DNA INTRODUCTION:
For Parents & Teachers 
    Soon, you will meet Gene and Polly, some of our guides through the world of DNA.  Young people may be bored with this page and are free to jump right to Gene and Polly.  But if you want to start here, let's get our bearings with an overview of:
     So, what is DNA, anyway?
     DNA is a long fiber, like a hair, only thinner and longer (except for Crystal Gayle's hair).  It is made from two strands that stick together with a slight twist.

     Proteins attach to the DNA and help the strands coil up into a chromosome when the cell gets ready to divide.
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     The DNA is organized into stretches of genes, stretches where proteins attach to coil the DNA into chromosomes, stretches that "turn a gene on" and "turn a gene off", and large stretches whose purpose is not yet known to scientists.
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     The genes carry the instructions for making all the thousands of proteins that are found in a cell.  The proteins in a cell determine what that cell will look like and what jobs that cell will do.  The genes also determine how the many different cells of a body will be arranged.  In these ways, DNA controls how many fingers you have, where your legs are placed on your body, and the color of your eyes.
     So, what's the difference between DNA and a chromosome?
     A chromosome is made up of DNA and the proteins attached to it.  There are 23 pairs of chromosomes in a human cell.  One of each pair was inherited from your mother and the other from your father.  DNA is a particular bio-molecule.  All of the DNA in a cell is found in individual pieces, called chromosomes.  This would be like muffins.  Muffins are made up of muffin-matter and paper cups.  All of the muffin-matter in your kitchen is found in individual pieces, called muffins.
     So, why do you want to learn about DNA?
     If you have gotten this far, you already have some curiosity about DNA.  That curiosity may have come from hearing about it in the news or in the movies.  A revolution has occurred in the last few decades that explains how DNA makes us look like our parents and how a faulty gene can cause disease.   This revolution opens the door to curing illness, both hereditary and contracted.   The door has also been opened to an ethical debate over the full use of our new knowledge.  In the end, curiosity is the reason to learn about DNA.  Fittingly, curiosity is the driving force behind science itself.
     Now it's time to meet Gene and Polly.  Later, Gene will give us a guided tour of  how DNA is organized.  Polly will show us her role in making exact copies of chromosomes
DNA STRUCTURE:
For Parents & Teachers
    "Hi! I'm Gene.  I have a little time before I need to get back to work, so I'd be happy to show you around my world, the chromosome.
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      "There are a lot of us Genes here, so it can get pretty confusing.  We are kinda the brains behind the whole operation.  And not just the nucleus, but the entire cell and even the entire body.  Each of us Genes have only one job to do.  That's to remember exactly how to construct a single protein.  I, for instance, keep the blueprint for making insulin.  Insulin tells your body that the glucose (sugar) levels are too high and that your cells should begin using it to make fat.  A pal of mine, whose name is also Gene, and who lives on another chromosome, keeps the blueprint for making hemoglobin.  Hemoglobin is the protein that carries oxygen around in your bloodstream.  He's a pretty busy fella, all right.  Your body needs to make hemoglobin all the time.  But, me, I don't have to work every minute.  Your body doesn't need insulin except right after you eat.  So, I get some time off between meals.  That's why I can show you around our place.
     "Let me introduce you to Polly.  Polly is not a Gene like me.  She's not even DNA.  Polly is a protein: a special protein called an enzyme.  Her real name is "DNA Polymerase" but we just call her Polly."
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     "Gene may be the brains around here, but we enzymes sure keep everything humming along.  There are a whole bunch of us enzymes, and we each have our own job and our own name.  Like Gene said, my full name is DNA Polymerase.  My friends call me Polly.  My job is to construct an exact copy of all the chromosomes just before the cell divides.  Actually, it takes a whole team to do that job, and my part is to super-glue the nucleotides together.  But I get ahead of myself.
     "Gene and I are made out of small pieces hooked together to make a long strand; like train cars are the small pieces that are hooked together to make a long train.  I'm made out of small pieces called 'amino acids'.  You'll see how proteins like me are made when you visit RayNA.  In a little bit I'll show you how Gene is made, but right now, let me show you the small pieces from which Gene is created.
     "Gene and the rest of the chromosomes are made from small pieces called 'nucleotides'.  Here, let me show you what a nucleotide is.
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     "Here you can see nucleotides being made from a base, a sugar, and a P (phosphate).  There are four factories like this, each making one type of nucleotide for me to use in making a new chromosome.  One factory makes a nucleotide with the name 'adenine' that we just call 'A'.  There are also factories for making 'thymine' ('T'), 'cytosine' ('C'), and 'guanine' ('G').
     "Take a close look at A, T, C, and G.
[image: image6.png]



