Bill Montgomery

ESSP 305

2/24/03

Topic

Chemistry of Living Systems

Subtopic

Principles of chemistry include the functioning of biological systems.
Teacher Background

Day 1

Humans have long been curious about the basic composition of matter. The Greek philosopher Aristotle said that all matter was made of four fundamental "elements": earth, air, fire, and water. Another Greek, Democritus, pondered what would be left after you had divided a particle down to it's smallest essence and called it an "atom". Although we know today that not one of these four are truly basic elements, that indeed there are over 100 different ones, we are indebted to Aristotle, Democritus and other Greek philosophers for their spirit of inquiry that led them to ask: "What are the fundamental particles of matter?" We are still searching for the answer to that question.


An investigation of all substances found in nature has revealed 92 different kinds of naturally occurring atoms. In addition, 21 atoms have been made by scientists, making 113 in all. These basic materials are called elements by the chemists. There are 113 presently known atoms, so there are 113 presently known elements.


These elementary substances, unlike water, salt, and sugar, cannot be broken down into other simpler substances by ordinary chemical means. The metal silver is made up of only silver atoms; the gas helium is made only of helium atoms. Water, sugar, and salt, all made of molecules built of more than one kind of atom, are examples of what the chemist designates as compounds. The known compounds identified thus far number more than 4 million, but all of them are composed of various combinations of less than one hundred elements. The elements may be compared to the 26 letters of the alphabet; the compounds to the thousands of words constructed from the alphabet.


Different elements are not equally abundant in nature. The most abundant element on the earth's surface is oxygen. The next is silicon. The two most abundant elements in the entire universe are hydrogen and helium. Ten common elements (oxygen, silicon, aluminum, iron, calcium, sodium, potassium, magnesium, hydrogen, and titanium) make up 99 percent of the planet earth.


-Elementary School Science and How to Teach It


Carbon is a particularly mediocre element, "easygoing" in the compounds it forms. In chemistry, as in life, this unpretentiousness has rewards, and in its mediocre way, carbon has established itself as the most important element. Carbon, of course, is the element of organic compounds: the extraordinary and complex property that we term "life".


-The Periodic Kingdom


Actually, the study of carbon-containing compounds is the domain of organic chemistry. In its early days, organic chemistry was almost synonymous with biological chemistry because most of the carbon-containing compounds that were first investigated were obtained from biological sources (hence the name, organic, acknowledging the organismal origins of the compounds).


-The World of the Cell

Day 2

Carbon is the most important element but it's certainly not alone as a vital building block of life. Hydrogen, Nitrogen, Oxygen, Phosphorus, and Sulfur are also indispensable to life on Earth.


Hydrogen is the original and simplest element from which all others were formed. Only in the interiors of stars is Hydrogen combined into more complex elements that can then be explosively distributed in supernova events. Despite it's simplicity, Hydrogen is rich in chemical personality. It is also the most abundant element in the universe and the fuel of our sun and all other stars. All of the non-nuclear energy that we use originated as a by-product of Hydrogen fusion inside our friendly neighborhood star, the sun. Hydrogen, as the most basic atom, is extremely light in weight. As a result, the Earth's free Hydrogen has mostly escaped to space. The Hydrogen used in life and industry is found in compounds that it's been "captured" by. As an eager supplier of a free electron to Oxygen to form a very stable compound of water, Hydrogen is very flammable. These two properties of Hydrogen were illustrated unforgettable by the Hindenberg disaster of 1937. Most airships of the time used Helium for buoyancy. Germany in the mid 30s had a shortage of Helium and used elemental Hydrogen instead to fill the airship Hindenberg. Helium is an inert noble gas. Hydrogen is a bomb waiting for a spark. The end of the Hindenberg came in 1937 when it attempted to land in New Jersey. Something sparked near the airship and it burst into flame in a spectacular catastrophe. Hydrogen has never been used to fill an airship since. The Hindenberg disaster may have spelled the end for the airship industry as a whole.


Nitrogen* is the most abundant element in the atmosphere. The capture of Nitrogen from the air is called "fixation" and is a process of vital importance on Earth; as vital as photosynthesis, the fixation of carbon from atmospheric carbon dioxide. Nitrogen fixation had to be achieved long before humans appeared on Earth, because proteins are build from it, and proteins are essential to all varieties of organic life. Even the handing down of heritable information from generation to generation relies on nitrogen, because it is a component of deoxyribonucleic acid, or DNA, the stuff of genes. Our atmosphere is about 80% Nitrogen.


