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LAB 1. THE SCIENTIFIC METHOD

DOING SCIENCE

Science is not simply a noun but also a verb, and the act of doing science is regulated
by a systematic series of steps known as the scientific method. n this lab you will
design your own experiment and analyze the results using the Pearson correlation
statistic.

Commented [A7: Speak passionat el
are in training to be a scientist, help them understand
. YOUR motivation to increase their own.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

1 Understand and use the scientific method
1 Accurately collect data, graph data, and perform statistical analysis of data

INTRODUCTION

Scientists propose specific hypotheses as explanations of natural phenomena, and

design experiments that test these predictions. You have no doubt studied the scientific Commented [A8: Ther eds more thal
method before. It can be delineated in various ways, but we will use the following four ﬁ%’ggﬁig";g’é’gsss 3 102 G112 Uiy L o Lt
steps in this course: ‘

1. Observe and formulate a question. The first step to discovery is observation.
Through the observation of previous research in the scientific literature or by
observing the natural world in vitro (in the lab) or in vivo (in the field), you may
devel op questions |like, Al wonder whyé?0 or fAls that becau:

2. Develop a hypothesis. After starting with a question, you must complete careful
research regarding what is already known. This research will help you generate a
hypothesis. Hypotheses must: 1) be precise, 2) offer a prediction, 3) include a
mechanism or a reason for your prediction, and 4) allow for objective testing (i.e.,
it must be falsifiable with direct evidence). Construction often occur in two parts:

1 The first, is the development of your actual hypothesis (H;), which
represents your predictions if an interesting biological phenomenon is
occurring (e.g., there is a relationship, there is a difference, etc.).

1 The second is often the development of a null hypothesis (H,), which
represents your predictions if chance alone, or randomness, is responsible
for the results (e.g., there is no relationship, there is no difference, etc.).

3. Test your hypothesis. Biology is a hypothesis-driven, experimental science and
most of the time hypotheses are tested via experimentation. Only properly
designed experiments can produce the valid and reliable results necessary to
test a hypothesis. Three important types of variables must be identified and
addressed:



a. The DEPENDENT variable (DV) is your RESPONSE variable and goes
on the Y-AXIS (the horizontal axis). You can r emember
(dependent, response, y-axis). This variable is the one that is affected and
often the one of the greatest interest.

b. The INDEPENDENT variable (V) is MANIPULATED/MANAGED and
goesonthe X-AXIS.You can remember it as
independent, x-axis). This variable is occasionally simply overiit i [me . 0

c. CONFOUNDING variables are sources of potential variability that you
must control for in your experiment. These are influences that need to be
held constant because variation in these parameters would themselves
change the outcome of the experiment. This is extremely difficult and often
the source of invalid findings in experimentation.

A control or control group is another important factor in many experimental
designs. The control is used for comparison with your treatment group, or the
group being manipulated. It is designed to minimize the effects of confounding
variables on the dependent variable. With a control, all other variables, except for
the application of the independent variable are held constant with your treatment
group. For example, if we were testing the effect of a nutritional supplement (1V)
on bacterial growth (DV), our treatment group would receive the nutritional
supplement and our control group would not. We would then compare the growth
results. We will not use a control today, but we will explore controls further in our
next lab.

4. Analyze your results. The best way to analyze your results depends entirely on
what question you are asking and on what types of variables you are measuring.
This process includes the use of tables, figures (graphs), and statistics for
hypothesis testing. Through analysis, we first seek to reject the Ho, to reject the
idea that chance alone is responsible for our results. If you can reject this idea,
and your predictions are accurate, then your hypothesis may be supported by
your data. If not, you must do further testing; the scientific method begins again.

LAB ACTIVITY

Today, you will work through the steps of the scientific method. You will be designing
and testing your own experiment, using your peers as subjects, and analyzing your
results using a correlation statistic called the Pearson Product Moment, or Pearson
correlation.

EXERCISE I: PRACTICE WITH PEARSON

One method of evaluating the relationships between two variables is the use of
correlations. Calculation of a correlation coefficient, such as Pearson, gives you a feel
for the strength of a relationship between two variables. However, keep in mind that a
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strong correlation between two variables does not necessarily mean that there is a
cause-and-effect relationship between them.

Q: HOW DO SCIENTISTS TESTS THEIR HYPOTHESES?

The Pearson coefficient (r), has values that range between i 1 and 1 (nothing above
or below these values). The closer the value is to +/-1, the greater the association
between the two variables. If the value equals 0, there is no correlation.

A sample data collection was done (at right) individual  Height  Weight
comparing height and weight of cats. These

values will be used to generate the Pearson

e ; 2 30 6.7
coefficient (r). The r-value will tell us how strong 3 26 58
(or weak) the relationship is between cat height 4 32 7.1
and cat weight. 5 27 5.9

1 Hi=There is a relationship between cat 6 21 5.6
height and cat weight; as cat height 7 29 6.2
increases, cat weight will increase. This is a (sum) 185 42.8
because taller cats tend to be heavier, Mean 26 6.1

having increased total body mass.
1 Ho= There is no relationship between cat height and cat weight

The equation for the Pearson Correlation Coefficient is below, where:
x = height in cm (independent variable) A R’
y = weight in kg (dependent variable) N
dx= deviation from the mean (x i the mean of x) -~ =0
dy= deviation from the mean (y i the mean of y) Qw BOQw

The data we collected have been entered into the table below to complete the
calculation. Color-matching shows where each value goes in the equation.

nd.(n=7) [ x [ (@) [ @[ y [ @) [ @) ][E)@)]

1 20 -6 36 5.5 -0.6 0.36 3.6
2 30 4 16 6.7 0.6 0.36 2.4
3 26 0 0 5.8 -0.3 0.09 0
4 32 6 36 7.1 1.0 1 6
5 27 1 1 5.9 -0.2 0.04 -0.2
6 21 -5 25 5.6 -0.5 0.25 25
7 29 3 9 6.2 0.1 0.01 0.3
a 123 2.11 14.6

‘; Commented [A15]: Again, this is what we test. \
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|

To complete the kequationké Value of r Strength of relationship
N 8 O 9 ' -1.0to-0.50r 1.0to 0.5|Strong
| —_ = .
Y z g -0.5t0-0.3 or 0.3 to 0.5| Moderate

-0.3 to-0.1 or 0.1 to 0.3 | Weak

This represents a very STRONG, 01t00.1 None or very weak
POSITIVE correlation/relationship
between cat height and weight. We can tell this because the number is very close to 1
and is positive.

The last step to analyze the strength of the relationship is to determine if the r-value is
significant. We will be using the standard alpha value (U) of 0.05. Use the excerpted
table of critical values below to determine the critical value for our experiment. We had a
sample size (n) = 7.

L o= 0.05 Any value of r > the critical value means the
‘: 0.950 relationship between our variables is significant. This
B 0.878 means that we can reject the null hypothesis (Ho);
o 0.811 chance alone cannot explain these results. This also
7 0.754 mean we may have found support for our hypothesis
8 0.707 (H1) and that there may be something biologically
9 0.666 meaningful behind the relationship.
10 0.632
1L 0 ?02 If our r-value < the critical value, we cannot reject the
12 0.576 null hypothesis (Ho); chance alone can explain these
13 0.553 results. This also means our hypothesis (H;) was not
14 0.532 supported by our data. In this case our r = 0.906, which
15: 0.514 is higher than the critical value of 0.754. We can reject
16 0.497 the null hypothesis and indeed our hypothesis was
17 0.482 supported by our data.
75 We found evidence that there
7 g is a strong, positive,
_@ .. significant relationship
£ 62 between cat height and
= ® weight. If we were to graph
= e ® these data on a scatterplot
55 ,0 with a line of best fit (at left),
' y =0.1196x + 2.9534 the same information would
S become apparent.
15 20 25 30 35
Height (cm)
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If the line of best fit goes up, the relationship is positive. If it goes down, the relationship
is negative. If the slope is high, and the points are grouped close and tight to the line,
the relationship is strong. If the slope is small or near flat, and/or the points are spread
out, the relationship is weak or non-existent.

Additionally, if we include the equation for the line, we can now make predictions of y
from a value of x and make predictions of cat weight based on cat height. Because we
have such a strong relationship, we could be confident that our predictions would
approximate the actual values. Here are some more scatterplot examples with their
accompanying r-values.

EXERCISE II. CONDUCT YOUR OWN EXPERIMENT
You will now use the Pearson Correlation statistic to test your own hypothesis.

Q. CAN YOU DEVELOP AND TEST YOUR OWN HYPOTHESIS AND USE THE
PEARSON CORRELATION STATISTIC?

Procedure
1. Brainstorm with your group. What interests you?
2. You can decide to explore any variables you chose with a few caveats:

a. The variables must be continuous. That means they must exist on a
number line and represent an actual value. They cannot be representative
of a score, rank or category.

b. Your variables must be unique to your group i no duplication.

c. The variables must be respectful of yourpeers( donét get o.ver

Commented [A24]: May require additional
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d. The variables must be measurable today, in lab, and in a timely fashion.
Here is a list of potential variables: Commented [A27]: THINK! Can you come up with
1 Anatomical: heart rate, standing height, sitting height, arm length, EHIES ([EriEmle
blood pressure, respiration rate, leg length, etc.
1 Performance: long jump, vertical jump, timed exercises, reflex tests,
memory tests, breath holding, push-ups, etc.
1 Survey-based: age, hours spent studying, distance to home town,
number of pets, hours spent exercising, etc.
3. At l east one of your variables myst be measurable (you can
questions).
4. Decide how you will measure your variables. Your instructor will show you what
equipment is available to you in the lab. Additionally, there are many apps and
websites that can help you collect your data. Commented [A28]: Ditto. THINK! Can you come up
5. Complete the table below and have it checked by your TA before moving on. LLUCHCET

Hypothesis (w/prediction)

Mechanism (because)

Dependent Variable (DV)

Method of Measurement of
DV

Independent Variable (V)

Method of Measurement of
v

Confounding variables and
methods of control

Commented [A29]: Be sure to check well. A mess-up

/ here can mess-up the rest




N

9.

Using your classmates, measure at least 10 people for your chosen variables.
Record the data in the Table 1.1.

Conduct a Pearson correlation on your data and record the results under Table
1.1.

Graph the data in Figure 1.1.

10.Answer the questions provided regarding your experiment, results, and analysis.

BIOGRAPHY - KARL PEARSON

Karl Pearson (1857-1936) is widely regarded as the founder of
the modern discipline of statistics, and is also famous as a
philosopher of science, as a writer on social Darwinism and as
a leading mover to install eugenics as the key social science.
He was an English mathematician and biostatistician and
founded the world's first university statistics department at
University College London in 1911. He contributed significantly
to the field of biometrics, meteorology, theories of social
Darwinism and eugenics. He developed the Pearson
correlation statistics which still bears his name and
consequently is always written with a capital P.

Source: Norton, B.J. 1978. Karl Pearson and Statistics: The Social Origins of Scientific
Innovation, Social Studies of Science, 8(1): 3-34.



EXERCISE Il. RESULTS

Record your results in Table 1.1. Create a table title that corresponds with your data
and experiment.

Table 1.1 (title)

Ind. (n=10)

1

A WN

8
9

10

Calculate the Pearson correlation coefficient. Use the table on the following page for
assistance or you can simply use a calculator or Excel.

r=

A A
Qw BQ®




'(2‘1'10) x | @) | @ |y | ) | (@) ] (@) ()

1

2

3

4

5

6

7

8

9

10

& — —- — -
Pearson correlation coefficient (r) =

Calculations:

10



Display your results as a scatterplot with a line of best fit below. Be sure your axis titles
correspond with your data and experiment. Be sure to include your sample size at the
end of the caption (n = 10).

Figure 1.1. (caption) Commented [A30]: Always go below the figure.
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EXERCISE Il. QUESTIONS

1. By justlooking at your data, would you have guessed there was a relationship?
What type?

2. What new information did you gain from the graphical representation of your
data?

3. According to the r-value, is there a positive, negative or no relationship? Is it
weak, moderate or strong?

4. Use the Pearson Correlation table of Critical Values to determine if your
hypothesis was supported by your data. Is the relationship significant? Why or
why not?

5. How could you change the design of your experiment (in a perfect scenario) to
get more valid and highly reliable results?

6. What other experiments could you conduct to better support your hypothesis.

12



LAB 2. BIOLOGICAL MACROMOLECULES |

CHEMICAL ANALYSIS OF FOOD - CARBS, PROTEINS, & LIPIDS

During this and the next laboratory meeting, we will work with a variety of chemical
reagents to test for the presence of macromolecules (carbohydrates, proteins and lipids)
in various known and unknown food items.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

1 Identify and describe the chemical structure and primary function(s) of
carbohydrates, lipids, and proteins

1 Identify the indicators used for each macromolecule

1 Describe (-) and (+) control results for each indicator/macromolecule pairing

INTRODUCTION

Plants are autotrophs; they can manufacture their own food by harnessing light energy
from the sun. Animals are heterotrophs; we must consume food and beverages to
obtain the organic molecules necessary to stay alive and grow. We will explore how our
cells generate chemical energy from what we consume in a later lab on cellular
respiration. Today we will focus on identifying the major macromolecules we consume
through our diet.

We will use a variety of chemicals that when added to food and beverage samples,
serve as indicators of the types of molecules that the samples contain through
chemical reactions (which result in color changes and in some cases, formation of a
precipitate). In this investigation, you will use several chemical indicators to test your
ideas about the molecules you think might be contained in a variety of familiar foods
and beverages. You will test for the presence of three of the four types of organic
macromolecules: carbohydrates (two types: simple sugars and starch), lipids, and
proteins with four chemical indicators.

Each indicator test will include both a negative and positive control in addition to
samples of food and beverages. |A negative control is a known substance that DOES
NOT contain the molecule you are testing for. It shows you what a negative result will
look like. A positive control is a known substance that DOES contain the molecule. It
shows you what a positive result will look like. In addition, you will investigate which
foods or beverages are acidic, basic, or neutral by determining the pH.

13
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They are responsible for all this

Much is also covered in lecture. The last column is the

information and it will reappear on the final. Can they fill
| most relevant to this lab.

out this table if it were blank?
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PRE-ACTIVITY: PIPETTE CHALLENGE

You will be working with micropipettes today. Before you do we need to be sure you can use
them correctly and accurately. Your instructor will demonstrate the correct way to use a
pipette and guidelines and directions are also available in Appendix 4. Your task is to
demonstrate your ability to accurately use a pipette.

\

v

mg

controls
graduated
cylinders
micropipette

1. First you will decide on a volume (mL) to test.
You will predict the mass of that volume.
Volume to be drawn: mL Expected mass:
2. Ask your instructor to come over and watch your test.
3. With your instructor present, you will load the volume and test your accuracy by
weighing it on the digital balance.
Actual Mass: g.
|
4. Complete a conversion to smaller units.
Volume drawn: uL  Expected mass:
LAB ACTIVITY
MATERIALS
1 hot plate 1 hot water bath
1 test tube clamps 1 250mL beakers
i testtubes 1 spot plates
1 sample containers 9 testtube racks
1 foods & beverages { stirring rods
1 mortar & pestle 1 indicator materials

Reminders
Gloves and goggles at all times.
Some indicators may stain clothing.

Use clean tips and wash the mortar and pestle repeatedly to avoid

cross-contamination!

All Biuret reagent waste goes in the hazardous waste.

15
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Q: WHAT TYPE OF MACROMOLECULES ARE PRESENT IN THE FOOD AND

BEVERAGES WE CONSUME?

HYPOTHESES: Complete the prediction table below using the food items assigned to

your group
Positive (+) or Negative (-) test results
Food Item i . -
Simple Starch | Protein | Lipids pH
Sugars
Preparation
1 Collect your six food items usingt he vi al provided

samples back to your station.

9 Use the mortar and pestle to grind a pea-sized amount of each solid food. Add
distilled water and continue mixing until you have approximately 5mL of liquid. Wash

your mortor and pestle after each food item.
1 The liquids are ready for testing as-is.
 Perform each of the following tests on each food or beverage sample.

e a ¢ h Commented [A44]: Assign these in the PowerPoint or
write them on the board. Break them up between side
one and side two.

You can tell them to do 4 knowns an and the unknown
 to save time if needed.
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EXERCISEIl. BENEDI CT 0 SOR S&IBHALE SUGARS

In this reaction, you will be testing for the presence of simple sugars (monosaccharide) or
al dehyde

di saccharides that

have

ifreeo

properly.

or ketone groups, i . e.,
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Procedure

1.
2.

No oM

@

Obtain 8 test tubes.

Label the tubes as follows: N (negative control), P (positive control), then #1-6 for the

experimental samples.

Add 5 mlI of Benedictds solution to each test tube.
Negative Control: Add 400 i of distilled water to a test tube labeled (-).

Positive Control: Add 400 ni of 10% glucose to a test tube labeled (+).

Add 400 mL of each experimental sample to an appropriately labeled tube.

Mix the contents of each tube by tapping the side of the tube gently against your palm

(the instructor will demonstrate this procedure).

Place the tubes into a boiling water bath for 3 minutes. " Commented [A47]: Sometimes they skip this step or
Set the tubes aside to cool. _ do it too early or too late.
 —

N AN

Review your results
Compare your observation to the figure above:

1

1

A green, yellow, red or rusty brown precipitate indicates a positive test (reducing
sugar present). Use the figure above as a guide.
Record your results in Table 2.1.

EXERCISE Il. IODINE TEST FOR STARCH

In this reaction, you will be testing for the presence of starch, which is an example of a type
of carbohydrate known as a polysaccharide.

Procedure

1.

oM wN

Obtain a spot plate. Label 8 of the spots, similar to the tubes above, as follows: N,

P,#1-6.The si ze of the fAspotod used is irrelevant.

Negative Control: Add 100 ni of distilled water to the spot labeled (-)

Positive Control: Add 100 ni of 1% boiled starch to the spot labeled (+)

Add 100 mL of each experimental sample to the appropriate spots labeled 1-6.

Add 1 drop of L)uogach spat. |odimeddroppers drd pkovided. ' Commented [A48]: Some droppers drop too much.

Tell you students to let you know if theirs is worn out.
Shake the plate gently and compare your sample spots to the control spots. | Repiacement droppers will be in the back.
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Review your results

You might want to place your well plate on top of white paper to help you read the results.
1 A blue to black color indicates a positive result (starch present).
1 Record your results in Table 2.1.

EXERCISE Ill. SUDAN IV TEST FOR LIPIDS

In this reaction, you will be testing for the presence of lipids. The lipid used for your positive

control is oil. The negative control is water. Like lipids, the chemical Sudan IV is not soluble

in water; it is, however, soluble in lipids.

Procedure Commented [A49]: Demo this procedure.

1. Mark 2 pieces of round filter paper (in pencil) as shown in the figure below. Oil is your
(+) control and distilled water is your (-) control.

Qil Food 1 Food 3 Food 5

Water Food 2 Food 4 Food 6

2. Using a clean disposable dropper for each sample, place a drop of each solution (oil,

water, and then each of your experimental samples) in the appropriate area. Commented [A50]: Iftheir fAsol utions
3. Allow the paper to dry completely for at least 30 minutes. esnillnotinlasact
4. In a Petri dish, soak the paper in Sudan IV solution for 3 minutes. Commented [AS1]: Yes it MUST dry completely.
5. Use forceps to transfer the filter paper from the Sudan IV solution to D.l. water in a

Petri dish.

6. Rinse for one minute and then remove the paper and allow to dry on a paper towel.

Review your results Commented [A52]: Results of this test are the hardest
If lipids are present in this test the Sudan IV will stain them reddish-orange. Record the elicadie e relobdande
intensity of the coloring based on the following:
1 No Fat present in the sample is (-) for negative red color.
1 For low levels of fat staining light red (+). For Moderate levels of fat (++) and for
Heavy levels of fat staining darker Red (+++)
1 Record your results in Table 2.1.
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EXERCISE IV. BIURET TEST FOR PROTEIN

In this reaction, you will be testing for the presence of proteins. The biuret reagent (copper
sulfate in a strong base) reacts with peptide bonds (which join amino acids to form proteins)
and changes color when it does so.
Procedure
1. Obtain 8 test tubes. Label the tubes as follows: (-), (+), #1-6.
2. Negative Control: Add 2 mL of distilled water to the tube labeled (-).
3. Positive Control: Add 2 mL of Stock Protein Solution (egg
albumin) to the tube labeled (+).
4. Add 2 mL of each experimental sample to the appropriate
tubes labeled #1-6.
5. Add 200 mL of Biuret Reagent to each tube.
6. Mix the contents of each tube by tapping the side of the tube
gently against your palm (the instructor will demonstrate this
procedure).

Review your results
A color change from light blue to purple indicates a positive result with protein present.
1 No color change after mixing contents indicates a negative result (no protein).
1 Record your results in Table 2.1.

EXERCISE V. PH TEST

In this test, you will determine the pH of each sample. Please refer to the chart provided with
the pH paper to read the results of the test.

Procedure
1. Obtain 7 pieces of pH paper.
2. Test each sample by placing one drop of the sample on a separate piece of pH
paper.
3. For comparative purposes, place one drop of diH,O on the 7th piece of pH paper.

Review your results
1 Compare the color change to the chart to determine the pH of the sample.
T Record your results in Acidic Neutral Alkaline
Table 2.1. 7 A < |z A

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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BIOGRAPHY - DR. GERTY THERESA RADNITZ CORI

Dr. Gerty Radnitz Cori was the first American woman to receive
the Nobel Prize in Medicine (1947). She and her husband, Dr.
Carl Cori, shared the prize for their discovery of the cycle of
carbohydrates in the human body. Specializing in biochemistry,
the husband and wife team began to study how glucose is
metabolized in the human body. In 1929, they developed their
theory of "the cycle of carbohydrates," now known as the Cori
Cycle. The theory explains how carbohydrates supply energy to
muscles during exercise, and then are regenerated and stored
until needed again by the muscles. It was the first time the cycle
of carbohydrates in the human body had been fully explained and
understood, and proved especially useful for the treatment of

d i a b e (Seusce: €hanging the Face of Medicine, NIH, video 69)
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RESULTS

Table 2.1. Results of indicator test

Positive (+) or Negative (-) test results
Food ftem Simple Starch | Protein | Lipids pH
Sugars
QUESTIONS

1. Compare your results with your original predictions. Were there any surprises?

2. Discuss the importance of controls in this experiment. List the four (+) controls we
used for each molecule and the (-) control we used as well.



