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Watson and Crick discovered the double helix by building models to conform to X-ray data.

· By the beginnings of the 1950s, the race was on to move from the structure of a single DNA strand to the three-dimensional structure of DNA.

· Among the scientists working on the problem were Linus Pauling in California and Maurice Wilkins and Rosalind Franklin in London.

· Maurice Wilkins and Rosalind Franklin used X-ray crystallography to study the structure of DNA.

· In this technique, X-rays are diffracted as they passed through aligned fibers of purified DNA.

· The diffraction pattern can be used to deduce the three-dimensional shape of molecules.

· James Watson learned from their research that DNA was helical in shape, and he deduced the width of the helix and the spacing of nitrogenous bases.

· The width of the helix suggested that it was made up of two strands, contrary to a three-stranded model that Linus Pauling had recently proposed.

· Watson and his colleague Francis Crick began to work on a model of DNA with two strands, the double helix.
· Using molecular models made of wire, they placed the sugar-phosphate chains on the outside and the nitrogenous bases on the inside of the double helix.

· This arrangement put the relatively hydrophobic nitrogenous bases in the molecule’s interior.

· The sugar-phosphate chains of each strand are like the side ropes of a rope ladder.

· Pairs of nitrogenous bases, one from each strand, form rungs.

· The ladder forms a twist every ten bases.

· The nitrogenous bases are paired in specific combinations: adenine with thymine and guanine with cytosine.

· Pairing like nucleotides did not fit the uniform diameter indicated by the X-ray data.

· A purine-purine pair is too wide, and a pyrimidine-pyrimidine pairing is too short.

· Only a pyrimidine-purine pairing produces the 2-nm diameter indicated by the X-ray data.

· In addition, Watson and Crick determined that chemical side groups of the nitrogenous bases would form hydrogen bonds, connecting the two strands.

· Based on details of their structure, adenine would form two hydrogen bonds only with thymine, and guanine would form three hydrogen bonds only with cytosine.

· This finding explained Chargaff’s rules.

· The base-pairing rules dictate the combinations of nitrogenous bases that form the “rungs” of DNA.

· However, this does not restrict the sequence of nucleotides along each DNA strand.

· The linear sequence of the four bases can be varied in countless ways.

· Each gene has a unique order of nitrogenous bases.

· In April 1953, Watson and Crick published a succinct, one-page paper in Nature reporting their double helix model of DNA.

B. DNA Replication and Repair

· The specific pairing of nitrogenous bases in DNA was the flash of inspiration that led Watson and Crick to the correct double helix.

· The possible mechanism for the next step, the accurate replication of DNA, was clear to Watson and Crick from their double helix model.
1. During DNA replication, base pairing enables existing DNA strands to serve as templates for new complementary strands.

· In a second paper, Watson and Crick published their hypothesis for how DNA replicates.

· Essentially, because each strand is complementary to the other, each can form a template when separated.

· The order of bases on one strand can be used to add complementary bases and therefore duplicate the pairs of bases exactly.

· When a cell copies a DNA molecule, each strand serves as a template for ordering nucleotides into a new complementary strand.

· One at a time, nucleotides line up along the template strand according to the base-pairing rules.

· The nucleotides are linked to form new strands.

· Watson and Crick’s model, semiconservative replication, predicts that when a double helix replicates, each of the daughter molecules will have one old strand and one newly made strand.

· Other competing models, the conservative model and the dispersive model, were also proposed.

· Experiments in the late 1950s by Matthew Meselson and Franklin Stahl supported the semiconservative model proposed by Watson and Crick over the other two models.

· In their experiments, they labeled the nucleotides of the old strands with a heavy isotope of nitrogen (15N), while any new nucleotides were indicated by a lighter isotope (14N).

· Replicated strands could be separated by density in a centrifuge.

· Each model—the semiconservative model, the conservative model, and the dispersive model—made specific predictions about the density of replicated DNA strands.

· The first replication in the 14N medium produced a band of hybrid (15N-14N) DNA, eliminating the conservative model.

· A second replication produced both light and hybrid DNA, eliminating the dispersive model and supporting the semiconservative model.

2. A large team of enzymes and other proteins carries out DNA replication.

· It takes E. coli 25 minutes to copy each of the 5 million base pairs in its single chromosome and divide to form two identical daughter cells.

· A human cell can copy its 6 billion base pairs and divide into daughter cells in only a few hours.

· This process is remarkably accurate, with only one error per ten billion nucleotides.
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 Transcription and translation are the two main processes linking gene to protein.

· Genes provide the instructions for making specific proteins.

· The bridge between DNA and protein synthesis is the nucleic acid RNA.

· RNA is chemically similar to DNA, except that it contains ribose as its sugar and substitutes the nitrogenous base uracil for thymine.

· An RNA molecule almost always consists of a single strand.

· In DNA or RNA, the four nucleotide monomers act like the letters of the alphabet to communicate information.

