
1 
 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʙʠʦʪʝʭʥʦʣʦʛʠʠè ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè 

ʀʥʩʪʠʪʫʪ ɹʠʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ɹʘʭʘ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ɺʘʩʠʥʘ ɼʘʨʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

 

 

ʀɿʋʏɽʅʀɽ ʆʈɻɸʅʀɿɸʎʀʀ ʄʋʃʔʊʀɻɽʅʅʆɻʆ ʉɽʄɽʁʉʊɺɸ 

ʃɸʂʂɸɿ ɹɸɿʀɼʀɸʃʔʅʆɻʆ ɻʈʀɹɸ TRAMETES HIRSUTA ï 

ʕʌʌɽʂʊʀɺʅʆɻʆ ɼɽʉʊʈʋʂʊʆʈɸ ʃʀɻʅʀʅɸ 

 

03.01.04. ɹʠʦʭʠʤʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ  

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʧʨʦʬʝʩʩʦʨ 

ʆ.ɺ. ʂʦʨʦʣʝʚʘ 

 

 

ʄʦʩʢʚʘ ï 2015 



2 
 

  

ʆʛʣʘʚʣʝʥʠʝ 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ............................................................................................................ 5 

ɺɺɽɼɽʅʀɽ ........................................................................................................................................ 6 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ .............................................................................................. 13 

1.1. ʉɽʄɽʁʉʊɺʆ ʇʆʃʀʄɽɼʅʓʍ ʆʂʉʀɼɸɿ ɺ ʃʀɻʅʀʅʄʆɼʀʌʀʎʀʈʋʖʑɽʄ 

ʂʆʄʇʃɽʂʉɽ ɻʈʀɹʆɺ ɹɽʃʆʁ ɻʅʀʃʀ ........................................................................... 13 

1.1.1. ʉʊʈʋʂʊʋʈɸ ʉɽʄɽʁʉʊɺɸ ʇʆʃʀʄɽɼʅʓʍ ʆʂʉʀɼɸɿ ɹɸɿʀɼʀʆʄʀʎɽʊʆɺ ... 14 

1.1.2. ɻɽʅɽʊʀʏɽʉʂɸʗ ʆʈɻɸʅʀɿɸʎʀʗ ɹɸɿʀɼʀɸʃʔʅʓʍ ʃɸʂʂɸɿ ............................. 18 

1.1.3. ʈɽɻʋʃʗʎʀʗ ʉʀʅʊɽɿɸ ʃɸʂʂɸɿ.................................................................................. 24 

1.2. ʉʀʅʊɽɿ ʀ ʇʈʆʎɽʉʉʀʅɻ ʉɽʂʈɽʊʀʈʋɽʄʓʍ ʃɸʂʂɸɿ ............................................. 27 

1.2.1. ʉʀʉʊɽʄʓ ʉɽʂʈɽʎʀʀ ʄʀʎɽʃʀɸʃʔʅʓʍ ɻʈʀɹʆɺ ............................................... 28 

1.2.2. ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ʂʆʅʌʆʈʄɸʎʀʀ ʃɸʂʂɸɿ ʀ 

ɺʉʊʈɸʀɺɸʅʀɽ ʀʆʅʆɺ ʄɽɼʀ ....................................................................................... 32 

1.2.3. ʇʆʉʊʊʈɸʅʉʃʗʎʀʆʅʅʓɽ ʄʆɼʀʌʀʂɸʎʀʀ ʃɸʂʂɸɿ ......................................... 34 

1.3. ʈʆʃʔ ɹɸɿʀɼʀɸʃʔʅʓʍ ʃɸʂʂɸɿ ɺ ʇʈʆʎɽʉʉɸʍ ʃʀɻʅʀʅʆʃʀɿɸ ʀ 

ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ ɻʈʀɹʆɺ ................................................................................... 37 

1.3.1. ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɹɸɿʀɼʀɸʃʔʅʓʍ ɻʈʀɹʆɺ ʈʆɼɸ TRAMETES ...................... 37 

1.3.2. ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʉʊʈʋʂʊʋʈʅʓʍ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʃɸʂʂɸɿ ɹɸɿʀɼʀɸʃʔʅʓʍ ɻʈʀɹʆɺ .............................................................................. 39 

1.3.3. ʉɺʗɿʔ ʌʀɿʀʆʃʆɻʀʏɽʉʂʆʁ ʈʆʃʀ ʀ ɹʀʆʍʀʄʀʏɽʉʂʀʍ ʌʋʅʂʎʀʁ ʃɸʂʂɸɿ, 

ʂʆɼʀʈʋɽʄʓʍ ʄʋʃʔʊʀɻɽʅʅʓʄ ʉɽʄɽʁʉʊɺʆʄ ................................................... 41 

ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ...................................................................................... 45 

2.1. ʐʊɸʄʄ ʄʀʂʈʆʆʈɻɸʅʀɿʄɸ (ʆɹʒɽʂʊ ʀʉʉʃɽɼʆɺɸʅʀʗ) ................................... 45 

2.2. ʈɽɸɻɽʅʊʓ ............................................................................................................................ 45 

2.3. ʂʋʃʔʊʀɺʀʈʆɺɸʅʀɽ ɹɸɿʀɼʀʆʄʀʎɽʊɸ T. HIRSUTA ʅɸ ʉʈɽɼɸʍ ʈɸɿʃʀʏʅʆɻʆ 

ʉʆʉʊɸɺɸ .............................................................................................................................. 46 

2.3.1. ʇʈɽʂʋʃʔʊʀɺʀʈʆɺɸʅʀɽ ʄʀʂʈʆʆʈɻɸʅʀɿʄɸ ...................................................... 46 

2.3.2. ɾʀɼʂʆʌɸɿʅʆɽ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀɽ ʅɸ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ʉʈɽɼɸʍ ......... 46 

2.3.3. ɾʀɼʂʆʌɸɿʅʆɽ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀɽ ʅɸ ʃʀɻʅʆʎɽʃʃʖʃʆɿʅʆʄ 

ʉʋɹʉʊʈɸʊɽ ......................................................................................................................... 47 

2.3.4. ʀɿʋʏɽʅʀɽ ɼʀʅɸʄʀʂʀ ɹʀʆʄɸʉʉʓ ɺ ʇʈʆʎɽʉʉɽ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʗ 

T.HIRSUTA ............................................................................................................................. 47 

2.4. ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɽʂʈɽʊʆʄɸ T. HIRSUTA ................................................................. 47 



