in the laboratory or inthefield. This
written sequence of stepsiscaled aprotocol. A well-planned protocol will include the following
elements:

1. Anoutline of the sequence of detailed procedures.
2. Calculations of volumes, concentrations, etc., of all reagents to be used.

3. Tables constructed for recording data.
4. Proceduresfor testing and organizing data for presentation

Experiment 1. How to Perform IDH Assays

Hypothesis 1: A successful assay for IDH activity simultaneously requires the enzyme (IDH), the
substrate (isocitrate), and the cofactor (NADFP?).

Hypothesis 2: Under idea conditions, IDH activity will be linear for at least three minutes.

To test your hypotheses, you will need to set up assaysasin Table 1. Y ou should ask
yourself “What is the purpose of each assay?’ Y ou also should ask why Assays5 - 7 are
identical.

Table 1: How to perform IDH assays.

Weélls Buffer NADP" IDH | socitrate
Al 200 0 0 0
A2 180 10 10 0
A3 180 10 0 10
A4 180 0 10 10
A5 170 10 10 10
A6 170 10 10 10
A7 170 10 10 10

All volumesarein . Inthisexperiment, you will initiate the reactions by adding 10 pl of
isocitrate solution asthe last step. Y ou will use amulti-tip pipet, at the plate reader, to add isocitrate
toal wells.

Step-by-Step Procedure
. Use the P-200 micropipet to add Assay Buffer to the indicated wells.
Use the P-20 micropipet to add 10 pl of NADP' to al wells, except A1 and A4.
Use the P-20 micropipet to add 10 pl of IDH to al wells, except A1 and A3.
Place the microplate in chamber of the plate reader.
Use the Multi-8 micropipet to add 10 W of isocitrateto al wells, except Al and A2.
Activate the plate reader and use Analysis 7.
After printing, remove your plate from the plate reader.
Retrieve your data from the printer.

ONoAWNE
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9. Return to your station and organize your datain the Table 1a (below).
10. Prepare agraph of your data.

Table 1la: Data from triplicate IDH assays.

Time, min

Well A1

Well A2

Well A3

Well A4

Well A5

Well A6

Well A7

0

0.5

1

15

2

2.5

3

Considerations - Experiment 1
Compare your datafrom wells Al through A7. Wasthere activity inwellsAl- A4? Wasthere
activity inwellsA5 - A7? Was activity the sameinwellsA5 - A7? Was activity linear for three
minutes? If not, explain your observations. Do your data support your hypotheses? If not, how
will you change the protocol ? Determine the “ corrected” reading for each assay by subtracting the
reading of the “control”, well A1 from the other readings. (Would well A2, A3 or A4 provide
better “control” data?)
Construct a graph that visually portrays your datafrom wells A2 - A7 by plotting absorbance as
afunction of time (in minutes). Theinitia rate of areaction may be determined from the slope of

the line joining each successive point. This graph will be graph 1.

Use the directions for Excel in Appendix A in the back of the lab manual.

Experiment 2. Effects Of Varying Enzyme Concentration

Problem: What is the relationship between the rate of areaction and the amount of enzyme in the
assay solution when substrate and coenzyme are abundant (non-limiting)? This question might
become “1n subsequent experiments, how much enzyme solution should | use in each assay?’

Hypothesis: IDH activity will vary directly with the amount of enzyme in each assay.

To test this hypothesis, you will need to follow a protocol that holds all conditions constant

except the amount of enzyme added to each assay. All tests should be run more than once;

routinely, enzyme assays are run “in triplicate”. For example, wellsB 1,B2and B 3in Table 2
are triplicate assays containing 5 pl of IDH. Set up reactions as shown in Table 2.

Procedure

NogakrwNhE

Table 2: The effects of varying enzyme amounts.

Wdls Buffer NADP® | IDH | Isocitrate
B 13 175 10 5 10
B 46 170 10 10 10
C13 160 10 20 10
C 46 150 10 30 10
C7-9 180 10 0 10

14

Use the P-200 micropipet to add Assay Buffer to the indicated wells.
Use the Multi-8 micropipet to add 10 pl of NADP' to all wells.

Use the correct micropipettor to add appropriate volume of IDH to each well.
Place the microplate in chamber of the plate reader.
Use the Multi-8 micropipet to 10 W of isocitrate to the wells.
Activate the plate reader.
After printing, remove your plate from the plate reader.




8. Retrieve your datafrom the printer.
9. Return to your station and organize your datain Table 2a (below).
10. Prepare agraph of your data.

_ _ Ta_tble 2a: Datafrgm varied enzyme amounts. _ _
Time, min [Splof IDH [10pl of IDH |20 pl of IDH |30 pl of IDH | O pl of IDH

0
0.5
1
15
2
2.5
3

Considerations - Experiment 2

Compare the data from wells B1 through C3. Wasthere activity in all wells? Did activity vary
with the amount of enzymein each assay? Was activity the same in the three wells with the same
amount of enzyme? Was activity linear for the first three minutes for each volume of enzyme? If
not, explain your observations. Do your data support your hypothesis?

Determine the mean activity for each set of triplicate assays. Construct a graph to portray your
data. Compare activity with the volume of enzyme in the assay solution. [Hint - take advantage of
Excel’ s ability to generate aformulafor the best fit line: y = mx + b; bisthe Y intercept and m is
the dlope or change in absorbance over time which isthe definition of activity.] This graph will be
graph 2A.

Construct another graph that compares volume of enzyme the slope of the three lines (dope
equals enzyme activity) from your previous graph. Y ou may use the table below to collect and
organize the data. This new graph will be graph 2B. What conclusions can you reach from your
results?

Volume of IDH () Sope r squared value

0
5
10
20
30

Experiment 3. Effects Of Varying I socitrate Concentration
Problem: What isthe relationship between the rate of areaction and the amount of isocitrate in the
assay solution when the amounts of IDH and NADFP' in the assay are held constant? Before you
start this experiment, develop an hypothesis and sketch a graph predicting the relationship of
activity vs. isocitrate concentration.
Procedure: To test your hypothesis, you will need to follow a protocol that holds all conditions
constant except the amount of isocitrate added to each assay. Table 3 outlines such a protocol
using five concentrations of isocitrate. Each concentration istested in triplicate. Add reagentsto
your wells as listed from left to right.

Table 3: The effects of varying isocitrate concentration.

| socitrate
Wdlls Buffer |IDH | NADP | SoI* Vol
E13 170 10 10 1 10
E4-6 170 10 10 2 10
F13 170 10 10 3 10
F4-6 170 10 10 4 10
G1-3 180 10 10 - 0
G 46 190 0 10 - 0
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*The concentration of these isocitrate solutions will be provided by the instructor. The second
number refers to the volume () to be used.

Procedure

Use the P-200 micropipet to add Assay Buffer to the indicated wells.
Use the P-20 micropipet to add 10 pl of the different concentrations of isocitrate to the wells,
asindicated.

Use the Multi-8 micropipet to add 10 pl of NADP' to all wells.
Place the microplate in chamber of the plate reader.

. Use the Multi-8 micropipet to add 10 pl of IDH to all wells.

. Activate the plate reader.

. After printing, remove your plate from the plate reader.

. Retrieve your data from the printer.

. Return to your station and organize your datain Table 3a (below).

. Prepare agraph of your data.

COWONOUIAW NP
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Table 3a: Data from varied isocitrate concentrations.

Time, min mM mM mM mM mM
0
0.5

1
15

2
25

3

Considerations - Experiment 3

Compare the data from your experiment. Determine the activity for each concentration of
isocitrate by constructing a graph and generating the best-fit lines and equations — this graph will be
graph 3A. Next, construct a graph that compares activity as afunction of isocitrate concentration.
This graph will be graph 3B. Do your data support your hypothesis? |sthe relationship between
activity and concentration of substrate linear? Explain thisrelationship, referring to graphs 3A and
3B.

Preparation for Next Week’s L ab:
In next week’ s lab, we will study the effects of environmental conditions on enzyme activity.
Each group of students will design an experimental protocol to address one of the following
guestions:

What are the effects of temperature on the stability of IDH?
What are the effects of pH of the assay solution?

What are the effects of NADP* concentration?

What are the effects of different divalent metal ions?

What are the effects of varying salt concentrations?

Which species or tissues have the most activity?

oUW E

Before leaving lab today, each group will complete the following:
1. Develop aclear, concise and simple hypothesis about the effects of one of the above
environmental conditions upon enzyme activity.
2. Design an experiment to test that hypothesis.
3. Prepare aprotocol to carry out that experiment.
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Lab #3
Parametersthat Affect IDH Activity

Focused Reading: “Molecular Structure...” pp 106-108. Stop @ "Metabolism and. . ."
“Enzyme activity...” pp 108-109. Stop @ “Allosteric enzymes...”
“Enzymes and their...” pp 111-112. Stop @ “Summary...”

Bring a calculator to lab.

Goalsfor thisLab:

Thisweek, we will determine the effects of environmental perturbations of our standard assay
conditions. We will use what we learned last week and apply that information to thisweek’s
experiments.

|. Introduction
Last week we:

1. Learned how to perform isocitrate dehydrogenase (IDH) assays.
2. Examined the relationship between activity and amount of enzyme in an assay.
3. Examined the relationship between activity and substrate concentration.
4. Learned how to present experimental datain graphic form.
5. Chose one of the following experiments (Options A —F) to complete.
6. Designed an experimental protocol for that experiment.

