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Chapter 17 – Molecular Genetics
Section 17.1 - Isolating The Material Of Heredity
· In 1869, Friedrich Miescher, a Swiss physician and scientist, was the first individual to isolate nucleic acid.  In his day, he called it nuclein.

· Almost a century later, scientists established a connection between nucleic acids and Mendel’s factors of inheritance.

The Components Of Nucleic Acids

· Further research on Miescher’s nuclein found that it was made up of strand-like complexes of nucleic acids and proteins.  Today the strand-like structures are called chromosomes.

· In the early 1900s, Phoebus Levene made several discoveries about nucleic acids.  He isolated two types of nucleic acids which were distinguished by the different sugars they contained.

1. The first type of acid contained a five carbon sugar called ribose, thus he called                             it ribose nucleic acid or ribonucleic acid ( RNA ).

2. The second type of acid contained another five carbon sugar called                                                 deoxyribose, thus he called it deoxyribose nucleic acid or deoxyribonucleic                                  acid ( DNA ).

· Levene showed that both RNA and DNA are made up of long chains of individual units called nucleotides.  Each nucleotide is made up of three parts ;

1. A five carbon sugar

2. A phosphate group

3. A nitrogen containing base

· DNA contains four possible nitrogen bases ;

1. Adenine ( A )

2. Thymine ( T )

3. Cytosine ( C )

4. Guanine ( G )

· RNA contains four possible bases:
1. Adenine ( A )

2. Uracil ( U )

3. Cytosine ( C )

4. Guanine ( G )

· Nucleotides join together to form long chains.  

Evidence For The Role of DNA In Heredity

· In 1928, Fred Griffith studied the bacteria which was responsible for the London pneumonia epidemic.  He was using dead stretococcal bacteria as a control in his experiments, but during his experiments found that dead pathogenic bacteria had passed on their pathogenic properties to non-pathogenic bacteria.  He called this the transforming principle.   However, he had no idea what the transforming principle was.


{ See Fig. 17.6, P. 570 }

· In 1944, three scientists, Avery, MacLeod, and McCarty did a series of experiments to attempt to isolate the agent behind the transforming principle.  From their experiments they discovered that the transforming principle was DNA.


· In the late 1940s, another scientist, Erwin Chargaff, did further work in this area.  He made the following discoveries ;

· The four nucleotides in DNA are not present in equal amounts.

· The nucleotide composition of DNA varies from one species to another.

· The nucleotide composition of DNA within a species is constant.

· In any sample of DNA, the amount of Adenine is equal to the amount of Thymine and the amount of Cytosine is equal to the amount of Guanine.  This constant relationship is called Chargaff’s rule.

· In 1952, Hershey and Chase did an experiment in which they used radioactive labeling techniques in an experiment with a virus or phage which infects bacterial cells. They performed two different experiments; the first contained viruses with radioactive DNA while the other contained viruses without radioactive DNA but with a radioactive protein coat.   In the first experiment, the infected bacteria contained radioactive material while in the second experiment the infected bacteria did not contain any radioactive material.  They concluded that only the DNA was transferred from the virus to the bacteria, not the protein coat.  This provided proof that DNA was the transforming principle just like Griffith suggested.

· Throughout the 1940s and 50s further evidence was found to support the idea that DNA was a main factor of heredity.

Section 17.2 - The Structure Of Nucleic Acids


· By the late 1940s it was known that DNA was made up of nucleotides and each nucleotide was made up of three parts including:
· Sugar

· Phosphate

· Nitrogenous base

· However, scientists were unsure of how the DNA strand was arranged.

· Two British scientists, Rosalind Franklin and Maurice Wilkins used X-rays to photograph the DNA molecule and from their photographs concluded that DNA had a helical structure.  They also concluded that the nitrogenous bases were located on the inside of the DNA structure while the sugars and phosphates were located on the outside of the molecule.

· In 1953, two scientists James Watson and Francis Crick produced a structural model of DNA which today we call the double helix model.  This is the model which we accept today.

The Double Helix
· DNA is a molecule which is made up of two long strands of nucleotides which are joined together in the shape of a double helix. { See Fig. 17.12, P. 574 }

· In its unwound state, the DNA molecule resembles a ladder and is thus called a Ladder Structure. { See Fig. 17.13, P. 575 }

· The four nitrogenous ( nitrogen ) bases which are located in the center of the model fall into two categories ;

1. Adenine and guanine are from the family of 

    nitrogenous compounds known as purines.

2. Thymine and cytosine are from the family of 

    nitrogenous compounds known as pyrimidines.

