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An illustration of how different causes can give damage to the DNA-molecule. The largest number of
damages comes from the life processes going on (cellular metabolism). This damage is called en-
dogeneous damage. Damage from UV, ionizing radiation and chemical substances are called exo-
geneous damage. In the following we shall concentrate on the damage caused by ionizing radiation.



HykneiHoBi kucnotu: AHK i PHK 44

James Watson Francis Crick
(1928) (1916 — 2004)
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PapiauivHe ywkoaxeHHa OHK

OanHWYHI (0gHOHUTKOBI) po3pueu mosnekynm OHK,
[MoaBiviHi (ABOHUTKOBI) po3pueu monekynn OHK,
[TopyLlEeHHA CTPYKTYPU a30TUCTUX OCHOB,

[MopyweHHs cTpykTypu OHK-membpaHHOro komnnekca,
[MopyweHHs QHK-b6inkoBnx Bsaemoain

OCHOBHBIE BHIBI JTYUEBOr0 MOpa/KeHHA KIETKH (CXeMa): | — OJHOHHTYA-
THIE (OQHHOYHBIE) pa3peIBEl B Monekyiae [IHK. 2 — IBYHHTUATEIE (IBOHHEIE) Pa3pPEIBEI
JTHK. 3 — Hapymenue ceasu JHK ¢ Oenkom. 4 — moBpexacHHE CTPYKTYpel JJHK —
MeMOpPaHHOTO KOMILIEKCA, 5 — pa3pyIIeHHE AAepHOH MeMOpaHbIL, 6 — MOBPEKICHHE MH-
TOXOHIPHAIBHOH MeMOpaHHI.



Base alteration

Single-strand
D]
@

DNA Damage |: Base

Alterations and Single-Strand

Breaks

Abasic site

Single strand break

Double strand

break
— L=
Base
_S-Aver —S\ o damage
l/_' \
___.'_ A—

hY

S
f s—C-
Pyrimidine dimers ,((

Simple double-
strand break

Complex
lesion

_ DNA Damage II:
Double-Strand Breaks



PapiauinHo-ximiyHe ywkoaxeHHa OHK Bkntovae: ool

OAnHNYHI po3puBMu: MoaBiiHi po3pmem:
e [06pe penapyloTbCs, TOMY 3a3Buyam
He € neTanbHUMKU NS KNiTUH;

e He CynpoBOLXYHTLCA 3MiHOK
MOJIEKYNSAPHOI Macu oparmMeHTa;

e pobnaTte monekyny OAHK GinbLu
PYXIMBOO, TOMY MOXYTb

e 3a3BMYaun YyTBOPHOKOTLCS 3 OAUHNYHUX
nNpw 30iNbLEHHI ao3n IB

e CYNPOBOIXYKTbHCH pO3nagom
monekynu OHK Ha pparmeHTn,
aenorsimepusadieto;

NPM3BOANUTWN A0 3MIHU Ti NOSTOXKEHHS e Mpu
B NMpOCTOpI) dopmMyBaHHS “MiCTKIB”:
e MiX Mmonekynamu OHK Tak, wo
MNopywieHHsA CTI%)::K:gBP_” a30TUCTUX YTBOPHOOTLCS po3ranyXeHi Monekynum

e 3a3Buyan — TUMIAUHY MopyLweHHsa cTpykTypu OHK-

MeMOpaHHOro KOMMJIEKCY:

_ i e B obnacTi 3’eaHaHHa Mk AHK i

e Mix AHK i Binkamu mMeMbpaHolo sapa — 9 HacnigoK —
HYKNeonpoTelgHOro KoMnmekcy NOpYLLIEHHs perynsiLii iHiLiaLji

peaynnikauii AHK ta posaineHHs

HuUTOK OHK y miTO3i

PopmMyBaHHS 3LLUMNBOK:



100 pan

e [lowkogxeHHa 500 nap
azotuctux ocHoB [HK,

e YT1BOpeHHA 1000
OANHNYHUX PO3PUBIB
OHK,

e YT1BOpeHHA 10-100
noaBsinHnx po3pusis HK.
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The DNA damage response can be divided into
sensors and effectors. The sensors consist of protein
complexes which recognize DNA damage and include
MRMN-ATM, Eu-DMNA-PKes, and ATRIP-ATR (see text). These
proteins signal to many other proteins which activate three
important effector pathways: checkpoints, DNA repair and
cell death. Examples of some of the proteins which signal
from the sensors to the effector pathways are listed.
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Chromosome Deletions
Chromosomal deletions can arise if two
double-strand breaks occur within the
same chromosome, creating a DNA
molecule that is broken into three
pieces. If two of the end pieces are re-
joined, such that the middle section of
DHNA is unattached, it is no longer asso-
ciated with a centromere. This free
floating piece, called an acentric frag-
ment, may be lost during mitosis.
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Chromosomal Translocation