3 
 

2.4.1. ʀɿʋʏɽʅʀɽ ɼʀʅɸʄʀʂʀ ɸʂʊʀɺʅʆʉʊɽʁ ʌɽʈʄɽʅʊʆɺ 

ʃʀɻʅʀʅʄʆɼʀʌʀʎʀʈʋʖʑɽɻʆ ʂʆʄʇʃɽʂʉɸ T.HIRSUTA .................................... 47 

2.4.2. ʆʇʊʀʄʀɿɸʎʀʗ ʋʉʃʆɺʀʁ ʇʈʆɹʆʇʆɼɻʆʊʆɺʂʀ ʆɹʈɸɿʎʆɺ ɺʅɽʂʃɽʊʆʏʅʓʍ 

ɹɽʃʂʆɺ ɼʃʗ ʇʈʆʊɽʆʄʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ....................................................... 48 

2.4.3. ɼɺʋʄɽʈʅʓʁ ʕʃɽʂʊʈʆʌʆʈɽɿ (2-DE) ɹɽʃʂʆɺ ....................................................... 50 

2.4.4. ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂɸʗ ʀɼɽʅʊʀʌʀʂɸʎʀʗ ɹɽʃʂʆɺ .......................... 50 

2.5. ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʊɽʆʄɸ T. HIRSUTA ................................................................... 51 

2.5.1. ʆʇʊʀʄʀɿɸʎʀʗ ʋʉʃʆɺʀʁ ʇʈʆɹʆʇʆɼɻʆʊʆɺʂʀ ʆɹʈɸɿʎʆɺ 

ɺʅʋʊʈʀʂʃɽʊʆʏʅʓʍ ɹɽʃʂʆɺ ɼʃʗ ʇʈʆʊɽʆʄʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ............. 51 

2.6. ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʈɸʅʉʂʈʀʇʊʆʄɸ T. HIRSUTA ...................................................... 52 

2.6.1. ɺʓɼɽʃɽʅʀɽ ʅʋʂʃɽʀʅʆɺʓʍ ʂʀʉʃʆʊ (ʉʋʄʄɸʈʅʆʁ ʈʅʂ) ............................ 52 

2.6.2. ʉʀʅʊɽɿ ʇɽʈɺʆʁ ʎɽʇʀ ʂʆʄʇʃɽʄɽʅʊɸʈʅʆʁ ɼʅʂ (ʂɼʅʂ) ʅɸ  

 ʈʅʂ-ʄɸʊʈʀʎɽ .................................................................................................................... 52 

2.6.3. ɺʓʏʀʊɸʅʀɽ ɹʀɹʃʀʆʊɽʂ ʂɼʅʂ .................................................................................. 53 

2.6.4. ɿɽʈʂɸʃʔʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅɸʗ ʉɽʃɽʂʎʀʗ ʆɹʈɸɿʎʆɺ ʂɼʅʂ .................... 55 

2.6.5. ɺʓʉʆʂʆʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆɽ ʉɽʂɺɽʅʀʈʆɺɸʅʀɽ ʆɹʈɸɿʎʆɺ ..................... 57 

2.6.6. ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʉʋʇʈɽʉʉʀʆʅʅʆʁ ɺʓʏʀʊɸʖʑɽʁ ɻʀɹʈʀɼʀɿɸʎʀʀ 

ʂɼʅʂ ..................................................................................................................................... 57 

2.6.7. ɼʀɿɸʁʅ ʇʈɸʁʄɽʈʆɺ ɼʃʗ ʇʎʈ ................................................................................. 57 

2.6.8. ʇʈʆɺɽɼɽʅʀɽ ʇʆʃʋʂʆʃʀʏɽʉʊɺɽʅʅʆʁ ʇʎʈ ....................................................... 59 

2.6.9. ʇʆʃʋʏɽʅʀɽ ʇʆʃʅʆʈɸɿʄɽʈʅʓʍ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ɻɽʅʆɺ ʃɸʂʂɸɿ 

T.HIRSUTA ............................................................................................................................. 59 

2.6.10. ʇʈʆɺɽɼɽʅʀɽ ʇʎʈ ɺ ʈɽɸʃʔʅʆʄ ɺʈɽʄɽʅʀ ........................................................... 60 

2.6.11. ɹʀʆʀʅʌʆʈʄɸʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ʃɸʂʂɸɿ ..... 61 

ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ ................................................................... 62 

3.1. ʀɿʋʏɽʅʀɽ ʇʈʆʌʀʃɽʁ ɺʅɽʂʃɽʊʆʏʅʓʍ ɹɽʃʂʆɺ T. HIRSUTA 

ʇʈʆɼʋʎʀʈʋɽʄʓʍ ɹɸɿʀɼʀʆʄʀʎɽʊʆʄ ʅɸ ʉʈɽɼɸʍ ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ

 ................................................................................................................................................. 62 

3.1.2. ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆɹʆʇʆɼɻʆʊʆɺʂʀ ɺʅɽʂʃɽʊʆʏʅʓʍ ɹɽʃʂʆɺ T. HIRSUTA 

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉɽʂʈɽʊʆʄɸ .............................................................................. 66 

3.1.3. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʆʌʀʃɽʁ ɺʅɽʂʃɽʊʆʏʅʓʍ ɹɽʃʂʆɺ, 

ʇʈʆɼʋʎʀʈʋɽʄʓʍ T. HIRSUTA ʇʈʀ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʀ ʅɸ ʉʈɽɼɸʍ 

ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ .................................................................................................. 69 

3.2. ʀɿʋʏɽʅʀɽ ʇʈʆʌʀʃɽʁ ʇʈʆʊɽʆʄɸ T. HIRSUTA, ʀɿʄɽʅʗʖʑʀʍʉʗ ɺ ʆʊɺɽʊ 

ʅɸ ʀʅɼʋʂʎʀʖ ʃɸʂʂɸɿ ʄɽɼʔʖ ʀ ʇʈʀ ʈʆʉʊɽ ʅɸ ʃʀɻʅʆʎɽʃʃʖʃʆɿʅʆʄ 

ʉʋɹʉʊʈɸʊɽ .......................................................................................................................... 79 



4 
 

3.2.1. ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆɹʆʇʆɼɻʆʊʆɺʂʀ ʄʀʎɽʃʀʗ T. HIRSUTA ɼʃʗ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʊɽʆʄɸ ......................................................................................... 80 

3.2.2. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʆʌʀʃɽʁ ɺʅʋʊʈʀʂʃɽʊʆʏʅʓʍ ɹɽʃʂʆɺ T. 

