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Biological Communities Lab
California content standard 

a. Identify roles in the web of life by studying selected biotic communities.

Lab objectives

· List familiar organisms found in several different communities

· Distinguish between producer and consumer organisms

· Examine and identify as many organisms as possible from a soil community

· Collect and preserve certain organisms from the soil community for future microscopic study

Materials

· Soil sample

· Small Jar (baby food) with cover

· Ethyl Alcohol

Procedure
Part 1

Based on your previous observations list in Table 1-1 at least 4 organisms found in each community type listed.

Identify those organisms listed in Table 1-1 as producers or consumers. Circle the organisms that you consider to be consumers.
Part 2 

Examine a soil sample

Break up soil clumps and look for hidden organisms

Record in Table 1-2 the common names of all observed consumer and producer organism. 

Record the approximate numbers of each type of organism present in your soil community.

Place small consumer organisms into containers of ethyl alcohol for future microscopic examination.

Table 1-1

	Community
	Name of Organism

	Home
	Man, cockroach, dog, gold fish, African violet

	Farm
	Wheat, corn, cow, sheep, chicken

	Forest
	Trees, grass, shrubs, squirrel, snake

	Ocean
	Sea weed, algae, whale, shark, crabs

	Pond
	Algae, frog, turtle, cattail


Table 1-2

	Producers observed


	Number present
	Consumer observed
	Number present

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Analysis

· Using your data from table 1-1, do all biological communities have identical organisms, (explain. Which type of organism (producer or consumer is present in greater numbers? 
· Explain why different communities may have different numbers and types of organisms.

· Using your data from table 1-2, do all biological communities have identical organisms, (explain. Which type of organism (producer or consumer is present in greater numbers? 
· Explain why different communities may have different numbers and types of organisms.

Basic unit of life lab

California Content Standard

b. Learn the structure and functions of cells in animals, plants and protists.

Lab objectives
· Prepare wet mounts of cheek cells for microscopic observation.

· Observe and identify cheek cells

· Diagram cheek cells and label the cell membrane and cytoplasm

Materials

· Microscope

· Microscope slides

· Cover slips

· Water

· Vaseline
· Flat toothpicks

Procedure

· Place a drop of iodine solution and a strand of hair onto a slide (guide for locating proper depth of field)

· Gently scrape the inside of your cheek with the end of a toothpick

· Dip the toothpick into the iodine on the slide and mix it once or twice

· Seal a cover slip with Vaseline

· Add the cover slip and examine the specimen under low and high-power. (use the hair as an aid in locating the proper depth of the cells)
· Locate and examine cells that are separated from one another rather than those in clumps

· Use the space below to draw several cheek cells as they appear under high magnification. Label the cell membrane and cytoplasm.
	


Analysis
· Why was iodine solution added to the cheek cells

· Do cheek cells come from consumers or producers

· How might the shape of cheek cells relate to their functions

· Describe the appearance and texture of the cytoplasm

· Do cheek cells have cell walls

· What name is given to the outer covering of this type of cell?
Earth warm Anatomy Lab[image: image1.png]



California content standard

c. Show the connection between cells, tissues, organs and organ systems in plants and animals.

Lab Objective

To investigate the internal structure of an earthworm
Materials

· Preserved Earth warm
· Scalpel

· Scissors

· Dissecting needles

· Dissecting pans

· Dissecting pins

· Hand lens

· Forceps

Objectives: 

· To learn the external and internal anatomy of the earthworm. 

· To understand the structure and function of external and internal organs. 

· To know the digestive, circulatory, reproductive and nervous system. 

· To calculate statistical data on earthworm length and segmentation. 

Pre-Lab Questions: 

· Predict the # of segments in your earthworm. _______ 

· Does the # of segments relate to the age of the earthworm? ______ 

Procedure: READ ALL DIRECTIONS CAREFULLY! 

External Anatomy 

· Obtain a plastic bag and write your name and lab partner. 

· Make a sketch of your earthworm. Label it Figure 1.  The ventral side is flatter than the dorsal, label them plus: anterior, posterior, clitellum, mouth, anus. 

· Look at the ventral side of the earthworm with the magnifying lens, look for the oviducts, which hold the eggs, open on the fourteenth segment. The sperm ducts open on the fifteenth. Record in Figure 2 

· Count the number of segments on your earthworm, record in Table 1. 

· Record the length of your earthworm in cm in Table 1. 

· Record how many segments between the mouth and the clitellum in Table 1. 

· Run your fingers along the sides of the worm, towards the ventral side, you will feel bristles called Setae. 

Data: 

Figure 1: Sketch of Earthworm Dorsal side up. Label all parts. 

Figure 2: Sketch of Earthworm, Ventral side up. Label all parts. 

Table 1: Table of External Earthworm Anatomy 

Number of Segments 

Length of Earthworm in cm 

Segments between mouth and clitellum 

Procedure: READ ALL DIRECTIONS CAREFULLY! 

Internal Anatomy 

· Pin your earthworm, ventral side down, through the anterior and posterior regions. 

· Turn your tray so that the posterior end faces 12 noon. 

· Take you scalpel and CAREFULLY make an incision towards the anterior end of the worm. DO NOT PRESS TOO HARD OR CUT DEEPLY! Only cut through the skin. 

· As you cut, pin the flaps of skin open, angle the pins on a 45 degree angle away from the worm. 

· Continue making the incision past the clitellum towards the anterior end of the worm. 

· Turn your earthworm so that the anterior end is at noon again. 

· Make a sketch of your open worm from the mouth to the clitellum in Figure 4. 

· Starting at the anterior end, locate and label the following parts in Figure 4: Brain, Pharynx, Esophagus, Crop, 5 Aortic Arches, Gizzard, and Intestines. 

· Using the scalpel and dissection needle, remove the crop and gizzard, and intestines. Look for the Ventral Nerve Cord and Blood Vessel. 

· Cut open the crop and gizzard, and intestines and examine the contents. 

Data 

Figure 4: Internal Anatomy of Earthworm, Dorsal side up. Label all parts. 

Table 2: Summary Data Table for # of Earthworm Segments. 

Range 

Average 

Median 

Analysis: 

· Were you correct in your Pre-Lab predictions? 

· Why would the earthworm have bristles (setae) on the outside of its body? How is it used? 

· Discuss one part of the external anatomy that was interesting to you. Same for internal anatomy. 

· What did you find inside the crop, gizzard and intestines? 

· What was the median # of segments for the earthworm? Use data from Table 2. 

· You are responsible for knowing the parts of the worm in BOLD for this lab! 

Conclusion: 
2 – 3 sentences on what you learned 

Classification lab
California content standard

e. Classify representative animals, plants and protists by their similarities and differences in structure.

OBJECTIVES: 

· Comparing which organisms reproduce sexually and which reproduce asexually. 

· Comparing characteristics of the 6 kingdoms. 

VOCABULARY: 

· animal 

· fungi 

· kingdom 

· monera 

· plant 

· protozoa 
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MATERIALS: 

· worksheet 

· kingdom chart

BACKGROUND: 

The reason for grouping into Kingdoms is not always obvious. The development of a classification scheme probably started when humans began to think. Aristotle recorded his classification scheme into vegetables and animals. There have been many classification schemes developed through time, changing from 2 kingdoms to 3 to 4 and to the present 6 kingdom system. Don't be surprised if this changes. There are many organisms that we simply don't know enough about.

You may want students to bring in pictures of different organisms as a homework assignment. Have them classify their organisms within the 6 kingdom scheme. Have the class decide where the organisms should go. Remember how the organisms eat and reproduce help to group the organisms.

The simplest organisms are either bacteria or a blue-green algae and classified in the large grouping of Monera. Monera has been recently divided into 2 major groups of Eubacteria and Archeobacteria. Both groups have a very simple nucleus that is not surrounded by a nuclear envelope. The Archeobacteria are more ancient than the Eubacteria. The Kingdom Protista or Protozoa is made up of one celled organisms that have a nuclear membrane. Protozoa will eat their food and asexually reproduce more commonly than they would sexually reproduce. The Fungi lack chlorophyll and absorb food from the surrounding ground. Fungi possess organs and reproduce by sexual means (spores). The Plant Kingdom is characterized by its member's ability to reproduce by either sexual or asexual means. The animal kingdom is divided into invertebrates and vertebrates. An animal eats its food and reproduces mainly by sexual means. Organs are much more developed in the Animal Kingdom than in the other kingdoms.

PROCEDURE: 

Discuss with students that living organisms are grouped into kingdoms so it is easy for people to discuss them. Either make a transparency or use the enclosed master as a worksheet to illustrate the common phyla within each kingdom.
You may want to use the following summary: 

	KINGDOM
	REASON

	plant
	make own food, mainly green

	monera 
(including Eubacteria and Archeobacteria
	one cell, primitive nucleus

	protozoa
	one cell, eat food

	fungi
	absorb food

	animal
	multicellular, eat food


Give students the blank "Tree of Life" and have them draw what they think the organisms look like.
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Photosynthesis and cellular respiration lab/ Activity
California content standard

e. Describe the complimentary roles of photosynthesis and cellular respiration in living systems. Part 1
Energy in a Cell 

Students will listen to the song below. Double click to activate the contents
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Cell energy Activity

Procudure

Using your class text use the index and glossary to finish the puzzle
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Across 
2. In cellular respiration, series of anaerobic chemical reactions in the cytoplasm that break down glucose into pyruvic acid; forms a net profit of two ATP molecules. 
10. Chemical process where mitochondria break down food molecules to produce ATP; the three stages are glycolysis, the citric acid cycle, and the electron transport chain. 
12. Molecules that absorb specific wavelength of sunlight. 
13. In cellular respiration, series of reactions that break down glucose and produce ATP; energizes electron carriers that pass energized electrons on to the electron transport chain. 
14. Process by which autotrophs, such as algae and plants, trap energy from sunlight with chlorophyll and us this energy to convert carbon dioxide and water into simple sugars. 
15. Series of proteins embedded in a membrane along which energized electrons are transported; as electrons are passed from molecule to molecule, energy is released. 

Down 
1. Anaerobic process where cells convert pyruvic acid into carbon dioxide and ethyl alcohol; carried out by many bacteria and fungi such as yeast. 
3. Energy-storing molecule in cells composed of an adensosine molecule, a ribose sugar and three phoshate groups; energy is stored in the molecules's chemical bonds and can be used quickly and easily by cells. 
4. Phase of photosynthesis where light energy is converted to chemical energy in the form of ATP; results in the splitting of water and the release of oxygen. 
5. Electron carrier molecule; when carrying excited electrons, it becomes NADPH. 
6. Reaction taking place in the thylakoid membranes of a chloroplast during the light-dependent reactions where two molecules of water are split to form oxygen, hydrogen ions, and electrons. 
7. Light-absorbing pigment in plants and some protists that is required for photosynthesis; absorbs most wavelengths of light except green. 
8. Molecule formed from the breaking off of a phosphate group from ATP; results in a large release of energy that is used for biological reactions. 
9. Series of reactions during the light-independent phase of photosynthesis in which simple sugars are formed from carbon dioxide using ATP and hydrogen from the light-dependent reactions. 
11. Phase of photosynthesis where energy from light-dependent reactions is used to produce glucose and additional ATP molecules. 
Part 2

Rate of Photosynthesis
Background
Photosynthesis is the process by which plants take carbon dioxide from the atmosphere, add water, and use the energy of sunlight to produce sugar. Write the equation for photosynthesis:

 Photosynthesis occurs in the chloroplast, an organelle in plant cells that contains the molecule chlorophyll. Chlorophyll absorbs the energy of sunlight. That light energy is converted to chemical energy through the steps of photosynthesis. 
The reactions of photosynthesis can be divided into two major types: light-dependent reactions and light-independent reactions. The light-dependent reactions convert energy from the sun into a form that the chloroplast can then use to make sugar from carbon dioxide, in the process producing oxygen as a waste product. The light-independent reactions use that energy to make glucose from carbon dioxide and water. 

Materials: test tube, Elodea cuttings, sodium bicarbonate (baking soda), beaker with water, lamp 

Procedure: 

1. Obtain a sprig of elodea. Remove several leaves from around the cut end of the stem. Slice off a portion of the stem at an angle and lightly crush the cut end of the stem. 
2. Place the sprig in a test tube, cut side up. Add water to test tube and a pinch of baking soda.
3. Place the test tube into a beaker filled with tap water.
3. Place a lamp next to the beaker. - The water in the beaker will help to absorb the heat from the light, thus reducing the variables in the experiment
4. Turn on the lamp. As soon as see small bubbles coming from the cut end of the stem, time the reaction for 10 minutes. If you do not see bubbles, cut the stem again and recrush.
5. Calculate the net photosynthesis in bubbles/min. (Divide the number of bubbles by 10 minutes.) 
6. Remove your test tube from the bright light. Observe and record the rate of bubbles without direct light. 

Data

	Bright Light

Bubbles/min __________
	Dim Light

Bubbles/min ____________


Analysis

1. What are the bubbles? Explain why bubbles happen.

2. Did the number of bubbles change when the light intensity was reduced? Explain why this would occur. 

3. Why was the test tube placed in a beaker of water? What is a variable and why is it important to eliminate them?

4. What was the purpose of adding sodium bicarbonate (baking soda) to the plant? Hint: look at the formula for photosynthesis


  

Lab Understanding asexual and sexual reproductive strategies
Exploring why large organisms reproduce sexually

California content standard

f. Compare and contrast asexual and sexual reproduction in animals, plants and protists. 

VOCABULARY: 

asexual , organism , reproduction , sexual 
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MATERIALS: 

asexual/sexual sheet

BACKGROUND: 

Larger animals tend to reproduce sexually and smaller organisms reproduce asexually. Larger animals have developed more complex organ systems and with these organ systems they can adapt to their environment more easily than smaller organisms. The complex brain and sense organs of larger organisms allows them to adapt to their environment.

Organisms that reproduce asexually cannot develop much variety, because they are "copying" the original organism almost exactly. Sexual reproduction allows for great diversity, because the zygote is different from the mother's egg and father's sperm; it is a combination of both. Sexual reproduction produces a greater chance of variation within a species than asexual reproduction would. This variation improves the chances that a species will adapt to his environment and survive.

Heliozoa, Amoeba, and Euglena all reproduce by binary fission, which is the mother cell dividing into two daughter cells. The Heliozoa and Amoeba belong to the Protista Kingdom. The Euglena is an odd one celled plant that sometimes have characteristics of a protist. Heliozoa live in fresh water and have pencil like axopods that aid in eating. Amoebas live in fresh water, and move in a unique manner. An amoeba will move its entire body in a "blobby" motion. Euglenas live in fresh water and have a long tail that helps move the organisms through the water.

Planaria, round worms, and leeches are mostly hermaphroditic. The male and female reproductive systems are distinct, but may join terminally in a common chamber on the same organism. Self fertilization is rare. Some of the representatives of these groups are parthenogenetic: females asexually produce females. Planaria also are capable of extensive regeneration.

Gorillas, elephants, rats, zebras, and dolphins are all mammals that reproduce sexually. There is a male and female in each of these species. Kangaroos are mammals but they are marsupials. There are female and male kangaroos, but after sexual reproduction the fetus leaves the mother and goes into her pouch until it is large enough to leave.

Fish and frogs have sexual reproduction, but it is externally. The female lays eggs and the male externally fertilizes the eggs but squirting sperm in the water. Frogs develop differently, in that they have a tadpole stage and them metamorphose into a frog.

A turtle lays eggs, but like a bird and probably a dinosaur, fertilization occurs internally. Dinosaurs are extinct, but because we have found dinosaur eggs, we believe that they reproduced much like chickens. The male internally fertilized the female, and then the female laid her eggs.

PROCEDURE: 

In this lab activity, have students cut out the pictures on the asexual and sexual reproductive chart.
  They are to divide the pictures into two groups, those that they predict would reproduce sexually and those that the believe reproduce asexually.
The discussion after the grouping should be centered on how the organisms reproduce, and what characteristics seem to be more common in the sexual versus asexual modes of reproduction.

Life Cycle - Organisms (5B) 
Lab 
PROBLEM: How can you determine which organism reproduces sexually or asexually?

PREDICTION:

MATERIALS: Asexual/Sexual Reproduction Chart, paper, glue

PROCEDURE:

After reviewing why some organisms will reproduce sexually versus asexually, cut out the organisms.
 Group the organisms into two categories, those that reproduce sexually and those that reproduce asexually. Glue the two groups on two separate sheets.
Determine from your categories what could be characteristic of the different reproductive strategies. 

	CHARACTERISTICS OF SEXUAL REPRODUCTION

	 

	 

	 

	 

	 


	CHARACTERISTICS OF ASEXUAL REPRODUCTION

	 

	 

	 

	 

	 


CONCLUSION: Can large animals reproduce asexually? Why?

Why don't little organisms reproduce sexually?

[image: image8.jpg]:

planaria gorilla kangaroo amoeba

worm

elephant
-
7y
> 25 ‘ﬁ't
fi
heliozoa bird dinosaur red

Au, P )
dolphin

euglena





RNA DNA Lab

California content standard

g. Under the processes of mitosis, meiosis and the roles of D.N.A., and R.N.A. in cell division and in the reproduction of organisms. 

OBJECTIVES: 

· Distinguishing different organelles. 

· Exploring the importance of RNA and DNA. 

VOCABULARY: 

DNA, gene, mitochondria , nuclear envelope , plasma membrane , RNA 
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MATERIALS: 

· crayons 

· worksheet

BACKGROUND: 

The blueprint for the structure and functioning of our bodies is contained in the genetic material found in the nucleus. The genetic material (chromatin) is composed of DNA (Deoxyribonucleic acid) and protein. During certain times in a cell's life the chromatin will condense and form x-shaped structures called chromosomes. Chromosomes are found in the nucleus of cells at some time in their life spans. Human beings have 46 chromosomes, arranged in 23 pairs. Heredity is encoded in DNA within the chromosomes. A gene is a very small cluster of chemical units which group up to form the DNA molecule. RNA (ribonucleic acid) is the messenger of DNA within the cell. Forms of RNA direct the cell to manufacture specific enzymes and other proteins. Modern biological research is developing a much more complicated picture than what is described above. Students in the fifth grade should learn the general outline and parts, but to really understand what is going on is not really completely known.

DNA functions by carrying the template or "map" of chemical compounds, amino acids, that are used to build proteins. DNA directs the production of proteins by providing the sequence of amino acids necessary to produce specific proteins. Amazingly, there are only 20 amino acids that are utilized to produce every protein in the human body. Of course, certain "modified" amino acids exist, but these still require the starting 20 amino acids. In order to gain an understanding of DNA, we must start at the heart of the matter, the cell.

This summary mainly is concerned with human cells but the basic theory holds for most organisms. Most human cells have a distinguishable central structure called the nucleus. The nucleus is the "storage area" for the cell's genetic material. The nucleus houses DNA and its corresponding helper molecule, RNA (ribonucleic acid). The nucleus is often referred to as being the "control center" of the cell and, the nucleus does in fact regulate cell activity. This regulation is brought about under the influence of the genetic information that is housed in the cell. This genetic information informs the cell of what activities it is to undertake and what it is to accomplish. The cell carries out these "orders" by performing specific biochemical reactions, often times under the influence of enzymes (proteins that are catalysts) that are produced in the cell. The nucleus is the depository for nucleic acids (DNA and RNA). It is in the nucleus where DNA replication occurs.

The sugar-phosphate backbone consists of deoxyribose sugar groups connected together by phosphate groups. The sugar groups are, in turn, connected to the four bases: adenine, guanine, cytosine, and thymine. Adenine and guanine are called purines while cytosine and thymine are called pyrimidines. The bases are often abbreviated as A, G, C, and T. A purine base can only bond to a pyrimidine base, and a pyrimidine only to a purine. Adenine will only bond with thymine and guanine will only bond with cytosine. The nucleotide base pairs are held together by hydrogen bonds. It follows then that the number of adenine bases will equal the number of thymine bases and the number of guanine bases will equal the number of cytosine bases. This presumption led the way for the formulation of Chargaff's rules which was the basis of DNA investigation prior to the discovery of the double helical nature of DNA.

DNA carries a template that determines amino acid sequences which are then used to produce proteins at the ribosomes. Since proteins cannot produce other proteins DNA serves as a "storage" center for the amino acid sequences of all the proteins produced by an organism. A particular amino acid sequence that codes for a specific protein is called a gene. The genes of an organism are stored in structures called chromosomes, which are the familiar x-shaped structures often seen in biology books. An organism's DNA is not always organized into chromosomes, rather these structures appear at particular times during the life cycle of a cell. A chromosome consists of DNA associated with a group of proteins known as the histone proteins. DNA is a long, linear, polymer (poly=many, mer=unit) that if stretched out could be up to several or even thousands of meters long. One chromosome consists of a single molecule of DNA.

Humans reproduce sexually through the successful union of a sperm and egg cell. The sperm and egg, referred to as gametes, contain one half the number of chromosomes found in other human cells. When a cell contains one half the number of chromosomes it is referred to as being haploid. Conversely, when a cell contains the full number of chromosomes it is referred to as being diploid. Human sperm and egg cells are haploid and contain 23 chromosomes. The diploid number for human cells is 46 chromosomes. When an egg and sperm unite each cell contributes 23 chromosomes and the resulting fertilized egg has 46 chromosomes. Through this mechanism genetic variability and heredity is expressed. Therefore a child will have received one half of his DNA from his mother and one half from his father. The traits that are then expressed in the child are a function of which DNA (ie, the father's or mother's) was expressed. The study of how traits are inherited and passed on through generations is referred to as genetics.

DNA has an analogous helper molecule called RNA (ribonucleic acid.) RNA's structure is similar to DNA's except in the following manners:

RNA contains the sugar ribose, whereas DNA contains the sugar deoxyribose. Deoxyribose has one less oxygen than ribose, hence the name deoxy-. RNA contains the base uracil instead of thymine. RNA is usually single stranded. 

PROCEDURE: 

Discuss with students DNA and RNA. Use the information above to help you discuss this important concept.
   

Color the backbone which hold the pyrimidines (thymine and cytosine) and purines (adenine and guanine). The small pentagon and circle.
   

Color each of the pyrimidines and purines. The purine base adenine always bonds with the pyrimidine base thymine, and guanine always bonds with cytosine.   
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Class Traits Lab 

California content standard

h. Understand the growth and development of humans and the basic principles of the passing of traits from parents to offspring. 

