
Unit 6: Molecular Genetics

Chapter 18 
Regulation of Gene Expression



Some Thoughts Before We Proceed

● Prokaryotes regulate genes via operons.
● Regulatory genes code for proteins that will regulate other 

genes.
● There are many points at which genes can be regulated in 

eukaryotes.   

 



18.1: Bacteria Respond to Change By Regulating Genes 
● Natural selection has favored bacteria that conserve energy 

and resources that express genes only when needed.

Example: E. coli living in human colon require the amino 
acid, tryptophan, from its host’s diet. If lacking, a metabolic 
pathway will activate, synthesizing tryptophan from another 
compound. If host eats tryptophan-rich meal, activation halts 
to prevent wasting energy.  

 



Negative Feedback Mechanism
● Rapid response - inhibition of key enzyme in tryptophan-making 

pathway. If tryptophan accumulates, enzyme is inhibited.

● Long-term response - accumulation represses expression of gene 
encoding the enzymes synthesizing tryptophan. This is at the 
transcriptional level.

● One long-term model of gene regulation in prokaryotes is called 
the operon.  

 

 



Operons
● For tryptophan synthesis in E. coli, each of the five enzymes in the 

pathway are coded for by a specific gene (sequence of DNA), all 
on the same chromosome. A single promoter sequence serves all 
five genes. Together, it is all considered one transcription unit. 

● When the one mRNA strand is transcribed, the cell can translate it 
into the five different polypeptides making up the five enzymes in 
the tryptophan pathway (due to the start/stop codons for each).  

● Benefit? The entire gene can be “switched” on or off. The switch is 
a DNA segment called an operator. 

 

 



Operons
● The operator (‘on/off’ switch) is positioned within or near the 

promoter sequence and controls the access of RNA 
polymerase to the genes. 

● All together, the operator, the promoter, and the genes they 
control are considered the operon. 

● The example we’ve been discussing is called the trp operon.   

 

 



Operons
● The trp operon is ‘on’ by default. It can be switched ‘off’ by a 

protein called a repressor, in this case, the trp repressor.
● The repressor binds to the operator and blocks RNA polymerase 

attachment to the promoter, preventing transcription.
● Repressor proteins are unique to each operon.  
● The trp repressor is the protein product of a regulatory gene 

called trpR.
● These regulatory genes are always expressed (and subsequently, 

the repressor too), but depending on how much tryptophan is 
already available, the trp repressor will have more or less affinity 
for the operator.

● If tryptophan is high, it binds with the repressor, makes repressor 
active, and operon is turned ‘off’. If tryptophan is low, operon 
turned ‘on’ so tryptophan can be transcribed. 

  

 

 



Operons: Can Be Repressible or Inducible 
● The trp operon is normally ‘on’ but can be inhibited (repressed) 

when tryptophan binds to the repressor protein. Remember, E. coli 
does not want to make tryptophan if it is already present!

● Inducible operon: Normally ‘off’ but can be stimulated (induced) 
when a small molecule interacts with a regulatory protein. 

Example: the lac operon. This occurs if host consumes milk 
product. E. coli produces enzymes to break down lactose (milk 
sugar). Lactose binds to the repressor, allosterically changes its 
active site so it can no longer bind to the operator. Now operon 
turns ‘on’, RNA polymerase can bind, and the needed enzymes 
are transcribed.     

  

 

 



Negative Gene Regulation
● There is a negative regulation component to an operon any time 

there is a repressor involved, whether it’s being activated or 
inactivated. 

● The trp operon is considered a type of negative gene regulation (in 
this operon, tryptophan binds to the repressor, allowing the 
repressor to fit into the promoter, preventing transcription.

● The lac operon has a negative component too; when lactose is not 
present and no enzymes need to be made, the repressor switches 
the operator ‘off’ and transcription is blocked.  

● Apparently, the only true positive gene regulation is when a 
molecule acts directly with DNA to switch transcription ‘on’.     

 

 



Positive Gene Regulation
● Another example with E. coli. They prefer to catabolize glucose 

over lactose. Mostly because the enzymes to break down glucose 
are always present; they don’t have to synthesize them, like with 
lactose breakdown.

● Cyclic AMP (cAMP) is used here (small regulatory molecule). 
Accumulates when glucose is scarce and lactose is present. 
Activates a regulatory protein (CAP) and promotes the lac operon 
(promotes transcription directly = positive gene regulation).

● If glucose and lactose are present, cAMP levels fall, CAP becomes 
inactive, and lac operon is less likely to proceed.    

● So CAP is a regulatory molecule stimulating transcription (positive 
gene regulation). 

 

 



Acronym to Help With Operons 
PROG: promoter, repressor, operator, and gene

The promoter, the operator, and genes are all DNA segments. 

The repressor is a protein molecule. But, of course, the 
repressor is made (transcribed) by a regulatory gene 
somewhere else on the DNA.  
  

 

 



18.2: Eukaryotic Gene Regulation  
● Differential gene expression: the expression of different genes 

by cells with the same genome (multicellular).
● There are many control points along the way, but a common point 

is at transcription (usually from a hormone or other signaling 
molecule coming into the cell).

● Next is a summary of several ways regulation can occur in 
eukaryotes and which level they occur at.

  

 

 



18.2: Eukaryotic Gene Regulation  
Here is a list of ways genes can be regulated:
● DNA Level (enzymes make changes at this level)

○ Chromatin structure - positions and modifications of some of 
the DNA dictate if the DNA will be transcribed.