And about 20% Oxygen. Oxygen, the almost universal harbinger of life. Oxygen is so vital to organic life on Earth today that where it is not available it must be supplied. We carry it beneath the sea in tanks; we conveyed it to the moon. We pump it into moribund bodies to help them keep their grip on life. We squirt it by the ton into engines to enable them to burn their fuel. Oxygen is the essence of animation and purposeful locomotion.


Phosphorus* is a component of bone (as calcium phosphate) and nature has found it particularly suitable for the deployment of energy in organic processes. One salient characteristic of life is that it is not over in a flash, but involves the slow uncoiling and careful disposition of energy: a spot of energy here, another there, not a sudden deluge. Life is a controlled unwinding of energy. Phosphorus in the form of adenosine triphosphate (ATP) turns out to be a perfect vector for the subtle deployment of energy and is common to all living cells.


Sulfur, as Hydrogen Sulfide (H2S) has been exploited by nature as an analog of water and can be used by some organisms in much the same way as water is used in the process of photosynthesis: as a source of Hydrogen. The great difference to note is that when hydrogen is removed from a water molecule by a green plant, the excrement is gaseous oxygen, which then mingles with the globally distributed atmosphere. However, when hydrogen is removed from hydrogen sulfide in the interior of a bacterium, the excrement is sulfur. Sulfur, being a solid, does not waft away, so the colony of organisms as to develop a mode of survival based on a gradually accumulating mound of its own sewage. We still mine these ancient mounds of sulfur excrement from beneath the Gulf of Mexico for our own use in the manufacture of fertilizers. The principle application of sulfur there is to release phosphates from their ores. In essence, we, as carbon-based organisms are using sulfur-based acids to manufacture phosphorus-based fertilizers to power nitrogen-based proteins.


(Optional material: Potassium, an alkali metal, is an essential component of neuronal activity.


Calcium is a component of nervous activity, like potassium, but it's also an element characteristic of construction and the maintenance of form. In nature it is a component of such materials as the bone (calcium phosphate) of endoskeletons and the shells (calcium carbonate) of exoskeletons. The accumulation of the discarded calcium carbonate of shellfish has ultimately contributed tot he rigid endoskeletons of our own Earthly landscape. Limestone ridges are the legacy of marine life, and endure by virture of the calcium they contain. Nature's use of calcium has been replicated by human civilizations, which have quarried limestone and constructed buildings that have lasted thousands of years.)


-The Periodic Kingdom


The human body is made up of these elements in the following proportions. We are:


64.5% Hydrogen


23% Oxygen


10% Carbon


1.5% Nitrogen


0.2% Calcium


0.2% Phosphorus


0.06% Potassium


0.06% Sulfur


The rest is Sodium, Chlorine, Magnesium, Iron, and other trace elements.


-Chemistry and Human Health


These numbers are based not on mass, or volume, but on the number of atoms. If you'd prefer to use numbers based on mass or volume, feel free to change the recipe, the related preparation, and lecture.


* I've also attached some great background information on Nitrogen and Phosphorus that I found while trying to find out how much phosphorus is in a match head.

Day 3

There are tens of billions of different kinds of organic molecules but only about 50 of them are used in the essential machinery of life. The same 50 employed over and over again, ingeniously, in every living thing.


-Cosmos


The elements that are essential to life are essential because they make up the essential molecules that life runs on. These simple molecules use the properties of their component atoms to form molecules that have their own structural properties. These basic molecules that life depends on are water, sugars, fats and amino acids.


 Water (Hydrogen and Oxygen) is one of the four elements named by Aristotle. It is a geological force that shapes mountains and coastlines, with a might that is unleashed in the destructive fury of hurricanes and floods. Water is the fabric of snow, hail, steam, and ice, and the only substance able to exist on earth in all three of its physical states: solid, liquid, and gas. Water is central to our planetary environment. Water is a great solvent for organic molecules and is essential to life on earth. Typically, about 75%-85% of a cell's weight is water.


