BIOLOGY  CHP 11

Gene Expression

I.  CONTROL OF GENE EXPRESION


A.  Role of Gene Expression



1.  Gene Expression:  the activation or "turning on" of a gene




a.  results in transcription and production of mRNA




b.  mRNA can then produce proteins




c.  Proteins are only made when they are needed



2.  Genome:  complete genetic makeup of an organism

a.  by regulating gene expression, cells control which part of the   genome is copied and when



3.  Gene Expression occurs in two steps:  Transcription, then Translation


B.  Gene Expression in Prokaryotes



1.  Two French Scientists Jacob and Monod discovered how genes control



     the metabolism of the sugar lactose in Escherichia coli a bacterium in



     the early 1960s



2.  E. Coli use specific enzymes to break down lactose.  They only 



     produce these enzymes when in the presence of lactose.



3.  The production of these enzymes is regulated by 3 elements found in



      the DNA of E. Coli




a.  Structural Genes:  Genes that code for polypeptides





1.  3 structural genes are involved with the making of the 3





      enzymes needed




b.  Promoter:  a DNA segment that starts transcription




c.  Operator:  a DNA segment that controls access to a promoter





1.  The operator is like a switch that controls the promoter





2.  If it is turned on, the RNA polymerase can get to the





     promoter and read the DNA 



4.  Operon:  the structural genes, the promoter and operator collectively




a.  An Operon is a series of genes that code for specific products




     and the regulatory elements that control them



5.  Remember, E. Coli only produces these enzymes when lactose is



     present



6.  Jacob and Monod found that the Operon can be turned On and Off



7.  Operon "Turned OFF"




a.  Repressor Protein:  a protein that inhibits genes from being




     expressed.




b.  Regulator Genes:  code for the making of repressor proteins




c.  the repressor protein attaches to the operator and prevents the




     RNA polymerase from attaching



8.  Operon " Turned ON"




a.  Inducer:  a molecule that initiates gene expression




b.  Lactose binds to the repressor protein and changes its shape




     causing it to detach from the operator (the switch)




c.  The RNA polymerase can now make the enzymes needed for 




     lactose metabolism




d.  Lactose is the inducer in this example



9.  The ability to turn genes on and off makes cells much more efficient


C.  Gene Expression in Eukaryotes



1.  Very different than prokaryotes.  Much more complex.



      Explain:  More Chromosomes, multicelled etc.




a.  no operons in eukaryotes



2.  Structure of a Eukaryotic Gene




a.  Euchromatin:  uncoiled DNA





1.  DNA must be uncoiled to be transcribed





2.  This is the main way gene expression is controlled in 





     eukaryotic cells




b.  The promoter is the binding site of RNA polymerase the same




      as in prokaryotes.




c.  There are two kinds of segments beyond the promoter in




      Eukaryotes





1.  Introns:  sections of structural gene that are transcribed




                 but not translated





2.  Exons:  sections of structural genes that, when expressed





     are transcribed and translated




d.  The roles of Introns and Exons are not fully understood.



3.  Control After Transcription




a.  Because transcription occurs in the nucleus and translation in 




     the cytoplasm,  Eukaryotes can control gene expression




     between the two processes




b.  There are 4 Steps in Control after Transcription





1.  Pre-mRNA:  a form of mRNA that includes both introns 




                 and exons





2.  The introns are removed and it bocomes mRNA





3.  The remaining exons are joined (spliced) together






a.  molecules called "spliceosomes" do the splitting






     and joining





4.  The mRNA can leave the nucleus to make proteins




c.  RNA can also act as an enzyme and do the splitting etc.



4.  Control at the Onset of Transcription




a.  Most gene regulation in eukaryotes occurs when the RNA 




     polymerase binds to a gene (Beginning of Transcription)




b.  Transcription Factors:  regulatory proteins in eukaryotes





1.  Transcription factors help the RNA polymerase attach to 





     the promoter




c.  Transcription Factors may also bind DNA sequences called




     "Enhancers".





1.  Enhancers are usually bound far from the promoter and 





     a loop in the DNA will pull it to the promoter

II.  GENE Expression in Development and Cell Division


A.  GENE EXPRESSION IN DEVELOPMENT




1.  All multicellular, sexually reproducing organisms begin as a zygote



     (Fertilized Egg)




a.  All cells contain all genes, but only a few are turned on




     at any given time in its life.




b.  Cell Differentiation:  development of cells that have specialized 




     functions





1.  Occurs in multicelled organisms





2.  Example:  Muscle Cells contract, RBC carry oxygen




c.  Morphogenesis:  the development of tissues and organs as the




     organism grows.



2.  Homeotic Genes:  regulatory genes that determine where certain



     anatomical structures will develop




a.  Example:  Appendages




b.  occurs during morphogenesis




c.  homeotic genes code for proteins that regulate gene expression




     in other areas of the developing organism



3.  Homeobox Sequences:  a DNA sequence on a homeotic gene that



     controls it.




a.  Each homeobox controls specific regions of development




b.  Well understood in Drosophila (Fruit Fly)




c.  Mutations in homeotic genes lead to abnormalities 




     (Page 224)



4.  Tracking Gene Expresion




a.  Gene expression is important all through life




b.  Cells are contently turning genes on and off




c.  DNA Chip:  known DNA fragments tagged with a




     fluorescent compound




d.  Allows scientists to determine which genes are turned on


B.  Gene Expression, Cell Division and Cancer



1.  Proto-oncogenes:  regulate cell growth, cell division and the



     ability to adhere to each other



2.  A mutation to a proto-oncogene can change it to a oncogene



3.  Oncogene:  a gene that can cause uncontrolled cell division



4.  Tumor Development




a.  Tumor:  an abnormal proliferation of cells resulting from 




     uncontrolled cell division




b.  Benign Tumor:  remains within the mass





1.  does not spread and usually causes no problems




c.  Malignant Tumor:  Cells spread and invade healthy tissue 




     other places in the body





1.  Called  Cancer when it spreads




d.  Tumor-Suppressor genes:  code for proteins that  prevent cell




      division from occurring too often





1.  Cells have 3 types of tumor suppressing genes, all of 





     which must be damaged before cancer can occur



5.  Gene Expression in Cancer




a.  Metastasis:  spread of cancer cells beyond the original site




b.  cancer cells act differently than normal cells





1.  Cancer cell can grow when not attached to other cells,

                                                      normal cells must be attached





2.  Normal cells stop dividing when they become crowded,





     cancer cells will continue to divide



6.  Causes of Cancer




a.  Carcinogen:  any substance that can induce or promote cancer





1.  most carcinogens are mutagens, substances that cause




  
     mutations





2.  Examples:  Chemicals in tobacco smoke, Asbestos, UV





3.  Number of exposures



7.  Risks of Developing Cancer




a.  Some families exhibit higher rates of cancer





1.  Genetics



8.  Kinds of Cancer




a.  Carcinomas:  grow in skin and tissues that line organs





1. Example:  Lung and Breast Cancer




b.  Sarcomas:  grow in bone and muscle tissue




c.  Lymphomas:  grow in the tissues of the lymphatic system




d.  Leukemia:  tumor in blood forming tissue that causes the




     uncontrolled production of WBC

