Nucleic Acids

Structure of nucleotides

Individual nucleotides comprise three parts:

	


	
	Name of molecule
	Chemical structure
	Representative shape

	1.  Phosphoric acid (phosphate H3PO4)
	Phosphate


	
	

	2. Pentose sugar

Two types occur, ribose C5H10O5
	Ribose


	
	

	Deoxyribose C5H10O4
	Deoxyribose


	
	


	3. Organic base

There are five different bases.
	Adenine (purine)


	
	

	Purines are double rings
	Guanine (purine)


	
	

	
	Cytosine (pyrimidine)


	
	

	Pyrimidines are single rings
	Thymine (pyrimidine)


	
	

	
	Uracil (pyrimidine)


	
	


There are two important constraints on the way in which base-pairing can occur.  The first of these is that the sugar phosphate backbones of the two strands must run in opposite directions.  This allows the projecting nucleotides to be fitted together.  The second constraint is that base-pairing can only occur between particular pairs of bases.  

In DNA the possible pairs are:

Adenine-Thymine (A-T)

Guanine-Cytosine (G-C)

In RNA the pairs are:

Adenine-Uracil (A-U)

Guanine-Cytosine (G-C)

In molecules of DNA, adenine and thymine are linked by two hydrogen bonds, while guanine and cytosine are linked by three hydrogen bonds.  Consequently, it is impossible for pairing to take place between A and G or between C and T.

In each pair, one base belongs to the double ringed purine family, while the other belongs to the single ringed pyrimidine family.  It follows that the overall length of all the base pairs is the same so that the linked strands are held a constant distance apart.  The individual hydrogen bonds are weak but, provided the sequences of bases on the two strands are complementary (i.e. provided the strands fit together properly, extremely stable three-dimensional structures can result.  The most important of these, called a double helix, is formed when the two strands twist together.  Regions of double helix occur in both DNA and RNA.

Structure of DNA

	Molecules of DNA are built up from nucleotides containing the 5-carbon sugar deoxyribose and they are always double stranded.  The two strands are fully complementary so that the entire molecule, which may contain millions of nucleotides, is held together by base-pairing.  At the same time, the molecule is twisted into the double helix configuration.  This structure is called the Watson-Crick model and was first determined by analysing crystals of DNA using the technique of X-ray crystallography.

The significance of the model is that is suggests a mechanism whereby new copies of DNA molecules can be produced.  Because the two strands are fully complementary to each other, each can act as a template for making the other. 
	picture of DNA structure


Structure of RNA

Molecules of RNA are built up from nucleotides containing the 5-carbon sugar ribose and are always single-stranded, although the strand may be folded back on itself to give an apparently double-stranded structure.  All cells contain three important types of RNA.

	1. Messenger RNA, or mRNA, is produced in the nucleus from coded instructions in the DNA.  The sequence of bases is determined by complementary base pairing with one of the DNA strands.  The mRNA then passes into the cytoplasm where it becomes associated with ribosomes and starts the process of protein synthesis.  Molecules of mRNA are 75 – 3000 nucleotides long and are not folded in any special way.


	picture of mRNA

	2. Transfer RNA, or tRNA.  These are small RNA molecules containing 75 – 90 nucleotides.  All cells have at least 20 different kinds of tRNA molecules, all of which are very similar in shape.  Each molecule is held together by a precise base-pairing arrangement between different parts of the RNA strand.  When the molecule is “flattened out”, it has a clover-leaf shape, but in its normal form, each of the base-paired regions is teited to form a double helix.  As a result, the molecule as a whole adopts an approximately L-shaped configuration.  Transfer RNA molecules act as an “adapter” – they link with a specific amino acid at one end, and the mRNA molecule at the other.  This allows the code of the DNA to be translated into a sequence of amino acids forming a protein chain.


	picture of tRNA


	3. Ribosomal RNA or rRNA, is made inside the nucleus (within the nucleoli) and is a major component of ribosomes.  Ribosomes consist of rRNA together with a number of proteins.  They attach to the end of the mRNA and travel along it, allowing the tRNAs to decode the message.  Ribosomal RNA molecules are very large, containing thousands of nucleotides.  Each molecule consists of a single strand with regions of base-paired double helix projecting on either side.
	picture of rRNA


DNA replication

DNA must be able to be copied exactly when cells divide, so that it can pass unchanged into the new cells.  After Watson and Crick had worked out the structure of DNA, the next question was to find out how DNA copied itself – a process known as replication.  Three possible ways in which DNA could replicate were suggested.

· Conservative replication would leave the original DNA molecule intact, and generate a completely new molecule.

· Dispersive replication would produce two DNA molecules with sections of both old and new DNA interspersed along each strand.

· Semiconservative replication would produce molecules with both old and new DNA, but each molecule would be composed of one old strand and one new one.

An experiment to decide which of these types of replication took place was carried out by Matthew Meselson and Franklin Stahl in 1957.  They used a heavy-nitrogen isotope – nitrogen-15, to label DNA strands.  Ordinary nitrogen is nitrogen-14.  Large molecules such as DNA can be separated on the basis of differences in their density, using a technique called density gradient centrifugation.  DNA is mixed with a solution of caesium chloride (CsCl), and centrifuged at high speed.  The solution forms a density gradient in the centrifuge tube, with a low density at the top and high density at the bottom.  The DNA molecules will migrate to the region of the gradient identical to their own density.

Meselson and Stahl grew some bacteria (Escherichia coli) on a medium that contained nitrogen-15.  The cells used this to synthesise bases, which were incorporated into DNA.  When DNA from some of these cells was centrifuged, the molecules accumulated in the high-density region of the gradient.  The rest of the cells were transferred to a medium containing nitrogen-14, and allowed to carry out cell division before being centrifuged again.

Watson and Crick had predicted that DNA replication was semi-conservative. If it was, then the DNA produced by bacteria grown on light medium would be intermediate between heavy and light. It was, suggesting that the mechanism of DNA replication was actually semi-conservative.

See Jones and Jones page 100 for detailed results and interpretation of this experiment.

The mechanism of semi-conservative replication is:

1. DNA molecule is unwound by enzymes.

2. The two strands are separated as the hydrogen bonds between the bases are broken.

3. Free nucleotides with the appropriate complementary bases then slot into place opposite the exposed bases on each strand, and are held in place by hydrogen bonds between bases.

4. An enzyme called DNA polymerase then joins the sugar of one nucleotide to the phosphate of the next to form a new polynucleotide chain.  

5. DNA polymerase is able to proof-read the new chain to make sure that the correct base has been linked in.

Reading for DNA replication 

· Jones and Jones pages 97 – 101

 Chromosomes

DNA is contained within the chromosomes in the nucleus of the cell.

Chromosomes consist of approximately

27% DNA

67% Protein

6% RNA

The DNA molecule is negatively charged, and is associated with positively charged histone proteins which maintain its shape. The DNA is wrapped around the protein, forming structures which look a bit like a string of beads.  Each bead contains eight histone molecules with the DNA wrapped around them.  One bead plus the length of DNA attaching it to the next one is called a nucleosome.  This structure is then twisted together again in the shape of a spring, and packed onto scaffolding proteins to form the shape of the chromosome.

