Mutazioni Geniche



La trasposizione e una forma di ricombinazione genetica che
sposta certe sequenze di DNA da un sito ad un altro.

Tali elementi mobili sono detti elementi trasponibili o
trasposoni.

La trasposizione puo avvenire con oppure senza la
duplicazione dell’elemento mobile.



Figure 20.1

The insertion sequence (IS) transposable element IS1. The
768-bp IS element has inverted repeat (IR) sequences at the ends.
Shown below the element are the sequences for the 23-bp termi-
nal inverted repeats.
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FIGURE 11-17 Transposition of a mobile genetic element to a new site in the host DNA.
=ecombination, in some cases, involves excision of the transposon from the old DNA location (left). In other
~zses, one copy of the transposon stays at the old location and another copy is inserted into the new DNA site

nght).



DNA donatore DNA donatore

~ ~ ~ e
DNA bersaglio T DNA bersaglio T
/_\ /_\
TRASPOSIZIONE TRASPOSIZIONE
TAGLIA E CUCI REPLICATIVA
NON REPLICATIVA

\\\' = =
///2\\\ ///—'—=\\\

- nuova sequenza ~ - nuova sequenza ~

di DNA di DNA
(A) (B)



| trasposoni non mostrano selettivita per il sito di inserzione.

| trasposoni possono inserirsi all’'interno di sequenze
codificanti di un gene, abolendone la funzione.

| trasposoni possono inserirsi all’interno di sequenze di
regolazione di un gene, modificandone I'espressione.
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Figure 19.7

Production of a mutation as a result of a mismatch caused by wobble base pair-
ing. The details are explained in the text.
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Meccanismi di Riparo

delle Mutazioni



Figure 19.7

Production of a mutation as a result of a mismatch caused by wobble base pair-

ing. The details are explained in the text.
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| sistemi di riparo possono:

*Riparare direttamente la lesione

‘Rimuovere la lesione e pol riparare

In entrambi | casi la catena danneggiata viene riparata da
meccanismi che leggono l'informazione inalterata presente
nella catena intatta



Correzione diretta della mutazione

 Attivita proofreading della DNA polimerasi

Il gene mutD in E. coli codifica per la subunita € della
DNA polimerasi lIl. Mutanti mutD sono difettivi per
I'attivita esonucleasica 3’ — 5.

Geni mutatorl.



/;elezione dei nucleotidi /Correzione di bozze del DNA
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Durante la replicazione del DNA la BB Se viene aggiunta
DNA polimerasi appaia nucleotidi con una base non
una elevata percentuale di accuratezza. corretta, ...

...la DNA polimerasi ...fimuove la base ...sostituendola con
si blocca e... non corretta,... una appropriata. La
replicazione riprende.

N

/Riparazione dei malappaiamenti

GGGATTCGTATTAGGCATAGCACT N GGGATTCGTATFAGGOATAGCACT NG GGGATTCGTATFAGGRATAGCACT
CCCTAAGCATAATACGTATCGTGA CCCTAAGCATAATACGNATCGTGA] CCCTAAGCA
C! a

~
Nuovo DNA ) /l

Avolte la correzmne‘dl bozze Qll enzimi della riparazione dei malappaiamenti aeisre b
non ha successo e viene riconoscono la deformazione nella struttura | -
o ; : malappaiata con una corretta.
inserita una base non corretta secondaria causata dal malappaiamento della base...
N nel DNA di nuova sintesi. )

Conclusione: L'elevata accuratezza della replicazione
del DNA ¢ assicurata da svariati meccanismi.




ufthestmmral andFunctionaiCharacteristms of the E. col:DNAPOIYmerasesI,I

DNA Polymerization: = Exonuclease: Exonuclease: Molecular Molecules per Cell  Structural

Polymerase 5'—3' 3'—5' 5'—=3 Weight (daltons) (approximately) Genes
I Yes Yes Yes 103,000 400 polA
I1 Yes Yes No 90,000 ? polB
111 Yes Yes No Core of 130,000, 10-20 dnaE, dnaQ,
27,500, and and holE
10,000 subunits; for core