3. Which type of organic molecule was found in the most food and beverages? Prepare
a bar graph of molecule type (reducing sugar, starch, lipid, protein) vs. number of
samples with positive reactions to help you answer this question.

4. Create a bar graph below and plot the average pH for each group in your lab and
determine the mean and median for those averages.

Mean = Median =

22



The table below contains data from a hypothetical experiment where a variety of

foods/beverages were tested for the presence of certain molecules. A plus sign indicates a color
change (positive result). A minus sign indicates no color change (negative result).

Food/Beverage | lodinetest| Benedi c| SudanlVtest| Biurettest| pH
Unknown #1 + - - - 7
Unknown #2 - + - - 7
Unknown #3 - - - - 10
Unknown #4 - - - - 7
Unknown #5 - - - - 4
Unknown #6 - - + - 7
Unknown #7 - + - - 8

5. State whether each statement below is true, false, or impossible to determine from the data
provided in the table above.

a. unknown 1 contains long polymers of sugar molecules.

b. unknown 2 contains simple sugars (mono or di-saccharides).

c. unknown 3 has a relatively high number of hydrogen ions.

d. Unknown 4 may be distilled water.

e. Unknown 5 may be distilled water.

-

Unknown 6 is an acid.

g. Unknown 7 contains protein, no sugar, and is a base.

h. Unknown 2 and 7 both contain protein.

i. Unknown 2 and 7 both contain simple sugars.
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LAB 3. BIOLOGICAL MACROMOLECULES Il

PROTEINS & NUCLEIC ACIDS

In the last lab, we identified 3 of 4 major macromolecules (lipids, proteins, and
carbohydrates) present in foods using indicators. This week, we will further examine

proteins and the last major macromolecule, nucleic acids.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

= =4 -4 —a A

INTRODUCTION

Today we will conduct three lab exercises:
I. Use spectrophotometry to examine the relationship between protein concentration

and light absorbance

1. Visualize DNA through extraction
I1l.Construct DNA and RNA molecules

LAB ACTIVITY

Materials

1 Gloves & goggles
Vernier LabQuest
spectrophotometer

5 cuvettes

5 test tubes

1 mL pipetman & tips
5 mL pipetman & tips
stock protein solution

= =4 =& -4 —a —a -

1
1
f

Zip lock baggie
1 strawberry
20mL DNA

extraction buffer |

f

f
il
1

Filtering apparatus
Cheesecloth
Funnel

Small beaker

Identify chemical structure and primary function(s) of proteins and nucleic acids.
Use a spectrophotometer to determine absorbance of protein concentrations

Create and interpret data in graphic form
Compare and contrast the structure and function of DNA and RNA
Extract and visualize DNA from strawberries

1 (Cold 95% ethanol |
| Glass/wire hooks

Reminders

Gloves and goggles at all times.

Some indicators may stain clothing.

Use clean tips to avoid cross-contamination! Read carefully.
All Biuret reagent waste goes in the hazardous waste.
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 Commented [A54]: Review as needed.

Commented [A55]: Demo the setup but instruct them
| to use the appendix to go through the steps.

Commented [A56]:

stations and the stocks solutions at the end of the day. |

Be sure to refill all reagents at the

Commented [A59]:

on ise at all times. It goes back in the freezer as part of

clean-up.

Be sure to keep this in freezer or

\: Commented [A58]: In fridge \

Commented [A57]:
the back.

In fridge. Should be aliquoted in ‘




EXERCISE I. PROTEIN & SPECTROPHOTOMETRY

BACKGROUND. Proteins are polymers (polypeptides) of amino acids joined

together via peptide bonds. These bonds are formed by condensation reactions

(see figure below) through dehydration synthesis and upon hydrolysis of a protein,
ami

the peptide bonds are broken,r el easi ng fAfreeodo al pha

(a) Dehydration synthesis

Monomers are joined by removal of OH from one monomer and removal of H from the other at the site of bond formation.

H,

.0

H

Monomers linked by covalent bond
(b) Hydrolysis

Monomers are released by the addition of a water molecule, adding OH to one monomer and H to the other.

H,0

Monomers linked by covalent bond

Remember from our last lab, that Biuret Reagent [NaOH + CuSO,] detects the

presence of peptide bonds (shown below in red) in a compound, thus indicating

presence of a protein. The intensity of the purple/violet color indicates the
concentration of protein in solution (from none, to low and high amounts). The

purple/violet color resulting from the reaction is due to an interaction between the

copper ions in the biuret reagent and the amine group in the peptide bond of proteins.

Spectrophotometers read this color change and calculate the absorbance value. Darker

solutions (with higher protein concentration) absorb more light and have higher absorbance
values. Lighter solutions (with lower protein concentrations) absorb less light and have lower

absorbance values. |

None Low Moderate High
9 HQ
— R _C_hll_(I:_C
TH R
e
- -~

Refer to the Appendix 5 for more on spectrometry. The relationship
between protein concentration and absorbance is linear and positive.
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Commented [A60]: They should have discussed in
lecture. Understand these processes will help them

. understand all the chemical processes in 120 and 121. |

Commented [A61]: This connects color change to
| absorbance. Make sure it is clear.

Commented [A62]: Help them understand the biuret
test alone is qualitative (more or less) but getting the
| absorbance value is quantitative.




Protein will be provided to you in a stock solution which is generally prepared in
high concentration for dilution to a lower concentration for use. You will have access
to solutions of both known and unknown protein concentrations. First, we will

determine the concentrations of our dilutions. Next, we will calculate the absorbance Commented [A63]: This is difficult for them to do. Ask
values of four solutions of known protein concentration. We will use those themitojvieniheownirstiisingihelappendicqitis

- . . . simple algebra, solving for one unknown. Keep them
calculations to construct a relationship between absorbance and concentration. We confident and be understanding.

will plot the data as a scatterplot with a line of best fit and use that line to determine
the protein concentration of an unknown sample.

Q. CAN WE DETERMINE THE CONCENTRATION OF A PROTEIN IN AN
UNKNOWN SAMPLE?

Procedure
1. Number four clean test tubes.
2. Using 5.0 mL micropipettes, fill each tube as follows:

Tube #1 1.0 mL of stock protein solution and 2.0 ml of diH.O (distilled water)

Tube #2 2.0 mL of stock protein solution and 1.0 ml of diH,O

Tube #3 3.0 mL of stock protein solution
Tube #4 3.0 mL of diH,0O
Tube #5 3.0 mL of the UNKNOWN protein solution

in your stock solution is 5.0 mg/mL. Add these calculations to Table 3.1. Refer
to the Appendix 6 for more on this process.

4. Record the results in Table 3.1.

5. Add 500 ni of Biuret Reagent to each tube and record any color reaction
observed in each tube in Table 3.1.

6. Secure 5 clean spectrophotometer cuvettes and label them 1 - 5.

Commented [A64]: Point this out! They need it for
their calculations

3. Determine the protein concentration in each tube. The protein concentration %

7. Carefully fill each cuvette with the contents of tubes #1, #2, #3, #4 and #5. Commented [A65]: With about 3mL
8. Use the Appendix 5 for directions on how to calibrate and use the spectrometer.
Use the contents of Tube 2 to set the maximum absorbance. Commented [A66]: Point this out and explain WHY.

9. Using the Vernier LabQuest 2 and Spectrophotometer, determine the absorbance

values of each protein dilution. Record the absorbance values in Table 3.1.

10. After securing the absorbance values, rinse each spectrophotometer cuvette with
diH,O and return them to the rack on your bench.

11.Plot your results with the absorbance values on the vertical axis, the protein
concentration (mg/ml) on the horizontal axis in Figure 3.1.

12.By referring to your graph, determine the concentration of the unknow sample,
tube 5, and record it in Table 3.1.
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13.Using a glass or wire rod with a hook on the end, carefully place the hook into the
boundary layer (between the alcohol and extraction layer) in the test tube
containing the strawberry extract, collecting the fibrous material on the hook. The
fibrous material consists mostly of DNA with some RNA and proteins as well.

EXERCISE Il. DNA EXTRACTION

BACKGROUND. DNA analysis is at the forefront of biomedicine and forensics. To use
DNA for analysis, the molecule must first be extracted from the cell and nucleus. DNA
Extraction Buffer is used for this purpose.

Today, ours includes:
9 detergent, to break apart lipids and proteins and
1 salt, with (+) charged sodium ions neutralize the (-) charge on the PO3- groups on
the nucleic acids, making the molecule less soluble in water.

Lastly, we will use ethanol to separate the DNA from the mixture. DNA is soluble in H,O,
BUT not in ethanol. If enough ethanol is added, the electrical attraction between
phosphate groups and any positive ions present in the solution becomes strong enough
to form stable ionic bonds and DNA precipitation. You will isolate DNA from strawberries
for this exercise. Strawberries are a good source of DNA because they have 8 copies of
each type of chromosome

Q. CAN WE EXTRACT AND VIEW DNA?

Procedure
1. Clean the strawberry and remove the green sepals.
2. Place one strawberry in a zip lock baggie.
3. Smash up the strawberry with your fist for 2 minutes.
4. Using a small graduated cylinder, add 20mL of extraction

buffer.

Close the bag and smash again for 1 minute.

6. Pour the extract into the filtering apparatus and let it drip
directly into a clean test tube.

7. Only fill the test tube so that it is 1/8 full.

8. Slowly pour cold ethanol (from the refrigerator freezer) into
the tube, kept at a diagonal, so that the test tube is half full.

9. You shoul d -lIsiekee of cwitstposn of m
the interface of the liquids in the test tube. DO NOT STIR
OR AGITATE THE CONTENTS OF THE TEST TUBE! Get
your instructor to check your DNA.

o

Commented [A67]: Demo. Leave top open just a bit
so bag doesndét pop.

Commented [A68]: Demo this. If mistakes happen in
i | this lab, it is here.
— =
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This info will be covered in BIOL

120 around the same time. They are responsible for all

ofit.
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CONSTRUCT DNA
Procedure

1. Obtain a nucleic acid construction kit.

2. Group the kit components into separate stacks on your lab desk. You will have
noted that the pieces of the nucleic acid construction kit resemble jig-saw pieces.
The notches and projections on each molecule (puzzle piece) represent bonding
sites.

3. Select a deoxyribose sugar, an adenine base [A] and a phosphate group.

4. Fit the three parts together. This represents a single nucleotide, specifically in this
case, adenine deoxyribonucleotide, a unit consisting of a pentose (deoxyribose), a
phosphate group and a nitrogenous base (adenine).

5. Now that you have familiarized yourself with the components and configuration of a
deoxyribo-nucleotide, construct the remaining three types of deoxyribonucleotides,
i.e., guanine deoxyribo-nucleotide, cytosine deoxyribonucleotide and thymine
deoxyribonucleotide.

6. Assemble the four deoxyribonucleotides forming a four-nucleotide strand of DNA. | Commented [A70]: t hey

get it righ

Note that the pentose fhror~rbhonad ie hgpdl Vs OHposion
together by phosphate groups. Set aside for use ¢./
in fi8. 0 bel ow.

7. Now using additional pieces of your construction
kit, assemble a second four-nucleotide strand of
DNA. However, this time attach them to form a
sequence: T-A-C-G,from ftopoot

8. Now assemble the two strands of four s
nucl eotides each (A6. 4
the nitrogenous bases of the complementary

attaching

strands to one another. |

| As Gold)

Commented [A71]: Show them the triple bonds vs.
double bonds and pyrimidines vs. purines (AG as pure

PLEASE NOTE!
1 The adenine of one nucleotide pairs with the thymine of its complement; similarly,
guanine pairs with cytosine. This phenomenon is referred to as the base pairing
principle.
9 The purines and pyrimidines of double-stranded DNA are joined together by
hydrogen bonds. Note again that, on your model,
together by phosphate groups.
1 Your model illustrates only a very small portion of a DNA molecule that, in nature,
may be many thousands of base pairs in length!
1 Note that the two strands of a DNA molecule are twisted into a spiral, staircase-like
pattern. This, of course, thselwhky ODNA eing i §ai d hteo
deoxyribose components, phosphate groups, nitrogenous bases and hydrogen
bonds linking the nitrogenous bases of one strand to the complementary strand.
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CONSTRUCT RNA

Procedure

9. From the remaining pieces of your DNA construction kit, select: four (4) ribose
sugars; one (1) each of adenine, uracil, cytosine and guanine; and four (4)

phosphate groups.
10.Assemble the four ribonucleotides as you did earlier in the case of the four
deoxyr i bonucl eoti des of DNA. Assemble them from fitopdo to fAbott

sequence,A-U-C-G. You have Asynthesizedodo RNA.
11.Be sure your instructor checks BOTH your DNA and RNA model.

v

BIOGRAPHY - LINUS CARL PAULING

Linus Carl Pauling (February 28,1901 August 19,1994 ) was an
American quantum chemist and biochemist, widely regarded as the
premier chemist of the twentieth century. Pauling was a pioneer in
the application of quantum mechanics to chemistry, and in 1954
was awarded the Nobel Prize in chemistry for his work describing
the nature of chemical bonds. He also made important
contributions to crystal and protein structure determination, and
was one of the founders of molecular biology. (Source: Linus
Pauling at the Mathematics Genealogy Project)
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EXERCISE |. RESULTS

Table 3.1. Protein concentration, absorbance values and notes for each sample

(Max wavelength = )

Protein

Tube .
Concentration

Absorbance
Value

Notes on Color Change

4

5
UNKNOWN

Figure 3.1. Relationship between absorbance and protein concentration
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EXERCISE |. QUESTIONS

1. What is the purpose of Tube #4 in this experiment?

2. Compare your results with those of other groups, you will probably note considerable
variation in the absorbance values determined. What are some possible reasons for
the variation in results?

3. Explain and draw a diagram of the relationship between protein concentration and
absorbance.

4. The wavelength your LabQuest selected for this assay is referred to as the what?

32



5. By referring to your graph, what would you predict the absorbance value (biuret
reaction) of a solution of protein at 3.0 mg/ml to be?

6. By referring to your graph, what would you predict the concentration (mg/ml) of a
protein giving an absorbance value (biuret reaction) of 0.19 to be?

EXERCISE Il. QUESTIONS

1. What did the DNA look like? Relate its chemical structure to how it looks when there
is a lot of it clumped together.

2. DNA is soluble in water, but not ethanol. What does this factor have to do with our
method of extraction? Explain what happened when the ethanol came in contact
with the strawberry extract.
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3. A person cannot see a single cotton thread 100 ft away, but if you wound thousands
of threads together into a rope, it would be visible at some distance. How is this
statement an analogy to our DNA extraction?

4. In order to study our genes, scientists must first extract the DNA from human tissue.
Would you expect the method of DNA extraction to be the same for human DNA?
Why? Why Not?

5. Would the DNA be the same in every somatic cell in the human body? What about
germ cells?

6. If you wanted to extract DNA from a living person, what cells would you use and
why?

7. List two reasons why a scientist might want to study the DNA of strawberries?
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EXERCISE Illl. QUESTIONS

1. Answer the questions in theinabl|lwi bkelaw Xy

COMBINATIONS

YES

NO

Will the nitrogenous bases adenine and thymine fit together?

Will the nitrogenous bases cytosine and guanine fit together?

Will the nitrogenous bases thymine and guanine fit together?

Will the nitrogenous bases adenine and cytosine fit together?

Will a purine base bond with another purine base?

Will a pyrimidine base bond with another pyrimidine base?

2. Label the diagram of DNA below:
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LAB 4. BIOLOGICAL MEMBRANES

DIFFUSION, OSMOSIS AND THE ROLE OF LIPIDS

So far, we have discussed the four classes of macromolecules, how to identify them,
and their significance in living systems. This week, we will examine another crucial part
of living organisms: diffusion and osmosis of molecules through the cell membrane.
Specifically, we will model diffusion and osmosis and discuss how they function in living

cells.

OBJECTIVES

9 Describe, compare and contrast diffusion and osmosis

1 Model the movement of solutes and/or water through a semi-permeable

membrane

1 Predict the effects of iso-, hyper-, and hypotonic solutions upon living cells.
1 Identify the effects of concentration, temperature, and molecular weight on

diffusion rate

INTRODUCTION

Living cells are composed of 75-85% water (the
universal solvent). Cells must maintain a healthy
balance of solute (substances dissolved in a
solvent) by constantly transporting nutrients in and
waste out through the cell membrane. The cell
membrane is composed of phospholipids that
arrange themselves into a bilayer with the
hydrophilic (polar, water-loving) heads to the
outside and hydrophobic (non-polar, water-
repelling) tails to the inside.

Plasma Membrane 0

%ﬁ%ﬁ% 3 e

TiL /é%ﬂ,
Oop OO

[ Hydrophilic Head |

O o

| Intracellular Environment I

Polar head

Polarhead - Nonpolar tails

(b) Simplified way to draw a phospholipid

CH B H HH
HEN—c-c- 0-P=0-C-H Nonpolar tails
G H o

of

||||||||

.....
H-G-0—=

‘ (a) Chemical structure of a
phospholipid
Phosphate group

hoads _ tae

Polar Nonpolar Polar
o heads
—

Cell membran

O | Extracellular Environment I

O

[ Net diffusion of solute

yox &5%5
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Since phospholipids include both polar and nonpolar regions, they are referred to as
amphipathic. The membrane includes proteins and other compounds that ultimately
act as a barrier to regulate the ability of solutes to enter or leave the cell. This process is
closely regulated, and some substances may cross the membrane while others may
not. This feature is referred to as selective permeability. Two of the most common
methods by which solutes enter and leave a cell are diffusion and osmosis.

Today we will explore diffusion, osmosis and the role of lipids in three exercises:
I.  Diffusion through Agar
II.  Diffusion through Dialysis Tubing
Ill.  Osmosis Mock Experiment with Red Blood Cells

LAB ACTIVITY

MATERIALS
1 Gloves 1 5 mL pipetman& 1 Solution 1
1 Goggles tips 9 Solution 2
1 Labeling tape 1 2.5% Methylene 16 test tubes
1 Marker blue 1 Dbiuret, silver
1 Incubator 1 0.25% Methylene nitrate, barium
1 Refrigerator blue chloride, and
3 petri dishes 1 2.5% kMnO4 iodine indicators
1 3250mL 1 0.25% kMnO4 1 Small funnel
beakers 1 mm ruler
f 1 mL pipetman & 1 Dialysis tubing
tips 1 Bag clips

Reminders

Gloves and goggles at all times.

Be gentle with dialysis tubing.

Use clean tips to avoid cross-contamination!

All Biuret reagent and silver nitrate waste goes in the hazardous
waste.
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Commented [A73]: Acclimate petri dishes ASAP for
the. 8 in incubator, 8 in fridge and one at each station

Commented [A76]: Stock solution will be in the fridge
and aliquoted to back table or at each station. Watch
for cross-contamination.

Commented [A77]: Will also be at each station. Refill
as necessary at the end of the lab.

Commented [A74]: Will be in droppers at each station.
Be sure to refil at the end of each lab as necessary.

Commented [A75]: Replace what gets used at the end
of every lab.



EXERCISE I: DIFFUSION (AGAR)

BACKGROUND.

Diffusion is the net movement of molecules from an area of high solute concentration to an area
of Il ow solute concentration (also referred to as fidowno the concent

Generally, this process will continue until equilibrium is reached. This form of simple
diffusion is always passive, meaning it does not require energy. Today, we will focus on
passive diffusion that occurs directly through the membrane. You will observe the
effects of A) temperature, B) concentration, and C) molecular weight on diffusion rates
by loading two concentrations of methylene blue and potassium permanganate
(kMnO4) into agar wells and incubating them at 4, 25, and 44 C.

Q. WHAT VARIABLES ACCOUNT FOR VARIOUS RATES OF DIFFUSION?

HYPOTHESES: Make some predictions regarding the rate of diffusion by
completing the table below.

Rank the rate of diffusion (greater spread of molecules) with a +, ++, +++, etc.

Substance Refrigerator 4 C | Room Temp 25 C  Incubator 44 C

0.25% methylene blue
(Molecular weight: 320)

2.5% methylene blue
(Molecular weight: 320)

0.25% kMnO4
(Molecular weight: 158)

2.5% kMnO4
(Molecular weight: 158)

v

Procedure

1. Obtain 3 petri dishes that each have four identical holes cut in the agar.

2. Label lid of dishes I, I, & 1l respectively and the of each petri dish so that wells
are identified as A, B, C or D. Do this for all three plates.

3. Label plates with your group number.
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9.
10.

Acclimate dishes by placing | in refrigerator, leaving Il on the desk, and placing Il

in the incubator. Wait 20 minutes. Your instructor may have acclimated the [cOmmemed [A78 Shoul d be done b}
dishes for you.

Record the time. Obtain the 2 droppers of methylene blue (0.25% and 2.5%) and ' Commented [A79]: If the droppers are too old and

2 droppers of potassium permanganate (0.25% and 2.5% kMnO4). welln Ut e i e epe

CAREFULLY fill the holes in the agar in all three plates (as described below).

. LABEL CAREFULLY!!!
P 1 \ DO NOT overflow. If there is a
o/ @ \ layer of water on top of the
/ N\ agar, drain it out first.