HIRSUTA ʇʈʀ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʀ ʅɸ ʉʈɽɼɸʍ ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ ....... 81 

3.3. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɼɸʅʅʓʍ ʊʆʊɸʃʔʅʓʍ ʊʈɸʅʉʂʈʀʇʊʆʄʆɺ ɺ 

ʆʊɺɽʊ ʅɸ ɺʅɽʉɽʅʀɽ ʀʆʅʆɺ ʄɽɼʀ ........................................................................... 88 

3.3.1. Cʋʇʈɽʉʉʀʆʅʅɸʗ ɺʓʏʀʊɸʖʑɸʗ ɻʀɹʈʀɼʀɿɸʎʀʗ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʄʋʃʔʊʀɻɽʅʅʆɻʆ ʉɽʄɽʁʉʊɺɸ ʃɸʂʂɸɿ T. HIRSUTA .............................................. 89 

3.3.2. ʉɽʂɺɽʅʀʈʆɺɸʅʀɽ ɹʀɹʃʀʆʊɽʂ ʂɼʅʂ ʀ ʉɹʆʈʂɸ ʊʈɸʅʉʂʈʀʇʊʆʄʆɺ ....... 92 

3.3.3. ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ SSH ʉ ʇʆʄʆʑʔʖ ʇʆ BLAST TO GO ........................... 93 

3.4. ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʋʃʔʊʀɻɽʅʅʆɻʆ ʉɽʄɽʁʉʊɺɸ ʃɸʂʂɸɿ T. HIRSUTA .......... 100 

3.4.1. IN SILICO ʉʂʈʀʅʀʅɻ ɻɽʅʆɺ ʃɸʂʂɸɿ ɺ ʊʈɸʅʉʂʈʀʇʊʆʄɽ............................. 100 

3.4.2. ɸʅɸʃʀɿ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ʏʃɽʅʆɺ ʄʋʃʔʊʀɻɽʅʅʆɻʆ ʉɽʄɽʁʉʊɺɸ 

ʃɸʂʂɸɿ TRAMETES HIRSUTA ........................................................................................ 103 

3.4.3. ʂʃɸʉʊɽʈʀɿɸʎʀʗ ɻɽʅʆɺ ʉɽʄɽʁʉʊɺɸ ʃɸʂʂɸɿ T. HIRSUTA ʀ ɼʈʋɻʀʍ 

ɻʈʀɹʆɺ ʈʆɼɸ TRAMETES............................................................................................... 104 

3.4.4. ʀɿʋʏɽʅʀɽ ɼʀʅɸʄʀʂʀ ʕʂʉʇʈɽʉʉʀʀ ʀʅɼʀɺʀɼʋɸʃʔʅʓʍ ʃɸʂʂɸɿ ʇʈʀ 

ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʀ ʅɸ ʉʈɽɼɸʍ ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ .............................. 111 

3.4.5. ɺʃʀʗʅʀɽ ʕʌʌɽʂʊʆʈʆɺ ʅɸ ʇʈʆʌʀʃʀ ʕʂʉʇʈɽʉʉʀʀ ɻɽʅʆɺ ʃɸʂʂɸɿ T. 

HIRSUTA .............................................................................................................................. 113 

ɿɸʂʃʖʏɽʅʀɽ ............................................................................................................................ 121 

ʉʇʀʉʆʂ ʎʀʊʀʈʋɽʄʆʁ ʃʀʊɽʈɸʊʋʈʓ ........................................................................... 125 

 



5 
 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸɹʊʉ ï 2,2'-ʘʟʠʥʦʙʠʩ(3-ʵʪʠʣʙʝʥʟʦʪʠʘʟʦʣʠʥ 6-ʩʫʣʴʬʦʥʘʪ 

ɸɻ - ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɻʇ ï ʛʣʶʢʦʟʦ-ʧʝʧʪʦʥʥʘʷ ʩʨʝʜʘ 

ʀʕʊ ï ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʦʯʢʘ ʙʝʣʢʘ 

ʂɾ ï ʢʫʣʴʪʫʨʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ 

ʃʄʌ - ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ 

ʃʄʉ ï ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ 

ʃʎ ï ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʩʫʙʩʪʨʘʪ 

ʇʄʆ ï ʧʦʣʠʤʝʜʥʳʝ ʦʢʩʠʜʘʟʳ  

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʉɺ - ʩʝʢʨʝʪʦʨʥʳʭ ʚʝʟʠʢʫʣ  

ʉʈ ï ʮʝʨʘʪʦ-ʧʣʘʪʘʥʠʥʳ 

ʊʌ -  ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 

ʮɸʄʌ -  ʮʠʢʣʠʯʝʩʢʠʡ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

ʕʇʈ  - ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ 

AAO ï ʘʨʠʣʘʣʢʦʛʦʣʴ ʦʢʩʠʜʘʟʘ 

AOX - ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʦʢʩʠʜʘʟʘ  

ARE ï ʎʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ 

CHAPS -  3-(3-ʍʦʣʘʤʠʜʦʧʨʦʧʠʣ) ʜʠʤʝʪʠʣʘʤʤʦʥʠʡ-3-ʧʨʦʧʘʥʩʫʣʴʬʦʥʘʪ 

DMP ï 2,6 ï ʜʠʤʝʪʦʢʩʠʬʝʥʦʣ 

DTT - ʜʠʪʠʦʪʨʝʠʪʦʣ 

GLOX ï ʛʣʠʦʢʩʘʣʴʦʢʩʠʜʘʟʘ 

GO ï ʛʝʥʥʘʷ ʦʥʪʦʣʦʛʠʷ 

HSE ï ʎʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʙʝʣʢʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ  

Lac - ʣʘʢʢʘʟʘ 

LiP ï ʣʠʛʥʠʥ ʧʝʨʦʢʩʠʜʘʟʘ 

MnP ï ʤʘʨʛʘʥʝʮ-ʟʘʚʠʩʠʤʘʷ ʧʝʨʦʢʩʠʜʘʟʘ 

MOS ï ʟʝʨʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʝʣʝʢʮʠʷ ʢɼʅʂ 

Mr ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʙʝʣʢʘ 

MRE ï ʎʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʠʦʥʳ ʤʝʪʘʣʣʦʚ  

qPCR - ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

RACE - ʤʝʪʦʜʠʢʘ ʙʳʩʪʨʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ 5ô ʠ 3ô-ʢʦʥʮʦʚ ʢɼʅʂ 

RQ  - ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ 

SSH ï ʩʫʧʨʝʩʩʠʦʥʥʘʷ ʚʳʯʠʪʘʶʱʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ʢɼʅʂ 

