
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ɻʝʨʘʩʠʤʦʚʘ ʅʘʜʝʞʜʘ ʉʝʨʛʝʝʚʥʘ 

 

 

 

ʍʨʦʤʘʪʠʥ-ʩʧʝʮʠʬʠʯʥʘʷ ʦʩʪʘʥʦʚʢʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷʭ 

ɼʅʂ 

 

 

03.01.03 ï ʄʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜ.ʙ.ʥ. ʉʪʫʜʠʪʩʢʠʡ ɺʘʩʠʣʠʡ ʄʠʭʘʡʣʦʚʠʯ 

 

 

 

ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʄʦʩʢʚʘ 2015 



- 2 - 
 

ʆʛʣʘʚʣʝʥʠʝ 

 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ .................................................................................................................................... - 4 - 

ʊɽʈʄʀʅʆʃʆɻʀʗ ................................................................................................................................................. - 7 - 

ɺɺɽɼɽʅʀɽ ............................................................................................................................................................. - 8 - 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ ........................................................................................................................................ - 12 - 

1. ʆɼʅʆʅʀʊɽɺʓɽ ʈɸɿʈʓɺʓ ɼʅʂ ........................................................................................................... - 12 - 

2. ʇʆɺʈɽɾɼɽʅʀʗ ɼʅʂ ɺ ʍʈʆʄɸʊʀʅɽ ................................................................................................. - 18 - 

3. ʈɽʇɸʈɸʎʀʗ ʆɼʅʆʅʀʊɽɺʓʍ ʈɸɿʈʓɺʆɺ ɼʅʂ ............................................................................... - 20 - 

4. ʊʈɸʅʉʂʈʀʇʎʀʗ ʍʈʆʄɸʊʀʅɸ ʈʅʂʇ II ............................................................................................. - 21 - 

5. ʕʌʌɽʂʊ ʆɼʅʆʅʀʊɽɺʓʍ ʈɸɿʈʓɺʆɺ ɼʅʂ ʅɸ ʊʈɸʅʉʂʈʀʇʎʀʖ ʈʅʂʇ II ............................... - 28 - 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ................................................................................................................................ - 33 - 

1. ʌɽʈʄɽʅʊʓ ʀ ɹɽʃʂʆɺʓɽ ʂʆʄʇʃɽʂʉʓ ........................................................................................... - 33 - 

2. ʂʋʃʔʊʋʈʓ ʂʃɽʊʆʂ ................................................................................................................................ - 33 - 

3. ʈɽɸʂʊʀɺʓ ................................................................................................................................................. - 33 - 

4. ɹʋʌɽʈʅʓɽ ʈɸʉʊɺʆʈʓ ʀ ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʓɽ ʈɽɸʂʊʀɺʓ .............................................. - 34 - 

5. ʂʆʄʄɽʈʏɽʉʂʀɽ ʌɽʈʄɽʅʊʓ .............................................................................................................. - 34 - 

6. ɻʆʊʆɺʓɽ ʅɸɹʆʈʓ ʈɽɸʂʊʀɺʆɺ ......................................................................................................... - 34 - 

7. ʉʀʅʊɽʊʀʏɽʉʂʀɽ ʆʃʀɻʆʅʋʂʃɽʆʊʀɼʓ .......................................................................................... - 35 - 

8. ʆɹʆʈʋɼʆɺɸʅʀɽ ...................................................................................................................................... - 36 - 

9. ʄɽʊʆɼʓ ..................................................................................................................................................... - 36 - 

9.1. ʆɹʑɸʗ ʉʍɽʄɸ ʕʂʉʇɽʈʀʄɽʅʊɸ ......................................................................................................... - 36 - 

9.2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ....................................................................................................... - 37 - 

9.3. ʕʃɽʂʊʈʆʌʆʈɽʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ..................................................................................................... - 38 - 

9.4. ɸʄʇʃʀʌʀʂɸʎʀʗ ʌʈɸɻʄɽʅʊʆɺ ɼʅʂ ʄɽʊʆɼʆʄ ʇʆʃʀʄɽʈɸɿʅʆʁ ʎɽʇʅʆʁ ʈɽɸʂʎʀʀ (ʇʎʈ) - 

39 - 

9.5. ʆʏʀʉʊʂɸ ʅʋʂʃɽʀʅʆɺʓʍ ʂʀʉʃʆʊ ʌɽʅʆʃʆʄ ............................................................................... - 40 - 

9.6. ʍʆɼ ʕʂʉʇɽʈʀʄɽʅʊɸ ............................................................................................................................... - 40 - 

9.6.1. ʇʆʃʋʏɽʅʀɽ ɼʅʂ-ʄɸʊʈʀʎ ʉ ɿɸɼɸʅʅʆʁ ʅʋʂʃɽʆʊʀɼʅʆʁ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʔʖ ʅɸ 

ʆʉʅʆɺɽ ʉʋʑɽʉʊɺʋʖʑɽʁ ɼʅʂ-ʄɸʊʈʀʎʓ ............................................................................................ - 40 - 

9.6.2. ʇʆʃʋʏɽʅʀɽ ʌʈɸɻʄɽʅʊʆɺ ɼʅʂ ʉ ʀʅʊɽʈɽʉʋʖʑɽʁ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʔʖ 

ʅʋʂʃɽʆʊʀɼʆɺ ɼʃʗ ʊʈɸʅʉʂʈʀʇʎʀʆʅʅʓʍ ʆʇʓʊʆɺ.......................................................................... - 44 - 

9.6.3. ɺʅɽʉɽʅʀɽ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʅʓʍ ʆɼʅʆʅʀʊɽɺʓʍ ʈɸɿʈʓɺʆɺ ɺʆ ʌʈɸɻʄɽʅʊʓ ɼʅʂ ɼʃʗ 

ʊʈɸʅʉʂʈʀʇʎʀʆʅʅʓʍ ʆʇʓʊʆɺ ................................................................................................................. - 44 - 

9.6.4. ʉɹʆʈʂɸ ʅʋʂʃɽʆʉʆʄ ............................................................................................................................ - 45 - 

9.6.5. ʊʈɸʅʉʂʈʀʇʎʀʗ ʅʋʂʃɽʆʉʆʄ ʈʅʂ-ʇʆʃʀʄɽʈɸɿʆʁ E. COLI IN VITRO .................................... - 45 - 

9.6.6. ʇʆʃʋʏɽʅʀɽ ʈʅʂ-ʄɸʈʂɽʈɸ ɼʃʗ ɸʅɸʃʀɿɸ ɼʃʀʅ ʇʈʆɼʋʂʊʆɺ ʊʈɸʅʉʂʈʀʇʎʀʀ ............. - 47 - 

9.6.7. ʇʆʃʋʏɽʅʀɽ ɼʅʂ-ʄɸʈʂɽʈɸ ɼʃʗ ɸʅɸʃʀɿɸ ɼʃʀʅ ʇʈʆɼʋʂʊʆɺ ʊʈɸʅʉʂʈʀʇʎʀʀ ............. - 47 - 

9.6.8. ɸʅɸʃʀɿ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʊʈɸʅʉʂʈʀʇʊʆɺ ʇʆ ɼʃʀʅɸʄ ʄɽʊʆɼʆʄ 

ʕʃɽʂʊʈʆʌʆʈɽʊʀʏɽʉʂʆɻʆ ʈɸɿɼɽʃɽʅʀʗ ɺ ʇɸɸɻ ɺ ɼɽʅɸʊʋʈʀʈʋʖʑʀʍ ʋʉʃʆɺʀʗʍ .............. - 48 - 



- 3 - 
 

9.7. ʇʆʉʊʈʆɽʅʀɽ ʇʈʀʄɽʈʅʆʁ ʄʆʃɽʂʋʃʗʈʅʆʁ ʉʊʈʋʂʊʋʈʓ ʂʆʄʇʃɽʂʉɸ ʕʂ+24 ʉ ʈɸɿʈʓɺʆʄ 

ʅɽʄɸʊʈʀʏʅʆʁ ʎɽʇʀ ɺ ʇʆʃʆɾɽʅʀʀ +12 ʅʇʇ ...................................................................................... - 48 - 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ ...................................................................................................................... - 49 - 

1. ɺɺɽɼɽʅʀɽ ................................................................................................................................................. - 49 - 

2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʉʀʉʊɽʄɸ .................................................................................................... - 49 - 

3. ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʅʓʁ ʆɼʅʆʅʀʊɽɺʆʁ ʈɸɿʈʓɺ ʅɽʄɸʊʈʀʏʅʆʁ ʎɽʇʀ ɼʅʂ ʄʆɾɽʊ 

ɺʓɿʓɺɸʊʔ ɼʀʉʂʈɽʊʅʋʖ ʅʋʂʃɽʆʉʆʄ-ʉʇɽʎʀʌʀʏʅʋʖ ʆʉʊɸʅʆɺʂʋ ʈʅʂ-ʇʆʃʀʄɽʈɸɿʓ .. - 56 - 

4. ʆʉʆɹɽʅʅʆʉʊʀ ʆʉʊɸʅʆɺʆʂ ʈʅʂ-ʇʆʃʀʄɽʈɸɿʓ ʅɸ ʈɸɿʈʓɺɸʍ ʅɽʄɸʊʈʀʏʅʆʁ ʎɽʇʀ 

ʅʋʂʃɽʆʉʆʄʅʆʁ ɼʅʂ ..................................................................................................................................... - 65 - 

5. ʇʈɽɼʇʆʃɸɻɸɽʄʓʁ ʄɽʍɸʅʀɿʄ ʅʋʂʃɽʆʉʆʄ-ʉʇɽʎʀʌʀʏʅʆʁ ʆʉʊɸʅʆɺʂʀ ʈʅʂ-

ʇʆʃʀʄɽʈɸɿʓ ʅɸ ʈɸɿʈʓɺɽ ʅɽʄɸʊʈʀʏʅʆʁ ʎɽʇʀ ɼʅʂ ...................................................................... - 71 - 

6. ʆɹʉʋɾɼɽʅʀɽ ʇʈɽɼʇʆʃɸɻɸɽʄʓʍ ʌʋʅʂʎʀʁ ɺʅʋʊʈʀʅʋʂʃɽʆʉʆʄʅʓʍ ʇɽʊɽʃʔ ɼʅʂ . - 74 - 

7. ʆɹʅɸʈʋɾɽʅʀɽ ʈɸɿʈʓɺʆɺ ʅɽʄɸʊʈʀʏʅʆʁ ʎɽʇʀ ʉ ʇʆʄʆʑʔʖ ɺʅʋʊʈʀʅʋʂʃɽʆʉʆʄʅʓʍ 

ʇɽʊɽʃʔ ɼʅʂ ....................................................................................................................................................... - 78 - 

ɿɸʂʃʖʏɽʅʀɽ .................................................................................................................................................... - 81 - 

ɺʓɺʆɼʓ .............................................................................................................................................................. - 82 - 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ ............................................................................................. - 83 - 

ʇʈʀʃʆɾɽʅʀʗ .................................................................................................................................................... - 95 - 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ ............................................................................................................................................. - 99 - 

 



- 4 - 
 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ɸɼʌ (ADP) ï ʘʜʝʥʦʟʠʥʜʠʬʦʩʬʘʪ (Adenosine diphosphate) 

ɸʇ-ʩʘʡʪ ï ʘʧʫʨʠʥʦʚʳʡ ʠʣʠ ʘʧʠʨʠʤʠʜʠʥʦʚʳʡ ʩʘʡʪ 

ɸʊʌ (ATP, ɸ) ï ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ (Adenosine triphosphate) 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɹʉɸ, BSA ï bovine serum albumin, ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ 

ɻʊʌ (GTP, G, ɻ) ï ʛʫʘʥʦʟʠʥʪʨʠʬʦʩʬʘʪ (Guanosine triphosphate) 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʢɼʘ ï ʢʠʣʦʜʘʣʴʪʦʥ 

ʤʈʅʂ ï ʤʘʪʨʠʯʥʘʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʤʷʈʅʂ ï ʤʘʣʘʷ ʷʜʝʨʥʘʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʅʇʇ ï ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʥʪ ï ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ 

ʆʈ, ʠʣʠ SSB ï ʦʜʥʦʥʠʪʝʚʦʡ ʨʘʟʨʳʚ, single strand break 

ʧ.ʥ. ï ʧʘʨ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ 

ʇɸɸɻ ï ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ ʛʝʣʴ  

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʈʅʂ ï ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʈʅʂʇ ï ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ 

ʈʅʂʇ I ï ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ I 

ʈʅʂʇ II  ï ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ II  

ʈʅʂʇ III  ï ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ III  

ʨʈʅʂ ï ʨʠʙʦʩʦʤʥʘʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʪʈʅʂ ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʋʊʌ (UTP, U, ʋ) ï ʫʨʠʜʠʥʪʨʠʬʦʩʬʘʪ (Uridine triphosphate) 

ʎʊʌ (CTP, C, ʎ) ï ʮʠʪʠʜʠʥʪʨʠʬʦʩʬʘʪ (Cytidine triphosphate) 

ʕɼʊɸ, ʠʣʠ EDTA ï Ethylenediaminetetraacetic acid ï ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ 

ʕʂ, ʠʣʠ EC ï ʵʣʦʥʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, elongation complex 

BER ï base excision repair, ʵʢʩʮʠʟʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʦʩʥʦʚʘʥʠʡ 

dNTP ï deoxynucleoside triphosphate ï ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪ 
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FAM ï fluorescein amidite, ʘʤʠʜʠʪ ʬʣʫʦʨʝʩʮʝʠʥʘ ï ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʝ ʧʨʦʠʟʚʦʜʥʦʝ 

ʬʣʫʦʨʝʩʮʝʠʥʘ ʩ ʧʠʢʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 495 ʥʤ ʠ ʠʩʧʫʩʢʘʥʠʷ ï 520 ʥʤ, 

ʧʨʠʤʝʥʷʝʤʦʝ ʧʨʠ ʩʠʥʪʝʟʝ ʬʣʫʦʨʝʩʮʝʠʥ-ʤʝʯʝʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

FEN1 ï flap structure-specific endonuclease 1, ʬʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʘ 1 

H1 ï histone 1, ʛʠʩʪʦʥ ʅ1 

H2A ï histone 2ɸ, ʛʠʩʪʦʥ ʅ2ɸ 

H2B ï histone 2B, ʛʠʩʪʦʥ ʅ2ɺ 

H3 ï histone 3, ʛʠʩʪʦʥ ʅ3 

H4 ï histone 4, ʛʠʩʪʦʥ ʅ4 

L1 ï ʣʠʛʘʟʘ 1 

L3 ï ʣʠʛʘʟʘ 3 

LB ï ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ Luria-Bertani Broth 

NER ï nucleotide excision repair, ʵʢʩʮʠʟʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʥʫʢʣʝʦʪʠʜʦʚ 

NTP ï nucleoside triphosphate ï ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪ 

NT-SSB ï single non-template strand break, ʦʜʥʦʥʠʪʝʚʦʡ ʨʘʟʨʳʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ɼʅʂ 

PAR ï poly (ADP-ribose), ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ) 

PARG ï poly (ADP-ribose) glycohydrolase, ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʛʣʠʢʦʛʠʜʨʦʣʘʟʘ 

PARP1 ï poly (ADP-ribose) polymerase 1, ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʘ 1 

PCNA ï proliferating cell nuclear antigen, ʷʜʝʨʥʳʡ ʘʥʪʠʛʝʥ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ 

ʢʣʝʪʦʢ 

PDB ï protein data bank 

Pol ɓ ï ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ɓ 

Pol ŭ ï ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ŭ 

Pol Ů ï ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ Ů 

SSB ï single strand break, ʦʜʥʦʥʠʪʝʚʦʡ ʨʘʟʨʳʚ 

TB ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʙʫʬʝʨ, transcription buffer 

TBE ï Tris-borate-EDTA, ʪʨʠʩ-ʙʦʨʘʪʥʳʡ ʣɻʝʢʪʨʦʜʥʳʡ ʙʫʬʝʨ 

TC-NER ï transcription-coupled nucleotide excision repair, ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʩ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʵʢʩʮʠʟʠʦʥʥʘʷ ʨʝʧʘʨʘʮʠʷ ʥʫʢʣʝʦʪʠʜʦʚ 

TOP1 ï ʪʦʧʦʠʟʦʤʝʨʘʟʘ 1 

XRCC1 ï X-ray repair cross-complementing protein 1 
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ZF1 ï ʜʦʤʝʥ ʪʠʧʘ çʮʠʥʢʦʚʳʡ ʧʘʣʝʮè 1 ʙʝʣʢʘ PARP1 

ZF2 ï ʜʦʤʝʥ ʪʠʧʘ çʮʠʥʢʦʚʳʡ ʧʘʣʝʮè 2 ʙʝʣʢʘ PARP1 
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ʊʝʨʤʠʥʦʣʦʛʠʷ 

603 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ï ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [Lowary, Widom, 1998], ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʘʢ 

ʦʩʥʦʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʫʢʣʝʦʩʦʤʥʳʭ ʤʘʪʨʠʮ ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ɺʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʘʷ ʧʝʪʣʷ ï ʧʝʪʣʷ ɼʅʂ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʛʠʩʪʦʥʘʤʠ ʦʜʥʦʡ ʥʫʢʣʝʦʩʦʤʳ. 

ɻʝʢʩʘʩʦʤʘ ï ʛʝʢʩʘʤʝʨ ʛʠʩʪʦʥʦʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʝʪʨʘʤʝʨʘ ʛʠʩʪʦʥʦʚ ʅ3 ʠ ʅ4 ʠ 

ʦʜʥʦʛʦ ʜʠʤʝʨʘ ʅ2ɸ-ʅ2ɺ, ʩʦʭʨʘʥʷʶʱʠʡʩʷ ʥʘ ɼʅʂ ʧʦʩʣʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʘ II  ï ʟʘʚʠʩʠʤʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ɼʠʥʫʢʣʝʦʩʦʤʘ ï ʬʨʘʛʤʝʥʪ ɼʅʂ, ʩʦʜʝʨʞʘʱʠʡ ʜʚʝ ʥʫʢʣʝʦʩʦʤʳ. 

ʄʦʥʦʥʫʢʣʝʦʩʦʤʘ ï ʬʨʘʛʤʝʥʪ ɼʅʂ, ʩʦʜʝʨʞʘʱʠʡ ʦʜʥʫ ʥʫʢʣʝʦʩʦʤʫ. 

ʈʘʟʨʳʚ +12 ï ʦʜʥʦʥʠʪʝʚʦʡ ʨʘʟʨʳʚ ʧʦʩʣʝ ʜʚʝʥʘʜʮʘʪʦʛʦ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʦʩʪʘʪʢʘ 

ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʅʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʅʇʇ) ï ʫʯʘʩʪʦʢ ɼʅʂ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʦʚ, ʠʤʝʶʱʝʡ ʧʦʚʳʰʝʥʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʦʢʪʘʤʝʨʫ 

ʛʠʩʪʦʥʦʚ. 

ʅʫʣʝʚʘʷ (Ï) ʧʝʪʣʷ ï ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʘʷ ʧʝʪʣʷ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʩʦʜʝʨʞʘʱʘʷ  

ʪʨʘʥʩʢʨʠʙʠʨʫʶʱʠʡ ʵʣʦʥʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ. 

