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Jaky mechanismus se podili
na oprave dvouretezcovych
zlomu?



Pojmy

mutace - definice a principy

typy genovych mutaci

mutagen

mechanismy opravy DNA - BER;NER; MMR
onemocnéni souvisejici s opravou DNA
epigentika



Proc to studejme?






Typy mutaci
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Chromozomoveé (strukturni
aberace chromozomd)
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Euploidie Aneuploidie




Poskozeni DNA - genové mutace

yaN

a) substituce bazi

DNA: CAT - CTT

RNA:  GUA — GAA

Protein: Val — Glu
Mutace nesmysina:

DNA: ATG — ATC

RNA: UAC — UAG

Protein: Tyr — stop
Ticha mutace:

DNA: TGA - TGG

RNA: ACU - ACC

Protein: Thr — Thr

inz r

~PBsunové mutace (delec? >

Tab. 9. Dusledky mutaci strukturnich gend.

Mutace ménici smysl kodonu:

sunové mutace (inzercer: d
- CTG — TAC GTT CAA ACT G

RNA: AUG AAG UUU GAC — AUG CAA GUU UGA C
Protein: Met—Lys—Phe—Asp — Met—GIn—Val—stop

RNA AUG AAG UUU GAC — AUG AGU UUG AC
Protein: Met—Lys—Phe—~Asp — Met—Ser— ey—
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Typy poskozeni DNA and spontanni zmény

Damage \
Pyrimidine dimers UV

Single and double X.rays
strand breaks

Alkylation

Base damage

DNA-protein crosslinks (P =
A

DNA-DNA crosslinks:

intrastrand - ’

interstrand

DNA intercalation - -

Depurination

Repair
enzymes

— Photolyase

Ligase

Alkyltransierase

- Insertase

Mismatch
repair defects
(e.g., HNPCC)

Excision repair A

enzyme complex:

Glycosylases (base excision repair)

Exonucleases

Endonucleases

Topoisomerases

Polymerases

Helicases (nucleotide excision repair)
‘A

Xeroderma pigmentosum

Bloom syndrome
Cockayne syndrome

AP endonuclease

VnéjSi zdroje

UV (sunlight)
Pollution (hydrocarbons)

Smoking
Foodstuffs

Radiotherapy
Ionizing Radiation
X-rays

Chemotherapy
(Alkylating agents)
Cisplatin
Mitomycin C
Cyclophosphamide
Psoralen
Melphalan

Vnitrni zdroje
Oxidative damage by free radicals
(oxygen metabolism)
Replicative errors

Spontaneous alterations in DNA
Alkylating agents




Rozsah poskozeni DNA

» ztrata baze — 26,000

« deaminace cytosinu — 1 000

- alkylace baze — x 10 000

» dimerizace pyrimidinu — 50 000

 ssDNA zlomy - 100,000

Celkem ~ 500 000 poskozeni/den/bunku



Rovnovdha: poskozeni-oprava
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Mutace a rakovina
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DNA Repair Pathways

. Direct reversals
2. EXxcision repair
- Base Excision Repair (BER)
- Nucleotide Excision Repair (NER)
3. Mismatch repair (MMR)
- replication errors
4. Recombinational repair (HR and NHEJ)
- multiple pathways
- double strand breaks and interstrand
cross-links
5. Tolerance mechanisms
- lesion bypass (TLS)
- recombination
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Pyrimidine dimer in UV-exposed DNA
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Base Excision Repair (BER)

1) Rozeznani a odstranéni chybného
mista

2) Vyplnéni mezery
3) Spojeni fetézce DNA

Body 2-3 témér stejné u riznych
typu oprav, v bodu 1 jsou u
raznych oprav zucastnény ruzneé
proteiny

Oprava deaminace, oxidativni a jiné malé
poskozeni baze
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Nucleotide Excision Repair

1. Rozpoznani proteinovymi
faktory

2. Vlystfizeni postizeného mista
i s okolim v obou smérech
(nukleaza).

3. Rozmotani DNA - bublina
(DNA-helikaza)

4. Syntéza na zdkladé
komplementdrniho vldkna
(DNA polymerdza 6 a ¢)

5. Spojeni DNA ligazou

Oprava dimert, croslinkované DNA a
dalSich latek narusujicich helix
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(B) NUCLEOTIDE EXCISION REPAIR

pyrimidine dimer
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Nucleotide Excision Repair

