CHAPTER 8

Miescher, Avery, Watson & Crick

For a long time in human history, people argued about what passes on traits from parents to offspring. We know now that DNA passes on traits from parents to offspring.  However, for most of human history, DNA had not been discovered.  For centuries, people thought that perhaps proteins or "something mysterious in the blood" passes on traits.  Things started to change in the 1860s.  A man named Miescher was doing research back then on this question:  If cells have a nucleus, what exactly is in the nucleus?  Eventually, Miescher found a substance in the nucleus of cells that appeared to be acidic in nature.  Miescher discovered a substance in the nucleus of cells he named "nuclein". Miescher only knew two things about nuclein:  1) it is in the nucleus, and 2) it appears to be acidic. He did not know what nuclein did in a cell.  Decades later, nuclein was renamed DNA.  Miescher did not realize he had found the substance that passes on traits.  Eventually, Miescher proposed the idea that perhaps nuclein passes on traits, but he did not have good enough technology to prove his idea. For decades after Miescher discovered nuclein, people still argued about what passes on traits.  In 1944, a man named Avery tried an experiment involving bacteria.  In this experiment, Avery used the process of elimination to   prove that DNA is the genetic material that passes on traits.  Once Avery made this huge breakthrough, a big race began to see who could figure out the structure of DNA.  Researchers knew that to understand how DNA passes on traits, they would have to figure out the structure of DNA.  Surprisingly, a couple of 23-year-old graduate students named Watson & Crick won this race.  Watson & Crick figured out the exact structure of DNA. Their Nobel prize winning paper was published in 1953, detailing the exact structure of DNA. They had used some fancy technology (for back then) to figure out the structure of tiny DNA molecules.
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You should print out and refer to Exam 2 Diagram 9.
___________________________________________________________________
 
  Watson & Crick said that each molecule of DNA is a double helix--two strands twisted around each other. The top left of our diagram shows a molecule of DNA--two strands twisted. They also figured out that down each strand that are many tiny building blocks hooked together.  The building blocks in each strand of DNA are called nucleotides.  Each nucleotide contains a sugar (Deoxyribose), a phosphate group (PO4), and a base.  The base could be Adenine, Thymine, Cytosine, or Guanine.  The sugar in each nucleotide is called Deoxyribose.  So, DNA stands for Deoxyribonucleic Acid.  There is also a phosphate group (PO4) in each nucleotide. The base each time is one of four possibilities:  Adenine, Thymine, Cytosine, and Guanine.  Watson & Crick figured out that Adenine and Thymine appear in DNA in the exact same amount by weight. They realized that Adenine and Thymine must pair up and bind together in DNA.  If one strand has a nucleotide with an Adenine base, the other strand would have a Thymine base that is attached to Adenine. Watson & Crick also figured out that Cytosine and Guanine appear in DNA in the exact same amount by weight. They realized that Cytosine and Guanine must pair up and bind together in DNA.  In DNA, the base pairing is either Adenine-Thymine (A-T) or Cytosine-Guanine (C-G).  The bottom of our diagram shows a small version of a DNA molecule with the bases paired up and bonded to each other.  
___________________________________________________________________
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You should print out and refer to Exam 2 Diagram 10.

