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Detection and Isolation of Mutants

mutations are generally rare
— one per 107 to 10! 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

mutations : one per 107 to 10! cells

Coltureliquide

« 10 %ellule/ml

Coloniein Agar

« 10" cellule/colonia
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Streptomycin-

resistant cell \
Streptomycin-

sensitive cells

Selezione Diretta di mutanti

Medium without
streptomycin

Medium containing
streptomycin

Identification of a mutant by patch replication.

Medium containing
streptomycin

Medium without
streptomycin

Identification of mutants on (a) indicator agar (MacConkey agar) where wild type lac™ show purple/red
color of the colonies and the mutant lac™ produces colorless colonies

b) in an antibiotic-containing medium,
wild type fails to grow but a resistant mutant shows good growth

Terreni di coltura per Escherichiacoli

definito complesso
KHPO, 7g Glucosio 15g
KH,PO, 2g Estratto di lievito 5g
(NH)SO; 1g Peptone 5g
MgsO, 01g KH,PO, 2g
CaCl, 002g 1000 ml di acqua distillata
Glucosio 4-10g pH7

Elementi in tracce (Fe, Co, Mn, Zn,
Cu, Ni, Mo) 2-10 ug di ognuno

1000 ml di acqua distillata

pH7 v
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Enriched complex
medium

Glucose-salts
synthetic medium
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Selezione Indiretta: Replica Plating

Piastra madre; g e o\
crescita su terreno /7~ )
completo

L 4 )

& /) Premere
la piastra
sul velluto

Velluto
sterilizzato
Fascetta
lastica
a 3 Velluto con
Blocco di legno —__ l'impronta di

tutte le colonie

Selezione Indiretta: Replica Plating

Terreno
completo

Trasferire
I'impronta
delle colonie
su un terreno
fresco

Selezione Indiretta: Replica Plating

Crescita di tutte le colonie | mutanti non crescono

mutante auxotrofo
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REPLICA PLATING AND INDIRECT SELECTION OF
BACTERIAL MUTANTS
JOSHUA LEDERBERG axo ESTHER M. LEDERBERG

Department of Genetics* College of Agriculture, University of Wisconsin,
Madison, Wisconsin

Received for publication August 31, 1951

Esther Lederberg in her home in Wisconsin (1958, the
day that the Nobel Prize of Joshua Lederberg was
announced).

Figure 1. Replica plating for the isolation of auxotrophic colonies. A, Initial plate; B,
Replica; both on complete agar medium. €. Second replica o minimal agar. The arrows
designate the auxotrophic colonies which fail to grow on minimal medium. The resolution
of these replicas is of fair to average quality.

Copyright© Companies, Ino. o o dspiay.

Bacteria plated on
agar medium and
incubated at 25°C
Wild-type
bacteria

Conditional

mutant
Conditional mutant Replca plated
(temperature-sensitive) onto two plates
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Only wild-type|
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Esempio di isolamento di mutanti portatori di mutazioni
condizionali letali in geni essenziali.
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Crossfeeding

Enzyme 2
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Minimal medinm M inimal medinm
+ Arginine no Arginine

Glutamate == [Omithing] == [Citrulline] = Arginine

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 Fand E

Minimal medium
no Arginine

F accumulates ORNITHINE used
by E

G accumulates CITRULLINE used
by F& E

Glutarmate 4w [Ormithine] - [Citruilline] —x—e- Arginine

Analisi dei mutanti: Complementation

Complementation tests are used to determineif 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

Cellula wild-type;
entrambi i geni A
e B sono funzionali

Trp*
La cellula La cellula La c:.jEIuI.aL
contiene la contiene la e
mutazione 1 mutazione 2 mutazione
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La cellula La cellula
contiene la contiene la
mutazione 1 mutazione 2

Test cis-trans

per le mutazioni 1e 2;
la complementazione
avviene, quindi

le mutazioni sono

su geni differenti

La cellula
contiene la
mutazione 2

La cellula
contiene la
mutazione 3

B Test cis-trans
X per le mutazioni 2 e 3;
3 |la complementazione

non awviene, quindi
le mutazioni sono
sullo stesso gene |

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.