ʍʨʦʤʘʪʠʥ ʙʝʟ ʛʠʩʪʦʥʘ ʅ1 (ʜʦʥʦʨʥʳʡ ʭʨʦʤʘʪʠʥ) ï ʢʦʤʧʣʝʢʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʛʝʥʦʤʥʦʡ ɼʅʂ ʠ ʦʢʪʘʤʝʨʦʚ ʛʠʩʪʦʥʦʚ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʷʜʝʨ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ 

(ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʫʨʠʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ). 

ʕʣʦʥʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ï ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʪʨʘʥʩʢʨʠʙʠʨʫʶʱʫʶ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʫ, ɼʅʂ ʠ ʩʠʥʪʝʟʠʨʫʝʤʫʶ ʈʅʂ. 

ʈʅʂʇ II-ʟʘʚʠʩʠʤʳʡ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ ï ʧʨʦʮʝʩʩ ʵʣʦʥʛʘʮʠʠ 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ II  ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʩʦʤʳ ʥʘ 

ɼʅʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʠʤ ʥʫʢʣʝʦʩʦʤʥʳʤ ʙʘʨʴʝʨʦʤ ʠ ʚʳʪʝʩʥʝʥʠʝʤ ʦʜʥʦʛʦ 

ʠʟ ʜʠʤʝʨʦʚ ʅ2ɸ-ʅ2ɺ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ. 
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ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʳʚʳ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʙʣʦʢʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ 

II  (ʈʅʂʇ II) in vivo ʠ in vitro. ʊʘʢ ʢʘʢ ʦʩʪʘʥʦʚʢʘ ʈʅʂʇ II ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʜʣʷ 

ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ (transcription-coupled nucleotide excision repair, TC-NER), ʪʦ ʯʘʩʪʴ 

ʩʢʨʳʪʳʭ ʚ ʭʨʦʤʘʪʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʟʨʳʚʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʧʘʨʠʨʦʚʘʥʘ ʧʦ ʪʘʢʦʤʫ 

ʧʫʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʨʳʚʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ, ʥʝ ʚʣʠʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ ɼʅʂ in vitro, ʭʦʪʷ ʦʥʠ 

ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʶʪʩʷ in vivo. 

ʇʨʠ ʫʤʝʨʝʥʥʦʤ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II ʵʣʦʥʛʘʮʠʷ ʚ ʭʨʦʤʘʪʠʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʦʞʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʚʢʣʶʯʘʶʱʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʳʭ ʧʝʪʝʣʴ ɼʅʂ ʠ ʩʦʭʨʘʥʝʥʠʝ ʛʠʩʪʦʥʦʚ ʥʘ ɼʅʂ ʚʦ ʚʨʝʤʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ɼʅʂ (ʪʘʢʠʭ, ʢʘʢ 

ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʳʝ ʧʝʪʣʠ ɼʅʂ) ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʳʚʳ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ, ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ, ʥʦ ʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ 

ɼʅʂ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʝʛʦ ʤʝʭʘʥʠʟʤ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɻʝʥʦʤ ʢʣʝʪʢʠ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʦʢ. 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʯʘʩʪʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʥʦʥʠʪʝʚʳʝ 

ʨʘʟʨʳʚʳ. ɺ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʪʘʢʠʝ ʥʘʨʫʰʝʥʠʷ ʨʘʩʧʦʟʥʘʶʪʩʷ ʙʝʣʢʦʤ ʧʦʣʠ 

(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʦʡ 1 (poly (ADP-ribose) polymerase 1, PARP1), ʠ ʫʜʘʣʷʶʪʩʷ 

ʩʠʩʪʝʤʦʡ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʦʩʥʦʚʘʥʠʡ (base excision repair, BER). ɺ ʷʜʨʘʭ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ɼʅʂ ʫʧʘʢʦʚʘʥʘ ʚ ʭʨʦʤʘʪʠʥ ï ʩʣʦʞʥʫʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʬʦʨʤʠʨʫʶʱʫʶʩʷ ʩ ʫʯʘʩʪʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʝʣʢʦʚ-ʛʠʩʪʦʥʦʚ, 

ʤʦʥʦʤʝʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʫʢʣʝʦʩʦʤʘ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
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ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʚ ʥʫʢʣʝʦʩʦʤʳ ɼʅʂ ʤʝʥʝʝ ʜʦʩʪʫʧʥʘ ʜʣʷ ʙʝʣʢʦʚ ʨʝʧʘʨʘʮʠʠ, ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʚʢʣʶʯʝʥʥʳʭ ʚ ʭʨʦʤʘʪʠʥ ʨʘʟʨʳʚʦʚ ʙʫʜʫʪ ʩʢʨʳʪʳ ʦʪ 

ʩʝʥʩʦʨʥʦʛʦ ʙʝʣʢʘ PARP1. 

ʅʝ ʫʩʪʨʘʥʝʥʥʳʝ ʨʘʟʨʳʚʳ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʘʤ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʨʝʧʣʠʢʘʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʠʥʜʫʮʠʨʫʶʪ ʥʘʢʦʧʣʝʥʠʝ ʜʚʫʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ, ʫʚʝʣʠʯʠʚʘʶʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʘʧʦʧʪʦʟʫ, ʘ 

ʥʘʨʫʰʝʥʠʝ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 

ʩʝʨʴʝʟʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ʥʘ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʧʦ ʈʅʂʇ II ï ʟʘʚʠʩʠʤʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʩʦʤʳ ʜʣʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥʦʯʥʳʝ ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚ rʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʥʘ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʨʠʮ 

ʤʦʜʝʣʴʥʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ E. coli ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʩʪʘʥʦʚʦʢ ʤʦʜʝʣʴʥʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚʣʠʷʥʠʷ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ. 

ʇʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʆʜʠʥʦʯʥʳʝ ʨʘʟʨʳʚʳ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ, ʥʫʢʣʝʦʩʦʤ-ʩʧʝʮʠʬʠʯʥʫʶ ʦʩʪʘʥʦʚʢʫ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. 

coli ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

2. ʆʩʪʘʥʦʚʢʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. coli ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʜʠʥʦʯʥʦʛʦ ʨʘʟʨʳʚʘ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ ʤʠʥʦʚʘʣ ʧʦʣʦʞʝʥʠʝ ʨʘʟʨʳʚʘ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 7-12 ʧ.ʥ. ʦʪ ʥʝʛʦ. 
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3. ʇʦʟʠʮʠʠ ʦʩʪʘʥʦʚʦʢ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. coli ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʠʥʦʯʥʳʭ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʜʠʩʢʨʝʪʥʳ ʠ ʠʤʝʶʪ 

10-ʧ.ʥ. ʧʝʨʠʦʜʠʯʥʦʩʪʴ. 

4. ʆʧʨʝʜʝʣʝʥʳ ʪʨʠ ʧʦʟʠʮʠʠ ʦʩʪʘʥʦʚʦʢ ʈʅʂʇ E. coli (+24, +34, +44 ʧ.ʥ. 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʝʡ ʢ ʧʨʦʤʦʪʦʨʫ ʛʨʘʥʠʮʳ ʥʫʢʣʝʦʩʦʤʳ). 

5. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. coli ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʟʨʳʚʘ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʚ ʥʫʢʣʝʦʩʦʤʝ. 

6. ʍʘʨʘʢʪʝʨ ʦʩʪʘʥʦʚʢʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʠʥʦʯʥʳʭ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʪʘʥʦʚʢʘ ʚʳʟʚʘʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ 

ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʳʭ ʧʝʪʝʣʴ ɼʅʂ. 

7. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʡ 

ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʠ ɼʅʂ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ, ʦʙʣʝʛʯʘʶʱʠʭ ʪʨʘʥʩʢʨʠʧʮʠʶ 

ʥʫʢʣʝʦʩʦʤ. 

8. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʨʳʚʳ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ɼʅʂ ʚʳʟʳʚʘʶʪ ʨʝʣʘʢʩʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ, ʥʘʢʦʧʣʝʥʥʳʭ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ rʠ ʦʙʣʝʛʯʘʶʱʠʭ ʪʨʘʥʩʢʨʠʧʮʠʶ ʥʫʢʣʝʦʩʦʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʳʚʳ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʯʪʠ 

ʧʦʣʥʫʶ ʦʩʪʘʥʦʚʢʫ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʭʨʦʤʘʪʠʥ-

ʩʧʝʮʠʬʠʯʥʳʤ ʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ ɼʅʂ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʘʥʦʚʢʘ ʈʅʂʇ II in vivo ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʢ ʥʘʯʘʣʫ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʡ ʚʝʪʚʠ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʭʨʦʤʘʪʠʥ-ʩʧʝʮʠʬʠʯʥʦʛʦ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ, ʢʦʪʦʨʳʝ ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʶʪʩʷ ʩʢʨʳʪʳʤʠ ʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ 
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ʥʝʜʝʢʪʠʨʫʝʤʳʤʠ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʝʧʘʨʘʮʠʠ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʭʨʦʤʘʪʠʥ-ʩʧʝʮʠʬʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʨʝʜʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʦʤʘʪʠʥ-

ʩʧʝʮʠʬʠʯʥʦʛʦ ʫʟʥʘʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʫʶ 

ʪʝʤʘʪʠʢʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʝʧʘʨʘʮʠʠ ʭʨʦʤʘʪʠʥʘ. 

ʅʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʧʨʠʚʦʜʷʪ 

ʢ ʨʘʟʚʠʪʠʶ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ 

ʪʝʤʘʪʠʢʠ ʠ ʜʦʢʘʟʘʥʥʦʤ ʵʬʬʝʢʪʝ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II in vivo ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʪʝʢʮʠʠ 

ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʧʷʪʴ ʩʪʘʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʰʝʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 
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ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɻʝʥʦʤ ʢʣʝʪʢʠ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʢʦʧʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʫʪʘʮʠʡ ʠ ʭʨʦʤʦʩʦʤʥʳʤ 

ʧʝʨʝʩʪʨʦʡʢʘʤ, ʨʘʢʦʚʦʤʫ ʧʝʨʝʨʦʞʜʝʥʠʶ ʠ ʘʧʦʧʪʦʟʫ. ʇʦʜʜʝʨʞʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʭʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ɼʅʂ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʤʦʥʦʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʞʝ ʩʣʫʯʘʝʚ ʟʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪʚʝʯʘʝʪ ʩʣʦʞʥʳʡ ʢʘʩʢʘʜ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʨʝʘʢʮʠʡ. ʅʝʢʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤ ʨʝʧʘʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʪʷʞʝʣʳʭ 

ʥʘʨʫʰʝʥʠʡ ʤʝʪʘʙʦʣʠʟʤʘ. ɺ ʷʜʨʘʭ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ɼʅʂ ʫʧʘʢʦʚʘʥʘ ʚ 

ʭʨʦʤʘʪʠʥ, ʚ ʢʦʪʦʨʦʤ ʜʦʣʞʥʘ ʫʩʧʝʰʥʦ ʧʨʦʭʦʜʠʪʴ ʝʸ ʨʝʧʘʨʘʮʠʷ. ʀʩʪʦʨʠʯʝʩʢʠ 

ʩʣʦʞʠʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʛʠʩʪʦʥʳ ʚʨʝʤʝʥʥʦ ʫʜʘʣʷʶʪʩʷ ʩ ʨʝʧʘʨʠʨʫʝʤʦʡ ɼʅʂ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʩʚʝʜʝʥʠʡ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʭʨʦʤʘʪʠʥʘ ʚʣʠʷʝʪ ʥʘ ʨʝʧʘʨʘʮʠʦʥʥʳʡ ʦʪʚʝʪ, ʦʛʨʘʥʠʯʠʚʘʷ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, 

ʠʟʤʝʥʷʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ, ʫʯʘʩʪʚʫʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʫʪʠ ʦʪʚʝʪʘ ʠ 

ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ [Christmann et 

al., 2003]. 

1. ʆʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ɼʅʂ 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʯʘʩʪʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʷʚʣʷʶʪʩʷ ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ 

(single strand break, SSB). ɺ ʢʣʝʪʢʝ ʯʝʣʦʚʝʢʘ ʝʞʝʜʥʝʚʥʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʚʦʟʥʠʢʘʶʪ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʪʘʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

ʆʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʨʫʰʝʥʠʝ ʩʘʭʘʨʦʬʦʩʬʘʪʥʦʛʦ ʦʩʪʦʚʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʩʧʦʥʪʘʥʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʢʦʚʘʣʝʥʪʳʭ ʩʚʷʟʝʡ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʨʘʟʨʳʚʳ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ï ʨʘʟʣʠʯʥʳʭ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʙʦʣʴʰʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʥʝʩʧʘʨʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʫʨʦʚʥʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ɸʌʂ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʢʣʝʪʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʵʢʟʦʛʝʥʥʳʤʠ ʠ/ʠʣʠ ʵʥʜʦʛʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʂ ʥʘʢʦʧʣʝʥʠʶ 

ʨʘʟʨʳʚʦʚ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ (ʘʙʦʨʪʠʚʥʦʝ 
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ʜʝʡʩʪʚʠʝ ʪʦʧʦʠʟʦʤʝʨʘʟ ʠ ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʵʢʩʮʠʟʠʝʡ ʦʩʥʦʚʘʥʠʡ ʠ 

ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʜʨ.) [Bradley, Kohn, 1979; Pogozelski, Tullius, 1998; Wang, 2002; 

Demple, DeMott, 2002; Hegde et al., 2008]. ʉʘʤʠ ʧʦ ʩʝʙʝ ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ʥʝ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʝ ɼʅʂ, ʦʜʥʘʢʦ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʣʠʯʥʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʝ ʫʩʪʨʘʥʝʥʥʳʝ ʨʘʟʨʳʚʳ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʘʤ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʧʣʠʢʘʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ɼʅʂ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʘʪʨʠʮʘ. ɺ ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʢʘʭ ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ 

ʠʥʜʫʮʠʨʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʚʫʥʠʪʝʚʳʭ, ʯʝʤ ʫʚʝʣʠʯʠʚʘʶʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʦʤʘ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʘʧʦʧʪʦʟʫ. ɺ 

ʧʦʢʦʷʱʠʭʩʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ʥʘʨʫʰʘʶʪ 

ʪʨʘʥʩʢʨʠʧʮʠʶ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʣʝʪʦʯʥʦʤ ʤʝʪʘʙʦʣʠʟʤʝ. ʆʩʦʙʝʥʥʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʢʣʝʪʢʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʥʘʨʫʰʝʥʠʝ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʠʪʠʶ ʩʝʨʴʝʟʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

[Caldecott, 2008a; Reynolds, Stewart, 2013; Iyama, Wilson, 2013; Caldecott, 2014b]). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 5'- ʠ/ʠʣʠ 3'-ʢʦʥʮʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʦʜʥʦʥʠʪʝʚʦʤ 

ʨʘʟʨʳʚʝ ɼʅʂ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʛʦ 

ʣʠʛʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʢʘʢ ʠ ʚ ʩʣʫʯʘʷʭ ʜʨʫʛʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʨʝʧʘʨʘʮʠʷ 

ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʭ ʜʝʪʝʢʮʠʠ. ʉʝʥʩʦʨʦʤ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ 

ʩʯʠʪʘʝʪʩʷ ʙʝʣʦʢ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʘ 1 (PARP1). PARP1 ʧʦʩʪʦʷʥʥʦ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʭʨʦʤʘʪʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ (2*10^5 ʤʦʣʝʢʫʣ ʥʘ ʷʜʨʦ [Ludwig et al., 1988]), ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʤ ʦʩʪʦʚʦʤ ɼʅʂ ʯʝʨʝʟ ʜʦʤʝʥ ʪʠʧʘ çʮʠʥʢʦʚʳʡ 

ʧʘʣʝʮè ZF1 [Ju et al., 2004; Kim et al., 2004; Tulin, Spradling, 2003]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʦʜʠʥ ʠʟ ʩʚʦʙʦʜʥʳʭ ʢʦʥʮʦʚ ʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩʦ ʚʪʦʨʳʤ ʜʦʤʝʥʦʤ ʪʠʧʘ çʮʠʥʢʦʚʳʡ ʧʘʣʝʮè ZF2. ʊʘʢ ʢʘʢ ʫʯʘʩʪʦʢ ʩ ʨʘʟʨʳʚʦʤ 

ʩʘʭʘʨʦʬʦʩʬʘʪʥʦʛʦ ʦʩʪʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ, ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʨʘʟʚʦʨʦʪʝ 

ɼʅʂ ʩʦ ʚʪʦʨʳʤ ʩʚʦʙʦʜʥʳʤ ʢʦʥʮʦʤ ʧʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʩʚʷʟʳʚʘʝʪʩʷ ʚʪʦʨʘʷ 

ʤʦʣʝʢʫʣʘ PARP1. ɹʣʘʛʦʜʘʨʷ ʙʣʠʟʦʩʪʠ ʜʚʫʭ ʤʦʣʝʢʫʣ PARP1, ʩʦʚʤʝʩʪʥʦ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʤʦʜʠʬʠʮʠʨʫʝʪ ʘʢʮʝʧʪʦʨʥʳʡ ʩʘʡʪ ʜʨʫʛʦʡ, ʦʙʨʘʟʫʷ ʥʘ ʥʝʡ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʮʝʧʴ 

ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʳ), ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʩʠʛʥʘʣʦʤ ʢ ʥʘʯʘʣʫ 
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ʨʝʧʘʨʘʮʠʦʥʥʦʛʦ ʦʪʚʝʪʘ [Ali et al., 2012] (ʤʦʜʝʣʴ ʩʚʷʟʳʚʘʥʠʷ ʤʦʥʦʥʫʢʣʝʦʪʠʜʥʦʡ 

ʙʨʝʰʠ ʜʦʤʝʥʘʤʠ ʪʠʧʘ çʮʠʥʢʦʚʳʡ ʧʘʣʝʮè ʠ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩ-ʘʫʪʦʤʦʜʠʬʠʢʘʮʠʠ 

PARP1 ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2). 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʨʘʟʨʳʚ ʣʝʛʢʦ ʫʜʘʣʷʝʪʩʷ ʧʦ ʧʫʪʠ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ʦʩʥʦʚʘʥʠʡ (base excision repair, BER) [Le Cam et al., 1994; Weinfeld et al., 1997; 

Caldecott, 2008a; Caldecott, 2014a; Caldecott, 2014b] (ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʨʝʧʘʨʘʮʠʦʥʥʦʛʦ ʦʪʚʝʪʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3). ʊʘʢ, ʢ ʤʝʩʪʫ 

ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪʩʷ ʙʝʣʢʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʢʦʥʮʳ ɼʅʂ, ʟʘʧʦʣʥʷʶʱʠʝ 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʙʨʝʰʴ ʠ ʣʠʛʠʨʫʶʱʠʝ ʢʦʥʮʳ ɼʅʂ. 
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ʈʠʩʫʥʦʢ 1. ɺʘʨʠʘʥʪʳ ʤʦʜʠʬʠʢʘʮʠʡ 5ô- ʠ 3ô-ʢʦʥʮʦʚ ɼʅʂ ʚ ʤʝʩʪʝ 

ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʠ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ɸ ʠ ɹ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʧʦ [Caldecott, 2008b]). 
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ʈʠʩʫʥʦʢ 2. ɼʝʪʝʢʮʠʷ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʙʝʣʢʦʤ PARP1. ɸ) 

