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Hey there, this is Eric Simon and welcome to another MP3 Tutor session. One of my joys
in life is sharing my passion for biology with students—even though I know that most of
you are not planning a career in science. One of the reasons that I love biology is that the
pace of discovery is intense, which makes biology exciting.  There is something new each
and every day! And these new discoveries are not trivial. Biological research is
answering some of life’s most fundamental questions. For example, how does a tiny egg
cell develop into a complex adult organism like you? Obviously, a lot of cellular
reproduction has to take place. But there must be more to it than that since a huge variety
of different cells are being produced. The process of making many different kinds of
cells, called cellular differentiation, depends on turning certain specific genes on and off.
That is what makes a skin cell different from a nerve cell. They both have the same
genes, but each type has different genes activated or inactivated. The process of turning
genes on and off is called the control of gene expression. Simply put, living organisms
have the ability to control which genes are turned on and off in a particular cell at a
particular time.

Remember what genes do—for the most part, genes make proteins. Gene expression is
the overall process of genetic information flowing from DNA to RNA to proteins. In
other words, gene expression is the means by which genotype controls phenotype. The
control of gene expression—turning genes on and off—contributes to two important
properties of cells:

1. Cells respond to changes in the internal and external environment by turning
genes on and off, and

2. the cells within a multicellular organism become highly specialized with very
specific structures and functions. Even though each kind of cell has the same
genome as all the other kinds, they are different because they have different genes
expressed.

For the rest of this session, I’d like to focus on how genes are turned on and off. To do
this, I’ll describe one example of the control of gene expression in the bacterium E. coli.
All bacteria have a very streamlined and efficient set of genes. At any given moment,
only some of these genes are turned on. Allow me to illustrate the general topic of gene
expression with a specific example.

Picture an E. coli living in your intestine. It will be bathed in different nutrients
depending on what you had for your last meal. Imagine you’ve just had a glass of milk.
Your gut-dwelling E. coli will be suddenly swimming in lactose, a rich source of energy
that is not to be wasted. To access this energy, genes that were turned off in a low-lactose
environment will be turned on and the lactose will be processed. How is an E. coli able to



turn genes on and off in such an efficient manner? The key is the way the genes are
organized.

In order to process lactose, E. coli turns on three genes that make three different enzymes.
These three genes are arranged one right after the other along the bacterial chromosome.
Just before these three genes is a smaller stretch of DNA that serves as a control zone, or
switch, that determines whether the three genes are transcribed (that is, converted into
RNA for the purpose of making proteins). This control zone has two regions. Just before
the three genes is a DNA region called the operator. And just before the operator is a
second region called the promoter. The promoter is where the enzyme RNA polymerase
binds. RNA polymerase is responsible for transcribing the DNA genes into an RNA
message.

Let’s see if you’ve kept all the parts straight. You might want to take a moment to sketch
this out on a piece of paper or check the illustration in your text to help you visualize the
proper sequence along the DNA: promoter, then operator, then the three genes. All
together, these components are called an operon. The whole operon functions as a single
unit, being all turned off or all turned on at the same time. One final component is
required for this system to work—a regulatory gene. This gene produces a small protein
called a repressor that can turn the whole operon on or off.

Okay, now that you understand how the lactose-digesting genes are organized into an
operon, let’s see how they work.

Most of the time, there is no lactose around an E. coli. In such low-lactose conditions, the
repressor protein binds to the operator DNA. Recall that the operator is between the
promoter, where the RNA polymerase attaches, and the all important three genes. When
the repressor attaches to the operator, it physically blocks RNA polymerase from binding
to the promoter. Just as a tire boot attached to your tire prevents you from driving your
car, the repressor attached to the operator prevents the transcription of all three genes.
The repressor represses the operon, turning it off. This is beneficial, since there is no
lactose present and therefore no need to waste energy producing the lactose-digesting
enzymes.

What happens after you’ve drunk some milk and the E. coli is suddenly surrounded by
lactose? Now it is beneficial for the lactose-digesting genes to be turned on. In such a
high-lactose environment, a molecule of lactose will bind to the repressor. This
interaction changes the shape of the repressor and prevents it from binding to the
operator. The repressor has been deactivated so that it can no longer repress the operon.
Without repressor bound, the DNA is now opened up. RNA polymerase can attach to the
promoter and transcribe the genes; the operon is turned on. To continue our analogy, the
boot has been removed and so the car can be driven away.

Once the operon is turned on, the three genes will be transcribed and the three enzymes
that digest lactose will be made. These three enzymes will help the E. coli absorb and
break down lactose, providing energy to the cell. Once most of the lactose is digested, it



will no longer bind to the repressor. The repressor will then be activated again, able to
bind to the operator and turn the operon off. Once lactose is gone, E. coli does not waste
energy producing the enzymes.

The point is this: by organizing the three lactose-digesting genes into a single operon, the
E. coli can be very efficient. Most of the time, all three genes are turned off because the
repressor prevents their transcription. But when lactose is around, all three genes will be
turned on and lactose will be digested. When the lactose is used up, the three genes are
turned off again. Do you see how efficient this is? The cell only expends the energy to
produce the lactose-digesting enzymes when lactose is actually there. In general terms, a
bacterium is able to adjust its gene expression to changes in the environment.

The example I just described is called the lac operon (“lac” for “lactose”). It is one of
many different operons that have been identified in prokaryotes. Some operons are quite
similar to the lac operon, while others are somewhat different. For example, some
operons are normally on but are turned off under certain specific environmental
conditions. The take-home lesson is this: E. coli is armed with a variety of operons, each
able to respond to a different change in environmental conditions. Altogether, E. coli’s
ability to control the expression of its genes allows it to thrive in frequently changing
environments.

Everything I’ve described about the lac operon applies only to prokaryotes. What about
eukaryotes such as yourself? While operons are a common method of gene regulation in
bacteria, they are generally not found in eukaryotes. Instead, eukaryotic cells have more
elaborate mechanisms than bacteria for regulating their gene expression. This is not
surprising since a multicellular eukaryote will obviously require much more elaborate
regulation than single-celled prokaryotes. So how do eukaryotes regulate the expression
of their genes? That is a topic for another lesson!

Thanks for tuning in. I hope this MP3 Tutor gave you some appreciation of how the
control of gene expression is beneficial to living organisms. Please consult your class
notes, the book, or your online resources for more information and help. Good luck with
your studying!