II. Methodsand Materials

We will use the same general methods that we used in Lab #2. All equipment, solutions and
supplies required to carry out the experiments have been prepared and are ready for use. You
may wish to review your protocol again and assign specific tasks before you start your
experiments.

Option A: The Effects of pH on IDH Activity
Hypothesis: pH of the assay buffer will have no effect on IDH activity.

To test this hypothesis, we will need to follow a protocol that holds all conditions constant
except the pH of the assay buffer.

Table 4: The effects of varying pH of the assay buffer.
Wells pH Buffer NADP* IDH Isocitrate
A 1-3
A 4-6
B1-3
B 4-6
C1-3
C4 Blank
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Table: Data from varying pH of the assay buffer.
Time(min) | pH pH pH pH pH
0

0.5

1
15
2
2.5
3

Considerations - Experiment on pH
Does IDH activity vary when the pH of the assay mixture varies, or do levels of activity

remain constant regardless of pH? Explain how the pH of the assay mixture might affect activity
of an enzyme.

Option B: DoesIDH Have a Metal lon Requirement?

Hypothesis: IDH activity does not require adivalent metal in the assay solution.

To test this hypothesis, we will need to follow a protocol that holds all conditions constant
except for the presence or absence of divalent metal ionsin the assay solution.

Table5: DoesIDH Have a Metal 1on Requirement?

Wells Buffer ** Metal, ul NADP* IDH Isocitrate
D 1-3 None

D 4-6 EDTA 10

E1-3 Mg® 10

E 4-6 Mn* 10

F1-3 Ca* 10

F 4-6 Zn* 10

G1 Blank

**You will want to use a buffer that does not contain any added M g**

Table 5a: Data from cofactor experiment.
Time | None EDTA Mg M n? Ca™ Zn*

0.5

1.5

2.5
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Considerations - Experiment on metal ions

Does IDH require adivalent metal ion for activity? Does additional Mg* added to the
standard assay buffer increase activity? What does this observation mean? Does the addition of
Mn?** added to the standard assay buffer increase activity? What does this observation mean?
How can the effects of Ca?* and Zn** on IDH activity be explained?

Option C: The Effects of Temperatureon |DH Stability
Hypothesis: Exposure to 37° C will have no effect on IDH stability.

To test this hypothesis, we will need to follow a protocol that holds all conditions constant
except temperature. We can incubate samples of IDH at 37°C for 0, 2, 4, 6, 8, 10 min prior to
assaying activity. Keep all samples on ice until incubations are complete and assay at the same
time.

Table 6: Does exposureto 37°C affect IDH stability?
Wells Min, 37° Buffer NADP* IDH |socitrate
D1-3
D 4-6
E 1-3
E 34
F1-3
F 4-6
G1 Blank

Table 6a: Data from temper atur e experiment.

Time, min Min Min Min Min Min Min
0
0.5
1
1.5
2
25
3

Considerations - Experiment on temperature pre-treatment
IsIDH stable at 37°C? How can these results be explained? How could this experiment be

atered to test the hypothesis further?
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Option D: Does enzyme activity vary with concentration of NADP*?

Problem: What is the relationship between the rate of a reaction and the amount of coenzymein
the assay solution when the amount of enzyme is held constant? Before starting this experiment,
develop an hypothesis and sketch a graph predicting the relationship of activity vs. coenzyme
concentration.

Table 7: The effects of varying the concentration of NADP".
Wells Buffer NADP* IDH | socitrate
D 1-3
D 4-6
E1-3
E 4-6
F1-3
F4 0

*The concentration of these NADP' solutions will be provided by the Instructor. The
second number refers to the volume [l] to beused. NOTE: In these assays, we will initiate
reactions with isocitrate. Do not add isocitrate until your plate isin the plate reader.

Table 7a: Data from varying the concentration of NADP".

Time, min mM mM mM mM mM
0
0.5
1
15
2
25
3

Consider ations - Experiment varying NADP"* concentration

Organize the data from the experiment. Determine the mean activity for each concentration
of NADP*. Construct agraph that compares activity as a function of NADP" concentration. Do
the data support the hypothesis? |s the relationship between activity and concentration of
NADP' linear? Explain this relationship.

Option E: The Effectsof NaCl on IDH Activity
Hypothesis: Sodium chloride will have no effect on IDH activity.

To test this hypothesis, we will need to follow a protocol that holds all conditions constant
except concentration of NaCl in the assay solution.
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Table 8: The effects of NaCl (0—1M) on IDH activity.

Weélls Buffer | 5M NaCl [NaCl] M NADP* IDH | socitrate
D 1-3
D 4-6
E1-3
E 4-6
F1-3
F 4-6
Gl Blank

Table 8a: Data from the effects of NaCl on IDH activity.

Time Conc. 1 Conc. 2 Conc.3 | Conc.4 Conc. 5 Conc. 6
(min)

0.5

1.5

2.5

Considerations - Experiment on salt concentrations
Were differences in activity between the treatments observed? What was the relationship
between the concentration of NaCl and activity? Explain how salt might affect enzyme activity.

Option F: Does | DH activity vary among different organismsor tissues?

This experiment is“open ended” ; we may design asingle, additional experiment, comparable to
the ones listed above, or expand these topics into aresearch project of wider magnitude.

1. We may choseto survey IDH activity:
i. Inawide variety of related species.
ii. In different tissues of a single species.
Homogenize the samplesin cold Assay Buffer, using akitchen blender.
Filter the homogenate through two layers of cheesecloth into a small beaker that ison ice.
Transfer 1 ml samplesto 1.5 ml microfuge tubes, spin for 5 minutes.
Transfer the supernatant to clean 1.5 ml microfuge tubes, onice.
Use standard conditions to assay IDH activity.

Ok wWN

BeforeYou Leave Lab

1. Be certain that you have collected all of the data you need to make your experiment complete.
2. Be certain that each member of the group fully understands what was done and has a copy of
al of your data.

3. Schedule ameeting of your group to analyze your results and prepare slides for your group’s
oral presentation.
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LAB #4

What isyour genotype? A PCR Answer

Focused Reading: “The polymerase...” pp 214-217
“DNA fingerprinting...” 328-329
“Gel electrophoresis...” pp312-313

WWW Reading: http://www.bio.davidson.edu/courses/bio111/Biol11.html
View the two PCR movies.
The first PCR movie requires that your computer have QT 3.0
The second PCR movie requires the plugin for Shockwave.

|. Introduction

Unless you spent the last few yearsin a cave, you have heard about the increasing use of
“DNA fingerprinting” in court cases. The technology available is so sensitive that
unbelievable sources of DNA have been used to convict criminals. In Minnesota, for
example, DNA was extracted from the back of a postage stamp because some epidermal cells
from a person’ s tongue had been deposited on the glue when the stamp was licked. Most
likely, apivotal point of contention in future court cases will be the collection and handling
of the evidence. For example, what if some DNA from the crime scene is proposed to have
come from the accused? The defense attorney could suggest that the police collected some
epidermal cells from the sidewalk (from avisit the day before) at the same time as the blood
drops. What do you think of this possibility as a defense? If you want to read more about this
area, the library has several books in the area of call numbers 614.1.

There are two standard methods for “DNA fingerprinting”: 1) Southern blots and, 2) PCR.
We have discussed Southern blots repeatedly in class but have not covered PCR in much
detail. Dr. Kary Mullis, the inventor of PCR, was awarded a Nobel Prizein 1993 for his
revolutionary innovation. As you know, PCR allows you to amplify a single copy of DNA
into millions of copies, provided the ends of the DNA of interest have been sequenced
because you have to supply DNA polymerase with primers that will specifically hybridize to
the target gene and no other DNA.. Over the next two weeks, we will use PCR to determine
the genotype of every student in class. We are using a hair root as our source of genomic
DNA and are looking at alocus called D1S80. D1S80 contains a Variable Number of
Tandem Repeat sequence (VNTR). Asthe term implies, thereis a section of DNA that is
repeated to varying degrees in each person. Asasimplified example, let’s say the repeat unit
is the two nucleotides sequence CG. If we were to sequence this portion of the D1S80 locus
from 4 different DNA sources, we might see the following:
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1) ATGCCGTATTACCCGUECGUECGUECCTATTAGGTATTAG

2) ATGCCGTAT TACCECGUECGUECGUECGUECCGUECECCTATTAGGTATTAG
3) ATGCCGTATTACCCGUECGCCTATTAGGTATTAG

4) ATGCCGTATTACGECGUECGUECGUECGUECCTATTAGGTATTAG

In this example, there are four alleles of thisVNTR with four different lengths. If we
electrophoresed these four segments of DNA on agel, we would observe bands of four
different sizes (2>4>1>3). In acriminal case, we might have four suspects and one DNA
sample from the crime scene. The resulting gel might look like this:

1 2 3 4 evidence

Questions:
1) So, “who doneit”?
2) What is wrong with the above gel? Why is this example too easy?

