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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

 

3'-OH ð ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ 3'-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʜʝʟʦʢʩʠʨʠʙʦʟʳ ʚ ɼʅʂ; 

3'-PUA (3'-Phospho-Ŭ,ɓ-Unsaturated Aldehyde) ð 3'-ʬʦʩʬʦ-Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʡ ʘʣʴʜʝʛʠʜ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 3'-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʜʝʟʦʢʩʠʨʠʙʦʟʳ ʚ ɼʅʂ; 

5'-dRP (5'-deoxyRibose Phosphate) ð 5'-ʜʝʟʦʢʩʠʨʠʙʦʟʦʬʦʩʬʘʪʥʘʷ ʛʨʫʧʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ 

5'-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʜʝʟʦʢʩʠʨʠʙʦʟʳ ʚ ɼʅʂ; 

5'-32P ð ʦʩʪʘʪʦʢ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʠʟʦʪʦʧʦʤ çʬʦʩʬʦʨ-32è [32P], ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 5'-ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʜʝʟʦʢʩʠʨʠʙʦʟʳ ʚ ɼʅʂ; 

5'-P ð ʦʩʪʘʪʦʢ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 5'-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʜʝʟʦʢʩʠʨʠʙʦʟʳ ʚ ɼʅʂ; 

5S-ʨɼʅʂ ð ʫʯʘʩʪʦʢ ɼʅʂ, ʢʦʜʠʨʫʶʱʠʡ 5S-ʨʠʙʦʩʦʤʘʣʴʥʫʶ ʈʅʂ; 

8-oxoG ð 2-ʘʤʠʥʦ-7,9-ʜʠʛʠʜʨʦ-1H-ʧʫʨʠʥ-6,8-ʜʠʦʥ / 8-ʦʢʩʦʛʫʘʥʠʥ; 

ɓ-ME (ɓ-MercaptoEthanol) ð 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ; 

AP-ʩʘʡʪ (APurinic/APyrimidinic) ð ʘʧʫʨʠʥʦʚʳʡ/ʘʧʠʨʠʤʠʜʠʥʦʚʳʡ ʩʘʡʪ; 

APDMES (3-AminoPropylDiMethylEthoxySilane) ð 3-(ʘʤʠʥʦʧʨʦʧʠʣ)ʜʠʤʝʪʠʣʵʪʦʢʩʠʩʠʣʘʥ; 

APE1 (APurinic/APyrimidinic Endonuclease 1) ð ʘʧʫʨʠʥʦʚʘʷ/ʘʧʠʨʠʤʠʜʠʥʦʚʘʷ ʵʥʜʦʥʫʢʣʝʘʟʘ 1 

ʯʝʣʦʚʝʢʘ; 

APS (3-AminoPropyltriethoxySilatrane) ð 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʪʨʘʥ; 

APTES (3-AminoPropylTriEthoxySilane) ð 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥ; 

ARH1/2/3 (ADP-Ribosyl-acceptor Hydrolases 1/2/3) ð ADP-ʨʠʙʦʟʠʣʛʠʜʨʦʣʘʟʳ 1/2/3; 

ART (ADP-RibosylTransferase) ð ADP-ʨʠʙʦʟʠʣʪʨʘʥʩʬʝʨʘʟʥʳʡ ʩʫʙʜʦʤʝʥ; 

ADP (Adenosine DiPhosphate) ð ʘʜʝʥʦʟʠʥ 5'-ʜʠʬʦʩʬʘʪ; 

ATP (Adenosine TriPhosphate) ð ʘʜʝʥʦʟʠʥ 5'-ʪʨʠʬʦʩʬʘʪ; 

BER (Base Excision Repair) ð ʵʢʩʮʠʟʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʦʩʥʦʚʘʥʠʡ; 

BRCA1/2 (BR ð breast, CA ð cancer) ð ʙʝʣʦʢ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ; 

BRCT ð ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ ʙʝʣʢʘ BRCA1; 

CAT ð ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ PARP1/2/3; 

CHAPS (3-((3-CHolamidopropyl) dimethylAmmonio)-1-PropaneSulfonate) ð 

3-[(3-ʭʦʣʘʤʠʜʦʧʨʦʧʠʣ)ʜʠʤʝʪʠʣ-ʘʤʤʦʥʠʦ]-1-ʧʨʦʧʘʥʩʫʣʴʬʦʥʘʪ, ʮʚʠʪʪʝʨʠʦʥʥʳʡ ʜʝʪʝʨʛʝʥʪ; 

CLP (Chromatin-L ike Particle) ð ʭʨʦʤʘʪʠʥʦʧʦʜʦʙʥʘʷ ʯʘʩʪʠʮʘ; 

DEAE-ʙʫʤʘʛʘ DE-81 (DiEthylAminoEthyl) ð ʙʫʤʘʛʘ DE81 ʠʟ ʮʝʣʣʶʣʦʟʳ ʩ 

ʜʠʵʪʠʣʘʤʠʥʦʵʪʠʣʦʚʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ; 

DHC (DNA-Histone Cross-link) ð ɼʅʂ-ʛʠʩʪʦʥʦʚʘʷ ʩʰʠʚʢʘ; 
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DNase I (DeoxyriboNuclease I ) ð ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʘʟʘ I; 

DSB (Double-Strand Break) ð ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ; 

DTT (DiThioThreitol) ð (2S,3S)-1,4-ʙʠʩ(ʩʫʣʴʬʘʥʠʣ)ʙʫʪʘʥ-2,3-ʜʠʦʣ; 

EDTA (EthyleneDiamineTetraacetic Acid) ð ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ; 

EMSA (Electrophoretic Mobility Shift Assay) ð ʘʥʘʣʠʟ ʩʜʚʠʛʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ; 

Exo I (Exonuclease I ) ð ɼʅʂ-ʵʢʟʦʥʫʢʣʝʘʟʘ I; 

FEN1 (Flap EndoNuclease 1) ð ʬʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʘ 1; 

Fpg (Formamidopyrimidine-DNA-glycosylase) ð ʬʦʨʤʘʤʠʜʧʠʨʠʤʠʜʠʥ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘ; 

FRET (Fºrster Resonance Energy Transfer) ð ʨʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʌʸʨʩʪʝʨʘ; 

Gap ð ʨʘʟʨʳʚ ʚ ʦʜʥʦʡ ʠʟ ʮʝʧʝʡ ɼʅʂ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʛʠʜʨʦʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ APE1, 

ʩʦʜʝʨʞʘʱʠʡ 3'-OH ʠ 5'-dRP ʛʨʫʧʧʳ; 

hAAG (human AlkylAdenine-DNA-Glycosylase) ðʘʣʢʠʣʘʜʝʥʠʥ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘ ʯʝʣʦʚʝʢʘ; 

hOGG1 (human 8-OxoGuanine-DNA-Glycosylase 1) ð 8-ʦʢʩʦʛʫʘʥʠʥ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘ 1 

ʯʝʣʦʚʝʢʘ; 

HD (Helical Domain) ð ʩʧʠʨʘʣʴʥʳʡ ʘʚʪʦʠʥʛʠʙʠʪʦʨʥʳʡ ʜʦʤʝʥ PARP1/2/3; 

HPF1 (Histone PARylation Factor 1) ð ʬʘʢʪʦʨ PARʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʦʚ 1; 

HRD (Homologous Recombination repair Deficiency) ð ʜʝʬʠʮʠʪ ʨʝʧʘʨʘʮʠʠ ʛʦʤʦʣʦʛʠʯʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ; 

LigI  (DNA Ligase I ) ð ɼʅʂ-ʣʠʛʘʟʘ I; 

LigIII Ŭ (DNA Ligase III Ŭ) ð ɼʅʂ-ʣʠʛʘʟʘ IIIŬ; 

MacroD1/2 ð ADP-ʨʠʙʦʟʠʣʛʣʠʢʦʛʠʜʨʦʣʘʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʢʨʦʜʦʤʝʥ; 

MAR (Mono(ADP-Ribose)) ð ʤʦʥʦ(ADP-ʨʠʙʦʟʘ); 

MARʠʣʠʨʦʚʘʥʠʝ (Mono(ADP-Ribosyl)ation) ð ʤʦʥʦ(ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʝ); 

NAD+ ð ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜ; 

NCP (Nucleosome Core Particle) ð ʥʫʢʣʝʦʩʦʤʘ; 

NHEJ (Non-Homologous End Joining) ð ʧʫʪʴ ʨʝʧʘʨʘʮʠʠ ʜʚʫʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʚ ɼʅʂ ʯʝʨʝʟ 

ʥʝʛʦʤʦʣʦʛʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʮʦʚ; 

Nick ð ʨʘʟʨʳʚ ʦʜʥʦʡ 5'-3'-ʬʦʩʬʦʜʠʵʬʠʨʥʦʡ ʩʚʷʟʠ ʚ ʜʮɼʅʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ 3'-ʆʅ- ʠ 

5'-ʈ-ʢʦʥʮʦʚ; 

NMN (Nicotinamide MonoNucleotide) ð ʥʠʢʦʪʠʥʘʤʠʜʤʦʥʦʥʫʢʣʝʦʪʠʜ; 

NMNAT (Nicotinamide-MonoNucleotide-AdenylylTransferase) ð ʥʠʢʦʪʠʥʘʤʠʜ-ʤʦʥʦʥʫʢʣʝʦʪʠʜ-

ʘʜʝʥʠʣʠʣʪʨʘʥʩʬʝʨʘʟʘ; 

NP-40 ð ʥʝʠʦʥʥʳʡ ʜʝʪʝʨʛʝʥʪ; 
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NPS (Nucleosome Positioning DNA Sequence) ð ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ; 

PAR (Poly(ADP-Ribose)) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʘ); 

PARʠʣʠʨʦʚʘʥʠʝ (Poly(ADP-Ribosyl)ation) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʝ); 

PARG (Poly(ADP-Ribose)Glycohydrolase) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʛʣʠʢʦʛʠʜʨʦʣʘʟʘ; 

PARP1 (Poly(ADP-Ribose)Polymerase 1) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʘ 1; 

PARP2 (Poly(ADP-Ribose)Polymerase 2) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʘ 2; 

PARP3 (Poly(ADP-Ribose)Polymerase 3) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʘ 3; 

PARP13 (Poly(ADP-Ribose)Polymerase 13) ð ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʘ 13; 

PARPi (Poly(ADP-Ribose)Polymerase inhibitors) ð ʠʥʛʠʙʠʪʦʨʳ PARP; 

PLL (Poly-L -Lysine) ð ʧʦʣʠ-L-ʣʠʟʠʥ; 

PMSF (PhenylMethylSulfonyl Fluoride) ð ʬʝʥʠʣʤʝʪʠʣʩʫʣʴʬʦʥʠʣ ʬʪʦʨʠʜ; 

PNKP (PolyNucleotide K inase/3'-Phosphatase) ð ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʘ/3'-ʬʦʩʬʘʪʘʟʘ; 

Polɓ (DNA Polymerase ɓ) ð ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ɓ; 

Polŭ (DNA Polymerase ŭ) ð ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ŭ; 

PolŮ (DNA Polymerase Ů) ð ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ Ů; 

Pu (Putrescine) ð ʧʫʪʨʝʩʮʠʥ, 1,4-ʜʠʘʤʠʥʦʙʫʪʘʥ, ʙʠʦʛʝʥʥʳʡ ʘʤʠʥ; 

ROS (Reactive Oxygen Species) ð ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ; 

SDS (Sodium Dodecyl Sulfate) ð ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ; 

SELEX (Systematic Evolution of L igands by EXponential enrichment) ð ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ɻ ʚʦʣʶʮʠʷ 

ʣʠʛʘʥʜʦʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ; 

SHL (Super Helical Location) ð ʢʦʦʨʜʠʥʘʪʳ ʚʠʪʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʩʪʦʥʦʚʦʛʦ ʷʜʨʘ ʚ ʥʫʢʣʝʦʩʦʤʝ; 

smFRET (single-molecule Fºrster Resonance Energy Transfer) ð ʤʝʪʦʜ ʚ ʙʠʦʬʠʟʠʢʝ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʬʣʫʦʨʦʬʦʨʘʤʠ (ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ) ʥʘ ʫʨʦʚʥʝ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ; 

Spd (Spermidine) ð ʩʧʝʨʤʠʜʠʥ, ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʘʤʠʥ; 

SSB (Single-Strand Break) ð ʦʜʥʦʮʝʧʦʯʝʯʥʳʡ ʨʘʟʨʳʚ; 

TARG1 (Terminal ADPȤRibose Glycohydrolase 1) ð ʪʝʨʤʠʥʘʣʴʥʘʷ ADP-ʨʠʙʦʟʦʛʣʠʢʦʛʠʜʨʦʣʘʟʘ 1; 

TEMED (TEtraMethylEthyleneDiamine) ï N, N, N', N'-ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥ-1,2-ʜʠʘʤʠʥ; 

Tris (tris (hydroxymethyl)aminomethane) ð 2-ʘʤʠʥʦ-2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʧʨʦʧʘʥ-1,3-ʜʠʦʣ; 

Tris-HCl (tris (hydroxymethyl)aminomethane hydrochloride) ð 2-ʘʤʠʥʦ-2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʧʨʦʧʘʥ-

1,3-ʜʠʦʣ ʛʠʜʨʦʭʣʦʨʠʜ; 

Tween 20 ð ʥʝʠʦʥʥʳʡ ʜʝʪʝʨʛʝʥʪ; 
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UDG (Uracil-DNA-Glycosilase) ð ʫʨʘʮʠʣ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘ (ʙʘʢʪʝʨʠʘʣʴʥʘʷ); 

UNG (Uracil-DNA-N-Glycosilase) ð ʫʨʘʮʠʣ-ɼʅʂ-N-ʛʣʠʢʦʟʠʣʘʟʘ (ʯʝʣʦʚʝʢʘ); 

WGR ð ʜʦʤʝʥ, ʙʦʛʘʪʳʡ ʪʨʠʧʪʦʬʘʥʦʤ, ʛʣʠʮʠʥʦʤ ʠ ʘʨʛʠʥʠʥʦʤ; 

XRCC1 (X-ray Repair Cross-Complementing protein 1) ð ʙʝʣʦʢ, ʧʨʦʜʫʢʪ ʛʝʥʘ ʛʨʫʧʧʳ 

ʧʝʨʝʢʨʸʩʪʥʦʡ ʢʦʤʧʣʝʤʝʥʪʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʢ; 

Zn1-3 ð ʮʠʥʢʦʚʳʝ ʧʘʣʴʮʳ 1-3 ʬʨʝʤʝʥʪʘ PARP1; 

ɸʉʄ ð ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

ʙ/ʜ H2O ð ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; 

ɺʆʇɻ ð ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ; 

ɼʅʂ ð ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ; 

ʢɼʘ ð ʢʠʣʦʜʘʣʴʪʦʥ; 

ʢʨʠʦ-ʕʄ ð ʢʨʠʦʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

ʥʪ ð ʥʫʢʣʝʦʪʠʜ; 

ʦʮɼʅʂ ð ʦʜʥʦʮʝʧʦʯʝʯʥʘʷ ɼʅʂ; 

ʇɸɸɻ ð ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ ʛʝʣʴ; 

ʧʥ ð ʧʘʨʘ ʥʫʢʣʝʦʪʠʜʦʚ; 

ʇʉɸ ð ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ; 

ʇʊʄ ð ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ; 

ʈʅʂ ð ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ; 

ʊʍʋ ð ʪʨʠʭʣʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ; 

ʋʌ-ʩʚʝʪ ð ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ. 
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1. ɺɺɽɼɽʅʀɽ 

ɼʅʂ-ʟʘʚʠʩʠʤʳʝ ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʳ (Poly(ADP-Ribose)Polymerase, PARP) 

PARP1, PARP2, PARP3 ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʷʜʨʘ ʢʣʝʪʢʠ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʤʠ 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ð ʧʦʣʠ(ADP-ʨʠʙʦʟʠʣ)ʠʨʦʚʘʥʠʝ (Poly(ADP-

Ribosyl)ation, PARʠʣʠʨʦʚʘʥʠʝ) [1]. ʕʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʦʪʚʝʪʝ ʢʣʝʪʢʠ 

ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʠ ʨʝʛʫʣʠʨʫʝʪ ʧʨʠʚʣʝʯʝʥʠʝ ʙʝʣʢʦʚ-ʫʯʘʩʪʥʠʢʦʚ ʨʝʧʘʨʘʮʠʠ [2]. PARP1 ʠ 

PARP2 ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪ ʢʘʢ ʛʣʘʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ (Single-Strand Break, SSB) ʠ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ (Base Excision 

Repair, BER) [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ PARP1 ʠ PARP2 ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʝʥʦʤʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ; ʜʠʩʬʫʥʢʮʠʷ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʠʣʠ ʠʭ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʤʫ ʩʪʨʝʩʩʫ, ʥʘʢʦʧʣʝʥʠʝʤ ʤʫʪʘʮʠʡ ʠ 

ʦʥʢʦʛʝʥʝʟʦʤ [4, 5]. PARP3 ʤʝʥʝʝ ʠʟʫʯʝʥʘ, ʥʦ ʦʥʘ ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʘ ʚ ʧʨʦʮʝʩʩʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʘ 

ʠʤʝʥʥʦ ʚ ʫʩʪʨʘʥʝʥʠʝ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ (Double-Strand Break, DSB) ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʣʦʤʝʨ [6, 7]. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʚ ʩʠʩʪʝʤʘʭ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʙʝʣʢʠ PARP1 ʠ PARP2 

ʧʨʠʟʥʘʥʳ ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ [8]. ʀʥʛʠʙʠʪʦʨʳ 

PARP (Poly(ADP-Ribose)Polymerase inhibitors, PARPi), ʪʘʢʠʝ ʢʘʢ ʦʣʘʧʘʨʠʙ, ʥʠʨʘʧʘʨʠʙ, 

ʨʫʢʘʧʘʨʠʙ ʠ ʪʘʣʘʟʘʧʘʨʠʙ, ʫʞʝ ʦʜʦʙʨʝʥʳ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ ʩ ʜʝʬʠʮʠʪʦʤ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʧʫʪʸʤ 

ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ (Homologous Recombination repair Deficiency, HRD), ʥʘʧʨʠʤʝʨ ʚ 

ʩʣʫʯʘʝ ʤʫʪʘʮʠʠ ʛʝʥʦʚ BRCA1/2 [9 ï 12]. ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʘ ̫ ʠʯʥʠʢʦʚ, 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʧʨʦʩʪʘʪʳ. ɸʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʩʰʠʨʝʥʠʶ ʧʦʢʘʟʘʥʠʡ ʜʣʷ PARPi ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷʤ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʝʨʘʧʠʠ (ɼʅʂ-

ʧʦʚʨʝʞʜʘʶʱʠʝ ʘʛʝʥʪʳ, ʠʤʤʫʥʦʪʝʨʘʧʠʷ), ʘ ʪʘʢʞʝ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ PARP. ʕʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ PARPi ʠ 

ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʦʥʠʤʘʥʠʠ ʨʦʣʠ PARP1 ʠ PARP2 ʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ 

ʠ ʫʩʧʝʭʠ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ, ʦʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 
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1. ʌʫʥʢʮʠʠ PARP3 ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʝʥʦʤʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤʠ. ʇʦʥʠʤʘʥʠʝ ʨʦʣʠ PARP3 ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ. 

2. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʪʠʚʥʦʩʪʠ PARP ʧʨʦʚʝʜʝʥʦ ʥʘ 

ɼʅʂ-ʜʫʧʣʝʢʩʘʭ ʚʥʝ ʭʨʦʤʘʪʠʥʦʚʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʆʜʥʘʢʦ in vivo ɼʅʂ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʥʫʢʣʝʦʧʨʦʪʝʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ð ʭʨʦʤʘʪʠʥʘ. ʂʨʘʡʥʝ ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʦ 

ʪʦʤ, ʢʘʢ PARP1, PARP2 ʠ ʦʩʦʙʝʥʥʦ PARP3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʫʢʣʝʦʩʦʤʘʤʠ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ 

ʭʨʦʤʘʪʠʥʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʊʘʢʞʝ ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʠ ʦ ʚʣʠʷʥʠʠ PARʠʣʠʨʦʚʘʥʠ ̫ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ 

ʭʨʦʤʘʪʠʥʘ ʚʙʣʠʟʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʛʦ ʛʝʥʦʤʘ. PARʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ ʠ ʬʘʢʪʦʨʦʚ 

ʭʨʦʤʘʪʠʥʘ τ ʤʦʱʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʤʦʜʝʣʠʥʛʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦʩʪʫʧ ʨʝʧʘʨʘʮʠʦʥʥʳʤ 

ʬʝʨʤʝʥʪʘʤ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ɼʅʂ. ʅʦ ʜʝʪʘʣʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

3. ɻʝʥʦʤʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʘʚʠʣʴʥʦʡ ʫʢʣʘʜʢʦʡ ɼʅʂ ʚ ʭʨʦʤʘʪʠʥʝ. 

ʈʦʣʴ ɼʅʂ-ʟʘʚʠʩʠʤʳʭ ʙʝʣʢʦʚ PARP ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ ʠʟʫʯʝʥʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʣʠ PARP1, PARP2 ʠ PARP3 ʥʝ ʪʦʣʴʢʦ ʚ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʥʦ ʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʠʥʘʤʠʢʝ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɿʥʘʥʠ ̫ʦ ʪʦʤ, ʢʘʢ ʵʪʠ ʬʝʨʤʝʥʪʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʭʨʦʤʘʪʠʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʘʢ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʷʮʠʶ ʨʝʧʘʨʘʮʠʠ ʠ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ PARP3 

ʜʦʧʦʣʥʷʶʪ ʠʣʠ ʢʦʤʧʝʥʩʠʨʫʶʪ PARP1 ʠ/ʠʣʠ PARP2, ʥʝʦʙʭʦʜʠʤ rʜʣʷ: 

¶ ʧʦʥʠʤʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʛʝʥʦʤʘ; 

¶ ʨʘʟʨʘʙʦʪʢʠ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ 

ʢʦʥʢʨʝʪʥʳʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ PARP (ʚʢʣʶʯʘʷ PARP3) ʠʣʠ ʠʭ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʠ ʩʥʠʟʠʪʴ ʝʝ 

ʪʦʢʩʠʯʥʦʩʪʴ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʦʩʧʦʣʥʝʥʠʝ ʵʪʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʙʝʣʦʚ ʚ ʟʥʘʥʠʷʭ ʦ ʨʦʣʠ 

PARP1, PARP2 ʠ PARP3 ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʝʥʦʤʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʭʨʦʤʘʪʠʥʦʤ ʠ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ PARP1, PARP2 ʠ 

PARP3 ʩ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ (BER) ʚ ʩʦʩʪʘʚʝ 

ʥʫʢʣʝʦʩʦʤ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʙʝʣʢʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ BER ʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʥʫʢʣʝʦʩʦʤʳ. 
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʙʝʣʢʦʚ PARP1 ʠ PARP2 ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ 

ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʦʛʦ ʧʫʪʠ BER ʢʘʢ ʧʨʠ ʜʝʬʠʮʠʪʝ NAD+, ʪʘʢ ʠ ʧʨʠ ʝʛʦ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʩʨʦʜʩʪʚʦ ʙʝʣʢʦʚ PARP1, PARP2, PARP3 ʠ ʤʝʩʪʘ ʠʭ ʢʦʥʪʘʢʪʦʚ ʩ ʤʦʜʝʣʴʥʳʤʠ 

ʤʦʥʦʥʫʢʣʝʦʩʦʤʥʳʤʠ ʠ ʭʨʦʤʘʪʠʥʦʧʦʜʦʙʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʚʳʩʪʫʧʘʶʱʠʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʦʛʦ ʭʨʦʤʘʪʠʥʘ 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ PARP1, PARP2 ʠ PARP3 ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʫʢʣʝʦʩʦʤ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʭʨʦʤʘʪʠʥʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʦʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʬʝʨʤʝʥʪʦʚ 

PARP1, PARP2 ʠ ʨʝʘʢʮʠʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ BER 

ʚ ʢʦʥʪʝʢʩʪʝ ʥʫʢʣʝʦʩʦʤ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ PARP1 ʠ PARP2 ʥʘ 

ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʥʠʢʦʚ BER, ʚʢʣʶʯʘʷ ʫʩʣʦʚʠʷ PARʠʣʠʨʦʚʘʥʠʷ, ʢʘʯʝʩʪʚʝʥʥʦ ʘʥʘʣʦʛʠʯʥʳ 

ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦ ʩʚʦʙʦʜʥʦʡ ɼʅʂ, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʝʥʳ ʚ ʥʫʢʣʝʦʩʦʤʝ, ʷʚʣʷʶʱʝʡʩʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʭʨʦʤʘʪʠʥʘ. ɼʘʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʭʨʦʤʘʪʠʥ-ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. ʆʙʥʘʨʫʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ PARP3 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ AP-ʩʘʡʪʘʤʠ ʚ ʢʦʥʪʝʢʩʪʝ ʥʫʢʣʝʦʩʦʤʳ (Nucleosome Core Particle, NCP). 

ɺʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʸʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʨʸʭ 

ɼʅʂ-ʟʘʚʠʩʠʤʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ ʨʝʧʘʨʘʮʠʠ (PARP1, PARP2 ʠ PARP3) ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʭʨʦʤʘʪʠʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʫʢʣʝʦʩʦʤ. ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ɸʉʄ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ PARP2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʩʪʦʥʦʚʳʤʠ ʙʝʣʢʘʤʠ, ʥʦ ʥʝ ʠʥʜʫʮʠʨʫʝʪ 

ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʭʨʦʤʘʪʠʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ 

PARP3 ʚ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ: ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP3 ʢʦʤʧʘʢʪʠʟʫʝʪ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʥʫʢʣʝʦʩʦʤʳ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʪʝʨʘʧʠʠ BRCA1/2-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʦʚ PARP1, PARP2 

ʠ PARP3. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʜʘʥʥʳʭ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʭʦʜʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʦʜʝʣʴʥʳʭ ɼʅʂ-ʜʫʧʣʝʢʩʘʭ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ PARP1 ʠ PARP2 ʥʘ ʢʣʶʯʝʚʳʝ ʙʝʣʢʠ ʩʠʩʪʝʤʳ BER ʚ ʢʦʥʪʝʢʩʪʝ 
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ʥʫʢʣʝʦʩʦʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʨʸʭ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ PARP (PARP1, PARP2 ʠ PARP3) ʩ 

ʤʦʥʦʥʫʢʣʝʦʩʦʤʦʡ ʠ ʭʨʦʤʘʪʠʥʦʧʦʜʦʙʥʳʤʠ (Chromatin-L ike Particle, CLP) ʩʪʨʫʢʪʫʨʘʤʠ. ʕʪʠ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʢʣʶʯʝʚʳʭ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʣʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. PARP1, PARP2 ʠ PARP3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʘʟʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʥʫʢʣʝʦʩʦʤ. ʕʪʠ ʙʝʣʢʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʢʘʢ ʩ NCP, ʩʦʜʝʨʞʘʱʠʤʠ ɼʅʂ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ, ʪʘʢ ʠ ʩ NCP, ʩʦʜʝʨʞʘʱʠʤʠ 

ɼʅʂ-ʠʥʪʝʨʤʝʜʠʘʪʳ BER. 

2. PARP1 ʠ PARP2 ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʜʘʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ 

BER (APE1, Polɓ ʠ LigIIIŬ), ʘ PARʠʣʠʨʦʚʘʥʠʝ PARP1 ʠ PARP2 ʨʝʛʫʣʠʨʫʝʪ ʚʝʣʠʯʠʥʫ 

ʵʬʬʝʢʪʘ. 

3. PARP3 ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʠ ʫʧʣʦʪʥʷʝʪ ʩʪʨʫʢʪʫʨʫ NCP, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʣʠʷʥʠʝ PARP1 ʠ 

PARP2 ʥʘ ʝʸ ʩʪʨʫʢʪʫʨʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

4. PARP2 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʛʠʩʪʦʥʦʚʦʤ ʦʢʪʘʤʝʨʝ NCP ʚ ʩʦʩʪʘʚʝ 

ʭʨʦʤʘʪʠʥʦʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ, ʘ PARP3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʠʭ ʥʫʢʣʝʦʩʦʤʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʘʪʴʠ ʠ 1 ʦʙʟʦʨ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ Web of Science ʠ Scopus. 

Kutuzov M.M., Belousova E.A., Kurgina T.A., Ukraintsev A.A., Vasil'eva I.A., Khodyreva 

S.N., Lavrik O.I. The contribution of PARP1, PARP2 and poly(ADP-ribosyl)ation to base excision 

repair in the nucleosomal context // Sci. Rep. ï 2021. ï V. 11. ï P. 4849, 

DOI: 10.1038/s41598-021-84351-1  

ʋʢʨʘʠʥʮʝʚ ɸ.ɸ., ɹʝʣʦʫʩʦʚʘ E.A., ʂʫʪʫʟʦʚ M.M., ʃʘʚʨʠʢ ʆ.ʀ. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɼʅʂïʟʘʚʠʩʠʤʳʭ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ PARP ʩ ʥʫʢʣʝʦʩʦʤʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ BER // ɹʠʦʭʠʤʠʷ. ð 2022. ð ʊ. 87(3). ð ʉ. 321ï336, 

DOI: 10.1134/S0006297922040034 

Ukraintsev A., Kutuzov M., Belousova E., Joyeau M., Golyshev V., Lomzov A., Lavrik O. 

PARP3 Affects Nucleosome Compaction Regulation // Int. J. Mol. Sci. ï 2023. ï V. 24. ï P. 9042, 

DOI: 10.3390/ijms24109042 
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ʋʢʨʘʠʥʮʝʚ ɸ.ɸ., ʂʫʪʫʟʦʚ M.M., ʃʘʚʨʠʢ ʆ.ʀ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ʥʫʢʣʝʦʩʦʤ 

ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ // ɹʠʦʭʠʤʠʷ. ð 2024. ð ʊ. 89(4). ð ʉ. 635ï650, 

DOI: 10.31857/S0320972524040078 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: BGRS/SB-2020 (ʅʦʚʦʩʠʙʠʨʩʢ, 

2020), ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʰʢʦʣʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çBioTop-2020: ʘʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, 2020), BGRS/SB-2022 (ʅʦʚʦʩʠʙʠʨʩʢ, 2022), III  

ʦʙʲʝʜʠʥʝʥʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ ʬʠʟʠʦʣʦʛʦʚ, ʙʠʦʭʠʤʠʢʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʦʚ (ʉʦʯʠ, 2022), 

CSHL Single Biomolecules (New York, 2022), ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʵʥʟʠʤʦʣʦʛʠʷè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2023), ʥʘʫʯʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çBioTop-2023. ɼʦʩʪʠʞʝʥʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀʍɹʌʄè (ʅʦʚʦʩʠʙʠʨʩʢ, 2023), ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠè (ʐʝʨʝʛʝʰ, 2024), BGRS/SB-

2024 (ʅʦʚʦʩʠʙʠʨʩʢ, 2024). 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ɺʚʝʜʝʥʠʷ, ʆʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ, ʈʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ɿʘʢʣʶʯʝʥʠʷ, ɺr ʚʦʜʦʚ ʠ ʉʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ (ʙʝʟ 

ʧʨʠʣʦʞʝʥʠʷ) ʠʟʣʦʞʝʥʘ ʥʘ 146 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 55 ʨʠʩʫʥʢʦʚ ʠ 8 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʩʦʜʝʨʞʠʪ 286 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʠʣʦʞʝʥʠʝ ʥʘ 17 ʩʪʨʘʥʠʮʘʭ ʚʢʣʶʯʘʝʪ 15 ʨʠʩʫʥʢʦʚ ʠ 

7 ʪʘʙʣʠʮ. 

 

ɺʢʣʘʜ ʘʚʪʦʨʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʠʟʦʪʨʦʧʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʦʣʫʯʝʥʳ ʩʘʤʠʤ ʘʚʪʦʨʦʤ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʘʥʘʣʠʟʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 

ʫʯʘʩʪʠʠ ʂʫʪʫʟʦʚʘ ʄ.ʄ., ɹʝʣʦʫʩʦʚʦʡ ɽ.ɸ. ʠ ʃʘʚʨʠʢ ʆ.ʀ. ɸʚʪʦʨʦʤ ʚʳʜʝʣʝʥ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ 

ʙʝʣʦʢ PARP1, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʙʦʪʝ. ɸʚʪʦʨʦʤ ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʭ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʝʪʦʜʦʤ 

ɸʉʄ. ʃʠʯʥʦ ʘʚʪʦʨʦʤ ʧʦʣʫʯʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʚʩʝ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ. 
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2. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ɼʅʂ ʚ ʢʣʝʪʢʘʭ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ ʥʫʢʣʝʦʧʨʦʪʝʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ð 

ʭʨʦʤʘʪʠʥʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ʜʣʠʥʥʦʡ 

ʤʦʣʝʢʫʣʳ ʛʝʥʦʤʥʦʡ ɼʅʂ, ʥʦ ʠ ʜʣʷ ʯʘʩʪʠʯʥʦʡ ʨʝʛʫʣʷʮʠʠ ɼʅʂ-ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. ɹʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʭʨʦʤʘʪʠʥʘ ʷʚʣʷʝʪʩʷ ʥʫʢʣʝʦʩʦʤʘ (Nucleosome Core Particle, NCP) [13, 14]. 

 

2.1. ʅʫʢʣʝʦʩʦʤʘ: ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʠ 

ʅʘ ʟʘʨʝ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ʭʨʦʤʘʪʠʥʘ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʸʤ 

ʢʘʢ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʘʪʠʯʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʥʘʰʠ ʚʟʛʣʷʜʳ, ʩʤʝʱʘʷ ʧʘʨʘʜʠʛʤʫ ʚ ʩʪʦʨʦʥʫ ʧʨʠʟʥʘʥʠʷ ʝʛʦ ʢʘʢ ʜʠʥʘʤʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ɼʅʂ ʩ ʙʝʣʢʘʤʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʥʠʤʘʝʪ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʥʫʢʣʝʦʩʦʤʳ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʤʥʦʛʦʤ ʠʤʝʥʥʦ ʵʪʘ ʯʘʩʪʠʮʘ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʧʘʢʦʚʢʠ ɼʅʂ. 

2.1.1. ʉʪʨʫʢʪʫʨʘ ʥʫʢʣʝʦʩʦʤʳ 

NCP ʩʦʜʝʨʞʠʪ ʷʜʨʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʢʪʘʤʝʨʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʥʦʚ 

ʦʙʨʘʟʫʶʱʠʭ çʢʘʪʫʰʢʫè, ʥʘ ʢʦʪʦʨʫʶ çʥʘʤʦʪʘʥʘè ɼʅʂ ʜʣʠʥʦʡ 145ï147 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ (ʧʥ) ʚ 

1,67 ʦʙʦʨʦʪʘ [15] (ʈʠʩ. 1 ɸ). ɼʣʷ ʩʪʨʫʢʪʫʨʳ NCP ʭʘʨʘʢʪʝʨʥʘ ʩʠʤʤʝʪʨʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ð ʜʠʘʜʘ, 

ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʘʨʫ ʦʩʥʦʚʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʩʝʨʝʜʠʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʘʨʘ ʥʫʢʣʝʦʪʠʜʦʚ ʘʥʘʣʦʛʠʯʥʦ ʥʘʟʳʚʘʝʪʩʷ ʜʠʘʜʥʦʡ [15, 16]. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʦʙʦʟʥʘʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʪʠʜʦʚ ɼʅʂ ʚ ʩʦʩʪʘʚʝ NCP ʧʨʝʜʧʦʣʘʛʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʚʠʪʢʦʚ ɼʅʂ (Super Helical Location, SHL) ʚ ʩʦʩʪʘʚʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʫʧʝʨʚʠʪʢʦʚ 

ʚʦʢʨʫʛ ʛʠʩʪʦʥʦʚ. ʂʘʞʜʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ SHL ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʯʘʩʪʦʢ, ʛʜʝ ʙʦʣʴʰʘʷ ʙʦʨʦʟʜʢʘ 

ʦʙʨʘʱʝʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʩʪʦʥʘ, ʘ SHL ʥʫʤʝʨʫʶʪʩʷ ʦʪ ʜʠʘʜʥʦʡ ʦʙʣʘʩʪʠ ʢ ʢʦʥʮʘʤ ʢʘʢ SHL ī1, 

ī2 é ī7 ʠ SHL +1, +2 é +7 ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʜʳ (SHL 0) ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʧʨʠʤʝʨʥʦ ʚ 10 ʧʘʨ 

ʦʩʥʦʚʘʥʠʡ (ʈʠʩ. 2) [17]. 

ʅʫʢʣʝʦʪʠʜʳ ɼʅʂ ʚ ʩʦʩʪʘʚʝ NCP ʦʪʣʠʯʘʶʪʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʩʪʦʥʦʚʦʛʦ ʷʜʨʘ. ɺʩʝ ʦʩʥʦʚʘʥʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ çoutè, çinè ʠʣʠ 

çmiddleè [18], ʪ.ʝ. ʦʙʨʘʱʸʥʥʳʝ ʢ ʨʘʩʪʚʦʨʠʪʝʣʶ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʤ ʦʩʪʦʚʦʤ, ʦʙʨʘʱʸʥʥʳʝ ʢ 

ʛʠʩʪʦʥʘʤ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʤ ʦʩʪʦʚʦʤ ʠʣʠ ʟʘʥʠʤʘʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ çoutè ʠ 

çinè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 3). ʈʘʟʣʠʯʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʦʩʥʦʚʘʥʠʡ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ NCP; ʧʨʠ ʵʪʦʤ ʥʘʠʤʝʥʴʰʠʝ 
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ʟʘʪʨʫʜʥʝʥʠʷ ʚʳʟʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʥʘʠʙʦʣʴʰʠʝ ð 

ʩ çinè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ [19]. 

 

ʈʠʩ. 1. ɸ ð ʉʪʨʫʢʪʫʨʘ ʥʫʢʣʝʦʩʦʤʳ (NCP) (PDB: ID 1KX5). ɹ ð ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʛʠʩʪʦʥʦʚʦʛʦ ʜʠʤʝʨʘ H3-H4 ʩ 

ʥʦʤʝʨʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʛʨʘʥʠʮʳ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ð ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʛʠʩʪʦʥʦʚʦʛʦ 

ʜʠʤʝʨʘ H2A-H2B ʩ ʥʦʤʝʨʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʛʨʘʥʠʮʳ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʠʩʫʥʦʢ 

ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [15]. 

 

ʗʜʨʦ NCP ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʛʝʪʝʨʦʜʠʤʝʨʦʚ ʛʠʩʪʦʥʦʚ: ʜʚʫʭ H3ïH4 (ʈʠʩ. 1 ɹ) ʠ ʜʚʫʭ 

H2AïH2B (ʈʠʩ. 1 ɺ) [14, 15]. ɻʠʩʪʦʥʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʙʝʣʢʘʤʠ ʫ ɻʫʢʘʨʠʦʪ ʠ 

ʦʙʣʘʜʘʶʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ å 11ï15 ʢɼʘ [16]. ɻʠʩʪʦʥʳ ʬʦʨʤʠʨʫʶʪ ʛʝʪʝʨʦʜʠʤʝʨ r ʧʨʠ 

ʧʦʤʦʱʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [14]. ɼʚʘ 

ʛʝʪʝʨʦʜʠʤʝʨʘ H3ïH4 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʯʝʪʳʨʸʭʩʧʠʨʘʣʴʥʳʡ ʧʫʯʦʢ H3ïH3 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʤʝʨʘ (H3ïH4)2. ɻʝʪʝʨʦʜʠʤʝʨ H2AïH2B ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʘʞʜʦʡ ʧʦʣʦʚʠʥʦʡ 

ʪʝʪʨʘʤʝʨʘ (H3ïH4)2 ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʸʭʩʧʠʨʘʣʴʥʦʛʦ ʧʫʯʢʘ H4ïH2B [14, 15]. 

ɻʠʩʪʦʥʦʚʳʡ ʦʢʪʘʤʝʨ ʩʚʷʟʳʚʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 121 ʧʥ ɼʅʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ŬN-ʩʧʠʨʘʣʴ 

ʛʠʩʪʦʥʘ H3 ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʩʪʘʚʰʠʝʩʷ 13 ʧʥ ʥʘ ʢʘʞʜʦʤ ʢʦʥʮʝ ɼʅʂ-ʜʫʧʣʝʢʩʘ [20]. ɹʦʢʦʚʳʝ 

ʨʘʜʠʢʘʣʳ ʘʨʛʠʥʠʥʦʚ ʛʠʩʪʦʥʦʚ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʤʘʣʫʶ ʙʦʨʦʟʜʢʫ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤʠ ʩʝʛʤʝʥʪʦʚ 

ɼʅʂ. ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ 
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ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʦʪ ʟʘʨʘʞʝʥʥʳʤʠ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ɼʅʂ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʛʠʩʪʦʥʦʚ [15, 21]. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʥʫʢʣʝʦʩʦʤʳ (PDB: ID 1KX5) ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ SHL. 