Watson and Crick concluded that a purine base always

joins with a pyrimidine base.

· The pairing of the nitrogenous bases in the center of the DNA molecule is called complementary base pairing.  The possible pairings which exist between the bases are:

Adenine – Thymine

Thymine – Adenine

Cytosine – Guanine

Guanine – Cytosine

The base pairs are held together by hydrogen bonds, the cytosine – Guanine bond ( C – G ) forms three hydrogen bonds while the Adenine – Thymine bond ( A – T ) forms two hydrogen bonds.

· The two strands of the DNA molecule are not identical to each other.   They are called anti-parallel strands.  

RNA 

· RNA or ribonucleic acid is similar to DNA, but it has three differences ;

· The sugar molecule in RNA is ribose while the sugar in DNA is deoxyribose.

· RNA contains the base Uracil instead of the Thymine which is found in DNA.

· RNA is a single strand while DNA is a double strand.

Organization of Genetic Material
· Scientists examine cells to determine how DNA is organized within a cell.  

· There are two main types of cells, including prokaryotes and eukaryotes.  The structure of the DNA molecule varies in each type of cell.

Genetic Material in Prokaryotes
· Most prokaryotic cells have a single, double - stranded DNA molecule.

· Since these cells have no nucleus, the DNA does not remain in a particular location inside the cell.

· Proteins within the cell cause the DNA molecule to coil tightly together in a specific region called a nucleoid.

· As well, the cell may have one or more small circular pieces of DNA floating around in the cytoplasm of the cell.  These are called plasmids.

Genetic Material In Eukaryotes
· Eukaryotic cells contain double stranded DNA.

· This DNA is organized into a number of separate chromosomes within the nucleus of the cell.

· Each chromosome contains a double - stranded DNA molecule as well as a protein called histone.

· A typical chromosome contains



60 percent protein

35 percent DNA

  5 percent RNA

· The chromosomes are joined together to form a long, fibrous material called chromatin.

Genes & the Genome

· Studies of DNA from different organisms have shown that there are a number of patterns in how the hereditary information is organized at the molecular level.  These patterns are shared by different organisms.

· There are similarities in ;

1. How individual genes are organized.

2. How the individual’s entire genome is organized.

Genes 

· A gene is a sub-unit of DNA.  

· Chromosomes in a cell carry genes. 

· Different species have their own unique arrangement of genes, but they also carry some similar genes.

· A gene can be defined as the portion of inherited information that defines one particular trait of an organism’s physical characteristics.

· Today, we know that genes are responsible for coding for proteins and some other non-protein products.

Arrangement Of The Genome


· Each chromosome has its own unique arrangement of genes.  In fact, the density of genes varies from one chromosome to another.

· For example, in humans chromosome 4 has about 200 genes while chromosome 19 has about 1450 genes.

· As well, different organisms have different numbers of genes.  A protozoan called Amoeba dubia has less than 7000 genes, but humans have approximately 35000 genes.

· In eukaryotic organisms, a gene is made up of two different regions including exons and introns.  

{ See Fig 17.17, P. 580 }

Section 17.3 – DNA Replication
· Humans contain about one hundred trillion cells.

· Each of these cells has the same genetic complement as the zygote from which they were produced.

· In order for this to occur, two things must happen ;

1. The genome must be copied quickly.

2. The genome must be copied accurately.

The Process Of Replication

· DNA replication is a process in which two molecules of DNA are made from one molecule.

· This replication process is called a semi-conservative model.  This means that when the molecule of DNA is copied, each of the two new molecules contains one strand of the original ( parental ) DNA and one strand of new DNA.  

{ See Fig. 17.19, P. 582 }

· There are three main stages to the process of DNA replication ;

1. Initiation

2. Elongation

3. Termination 

Initiation
· This is the beginning stage of replication when the DNA double helix unwinds itself.

· For most of a cell’s life cycle, DNA is a tightly bound and stable structure.  

· The DNA helix unwinds at certain points called replication forks.

· Enzymes called helicases are responsible for cleaving and unraveling short segments of DNA.

Elongation
· This is the stage when two new strands of DNA are assembled.

· An enzyme called DNA polymerase helps to attach new nucleotides to the DNA strand.  

· Much of the newly formed DNA is found in short fragments called Okazaki fragments.  These fragments can be from one to two thousand nucleotides in length.
· Replication occurs on one strand in the 5` to 3` direction while on the other strand it occurs in the 3` to 5` direction.  The enzyme DNA primase begins the replication process.

· The strand which replicates in the 5` to 3`direction is called the leading strand while the strand which replicates in the 3` to 5` direction is called the lagging strand.