I Global genome NER I I Transcription-coupled repair I
NER lesions Elongating Pol ll-blocking lesions
(e.g. due to UV damage) (e.9. due to UV and oxidative damage)
FEVAN \/v\
g
Genome overall Transcribed DNA
XPC-hHR238 l Elongating

CSA & CSB - XPC not required
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E. coli

5’ incision is 8 nuc. from lesion
3’ incision is 4 nuc. from lesion

Mammals
5’ incision is 22 nuc. from lesion
3’ incision is 6 nuc. from lesion
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Poruchy NER u lidi

Xeroderma Pigmentosum

* Occurrence: 1-4 per million population

» Genetic: autosomal recessive, seven genes (XPA-G)
 Disorder: multiple skin disorders; malignancies of the

skin; neurological and ocular abnormalities

Cockayne’s Syndrome

» Occurrence: 1 per million population ,
- Genetic: autosomal recessive, genes (XPA, B, D & G) [
 Disorder: arrested development, mental retardation,
dwarfism, deafness, optic atrophy, intracranial
calcifications; (no increased risk of cancer)

Trichothiodystrophy

» Occurrence: 1-2 per million population

» Genetic: autosomal recessive, (TTDA, XPB a D)
* Disorder: sulfur deficient brittle hair, mental and growth
retardation, peculiar face with receding chin, ichthyosis;
(no increased cancer risk)




Oprava chybného parovani
(Mismatch Repair)

r A A

Mechanismus pro zajiSténi presnosti replikace

1. Parovani bazi 101 to 102
2. DNA polymerazy 10-5 to 106
- selekce baze
- autokorekce
3. Dalsi proteiny 107
4. Oprava chybného parovani 10-10

Further reading: A. Bellacosa, Cell Death and Differentiation 8, 1076 (2001)
M. J. Schofield & P. Hsieh, Ann. Rev. Microbiol. 57, 579 (2003)



Mismatch Repair
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Mismatch Repair

%)/Dmmwg

O

@' hMSH2/6 (MutSc)
DNA pole m

a® |4

\ m}Lm%Msz (MutLos)

Exonucleasa (3'=5")

|
hMSH2/3 (MutSp) 8

o
@©




Mutace v genech pro Mismatch Repair a
Hereditary Nonpolyposis Colon Cancer
(HNPCC)

e Mutace v MMR u 70% rodin
« MLH1 (50%), MSH2 (40%)
* Minoritni role pro MSHG6, PMS1, PMS2

* Vyskyt v populaci 1:2851 (15-74 let)
* 18% pripadu pod 45 let
« 28% pripadu pod 30 let



Recombinacni DNA oprava

Typ poskozeni:
1. Dvouretezcove zlomy
2. Interstrandové cross-linky




Dvouretézcové zlomy v DNA

Vznik:

* Indukované radiaci & chamikaliemi
 Behem replikace poskozené DNA

« Slouzi k iniciaci meiotické rekombinaci
* Soucast imunitni odpovedi

Neschopnost opravy:

« Bunécna smrt

« Chromosomalni aberace
* Meioticka aneuploidie
 Inmuno-deficience



Double-strand break
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al., Genes Dev. (2004)

Adapted from Surralles et



Translézni DNA Polymeradzy

S. cerevisiae

UV damage g;/r/r?:gsg
bypass bypass

ANERRERRNEINER

Error-free Error-prone
Pol eta Pol zeta and Rev 1
- inserts adenosines opposite TT dimers - Rev 1 inserts random bases opposite dimer
- in general has low fidelity - Pol zeta extends bypass by a few bases
- low processivity - Both polymerases have low fidelity and low processivity

- may be error-prone with other lesions
- Pol eta is a product of the XPV gene



l DNA replication
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Model for the mechanism of DNA
ICL repair in mammalian cells.
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Model opravy ICL

(Interstrand CrossLinks)
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Schematic interaction of the FA pathway
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Cold Spring Harbor Laboratory Press




Fanconi’'s Anemia

Congenital abnormalities
- skeletal
- skin pigmentation
- short stature
- male genital
- mental retardation
- cardiac abnormalities
- hearing
Cancer
- myeloid leukemia
- solid tumors

15 genes in FA
BRCAZ2 is deficient in FA-D1

{

Figure 1 ) Typical radial ray abnormalities and (B] cofé au lait
porches an hypopigmomaﬁon, all common features in FA.