 

ɿʘ ʧʨʝʜʝʣʳ NCP ʚʳʩʪʫʧʘʶʪ 10 ʛʠʙʢʠʭ çʛʠʩʪʦʥʦʚʳʭ ʭʚʦʩʪʦʚè: ʧʦ ʦʜʥʦʤʫ N-ʢʦʥʮʝʚʦʤʫ 

ʫʯʘʩʪʢʫ ʫ ʢʘʞʜʦʛʦ ʠʟ ʚʦʩʴʤʠ ʢʦʨʦʚʳʭ ʛʠʩʪʦʥʦʚ ʠ ʜʚʘ C-ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʘ ʛʠʩʪʦʥʦʚ H2A (ʈʠʩ. 1 

ɹ, ɺ). ʋʜʘʣʝʥʠʝ ʵʪʠʭ çʭʚʦʩʪʦʚè ʥʝ ʥʘʨʫʰʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ɼʅʂ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʬʝʨʤʝʥʪʦʤ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʘʟʦʡ I (DeoxyriboNuclease I , DNase I) ʠʣʠ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ [22], ʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ NCP ʩ ʪʘʢʠʤʠ ʛʠʩʪʦʥʘʤʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʩʪʨʫʢʪʫʨ ʩ ʧʦʣʥʦʨʘʟʤʝʨʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʛʠʩʪʦʥʦʚ [23]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ çʭʚʦʩʪʳè ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ [24]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʩʝʜʥʠʭ ʥʫʢʣʝʦʩʦʤ 

ʯʝʨʝʟ çʭʚʦʩʪʳè ʛʠʩʪʦʥʦʚ (ʦʩʦʙʝʥʥʦ H4) ʠ ʢʠʩʣʦʪʥʫʶ ʦʙʣʘʩʪʴ ʜʠʤʝʨʦʚ H2AïH2B (çʢʠʩʣʳʡ ʧʘʪʯè) 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʭʨʦʤʘʪʠʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ [24, 25]. 

ʅʘʧʨʠʤʝʨ, ʫʢʦʨʦʯʝʥʠʝ çʭʚʦʩʪʘè ʛʠʩʪʦʥʘ H4 ʥʘʨʫʰʘʝʪ ʢʦʤʧʘʢʪʠʟʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʥʘʣʠʯʠʝ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʫʢʣʘʜʢʫ ʭʨʦʤʘʪʠʥʘ [25]. ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ çʭʚʦʩʪʦʚè ʛʠʩʪʦʥʦʚ 

ʚʣʠʷʶʪ ʥʘ ʢʦʤʧʘʢʪʠʟʘʮʠʶ ʭʨʦʤʘʪʠʥʘ [26 ï 29], ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʙʝʣʢʦʚ-ʨʝʤʦʜʝʣʣʝʨʦʚ 

[30, 31], ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʬʬʝʢʪʦʨʥʳʤʠ ʙʝʣʢʘʤʠ [32 ï 34]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ NCP, çʭʚʦʩʪʳè ʢʨʠʪʠʯʥʳ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʠʙʢʦʩʪʠ ʭʨʦʤʘʪʠʥʘ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ [35]. 
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ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ NCP ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʤʦʣʝʢʫʣʝ ɼʅʂ (ʦʙʣʘʩʪʴ ʚ ʯʸʨʥʦʤ 

ʦʚʘʣʝ): ʢʨʘʩʥʳʤ ʦʙʦʟʥʘʯʝʥʳ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ; ʟʝʣʸʥʳʤ ʦʙʦʟʥʘʯʝʥʳ çmiddleè-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ; ʩʝʨʳʤ ʦʙʦʟʥʘʯʝʥʳ çinè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ. 

 

2.1.2. ɼʠʥʘʤʠʢʘ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ NCP ʢʘʢ ʦ ʩʪʘʪʠʯʥʦʤ ʢʦʤʧʣʝʢʩʝ ʫʩʪʫʧʠʣʠ ʤʝʩʪʦ ʜʨʫʛʦʡ 

ʧʘʨʘʜʠʛʤʝ. ʇʘʨʘʜʠʛʤʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ NCP ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʭʨʦʤʘʪʠʥʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

ʥʫʢʣʝʦʩʦʤʳ ʩʧʦʩʦʙʥʳ ʢʦ ʤʥʦʞʝʩʪʚʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʯʘʩʪʠʯʥʦʝ 

ʨʘʩʢʨʫʯʠʚʘʥʠʝ ɼʅʂ, ʩʢʦʣʴʞʝʥʠʝ NCP ʚʜʦʣʴ ɼʅʂ ʠ ʧʦʛʣʦʱʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʫʧʝʨʩʢʨʫʯʝʥʥʦʡ 

ɼʅʂ (ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʨʝʧʣʠʢʘʮʠʠ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʷʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʨʝʧʣʠʢʘʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ [36 ï 38]. 

ʀʟʚʝʩʪʥʘ ʩʧʦʥʪʘʥʥʘ ̫ʯʘʩʪʠʯʥʘ ̫ʜʠʩʩʦʮʠʘʮʠʷ (ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ/ʨʘʩʢʨʫʯʠʚʘʥʠʝ) ʥʘʨʫʞʥʳʭ 

ʫʯʘʩʪʢʦʚ ɼʅʂ ʜʣʠʥʦʡ 15ï25 ʧʥ ʩ ʢʘʞʜʦʛʦ ʢʦʥʮʘ NCP ð çʜʳʭʘʥʠʝè ɼʅʂ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʠʩʪʦʥʦʚʳʭ ʜʦʤʝʥʦʚ ʩ ɼʅʂ. ʅʘʧʨʠʤʝʨ, ʦʙʣʘʩʪʴ H3-çʟʘʱʝʣʢʘè 

(H3-latch) ʠ ʘʨʛʠʥʠʥʦʚʳʝ ʦʩʪʘʪʢʠ ʜʠʤʝʨʦʚ H2AïH2B ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʢʦʥʮʳ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʸ ʧʦʣʥʦʝ ʨʘʩʢʨʫʯʠʚʘʥʠʝ [39, 40]. ʇʨʠ ʵʪʦʤ ʨʘʩʢʨʫʯʠʚʘʥʠʝ ʦʜʥʦʛʦ ʢʦʥʮʘ ɼʅʂ 

ʘʥʪʠʢʦʦʧʝʨʘʪʠʚʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ smFRET [41]. 

ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ (ʇʊʄ), ʪʘʢʠʝ ʢʘʢ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʘ H3 ʧʦ 

ʣʠʟʠʥʫ 56 (H3K56), ʫʩʠʣʠʚʘʶʪ ʜʠʥʘʤʠʢʫ ʥʘʨʫʞʥʳʭ ʚʠʪʢʦʚ, ʧʦʚʳʰʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ɼʅʂ ʜʣʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ [36]. 
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NCP ʩʧʦʩʦʙʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ ɼʅʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʨʦʤʘʪʠʥʦʚʳʭ ʨʝʤʦʜʝʣʝʨʦʚ ʠʣʠ 

ʚʥʝʰʥʠʭ ʩʠʣ [42 ï 44]. ɻʠʩʪʦʥʦʚʳʡ ʚʘʨʠʘʥʪ H2A.Z ʦʙʣʝʛʯʘʝʪ ʩʢʦʣʴʞʝʥʠʝ, ʧʦʜʯʝʨʢʠʚʘʷ ʚʘʞʥʦʩʪʴ 

ʩʦʩʪʘʚʘ ʛʠʩʪʦʥʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ [44]. ʅʘʙʣʶʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ smFRET [45] 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʥʫʢʣʝʦʩʦʤʘ ʤʦʞʝʪ ʩʢʦʣʴʟʠʪʴ ʧʦ ɼʅʂ ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʤʝʱʝʥʠʶ ʚʜʦʣʴ ʥʝy 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʨʫʰʝʥʠʡ ð çʜʝʬʝʢʪʦʚ ʩʢʨʫʯʠʚʘʥʠʷè (twist defects) [46]. 

ʄʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʜʝʬʝʢʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʧʝʪʣʠʚʘʥʠʶ 

ɼʅʂ ʟʘ ʧʨʝʜʝʣʳ NCP, ʦʙʣʝʛʯʘʷ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ [47, 48]. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ NCP ʢʦʤʧʝʥʩʠʨʫʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ɼʅʂ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʩʢʨʫʯʠʚʘʥʠʠ ɼʅʂ ʚʦ ʚʨʝʤʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʪʨʘʥʩʢʨʠʧʮʠʷ ʠʣʠ 

ʨʝʧʣʠʢʘʮʠʷ. ʂʦʛʜʘ ʬʝʨʤʝʥʪʳ (ʥʘʧʨʠʤʝʨ, ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ) ʜʚʠʞʫʪʩʷ ʚʜʦʣʴ ɼʅʂ, ʦʥʠ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʝʸ ʣʦʢʘʣʴʥʫʶ ʩʫʧʝʨʩʧʠʨʘʣʠʟʘʮʠʶ, ʯʪʦ ʩʦʟʜʘʸʪ ʥʘʧʨʷʞʝʥʠʝ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

NCP ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʘʛʥʠʪʥʳʤ ʧʠʥʮʝʪʦʤ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ɼʅʂ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʪʨʘʤʝʨʦʤ ʛʠʩʪʦʥʦʚ H3-H4, ʤʦʞʝʪ ʚʨʝʤʝʥʥʦ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʣʝʚʦʟʘʢʨʫʯʝʥʥʦʡ ʚʦʢʨʫʛ ʛʠʩʪʦʥʦʚ ʬʦʨʤʳ ʚ ʧʨʘʚʦʟʘʢʨʫʯʝʥʥʫʶ ʬʦʨʤʫ [49, 50]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʠ ʟʘʱʠʪʠʪʴ ɼʅʂ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʠʥʥʳʝ ʤʘʩʩʠʚʳ 

ʥʫʢʣʝʦʩʦʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʨʫʯʝʥʠʶ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʨʦʤʘʪʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ [51]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʤʝʭʘʥʠʟʤ r

ʧʦʤʦʛʘʶʪ ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʘʢʪʠʚʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʜʠʥʘʤʠʢʫ ʥʫʢʣʝʦʩʦʤ ʚʣʠʷʶʪ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʢʨʫʞʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʦʚ ɼʅʂ. ʄʦʥʦʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ Na+, 

ʵʢʨʘʥʠʨʫʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ɼʅʂ ʠ ʛʠʩʪʦʥʦʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʩʦʮʠʘʮʠʠ ɼʅʂïʛʠʩʪʦʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʥʫʢʣʝʦʩʦʤ [52 ï 54]. 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ K+ ʩ 10 ʜʦ 200 ʤʄ ʩʥʠʞʘʝʪ ʩʠʣʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʨʘʩʢʨʫʯʠʚʘʥʠʷ ɼʅʂ ʚ ʩʦʩʪʘʚʝ NCP, ʩ 35 ʜʦ 24 ʧʅ [45]. ɼʚʫʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ Mg2+, 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʬʦʩʬʘʪʥʳʤ ʛʨʫʧʧʘʤ ɼʅʂ, ʫʩʠʣʠʚʘʷ ʤʝʞʥʫʢʣʝʦʩʦʤʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʦʚʳʭ ʬʠʙʨʠʣʣ [55 ï 57]. ʅʘʣʠʯʠʝ ʠʦʥʦʚ 

Mg2+ ʫʚʝʣʠʯʠʚʘʝʪ ʞʸʩʪʢʦʩʪʴ ʭʨʦʤʘʪʠʥʘ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʠʥʮʝʪʘ ʠ smFRET [56 ï 59]. ɹʠʦʛʝʥʥʳʝ 

ʧʦʣʠʘʤʠʥʳ (ʧʫʪʨʝʩʮʠʥ, ʩʧʝʨʤʠʥ ʠ ʩʧʝʨʤʠʜʠʥ) ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʩʠʣʠʚʘʶʪ 

ʢʦʤʧʘʢʪʠʟʘʮʠʶ ʭʨʦʤʘʪʠʥʘ, ʥʦ ʧʨʠ ʠʟʙʳʪʢʝ ʚʳʟʳʚʘʶʪ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʟʘ ʩʯʸʪ ʠʥʚʝʨʩʠʠ ʟʘʨʷʜʘ 

ɼʅʂ [60, 61]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʥʳʡ ʬʦʥ ʨʝʛʫʣʠʨʫʝʪ ʜʠʥʘʤʠʢʫ ʥʫʢʣʝʦʩʦʤ ʯʝʨʝʟ ʙʘʣʘʥʩ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ɼʅʂ ʠ ʛʠʩʪʦʥʘʤʠ, ʚʣʠʷʷ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ɼʅʂ ʜʣʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʝʤʦʜʝʣʝʨʦʚ [62]. 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʫʢʣʝʦʩʦʤ 

ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʣʠʛʘʥʜʦʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ (Systematic Evolution of L igands by EXponential enrichment, 

SELEX) ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʠʝ ʚʳʩʦʢʦʘʬʬʠʥʥʳʝ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Nucleosome Positioning DNA Sequence, NPS), ʢʘʢ ç601è, ç603è ʠ ç605è, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʛʠʩʪʦʥʦʚʳʤʠ ʦʢʪʘʤʝʨʘʤʠ in vitro 

[63]. ɺ ʯʘʩʪʥʦʩʪʠ, NPS ç601è ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʨʘʩʢʨʫʯʠʚʘʥʠʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʦʧʪʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʧʠʥʮʝʪʘʤʠ: ʜʣʷ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ NCP ʥʘ ʙʘʟʝ NPS ç601è ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʠʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ɼʅʂ [45, 64]. ʉʪʘʙʠʣʴʥʦʩʪʴ NCP ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʘʢʠʤ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ɼʅʂ, ʢʘʢ ʛʠʙʢʦʩʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʪʘʢʪʦʚ ʩ 

ʛʠʩʪʦʥʘʤʠ [64, 65]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ ʚʳʩʪʫʧʘʝʪ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, 

ʤʦʜʫʣʠʨʫʶʱʠʤ ʢʘʢ ʣʦʢʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ NCP, ʪʘʢ ʠ ʛʣʦʙʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ. 

NCP, ʙʫʜʫʯʠ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ ʭʨʦʤʘʪʠʥʘ, ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ɼʅʂ ʠ ʨʝʛʫʣʷʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɽʸ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʧʨʠʨʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ɼʅʂ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʧʣʠʢʘʮʠʠ 

ʠ ʨʝʧʘʨʘʮʠʠ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʥʫʢʣʝʦʩʦʤ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʭʨʦʤʘʪʠʥʘ ʤʦʜʫʣʠʨʫʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ɼʅʂ, ʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʠ ʇʊʄ ʛʠʩʪʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʪʠʯʝʩʢʦʤʫ 

ʤʘʪʝʨʠʘʣʫ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʢʣʝʪʦʯʥʳʤ ʫʩʣʦʚʠʷʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ NCP 

ʯʝʨʝʟ ʛʠʩʪʦʥʦʚʳʝ ʭʚʦʩʪʳ ʠ çʢʠʩʣʳʡ ʧʘʪʯè ʬʦʨʤʠʨʫʶʪ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ. ʅʘʨʫʰʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʠʩʬʫʥʢʮʠʠ ʛʝʥʦʤʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʥʫʢʣʝʦʩʦʤʳ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ɼʅʂ, ʥʦ ʠ ʚ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʨʦʚʳʭ ʛʠʩʪʦʥʦʚ ʩ ʘʧʫʨʠʥʦʚʳʤʠ/ʘʧʠʨʠʤʠʜʠʥʦʚʳʤʠ 

ʩʘʡʪʘʤʠ ʚʥʫʪʨʠ ʥʫʢʣʝʦʩʦʤʳ 

ɸʧʫʨʠʥʦʚʳʝ/ʘʧʠʨʠʤʠʜʠʥʦʚʳʝ (APurinic/APyrimidinic, AP) ʩʘʡʪʳ ð ʵʪʦ ʫʯʘʩʪʢʠ ɼʅʂ, 

ʣʠʰʸʥʥʳʝ ʘʟʦʪʠʩʪʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʧʫʨʠʥʘ ʠʣʠ ʧʠʨʠʤʠʜʠʥʘ). ʇʨʠʯʠʥ ʬʦʨʤʠʨʦʚʘʥʠʷ AP-ʩʘʡʪʦʚ 

ʥʝʩʢʦʣʴʢʦ. ɺʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʭʠʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ N-ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ɼʅʂ 

AP-ʩʘʡʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʦʥʪʘʥʥʦ: ʝʞʝʜʥʝʚʥʦ ʚ ʢʣʝʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʣʦ 2000 ï 10000 ʩʦʙʳʪʠʡ 

ʜʝʧʫʨʠʥʠʟʘʮʠʠ ʠ ʜʝʧʠʨʠʤʠʜʠʥʠʟʘʮʠʠ [66, 67]. ɺʦ-ʚʪʦʨʳʭ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ʦʩʥʦʚʘʥʠʡ (Base Excision Repair, BER) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ AP-ʩʘʡʪʦʚ, ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ ʫʜʘʣʝʥʠʷ ʬʝʨʤʝʥʪʘʤʠ ʥʝʢʘʥʦʥʠʯʝʩʢʠʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ, 

ʥʘʧʨʠʤʝʨ ʫʨʘʮʠʣʘ (U) [68, 69]. 
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ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (Reactive Oxygen 

Species, ROS), ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ AP-ʩʘʡʪʦʚ. ROS ʠʥʜʫʮʠʨʫʶʪ ʧʦʚʨʝʞʜʝʥʠʷ 

ɼʅʂ, ʥʘʧʨʠʤʝʨ 8-ʦʢʩʦʛʫʘʥʠʥ (8-oxoG), ʯʪʦ ʘʢʪʠʚʠʨʫʝʪ BER ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ AP-ʩʘʡʪʦʚ 

ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʧʘʨʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

AP-ʩʘʡʪʳ ʯʘʱʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʨʝʛʠʦʥʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ, 

ʚʢʣʶʯʘʷ ʪʝʣʦʤʝʨʳ [70, 71]. ɺ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ ʝʞʝʜʥʝʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 

15000 ï 30000 AP-ʩʘʡʪʦʚ [72, 73]. ʆʜʥʘʢʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʢʘʥʠ, 

ʫʨʦʚʥʷ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʪʢʘʥʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʪʘʢʠʝ ʢʘʢ ʧʝʯʝʥʴ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ AP-ʩʘʡʪʦʚ ʚ ʛʝʥʦʤʝ ʠʟ-

ʟʘ ʛʝʥʝʨʘʮʠʠ ROS ʚ ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ [74]. 

2.2.1. ʈʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʴ AP-ʩʘʡʪʦʚ 

AP-ʩʘʡʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʸʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʝʥʦʤʘ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ 

ʥʘʨʫʰʘʶʪ ʩʪʨʫʢʪʫʨʫ ɼʅʂ: ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʪ ʜʚʦʡʥʫʶ ʩʧʠʨʘʣʴ, ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʚʷʟʳʚʘʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ [75, 76]. ɺʦ-ʚʪʦʨʳʭ, 

ʦʥʠ ʙʣʦʢʠʨʫʶʪ ʨʝʧʣʠʢʘʮʠʶ ʠ ʪʨʘʥʩʢʨʠʧʮʠʶ: ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ AP-ʩʘʡʪʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʨʝʧʣʠʢʘʮʠʠ ʠ ʥʘʨʫʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ [77 ï 79]. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʦʥʥʦ-ʘʢʪʠʚʥʘʷ ʘʣʴʜʝʛʠʜʥʘʷ ʬʦʨʤʘ AP-ʩʘʡʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʙʝʣʢʦʚ, ʬʦʨʤʠʨʫʷ ʫʩʪʦʡʯʠʚʳʝ ɼʅʂ-ʙʝʣʢʦʚʳʝ ʩʰʠʚʢʠ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ 

ʨʝʧʘʨʠʨʦʚʘʪʴ [80]. ʅʘʢʦʥʝʮ, ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ (Single-Strand Break, SSB), ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ AP-ʩʘʡʪʦʚ ʘʧʫʨʠʥʦʚʦʡ/ʘʧʠʨʠʤʠʜʠʥʦʚʦʡ ʵʥʜʦʥʫʢʣʝʘʟʦʡ 1 (APurinic/APyrimidinic 

Endonuclease 1, APE1), ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʜʚʫʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ (Double-Strand Break, 

DSB) ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ AP-ʩʘʡʪʦʚ ʚ ʜʚʫʭ ʮʝʧʷʭ ɼʅʂ (ʚ ʧʨʝʜʝʣʘʭ 1ï2 ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ), ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʨʫʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʝʥʦʤʘ [81]. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ 

ʙʝʟ ʫʯʘʩʪʠʷ ʬʝʨʤʝʥʪʦʚ ʠʟ-ʟʘ ʛʠʜʨʦʣʠʟʘ AP-ʩʘʡʪʦʚ. 

2.2.2. AP-ʩʘʡʪʳ ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ 

AP-ʩʘʡʪʳ ʥʝ ʪʦʣʴʢʦ ʥʘʨʫʰʘʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ, ʥʦ ʠ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʧʘʢʦʚʢʫ ɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʘʭ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʠʩʪʦʥʘʤʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʧʘʨʘʮʠʠ ʵʪʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ 

ʩʚʦʙʦʜʥʦʡ ɼʅʂ AP-ʩʘʡʪʳ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ, ʪʦʛʜʘ ʢʘʢ ʚ ʥʫʢʣʝʦʩʦʤʘʭ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ 

ʚ 50 ʨʘʟ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ů-ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʣʠʟʠʥʦʚ çʭʚʦʩʪʦʚè ʛʠʩʪʦʥʦʚ [80, 82, 83] 

(ʈʠʩ. 4). 
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ʈʠʩ. 4. ʉʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ ɸʈ-ʩʘʡʪʘ ʧʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʘʤʠʥʦʛʨʫʧʧʦʡ ʣʠʟʠʥʘ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ 

ʠʟ ʨʘʙʦʪʳ [82]. 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ AP-ʩʘʡʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʜʥʦʡ 

ʦʩʠ ʥʫʢʣʝʦʩʦʤʳ. ʅʘʠʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʵʪʠʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʚʙʣʠʟʠ N-ʢʦʥʮʦʚ ʛʠʩʪʦʥʦʚ H3, H4 ʠ H2B [80, 84, 85]. ʇʊʄ ʛʠʩʪʦʥʦʚ, ʪʘʢʠʝ ʢʘʢ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, 

ʚʣʠʷʶʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ AP-ʩʘʡʪʦʚ ʩ ʛʠʩʪʦʥʘʤʠ [86]. 

AP-ʩʘʡʪʳ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ ʩʰʠʚʦʢ (DNA-Histone 

Cross-link, DHC) ð ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʦʡ ʧʦʚʨʝʞʜʝʥʠʷ ʠ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʛʠʩʪʦʥʦʚ [87]. DHCs ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʥʜʦʛʝʥʥʳʭ (ROS, 

ʘʮʝʪʘʣʴʜʝʛʠʜ, ʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʜʨ.) ʠʣʠ ʵʢʟʦʛʝʥʥʳʭ (ʋʌ-ʩʚʝʪ, ʮʠʩʧʣʘʪʠʥ ʠ ʜʨ.) ʬʘʢʪʦʨʦʚ [80, 

87 ï 90]. DHCs ʥʘʨʫʰʘʶʪ ʜʠʥʘʤʠʢʫ ʭʨʦʤʘʪʠʥʘ, ʙʣʦʢʠʨʫʷ ʜʦʩʪʫʧ ʢ ɼʅʂ ʜʣʷ ʨʝʧʣʠʢʘʮʠʦʥʥʳʭ ʠ 

ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [19]. ʅʘʢʦʧʣʝʥʠʝ DHCs ʚʳʟʳʚʘʝʪ ʦʩʪʘʥʦʚʢʫ ʨʝʧʣʠʢʘʪʠʚʥʳʭ ʚʠʣʦʢ, 

ʦʰʠʙʢʠ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʘʢʪʠʚʘʮʠ ʁʯʝʢ-ʧʦʠʥʪʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʭʨʦʤʦʩʦʤʥʳʝ 

ʘʙʝʨʨʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʝ DSBs, ʯʪʦ ʫʛʨʦʞʘʝʪ ʛʝʥʦʤʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ [89, 91]. ɺ ʦʪʩʫʪʩʪʚʠʝ 

ʨʝʧʘʨʘʮʠʠ DHCs ʥʘʨʫʰʘʶʪ ʪʦʧʦʣʦʛʠʶ ʭʨʦʤʘʪʠʥʘ, ʚʣʠʷʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ 

ʛʝʥʦʤʘ [91]. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ ʮʝʣʦʩʪʥʦʩʪʠ ʪʝʣʦʤʝʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʘʢʪʠʚʘʮʠʠ 

ʦʥʢʦʛʝʥʦʚ ʠ ʠʥʘʢʪʠʚʘʮʠʠ ʩʫʧʨʝʩʩʦʨʦʚ ʦʧʫʭʦʣʝʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʢʘʥʮʝʨʦʛʝʥʝʟʫ [92]. 

DHCs ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʥʦʨʝʧʘʨʠʨʫʝʤʳʤ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʤ ʘʜʜʫʢʪʘʤ. ʀʭ ʨʝʧʘʨʘʮʠʷ 

ʪʨʝʙʫʝʪ ʢʦʦʧʝʨʘʮʠʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ɼʅʂ [87]. ʅʝʷʩʥʦʡ ʦʩʪʘʸʪʩʷ 

ʨʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʩʪʦʥʦʚ ʩ AP-ʩʘʡʪʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʚʣʝʯʝʥʠʷ ʙʝʣʢʦʚ ʨʝʧʘʨʘʮʠʠ ʢ ʤʝʩʪʫ 

ʧʦʚʨʝʞʜʝʥʠʷ. 
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2.3. ʕʢʩʮʠʟʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʦʩʥʦʚʘʥʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʥʫʢʣʝʦʩʦʤ 

ʈʝʧʘʨʘʮʠʷ ɼʅʂ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ [93]. ʅʘʨʫʰʝʥʠʷ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʫʪʘʮʠʡ, ʛʝʥʦʤʥʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʚʢʣʶʯʘʷ ʨʘʢ, ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʪʘʨʝʥʠʝ [94]. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ð 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʦʚʘʣʘ ʜʦ ʝ yʧʦʚʨʝʞʜʝʥʠʷ, ʠʣʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ ʥʘ 

ʠʩʧʨʘʚʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ [95 ï 99]. 

ʇʨʦʮʝʩʩ BER ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ ʥʝʙʦʣʴʰʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʥʝ ʚʳʟʳʚʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ɼʅʂ 

(ʈʠʩ. 5). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʦʢʠʩʣʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʜʝʟʘʤʠʥʠʨʦʚʘʥʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʘʣʢʠʣʠʨʦʚʘʥʥʳʝ 

ʦʩʥʦʚʘʥʠʷ ʠ ɸʈ-ʩʘʡʪʳ [95, 100]. 

ɺ ʨʘʟʜʝʣʝ 2.2. ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ð AP-ʩʘʡʪ. ʕʪʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʪʠʧ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʢʣʝʪʢʝ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʥʪʘʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

N-ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ ʠʣʠ ʜʝʡʩʪʚʠʷ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟ. ɺ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ 

ʝʞʝʜʥʝʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 10000 ï 30000 AP-ʩʘʡʪʦʚ, ʯʪʦ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʛʨʦʟʫ 

ʛʝʥʦʤʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ɼʅʂ-ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʦʟʚʦʣʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ BER 

in vitro ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʬʝʨʤʝʥʪʳ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ BER ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 5: 

1) ʫʜʘʣʝʥʠʝ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʦʡ (ʥʘʧʨʠʤʝʨ, 

ʫʨʘʮʠʣ-ɼʅʂ-N-ʛʣʠʢʦʟʠʣʘʟʘ (Uracil-DNA-N-Glycosilase, UNG) ʜʣʷ ʫʨʘʮʠʣʘ); 

2) ʧʨʦʮʝʩʩʠʥʛ AP-ʩʘʡʪʘ; 

3) ʩʠʥʪʝʟ ʥʦʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ɓ (DNA Polymerase ɓ, Polɓ) 

(ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʳʡ ʧʫʪʴ) ʠʣʠ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ŭ/Ů (DNA Polymerase ŭ/Ů, Polŭ/Ů) 

(ʜʣʠʥʥʦʟʘʧʣʘʪʦʯʥʳʡ ʧʫʪʴ), ʫʜʣʠʥʝʥʠʝ ʮʝʧʠ; 

4) ʣʠʛʠʨʦʚʘʥʠʝ ʨʘʟʨʳʚʘ ɼʅʂ-ʣʠʛʘʟʦʡ IIIŬ (DNA Ligase III Ŭ, LigIIIŬ) ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

XRCC1 (X-ray Repair Cross-Complementing protein 1) (ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʳʡ ʧʫʪʴ) 

ʠʣʠ ʫʜʘʣʝʥʠʝ flap-ʩʪʨʫʢʪʫʨʳ ʬʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʦʡ 1 (Flap EndoNuclease 1, FEN1) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʣʠʛʠʨʦʚʘʥʠʝʤ ʨʘʟʨʳʚʘ ɼʅʂ-ʣʠʛʘʟʦʡ I (DNA Ligase I , LigI) 

(ʜʣʠʥʥʦʟʘʧʣʘʪʦʯʥʳʡ ʧʫʪʴ). 
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ɺ BER ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʫʪʠ: ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʳʡ (short-patch BER) ʠ 

ʜʣʠʥʥʦʟʘʧʣʘʪʦʯʥʳʡ (long-patch BER). ʀʭ ʘʢʪʠʚʘʮʠʷ ʠ ʨʝʛʫʣʷʮʠʷ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʤʫʪʘʮʠʡ, ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ BER ʠ ʩʪʘʜʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ [101, 102]. 

ʈʘʟʣʠʯʠʷ ʜʚʫʭ ʧʫʪʝʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʣʠʥʝ ʟʘʤʝʥʷʝʤʦʛʦ ʫʯʘʩʪʢʘ ɼʅʂ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʝʨʤʝʥʪʘʭ 

 

 

ʈʠʩ. 5. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ BER. ʆʚʘʣʦʤ ʩ ʢʨʘʩʥʳʤ ʢʦʥʪʫʨʦʤ ʦʙʦʟʥʘʯʝʥʦ ʧʦʚʨʝʞʜʸʥʥʦʝ ʘʟʦʪʠʩʪʦʝ ʦʩʥʦʚʘʥʠʝ. 

ʇʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʩ ʢʨʘʩʥʳʤ ʢʦʥʪʫʨʦʤ ð AP-ʩʘʡʪ. 3'-PUA ð 3'-ʬʦʩʬʦ-Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʡ ʘʣʴʜʝʛʠʜ (3'-phospho-

Ŭ,ɓ-unsaturated aldehyde); 5'-dRP ð 5'-ʜʝʟʦʢʩʠʨʠʙʦʟʦʬʦʩʬʘʪʥʘʷ ʛʨʫʧʧʘ (5'-deoxyRibose Phosphate); APE1 ð 

ʘʧʫʨʠʥʦʚʘʷ/ʘʧʠʨʠʤʠʜʠʥʦʚʘʷ (AP) ʵʥʜʦʥʫʢʣʝʘʟʘ 1; PARP ð ʧʦʣʠ(ADP-ʨʠʙʦʟʦ)ʧʦʣʠʤʝʨʘʟʘ; PNKP ð 

ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʘ / 3'-ʬʦʩʬʘʪʘʟʘ; Polɓ/ŭ/Ů ð ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ɓ/ŭ/Ů; FEN1 ð ʬʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʘ 1; LigI  ð 

ɼʅʂ-ʣʠʛʘʟʘ I; LigIIIŬ ð ɼʅʂ-ʣʠʛʘʟʘ IIIŬ. 

 

ʠ ʫʩʣʦʚʠʷʭ ʠʭ ʘʢʪʠʚʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʦʛʦ ʧʫʪʠ ʚʩʪʨʘʠʚʘʝʪʩ ̫1 ʥʫʢʣʝʦʪʠʜ: Polɓ 

ʚʩʪʨʘʠʚʘʝʪ ʥʝʜʦʩʪʘʶʱʝʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʝ ʦʩʥʦʚʘʥʠʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʘʣʷʝʪ 5'-dRP ʦʩʪʘʪʦʢ, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ AP-ʩʘʡʪʘ ʬʝʨʤʝʥʪʦʤ APE1, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʣʠʘʟʥʦʡ 
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ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ LigIIIŬ ʚ ʢʦʤʧʣʝʢʩʝ ʩ XRCC1 ʟʘʚʝʨʰʘʝʪ ʨʝʧʘʨʘʮʠʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʥʥʦʟʘʧʣʘʪʦʯʥʦʛʦ ʧʫʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʩʪʨʘʠʚʘʥʠʝ 2ï10 ʥʫʢʣʝʦʪʠʜʦʚ. ʕʪʦʪ ʧʫʪʴ 

ʨʝʘʣʠʟʫʝʪʩʷ, ʢʦʛʜʘ dRP-ʦʩʪʘʪʦʢ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ (ʥʘʧʨʠʤʝʨ, ʦʢʠʩʣʝʥ) ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʫʜʘʣʝʥ Polɓ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ Polŭ/Ů (ʨʝʞʝ Polɓ) ʩʠʥʪʝʟʠʨʫʝʪ ʙʦʣʝʝ ʜʣʠʥʥʳʡ ʫʯʘʩʪʦʢ ɼʅʂ, ʚʳʪʝʩʥʷʷ 

ʠʩʭʦʜʥʫʶ ʮʝʧʴ ʠ ʬʦʨʤʠʨʫʷ ʦʜʥʦʥʠʪʝʚʦʡ çʣʦʩʢʫʪè (flap). ʕʪʦʪ ʚʳʪʝʩʥʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʫʜʘʣʷʝʪʩʷ 

ʵʥʜʦʥʫʢʣʝʘʟʦʡ FEN1, ʘ ʨʘʟʨʳʚ ʟʘʧʝʯʘʪʳʚʘʝʪʩʷ ɼʅʂ-ʣʠʛʘʟʦʡ I. ɼʣʠʥʥʦʟʘʧʣʘʪʦʯʥʳʡ ʧʫʪʴ ʪʨʝʙʫʝʪ 

ʫʯʘʩʪʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ PCNA, ʠ ʯʘʱʝ ʘʢʪʠʚʝʥ ʚ S-ʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. 

 

2.3.1. ɺʣʠʷʥʠʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ 

ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ 

ʕʫʢʘʨʠʦʪʠʯʝʩʢʘʷ ɼʅʂ ʚ ʢʣʝʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʭʨʦʤʘʪʠʥʘ, ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʠʭ ɼʅʂ-ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʨʝʧʘʨʘʮʠʠ. ɻʠʩʪʦʥʳ ʚ ʩʦʩʪʘʚʝ NCP ʠʣʠ ʣʠʥʢʝʨʥʳʝ ʛʠʩʪʦʥʳ ʤʦʛʫʪ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʟʘ ʩʫʙʩʪʨʘʪ ʩ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʦʤʠʤʦ ʛʠʩʪʦʥʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʝʛʠʩʪʦʥʦʚʳʝ ʙʝʣʢʠ ʭʨʦʤʘʪʠʥʘ. ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʚʳʧʦʣʥʷʶʪ ʩʪʨʫʢʪʫʨʥʳʝ 

ʬʫʥʢʮʠʠ, ʥʦ ʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʧʘʨʘʮʠʠ, 

ʇʊʄ ʛʠʩʪʦʥʦʚ ʠ ʨʝʤʦʜʝʣʠʥʛʝ ʭʨʦʤʘʪʠʥʘ [103, 104]. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro ʚ ʧʦʧʳʪʢʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʫʢʣʝʦʩʦʤʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ BER [105]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʥʦʥʫʢʣʝʦʩʦʤʳ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ. ɹʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ ʩʠʩʪʝʤʳ BER ʠʣʠ ʠʭ ʩʦʚʤʝʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ-ʫʯʘʩʪʥʠʢʘʤʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʩʦʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʳʡ ʧʫʪʴ BER, ʧʦʵʪʦʤʫ 

ʫʯʘʩʪʥʠʢʠ ʜʣʠʥʥʦʟʘʧʣʘʪʦʯʥʦʛʦ ʧʫʪʠ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. 

2.3.1.1. ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʳ 

ɺ ʮʝʣʦʤ, ʜʣʷ ʚʩʝʭ ʬʝʨʤʝʥʪʦʚ BER ʢʨʠʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ɼʅʂ ʚ 

NCP ʢʘʢ ʧʦ ʫʜʘʣʸʥʥʦʩʪʠ ʦʪ ʧʘʨʳ ʦʩʥʦʚʘʥʠʡ ʜʠʘʜʳ, ʪʘʢ ʠ ʧʦ ʨʦʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (çoutè, 

çinè, çmiddleè; ʧ. 2.1.1.; ʈʠʩ. 3). ʆʩʥʦʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ çoutè ʦʨʠʝʥʪʘʮʠʠ, ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳ [106]. ʅʘʧʨʠʤʝʨ, ʫʨʘʮʠʣ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘ (Uracil-DNA-Glycosilase, UDG) ʫʜʘʣʷʝʪ 

ʫʨʘʮʠʣ ʚ ʧʦʟʠʮʠʠ çoutè ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 99 %, ʘ ʚ ʧʦʟʠʮʠʠ çmiddleè ʠ çinè ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʧʘʜʘʝʪ ʜʦ 19 % ʠ 15 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʣʳʝ ʬʝʨʤʝʥʪʳ UDG ʠ hAAG (25 ʠ 24 ʢɼʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʤʝʶʪ ʢʦʤʧʘʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʟʜʘʶʪ ʫʤʝʨʝʥʥʳʡ ʠʟʛʠʙ ɼʅʂ (45Á ʠ 22Á 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʩ ɼʅʂ ʚ 

ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ [106]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʝʨʤʝʥʪʳ hOGG1 ʠ Fpg (38 ʠ 
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30 ʢɼʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʠʣʴʥʦʤʫ ʠʟʛʠʙʫ ɼʅʂ (ʜʦ 

70Á). ʀʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʫʢʣʝʦʩʦʤʘʭ ʧʦʜʘʚʣʝʥʘ (ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ Ò10 % 

ʜʣʷ ʣʶʙʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʥʦʚʘʥʠʷ), ʪʘʢ ʢʘʢ ʛʠʩʪʦʥʦʚʦʝ ʷʜʨʦ ʙʣʦʢʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʧʦʚʨʝʞʜʝʥʠʶ. 

ɹʦʣʴʰʠʡ ʨʘʟʤʝʨ ʙʝʣʢʦʚ ʠ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʶ ɼʅʂ-ʜʫʧʣʝʢʩʘ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʣʠʟʘ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʢʦʨʝʣʣʠʨʫʝʪ ʩ ʤʝʭʘʥʠʟʤʦʤ ʠʭ ʨʘʙʦʪʳ: 

ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (UDG, hAAG) ð ʫʜʘʣʷʶʪ ʪʦʣʴʢʦ ʧʦʚʨʝʞʜʸʥʥʦʝ ʦʩʥʦʚʘʥʠʝ, ʘ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (hOGG1, Fpg) ð ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʱʝʧʣʷʶʪ ʩʘʭʘʨʦ-ʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʙʦʪʘ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ɼʅʂ-

ʩʫʙʩʪʨʘʪʘ. ʅʘʧʨʠʤʝʨ, hAAG ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʝʪ 1,N6-ʵʪʝʥʦʘʜʝʥʠʥ, ʥʦ ʥʝ ʛʠʧʦʢʩʘʥʪʠʥ ʚ 

ʥʫʢʣʝʦʩʦʤʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʛʠʧʦʢʩʘʥʪʠʥʘ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ɼʅʂ-ʜʫʧʣʝʢʩʘ [106]. ɼʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʛʣʠʢʦʟʠʣʘʟ, ʥʘʧʨʠʤʝʨ hOGG1, ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ɺ ʥʫʢʣʝʦʩʦʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʤʦʞʝʪ ʙʣʦʢʠʨʦʚʘʪʴʩʷ ʛʠʩʪʦʥʘʤʠ [106]. ɺ ʨʘʙʦʪʝ [106] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴʥʳʝ 

ʥʫʢʣʝʦʩʦʤʥʳʝ ʩʫʙʩʪʨʘʪʳ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʙʣʠʟʠ ʧʘʨ rʦʩʥʦʚʘʥʠʡ ʜʠʘʜʳ 

SHL 0 ð ʩʘʤʦʡ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʠ NCP. ɼʠʥʘʤʠʢʘ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʢʦʥʮʦʚ ʤʦʣʝʢʫʣʳ ɼʅʂ ʟʘ ʧʨʝʜʝʣʳ NCP ʚ ʜʠʘʧʘʟʦʥʝ 18-28 ʧʥ (SHL Ñ7 ï Ñ4) [39]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʱʸ ʦʜʥʠʤ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʳ ʦʩʥʦʚʘʥʠʡ ʜʠʘʜʳ: ʯʝʤ ɻ ʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ, ʪʝʤ ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ [19, 107, 108]. 