A translocation occurs when large sec-
tions of genetic material are swapped
between two or more chromosomes. In
the illustration on the upper right, ioniz-
ing radiation creates double-strand
breaks in two different chromosomes.
The ends interchange when they are

spliced back together. g -
i &
dinagenbdincbka =
{8
Xpomocoma

w
+

22-

ERNRIENnDSan



PapiauinHo-ximiyHi neperBopeHHA PHK,
aMiHOKMCNOT Ta 6iNKOBUX MONEKyn

CpapBHHUTENbHAS PAaJHOYYBCTBHTENIBHOCTL paznuuuelyx TPHK (mo
(fﬁ{:l(‘l:}ﬁHO(fTH CRAILIBATE t:f{:IOT'BET{:TB}-’H:IT]I_H'E.' .'-:lh-THHOKH{:.I'I{:ITB[}

e OnpoMiHEHHS

Npn3BOAUTbL OO0
NnopyLleHH4
monekynamu OHK |
PHK sgaTtHOCTI Ao
pennikadil,
TPaHCKPUNLUIl,
TpaHcnAuil

CuHTes PHK

HMayyennbrit komiiexe: | Dar % lﬂ"'? HMzyyuennstii komieke: | Day % 1[]4,
amunokucsaora/ TPHE I'p amunokuciaora/ TPHEK I'p
JEHITAH 25 TPOTHH a8
AJTAHAH 43 METHOHWH 62
H30ICHITHH 46 BaJIHH 86
53
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yJajseT npanmep,
3acTpauBaeT 6pels
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PanuouyecreurensiocTs hyHKUME, ONpeAesionux OHOI0rHYe-
CKYH) AKTHBHOCTE (DEPMEHTOR

PammouyBcTBHTE/IBHOCTE (DYHKIIHI, CBA3AHHBIX C

PepyenT _ .
bepmeHTHON AKTUBHOCTBIO (110 BeJMYuHe 103kl Da7)
acTepasa > [poTeas’a > CBA3LIBAHHE [IHH30IIPOIIHII-
XMUMOTPHIICHH docdara > YMEeHBIIEHHE MAKCHMAIBHON CKOPOCTH >
> ypesmuenne KoHcTanTh Muxasmca—Menren ¥)
TPUIICUH nporeasa > 3crepasa
] }'h‘IEIILLUEIII:IE MaKCHMAILHON CKOPOCTH H
rYTaMaT- veeJtndeHue KoHcranTel Muxasnuca—Menren >
ACTHAPOTEHA3A HOPakKEHHUEe AKTHBHOI'O LEHTPA U CIIOCODHOCTH
CBA3bLIBATE KOEepMeHT
Oy TV VMEHBIICHHE MaKCUMaJIbHOH CKOPOCTH; KOHCTaHTa
PHDOHYK.Tya3a Muxasmuca—MenTen He3 uameneHus

acmapraTkapbamMo
naTpancdepasa

I[MNOPAXKeHHE aKTHEHOTO IIEHTPA -~ MHAKTHBEAITHA
VHaCTKa WHIHOMPOBAHWS 110 TIPUHITATTY 00paTHOM
CBA3K (A/IOCTEPHYIECKHE CBOMCTBRA)

*) Bouee BBICOKAsA paJHOYYBCTBHTEIBHOCT (T.e. MeHbOIHE 103 Dar) obosHa-
JeHa cHMBooM >>. Hanpumep, sacrepasa > npoTea3a 03HavaeT, YTO 3CTepa3Has
AKTHBHOCTE hepuenTa Domee paanodyBCTEBHTENRHA, HEM NPOTea3HaA.



NMowkooxeHHA OINKiB

3MiHa aMiHOKUCIOTHOro ckragy (0cobsinBO 3HMXKYETLCA
KINbKICTb aMIHOKUCIOT METIOHIHY, dpeHinanaHiHy, nisuHy,
riCTUAVHY, TUPO3UHY | LUCTEIHY),

[TopyLlEeHHS TPETUHHOI CTPYKTYPMU,
Po3pnBK noninenTMaHoro naxHutora,
Po3puB cynbqrigpunbHUX rpyn i nosiea BiNibHUX SH-rpyn



0000
. . . . 0000
nOCTpa,qlaLl,IVIHe BIOHOBJIEHHA KITITUH — ool
penapakLis -

e CyOnetanbHi e [oTeHUiNHO NeTanbHi
paaiauivHi NMOLWKOOKEHHSA — TaKiI
NMOLKOOKEeHHSA — TaKI NOLUKOIKEHHS, AKI cami
NOLUKOIKEHHS, AKI cami No cobi CNPUYNHSOTb
No cobi He CNPUYNHAIOTb 3armdéenb KNiTUHW, ane
3armbenb KNiTUH, ogHaK MOXYTb OYyTU penapoBaH;
NonerwyThb 11 (penapauis MoxnuBea
IHAKTUBaLO NMpu TiNbkn B G- Ta G;-pasax
HaCTYNMHOMY OMPOMIHEHH] KMNITUHHOIO LMKIY)

(oanHn4Hi pospusu [HK)
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. Cxeuma IeHCTEHA PAITHIHEIX ITPOOECCOE B HGCIPELH.HEHI’IGHI{BIﬁ MEPHOI.



