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Mpama ajifa ioHi3ylounx BUNPOMiHIOBaHb: NOpyLleHHA 6iomoneKyn Ta penapauin
1. bBioximiyHi npouecn B ONPOMIHEHMX OpraHi3max.
2. PapiauinHi ywkoaxxeHHs AHK i PHK.
3. PapgiauinHi ywKkoaxKeHHs 6inkis i ninigis.

4. [locTpagiauiliHe BiAHOBAEHHA HYK/NEIHOBUX KMCAOT — penapawis.
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BioximiuHi npouecu B onpomiHeHUX opraHiamax

MaToreHes nyyeBoro nospexaeHua/MaToreHe3s NPOMEHEBOro NOLWKOAKEHHA



[Marorenes ny4esoro NOBPEHKICHHA
Honmanpyromes nanyucHme —* [lornoumenne SHEPru BeeMH
¥ CTPYKTYPAMM KIETKH
—— Pagmonus sojel

/o{]cpnur-l HEIE rmﬁuuﬂw‘: PAIHKAIRL

O
I\‘Pauuauuunuu-xuuuuccxuc npoLec=

Chl OKHCICHHA

MenHos
0= Henac keI
WHPHBIC Immm-ru

Topmomienne cun-  Masmencnun ip- JlunuaHeRe nep-
Tesa JJHK MEHTATHEHOIO BHUHBIC PAIHOTOR=
orHCIleHn CHHEI
nbens knetox 8 | Ocradoska jgene- J IHSG[OMM
npouecee 1encHuA HHYA Muroxonapun (memOpans)
{MemOpats)

OcTaHoBKA pOCTA

' YIHETCHHE OKHC- ¥
Hamenenne PHEK NHTENBHOTO (oc- Haronns
(popHUAHpOBAH IS

L
Hapyuwenne Hutepdastan ru-
(pepPMECHTATHEHELX i]
nmpouecens

[Ib EICTOK

v
CHHTE: H3MCHCHHBIX

Oenkos
OraaneHHkle Bropuusnsie I'ubens opranuima
[OCNEACTEHA PASHOTORCHH \ v
C-ra*:r:uur: \Hapymcnuc FHEP=
1 reTHKH
O6pazosanue 310- ";,
KAUCCTBCHHEIX OIyXonei Jlyuesas Doifane

[sheva_medu_mag01l_CHUMBALYK_L_4 RBa#03]

MowKoAKeHHA | penapauia KNiTuHU
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Cxema MOTeKVIAPHEIX COOBITHH, MPHEOIANIHX K PENPOIVETHEHOH THOSIH
w1eTor (mo A M. Kyvzuny).

Cxema MoNeKyNAPHbIX COBbITUIA, NPUBOAALIMK K PENPOAYKTUHON rMbenm.

Cxema MONIeKyAPHUX NOAiN, AKI NpU30aATb 40 PENPOAYKTUBHOI 3arnbeni
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HykneiHosi kucnotu: AHK i PHK

James Watson
(1928)

Batcok, Kpik, JHK i PHK
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HykneiHoBi Kucnotu

Francis Crick
(1916 — 2004)
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PapiauitHe ywkoaxeHHa HK

® OauHUYHI (0AHOHUTKOBI) po3pmBK monerynu HK,

® [opaBiliHi (4BOHWTKOBI) po3pmBK mosiekyaun OHK,

©® [lopylueHHSs CTPYKTYPU a30TUCTUX OCHOB,

® [lopyweHHs cTpykTypn AHK-membpaHHOro Komnnekca,



® [lopyweHHs AHK-6inkoBux B3aemogii

OCHOBHBIE BHJIBI JTYY€BOTO MOpakeHHA KIETKH (cXema): | — oJJHOHHTYA-
TeI€ (OJHHOYHBIC) pa3peIBE B Monekyae JJHK. 2 — nByHHTYaTEIe (IBOHHEIE) Pa3pBIBEI
JNHK. 3 — Hapymenue ceasu JJHK c Genrkom. 4 — nopexaeHue cTpykTypel JTHK —
MeMOpaHHOTO KOMILTEeKca, 5 — pa3pylleHHe AAePHOH MeMOpaHEI, 6 — MOBPEXKISHHE MH-
TOXOHJIPHATIBHOH MeMOpaHHI.
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PapiauiitHo-ximiuHe ywKogkeHHA AHK BKkatouvae:

OAMHWYHI po3puBK:

® o06pe penapyloTbCs, TOMY 3a3BMYail He € NETANIbHUMM ANA KNITUH;

@ He CynpOBOAKYIOTbCA 3MIHOO MOJIEKYAAPHOI MacK pparmeHTa;



® pobaatb monekyny AHK 6inbl pyxnnBoto, TOMYy MOXKYTb NPU3BOAUTU A0 3MiHM il NONOXKEHHA B

npocropi)

MopyLueHHsA CTPYKTYPU a30TUCTUX OCHOB:

® 333BMYAM — TUMIAUHY

®dopmMyBaHHSA 3LINBOK:

® mix AHK i 6inkamn HykneonpoTeigHoOro Komnaekcy

MNopaBiiiHi po3pusu:

® 3a3BMYall YTBOPHOIOTLCA 3 OAMHUYHUX NpU 36inbLIEHH] A03u IB

@ CynpoBOAXKYIOTLCA po3nasom monekynn AHK Ha ¢parmeHTH, Aenonimepusauieto;

® npu

dopmyBaHHA “MmicTKiB”:

® Mmix monekynamum HK TaK, Wo yTBOPIOOTLCA PO3ranyXKeHi MoaeKynm

NopyweHHA cTpyKTypu JHK-MmembpaHHOro KomnnekKcy:

® B o6nacTi 3’egHaHHA mixk OHK i membpaHoto sapa — A HacNi4OK — NOPYLUEHHA perynauii iHiuiawyii

peaynnikauii AHK Ta po3gineHHa HUToK JHK y mitosi
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100 pap

® T[lowkoaxeHHA 500 nap asotnctmx ocHos AHK,

® YtBopeHHA 1000 ognHmM4yHux po3spusis AHK,

® VY1BopeHHs 10-100 noasiiHnx po3pwusis 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
MREN-ATM, Ku-DNA-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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Deneuii xpomocom



Gent[-i: mers
T
— I 4}
F/-‘

Track of
ﬁ

ionizing radiation
U Af.entrlc
fragment

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
DMA 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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TpaHcnoKauii xpomocom
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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.
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PapiauiitHo-ximiuHi nepetBopeHHA PHK, amiHOKucnoT Ta 6inkoBUX monekyn

® OnpomiHeHHs nNpu3BOAMTb A0 nopyweHHA monekynamm OHK i PHK 3gatHocTi o pennikay,ii,

TPAHCKPUNLT, TPAHCAALT



CuuHrte3 PHK

CpapHHTENIbHAsA PaJHOIYBCTBHTENBHOCTE pasziandHbix TPHEK (mo
CUOCDGHOCTH CBA3SBIBATH t:fOOTBETCTB}-’H:JT]U{B '(IDL-THHOKHCJTOTI'—)T}

Nayuennstit komrexe: | Dar X 1[’]4, M3yuennsiit komrexe: | Day x 104..
amunokucsaora, TPHEK I'p amuHokuciaora/ TPHK I'p
JEHITHH 25 TPOTHH a8
AJTAHAH 43 METHOHWH 62
H30IeHIIHH 46 BaJIHH 86
5 3
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Paguouyscrsurensnocts hyHKUuil, onpegensommux  OuoIorude-
CEVH) aKTHBHOCTR (hepMEeHTOR