2.3.1.2. ɸʧʫʨʠʥʦʚʘʷ/ʘʧʠʨʠʤʠʜʠʥʦʚʘʷ ʵʥʜʦʥʫʢʣʝʘʟʘ 1 

ɼʣʷ APE1 ʥʘʙʣʶʜʘʶʪʩʷ ʩʭʦʞʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩ ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ AP-ʩʘʡʪʘ ʚ NCP. AP-ʩʘʡʪʳ ʚ çoutè ʦʨʠʝʥʪʘʮʠʠ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʩʨʘʚʥʠʤʦʡ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ɼʅʂ [109]. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ AP-ʩʘʡʪʘ 

APE1 ʩʦʟʜʘʸʪ ʠʟʛʠʙ ɼʅʂ (~20Á), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʧʦʚʨʝʞʜʝʥʠʝ ʟʘ ʧʨʝʜʝʣʳ ʩʧʠʨʘʣʠ ɼʅʂ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦ-ʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ APE1 ʠʟʛʠʙʘʝʪ ʥʫʢʣʝʦʩʦʤʥʫʶ ɼʅʂ, çʚʳʪʘʣʢʠʚʘʷè AP-

ʩʘʡʪ ʠʟ ʩʧʠʨʘʣʠ ʚ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʛʠʩʪʦʥʦʚʦʛʦ ʦʢʪʘʤʝʨʘ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ APE1 ʩ AP-ʩʘʡʪʦʤ ɼʅʂ ʦʙʲʷʩʥʷʝʪ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ çmiddleè- ʠ çinè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ AP-ʩʘʡʪʦʚ [109, 110]. ʆʜʥʘʢʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʛʨʫʧʧ ʙʝʣʢʦʚ ʩ AP-ʩʘʡʪʦʤ (ʧ. 2.2.) ʥʘʢʣʘʜʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ APE1. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ 

çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ AP-ʩʘʡʪʘ ~500 c-1, ʘ çinè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ AP-ʩʘʡʪʘ ~0.12 c-1. 

ʇʦʚʨʝʞʜʝʥʠʷ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʙʣʘʩʪʠ ʜʠʘʜʳ ð SHL ī6 [109, 110]. 

ʋʯʠʪʳʚʘʷ ʜʠʥʘʤʠʯʥʫʁ ʩʪʨʫʢʪʫʨʫ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [39], ʪʘʢʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʚ ʘʢʪʠʚʥʦʩʪʠ APE1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʩʪʦʥʦʚ ʩ AP-ʩʘʡʪʦʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 



26 

 

 
 

ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʢʦʥʮʘʤ ʤʦʣʝʢʫʣʳ ɼʅʂ ʚ ʧʨʝʜʝʣʘʭ NCP ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

APE1 ʩ ʩʫʙʩʪʨʘʪʦʤ. 

2.3.1.3. ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ɓ 

ɼʣʷ Polɓ ʨʦʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʥʝ ʠʛʨʘʝʪ ʨʦʣʠ: ʝʸ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜʘʚʣʝʥʘ ʧʦʣʥʦʩʪʴʶ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʠ SHL 0 [18]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ Polɓ ʩ ɼʅʂ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʮʝʧʠ ɼʅʂ 

Polɓ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʛʠʙʘʝʪ ɼʅʂ-ʜʫʧʣʝʢʩ (~90Á), ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʆʜʥʘʢʦ ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ Polɓ ʚ 

ʦʙʣʘʩʪʠ ʦʪ SHL ï6 ʜʦ SHL ï2, ʢʦʪʦʨʘʷ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʦʙʣʘʩʪʠ SHL 0 [84]. ɺ ʮʝʣʦʤ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʨʘʙʦʪʘʤʠ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʨʘʮʠʣʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʨʘʤ ʦʩʥʦʚʘʥʠʡ ʜʠʘʜʳ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʘʙʦʪʘʭ ɼʅʂ-ʩʠʢʚʝʥʩʦʤ: ʚ ʨʘʙʦʪʝ 

Beard B.C. ʠ ʩʦʘʚʪʦʨʦʚ ʧʨʠʤʝʥʷʣʠ ɼʅʂ ʩ TG-ʤʦʪʠʚʦʤ, ʢʦʪʦʨʳʡ ʞʝʩʪʢʦ ʬʠʢʩʠʨʫʝʪ ɼʅʂ ʥʘ 

ʛʠʩʪʦʥʦʚʦʤ ʦʢʪʘʤʝʨʝ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʜʚʠʞʥʦʩʪʴ ɼʅʂ, ʘ ʚ ʨʘʙʦʪʝ Nilsen H. ʠ ʩʦʘʚʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʫʶ 5S-ʨɼʅʂ [18, 84]. ɹʝʣʦʢ XRCC1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Polɓ ʠ 

ʫʩʠʣʠʚʘʝʪ ʝ yʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [111]. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʩʪʘʪʴʠ [84] ʥʝ ʚʳʷʚʠʣʠ ʚʣʠʷʥʠ ̫

XRCC1 ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Polɓ ʚ ʢʦʥʪʝʢʩʪʝ ʥʫʢʣʝʦʩʦʤ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ ʥʫʢʣʝʦʩʦʤ. 

2.3.1.4. ɼʅʂ-ʣʠʛʘʟʘ IIIŬ 

ɼʣʷ ʬʝʨʤʝʥʪʘ LigIIIŬ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʟʦʪʠʩʪʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʳ ʦʩʥʦʚʘʥʠʡ ʜʠʘʜʳ, ʪʦʛʜʘ ʢʘʢ ʨʦʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʥʝ ʦʢʘʟʳʚʘʣʘ 

ʚʣʠʷʥʠʷ [112, 113]. Caldecott K. W. ʩ ʩʦʘʚʪʦʨʘʤʠ ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ 

LigIIIŬ ʠ XRCC1 ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

LigIIIŬ, ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʠʝ XRCC1 ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ LigIIIŬ 

ʚ ʢʦʨʦʪʢʦʟʘʧʣʘʪʦʯʥʦʤ ʧʫʪʠ BER [114, 115]. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ LigIII ŬÅXRCC1 ʠʩʩʣʝʜʦʚʘʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ nick-ʩʦʜʝʨʞʘʱʠʭ NCP [84, 112, 113]. LigIIIŬ ʙʝʟ XRCC1 ʧʨʦʷʚʣʷʣʘ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʟʨʳʚʘ. ʅʘʣʠʯʠʝ XRCC1 ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʣʠʛʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ LigIIIŬ [112]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʣʠʛʠʨʦʚʘʥʠʷ 

ʚʦʟʨʘʩʪʘʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2,5 ʨʘʟʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʘʡʪʘ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟ ʧʦʣʦʞʝʥʠʷ SHL ī3 

ʚ SHL ī5 [113]. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ LigIIIŬÅXRCC1 ʦʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʜʳ ʥʫʢʣʝʦʩʦʤʳ ð ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʨʝʛʠʦʥʘ, 

ʛʜʝ ɼʅʂ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʛʠʩʪʦʥʦʚʳʤ ʦʢʪʘʤʝʨʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ LigIIIŬÅXRCC1 ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʛʠʨʦʚʘʥʠʷ [112]. ʇʨʠ ʵʪʦʤ 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠ ʥʘʨʫʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʫʢʣʝʦʩʦʤʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [112]. ʊʘʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʥʝ ʷʚʣʷʣʦʩʴ 
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ʥʝʦʙʨʘʪʠʤʳʤ ʜʣʷ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [113]. ʅʘʧʨʦʪʠʚ, ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [84] ʥʝ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʘʢʪʠʚʥʦʩʪʠ LigIIIŬ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʙʝʣʢʘ 

XRCC1. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʫʢʣʝʦʩʦʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ BER ʚ ʢʦʥʪʝʢʩʪʝ 

ʥʫʢʣʝʦʩʦʤ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ ʭʨʦʤʘʪʠʥʦʚʦʡ ʫʧʘʢʦʚʢʠ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʢʨʳʪʳʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʫʢʣʝʦʩʦʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʠʘʜʳ ʠ ʨʦʪʘʮʠʦʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ɼʅʂ, ʜʨʘʤʘʪʠʯʝʩʢʠ ʚʣʠʷʶʪ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʬʝʨʤʝʥʪʦʚ BER. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʫʩʫʛʫʙʣʷʶʪʩʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ Polɓ, 

ʪʨʝʙʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ɼʅʂ, ʯʪʦ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʪʴ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʥʫʢʣʝʦʩʦʤʘʭ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʭʨʦʤʘʪʠʥʦʚʳʭ ʙʘʨʴʝʨʦʚ ʠʛʨʘʶʪ ʙʝʣʢʠ-ʢʦʦʨʜʠʥʘʪʦʨʳ, 

ʪʘʢʠʝ ʢʘʢ XRCC1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ XRCC1 ʩ Polɓ ʠ LigIIIŬ ʫʩʠʣʠʚʘʝʪ ʠʭ ʘʢʪʠʚʥʦʩʪʴ in vitro, 

ʦʜʥʘʢʦ ʚ ʥʫʢʣʝʦʩʦʤʥʳʭ ʩʠʩʪʝʤʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʜʠʥʘʤʠʢʠ 

ɼʅʂ. ʅʘʧʨʠʤʝʨ, ʚ ʥʫʢʣʝʦʩʦʤʘʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 5S-ʨɼʅʂ ɼʅʂ ʯʘʩʪʠʯʥʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 

ʠʟ ʛʠʩʪʦʥʦʚʦʛʦ ʦʢʪʘʤʝʨʘ, ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ XRCC1 ʧʦʚʳʰʘʝʪʩ ̫ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʛʠʨʦʚʘʥʠʷ 

ʨʘʟʨʳʚʦʚ [113]. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ XRCC1 ʜʝʡʩʪʚʫʝʪ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʢʣʶʯʘʷ APE1, Polɓ, LigIIIŬ, PARP1 ʠ PARP2 [111, 116, 117]. 

ɹʝʣʢʠ ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʳ (Poly(ADP-Ribose)Polymerase, PARP): PARP1 ʠ PARP2, ð 

ʘʢʪʠʚʠʨʫʝʤʳʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʟʨʳʚʦʚ ɼʅʂ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʠʚʣʝʯʝʥʠʠ 

ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʏʝʨʝʟ ʩʠʥʪʝʟ ʧʦʣʠ(ADP-ʨʠʙʦʟʳ) (Poly(ADP-Ribose), PAR) PARP1 ʠ 

PARP2 ʬʦʨʤʠʨʫʶʪ ʨʝʧʘʨʘʩʦʤʫ ð ʜʠʥʘʤʠʯʥʡr ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʙʝʣʢʠ XRCC1, 

APE1, LigIIIŬ ʠ Polɓ [111, 118]. ɼʦʤʝʥ BRCT1 ʙʝʣʢʘ XRCC1 ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ PAR, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʧʨʘʚʣʝʥʥʫʶ ʩʙʦʨʢʫ ʨʝʧʘʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʙʣʠʟʠ ʧʦʚʨʝʞʜʝʥʠʷ. ʊʘʢʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʢʨʠʪʠʯʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʧʘʨʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʭʨʦʤʘʪʠʥʦʚʦʡ 

ʢʦʤʧʘʢʪʠʟʘʮʠʠ, ʛʜʝ ʜʦʩʪʫʧ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʦʛʨʘʥʠʯʝʥ. 

ʋʯʠʪʳʚʘʷ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ PARP1, PARP2 ʠ PARP3 ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ 

ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʭʨʦʤʘʪʠʥʝ, ʠʭ ʠʟʫʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ BER ʢ ʭʨʦʤʘʪʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʝ. ʕʪʠ ʙʝʣʢʠ 

ʚʳʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʚʠʯʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʦ ʠ ʤʦʜʫʣʠʨʫʶʪ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʫʢʣʝʦʩʦʤ ʯʝʨʝʟ ʩʠʥʪʝʟ PAR [119], ʦʙʣʝʛʯʘʷ ʜʦʩʪʫʧ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ 

[120]. ɹʦʣʝʝ ʪʦʛʦ, PARP-ʟʘʚʠʩʠʤʘʷ ʘʢʪʠʚʘʮʠʷ XRCC1 ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

BER ʧʦʜʯʝʨʢʠʚʘʶʪ ʬʫʥʢʮʠʶ PARP ʚ ʩʙʦʨʢʝ ʨʝʧʘʨʘʩʦʤʳ. ʋʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ PARP1, PARP2 ʠ PARP3 ʧʦʟʚʦʣʠʪ ʨʘʩʢʨʳʪʴ, ʢʘʢ ʵʪʠ ʙʝʣʢʠ 
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ʧʨʝʦʜʦʣʝʚʘʶʪ ʙʘʨʴʝʨʳ ʭʨʦʤʘʪʠʥʦʚʦʡ ʫʧʘʢʦʚʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

 

2.4. ɹʝʣʢʠ PARP1, PARP2, PARP3 ð ʩʝʥʩʦʨʳ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʠ ʨʝʛʫʣʷʪʦʨʳ 

ʨʝʧʘʨʘʮʠʠ 

ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʝ ð ʦʜʥʘ ʠʟ ʇʊʄ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʣʝʪʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʧʘʨʘʮʠʷ, ʨʝʧʣʠʢʘʮʠʷ, 

ʪʨʘʥʩʢʨʠʧʮʠʷ, ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʘʧʦʧʪʦʟ. ʂʘʪʘʣʠʟʠʨʫʶʪ ʵʪʫ ʨʝʘʢʮʠʶ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ ARTD ð ADP-RibosylTransferase Diphtheria toxin-like. 

ʇʝʨʚʳʤ ʦʪʢʨʳʪʳʤ ʙʝʣʢʦʤ ʙʳʣʘ ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʧʦʣʠʤʝʨʘʟʘ 1 ʩ ʩʦʢʨʘʱʝʥʠʝʤ PARP1, 

ʧʦʣʦʞʠʚʰʘʷ ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʩʝʤʝʡʩʪʚʫ ʩ ʥʘʟʚʘʥʠʝʤ PARP. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʫʩʪʦʷʚʰʠʭʩʷ ʥʘʟʚʘʥʠʡ ʙʝʣʢʦʚ PARP. ɹʝʣʢʠ PARP ʦʙʨʘʟʫʶʪ ʦʙʰʠʨʥʦʝ 

ʩʝʤʝʡʩʪʚʦ, ʥʘʩʯʠʪʳʚʘʶʱʝʝ 17 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʙʱʠʡ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ [3]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʠʰʴ ʜʣʷ PARP13 ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʪʘʣʴʥʳʝ ʙʝʣʢʠ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʝʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʝʨʝʥʦʩ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʩʪʘʪʢʦʚ ADP-ʨʠʙʦʟʳ 

ʥʘ ʤʦʣʝʢʫʣʳ-ʤʠʰʝʥʠ (ʛʠʩʪʦʥʳ, ɼʅʂ, ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʳ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʠ ʩʘʤʠ ʙʝʣʢʠ 

PARP), ʠʩʧʦʣʴʟʫ ̫ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʤʦʣʝʢʫʣ rNAD+ [121 ï 127]. 

ʕʪʠ ʙʝʣʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʨʝʤʦʜʝʣʠʥʛ 

ʭʨʦʤʘʪʠʥʘ, ʪʨʘʥʩʢʨʠʧʮʠʶ, ʨʝʧʘʨʘʮʠʶ ɼʅʂ, ʨʝʧʣʠʢʘʮʠʶ, ʪʨʘʥʩʧʦʨʪ, ʧʦʜʜʝʨʞʘʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ 

ʪʝʣʦʤʝʨ ʠ ʪʨʘʥʩʣʷʮʠʶ [128 ï 130]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʣʝʪʦʯʥʦʤ ʦʪʚʝʪʝ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠ ̫ɼʅʂ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʪʨʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʝʤʝʡʩʪʚʘ: PARP1, PARP2, PARP3, ð 

ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʷʜʨʝ ʠ ʷʚʣʷʶʪʩʷ ɼʅʂ-ʟʘʚʠʩʠʤʳʤʠ ʙʝʣʢʘʤʠ, ʪ.ʝ. ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʦʣʝʢʫʣʦʡ ɼʅʂ [3, 131, 

132]. ʍʦʪʷ ʵʪʠ ʪʨʠ ʙʝʣʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʩʝʤʝʡʩʪʚʫ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ 

(ʈʠʩ. 6), ʩʪʨʫʢʪʫʨʝ ʧʨʦʜʫʢʪʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ. PARP1, PARP2 ʠ PARP3 ð ʵʪʦ ʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ 

ʩʨʦʜʩʪʚʦʤ ʢ ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ [130, 133]. ɸʢʪʠʚʠʨʫʷʩʴ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷʭ ɼʅʂ, PARP1 ʠ PARP2 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʩʠʥʪʝʟ PAR ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NAD+ [1], ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʷ ʢʦʚʘʣʝʥʪʥʫʶ 

ʘʚʪʦʤʦʜʠʬʠʢʘʮʠʶ PARP, ʘ ʪʘʢʞʝ ʪʨʘʥʩʤʦʜʠʬʠʢʘʮʠʶ ʜʨʫʛʠʭ ʙʝʣʢʦʚ-ʘʢʮʝʧʪʦʨʦʚ. PARP3 

ʧʨʠʩʦʝʜʠʥʷʝʪ ʤʦʥʦʤʝʨ ADP-ʨʠʙʦʟʳ ʢ ʩʚʦʠʤ ʤʠʰʝʥʷʤ [126, 134]. 
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ʈʠʩ. 6. ʉʭʝʤʘ ʜʦʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚ PARP1, PARP2 ʠ PARP3 ʩ ʥʦʤʝʨʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʫʢʘʟʳʚʘʶʱʠʤʠ 

ʛʨʘʥʠʮʳ ʜʦʤʝʥʦʚ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʠʩʷʤʠ Uniprot P09874, Q9UGN5 ʠ Q9Y6F1). Zn1/2/3 ð ʜʦʤʝʥʳ ʮʠʥʢʦʚʳʭ 

ʧʘʣʴʮʝʚ; BRCT ð ʩʝʤʝʡʩʪʚʦ ʜʦʤʝʥʦʚ ʥʘʟʚʘʥʥʳʭ ʧʦ ʉ-ʢʦʥʮʝʚʦʤʫ ʜʦʤʝʥʫ ʙʝʣʢʘ BRCA1; WGR ð ʜʦʤʝʥ, ʥʘʟʚʘʥʥʳʡ 

ʧʦ ʚʭʦʜʷʱʠʤ ʚ ʝʛʦ ʩʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʪʨʠʧʪʦʬʘʥʘ (W), ʛʣʠʮʠʥʘ (G), ʘʨʛʠʥʠʥʘ (R); CAT ð 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʩʫʙʜʦʤʝʥʳ: HD (ʩʧʠʨʘʣʴʥʳʡ ʩʫʙʜʦʤʝʥ) ʠ ART 

(ADP-ʨʠʙʦʟʘʪʨʘʥʩʬʝʨʘʟʥʳʡ ʩʫʙʜʦʤʝʥ). ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [135]. 

 

2.4.1. ɼʅʂ-ʟʘʚʠʩʠʤʳʝ ʙʝʣʢʠ PARP1, PARP2, PARP3 

PARP1 ð ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʯʣʝʥ ʩʝʤʝʡʩʪʚʘ PARP, ʠʛʨʘʶʱʘ ̫ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ. ɹʝʣʦʢ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʦʢʦʣʦ 116 ʢɼʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ 

ʜʦʤʝʥʦʚ: ʪʨʸʭ ʮʠʥʢʦʚʳʭ ʧʘʣʴʮʝʚ (Zn1, Zn2, Zn3), BRCT, WGR ʠ CAT [136]. ʎʠʥʢʦʚʳʝ ʧʘʣʴʮʳ 

Zn1, Zn2, Zn3 ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ɼʅʂ [137, 138]. ɼʦʤʝʥ BRCT ʦʧʦʩʨʝʜʫʝʪ 

ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʢʦʥʪʘʢʪʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʩ ɼʅʂ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʘʡʪʳ 

ʘʚʪʦ-ʧʦʣʠ(ADP-ʨʠʙʦʟʠʣ)ʠʨʦʚʘʥʠʷ (Poly(ADP-Ribosyl)ation, PARʠʣʠʨʦʚʘʥʠʝ) [139]. ɼʦʤʝʥ 

WGR, ʥʘʟʚʘʥʥʳʡ ʧʦ ʚʭʦʜʷʱʠʤ ʚ ʝʛʦ ʩʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʪʨʠʧʪʦʬʘʥʘ (W), ʛʣʠʮʠʥʘ 

(G) ʠ ʘʨʛʠʥʠʥʘ (R), ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ɼʅʂ-ʟʘʚʠʩʠʤʦʡ ʘʢʪʠʚʘʮʠʠ PARP1, ʧʦʩʢʦʣʴʢʫ ʜʝʣʝʮʠʷ 

ʵʪʦʛʦ ʜʦʤʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʬʝʨʤʝʥʪʘ [140]. ɼʦʤʝʥ CAT ð 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

PARP ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʧʠʨʘʣʴʥʦʛʦ ʩʫʙʜʦʤʝʥʘ (Helical Domain, HD) ʠ ʩʫʙʜʦʤʝʥʘ 

ADP-ʨʠʙʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ (ADP-RibosylTransferase, ART) ʩ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʪʨʠʘʜʥʳʤ ʤʦʪʠʚʦʤ 

HYE (ʛʠʩʪʠʜʠʥ, H862; ʪʠʨʦʟʠʥ, Y896; ʛʣʫʪʘʤʘʪ, E988), ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʧʝʨʝʥʦʩ 

ADP-ʨʠʙʦʟʳ [3, 141, 142]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦʤʝʥʳ Zn1, Zn2, Zn3, BRCT ʠ WGR ʫʯʘʩʪʚʫʶʪ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʅʂ [136, 139, 143 ï 145]. ɸʚʪʦʠʥʛʠʙʠʪʦʨʥʳʡ HD ʤʦʪʠʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʜʦʤʝʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʩʨʦʜʩʪʚʘ ʙʝʣʢʘ ʢ NAD+. ʉʚʦʙʦʜʥʳʡ ʬʝʨʤʝʥʪ PARP1 ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʤʦʣʝʢʫʣʝ NAD+, ʦʜʥʘʢʦ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ ʮʠʥʢʦʚʳʭ 

ʧʘʣʴʮʝʚ ʠ WGR ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʦʤʝʥʝ ʬʝʨʤʝʥʪʘ ʧʨʦʠʩʭʦʜʷʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ, 

ʘʚʪʦʠʥʛʠʙʠʪʦʨʥʳʡ ʩʫʙʜʦʤʝʥ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ NAD+ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʦʤʝʥʝ, ʠ ʵʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 

PARʠʣʠʨʦʚʘʥʠʷ [142, 146, 147]. ɼʦʤʝʥ ART ʦʙʝʩʧʝʯʠʚʘʝʪ (ADP-ʨʠʙʦʟʘ)ʪʨʘʥʩʬʝʨʘʟʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʙʝʣʢʦʚ-ʘʢʮʝʧʪʦʨʦʚ PAR [148]. 
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PARP2, ʚ ʦʪʣʠʯʠʝ ʦʪ PARP1, ʥʝ ʩʦʜʝʨʞʠʪ ʮʠʥʢʦʚʳʭ ʧʘʣʴʮʝʚ ʠ BRCT-ʜʦʤʝʥʘ, ʥʦ ʩʦʭʨʘʥʷʝʪ 

WGR ʠ CAT ʜʦʤʝʥʳ (ʈʠʩ. 6). ɽ yʘʢʪʠʚʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ɼʅʂ ʯʝʨʝʟ ʜʦʤʝʥ WGR, 

ʨʘʩʧʦʟʥʘʶʱʠʡ 5'-ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ DSB ʠ SSB [149]. ʇʨʠ ʧʦʤʦʱʠ ʂʨʠʦ-ʕʄ ʧʦʢʘʟʘʥ ʢʦʤʧʣʝʢʩ 

PARP2 ʩ ʥʫʢʣʝʦʩʦʤʦʡ, ʚ ʢʦʪʦʨʦʤ PARP2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ ʜʚʝ ʥʫʢʣʝʦʩʦʤʳ 

ʯʝʨʝʟ WGR-ʜʦʤʝʥ ʧʦ ʪʫʧʳʤ ʢʦʥʮʘʤ ɼʅʂ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʫʧʳʝ ʢʦʥʮʳ ʩʦʜʝʨʞʘʪ 5'-ʬʦʩʬʘʪʥʳʝ 

ʛʨʫʧʧʳ [150]. ʂʨʦʤʝ ʪʦʛʦ, N-ʢʦʥʝʮ ʩʦʜʝʨʞʠʪ SAP-ʤʦʪʠʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʶʱʠʡ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ɼʅʂ/ʈʅʂ. ʋ ʯʝʣʦʚʝʢʘ SAP-ʤʦʪʠʚ, ʚʝʨʦʷʪʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ [151]. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ PARP2 ʚʢʣʶʯʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʘʢʮʝʧʪʦʨʥʫʶ ʧʝʪʣʶ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʩʠʥʪʝʟʫ ʙʦʣʝʝ ʨʘʟʚʝʪʚʣʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ PAR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PARP1 [152]. 

ɹʝʣʦʢ PARP3 ð ʥʘʠʤʝʥʴʰʠʡ ʠʟ ʪʨʸʭ ʙʝʣʢʦʚ (ʈʠʩ. 6). ʉʪʨʫʢʪʫʨʘ PARP3 ʚʢʣʶʯʘʝʪ WGR-

ʜʦʤʝʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ 5'- ʠ 3'-ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʟʨʳʚʦʚ ɼʅʂ [126, 127]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʵʪʦʛʦ ʙʝʣʢʘ ʦʪ ʙʝʣʢʦʚ PARP1 ʠ PARP2 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʝ D-ʧʝʪʣʠ 

CAT-ʜʦʤʝʥʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ PARP3 ʜʦ ʤʦʥʦ(ADP-ʨʠʙʦʟʠʣ)ʠʨʦʚʘʥʠʷ 

(Mono(ADP-Ribosyl)ation, MARʠʣʠʨʦʚʘʥʠʷ) ð ʧʨʠʩʦʝʜʠʥʷʝʪ ʤʦʥʦʤʝʨ ADP-ʨʠʙʦʟʳ ʢ ʩʚʦʠʤ 

ʤʠʰʝʥʷʤ [135]. 

ɺʩʝ ʪʨʠ ʙʝʣʢʘ ʩʦʜʝʨʞʘʪ WGR-ʜʦʤʝʥ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʨʝʞʜʸʥʥʦʡ ɼʅʂ, 

ʠ CAT-ʜʦʤʝʥ ʩ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ HYE-ʤʦʪʠʚʦʤ [149, 153]. ɸʢʪʠʚʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ HD-ʩʫʙʜʦʤʝʥʘ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ɼʅʂ [146]. ʇʨʠ ʵʪʦʤ ʪʨʠ ʙʝʣʢʘ 

ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʜʦʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢ ʠ ʧʦ ʩʪʨʦʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʘʚʥʦʟʥʘʯʥʳʭ 

ʜʦʤʝʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʙʝʣʢʦʚ PARP ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʛʝʥʦʤʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʘʞʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʢʘ [154]. 

PARP1 ʩʠʥʪʝʟʠʨʫʝʪ ʜʦ 90 % ʚʩʝʛʦ ʢʣʝʪʦʯʥʦʛʦ PAR ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ. ʊʘʢʞʝ 

ʵʪʦʪ ʙʝʣʦʢ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʪʨʘʥʩʢʨʠʧʮʠʠ [155], ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʨʝʪʝʥʘ ʜʝʣʝʥʠʷ [156] ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʷʜʨrh ʝʢ [157]. ɹʝʣʦʢ PARP1 ʩʧʦʩʦʙʝʥ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ɼʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʧʨʦʮʝʩʩʘ BER. PARP1 ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʠ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ PARʠʣʠʨʦʚʘʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʠʭ ʧʦʷʚʣʝʥʠʝ [158 ï 162]. 

PARʠʣʠʨʦʚʘʥʠʝ ð ʵʪʦ ʦʙʨʘʪʠʤʘʷ ʇʊʄ ʙʝʣʢʦʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʩʪʘʪʢʦʚ 

ADP-ʨʠʙʦʟʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʙʝʣʢʘʤʠ PARP (ʈʠʩ. 7). ɿʚʝʥʴʷ ADP-ʨʠʙʦʟʳ ʚ ʣʠʥʝʡʥʦʤ ʧʦʣʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʳ ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʤʝʞʜʫ 2'-ʆ ʘʪʦʤʦʤ ʨʠʙʦʟʳ, ʥʝʩʫʱʝʡ  
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ʈʠʩ. 7. ʉʪʨʦʝʥʠʝ ʤʦʥʦʤʝʨʘ ADP-ʨʠʙʦʟʳ 

 

ʘʜʝʥʠʥ, ʠ C-1D ʘʪʦʤʦʤ ʦʩʪʘʪʢʘ ʨʠʙʦʟʳ ʩʣʝʜʫʶʱʝʛʦ ʤʦʥʦʤʝʨʘ. ɺ ʪʦʯʢʘʭ ʚʝʪʚʣʝʥʠʷ ʪʘ ʞʝ ʩʘʤʘʷ 

ʩʚʷʟʴ ʦʙʨʘʟʫʝʪʩʷ ʤʝʞʜʫ O-2D ʠ C-1D ʘʪʦʤʘʤʠ ʜʚʫʭ ʦʩʪʘʪʢʦʚ ʨʠʙʦʟʳ [163, 164]. PARʠʣʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ð ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʧʦʣʠʤʝʨʘ ʚ ʢʣʝʪʢʝ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 

ʦʜʥʦʡ ʤʠʥʫʪʳ. ɼʝʛʨʘʜʘʮʠʷ ʧʦʣʠʤʝʨʘ ʠʣʠ ʤʦʥʦʤʝʨʘ ADP-ʨʠʙʦʟʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʜʚʫʭ ʵʚʦʣʶʮʠʦʥʥʦ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʛʠʜʨʦʣʘʟ ADP-ʨʠʙʦʟʳ (ʈʠʩ. 8): 

ʤʘʢʨʦʜʦʤʝʥʘʤʠ ʠ ʛʠʜʨʦʣʘʟʘʤʠ ADP-ʨʠʙʦʟʠʣ-ʘʢʮʝʧʪʦʨʦʚ (ADP-Ribosyl-acceptor Hydrolases, 

ARH) [165]. ʏʣʝʥʳ ʩʝʤʝʡʩʪʚʘ ʤʘʢʨʦʜʦʤʝʥʦʚ ʚʢʣʶʯʘʶʪ ʤʘʢʨʦʜʦʤʝʥʥʳʝ ʙʝʣʢʠ (MacroD1 ʠ 

MacroD2), ʪʝʨʤʠʥʘʣʴʥʫʶ ADP-ʨʠʙʦʟʘʛʣʠʢʦʛʠʜʨʦʣʘʟʫ (Terminal ADPȤRibose Glycohydrolase 1, 

TARG1) ʠ ʧʦʣʠ(ADP-ʨʠʙʦʟʘ)ʛʣʠʢʦʛʠʜʨʦʣʘʟʫ (Poly(ADP-Ribose)Glycohydrolase, PARG). 

ʉʝʤʝʡʩʪʚʦ ARH ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʣʝʥʦʚ (ARH1, ARH2 ʠ ARH3), ʭʦʪʷ ARH2 ʥʝ ʦʙʣʘʜʘʝʪ 

ʦʯʝʚʠʜʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [166]. ɻʠʜʨʦʣʠʟ ʮʝʧʝʡ PAR ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

PARG, ʪʦʛʜʘ ʢʘʢ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʘʢʪʠʚʥʘʷ ARH3, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʝʨʚʥʦʛʦ ʘʥʘʣʦʛʘ PARG ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠ ʩʧʦʩʦʙʥʘ ʫʜʘʣʷʪʴ MAR ʧʦ ʦʩʪʘʪʢʘʤ ʩʝʨʠʥʘ. ʇʨʠ 

ʵʪʦʤ PARG ʥʝ ʩʧʦʩʦʙʥʘ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʪʝʨʤʠʥʘʣʴʥʳʝ ʦʩʪʘʪʢʠ MAR [167]. ɹʝʣʦʢ ARH1 

ʛʠʜʨʦʣʠʟʫʝʪ ʪʦʣʴʢʦ MAR, ʦʧʦʩʨʝʜʫʷ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ADP-ʨʠʙʦʟʳ ʠʟ ʦʩʪʘʪʢʦʚ ʘʨʛʠʥʠʥʘ ʮʝʣʝʚʦʛʦ 

ʙʝʣʢʘ. MacroD1, MacroD2 ʠ TARG1 ʛʠʜʨʦʣʠʟʫʶʪ MAR ʧʦ ʦʩʪʘʪʢʘʤ ʛʣʫʪʘʤʘʪʘ ʠ ʘʩʧʘʨʪʘʪʘ 

ʩʫʙʩʪʨʘʪʘ. ʊʘʢʞʝ TARG1 ʩʧʦʩʦʙʥʘ ʨʘʩʱʝʧʣʷʪʴ ʮʝʧʠ PAR. 

PARP2 ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʝʪ ʩʠʥʪʝʟ PAR, ʠ ʝ y ʬʫʥʢʮʠʠ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ 

ʬʫʥʢʮʠʷʤʠ PARP1. ɹʝʣʦʢ PARP2 ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ 

ʨʘʟʨʳʚʘʤʠ, ʯʘʩʪʠʯʥʳʤʠ ɼʅʂ-ʜʫʧʣʝʢʩʘʤʠ ʩ ʦʜʥʦ- ʠ ʜʚʫʥʫʢʣʝʦʪʠʜʥʳʤʠ ʙʨʝʰʘʤʠ ʠ 

ʬʣʵʧ-ʩʪʨʫʢʪʫʨʘʤʠ [133, 149, 161, 162, 168 ï 170]. PARP3 ʩʧʦʩʦʙʥʘ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʝ  
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ʈʠʩ. 8. ʂʘʪʘʙʦʣʠʟʤ ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʷ. ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʘʡʪʘʤʠ 

ʨʘʩʱʝʧʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ADP-ʨʠʙʦʟʦʛʠʜʨʦʣʘʟʳ. PARG ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʝʨʤʝʥʪʦʤ, ʨʘʟʨʫʰʘʶʱʠʤ PAR, 

ʢʘʪʘʣʠʟʠʨʫʷ ʛʠʜʨʦʣʠʟ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʮʝʧʠ PAR ʢʘʢ ʚ ʪʦʯʢʘʭ ʚʝʪʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ ʪʦʯʢʘʭ ʫʜʣʠʥʝʥʠʷ ʮʝʧʠ. ʆʜʥʘʢʦ 

ʦʥ ʥʝ ʩʧʦʩʦʙʝʥ ʨʘʩʱʝʧʣʷʪʴ ʪʝʨʤʠʥʘʣʴʥʫʶ ADP-ʨʠʙʦʟʫ ʠʟ ʤʦʥʦ(ADP-ʨʠʙʦʟʠʣ)ʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ. ARH3 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʣʠʢʦʟʠʜʥʳʡ ʛʠʜʨʦʣʠʟ ʮʝʧʝʡ PAR, ʦʙʨʘʟʫʷ ʩʚʦʙʦʜʥʫʶ ADP-ʨʠʙʦʟʫ ʠ ʢʦʨʦʪʢʠʝ ʮʝʧʠ PAR. ʆʥ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʛʠʜʨʦʣʠʟʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʥʦ(ADP-ʨʠʙʦʟʠʣ)ʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʦʩʪʘʪʢʘʤ ʩʝʨʠʥʘ. ARH1 

ʨʘʩʱʝʧʣʷʝʪ ʤʦʥʦ(ADP-ʨʠʙʦʟʠʣ)ʠʨʦʚʘʥʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʦʩʪʘʪʢʘʤ ʘʨʛʠʥʠʥʘ. MacroD1, 

MacroD2 ʠ TARG1 ʛʠʜʨʦʣʠʟʫʶʪ ʤʦʥʦ(ADP-ʨʠʙʦʟʫ) ʥʘ ʦʩʪʘʪʢʘʭ ʘʩʧʘʨʪʘʪʘ ʠ ʛʣʫʪʘʤʘʪʘ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ, ʘ TARG1 

ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʱʝʧʣʷʪʴ ʮʝʧʠ PAR. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [165]. 

 

ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʦʩʪʘʪʢʘ ADP-ʨʠʙʦʟʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʜʚʫʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʝʥʩʦʨʘ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ 



33 

 

 
 

ʨʘʟʨʳʚʦʚ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ PARP1, PARP3 ʘʢʪʠʚʠʨʫʝʪʩʷ in vitro ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 5'-ʢʦʥʝʮ 

ʨʘʟʨʳʚʘ ʩʦʜʝʨʞʠʪ ʬʦʩʬʘʪʥʫʶ ʛʨʫʧʧʫ (5'-P) [6, 149, 171, 172]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

PARP1, PARP2 ʠ PARP3 ʢʘʪʘʣʠʟʠʨʫʶʪ ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʝ ɼʅʂ ʠ ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʅʂ-ʜʫʧʣʝʢʩʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʡ Gap ʩ 

ʢʘʥʦʥʠʯʝʩʢʠʤʠ 5'-P ʠ 3'-OH ʛʨʫʧʧʘʤʠ [124, 126, 127]. 

 

2.4.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ PARP1, PARP2, PARP3 ʩ NCP 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʨʦʣʠ PARP1, PARP2 ʠ PARP3 ʚ ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɼʅʂ 

ʧʨʦʚʝʜʝʥʦ in vitro ʥʘ ʤʦʜʝʣʷʭ ʩʚʦʙʦʜʥʦʡ ɼʅʂ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʭʨʦʤʘʪʠʥʦʚʦʡ ʫʧʘʢʦʚʢʠ, ʛʜʝ ɼʅʂ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʥʫʢʣʝʦʩʦʤʳ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʙʝʣʢʘ PARP1 ʩʚʷʟʘʥʘ ʩ ʭʨʦʤʘʪʠʥʦʤ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʷʜʨʳʰʢʘʭ 

[173]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ PARP1 ʥʘʧʨʷʤʫʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʨʦʚʳʤʠ ʛʠʩʪʦʥʘʤʠ [122, 173]. PARP1 ʩʧʦʩʦʙʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʙʝʣʢʠ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ, ʪʘʢʠʤ ʢʘʢ Lys, Arg, Glu, Asp, Cys, Ser, Thr, Ser, His ʠ Tyr 

[142]. PARP1 ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ PARʠʣʠʨʦʚʘʥʠʷ: 

PARP1 ʤʦʜʠʬʠʮʠʨʫʝʪ ʛʠʩʪʦʥ H1, ʚʳʟʳʚʘʷ ʝʛʦ ʜʠʩʩʦʮʠʘʮʠʶ c ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʳʭʣʝʥʠʝʤ 

ʭʨʦʤʘʪʠʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ [174]. ɻʠʩʪʦʥʳ H3 ʠ H4 ̫ ʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ 

PARP1 in vitro ʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ PARP1 [173, 175]. ɸʚʪʦʨʘʤʠ 

ʨʘʙʦʪʳ [176] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP1 ʩʧʦʩʦʙʥʘ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ PARʠʣʠʨʦʚʘʥʠʷ ʧʦ 

N-ʢʦʥʮʝʚʳʤ ʦʩʪʘʪʢʘʤ ʣʠʟʠʥʦʚ ʢʦʨʦʚʳʭ ʛʠʩʪʦʥʦʚ H2A, H2B, H3 ʠ H4. ʅʝʜʘʚʥʦ ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

[177] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʘʢʪʦʨʘ PARʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʦʚ 1 (Histone PARylation 

Factor 1, HPF1) PARP1 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʫʝʪ ʛʠʩʪʦʥ H3 ʧʦ ʦʩʪʘʪʢʘʤ ʩʝʨʠʥʘ (Ser10 ʠ 

Ser28). ʕʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʜʝʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ [178]. 

ʀʩʧʦʣʴʟʫʷ ʤʦʥʦʥʫʢʣʝʦʩʦʤʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [179] ʫʩʪʘʥʦʚʠʣʠ ʦʙʣʘʩʪʴ 

ʩʚ̫ʟr ʚʘʥʠʷ PARP1 ʩ NCP. ʀʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

PARP1Åʥʫʢʣʝʦʩʦʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʪʠʚʥʦʡ ɼʅʂ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ NPS ç601è ʚ ʩʦʩʪʘʚʝ NCP (ʊʘʙʣʠʮʘ 1; ʈʠʩ. 9). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʛʦʚʦʨʷʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ PARP1 ʩʦ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʴʶ ɼʅʂ, ʯʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ c NCP. ʏʝʤ ʜʣʠʥʥʝʝ ʣʠʥʢʝʨʥʳʝ ʫʯʘʩʪʢʠ ɼʅʂ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ PARP1 ʦʙʨʘʟʫʝʪ 

ʢʦʤʧʣʝʢʩ ʩ ɼʅʂ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

PARP1 ʚ ʢʦʤʧʣʝʢʩʝ ʩ NCP ʠ ʝ yʚʣʠʷʥʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ PARP1 c ʨʘʟʣʠʯʥʳʤʠ ɼʅʂ-ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʩʦʩʪʘʚʝ 

ʥʫʢʣʝʦʩʦʤʳ [179]. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʥʘʟʚʘʥʠʠ (Nuc147) ʦʙʦʟʥʘʯʘʶʪ ʦʙʱʫʶ ʜʣʠʥʫ ʮʝʧʠ ɼʅʂ ʚ ʧʘʨʘʭ 

ʥʫʢʣʝʦʪʠʜʦʚ. 

