Name: ____________________________________________ Date: ___________________________ Period: _____

Unit 8 Notes, Part 1:  Gene Regulation and Development
AP Biology
A. Why do cells regulate gene expression?

1. Cells in unicellular organisms express different genes based on changes in the environment (ex: when a bacterial cell encounters a food source, the cell must begin producing digestive enzymes)

2. Cells in multicellular organisms express different genes based on the cell type (ex: the gene for hemoglobin protein is highly expressed / used in red blood cells) or based on changes in the environment. 
3. Cells need to be able to stop expression of genes when they no longer need a particular gene product (protein) and increase expression of genes when their corresponding gene product is needed to respond to a change in the environment 

	Feedback Inhibition
	Gene Regulation

	When the product of an enzyme pathway (ex: tryptophan in the diagram below) acts as an allosteric inhibitor on the first enzyme in the pathway; can be wasteful because it uses resources on creating the first enzyme. This is also known as a negative feedback loop.
	Instead of blocking enzyme function, the product of the enzyme pathway (ex: tryptophan in the diagram below) blocks the transcription of genes for all enzymes in the pathway; is not as wasteful because you do not use resources on unnecessary protein (enzyme) synthesis.
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B. Prokaryotic Gene Regulation

4. In bacteria, genes are often clustered into units called operons (ex: genes that create all the enzymes in a metabolic pathway used to break down a particular molecule like a complex sugar); if genes are clustered, it makes them easier to regulate as a unit

5. An operon consists of three parts:
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An operator that controls the access of RNA polymerase to the genes.  The operator is found within the promoter site or between the promoter and the protein coding genes of the operon

· The promoter, which is where RNA polymerase attaches to begin transcription of the genes
· The genes of the operon.  This is the entire stretch of DNA required for creating proteins.

6. A regulatory gene can be found some distance away from the operon.  It makes repressor proteins that may bind to the operator site.  When a repressor protein is in the operator site, RNA polymerase cannot transcribe the genes of the operon.  This turns the operon off

7. Types of Operons:

	Repressible Operon
	Inducible Operon

	A) Normally on but can be inhibited
B) Usually an anabolic operon that builds an essential organic molecule

C) The repressor protein produced by the regulatory gene is normally inactive
D) If the organic molecule being produced by the operon is in high concentrations, it can act as a “corepressor” and activate the repressor protein

E) The activated repressor protein binds to the operator site and shuts down the operon

F) Example: tryptophan operon… makes enzymes used in tryptophan synthesis; should make tryptophan all the time except if there is too much tryptophan present in the cell
	A) Normally off but can be activated
B) Usually a catabolic operon which creates enzymes that break down food molecules for energy

C) The repressor protein produced by the regulatory protein is normally active
D) A molecule called an inducer can bind to and inactivate the repressor

E) With the repressor out of the operator site, RNA polymerase can bind to the operon and transcribe the genes

F) Example: lactose operon… makes enzymes used in lactose digestion; only needs to be on when lactose is present

	Normal State: Tryptophan Operon is Active
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	Normal State: Lac Operon is Inactive

[image: image7.emf]

	Repressed State: Tryptophan Operon is Inactive
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	Induced State: Lac Operon is Active
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8. Both inducible and repressible operons are examples of negative control of prokaryotic gene expression because they involve the use of repressor proteins.  

9. On the other hand, positive control of prokaryotic gene expression occurs as well.  Positive control involves the use of activator proteins that help RNA polymerase to bind more fully with the promoter.  See page 355 in the textbook reading for more information about positive control of the lac operon. 

C. Eukaryotic Gene Regulation
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10. Whereas prokaryotic cells regulate gene expression by regulating transcription, eukaryotic gene expression can be regulated at any step along the pathway from gene to functional protein

11. The different cell types in multicellular eukaryotic organisms (ex: skin cells, blood cells) are not due to different genes being present (the same set of DNA is found in each cell in a multicellular organisms).  Instead, the cell types result from differential gene expression, the expression of different genes by cells with the same genome. 

D. Regulation Based on DNA Structure
12. DNA is normally bound to histone proteins. (DNA + protein forms a complex called a nucleosome.)  The more tightly bound it is, the more inaccessible it is for transcription.

13. Histone Acetylation = acetyl groups (-COCH3) are added to amino acids of histone proteins, thus making the chromatin less tightly packed and encouraging transcription
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Histone Methylation = the addition of methyl groups (-CH3) to the histone proteins.  This causes the chromatin to be more tightly packaged, thus reducing gene expression.  (Note: Methyl groups can also be added to the DNA, which also results in tighter packing of chromatin.) 

