





7. ENZYMES

A. DIGESTION OF STARCH BY

SALIVARY AMYLASE

Saliva contains salivary amylase, an enzyme that digests starch
into sugars. In this lab you will test for the disappearance of
starch (substrate) and the appearance of sugar (product). By
doing this the effects of pH and heat denaturation on enzyme

activity can be determined.

The digestion of starch begins in the mouth, where it is mixed
with saliva containing the enzyme salivary amylase. Starch,
which is a large molecule made of many linked glucose
subunits is cut up (hydrolyzed) by the amylase enzyme into
shorter the disaccharide maltose and eventually into sugar
(Figure 7.2).

In this experiment, you will test the effects of pH and tem-
perature on the activity of salivary amylase by checking for
the disappearance of substrate (starch) and the appearance
of product (sugar) at the end of the incubation period. The
appearance of sugar in the incubation medium will be deter-
mined by the Benedict’s test. Benedict’s reagent can be used
to test for the presence of sugars. If sugars are present, the
solution will turn from blue to green to yellow, to red-orange,

depending on the amount of simple sugar.

Figure 7.3
Starch Test

Incubate at 37 C
for 1-1.5 hours

Test samples of each solution ‘
on a spot plate for starch by

'
3
boiled

Figure 7.2

Amylase enzyme digests starch by breaking it into the disaccharide
maltose and eventually into individual glucose molecules

\ Amylase Enzyme

Maltose QCQ DO

PROCEDURE
1. Label four clean test tubes 1 — 4.

2. Add 1.0 mL of distilled water to tube 1.

3. Add 1.0 mL of amylase solution to tubes 2 and 3.

4. Add three drops of concentrated hydrochloric acid (HCI)
to tube 3.

5. Add 1.0 mL of this boiled amylase solution to tube 4.
6. Add 5.0 mL of cooked starch (provided by instructor) to

each of the four tubes and mix thoroughly.

7. Allow the tubes to incubate for 1 to 1.5 hours in a 37°C
water bath.

A

adding a drop of iodine
solution (Lugol’s reagent).

Test the remaining solution in
the test tubes for sugar by
adding Benedict’s reagent

and heating.
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At the end of the incubation period.

8. Using clean droppers transfer about 1 mL of each solution
into separate wells on a spot plate.

9. Test the set of solutions on the spot plate for starch by

a. Add 5.0 mL of Benedict’s reagent to each of the four
test tubes and immerse them in a rapidly boiling water
bath for 2 minutes.

b. Remove the tubes from the boiling water with a
test-tube clamp and rate the amount of reducing sugar

adding a drop of iodine solution (Lugol’s reagent). A present according to the scale on Table 7.3 below.

purplish black color indicates the presence of starch.

10. Enter your results for Lugol’s test in Table 7.2.

11. Test the remaining solution in the test tubes for sugars in
the following way:

Table 7.2 Results of Starch Test

12. Enter your results for Benedict’s Test in Table 7.4 below.

13. Discard the contents of each test tube into the labeled
waste container provided by the instructor.

Sample Color Change Conclusion

1. Starch + Water

2. Starch + Amylase

3. Starch + Amylase + HCI

4. Starch + Boiled Amylase

Table 7.3 Benedict’s Test result color scale.

Color Meaning Shorthand
Blue No sugar present -

Green Small quantity of sugar present +

Yellow Medium quantity of sugar present ++

Orange Large quantity of sugar present +++

Red Very large quantity of sugar present o+t
Brown Sample overheated

Table 7.4 Results of Sugar Test

Sample Color Change

Conclusion

1. Starch + Water

2. Starch + Amylase

3. Starch + Amylase + HCI

4. Starch + Boiled Amylase
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REVIEW QUESTIONS

1. Which tubes contained the MOST STARCH after incu-
bation? Which contained the least?
Most:

Least:

2. Which tubes contained the MOST SUGAR after incuba-
tion? Which contained the least?
Most:

Least:
3. What happened to the starch in the tubes that contained

the least amount of starch? Where did the sugar come

from?

4. What effect did adding acid have on the function of the
salivary amylase? What do you think happens to the action
of salivary amylase when food is swallowed and enters the

stomach? (Hint: see tube #3)

5. What effect do you think cooking has on enzyme activity?
(Hint: see tube #4)

B. DIGESTION OF EGG ALBUMIN

BY PEPSIN

Pepsin is an enzyme that hydrolyzes the peptide bonds of
proteins and thus digests proteins into smaller polypeptide
fragments. Pepsin is maximally active under the acidic con-
ditions found in the gastric juice of the stomach. The low pH
of the stomach is due to the secretion of HCI by the gastric
glands. The strongacidity of the stomach denatures swallowed

proteins which helps pepsin by increasing the exposure of the

peptide bonds of protein and kills most microorganisms.

Pepsin digests only about 15% of protein. Removal of the
entire stomach has little effect on protein digestion. The
major site of protein digestion is the small intestine, where
the enzymes trypsin and chymotrypsin (secreted by the
pancreas) and others digest proteins and smaller polypeptides

into absorbable amino acids.

Figure 7.4
Digestion of Egg Albumin
acid water acid acid by Pepsin
Incubate tubes 1-3at37C
for 1-1.5 hours. Place tube
4 in the freezer for the
@ @ @ same time period. Observe the
~— M~—— — — > appearance of the
water pepsin pepsin pepsin egg white
T\ D\ T
Place in
freezer
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PROCEDURE

1. Label four clean test tubes 1-4.

2. Using a sharp scalpel or razor blade, cut slices of egg white
about the size of a fingernail and as thin as possible (paper
thin). Itis essential that the slices be very thin and uniform
in size. Place a slice of egg white at the bottom of each of

the five test tubes.
3. Add 5.0 mL of distilled water to tube 1.
4. Add 5.0 mL of pepsin solution to tubes 2, 3 and 4.

5. Add one drop of concentrated hydrochloric acid (HCI) to
tubes 1, 3 and 4.

6. Add one drop of distilled water to tube 2.

7. Place tubes 1, 2 and 3 in a 37°C water bath.

8. Place tube 4 in a freezer or ice bath.

9. Allow the tubes to incubate for 1 to 1.5 hours.

At the end of the incubation period:

10. Remove the tubes from the water bath and record the

appearance of the egg white in Table 7.5 below.

REVIEW QUESTIONS

1. Which tube showed the most digestion of egg white?

Table 7.5 Results of Pepsin Test

2. What can you conclude about the pH optimum for

pepsin?

3. Compare the effects of HCI on digestion of protein (by
pepsin) and the digestion of starch (by amylase).

4. Using the results of this exercise as support, explain
why frozen food lasts longer than food kept at room

temperature.

Starting Contents _Il_r;(::gatlon Appearance of Egg White AFTER Incubation
1. Egg White + Water + HCI 37°C

2. Egg White + Pepsin + Water 37°C

3. Egg White + Pepsin + HCI 37°C

4. Egg White + Pepsin + HCI 0°C
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C. DIGESTION OF FAT BY PANCREATIC

JUICE AND BILE SALTS

Lipase is a fat digesting enzyme that can break the bonds
joining fatty acids with glycerol. Maximum lipase activity is

produced when fat is emulsified by bile salts.

The major digestion of fat occurs in the small intestine. The
digestion of fat in the small intestine is dependent upon the
presence of bile, which is produced by the liver, and the lipase
enzyme produced by the pancreas (the gallbladder serves only
to store and concentrate the bile). Since fat is insoluble in
water, the fat entering the intestine from the stomach is in the
form of large droplets, which contain the fat-soluble vitamins
A, D, E and K. The detergent action of bile salts lowers the
surface tension of these large droplets allowing them to break
up into smaller droplets and preventing large droplets from
reforming (a process called emulsification). In this way, more
surface area is presented to the lipase enzymes, permitting the

digestion of fat and the release of the fat-soluble vitamins.

In this experiment, we will test the digest of fat into glycerol
and fatty acids by measuring the decrease in pH produced by
the liberation of free fatty acids, as the digestion of triglycer-

ides proceeds.

Figure 7.5
Digestion of Fat by Pancreatic Juice
and Bile Salts
«—
| | i
N— N—| N—|
(_bile } O (_bile }
Pan Pan
water . A
solution| [solution
N N

1. Label three clean test tubes 1-3.
2. Add the following to the indicated test tubes (try to
complete steps 2-4 as quickly as possible).

Tube 1: 3.0 mL of whole milk + 5.0 mL of water + a
“pinch” of bile salts

Tube 2: 3.0 mL of whole milk + 5.0 mL of pancreatin
solution

Tube 3: 3.0 mL of whole milk + 5.0 mL of pancreatin

solution + a “pinch” of bile salts

3. Thoroughly mix the contents of each tube.
4. Immediately measure the pH of each tube and record in the

data table below (this is the starting pH for time zero).

To check pH: Obtain 3 spot plates, one for each tube. Label
the spot plates: Tube 1, Tube 2 and Tube 3. Tear off 24 1 cm
pieces of pH paper. Place one piece of pH paper in the first
8 wells of each spot plate. Using a separate disposable pipette
for each tube, take a drop of the solution in the test tube and
drop it into the first well containing the pH paper. Compare
the color of the pH paper to the scale of the box. Repeat for

each test tube.

5. Place the tubes in a 37°C water bath and allow the tubes

to incubate.

Use glass rods
to mix solution

Mix and incubate at 37 C.
Remove, check pH, mix
and return to water bath at
appropriate time intervals.

Record pH values at

> each time interval.
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6. After 1 minute check the pH of the solutions and record in

the data table below. Thoroughly mix the contests of each

tube and return to the water bath.

Repeat at 2, 3, 5, 10, 20 and 30 minutes from the starting

time (or until no further change in pH is noted).

7. Record your data in the table below.

Time

1: Fat + Bile Salts

2: Fat + Pancreatin

3: Fat + Bile Salts +
Pancreatin

0 minutes

1 minute

2 minutes

3 minutes

5 minutes

10 minutes

20 minutes

30 minutes
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- REVIEW QUESTIONS

1. Why does fat digestion affect the pH of a solution?

2. In which tube did fat digestion occur most rapidly?

3. Do bile salts digest fats? What do bile salts do?

4. Explain what emulsification means. How does emulsifica-

tion aid in fat digestion?







OBJECTIVES

1. Describe the separation of plant pigments by paper
chromatography.

\®)

. Describe how white light is composed of many colors of
light and the benefit of a plant utilizing several photosyn-

thetic pigments.

jSS

. Describe the structures in a leaf and how they are involved

in photosynthesis.

W™

. Explain the effects of gravity and light on the growth of

plants.

INTRODUCTION

The Earth is an open system constantly requiring an input of
energy to drive the processes of life. Most energy entering the
biosphere is channeled from the sun into organic molecules
via the process of photosynthesis. As the sun’s hydrogen
is converted to helium, energy in the form of photons is
produced. These photons are passed to the Earth’s surface
and are absorbed by pigments in the chloroplasts of algae,
plants, and some bacteria, initiating the light process of
photosynthesis. Photosynthesis ultimately produces glucose and

oxygen from carbon dioxide and water.

Photosynthesis Summary Equation

sunlight
6 CO,+12H,0 e > CH,O + 6 H,O + O,

The equation says that when light is present, plants consume
carbon dioxide and water to make glucose and oxygen. The
plants get the water for photosynthesis from the soil. Carbon
dioxide is a gas that is freely available to the plants from the

air.

3. PLANTS

A variety of chemicals termed pigments are produced by
plant cells (also by algae and photosynthesizing bacterial
cells). Pigments are chemical molecules that absorb some
photons in the light spectrum and reflect other light waves.
Colors in plants that we see are produced by the reflection or

transmittance of light waves NOT absorbed.

The mostimportant pigments of photosynthesizing organisms
are the green pigments chlorophyll a and chlorophyll b

located in plant cell organelles called chloroplasts.

Blues, violets, purples, pinks and dark reds are usually
produced by a group of water soluble pigments, the anthocy-
anins, that are located in cell vacuoles and do not contribute
to photosynthesis. We can isolate water soluble pigment by

placing these leaves in water and gently heating.

Yellow, orange and bright red pigments produced by caro-
tenoids are also in chloroplasts. In this lab we will isolate
chlorophyll a, chlorophyll b and the carotenoids — carotenes
and xanthophylls.

A. [SOLATION OF PLANT PIGMENTS

USING PAPER CHROMATOGRAPHY

In this lab you will isolate at least four different pigments that
are in the leaves of spinach, grasses and other green plants. In
order to separate these four organic molecules we will use the

technique of paper chromatography.
In this experiment we will isolate:

1. chlorophyll a (yellow-green)
2. chlorophyll b (blue-green)
3. carotenes (orange-yellow)

4. xanthophylls (yellow)
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[ }

In the fields of cellular biology and biochemistry, research

often involves trying to isolate (purify) one molecule away
from many other molecules. For example, in the 1960’s
researchers discovered that the bark of the yew tree could
fight many types of cancers. But the yew tree (like any other
living organism) contains thousands of different organic
molecules. To make an effective medicine from the yew, the
researchers had to isolate the one cancer-fighting molecule
from the thousands of other molecules. It took them 5 years,
but eventually they did isolate the anti-cancer molecule. This
molecule, taxol, is now widely used in the fight against breast

and ovarian cancer.

Paper chromatography separates molecules from each other

based on their solubility in particular solvents. In today’s
lab we will be using a solvent composed of petroleum ether
and acetone, which have no charged groups and are therefore

nonpolar.

When you place a mixture of the pigments from leaves onto
strips of paper, the pigments will adhere to the paper. When
you place the tip of the paper in a solvent, the solvent will
also absorb to the cellulose fibers and then the solvent will
diffuse up the paper. As the solvent passes through the line
of inoculation, the adhering pigments will dissolve in the
moving solvent. The pigments, depending upon their size and
polarity or non-polarity will move upward with the solvent.
However, because the molecules of pigment are much larger
than the solvent, they will move slower. In addition, each of
the pigments has different sizes and solubility in the solvent
so their rates of movement may vary. The pigments most
similar to the solvent (most nonpolar) will dissolve more
readily in the nonpolar solvent. This allows us to separate the

four pigments on the paper.

To visualize the process, think of runners in a race. The
mixture of molecules at the beginning of the experiment is
like the runners bunched up together at the starting line.

The race course is the chromatography paper. Because the
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runners run at different speeds on the race course they cross

the finish line separated from each other.

* MATERIALS FOR EACH GROUP

1. Vials or test tubes with cork tops: 1 per group
2. Spinach leaves

3. Forceps

4. 1 pre-cut chromatography papers

Note: Wear gloves when handling the paper — otherwise
proteins, oils and other substances in and on the tissues
in your fingers will be placed on the paper and interfere
with the plant pigment isolation.

5. Chromatography solvent (petroleum ether and acetone).
The level of the solvent should be BELOW the inocula-
tion line of the spinach on the paper. 7he solvent will be
in the vials already. Do not open until ready to place the
papers in the vials.
should not be inhaled.

- PROCEDURE |

Work in the hood, organic molecules

Read the methods thoroughly before beginning!!!

1. Obtain a piece of chromotography paper and measure it
against the side of the vial. Cut the paper so it will freely
hang from the pin inside the vial (See Figure 8.1).

2. With a pencil (not ink!), lightly draw a line 15mm above
the edge of one end of the paper, this is the inoculation
line. This line will be placed closest to the solvent in the
bottom of the chromatography vial so the solvent will

diffuse up the length of the paper.

3. With a pencil lightly draw a line 5-10mm from the other
end of the paper (Figure 8.1). This will mark the highest
level that you allow the solvent to run before withdraw-
ing the paper from the vial.

4. Place a piece of spinach over the line. Rub the ribbed
edge of a coin over the spinach leaf to forcefully extract
the pigments. Repeat 8-10 times, streaking the line with
a fresh section of the leaf each time. Do NOT streak
outside the line if at all possible. You need to have a band
of green along the pencil line; the darker and thinner the
band of pigments, the better the results. Do not place in
the solvent vial until the streak is DRY; the drier the line,
the better the separation of the different pigments.

5. Working in the fume hood, open the chromatography vial
containing the petroleum ether and acetone solvent. Use
forceps to carefully lower the paper into the tube and hook
onto the pin. Do not inhale the solvent.
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10.

a) Place the chromatography paper in the vial so that
the pigment end of the paper is in the solvent but the
solvent is below the inoculated green line. Try not
to allow the paper to adhere to the side of the vial, if

possible.

b) Cap the vial tightly and as quickly as possible as a
saturated atmosphere of the solvent is important.

Leave the vial undisturbed until the solvent reaches
approximately 5-10mm from the top of the strip.
Watch the front of the solvent closely as it proceeds
up the paper cylinder. This should take 3-10 minutes.

The solvent is not pigmented but appears as a traveling
damp portion of the paper. The solvent front flows much
faster than the separating pigments. Do NOT allow the
solvent to flow over the end of the paper before with-
drawing the paper, again holding it with forceps. Be
sure to re-cap the vial.

With a pencil mark the solvent front as the liquid evapo-
rates - it will NOT leave a mark of its own. If the line is
jagged, trace it as jagged. Hopefully it will be straight.
Do not tear the paper with the pencil.

Carefully, mark with a pencil the location of the front
of each band of color. If the extraction was complete
you should see four bands. Note the color of each band
on the strip once it has dried. The bands tend to fade
very rapidly so marking the original chromatograph is
important.

In the results section, sketch the chromatography paper
with the separated pigments. Label the color of the
various bands. The front or leading edge of the paper
should be at the top of the diagram. The pencil line
where the pigment was added should be at the bottom.
Try to space the distances of the lines as they appear on
the paper. The use of colored pencils or pen (when the
paper is dry or the ink will flow) assists with viewing.
Please attach the chromatogram to your lab report in
addition to this drawing.

From the original inoculating line measure in mm the
front of each of the pigment lines. Place this number
(in mm) in Table 8.1. Record the total distance traveled
by the front (in mm) under your drawing made in #8.
Calculate the relative mobilities of each of the pigments
by using the formula given for calculating the ratio of
mobilities or R, value. This number is the fraction of
the whole (1.00) and should be about the same for each
chromatograph done in class. Differences between chro-
matographs would be due to techniques as any molecule

in a given solvent matrix has a uniquely consistent R
The R, value is used by scientists to identify unknown
molecules when compared to known molecules run on
the same chromatograph. If we wanted to compare
our spinach results with other plant leaves we would
run larger chromatographs with inoculations of the two
leaves and compare the spinach leaves with the unknown

(new leaf) to locate and identify the pigments extracted.

Figure 8.1

Paper Chromatography Setup

solsent
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|  REVIEW.QUESTIONS

Sketch the chromatography paper with the solvent front and 1. Which pigment appears to be the most non-polar?
the separated pigments. Label the color of the various bands.
The front or leading edge of the paper should be near the top
of the diagram but should be at the top of the paper. The
pencil line where the pigment was added should be at the
bottom (15mm from bottom). Try to space the distances
of the lines as they appear on the paper. The use of colored

Explain.

pencils or pen assists with viewing this figure.

2. What pigment is the most polar? Explain.

Table 8.1: Calculation of the Rf (ratio-factor) values for each pigment
using the formula:

the solvent front (mm): Bet ‘
eta-carotenes

Xanthophylls

Distance moved by solute (pigment)

R =
" Distance moved by the solvent (leading line) | Chlorophyll a

Chlorophyll b

* Please show your work for these calculations



3. What types of experimental error could influence the

outcome of the separations. List and explain.

4. How do your Rf values compare with those of your

classmates?

Epidermal cells

8. PLANTS @

B, VIEWING LEAF CELLS

The cells that form the top and the bottom surface of a leaf are
called epidermal cells. Their job is to form a water-tight skin
to protect the leaf from dehydration. They do not perform
photosynthesis. The cells located in the middle of the leaf,
called mesophyll cells, are the ones that perform photosyn-
thesis (Figure 8.2).

