Il mantenimento dell’integrita del messaggio
genetico e di fondamentale importanza per la vita

Fattori che possono alterare il DNA:

- Errori di replicazione A

- Instabilita del DNA (deaminazione,
depirimidinazione, depurinazione) ENDOGENI

- Specie reattive dell’ossigeno

- Trattamenti (radio- chemioterapia)
ESOGENI

- Ambientali (agenti chimici, raggi UV)




DNA DAMAGE CHECKPOINT
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Table 1. Factors involved in DNA strand break repair and damage signaling in budding yeast and mammals

Mammals

Yeast |5 cerevisiae)

DNA strand break repair
NHE]

End binding

End processing
Ligation
HR
Resection
Homologous pairing and strand exchange

DMNA synthesis
HE resolvases

Missolution of HR mermmediates
SSER
Derecdon
End pmcessing
Cap flling, ligation
DNA damage signaling
Sensors

Transducers

Mediators
ATM signaling

ATR signaling

Eftectors




DDR mechanisms and components. See text for details.
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Meccanismi di riparazione del DNA

Le cellule sono dotate di numerosi meccanismi
specializzati per la riparazione del DNA, altamente
conservati nell’evoluzione delle specie:

Attivita di proofreading della DNA polimerasi

Riparazione per excisione di basi (BER)

Riparazione per excisione di nucleotidi (NER)

Riparazione degli errori di appaiamento (MMR)

Riparazione per ricombinazione omologa (HRR)

Riparazione per ricombinazione non omologa o
Non Homologous End joining (NHEJ)




Table 2. Factors imvolved in chromatin dynamics recruited to/dissociating from damaged chromatin in response to DNA breaks

Mame

DMNA methyvlransferases

Dnmel

Dnme3b
Histone-modifying enzymes

Histone methylwransferase EZH2
PR-Set?/Serl

Histone acetvltransferase Esal
Geons
Hatl
MuAd
Tip60

Hiswne deacerylase Hstl
Epd3
Sirl
HDACI
HDAC2
HDACS
SIRT1
SIRTA

Chromatin remodeling factors

INOSO
RSC
SWI/SNF
SWR1
ALCI
INOSO
ISWI
NuRD

p4o0
SWI/SNE
Histone chaperones

CAF-1
FACT

All listed factors are recruited to damaged chroman
damage.
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Riparazione per excisione di
basi (BER)

Rimuove le basi chimicamente modificate
che distorcono localmente la doppia elica

Agisce su danni al DNA piuttosto limitati,
quelli che siI producono ogni giorno
spontaneamente

E' 1l meccanismo prevalente per Ila
rimozione di lesioni che Interessano la

singola elica
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 MutT and its human homologue MTH1
have an important role in preventing the
Incorporation of 8-0xoG, through

hydrolysis of free 8-oxo-dGTP.
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The 8-0x0G lesion search
process.

 The enzyme tracks rapidly
along DNA, inserting a ‘probe’
amino-acid residue (green

hexagonPhe 114) at various
base pairs to test the stability
and/or deformability of the
duplex.

OGG1 samples millions of base




The 8-0x0G lesion search
Process (2).

e the 8-0x0G Is extruded
to the exosite and
captured In the 8-0x0G-
specific pocket, where it
IS excised from the
DNA




Una DNA glicosilasi (I'uomo ne
possiede almeno 8, specifiche

per varie lesioni) rompe il legame

tra la base errata e |
desossiriboso liberando la base

!

Formazione di un sito AP che
viene riconosciuto da APEl1 (AP

endonucleasi) -> APE1l taglia Il
singolo filamento in 5’ al sito AP

|

La DNA polimerasi riempie il gap
lasciato dalla glicosilasi usando
come stampo l'elica parentale

|

La ligasi richiude I'elica riparata




e OGG1 was found to move along the DNA with a diffusion
constant approaching the theoretical upper limit for one-
dimensional diffusion,indicating that OGG1 samples
millions of base pairs per second.

On the basis of these measurements, the estimated barrier
to sliding is extremely small (0.5 kcal mol-1). The smaller
barrier and the observed unbiased random movement of
OGG1 on DNA suggest that OGG1 rapidly searches along
DNA as a consequence of brownian motion.




