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How organisms differentiate 
and adapt to the environment



Viruses

2

A virus is a non cellular infectious agent that replicates 
only inside the living cells of other organisms.  
Viruses can infect all types of life forms, from animals and 
plants to bacteria and archaea.

Viruses are found in almost every ecosystem on Earth and 
are the most abundant type of biological entity
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Virus particles (known as virions) consist of two or three parts 

1.the genetic material made of either DNA or RNA 
2.a protein coat that protects these genes 

and in some cases 
3.an envelope of lipids that surrounds the protein coat when they 
are outside a cell. 

Viruses
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The shapes of viruses range from simple helical and icosahedral 
forms to more complex structures.  
A virus is about hundred times smaller than a bacterium.  
Most viruses are too small to be seen directly with an optical 
microscope.

Viruses
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Viruses that infect bacteria are called bacteriophage (or phage). 
Phage binds to a receptor on the host cell wall, injects the nucleic 
acid, then one of two pathways happens: the lytic cycle or the 
lysogenic cycle

Viruses



•lytic cycle: phage reproduces immediately and kills the host cell 
which bursts and releases progeny viruses; 
•lysogenic cycle: postponed reproduction by integrating into the host 
cell’s genome  

The lytic cycle results in the destruction of the infected cell and its membrane. In the lytic 
phage, the viral DNA exists as a separate molecule within the bacterial cell, and replicates 
separately from the host bacterial DNA. In the lysogenic phage cycle viral DNA is within the 
host DNA, therefore in both cases the virus/phage replicates using the host DNA machinery

Viruses



Animal viruses enter cells in several ways

3) The mRNA is used 
for the translation into 
viral proteins

1) Viral RNA is freed 
in the cytoplasm.

2) Thank to a RNA-
Polymerase, the RNA is 
transcribed into mRNA

4) The viral RNA 
replicates

5) A new virion is 
assembled and released

Influenzavirus has glycoproteins that bind to receptors on host cell and 
is taken in by endocytosis.



Animal viruses enter cells in several ways
In the HIV (human immunodeficiency virus) the membrane of the host 
cell and the enveloped virus fuse together.

HIV is a retrovirus, it has the enzyme reverse transcriptase which makes a back-to-front 
transcription from RNA to DNA.



Animal viruses enter cells in several ways

1) HIV uses reverse 
transcriptase to synthesize a 
complementary DNA (cDNA)

3) When proviral DNA is 
activated, new virions are 
produced.

2) cDNA is integrated 
permanently into the 
host’s genome.



Prokaryotes have several ways of recombining genes: 

(A)transformation; 
(B)transduction; 
(C)conjugation;  
(D)plasmids; 
(E)transposons.

Prokaryotic recombination of genes:



(A)transformation 
In some bacteria, when the organism dies the DNA exits the cell. 
Other bacteria can acquire free DNA from the environment and 
incorporate it in the chromosome

Prokaryotic recombination of genes:



Prokaryotic recombination of genes:

(B)transduction 
Is a mechanism of DNA transfer mediated by a virus. Often when a 
virus infects a bacterium and replicates, small fragments of bacterial 
DNA can be engulfed in the capsid and transferred to other infected 
bacteria



Prokaryotic recombination of genes:

(C)conjugation 
Bacteria get in direct contact and single strand of DNA is transferred 
through a conjugation tube (sex pilus)



Prokaryotic recombination of genes:

(D)Plasmids 
Plasmids are small circular bacterial chromosomes containing only 
few genes and exist independently of the main chromosome. They 
can be transferred during conjugation. 
Plasmids are classified based on the type of genes they contain:

•Fertility (F) plasmids: help conjugation 
•Metabolic plasmids: confer unusual 
metabolic capacities 
•Resistance (R) plasmids: help the cell to 
resist antibiotics



Prokaryotic recombination of genes:

(D)Transposons 
are DNA fragments that can move within the chromosome and can be 
inserted into new locations. Transposons carrie one or more additional 
genes. 
Transposons have contributed to the evolution of plasmids.



Regulation of gene expression
As in a symphony various instruments play their 
own parts at different times and the musical director 
determines which instruments play when, similarly 
in an organism different genes are expressed at 
different times, with a “genetic director” 
determining which genes are active when. 
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Introduction
In a symphony, various instruments play their own parts at different times; the musical score determines which instruments 
play when. Similarly, in an organism, different genes are expressed at different times, with a “genetic score,” written in 
 regulatory regions of the DNA, determining which genes are active when. The picture shows the expanded “puff” of this 
Drosophila chromosome, which represents genes that are being actively expressed. Gene expression and how it is controlled 
is our topic in this chapter.

 16.1 Control of Gene Expression

Learning Outcomes
Identify the point at which control of gene expression 1. 
usually occurs.
Describe the usual action of regulatory proteins.2. 
List differences between control of gene expression in 3. 
prokaryotes and that in eukaryotes.

Control of gene expression is essential to all organisms. In 
prokaryotes, it allows the cell to take advantage of changing 
environmental conditions. In multicellular eukaryotes, it is crit-
ical for directing development and maintaining homeostasis.

Control usually occurs at the level 
of transcription initiation
You learned in the previous chapter that gene expression is the 
conversion of genotype to phenotype—the flow of information 
from DNA to produce functional proteins that control cellular 
activities. We could envision controlling this process at any point 
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A Drosophila chromosome 
whose genes are being 
actively expressed.