Purpose: Survey your classmates to find out which versions of certain characteristics (or traits) are more common and which are less common.

Background: Let’s start by re-writing a couple of the definitions you just got from the lecture.

TRAIT:

ALLELE:

some examples….

	Trait
	Alleles

	attached ear lobes 
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Yes 
	or 
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No 

	hitchhiker’s thumb 
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Yes 
	or 
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No 

	widow’s peak (pull hair back) 
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Yes 
	or 
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No 

	can he roll his tongue? 
	Yes 
	or 
	No 


  

Procedure: Use this data table to keep track of the traits listed above. 

	Trait 
	# yes 
	# no 
	Total people 
	% yes 
	% no 

	  
	  
	  
	  
	  
	  

	 

  
	  
	  
	  
	  
	  

	 

  
	  
	  
	  
	  
	  

	 

  
	  
	  
	  
	  
	  


 

Each member of your group will choose one of the above traits. Everyone in your group must have a different trait to research. 

There are _____ people in class today. Circulate around the room, surveying students and recording the numbers of each allele for your trait, until you’ve gotten a total of _____ responses, one from every person in class. 

When you’re done asking everyone, check to see that you’ve filled in the first four columns of your data table. Return to your group and exchange data. 

Calculate the percentages of each allele (yes or no) for each trait. Fill in these numbers on your data table. Follow this example: 

5 can roll tongue = 5_ = 0.25 0.25x100 = 25%

20 total students today 20

Questions:

1. Make a quick list – for each trait, write the allele that was more common

2. The more common allele of a trait is called the dominant allele. You can think of it as the stronger one. The allele that occurs less often is called the recessive allele (the weaker one). Fill in the middle column below, according to your data.

	Trait 
	Dominant or recessive? 
	Allele letter 

	attached ear lobes 
	  
	  

	unattached ear lobes 
	  
	  

	hitchhiker’s thumb 
	  
	  

	no hitchhiker’s thumb 
	  
	  

	widow’s peak 
	  
	  

	no widow’s peak 
	  
	  

	can roll tongue 
	  
	  

	can’t roll tongue 
	  
	  


3. Scientists pick letters to represent traits, like abbreviations. The dominant allele is written with a capital letter; the recessive allele gets a lower case letter. Now fill in the third column above. Follow this example: 

The example trait is hair color. I will be using the letter H. So….

Black hair is dominant, so I write it as an "H".

Blond hair is recessive, so I write it as an "h".

Now try it in the chart above using the traits you looked at in class today.

4. Hypothesize: Where does your body get these alleles from? Be more specific than just saying "my mom and dad".

5. Choose another trait to look at in your neighborhood. What are two allele types for this trait? Which is dominant and which is the recessive allele?

Sex linked or Not sex linked lab
California content standard

i. Distinguish between the concepts of inborn and acquired characteristics in animals.

Objectives
Simulate genes and chromosomes in gamete cells of human beings to determine if muscular dystrophy ( a fatal disease characterized by wasting away of muscles)is sex linked or not.

Materials

· Adhesive tape

· Pennies

· Nickels

· Pencils

Procedure

Part A Observed results if sex linked

· Put adhesive tape on two pennies

· Mark one cell to represent the possible egg cells. Mark one side XM and the other Xm.

· Mark the second penny to represent the possible sperm cells. Mark one side XM and the other side Y

· Toss both pennies together 48 times. Use slashes (/) to indicate in table 33-1 the combinations that result after each toss.

· Total the results of each genotype and record them in the table.

	Phenotype
	Genotype
	Results of each toss
	Total

	Normal female
	XMXM or XMXm
	
	

	Female with muscular dystrophy
	XmXm
	
	

	Normal male
	XMY
	
	

	Male with muscular dystrophy
	XmY
	
	


Part b Observed results if not sex linked

· Add tape to a penny and a nickel
· Mark both sides of the penny with an X. Mark one side of the nickel M and the other side m. These coins represent a heterozygous female

· Add tape to a second penny and nickel

· Mark one side of the penny X and the other side Y. Mark one side of the nickel M and the other side m. These coins represent a heterozygous male

· Toss the two pennies in one hand and the two nickels on the other hand 48 times. Use slash marks (/) to indicate in table 33-2 the combinations after each toss.

· Total the results of each genotype and record them in the table.

	Phenotype
	Genotype
	Results of each toss
	Total

	Normal female
	XXMM or XXMm
	
	

	Female with muscular dystrophy
	XXmm
	
	

	Normal male
	XYMM or XYMm
	
	

	Male with muscular dystrophy
	XYmm
	
	


Human body systems lab

California content standard

j. Understand the structure, function, and maintenance of the major human body systems and how they are interrelated.
Objectives

j. Understand the structure, function, and maintenance of the major human body systems and how they are interrelated.

Materials

Computer with the following 

Windows
Information for 95,98,2000, Me
and XP versions 
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 HYPERLINK "http://www.bbc.co.uk/accessibility/mac/sub_root.shtml" Apple Mac
Information for OS 8 & 9 and 
OS X versions 
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 HYPERLINK "http://www.bbc.co.uk/accessibility/linux/sub_root.shtml" Linux
Information for KDE and Gnome 
desktops 

Procudure 

Students will log on to the hyperlink:
Human body systems lab
They will attempt to finish the six labs namely

	
	Interactive Body
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Organs Game
Plumb together your organs in the 3D jigsaw puzzle. This challenge requires Flash 5 and takes 5-10 minutes.
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Muscles Game
Put the mystery muscles into the right places on the body. This challenge requires Flash 5 and takes 5-10 minutes.
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Skeleton Game
Get the joints and unusual bones in the right places. This challenge requires Flash 5 and takes 5-10 minutes.
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Senses Challenge
Put your senses to the test and try not to let your brain be fooled. This challenge has 20 questions, requires Flash 5 and takes 10 minutes.
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Nervous System Game
Wire up the nervous system and senses. This challenge requires Flash 5 and takes 5-10 minutes.
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Puberty Demo
Discover the changes that take place during puberty and understand the science. Requires Flash 5.




Light effect on plant growth lab

California content standard

k. Understand the factors necessary to sustain plant life, plant development and differentiation.

Introduction:
Living things in an environment respond to other factors in that environment. This activity enables the student to see how light might effect the growth response of a plant.

Objective:

The student will be able to observe living things and how they respond to abiotic factors.

Materials:

· Radish Seeds 

· Potting soil 

· Small styrofoam cups 

· Metric ruler 

· Graph paper 

· Small boxes 

· Red, Green, and Clear transparent plastic wrap 

Procedure:

· Divide the class into working groups and give each group an identifying number. 

· Each group will prepare 3 pots with potting soil. 

· Students will plant 15 seeds just below the surface of the soil in each pot. Water equally. 

· Allow 3 days for germination and initial development. 

· After the three day period, place the three pots next to each other. Select 5 plants from each pot by weeding out the rest. Make sure all the remaining plants in the pots are the same size. 

· At the end of this selection process you should have 3 pots with 5 plants in each. 

· Label each pot : 1A, 1B, and 1C. 

· Measure the height of each plant in centimeters and record the average height for each pot in the chart below. 

· Place 1A in a box and cover it with red clear wrap. 

· Place 1B in a box and cover it with green clear wrap. 

· Place 1C in a box and cover it with clear clear wrap. 

· Place the boxes in the sunlight and measure the growth of the plants for 5 days. Record your data in the chart below. 

· Graph the data after the 5 day trial period. 

Table 1 

	aaaaDayaaaa 
	 aaPot Aa  
	 aPot Baa  
	 aaPot Caa  

	1 
	  
	  
	  

	2 
	  
	  
	  

	3 
	  
	  
	  

	4 
	  
	  
	  

	5 
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Summary:

1. Which plant group showed the fastest growth rate?

2. Which group showed the slowest?

3. What was the control in the experiment?

4. If you wanted to increase crop yield what light exposure would be the most help?

Evolution lab

California content standard

l. Understand the major theories of evolution, and how the roles of natural selection and mutation help determine the diversity of life and the changes that have and are taking place in life on earth.

OBJECTIVES: By the end of this laboratory period you should be able to: 

· Define evolution and its four processes. 

· Define population, species, and fitness. 

· Define the Hardy-Weinberg Law both mathematically and in words, and understand its importance to the study of evolution. 

· Define the five forces which disrupt Hardy-Weinberg equilibrium. 

INTRODUCTION

Evolution can be defined simply as changes in gene (allele) frequencies through time. It is important to note that evolution takes place at the population level. Individuals do not evolve. A population is a group of interbreeding individuals of the same species sharing a common geographical area. Species are groups of populations that have the potential to interbreed in nature and produce fertile offspring. Species may be viewed as reproductively isolated individuals or populations. For example, horses and donkeys are different species because their offspring, the mule, is infertile. The sum total of all the alleles (alternative forms of the same gene) of a population is called the gene pool.

FOUR PROCESSES OF EVOLUTION

I. Mutation - Mutations are changes in the genes themselves. They may be as simple as a one nucleotide change which alters the coding sequence of the gene. Recall how the nucleotide sequence of a gene specifies a particular polypeptide sequence. By definition a mutation, if it is not lethal, will cause a change in gene frequencies in a population.

II. Recombination - Recombination is the shuffling of the genetic material between generations. It takes place during meiosis in Prophase I ( crossing over) and Metaphase I (random orientation and segregation of bivalents). Recombination makes it virtually impossible for a sperm or egg to be genetically identical to the parent which produced it.

 Mutation and recombination provide the raw material for evolution, natural variation. Throughout his five year voyage around the world, Charles Darwin marveled at the "perfection of structure" that made it possible for organisms to do whatever they needed to do to stay alive and produce offspring. He called this perfection of structure fitness, by which he meant the combination of all traits that help organisms survive and reproduce in their environment. Darwin began to question what process had fit these organisms to their environments. In 1838 he read a book by Malthus entitled Essay on the Principle of Population which maintained that human populations increase geometrically yet the means of sustenance increase arithmetically. Malthus concluded that as population growth exceeded resources there would be intense competition causing war, misery and famine. Darwin concluded that competition exists among all living things and a struggle for existence might be the means by which well adapted individuals survive and the ill adapted are eliminated.

III. Natural selection - Darwin made the following observations: 

All species reproduce in excess of the numbers that can survive, e.g. one oyster may produce 100 million eggs in one spawning and one salmon can deposit 28 million eggs in one season. 

Adult populations remain relatively constant in size. 

Therefore there must be a severe struggle for survival. 

All species vary in many characteristics and some of the variants confer an advantage or disadvantage in the struggle for life. 

The result is a natural selection favoring survival and reproduction of those individuals with adaptations or characteristics which give them a competitive advantage over others. 

Natural selection may be viewed as differential reproduction. Those with favorable characteristics have a competitive advantage and they produce more offspring than their competitors. Over a period of time the gene frequencies of the population will change, i.e. the genes which code for the competitive advantage will increase and those for the less favorable characteristics will decrease, perhaps eventually leading to extinction. Only a slight statistical advantage, over a long period of time, is required for natural selection to act on a population. It is important to note that natural selection is a negative process, it weeds out the ill adapted genetic combinations, thereby allowing other gene frequencies to increase. Darwinian fitness is actually a measure of reproductive success. Those individuals that leave behind the largest number of progeny are considered the fittest. Ultimately natural selection leads to adaptation, i.e. the accumulation of structural, physiological or behavioral traits that increase an organism's fitness.

IV. Reproductive Isolation - Since species are reproductively isolated populations, any mechanism that leads to reproductive isolation may cause speciation, the formation of new species. Without such reproductive isolation, new adaptive gene combinations generally have little chance of becoming established in the population. There are a wide variety of reproductive isolating mechanisms in nature. These include those which prevent mating such as: geographical isolation, ecological isolation, temporal isolation (different mating times), ethological isolation (different behavioral phenomena), and mechanical isolation (incompatibility between genitalia). Even if matings between different species do occur there are a variety of post mating genetic mechanisms which also maintain reproductive isolation, e.g. the hybrids are sterile, as in the mule. These isolating mechanisms allow populations to diverge and eventually become new species.

THE HARDY-WEINBERG LAW

Following the rediscovery of Mendel’s genetic principles in 1900, it was widely believed that natural selection would eventually result in the dominant alleles eliminating the recessives in a population, eventually leading to little or no genetic variation. The geneticist Punnett was asked to explain the prevalence of blue eyes in humans despite the fact that it is recessive to brown. He couldn't do it so he asked a mathematician colleague named Hardy for help. At the same time a physician named Weinberg was also working on the problem. Since Hardy and Weinberg came up with the same idea at the same time it now referred to as the Hardy-Weinberg Law. Basically it states that the frequencies of alleles in a population will remain constant unless acted upon by outside agents or forces (listed below). It has profound implications for the study of evolution because it describes the genetics of nonevolving populations. A nonevolving population is said to be in hardy-weinberg equilibrium. Anything which disrupts this equilibrium causes, by definition, evolution.

The following will disrupt hardy-weinberg equilibrium thereby causing evolution to occur: 

Mutation - By definition mutations change allele frequencies and cause evolution. 

Migration - If additional alleles are brought into a population by immigrants or existing alleles are removed by emigrants then the frequencies of alleles will change causing evolution. 

Genetic Drift - The Hardy-Weinberg law only operates when there is a large population. Genetic drift is a term used to describe random events due to small population size. Random events generally have little effect on large populations. 

Nonrandom Mating - The Hardy-Weinberg law only operates when each individual in a population has an equal chance of mating with any other individual in the population. Except for wind pollinated plants, random mating is relatively rare in nature. Most organisms chose their mates based on some physical or behavioral characteristics. 

Natural Selection - The Hardy-Weinberg law only operates when all genotypes are equal in reproductive success. This means there can be no natural selection, a condition rarely met in nature. All organisms vary and some individuals will always have characteristics which give them a competitive advantage over others. Therefore they will leave more offspring behind, thus increasing the frequency of their alleles in the population. 

The Hardy-Weinberg law may also be expressed mathematically as: p2 + 2pq + q2. Where p = the frequency of allele A and q = the frequency of allele a. Make a punnett square mating two heterozygotes (pq) and see if you can figure out how it relates to the Hardy-Weinberg formula. The frequency of an allele is simply the proportion of that allele in a population in relation to all alleles of the same gene. Therefore p + q = 1 because all the allele frequencies must add up to one.

This exercise is designed to illustrate the effect of natural selection on populations of both predators and their prey. Students will represent predators with different adaptations for capturing their prey and their prey will consist of different colored beans. As you perform the exercise think about the various ways the other four outside agents (genetic drift, nonrandom mating, migration and mutation) would affect your results if they occurred.

PROCEDURES:

· Count out exactly 100 dried beans of each color, mix thoroughly and spread evenly over the habitat. 

· Upon the instructor’s signal predators will begin capturing prey and depositing them into a cup while observing the following rules:
A. Predators must use their capturing device to capture the prey.
B. Predators may not scoop prey up with their cup.
C. At the stop signal any prey in the capturing device but not in the cup must be released. 

· Each predator determines the number of prey captured and records them on the data sheets. 

· Calculate and fill in the remaining statistics on the data sheet. 

· The predator with the lowest capture percentage will go "extinct" and not participate in the next exercise. The predator with the highest capture percentage will reproduce itself and the offspring will participate in the next exercise. 

· Allow each different survivor prey to reproduce itself by adding the same number of colored beans to the population as survived the first hunt. 

· Repeat steps 2 to 6 above until there is only one predator remaining. 

CONCLUSIONS

What conclusions can you draw regarding the effect of natural selection on both the predator and prey populations? Draw some graphs which illustrate what happened in your experiment. How might you modify this experiment in order to demonstrate the effect of the other four agents which disrupt Hardy-Weinberg equilibrium? If time permits try the same experiment but add an additional agent to it. Be sure to discuss your plans with your instructor before beginning.

Paint your ecosystem lab
California content standard
m. Understand the ecology of the major living systems and how man can help preserve the natural state of ecosystems. 
Objectives
· Understand the major components of the ecosystem

· Understand the interrelatedness between the biotic and abiotic components

· Understand the concept of conservation

· Understand the importance of biodiversity

· Understand the role pollution/ human interference plays within an ecosystem balance

· Understand our role in preserving the ecosystem
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Materials: 

· Paint brushes 

· Black, yellow, red, blue, orange, green, and white washable water paint 

· Cups half-full with water (preferably reusable) 

· A piece of cloth per team (to clean) 

· Large white cardboard papers (about 39in x 31in, or 100cm x 80cm) 

· Color crayons 

· Other materials (color paper, foam pieces, cotton, thread, strings, etc.) 

Procedure
· Before you begin, arrange the class in five teams of equal size and distribute the material. The instructions for the children are as follows:

· Each team must choose one of the five main biomes to paint: aquatic, desert, grassland, forest and tundra.

· Each team must discuss what kinds of living (biotic) and non-living (abiotic) things that make up the ecosystem, which they will paint. Tip: use the crayons to outline figures and the brushes to paint them.

· Use the material given to illustrate the ecosystem in the white cardboard. 

· The instructor must help the children discuss what biotic and abiotic factors correspond to each environment. 

· The painting must consist of antagonistic features such as pollution effects, introduction consequences, human encroachment etc.

· A clear depiction of our role in preserving the ecosystem, paintings could go as far as depicting the role of fossil fuel use versus renewable resource.

After the paintings are finished, each team presents its ecosystem to the class. Presentation must explain upon what they painted: 
Analysis

Answer the following questions

1.  Which diagram at the right  best represents an ecosystem?  (1.) 1  (2.) 2  (3.) 3  (4.) 4

	




2.  Which is an abiotic factor that functions as a limiting factor for the autotrophs in the ecosystem shown at the right?  (1.) grasshopper  (2.) fish  
(3.) light  (4.) hawk
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3.  An ecosystem is represented in the illustration below. 
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This ecosystem will be self-sustaining if  (1.) the organisms labeled A outnumber the organisms labeled B  (2.) the type of organisms represented by B are eliminated  (3.) the organisms labeled A are equal in number to the organisms labeled B  (4.) materials cycle between the organisms labeled A and the organisms labeled B 

4.    The diagram shows organisms in and around a pond. 
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Which ecological term refers to all the organisms shown in the diagram?  (1.) heterotroph  (2.) community  (3.) population  (4.) biosphere


5. An aquarium ecosystem is shown in the accompanying diagram.  A community in this aquarium consists of the  (1.) fish, water, and snails  (2.) plants and gravel  (3.) water and gravel  (4.) fish, plants, and snails
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6.  The diagram shows a milkweed plant and some of the insects that live on it or visit it. Which term best describes the group of organisms in the diagram?  (1.) population  (2.) community  (3.) ecosystem  (4.) biosphere
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7.  A pond community is represented in the diagram. Which term includes the interactions between the organisms of this community and the physical factors of their environment?  (1.) population  (2.) ecosystem  (3.) biotic  (4.) competition
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LAB CELL MEMBRANES 

Content standard

a. Cells are enclosed within semi-permeable membranes that regulate their interaction with their surroundings.
Objectives

Understand the structure and role of the cell membrane

Background
The cell membrane regulates what enters and leaves the cell and also aids in the protection and support of the cell. In a way, the cell membrane is similar to the walls that surround your house. As these walls help to protect your house from what is outside so the cell membrane seals off the cell from its outside environment. But if you lived in the house, you would still want to receive messages, fuel, and power from the outside environment. So utilities lines like telephone, gas, and electric would have to be able to pass through the walls of your house. You would also like to bring in food and take out trash. Thus doors would be needed. The needs of the cell are similar. It must communicate with other cells, take in food and water, and eliminate waste. All of these processes take place through the cell membrane. 

The cell membrane is composed of several kinds of molecules. The most important of these are lipids. A double layer — a bilayer — of lipid molecules forms the basic unit from which cell membranes are constructed. The lipids in the cell membrane are a special type of lipid called phospholipid. They have a phosphate head and a lipid tail region. The head is hydrophilic (water loving) and the tail is hydrophobic (water fearing). This is one of the reasons why some molecules easily pass through the membrane (like O2, CO2, and steroids) and others with difficulty (carbohydrates, proteins, nucleic acids). 

Proteins and carbohydrates are also associated with the cell membrane. Some proteins stick to the surface of the lipid bilayer — peripheral proteins— whereas others span the membrane from one side to the other — transmembrane proteins — and are free to move around within the membrane. This is dependent on their molecular structure. Some of the free-moving proteins serve as transport proteins — acting as channels or tunnels through which molecules may pass. Others act like small pumps, actively pushing molecules from one side of the membrane to the other, much like a revolving door. The carbohydrates are attached to either proteins or lipids. These act as recognition sites — identifying tags —and allow cells to recognize other cells from the same organism. These carbohydrates are the reason why an organ such as a kidney can be rejected after a kidney transplant. It is also the reason why we can only receive blood transfusions from certain blood types and not from others. 

As a result of its structure, our concept of the cell membrane is often described as the Fluid Mosaic Model. The word fluid refers to the idea that the membrane is actually moving. Most of the lipids and some of the proteins drift at a rate of approximately 2µm/second. The mosaic refers to the idea that the membrane is like a collage of proteins and other molecules embedded in the fluid matrix (much like different color tiles embedded in grout in a ceramic mural or floor) [image: image48.emf]
Materials

Students should look at the diagrams and decide what material befit the depictions

Procedure
1. Construct a model of the cell membrane using diagrams you have been provided in your text, during lecture, and in this lab. 

2. You may use construction material provided (assorted food & non-food materials: assorted pasta, assorted cereals, glue, pipe cleaners, yarn, and more) or supply additional material on your own. 

3. Make sure your model includes the following components: a. Phospholipid bilayer (heads & tails!) 

b. Transport proteins 

c. Peripheral proteins 

d.Protein pumps 

e.Carbohydrates 

f. Receptor proteins 

g. Cholesterol 

4. Make a key to show what each item represents 
5. Glue your cell membrane to the paper or cardboard provided. 

[image: image49.emf]

Analysis
1. What are the functions of the cell membrane? 

2. The cell membrane is often described as a bilayer. Explain this term. What two layers make up the cell membrane? 

3. Where are proteins found in the cell membrane? 

4. Explain why the cell membrane is described as a Fluid Mosaic Model. 

5. Give an example of a molecule that is unable to pass through the cell membrane. 

Explain why. 