ʅʘʟʚʘʥʠʝ KD, ʥʄ 

Nuc147 ð 

Nuc165 2,2 Ñ 1,5 

Nuc207 1,0 Ñ 0,2 

Nuc178 84,6 Ñ 7,7 

 

 

ʈʠʩ. 9. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʥʫʢʣʝʦʩʦʤ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ NPS ç601è. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʥʘʟʚʘʥʠʠ (Nuc147) ʦʙʦʟʥʘʯʘʶʪ ʦʙʱʫʶ ʜʣʠʥʫ ʮʝʧʠ ɼʅʂ ʚ ʧʘʨʘʭ ʥʫʢʣʝʦʪʠʜʦʚ; ʟʥʘʯʝʥʠʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʦʙʦʟʥʘʯʘʶʪ ʜʣʠʥʫ ʣʠʥʢʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [179]. 

 

ʀʩʧʦʣʴʟʫʷ smFRET ʤʠʢʨʦʩʢʦʧʠʶ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [180] ʚʳʷʩʥʠʣʠ, ʯʪʦ PARP1 ʚʣʠʷʝʪ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PARP1 ʩ NCP ʧʨʠʚʦʜʠʪ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ɼʅʂ-ʜʫʧʣʝʢʩʘʤʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ʫʢʣʘʜʢʠ ɼʅʂ. ʕʪʘ ʯʘʩʪʠʯʥʘʷ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤʳ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʚʠʜʠʤʦʡ ʧʦʪʝʨʠ ʛʠʩʪʦʥʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʩʠʩʪʝʤʝ NAD+ ð ʩʫʙʩʪʨʘʪʘ PARP1 ʚ 

ʨʝʘʢʮʠʠ PARʠʣʠʨʦʚʘʥʠʷ ð ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PARP1 ʩ ʥʫʢʣʝʦʩʦʤʦʡ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʦʙʨʘʪʠʤʦʡ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [177] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP2 ʚ ʢʦʤʧʣʝʢʩʝ ʩ HPF1 ʩʧʦʩʦʙʥʘ 

ADP-ʨʠʙʦʟʠʣʠʨʦʚʘʪʴ ʢʦʨʦʚʳʝ ʛʠʩʪʦʥʳ ʧʦ ʦʩʪʘʪʢʘʤ ʩʝʨʠʥʘ. ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ɼʅʂ NCP ʩʪʠʤʫʣʠʨʫʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʛʠʩʪʦʥʦʚ PARP2 ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ HPF1 ʚʙʣʠʟʠ ʧʦʚʨʝʞʜʝʥʠ,̫ ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʵʪʦʛʦ ʙʝʣʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ PARP1 [181]. ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʣʢʘ PARP2 ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʢʦʨʦʚʳʤʠ ʛʠʩʪʦʥʘʤʠ, PARʠʣʠʨʦʚʘʪʴ ʢʦʨʦʚʳʝ ʛʠʩʪʦʥʳ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʛʦ ʦʩʦʙʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʨʦʣʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʆʜʥʘʢʦ ʚ ʦʪʩʫʪʩʪʚʠʝ HPF1 ʜʣʷ PARP2 ʥʝ ʚʳʷʚʣʝʥʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʛʠʩʪʦʥʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ PARP1, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ PARP2 ʠ 

NCP ʥʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʧʦʜʨʦʙʥʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʠʥʢʝʨʥʳʤʠ ɼʅʂ 
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ʜʣʠʥʦʡ 9 ʧʥ ʚ ʩʦʩʪʘʚʝ NCP PARP2 ʚ ʚʠʜʝ ʜʠʤʝʨʘ ʩʧʦʩʦʙʥʘ ʩʦʝʜʠʥʷʪʴ ʜʚʝ NCP ʚ ʤʝʩʪʘʭ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 5'-ʬʦʩʬʘʪʥʫʶ ʛʨʫʧʧʫ [182]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [172] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʝʣʦʢ PARP3 ʷʚʣʷʝʪʩʷ ʩʝʥʩʦʨʦʤ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ 

ʨʘʟʨʳʚʦʚ (nick) ʚ ʢʦʥʪʝʢʩʪʝ ʥʫʢʣʝʦʩʦʤ. ʈʘʙʦʪʘʷ ʚ ʧʘʨʝ ʩ ʙʝʣʢʦʤ PARP1, PARP3 ʫʩʢʦʨʷʝʪ 

ʨʝʧʘʨʘʮʠʶ SSB ʚ ʥʫʢʣʝʦʩʦʤʘʭ. ʕʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʢʣʝʪʢʘʭ DT40. ɸʚʪʦʨʳ ʩʪʘʪʴʠ 

ʦʩʫʱʝʩʪʚʠʣʠ ʥʦʢʘʫʪ ʧʦ ʛʝʥʫ PARP3, ʧʦʩʣʝ ʯʝʛʦ ʵʢʩʧʦʥʠʨʦʚʘʣʠ ʢʣʝʪʢʠ ʧʦʜ ɔ-ʠʟʣʫʯʝʥʠʝʤ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʟʘʤʝʜʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʝʧʘʨʘʮʠʠ SSB ʚ ʤʫʪʘʥʪʥʳʭ ʢʣʝʪʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ 

ʪʠʧʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP3 ʩʧʦʩʦʙʥʘ MARʠʣʠʨʦʚʘʪʴ ʛʠʩʪʦʥ H2B ʧʦ ʚʪʦʨʦʤʫ 

ʦʩʪʘʪʢʫ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Glu2) ʚ ʦʪʚʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ ʤʦʥʦʥʫʢʣʝʦʩʦʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ PARP3 

ʷʚʣʷʝʪʩʷ nick-ʩʝʥʩʦʨʦʤ ʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʠ ʩʧʦʩʦʙʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʦʨʦʚʳʡ ʛʠʩʪʦʥ H2B. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ PARP1 ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʙʝʣʢʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ [134, 171, 183]. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʢʣʝʪʢʝ PARP3 

ʩʚʷʟʘʥʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʙʝʣʢʘʤʠ ʛʨʫʧʧʳ Polycomb [134]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪʁ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ PARP3 ʫʯʘʩʪʚʫʝʪ ʚ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʫ PARP3 

ʥʝʪ ʩʪʨʫʢʪʫʨʥʦ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʜʦʤʝʥʘ. ɿʘ ʵʪʫ ʬʫʥʢʮʠʶ ʚ PARP3 ʦʪʚʝʯʘʝʪ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ N-ʢʦʥʝʮ ʠ ʜʦʤʝʥ WGR. ʊʝʤ ʥʝ ʤʝʥʝʝ PARP3 ʩʠʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʥʘ ɼʅʂ 

ʩ ʨʘʟʨʳʚʦʤ in vitro ʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝʛʦʤʦʣʦʛʠʯʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʢʦʥʮʦʚ [134, 149, 171, 

184]. 

ɹʝʣʢʠ PARP1, PARP2 ʠ PARP3 ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʝʥʦʤʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚʳʩʪʫʧʘʷ ʧʝʨʚʠʯʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʠ ʠʥʠʮʠʘʪʦʨʘʤʠ ʨʝʧʘʨʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʝ, ʤʥʦʛʠʝ 

ʘʩʧʝʢʪʳ ʦʩʪʘʶʪʩʷ ʥʝʨʘʩʢʨʳʪʳʤʠ ʚ ʢʦʥʪʝʢʩʪʝ ʥʫʢʣʝʦʩʦʤʳ ʠ ʭʨʦʤʘʪʠʥʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤʳ, ʘ 

ʪʘʢʞʝ ʝʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ. ɺʦ ʤʥʦʛʦʤ ʵʪʠ ʟʥʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʦʜʥʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʦʧʪʠʯʝʩʢʠʡ ʠ ʤʘʛʥʠʪʥʳʡ ʧʠʥʮʝʪʳ, çɼʅʂ-ʰʪʦʨʳè (DNA curtains), 

ʦʧʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʟʦʥʘʥʩʥʦʤ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʌʝʨʩʪʝʨʘ (FRET) ʠ 

ʜʨ. [185 ï 187]. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʜʝʥʠʷ 

ʙʠʦʤʦʣʝʢʫʣ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʨʦʤʘʪʠʥʘ ʠ ʥʫʢʣʝʦʩʦʤ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʅʘʨʷʜʫ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ). 
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2.5. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʠʟʫʯʝʥʠʷ ʥʫʢʣʝʦʩʦʤ ʠ ʠʭ 

ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ɸʉʄ ʣʝʞʠʪ ʩʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʟʦʥʜʦʚʳʝ ʜʘʪʯʠʢʠ, ʢʘʥʪʠʣʝʚʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʫʧʨʫʛʫʶ ʢʦʥʩʦʣʴ ʩ ʦʩʪʨʳʤ ʟʦʥʜʦʤ ʥʘ ʢʦʥʮʝ (ʈʠʩ. 10). ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ 

ʥʘ ʟʦʥʜ ʩʦ ʩʪʦʨʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʛʠʙʫ ʢʦʥʩʦʣʠ. ʈʝʛʠʩʪʨʠʨʫʷ ʚʝʣʠʯʠʥʫ ʠʟʛʠʙʘ, 

ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉʠʩʪʝʤʘ ʜʝʪʝʢʮʠʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʣʘʟʝʨʘ ʦʪ ʮʝʥʪʨʘ ʬʦʪʦʜʠʦʜʘ ʧʨʠ ʠʟʛʠʙʘʥʠʠ ʢʦʥʩʦʣʠ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʩʢʘʥʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʏʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʦʙʣʘʩʪʠ 

ʬʦʪʦʜʠʦʜʘ ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʫʤʤʘʨʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʫʯʘ ʣʘʟʝʨʘ. ʇʦ ʩʠʛʥʘʣʫ ʦʪ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʠʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʥʪʠʣʝʚʝʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʵʪʠ ʜʘʥʥʳʝ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

 

ʈʠʩ. 10. ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

 

2.5.1. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ɸʉʄ ʚ ʢʦʥʪʝʢʩʪʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʙʠʦʤʦʣʝʢʫʣ ʤʝʪʦʜʦʤ ɸʉʄ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʤʷʛʢʦʩʪʠ ʠ 

ʭʨʫʧʢʦʩʪʠ. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ: ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʥʜʦʚʳʭ ʜʘʪʯʠʢʦʚ (ʞʝʩʪʢʦʩʪʴ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʠʛʣʳ), ʚʳʙʦʨʘ ʨʝʞʠʤʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ (ʢʦʥʪʘʢʪʥʳʡ, ʧʦʣʫʢʦʥʪʘʢʪʥʳʡ, ʙʝʩʢʦʥʪʘʢʪʥʳʡ) ʠ ʩʚʦʡʩʪʚ ʧʦʜʣʦʞʢʠ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʘʨʪʝʬʘʢʪʦʚ ʠ 

ʩʦʭʨʘʥʝʥʠ ̫ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ. 

2.5.1.1. ɿʦʥʜʦʚʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ɸʉʄ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʂʘʥʪʠʣʝʚʝʨʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʤʝʪʦʜʘʤʠ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʠ ʪʨʘʚʣʝʥʠʷ ʠʟ ʢʨʝʤʥʠʝʚʳʭ 

ʧʣʘʩʪʠʥ. ʋʧʨʫʛʠʝ ʢʦʥʩʦʣʠ ʬʦʨʤʠʨʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʪʦʥʢʠʭ ʩʣʦʝʚ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʨʝʤʥʠʷ, 

SiO2 ʠʣʠ Si3N4. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʟʦʥʜʳ ʠʟ ʫʛʣʝʨʦʜʘ. ɺʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʘʥʪʠʣʝʚʝʨʦʚ ʷʚʣʷʶʪʩʷ ð ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʟʦʥʜʘ, ʞʸʩʪʢʦʩʪʴ ʢʦʥʩʦʣʠ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 
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ʢʦʥʩʦʣʠ-ʟʦʥʜʘ. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʟʦʥʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʢʦʥʮʝ 

ʟʦʥʜʘ ʧʦ ʢʨʘʶ ʩʘʤʦʛʦ ʦʩʪʨʠʷ. ʕʪʦʪ ʨʘʜʠʫʩ ʦʧʨʝʜʝʣʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʦʣʫʯʘʝʤʦʡ ʰʠʨʠʥʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʯʝʤ ʙʦʣʴʰʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, ʪʝʤ ʰʠʨʝ ʙʫʜʝʪ 

ʩʢʘʥʠʨʫʝʤʳʡ ʦʙʲʝʢʪ. ʅʘʧʨʠʤʝʨ, ʠʟ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʘ ɼʅʂ 

B-ʬʦʨʤʳ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 2 ʥʤ. ʇʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʵʪʦʡ ʤʦʣʝʢʫʣʳ ʟʦʥʜʦʤ ʩ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ 

10 ʥʤ ʜʠʘʤʝʪʨ ɼʅʂ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ~5,7 ʥʤ [188]. ɾʸʩʪʢʦʩʪʴ ʢʘʥʪʠʣʝʚʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʩʠʣʫ, ʩ 

ʢʦʪʦʨʦʡ ʟʦʥʜ ʙʫʜʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʥʘ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʷʛʢʠʝ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʪʩʷ ʢʘʥʪʠʣʝʚʝʨʳ ʩ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪʳ ʞʸʩʪʢʦʩʪʠ, ʯʪʦʙʳ ʥʝ ʧʦʚʨʝʜʠʪʴ ʦʙʨʘʟʮʳ [188, 189]. ʏʘʩʪʦʪʘ 

ʟʦʥʜʘ ʚʘʞʥʘ ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʟʦʥʜʘ. ʇʦʜʨʦʙʥʝʝ ʦ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ɸʉʄ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʦ ʥʠʞʝ. ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 

ʢʘʥʪʠʣʝʚʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ ʟʦʥʜʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʩʠʛʥʘʣ. ʇʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʥʪʠʣʝʚʝʨʦʚ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʥʦʛʦʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʥʳʝ ʧʠʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ, 

ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʜʝʪʝʢʮʠʶ ʩʠʛʥʘʣʘ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ. ʉʫʤʤʠʨʫʷ ʚʩʸ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʪʠʣʝʚʝʨʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

2.5.1.2. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ɸʉʄ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʙʘʟʦʚʳʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɸʉʄ: ʢʦʥʪʘʢʪʥʳʡ, ʧʦʣʫʢʦʥʪʘʢʪʥʳʡ ʠ 

ʙʝʩʢʦʥʪʘʢʪʥʳʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪ ʧʦʣʫʢʦʥʪʘʢʪʥʳʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ. ʂʦʥʪʘʢʪʥʳʡ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʨʝʞʠʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʤʝʥʷʶʪ ʚ ʙʠʦʣʦʛʠʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ [190, 191]. 

ɺ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ ɸʉʄ ʢʘʥʪʠʣʝʚʝʨ ʢʦʣʝʙʣʝʪʩʷ: ʚ ʥʠʞʥʝʤ ʧʦʣʫʧʝʨʠʦʜʝ 

ʢʦʣʝʙʘʥʠʡ ʢʘʥʪʠʣʝʚʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʪʪʘʣʢʠʚʘʶʱʠʭ ʩʠʣ, ʪ.ʝ. ʥʘʢʦʥʝʯʥʠʢ ʟʦʥʜʘ 

ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʚ ʚʝʨʭʥʝʤ ʧʦʣʫʧʝʨʠʦʜʝ ʢʦʣʝʙʘʥʠʡ ʢʘʥʪʠʣʝʚʝʨ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʧʨʠʪʷʛʠʚʘʶʱʠʭ ʩʠʣ, ʪ.ʝ. ʥʘʢʦʥʝʯʥʠʢ ʟʦʥʜʘ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʵʪʦʪ 

ʤʝʪʦʜ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʤ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʘʤʠ. 

ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 1) ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ɸʉʄ ʧʦʟʚʦʣʷʝʪ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʘʪʴ ʨʘʟʨʝʰʝʥʠʝ 1-5 ʥʤ); 

2) ʤʠʥʠʤʠʟʘʮʠʶ ʜʝʡʩʪʚʠʷ ʣʘʪʝʨʘʣʴʥʳʭ ʩʠʣ ʥʘ ʟʦʥʜ ʩʦ ʩʪʦʨʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ (ʫʧʨʦʱʘʝʪ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ). ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 1) ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʫʩʪʫʧʘʝʪ ʢʦʥʪʘʢʪʥʦʤʫ ʨʝʞʠʤʫ; 2) ʚʣʠʷʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʚ ʤʦʤʝʥʪ ʦʪʚʝʜʝʥʠʷ ʟʦʥʜʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʝʛʦ ʚʝʨʭʥʝʤ ʧʦʣʫʧʝʨʠʦʜʝ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʫʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ 
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ʦʙʲʝʢʪʦʚ [192]. 

2.5.1.3. ʇʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʤʝʪʦʜʝ ɸʉʄ 

ʂʘʢʠʤʠ ʙʳ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʠ ʦʙʣʘʜʘʣ ʢʘʥʪʠʣʝʚʝʨ ʠ ʢʘʢʠʤʠ ʙʳ 

ʤʝʪʦʜʠʢʘʤʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʠ ʙʳʣ ʦʙʦʨʫʜʦʚʘʥ ʧʨʠʙʦʨ, ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʤʝʪʦʜʝ ɸʉʄ 

ʷʚʣʷʝʪʩʷ ʧʦʜʣʦʞʢʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʏʝʤ ʨʦʚʥʝʝ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʝʤ ʥʠʞʝ ʰʫʤ 

ʦʥʘ ʩʦʟʜʘʸʪ ʠ ʪʝʤ ʪʦʯʥʝʝ ʧʦʣʫʯʘʝʪʩʷ ʩʢʘʥʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʪ.ʢ. ʭʘʨʘʢʪʝʨʥʘʷ ʚʝʣʠʯʠʥʘ ʙʝʣʢʦʚ/ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 1-20 ʥʤ. 

ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ ʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ: ʧʨʝʜʤʝʪʥʳʝ ʩʪʸʢʣʘ [193], ʤʠʥʝʨʘʣ 

ʤʫʩʢʦʚʠʪ [194 ï 196], ʟʦʣʦʪʳʝ ʧʦʜʣʦʞʢʠ [197], ʩʠʣʠʢʦʥʦʚʳʝ ʧʦʜʣʦʞʢʠ [198], 

ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ (ɺʆʇɻ) [199], ʩʘʧʬʠʨ [200] ʠ ʜʨʫʛʠʝ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʤʝʪʦʜʦʤ ɸʉʄ 

ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣ ʤʫʩʢʦʚʠʪ, ʢʘʣʠʝʚʘʷ ʩʣʶʜʘ (ʜʘʣʝʝ ð ʩʣʶʜʘ). ʉʣʶʜʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 1) ʩʚʝʞʝʩʢʦʣʦʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦʡ (ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ), ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʦʡ, ʩʦ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ Ra = 0,071 ʥʤ [200]; 2) ʧʦʣʫʯʝʥʠʝ ʩʚʝʞʝʩʢʦʣʦʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʪʦʤ) ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘ ʩʯʸʪ ʢʣʝʡʢʦʡ ʣʝʥʪʳ; 3) ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ ʦʙʨʘʟʦʚʘʥʘ ʩʠʣʘʥʦʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (---Si-OH) 

[201], ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʪʠʦʥʳ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦ ʩʠʣʘʥʦʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʚʝʞʝʛʦ ʩʢʦʣʘ ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʘʩʪʠ 

ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʟʘʨʷʜʦʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʠʦʥʦʚ ʢʘʣʠʷ [201, 202]. ʅʘʣʠʯʠʝ ʠʦʥʦʚ ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʶʜʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩʚʝʞʝʩʢʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʩ ʚʦʟʜʫʭʦʤ ʦʙʨʘʟʫʝʪʩʷ ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ, ʦʙʣʘʜʘʶʱʠʡ 

ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʚ ʨʘʩʪʚʦʨʝ [203], ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʪʨʫʜʥʝʥʠʶ ʩʦʨʙʮʠʠ 

ʙʠʦʤʦʣʝʢʫʣ ʠʣʠ ʜʘʞʝ ʢ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʩʦʨʙʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ [204]. 

 

2.5.2. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʦʣʝʢʫʣ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ɸʉʄ ʪʨʝʙʫʝʪ ʥʘʜʸʞʥʦʡ 

ʬʠʢʩʘʮʠʠ ʦʙʨʘʟʮʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ʉʣʶʜʘ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʘʪʦʤʘʨʥʦʡ ʛʣʘʜʢʦʩʪʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ, ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʣʠʯʠʝʤ ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧ, ʩʦʟʜʘʸʪ 



39 

 

 
 

ʧʨʦʙʣʝʤʫ: ʤʦʣʝʢʫʣʳ ɼʅʂ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʥʝʩʫʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʦʪʪʘʣʢʠʚʘʥʠʶ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʙʘʨʴʝʨʘ ʝʱʸ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʉʄ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʢʘʪʠʦʥʳ, ʚʳʩʪʫʧʘʶʱʠʝ ʧʦʩʨʝʜʥʠʢʘʤʠ ʤʝʞʜʫ ʩʣʶʜʦʡ ʠ 

ʙʠʦʤʦʣʝʢʫʣʘʤʠ [205, 206]. 

2.5.2.1. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɼʅʂ ʧʨʠʤʝʥʷʣʠ ʠʦʥʳ ʤʝʪʘʣʣʦʚ. 

ʆʜʥʦʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ Na+ ʠʣʠ K+, ʦʢʘʟʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳ: ʩʣʘʙʦʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʥʝ ʫʜʝʨʞʠʚʘʝʪ ʤʦʣʝʢʫʣʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʘ 

ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ ʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [207]. ʊʨʸʭʚʘʣʝʥʪʥʳʝ ʠ ʚʳʰʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʦʪʠʚ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʝʨʴʸʟʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ: ʦʥʠ ʠʥʜʫʮʠʨʫʶʪ ʢʦʥʜʝʥʩʘʮʠʶ ɼʅʂ ʚ ʧʣʦʪʥʳʝ ʪʦʨʦʠʜʳ ʠʣʠ ʘʛʨʝʛʘʪʳ, 

ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟʫʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ [208 ï 210]. 

ʉʨʘʚʥʝʥʠʝ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ (Mg2+, Ca2+, Sr2+, Ba2+, Ni2+, Co2+ ʠ Zn2+) ʚʳʷʚʠʣʦ 

ʪʦʥʢʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʠʣʦʡ ʩʚʷʟʳʚʘʥʠʷ ʩʦ ʩʣʶʜʦʡ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ. 

ʀʦʥʳ ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Ca2+, Sr2+, Ba2+), ʥʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʘʜʩʦʨʙʮʠʶ, 

ʠʟʤʝʥʷʶʪ ʢʦʥʬʦʨʤʘʮʠʶ ɼʅʂ: Sr2+ ʧʨʦʚʦʮʠʨʫʝʪ ʧʝʨʝʭʦʜ ʠʟ B- ʚ A-ʬʦʨʤʫ ɼʅʂ-ʜʫʧʣʝʢʩʘ, ʘ Ba2+ 

ʚʳʟʳʚʘʝʪ ʩʫʧʝʨʩʢʨʫʯʠʚʘʥʠʝ ɼʅʂ, ʯʪʦ ʠʩʢʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [211]. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ Mg2+ ʠ Ca2+ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʦʥʦʤ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʡ, ʪ.ʢ. ʦʥ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ɼʅʂ-

ʜʫʧʣʝʢʩʘ [194, 211]. ʅʘ ʵʪʦʤ ʬʦʥʝ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ: Ni2+, Co2+ ʠ Zn2+. ʀʭ 

ʙʦʣʴʰʠʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʣʥʷʪʴ ʧʦʣʦʩʪʠ ʩʣʶʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚʳʩʦʢʘʷ 

ʵʥʪʘʣʴʧʠʷ ʛʠʜʨʘʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʩʦʨʙʮʠʠ ʚʦʜʥʦʡ ʦʙʦʣʦʯʢʠ ʩ ʤʦʣʝʢʫʣ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʘʜʩʦʨʙʮʠʶ ɼʅʂ [194, 212]. ʅʠʢʝʣʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʣ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʜʣʷ 

ʞʠʜʢʦʩʪʥʦʡ ɸʉʄ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʬʠʢʩʘʮʠʶ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ 

ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʢʘʞʝʥʠʡ [213]. 

2.5.2.2. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʢʘʪʠʦʥʘʤʠ 

ʆʜʥʘʢʦ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʟʫʯʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʥʝ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Mg2+, ʩʦʟʜʘʸʪ ʘʨʪʝʬʘʢʪʳ, ʤʘʩʢʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣ [214]. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʫʢʣʝʦʧʨʦʪʝʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, 

Mg2+ ʠʥʜʫʮʠʨʫʝʪ ʘʛʨʝʛʘʮʠʶ ʥʫʢʣʝʦʩʦʤ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʷʪ ɹʠʭ ʠʟʫʯʝʥʠʝ ɸʉʄ [215]. ʕʪʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ. ʀʤʠ ʩʪʘʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʢʘʪʠʦʥʳ: 
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ʧʦʣʠ-L-ʣʠʟʠʥ (Poly-L -Lysine, PLL), ʩʧʝʨʤʠʜʠʥ (Spermidine, Spd) ʠ ʧʫʪʨʝʩʮʠʥ (Putrescine, Pu). 

ʀʭ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ çʤʷʛʢʦʝè ʩʚʷʟʳʚʘʥʠʝ, ʩʦʭʨʘʥʷʶʱʝʝ 

ʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʠʦʤʦʣʝʢʫʣ. PLL, ʙʣʘʛʦʜʘʨʷ ʜʣʠʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʜʩʦʨʙʮʠʶ ʥʫʢʣʝʦʩʦʤ [196] ʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ 

ɼʅʂ-ʦʨʠʛʘʤʠ [214]. ʉʧʝʨʤʠʜʠʥ ʠ ʧʫʪʨʝʩʮʠʥ, ʦʙʣʘʜʘʷ ʤʝʥʴʰʠʤ ʟʘʨʷʜʦʤ, ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʩ ʠʭ ʧʦʤʦʱʴʶ ʫʜʘʣʦʩʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

PARP1/2 ʩ ʨʘʟʨʳʚʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ɼʅʂ [161]. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʣʠʢʘʪʠʦʥʘʤʠ 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʡ ʧʦʜʙʦʨ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʢʘʪʠʦʥʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʭ ʠʟʙʳʪʦʢ 

ʠ ʥʝʜʦʩʪʘʪʦʢ ʚʣʠʷʝʪ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣʳ ɼʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ [216]. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʣʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʪʠʦʥʳ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

(ʩʧʦʥʪʘʥʥʘʷ ʜʝʩʦʨʙʮʠʷ), ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʬʝʨʥʳʭ ʩʠʩʪʝʤ. 

2.5.2.3. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥ (3-AminoPropylTriEthoxySilane, APTES) [217, 218]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: 1) ʢʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣ APTES ʢ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʩʣʶʜʳ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʦʢʩʘʥʦʚʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʙʫʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʚ ʪ.ʯ. ʠ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ); 2) ʙʦʣʝʝ ʥʘʜʸʞʥʘʷ ʬʠʢʩʘʮʠʷ ɼʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʟʘ ʩʯʸʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʠʢʘʪʠʦʥʦʚ; 3) ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʠʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʣʶʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʸʪ 

ʥʘʣʠʯʠʷ ʘʤʠʥʦʛʨʫʧʧ [217 ï 219]. ɸʤʠʥʦʩʠʣʘʥʳ ʟʘʭʚʘʪʳʚʘʶʪ ɼʅʂ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʥʘʜʸʞʥʦ 

ʬʠʢʩʠʨʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʚ ʥʘʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ (ʪ.ʝ. ʚ ʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʤʦʣʝʢʫʣʳ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ) [220], ʧʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʜʨʝʡʬ ʤʦʣʝʢʫʣ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ [221, 222]. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʩʠʣʘʥʘʤʠ ʧʦʜʣʦʞʢʘʭ ʚʠʟʫʘʣʠʟʠʨʪʁ ɼʅʂ 

ʠʣʠ ɼʅʂ-ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩ rʚ ʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣ rʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ APTES ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʧʨʦʬʠʣʠ ɼʅʂ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 2 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʠʘʤʝʪʨʫ ʜʮɼʅʂ B-ʬʦʨʤʳ [218]. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ APTES ̫ ʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʸʤʢʦʡ ʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʣʠʛʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ʤʦʣʝʢʫʣ ʩʠʣʘʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ [223]. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 3-(ʘʤʠʥʦʧʨʦʧʠʣ)ʜʠʤʝʪʠʣʵʪʦʢʩʠʩʠʣʘʥʦʤ (3-AminoPropylDiMethylEthoxySilane, 
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APDMES). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʱʝʣʦʯʥʦʛʦ ʢʘʪʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʵʪʠʣʘʤʠʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

APDMES ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʧʦʜʣʦʞʢʫ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ɼʅʂ [223]. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʖ. ʃ. ʃʶʙʯʝʥʢʦ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʩʠʣʘʥʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʩ 

ʧʦʤʦʱʴʶ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʪʨʘʥʘ (3-AminoPropyltriethoxySilatrane, APS) [224, 225]. 

ʄʦʣʝʢʫʣʳ ʩʠʣʘʪʨʘʥʘ ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʢʨʝʤʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʅʦʚʳʡ ʤʝʪʦʜ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (APS-ʩʣʶʜʘ) ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʦʪʦʙʨʘʞʘʪʴ ɼʅʂ-ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʩʣʶʜʳ ʨʘʩʪʚʦʨʦʤ APS ʧʨʠʛʦʜʥʘ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʩ ʧʦʤʦʱʴʶ ɸʉʄ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʞʠʜʢʦʩʪʠ [224]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ APS, ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʲʸʤʢʠ ʥʫʢʣʝʦʧʨʦʪʝʠʜʥʭr ʢʦʤʧʣʝʢʩʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʫʢʣʝʦʩʦʤ, ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʞʠʜʢʦʩʪʠ [224 ï 226]. 

 

2.5.3. ɸʉʄ ʚ ʠʟʫʯʝʥʠʠ ʥʫʢʣʝʦʩʦʤ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪ 

ʧʦʣʫʢʦʥʪʘʢʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ɸʉʄ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ, ʫʯʠʪʳʚʘʷ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʟʦʥʜʘ, ʫʜʘʣʦʩʴ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʫʢʣʝʦʩʦʤ, ʧʨʠʙʣʠʞʝʥʥʳʤ ʧʦ ʨʘʟʤʝʨʘʤ ʢ ʟʥʘʯʝʥʠʷʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ: ʚʳʩʦʪʘ ʠ ʜʠʘʤʝʪʨ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʜʠʩʢʘ 

ʩʦʩʪʘʚʠʣʠ 4,3 Ñ 1,2 ʥʤ ʠ 23,2 Ñ 4,5 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [227]. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʫʜʘʣʦʩʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ɼʅʂ ʚ ʣʠʥʢʝʨʥʦʡ ʦʙʣʘʩʪʠ ʭʨʦʤʘʪʠʥʘ, ʯʪʦ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʚ ʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʥʫʢʣʝʦʩʦʤʳ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [228]. 

ʉ ʧʦʷʚʣʝʥʠʝʤ NPS ɼʅʂ [63], ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʜʥʦʟʥʘʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʷʜʨʘ ʥʘ ʤʦʣʝʢʫʣʝ ɼʅʂ ʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʫʢʣʝʦʩʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ ʧʦʟʚʦʣʠʣʦ 

ʧʦʢʘʟʘʪʴ ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʩʦʤ ʚ ʧʨʠʨʦʜʥʦʤ ʭʨʦʤʘʪʠʥʝ ʥʘ ʧʨʠʤʝʨʝ 

ʪʝʣʦʤʝʨʥʳʭ ʫʯʘʩʪʢʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʫʢʣʝʦʩʦʤ [229]. 

ɸʉʄ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʠʩʪʦʥʦʚ, ʠʭ ʇʊʄ 

ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ɼʅʂ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʫʢʣʝʦʩʦʤ. ʄʦʜʠʬʠʢʘʮʠʠ ʭʚʦʩʪʦʚ ʛʠʩʪʦʥʦʚ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʝʛʫʣʷʮʠʠ ʜʠʥʘʤʠʢʠ ʭʨʦʤʘʪʠʥʘ ʠ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. 
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʘʢʪʠʚʥʦʛʦ ʭʨʦʤʘʪʠʥʘ ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʦʪʢʨʳʪʦʡ ʩʪʨʫʢʪʫʨʝ ʭʨʦʤʘʪʠʥʘ. ɺ ʨʘʙʦʪʝ Hizume K. [230] ʤʝʪʦʜʦʤ 

ɸʉʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʙʨʠʣʣ ʭʨʦʤʘʪʠʥʘ ʠʟ ʢʣʝʪʦʢ HeLa ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʛʠʧʝʨʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʭʨʦʤʘʪʠʥʦʚʳʭ ʬʠʙʨʠʣʣ. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʠʣ ʧʦʜʪʚʝʨʜʠʪʴ ʤʦʜʝʣʴ ʜʝʢʦʥʜʝʥʩʘʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ɹʠʦʪʠʥʠʣʠʨʦʚʘʥʠʝ, ʥʘʧʨʦʪʠʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʜʝʥʩʘʮʠʠ 

ʭʨʦʤʘʪʠʥʘ. ɺ ʜʚʫʭ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [231, 232] ʤʝʪʦʜʦʤ ɸʉʄ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʘ H4 ʧʦ ʣʠʟʠʥʘʤ 12 ʠʣʠ 16 ʧʨʠʚʦʜʠʪ ʢ ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʥʫʢʣʝʦʩʦʤʳ, ʚʳʨʘʞʝʥʥʦʤʫ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʦʚ ɼʅʂ ʚʦʢʨʫʛ ʛʠʩʪʦʥʦʚʦʛʦ 

ʦʢʪʘʤʝʨʘ. 

ɿʘʤʝʥʘ ʛʠʩʪʦʥʦʚ ʚʘʨʠʘʥʪʘʤʠ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʥʫʢʣʝʦʩʦʤ ʧʦ ʤʦʣʝʢʫʣʝ ɼʅʂ ð ʙʘʟʦʚʳʝ 

ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʙʦʪʦʡ 

ʙʝʣʢʦʚ-ʨʝʤʦʜʝʣʝʨʦʚ. RSC ð ATP-ʟʘʚʠʩʠʤʳʡ ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ ʨʝʤʦʜʝʣʝʨʦʚ ʩʪʨʫʢʪʫʨʳ 

ʭʨʦʤʘʪʠʥʘ, ʛʦʤʦʣʦʛʠʯʥʳʡ ʯʝʣʦʚʝʯʝʩʢʦʤʫ SWI/SNF, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʩʜʚʠʛ ʥʫʢʣʝʦʩʦʤʳ. 

ʅʝʢʦʪʦʨʳʝ ʜʝʪʘʣʠ ʝʛʦ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʢʦʥʪʘʢʪʥʦʛʦ ʨʝʞʠʤʘ ɸʉʄ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ RSC ʧʝʨʝʤʝʱʘʝʪ ʥʫʢʣʝʦʩʦʤʫ ʧʦ ɼʅʂ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʚʩʪʨʝʯʝʥʘ ʜʨʫʛʘʷ ʥʫʢʣʝʦʩʦʤʘ ʠʣʠ ʥʝ ʚʩʪʨʝʪʠʪʩʷ ʦʙʨʳʚ ʮʝʧʠ ɼʅʂ [233]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʚʘʨʠʘʥʪʦʤ ʛʠʩʪʦʥʘ H3 (CENP-A), ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʉʄ, ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʤʦʜʝʣʴ ʫʢʣʘʜʢʠ ɼʅʂ ʚ ʮʝʥʪʨʦʤʝʨʥʦʡ ʦʙʣʘʩʪʠ ʭʨʦʤʦʩʦʤ. ʕʪʘ ʤʦʜʝʣʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʢʣʘʜʢʫ ɼʅʂ ʚ ʮʝʥʪʨʦʤʝʨʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ 

ʬʦʨʤʝ çʟʤʝʡʢʠè ʚʤʝʩʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʥʫʢʣʝʦʩʦʤ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʫʢʣʘʜʢʠ 

[234]. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤ ʩ ʟʘʤʝʥʦʡ ʢʦʨʦʚʦʛʦ ʛʠʩʪʦʥʘ H2A ʥʘ ʝʛʦ 

ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʳʡ ʚʘʨʠʘʥʪ ʤʳʰʠʥʦʛʦ ʛʠʩʪʦʥʘ H2AL2, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩʦ 

ʩʧʝʨʤʘʪʦʛʝʥʝʟʦʤ, ʤʝʪʦʜʦʤ ɸʉʄ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ ɼʅʂ ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʩʦʤʳ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 147 ʜʦ 130 ʧʥ [235]. ʋʢʦʨʦʯʝʥʠʝ ɼʅʂ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʩʦʤʳ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʣʘʢʩʘʮʠʝʡ ʝʝ ʩʪʨʫʢʪʫʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ. ɺ ʵʪʦʡ ʞʝ 

ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʫʢʣʝʦʩʦʤʳ ʩ H2AL2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʫʛʣʘ ʤʝʞʜʫ ʣʠʥʢʝʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ɼʅʂ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ 

ɸʉʄ. ʇʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʫʢʣʝʦʩʦʤʘ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʢ 

ʜʝʡʩʪʚʠʶ ʙʝʣʢʦʚ-ʨʝʤʦʜʝʣʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ RSC ʠ SWI/SNF. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʦʡ 

ʤʦʜʫʣʷʮʠʠ ʩʚʦʡʩʪʚ ʥʫʢʣʝʦʩʦʤʳ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʉʪʨʫʢʪʫʨʘ ʥʫʢʣʝʦʩʦʤʳ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʙʝʣʢʘ ʠʣʠ ʙʝʣʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʣʠʥʢʝʨʥʦʛʦ ʛʠʩʪʦʥʘ H1 ʥʘ ʢʦʤʧʘʢʪʠʟʘʮʠʶ ʥʫʢʣʝʦʩʦʤʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ɸʉʄ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ H1 ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʢʦʤʧʘʢʪʠʟʘʮʠʠ 

ʥʫʢʣʝʦʩʦʤ, ʦʜʥʘʢʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʝ, ʫʤʝʥʴʰʘʷ ʬʣʫʢʪʫʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

[236]. 
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2.6. ɿʘʢʣʶʯʝʥʠʝ 

ɹʝʣʢʠ ʩʝʤʝʡʩʪʚʘ PARP ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʣʝʪʢʝ. ʆʜʥʠʤ ʠʟ ʥʝʤʝʜʣʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ɼʅʂ ʷʚʣʷʝʪʩʷ ʇʊʄ ʷʜʝʨʥʳʭ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ PAR, ʯʪʦ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʩʩʳ ʨʝʧʘʨʘʮʠʠ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ɼʅʂ-ʟʘʚʠʩʠʤʳʡ ʢʘʪʘʣʠʟ ʧʝʨʝʥʦʩʘ ADP-ʨʠʙʦʟʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʣʢʘʤʠ PARP1, PARP2 ʠ PARP3, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʤʦʣʝʢʫʣʫ NAD+ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ PARP ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʚʦʙʦʜʥʦʡ ɼʅʂ. ʆʜʥʘʢʦ ʚ ʢʣʝʪʢʝ ɼʅʂ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʩʣʦʞʥʦʛʦ ʙʝʣʦʢ-

ʥʫʢʣʝʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ð ʭʨʦʤʘʪʠʥʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʢʦʤʧʘʢʪʠʟʘʮʠʠ. 

ʇʝʨʚʳʤ ʫʨʦʚʥʝʤ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʫʢʣʝʦʩʦʤʥʳʡ, ʛʜʝ ʯʘʩʪʴ ɼʅʂ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʧʦʣʠʤʝʨʘʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ PARʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʫʢʣʝʦʩʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ in vivo. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ-ʟʘʚʠʩʠʤʳʭ ʙʝʣʢʦʚ 

ʩʝʤʝʡʩʪʚʘ PARP ʩ ʥʫʢʣʝʦʩʦʤʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʳ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ 

BER. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ), ʧʦʟʚʦʣʷʶʱʝʡ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ɼʅʂ ʠ ʥʫʢʣʝʦʩʦʤ ʥʘ ʥʘʥʦʤʝʪʨʦʚʦʤ ʫʨʦʚʥʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʉʄ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ PARP ʩ ʭʨʦʤʘʪʠʥʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʚ ʢʦʥʪʝʢʩʪʝ 

ʭʨʦʤʘʪʠʥʘ ʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʤʦʜʫʣʷʮʠʶ ʘʢʪʠʚʥʦʩʪʠ PARP ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. 
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3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

3.1. ʄʘʪʝʨʠʘʣʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ɼʅʂ-ʩʠʢʚʝʥʩʘ ʜʣʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʥʫʢʣʝʦʩʦʤʥʳʭ ʩʫʙʩʪʨʘʪʦʚ: 1) NCP603_U (ʈʠʩ. 11); 2) L-NCP603 (ʈʠʩ. 12); 3) CLP601-8 

(Chromatin-L ike Particle, CLP, ʭʨʦʤʘʪʠʥʦʧʦʜʦʙʥʘʷ ʯʘʩʪʠʮʘ) (ʈʠʩ. 13). 

