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Prokaryotic vs. Eukaryotic

• Gene regulation is different in prokaryotic cells in comparison to 
eukaryotic cells.

• Why different?
• Bacterial cells grow rapidly and have a relatively short life span

• Eukaryotic have a long life span and because of  that, they have the ability to 
respond to many different stimuli

• Single gene is regulated in different ways in different cell types

• Although transcriptional-level control is important, control at other levels of  
gene expression is also important
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Transcriptional Regulation
Prokaryotes—Operon

• An operon is a genetic 
regulatory system found in 
prokaryotes and the 
bacterial viruses 
(bacteriophages) that attack 
bacteria.

• An operon is segment of  
DNA consisting of  an 
operator, a promoter and 
structural genes that code 
for specific proteins.



Operon

• Operons operate in response to repressor proteins. If  the repressor 
protein binds to the operator sequence , it prevents transcription.
• Even though RNA polymerase may be bound to the promoter, 

• RNA polymerase is blocked from transcribing he structural genes

• When repressor is not bound, transcription proceeds



Inducible Operon
Lac Operon



Inducible Operon

• An inducible operon is one 
that is normally turned off

• Repressor protein is 
synthesized in an active form.

• Repressor binds onto 
operator.

• This causes the operon to 
be turned off.



The Lac Operon
The lac operon is a type of  inducible operon.



The Lac Operon

• If lactose is present, it binds onto 
the repressor at an allosteric site.

• Repressor changes shape.

• Repressor cannot bind on operator.

• The operon is transcribed.



The Lac Operon

• The proteins (enzymes), 
ultimately produced from the 
turning on of  the lac operon, are 
used to break down lactose.



Repressible Operon
TRP operon



Repressible Operon

• A repressible operon that is 
normally turned on.

• Repressor protein is synthesized 
in an inactive form

• The repressor cannot bind 
on the operator.

• The trp operon is an 
example of  a repressible 
operon.



Trp Operon

• The end product acts as a 
corepressor.

• When levels are high, 
corepressor binds at the 
allosteric site of  the 
repressor.



Trp Operon

• Repressor changes shape

• Repressor becomes active

• Repressor binds on the 
operator

• Transcription ends.



Constitutive Genes



Constitutive Genes

• These genes are neither repressible, nor inducible, but are active all times. 
• Genes that are constantly need and are transcribed ALL the time.

• Housekeeping gene

• Genes for rRNA, tRNA etc

• Constitutive genes produce CAP (catabolite activator protein).

• CAP recognizes and binds to specific sequences of  DNA.

• Constitutive genes are controlled by the efficiency of  RNA 
polymerase.
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Transcription 
Factors



Previously Covered…

General Transcription Factors

General 
Transcription Factors

TFIID

TFIIB

TFIIF

TFIIE

TFIIH

TFIIA*

Gene Regulatory Proteins

Gene Regulatory 
Proteins

Activators

Repressors

Basal Transcription 
Factors

Coactivators



DNA Technology



Introduction

• Since the 1970’s, humans have been 
attempted to manipulate and 
modify genes in a way that was 
somewhat predictable.



Introduction II

• Scientists would select a gene to 
be inserted into an organism

• Cut two DNA molecules into 
fragments using restriction 
enzymes

• Splice the fragments together into 
the desired combination

• Producing recombinant 
DNA

• Introduce the new DNA into a 
living cell for replication



Introduction III

• Recombinant DNA 
technology isolates and 
amplifies specific sequences 
of  DNA by incorporating 
them into vector DNA 
molecules.



The Players Involved in the 
Making of  Recombinant 

DNA



Introduction

• Recombinant DNA is made 
by splicing a DNA fragment of  
interest into a small quickly 
dividing replicating molecule 
(plasmid).



Donor & Transgenic 
Organisms

• The organism providing the DNA is called the donor.

• After recombination, an organism that contains an artificially inserted, 
foreign piece of  DNA, is called a transgenic organism.



The Importance of  
Transgenic Organisms

• Transgenic organisms allow 
gene targeting and 
mutagenesis screening that 
help identify the function of  a 
gene and its protein product.



Vectors

• Vectors, normally in the form of  
plasmids, is a genome into which 
the DNA fragments, removed from 
the donor, are inserted.



Restriction Enzymes

• Enzymes that are used to cut 
DNA into specific fragments.

• Each restriction enzyme 
recognizes and cuts DNA at a 
highly specific base sequence.



Genetic Probes



Genetic Probes

• Genetic probes are 
radioactively labeled DNA 
or RNA sequences that 
enables geneticists to identify 
complementary nucleic acid 
sequences.

• If  used to identify a 
DNA strand, the DNA 
molecule will have to be 
separated into two 
strands via artificial 
denaturation—heat.



Gel Electrophoresis

• Separates molecules based on their size and charge.

• Allows the production of  DNA fragments.

• Used in blotting techniques.

• Northern Blot

• Southern Blot

• Western Blot



Polymerase Chain Reaction

• Allows rapid, efficient amplification of  DNA sequences 
(fragments) of  interest.

• In vitro technique

• Researchers target a particular DNA sequence, by specific 
primers, and then clone the DNA sequence by heat resistant 
DNA polymerase.

• Sequencing of  DNA determines the order of  DNA nucleotides 
{Genetic Mapping}

• Used to help amplify DNA from crime scenes and 
archaeological remains



The Making of  
Genetic Probes
Southern Blot 
Technique

• DNA fragments, produced using 
restriction enzymes, are separated via 
gel electrophoresis.

• Fragments are blotted onto a 
nitrocellulose or nylon 
membrane.

• The membrane is bathed in a 
labeled probe for a specific 
DNA fragment.

• The selected DNA fragments 
are cut out of  the gel



Review