VPs - ʤʘʨʛʘʥʝʮ-ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʦʢʩʠʜʘʟʘ 

XRE ï ʎʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʢʩʝʥʦʙʠʦʪʠʢʠ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʠʮʝʣʠʘʣʴʥʳʝ ʛʨʠʙʳ ʦʙʣʘʜʘʶʪ ʤʦʱʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢ ʨʘʟʣʦʞʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʳʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʨʝʚʝʩʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʠ ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ɿʝʤʣʠ, ʛʝʥʝʨʘʮʠʠ ʛʫʤʠʥʦʚʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʧʦʯʚʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʝ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʛʨʠʙʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʪʜʝʣʘʤ Basidiomycota ʠ 

Ascomycota, ʠ ʫʥʠʢʘʣʴʥʳ ʧʦ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʢʣʝʪʦʯʥʳʭ 

ʩʪʝʥʦʢ ʢʩʠʣʝʤʳ. ɹʦʣʝʝ ʪʦʛʦ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʣʘʛʘʪʴ ʣʠʛʥʠʥ ï ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦ 

ʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ, ʦʙʣʘʜʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʙʘʟʠʜʠʦʤʠʮʝʪʳ ï 

ʚʦʟʙʫʜʠʪʝʣʠ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ [1]. ɼʝʩʪʨʫʢʮʠʷ ʜʨʝʚʝʩʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʛʨʠʙʦʚ ʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʛʨʠʙʦʚ ʙʝʣʦʡ ʛʥʠʣʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʪʦʢʩʠʬʠʢʘʮʠʠ, ʢʘʢ ʧʨʦʜʫʢʪʦʚ ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʠʥʘ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ 

ʢʩʝʥʦʙʠʦʪʠʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʘʩʠʪʝʣʝʡ, ʛʝʨʙʠʮʠʜʦʚ, ʧʝʩʪʠʮʠʜʦʚ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʜʠʦʢʩʠʥʦʚ ʠ ʧʨ.), ʧʦʵʪʦʤʫ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʧʦʠʩʢʫ, ʚʳʜʝʣʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʙʠʦʢʦʥʚʝʨʩʠʠ ʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʜʝʩʪʨʫʢʮʠʠ ʣʠʛʥʠʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʛʨʠʙʘʤʠ ʙʝʣʦʡ ʛʥʠʣʠ ʩʦʩʪʦʠʪ 

ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʜʠʡ ʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʣʠʛʥʦʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ: ʣʘʢʢʘʟʳ (ʂʌ 1.10.3.2) ʠ ʨʘʟʣʠʯʥʳʝ 

ʛʨʫʧʧʳ ʧʝʨʦʢʩʠʜʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʨʛʘʥʝʮ ʧʝʨʦʢʩʠʜʘʟʳ (ʂʌ1.11.1.13) ʠ ʣʠʛʥʠʥ ʧʝʨʦʢʩʠʜʘʟʳ 

(ʂʌ 1.11.1.14), ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʵʪʠʤʠ ʛʨʠʙʘʤʠ [2].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʠ, ʙʠʦʭʠʤʠʠ ʠ 

ʛʝʥʝʪʠʢʠ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ. ʉʝʢʚʝʥʠʨʦʚʘʥʦ ʠ ʯʘʩʪʠʯʥʦ ʘʥʥʦʪʠʨʦʚʘʥʦ ʙʦʣʝʝ 40 ʛʝʥʦʤʦʚ 

ʨʘʟʣʠʯʥʳʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʚʠʜʦʚ, ʚʘʞʥʳʭ ʢʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ 

ʠ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʠʤʝʶʱʠʝʩʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʨʝʩʫʨʩʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʫʩʢʦʨʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʘʩʧʝʢʪʦʚ ʙʠʦʣʦʛʠʠ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ [3]; ʚʦ-ʚʪʦʨʳʭ, ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʠʩʢ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʣʫʯʝʥʠʝ ʮʝʣʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʛʨʠʙʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʝ.  
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ʉʝʛʦʜʥʷ ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ, ʧʨʦʪʝʦʤʦʚ ʠ ʩʝʢʨʝʪʦʤʦʚ ʚʳʩʰʠʭ ʛʨʠʙʦʚ. ʅʘ 

ʚʩʝʭ ʪʨʸʭ ʫʨʦʚʥʷʭ ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʝʛʨʘʜʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʜʨʝʚʝʩʠʥʳ ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ, ʪʘʢ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨ ʬʝʨʤʝʥʪʦʚ 

ʣʠʛʥʦʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʵʪʠ ʧʨʦʮʝʩʩ.r ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʷʚʣʝʥʥʳʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʩʪʨʫʢʮʠʠ ʜʨʝʚʝʩʠʥʳ, ʢʦʥʢʨʝʪʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʨʠʙʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ, ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʠʙʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʩʨʝʜʦʡ ʠʭ ʦʙʠʪʘʥʠʷ ʠ 

ʩʦʩʪʘʚʦʤ ʤʫʣʴʪʠʬʝʨʤʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʪʨʦʬʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʚʠʜʦʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʙʘʟʠʜʠʦʤʠʮʝʪʘ 

Phanerochaete chrysosporium ï ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʝ 

ʜʨʝʚʝʩʠʥʳ ʧʦ ʪʠʧʫ ʙʝʣʦʡ ʛʥʠʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʣʥʦʛʝʥʦʤʥʦʤʫ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠ  ʁ(WGS) P. chrysosporium [4], ʝʛʦ ʧʨʦʪʝʦʤʥʦʤʫ ʠ ʩʝʢʨʝʪʦʤʥʦʤʫ ʘʥʘʣʠʟʫ [5ï7], 

ʘ ʪʘʢ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ 

ʩʫʙʩʪʨʘʪʘʭ (ʥʘʧʨʠʤʝʨ, ʮʝʣʣʶʣʦʟʥʘʷ ʤʘʩʩʘ [8] ʠ ʜʫʙ [9]). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʦ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦʣʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ (WGS) ʠ ʜʘʥʥʳʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʮʝʣʣʶʣʦʟʫ, ʜʣʷ ʧʝʨʚʦʛʦ 

ʙʘʟʠʜʠʦʤʠʮʝʪʘ-ʚʦʟʙʫʜʠʪʝʣʷ ʙʫʨʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ Postia placenta [10], ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʛʝʥʦʤʳ ʛʨʠʙʦʚ ʙʝʣʦʡ ʛʥʠʣʠ - Auricularia delicata, Dichomitus squalens, Fomitiporia 

mediterranea, Punctularia strigosozonata, Stereum hirsutum, Trametes versicolor [11], ʘ ʪʘʢ ʞʝ 