The mesophyll cells need carbon dioxide from the air to
perform photosynthesis, and they need a way to get rid of
the oxygen produced by photosynthesis. To allow CO, and
O, gases to travel between the mesophyll cells and the air,
there are small openings in the lower surface of the leaf. These
openings are called stomata. Each stoma is surrounded by a
pair of lip-shaped cells called guard cells. The guard cells can
open or close the stoma in the same way that your lips can

open or close your mouth.

Figure 8.2
Leaf Cross Section

mesophyll cell

Q2 Guard cells
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In this section you will observe mesophyll and guard cells

using your microscope.

1. Obtain a microscope slide, a cover slip, and one leaf from

the water plant elodea. Make a wet mount of one elodea

leaf.

2. View the leaf using the 40X objective lens (remember to
focus first on 4X and 10X). You should be able to clearly
see the chloroplasts inside the mesophyll cells.

3. Sketch one mesophyll cell in the space to the below. Label
the cell wall, the chloroplasts, and the cytoplasm in your

drawing.

4. Estimate the number of chloroplasts in the cell you

sketched.
Chloroplast number:

5. Dispose of the elodea leaf. Obtain a leaf from the Mother
of Thousands plant (scientific name: Kalanchoe daigremon-
tiana). Bend the leaf gently until it snaps. Peel off a piece
of the epidermis, which is the thin outermost layer of cells
(it looks like a piece of scotch tape). You may need forceps

(tweezers) to pull off the epidermis.

6. Make a wet mount of the epidermis and view it under
40X. Notice that most of the cells have irregular shape like

pieces of a jigsaw puzzle.

7. Find a pair of guard cells. They look like pairs of green
lips. Guard cells surround the stomata (the hole in the leaf

where the CO, enters and the O, exits). During hot days
8-6

the guard cells block the stomata to prevent water from

evaporation through the opening.

8. Sketch the guard cells in the space to the
below. Label the guard cells and the stomata.
Include in your drawing several of the jigsaw-like epidermal

cells around the guard cells.

9. Wash all slides in deionized water, dry them and put them
back in their boxes. Cover slips can be disposed of in glass

waste.

REVIEW QUESTIONS

1. What is the function of epidermal cells? Of mesophyll
cells? Of guard cells?

2. What gas passes into the stomata? What gas passes out of

the stomata?
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C. INVESTIGATING THE EFFECTS OF

GRAVITROPISM ON PLANT GROWTH

Tropisms are directional and irreversible growth responses
of plants to external stimuli. Plants respond to gravity and
to light, with roots growing downwards and away from the
light, and shoots growing upwards and towards the light. The
response to gravity is called gravitropism, and the response to
light is called phototropism. This makes roots grow into the
ground towards nutrient and water supplies, and secure the
plant in the ground, and shoots grow up towards the light to

allow leaves to use sunlight to create food (photosynthesis).

- EXPERIMENTAL SETUP

Your instructor has set up an experiment to test the effects of

gravitropism on tomato plants. 4 tomato plants were set up

as follows:

Plant 1: Grown in a pot normally.
Plant 2: Grown in a pot upside down.
Plant 3: Grown in a pot sideways.

Plant 4: Grown in a pot sideways, on a rotating wheel.

Five important things to remember about hypotheses are:
1. A hypothesis should be consistent with existing observa-

tions and known information regarding the question.

2. A hypothesis is formulated before the experiment, not after

the experiment.

3. A hypothesis must be presented as a statement of predicted

outcome, not as a question (use a complete sentence!).

4. The experimental results can prove the hypothesis wrong,
or provide evidence to support the hypothesis, but a

hypothesis cannot be proven true.

5. It is ok if your results do not support your hypothesis.
Valuable information can be gained when a hypothesis is

proven false.

Write a hypothesis for the research question below.

Question: Will the leaves on the plants remain in the same

orientation or change?

Hypothesis:

Recall that in designing a controlled experiment, the inves-
tigator must have two setups: first an experimental setup
that receives the test treatment (known as the independent
variable), and a second control setup that does not receive
the test treatment (the independent variable is absent or set
at a standard value). The two setups must be identical except
for the independent variable so that the investigator is able
to attribute changes between the two groups, the dependent
variable, to the test treatment. All of the factors that are
kept equal in the experiment and control setups are called the

standardized variables.

a. Dependent variable: what is measured, results of the

experiment.

b. Independent variable: what the researcher deliberately
alters during the experiment or the factor that is different

between experimental groups.

c. Standardized (controlled) variables: all factors that
can vary, but are kept constant or equal during the

experiment.
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[

1. Which plant represents the control set-up?

2. What are the variables in this experiment?

Independent variable:

Dependent variable:

Standardized variables:

CResuurs

Fill in Table 8.2 with the results from the tomato plant

experiment.

Table 8.2: Direction of leaf growth under various growth

conditions.

Normal

Upside down

Sideways

Sideways, Rotating

Do you think the results of the experiment support your
hypothesis? Explain.



OBJECTIVES

At the end of this lab, you should be able to:
1. Describe and explain fermentation.
2. Construct tables and graphs.

3. Design and conduct a scientific investigation.

INTRODUCTION

In today’s laboratory, you will study fermentation in yeast.
Fermentation is the conversion of a carbohydrate such as
sugar into an acid or alcohol. In yeast, fermentation changes

sugar into alcohol.

In yeast and humans, fermentation occurs in the following

way:

CH,0, — 2CO, + 2CHOH + 2ATP

glucose carbon ethanol

dioxide

Yeast is used by the wine and beer industries to ferment the
carbohydrates in fruits and grains to alcohol. In baking, the
carbon dioxide given off from yeast fermentation causes bread
to rise. Lactic acid is produced as a result of fermentation in
animals and some microbes. This form of fermentation helps
produce yogurt and many cheeses, as well as products like

chocolate and sourdough bread.

A. OBSERVING FERMENTATION

Follow the procedure below and record all observations in the
box labeled Observation. See Figure 9.1 on the next page for
a diagram of the Experimental Setup.

PROCEDURE

1. Obtain one whirlpac bag and label it with the table number

and contents using a permanent marker.

2. Weight out 5g of yeast by slowly adding the yeast to a

weighing pan on a balance.

9. YEAST FERMENTATION

3. Place the yeast in the whirlpac bag. Observe the yeast

granules. Record your observation in Table 9.1.

4. Caution: In this step you will be working with very warm
water, handle the beaker carefully. Take your graduated
cylinder to the water bath. Carefully remove a beaker of
warm water and measure 10 ml of 55°C water into the

graduated cylinder. Return the beaker to the hot water

bath.

5. Return to your table and add the warm water from the
graduated cylinder to the whirlpac bag. Gently knead the
bag with your fingers to mix the water and yeast. Observe
the appearance of the yeast and water mixture. Record

your observations in Table 9.1 on the next page.

6. Weigh out 5 g of sugar. Add the sugar to the whirlpac bag.
Gently knead the bag with your fingers to mix.

7. Squeeze the air out of the bad and “whirl” it twice around
the white strip. Then bend the white tabs back against the
bag. Check the bag for leaks.

8. Obtain a 1000 ml beaker. Measure 500 ml of warm water
from the water bath with a graduated cylinder. Place the
water and the sealed whirlpac bag in the 1000 ml beaker.

9. Record the exact temperature of the water as an observa-
tion in Table 9.1 on the next page. It should be around
55°C. Label your beaker with your table number and put
it back in the water bath. Note its location in the bath.

10. Observe the bag for 10 minutes or until it has fully
expanded with gas — whichever comes first. Record your
observations in Table 9.1 on the next page.

11. After 10 minutes have elapsed (or the bag is fully
expanded), remove the beaker from the bath and
submerge the expanded whirlpac bag. Mark the new
water level on the beaker with a grease pencil.

12. Carefully remove the bag from the beaker without spilling
any water and dispose of it in a trash container.

13. Fill the beaker with additional 55°C water up to the water

level mark.
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14. Pour off exactly 500 ml of water into a graduated cylinder.
This represents the original 500 ml of water you started
with. Empty the water from the graduated cylinder back
into the beaker in the water bath.

15. Pour the water remaining in the beaker into a graduated
cylinder. This number represents the volume of the gas
produced plus the volume of the bag, liquid and yeast.
Substract 16ml (the volume of the bag, yeast and liquid alone)

from your number above. Record the new number in Table

9.1. This represents the volume of gas produced alone.

#8 #9
N
N
Ju— ‘ 500ml of
f— 55°C water
— Plastic bag —_——
j— w/yeast, )
p— sugar and
I water

% Fill to
Water vr;aat:(r
mark —p>

—
#12/13

Table 9.1. Fermentation Observations

New water level =

16. Return the beaker to the water bath and refill it with
warm water from the bath.

17. Remove the grease pencil mark from the beaker.

Figure 9.1

Experiment Setup

#10 & #11

(mark this new

level) EEEEFET—= 4— Otto dunker
Beaker w/ Bag filled w/
500ml of gas
55°C water
/\‘o /\‘c
é 500ml of —
p— water pu—
=< =
g CE.; 2

3+
-
wn

#14

Place an asterick (*) beside the observations that are quantified.
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B. ASKING QUESTIONS, DEVELOPING

HYPOTHESES AND EXPERIMENTATION

The scientific method starts with observations. Observations
naturally lead to questions. You may have wondered how the
yeast, sugar and water mixture made the gas you observed.
Yeast are living organisms and like all life forms, they require
energy to survive. In this example, the sugar in the solution
provided energy for the yeast. As the yeast cells broke down
the sugar molecules, carbon dioxide gas (CO,) was given off

as a waste product.

In science, answers to questions inevitably lead to more
questions. For instance, knowing what you now know about
yeast and sugar, you might ask:

1. Will yeast produce gas in the presence of the sweeteners
found in common beverages such as regular soda, diet
soda and fruit juice?

2. If so, in which beverage, regular soda, diet soda or fruit

juice will yeast produce the most gas?

You may think you have the answers to these questions.
When scientists formulate a tentative explanation to a
research question it is called a hypothesis. For example,
suppose we pose the question “Is there a relationship between
where a student sits in class and his/her final grade in Biology
10?” A reasonable hypothesis would be “Students who sit
in the front four rows of seats during lecture receive, on the
average, higher grades than the students sitting in the back

four rows.”

Write a hypothesis for each research question below. Read
the package labels on the regular soda, diet soda, fruit juice

and bottled water for help in formulating your hypotheses.

1. Question: Will yeast produce gas in the presence of the
sweeteners found in common beverages such as regular soda,
diet soda, and fruit juice?

Hypothesis:

2. Question: In which beverage, regular soda, diet soda or
fruit juice will yeast produce the most gas?

Hypothesis:

Once the question has been identified and hypothesis formu-
lated, an investigator designs an experiment. In designing a
controlled experiment, the investigator must have two setups:
first an experimental setup that receives the test treatment
(known as the independent variable), and a second control
setup that does not receive the test treatment (the independent
variable is absent or set at a standard value). The two setups
must be identical except for the independent variable so that
the investigator is able to attribute changes between the two
groups, the dependent variable, to the test treatment. All of
the factors that are kept equal in the experiment and control

setups are called the standardized variables.

a. Dependent variable: what is measured, results of the

experiment.

b. Independent variable: what the researcher deliberately
alters during the experiment or the factor that is different

between experimental groups.

c. Standardized (controlled) wvariables: all factors that
can vary, but are kept constant or equal during the

experiment.

We will use beverages that contain a variety of sweeteners and

the follow set-up to test our research question.
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Plastic bag with
yeast and water

Plastic bag with
yeast and soda

Figure 9.2

Experiment Setup

PRrOCEDLIRE
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1. Obtain 4 whirlpac bags and label them according to the

figure above.
2. Add 5 g of yeast to each of the whirlpac bags.

3. Add 10 ml of bottled water to the first whirlpac bag. Rinse
the graduated cylinder.

4. Add 10 ml of regular soda to the second whirlpac bag.
Rinse the graduated cylinder.

5. Add 10 ml of diet soda to the third whirlpac bag. Rinse
the graduated cylinder.

6. Add 10 ml of fruit juice to the fourth whirlpac bag. Rinse
the graduated cylinder.

7. Gently knead each bag with your fingers to mix the
beverage and yeast.

8. Squeeze excess air out of each of the bags and close them.

Check the bags for leaks.

9. Obtain four 1000ml beakers with 55°C water from the
waterbath at the back of the room. Label each beaker with

a grease pencil according to Figure 9.2.

10. Measure 500 ml of warm water from the water bath with

a graduated cylinder. Pour into the first beaker. Repeat
with other beakers.

11.
12.

Place each whirlpac bag into the correct 1000 ml beaker.

Place the labeled beakers back in the water bath. Note

their location in the bath.

Beakers

with

warm
water

Plastic bag with
yeast and diet soda

13.

14.

15.

16.

17.

18.

19.

20.

21.

Plastic bag with
yeast and juice

Record the temperature in each of the four 1000 ml

beakers.

Observe the bags for 10 minutes, or until one of the bags

has fully expanded with gas — whichever comes first.

After 10 minutes have elapsed (or one of the bags is
fully expanded), remove the beakers from the bath and
submerge each zippered plastic bag. Mark the new water

levels on the beakers with a grease pencil.

Carefully remove the bags from the beakers without
spilling any water and dispose of the bags in a trash

container.

Fill the beakers with additional water up to the water

level mark.

Pour off exactly 500 ml of water into a graduated cylinder.
This represents the original 500 ml of water you started
with. Empty the water from the graduated cylinder back

into the beaker in the water bath.

Pour the water remaining in the beaker into a graduated
cylinder. This number represents the volume of the gas
produced plus the volume of the bag, liquid and yeast.
Substract 16ml (the volume of the bag, yeast and liquid
alone) from your number above. Record the new number
in Table 9.2. This represents the volume of gas produced

alone.

Return the beaker to the water bath and refill it with

warm water from the bath.

Remove the grease pencil mark from the beaker.
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M%] Table 9.2. Volume of carbon dioxide produced by yeast in

the presence of sweeteners from various beverages.

1. Which bag represents the control set-up? Sovera Water Carbon Dioxide
ge Temp Produced (ml)
2. What are the variables in this experiment? Water
Independent variable: Regular Soda
Diet Soda
Dependent variable: Eruit Juice

3 possible standardized variables: w%w

1. Which column above contains the dependent variable?

3. Why did you measure the volume of displaced water with

a graduated cylinder rather than the beaker?

2. Which column above contains the independent variable?

C. PRESENTING AND ANALYZING DATA

AND INTERPRETING RESULTS

1. PRESENTING AND ANALYZING DATA

Scientists present data in tables and graphs. Organizing

and summarizing experimental results in this way allows
the investigator to easily analyze data and to communicate
experimental findings to others.

3. Which column above contains the standardized variable?
Tables

A table should contain the following information:

* Title describing the subject of the table.

*  Column and row labels that show what information is
provided in the table.

®  Units of measure identified within the row labels.

e Data.
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Graphs

A Graph should contain the following information:

Produced 120

Title describing the subject of the graph

Independent variable graphed on the X-axis (hori-
zontal) and dependent variable graphed on the Y-axis
(vertical).

Axes labeled with the name of the variable and appropri-
ate units.

Equal intervals unless otherwise indicated.

Graph type (line, bar) that is appropriate for data type.

For the results of this experiment a bar graph would be
most appropriate since the data are from four indepen-
dent variables, rather than a continuous change over time
in one independent variable.

Appropriate range of units (most of graph should be
utilized).

Key if more than one set of data is presented on one

graph.

Use Figure 9.3 to graph the data in Table 9.2.

Figure 9.3. Volume of carbon dioxide produced by yeast in the presence of sweeteners from

various beverages.
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repetitions of a single independent variable the same?

The final step in a scientific investigation is to interpret the

data and relate the results to the hypothesis. The investigator
must determine if the results support the hypothesis. If not,

the hypothesis is rejected.

1. Do you think your results support your hypothesis?
Explain.

3. Explain at least two possible reasons why the results may

vary.

In a regular scientific experiment, a scientist will repeat the
experimenta number of times. If the same results are obtained
each time the scientist can be confident that the results are
correct. In the interests of time, we will treat the results from
each table as repetitions of the experiment. Enter the results

from each lab table in the chart below.

Table 9.3

Water

Regular Soda

Diet Soda

Fruit Juice

9-7






OBJECTIVES

At the end of this lab, you should be able to:
1. Identify the phases of mitosis in plant and animal cells.
2. Identify the phases of the two divisions of meiosis.

3. Compare and contrast mitosis and meiosis.

INTRODUCTION

According to cell theory, all organisms are composed of cells.
Cells are the basic building blocks of life and all cells come
from preexisting cells. When cells divide, chromosomes and
genes are duplicated and passed on to daughter cells. Single-
celled organisms divide for reproduction. Multicellular
organisms have reproductive cells (eggs or sperm), but they
also have somatic (body) cells that divide for growth or

replacement.

In somatic cells and single-celled organisms, the nucleus
divides by mitosis into two daughter nuclei, which have the
same number of chromosomes and the same genes as the
parent cell. In multicellular organisms, in preparation for
sexual reproduction, a type of nuclear division called meiosis
takes place. In meiosis, nuclei of certain cells in ovaries or
testes divide twice, but the chromosomes replicate only once.
This process results in four daughter nuclei with differing
alleles on the chromosomes. Eggs or sperm are eventually
formed. Generally in both mitosis and meiosis, after nuclear

division the cytoplasm divides, a process called cytokinesis.

A. MITOSIS
THECELLCYCLE

Mitosis is just one stage in the cell cycle (Figure 10.1). When

a cell is not dividing it is said to be in interphase. During
interphase the cell is performing its usual cellular functions
and increasing in size and all of its cellular components in
preparation for the next cellular division. DNA replication

also occurs toward the end of interphase.

10. CELL DIVISION

The cell cycle can be divided into four stages. Using Figure
10.1 as a guide, state the activities of the cell that are occurring

at each of the four stages:

Gl:

G2:

Figure 10.1
The Cell Cycle

\NTERPHASE

Synthesis (S) phase
DNA Replication

G, phase
Growth & normal
metabolic roles

G, phase
Growth & preparation |
for mitosis
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Use the pop-it beads at your desk to simulate mitosis.

Assume the diploid number of the organism is 4. Follow the
procedure below and show how the “chromosomes” would
be arranged in each of the four stages of mitosis on the last

page of the lab.

1. Use a length of yarn to outline a hypothetical cell on your
lab bench. In the model of mitosis you will build, your
cell will be a diploid cell (2n) with four chromosomes.
This means that you will have two homologous pairs of
chromosomes. There should be two homologous long and

two homologous short chromosomes.

2. Model interphase of the cell cycle:
a. Pile all the assembled chromosomes in the center
of your cell’s nucleus to represent the decondensed
chromosomes as a mass of chromatin in G1. Your

chromosomes should be unreplicated at this stage.

b. Use two beads to represent a pair of centrioles just
outside your nucleus. Have the two members of the
centriole pair at right angles to each other. In the G1
phase, the cytoplasmic mass increases and will continue
to do so throughout interphase. Proteins are synthe-
sized, new organelles are formed, and some organelles
such as mitochondria and chloroplasts grow and divide

into two.

c. Duplicate the centrioles (add a second pair). Have the
two centrioles at right angles to each other. Centriole

duplication begins in late G1 or early S phase.

d. Duplicate the chromosomes in your model cell to
represent DNA replication in the S (synthesis) phase:
Add the second strand that is identical to the first strand.
Unique activities taking place during the S phase of the
cell cycle are the replication of chromosomal DNA and
the synthesis of chromosomal proteins. DNA synthesis
continues until chromosomes have been duplicated.
Each chromosome is now described as double stranded

and each strand is called a sister chromatid. Sister

10-2

Figure 10.2

Diagram of a duplicated chromosome

One
Chromatid

Centromere

Sister
Chromatids

chromatids are identical to each other (Figure 10.2).

e. Do not disturb the chromosomes to represent G2.
During the G2 phase, in addition to continuing cell
activities, cells prepare for mitosis. Enzymes and other
proteins necessary for cell division are synthesized

during this phase.

f. Separate your centriole pairs, moving them toward

opposite poles of the nucleus to represent that the

G2 phase is coming to an end and mitosis is about to
begin.