200 nm

1. Phage injects
its DNA into ,/&\
host cell.

Host
& LA o some

isof i, P00
e cﬁll“{g"?ﬁ

. ipette o

bacteria
imi 1mil 1mi 1mi 25 plaques
C L ]

2, Phage proteins
synthesized:
T, DNA repiicated.
e ) Host chromosome
=~V degraded.

3. Assembly of phages
within host cell.

ut
0.01m  01ml

0.1ml

Add plating

solution of
bacteriophages

Tubes containing medium
‘without phage

17/03/2016



Bacterium coll communis ] -
Echrich 1485 Bacillus eoli
Ingit Pasteur ookection
Herele 1010
Escherichia coli 1
NCTC B ol MM coli
U s 100 Eoet 1920

Bacilius coli

(s 151
= Ecolik2 Bassels B col
Fill Wolkizin
- 8. coll P, i
Beomientrenrer 934

Cali PC
L {11

Tal Debrich & Lura 1042
T Oemere & Fana 1945

e l

£
Ledeerg EM 8 J 1853 Bentan 1953

st

Genealogy of E. coli o
]
Conen 1050

Journal of Molecular Biology, Volume ¢

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

& &)

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

& @
(Lsrams )

|¥/\I¥I

Lawn of B Lawn of K

all grow = “Total” only wild-type grows

Phenotypic properties of T4 phage

i E. coli strain
T4 strain B K(R) :
= Large, distinct No plaques
rirt Small, fuzzy Small, fuzzy

r: rapid lysis

The rll protein consists of 2 separate polypetide chains, coded by the rllA & rlIB

genes respectively

riA

—> RII
rliB Phenotype
Genotype
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Mixed
a infection
rlI~mut. 1 S 2

| fagi dei due ceppi mutanti vengono piastrati ad alta
molteplicita di infezione cioé ad un concentrazione
elevata in modo che i batteri vengono infettati
contemporaneamente da entrambi i tipi di mutanti

S,

A rliB
nonfunctional functional

No complementation
- no cell lysis
- no phage progeny

Mixed
@ infection
rli~mut. 1 S0 Ag rli~mut. 2

Py

rllA  rlIB
functional functional

Complementation
- cell lysis
- phage progeny

Cistrons Cistrons
A B A B
rillocus I Ju X ‘ " -
Mutation j 1 lmulalion l
Viral gene B A B
duct:
L Defective Functional Defective Functional
During simultaneous infection, no complementation
occurs because no functional A products are present
E. coli K12(X) lawn — No plaques
A B A B
ril locus -ﬁ | J= % i ——
Mutation Mutation
Viral gene
products i B A B .
Defective Functional 1 Functional Defective
During simultaneous infection, compl tation occurs
because both functional A and B products are present
- i
n fr % Wild-type
E. coli K12(}) lawn o7 g " T4 plaques

%
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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

/ — ATG CAT (CTT CTA — Wildtype \

Met — His - leu - Leu

— ATG CAT TTT CTA — Mutation
Met — His - Phe - Leu

<N

True revertant Pseudorevertant
—ATG CAT (@fT CTA- —ATG CAT TTH) CTA—

\Met - His - Leu - Leu Met — His - Leu - Leu/

g9 | Serratia plymuthica G3 (ACF28536) \
S cdorfera (EFA14034)

Yersinia enferocoifca (CAL10506)

Pectobacterium carofovorum (ACT14736).