· Fragments are joined together by an enzyme called DNA ligase.

Termination

· This is the stage when the new DNA molecules reform into helices, or double helixes.

· Once the two new strands are formed, the daughter DNA molecules rewind themselves to regain their stable helical structure.

· Each new daughter DNA molecule is slightly shorter than its parent.  This is due to the fact that each time a chromosome replicates, it loses about 100 base pairs.

· However, in eukaryote cells, special regions called telomeres which have the base sequence TTATGGG are attached to the end of the chromosome.   These sequences have no role in cell development and thus the chromosome can lose them each time a chromosome replicates without losing any of a cells genetic material.

Proofreading & Correction
· Although we tend to think of DNA replication as an orderly, step by step process, it is not.

· Occasionally, the wrong base may be inserted into a piece of DNA.  If this continued to occur, there would be major problems or mutations within the DNA molecule.

· In order to prevent such errors from occurring, the enzyme DNA polymerase is able to check to see whether base pairs are actually bonding together by hydrogen bonding.

· If hydrogen bonding does not occur between the bases, a mismatch has occurred.  When this occurs, the polymerase enzyme is able to remove the incorrect base from the DNA strand and add the correct base.

· This form of double checking allows the DNA replication process to have an accuracy of one err or in every billion base pairs.

· The process of DNA replication involves the action of dozens of different enzymes and other proteins working together in what we call a replication machine complex.

Section 17.4 - Protein Synthesis & Gene Expression

· DNA stores information in the form of a code which we call the genetic code.

· The genetic code is based on the order of the base pairs which make up the DNA molecule.

· DNA determines how amino acids are put together and therefore how proteins are made.

· The sequence of nucleotides within a DNA molecule determines the sequence of amino acids within a protein.

· This transfer of genetic information from DNA to protein is called genetic expression.  Genetic expression occurs in two stages ;

1. Transcription

2. Translation

· Transcription is the process by which information in the DNA molecule is copied onto an RNA molecule.  This occurs within the nucleus of the cell.

· Translation occurs when the RNA molecule moves from the nucleus of the cell to the cytoplasm where the RNA helps to make a polypeptide or piece of protein.

The Genetic Code
· Using combinations of three nucleotides, the DNA molecule creates code words which represent the 20 different amino acids.

· Each set of three bases is called a codon.  Although some amino acids are coded for by a single codon, there are some amino acids which are coded for by two or more codons.  These codons are RNA codons.

· Example ;

GAG codes for the amino acid Glutamate.

GAU GAC codes for Aspartic acid.

AUU AUC AUA codes for Isoleucine.

etc. 

{ See Table 17.2, P. 590 }

Characteristics Of The Genetic Code
· The genetic code has a number of important characteristics.  These include ;

1. It is redundant.

2. It is continuous.

3. It is universal.

· It is redundant since more than one codon can code for the same amino acid.

· It is continuous since the code reads as a series of three letter codons without spaces, punctuation, or overlap.

· It is universal since the genetic code is virtually the same in all living organisms.  This allows for the transfer of genetic material from one organism to another.

Transcription
· Transcription is the process by which a small piece of an organism’s genome, DNA, is copied onto a particular type of RNA molecule called messenger RNA of mRNA.

· mRNA carries information from the nucleus of the cell to the structures which make protein in the cytoplasm of the cell.

· An enzyme called RNA polymerase is the catalyst for the production of the RNA molecule. 

· A DNA molecule has two strands.  These are called the sense strand and the anti-sense strand.  Only the sense strand is used to produce the RNA molecule.

· RNA polymerase moves along the double helix and opens it one section at a time.  This allows the RNA strand to form as the exposed bases of the DNA molecule bind with RNA bases.

· The RNA polymerase continues to move along the DNA molecule until it encounters a signal which tells it to end the process of transcription.  Once this occurs, both the RNA polymerase and the newly formed mRNA molecule separate from the DNA.  As well, a special sequence of nucleotides is added to both the 5' and 3' ends of the mRNA molecule.   

· Once it is completed the mRNA molecule is transported from the nucleus to the cytoplasm where the next stage of genetic expression called translation begins.

Translation

· In this process the genetic code of the mRNA is read so that proteins can be formed.

· Translation begins when a mRNA joins to a ribosome in the cytoplasm of the cell.

· Next, a special molecule called a transfer RNA or tRNA joins to the mRNA.  One on end of this molecule the tRNA carries an amino acid which will be used to help produce a protein.  The other end which joins to the mRNA is made up of a sequence of three nucleotides and is called an anticodon.  The anticodon joins with a sequence of three nucleotides on the mRNA called the codon.  