Il. Protocol

Week 1
Now it istime for usto determine our genotypes. Y ou should be forewarned — this

technique is a delicate procedure that does not always work for everyone. In order to process

thiskind of evidence for acriminal case, atechnician usualy has a master’s degree in

Forensic Science, and afew years of “on-the-job training”. Nevertheless, even these experts
sometimes make mistakes. So, do not be discouraged if your sample does not “work”, but try

to avoid this situation by observing these guide lines:
1) Follow the protocol as carefully as possible.

2) Do not contaminate your hair or DNA with that of others (remember one cell contains

enough to be amplified).
3) Immediately after the DNA extraction is finished, visually check to verify that you

have extracted DNA by gently removing the tube from the thermocycler and flicking the

tube holding it up to alight and looking very carefully. Y ou should see a more dense of
the solution at the bottom of the tube as it mixes with the less dense water.
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4) The most common mistakes are pipetting errors. Be sure to check that you are
transferring about the right volumes and always use clean tips; when in doubt a new one.
5) Bevery careful loading the gel. We will have time to practice this week so that when
you are loading your real sample next week, you will be a pro.

DNA extractionl

1) Pluck ahair so that alarge portion of root is removed from your head (yikes!) For most of
you, the root will be white/translucent in appearance. People of African heritage will have
roots that are dark. Regardless of the color, it will be sticky so you can test it by touching it to
the bench top to see if it adheres. Check to make sure you got some root and not all shaft.

2) Put the hair into a small microfuge tube with the root at the bottom of the tube. Cut off
most of the hair but keep the root (~5mm). Be careful, sometimes the root will jump away
when you cut the hair.

3) Incubate the root in 100 Wl digestion buffer (which contains 6 pg of proteinase K) for 1
hour at 55°C, then 10 minutes at 95°C (what is the purpose of this step?). Use thermocycler
program HAIR 1 - lid disabled.

During this waiting period, we will practice loading gels so you will be ready for next week.
PCR Reaction Mixtures

4) When the DNA extraction cools, vortex the tubes for 30 seconds and then set up anew
500 pl microfuge tube by adding the following:

Reagent Volume Final concentration
Extracted DNA 150 ~ 100 ng of DNA
Reaction mixture 10.0u see below **
**the reaction mixture contains the following cocktalil:
Reagent Volume Final concentration
Ho0 4.00 pl
10X PCR buffer (without Mg) 250 u 1.5mM MqgCl»
DMSO 1.25u 5% viv
20X dNTPs (dATP, dTTP, dCTP, dGTP 1.25u 200 pM each
#1 primer 0.50 100 ng primer
#2 primer 0.50 ul 100 ng primer
Total Volume 10.00 pl
PCR

The D1S80 locus requires hot start PCR. This term means that the Tag DNA polymerase
is not added to the PCR mixture until the mixture has been heated to 95°C. This hot start is
necessary because the D1S80 primers have a tendency to anneal to each other rather than to
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the template while the mixture is heating up for the first time. Thistendency allows the DNA
polymerase to generate “primer dimers’. If addition of the DNA polymerase is delayed, then
inappropriately annealing primers are denatured as the kinetic energy increases, so no
replication occurs until the temperature is lowered later in the procedure, alowing the
primers to anneal to the proper portion of the template DNA. DM SO has been included in the
reaction mixture to enhance the specificity of the primers.

The PCR temperature conditions are as follows:
Step 1: 5minutes at 95° C (pause during this step for hot start — see below)
Step 2: 1 minute at 95° C
Step 3: 1 minute at 65° C
Step 4: 1 minute at 72° C
Step 5: repeat steps 2 - 4 twenty-nine more times
Step 6: hold at 4° C

5) To initiate hot start PCR, denature the DNA by incubating the tubes for 5 minutes at 95° C
(Step 1), maintain the tubes at 95° C while you add 0.4 pl Tag DNA polymerase to each tube.
Do not allow the tubes to cool and do not take time to mix the reaction mixture after adding
the Taq polymerase.

6) Resume the same PCR program with the heated lid enabled.

7) When the PCR is completed, the tubes are removed and stored at 4° C until next lab
meeting.

D1S80 factoids

» >80% of all populations tested are heterozygous
» 28 dleles have been published
* Repeat unit is 16 nucleotides long
* If there were zero repeat units, the PCR product would be 142 bp long
* PCR products range from 430 to 814 base pairs long
* 41 repeated units have been observed in the largest allele
« Primer sequences?:

#1 5 GAAACTGGCCTCCAAACACTGCCCECCG3

# 5 GICTTGI TGGAGATGCACGTGCCCCTTGCZ

Footnotes:

1. (Adapted from: PCR Technology by Henry A. Erlich, W. H. Freeman and Co., NY, 1992,
pp. 35-37.)

2. Budowle, B., Chakraborty, R., Giusti, A. M., Eisenberg, A. J., and Allen, R. C. (1991)
Analysisof the VNTR locus D1S80 by the PCR followed by high-resolution PAGE.
American Journal of Human Genetics 48: 137 — 144.
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LAB #5

The PCR Results

Add 2.5l of the 10X loading dye to each PCR reaction tube and electrophorese the DNA
on a 1.5% agarose gel using 0.5X TBE and 200 ng/ml ethidium bromide. We usualy run
these gels at 90-100 voltsfor 1 - 1.5 hours. The exact time and voltage will depend on the gel
box configuration and appropriate conditions can be refined accordingly.

0.5X TBE

45 mM Tris-borate
1 mM EDTA use 0.5 M stock that ispH 8.0

While the gel isrunning, we will learn how to calculate the molecular weights of bands on a
gel. Turn to the next page to begin this portion of the experiment.
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How to calculatethe MW of a molecule that has been
separated in agel.

The log,, of amolecule’ s molecular weight is proportional to the
distance that molecule has migrated. Therefore, the first step isto generate
a standard curve using molecules of known size (the molecular weight
markers).

When using semilog paper (see the next page), the molecular weights
(in units of base pairs (bp) for DNA; kiloDaltons (kDa) for proteins) is
plotted on the Y -axis and the distance the molecule migrated (in mm) is
plotted on the X-axis. When generating a standard curve, you will obtain a
straight line (use a best-fit line).

Once your standard curve is ready, measure the distance traveled by
your molecule of interest. Find that distance on the X-axis, and
go up until you intersect with your standard curve. Move over
to the Y-axis and that will indicate the molecular weight of the *
molecule you are studying.

Usethefirst graph paper on the next page and the DNA gel
shown to the right to determine the molecular weight of the unknown band

indicated with an arrow.

The second graph isfor you to use on your PCR DNA “fingerprint”.
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~ LAB#6
Using Microscopes

Focused Reading:  “Microscopes....” pp 56-57.
Figures 4.1 (pg. 56) and 4.3 (pg. 57).

Goalsfor ThisExercise

During this session, we will learn how to use a compound microscope that has the ability to view
specimensin bright field, dark field, and phase-contrast illumination. We also will learn about a model
research organism, Chlamydomonas. Chlamydomonas is a unicellular green alga that has two flagella and
can reproduce asexually by mitosis, or sexually after undergoing gametogenesis.

|. Care and Use of the Compound Microscopes

A compound microscopeisillustrated in Figure 1 and can magnify from 40 to 2000 times (40 —
2000X). Microscope quality, however, depends on resolving power in addition to magnification.
Resolving power is the ability to distinguish between two pointsin the field of view. Thus, if you can
magnify 1000-fold yet cannot resolve detail, then your microscope would be of little value. Even more
important may be the abilities of the microscopist to learn the capabilities of his or her microscope and to
gain proficiency in the use of the instrument.

Dosand Don’ts

1. Always carry a microscope with both hands, one grasping the handhold in the back and one grasping
the bottom.

2. Do not swing the microscope and do not bang it onto the bench top.

Never place the microscope near the edge of the bench and keep electrical cords out of the way.

4. All of our compound microscopes are parfocal, which means that the objects remain in focus as you
change from one objective lensto another. Examine your materia first using the lower power
objective (i.e. 10X); then use a higher power objective (i.e. 20X or 40X). Because the objectives are
parfocal, you need to use only the fine focus knob to fine tune your image. Never use the coarse
adjustment to focus downward. Replace and remove adlide only after the lowest power objective has
been rotated into viewing position.

5. Never attempt to repair a microscope or force an adjustment knob. You may severely damage the

instrument.

w

II. Parts of a Microscope:

Ocular: The piece you look through. Sometimes called an ocular lens or eyepiece, thisunit isrealy a
series of lenses. Our microscopes are binocular, having two oculars. Learn to use both eyes; focus your
eyes asif you werelooking at an object about five to ten metersin front of you. Y ou should adjust the
width of the oculars to match the width of your eyes.

Objective lens. Sometimes called the objective; a set of self-contained lenses. The objective gathers light
and directs it through the tube to the oculars. These scopes have three phase contrast objectives (10X,
20X, and 40X with red lines on them) and one bright field objective (20X with no red line).
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Nosepiece: Therotating turret to which objectives are mounted. There are preset positions for each
objective, detected by dlight pressure changes while turning the nosepiece and usually a clicking noise.
Y ou should not grab the objectives to turn the nosepiece — use the black ring instead.