-Life's Matrix


Sugars or Carbohydrates (Carbon, Hydrogen, and Oxygen) are the substances that provide energy through oxidation which is their major metabolic role in the natural world. Note the presence of the roots of Carbon and Hydrogen in the word, "Carbohydrates".  Sugars are essentially Carbon "backbones" with Hydrogens and Oxygens attached as "ribs". Ribose sugar in conjunction with phosphates is also used in the construction of ATP, which is used to transfer energy by all life.


Fatty acids are chains of Carbon and Hydrogen. They are a source of energy as well as an efficient way of storing energy for later use. 


Amino acids (Carbon, Hydrogen, Nitrogen, and Oxygen) are a group of 20 or so molecules that can be combined into thousands of different special purpose molecules called proteins. Amino acids are the cell's "toolkit" for making proteins. All amino acids possess the same fundamental structure. Each as a central carbon to which is attached a Hydrogen, a Carboxyl group (Carbon, Oxygen, Hydrogen), an Amine group (Nitrogen and Hydrogen), and any of a great variety of side chains that define the particular amino acid. It is the 20 different side chains that make the 20 different amino acids.

Day 4

With our three basic organic molecules we can now create the more complex molecules, or macromolecules, that have given rise to life in all its diversity.


From the basic sugars are made chains of sugars called polysaccharides. Polysaccharides come in three major forms.



Cellulose: the most common organic molecule on Earth is the structural component of stems, leaves, wood, and fibers such as cotton.



Starch: the major energy storage molecule in plants.



Glycogen: an energy storage molecule found in animals. It occurs in the liver and in muscles.


From the fatty acids are made a versatile group of compounds called lipids. Lipids are principally Carbon, Hydrogen, and Oxygen but may also contain Phosphorus and Nitrogen. Lipids can serve as structural elements in the membranes of cells, vitamins, and hormones. Some lipids also have an interesting ability to spontaneously form structures in water, assembling into sheets of lipids lined up next to each other. These sheets can be coaxed into forming hollow spheres called liposomes. These may have been precursors to the first cell membranes. Along with proteins, lipids are essential for building walls, membranes, between the inside of a cell and the outside of a cell. Lipids are tied to the very concept of cell security; what to keep out and what to allow in.


More complex than either carbohydrates or lipids, proteins are made up of chains of amino acids or peptides. There are 20 different amino acids that go into making up proteins. Proteins are fundamental to structure (globular proteins of membranes) and function (protein hormones and enzymes). All enzymes that govern biological processes and all antibodies that fight infections are proteins. Virtually everything that a cell does depends on specific proteins. 


The most complex major class of organic compounds is the nucleic acids. They are long chains of molecules called nucleotides. Nucleotides are themselves composed a 5 carbon sugar, a phosphate group, and a Nitrogen-containing base. The two general forms of nucleic acid are deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). DNA is formed by a double strand of nucleotides. RNA is formed by a single strand of nucleotides. DNA molecules function as genes, nature's units of heredity, and as the blueprint for making proteins inside the cell. RNA is also involved in the production of proteins inside the cell. The genetic code for making a protein is written into RNA by DNA. The RNA then directs the assembly of a particular protein for which it is encoded. DNA makes RNA makes protein.

Day 5

What can we do with all of these macromolecules made of smaller molecules made of 6 essential elements, one of which is Carbon? Everything. Everything that life does is now do-able with this chemistry. The human body, like all living things, is built of structural units called cells. Cells form the foundation of life, structure, function and heredity. Everything that a living cell can do is now explainable. We can look at a living cell and know what it's made of. Cells come in many shapes and sizes and the ones that make up our bodies have many different functions but they all have these structures and these macromolecules, molecules and elements in common. The cell typically contains a nucleus (containing DNA and RNA) surrounded by protoplasm (water, sugars, lipids, proteins) enclosed in a thin cell membrane (lipids, proteins, carbohydrates). The nucleus, in the central interior of the cell, is the command center, the capital, the CPU of the cell. It controls the functioning and reproduction of the cell. Surrounding it is the protoplasm, a complex substance composed of ions in solution and larger molecules such as lipids and proteins. The membrane around the entire cell controls what enters and leaves the cell. Membranes are composed of lipids, proteins, and sugars (carbohydrates).

Teacher Preparation

You'll need to find samples of the elements, molecules, macromolecules, and organisms to illustrate the hierarchy inferred in 6b.

