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ABSTRACT

This course of study is aligned with the California
State Science Framework and provides students the biology content
needed to become scientifically literate and prepared for
post-secondary science education. The course of study is divided into
four sections. The first section provides an overview of the course
and includes a course description, representative objectives, a time
line, and the sequence of instructional units. The second section
presents the course's 10 instructional units and enumerates the
required concepts and skills to be taught. Topics covered by the
units are: (1) the nature of biology; (2) the cell; (3) principles of
taxonomy; (4) the classification, structure, and function of viruses,
monera, protista, and fungi; (5) the classzification, structure, and
function of plants; (6) the classification, structure, and function
of animals; (7) developmental biology; (8) genetics; (9) evolution;
and (10) ecology and environment. The third section on lesson
planning discusses various teaching strategies that foster scientific
ways of thinking and encourage student creativity and curiosity. Ten
sample lesson plans identifying specific objectives, instructional
activities, practice formats, individual learner differences, and
evaluation methods are provided. The fourth section contains four
appendices that include: a classroom test of formal operation level
including testing and scoring procedures and an answer key, a list of
31 resources; a list of the standards for Biolcgical Science from the
"Model Curriculum Standards, Grades Nine through Twelve'; and a copy
of the Secondary Science Continuum. (MDH)
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SAMPLE LESSON 1: SCIENTIFIC METHOD

Subject or Course: Biology AB

Representative Objective: To assist and develop the student's ability to

prepare a laboratory report.

Sending and Receiving Skill(s) Emphasized: Speaking X Writing X Reading X

Listening X_ Thinking___

Thinking Level or Cognitive Level: Knowledge Comprehension___ Analysis X

1.

Application X Synthesis_ _ Evaluation

Specific Objective and How Presented to Students: The student will be able
to complete a Taboratory report folTowing the steps of problem solving
presented in the tesson.

Value to Students in Achieving the Objective: The student will gain skills
in problem solving that may apply to new situations.

Initial Instructional Activity to Teach Objective to Students: The teacher

will present the six steps used in problem solving via the scientific
method. Given an example such as Alexander Fleming's discovery of
penicillin, students will see the importance in following logical steps
in solving a problem. The steps are as follows.

A. Define the problem. D. Test hypothesis.
B. Gather background data. E. Record observations,
C. Form hypothesis. F. Form conclusions.

Guided Group Practice: Students work in groups of 2 to 4. They are
introduced to the Taboratory exercise on "PROBLEM SOLVING" sheet with
a discussion as to the problem presented in the activity.

Independent Practice: Students will complete the laboratory activity after

they have been given an introduction. A laboratory report using the steps
of the scientific method will be required.

Individual Differences and Learning Modalities:

a. Remediation/Alternative Activities: Students will re-read the material
on the scientific method in the textbook. Small groups will discuss
the introduction to the laboratory activity with the teacher.

b. Enrichment or Supplemental Activities: Students are asked to design an
experiment related to something Tiving., They are to use the steps of
the scientific method in their design. A written report and a report
to the class are required,

Evaluation: Teacher observations of groups during laboratory session,

Teacher evaluation of written reports of laboratory activity.

105
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BIOLOGY AB

1.

2.

Name

Period Date

LABORATORY EXERCISE ON PROBLEM SOLVING

Purpose: The purpose of this investigation is to to gain experience in
problem solving.

Materials: Test tube filled with water with cap screwed on tight or with
a stopper taped on tight.

Procedures:

Place the test tube filled with water lengthwise over the large words,
carbon dioxide, shown below,

While looking through the test tube, raise the test tube about 3
centimeters above the papar. Describe what happens.

CARBON DIOXIDE

Think about what happens and use the steps listed below to try to solve
the problem you are presented with,

Laboratory write-up:

A. Define the problem:

B. Gather background data:

C. Form a hypothesis:

223
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BIOLOGY AB

LABORATORY EXERCISE ON PROBLEM SOLVING (continued)

D. Test the hypothesis:

F, Form a conclusion:

(OPTIONAL) Design an experiment of your own using living materials.

224
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SAMPLE LESSON 2: THE CELL - LABORATORY EXPERIMENT ~

Course: Biology AB

Representative Objective: To assist and develop the student's ability to
observe the processes of osmosis and diffusion.

Sending and Receiving Skill(s) Emphasized: Speaking __ Writing _ Reading
Listening__ Thinking_X

Thinking Level or Cognitive Level: Knowledge Comprehension Analysis X

Application__ Synthesis__ Evaluation X

1. Specific Objective: The student will be able to remove the shell from
an egg and change the size of the egg with various solutions. The
student will be able to predict the results of using other solutions.

2. Value to Student: The student will develop hand-eye coordination, and
observational and predictive skills that are useful in real life
situations.

3. Initial Instruction/Teacher Presentation: Students are given outlines
of the steps of the experiment they will perform and the possible
outcomes.

4, Guided Group Practice: Students will be given an opportunity to do a
number of experiments with the egg.

5. Independent Practice: The student will change the size of the egg with
as many solutions as time allows.

6. Individual Differences and Learning Modalities: Students will be given
a choice 1in the number and type of experiments they do with the egg.
Additional practice can be provided to students who do not grasp the
concept by having them work with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will

help students who work slowly. Students will be divided into
heterogeneous teams.

b. Enrichment/Supplemental Activities: Students who seek greater
challenge may use the laboratory exercise entitled "The Advanced
Egg'll

7. Evaluation: Students will be graded on t.ie preparation of their egg and

report. An oral discussion on predictive results will be presented,
followed by a quiz.

225
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Name

Period Date

LABORATORY EXERCISE ON THE EGG

Introduction

Osmosis

Water enters and leaves the cells of cur body by passing through the actual
cell membranes., The movement of water is called diffusion and the movement
of water through a membrane is called osmosis.

Diffusion

Diffusion occurs any time any kind of substance is concentrated in one place
and movement of its molecules enables them to travel. If someone wears
perfume, it diffuses off the skin into the air, and then into another
person's nose.

The odor of an onion is released and diffuses into the air when the onion is
cut. A drop of food coloring placed in a gallon of water colors the entire
gallon of water without being stirred.

Diffusion always has a direction, Diffusion goes from an area of greater
concentration to an area of lesser concentration.

THE EGG
The egg is a wonderful subject for science experiments., It is a single cell,

has a hard covering, is covered by & single perfect membrane, can develop into
a chicken, and is edible if fertile.

Materials: o
e
- 250-m] beaker or pint jar for each egg VINEGAR
- one pint of vinegar for each egg
i eggs KQG

Procedures:

Do not remove the shell first, To remove the shell, place the egg in the
beaker and fill the beaker with vinegar. Put the beaker in a refrigerator

for 24 hours. Remove the egg from the beaker and, handling it very carefully,
rinse it in the sink., At this point the eggs will vary from extremely

fragile to rather tough and capable of withstanding being passed around the
classroom,
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LABORATORY EXERCISE ON THE EGG (continued)

Experiments with the Egg:

You can do any or all of these experiments., Each part is a complete laboratory
investigation. The experiments can be done with the same egg reusing it on
succeeding days, or you can use several eggs.

Place the egg in pure water for 24 hours,

Place the egg in white corn syrup for 24 hours.

. Place the egg in a salt solution which has enough salt in it so that the
egg floats.

. Place the egg in a series of sugar solutions such as 5%, 10%, 20%, 50%.

. Repeat #1 using a few drops of food coloring.

Place the egg in pure cooking oil.