3 of 4 

6. Explain the function of a transport protein. 

7. Explain the commonalities and difference between active transport and facilitated diffusion and give an example of each. 

8. Some of the proteins on the surface of the cell are known as receptor proteins because they receive messages from outside the cell. Draw a diagram to show a receptor protein and the signal molecule it receives. (Remember the importance of shape in biology.) 

9. What is one possible message that one cell might send to another cell? 

10. What is the function of cholesterol in the cell membrane? 

LAB 8: PINEAPPLE ENZYMES & JELLO MOLDS 

Content standard
b. Enzymes are proteins and catalyze biochemical reactions without altering the reaction equilibrium. The activity of enzymes depends on the temperature, ionic conditions and pH of the surroundings.
Objectives

Understand the role of enzymes in catalysis
BACKGROUND 

If you have ever made Jell-O by cooking the powder that comes in a box, you may have noticed the warning on the instructions that tell you not to add fresh or frozen pineapple to the gelatin. 

Have you ever wondered why? 

Well, I have been telling you that most of cooking is really Kitchen Chemistry and this is another example. In this lab, you will be designing an experiment to test what is really happening when you add pineapple to gelatin. You know enough organic chemistry now to figure this out. 

First, you need a little background about gelatin… and it may be more than you ever wanted to know. Do you know what Jell-O is really made out of? Are you ready? 

That sweet colorful treat is actually made out of hides, bones, and inedible connecting tissue from animals butchered for meat. No? Yup! 

All gelatin (including those made for photographic and laboratory use, as well as for desserts) is made out of discarded animal parts — the tough parts: bone and skin. And all these tough parts are made of proteins. In fact, the extracted gelatin is a protein. So, why do you think gelatin gets thick and jelly-like when you cook it? (We’ll come back to that later.) 

Gelatin can be extracted from any kind of animal, but cows are most common. If your Mom or 

Dad have ever made a batch of chicken soup from scratch, you've probably seen how it gets stiff and Jell-O like after it sits in the fridge… that's because boiling the chicken in water extracts the gelatin from the carcass (bones & cartilage), just like a miniature version of the commercial gelatin factories! 

Commercial gelatin making starts by grinding up bones. The crushed bones are then soaked in a strong base (high pH) to soften them, and then passed through progressively stronger acid 

(low pH) solutions, until the end result isn't recognizable as bones at all! Then the whole mess is boiled for hours to extract the gelatin… and this part really makes a stink! Finally, the gelatin layer is skimmed off the boiling pot, and dried into a powder. With added sugar, flavorings, and artificial color, it's ready to become a jiggly dessert! 

And now that you know what Jell-O's made from, why don't you put some on the table tonight? 

Your guests will be delighted when you share your new knowledge with them in the middle of a luscious spoonful of dessert! 

By the way, this whole process of extracting gelatin from bone was originally developed in 1845 by an engineer, Peter Cooper — the man who Cooper Union (in NYC) is named after. Some time later (1895), Pearl B. Wait, a cough syrup manufacturer, bought the patent from Peter Cooper and adapted Cooper's gelatin dessert into an entirely prepackaged form, which his wife, May David Wait, named "Jell-O." The rest is history... 

Made from bone… made from protein… so it must be tough stuff! So why can’t you put fresh pineapple in it? 

Let’s learn a bit about pineapple. The pineapple plant (Ananas comosus) is a monocot, or grass-like plant, that belongs to the bromeliad family. It is thought to have originated in Brazil. In the 1950s, pineapple became the United State’s second most important fruit and Hawaii led the world in both quantity and quality of pineapples. However, times have changed and now, all canned pineapple comes from overseas, largely from the Philippines. 

As with some other tropical fruits, the pineapple fruit contains an enzyme that breaks down, or digests, protein. This protease (protein-digesting) enzyme in pineapple is called bromelain, which is extracted and sold in such products as Schilling's Meat Tenderizer. Papaya, another tropical fruit, also contains an enzyme, called papain that digests protein. It can be found in Accent Meat Tenderizer. 

1.  materials 

Fresh pineapple, canned pineapple, Frozen pineapple, Jell-o, Beakers, Boiling & ice water, Test tubes & rack, Spoons, stirring rods, Knife for chopping pineapple 

PROCEDURE: 

In this lab, you will be given an array of materials and you will be asked to design your own experiment to test the effect of pineapple on gelatin. The goal is to understand what is actually going on in the pineapple-gelatin mix at a chemical level as well as understanding what affects the function of enzymes.  

2. Design a controlled experiment that shows the effect of raw pineapple on gelatin. 

Make sure your experiment description includes the following: 

a.  An hypothesis. Remember hypotheses are written as “If…then” statements. 

b. A detailed experimental design which will include: 

1. The effect of fresh pineapple on gelatin. 

2. The effect of frozen pineapple on gelatin. 

3. The effect of canned pineapple on gelatin. 

4. The effect of freshly cooked pineapple on gelatin. 

5. A test to determine how gelatin behaves without any additives. 

c. A data table 

3. Write up a detailed experimental plan on the accompanying sheet of paper. 

4. You will be abe to perform your experiment once you receive approval of your experimental design from your teacher. 

EXPERIMENTAL DESIGN GUIDE 

TITLE _______________________________________________________________________ 

HYPOTHESIS ________________________________________________________________ 

INDEPENDENT VARIABLE _____________________________________________________ 

MEASUREMENT OF INDEPENDENT VARIABLE 

NUMBER OF TRIALS 

DEPENDENT VARIABLE _______________________________________________________ 

MEASUREMENT OF DEPENDENT VARIABLE _____________________________________ 

CONTROL ___________________________________________________________________ 

OTHER CONTROLLED FACTORS (AT LEAST 5) ___________________________________ 

Analysis 

1. Clearly describe the results of your experiment. In which test tubes did the gelatin jell, which did not. 

2. Clearly explain the results of your experiment. Why did some test tubes of gelatin jell, why did others not. Be specific! 

3. What is the enzyme in your experiment? 

4. What is the substrate in your experiment? 

5. What is (are) the product(s) in your experiment? 

6. What type of organic molecule is gelatin? 

7. What type of organic molecule is bromelain? 

8. Write a “word equation” to describe the chemical reaction that occurs when pineapple is mixed with the gelatin. 

9. Is the reaction of bromelain and gelatin dehydration synthesis or hydrolysis? Explain. 

10. Why were the results of the freshly cooked pineapple different than the results of the fresh, raw pineapple? Be specific! 

11. What is meat tenderizer and what does it do? 12. On the accompanying sheet of paper, design an experiment to test at what specific temperature the pineapple enzyme denatures. 

EXPERIMENTAL DESIGN GUIDE 

TITLE _______________________________________________________________________ 

HYPOTHESIS ________________________________________________________________ 

INDEPENDENT VARIABLE _____________________________________________________ 

MEASUREMENT OF INDEPENDENT VARIABLE 

NUMBER OF TRIALS 

DEPENDENT VARIABLE _______________________________________________________ 

MEASUREMENT OF DEPENDENT VARIABLE _____________________________________ 

CONTROL ___________________________________________________________________ 

OTHER CONTROLLED FACTORS (AT LEAST 5) ___________________________________ 

The Giant Cell lab

c. how prokaryotic cells, eukaryotic cells (including those from plants and animals), and viruses differ in complexity and general structure.
Objectives

Understand the structure and functions of basic organels in both plant band animal cells

Learn the diffecernt major types of cells
Method
you and your group (total of 2-3 people) are responsible to create a model of an organelle to scale.  Your design must be complete and accurate.  Use this sheet to help you create your model.  You will also be responsible for a 3-5 min presentation about your model.  Your speeches will be presented while standing in a giant cell (provided by your teacher).  You will be graded using the attached rubric.  You must do most of your research on your own.  You will give your presentations a week from today.

Creating the Organelles
The Giant Plant Cell is shaped like a giant cube that is 3 meters (300 cm) on each edge. You have been provided with a chart of actual cell organelle sizes. You must, using ratios, calculate the size of your giant organelle so that it is proportionately correct for the huge cell.  Remember um stands for micron, which is equal to .001millimeters (mm). You also need to research the function of the organelle in order to build it so that it can carry out its role in the giant cell. First, you will prepare an architectural design plan that will be evaluated by your teacher. Then you will build your organelle. You will prepare a 3-5 minute report to present to the class. You will then give your presentation in the giant cell.  Your organelle will be judged according to the accuracy of its size, the correctness of its details, your explanation of its function and your creativity. 

Equation for determining size of organelle:

       Actual size of plant cell (30um)      =         Actual size of organelle (you find out in um)

       Giant plant cell (300 cm)                           Giant size of organelle (x in cm)


Organelle Architectural Design Sheet

Names of DesignTeam (2 or 3)__________________ __________________ _______________

Name of Organelle (one organelle per group) _______________________

Equation for determining the dimensions of giant organelle:

List of Materials Needed to Construct Organelle:



	Material 
	Use 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 



Diagram Showing Construction Plan:








Plan for Division of Labor Among Construction Team:




 


Grading Rubric for Colossal Plant Cell Organelle

Basic Requirements

Construction of Organelle 

· All constructed organelles must be 3-dimensional. 

· All organelles must show internal and external details. 

· All organelles must be the correct size for the colossal plant cell. 

· Oral Presentation 

· Reports should be about 3-5 minutes long. 

· Each member of the team should do part of the presentation. 

· The presentation should include details about the organelle's structure and function. 

· The presentation should include a discussion about how many of the organelles will be manufactured for the colossal plant cell. 

· The presentation should also include an explanation of the actual and giant size of the organelle. 

 

 RUBRIC USED FOR EVALUATION 

(This should be given to the students at the beginning of the project.)
Note: The words (unacceptable, passing, acceptable, competent, and excellent) are used instead of A, B, C, D, and F. 

	Points  
	Criteria  
	Unacceptable  
	Passing  
	Acceptable  
	Competent  
	Excellent 

	30  
	detail -accuracy of the model 
	There is no model or the structural details are completely wrong 
	A few of the structural details represented accurately 
	Most of the structural details are represented; some of them accurately 
	All of the relevant structural details are represented; most accurately 
	The structural details are all well represented and very accurate. 

	15  
	quality of presentation - explanation of structure and model 
	Explanation of structure is inaccurate and incomplete; no reference to model made 
	Explanation of structure is incomplete; very little reference to model 
	Explanation of structure is good; very little reference to model 
	Explanation of structure is good; there is reference to model 
	Explanation of structure and reference to model are accurate, integrated and clear 

	15  
	Quality of presentation - explanation of function of structure 
	Presentation is unclear and does not cover requested information 
	Presentation does not cover all of the material; much of it is read 
	Presentation covers all of the relevant material; much of it is read 
	Presentation covers all of the relevant material; very little of it is read 
	Presentation covers all relevant material; it is presented in a lively interesting fashion 

	20  
	individual participation 
	Only one person in the group does the presentation; the parts may be connected or not 
	One person does more than 70% of the presentation and the parts are presented separately 
	One person does 60-70% of the presentation; the parts are presented separately 
	Only one of the following is present; equal participation or connected parts 
	Both people participate equally; the parts are well connected 

	10  
	size accuracy of the model 
	Size is 100% too big or too small. 
	Size is 75% too big or too small 
	Size is 50% too big or too small 
	Size is 25% too big or too small 
	Size is within 25% of being correct 

	10  
	creativity  
	No evidence of creativity 
	There is some evidence of an attempt to be creative but it is not executed well  
	There are a few creative details in the model or report  
	There are several creative details in the model and report 
	The entire project shows evidence of creative thinking - both creation of the model and presentation. 

	100  
	Total  
	 
	 
	 
	 
	v


  
            
  

Note: If a criterion is worth 30 points, then the numbers above the column chosen would be multiplied by 3. If the criterion is worth 20 points, then the number would be multiplied by 2.

Comments from Evaluator
** It is better if the students do their own research on these sizes, but the chart can be used if teachers are short on time.


CHART OF ACTUAL ORGANELLE SIZES


 

	Cell or Organelle 
	Size in um
(1 um = 1000mm)  

	Average Plant Cell  
	30 um

	Nucleus  
	7.5-10 um

	Nucleolus  
	2.5 um

	Plasma Membrane 
	 0.009 um thick

	Mitochondrion  
	0.2-1 um wide x 3-10 um long

	Chloroplast (other plastids are similar sizes) 
	2 x 5 um

	Ribosome  
	0.025 um

	Endoplasmic Reticulum (in most plant cells) 
	0.5 um thick (2 membranes of 0.009 mm with 0.03 mm compartment between them) 

	Golgi Complex (dictyosome in plant cells) 
	1 x 1 um (membranes have thickness of ER)

	Vacuole (central) sometimes serves as lysosome 
	50-80% of volume of cell 

	Microtubules  
	0.02 um diameter

	Microfilaments  
	0.007 0.5-1 um diameter

	Lysosomes (in some plant cells) 
	 0.2-2 um

	Peroxisomes  
	3 um

	Cell Wall  
	1-2 um thick


 

Assessments
The students will be evaluated on the quality and specificity of their model.
Photosynthesis lab

Content standard

d. usable energy is captured from sunlight by chloroplasts, and stored via the synthesis of sugar from carbon dioxide.

Back ground

Chloroplasts - Show me the Green

Chloroplasts are the food producers of the cell. They are only found in plant cells and some protists. Animal cells do not have chloroplasts. Every green plant you see is working to convert the energy of the sun into sugars. Plants are the basis of all life on Earth. They create sugars, and the byproduct of that process is the oxygen that we breathe. That process happens in the chloroplast. Mitochondria work in the opposite direction and break down the sugars and nutrients that the cell receives. 

Special Structures

We'll hit the high points for the structure of a chloroplast. Two membranes contain and protect the inner parts of the chloroplast. The stroma is an area inside of the chloroplast where reactions occur and starches (sugars) are created. One thylakoid stack is called a granum. The thylakoids have chlorophyll molecules on their surface. That chlorophyll uses sunlight to create sugars. The stacks of sacs are connected by stromal lamellae. The lamellae act like the skeleton of the chloroplast, keeping all of the sacs a safe distance from each other and maximizing the efficiency of the organelle. 

Making Food

The purpose of the chloroplast is to make sugars and starches. They use a process called photosynthesis to get the job done. Photosynthesis is the process of a plant taking energy from the Sun and creating sugars. When the energy from the Sun hits a chloroplast, chlorophyll uses that energy to combine carbon dioxide (CO2) and water (H2O). The molecular reactions create sugar and oxygen (O2). Plants and animals then use the sugars (glucose) for food and energy. Animals also use the oxygen to breathe. 

Different Chlorophyll Molecules

We said that chlorophyll molecules sit on the outside of the thylakoid sacs. Not all chlorophyll is the same. Three types of chlorophyll can complete photosynthesis. There are even molecules other than chlorophyll that are photosynthetic. One day you might hear about carotenoids, phycocyanin (bacteria), phycoerythrin (algae), and fucoxanthin (brown algae). While those compounds might complete photosynthesis, they are not all green or the same structure as chlorophyll. 
Green plants use sunlight to make glucose. To do so, the plant must use carbon dioxide and water in a process called photosynthesis. The glucose made by plants is used by plants and animals as a source of energy. To release the energy contained in the bonds of glucose, the glucose must be converted to ATP. The process by which ATP is made from glucose is called cellular respiration. Respiration also produces waste products including carbon dioxide and water, which are the same substances that served as raw materials for photosynthesis. In water, carbon dioxide dissolves to form a weak acid. As a result, an acid-base indicator such as bromothymol blue can be used to indicate the presence of carbon dioxide. In this laboratory investigation, you will use bromthymol blue to explore the relationship between photosynthesis and respiration. 

Problem
what is the relationship between the processes of photosynthesis and respiration? 

Materials
2 123ml flasks rubber stoppers 100 ml graduated cylinder 2 Elodea light source drinking straw 

Procedure
1. Using a graduated cylinder, measure out 100ml of bromthymol blue solution for each of the two flasks. Caution: Bromthymol blue is a dye and can stain your hands and clothing. 2. Insert one end of a drinking straw into the bromthymol blue in one of the flasks. Gently blow throught the straw. Keep blowing until there is a change in the appearance of the bromthymol blue solution. Repeat this procedure with the other flask. Record your observations in the data table. 3. Place a sprig of Elodea into each flask. Stopper the flasks. 4. Place one flask in the dark for 24 hours. Place the other flask on a sunny windowsill for the same amount of time. 5. After 24 hours, examine each flask. Note any change in the appearance of the bromthymol glue solution. Record your observations in the data table. 

Data: 

{ Place Data Table Here } 

Analysis:
1. What was the color of the bromthymol blue solution before you exhaled into it? After you blew into it? Why did it change color? 

2. Why did we use bromthymol blue in this experiment? 

3. Why was Elodea place in both flasks? 

4. What differences did you observe between the Elodea in the light and the Elodea in the dark? Why did this occur? 

5. What is photosynthesis and how do our results demonstrate the requirements necessary for this process to occur? 

Yeast Respiration lab.
Content standard 
E. The role of the mitochondria in making stored chemical-bond energy available to cells by completing the breakdown of glucose to carbon dioxide. 
Objectives

· Discover the role of mitochondria

· Discover factors that affect respiration

· Discover how ATP releases energy and how glycolysis supplies energy to turn back ADP to ATP.
Back ground

What are mitochondria? 

Mitochondria are the cell's power producers. They convert energy into forms that are usable by the cell. They are the sites of cellular respiration which ultimately generates fuel for the cell's activities. 

[image: image50.png]



Mitochondrion, Image courtesy of The Virtual Cell. 

What are their distinguishing characteristics? 

Mitochondria are bounded by a double membrane. Each of these membranes is a phospholipid bilayer with embedded proteins. The outermost membrane is smooth while the inner membrane has many folds. These folds are called cristae. The folds enhance the "productivity" of cellular respiration by increasing the available surface area. 
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Muscle Cell Mitochondria, Copyright Dennis Kunkel. 

The double membranes divide the mitochondrion into two distinct parts: the intermembrane space and the mitochondrial matrix. The intermembrane space is the narrow part between the two membranes while the mitochondrial matrix is the part enclosed by the innermost membrane. Several of the steps in cellular respiration occur in the matrix due to its high concentration of enzymes. 
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Mitochondrion with matrix, Image courtesy of The Virtual Cell. 

Mitochondria are semiautonomous (semi- auto-) in that they can divide and grow to make more of themselves. They also have their own DNA and ribosomes. 

Share your opinions 

What do you think about the cell's mitochondria? What are the advantages to having mitochondrial "power" production? Are there any disadvantages?

Lab Activity #1 - Measuring Yeast Fermentation (Anaerobic) Using Respirometers


Materials:
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	4 Small test tubes (10 x 75 mm)
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	4 Large test tubes (16 x 150 mm)
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	Test Tube Rack
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	Sucrose solution
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	Glucose solution
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	Maltose solution
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	Distilled water
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	Yeast mixture
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	Dowel rod, (or pencil / pen)
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	Small plastic ruler


Procedures:

Number four large test tubes 1 - 4. (13 x 150 mm) 

Number four small test tubes 1 - 4. (10 x 75 mm) 

Measure up from the bottom of each of the small test tubes a distance of 5 cm (50 mm) and make a mark with the marking pen. 

Fill each of the 4 small test tubes up to the 5 cm mark with the sugar solutions as directed in the following chart.

	Tube
	Solution

	Tube 1
	Glucose 

	Tube 2
	Sucrose

	Tube 3
	Maltose

	Tube 4
	Distilled Water
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Finish filling each of the four small test tubes with a yeast solution and shake the test tube to mix the contents. You may need to add more yeast solution to "top off" the test tube so it is overflowing. 

Invert a large test tube over the small test tube and with a small dowel rod push the small test tube up into the large test tube until the top of the small test tube contacts the bottom of the large test tube. 

Quickly invert this tube set up. Make sure you keep the small test tube pushed up into the large one while you do the inversion. 

A small air bubble may be seen in the bottom of the small test tube once it is inverted. If the bubble is large then repeat until no bubble or a very small one is observed. 

Repeat Steps 4 - 6 with the remaining respirometers. 

With the small plastic ruler, measure the height of the air space in the bottom of each of the small test tubes. Record this in your Data Collection Sheet. 

Place the test tube rack with the respirometers in the incubator, which has been set at 37˚C. 

Let the respirometers incubate for 15 minutes. 

At the end of 15 minutes check the progress of the fermentation reaction by observing the size of the bubble in the small test tube. If it is increasing rapidly in size, stop the incubation before the bubble completely fills the small test tube. Check with the instructor if you are not sure when to stop the incubation. 

When you have stopped the incubation, measure the height of the bubble in each of the four small test tubes and record the data in the Data Collection Sheet.

Analysis
Yeast Fermentation:

1. Using the graph of the yeast fermentation demonstration rank the four substrates (starch, sucrose, glucose, and maltose) as to their value as an energy source for yeast. (from best to worst)

2.  Fill in the following:

 

	Material
	Molecular Formula
	Type of Carbohydrate (Mono, Di or Polysaccharide)

	Glucose
	 
	 

	Sucrose
	 
	 

	Lactose
	 
	 


 

3.  Is there a relationship between the type of carbohydrate and yeast’s ability to utilize it in anaerobic respiration? If yes, explain. If no, explain. 

 4. In this Lab Activity what tube was the control?

 5. In fermentation of sugars by yeast, what are the reactants and what are the products?

 6. Briefly describe the anaerobic respiration of sugars by yeast (fungus)

7. Attach the graph of yeast respiration.

Crime lab (macromolecules)

Content Standard
F. Most macromolecules (polysaccharides, nucleic acids, proteins, lipids) in cells and organisms are synthesized from a small collection of simple precursors. g. only certain cells in a multicellular organism undergo meiosis.
Objectives

· Give the basic structural subunits of the four types of organic molecules. 

· List the function or functions of the four groups of organic molecules. 

· Distinguish between sugars and polysaccharides; oils and fats; neutral lipids and phospholipids; DNA and RNA; monomers and polymers. 

Crime Lab Activity

In this simulation, you will play the role of a police scientist who must examine the clues found at the scene of the crime. Your job is to find out who did the crime. After all your tests, you must present your data/evidence and the name of your suspect to the prosecuting attorney, Mrs. Paris, to see if the evidence is strong enough to prosecute the suspect. The crime was very serious, someone was stealing food from the Bethel cafeteria and selling it to a catering service. School officials are very worried about the sanity (cleanliness) of the criminal and about the health of the people served by the catering service. 


