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Reinforcement Section 8.1 & 8.2
KEY CONCEPT DNA was identified as the genetic material through a series of experiments.

A series of experiments helped scientists recognize that DNA is the genetic material. One of the earliest was done by Frederick Griffith who was studying two forms of the bacterium that causes pneumonia. The S form was surrounded by a coating that made them look smooth. The R form did not have a coating, and the colonies looked rough. Griffith injected these bacteria into mice and found that only the S type killed the mice. When the S bacteria were killed, they did not cause the mice to die. However, when killed S bacteria were mixed with live R bacteria, the mice died and Griffith found live S bacteria in their blood. This led Griffith to conclude that there was a transforming principle that could change R bacteria into S bacteria.

Oswald Avery, another scientist, developed a way to purify this transforming principle. He then conducted a series of chemical tests to find out what it was. Many scientists thought that DNA was too simple of a molecule to be the genetic material and that proteins, being more complex, were a better candidate. However, Avery made three key discoveries about his samples of transforming principle that showed otherwise:

•
DNA was present, not protein.

•
The chemical composition matched that of DNA, not protein.

•
The addition of enzymes that break down DNA made the transforming principle inactive. The addition of enzymes that break down proteins or RNA had no effect.

Alfred Hershey and Martha Chase carried out the final, conclusive experiments in 1952. Bacteriophages are viruses that infect bacteria and take over bacteria’s genetic machinery to make more viruses. They consist of a protein coat surrounding DNA. Hershey and Chase grew these viruses in cultures containing radioactively labeled sulfur, a component of proteins, or phosphorus, a component of DNA. Bacteria were then infected with viruses that either had radioactively labeled sulfur or phosphorus. Hershey and Chase next separated the viruses from the bacteria with a blender. The bacteria had radioactive phosphorus but no radioactive sulfur. Hershey and Chase concluded that the viruses’ DNA, but not the protein coat, had entered the bacteria.


1.
What was “transformed” in Griffith’s experiment?


2.
Which molecule had entered the bacterium in the Hershey-Chase experiments, sulfur or phosphorus? Which molecule is a major component of DNA?

KEY CONCEPT DNA structure is the same in all organisms.

DNA is a chain of nucleotides. In DNA, each nucleotide is made of a phosphate group, a sugar called deoxyribose, and one of four nitrogen-containing bases. These four bases are cytosine (C), thymine (T), adenine (A), and guanine (G). Two of the bases, C and T, have a single-ring structure. The other two bases, A and G, have a double-ring structure.

Although scientists had a good understanding of the chemical structure of DNA by the 1950s, they did not understand its three-dimensional structure. The contributions of several scientists helped lead to this important discovery.

•
Erwin Chargaff analyzed the DNA from many different organisms and realized that the amount of A is equal to the amount of T, and the amount of C is equal to the amount of G. This A = T and C = G relationship became known as Chargaff’s rules.

•
Rosalind Franklin and Maurice Wilkins studied DNA structure using x-ray crystallography. Franklin’s data suggested that DNA is a helix consisting of two strands that are a regular, consistent width apart.

James Watson and Francis Crick applied Franklin’s and Chargaff’s data in building a three-dimensional model of DNA. They confirmed that DNA is a double helix in which two strands of DNA wind around each other like a twisted ladder. The sugar and phosphate molecules form the outside strands of the helix, and the bases pair together in the middle, forming hydrogen bonds that hold the two sides of the helix together. A base with a double ring pairs with a base with a single ring. Thus, in accordance with Chargaff’s rules, they realized that A pairs with T, and C pairs with G. The bases always pair this way, which is called the base pairing rules.

1.
What did Chargaff’s rules state?


2.
What did Franklin’s data show about the three-dimensional structure of DNA?


3.
What forms the backbone strands of the DNA double helix? What connects these strands in the middle?
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