Place the egg in liquid dishwashing soap.

wn —

~NOoO ;P

Follow-up Questions:

1. VWhat happened to the size of the egg? Was it fatter or thinner?

2. For each experiment, did the water flow into or out of the egg or was
there no change?

3. Is there any evidence that something other than water could enter the egg?
How vould you test for this?

THE ADVANCED EGG

Materials:
any methacrylate or “super glue" 4 EVEOROFFER
glass medicine droppers L N\
eggs without shells (as prepared above) W y
glass tubing (1 m or 3 foot section)
rubber tubing /
ring stand with clamps
tape KAROC
graph paper SYRUF
Procedures:

C D

The egg should have the shell removed with no trace of white on it. It is
best and safest to soak the egg in white corn syrup for 24 hours before this
procedure because it makes the egg membrane looser and less 1ikely to rupture.

Remove the rubber top from a medicine dropper. Position the equipment as
shown in the drawing with the dropper a 1ittle above the egg. Put a drop
of glue around the inside rim of the dropper, then lower it against the egg
membrane, and secure it with the ringstand clamp, When it is properly
positioned, put another drop of glue around the outside rim of the dropper
where it meets the membrane. Allow it to dry for 24 hours,
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LABORATORY EXERCISE ON THE EGG (continued)

1 MM
| 4 eLABS
r—: Yuer
1 ! GRAPK
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C Y
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Put 2 or 3 drops of food coloring in the top of the dropper. Place a 5-cm
piece of rubber tubing on the top of the dropper. Using an opened paper clip,
poke a hole in the egg membrane (inside) the dropper. If the membrane is
loose from being soaked in white corn syrup, liquid will not quietly rise.

If the egg was very turgid from being in water, you will get a small geyser
of egg and food coloring on your hand unless you have the rubber tube well
pinched. Insert the Tong glass tube into the open end of the rubber tubing
and clamp it securely to ring stard.

Tape a 1" by 11" piece of graph paper to the glass tube to act as a
measuring scale,

Cautions:
This is a tricky procedure requiring steady hands.

This setup is extremely fragile and any movement of the egg or tubing
after gluing may cause rupture of the egg membrane.

Experiments:

What you have prepared is an apparatus that shows small differences in
osmotic pressure. Each of the following is a variation on that theme:

1. Place fresh tap water in the beaker and record the movement of the
liquid through the glass tube at timed intervals. Graph the results.

2. Place concentrated salt water in the bheaker and read the level of liquid
in the tube. Add water in small quantities to dilute the salt concentration.
At each change in concentration, read the new level of liquid in the
tubing (allow adequate time).

3. Place cooking oil in the beaker.

4, Place alcohol in the beaker.

5. Instead of using a whole egg, try using just the yolk. The yolk has a
complete membrane although it is thinner, more fragile, and dries out
easily. This experiment is extremely difficult.

- o 22
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SAMPLE LESSON 3: TAXONOMY - LABORATORY EXERCISE

Course: Biology AB

Representative Objective: To assist and develop the student's ability to
categorize common laboratory apparatus through the use of a dichotomous key.

Sending and Receiving Skill(s) Emphasized: Speaking _ Writing _ Reading
Listening___ Thinking X

Thinking Level or Cognitive Level: Knowledge _ Comprehension  Analysis X _
Application___ Synthesis Evaluation

1. Specific Objective: The student will be able to use a dichotomous key
to classify laboratory apparatus.

2, Value to Student: The student will develop hand-eye coordination and
observacional skiils that are useful in real 1ife situations, such as
determining features of machined parts.

3. Initial Instruction/Teacher Presentation: Students are given outlines,
a printed dichotomous key, and a tray of common laboratory apparatus.

4, Guided Group Practice: Students will be given a practice sessiun

consisting of the "keying out" of one item on the tray. Students will
work in pairs.

5. Independent Practice: The student will have a 25-minute period to
work on the remaining items on the tray.

6. Individual Differences and Learning Modalities: Additional practice
can be provided to students who do not grasp the concept by having
them work with student< who do.

a. Remediation/Alternative Activities: Students who work rapidly will
help students who work slowly. Students will be divided into
heterogeneous teams.

b. Enrichment/Supplemental Activities: Students who seek greater
challenge will be given the additional assignment of constructing
their own dichotomous key for items in one room of their homes.

7. Evaluation: Answers to the items in the tray will be collected and
graded. Students will discuss the meaning of the activity, and their
knowledge of the purposes and details of the procedure will be an
evaluation of the effectiveness of the activity.

Q 112 229




Name

Period Date

LABORATORY EXERCISE ON USING A DICHOTOMQUS KEY

Purpose: The purpose of this exercise is to identify objects on the basis
of their characteristics.

Materials:

cafeteria tray
beaker

wood appiicator
test tube
Petri dish
toothpick
glass tube
glass rod
slide
coverslip
metric rule

Procedures:

Pick an object from the laboratory tray. While holding it in your hand, start
at number one and pick either x or y as the best answer. Go where the
directions tell you to go. Proceed with the directions until you reach the
letters a through j. Make an answer sheet like the one below and write the
proper letter next to each name,

Answer Sheet:

beaker _
wood applicator _
test tube
Petri dish
toothpick _
glass tube _
glass rod
slide
coverslip _
metric rule

QOO & LWy —

—
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1x
1y

2x

[

2y
3x

4x
4y

5x

6%
by

7x
7y

8x

9x
EA

THE KEY

Made of wood----- go to 2

Not made of wood--~-- go to 3

Made of wood and more than 10 cm long----- a
Made of wood and less than 10 cm long--~--- b
Made of plastic-~--- go to 4

Not made of plastic----- go to 6

Small square and flat----- o

If not~---- go to 5

Long and flat~--~- d

Round and dish 1ike----- e

Flat and rectangular in shape----- f

If not----- go to 7

Larger than 1 cm in diameter----- ao to 9
Smaller than 1 c¢m in diameter----- go to 8

Solid, has no hole----- g
Has hole down the center----- h

Length is more than 5 times the diameter----- i
Length is less than 5 times the diameter----- j




SAMPLE LESSON 4: PROTIST - LABORATORY EXERCISES

Course: Biology AB

Representative Objective: To assist and develop the student's ability to

observe the universal presence of microorganims in our environment.

Sending and Receiving Skill(s) Emphasized: Speaking _ Writing Reading

Listening__ Thinking_X_

Thinking Level or Cognitive Level: Knowledge Comprehension Analysis X

Application Synthesis  Evaluation

1. Specific Objective: The student will be able to grow bacteria and isolate
a pure culture. The student will then test that pure culture for
antibiotic sensitivity.

2. Value to Student: The student will develop hand-eye coordination and
observational skills that are useful in real life situations, such
as sterile laboratory techniques.

3. Initial Instruction/Teacher Presentation: Students are given outlines
of the steps of the experiment they will perform and the possible
outcomes.

4, Guided Group Practice: Students will have a practice session for
development of sterile techniques of bacterial transfer.

5. Independent Practice: Students will be given sterile media and nutrient
agar to accomplish the techniques of bacterial transfer.

6. Individual Differences and lLearning Modalities: Additional practice
can be provided to students who do not grasp the concept by having
them work with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will
help students who work siowly. Students will be divided into
heterogeneous teams.

b. Enrichment/Supplemental Activities: Students who seek greater

challenge will be allowed to screen other materials for antibiotic
activity.

7. Evaluation: Students wiil present Petri dishes showing a single kind
of organism and the effects of antibiotic disks. Petri dishes will
be graded for sterile technique and completion of assignment. Student
answers to written questions will be graded.
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Name

Period Date

SUMMARY OF LABORATORY PARTS

Microorganisms in our environment: Petri dishes are exposed to natural
sources of bacteria.