Day 1

 For Carbon, You can break off a pencil lead for the graphite. If there's a well-used pencil sharpener in the room, better. There's always some graphite-rich dust in the bottom of those that you can shake out onto a sheet of paper. If it's an afternoon class, you can probably get some carbon from the cafeteria. That would also show the carbon composition of food. Other sources of carbon are charcoal brickets and wood ash. You don't need more than a dozen or so brickets or the equivalent weight of wood ash for this week's demonstrations. If you don't grill out much, the pencil graphite will probably do.


For carbon appreciation day, you could prepare the room with a few Photoshopped posters that say things like, "Got Carbon?", "Carbon, it's what's for dinner."


Hopefully, there will be a periodic table in the classroom to refer to, but it's optional.

Day 2

For this day's demonstration, you'll need samples of the 6 elements that are essential to life on Earth. 


For Carbon, if you found some brickettes or wood ash this will be fine. Both are even better because wood ash also contains Potassium, Phosphorus and Calcium that you can use in the demonstration.


For Hydrogen, you can bring in the battery from your car, assuming that you drove. You'll also need a baggie to capture the Hydrogen in when you take the cap off of the battery. You'll need to be sure to bring a proper wrench (mine's a 10 mm) to get the battery out. Having a live car battery may be a safety risk for some classrooms. If you feel that your classroom setup isn't safe enough for this, feel free to skip the separate Hydrogen and Oxygen components and simply use water as the combination of Hydrogen and Oxygen. If you do use the car battery, you may also want to illustrate the dangers of messing around with car batteries with a photo of the Hindenberg explosion in 1937. The first Led Zeppelin album cover has a picture of this or you can do a Google or AltaVista image search on Hindenberg. 


Phosphorus and Sulfur, as tetraphosphorus trisulphide (P4S3), is responsible for ignition of strike-anywhere matches. I haven't bought any of these in awhile because I use lighters but I saw them at Outdoor World. I would fully expect to find them at Target or Long's Drugs as well.


Calcium, in the form of Calcium salts and oxides, can be obtained in the form of chalk, wood ash or skipped entirely.


Potassium, another optional element can be found in wood ash. Mixed hardwood ashes are roughly 20% Calcium, 9% Potassium and the bulk of the rest is Carbon. Burnt wood has a lot of the same elements that are in our bodies (except for water). Go figure.


Oxygen and Nitrogen should be in the air. If they're not, you have other issues.


Optionally, and possibly for safety's sake, you can combine the Hydrogen and Oxygen and use water.


You can write the "recipe" for our bodies on the whiteboard or make it a handout, but the students will need to see it to understand the demonstration.


Get a large bucket to mix the recipe in. Just about any bucket will do. The white buckets that the cafeteria uses for bulk food products is fine and just needs to be thoroughly rinsed out. To begin the Day 2 demonstration, you'll want to start with about 2/3 of a bucket full of water. This will have to gotten from the cafeteria, mop closet, nearby hose, or somewhere that will accommodate the filling of a large bucket with water.


A drinking straw for bubbling exhaled gases into the water.


A large wooden spoon from your own kitchen or from the cafeteria should be sufficient to mix the recipe with.

 
A plastic ziplock bag similar in size to the length of your car battery will be needed to make a half-hearted attempt at capturing some Hydrogen.

Alternative to Activity

Cosmos, Episode 5/6, Turner Home Entertainment, ISBN 1-55960-308-9 37:00-52:00.

Day 3

 For a visual aid, I might use that experiment where Miller and Uri mixed all those simple gases and sparked them the get some basic organic molecules. I saw this re-enacted at Cornell in episode 2 of Cosmos. Cosmos, Episode 1/2, Turner Home Entertainment, ISBN 1-55950-304-6, 1:36:00-1:52:00.

Day 4
For each student:

Two 24-inch pieces of fishing line

Five 3-inch pieces of blue chenille stems (pipe cleaners)

Five 3-inch pieces of green chenille stems

Five 3-inch pieces of purple chenille stems

Five 3-inch pieces of orange chenille stems

Eighteen pieces of dried pinwheel pasta

Sixteen pieces of dried ziti cut pasta
Day 5

For today's activity, a microscope with a monitor attached would be ideal for showing a living cell to the class. If this is not available, a single microscope could be shared by the class, after you've centered the cell in the scope. Not every student will be able to see through the microscope right away. The cell may have to be re-centered in the scope several times. Expect this method to take longer than using a microscope and monitor. For a slide, you can use one a pre-made slide or make one of your own using cells from an onion skin, scrapings from the inside of your cheek added to a drop of water, or even blood.