Depyent Pamuoayscreurensaocts GyHKINN, CBA3AHHBIX C
; hpepMeHTHOH aKTHBHOCTBIO (110 BeJMYuHe 10361 D7)
acTepasa > [poTea3a > CBA3LIBAHHE IHMH30IIPOITHI-
XHUMOTPHIICHH docdara > yMeHbIIEHHe MAKCHMAIBHON CKOPOCTH >
> ypeqmuenre KoHcTanTsl Muxasmmca—NMenren *)
TPUIICHH nporea3a > screpasa
VMEeOLImenne MAaKCHMAJJILHON CRKOpOCTH H
Ty TaMaT- veesudenue KoHcTanTbl Muxasiuca—Menren >
AETHAPOTCHA3a HOpazKeHue AKTUBHOIO LEeHTPa U CIlocODHOCTH
CBA3BIBATE KOEPMEHT
B ) . YMCHBITCIHE MAKCHAMAJILHOH CKOPOCTH, KOINCTalTa
PUDOHYKITya3a Muxasmuca—Menren Ge3 usMenennd
] _ MOPaKeHne aKTHBHOTO [MEHTPa > HHAKTHBAITHA
acnaprarkapbamo e ) ) "
o o VYACTKA WHIHOMPOBAHUS 110 NIPHHIMNY 0DpPaTHOM
naTpascdgepasa Y ) i L
cBA3H (aanocTepuaeckue cBoiicTBA)

*) Bosee BHICOKAs PAaAHOMYBCTBHTEIBHOCTE (1.e. MmeHbmEe 00361 Dar) 06o3HA-
yeHa CcHMBoJIoM . Hanpuwmep, screpasa > nporeasa 03Ha4daeT, 4TO 3CTepasHas
AKTHEHOCTH (pEIJ]‘dE!HTB,. ﬁ{lﬂeﬁ pﬂﬂ‘}ﬂ)‘{}’RﬂTHHTEﬂhH&, M ]'I'[_)[:I-TEEIQHB,.H.
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MowkKoa)KeHHA 6inkis

® 3MiHa aMiHOKMCNOTHOrO cKnaay (0COBAMBO 3HUMMKYETLCA KiNbKiCTb aMiHOKUC/IOT METIOHiHY,

deHinanaHiny, NisuHy, ricTUANHY, TUPO3MHY i LUCTEHY),
® T[lopyLleHHA TPETUHHOI CTPYKTYpH,
® Po3puBKM NONINENTUAHOIO NaHLOra,

® Po3puB cynbdriapuabHUX rpyn i nossa BiAbHUX SH-rpyn
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MNocTpapgiauiiiHe BigHOBAEHHA KNiTUH — penapauin



® Cy6netanbHi paaiauiiHi NOWKOAMKEHHA — TaKi NOWKOAXEHHA, AKi cami no cobi He
CNPUUYUHAIOTD 3arnbenb KANITUH, OAHAK noJserwyloTb i iHAKTUBALilO NpPU  HACTyNMHOMY

onpomiHeHHi (oguHuuYHI po3pusu QHK)

® [loTeHUiHO NeTanbHi NOWKOAXKEHHA — TaKi MOWKOAMXKEHHA, AKi cami no cobi cnpuUYMHAIOTL
3arnbenb KNiTMHU, ane MOXyTb ByTU penapoBaHi (penapalis MOXKAMBa Ti/IbKK B Gy- Ta Gi-daszax

KNITUHHOTO UUKAY)
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ATHOCTH THOETH |4 BEpPOATHOCTH
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q:’E‘PlIEHI'ﬁHiEHﬂH HUBPE}ME‘HHE
penapamaa JTHE OHOMeMOpaH
HeACTEHE AHTHOKHC-
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BoccTanoBneHHS
OHOMEMOpaH

. Cxema IeHCTEHA PAZIHMHELIX [IPOMOECCOB B HOCIP&H.I’I&LII’IGHI—IBIITE MIEPHOI.
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MexaHi3amu penapauii
BioximiuHa penapauif 34iMCHIOETbCA i3 3a1ly4EeHHAM NPOLECIB:
® jikBigauia ogHo- i ABOHUTKOBUX po3pusis AHK,

® Bupi3aHHA ginaHoK OHK 3 nowkoaXeHnmm asoTUCTUMM OCHOBAMM i PEKOHCTPYKLLIA MOPOXKHIX

OiNAHOK 32 4ONOMOroH KOMMIEMEHTAPHOIO GpparmeHTy NPoTUAeKRHOT HUTKN AHK

®i3nKo-ximiuHa penapauia MakpoOMOeKyN:
® nocTpagiauiinHa peakTUBaLis MaKpOMONEKY,
® BHYTPILWHbOMOJIEKYASAPHA penapayis,

® penapauis npoaykTamu pagionisy (Hanpuknag, npoayKTamu pagionisy cynbdrigpunbHUX

pPevYoBUH)

Ioepexaernns JTHK Hatueraz JJHEK

h

F

@epMeHTE,  VIATAIOMHES

Herpaguporannas JJHE
MOEPE#EHHEE VIACTEH TpazHp

.