How many pairs of homologous chromosomes are pre-

senting your cell during this stage of the cell cycle?

In the M phase, the nucleus and cytoplasm divide. Nuclear
division is called mitosis. Cytoplasmic division is called
cytokinesis. Mitosis is divided into four subphases: prophase,

metaphase, anaphase and telophase.
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3. To represent prophase, leave the chromosomes piled in the
center of the cell. Prophase begins when chromosomes
begin to coil and condense. At this time they become
visible in the light microscope. Centrioles continue to
move to opposite poles of the nucleus and as they do so,
a fibrous, rounded structure tapering toward each end,
called a spindle, begins to form between them. The nuclear
envelope breaks down as the spindle continues to form.
Some spindle fibers become associated with chromosomes,
and the push and pull of spindle fibers on the chromo-

somes ultimately leads to their movement to the equator.

How many double-stranded chromosomes are present
in your metaphase nucleus (Hint: count the number of

centromeres)?

4. At metaphase, the centrioles are at the poles of the cell. To
represent metapase, move the centromeres of your chromo-
somes to lie on an imaginary plane (the equator) midway
between the two poles established by the centrioles.

5.To represent metaphase, leave the chromosomes with
centromeres lying on the equator. In metaphase, double
stranded chromosomes lie on the equator (also called the
metaphase plate). The two sister chromatids are held
together by the centromere. Metaphase ends as the cen-

tromere splits.

Label the following structures in Figure 10.3: chromo-
some, sister chromatids, spindle fibers, centromere and

centrioles.

6. Pull the sister chromatids apart and move them toward
opposite poles. This action represents anaphase. After the
centromere splits, sister chromatids separate and begin to
move toward opposite poles. Chromatids are now called
chromosomes. Anaphase ends as the chromosomes reach

the poles.

Figure 10.3

Diagram of a cell in metaphase.

7. Pile your chromosomes at the poles to represent telophase.

As chromosomes reach the poles, anaphase ends and
telophase begins. The spindle begins to break down.
Chromosomes begin to uncoil. A nuclear envelope forms
around each new cluster of chromosomes. Telophase ends

when the nuclear envelopes are complete.

How many chromosomes are in each new nucleus?

How many chromosomes were present in the nucleus

when the process began?

10-3
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8. To represent cytokinesis, leave the two new chromosome
masses at the poles. The end of telophase marks the end
of nuclear division of the cytoplasm and cytokinesis results
in the formation of two separate cells. In cytokinesis in
animal cells, a cleavage furrow forms at the equator and
eventually pinches the parent cell cytoplasm in two.
Model this by pinching in the yarn to make 2 separate
cells. In plant cells membrane bound vesicles migrate to
the center of the equatorial plane and fuse to form the cell
plate. This eventually extends across the cell, dividing the
cytoplasm in two. Cell wall materials are secreted into the

space between the membranes of the cell plane.

- OBSERVING MITOSIS IN PLANT CELLS

The behavior of chromosomes during the cell cycle is similar
in animal and plant cells. However, differences in cell division
do exist. Plant cells have no centrioles, yet the have bundles
of microtubules that converge toward the poles at the end
of a spindle. Cell walls in plant cells dictate differences in
cytokinesis. In this exercise, you will observe dividing cells in

the zone of cell division of a root tip.

%

1. Examine a prepared slide of a longitudinal section through

an onion root tip using low power on the compound
microscope.

2. Locate the region most likely to have dividing cells, just
behind the root cap. At the tip of the root is a root cap that

Figure 10.4

Diagram of onion root tip

ApeSasteiee

Zone of
Elongation

Zone of call
division

Root cap

protects the tender root tip as it grows through the soil.
Just behind the root cap is the zone of cell division. Notice
that rows of cells extend upward from this zone. As cells
divide in the zone of cell division, the root tip is pushed
farther into the soil. Cells produced by cell division begin
to mature, elongating and differentiating into special-
ized cells, such as those that conduct water and nutrients
throughout the plant.

3. Focus on the zone of cell division (Figure 10.4). Then
switch to the intermediate power, focus and switch to high
power.

4. Survey the zone of cell division and locate stages of the
cell cycle: interphase, prophase, prometaphase, metaphase,
anaphase, telophase and cytokinesis.

5. As you find a dividing cell, speculate about its stage of
division, read the following descriptions given of each
stage to verify that your guess is correct.

6. Draw the cell in the appropriate boxes provided. Label
nucleus, chromosome, chromatin, mitotic spindle and cell

plate when appropriate.

Interphase (G1, S, G2)

Nuclear material is surrounded by a nuclear envelope. Dark
staining bodies, nucleoli are visible. Chromosomes appear
only as dark granules within the nucleus. The chromosomes
are not individually distinguishable because they are uncoiled
into long, thin strands. Chromosomes are replicated during

this phase.
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Prophase

Chromosomes begin to coil and become distinguishable thin,
thread-like structures, widely dispersed in the nucleus during
prophase. Although there are no centrioles in plant cells, a
spindle begins to form. Nucleoli begin to disappear. The

nuclear envelope is still intact.

Prometaphase

The chromosomes are thick and short. Each chromosome is
double stranded, consisting of two chromatids held together
by a centromere. The nuclear membrane breaks down and

chromosomes move toward the equator.

Metaphase

Metaphase begins when the centromeres of the chromosomes
lie on the equator of the cell. The arms of the chromatids
extend randomly in all directions. A spindle may be apparent.
Spindle fibers are attached to centromeres and extend to the
poles of the cell. As metaphase ends and anaphase begins, the

centromeres split.

Anaphase

The splitting of centromeres marks the beginning of anaphase.
Each former chromatid is now a new single-stranded chromo-
some. These chromosomes are drawn apart toward opposite
poles of the cell. Anaphase ends when the migrating chro-

mosomes reach their respective poles.

10-5
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Telophase and Cytokinesis

Chromosomes have now reached the poles. The nuclear
envelope re-forms around each compact mass of chromo-
somes. Nucleoli reappear. Chromosomes begin to uncoil
and become indistinct. Cytokinesis is accomplished by the
formation of a cell plate that begins in the center of the equa-

torial plane and grows outward to the cell wall.

- OBSERVING MITOSIS IN ANIMAL CELLS

Now you will observe chromosomes and the stages of
mitotic division in the whitefish. You will also compare
these chromosomes with the plant chromosomes you just
viewed. Chromosome structure in animals and plants is
basically the same in that both have centromeres and arms.
However, plant chromosomes are generally larger than animal

chromosomes.

The most convenient source of actively dividing cells in
animals is the early embryo, where cells are large and divide
rapidly with a short interphase. In blastulas (an early
embryonic stage) a large percentage of cells will be dividing
at any given time. By examining cross sections of whitefish
blastulas you should be able to locate many dividing cells in

various stages of mitosis and cytokinesis.

10-6

PROCEDURE

1. Examine a prepared slide of whitefish blastula cross

sections. Find a blastula section on the lowest power,
focus, switch to intermediate power, focus and switch back

to high power.

2. As you locate a dividing cell, identify the stage of mitosis.
Be able to recognize all stages of mitosis in these cells.

Draw a simple sketch of each cell below.

3. Identify the following in several cells:

a. Nucleus, nuclear envelope, nucleolus
b. Chromosomes
c. Mitotic spindle

d. Asters — an array of microtubules surrounding each

centriole pair at the poles of the spindle.

e. Centrioles — small dots seen at the poles around which
the microtubules of the spindle and asters appear to

radiate.

f. Cleavage furrow

Interphase

Magnification:
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Prophase Anaphase
Magnification: Magnification:
Metaphase Telophase
Magnification: Magnification:

10-7
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It is possible to estimate the relative amount of time that a

cell spends in each phase of the cell cycle by counting all of
the cells in the field of view and recording how many of them
are in each phase. Then calculate what percentage each stage
is of the total. This percentage is an indication of the relative

amount of time a cell spends in each stage of cell division.

Interphase

Prophase

Metaphase

Anaphase

Telophase

TOTAL

REVIEW QUESTIONS

1. How would you explain to a person what they should look

for to decide which stage of mitosis a cell is in?

2. The life cycle of a somatic cell consists of interphase and
four stages of mitosis. In which part of the cell cycle does a
cell spend most time and what data did you acquire during

the lab to support your answer?

10-8

3. Is mitosis occurring in your body? If so, where?

4. List several major differences you have observed between

mitosis in animal cells and mitosis in plant cells:

B. MEIOSIS

Meiosis takes place in all organisms that reproduce sexually.
In animals, meiosis occurs in special cells of the gonads; in
plants in special cells of the sporangia. Meiosis consists of two
nuclear divisions, meiosis I and meiosis II, with an atypical
interphase between the divisions during which cells do not
grow and synthesis of DNA does not take place. This means
that meiosis I and II result in four cells from each parent
cell, each containing half of the number of chromosomes,

one from each parent cell.

SIMULATING MEIOSIS

Use the pop-it beads to simulate each of the phases of meiosis

in division I and division II. Assume the diploid number of
the organism is 4. Show how the “chromosomes” would be

arranged in each of the stages of meiosis on the last page of

this lab.
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1. Use a piece of yarn to delineate a hypothetical cell on
your lab desk. Using your chromosome models, represent
a diploid cell with unreplicated chromosomes by placing
the appropriate labeled chromosomes within the yarn
boundary. There should be two homologous long and two

homologous short chromosomes.

2. Replicate the chromosomes in preparation for meiosis I.
Replicated chromosomes condense (become very compact)
during prophase I of meiosis I, as is the case in prophase

of mitosis.

3. Now demonstrate synapsis—which appears only in
prophase I of meiosis I and lasts through metaphase I - by
positioning the two replicated long chromosomes together
and the two replicated short chromosomes together. Be
sure to model crossing-over during prophase I by exchang-
ing the exact segments of two nonsister chromatids of a

single homologous pair.

4. Also in prophase I, spindle fibers from one pole attach
to the centromere of one replicated chromosome of the
synapsed pair, and spindle fibers from the other pole attach
to the centromere of the other replicated chromosome of

the synapsed pair.

5. Now demonstrate metaphase I — the stage at which
synapsed chromosomes are at the spindle’s equatorial
plane—by drawing chalk lines to represent fibers and
positioning your chromosomes. Note that replicated chro-
mosomes are arranged differently in meiosis metaphase I

than in mitosis metaphase!

6. Now demonstrate anaphase I — the spindle fibers
radically shorten and one replicated chromosome of the
synapsed pair moves toward one pole and the other repli-

cated homologue moves toward the other pole.

How does the structure of chromosomes in anaphase I

differ from that of anaphase in mitosis?

7. Continue moving the chromosomes until they are clustered
at the poles, which defines telophase I. In late telophase
I, the cytoplasm divides between the two clusters of chro-
mosomes to form two new cells, completing meiosis 1.
Indicate the two new cells by pinching in the yarn down
the middle of the cell. Using another piece of yarn, outline

each cell with its piece of yarn.

Would you describe the new nuclei as being diploid (2n)
or haploid (n)?

8. The two new cells, however, are not yet at the point of
having unreplicated chromosomes; to accomplish this, a
second division occurs immediately. For meiosis 11, erase
the chalk “spindle fibers” then replace the chromosomes in

their respective cells.

9. During prophase II of the second division, meiosis II,
new spindle fibers from both poles attach to the centrom-
ere of each still-attached chromatid. Draw chalk lines and
position the chromosomes on the equator to demonstrate

metaphase II.

10. Demonstrate anaphase II in each cell by pulling the two
chromatids of each replicated chromosome apart and
moving the two chromatids, now finally called chromo-

somes, to opposite poles.

11. When the chromosomes reach the poles, the cells are in
telophase II. Cytoplasmic division follows. Represent
this by pinching the yarn together to differentiate the

cells.

What is the total number of nuclei and cells now present?

How many chromosomes are in each?

How many chromosomes were present per cell when the

entire process began?

10-9
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13. Check your work! Does each of your four cells after
meiosis have only one unreplicated chromosome of each
kind—one long and one short? If so, then you have

succeeded in making four haploid cells.

Refer to the drawings you just made of a cell undergoing
meiosis (on the last page of this lab) and determine how many
chromosomes are present in a single cell at the end of each of
the stages in the table below. Record if the chromosomes at
each of these stages have one or two sister chromatids. Note:
a chromosome is defined by its centromere. Whatever is
attached to one centromere is considered one chromosome.
When duplicate, identical strands are attached to one cen-

tromere, each strand is called a chromatid (Figure 10.2).

Prophase |

Telophase |

Prophase I

Telophase I

REVIEW QUESTIONS

1. What events occur only in prophase I and at no other

time? What is the significance of these events?

10-10

2. How does meiosis I differ from both mitosis and meiosis
II?

3. How does independent assortment increases variation?

4. In your own words, explain what is meant by crossing

OVver.

5. How do offspring benefit from crossing over?
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C. COMPARING MITOSIS AND MEIOSIS

Fill in the table below using the information you have learned

in today’s lab.

Role in the life cycle of an
organism

Chromosome number
(haploid or diploid)

START

END

START

END

Type of cells that undergo
this process

Number of cell divisions to
complete division

Number of cells produced

Description of the genes of
the new cell

10-11
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Figure 10.2

Mitosis and Meiosis

MITOSIS MEIOSIS

2N =4
Prophase Prophase | ‘
@ Metaphase | ‘

2N =4

Metaphase *
Anaphase |
Telophase |
- * “
Telophase
‘ Metaphase 11 ‘
C:> ‘ et ‘

2N = 2N = Telophase Il
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OBJECTIVES

By the end of the lab you should be able to:
1. Identify the building blocks of DNA.
2. Explain how and why DNA replicates.

3. Explain how cells make proteins.

INTRODUCTION

Human beings and all living things are composed of small
units called cells. Cells are the smallest unit that can be
considered to be alive. Humans start out as a single cell
at conception and quickly grow to a trillion cells! Inside a
cell is a special molecule called Deoxyribonucleic Acid or
DNA. DNA is an information molecule. DNA codes for the
instructions that tell us how to build human, a flower, or a

bird. DNA is the code of life.

The traits of each person depend on the DNA they inherit
from their parents. DNA is a double stranded molecule
resembling a twisted ladder. Each strand is composed of a
long chain of molecules called nucleotides. Conversely, each
nucleotide is composed of three parts: a five carbon sugar
(deoxyribose), a phosphate group, and a nitrogen base
(Figure 11.1).

Figure 11.1

Nucleotide Structure
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11. DNA BIOLOGY

There are four different nitrogen bases in DNA:

Adenine (A)
and

Thymine (T)

Cytosine (C)
and

Guanine (G)

Each side of the DNA ladder consists of a chain of phosphate
and sugar molecules and the rungs are made of two bases held
together by hydrogen bonds (bonds formed by weak electri-
cal attraction). Note that in forming the rungs A is always

paired with T and C is always paired with G (Figure 11.2).

Figure 11.2
Structure of DNA

Base pairs [ Sl

Adenine  Thymine
— |
Guanine Cytosine

Sugar phosphate
backbone



11. DNA BIOLOGY

A. DNA STRUCTURE

As mentioned previously, A forms a pair with T, and C forms
a pair with G. Looking at Figure 11.3 of the nucleotide
pairs forming what is the difference you see between the

A/T pair and the C/G pair?

Figure 11.3
Hydrogen bonding between complementary base pairs
PYRIMIDINES PURINES
H
CHy o mmmnnntH=N N
) 3
/ NHY i N \ NH
HN \=n
[o]
Thymine Adenine
LN
N—H i ¢ N
/ \N_IIIIIIIIIIIIIIIIIIIIIIII+HN \ NH
HN =N
Q_IIIIIIIIIIIIIIIIIIIIITH —N\|-I
Cytosine Guanine

The dashed lines between the nucleotides are a special kind of
bond called a hydrogen bond. An individual hydrogen bond
is an attraction between atoms of nearby molecules. They are
not very strong individually but when you have many they
are pretty strong. The hydrogen bonds between the bases are
responsible for the base pairing rules.

Figure 11.4
DNA Molecule
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Now that you have learned the base pairing rules you can
write the complement of the following DNA strand:

ACCTTGGACTGAAATT

PROCEDURE
Figure 11.4 shows a double strand of DNA with four nucle-

otide pairs.

1. Assemble 6 separate nucleotides with at least one of each
base (A, T, C, G) as shown in Figure 11.5 using the beads
provided.

2. Use the following color beads to simulate the appropriate
molecules:
Sugar (deoxyribose): white
Phosphate: red
Adenine: orange
Thymine: yellow
Cytosine: blue

Guanine: green

3. Set aside the 6 nucleotides and make an additional 6

complementary nucleotides.

4. Next, using the first set of 6 nucleotides, link them together

to form a single strand of DNA.
5. Now form a double stranded DNA molecule by linking

the 6 remaining complementary nucleotides. The clear,
plastic “barbells” should be used to simulate the hydrogen

bonds between the bases of complimentary nucleotides.

Figure 11.5
Model of DNA Nucleotide

Phosphate: red

Base: orange,
blue, green or
yellow

Sugar: white
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o ho o s
Using the first letter of each molecule draw the DNA molecule B. DNA REPLICATION

you have assembled below. During interphase of cell division we have learned that the

DNA in a cell is duplicated. In this way every new cell will
have an exact copy. This is accomplished by each strand of
DNA serving as a template to form a new complementary
strand of DNA. This process is called replication.

DNA is composed of a double helix and must be copied every
time a cell divides. Scientists typically refer to the two halves
of the double helix as two “strands”. For simplicity, we can
illustrate the copying mechanism by breaking this process
into two simple steps. Step 1 involves the separation of the
two stands of the DNA double helix, and step 2 uses each of
these strands as a “template” to produce a complete double
helix, following the simple base-pairing rules.

Here is an example of a short stretch of DNA, drawn in a
simple form for illustration. Fill in the complementary

b issing in Step 2.
Step 1: The two strands of the DNA double helix separate: ases missing fn Step

. . .AAGCTTCTCGAGGGATCCGCTGACGAATTC. ..

. . . TTCGTTGAGCTCCCTAGGCGACTGCTTAAG. ..
Step 2: Write in the appropriate bases in the shaded boxes above to complete the two new DNA strands.

. . .AAGCTTCTCGAGGGATCCGCTGACGAATTC. ..

. . . TTCGTTGAGCTCCCTAGGCGACTGCTTAAG. . .

11-3
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|

Using the double stranded DNA assembled previously add

molecules (beads) to show how a duplicate copy is made.

Draw, in the space below, how DNA is replicated using the
first letter of each molecule. Make the new chain a different

color than the old chain in your drawing,.

REVIEW QUESTIONS

1. Explain why the term “complementary” is used in the

DNA replication process.

2. Each cell in a living organism contains the same DNA.
Using yourself as an example, explain how it can be that

ALL of your cells contain the same DNA.

11-4

3. When does DNA replication take place in a cell?

For the following three questions, assume an error occurs

in the complementary base pairing.

4. What do you think the effect would be on the cell where

the error occurred?

