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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



Pro¢ to studejme?



CLEANS
YOUR DNA




Typy mutaci

- B

Chromozomove (strukturni
aberace chromozomu)

W

Euploidie Aneuploidie




Poskozeni DNA - genové mutace

Tab. 9. Diusledky mutaci strukturnich gend.

a) substituce bazi

Mutace ménici smysl kodonu:
DNA: CAT = CTT
RNA: GUA — GAA
Protein: Val — Glu

substituce

transpozice

Mutace nesmyslina: inzerce
DNA: ATG — ATC
RNA:  UAC — UAG duplikace
Protein: Tyr — stop

Tich& mutace: delece
DNA: TGA — TGG _
RNA:  ACU — ACC g

Protein: Thr — Thr

inz r i

vlakno standardni DNA

vélenéni analogu baze

[aT6 el dFe [ ]
(a8 c[d[ef]
lajcld el
(aTo SN c[delf]
[a[b Bl c[d[e]f]
la[bfdee|f |

laJBlcldfelf|

sunové mutace (inzerce d

S~——_DNA- JAC TI 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

~PBsunové mutace ( deleca;. J
; CTG — TAC TCA AAC TG

RNA: AUG AAG UUU GAC — AUG AGU UUG AC
Protein: Met—Lys—Phe—Asp — Mat—Ser—Lay—

Necas a kol., 2000




Typy poskozeni DNA and spontanni zmény

Repair
fege b enzymes
Pyrimidine dimers UV & (T N T Photolyase
|\ .
Single and double X-rays UL Ll ——— Ligase

strand breaks

-
Alkylation ——————— Alkyltransferase
Base damage @———— Insertase
DNA-protein crossiinks@—"’z‘ Mismatch
Ismadaic
A repair defects
DNA-DNA crosslinks: . (e, HNPCC)
) Excision repair [ A
intrastrand enzyme complex: i
interstrand —

Glycosylases (base excision repair)

Exonucleases

Endonucleases

Topoisomerases

Polymerases

Helicases (nucleotide excision repair)
IR

Xeroderma pigmentosum
Bloom syndrome
Cockayne syndrome

DNA intercalation

Depurination ————— AP endonuclease

Vné|Si zdroje

UV (sunlight)
Pollution (hydrocarbons)

Smoking
Foodstuffs

Radiotherapy
Ionizing Radiation
X-rays

Chemotherapy
(Alkylating agents)
Cisplatin
Mitomycin C
Cyclophosphamide
Psoralen
Melphalan

Vnitrni zdroje

U

(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

 sSsDNA zlomy — 100,000

Celkem ~ 500 000 poskozeni/den/bunku



Rovnovdha: poskozeni-oprava

vvnéjs?/’ , vnitini
poskozeni Dﬂﬂ _ |'-.|"| atabolism  PoSkozeni
x N \\
oprava I'
I.' "‘.. oprava
II Damage ...
I
|I A/ |
jaderna |
DNA mitochondrialni
) v - DNA
poskozena D‘I:I; poskozena DNA
FPa ¥
rakovina

apoptoza
starnuti

zdrava bunka
rychlost poskozeni = rychlost opravy

az 500.000
poskozeni
DNA v burice
za den

nemocna burnka
rychlost poskozeni > rychlost opravy

& Promathews 2004


http://en.wikipedia.org/wiki/Image:Dnarepair1.jpg

Mutace a rakovina

V lidském téle za Zivot -
1016 bunécnych déleni

V prostfedi bez mutagenu
10-° pravdépodobnost
vzniku mutace na bunééné
déleni a gen, takze za
zivot 1019 mutaci na kazdy
gen

Il 1 mutace nestaéi; vétsina

Vyskyt rakoviny na 100 000 Zzen

180

Vyskyt
rakoviny
140 jako funkce
véku
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Vék v rocich

© Espero Publishing, s.r.o.

mutaci je opravena !l



DNA Repair Pathways

. Direct reversals
2. Excision 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

—



Pyrimidine dimer in UV-exposed DNA

NIYANNNYAIAY  Oprava piimou

Ct?r?plex?f D{\_JAwith pi:eménou -

pnotoreac va INg enzyme °
fotoreaktivace

1) Rozezndni a prima
oprava chybného
mista

(rozpoznava pyrimidinoveé
dimery)




Base Excision Repair (BER)

1) Rozeznani a odstranéni chybného
mista

2) VypInéni mezery
3) Spojeni fetézce DNA

Body 2-3 témér stejné u raznych
typu oprav, v bodu 1 jsou u
raznych oprav zi€astnény rizné
proteiny

Oprava deaminace, oxidativni a jiné malé
poskozeni baze

TECCOOEEO
g L,

DAMAGE TO
TOP STRAND

P LA,

step 1 l EXCISION OF

DAMAGED REGION

Tooo TOU
s oAU,

DNA POLYMERASE MAKES
steP 2 | ngw TOP STRAND USING

BOTTOM STRAND AS

A TEMPLATE

TECOUEED
e LT,

ctens | DNA LIBASE
P SEALS NICK

e g o el e,

NET RESULT: REPAIRED DNA

-E1995 GARLAHD PUELIZHING



Nucleotide Excision Repair

(B) NUCLEOTIDE EXCISION REPAIR

1. Rozpozndni proteinovymi
faktory 5.%?} IR T.A.M.CIT Ao

2. VystfiZeni postizeného mista e e
i s okolim v obou smérech NUEIEASE l

(nukledza). "