Review: Tischkowitz & Hodgson,
J. Med. Genet. 40, 1 (2003)

Figure 2 A 3V2 year old FA child showing radial
gi'%‘gr:nolllﬁ& aleight and heod circu‘r:nf.oro:vo?g"ns beth below the
ocentile.



Souhrn DNA oprav

Draha Error-free Error-prone
Prima premena +

NER +

BER +

HR +

SSA +

NHEJ +

MMR +

Lesion bypass + +



Epigenetické modifikace DNA

Nejenom samotna DNA ale i chromatin ovliviuji geny a
jejich expresy.

Epigenetika - mitoticky a meioticky dédéné zmény genové
exprese, ke kterym dochdzi beze zmény primdrni genetické
informace - strukturni a chemické modifikace chromatinu.

Modifikace DNA - adice chemickych skupin - metylace cytosinu-
inaktivace

Modifikace histont - acetylace a metylace



Epigenetika a rakovina

Celkova hypometylace DNA - jev provdzejici nddorovou
chromozomalni nestabilitu, oncogeny

Hypermetylace DNA a hypoacetylace chromatinu tumor-
supresorovych genl (RB1) - nddorova transformace

Poruchy parentdlniho imprintingu - aktivace spici alely nebo
inaktivace normalné funkéni alely



Mutace and rakovina

nucleus

DNA invasion of
L uncontrolled other tissues
suicide program  proliferation
DNA no DNA repair, fails, or cell is
sequence mutant cell protected;
mutation survives more mutations
normal cell

mutation

mutant
cell

no tendency Spreedin
] malignancy
apoptosis tos | g Y

normal
cell cell benign
elimination turnour

© 2001Encyclopadia Britannica, Inc.




Epigenetika a rakovina - epigeneticky
progenitorovy model rakoviny

Differentiated cells

“. .“ m zc Epigenetic and
Epigenetic and WW). .\‘

genetic phsucity
8 anaq\. Invasion:

Metastasis:
Progenitor PG cancer
cell ‘ Drug'
Expanded and/or resistance
epigenetically altered

progenitor-cell pool
Figure 2 | The epigenetic progenitor model of cancer. According to this model, cancer arises in three steps. First is
an epigenetic alteration of stem/progenitor cells within a given tissue, which is mediated by aberrant regulation of
tumour-progenitor genes (TPG). This alteration can be due to events within the stem cells themselves, the influence
of the stromal compartment, or environmental damage or injury. Second is a gatekeeper mutation (GKM) (tumour-
suppressor gene (TSG) in solid tumours, and rearrangement of oncogene (ONC) in leukaemia and lymphoma).
Although these GKMs are themselves monoclonal, the expanded or altered progenitor compartment increases the
risk of cancer when such a mutation occurs and the frequency of subsequent primary tumours (shown as separately
arising tumours). Third is genetic and epigenetic instability, which leads to increased tumour evolution. Note that
many of the properties of advanced tumours (invasion, metastasis and drug resistance) are inherent properties of the
progenitor cells that give rise to the primary tumour and do not require other mutations (highlighting the importance
of epigenetic factors in tumour progression). @ 2005 Nature Publishing Group

Rakovina vznika ve 3 krocich: 1) epigenetické alterace kmenovych
nebo progenitorovych bunék 2) iniciacni mutace v tumor supresorovém
genu nebo onkogenu, 3) genetickad a epigeneticka nestabilita



Jak to studujeme?
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Vazba Protein-DNA
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Helikazova aktivita

3’ 0 5 10 25 50 100 200 400 nM Srs2

30°C 10’



Protein
modification
by SUMOylation
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Proteinové interakce

Affi- BSA  Affi-Rad51
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Krejci et al. NATURE, 2003



Mikroskopicke
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2003
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