5. If this error were to occur in one of your cells, could your

child inherit this error? Explain.
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C. HOW CELLS MAKE PROTEINS

The process for making protein can be summarized as follows:

Transcription

DNA >

MmRNA

Translation

» [ Protein

mastercode

TRANSCRIPTION

DNA serves as a template for making RNA. Thus the instruc-

tions for making a protein are also found in RNA. Unlike
DNA, which cannot leave the nucleus, RNA can enter
the cytoplasm where proteins are made. Also, RNA has a
different sugar (ribose), it substitutes uracil (U) for thymine

and it is single stranded, whereas DNA is double stranded.

The nucleotide bases in mRNA are complementary to the
nucleotide bases in DNA. In mRNA, sequences of 3 nucle-
otide bases serve as codes for single amino acids and are called
codons. The strands of mRNA are formed by the process
called transcription (since they are transcripts of DNA).
The mRNA leaves the cell nucleus and enters the cytoplasm
with the instructions (directions) for what amino acids will

be needed to form a specific protein.

Using the code on the DNA template below, transcribe the

DNA sequence into an mRNA transcript.

DNA template:
mRNA transcript: U G U

working copy

functional product

REVIEW QUESTIONS

1. What is the purpose of the transcript?

2. Explain why the term “transcription” is used to describe

this part of the process cells use to make proteins.

ACATACTTAGACGTATATCA
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| }

RNA exists in three different forms: messenger RNA
(mRNA), ribosomal RNA (rRNA) and transfer RNA
(tRNA). All three types of RNA work together to synthesize

or construct proteins. The process of interpreting the code to

make a protein is called translation.

Assembling a protein begins with each tRNA transporting
a single amino acid to the ribosomes. There the tRNA
anticodons (triplets of bases complementary to codons) are
matched one at a time with the mRNA codons contained in
the transcript. The amino acids are then joined with peptide
bonds to form the desired protein. As the amino acid from
each tRNA is removed, the tRNA returns to the cytoplasm to
pick up a replacement amino acid so the whole process can be

repeated again and again.

The codon AUG, which codes for the amino acid methion-
ine, is the universal start codon for all proteins. The codon
UGA, which does not code for an amino acid, is one of three
universal terminator (stop) codons.

Table 11.1

Amino acid translation chart

Figure 11.6

Summary of Transcription and Translation

[(’1"\Ie?n Stlrat nt)i 3 5’
'|’" gﬁgﬁﬁgﬂﬂﬂ
TRANSCRIPTION
(T A AT AINARIA
mRNA 5’ _ _ 3’

Codon
TRANSLATION ¢ ¢ ¢ ¢
Protein C /\ Leu Arg
yS /aer\
Amino Acid

Use the information coded in the mRNA and Table 11.1 to
determine the sequence of amino acids in the protein that is

coded for in this mRNA.

mRNA transcript:
UGUAUGCUGCAUAUAGUAU

Amino acids:

Table 11.2

The 20 amino acids and their abbreviations

e — AMINO ACIDS
e Seconed Position T— - -
= —— Ala - Alanine Leu - Leucine
u c A G Asp - Aspartic acid | Phe - Phenylalanine
code | Amino Acid | code | Amino Acid | code | Amino Acid | code | Amino Acid Glu - Glutamic acid | Thr - Threonine
uuu wcu UAL UGU R i _Vali
/ pha tyr cys u \ lle Isoleur_:lng Val - Valine .
.-"f u = uee ser uAc uae = "-,II Met - Methionine Asn - Asparagine
Il."' m:; leu ﬁ: m z:z: x st:;w ; I"'., Ser - Serine GIn - Glutamine
u - - —
f cuL ocu CAU o p U Y Tyr - Tyr(?s!ne His - HISt.IClIne
o LEue leu ccc o CAC CGC ar c Arg - Arg|n|r.1e Lys - Ly5|r.1e
5 CuUA CCA " CAA n CGA 9 A g Cys - Cysteine Pro - Proline
] cuG CCG CAG g CGG G | 2 Gly - Glycine Trp - Tryptophan
4 AUU ACU ARL AGU u g
w asn ser
= AUC e ACC AAC AGC [ -
L A thr g
AL ACA AAR |j"$ AGA arg A
\ Auc | met ACG | AAG AGG G i
"'.,‘ GUY GCU GAU o GGU u ,."'
II"'. a GUC val GCC ala GAC GGC aly c ,."f
\ GUA GCA GAA gl GGA A /
\ GUG GCG GAG GGG G
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PROCEDURE

Obtain four different DNA template cards from your

instructor. Transcribe and translate the sequences using the
outline below. List the DNA template sequence, the mRNA
transcript and the resulting amino acid sequence in the tables
on the next page. Once ompleted, match the amino acid

sequence with the correct protein at the instructor’s desk.

REVIEW QUESTIONS

1. What is an amino acid?

2. Explain the relationship between amino acids and

codons.

3. Explain the function of each of the three types of RNA.
a. mRNA

b. tRNA

c. tTRNA

4. Explain the difference between a codon and an

anticodon.

5. Explain the function of the ribosome.

6. Use Table 11.1 to fill in the table below:

R
GCA
CAT
TCT

7. In your own words, what is meant by translation?

8. If, within a gene, there were 6000 nucleotides, what would

be the maximum number of amino acids it could code for?
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Template #

DNA Template

/ /

mRNA strand

/ /

Amino acid sequence

Protein #

Template #

DNA Template

/ /

mRNA strand

/ /

Amino acid sequence

Protein #
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Template #
DNA Template

/ / /
mRNA strand

/ / /
Amino acid sequence
Protein #
Template #
DNA Template

/ / /
mRNA strand

/ / /

Amino acid sequence

Protein #
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OBJECTIVES

At the end of this lab you should be able to:
1. Become familiar with the general principles governing
Mendelian genetics.

\®)

. Distinguish between an organism’s genotype and
phenotype.

. Draw punnett squares and solve monohybrid crosses.

>~ W

. Describe possible genotypes for some of your personal

traits inherited as dominant and recessives genes.

INTRODUCTION

Genetics is one of the most fascinating and important topics

in biology because the principles of genetics applies to nearly
all aspects of life. Genetics is a branch of biology that studies
the ways in which we inherit visible and chemical appear-
ances from our parents, such as eye color, hair texture, height
and other traits. Children resemble their parents because
children inherit genes that control specific characteristics

from their parents.

All inheritance comes from the master code located in DNA
(deoxyribonucleic acid). The DNA is wound into strands,
which condense into chromosomes at the beginning of
mitosis or meiosis. Regions of the chromosomes code for a
specific characteristic called genes. Variations of the “standard
form” of the gene are called alleles, which may persist in the
population and result from random mutations of the original

gene.

When we talk about genes being inherited from one generation
to the next, we are really talking about how the gene-carrying
chromosomes behave during meiosis and fertilization. For
example, if you think about how chromosomes of a mother
and father behave during meiosis and fertilization you can
understand why each cell in their child’s body has two copies
of each gene, one copy from his or her mother and one copy

from his or her father.

12. GENETICS

A. INHERITANCE OF ALBINISM

To learn more about how genetic traits are inherited, we will
consider a specific example -- the gene that controls whether
or not a person can produce the pigment melanin which
contributes to the color of skin, eyes and hair. Some people
have the hereditary condition, albinism; they are not able to
produce melanin and have little or no pigment in their skin
and hair. Two different versions of the same gene are called
alleles. One allele of this gene codes for melanin production
and normally pigmented skin and hair; it is symbolized by A.
Another allele of this gene codes for albinism; it is symbolized

by a.

Figure 12.1
Albinism

{Russell 1994)

We'll analyze inheritance for the case where each parent has

one A allele and one a allele (i.e. both parents are Aa).

1. What different combinations of A and/or a alleles would

you expect to observe in the children of these parents?
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Biologists use a Punnett Square to answer this type of
question. Figure 12.2 shows more details than a typical
Punnett Square. It shows that, as a result of meiosis in a
mother who is Aa, half of her eggs will have a chromosome
which carries the A allele, and the other half will have a chro-
mosome with the a allele. Similarly, half of the father’s sperm
will have an A allele, and half will have the a allele. The four
smaller squares within the larger Punnett Square show the
possible genetic combinations in the zygotes resulting from

fertilization of the two different types of eggs by the two

different types of sperm.

Typically, Punnett squares exclude much of the explanatory
material we have included in the above Punnett square. The
simplified version of this Punnett square shown in Figure

12.3 illustrates the usual format of a Punnett square.

Figure 12.2

Enhanced Punnett Square

Figure 12.3

Traditional Punnett Square

A a
A AA Aa
a Aa aa

2. What fraction of this couple’s children would you expect

to be AA?

3. What fraction of this couple’s children would you expect

to be Aa?

4. What fraction of this couple’s children would you expect

to be aa?

Mother (Aa)
Eggs produced by meiosis

e‘

Zygote

“ Z Zygote
(2]
2
g‘_) ‘
— >
<3
5 9
£ 3 Z Zygote
L 2
g‘_) ‘
o
Q.
w)

Zygote
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Zygotes produced
by fertilization
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The children who have AA alleles will have normal pig-
mentation, and the children who have aa alleles will have

albinism.

5. What pigmentation will be observed for the children who

have Aa alleles?

This type of combination of two different alleles is called
heterozygous. Often, one allele in a heterozygous pair of
alleles is dominant and the other allele is recessive; this
means that the dominant allele determines the observable
characteristic of the heterozygous individual. Typically, the
dominant allele is symbolized by a capital letter, in this case
A for the allele for pigmentation. Thus, heterozygous (Aa)

individuals will have normal pigmentation.

6. What fraction of this couple’s children would you expect

to have normal pigmentation?

7. What fraction of this couple’s children would you expect

to have albinism?

The genotype refers to the genetic makeup of an individual.
The phenotype refers to the observable physical and physi-

ological characteristics of an individual.

8. Give an example of two individuals who have the same

phenotype, but different genotypes for the albinism gene.

9. Explain how two individuals with the same phenotype can
have different genotypes.

Biologists frequently express the fractions of different
genotypes or phenotypes as ratios. For example, for the
mating between two heterozygous parents, the genotype
fractions are ¥4 AA, V2 Aa, Y aa, which can also be expressed

as a 1:2:1 ratio.

10. Suppose a father has aa alleles and a mother has Aa alleles.
Complete the Punnett Square to describe this mating and
determine what fraction of this couple’s children would

be expected to have albinism.

B. COIN GENETICS

The way genes behave can easily be simulated using two-sided
coins, where tails represent the recessive allele that controls
pigment production (a), and heads represent the dominant
allele (A). Suppose a parent is heterozygous (Aa). Then
tossing a coin and checking for tails up vs. heads up repre-
sents the 50-50 chance that an egg or sperm produced by the
parent will include an a allele or an A allele. To simulate a
mating between two heterozygous (Aa) parents, two students
will each toss a coin and the result of the pair of coin tosses
will indicate the pair of alleles contributed by an egg and a

sperm to the baby that results from that mating.
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- PROCEDURE W

. Find someone to “mate” with.

. Each of you will toss your coin, and this pair of coin tosses
will indicate the pair of alleles in the first child produced
by a mating of two heterozygous (Aa) parents. Make three
more pairs of coin tosses to determine the genetic makeup
for the second, third and fourth children in this family.
Record how many of these 4 children had each of the 3
possible combinations (AA, Aa, or aa) in the row labeled
“first family of 4 children” in Table 12.1.

. Now make 4 more pairs of coin tosses to indicate the alleles
in a second family of 4 children. Record these genotypes
in the second row Table 12.1.

. Do this two more times and record the results in the third
and fourth rows of the Table 12.1.

Table 12.1: Genetic makeup of “children” produced by
two heterozygous (Aa) parents

AA Aa aa

First family of 4 children

Next family of 4 children

Next family of 4 children

Next family of 4 children

Total

Fractions

Percents

Predicted percents from
Punnett square, page 2

12-4

5. Add up your results to determine the total number of AA,
Aa, and aa combinations in the children produced by your
coin tosses. Calculate the fractions of these children who
have each of the three genotypes. Convert the fractions to
percents. Compare the results for these children (produced
by your coin toss matings between heterozygous parents)

with the predictions from a Punnett Square.

a. Are the percents of each genotype in these children

similar to the predicted percents?

b. If there is any difference between your results and the

predictions, is this difference relatively small or large?

6. Next, consider the different families of 4 children each.
Did you get different results for the number of AA, Aa,
and aa combinations for the children in each family? How
do these results for the separate families compare to the

predictions of the Punnett Square?

In many cases, the results for a family of four children will
not match the predictions of the Punnett Square. Random
variation in which particular sperm fertilizes which particular
egg explains why the children in the individual families may
differ considerably from the predictions based on a Punnett
Square. The random variation observed in small samples
usually averages out in larger samples. Therefore, the results
for a large number of children from multiple pairs of parents
with the same genetic makeup are usually close to the predic-

tions of the Punnett Square.
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C. GENETICS OF SEX DETERMINATION

As you probably know, human males have an X and a Y
chromosome (XY), whereas females have two X chromo-
somes (XX). The gene that results in the development of
male anatomy is located on the Y chromosome. This gene is
called SRY, which stands for sex-determining region of the Y
chromosome. If a zygote has a Y chromosome with the SRY
gene, the embryo will develop testes and male anatomy. If a
zygote does not have a Y chromosome with the SRY gene, the

embryo will develop ovaries and female anatomy.

Your understanding of meiosis and fertilization provides the
basis for understanding the inheritance of X and Y chromo-
somes. During meiosis in a female, the two X-chromosomes
separate, so each egg has a single X-chromosome. In males,
even though the X and the Y-chromosomes are very different,
they can nevertheless pair with each other and separate from
each other during meiosis. This means that males produce
two kinds of sperm; half have an X chromosome and half

have a Y chromosome.

REVIEW QUESTIONS

1. What will be the sex of a child produced when an egg is

fertilized by a sperm that has a Y chromosome?

2. What type of sperm must fertilize an egg to result in a
female child?

3. Draw a Punnett Square which shows the inheritance of
the sex chromosomes. Use X to indicate an egg or sperm
with an X chromosome and Y to indicate a sperm with a Y

chromosome.

4. Based on this Punnett Square, what percent of children

would you expect to be male?

5. To test this prediction, begin by writing down the initials
of all the children your mother has had. Arrange these
initials in order from the oldest to the youngest, indicating

whether each was male or female.

6. Complete the following table.

Total # of | Number | %
children of males | males
Your mother’s
children
Children of the

mothers of all the
students in your class

Predicted percent
from Punnett square

7. Next, compare the predicted percent male with the
observed percent male for your mother’s children and for
all the children in the class sample. How similar to the
prediction are the observed results for individual families

and for all the families combined?

Notice that the percent male children for a given mother may
vary substantially from the predicted percent, due to random
variation in whether a sperm with an X or Y chromosome
was involved in the fertilization which produced each child.
Random variation generally averages out in large samples, so
the overall percent male children for all the mothers should

be fairly close to the prediction.
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D. PEDIGREE ANALYSIS

Many traits in humans are controlled by genes. Some of these
traits are common features like eye color, straight or curly hair,
baldness, attached vs. free ear lobes, the ability to taste certain
substances, and even whether you have dry or sticky earwax!
Other genes may actually cause disease. Sickle cell anemia,
muscular dystrophy, cystic fibrosis are each caused by specific
alleles of a human gene, and can therefore be inherited from

one generation to the next.

Human geneticists illustrate the inheritance of a gene within
a family by using a pedigree chart. On such a chart, males are
symbolized by a square (L1) and females are symbolized by a
circle (O). People who are affected by a disease are symbol-

ized by a dark circle or square.

The pedigree chart below shows inheritance of albinism
(Figure 12.4). 1 and 2 represent a couple who had five
children, including a son who is labeled 3 and a daughter
who is labeled 5. Only one of the children, 5, was albino.
The son who is labeled 3 and his wife who is labeled 4 had

four children, including a son who is labeled 6.

Many other genes are inherited in the same manner as this
recessive allele which causes albinism. These include the
genes for some genetic diseases, such as cystic fibrosis, Tay

Sachs disease and phenylketonuria.

Figure 12.4
Pedigree illustrating inheritance Q

of albinism

“GENETICS OF SICKLE CELL ANEMIA

Sickle cell anemia is another recessive hereditary disorder. In

this case, one allele (S) codes for normal hemoglobin, while
another allele (s) codes for altered hemoglobin, called sickle
cell hemoglobin. When a person is homozygous for this
sickle cell allele (ss), this causes a serious disease called sickle
cell anemia. The sickle cell hemoglobin tends to cause the
red blood cells to assume a sickle shape, in contrast to the
normal disk-shaped red blood cell shown on the left in the
Figure 12.5.

What problems might be caused by the sickle-shaped red
blood cells?

A person who is heterozygous (Ss) for the sickle cell allele
often has very few or no symptoms of sickle cell anemia. In

Figure 12.5
Effect of Sickle Cell Hemoglobin on Red Blood Cells

T

3 4

O O
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addition, people who are heterozygous for the sickle cell allele
are more resistant to malaria, an infection of the red blood
cells which is transmitted by mosquitoes in many tropical
countries. Thus, in areas where malaria is widespread, people
who are heterozygous for the sickle cell allele are less likely
to become ill and die. Because of this advantage, the sickle
cell allele became relatively common in regions like West
Africa where malaria is common. Since African-Americans
are descended from populations in which the sickle cell allele
was relatively common, African-Americans have relatively
high rates of the sickle cell allele (approximately 8% are

heterozygous for this allele and 0.16% are homozygous).

REVIEW QUESTIONS

Suppose that a person who is heterozygous for the sickle cell

allele (Ss) marries a person who is also heterozygous for this
allele (Ss). Draw a Punnett Square to show the expected
genetic makeup of their children, and then answer the

following questions.

Figure 12.6 1 2

Pedigree illustrating inheritance ._ C
of achondroplasia

1. What fraction of their children will suffer from sickle cell

anemia?

2. What fraction of their children will inherit the sickle cell

allele, but will not suffer from sickle cell anemia? (These
children will be resistant to malaria.)

3. Challenge Question

Shown below is a pedigree chart for the inheritance of
achondroplasia (ay-kon-druh-play-zhuh), a form of
dwarfism (Figure 12.6). Dark circles or squares indicate
individuals with achondroplasia. Examine the pedigree
chart, and answer the following questions.

a. Is the gene that causes this form of dwarfism a recessive

or dominant traiz How do you know?

b. Using (D) to represent the dominant allele and (d) to
represent the recessive allele, write the genotypes of
the indicated individuals. For one of the labeled indi-
viduals, there are two possible genotypes. Write both
genotypes and indicate which one is more likely.

4. Based on the frequency of dwarfs among the people you

have seen in your lifetime, do you think that the allele for

achondroplasia is common or rare in the population?

= o o nm

5 e m’

50 e m
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E. HUMAN GENETIC INHERITANCE

Many human traits have a complicated inheritance pattern
that includes polygenic inheritance (many genes influencing
one trait) and influence by environmental factors. There are,
however, some human characteristics that appear to be mono-
genetic or determined by variations of a gene at a single locus

and are not subject to much environmental verification.

Below are a number of such human characteristics that are
autosomal (not carried on the sex chromosomes). You will
determine your phenotype for each characteristic and as far

as possible, your genotype.

- CHARACTERISTICS

1. Earlobe attachment: In most people the ear lobes are
unattached — that is, they hang free. This is the dominant
condition. However, when a person is homozygous for
the recessive allele, the ear lobes are attached directly onto
the side of the head so that there is not lobe hanging free.
Determine your phenotype with the help of a lab partner

or mirror. Record the results in Table 12.2.

Figure 12.7

Earlobe Attachment

-

Attached

Unattached

12-8

2. Hairline: In some people the hairline drops downward and
forms a distinct point in the center of the forehead. This
is known as a widow’s peak and results from a dominant
allele. A straight hairline is due to the recessive condition.
Determine your phenotype with the help of a lab partner

or mirror. Record the results in Table 12.2.

