
Bacteria Mutate Spontaneously and Grow at an Exponential Rate. 
Useful for genetics studies, development of genetic engineering 

Spostiamo ora la nostra 
attenzione sui batteri, e 

batteriofagi  





Teoria dell'adattamento 

•The adaptation hypothesis proposes that 
the interaction of bacteriophage and 
bacterium is essential to the bacterium’s 
acquisition of immunity to the phage. 
Exposure to the phage “induces” resistance in 
the bacteria. 



 

•Spontaneous mutation, however, which 
occurs in the presence or absence of phage, 
is considered the primary source of genetic 
variation in bacteria. 



Isolation of mutant cells 

•Selection is the growth of 
the organism under 
conditions in which only 
the mutant of interest 
grows well, whereas the 
wild type does not. 



Prototrophy and auxotrophy 

•A prototroph can synthesize all essential 
organic compounds and therefore can be 
grown on minimal medium. Through 
mutation, an auxotroph has lost the ability to 
synthesize one or more essential compounds 
and must be provided with them in the 
medium if it is to grow. 



Bacterial growing 

•Bacteria have three growth phases: lag 
phase, log phase (exponential growth), and 
stationary phase. 
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Conjugation Is One Means of 
Genetic Recombination in 

Bacteria 

 



 

•Bacteria undergo conjugation, in which 
genetic information from one bacterium is 
transferred to another and recombines with 
the second bacterium's DNA. 

•Lederberg and Tatum 1946 



 

 



 

When strain A and 
strain B auxotrophs 
are grown in a 
common medium, 
but separated by a 
filter, no genetic 
recombination 
occurs and no 
prototrophs are 
produced. The 
apparatus shown is 
a Davis U-tube. 



 

•In bacterial conjugation in E. coli, F+ cells 
serve as DNA donors and F– cells are the 
recipients. F+ cells contain a fertility factor (F 
factor) that confers the ability to donate DNA 
during conjugation. Recipient cells are 
converted to F+. 

•Davis U-tube 

•Pilus F 



 

 



 

 





●Hfr bacteria and chromosome 
mapping 

•An Hfr (high-frequency recombination) 
strain has the F factor integrated. An Hfr 
strain can donate genetic information to an 
F– cell, but the recipient does not become F+. 

•Cavalli-Sforza 1950 

•Wollmann and Jacob 



●Ceppi hfr 



 



 

•Interrupted matings 
demonstrated that 
specific genes in an 
Hfr strain are 
transferred and 
recombined sooner 
than others. 



 

•The chromosome of an Hfr strain is 
transferred linearly, and the gene order and 
distance between genes can be predicted. 



 

•Gene transfer by Hfr strains led to the 
understanding that the E. coli chromosome is 
circular. F+ cells contain a fertility factor (F factor) 
that confers the ability to donate DNA during 
conjugation. Recipient cells are converted to F+. 



 

 



 

•In some cases, an F factor is excised from the 
chromosome of an Hfr strain. In the process, 
the F factor (referred to as F’) often brings 
several adjoining genes with it. Transfer of an 
F’ to an F– cell results in a partially diploid cell 
called a merozygote. 



 

 



Mutational Analysis Led to the 
Discovery of the Rec Proteins 

Essential to Bacterial 
Recombination 



 

•The RecA protein plays 
an important role in 
recombination involving 
single-strand 
displacement. 



RecA is a 38 kilodalton Escherichia coli protein 
essential for the repair and maintenance of 
DNA. A RecA structural and functional homolog 
has been found in every species in which one 
has been seriously sought and serves as an 
archetype for this class of homologous DNA 
repair proteins. The homologous protein in 
Homo sapiens is called RAD51. 



 

•The RecBCD protein is 
important for unwinding 
a double-stranded DNA 
molecule that serves as 
the source for genetic 
recombination. RecA then 
facilitates recombination. 



•Plasmids contain 
one or more genes 
and replicate 
independently of 
the bacterial 
chromosome. 

Plasmids 



The conjugative transfer of antibiotic resistant 
plasmids between bacteria is a major problem 
facing the medical profession today 



●Some examples 

•F factors confer fertility, R plasmids confer 
antibiotic resistance, and Col plasmids 
encode colicins that can kill neighboring 
bacteria. 



Transformation Is Another 
Process Leading to Genetic 
Recombination in Bacteria 

 



 
•In transformation, 
small pieces of 
extracellular DNA 
are taken up by a 
living bacterial cell 
and integrated 
stably into the 
chromosome. 

 

•Griffith 

•Avery, McLeod, 
McCarthy 





 

•Once it is integrated into the chromosome, 
the recombinant region contains one host 
strand (present originally) and one mutant 
strand. Because these strands are from 
different sources, this region is referred to as 
a heteroduplex, and the two strands of DNA 
are not perfectly complementary in this 
region. 



RIASSUNTO 



http://rstb.royalsocietypublishing.org/content/
370/1660/20130383.full 



MAPPATURA PER CO-COTRASFORMAZIONE 



Bacteriophages Are Bacterial Viruses 

•Bacteriophages can infect a host bacterium 
and inject their DNA into its chromosome. 
The infected bacterium then produces more 
phage particles, which are released when the 
host cell is lysed. 





 

 



 

•The number of phages produced following 
the infection of bacteria can be determined 
by the plaque assay. This technique entails 
performing serial dilutions of virally infected 
bacteria, which are then poured onto agar 
plates. 



 

•By counting the number of plaques (areas clear of 
bacteria) on the plates, the number of phages in 
the original culture can be determined. 



 

 





Transduction Is Virus-Mediated Bacterial 
DNA Transfer 

•Bacteriophages, which can themselves 
undergo genetic recombination, can be 
involved in a mode of bacterial genetic 
recombination called transduction. 



 

• The Lederberg-
Zinder experiment 
led to the 
discovery of 
phage 
transduction in 
bacteria . 



 

•In generalized transduction, bacterial DNA 
instead of phage DNA is packaged in a phage 
particle and is transferred to a recipient host. 
In specialized transduction, a small piece of 
bacterial DNA is packaged along with the 
phage DNA. 



Trasduzione 

generalizzata 

 



 

•Generalized transduction results in transfer 
of a large number of bacterial genes, whereas 
specialized transduction results in transfer of 
only a few bacterial genes. 

 

Like transformation, generalized transduction 
can be used in linkage and chromosomal 
mapping (cotrasduzione). 