Stage: The flat surface upon which slides are placed. On your microscopes, the stage moves up and
down and the slide is manipul ated by a geared device. A moveable stage is sometimes called a mechanical
stage. The dlideis moved left/right and front/back by two knobs projecting downward from the stage.

Condenser: A lens system under the stage that gathers light from the light source and focuses it on the
specimen. There is adiaphragm in one part of the condenser that can be adjusted to allow the viewer to
see different parts of the cell when using bright field illumination. Y ou should experiment with this
control. These condensers aso have phase rings but you should not have to make any adjustments to
them.

Condenser Adjustment Control: Under the stage on the left side is asmall knob that is used to adjust the
height of the condenser. Usually, the condenser aways will be al the way up.

Light Switch Control: The light switch and intensity controls are on the right side of the microscope base,
about half way up the side. There is an on/off switch as well as a brightness control. Use only as much
light as necessary to illuminate the specimen.

Light Source: On our microscope the light source is built into the base and is directly under the
condenser.

Adjustment (Focus) Knobs: Both coarse (large) and fine (small, inner) adjustment knobs are found on
both sides of our microscopes. Remember that the coarse adjustment is used only with the low-power
objective. These knobs control a gear mechanism that raises and lowers the stage.
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Figure 1. Diagram of a compound phase-contrast microscope, with labeled parts. Although microscopes
are built to be rather sturdy, they should be handled carefully. The microscopes that we will be using are
new and of high quality. They were purchased with grant money from the National Science Foundation.
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Different Typesof Microscopy: Bright Field, Dark Field, and Phase-Contrast
There are three different ways that we can view specimens with these microscopes. The type of
illumination with which people are most familiar is called Bright Field. Think of the light source as
producing a solid tube of light that travels up to and through the condenser. When you view specimens
with all of thislight, you are using bright field illumination.

Dark Field: Dark field illumination seems like an oxymoron, but in this case it describes an unusual
way of viewing specimens in some compound microscopes. The light that passes directly through the
condenser does not enter the objective lens. Only light that has been scattered or reflected by the specimen
enters the objective. As aresult, you wind up seeing bright objects on a dark background.

Phase-Contrast: Phase-contrast microscopy allows usto see otherwise transparent organelles and
structures. We will make extensive use of thisfor viewing flagella. In a phase-contrast scope, the light hits
the specimen and some of the light continues in a direct path. Other portions of the light pass through
membranes that redirect the light. This redirected light is slowed down by 1/4 a wavelength (a phase shift
of 1/4) by passing through a special filter. This special filter is shaped like a doughnut and is called a
phase ring. The redirected and out of phase light eventually reaches your eyes but not at the same time as
the unaltered light that passed straight through. The end result is that you can see transparent structures
because they altered the pathway of light as it went through the structures. This phase shift allows us to
view subcellular structures within living cells.

[11. Viewing A Specimen:

Everyone will follow the procedure for viewing a specimen as a group. Y our instructor will
demonstrate how to make a wet mount (see below) and show you the differences between bright-field,
dark-field, and phase-contrast microscopy using a microscope that is equipped with a camera and
projector. In this session, we will be looking primarily at wet mounts. A “wet mount” is a specimen
mounted in an agueous solution but you do not expect to keep the dlide for very long. If your preparation
beginsto dry out while you are working with it, make a new one.

Every time you work with a microscope:
1) Position the scope so it isdirectly in front of you and your chair is adjusted so that you do not
have to strain to view a specimen.
2) Make sure the light intensity control isturned al the way off before turning on the microscope.
3) Make sure the 10X objective isin place over the specimen.
4) If you are making a wet mount, clean the microscope slide by fogging it with your breath and
then wiping it with a Kimwipe.

Bright Field
1. Switch on the light source and then dial the adjustment knob to about 4.0. Start with the oculars set so

they are at equal heights.
2. Turn the condenser so that the“ O” isfacing you. This position is the bright field slot on the
condenser.
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3. Position the low-power (10X) objective over the specimen and, looking from the side, raise the stage
as high as possible. Notice how close to the objective the stage is.

4. Use the coarse adjustment to lower the stage away from the glass slide while looking through the
oculars until the specimen comes into focus. Adjust the focus to its sharpest with the fine adjustment
knab.

5. Now it istime to make sure both oculars are focused. Use the fine focus while looking through the
right ocular and close your |eft eye. Pick one object to focus on. Then close your right eye and focus
the left ocular by turning it up and down with the focusing ring for the left eye but do not touch the
fine focus control during thistime.

6. Readjust the light intensity to reduce glare and center the specimen in the field of view by moving the
stage.

7. Usethe knob on the left side of the condenser to move the condenser up as high as possible. Y ou
may also want to adjust the condenser’ s digphragm to maximize the resolution but minimize the

“graininess’ of the image.

8. Place the 20X objective (no red line) over the specimen and sharpen the focus with the fine adjustment

knob (only!) as necessary. Readjust light.

9. Adjust the condenser’s diaphragm to maximize the resolution of the structure you are trying to see.
The actual setting will depend on what you are trying to see. Small translucent objects will be seen
more easily with the digphragm closed substantially while large pigmented structures are easier to see
with the diaphragm wide open.

10. Repeat steps 8 and 9 but use the 40X objective instead of the 20X.

Dark Field

11. Turn the condenser ring clockwise so that the “D” is facing you. This position will permit you to see
objectsin dark field illumination. Y ou also must adjust the condenser so that it isas high asit can go
- use the knob on the left side of the scope. Y ou can use dark field illumination with any of the 4
objective lenses.

What structures can you see now that you could not seein bright field?
What is difficult to see in dark field that was easy to seein bright field?

Phase-Contrast
12. When you use phase-contrast, you must match the objective lens with the phase ring in the condenser.
Therefore, you must follow this table:

Objective Lens Phase Ring
10X, 20X (red lines) 10
40X (red line) 40

A Reminder: only the objectives with red lines can be used for phase. The 20X objective that does not
have ared line on it is not equipped with phase rings.

13. Select the appropriate objective lens and phase ring pair. Y ou might need to increase the amount of
light since images do not appear as bright in phase. Once you have done this, you should adjust the
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condenser vertically with the knob on the left side of the condenser. Once these adjustments are
made, using a phase-contrast microscope is similar to using a bright field scope.

What structures can you see now that you could not seein bright field? Dark field?
What is difficult to see in phase-contrast that was easier to seein bright field?
Do you see the same colors in phase that you saw in bright field? Dark field?

A Seriesof Experimentson Chlamydomonas M ating

Focused Reading:  Pp. 492-494 “ Chlorophyta.”
"Cell Adhesion” pp. 82-84. Stop @ "Specialized Cell Junctions.”
Figures 27.26, 27.27 (pg. 493) and 5.5 (pg. 83).

Overview
Over the next three weeks we will become comfortable with afundamental tool in biology - the
compound microscope. We will conduct a series of experiments on aunicellular green alga,
Chlamydomonas reinharditii, or Chlamy for short. Chlamy is a biflagellated green plant that reproduces
asexually (by mitosis) and sexually (viameiosis, mating, and zygote formation).

A Word About Cooperative L earning
The laboratory is a place where scientists (that includes you) come together to work as teams and talk
about methods, results, and conclusions. It aso is aplace to assert yourself, take responsibility for your
own education, and trust your common sense. For example, we will view cells that are immobilized which
requires usto kill the cells by chemically cross-linking the all proteins, euphemistically caled fixing the
cells. The other three people in your group may suggest that you pour the Lugol’ s fixative solution into
your one and only supply of cells even though you also are supposed to mate LIVING cells later in the
lab. Unfortunately, you have been cursed with short-sighted lab mates. To you, it seems obvious that you
cannot kill all the cellsin step 3 if you need live ones for step 7. So, you assert yourself and persuade your
lab mates that they have made a miscal culation (this technique works better than calling them idiots, even
if they are). This situation is not confrontation but cooperative learning. Each of you can be both student
and teacher if you think while you are in the laboratory; don’t just hurry through in order to finish. What
you learn from each other in the lab isjust as important as what you learn in the class. That iswhy
|laboratory material istested in the “lecture’ reviews.

Background Information on Chlamy
There are severa reasons why Chlamydomonas is such a useful model organism. It isahaploid
organism, which means there is only one copy of each chromosome. Therefore, the genotype is dways
expressed in the phenotype (unlike diploids that may have a recessive mutation that is not revealed in the
phenotype). It has a generation time of 2 weeks (from mating of one generation to when the next
generation can mate). Finaly, there are hundreds of mutant strains (stored at Duke University) that have
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been generated over the years and can be used for research. For example: ac-17 cannot fix carbon during
photosynthesis, arg-7 requires the amino acid arginine to be added to the medium since it cannot
synthesize its own; act-1 is resistant to the trandational inhibiting drug cycloheximide; and pfl4 has
straight and paralyzed flagella so it cannot swim.

Why would anyone want to know how efficient Chlamy sex is? If you are trying to study the process
of gametogenesis at the molecular level, you would need to be able to compare wild-type mating to
abnormal, or mutant, mating. To compare these two, you might use mating efficiency as an indicator of
the ability of a gamete to mate. Because human subjects are reluctant to submit to experiments such as
these, especially experiments on mating efficiency, you would be forced to find an alternative organism to
study and one that has a short generation time. For example, imagine you are trying to learn how gametes
fuse and you decide to generate a mutant strain of Chlamy that cannot fuse. (There are severa strainslike
this and some Davidson students are conducting their honors research on them.) Once the mutant is
generated, you can try to clone the gene that has been altered, which would allow you to identify the gene
that encodes the “fusing gene”. Maybe a new contraceptive could result from this research.