Figure 12.8

Hairline

Widow’s peak Straight Hairline

3. Tongue Rolling: A dominant allele gives some people the
ability to roll their tongue into a distinct U-shape as shown
in Figure 12.9. Others, who do not possess this gene, can
do no more than produce a slight downward curve of the
tongue. Try this and determine your phenotype. Record
the results in Table 12.2.

Figure 12.9

Tongue Rolling
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4. PTC Tasting: Some people have the ability to detect a
bitter taste from a chemical called phenylthiocarbamide
(PTC) while others do not taste the chemical. A dominant
allele confers the ability to taste this chemical at certain
concentrations while those with the recessive condition
cannot. Use the PTC test paper provided to test your
phenotype by placing the paper on your tongue. Those
with the dominant allele, will, without a doubt taste the
chemical. Control papers, containing no PTC are also
available for a comparison. Determine your phenotype

and record the results in Table 12.2.

5. Bent Litte Finger: With this characteristic, a dominant
allele causes the last joint of the little finger to bend inward
toward the fourth finger as shown in Figure 12.10. Lay
both hands flat on the table, relax the muscles and note
whether your have a bent or straight little finger. Record
the results in Table 12.2.

Figure 12.10

p

Little Finger

i),

7 -

Bent Little Finger  Straight Little Finger

6. Skin Pigmentation: The presence of freckles on the face
seems to be caused by a dominant condition. The absence
of freckles is recessive. With the help of your lab partner
or mirror determine your phenotype. Record the results
in Table 12.2.

. Hitchhiker’s Thumb: “Distal hyperextensibility of the

thumb” or hitchhiker’s thumb is due to a recessive
condition. Those with this phenotype can bend the distal
joint of the thumb back undil it is almost (but not quite)
at a 90 degree angle with the lower portion of the thumb
Figure 12.11). Determine your phenotype for this charac-

teristic and record the results in Table 12.2.

Figure 12.11

Hitchhiker’s Thumb

Hitchhiker's Thumb Non-Hitchhiker's Thumb

. Interlacing Fingers: Clasp your hands together so your

fingers are interlacing without giving it much thought.
Look at the placement of your thumbs. If your left thumb
is over your right you have the dominant condition. If
your right thumb is over your left, you have the recessive

condition. Record the results in Table 12.2.

Figure 12.12

Recessive Interlaced Fingers
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Table 12.2: Inherited Human Characteristics

Characteristic:
(d) = dominant

(r) = recessive Your Phenotype Genotype Number in Class
1. Earlobes EE or Ee (d) =

Unattached (d)

Attached (r) ee (r)=
2. Hairline WW or Ww (d)=

Widow’s peak (d)

Straight hairline (r) ww (n=
3. Tongue Rolling RRor Rr (d)=

Can roll tongue (d)

Cannot roll tongue (r) rr (n=
4. PTC Tasting LLorlLl (d) =

PTC Taster (d)

Non-taster of PTC (r) | (n=
5. Bent Little Finger HH or Hh (d)=

Bent little finger (d)

Straight little finger (r) hh (n=
6. Hitchhiker’s Thumb TTorTt (d) =

No hitchhiker’s thumb (d)

Hitchhiker’s thumb (r) tt (r)=
7. Skin Pigmentation FF or Ff (d) =

Freckles (d)

No freckles (r) ff (n=
8. Interlacing Fingers Il or li (d)=

Left thumb over right (d)

Right thumb over left (r) i ()=

12-10
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REVIEW QUESTIONS

1. Using the class data from Table 12.2, determine if the

dominant phenotypes are always the most common in the

population. Explain.

2. Susan and the members of her immediate family have
attached earlobes. Her paternal grandmother has unat-
tached earlobes. What is the genotype of her paternal

grandmother? Explain.

3. Carlos does not have a bent little finger but his parents do.
If Carlo’s parent had four other children, what percentage
of them would be expected to have a bent little finger?

Show/explain your answer below.

12-11






OBJECTIVES

At the end of this lab, you should be able to:
1. Describe how restriction enzymes work.
2. Explain how DNA fingerprinting works.

3. Understand how gel electrophoresis works.

INTRODUCTION

In previous labs we have discussed how the DNA in genes
controls the formation of proteins. Today we will explore
how DNA can be used to identify an individual by looking at
their DNA “fingerprint”. We will also learn how to separate
proteins by their size and charge using a process called electro-
phoresis. Electrophoresis is used to separate DNA samples
and is one step in the process of DNA fingerprinting. DNA
fingerprinting is the process of identifying an individual’s

unique collection of DNA fragments.

Figure 13.1

Restriction enzymes and fragment analysis

A. DNA From Chromosomes

< W |< X > < Y>>

Allele 1 | clcca ccca|
G G C|C GG clc |
A A
(with restriction enzyme)
cut cut
< z >« V>
AIIeIeZI ACGG C|C GG |
I TGCC GGC|C |
A
(with restriction enzyme)

cut

13. BIOTECHNOLOGY

A. DNA FINGERPRINTING

DNA fingerprinting takes advantage of the normal variation
that occurs within DNA from person to person. These dif-
ferences can then be used as a means of comparison that
may help police convict a criminal suspect or determine the
paternity of a child.

The process of DNA fingerprinting requires scientists
to analyze fragments of DNA called RFLP’s (restriction
fragment length polymorphisms) and look for similarities/
differences between RFLP’s of two or more people. RFLP’s
are obtained by cutting DNA with restriction enzymes that
cut DNA at specific base pattern locations. Since everyone’s
DNA is unique (with the exception of identical twins) the
number of cuts and their specific locations within the DNA
varies from person to person producing fragments of different

sizes (Figure 13.1).

B. Fragments After Electrophoresis

X Wy

y
|
‘ +
|

Shorter
fragments

Zz
!

Longer
fragments
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Figure 13.2
RFLP Analysis using Gel Electrophoresis

Resttriction

) Enzymes
-
DNA
Sample
1. Restriction enzymes
U cut DNA into smaller
fragments. —1—1—18=
——— /
— +
— 3. Smaller DNA 2. DNA segments

are loaded into wells

on an agarose gel.

When an electric current
is applied DNA fragments
move toward the positive
electrode.

= | fragments move
faster and farther
than larger DNA
fragments.

Figure 13.3

DNA Fingerprinting in a criminal case

The DNA from each subject is then separated out by electro-
phoresis producing a specific banding pattern (Figure 13.2).

The comparisons of the banding patterns can provide scien-
tists with an incredible diagnostic tool that can reach into

many areas of science.

| IDONIA ANAIVSIS 1

l LJLINLNY LYINAAL T OO J

In a criminal investigation, DNA from biological material
left at the crime scene (e.g. blood, hair, tissue or semen) is
compared to that of the victim and any suspects in the case.
In the following activity, you will be analyzing DNA finger-

prints and answering the questions below.

A person was found murdered in a parking lot. Investigators
collected many samples of evidence including blood found
on a knife near the body and hair from the victim’s shirt.
Police had two suspects due to eye-witness accounts. DNA
samples from both suspects, the victim and evidence were

analyzed using DNA fingerprinting (Figure 13.3).

I DNA - Suspect 1
I DNA - Suspect 2

DNA - Victim

I Evidence - Hair

I Evidence - Blood

13-2
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REVIEW QUESTIONS

1. Who does the blood evidence most likely belong to?

2. Who does the hair evidence most likely belong to?

3. What can you say about suspect 1 and suspect 2 as related

to this criminal case?

4. Could you say you know who committed the crime
without a doubt? Why or why not? Give reasons for your

aAnsSwers.

B. SIMULATING DNA FINGERPRINTING

[ ]

1. Prepare materials needed for simulation: construct the
human cell DNA.
Obtain a copy of each suspects DNA, labeled CELL
DNA, from the instructor’s desk. White paper is used

for suspect one, blue for suspect two and pink for suspect
three. Keeping the pieces from each suspect separate,
cut the CELL DNA into 5 strips and assemble them in
order (tape strip 1 to strip 2 to strip 3, etc) to form one
long strip for each suspect. When completed you should
have three paper strips each representing a DNA molecule
from a different individual. Throughout this procedure it
is important that you are able to keep each suspect’s DNA

separate from all others.

2. Use of restriction enzymes.
Use the EcoRI and Hind[II RESTRICTION ENZYMES
(Figure 13.4) to identify ALL possible cut sites on each
CELL DNA molecule. Notice that each restriction
enzyme can only cut DNA at very specific sites (example:
GAATTC) determined by the sequence of nucleotides
and produces a staggered cut forming “sticky ends”. Use
a highlighter to mark each restriction site (use different
colors to indicate restriction sites of the different restric-
tion enzymes). There are several sites where the DNA can

be cleaved or cut.

3. Cut the CELL DNA.
Use scissors to simulate the action of the selected restriction
enzymes and cut the CELL DNA at all of the previously
labeled restriction sites (be sure your cuts are properly
staggered). Keep the resulting fragments separate. Do
not allow fragments from different CELL DNA molecules

to become mixed.
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Figure 13.4
EcoRI and HindlIII Restriction Enzymes
Cut Site of Cut Site of
EcoRlI Hindlll
C=G |, |T=A]

TFA
-G
- C
=T

T

CcuT cuT

0
>z 0N
I

4. Simulate the separation of the DNA fragments by
electrophoresis.
Electrophoresis is a process that is used to separate
molecules based on their size, shape and charge. The
molecules are placed in a support of agarose gel and
subjected to an electrical field. The molecules then
move through the gel dependent on their inherit
properties. In this simulation we will assume that all
CELL DNA fragments will move a distance inversely
proportional to their length (shorter fragments travel
farther than longer fragments). Determine the length
of each piece by counting all the rows (single or paired)
from the top to the bottom of each fragment. Shade
in the appropriate box in Figure 13.5 to represent
the position that DNA fragment will migrate to and
thus produce a visible band. Repeat for all DNA

fragments.

13-4
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Figure 13.5
Simulated DNA GEL Electrophoresis

LANE 1 LANE 2 LANE 3 LANE 4
Cell DNA 1 Cell DNA 2 Cell DNA 3 Blood at
Suspect 1 Suspect 2 Suspect 3 Crime
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REVIEW QUESTIONS

1. Why was it imperative that the suspect’s DNA molecules

and their fragments be kept separate?

2. Who does the blood evidence most likely belong to?

3. What can you conclude about each suspect as related to

this criminal case?

4. Consider the DNA sequence below. The line through the
base pairs of the sequence below represents the sites where

bonds will break if a restriction enzyme recognizes the site

GAATTC.
ATGIAATTCTCAATTACCT
TACTTAAIGAGTTAATGGA
a. How many pieces of DNA would result from this cut?
b. Write the base sequence of the DNA fragments on both

the left and right side of the “cut”.

Left:

Right:

c. Whart differences are there in the two pieces?

5. Consider the two samples of DNA shown below - single

strands are shown for simplicity:

Sample #1
CAGTGATCTCGAATTCGCTAGTAACGTT

Sample #2
TCATGAATTCCTGGAATCAGCAAATGCA

If both samples are treated with a restriction enzyme
[recognition sequence GAATTC] then indicate the number
of fragments and the size of each fragment from each sample

of DNA.
Sample # 1 # of fragments:
Sample # 2 # of fragments:

List the resulting fragment size in order: largest to smallest for
each of the samples.

Sample # 1 Sample # 2

C. USING A MICROPIPETTER

Prior to conducting the gel electrophoresis experiment in
Part D, you will need to be trained on how to use a micropi-
petter. Your instructor will demonstrate the proper use of
this instrument. Please refer to the Micropipetter Tutorial

for further instruction.

Obtain a tube of colored water and a small agarose plate
that has been prepared for practice with pipetting. Using
proper and sterile technique as outlined in the Micropipetter
Tutorial, practice pipetting the colored water from the tube
into the “wells” on the agarose plate. Proceed to Part D
only when all members of your group feel confident in their

pipetting skills.
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D. PATERNITY TESTING USING GEL
ELECTROPHORESIS

As you may remember from your lecture, humans carry two

alleles for all genetic loci (locations on a chromosome). They
receive one from their mother, and the other from their bio-
logical father. Individuals that have two of the same alleles
are homozygous for any given locus, while those that have
two different alleles for the same locus are said to be heterozy-
gous. The allele that was contributed by the biological father
is termed the obligate allele. This is the allele that comes
from the biological father. In this lab, you will be analyzing
three alleged fathers. You will receive a tube with the mother’s
DNA (labeled Mom), the child’s DNA (labeled Child), and
the three alleged fathers, labeled AF1, AF2, and AF3. Each

allele will show up as a different color band on your gel.

Using electrophoresis, these DNA samples will be separated
based on their size and charge. Because DNA is negatively
charged, it will migrate toward to the positive (red) end of the
electrophoresis chamber (Figure 13.6). Smaller fragments

will migrate the farthest on the gel.

Figure 13.6
Gel Electrophoresis System

Side View:

Sample Loaded
Into Well

PROCEDURE

1. Your instructor will prepare a 1.5% agarose gel. Remove

the moldings on either side of the agarose gel and carefully
pull out the comb that was used to make the wells.

2. Gently place the gel into the electrophoresis chamber,
oriented so that the wells are closest to the negative (black)
electrode. Remember, your DNA will migrate towards the
positive (red) electrode.

3. Fill the electrophoresis chamber with buffer until the buffer
just covers the agarose gel.

4. Carefully pipet (submarine style), 5 pl of sample into each
well in the following order: Mom, Child, AF1, AF2, and
AF3. A different pipet tip should be used for each sample

so as to avoid cross contamination of the samples.

5. After loading the samples, place the lid on the electropho-
resis chamber and connect the wires (double check that
black is hooked up to black and red is hooked up to red).
Run at 100 volts for 20-30 minutes. Stop the gel once the
bands near the end of the gel, but before they run off the
end.

6. Turn off the power supply and carefully remove your gel
from the electrophoresis chamber and place it on a piece of
plastic wrap. Using the light box provided, view your gel.
In this experiment we are viewing a single locus (location
on a chromosome) with multiple alleles. Each allele is
a different color. If an individual has only 1 band, this
means they are homozygous for that allele. Ifan individual
has 2 bands, they are heterozygous for 2 different alleles
(each a different size and color).

Plastic Gel Box

Electric Field and

Direction of Migration

Negative ) Electrode
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Figure 13.7

Gel after 30 minutes
of electrophoresis

. lllustrate the results from your paternity test in Figure
13.7. In the drawing of your gel label the lanes with the
appropriate sample names (Child, Mom, AF1, AF2, AF3),

the location and the color of each band.

. Is the mother homozygous or heterozygous for this locus?

. Is the child homozygous or heterozygous for this locus?

. Is the AF1 homozygous or heterozygous for this locus?

. Is the AF2 homozygous or heterozygous for this locus?

. Is the AF3 homozygous or heterozygous for this STR

locus?

7. Using the color of each band to denote the genotype of

each of the alleles on your gel answer these questions:

a. What is the genotype of the mother?

b. What is the genotype of the child?

c. What is the genotype of AF1?

d. What is the genotype of AF2?

e. What is the genotype of AF3?

8. Which allele in your gel is the obligate allele (the allele

that came from the biological father)?
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|

1. Carefully pour the buffer used in the gel box back into

the marked container. The buffer can be reused by the next

class.

2. Once you have analyzed your gel, please throw it in the

trash.

3. Rinse the gel tray in tap water, followed by rinsing with
the bottle of deionized water. Dry carefully and return to

lab cart.

4. Rinse the gel box with tap water, followed by deionized
water. Dry the outside of the gel box, but do NOT dry the
inside of the gel box. The electrodes are fragile and might be
dislodged by drying. Return the gel box to the cart.

5. Used pipette tips can be thrown in the trash. Clean the

beakers following the glassware cleaning instructions posted

by the sink.
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OBJECTIVES

At the end of this lab you should be able to:

1. Define the concepts of natural selection and genetic drift.

2. Differentiate between natural selection and genetic drift
with respect to how they influence evolutionary change in

small populations.

INTRODUCTION

Have you ever wondered how it happened that many
organisms are so well suited for their environment? Consider
how night vision in nocturnal animals allows them to find
food or how a deer’s quickness allows it to avoid many
predators. These variations that help an organism survive
are called adaptations. Organisms have developed many
different kids of adaptations that help them survive in their

environments.

Charles Darwin observed many species of animals and plants
in the Galapagos Islands that were unique to the islands,
but still similar to species he had seen elsewhere. Darwin
developed a theory called natural selection to explain how
species change over time. He described natural selection as
the process by which populations change in response to their
environment. As individuals better adapted to their envi-
ronment survive, they are able to reproduce and pass their

variations on to the next generation.

Evolution can be a difficult subject of study in real time.
Evolutionary change generally occurs at extremely slow rates.
This simulation is designed to speed up the process, so we can

get a glimpse of the process in a shorter time frame.

14. NATURAL SELECTION

A. NATURAL SELECTION SIMULATION:

PREDATOR AND PREY

In this simulation, a predator will visually “hunt” and “kill”
its prey. Two important factors in determining the environ-
mental “fitness” of organism will be studied. The first factor
is the genetically determined ability of an organism to see
various shapes, colors and movements. The second factor,
camouflage, is the structural adaptation that allows potential
prey to blend in with their environment, thereby avoiding

detection by potential predators.

 MATERIALS

Each group needs:

¢ A container of with 40 mixed beads, 10 beads in each of

4 colors

* A piece of multicolored fabric with a complex pattern
(about 50 cm x 30 cm)

e 4 small containers, each with beads of one of the four

colors (about 40 beads in each container)
¢ Colored markers in the same colors as the beads

e 2 labeled petri dishes: “survivor” dish and “graveyard”

dish

*  Masking tape, sticky side out, wrapped around 3 pencils

%

1. Spread the fabric out on the lab bench. This will act as

your habitat. The beads will act as the prey.

2. Assign roles in your group so that you have a “habitat
manager” who manages the fabric and bead counts, a “data

recorder” and “chip collectors” that will act as predators.



14. NATURAL SELECTION

3. Answer the question below and then finish the If... Then
hypothesis by predicting which colors will be left in the
largest number after 3 rounds.

What colors are found on your material?

Hypothesis:
If natural selection occurs then.....

4. All group members should turn their backs on the habitat
while the habitat manager sprinkles the 40 beads onto the
fabric and spreads them evenly.

5. The “predators” pick out 30 beads one at a time in the
following manner: look at the fabric and select a “prey” by
only using eyesight to locate the bead. Take the first bead
that stands out - look away between each “hunt”.

6. Put the bead victims in the “graveyard” dish. The habitat
manager should count them carefully as they are hunted,
until 30 are removed from the fabric and placed in the

dish.
. Stop hunting when 10 survivors are left on the fabric.

8. Remove the remaining 10 bead survivors from the fabric
and place them in the “survivor” dish. Count the number

of each color and record the data in Table 14.2 (see sample
data in Table 14.1).

9. Assume that each survivor produced three offspring.
Multiply the number of each survivor by 3 and put the
results in the data sheet. The four totals should add up
to 30.

10. Add the number of survivors of each color to the cor-
responding total from step 9 and record the results in

the Totals column of Table 14.2. Make sure the total
number of all four colors is 40.

11. Take the number beads of each color shown in the Totals
column from the four single-color bead contains and once
again have the habitat manager scatter 40 beads onto the
fabric to start round 2.