MexaHiamu penapauil

bioxiMmiyHa penapauis
30INCHIOETBLCS 13 3asTy4YEHHAM
npouecis:
e niKBigauis ogHO- i
OBOHUTKOBKUX po3pusis AHK,

e Bupi3aHHA ainsgHok OHK 3
NOLLUKOOKEHNMU a30TUCTUMMU
OCHOBaMW | PEKOHCTPYKLIA
NOPOXHIX OINTIAHOK 3a
OOMNOMOroHo
KOMIMNEMEHTaPHOro
doparMeHTy NPOTUSIEXHOI
HUTKK OHK

Pi3nko-ximiyHa penapauis

MaKpPOMOIIEKY/:

e [lOoCTpagiauinHa peakTmBauis

MaKpOMOJIEKYI,

e BHYTPILLHLOMOJIEKYNAPHA
penapaduis,

e penapauis npoaykramu
pagionisy (Hanpuknaa,
npoayktamu pagionisy
CcynbdrigpunbHNX PeYOBUH)

Tloepesgeuna JHEK

‘:D‘EII‘\ICHIH. VAAJIAKTITHE
IMOBPEAIOCHHEIC YTIACTEH

Kodarropsr: Mg, Mn™™

Harueraa JHE

~

Y

I

Herpaguporannas JJHK

Y

DepMeHTEL BOCCTAHABIH-
patormae cTpyvETYpy JTHK

Cxema OHOXHMHYeCKOH cHcTeME penapanus JJHE.



Base-Excision Repair

An altered base (slanted red line) re-
sults in a minor disruption of the DNA
structure.

The lesion is recognized by a class of
enzymes known as DNA glycosylases,
which release the damaged base, leav-
ing behind an abasic site.

An incision is made to the 5'-side of the
abasic site by an AP-endonuclease and
the remaining sugar is released by a
deoxyribo phosphodiesterase.

The resulting one-base gap is filled by
a DNA polymerase. Watson-Crick base
pairing will dictate which base is used
for the repair. The polymerase leaves a
nick in the DNA backbone.

The repair is completed when a DNA
ligase seals the nick. The DNA has
been repaired with no loss of genetic
information.
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Endonuclease

TACTAGCWW CAAATGTYGA
(IR RN R
ATGATCGAAGTTTACATT

Exonuclease

| il

AATTTAchT

TACTAGCTTCAAATGTGA
(0 W00 Rt
ATGATCGAAGTTTACATT

Courtesv of Gunnar Ahnstrom
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Gunnar Ahnstrem
(1929 — 2008)

In the figure Gunnar Ahnstrem has outlined the
steps in this repair mechanism. The process includes
altogether four enzvme groups. If yvou look into
the details you will find that Prof. Ahnstrem has
included an ervor in base pairing. Can vou find it?



EH3nMuK, siki npunmaloTb yvyacTtb B penapauii JHK S ialal
y BUnagKy noasinHux po3pusiB monekynu OHK o

o /IHK-3anexni IHK-nmoaimepasu (301HCHIOIOTEH
perikaiio — 1noaBoeHHs MoJiekya JIHK; B «aopmi»
came 11 pepMEHTH MPaLOTh OPH peraparii HoABIMHUX
po3puBiB JIHK);

e PHK-3anexni IHK-nmoaimepasu (3BOpOTHI1
TpaHckpunTasu (cuaTe3yoTh JJHK Ha matpuiy PHK);

e JIHK- 3anexni PHK- nmoaimepasn (cuate3yrots PHK Ha
matpuill JIHK, B1iAIOBIAa0OTh 3a «3UUTYBaHHS» I'CHIB —
TPAHCKPHUIILIIO);

e PHK- 3anexni PHK- mosimepasu (poO3MHOXKYIOTh
moJiekyian PHK).
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Schematic of double-strand DNA break [DSB) repair by homologous recombination (HR). The principal
genes known to be involved are shown, although there are others not shown which are also involved in HR.
Chromatin remodelling genes are not shown. The main feature is the use of an undamaged sister chromatid sequence
(light coloured lines) as template for repair. The groups of genes [right and bottom centre) are involved with the
processes indicated by the horizontal arrows.
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B schematic of double-strand DNA break
(DSE) repair by non-homologous end-joining (NHEJ).
The principal genes known to be involved are shown,
although there are others not shown which are also
invalved in NHEJ. Chromatin remodelling genes are not
shown. For clarity, processes such as end-binding have
been shown on one side of the break only.
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Schematic of the related pathways of base excision repair (BER) and single-strand break repair [SSBR). The
X [top left) represents a damaged base. Different base damages are recognized and removed by different glycosylases
as the first step in BER. Both pathways result in a common nicked intermediate, which is processed by one of two
subpathways (short or long patch repair). APE1 apurinic/apyrimidinic endonuclease-1; PARP, poly (ADP-ribose)
polymerase; PNK, polynucleotide kinase; POL, polymerase.