· After the first tRNA joins to the mRNA, another tRNA will join next to it and the amino acids of these two tRNA molecules will join together.  The first tRNA molecule will then leave.  A third tRNA will join to the mRNA, etc.  

· This cycle of amino acids linking together continues until a special “stop codon” is reached somewhere along the mRNA.   The stop codons are UAA, UAG, or UGA.  Once one of these three codons is read the amino acid is released from the ribosome and a protein is formed.
Regulating Gene Expression

· Every living cell has the ability to respond to its environment by changing the kinds and amounts of polypeptides ( proteins ) it produces.

· By controlling this process, a cell can regulate its gene expression.

· There are a number of factors which can affect the rate of transcription and translation in living cells.  These include ;

1. Changes in temperature or light.

2. The presence or absence of nutrients in the environment.

3. The presence of hormones in the body.

· The development of an organism is governed by this regulation of gene expression.

Mutations
· The genome of an organism is not stable.  Within a cell’s environment the structure of DNA is constantly changing.

· Changes which take place within genes are an important source of what we call genetic variation.  Any permanent change in an organism’s genetic material is called a mutation.

· Some mutations which occur within an organism’s cells are inheritable while others are not.  

· A mutation which occurs within the genetic material of the gametes called germ cell mutations can be passed on to an organism’s offspring.

· However, a mutation which occurs in the body            ( somatic ) cells of an organism called somatic cell mutations cannot be passed on to an organism’s offspring.

Types Of Mutations
· Mutations are constantly happening in an organisms DNA.  

· Most mutations occur on a small scale while others occur on a much larger scale.

· Many mutations involve small changes in the nucleotide sequence of genes.  These are called point mutations.  Point mutations may involve the substitution of one nucleotide for another of the insertion or deletion of one or more nucleotides in a DNA molecule.

· Some mutations have no negative effect on the cell in which it occurs and are therefore called silent mutations.

· Other mutations may cause a slight alteration to a protein which is formed by a cell.  Such a mutation is called a mis-sense mutation.  These types of mutations may be beneficial or harmful to an organism depending on the protein which is affected.

· Another type of mutation can make a gene unable to code for a functional protein and is called a nonsense mutation.  This is usually caused by a change in the “start” or “stop” signal in a gene’s coding sequence.

{ See Fig. 17.32, P. 597 }

Nucleotide Insertions or Deletions

· The insertion or deletion of one or two nucleotides in a sequence of codons can produce a type of point mutation called a frameshift mutation.

· A nucleotide insertion or deletion causes the entire frame of the gene to be altered. 

{ See Fig. 17.33, P. 597 }

Chromosomal Mutations  

· Chromosomal mutations involve the rearrangement of genetic material which affects multiple genes.

· Chromosomal mutations may involve ;

1. Exchange of portions of chromosomes between  sister chromatids or                                              chromosomes.

2. Loss of chromosome pieces.

3. Duplication of chromosome segments.

· Another way in which genetic material can be rearranged on a chromosome is by jumping genes or transposons.  Transposons are short strands of DNA which are capable of moving from one location to another.  These jumping genes were discovered by Barbara McClintock.

Causes Of Mutations

· Many mutations are caused by molecular interactions which naturally occur inside a cell.  These are called spontaneous mutations.  The rate of spontaneous mutations varies among organisms.

· Exposure to certain factors in the environment can increase the rate of mutations.  Any mutation which is caused by something outside the cell is said to be induced.

· Any substance or event which increases the rate of mutation in an organism is called a mutagen.  There are two categories of mutagens ;

1. Physical mutagens 

2. Chemical mutagens

Physical Mutagens
· Physical mutagens are agents which can forcibly break a nucleotide sequence causing random changes in one or both strands of a DNA molecule.

· X-rays and UV radiation are examples of physical mutagens.

Chemical Mutagens
· A chemical mutagen is a molecule which can enter a cell’s nucleus and cause mutations by reacting with the DNA molecule.

· Chemical mutagens insert themselves into the DNA molecule and thus cause a mutation.

General Information Concerning Mutations

· Each of an organism’s genes undergoes thousands of mutations during your lifetime.

· Most of these mutations are repaired by enzymes inside the cells.

· However, some mutations are not repaired and these build up over the lifetime of the cell.  This accumulation of mutations can result in damage to a cell.

· Cancer is an example of a disorder which is caused by an accumulation of mutations within a cell.  Any mutagen which can cause cancer is called a carcinogen.