Chlamy cells come in 2 sexes called mating-type plus (mt*) and mating-type minus (mt”). When a
mitotically dividing cell is deprived of nitrogen, it differentiates into gametes, mt™ cells differentiate into
minus gametes and mt™ cells differentiate into plus gametes. These two gametes of opposite sexes will
fuse to form adiploid zygote that becomes a metabolically inactive spore. When conditions are favorable
for mitotic growth (i.e. there is enough nitrogen), the zygote spore undergoes meiosis and germination to
produce atetrad of four haploid progeny: two mt* cells and two mt™ cells. We will be working with plus
and minus gametesin today’ s exercise.

Pr otocol

A reminder
Objective Lens Phase Ring
10X, 20X (red lines) 10
20X (no red lines) cannot be used with phase
40X (red line) 40

Each person should:

A) Place 25 l of minus gametes on a clean (use a Kimwipe) glass microscope slide and cover with a
coverdip. Do not press down on the coverdip or else you will crush the cells. Place the slide on the stage
of the microscope and use the 10X objective lensto observe the cells swimming around. Start with
bright field, then try dark field and phase-contrast.

1. Canyou seetheflagella?

2. Which form of illumination allows you to see them the best?

3. What isthe total magnification you are using with a10X objective lens and the 10X ocular s?

B) Increase the magnification by using the 20X objective lens. Again, view the cellsin bright field, dark
field, and phase-contrast. Remember to use lenses with the red ring for phase and the 20X without the red
ring for bright-field.

1. What isyour total magnification now?
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2. Can you see the flagella? Which form of microscopy is the best for seeing flagella?

3. Can you see any other organellesin these cells?

4. Do you see any other colors besides green? If so, where and what organelle could this structure be?
(Hint: “The better to see you with, my dear.”) Try al 3 forms of illumination.

C) On the same dlide but separate from the previous sample, place 12.5 yl of mt™ cellsinto 12.5 pl
Lugol’ sfixative [Lugol’ s fixative is adye that stains the sugars that are covalently bound to the
proteins (sugar coated proteins are called glycoproteins) on the surface of the flagella). Examine this
preparation of stained cells under the microscope. View the cells at all three magnifications with each
form of illumination.
1. What structure(s) can you see better with fixed cells than with live, unstained cells?
Give 2 possible reasons why.

Asagroup:
D) In amicrofuge tube, mix 150 pl of plus and 150 I minus gametes and record the time.

Each person should:

1. Take out a 25 yl subset, or aliquot, of the mating cells shortly after you have
mixed them together and observe these mating cells (still alive) under the microscope using the 10X
and 40X objectives. Choose the form of illumination that will allow you to see the flagella the best.

2. What isgoing on? Describe how Chlamy cells mate. Pay specia attention to the tips of the flagella.

3. Using phase-contrast and the 40X objective, look carefully for some round gray objects floating
around. What are these?

4. After the cells have mated for at least 15 minutesin the original tube, take an aliquot of mating cells
and fix them in Lugol’ s stain. Record the amount of time the cells have been mating. Observe these
stained cells using the 40X objective lens and phase-contrast.

5. Do you see any cellsthat look like diploid zygotes instead of haploid gametes?

6. What 2 or 3 features are noticeably different in zygotes?

(Look carefully for acell that is different from the haploids you have looked at until now.)

7. Each person should count the first 25 cells with flagella that you see and “ score” them as either
gametes or zygotes. Record the number of each type of cell. Try to be random in your selection of
cellsto count; do not hunt for one kind of cell over the other.

8. Compare your data with the data from the other 3 people in your group. Did you all get the same
numbers?

9. Determine the % mating efficiency using the formula below. Write your results on the board.

% mating efficiency = 2(no. of zygotes) + [2(no. of zygotes) + (no. of gametes)]
or written in words:
% mating efficiency = no. gametesfused + [total of all gametesin original mixtur €]

10. Do your numbers agree well with your colleagues in other groups?
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11. Can you imagine any reason why your results would vary significantly from another person’s?
12. What modification to your technique would you make to avoid this problem next time (like next

week!)?

Turning off the scope
1) Turn the light down to zero.

2) Turn off the power.
3) Rotate the 10X objective in place and turn the condenser to bright-field.

Before you leave the lab, you should know the following:

- How can you see flagella better without staining them?

- What colors do you seein a Chlamy cell and what structures are responsible for the colors?

- How do you calculate the total magnification you are using on a microscope?

- With what appendage(s) do Chlamy cells mate? How efficient was this mating process?

- How can you standardize your methodology so that 2 people can get similar results when counting cells?

Before next week, your lab group should meet so that you can be prepared for next week’ s lab. Timing
will be very important. Y ou can meet at the end of session today or later.

Lugol’sFixative (protect from light and made fresh each semester)
1giodine

2g K" lodide

12 ml H,0O

dissolve the K1 first, then add the iodine

filter undissolved crystals and store in a dark container
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LAB #7

How long does it take for Chlamydomonas to regener ateitsflagella?
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 flagellaon Chlamy. These cellswill have
been deflagellated before you come to lab and you will measure the length of the flagella over aone hour time
period. You will learn how to use aversion 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 alot of teamwork. Y ou should have decided who will do which job(s) in
order to make the necessary observations, and record al the information. [However, in theinterest 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 havejust lost their flagellawhich means they cannot follow the best light in order to
edt, 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 processif you begin before
organizing yourselves because, “| thought you were keeping the time!”

Y ou will want to measure the length of the flagella as afunction of time. At each time point, two people
should each measure the length of 20 flagella (total of 20 flagellaon 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. Y ou should organize yourselves so that aliquots are fixed every 15 minutes.
Y ou will use the same ingredients, r eagents, as last week so stain them with Lugol’ sto fix the cells and flagella
and to enhance visuaization.

Detailed Protocol:
A) | have laboriously removed the flagellafrom about 5.0 X 1022 cells
How many flagelladid | 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 agroup, each person should have ajob:

#1 - One person should record al 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 dides for #3 and #4. Do not make the dlides until they are ready for them. If
you leave Chlamy cells under a cover dip too long, they will pop off their flagellaagain.

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

50 ul of Lugol’sfixative. Have atable 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 pl 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 theflagdla

People #3 and #4: measure the flagellalengths from the fixed cells; 20 flagellafrom 20 célls.

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

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

tme |1 |2 (3 [4 |56 |7 |8 |9 [10(11 (12|13 ]|14]|15|16 |17 (18 (19|20
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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. Asit so happens, Chlamy is very senditive to changesin 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 cellswill not shed their flagellaif
thereis no calcium in the growth medium. (Calcium can be removed from any solution by adding in a
compound commonly referred to asEGTA. EGTA hasavery high affinity for calcium and acts as achelator,
like amolecular sponge, to absorb ionically all the calcium, which means Chlamy cells can not use or sense any
caciumionsif EGTA ispresent.) 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 flagellawhen 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 isamodel organism for studying flagella and much of our understanding of ciliaand flagellaisduein
large part to our understanding of Chlamy flagella.
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Thereisan interesting story of colossal proportions that you must figure out. Asyou 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 istubulin. Each Chlamy flagellum is built upon the 9+2 structure of
microtubules (see the figure below). The outer 9 microtubels are “ doublets’, consisting of acomplete 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 a tubulin and 3 tubulin. Each monomer of a globular tubulin
molecule has a4 nm (4-10-° meters) diameter and is comprised of 450 amino acids. Therefore, the a /3 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 smplicity let’s assume a single gene for each form of tubulin (one for a and one for (3). These
prototypical genes are about 1800 bases long. Remember that Chlamy is haploid so one alele = one gene = one
locus.

Diagrams of Flagellar Structure at Increasing Magnifications
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8 8 2 9 + 2 arrangement of microtubules
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Comparewith Figures 4.21 and 4.24 in the Purves text.
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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) Assumethat al of the mRNA needed for this processis being synthesized de novo, from scratch. How
many mRNA bases (assume no introns) must be transcribed per minute if every mRNA istrandated only
once? What if each mRNA istrandated 100 times?

3) If RNA polymerase can travel no faster than 2500 bases per minute, isit possible for al of the RNA to be
transcribed de novo? Explain your answer.

Y ou 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 pm per minute.
Once you have determined the rate in your experiment, you can try the calculations again.

