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REPLICATION

· DNA is duplicated by semi conservative replication 
· 2 strands of a parental DNA molecule unwind and each serves as a template for the synthesis of a complementary copy.

Several enzymes are involved in DNA replication
· Helicase- unwinds the DNA
· Primase- synthesizes the DNA (used as starting point for nucleotide assembly by DNA Polymerases)
· DNA polymerases- assemble nucleotides into a chain one at a time(complementary to sequence of bases in the template strand)
· Removes primers and fills in resulting gaps
· DNA Ligase- closes the remaining single chain-nicks. 

DNA HELIX UNWINDING:
· Only one template strand runs in a direction 
· Allows the new DNA strand to be made continuously in the direction of the unwinding
· The other template strand is copied in short lengths that are run in the opposite direction of the unwinding
· The short lengths produced by this discontinuous replication are then linked into a continuous strand.
ENDS OF EUKARYOTIC CHROMOSOMES:
· Consist of telomeres
· Telomeres- short sequences repeated hundredsthousands of times
· Provide a buffer against chromosome shortening during replication
· Most somatic cells show chromosome shortening
· Some do not due to telomerase enzyme that adds telomere repeats to chromosome ends




DNA SYNTHESIS:
· Begins at sites that act as replication origins
· Proceeds from the origins as two replication forks moving in opposite directions
PROOFREADING:
· DNA polymerase reverses and removes the most recently added base if it is mispaired due to a replication error
· The enzyme polymerase then resumes DNA synthesis in the forward direction

DNA MISMATCH REPAIR:
· Enzymes recognize distorted regions caused by mispaired base pairs 
· Remove section of DNA that includes the mispaired base from the newly synthesized nucleotide chain.
· DNA polymerase then resynthesizes the section correctly using the original template chain as a guide.

TRANSCRIPTION
CONNECTION BETWEEN DNA,RNA, and PROTEIN
·  Genetic experiments show a direct correspondence between gene mutations and altered enzymes
· One gene-One enzyme hypothesis is now restated as one gene-one polypeptide hypothesis
PATHWAY FROM GENES TO PROTEINS
· Involves transcription then translation
· Transcription- a sequence of nucelotides in DNA is copied into a complementary sequence in RNA molecule
· Translation- sequence of nucelotides in mRNA molecule specides an amino acid sequence in a polypeptide.
GENETIC CODE:
· Triplet code- AUG at the beginning of a coded message establishes a reading frame for reading codons three nucleotides at a time.
· The code is redundant
· Most of the amino acids specified by more than one codon
· Essentially universal
· Aside from proteins that code for mRNA other genes code directly for RNA products
· RNA products- tRNA, rRNA, snRNA, that are not translated
DNA-DIRECTED RNA SYNTHESIS:
· Transcription- process where information coded in DNA is transferred to a complementary RNA copy
· Begins when an RNA polymerase binds to a promoter sequence in the DNA and starts synthesizing an RNA molecule
· Enzyme then adds RNA nucleotides in sequence according to DNA template
· The end of the transcribed sequence the enzyme and the completed RNA transcript release from the DNA template.
· The mechanism of termination is different in eukaryotes and prokaryotes
PROCESSING mRNAS in EUKARYOTES:
· A gene coding mRNA molecule includes the promoter
· Promoter- recognized by the regulatory proteins and transcription factors that promote DNA unwinding and the ignition of transcription by an TNA polymerase.
· Produces a pre-mRNA molecule that consists of a 5’ cap
· The 5’ untranlastion region interpresed exons(amino-acid coding segments) and introns
· The 3’ untranslated region the 3’ poly(A) tail. 
· All are copied from DNA except the 5’ cap and poly(A) tail which are added during transcription
· Introns in mRNAs are removed to produce function mRNAs by splicing.
· snRNAs bind to introns, loop them out of the pre-mRNA, clip the intron at each exon boundary, join adjacent exons together
· pre-mRNAs many of them are subjected to alternate splicing

Alternate Splicing- a process that joins exons in different combinations to produce different mRNAs encoded by the same gene. Translation of each mRNA produced this way generates a protein with different function.


TRANSLATION

Translation
· The assembly of amino acids into polypeptides
· Occurs on ribosomes
· The P,A, and E sites of the ribosome are used for the stepwise addition of the amino acids to the polypeptide 
· as directed by the mRNA
Amino Acids
· Brought to the ribosome attached to specific tRNAs
· Linked to their corresponding tRNAs by aminoacyl-tRNA synthetases.
· Matching amino acids with tRNas the reaction also provides the ultimate basis for the accuracy of translation
STAGES
· Initiation
· Elongation
· Termination
INITIATION
· A ribosome assembles with an mRNA molecule and an initiator methionine-tRNA
ELONGATION
· Amino acids linked to t-RNAs add one at a time to the growing polypeptide chain
TERMINATION
· The new polypeptide is released from ribosomes and the ribosomal subunits separate from the mRNA

POLYPEPTIDES:
· After they are synthesized on the ribosomes, polypeptides are onverted into finished by processing reactions which include:
·  removal of one or more amino acids from the polypeptide chains                           
·  - addition of organic groups
· Folding guided by chaperones