○ Histone protein modifications - histones are the proteins upon 
which DNA is wrapped; adding a functional group like an acetyl 
(-COCH₃) group to histones can increase transcription rates.

○ DNA modifications - adding a functional group like a methyl 
group (-CH₃) lessens transcription rates.

  

 

 



18.2: Eukaryotic Gene Regulation  
● Transcriptional Level

○ Control elements - non-coding DNA segments that serve as binding 
sites for transcription factors, which in turn regulate transcription. 

○ Transcription factors - assist RNA polymerase to initiate transcription.
■ General transcription factors: responsible for the transcription of 

all protein-coding genes
■ Specific transcription factors: Responsible for high levels of 

transcription  
■ Enhancers: DNA segments located nearby or far from the 

promoter. A given gene may have numerous enhancers, each 
active and inactive at different times. The rate of transcription can 
be increased or decreased by the binding of transcription factors 
(either activators or repressors) to an enhancer region. 
Enhancers are unique to each cell type (liver vs. lens cells)     

  

 

 



18.2: Eukaryotic Gene Regulation  
● Post-Transcriptional Level

○ RNA processing - the time between transcription and the new 
mRNA leaving the nucleus to be translated.
■ Alternative RNA splicing: different mRNA molecules are 

produced from the same primary transcript by the 
differential removal of introns and the differential  
expression of exons

Example: You don’t have to know, just interesting - when human 
genome was mapped, scientists found about the same number of genes 
in us as the soil worm or sea anemone. What accounts for the complex 
morphology in us? Turns out 75-100% of human genes that have 
multiple exons probably undergo alternative splicing equalling many 
more proteins and thus more complexity!  

  

 

 



18.2: Eukaryotic Gene Regulation  
● Post-Transcriptional Level (continued)

○ mRNA degradation - stable mRNA strands in eukaryotes are 
long-lived and so can be translated repeatedly; so more control 
here depending on length of mRNA life.

○ Initiation of translation - the beginning of translation can be 
controlled by blocking the regulatory proteins to certain mRNA 
sequences preventing ribosomes from attaching.

Example: You don’t have to know, just interesting - human egg cells 
lack the poly-A tail modification to bind to ribosomes to begin 
translation. At the correct embryonic stage, a certain enzyme adds 
more adenine nucleotides, prompting translation to start!   

  

 

 



18.2: Eukaryotic Gene Regulation  
● Post-Transcriptional Level (continued)

○ Protein processing/degradation (after translation) - proteins 
may need to be processed or may need to be transported to a 
specific location to become fully functional. Also, the length of 
time the protein functions in the cell is under selective 
degradation. The cell can add a small protein called ubiquitin 
to a certain protein to ‘tag’ it for destruction.   

Example: You don’t need to know, just interesting - The 2004 Nobel 
Prize in Chemistry was awarded to three scientists who worked out 
the regulating process in which certain mutations in cells prevented 
specific cell cycle proteins to be impervious to degradation causing 
the cell cycle to be out of control and cause cancer!   

  

 

 



18.3: Non-Coding RNAs in Gene Regulation  
● Human genome sequencing has revealed that only 1.5% of DNA is 

actually protein-coding (and similar in other eukaryotes)! 
● A small % of the non-coding DNA codes for different types of non-

coding RNAs and this large and diverse RNA population plays 
crucial role in gene regulation.
○ Non-coding RNAs (ncRNA), like microRNAs (miRNA) or small 

interfering RNAs (siRNA), can block the transcription of 
specific mRNAs or can target specific mRNAs for destruction. 
They can also cause remodeling of chromatin to regulate gene 
expression.

Scientists believe there is a huge evolutionary component to these ncRNAs because 
their existence can increase organism complexity (number of proteins made). Has 
actually added evidence for the evolutionary timetable.       

  

 

 



18.4: Cell Differentiation via Differential Gene Expression   
● Differentiation: process by which cells become specialized in 

structure and function.
● Morphogenesis: the physical processes that give an organism its 

shape; “creation of form”. 
● Sources of differentiation in early embryo

○ The egg’s cytoplasm - contains RNA and proteins encoded by 
the mother’s DNA. These cytoplasmic determinants are 
unevenly distributed in the egg and upon cell divisions, guide 
each cell differently.

○ The environment around cells - molecular signaling by other 
cells to send certain cells down a specific path.  

○ Differential expression of genes for tissue specific proteins 
(specific to cell type)   

  

 

 



Videos to Watch 
Bozeman - ‘Gene Regulation’

Bozeman - ‘Operon’ 

Khan Academy - Jacob-Monod: The Lac Operon (includes a 
little more than you need to know, but still useful)
  

 

 



Assessment - Chapter 18 - Friday 
The assessment for Chapter 18 will be similar to Chapter 17. It will be 
in FRQ form. We will shoot for Friday for that and you will again have 
a chance to revise. For the assessment Friday:

● Be able to describe the trp and lac operons functioning in prokaryotic 
cells (E.coli); know how the promoter, repressor, operator, and the genes 
involved work together. 

● Understand the repressor/operator relationship in controlling an operon.
● Understand positive gene regulation in prokaryotes (glucose/lactose; 

cAMP/CAP).  
● Be able to describe one mechanism from each of the three types of gene 

regulation in eukaryotic cells (DNA level, transcriptional level, and post-
transcriptional level).  

  

 

 