Control of gene expression

In prokaryotes 
it allows the cell to take 
advantage of changing 
environmental conditions. 

In multicellular eukaryotes  
it is critical for maintaining 
homeostasis.



Control usually occurs at the level of transcription

Gene expression is the conversion of genotype (DNA) to 
phenotype (proteins). Most control of this expression is at the 
beginning: transcription of mRNA from DNA.

In prokaryotes 
Changes in gene expression alter which enzymes are present in 
response to the quantity and type of available nutrients and the 
amount of oxygen, allowing the cell to adjust its enzyme levels 
up or down in response to environment changes.
In multicellular eukaryotes 
Cells respond to signals in their immediate environment (such as 
growth factors and hormones) by altering gene expression, and 
in doing so they participate in regulating the body as a whole 
(homeostasis).



Regulation of gene expression in prokaryotes
Regulatory proteins act by modulating the ability of RNA-
polymerase to bind to the promoter, a sequence of the DNA which 
binds to the RNA-polymerase.

Constantly 
produced proteins

Proteins are 
synthesized when 
needed



Regulation of gene expression in E. coli
Escherichia coli is a symbiotic bacterium in our intestine and has to adapt 
quickly to different environmental conditions, depending on the food we 
eat: (e.g. milk in the morning, pizza and other foods at lunch, meat at 
dinner).

SEM micrograph of cluster of E. coli bacteria.

Type of food available Synthesis into Monomer

Meat (proteins) Amino acids and fatty acids

Milk (lactose) Glucose and galactose

Pizza (Carbohydrates) Glucose



Regulation of gene expression in E. coli

Lactose rich 
environment

Lactose poor 
environment
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E. coli main source of 
energy is glucose.

The enzyme β-Galactosidase catalyses the breakdown reaction of 
lactose into glucose + galactose. 
The genes encoding β-Galactosidase are active

β-Galactosidase G
lu
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to

se+

The enzyme β-Galactosidase is absent. 
The genes encoding β-Galactosidase are inactive



The Operon and the genetic expression

A promoter is a section of the regulatory sequence that provides a 
recognition and attachment site for RNA polymerase to begin the process 
of gene transcription.

Promoter c

The operator is a regulatory sequence (between the promoter and the 
structural gene) to which a repressor can bind to block transcription.

The DNA is organized into units (operons) related to a specific trait. 
Each unit contains structural genes, the genes actively encoding 
proteins with related functions (contain the information for the primary 
structure of the protein). 

Structural geneRegulatory sequence

OPERON

DNA baOperator

Together with the structural genes there is a regulatory sequence, a 
segment which regulates the expression of structural genes.



PromoterDNA Gene

RNA 
Polymerase

mRNA

The Operon and the genetic expression



PromoterDNA

RNA 
Polymerase

Operator

Lac Z Lac Y Lac A

Without lactose 
Operator switched off

repressor - 
positive control

No mRNA transcription nor 
β-Galactosidase synthesis

The lac operon in E. coli has three genes, which all encode for enzymes that 
breakdown lactose into glucose. The Lac operon is turned on and off like a switch. 
When the lactose is absent from the environment, the Lac operon is switched off thank 
to a protein (repressor) which binds specifically to the operator. This prevents useless 
transcription of the enzymes as the repressor blocks the RNA Polymerase.

The Lac operon in E. coli - a positive control



The Lac operon in E. coli - a positive control

PromoterDNA

RNA 
Polymerase

Operator

Lac Z Lac Y Lac A

mRNA is transcribed and β-
Galactosidase is synthesized

When lactose is present in the environment, it binds specifically to the repressor. This 
make the repressor change shape and leave the Lac operon. RNA Polymerase can 
then transcribe the genes and the enzymes are synthesized to break down the lactose

With lactose 
Operator switched on

mRNA

Lactose



The Lac operon in E. coli - a positive control

PromoterDNA
Operator

Lac Z Lac Y Lac A

When lactose is present in the environment, it binds specifically to the repressor. This 
make the repressor change shape and leave the Lac operon. RNA Polymerase can 
then transcribe the genes and the enzymes are synthesized to break down the lactose

With lactose 
Operator switched on

Lactose

β-Galactosidase Permease Transacetilase



The Trp operon in E. coli - a negative control
Tryptophan (abbreviation Trp) is one of the 21 essential amino acids in the human diet. 
In E. coli it is produced by some enzymes encoded by a series of genes located on the 
Trp operon. The repressor can block the operator only if the tryptophan (a corepressor) 
is bounded to it.



Every cell in a multicellular organism has the same set of DNA but not all the cells are 
the same and have the same functions. Cells differ from each other because different 
genes are expressed in different types of cells. 

Eukaryotic cells can control the process of gene expression at different points: 

•Before transcription 
•During transcription 
•After transcription 

Anyway the most commonly regulated step is the start of transcription.

Regulation of gene expression in eukaryotes



transcription factors

The start of transcription is controlled by regulatory DNA sequences and proteins 
called transcription factors which bind to the RNA polymerase and help the 
transcription.

Regulation of gene expression in eukaryotes

Some transcription factors help the bending of the DNA, activating the transcription by 
the RNA polymerase