ʄʦʜʝʣʴ ʫʟʥʘʚʘʥʠʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʦʡ ʙʨʝʰʠ ʜʚʫʤʷ ʜʦʤʝʥʘʤʠ ʪʠʧʘ çʮʠʥʢʦʚʳʡ 

ʧʘʣʝʮè ʙʝʣʢʘ PARP1. ZF2 ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʦʥʮʦʤ ʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ 

ɼʅʂ (ʟʝʣʸʥʦʡ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ZF1 ʩʚʷʟʳʚʘʝʪ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ 

ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ (ʚʳʜʝʣʝʥʥʦʡ ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ) (ʜʨʫʛʠʝ ʜʦʤʝʥʳ ʙʝʣʢʘ 

PARP1 ʥʝ ʧʦʢʘʟʘʥʳ). ɹ) ʄʝʭʘʥʠʟʤ ʪʨʘʥʩ-ʘʫʪʦʤʦʜʠʬʠʢʘʮʠʠ PARP1 ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ. PARP1 ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ʩʚʷʟʘʥ ʩ ʭʨʦʤʘʪʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʯʝʨʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʤʝʥʘ ZF1 ʩ ʩʘʭʘʨʦʬʦʩʬʘʪʥʳʤ ʦʩʪʦʚʦʤ ɼʅʂ (1). ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʟʨʳʚʘ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʮʝʧʠ ɼʅʂ ʩ 

ʜʦʤʝʥʦʤ ZF2 (2). ʉ ʜʨʫʛʠʤ ʩʚʦʙʦʜʥʳʤ ʢʦʥʮʦʤ ʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ ʩʚʷʟʳʚʘʝʪʩʷ 

ʚʪʦʨʘʷ ʤʦʣʝʢʫʣʘ PARP1 (3). ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʦʜʥʦʡ ʠʟ ʤʦʣʝʢʫʣ ʧʦʣʠ(ɸɼʌ)-

ʨʠʙʦʟʠʣʠʨʫʝʪ ʘʢʮʝʧʪʦʨʥʳʡ ʫʯʘʩʪʦʢ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ (4), ʯʪʦ ʠ ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʢ 

ʧʨʠʚʣʝʯʝʥʠʶ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʙʝʣʢʦʚ (ʧʦ [Ali et al., 2012]). ʅʝʧʦʚʨʝʞʜʝʥʥʳʝ ʮʝʧʠ 

ɼʅʂ ʚʳʜʝʣʝʥʳ ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ, ʮʝʧʠ ʩ ʨʘʟʨʳʚʦʤ ï ʟʝʣʝʥʳʤ. ZF1 ʚʳʜʝʣʝʥ 

ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ, ZF2 ï ʞʸʣʪʳʤ. ɼʨʫʛʠʝ ʜʦʤʝʥʳ ʙʝʣʢʘ PARP1 ʦʙʦʟʥʘʯʝʥʳ ʩʝʨʳʤ 

ʮʚʝʪʦʤ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʦʡ) ʘʢʮʝʧʪʦʨʥʳʡ ʫʯʘʩʪʦʢ ʦʜʥʦʡ ʠʟ 

ʤʦʣʝʢʫʣ PARP1 ʚʳʜʝʣʝʥ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 



- 17 - 
 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ. 

PARP1 ʩʚʷʟʳʚʘʝʪ ʦʜʥʦʥʠʪʝʚʦʡ ʨʘʟʨʳʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʪʨʘʥʩ-ʘʫʪʦʤʦʜʠʬʠʢʘʮʠʠ 

(1Ÿ2). ʇʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ) ʧʨʠʚʣʝʢʘʝʪ ʙʝʣʢʠ ʨʝʧʘʨʘʮʠʠ (3). ʇʨʝʞʜʝ ʚʩʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 3ô-ʢʦʥʮʘ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʩʪʨʘʠʚʘʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʙʦʣʝʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ (ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʚʝʪʚʠ 

ʨʝʘʢʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (4). ɺ ʩʣʫʯʘʝ ʚʩʪʨʘʠʚʘʥʠʷ ʦʜʥʦʛʦ ʦʩʪʘʪʢʘ 5ô-ʢʦʥʝʮ ʪʘʢʞʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʜʦʩʪʨʘʠʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʦʩʪʘʪʢʦʚ ʵʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʚʳʪʝʩʥʝʥʥʳʡ ʫʯʘʩʪʦʢ ɼʅʂ ʫʜʘʣʷʝʪʩʷ 

ʵʥʜʦʥʫʢʣʝʘʟʦʡ FEN1. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʛʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ ɼʅʂ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʸ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ (5) [Caldecott, 2007; Caldecott, 2014b]. 
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2. ʇʦʚʨʝʞʜʝʥʠ  ̫ɼʅʂ ʚ ʭʨʦʤʘʪʠʥʝ 

ɺ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʷʜʝʨʥʘʷ ɼʅʂ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʭʨʦʤʘʪʠʥ ï 

ʩʣʦʞʥʫʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʫʯʘʩʪʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʝʣʢʦʚ. ɼʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʦʤʘ ʨʝʧʘʨʘʮʠʷ ɼʅʂ ʜʦʣʞʥʘ 

ʫʩʧʝʰʥʦ ʧʨʦʭʦʜʠʪʴ ʚ ʭʨʦʤʘʪʠʥʦʚʦʤ ʦʢʨʫʞʝʥʠʠ. 

ʄʦʥʦʤʝʨʳ ʭʨʦʤʘʪʠʥʘ ï ʥʫʢʣʝʦʩʦʤʳ ï ʢʦʤʧʘʢʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʫʯʘʩʪʢʘ ɼʅʂ 

ʠ ʙʝʣʢʦʚ-ʛʠʩʪʦʥʦʚ. ʅʫʢʣʝʦʩʦʤʳ ʩʦʩʪʦʷʪ ʠʟ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʷʜʨʘ (ʩʝʨʜʮʝʚʠʥʳ), 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ɼʅʂ (ʣʠʥʢʝʨʘ) ʠ ʣʠʥʢʝʨʥʦʛʦ ʛʠʩʪʦʥʘ ʅ1. ʆʧʦʷʩʘʥʥʳʡ 

146 ʧ.ʥ. ɼʅʂ ʙʝʣʢʦʚʳʡ ʦʢʪʘʤʝʨ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʪʨʘʤʝʨʘ (H3-H4)2, ʦʢʨʫʞʝʥʥʦʛʦ 

ʜʚʫʤʷ ʜʠʤʝʨʘʤʠ H2A-H2B, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʜʠʩʢʘ ʩ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 11 ʥʤ ʠ 

ʚʳʩʦʪʦʡ ʦʢʦʣʦ 5,7 ʥʤ, ʩʦʩʪʘʚʣʷʝʪ ʥʫʢʣʝʦʩʦʤʥʫʶ ʩʝʨʜʮʝʚʠʥʫ [Kornberg, Thomas, 

1974; Luger et al., 1997]. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

210 ʢɼʘ. ʉʝʨʜʮʝʚʠʥʥʳʝ ʛʠʩʪʦʥʳ ʠʤʝʶʪ ʦʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʡ 

ʛʠʩʪʦʥʦʚʦʡ ʫʢʣʘʜʢʦʡ: ʜʚʝ ʢʦʨʦʪʢʠʝ ʘʣʴʬʘ-ʩʧʠʨʘʣʠ ʠ ʜʣʠʥʥʘʷ ʩʨʝʜʥʷʷ ʘʣʴʬʘ-

ʩʧʠʨʘʣʴ, ʨʘʟʜʝʣʝʥʥʳʝ ʥʝʙʦʣʴʰʠʤʠ ʤʦʩʪʠʢʘʤʠ [Arents, Moudrianakis, 1995]. ɿʘ 

ʩʚʷʟʳʚʘʥʠʝ ʅ3-ʅ4 ʜʠʤʝʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʚʝʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʛʠʩʪʦʥʘʤʠ ʅ3, ʘ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʪʨʘʤʝʨʘ ʩ ʅ2ɸ-ʅ2ɺ ʜʠʤʝʨʘʤʠ ï 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʠʩʪʦʥʘʤʠ ʅ4 ʠ ʅ2ɺ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʠʩʪʦʥʘʤʠ ʅ3 

ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʛʠʜʨʦʬʦʙʥʳ, ʧʦʵʪʦʤʫ ʣʝʛʢʦ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʠʦʥʥʳʭ 

ʩʠʣʘʭ. ʇʦʵʪʦʤʫ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʮʝʥʪʨʘʣʴʥʳʡ ʪʝʪʨʘʤʝʨ ʩʪʘʙʠʣʝʥ, ʘ 

ʦʢʪʘʤʝʨ ʩʪʘʙʠʣʝʥ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʣʝʡ ʠʣʠ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ɼʅʂ [Workman, Kingston, 1998]. ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʷʜʨʘ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʛʠʩʪʦʥʘʤʠ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚʳʧʦʣʥʷʶʪ N-ʢʦʥʮʝʚʳʝ ʫʯʘʩʪʢʠ ï çʭʚʦʩʪʳè ʛʠʩʪʦʥʦʚ ï 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʝʤʳʝ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ. ʆʥʠ ʥʘʠʤʝʥʝʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʚʳʭʦʜʷʪ ʟʘ ʛʨʘʥʠʮʳ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʷʜʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɼʅʂ ʠ ʙʝʣʢʘʤʠ [Arents, Moudrianakis, 1995]. 

ʆʨʛʘʥʠʟʘʮʠʷ ɼʅʂ ʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʟʘʱʠʱʘʝʪ ʝʸ ʦʪ ʤʥʦʛʠʭ 

ʨʘʟʨʫʰʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʥʫʢʣʝʘʟ [Noll, 1974; Wigler, Axel, 1976]. ʊʘʢʦʝ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʤʦʣʝʢʫʣʳ 
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ʬʝʨʤʝʥʪʦʚ, ʥʦ ʠ ʥʘ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʝ ʘʛʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ 

[Hayes et al., 1990]. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ɼʅʂ ʚ ʭʨʦʤʘʪʠʥʝ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ, ʚʠʜʠʤʦ, 

ʪʦʣʴʢʦ ʥʘ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʠ ʨʘʜʠʘʮʠʠ [Tijsterman et al., 1999]. 

 

ʈʠʩʫʥʦʢ 4. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʫʢʣʝʦʩʦʤʥʦʡ 

ʩʝʨʜʮʝʚʠʥʳ. http://www.molecularstation.com/ru/molecular-biology-images/502-dna-

pictures/59-nucleosome-crystal-structure.html. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʛʠʩʪʦʥʳ 

ʅ2ɺ, ʞʝʣʪʳʤ ï ʅ2ɸ, ʩʠʥʠʤ ï ʅ3, ʟʝʣʝʥʳʤ ï ʅ4. ʅʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ ʘʣʴʬʘ-

ʩʧʠʨʘʣʠ ʠ N-ʢʦʥʮʝʚʳʝ çʭʚʦʩʪʳè ʛʠʩʪʦʥʦʚ. 

ɹʫʜʫʯʠ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʥʫʢʣʝʦʩʦʤʳ ʩʦʭʨʘʥʷʶʪʩʷ ʜʘʞʝ 

ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ɼʅʂ [Odell et al., 2013], ʧʦʵʪʦʤʫ ʟʘʱʠʪʘ ɼʅʂ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ʠ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʟʘʤʝʜʣʷʶʱʠʤ ʧʦʠʩʢ ʠ ʨʝʧʘʨʘʮʠʶ ʧʦʚʨʝʞʜʝʥʠʡ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ, ʯʪʦ ʧʦʠʩʢ ʥʘʨʫʰʝʥʠʡ ɼʅʂ ʩʝʥʩʦʨʥʳʤʠ ʙʝʣʢʘʤʠ ʠʜʝʪ ʚ 

ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʤ ʩʚʷʟʳʚʘʥʠʠ ʤʦʣʝʢʫʣʳ 

ʬʝʨʤʝʥʪʘ ʩ ɼʅʂ ʧʨʠ ʜʠʬʬʫʟʠʠ ʚ ʦʙʲʝʤʝ ï ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʣʝ 

ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʦʢ ʥʘʯʠʥʘʝʪ ʦʜʥʦʤʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ɼʅʂ ʜʦ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʧʦʚʨʝʞʜʝʥʠʝʤ [Blainey et al., 2009]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʢʣʝʦʩʦʤʘ ʙʫʜʝʪ ʟʘʪʨʫʜʥʷʪʴ 

ʧʨʦʪʝʢʘʥʠʝ ʦʙʦʠʭ ʵʪʘʧʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʨʛʘʥʠʟʘʮʠʷ ɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʳ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʝʝ 

ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʙʝʣʢʦʚ ʨʝʧʘʨʘʮʠʠ. ɺ ʥʝʜʝʣʷʱʠʭʩʷ, ʧʦʢʦʷʱʠʭʩʷ ʢʣʝʪʢʘʭ NER ʠʜʝʪ 

http://www.molecularstation.com/ru/molecular-biology-images/502-dna-pictures/59-nucleosome-crystal-structure.html
http://www.molecularstation.com/ru/molecular-biology-images/502-dna-pictures/59-nucleosome-crystal-structure.html
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ʤʝʜʣʝʥʥʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʛʝʥʘʭ [Nouspikel, 

Hanawalt, 2002]. ʌʦʪʦʧʦʚʨʝʞʜʝʥʠʷ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ, 

ʥʦ ʩʦʭʨʘʥʷʶʱʠʭ ʥʫʢʣʝʦʩʦʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʥʦʚ ʫʜʘʣʷʶʪʩʷ ʩ ʭʘʨʘʢʪʝʨʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʝʧʘʨʘʮʠʶ ɼʅʂ ʚ ʩʦʩʪʘʚʝ 

ʥʫʢʣʝʦʩʦʤ [Tijsterman et al., 1999]. ʌʝʨʤʝʥʪ ʩʠʩʪʝʤʳ BER ï ʫʨʘʮʠʣ-ɼʅʂ-

ʛʣʠʢʦʟʠʣʘʟʘ ï ʟʘʤʝʪʥʦ ʣʫʯʰʝ ʩʚʷʟʳʚʘʝʪ ʫʨʠʜʠʣʦʚʳʝ ʦʩʪʘʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʢʣʝʦʩʦʤʳ [Hinz et al., 2010]. ɺʠʜʠʤʦ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʫʯʘʩʪʢʘʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʭʨʦʤʘʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʮʠʡ, ʯʝʤ ʚ 

ɼʅʂ ʘʢʪʠʚʥʳʭ ʛʝʥʦʤʥʳʭ ʣʦʢʫʩʦʚ [Teytelman et al., 2008; Schuster-Bºckler, Lehner, 

2012]. 

3. ʈʝʧʘʨʘʮʠʷ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ PARP1 ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʩʚʷʟʳʚʘʝʪ ʥʝʧʦʚʨʝʞʜʝʥʥʫʶ ʥʫʢʣʝʦʩʦʤʥʫʶ ɼʅʂ, ʯʝʤ ʩʚʦʙʦʜʥʫʶ ʦʪ ʛʠʩʪʦʥʦʚ [Clark 

et al., 2012]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʳʚʘʥʠʝ ʜʦʤʝʥʘ ZF1 ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʝʪʩʷ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ɼʅʂ ʚ ʭʨʦʤʘʪʠʥ. ʀʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʙʝʣʢʦʤ PARP1, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [Eustermann et al., 2011; Ali 

et al., 2012] ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʩʚʷʟʳʚʘʥʠʝ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʥʝʢʦʪʦʨʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʫʜʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʝʥʦ. 

ʅʝʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ ʜʝʪʝʢʮʠʠ ʨʘʟʨʳʚʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʦʮʝʩʩʠʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʧʝʨʝʤʝʱʘʶʱʠʤʠʩʷ ʚʜʦʣʴ ɼʅʂ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʟʨʳʚʳ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʙʣʦʢʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ 2 

(ʈʅʂʇ II) in vivo ʠ in vitro [Zhou, Doetsch, 1993; Kathe et al., 2004]. ʆʩʪʘʥʦʚʢʘ ʈʅʂʇ 

II  ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʪʨʘʥʩʢʨʠʧʮʠʝʡ (transcription-coupled nucleotide excision repair, 

TC-NER). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʘʢʪʠʚʥʳʭ ʢʣʝʪʢʘʭ, ʦʩʪʘʥʦʚʢʘ ʈʅʂʇ 

II  ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʛʥʘʣʦʤ ʢ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ɼʅʂ [Fousteri, Mullenders, 2008]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʨʘʟʨʳʚʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ (NT-SSBs), ʥʝ ʚʣʠʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ ɼʅʂ in vitro [Belotserkovskii 
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et al., 2013], ʭʦʪʷ ʦʥʠ ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʶʪʩʷ in vivo [Bielas, 2006; Dorazi et al., 

2007]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʫʜʘʣʝʥʠʝ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʩʠʩʪʝʤʳ BER, ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʫʪʴ 

TC-NER ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥ ʧʨʠ ʨʝʧʘʨʘʮʠʠ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ 

[Flohr et al., 2003; Khobta et al., 2010]. ʊʘʢ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʜʥʦʥʠʪʝʚʳʭ 

ʨʘʟʨʳʚʦʚ ɼʅʂ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ CSB (Cockayne 

syndrome group B), ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʩʧʝʮʠʬʠʯʥʦ ʜʣʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʧʫʪʠ NER [Fousteri, Mullenders, 2008]. 

ʀʟ-ʟʘ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ, ʧʦʚʨʝʞʜʝʥʠʷ ʯʘʱʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʤʝʥʝʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʭʨʦʤʘʪʠʥʝ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʩʪʫʧʥʦʩʪʴ ɼʅʂ ʤʦʞʝʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʚʨʝʞʜʝʥʠʷ [Strand et al., 2014]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʫʜʘʨʦʤ ʥʘʭʦʜʷʪʩʷ ʘʢʪʠʚʥʦ 

ʦʪʢʨʳʪʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ ʠ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʝ ʛʝʥʳ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʫʨʦʚʝʥʴ ʤʫʪʘʮʠʡ 

ʚ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ, ʯʝʤ ʚ ʫʯʘʩʪʢʘʭ ʚʳʩʦʢʦʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʭʨʦʤʘʪʠʥʘ [Teytelman et al., 2008; Schuster-Bºckler, Lehner, 2012]. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʨʦʣʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʡ ʚʝʪʚʠ NER (transcription-coupled NER, TC-NER), 

ʩʠʛʥʘʣʦʤ ʜʣʷ ʥʘʯʘʣʘ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʦʩʪʘʥʦʚʢʘ ʈʅʂʇ II ʥʘ ʧʦʚʨʝʞʜʝʥʠʠ. 

ɸʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʚ ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʈʅʂʇ II. ʇʨʠ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʥʫʢʣʝʦʩʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʫʤʝʨʝʥʥʦʤ 

ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II ʩʦʭʨʘʥʷʝʪʩʷ ʥʫʢʣʝʦʩʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʥʦʚ. ʈʅʂʇ II 

ʩʨʘʚʥʠʤʘ ʧʦ ʨʘʟʤʝʨʫ ʩ ʥʫʢʣʝʦʩʦʤʦʡ, ʧʦʵʪʦʤʫ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II 

ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʛʠʩʪʦʥʦʚʦʛʦ çʢʦʜʘè. 