 

ʈʠʩ. 11. ɸ ð ɼʅʂ-ʩʠʢʚʝʥʩ NCP603_U ʜʣʠʥʦʡ 147 ʧʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 147 ʧʥ NPS ç603è [63]. ʇʨʠʚʝʜʸʥ ʩʧʠʩʦʢ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ-ʜʫʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ çoutè- ʠ çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʫʢʣʝʦʪʠʜʦʤ ʫʨʘʮʠʣʦʤ (dU) (ʧʨʘʡʤʝʨʳ ʚʳʜʝʣʝʥʳ ʚ ʨʘʤʢʫ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʜʣʷ çoutè-, ʟʝʣʸʥʳʤ ð ʜʣʷ çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ dU). ɹ ð ʉʭʝʤʘʪʠʯʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʫʢʣʝʦʩʦʤʳ NCP603_U. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʥʠʞʝ 

(ʧ. 3.2.12.). 

NPS ç603è 

NPS ζслоη 
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ʈʠʩ. 12. ɸ ð ɼʅʂ-ʩʠʢʚʝʥʩ L-NCP603 ʜʣʠʥʦʡ 346 ʧʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 147 ʧʥ NPS ç603è [63] ʩ ʜʚʫʤʷ ʣʠʥʢʝʨʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʜʣʠʥʦʡ 79 ʠ 120 ʧʥ. ʇʨʠʚʝʜʸʥ ʩʧʠʩʦʢ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ-ʜʫʧʣʝʢʩʘ. ɹ ð ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʫʢʣʝʦʩʦʤʳ L-NCP603. 

ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʥʠʞʝ (ʧ. 3.2.12.). ʇʨʠʚʝʜʝʥʦ ʪʠʧʠʯʥʦʝ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʘʥʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ APS, ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʥʫʢʣʝʦʩʦʤ L-NCP603, 

ʦʪʤʝʯʝʥʥʳʝ ʙʝʣʳʤʠ ʩʪʨʝʣʢʘʤʠ. 
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ʈʠʩ. 13. ɸ ð ɼʅʂ-ʩʠʢʚʝʥʩ CLP601-8 ʜʣʠʥʦʡ 2001 ʧʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʦʩʴʤʠ 147 ʧʥ NPS ç601è [63], ʨʘʟʜʝʣʸʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʢʝʨʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʜʣʠʥʦʡ 25 ʧʥ, ʠ ʜʚʫʭ ʣʠʥʢʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʦʡ 450 

ʠ 200 ʧʥ ʥʘ ʢʦʥʮʘʭ ʩʠʢʚʝʥʩʘ. ʇʨʠʚʝʜʸʥ ʩʧʠʩʦʢ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ɼʅʂ-ʜʫʧʣʝʢʩʘ. ɹ ð ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ CLP601-8. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʧʠʩʘʥʘ ʥʠʞʝ (ʧ. 3.2.12.). ʇʨʠʚʝʜʝʥʦ ʪʠʧʠʯʥʦʝ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʘʥʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʤʦʣʝʢʫʣ CLP601-8 ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ Ni2+. ʊʠʧʠʯʥʳʝ ʤʦʣʝʢʫʣʳ CLP ʦʪʤʝʯʝʥʳ 

ʙʝʣʳʤʠ ʩʪʨʝʣʢʘʤʠ. ʌʠʛʫʨʥʳʤʠ ʩʢʦʙʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʣʠʥʢʝʨʥʳʝ ʫʯʘʩʪʢʠ ɼʅʂ. 

NSP ç601è 
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ɼʣʷ ʥʘʨʘʙʦʪʢʠ ʮʝʣʝʚʦʡ ɼʅʂ NCP603_U ʠ L-NCP603 ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʟʤʠʜʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ NPS ç603è, ð pGEM-3z/603 (çAddGeneè, ʉʐɸ). ɼʣʷ 

ʥʘʨʘʙʦʪʢʠ ʮʝʣʝʚʦʡ ɼʅʂ CLP601-8 ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʟʤʠʜʘ ç8-nucleosomeè, ʩʦʜʝʨʞʘʱʘʷ 

ʚʦʩʝʤʴ NPS ç601è, ʨʘʟʜʝʣʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 25 ʧʥ. ʇʣʘʟʤʠʜʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ 

ʍʦʜʦʨʢʦʚʩʢʠʤ ʄ.ɸ. (ʉʇʙʇʋ ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʈʦʩʩʠʷ). 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʦʚ ʧʨʠ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ɼʅʂ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʃɹʄʍ ʀʍɹʌʄ ʉʆ ʈɸʅ (ʊʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ ʧʨʘʡʤʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. 

ʅʘʟʚʘʥʠʝ ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

Forward 1 (F1) 5'-ACCCCAGGGACUTGAAGTAATAAGG-3' 

Forward 2 (F2) 5'-FAM-ACCCCAGGGACUTGAAGTAATAAGG-3' 

Forward 3 (F3) 5'-ACCCCAGGGACTUGAAGTAATAAGG-3' 

Forward 4 (F4) 5'-FAM-ACCCCAGGGACTUGAAGTAATAAGG-3' 

Forward 5 (F5) 5'-ACCCCAGGGACTTGAAGTAATAAGG-3' 

Forward 6 (F6) 5'-GGGCGAATTCGAGCTCGGTAC-3' 

Forward 7 (F7) 5'-ACCGGGTTGGACTCAAGACGATAGTTACCGGATAA-3' 

Reverse 1 (R1) 5'-CCCAGTTCGCGCGCCCACC-3' 

Reverse 2 (R2) 5'-CCCAGTUCGCGCGCCCACC-3' 

Reverse 3 (R3) 5'- FAM-CCCAGTUCGCGCGCCCACC-3' 

Reverse 4 (R4) 5'-CTCAAGCTTGCATGCCTGCAG-3' 

Reverse 5 (R5) 5'-CTTAACTATGCGGCATCAGAGCAGATTGTACTGAG-3' 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʘʢʪʠʚʳ: ʘʢʨʠʣʘʤʠʜ 

(çAppliChemè, ɻʝʨʤʘʥʠʷ), ʙʠʩʘʢʨʠʣʘʤʠʜ (çFlukaè, ʐʚʝʡʮʘʨʠʷ), ʤʦʯʝʚʠʥʘ (çAmrescoè, ʉʐɸ), 

ʛʣʠʮʝʨʠʥ (çSigmaè, ʉʐɸ), TEMED (çSigmaè, ʉʐɸ), ʇʉɸ (çMerckè, ɻʝʨʤʘʥʠʷ), Tris (çSigmaè, 

ʉʐɸ), Tris-HCl (çSigmaè, ʉʐɸ), ŬD-ʛʣʶʢʦʟʘ (çSigmaè, ʉʐɸ), NP-40 (çAppliChemè, ɻʝʨʤʘʥʠʷ), 

Tween 20 (çHeliconè, ʈʦʩʩʠʷ), EDTA (çAmrescoè, ʉʐɸ), ɓ-ME (çServaè, ɻʝʨʤʘʥʠʷ), CHAPS 

(çSigmaè, ʉʐɸ), DTT (çSigmaè, ʉʐɸ), NaBH4 (çFlukaè, ʐʚʝʡʮʘʨʠʷ), PMSF (çMerckè, 

ɻʝʨʤʘʥʠʷ), ʩʤʝʩʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ ʚ ʪʘʙʣʝʪʢʘʭ çComplete mini EDTA-free Protease Inhibitor 

Cocktailè (çRocheè, ɻʝʨʤʘʥʠʷ), ʧʨʦʪʘʤʠʥʩʫʣʴʬʘʪ (çʕʣʣʘʨʘè, ʈʦʩʩʠʷ), 3-ʤʝʪʦʢʩʠʙʝʥʟʘʤʠʜ 

(çSigmaè, ʉʐɸ), ʙʝʥʟʘʤʠʜʠʥ (çMP Biomedicals LLCè, ʌʨʘʥʮʠʷ), ʣʠʟʦʮʠʤ (çSigmaè, ʉʐɸ), 

ʜʠʘʣʠʟʥʳʝ ʤʝʤʙʨʘʥʳ 3,5 ʢɼʘ (çSpectrum Laboratoriesè, Inc.), DEAE-ʙʫʤʘʛʘ DE-81 (çWhatmanè, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), Coomassie R-250 (çSigmaè, ʉʐɸ), ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ (çFlukaè, 
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ʐʚʝʡʮʘʨʠʷ), ʢʩʠʣʝʥʮʠʘʥʦʣ (çFlukaè, ʐʚʝʡʮʘʨʠʷ), [ɔ-32P]-ATʌ ʩ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 185 

ʊɹʢ/ʤʤʦʣʴ ʠ [Ŭ-32P]-ATʌ ʩ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 111 ʊɹʢ/ʤʤʦʣʴ (ʃʘʙʦʨʘʪʦʨʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʀʍɹʌʄ ʉʆ ʈɸʅ), ʬʝʨʤʝʥʪ Taq-ʧʦʣʠʤʝʨʘʟʘ (çɹʀʆʉɸʅè, ʈʦʩʩʠʷ), DNase I 

(ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʘʟʘ) (çNew England Biolabsè, ʉʐɸ), ʭʣʦʨʠʜ ʥʠʢʝʣʷ (II) (NiCl2) (çFlukaè, 

ʐʚʝʡʮʘʨʠʷ), ʥʘʙʦʨ ʜʣʷ ʦʯʠʩʪʢʠ ɼʅʂ ʠʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ ʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ Cleanup Standard 

(çɽʚʨʦʛʝʥè, ʈʦʩʩʠʷ), ʩʣʶʜʷʥʳʝ ʧʦʜʣʦʞʢʠ (ʩʣʶʜʘ) (çTipsNanoè, ʕʩʪʦʥʠʷ), ʟʦʥʜʳ ɸʉʄ 

(ʢʘʥʪʠʣʝʚʝʨʳ) ʩʝʨʠʠ NSG01_DLC ʠ NSG30_SS (çTipsNanoè, ʕʩʪʦʥʠʷ). 

ʆʩʪʘʣʴʥʳʝ ʨʝʘʢʪʠʚʳ ʙʳʣʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʤʝʣʠ ʢʚʘʣʠʬʠʢʘʮʠʶ ʦ.ʩ.ʯ.: 

MetOH, EtOH, H3BO3, NaOAc, NaCl, CaCl2, MgCl2, HCl, NaOH, SDS, ʊʍʋ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʃɹʍʌ ʀʍɹʌʄ ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ: ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ 

PARP2 ð ʂʫʪʫʟʦʚʳʤ ʄ.ʄ., PARP3 ð ɹʝʣʦʫʩʦʚʦʡ ɽ.ɸ., APE1, ʫʨʘʮʠʣ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʘ E.coli 

(UDG), Polɓ ð ʍʦʜʳʨʝʚʦʡ ʉ.ʅ., LigIIIŬ, XRCC1 ð ɺʘʩʠʣʴʝʚʦʡ ʀ.ɸ., ʄʦʦʨ ʅ.ɸ., 

ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʘ ʬʘʛʘ ʊ4 ð ʇʝʪʨʫʩʝʚʦʡ ʀ.ʆ.; ʛʠʩʪʦʥʦʚʳʝ ʦʢʪʘʤʝʨʳ H2A, H2B, H3, H4, 

ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʵʨʠʪʨʦʮʠʪʦʚ Galus Galus, ð ʂʫʪʫʟʦʚʳʤ ʄ. ʄ. 

 

3.2. ʄʝʪʦʜʳ 

3.2.1. ʕʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ ʚ ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ 

ɸʥʘʣʠʟ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ 

(ʇɸɸɻ) ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʤʝʪʦʜʫ ʃʵʤʤʣʠ [237]. ɺ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʲʝʤʦʤ 

10 ʤʢʣ ʜʦʙʘʚʣʷʣʠ 1/5 ʦʙʲʝʤʘ ʜʝʥʘʪʫʨʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ ʃʵʤʤʣʠ, ʩʦʜʝʨʞʘʱʝʛʦ 5 % 

ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (Sodium Dodecyl Sulfate, SDS); 50 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ (ɓ-

MercaptoEthanol, ɓ-ME); 130 ʤʄ 2-ʘʤʠʥʦ-2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʧʨʦʧʘʥ-1,3-ʜʠʦʣ ʛʠʜʨʦʭʣʦʨʠʜ 

(tris (hydroxymethyl)aminomethane hydrochloride, Tris-HCl), pH = 6,8; 25 % ʛʣʠʮʝʨʠʥ; 0,02 % 

ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ. ʇʨʦʙʳ ʧʨʦʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 97 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʥʦʩʠʣʠ ʥʘ 

ʛʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʛʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 10 % ʇɸɸɻ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʢʨʠʣʘʤʠʜʘ ʢ 

N,N'-ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʫ 60:1, ʩʦʜʝʨʞʘʱʠʡ 0,1 % SDS ʠ 0,37 ʄ Tris-HCl, pH = 8,8. 

ʂʦʥʮʝʥʪʨʠʨʫʶʱʠʡ 5 % ʇɸɸɻ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʢʨʠʣʘʤʠʜʘ ʢ N,N'-ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʫ 75:1 

ʩʦʜʝʨʞʘʣ 0,1 % SDS ʠ 0,12 ʄ Tris-HCl, pH = 6,8. ɼʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʉɸ ʚ 

ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 % ʠ N,N,N',N'-ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥ-1,2-ʜʠʘʤʠʥ 

(TEtraMethylEthyleneDiamine, TEMED) ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 %. ʕʣʝʢʪʨʦʜʥʳʡ ʙʫʬʝʨ 

ʩʦʜʝʨʞʘʣ 0,02 ʄ 2-ʘʤʠʥʦ-2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʧʨʦʧʘʥ-1,3-ʜʠʦʣ (tris (hydroxymethyl)aminomethane, 

Tris), 0,19 ʄ ʛʣʠʮʠʥ ʠ 0,1 % SDS. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ 

11,5 Ĭ 8,5 Ĭ 0,075 ʩʤ ʠʣʠ 16 Ĭ 20 Ĭ 0,075 ʩʤ. ʉʠʣʫ ʪʦʢʘ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʫʨʦʚʥʝ 10 ʠʣʠ 15 ʤɸ ʜʦ 

ʚʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʨʘʟʜʝʣʷʶʱʠʡ ʛʝʣʴ ʠ ʜʘʣʝʝ ʧʨʠ 25 ʠʣʠ 35 ʤɸ ʜʦ ʤʠʛʨʘʮʠʠ ʣʠʜʠʨʫʶʱʝʛʦ 
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ʢʨʘʩʠʪʝʣʷ ʙʝʣʢʦʚʦʛʦ ʤʘʨʢʸʨʘ çPrism Ultra (10 ï 180 ʢɼʘ)è (çAbcamè, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 10 ʢɼʘ ʥʘ 

95 % ʧʫʪʠ. ɻʝʣʠ ʚʳʩʫʰʠʚʘʣʠ ʠʣʠ ʦʢʨʘʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʣʦʠʜʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Coomassie R-

250 [238]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʝʡ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʚ ʛʝʣʝ ʜʝʪʝʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ çTyphoon FLA 9500è (çGE 

Healthcare Life Scienceè, ʉʐɸ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 473 ʥʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʝʪʝʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʵʢʨʘʥʘ Image 

Screen K (çKodakè, ʉʐɸ) ʩ ʧʦʤʦʱʴʶ çTyphoon FLA 9500è (çGE Healthcareè, ʉʐɸ) ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 635 ʥʤ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ çQuantity Oneè (çBio-Radè, ʉʐɸ). 

 

3.2.2. ʕʣʝʢʪʨʦʬʦʨʝʟ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ 4 % 

ʇɸɸɻ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʢʨʠʣʘʤʠʜʘ ʢ N,N'-ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʫ ʨʘʚʥʦʤ 19:1, ʩʦʜʝʨʞʘʱʠʡ 

90 ʤʄ Tris; 90 ʤʄ H3BO3; 7 ʤʄ ɻ ʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (EthyleneDiamineTetraacetic 

Acid, EDTA), pH = 8,0. ɼʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʉɸ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0,1 % ʠ TEMED ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 %. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʣʘʩʪʠʥʘʭ 11,5 Ĭ 8,5 Ĭ 0,075 ʩʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ å 10 ɺ/ʩʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 1-ʢʨʘʪʥʳʡ TBE-ʙʫʬʝʨ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 90 ʤʄ Tris; 90 ʤʄ H3BO3; 7 ʤʄ EDTA, 

pH = 8,0. ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʨʦʙ ʥʘ ʛʝʣʴ ʜʦʙʘʚʣʷʣʠ 1/5 ʦʙʲʸʤʘ 25 % ʛʣʠʮʝʨʠʥʘ ʚ ʙʫʬʝʨʝ, 

ʩʦʜʝʨʞʘʱʝʤ 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % ʥʝʠʦʥʥʳʡ ʜʝʪʝʨʛʝʥʪ (NP-40); 0,2 ʤʄ EDTA, 

5 ʤʄ ɓ-ME, 10 ʤM NaCl. ʉʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪʩʣʝʞʠʚʘʣʠ ʧʦ ʤʠʛʨʘʮʠʠ 

ʢʨʘʩʠʪʝʣʷ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʚ ʜʦʨʦʞʢʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʘʥʘʣʠʪʘ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ 

ʜʝʪʝʢʮʠʶ ʠ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ (ʧ. 3.2.1.). 

 

3.2.3. ʕʣʝʢʪʨʦʬʦʨʝʟ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ 

ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʨʘʟʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 10 %, 15 % ʠʣʠ 20 % 

ʇɸɸɻ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʢʨʠʣʘʤʠʜʘ ʢ N,N'-ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʫ 19:1, ʩʦʜʝʨʞʘʱʠʤ 

7 ʄ ʤʦʯʝʚʠʥʫ; 90 ʤʄ Tris; 90 ʤʄ H3BO3; 7 ʤʄ EDTA, pH = 8,0. ɼʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʉɸ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 % ʠ TEMED ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 %. 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʣʘʩʪʠʥʘʭ ʚ ʪʝʯʝʥʠʝ 1-2 ʯ ʧʨʠ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 50 ɺ/ʩʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 1-ʢʨʘʪʥʳʡ TBE-ʙʫʬʝʨ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 90 ʤʄ Tris; 90 ʤʄ 
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H3BO3; 7 ʤʄ EDTA, pH = 8,0. ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʨʦʙ ʥʘ ʛʝʣʴ ʢ ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʠ 1/5 ʦʙʲʸʤʘ 

ʨʘʩʪʚʦʨʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 90 % ʬʦʨʤʘʤʠʜ, 50 ʤʄ EDTA, 0,025 % ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ ʠ 

ʢʩʠʣʝʥʮʠʘʥʦʣ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʛʨʝʚʘʣʠ ʧʨʠ 97 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ 

ʜʝʪʝʢʮʠʶ ʠ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ (ʧ. 3.2.1.). 

 

3.2.4. ɺʚʝʜʝʥʠʝ [32P]-ʤʝʪʢʠ ʚ 5'-ʢʦʥʝʮ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 15 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 600 ʧʤʦʣʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ F1/F3/R2 

(ʧ. 3.1.; ʊʘʙʣʠʮʘ 2), 20 ʝ.ʘ. ʢʠʥʘʟʳ ʠ 2 ʄɹʢ ɔ-[32P]-ATP ʚ ʙʫʬʝʨʝ ʩ 70 ʤʄ Tris-HCl, pH = 7,6; 10 

ʤʄ MgCl2; 0,5 ʤʄ (2S,3S)-1,4-ʙʠʩ(ʩʫʣʴʬʘʥʠʣ)ʙʫʪʘʥ-2,3-ʜʠʦʣ (DiThioThreitol, DTT). ʉʤʝʩʴ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37 ÁC. ɼʘʣʝʝ ʜʦʙʘʚʣʷʣʠ 15 ʤʤʦʣʴ çʭʦʣʦʜʥʦʛʦè ATP ʠ 10 ʝ.ʘ. 

ʢʠʥʘʟʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ ʧʨʠ 4 ÁC. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜ ʦʯʠʱʘʣʠ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ çIllustra MicroSpinÊ G-25 Columnsè (GE 

Healthcare Life Science, ʉʐɸ) ʧʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʉʦʩʪʘʚ ʵʣʶʘʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 20 % ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.). 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʜʦ ʤʠʛʨʘʮʠʠ ʣʠʜʠʨʫʶʱʝʛʦ ʢʨʘʩʠʪʝʣʷ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʥʘ 1/2 

ʧʫʪʠ. ʀʟ ʜʘʥʥʳʭ ʨʘʜʠʦʘʚʪʦʛʨʘʬʘ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʯʝʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ. 

ʄʝʯʝʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʦʯʠʱʘʣʠ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʢ ʵʣʶʘʪʫ ʜʦʙʘʚʣʷʣʠ LiClO4 ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʄ ʠ ʚʳʩʘʞʠʚʘʣʠ ɼʅʂ 10-ʢʨʘʪʥʳʤ ʦʙʲʸʤʦʤ ʘʮʝʪʦʥʘ. ʆʩʘʜʦʢ ʬʦʨʤʠʨʦʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ï20 ÁC ʚ ʪʝʯʝʥʠʝ 12 ʯ, ʩʦʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 12000 g ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ 

ʧʨʠ 4 ÁC. ʆʩʘʜʦʢ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʦʭʣʘʞʜʝʥʥʳʤ ʜʦ 4 ÁC ʘʮʝʪʦʥʦʤ ʦʙʲʸʤʦʤ 200 ʤʣ. ʉʫʰʠʣʠ 

ʦʩʘʜʦʢ ʦʪ ʩʣʝʜʦʚ ʘʮʝʪʦʥʘ ʥʘ ʚʦʟʜʫʭʝ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ (ʙ/ʜ) 

H2O ʜʦ ʥʫʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥ rʧʨʘʡʤʝʨ:r 5'-[32P]-F1; 5'-[32P]-F3; 

5'-[32P]-R2. 

 

3.2.5. ʉʠʥʪʝʟ [32P]-NAD+ 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 50 ʤʢʣ, ʩʦʜʝʨʞʘʱʫʶ 20 ʤʄ Tris-HCl, pH = 7,5; 20 ʤʄ MgCl2; 

1 ʤʄ ʘʜʝʥʦʟʠʥʪʨʠʬʩʬʘʪ (Adenosine TriPhosphate, ATP); 2 ʤʄ ʥʠʢʦʪʠʥʘʤʠʜʤʦʥʦʥʫʢʣʝʦʪʠʜ 

(Nicotinamide MonoNucleotide, NMN); 2,5 ʤʛ/ʤʣ ʥʠʢʦʪʠʥʘʤʠʜ-ʤʦʥʦʥʫʢʣʝʦʪʠʜ-

ʘʜʝʥʠʣʠʣʪʨʘʥʩʬʝʨʘʟʘ (Nicotinamide-MonoNucleotide-AdenylylTransferase, NMNAT); 10 ʄɹʢ 

[Ŭ-32P]-ATP, ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʦʩʣʝ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʛʨʝʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 65 ÁC. ʈʘʩʪʚʦʨ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥ ʧʨʠ 12000 g, ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ 

ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʢʦʥʝʯʥʳʡ ʧʨʝʧʘʨʘʪ [32P]-NAD+. ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ NMN ʦʮʝʥʠʚʘʣʠ 

ʥʫʢʣʝʠʥʦʚʳʤ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ 20 % ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.). 
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3.2.6. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ PARP1 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ PARP1 ʧʦʣʫʯʘʣʠ ʠʟ ʢʣʝʪʦʢ ʥʘʩʝʢʦʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʢʫʣʦʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʩʠʠ. ʉʫʩʧʝʥʟʠʶ ʢʣʝʪʦʢ Hi5 ʚ ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʝ 

ʠʥʬʠʮʠʨʦʚʘʣʠ ʙʘʢʫʣʦʚʠʨʫʩʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʢʦʜʠʨʫʶʱʫʶ ɼʅʂ PARP1. ɹʠʦʤʘʩʩʘ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʂʫʪʫʟʦʚʳʤ ʄ.ʄ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ PARP1 ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʫ, ʦʧʠʩʘʥʥʦʤʫ Am® J.C. ʚ ʨʘʙʦʪʝ [239] ʩ ʥʝʢʦʪʦʨʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. 

ɹʠʦʤʘʩʩʫ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʥʘ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʙʫʬʝʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ 25 ʤʄ Tris-HCl, pH = 8,0; 50 ʤʄ ŬD-ʛʣʶʢʦʟʫ; 10 ʤʄ EDTA; 1 ʤʄ 

ʬʝʥʠʣʤʝʪʠʣʩʫʣʴʬʦʥʠʣ ʬʪʦʨʠʜ (PhenylMethylSulfonyl Fluoride, PMSF); 15 ʪʘʙʣʝʪʦʢ Antiprotease 

Cocktail Mini, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 5 ʤʣ ʙʫʬʝʨʘ ʥʘ 0,1 ʤʣʨʜ ʢʣʝʪʦʢ ʙʠʦʤʘʩʩʳ. ʀʥʢʫʙʠʨʦʚʘʣʠ 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 4 Áʉ ʠ ʩʣʘʙʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɼʣʷ ʣʠʟʠʩʘ ʢʣʝʪʦʢ ʚ 

ʨʘʩʪʚʦʨ ʙʠʦʤʘʩʩʳ ʜʦʙʘʚʣʷʣʠ NaCl ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʄ; ʥʝʠʦʥʥʳʡ ʜʝʪʝʨʛʝʥʪ (Tween 

20) ʠ NP-40 ð ʜʦ 0,2 %. ɹʠʦʤʘʩʩʫ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 4 Áʉ ʠ ʩʣʘʙʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʂʣʝʪʦʯʥʳʡ ʣʠʟʘʪ ʧʦʜʚʝʨʛʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ 4 Áʉ ʥʘ 

ʋɿ-ʜʝʟʠʥʪʝʛʨʘʪʦʨʝ çSonoplus Ultrasonic Homogenizer HD3100è (çBandelinè, ɻʝʨʤʘʥʠʷ) ʩ 

ʩʦʥʦʨʦʜʦʤ VS-70T. ʆʙʨʘʙʦʪʢʫ ʧʨʦʠʟʚʦʜʠʣʠ ʚ 2 ʮʠʢʣʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʘʤʧʣʠʪʫʜʘ 

ð 70 %, ʦʙʨʘʙʦʪʢʘ ð 10 ʩ, ʧʘʫʟʘ ð 50 ʩ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 4 Áʉ ʠ 50000 

g ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ. ɼʘʣʝʝ ʢ ʩʫʧʝʨʥʘʪʘʥʪʫ ʜʦʙʘʚʣʷʣʠ ʧʨʦʪʘʤʠʥʩʫʣʴʬʘʪ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

1 ʤʛ/ʤʣ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ 4 Áʉ ʠ ʩʣʘʙʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 4 Áʉ ʠ 50000 g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪ 

ʨʘʟʙʘʚʣʷʣʠ ʙʝʩʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 100 ʤʄ Tris-HCl, pH = 7,5, 7 ʤʄ ɓ-ME, 0,5 ʤʄ 

EDTA, 1 ʤʄ PMSF, ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚ ʨʘʩʪʚʦʨʝ 100 ʤʄ. ʀʥʢʫʙʠʨʦʚʘʣʠ 

ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 4 Áʉ ʠ ʩʣʘʙʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 4 Áʉ ʠ 30000 g ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʆʩʚʝʪʣʸʥʥʳʡ ʣʠʟʘʪ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ 

HiPrepTM Heparin FF 16/10 (çGE Healthcare Life Sciencesè, ʉʐɸ; ʈʠʩ. 14), ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 

ʙʫʬʝʨʦʤ ɸ (ʩʦʩʪʘʚ ʚʩʝʭ ʙʫʬʝʨʦʚ ʧʨʠʚʝʜʸʥ ʩʧʠʩʢʦʤ ʚ ʢʦʥʮʝ ʧʨʦʪʦʢʦʣʘ ʚʳʜʝʣʝʥʠʷ, ʧ. 3.2.6.). 

ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʩʤʦʣʫ ʧʨʦʤʳʚʘʣʠ ʙʫʬʝʨʦʤ ɸ ʜʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʧʦ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʕʣʶʮʠʶ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʣʠʥʝʡʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʙʫʬʝʨʘ B. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʣʠʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʶʘʪ ʩʦʙʠʨʘʣʠ ʚ ʧʨʦʙʠʨʢʠ ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʧʦ 10 ʤʣ. ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ 

ʃʵʤʤʣʠ (ʈʠʩ. 15) ʚ 10 % ʇɸɸɻ (ʧ. 3.2.1.). ʌʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʣʝʚʦʡ ʙʝʣʦʢ, ʦʙʲʝʜʠʥʷʣʠ ʠ 

ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʩ 3-ʘʤʠʥʦʙʝʥʟʘʤʠʜ-ʩʝʬʘʨʦʟʦʡ (ʈʠʩ. 16), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 

ʙʫʬʝʨʦʤ ʉ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʩʤʦʣʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʙʫʬʝʨʘʤʠ C, A ʠ D ʜʦ 
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ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. ɹʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʙʫʬʝʨʦʤ E. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʣʠʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʶʘʪ ʩʦʙʠʨʘʣʠ ʚ ʧʨʦʙʠʨʢʠ ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʧʦ 10 ʤʣ. 

 

ʈʠʩ. 14. ʍʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ ʛʝʧʘʨʠʥ-ʩʝʬʘʨʦʟʝ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʠʥʠʡ) ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʢʨʘʩʥʳʡ) ʧʨʠ ʵʣʶʮʠʠ PARP1. ʇʦ ʦʩʠ ʍ ʦʪʣʦʞʝʥ ʦʙʲʝʤ ʙʫʬʝʨʘ (ʤʣ), ʧʦ ʦʩʠ Y ð ʩʠʥʠʤ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ (ʝʜ.ʦʧʪ.ʧʣ. Ĭ 10ï3) ʠ ʢʨʘʩʥʳʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʤʉʤ/ʩʤ). 

 

 

ʈʠʩ. 15. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʦʯʠʩʪʢʝ PARP1 ʚ 10 % ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ. ʄ ð ʤʘʨʢʸʨʳ 

(çThermo scientificè, USA); 1 ð ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʝʧʘʨʘʪ PARP1 (1 ʤʢʛ); 2ï6 ð ʵʣʶʮʠʷ ʩ ʛʝʧʘʨʠʥ-ʩʝʬʘʨʦʟʳ; 7 ð 

ʥʘʥʝʩʝʥʠʝ ʥʘ ʛʝʧʘʨʠʥ-ʩʝʬʘʨʦʟʫ; 8 ð ʧʨʦʩʢʦʢ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʛʝʧʘʨʠʥ-ʩʝʬʘʨʦʟʫ; 9 ð ʧʨʦʩʢʦʢ ʛʨʘʜʠʝʥʪʘ ʧʨʠ 

ʵʣʶʮʠʠ PARP1. 
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ʈʠʩ. 16. ʍʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ 3-ʘʤʠʥʦʙʝʥʟʘʤʠʜ-ʩʝʬʘʨʦʟʝ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʩʠʥʠʡ) ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʢʨʘʩʥʳʡ) ʧʨʠ ʵʣʶʮʠʠ PARP1. ʇʦ ʦʩʠ ʍ ʦʪʣʦʞʝʥ ʦʙʲʝʤ ʙʫʬʝʨʘ (ʤʣ), ʧʦ ʦʩʠ Y ð 

ʩʠʥʠʤ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ (ʝʜ.ʦʧʪ.ʧʣ. Ĭ 10ï3) ʠ ʢʨʘʩʥʳʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʤʉʤ/ʩʤ). 

 

 

ʈʠʩ. 17. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʦʯʠʩʪʢʝ PARP1 ʚ 10 % ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ. ʄ ð ʤʘʨʢʸʨʳ 

(çThermo scientificè, USA); 1 ð ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʝʧʘʨʘʪ PARP1 (1 ʤʢʛ); 2ï8 ð ʵʣʶʮʠʷ ʩ 3-ʘʤʠʥʦʙʝʥʟʘʤʠʜ-ʩʝʬʘʨʦʟʳ. 
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ʈʠʩ. 18. ʍʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ ʦʮɼʅʂ-ʮʝʣʣʶʣʦʟʝ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʩʠʥʠʡ) ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʢʨʘʩʥʳʡ) ʧʨʠ ʵʣʶʮʠʠ PARP1. ʇʦ ʦʩʠ ʍ ʦʪʣʦʞʝʥ ʦʙʲʝʤ ʙʫʬʝʨʘ (ʤʣ), ʧʦ ʦʩʠ Y ð ʩʠʥʠʤ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ (ʝʜ.ʦʧʪ.ʧʣ. Ĭ 10ï3) ʠ ʢʨʘʩʥʳʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʤʉʤ/ʩʤ). 

 

 

ʈʠʩ. 19. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʦʯʠʩʪʢʝ PARP1 ʚ 10 % ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ. ʄ ð ʤʘʨʢʸʨʳ 

(çThermo scientificè, USA); 1 ð ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʝʧʘʨʘʪ PARP1 (1 ʤʢʛ); 2 ð ʥʘʥʝʩʝʥʠʝ ʥʘ ʦʮɼʅʂ-ʮʝʣʣʶʣʦʟʫ; 3 ð 

ʧʨʦʩʢʦʢ ʥʘʥʝʩʝʥʠʷ; 4ï8 ð ʵʣʶʮʠʷ ʩ ʦʮɼʅʂ-ʮʝʣʣʶʣʦʟʳ. 
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ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ (ʈʠʩ. 17) ʚ 

10 % ʇɸɸɻ (ʧ. 3.2.1.). ʌʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʣʝʚʦʡ ʙʝʣʦʢ, ʦʙʲʝʜʠʥʷʣʠ ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ 

XK 16/20 (çGE Healthcare Life Sciencesè, ʉʐɸ) ʩ ʦʮɼʅʂ-ʮʝʣʣʶʣʦʟʦʡ (çUSBè, ʉʐɸ; ʈʠʩ. 18), 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʙʫʬʝʨʦʤ ɸ. ʕʣʶʮʠʶ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʣʠʥʝʡʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 

ʙʫʬʝʨʘ B. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʣʠʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʶʘʪ ʩʦʙʠʨʘʣʠ ʚ 

ʧʨʦʙʠʨʢʠ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʧʦ 10 ʤʣ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ (ʈʠʩ. 19) ʚ 10 

% ʇɸɸɻ (ʧ. 3.2.1.). ʌʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʣʝʚʦʡ ʙʝʣʦʢ, ʦʙʲʝʜʠʥʷʣʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ 

ʮʝʥʪʨʠʢʦʥʘʭ (çAmiconè 10K MWCO, USA) ʧʨʠ 4 Áʉ ʠ 4000 g ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ɿʘʤʝʥʫ ʙʫʬʝʨʘ E 

ʚ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʙʝʣʢʦʚʦʤ ʧʨʝʧʘʨʘʪʝ ʧʨʦʚʦʜʠʣʠ ʨʘʟʙʘʚʣʝʥʠʝʤ ʙʫʬʝʨʦʤ ʭʨʘʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʤ 200 ʤʄ Tris-HCl, pH = 8,0, 100 ʤʄ NaCl, 4 ʤʄ DTT. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʨʘʟʙʘʚʣʷʣʠ ʚ 2 ʨʘʟʘ 100 % ʛʣʠʮʝʨʠʥʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʵʨʘ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 280 

ʥʤ: ὕὈ  ‐ὅὰ, ʛʜʝ ‐ = 120055 M-1ʩʤ-1, ὰ = 1 ʩʤ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʣʢʘ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çNanoDropè (çGE Healthcare Life Scienceè, ʉʐɸ). 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʙʝʣʢʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ ç kta Startè (çGE 

Healthcare Life Sciencesè, ʉʐɸ). ʇʨʦʮʝʩʩ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʦʪʩʣʝʞʠʚʘʣʠ ʜʘʪʯʠʢʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʜʝʪʝʢʪʠʨʫʶʱʝʛʦ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 280 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʫ 

ʧʦʛʣʦʱʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʙʝʣʢʘʭ. 

ɺ ʧʨʦʮʝʩʩʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʙʝʣʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʫʬʝʨʳ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ: 

A (400 ʤʣ): 100 ʤʄ Tris-HCl, pH = 7,5; 100 ʤʄ NaCl; 7 ʤʄ ɓ-ME; 0,5 ʤʄ EDTA; 1 ʤʄ 

PMSF; 

B (300 ʤʣ): 100 ʤʄ Tris-HCl, pH = 7,5; 1 ʄ NaCl; 7 ʤʄ ɓ-ME; 0,5 ʤʄ EDTA; 1 ʤʄ PMSF; 

ʉ (150 ʤʣ): 100 ʤʄ Tris-HCl, pH = 7,5; 400 ʤʄ NaCl; 7 ʤʄ ɓ-ME; 0,5 ʤʄ EDTA; 1 ʤʄ 

PMSF; 

D (150 ʤʣ): 100 ʤʄ Tris-HCl, pH = 7,5; 900 ʤʄ NaCl; 7 ʤʄ ɓ-ME; 0,5 ʤʄ EDTA; 1 ʤʄ 

PMSF; 

E (250 ʤʣ): 100 ʤʄ Tris-HCl, pH = 7,5; 400 ʤʄ NaCl; 7 ʤʄ ɓ-ME; 0,5 ʤʄ EDTA; 1 ʤʄ 

PMSF; 0,5 ʤʄ 3-ʤʝʪʦʢʩʠʙʝʥʟʘʤʠʜ. 
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3.2.7. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ PARP1/2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [32P]-NAD+ ʠ ɼʅʂ-

ʘʢʪʠʚʘʪʦʨʦʚ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ PARP ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ɼʅʂ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ PAR, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ PARP1 ʠʣʠ PARP2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [32P]-NAD+ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 60 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 50 ʥʄ PARP1 ʠʣʠ 100 ʥʄ 

PARP2, 50 ʥʄ 5'-FAM-ʤʝʯʝʥʦʡ ʥʘʪʠʚʥʦʡ, AP- ʠʣʠ Gap-ɼʅʂ NCP603_U ʠʣʠ NCP603_U ʚ 

ʨʝʘʢʮʠʦʥʥʦʤ ʙʫʬʝʨʝ, ʠʤʝʶʱʝʤ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚʘ: 50 ʤʄ Tris-HCl, pH = 8,0; 100 ʤʄ NaCl; 

0,1 ʤʛ/ʤʣ BSA; 1 ʤʄ DTT; 5 ʤʄ MgCl2 ʠ 0ä4000 ʤʢʄ NAD+, ʩʦʜʝʨʞʘʱʝʤ 1 ʤʢʄ [32P]-NAD+. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC ʚ ʪʝʯʝʥʠʝ 0; 1; 3; 5; 10; 20 ʤʠʥ ʠ ʦʩʪʘʥʘʚʣʠʚʘʣʠ, 

ʧʦʤʝʱʘʷ ʘʣʠʢʚʦʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʙʫʤʘʞʥʳʝ ʬʠʣʴʪʨʳ (Whatman-1), ʧʨʦʧʠʪʘʥʥʳʝ 5 % 

ʨʘʩʪʚʦʨʦʤ ʊʍʋ. ʌʠʣʴʪʨʳ ʯʝʪʳʨʝ ʨʘʟʘ ʧʨʦʤʳʚʘʣʠ 5 % ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʟʘʪʝʤ 90 % 

ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ, 

ʚʢʣʶʯʝʥʥʦʡ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʢʠʩʣʦʪʝ ʧʨʦʜʫʢʪ, ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʨʘʜʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ 

ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʵʢʨʘʥʘ Image Screen K (çKodakè, ʉʐɸ) ʩ ʧʦʤʦʱʴʶ çTyphoon FLA 9500è (çGE 

Healthcare Life Scienceè, ʉʐɸ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 635 ʥʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ çQuantity Oneè (çBio-Radè, ʉʐɸ). ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ Microsoft Excel 2010 ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ Ñ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

 

3.2.8. ɸʤʧʣʠʬʠʢʘʮʠʷ ɼʅʂ NCP603_U / L-NCP603 / CLP601-8 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʫʯʘʩʪʢʘ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ NCP603_U, ʦʙʲʸʤʦʤ 50 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 25 ʤʢʣ ʤʘʩʪʝʨ-ʤʠʢʩ (3 ʤʄ MgCl2; 

150 ʤʄ Tris-HCl, pH = 8,8; 40 ʤʄ (NH4)2SO4; 0,02 % Twin-20); 1 ʥʛ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

pGEM-3z/603; 0,05 U/ʤʢʣ Taq-ʧʦʣʠʤʝʨʘʟʳ ʠ 800 ʤʢM dNTP (ʩʫʤʤʘʨʥʦ). ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ 0,5 ʤM ʧʨʘʡʤʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ: 1) 5' [32P]-F1 + R1; 2) 

F2 + R1; 3) 5'-[32P]-F3 + R1; 4) F4 + R1; 5) F5 + 5'-[32P]-R2; 6) F5 + R3. ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 

ʘʤʧʣʠʬʠʢʘʪʦʨʝ çMastercycler personalè (Eppendorf, ɻʝʨʤʘʥʠʷ) ʧʦ ʧʨʦʪʦʢʦʣʫ (ʊʘʙʣʠʮʘ 3): 
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ʊʘʙʣʠʮʘ 3. ʇʨʦʛʨʘʤʤʘ ʇʎʈ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ çNCP603_Uè 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʠ, ʩ ʂʦʣ-ʚʦ ʧʦʚʪʦʨʦʚ 

95 180 1 

94 15 

5 
65 (ʩʥʠʞʝʥʠʝ ʥʘ 1 ÁC ʟʘ 

ʮʠʢʣ ʦʪ 65 ÁC ʜʦ 61 ÁC) 
15 

72 10 

94 15 

25 60 15 

72 10 

4 Ð 

 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʫʯʘʩʪʢʘ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ L-NCP603, ʦʙʲʸʤʦʤ 50 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 25 ʤʢʣ ʤʘʩʪʝʨ-ʤʠʢʩ (3 ʤʄ MgCl2; 

150 ʤʄ Tris-HCl, pH = 8,8; 40 ʤʄ (NH4)2SO4; 0,02 % Twin-20); 1 ʥʛ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

pGEM-3z/603; 0,5 ʤM F6; 0,5 ʤM R4; 0,05 U/ʤʢʣ Taq-ʧʦʣʠʤʝʨʘʟʳ ʠ 800 ʤʢM dNTP (ʩʫʤʤʘʨʥʦ). 

ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ çMastercycler personalè (Eppendorf, ɻʝʨʤʘʥʠʷ) ʧʦ ʧʨʦʪʦʢʦʣʫ 

(ʊʘʙʣʠʮʘ 4): 

 

ʊʘʙʣʠʮʘ 4. ʇʨʦʛʨʘʤʤʘ ʇʎʈ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ çL-NCP603è 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʠ, ʩ ʂʦʣ-ʚʦ ʧʦʚʪʦʨʦʚ 

94 180 1 

94 30 

30 65 20 

72 60 

72 180 1 

4 Ð 

 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʫʯʘʩʪʢʘ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ CLP601-8, ʦʙʲʸʤʦʤ 50 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 25 ʤʢʣ ʤʘʩʪʝʨ-ʤʠʢʩ (3 ʤʄ MgCl2; 

150 ʤʄ Tris-HCl, pH = 8,8; 40 ʤʄ (NH4)2SO4; 0,02 % Twin-20), 1 ʥʛ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ 

ç8-nucleosomeè; 0,25 ʤM F4; 0,25 ʤM R3; 0,05 U/ʤʢʣ Taq-ʧʦʣʠʤʝʨʘʟʳ ʠ 800 ʤʢM dNTP 

(ʩʫʤʤʘʨʥʦ). ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ çMastercycler personalè (Eppendorf) ʧʦ ʧʨʦʪʦʢʦʣʫ 

(ʊʘʙʣʠʮʘ 5): 
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ʊʘʙʣʠʮʘ 5. ʇʨʦʛʨʘʤʤʘ ʇʎʈ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ çCLP601-8è 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʠ, ʩ ʂʦʣ-ʚʦ ʧʦʚʪʦʨʦʚ 

95 180 1 

94 20 

5 
78,3 (ʩʥʠʞʝʥʠʝ ʥʘ 1 ÁC ʟʘ 

ʮʠʢʣ ʦʪ 78,3 ÁC ʜʦ 74,3 ÁC) 
20 

72 180 

94 20 

25 73,3 20 

72 180 

4 Ð 

 

3.2.9. ʆʙʨʘʙʦʪʢʘ ɼʅʂ-ʵʢʟʦʥʫʢʣʝʘʟʦʡ I 

ʅʝʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʩʪʘʪʢʠ ʧʨʘʡʤʝʨʦʚ ʫʜʘʣʷʣʠ ʦʙʨʘʙʦʪʢʦʡ ɼʅʂ-ʵʢʟʦʥʫʢʣʝʘʟʦʡ I 

(Exonuclease I , Exo I). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 250 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 50 ʤʢʣ ʩʤʝʩʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ (ʧ. 3.2.8.) ʠ 1 ʝ.ʘ. Exo I ʚ ʙʫʬʝʨʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 67 ʤʄ ʛʣʠʮʠʥ-KOH, pH = 

9,5; 6,7 ʤʄ MgCl2; 1 ʤʄ DTT. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ. ɼʅʂ ʦʯʠʱʘʣʠ 

ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 3 ʄ NaOAc, ʨʅ = 5,2, ʜʦ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0,3 ʄ ʠ ʚʳʩʘʞʠʚʘʣʠ ɼʅʂ 75 % ʵʪʘʥʦʣʦʤ. ʆʩʘʜʦʢ ʬʦʨʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʜʦ ï20 ÁC ʚ ʪʝʯʝʥʠʝ 8-12 ʯ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 14000 g ʧʨʠ 4 ÁC 

ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ ʭʦʣʦʜʥʳʤ 75 % ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ. ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ. ʂʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ 

ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

260 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ çSimpliNanoè (çGE Healthcareè, ʉʐɸ). 

 

3.2.10. ʇʨʝʧʘʨʘʪʠʚʥʘʷ ʦʯʠʩʪʢʘ ɼʅʂ-ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ɸʉʄ 

ʇʨʝʧʘʨʘʪ ɼʅʂ L-NCP603 ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ Exo I (ʧ. 3.2.9.) ʨʘʟʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʪʠʚʥʦʛʦ ʛʝʣʴ- ʣɻʝʢʪʨʦʬʦʨʝʟʘ ʚ 4 % ʇɸɸɻ (ʧ. 3.2.2.). ɼʝʪʝʢʮʠʶ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʙʣʫʯʝʥʠʝʤ ʛʝʣʷ ʋʌ-ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 254 ʥʤ ʚ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ çTCP-

20-MCè (çVilber Lourmatè, ʌʨʘʥʮʠʷ). ʌʨʘʛʤʝʥʪʳ ʛʝʣʷ ʩ ɼʅʂ L-NCP603 ʚʳʨʝʟʘʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ 

ʜʨʦʙʣʝʥʠʶ. ɼʨʦʙʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʬʨʘʛʤʝʥʪʘ ʇɸɸɻ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 

ʜʠʘʤʝʪʨʦʤ 0,5 ʤʤ ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ ʪʠʧʘ Eppendorf ʦʙʲʸʤʦʤ 0,6 ʤʣ, ʧʦʤʝʱʸʥʥʦʡ ʚ ʧʨʦʙʠʨʢʫ ʪʠʧʘ 

Eppendorf ʦʙʲʸʤʦʤ 2 ʤʣ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 14000 g ʚ ʪʝʯʝʥʠʝ 5 ʩ. ʂ 

ʧʦʣʫʯʝʥʥʳʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ʛʝʣʷ ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʵʣʶʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ 
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(100 ʤʄ NaCl; 10 ʤʄ Tris-HCl pH = 8,0; 0,1 ʤʄ EDTA pH = 8,0). ɼʘʣʝʝ ʩʫʩʧʝʥʟʠʶ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʧʨʠ 45 ÁC ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʚ ʯʠʩʪʫʶ ʧʨʦʙʠʨʢʫ. ʂ ʛʝʣʶ ʧʦʚʪʦʨʥʦ 

ʜʦʙʘʚʣʷʣʠ ʙʫʬʝʨ ʜʣʷ ʵʣʶʮʠʠ ʠ ʧʦʚʪʦʨʷʣʠ ʧʨʦʮʝʜʫʨʫ ʝʱʸ 3 ʨʘʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ 

ʩʫʧʝʨʥʘʪʘʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʩʫʧʝʨʥʘʪʘʥʪ ɼʅʂ L-NCP603 ʦʯʠʱʘʣʠ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ ʇɸɸɻ ʠ 

ʵʣʶʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʚ ʵʪʘʥʦʣʝ (ʧ. 3.2.9.). ʂʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʚ ʢʦʥʝʯʥʦʤ 

ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 260 ʥʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ çSimpliNanoè (çGE Healthcareè, ʉʐɸ). 

ʇʨʝʧʘʨʘʪ ɼʅʂ CLP601-8 ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ Exo I (ʧ. 3.2.9.) ʨʘʟʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 0,7 % ʘʛʘʨʦʟʝ, ʨʘʩʪʚʦʨʸʥʥʦʡ ʚ ʙʫʬʝʨʝ 1xTAE (40 ʤʄ Tris; 20 ʤʄ ʫʢʩʫʩʥʘ ̫

ʢʠʩʣʦʪʘ, 1 ʤʄ ʕɼʊɸ). ʕʣʝʢʪʨʦʜʥʳʡ ʙʫʬʝʨ ʩʦʜʝʨʞʘʣ 1xTAE. ɹʫʬʝʨ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʨʦʙ 

(5-ʢʨʘʪʥʳʡ) ʩʦʜʝʨʞʘʣ 50 % ʛʣʠʮʝʨʠʥ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚ 150 ɺ 

(10 ɺ/ʩʤ). ʉʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪʩʣʝʞʠʚʘʣʠ ʧʦ ʤʠʛʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ 

ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʚ ʜʦʨʦʞʢʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʘʥʘʣʠʪʘ. ɼʝʪʝʢʮʠʶ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʙʣʫʯʝʥʠʝʤ ʛʝʣʷ ʋʌ-ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 254 ʥʤ ʚ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ 

çTCP-20-MCè (çVilber Lourmatè, ʌʨʘʥʮʠʷ). ʌʨʘʛʤʝʥʪʳ ʛʝʣʷ ʩ ɼʅʂ CLP601-8 ʚʳʨʝʟʘʣʠ. ʇʨʦʜʫʢʪ 

ʚʳʜʝʣʷʣʠ ʠʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʥʘʙʦʨ ʜʣʷ ʦʯʠʩʪʢʠ ɼʅʂ ʠʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ 

ʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ çCleanup Standardè (çɽʚʨʦʛʝʥè, ʈʦʩʩʠʷ). ʂʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʚ ʢʦʥʝʯʥʦʤ 

ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 260 ʥʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ çSimpliNanoè (çGE Healthcareè, ʉʐɸ). 

 

3.2.11. çʇʨʝʜʩʙʦʨʢʘè ʥʫʢʣʝʦʩʦʤ 

ʄʝʪʦʜ çʧʨʝʜʩʙʦʨʢʠè ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʚ ʥʘʰʝʡ 

ʣʘʙʦʨʘʪʦʨʠʠ [240]. ʂʨʘʪʢʦ: ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 10 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 0,1 ʤʢʄ ɼʅʂ 

NCP603_U ʠʣʠ L-NCP603 ʠ ʛʠʩʪʦʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10-8 ï 10-7 M ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ 

ʙʫʬʝʨʝ, ʠʤʝʶʱʝʤ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ: 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ 

ɓ-ME; 10 ʤM NaCl. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ 15 ʤʠʥ ʧʨʠ 37 ÁC. ʂʦʤʧʦʥʝʥʪʳ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʟʜʝʣʷʣʠ ʚ 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.2.). ʄʠʥʠʤʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ɼʅʂ ʢ ʛʠʩʪʦʥʦʚʳʤ ʦʢʪʘʤʝʨʘʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʣʩʷ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʡ 

ʢʦʤʧʣʝʢʩ ʙʝʟ ʩʚʦʙʦʜʥʦʡ ɼʅʂ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʫʢʣʝʦʩʦʤ 

(ʈʠʩ. 20). 
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ʈʠʩ. 20. ʈʘʜʠʦʘʚʪʦʛʨʘʬ 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʙ ʧʦ ʤʝʪʦʜʫ çʧʨʝʜʩʙʦʨʢʠè ʥʫʢʣʝʦʩʦʤ 

ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ɼʅʂ:ʛʠʩʪʦʥʳ. ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ ʙʳʣʦ ʚʳʙʨʘʥʦ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ɼʅʂ:ʛʠʩʪʦʥʳ, ʨʘʚʥʦʝ 1 ʢ 0,3. 

 

3.2.12. ʇʨʝʧʘʨʘʪʠʚʥʦʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʫʢʣʝʦʩʦʤ in vitro ʩ ʧʦʤʦʱʴʶ ʜʠʘʣʠʟʘ 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʴʷʤ [63; 241; 242], ɼʅʂ ʠ ʦʢʪʘʤʝʨʳ ʬʦʨʤʠʨʫʶʪ ʛʦʤʦʛʝʥʥʳʡ ʧʨʝʧʘʨʘʪ 

ʥʫʢʣʝʦʩʦʤʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚ ʨʘʩʪʚʦʨʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʩʦʤ ʧʨʦʚʦʜʠʣʠ ʜʠʘʣʠʟ ʚ ʛʨʘʜʠʝʥʪʝ NaCl ʦʪ 2 ʄ ʜʦ 20 ʤʄ. ɼʝʣʘʣʠ 

ʩʣʝʜʫʶʱʝʝ: 100 ʤʢʣ ʧʨʦʙʳ ʚ ʜʠʘʣʠʟʥʦʡ ʷʯʝʡʢʝ (ʈʠʩ. 21) ʧʦʤʝʱʘʣʠ ʧʨʦʪʠʚ 20 ʤʣ ʩʪʘʨʪʦʚʦʛʦ 

ʙʫʬʝʨʘ ʜʣʷ ʜʠʘʣʠʟʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 

5 ʤʄ ɓ-ME ʠ 2 ʄ NaCl. ʉʪʘʨʪʦʚʳʡ ʙʫʬʝʨ ʨʘʟʙʘʚʣʷʣʠ ʙʫʬʝʨʦʤ ʜʣʷ ʜʠʘʣʠʟʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 
 

 

ʈʠʩ. 21. ʉʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʠʜ ʜʠʘʣʠʟʥʦʡ ʷʯʝʡʢʠ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [243]. 

 

10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME. ʈʘʟʙʘʚʣʝʥʠʝ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ 

ʧʨʦʚʦʜʠʣʠ ʜʦ 20 ʤʄ NaCl. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʙʫ ʦʩʪʘʚʣʷʣʠ ʧʨʠ 4 ÁC 
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ʥʘ 8-12 ʯ. ʇʨʦʙʘ ʚ ʜʠʘʣʠʟʥʦʡ ʷʯʝʡʢʝ ʩʦʜʝʨʞʘʣʘ 2 ʤʢʄ ɼʅʂ NCP603_U ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʘʤʝʨʦʚ, 

ʦʧʨʝʜʝʣʸʥʥʦʝ ʤʝʪʦʜʦʤ çʧʨʝʜʩʙʦʨʢʠè (ʧ. 3.2.11.), ʚ ʙʫʬʝʨʝ ʩʦʩʪʘʚʘ: 2 ʄ NaCl; 10 ʤʄ Tris-HCl, 

pH = 8,0; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʜʠʘʣʠʟʘ ʧʨʦʙʳ 

ʩʦʙʠʨʘʣʠ, ʛʦʤʦʛʝʥʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.2.; 

ʈʠʩ. 22). 

 

ʈʠʩ. 22. ɸʚʪʦʛʨʘʬ 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʫʢʣʝʦʩʦʤ. ɼʦʨʦʞʢʘ 1 ð ʢʦʥʪʨʦʣʴʥʘʷ 5'-FAM-ɼʅʂ NCP603_U; 

ʜʦʨʦʞʢʘ 2 ð ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ 5'-FAM-NCP603_U. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʠ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ 

ɸʉʄ ʥʫʢʣʝʦʩʦʤ L-NCP603 ʧʨʦʚʦʜʠʣʠ ʜʠʘʣʠʟ ʚ ʛʨʘʜʠʝʥʪʝ NaCl ʦʪ 2 ʄ ʜʦ 20 ʤʄ: 100 ʤʢʣ ʧʨʦʙʳ 

ʚ ʜʠʘʣʠʟʥʦʡ ʷʯʝʡʢʝ ʧʨʦʪʠʚ 20 ʤʣ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʜʠʘʣʠʟʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ 

Tris-HCl, pH = 7,5; 1,6 ʤʄ CHAPS; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME ʠ 2 ʄ NaCl. ʉʪʘʨʪʦʚʳʡ ʙʫʬʝʨ 

ʨʘʟʙʘʚʣʷʣʠ ʙʫʬʝʨʦʤ ʜʣʷ ʜʠʘʣʠʟʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 1,6 ʤʄ CHAPS; 

0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME. ʈʘʟʙʘʚʣʝʥʠʝ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʧʨʦʚʦʜʠʣʠ ʜʦ 20 ʤʄ NaCl. ʇʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʙʫ ʦʩʪʘʚʣʷʣʠ ʧʨʠ 4 ÁC ʥʘ 8-12 ʯ. ʇʨʦʙʘ ʚ ʜʠʘʣʠʟʥʦʡ 

ʷʯʝʡʢʝ ʩʦʜʝʨʞʘʣʘ 0,2 ʤʢʄ ɼʅʂ L-NCP603 ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʘʤʝʨʦʚ, ʦʧʨʝʜʝʣʸʥʥʦʝ ʤʝʪʦʜʦʤ 

çʧʨʝʜʩʙʦʨʢʠè (ʧ. 3.2.11.), ʚ ʙʫʬʝʨʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 2 ʄ NaCl; 10 ʤʄ Tris-HCl, pH = 8,0; 

1,6 ʤʄ CHAPS; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʜʠʘʣʠʟʘ ʧʨʦʙʳ 

ʩʦʙʠʨʘʣʠ, ʛʦʤʦʛʝʥʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.2.). 

ɼʘʣʝʝ ʛʦʤʦʛʝʥʥʳʡ ʧʨʝʧʘʨʘʪ (ʈʠʩ. 12 ɹ) ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɸʉʄ (ʧ.3.2.22.; ʧ.3.2.23.) ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. 

ɺ ʩʣʫʯʘʝ ʩ ʩʫʙʩʪʨʘʪʦʤ CLP601-8 ʤʝʪʦʜ çʧʨʝʜʩʙʦʨʢʠè ʥʝ ʫʜʘʸʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʚʳʩʦʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ NPS ʚ ɼʅʂ-ʩʠʢʚʝʥʩʝ CLP601-8. ɼʣʷ ʧʦʣʫʯʝʥʠʷ CLP601-8 ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ 
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ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʠʩʪʦʥʦʚʳʭ ʦʢʪʘʤʝʨʦʚ ʢ ʦʜʥʦʤʫ ʩʠʢʚʝʥʩʫ NPS ç601è ʚ ʩʦʩʪʘʚʝ CLP, 

ʨʘʚʥʦʝ 0,9; 1; 1,1 [244]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʠ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ɸʉʄ CLP ʧʨʦʚʦʜʠʣʠ ʜʠʘʣʠʟ ʚ ʛʨʘʜʠʝʥʪʝ NaCl ʦʪ 2 ʄ ʜʦ 

20 ʤʄ: 100 ʤʢʣ ʧʨʦʙʳ ʚ ʜʠʘʣʠʟʥʦʡ ʷʯʝʡʢʝ ʧʨʦʪʠʚ 20 ʤʣ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʜʠʘʣʠʟʘ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 1,6 ʤʄ CHAPS; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME ʠ 2 ʄ 

NaCl. ʉʪʘʨʪʦʚʳʡ ʙʫʬʝʨ ʨʘʟʙʘʚʣʷʣʠ ʙʫʬʝʨʦʤ ʜʣʷ ʜʠʘʣʠʟʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, 

pH = 7,5; 1,6 ʤʄ CHAPS; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME. ʈʘʟʙʘʚʣʝʥʠʝ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝʨʘ ʧʨʦʚʦʜʠʣʠ 

ʜʦ 20 ʤʄ NaCl. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʧʨʦʙʫ ʦʩʪʘʚʣʷʣʠ ʧʨʠ 4 ÁC ʥʘ 

8-12 ʯ. ʇʨʦʙʘ ʚ ʜʠʘʣʠʟʥʦʡ ʷʯʝʡʢʝ ʩʦʜʝʨʞʘʣʘ 0,02 ʤʢʄ ɼʅʂ CLP601-8 ʠ 0,16 ʤʢʄ ʦʢʪʘʤʝʨʦʚ 

ʛʠʩʪʦʥʦʚ (ʦʪʥʦʰʝʥʠʝ NPS ç601è ʢ ʛʠʩʪʦʥʘʤ = 1 ʢ 1) ʚ ʙʫʬʝʨʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 2 ʄ NaCl; 

10 ʤʄ Tris-HCl, pH = 8,0; 1,6 ʤʄ CHAPS; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʜʫʨʳ ʜʠʘʣʠʟʘ ʧʨʦʙʳ (ʈʠʩ. 13 ɹ) ʩʦʙʠʨʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɸʉʄ (ʧ. 3.2.22.; 

ʧ.3.2.23.) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. 

 

3.2.13. ʇʦʣʫʯʝʥʠʝ ɼʅʂ/ʥʫʢʣʝʦʩʦʤ, ʩʦʜʝʨʞʘʱʠʭ AP-ʩʘʡʪ 

AP-ʩʘʡʪ ʧʦʣʫʯʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʨʝʘʢʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʦʩʪʠ UDG. ʋʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ AP-ʩʘʡʪʦʚ ʚ ʩʣʫʯʘʝ çmiddleè- ʠ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʙʳʣʠ 

ʠʜʝʥʪʠʯʥʳ. ɼʣʷ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 0,1 ʤʢʄ ɼʅʂ NCP603_U ʠʣʠ 

ʥʫʢʣʝʦʩʦʤʫ NCP603_U ʠ 4 ʤʢʄ UDG (1 ʝ.ʘ. UDG ʥʘ 0,6 ʧʤʦʣʴ ɼʅʂ NCP603_U ʠʣʠ NCP603_U) 

ʚ ʙʫʬʝʨʝ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 10 ʤM NaCl, 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. 

 

3.2.14. ʇʦʣʫʯʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ɼʅʂ ʠʣʠ ʥʫʢʣʝʦʩʦʤ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʫʶ 

ʙʨʝʰʴ (Gap) 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 0,1 ʤʢʄ ɸʈ-ɼʅʂ NCP603_U ʠʣʠ ɸʈ-NCP603_U ʠ 0,1 ʤʢʄ 

APE1 (ʜʣʷ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ) ʠʣʠ 1 ʤʢʄ APE1 (ʜʣʷ çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ) ʚ ʙʫʬʝʨʝ ʩʦʩʪʘʚʘ 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 

10 ʤM NaCl; 5 ʤM MgCl2. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 
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3.2.15. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ/ʥʫʢʣʝʦʩʦʤʳ ʩ ʙʝʣʢʘʤʠ ʩʝʤʝʡʩʪʚʘ PARP ʤʝʪʦʜʦʤ 

ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 10 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 0,1 ʤʢM ʥʘʪʠʚʥʫʶ ɸʈ- ʠʣʠ 

Gap-ʩʦʜʝʨʞʘʱʫʶ 5'-[32P]-ɼʅʂ NCP603_U ʠʣʠ 5'-[32P]- NCP603_U ʠ 0,001; 0,005; 0,01; 0,05; 0,1; 

0,5; 1 ʤʢʄ PARP1, PARP2 ʠʣʠ PARP3 ʚ ʙʫʬʝʨʝ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 

0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 10 ʤM NaCl. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ. ʂʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʟʜʝʣʷʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʧ. 3.2.2.). 

 

3.2.16. ʈʘʩʯʸʪ ʚʝʣʠʯʠʥ KD ʢʦʤʧʣʝʢʩʦʚ NCPïPARP 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çQuantity Oneè (çBio-Rad Laboratoriesè, ʉʐɸ) 

ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ ʨʘʜʠʦʘʬʪʦʛʨʘʬʦʚ ʛʝʣʝʡ. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʥʝʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ (ʢʦʦʨʜʠʥʘʪʘ 

ʫ) ʦʪ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ PARP (ʢʦʦʨʜʠʥʘʪʘ ʭ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çSigmaPlot v. 11.0è (ʉʐɸ). ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʘʚʘʣʠ ʬʦʨʤʫʣʦʡ (1): 

ώ
ὥ

ρ
ὼ ὼ
ὦ

 ȟ (1) 

 

ʛʜʝ ὥ, ὦ ð ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 

ὼ ð ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʦʩʠ x ʚ ʪʦʯʢʝ ʛʨʘʬʠʢʘ (ὼ; ώ), ʛʜʝ ώ = (ώ  ώ Ⱦς. 

ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʯʠʩʣʝʥʥʦ ʨʘʚʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʦʣʦʚʠʥʘ ʩʫʙʩʪʨʘʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʙʝʣʢʦʤ. ʊʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪʳ x0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ὑ ρπ. (2) 

 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʟʥʘʯʝʥʠʷ KD ʙʳʣʠ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʘʥʠʟʦʪʨʦʧʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [245]. ʂʨʘʪʢʦ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 

0,03 ʤʢʄ 5'-FAM-ɼʅʂ NCP603_U ʠʣʠ 5'-FAM-NCP603_U ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ ʠʣʠ ʩʦʜʝʨʞʘʱʫ  ʁ

AP-ʩʘʡʪ ʠʣʠ Gap-ʧʦʚʨʝʞʜʝʥʠʝ ʠ 1,6ï400,0 ʥʄ PARP1 ʠʣʠ 1,6ï2000 ʥʄ PARP2 ʚ ʨʝʘʢʮʠʦʥʥʦʤ 

ʙʫʬʝʨʝ (50 ʤʄ NaCl; 50 ʤʄ TrisïHCl, pH 8,0 ʠ 5 ʤʄ DTT) ʩ 5 ʤʄ MgCl2, ʛʦʪʦʚʠʣʠ ʥʘ ʣʴʜʫ ʚ 

ʧʣʘʥʰʝʪʝ ʩ 384 ʣʫʥʢʘʤʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. 

ɺʦʟʙʫʞʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʶʦʨʠʤʝʪʨʘ çCLARIOstarè 

(çBMG LABTECHè, ɻʝʨʤʘʥʠʷ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 482 ʥʤ (ʬʠʣʴʪʨ 482ï16 ʧʣʶʩ ʜʠʭʨʦʠʯʥʳʡ ʬʠʣʴʪʨ 

LP504), ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 530 ʥʤ (ʬʠʣʴʪʨ 530ï
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40). ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʩʪʦʷʣʦ ʠʟ 50 ʚʩʧʳʰʝʢ ʚ ʢʘʞʜʦʡ ʣʫʥʢʝ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʨʝʜʥʷʣʠʩʴ. ɼʣʷ ʠʪʦʛʦʚʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ, ʘ ʟʥʘʯʝʥʠʷ KD ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çMARS Data 

Analysisè (çBMG LABTECHè, ɻʝʨʤʘʥʠʷ). 

3.2.17. ʀʟʫʯʝʥʠʝ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʪʦʜʦʤ ʙʦʨʛʠʜʨʠʜʥʦʡ ʩʰʠʚʢʠ 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 10 ʤʢʣ, ʩʦʜʝʨʞʘʱʫʶ 0,2 ʤʢʄ 5'-[FAM] -ɸʈ-ɼʅʂ NCP603_U 

ʠʣʠ 5'-[FAM] -ɸP-NCP603_U ʠ 0,005; 0,01; 0,05; 0,1; 0,5; 1 ʤʢʄ PARP1, PARP2 ʠʣʠ PARP3 ʚ 

ʙʫʬʝʨʝ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 10 ʤM NaCl, 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ɼʘʣʝʝ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ NaBH4 ʜʦ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʄ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʦʩʣʝ ʯʝʛʦ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 

1 ʝ.ʘ. DNase I ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʂʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʨʘʟʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʙʝʣʢʦʚʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ (ʧ. 3.2.1.). 

ɺ ʩʣʫʯʘʝ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ AP-ʢʣʘʩʪʝʨ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 10 ʤʢʣ 

ʩʦʜʝʨʞʘʣʘ 0,2 ʤʢʄ 5'-[FAM] -ɸʈ-ɼʅʂ NCP603_multiU ʠʣʠ 5'-[FAM]-ɸP- NCP603_multiU ʠ 0,005; 

0,01; 0,05; 0,1; 0,5; 1 ʤʢʄ PARP1, PARP2 ʠʣʠ PARP3 ʚ ʙʫʬʝʨʝ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 

0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 10 ʤM NaCl. ʇʨʦʙʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥ. ɼʘʣʝʝ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ NaBH4 ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʄ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ 

ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʦʩʣʝ ʯʝʛʦ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 1 ʝ.ʘ. DNase I ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 ÁC ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʂʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʟʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʙʝʣʢʦʚʦʛʦ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ (ʧ. 3.2.1.). 

ʉʪʨʫʢʪʫʨʫ 5'-[FAM] -ɼʅʂ NCP603_multiU ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʦ ɼʅʂ NCP603_U 

(ʧ. 3.2.8.) ʩ ʥʝʙʦʣʴʰʠʤ ʦʪʣʠʯʠʝʤ. ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʟʘʤʝʥʠʣʠ ʩʫʤʤʘʨʥʫ  ʁʢʦʥʮʝʥʪʨʘʮʠ ʁ

dNTP 800 ʤʢʄ ʥʘ 200 ʤʢʄ dATP / dGTP / dCTP, 180 ʤʢʄ dTTP ʠ 20 ʤʢʄ dUTP. ɺʩʝ 

ʧʦʩʣʝʜʫʶʱʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʫʙʩʪʨʘʪʘ ʩ ʦʜʠʥʦʯʥʳʤ dU. 

 

3.2.18. ʀʟʫʯʝʥʠʝ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʪʦʜʦʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʬʫʪʧʨʠʥʪʠʥʛʘ 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʸʤʦʤ 10 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 0,2 ʤʢʄ 5'-[32P]-ʤʝʯʝʥʦʡ ɼʅʂ ʠʣʠ 

NCP603_U ʠ 0,1 ʤʢʄ PARP1, PARP2 ʠʣʠ PARP3 ʚ ʙʫʬʝʨʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, 

pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 10 ʤM NaCl; 5 ʤM MgCl2. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ɼʣʷ ʨʝʘʢʮʠʠ PARʠʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʣʠ 400 ʤʢʄ NAD+. ɼʘʣʝʝ ʧʨʦʙʳ ʩ ɼʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ 0,002 ʝ.ʘ. DNase I, 

ʧʨʦʙʳ ʩ NCP603_U ð 0,007 ʝ.ʘ. DNase I ʧʨʠ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʧʨʠ 
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ʘʥʘʣʠʟʝ ʧʨʦʜʫʢʪʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ AP-ʩʘʡʪʦʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʢʩʠʘʤʠʥʦʤ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 ʤʄ ʚʦ ʣʴʜʫ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 1/5 ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 90 % 

ʬʦʨʤʘʤʠʜʘ, 50 ʤʄ EDTA, 0,025 % ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʠ 0,025 % ʢʩʠʣʝʥʮʠʘʥʦʣʘ. ʇʨʦʙʳ 

ʨʘʟʜʝʣʷʣʠ ʚ 20 % ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.). ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʜʝʪʝʢʮʠʶ ʠ 

ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ (ʧ. 3.2.1.). 

 

3.2.19. ɺʣʠʷʥʠʝ PARP1, PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ APE1 

ɼʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ APE1 ʚ ʦʪʥʦʰʝʥʠʠ ɼʅʂ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ɼʅʂ-ʜʫʧʣʝʢʩ ʚʥʝ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʩʦʜʝʨʞʘʱʠʡ AP-ʩʘʡʪ ʚ 12-ʦʤ ʧʦʣʦʞʝʥʠʠ ʦʪ 

5'-ʤʝʯʝʥʦʛʦ ʢʦʥʮʘ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ APE1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ PARP ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʩʱʝʧʣʝʥʠʝ ʩʫʙʩʪʨʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ AP-ʩʘʡʪ, ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʢʄ ʩʦʩʪʘʚʣʷʣʦ 40ï50 % ʟʘ 15 ʤʠʥ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 0,03 ʤʢʄ APE1 ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ ʩ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ, 1 ʤʢʄ APE1 

ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ ʩ çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʠ 0,001 ʤʢʄ APE1 ʜʣʷ ɼʅʂ ʚʥʝ 

ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʡ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʡ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ PARP1 ʠʣʠ 

PARP2 ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 10 ʜʦ 1000 ʥʄ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 0,1 ʤʢʄ PARP1 ʠʣʠ 

PARP2 ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 400 ʤʢʄ NAD+. ʈʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʜʝʨʞʘʣʠ 

ʙʫʬʝʨ ʩʦʩʪʘʚʘ: 10 ʤʄ Tris-HCl, pH = 7,5; 0,1 % NP-40; 0,2 ʤʄ EDTA; 5 ʤʄ ɓ-ME; 10 ʤM NaCl; 

5 ʤM MgCl2. ɺʩʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 10 % ʇɸɸɻ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.). 

 

3.2.20. ɺʣʠʷʥʠʝ PARP1, PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

Polɓ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Polɓ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ ʙʨʝʰʠ ʚ ʢʦʥʪʝʢʩʪʝ NCP603_U. ɼʣʷ ʵʪʦʛʦ ʨʝʘʢʮʠʶ ʠʥʠʮʠʠʨʦʚʘʣʠ 

ʜʦʙʘʚʣʝʥʠʝʤ 1ï1000 ʥʄ Polɓ ʠ 100 ʤʢʄ dTTP ʢ 0,1 ʤʢʄ ʨʘʩʪʚʦʨʫ 5'-[32P]-Gap-ʩʫʙʩʪʨʘʪʘ ʚ 

ʙʫʬʝʨʝ: 50 ʤʄ NaCl; 50 ʤʄ Tris-HCl, pH 8,0; 5 ʤʄ DTT ʠ 5 ʤʄ MgCl2. ʆʙʲʸʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

10 ʤʢʣ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC ʚ ʪʝʯʝʥʠʝ 1; 3; 5; 10 ʤʠʥ ʠ ʦʩʪʘʥʘʚʣʠʚʘʣʠ 

ʜʦʙʘʚʣʝʥʠʝʤ ʙʫʬʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 7 ʄ ʤʦʯʝʚʠʥʳ ʠ 50 ʤʄ ʕɼʊɸ. ʇʨʦʜʫʢʪʳ ʨʘʟʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 15 % ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.). 

ɼʝʪʝʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʵʢʨʘʥʘ Image Screen K 

(çKodakè, ʉʐɸ) ʩ ʧʦʤʦʱʴʶ çTyphoon FLA 9500è (çGE Healthcareè, ʉʐɸ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 
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635 ʥʤ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ çQuantity Oneè (çBio-Radè, ʉʐɸ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʘ ɼʅʂ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʜʫʢʪʘ ʚʢʣʶʯʝʥʠʷ dTMP ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NCP603_U, 

ʩʦʜʝʨʞʘʱʝʡ ʨʘʟʨʳʚ, ʠ ʚʳʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Polɓ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

PARP ʙʳʣ ʚʳʙʨʘʥ ʠʥʪʝʨʚʘʣ ʚ 3 ʤʠʥ, ʟʘʪʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʘ ʙʳʣʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʠʥʝʪʠʢʠ ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ çoutè ʠʣʠ çmiddleè; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʭʦʜʷʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

Polɓ ʙʳʣʠ ʚʳʙʨʘʥʳ 2,5 ʠ 50 ʥʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʮʝʥʝʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʝʥʠʷ dTMP ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1; 5; 10; 25; 50; 100; 

500 ʥʄ PARP1 ʠʣʠ 20; 50; 100; 500 ʥʄ PARP2. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ dTMP ʦʮʝʥʠʚʘʣʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1; 10; 100; 1000 ʤʢʄ NAD+ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ PARP. ɺʣʠʷʥʠʝ XRCC1 ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ Polɓ ʦʮʝʥʠʚʘʣʠ ʧʦ ʪʦʡ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʝ. ʂʦʥʮʝʥʪʨʘʮʠ ʁXRCC1 ʚʳʙʨʘʣʠ 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʢʣʶʯʝʥʠʝ dTMP ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʠ 

ʦʥʘ ʩʦʩʪʘʚʠʣʘ 4 ʠ 50 ʥʄ ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ çoutè ʠʣʠ çmiddleè 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 15 % ʇɸɸɻ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. 

 

3.2.21. ɺʣʠʷʥʠʝ PARP1, PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ LigIIIŬ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ LigIIIŬ ð 0,01, 0,1, 

0,5 ʠʣʠ 1 ʤʢʄ, ʙʝʟ XRCC1 ʠʣʠ ʩ XRCC1 ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢ LigIIIŬ, ʯʪʦʙʳ ʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ LigIIIŬ 0,5 ʤʢʄ. 

ʉʫʙʩʪʨʘʪʳ Gap-NCP603_U ʦʙʨʘʙʘʪʳʚʘʣʠ Polɓ ʚ ʧʨʠʩʫʪʩʪʚʠʠ dTTP (ʧ. 3.2.20.) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ LigIIIŬ. ʈʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ (ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ 10 ʠʣʠ 30 ʤʢʣ) ʩʦʜʝʨʞʘʣʠ 0,02 ʤʢʄ 

5'-[32P]- ʠʣʠ 0,1 ʤʢʄ 5'-ʤʝʯʝʥʦʛʦ FAM ʩʫʙʩʪʨʘʪʘ NCP603_U ʠ 1 ʤʄ ATP ʚ ʙʫʬʝʨʝ 100 ʤʄ NaCl; 

50 ʤʄ Tris-HCl, pH = 8,0; 5 ʤʄ DTT; 10 ʤʄ MgCl2. ʇʨʦʙʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 

37 ÁC ʩʦ ʩʤʝʩʷʤʠ LigIIIŬ ʠ 100 ʤʢʄ NAD+; LigIIIŬ ʠ 0,01, 0,1 ʠʣʠ 1 ʤʢʄ PARP1 ʠʣʠ PARP2; ʠʣʠ 

LigIIIŬ, 100 ʤʢʄ NAD+ ʠ 0,01, 0,1 ʠʣʠ 1 ʤʢʄ PARP1 ʠʣʠ PARP2 ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ XRCC1. ɺʩʝ ʩʫʙʩʪʨʘʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʧ. 3.2.20.). 

ʂʨʦʤʝ ʪʦʛʦ, 5'-FAM-ʤʝʯʝʥʳʝ ʥʫʢʣʝʦʩʦʤʥʳʝ ʩʫʙʩʪʨʘʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʃʵʤʤʣʠ ʚ 12 % ʇɸɸɻ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʢʨʠʣʘʤʠʜʘ ʠ ʙʠʩ-

ʘʢʨʠʣʘʤʠʜʘ 40:1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʂʫʤʘʩʩʠ R-250 (ʧ. 3.2.1.). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʝʨʝʜ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʘʣʠʢʚʦʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (10 ʤʢʣ) ʦʙʨʘʙʘʪʳʚʘʣʠ 0,001 ʝʜ. 

ʧʨʦʪʝʠʥʘʟʳ ʂ ʠʣʠ 0,5 ʤʢʄ PARG ʚ ʪʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 30 ʤʠʥ ʧʨʠ 37 ÁC. 
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3.2.22. ʇʦʜʛʦʪʦʚʢʘ ʥʫʢʣʝʦʩʦʤʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʘʤʠ PARP1, 

PARP2 ʠ PARP3 ʢ ʩʢʘʥʠʨʦʚʘʥʠʶ ʤʝʪʦʜʦʤ ɸʉʄ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʫʢʣʝʦʩʦʤ L-NCP603 ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʘʤʠ PARP ʤʝʪʦʜʦʤ ɸʉʄ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫ  ʁ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ 1-(3-ʘʤʠʥʦʧʨʦʧʠʣ)ʩʠʣʘʪʨʘʥʦʤ (APS). 

ʉʠʥʪʝʟ APS ʠ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ 

ʧʨʦʪʦʢʦʣʫ [226]. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʩʪʦʷʣʘ ʠʟ 10 ʥʄ ʥʫʢʣʝʦʩʦʤ L-NCP603, ʙʫʬʝʨʘ 

(20 ʤʄ NaCl; 0,2 ʤʄ ʕɼʊɸ; 1,6 ʤʄ CHAPS; 10 ʤʄ Tris-HCl, pH = 7,5, ʠ 5 ʤʄ ɓ-ME) ʠ ʦʜʥʦʛʦ 

ʠʟ PARP ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʥʄ (PARP1), 35 ʥʄ (PARP2) ʠʣʠ 66 ʥʄ (PARP3). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʨʘʟʙʘʚʣʷʣʠ ʚ 10 ʨʘʟ ʚʦʜʦʡ 

Milli -Q ʠ ʩʨʘʟʫ ʞʝ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ. ʏʝʨʝʟ 2 ʤʠʥ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʣʶʜʳ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 1 ʤʣ ʚʦʜʳ Milli-Q ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʣʘʙʦʤ ʧʦʪʦʢʝ ʘʨʛʦʥʘ. ʇʝʨʝʜ 

ʧʦʣʫʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʮʳ ʭʨʘʥʠʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʚʣʘʛʦʧʦʛʣʦʪʠʪʝʣʝʤ NaOHʪʚ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ CLP601-8 ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʘʤʠ PARP ʤʝʪʦʜʦʤ ɸʉʄ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʭʣʦʨʠʜʦʤ ʥʠʢʝʣʷ (II) (NiCl2) [213, 223]. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʩʪʦʷʣʘ ʠʟ 10 ʥʄ CLP601-8, ʙʫʬʝʨʘ (20 ʤʄ NaCl; 0,2 ʤʄ ʕɼʊɸ; 1,6 ʤʄ 

CHAPS; 10 ʤʄ ʊʨʠʩ-HCl, pH = 7,5, ʠ 5 ʤʄ ɓ-ME) ʠ ʦʜʥʦʛʦ ʠʟ PARP ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 66 ʥʄ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC. ɿʘʪʝʤ ʦʙʨʘʟʮʳ 

ʨʘʟʙʘʚʣʷʣʠ ʚ 10 ʨʘʟ ʚʦʜʦʡ Milli-Q ʩ ʜʦʙʘʚʣʝʥʠʝʤ 5 ʤʄ NiCl2, ʠ ʩʨʘʟʫ ʞʝ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʣʶʜʳ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʶʜʳ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 1 ʤʣ ʚʦʜʳ Milli-Q ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʣʘʙʦʤ ʧʦʪʦʢʝ ʘʨʛʦʥʘ. ʇʝʨʝʜ ʧʦʣʫʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʮʳ ʭʨʘʥʠʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʩ ʚʣʘʛʦʧʦʛʣʦʪʠʪʝʣʝʤ NaOHʪʚ. 