· The specific sequence of hundreds or thousands of nucleotides in each gene carries the information for the primary structure of proteins, the linear order of the 20 possible amino acids.

· To get from DNA, written in one chemical language, to protein, written in another, requires two major stages: transcription and translation.

· During transcription, a DNA strand provides a template for the synthesis of a complementary RNA strand.

· Just as a DNA strand provides a template for the synthesis of each new complementary strand during DNA replication, it provides a template for assembling a sequence of RNA nucleotides.

· Transcription of many genes produces a messenger RNA (mRNA) molecule.

· During translation, there is a change of language.

· The site of translation is the ribosome, complex particles that facilitate the orderly assembly of amino acids into polypeptide chains.

· Why can’t proteins be translated directly from DNA?

· The use of an RNA intermediate provides protection for DNA and its genetic information.

· Using an RNA intermediate allows more copies of a protein to be made simultaneously, since many RNA transcripts can be made from one gene.

· Also, each gene transcript can be translated repeatedly.

· The basic mechanics of transcription and translation are similar in eukaryotes and prokaryotes.

· Because bacteria lack nuclei, their DNA is not segregated from ribosomes and other protein-synthesizing equipment.

· This allows the coupling of transcription and translation.

· Ribosomes attach to the leading end of an mRNA molecule while transcription is still in progress.

· In a eukaryotic cell, transcription occurs in the nucleus, and translation occurs at ribosomes in the cytoplasm.

· The transcription of a protein-coding eukaryotic gene results in pre-mRNA.
· The initial RNA transcript of any gene is called a primary transcript.
· RNA processing yields the finished mRNA.

· To summarize, genes program protein synthesis via genetic messages in the form of messenger RNA.

· The mRNA base triplets are called codons Because codons are base triplets, the number of nucleotides making up a genetic message must be three times the number of amino acids making up the protein product.

· It takes at least 300 nucleotides to code for a polypeptide that is 100 amino acids long.

· The task of matching each codon to its amino acid counterpart began in the early 1960s.

· The molecular chain of command in a cell is DNA ( RNA ( protein.
Point mutations can affect protein structure and function.

· Mutations are changes in the genetic material of a cell (or virus).

· These include large-scale mutations in which long segments of DNA are affected (for example, translocations, duplications, and inversions).

· A chemical change in just one base pair of a gene causes a point mutation.
· If these occur in gametes or cells producing gametes, they may be transmitted to future generations.

· For example, sickle-cell disease is caused by a mutation of a single base pair in the gene that codes for one of the polypeptides of hemoglobin.

· A change in a single nucleotide from T to A in the DNA template leads to an abnormal protein.

· A point mutation that results in the replacement of a pair of complementary nucleotides with another nucleotide pair is called a base-pair substitution.
· Some base-pair substitutions have little or no impact on protein function.

· In silent mutations, altered nucleotides still code for the same amino acids because of redundancy in the genetic code.

· Other changes lead to switches from one amino acid to another with similar properties.

· Still other mutations may occur in a region where the exact amino acid sequence is not essential for function.

· Other base-pair substitutions cause a readily detectable change in a protein.

· These are usually detrimental but can occasionally lead to an improved protein or one with novel capabilities.

· Changes in amino acids at crucial sites, especially active sites, are likely to impact function.

· Missense mutations are those that still code for an amino acid but a different one.

· Nonsense mutations change an amino acid codon into a stop codon, nearly always leading to a nonfunctional protein.

· Insertions and deletions are additions or losses of nucleotide pairs in a gene.

· These have a disastrous effect on the resulting protein more often than substitutions do.

· Unless insertion or deletion mutations occur in multiples of three, they cause a frameshift mutation.
· All the nucleotides downstream of the deletion or insertion will be improperly grouped into codons.

· The result will be extensive missense, ending sooner or later in nonsense—premature termination.

· Mutations can occur in a number of ways.

· Errors can occur during DNA replication, DNA repair, or DNA recombination.

· These can lead to base-pair substitutions, insertions, or deletions, as well as mutations affecting longer stretches of DNA.

· These are called spontaneous mutations.
· Rough estimates suggest that about 1 nucleotide in every 1010 is altered and inherited by daughter cells.

· Mutagens are chemical or physical agents that interact with DNA to cause mutations.

· Physical agents include high-energy radiation like X-rays and ultraviolet light.

· Chemical mutagens fall into several categories.

· Some chemicals are base analogues that may be substituted into DNA, but they pair incorrectly during DNA replication.

· Other mutagens interfere with DNA replication by inserting into DNA and distorting the double helix.

· Still others cause chemical changes in bases that change their pairing properties.

· Researchers have developed various methods to test the mutagenic activity of different chemicals.

· These tests are often used as a preliminary screen of chemicals to identify those that may cause cancer.

This makes sense because most carcinogens are mutagenic and most mutagens are carcinogenic.