PROTEINS:
· Are distributed in cells  by means of signals spelled out by amino acid sequences

BASE PAIR MUTATIONS:
· Base pair substitution mutations alter the mRNA and can lead to changes in the amino acid sequence of the encoded polypeptide.
· A missense mutation changes one sense codon to one that specifies a different amino acid (function depends on which amino acid is changed and at what its changed too)
· A nonsense mutation changes a sense codon to a stop codon (partially functional at best)
· A silent mutation changes one sense codon to another sense codon that specidies the same amino acid. (fully functional)
· A base pair insertion or deletion is a frame shift mutation that alters the reading frame beyond the point of the mutation, laeding to a different amino acid sequence from then on in the polypeptide. (usually non functional)

REGULATION
TRANSCRIPTIONAL CONTROL IN PROKARYOTES:
· Involves short-term changes that turn specific on or off in response to changes to environmental changes
· Changes in gene activity are controlled by regulatory proteins that recognize operons and operators

REGULATORY PROTEINS:
· May be repressors which slow the rate of transcription of operons or activators
· Increase the rate of transcription
REPRESSORS:
· Some are made in an active form in which they bind to the operator of an operon and inhibit transcription
· Combination with an inducer blocks the activity of the repressor and allows the operon the be transcribed
· Loss of repressor activity results in constant transcription
· Other repressors are made in inactive form 
· Inactive form- they are unable to inhibit transcription of an operon unless they combine with a co-repressor

ACTIVATORS
· Made in an inactive form
· Can not bind to their binding site next to an operon
· Combining with another molecule often a nucleotide converts the activator into the form in which it binds with its binding site and recruits RNA polymerase
· This recruitment stimulates transcription of the operon
REGULATION OF TRANSCRIPTION IN EUKARYOTES:
· Operons are not found in eukaryotes
· Instead genes that encode proteins with related functions typically are scattered through the genome while being regulated in a coordinated manner.
· 2 general types of regulation occur in eukaryotes
· 1) short term- involves relatively rapid changes in a gene expression in response to changes in environmental or physiological conditions
· 2) Long term- involves changes in gene expression associated with the development and differentiation of an organism.
· Gene expression regulated at the transcriptional level(most regulation occurs), post transcriptional, translational, and post translational levels
TRANSCRIPTIONALLY ACTIVE GENES:
· Have  looser chromatin structure than transcriptionally inactive genes
· Changes in chromatin structure that accompanies the activation of transcription of a gene involves chromatin remodeling( specific histone modifications) particularly in the region of a gene’s promoter.

REGULATION OF TRANSCRIPTION INITIATON:
· Involves proteins binding to a gene’s promoter and regulatory sites
· At the promoter general transcription factors bind and recruit RNA polymerase II giving a very low level of transcription
· Activator proteins bind to promoter proximal elements and increase the rate of transcription
· Other activators greatly stimulate the rate of transcription.
· Overall control of transcription of a gene depends on the particular regulatory proteins that bind to the promoter proximal elements and enhancers
· Regulatory proteins are cell type specific and may be activators or repressors
· This gene regulation is achieved by a relatively low number of regulatory proteins acting in various combinations.
· Coordinate expression of genes with related functions is achieved by each of the related genes having the same regulatory sequences associated with them.
INACTIVATION:

· Sections of chromosomes or whole chromosomes can be inactivated by DNA methylation
· This called silencing
· DNA methylation is also involved in genomic imprinting in which transcription of either the inherited maternal or paternal allele of a gene is inhibited permanently.


POSTTRANSCRIPTIONAL,TRANSLATIONA,AND POSTTRANSLATIONAL REGULATION:
· Controls operate primarily to regulate the quantities of proteins synthesized in cells
· Posttrasncriptional controls regulate pre-mRNA processing, mRNa availability for translation, and the rate at which mRNAs are degraded
· In alternative splicing different mRNAs are derived from the same pre-mRNA
· In another process small single- stranded RNAs complexed with proteins bind to mRNAs that have complementary sequences and either the mRNA is cleaved or is blocked.
· Translational regulation controls the rate at which mRNAs are used by ribosomes in protein synthesis.
· Posttranscriptional controls regulate the availability of functional proteins.
· Mechanisms of regulation include the alternation of protein activity by chemical modification protein activation by processing of inactive precursors and affecting the rate of degradation of a protein.
LOSS OF REGULATORY CONTROLS IN CANCER:
· In cancer, cells partially or completely dedifferentiate dive rapidly and uncontrollably and break loose to form additional tumors in other parts of the body.
· Proto-oncogenes and tumors suppressor genes typically are altered in cancer cells
· Proto-oncogenes encode proteins that stimulate cell division
· Their altered forms oncogenes are abnormally active
· Tumor suppressor genes in their normal form encode proteins that inhibit cell division
· Mutated cell forms of these genes lose this inhibitory activity
· Most cancers develop by multi step progression involving the successive alteration of several to many genes.



                                                                              