Beforethe end of lab

At thistime, 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 trandating any new
proteins? What if these plant cells are put in the dark? Would gametes (in Gy) regenerate flagella faster or
dower 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
trandation with cycloheximide, then you might hypothesize that flagellawill not grow at all. Thishypothesisisa
good one; agood hypothesis can be tested. A bad hypothesis might be, “ Chlamy cells do not like to have their
flagellaremoved 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 trandation inhibitor 2mg/ml 10 pg/ml
Actinomycin D transcription inhibitor 5 mg/mi 50 pg/ml
Caffeine cyclic nucleotide (CAMP) 66 mM 6.6 mM
phosphodiesterase
inhibitor
Arginine essentia amino acid 10 mg/ml 100 pg/ml
Calcium signal transduction/ 100 mM 1mM

second messenger

Lithium chloride disrupts production of 1M 20 mM
IP; (NOTE: lithium is a teratogen)
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Remember to include good controlsin your design. A good control isan experimental condition that will give
you a standard or predictable result against which you can compare the results of the condition you are actualy
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) Cellsregenerating their flagellain the presence of disco music

2) Control cells regenerating their flagellain 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.)

Y our hypothesis probably would be that disco will prevent flagellafrom growing. This hypothesisisa
testable hypothesi s because you can measure the length of the flagellain the two situations (plus and minus
disco). Let’slook 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 datafrom 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) Y ou should note any observations you think note worthy - use your best judgment.
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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.

Y ou 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 al the data you need to draw a conclusion. We will spend the next period working with Excel to
analyze your data from today.

Control Data
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Experimental Data A
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Experimental Data B
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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 (Y our Favorite Potential M utagen - 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 creativel 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 Guideto Descriptive Statistics

Y our instructor will give you directions for making YFPM (your favorite potential mutagen).
Once you have collected alarge 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 al the data+~ sample size (often called n)

For example, with thedataset (1,1,1, 5), n=4; themeanis8+ 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 formulafor
calculating therangeis:

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

For example, with the data set (1,1,1, 5), therangeis5-1=4.

Variance
The variance of your datais 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 formulafor calculating varianceis:
Variance = the sum of (each data point minus the mean)? + sample size

For example, withthedataset (1,1,1,5):  (1-2)* + (1-2)* + (1-2)* +(5-2)° = 12
Thevarianceis12+4=3.

Standard Deviation

The standard deviation of your datais 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 formulafor standard deviationiis:

Standard deviation \|variance =

45



For example, with the data set (1,1,1, 5), the standard deviation is the square root of 3, whichis 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 thisdeviation, but it also takesinto account the size of your data set. The formulafor standard
error is:

Standard error = \| variance + n  (n = sample size)

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 auseful 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 versusif n = 30: 0.316) because of the
differencein sample size. However, if you look closdly 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 datatreated asif 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
attemptsto look at the variance of thisimaginary range of means and determine the variance of these means.
Many scientists use standard error to make their datalook better than it really is. What we would like to be able
to say iswe 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 aswell. To calculate the 95%
confidence interva, the following formulais used:

X +1.96(c/ n)

where x isthe average, o isthe standard deviation, and n is the sample size.
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Excel for Office ‘98

Rather than calculating averages, standard deviations, etc. manually, we will enter our datainto aExcdl, a
spreadsheet software program, and have this program cal cul ate 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.

A E
1 Jtirme Crnin)  Heell 1 cell 2
2 L3
= 15
4 =0
] 45
& &0

C D E
cell & cell 4

Save these data: give the file agood name and have the file saved to the Biol11 folder and your section’s lab
folder. When entering the same number many times, you can save yourself some time with ashort 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 dl the data are entered, save thefile again.

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

cell 19 cell 20
0
0
0.5
0.s
0.1
0=

Click on the Insert menu and select “Function...”

i el agqe 1enqﬂ'||
o n
D.—k—..
0.5
0.a
0.4
0.7
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Paste Function

Function categqaty: Function name:

Mozt Recently Used AYEDEY -
Al | =
Financial AYERAGEA R =
Date & Time BETADIST

Math & Tri BETAINY
m_ BINOMDIST

Lookup & Reference CHIDIST

Databaze CHITHY

Text CHITEST

Logical || |CONFIDENCE ||
Infarmation CORREL E

AYERAGE{ number1 numberz, )

Returns the average Carithmetic mean) of its arquments, which can be
numbers ar names, arrays, or references that contain numbers.

[&] (o) [

3) You will see awindow like the one shown above. Select Statistical and then Average and click on OK. Y ou
will get adialog box like the one below. At the top isthe formulafor averaging the data entered in boxes B2
through U2. Y ou 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 valuesin it. Then click OK.

[ averaGE  J»| ¥ /|=| =AVERAGE{BZ:U2)
YERAGE
Humber1 [BZ:U72 =hd= {0.1,0.1,0.1,0.1,0
Mumberz | [P =

= 0.1
Returns the average (arithmetic mean) of its arguments, which can be numbers or names,
arrays, or references that contain numbers.
Number1: number1,number2,... are 1 to 30 numeric arquments for which you
want the average.

E Farmula result = 0.1 Tl I m
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4) When you hit OK, you will seethis:

awverage length

| —
LS

Put your cursor on the box as shown and click and drag down until you reach the 60 minute row. When you let
go, al the averageswill be calculated.

5) Create anew heading called Standard Deviation: hiﬂ"

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

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

Function category: Function narme:
Most Recently Used QUARTILE -
All | |RANE [~ |
Financial RS0
Date & Time SKEW
Math & Tri SLOPE
M SMALL
Lookup & Reference STANDARDIZE
Database =]
Text STDEW# ) =
Logical || |STDEYP
Information STDEYPA w7

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”

STDEY | W J =| =S5TDEV(BZ:U2)

STDEY
Mumber1 |E=2:LI2 “hel= {0.1,001,0.1,0.1,0
Numberz | =
= 4449775275
Esti mates standard deviation based on a sarmple Cignores Togical walues and text in the
sample).

Number1: number1,numberZ,...are 1 0 30 numbers corresponding to a sample
of a population and can be numbers or references that contain numbers.

Formula result = 4, 449775275 Cancel 1] 4
o) (oaneen ] (ox, ]
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When you click on OK, the value will be entered (probably closeto 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.

5% conft.
7) Enter anew heading called 95% confidence. [ 1i
Under this heading, click on the next box. ' k_
Go to the Insert menu and Function cateqory: Function nare:
select “Function...” as you Most Recently Used AYEDEY -
: : ; ; All [ | [AYERAGE =]
d!dearllgr. You will seethis Financial SVERAGEL =
dialog window. Select Date & Time BETADIST
- ; Math & Tri BETAINY
satisical end confidencess e s— | |EiNOMDIST
shown. Lookup & Reference CHIDIST
Database CHITHY
Text CHITEST
Logical |
I nfar mation CORREL R -

7) Now you will get anew dialog box:

CONFIDENCE |+| 3 «/|=| =CONFIDENCE()

CONFIDENCE
Alpha |
Standard_dev rk

A [ [
Il

Size |

Y ou will need to enter some information:
1) The aphanumber 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 W 2.
3) Thesizeisyour sample size, or nvalue. 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
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standard deviation has to be greater than zero to calculate the confidence value, but don’t worry about this for
now.

CONFIDENCE [»| % ./|=| =CONFIDENCE(0.05,%w2,20)

CONFIDENCE
Alpha [0.09 Shel= 0.05
Standard_dey |w2 E|= 4449775275
Size |20 == 20

= 1950161277
Returns the confidence interval for a population mean. See Help for the equation used.

Alpha iz the significance Tevel used to compute the confidence lewel, a number
greater than 0 and Tess than 1.

@ Formula result = 1 950161277 | Cancel I | 0 k—j

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

10) Y ou now are done analyzing your data. Obvioudy, though, the data are not easy to present in this format.
Rather, it is convenient to present such dataasagraph. If you are note familiar with the graphing capabilities of
Excdl, follow the directions found in Appendix A in the back of this manual.

51



Lab # 10 — Part |
Pouring Agar Platesfor Next Week’sLab

Focused Reading: See Figure 13.6 on page 245.

NOTE: Y ou do not need to wear gloves while pouring the agar plates, because no mutagenic chemicals
or bacteriaareinvolved in this procedure.

1. Use the work areawith a 2.5-3 foot long piece of absorbent lab counter paper. Label the petri dishes
you will use with your initials and your lab time (e.g. Tues. am). | recommend you put your initials on
the bottom, along the perimeter.

2. Look in the water bath on your table for aflask labeled DMA. Thisflask contains Davis Minimal
Agar that has been autoclaved to make it sterile, and is being kept at 47° C to keep it liquefied.

3. Think about these important pointsin pouring a petri plate before doing it:

a) Y ou must work quickly, because once the container of minimal agar isremoved from the bath, it will
start to harden within 2-3 minutes.

b) When pouring agar into the petri dish, pour just enough to fill the dish about half way.

c¢) Although you must work fairly quickly, pour the agar gently to minimize the number of bubbles
(bubbles ook amazingly similar to colonies when the agar hardens).

4. When you are ready to pour:

a) Pull out the container of DMA and remove the cap.

b) Open the cover of the petri dish halfway and pour in the agar to just cover the bottom of the dish.
Try to minimize the introduction of bubbles.

) Repeat for al the dishes.

d) Immediately rinse the flask with warm water to facilitate washing the flask.

5. Let the plates harden 15 minutes before moving them. These plates will be stored “upside down”
until next week’s lab.
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Lab #10 — Part |11
The Spot-Overlay Ames Test of YFPM
(Your Favorite Potential M utagen)

Developed from: Dorothy M. Maron and Bruce N. Ames. Revised methods for the Salmonella mutagenicity test. Mutation
Research. Vol. 113: 173-215, 1980.