Grading is based upon the following (total of 70 points to be divided by lab partners):

Evidence (data) sheet-Were all the tests run? Were complete results recorded accurately? (up to 25 points). 

Correct lab procedures including wearing goggles (up to 10 points) 

Is suspect correct (up or 10 points) 

Were reasons for choosing the suspect valid? Complete? (up to 10 points) 

Cleaned up trays, lab areas, equipment (up to 10 points) 

Returned tray with clues and lab supplies in same condition as receives (up to 5 points)?

Part 1-Basic Instructions

Work in groups of two. Points received will be divided in half. 

ALWAYS WEAR GOGGLES WHEN WORKING WITH CHEMICALS!!!!!!! 

You will be given a tray of clues linking one of the ten suspects to the horrendous crime--that of stealing food from the cafeteria and selling it to a catering service. 

To determine who did the crime, you must identify animal fur from pets, whether or not blood was found at the scene, clues involving food, and any other clue in your tray. 

You will be given a suspect list from which to choose the guilty party. 

Once you have narrowed the field of suspects the two, you may ask the evidence clerk (alias Mrs. Paris, she works two jobs) for a sample of the suspect's hair and fingerprints. 

Accurate, complete records are a must or the prosecuting attorney will throw out the case. Careful drawings and observations are to be recorded on the "Evidence Sheet". 

Part 2-Lab Procedures:

GOGGLES MUST BE WORN FOR ALL CHEMICAL TESTS!!!!!!

Starch Test (Iodine Test): 

Take two clean test tubes and label 1 and 2. 

Add 20 drops of water to each. 

Use a toothpick to add less than a pea size amount of sample (no more!) to tube #2. 

Add a few drops of iodine to both. 

Tube #1 is a control or comparison tube; tube #2 is the experiment. (Why?) 

If iodine turns bluish black or black, it means starch is present. If the color remains brown, no starch is present. 

Rinse out the test tube before the next tests--use test tube brush if need be. 

Record data. 

· Monosaccharide Sugar Test (Benedict's Test): 

· Take two clean test tubes and label 1 and 2. 

· Add 20 drops of water to each. 

· Add less that a pea size amount of sample to teat tube #2; shake to mix. 

· Add 5 drops of Benedict's solution (blue) to both. 

· Put both test tubes in a bath of boiling water for 5 minutes. 

· If Benedict's blue color turns green, yellow, orange or red, it means a monosaccharide sugar is present (not a disaccharide sugar like sucrose or table sugar). 

· Tube #1 is the control; tube #2 is the experiment. (Why?) 

· Rinse tubes-use brush if need be. 

Record data.

Fat Test 

· Take two small piece of brown paper bag (a few inches in size). 

· If the sample is a liquid, put 1 drop on a piece of brown paper bag. 

· If the sample is a powder, add a pea size 

· amount to a test tube and add 5 drops of water. Mix by shaking 

· or stirring with a glass rod. Add 1 drop of this mixture to a 

· piece of brown bag. 

· For the control, put 1 drop of water on another piece of brown paper. 

· Let samples dry. 

· If a grease spot remains after drying, fat is present. 

· Rinse out tubes. 

Record data.

· Protein Test (Biuret Test) : 

· Take 2 clean test tubes; label #1 and #2 

· Add 20 drops of water to each tube. 

· To tube #2 add a pea size amount (no more) of sample. 

· Carefully add 5 drops of Biuret to both. Mix with clean glass rod. 

· If a pink or purple color appears, protein is present. 

· Tube 1 is the control and tube 2 is the experiment(Why?) 

· Rinse out tubes use brush if need be. 

Record data.

· Use the microscope to examine any animal parts found at the scene. Put the part on the slide (if not already mounted), add a drop of water and gently put on a cover slip. Observe under low power and draw what you see in as much detail as possible; note color, texture, shape, etc. Record your information. 

· Use the microscope to examine any hair or fur-follow procedure in #6 above. Can you tell if the hair belongs to the human animal or another animal (mammal)? 

· Examine any blood samples. Is it really blood? Use the microscope and look for red blood cells. Draw what you see and note any details on your evidence sheet.

· Examine any other clues found and the scene--note all details (color, shapes and other descriptive information) and record. Remember, detail is essential if you want a conviction. 

· After all clues have been examined and details recorded, narrow your suspects down to two. Now you may ask the evidence clerk for a sample of the two suspect's hair and fingerprints.

· Examine the hair sample with the microscope and record details; examine the fingerprints and record the details. 

· Prepare your final report as to who you think did the crime and explain the evidence that will help convict that person.

· Return all clues to respective bags, bottles, etc. and neatly put back into clue tray. Clean up your area, wash all tests tubes with a test tube brush and return materials and clue tray to your larger carrying tray.

· Turn in the evidence sheet with your clue tray letter, your names and your period.

· Return this packet to the prosecuting attorney .



Crime Suspect List

· Todd is a baker at the local Safeway store. He often samples his creations, but prefers candy and other sugary items. He lives in a inexpensive apartment near the South Hill Mall. He has a pet that hisses. He often cuts his hands either on the job or when he cleans pebbles in his pet's tank.

· Eileen has two beautiful Labradors which she takes with her on her field work in geology (studies rocks) for the government. She often uses red paint or dye to mark the boundaries of the work area. Like most of us, Eileen loves starchy foods especially chips and potato snacks. You could almost track Eileen by the trail of potato chips she leaves behind after her field studies. 

· Mary is a botanist (one who studies plants). To study her beloved plants, she often has to use a scalpel to cut and graft pieces together. Sometimes she gets a bit rushed and cuts herself. To ease the discomfort of the cuts, Mary often uses powder. She has a reptile pet that stays in the lab and likes to play hide and seek. Mary wastes a lot of time finding her pet. Mary's preferred foods are high in protein because she mistakenly thinks this will help muscles (she doesn't realize she only needs a few ounces on day and any excess puts stress on her liver, kidneys and heart). Once in awhile she will eat a few life savers.

· Shelly is a marine biologist who loves the ocean and all its life forms. She just purchased an older boat which she painted a beautiful red. Shelly has a hissing pet named Phred and it loves peanut butter and jelly sandwiches. Phred loves to have a rub-down with powder.

· Rob is a janitor and maintenance man for the Boeing plant at Frederickson. He often paints the offices and work areas--red seems to be a popular color. His job also requires that he repairs items that don't work. He often cuts himself doing this part of his job. Since Rob is a vegetarian, he usually has a starchy food plus a big salad with an oily dressing for lunch.. He has a pet that doesn't require a lot of attention since Rob works at nights. All it takes is throwing a few flakes of food (usually containing starch) on the top of the water in the tank. Since his pet is aquatic and is used to cold water, Rob doesn't have to heat the aquarium.

· Nancy is a secretary and she holds the work's record for typing-- 267 words per minute!! The only time she cannot type this fast is when her Persian cat , Lady, walks across the keyboard. Lady loves to play and often scratches Nancy deep enough to cause bleeding. To distract Lady, Nancy often throws her pieces of fried chicken.

· Bob has a very unusual job--he's a grave digger. He owns a cat names Morticia who loves to eat starchy foods. After working on a grave site, Bob's hands are sore and bleeding and he often powders them to make them feel better. Bob's favorite foods are from greasy hamburger joints. 

· Don works at the same cemetery as Bob, but he is the grounds keeper. He must plant the flowers and shrubs, dig up the weeds, mow the lawn, etc. He often hurts his hands and he uses powder of soothe them. He feeds his pet goldfish, Bo, glucose every day after work. Don is a very hard worker and is often complimented for the work he does at the cemetery. His favorite lunch is french fries.

· Verne is a fisherman. He is known for his ability to sense where the fish are biting and also for his ability to stand upright even in a hurricane. His dog Brittany always hides under the freshly painted bunk in a storm. Verne tempts his pup with breadsticks or bread loaded with peanut butter. 

· Sam just purchased a nursery on Canyon road. He wanted to fix up the place a bit, so he painted the surrounding fence red. He has an unusual pet named Muffin. Muffin is a pet rock with a terrific personality and very limited needs. Sam loves, loves, loves oreo cookies that are loaded with sugar and starch.

Crime Lab: Evidence Sheet

	Name:_________________________________ Period:__________ Due:_____________


Chemical Tests: For each test, put a "+" if present, "-" if not present. 

	Description of Sample     
	Starch Test   
	Sugar Test   
	Fat Test   
	Protein Test   

	        
	        
	        
	        
	        

	        
	        
	        
	        
	        

	        
	        
	        
	        
	        

	        
	        
	        
	        
	        

	        
	        
	        
	        
	        

	        
	        
	        
	        
	        

	        
	        
	        
	        
	        


Blood or ?                             Sketch: 

Is it blood? 


How do you know? 


Can you tell if it's human? 


Pet Samples 
    Description of item:                 Sketch: 










Hair Samples 
    Description of hair:                 Sketch: 










Misc. Items 
    Description of item:                 Sketch: 










List of items found from the above tests: 










From which two suspects do you want to see the hair samples and fingerprints? 






Suspect # ______ (name of suspect: __________________________) 

Hair sample --how similar or different from the one you examined from the clue tray? 



Fingerprints--how similar or different from the one you examined from the clue tray? 

Suspect # ______ (name of suspect: __________________________) 

Hair sample --how similar or different from the one you examined from the clue tray? 



Fingerprints--how similar or different from the one you examined from the clue tray? 

Final Report: My clue letter tray is: 

We conclude that suspect # ___________ (name _______________________) is the guilty party because ... (list and explain ALL reasons; use another sheet, if necessary) 











Questions: 

Why did you always set up two test tubes for each experiment? 



What is the purpose of a control? 



What was the control of the starch test? 



What was the control of the sugar test? 



The thing we are testing for is called an experimental variable. What is the experimental variable in the starch test? 



What is the experimental variable for the sugar test? 



The tests you performed were qualitative not quantitative. Discuss with your partner what the possible differences would be between these two terms. If need be, use a dictionary. Then write the differences here: 
Both of these tests, qualitative and quantitative, are valuable for the scientist. Why did we perform qualitative instead of quantitative tests? Think! 

Set Up Procedures: Crime Lab

Kathy Paris

The students' job is to study the evidence given to them and try to figure out the name of the guilty party. For example, a student team would be given tray "N" with the evidence gathered at the scene. Tray "N" contained a vial of flour, one of glucose, an envelope with scales in it, a slide with blood on it, a margarine container with small pebbles and a set of fingerprints. On the students' procedure sheet (Crime Lab Activity) it gives this information:

        Crime Suspect List

Todd is a baker at the local Safeway store. He often samples his creations, but prefers candy and other sugary items. He lives in a inexpensive apartment near the South Hill Mall. He has a pet that hisses. He often cuts his hands either on the job or when he cleans pebbles in his pet's tank.

As you see from the evidence items listed below in Tray N, the clues point to Todd. Tray B also contains the same evidence and points to Todd. I make sure that the evidence trays are widely distributed in the class so two lab teams next to each other do not have the same suspect. 

I obtained 15 small trays and labeled them A-O. These trays would hold the evidence gathered at the scene. Since I wanted to save effort on my part, several trays were set up with the same evidence. I used small glass tubes, empty margarine containers, plastic bags and envelopes to put the evidence. 




Suspect and Clues (the items in bold type are to go into the evidence tray; the words not in bold type are clues for you only)

Suspect 1 (Todd): flour-baker; glucose (should actually be sucrose but I couldn't find a test for disaccharides)-diet; scales-snake; pebbles-pet; blood slide-cut himself (Trays N and B).

Suspect 2 (Eileen): rocks-geologist: dog hair-pet; starch-diet; oil-chips; slide with red dye-paint; (Trays O and J).

Suspect 3 (Mary): scales-snake; blood slide-bites her; protein-diet; pieces of plants-botanist; glucose-diet; talcum powder-she uses. (Tray I)

Suspect 4 (Shelley): sand-job; slide with red dye-job; scales-snake; starch and glucose-diet; powder-for snake. (Tray C)

Suspect 5 (Rob): oil-diet; slide with red dye-painter; fish scales-fish pet; starch-diet; slide with blood-cut himself. (Trays K and D).

Suspect 6 (Nancy): eraser rubbings-job; cat hair-pet; slide with blood-cat bites; protein and oil-food for cat. (Tray A)

Suspect 7 (Bob): dirt-grave digger; cat hair-pet; starch-diet; protein and oil-lunch; powder-for hands; slide with blood-hands hurt. (Tray M)

Suspect 8 (Don): dirt-job; scales-fish pet; glucose-for pet; slide with blood-cuts; powder-for hands; protein, starch and oil-lunch (Tray G and H)

Suspect 9 (Verne): sand-job; dog hair-pet; slide with red dye-paint; starch and protein-pet food (Tray L and F)

Suspect 10 (Sam): dirt-job; rock-pet; glucose and starch-diet; slide with red dye-paint; pieces of plants-job (Tray E)



HINTS:

I used albumen for the protein, glucose for the sugar and soluble starch. The first time I did this lab, I put all the samples in separate small containers. This made it too easy on the kids--once they found that a sample was such and such, they didn't do the other tests on that sample. The next time I will mix all the dry sample into one container, This will force the kids to do all the tests. The oil still needs to be put into separate containers, but I throw a sample of water into all the trays so they are forced to do the fat test. The water sample is in the exact same size/shape container as the oil (if oil is to be a clue).

The lab takes about 2 days.

Expand your list of clues/descriptions to make the lab more difficult.

Pictures of suspects can be obtained from magazines; just make sure you select an ethnic diversity and include both males and females and different ages.

Fingerprints: 

Do not show to students until suspects are narrowed to two. 

It's a good idea, but not essential, to have done a fingerprint lab earlier. 

To make fingerprints, all you will need is some scratch paper, pencils and clear tape. Have students make about a 1-2 inch square with their pencil on the scratch paper. It should be very dark with lots of graphite. They then thoroughly rub one finger in the graphite square. A piece of 3/4th tape is applied to that finger and pressed on firmly. The tape is then removed and applied to another piece of scratch paper onto which the hand has been traced. They tape the imprint of each finger over the appropriate finger on the tracing. 

You'll need 10 sets of fingerprints--I asked one of my classes to make two copies of the same hand; I selected the 10 best sets and put one copy in the clue tray given to the students and one copy on the back of the picture of each of the suspects.

You'll need 20 envelopes for hair samples (kids love to donate to the "cause"); two envelopes for one type of hair sample; one envelope goes in clue tray, one goes with the picture and is only given to the students when suspects are narrowed down to two. Important: make sure that the color of the hair matches the picture of the appropriate suspect.

Demo results of a positive starch, sugar (glucose) and protein test.

Answers to Crime Lab

	Suspect #  
	Name of Suspect  
	Clue Tray Number 

	1 
	Todd
	N, B

	2 
	Eileen
	O, J

	3 
	Mary
	I

	4 
	Shelly
	C

	5 
	Rob
	K, D

	6 
	Nancy
	A

	7 
	Bob
	M

	8 
	Don
	G, H

	9 
	Verne
	L, F

	10
	Sam
	E


Genetics lab

Content standard/s
a. New combinations of alleles may be generated in a zygote through the fusion of male and female gametes (fertilization). 
b. Why approximately half of an individual's DNA sequence comes from each parent. 
Genetics Backbround
c. the role of chromosomes in determining an individual's sex. 

d. how to predict possible combinations of alleles in a zygote from the genetic makeup of the parents. 

Using Blood Tests to Identify Babies and Criminals lab

Copyright, 2006, by Jennifer Doherty and Ingrid Waldron, Department of Biology, University of Pennsylvania

California content standard

e. how to predict the probable outcome of phenotypes in a genetic cross from the genotypes of the parents and mode of inheritance (autosomal or X-linked, dominant or recessive). 
Objective

Learn how to predict outcomes of genetic crosses from genotypes of parents

Background
I. Were the babies switched? 

Two couples had babies in the same hospital at the same time.  Michael and Danielle had twins, a boy, Michael, Jr., and a girl, Michelle. Denise and Earnest had a girl, Tonja. After being home for a few days, Danielle was convinced that she had the wrong girl. There must have been a mix-up at the hospital. After all, her kids were twins, and even though they were fraternal twins, you would think that they would look a lot more alike than they do—one is light-skinned and the other is dark-skinned. At Danielle's insistence, blood types were taken for her family and for Denise, Earnest and their daughter.  In order to interpret the results of the blood type tests, you will need to understand the basic biology of blood types.
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Blood Types

There are many different ways to classify blood types, but the most common blood type classification system is the ABO (said "A-B-O") system.  There are four blood types in the ABO system: Type A, Type B, Type AB, and Type O.  These blood types refer to different versions of carbohydrate molecules (complex sugars) which are present on the surface of red blood cells. 

	People with:
	Have:

	Type A blood
	Type A carbohydrate molecules

on their red blood cells
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	Type B blood
	Type B carbohydrate molecules

on their red blood cells
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	Type AB blood
	Type A and B carbohydrate molecules

on their red blood cells
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	Type O blood
	Neither A nor B carbohydrate molecules

on their red blood cells
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The Type A and Type B carbohydrate molecules are called antigens because they can stimulate the body to produce an immune response, including antibodies.  Antibodies are special proteins that travel in the blood and help our bodies to destroy viruses or bacteria that may have infected our bodies (see figure on next page).  
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Adapted from Figure 40.5 in Holt Biology by Johnson and Raven

Normally, our bodies do not make antibodies against any molecules that are part of our own bodies.  Thus, antibodies help to defend against invading viruses and bacteria, but normally antibodies do not attack our own body cells.

For example, people with Type A blood do not make antibodies against the Type A antigen which is present on their red blood cells, but they do make antibodies against the Type B antigen.   Test your understanding of blood groups by filling in the blanks in the chart below.
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	Blood group A

If you belong to the blood group A, you have A antigens on the surface of your red blood cells and _______ antibodies in your blood.
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	Blood group B

If you belong to the blood group B, you have B antigens on the surface of your red blood cells and _______ antibodies in your blood.
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	Blood group AB

If you belong to the blood group AB, you have both A and B antigens on the surface of your red blood cells and no anti-A or 

anti-B antibodies in your blood.
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	Blood group O

If you belong to the blood group O, you have neither A nor B antigens on the surface of your red blood cells, but you have both 

______ and _____ antibodies in your blood.


Blood transfusions — who can receive blood from whom?

If you are given a blood transfusion that does not match your blood type, antibodies present in your blood can react with the antigens present on the donated red blood cells.  For example, if a person who has Type A blood is given a Type B blood transfusion, then this person's anti-B antibodies will react with the Type B antigens on the donated red blood cells and cause a harmful reaction.  This reaction can cause the donated red blood cells to burst and/or clump together and block blood vessels.  This type of transfusion reaction is illustrated in the following drawing.
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Transfusion reactions can be fatal.  To prevent this from happening, doctors test whether a person's blood is compatible with the donated blood before they give a transfusion.  A person can only be given donated blood with red blood cells that do not have any antigen that can react with the antibodies in the person's blood.

Test your understanding of blood groups by completing the table below.

	Blood Group 
	Antigens on red blood cells 
	Antibodies in plasma
	Can receive

blood from
	Can give 

blood to

	A 
	A
	Anti-B 
	A and O
	A and AB 

	B 
	B 
	
	
	

	AB 
	A and B 
	
	 
	

	O 
	None 
	
	
	


Which blood type would be considered a universal donor (someone who can give blood to anyone)?

Genetics of Blood Types 

Your blood type is established before you are born, by specific genes inherited from your parents.  You receive one blood type gene from your mother and one from your father.  These two genes determine your blood type by causing the presence or absence of the Type A and Type B antigen molecules on the red blood cells.

The blood type gene has three different versions or alleles:

IA results in A antigen on the red blood cells,

IB results in B antigen on the red blood cells, and

i does not result in either antigen. 

Everyone has two copies of these genes, so there are six possible combinations of alleles (called genotypes) :

IA IA and IA i - both resulting in Type A blood, 

IB IB and IB i - both resulting in Type B blood, 

IA IB - resulting in Type AB blood,

i i - resulting in Type O blood.  

In a heterozygous IA i person, which allele is dominant, IA or i?  Explain your reasoning.

Codominance refers to inheritance in which both alleles of a gene affect the phenotypic traits of an individual.  Thus, in codominance, neither allele is recessive—both alleles are dominant.  

Which one of the genotypes shown above results in a phenotype that provides clear evidence of codominance? Give the genotype and draw a picture of a red blood cell for this genotype to illustrate how both alleles influence blood type in this case.

Each biological parent gives one of their two ABO alleles to their child.  For example, a mother who is blood type O has genotype ii and can only give an i allele to her son or daughter. A father who is blood type AB could give either an IA or a IB allele to his son or daughter. This couple could have children of either blood type A (i from mother and IA from father) or blood type B (i from mother and IB from father).  This is illustrated in the Punnett square below.

	  Father 

(Type AB)

   Sperm
	Mother 

(Type O)

Eggs

	
	
	i
	i

	
	IA
	IA i
	IA i

	
	IB
	IB i
	IB i


Now, suppose that a mother has blood Type A and genotype IA i and the father has blood Type B and genotype IB i.  Draw a Punnett square to show the possible genotypes and blood types for their children.

Were the babies switched? 

Now you are ready to evaluate whether Earnest and Denise's baby girl was switched with Michael and Danielle's baby girl.  The following family tree shows the blood types for both families.
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Is it possible for Michael and Danielle to have a child who is type O?


How do you know this?


Was a switch made at the hospital?

How could fraternal twins be as different in appearance as Michelle and Michael, Jr., including one having light skin and the other having dark skin?

II. Who Killed Shamari Davis?

Background

Shamari Davis was a 20-year-old college freshman who was majoring in Physical Therapy.  She paid for school by working as a personal trainer at a local gym.  Shamari had been promoted to head personal trainer at the gym just before she was killed.  

Crime Scene

The body was found in the women’s locker room of the gym at 1 am by the night janitor, Harvey Willis.  The victim had been strangled and was wearing a robe.  There were signs of a struggle in the room and the glass door of the shower was broken and had traces of blood on it.  The victim was pronounced dead at the scene and the coroner suggested that the time of death was at least 3 hours before the body was found.  

