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Aim: How is gene expression controlled in Prokaryotes versus eukaryotes?

All organisms need to organize the metabolic breakdown of sugar for cellular respiration.

Glucose is a monosaccharide.  Lactose is a disaccharide that is much harder to break; this requires another step—the synthesis of an enzyme that converts lactose to glucose+galactose, which can both enter cell resp, glucose more easily. This enzyme is called Beta galactosidase.

Gene expression requires energy.  When lactose is the only carbon source, it makes sense to expend energy to break it down.  But when glucose is around, lactose is not metabolized at all because it takes energy to make Beta gal.

Lactose metabolic genes in bacteria are regulated by negative control.  A repressor molecule is made that will bind the DNA to halt transcription of beta gal and two other nearby genes when lactose is absent.  Transcription initiates with RNA polymerase binding the promoter (P).  Downstream 3’ of the promoter is an operator (O), where the repressor can bind and stop RPol from transcribing those three genes.  With lactose present, this sugar actually binds the repressor, changes its shape allosterically to an inactive form, and prevents it from being able to continuously bind the Operator and block transcription; RPol is then free to push through and transcribe the three structural genes.  The three structural genes in this “operon” characterized by Jacogb and Monod in the 60’s are called Z for Beta galactosidase, Y for permease, and Z for transacetylase.  Copy the diagram given to you in class describing these events.

This process is called negative regulation, that is to say we can interfere with transcription to control gene expression.  Positive regulation and attenuation of transcripts are some othermethods used by prokaryotes to control gene expression.  Prokaryotes differ from eukaryotes in timing and control of expression.

In Eukaryotes, transcripts are made at different rates.  Txn is nuclear.  Tln is cytoplasmic.  TXN is controlled by txn factors.  mRNA is capped, tailed, and spliced to make a mature transcript.  Exons can be alternatively spliced, which allows variation.  Only mature transcripts get exported and translated, and the success of expression is determined by transcriptional regulation.  The level of gene expression controls all cellular processes.  Trannslation rate (initiation, elongation, termination) is involved too.

Proteins control cell division and behavior based on the timing of their expression.  The cell cycle controls  the rate, timing and success of cell division.

The regulation of meiosis affects development.  Defects in gene expression of the germline can be lethal to a fetus.  The regulation of mitosis affects somatic cells.  Cancers are caused by defects in gene expression when somatic cells either up- or down-regulate cell division genes.

Copy class notes on the cell cycle and why skin cancer occurs.

Define proto-oncogene, oncogene, tumor suppressor.

Define benign, malignant, metastatic, neoplasm.