Isolating a pure culture: One of the colonies in the previous experiment
is spread out on a sterile Petri dish to get a culture derived from a
single ancestor.

Biological magnification: The pure culture from the previous part is grown
in broth to increase the number of bacteria.

Testing for antibiotic sensitivity: The bacteria from the broth culture are

put in a Petri dish and exposed to antibiotics to see which antibiotics are
effective in killing them.

LABORATORY EXERCISE ON MICROORGANISMS IN QUR ENVIRONMENT

Purpose: The purpose of this investigation is to recognize the universal
presence of bacteria in our environment.

Materials Needed: (for each team)

Bunsen burner
test tube with 20 ml1 sterile media C:::::::D

(see Teacher Preparation)

sterile disposable Petri dish -
tape or china marking pencil K”"‘~>< (::)

Procedures:

1. Remove the cap or cotton and carefully flame the end of your test tube.

2. Lift the edge of the Petri dish and pour in the sterile medium.

3. Leaving it on the table, rotate the dish around in a figure "8" (very
carefully), until the medium covers the entire bottom of the dish. Try
not to splash it up the sides.

4, Wait until it is solidified and cool (about 10 minutes).

5. Go outside and expose the dish to something that might have bacteria on it.
Examples:

a. A kiss
b. The cafeteria tables

c. The restroom door handles
d. Your finger tips
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MICROORGANISMS IN OUR ENVIRONMENT (continued)

6. Replace the cover on the dish and seal it with transparent tape so that
it cannot be opened again, This guards it against possible exposure to
pathogenic organisms.

7. Label the Petri dish bottom with your name(s), date, and what you exposed
it to.

8. Place Petri dish in the incubator for 48 hours.

QUESTIONS: Examine the Petri dish carefully.

1. Count the bacterial colonies and note their colors,

2. Count the mold colonies, and describe their colors and forms.

3. Looking at the bacterial colonies in a bright light, report
on the "shininess" or gloss of different colonies.

Place the Petri dish in the contaminated trash container.

234

117




Name

Perijod Date

LABORATORY EXERCISE ON ISOLATING A PURE CULTURE OR CLONING,
Bl ICAL REPRODUCTION, AND ANTIBIOTIC SENSITIVITY - PART 1

Purpose: The purpose of this investigation is to make a colony of bacteria
from a single ancestor.

Materials:

Bunsen burner

test tube with 20 m1 sterile media (see Teacher Preparation)
sterile disposable plastic petri dish

inoculating needle (see Teacher Preparation)

tape or china marking pencil

various pure cultures in broth

Procedures:

1. Remove the cap or cotton and carefully flame the end of your test tube.

2. Lift the edge of the Petri dish and pour in the sterile media.

3. Leaving it on the table, rotate the dish around in a figure "8" until
the media covers the whole bottom of the dish.

4, Wait until it is cool and solid.

5. Obtain a vial of pure culture broth.

6. Flame the inoculating needle and then 1ift the cap of the vial. Touch
the needle to the media to cool it.

7. Obtain some of the broth with the sterile inoculating needle.

8. Slightly 1ift the cover of the new Petri dish and rub the culture broth
you are transferring onto the media.

9, Flame the inoculating needle.

10. Slightly 1ifting the cover oi the new Petri dish, touch the sterile
inoculating needle to the media to cool it.

11. Rub the inoculating needle through the drop of culture broth and then rub
the needle carrying the bacteria in the pattern shown in the illustration.

ILLUSTRATION
4
2
12. WUrite your name(s) on the new Petri dish bottom and place it ... the

incubator for 48 hours.
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LABORATORY EXERCISE ON ISOLATING A PURE CULTURE OR CLONING,
BIOLOGICAL REPRODUCTION, AND ANTIBIOTIC SENSITIVITY PART 1
(continued)

QUESTIONS: Examine the Petri dish after 48 hours.

Look closely at the colony pattern. Is there more than one kind of colony
present? Why do you think this is so?

Are there places on the Petri dish which seem more likely to be a colony
from a single ancestor than those in other places? Why?

Are there any colonies which appear to be "like a pie with one slice
different than the others?" Describe this colony. (Your teacher may have
to help you with an explanation.)

Find an isolated colony which seems to be definitely from a single
ancestor. Explain the reasons why you chose this colony.




Name

Period Date

LABORATORY EXERCISE ON ISOLATING A PURE CULTURE OR CLONING,
BIOLOGICAL REPRODUCTION, AND ANTIBIOTIC SENSITIVITY - PART 2

Purpose: The purpose of the investigation is to to grow large numbers of

jdentical bacteria.

Materials:

Bunsen burner

test tube with 25 ml sterile broth (see Teacher Preparation)
inoculating needle (see Teacher Preparation)

tape or china marking pencil

Procedures:

1. Pick the best isolated colony from your Petri dish in the last exercises.

2. Flame the inoculating needle, and then slightly 1ift the 1id of the Petri
dish and touch the needle to a clear area of the agar to cool it.

3. With the cooled inoculating needle, pick up your best colony.

4., Remove the plug and flame the top of the broth test tube.

5. Put the inoculating needle which is carrying your colony into the broth,
and give it a little shake to loosen it from the inoculating needle.

6. Pull out the inoculating needle, flame the top of the test tube, and put
the cap back on. Flame the inoculating needle,

7. Put your name(s) on the broth test tube, and place it in the incubator
for 24 hours.

8. Put the old Petri dish in the contaminated trash container.

QUESTIONS :

1. The word "biological magnification" is sometimes used for this exercise.
Why is this a good name?

2. What advantages does growing the bacteria in broth have over growing

them on agar?

D
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Period Date

LABORATORY EXERCISE ON ISOLATING A PURE CULTURE OR CLONING,

BIOLOGICAL REPRODUCTION, AND ANTIBIOTIC SENSITIVITY - PART 3

Purpose: The purpose of this investigation is to test a single type of bacteria
for antibiotic sensitivity.

Materials:

Bunsen burner
test tube with 40 ml sterile media at 37° C
inoculating needle
sterile disposable plastic Petri dish
tape or china marking pencil
water bath set at 50° C
antibiotic sources:
. antibiotic disks
. homemade disks with antibiotic or prepared commercial antibotic
sensitivity disks
. antibiotic pills
. plant materials which might be antibacterial

Procedures:

1.

Mix one-half the broth containing the bacteria with agar media; then, pour
it in a Petri dish to harden. The following steps are to be performed
carefully and quickly--the agar will be hardening quickly:

a. Remove the cap of the broth tube and flame the neck of the tube.

b. Remove the cap of the sterile media and flame the neck of the tube.

c. Pour one-half of the broth into the sterile media.

d. Gently shake the tube to mix the contents.

e. Flame the sterile media tube.

f. Slightly lifting the edge of a sterile Petri dish, pour the
contents of the sterile media tube into the Petri dish.

g. Discard the broth tube and the sterile media tube in the
contaminated waste pan.

Choose some antibiotic sources. Do not heat antibiotics in any way because
heat destroys them. Work carefully and keep your work area as clean as
possible,

Flame the innoculating needle and use it to pick up the antibiotic disk or
other antibiotic source. Slightly 1ift the cover of the cooled Petri dish
and place the antibiotic source on the media. If the antibiotic source is
a pill or something solid, push down on it.
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| A30RATORY EXERCISE ON ISOLATING A PURE CULTURE OR CLONING,
BIOLOGICAL REPRODUCTION, AND ANTIBIOTIC SENSITIVITY - PART 3

(continued)

4, You may put one to five antibiotic sources on a Petri dish. You must make
a map in your notebook so you can correctly jdentify the sources tomorrow.