OGG1 LRC with
8-oxo0GeC-containing
DNA. 8-0x0G is shown

In red, and the C

In green.

orange (Gly 42), dark pink (Asn 149 or

Cys 149), light purple (Arg 154), dark

purple (Tyr 203), light blue (Arg 204),

yellow (His 270), brown (GIn 315) and
black (Phe 319).




lesion-recognition complexes (LRCs

0GG1

As_ N- '|'”\NH
-\ril /L ' ,;\NH2

DNA

Figure 3 | Recognition of 8-0xoG by OGG1 observed in the LRC of OGG1 with
8-0x0G*C-containing duplexes. This is a view of the base-specific pocket




Le coppie GC non sono tutte ugual

Interrogating a S - i _
: : Interrogating a G<C base pair
pair. The target G in shown adjacent to an 8-0xoG lesion. 8-0xo0G

in light pink, and the target C In  jsshown in red, the target G in light
green pink, and the target C in green




Germline mutations observed INMUTYH In

iIndividuals with polyposis

H. mp.-ansrﬂL'TTHmrrmJ_” " H I | 536 res

| Met15Val - Arg 3N . 165 Cys - Arg260GIn | | G :.-'.:i!'f'_'-"".li-: . GludGEX
Frol8Lleu Tyra0x Ler1e? Phe Cys276Tp Pro3%llaw AlaA75Thr
Gh258sp TrpT7Arg frgledley Arg 255 Cys AlaA05Thr Arg520GIn
WalB1Glu Aspla7 His Argl1T0Pra Gin324Arg Lewd DEM et
2205 Val Gin324x Arg2Cys

B Catalytic domain B Localization sequence ValZ20Met Phe3d 4Tyr

[ MutT-like domain ] HhH matif Arg227Ten Pro345Thr

[] Linkar ] FEL matif ValZ32Phe

 DNA-binding motifs: helix—hairpin—helix (HhH) motif
and the Fe—S cluster loop (FCL) motif




e Consistent with a global defect in 8-oxoGeA
repair, a high proportion of tumours from
patients with biallelic mutations MUTYH

have been observed to contain G-to-T
transversions




Uomini e Topl....

* mice that are deficient only in MUTYH do
not show any atypical properties

 However, crossing MUTYH-deficient

mice with multiple intestinal neoplasia
(ApcMin/+) mice, which carry a nonsense
mutation INApc, resulted in greater
Intestinal tumorigenesis than in
ApcMin/+/Mutyh+/+ mice.







Nell 1 e terapia del tumore esofageo

 The authors observed that patients who had the
NEIL1 rs4462560 GC/CC genotype had a
statistically significantly lower risk of acute
radiation-induced esophageal toxicity (RIET)
(adjusted hazard ratio [HR], 0.421; and acute
radiation pneumonitis (RP) (adjusted HR, 0.392;
95%) compared with patients who had the GG
genotype




* RNA editing changes the lesion specificity
for the DNA repair enzyme NEIL1

Whole transcriptome sequence analysis from various

human tissues identified over 200 possible A to | editing sites in
non repeat sequences, including a site predicted to cause recoding
In the MRNA for the DNA repair enzyme NEILL/$ine242

AAA codon edited té\|A codon forargining

NEIL1 plays a key role in the initiation of base excision repair of
oxidized base lesions by catalyzing the cleavage of the N-
glycosidic linkage to the 2’-deoxyribose
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(A)Superposition of human NEIL1 structure (dark gray) with that
of E. coli Fpg (green) bound to 8-oxoguanine-containing DNA.
Red open arrow indicates lesion recognition loop of Fpg.
(B)B) Sequence alignment of Fpg/Nei family of DNA repair
glycosylases indicating the position of the hNEIL1 recoding
site and lesion recognition loop .

B
Recoding site

hNEIL1 ELTLSQKIRTKLONPDLLELCHSVPKEVVQL-GGR-=====~ GYGSESGEEDF----| 253
| EcoNei =mmmmmmmmmeean DALAHALLEIPRFSYATRG=======m=====—————————— Q| 214
{ MvNeil -—————cmmm———o ENLWYWIKYETKLAYDS-NHIG----- YMVNLENESSKIGRKN| 236

ECOFPg ====m=mmm————- ELLARVIKAVLLRS IEQ-GGTTLKDFLQSDG-~~--KPGY-~~-~| 228

TthFpg =—==-=—-m—————- RRLYRALREVLAEAVEL-GGSTLSDQSYRQPDG--LPGG-~~~| 223

BstFpg ~===——eececcee—- ERLHEEMVATIGEAVMK-GGSTVR--TYVNTQG--EAGT~~~-~| 234

Lesion recognition

Editing of the pre-mRNA for the DNA repair enzyme NEIL1
causes
a lysine to arginine change in the lesion recognition loop of the
protein.