4. ʊʨʘʥʩʢʨʠʧʮʠʷ ʭʨʦʤʘʪʠʥʘ ʈʅʂʇ II 

ʊʨʘʥʩʢʨʠʧʮʠʷ ï ʵʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʩʠʥʪʝʟ ʈʅʂ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ. ʆʥʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ɼʅʂ-ʟʘʚʠʩʠʤʳʤʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘʤʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʯʘʩʪʠʠ 

ʙʝʣʢʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ. ʇʨʦʢʘʨʠʦʪʳ ʠʤʝʶʪ ʦʜʥʫ 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ (ʈʅʂʇ), ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʚʩʝʭ ʪʠʧʦʚ ʈʅʂ. 

ʕʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʤʳ ʠʤʝʶʪ ʦʜʥʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʠ ʢʘʢ ʤʠʥʠʤʫʤ 3 
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ʷʜʝʨʥʳʭ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ (1, 2 ʠ 3), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʢʣʝʪʦʯʥʳʭ ʈʅʂ. 

ʇʨʦʮʝʩʩ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʤʦʪʦʨʘ 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ, ʠʥʠʮʠʘʮʠʠ, ʵʣʦʥʛʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ. ʈʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ï ʢʣʶʯʝʚʦʡ ʤʦʤʝʥʪ ʚ ʢʣʝʪʦʯʥʦʤ ʨʘʟʚʠʪʠʠ. ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ (ʦʩʦʙʝʥʥʦ ʧʝʨʚʳʝ 

ʪʨʠ) ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʆ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ 1, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʩʠʥʪʝʟ 

ʨʠʙʦʩʦʤʥʳʭ ʈʅʂ, ʢʨʦʤʝ 5S ʨʈʅʂ, ʠʟʚʝʩʪʥʦ ʢʨʘʡʥʝ ʤʘʣʦ. ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ III  

(ʈʅʂʇ III) ʫʯʘʩʪʚʫʝʪ ʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʪʈʅʂ, 5S ʨʈʅʂ, U6 ʤʷʈʅʂ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʤʘʣʳʭ ʈʅʂ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ 

ʪʨʝʪʴʝʡ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ, ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʝ, ʠ ʦʥʠ ʚʩʝ ʚʨʝʤʷ 

ʧʦʢʨʳʪʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʤʝʰʘʶʱʠʤʠ ʧʦʩʘʜʢʝ ʥʫʢʣʝʦʩʦʤ 

[Gerlach et al., 1995]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʭʘʥʠʟʤ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʈʅʂʇ III ʠ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ ʙʘʢʪʝʨʠʦʬʘʛʦʚ SP6 ʠ ʊ7, ʦʪʣʠʯʘʝʪʩʷ ʚʥʫʪʨʠʤʘʪʨʠʯʥʳʤ ʧʝʨʝʥʦʩʦʤ 

ʦʢʪʘʤʝʨʘ ʛʠʩʪʦʥʦʚ ʩ ʥʘʭʦʜʷʱʝʡʩʷ ʚʧʝʨʝʜʠ ɼʅʂ ʥʘ ʧʨʦʡʜʝʥʥʫʶ ʙʝʟ ʧʦʪʝʨʠ/ʦʙʤʝʥʘ 

ʛʠʩʪʦʥʦʚ H2A-H2B, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʥʫʢʣʝʦʩʦʤʥʳʤ ʙʘʨʴʝʨʦʤ [Studitsky et 

al., 1995; Studitsky et al., 1994; Studitsky et al., 1997; Bednar et al., 1999]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʯʥʳʭ ʥʝʢʦʜʠʨʫʶʱʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʈʅʂ ʠ ʚʩʝ ʤʈʅʂ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʈʅʂʇ II. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʵʣʦʥʛʘʮʠʠ 

ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʳ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ II . 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ II  (ʈʅʂʇ II) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʤʫʣʴʪʠʤʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʦʙʱʝʡ ʤʘʩʩʦʡ ʙʦʣʝʝ 500 ʢɼʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ 12 ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ 

[Meyer et al., 2006]. ɺʦ ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II ʜʝʣʘʝʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʢʘʞʜʳʝ 

10 ʧ.ʥ. ʚʜʦʣʴ ʩʧʠʨʘʣʠ ɼʅʂ, ʜʚʠʛʘʷʩʴ ʯʝʨʝʟ ʩʠʣʴʥʦ ʢʦʤʧʘʢʪʠʟʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʭʨʦʤʘʪʠʥʘ [Gnatt et al., 2001]. ʅʫʢʣʝʦʩʦʤʥʘʷ ʫʧʘʢʦʚʢʘ ʭʨʦʤʘʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʢʘʢ ʜʦʩʪʫʧ ʬʝʨʤʝʥʪʦʚ ʠ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʢ ɼʅʂ, ʪʘʢ ʠ ʜʚʠʞʝʥʠʝ 

ʪʨʘʥʩʢʨʠʙʠʨʫʶʱʝʡ ʈʅʂʇ II. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʫʢʣʝʦʩʦʤ ʨʝʛʫʣʠʨʫʝʪ 

ʜʦʩʪʫʧʥʦʩʪʴ ɼʅʂ, ʧʨʝʧʷʪʩʪʚʫʷ ʠʣʠ ʩʧʦʩʦʙʩʪʚʫʷ ʩʚʷʟʳʚʘʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ [Zhao et al., 2001; Whitehouse et al., 2007; Lam et al., 

2008; Boeger et al., 2008; Petesch, Lis, 2008; Kim, OôShea, 2008]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 
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ʭʨʦʤʘʪʠʥ ʫʜʘʣʷʝʪʩʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʛʝʥʦʚ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ, ʢʦʜʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ 

ʫʤʝʨʝʥʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʛʝʥʦʚ ʦʩʪʘʶʪʩʷ ʫʧʘʢʦʚʘʥʥʳʤʠ ʚ ʥʫʢʣʝʦʩʦʤʳ [Hartzog 

et al., 2002]. ʅʫʢʣʝʦʩʦʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚʨʝʤʝʥʥʦ ʫʜʘʣʝʥʳ ʠʟ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ 

ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ [Lee et al., 2004; Kristjuhan, Svejstrup, 2004; 

Schwabish, Struhl, 2004], ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʛʝʥʦʚ ʩʦʭʨʘʥʷʶʪ 

ʥʫʢʣʝʦʩʦʤʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʈʅʂʇ II ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩ ʥʫʢʣʝʦʩʦʤʘʤʠ ʚʦ ʚʨʝʤʷ ʵʣʦʥʛʘʮʠʠ. 

ʕʣʦʥʛʘʮʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ (ʜʦ ʙʦʣʝʝ ʩʦʪʝʥ ʪʳʩʷʯ ʧ.ʥ.), 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ ʥʫʢʣʝʦʩʦʤʳ, ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ (3-4 ʪʳʩʷʯʠ ʧ.ʥ. ʚ 

ʤʠʥʫʪʫ [Singh, Padgett, 2009]). ʇʦʜʦʙʥʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ in 

vitro ʥʘ ɼʅʂ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ [Izban, Luse, 1992; Cheng, Price, 2007]. 

ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʈʅʂʇ II ʧʨʝʦʜʦʣʝʚʘʝʪ ʥʫʢʣʝʦʩʦʤʥʳʡ ʙʘʨɹʝʨ ʚʦ ʚʨʝʤʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ? ʉʭʝʤʘ, ʦʙʦʙʱʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5 [Kulaeva et al., 2013]. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ (ʢʦʤʧʣʝʢʩ 1) ʠ 

ʚʭʦʞʜʝʥʠʠ ʚ ʥʫʢʣʝʦʩʦʤʫ ʈʅʂʇ II (ʢʦʤʧʣʝʢʩ 2), ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ɼʅʂ, ʥʘʭʦʜʷʱʝʡʩʷ ʩʟʘʜʠ ʬʝʨʤʝʥʪʘ ʦʪ ʦʢʪʘʤʝʨʘ ʛʠʩʪʦʥʦʚ [Kulaeva 

et al., 2009]. ʇʨʦʭʦʞʜʝʥʠʝ ʙʘʨʴʝʨʘ ʦʧʦʩʨʝʜʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ +49 

ʧʦʣʦʞʝʥʠʠ ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʠ ɼʅʂ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (ʥʫʣʝʚʦʡ 

ʧʝʪʣʠ, ʨʠʩʫʥʦʢ 5, ʢʦʤʧʣʝʢʩ 3). ʅʘʟʚʘʥʠʝ ʥʫʣʝʚʦʡ ʧʝʪʣʠ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʠʣʘ 

ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʠʭ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. ɺ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦʭʨʘʥʷʶʪʩʷ ʠʩʭʦʜʥʳʝ, 

çʧʨʝ-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝè ɼʅʂ-ʛʠʩʪʦʥʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʚ ʦʙʣʘʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʧʝʨʝʜ ʪʨʘʥʩʢʨʠʙʠʨʫʶʱʝʡ ʈʅʂʇ II, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ, ʫʞʝ ʧʨʦʡʜʝʥʥʦʡ 

ʬʝʨʤʝʥʪʦʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʥʫʣʝʚʫʶ ʧʝʪʣʶ, ʚʳʷʚʣʝʥʥʳʭ ʘʥʘʣʠʟʦʤ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ [Kulaeva et al., 2009]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʕʂ +49 

ʥʝʩʦʚʤʝʩʪʠʤʘ ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʚʠʪʢʦʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ; ʚ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʜʠʥ 

ɼʅʂ ʚʠʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʪʝʩʥʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʫʣʝʚʦʡ ʧʝʪʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʝʨʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ ʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʧʦ ʭʦʜʫ 

ʜʚʠʞʝʥʠʷ ʈʅʂʇ II ʠ ʦʙʣʝʛʯʝʥʠʝ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʨʠʩʫʥʦʢ 5, ʢʦʤʧʣʝʢʩ 

4). ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʠʭ ʈʅʂʇ II. 
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ʈʠʩʫʥʦʢ 5. ʄʦʜʝʣʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ [Kulaeva et 

al., 2009]. ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʧʦʜʭʦʜʠʪ ʢ ʥʫʢʣʝʦʩʦʤʝ ((1), ʤʘʣʝʥʴʢʘʷ ʩʪʨʝʣʢʘ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ), ɼʅʂ ʯʘʩʪʠʯʥʦ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʩ ʦʢʪʘʤʝʨʘ 

(2). ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʘʷ 0-ʧʝʪʣʷ ʚ ʧʦʟʠʮʠʠ +49 (3), ɼʅʂ-ʛʠʩʪʦʥʦʚʳʝ 

ʢʦʥʪʘʢʪʳ ʧʝʨʝʜ ʬʝʨʤʝʥʪʦʤ ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʣʝ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʩʪʦʥʦʚʳʡ ʦʢʪʘʤʝʨ ʠʣʠ ʛʝʢʩʘʤʝʨ ʩʦʭʨʘʥʷʝʪʩʷ. ɿʘʪʝʤ 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʟʘʤʝʱʘʝʪ ʧʨʦʤʦʪʦʨ-ʜʠʩʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ (4). 

ɺʦ ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ ʥʫʣʝʚʘʷ ʧʝʪʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘʞʜʳ, ʚ +39 ʠ +49 ʧʦʣʦʞʝʥʠʷʭ [Kulaeva et al., 2009; Hsieh et al., 

2010]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʕʂ+49 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʫʣʝʚʳʭ ʧʝʪʝʣʴ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʘʱʘʪʝʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʈʅʂʇ II, ʢʦʛʜʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʤʦʣʝʢʫʣʳ ʈʅʂʇ II ʦʙʨʘʱʝʥʘ ʚ ʨʘʩʪʚʦʨ, ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʝʨʠʯʝʩʢʠʝ ʧʝʨʝʢʨʳʚʘʥʠʷ ʩ 

ʩʝʨʜʮʝʚʠʥʥʳʤʠ ʛʠʩʪʦʥʘʤʠ ʠ ɼʅʂ ʥʘʧʨʘʚʣʝʥʘ ʢ ʦʢʪʘʤʝʨʫ ʧʦʜ ʫʛʣʦʤ 90Á. ʉʤʝʱʝʥʠʝ 

ʬʝʨʤʝʥʪʘ ʥʘ ʦʜʠʥ ʥʫʢʣʝʦʪʠʜ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʦʚʦʨʦʪʫ ʚʦʢʨʫʛ ʦʩʠ ɼʅʂ ʥʘ ~36
o
 ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʩʪʦʣʢʥʦʚʝʥʠʶ ʤʝʞʜʫ ʈʅʂʇ II ʠ ʛʠʩʪʦʥʦʚʳʤ ʦʢʪʘʤʝʨʦʤ. ɺ 

ʢʦʤʧʣʝʢʩʝ Ï-ʧʝʪʣʠ ʢʦʥʪʘʢʪʳ ɼʅʂ ʩ ʛʠʩʪʦʥʘʤʠ (~20-ʧʥ) ʟʘʤʝʥʷʶʪʩʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʈʅʂʇ II ʩ ʛʠʩʪʦʥʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʢʦʤʧʣʝʢʩ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʪʘʤʝʨʘ ʠ ʈʅʂʇ II ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʩʠʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʘʨʷʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʈʅʂʇ II, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʪʘʤʝʨʘ ʛʠʩʪʦʥʦʚ. ʕʪʘ ʦʙʣʘʩʪʴ 

ʬʦʨʤʠʨʫʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʪʘʤʝʨʦʤ ʠ ʚʨʝʤʝʥʥʦ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʥʘʨʫʰʝʥʠʝ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʥʫʢʣʝʦʩʦʤʝ ʧʨʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʠʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʫʣʝʚʦʡ ʧʝʪʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʧʨʝʦʜʦʣʝʥʠʝ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʙʘʨʴʝʨʘ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II [Kulaeva et 

al., 2009]. 

ʄʝʭʘʥʠʟʤ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II ʯʝʨʝʟ ʭʨʦʤʘʪʠʥ ʦʧʨʝʜʝʣʷʝʪ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʩʦʤ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʛʝʥʦʚ, ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ ʈʅʂʇ II ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʨʝʤʝʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʠʤʝʥʥʦ: 

1. ɺ ʫʯʘʩʪʢʘʭ, ʫʤʝʨʝʥʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʚʪʦʨʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ, ʚ 

ʥʫʢʣʝʦʩʦʤʘʭ ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʠʟ ʜʠʤʝʨʦʚ ʛʠʩʪʦʥʦʚ ʅ2ɸ-ʅ2ɺ, ʪʘʢʞʝ ʚ 

ʥʠʭ ʠʜʝʪ ʘʢʪʠʚʥʳʡ ʦʙʤʝʥ ʵʪʠʭ ʜʠʤʝʨʦʚ ʚ ʦʢʪʘʤʝʨʘʭ. ʇʨʠ ʫʤʝʨʝʥʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʛʝʥʦʚ, ʧʦʪʝʨʠ 

ʥʫʢʣʝʦʩʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ [Nacheva et al., 1989; Lee et al., 2004; Kristjuhan, 

Svejstrup, 2004; Jiang, Pugh, 2009; Schwabish, Struhl, 2004]. ɼʣʷ ʵʪʠʭ ʛʝʥʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʙʳʩʪʨʳʡ, ʟʘʚʠʩʠʤʳʡ ʦʪ ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʙʤʝʥ ʪʦʣʴʢʦ ʛʠʩʪʦʥʦʚ ʅ2ɸ-

ʅ2ɺ, ʥʦ ʥʝ ʅ3-ʅ4 [Thiriet, Hayes, 2005; Dion et al., 2007; Rufiange et al., 2007]. 

ʇʨʠ ʥʝʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʘ ɼʅʂ ʩʦʭʨʘʥʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʛʝʢʩʘʩʦʤʳè, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʝʪʨʘʤʝʨʘ ʛʠʩʪʦʥʦʚ ʅ3 ʠ ʅ4 ʠ ʦʜʥʦʛʦ ʠʟ ʜʠʤʝʨʦʚ 

ʅ2ɸ-ʅ2ɺ. ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʩʪʪʨʥʘʩʣʷʮʠʦʥʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʥʝʩʫʪ ʛʠʩʪʦʥʳ ʅ3 ʠ ʅ4, ʚʤʝʩʪʝ ʩ ʛʝʢʩʘʩʦʤʘʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʠ 

çʛʠʩʪʦʥʦʚʳʡ ʢʦʜè. 

2. ɼʣʷ ʵʣʦʥʛʘʮʠʠ ʈʅʂʇ II ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʙʘʨʴʝʨʘ [Bondarenko et al., 2006]. 

3. ɻʠʩʪʦʥʳ ʘʢʪʠʚʥʦʛʦ ʭʨʦʤʘʪʠʥʘ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤʠ, ʘ ʩʘʤ 

ʭʨʦʤʘʪʠʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʢʦʥʜʝʥʩʠʨʦʚʘʥ [Nacheva et al., 1989; Bazett-Jones et 

al., 1996; Mahy et al., 2002]. 

4. ʆʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʠʭ ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʟʘʢʨʳʪʳʭ ɼʅʂ 

ʧʝʪʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʫʧʝʨʩʧʠʨʘʣʠʟʘʮʠʠ ɼʅʂ 

ʚʧʝʨʝʜʠ ʧʦʣʠʤʝʨʘʟʳ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʬʝʨʤʝʥʪʘ ʚ ʪʘʢʦʡ ʧʝʪʣʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʢʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʛʠʩʪʦʥʦʚʦʛʦ ʦʢʪʘʤʝʨʘ ʚʦ 

ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʘʢʪʥʘʷ (ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʘʷ) 

ʥʫʢʣʝʦʩʦʤʘ ʥʝ ʠʤʝʝʪ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ SH-ʛʨʫʧʧ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 
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ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʛʝʥʘʭ SH-ʛʨʫʧʧʳ ʛʠʩʪʦʥʦʚ ʅ3 ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʦʥʜʦʚ [Chen et al., 1991; Chen, Allfrey, 1987; Prior et al., 1983]. ʇʨʠ 

ʵʪʦʤ ʨʝʘʢʪʠʚʥʦʩʪʴ SH-ʛʨʫʧʧ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʭʦʜʷʱʠʤ ʧʨʦʮʝʩʩʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ [Chen et al., 1991; Chen, Allfrey, 1987; Walia et al., 1998]. 

5. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʧʦʪʝʨʷ [Lee et al., 2004; 

Kristjuhan, Svejstrup, 2004; Zhao et al., 2005; Petesch, Lis, 2008; Schwabish, Struhl, 

2004] ʠ ʦʙʤʝʥ [Thiriet, Hayes, 2005; Schwartz, Ahmad, 2005; Wirbelauer et al., 

2005; Jamai et al., 2007; Dion et al., 2007; Rufiange et al., 2007] ʚʩʝʭ 

ʩʝʨʜʮʝʚʠʥʥʳʭ ʛʠʩʪʦʥʦʚ (ʚʢʣʶʯʘʷ ʅ3 ʠ ʅ4) ʥʘ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʫʯʘʩʪʢʘʭ 

ʛʝʥʦʚ. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʙʳʣ ʧʦʢʘʟʘʥ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ in vitro [Kulaeva et al., 2007]. ɺ ʨʘʙʦʪʝ [Kulaeva et al., 2010] ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ ʤʦʜʝʣʠ ʫʜʘʣʝʥʠʷ ʥʫʢʣʝʦʩʦʤ ʩ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ 

ʛʝʥʦʚ. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ ʤʦʜʝʣʠ, ʜʚʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʩʣʝʜʫʶʪ ʩʨʘʟʫ ʦʜʥʘ ʟʘ 

ʜʨʫʛʦʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʪʦʨʘʷ ʤʝʰʘʝʪ ʨʝʘʩʩʦʮʠʘʮʠʠ ɼʅʂ ʩ ʦʢʪʘʤʝʨʦʤ, 

ʟʘʪʨʫʜʥʷʷ ʧʨʦʮʝʩʩ çʚʳʞʠʚʘʥʠʷè ʥʫʢʣʝʦʩʦʤ. ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ, ʧʝʨʚʘʷ 

ʧʦʣʠʤʝʨʘʟʘ ʫʜʘʣʷʝʪ ʜʠʤʝʨ ʛʠʩʪʦʥʦʚ ʅ2ɸ-ʅ2ɺ, ʘ ʚʪʦʨʘʷ ʫʜʘʣʷʝʪ ʛʝʢʩʘʩʦʤʫ. 