5. Write your name(s) on the bottom of the Petri dish and put it in the
incubator for 24 hours.

QUESTIONS :

1. Now that the bacteria have grown, they look a little different than
those in the other Petri dishes. Describe the colonies and explain
the differences.

2. Some of the antibiotic sources show a “zone of inhibition."
Describe this zone.

3. Explain why some of the antibiotic sources give a zone of inhibition
and some do not.

4. Which antibiotic sources stop the growth of bacteria? Which do not
affect growth?

5. Do you think the antibiotics that stopped the growth of your bacteria
are effective against all bacteria? MWhy or why not?

6. How much do the antibiotics diffuse imto the media? What are the sizes
of their zones of inhibition?

7. Do you see some colonies growing inside the zones of inhibition?
What is the probable explanation for these colonies' existence?

8. Are there foreign bacteria in this Petri dish? Explain what may have

gone wrong in your sterile techniques to allow these invaders.
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TEACHER PREPARATION OF MATERIALS

MATERIAL ACQUISTION: A1l materials for this laboratory experiment can be

obtained from the Science Materials Center, ordered from the supply and
equipment catalogs, or acquired from students' homes.

PETRI DISHES: Sterile plastic disposable Petri dishes are available from

the Science Materials Center and in the District Supply Catalog.

PREPARING MEDIA: Prepared sterile media can be obtained from the Science

Materials Center or it can be easily made. To one liter of water add 23 g of
nutrient agar. Heat, stirring constantly until melted. Sterilize before use.

MAKING INNOCULATING NEEDLES: Although you can purchase inoculating needles,

it is easy to make them using paper clips and glass tubing. The paper clip
can be secured in the glass with the Bunsen burner, methacrylate glue, or
silicon sealer.

STERILIZING MEDIA: Anything to be steriltized should be put in a pressure

cooker for 15 minutes at 15 pounds steam pressure. Carefully read and follow
all safety rules regarding your pressure cooker.

STERILIZING CONTAMINATED LABWARE: Everything on which bacteria can or did

grow, should be sterilized. Do not let anyone handle contaminated materials
until the material has been sterilized. Soaking in a strong phenol solution
for several hours is adequate and is the best procedure for plastic Petri
dishes prior to disposal. Pressure cooker sterilization is the best method.
After sterilization, the labware can be washed in soap and water.

STERILIZING SURFACES: Although you are not working with known pathogens

(and never should), it is wise to wash down the laboratory tables with a
strong phenol solution or 70% ethyl alcohol after each period.

AVOID MOLDS: You should warn students not to touch, or put themselves in

a position to breathe in mold spores. While mold spores are a part of the
air in every room, their growth on media makes them highly concentrated.

If you wish students to examine them under the microscope--examine them
through a sealed Petri dish cover.

WASHING HANDS: Each student should be urged to wash his or her hands with

soap and water at the completion of each stage of the laboratory experiment.

MAKING COTTON PLUGS: Cotton should be tightly wrapped to form a plug. A

good test for tightness is to hold a plugged test tube by the cotton. If

the test tube falls, the cotton is too loose. A superior, but time-consuming
alternative, is to wrap cotton plugs with cheese cloth and tie them with
thread. These plugs can be used for many years. Caps made from aluminum
foil may also be used.
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TEACHER PREPARATION OF MATERIALS (continued)

MAKING STERILE MEDIA TUBES: Pour 20 ml of prepared media into each tube,
insert cotton plug and sterilize in pressure cooker. On the day of use,
melt the contents in a water bath and maintain the temperature at above
50° C. Petri dishes or plates may be quickly prepared by using sterile
media from the Science Materials Center, melting media in a water bath

on a hot plate, and pouring it into sterile Petri dishes using sterile
techniques.

ANTIBIOTIC SOURCES: A number of options are available:

1. The Science Materials Center can supply a variety of prepared antibiotic
disks.

2. Disks can be made out of filter paper with a hole punch., The disks should
be placed in a glass Petri dish or test tube with plug and sterilized.

a. Students can bring in small quantities of antibiotic 1iquids from home.
Disks can be soaked in antibiotic and then used in the experiment.

b. Feed and pet stores are often good sources of antibiotics.

c. Antibiotic pills or pieces of pills can be placed directly on the
freshly poured plate. They should be pushed down firmly with a
sterile inoculating needle.

d. Materials from nature such as lichen, celery juice (exposed to light),
or plant leaves can sometimes be found to contain antibiotic properties.
They can be applied directly, or reduced to liquids and used on disks.

e. Changes in pH may also inhibit some types of bacteria.

41

Qo 124




SAMPLE LESSON 5: PLANT - LABORATORY EXERCISE

Course: Biology AB

Representative Objective: To assist and develop student's ability to observe

and quantify the relationship between oxygen production and amount of light
a plant receives.

Sending and Receiving Skill(s) Emphasized: Speaking  Writing __ Reading
Listening _ Thinking X

Thinking Level or Cognitive Level: Knowledge Comprehension Analysis X

Application__ Synthesis — Evaluation

1. Specific Objective: The student will be able to predict oxygen production
as a function of light.

2. Value to Student: The student will develop observational and analytical
skills useful in real life situations.

3. Initial Instruction/Teacher Presentation: Students are shown the
Taboratory setup and are instructed on safety with glass and razor
blades. The procedure is outlined and the method of preparing elodea
is demonstrated.

4., Guided Group Practice: A sample laboratory setup is placed in a
conspicuous place. The teacher discusses the use of materials and
procedures with students, asking and answering questions.

5. Independent Practice: Students are instructed to follow the procedures,
record their data, and predict oxygen production.

6. Individual Differences and Learning Modalities: Additional help can
be provided to students who do not grasp the concepts by having them
work with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will
help students who work slowly. Students will be divided into
heterogeneous teams.

b. Enrichment/Supplemental Activities: Students who show greater interest
and ability will be given thermometers and using cold and hot water
will investigate temperature as a function of oxygen production
in elodea.

7. Evaluation: Students' graphs and the answers to their question sets will
be evaluated.
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Name

Period Date

LABORATORY EXERCISE TO DEMONSTRATE HOW PLANTS USE LIGHT TO PRODUCE OXYGEN

Materials:

sprigs of elodea (anacharis)

large test tube

warm water

sodium bicarbonate solution (25 g per liter)
Tamp (approximately 40 watt)

tape
sharp, single-edged razor blade
ring stand

metric rule

Procedures:

1. Preparation of elodea: Obtain a piece of elodea about 8 cm long
Cut the stem end with

and remove 2 or 3 leaves from the stem end.
Lightly crush the stem end.

a sharp razor blade at an angle.

2. Setting up the experiment: Fill the test tube with warm sodium
bicarbonate solution. Place the elodea into it, stem end up.
Tape the test tube to the ring stand. Place the lamp 20 cm from

the test tube.

TLLUSTRATION
°
o
o BUBELES OF
£ OXYGEN
5
3
N
3
§.
H
3
g i
M TAPE
-
v zZ = T
? % ELODEA
L ———— 3
WATER AND
BICARNONATE

Y Of SODA

3. Running the experiment:
Allow several minutes for the experiment to begin working.

a.

b. Count the bubbles emerging from the cut stem for 5 minutes and
record data.

c. Count the bubbles emerging from the cut stem for another 5 minutes
and record data.

d. Move the lamp to 10-cm distance from the test tube and allow several
minutes for the experiment to adjust to the change.

e. Count the bubbles emerging from the cut stem for another 5 minutes

and record data.
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LABORATORY EXERCISE TO DEMONSTRATE HOW PLANTS USE LIGHT TO PRODUCE OXYGEN

(continued)

f. Count the bubbles emerging from the cut stem for another 5 minutes
and record data.

g. Move the lamp to 5-cm distance from the test tube and allow several
minutes for the experiment to adjust to the change.

h. Count the bubbles emerging from the cut stem for 5 minutes and record
data.

i. Count the bubbles emerging from the cut stem for another 5 minutes and
record data.