Focused Reading: “Point Mutations...” pp 234-237. Stop @ “Chapter Summary”

Web Reading: http://ntp-server.niehs.nih.gov/htdocs/LT-studies/tr389.html

Goals for This Session:

During this session, you will pour agar plates to be used in next week’ s experiments. Y ou will become
familiar with the Ames test, which is aworldwide standard for testing new compounds to determine if they
are mutagenic. The method you will use this week was developed here at Davidson College and allows us
to screen more compounds quickly and cheaply. Next week, we will use the traditional method to quantify
the degree of mutagenicity for selected compounds.

NEWS ITEM: April 25, 1997. Dr. Bruce Ames was awarded the Japan Prize ($210,000 cash) for his lifelong work with
carcinogens. “When people ask meif I'm the ‘Ames’ of the Amestest, | say: ‘ That was so long ago, that was my
father.”” Dr. Amesis professor of biochemistry and molecular biology at UC-Berkeley

http://mendel.berkeley.edu/Center.homepage.html and his research is focusing on the relationship of aging, nutrition, and

cancer. You can find 4 papers by his group in the April 1, 1997 issue of Proceedings of the National Academy of Sciences
in the library.
|. Background

Our environment isfull of potential carcinogens (cancer-causing agents) such as UV light, industrial
pollutants, pesticides, food additives, and natural products such as tobacco. These carcinogens can induce
cancers because they are mutagens (chemicals that cause mutations), which change the nucleic acid
sequence of DNA. It isimportant to have arapid and inexpensive assay for testing chemicals we suspect
are carcinogenic, including the large number of new synthetic chemicals being produced each year.

It is estimated that 90% of al carcinogens are a so mutagens, and with this thought in mind, Bruce Ames
and his colleagues developed atest in the 1970s that uses special bacteriathat are very senditive to
mutagenic agents. The Food and Drug Administration (FDA) now uses the Ames test to screen many
chemicals rapidly and inexpensively. Those few chemicals that appear to be mutagenic by the Amestest are
tested further in animals to assess their ability to cause cancer.

Wild-type cultures of the bacterium Salmonella typhimurium grow in media without the addition of any
amino acids. This growth is possible because they have metabolic pathways for making al of their own
amino acids. Each amino acid has a separate pathway for its synthesis. For example, Figure 1 showsthe
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pathway for histidine synthesis, which begins with catabolic intermediate C and uses nine enzymes
(numbered 1-9 in figure 1) to convert C into histidine.

rototrophic Bacteria Cell
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Figure 1. Schematic overview of Salmonella typhimurium metabolism and the effect of a
nonrepaired point mutation in the synthesis of histidine.

TOP) Metabolism of anormal (prototrophic) S. typhimurium whic| make its own histidine.
The catabolism (breakdown) of the food source produces precursor which is needed for
histidine synthesis. The formation of each intermediate (a-i in ovals) in the histidine synthesis
pathway is catalyzed by a different enzyme (arrows 1-9). Each enzyme is a protein whose
synthesisis encoded by a separate gene. The absence of any one of the nine enzymes would
prevent the synthesis of histidine.

BOTTOM) Metabolism of an auxotrophic (His minus) mutant that cannot make its own
histidine. Here the catabolism of food still produces the precursor[_C _[but enzyme number 4 is
not made due to a point mutation in the encoding DNA. This resultsin an interruption of histidine
synthesis because | ntermediate@ cannot be made which prevents the rest of the enzymes from
being able to bind to their substrates and synthesizing the appropriate products. In order for this
auxotroph to grow, histidine must be supplied in the medium.




The Ames test uses a mutant strain of Salmonella typhimurium that cannot grow in the absence of the
amino acid histidine because a mutation has occurred in a gene that encodes one of the nine enzymes
necessary for histidine biosynthesis (see Figure 1, bottom). The mutation prevents trandation of a
functional enzyme #4, and thus the cell cannot compl ete the conversion of the catabolic intermediate C to
histidine. Therefore, the Ames mutants only can grow if histidineis supplied in the growth medium. These

auxotrophic mutants are called histidine-dependent or his (pronounced hiss-minus) mutants because

they depend on an external source of histidine to grow. Auxotrophs are mutant individuals that cannot
make all the metabolic products that wild-type (prototr ophic) individuals of the same species can make.

There are severa different mutant strains of Styphimuriumwhich have different mutationsin their
DNA. Wewill use avariety of different mutant strains that have important distinctions that make them
suitable for detection of different types of mutagens. Hereisalist of the available strains that we can use
and what mutation each strain carries:

» TA 1535 has a base substitution that produces a missense mutation in the gene
coding for the first enzyme of histidine synthesis. The mutant enzyme has a proline
where aleucineisin the wild-type enzyme.

* TA 100 isvery similar to 1535, but is supposed to detect a different range of
mutagens.

» TA 1537 has aframeshift mutation (deletion of one nucleotide) in adifferent
genethan is mutated in 1535.

* TA 1538 has adifferent frameshift mutation (insertion of one nucleotide) in
the same gene that ismutated in TA 1537.

* TA 98 issimilar to 1538 but is supposed to detect more mutagens than 1538
does.

* TA 102 isdgnificantly different from the others. It has an ochre mutation

which meansthat it has a nonsense mutation. This mutation occursin the same
genethat is mutated in the strain TA 1535.

In addition to the mutations listed above, there are two other traits shared by each of these strains. 1)
These mutant strains lack a DNA excision-repair mechanism that exists in wild-type bacteria and would
normally repair any new mutations in the DNA that are caused by exposure to mutagens during our
experiments. The result of thisdefect isthat DNA errors are not corrected, thus enhancing the strain’s
sengitivity to mutagens. 2) These strains have a defective lipopolysaccharide layer that allows chemicalsto
penetrate more easily into the cdll than is true with wild-type bacteria.

In summary, we have mutant strains of Salmonella typhimurium that cannot synthesize histidine, are
very susceptible to additional mutations because they lack the normal repair mechanisms found in bacteria,
and are more permeabl e than wild-type bacteriato external chemicals, including potential mutagens. In
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order for these cells to survive on a plate that lacks histidine, they must “learn” how to synthesize
histidine by undergoing another mutation that corrects the original mutation that prevented the production
of the missing enzyme. Thistype of mutation is known as a back mutation, or rever sion, because this
second mutation returns the mutant to the wild-type genotype. This reversion can happen spontaneously or
astheresult of amutagen. To be considered a mutagen, a compound must result in a mutation rate more
than doubl e the spontaneous mutation rate. Note that many mutations, in many different genes, may be
occurring in the bacteria. We, however, can detect only the mutations that result in a phenotypic reversion.

A brief note about mutations. a mutation is any change in aDNA sequence from the original sequence of
nucleic acids, and mutations happen al the timein your cells. Sometimesiit is because a mutagen comes
from the outside of the cell and in some manner creates changes in the DNA. Often the mutations are just
errors that occur during DNA replication when cells divide. In fact, there is an average of nearly one
mutation (error) in your DNA every time one cell divides. Y our cells have waysto repair the mutated DNA,
and they usualy do, but if the mistake is overlooked, the change in the DNA is maintained in future
replicationsin the cell. This scenario represents one way that a* spontaneous’ mutation can occur; there
was no obvious cause on which to blame the mutation.

To determine the number of revertantsfollowing exposure to a mutagen, we must have away to
differentiate the mutant strain we started with (his auxotrophs) and the new mutants we may generate (his
-revertants). The Amestest uses a chemically defined medium for this purpose, meaning the amounts of
each ingredient are known, and the medium is lacking one nutrient necessary for bacteria growth. If ahis
cultureis placed on achemicaly defined minimal agar lacking histidine, only those cells that have mutated
to his™ (revertants), will grow and form colonies. In theory, the number of colonies that revert and grow is
proportional to the mutagenicity of the test chemical.

The chemically defined medium used for the Ames test actually has just atrace (growth limiting)
amount of histidine added only to the soft agar overlay. Trace amounts of histidine in the medium are
necessary because some mutagenic agents act preferentially on actively replicating DNA. When Ames
mutants are plated on this medium, they grow until they run out of histidine (only 2-3 cell divisionslasting
about one hour), and the result isafaint, nearly invisible lawn of growth within the overlay. Conversely,
revertant bacteria should form large colonies because their growth is not limited because they can produce
their own histidine. Each large colony represents one revertant bacterium and its offspring.

By definition in the Amestest, a mutagen is any chemical agent that resultsin twice the number
of mutants as occurred spontaneously, and thus is potentially carcinogenic for humans.

What you have read is an overview of the theory behind the Ames test that we will use. Many chemicals
in nature, however, are not carcinogenic/mutagenic until after they are consumed by an animal. One job of
the liver isto detoxify harmful chemicals, but in the process some chemicals are converted into very potent
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mutagens. For this reason, all test chemicals used in the Amestest by the FDA are routinely incubated with
rat liver extract in an oxygenated environment so that liver enzymes, such as oxygenases, will “activate’ the
chemical being screened; the “activated” chemical then is added to the bacteria. Due to the potential
hazards associated with this step, we will not pre-treat our potential mutagens with liver extracts. Instead, we
determineif various agents are mutagenic in their “unactivated” states.