Superposition of human NEIL1 structure (dark gray) with that of
E. coli Fpg (green) bound to 8-oxoguanine-containing DNA.
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Deciphering the functions and regulation of brain-

enriched A-to-I RNA editing Nat Neurosci. 2013

e Adenosine-to-inosine (A-to-1) RNA editing, in which
genomically encoded adenosine is changed to inosine in
RNA, is catalyzed by adenosine deaminase acting on RNA
(ADAR).

This fine-tuning mechanism is critical during normal
development and diseases, particularly in relation to brain
functions. A-to-1 RNA editing has also been hypothesized
to be a driving force in human brain evolution. A large
number of RNA editing sites have recently been identified,
mostly as a result of the development of deep sequencing
and bioinformatic analyses. Deciphering the functional
consequences of RNA editing events is challenging
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(Right) NEIL1 cDNA sequence from U87 cells treated with léN-
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Table 1. Rate constants (kg)* of base removal by edited versus unedited NEIL1

Tg' I Gh*

Context® Unedited Edited RatioT Unedited Edited Ratio
Duplex (X: G) 76 + 10 25 +0.1 30 130 = 20 370 + 40 0.4
Single strand 0.6 = 0.1 0.02 + 0.01 30 1.2+ 0.1 24 £ 0.6 0.5
Bulge 1.4 + 0.1 0.04 + 0.02 35 50+ 0.6 13 +1 0.4
Bubble 1.2 £ 0.1 0.06 = 0.02 20 30+ 6 94 + 8 0.3

*Rate constants in min~' measured under single-turnover conditions (20 nM substrate, 200 nM enzyme) at 37 °C. Reactions w

go to completion; slow reactions rates were determined based on initial rate rather than complete fitting of the progre
"Tg paired with G. Rate constants in the same duplex paired with A for edited and unedited NEIL1 are 1.3 £ 0.1 min~', and 5
ratio is 40.

 The two forms of NEIL1 have distinct enzymatic pecties.

* The edited form removes thymine glycol Tg froaplex DNA 30 times more slowl
the form encoded in the genome,

whereas editing enhances repair of the guanididahipin Gh lesion by NEIL1.



ADAR1-catalyzed editing of the NEIL1 mRNA causbs t
genomically encoded AAA lysine codon, correspondogmino acid
position 242 in the lesion recognition loop of gretein, to be
converted to a codon for arginine.

The two forms of the NEIL1 protein (edited and dited) have
distinct enzymatic properties with changes obsefaetioth
glycosylase activity and lesion specificity.

Editing occurs in a hairpin duplex structure fodmear the intron
5/exon 6 boundary in the NEIL1pre-mRNA.

Furthermore, NEIL1 mRNA recoding is regulated agéllularly by
Interferon, as predicted for an ADAR1-catalyzedctean.

These results suggest a unique regulatory meahdnisDNA repair
and extend our understanding of the impact of RNkirey.



Riparazione per excisione di
nucleotidi (NER)

Rimuove le basi modificate da agenti chimici che
alterano drasticamente la singola elica e ripara |
danni indotti da UV, ad esempio dimeri di Timina
('uomo non possiede l|a fotoliasi)

Almeno 30 proteine coinvolte

Le proteine piu importanti sono i prodotti dei sette
geni XP-A-2>XP-G, di cui sono ormai note le
caratteristiche molecolari e la funzionalita




XPC e HHR23B riconoscono e
legano il DNA danneggiato
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|

XPF-ERCC1 e XPG tagliano la
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Mutazioni in un gene XP - Inattivazione del NER
- Xeroderma pigmentoso , patologia rara (1/10 °-
10%), sensibilita alla luce solare, aumentata
probabilita (1000X) di avere carcinomi cutanei

NER e attivo soprattutto nei confronti dei danni

fotochimici -> I'esposizione agli UV In pazienti con
XP causa accumulo di mutazioni a livello cutaneo

e sviluppo di tumori a carico della pelle

20% pazienti con XP -> neurodegenerazione, non
causata dai raggi UV (non arrivano ai heuroni)

IPOTESI: accumulo di danni al DNA indotti dal
radicali liberi, prodotti dai neuroni in sviluppo




Dati sperimentali.  Katsumi et al, 2001

Fibroblasti umani mascherati da una UV
membrana porosa e trattati con raggi UV * * + Microfiter

- Induzione  fotoprodotti, la cui l : I
evolgzmng e stato monitorata nel tempo P
mediante immunofluorescenza
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