Criminal Investigation

Shamari’s co-worker Daleesha Jones told police that Shamari was a newer employee who did not deserve her recent promotion and only got it because she spent a lot of time with their boss, Steve O’Hare.  When asked if he knew if Shamari had problems at work, Steve told Police that Shamari had complained to him that one of her fitness clients, Mike Reed, kept asking her out and wouldn’t take no for an answer.  

Blood Analysis

Obviously a real crime investigation would use many clues, but your investigation will be based on the simplest type of blood testing, namely testing for blood types A, B, O, and AB, for the blood sample found at the scene and for each of the possible suspects.  

No individual can change blood types, and blood type does not change with age.  Explain why.

In order to test blood type, you mix a sample of the blood with two different types of antiserum—one which contains anti-A antibodies and one which contains anti-B antibodies.   The reactions between the antibodies in the antiserum and the corresponding antigens on the red blood cells in the blood sample result in clumping.  

Which types of blood have the antigens that will react with anti-A antibodies?

Which types of blood have the antigens that will react with anti-B antibodies?

Before you carry out the blood type tests, fill in the following chart that will help you to identify the blood type of each individual.

	Reacts with anti-A antibody 
	Reacts with anti-B antibody
	Blood type

(A, B, AB, O)

	Yes
	Yes
	

	Yes
	No
	

	No
	Yes
	

	No
	No
	


Procedure

Place your dish with the test wells on a piece of white paper, and put two drops of the blood of one suspect on both the A and B wells of the dish.

Place two drops of A antiserum on the drop of blood in the A well and place two drops of antiserum B on the drop of blood in the B well.

Mix the blood sample with the added A antiserum with one end of the toothpick.  Mix the blood sample with the added B antiserum with the other end of the toothpick.  Discard each toothpick after you use it for each suspect or victim.

Observe the reaction of the antiserum with each blood sample.  Record the blood type of the individual in the table below.

Repeat the procedure, steps 1 through 4, for each blood sample.

Compare the blood types for the samples from the victim and each suspect to the blood type from the broken shower door glass at the scene of the crime.  Use your observations to suggest who committed the murder.

	
	Reacts with anti-A antibody (Yes or No)
	Reacts with anti-B antibody (Yes or No)
	Blood type

(A, B, AB, O)

	Shamari Davis

Victim
	
	
	

	Daleesha Jones

Co-worker
	
	
	

	Harvey Willis

Janitor
	
	
	

	Mike Reed

Client
	
	
	

	Steve O’Hare

Boss
	
	
	

	Blood on shower door
	
	
	


Investigator’s Report

Describe the circumstances which you believe led up to the crime, the time of the crime, and the individual that you believe is guilty of the murder.   What evidence supports your conclusions?

Knowing DNA 

Content standard

f. proteins can differ from one another in the number and sequence of amino acids. 

Objective

· Extract DNA from some of your cells and learn more about DNA.

· Learn why is DNA so important in biology?  What is the function of DNA?

· Understand where is DNA found in our bodies?

· Draw a simple diagram of a cell, showing the cell membrane and the DNA in chromosomes surrounded by a nuclear membrane.

Extracting DNA from Your Cells 

Cells from the lining of your mouth come loose easily, so you will be able to collect cells containing your DNA by swishing a liquid around in your mouth.  

The cells from the lining of your mouth also come off whenever you chew food.  How do you think your body replaces the cells that come off the lining of your mouth when you eat? 

To extract DNA from your cells, you will need to separate the DNA from the other types of biological molecules in your cells.  What are the other main types of large biological molecules in cells?  

You will be using the same basic steps that biologists use when they extract DNA (e.g. to clone DNA or to make a DNA fingerprint).  You will follow these 3 easy steps to extract the DNA:

Materials 

Detergent

eNzymes (meat tenderizer)

 Alcohol

Procedure

Getting Your Sample of Cells 

Obtain a cup with sports drink.  You will need to get thousands of your cheek cells in the sports drink in order to extract enough DNA to see.  Therefore you should swish the sports drink around in your mouth vigorously for at least one minute. Then spit the drink back into the cup. 

Step 1: Detergent
Add a small amount of detergent to a test tube (about 0.25 mL).  Put a glove on the hand you will use to hold your test tube, not the hand you will use to pour.  Now carefully pour the drink containing your cheek cells into the test tube with detergent until the tube is half full.  

Why am I adding detergent?  
To get the DNA out of your cheek cells you need to break open both the cell membranes and the nuclear membranes.  Cell membranes and nuclear membranes consist primarily of lipids.  Dishwashing detergent, like all soaps, breaks up lipids.  This is why you use detergents to remove fats (which are lipids) from dirty dishes.  Adding the detergent to you cheek cell solution will break open the cell membranes and nuclear membranes and release your DNA into the solution.
Step 2: Enzymes

Add a pinch of enzyme (meat tenderizer) to your test tube.  With your gloved thumb (or palm) covering the top of the test tube; gently invert the tube five times to mix.  Let the mixture sit for at least 10 minutes.  While you are waiting, you will learn about the structure of DNA.  Remove your glove and throw it in the garbage.  

Why am I adding enzymes?  

e nucleus of each of your cells contains multiple long strands of DNA with all the instructions to make your entire body.  If you stretched out the DNA found in one of your cells, it would be 2-3 meters long.  To fit all of this DNA inside a tiny cell nucleus, the DNA is wrapped tightly around proteins.  The enzyme in meat tenderizer is a protease, which is an enzyme that cuts proteins into small pieces.  As this enzyme cuts up the proteins, the DNA will unwind and separate from the proteins.

The protease in meat tenderizer actually comes from plants, but animals also make proteases.  Where in your body do you think you make protein-cutting enzymes?

DNA Structure

As you can see in the figure below, DNA consists of two strands of nucleotides wound together in a spiral called a double helix.  Each nucleotide contains a phosphate and a sugar molecule called a deoxyribose (which explains why the complete name for DNA is deoxyribonucleic acid).  Each nucleotide also has one of four different nitrogenous bases: adenine (A), thymine (T), guanine (G), and cytosine (C).
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(Adapted from Figure 9.4 in Biology by Johnson and Raven)

The drawings below show a very small section of the DNA double helix from three very different organisms: a plant, a mammal, and a bacterium.  Each strand of DNA shown contains five nucleotides, each with a: 

S = five carbon sugar molecule called deoxyribose 

P = phosphate group 

A = adenine, C = cytosine, G = guanine, or T = thymine, the DNA nucleotide bases
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                     Plant
 

        Mammal

       Bacterium
(From BioRad’s “Forensic DNA fingerprinting kit”  http://www.bio-rad.com/cmc_upload/Literature/12525/4006096G.pdf)

You can see that the phosphate from one nucleotide is bonded to the sugar in the next nucleotide to form the backbone of each strand in the DNA molecule.  The bases of the nucleotides in each strand of DNA extend toward each other in the center of the DNA double helix molecule.  A crucial aspect of DNA structure is the base-pairing rule: A in one strand always pairs with T in the other strand, and G in one strand always pairs with C in the other strand.  You will see later that this base-pairing is crucial for the cell to make new copies of each DNA molecule in preparation for cell division.

1. Compare the sugar-phosphate arrangement in the backbone of the DNA from the plant, the mammal and the bacterium. Are there any differences?

2. Which bases are present in the DNA of the plant?  The mammal?  The bacterium?  

Are the same bases present in all three cases?  

Are the bases in the same order? 

3. Describe the pattern of base pair matching for the two strands in the plant's DNA. In other words, which types of bases are paired together?  Does the DNA from the mammal follow the same base-pairing rule as the DNA from the plant?  Is base-pairing the same or different in the DNA of the bacterium?

Which characteristics are similar in the DNA of plants, mammals and bacteria?  What is the only characteristic that differs between these segments of DNA from a plant, a mammal and a bacterium?  These observations illustrate the similarity of the basic structure of DNA in all living organisms. The genetic differences between plants, mammals and bacteria are due to differences in the sequence of bases in their DNA.

Step 3: Alcohol
Using a pipette, slowly add cold rubbing alcohol into the test tube; let the alcohol run down the side of the test tube so it forms a layer on top of the soapy liquid. Add alcohol until you have about 2 cm of alcohol in the tube.  Alcohol is less dense than water, so it floats on top.  Do not mix or bump the test tube for 10 minutes.  DNA molecules will clump together where the soapy water below meets the cold alcohol above, and you will be able to see these clumps of DNA as white strands.  While you are waiting for the DNA to become visible you will learn about DNA replication.
Why am I adding alcohol?  The cold alcohol reduces the solubility of DNA. When cold alcohol is poured on top of the solution, the DNA precipitates out into the alcohol layer, while the lipids and proteins stay in the solution.
DNA Replication

Cells in our body are dividing all the time.  For example, cell division in the lining of your mouth provides the replacements for the cells that come off whenever you chew food.  Before a cell can divide, the cell must make a copy of all the DNA in each chromosome; this process is called DNA replication.  Why is DNA replication necessary before each cell division?

As shown in the figure below, the first step in DNA replication is the separation of the two strands of the DNA double helix by the enzyme DNA helicase.  After the two strands are separated, another enzyme, DNA polymerase, forms a new matching DNA strand for each of the old DNA strands.  DNA polymerase forms the new matching DNA strand by adding nucleotides one at a time and joining each new nucleotide to the previous nucleotide in the growing DNA strand.  Each nucleotide added to the new strand of DNA follows the base-pairing rule with the matching nucleotide on the old strand of DNA.  The result is two identical DNA double helixes.  
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(Adapted from Figure 9.9 in Biology by Johnson and Raven)

In the drawing below, the small segment of plant DNA (from page 3) is shown after the two strands of the DNA molecule have been separated by DNA helicase.  Your job is to play the role of DNA polymerase and create the new matching strands of DNA to make two pieces of double-stranded DNA in the drawing below.  Use the base-pairing rule to determine which nucleotides to add.
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Now look at both of the double-stranded pieces of DNA you have created.  Are there any differences between the two strands?  Are these new double-stranded pieces of DNA the same as or different than the original piece of plant DNA (shown on page 3)?

During actual DNA replication sometimes mistakes are made and the wrong nucleotide is added to the new strand of DNA.  DNA polymerase can “proofread” each new double helix DNA strand for mistakes and backtrack to fix any mistakes it finds.  To fix a mistake it finds, DNA polymerase removes the incorrectly paired nucleotide and replaces it with the correct one.  If a mistake is made and not found, the mistake can become permanent.  Then, any daughter cells will have this same change in the DNA molecule.  These changes are called point mutations because they change the genetic code at one point, i.e. one nucleotide.  Point mutations can result in significant effects, such as the genetic disease, sickle cell anemia. 

Making Your Necklace
By now your DNA should be visible as clumps of white strands floating in the alcohol layer.  There may be air bubbles attached to the strands.

Use a pipette to suck up your DNA from the test tube and transfer it to the small capped tube.  Be careful to squeeze the air out of the pipette before you put the pipette in the test tube; then gently suck up your DNA. Fill the small capped tube the rest of the way with alcohol.  Close the cap of the tube around a piece of string.  Now you have a necklace with your very own DNA!

Questions

1.  Which of the following do you think will contain DNA?  Explain your reasoning.

bananas __  
concrete __    fossils __   meat __    metal __   spinach __   strawberries __

2.  Describe the function of DNA polymerase.  Explain why each part of the name DNA polymerase (DNA, polymer, -ase) makes sense.
Bonus Question:  Suppose that DNA did not have a double helix structure, and instead DNA was single-stranded.  Imagine that a cell with this single-stranded DNA was ready to begin cell division.  How could a cell replicate single-stranded DNA so the daughter cells could receive an exact copy of the genes present in the original cell?  

Use your answer to explain why it is an advantage for DNA to have a double helix structure with paired nucleotides.

From Gene to Protein—Transcription and Translation lab
By Dr. Ingrid Waldron and Jennifer Doherty, Department of Biology, University of Pennsylvania, Copyright, 2007.

g. the general structures and functions of DNA, RNA, and protein.
Objectives

learn how a gene provides the instructions for making a protein.

Learn what is a gene?

Learn what is a protein?
Back ground

Proteins are very important in determining the characteristics of our bodies.  For example, most of us have a protein enzyme that can synthesize melanin, the main pigment that gives color to our skin and hair.  In contrast, albino people make a defective version of this protein enzyme so they are unable to make melanin and they have very pale skin and hair.

The instructions for making a protein are provided by a gene, which is a specific segment of a DNA molecule.  Each gene contains a specific sequence of nucleotides.  This sequence of nucleotides specifies which sequence of amino acids should be joined together to form the protein.  The sequence of amino acids in the protein determines the structure and function of the protein.

A gene directs the synthesis of a protein by a two-step process.  

First, the instructions in the gene in the DNA are copied into a messenger RNA (mRNA) molecule.  This step is called transcription.  

Second, the instructions in the messenger RNA are used by ribosomes to insert the correct amino acids in the correct sequence to form the protein coded for by that gene.  This step is called translation.

Complete the following table to summarize the basic characteristics of transcription and translation.

	
	Original message or

 instructions in:
	Type of molecule 

which is synthesized
	Location where this 

takes place

	Transcription
	Nucleotide sequence in 

    gene in DNA 

    in chromosome
	
	

	Translation


	
	
	Ribosomes


In this activity, you will use paper models to learn more about transcription and translation.  Specifically, you will model how a cell carries out transcription and translation to make the beginning of the hemoglobin molecule.  

What is hemoglobin?

Transcription

Since transcription is the process that makes messenger RNA (mRNA), we need to begin by understanding a little about the structure of mRNA.  mRNA is a single-stranded polymer of nucleotides, each of which contains a nitrogenous base, a sugar and a phosphate group, similar to the nucleotides that make up DNA.  mRNA is a ribonucleic acid because each nucleotide in RNA includes the sugar ribose, whereas DNA is a deoxyribonucleic acid because each nucleotide in DNA has a different sugar, deoxyribose.  

Simplified Diagram of Beginning of mRNA Molecule

     nitrogenous 
        nitrogenous
nitrogenous


base 1       
base 2      
base 3  

      
      |



|


    |

   
  sugar — phosphate — sugar — phosphate — sugar — phosphate —...


nucleotide 1

     nucleotide 2
          nucleotide 3

   etc.

How does the information in the DNA of the gene get copied into a message in the mRNA?  As the mRNA is synthesized, RNA nucleotides are added one at a time, and each RNA nucleotide is matched to the corresponding DNA nucleotide in the gene.  This nucleotide matching follows a base-pairing rule very similar to the base-pairing rule observed in the DNA double helix.  Remember that in DNA, guanine (G) in one strand pairs with cytosine (C) in the other strand.  Similarly, in pairing between RNA and DNA nucleotides, G pairs with C.  Also similar to the base-pairing in DNA, adenine (A) in RNA pairs with thymine (T) in DNA.  One important difference is that thymine is not found in RNA; instead, uracil (U) in RNA pairs with adenine (A) in DNA.

This base pairing rule ensures that the message from the nucleotide sequence in the gene in the DNA is copied into a corresponding nucleotide sequence in the mRNA molecule.  The following diagram shows how the matching RNA nucleotides are added one at a time to the growing mRNA molecule.

[image: image83.jpg]Non-template
strand of DNA

TR RNA nucleotides

RNA
polymerase

Direction of transcription

\ Newly made

RNA

Template
strand of DNA




The figure on page 2 shows that transcription requires an enzyme, RNA polymerase, which separates the two strands of DNA and adds RNA nucleotides, one at a time, to form the mRNA molecule.  Why is RNA polymerase a good name for this enzyme?

Transcription Modeling Procedure 

Note: You will be modeling the actual sequence of steps used by the cell to carry out transcription.  You probably will be able to think of a faster way to make the mRNA, but you should follow the sequence of steps described below in order to learn how the cell actually makes mRNA.

To model the process of transcription, you and your partner will need 

-- a page showing an RNA polymerase molecule inside a nucleus, 

-- a packet with a paper single strand of DNA labeled Beginning of Normal Hemoglobin Gene 

  and RNA nucleotides 

-- tape.  

In addition, you should prepare by completing the following chart, which will summarize the base-pairing rule you will need to follow as you synthesize the mRNA molecule.  

	DNA nucleotide
	Matching nucleotide in RNA

	         G
	

	         C
	

	         T
	

	         A
	


To begin synthesizing mRNA, place the beginning of the DNA molecule on the RNA polymerase and bring the first RNA nucleotide to match the first DNA nucleotide.  Bring the second RNA nucleotide to match the second DNA nucleotide.  Join these two nucleotides together with transparent tape to begin to form the mRNA molecule.  Notice that you are acting as the RNA polymerase, and the transparent tape represents the covalent bond that forms between the adjacent RNA nucleotides as the mRNA molecule is synthesized.  

Repeat step 2 as often as needed to complete the mRNA molecule.  Each time bring in the next matching nucleotide and join it to the growing mRNA molecule.  

Be careful to follow the base-pairing rule accurately, so your mRNA will provide accurate information for synthesizing the beginning of the hemoglobin protein when you get to the translation step.  

With real DNA and RNA nucleotides, the shape and chemical makeup of the nucleotides ensures that only one type of RNA nucleotide can pair with each DNA nucleotide.  In this paper model, all the nucleotides have the same shape, so you will have to use the nucleotide abbreviations and the base-pairing rule as you add each RNA nucleotide to the growing mRNA molecule.

Analysis Questions

Describe the similarities and differences between mRNA and DNA.

Notice that the process of transcription is similar to the process of DNA replication.  What are some similarities between transcription and DNA replication?

There are also a few important differences between DNA replication and transcription.  Fill in the blanks in the following table to summarize these differences.

	DNA replication
	Transcription

	The whole chromosome is replicated.
	___________________is transcribed.

	DNA is made.

DNA is double-stranded.
	mRNA is made.

mRNA is _____________ -stranded.

	DNA polymerase is the enzyme which carries out DNA replication.
	_____ polymerase is the enzyme which carries out transcription.

	T = thymine is used in DNA,               so A pairs with T in DNA.
	T = thymine is replaced 

by ___ = uracil in RNA,                       

so A in DNA pairs with ___ in mRNA.


Translation

In the process of translation, the sequence of nucleotides in messenger RNA (mRNA) determines the sequence of amino acids in a protein.  The figure below shows an example of how transcription is followed by translation.
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(Figure 14.6 from Krogh, Biology, a Guide to the Natural World, 2005)

In translation, each set of three nucleotides in an mRNA molecule codes for one amino acid in a protein.  This explains why each set of three nucleotides in the mRNA is called a codon.  

Each codon specifies a particular amino acid.  For example, the first codon shown above, CGU, instructs the ribosome to put the amino acid arg (arginine) as the first amino acid in this protein.  

The sequence of codons in the mRNA determines the sequence of amino acids in the protein.  The table below shows the six codons that should be part of your mRNA molecule with the amino acid coded for by each of these codons.

	mRNA codon
	Amino acid

	ACU
	Threonine (Thr)

	CAU
	Histidine (His)

	CCU
	Proline (Pro)

	CUG
	Leucine (Leu)

	GAG
	Glutamic acid (Glu)

	GUG
	Valine (Val)


How does translation actually take place?  In other words, how does the sequence of codons in the mRNA direct the ribosome to insert the correct amino acids in the correct sequence as the protein is synthesized?  The figure below shows that another type of RNA, transfer RNA (tRNA), plays a crucial role in this process.
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(Figure 14.7 from Krogh, Biology, a Guide to the Natural World, 2005)

There are multiple different types of tRNA.  Each type of tRNA molecule can bind to one specific type of amino acid on one end.  On the other end, the tRNA has three nucleotides that form an anti-codon.  The three nucleotides in the tRNA anti-codon bind to the three nucleotides in the mRNA codon for that specific type of amino acid.  This binding between anti-codon and codon follows the base-pairing rule.  Circle the anti-codons in the tRNA molecules in the figure, and use arrows to indicate the anti-codons that are bound to codons in mRNA.

Each type of tRNA must have the correct anti-codon to match the mRNA codon for the specific amino acid carried by that type of tRNA.  For example, the mRNA codon for the amino acid threonine is ACU, so, using the base-pairing rule, you know that the anti-codon in the tRNA for threonine is UGA.  Complete the following chart to indicate the appropriate anti-codons in the tRNA molecules for each of the other amino acids listed. 

	Amino acid
	mRNA codon
	Anti-codon in tRNA molecule 

that carries this amino acid

	Threonine (Thr)
	    ACU
	     UGA

	Histidine (His)
	    CAU
	

	Proline (Pro)
	    CCU
	

	Leucine (Leu)
	    CUG
	

	Glutamic acid (Glu)
	    GAG
	

	Valine (Val)
	    GUG
	


Translation Modeling Procedure:

Note: You will be modeling the actual sequence of steps used by the cell to carry out translation.  You probably will be able to think of a faster way to make the protein, but you should follow the sequence of steps described below in order to learn how the cell actually makes proteins.

With your partner, model the process of translation, using the mRNA you made during your simulation of transcription of the DNA labeled Beginning of Normal Hemoglobin Gene.  In addition to the mRNA molecule you made, you will need a page showing a ribosome and the tRNA molecules and amino acids from your packet.

For tRNA molecules to play their role in translation, each tRNA must first pick up the appropriate amino acid that corresponds to the anti-codon in that particular tRNA.  So, you should begin by matching each model tRNA molecule with the correct amino acid for that particular type of tRNA.  Use the above table to match each tRNA with the correct amino acid.  Tape them together very lightly, because they will only be joined temporarily and will separate again soon, after the tRNA brings the amino acid into the ribosome.  

Lay your mRNA on the labeled line in the model ribosome with the first two mRNA codons under the two positions for tRNA.  The first three nucleotides of the mRNA give the codon for the first amino acid in the hemoglobin molecule.  Bring in the tRNA that has the correct anti-codon to match this first codon in the mRNA.  Then, bring in the tRNA that has the correct anti-codon to match the second codon in the mRNA.  

Now the ribosome is ready to link the first two amino acids in the hemoglobin protein.  Tape these two amino acids together to begin the formation of the hemoglobin protein.  The tape represents the covalent bond between the amino acids in the hemoglobin protein.

Once the first amino acid is linked to the second, the first tRNA is released.  Detach the first tRNA from its amino acid and return both to the packet.  

Move the ribosome along the mRNA so the second codon with its matching tRNA with amino acid is in the first position in the ribosome.  This will bring the next codon in the mRNA into the second position in the ribosome.  Bring in the appropriate tRNA to match this codon and repeat steps 3-5.