' o ® | Hole 1 2.5 % Methylene Blue

\ Hole 2: 0.25 % Methylene Blue
Hole 3: 2.5 % KMnO4

Hole 4: 0.25 % KMnO4

/
o
\\\

=

Return dishes to respective environments.

Check dishes every 10 minutes. Reload agar wells if they are empty. Again, use Commented [A80]: Less back and forth with dishes
caution the better- it keeps the liquid from spilling. Tell the

’ students to take the samples to the dish, not vice
At 40 minutes, use a mm ruler to measure the diameter of each diffusion zone. versa.

Record your data in Table 4.1.

Diffusion Experiment Results

Diameter
(mm)
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EXERCISE II: DIFFUSION (DIALYSIS TUBING)

BACKGROUND. Today we will use dialysis tubing as a substitute for a cellular

membrane as both aresemi-p er meab |l e. Yo u 0 kigney dialysdbgforcyear d of

in which a cellulose membrane tube is used to fitera pati ent 6 s ftwdsteod r emovi ng
and excess solutes, in place of failing kidneys.

Using dialysis tubing as a substitute for a cell membrane, you will observe the effects of

molecular size on diffusion rates. The experimental setup with Solutions 1 and 2 is

outlined in the image below. You will use indicators to test for the presence of these

molecules before and after the experiment.

| — Dialysis
Membrane

Solution 1 (protein + NaCl) =
extracellular environment

l Commented [A81]: Figure shows what is supposed to
'be in SolL 1 and SolL 2¢

—__Solution 2 (starch + NaSO,) = |
intracellular environment

Q. WHICH COMPOUNDS WILL MOVE ACROSS OUR CELLULAR MEMBRANE?

HYPOTHESES: Make some predictions regarding the rate of diffusion by
completing the table below.

Compound Will it diffuse? (YES or NO) ‘
Protein

Chloride ions (NaCl)

Starch

Sulfate ions (NaSQ.)
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Procedure
This experiment must proceed in three parts.

1.

First, we will establish the original composition of our solutions, which serves as
a control.

Then we will allow diffusion to occur for 30 minutes

Lastly, we will retest the composition of our solutions to determine what, if
anything, has moved.

Throughout this experiment, please remember:

f
f

SOLUTION 1: Inside beaker (extracellular environment)
SOLUTION 2: Inside dialysis tubing (intracellular environment)

Initial composition: Control at 0 minutes (before diffusion)

1.
2.

Obtain 8 test tubes and label them #1-8

Using a clean graduated cylinder, transfer 3.0mL of SOLUTION 1 into test tubes
1-4.

Using a clean graduated cylinder, transfer 3.0mL of SOLUTION 2 into test tubes
5-8.

Obtain the indicators (biuret, silver nitrate, barium chloride, and iodine).

Use the indicators to verify the contents of Solution 1 and Solution 2. Consult the
table below for guidance on the correct contents to add to each tube and the
positive reaction to expect.

The contents of each tube should include the following. The positive result of
each indicator is also provided below.

First add 3
SOLUTION 1 | SOLUTION 2
o . .
o | IKI: If starch is present you will see a Blue- Tube 1 Tube 5
« | Black color appear.
© 2.0% barium chloride: If sulfate ions are
v | present, a white precipitate of barium sulfate Tube 2 Tube 6
will form.
2.0% silver nitrate: If chloride ions are
present, a white precipitate of silver chloride Tube 3 Tube 7
- will form.
_“C’ Biuret reagent.: If protein is present a light Tube 4 Tube 8
— | purple color will appear.

6. Record the results in the appropriate BEFORE columns in Table 4.2.
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Commented [A83]:

Should be at stations.



30-minute dialysis experiment
7. Obtain three (3) beakers and label them A, B and C.

8. Pour 150 mL of Solution 1 into Beaker A (extracellular environment).

9. Obtain 25 mm section of dialysis tubing.

10.Fold over one end of the tubing and clamp with clip to create leak-proof seal

11.Using a funnel, pour 15 mL of Solution 2

into dialysis tubing (intracellular
environment).

12.Remove funnel and clamp free end with

clip. Make sure there is no air in tube.

13.Rinse the bag thoroughly with diH,O
14.Record the time and place dialysis bag

into Beaker A. Wait 30 minutes.
15.Remove the bag from Beaker A and place
into Beaker B. Fill with diH,O and rinse
thoroughly to wash away potential
contamination.

16.Empty contents of bag into clean, dry

S

J

\

Final composition: after 30 minutes of diffusion
17.0Obtain 8 test tubes and label them A-F
18.Using a clean graduated cylinder, transfer 3.0mL of SOLUTION 1 into test tubes

A-D.

Beaker C.
7N\ 7N

BEAKER A: BEAKER B: BEAKER C:
Diffusion Rinsa off Intracellular
experiment Dialysis fluid from
takes plape  =— Tube (Cell) = dialysis —_—
here. Holds here. tubing goes
contents of T | — here after -
extracellular the rinse for
environment I testing.
for testing. J

\.

J

19.Using a clean graduated cylinder, transfer 3.0mL of SOLUTION 2 into test tubes

20.0Obtain the indicators (biuret, silver nitrate, barium chloride, and iodine).
21.Use the indicators to verify the new contents of Solution 1 and Solution 2.

E-H.

22.Consult the table below for guidance on the correct contents to add to each tube
and the positive reaction to expect.
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The contents of each tube should include the following. The positive result of

each indicator is also provided below.

First add 3
SOLUTION 1 | SOLUTION 2
; IKI: If starch is present you will see a Blue- Tube A Tube E
Black color appear.
v | 2.0% barium chloride: If sulfate ions are
present, a white precipitate of barium sulfate Tube B Tube F
will form.
2.0% silver nitrate: If chloride ions are
present, a white precipitate of silver chloride Tube C Tube G
GC) will form.
< | Biuret reagent.: If protein is present a light Tube D Tube H
| purple color will appear.

23.Record the results in the appropriate AFTER columns in Table 4.2
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EXERCISE [Il. OSMOSIS

BACKGROUND. In addition to the diffusion of solute molecules across the cell
membrane, water also moves across membranes via osmosis. Like diffusion, osmosis
occurs in response to imbalances in solute concentration on either side of the plasma
membrane, however, osmosis refers to the movement of water only.

In osmosis, water moves from areas of LOW solute concentration to areas of HIGH solute

concentration.

Hypotonic Hypertonic
Solution Before Solution After Osmosis
Osmosis
@
[ J
higher water ® e : ®
@ ® Equilibrium ®
H,0 ) — @
o oo
® —_ ® ® A @
¥ o ®
‘.. g.‘.losswater ®e i ‘.
X J ® 0
. ++ Solute
- Solute \ H,0 molecules still cross the barrier,

Selectively permeable membrane

©1999 Adimar Washey Langman

It is possible to harness
the process of osmosis
to meet human needs.
Ocean water is non-
potable due to its high
salinity. However,
through reverse
osmosis, wherein
water is pushed
towards areas of low
solute concentrations,
potable water can be
generated. The process
requires energy
because it move water
against its natural
gradient.

.
Osmosis
— //
Walxer Osmotic . u:"
(so vent) pressure ©
L
= “
v @
® e
L ] o x -
Lo
& .
¢ ©

|
Semipermeable
membrane

but there is no net movement.

Concentrated
solution

Reverse
0oSMosis

h ) External
__—pressure
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When predicting the flow of water during osmosis, you can think of differences between
intracellular and extracellular environments in terms of tonicity. These terms refer to
the solution of the extracellular environment in relation to the intracellular environment:

1 An Isotonic Solution: is equal in solute concertation to that if the intracellular
environment.

1 A Hypotonic Solution: is LOWER in solute concertation to that if the
intracellular environment. This condition would cause red blood cells to swell and
potentially burst as water rushes into the cell towards equilibrium.

1 A Hypertonic Solution: is HIGHER in solute concertation to that if the
intracellular environment. This condition would cause red blood cells to shrivel
as water rushes out of the cell towards equilibrium

Q. WHAT HAPPENS TO OUR RED BLOOD CELLS IN DIFFERENT TYPES OF
SOLUTIONS?

Procedure
LET US ASSUME THAT YOU PERFORM THE FOLLOWING EXPERIMENT

1. Using a wax marker, number three clean, dry test tubes.
2. Using a 10.0 ml graduated cylinder add the following:

Tube #1: 5.0 ml of 0.9% sodium chloride
Tube #2: 5.0 ml of 10.0% sodium chloride
Tube #3: 1.0 ml of 0.9% sodium chloride and 4.0 ml of diHOH

3. Using a dropper, add three drops of mammalian blood to each tube and mix
thoroughly by gently shaking the tubes.
4. Answer the Exercise lll. Questions.

BIOGRAPHY - RENE-JOACHIM-HENRI DUTROCHET

It was the doctor René Joachim Henri Dutrochet (1776 -

1847) who first described osmosis in detail, and introduced
the term when studying the generation and movement of sap
in botanic tissues. During trials, the scientist found the same
effects were produced in animal tissues. The scientist tried
replacing the biological membrane with a porous clay vessel,
expecting this experiment to fail, however he still observed

the osmotic movement of liquid. Thus,nh e Af or ever
physi cs wi t HSogrde:Hsstorp df meghyology,
Aleksei Zulkarnaev)
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EXERCISE I. RESULTS

Table 4.1. Diameter of diffusion zone (diffusion distance) in mm.

Substance

Refrigerator 4 C

Room Temp 25 C

Incubator 44 C

0.25% methylene blue
(Molecular weight: 320)

0.5% methylene blue
(Molecular weight: 320)

0.25% kMnO4
(Molecular weight: 158)

2.5% kMnO4
(Molecular weight: 158)

EXERCISE |. QUESTIONS

1. Compare your predictions with your results. What substances diffused the
farthest (had the largest diffusion zone)? Is this what you expected?

2. Why do you think this substance was able to travel farther than the others? In
your answer, discuss the effects of the following variables on diffusion rate.
Explain the phenomena.

temperature:

molecular weight:

concentration:

46




EXERCISE Il. RESULTS

Table 4.1. The composition of SOLUTION 1 and SOLUTION 2 before and after the

30-minute diffusion experiment (i + 0

ndi cates

t h eompaureds e n c e

SOLUTION 1 SOLUTION 2
Beaker (extracellular) Dialysis tubing (intracellular)
Compound
BEFORE AFTER BEFORE AFTER
(0 min) (30 min) (0 min) (30 min)
Starch

Sulfate ions (NaSQy)

Protein

Chloride ions (NaCl)

EXERCISE Il. QUESTIONS

5. Why did we use dialysis tubing in this experiment?

6. Were your hypotheses correct? Describe whether or not the following

compounds could cross the membrane. Provide a rationale as to why or why not.

M Starch

1 Sulfate ions (NaSO4)

1 Protein

1 Chloride ions (NaCl)
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EXERCISE |Il QUESTIONS

1. What would you predict would be the effect of the conditions represented by
Tube #1 on the red blood cells? Why?

2. What would you predict would be the effect of the conditions represented by
Tube #2 on the red blood cells? Why?

3. What would you predict would be the effect of the conditions represented by
Tube #3 on the red blood cells? Why?

4. Tube #1 represents an environment that is

in respect to the normal environment of red blood cells.

5. Tube #2 represents an environment that is

respect to the normal environment of red blood cells.

6. Tube #3 represents an environment that is

in respect to the normal environment of red blood cells.
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LAB 5. PROPERTIES OF ENZYMES

BIOLOGICAL CATALYSTS & TITRATIONS

So far, we have discussed the four classes of macromolecules and the processes of
diffusion and osmosis. This week, we will examine another crucial part of living
organisms: chemical reactions mediated through the use of enzymes. Specifically, we
will observe the effects of the enzyme catalase on hydrogen peroxide present in living
cells and then perform titrations to determine the effect of concentration and
temperature on enzyme activity.

OBJECTIVES:

1 By the end of lab, you should be able to:

1 Explain how an enzyme functions

9 Describe the effect of concentration and temperature on enzyme activity

1 Draw and label an activation energy graph illustrating the effect of enzymes

INTRODUCTION

Molecules and the reactions between them are the backbone of all living and non-living
things. When describing a chemical reaction, there are reactants (or the molecule(s)
you start with, also called substrates) and products (the molecules that result after a
reaction). Catalysts are factors that can speed up the rate of reactions. Some catalysts
include heat, ions and even RNA. Today, we will

. . Activation E Graph
focus on the biological catalysts of enzymes. R~

— Without Enzyme

- - - With Enzyme Activation

Energy

Enzymes are biologically active molecules,
usually proteins, which mediate chemical

reaction rates in the cell. They function by EB - T - —“—

lowering the amount of energy required to start a é (zgt:f::ﬁf) \

reaction (activation energy). By doing this, they 2H30, \

also speed up reactions anywhere between 105 — \

to 107 times the rate without an enzyme. "e'::fj";::(:’jga‘e ““““ v
Enzymes often work by using their chemical and 2H,0 + O,

physical structure to attract substrates to an
active site that then helps complete the reaction
and produce products. Perhaps the most important feature of enzymes is that they can
perform multiple reactions without undergoing a permanent change. At the end of each
reaction, the enzyme releases the product(s) and is ready for a new reaction. Like
reactions, enzyme function can be affected by various factors including (but not limited
to) concentration, temperature, and pH.

Reaction Progress -
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LAB ACTIVITY

Today we will use catalase (-ase indicates an enzyme) to study the effect of enzymes
on chemical reactions. Like most enzymes, catalase is specifically structured to bind a
single substrate, hydrogen peroxide (H,0,). Although H,O it is produced in animal and

plant cells, it is toxic and must be broken down to prevent damage. ' Commented [A87]: Make they understand how and
. why this reaction occurs in nature.

Catalase takes this toxic compound and neutralizes it by breaking into water and oxygen, safe
compounds that can be reused by the cell.

The below equation shows both the substrate upon which catatlase acts (H,O;) and the
products that are produced (H,O and O,). The amount of the enzyme remains
unchanged during this reaction, but as it proceeds the amount of H,O; (the substrate) is
decreased and the amount of H,O and O, (the products) increases.

2H,0, 2H,0 + 0,

Substrate Products
Hvdrogen Peroxide Water + noxvoen

Through three different exercise, we will determine how quickly the above reaction
proceeds in various environments. The table below details the variables tested in each
exercise (our independent variables) and the methods used to determine the rate of the
enzymatic reaction in each exercise (our dependent variables).

We will measure To determinetheef f ect o On t heé

t he amount Independent Variables Dependent Variable
Type of cell

(raw/cooked and pant/animal)
Temperature of environment
(4 Cvs.250C)

I Product produced
Rate of enzymatic

I Substrate remaining activity (catalase

. function)
m Substrate remaining Concentration of the enzyme
(high, medium and low)
MATERIALS

1 Gloves 1 5 mL pipetman & tips
1 Goggles 1 50 mL 3% H202 | Commented [A90]: To be kept cold as well. |
9 Labeling tape & permanent marker  { 10 mL graduated cylinder Commented [A88]: You fil these, not the students. Be
1 Calibrated burette 9 20 ng/mL catalase kept on ice _sure everyone of them is empty at the end of the day. |
9 150 mL Erlenmeyer flask 1 N sulfuric acid (H2S04) Commented [A91]: Be sure it kept cold. Replace as ‘
{ 15 test tubes & rack q ice bath | need. Stock solutions will be freezer. J
{ small chunks of raw & cooked: 1 Stock solution of 0.25% KMnO4 O ‘

potato, carrot, liver & beeﬂ - mm ruler ' Commented [A93]: Goes in hazardo u
1 1 mL pipetman & tips 1 Small funnel ' dump down sink.

Commented [A89]: In fridge and goes BACK in fridge |
as soon itodos been used.
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**Prep Alert: ask a member of your group to acclimate hydrogen peroxide needed

for Exercise |I** Commented [A94]: Go ahead and acclimate Tube 1 in
an ice bath for Exercise Il.

Reminders

Gloves and goggles at all times

H2SO; is sulfuric acid and is a corrosive acid. Use caution.
Do NOT dump KMnO4 down the sink!

Locate all hazardous waste containers in your laboratory.
Rinse materials with DI H20 to prevent contamination.

EXERCISE |I: COMPARE CATALASE CONTENT OF PLANT &
ANIMAL CELLS

BACKGROUND. You will determine the relative quantities of catalase in raw and
cooked plant (carrot, potato) and animal (liver, beef) cells by observing bubbles
produced when 3% H,0, is added.

Q. WHAT AFFECTS THE RATE AT WHICH CATALASE BREAKS DOWN H202?

Hypothesized relationship between rate of reaction in raw vs. cooked cells:
Predict the amount of catalase in each cell with a -, +, ++, +++, etc.

Cell type Raw Cooked ‘

Control

Plant: Carrot

Plant: Potato

Animal: Liver

Animal: Ground beef
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Procedure: Part A: RAW
1. Number the test tubes 1-5 and place them in the rack.
2. Add the following to each tube:
1 Small chunk of raw carrot to tube 1
1 Small chunk of raw potato to tube 2
T Small chunk of raw liver to tube 3
1 Small chunk of raw ground beef to tube 4
1 Empty tube 5
3. Using a small graduated cylinder, add 5 mL of H,O, to each tube.
4. Observe the amount of bubbling or foam (O, gas) in each tube.
5. Record your results in Table 5.1.

Procedure: Part B: COOKED
6. Number five more clean test tubes 6-10 and place them in the
rack.
7. Add the following to each tube:
Small chunk of raw carrot to tube 6
Small chunk of raw potato to tube 7
Small chunk of raw liver to tube 8
Small chunk of raw ground beef to tube 9
1 Empty tube 10
8. Using a small graduated cylinder, add 5 mL of H,O, to each tube.
9. Observe the amount of bubbling or foam (O2 gas) in each tube.
10.Record your results in Table 5.1.

= =4 4 =1

EXERCISE Il. DETERMINING THE EFFECT OF TEMPERATURE
ON ENZYME FUNCTION VIA TITRATION

BACKGROUND. You will determine the effect of temperature (IV) on the rate of
enzymatic activity (DV) by measuring the reaming substrate in this activity. You will first
acclimate two solutions of H,O, (substrate) at 4 C and 25 C and then combine it with
catalase (enzyme) for 6 minutes. After 6 minutes, you will add sulfuric acid to stop the
reaction.

2H202 Catalase 2H20 + 02 + HZSO4

Sulfuric acid added to
Substrate Products stop reaction by
Hydrogen Peroxide Water + oxygen denaturing catalase
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Next, you will titrate each sample to determine the remaining amount of H,O,
% (substrate). Please review the Appendix 7 for assistance in understanding the

general method and principles of titration. Commented [A95]: Demo this! You should be the only
one to fill the burets. Y
. . . . . contesto if youdd I|ike. |
In Exercise Il and in Exercise lll, we will use potassium permanganate (KMnO,) as our honest.
titrant. It is pink in color. You will use titration to drop KMnQO, into each solution until the
entire solution reaches a | i AbtheKMMOak col or, termed Athe endpol
encounters the H,O; (substrate) it will be reduced from pink to clear. But as the H,O;is
continually broken down by the titrant, it will eventually subside and the pink color of the
KMnO,4 will remain:
1 Inthe presence of H,O, (substrate) the KMnQOy, (titrant), that starts out as pink,
reduces to clear.
1 When H,0; (substrate) is gone, the pink color of permanganate will remain
visible.
We can use this reaction (in the figure below) to gauge the amount of H,O, (substrate)
remaining in the solution following the enzymatic reaction:
If the solution requires a large amount of titrant, then there was a lot of H.O, (substrate)
remaining in the solution following the enzymatic reaction.
If the solution requires a small amount of titrant, then there was little H>O, (substrate) remaining
in the solution following the enzymatic reaction. Commented [A96]: | f t he gets this
. . ] . ] . . everything else.
I n this way, ATi trant oWdegpendentgadiablei enzymaiic st and 1 n ftor
activity.
4H,50, + 5H,0, + 2KMnO, | Reaction > 2KHSO3; + 2MnSO, + 8H,0 + 60,
Sulfuric Acid ~ Remaining Potassium Potassium bisulfite Products
(denatures ~ Substrate  Permanganate +Manganese sulfate Water + oxygen
catalase) Hydrogen (indicator,
Peroxide binds to free | J
H,0;) I

More KMnO, used = More KMnO, is dlsassc_mblcd as it binds to H,0, and
) - H,S50, & loses its purple color. As the free

H202 present - llOWEI' H,0, runs out, the KMnO, remains unchanged
catalase activity and the color reappears in the solution.

Q. HOW WILL TEMPERATURE AFFECT ON ENZYME ACTIVITY?

Hypothesized relationship between rate of reaction and temperature

v
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Procedure

1. steps # 1-4 may have already been completed. If so, skip to #4.

2. Label 2 clean, dry test tubes #1-2

3. Pipet 3 mL 3% H,0 into each tube.

4. Acclimate Tube #1 in ice bath (4 C) and Tube #2 on desk (25 C) for 20 mins. Commented [A97]: Do this!!!

5. Pipet 500 ni of cold catalase stock solution into each test tube. Record time!

6. Mix by gently shaking tube ONCE only.

7. Immediately return tubes to ice bath or desk

8. Allow reaction to occur for 6 minutes only.

9. Prepare sulfuric acid (H2SO,) for next step while waiting... use caution!

10. At exactly 6 minutes, stop the reaction by adding 4 mL H,SO4 to each test tube. Commented [A98]: Imperative. Some will forget or not

11. Allow tubes to sit at room temperature for 5 minutes. G191 G2 2N e (G (3 Wil 1226 SUreehl

Titration

12.Pour Tube #1 into a 100-150 mL Erlenmeyer flask.

13.Record the starting volume of KMnQy, in the burette.

14. Titrate with 0.25% KMnO,. Review Appendix 7 if you need
further assistance. Generally, you will want to turn the knob
slowly to allow KMnOy4 to drop into the solution. You will titrate
until the point of saturation is reached and the clear solution
turns pale pink. As you get closer and closer to the point of
saturati on, tWwilktakélpngenth disapgpeédn O
Rotate the flask gently as you go.