ʇʨʠʯʝʤ ʚʪʦʨʘʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʟʘ ʧʝʨʚʦʡ. ɹʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʪʦʨʘʷ ʤʦʜʝʣʴ: ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʜʠʤʝʨʘ ʅ2ɸ-ʅ2ɺ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʪʘʢʪʦʚ ɼʅʂ ʠ ʛʠʩʪʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʚʳʞʠʚʘʥʠʷ 

ʥʫʢʣʝʦʩʦʤ, ʪʦ ʝʩʪʴ ɼʅʂ çʥʝ ʫʩʧʝʚʘʝʪ ʧʝʨʝʭʚʘʪʠʪʴʩʷè ʥʘ ʛʝʢʩʘʩʦʤʫ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʪ 40 ʜʦ 80% ʛʝʢʩʘʩʦʤ ʚʳʞʠʚʘʶʪ ʧʨʦʭʦʞʜʝʥʠʝ ʚʪʦʨʦʡ ʧʦʣʠʤʝʨʘʟʳ, ʪʦ 

ʝʩʪʴ ʧʦʪʝʨʷ ʛʠʩʪʦʥʦʚʦʛʦ ʦʢʪʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʩʦʙʳʪʠʝʤ. 

ʅʘʨʫʰʝʥʠʷ ʥʫʢʣʝʦʩʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʢʨʠʧʮʠʠ in vivo 

ʥʦʩʷʪ ʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʩʦʭʨʘʥʝʥʠʝ ʭʨʦʤʘʪʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʪʠʯʥʦ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ [Martens et al., 2005; Feser et al., 

2010]. ʅʝʦʙʨʘʪʠʤʘʷ ʧʦʪʝʨʷ ʛʠʩʪʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʭʨʦʤʘʪʠʥʘ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ, ʧʦʚʨʝʞʜʘʶʱʠʭ ɼʅʂ [Ljungman, 

Hanawalt, 1992; Enright et al., 1992], ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʢʣʝʪʦʢ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʢʣʝʪʢʠ [Feser et al., 2010]. 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ E. coli ʩʪʨʫʢʪʫʨʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʭʦʞʘ ʩ ʜʨʦʞʞʝʚʦʡ 

ʈʅʂʇ II. ɸʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʬʝʨʤʝʥʪʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʫʯʘʩʪʢʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʪʨʠʯʥʦʡ ɼʅʂ ʠ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʈʅʂ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ʧʦ 
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ʩʪʨʦʝʥʠʶ ʠ ʥʘ 90% ʩʦʚʧʘʜʘʶʪ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ [Fu et al., 1999; 

Korzheva, Mustaev, 2001; Cramer et al., 2001]. ɼʘʞʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʧʫʟʳʨʸʢè (transcription bubble) ï ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʜʫʧʣʝʢʩʘ ʤʘʪʨʠʯʥʦʡ ɼʅʂ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʈʅʂʇ ï ʚ 

ʵʣʦʥʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʫʯʘʩʪʠʝʤ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʠʜʝʥʪʠʯʝʥ ʧʦ ʜʣʠʥʝ ʠ ʩʪʨʦʝʥʠʶ [Sidorenkov et al., 1998; Kireeva et al., 2000; 

Korzheva, Mustaev, 2001; Gnatt et al., 2001]. ʂʨʦʤʝ ʪʦʛʦ, ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ E.coli 

ʧʦʚʪʦʨʷʝʪ ʚʩʝ ʩʚʦʡʩʪʚʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʜʨʦʞʞʝʚʦʡ ʈʅʂʇ II in 

vitro [Kireeva et al., 2002] ʠ ʠʩʧʦʣʴʟʫʝʪ ʪʦʪ ʞʝ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ 

ʭʨʦʤʘʪʠʥ [Walter et al., 2003; Bondarenko et al., 2006; Kulaeva et al., 2009]. ʊʘʢ, ʚʩʝ 

ʛʣʘʚʥʳʝ ʘʩʧʝʢʪʳ ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II ʯʝʨʝʟ ʭʨʦʤʘʪʠʥ ʩʦʭʨʘʥʷʶʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ: 

1. ʅʫʢʣʝʦʩʦʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʨʴʝʨ ʜʣʷ ʈʅʂʇ E. coli. ʕʪʦʪ ʙʘʨʴʝʨ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠ ʯʘʩʪʠʯʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʬʝʨʫ ʨʝʘʢʮʠʠ ʨʝʤʦʜʝʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ). 

ʊʨʘʥʩʢʨʠʧʮʠʷ ɼʅʂ ʙʝʟ ʥʫʢʣʝʦʩʦʤ ʦʪʣʠʯʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. 

2. ɺʨʝʤʝʥʥʳʝ ʥʫʢʣʝʦʩʦʤ-ʟʘʚʠʩʠʤʳʝ ʦʩʪʘʥʦʚʢʠ (ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʭʘʨʘʢʪʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʦ ʜʣʠʥʘʤ ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ 

ʯʝʨʝʟ ʤʦʜʝʣʴʥʫʶ ʥʫʢʣʝʦʩʦʤʥʫʶ ʤʘʪʨʠʮʫ) ʧʦʭʦʞʠ ʜʣʷ ʦʙʝʠʭ ʧʦʣʠʤʝʨʘʟ. 

ʇʘʫʟʠʨʦʚʘʥʠʝ ʈʅʂʇ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʝʨʚʳʭ 20 ʧ.ʥ. 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʯʪʠ ʧʦ ʚʩʝʡ ʝʝ ʜʣʠʥʝ. 

3. ʇʨʦʭʦʞʜʝʥʠʝ ʈʅʂʇ E. coli ʚʳʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʦʜʥʦʛʦ ʜʠʤʝʨʘ 

H2A-H2B ʠʟ ʛʠʩʪʦʥʦʚʦʛʦ ʦʢʪʘʤʝʨʘ, ʥʝ ʠʟʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ ʦʩʪʘʚʰʠʭʩʷ 

ʛʠʩʪʦʥʦʚ ʥʘ ɼʅʂ. 

ʊʘʢ ʢʘʢ ʪʨʘʥʩʢʨʠʧʮʠʷ ʈʅʂʇ II ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ ʪʝʭʥʠʯʝʩʢʠ, ʪʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʚʤʝʩʪʦ ʥʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ E. coli ʢʘʢ 

ʤʦʜʝʣʴʥʘʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʨʦʜʥʳʭ ʘʢʪʠʚʥʳʭ 

ʵʣʦʥʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʤʦʜʝʣʴʥʦʡ ʈʅʂʇ E. coli. 
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5. ʕʬʬʝʢʪ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ɼʅʂ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʈʅʂʇ II 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʳʚʳ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ 

ʙʣʦʢʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ II  in vivo ʠ in vitro [Zhou, Doetsch, 

1993; Kathe et al., 2004]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʨʳʚʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʥʝʤʘʪʨʠʯʥʦʡ 

ʮʝʧʠ ɼʅʂ (NT-SSBs), ʥʝ ʚʣʠʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʩʚʦʙʦʜʥʦʡ ʦʪ 

ʛʠʩʪʦʥʦʚ ɼʅʂ in vitro [Belotserkovskii et al., 2013], ʭʦʪʷ ʦʥʠ ʵʬʬʝʢʪʠʚʥʦ 

ʫʩʪʨʘʥʷʶʪʩʷ in vivo [Bielas, 2006; Dorazi et al., 2007]. ʊʘʢ ʢʘʢ ʪʨʘʥʩʢʨʠʧʮʠʷ 

ʥʫʢʣʝʦʩʦʤʳ ʈʅʂʇ II ʧʨʦʭʦʜʠʪ ʧʦ ʩʣʦʞʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʭʨʦʤʘʪʠʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʤ ʧʫʪʸʤ. 

ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʣʘ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʥʫʢʣʝʦʩʦʤʥʳʭ ʤʘʪʨʠʯʥʳʭ 

ɼʅʂ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ɼʅʂ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʦʥʠʪʝʚʳʝ 

ʨʘʟʨʳʚʳ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʨʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʥʳʝ 

ʤʦʥʦʥʫʢʣʝʦʩʦʤʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʛʠʩʪʦʥʦʚʦʤʫ ʦʢʪʘʤʝʨʫ [Lowary, Widom, 1998; Th¬strºm et al., 

1999]. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʚʪʦʨʷʝʪ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ ʭʨʦʤʘʪʠʥ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚʳʞʠʚʘʥʠʝ 

ʛʠʩʪʦʥʦʚ H3 ʠ H4 ʠ ʫʜʘʣʝʥʠʝ ʜʠʤʝʨʘ ʛʠʩʪʦʥʦʚ H2A-H2B [Kulaeva et al., 2009; 

Chang et al., 2014]. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʩʦʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʙʘʨʴʝʨ ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂʇ II [Bondarenko et al., 2006]. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʫʢʣʝʦʩʦʤʳ ʥʘ ʅʇʇ 603 ʚ ʨʘʟʨʝʰʘʶʱʝʡ 

ʦʨʠʝʥʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʣʫʯʰʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʩʚʦʡʩʪʚʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤ in 

vivo [Kulaeva et al., 2009]. ʅʫʢʣʝʦʩʦʤ r ʙʳʣʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʳ ʠ 

ʩʦʜʝʨʞʘʣʠ ʤʝʥʝʝ 5% ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ ɼʅʂ. 

ʇʝʨʝʜ ʩʙʦʨʢʦʡ ʥʫʢʣʝʦʩʦʤ ʚ ɼʅʂ ʩ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʦʡ ʥʝʤʘʪʨʠʯʥʦʡ 

ʮʝʧʴʶ ʤʝʪʦʜʦʤ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʡʥʳʝ ʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʦʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ʠʟ ʨʘʩʯʝʪʘ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʥʘ ʬʨʘʛʤʝʥʪ ɼʅʂ. ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ ʯʘʩʪʦʪʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʢʦʛʜʘ 60-70% ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ 

ʦʩʪʘʶʪʩʷ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤʠ [Brenowitz et al., 1986]. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʨʳʚʳ 

ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʙʱʠʡ ʫʩʢʦʨʷʶʱʠʡ ʠʣʠ ʟʘʤʝʜʣʷʶʱʠʡ ʵʬʬʝʢʪ 
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ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʧʦʣʫʯʝʥʥʳʝ ʥʫʢʣʝʦʩʦʤʥʳʝ ʤʘʪʨʠʮʳ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʠ ʈʅʂʇ E. 

coli ʚ ʪʝʯʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʥʘʯʘʣʝ ʤʘʪʨʠʮʳ (11 ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ ʦʪ 

ʪʦʯʢʠ ʩʪʘʨʪʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʧʦʣʦʞʝʥʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ -39 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʙʣʠʞʘʡʰʝʡ ʢ ʧʨʦʤʦʪʦʨʫ ʛʨʘʥʠʮʳ ʥʫʢʣʝʦʩʦʤʳ ï ʵʣʦʥʛʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ -39 ï ʕʂ-39, ʠʣʠ 11ʤʝʨ). 

ʊʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʫʶ ʠ ʥʝʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʫʶ ʬʨʘʢʮʠʠ ʤʘʪʨʠʮ ʨʘʟʜʝʣʠʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʇɸɸɻ) ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʝʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʘʷ ʬʨʘʢʮʠʷ ʩʦʜʝʨʞʘʣʘ ʵʣʦʥʛʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʈʅʂʇ ʚ 

ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʠ ʧʦ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʛʝʣʝ ʟʘʤʝʪʥʦ ʫʩʪʫʧʘʣʘ ʦʩʚʦʙʦʜʠʚʰʠʤʩʷ ʠʟ 

ʢʦʤʧʣʝʢʩʦʚ ʥʫʢʣʝʦʩʦʤʘʤ. ɼʅʂ-ʤʘʪʨʠʮʳ ʩ ʨʘʟʨʳʚʘʤʠ, ʦʙʣʝʛʯʘʶʱʠʤʠ ʠʣʠ 

ʪʦʨʤʦʟʷʱʠʤʠ ʵʣʦʥʛʘʮʠʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ, ʚ ʤʝʥʴʰʝʤ ʠʣʠ ʚ 

ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʬʨʘʢʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʤʘʪʨʠʮ ʚ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʦʡ ʠʣʠ ʥʝʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʦʡ ʬʨʘʢʮʠʠ, 

ʦʯʠʱʝʥʥʳʝ ʠʟ ʬʨʘʢʮʠʡ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʙʳʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ ʨʘʟʜʝʣʝʥʳ ʚ 

ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʩ ʨʘʟʨʳʚʘʤʠ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʧʦʢʘʟʘʣ ʜʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʙʣʘʩʪʠ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ. ʉʨʝʜʠ ʤʘʪʨʠʮ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʦʛʘʱʝʥʠʝ ʨʘʟʨʳʚʦʚ ʚ ʦʙʣʘʩʪʠ ʦʪ -5 ʜʦ +36 ʧʦʣʦʞʝʥʠʷ ʅʇʇ ʠ ʥʝʜʦʩʪʘʪʦʢ 

ʨʘʟʨʳʚʦʚ ʚ +(40-105) ʦʙʣʘʩʪʠ ʅʇʇ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʥʠʪʝʚʳʭ 

ʨʘʟʨʳʚʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʬʨʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʪʘʢʦʡ 

ʞʝ ʦʧʳʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ ɼʅʂ, ʥʦ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ 

ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 



- 30 - 
 

 

ʈʠʩʫʥʦʢ 6. ʆʙʱʠʡ ʵʬʬʝʢʪ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʥʫʢʣʝʦʩʦʤ ʤʦʜʝʣʴʥʦʡ ʈʅʂʇ E. coli (ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ɸ. ʇʝʩʪʦʚʳʤ ʜʦ ʥʘʯʘʣʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ). (ɸ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ: ʥʘ 

ʬʨʘʛʤʝʥʪʘʭ ɼʅʂ ʩ 603 ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ 

ʩʣʫʯʘʡʥʦ ʚʚʝʜʝʥʥʳʤʠ ʦʜʠʥʦʯʥʳʤʠ ʦʜʥʦʥʠʪʝʚʳʤʠ ʨʘʟʨʳʚʘʤʠ ʩ ʟʘʨʘʥʝʝ ʚʚʝʜʝʥʥʦʡ 

ʚ 5ô-ʢʦʥʝʮ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʦʡ (ʟʚʝʟʜʦʯʢʘ) ʙʳʣʠ ʩʦʙʨʘʥʳ 

ʥʫʢʣʝʦʩʦʤʳ. ʄʘʪʨʠʮʳ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʂʦʤʧʣʝʢʩʳ ʚ ʩʤʝʩʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʚ ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʅʂ 

ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʠʟ ʕʂ ʥʫʢʣʝʦʩʦʤ ʠ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʕʂ ʦʯʠʱʘʣʠ ʠʟ ʇɸɸɻ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʝʢʚʝʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ ʇɸɸɻ. 

ʅʇʇ ï ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʈʘʟʨʳʚʳ, ʫʩʢʦʨʷʶʱʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʶ, ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʘ ʟʘʤʝʜʣʷʶʱʠʝ - ʢʨʘʩʥʳʤ. (ɹ) ʆʙʩʯʝʪ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚ (ɸ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʝ. ʂʨʘʩʥʳʡ 

ʛʨʘʬʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʝʜʣʷʶʱʠʤ ʪʨʘʥʩʢʨʠʧʮʠʶ ʨʘʟʨʳʚʘʤ, ʩʠʥʠʡ ï 

ʫʩʢʦʨʷʶʱʠʤ. ʂ ï ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʜʦʨʦʞʢʠ ʩ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ 

ɼʅʂ. ʇʦʜ ʛʨʘʬʠʢʘʤʠ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʘ ʤʘʪʨʠʮʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʢʪʘʤʝʨʘ 

ʫʢʘʟʘʥʦ ʛʦʣʫʙʳʤ ʦʚʘʣʦʤ, ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ ʅʇʇ ʦʪ ʧʨʦʤʦʪʦʨ-

ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʥʫʢʣʝʦʩʦʤʥʦʡ ʛʨʘʥʠʮʳ. ɻʨʘʬʠʢʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ OptiQuant. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʳʚʳ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʟʘʤʝʪʥʦ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʳ, ʥʦ ʥʝ ʩʚʦʙʦʜʥʦʡ ʦʪ ʛʠʩʪʦʥʦʚ ɼʅʂ, ʧʨʠʯʝʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʳʭ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʦʧʨʝʜʝʣʷʝʪ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ. 

ʈʘʟʨʳʚʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʫʯʘʩʪʢʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʪ -5 ʜʦ 

+36 ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʞʘʡʰʝʡ ʢ ʧʨʦʤʦʪʦʨʫ ʛʨʘʥʠʮʳ ʅʇʇ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʳʡ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʘ ʚ ʫʯʘʩʪʢʝ ʦʪ +36 ʜʦ +105 ʦʙʣʝʛʯʘʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʈʅʂ 

ʧʦʣʠʤʝʨʘʟʦʡ II  ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʘʢʪʥʦʩʪʴ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʣʷ ʫʩʧʝʰʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ 

ʧʦ ʈʅʂʇ II-ʟʘʚʠʩʠʤʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ʅʘʢʦʧʣʝʥʠʝ ʚ ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʬʨʘʢʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʩ ʨʘʟʨʳʚʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʦʪ -5 ʜʦ +36 ʧʦʣʦʞʝʥʠʷ ʅʇʇ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʝʨʦʷʪʥʦ, 

ʟʘʪʨʫʜʥʷʶʪ ʧʝʨʝʤʝʱʝʥʠʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʚʜʦʣʴ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ. ɺ ʵʪʦʤ 

ʨʝʛʠʦʥʝ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʧʠʢʘ (ʚ ʧʦʣʦʞʝʥʠʷʭ +1 ʠ +12) ʠ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ (+20 ï 

+36) ʩ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʳʤ ʵʬʬʝʢʪʦʤ. ɺʦʟʤʦʞʥʦ, ʪʘʢʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʨʦʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʨʘʟʨʳʚʘ ʚ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ. ʅʘʧʨʦʪʠʚ, ʥʘʢʦʧʣʝʥʠʝ 

ʨʘʟʨʳʚʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ +(40-105) ʦʙʣʘʩʪʠ ʚ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ 

ʬʨʘʢʮʠʠ (ʨʠʩʫʥʦʢ 6) ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʘʟʨʳʚʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚʝʨʦʷʪʥʦ, 

ʦʙʣʝʛʯʘʶʪ ʧʨʦʭʦʞʜʝʥʠʝ ʬʝʨʤʝʥʪʘ ʯʝʨʝʟ ʭʨʦʤʘʪʠʥ. 