Evaluation and Analysis:

Prepare a bar graph of your data to show number of bubbles produced. The bar
graph should have pairs of bars representing each distance between the Tamp
and elodea.

Questions:

1. What is being used in this experiment to determine the rate at which
photosynthesis is occurring?

2. What is the relationship between oxygen produced and the amount of 1light?

3. What do you think is the function of the sodium bicarbonate in this
experiment?

4, What problems would you have if you tried to put the lamp at a distance
of 2.5 cm from the elodea?

5. Does this experiment deal with temperature of the solution?

6. What results would you expect if you used an 80-watt bulb instead of

a 40-watt bulb?
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SAMPLE LESSON 6: ANIMAL - LABORATORY EXERCISE

Course: Biology AB

Representative Objective: To assist and develop the student's ability to use
observation as a tool to find the relationships between animals.

Sending and Receiving Skill(s) Emphasized: Speaking _ Writing__ Reading
Listening____ "ainking X

Thinking Level or Cognitive Level: Knowledge Comprehension __ Analysis X
Application Synthesis _ Evaluation

1. Specific Objective: The student will be able to recognize differences
and similarities between representative animal groups.

2. Value to Student: The student will develop observational and organizational
skills that are useful in real life situations such as comparison shopping.

3. Initijal Instruction/Teacher Presentation: Students are shown various
species of animals and asked how specific structures and functions are
alike and different. These could include number of legs, body coverings,
fluctuations in temperature, and method of bearing young. The concept of
taxonomy is introduced, and students are given a key. The teacher explains
how a taxonomic key is used.

4, Guided Group Practice: Students are instructed to develop a classification
scheme and data table to classify items in their classroom. Using their
taxonomic key, students will classify ten items in their classroom.

5. Independent Practice: Twenty stations are set up around the room. One
animal species is placed on display at each station. Students work with
a partner to classify the specimens into the correct phylum and class,
using the key. The instructor monitors student progress.

6. Individual Differences and Learning Modalities: Additional practice can
be provided to students who do not grasp the concept by having them work
with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will help

students who work slowly. Students will be divided into heterogeneous
teams.

b. Enrichment/Supplemental Activities: Specimens of extra, more difficuit
species will be made available for classifying by those students who
seek greater challenges.

7. Evaluation: Students' answer sheets on which organisms have been
taxonomically keyed will be evaluated.




Name

Period Date

LABORATORY EXERCISE ON TAXONOMIC KEYS FOR ANIMAL PHYLA

Materials:

20 animal specimens
taxonomic key for each student

Procedures:

Starting with number one, read each couplet (Ta & 1b, 2a & 2b), and decide
which one fits the organism you are observing. After you have chosen the
proper phrase, follow that 1ine to the right and go to the couplet that is
given. Again, read both lines of the couplet, and make your choice. Go to
the next couplet indicated by the number. Repeat this procedure until you
come to the phylum name instead of the number. Write the phylum name and the
class, if given, on your paper next to the commen name.

TAXONOMIC KEY

1ao worm-]ike bOd_yoaoooooooooocoooooooo00.00000oaooooo-oo-o-looooooco00000-2
lb. An_y Other body..-.-.-o-oooo-oooooooooooooooooooooo-ooooooooooooooo.ooooq'
3

2a. 1If worm is cut in half, shape of cross section of body is rounde.ce....
2b, If worm is cut in half, cross section is flat..eeeceee...Platyhelminthes

3a. Round worm, body SMOOth.,..e.veveeteceeeesseeseracssseeesss Aschelminthes
3b. Round worm, body Segmented..c.eeevecsecssoseecssscsssensessessssAnNnelida

4a. Body Symmetry rad]‘a]l....‘..........000.0...0..0..!.0000..I..........O.S
4b. Body symmetry any Other Way..ueeeeeeeesoesesesseesssorsoncecsssscsscsceesd

5a. Tentacles present, body SOft.iiuieieeeeiereressnsanaesensasoloelenterata
5b., Tentacles absent, body hard and rough..ieeeeeeeeeeneseess.EChinodermata

6a. Exoskeleton, shell, or tentacleS . e eeeeeeeeeeeceossecsssosancococsssesl
6b. Exoskeleton, shell, Or tentacleS.ieeeeeceeeeeeoeeeccacococcacsesosanssed

7a. Jointed 1egs present.iicieeececesceeesseressesssnsssncssssess Arthropoda
7b0 l]ointed ]egs absent.‘.‘........0.....00...000..00......0..000..0r40]]usca

Ba, Hair pres@iit..ciciieeesieerccesccsoorssecessssssesssssesssbhordata-Mammalia
8b. ‘iair absen 00‘..!000....0.0...00.00..0..000‘0...0000..0.000000..00.0009

9a, Feathers present. . iiieiiieisiescesscsscensesssseasessesaassshordata-Aves
9b. Feathers absentc‘c.““.OOIOOOOOOOO0.0.00.00‘0..0000.0‘0.0.00.00.00...10

Lo A
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LABORATORY EXERCISE ON TAXONOMIC KEYS FOR ANIMAL PHYLA (continued)

10a. Paired fins pPresenNtecceessscccsesssscsnsasnssseass.Chordata-0steichthyes
lob. Paired fins absent....................'....l.............l..........'.11

]]ao Sk.in Sca]es presentooo..o.o.Oolo..o.o'.o-'ooo.ool.l.o.ochordata—Repti]ia
]]bo Sk.in Sca]eS absentoo.ooooo..oooooo'loooo.oo.o.oo'.o.o.OChordata-Amphibia

Data Table

Specimen # Pnyium Name Class (if given)

QUESTIONS:
1. What are the most important characteristics that you look for?

2. What characteristics separate the phylum Platyhelminthes from all other
phyla?

3. What distinguishes the Aves from all other groups?




TEACHER PREPARATION OF MATERIALS

The animals in this list are only suggestions. You may have many living
and preserved organisms which will serve as well, Use several specimens
for each category.

PLATYHELMINTHES
planaria (from Science Materials Center)
tapeworm

ASCHELMINTHES
ascaris (from Science Materials Center)

ANNELIDA
earthworm (from Science Materials Center)
leech
nightcrawler {from Science Materials Center)

FCHINODERMATA
starfish
sea urchin

COELENTERATA
sea anemone
jellyfish
hydra (from Science Materials Center)

MOIL.LUSCA
snail(from Science Materials Center)
clam (from Science Materials Center)

ARTHROPODA
spider
cricket (from Science Materials Center)
crab
crayfish (from Science Materials Center)
cockroach

CHORDATE-P ISCES
goldfish (frem Science Materials Center)

CHORDATE-AMPH IBIA
frog (from Science Materials Center)
toad

CHORDATE-REPTILIA
snake (from Science Materials Center)
1izard (from Science Materials Center)

CHORDATE-MAMMAL TA
person (use a mirror)
rat or mouse (from Science Materials Center)
rabbit
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SAMPLE LESSON 7: EMBRYOLOGY - LABORATORY EXERCISE

Course: Biology AB

Representative Objective: To assist and develop the student's ability to
observe fertilization and development in sea urchins.

