Chapter 11— How Do Genes Work?

Lecture Outline

I.
The Nature of a Gene

A.
Are Genes Made of Protein or DNA? (Chromosomes are composed of both DNA and protein).

1.
Proteins seemed more likely to be the structural component of genes.

a.
Complex chemical reactions in cells require a huge amount of information.

b.
Proteins are more complex and variable in structure than DNA.

(1)
20 different amino acids make up proteins (only four bases in DNA).

(2)
Proteins have variable secondary, tertiary, and quaternary levels of 3-D structure (DNA is a double helix).

2.
Transformation experiments suggest that genes are DNA.

a.
Experiment of Frederick Griffith (1928) on Streptococcus bacteria:

(1)
Some strains of Streptococcus pneumoniae infect mice, causing pneumonia.

(a)
Virulent strains form smooth (S) colonies. (Fig. 11.1a)

(b)
Benign strains form rough (R) colonies and do not cause disease.

(2)
Griffith prepared four treatments to elucidate the interactions of S and R strains (Fig. 11.1b) by injecting mice with:

(a)
Live benign R cells (= a control)

(b)
Live virulent S cells (= a control)

(c)
Heat-killed S cells

(d)
Heat-killed S cells mixed with live R cells

(3)
Results

(a)
No disease developed in mice injected with live R cells (as expected).

(b)
Mice injected with live S cells died (as expected).

(c)
No disease developed in mice injected with heat-killed S cells. 

(d)
Surprise result—Mice injected with heat-killed S cells mixed with live R cells developed pneumonia and died. 

(4)
Conclusion—Something from the dead S cells, a "transforming factor," transformed the live R cells from benign to virulent.

b.
Identification of the "transforming factor"—Avery, MacLeod, and McCarty  (1940s).

(1)
Extracted proteins and nucleic acids from heat-killed S cells. (Carbohydrates and lipids were removed with enzymes and solvents).

(2)
Divided the extract into three solutions, each treated in a different way: (Fig. 11.2)

(a)
Treated one solution with proteases to destroy proteins.

(b)
Treated one solution with RNases to destroy RNA.

(c)
Treated one solution with DNases to destroy DNA.

(3)
Added the treated extracts to R cells:

(a)
Extracts treated with DNases did not transform R cells to S cells, but those treated with proteases or RNases did.

(b)
Conclusion—DNA must be the transforming factor, and thus the genetic material.

c.
T2 virus experiments finally convinced skeptics that DNA was the genetic material.

(1)
T2 attaches to host cell, leaves a capsule outside, and injects a material inside. (Fig. 11.3)

(2)
Host cell begins producing copies of the T2 virus.

(a)
The injected material from the virus must be the hereditary material, because it triggers the production of new T2 viruses.

(b)
The capsule does not enter the cell, so it cannot be the hereditary material.

(c)
Analysis showed that the capsule is protein, the injected material is DNA.

(d)
Conclusion—DNA is the hereditary material.

B.
How Do Genes Produce Traits?

II.
The Genetic Code

A.
F. Crick proposes that the nucleotide sequence of DNA is a code; DNA is only an information storage molecule. His hypothesis: 

1.
Different combinations of bases could specify each of the 20 different amino acids.

2.
The amino acid sequence of an enzyme is coded for by a specific stretch of DNA sequence.

3.
The information in DNA could be copied for the next generation by complementary base pairing of nucleotides.

B.
Information does not flow from DNA directly to proteins; this was suggested because:

1.
DNA is enclosed in the nucleus (in eukaryotes). (Fig. 11.6)

2.
Proteins are made on ribosomes in the cytoplasm.

3.
Jacob and Monod hypothesis—RNA molecules act as intermediaries between genes and ribosomes.

a.
Prediction—Short-lived "messenger" RNA carries the information of DNA to the ribosomes.

b.
Hurwitz and Furth confirmed that mRNA is copied from DNA and moves to ribosomes.

(1)
Proposed that an RNA polymerase enzyme must exist.

(2)
Created an assay for RNA polymerase activity—Ribonucleotides are soluble in an acidic solution, but polymers of RNA are not; so RNA precipitates. (Fig. 11.7)

(3)
Radioactive ribonucleotides were added to different extracts of E. coli cells:

(a)
In one extract, precipitate contained a small amount of radioactive RNA.

(b)
If DNA was added, the extract produced much more RNA.

(c)
If poly-thymidine DNA was added, poly-adenine RNA was produced.

(4)
Conclusion—The link between DNA, RNA, and proteins was confirmed.

C.
How Long Is a Word in the Genetic Code?

1.
Gamow hypothesized a 3-base code: (Fig. 11.8)

a.
1-base code (4 different nucleotides) could specify only 4 amino acids.

b.
2-base code (4 x 4) could specify 16 amino acids.

c.
3-base code (4 x 4 x 4) could specify 64 different amino acids, more than the 20 found in living organisms.

d.
Prediction—The code is redundant; some amino acids are specified by more than one triplet of nucleotides.

(1)
The code is read in triplets of bases. Each triplet = a "codon."

(2)
Additions or deletions of one or two nucleotides disturbs the reading frame (the groups of three nucleotides that are read as codons) and scrambles the message.

(3)
Additions or deletions of three nucleotides maintains the reading frame (although the sequence either gains a triplet or loses one). (Fig. 11.9c)

D.
Deciphering the Code

1.
Nirenberg and Matthei develop a technique to synthesize RNAs of known sequence.

a.
They use the enzyme polynucleotide phosphorylase (M. Grungberg-Manago).

b.
Polynucleotide phosphorylase randomly catalyzes phosphodiester bond formation 
between ribonucleotides.

c.
Addition of only uracil ribonucleotides to a reaction mixture containing the enzyme results in formation of poly-uracil (poly-U) RNA.

d.
Addition of poly-U RNA to an in vitro mixture containing ribosomes and amino acids:

(1)
from poly-U RNA, a short protein consisting only of phenylalanine is produced.

(2)
Conclusions

(a)
The triplet U-U-U in mRNA codes for the amino acid phenylalanine.

(b)
The complementary DNA code for the mRNA would be A-A-A.

 (3)
Conclusions

(a)
The RNA codon U-U-U specifies phenylalanine.

(b)
The codons U-U-G, U-G-U, and G-U-U specify leucine, valine, or cysteine.

(c)
The codons U-G-G, G-U-G, and G-G-U specify tryptophan or glycine.

b.
Later work by others deciphered the exact amino acids specified by each codon and identified start and stop codons. (Fig. 11.10)

c.
Conclusions

(1)
The code is redundant—All amino acids except methionine are specified by more than one codon. 

(2)
The code is universal—All organisms, with few exceptions, use the same codons to specify the same amino acids.

III.
The Central Dogma of Molecular Biology

A.
The flow of information is DNA ( RNA ( protein (F. Crick). 

1.
DNA is the hereditary material.

2.
A gene is a specific stretch of DNA.

3.
DNA is transcribed into RNA.

4.
Messenger RNA is translated into a protein.

5.
Each triplet of nucleotides in messenger RNA specifies one amino acid.

6.
Genes ultimately code for proteins.

7.
Most proteins function as enzymes that catalyze reactions in cells.

B.
The central dogma describes at the molecular level what Mendel discovered at the whole-organism level.

1.
Genotype is determined by the sequence of bases in DNA.

2.
Phenotype is determined by the proteins produced.

3.
Later work showed that alleles of the same gene differ in their nucleotide sequence.

C.
The central dogma provided the conceptual framework for the science of molecular genetics.