ʀʟ ʜʘʥʥʳʭ ʦ ʤʝʭʘʥʠʟʤʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʳ ʈʅʂʇ II ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ 

ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʝʨʝʟ ʦʙʣʘʩʪʴ +1 ï +36 ʠ ʨʝʛʠʦʥ ʧʦʩʣʝ ʧʦʟʠʮʠʠ +50 ʦʪ 

ʦʢʪʘʤʝʨʘ ʛʠʩʪʦʥʦʚ ʦʪʚʦʨʘʯʠʚʘʝʪʩʷ ʧʨʦʤʦʪʦʨ-ʧʨʦʢʩʠʤʘʣʴʥʳʡ ʠ ʧʨʦʤʦʪʦʨ-

ʜʠʩʪʘʣʴʥʳʡ ʫʯʘʩʪʢʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Kulaeva et al., 2009]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʨʳʚʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ɻʣʦʥʛʘʮʠʶ ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʳ, ʧʨʠʤʝʨʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʯʘʩʪʢʘʤʠ, ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʢʦʪʦʨʳʭ ɼʅʂ ʦʪʚʦʨʘʯʠʚʘʝʪʩ ̫ʧʦʟʘʜʠ ʠ ʧʝʨʝʜ ʈʅʂʇ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʨʘʥʩʢʨʠʙʠʨʫʶʱʫʶ ʈʅʂʇ, ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʡ ʵʬʬʝʢʪ ʨʘʟʨʳʚʘ ʥʘ 

ʩʢʦʨʦʩʪʴ ʵʣʦʥʛʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

çʤʠʥʠʤʘʣʴʥʳʭè ʤʦʥʦʥʫʢʣʝʦʩʦʤʥʳʭ ʤʘʪʨʠʮ, ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ in vitro, ʙʳʣʦ 
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ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʥʠʪʝʚʦʡ ʨʘʟʨʳʚ ʚ ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʮʝʧʠ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʵʣʦʥʛʘʮʠʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ, ʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ɼʅʂ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʥʫʢʣʝʦʩʦʤʳ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʝ ʚʣʠʷʥʠʷ ʨʘʟʨʳʚʦʚ ʥʘ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʩʪʘʚʘʣʩʷ ʥʝʷʩʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʨʘʟʨʳʚʦʚ ʥʝʤʘʪʨʠʯʥʦʡ 

ʮʝʧʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʧʦ ʈʅʂʇ II ï 

ʟʘʚʠʩʠʤʦʤʫ ʤʝʭʘʥʠʟʤʫ. 



- 33 - 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

1. ʌʝʨʤʝʥʪʳ ʠ ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʈʝʢʦʤʙʠʥʘʥʪʥʘʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ E. coli, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʧʨʦʪʦʢʦʣʫ 

[Artsimovitch et al., 2003] (ʢʦʨ-ʬʝʨʤʝʥʪ ʙʝʟ ʩʠʛʤʘ-ʩʫʙʲʝʜʠʥʠʮʳ). 

ʈʝʢʦʤʙʠʥʘʥʪʥʘʷ ʩʠʛʤʘ70-ʩʫʙʲʝʜʠʥʠʮʘ ʈʅʂʇ E. coli, ʚʳʜʝʣʝʥʥʘʷ ʧʦ 

ʧʨʦʪʦʢʦʣʫ [Tang et al., 1996]. 

ʍʨʦʤʘʪʠʥ ʙʝʟ ʛʠʩʪʦʥʘ H1, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʢʫʨʠʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʧʦ 

ʧʨʦʪʦʢʦʣʫ [Gaykalova et al., 2009]. 

2. ʂʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 

ʂʫʣʴʪʫʨʘ ʢʣʝʪʦʢ E. coli (ʰʪʘʤʤ Ultra XL10 Gold). 

3. ʈʝʘʢʪʠʚʳ 

Sigma Aldrich, ʉʐɸ: ʭʣʦʨʠʩʪʳʡ ʢʘʣʴʮʠʡ, ʭʣʦʨʠʩʪʳʡ ʤʘʛʥʠʡ, ʠʟʦʧʨʦʧʠʣ-

ʙʝʪʘ-D-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (IPTG), ʙʨʦʤʦ-ʭʣʦʨʦ-ʠʥʜʦʣʠʣ-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 

(bromo-chloro-indolyl-galactopyranoside, BCIG, X-Gal), ʘʤʧʠʮʠʣʣʠʥ, ʨʠʬʘʤʧʠʮʠʥ, 

ɼʅʂ ʠʟ ʤʦʣʦʢ ʣʦʩʦʩʷ, ʪʝʨʛʠʪʦʣ, ʛʣʠʮʝʨʠʥ, ʬʦʨʤʘʤʠʜ, ʘʢʨʠʣʘʤʠʜ, ʘʮʝʪʘʪ ʥʘʪʨʠʷ, 

ʪʝʪʨʘʵʪʠʣʤʝʪʠʣʝʥʜʠʘʤʠʥ (ʊɽʄɽɼ), ʥʘʩʳʱʝʥʥʳʡ ʮʠʪʨʘʪʥʳʤ ʙʫʬʝʨʦʤ ʬʝʥʦʣ, 

ʥʘʩʳʱʝʥʥʳʡ ʙʫʬʝʨʦʤ ʊɽ ʬʝʥʦʣ. 

Amresco, ʉʐɸ: ʪʨʠʩ, ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (SDS), 

ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, ʢʩʠʣʝʥʮʠʘʥʦʣ, N,N'-ʤʝʪʠʣʝʥ-ʙʠʩ-ʘʢʨʠʣʘʤʠʜ, ʤʦʯʝʚʠʥʘ, 

ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ, 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, ʩʫʭʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ Luria-Bertani 

Broth. 

Thermo Fisher Scientific, ʉʐɸ: ʤʘʨʢʝʨʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ɼʅʂ GeneRuler 

1 kb DNA Ladder (250-10,000 bp), ʤʘʨʢʝʨʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ɼʅʂ GeneRuler 100 

bp DNA Ladder (100-1,000 bp), ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʳ, ʙʫʬʝʨ ʜʣʷ ʣʠʛʘʟʳ ʬʘʛʘ ʊ4, 

ʙʫʬʝʨʳ ʜʣʷ ʵʥʜʦʥʫʢʣʝʘʟ ʨʝʩʪʨʠʢʮʠʠ, ʙʫʬʝʨ ɸ ʜʣʷ ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʳ, ʛʣʠʢʦʛʝʥ. 

Panreac AppliChem, ɻʝʨʤʘʥʠʷ: ʙʨʦʤʠʩʪʳʡ ʵʪʠʜʠʡ, ʠʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ (Molecular Biology Grade), ʣʝʜʷʥʘʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʩʘʭʘʨʦʟʘ, 

ʘʛʘʨʦʟʘ (A-2115). 

Helicon, ʈʦʩʩʠʷ: ʘʛʘʨ, ʕɼʊɸ. 
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General Electric, ɸʥʛʣʠʷ: ʨʠʙʦʥʫʢʣʝʦʪʠʜʳ. 

ʍʠʤʨʝʘʢʪʠʚ, ʈʦʩʩʠʷ: ʭʣʦʨʦʬʦʨʤ, ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ. 

NEB, ʉʐɸ: ʙʫʬʝʨ ʜʣʷ ʊ4 ɼʅʂ-ʣʠʛʘʟʳ, ʨʝʘʢʮʠʦʥʥʳʡ ʙʫʬʝʨ 4. 

ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ: ʙʫʬʝʨ ʜʣʷ ʇʎʈ 10ʭ. 

4. ɹʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʪʠʚʳ 

ɹʫʬʝʨ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ TBE (tris-borate EDTA) (1ʭ: 89 ʤʄ ʪʨʠʩ, 89 ʤʄ 

ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, 2 ʤʄ ʕɼʊɸ). 

ɹʫʬʝʨ ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʠ TB (transcription buffer) (20 ʤʄ ʊʨʠʩ-HCl, ʨʅ 7,9, 5 

ʤʄ MgCl2, 1 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ ʠ ʂʉl ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚ ʤʄ 

ʯʠʩʣʫ ʧʦʩʣʝ çʊɺè). 

6ʭ ʨʘʩʪʚʦʨ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 6ʭ; 30% ʛʣʠʮʝʨʠʥ, 0,01% 

ʢʩʠʣʝʥʮʠʘʥʦʣ ʠ 0,01% ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ). 

ʅʘʪʠʚʥʳʡ ʙʫʬʝʨ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 4ʭ; 40% ʩʘʭʘʨʦʟʘ, 40 ʤʄ 

ʕɼʊɸ, 1 ʤʛ/ʤʣ ʠʟʤʝʣʴʯʝʥʥʦʡ ɼʅʂ ʠʟ ʤʦʣʦʢ ʣʦʩʦʩʷ, 200 ʤʢʛ/ʤʣ ʭʨʦʤʘʪʠʥʘ ʙʝʟ 

ʛʠʩʪʦʥʘ H1). 

ɼʝʥʘʪʫʨʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʩʫʭʠʭ ʧʨʦʙ ʠʣʠ ʢʘʢ 2ʭ; 95% ʬʦʨʤʘʤʠʜ, 10 ʤʄ ʕɼʊɸ, 0,1% ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, 

0,01% ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, 0,01% ʢʩʠʣʝʥʮʠʘʥʦʣ). 

5. ʂʦʤʤʝʨʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ 

ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ: Taq ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ, 5 ʝʜʠʥʠʮ ʘʢʪʠʚʥʦʩʪʠ/ʤʢʣ. 

Thermo Fisher Scientific, ʉʐɸ: ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ ApaI, PauI ʠ MspI, 

ʪʝʨʤʦʣʘʙʠʣʴʥʘʷ ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ FastAP, ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʘ (PNK). 

New England Biolabs, ʉʐɸ: ɼʅʂ-ʣʠʛʘʟʘ ʬʘʛʘ ʊ4, ʥʠʢʘʟʘ Nt.BsmA1. 

6. ɻʦʪʦʚʳʝ ʥʘʙʦʨʳ ʨʝʘʢʪʠʚʦʚ 

Qiagen: ʥʘʙʦʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜ ʠʟ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

QIAprep Spin MiniPrep Kit, ʥʘʙʦʨ ʜʣʷ ʦʯʠʩʪʢʠ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ QIAquick PCR 

Purification Kit, ʥʘʙʦʨ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ɼʅʂ ʠʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ QIAquick Gel 

Extraction Kit, ʥʘʙʦʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ QIAprep Spin Miniprep. 
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Thermo Fisher Scientific, ʉʐɸ: ʥʘʙʦʨ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ TransformAid Bacterial Transformation Kit. 

7. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ 

ʀʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʩ ʧʨʦʤʦʪʦʨʦʤ ʠ ʅʇʇ T7A1_s603-25ɸ (282 ʧ.ʥ.) 

5ô-d(TCCGGATCCAGATCCCGAAAATTTATCAAAAAGAGTATTGACTTAAAGT 

CTAACCTATAGGATACTTACAGCCATCGAGAGGGACACGGCGAAAAGCCAA

CCCAAGCGACACCGGCACTGGGCCCGGTTCGCGCGCCCGCCTGCCGAGTGAA

GTCGTCACTCGGGCGTCTAAGTACGCTTAGCGCACGGTAGAGCGCAATCCAA

GGCTAACCACCGTGCATCGATGTTGAAAGAGGCCCTCCGTCCTTATTACTTCA

AGTCCCTGGGGTACGGATCCGGCA)-3ô (ʅʇʇ ʚʳʜʝʣʝʥʘ ʧʦʜʯʝʨʢʠʚʘʥʠʝʤ). 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʜʣʷ ʚʥʝʩʝʥʠʷ ʤʫʪʘʮʠʡ ʚ ʤʘʪʨʠʮʳ ɼʅʂ: 

s603-25A+12nickBsmAI 5'-d(GGGCCCGGTGTCTCCGCCCGCCTGCCGAGTGA)-3' 

s603-25A+17nickBsmAI 5'-d(GGGCCCGGTTCGCGGTCTCGCCTGCCGAGTGA)-3' 

s603-25A+22nickBsmAI 5'-d(CGCGCGCCCGTCTCCCGAGTGAAGTC)-3' 

s603-25A+31nickBsmAI 

5'- d(CGCGCGCCCGCCTGCCGAGTCTCGTCGTCACTCG)-3' 

s603PauIRev  5'-d(GCGCGCGAACCGGGCCCCAGTGC)-3' 

134Rev40 5ô-d(CGCGAACTGGGCCCCAGTGCCGGTGTCGCTTGGGTTGGCT)-3ô 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ɼʅʂ: 

FAM282Forwhst 5'-FAM-d(CCGGGATCCAGATCCCGAAAATTTA)-3' 

282Revwhst 5'-d(CGTCGGATCCGTACCCCAGGGACTT)-3' 

603R 5ô-d(TACCCCAGGGACTTGAAGTAATAAGGAC)-3ô 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʢ ʧʣʘʟʤʠʜʝ pTZ57R ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʣʠʥʳ ʚʩʪʨʦʡʢʠ: 

M13-20 5Ë-d(GTTTTCCCAGTCACGAC)-3Ë 

M13Rev 5Ë-d(TCACACAGGAAACAGCTATGAC)-3Ë 

ʊʨʠʨʠʙʦʥʫʢʣʝʦʪʠʜ ʜʣʷ ʦʜʥʦʨʘʫʥʜʦʚʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ: 

AUC 5ô-(AUC)-3ô 
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ɺʩʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʢʨʦʤʝ T7A1_s603-25ɸ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ ʬʠʨʤʝ 

ʉʠʥʪʦʣ (ʈʦʩʩʠʷ). 

8. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ Discovery (Ohaus Corporation, ʉʐɸ). 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʚʝʩʳ Scout II  (Ohaus Corporation, ʉʐɸ). 

ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʪʝʨʤʦʩʪʘʪ Veriti Thermal Cycler (Life Technologies, ʉʐɸ). 

ʅʘʩʪʦʣʴʥʳʡ ʪʝʨʤʦʩʪʘʪ ThermoStat plus (Eppendorf, ɻʝʨʤʘʥʠʷ). 

ʅʘʩʪʦʣʴʥʘʷ ʮʝʥʪʨʠʬʫʛʘ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 5415R (Eppendorf, ɻʝʨʤʘʥʠʷ). 

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ HV (Bio-Rad Laboratories, ʉʐɸ). 

ʂʘʤʝʨʳ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ Mini -Sub Cell GT, Mini-

PROTEAN Tetra Cell, Sequi-Gen GT Sequencing Cell (Bio-Rad Laboratories, ʉʐɸ). 

ʉʠʩʪʝʤʘ ʜʝʪʝʢʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Typhoon Trio (General Electric, ɸʥʛʣʠʷ). 

ʕʢʨʘʥ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʠ ʢʘʩʩʝʪʘ ʜʣʷ ʟʘʱʠʪʳ 

ʵʢʨʘʥʘ ʦʪ ʩʚʝʪʘ (General Electric, ɸʥʛʣʠʷ). 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ Nanodrop 2000c UV-Vis CC (Thermo Fisher Scientific, 

ʉʐɸ). 

pH-ʤʝʪʨ Sartorius Professional Meter ʈʈ-25-P11 (Sartorius). 

ʉʠʩʪʝʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ MilliQ  Synergy UV 

(Merck Millipore, ʉʐɸ). 

ʊʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨ 254 ʥʤ (Vilber Lourmat). 

9. ʄʝʪʦʜʳ 

9.1. ʆʙʱʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

1. ʇʦʣʫʯʝʥʠʝ ɼʅʂ-ʤʘʪʨʠʮ ʩ ʟʘʜʘʥʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʘ 

ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ɼʅʂ-ʤʘʪʨʠʮʳ: 

a. ʇʦʣʫʯʝʥʠʝ ʩʤʝʩʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʪʨʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ: ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʷ, ʨʝʩʪʨʠʢʮʠʷ ʠ 

ʣʠʛʠʨʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʤʦʪʦʨʥʦʛʦ ʠ ʥʫʢʣʝʦʩʦʤ-
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ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʦʚ; ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʷ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ɼʅʂ; 

b. ʄʦʣʝʢʫʣʷʨʥʦʝ ʢʣʦʥʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʢʫʣʴʪʫʨʝ E. 

coli ʠ ʦʪʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʣʘʟʤʠʜ. 

2. ʇʦʣʫʯʝʥʠʝ ʥʫʢʣʝʦʩʦʤʥʳʭ ʤʘʪʨʠʮ ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʦʧʳʪʦʚ: 

a. ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʷ ɼʅʂ-ʤʘʪʨʠʮ ʩ ʠʥʪʝʨʝʩʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʧʣʘʟʤʠʜʥʦʡ ʤʘʪʨʠʮʝ ʩ 

ʚʥʝʩʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʚ 5ô-ʢʦʥʝʮ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ; 

b. ɺʥʝʩʝʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʠʢʘʟʦʡ; 

c. ʉʙʦʨʢʘ ʥʫʢʣʝʦʩʦʤ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʨʠʯʥʳʭ ɼʅʂ. 

3. ʊʨʘʥʩʢʨʠʧʮʠʷ ʚ ʨʘʟʥʳʭ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. 

9.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʡ ɼʅʂ-ʤʘʪʨʠʮʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʬʨʘʛʤʝʥʪ ɼʅʂ, 

ʩʦʜʝʨʞʘʱʠʡ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ 603 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [Lowary, Widom, 

1998] ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ů70-

ʩʧʝʮʠʬʠʯʥʳʡ ʧʨʦʤʦʪʦʨ ʜʣʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. coli T7A1 (ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ T7A1_s603-25A). 

