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DNA Replication 

    Watson and Crick’s double helix model of DNA structure also suggested to them a mechanism 

        For replicating the DNA molecule    a template mechanism based on the concept of 

        Specific pairing of complementary bases 

       2 strands of parental DNA separate and each strand acts as a template for assembly of a 

            complementary strand  from a pool of free nucleotides which are added one at a time 

            according to base pairing rules     A – T     and   G – C  and enzymes link the nucleotides

        general mechanism is simple but actual mechanism requires more than a dozen enzymes and 

             other proteins       enzymes which make the covalent bonds between nucleotides are called

                 DNA polymerases         new nucleotide added to the growing complementary strand of

                  New DNA 

             DNA polymerases and other associated proteins involved in repair of damaged DNA

               Caused by toxic chemicals or by high energy radiation such as X-rays 

       DNA replication begins at specific sites on the DNA molecule called origin of replication 

         Replication proceeds in both directions  creates a bubble of replication 

         Parent or old strands are a double helix and must open up or unwind 

           Daughter strands or new strands elongate in both directions from the origin of replication 

           Many origins of replication exist along each chromosome so replication occurs simultaneously

               At many origins     which shortens the time required for completion of all DNA in nucleus

Flow of Genetic Information from DNA to RNA to protein

     Genotype is the genetic makeup is the sequence of nucleotide bases in DNA

     Phenotype is the set of specific traits  and the molecular basis lies in proteins with various functions 

          Includes structural proteins and enzymes 

     DNA specifies the synthesis of proteins but not directly 

         Done indirectly by making an RNA molecule or messenger RNA which directs protein synthesis

     2 stage process  

         transcription – transfer of genetic info from DNA molecules to RNA molecules 

         translation – transfer of info in RNA molecule into proteins 

      idea for the relationship between genes and proteins first occurred in 1909

        english doctor Garrod suggested that genes dictate phenotype through enzymes which catalyze

           metabolic reactions 

         he studied inherited diseases which result from individuals inability to make a certain enzyme

            called inborn errors of metabolism 

          studied alkaptonuria  - urine is dark red and contains alkapton which cannot be broken down

              because alkaptonuric individuals lack the enzyme to do so 

         Beadle and Tatum in 1940s  worked with bread mold  Neurospora crassa 

               Some strains could not grow on the normal simple growth medium 

               Each strain lacked a particular enzyme that produced a molecule the mold needed

              Suggested one gene – one enzyme hypothesis

              Modified to include structural proteins also 

          Later modified when realized that some proteins are composed of more than one ploypeptide

           Now one gene – one polypeptide hypothesis 

      How to get from DNA to RNA to protein 

           Have 2 different languages    language of DNA and RNA which is in nucleotides

                                                           Language of proteins is in amino acids 

                    DNA and RNA language has only 4 different letters   A, T, G, C for DNA  A, U, G, C for 

                         RNA 

                    Protein language has 20 different amino acids 

                Transcription of DNA into RNA is simple because they use the same language

                        A, G, C, T for DNA and A, G, C, U for RNA 

                Translation is the conversion of the nucleic acid language to the protein language 

                       Change language of nucleotides to language of amino acids 

                  How is a 4 nucleotide  language changed to a 20 amino acid language 

                        I nucleotide = 1 amino acid      only 4  amino acids used

                       2 nucleotide = 1 amino acid 

                                 possible combinations of nucleotides is 4 squired or 4x4=16 combinations 

                                still do not have all amino acids used 

                        3 nucleotide = 1 amino acid 

                                possible combinations of nucleotides is 4 cubed or 4x4x4=64 combinations 

                                all 20 amino acids can be used with a triplet code 

                          triplet sequence is called a codon 

                             triplet sequence in DNA is transcribed into complementary triplet sequence in RNA

                               RNA triplets are used to specify amino acids in proteins 

                    Which of the 64 possible combinations of triplets actually specified each particular amino acid

                     64 possible combinations are known as genetic code 

                   Nirenberg made molecules of a single nucleotide poly U  

                      Used it to see what type of amino acids would be used in a polypeptide 

                           Got polypeptides with only amino acid phenylalanine 

                       Made other molecules to determine the genetic code 

                     One triplet AUG codes for amino acid methionine and is used as the start signal

                      3 triplets code for stop signals  

                       have redundancy    UUU and UUC code for phenylalanine 

                              no ambiguity    UUU and UUC do not code for any other amino acids 

                      almost all organisms share the same genetic code 

                          from simple bacteria to complex animals and plants 

                          suggests the genetic code arose very early in evolution and passed on 

Transcription 

        Process is similar to the replication of DNA 

        DNA is a double helix and must unwind or separate the 2 strands for transcription to occur 

           Only one strand is used in transcription  for a particular gene it could be either strand 

             The RNA is complimentary to the DNA strand    A in DNA gives U in RNA (no T in RNA)

                G gives C      C gives G     T gives A 

         Enzyme used to add new nucleotides to the growing RNA chain is RNA pplymerase 

       Stages 

1. initiation – start signal is a nucleotide sequence called a promoter located in the DNA at 

start of the gene    specific place where RNA polymerase  binds 

                   promoter dictates which strand of the DNA is transcribed 

          2. elongation – RNA chain grows longer     DNA double helix unwinds in direction of transcription

                     and rewinds in opposite direction 

3. termination – RNA polymerase reaches specific sequence of bases in DNA called terminator

signals the end of the gene     RNA polymerase detaches from the RNA chain and from the

DNA template 

        Transcription produces RNA used for coding of amino acids in proteins and for  2 other RNA

             Which are used to build proteins 

Processing of Eukaryotic RNA 

         Bacterial RNA is used immediately for making protein  no nucleus 

         Eukaryotic cells localize transcription in the nucleus and protein synthesis is in the cytoplasm 

             RNA molecule is modified or processed in the nucleus before entering the cytoplasm

        Modifications 

             Cap and tail – add extra nucleotides to the ends of the RNA molecule called cap and tail

                    Not specified in DNA     help protect RNA molecule from degradation 

             Splicing – genes (sequences of DNA coding for amino acids in proteins) in eukaryotic cells are

                Interrupted by sequences which do not code for amino acids in proteins 

                 Noncoding sequences called introns   coding sequences called exons 

                 Removal of introns from the transcribed RNA molecule is called RNA splicing 

Translation  