Repeat step 6 until you have completed the beginning portion of the hemoglobin protein.  Save your mRNA and protein which you will need for the next activity.

  Questions

1.  What is the function of mRNA?

2.  What is the function of tRNA?

Describe one similarity in the structure of mRNA and tRNA. 

Describe one difference between the structure of mRNA and tRNA.

The proteins in biological organisms include 20 different kinds of amino acids.  What is the minimum number of different types of tRNA molecules that must exist in the cell?

Look at the figure on page 4 and explain why it makes sense to use the word translation to describe protein synthesis and why it would not make sense to use the word translation to describe mRNA synthesis.

What part of translation depends on the same base-pairing rule that is used in transcription and DNA replication?

How the Gene for Sickle Cell Hemoglobin Results in Sickle Cell Anemia

Different versions of the same gene are called different alleles.  These different alleles share the same general sequence of nucleotides, but they differ in at least one nucleotide in the sequence.  This difference in the nucleotide sequence results in differences in the amino acid sequence in the protein produced.  Differences in the amino acid sequence can result in differences in the structure and function of the protein.  Differences in the structure and function of proteins result in differences in a person's characteristics, e.g. albinism vs. normal pigmentation.

You will work with your partner to understand how differences between the normal and sickle cell hemoglobin genes result in different hemoglobin proteins, and you will learn how the differences between the normal and sickle cell hemoglobin proteins can result in good health or sickle cell anemia.

Compare the DNA for the Beginning of the Normal Hemoglobin Gene 

vs. the Beginning of the Sickle Cell Hemoglobin Gene.  

What similarities do you observe?  

What difference do you observe?

Think about the mRNA that would be produced by transcription from the Beginning of the 

Sickle Cell Hemoglobin Gene, and compare this to the mRNA produced by transcription from the Beginning of the Normal Hemoglobin Gene.  

How would these two mRNAs be similar? 

What difference would there be?

Complete the following table. 

	
	codon 1
	codon 2
	codon 3
	codon 4
	codon 5
	codon 6

	Beginning of Sickle Cell Hemoglobin mRNA


	
	
	
	
	
	

	                
	amino acid 1
	amino acid 2
	amino acid 3
	amino acid 4
	amino acid 5
	amino acid 6

	Beginning of Sickle Cell Hemoglobin protein 


	
	
	
	
	
	

	Beginning of Normal Hemoglobin protein


	
	
	
	
	
	


What is the difference in the amino acid sequence of the hemoglobin molecules synthesized by translating these two different mRNA molecules? 

Each complete hemoglobin protein has more than 100 amino acids.  Sickle cell hemoglobin and normal hemoglobin differ in only a single amino acid.  This difference in a single amino acid results in the very different properties of sickle cell hemoglobin, compared to normal hemoglobin.  

If a person inherits two copies of the sickle cell hemoglobin gene and produces only sickle cell hemoglobin, then the sickle cell hemoglobin will tend to clump together in long rods.  These long rods of clumped-together sickle cell hemoglobin change the shape of the red blood cells from their normal disk shape to a sickle shape.  The sickle-shaped red blood cells can block the blood flow in the tiny capillaries, causing pain and damage to body organs.  In addition, the sickle-shaped red blood cells do not last nearly as long as normal red blood cells, so the person does not have enough red blood cells, resulting in anemia.  

	Genotype
	(
	Protein
	(
	Phenotype

	SS

(2 alleles for normal hemoglobin)
	(
	Normal hemoglobin in red blood cells
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	ss

(2 alleles for sickle cell hemoglobin)
	(
	Sickle cell hemoglobin in red blood cells
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Which arrows in this chart represent transcription + translation?

In summary, the sickle cell gene results in production of the sickle cell hemoglobin protein, which results in the health problems observed in sickle cell anemia.  This is a particularly dramatic example

of the importance of the nucleotide sequence in a gene, which determines the amino acid sequence in a protein, which in turn influences the traits of an individual.

 Analysis Questions

To summarize what you have learned, explain how a gene directs the synthesis of a protein.  Include in your explanation the words amino acid, anti-codon, codon, cytoplasm, DNA, mRNA, nucleotide, nucleus, ribosome, RNA polymerase, tRNA, transcription, and translation.

Why does the cell need both mRNA and tRNA in order to synthesize a protein like hemoglobin?

Why does the cell need to carry out transcription before it can begin translation?

How does your DNA determine whether you develop sickle cell anemia?

Considering that we are all made up of the same 4 nucleotides in our DNA, the same 4 nucleotides in our RNA, and the same 20 amino acids in our proteins, why are we so different from each other?

Bonus Question

In addition to the health disadvantages described above, sickle cell hemoglobin can result in an important health advantage.  Describe this health advantage and the circumstances under which it arises.

California content standard

 h. how genetic engineering (biotechnology) is used to produce novel biomedical and agricultural products. 

Genetic engineering

Objectives:

Students will

1. Discover ethical issues surrounding the practice of genetic engineering in reproductive medicine; and

2. Understand key terms and concepts related to the science of genetic engineering.

Materials:

- Computer with Internet access (optional but very helpful)

- Library resources for research

- Paper, pens, and pencils

- Copies of Take-Home Activity Sheet: Different Perspectives on Genetic Engineering

Procedures:

1. Begin the lesson by grouping students into pairs. Ask partners to discuss genes and why they are important. Give students five minutes to discuss and write down their ideas.

2. Have a class discussion about genes. Explain that genes are inherited from parents and are important because they determine much about behavioral, mental, and physical traits. Every gene contains a DNA (deoxyribonucleic acid) code that gives the cell instructions about how to make specific proteins. These proteins form the basis for the structural framework of life.

3. Explain that medical science has progressed and that now genes can be changed through genetic engineering. In this process, scientists insert the genetic instructions to make a specific protein into a cell's DNA. The cell will manufacture the protein, which affects a particular characteristic, and the cell will also pass the new instructions on to its offspring. Genetic engineering gives scientists the ability to improve and alter the basic composition of a living cell. This is called biotechnology.

4. Have students brainstorm the risks and benefits associated with biotechnology. For example, the removal of hemophilia or other serious disorders from the gene pool is a benefit because people would no longer suffer from a chronic condition. An example of a risk is going too far in selecting the genetic makeup of future children.

Possible risks:

- Relying on eugenics, or selecting the genetic makeup of future children. This practice may give people the power to control some personal traits, such as having blond hair or being tall. Taken to an extreme, this could eliminate some traits.

- Using biotechnology before exploring other options, particularly in reproductive medicine. For example, technology enables scientists to implant an egg from one woman into the uterus of another. But it may not be a good idea to use this technique before trying less extreme techniques first.

Possible benefits:

- Eliminating genetic diseases. For example, geneticists think it may be possible to eliminate genetic diseases such as Tay-Sachs through careful and methodical screening programs.

- Screening unborn babies. This refers to screening for genetic disorders either before a pregnancy takes place or in the early months of a pregnancy. More information would give prospective parents more options in dealing with their infants' problems.

- Treating diseases. For example, scientists are working on ways to insert cells from embryos into cancerous cells as a way to stop the growth of cancer.

5. Point out that biotechnology is a powerful tool and that scientists have had to consider many ethical issues surrounding it. As a result, the new field of bioethics has emerged. Bioethics is the study of the ethical implications of biological research and applications, especially in medicine; it involves examination of the benefits and the risks of biotechnology.

6. Tell students that they will think about ethical issues associated with biotechnology in the area of reproductive medicine. Distribute the Take-Home Activity Sheet: Different Perspectives on Genetic Engineering. Explain that students will read a scenario concerning cystic fibrosis and genetic engineering. They will examine the scenario from the perspective of one of six individuals, including a religious person and a molecular biologist. (Assign each student an individual by having students =count off one through six.)

7. For homework, have each student read the scenario and write a position statement from the individual's perspective. Students may use quotations from the individuals in their position statements. Share the following Web sites with students to help them research this topic:

National Center for Biotechnology

http://www.ncbi.nlm.nih.gov

8. During the next class period, group students according to their assigned individuals.

Groups should meet for 15 minutes to discuss their position statements and develop a consensus. Have each group select one person to present its position to the class.

9. After the groups have presented their positions, have a class discussion. Can the class develop a policy statement about the government's role in biotechnology? Should biotechnology in reproductive medicine be prohibited? Would government regulations solve any ethical dilemmas? Help students understand that these are complex issues and that no easy solutions exist.

Adaptation for younger students:

Have students in grades 6-8 do the homework activity as a classroom activity. Have them work in six cooperative groups to write their position papers. They can use the Web sites given in the lesson for background information. Discuss the position of each group as a class. Have the students try to reach a consensus about what they think the government's role should be concerning biotechnology in reproductive medicine.

Analysis Questions:

1. Discuss issues involved with biotechnology and reproductive medicine. For example, the technology may allow a 60-year-old woman to have a baby. Is that a positive or negative outcome? Consider its ramifications. How does this example illustrate some of the complex issues that arise from the use of biotechnology?

2. Discuss ways in which biotechnology is becoming a powerful presence in our lives. What areas have been affected by biotechnology? Give at least two examples.

3. What safeguards must society adopt to handle the rapid advances in biotechnology?

4. To what extent should religious ideology influence bioethics? To what extent should a religious perspective affect the use of biotechnology?

5. What are some positive long-term effects of biotechnology? What are some negative long-term effects?
6. During World War II, Nazis in Germany conducted experiments to selectively breed blond, blue-eyed men and women. This is an example of eugenics that was detrimental to society. Explain why.

Evaluation:

You can evaluate your students using the following three-point rubric:

Three points: demonstration of a thorough understanding of the topic; ability to write a clear, succinct, well-researched position paper; cooperative work in a group to develop a consensus of opinion; active participation in the final class discussion Two points: demonstration of an adequate understanding of the topic; ability to research the topic adequately and write a concise position paper; cooperative work in a group to develop a consensus of opinion but with some disengagement from the group; some involvement and interest in the final class discussion One point: demonstration of a weak understanding of the topic; inability to write a clear, well-researched position paper; minimal success with work in a group to develop a consensus of opinion; little involvement in the final class discussion

Extensions:

Stranger than Fiction

Have students read the science fiction classic Brave New World, by Aldous Huxley

(1932). Then have each student write a critical essay that compares and contrasts the ethical and societal conflicts in Huxley's society with our society's use of biotechnology.

Cloning Complications

It took scientists 277 attempts to clone a normal, healthy sheep (Dolly). But what happened to the other 276 sheep? Have students research these previous attempts. The following Web site is a good place to start:

http://www.accessexcellence.org/AE/AEPC/BE02/gentest/fail15.html. What do you think would happen if it took 277 attempts to clone a human being? What does this information tell us about the consequences of cloning?

Suggested Reading:

Private Choices, Public Consequences: Reproductive Technology and the New Ethics of Conception, Pregnancy, and Family

Lynda Beck Fenwick. Dutton, 1998.

This book takes a close look at a number of complex legal and ethical issues surrounding reproductive technology, such as having a child who will inherit genetic abnormalities to surrogate parenting. Much of the personal information included in the book resulted from a survey, which is contained in the appendices.

Vocabulary:

bioethics

Definition: The study of the ethical issues of biological research and applications,

especially in medicine.

Context: Scientists must consider bioethics to make appropriate decisions about some

medical procedures.

biotechnology

Definition: The techniques of managing biological systems for human benefit.

Context: Advances in biotechnology allow scientists to separate sperm by gender.

deoxyribonucleic acid (DNA)

Definition: The chemical inside the nucleus of a cell that carries the genetic instructions

for making living organisms.

Context: Scientists examine DNA from a developing embryo to find out whether it will

have any serious birth defects.

ethics

Definition: A system of moral principles.

Context: Manipulating genes violates the ethics of some people.

eugenics

Definition: The science of improving the qualities of a breed or species by different

strategies, such as the careful selection of parents or the use of genetic testing. Context:

Some people argue that designing traits for offspring is reminiscent of eugenics.

gene

Definition: The functional and physical unit of heredity passed from parent to offspring.

Context: Introducing healthy genes into diseased cells is becoming an established

medical practice.

genetic code

Definition: The instructions in a gene that tell the cell how to make a specific protein.

Context: By studying a person's genetic code, a scientist can detect certain abnormalities.

genetic engineering

Definition: The techniques used to manipulate genes in an organism.

Context: A great number of innovations may arise in the next 20 years because scientists are making progress in genetic engineering.
Genetic engeneering lab

Content standard

f. How genetic engineering (biotechnology) is used to produce novel biomedical and agricultural products. 
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Students will:

1.

discover ethical issues surrounding the practice of genetic engineering in reproductive medicine; and

2.

understand key terms and concepts related to the science of genetic engineering.



	Objectives
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Materials
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The class will need the following:

•

Computer with Internet access (optional but very helpful)

•

Library resources for research

•

Paper, pens, and pencils

•

Copies of Take-Home Activity Sheet: Different Perspectives on Genetic Engineering
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Procedures
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1.

Begin the lesson by grouping students into pairs. Ask partners to discuss genes and why they are important. Give students five minutes to discuss and write down their ideas.

2.

Have a class discussion about genes. Explain that genes are inherited from parents and are important because they determine much about behavioral, mental, and physical traits. Every gene contains a DNA (deoxyribonucleic acid) code that gives the cell instructions about how to make specific proteins. These proteins form the basis for the structural framework of life.

3.

Explain that medical science has progressed and that now genes can be changed through genetic engineering. In this process, scientists insert the genetic instructions to make a specific protein into a cell’s DNA. The cell will manufacture the protein, which affects a particular characteristic, and the cell will also pass the new instructions on to its offspring. Genetic engineering gives scientists the ability to improve and alter the basic composition of a living cell. This is called biotechnology.

4.

Have students brainstorm the risks and benefits associated with biotechnology. For example, the removal of hemophilia or other serious disorders from the gene pool is a benefit because people would no longer suffer from a chronic condition. An example of a risk is going too far in selecting the genetic makeup of future children. 

Possible risks: 

Relying on eugenics, or selecting the genetic makeup of future children. This practice may give people the power to control some personal traits, such as having blond hair or being tall. Taken to an extreme, this could eliminate some traits. 

Using biotechnology before exploring other options, particularly in reproductive medicine. For example, technology enables scientists to implant an egg from one woman into the uterus of another. But it may not be a good idea to use this technique before trying less extreme techniques first. 

Possible benefits: 

Eliminating genetic diseases. For example, geneticists think it may be possible to eliminate genetic diseases such as Tay-Sachs through careful and methodical screening programs. 

Screening unborn babies. This refers to screening for genetic disorders either before a pregnancy takes place or in the early months of a pregnancy. More information would give prospective parents more options in dealing with their infants’ problems. 

Treating diseases. For example, scientists are working on ways to insert cells from embryos into cancerous cells as a way to stop the growth of cancer. 

5.

Point out that biotechnology is a powerful tool and that scientists have had to consider many ethical issues surrounding it. As a result, the new field of bioethics has emerged. Bioethics is the study of the ethical implications of biological research and applications, especially in medicine; it involves examination of the benefits and the risks of biotechnology.

6.

Tell students that they will think about ethical issues associated with biotechnology in the area of reproductive medicine. Distribute the Take-Home Activity Sheet: Different Perspectives on Genetic Engineering. Explain that students will read a scenario concerning cystic fibrosis and genetic engineering. They will examine the scenario from the perspective of one of six individuals, including a religious person and a molecular biologist. (Assign each student an individual by having students count off one through six.)

7.

For homework, have each student read the scenario and write a position statement from the individual’s perspective. Students may use quotations from the individuals in their position statements. Share the following Web sites with students to help them research this topic: 

National Center for Biotechnology 

Access Excellence 

Medical College of Wisconsin Bioethics Online 

University of Pennsylvania Center for Bioethics
8.

During the next class period, group students according to their assigned individuals. Groups should meet for 15 minutes to discuss their position statements and develop a consensus. Have each group select one person to present its position to the class.

9.

After the groups have presented their positions, have a class discussion. Can the class develop a policy statement about the government’s role in biotechnology? Should biotechnology in reproductive medicine be prohibited? Would government regulations solve any ethical dilemmas? Help students understand that these are complex issues and that no easy solutions exist.
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Adaptations
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Have students in grades 6-8 do the homework activity as a classroom activity. Have them work in six cooperative groups to write their position papers. They can use the Web sites given in the lesson for background information. Discuss the position of each group as a class. Have the students try to reach a consensus about what they think the government’s role should be concerning biotechnology in reproductive medicine.
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Discussion Questions
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1.

Discuss issues involved with biotechnology and reproductive medicine. For example, the technology may allow a 60-year-old woman to have a baby. Is that a positive or negative outcome? Consider its ramifications. How does this example illustrate some of the complex issues that arise from the use of biotechnology?

2.

Discuss ways in which biotechnology is becoming a powerful presence in our lives. What areas have been affected by biotechnology? Give at least two examples.

3.

What safeguards must society adopt to handle the rapid advances in biotechnology?

4.

To what extent should religious ideology influence bioethics? To what extent should a religious perspective affect the use of biotechnology?

5.

What are some positive long-term effects of biotechnology? What are some negative long-term effects?

6.

During World War II, Nazis in Germany conducted experiments to selectively breed blond, blue-eyed men and women. This is an example of eugenics that was detrimental to society. Explain why.
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Evaluation
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You can evaluate your students using the following three-point rubric: 

Three points: demonstration of a thorough understanding of the topic; ability to write a clear, succinct, well-researched position paper; cooperative work in a group to develop a consensus of opinion; active participation in the final class discussion 

Two points: demonstration of an adequate understanding of the topic; ability to research the topic adequately and write a concise position paper; cooperative work in a group to develop a consensus of opinion but with some disengagement from the group; some involvement and interest in the final class discussion 

One point: demonstration of a weak understanding of the topic; inability to write a clear, well-researched position paper; minimal success with work in a group to develop a consensus of opinion; little involvement in the final class discussion 
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Extensions
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Stranger than Fiction
Have students read the science fiction classic Brave New World, by Aldous Huxley (1932). Then have each student write a critical essay that compares and contrasts the ethical and societal conflicts in Huxley’s society with our society’s use of biotechnology.

Cloning Complications
It took scientists 277 attempts to clone a normal, healthy sheep (Dolly). But what happened to the other 276 sheep? Have students research these previous attempts. The following Web site is a good place to start: Cloning Faliures. What do you think would happen if it took 277 attempts to clone a human being? What does this information tell us about the consequences of cloning?




Ecology 
Content standard
a. Biodiversity is the sum total of different kinds of organisms and is affected by alterations of habitats. 
Objective

Understand the role of biodiversity in conservation

Background

When scientists speak of the variety of organisms (and their genes) in an ecosystem, they refer to it as biodiversity. A biologically diverse ecosystem, such as an old growth forest or tropical rain forest, is healthy, complex and stable. Nature tends to increase diversity through the process of succession. The opposite of biodiversity is referred to as monoculture, or the growing of one species of organism, such as a lawn, a wheat field or corn field. Because all of the species are identical, there are few complex food webs and disease can spread quickly. Monoculture is like a banquet table for disease organisms. Monoculture often requires extensive use of pesticides and herbicides (to fight nature's tendency to diversify communities) and is very labor and energy intensive (fighting nature is tough). Humans often try to reduce diversity because it is easier to harvest a crop (whether it is wheat, corn , a lawn or a secondary forest) if it all contains the same species, but this obviously creates serious problems. 

Activity 1 

1. Each team of 2 is given the animals that live in a 1 square meter area of a particular habitat (beans, etc. represent the animals) 

2. The habitat is represented by vitamin bottles or ? Labeled 1, 2, 3.... 

3. Different beans or ? and different amounts of each are put into the bottle. 

4. 15+ bottles labeled as follows:
4 bottles 1, 5, 13, 9 (to represent the tropical rain forests)
3 bottles 4, 8, 12 ( to represent lawns or wheat fields) 
2 bottles 2, 6 (to represent the coniferous forests) 
2 bottles 10, 14 (to represent the deciduous forests) 
2 bottles 3, 7 (to represent deserts) 
2 bottles 11, 15 (to represent grasslands) 

5. To put in : kidney beans, white beans, lima , lentils, cinnamon candy, barley, sunflower seed, etc. 

6. Highest diversity is tropical rain forest
Lowest diversity is lawn, wheat fields 

7. To figure diversity index # species (types) (simplified version ) # organisms 

8. Set up bottles 

	 
	# species
	# each
	Total Organisms 
	Diversity

	
	
	
	
	

	Tropical Rain forests
	15
	1 each of 10 species
2 each of 5 species 
	20 
	15/20 = 0.75 

	Coniferous forests
	12
	2
	24
	12/24 = 0.5

	Deciduous forests
	12
	2
	24
	12/24 = 0.5

	Deserts
	7
	3
	21
	7/21 = 0.333

	Grasslands
	7
	3
	21
	7/21 = 0.333

	Lawn
wheat fields
	2
	100 of 1 species
5 of another species
	105
	2/105 = 0.019


9. Write habitats on board and ask student to figure out diversity of their bottle; they're to estimate what habitat it represents (clue - highest diversity in this example is .75 - actually may be higher in nature) 

Biological Diversity-How It Stops Disease From Spreading
(activity 2) 

When a habitat is very diverse with a variety of different species, it is much healthier and more stable. One of the reasons for this is that disease doesn't spread as easily in a diverse community. If one species gets a disease, others of its kind are far enough away (due to the variety of other organisms) that disease is often stopped at the one or two individuals. 

In this simulation, side one of the card represents the monoculture (the opposite of diversity) of second growth forests. In this case, Douglas Fir trees were planted after an old growth forest was cut down. A disease hits one of the Douglas Firs, and because of the proximity of the other Douglas Firs, disease spreads quickly. 

On the other side of the card (side 2), a biological diverse community (an old growth forest) is symbolized. In this scenerio, a Douglas Fir still gets a disease, but this time it does not spread because the other Douglas Firs are few and far between. 

Side one of the card: 
1. All cards marked with D (side 1 of card). Tell them they are all Douglas firs. 

2. Each person gets 1 card. 

3. Each person is to meet 5 other people and write their names on the card. 

4. All are to remain standing after they write down the names. 

5. I will symbolize the disease and I will touch one of the students. Ask that person to sit down (they are dead) and read names on their card. As the names are read, those students sit too since they have been "touched." 

