
17/03/2016

1

Genetica dei Procarioti - 4

Dipartimento di Scienze della Vita
CdS Biologia Molecolare e Cellulare (LM-6)

Prof. Laura Marri
ricevimento: previo appuntamento telefonico o e-mail

A.A. 2015-16

Detection and Isolation of Mutants

mutations are generally rare
– one per 107 to 1011 cells

finding mutants requires 
sensitive detection methods

and/or methods to increase 
frequency of mutations

Selection

• Positive (direct) selection detects mutant cells 
because they grow or appear different

• Negative (indirect) selection detects mutant cells 
because they do not grow

Colture liquide

• 1010cellule/ml

Colonie in Agar

• 107 cellule/colonia

mutations : one per 107 to 1011 cells
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Terreni di coltura per Escherichia coli

definito complesso



17/03/2016

3

S
el

ez
io

ne
In

di
re

tt
a:

A
rr

ic
ch

im
en

to
co

n 
pe

ni
ci

lli
na

S
el

ez
io

ne
In

di
re

tt
a:

A
rr

ic
ch

im
en

to
co

n 
pe

ni
ci

lli
na

S
el

ez
io

ne
In

di
re

tt
a:

A
rr

ic
ch

im
en

to
co

n 
pe

ni
ci

lli
na



17/03/2016

4

Selezione Indiretta: Replica Plating Selezione Indiretta: Replica Plating

Selezione Indiretta: Replica Plating

mutante auxotrofo
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Esther Lederberg in her home in Wisconsin (1958, the 
day that the Nobel Prize of Joshua Lederberg was
announced).
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Esempio di isolamento di mutanti portatori di mutazioni 
condizionali letali in geni essenziali.
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F accumulates a diffusible intermediate which is excreted and can be 
used by E

G accumulates a diffusible intermediate which excreted and can be used 
by F and E

F accumulates ORNITHINE used 
by E

G accumulates CITRULLINE used 
by F & E

Complementation tests are used to determine if two 
mutations are in the same or different genes 

necessary when different mutations in the same pathway yield the 
same phenotype

2 mutations on different genes: trans configuration

2 mutations on same gene:  cis configuration 

Analisi dei mutanti: Complementation
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Brook, Biologia dei 
microrganismi – 1 
Microbiologia generale

25

T2, T4 have been enormously useful in genetic 
studies because: 

Viruses of two (or more) different genotypes 
can simultaneously infect a single bacterium. 

The DNA molecules of one of the 
infecting viruses can recombine with 
that of another forming recombinant 
molecules. 

The huge number of viruses 
released from a huge number 
of bacterial hosts enables even 
rare recombination events to 
be detected. 
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Genealogy of E. coli B. 

Journal of Molecular Biology, Volume 394, Issue 4, 2009, 634 - 643

rII mutants & wild-type T4 can infect and complete their life 
cycle in a strain of E. coli designated B. 

rII mutants cannot complete their life cycle in a strain of E. coli 
designated K.  Wild-type T4 can. 

Phenotypic properties of T4 phage

r: rapid lysis

The rII protein consists of 2 separate polypetide chains, coded by the rIIA & rIIB
genes respectively

RII-rIIA
rIIB
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I fagi dei due ceppi mutanti vengono piastrati ad alta 
molteplicità di infezione cioè ad un concentrazione 
elevata in modo che i batteri vengono infettati 
contemporaneamente da entrambi i tipi di mutanti
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Cis-trans test of mutations 1 & 2
complementation  occurs

mutations are in different genes

Cis-trans test of mutations 1 & 2
complementation  occurs

mutations are in different genes

Cis-trans test of mutations 2 & 3
no complementation occurs

mutations are in the same gene

A gene as defined by the cis-trans test is called a

cistron and is equivalent to defining a structural gene

as a segment of DNA that encodes a single

polypeptide chain

Reversione

Salmonella typhimurium

1998-Bruce Ames receives the Medal of Science from 
President Clinton.
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about 109 his- bacteria, <102 of white
colonies derived from single bacteria
that have undergone spontaneous
reversion mutations to his+.

As it diffuses outward, the chemical
first kills all the bacteria (clear area),
but then at lower concentration is seen
to induce reversion mutations many
revertants (his+) colonies due to its
mutagenic effect.