Sending and Receiving Skill(s) Emphasized: Speaking  Writing Reading
Listening__ Thinking_X

Thinking Level or Cognitive Level: Knowledge Comprehension__ Analysis X
Application _ Synthesis Evaluation

1. Specific Objective: The student will observe fertilization and early
development of sea urchins.,

2. Value to Students: Students will develop observational and analytical
skills useful in real-l1ife situations.

3. Initial Instruction/Teacher Presentation: Students are shown the laboratory

equipment. The procedure is explained and the method of preparing sea urchin
gametes is demonstrated.

4, Guided Group Practice: A review and practice in the use of the microscope
is given, and students are shown where materials are located.

5. Independent Practice: Students are instructed to follow the procedures
and make careful notes and drawings of their observations of sea urchin
fertilization and early development. Students are to complete the
laboratory follow-up questions.

6. Individual Differences and Learning Modalities: Additional help can be
provided to students who do not grasp the concepts or do not have adequate
motor skills by having them work with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will
help students who work slowly. Students will be divided into
heterogeneous teams.

b. Enrichment/Supplemental Activities: Students who show greater interest

and abi1lity will be allowed to come in during lunch and after school to
make further observations.

7. Eva]uatiqg: Students' drawings, notes on observations, and the answers to
their question sets will be evaluated.




Name

Period Date

LABORATORY EXERCISE OF THE REPRODUCTION AND DEVELOPMENT IN THE SEA URCHIN

Purpose:. The purpose of this investigation is to observe the fertilization
‘ and development of the sea urchin.

Materials:

gravid male and female sea urchins
filtered sea water

ice

ice tray

0.5 M potassium chloride
hypodermic syringe

Petri dishes

slides and cover slips

droppers

250-m1 beaker

Procedures:

1. Inject 1 to 2 ml 0.5 M KC1 into 2 or 3 places around the mouth of the sea
urchin., Sperm or egg will come out of ducts on the other side (spiny
back) of the urchin. A white emission is sperm, a yellow is eggs.

2. If sperm: Turn the urchin mouth side up in a dry Petri dish or on the
top of a small beaker and let the sperm collect in the dish. If you
put this Petri dish or beaker on a tray of ice, the sperm will remain
alive all day.

3. If eggs: turn the urchin mouth side up over a beaker and let the eggs
drop into sea water. Let the eggs settle to the hottom and decant the
sea water. Refill beaker with sea water and decant again. Fill with sea
water and place beaker on a tray of ice. Eggs will remain alive all day.

4, Llook at a drop of egg suspension under the microscope, and draw pictures
of several eggs. ,

5. Put a fresh drop of egg suspension under the microscope, and then add a
drop of sperm. Describe what happens. Draw a picture of the sperm as
it approaches and contacts the egg, and of the egg after the moment of
fertilization.

6. After a couple of hours, the fertilized eggs will begin to cleave, and
within about 20 hours they will reach the ciliated blastula stage.

Draw pictures of as many stages as you can.

Questions:

1. Describe the step-by-step events you observed during fertilization and
development. Number your drawings or the stages in the sequence in
which development did occur.

2. In what ways do you think this is similar to human development, and
in what ways is it different?

3. Thinking back on what you observed, what animals have you studied this
year that are similar to one of the stages of development?
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DEVELOPMENTAL STAGES OF SEA URCHINS

SPERM & EGG FERTILIZED EGG 2 CELL STAGE

4 CELL STAGE 8 CELL STAGE 16 32 CELL STAGE
MORULA

BLASTULA GASTULA PLUTEUS
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LABORATORY EXERCISE OF THE REPRODUCTION AND DEVELOPMENT IN THE SEA URCHIN
{continued)

Notes to the Teacher:

Sea urchins are excellent animals in which to study reproduction and
development, because they have external fertilization and development.

The stages of development occur very well in ordinary sea water kept in Petri
dishes. The sperm.and egg can be easily seen through a student microscope and
the moment of fertilization is a phenomenal sight. The new urchins can be

kept going, and each stage of cleavage can be clearly seen through the blastula
stage and beyond.

Sea urchins are available from the Science Materials Center, usually in the
spring. The Science Materials Center provides a kit which includes more
than enough urchins for a school, the necessary sea water, and all other
materials needed for the experiment.

A good idea is to start a colony of urchins at 5 a.m., then each half hour
afterwards throughout the day. When period one arrives, the class can start
their own colony and observe fertilization. They can use previously prepared
colonies to observe successive stages of development.

Artificial sea water can be made as follows (amounts represented in grams per
liter of distilled water):

NaC1 23.60
KC1 0.67
MgC196H,0 10.78
Na S04 3.98
CaClo 1.00
NaHC03 0.17

The pH of the artificial sea water should be approximately 8 and can be adjusted
with NaOH or HCI.
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SAMPLE LESSON 8: GENETICS ACTIVITY

Course: Biology AB

Representative Objective: To assist and develop the student's ability to
isolate DNA from thymus tissues.

Sending and Receiving Skill(s) Emphasized: Speaking __ Writing __ Reading
Listening ___ Thinking X

Thinking Level or Cognitive Level: Knowledge Comprehension Analysis X

———n

Application__ Synthesis_ Evaluation

1. Specific Objective: The student will use a variety of laboratory techniques
to extract DNA molecules from thymus tissue.

2. Value to Student: The student will develop observational and analytical
skills useful in real life situations.

3. Initial Instruction/Teacher Presentation: Students are shown the
Taboratory setup and are instructed on safety with glass, razor blades,
bienders, and centrifuges. The procedure is outlined and each of the
Taboratory operations is demonstrated.

4, Guided Group Practice: A practice laboratory exercise conducted without
the actual materials is given the day before the laboratory, enabling the
students to master each operation.

5. Independent Practice: Students will complete a laboratory experiment to
extract DNA molecules from thymus tissue.

6. Individual Differences and Learning Modalities: Additional help can be
provided to students who do not grasp the concepts by having thém work
with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will
help students who work slowly. Students will be divided into
heterogeneous teams.

b. Enrichment/Supplemental Activites: Students who show greater interest
and ability will be allowed to save their DNA by resuspending it in a
buffer solution and storing it in a refrigerator. Students will do
experiments of their own design with the DNA.

7. Evaluation: Students will present their DNA for evaluation. Marks will
be assigned based on quantity and clarity of the DNA. Questions will be
assigned as part of a standard laboratory write-up. Laboratory reports
will be evaluated.
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Name

Period Date

LABORATORY EXERCISE OF THE EXTRACTION OF DNA FROM THYMUS TISSUE

Purpose: The purpose of this laboratory exercise is to make use of the
properties of the thymus cells and the properties of the DNA molecule itself
to isolate DNA.

Materials:

calf thymus beakers 25-ml, 250-m1, 500-ml
centrifuge tubes flasks 250-ml
(approximately 10 grams per group) cork stoppers for flasks
NET solution Petri dish
SDS solution blender
TCE trichloroethane (1,1,1 trichloroethane centrifuge
nonflammable cleaning solvent) cheesecloth
isopropyl alcohol ice trays
pipettes single-edged razor blades

glass stirring rods
Procedures:
>>>>>>If possible, keep solutions cold in an ice tray.<<<<<<

1. Place the thymus tissue in a Petri dish., Measure out 75 ml of NET sojution.
Pour some of the NET solution into the Petri dish, and with a razor blade,
slice the thymus into small pieces. Place the contents of the Petri dish
and the remainder of the NET solution into a blender, and blend at
Tow speed for 40 to 50 seconds., Mincing and blending disrupt the tissue,
thereby producing a homogenate,

2, Filter the homogenate through a piece of cheesecloth that has been draped
over a beaker, It will be necessary to stir the homogenate until only
solid pieces of tissue remain.