6. Then ask another one of those sitting (dead) to read the names on their card- continue until almost all are sitting. 

7. Ask them to explain why the disease spread so fast (they are so alike genetically; lack of diversity). 

Side 2 of the card: 

1. Flip over card (label 2 of cards with D's for Douglas fir; the rest with other letters: N for Noble Fir, C for Western Red Cedar, M for Vine Maples, H for Western Hemlocks, W for White Fir, L for Lodge pole Pine, WP for Western White Pine, B for Bigleaf Maple, WD for Western Dogwood). 

2. Explain that in some forests (esp. old growth), there are a variety of trees. 

3. Repeat steps 2-6 above. This time only those students that are the same variety as the diseased tree that touched them will sit. Different variety trees don't sit (don't die) even if they are touched by a diseased tree. 

4. Almost all of the students will remain standing (didn't die). 

5. Ask students to explain why the disease didn't spread this time (genetic or biological diversity) 

******************

Follow up questions (refers to the second of the card simulations) 

1. What does biological diversity mean? 

2. Why didn't all the different trees get the disease? (hint - genetics) 

3. Why didn't the disease spread as fast among the Douglas firs as it did in the first simulation? 

4. In which forest would you need to use more chemicals to control disease: the Douglas fir forest or the more diversified, old growth forest? Why? 

5. Summarize what this simulation symbolized. 

6. Which forest would have more diversity of wildlife? Why? 

7. a. If you cut down the variety in a piece of forest you owned and replanted with 1 type of tree, what will happen to much of the wildlife that was adapted to that forest? (Hint: they cannot just move elsewhere. If other habitats are good, they will probably be near carrying capacity already.) 
b. Will this fate happen to all the wildlife? Explain. 

8. Many species can only live/reproduce in 1 type of forest. The spotted owl is an example - it can only live and successfully reproduce in old growth forests(big, old cedars, hemlocks, etc.). If these old growth forests are cut down, it's unlikely this owl will survive. Environmentalists call it an "indicator" species." What does this mean? Why be concerned about 1 species? 

9. Growing one plant, as is the case of growing only Douglas fir, is called monoculture. Give an example of growing one plant a) in your home (obvious ) 
b) in farms 

10. Why would you need to use more insecticides in monoculture? Is this good or bad? 

11. If you wanted to help wildlife, what would you with regards to the landscaping of your own home? 

Environmental protection lab

Content standard

b. how to analyze changes in an ecosystem resulting from changes in climate, human activity, introduction of nonnative species, or changes in population size.

Maine Learning Results Objectives:   
· Implications of Science and Technology  Research and evaluate the social and environmental impacts of scientific and technological developments. 
· Discuss the ethical issues surrounding a specific scientific development. 
· Describe an individualís biological and other impacts on an environmental system.  
· Give examples of actions which may have expected or unexpected consequences that may be positive, negative, or both. Communications  Function effectively in groups within various assigned roles.   
· Scientific Reasoning   Support reasoning using a variety of evidence.  Construct logical arguments. 

Purpose  Students will identify various packaging practices and consider the impact of packaging practices on economics, lifestyles and natural resources. 

Materials  notebooks, graph paper, pencils or pens 

Background  Packaging is ubiquitous at all levels of the U.S. economy: in industry, the distribution of products, and the marketplace.  Packaging is our countryís largest single industrial user of paper and glass; it is one of the two largest users of plastics; and it is the third largest user of steel.  The system begins with the use of the nationís raw materials which are made into packaging to be sold to virtually all manufacturers of consumer and industrial goods.  The packaged product is then transported from the processorís facility to the retail outlet for the consumer to purchase. When the product is used, the system ends with the disposal, reuse, and/or recycling of the package. 
    Packaging of various kinds has accounted for approximately 34% of the total volume of solid waste produced in the United States.  This activity explores the concept of packaging and its relationship to resource consumption and the American lifestyle. 

Procedure/Description 
Ask your students to divide into groups of three to five students each.  Each group is to visit a different store near the school.  Ask each group to get the permission of the storeís owner to collect data on the forms of packaging used in one department of the store.  (note: students could also collect data by accompanying a parent on a shopping outing and then comparing data with other students in small groups)  Data could include: 
1. A list of each type of commodity sold in that department. 
2. A description of the type, size and weight of packaging used for the various products such as plastic or glass bottles, cans, boxes, cartons, sacks, or a combination of different types of packaging for one product. 
3. A notation indicating the apparent reasons the type and size of packaging was used for each product.  For example, product protection, sanitation, communication of product identity and use, prevention against pilferage, availability of specific quantities. 
4. A notation showing whether, in the studentsí opinion, the product is appropriately packaged (appropriately packaged could include no packaging), insufficiently packaged, more than sufficiently packaged. 

Possible questions for classroom discussion include: 

1. What are the reasons for using glass, metal, paper, plastics and foils as packaging material? What types of materials are most commonly used? 
2. Why are different materials used for the same packaging application? What are the reasons for using these materials to package the product? 
3. What are the major packaging uses for steel, aluminum, glass, and other materials identified?  What role does the type of packaging used have in the protection of the products? 
4. How many appropriately packaged products did you find?  How and why did you identify them as "appropriate?"  How many insufficiently packaged?  How many were sufficiently packaged?  Convert these results to percentages. 
5. Based on your findings, what recommendations would you make to a regulatory agencies producers and consumers relating to packaged materials. 

Extension 
1.  Students could prepare a presentation for local businesses on their findings and discuss ways of reducing packaging. 
2.  Students could explore ways to reduce packaging material at school and home and present their findings in written and/or oral format. 
3.  Students could survey their community to determine how many group recycling programs there are and the procedures used and the problems encountered in operating the programs. 
4.  Ask students to keep written record of everything thrown away or disposed of in their homes during one week.  They should classify each solid waste item as paper and paperboard products, food waste, wood and garden refuse (grass, clippings, leaves), glass, metal, plastics or miscellaneous (including cloth, leather, rubber, dirt, paint, etc). 

Predator prey lab
Content standard

c. How fluctuations in population size in an ecosystem are determined by the relative rates of birth, immigration, emigration, and death. 
 Objectives:  
· Generate examples of the variety of ways that organisms interact (e.g. predator/prey, etc.).   Analyze how the finite resources in an ecosystem limit the types and populations of organisms within it.  

· Inquiry and Problem Solving  Verify and evaluate scientific investigations and use the results in a purposeful way. 

· Scientific Reasoning  Support reasoning by using a variety of evidence.  Construct logical arguments. 

Purpose  Students will be able to make a general statement regarding the impact of land development on wildlife populations. 

Procedure  Given the information provided, students may solve the problems posed. 
One mountain lion can eat approximately 1, 095 pounds (490 kilograms) of venison (deer meat) each year (in addition to rabbits, porcupines, and other small animals).  The lion probably consumes only about 50 percent of each deer he kills; coyotes and other scavengers get the rest. 
One deer eats approximately 3, 650 pounds (1652.5 kilograms of vegetation/year in the form of grasses, herbs, brush, and tree leaves. 
One square mile (kilometer) of deer habitat produces 800 pounds (320 kilograms) of vegetation acceptable as deer food/year.  (Note: This varies depending on the region, condition of the range, and other factors.) 

Problems: 
1.  What is the minimum number of square miles (square kilometers) of habitat needed to support one deer? 
2.  If each deer averages 150 pounds (70 kilograms) in weight, how many deer are needed to feed one lion for one year? 
3.  How many square miles (square kilometers) of deer-lion habitat are necessary for one lion to survive?  (For the purpose of this problem, assume that one deer and one lion will provide continuation of the species, although of course, in reality, continuation would require many animals.) 
4.  Use a map of a region you are familiar with and outline an area large enough to serve as habitat for one lion.  Ignore all road, communities, and other developments which do not produce food for deer. 
5.  On the same map, again outline an area large enough to support one lion but this time take into account the not-deer-food producing areas.  How much larger is the second area you outlined? 
Today there are more deer in the United States than when the first European settlers arrived.  How could you explain this?  Find out what impact the growth of the deer population has had on other species of wildlife. 

Treasure hunt for energy lab

Content standard

f. at each link in a food web some energy is stored in newly made structures but much energy is dissipated into the environment as heat. This dissipation may be represented in an energy pyramid.
Objectives:  
· Identify different forms of energy.  
· Explain ways different forms of energy can be produced.  
· Categorize energy sources as renewable or non-renewable and compare how these sources are used by humans.   
· Scientific Reasoning  Practice and apply simple logic, intuitive thinking and brainstorming.  Implications of Science and Technology  
· Explain how technology has altered human settlement. 
· Explain practices for conservation in daily life, based on a recognition that renewable and non-renewable resources have limits. 

Purpose:  Students will be able to identify the major present day sources of energy (the fossil fuels, uranium, and running water) which we use as fuel for space heating, transportation, and generation of electricity; to evaluate the possibility and appropriateness of their continued use for such purposes over time; and to suggest both new uses and better uses in order to meet energy demands. 

Materials:    Map of local community, writing materials 

Description:   Give this assignment to your students: 
Map the energy in your community.  The students might include visual keys in their maps to show the sources of energy used as fuel and electricity;  the locations where such energy is used; and how the energy is used. 
    Ask the students to check reliable sources to determine the most recent assessment of the available quantity of renewable and non-renewable resources which are presently used for production of fuel and electricity.  The students should distinguish between specific kinds of renewable and non-renewable resources, and attempt to find information predicting the availability of these resources over time.  This kind of prediction will have to include indications of the rate of use. 
    With this information plus the visual map of their community, you and the students will be able to enter a ranging discussion of the appropriateness and implications of use of renewable and non-renewable resources over time.  The following can be included in the discussion: 
* Changes in kinds of uses of specific resources. 
* Impact of use of some renewable and non-renewable resources for fuel and electricity where these resources were previously used for other products and purposes. 
* Economic implications of such changes and possible social costs and benefits, including costs to the environment. 
* Worldwide implications of such changes. 
Extension 
Generate a list of possible new sources of energy for fuel and electricity purposes.  Find local speakers to provide information and materials related to the feasibility of some of those and other alternative sources. 
Brainstorm suggestions for other possible energy sources ? apparently feasible or not.  Discuss some of the more feasible of these possibilities. 
Bring the discussion back to the present.  Each student can generate  a list of "Things I can do today" to make more efficient and appropriate use of the natural resources available to the student for fuel and electricity.  Share these lists.  Encourage students to modify their lists based good ideas they learn from other students and then create a final list for their own purposes.   Encourage your students to try to live by the list for a week.  At the weekís end, bring out the lists and engage in a class discussion of what happened.  Discussion might include: 

* How hard it was to do the things on the list. 
* If other people were involved and noticed the efforts. 
* If other people were involved and objected to the changes. 
* Why other people might have objected. 
* If other people noticed, got excited, and joined in following suggestions on the list. 
* Possible positive results of the studentsí actions. 
* Possible negative results, such as discomfort. 
* Implications for their own continued lifestyles. 

If this activity is done for an extended period of time, some other indications of impact might be observed:  for example, lower household fuel and gasoline bills, new bicycle tires due to increased use,  weight loss from increased exercise, different food bills, etc. 

Evolution Students lab 

a. why natural selection acts on the phenotype rather than the genotype of an organism. 

Evolution by Natural Selection
Mutation Mania

b. new mutations are constantly being generated in a gene pool. 


[image: image136.emf]
Activity Summary: 
This activity illustrates the burden genetic mutations place on a creature’s ability to survive.  Students are given a specific mutation, and then asked to perform mundane tasks.  The performance is then discussed using a series of thought-provoking questions. 

Subject: 

Science: Unifying Concepts and Processes


Activity Introduction / Motivation: Students prepare for the activity by reading the Ukraine Adventure from the Backpacking series.  The teacher might further introduce the context of the lesson by including a specific lesson about genetic mutations.  The Mutation PowerPoint is available to use for this purpose.

Activity Plan: 
Each student gets one spoon, one cup and one paper plate.  The teacher helps students to tape their pointer and middle fingers and their ring and pinky fingers together.  The teacher explains that students represent animals that have been in a contaminated area and have developed mutations.  The teacher picks about one third of the class and asks them to raise the hand in which they are dominant.  She explains that the genetic mutation makes the thumbs of some children’s dominant hand disappear.  So these children must not use their thumbs on their dominant hands.  The teacher then passes out skittles or pebbles to each student’s paper plate, making sure there is ample room for the skittles to slide around.  The assignment is to scoop the skittles from the plate to the cup using the spoon.  This activity is timed and the students stop at the end of the time and count the skittles in their cups.  The goal is to compare the ability of the mutated students (those without the use of their thumbs) with the normal students.  The exercise also demonstrates adaptability.  Though the teacher never mentions, she implies that the students must use their mutated hands.  Some students will learn that it is easier to move the skittles if they use their non-dominant hand.

Activity Closure: Because the goal of the activity is to understand the role genetic mutation plays in a creature’s ability to survive, the skittles in the cup correlate to the amount of food the animal might have been able to eat in its natural environment.  Presumably, the students without the use of their thumbs would not eat as much and thus would be more likely to starve in nature.  Those that adapted illustrate a creature’s ability to adapt to a better level of activity, but not to the level at which they were before the contamination of their environment.  The teacher should discuss all of these outcomes with the students and each student should formulate an opinion about genetic mutations and their impact on the population of a species.  If desired, the teacher can have the students graph their findings to illustrate the differences in the abilities of the mutated hand versus the regular hand.

Assessment: During the discussion, the teacher should ask questions that each student answers either in a class discussion, a lab worksheet or both.  Responses based on these things give a sense of the understanding of the students. 

Learning Objectives: Objectives are 1. an understanding of the way pollutants can affect the environment and the animals in that environment  2. an ability to discuss mutations, their causes and potential problems the animal faces by having a mutation.

Prerequisites for this Activity: 

a reading of the module

an introduction to mutations and environmental pollutants

Background & Concepts for Teachers: 

See attached PowerPoint File

Vocabulary / Definitions:  

Mutation-a relatively permanent hereditary change

Adaptation- adjustment to environmental conditions

Environment- the circumstances or conditions in which one is surrounded

Pollute- to contaminate, especially with man-made waste

Materials List: 
- 1 spoon for each student

- 1 tiny, disposable cup for each student

- 1 paper plate for each student

- tape

- pebbles or some sort of small candy like skittles

Activity Scaling: The activity can be done for lower levels or for slower classes by using all of the fingers, instead of taping some together.  The mutations can also be changed to suit the class and their level of education.  Students might also experiment with different mutations like being blindfolded, not having use of one hand or having to face backwards.

Variation lab

d. Variation within a species increases the likelihood that at least some members of a species will survive under changed environmental conditions.
Students will click on the link below and follow all relevant procedures.

Variation lab
Objectives
This hands-on activity is a simulation of how mutations can affect survival skills in animals.
Natural selection lab

 d. how natural selection determines the differential survival of groups of organisms. 

BACKGROUND INFORMATION:

Teddy Grahams (now Dizzy Grizzleys) are little graham crackers that come in the shape of bears. On close inspection one will notice that the crackers in the box come in two shapes: with their hands up, and with their hands down.(or on wheels or without wheels) They crackers present themselves as a population with members possess one of two possible observable forms of a trait. This makes them very convenient to use in a natural selection activity. 

Preparation for Natural Selection with Teddy Grahams requires either the purchase of Teddy Graham crackers, or photocopying and cut out of paper bears to simulate the crackers. Amount of crackers is dependent on number of students in class, average about two - three boxes per class. Preparation of a lab involving food consumption should also be considered. 

Students need only a writing instrument and graph paper to complete lab. 

Class time needed is one hour class period with possible additional time for completion of graphs and questions. 



ACTIVITY:

Objectives
Understand the effect on a population from the process of natural selection. 
Summary 

Data is gathered on the appearance of two phenotypes over successive generations as a specific selective force is applied. Students graph phenotype percentages to provide a visual representation of data collected during procedure. Story set-up and cracker "prey" place student in the center of activity as the selection pressure. 

Materials: 

Bears: Happy and Sad (Teddy Graham crackers)
Graph Paper 

Procedure: 

1) Read the story and follow directions. 
2) Obtain a population of bears, and record in table 1 the number of each: The Total Population, the Happy Bears, and the Sad Bears. 
3) Eat three Happy Bears. If you don't have three Happy Bears, then eat what you have in Happy Bears. 
4) Get a new generation from the teacher. Repeat steps one and two. 
5) Repeat for two more generations (total of four). 
6) Determine the percentage of sad and happy bears for each generation (devide the number of that type of bear by the total number in that generation), record the percentages in table 2, and graph the population results. 

Story: 

You are a bear-eating monster. There are two kinds of bears: Happy Bears and Sad Bears. You can tell the difference between them by the way they hold their hands. Happy Bears hold their hands high in the air, and Sad Bears hold their hands down low. Happy Bears taste sweet and are easy to catch. Sad Bears taste bitter, are sneaky, and hard to catch. Because of this, you eat only Happy Bears. New bears are born every 'year' (during hibernation) obtain another handful of bears if two or more are left in your population from the previous generation. 

Hypothesis: 

What do you expect to happen to the number of Happy and Sad Bears over time? 

Results: 

Number of bears at the start? ______. This is generation one. 


	Table 1: The number of bears for each generation

	Generation
	Number of 
Happy Bears
	Number of 
Sad Bears
	Total Bears

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


	Table 2: The percentage of bears for each generation

	Generation
	Percentage of 
Happy Bears
	Percentage of 
Sad Bears

	1
	
	

	2
	
	

	3
	
	

	4
	
	


Graph the data from table 2.

1) Graph what happens to the bear population over time.

Key:
Graph Percent of Happy Bears as: ________
Graph Percent of Sad Bears as: ........

Conclusion: 

1) How many new bears did you get for each generation?

Generation 2 ____ 

Generation 3 ____ 

Generation 4 ____ 


2) What happened to the percentage of each type of bear over time? 

Happy? 

Sad? 

3) How does this compare with your hypothesis? 

Method of Evaluation: 

Students are graded on completion of lab, accuracy of data collection and manipulation, graphing, and response to conclusion questions. 

Extension/Reinforcement: 

Extension of this activity can include the application of the Hardy-Weinberg equilibrium in mapping gene frequencies over the successive generations of bears using the same data. The same experimental results can be used. The graphing of the gene frequencies rather than phenotype percentages in this case, provides students with an illustration of the effect on the equilibrium when natural selection occurs. 

Biodiversity lab “Now You See Me....”

e. a great diversity of species increases the chance that at least some organisms survive major changes in the environment. 

II. Lesson Summary:

Students will investigate the cryptic coloration and shape (crypsis) of insects in their habitats.

III. General Goal

The purpose of this activity is for students to investigate, through inquiry, insect shape and coloration to introduce them to biodiversity.

IV. Duration

Total of 70 minutes.

One 50 minute class period for introduction and observation, followed by 20 minutes of another class period for summary.

V. Specific Learning Objectives

Content Goals

1. Insects show variation in color, size, shape and choice of habitat.

2. Not all insects are alike, they show variation that allows them to survive as a species.

Process Goals

3. Apply the concept of variation in insects to other organisms like birds, mammals, reptiles, amphibians, trees, etc.

4. Organization skills, recording data, drawing.

5. Synthesizing information from observations.

6. Lab report

Standards

(Lakota Standards from district curriculum.)

The Student will analyze the role of adaptation that allows the animal to survive in its environment.

VI. Prerequisite Knowledge/ Skills for Students

No prerequisites required.

VII. Background Information

Students must be able to identify insects as arthropods that typically have segmented bodies with an external chitinous exoskeleton, a pair of compound eyes, a pair of antennae, three pairs of mouth parts, and two pairs of wings.

VIII. Preparation for Lesson

Materials for students:

1. pencil, colored pencils

2. Student handout

3. Lab Report Outline, RERUN form.

Materials for teacher:

1. Teacher generated Student Handout of instructions.

2. Previously identified areas for students to investigate. (ie. lawn, tree line, water area, soil etc.)

IX. Instructional Strategy:

50 minute class period:

1. Have students define “Insect”, then form a group definition, discuss insect characteristics.

2. Give each student a “Handout” for recording data and for making drawings. Handout should include areas for six different insects.

* If activity is used on a day different from day 1 of school, students can create their own data table.

3. Questions on handout should include the location (habitat) of where the insect was found, color, size, markings, shape etc. (behaviors like flying, crawling, digging, sitting, etc. can be included)

(Questions I used)

a. What is the insect like?

-observe physical characteristics such as size, shape, and color.

b. What behaviors does the insect exhibit?

-observe behavioral characteristics such as what the insect is doing when you see it.

c. In what type of environment does the insect live?

-observe environmental characteristics such as if the insect is found in the sun or shade, in hot or cold temperature, in dry or wet location, and the color of the foliage in which it is found.

-observe the shape of the insect and its environment. Does there appear to be a relationship?

X. Assessment

1.Students will turn in “Handout” for review by instructor.

2. The student will form a hypothesis, based on shape and coloration, from their observations.

3.Students will answer the questions:

a. Did the insects that you observed use camouflage as an adaptation for survival? If yes, explain.

b. Did the insects that you observed use the same or different adaptations for survival?

Explain.

c. Using the insects that you observed, what characteristics varied?

d. Why would varying color and/or shape be beneficial to insects?

e. How does variation in color and shape of insects demonstrate biodiversity ?

4. Students will use this activity to generate a lab report using the “Lab Report Outline, RERUN” given in class.

XI. Comments

I use this inquiry activity the first day of school with my Biology II students. In this way, students do science immediately instead of taking care of introductions as is done in most other classes. I have students use this activity to generate their first lab report at a later date. The activity proved successful as an icebreaker and for the instruction of creating lab reports.

This lesson can be used when discussing community ecology, as a lead-in for crypsis and adaptations of other organisms like birds, amphibians, reptiles, etc. , under the topic of predatorprey

relationships.

*Other useful vocabulary/topics are:

-Cryptic coloration

-Aposematic coloration

-Mimicry

-Batesian mimicry

-Mullerian mimicry

Biodiversity lab
California content standard
e. A great diversity of species increases the chance that at least some organisms survive major changes in the environment.
Objectives

· Understand the importance of a diverse biodiversity in concervation and preservation of important ecological systems

· Understand the concept of biodiversity

Review Sheet

NYS Regents Lab Activity #1

Relationships and Biodiversity

Important Terms

Biodiversity 






Gel Electrophoresis

Evolutionary relationships 




Genus species

Molecular Evidence 





Habitat Destruction

Structural Evidence 





Habitat Degradation

Chromatography  





Human Impact

DNA  







Cladograms*

Extinct







Amino Acids

Transcription






Translation

Enzymes

*Term is not actually used in lab, but essentially is what they are talking about.  They do discuss and have a question on “branching tree diagrams.”