NEWS ITEM: Remember the vole found near Chernobyl that was resistant to mutations and also had high levels of IDH
(page 12 of lab manual)? It is speculated that the particular alele carried by these mutation-resistant voles is more effective at
inactivating oxygen radicals formed by the radiation. Oxygen radicals can “activate’ chemicals and cause them to become

mutagenic. Hmmmmm.....
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Appendix A
Beginners Guide to Graphing with Excel

Double click the Excel icon in the “Biol11 Folder”.

When Excel opens, you will see a spreadsheet like this one:
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Click on cell Al and enter aname for your X axis values (for instance, type Time). Enter the
appropriate valuesin separate cells of column A. Click on cell B1 and enter a name for your
dependent variables (for instance, type Length). Enter the appropriate values in separate cells of
column B. If you have multiple replicates of each experimental condition (e.g. lengths of 3
flagella measured at each time point), enter these datain columns C, D, E, etc. At this point,
your spreadsheet may look like this one:

O

o B | c© | © I
1 |Time Length 1 Length 2 Length &
2 a 23 26 1.9
Z 15 zA ZA 2
4 0 4.5 4.8 4.4
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At this point, you can use Excel to analyze your data. As discussed previously, you can calculate
the average, standard deviation, and 95% confidence values by using the Insert menu and the

Function key.

Remember: if you insert afunction into one cell, you can transfer that function to adjoining cells.
Place the cursor on the lower right-hand corner of the cell (the cursor should become afilled-in
plus sign), click and hold the mouse, and drag the cursor to cover the cells you want to contain

the formula.
O Workbook
i E C | ] E F G |
1 |Tirme Length 1 Length 2 Length & ek age St Dew. Q5% Conf.
2 0 2.3 2.6 1.9 226666667 0351188468 0.39739926
z 15 2.1 .1 %2 %.132TTIIT 005773503
4 0 4.6 4.2 4.4 4.6 0.z
| 5 45 5.3 5.5 52 S5.3ZTTTIIT | 0.15275252
G &0 6.4 £.9 6.1 64EEEEEET | 0.40414519
7 75 7.4 7.3 7.2 TA4GEEEEET  0.ITASIEES
g2 a0 .1 g 8.1 208666667 0.0STTIS03
9 105 g 8.2 7.9 20ZTTTIIT | 0.15275252
10
At this point, your spreadsheet may look like this one:
O Workboo
& | E | C | o | E | F | G |
1 |Time Length 1 Length 2 Length = A erage 51, Dew. Q3% Conf.
2 0 2.3 2.5 1.9 2266650567 035118848 039739926
= 15 a1 a1 3.2 ZA3ZIIZIZ 0Q.0STTIS0Z 006533204
o 0 4.5 4.8 4.4 4.5 0.2 022631681
= 45 a5 2.5 0.2 DEIZFIZEL 015275252 017285232
L| (=1 &.4 5.9 6.1 G4e6eE66T 040414519 045T32425
T TS T.9 T3 T.2 TAGLELEET 037829389 042841081
(=] a0 a1 L= 2.1 S0eeeceeT DO0STVTES0E 006533204
= 105 = 2.2 T.9 BOIZIIZIIZ 015275252 047285232
10

To graph your data, click on the Chart Wizard icon on the top menu bar. Choose the type of
graph you want and then click the Next button. The next window should ask for a data range.
The datarange is the experimental values you wish to graph. Inthis example, we are interested
in graphing the length averages. Click on the data range box and then use the cursor to cover the
cells containing your experimental values. When you release the mouse clicker, the desired cell
locations should appear in the data range box. For our example, the data range box should
contain the following information: =SHEET1!$E$2:$E$9
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Now select the Seriestab. Click on the Category (X) Axis Labels box. Thisbox allowsyou to
specify the values for the X axis. In this example, we wish to graph the average length versus
time. Asaresult, column A containsthe X axisvalues. Insert the locations of these cellsinto
this box following the same procedure used to specify the Y axisvalues. Inthe example
provided, the box should contain the following information: =SHEET1$A$2:$A$9

After specifying the X and Y valuesin this manner, click the Next button. The following
window allows you to develop atitle, legend, axes names, etc. for the graph.

When you have finished inserting these items, click the Next button, you will be asked to save
the finished chart as either an independent chart, or as part of the worksheet. Remember to save
your work in your group’ s folder.
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Asafina step, you may want to include error bars on your graph. To accomplish this task, use
the Format menu and choose Selected Data Series. Select the Y Error Barstab. If you want to
use, for instance, 95% confidence values for your error bars, click on Custom: + box. Usethe
cursor to select the cells on your worksheet containing thisinformation. When you release the
clicker, thisinformation will be transferred to the Custom: + box. Repesat this process for the
Custom: - box if you want the error bars to extend in both directions.

Format Data Series

_/ Data Labels \/ Series Order \/ Options \
‘.-"r Patterns \J.-'"’ fxis \.-'"’ Y Error Bars \

Dizplay
Both Plus Minus Mone

Error amount

i) Fixed value: Cl@

{_} Percentage: E %
() Standard deviation{s): DE
{_) Standard error

@ Custom:  + |=Sheet113652:3639
- |=Sheet11$6$2:3639 [T

(Coner ]

Save your modified graph.
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Appendix B

Use NIH Image, a computer, and a CCD camerato measurethe length of flagella

1) Turn on the computer. Find theicon of amicroscope in the 111 folder. Double click on thisicon. It will
launch the program and turn the screen into funny shades of gray.

2) Put the stage micrometer on the stage and turn on the microscope. Use bright field opticsto view the
micrometer with the 10X objective. Switch up to the 40X objective, ill in bright field.

3) The camera should be plugged in, and connected to the computer. All you haveto do is pull out the black
knob that is on the right side of the adjustable oculars. This knob alows light to travel to the cameras. Notice at
the top of the screen, it will say Camera(Live).

4) Whilein NIH Image, go to the special menu and select “ Start Capturing”. The “, G” symbol tells you
that if you hold down the Apple key (O) and G at the same time, you will accomplish the same task. Notice at
the top of the screen it will say Camera (1:1).

5) Now the image from the scopeis being

shown on your screen. If you do not seeit, e —
then adjust the light. If the screen looks

dark, turn up the light. More likely, it looks

white, so turn down the light. Y ou should e ———————

see something likethis

6) To theleft of theimageisalist of icons, some

of which we will use. Notice that the cursor is

pointing to the “line tool” Click once on this.

Thiswill let you draw alineontheimageof the T —"

stage micrometer and tell the how long thisline

is. Since the distance between each dash on the

micrometer is 10 microns, you should draw a k‘

line that is 50 microns long. After you have drawn the line, double click on the “line

tool” icon. You will see anew dialog box that will let you define the distance you just

draN-
black )

B
[ N

4 3
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Change the units to micrometers and enter the “ Known Distance” as 50. Now you have calibrated the
computer. You are ready to measure the lengths of the flagellanow. Save the camera settings and call it
“Calibrated at 40X”. This step will permit you to reopen thisfile and retain the calibration every time you need
to measure something using the 40X objective (e.g. next week).

Measured Distance: |223.73 |Pixels

Known Distance: EE_

Pixel Aspect Ratio: |1.0000

Units: | Pixels -

Scale: |1 pixels per |pixel

ok ]J

7) Remove the stage mircometer and store it in the box it came in. Prepare awet mount of the cellsyou
want to measure, and start capturing new images. When you see a cell that you want to measure, stop
capturing (hit O G). This step should give you a“frozen” image of the cells.

8) If you need to enhance the image, you can click and drag the diagonal linethat isin the“Map” portion
at the bottom of thelist of icons. This step will be demonstrated in class.

9) Click on the magnifying glass '\\. Straight Line
and then click on the cell you want
to measure. Y ou should zoom in

LGV Special
Measure

Stacks

~* Freehand Line

once or twice to magnify the cell. R 7 Segmented Line Analyze Particles... R,

Now click and hold on the “line Show Results a2

tool”. You will get three Show Histogram  3H

options. Select the “Freehand Line” option. Plot Profile KK
Surface Plot...

This option will let you trace the length of the flagellum. When you

think you have traced it pretty well, go to the Analyze menu and select LIPS
“Measure”, or type “Apple 1”. This command will instruct the Set Scale...
computer to measure the line you just drew. Go to the Analyze menu Calibrate...

(see )

and select the “ Show Results’ option or type “Apple 2”. Notice that
If you make a mistake, you can “Redo Measurement...” or “Delete
Measurement...”.

Redo Measurement...

Delete Measurement...
Reset 33
Restore Selection 34
Label Selection 3D
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10) When you are finished measuring this cell, go to the Edit menu and select “Unzoom “or type
“Apple U”. Now you are ready to find another cell to measure. If you do not see one on your screen,
then type “Apple G” to start capturing new images. Look at the top to make sure it says “Camera
(Live)”. If not, then hit “Apple G” again.

11) Continue this process until you have measure 20 flagellafor each time point. Enter the measurements
inyour lab notebook in the tables provided for you. Y ou will analyze these data using Excel.

12) When you have recorded 20 measurements, you may hit [J 3 to delete all measurements and start
over.



