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Gene Regulation
Why Regulate Genes?
1. __________________________________
-  gene expression is affected by changes in the external environment 
2.  __________________________________
· All cells have the full set of genes, but not all genes are needed in each cell (some are turned off)

Bacteria need to respond quickly to changes in their environment
Bacterial metabolism 
    If they have enough of a product, ________________________________
Why?

How?
 
    If they find a new food/energy source… ______________________________________
Why?

How?

   Natural selection favors cells that can do this well because it’s COST EFFECTIVE
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Feedback Inhibition 



· but this is wasteful production of enzymes

Different way to Regulate Metabolism    Gene Regulation!!!
· Why is this good?

   Overview of Gene Regulation in Prokaryotes:



On and Off. Off and On. On and Off.
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              Turn genes ON example




Operon Structure
1.
· example: all enzymes in a metabolic pathway
2.
· single promoter controls transcription of all genes in operon
· transcribed as one unit & a single mRNA is made
3.
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So how can these genes be turned off?






Operon Model:
operator, promoter & genes they control serve as a model for gene regulation

Two Main Types of Operons:
Repressible (_________________________) -


Inducible (________________________) - 


[image: 18-20b-trpOperon-L2]Synthesis Pathway Model (__________________________)









Tryptophan is allosteric regulator of repressor protein


[image: ]Digestive Pathway Model (___________________________________)












Lactose is allosteric regulator of repressor protein
Operon Summary
Repressible Operon					Inducible Operon




More to the Story… Negative vs. Positive Reg.
negative regulation 
· repressor protein binds to the operator, turns off transcription

positive regulation 
· activator binds to the promoter, turns transcription up (amplifies expression)


Prokaryotic vs Eukaryotic Transcriptional Control










[image: http://www.uic.edu/classes/bios/bios100/lectures/18_table_1_regulation-L.jpg]

























RNA 
an amazing little thing
	Coding RNA =
	Non-coding RNA = 

RNA Interference involves siRNA and microRNA
[image: ]
siRNA = Small Interfering RNA








microRNA
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Applications of microRNAs
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SUMMARY TABLE 18.1 Regulating Gene Expression in Bacteria and Eukaryotes

Level of Regulation

Chromatin remodeling

Bacteria

Limited packaging of DNA
Remodeling not a major issue in regulating gene
expression.

Eukaryotes

o Extensive packaging of DNA
e Chromatin must be opened for transcription to begin.

Transcription

RNA processing

mRNA stability

Positive and negative control by regulatory proteins
that act at sites close to the promoter
Sigma interacts with promoter.

None documented

Some RNA interference documented

Positive and negative control by regulatory proteins that
act at sites close to and far from promoter

Large basal transcription complex interacts with
promoter.

Mediator complex required.

Extensive processing:
alternative splicing of introns
addition of 5’ cap and 3’ tail

For many genes, RNA interference limits life span or
translation rate.

Translation

Post-translational
modification

Regulatory proteins bind to mRNAs and/or ribosome
and affect translation rate.

Folding by chaperone proteins

e Chemical modification (e.g., phosphorylation) may

change activity.

Regulatory proteins bind to mRNAs and/or ribosome
and affect translation rate.

Folding by chaperone proteins

Chemical modification (glycosylation, phosphorylation)
Ubiquination targets proteins for destruction by
proteasome.

©2011 Pearson Education, Inc.




image11.png
mRNA for translation

o~
- —~
SIRNA |~ Sy
{double-stranded| -
IRNA + SIRNA

breakdown| (/)

enzyme |

(RISC)

= mRNA degraded
Te———
AP Biolog, -





image12.jpeg
f/ -
: iRl
fEmhA g Microprocessor

a4
\ Nucleus E pre-miRNA //
=

Cytoplasm ‘ (I Dicer

T miRNA duplex
One strand incorporated
into RISC
RISC RISC
Target Terget
mRNA mRNA

mRNA cleavage Translation inhibition




image1.jpeg
Cytoplasm

Ribosomes
Inclusion Cell wall
Plasma membrane

Nuclear area (nucleoid)
containing DNA

Capsule
Cell wall

Plasma
membrane

Fimbriae

(a)

Copyiaht 2004 Pasrson Educaton, i, pblshing as Befarin Gurmings.




image2.png
(a) Regulation (b) Regulation
of gene of enzyme
expression Precursor activity

Tryptophan

‘Copyright © Pearson Education, Inc. publishing as Benjamin Cummings.




image3.png
Allosteric site Activator Inhibitor
/Active site ./

Active form Inactive form Inactive form

activator inhibitor
molecule molecule

(a) Conformational changes in an allosteric enzyme  (b) Allosteric regulation of the enzyme's activity





image4.jpeg