':I:'E'pl\-l EHTEI, BOCCTAHABIH-

Kogaxroper: Mg, Mn™ saromme cTpyETypy JHK

L

Cxena oHoxHMHEYecKOH cHcTensl pemapamas JTHE.
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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.

[sheva_medu_mag01 CHUMBALYK L 4 RBa#22]

OMA glycosylase

AP endonuclease
+ deowyribo phosphodiesterase +

OMA polymerase

+ nuclectide
triphasphate

DMA ligase
+ ATD

o

(%]

™

5]

(&)

5]

o

D_

-
f-\
o B
] |
T T T 1 I
[ I I T A |
1
+
PP~/ base
o R
CH on(F)
I 1
17T 17T 17T 1T T 1
[ I I O N I |
Il/—d-_ __\-\_.\' -




Endonuclease
TACTAGUCW CAAATGTGA

WwIH 0000 0000 e
ATgATCGAA.GTTTJ\CATT
Exonuclease

'R Gunnar Ahnstrem
AATTTACATT (1929 — 2008)

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

10 AEGE IR WE 00t I 8 i
ATGATCGAAGTTTACATT

Courtesy of Gunnar Ahnstrem
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EH3uMM, AKi npuiimaloTb yyacTb B penapauii fJHK y BunaaKy noagiiiHux pospusis monekyamn [JHK

® [HK-3anexHi [OHK-nonimepasu (3gilicHi0l0TbL penikauito — noaBoeHHA Mmosiekyn [AHK; B

«HOPMI» came Ui pepMeHTHN NpaLLoloTb NpK penapadii noasiiHnx po3pusis AHK);

® PHK-3anexHi fJHK-nonimepasm (38opoTHi TpaHcKpunTasu (cnHTesytoTb AHK Ha maTtpuui PHK);

® [OHK- 3anexHi PHK- nonimepasu (cuHtesyiotb PHK Ha matpuui [AHK, Bignosigatotb 3a

«34YUTYBaAHHA» FeHiB — TPaHCKpUNL,o);

® PHK- 3anexHi PHK- nonimepasu (po3mHoxytoTb monekynu 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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DSBE

End binding ﬂ End processing
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_ signalling,
Recruitment m processing

ARTEMIZ

+
Recruitment and ligation %
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Completion ‘L

Ciften with small deletions or insertions

~ schematic of double-strand DNA break
(OSB] repair by non-homologous end-joining (MHEJ).
The principal genes known to be involved are shown,
although there are others not shown which are also
involved 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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BER SSER

@ Glycosylase @XH CCA

Keray-inducad —blon
‘dirty” braak
Glycosylase removes Ereak detected by PARP
damaged base ¢
APE1 ¥ 1‘ Dﬁ&)
APE1 makes nick (S5B) g &~ PNK'cleans’ends
oH P
CTAT TGGT
XRCCH '_L-‘I;‘ GATACACCA PC '—“%]I 5‘EN1
/ Commen LB_JNQ
- intermadiate
Pol beta inserts single 1 I' Raplicative pols replace
correct base SHORT LONG 2-10 bases
XRCC:‘.E‘@ ¢ P4TCH PATCH ¢ =
e o A & |\ -_—
Ligation by ligasad Ligaticn by ligase

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 resultin a common nicked intermediate, which is processed by one of two
subpathways (short or long patch repair). APE1 apurinic/apyrimidinic endonuclease-1; PARP, paly (ADP-ribose)
polymerase; PNK, polynucleotide kinase; POL, polymerase.