7 other subunits®

“Polymerase 111 consists of a catalytic core of o (alpha: 130,000 Da; dnaE), € (epsilon: 27,500 Da; dnaQ; responsible for 3'— 5' exonuclease
activity), and 6 (theta: 10,000 Da; holE), and 7 other subunits: T (tau: 71,000 Da; dnaX), ¥ (gamma: 47,500 Da; dnaX), & (delta: 35,000 Da;
holA), &' (delta prime: 33,000 Da; holB), ¥ (chi: 15,000 Da; holC), y (psi: 12,000 Da; holD), and [ (beta: 40,600 Da; dnaN).



Correzione diretta della mutazione

* Riparo dei dimeri di timina

Foto-riattivazione. | dimeri di timina sono risolti per
attivazione dell’enzima fotoliasi (gene phr). Mutanti phr
sono difettivi nell’attivita di riparo.



FIGURE 9-9 Thymine dimer. UV
induces the formation of a cyclobutane ring
between adjacent thymines.

cyclobutane
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FIGURE 9-11 Photoreactivation. UV irradiation causes formation of thymine dimers. Upon exposure

to light, DNA photolyase breaks the ring formed between the dimers to restore the two thymine residues.
/



methyltransferase




Correzione dopo excisione

« Base Excision Repair

Si basa sull’'azione di enzimi noti come
glicosidasi.

Esistono diverse glicosidasi con diversa specificita,
es. uracile glicosidasi
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Correzione dopo excisione

o Sistema NER (Nucleotide Excision Repair)

In E. coli e regolato dai geni uvrA, uvrB, uvrC, uvrD.

Tale tipo di sistema si trova in un gran numero di
organismi diversi.



Nucleotide excision repair (NER) of pyrimidine dimer and other damage-induced
distortions of DNA.

€% UvrAB scans and
finds DNA damage.

5 UvrA is released;
UvrC binds.

&% Cuts made 5'and
3’to damage.

@% UvrD binds and
between cuts,
releasing the
damaged segment;
DNA polymerase |
fills in gap.

£% DNA ligase joins
*he DNA segments;
rapair is compiete.




Correzione dopo excisione

* Riparo dei mismatch

In E.coli e regolato dai geni mutS, mutL, mutH. Tale
sistema e presente anche in eucarioti.
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FIGURE 9-6 Directionality in mismatch repair: exonuclease removal of mismatched DNA.
(a) Unmethylated GATC is 5" of mutation. (b) Unmethylated GATC is 3’ of mutation.



TABLE 9-1 DNA Repair Systems

Type

Mismatch repair

Photoreactivation
Base excision repair
Nucleotide excision repair

Double-strand break repair
Translesion DNA synthesis

Replication errors

Pyrimidine dimers
Damaged base
Pyrimidine dimer
Bulky adduct on base

Double-strand breaks
Pyrimidine dimer or apurinic site

MutS, MutL, and MutH in E. coli
MSH, MLH, and PMS in humans

DNA photolyase
DNA glycosylase

UvrA, UvrB, UvrC, and UvrD in E. coli
XPC, XPA, XPD, ERCCI-XPF, and
XPG in humans

RecA and RecBCD in E. coli

Y-family DNA polymerases, such as
UmuC in E. coli



Some Examples of Naturally Occurring Human Cell Mutants That Are Defective in DNA Replication or Repair

