CSTA 2006 – My Science Box

Hands-On Biology for the Adventurous Teacher

Overview

Archway School has developed 6 curriculum units to teach middle school students about the ecology and natural history of the San Francisco Bay Area. This is being accomplished through integrated classroom, field trip, and creek restoration project activities. 

In this workshop, teachers “tour” 2 of the 6 curriculum units and have an opportunity to sample a few short activities that highlight the strengths of the program. 

1. Physiology Box - Lesson #1 Is It Alive?

2. Physiology Box - Lesson #3 Testing For Life's Molecules

Physiology Box - Assessment - Life on Mars

3. Genetics Box - Lesson #4 DNA Fingerprinting

The descriptions below are abbreviated versions of the activities. Detailed background information, lesson plans, assessments, projects, and more can be found for each of the above activities at www.MyScienceBox.org. 

California science standards addressed:

Grade 7: 1a, 1c, 2c, 2e Grade 8: 6b, 6c Grades 9-12: 1b, 1h, 4c, 5a, 5d
Physiology Box - Lesson #1 Is It Alive?
What does it mean to be alive? Is a cactus alive? Is a seed alive? Is the air we breathe alive? What are the necessary characteristics? You will be introduced to “glue monsters” (sometimes known as “scooting glue”) and enter into a discussion of what it really means to be alive. 

Materials:

· 1 overhead projector

· 1 tube of Duco® cement glue (according to Flinn Scientific, this is the only brand of glue that works reliably)

· 1 clear Petri dish

· water

· ground pepper or pencil shavings

Procedure:

1. Fill a Petri dish half full with water.

2. Place the Petri dish on an overhead projector.

3. Fabricate some story about small, blob-like monsters that live in the local watershed. Add a drop of Duco® glue to the water in the dish.

4. To “feed” the “monster”, sprinkle a small amount of the pencil shavings or pepper near the “monster”. It should move towards the shavings or pepper and “eat” them.

5. Add additional drops of glue and watch “monsters” interacting with one another.

What’s going on:

Duco® cement is polymer mixed in a water soluble solvent. When the cement is exposed to air as it drops into the dish, a thin, solid polymer skin quickly forms around the liquid, solvent-polymer mixture. When the bead of cement is immersed in water, the solvent diffuses through the skin, causing the bead to shrink and the skin to rupture on one side of the bead. The solvent squirts out of the hole and the surface tension of the water on that side of the bead suddenly falls. Since the surface tension is now uneven, the bead will move away from the hole, towards the area with greater surface tension. The hole quickly repairs itself but the skin then bursts in another location. Thus, the bead appears to wiggle and twist as the surface tension changes depending on where the skin bursts.

This demonstration kicks off the Physiology unit in which students explore the characteristics of life through a series of activities and labs. All living things:

1. are made of cells

2. grow

3. reproduce

4. respond to the environment

5. metabolize (that is, they take in raw materials and convert them into energy and wastes)

6. evolve

7. maintain homeostasis

8. are made of organic molecules such as proteins, lipids, carbohydrates (starches and sugars), and nucleic acids

Physiology Box - Lesson #3 Testing For Life's Molecules 

Physiology Box - Assessment - Life on Mars

By the end of the Physiology unit, students should be very familiar with the characteristics of life. To assess their knowledge, students are asked to conduct tests to determine whether soil samples from “Mars” contain living things. In this open ended assessment, each team must design their own tests to determine whether a soil sample from “Mars” contains living things or once living things. 

Materials:

General supplies:

· Beakers or cups 

· Test tubes and test tube rack 

· Permanent markers and labeling tape 

· Eye droppers

· Hand lenses

Soil samples: 

· ziplock bags

· clean playground sand

· fast-acting yeast

· Alkaseltzer® tablets

Organic molecule testing: 

· Biuret solution 

· Iodine tincture

· flour suspended in water

· chicken broth

· water

For nutrient milkshake:

· 500 ml distilled water

· 85 g table sugar (around 6 tablespoons)

· 85 g all purpose white flour (around 6 tablespoons)

· 1 liter bottle or flask

Procedure:

NASA has provided us with samples of “Martian soils”. It is the job of each team to conduct a test using the materials provided to determine whether any of the soil samples contain something alive or something that once was alive. Several test stations have been made available: 1) visual inspection, 2) protein test, 3) starch test, and 4) nutrient milkshake. Independently designed tests are welcome.
Genetics Box - Lesson #4 DNA Fingerprinting
In this CSI activity, students solve a mystery using “DNA” taken from the scene of the crime. Collect a “DNA sample” (student invented DNA sequence on adding machine tape) from the culprit and from each person in the class, then run the DNA on a “gel” that covers the floor of the classroom, a hallway, or gymnasium. In this way, learn some basic genetic principles and better understand gel electrophoresis as well as DNA fingerprinting.

Materials:

· Adding machine tape (1 meter per person)

· Meter sticks (or rulers)

Procedure:

1. Read through the top row of the DNA sequence. Any time you see the sequence ATT (the complementary sequence below will read TTA), cut the DNA in between the A and the TT. 

2. Measure the length of each DNA segment in centimeters and write this information on the back of each segment. Since each base pair was written 1 centimeter apart, the length of the DNA segment equals the number of base pairs on that segment.

3. Line students up on the starting line of the gels. Smaller segments will move farther because they can more readily move through the gel matrix. The rule is that each piece moves 100 inches minus the length of that piece. Thus a DNA segment only 1 base pair long can travel 99 inches, 2 base pairs travel 98 inches, and so on. An uncut DNA sample will not move at all and should stay on the staring line.

What’s going on:

DNA fingerprinting is a technique used to distinguish between individuals of the same species using only samples of their DNA. Its invention by Sir Alec Jeffreys at the University of Leicester was announced in 1985. DNA fingerprinting is used in forensic science, to match suspects to samples of blood, hair, saliva or semen. 

Two humans will have the vast majority of their DNA sequence in common. The traditional method of DNA fingerprinting uses restriction enzymes that cuts DNA at a specific sequence. Restriction enzymes work by recognizing a specific DNA sequence and cutting the DNA within this sequence. For instance, the restriction enzyme known as Sma1 looks for the sequence CCCGGG and cuts the DNA between the middle C and G. Other restriction enzymes make a staggered cut with some overhang on each end. For instance, the restriction enzyme EcoR1 looks for the sequence GAATTC and makes a staggered cut leaving what is known as a sticky end.

If designed correctly, a restriction enzyme can target a part of the genome that his highly variable from person to person such that some individuals’ DNA will be cut while others won’t, resulting in variable length DNA pieces. These differences are known as restriction fragment length polymorphisms. This technique is also often used to determine an individual’s genotype for a given gene – for instance, to test for the presence or absence of a mutation that confers a certain genetic disorder.

These DNA pieces may then be separated using gel electrophoresis. This method places the DNA sample in a well on one end of a sheet of agarose gel, similar to a thin layer of jello. An electric field is then applied to the gel. Since DNA is negatively charged, it is attracted to the positive end of the field and begins moving through the gel. The larger, longer fragments cannot travel as far through the gel matrix and get trapped near where the sample is loaded. The smaller, shorter fragments can wiggle their way through the matrix more easily and thus travel further. This results in a unique pattern of bands for each individual, depending on the DNA sequence.