3. Transfer the filtrate to centrifuge tubes (you may need 2, 3, or 4) and
spin at 1500 rpm for 10 minutes. You will have achieved success at this
stage if you have a well defined pellet in the bottom of the centrifuge tube.

4, Decant (and discard) the supernatant. The pellet contains thymus cell
nuclei and will be the source of the DNA.

5. Add 2 ml of the SDS solution to each pellet, Using a glass stirring rod,
loosen each pellet, Combine all the pellets into cne 250-m1 beaker and
add another 30 m1 of SDS. Any agglutinated, or un-resuspended material,
should be broken up and dispersed with the stirring rod or razor blade.

6. Place a shallow layer of warm tap water in a 500-ml beaker. Carefully
place the beaker containing the nuclei into the larger beaker and
incubate for 10 minutes.

7. Transfer the nuclear preparation to a 250-ml flask, add 30 ml of TCE,
and stopper the flask. Swirl the flask for 10 minutes. (DO NOT SHAKE!
Shaking can break the delicate strands of DNA.) The TCE will denature
and precipitate any protein present in the sample.

8. Transfer the contents of the flask to centrifuge tubes for 10 minutes at
1500 rpm. Centrifugation will separate the water and the TCE phases,
leaving a precipitate at the interface between the two liquids.
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THE EXTRACTION OF DNA FROM THYMUS TISSUE (continued)

9. With a pipette, carefully remove the aqueous (top) layer of liquid and
transfer to a cold 250-m1 beaker.

10. Tilt the beaker, and slowly and carefully pour 10 ml of isopropyl alcohol
down the side of the beaker and onto the surface of the aqueous extract.
Carefully place the beaker upright on an ice tray.

11. Slender white fibers should soon appear at the interface between the
alcohol and the water, Using a glass stirring rod, gently stir the
contents of the beaker. While stirring, revolve the rod with your
finger tips in the same (clockwise) direction. The DNA fibers should
become tangled on the rod and gradually form a spool.

Questions:

1. How are the nuclei separated from the rest of the cell?

2. How are the nuclei disrupted?

3. How is the protein separated from the nucleic acids?

4, What is it about the structure of the DNA molecule that immediately makes

you sure that the stringy stuff on the end of the glass rod really is DNA
and not some other cell constituent?

Notes to the Teacher:

Calf thymus gland is chosen because thymus glands in calves have large nuclei
and are rich in nucleic acids. You can obtain thymus gland tissues from a
slaughter house or from a butcher. The fresher the material, the better the
activity will work. The usual butcher's term for thymus is sweetbreads.
Sometimes sweetbreads will be pancreas rather than thymus glands, The
pancreas is a long flat organ. Further specifying neck or throat sweetbreads
may help. The thymus gland in adult animals is atrophied and probably would
not serve the purpose. If frozen very quickly, thymus can be kept frozen

for long periods of time prior to use.

Other parts of animal bodies might also be tried. Bone marrow might be a good
candidate, as well as any organ undergoing rapid cell division. Dog testes,
obtained from a veterinarian, may be used.

Call the Science Materials Center for assistance in obtaining materials. Some
materials may be in their normal stock or may be special ordered,

Students should be taught the use of the centrifuge and the safety precautions
involved. It might be a good idea to have one student be responsible for
running the centrifuge.

Preparation of Solutions:

NET solution SDS solution
0.15 M NaCl 2% (weight to volume) Sodium dodecyl
50 mM EDTA sulfate
30 mM Tris Buffer at pH 8 50 mM EDTA
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SAMPLE LESSON 9:  EVOLUTION - LABORATORY ACTIVITY

Course: Biology AB

Representative Objective: To assist and develop the student's ability to

observe and quantify the relationship between horses, humans, and gorillas.

Sending and Receiving Skill(s) Emphasized: Speaking  Writing Reading

Listening__ Thinking_X_

Thinking Level or Cognitive Level: Knowledge _ Comprehension Analysis X
Application __ Synthesis___ Evaluation

1. Specific Objective: The student will be able to analyze the amino acid
sequences of different animals and relate their closeness of origin to
the number of differences in amino acid sequences.

2. Value to Student: The students will develop observational and analytical
skills useful in real 1life situations.

3. Initital Instruction/Teacher Presentation: Students are instructed in the

relationship of DNA to amino acid sequence, and to the meaning of differing
sequences in a protein.

4, Guided Group Practice: The procedure is outlined and the method of
recording results is demonstrated.

5. Independent Practice: Students are instructed to follow the procedures
and record their data.

6. Individual Differences and Learning Modalities: Additional help can be

provided to students who do not grasp the concepts by having them work
with students who do.

a. Remediation/Alternative Activities: Students who work rapidly will help
students who work slowly. Students will be divided into heterogeneous
teams.

b. Enrichment/Supplemental Activities: Students who show greater interest
and ability will be given the opportunity to collect amino acid sequence
data from other sources, such as Scientific American, and to repeat the
experiment with this data.

7. Evaluation: Students' data and questions will be evaluated.
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Name

Period Date

LABORATORY EXERCISE OF BIOCHEMICAL EVIDENCE FOR EVOLUTION

Introduction: One of the most important ways to examine the similarity of two
organisms is to look at the chemicals they produce. In this laboratory

investigation you will look at a part of the hemoglobin molecule of horse,
human, and gorilla.,

Hemoglobin, which is responsible for the red color and oxygen transport of
blood and many other parts of animals, is made of protein, Protein, in
turn, is made of long chains of amino acids. There are more than twenty
different amino acids, and they can be arranged in any combination to make
proteins. Their arrangement specifies the shape of the animal, how it
behaves, or how it functions.

The chemical that has the instructions for the amino acid sequence is DNA,
Since DNA is the only chemical in the body which is directly inherited,
scientists beljeve that animals which have similiar chains of amino acids
have similiar DNA, and are thus closely related.

Procedures: On the next page, you will find the amino acid sequence for a
part of the hemoglobin molecules of horse, gorilla, and human. Read the
sequence from left to right and compare: gorilla and human; horse and human;
and gorilla and horse. You must count the differences and fill in the chart
below., The three-letter combinations are abbreviations for the names of
amino acids.

Sample Sequence

Human Gly Thr Pro
Horse Gly Lys Pro

There is a difference between human and horse in the second position,

DATA:
NUMBER OF AMINO ACID DIFFERENCES

gorilla and
human

horse and
human

horse




LABORATORY EXERCISE

OF BIOCHEMICAL

EVIDENCE FOR EVOLUTION (continued)