3. Rozmotdni DNA - bublina e A -
( D N A - he I i kéz Cl) c GGT _c LA r

DNA

4. Syntéza na zdkladé
komplementdrniho vlakna = B oum
(DNA POlymer‘éza 8 a 8) ﬂ” ATGATA nucteotide gap

DNA POLYMERASE
PLUS DNA LIGASE

5. Spojeni DNA ligazou

CTACGGTCTALTATGG
&._.‘.‘_.,i___ T ’e g o o o o

Oprava dimert, croslinkované DNA a
dalSich latek narusujicich helix

e SRR &
GATGCCAGATGATACC



Nucleotide Excision Repair

| Global ganome NER | | Transcription-coupled repair |
MNER lasions Elongating Pol ll-blocking lesions
(&g, dueto UV damage) [, due to UV and oxidative damage)
PN STAN
LT T LT LTI
Genome overall Transcribad DNA
El i
XPC-hHRZ3E Rﬁﬂ“gﬁﬂ?
C3B
5 ,;;;‘_P‘_ K-
I e :
””'”'“\;_Jr I T CSA & CSB - XPC not required

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

m L7
Replication
factors

v T




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 pdrovani
(Mismatch Repair)

r A A

Mechanismus pro zajiSténi presnosti replikace

1. Parovani bazi 101 to 10-2
2. DNA polymerazy 10~ 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

= Mismatch —, e
TITTTT T T TG T T T
bl LU LT L LU LU L
1) MutS protein naseda s 5 l 3
MutL na spatné zafazenou
pizi i
2) Aktivace MutH, ktery .
VYTVO‘ﬁ Zlom v nOVé Exonuclease 1
vznikajicim fetézci.

3) Takto .oznaCeny“ fetézec @@
G

je vystépen exonukledzou,

: / R SEEEEEE
resyntetizovan DNA
polymerdzou a spojen lm polymerase I
DNA ligazou.

bl Ll L Ll LLLLLL



%}mmm

ST

@' hMSH2/6 MutSe
DMNA pola m

a | dD

\ hh}LH‘I}PMSE (MutLo

Exonucleasea (3'-5")

Mismatch Repair




Mutace v genech pro Mismatch Repair a

Hereditary Nonpolyposis Colon Cancer
(HNPCC)

« Mutace v MMR u 70% rodin
« MLH1 (50%), MSH2 (40%)
e Minoritni role pro MSH6, PMS1, PMS2

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



Recombina¢ni DNA oprava

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




Dvouretézcové zlomy v DNA

Vznik:

* Indukované radiaci & chamikaliemi

- Béhem replikace poskozené DNA

« Slouzi k iniciaci meiotické rekombinaci
* Soucast imunitni odpovédi

Neschopnost opravy:

« Bunécna smrt

« Chromosomalni aberace
* Meioticka aneuploidie
 Immuno-deficience



Double-strand break

NHEJ / \ 95A
HR

5'to 3' resection

/L

~— =
“““““ Strand invasion

A -«

i'.. _,' Mew DNA synthesis
Strand annealing
SDSA l
¥ ¥
— — Holliday junction resolution with or without

L — crossing-over of flanking markers

A A




Dev. (2004)

Adapted from Surralles et al., Genes



Translézni DNA Polymerazy

S. cerevisiae

UV damage g::r?: gss
bypass bypass

£

¥

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



Model opravy ICL

(Interstrand CrossLinks)

N

Y

lNER/HR . \
N, .
4 e

lNové MMV Rad51, etc. T Rekombinace
\ - — \

NER /
/ / ’
/ Translesion bypass o




Schematic interaction of the F

A pathway

Lagging —_
Strand 21 - L=catalytic element?
\. 1 B ) ‘\/
.. G \__J L
oLl 7@
Leading : | Complex 1
Strand C F J Core Complex:
> * p D2 E3 Monoubiquitin
- * = E Ligase
~ o\“ M@ J
. 4 : —
,’1" uspi —
Stalled Replication D1/BRCA2 ' @ / Il
Fork at DNA Crosslink D 2 _
- D2 Complex 2
2 J/BACH1 DNA F\Tepal'r Complex
_BRIP1 associates:
- _| -RADs1
and BRCA1, RAD5, ADeD
PCNA, NBS1 -NBS1
" -PCNA
and, -BRCA1

Richard D. Kennedy et al. Genes Dev. 2005; 19: 2925-2940

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 genesin FA
BRCAZ2 is deficient in FA-D1

Figure 1 Typical radial ray abrormalitiss and (B eafé ou lait
patchas and hypopigmentation, all commen features in FA.

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

Figure 2 D\,&] A 32 yaar old FA child sh
Tas. eih‘tu

abnarmalities.
Ird centile.

owing radial oy
nd head cireumferance are both below the



Souhrn DNA oprav

Draha Error-free Error-

R hfeména +
NER +
BER +
HR +
SSA +
NHEJ +
MMR
Lesion bypass + +

+



Epigenetické modifikace DNA

Nejenom samotnd DNA ale i chromatin ovliviiuji 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 histoni - acetylace a metylace



Epigenetika a rakovina

Celkova hypometylace DNA - jev provdzejici nddorovou
chromozomalni nestabilitu, oncogeny

Hypermetylace DNA a hypoacetylace chromatinu tumor-
supresorovych gent (RB1) - nddorovad transformace

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



Mutace and rakovina

. nucleus

LM &y

uncontrolle
proliferation

DMA, no DA repair,
sequence mutant cell
mutation SUNVIves

norrnal cell

rmutation

mutant
cell

spreading
apoptosis no tendency malignancy
to spread

narmal
cell cell I:us-nign
elimination turnour

I01 Encyclopaedia Britannica, Inc.
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