15.NOTE: If a brownish-purple color appears, you will need to discard your solution
and start over. Do NOT titrate past the first hint of pink (otherwise you will not be
able to reliably calculate the amount of H,O,)

16.Record the amount of titrant used (mL) and Rinse the flask well with DI H,O to
prevent contamination! Then repeat for Tube #2.

17.Record your results in Table 5.2

18.Record your data on the board/in excel for the class.

EXERCISE Ill: DETERMINING THE EFFECT OF
CONCENTRATION ON ENZYME FUNCTION VIA TITRATION

BACKGROUND. You will determine the effect of concentration of catalase (IV) on the

rate of enzymatic activity (DV) by again measuring the reaming substrate in this activity.

You will create three solutions with different enzymatic concentrations. As in Exercise |l,

we will use potassium permanganate (KMnO,) as our titrant to reduce the remaining

H,0; (substrate) in each of our three solutions. i Ti t r ant Requiredo is our stand in for
dependent variable i enzymatic activity.
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Q. HOW WILL ENZYME CONCENTRATION AFFECT ENZYME ACTIVITY?

Hypothesized relationship between rate of reaction and temperature

v

Identify your variables

Independent variable(s)

Dependent variable(s)

Procedure
1. Obtain 3 clean, dry test tubes and label #1-3.
2. Refer to the table below and add the contents using the appropriate pipettes.

Contents to Add to Each Tube Calculations
Tube Sock Solution Total volume Concentration of
H.0> DI H,O .
(cold catalase) after dilution catalase (ug/ml)
500 L
1 3mL 0nL 3.5mL
M1 0.5 mL) m
200 nL
2 3mL (3(?2, rr:_L) (0.20 |3.5mL
' mL)
400 L
3 3mL (1(?2 ::'L) (0.40 |3.5mL
' mL)

3. Determine the concentration of the catalase in each tube and place the value in

the table under step 2. Commented [A99]: Remind them of Lab 2!
* The original enzyme concentration of the stock solution is 20pg/ml.

FINAL - (volume of stock solution) (original concentration of stock solution)

CONCENTRATION OF

Total volume after dilution
DILUTION

% Refer to the Appendix 6 for more on dilutions.

4. Make sure your instructor checks your calculations. /
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5. Mix by gently shaking tube ONCE only.
6. Record time! Allow reactions to run for 6 minutes on the lab bench.
7. Allow reaction to occur for 6 minutes only. Prepare sulfuric acid (H,SO,) for next
step while waiting... use caution!
8. At exactly 6 minutes, stop the reaction by adding ~3.5 mL H,SO4 to each tube. Commented [A100]: Imperative!!!
9. Allow tubes to sit at room temperature for 5 minutes.

Titration

1. Pour Tube #1 into a 100-150 mL Erlenmeyer flask.

2. Record the starting volume of KMnO4 in the burette.

3. Titrate with 0.25% KMnO4. Ask your instructor for help if you do not know how to
do this. Generally, you will want to turn the knob slowly to allow KMnO4 to drop
into the solution. You will titrate until the point of saturation is reached and the
clear solution turns pale pink. As you get closer and closer to the point of
saturation, the Apinko KMnO4 wil. take |l onger to di sappear
as you go.

4. NOTE: If a brownish-purple color appears, you will need to discard your solution
and start over. Do NOT titrate past the first hint of pink (otherwise you will not be
able to reliably calculate the amount of H,05,) Commented [A101]: You will see this for some

5. Record the amount of titrant used (mL) and then repeat for Tubes #2 and #3. GUELIES, AL U U e TS e i L (B -
Rinse the flask well between experiments with DI H20 to prevent contamination!

6. Record your results in Table 5.3

7. Record your data on the board/in excel for the class.

BIOGRAPHY - WILHELM KUHNE

"! In 1878, German physiologist Wilhelm Kiihne (1837-1900) coined
| the term "enzyme,"meaning "in leaven," to describe this process.

| The word enzyme was used later to refer to non-living substances
such as pepsin, and the word ferment was used to refer to
chemical activity produced by living organisms. In 1897, Eduard
Buchner began to study the ability of yeast extracts to ferment
sugar, despite the absence of living yeast cells. In a series of
experiments at the University of Berlin he found that the sugar was
fermented, even when there were no living yeast cells in the mixture. He named the
enzyme that brought about the fermentation of sucrose "zymase". It was not until 1926,
however, that pepsin became the first enzyme to be obtained in pure form by Northrop,
Sumner and Stanley. Their successful purification and crystallization of pepsin proved
that enzymes were proteins and they were awarded the 1946 Nobel prize for Chemistry.
(source: http://en.wikipedia.org/wiki/Enzyme and http://en.wikipedia.org/wiki/Pasteur)
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EXERCISE |. RESULTS

Table 5.1. Estimated amount of catalase in each cell according to the gas bubble
scale.

Cell type Raw Cooked \
Control

Carrot
Potato
Liver

Ground beef

GAS BUBBLE SCALE:

(-) No visible O2 gas bubbles released.

(+) Low level of catalase, few bubbles.

(++) Moderate level of catalase, significant bubbles.
(+++) Abundant level of catalase, ebullition of bubbles.

EXERCISE |I. QUESTIONS

1. What were the bubbles made of? What did an increased volume of bubble
indicate?

2. Was your hypothesis correct? In which type of cell did the reaction proceed at the
highest rate i raw or cooked? Why?

3. Was your hypothesis correct? In which type of cell did the reaction proceed at the
highest rate 1 plant or animal? Why?
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EXERCISE Il. RESULTS

Table 5.2. Titration (Effects of temperature on catalase function) Individual Data
Tube #1 (4 C) Tube #2 (25 C)

Titrant Used
(mL of KMnO4)

H,O; Present
(more or less)

Catalase Activity
(higher or lower)

Table 5.3. Class data on amount of titrant required in tube 1 (cold) and tube 2
(room temperature)

Group Tube #1 (4 C) Tube #2 (25 C)

1

2




Graph your data from Exercise Il. A bar graph would be the best format to use.
Remember proper placement of your |V and DV. #AaTitrant Require
enzymatic activity.

Figure 5.1. Individual group results for Exercise Il: Effects of temperature on
enzyme activity.
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EXERCISE Il. QUESTIONS

1. Was your hypothesis correct? At what temperature did catalase function the
best? How do you know?

2. What will happen if catalase is heated to 40 C? (The human body runs at 37" C)?

3. Why was sulfuric acid used in this experiment?

4. Construct a flow chart illustrating the relationship among these variables:
temperature, enzyme activity, levels of H,O,, and titrant (KMnQg,) required.
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EXERCISE Ill. RESULTS

Table 5.4. Individual Data: Effects of concentration on reaction rate (i.e., enzyme
function)

Tube #1 Tube #2 Tube #3

Titrant Used
(mL of KMnO4)

H,O, Present
(more or less)

Catalase Activity
(higher or lower)

Table 5.5. Class data: Amount of titrant required in tubes #1-3.

Group Tube #1 Tube #2 Tube #3

1

2




Graph your data from Exercise Ill. A bar graph would be the best format to use.

Remember proper placement of your |V and DV. #AaTitrant Require
enzymatic activity.

Figure 5.2. Individual group results for Exercise II: Effects of temperature on
enzyme activity.

EXERCISE |Il. QUESTIONS

1. Was your hypothesis correct? What effect did concentration of catalase have on
reaction progress? How do you know?
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. Answer the following questions regarding the figure below. Test yourself! Try not

to flip back through the lab for answers.

What does the figure show?

What is on the x-axis?

What is on the y-axis?

What type of reaction is represented by the dashed line? (with or without an
enzyme)

What does the arrow marked as A represent?

'S
& . z_/ ..
Substrate | ‘\
(ground state) \
2 H2 02 \

Change in energy
between substrate @~ — - — - - = e

and product Products
2H- 04 05
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LAB 6. CELLULAR DIVISION

Commented [A102]: This lab goes well Lab 9 but it is
_here to best follow the BIOL 120 lecture order.

MITOSIS & MEIOSIS

Last week, we investigated enzyme-mediated reactions. This week, we will explore the
cell cycle which is also regulated by special enzymes called cyclin-dependent kinases
(Cdk). In fact, cellular division is regulated by more than 20 different types of Cdks.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

1 Identify the stages of mitosis and meiosis

1 Identify structures involved in mitosis and meiosis and describe the function of
each

9 Describe basic characteristics of cancer

INTRODUCTION

The Cell Theory is one of the basic tenets of biology and states that:
1. All living organisms are made of cells
2. Cells are the basic structural/organizational unit of all organisms

3. Cells come from pre-existing cells. | Commented [A103]: Theory. Reiterate what a theory
actually is. Forcast the Chromosomal Theory if
 inheritance which bridges this lab with 9.

All multicellular organisms grow, heal, and maintain their bodies through a process
called mitosis or somatic cell division. In addition to maintaining themselves (surviving),
living organisms must also reproduce. This process starts with meiosis or sex cell
division, also called gametogenesis.

Pair of homologous

Both processes involved the duplication and chromosomes
splitting of nucleic DNA in the form of af AN
chromosomes. When a chromosome is e &y

AKX A

duplicated, it remains attached to the new copy £ A1
by centromere. This original and copy form the : - e
standard fAx0 shape you LSisterchromatids
referring to chromosomes. This original and its of a duplicated

. . chromosome
copy are referred to as sister chromatids.

Inside every cell, genetic information is supplied in two forms: one maternal
chromosome (containing information from the maternal parent) and one paternal

chromosome (containing genetic information from the paternal parent). These ' Commented [A104]: If the know the story of
chromosomes are fihomol ogouso bec alocsietheea c h Chromosomes, then they know cell devision, .
same order. Loci are specific site locations of genes that affect the same trait on a

chromosome.
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Homologous chromosomes are a pair of chromosomes comprising information from
the mother (an original and its copy, linked by a centromere) and one chromosome from
the father (again, an original and its copy, linked by a centromere).

Today we will complete the following activities regarding cell division
I.  You will view plant and animal cells under the microscope and identify in which
stage of the cell cycle and/or mitosis they are currently
II.  You will use models to demonstrate all the steps of meiosis including crossing

over.
MATERIALS
1 Compound light microscope 1 Cell outlines
1 Onion (Allium) root tip 1 Magnetic centromeres
1 Nematode (Ascaris) Bivalent 1 Pop bead chromosomes
Division

EXERCISE |I. MITOSIS

BACKGROUND Cell division is primarily controlled by regulating the timing of two
critical events in the cell cycle: 1) DNA replication, and 2) mitosis.

The generalized cell cycle is detailed below. The G1+ S + G2 Phases are

collectively referred to as interphase: Commented [A105]: They get confused here. Point
f G1 Phase: The metabolically active, growth phase of the cell. For most this out.
organi sms, this phase occupies the major portion of a cell

1 S Phase: The phase of cellular activity during which the genome (DNA) is
replicated and its associated proteins are synthesized.

1 G2 Phase: The phase of cellular activity during which preparations are being
made for division; includes, but is not limited to, replication of cellular organelles,
condensation of chromatids into chromosomes and an increased synthesis of the
microtubular protein, tubulin.

1 M Phase: The phase during which the replicated genome (DNA) is being
partitioned.

1 C Phase: Cytokinesis occurs.

Mitosis is divided into two distinct phases: karyokinesis (dividing DNA) and

cytokinesis (cleaving of the cytoplasm). Mitosis always starts with a diploid single cell
and divides into two, identical, diploid daughter cells.
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Mitosis is generally broken into five phases:
1

Procedure  Commented [A106]:

Prophase i replicated pairs of chromosomes condense into sister chromatids
that remain joined at the centromere. The mitotic spindle, composed of long
microtubles, forms from the centrioles.

Prometaphase i the nuclear envelope breaks down, releasing the DNA. Protein-
based kinetochores form around the centrometres of chromosomes. The mitotic
spindle extends and attaches to the kinetochores.

Metaphase i The microtubules (spindle fibers) pull the sister chromatids to the
equatorial plane (metaphase plate) in the center of the cell.

Anaphase i The centromere between sister chromatids divides into newly
separated chromosomes. The chromosomes move to opposite poles of the cell
(leaving equal amounts of DNA on either side).

Telophase i Once the chromosomes reach either pole of the cell, the spindle
apparatus disappears, the chromosomes decondense, and the nuclear
membrane reforms.

Cytokinesis i The cytoplasm divides, leaving two diploid, genetically identical
somatic cells.

Mitosis
1 somatic cell - 2 identical, diploid somatic cells (2n)

Y
¥
X
L4A)
INTERPHASE (4n) PROPHASE (4n) PROMETAPHASE (4n) METAPHASE (4n) ANAPHASE (2n)
DNA - chromatin DNA - chromosomes Nuclear envelope breaks Mitotic spindle pulls Mitotic spindle separates
All organelles [sister chromatids joined  down and mitatic spindle homologous hemologous

duplicated at centromere) attaches to kinetochores chromosemes to chromosomes and pulls

Mitotic spindle forms metaphase plate them to elther pole of cell nuclear envelope reappears
and chromosomes
decondense

TELOPHASE [2n)
Mitotic spindle disappears,

CYTOKINESIS (2n)
Cytoplasm divides, creating
‘two genetically identical
somatic cells

Make sure they take of pictures!

You will use a microscope to visualize the stages of mitosis and cytokinesis in onion
root tip (Allium) and nematode (Ascaris) cells. Note: use detail when drawing. You will
be asked to identify stages of either process on the exam.

Refer to Appendix 8 for more on how to use a microscope. ' Commented [AL07];

Go over this appendix and

| demonstrate how to use (and parts of) a microscope.

Plant Cell

1.
2.
3.

When using a microscope, always take care.
Obtain 1 onion slide
Place the slide on the stage and secure with the clip.
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4. Focus the microscope and focus on the root tip using the low power objective
lens (4x). The very bottom, or root tip is where the onion grows, thus where the
most cell division takes place.

5. Refocus using middle (10x) and high power (40x) lenses

6. Find a cell in each phase of mitosis and draw what you see in Figure 6.1.

Animal Cell

1. When using a microscope, always take care.

2. Obtain 1 nematode slide

3. Place the slide on the stage and secure with the clip.

4. Focus the microscope and focus on sample using the low power objective lens
(4x) and then refocus using the middle (10x) and high power (40x) lenses.

5. Find a cell in each phase of mitosis and draw what you see in Figure 6.2.

EXERCISE Il. MEIOSIS

BACKGROUND Meiosis is the
process by which gametes, or sex
cells, arise from pre-existing cells; -
oocytes in the ovaries of females and

spermatogonial cells in the testes of
males. Meiosis is similar to mitosis,

but always begins with a diploid Crossing over ph;sically connects chromat;ds
precursor cell and ends with four and allows the exchange of genetic information,
haploid (n), genetically unique, leading to genetic variability.

gametes (eggs in females and sperm

in males). Another fundamental difference between mitosis and meiosis is that meiosis
is designed to introduced diversity in a process called crossing over, where
homologous chromosomes (with maternal and paternal genetic information) align and
form a tetrad and genetic material is exchanged.

Chiasma

The process is broken into two processes: Meiosis | and Meiosis Il.
Meiosis |
1 Prophase |1 replicated pairs of chromosomes condense into sister chromatids
that remain joined at the centromere. Homologous chromosomes align to form
synapsis where crossing over occurs. The mitotic spindle, composed of long
microtubles, forms from the centrioles.
1 Prometaphase |i the nuclear envelope breaks down, releasing the DNA. The
mitotic spindle extends and attaches to the kinetochores.
1 Metaphase |7 The microtubules (spindle fibers) pull homologous pairs to the
equatorial plane (metaphase plate) in the center of the cell.
1 Anaphase | i The homologous pairs separate, sister chromatids remain
attached.
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1 Telophase |I'i Once the chromosomes reach either pole of the cell, the spindle
apparatus disappears, the chromosomes decondense, and the nuclear
membrane reforms.

M Cytokinesis I The cytoplasm divides, leaving two diploid, genetically unique
cells.

Meiosis Il

1 Prophase Il i Chromosomes re-condense. The mitotic spindle reforms.

M Prometaphase Il i the nuclear envelope breaks down, releasing the DNA. The
mitotic spindle extends and attaches to the kinetochores.

1 Metaphase Il i The microtubules (spindle fibers) pull chromosomes (sister
chromatids) to the metaphase plate.

1 Anaphase Il i Chromosomes separate into sister chromatids

1 Telophase ll'i Once the chromosomes reach either pole of the cell, the spindle
apparatus disappears, the chromosomes decondense, and the nuclear
membrane reforms.

1 Cytokinesis Il T The cytoplasm divides, leaving four haploid, genetically unique
gametes

Meiosis (gametogenesis)

1 precursor cell > 4 genetically unique haploid gametes (n) * e
‘ . @
INTERPHASE (4n) PROPHASE (4n) PROMETAPHASE (4n)
DNA-chromatin  DNA - chromosomes (sister  Nuclear envelope breals MMEWHA;T (4n])| . »\m.vu.:i‘f, (2n) R
A erpinalle chromaids oload & down and mitotc spndle et i TELOPHASE (2n) CYTOKINESIS (2n)
uplicate centramere . : 3 5
Mitotic spindle forms Peebrsorehil] chromosomes to chromosomes and pulls  Mitotic spinde disappears,  Cytoplasm divides,
Tetrads form and crossing metaphase plate them to either pole of cell Muclear envelope reappear:  creating 2 genetically
OVer occurs. and chromosomes unique diploid cells
- decondense
<
e ey g
@

CYTOKINESIS 11 (n)

i TELOPHASE I
Cytoplasm divides, creating i d'lr‘" ANAPHASE 1f (n) METAPHASE 11 (21)  PROMETAPHASE Il (2n) PROPHASE Il (20)
four genetically unique B essme i) Mitotic spindle separates  Mitoric spindle pulls  Nuclear envelope breaks ~ Chromosomes re-
haploid cells, ¥ chromosomes at homologous down and mitotic spindle

envelope reappears and

centromere and pulls
chromosomes decondense Ls

chromatids to either pole metaphase plate
of cell

attaches Mitotic spindle reforms

Procedure
1. You will use the cell outlines and chromosome sets provided to take a parent cell
through meiosis | and meiosis Il.
2. Once you ready go through the entire process with your lab instructor and make

sure they check your work. J
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BIOGRAPHY - LELAND HARTWELL, TIMOTHY HUNT & PAUL NURSE

These three scientists made key discoveries related to our understanding of the cell
cycle and were awarded the Nobel Prize in Physiology of Medicine in 2001.

Leland Hartwell (pictured first, born 1939), Fred Hutchinson Cancer Research Center,
Seattle, USA, is awarded for his discoveries of a specific class of genes that control the
cell cycle. One of these genes called "start" was found to have a central role in
controlling the first step of each cell cycle. Hartwell also introduced the concept
"checkpoint”, a valuable aid to understanding the cell cycle.

Paul Nurse (pictured 2", born 1949), Imperial Cancer Research Fund, London,
identified, cloned and characterized with genetic and molecular methods, one of the key
regulators of the cell cycle, Cdk (cyclin dependent kinase). He showed that the function
of Cdk was highly conserved during evolution. Cdk drives the cell through the cell cycle
by chemical modification (phosphorylation) of other proteins.

Timothy Hunt (pictured 3", born 1943), Imperial Cancer Research Fund, London, is
awarded for his discovery of cyclins, proteins that regulate the Cdk function. He showed
that cyclins are degraded periodically at each cell division, a mechanism proved to be of
general importance for cell cycle control.

(Source: Nobel Prize press release)
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EXERCISE | & Il. QUESTIONS

1. Compare/contrast mitosis and meiosis. In your answer, address the number of
chromosomes, the number of genome copies (2n, 4n, etc.), the number of

divisions, etc. Lists are acceptable.

Mitosis

Both

Meiosis

2. Why is crossing over in Meiosis | such an important event? What would happen if

crossing over did not occur?

3. Crossing over provides the underlying material for the foundational, unifying

theory of all biology. What is it?
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4. Label A-D on the diagram.
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LAB 7. CELLULAR RESPIRATION

YEAST, CRAYFISH & PLANT DEMO

Last week, we explored cellular division. In the following weeks we will explore two
more crucial processes used by living organisms at the cellular level: cellular respiration
and photosynthesis.

WARNING: Students with known shellfish allergies should avoid all potential
contact with experimental animals in this lab.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

By the end of lab, you should be able to:
1 Identify the reactants and the role of each in cellular respiration
1 Describe the relationship between photosynthesis and cellular respiration
1 Describe the effect of temperature on respiration rate of an experimental animal
1 Compare and contrast the efficiency of aerobic respiration to alcoholic and lactic
acid fermentation

INTRODUCTION

Energy is the currency of life. All living organisms require energy to survive. The
metabolic processes used to breakdown molecules (e.g., glucose, starch) into chemical
energy (adenosine triphosphate or ATP) that can be used by the cell are collectively
known as cellular respiration. Often students carry a misconception that plants do not
undergo cellular
respiration, but this is
not true. In fact, the
products of
photosynthesis must
go through cellular
respiration to be used
by plant cells. The
equations for both
photosynthesis and
cellular respiration are
available below.
Please note that these
equations are the
inverse of each other.

Photosynthesis
Light ) 6H,0 4+ 60, + CgH;,04

Products
Water + oxygen + glucose

12H,0 + 60,

Reactants
Water + carbon dioxide

Cellular respiration is necessary to convert the products of photosynthesis into energy.
All living organisms must perform some type of respiration to survive.