ʉʭʝʤʘ ʤʘʪʨʠʮʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ɼʅʂ-ʤʘʪʨʠʮʳ. ʌʨʘʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ů70-

ʩʧʝʮʠʬʠʯʥʳʡ ʧʨʦʤʦʪʦʨ ʜʣʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. coli T7A1 ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ 

ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 603 (ʧʦʢʘʟʘʥʘ ʩʠʥʠʤ ʦʚʘʣʦʤ). 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʪʦʯʢʝ ʩʪʘʨʪʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʫʢʘʟʘʥʘ ʩʪʨʝʣʢʦʡ) 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʧʫʣʴʩ-ʤʝʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʣʝʜʫʶʱʘʷ ʟʘ ʪʦʯʢʦʡ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʠʥʫʢʣʝʦʪʠʜʘ ʊɸɻ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 8-ʤʝʨʥʦʤʫ ʫʯʘʩʪʢʫ ʠʟ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʚ 

ʥʝʢʦʪʦʨʦʤ ʧʦʨʷʜʢʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ T ʠ ʎ. ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʟʘʪʨʘʚʦʯʥʦʛʦ ʪʨʠʨʠʙʦʥʫʢʣʝʦʪʠʜʘ ɸʋʎ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʧʫʣʴʩ-

ʤʝʯʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʘʥʩʢʨʠʧʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [a-32P]-ɻʊʌ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ (ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɻʊʌ, ɸʊʌ ʠ çʟʘʪʨʘʚʦʯʥʦʛʦè ʪʨʠʨʠʙʦʥʫʢʣʝʦʪʠʜʘ ɸʋʎ) ʧʦʟʚʦʣʷʝʪ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʚʩʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʩʪʘʥʦʚʢʦʡ ʥʘ ʦʜʠʥʥʘʜʮʘʪʦʤ 

ʥʫʢʣʝʦʪʠʜʥʦʤ ʦʩʪʘʪʢʝ ʤʘʪʨʠʯʥʦʡ ɼʅʂ. ʊʘʢ ʢʘʢ ʠʥʠʮʠʘʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʭʦʜʝ ʦʧʳʪʦʚ ʧʦ ʦʜʥʦʨʘʫʥʜʦʚʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

9.3. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ɸʥʘʣʠʟ ʜʣʠʥ 

ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ʈʘʟʜʝʣʝʥʠʝ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʚ 1% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʙʨʦʤʠʩʪʳʤ 

ʵʪʠʜʠʝʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,5 ʤʢʛ/ʤʣ ʚ 0,5ʭ ʙʫʬʝʨʝ ʊɺɽ (44,5 ʤʄ ʊʨʠʩ, 44,5 ʤʄ 

ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, 1 ʤʄ ʕɼʊɸ) ʚ ʢʘʤʝʨʝ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ Mini -

Sub Cell GT Cell (Bio-Rad Laboratories, ʉʐɸ). ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʨʦʙʳ ʩʤʝʰʠʚʘʣʠ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 5:1 ʩ ʨʘʩʪʚʦʨʦʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (30% ʛʣʠʮʝʨʠʥ, 0,01% 

ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, 0,01% ʢʩʠʣʝʥʮʠʘʥʦʣ). ɼʦ ʚʭʦʞʜʝʥʠʷ ʧʨʦʙ ʚ ʛʝʣʴ 

ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2 ɺ/ʩʤ, ʧʦʩʣʝ ʚʭʦʞʜʝʥʠʷ ʧʨʦʜʦʣʞʘʣʠ 

ʨʘʟʜʝʣʝʥʠʝ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 5 ɺ/ʩʤ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ. 

ɺ ʩʣʫʯʘʝ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʜʣʷ ʠʭ ʦʯʠʩʪʢʠ ʚʝʩʴ 

ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2 ɺ/ʩʤ. ʇʝʨʝʜ ʧʨʝʧʘʨʘʪʠʚʥʳʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʢʘʤʝʨʫ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ. ʌʨʘʛʤʝʥʪʳ ʛʝʣʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʦʣʝʢʫʣʳ ɼʅʂ ʠʥʪʝʨʝʩʫʶʱʝʡ ʜʣʠʥʳ, ʚʳʨʝʟʘʣʠ ʯʠʩʪʳʤ ʩʢʘʣʴʧʝʣʝʤ. ɼʅʂ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ QIAquick gel extraction kit (Qiagen) ʧʦ 
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ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʵʣʶʠʨʦʚʘʣʠ ʩ ʢʦʣʦʥʢʠ 30 ʤʢʣ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʙʫʬʝʨʘ EB. ɺʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 254 ʥʤ (Viber Lourmat). 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʥʘʪʠʚʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɼʣʷ ʘʥʘʣʠʟʘ ɼʅʂ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʯʠʩʪʦʪʳ ʠ ʜʣʠʥʳ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʙ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 4,5% 

ʇɸɸɻ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʢʨʠʣʘʤʠʜʘ ʢ ʙʠʩʘʢʨʠʣʘʤʠʜʫ 39:1, ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ 

0,5ʭ ʙʫʬʝʨʝ ʊɺɽ ʧʨʠ 4Áʉ. ʇʨʦʙʳ ɼʅʂ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

ʜʣʷ ʥʘʥʝʩʝʥʠʷ (30% ʛʣʠʮʝʨʠʥ, 0,01% ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, 0,01% ʢʩʠʣʝʥʮʠʘʥʦʣ) 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 5:1. ʇʨʦʙʳ ʩ ɼʅʂ-ʙʝʣʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʘʥʦʩʠʣʠ ʚ ʥʘʪʠʚʥʦʤ 

ʙʫʬʝʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (4ʭ ʩʪʦʢ ʩʦʜʝʨʞʘʣ 40% ʩʘʭʘʨʦʟʫ, 40 ʤʄ ʕɼʊɸ, 1 ʤʛ/ʤʣ 

ʠʟʤʝʣʴʯʝʥʥʦʡ ɼʅʂ ʠʟ ʤʦʣʦʢ ʣʦʩʦʩʷ ʠ 200 ʤʢʛ/ʤʣ ʭʨʦʤʘʪʠʥʘ ʙʝʟ ʛʠʩʪʦʥʘ H1). 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. ɸʥʘʣʠʟ ʜʣʠʥ ʈʅʂ ʠ ʦʜʥʦʥʠʪʝʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ 

ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ ʛʝʣʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ï 8%, 0,5ʭ ʊɺɽ ʠ ʩ ʤʦʯʝʚʠʥʦʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 8ʄ. ɼʣʷ 

ʚʥʝʩʝʥʠʷ ʧʨʦʙ ʠʩʧʦʣʴʟʦʚʘʣʠ 2ʭ ʨʘʩʪʚʦʨ ʥʘ 95% ʩʦʩʪʦʷʱʠʡ ʠʟ ʬʦʨʤʘʤʠʜʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (0,1%), ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʠ 

ʢʩʠʣʝʥʮʠʘʥʦʣʘ. ʇʦʜʣʝʞʘʱʠʝ ʘʥʘʣʠʟʫ ʦʩʘʞʜʝʥʥʳʝ ʩʧʠʨʪʦʤ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ 

ʨʘʩʪʚʦʨʷʣʠ ʢʘʢ ʚ 1ʭ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʧʨʦʙʳ ʪʱʘʪʝʣʴʥʦ ʧʨʦʛʨʝʚʘʣʠ ʧʨʠ 95Üʉ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʝ ʷʯʝʡʢʠ Mini -PROTEAN Tetra Cell ʠʣʠ Sequi-Gen GT System 

(Bio-Rad Laboratories, ʉʐɸ). ʇʨʠʙʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

9.4. ɸʤʧʣʠʬʠʢʘʮʠʷ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ) 

ɺʩʝ ʨʝʘʢʮʠʠ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 1ʭ ʙʫʬʝʨʝ ʜʣʷ Taq ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʤʘʛʥʠʷ 3 ʤʤʦʣʴ/ʣ (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,2 ʤʄ ʢʘʞʜʦʛʦ, 
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çʟʘʪʨʘʚʦʯʥʳʭè ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,5 ʤʢʄ ʠ Taq ɼʅʂ-

ʧʦʣʠʤʝʨʘʟʳ (0,05 ʝʜ.ʘʢʪ./ʤʢʣ) (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ). ʇʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ɼʅʂ-

ʤʘʪʨʠʮʘ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʫʢʘʟʘʥʘ ʩʧʝʮʠʘʣʴʥʦ. ʅʘʣʠʯʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

ʦʞʠʜʘʝʤʦʡ ʜʣʠʥʳ ʧʨʦʚʝʨʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʚ 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

9.5. ʆʯʠʩʪʢʘ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʬʝʥʦʣʦʤ 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʦʯʠʱʘʣʠ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʩʪʚʦʨʘ ʦʙʨʘʙʦʪʢʦʡ ʬʝʥʦʣʦʤ. ɼʣʷ ʦʯʠʩʪʢʠ ʢ ʦʜʥʦʤʫ ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʘ ɼʅʂ ʠʣʠ 

ʈʅʂ ʜʦʙʘʚʣʷʣʠ ʦʜʠʥ ʦʙʲʝʤ ʱʝʣʦʯʥʦʛʦ ʠʣʠ ʢʠʩʣʦʛʦ ʬʝʥʦʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʪʱʘʪʝʣʴʥʦ ʚʩʪʨʷʭʠʚʘʣʠ. ʉʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 10 

ʤʠʥ ʧʨʠ 13200 ʦʙ/ʤʠʥ ʥʘ ʥʘʩʪʦʣʴʥʦʡ ʮʝʥʪʨʠʬʫʛʝ 5415R (Eppendorf, ɻʝʨʤʘʥʠʷ). ʂ 

ʚʦʜʥʦʡ ʬʘʟʝ ʜʦʙʘʚʣʷʣʠ 1/10 ʦʙʲʝʤʘ 3ʄ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ (ʨʅ 5,2), 1/100 ʦʙʲʝʤʘ 

ʛʣʠʢʦʛʝʥʘ (20 ʤʛ/ʤʣ) ʠ 3 ʦʙʲʝʤʘ 96% ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʦʯʴ ʧʨʠ -20Áʉ. ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 13200 ʦʙ/ʤʠʥ ʥʘ ʥʘʩʪʦʣʴʥʦʡ ʮʝʥʪʨʠʬʫʛʝ 5415R 

(Eppendorf, ɻʝʨʤʘʥʠʷ) ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4Áʉ. ʆʩʘʜʦʢ 

ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʫʬʝʨʝ. 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ɼʅʂ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʨʠʙʦʨʝ Nanodrop 

2000c (Thermo Scientific). 

9.6. ʍʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ 

9.6.1. ʇʦʣʫʯʝʥʠʝ ɼʅʂ-ʤʘʪʨʠʮ ʩ ʟʘʜʘʥʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ɼʅʂ-ʤʘʪʨʠʮʳ 

ɼʅʂ-ʤʘʪʨʠʮʳ ʩ ʠʥʪʝʨʝʩʫʶʱʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʇʎʈ-ʤʫʪʘʛʝʥʝʟʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ T7A1_s603-

25A, ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʟʜʝʣʝ 7. 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʦʣʠʥʦʥʫʢʣʝʦʪʠʜʳ ʄʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ.. 
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ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʪʨʘʚʦʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʩ ʧʨʦʤʦʪʦʨʦʤ ʠ ʥʫʢʣʝʦʩʦʤ-

ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʤʝʪʦʜʦʤ ʇʎʈ. 

ʌʨʘʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʤʦʪʦʨ T7A1, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʇʎʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 282Forwhst ʠ ç1è (ʜʣʷ ʨʘʟʥʳʭ ʤʫʪʘʮʠʡ ï ʨʘʟʥʳʝ; 

ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ) ʧʦ ʧʨʦʛʨʘʤʤʝ: 

94Áʉ ï 3 ʤʠʥ 

94Áʉ ï 10 ʩ 

63Áʉ ï 15 ʩ            25 ʮʠʢʣʦʚ 

72Áʉ ï 30 ʩ 

72Áʉ ï 7 ʤʠʥ 

ʌʨʘʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ç2è (ʜʣʷ ʨʘʟʥʳʭ 

ʤʫʪʘʮʠʡ ï ʨʘʟʥʳʝ; ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ) ʠ 282Revwhst. 

ʇʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ: 

94Áʉ ï 3 ʤʠʥ 

94Áʉ ï 10 ʩ 

60Áʉ ï 30 ʩ            3 ʮʠʢʣʘ 

72Áʉ ï 30 ʩ 

94Áʉ ï 10 ʩ 

60Áʉ ï 15 ʩ            22 ʮʠʢʣʘ 

72Áʉ ï 30 ʩ 

72Áʉ ï 7 ʤʠʥ 
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ʇʦʣʦʞʝʥʠʝ 

ʨʘʟʨʳʚʘ 

ʇʨʦʤʦʪʦʨ, 

ʧʨʘʡʤʝʨ 1 

ʆʞʠʜʘʝʤʘʷ 

ʜʣʠʥʘ ʬʨʘʛʤʝʥʪʘ 

ʩ ʧʨʦʤʦʪʦʨʦʤ, 

ʧ.ʥ. 

ʅʇʇ, 

ʧʨʘʡʤʝʨ 2 

ʆʞʠʜʘʝʤʘʷ 

ʜʣʠʥʘ 

ʬʨʘʛʤʝʥʪʘ 

ʩ ʅʇʇ, ʧ.ʥ. 

ʈʝʩʪʨʠ

ʢʪʘʟʘ 

+12 134Rev40 

 

134 s603-

25A+12nick

BsmAI 

162 ApaI 

+17 134Rev40 

 

134 s603-

25A+17nick

BsmAI 

162 ApaI 

+22 s603PauIRev 137 s603-

25A+22nick

BsmAI 

152 PauI 

+31 s603PauIRev 137 s603-

25A+31nick

BsmAI 

152 PauI 

 

ʊʘʙʣʠʮʘ 1. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɼʅʂ-

ʤʘʪʨʠʮ ʩ ʨʘʟʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʩʘʡʪʦʚ ʫʟʥʘʚʘʥʠʷ ʬʝʨʤʝʥʪʘ Nt.BsmA1 

ʤʝʪʦʜʦʤ ʇʎʈ. ɺ ʨʝʘʢʮʠʠ ʚ ʧʘʨʝ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ 1 ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʘʡʤʝʨ 

282Forwhst, ʩ 2 ï 282Revwhst. ʋʢʘʟʘʥʳ ʦʞʠʜʘʝʤʳʝ ʜʣʠʥʳ ʬʨʘʛʤʝʥʪʦʚ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʫʢʣʝʦʪʠʜʦʚ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʣʠʛʠʨʦʚʘʥʠʷ ʚ ʧʦʣʥʦʨʘʟʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʢʦʥʮʘʭ 

ʬʨʘʛʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ çʣʠʧʢʠʝ ʢʦʥʮʳè ʫʢʘʟʘʥʥʳʤʠ ʚ ʧʦʩʣʝʜʥʝʡ ʢʦʣʦʥʢʝ 

ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ. 

ɼʣʠʥʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ (ApaI ʠʣʠ PauI, ʫʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1) ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʇʎʈ. ʆʯʠʩʪʢʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ MinElute PCR Cleaning Kit  ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʣʠʛʠʨʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʥʳʭ ʠ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʭ 

ʫʯʘʩʪʢʦʚ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʙʫʬʝʨʝ ʜʣʷ ʣʠʛʘʟʳ ʙʘʢʪʝʨʠʦʬʘʛʘ ʊ4 (NEB). ɺ 

ʨʝʘʢʮʠʶ ʚʥʦʩʠʣʠ ʧʦ 0,5 ʧʢʤʦʣʴ ʣʠʛʠʨʫʝʤʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ 1 ʝʜ. ʘʢʪ ʬʝʨʤʝʥʪʘ 
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(NEB). 16-ʯʘʩʦʚʫʶ ʠʥʢʫʙʘʮʠʶ ʧʨʠ 4Áʉ ʟʘʚʝʨʰʘʣʠ 10-ʤʠʥʫʪʥʦʡ ʠʥʢʫʙʘʮʠʝʡ ʧʨʠ 

65Áʉ. 

ʇʦʣʥʦʨʘʟʤʝʨʥʘʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ɼʅʂ-ʤʘʪʨʠʮʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʢʦʧʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʭʦʜʝ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʦʧʠʩʘʥʥʳʭ 

ʨʝʘʢʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 282Forwhst ʠ 282Revwhst. 

ɸʤʧʣʠʬʠʢʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʣʠʛʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ: 

94Áʉ ï 3 ʤʠʥ 

94Áʉ ï 10 ʩ 

66Áʉ ï 15 ʩ            30 ʮʠʢʣʦʚ 

72Áʉ ï 30 ʩ 

72Áʉ ï 7 ʤʠʥ 

ʌʨʘʛʤʝʥʪʳ ʦʞʠʜʘʝʤʦʡ ʜʣʠʥʳ (ʦʢʦʣʦ 280 ʧ.ʥ.) ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʤʝʩʠ ʚ 

ʭʦʜʝ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʠ ʦʯʠʱʝʥʳ ʥʘʙʦʨʦʤ QIAQuick 

Gel Extraction Kit . 

ɼʣʷ ʦʪʙʦʨʘ ʠ ʢʣʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʘʙʦʨ InsTAclone PCR Cloning Kit  (Thermo Fisher Scientific). ɺʩʝ ʧʨʦʮʝʜʫʨʳ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ ʧʣʘʟʤʠʜ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʣʠʛʠʨʦʚʘʥʠʠ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚ ʚʝʢʪʦʨ pTZ57R/T, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʠ Escherichia coli ʰʪʘʤʤʘ Ultra XL10 Gold. ʄʦʣʷʨʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʠ ʚʝʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ 5:1. 

ɸʥʘʣʠʟ ʢʦʣʦʥʠʡ ʥʘ ʥʘʣʠʯʠʝ ʚʩʪʘʚʢʠ ʥʫʞʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʧʣʘʟʤʠʜʫ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ M13-20 ʠ M13-Rev 

ʧʦ ʧʨʦʛʨʘʤʤʝ: 

95Áʉ ï 3 ʤʠʥ 

95Áʉ ï 30 ʩ 

60Áʉ ï 30 ʩ            25 ʮʠʢʣʦʚ 

72Áʉ ï 30 ʩ 
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ʂʦʣʦʥʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʣʘʟʤʠʜʫ ʩ ʠʥʪʝʨʝʩʫʶʱʝʡ ʜʣʠʥʦʡ ʚʩʪʨʦʡʢʠ, 

ʧʝʨʝʩʝʚʘʣʠ ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ LB ʩ ʘʤʧʠʮʠʣʣʠʥʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʛ/ʤʣ ʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʦʯʴ ʥʘ ʢʘʯʘʣʢʝ ʧʨʠ 150 ʦʙ/ʤʠʥ ʠ 37ϊʉ. ʇʣʘʟʤʠʜʥʫʶ ɼʅʂ 

ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ QIAprep Spin Miniprep (Qiagen) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʅʂ ʵʣʶʠʨʦʚʘʣʠ 50 ʤʢʣ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʙʫʬʝʨʘ ɽɺ (Qiagen). 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʣʘʟʤʠʜ ʠ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʬʠʨʤʦʡ ʉʠʥʪʦʣ 

(ʄʦʩʢʚʘ) ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʩʝʢʚʝʥʘʪʦʨʝ ABI  Prism 3100 (çApplied Biosystemsè). 

9.6.2. ʇʦʣʫʯʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʩ ʠʥʪʝʨʝʩʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʦʧʳʪʦʚ 

ɼʅʂ-ʤʘʪʨʠʮʳ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʫʢʣʝʦʪʠʜʦʚ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʚ ʭʦʜʝ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʟʤʠʜ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ (0,1 ʥʛ/ʤʢʣ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ) ʠ 

ʦʣʠʛʦʥʫʢʣʝʪʠʣʦʚ FAM-282Forwhst ʠ 603R ʧʦ ʧʨʦʛʨʘʤʤʝ: 

93Áʉ ï 3 ʤʠʥ 

93Áʉ ï 20 ʩ 

63Áʉ ï 20 ʩ            30 ʮʠʢʣʦʚ 

72Áʉ ï 20 ʩ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʯʠʩʪʦʪʳ ʨʝʘʢʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʦʜʥʫ ʨʝʘʢʮʠʶ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʧʣʘʟʤʠʜʳ. ɼʣʠʥʳ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ʇʨʦʜʫʢʪʳ ʦʞʠʜʘʝʤʦʡ ʜʣʠʥʳ 

(270 ʧ.ʥ.) ʦʯʠʱʘʣʠ ʦʪ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

9.6.3. ɺʥʝʩʝʥʠʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ ʚʦ 

ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʜʣʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʦʧʳʪʦʚ 

ɼʣʷ ʚʥʝʩʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʅʇʇ 

ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʠʢʘʟʦʡ Nt.BsmA1 (NEB). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ 

ʙʫʬʝʨʝ 4 (NEB) ʩ 1 ʤʢʛ ɼʅʂ ʚ ʦʙʲʝʤʝ 50 ʤʢʣ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʦʯʴ ʧʨʠ 37Áʉ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ 

ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ 
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ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʢʝ FAM, ʚʥʝʩʝʥʥʦʡ ʥʘ 5ô-ʢʦʥʝʮ ʚ ʩʦʩʪʘʚʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 282Forwhst ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʜʝʪʝʢʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

Typhoon Trio (General Electric, ɸʥʛʣʠʷ). ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʝʣʝʥʳʡ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ, ʯʪʝʥʠʝ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨʘ, ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ ʜʣʠʥʦʡ ʙʦʣʝʝ 526 ʥʤ. 