If no microscope at all is available or you feel that sharing a microscope will take too much time, you can use a graphic or short mpeg to show the cell and its basic parts. If the classroom has a internet capable PC and a projector, it should be easy to find an adequate picture of a cell. If no such equipment is available, an overhead projector can be used and a transparency of a picture of a cell can be used instead. If this isn't available, there had better be something usable in the student's textbook.
If time and materials permit, try to find slides or pictures of as many different kinds of cells as possible.

Procedures (6b)

Day 1

(Depending on your style of teaching, you may wish to make notes for the following lecture or leave out the non-factual information such as the observance of Carbon Appreciation Day. If your teaching style has been entertaining and unpredictable, this lesson will come off better.)


For an activity, later in the class, you might have the students write down a gift of carbon for Carbon Appreciation Day that they could give to someone or to living things in general. Keep in mind that you'll need to sprinkle your lecture with examples of Carbon compounds and what they're used for.


Open the class with an ad lib dialogue along the following lines:


"Today is Carbon Appreciation Day!


"Today is a national chemical holiday to recognize the contribution of Carbon to life on Earth...


"Carbon is everywhere, in our food, in our fuel. Life would not exist without it...


Show off whatever carbon you've collected and relate it to what you've covered so far. Start with the graphite as an example of one of carbon's allotropes (elemental forms). Use the example of any burnt food to illustrate that carbon is always a part of our food. Take apart a D-cell battery to find the carbon used as the anode. Zinc is the cathode in these and some kind of acid paste is used as an electrolyte. Use carbon fuels such as gasoline and alcohol to show that carbon is a part of energy-storing molecules. If you look around the room, you may find other examples: wood desks, candy, plastics, etc. Ask the students to help you find things. It's Carbon Appreciation Day, after all!


"Carbon is not just a part of all these things, it's why they work...


"Carbon is different from all other elements. Remember how elements all try to have a full outer shell of 8 electrons? Carbon has an outer shell of 4 electrons. It can share 1 electron with 4 different atoms. It can share 2 electrons with 2 different atoms. Any atom that needs less that 4 electrons to fill its outer shell is going to easily combine with carbon... (Periodic table will be useful here.)


"Carbon can be thought of as a very social element... 


"Carbon chemistry has its own name, Organic Chemistry... (Note: if you've taken Organic Chemistry, there's a lot of tangents here.)


"I'm a carbon chauvinist. It's a great element. It's versatile, it makes wonderful organic compounds...


"Science fiction writers have written about the possibility of silicon-based life forms, but I don't know. How might replacing silicon with carbon result in similar compounds? How might they be different?...


"What about Germanium? Tin? Lead? What kinds of compounds might they make. 


If the students haven't heard of Germanium, explain that the more common elements are the better known. What if Germanium was as essential as Carbon? How might life be different?


For an activity, have the students write down a gift of carbon that they could give to someone or to living things in general. They'll need to write down the gift and what it's good for. Examples: Carbon Dioxide - plants need for respiration. Sugar - quick energy. Explain that you'll write these on the whiteboard, so they should try to be original and maybe write down several possibilities. When you call on students, start with the slower ones and let them make the easier contributions. Work your way up to the class leaders and make them be original. Just move on if a student doesn't have an original contribution but don't set that precedent too early. Help the first ones that really need it. 

Day 2

Ask the students what they think the other most important elements are. For the answers that are really elements, ask them why.


Also, as a preface to the danger in some of these elements, ask the students if they know what the elements; arsenic, radium, mercury, lead are and why they can be dangerous. Sodium and Potassium in our foods are one thing. Pure Sodium and Potassium are another.


Today's demonstration involves a doomed attempt to build a small person out of the elements that make up the human body. You should present the recipe from Teacher Background Day 2 either on a whiteboard, or handout.


"Recipe for Human Being:


64.5% Hydrogen


23% Oxygen


10% Carbon


1.5% Nitrogen


0.2% Calcium


0.2% Phosphorus


0.06% Potassium


0.06% Sulfur


Stir until well mixed.