ʥʝʜʝʨʝʚʦʨʘʟʣʘʛʘʶʱʝʛʦ ʩʘʧʨʦʪʨʦʬʘ Coprinopsis cinerea [12] ʠ ʙʘʟʠʜʠʦʤʠʮʝʪʘ-

ʤʠʢʢʦʨʠʟʦʦʙʨʘʟʦʚʘʪʝʣʷ Laccaria bicolor [13]. ɼʣʷ ʥʠʭ ʪʘʢ ʞʝ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʤʘʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ 

ʦʙʥʘʨʫʞʝʥʳ ʤʫʣʴʪʠʛʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ, ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ ʣʠʛʥʦʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʛʨʠʙʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʘ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʘ ʨʦʩʪʦʚʳʭ ʩʨʝʜ. 

ɺʩʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʚʳʷʚʠʣʠ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʙʝʣʢʦʚ, 

ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʛʨʠʙʘʤʠ, ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʨʫʰʝʥʠʠ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʫ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʘ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʨʦʣʴ ʤʫʣʴʪʠʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʢʦʜʠʨʫʶʱʠʭ ʧʝʨʦʢʩʠʜʘʟʳ. ʅʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ, ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ, ʙʠʦʩʠʥʪʝʟʘ, ʩʝʢʨʝʮʠʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʚʳʧʦʣʥʷʝʤʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ, ʷʚʣʷʶʪʩʷ ʤʫʣʴʪʠʛʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ, ʢʦʜʠʨʫʶʱʠʝ ʣʘʢʢʘʟ r

ʫ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ.  
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ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʛʨʠʙʘʤʠ ʙʝʣʦʡ ʛʥʠʣʠ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʥʝʛʦ ʬʝʨʤʝʥʪʦʚ, 

ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʜʨʝʚʝʩʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʛʨʠʙʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʝʛʯʠʪ ʧʦʠʩʢ ʥʦʚʳʭ ʛʨʠʙʥʳʭ ʰʪʘʤʤʦʚ ʠ ʬʝʨʤʝʥʪʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʞʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʠ ʬʝʨʤʝʥʪʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʙʠʦʩʠʥʪʝʟ 

ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠ ̫

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʠʩʢʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʠʙʦʚ (ʪʘʢʠʭ ʢʘʢ ʛʦʨʤʦʥʳ, ʘʥʪʠʙʠʦʪʠʢʠ, 

ʛʣʠʢʦʧʨʦʪʝʠʥʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʜʨ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʟ ʠʟʫʯʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʜʘʥʥʳʭ 

ʚʦʧʨʦʩʦʚ ʥʝʚʦʟʤʦʞʥʦ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʠʙʦʚ ʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʠʤʠ 

ʬʝʨʤʝʥʪʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʨʝʜʠ ʛʨʠʙʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʙʝʣʫʶ ʛʥʠʣʴ ʜʨʝʚʝʩʠʥʳ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Trametes ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ 

ʜʨʝʚʝʩʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʣʠʛʥʦʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʣʘʢʢʘʟʳ, 

ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʙʘʟʠʜʠʤʠʮʝʪʦʚ ï ʧʨʦʜʫʮʝʥʪʦʚ ʣʘʢʢʘʟ, ʧʝʨʦʢʩʠʜʘʟ, 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʜʘʥʥʦʤʫ ʨʦʜʫ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʛʨʠʙʦʚ ʨʦʜʘ Trametes ʠʤʝʝʪ, ʥʝ ʪʦʣʴʢʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʫʣʴʪʠʛʝʥʥʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʣʘʢʢʘʟ ʛʨʠʙʘ ʙʝʣʦʡ ʛʥʠʣʠ Trametes hirsuta ï ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʜʝʩʪʨʫʢʪʦʨʘ ʣʠʛʥʠʥʘ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʢʘʢ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʫʣʴʪʠʛʝʥʥʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʣʘʢʢʘʟ ʙʘʟʠʜʠʘʣʴʥʦʛʦ ʛʨʠʙʘ Trametes hirsuta, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʢʩʧʨʝʩʩʠʠ ʠ 

ʧʨʦʜʫʢʮʠʠ ʝʛʦ ʯʣʝʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʚʢʣʶʯʘʶʱʝʤ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ, 

ʧʨʦʪʝʦʤʘ ʠ ʩʝʢʨʝʪʦʤʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1)  ʀʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʘʢʪʠʚʥʦʩʪʝʡ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʧʨʦʪʝʦʤ ʠ 

ʩʝʢʨʝʪʦʤ T. hirsuta ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ: ʛʣʶʢʦʟʦ-ʧʝʧʪʦʥʥʦʡ 
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ʩʨʝʜʝ (ɻʇ) ʠ ʩʨʝʜʝ ʩ ʚʥʝʩʝʥʠʝʤ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʫʙʩʪʨʘʪʘ (ʃʎ), ʘ ʪʘʢʞʝ ʥʘ ʦʙʝʠʭ ʩʨʝʜʘʭ 

ʩ ʠʥʜʫʢʪʦʨʦʤ ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟʳ (CuSO4);  

2)  ʀʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʪʨʘʥʩʢʨʠʧʪʦʤʘ T. hirsutʘ ʚ ʦʪʚʝʪ 

ʥʘ ʚʥʝʩʝʥʠʝ ʠʥʜʫʢʪʦʨʘ ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʚʳʷʚʠʚ ʧʨʠ ʵʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʛʝʥʳ; 

3)  ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ ʙʘʟʠʜʠʘʣʴʥʦʛʦ 

ʛʨʠʙʘ T. hirsuta; 

4)  ʀʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ 

ʙʘʟʠʜʠʘʣʴʥʦʛʦ ʛʨʠʙʘ T. hirsuta ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʠʥʜʫʢʪʦʨʦʚ ʥʘ ʧʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʩ 

ʙʘʟʠʜʠʘʣʴʥʳʤʠ ʛʨʠʙʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʝʦʤʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʚ ʩʦʦʪʚʝʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʢʨʝʪʦʤʦʚ, 

ʧʨʦʪʝʦʤʦʚ ʠ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʙʘʟʠʜʠʘʣʴʥʦʛʦ ʛʨʠʙʘ ʙʝʣʦʡ ʛʥʠʣʠ Trametes hirsuta ʧʨʠ ʝʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʛʝʥʦʤʝ ʛʨʠʙʘ T. hirsuta ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʤʫʣʴʪʠʛʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʣʘʢʢʘʟ, ʚʢʣʶʯʘʶʱʝʝ ʥʝ ʤʝʥʝʝ 5 ʛʝʥʦʚ (lacA, lacB, lacC, 

lacD ʠ lacE), ʢʦʜʠʨʫʶʱʠʭ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʠ ʧʨʦʚʝʜʝʥ in silico ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ (LacA, LacB, LacC, LacD ʠ LacE), ʢʦʜʠʨʫʝʤʳʭ 

ʜʘʥʥʳʤʠ ʛʝʥʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʝʢʨʝʪʦʤʦʚ ʛʨʠʙʘ T. hirsuta ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʬʝʨʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʣʠʛʥʠʥ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ (ʃʄʉ) ʛʨʠʙʘ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʠʥʜʫʢʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʣʠʛʥʠʥʦʣʠʟʘ ʠ ʙʠʦʛʝʥʝʟʘ ʣʘʢʢʘʟ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʊ. hirsuta ʧʨʦʜʫʮʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʣʠʢʦʟʠʜ-ʛʠʜʨʦʣʘʟʳ, ʧʝʧʪʠʜʘʟʳ, ʣʘʢʢʘʟʳ ʠ ʛʝʤʦʚʳʝ 

ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ.  ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʞʝ 

ʦʧʠʩʘʥʥʳʭ ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʜʫʮʠʨʫʶʪ ʬʝʨʤʝʥʪʳ ʩ ʮʝʣʣʦʙʠʘʟʥʦʡ ʠ ʢʩʠʣʦʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʬʝʨʤʝʥʪʳ, 

ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʊ. hirsuta, ʧʨʦʷʚʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʛʣʶʢʘʥʘʟʥʫʶ ʠ ʤʘʥʥʦʟʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʘʟʠʜʠʦʤʠʮʝʪ  ʊ. hirsuta ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʩʝʥʠʝ ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʩʝʢʨʝʪʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʨʘʪʦ-ʧʣʘʪʘʥʠʥʦʚ ï 
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ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʩ  ʵʢʩʧʘʥʩʠʥ-ʧʦʜʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʨʫʰʘʪʴ 

ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʚ ʧʦʣʠʩʘʭʘʨʠʜʘʭ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʦʟʤʦʞʥʦʤ ʫʯʘʩʪʠʠ ʵʪʠʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʩʘʧʨʦʪʨʦʬʥʳʤʠ ʛʨʠʙʘʤʠ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʪʝʦʤʦʚ ʛʨʠʙʘ T. hirsuta ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʩʨʝʜʫ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʦʥʦʚ ʤʝʜʠ ï ʠʥʜʫʢʪʦʨʦʚ ʙʠʦʛʝʥʝʟʘ ʣʘʢʢʘʟ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʜʫʢʮʠʷ 

ʬʝʨʤʝʥʪʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ (ɓ-ʩʫʙʲʝʜʠʥʠʮʳ ATʌ-ʩʠʥʪʘʟʳ), ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʰʘʧʝʨʦʥʘ ʩʝʤʝʡʩʪʚʘ HSP70 ʠ ʝʛʦ ʘʢʪʠʚʘʪʦʨʘ ʙʝʣʢʘ Sti1. ɺʳʷʚʣʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʛʝʥʝʟʦʤ ʣʘʢʢʘʟ: ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ, ʤʝʪʘʙʦʣʠʟʤʘ ʧʫʨʠʥʦʚʳʭ ʠ 

ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʙʘʟʠʜʠʦʤʠʮʝʪʘ T. hirsuta.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʙʘʟʠʜʠʘʣʴʥʦʛʦ ʛʨʠʙʘ T. hirsuta ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʟʦʬʝʨʤʝʥʪʦʚ ʣʘʢʢʘʟ ʛʨʠʙʘ T. 

hirsuta, ʢʦʜʠʨʫʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʛʝʥʘʤʠ ʤʫʣʴʪʠʛʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʠ ʧʦʢʘʟʘʥʘ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʛʨʠʙʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ in silico ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ 

(LacA, LacB, LacC, LacD ʠ LacE) ʧʨʝʜʩʢʘʟʘʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ ʤʫʣʴʪʠʛʝʥʥʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʛʨʠʙʘ T. hirsuta ʠ ʜʨʫʛʠʭ ʣʘʢʢʘʟ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʨʦʜʘ Trametes ʧʦʢʘʟʘʣ, ʯʪʦ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʚʥʫʪʨʠ ʣʘʢʢʘʟʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʛʨʠʙʘ T. hirsuta ʚʳʰʝ, ʯʝʤ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʘʢʢʘʟʥʳʭ ʩʝʤʝʡʩʪʚ ʛʨʠʙʦʚ ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʨʠʙʦʚ 

Trametes sp, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʠʟʦʬʝʨʤʝʥʪʦʚ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ, ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘ ʩʪʘʜʠʷʭ ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʠʥʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʙʫʜʫʪ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴʩʷ ʣʘʢʢʘʟʳ ʢʣʘʩʪʝʨʘ ʉ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠ.̫  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʳʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʡ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʢʦʨʨʝʢʪʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ. 
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ʇʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1) ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʝʢʨʝʪʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, 

ʧʨʦʜʫʮʠʨʫʝʤʳʤʠ ʥʘ ɻʇ ʠ ʃʎ ʩʨʝʜʘʭ ʙʝʟ ʠʥʜʫʢʪʦʨʘ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʝʜʠ, 

ʷʚʣʷʶʪʩʷ ʛʣʠʢʦʟʠʜ-ʛʠʜʨʦʣʘʟʳ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ, ʧʝʧʪʠʜʘʟʳ, ʣʘʢʢʘʟʳ ʠ ʛʝʤʦʚʳʝ 

ʧʝʨʦʢʩʠʜʘʟʳ. ʆʢʩʠʜʦʨʝʜʫʢʪʘʟʳ ʦʙʨʘʟʫʶʪ ʥʘʠʙʦʣʝʝ ʦʙʰʠʨʥʫʶ ʛʨʫʧʧʫ ʩʨʝʜʠ 

ʩʝʢʨʝʪʠʨʫʝʤʳʭ T. hirsuta ʬʝʨʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʠʟʦʬʦʨʤʳ/ʠʟʦʬʝʨʤʝʥʪʳ 

ʣʘʢʢʘʟ ʠ ʤʘʨʛʘʥʝʮ-ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʦʢʩʠʜʘʟ ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʠʥʘ. 