12. Repeat steps 5-11 two more times for a total of three
rounds.

14-2

* DATA ANALYSIS

Table 14.1: Sample Data

1. Count the number 2. Multiply the 3. Add the number of 4, The total is the
of survivors of each number of survivors Survivors to the number of beads that
color and enter that by 3 and enter that number of Offspring. get placed in the
number in the number in the fabric for the next
Survivors column Offspring column. round. There should
below. be a total of 40 beads.
Offspring +
Survivors Offspring Survivors Totals
4 Green Survivors x 3 = 12 12+4 = 16
2 Brown Survivors x3 =6 6+2 = 8
3 White Survivors x3 =9 9+3 = 12
1 Orange Survivors x3 =3 3+1 = 4

Table 14.2: Natural Selection Simulation Results

Round One
i Offsprin
Survivors Off_sprmg E g Totals
(Survivors x 3) | Survivors
Round Two
i Offsprin
Survivors Off_sprmg E . Totals
(Survivors x 3) Survivors
Round Three
i Offsprin
Survivors Off_sprmg E d Totals
(SU rvivors X 3) sSurvivors
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CGRAPHING

Display your results in a graph with the vertical (Y) axis being

the total number of beads after each round for each of the
four colors (include also the starting populations, 10 of each
color) and the horizontal axis (X) being the three rounds
plus “round zero”, the starting point. Use Graph 14.1 or the

graph paper provided.

REVIEW QUESTIONS

1. Was one bead color represented more than others in the

first generation of survivors?

2. Did the population of this bead increase or decrease in the

second generation?

Graph 14.1: Natural Selection Simulation Results

3. Did any bead colors become extinct? If so, which ones and

why do you think this happened?

4. Which colors had the greatest surviving populations?

Why?

40

30

20

10

Number of Beads after each Round

Start Round 1

Rounds

Round 2

Round 3
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B. GENETIC DRIFT SIMULATION

In this simulation, the “prey” will be killed by a falling tree
that smashes into their habitat.

| }

1. Identify your roles in the team: The Falling Tree “smashes”

a pencil onto the fabric. The Habitat Manager manages
the fabric and bead count. The Recorder records the data
in the data tables.

2. The habitat manager sprinkles 40 beads onto the fabric
and spreads them evenly.

3. With eyes closed, the Falling Tree gently rolls or drops the
taped pencil randomly onto the habitat and removes the

prey that stick to it. Be sure to watch for escapees that get
knocked off the fabric! Put them back on the fabric!

4. Put the beads from the pencil in the “graveyard” dish,
counting them carefully as they are “killed” until all 30 are
removed. It may take a few rolls of the pencil to achieve
the precise number of 30 beads. If a roll yields a cumula-
tive number “killed” larger than 30, beads from that roll
should be put back on the fabric and the pencil re-rolled,
if necessary repeating this procedure of replacing and re-
rolling until exactly 30 beads have been removed.

5. Check to make sure there are 10 survivors left in the

habitat.

6. Remove the remaining 10 bead survivors from the fabric
and place them in the “survivor” dish. Count the number
of each color and record it in Table 14.3.

7. Multiply the number of each survivor by 3 and put the
results in Table 14.3. The total of all four colors should
add up to 30.

8. Add the number of survivors of each color to the corre-
sponding total from step 8 and record the results in the
Totals column of Table 14.3. Make sure the total number
of all four colors is 40.

9. Then, take the number of beads of each color shown in the
Totals column from the four single-color bead containers
and once again scatter 40 beads onto the fabric to start
round 2.

10. Obtain a new taped pencil and repeat steps 3-9 two more
times for a total of three rounds.

14-4

CDATA ANALYSIS

Table 14.3: Genetic Drift Simulation Results
Round One

i Offsprin
Survivors Sl E 9| Totals
(Survivors x 3) | Survivors
Round Two
i Offsprin
Survivors Offspring E ? | Totals
(Survivors x 3) | survivors
Round Three
i Offsprin
Survivors Off.sprmg E d Totals
(Survivors x 3) Survivors

CGRAPHING

Display your results in a graph with the vertical (Y) axis being

the total number of beads after each round for each of the
four colors (include also the starting populations, 10 of each
color) and the horizontal axis (X) being the three rounds
plus “round zero”, the starting point. Use Graph 14.2 or the
graph paper provided. Use colored markers for the beads.
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[ ) 2. What are at least two other variables that affected how
o ) the simulation played out? Do these same variables exist in
1. What does each of the simulation components represent nature?
in nature?
The bead:
The pencil: 3. What if the two mechanisms, natural selection and genetic

drift, were both operating in the simulation? Predict the

The step of increasing the 10 survivors to 40: outcome.
The fabric:
The bead colors: 4. Compare and contrast the graphs of the Natural Selection

Simulation and the Genetic Drift Simulation.

The elimination of bead colors:

The different rounds:
Graph 14.2: 40
Genetic Drift Simulation Results
]
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OBJECTIVES

1. Hllustrate the principles of classification and some of the
processes of evolution.
2. Learn how to use the phylogenetic tree to show the evolu-

tionary relationships among organisms.

INTRODUCTION

Humans classify almost everything, including each other.
This habit can be quite useful. For example, when talking
about a car someone might describe it as a 4-door sedan with
a fuel injected V-8 engine. A knowledgeable listener who
has not seen the car will still have a good idea of what it
is like because of certain characteristics it shares with other
familiar cars. Humans have been classifying plants and
animals for a lot longer than they have been classifying cars,
but the principle is much the same. In fact, one of the central
problems in biology is the classification of organisms on the

basis of shared characteristics.

As an example, biologists classify all organisms with a
backbone as “vertebrates.” In this case the backbone is a
characteristic that defines the group. If, in addition to a
backbone, an organism has gills and fins it is a fish, a sub-
category of the vertebrates. This fish can be further assigned
to smaller and smaller categories down to the level of the
species. The classification of organisms in this way aids the

biologist by bringing order to what would otherwise be a

Table 15.1

Modern Taxonomic System

15. CLASSIFICATION
AND EVOLUTION

bewildering diversity of species. (There are probably several
million species - of which about one million have been
named and classified.) The field devoted to the classification

of organisms is called taxonomy.

The modern taxonomic system was devised by Carolus
Linnaeus (1707-1778). It is a hierarchical system since
organisms are grouped into ever more inclusive categories
from species up to kingdom. Table 15.1 illustrates how four
species are classified using this taxonomic system. (Note
that it is standard practice to italicize the genus and species

names.)

In the 18th century most scientists believed that the Earth
and all the organisms on it had been created suddenly in
their present form as recently as 4004 BC. According to this
view, Linnaeus™ system of classification was simply a useful
means of cataloging the diversity of life. Some scientists went
further, suggesting that taxonomy provided insight into the

Creator’s mind (“Natural Theology”).

This view of taxonomy changed dramatically when Charles
Darwin published On The Origin of Species in 1859. In
his book Darwin presented convincing evidence that life
had evolved through the process of natural selection. The
evidence gathered by Darwin, and thousands of other biologist
since then, indicates that all organisms are descended from a
common ancestor. In the almost unimaginable span of time
since the first organisms arose (about 3.5 billion years) life

has gradually diversified into the myriad forms we see today.

KINGDOM Animalia Plantae
PHYLUM Chordata Arthropoda Angiospermophyta
CLASS Mammalia Insecta Monocotyledoneae
ORDER Primate Carnivora Hymenoptera Liliales
FAMILY Hominidae Canidae Apidae Liliaceae
GENUS Homo Canis Apis Alium
SPECIES sapiens lupus mellifera sativum
(human) (wolf) (honeybee) (garlic)
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As a consequence of Darwin’s work it is now recognized that
taxonomic classifications are actually reflections of evolu-
tionary history. For example, Linnaeus put humans and
wolves in the class Mammalia within the phylum Chordata
because they share certain characteristics (e.g. backbone,
hair, homeothermy, etc.). We now know that this similar-
ity is not a coincidence; both species inherited these traits
from the same common ancestor. [n general, the greater the
resemblance between two species, the more recently they diverged
from a common ancestor. Thus when we say that the human
and wolf are more closely related to each other than either is
to the honeybee we mean that they share a common ancestor

that is not shared with the honeybee.

Another way of showing the evolutionary relationship

between organisms is in the form of a phylogenetic tree:

Figure 15.1

Phylogenic Tree

KINGDOM Animalia

PHYLUM Chordata Arthropoda

CLASS Mammalia Reptilia Pisces Insecta  Crustacea

0 - Human \olf Lizard Trout Bee Lobster

Dinosaur
100

300 r

400 [

Millions of Years Ago

500 L

The vertical axis in this figure represents time. The point at
which two lines separate indicates when a particular lineage
split. For example, we see that mammals diverged from reptiles
about 150 million years ago. The most recent common
ancestor shared by mammals and reptiles is indicated by the
point labeled A. The horizontal axis represents, in a general
way, the amount of divergence that has occurred between
different groups; the greater the distance, the more different

their appearance.
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Note that because they share a fairly recent ancestor, species
within the same taxonomic group (e.g. the class Mammalia)
tend to be closer to each other at the top of the tree than they

are to members of other groups.

Several types of evidence can elucidate the evolutionary
relationship between organisms, whether in the form of a
taxonomic classification (Table 15.1) or a phylogenetic tree
(Figure 15.1). One approach, as already discussed, is to
compare living species. The greater the differences between
them, the longer ago they presumably diverged. There are,
however, pitfalls with this approach. For example, some
species resemble each other because they independently
evolved similar structures in response to similar environments
or ways of life, not because they share a recent common
ancestor.  This is called convergent evolution because
distantly related species seem to converge in appearance

(become more similar).

Examples of convergent evolution include the wings of bats,
birds and insects, or the streamlined shape of whales and
fish. At first glance it might appear that whales are a type of
fish. Upon further examination it becomes apparent that this
resemblance is superficial, resulting from the fact that whales
and fish have adapted to the same environment. The presence
of hair, the ability to lactate and homeothermy clearly dem-
onstrate that whales are mammals. Thus, the taxonomist
must take into account a whole suite of characteristics, not

just a single one.

The fossil record can also be helpful for constructing phylo-
genetic trees. For example, bears were once thought to be a
distinct group within the order Carnivora. Recently discov-
ered fossils, however, show that they actually diverged from
the Canidae (wolves, etc.) fairly recently. The use of fossils
is not without its problems, however. The most notable of
these is that the fossil record is incomplete. This is more of
a problem for some organisms than others. For example,
organisms with shells or bony skeletons are more likely to be

preserved than those without hard body parts.
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THE CLASSIFICATION AND EVOLUTION

OF ARTIFICIAL ORGANISMS

In this lab you will develop a taxonomic classification and
phylogenetic tree for a group of imaginary organisms called
Caminalcules after the taxonomist Joseph Camin who
devised them. At the back of this chapter are pictures of the
14 “living” and 58 “fossil” species that you will use. Take
a look at the pictures and note the variety of appendages,
shell shape, color pattern, etc. Each species is identified by
a number rather than a name. For fossil Caminalcules there
is also a number in parentheses indicating the geological
age of each specimen in millions of years. Most of the fossil
Caminalcules are extinct, but you will notice that a few are
still living (e.g. species #24 is found among the living forms
but there is also a 2 million year old fossil of #24 in our

collection).

The purpose of this lab is to illustrate the principles of
classification and some of the processes of evolution (e.g.
convergent evolution). We do these exercises with artificial
organisms so that you will approach the task with no precon-
ceived notion as to how they should be classified. This means
that you will have to deal with problems such as convergent
evolution just as a taxonomist would. With real organisms
you would probably already have a pretty good idea of how
they should be classified and thus miss some of the benefit of

the exercise.

1. THE TAXONOMIC CLASSIFICATION }

Carefully examine the fourteen living species and note the
many similarities and differences between them. On a sheet

of notebook paper create a hierarchical classification of these

Instead of using letters (A, B, ...), as in this example, use the
number of each Caminalcule species. Keep in mind that
Table 15.2 is just a hypothetical example. Your classification

may look quite different than this one.

The first step in this exercise is to decide which species belong
in the same genus. Species within the same genus share char-
acteristics not found in any other genera (plural of genus).
The Caminalcules numbered 19 and 20 are a good example;
they are clearly more similar to each other than either is to
any of the other living species so we would put them together
in their own genus. Use the same procedure to combine the
genera into families. Again, the different genera within a
family should be more similar to each other than they are to
genera in other families. Families can then be combined into
orders, orders into classes and so on. Depending on how you
organize the species, you may only get up to the level of order
or class. You do not necessarily have to get up to the level of

Kingdom or Phylum.

2. THE COMPARATIVE APPROACH TO

Construct a phylogenetic tree based only on your examina-
tion of the 14 living species. This tree should reflect your
taxonomic classification. For example, let us say you have
put species A and G into the same genus because you think
they evolved from a common ancestor (x). Their part of the

tree would look like the diagram below.

A G

X
species, using the format in Figure Table 15.2.
Table 15.2
Classifying Caminalcules
PHYLUM CAMINALCULA
CLASS 1 CLASS 2
ORDER 1 ORDER 2 ORDER 3
FAMILY 1 FAMILY 2 FAMILY 3 FAMILY 3
GENUS 1 GENUS 2 GENUS 3 GENUS 4 GENUS 5 GENUS 6
A | G H | D B J | L E | K | C F | [
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When there are three or more species in a genus you must
decide which two of the species share a common ancestor
not shared by the other(s). The diagram below indicates that
species E and K are more closely related to each other than
either is to C. We hypothesize that E and K have a common
ancestor (y) that is not shared by C. Similarly, two genera
that more closely resemble each other than they do other
genera presumably share a common ancestor. Thus, even in
the absence of a fossil record it is possible to develop a phylo-
genetic tree. We can even infer what a common ancestor like

y might have looked like.
E K C

Y

3. THE PHYLOGENY OF

Using a large sheet of paper, construct a phylogenetic tree
for the Caminalcules. Use a meter stick to draw 20 equally
spaced horizontal line on the paper. Each line will be used
to indicate an interval of one million years. Label each line
so that the one at the bottom of the paper represents an age

of 19 million years and the top line represents the present (0

years).
Figure 15.2
Arranging your piles
17172 ? ?
o
>
> \ /
(%)
<
3
s 18 7 S
2
=
19 7
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Cut out all the Caminalcules (including the living species).
Put them in piles according to their age (the number in
parentheses). Beginning with the oldest fossils, arrange the
Caminalcules according to their evolutionary relationship.

Figure 15.2 shows how to get started.
Hints, Suggestions and Warnings

a. Draw lines faintly in pencil to indicate the path of evolution.
Only after your instructor has checked your tree should

you glue the figures in place and darken the lines.

b. Branching should involve only two lines at a time:

Like This

Not Like This

c. Some living forms are also found in the fossil record.

d. There are gaps in the fossil record for some lineages. Also,
some species went extinct without leaving any descendants

(remember the dinosaurs, Figure 15.1).

e. The Caminalcules were numbered at random; the numbers

provide no clues to evolutionary relationships.

f. There is only one correct phylogenetic tree in this exercise.
This is because of the way that Joseph Camin derived his
imaginary animals. He started with the most primitive
form (#73) and gradually modified it using a process that
mimics evolution in real organisms. After you complete

your phylogeny compare it with Camin’s original.
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 REVIEW QUESTIONS W
STIONS J

. You will notice that some lineages (e.g. the descendants
of species 56) branched many times and are represented
by many living species. Discuss the ecological conditions
that you think might result in the rapid diversification of
some lineages (A real world example would be the diversi-
fication of the mammals at the beginning of the Cenozoic,

right after the dinosaurs went extinct.)

. Some lineages (e.g. the descendants of species 58)
changed very little over time. A good example of this
would be “living fossils” like the horseshoe crab or
cockroach. Again, discuss the ecological conditions
that might result in this sort of long-term evolutionary
stasis.

3. Some Caminalcules went extinct without leaving descen-
dents. In the real world, what factors might increase or

decrease the probability of a species going extinct?

4. Find two additional examples of convergent evolution

among the Caminalcules. This means finding cases
where two or more species have a similar characteristic
that evolved independently in each lineage. The wings
of bats, birds and bees is an example of convergence since
the three groups did not inherit the characteristic from
their common ancestor. Write your answers in complete
sentences (e.g. “Species x and y both have ____ but their

most recent common ancestor, 2, did not”).

List two additional real-world examples of convergent
evolution (ones thatwe have notalready talked aboutin class)

and discuss what might have caused the convergence.

. Describe two examples of vestigial structures that you

can find among the Caminalcules. These are structures
that have been reduced to the point that they are virtually
useless. Ear muscles and the tail bones are examples of

vestigial structures in our own species.
Explain how vestigial structures provide clues about a

species” evolutionary past. Illustrate your argument with

vestigial structures found in humans or other real species.

15-5



FOSSIL CAMINALCULES

(numbers in parentheses indicate age in millions of years)
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FOSSILS (continued)
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OBJECTIVES
At the end of this lab, you should be able to:

1. Explain the basic characteristics of bacteria.

2. Recognize colonies of bacteria on agar plates.

3. Identify the three commonly recognized shapes of bacteria.
4. Design and conduct a scientific investigation on the effects

of hand washing on bacteria.

INTRODUCTION

Our laboratory today will study bacteria, one of the types

of prokaryotes. Bacteria are some of the simplest organisms
that exist on our planet. Their cells are prokaryotic and lack
the organelles that are found in eukaryotic cells. Prokaryotes
do contain DNA, but they lack a defined nucleus. Bacteria
reproduce primarily by asexual fission (cell division without

a spindle apparatus).

A. BACTERIA MORPHOLOGY

Bacteria can be grown on a nutrient material called agar.
When placed on agar plates, bacteria grow as colonies. A
colony contains cells descended from one original cell.
Sometimes, scientists are able to determine the type of

bacterium by the appearance of the colony.

Table 16.1: Agarose plates containing bacteria colonies

16. BACTERIA

Observing Colony Morphology

1. View agar plates that have been inoculated with bacteria
and then incubated. Notice the colonies of bacteria
growing on the plates.

2. Compare the color, surface and margin of the colonies.
Describe your observations in Table 16.1.

BACTERIA SHAPE

Bacteria display a variety of shapes and sizes, called morpholo-

gies. Bacteria cells are about a tenth of the size of eukaryotic
cells and are typically 0.5-5.0 micrometers in length. The
majority of bacteria are found in three basic shapes: spirillum
(spiral or helical), bacillus (rod) and coccus (round or
spherical) (Figure 16.1). Bacilli may form long filaments
and cocci may form clusters or chains. Some bacteria form
endospores. An endospore contains a copy of the bacteria
cell's DNA that is encased by a tough, protective coat. The
primary function of the endospore is to ensure the survival of
the bacterium through periods of environmental stress.

Observing Cell Shape

1. View the microscope slides of bacteria on display.

2. Identify the three different shapes of bacteria.

Figure 16.1
Diversity of Bacteria
A, B. C.

® BN 4~

Coccus

Plural = Coccl

Bacillus

Plural = Baclill

Spirillum

Plural = Spirlili

Plate
Number

Description of Colonies
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B. HAND WASHING EXPERIMENT

Do you wash your hands? Do you use soap? Observations
in public restrooms reveal that only about 68 percent of
Americans wash up before leaving. Each year, nearly 22
million school days are lost each year to the common cold
alone. Yet when students practice healthy habits, they miss

fewer days of school.

Thoroughly washing hands is the single most important
thing students can do to keep from getting sick or to keep
from infecting others. The typical person’s hands contain
millions of microbes. Most are naturally occurring and are
harmless, but some may be disease-causing germs. Vigorous
hand washing, for at least 20 seconds, and using soap, is the

best way to lift off the microbes and rinse them away.

Within in your group discuss your observations and questions

about hand washing. Record your thoughts below.