15. See pages 151-152 and pages 232-234 in the textbook reading for more information about eukaryotic gene regulation at the chromatin structure level.

E. Regulation at the Transcription Level

16. In the promoter region, transcription factors control speed of transcription.  Transcription factors are proteins that make RNA polymerase better able to bind to the promoter and transcribe the gene.  Alternately, repressors that block the promoter can prevent RNA polymerase from transcribing the gene. 
17. Other proteins called activators (called enhancer-binding proteins in the image below) must bind to parts of the DNA called enhancer sequences to facilitate transcription.  Enhancer sequences are “upstream” from the gene itself (i.e., further towards the 3’ end of the template strand of DNA). 
18. Generally, eukaryotic genes are not organized in operon… genes coding for enzymes in the same metabolic pathway may be scattered on different chromosomes, but their expression may be controlled by the same activator molecules

19. See pages 234-235 in the textbook reading for more information about eukaryotic gene regulation at the transcription level. 
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F. Post-Transcriptional Control (things done after mRNA is made by transcription)
20. Alternative splicing of introns and certain exons from pre-mRNA ( creation of different proteins

21. Micro RNA’s (miRNA’s) and small interfering RNA’s (siRNA’s) are single-stranded RNA molecules that can bind to mRNA and degrade the mRNA or block translation.  This process is called RNA interference or RNAi. 
22. Control of speed of transport of mRNA out of the nucleus

G. Translational Control (things done to prevent or speed up translation)
23. Regulatory proteins can bind to the 5’ end of mRNA to prevent ribosome attachment

24. Control the rate at which enzymes add amino acids to tRNA molecules to “recharge” the tRNA’s.  
H. Post-Translational Control (things done after the polypeptide has been made by translation)
25. May need to alter the protein before it can be used

· Cleavage – cutting polypeptide chain to produce a functional protein 

Ex: proinsulin (1 chain) ( functional insulin (2 smaller chains)

· Chemical modification – add sugars, phosphates, etc. to make the protein “act” different

· Transport tags – identify destination of functional protein in the cell
26. Cells also regulate how long proteins can be active in the cell after they are created.  This prevents the accumulation of potentially harmful proteins in the cell.  See page 238 in the textbook reading for more information about eukaryotic gene regulation at the post-translational level. 
I. How does signaling between cells result in changes in gene expression? 
27. Yeast cells identify their mates by cell signaling
28. There are two yeast sexes / mating types and we will call them 1 and 2.
29. Cells of mating type 1 release a chemical called “1 factor,” and this can bind to receptor proteins on type 2 cells.  Type 2 cells also secrete a chemical called “2 factor,” and this can bind to receptor proteins on type 1 cells.  
30. Though they don’t enter the target cells, the two mating factors can make cells grow towards each other and regulates genes that enable the cells to join / fuse / mate.
31. Once the two types of cells have joined, the new cell contains the genes of both cells.  Having more genes can increase the favorable traits in the new cell, which it can pass on to its descendants. 
Organism Development
J. Why do we care about eukaryotic gene regulation during development?

32. Expression of different genes leads to the different cell types in a multicellular organism (ex: skin cells vs. blood cells in humans)

33. Embryonic development can be broken down into three parts – pattern formation (determination of the overall body plan), morphogenesis (shaping of the body structures), and cell differentiation (determination of the specific identity of particular cells)

· Pattern formation: sets up the overall body plan and the body axes (i.e. head/tail, left/right, back/front)… this is controlled by cytoplasmic determinants and homeotic genes
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In an unfertilized egg, maternal genes are transcribed to create certain mRNA molecules that are essential for body axis formation.  These are called cytoplasmic determinants because they accumulate in one side of the egg’s cytoplasm.  When the egg is fertilized, the mRNA molecules are translated to create proteins (typically transcription factors) that promote the development of a particular body region (ex: bicoid protein and the head region of a fly embryo)

B. Homeotic genes are found in a wide variety of organisms.  They are widely studied in flies and mice.  They typically contain segments of 180 nucleotides (called the homeobox).  The homeobox portion (60 amino acids long) of the polypeptide created from the homeotic gene enables this polypeptide to bind to the promoter region of genes and act as a transcription factors.