T. Zahrt isolated a strain of Salmonella typhimurium that could grow as well as the 
wild-type parent on rich medium, but when transferred from rich medium to minimal 
medium the strain a very long lag phase compared to the wild-type parent. 
wild-type : black squares; other strain: blue triangles.

Come si potrebbe determinare se la crescita osservata dopo la fase Lag dipende:

a) da una seconda mutazione che consente la crescita in terreno minimo

b) da un periodo più lungo di adattamento al terreno minimo

?

Frequenza di mutazione

La frequenza con cui avvengono
i diversi tipi di mutazioni è
estremamente variabile.
Errori nella replicazione del DNA
ricorrono con una frequenza di
10-6 10-7 per coppia di basi per
singolo ciclo di replicazione.

Aumenta in fase stazionaria:  mutazione di una cellula ogni 300–400 
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operone criptico

sequenze di DNA fenotipicamente
silenti normalmente non espresse
durante il ciclo vitale dell’organismo

Sistemi criptici in Escherichia coli K12

bgl metabolismo arbutina e salicina
cel metabolismo arbutina, salicina, cellobiosio
arbT            assunzione arbutina
asc metabolismo arbutina, salicina, cellobiosio

ARBUTIN

SALICIN PHLORIZIN

utilizzo beta-glucosidi aromatici

operone criptico Bgl

Operone bgl

---------*
*
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StpA paralogo di H-NS

The H-NS paralog StpA shares 58% amino acid identity with H-NS and the two 
proteins have many common properties. 

StpA can complement the gene expression defect of the hns single mutant (Shi 
and Bennet, 1994)

Antagonistic control of the Escherichia coli bgl promoter by FIS and CAP in vitro

Caramel A, Schnetz K.
Molecular Microbiology
Volume 36, Issue 1, pages 85-92, 2002

293, 625 - 629 (22 October 1981)

Insertion of DNA activates the cryptic bgl operon in E. coli K12
Ann E. Reynolds, Jeffrey Felton* & Andrew Wright

Spontaneous mutations which activate the cryptic bgl operon of 
Escherichia coli K12 are caused by insertion of DNA at a site, 
bglR, within the operon. Two insertion elements, IS1 and IS5, 
have been observed to effect this activation. Once the activating
insertion has occurred the operon is inducible by  glucosides in 
a cyclic AMP-dependent manner.
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Sequence of the bgl promoter and upstream regulatory region. 

Indicated are the −35, −10, and transcription start sites of the 
promoter; the CRP binding site (boxed); and the Fis binding sites 
(dotted lines), as well as the BglJ-RcsB (solid lines) binding sites.

Promoters (P) are indicated by pointed flags. 

LeuO, a transcriptional regulator, likewise binds to 
the bgl upstream regulatory region and relieves 
repression of bgl independently of BglJ-RcsB. 

BglJ and RcsB (both TR of 
the LuxR-type family) 

interact and form 
heterodimers that 

presumably bind upstream 
of the bgl promoter

Operone bgl

---------*
*
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Ruolo biologico ed evolutivo dei geni criptici

• Secondo il modello di Hall et al. (1987), un gene di una 
popolazione microbica può trovarsi in tre stati:

1. Allele funzionale;
2. allele criptico;
3. allele non-funzionale.

L’allele wild type è favorevole in certi ambienti, mentre in ambienti 
alternativi, con risorse limitate, l’allele criptico è vantaggioso.

La distribuzione di alleli criptici/funzionali per il metabolismo di β-
glucosidi varia all’interno delle Enterobacteriacae in relazione alla
nicchia ecologica occupata

Klebsiella spp.
Gruppo I fermentano β-glucosidi aromatici e cellobiosio

Escherichia coli,   
Shigella sonnei

Gruppo II

non possono fermentare β-glucosidi, ma 
possono mutare acquisendo 
indipendentemente un fenotipo Arb+, Sal+ o 
Cel+

Il mantenimento di alcuni sistemi criptici rappresenta un sistema di regolazione 
a lungo termine per funzioni raramente utilizzate

In ambienti multi-risorsa, un allele criptico attivato è svantaggioso, ma 
selettivamente favorevole in particolari condizioni di stress (es. digiuno, 
risposta immunitaria dell’ospite)