Erwina amylovora (CBA23141)
Enterobacter sp. 638 (ABP58043)
Safmonefia enterca (CADOGB38)
Escherichia col O157 HT (ADDSE418)
90 | Shigetla texneri (ADATES19)

Vibrio fischeriES114 (ABWE6818)
Xylelta fastidiosa (ADNG3057)
Nanthomonas campesiris {CAP51903)

Neisseria meningitidis (CAXS0462)
Rafstonia picketti (ACD26212)
Burkhoideria cenocepacia (ACA0992)

b4 YO 5975)/

Rhodobacter sphaeroides (ABATEIET)

71_[— Agrobacterium tumefaciens (AALA2456)
48 % 99 Rizobiurr leguminossrum (CAKOTTTE) | g
_’ [ Sinorhizobim meliioti (ADE 20386)
& 540773)

rguens

Listeria (AATO4087)

Clostridium Q53749) c
aureus (ADQTT384)

77l Bacillus (AATB3163)

Proc. Nat. Acad. Sci. USA
Vol. 72, No. 12, pp. 5135-5139, December 1975
Medical Sciences
Detection of carcinogens as mutagens in the Salmonella/microsome
test: Assay of 300 chemicals*

(rapid in v ing /eni i d mutagens)
JOYCE MCCANN, EDMUND CHOI, EDITH YAMASAKI, AND BRUCE N. AMES

1998-Bruce Ames receives the Medal of Science from
President Clinton.

17/03/2016
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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.

about 10° his-bacteria, <102 of white
colonies derived from single bacteria
that have undergone spontaneous
reversion mutationsto his*.

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.

Growth on rich medium

Growth on minima medium

ODgyq

Growth on rich medium Growth on minima medium

ODGUU

Comesi potrebbe determinare se la crescita osservata dopo la fase Lag dipende:

a) daunaseconda mutazione che consente la crescitain terreno minimo

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

La frequenza con cui avvengono
i diversi tipi di mutazioni e
estremamente variabile.

Errori nella replicazione del DNA
ricorrono con una frequenza di
10 107 per coppia di basi per
singolo ciclo di replicazione.

8
i
7" BUESS WHO GOT CAUGHT .
MUTATING AT SCHOOL
s
8

DINNER AT THE MICROBES

Aumenta in fase stazionaria: mutazione di una cellula ogni 300-400

17/03/2016
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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

operone criptico Bgl

utilizzo beta-glucosidi aromatici

D)
ARBUTIN 00 HO OH
OH T U I
0 OHI HO™ ™y o
\©\ )O:i[ OH 10 00 0 |
© o SALICIN gy PHLORIZIN

H “0H
OH OH

2
IG bglB bglF bglH bgll bglK
Dii > el bol > )

Scheme showing the bg/ operon with the promoter (Pyy). the CRP binding site (CRP).

the Rho independent terminators (t1 and t2) and the structural genes bg/G.B,F.H.l and K
(bglG. transcriptional antiterminator, BglB, phospho p-glucosidase. bglF. EII permease. bglH.
outer membrane porin, bgll Xylanase. bglK, isomerase). The inding sites in URE (upstrean)
regulatory element) and DRE (downstream reualtory element) are indicated with vertical hatched bars.

Operone bgl

TTGCTA TAAATT +1

e AN N PO

H-NS -35 -10

r’ckgolatarc positive
fosfotrasferasi &

P4 scquenzaripetuta invertita regolatore negativo

Q terminatori fosfo B

CAP  sito dilegame di CAP-cAMP glucosidasi
H-NS sito di legame di H-NS

|'b sito di inizio della trascrizione

17/03/2016
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S50
m BglB

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)

Proteina  Struttura Massa molecolare  Copie per
del monomero (kDa) cellula

Supercoiled
domain

Dps L2 19 20000*

Fis o 11,2 100
10000°
s~ \\
H-NS | a,e oligomeri 15,4 20000
_Seo-” - diordine
- “maggiore
] HU 0, By, 0B 9.2(); o _50000°

ReBressore globale della trascrizione di centinaia di qeni. Regolatore della b
ricombinazione. [ mutanti hanno effetto pleiotropico. £ anche una RNA chaperone.
Il livello di espressione & costante con piccolo incremento in fase stazionaria. Forma

eteromeri con altre proteine di E. coli e con altri paraloghi e ortologhi. Lega in
regioni del DNA ricche in A + T.

Lp iy 19 3000

*In fase stazionaria.