Disease and Mode Chromosome
of Inheritance Symptoms Functions Affected Location®
Xeroderma pigmentosum (XP) Sensitivity to sunlight with skin Repair of DNA damaged by UV 9g34.1
—autosomal recessive freckling and cancerous growths irradiation or chemicals
on skin; lethal at early age as a
result of the malignancies
Ataxia-telangiectasia (AT) Muscle coordination defect; Repair replication of DNA 11q22.3
—autosomal recessive propensity for respiratory
infection; progressive spinal
muscular atrophy in significant
proportion of patients in second
or third decade of life; marked
hypersensitivity to ionizing
radiation; cancer prone; high
frequency of chromosome
breaks leading to translocations
and inversions
Fanconi anemia (FA) Aplastic anemia®; pigmentary Repair replication of DNA, 16q24.3
—autosomal recessive changes in skin; malformations UV-induced pyrimidine dimers,
of heart, kidney, and limbs; and chemical adducts not excised
leukemia is a fatal complication; from DNA; a repair exonuclease,
genital abnormalities common DNA ligase, and transport of
in males; spontaneous chromosome DNA repair enzymes have been
breakage hypothesized to be defective in
patients with FA
Bloom syndrome (BS) Pre- and postnatal growth Elongation of DNA chains 15q26.1
—autosomal recessive deficiency; sun-sensitive skin intermediate in replication;
disorder; predisposition to candidate gene is homologous
malignancies; chromosome to E. coli helicase Q
instability; diabetes mellitus
often develops in second or
third decade of life
Cockayne syndrome (CS) Dwarfism; precociously senile Precise molecular defect is 5
—autosomal recessive appearance; optic atrophy; unknown, but may involve
deafness; sensitivity to transcription-coupled repair
sunlight; mental retardation;
disproportionately long limbs;
knee contractures produce
bowlegged appearance; early death
Hereditary nonpolyposis Inherited predisposition to non- Defect in mismatch repair 2p22-p21

colon cancer (HNPCC)
—autosomal dominant

polyp-forming colorectal cancer

develops when the remaining
wild-type allele of the inherited
mutant allele becomes mutated,;
homozygosity for mutations in
any one of four genes (hMSH2,
hMLHI, hPMS1, and hPMS2,
known as mutator genes) has

been shown to give rise to HNPCC



La Divisione Cellulare
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Membrana plasmatica
Citoplasma l DNA
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Avviene la replicazione del DNA
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| due genomi si allontanano, la cellula si allunga
e si incomincia a vedere una strozzatura:
inizio della scissione nella zona centrale

|

O O

La scissione é terminata:
si sono formate le due cellule figlie




@ Il cromosoma batterico & associato
al plasmalemma in carmispondenza
della regione ori del cromosoma.

Matrice extracaliutare
Membrana plasmatica
Cromosoma

diattacce dal DNA al plasmalemma si
allontanano progressivaments con

¢ Il DA cromosomico si duplica & | punti
I'accrescimants callulars,

La scigsione & terminata &
sl sono formate due nuove
callule.

La membrans plasmatiche si sono
completarmente formate, separando
il ctoplasma di una celluls da quello dell'altra,
Soltanto una piccola porziona della pareta
caliulars deve ancora essere complstata.




Un virus & formato
da una proteina di
rivestimento. ..

Proteina di

rivestimento virale

...che circonda un frammento
di acido nucleico, in questo caso DNA.

Adenovirus
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Table 6-2 Viruses That Cause Human Disease =~

VIRUS
Herpes simplex virus

Epstein-Barr virus (EBV)

Varicella-zoster virus
Smallpox virus
Hepatitis B virus

Human immuno-

deficiency virus (HIV)

Influenza virus type A
Poliovirus

Rhinovirus

Hepatitis A virus
Hepatitis C virus
Yellow fever virus
Rabies virus

Mumps virus
Measles virus

GENOME TYPE
double-stranded DNA
double-stranded DNA
double-stranded DNA
double-stranded DNA
part single-, part

double-stranded DNA

single-stranded RNA

single-stranded RNA
single-stranded RNA
single-stranded RNA
single-stranded RNA
single-stranded RNA
single-stranded RNA
single-stranded RNA
single-stranded RNA
single-stranded RNA

DISEASE

recurrent cold sores *
infectious mononucleosis
chicken pox and shingles
smallpox

serum hepatitis

acquired immunodeficiency
syndrome (AIDS)

respiratory disease (flu)
infantile paralysis

common cold

infectious hepatitis

non-A, non-B type hepatitis
yellow fever

rabies

mumps

measles
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