Human: Vai His Leu Thr Pro Glu Gﬁu Lys Ser Ala Val Thr Ala Leu Try
Gorilla: Val His Leu Thr Pro Glu Glu Lys Ser Ala Val Thr Ala Leu Try
Horse: Val Glu Leu Ser Gly Glu Glu Lys Ala Ala Val Leu Ala Leu Try
Human: Gly Lys Val Asp Val Asp &lu Val Gly Gly Glu Ala Leu Gly Arg
| Gorilla: Gly Lys Val Asp Val Asp Glu Val Gly Gly Glu Ala Leu Gly Arg
| Horse: Asp Lys Val Asp Glu Glu Glu Val Gly Gly Glu Ala Leu Gly Arg
l Human: Leu Leu Val Val Tyr Pro Try Thr Glu Arg Phe Phe Glu Ser Phe
Gorilla: Leu Leu Val Val Tyr Pro Try Thr Glu Arg Phe Phe Glu Ser Phe
Horse: Leu Leu Val Val Tyr Pro Try Thr Glu Arg Phe Phe Asp Ser Phe
Human: Gly Asp Leu Ser Thr Pro Asp Ala Val Met Gly Asp Pro Llys Val
Gorilla: Gly Asp Leu Ser Thr Pro Asp Ala Val Met Gly Asp Pro Lys Val
Horse: Gly Asp Leu S:r Asp Pro Gly Ala Val Met Gly Asp Pro Lys Val
Human: lys Ala His Gly Llys Lys Val Leu Gly Ala Phe Ser Asp Gly Leu
Gorilla: Lys Ala His Gly Lys Llys Val Leu Gly Ala Phe Ser Asp Gly Leu
Horse: Lys Ala His Gly Lys Lys Val Leu His Ser Phe Gly 6lu Gly Val
5
Human: Ala His Leu Asp Asp Leu Lys Gly Thr Phe Ala Thr Leu Ser Glu
Gorilla: Ala His Leu Asp Asp Leu Lys Gly Thr Phe Ala Thr Leu Ser Glu
Horse: His His Leu Asp Asp Leu Lys Gly Thr Phe Ala Ala Leu Ser Glu
Human: Leu His Cys Asp Lys Leu His Val Asp Pro Glu Asp Phe Arg Leu
Gorilla: Leu His Cys Asp Lys Leu His Val Asp Pro Glu Asp Phe Leu Leu
Horse: Leu His Cys Asp Lys Leu His Val Asp Pro Glu Asp Phe Arg Leu
Human: Leu Gly Asp Val Leu Val Cys Val Leu Ala His His Phe Gly Lys
Gorilla: Leu Gly Asp Val Leu Val Cys Val Leu Ala His His Phe Gly Lys
Horse: Leu Gly Asp Val Leu Ala Lleu Val Vval Ala Arg His Phe Gly Lys
Human: Glu Phe Thr Pro Pro Val Glu Ala Ala Tyr Glu Lys Val Val Ala
Gorilla: Glu Phe Thr Pro Pro Val Glu Ala Ala Tyr Glu Lys val Val Ala
Horse: Asp Phe Thr Pro Glu Leu Glu Ala Ser Tyr Givu Lys Val Val Ala
Human: Gly Val Ala Asp Ala Leu Ala His Lys Tyr His
Gorilla: Gly Val Ala Asp Ala Leu Ala His Lys Tyr His
Horse: Gly Vval Ala Asp Ala Leu Ala His Lys Tyr His
| - »
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LABORATORY EXERCISE OF BIOCHEMICAL EVIDENCE FOR EVOLUTION (continued)

Questions:

Where is hemoglobin found in animals?

Hemoglobin is made up of what components?

How many different kinds of amino acids are there in the examples

shown for each of these three animals?

How similar are human and gorilla hemoglobin?

How similar are human and horse hemoglobin?

How similar are gorilla and horse hemoglobin?

Based on the three previous questions, which do you think is our closer
living relative----horse or gorilla?

8. If DNA gives the instructions for the sequence of amino acids, what do you
think causes the differences between horse, human, and goriila? DNA?

1
2
3
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SAMPLE LESSON 10:  ECOLOGY-LABORATORY ACTIVITY

Course: Biology AB

Representative Objective: To assist and develop the student's ability to

observe the variety of living things in a small and familiar area.

Sending and Receiving Skill(s) Emphasized: Speaking Writing Reading

Listening___ Thinking X

Thinking Level or Cognitive Level: Knowledge Comprehension _ Analysis_X

Application  Synthesis _ Evaluation

1. Specific Objectives: The student will be able to enter an area and
accurately survey the animal and plant life.

2. Value to Student: The student will develop hand-eye coordination and
observational skills that are useful in everyday life.

3. Initial Instruction/Teacher Presentation: Students are given outlines
of the steps of the experiment they will perform, the outlines are
reviewed, and the students are given practical ideas on how to proceed.

4. Guided Group Practice: Students will be given a practice session in class
to prepare them for the field trip. Students will work in groups of two.
There will be two different groups, and at evaluation they will compare
their results.

5. Independent Practice: Students will conduct the field techniques and the
mathematical techniques necessary to evaluate their data.

6. Individual Differences and Learning Modalities: Additional practice will
be provided to students who do not grasp the concept by having them work
with students who do.

a. Remediation/Alternative Activities: Students who work rapidl, will help

students who work slowly. Students will be divided into heterogeneous
teams.

b. Enrichment/Supplemental Activites: Students who seek-greater challenge
will be given the additional task of measuring and drawing a plot plan
for the areas studied. A further enrichment activity will be the
plotting of variable densities of populations of plarts and animals
on the plot drawing.

7. Evaluation: Students will present reports in the form of written
summaries of data and results. Oral presentations will be required
of the leaders of each group.

)
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Name

Period Date

LABORATORY EXERCISE - LOOKING IN YOUR BACKYARD

Purpose: The purpose of this investigation is to recognize the quantity and
variety of living things in a community.

Materials:

wire clothes hangers

forceps

plastic bottles or Petri dishes
notebook paper and tape

Procedures:

Group One:

Each Group One (pairs of students) begins by picking one of each kind
of plant in the study area. It is not necessary to identify the plant;
each can be numbered. Each plant is taped to notebook paper as a key
to later identification.

Each Group One throws its wire square into the air and where it lands
the group makes a careful count of each kind of plant. An example of
this would be: 19 of plant #7; 28 of plant #12,

Group Two: '

Each Group Two (pairs of students) will do a survey of animals and animal
indicators. Each group should go.carefully through the area looking for
any signs of animals, such as feces, slime trails from snails, shed skin,
feathers, and hairs. A group should turn over rocks and leaves and
1ightly move away bits of soil., Each item found should be recorded in
the notebook. The 1ive things found or seen should not be disturbed. If
the find is a spider, it may be picked up with the forceps and put into a
jar to examine. The spider should be returned to the exact place it was
found. If the animal cannot be named, it should be described, for example:
six-legged shiny black creature with tail end held higher than body.
Measurements should be given.

‘ AT




LABORATORY EXERCISE - LOOKING IN YOUR BACKYARD (continued)

Evaluating Results:

PHwN -
* * *

(82}
)

oW oo~
.

Group One:

Results should be tabulated as in the following example:

Data: first toss plant #] 9
plant #3 14
plant #4 3

Sample Results: If the area of the wire hanger was one-tenth of a square
meter, then multiplying each number by ten would give the density of that
plant per square meter.

Example: plant #1 density of 90 plants per square meter.

The density of each species should be averaged so that the overall
density of that species in the study area is determined.

Group Two:

The results of the group's findings should be organized into a written
report that outlines the numbers, kinds, and locations of the animals
found.

Questions:

Which plant is the most ahundant in the entire area?

Which plant is abundant in only certain parts of the study area? Why?
Which plant is found least often in this area?

What is there about this plant (#3 above) that makes it unsuccessful,
in your study area?

Would you say your area is a monoculture (all one kind of plant with
few strangers) or a polyculture?

What animal seems most abundant in the study area?

Where were most of the live animals found in the study area?

Why do you have to look for hiding places to find items?

Do you think that most of the animals are day-living or night-1iving?
When you find an indicator of an animal rather than the animal, is
this a secure guess that the animal was there?

NOTES TO THE TEACHER

Prior Preparations:

1.

Find a place on or near the school yard that might be interesting to 1ook
at in depth. A plain green lawn next to a building will do, but a
neglected weed patch is better. Do not pick a place with broken bottles
or other dangerous conditions.

Bend and form the hangers until they are square and represent some even
fraction of a square meter.

Describe, in detail, the responsibilities of each student and the code of
behavior expected on the field trip.
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