Season to taste with Sodium, Chlorine, Magnesium, Iron, and other trace elements.


Stir again until human body takes shape."


Hopefully, this information will get a laugh, then you can ask why it's funny. If a student can articulate that it doesn't work because the elements themselves are not as important to biological functioning as the molecules that they form, great! But do the demonstration anyway to drive it home.


Taking each element in the recipe, share what you know about it. Find out what the students know about it. As much as possible, keep touching base on how the elements combine with. The background was light on Calcium and Potassium. You can skip these if you don't have much to say about them or didn't come up with the chalk or wood ash.

Starting with your bucket 2/3 full of water, show the water in the bucket as the combination of Hydrogen and Oxygen. You may want to explain that you don't have a container big enough to make a 120-pound person so you're going to make a bucket-sized baby instead. Be ready for jokes about other ways to make babies. Be considerate of the shortest person in class and be prepared to crack down on any hecklers. If you have the car battery, situate the large ziplock back over the cap and pop it off. Explain that car batteries produce Hydrogen gas a by-product. Hydrogen gas is lighter than air and whatever Hydrogen was in the battery should float to the top of the bag and displace the air in the bag. Close the bag after a moment, recap the battery and do the Hindenberg story to illustrate the failed attempt to harness this lighter-than-air property of Hydrogen. Submerge the bag in the bucket of water and open it to bubble the Hydrogen into the water. Very little of the Hydrogen will actually dissolve in the water but we've no time to get into that. If a student raises this point, explain that that water can actually hold a lot of Hydrogen ions and this is called an acid. If acids and bases have already been covered, you could skip the whole battery thing and just add some acetic acid (vinegar) to the water to create Hydrogen ions in solution.


To add enough Carbon to make 10% of the volume of the bucket, you'll probably need more than just the graphite shavings from a pencil sharpener. But, it'll mix in easily. Carbon from the cafeteria may not mix as well depending on what it is. If a student points out that you're not using enough carbon, concede the point and state that you'll be satisfied with a final product with 10x the number of Carbon atoms that you just added. If you have the brickettes or wood ash, dump all of the brickettes in but save some of the wood ash to represent Calcium and Potassium.


For Nitrogen, explain that our air is about 80% Nitrogen and our bodies don't use it, so it's all still available when we exhale. Bubble some exhalation through the drinking straw into the "stew". Try to remember to control the reflex to suck through the straw.


Calcium (optional). If there's a chalkboard in the room, you've got a ready supply of Calcium carbonate in the chalk dust. A student may know that it's not elemental Calcium but you can explain that some of the Calcium dissolves in water. Add the chalk dust or some of the wood ashes to the "stew".


Phosphorus and Sulfur. These are in the match heads, just throw 'em in.


If you're doing Potassium, add the last of the wood ashes.


Stir until well mixed. When you get to the season to taste, refrain, and don't let the kids taste it either. Explain the term "parody" if necessary. For the trace elements, you could scrape some dust off of somewhere with your hands and clap your hands over the "stew" to get the dust off.


Show the students what you've made. Walk the bucket around the room, if possible, so that everybody sees the junk in the bucket. Ask them what went wrong. Why didn't it work. Is the recipe wrong? Aren't these the elements that we're made of? Why isn't there anything resembling us in the bucket? 

Alternative to activity

This exercise was inspired by one performed by Carl Sagan in episode 5 of Cosmos. As an alternative, you could play this episode from 32:00 to 47:00. The first 5 minutes covers the Viking mission to Mars in 1977. The second 5 minutes explores the possibility of life on Mars. In the last 5 minutes, Dr. Sagan uses the above demonstration to introduce the question, "What would life on Mars be made of."

Day 3

Ask the students to name the six elements most important to life and something about them. Miller and Uri's experiment to see if organic molecules can be created from elements present on the primitive Earth is re-enacted in the Cosmos series, episode 1/2 1:36:00 to 1:52:00. The experiment is only the last 6 minutes but the preceding 10 minutes are a great introduction to the tie-in between DNA's function and its component atoms. There's only 3 minutes left in the episode at 1:52:00. You can use this to kill time at the end of class. After viewing the video, allow some time to answer questions. Some of them may segue into the rest of today's material, anyway. Start introducing important molecules like sugars, amino acids, ATP, water and show how they're made from the elements that we've been talking about. Explain the role of these molecules in life processes. Either late today or early tomorrow, introduce the idea of carbohydrates and fats.