Cellular Respiration

C6H1206 + 602 6H20 + 6C02 + EneTgy

Reactants Products
Oxygen + glucose Water + carbon dioxide + ATP
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LAB ACTIVITY

There are two general classes of cellular respiration that are characterized by their
relative efficiency (ATP production): anaerobic and aerobic respiration.
We will explore cellular respiration through three activities:
I.  Anaerobic Respiration: Compare the effects of various reactants (glucose vs.
starch) on the rate of alcoholic fermentation in yeast cells
Il.  Aerobic Respiration: Determine the effects of temperature on respiration rates in

crawfish

Ill.  Aerobic Respiration: Evaluate the relationship between cellular respiration and

photosynthesis in plant cells

MATERIALS

1 Gloves & goggles

1 Labeling tape & permanent
marker
2 fermentation tubes 2 block
Access to incubator (37 C)
15 mL 10.0% glucose solution
15 mL 1.0% starch solution
Parafilm
2 glass stirring rods
1 small measuring spoon
2 200 mL beakers
3 400 mL beakers

=A =4 =4 -8 -8 -8 -4 - -n

= =4 4 -8 A -9

300 mL phenolphthalein & 0.02
N sodium hydroxide solution
250 mL graduated cylinder
ice bath

1 Large (~8 cm) crayfish

mm ruler

Calculator

47 250 mL flasks with
bromothymol blue (indicator)
labeled 1-4. #1-2 should have
an aquatic plant inside.

1 burette containing 0.02 N
sulfuric acid (H2S04)

Reminders

Gloves and goggles at all times.

Be gentle with dialysis tubing.

Use clean tips to avoid cross-contamination! Read carefully.

All Biuret reagent and silver nitrate waste goes in the hazardous waste.

EXERCISE |. ANAEROBIC RESPIRATION IN YEAST
(SACCHAROMYCES CEREVISIAE)

BACKGROUND Anaerobic respiration is much less efficient than aerobic respiration
(about 2 ATP yield per cycle vs 34-38). The two forms of anaerobic respiration
(alcoholic fermentation and lactic acid fermentation) occur outside the
mitochondria, in the cytoplasm of the cell, meaning the process can occur in simpler
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cells that may lack complex structures like the mitochondria. Throughout history,
humans have taken advantage of the products of these simple reactions; most yogurt
and cheeses are made using bacteria undergoing lactic acid fermentation and breads
and alcoholic beverages are created using yeast undergoing alcoholic fermentation.
Although eukaryotic cells mostly rely on aerobic respiration, occasionally, in anaerobic
environments, our cells can utilize lactic acid fermentation. This can occur when you
push your body to its physical limits. When your cells are working hard and are not
supplied with sufficient oxygen (if you are breathing hard, etc.) it is a build of lactic acid
that can cause a momentary burning sensation.

CELLULAR RESPIRATION

GLYCOLYSIS
(In cytosol of cell)

Pyruvic Acid | AEROBIC RESPIRATION
(In mitochondria of eukaryotic cell)
l C6H1205 + 602 d 6H20 ar 6C02 T Energy
~38 ATP
ANAEROBIC RESPIRATION
(In cytosol of cell)
LACTIC ACID ALCOHOLIC
FERMENTATION FERMENTATION

CeHy504 — 2C3Hy05 + Energy CeHy206 — 2CH3CH,0H + 2CO, + Energy
~2 ATP ~2 ATP

Baker 6 s \Sacalmtomycesicerevisiae, isa
species of fungi and one of the most widely studied
model organisms in biology. Its simple nature and
genome allow it to be easily manipulated and utilized
in science. Like most eukaryotic organisms, yeasts
undergo respiration, but due to its low energy needs,
alcoholic fermentation is the primary method of
energy production. This process results in the
products ethanol and CO,, used to make beers,
breads, and wine.

Q. HOW WILL DIFFERENT TYPES OF REACTANTS AFFECT THE RATE OF
CELLULAR RESPIRATION?
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Hypothesis: Make a prediction. Will respiration occur faster with glucose as the
reactant or with starch? be sure to include a mechanism (i.e., why).

v

Identify your variables

Independent variable(s)

Dependent variable(s)

**Prep Alert: Make sure the incubator is turned on and set to 37" C.

Procedure
You will quantify levels of alcoholic fermentation in yeast with two different reactants
(glucose or starch) by measuring creation of the products.

1. Obtain 2, 50 mL beakers. Label #1-2

2. Using a clean 25 mL graduated cylinder, add:

15 mL of 10% glucose to Beaker 1 and 15 mL of 1% /? /?
starch to Beaker 2 J
3. Add 1 level measuring spoon of dry yeast to each. Yeast Yeast +
; A 15mL10.0% | 15mL 1.0%
4. Stir each with a clean gl al gucose starch
contaminate!). 372 ¢ 37ec

5. Pour the contents of each beaker into 2 clean

. . ] Gas bubbles
fermentation tubes. Handle with care. =" - e from
6. Invert each so the closed, long end of the tube is filled E- top of tube in

with the solution. = i

7. Cover the opening of each tube with a piece of Parafilm. |

Place the tubes into the wooden block rack. = /

9. Be sure each slot is labeled and contains the right tube. |
Be sure your block is labeled and identifiable for 4
retrieval.

10.Place block in incubator (37°C).

11.At intervals of 10 and 20 minutes, remove tubes and record the amount of
bubbles in the long end of the tube with a mm ruler.

12.Record your results in Table 7.1.

13.CLEAN fermentation tubes immediately with soap and water. Do NOT use a wire
brush.

®

T
o

' . ¢ v
Y P R Y I, SRS, EP T A e T
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EXERCISE II: DETERMINING THE EFFECT OF TEMPERATURE
ON RESPIRATORY RATES VIA TITRATION

BACKGROUND (Crayfish (also called
crawfish, crawdads, etc.) are
freshwater crustaceans that breathe
through feather-like gills. Some
species can be found in the Barren and
Green Rivers. Like most animals, they
rely on aerobic cellular respiration to
meet their energy demands. Today, we
will use these animals in lab to observe
some factors that affect respiration
rates.

Commented [A132]: Do you have a memory to share

about these critters?

Dondét be intimidated and

Pinches do not hurt. Be gentle with them and
 respectful.

Guesnil

P AT AS

!'
L

Aerobic( Acompl et e é&d egpre nidoexnytgen respiration is the process by which
and glucose are used to produce energy (ATP), H,O, and CO,. Aerobic respiration is a

highly efficient process occuring within mitochondria found in most eukaryotic

organisms that have higher energy requirements for survival. In general, there are three

steps to aerobic respiration: glycolysis, the Krebs Cycle (also called Citric Acid

Cycle), and oxidative phosphorylation. One cycle produces 6 H,O molecules, 6 CO,

molecules, and ~38 ATP.

Aerobic Respiration I 6 NADH + 2 FADH, I

Mitochondrion I ’

|
GEBS

2 NADH
GLYCOLYSIS I Acetyl Cojx
CYCLE

Pyruvic
(Citric Acid

OXIDATIVE
PHOSPHORYLATION &
Electron Transport Chain

L]
()

Glucose

v Acid

Cytoplasm
of cell
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Determine Respiration Rate through Titration

In an aqueous environment, the CO, combines with water to first create carbonic acid

which is then broken down into hydrogen ions and bicarbonate.

Reactants Primary Products
Water + carbon Carbonic acid
dioxide

H,0 + CO, H,CO5 [Ran ) [H]* + [HCOs]

Secondary Products
Hydrogen ions +
bicarbonate

The addition of H+ ions into the agueous environment results in a change in pH. The pH
decreases, leading to a more acidic environment. Therefore, we use the change in pH as a

means to measure the respiratory rate of an aquatic animal, such as a crayfish.

In a similar fashion to Exercises Il and Il from our last lab, we will use titrations to
accomplish this task. We will place the crayfish in a pink, basic solution called
phenolphthalein and allow it to undergo cellular respiration. Then, we will titrate the
solution (after removing the crayfish) with an acid until the solution turns clear (i.e.,
neutral pH) and determine the amount of carbonic acid (H,CO3) produced using the

equation below.

Micromoles of H,CO,

produced per mL of _ 20 X (NI‘ T Ne)

organism per hour =

Where:
N, = mL titrant required for “Control”

V = volume of organism in mL

VT

N, = mL titrant required for “Experimental” 1 or 2

T = duration of experiment in hours (20 mins = 0.33 hr)

Q. HOW WILL TEMPERATURE AFFECT THE RATE OF CELLULAR

RESPIRATION?

Hypothesis: Make a prediction. Will cellular respiration occur faster in crayfish

cells in a cold or room temperature environment?
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Identify your variables

Variable(s) Measured by

Independent
Variable

Dependent
Variable

v

**Prep Alert: Irresponsible treatment of the animals will result in immediate
dismissal from class.
% Please review the Appendix 7 for assistance in understanding the

general method and principles of titration.

Procedure

Ml 20t

You will determine the effect of temperature (room temperature vs. cold) on
respiratory rates via titration with a basic pH indicator (phenolphthalein) to
determine product creation (relative amount of H,CO3 produced). You may
be asked to conduct the experiment in shorter time intervals depending on
the size of your animal.

1. Label 3 clean 400 mL beakers as Control, Experiment 1, and

Experiment 2.
2. Set the Experiment 2 beaker on ice.

Determine the volume of your crayfish
3. Pour 100 mL of stock solution into a 250 mL graduated cylinder.
4. Gently place your animal into the graduated cylinder
5. Record its volume (rise in solution level in mL) on table 6.1.

Start the Control

250

(R

@

| (g‘\ (g\\\\\\\ AUAVIAACARAAA R

\ \\\\k?\\\ T

6. Pour 100 mL stock solution into the CONTROL beaker.
7. WAIT30 MINUTES.Whi | e you wait é

Start Experiment 1 (ROOM TEMP)

8. Carefully transfer the solution and animal from the cylinder to Experiment 1
beaker.

9. If the animal is not completely covered with solution, add an additional 50 mL.
Keep a record of this.

10. Set beaker on lab bench, do not agitate further and record time. Watch your
beaker carefully. If at any time the pick color disappears, record the time.

11.WAIT 30 MINUTES.Whi | e you wait é
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Titrate the Control (After 30 Minutes)
12.Pour 50 mL of solution from the Control beaker into an Erlenmeyer flask.
13.Use a burette to titrate with 0.02 N sulfuric acid to a colorless endpoint.
14. Record amount of titrant (mL) used in in Table 6.2 and in the class data on the
board on in Excel.
15.Clean glassware.

Start Experiment 2 (ICE)
16. After 30 minutes in Experiment 1, remove the crayfish and transfer it to the
Experiment 2 beaker.
17.1f the animal is not completely covered with solution, add an additional 50 mL.
Keep a record of this.
18.Set beaker on lab bench and do not agitate further.
19.Record time.

20.Watch beaker carefully. If at any time the pick color disappears, record the time.

21.WAIT 30 MINUTES.Whi | e you wait é

Titrate Experiment 1
22.Pour 50 mL of solution from the Experiment 1 beaker into an Erlenmeyer flask.
23.Use a burette to titrate with 0.02 N sulfuric acid to a colorless endpoint.
24. Record amount of titrant (mL) used in Table 6.2 and in the class data on the
board on in Excel.
25.Clean glassware.

Titrate Experiment 2 (ICE)

26. After animal is in Experiment 2 beaker for 30 minutes, return animal to instructor.

27.Pour 50 mL of solution from Experiment 2 beaker into Erlenmeyer flask.

28.You must let it sit for an additional 15 minutes.

29.Use a burette to titrate with 0.02 N sulfuric acid to a colorless endpoint.

30. Record amount of titrant (mL) used in Table 6.2 and in the class data on the
board on in Excel.

31.Clean glassware.

Final Steps
32.Complete all the required calculations to determine the micromoles of H,CO3
produced in the control beaker and in Experiment 1 and Experiment 2.
33.Record these values in Table 7.2.
34.Record the class results in Table 7.3.
35.Create a bar graph of your results in Figure 7.1.
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EXERCISE Ill. DEMONSTRATION OF PLANT RESPIRATION Commented [A142]: This exact demo will be on the

exam. They need to understand WHY the results are
| asthey are.

A common misconception in science is that plants can only perform photosynthesis to
release O, and animals can only undergo respiration, releasing CO,. While this is partly
true, there is more to the story. Plants and other photosynthetic organisms collect
energy from the sun and convert CO, and H,0 into C¢H1,06 (glucose) and O, but
having access to food is not the same as using it. Once plants create glucose, they then
undergo aerobic cellular respiration H,0
(the same as animals) to break Sunlight
that glucose into usable chemical
energy (ATP) for the cell. Much
like we did in lab today, you can
qualitatively determine the

Photosynthesis and
cellular respiration
work together to cycle
energy through an
2 ecosystem.

hotosynthesis

production of CO, via cellular ) 2
L . . While plants can &

respiration in plants through its nflak: ttl;leirot\{:ln Cellular Respiration
effects on the pH of water. 00¢, they sti ,}

X undergo cellular Y\ 3
Bromothymol blue is a pH respiration to o GeHy504 s sns
R : . . convert that food Mitochondria
indicator with a slightly basic pH into chemical 0, —

and characteristically blue color. energy. ATP (Energy)

Heat

Bromothymol Blue pH Scale
01234556][7]llB9o1011121314

Yellow Green Blue

Observe the demonstration (illustrated below) in class and answer the questions listed

under Activity 111,
Bromothymol Blue Demonstration
Exposed to continuous light Not exposed to light
#1: Blue #3: Blue #2: Yellow #4: Blue



EXERCISE I. RESULTS

Table 7.1. Gas produced via respiring yeast cells at 37 C.

Distance from top (mm) ‘
Tube
10 min 20 min

EXERCISE I. QUESTIONS

1. Which carbohydrate (glucose or starch) facilitated the higher respiration rate in
yeast? How do you know?

2. What were the bubbles made of? What did an increased volume of bubble
indicate?

EXERCISE Il. RESULTS

Table 7.2. Individual data on titrant required and calculated € mcslof H,CO3
produced in each experimental beaker.

Experiment

Variable
2: Ice Bath (Ney)

Control (Nr) 1: Room Temp (Nez)

T (hours)

Titrant Used
(mLof0.02N | (Nr) = (Ne) = (Ne) =
H,S0,)
Calculated
micromoles of
H,CO3
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Table 6.3. Class data on the mLs of titrant used in each experimental beaker.

Group Control Beaker Experiment 1 (25 C) Experiment 2 (4 C)

Pl ot your g rincalbar graph. RemembertM$X & DRY when graphing your
data and be sure your axes are accurate.

Figure 6.1. The relationship between temperature and respiration rate (titrant
required).
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EXERCISE Il. QUESTIONS

1. At what temperature did the most respiration occur?

2. Why was phenolphthalein used in this experiment?

3. Why was sulfuric acid used in this experiment?

4. Construct a flow chart illustrating the relationship among these variables:
temperature, respiration level, production of CO,, production of H,CO3 and
amount of titrant (H,SO,) used.
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EXERCISE |Il. QUESTIONS

1. Why did the bromothymol blue turn yellow in flask #3? In your answer, discuss
the effects of light, cellular respiration, photosynthesis, and their chemical
products.
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LAB 8. PHOTOSYNTHESIS

CHROMATOGRAPHY & THE LIGHT-DEPENDENT REACTIONS

Last week, we observed the various forms of cellular respiration in different living
organisms. In our final exercise, we saw how photosynthesis and cellular respiration
work together to create and utilize the energy required by plants.

This week, we will examine the other important process involved in the recycling
energy: photosynthesis.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO

1 Extract and identify the photoreceptive pigments in plant chloroplasts
1 Use spectrophotometry to quantify the rate of photosynthesis
1 Describe the roll of chloroplasts in the photosynthetic process

INTRODUCTION
Photosynthesis is a light-dependent process in which radiant energy is captured and
utilized to create fuel for organisms that later convert it into energy. Photosynthetic

organisms (plants, and some bacteria

and protists) are the foundation of the Photosynthesis
food chain. The mechanism behind 12H,0 + 6CO, | Light V‘ 6H,0 + 60, + C4H;204
ici i Reactants Products
this |mp0rtar_1t prc_)cess SIart_ Wlth Water + carbon dioxide Water + oxygen + glucose
phOtoreceptlve plgments Wlthln the Cellular respiration is necessary to convert the products of photosynthesis into energy.
Ch|0|’0p|aStS Of plant Ce”S When these All living arganisms must perform some type of respiration to survive.
; ; Cellular Respiration
pigments absorb light energy, they N
become excited and generate CeH1206 +60; [ Ran ) 6H,0+ 6CO; + Energy
Reactants Products

adenosine triphosphate (ATP) and
NADPH, chemical forms of energy
that can be used to assemble glucose (CsH;1206), 2 common monosaccharide and
major energy source for most living organisms. Often plants assemble glucose into the
more complex polysaccharide of starch. Without the ability of photosynthesis to convert
light into fuel, heterotrophs (all animals including humans) would cease to exist.

Oxygen + glucose Water + carbon dioxide + ATP

LAB ACTIVITY

Today we will complete the following activities regarding photosynthesis
I.  Paper chromatography with plant pigments
Il.  Using spectrophotometry to quantify the effects of light on the light-dependent
reactions in chloroplasts
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MATERIALS

1 Gloves 1 1 mL pipetman & tips
1 Goggles 1 5 mL pipetman & tips
1 Labeling tape & permanent 1 calculator
marker 1 10 mL graduated cylinder
1 Vernier spectrophotometer & i 6 testtubes & rack
LabQuest2 1 Isolated intact chloroplasts
1 5 cuvettes 1 Ice bath
I Chromatography paper 1 dichlorophenolindophenol (DIP) stock |
f Chromatography solvent 1 Tricine buffer
T 150 mL Erlenmeyer flask 1 1 square aluminum foil
1 Spinach leaves 1 1 desklamp
1 Glass rod or penny 1 boiling water bath

Reminders

Gloves and goggles at all times.

The chromatography solution is a known carcinogen and is highly
volatile. Use under fume hood only and wear PPE.

Rinse materials with DI H20 to prevent contamination.

Keep everything on ice (DIP, chloroplasts, & tricine buffer).
Locate your laboratory hazardous waste containers.

EXERCISE I: PAPER CHROMATOGRAPHY WITH PLANT
PIGMENTS

Levels of Absorbance in Various Pigments
Chlorophylla

Chlorophyll f

BACKGROUND As stated previously,
photosynthetic organisms have
pigments that can absorb light energy
and use it to drive chemical reactions
within chloroplasts. Chlorophyll (the
primary photoreceptive pigment) is
adept at absorbing wavelengths in the
blue and red spectrum, but wavelengths in the green and yellow (500-600 nm) are
transmitted, thus, plants appear green. In late summer, as daylight shortens and
temperatures cool, plants stop sending nutrients to the leaves and chlorophyll is
reduced. During this time, accessory pigments such as carotenoids, anthocyanins,
and xanthophylls become more visible and their brilliant colors appear in the dying
leaves. These other pigments are present at all times but are masked by the green
chlorophyll during the growing season.

Chlorophyll b

— Carotenoids

Amount of light absorbed

Wavelength of light (nm)
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Q. WHAT TYPES OF PIGMENTS ARE FOUND IN PLANT CELLS? CAN WE
VISUALIZE THOSE PIGMENTS?

Procedure

We will extract and visualize photoreceptive pigments using chromatography and
calculate the Retention Factor (Rf). The retention factor measures the distance travelled
by a pigment divided by the distance traveled by the solvent front. In certain conditions,
the Rf is a specific characteristic that can be used to identify unknown pigments.

1. Obtain a 12 cm strip of chromatography paper

2. Place a leaf (underside down) over paper about 2 cm from end of strip.

3. Using a glass rod or
penny, rub the leaf
surface perpendicular to —
the longitudinal axis of the e
paper strip. This will
create the pigment
loading line.

4. Carefully place the strip
straight down into the
Erlenmeyer flask
containing the 10
chromatography solvent
(acetone + petroleum
ether). Leave in fume = — — Chromatography
hood. " )” Solvent (acetone +

5. do NOT let the loading = — petroleum ether)
line touch the
chromatography solvent or the pigments will leach out into the solvent.

6. Fold the top of the chromatography strip over the lip of the flask to hold in place

7. Observe separation of pigments as solvent front moves up the strip

8. When the solvent front is ~3 cm from the top of the paper, remove and let air-dry
for about 30 sec.

9. If chromatography solvent is clear (not contaminated with leached pigment),
please return the solution to the stock amber container or your lab instructor.

10.Observe the pigment separation. From the loading line moving upward, you
should see 4 distinct bands:

1 chlorophyll b (green; max absorbance 453-642 nm)

1 chlorophyll a (blue-green; max absorbance 430-662 nm)
1 xanthophyll (yellow; max absorbance 475-450 nm)

i carotene (orange; max absorbance 482-454 nm)

— Solvent Front

S
— -

— Pigments separated
according to solubility

———

Chromatography
Paper

Loading line
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11.Draw and label your results on the strip below.

12.Use a mm ruler to measure the distance from the loading line each pigment
(measure to start of pigment).

13.Record these measurements on the strip at right as well and label each pigment.

14.Calculate the Rf values in the space below and record them in Table 8.1.

- ECOMERITAERAT Al O

2F —
- ECOMAFRIAAEARGEIT @ IO
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EXERCISE Il. USING SPECTROPHOTOMETRY TO QUANTIFY
THE EFFECTS OF LIGHT ON THE LIGHT-DEPENDENT
REACTIONS IN CHLOROPLASTS

BACKGROUND Generally speaking, photosynthesis can be broken into two
processes: the light-dependent reactions within the thylakoid membranes (also
calledthei Hi | | Roe)a chghitdo n
independent reactions (also called

fidar k r eactCaleims o ¢
Cycled) in the strom ‘o

/ NADP*
ADP
»

In the light-dependent reactions, @,

photons of light are absorbed, and
H0 is split to produce O and free

) Light
Reactions

electrons necessary to produce the \:‘)/.
energy molecules ATP from ADP

and NADPH from NADP+. In the
Calvin Cycle, atmospheric CO, and Chloroplast
the newly created NADPH are used (o, ]
to fix carbon molecules that are used

to create glucose.