ɼʅʂ-ʬʨʘʛʤʝʥʪʳ, ʥʠʢʠʨʦʚʘʥʥʳʝ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 95%, ʦʯʠʱʘʣʠ 

ʦʪ ʬʝʨʤʝʥʪʘ ʠ ʨʝʘʢʪʠʚʦʚ ʦʙʨʘʙʦʪʢʦʡ ʬʝʥʦʣʦʤ. 

9.6.4. ʉʙʦʨʢʘ ʥʫʢʣʝʦʩʦʤ 

ʅʘ ʦʯʠʱʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʙʝʟ ʨʘʟʨʳʚʘ ʠ ʩ ʨʘʟʨʳʚʦʤ ʤʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʜʠʘʣʠʟʘ ʧʨʦʪʠʚ ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʥʠʞʘʶʱʝʡʩʷ ʠʦʥʥʦʡ ʩʠʣʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʨʦʤʘʪʠʥʘ 

ʙʝʟ ʛʠʩʪʦʥʘ ʅ1 ʩʦʙʠʨʘʣʠ ʥʫʢʣʝʦʩʦʤʳ. ɼʠʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4Áʉ ʚ 

ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 10 ʤʄ ʊʨʠʩ-HCl pH 7,5, 0,1% ʪʝʨʛʠʪʦʣ, 0,2 ʤʄ ʕɼʊɸ, 5 ʤʄ 

ʙʝʪʘ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ ʠ ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ (1ʄ ʚ ʧʝʨʚʦʤ ʙʫʬʝʨʝ, ʠʥʢʫʙʘʮʠʷ 1 ʯ; 

0,75ʄ ï 1 ʯ; 0,5ʄ ï 2,5 ʯ; 0,01 ʄ ï ʥʦʯʴ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʢʠ ʦʧʨʝʜʝʣʷʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ɼʅʂ-ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʇɸɸɻ ʚ ʥʘʪʠʚʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

9.6.5. ʊʨʘʥʩʢʨʠʧʮʠʷ ʥʫʢʣʝʦʩʦʤ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ E. coli in vitro 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʨʠʮ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ E. 

coli ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʙʫʬʝʨʝ (transcription buffer, ʊɺ; 20 ʤʄ ʊʨʠʩ-HCl, ʨʅ 7,9, 5 

ʤʄ MgCl2, 1 ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ ʠ ʂʉl ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚ ʤʄ 

ʯʠʩʣʫ ʧʦʩʣʝ çʊɺè) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

1. ɼʣʷ ʩʙʦʨʢʠ ʭʦʣʦʬʝʨʤʝʥʪʘ ʠʥʢʫʙʠʨʦʚʘʣʠ ʢʦʨ-ʬʝʨʤʝʥʪ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. coli 

ʩ ʩʫʙʲʝʜʠʥʠʮʝʡ ʩʠʛʤʘ-70 ʚ ʙʫʬʝʨʝ ʊɺ40 ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ; 

2. ɼʦʙʘʚʣʷʣʠ ʢ ʩʤʝʩʠ ɼʅʂ-ʤʘʪʨʠʮʫ (1/5 ʯʘʩʪʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 10 

ʤʠʥ; 

3. ʀʥʠʮʠʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʠʨʠʙʦʥʫʢʣʝʦʪʠʜʘ AUC ʠ 

ɸʊʌ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʢʄ ʠ Ŭ-
32

P -ɻʊʌ (4000 ʂʠ/ʤʤʦʣʴ) ʚ ʢʦʣʠʯʝʩʪʚʝ ʚ 5 

ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʤ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ ʚ TB40 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ 

ʜʦʙʘʚʣʷʣʠ ɻʊʌ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʢʄ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥ; 
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4. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʨʝʠʥʠʮʠʘʮʠʠ ʜʦʙʘʚʣʷʣʠ ʨʠʬʘʤʧʠʮʠʥ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 

ʤʢʛ/ʤʣ; 

5. ʊʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʜʦʣʞʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʯʝʪʳʨʝʭ ʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 200 ʤʢʄ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʙʫʬʝʨʝ ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ (40, 150 ʠʣʠ 300 ʤʄ) ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ ʠ 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʩʦʩʪʘʚʣʷʣʠ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ 40 ʥʄ ʠ 200 ʥʄ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʩ 

ʦʜʥʠʤ ʦʙʲʝʤʦʤ ʢʠʩʣʦʛʦ ʬʝʥʦʣʘ. 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʯʠʱʘʣʠ ʠ ʦʩʘʞʜʘʣʠ ʩʧʠʨʪʦʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ. 

ʊʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ, ʧʦʩʢʦʣʴʢʫ ʟʘ ʵʪʦ ʚʨʝʤʷ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʧʨʦʜʫʢʪʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʫʯʘʝʤʳʤ ʧʘʫʟʘʤ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʧʨʠ ʵʣʦʥʛʘʮʠʠ ʯʝʨʝʟ 

ʥʫʢʣʝʦʩʦʤʫ. 

ʊʨʘʥʩʢʨʠʧʮʠʶ ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʥʘʙʣʶʜʘʪʴ ʵʬʬʝʢʪʳ ʦʪ ʦʩʣʘʙʣʝʥʠʷ ʠʣʠ 

ʫʩʠʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ɼʅʂ ʠ ʦʢʪʘʤʝʨʦʤ ʛʠʩʪʦʥʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʛʠʩʪʦʥʘʤʠ ʠ ɼʅʂ ʦʙʨʘʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʤʝʞʜʫ ʥʠʤʠ. ʉʘʭʘʨʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ ɼʅʂ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥ ʟʘ ʩʯʝʪ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʤʠ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʛʠʩʪʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʷʜʨʘ ʥʫʢʣʝʦʩʦʤʳ. 

ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴʩʷ ʠʣʠ ʦʩʣʘʙʣʷʪʴʩʷ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʟʥʦʡ 

ʠʦʥʥʦʡ ʩʠʣʳ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʠʦʥʥʘʷ ʩʠʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 150 ʤʄ, ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʝʸ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ɼʅʂ ʠ ʛʠʩʪʦʥʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʣʘʙʣʝʥʠʶ 

ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʧʣʦʪʴ ʜʦ ʧʦʪʝʨʠ ʥʫʢʣʝʦʩʦʤ ʚ ʨʘʩʪʚʦʨʝ ʩ 1000 

ʤʄ (1ʄ) KCl. 

ʆʧʳʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚʤʝʩʪʦ ʨʘʜʠʦʘʢʪʠʚʥʦ-

ʤʝʯʝʥʥʦʛʦ ɻʊʌ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝʤʝʯʝʥʳʡ. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʠʦʥʥʦʡ ʩʠʣʝ (ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ 
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150 ʤʄ), ʧʨʦʙʳ ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʚ ʇɸɸɻ ʚ 

ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

9.6.6. ʇʦʣʫʯʝʥʠʝ ʈʅʂ-ʤʘʨʢʝʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʣʠʥ ʧʨʦʜʫʢʪʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʈʅʂ-ʤʘʨʢʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʅʂ ʩ ʩʘʡʪʦʤ ʫʟʥʘʚʘʥʠʷ ʥʠʢʘʟʳ 

ʚ ʧʦʣʦʞʝʥʠʠ +12 (+12_s603), ʙʝʟ ʨʘʟʨʳʚʦʚ ʠ ʩʚʦʙʦʜʥʫʶ ʦʪ ʛʠʩʪʦʥʦʚ. ʇʦʩʣʝʜʥʠʡ 

ʵʪʘʧ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʘʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʟ 

ʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ (4 ʤʄ) ʚ ʪʝʯʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 10 ʜʦ 20 ʩ. ʆʪ 

ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʟʘʚʠʩʝʣʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʪʘʥʦʚʦʢ ʈʅʂʇ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʨʝʛʠʦʥʝ (ʯʝʤ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʘʢʮʠʷ, ʪʝʤ ʜʘʣʴʰʝ ʦʪ ʧʨʦʤʦʪʦʨʘ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʣʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ ʚ ʧʨʦʙʝ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʟʠʮʠʠ ʦʩʪʘʥʦʚʦʢ ʨʷʜʦʤ ʩ ʜʦʨʦʞʢʘʤʠ ʩ ʮʝʣʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʥʘʥʦʩʠʣʠ ʈʅʂ-ʤʘʨʢʝʨ ʩ ʫʜʦʙʥʦʡ ʦʙʣʘʩʪʴʶ ʧʘʫʟʠʨʦʚʘʥʠʷ. 

9.6.7. ʇʦʣʫʯʝʥʠʝ ɼʅʂ-ʤʘʨʢʝʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʣʠʥ ʧʨʦʜʫʢʪʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʜʣʷ ʛʝʣʝʡ ʩ ʨʘʜʠʦʘʢʪʠʚʥʦ-ʤʝʯʝʥʳʤʠ ʈʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʝʨʝʚʘʨ ʧʣʘʟʤʠʜʳ pBR322 ʵʥʜʦʥʫʢʣʝʘʟʦʡ ʨʝʩʪʨʠʢʮʠʠ MspI. ʆʙʨʘʙʦʪʢʫ ʬʝʨʤʝʥʪʦʤ 

ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʌʨʘʛʤʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ, ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʣʠ ʦʙʨʘʙʦʪʢʦʡ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʦʡ ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʈʘʜʠʦʘʢʪʠʚʥʦʝ ʤʝʯʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ 

ʨʝʘʢʮʠʝʡ ʢʠʥʠʨʦʚʘʥʠʷ ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɔ-
32
ʈ-ɸʊʌ. 10 ʤʢʣ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʙʫʬʝʨʘ ɸ ʜʣʷ ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʳ ʩʦʜʝʨʞʘʣʘ 1,8 

ʧʠʢʦʤʦʣʝʡ ʬʨʘʛʤʝʥʪʦʚ ʧʣʘʟʤʠʜʳ, 5 ʝʜ.ʘʢʪ. ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʳ ʠ 8 ʧʢʤʦʣʴ ɔ-
32
ʈ-

ɸʊʌ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 4000 ʂʠ/ʤʤʦʣʴ. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ 37Áʉ, 

ʜʦʙʘʚʣʷʣʠ ʕɼʊɸ (ʨʅ 8,0) ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 25 ʤʄ ʠ ʧʨʦʛʨʝʚʘʣʠ 10 ʤʠʥ ʧʨʠ 75Áʉ. 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʚ ʛʝʣʴ ʩʤʝʩʴ ʧʨʦʛʨʝʚʘʣʠ ʩ ʜʝʥʘʪʫʨʠʨʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ ʧʨʠ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ 95Áʉ. ʅʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʣʠ 

ʚʠʟʫʘʣʴʥʦ. 
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9.6.8. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʦ ʜʣʠʥʘʤ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ 

ʆʯʠʱʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʚ ʇɸɸɻ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʩʠʩʪʝʤʝ Sequi-Gen GT System (Bio-Rad Laboratories, ʉʐɸ). 

ɺʠʟʫʘʣʠʟʘʮʠʶ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʨʘʥʘ Storage 

Phosphor Screen ʥʘ ʜʝʪʝʢʪʦʨʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Typhoon Trio (General Electric, 

ɸʥʛʣʠʷ). 

9.7. ʇʦʩʪʨʦʝʥʠʝ ʧʨʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ 

ʕʂ+24 ʩ ʨʘʟʨʳʚʦʤ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʚ ʧʦʣʦʞʝʥʠʠ +12 ʅʇʇ 

ʅʘ ʨʠʩʫʥʢʝ 24 ʚ ʨʘʟʜʝʣʝ ʈʝʟʫʣʴʪʘʪ rʠ ʦʙʩʫʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʧʨʠʤʝʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʕʂ+24 ʩ ʨʘʟʨʳʚʦʤ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ 

ʤʝʞʜʫ 12 ʠ 13 ʥʫʢʣʝʦʪʠʜʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 1EQZ 

(ʥʫʢʣʝʦʩʦʤʘ, [Harp et al., 2000]), 3HOV (ʵʣʦʥʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

II  ʩ ɼʅʂ ʠ ʈʅʂ, [Sydow et al., 2009]) ʠ 1CGC (ʜʝʢʘʤʝʨ ɼʅʂ, [Heinemann et al., 

1992]). ʄʦʜʝʣʴ ʧʦʣʫʯʝʥʘ ʚʠʟʫʘʣʴʥʦʡ ʩʪʳʢʦʚʢʦʡ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʛʨʘʤʤʝ PyMOL. 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʈʅʂʇ II, ʪʘʢ ʢʘʢ ʜʣʷ ʈʅʂʇ E. coli ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝʪ ʨʝʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʯʘʩʪʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ʆʥʠ 

ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩʫ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʚʳʟʳʚʘʷ ʦʩʪʘʥʦʚʢʫ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ ʥʘ ʦʙʨʳʚʝ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʚʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ, ʨʘʟʨʳʚʳ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʟʘʤʝʪʥʦ ʠʥʛʠʙʠʨʦʚʘʪʴ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ. ʆʜʥʘʢʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʚʨʝʞʜʝʥʥʘʷ ɼʅʂ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʭʨʦʤʘʪʠʥʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺʠʜʠʤʦ, ʪʘʢʦʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩʦ ʩʣʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʈʅʂʇ II ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʨʘʟʨʳʚʳ 

ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʫʩʢʦʨʷʶʱʝʝ, ʪʘʢ ʠ ʟʘʤʝʜʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʥʫʢʣʝʦʩʦʤ. ʊʘʢ ʢʘʢ ʦʩʪʘʥʦʚʢʘ ʵʣʦʥʛʠʨʫʶʱʝʡ ʈʅʂʇ II in vivo 

ʩʣʫʞʠʪ ʩʠʛʥʘʣʦʤ ʢ ʥʘʯʘʣʫ ʨʝʧʘʨʘʮʠʠ, ʪʦ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʨʘʟʨʳʚʦʚ ʙʦʣʝʝ 

ʠʥʪʝʨʝʩʝʥ ʩ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʟʘʤʝʜʣʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ II  

ʯʝʨʝʟ ʥʫʢʣʝʦʩʦʤʫ ʨʘʟʨʳʚʘʤʠ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʦʥʦʥʫʢʣʝʦʩʦʤʘʭ ʩ ʪʦʯʥʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʦʜʥʦʥʠʪʝʚʳʤʠ ʨʘʟʨʳʚʘʤʠ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʟʘʤʝʜʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʢʘʟʳʚʘʶʪ ʨʘʟʨʳʚʳ ʦʢʦʣʦ (+10 ï +13) ʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʣʝʞʘʱʝʡ ʢ ʧʨʦʤʦʪʦʨʫ ʛʨʘʥʠʮʳ ʥʫʢʣʝʦʩʦʤʳ 

(ʨʠʩʫʥʦʢ 6, ɹ). ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʥʦʥʫʢʣʝʦʩʦʤʳ 

ʩ ʨʘʟʨʳʚʦʤ ʩʘʭʘʨʦʬʦʩʬʘʪʥʦʛʦ ʦʩʪʦʚʘ ʤʝʞʜʫ 12 ʠ 13 ʥʫʢʣʝʦʪʠʜʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

ʅʇʇ (ʨʘʟʨʳʚ +12) (ʨʠʩʫʥʦʢ 9). ʈʘʟʨʳʚʳ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʥʦʩʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʦʡ ʥʠʢʘʟʦʡ Nt.BsmA1. ʅʠʢʘʟʳ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʵʥʜʦʥʫʢʣʝʘʟʳ 

ʨʝʩʪʨʠʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʜʝʟʘʢʪʠʚʠʨʦʚʘʥ ʦʜʠʥ ʠʟ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʠ ʬʝʨʤʝʥʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ɼʅʂ, ʥʦ ʨʘʟʨʫʰʘʶʪ 

ʪʦʣʴʢʦ ʦʜʥʫ ʠʟ ʮʝʧʝʡ. 



- 50 - 
 

 

 

 

ʈʠʩʫʥʦʢ 9. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ 

ɼʅʂ ʚ ʥʫʢʣʝʦʩʦʤʝ. ɺʩʝ ʨʘʟʨʳʚʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ (ʚʳʜʝʣʝʥʥʦʡ 

ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ). ʇʫʥʢʪʠʨʥʦʡ ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ʈʠʩʫʥʦʢ ʥʫʢʣʝʦʩʦʤʳ ʧʦʣʫʯʝʥ ʚ ʧʨʦʛʨʘʤʤʝ Cn3D ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

1EQZ (çX-ray structure of the nucleosome core particle at 2,5 A resolutionè, [Harp et al., 

2000]). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ 603 ʅʇʇ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʦʣʫʯʝʥʘ 

ɼʅʂ-ʤʘʪʨʠʮʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʫʟʥʘʚʘʥʠʷ ʬʝʨʤʝʥʪʘ Nt.BsmA1 ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʯʘʩʪʢʝ ʅʇʇ. ʕʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ɼʅʂ-ʤʘʪʨʠʮʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 10 ʠ 11. ʉʥʘʯʘʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʨʘʛʤʝʥʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʤʦʪʦʨʥʳʡ ʠ ʠʟʤʝʥʝʥʥʳʡ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʠʡ ʫʯʘʩʪʢʠ 

(ʨʠʩʫʥʦʢ 10, ɸ). ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʥʜʦʥʫʢʣʝʘʟʦʡ ʨʝʩʪʨʠʢʮʠʠ ApaI ʬʨʘʛʤʝʥʪʳ 

ʣʠʛʠʨʦʚʘʣʠ, ʧʦʣʫʯʠʚ ʩʤʝʩʴ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʨʠʮ ʦʞʠʜʘʝʤʦʡ ʜʣʠʥʳ ʩ ʠʩʢʦʤʦʡ ʠ 

ʧʝʨʚʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʫʚʝʣʠʯʠʣʠ ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʝʡ, ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ (ʨʠʩʫʥʦʢ 10, ɹ) 

ʣʠʛʠʨʦʚʘʣʠ ʚ ʚʝʢʪʦʨ pTZ57R ʠ ʢʣʦʥʠʨʦʚʘʣʠ ʚ E. coli. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʧʣʘʟʤʠʜʘ pTZ57R ʩʦ ʚʩʪʘʚʢʦʡ ʩ ʦʞʠʜʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʦʚ 

ʜʣʠʥʦʡ 282 ʧ.ʥ. (ʨʠʩʫʥʦʢ 10, ɺ; ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʚʝʜʝʥʘ ʚ 




































































