C. Homeotic polypeptides are often transcription factors that activate genes to make other transcription factors.  These new transcription factors are used to activate genes that make proteins specific to a particular body segment.

D. Therefore, homeotic genes are called master regulatory genes because they code for “transcription factors FOR transcription factors.”
E. Homeotic genes in flies are called Hox genes.  Below is a fly chromosome that shows the location of different Hox genes.  The locations on the fly that are controlled by particular Hox genes are also shown.    
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F. Mutations within homeotic genes can cause the creation of body segments in incorrect places.  For example, the antennapedia mutation results in the creation of a leg segment where an antennae segment should be found.  A normal fly with antennae is shown to the left on the picture below.  A fly with the antennapedia mutation (legs in the place of antennae) is shown to the right on the picture below. 
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· When the body is going through morphogenesis (forming its shape), apoptosis (aka programmed cell death) is necessary to define borders and openings in the developing organism.  During apoptosis, enzymes called caspases break down essential molecules in the cell and DNAases break down the DNA in the nucleus.  Once the cell has been broken apart, phagocytic cells (ex: macrophages) “swallow” and further break down the pieces.

Example: Apoptosis occurs between the fingers and toes of a developing human embryo.
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· After pattern formation and morphogenesis, cells must determine their final identity in the process of cell differentiation.  The following factors play a role in this process.

A. Embryonic induction is when cells send signals to their neighbors to control their development.  For example, during eye development, cells from the “eye cup,” a region that grows from the brain, secrete molecules to induce nearby epidermis (skin tissue) to form the lens of the eye. 

-If an “inducing tissue” is removed, this will prevent the tissue it “induces” from differentiating

-If an inducing tissue is added to a particular region, this could cause the formation of the tissue it induces in an unusual location. 

B. Cell/tissue-specific genes can be turned on with the use of stimulatory transcription factors.  Genes that not used in a particular cell type may need to be turned off with the use of inhibitory transcription factors.  MicroRNA’s (miRNA’s) or small interfering RNA’s (siRNA’s) can also be used in a process called RNA Interference to bind to and degrade mRNA (thereby preventing gene expression by blocking the translation of the mRNA into cell-specific proteins). 

· Environmental cues are necessary for proper development at all stages (pattern formation, morphogenesis, and differentiation).  For example, certain conditions must be present in the uterus for proper human embryo development.  Also, the temperature and moisture levels must be optimal for proper seed development in plants. 

(Note: The environment also plays a role in controlling gene expression in MATURE cells.  For example, increased UV light exposure results in increased synthesis of melanin protein in skin cells, which adds pigment to the skin and causes tanning.) 

Notes Questions
1. Identify the purpose of gene regulation in unicellular prokaryotic organisms vs. multicellular eukaryotic organisms. 

2. Identify the differences between a repressible and inducible operon.  Use the terms corepressor and inducer in your answer.  
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3. Is the operon pictured to the right a repressible or inducible operon, and how do you know?  Is it turned on or off?

4. Explain the difference between negative control of operons and positive control of operons. 

5. Compare / contrast the roles of histone acetylation and methylation in gene regulation.  Make sure to use the terms euchromatin and heterochromatin in your response. 
6. Describe the role of transcription factors, activators, and enhancer sequences in regulating eukaryotic transcription. 

7. Discuss the role of RNA interference (RNAi) in gene regulation.  Does this turn genes on or off, and which level of gene regulation does this process affect (DNA structure, transcription, post-transcription, translation, post-translation)?
8. Describe one way that eukaryotic gene expression is regulated at the translation level.  

9. Describe one way that eukaryotic gene expression is regulated at the post-translation level. 

10. Explain the role of apoptosis in development and describe HOW apoptosis occurs within a cell. 

11. Let’s say the gene pictured in the eukaryotic DNA sequence in the image to the right codes for the production of the muscle protein myosin.  Describe how it is possible for this gene to be turned on in muscle cells but not other cell types.  
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12. How does the presence of bicoid mRNA in the anterior (head) region of a fly embryo affect the translation of caudal mRNA to make caudal protein in this region (see pictures given below)?
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13. The diagram to the right shows homeotic genes that govern body development in fruit flies (Drosophila melanogaster). Locations governed by certain genes are shown in an adult (below top) and an embryo (below bottom). 

Suppose a fly possesses a homeotic mutation in which the “AbdB” gene was replaced by the “lab” gene.  How will this change the appearance of the adult fly?

Note: You will need to view this image in color (you can on my website!).