Today, we will focus on measuring the rate of the light-dependent reaction.

Inside the thylakoids NADP+ is reduced (H is added) to NADPH. We will substitute the NADP+
with dichlorophenolindophenol (DIP), which is harnessed by chloroplasts in the same way. DIP
is reduced (H is added) to DIPH. |

Light-Dependent Reaction

2 H,0 + 2-NABP: + 3 ADP + 3 P, + light 2 NABPH + 2 H" + 3 ATP + O,
DIP DIPH
Photons of light are absorbed by chlorophyll and the H,0 is split. H+ are used to
reduce NADP* to NADPH and the O, is released as waste. In addition, ADP molecules
are phosphorylated to ATP, a vital energy storage molecule.
In this experiment, we will substitute NADP+ with DIP,

More
Higher I":> Saturated " Morg DIP " Lower rate o_f
Absorbance Color remaining photosynthesis

Therefore, by measuring the amount of DIP remaining, or the amount of DIPH
produced, we can measure the rate of the light reaction. DIP exhibits a purple/blue color
that becomes lighter as it is reduced into DIPH. Similar to our activity on protein
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concertation, this characteristic allows us to use spectrophotometry to determine the
relative concentrations of DIP and thus, infer the level of photosynthetic activity.

In this exercise, you will determine the effect of light, time, and chloroplast condition on
the rate of the light reaction by measuring the level of remaining substrate (DIP) via
spectrophotometry.

Q. WHAT TYPES OF FACTORS CAN AFFECT THE RATE OF THE LIGHT
REACTION IN CHLOROPLASTS?

Hypotheses. Make some predictions about how time, light and chloroplast
condition may affect the rate of the light reaction.

Time.
Light.

Chloroplast condition.

Identify your variables

Independent
Variable(s)

Dependent
Variable(s)

v

Procedure

You will determine the effect of light, substrate availability, and chloroplast function on
light-dependent reaction efficiency by measuring the level of remaining substrate (DIP)
via spectrophotometry.

% Refer to the Appendix 5 for more on spectrometry. The relationship between
protein concentration and absorbance is linear and positive.

**Prep Alert: keep stock solution of chloroplasts, the tricine buffer, and DIP on ice

at all times. Do NOT contaminate the stock solution. Before beginning, turn on
and calibrate spectrophotometer. See page 3-3 for instructions. *

91

' Commented [A155]: Each station should have (on ice) k
| 2.5 mL chloroplast, 30mL buffer, 30mL DIP.




o

Label 5 test tubes 1-5. Place these plus an additional unlabeled tube into an ice
bath.

You will be provided 5 mL of chloroplast resuspension to put in your unlabeled
tube. This is your stock solution, so do NOT contaminate it.

While still in ice bath, pipet 5 mL of cold tricine buffer into test tubes #1-5.
Pipet 500 ni cold chloroplasts into Tube 4 and place into boiling water bath for
10 min.

Pipet 5 mL of DIP into Tubes #1-4 and mix by tapping gently against palm
After mixing, roll Tube #3 with aluminum foil to exclude light (including top). 1
square foil per tube (place the tube on the diagonal to the foil)

Pipet 5 mL cold DI H20 into Tube #5

Place Tubes #1-5 in rack at room temperature.

As quickly as possible, pipet 500 ni cold chloroplast suspension into tubes #1,
#2, #3 and #5. Mix by tapping gently against palm

10.Re-cover Tube #3 with foil

11.Record the time.

12.llluminate rack with lamp for exactly 5 mins.

13.While waiting, label 5 cuvettes #1-5 and be ready to conduct the

spectrophotometry assay.

14.At 5 minutes, remove the tubes, except for tube #2, from the rack and transfer

contents into corresponding cuvettes.

15.Use the Vernier Spectrophotometer and LabQuest 2 to measure the absorbance

values of each tube.

16. Use the Appendix 5 if you need a review on the process. Set maximum

absorbance using Tube 1.

17.Record absorbance values in Table 8.2
18. After exactly 10 minutes, remove Tube #2 from rack, fill cuvette #2 and record

absorbance values in Table 8.2

19.Report values to class on the board or in Excel and record in Table 8.3.

< = < = L= = = =

1 2 3 4 5

»"‘\ ;,“x )"‘\ ;"‘\
Chloroplasts Chloroplasts Chloroplasts Boiled Chloroplasts

DIP DIP DIP chloroplasts DIH,0
Tricine Buffer Tricine Buffer Tricine Buffer DIP Tricine Buffer

-

L

L

Tricine Buffer

L J

L

Standard
5 min

Standard
10 min

Dark
5 min

Boiled
5 min

Control
5 min
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EXERCISE I. RESULTS

Table 8.1. Calculated Rf values

Pigment Standard Calculated \
Chlorophyll b 0.42
Chlorophyll a 0.59
Xanthophyll 0.73
Carotene 0.98

EXERCISE I. QUESTIONS

1. Were your calculated Rf values close to the standard values? If not, why do you
think this is?

2. Why do you think plants carry different types of pigments?
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EXERCISE Il. RESULTS

Table 8.2. Individual absorbance data
Tube #1 Tube #2

Normal 10 min

‘ Absorbance
Values

Tube #3
Dark

Tube #4
Boiled

Tube #5
Control

Table 8.3. Class absorbance data

Group  Tube #1 Tube #2
Normal 10 min

Tube #3
Dark

Tube #4
Boiled

Tube #5
Control
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EXERCISE Il. QUESTIONS

1. Why was Tube #4 used in this experiment?

2. Why was Tube #5 used in this experiment?

3. Were your hypotheses supported? What tube had the highest absorbance? What
does this say about chloroplast function?

4. Create a flow chart relating: color concentration, absorbance, DIP levels and rate
of the light reaction.
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LAB 9. MENDELIAN GENETICS

You now know that chromosome theory, which identifies chromosomes as the carriers

of genetic material, forms the underpinning for both mitosis and meiosis. It is also the

fundamental unifying theory of genetics. Thr oughout this weekos | ab, you wil!/| notic
how connected meiosis is to Mendel 6s Laws of inheritance.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

1. Solve problems illustrating mono- and dihybrid crosses as well as other types of
genetics problems

2. Apply the Chi-square test to data

Interpret pedigree charts

4. Determine phenotypic traits and calculate their probable genotypes

w

INTRODUCTION

In the mid-1800s Gregor Mendel, a monk residing in a monastery in
what was Czechoslovakia, conducted hybridization experiments
with garden pea plants. As a result of experiments involving cross-
pollination of plants with different characteristics, he hypothesized

that each pea plant carries two fAfactorso for each in
only one of these is transmitted to its offspring via its gametes. At
syngamy (fAfertilizationo), the two factors are recomb

the fusion of the gametes. Thus, each offspring receives one factor
from one parent, the other factor from another parent. He discovered
that these factors, now called genes, can differ, and that one form of the gene (an
allele) can be dominant to the other form, the recessive.

Mendel 6s conclusions are excel | Whiléewedava mpl es of deductive reas:
just completed a study of chromosomes and cellular division, he was not aware of the
relationship between DNA and genes or the relationship between genes and
chromosomes; furthermore, he was unaware of the mechanism of meiosis and its
involvement in the production of gametes. However, Mend e | 6 s  Lichfosn,the w h  Commented [A161]: Review backtoc e | | di v |
basis of the Modern Theory of Genetics underscore all of these key principles:
1. The Law of Dominance: A dominant trait is a trait whose appearance will
always be seen in offspring. Diploid cells have two copies of each gene, called
alleles, one on each homologous chromosome. If the copies differ, the dominant
allele will be expressed in the phenotype.
2. The Law of Segregation: An individual may have two distinct alleles for a
certain gene (one maternal and one paternal), each on one copy of a given
chromosome. These two alleles will be separated from each other (in anaphase
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Il of meiosis Il), causing the two distinct alleles located on those chromosomes to

segregate from one another.

3. The Law of Independent Assortment: The way an allele pair gets segregated
into two daughter cells during the second division of meiosis has no effect on
how any other allele pair gets segregated. In other words, the traits inherited
through one gene will be inherited independently of the traits inherited through

another gene because the genes
reside on different chromosomes
that are independently assorted
into daughter cells during
meiosis.

More specifically, we now know that
diploid (2N) cells have two copies of
each gene, called alleles, one on each
homologous chromosome. The
members of an allelic pair of genes will
be segregated by meiosis with only one
member of each allelic pair being
present in each gamete. Furthermore,
the homologous chromosomes, each
bearing characteristic alleles, move
independently during meiosis and show
independent assortment in the
resulting gametes. These alleles are

expressed in the offspring produced by . _ pieterozygous — e lc|

sexual reproduction.

LAB ACTIVITY

AA = Homozygous — U u

bb = Homozygous —

In a pair of homologous chromosomes,
one is inherited from the male parent,
and the other from the female parent.

Paternal
homologue

Maternal
homologue

A genetic locus is
the location of a
particular gene on
a chromosome.

:Commented[Al62]: Revi ew back to

At each genetic
locus, an
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dominant

u u Three gene pairs at
, three different loci

recessive

Today we will complete the following activities regarding Mendelian genetics:

I. Monohybrid crosses
II.  Dihybrid crosses
Ill.  Chi-square analysis

MATERIALS

1 Monohybrid ear of corn purple vs.

yellow
1 Monohybrid ear of corn round vs.
wrinkled

IV.  Medelian inheritance in humans
V. Pedigree charts
VI.  Switched at birth

9 Dihybrid ear of corn for color and
kernel shape

9 Calculators

1 Blood tests (supplies on back
bench)
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EXERCISE I. MONOHYBRID CROSSES

Background BuildingonMe nd el 6 s &l primaipkesa thei sciemce of genetics has
developed as the study of the mode of transmission of genes from one generation to the

next Mendel 6s original experiments on pea plants illustrate many
now serve as the underpinning of genetic analysis. They are illustrated below:
AN T Homologous chromosomes may

Wy x - ? or may not have identical alleles. For
4 Aﬁ example, in garden peas the flower petals

Appearance:  Purple flowers White flowers May be purple or white depending on the

Genetic makeup: PP p gene coding for flower color.
~ ~ If the alleles are the same, the
Gametes: Q’ ) ( 17\ 1

genotype, or genetic condition, is
homozygous. An individual can be
homozygous dominant (PP) or

homozygous recessive (pp).
% 1 If they are different (Pp) the
genotype is described as heterozygous
Appearance: Purple flowers and the dominant allele (purple in this
Genetic makeup: Pp example) will show in the phenotype, the
Gametes: 1, \;} 1, (/I;) physical manifestation of the genotype.

i Experiments in genetics usually
begin with parents that are true-breeding,

Sperm
@ that is, they are known to be homozygous
~ ~ for the gene under analysis.
= % q In such experiment the first
&) b P generation is referred to as the P
Eggs /f’ generation. Their offspring are identified
~ £95 as the F1 generation. F is from the word
(p) /*(J’\ I L N
~| Py o i F i | whiah means son or daughter.

The progeny of crosses between F1
% 5 generation individuals are call the F2
3 ’ 1"&7” generation, and so on.

To lllustrate the offspring of a cross you may perform a Punnett Square as shown
above. These diagrams predict the genotypic and phenotypic outcomes of a particular
crossbhased on Mendel 6s Laws. Of tres are stateceinthee sul t s of Punnett squa
form of a genotypic or phenotypic ratio. In the above experiment we see the standard
F1 cross_betwe_en two heterozygous individuals. The result.s of thls monohybrid cross oo A DT B T U S
(mono i involving one gene) will always show a phenotypic ratio = 3:1 and a is PROBABILITYé Iike you

- S . having a b itl. S family d ot
a genotypic ratio = 1:2:1 (1 homozygous dominant, 2 heterozygous, 1 homozygous bﬁ;”gnad h°ay|f°§if.’sg£fut sg:ggeirsyﬂ?em;;r{)babili?y.e °ne

recessive. Same goes here. You wonot
that is the probability, 75:25.
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Mendelian Inheritance in Plants (Corn)

Plant genetics, especially in corn and other crop plants, has been studied extensively to
understand genetic mechanisms as well as to improve agriculturally important varieties by
artificial selection. Corn plants are diploid (2N=20) and
produce both male and female gametes. Some traits appear
as altered phenotypes in the corn grains themselves; for
those it is not necessary to wait an entire generation to
observe the results of an experimental cross.

You will be studying the inheritance of the following corn grain phenotypes:
1. GRAIN COLOR: Yellow vs. Purple
2. GRAIN COAT: SMOOTH VS. WRINKLED

Q. CAN WE OBSERVE THE SAME RESULTS AS MENDEL?

Hypotheses. Make some predictions. What do you expect the genotypic and
phenotypic ratios to be for our monohybrid crosses?

Genotypic Ratio:

Phenotypic Ratio: /

Procedure

You will determine the genotypic and phenotypic ratios of two monohybrid crosses:
kernel color and kernel shape. The kernels represent the F2 generation, the result of an
F1 cross from true-breeding parents.

**Prep Alert: PLEASE DO NOT SHELL THE EAR OF CORN or unwrap the plastic**

Your group will receive an ear of corn that is the F, from the cross:
Heterozygous Purple x Heterozygous Purple (Pp x Pp)
1. Mark a starting row of grains with a pin and count and record the phenotype of at
least 100 (more would be better) grains of corn on the ear.
2. Record your observations in Table 9.1 and the class results in Table 9.2.

Your group will receive an ear of corn that is the F, from the cross:
Heterozygous Purple x Heterozygous Purple (Pp x Pp)
3. Mark a starting row of grains with a pin and count and record the phenotype of at
least 100 (more would be better) grains of corn on the ear.
4. Record your observations in Table 9.3 and the class results in Table 9.4.
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EXERCISE Il. DIHYBRID CROSS

In a dihybrid cross, the fate of two genes is predicted via a 16-spot Punnett Square
(shown below). All of the same rules apply as with a monohybrid cross, but in a dihybrid
cross, we see the i MpavoftiradependentdssortMenn thestrhi s
inherited through one gene will be inherited independently of the traits inherited through
another gene because the genes reside on different chromosomes that are
independently assorted into daughter cells during meiosis.

" . RrY
F1 generation F2 generation / \\y‘
RY Ry rY ry
r
Ly RY
ry ry / RRYY Rng RrYY Rg
RY Ry
=¥ RrYy|RrYy -7 7| RRYy | RRyy | RrYy | Rryy
RRYY >Ry ~a
RrYy |RrYy RIYYN v
rRYY | rRYy | rrYY rrYy
> ry - -
rRyY | rRyy rryY rryy
All smooth, yellow 9 smooth, yellow
The recessive alleles are hidden 3 smooth, green

3 wrinkled, green
1 wrinkled, green

In the above experiment we see the standard cross between two doubly homozygous,
true-breeding parents to create an F1 generation of all doubly heterozygous individuals.
The next cross is between two individuals of the F1 generation leading to the F2
generation shown in the 16-spot Punnett square. The results of this standard dihybrid
cross (di i involving two genes) will always show a phenotypic ratio of 9:3:3:1.

The most difficult part of creating these Punnett squares is the determination of potential
gametes (along the top and left side). You need only recall Me n d e [Baws of 2
Segregation: alleles will be separated from each other during meiosis. In our example
above, in a RrYy individual, the R can pair with the Y or y and the r can pair with Y ory
in the formation of gametes.
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You will be studying the inheritance of the following corn grain phenotypes TOGETHER:
GRAIN COLOR: Yellow vs. Purple and GRAIN COAT: smooth vs. wrinkled

Q. CAN WE OBSERVE THE SAME RESULTS AS MENDEL?

Hypotheses. Make some predictions. What do you expect the phenotypic ratio to
be for our dihybrid crosses?

Procedure

You will determine the phenotypic ratios of a dihybrind cross involving: kernel color and
kernel shape. The kernels represent the F2 generation, the result of an F1 cross from
true-breeding parents.

**Prep Alert: PLEASE DO NOT SHELL THE EAR OF CORN or unwrap the plastic**

Your group will receive an ear of corn that is the F, from the cross: Heterozygous
Purple, Smooth (PpRr) x Heterozygous Purple, Smooth (PpRr)
5. Mark a starting row of grains with a pin and count and record the phenotype of at
least 150 (more would be better) grains of corn on the ear.
6. Record your observations in Table 9.5 and the class results in Table 9.6.

EXERCISE Ill. STATISTICAL ANALYSIS OF DATA: CLASS DATA
TOGETHER THEN GROUP DATA INDIVIDUALLY

Background This exercise builds on the results from Exercise Il. You can already make
a few statements about the class results from the raw data. Look at the entire data table
and write a few statements about the data in the space below. Relate them to your
original hypothesis about the expected phenotypic ratio.

v
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Youbve | ikely made statements using terms |ike Amor e, | ess,
the class data thus far. That is a good place to start. However, now we must as a more
sophisticated question, if the patterns we see

in our data are biologically relevant (related to Statistics give us the power to separgte
the patterns of inheritance in this case). chance patterns from real patterns

Close is not good enough. You must be ablg to
We term potentially relevant findings as significant- show your results would be ulikely from

that is, differences, or patterns that are significantly chance alone.

different from those we would expect from chance
alone, may be blOIOglca"y impOrtant. Commented [A166]: Important!

We cannot know whether your results are
significantly different from chance, without
performing a statistical analysis of your data.

ChiSquareGoodness of Fit Analysis

Compares your distribution (of genotypes i

L. . this case) to the distribution that could occu
In order to use statistics, we must work with from randomness

our hypothesis and with what is termed our
null hypothesis.
1 Your hypothesis (H;) is what you would expect if there is a biologically relevant
phenomenon responsible for your results.
1 Your null hypothesis (H,) is what you would expect if this is not the case and
chance alone is responsible for your results.

Today, we will learn about and use a statistic called the Chi-square Goodness of Fit
Analysis. We will walk through the analysis together with your group data, then you WI||
complete an analysis of the class data on your own.

Q. WHAT DO OUR DATA REALLY SHOW?

Chi-Square (X?) Goodness of Fit Analysis Commented [A167]: Do not let them freak out about
This test compares the distribution of values you observed with those you would expect this math.

if your null hypothesis were accurate. L et 6 s t hi rhypotleedewand our Commented [A168]: Review back to Lab 1 on the
expectations for Exercise I scientific method and Pearson,

Hi: What was your hypothesis:

Ho: What was your null hypothesis: \/
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Now, complete the table below using the class data from Exercise Il, and review it with
your instructor before moving on. We will use data from this table in our chi-square
calculations table.

Observed Observed Expected Expected

Ph . .
enotype Count Ratio Count Ratio

Purple,
smooth

Purple,
wrinkled

Yellow,
smooth

Yellow,
wrinked

E:

Hint: To go from ratio to count: Add your ratio (= 16) and multiply the fraction by total Commented [A169]: You might have to go into more
detail on this.

2
The chi-square equation is below as is a 2 Z (Observed - Expected)
calculation table to assist you. x =
Complete the following table.

Expected

Observed (O) W:e:tpfoc::i(: v(vi)uld
What did you . O-E (O_E)® | (O_E)YE
you expect if Ho

count?

was accurate?

Purple,
Smooth
Purple,
Wrinkled
Yellow,
Smooth
Yellow,
Wrinkled

Sum = Chi-Square statistic = X% = Commented [A170]: This is where they mess up.
They forget to add?é

Now that you have calculated a Chi-Square statistic, what do you do with it?
We need to compare your X? to table of critical values, to determine if it shows your
data are significantly different from chance.
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We need to know 2 things to do so:
1. Degrees of Freedom (df): For this experiment the degrees of freedom = number

of phenotypic categories i 1. What are the df for your data =

2. Al p h-evel): We need to set a standard level of significance (or alpha) before

our test. Across the sciences 0.05 is used. This value means that 95% of the

time our statistic will allow us to make the correct decision regarding the

mistaken rejection of a true null hypothesis (Type 1 Error). When a hypothesis

test results in a p-value (probability level) that is less than the significance level,
the result of the hypothesis test is called statistically significant. Correspondingly,

we will derive our critical value from the p-value of 0.05. The lower the p-value,
the higher the significance.

Use the information above with table below. What is the critical value with which we
must compare our X?? Circle it on the table.

Probability Level
df 0.5 0.10 0.05 0.02 0.01 0.001
1 0.45 2.706 3.841 5.412 6.635 10.827
2 1.38 4.605 5.991 7.824 9.210 13.815
3 2.36 6.251 7.815 9.837 11.345 16.268
4 3.35 7.779 9.488 11.668 13.277 18.465
5 4.35 9.236 11.070 13.388 15.086 20.517

Here is the rule to follow:
X2 < Critical Value = ACCEPT H, i No significant findings
X0 Critical

V adi Significant liidgE Eolfentiglly biologically relevant

*Note: If your X?is much higher than the critical value at 0.05, then you may be able show

increased significance (at the 0.02, 0.01 or lower). Ask your instructor to explain!

What is your decision regarding the class data? Do we accept or reject our null hypothesis? Can

we support our alternative hypothesis (H1)? Why or why not.

v

Procedure

Complete a chi-square goodness of fittestony o u r

in Table 9.7.

g daia anpl fecord your results
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EXERCISE IV. MENDELIAN INHERITANCE IN HUMANS

Background In this experiment we
will make observations of inheritable
human traits. Most inheritable
human characteristics result from the
interaction of a number of genes for a
single trait. In some cases, however,
the variation in the nature of only one
gene produces a variation in a
characteristic that gives two distinct,
alternative forms of expression. Many
easily observed, genetically
controlled physical traits of humans 4
are in the latter category. Note that in this case and that following, in respect to specific
allelic pair traits, individuals that are FF (homozygous dominant) or Ff (heterozygous)
exhibit the dominant trait; only those that are ff (homozygous recessive) exhibit the
recessive trait.