Day 4

Ask the students to name important molecules and what they do. Take one of the molecules and ask the students what's in it. Introduce the idea of making a molecule from other molecules. Talk about proteins and DNA. Explain what they do and how they're made up of sugars and amino acids. 


Do the following activity.

ASSIGNMENT DISCOVERY ONLINE CURRICULUM (Revised)

Lesson title:

Building a Model DNA

Grade level:

6-8

Subject area:

Life Science

Duration:

Two class periods

Objectives:

Students will:

1. Understand that chromosomes are structures in the nucleus of a cell that carry genes

2. Understand that genes are smaller units that contain the hereditary code, DNA

3. Understand that the genetic code is transmitted biochemically through molecules called

deoxyribonucleic acid (DNA)

4. Understand the structure of the DNA molecule

Materials

For each student:

Two 24-inch pieces of fishing line

Five 3-inch pieces of blue chenille stems (pipe cleaners)

Five 3-inch pieces of green chenille stems

Five 3-inch pieces of purple chenille stems

Five 3-inch pieces of orange chenille stems

Eighteen pieces of dried pinwheel pasta

Sixteen pieces of dried ziti cut pasta

Procedures:

1. Ask students to brainstorm traits they have that are passed on from their parents, such as

eye color, hair texture, and facial characteristics. Then ask them how these traits are passed

on from one generation to the next. The answer is DNA, or deoxyribonucleic acid. Explain that

all organisms carry an elaborate blueprint containing the information necessary to develop and

maintain life. This “manual of instructions” is located in a chemical molecule called DNA.

DNA is found within a person’s genes. Genes are small structures found in chromosomes,

structures within the nucleus of cells.

2. Tell students that DNA works something like the alphabet. While the alphabet has 26 letters,

DNA’s “alphabet” has only four letters. These letters are guanine (G), adenine (A), cytosine

(C), and thymine (T). Just as the 26 letters of the alphabet can be used to form millions of

words for communication, DNA’s alphabet can be combined to form codes with more than

five billion combinations of G’s, A’s, T’s, and C’s. The differences in these combinations

result in differences among human beings.

3. The DNA molecule consists of two strands that form a double helix, a spiraling shape much

like a twisted ladder. The DNA molecule has a sugar component, a phosphate component,

and four different bases (Carbon-Nitrogen molecules)-adenine, thymine, cytosine, and guanine. 

To help students understand how these components fit together to form DNA, have each student 

make a model of DNA with fishing line, dried pasta, and different-colored pipe cleaners.

4. First, give each student 2 pieces of line, 18 pieces of pinwheel pasta, 16 pieces of ziti pasta,

and different-colored chenille stems (pipe cleaners). Explain that the pinwheel pasta

represents the sugar component, the ziti pasta the phosphate, and the chenille stems each of

the bases.

5. Tell students to start with the pinwheel pasta and alternate with the ziti pasta as they thread

the pasta on the line. On each line, they should string nine pieces of pinwheel pasta

alternating with eight pieces of ziti. Wrap the line around the final piece of pasta at the end of

each line so that the pasta does not fall off. After pasta has been strung on both lines, each

line should have a total of 17 alternating pieces of pasta. Have students lay the two lines side

by side.

6. Then give students the “code” for the chenille stems-the blue stem represents adenine; the

green stem, thymine; the purple stem, guanine; and the orange stem, cytosine. Explain that

the bases in DNA are found in pairs and that adenine always pairs with thymine and cytosine

always pairs with guanine.

7. Have students represent these base pairs with twisted chenille stems. First, have them twist

only the last half-inch or so of the five blue stems and five green stems together, making a total 

of five blue-green stems,about 5 inches long. Likewise, have them twist the five purple and 

five orange stems together, making a total of five purple-orange stems, about 5 inches long. 

Students will find that the chenille stems twist together easily.

8. Now, have students create a “ladder” using the pasta lines as the sides and the twisted

chenille stems as steps. Beginning at the top, students should connect the two ends of a

twisted chenille stem to the top pasta pieces on the two lines. Then use a second chenille

stem to connect the next two pasta pieces directly across from each other. They should

continue building their ladder, one step at a time, until they have connected the bottom two

pieces of pasta. Remind them that they can place the twisted chenille stems in any order.