2)  ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʦʥʳ ʤʝʜʠ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩʳ ʤʝʪʘʙʦʣʠʟʤʘ 

ʫʛʣʝʚʦʜʦʚ: ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʛʣʠʢʦʣʠʟ/ʛʣʶʢʦʥʝʦʛʝʥʝʟ, ʧʝʥʪʦʟʦ-ʬʦʩʬʘʪʥʳʡ 

ʧʫʪʴ, ʛʣʠʦʢʩʠʣʘʪʥʳʡ ʮʠʢʣ. ʋʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, 

ʤʝʪʘʙʦʣʠʟʤʘ ʧʫʨʠʥʦʚʳʭ ʠ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ.  

3) ʄʫʣʪɹʠʛʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʣʘʢʢʘʟ T. hirsuta ʩʦʩʪʦʠʪ  ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ ʧʷʪʠ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʟʦʬʝʨʤʝʥʪʳ. ʀʟʦʬʝʨʤʝʥʪ ʣʘʢʢʘʟʳ LacA ʷʚʣʷʝʪʩʷ 

ʤʘʞʦʨʥʦʡ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʢʦʥʩʪʠʪʫʪʠʚʥʦʡ ʬʦʨʤʦʡ, ʧʨʦʜʫʮʠʨʫʝʤʦʡ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʆʩʪʘʣʴʥʳʝ ʠʟʦʬʝʨʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʜʫʮʠʙʝʣʴʥʳʝ ʬʦʨʤʳ, 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʦʨʘʤʠ, ʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʷʭ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ CuSO4 ʦʢʘʟʳʚʘʣ ʥʘ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ lacA (ʠʥʜʫʢʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʜʦ 400 ʨʘʟ), lacB ʠ lacC (ʜʦ 100 

ʨʘʟ). ʈʘʩʪʚʦʨʠʤʳʡ ʣʠʛʥʠʥ ʤʘʢʩʠʤʘʣʴʥʦ ʠʥʜʫʮʠʨʦʚʘʣ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ lacɺ ʠ lacE (ʜʦ 

70-ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ 

ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ. ʆʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ: V ʈʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ 

çɹʝʣʢʠ ʠ ʧʝʧʪʠʜʳè (ʇʝʪʨʦʟʘʚʦʜʩʢ, 2011); IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʵʢʦʣʦʛʠʠ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ çBioMicroworld 2011è (ʊʦʨʨʝʤʦʣʠʥʦʩ, 

ʀʩʧʘʥʠʷ, 2011); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷɦ ʝʥʥʘʷ 80-

ʣʝʪʠʶ ɹʨʷʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ (ɹʨʷʥʩʢ, 2011); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çOxizymes 2012è (ʄʘʨʩʝʣʴ, ʌʨʘʥʮʠʷ, 2012); ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʝʥʝʪʠʢʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷ XXI ʚʝʢʘ: ʧʨʦʙʣʝʤʳ, ʜʦʩʪʠʞʝʥʠʷ, 

ʧʝʨʩʧʝʢʪʠʚʳè (ʄʠʥʩʢ, ɹʝʣʦʨʫʩʩʠʷ, 2012); 38-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ ʌʝʜʝʨʘʮʠʠ 

ɽʚʨʦʧʝʡʩʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʦʙʱʝʩʪʚ ï FEBS (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013); 5-ʳʡ ʂʦʥʛʨʝʩʩ 
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ɽʚʨʦʧʝʡʩʢʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʱʝʩʪʚ - FEMS (ʃʝʡʧʮʠʛ, ɻʝʨʤʘʥʠʷ, 2013); VII 

ʄʦʩʢʦʚʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ çɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè 

(ʄʦʩʢʚʘ, 2013); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çOxizymes 2014è (ɺʝʥʘ, ɸʚʩʪʨʠʷ, 2014); 6-ʦʡ 

ʂʦʥʛʨʝʩʩ ɽʚʨʦʧʝʡʩʢʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʱʝʩʪʚ ï FEMS (ʄʘʘʩʪʨʠʭʪ, ʅʠʜʝʨʣʘʥʜʳ, 

2015). 



13 
 

ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ  

1.1. ʉʝʤʝʡʩʪʚʦ ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ ʚ ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʝʤ 

ʢʦʤʧʣʝʢʩʝ ʛʨʠʙʦʚ ʙʝʣʦʡ ʛʥʠʣʠ 

ʃʠʛʥʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʪʝʨʝʦʨʝʛʫʣʷʨʥʳʡ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʧʦʣʠʤʝʨ. ɽʛʦ 

ʤʦʣʝʢʫʣʳ ʩʦʩʪʦʷʪ ʠʟ ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ 

ʫʛʣʝʨʦʜ ï ʫʛʣʝʨʦʜʥʳʭ ʠ ʵʬʠʨʥʳʭ ʩʚʷʟʝʡ. ʇʨʠ ʩʠʥʪʝʟʝ ʣʠʛʥʠʥʘ ʜʘʥʥʳʝ ʦʩʪʘʪʢʠ ʩʦʝʜʠʥʷʶʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʪʝʥʠʷʭ ʣʠʛʥʠʥ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ 

ʛʝʤʠʮʝʣʣʶʣʦʟʦʡ, ʚ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʝʥʳ ʧʨʦʚʦʜʷʱʠʝ ʧʫʯʢʠ. ʃʠʛʥʠʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʙʠʦʜʝʩʪʨʫʢʮʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʠʛʥʠʥ ʠ ʮʝʣʣʶʣʦʟʘ, ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʨʝʤ 

ʦʩʥʦʚʥʳʤ ʧʫʪʷʤ: ʩ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ (ʟʘ ʩʯʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚ, ʘ ʪʘʢ ʞʝ ʩ ʚʦʟʤʦʞʥʳʤ ʩʠʥʪʝʟʦʤ de novo ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ), ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʜʠʢʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʫʩʢʦʤ ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ,  ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ 

ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ [14]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʠʨʦʜʝ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʫʶ ʩʝʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʩ ʫʯʘʩʪʠʝʤ ʚʩʝʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʤʝʰʘʥʥʳʡ ʪʠʧ ʜʝʛʨʘʜʘʮʠʠ, 