 

3.2.23. ɸʉʄ-ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ çMultimode 8è (çBrukerè, ʉʐɸ) ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʫʢʠʚʘʥʠʷ (TappingMode) ʥʘ ʚʦʟʜʫʭʝ. ɼʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʫʢʣʝʦʩʦʤ L-NCP603 ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʨʝʤʥʠʝʚʳʝ ʢʘʥʪʠʣʝʚʝʨʳ çNSG30_SSè (çTipsNanoè, ʕʩʪʦʥʠʷ) ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 

ʥʘʢʦʥʝʯʥʠʢʘ 240ï440 ʢɻʮ. ɼʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ CLP601-8 ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʛʣʝʨʦʜʥʳʝ ʢʘʥʪʠʣʝʚʝʨʳ 

çNSG01_DLCè (çTipsNanoè, ʕʩʪʦʥʠʷ) ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʥʘʢʦʥʝʯʥʠʢʘ 90ï180 ʢɻʮ. 

ʊʠʧʠʯʥʦʝ ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʤʝʣʦ ʨʘʟʤʝʨ 2 ʤʢʤ Ĭ 2 ʤʢʤ ʧʨʠ 1024 ʧʠʢʩʝʣʷʭ ʥʘ ʩʪʨʦʢʫ, 

4 ʤʢʤ Ĭ 4 ʤʢʤ ʧʨʠ 2048 ʧʠʢʩʝʣʷʭ ʥʘ ʩʪʨʦʢʫ ʠʣʠ 8 ʤʢʤ Ĭ 8 ʤʢʤ ʧʨʠ 4096 ʧʠʢʩʝʣʷʭ ʥʘ ʩʪʨʦʢʫ. 

ʏʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1,0, 0,5 ʠʣʠ 0,25 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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3.2.24. ɸʥʘʣʠʟ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʡ 

ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʩʥʘʯʘʣʘ ʦʙʨʘʙʦʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Gwyddion (http://gwyddion.net/, 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01 ʘʧʨʝʣʷ 2025 ʛ.). ʇʨʦʛʨʘʤʤʘ ImageJ (https://imagej.nih.gov/ij/, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

01 ʘʧʨʝʣʷ 2025 ʛ.) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʢʘ ʷʜʨʘ ʥʫʢʣʝʦʩʦʤʳ L-NCP603 

ʠ ʷʜʨʘ ʥʫʢʣʝʦʩʦʤʳ L-NCP603 ʚ ʢʦʤʧʣʝʢʩʝ ʩ PARP, ʜʣʠʥʳ ʧʣʝʯ ʣʠʥʢʝʨʥʳʭ ɼʅʂ ʥʫʢʣʝʦʩʦʤʳ 

L-NCP603 ʠ ʫʛʣʘ ʤʝʞʜʫ ʧʣʝʯʘʤʠ ɼʅʂ (ʈʠʩ. 23). ɼʣʠʥʫ ʧʣʝʯʘ ʦʮʝʥʠʚʘʣʠ, ʠʟʤʝʨʷʷ ɼʅʂ ʦʪ 
 

 

ʈʠʩ. 23. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ L-NCP603 ʠ ʢʦʤʧʣʝʢʩʦʚ L-NCP603ÅPARP ʩ ʧʦʤʦʱʴʶ 

ɸʉʄ. 

 

ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ çʚʭʦʜʘ/ʚʳʭʦʜʘè ʚ ʜʠʩʢ NCP. ɼʠʘʤʝʪʨʳ ʷʜʨʘ L-NCP603 ʠ ʷʜʨʘ PARP 

ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʜʠʩʢʫ. 

ʋʛʦʣ Ŭ ʤʝʞʜʫ ʧʣʝʯʘʤʠ ɼʅʂ ʥʫʢʣʝʦʩʦʤʳ L-NCP603 ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ 

ʣʫʯʘʤʠ, ʠʜʫʱʠʤʠ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ ʷʜʨʘ ʢ ʪʦʯʢʘʤ çʚʭʦʜʘ-ʚʳʭʦʜʘè ɼʅʂ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

çSigmaPlot v.11.0è (çSystat Software Inc.è, ʉʐɸ). ʈʘʟʙʨʦʩ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩ 

ʧʦʤʦʱʴʶ t-ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʩ 95 % ʜʦʚʝʨʠʪʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ʇʨʠ ʩʦʨʪʠʨʦʚʢʝ 

ʢʦʤʧʣʝʢʩʦʚ PARPÅL-NCP603 ʤʳ ʚʳʙʨʘʣʠ ʨʘʩʩʪʦʷʥʠʝ 3 ʥʤ ʤʝʞʜʫ ʷʜʨʦʤ L-NCP603 ʠ PARP ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʛʨʘʥʠʯʥʦʡ ʪʦʯʢʠ. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʘʥʪʠʣʝʚʝʨʘ NSG30_SS (~2 ʥʤ) ʧʦʟʚʦʣʠʣ ʥʘʤ 
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ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ PARP, ʦʪʜʝʣʸʥʥʳʡ ʦʪ ʷʜʨʘ L-NCP603, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʧʨʝʚʳʰʘʣʦ 3 ʥʤ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʙʝʣʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʙʣʠʞʝ ʢ ʷʜʨʫ L-NCP603, ʤʳ 

ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʦʥʠ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. 

ʇʨʦʛʨʘʤʤʫ Gwyddion (http://gwyddion.net/, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01 ʘʧʨʝʣʷ 2025 ʛ.) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʣʦʱʘʜ ɹʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ (S) ʠ 

ʦʙʲʸʤ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʬʦʥʦʤ, ʚʳʯʠʩʣʝʥʥʳʤ ʧʦ ʃʘʧʣʘʩʫ (V), CLP601-8 ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʙʝʣʢʘʤʠ PARP (ʈʠʩ. 24). ɼʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʤʦʣʝʢʫʣ CLP601-8 ʙʳʣʦ ʚʨʫʯʥʫʶ ʧʦʜʩʯʠʪʘʥʦ ʯʠʩʣʦ  

 

ʈʠʩ. 24. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠ ʠʟʫʯʝʥʠʷ CLP601-8 ʠ ʢʦʤʧʣʝʢʩʦʚ CLP601-8ÅPARP ʩ ʧʦʤʦʱʴʶ ɸʉʄ. 
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NCP ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɼʅʂ CLP601-8. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ 

Microsoft Excel 2010. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʪʦʯʝʯʥʳʭ 2D-ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʩʦʪʠ 

ʧʣʦʱʘʜʠ ʦʪ ʦʙʲʸʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʙʣʦʯʥʳʝ ʜʠʘʛʨʘʤʤ rʩ ʦʛʨʘʥʠʯʠʪʝʣʷʤʠ ʚʳʙʨʦʩʦʚ, ʘ ʜʘʥʥʳʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳ 

ʪʝʩʪʦʤ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ ʩ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ ʪʝʩʪʦʤ ʄʘʥʥʘ-ʋʠʪʥʠ ʩ ʧʦʧʨʘʚʢʦʡ ɹʦʥʬʝʨʨʦʥʠ 

(ʇʨʠʣʦʞʝʥʠʝ). 
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4. ʈɽɿʋʃʔʊɸʊʓ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ BER ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ BER ʧʦʣʫʯʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ-ʜʫʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʚʨʝʞʜʝʥʠʷ ð ʠʥʪʝʨʤʝʜʠʘʪʳ BER. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ BER ʚ ʢʦʥʪʝʢʩʪʝ ʭʨʦʤʘʪʠʥʘ, ʙʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʫʢʣʝʦʩʦʤʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʚʦʣʴʥʦ 

ʤʥʦʛʦ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ BER ʚ ʢʦʥʪʝʢʩʪʝ NCP, ʥʦ 

ʨʦʣʴ ʷʜʝʨʥʳʭ PARP ʠ ʠʭ ʘʢʪʠʚʥʦʩʪ ɹ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ [105, 246]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ PARP1 ʠ PARP2 ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʩʠʩʪʝʤʳ BER. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʟʫʯʠʪʴ ʠʭ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NCP603_U, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʴʥʳʭ ɼʅʂ-ʜʫʧʣʝʢʩʦʚ, ʥʘ ʩʠʩʪʝʤʫ ʩ NCP. ɼʣʷ ʵʪʦʛʦ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʚʣʠʷʥʠʝ ʵʪʠʭ ʙʝʣʢʦʚ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʩʠʩʪʝʤʳ BER ʚ ʢʦʥʪʝʢʩʪʝ NCP, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ɼʅʂ-ʠʥʪʝʨʤʝʜʠʘʪʳ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ BER. 

ʅʫʢʣʝʦʪʠʜʳ ʚ NCP ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʦʙʣʘʩʪʠ 

ʚʭʦʜʘ-ʚʳʭʦʜʘ, ʪʘʢ ʠ ʨʦʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ NCP. ʇʦʩʢʦʣʴʢʫ ʠʩʧʨʘʚʣʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ çinè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʟʠʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʦ, ʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴʥʳʝ NCP ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʥʘ ʤʝʩʪʝ çoutè- ʠ çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ. ʉʭʝʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʳ ɼʅʂ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩ. 11. 

 

4.1. ʉʚʷʟʳʚʘʥʠʝ PARP1 ʠ PARP2 ʩ NCP, ʩʦʜʝʨʞʘʱʝʡ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ; 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʘʢʪʠʚʘʮʠʠ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ PARP1 ʠ PARP2 ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʫʢʣʝʦʩʦʤʳ NCP603_U, ʩʨʦʜʩʪʚʦ PARP1 ʠ PARP2 ʢ 

ʥʘʪʠʚʥʦʡ NCP603_U, AP-NCP603_U ʠ Gap-NCP603_U ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʘʤʠ ʘʥʠʟʦʪʨʦʧʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ [245] ʠ EMSA (ʧ. 3.2.15.). ɺʝʣʠʯʠʥʳ ʥʘʡʜʝʥʥʳʭ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ PARP1/2Åɼʅʂ/NCP ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘʭ 6 ʠ 7. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ 

ʚ ɼʅʂ ʠ NCP ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ. 25. 
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ʊʘʙʣʠʮʘ 6. ɺʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ PARP1 ʠ PARP2 ʩ ɼʅʂ ʠ NCP ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ, ʠʣʠ 

ʩʦʜʝʨʞʘʱʠʭ AP-ʩʘʡʪ ʠʣʠ Gap. ʂʦʥʩʪʘʥʪʳ ʥʘʡʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʘʥʠʟʦʪʨʦʧʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʆʙʦʟʥʘʯʝʥʠʷ çoutè ʠ çmiddleè ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ NCP. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ KD Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ 

ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.16.). 

ʉʪʨʫʢʪʫʨʘ 
ɼʅʂ, ʥʄ NCP603_U, ʥʄ 

PARP1 PARP2 PARP1 PARP2 

Native-out 14 Ñ 3 840 Ñ 90 14 Ñ 2 160 Ñ 10 

AP-out 23 Ñ 3 810 Ñ 80 7 Ñ 3 160 Ñ 10 

Gap-out 29 Ñ 5 58 Ñ 6 10 Ñ 2 14 Ñ 2 

Native-middle 14 Ñ 3 600 Ñ 50 11 Ñ 1 150 Ñ 10 

AP-middle 23 Ñ 3 690 Ñ 70 12 Ñ 1 160 Ñ 10 

Gap-middle 25 Ñ 3 140 Ñ 10 14 Ñ 1 128 Ñ 7 

 

 

ʊʘʙʣʠʮʘ 7. ɺʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ PARP1 ʠ PARP2 ʩ ɼʅʂ ʠ NCP ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ, ʠʣʠ 

ʩʦʜʝʨʞʘʱʠʭ AP-ʩʘʡʪ ʠʣʠ Gap. ʂʦʥʩʪʘʥʪʳ ʥʘʡʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ EMSA. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʢʠ, ʚʚʝʜʸʥʥʦʡ ʧʦ 5'-

ʢʦʥʮʫ ɼʅʂ-ʜʫʧʣʝʢʩʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʦʪʦʧ ʬʦʩʬʦʨʘ 32P. ʆʙʦʟʥʘʯʝʥʠʷ çoutè ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʧʦʚʨʝʞʜʝʥʠʷ 

ʚ ʩʪʨʫʢʪʫʨʝ NCP. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ KD Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.15.; ʧ. 3.2.16.). 

ʉʪʨʫʢʪʫʨʘ 
ɼʅʂ, ʥʄ NCP603_U, ʥʄ 

PARP1 PARP2 PARP1 PARP2 

Native-out 113 Ñ 5 300 Ñ 100 52 Ñ 8 190 Ñ 20 

AP-out 92 Ñ 3 330 Ñ 80 65 Ñ 3 130 Ñ 4 

Gap-out 48 Ñ 3 240 Ñ 80 38 Ñ 3 57 Ñ 8 

 

 

 

ʈʠʩ. 25. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ BER. 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ KD, PARP1 ʠ PARP2 ʧʨʦʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʦʝ ʩʨʦʜʩʪʚʦ 

ʢ ʥʫʢʣʝʦʩʦʤʘʤ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʛʠʩʪʦʥʘʤʠ. 

ɸʥʠʟʦʪʨʦʧʠʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ PARP1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢʘʢ ʢ 
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NCP603_U, ʪʘʢ ʠ ʢ ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʟʥʠʮʝʡ ʚ ʘʬʬʠʥʥʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ (ʊʘʙʣʠʮʘ 6). ɼʣʷ PARP1 ʤʝʪʦʜʦʤ EMSA (ʊʘʙʣʠʮʘ 7) ʧʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʨʦʜʩʪʚʦ ʢ ʩʫʙʩʪʨʘʪʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ (Gap), ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʘʥʠʟʦʪʨʦʧʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʊʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʜʚʫʭ ʤʝʪʦʜʦʚ. ʄʝʪʦʜ ʘʥʠʟʦʪʨʦʧʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʬʣʫʦʨʦʬʦʨʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʯʝʤ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʠʛʥʘʣ ʚʥʦʩʷʪ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ (ʥʘʧʨʠʤʝʨ, 5'-FAM). ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʝʪʢʘ ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʮʝ ɼʅʂ, ʘ PARP1 ʩʚʷʟʳʚʘʝʪ 

ʪʫʧʳʝ ʢʦʥʮʳ ɼʅʂ, ʪʦ, ʚʝʨʦʷʪʥʦ, ʚʢʣʘʜ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʢʘʟʘʣʩʷ 

ʚʳʰʝ, ʯʝʤ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ PARP1 ʩ ʜʨʫʛʠʤʠ ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ [161, 181, 

247] (ʈʠʩ. 26 ɸ). ʄʝʪʦʜ EMSA ʜʝʪʝʢʪʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʤʦʣʝʢʫʣʳ ɼʅʂ ʠʟ-ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʥʝʩʸʪ ʤʠʥʠʤʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʝ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ ʩ ʩʫʙʩʪʨʘʪʦʤ (ʈʠʩ. 27). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ɼʅʂ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠ ̫ɼʅʂ (ʥʘʧʨʠʤʝʨ, AP-ʩʘʡʪ ʠʣʠ Gap) ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʪʫʧʦʤʫ ʢʦʥʮʫ ɼʅʂ ð ʘʥʘʣʦʛ ʢʣʘʩʪʝʨʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʦʜʠʥʦʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʧʨʝʜʝʣʘʭ 1 ʚʠʪʢʘ 

ʩʧʠʨʘʣʠ ɼʅʂ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʘʟʨʳʚʘ 

ʜʦ ʢʦʥʮʘ ɼʅʂ ʩʦʩʪʘʚʣʷʝʪ 12 ʥʫʢʣʝʦʪʠʜʦʚ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʢ ʦʜʠʥʦʯʥʳʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʫʯʠʪr ʚʘʪʴ ʨʘʟʤʝʨ PARP1, ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚ ʩʠʣʫ 

ʩʪʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʦʣʝʢʫʣʳ PARP1 ʤʦʛʫʪ ʚʟʘʠʤʥʦ ʚʣʠʷʪʴ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʩʝʜʥʠʤʠ 

ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʣʴʟʷ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PARP1 ʩ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʢʘʤʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʪʦʜʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʨʦʜʩʪʚʦ PARP1 ʢ Gap-ʧʦʚʨʝʞʜʝʥʠʶ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʧʳʭ ʢʦʥʮʦʚ ɼʅʂ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʢ ʩʚʦʙʦʜʥʦʡ ɼʅʂ, ʪʘʢ ʠ NCP [248]. 

ʇʨʠ ʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪ ʪʫʧʦʛʦ ʢʦʥʮʘ ʩʨʦʜʩʪʚʦ PARP1 ʢ Gap-ʧʦʚʨʝʞʜʝʥʠʶ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ PARP2 ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʜʣʷ 

ɼʅʂ-ʢʦʬʘʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ Gap, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʡ (ʈʠʩ. 26 ɹ). ʇʨʠ ʵʪʦʤ ʘʬʬʠʥʥʦʩʪʴ PARP2 ʢ ʜʘʥʥʦʤʫ ʪʠʧʫ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʙʣʠʟʦʩʪʠ ʢ ʪʫʧʦʤʫ ʢʦʥʮʫ ʚ NCP [181]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

NCP603_U ʘʬʬʠʥʥʦʩʪʴ PARP2 ʢ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ Gap ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʢ 
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çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʘʞʥʦʤ ʟʥʘʯʝʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚ 

ʥʫʢʣʝʦʩʦʤʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʦʤ PARP2 (ʊʘʙʣʠʮʘ 6). PARP2 ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ 

ʧʦʚʳʰʝʥʥʳʤ ʩʨʦʜʩʪʚʦʤ ʢ NCP603_U ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʦʡ ɼʅʂ (ʊʘʙʣʠʮʘ 6). ɺʝʨʦʷʪʥʦ, 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʦʩʷʪ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʢʦʥʪʘʢʪʳ ʩ ʛʠʩʪʦʥʘʤʠ. 

 

ʈʠʩ. 26. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʬʬʝʢʪʘ ʚʣʠʷʥʠʷ ʙʝʣʢʦʚ PARP1 ʠ PARP2 ʥʘ ʫʨʦʚʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɸ ð ɺʣʠʷʥʠʝ ʙʝʣʢʘ PARP1 ʥʘ ʬʣʫʦʨʦʬʦʨ ʠʟ-ʟʘ ʣʦʢʘʣʠʟʘʮʠʠ PARP1 ʚ ʜʠʘʜʥʦʡ ʦʙʣʘʩʪʠ ʠ/ʠʣʠ ʪʫʧʳʭ 

ʢʦʥʮʘʭ ɼʅʂ, ʠ/ʠʣʠ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. ɹ ð ɺʣʠʷʥʠʝ ʙʝʣʢʘ PARP2 ʥʘ ʬʣʫʦʨʦʬʦʨ ʠʟ-ʟʘ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʤʝʩʪʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. ʂʨʘʩʥʦʡ ʙʫʢʚʦʡ U ʦʙʦʟʥʘʯʝʥʦ ʧʦʚʨʝʞʜʝʥʠʝ ʚ ʮʝʧʠ ɼʅʂ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ 12-ʦʤ ʧʦʣʦʞʝʥʠʠ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʮʝʧʠ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʬʣʫʦʨʦʬʦʨʘ ʜʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ~3,7 ʥʤ. ʌʣʫʦʨʦʬʦʨ ʩʭʝʤʘʪʠʯʥʦ 

ʦʙʦʟʥʘʯʝʥ ʬʠʦʣʝʪʦʚʦʡ ʟʚʸʟʜʦʯʢʦʡ ʩ ʩʠʥʠʤ ʩʚʝʯʝʥʠʝʤ. 

 

 

ʈʠʩ. 27. ɸ ð EMSA-ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʢʘ PARP1 ʩ ʤʝʯʝʥʳʤ 5'-[32P]-AP-NCP603_U. ɼʦʨʦʞʢʘ 1 ð 147 ʥʪ ɼʅʂ; 

ʜʦʨʦʞʢʘ 2 ð ʥʘʪʠʚʥʘʷ NCP603_U; ʜʦʨʦʞʢʘ 3 ð AP-NCP603_U; ʜʦʨʦʞʢʠ 4ï10 ð ʢʦʤʧʣʝʢʩʳ PARP1 ʩ 

AP-NCP603_U. ɹ ð EMSA-ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʢʘ PARP2 ʩ ʤʝʯʝʥʳʤ 5'-[32P]-AP-NCP603_U. ɼʦʨʦʞʢʘ 1 ð 147 ʥʪ 

ɼʅʂ; ʜʦʨʦʞʢʘ 2 ð ʥʘʪʠʚʥʳʡ NCP603_U; ʜʦʨʦʞʢʘ 3 ð AP-NCP603_U; ʜʦʨʦʞʢʠ 4ï14 ð ʢʦʤʧʣʝʢʩʳ PARP2 ʩ 

AP-NCP603_U. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.15.). 
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ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʦʙʦʜʥʳʭ ɼʅʂ-ʜʫʧʣʝʢʩʦʚ. ɺ ʨʘʙʦʪʝ ʉʫʭʘʥʦʚʦʡ ʄ.ɺ. ʠ ʜʨʫʛʠʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɸʉʄ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ɼʅʂ ʜʣʠʥʦʡ 1200 ʧʥ, ʚ ʢʦʪʦʨʳʭ ʧʦʚʨʝʞʜʝʥʠʝ ʨʘʩʧʦʣʘʛʘʣʦʩʴ 

ʨʘʚʥʦʫʜʘʣʸʥʥʦ ʦʪ ʪʫʧʳʭ ʢʦʥʮʦʚ (600 ʧʥ), ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP1 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ 

ʢ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʘʤ ʠ ʪʫʧʳʤ ʢʦʥʮʘʤ; PARP2 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ 

ʨʘʟʨʳʚʘʤ, ʥʦ ʥʠʟʢʦʡ ð ʢ ʪʫʧʳʤ ʢʦʥʮʘʤ [161]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʩʨʦʜʩʪʚʦ PARP2 ʢ ʩʪʨʫʢʪʫʨʘʤ ɼʅʂ ʠ NCP, ʩʦʜʝʨʞʘʱʠʤ 5'-ʬʦʩʬʘʪʥʫʶ ʛʨʫʧʧʫ, 

ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʥʘ ʪʫʧʳʭ ʢʦʥʮʘʭ ɼʅʂ-ʜʫʧʣʝʢʩʘ [149, 248]. ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ɼʅʂ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʳ BER, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ PARP1 ʧʨʝʜʧʦʯʠʪʘʝʪ ʠʥʪʝʨʤʝʜʠʘʪʳ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ BER (AP-ʩʘʡʪʳ, 

ʨʘʟʨʳʚʳ ʩ 5'-dRP), ʪʦʛʜʘ ʢʘʢ PARP2 ʵʬʬʝʢʪʠʚʥʝʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 5'-ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤʠ 

ʨʘʟʨʳʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʵʪʘʧʝ ʣʠʛʠʨʦʚʘʥʠʷ ʨʘʟʨʳʚʘ [159, 161, 162, 249]. 

ɺ ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ ʢʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʨʦʣʴ HPF1, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ 

ʙʝʣʦʢ ʫʯʘʩʪʚʫʝʪ ʢʘʢ ʢʦʬʝʨʤʝʥʪ ʚ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ PARP1 ʠ PARP2 ʨʝʘʢʮʠʠ 

ʪʨʘʥʩ-PARʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʦʚ [181, 248]. ɹr ʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

PARP2ÅHPF1 ɻ ʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ PARʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ ʚʙʣʠʟʠ Gap-ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ 

ʚ ʥʫʢʣʝʦʩʦʤʝ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 

PARP2ÅHPF1 c ʛʠʩʪʦʥʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʭʦʪʷ ʧʨʷʤʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ PARP2 ʠ 

ʛʠʩʪʦʥʘʤʠ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘ ʥʝ ʧʦʢʘʟʘʥʦ. ɼʣʷ PARP1 ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ PARP ʠ ʝ y ʩʨʦʜʩʪʚʦ ʢ ɼʅʂ ʥʝ ʚʩʝʛʜʘ 

ʢʦʨʨʝʣʠʨʫʶʪ [162]. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ ʚʥʦʩʠʪ ʵʬʬʝʢʪ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʤʝʥʦʚ ʙʝʣʢʘ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ɼʅʂ [151, 250]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʧʨʦʚʝʣʠ 

ʩʝʨʠʶ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ PARP ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʅʂ ʠ 

NCP. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ PARP1 ʠ PARP2 ʠʟʫʯʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɼʅʂ, ʠʣʠ NCP603_U, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [32P]-NAD+ ʧʦ ʚʢʣʶʯʝʥʠʶ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ ʚ 

ʨʘʩʪʫʱʫʶ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ PAR. ɼʘʣʝʝ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʧʦʣʠʤʝʨ ʜʝʪʝʢʪʠʨʦʚʘʣʠ (ʧ. 3.2.7.). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 28. 

ɼʘʥʥʳʝ ʧʦ ʘʢʪʠʚʘʮʠʠ PARP1 ʠ PARP2 ʥʘ NCP603_U ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʚ ʨʘʟʥʳʭ 

ʦʨʠʝʥʪʘʮʠʷʭ (çmiddleè ʠʣʠ çoutè) ʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ PARʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʤ PARP1 ʙʳʣ ʚʳʰʝ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʥʘ NCP603_U ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʪʦ ʝʩʪʴ ʘʢʪʠʚʘʮʠʷ PARP1 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʙʫʩʣʦʚʣʝʥʘ ʝ yʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʫʧʳʤʠ ʢʦʥʮʘʤʠ ɼʅʂ (ʈʠʩ. 28 A, ɺ). 
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ʅʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʚ ʩʣʫʯʘʝ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢ ʪʫʧʳʤ 

ʢʦʥʮʘʤ, ʦʩʦʙʝʥʥʦ Gap, ʩʥʠʞʘʣʦ ʦʙʱʠʡ ʩʠʥʪʝʟ PAR PARP1 ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NAD+ 

(1000 ʤʢʄ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʫʢʣʝʦʩʦʤʥʦʡ ʫʧʘʢʦʚʢʠ ɼʅʂ (ʈʠʩ. 28 ɹ, ɻ). ʕʪʦ ʩʥʠʞʝʥʠʝ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ PARP1 ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ ʠ NAD+ [147, 251, 252] ʠʣʠ ʩ ʢʦʥʢʫʨʝʥʮʠʝʡ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʚʫʤʷ 

ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʠʧʘʤʠ ʧʦʚʨʝʞʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, PARP1 ʧʨʦʷʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢ ʩʪʨʫʢʪʫʨʝ ʥʫʢʣʝʦʩʦʤʳ: ʩʚʷʟʳʚʘʥʠʝ ʙʝʣʢʘ PARP1 ʚʳʟʳʚʘʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

PARʠʣʠʨʦʚʘʥʠʝʤ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ɼʅʂ ʚ NCP [180]. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ PARP1 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʥʘʪʠʚʥʦʡ NCP ʠ AP-NCP, ʥʦ ʥʝ Gap-NCP (ʈʠʩ. 28 ɺ, ɻ). 

ʊʘʢʦʡ ʵʬʬʝʢʪ, ʚʳʟʚʘʥʥʳʡ Gap ʚ NCP603_U, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʛʝʦʤʝʪʨʠʝʡ ʢʦʤʧʣʝʢʩʘ. ɹʣʠʟʦʩʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢ ʪʫʧʦʤʫ ʢʦʥʮʫ (ʘʥʘʣʦʛʫ ʧʦʚʨʝʞʜʝʥʠʷ DSB) ʚ ʥʘʰʝʡ ʩʪʨʫʢʪʫʨʝ, ʚʦʟʤʦʞʥʦ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʜʝ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ PARP1 

ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʚʫʤʷ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʚ ɼʅʂ ð 

ʪʫʧʳʤ ʢʦʥʮʦʤ ʠ Gap-ʧʦʚʨʝʞʜʝʥʠʝʤ, ð ʯʪʦ ʠʟʤʝʥʷʝʪ ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʘ PAR. ʕʪʦ ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ 

ʜʘʥʥʳʤʠ ʥʘ ɼʅʂ-ʜʫʧʣʝʢʩʘʭ ʜʣʠʥʦʡ 70 ʧʥ ʩ Gap ʚ 35-ʦʤ ʧʦʣʦʞʝʥʠʠ: ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʘ PAR PARP1 

ʥʘ Gap ʧʨʝʚʳʰʘʣ ʪʘʢʦʚʦʡ ʜʣʷ ʥʘʪʠʚʥʦʡ ɼʅʂ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʧʳʭ ʢʦʥʮʦʚ [168]. 

ɸʢʪʠʚʘʮʠʷ PARP2 ʥʘ NCP603_U ʚ ʮʝʣʦʤ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʢʪʠʚʘʮʠʝʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ɼʅʂ, 

ʢʨʦʤʝ ʩʣʫʯʘʷ Gap-NCP603_U (ʈʠʩ. 28 ɼ, ɾ). ʊʦʣʴʢʦ ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ Gap ʚʳʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʩʠʥʪʝʟʘ PAR, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ PARP2 (ʈʠʩ. 28 ɽ, ɿ), ʪʦʛʜʘ ʢʘʢ 

ʥʘ ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʥʘʣʠʯʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝ ʚʣʠʷʣʦ ʥʘ ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ PAR. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʦʙʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ PARP2 ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʪʠʧʘ Gap ʠʤʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʫʢʣʝʦʩʦʤʥʦʡ ʫʧʘʢʦʚʢʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʠʣʠ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ PARP2 ʠʟ-ʟʘ ʠʩʢʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

Gap ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ ʩʨʦʜʩʪʚʘ ʢ ʵʪʦʤʫ ʩʫʙʩʪʨʘʪʫ, ʠʣʠ ʠʟ-

ʟʘ ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʟʘ ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʩ ʛʠʩʪʦʥʘʤʠ. ɺʝʨʦʷʪʥʦ, ʚ ʩʣʫʯʘʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʢʮʠʷ PARP2 ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ 

ʘʚʪʦ-PARʠʣʠʨʦʚʘʥʠʠ ʙʝʣʢʘ PARP2 ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ PARP2ÅGap-NCP603_U. ɺ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ 

ʵʪʘ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʙʦʪʦʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʧʦʩʣʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʙʝʣʦʢ PARP2 ʠʟʫʯʘʣʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ HPF1 [181, 248]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʤʦʜʠʬʠʢʘʮʠʷ ʛʠʩʪʦʥʦʚ ʙʝʣʢʦʤ PARP2 ʚʙʣʠʟʠ Gap. 

ɼʣʷ PARP1 ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʘ ʪʨʘʥʩ-PARʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

HPF1 ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʭʦʪʷ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʩ Gap-ʧʦʚʨʝʞʜʝʥʠʝʤ ʫʤʝʥʴʰʘʣʩʷ ʫʨʦʚʝʥ ɹ
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ʈʠʩ. 28. ʀʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ PARP1 ʠ PARP2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ɼʅʂ-ʘʢʪʠʚʘʪʦʨʦʚ. ɸʢʪʠʚʘʮʠʶ 

PARP1 ʠ PARP2 ʥʘ ɼʅʂ, ʠʣʠ NCP603_U, ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦʤ PAR, ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ PARP1 ʠʣʠ PARP2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [32P]-NAD+ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɻʨʘʬʠʢʠ ʥʘ ʧʘʥʝʣʷʭ (ɸïɻ) ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʪʠʚʘʮʠʠ PARP1; 

(ɼïɿ) ð PARP2. ʅʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʪʠʚʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʦʙʦʟʥʘʯʝʥʳ ð 

ʢʨʫʞʢʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AP-ʩʘʡʪʘ ð ʢʚʘʜʨʘʪʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Gap-ʧʦʚʨʝʞʜʝʥʠʷ ð ʪʨʝʫʛʦʣʴʥʠʢʦʤ. ɻʨʘʬʠʢʠ 

ʥʘ ʧʘʥʝʣʷʭ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʠʥʝʪʠʢʫ ʥʘʢʦʧʣʝʥʠʷ PAR ʧʨʠ 1000 ʤʢʄ NAD+; ʛʠʩʪʦʛʨʘʤʤʳ ʥʘ 

ʧʘʥʝʣʷʭ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ PAR, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ PARP1 ʟʘ 1 ʤʠʥ ʠʣʠ PARP2 

ʟʘ 3 ʤʠʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NAD+ 1ï1000 ʤʢʄ ʠʣʠ 1ï4000 ʤʢʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʠʦʣʝʪʦʚʳʤʠ ʢʨʠʚʳʤʠ; NCP603_U 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʩʥʳʤʠ ʢʨʠʚʳʤʠ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.7.). 
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ʘʚʪʦ-PARʠʣʠʨʦʚʘʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʨʘʥʩ-PARʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʦʚ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʝʩʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʜʚʫʭ ʙʝʣʢʦʚ ʥʘ NCP. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ PARP1 ʠ PARP2 ʚ NCP ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʦʥʷʪʴ ʬʫʥʢʮʠʠ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚ 

ʭʨʦʤʘʪʠʥʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʣʢʦʚ PARP1 ʠ PARP2 

ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɼʅʂ-ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ BER ʚ ʩʦʩʪʘʚʝ NCP. ʉ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʡ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʨʦʣʠ ʵʪʠʭ ʙʝʣʢʦʚ ʚ BER, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʚ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠ ɼʅʂ-ʜʫʧʣʝʢʩʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʝ ʤʦʜʫʣʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɼʘʣʝʝ ʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠ 

ʢʣʶʯʝʚʳʝ ʩʪʘʜʠʠ BER ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʥʘ ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʠ ʥʘ NCP. 

 

4.2. ɺʣʠʷʥʠʝ PARP1 ʠ PARP2 ʥʘ ʙʝʣʢʦʚ-ʫʯʘʩʪʥʠʢʦʚ BER 

APE1 ð ʦʩʥʦʚʥʦʡ ʬʝʨʤʝʥʪ, ʨʘʩʱʝʧʣʷʶʱʠʡ AP-ʩʘʡʪʳ ɼʅʂ ʫ ʚʳʩʰʠʭ ʵʫʢʘʨʠʦʪ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʨʝʧʘʨʘʮʠʠ. ɽ yʘʢʪʠʚʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʩʥʦʚʘʥʠʡ, ʦʢʨʫʞʘʶʱʠʭ AP-ʩʘʡʪ, ʠ ʦʪ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ [253, 254]. ɺ ʩʣʫʯʘʝ NCP ʦʨʠʝʥʪʘʮʠʷ AP-ʩʘʡʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʠʩʪʦʥʦʚʦʤʫ ʷʜʨʫ ʚʘʞʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ APE1. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

APE1, ʚʢʣʶʯʘʶʱʠʝ ʢʘʢ ɼʅʂ, ʪʘʢ ʠ NCP, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʥʫʢʣʝʦʩʦʤʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ɼʅʂ 

ʩʦʟʜʘʝʪ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʜʦʩʪʫʧʘ ʢ AP-ʩʘʡʪʫ [110, 255, 256]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ 

ʙʝʣʢʦʚ PARP1 ʠ PARP2 ʥʘ ʘʢʪʠʚʥʦʩʪʴ APE1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NCP (ʈʠʩ. 29). 

PARP1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʨʘʞʝʥʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ APE1 ʥʘ ʜʚʫʭ ʪʠʧʘʭ 

ʩʫʙʩʪʨʘʪʦʚ (middle-AP-NCP603_U ʠ out-AP-NCP603_U; ʈʠʩ. 29 ɸ, ɹ). ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ 

PARʠʣʠʨʦʚʘʥʠʷ PARP1 ʘʢʪʠʚʥʦʩʪʴ APE1 ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʜʦ ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

(ʈʠʩ. 29 ɼ). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʱʝʧʣʝʥʠʷ APE1 ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ɼʅʂ [257]. 

ʅʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʦʥʢʫʨʝʥʮʠʝʡ PARP1 ʠ APE1 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ 

AP-ʩʘʡʪʦʤ [257]. ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘ PARP1 PAR, ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ PARP1, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʩʦʮʠʘʮʠʠ PARP1 ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ ɼʅʂ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʦʩʚʦʙʦʞʜʘʷ AP-ʩʘʡʪ ʜʣʷ ʜʦʩʪʫʧʘ APE1. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ɼʅʂ ʚʥʝ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʦʜʥʘʢʦ ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ 

ʢʦʥʪʝʢʩʪʝ ʪʘʢʦʡ ʵʬʬʝʢʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚʧʝʨʚʳʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ PARP1, PARP2 ʥʝ ʦʢʘʟʳʚʘʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʱʝʧʣʝʥʠʝ AP-ʩʘʡʪʘ APE1 ʥʠ ʚ ʦʪʩʫʪʩʪʚʠʝ, ʥʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NAD+ 

(ʈʠʩ. 29 ɺ, ɻ, ɼ). ʊʘʢʦʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʠʤ ʩʨʦʜʩʪʚʦʤ PARP2 ʢ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ 

AP-ʩʘʡʪʳ (ʧ. 4.1.;ʊʘʙʣʠʮʘ 6), ʘ ʪʘʢʞʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ PARʠʣʠʨʦʚʘʥʠʷ PARP2 [162, 258]. 
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ʈʠʩ. 29. ʂʠʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ APE1 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʠʣʠ 

çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ AP-ʩʘʡʪʫ ʚ ʢʦʥʪʝʢʩʪʝ NCP603_U ʚ ʧʨʠʩʫʪʩʪʚʠʠ PARP1 ʠʣʠ PARP2. A ð ʂʠʥʝʪʠʢʘ ʜʣʷ 

out-NCP603_U ʠ PARP1. ɹ ð ʂʠʥʝʪʠʢʘ ʜʣʷ middle-NCP603_U ʠ PARP1. ɺ ð ʂʠʥʝʪʠʢʘ ʜʣʷ out-NCP603_U ʠ PARP2. 

ɻ ð ʂʠʥʝʪʠʢʘ ʜʣʷ middle-NCP603_U ʠ PARP2. ɼ ð ɺʣʠʷʥʠʝ PARʠʣʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ PARP1 ʠʣʠ PARP2, 

ʥʘ ʘʢʪʠʚʥʦʩʪʴ APE1 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ AP-ʩʘʡʪ, ʠʣʠ ʩʫʙʩʪʨʘʪʘʤ ʥʘ ʦʩʥʦʚʝ NCP603_U. çʂʦʥʪʨʦʣʴè 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʦʥʪʘʥʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ AP-ʩʘʡʪʘ; çAPE1è ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ APE1 ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ; ç+ 0,1 ʤʢʄ PARPè ʦʙʦʟʥʘʯʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʘʟʘʥʥʦʛʦ ʙʝʣʢʘ; ʠ 

çPARʠʣʠʨʦʚʘʥʠʝè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʘʟʘʥʥʦʛʦ ʙʝʣʢʘ ʠ 400 ʤʢʄ 

NAD+. ɼʘʥʥʳʝ (ɸïɼ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.7.). ɺʩʝ ʛʨʘʬʠʢʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ AP-ʩʘʡʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɽ ð ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ 0,1 ʤʢʄ 5'-FAM-ʤʝʯʝʥʦʛʦ AP-NCP603_U ʩ APE1 ʚ 10 % ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʧ. 3.2.3.). ɺʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ APE1 ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʩʫʙʩʪʨʘʪʦʚ out-NCP603_U ʠ 

middle-NCP603_U, ʠ ʩʦʩʪʘʚʠʣʠ 0,03 ʠ 1 ʤʢʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ PARP1, PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ APE1 ʥʘ AP-ɼʅʂ ʙʳʣʠ ʩʭʦʞʠ ʩ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʥʘ ɸʈ-NCP603_U, ʭʦʪʷ ʵʬʬʝʢʪʳ 

ʥʘ ɼʅʂ ʙʳʣʠ ʚʳʨʘʞʝʥʳ ʩʠʣʴʥʝʝ (ʈʠʩ. 29 ɼ). ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʥʳʤ 

ʩʨʦʜʩʪʚʦʤ ʙʝʣʢʦʚ ʢ ʤʝʩʪʫ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ NCP. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʳ ʦʮʝʥʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ Polɓ ʚʩʪʨʘʠʚʘʪʴ dNMP ʚ ʩʪʨʫʢʪʫʨʝ 

Gap-NCP603_U (ʈʠʩ. 30 A, ɹ ʠ ʈʠʩ. 31). ɺ ʧʨʦʮʝʩʩʝ BER Polɓ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʘ ʢʣʶʯʝʚʳʭ ʵʪʘʧʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Gap-ʨʘʟʨʳʚʘ ʩ 3'-ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʠ 5'-dRP-ʛʨʫʧʧʘʤʠ: ʫʜʘʣʝʥʠʝ 5'-dRP-ʬʨʘʛʤʝʥʪʘ 

ʩ ʧʦʤʦʱʴʶ ʝʸ dRP-ʣʠʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʩʪʨʘʠʚʘʥʠʝ dNMP ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ɼʅʂ. ɺ ʩʠʩʪʝʤʝ BER ʙʝʣʦʢ Polɓ ʦʙʨʘʟʫʝʪ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ c XRCC1. ʄ  r

ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ Polɓ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʢʣʶʯʝʥʠʝ dNMP ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ, ʪʘʢ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ XRCC1, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ PARP1, PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʵʪʫ 

ʘʢʪʠʚʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʡ middle-NCP603_U ʠ out-NCP603_U (ʈʠʩ. 30 ʠ ʈʠʩ. 