     "That's what all the Genes and all the rest of the chromosomes are made of.  See the left hand end of the nucleotides?   Those are sticky spots that cause the two DNA strands of a chromosome to stick together.  Scientists call them 'hydrogen bonds'.  And see how A and T have two sticky spots and C and G have three?  That makes A and T pair up and C and G pair up.
     "Let's look at part of the chromosome to see if we can find the nucleotide pieces.
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     "That's the famous DNA Ladder that everyone talks about!  Now, can we look closer and see the nucleotides?
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    "Oh, there they are.  See how the sugar and P (pink and yellow parts) of the nucleotides form the edges of the DNA Ladder and the bases (blue parts) form the rungs?   See how the sticky spots on the bases hold the two DNA strands together?  And how the sticky spots make sure that A is always across from T and C is always across from G?
     "Now you can see how Gene and all the rest of the chromosomes are made from small pieces called nucleotides.  Later I'll show you how I make a new chromosome, but, right now Gene is itchy to tell you more about himself and the other Genes."
DNA GENES:
For Parents & Teachers
 

"Gene here.  I'm back to tell you a bit about me and the rest of the Genes.  We Genes are stretches of DNA and we all have assigned places on the cell's chromosomes.  Oh, there's all sorts of other folks that have assigned places, but they're not Genes like us.   
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Why, there's the on switches that tell a  Gene when its time to go to work.  For example, right after you eat, the insulin-on-switch tells me to get busy!
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And then there's the off switches that give a Gene time off.  For instance, when enough insulin has been made, the insulin-off-switch tells me to take a rest!
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Not to mention the docking sites for special proteins to bind when its time to wind us all up into a chromosome before cell division. 

                                                      [image: image21.png]


    

And what about all those
 stretches of DNA that do who knows what? (scientists haven't figured them out yet!)
 

    "How are we all fit on the chromosome?   Let's take a peek at the DNA Ladder again.  Can you find me?
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     "Enough about them.  Let's get back to me!  I am a pretty small gene as far as that goes.  I'm only about 230 nucleotides long.   When you consider that all the DNA in one nucleus of one human cell adds up to over two and a half billion (2,500,000,000) nucleotides long, well, I'm kind of puny.  But size has nothing to do with importance.  And I'm very, very important.
     "My pal Gene, who knows how to make hemoglobin, is about twice my size.

DNA REPLICATION:
For Parents & Teachers
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     "Hi!  I'm glad you guys found me.  I've been busy copying the chromosomes, so you came at the right time.  Let me show you what I do.
   "When we make new chromosomes, its very, very important that the new chromosomes are exactly like the old ones.  Otherwise, you might have your nose coming out of your ear!
     "Making a new chromosome is like making a new zipper by using the old zipper as a model.  A zipper is a little simpler than a chromosome because a zipper only has one kind of tooth.  But, the overall operation would be the same.  Let's look at making a new zipper, okay?
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   "What the DNA replication team does is very much like that.   While a zipper has only one kind of tooth, DNA has four; A, T, C, and G.   Lucky for me, they know where they belong.
    "The first thing the DNA replication team does is unwind (un-zip) a small section of the old chromosome and pull the two strands apart.
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    "Look at the nucleotides on the two strands.   See where an A is on one strand, a T is on the other?  See where a C is on one strand, a G is on the other?  Notice also, that C and T are smaller than G and A.   C and G fit together and A and T fit together.  Because they fit together only in these pairs, the free nucleotides float in and line up in the proper order all by themselves!  This  helps us make exact copies of the DNA.
     "When we are done, each old strand will have a new strand wound up with it.   A will always be across from T!  C will always be across from G!
    "Now that some of the chromosome is un-zipped, and the free nucleotides have started to float in and match up with the nucleotides on the old strands, I can start doing my job."
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     And then, there is Gene, who knows how to make myosin, the protein that makes your muscles work, who is 20 times bigger than me!
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     "How do we do it?  Keep the blueprints for making proteins?  After all, we are made from only 4 different nucleotides!  Fact is, we are so simple, scientists used to call us the 'stupid substance'.  We Genes had a good laugh over that one!  But eventually those scientists figured out our secret.
     "You see, proteins like Polly are made from building blocks, too.  Only their building blocks are different from mine and are called 'amino acids'.  There are 20 different amino acids that can be used to make folks like Polly.  That's what threw those scientists off our scent for a while.  They were thinking, since Polly is made from 20 kinds of building blocks and we Genes are only made from 4 kinds, no way we could know how to construct a Polly.  But we do!   RayNA will tell you our secret a little later.
     "Right now, why don't we go find Polly so she can show you how she makes exact copies of the chromosomes."