1 Unattached i vs- Attached Ear Lobes: The F alleleforunattac hed ( =0fr eeodo) wear
lobes is dominant to the f allele for attached ear lobes.

1 Rollivs- Cannot Roll Tongue: The R allele for the ability to roll the tongue into a
U-shape is dominant to the r allele for lack of this ability.

! Wi dowodsivsPRtarkai ght Hairline: The allele for widowds peak W
to the w recessive allele for straight hairline.

Procedure

Based upon the information provided for the preceding three inheritable human traits, fill
in Table 9.8 withyourgr oupés data and the class dat a.
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EXERCISE V. PEDIGREE CHARTS

Background Pedigree charts are often constructed to demonstrate the inheritance of
genetic conditions within a family of humans. Such charts are a great help in
determining whether a phenotype is controlled by a dominant, recessive or sex-linked
allele. For example, if both parents show the trait but none of their children show it, that
characteristic must be an autosomal (not sex-linked) dominant allele. On the other
hand, if neither parent shows the trait but one or more of their children do so, then it
must be determined by an autosomal recessive gene. If the trait appears primarily in
males and passes from grandfather to grandson, then it must be a sex-linked recessive
trait. No examples of the latter are being considered in this lab exercise. Please refer to
the figure below.

Key to simple pedigree charts
Parents are connected
directly by a horizontal line.
Men are squares; women .‘O Parents
are circles.

!

.O 6i Children

|
O - . Exhibits trait
T. Children are connected to

O parents by a vertical line

with a horizontal line that

.O indicates siblings.
|—>T\ Figures that are filled, indicate
individuals with the phenotype you
are following.

Procedure
Based on this information, please complete Table 9.9 and the accompanying questions.
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EXERCISE VI.

SWITCHED AT BIRTH

Background The ability to successfully transfuse whole blood has saved countless
lives and supported the advance of modern surgery and chemotherapy. The first
lifesaving transfusion was performed less than 200 years ago (1818). Today, we know
of over 400 erythrocyte (red blood cell) antigens belonging to 24 different systems! You
have no doubt heard of the A,B,O blood group before. You likely also know that blood
transfusion is not possible between

red blood cells

all donors and recipients.

This is due to two primary factors:
1 The antigens that surround red
blood cells (erythrocytes).

1 The antibodies presentin
plasma.
Who can donate to whom depends
on what component of the blood is
being donated or if whole blood is
being donated. Refer to the figure

i below.
Blood Type
A B AB o}
Red Blood
Cell Type
NS \J NS \/
[ s s vz i
Antibodies == - ~ == =0
in Plasma “1// \\rh ,// \\(~ e{/ \\,5 ,,// \\‘-
Anti-B Anti-A None Anti-A and Anti-B
Antigens in
Red blood T ? T ?
Cell A antigen B antigen A and B antigens None
Gompatil. A.B, AB, O 0
inan A 0O B, O _(AB"is the (Oisthe
Emergency universal recipient) universal donor)
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As you can see from the table, the immune system has the capacity to distinguish
between self/non-self; individuals produce antibodies against those antigens
(sugars) that they do not express.

1 A person with Type A blood has Anti-B antibodies in their plasma. Consequently,
if type B erythrocytes were introduced (from a type B or AB), this would lead to
clumping with these protective antibodies and a fail blood transfusion.

1 Similarly, a person with Type B blood has Anti-A antibodies in their plasma.
Consequently, if type A erythrocytes were introduced (from a type A or type AB)
this would lead to clumping with these protective antibodies and a fail blood

transfusion.

1 An AB induvial can receive both type A and B blood as the clumping antibodies
are absent from their plasma, making them a universal recipient.

1 An O-type individual cannot receive from and A, B, or AB blood type because
they have both Anti-A and Anti-B antibodies in their plasma. However, this factor
does make Type O the universal donor.

Serologic tests are blood tests that look for antibodies in your blood. They work due to
the principles outlined above.

Type A Blood

Type B Blood

Type AB Blood

Type O Blood

AP

If blood of an unknown type is exposed to Anti-A serum
and clumps, then it must possess a type A allele

If blood of an unknown type is exposed to Anti-B serum
and clumps, then it must possess a type B allele = Type
B Blood

If blood of an unknown type clumps when exposed to
Anti-A and Anti-B, then it must possess both a type A
and B allele = Type AB Blood

If blood of an unknown type never clumps when exposed
to Anti-A or Anti-B, then it must not have either allele =
Type O

Blood types are an inherited trait and you may know your own or that of your parents.

The inheritance patterns are a bit more complicated M B
than the ones we explored with corn. There are

three alleles in the ABO system, but each person A
only has two. The A allele and B allele are

codominant with each other, but both dominant B 518
over O, which is recessive. The genotypes for B
blood groups are written with the dominant allele as

a capital 0 lsive alkele ds alowezcase e i iB i
these distini
or B) are written as superscripts. If the allele is an

ifii o to make

O, itis left blank.

KA "B i

18j
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Q. CAN THE CHARACTERISTICS OF THE ABO BLOOD GROUP BE USED TO
IDENTIFY PARENTAGE?

Procedure

Two years ago, Kim had fraternal twins
and Andrea gave birth to her first child in
the same hospital. Now, Andrea is claiming
that the hospital sent her home with the wrong
child, and that her baby was given to Kim by
mistake. Your job is to determine the blood types
of Kim, Andrea, and the three children, and solve
this case once and for all!

‘ Commented [A174]: Even after completing the tests,
theydll have to think a b

*Prep Alert: For your safety, only synthetic blood wild.l be used in toc
laboratory). Wear gloves and goggles! **

il

= =8 =4

Five workstations have been set up in the laboratory, one for each blood sample that
will be tested (Andrea, Kim, Baby 1, Baby 2, and Baby 3).

Each lab group should determine the blood type of each of the blood samples.

Each lab group will be given 5 test slides.

Before you begin, label each test slide with the name of the blood sample being
tested.

Each group member should test one of the blood samples.

1.

At each station you will find: one blood
sample, a bottle of Anti-A antiserum, and
a bottle of Anti-B antiserum.

Place just one drop of the blood sample
(Andrea, Kim, Baby 1, Baby 2, or Baby
3) in the A well and one drop into the B
well of the test slide. REPLACE CAP.
Add a FREE FALLING drop of anti-A
serum (blue) to the A well. Be sure that
you do NOT touch the dropper to the
blood sample. REPLACE CAP

Add a FREE FALLING drop of anti-B
serum (yellow) to the B well. Be sure
that you do NOT touch the dropper to
the blood sample. REPLACE CAP
Using a different color-coded toothpick
for each well, stir the blood and anti-
serum together for 30 seconds. Discard the toothpick in the biohazard bag
provided.

Examine the wells for evidence of agglutination. If you see visible clumping of
the blood cells an agglutination has occurred, and the test is positive. If there is
no visible agglutination, the test is negative.
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BLOOD TYPE  ANTI-A ANTI-E 7. Consult the figures for assistance or ask your
instructor if you are uncertain,

8. Record the data for each test in Table 9.10.
©-POSITIVE 9. Use the date in the Table 9.10 to determine the

blood type of each of the blood samples in this
O-NEGATIVE . . case.

10.Thoroughly rinse each slide and dry off with a

paper towel when you have completed the
A-POSITIVE g . experiment.
A-NEGATIVE @ .
B-POSITIVE . @

\ Commented [AL76] Theyol |l still c .
B-NEGATIVE sure they know which is which!

| Agglutination = positive for that type.

AB-POSITIVE @ @
AB-NEGATIVE @ @
INVALID @ @ AGGLUTINATION NO AGGLUTINATION

(+ TEST) (- TEST)

BIOGRAPHY - REGINALD CRUNDALL PUNNETT

Reginald Crundall Punnett (1875-1967) was introduced to biology during a bout of
childhood appendicitis, when he read a series of books on
the subject that his father had bought because of their
elegant binding. He went on to study at Gonville and
Caius College, Cambridge, from which he graduated in
1898 with a first-class degree in Natural Sciences,
specializing in zoology. He became Professor of Genetics
at Cambridge University in 1910

| Punnett was a believer in the theories put forward by
obscure monk Johann Gregor Mendel (1822-1884), the
founder of modern genetics, and wrote the first textbook
on the subject.

He was a founding member of the Genetical Society and
created the JOURNAL OF GENETICS in association with
Bateson. Punnett was also the inventor of the "Punnett Square", which depicts the
number and variety of genetic combinations.
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EXERCISE I. RESULTS

Table 9.1. Monohybrid cross results: Table 9.2. Monohybrid cross class
results: Kernel color
Phenotype

Kernel color (yellow or purple
Phenotype Number of Grains

(Number of Grains)

Yellow —
Purple 1
2
3
4
5
6
7
8
TOTALS
Table 9.3. Monohybrid cross results: Table 9.4. Monohybrid cross class
Kernel shaie iround VS. Wrinkled) results: Kernel shape
Phenotype Number of Grains Phenotype
Smooth (Number of Grains)
Wrinkled Wrinkled
1
2
3
4
5
6
7
8
TOTALS
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EXERCISE |. QUESTIONS

1. Which allele is dominant, yellow or purple? Why?

2. Compute the genotypic ratio of your first monohybrid cross (kernel color). Was

your hypothesis supported?

3. Which allele is dominant smooth or wrinkled? Why?

4. Compute the genotypic ratio of your first monohybrid cross (kernel shape). Was

your hypothesis supported?

EXERCISE Il. RESULTS

Table 9.5. Monohybrid cross results:

Kernel shape (round vs. wrinkled)
Phenotype Number of Grains

Smooth

Wrinkled

P&S

P&s

p&S

Table 9.6. Monohybrid cross class
results: Kernel shape

P&s

| N0~ W[N] P

Totals
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EXERCISE Il. QUESTIONS

Hi nt : F o r Tcego faom gowminit data to a ratio, set the lowest category = 1 and
divide rest by lowest count

1. Compute and record the phenotypic ratio from your data. Was your hypothesis
supported?

2. Compute and record the phenotypic ratio obtained from the class data. Was your
hypothesis supported?

3. What might account for any differences between your results and the class
results?

EXERCISE Ill. RESULTS

Table 9.7. Chi-Square calculation table for individual group data

(B)
Expected

_E)\2
(the number O-E (O-E)? (O-E)

©)
Observed
Phenotype (the number
that was
counted)

youbdd ex E
Ho was
accurate)

Purple, Smooth

Purple, Wrinkled

Yellow, Smooth

Yellow, Wrinkled

Sum = Chi-square Statistic =
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EXERCISE |Il. QUESTIONS

1. Do you accept or reject the null hypothesis at the 5% (0.05) level of probability
according to your individual data? Why or Why not?

2. Do you accept or reject the null hypothesis at the 5% (0.05) level of probability
according to your class data? Why or why not?

3. Was your hypothesis supported by these tests? Compare your individual and
class results.

EXERCISE IV. RESULTS

Table 9.8 Possession of human traits and their frequencies in class
Place a X by your Enter your

Phenotype Genotype Total # in Class

Free earlobes

Attached earlobes

Can roll tongue

Cannot roll tongue

Widows peak

Straight hairline
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EXERCISE IV. QUESTIONS

1. Is it possible by simple observation alone, to differentiate between homozygous
dominant and heterozygous individuals with these traits? Why or why not?

EXERCISE V. QUESTIONS

1. Use the following to help you determine the phenotype and genotype of everyone
in the pedigree below.

il

1
f

The trait is type of ear lobe, with F as the dominant allele (free) and f as
the recessive allele (attached)

Males are indicated by squares and females by circles.

In this instance, open symbols are used for individuals showing the
recessive phenotype, closed symbols for individuals showing the dominant
phenotype.

A ATO connecting the symbols for
mating and offspring.

The first row is the P generation, the second is the F1 and the third is the
F2.

Individuals are numbered from right to left starting with 1.

0 00

1000 [0

o I
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Table 9.9. The phenotype (free or attached) and genotype (F =free, f = attached)
of each member of the pedigree

Generation/ Individual
Condition
Phenotype
P
Genotype
Phenotype
F1
Genotype
Phenotype
F2
Genotype

2. Can the precise genotype be determined for each member of the
pedigree? Why or why not?
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EXERCISE VI. RESULTS

Table 9.10. Results of blood test experiments
KIM ANDREA BABY 1 BABY 2 BABY 3
ANTIT A
(+or-)
ANTIT B
(+or-)

Blood Group
Determination

EXERCISE VI. QUESTIONS

1. BaseduponKi mé s b | iomnidh Af By @ aleles could she pass on to her
children?

2. Based upon And riewhighsA, B O alele$ couly gheepass on to her
children?

3. Based upon your experimental resultsi whi ch t wo bl ood samples are from Kimés

twins?
4. Based upon your experimental resultsi whi ch bl ood sample is from Andreabs
baby?

5. What is the blood type of the twinés father?

6. The baby that Andrea left the hospital with was Baby 3. Based upon the results
of your experiment, did Andrea and Kim go home with the correct babies?

7. Procedural question:Why do we stress using a AFREE FALLI NGO drop of
antiserum?
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LAB 10. DNA REPLICATION AND VISUALIZATION

PCR & GEL ELECTROPHORESIS

In this lab, we will study and recreate some of the primary steps used in DNA analysis.
The precise steps depend on the research questions but generally include:

1. Gather DNA sample: The source of your DNA may be from blood, tissue, saliva,
etc. depending on the purpose of analysis.

2. Extract the DNA: We accomplished this step from strawberries in Lab 3. No
matter the source the purpose of extraction is to remove and purify your DNA
product for further analysis.

3. Make Copies of the DNA with Polymerase Chain Reaction (PCR):
Regardless of where the DNA sample originates (fruit, saliva, tissue) or what the
research question is, there is rarely enough DNA for analysis. Instead the copies
that can be extracted must be replicated for further analysis through a technique
called polymerase chain reaction (PCR).

4. Visualize the DNA with Gel Electrophoresis: Once the DNA is replicated in
high enough amounts, it can be visualized through a technique called gel
electrophoresis. Depending on your question, gel electrophoresis may provide
your answer, or the results may be used to confirm your PCR was successful.

5. Sequence the DNA: You may proceed to this step wherein the actual sequence
of base pairs in your DNA sample are determine with the use of a sequencer.

I n todayés | ab we will focus on steps 3
electrophoresis.

OBJECTIVES - BY THE END OF LAB, YOU SHOULD BE ABLE TO:

1 Name the three steps that constitute one PCR cycle and give a detailed
description of each.

Discuss the relevance of Taq polymerase to PCR.

Predict the number of DNA molecules produced after a certain number of PCR
cycles.

Explain why the ability to make many copies of a gene is important.

Create an agarose gel

Run gel electrophoresis

Read the results of gel electrophoresis

= =

= =4 4 4

Polymerase chain reaction (PCR) is a powerful method for obtaining millions of
duplicates of a DNA fragment from just one original copy. The goal is to amplify a
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specific region, the target DNA or gene of interest (Gol), depending on the type or goal ‘Commented [AL78: This is importal
of research. just make copies of every)

Once DNA has been extracted, it is mixed into a particular PCR solution containing: [cOmmented [A179]: Must know! \
1 Taq polymerase: A type of heat-stable DNA polymerase derived from a species
of bacteria living in hot springs. Because
Taq polymerase continues to function ; . v e
= A T
DNA Sample Primers Nucleotides

normally at high temperatures, using it
allows researchers to separate the DNA

strands without destroying the polymerase. M
1 Primers: Short, single-stranded sequence . U
of RNA or DNA that enables the start of Tagpolymerase  MixBuffer  PCR Tube

replication of a DNA sequence that is
synthesized from the
1 Deoxynucleoside triphosphates (dNTPs):

pri mer .

LG

oo

Free nucleotides to be used in constructing £ i
the new copies of DNA. =y B
1 Mix buffer: Necessary to create optimal Thermal Cycler

conditions for activity of Taq DNA

polymerase and may contain restriction enzymes, which act like molecular
scissors cutting the copied DNA strands at particular locations based on their
genetic code.

The PCR mixture is placed

inside a thermocycler (PCR
T LLLLLL L L. machine). It is typically
repeated about 35 times

l 95°C - Strands separate 1. Denaturing and the temperature
TAINRASVUNS Hydrogen bonds broken changes are programmed
almliole L between DNA strands by researchers and
automated by the
lSS'C-Pn‘mers bindtemplate 2, Annealing thermocycler. The process
Y RAERROSE] Pr.imer_'s form hydrogen bonds proc?eeds in three steps as )
inlole with single-stranded DNA outlined below. | Commented [A180]: On the exam. Must know.

—

1) Denaturation: the
solution is first heated to
nearly boilingd 95°C. The
TT111 L] L ;ifié:ij:g;:‘f’ze heat breaks the hydrogen
dNZIl'Ps to the ends of bonds between the two
primers DNA strands and allows
them to separate.

l 72°C - Synthesise new strand 3. Extension

119



2) Annealing: the temperature is dropped to around 60°C. The exact temperature
depends on the length and base composition of the primers. At this relatively low
temperature, the primers can form hydrogen bonds with the single-stranded DNA. Two
primer types are created, each one complementary in sequence to one of the two ends
of the target DNA. To make the primers, the sequences at the ends of the target DNA
must be known.

3) Extension: the temperature is increased to 72°C. This is the optimal temperature at
which Tag polymerase functions. The primers are essential in this process, because
they provide free 36 hydroxyl groups, t
dNTPs. Each new dNTP that joins the growing strand is complementary to the
nucleotide in the opposite strand.

At the end of this first cycle, there are two DNA copies instead of the one original copy.

The process continues, doubling the number of target DNA copies with each cycle. The
general formula for the number of DNA strands created by PCR is 2" where n = the # of

PCR cycles.

LAB ACTIVITY

Today you will be provided PCR products that correspond with various DNA samples
We will complete the following activities:
I.  Create gels to be used for electrophoresis
II.  Load gels and conduct electrophoresis
Ill.  Visualize our results

Materials
1 The DNA that is to be separated. 1 Gloves & goggles
1 A DNA ladder 1 Loading Buffer
1 TAE or TBE Buffer solution 1 A gel rack and buffer chamber
1 Agarose (1%) 1 A"comb"i to form the sample
9 Ethidium bromide or another wells.

reagent to label the DNA

Reminders

Gloves and goggles at all times

The UV light rays are carcinogenic and must not be allowed to
shine on exposed skin or eyes.

Change tips between loading samples to prevent contamination.
Dispose of tips in the hazardous waste bins at your stations.
The flask of agar will be HOT from the microwave, use caution.

(o]
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Commented [A181]: Should be at each station.
Restock as needed.

Commented [A182]: Should be at each station.
Restock as needed.

Commented [A183]: Show them what each of these it
along with the power supply during your intro.



EXERCISE I. CREATION OF AN AGAROSE GEL

Background Agarose gel electrophoresis is a method used in molecular biology to
separate DNA strands by size, and to determine the size of the separated strands by
comparison to strands of known length. DNA-based gel electrophoresis can be used for
the separation of DNA fragments of 50 base pairs up to several mega-bases (millions of
bases).

Electrophoresis uses a mechanism similar to sifting objects through a sieve. In the case
of DNA-based gel electrophoresis, an electric field is used to push charged DNA
molecules through a gel matrix.

The negatively charged phosphate groups of the sugar-phosphate backbone of DNA give DNA
molecules a high, uniform, negative charge. Thus, DNA fragments will migrate in an electric
field toward the positive electrode.

1 Shorter, more compact DNA molecules move faster through the matrix and
migrate further down the gel.
1 Longer, more convoluted ones migrate slower through the matrix and remain
closer to the top of the gel. Commented [A184]: Important!

The rate of migration in the agarose gel is affected by a number of factors. The
concentration of agarose is important. DNA fragments will run more slowly as the
agarose concentration is increased. The conformation of DNA is also a factor. Each
conformation runs at a different rate, with supercoiled DNA running the fastest and
linear running the slowest. The presence of ethidium bromide (EtBr) in the gel causes
DNA to run slower, as EtBr intercalates and uncoils DNA. EtBr has the unique property
of fluorescing under UV light. By running DNA through an EtBr-treated gel and exposing
it to UV light, distinct bands of DNA become visible. The voltage is also a factor in
migration and can only be so high before a decrease in resolution.

Procedure
1. Weigh out 0.7g of agarose.
2. Place the agarose into a 250mL conical flask.
3. Add 50mL of 1X TAE buffer, swirl to mix (good to use a large container as long
as it fits in the microwave, because the agarose boils over easily).
4. Notify your instructor that you are ready to microwave your agarose. Microwave
in 20 second intervals to melt the agarose i a total of 60 sec will probably be

sufficient.
5. The agarose solution can boil over very easily so keep checking it. It is good to Commented [A185]: Important note!
stop it after each 20 seconds, and give it a swirl. It can become superheated and Commented [A186]: Swi r| until ito

NOT boil until you take it out - whereupon it boils out all over on your hands.
6. Holdthe flaskatar mo6 s ds gown gatnyhit back to your lab bench.
7. Leave it to cool on the bench for 5 minutes.
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8. Seal your tray with the rubber inserts.

9. Pour the liquid gel slowly into the plastic container and push any bubbles away
to the side using a disposable tip. The benefit of pouring slowly is that most
bubbles stay up in the flask. Rinse out the flask immediately.

10.Insert a clean dry comb about 2 cm from the end of the gel and double check that
it is correctly positioned. This is considered the top of your gel.