31). 

PARP1 ʚʣʠʷʣʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ Polɓ, ʧʨʠʚʦʜʷ ʢ ʧʦʯʪʠ ʧʦʣʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʩʠʥʪʝʟʘ ɼʅʂ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Ó 50 ʥʄ (ʈʠʩ. 31 ɸ, ɹ). PARʠʣʠʨʦʚʘʥʠʝ PARP1 ʦʩʣʘʙʣʷʣʦ ʵʪʦʪ ʵʬʬʝʢʪ, ʥʦ ʥʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ʠʩʭʦʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ Polɓ ʧʦʣʥʦʩʪʴʶ (ʈʠʩ. 30 ɺ). ʅʘʙʣʶʜʘʝʤʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ Polɓ PARP1 ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

PARʠʣʠʨʦʚʘʥʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʉʚʷʟʳʚʘʥʠʝ PARP1 

ʩ ʥʫʢʣʝʦʩʦʤʦʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʣʦʢʘʣʴʥʫʶ ʜʝʢʦʤʧʘʢʪʠʟʘʮʠʶ ɼʅʂ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ Polɓ [180]. ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Polɓ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚʙʣʠʟʠ ʪʫʧʳʭ ʢʦʥʮʦʚ ɼʅʂ 

[259]. ʆʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ Polɓ ʠ PARP1 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ɼʅʂ, 

ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʪʫʧʳʭ ʢʦʥʮʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦ ʩʪʦʨʦʥʳ PARP1 ʥʘ ʘʢʪʠʚʥʦʩʪʴ Polɓ ʚ 

ʫʩʣʦʚʠʷʭ PARʠʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ APE1, ʦʙʲʷʩʥʷʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ 

PARʠʣʠʨʦʚʘʥʥʦʛʦ PARP1 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʢʦʤʧʣʝʢʩʘ PARP1Åɼʅʂ, ʯʪʦ 

ʦʩʚʦʙʦʞʜʘʝʪ ʩʘʡʪ-ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ Polɓ [160]. ʉʘʤʦ ʧʦ ʩʝʙʝ ʥʘʣʠʯʠʝ XRCC1 ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʷʣʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ Polɓ (ʈʠʩ. 31 ɸ, ɹ). ʆʜʥʘʢʦ XRCC1 ʫʤʝʨʝʥʥʦ ʩʥʠʞʘʣ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ PARP1 ʥʘ Polɓ, ʦʩʦʙʝʥʥʦ ʜʣʷ out-Gap-NCP603_U (ʈʠʩ. 30 ɺ, ɻ ʠ ʈʠʩ. 31 ɸ, 

ɹ). ɺʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ PolɓÅXRCC1 ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʠʩʩʦʮʠʘʮʠʠ PARP1 ʠʟ ʢʦʤʧʣʝʢʩʘ PARP1ÅNCP [116, 260]. 

PARP2 ʪʘʢʞʝ ʧʦʜʘʚʣʷʣʘ ʘʢʪʠʚʥʦʩʪʴ Polɓ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʧʦʚʨʝʞʜʝʥʠʡ (ʈʠʩ. 30 ɹ ʠ 

ʈʠʩ. 31 ɺ, ɻ). PARʠʣʠʨʦʚʘʥʠʝ PARP2 ʥʝ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

Polɓ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ NAD+, ʦʩʦʙʝʥʥʦ ʜʣʷ out-Gap-NCP603_U (ʈʠʩ. 30 ɼ). 
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ʈʠʩ. 30. ɸʢʪʠʚʥʦʩʪʴ Polɓ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʘʤ Gap-NCP603_U (ɸ, ɹ) ʠ ʚ ʧʨʦʮʝʩʩʝ PARʠʣʠʨʦʚʘʥʠʷ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ PARP1 (ɺ, ɻ) ʠʣʠ PARP2 (ɼ, ɽ) ʚ ʦʪʩʫʪʩʪʚʠʝ (Aïɺ, ɼ) ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ XRCC1 (ɻ, ɽ). ɻʨʘʬʠʢʠ 

ʥʘ ʧʘʥʝʣʷʭ (ɺïɽ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 10 ʤʢʄ dTTP ʠ 50 ʥʄ PARP1 ʠʣʠ PARP2. ɼʘʥʥʳʝ (ɸ, ɺï

ɽ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. (ɹ) ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

ʚʢʣʶʯʝʥʠʷ dTMP Polɓ (ʜʦʨʦʞʢʠ 3ï6) ʚ ʧʨʠʩʫʪʩʪʚʠʠ PARP1 (ʣʝʚʘʷ ʯʘʩʪʴ, ʜʦʨʦʞʢʠ 7ï10) ʠʣʠ PARP2 (ʧʨʘʚʘʷ ʯʘʩʪʴ, 

ʜʦʨʦʞʢʠ 7ï10), ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Gap-NCP603_U, çoutè (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʠʣʠ çmiddleè (ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ɼʦʨʦʞʢʘ 

1 ð ʩʫʙʩʪʨʘʪ AP-NCP603_U; ʜʦʨʦʞʢʘ 2 ð ʩʫʙʩʪʨʘʪ Gap-NCP603_U. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ out-NCP603_U ʠ middle-NCP603_U ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ Polɓ 2,5 ʠ 50 ʥʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʚ 15 % ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ ʇɸɸɻ (ʧ. 3.2.3.). ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ 

çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.20.). 



83 

 

 
 

 

ʈʠʩ. 31. ɸʢʪʠʚʥʦʩʪʴ Polɓ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʘʤ Gap-NCP603_U ʚ ʦʪʩʫʪʩʪʚʠʝ (ʢʨʘʩʥʳʝ ʠʣʠ ʟʝʣʥyʳʝ ʢʨʠʚʳʝ ʩ 

ʪʦʯʢʘʤʠ ʠ ʰʪʨʠʭʘʤʠ) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PARP1 ʠʣʠ PARP2 ʠ XRCC1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚʢʣʶʯʝʥʠʷ dTMP ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çoutè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ (A, ɺ) ʠʣʠ çmiddleè-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ (ɹ, ɻ) Gap-NCP603_U 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ PARP1 (ʩʧʣʦʰʥʳʝ ʢʨʘʩʥʳʝ ʠʣʠ ʟʝʣʥyʳʝ ʢʨʠʚʳʝ), PARP1 ʠ XRCC1 (ʧʫʥʢʪʠʨʥʳʝ ʢʨʘʩʥʳʝ ʠʣʠ ʟʝʣʥyʳʝ 

ʢʨʠʚʳʝ), PARP2 (ʩʧʣʦʰʥʳʝ ʢʨʘʩʥʳʝ ʠʣʠ ʟʝʣʥyʳʝ ʢʨʠʚʳʝ) ʠʣʠ PARP2 ʠ XRCC1 (ʧʫʥʢʪʠʨʥʳʝ ʢʨʘʩʥʳʝ ʠʣʠ ʟʝʣʥyʳʝ 

ʢʨʠʚʳʝ). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.20.). 

 

XRCC1 ʠʛʨʘʣ ʟʜʝʩʴ ʠʥʫʶ ʨʦʣʴ: ʝʛʦ ʥʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ʘʢʪʠʚʥʦʩʪʴ 

Polɓ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PARP2 ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʧʦʚʨʝʞʜʝʥʠʡ: çoutè ʠʣʠ çmiddleè (ʈʠʩ. 30 ɼ, ɽ ʠ 

ʈʠʩ. 31 ɺ, ɻ). ɼʣʷ ʥʘʰʝʡ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʵʪʘʧʘ BER ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 
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PARP2 ʩʚʷʟʘʥ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʩʘʤʠʤ ʨʘʟʨʳʚʦʤ (Gap) ʠʣʠ ʛʠʩʪʦʥʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʘ ʥʝ ʩ ʪʫʧʳʤʠ ʢʦʥʮʘʤʠ ɼʅʂ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʘ PAR ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʩʩʦʮʠʘʮʠʶ ʢʦʤʧʣʝʢʩʘ PARP2 ʩ NCP, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʙʦʪʝ Polɓ. XRCC1, 

ʬʦʨʤʠʨʫʷ ʢʦʤʧʣʝʢʩ ʩ Polɓ, ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʢʫʨʠʨʫʝʪ ʩ PARP2 ʟʘ ʩʘʡʪ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʨʘʥʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ Polɓ ʩʦ ʩʪʦʨʦʥʳ PARP2. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʦʜʝʣʴʥʳʝ ɼʅʂ-ʜʫʧʣʝʢʩʳ ʚʥʝ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʢʦʥʪʝʢʩʪʘ [158, 161, 162, 249, 258, 261]. ʆʜʥʘʢʦ ʥʘ 

ʥʫʢʣʝʦʩʦʤʥʦʤ ʩʫʙʩʪʨʘʪʝ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʧʝʨʚʳʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ BER ð ʣʠʛʠʨʦʚʘʥʠʷ ʦʜʥʦʮʝʧʦʯʝʯʥʦʛʦ ʨʘʟʨʳʚʘ 

ɼʅʂ-ʣʠʛʘʟʦʡ IIIŬ (LigIIIŬ) ʚ ʢʦʤʧʣʝʢʩʝ ʩ XRCC1 ð ʚʢʣʶʯʘʣʦ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ PARP1, PARP2 ʠ 

ʨʝʘʢʮʠʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʨʦʣʠ ʩʘʤʦʛʦ XRCC1. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʛʦ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ LigIIIŬ ʠ 

XRCC1; ʘʢʪʠʚʥʦʩʪʴ LigIIIŬ ʚ NCP ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ XRCC1, 

ʚʟʷʪʦʛʦ ʚ ɻʢʚʠʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ LigIIIŬ [114, 262]. 

ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʩʪʨʘʪʘ out-nick-NCP603_U. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʮʠʠ ʚʤʝʩʪʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʜʠʦʘʢʪʠʚʥʫʶ ʤʝʪʢʫ 32P, ʚʚʝʜʸʥʥʫʶ ʧʦ 5'-ʢʦʥʮʫ ɼʅʂ-ʜʫʧʣʝʢʩʘ (ʈʠʩ. 32). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

PARP1 ʠ PARP2 ʥʘ ʘʢʪʠʚʥʦʩʪʴ ɼʅʂ-ʣʠʛʘʟʳ IIIŬ ʧʨʠ ʣʠʛʠʨʦʚʘʥʠʠ ʨʘʟʨʳʚʘ ʚ out-nick-NCP603_U 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʘ ʙʝʣʢʘ ʦʢʘʟʳʚʘʶʪ ʧʦʜʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʣʠʛʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ LigIIIŬ. 

ʆʜʥʘʢʦ PARʠʣʠʨʦʚʘʥʠʝ, ʠʥʠʮʠʠʨʫʝʤʦʝ ʜʦʙʘʚʣʝʥʠʝʤ NAD+, ʦʩʣʘʙʣʷʣʦ ʵʪʦʪ ʵʬʬʝʢʪ ʠ 

ʚʦʟʚʨʘʱʘʣʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʣʠʛʠʨʦʚʘʥʠ ̫ʢ ʠʩʭʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʈʠʩ. 33). 

ʅʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʣʶʯʝʚʦʛʦ ʧʘʨʪʥʝʨʘ LigIIIŬ, ʙʝʣʢʘ XRCC1, ʥʝ ʦʢʘʟʳʚʘʣʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʘʟʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʣʠʛʘʟʳ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʨʘʟʨʳʚʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʦʡ ʦʙʣʘʩʪʠ ʥʫʢʣʝʦʩʦʤʳ [113, 263]. ʆʜʥʘʢʦ XRCC1 ʫʤʝʨʝʥʥʦ 

ʦʩʣʘʙʣʷʣ ʧʦʜʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ PARP1, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ XRCC1 

ʩʥʠʞʘʪʴ ʘʢʪʠʚʥʦʩʪʴ PARP1 [264]. ʄʝʭʘʥʠʟʤ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ LigIII Ŭ ʩʦ ʩʪʦʨʦʥʳ PARP1, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʢʣʶʯʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʩ LigIIIŬ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʚʙʣʠʟʠ ʪʫʧʳʭ ʢʦʥʮʦʚ ɼʅʂ (ʩʘʡʪʦʚ 

ʚʭʦʜʘ-ʚʳʭʦʜʘ). ɺ ʩʣʫʯʘʝ PARP2 ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥ ʧʨʷʤʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʩ 

ʩʘʤʠʤ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʦʤ, ʯʪʦ ʙʣʦʢʠʨʫʝʪ ʜʦʩʪʫʧ LigIIIŬ ʢ ʤʝʩʪʫ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ LigIIIŬ ʧʨʠ PARʠʣʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. PARʠʣʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ PARP1/2, 

ʥʦ ʠ XRCC1, ʠ, ʚʦʟʤʦʞʥʦ, ʩʘʤʘ LigIIIŬ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʬʬʝʢʪ ʦʪ ʚʣʠʷʥʠʷ PARʠʣʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 32. ɸʢʪʠʚʥʦʩʪʴ LigIIIŬ ʥʘ ʩʫʙʩʪʨʘʪʝ 5'-[32P]-out-NCP603_U. ɼʦʨʦʞʢʘ 1 ð ʥʘʪʠʚʥʳʡ out-NCP603_U; ʜʦʨʦʞʢʘ 

2 ð out-NCP603_U ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ UDG; ʜʦʨʦʞʢʘ 3 ð out-NCP603_U ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ UDG 

ʠ APE1; ʜʦʨʦʞʢʘ 4 ð out-NCP603_U ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʮʠʢʣʘ BER (UDG+APE1+Polɓ+dTTP), ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ out-NCP603_U ʩ SSB, Nick; ʜʦʨʦʞʢʠ 5-16 ð ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʣʠʛʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ: 

LigIIIŬ (ʜʦʨʦʞʢʠ 5, 8), PARP1 (ʜʦʨʦʞʢʠ 6, 9) ʠʣʠ PARP2 (ʜʦʨʦʞʢʠ 12, 14) ʙʝʟ/ʩ ʜʦʙʘʚʣʝʥʠʝʤ NAD+ (ʜʦʨʦʞʢʠ 7, 10, 

11 ʠ 13, 15, 16 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʦʨʦʞʢʠ 8-10 ʠ 14-15 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʟʮʘʤ ʠʟ ʜʦʨʦʞʝʢ 5-7 ʠ 12-13 ʧʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʠʥʘʟʦʡ K (Prot K). ɼʦʨʦʞʢʠ 11 ʠ 16 ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ PARG 

ʦʙʨʘʟʮʦʚ ʠʟ ʜʦʨʦʞʝʢ 7 ʠ 13. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ: 20 ʥʄ NCP603_U, 500 ʥʄ 

LigIIIŬ, 500 ʥʄ XRCC1, 100 ʥʄ PARP1 ʠʣʠ PARP2 ʠ 100 ʤʢʄ NAD+. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ 

çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.21.). 

 

ʦʙʲʷʩʥʷʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʝʡ PARP1 ʠ PARP2 ʠʟ ʢʦʤʧʣʝʢʩʘ PARPÅɼʅʂ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʧʦʣʠʤʝʨʘ PAR, ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʸʥʥʦʛʦ ʢ PARP, ʦʪ 

ɼʅʂ; ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, PAR ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ XRCC1ÅLigIIIŬ ʢ ʤʝʩʪʫ ʨʘʟʨʳʚʘ [265, 266]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ PAR, 

ʩʠʥʪʝʟʠʨʫʝʤʳʡ PARP2, ʩʪʠʤʫʣʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʨʝʧʘʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʚ ʩʦʩʪʘʚʝ NCP. ʉʧʝʮʠʬʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ PARP2 ʩ NCP, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ LigIIIŬÅXRCC1 ʯʝʨʝʟ 

ʤʝʭʘʥʠʟʤʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ PAR, ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʩʠʣʠʚʘʷ ʧʨʦʮʝʩʩ ʣʠʛʠʨʦʚʘʥʠʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ, ʦʧʠʩʳʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ 

PARP1, PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʬʝʨʤʝʥʪʦʚ BER (APE1, Polɓ ʠ LigIIIŬ) 
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ʈʠʩ. 33. ɺʣʠʷʥʠʝ PARP1 ʠʣʠ PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ LigIIIŬ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ XRCC1. 

ʅʘ ʚʝʣʠʯʠʥʫ ʣʠʛʠʨʦʚʘʥʠʷ 5'-[32P]-ʤʝʯʝʥʦʛʦ ʥʠʢʠʨʦʚʘʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ NCP603_U ʧʦʜ ʜʝʡʩʪʚʠʝʤ LigIIIŬ ʚʣʠʷʣʠ 

PARP1 ʠʣʠ PARP2 ʠ PARʠʣʠʨʦʚʘʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ XRCC1. ɺʝʣʠʯʠʥʘ ʣʠʛʠʨʦʚʘʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ: 100 % ʤʠʥʫʩ ʧʨʦʮʝʥʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʧʨʘʡʤʝʨʘ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20 ʥʄ NCP603_U, 500 ʥʄ LigIIIŬ, 100 ʥʄ PARP1 ʠʣʠ PARP2 ʠ 100 ʤʢʄ NAD+. ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.21.). 

 

ʚ ʥʫʢʣʝʦʩʦʤʥʦʤ ʢʦʥʪʝʢʩʪʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ PARP1 ʧʦʜʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ APE1, Polɓ ʠ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ LigIIIŬ ʚ ʩʪʨʫʢʪʫʨʘʭ NCP. PARP2 ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ LigIIIŬ ʚ ʩʪʨʫʢʪʫʨʝ NCP. ʅʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ 

ʘʢʪʠʚʥʦʩʪʠ APE1 ʠ Polɓ ʦʩʣʘʙʝʚʘʁʪ ʚ ʫʩʣʦʚʠʷʭ PARʠʣʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ PARP1 ʠ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ PARP2. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, XRCC1 ʟʘʱʠʱʘʝʪ dNMP-ʪʨʘʥʩʬʝʨʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

Polɓ ʦʪ ʚʣʠʷʥʠʷ ʩʦ ʩʪʦʨʦʥʳ PARP1 ʠ PARP2. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʣʠʛʠʨʦʚʘʥʠʝ ʩʪʠʤʫʣʠʨʫʝʪʩʷ 

PARʠʣʠʨʦʚʘʥʠʝʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʤ PARP2. ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʫʢʣʝʦʩʦʤʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʥʦʩʪʴʶ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʤʦʜʝʣʴʥʳʭ ɼʅʂ-ʜʫʧʣʝʢʩʘʭ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ PARP2, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʠʩʪʦʥʘʤʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʙʝʣʢʘ ʥʘ ʥʫʢʣʝʦʩʦʤʝ. 

 

4.3. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ KD ʢʦʤʧʣʝʢʩʘ PARP3ÅNCP 

PARP3 ʥʘʨʷʜʫ ʩ PARP1 ʠ PARP2 ʷʚʣʷʝʪʩʷ ɼʅʂ-ʟʘʚʠʩʠʤʳʤ ʬʝʨʤʝʥʪʦʤ ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ 

ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ PARP3 ʩʨʝʜʠ ɼʅʂïʟʘʚʠʩʠʤʳʭ PARP 

ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝ yʨʦʣʠ ʚ ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ BER, ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɽʩʪʴ ʜʘʥʥʳʝ ʦʙ ʫʯʘʩʪʠʠ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʨʝʧʘʨʘʮʠʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ [171, 267]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʨʠʥʳʭ ʢʣʝʪʦʢ DT40 ʧʦʢʘʟʘʥʦ, ʯʪʦ 
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PARP3, ʚʝʨʦʷʪʥʦ, ʫʯʘʩʪʚʫʝʪ ʚ SSBR, ʫʩʢʦʨʷʷ ʨʝʧʘʨʘʮʠʶ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ, 

ʚʳʟʚʘʥʥʳʭ ɔ-ʦʙʣʫʯʝʥʠʝʤ [172]. ʇʨʷʤʳʭ ʜʘʥʥʳʭ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʫʯʘʩʪʠʝ PARP3 ʚ BER ʥʝʪ, ʥʦ 

ʨʷʜ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ SSBR, ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ BER [93]. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʜʥʦʮʝʧʦʯʝʯʥʳʡ ʨʘʟʨʳʚ ɼʅʂ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʭʦʜʝ BER. ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʨʠʥʷʣʠ 

ʧʦʧʳʪʢʫ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʫʶ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʨʝʛʫʣʷʮʠʶ ʩʠʩʪʝʤʳ BER. 

ɼʘʥʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ PARP3 ʩ ʥʫʢʣʝʦʩʦʤʘʤʠ NCP603_U ʠ NCP603_multiU (ʈʠʩ. 34 ʩʪʨʫʢʪʫʨʘ 1 ʠ 2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ PARP1 ʠ PARP2. ʄʝʪʦʜʦʤ EMSA ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ PARP3 ʩ ɼʅʂ ʠ NCP603_U (ʊʘʙʣʠʮʘ 8), ʘʥʘʣʦʛʠʯʥʦ PARP1 

ʠ PARP2 (ʧ. 4.1.; ʊʘʙʣʠʮʘ 7). ʊʠʧʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʜʠʦʘʚʪʦʛʨʘʬʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 35. 
 

 

ʈʠʩ. 34. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ɼʅʂ NPS çClone 603è ʩ ʦʜʠʥʦʯʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʚ 12-ʦʤ ʧʦʣʦʞʝʥʠʠ 

NCP603_U (ʩʪʨʫʢʪʫʨʘ 1) ʠʣʠ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʳʤʠ ɸʈ-ʩʘʡʪʘʤʠ NCP603_multiU (ʩʪʨʫʢʪʫʨʘ 2). 

 

ɼʣʷ ʙʝʣʢʘ PARP3 ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ: Gap << Native ~ AP-ʩʘʡʪ (ʊʘʙʣʠʮʘ 8). C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ɼʅʂ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ PARP3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ɼʅʂ ʩ 

ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʨʘʟʨʳʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ 5'-ʢʦʥʮʝʚʫʶ ʬʦʩʬʘʪʥʫʶ ʛʨʫʧʧʫ, ð ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʧʦʟʜʥʠʭ ʵʪʘʧʦʚ BER [149, 172]. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ PARP3 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ Gap-ʧʦʚʨʝʞʜʝʥʠʝʤ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʩ 

ʥʘʪʠʚʥʦʡ ʠ AP-ʩʦʜʝʨʞʘʱʝʡ ɼʅʂ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʙʦʪʝ ʢʣʘʩʩʠʯʝʩʢʠʡ ʠʥʪʝʨʤʝʜʠʘʪ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʡ BER ð 

ɼʅʂ-ʜʫʧʣʝʢʩ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ʙʨʝʰʴʶ ʩ 5'-dRP-ʬʨʘʛʤʝʥʪʦʤ (Gap) ð ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʘʥʦʥʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ PARP3. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʦʜʥʦʮʝʧʦʯʝʯʥʦʛʦ ʨʘʟʨʳʚʘ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ NCP603_U, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ PARP3 ʩ ʥʫʢʣʝʦʩʦʤʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

NCP603_U ʪʫʧʦʡ ʢʦʥʝʮ ʩʦʜʝʨʞʠʪ ʤʝʪʢʫ 5'-[32P], ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ PARP2 

ʠ PARP3 ʪʫʧʳʭ ʢʦʥʮʦʚ ɼʅʂ, ʘʥʘʣʦʛʦʚ DSB [149]. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ  
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ʈʠʩ. 35. ʈʘʜʠʦʘʚʪʦʛʨʘʬ r 4 % ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʧ.3.2.2.) ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ PARP3: ɸ ð ʩ ɼʅʂ; ɹ ð NCP603_U. (ɸ): ʜʦʨʦʞʢʘ 1 ð ʩʚʦʙʦʜʥʘʷ ʥʘʪʠʚʥʘʷ ɼʅʂ; ʜʦʨʦʞʢʠ 

2ï8 ð ɼʅʂ ʩ PARP3; (ɹ): ʜʦʨʦʞʢʘ 1 ð ʩʚʦʙʦʜʥʘʷ ʥʘʪʠʚʥʘʷ ɼʅʂ, ʜʦʨʦʞʢʘ 2 ð NCP603_U, ʜʦʨʦʞʢʠ 3ï9 ð 

NCP603_U ʩ PARP3. ʉʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʧʦʜʚʠʞʥʦʩʪʴ: ʩʠʥʝʡ ð ʩʚʦʙʦʜʥʦʡ ɼʅʂ, ʟʝʣʝʥʦʡ ð NCP603_U. ʏʸʨʥʦʡ 

ʩʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥ çʩʪʘʨʪè. ʂʦʥʮʝʥʪʨʘʮʠʷ ɼʅʂ ʠʣʠ NCP603_U ʩʦʩʪʘʚʣʷʣʘ 100 ʥʄ; ʢʦʥʮʝʥʪʨʘʮʠʷ PARP3: 

1-1000 ʥʄ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.15.). 

 

 

ʊʘʙʣʠʮʘ 8. ɼʦʧʦʣʥʝʥʥʘʷ ʊʘʙʣʠʮʘ 7 (ʧ. 4.1.). ɺʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ PARP1, PARP2 ʠ PARP3 

ʩ ɼʅʂ ʠ NCP ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ, ʠʣʠ ʩʦʜʝʨʞʘʱʠʭ AP-ʩʘʡʪ ʠʣʠ Gap, ʥʘʡʜʝʥʥʳʝ ʤʝʪʦʜʦʤ EMSA. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʢʠ, 

ʚʚʝʜʸʥʥʦʡ ʧʦ 5'-ʢʦʥʮʫ ɼʅʂ-ʜʫʧʣʝʢʩʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʦʪʦʧ ʬʦʩʬʦʨʘ 32P. ʆʙʦʟʥʘʯʝʥʠʷ çoutè ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʦʨʠʝʥʪʘʮʠʶ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ NCP. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ KD Ñ (SD) ʤʠʥʠʤʫʤ ʜʣʷ 

ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.15.; 

ʧ. 3.2.16.). 

ʉʪʨʫʢʪʫʨʘ 
ɼʅʂ, ʥʄ NCP603_U, ʥʄ 

PARP1 PARP2 PARP3 PARP1 PARP2 PARP3 

Native-out 113 Ñ 5 300 Ñ 100 461 Ñ 9 52 Ñ 8 190 Ñ 20 287 Ñ 5 

AP-out 92 Ñ 3 330 Ñ 80 426 Ñ 8 65 Ñ 3 130 Ñ 4 250 Ñ 30 

Gap-out 48 Ñ 3 240 Ñ 80 750 Ñ 20 38 Ñ 3 57 Ñ 8 4400 Ñ 300 

 

ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʙʝʣʢʘʤʠ ʚ ʩʣʫʯʘʝ Gap-ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʟʣʠʯʠʷʭ ʚ ʤʝʭʘʥʠʟʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ PARP2 ʠ PARP3 ʩ ɼʅʂ-

ʜʫʧʣʝʢʩʘʤʠ. ʇʦʜʨʦʙʥʝʝ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʧʦʤʦʛʫʪ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʙʝʣʢʦʚ 
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ʥʘ ʩʪʨʫʢʪʫʨʘʭ ɼʅʂ ʠ NCP. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 

PARP3ÅGap-NCP603_U, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ NCP, ʥʝ ʧʦʟʚʦʣʷʶʱʝʡ PARP3 ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʚ ʮʝʧʠ 

ɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʬʬʠʥʥʦʩʪʴ PARP3 ʢ ɼʅʂ ʩ ʨʘʟʨʳʚʦʤ ʚ ʩʦʩʪʘʚʝ NCP603_U ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʨʘʟʤʝʨʦʤ ʙʨʝʰʠ, ʪʘʢ ʠ ʤʦʜʠʬʠʢʘʮʠʝʡ 5'-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

 

4.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ PARP3 ʩ AP-ʩʘʡʪʦʤ ʚ NCP603_U 

ɺ ʭʦʜʝ BER ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʘʟʦʪʠʩʪʦʛʦ ʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ɼʅʂ-ʠʥʪʝʨʤʝʜʠʘʪ, ʩʦʜʝʨʞʘʱʠʡ ɸʈ-ʩʘʡʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ PARP1 ʠ PARP2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ɸʈ-ʩʘʡʪʘʤʠ [158, 159, 258] ʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ɸʈ-ʩʘʡʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ɼʅʂ-ʜʫʧʣʝʢʩʦʚ ʧʦ ʣʠʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [159, 258]. ʄʳ ʦʮʝʥʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ PARP3 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɸʈ-ʩʘʡʪʦʤ ʚ NCP603_U. ɼʣʷ ʵʪʦʛʦ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʦʡʩʪʚʦʤ 

ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ɸʈ-ʩʘʡʪʦʚ ʬʦʨʤʠʨʦʚʘʪʴ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

ʙʝʣʢʘ ʚ ʩʣʫʯʘʝ ʠʭ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ [268, 269]. ʏʪʦʙʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ 

PARPÅɸʈ-ʩʘʡʪ, ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ, NaBH4 (ʈʠʩ. 36 ɸ) [270]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ ʩ ɼʅʂ ʚ ʩʦʩʪʘʚʝ NCP ʟʘʚʠʩʠʪ 

ʢʘʢ ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ɼʅʂ ʦʪ SHL 0 (ʧʘʨ ʦʩʥʦʚʘʥʠʡ ʜʠʘʜʳ; ʧ. 2.3.1.), 

ʪʘʢ ʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ɼʅʂ (ʧ. 2.1.1.). ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʤʳ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ɼʅʂ-ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʦʜʠʥʦʯʥʳʡ ɸʈ-ʩʘʡʪ, ʪʘʢ ʠ ʤʥʦʞʝʩʪʚʦ 

ɸʈ-ʩʘʡʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʪʦʭʘʩʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ NPS ç603è ɼʅʂ-ʜʫʧʣʝʢʩʘ 

(ʧ. 3.2.17.). ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ɸʈ-ʩʘʡʪʦʚ ʚ ʩʦʩʪʘʚ ɼʅʂ ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ 

ʚʢʣʶʯʝʥʠʝʤ dUMP ʥʘ ʩʪʘʜʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʪʘʢʦʡ 

ɼʅʂ ʬʝʨʤʝʥʪʦʤ UDG (ʧ. 3.2.13.). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʣʫ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ dUMP ʚ ɼʅʂ ʥʘ ʤʝʩʪʝ dTMP 

ʥʘʨʷʜʫ ʩʦ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʦʜʠʥʦʯʥʳʤʠ ɸʈ-ʩʘʡʪʘʤʠ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʳʝ 

ɸʈ-ʩʘʡʪʳ (ɸʈ-ʩʘʡʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʪʢʘ ʩʧʠʨʘʣʠ ɼʅʂ-ʜʫʧʣʝʢʩʘ), ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʙʝʣʢʘʤʠ ʠʥʘʯʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ɸʈ-ʩʘʡʪʦʚ ʧʦ ɼʅʂ-ʩʫʙʩʪʨʘʪʫ ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʫʯʘʩʪʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ 

PARP ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ NCP. ɼʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʚʦʙʦʜʥʳʝ ɸʈ-ɼʅʂ ʩʫʙʩʪʨʘʪʳ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 34. 

ɺ ʩʪʨʫʢʪʫʨʝ 1 ʫʨʘʮʠʣ ʣʦʢʘʣʠʟʦʚʘʥ ʚ 12 ʧʦʣʦʞʝʥʠʠ ʦʜʥʦʡ ʠʟ ʮʝʧʝʡ ɼʅʂ-ʜʫʧʣʝʢʩʘ. 

ʉʪʨʫʢʪʫʨʘ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɼʅʂ-ʜʫʧʣʝʢʩ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʥʘʙʦʨʦʤ ʦʩʪʘʪʢʦʚ dUMP, 
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ʈʠʩ. 36. ɸ ð ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʙʦʨʛʠʜʨʠʜʥʦʡ 

ʩʰʠʚʢʠ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.17.). ɹ ð ʊʠʧʳ ʚʦʟʤʦʞʥʳʭ 

ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʭ ʘʜʜʫʢʪʦʚ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʧʦ ʃʵʤʤʣʠ (ʧ. 3.2.1.). 

 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʚʫʭ ʮʝʧʷʭ ɼʅʂ-ʜʫʧʣʝʢʩʘ. ʉ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ 

(ʧ. 3.2.1.) ʚʳʷʚʣʷʣʠ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʝ ʘʜʜʫʢʪ.r ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʜʫʢʪʦʚ 
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ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʘʜʜʫʢʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʰʠʚʢʝ ʙʝʣʢʘ ʢ ʮʝʣʦʡ ʮʝʧʠ ɼʅʂ, ʯʪʦ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʚʳʷʚʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʣʢʦʚ PARP ʩʚʷʟʳʚʘʪʴʩʷ ʩ ɸʈ-ʩʘʡʪʦʤ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ɸʈ-ʩʘʡʪʘ ʚ ʩʦʩʪʘʚʝ NCP. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ-ʟʘ ʩʧʦʥʪʘʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʯʘʩʪʠ ɸʈ-ʩʘʡʪʦʚ ʠʣʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ʠʭ ʧʦ ʣʠʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʟʘ ʩʯʝʪ AP-ʣʠʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ PARP (ʈʠʩ. 36 ɹ). 

ʅʘ ʈʠʩ. 37 ʠ 38 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʛʨʘʬʳ ʛʝʣʝʡ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʙʦʨʛʠʜʨʠʜʥʦʡ ʩʰʠʚʢʠ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ (ʧ. 3.2.1.). ʅʘʣʠʯʠʝ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʣʢʦʚ PARP ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʭ ʪʨʝʭ 

PARP ʬʦʨʤʠʨʦʚʘʪʴ ʩʰʠʚʢʠ ʩ ɸʈ-ʩʘʡʪʘʤʠ (ʈʠʩ. 37, ʧʘʥʝʣʠ I  ɸ, ɹ, ɺ ʠ II  ɸ, ɹ, ɺ, ʜʦʨʦʞʢʠ 4-15; 

ʈʠʩ. 38, ʧʘʥʝʣʠ I  ɸ, ɹ ʠ II  ɸ, ɹ, ʜʦʨʦʞʢʠ 4-15, ʧʘʥʝʣʴ I  ɺ, ʜʦʨʦʞʢʠ 5-9, 11-15 ʠ ʧʘʥʝʣʴ II  ɺ, 

ʜʦʨʦʞʢʠ 5-9, 12-15). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʜʫʢʪʳ, ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʘʤʠʤ ʙʝʣʢʘʤ PARP: PARP1 (113 ʢɼʘ), PARP2 (66 ʢɼʘ) ʠ 

PARP3 (60 ʢɼʘ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʱʝʧʣʝʥʠʝ ɸʈ-ʩʘʡʪʘ, ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʢ ʤʝʯʝʥʦʤʫ 

5'-ʢʦʥʮʫ (ʈʠʩ. 37, ʧʘʥʝʣʠ I ɸ, ɹ, ɺ ʠ II ɸ, ɹ, ɺ, ʜʦʨʦʞʢʠ 4-9; ʈʠʩ. 38, ʧʘʥʝʣʠ I ɸ, ɹ ʠ II ɸ, ɹ, 

ʜʦʨʦʞʢʠ 4-9, ʧʘʥʝʣʴ I ɺ, ʜʦʨʦʞʢʠ 5-9 ʠ ʧʘʥʝʣʴ II  ɺ, ʜʦʨʦʞʢʠ 5-9; ʧʨʦʜʫʢʪ ʦʪʤʝʯʝʥ ʢʨʘʩʥʦʡ 

ʩʪʨʝʣʢʦʡ). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʣʦʢʘʣʠʟʦʚʘʪʴ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʤʝʯʝʥʦʛʦ 5'-ʢʦʥʮʘ ɸʈ-ʩʘʡʪʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʰʠʚʢʫ ʩ PARP, ʧʨʠʛʦʪʦʚʠʣʠ ʧʨʦʙʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʣʠ ʦʙʨʘʙʦʪʢʝ DNase I ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ (ʈʠʩ. 37, ʧʘʥʝʣʠ I ɸ, ɹ, ɺ ʠ II ɸ, 

ɹ, ɺ, ʜʦʨʦʞʢʠ 10-15; ʈʠʩ. 38, ʧʘʥʝʣʠ I ɸ, ɹ ʠ II ɸ, ɹ, ʜʦʨʦʞʢʠ 10-15, ʧʘʥʝʣʴ I ɺ, ʜʦʨʦʞʢʠ 11-15 

ʠ ʧʘʥʝʣʴ II  ɺ, ʜʦʨʦʞʢʠ 12-15). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʣʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʤʦʣʝʢʫʣ ɼʅʂ 

ʬʝʨʤʝʥʪʦʤ DNase I ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʝ ʠʩʢʣʶʯʝʥʳ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʰʠʚʢʠ 

ʤʦʣʝʢʫʣ PARP ʩ ɼʅʂ ʚ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ɸʈ-ʩʘʡʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʟʜʝʣʷʝʤʳʭ 

ʤʝʪʦʜʦʤ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʚʩʝʛʜʘ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʥʫʶ 

ʜʝʥʘʪʫʨʘʮʠʶ ʜʚʫʭ ʮʝʧʝʡ ɼʅʂ-ʜʫʧʣʝʢʩʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʦʛʦ ʘʜʜʫʢʪʘ 

(ʈʠʩ. 36 ɹ). ɺʩʝ ʵʪʠ ʬʘʢʪʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ 

ʘʜʜʫʢʪʦʚ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʩʪʦʥʦʚ ʩ 

AP-ʩʘʡʪʦʤ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʤʝʞʜʫ 

ɸʈ-ʩʘʡʪʘʤʠ ʠ ʛʠʩʪʦʥʘʤʠ NCP603_U, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʙʣʠʟʣʝʞʘʱʠʭ ʘʤʠʥʦʛʨʫʧʧ 

ʛʠʩʪʦʥʦʚ c ʘʣʴʜʝʛʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ɸʈ-ʩʘʡʪʦʚ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʢʣʘʜ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʦʚ ʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ 

ʟʘ ʩʯʸʪ ʦʢʪʘʤʝʨʘ ʛʠʩʪʦʥʦʚ. 

 

ʈʠʩ. 37. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ PARP1 (ɸ), PARP2 (ɹ) ʠ PARP3 (ɺ) ʩ AP-ʩʘʡʪʦʤ ʚ ʩʦʩʪʘʚʝ ɼʅʂ (I) ʠ ʥʫʢʣʝʦʩʦʤ r(II ). 

ɸʚʪʦʛʨʘʬʳ ʛʝʣʝʡ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ 10 % ʇɸɸɻ ʧʦ ʃʵʤʤʣʠ. ʉʣʝʚʘ ʫʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ ʤʘʨʢʸʨʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ (ʢɼʘ). ʄ ð ʤʘʨʢʸʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ; ʜʦʨʦʞʢʘ 1 ð ʥʘʪʠʚʥʘʷ ɼʅʂ / NCP603_U; ʜʦʨʦʞʢʘ 2 ð 

ɼʅʂ / NCP603_U, ʦʙʨʘʙʦʪʘʥʥʘʷ UDG; ʜʦʨʦʞʢʘ 3 ð ɼʅʂ / NCP603_U, ʦʙʨʘʙʦʪʘʥʥʘʷ UDG ʠ DNase I. ʂʦʥʮʝʥʪʨʘʮʠʷ 

PARP ʚ ʜʦʨʦʞʢʘʭ 4ï9 ʠ 10ï15 ʩʦʩʪʘʚʣʷʣʘ 5; 10; 50; 100; 500; 1000 ʥʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʥʝʡ ʩʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥʘ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʝʨʘʩʱʝʧʣʸʥʥʦʡ ʮʝʧʠ ɸʈ-ɼʅʂ, ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʠ ʬʠʛʫʨʥʦʡ ʩʢʦʙʢʦʡ ð 

ʙʝʣʦʢ-ʥʫʢʣʝʠʥʦʚʳʝ ʘʜʜʫʢʪʳ. ʄʝʪʦʜʦʣʦʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè (ʧ. 3.2.17.). 
















































































