(The blue-green stems do not have to alternate with the orange-purple stems.) After all the

stems have been woven, the DNA model is complete.

9. Using the DNA models, discuss the following questions with the class. To enhance the

discussion, you may want students to look up additional information in other resources.

How do the bases pair up in a DNA molecule? How does your model help you figure this

out?

What differentiates one DNA molecule from another? How could you change your DNA

model to reflect changes among DNA molecules?

How do you think a DNA molecule makes an exact copy of itself? How does its structure

help it do so?
Day 5

Ask the students what a protein is, what's it's made of and then what amino acids are made of. Do the same for DNA. If possible, get a microscope with a display and show the students a real cell. If you have a microscope but no display, let the students take turns looking at the cell while you explain what they're seeing. If there is no microscope available, you can use the internet or a prepared overhead projection of a cell that at lease shows the cell membrane, cytoplasm, and nucleus. 


Ask the students if they can find the nucleus and cell membrane.


Show the students the parts of the cell and tell them what molecules the parts contain. Keep relating the visual parts of the living cell to it's simpler components. 


If other slides of pictures of different kinds of cells are available, show these and ask the students to point out similarities and differences between them.


Questions

There is material for so many questions here that I don't really know where to start. The danger here is not being able to answer a question without going off on a tangent for 10 minutes. If there is time to kill, that's great. If there isn't then time spent thoroughly answering a question is time that you might need to lay a foundation for tomorrow's lesson.


I tried the day 4 activity out on my wife and that's what happened. We started talking about genes and mutations and evolution and I used up every second of 20 minutes just getting the activity completed.


Some questions from my peers included these:


What would happen if we were not made up of hydrogen?


Answer:
We're not made up of hydrogen. Hydrogen can be a diatomic gas. It's a great cation around other elements but by itself, it doesn't do much. That's why it's so important that 2nd generation stars were able to consolidate some of the material produced in the interiors of 1st generation stars. This is where all the elements come from that make life interesting. Every atom in your bodies that is not Hydrogen had to come from the interior of another star. Now does that make you more or less impressed that men have walked on the moon?


How dangerous could earth elements be to humans?


The earth elements or alkali earth elements are rather reactive cations. So reactive that they are seldom found in their pure elemental forms. We are riddled with calcium and are even encouraged to drink as much as we can. Yet, elemental calcium is reactive with water and breaks it down into Hydrogen gas and Calcium oxide. Magnesium is all around us in molecules of chlorphyll that are vital for life on Earth. But Magnesium in its elemental form is a highly flammable metal. Strontium and Barium aren't encountered much in nature. Neither is Radium but man has found many uses for its radioactive properties. It must be handled very carefully though as radioactivity sickens and kills in high enough doses. Even in low doses it can cause mutations and cancers. I'd say it's pretty dangerous. Beryllium, on the other hand, makes a nice gemstone called a Beryl. Elements in their pure forms can sometimes be dangerous. Elements like to find a low-energy equilibrium in nature and if their forced away from that they may still find a reactive path that may include your skin or clothing. Always be careful with pure things.

Reflection/Revision

I did my Day 4 activity in my ESSP 305 class. It went pretty well. It got rave reviews from my fellow students. It felt kind of out-of-place in my lesson plan. I didn't have any quick-and-dirty activities in my lesson plan so I found this activity on the internet and just inserted it. It just felt kind of silly but maybe it'll be a welcome break after 3 days of serious science.


One suggestion that I got was to include a worksheet. I think that would make sure that the take-home message of the activity got through.


I wouldn't do anything differently about the activity. I kept the extra materials to use again some day. I would try to gauge the understanding of my students before springing this on them. This is fun if all of the other pieces of the puzzle are in place: atoms, carbon, organic chemistry, simple molecules. But if these concepts aren't "in their back pocket" yet, then the activity just becomes craft. Pointless. I would have to work conscienciously to make sure that the students know enough to really appreciate the activity.

Closure

Test


Please answer these questions as pertaining to what we studied last week. Use generalities like macromolecules, elements, etc.

1. What are you made of?

2. What are those made of?

3. What are those made of?

4. What are those made of?

5. Name the elements most important for life.

6. Give an example of a macromolecule and tell what it does.
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