© In fase esponenziale.

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

silencer Pog silencer
bgS \{  bgF ) bgE )
Wows +965
. FISI EIST +1
S e b s b e T
MAGT‘I‘MWMTMCW&Q@WNm‘lﬁ'MMTMTTTCCGMCL'I‘GGﬂ
TTTCAATTA = TACCAGTAT! TAGTTATCGCGTAACGATAMAGAGACGTGOGTTAATTTAATTAARGGCTTGGACCT
T
CAP-binding site

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

nature 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,
bglIR, 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.

17/03/2016
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Sequence of the bgl promoter and upstream regulatory region.

=110

BglJ-RcsB

ARAGTTAATRAC
TTTCAATTHTTG]

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.

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

P H-NS

BglJ and RcsB (both TR of
the LuxR-type family)
interact and form
heterodimers that

Leuo () /
\ & yia bgl
—r —=——— presumably bind upstream

OBQIJ of the bgl promoter
H-NS ‘A

| €8 ORcsB
N

Pr bgl operon

N\

CRP_FIS

Promoters (P) are indicated by pointed flags.

Operone bgl

TTGCTA TAAATT +1

e AN N PO

H-NS -35 -10

r?:kgdatara positive
fosfotrasferasi &
P4 scquenzaripetuta invertita regolatore negativo

Q terminatori fosfo B

CAP  sito dilegame di CAF-cAMP glucosidasi

H-NS sito di legame di H-NS

r> sito di inizio della trascrizione

(a) Non-stimulated

HPr) < Ef .(_;.o
@ )

Termination

17/03/2016
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(b) Stimulated

) < E1 4_>°
@

RNA pol

Antitermination
Current Opinion in Microbiology

Ruolo biologico ed evolutivo dei geni criptici

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

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

L’allele wild type € favorevole in certi ambienti, mentre in ambienti
alternativi, con risorse limitate, I'allele criptico & vantaggioso.

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

Klebsiella spp.
Gruppo | fermentano B-glucosidi aromatici e cellobiosio
Escherichia coli, non possono fermentare B-glucosidi, ma
Shigella sonnei possono mutare acquisendo
o~ : o -
Gruppo Il gd;f)endemememe un fenotipo Arb*, Sal* o
el

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 & svantaggioso, ma
selettivamente favorevole in particolari condizioni di stress (es. digiuno,
risposta immunitaria dell'ospite)

PROCEEDINGS Hydrolysis of aromatic 3-glucosides by

——OF . : »
THE ROYAL non pathogemc bactena confers a
SOCIETY chemical weapon agalnst predators
rspb.royalsocietypublishing.org Robert Sonowal, Krithi Nandimath', Sucheta S. Kulkarni?, Sandhya

P. Koushika??, Vidyanand Nanjundiah' and S. Mahadevan'

Bacteria present in natural environments such as soil have evolved multiple
strategies to escape predation. We report that natural isolates of Enterobacteria-
ceae that actively hydrolyze plant-derived aromatic B-glucosides such as
salicin, arbutin and esculin, are able to avoid predation by the bacteriovorous
amoeba Dictyostelium discoiderm and nematodes of multiple genera belonging
to the family Rhabditidae. This advantage can be observed under laboratory
culture conditions as well as Tn the soil environment. The aglycone moiety
teleased by the hydrolysis of B-glucosides is toxic to predators and acts via
the dopaminergic receptor Dop-1 in the case of Caenorhabditis elegans. While
soil isolates of nematodes belonging to the family Riabditidae are repelled by
the aglycone, laboratory strains and natural isolates of Caenorhabditis sp. are
attracted to the compound, mediated by receptors that are independent of
Dop-1, leading to their death. The B-glucosides—positive (Bgl") bacteria that
are otherwise non-pathogenic can obtain additional nutrients from the dead
predators, thereby switching their role from prey to predator. This study
also offers an evolutionary explanation for the retention by bacteria of “cryptic’
or ‘silent’ genetic systems such as the bg! operon.

17/03/2016
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