Five important things to remember about hypotheses are:

1. A hypothesis should be consistent with existing observa-
tions and known information regarding the question.

2. A hypothesis is formulated before the experiment, not after
the experiment.

3. A hypothesis must be presented as a statement of predicted
outcome, not as a question.

4. The experimental results can prove the hypothesis wrong,
or provide evidence to support the hypothesis, but a
hypothesis cannot be proven true.

5. It is ok if your results do not support your hypothesis.
Valuable information can be gained when a hypothesis is

proven false.
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Write a hypothesis for each research question below. Use
complete sentences and refer to #1-5 above. The following
types of hand washing will be tested: washing hands with tap

water, regular soap, antibacterial soap and alcohol.

Question: Which form of hand washing will be most

effective at eliminating bacterial growth?

Hypothesis:

Question: Which side of the public restroom door contains

the least amount of bacteria?

Hypothesis:

As you design and carry out your experiment, keep in mind

the following definitions:

a. Dependent variable: what is measured, results of the
experiment.

b. Independent variable: what the researcher deliberately
alters during the experiment or the factor that is different
between experimental groups.

c. Standardized (controlled) variables: all factors that can

vary, but are kept constant or equal during the experiment.
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We will use several different methods of hand washing to
test which is the most effective at eliminating bacteria. In
addition, we will swab the inside and outside of the public
restroom door to determine if hand washing in the restroom

is effective at eliminating bacteria on the door.

( PROCEDLIRE }

L L INUCCLLJUINLD J

1. Obtain 1 agar plate per individual at your table, plus 1
more for the restroom door test. Each student will test a
different hand washing method. (If you have 3 people in
your group your group will need 4 plates and will test 3

different hand washing methods)

2. First you need to label the plates. Always keep your writing
as small as possible and try to keep the labels from blocking
too much of the middle of the plate. You'll need to see
the plate in order to evaluate the results. Using a fine tip
marker, on the outside of the agar side of the plate, draw
2 lines to divide the individual hand washing plates into
4 quadrants. Label the quadrants: ULT (unwashed left
thumb), URT (unwashed right thumb), ULT (unwashed
left thumb), WRT (washed right thumb). Also label each
plate with your group number along the edge of the plate
and which hand washing method was used (water, soap,

antibacterial soap or alcohol). The hand washing plates

should look something like this:

3. Next label the plate that will be used for the restroom door

experiment. Draw a line to divide the plate in half. Label
one half of the plate “inside” and the other half “outside”.
Also label the plate with your group number and RR

(RestRoom). The plate should look something like this:

4. Each student should start by taking their agar plate,

removing the lid and gently pressing their UNWASHED
left (ULT) into both the upper and lower quadrants. This
shows that there is still bacteria present on the thumb
after pressing it once. Also press the UNWASHED right
thumb (URT) onto the agar plate in the appropriately
labeled quadrant. Replace lid.

. Next, each student should wash their hands according the

method that they are testing on their plate (each student
should test a different method than their other group
members). Your group should decide how long hand
washing should be timed and be consistent (for example,
30 seconds of washing with soap while rubbing hands

together, followed by rinsing with tap water).

6. After washing and drying hands with a clean paper towel,

each student should gently press their right thumb onto
the agar plate in the “washed” quadrant (WRT). Replace
the lid on the plate and tape it shut.
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7. Decide which public restroom door to test (men’s or
women’s). Take two cotton swabs, a tube of distilled water,

and the labeled restroom agar plate to that restroom door.

8. Dip the first cotton swab into the distilled water and
then swab the inside door/door knob area that is most
likely touched upon exiting the restroom. Then, streak
the cotton swab along the side of the agar plate labeled
“inside”. Make sure to streak the cotton swab gently,

several times across the agar plate, covering most of the

“inside” half of the plate.

9. Dip the second cotton swab in distilled water, and then
swab the outside door/door knob area that is most likely
touched upon entering the restroom. Finally, streak

the cotton swab along the side of the agar plate labeled

“outside”. Make sure to streak the cotton swab gently,

several times across the agar plate, covering most of the

“outside” half of the plate.
10. Replace the lid on the restroom plate and tape shut.

11. Double check to be sure all of the plates are labeled and
taped appropriately and stack them on the lab cart, upside
down. You will analyze the results and completed Part C

at the next lab.

1. Which part of the hand washing plate represents the

control set-up?

2. What are the variables in this experiment?

Independent Variable:

Dependent Variable:

Standardized Variables:

16-4

C. ANALYZING AND INTERPRETING
THE RESULTS

MW

1. Describe the appearance of your plates below. Drawing

pictures may help.

2.In Table 16.2, approximate the amount of bacteria
present on each agar plate used in the Hand Washing

Experiment.

Table 16.2. Amount of bacteria present on agar plates
before and after hand washing.

After hand

Method :
washing*

Unwashed*

Water

Regular Soap

Antibacterial
Soap

Alcohol Foam

* Results quantified using relative amounts of bacteria:
0 = no bacteria, + = little growth, ++ = some growth, +++ = more

growth, ++++ = substantial growth
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3. Which column in Table 16.2 contains the dependent

variable?

4. Which column Table 16.2 contains the independent

variable?

5. Which column Table 16.2 contains the standardized

variable?

6. In Table 16.3, record the approximate amount of bacteria

present on the plate used to test the public restroom door.

Table 16.3. Amount of bacteria present on the inside and

outside of the public restroom door.

Inside

Outside

* Results quantified using relative amounts of bacteria:
0 = no bacteria, + = little growth, ++ = some growth, +++ = more

growth, ++++ = substantial growth

Table 16.4. Class results for the amount of bacteria present

on agar plates before and after hand washing.

The final step in a scientific investigation is to interpret the
data and relate the results to the hypothesis. The investigator
must determine if the results support the hypothesis. If not,
the hypothesis is rejected.

1. Do you think your results support your hypothesis?
Explain.

In a regular scientific experiment, a scientist will repeat the
experimenta number of times. If the same results are obtained
each time the scientist can be confident that the results are
correct. In the interests of time, we will treat the results from
each table as repetitions of the experiment. Enter the results

from each lab table inTable 16.4.

2. Was the amount of bacteria present in the eight repetitions
of a single independent variable the same?

3. Explain at least two possible reasons why the results may vary.

Water

Regular Soap

Antibacterial

Alcohol
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At the end of this lab, you should be able to:

1. Distinguish between stimulus, a sensor and a sensation.

2. Recognize that stimuli differ according to duration and
intensity.

3. Understand that sensations are based on interpretation.

INTRODUCTION

This lab exercise is designed to illustrate some of the senses
that humans use to respond to their environment. Sensory
receptors range from simple free nerve endings (such as those
that detect pain) to the vastly complex receptors like the eye
and ear. An animal’s survival relies on its ability to detect and
respond to stimuli in their environment. Vertebrates such as
mammals possess a highly developed and specialized set of
sense organs to detect changes in light, sound, temperature,

pressure and an assortment of chemical stimuli.

This sensory and perception process begins when the presence
of a stimulus activates sensory receptors. The sensory
receptors transform the stimulus to a nerve impulse which is
transmitted to the central nervous system, then to an effector

and concludes with an appropriate response (Figure 17.1).

It is important to note the difference between sensors and
sensations. A sensor is a receptor that changes the form of
the stimulus energy into the energy of a nerve impulse. A
sensation is being consciously aware (e.g. pain) that receptor(s)

have been stimulated.

17. SENSES & PERCEPTION

A. DISTRIBUTION OF RECEPTORS

IN THE SKIN

|

Human skin is sensitive to touch, pain, temperature and

pressure. This is due to the presence of individual receptors
in the skin for each of these various stimuli. The skin contains
touch receptors whose concentration differs at various part of
the body. Touch receptors respond to any force that deforms
the shape of their plasma membrane. For example, the
contact receptors in the skin respond to pressure and touch.
When these receptors are stimulated they depolarize and
transmit the impulse to your brain where the information is
then interpreted as a sensation.

PROCEDURE

Choose a partner to carry out this exercise. Use the rubber

grid stamp to stamp a grid on the inside of your partner’s
forearm. Then stamp a grid on the table on the next page
under the word, “Stimulus” and another under “Sensation”.

Have your partner turn away and not watch while you touch
a square, at random, with any of the following four devices.
Record what you used in the grid labeled “Stimulus” and then
record what your partner reported under the “Sensation”
grid. Use each device at least TEN times. For example, start
with:

1. The bristles of a brush. Record a “T” in the grid when
your partner feels the bristles.

Figure 17.1
Nerve Impulse Pathway
Stimulus Sensor bl Integrator herve Effector Response
Impulse (CNS) Impulse
Detection Sensation Muscle
& or
Transformation Perception Gland
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2. Use a heated probe from the hot water bath. Dry the
probe and use it to touch each square. Record an “H” on
the chart.

3. Use a cold probe from the ice bath. It should be dry as

you use it to touch each square. Record a “C” when your

partner feels cold.

TOUCH WARM

4. Touch a square with a dissecting needle and record a “P”

when your partner feels a prick (slight pain).

COLD PAIN

Location of
Stimulus
Application

Location of
detected
Sensation

Total applied
stimuli

Total detected
sensations

REVIEW QUESTIONS

1. Which of the four types of receptors are most numerous in

the skin and why do you think they are the most numerous?

2. Which receptors are the least numerous? Explain why.

17-2

3. Some physiologists believe there are separate receptors for
both heat and cold. Others believe that the same receptors
are responsible for heat and cold, but the brain (based on
learning) detects the differences between heat and cold.
Which hypothesis does your data support? Explain your

answer.
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2. HOW ARE TOUCH RECEPTORS

 DISTRIBUTED ON YOUR BODY?

The goal of this experiment is to determine which surface

regions are sensitive to touch and whether the area being
touched has enough touch receptors to differentiate as to

whether that spot is being touched by one or two points.

%

1. Obtain a set of dividers (large pins or a pair of forceps) to

determine if your partner can feel one point or two points
at various places on their skin.

2. Keep decreasing the distance until they report feeling only
one point. Record this distance in Table 17.1.

3. Now touch two or three other places and see if they still
feel ONE POINT.

When the person feels one point it means a single receptor
is sending impulses to your brain rather than two receptors.
When the receptors are close together or more concentrated
the closer together the two points are being reported as feeling
like a single point. This is commonly referred to as the two

point discrimination test.

Table 17.1 Results of 2 point discrimination test

Distance between
points when only
one point is felt

Rank of the
concentration*

Location
Tested

Cheek

Lower lip

Finger tip

Heel of hand

Forearm

Elbow

Back of neck

*The smaller the distance between the points the higher the
concentration of touch receptors. Rank by concentration,
e.g. 1 = highest conc., 2 = next highest conc., etc.

| |

1. Given your data in the table above, what do you conclude

about the distribution of touch receptors in the skin?

2. How did your results compare with other members of your

group?

3. Why are there differences in distribution of discriminatory
sensory receptors? What evolutionary advantages are there

to these differences in distribution?

17-3



17. SENSES & PERCEPTION

> DISTRIBUTED O THE TONGUE?

Foods and substances in the environment are viewed as good

to eat (pleasant taste or smell) or unpalatable (bad tasting)
depending upon how taste receptors on the tongue and
olfactory (smell/scent) receptors in the nasal passages respond.
Only molecules and ions which dissolve in mucus or salivary
secretions are capable of stimulating taste and odor receptors.
Certain regions of the tongue are more or less sensitive to

different flavors.

_}

Work in pairs for this experiment. You will need four cotton-

tipped sticks per person. Obtain a set of four flavors per pair
or bench:

Sweet (sucrose)

Sour (acetic acid)

Bitter (quinine sulfate)

Salt (NaCl)

1. Dry off the tongue with a clean piece of kimwipe or paper

towel.

2. Dip a clean cotton tipped stick into the first solution,
then dab (touch) the tip, middle, sides and back of your
partner’s tongue.

3. Record the results in Figure 17.2. If no flavor is detected
in a particular area, write “none”. Use (+), (++), (+++) to

show the intensity of the flavor.

4. Rinse the mouth out with water and dry the tongue before
using the next solution.

5. Repeat steps 1-4 until you have tested all four flavors.

Figure 17.2

Tongue diagram indicating the region
of greatest response to a particular flavor

JUUL

Sweet Sour Bitter Salty

17-4

W

1. How do your results compare with the other members of

your group?

2. Can you think of any reasons why different regions of the

tongue taste different chemicals?

The body possesses millions of receptors that are sensitive to
temperature. These thermoreceptors are located in the skin
and are responsible for signaling changes in the environmen-

tal temperature to the brain.

In the back of the room are three containers. One has cold

water, one has water at room temperature and one has warm
water. Immerse your left hand in the cold water and your
right hand in the warm water. (The cold water is chilled by
putting a few ice cubes in it. Do not make it so cold that it
stimulates the pain receptors. In the same way, the warm
water should be comfortably warm, not painfully hot).

Keep your hands in the respective bowls until they no longer
feel the water temperature as warm or cold. Immerse your
left hand in the bowl of room temperature water and record
the results. Immerse your right hand in the same bowl of

room temperature water and record the results.

1. Temperature of water according to your left hand (from
cold water)

2. Temperature of water according to your right hand (from

warm water)



17. SENSES & PERCEPTION

—

%]

1. Explain your findings. Why did this happen?

2. Do your findings mean that you can not trust your sensa-
tions? Explain.

3. Can you explain why a person often finds it difficult
to walk or continues to feel the motion of a boat after
stepping onto the dock or land? There is no stimulus, yet
one senses motion. Why?

Temporal bone

Ossicles
Malleus  Stapes

Semicircular canals

Tympanic membrane

C. HOw WE HEAR

Observe the model of the human ear and note the location of
the tympanic membrane (eardrum); the bony ossicles of the
middle ear, and the cochlea of the inner ear. The process of
hearing begins when sounds waves enter the auditory canal.
The sounds waves are detected by the tympanic membrane
and amplified through the ossicles. The last ossicle, the
stapes, strikes the oval window of the cochlea. This action
results in a movement of fluid within the cochlea and the hair
cells in the organ of Corti are stimulated. The hair cells are
sensory receptors that cause nerve impulses to be conducted

in the cochlear (auditory) nerve to the brain.

" ConpucTion eamiss

When the eardrum or any of the small bones in the ear are

damaged, deafness can result. This type of deafness is called

“conduction deafness” and can be corrected with a hearing

aid.

Another type of deafness is caused by damage to the cochlea
and/or the auditory nerve. This type of deafness, called “sen-
sory-neural deafness” may be due to infections, streptomycin
toxicity or prolonged exposure to loud music. At present, the

only cure for this type of deafness is cochlear implants.

Auditory nerve

Figure 17.3
Anatomy of the human ear

Cochlea

External (ear drum)
auditory
Pinna canal Eustachian tube
(outer ear)
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. Produce vibrations in a tuning fork by striking it with the

rubber mallet.

2. Place the handle of the vibrating tuning fork against the
bone behind your ear, with the fork turned down and away
from the ear. You should be able to “hear” the vibration
of the tuning fork.

3. When the sound is no longer heard, position the tuning
fork in front of the opening in the ear.

4. If there has been no damage to the ear drum or the middle
ear, the sound should reappear as it is now being transmit-

ted in the normal manner.

State your results:

Repeat the test with your ear plugged (insert cotton or your

finger in your ear).

State your results:

- 2. LOCATING SOUND

Humans locate the direction of sound by how fast it is

detected by either or both ears. A difference in the hearing
ability of the two ears can lead to a mistaken judgment about
the direction of the sound. Pair with a laboratory partner for
this experiment. Be sure to enter the data for your ears, not

your partners, below.

Mb]

1. Ask the subject to be seated, with eyes closed.

2. Strike a tuning fork at the five locations listed in step #4.

Use a random order.

3. Ask the subject to give the exact location of the sound in

relation to his or her head.
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4. Record the subject’s perceptions when the sound is:
a. directly below the head:
b. directly behind the head:
c. directly above the head:
d. directly in front of the face:

e. to the side of the head:

5.Is there an apparent difference in hearing between your

two ears?

REVIEW QUESTIONS

1. Explain why plugging your ear prevents you from

hearing.

2. Explain why sticking your finger into your ear while
talking makes the sound of your voice seem louder in the

plugged ear.

3. Explain why persons suffering from conduction deafness
wear a hearing aide placed on the bone behind their ear

and not in the ear canal itself.

4. Explain why a person suffering from sensory-neural

deafness can not be helped with a hearing aide.
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Figure 17.4
Anatomy of the human eye

pupil

iris

sSus pensory
ligaments

ciliary body

agqueous vitreous
humour humour
; | __ sclera
. choroid
cornea _ reting

fovea
{part of the macula)

~optic nerve

 “NEARSIGHTED’ OR “FARSIGHTED"?

An eye chart is tool used to measure visual acuity. The letters

1. WHAT IS MEANT BY }

at the top are relatively large compared to the lower sets that
are somewhat smaller. Each row is marked with the distance
from the chart a person with normal site can stand and still
read the letters. For example, the large letter E can be read
at 200 feet by a person with “normal” vision. A person who
can read only this letter at 20 feet and none of the others has
20/200 vision.

Stand at the tape (20 feet from the chart) cover your left eye
and read the smallest set of letters possible. Repeat covering
the right eye.

Record the results:

Right eye: 20/

Right eye with glasses (if any): 20/

Left eye: 20/

Left eye with glasses (if any): 20/
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[a—

. How would you describe your visual acuity?

2. The lens of the eye adjusts to near objects by assuming
a more rounded or convex form. Then as the object is
moved further away, the lens returns to its normal flat
shape. However, if your eyeball is elongated the lens may
not be able to flatten enough and the image falls short of
the retina. Such a person is called nearsighted. Explain

how glasses can be used to correct this problem.

The chart also contains an astigmatism test. Astigmatism

results from irregularities or defects in the curvature of the
cornea or lens. If there is a defect, some portions of an image
projected on the retina are sharply focused and dark while

others are less distinct or blurred.

Stand 20 feet from the eye chart. Hold a cupped hand over

one of your eyes and observe the chart. Focus the uncovered
eye on the semi-circle at the base of the radiating lines. Are
any of the lines darker and more sharply focused than the
others? Record a yes or 7o below.
Right eye: Left eye:

1. If you have astigmatism, describe how it affects your

eyesight. If you do not, ask someone who has astigmastism

how it affects his or her eyesight and describe it below.
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3. HOW OLD ARE YOUR EYES?

This is a test of the eye’s ability to change the shape of the lens

in order to focus on close or distant objects. The eye is said
to “accommodate” for distance. As a person ages, the elastic-
ity of the lens changes, as does the strength of the muscles
of the ciliary body and suspensory ligaments attached to the
lens capsule, making it more difficult to see nearby objects
clearly. The ability of the lens to contract and become convex
decreases with age and so it becomes more difficult to focus

on nearby objects.

PROCEDURE

1. Hold a pencil upright by the erase and at arm’s length in

front of whichever eye you are testing.
. Close the opposite eye.
. Move the pencil from arm’s length toward your eye.

. Focus on the end of the pencil.

[ NS S S}

. Move the pencil toward you until the end is out of focus.
Measure the distance in centimeters between the pencil

and your eye. Record your results below.

Repeat the above procedure for the other eye. Record your

results below.

Distance:

Right eye:

Left eye:

Repeat both without your glasses (if you wear glasses)
Distance:

Right eye:

Left eye:
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Table 17.2. Near point and age correlation

Near Point (cm) 9 10

13 18 50 83

Age (years) 10 20

30 40 50 60

The “younger” lens can easily accommodate for closer
distances. The nearest point at which the end of the pencil
can be clearly seen is called the near point. The more elastic

the lens, the “younger” the eye (Table 17.2) .

1. What is the “age” of:

Your right eye? Your left eye?