___________________________________________________________________
  
  On our diagram, Figure A shows a drawing of the sugar Deoxyribose.  I left out some hydrogens, but this is the backbone of Deoxyribose.  We call Deoxyribose a pentose--a sugar with 5 carbon atoms (pent means 5).  In the ring structure of Deoxyribose, there is an oxygen atom (O) and 5carbon atoms.  To keep things straight when we discuss DNA structure, the carbon atoms have been numbered:  1` (1 prime), 2`, 3`, 4`, and 5`.   In DNA structure, nothing important is
attached to the 2` and 4` carbons.  However, very important things are attached to 1`, 3`, and 5`. We will focus on those three carbon atoms as we continue to discuss DNA structure.  On our diagram, Figure B shows Deoxyribose drawn in a simpler way.  The D stands for Deoxyribose and the three lines are carbon atoms (1`, 3`, 5`).  Figure C also shows Deoxyribose, but it is upside down and backwards compared to Figure B. The bottom half of our diagram shows a small version of a DNA molecule.  On the left is the 5` strand.  It is called the 5` strand because on that side the 5` carbon is on top in the Deoxyribose molecules.   On the right is the 3` strand. It is called the 3` strand because on that side the 3` carbon is on top in the Deoxyribose molecules. Remember, on the right is still Deoxyribose, but it is upside down and backwards compared to the Deoxyribose molecules in the 5` strand.  The top of the 5` strand on the left has the first nucleotide of that strand.  A sugar (Deoxyribose), a phosphate group (P), and a base (A stands for Adenine).  In a nucleotide, the base is always found on the 1` carbon of Deoxyribose.   (CONNECT:  1`/base)  The phosphate group is always attached to the 5` carbon.  On our diagram, let's look at Bond A.  Bond A is between the 3` carbon of the first nucleotide of the 5` strand and the phosphate group of the second nucleotide of the 5` strand. So, Bond A hooks together the first two nucleotides of the 5` strand.  In the deoxyribose of a nucleotide, the 3` carbon is always attached to the phosphate group of the next nucleotide in line.  (CONNECT:  3`/next nucleotide)  In Bond A, the 3` carbon of the first nucleotide is attached to the phosphate group of the second nucleotide (the next nucleotide in line).  Take a look at the phosphate group at the top of the 5` strand.  Remember, the phosphate group of a nucleotide is always on the 5` carbon.  In the deoxyribose of a nucleotide, the 5` carbon is always attached to the phosphate group of that particular nucleotide.  (CONNECT:  5`/that particular nucleotide) The phosphate group at the top of the 5` strand is part of the first nucleotide and it is attached to the 5` carbon of the first nucleotide.   Let's look at the 3` strand on the right. It still contains deoxyribose, but it is upside down and backwards compared to the 5` strand.  It is called the 3` strand on the right because the 3` carbon is on top.  Bond B shows the phosphate group of the first nucleotide bonded to the 3` carbon of the second nucleotide.  Again, what is attached to the 3` carbon is the phosphate group of the next nucleotide in line. My diagrams shows a few nucleotides in a DNA molecule.  The average number of nucleotides in a molecule of human DNA is 139,000,000.  Each of our DNA molecules contain millions of nucleotides.  As we will discuss more later, these nucleotides are information on how to make a wide variety of proteins (insulin, enzymes, brown hair, etc.)

___________________________________________________________________

You should print out and refer to Exam 2 Diagram 11.
___________________________________________________________________
The top of our diagram shows a duplicated chromosome from a human. The left and right sides are two copies of the same DNA molecule.  Our cells copy their DNA before they divide in half by a process called mitosis.  As the diagram shows, each section of the chromosome is a gene.  The approximate number of genes in a human cell is 22,500.  In the nucleus of each of our cells we have about 22,500 genes—half from mother, half from father.  Most of our cells (except sex cells) have 46 molecules of DNA, or chromosomes.  If we divide 22,500 by 46 (and round off), we get 489.  The average number of genes on one human chromosome is 489.  On our diagram, there are about 13 genes down the DNA molecule on the left.  In real life, there are 489 genes (on average) in each DNA molecule or chromosome.  Each gene is made up of thousands of tiny nucleotides.  The average number of nucleotides in one human gene is 54,000.  In each gene, thousands of nucleotides give instructions to make a protein.   

Genes: pass on instructions:  Base sequence, group of 3 bases
  
The bottom half of our diagram shows a very small version of a gene that gives instructions to make a protein called brown hair.  I have drawn the deoxyribose and phosphates simply as lines.  I have drawn in the most important thing--the bases.  My gene for brown hair only has 18 nucleotides--9 in each strand.  The real gene for brown hair probably has about the average number of nucleotides: 54,000.  How can this gene give the instructions to make a protein called brown hair?  Genes pass on instructions by way of their base sequence.  The base sequence is the key here.  When a cell "reads" these instructions to actually make brown hair, the cell only needs to read the base sequence of one strand--let's say the left-hand side. So, the base sequence down the left side-- TAC TTC ATT  -- is
the instructions to make brown hair in our example. As you may know, the tiny building blocks to make a protein are called amino acids.  These small structures always contain nitrogen (amino means nitrogen).  The DNA bases are read in groups of 3.  In DNA, each group of 3 bases dictates an amino acid.   There are 20 different amino acids.  In our example, the group of bases TAC would tell the cell to put an amino acid called methionine first to make the protein called brown hair.  Then, the group of bases TTC would tell the cell to put an amino acid called Lysine next.  Then, the group of bases ATT would tell the cell to stop.  So, the base sequence of a gene is instructions a cell can follow to make a protein.  

DNA vs. RNA

  DNA stands for Deoxyribonucleic acid.  DNA is the genetic material that passes on traits and gives cells the instructions to make a wide variety of proteins.  RNA stands for Ribonucleic acid.  RNA is critical in protein synthesis.  A cell must make RNA before it can make a protein.  The structure of DNA molecules is like the structure of RNA molecules, with these differences:

	DNA								   RNA
	Each molecule is 2 strands twisted		   Each molecule is 1 strand
	The sugar in each nucleotide is deoxyribose   The sugar is ribose
 	Contains the base thymine				   Has a base called uracil 
									    instead of thymine
	Has these base pairs:   A-T   C-G			   Has these base pairs:  A-U  C-G

  During some cell processes, RNA bases pair up as either A-U (Adenine-Uracil) or C-G (Cytosine-Guanine).