Key Points

The diversity of life on the planet has been created through the process of evolution by means of natural selection.

Through natural selection, organisms have evolved to lessen competition, and therefore fill a wide array of niches.  This biodiversity increases the stability of ecosystems.

Biodiversity has important benefits to mankind, including development of new food sources and medicines; as well as beneficial, free, ecosystem services.  Ecosystem degradation and destruction lead to the loss of genetic biodiversity and increases the chance that an ecosystem will become less stable and collapse.

Procedures

*Safety precautions are moronic for this lab.  Goggles in step 4 & 5 are for a vinegar and baking soda reaction and paper chromatography using food coloring, vinegar, and water.

Seven tests are conducted to determine the relatedness of Samples X,Y, and Z to Botana curus.  They are as follows:

Structural Characteristics of Plants

Compare the characteristics of the bagged samples

Structural Characteristics of Seeds

Compare the characteristics of the bagged samples

Structural Characteristics of Stems (Internal Microscopic Structures)

Use low power on the microscope to examine cross sections of the stems.  Look for a scattered arrangement of bundles or a circular arrangement of bundles.

Paper Chromatography to Separate Plant Pigments

Using clean, separate pipettes for each sample, transfer two drops of each plant extract to a piece of chromatography paper, two cm above the bottom.  Label the top of the paper with the proper sample names.

Place the paper into a cup of water, 1 cm deep.  The water should NOT touch the spots of plant extract.

Keep checking the sample to make sure the water does not reach the labeled top part of the paper.  When the water is done rising, check the color and relative amounts of pigments and record this in the data table.

Indicator Test for Enzyme M

Placing a scoop of the indicator powder into 4 depressions of the well tray, check the extracts for the presence of Enzyme M.  A fizzing reaction indicates that Enzyme M is present in the extract.

Gel Electrophoresis (simulated) to Compare DNA

Obtain colored paper strips representing portions of DNA molecules.  The sequence of bases are representative of molecules isolated from Botana curus and Species X,Y, and Z.  An enzyme will be used to cut between C and G of the sequences to produce different sized portions of the DNA.  These will be placed on a simulated gel plate to compare the relatedness of B. curus to X, Y, and Z.

Translating the DNA Code to Make a Protein

Using the DNA codons, create the complementary messenger RNA, remembering that the DNA base A specifies the RNA base U (*T is replaced with U in RNA).  Using the Universal Genetic Code table, translate the mRNA base sequences into the correct amino acid sequences of the protein. 

Analysis

This lab has 7 tests used to determine the relatedness of 4 plant samples.  Remember that scientists use a variety of evidence to determine evolutionary relationships, including cell types, structural morphology, DNA, behavior, embryology, and fossils.  The more criteria that are shared between organisms, the more likely they are closely related.

Relatedness can be shown using a “branching tree diagram”, or cladogram.  Organisms that are closely related are next to each other on the same branch.  More distant relations are further apart on the branch.

Botana curus shares the most characteristics with Sample Z, making this sample the most closely related.  These characteristics included the presence of Enzyme M, the same pigments blue, yellow, and pink, scattered bundles, no difference in the amino acid sequences, and the same DNA banding pattern.  

The evidence that should receive the most emphasis when determining the relatedness would be the genetic sequence, as many things can look similar structurally (convergent evolution), but would be unlikely to share the same DNA sequence if they are not truly closely related.

The loss of even a single species (extinction) can have major implications for mankind and natural ecosystems.

Scientists use gel electrophoresis to separate DNA fragments.  Negatively charged DNA molecules migrate through the gel like material towards the positively charged pole.  The smaller molecules migrate more rapidly through the gel than the larger ones do.

WHO'S ON FIRST? RELATIVE DATING 

f. how to analyze fossil evidence with regard to biological diversity, episodic speciation, and mass extinction. 

INTRODUCTION
Scientists have good evidence that the earth is very old, approximately four and one-half billion years old. Scientific measurements such as radiometric dating use the natural radioactivity of certain elements found in rocks to help determine their age. Scientists also use direct evidence from observations of the rock layers themselves to help determine the relative age of rock layers. Specific rock formations are indicative of a particular type of environment existing when the rock was being formed. For example, most limestones represent marine environments, whereas, sandstones with ripple marks might indicate a shoreline habitat or a riverbed.


The study and comparison of exposed rock layers or strata in various parts of the earth led scientists in the early 19th century to propose that the rock layers could be correlated from place to place. Locally, physical characteristics of rocks can be compared and correlated. On a larger scale, even between continents, fossil evidence can help in correlating rock layers. The Law of Superposition, which states that in an undisturbed horizontal sequence of rocks, the oldest rock layers will be on the bottom, with successively younger rocks on top of these, helps geologists correlate rock layers around the world. This also means that fossils found in the lowest levels in a sequence of layered rocks represent the oldest record of life there. By matching partial sequences, the truly oldest layers with fossils can be worked out. 

By correlating fossils from various parts of the world, scientists are able to give relative ages to particular strata. This is called relative dating. Relative dating tells scientists if a rock layer is "older" or "younger" than another. This would also mean that fossils found in the deepest layer of rocks in an area would represent the oldest forms of life in that particular rock formation. In reading earth history, these layers would be "read" from bottom to top or oldest to most recent. If certain fossils are typically found only in a particular rock unit and are found in many places worldwide, they may be useful as index or guide fossils in determining the age of undated strata. By using this information from rock formations in various parts of the world and correlating the studies, scientists have been able to establish the geologic time scale. This relative time scale divides the vast amount of earth history into various sections based on geological events (sea encroachments, mountain-building, and depositional events), and notable biological events (appearance, relative abundance, or extinction of certain life forms). 

Objectives: When you complete this activity, you will be able to: (1) sequence information using items which overlap specific sets; (2) relate sequencing to the Law of Superposition; and (3) show how fossils can be used to give relative dates to rock layers. 

Materials: two sets of sequence cards in random order (set A: nonsense syllables; set B: sketches of fossils), pencil, paper 

Procedure Set A:
1) Spread the cards with the nonsense syllables on the table and determine the correct sequence of the eight cards by comparing letters that are common to individual cards and, therefore, overlap. The first card in the sequence has "Card 1, Set A" in the lower left-hand corner and represents the bottom of the sequence. If the letters "T" and "C" represent fossils in the oldest rock layer, they are the oldest fossils, or the first fossils formed in the past for this sequence of rock layers. 
2. Now, look for a card that has either a "T" or "C" written on it. Since this card has a common letter with the first card, it must go on top of the "TC" card. The fossils represented by the letters on this card are "younger" than the "T" or "C" fossils on the "TC" card which represents fossils in the oldest rock layer. Sequence the remaining cards by using the same process. When you finish, you should have a vertical stack of cards with the top card representing the youngest fossils of this rock sequence and the "TC" card at the bottom of the stack representing the oldest fossils. 

Interpretation Questions:
1) After you have arranged the cards in order, write your sequence of letters (using each letter only once) on a separate piece of paper. Starting with the top card, the letters should be in order from youngest to oldest. 
2) How do you know that "X" is older than "M"? 
3) Explain why "D" in the rock layer represented by DM is the same age as "M." 
4) Explain why "D" in the rock layer represented by OXD is older than "D" in the rock layer represented by DM.


Procedure Set B:
1) Carefully examine the second set of cards which have sketches of fossils on them. Each card represents a particular rock layer with a collection of fossils that are found in that particular rock stratum. All of the fossils represented would be found in sedimentary rocks of marine origin. Figure 2-A gives some background information on the individual fossils. 
2) The oldest rock layer is marked with the letter "M" in the lower left-hand corner. The letters on the other cards have no significance to the sequencing procedure and should be ignored at this time. Find a rock layer that has at least one of the fossils you found in the oldest rock layer. This rock layer would be younger as indicated by the appearance of new fossils in the rock stratum. Keep in mind that extinction is forever. Once an organism disappears from the sequence it cannot reappear later. Use this information to sequence the cards in a vertical stack of fossils in rock strata. Arrange them from oldest to youngest with the oldest layer on the bottom and the youngest on top. 

Interpretation Questions:
1) Using the letters printed in the lower left-hand corner of each card, write the sequence of letters from the youngest layer to the oldest layer (i.e., from the top of the vertical stack to the bottom). This will enable your teacher to quickly check whether you have the correct sequence. 
2) Which fossil organisms could possibly be used as index fossils? 
3) Name three organisms represented that probably could not be used as index fossils and explain why. 
4) In what kinds of rocks might you find the fossils from this activity? 
5) State the Law of Superposition and explain how this activity illustrates this law. 

Figure 2-A. Sketches of Marine Fossil Organisms (Not to Scale) 
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	NAME: Brachiopod
PHYLUM: Brachiopoda
DESCRIPTION: "Lampshells"; exclusively marine organisms with soft bodies and bivalve shells; many living species 
	NAME: Trilobite
PHYLUM: Arthropoda
DESCRIPTION: Three-lobed body; burrowing, crawling, and swimming forms; extinct 
	NAME: Eurypterid
PHYLUM: Arthropoda
DESCRIPTION: Many were large (a few rare species were 5 feet in length); crawling and swimming forms; extinct 
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	NAME: Graptolite
PHYLUM: Chordata
DESCRIPTION: Primitive form of chordate; floating form with branched stalks; extinct 
	NAME: Horn coral
PHYLUM: Coelenterata (Cnidaria)
DESCRIPTION: Jellyfish relative with stony (Cnidaria)(calcareous) exoskeleton found in reef environments; extinct 
	NAME: Crinoid
PHYLUM: Echinodermata
DESCRIPTION: Multibranched relative of starfish; lives attached to the ocean bottom; some living species ("sea lilies") 
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	NAME: Placoderm
PHYLUM: Vertebrata
DESCRIPTION: Primitive armored fish; extinct 
	NAME: Foraminifera (microscopic type)
PHYLUM: Protozoa (Sarcodina)
DESCRIPTION: Shelled, amoeba-like organism 
	NAME: Gastropod
PHYLUM: Mollusca
DESCRIPTION: Snails and relatives; many living species 

	


	[image: image146.png]



	[image: image147.png]



	[image: image148.png]




	NAME: Pelecypod
PHYLUM: Mollusca
DESCRIPTION: Clams and oysters; many living species 
	NAME: Ammonite
PHYLUM: Mollusca
DESCRIPTION: Squid-like animal with coiled, chambered shell; related to modern-day Nautilus 
	NAME: Icthyosaur
PHYLUM: Vertebrata
DESCRIPTION: Carnivore; air-breathing aquatic animal; extinct 
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	NAME: Shark's tooth
PHYLUM: Vertebrata
DESCRIPTION: Cartilage fish; many living species
	


Physiology 
Respiration lab

a. how the complementary activity of major body systems provides cells with oxygen and nutrients and removes toxic waste products such as carbon dioxide. 

Lab objectives

Know the basic components of the conducting and respiratory portions of the system and describe distinctive structural features of each component related to particular functions in respiration.

Be able to identify the trachea, bronchi, terminal bronchioles, respiratory bronchioles, alveolar ducts and alveoli of the respiratory tract on the basis of:

Epithelial cell types present, and Relative amounts of glands, cartilage, smooth muscles and connective tissue fibers present in the wall of the tubes.

A. Ventilation & Respiration Rates

Procedure
1. Sit quietly, reading your notes (not talking).

2. Have someone else watch you & count your number of breaths FOR 1 MINUTE.

3. If your partner can't see you inhale, put their hand on your back or shoulder to feel it.

4. Record your resting respiration rate.

5. Go down the stairs to the 1st floor & come upstairs as fast as you can.

6. Immediately upon your return repeat the procedure.

7. Calculate your post-exercise respiratory rate.

8. Note whether you were breathing more deeply during the post-exercise phase.

9. Compare your values with the average values in the table.

	Resting respiration rate

Breaths /min
	Post exercise respiration rate

Breaths/min
	Does respiration get deeper during exercise?

	
	
	

	Adams. 1998.  Exercise physiol. Lab manual, 3rd Ed
	Resting
	Moderate Exercise
	Maximum excersise
	Asthma attack

(at rest)

	Breathjs/ min for a 20-30yr
	10-20
	20-35
	50-100
	40-50


B. Heymer Test of Respiratory Reserve

Procedure
1. STAND UP - YOUR LUNG CAPACITY WILL BE LARGER!!

2. Take 2 deep breaths & then hold your breath as long as possible after a 3rd inspiration.

3. Record the time you can hold your breath in the table.

4. NO exhaling allowed during test.

5. Breath-holding time is an indication of your functional respiratory reserve and the efficiency of your respiratory system.

6. You get the urge to inhale as blood levels of oxygen decrease & levels of carbon dioxide increase.

7. Efficient respiratory systems take longer to reach this point, but training can also affect the results.

8. Individuals can learn to cope with the discomfort induced by long breath holding.

9. This test is often a better index of respiratory reserve than vital capacity measurement

	Heymer Test 


	Average Male 20-30 yr old
	Average Female 20-30 yr old


	Your Value



	Value in seconds
	50-70
	50-60
	


Sheep Lung Examination

	Larynx
	Esophagus
	Lung

	• Epiglottis

• Find other laryngeal

cartilages

• Vocal folds
	• Small tube

• Behind larynx
	• Trachea - C-shaped cartilages

• Bronchi - branches off trachea into lungs, stiff

with cartilage

• Visceral Pleura - smooth, shiny surface of lung

produces serous fluid to reduce friction

• Diaphragm - torn, fibrous membrane with

skeletal muscle tissue; contracts with inspiration

	
	
	


 Look at the whole, fluid-preserved lungs or dried lung sections to find & identify the structures listed.

	Tongue & epiglottis.

Posterior view
	Esophagus cut & opened; larynx cut.

Posterior view
	Interior of sheep larynx with vocal folds.

Posterior view
	Trachea cut to expose cartilage rings.
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	Sheep lung, dorsal view. The visceral pleura is peeling away at
	Cut section of sheep’s lung to show bronchus (with cartilage).
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Label these parts of the airway & be able to trace the pathway of air: alveoli, bronchi, bronchioles, larynx, nasal cavity, pharynx and trachea. Label the epiglottis & diaphragm.

Analysis

Respiratory Anatomy

1. Why do the alveoli lack the cilia & mucous present in most sections of the respiratory system?

2. Describe the alternative method alveoli use for removing pathogens or debris. (You may need to look this up in text).

3. Explain how the diaphragm helps control ventilation. Use the lung models in your explanation.

Respiration Rate

4. Describe 2 sensory stimuli or emotional states that increase your respiration rate, (ie. not exercise).

a.

b.

5. Describe an abnormal situation that may increase your respiration rate.

6. If your breathing is rapid but very shallow, what happens to the CO2 level of your systemic arterial blood?

7. How do these variables change with exercise: rate (breaths/minute & depth of breathing)?

Look at the values for resting respiration rate vs. exercise respiration rates & tables for tidal volume vs. vital capacity for help.

Heymer Test

8. What does a high reading on the Heymer test indicate?

9. Will your value for the Heymer test be higher or lower than average if you are a long-term smoker?

10. How will you systemic arterial PCO2 & PO2 change as you hold your breath? Which change “forces” you to take a breath?

[image: image156.emf]
Nervous system “touch” lab
California content standard

b. the roles of sensory neurons, inter-neurons, and motor neurons in sensation, thought, and response. 
Objectives

· Understand the role of sensory neurons

· Understand the role of inter-neurons

· Understand the role of motor neurons
Is the water warm or cold?

Materials:

Three large beakers (1000ml) or large cups

[image: image157.emf]\
Procedure:

1. Fill a beaker (A) three quarters full with hot water (about 50oC) and another beaker (C) three quarters full with very cold water (about 5oC), you’ll need to add ice to get the appropriate temperature.

2. Fill the third beaker (B) with regular water of room temperature (20oC), and place it in between the hot and cold water beaker.

3. Immerse your left hand in the hot water and hold it under water for 1 minute, then move it to the center beaker. Does the water feel warm?

4. Immerse your right hand in cold water and hold it under water for 1 minute, then move it into the center beaker. Does the water feel warm or cold?

Analysis Questions:

1. Did the water in the center beaker (B) change in temperature?

2. Why did the water in beaker (B) feel warm with one hand and cold with the other?

3. What gives us the sensation of warm or cold in our body?

4. What are other similar situations where this same principle applies?
c. the role of the skin in providing nonspecific defenses against infection.

Virtual Immunology lab

California content standard

 d. the role of antibodies in the body's response to infection. e. how vaccination protects an individual from infectious diseases.
Objectives

· The basis of humoral immunity 

· The foundation for ELISA 

· Potential errors in conducting an ELISA 

· Sensitivity and specificity of a diagnostic test
Procedure

Students will log on to the site below and follow relevant procedures.
Virtual immunology lab
IMMUNOLOGY lab 

California content standard

f. There are important differences between bacteria and viruses with respect to their requirements for growth and replication, the body's primary defenses against bacterial and viral infections, and effective treatment of these infections. 
Objectives

· Distinguishing viruses and bacteria. 

· Understand the role bacteria and viruses play with respect to diseases

INQUIRY: How can a human create the billions of antibodies (when their numbers of total genes available is only a small fraction of that) to provide for the genetic specificity of the multitude of potential pathogens in nature? 

Have pairs of students develop at least 2 yes/no questions designed to gather background data on the question. After sufficient background info has been developed, the pairs conference to define what it is they know, what further questions they need to ask for clarification, or whether they are ready to propose and test a hypothesis. [Several hundreds of gene sequences mix and match to provide antibody response to a particular antigen.] Antibodies, it turns out, are composed of four small proteins called chains. Each antibody possesses two identical heavy chains and two identical light chains. An intertwining light chain and heavy chain form an active site capable of recognizing an antigen, so each antibody molecule has two identical recognition sites. The code for the heavy chains resides in four sets of mini-genes located in widely separated parts of the nucleus. Antibody diversity springs from the size of these mini-gene families and their ability to mix a variety of gene sequences to provide almost limitless antibody response. After a correct hypothesis has been proposed, have students debrief the thinking process they used. [Metacognition; thinking about how they were thinking] What kind of thinking process did you use? Deductive? Inductive? What Yes questions were most helpful, what No questions were helpful, what hypotheses had to be discarded, what were your responses to having to discard a hypothesis, etc? 

CONCEPT ATTAINMENT: Diseases for which we have assistance.
Tell the class that you have a concept in mind and will give them several clues which contain all the traits and characteristics of the concept, as well as some clues which do not have the traits of the concept. They are to consider the clues and develop as many hypotheses about what the concept is as they can. They can test their hypotheses only by supplying more clues to either column. 

	+ 
	-

	Polio 
	Potassium

	Smallpox 
	Asteroids


Ask students to look at the clues, develop their multiple hypotheses, and invite them to test their ideas by suggesting another clue for either column. Then provide more clues such as the following: 

	+
	-

	Typhoid fever 
	Influenza

	Tuberculosis 
	AIDS


Inquire as to how many students have had to abandon their hypotheses and then remind them to look again at all the clues and compare what the exemplars have in common that the non-exemplars do not. 

Continue until it is obvious, based upon their supplying more clues correctly, that most of the class has "attained" the concept, then invite a students to state their specific hypothesis. Ask for confirmation by soliciting further clues for both columns; then proceed with a metacognitive analysis, or "unpacking", of the things they thought about in solving the problem. Which clues were most helpful; which clues caused them to have to reject their favorite hypotheses, how did they respond to having to start anew, etc.? 

COOPERATIVE LEARNING: Jigsaw I--Components of the Immunological Reaction System 

Each of the four students of each Home Team will volunteer to take on the responsibility for learning all about one of the following four topics: 
Antigen
Antibody
T & B Cells
Lymph Nodes 

All the Antigen "specialists" from each Home Team then gather together, as do all the "specialists" from each of the other three areas, where they study the relationships of their area to immunity, prepare to teach their Home Team colleagues about their specialty, then reconvene in their Home Teams, where they will have 3 minutes each to teach the essentials of their area. They then check for understanding by asking a question, pausing, then calling on a colleague to respond. Administer a short quiz containing at least one key question from each area. Students will receive credit for their individual score as well as the team average, thus placing an emphasis on each student taking the responsibility for ensuring each of their teammates is well informed.

Epidemiology lab
Content standard

g. why an individual with a compromised immune system (for example, a person with AIDS) may be unable to fight off and survive infections by microorganisms that are usually benign. 

Objectives
Understand the concept of contamination and infection

Material

· Simiulated sample tube

· Transfer pipette

· Positive control tube

· Droper bottle of methyl red reagent
Procedure
	
	You
	1st person
	2nd person
	3rd person
	4th person
	5th person

	Tube #
	
	
	
	
	
	


1. Two people meet and swap “body fluid” Each draw out 1.0ml from the other’s tube and put into own tube and mix
2. Now go to  “meet” someone else and swap “body fluid” Each draw out 1.0ml from the other’s tube and put into own tube and mix

3. Repeat this until you have ‘met’ a total of 5 people. Note you can ‘meet’ someone more than once
· To test if you are infected, drop 5-6 drops of methyl red in your tube.

· Compare color to the positive control

· You are comparing the shade of color not the intensity

· Note your results in the table below

· Share data with the class (can we determine who the original “infected” person was

	Tube #
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Methyl red results
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	# of who each “met”
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	Tube #
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	Methyl red results
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	# of who each “met”
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Analysis
How would have we avoided contamination
Could we use your opinion in the question above to counter the spread of HIV AIDS.



















































(Figure 17.7, Campbell and Reece, Biology, 2005)



































� We thank NancyLee Bergey, University of Pennsylvania School of Education, Holly Graham, Central Bucks High School South, and Mr. Ippolito, Port Chester High School, for sharing helpful activities which provided us with many useful ideas.  


This protocol and accompanying Teacher Preparation Notes are available at � HYPERLINK "http://serendip.brynmawr.edu/sci_edu/waldron/" ��http://serendip.brynmawr.edu/sci_edu/waldron/�.
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