4. WHAT IS THE ‘BLIND SPOT"?

The retina of the eye contains two types of photoreceptors,

rods and cones. The rods allow greater visual sensitivity and
are responsible for night vision which is seen in black and
white. The cones allow greater visual acuity and are respon-
sible for day vision when colors can be detected. The nerve
cells that transmit images gather together to form the optic
nerve. The blind spot occurs where the optic nerves exit the
retina. No vision is possible because there are no rods or

cones in this region.

PROCEDURE

1. Obtain an optic disc card and hold the card at arms length

from your eye with the cross on the right side and the dot
on the left.

2. Close your right eye and stare at the cross with your left

eye.

3. SLOWLY bring the card closer to your face until the dot
disappears. Continue to move the drawing slowly to your

face until the dot reappears.

|

1. Explain why the dot disappeared and reappeared.

2. Explain why a torn retina received during an accident

could result in a person losing his/her vision.

In some people, one eye is more dominant than the other.

It is possible to determine whether a person is right eyed or

left eyed.

PROCEDURE

1. With one eye closed point your finger at an object across

the room. Open the closed eye. Is your finger still pointing

at the object?
2. Repeat the procedure with the other eye.

3. The eye for which there was NO SHIFT in the image is

your dominant eye.
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|

1. Are you left or right-eyed dominant?

2. Can you think of any circumstances where it would be

useful to you to know which eye was dominant? Explain.

6. WHAT ARE SUPER-IMPOSED IMAGES?

The paths of the optic nerves from each eye cross in the brain

at what is called the optic chiasma. Impulses then travel to
the opposite sides of the brain (Figure 17.5). Furthermore,
the outside region of each retina sends images to the same
side of the brain, while the inside region of each retina sends
images to the opposite side of the brain. These pathways aid
in providing us with binocular vision. That is, one half of
the human brain “sees” one image and the other half “sees” a

different image.

Figure 17.5

Path of the optic nerves in the human brain

Retina

Optic Nerve

Optic Chiasma

Visual Cortex
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PROCEDURE

1. Obtain a paper tube. Hold the tube up to your dominant

eye. Look at an object across the room through the tube.

2. Bring your other hand along the side of the tube in front

of your other eye.

. Move your hand toward and away from your free and
uncovered eye along the length of the tube. Note the place

where a hole appears in your hand.

REVIEW QUESTIONS

1. What do you think causes you to see a “hole” in your

hand? Explain.

E. ROLE OF LIGHT SENSITIVE PIGMENTS
IN SIGHT

When light hits photoreceptors in the eye (rod and cone cells)
the chemical breakdown of a pigment occurs which produces
electrical charges. These charges give rise to impulses,
which are transmitted to the brain. The brain interprets the
impulses. These events, however, cannot be repeated until the
pigment in the receptors is regenerated and then the receptor
can be re-stimulated again. The reduction in sensitivity due

to pigment breakdown is called “bleaching”.

It is believed that color vision depends upon three types of
cone cells that respond to colors. One type responds most
strongly to red, one to green and a third to blue (or violet). All
other colors are interpreted by the brain as a mixture of these
colors. Color discrimination is impaired if one (or more)
type of cone cells is defective or if one type is “bleached” by
the continued viewing of an object.

PROCEDURE

1. Stare at a small red square that has been placed on a piece

of black paper for at least 1 minute. Then quickly place a
sheet of white paper over the red square and stare at it. A

ghost image of the small red square should appear.
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REVIEW QUESTIONS

1. What is the color of the ghost image (formerly red) on the

white paper?

2. Repeat the process using a blue square. Result?

3. Repeat the procedure using a yellow square. Resule?

4. Explain what white light is.

5. Why do you think the ghost image (called an after-image)

changed colors when you switched your gaze to the white

sheet of paper?
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18. ECOLOGY

OBJECTIVES

At the end of this lab, you should be able to: i 'LF';IT"ITHTL'-"HJ_.

1. Describe the diet of a barn owl. .

2. Use a dichotomous key. .

3. Describe and construct a detailed food web.

INTRODUCTION

Today, you will be investigating predation by the barn owl
(Tjto alba). Barn owls eat swallow small birds, rodents, or
other small animals whole. Digestive enzymes break down
the body tissues in the prey but leave the harder materials
such as beaks, claws, scales, or insect exoskeletons, along with
hair or feathers undigested. Pellets may contain the complete

skeletons of one or more prey items.

Predatory mammals like mountain lions or coyotes have teeth
to grind up and a digestive tract adapted to pass these ground
parts. Owls, however, do not have teeth for grinding and
cannot pass these hard and sometimes sharp parts through
their digestive tracts safely. Instead, these materials from
pellet which is surrounded by the hair or feathers of the prey

consumed. The pellet is then expelled orally.

Owl pellets provide scientists with a wealth of information

about what the owls have been eating. Since owls are not

very selective feeders, these pellets can be used to estimate
the diversity of available prey. The contents are also a direct
indicator of what an owl has fed on; information that is

crucial for species management and protection.
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A. DISSECTING OWL PELLETS

| }

1. Before dissecting the pellet, remove the foil and obtain the

weight (g), length (cm) and width (cm).
Weight (g)

Length (cm)

Width (cm)

2. Prepare several small sheets of paper to hold the bones of
each prey item extracted from the pellet. Label them with
the names of your lab group members and which pellet the

bones are from (first, second, etc).

3. Using the dissecting needle provided, loosen the fur or
feathers on the outside of the owl pellet. If the pellets do
not come apart easily, soften them by soaking them briefly
in warm water.

4. As bones are uncovered, carefully remove them and place
them to the side of your sheet of paper. Extra care should
be taken to keep skulls intact and associated with their
respective mandibles. Attempt to keep the bones from
each prey item separate from one another. After you have

removed all bones, you can begin to identify the prey.

5. Soak the bones in diluted bleach to clean and whiten them.
Remember to keep the bones from each prey item separate

from one another.

6. After the bones have been cleaned, arrange them on a
piece of cardboard to reconstruct the skeleton (skull at the
top; disjointed mandible on either side of the skull; then
the cervical vertebrae, ribs, etc). Use white glue to attach
the bones to the cardboard. Label with both the common

name and the scientific name.
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7. Use the Dichotomous Key (Figure 18.1) and Skull
Characteristics Chart (Figure 18.2) to identify the skulls
of small mammals found in your pellets and record the
number of each type on a worksheet labeled “Pellet
Contents”. If birds, insects, etc. are found, then no further
identification is needed. List the contents of the owl pellet

in the space provided at the end of this lab.

Note: Undigested beetles and pillbugs are sometimes found
in owl pellets. These are small animals that find expelled
raptor pellets and use them as a food source and nursery for
their eggs, and/or larvae. Therefore, these organisms should

not be included as owl prey.

Figure 18.1 Dichotomous Key
Skulls of Small Mammals Found in Barn Owl Pellets

Start Here!!

1. No gap (diastema) between incisors and cheek teeth: Go
to Order Insectivora (Moles and shrews) key on page
18-3.

2. Gap (diastema) between incisors and cheek teeth: Go
to Order Rodentia (Rats, voles, and mice) key on page
18-3.
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Order Insectivora (Moles and shrews)

1. Zygomatic arch complete, skull flat and broad
Zygomatic arch not complete, skull not flat and broad

2. Upper teeth 10 on each side: mandibular teeth 8 each
Upper teeth 10 on each side: mandibular teeth 11 on each side

3. Skull 1.0 to 1.5cm total length; upper teeth 9 on each side --------------
Skull greater than 1.5cm total length; upper teeth 10 on each side ----------

Skull robust; second and third teeth of same size and larger than fourth and

4. fifth teeth which are also of the same size; sixth tooth minute and hidden
from lateral view --------------

Skull delicate; second through fifth teeth not distinctly paired by size but

almost uniform; sixth minute but clearly visible from lateral view ----------

Order Rodentia (Rats, voles, and mice)

1. Infraorbital canal present --------------
Infraorbital canal not present --------------

2. Upper incisors distinctly grooved
Upper incisors not distinctly grooved

Skull flat and broad; cheek teeth acutely angled and may appear as one
continuous tooth

Skull generally rounded; cheek teeth lobed or rounded and easily
distinguished individually

4. Upper incisors distinctly grooved

Upper incisors not distinctly grooved
5. Posterior edge of palate ending well beyond last cheek teeth

Posterior edge of palate ending even with or slightly beyond last cheek
teeth

Upper incisors notched; anterior palatine foramina extend well beyond

6 anterior edge of cheek teeth
Upper incisors not notched; anterior palatine foramina do not extend well
beyond anterior edge of cheek teeth --------------

7 Posterior palatine foramina obvious and located just beyond last cheek

" teeth --------om--—-

Posterior palatine foramina minute and located between second pair of
cheek teeth

8. Zygomatic plate undercut and having a distinct dorsal protrusion; second

and third pair of cheek teeth sigmoid or “S” Shaped
Zygomatic plate not undercut; cheek teeth not sigmoid

(Moles) Go to 2
(Shrews) Go to 3

(SE Mole) Scalopus
(NW Mole) Scapanus
(Least Shrew) Cryptotis
Goto4

(Short Tailed Shrew) Blarina

Shrew) Sorex

Goto?2

Goto 3

(Pocket Mouse) Perognathus
(Pocket Gopher) Thomomys

(Pine Vole) Microtus

Goto4

(Harvest Mouse)
Reithrodontomys

Goto5
Goto 6

Goto8

(House Mouse) Mus
Goto7

(Rice Rat) Oryzomys
Rat) Rattus

(Cotton Rat) Sigmodon

(Deer Mouse) Peromyscus
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Figure 18.2
Skull Chart
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%]

After the owl pellets have been dissected, post your totals

for each type of prey on the board. Use these numbers to

multiply the “prey weight” for each prey. For example, if you

record “5” in the Class Total column for 7homomys, multiply
by the prey weight of 150g: 5 x 150g = 750g. This is the

total weight or biomass that the prey contributed to the diet

of the barn owl in our population. This should be done for

each prey type. You should also add up all the types of prey

in a certain category. For example, all of the rats: including

Sigmodon, Oryzomys, and Rattus.

Table 18.1 Prey Chart:

|

1. Which type of prey contributed the most by number?

2. Which prey type contributed the most in biomass?

Prey Your Group Prey Weight | Class Total Total Biomass
Pocket Gopher Thomomys 150 g
Rat Sigmodon 100 g
Rat Oryzomys 80¢g
Rat Rattus 150 g
Vole Microtus 409
Mice Peromyscus 229
Mice Mus 18 ¢
Mice Reithrodontomys 12 g
Mice Perognathus 25¢
Mole Scapanus 55¢
Mole Scalopus 55¢
Shrew Blarina 209
Shrew Cryptotis 49
Shrew Sorex 4q
Other Prey Bats 79
Other Prey Birds 15¢
Other Prey Insects 1lg
Other Prey Crayfish 59
Other Prey Small reptiles 209
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3. If an owl needs 100g of food per day, how many Sorex does

it need to capture?

4. How many Sigmodon?

5. Assume an owl eats 100 1ginsects and one 100g rat. Which

prey contributed the most to the owl’s diet (explain)?

6. Is quantity or quality of prey more important (why)?

18-6

B. CONSTRUCTING A FOOD WEB

A food web is a relationship diagram showing the flow of
energy from organisms at lower trophic (feeding) levels
to those at higher trophic levels. Energy passes from one
organism to another on a higher level through the consump-
tion of the lower organism. For the barn owl, energy is passed
from grass and seeds to insects which are in turn eaten by
birds, which are finally consumed by the owl. There are many
possible combinations of how energy is passed from one

trophic level to another. One example is shown below:

Barn Owl

Bird

Mouse Insects

\ /

Grass and Seeds

There are commonly four trophic levels found in a food web.
The first trophic level includes the primary producers: all
of the photosynthetic plants such as grass. On the second
trophic level we find the primary consumers. These are
herbivores such as gophers that feed on plants. Secondary
consumers on the third trophic level are carnivores (meat-
eaters) that eat herbivores (plant-eaters). Tertiary consumers
are carnivores that eat other carnivores and are usually found

at or near the top of the food chain.

Construct two food webs using the space provided at the
end of this lab. The webs should contain a barn owl at the
highest trophic level, and grass and seeds at the lowest. The
intermediate organisms that you show should include prey
found by your class. Expand the food web for the species

you reconstructed the skeleton for and research the feeding

habits.
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- DIVERSITY AND STABILITY

Increased diversity = increased stability. If a predator

depends on only one prey type, then a decline in that par-
ticular prey will lead to a decline in the predator. If the prey is
eradicated through disease or over hunting, then the predator
will have to relocate or it will also die. On the other hand, if
a predator feeds equally on five prey types, a decline in one or
two may cause some stress, but the predator may still feed on

the remaining types.

Diversity (and thus stability) increases as one nears the equator.
For example, Alaskan owls have a very limited selection of prey
types and feed almost exclusively on Lemmings (Lemmus).
Therefore a decline in the lemming population will seriously
affect the resident owls. Owls near the equator have a large
diversity of prey from which to choose and typically feed on
15-20 prey types ranging in size from insects to opossums
(Dedelphis), While a particular species of owl may feed more
heavily on one of these prey than the others, a decline in
any one of these prey will not likely have a major impact on

overall prey availability.

REVIEW QUESTIONS

7. Do you think this population has a diverse array of prey

items?

8. Would a crash in the shrew (Blarina, Cryprotis, Sorex)

population seriously affect this population of barn owls?

Why?

9. Would a crash in the vole (Microtus) population seriously

affect this population? Why?

10. Some owls produce 2 pellets per day. Assume each pellet
represents 80g of biomass. Also assume that one 40g
vole can cause 50 cents of crop damage to a farm per
season. If a barn owl family of seven (2 adults [producing
2 pellets/day] and 5 young [producing 1 pellet/day]) lives
on a farm for 12 weeks and feeds exclusively on voles,
how much will the farmer save in crop damages over the

course of a season?
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Pellet Contents:
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Food Webs:
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APPENDIX A:
MICROSCOPY QUICK GUIDE

1. When carrying the microscopes, put one hand on the arm/body tube and one
hand under the base of the microscope. Pretend it is a football and keep it close to

your body.

2. Proper steps for all viewing:

a. Lower the stage

b. Make sure rheostat (light intensity) is turned down

b. Turn on the microscope and turn the rheostat up about 2/3 of full
intensity

c. Rotate in the low power objective, if it is not already in position

d. Center the slide on the stage

e. Raise the stage to the objective and slowly move the slide away from the
objective to focus.

f. Increase the magnification

g. Focus with the fine adjustment knob.

3. Always clean the slides before and after use.
4. Only use lens paper on the microscope lenses.

5. Proper steps for putting away the microscope:
a. Rotate the low power objective into place
b. Lower the stage completely
c. Turn down the light source using rheostat knob
d. Turn off the microscope
e. Remove the slide
f. Clean the slide
g. Wrap the cord around the cord holder
h. Cover with plastic cover
i. Use 2 hands to carry the microscope to the cabinet

6. Carefully return the microscope to the assigned space, with the stage on the
inside and the neck of the scope toward you.

7. When in doubt, ask you instructor how to use the microscope!

A-1



INTRODUCTION

Micropipetters are continuously adjustable pipettes which
are used to draw up and deliver specified volumes. The
volume is determined by adjusting the volume adjustment
knob. The volume, in microliters, is displayed in the volume
indicator. The first section describes the parts and general use
of a micropipetter. The second section describes how to use a
micropipetter and includes an exercise. Refer to the micropi-

petter diagram on the next page as you read this tutorial.

M COMEIONS S 10

The two most prevalent units of liquid measurement in

molecular biology are the milliliter (mL) and the microliter

(pL).

1 mL = 0.001 liter or 1/1,000 liter 1,000 mL = 1 liter
1pL=0.000001 literor1/1,000,000liter 1,000,000 pL=1liter
1 pL = 0.001 mL or 1/1000 mL 1,000 pL = 1 mL

A. MICOPIPETTERS: GETTING STARTED

There are three common sizes of micropipetters, which
cover the volume range of 1uL to 1,000uL. The largest, the
P-1000, has a plunger button labeled P-1000. The other two
have plunger buttons labeled P-20 and P-200. All three have
a window (digital volume indicator) with numbers showing

the volume being withdrawn or dispensed.

The P-1000 is used for volumes ranging from 200-1000uL
and require the use of the larger plastic pipette tips. The P-20
and P-200 are designed for volumes ranging from 1-20ul
(P-20) or from 20-200ul (P-200). They require the use of

the smaller pipette tips.

You must know how to correctly use the micropipetters. This
includes correctly using sterile technique to add the tips and

correctly disposing of the tips.
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APPENDIX B:
MICROPIPETTER TUTORIAL

'HOW NOT TO BREAK A MICROPIPETTER!
These machines are EXPENSIVE. Be sure to follow these
simple rules:

1. Do NOT dial a pipetter below 0

. Do NOT dial a pipetter above their maximum value

. Do NOT drop a pipetter
. Do NOT submerge the shaft of a pipetter in liquid
. Do NOT pound the pipetter into a tip

(<) NV NN NG I O]

. DO think about what you're doing and DO use common

sense!

B. MICOPIPETTER INSTRUCTIONS

Your instructor will demonstrate the proper use of micropi-
petters and sterile technique. Although the instructions below
apply specifically to the P-20, they are also applicable to the
P-200 and P-1000. Refer to Figure 1 on the next page.

1. Hold the micropipetter towards you so that you can see
the Digital Volume Indicator. The number you see is the
volume of fluid, in uL, that will be dispensed. To adjust
the volume, gently rotate the Volume Adjustment Knob
until the correct volume is displayed. Rotate clockwise
to decrease, counterclockwise to increase. Never force
the adjustment. Approach the desired volume by dialing

downward from a larger volume.

2. Use a tip at all times.

3. Before using the micropipetter, get used to feel of the first
and second “points of resistance” of the micropipetter.
Depressing the plunger to the first “point of resistance”
allows the desired volume of your solution to be drawn
into (or dispensed from) the tip. Depressing the plunger
to the second “point of resistance” introduces an additional
volume of air, which blows out any remaining solution.
This will become clear when you actually practice with the

micropipetter.
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4. To withdraw a sample:

a. The micropipetter must have a tip. Open the tube of
sample solution and hold it by the body, not the lid,
firmly between your thumb and forefinger. It helps to
have the tube near eye level.

b. Depress the plunger to the first “point of resistance”

and hold it.

c. While holding the micropipetter in a vertical position,
immerse the tip into the sample and withdraw fluid
by gradually releasing the plunger. DO NOT LET IT
SNAP UP. Wait 1-2 seconds to ensure that the full
volume of sample is drawn into the tip. Watch! Slide
the tip along the inside wall of the tube to dislodge any
excess droplets adhering to the outside of the tip. Never

set down a micropipetter with a filled tip.
5. To dispense a sample:

a. Touch the pipette against the inside wall of the receiving
vessel. The capillary action helps to dispense the fluid.

b. Slowly depress the plunger to the first “point of resis-

tance” and wait 1-2 seconds.

c. Depress the plunger to the second “point of resistance”
(while still holding the tip against the side of the tube).
This will expel any residual liquid.

d. Keeping the plunger fully depressed, withdraw the
micropipetter by carefully sliding the tip out along the
wall of the vessel.

6. To discard the tip:

Discard the tip into the beaker labeled “Waste tips and
tubes” found at your bench. To do this, depress the ejector
button while holding the tips over the beaker. Use a fresh
tip for each sample unless told otherwise.

** Practice: Adjust the micropipetter to 4ul (or 400ul or
40ul if you are using a P-1000 or P-200 respectively) and
practice pipetting dye into an empty centrifuge tube.

Plunger button ——

Volume
Adjustment ——
Knob

Digital Volume
Indicator ——

Disposable Tip —— |

q Tip ejector button

| — Tip ejector

Figure 1

Micropipetter diagram
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