Coolto 65°C, and
pour inta rmold Comb to

make wells
Finizhed ge%‘f\'eﬂs

Microwave
to boil

Mix agarose
and buffer

11. At this point the gel is supposed to sit for 15 minutes to harden. Please set a
timer for 15 minutes.
12.Please proceed to Exercise Il. but do not forget to return to your gel and take out
the comb at the appropriate time
13.Af t er you take out your comb, follow your instructords gui

gel to save for the next class. | ' Commented [A187]: Gels should be placed in a little
buffer and in Ziploc bags or covered with saran wrap. If
y o u cave &gbod-looking gels, you need to
EXERCISE Il. LOADING THE GEL AND ELECTROPHORESIS Wiz plionthekhowielitoitheoisection,

Background Once the gel is ready you will proceed with loading your samples and
electrophoresis. Familiarize yourself with the followina sunplies:

CIID rowinera I ;
'Sl wm = -Em
1 !
LOL® Gi® Gi® O30

Power Supply Gel Chamber with Electrodes:
Red (+) Black (-)
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You will be using Loading Buffer for electrophoresis. The buffer contains a low
molecular weight dye such as "bromophenol blue" to enable tracking the progress of the
electrophoresis and glycerol to make the DNA solution denser so it will sink into the
wells of the gel.

You will also be loading your gel with a DNA ladder along with your PCR products. A
DNA ladder (a mixture of DNA fragments, usually 10-20, of known size). The size of the
DNA strands that are separated is determined by comparison of their relative position to
that of the DNA strands of the DNA ladder. There are several DNA ladder mixes
commercially available.

** Prep Note: You will be using a gel made by the section before yours to
complete the electrophoresis activity. Your gel will be stored for use by the next
section. This will limit waiting time.**

[Procedure] ( Commented [A188]: We now have practice gels they |
1. Pour 1x TAE buffer into the gel tank to submerge the gel to 21 5mm depth. This is | S10u: LEe i
the running buffer. You must use the same buffer at this stage as you used to
make the gel.
2. Familiarize yourself with the samples you will be loading and into which lane they
should be deposited.
1 Lanel - 10uL DNA ladder
 Lane 2 -10uL No DNA
Template Control
Lane 3 - 10uL PCR product 1
Lane 4 - 10uL PCR product 2
Lane 5 - 10uL PCR product 3
1 Lane 6 - 10uL DNA ladder
3. Use a micropipette to load 10 pl from
each reaction tube into a well. Your
instructor may vary this procedure and
have you load the wells with DNA
before you pour the buffer.)
4. Close the gel tank. Remember that
DNA has a negative charge and will migrate toward the positive electrode.
Assure the electrodes are connected properly to the power supply. Red is
positive, and black is negative.
5. Switch on the power-source. You will run the gel according to instructions.
6. Be sure the voltage (100V) and AMPs are set correctly. Ask your instructor to
check the power supply, settings and hook-up. Commented [A190: Donédt | et t heurdo
7. Push frun.o I G I5Ee

= =4 =

Commented [A189]: You should demo this
successfully in your intro then again at each station as
needed.
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8. Check that a current is flowing. You can check this on the power-source, the
milliamps should be in the same ball-park as the voltage, but the best way is to
look at the
electrodes and
check that they are

Side view: Sample loaded
into well

) ’ Plastic gel box
evolving gas (ie.
bubbles). If not, Buffer
check the Electric field and .
connections and Direction of migration .
assure the power-
source is plugged Negative (-) Electrode Positive (+) Electrode

in. This has been
known to happen if people use water instead of running buffer.
9. Monitor the progress of the gel by reference to the marker dyes.

10. Stop the gel when the bromophenol blue has run 3/4 the length of the gel. ' Commented [AL91]: Usually about 30 minutes but
| they can go on to the next step while it runs!

EXERCISE Ill. VIEWING THE AGAROSE GEL AND RECORDING
RESULTS

Background After electrophoresis is complete, you will see a light band of loading dye
across the bottom, however what you CANNOT see are any bands of DNA. In order to
visualize the DNA the gels must be stained with ethidium bromide (EtBr) and exposed
to UV light. This is accomplished by soaking the gel in solutions of EtBr and rinsing.
Ethidium Bromide is a large molecule that resembles a DNA base pair. Because of its
chemical structure, it can intercalate (insert) into a DNA strand. Ethidium Bromide is
commonly used in molecular biology laboratories to stain electrophoresis gels. The
compound forms fluorescent complexes with nucleic acids which can be viewed under
UV light.

Our lab is equipped with a UV-

transilluminator and a safety hood with ' Commented [A192]: Show them ours and how to

viewing chamber (pictured at left). The UV _remove the eye protector.
light rays are carcinogenic and must not be

allowed to shine on exposed skin or eyes.

You may view a gel today that has been

photographed and laminated or the Instructor

may provide a gel from the previous lab on

the UV-transilluminator.
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There are few things to review to help you read the results of your gel:
1 The top of your gel is where the wells are located
1 The electrical current has pushed your PCR products (DNA samples), which
have a (-) charge, down through the gel, towards the positive (+) end.
1 The smaller pieces/fragments of your DNA will be located near the bottom of
your gel, as they travel faster.
1 The larger pieces/fragment of your DNA will be located closer to the top of your
gel, as they travel slower.
1 Each DNA fragment will appear as a fibanddo on your gel
The length of these fragments is measured in base pairs (bp)
1 To determine the length of your fragments in the gel, you must compare them to
fragments of known length in your DNA ladder.

=

Viewt he exampl e gel and accompanying | adder fkeyo bel ow.

PCR Products
DNA from DNA DNA

Ladder Samples Ladder

N
o
o
O
©

50 bp
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Brainstorm with your group in the space below. What do we now KNOW about the
DNA samples in the gel?

v

**Prep Note: You will be viewing the results of after your instructor has completed
process on a gel that was loaded and run exactly as you have in Exercise Il. This
reduces waiting time and prevents you from coming in contact with ethidium
bromide (a carcinogen), which is used to make the DNA bands visible on the gel**

Q. WHAT CAN WE LEARN ABOUT OUR DNA SAMPLES FROM GEL
ELECTROPHORESIS?

Procedure

You will be provided with a photo of your gel results or you may be able to view a gel
from a previous class under the UV-transilluminator. You will also be provided with a - .

. N K . Commented [A194]: We will discuss this in our
ke yo for t he DNA | add %ecordfymmresuﬂmm Tabklee10.1 anch O U| meeting. Hopefully, one of you can make us one to
Table 10.2. useé

Commented [A193]: If we have a gel, it must be
placed in the fridge each
and T and another made for W and R.

PROTECT YOUR EYES BY WEARING APPROPRIATE GOGGLE SHIELDS WHEN
VI EWI NG GELS¢é
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BIOGRAPHY - KARY BANKS MULLIS

Kary Banks Mullis is an American biochemist who developed
the polymerase chain reaction (PCR), for which he was
awarded the Nobel Prize in Chemistry and the Japan Prize in
1993. PCR remains one of the most influential molecular
techniques of our day, opening the door to a wide variety of
genetic and molecular research as well as applications in
medicine, forensics, paleontology and other fields.

AS a side note, Mullis is also well known for his use of LSD
and for his work with the DNA involved in the OJ Simpson
case.
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EXERCISE |. QUESTIONS

1. Briefly describe the steps involved in a PCR reaction.

2. Why d o e sTagpblymerase break down at high temperatures?

3. If your sample only contained about 100 DNA molecules about how many
strands would you create after 30 cycles?

EXERCISE Il. QUESTIONS

1. Describe what will occur if the person running a Gel Electrophoresis accidentally
places the electrodes in the opposite direction as required?

2. About how much PCR sample is loaded into a well?

3. Why did you run a sample called ADNA | addero?
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4. How do you know if the current is flowing, once you turn on the power supply?

EXERCISE lll. RESULTS

Table 10.1. The size of each fragment in the DNA ladder (top fragment = 1)

Ladder Fragment Size Fragment Size
Fragment ((s]9)) (ng/20uL)

1

2

10

Table 10.2. Results of gel electrophoresis on PCR products 1, 2 and 3

Sample  Lane Fragment Size Fragment Size
i (bp) (ng/20uL)

1 3

2 4

3 5
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EXERCISE |Il. QUESTIONS

1. Describe how we can see the DNA bands once the Gel Electrophoresis is
completed.

2. If any of the PCR reactions failed, suggest possible reasons why?

3. What new information do we now have regarding these samples?
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APPENDIX 1. LAB SAFETY

BIOL 121 may include laboratory exercises that may be hazardous if materials are handled or procedures
are conducted improperly. Safety precautions are necessary.

WKU has set regulations that must be upheld to insure the safety of all students in the laboratory. If you
experience problems with laboratory materials or equipment, ask the instructor for help. Before beginning
this course, you MUST complete the online Pre-Course Assessment, which includes a Safety Section.
The following is a brief synopsis of the information covered in Blackboard.

LAB SAFETY PROCEDURES

1. Dress appropriately (close-toed shoes!)

2. Eye protection (goggles!): approved eye protection is required whenever handling laboratory
chemicals or reagents.

3. Come prepared: read your manual before attending. This will help reduce likelihood of accidents
and reduce wasted time during class.

4. Keep desk clean: only keep necessary lab materials with youd the rest may be stored in the
shelves at the front.

5. REPORT any/all accidents IMMEDIATELY: you may not be aware of the dangers of the
chemicals you are using, so if you see something, say something.

6. Clearly label experimental glassware.

7. Locate all waste containers: do NOT place hazardous materials on the bench-top, in the trash, or
in the sink. Be respectful of your safety and the safety of others.

8. NO food, drinks, cosmetics, etc.: these benches are in contact with hazardous chemicals. You do
not want them on your face or in your mouth.

9. No excessive jewelry/cover body piercings: piercings may get caught on materials and/or leave
you susceptible to infection.

10. Restrain long hair: to avoid contact with acid or fire.

11. All cuts to the hands must be covered before entering the lab. Your laboratory first aid kit is
located on the back wall by the windows.

12. Keep all electronic devices put away (not on your person). Again, hazardous chemicals are used
often and you do not want them in contact with your electronics and/or skin.

13. Always wash and dry your hands before leaving the lab or handling any other objects.

Fire and Safety Policies: Know the locations of the following (your instructor will point these out)
Nearest fire alarm pull station First Aid Kit Shower station
Nearest fires extinguisher Eye wash station All waste disposal containers

Important Phone Numbers:

Emergency police services/fire & rescue: 9-1-1

WKU Police: 911 from a campus phone OR 270-745-2548 from any other phone
Biology Department: 270-745-4856

Environmental Health & Safety 270-745-6973

HEALTH: Please notify the instructor if you are:

Pregnant, breastfeeding, or planning on becoming pregnant

Have epilepsy, diabetes or a heart condition

Have serious allergies or a known infection

Colorblind

Being treated with immunosuppressive drugs such as corticosteroids

= =& =& —a —a
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APPENDIX 2. MEASUREMENT

Measurements in lab must be both accurate and precise. Accuracy is how close a
measured value is to the actual (true) value. Precision is how close the measured
values are to each other.

TOOLS USED TO MEASURE THE VOLUME OF LIQUIDS:

I

wleast accurate instrument for measuring volume

e Craduated cylinders

wVolumetric Flask: used to measure a single predetermined
volume

wErlenmeyer Flask: used to measure approximate volumes,
mixing, and sample storage

wPipettes: used to measure a volume of liquid that is being
transferred to another container

Always record the measured value of a liquid at the bottom of the meniscus: the
concave or convex surface of a liquid due to cohesion

You should always use the smallest possible vessel for your measurements. For
example, if you need to measure 25mL of solution, you would use 50mL flask, not a
125mL or 250mL.

When transferring small volumes, you will usually use a micropipette. Please see
Appendix 4 for information on using pipettes. Occasionally you may be asked to use

Afdropso from a dropper bottle instead.
I o ‘
— Fun Fact:

bottom of meniscus = 50 mL ¢ one drop =~ 50 L
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COMMON LAB EQUIPMENT

@ Test tube brush

Pipet bulb
Watch glass ;
Beaker Florence =
i flask g
] é
=
Erlenmeyer ]
flask -
1
£= I
——
S2 .
E E Graduated Thermometer
- = pipet
[
= |
Test tubes Graduated Condenser Buret Volumetric
cylinder pipet Scoopula
@<
Rubber stoppers %

Crucible and cover ~ Mortar and c:q':::':
pestle
Wire gauze
Crucible tongs
Test tube holder D
Clay triangle
Platform balance Ring stand Burner

(triple beam)
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APPENDIX 3. METRIC SYSTEM

The metric system is a standardized system of measurement used by scientists
throughout the world. It is also the most common system of measurement used in most
countries.... except the United States. Unlike the imperial system (IS) with which you are
most familiar (inches, miles, gallons, etc.), the metric system is based on units of 10 and
is thus much easier to use. The base metric units most commonly used in the biological

sciences include:

Meter i (m) i basic unit of length

Liter i (L) 7 basic unit of volume

Grami (g) i basic unit of mass

Degrees Celsius 7 ('C) T basic unit of temperature

From these base units, you can always convert into smaller or larger units by multiplying
or dividing by 10. Figure 1 lists several of the prefixes used in the metric system (the
most common in biology being kilo-, centi-, milli-, micro- and nano-). These prefixes are
standard and determine the relationship between a unit and the original base unit
(gram, liter, or meter). Below each unit is an example of an organism you would
measure using different factors of the base unit for length (meter) (look some of them
up! They are pretty cool).

The Metric System
(the smarter way to quantify science)
King Henry Died Unexpgctedly Drinking Chocolate | Milk Monday Night
Kilo | Hecto | Deca Deci | Centi | Milli | Micro | Nano
® ® @ | e (de) © (m) (W )
103 102 10 *Unit* 101 10-2 103 106 10
1000 100 10 0.1 0.01 0.001 0.000001 0.000000001
1
OR OR OR OR OR OR OR OR
Meter (length)

1 unit= 1 unit= 1 unit= Liter (volume) 1 unit= 1 unit= 1 unit= 1 unit= 1 unit=
0.001 0.01 0.1 10 100 1000 1,000,000 |1,000,000,000
kilo- hecto- deca- Gram (Mass) deci- centi- milli- micro- nano-

Ex: Honey |-|!ngus Ex: Quaking aspen| Ex: Blue Whale Ex: Gray Wolf Ex: Cal_'dilyat Ex: Monarch Ex: Fruit fly Ex: Bacteria Ex: Virus
ot | (oot | oo |G| ot | ety | @ooptie | i | tnuonz

<‘ DIVIDE numbers by 10 if you are getting bigger (move decimal point one space to left)

|

I MULTIPLY number by 10 if you are getting smaller (move decimal point one space to right) >
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WHY DO SCIENTISTS USE THE METRIC SYSTEM?

1. THE METRIC SYSTEM IS BASED ON UNITS OF 10 AND IS THUS MUCH
EASIER TO USE

Conversion can be easily accomplished by multiplying or dividing by the conversion
factor (10%, 102, etc.) which entails simply moving the decimal to the right (to convert to
smaller units) or to the left (to convert to larger units.

2. SCIENCE IS INTERNATIONAL AND COLLABORATIVE

We must be able to discuss our methods and results across borders. Most of the world
uses the metric system except for the US, Liberia and Myanmar.

3. YOU CAN COVERT BETWEEN TYPES OF MEASUREMENT: FROM LENGTH
TO VOLUME TO MASS: 1cm® =1mL = 1g

One cubic centimeter corresponds to a volume of 1 / 1,000,000 of a cubic meter, or 1/
1,000 of a litre, or one milliliter ( 1 ¢ m3 ).[Thelmags &f one cubic centimeter of
water at 3.98 °C (the temperature at which it attains its maximum density) is closely
equal to one gram.

METRIC PRACTICE

1. Convert3.0gtocg
The distance between neighbors is 87 m. Convert distance to cm.
3. You used 76.2 m of rope camping this weekend.
a. Calculate length in mm
b. Calculate length in km
4. Your laptop weighs 4 kg
a. Calculate massing
b. Calculate massin ng
5. Convert 152000 to scientific notation.
Convert 8.73 x 105 to standard notation
7. Convert 1 cm3to mL

n

o
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APPENDIX 4. PIPETTING

UNDERSTANDING A PIPETTE
1. The Plunger & Volume Dial

3.

4.

o

. Tip Ejector Button

o

Volume Indicator

o

If you SLOWLY push the plunger down, you will feel resistance. This is the first
stop designed for drawing up fluids. If you continue to push the plunger, you
will reach the end or second stop designed to expel fluid.

If you draw fluid using the second stop, it will over-draw and your experiment
will be compromised.
Also serves as volume
adjustment dial:
SLOWLY turn dial to
set the volume. DO
NOT set a pipette past
its listed capacity.

SLOWLY push to eject
a tip into the Biohazard
container.

Pipettes are labeled
with their capacity (1-
5mL; 100-1000m.
etc.).

The 1-5mL volume will
deliver solutions in
0.05mL increments.
The 100-1000nL
pipette delivers ’
solutions UP TO 1 mL ’
(1000 ni = 1 mL). - .
They can deliver 1-5mL pipette 100-1000 uL pipette

solutions in increments of 5 nL (0.005 mL).

Tips
o Disposable tips are provided in boxes. (Without using your hands!) Attach a tip

by GENTLY pushing pipette into tip and removing the tip from the box.
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GENERALAPI PETI QUETTEO

NEVER slam, drop, or smack pipette. They are sensitive and expensive.
NEVER turn the pipette sideways or upside down when fluid is in tip T it could
run backwards into the device.

NEVER set the pipette past its listed capacity.

ALWAYS use a tip. Keep box closed to maintain sterility.

NEVER dispose of tips in a trash can. Approved laboratory waste containers
only.

QUICK USER GUIDE

Nogas~wwdRE

Set the pipette

Attach the tip

Push plunger to first stop and hold

Immerse in fluid and release plunger

Transfer to desired container and place tip against side of container.
Push plunger to second stop to evacuate fluid

Eject tip into biohazard container
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APPENDIX 5. SPECTROMETRY

Wavelengths of light are associated with various colors due to their frequency.
When light hits an object or solution, wavelengths are either absorbed or
reflected/transmitted. We see color based on the associated wavelengths that are

] i transmitted (due to transparence) or reflected. We
Absorption Spectra of Pigments . .
do not see the colors associated with the

Chlorophyll
wavelengths that are absorbed.

B-Carotene

o

For example, view the absorption spectrum for
typical plant pigments. The graph shows that when
light hits a plant, purple, blue, red, and orange
wavelengths have high absorbance values-
meaning they are mostly absorbed by the plant and
we don not see these colors. Green and yellow
wavelengths have low absorbance values- meaning
they are reflected... this is what gives plants their
green color!

ST TTALL LY o

Absorption of light

350 400 450 500 550 600 650 700
Wavelength (nm)

When a color-sensitive indicator is applied to a solution (e.g., Biuret to indicate protein)
the absorbance values are directly proportional to the concentration in the solution.

1 High Concentration = Dark Color = High Absorbance Values

M Low Concentration = Lighter Color = Low Absorbance Values
Spectrometers provide the absorbance values for a given sample. By passing a
specified wavelength through the sample at a constant distance (see below). .

Collimator Wavelength Selector  Detector
(lens) (slit) (Photocell) |k
» AN B 020 |
i » » A‘l Io I
€ Digital
Light Source Monochromator Sample Solution Meter
(Prism or grating) (in cuvette)

ABSORBANCE OF LIGHT BY A SUBSTANCE IS DIRECTLY
PROPORTIONAL (LINEARLY RELATED) TO ITS CONCENTRATION.
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Throughout BIOL 121 you will use a Vernier LabQuest 2 and V-spec spectrophotometer
to determine the absorption of samples with known and unknown concentrations. By
setting up a calibration graph using known concentrations, you can then determine
unknown concentrations from absorption (see example below). Throughout this course,
you will determine the concentration of unknown samples using absorption.

CALIBRATION GRAPH

1.2 . . /
Calibration Prar
101 Graph
® -~
8 08- s -
3 -
é 06 =
g 0.4 / e -
021, 7
667 854
0.0 — .
0 500 1000 1500 2000

Protein Concentration (pg/mi)

MATERIALS

A\ LABQUEST 2 L1

Vernier .
Cuvettes with samples
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SPECTROMETRY INSTRUCTIONS

1. Power on LabQuest 2.
2. Plug in to outlet and spectrophotometer. Wait 15 seconds. It should display an
orange/red box with AUSB: Abs. o | f_

Nt

CALIBRATE 7 EVERY TIME!

3. Tap orange screen with stylus and click
icCali brate. o

4. Wait 90 seconds for lamp to warmup.

5. NOTE: Cuvettes are square and have two
clear sides and two sides for labeling or
gripping the cuvette. The cuvette should
always be oriented in the V-Spec so the
light passes through the clear sides. Locate
the light source in the V-Spec, and ask
questions if you are not clear. Always pay
attention to this detail.

6. After warmup, place blank (DI water)
cuvette into spectrophotometer. Make sure
purple light passes through clear side of
cuvette.

7. Tap AFinish Calibrationo a

8. Remove blank
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SET MAXIMUM ABSORBANCE i EVERY TIME!

9. Check AModed box to r
n AFul

sureitis i

10.Place 500mg (or middle concentration as
instructed) sample into spectrophotometer.
Below the orange screen on the LabQuest
you will see a green arrow; this is the
start/stop button. Tap the start button (green
arrow) until the spectrum screen loads and
then Tap the same button (now a red square)
to stop the scanning of your sample.

11.You should now see a complete spectrum of
the protein solution and the wavelength of
maximum absorbance given at the bottom
right corner of the screen.

122Record the fiWavel engt

right corner. This is your maximum
absorbance. Generally ~660nm.

13.Remove 500mg sample

14.To read samples at maximum absorbance,
tap the meter symbol at very top left of
screen (see left) to return to home screen.

155 Tap on fAModeodo box on

16.Tap on dropdown box
EvenA 8OKYWADI scard dat
now be able to send the wavelength of
maximum absorbance through all the
samples to get an equal reading across all
protein concentrations.

17.Red/orange box should now display your
maximum absorbance wavelength and then
provide you a number. It is normal for this to
be less than zero when no cuvette is there.

a

I Spectru

9

of screen

to make

no given

bottom

e

reen

q

16

hoose
ou wi

fiSel
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