ʟʘ ʩʯʝʪ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʝʩʪʨʫʢʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʚʥʦʩʷʪ ʬʝʨʤʝʥʪʘʪʠʚʥʘ ̫ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʆʩʥʦʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʠʤʘʶʪ 

ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʣʘʢʢʘʟʳ ʠ ʜʨʫʛʠʝ ʧʦʣʠʤʝʜʥʳʝ ʦʢʩʠʜʘʟʳ, ʨʘʟʣʠʯʥʳʝ 

ʛʨʫʧʧʳ ʧʝʨʦʢʩʠʜʘʟ (ʣʠʛʥʠʥ-ʧʝʨʦʢʩʠʜʘʟʳ, ʤʘʨʛʘʥʝʮ-ʧʝʨʦʢʩʠʜʘʟʳ, ʧʝʨʦʢʩʠʜʘʟʳ-

ʜʝʢʦʣʦʨʠʟʘʪʦʨʳ, ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʝʨʦʢʩʠʜʘʟʳ), ʘ ʪʘʢ ʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ 

(ʥʘʧʨʠʤʝʨ, ʧʝʨʝʢʠʩʴ ʛʝʥʝʨʠʨʫʶʱʠʝ ʛʣʠʦʢʩʘʣʴʦʢʩʠʜʘʟʳ, ʘʨʠʣʘʣʢʦʛʦʣʴʦʢʩʠʜʘʟʳ) [1]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʟʘʥʠʤʘʝʤʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ ʠ ʧʨ. ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ 

ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʙʝʣʢʦʚ ʫ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ.  
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1.1.1. ʉʪʨʫʢʪʫʨʘ ʩʝʤʝʡʩʪʚʘ ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ 

ɹʘʟʠʜʠʦʤʠʮʝʪʳ-ʚʦʟʙʫʜʠʪʝʣʠ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠ ʜʘʞʝ ʤʠʥʝʨʘʣʠʟʦʚʘʪʴ (ʜʦ ʉʆ2 ʠ ʅ2ʆ) ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʜʨʝʚʝʩʠʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥ [15ï18], ʘ 

ʪʘʢ ʞʝ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʣʘʛʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʠ 

ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʥʳʝ ʝʜʠʥʠʮʳ ʣʠʛʥʠʥʘ [19,20]. 

ʈʘʟʣʦʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ ʣʠʛʥʠʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ 

ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʧʨʦʜʫʢʮʠʠ ʢʦʤʧʣʝʢʩʘ ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʬʝʨʤʝʥʪʦʚ (ʃʄʌ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ,r (ʚ 

ʦʩʥʦʚʥʦʤ ʛʝʤʩʦʜʝʨʞʘʱʠʝ ʧʝʨʦʢʩʠʜʘʟ)r [2,21] ʠ ʧʦʣʠʤʝʜʥʳʝ ʦʢʩʠʜʘʟʳ (ʪʘʢʠʝ, ʢʘʢ ʣʘʢʢʘʟ)r 

[22,23]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʠʥʘ ʛʨʠʙʘʤʠ 

ʙʝʣʦʡ ʛʥʠʣʠ ʠ ʜʨʫʛʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʷʪʩʷ ʷʩʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ. ʉʝʡʯʘʩ ʫʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ, ʚ ʦʩʥʦʚʥʦʤ ʚʥʝʢʣʝʪʦʯʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʦʙʨʘʟʫʶʪ 

ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʝʛʨʘʜʘʮʠʶ ʙʠʦʧʦʣʠʤʝʨʦʚ [24]. ʇʦʤʠʤʦ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʠʛʥʠʥ-, ʤʘʨʛʘʥʝʮ- ʠ ʚʝʨʩʘʪʠʣʧʝʨʦʢʩʠʜʘʟ (LiPs, 

MnPs, VPs) [25] ʠ ʣʘʢʢʘʟ [26], ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʨʘʜʘʮʠʠ ʘʢʪʠʚʥʦ ʧʨʦʪʝʘʢʘʁ ʪ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 

ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʝʥʦʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʥʝʙʦʣʴʰʠʝ ʧʝʧʪʠʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ, ʘ 

ʪʘʢ ʞʝ  ʠʦʥʳ ʤʝʪʘʣʣʦʚ [24,27]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʰʠʨʥʳʭ ʩʝʤʝʡʩʪʚ, ʬʝʨʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʨʦʮʝʩʩʘʭ ʜʝʩʪʨʫʢʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ, ʢ 

ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʨʠʙʥʳʝ ʣʘʢʢʘʟʳ. 

ɹʣʘʛʦʜʘʨʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʛʦʣʫʙʳʝè 

ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʜʘʟʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʫʥʠʢʘʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠʦʥʦʚ ʤʝʜʠ, ʦʙʨʘʟʫʶʱʠʭ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʦʚ, ʧʨʦʠʟʦʰʣʠ ʦʪ ʥʝʙʦʣʴʰʠʭ 

ʙʝʣʢʦʚ ʧʨʦʢʘʨʠʦʪ - ʘʟʫʨʠʥʦʚ ʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʜʦ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ ʢʫʧʨʝʜʦʢʩʠʥʦʚʦʛʦ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ - ʮʝʨʫʣʦʧʣʘʟʤʠʥʦʚ [28]. ʉʫʧʝʨʩʝʤʝʡʩʪʚʦ 

ʢʫʧʨʝʜʦʢʩʠʥʦʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ: ʨʫʩʪʠʮʠʘʥʠʥ, ʩʪʝʣʣʘʮʠʘʥʠʥ, 

ʘʤʠʮʠʘʥʠʥ, ʘʟʫʨʠʥ, ʧʩʝʚʜʦʘʟʫʨʠʥ, ʧʣʘʩʪʦʮʠʘʥʠʥ, ʤʝʜʴʩʦʜʝʨʞʘʱʘʷ ʥʠʪʨʠʪ-ʨʝʜʫʢʪʘʟʘ (EC 

1.7.99.3), ʣʘʢʢʘʟʘ (EC 1.10.3.2), L-ʘʩʢʦʨʙʘʪ ʦʢʩʠʜʘʟʘ (EC 1.10.3.3), ʮʝʨʫʣʦʧʣʘʟʤʠʥ (EC 

1.16.3.1), ʮʠʪʦʭʨʦʤ ʉ-ʦʢʩʠʜʘʟʘ (ʧʦʣʠʧʝʧʪʠʜ II, ʂ.ʌ. 1.9.3.1), ʫʙʠʭʠʥʦʥ-ʦʢʩʠʜʘʟʘ (ʧʦʣʠʧʝʧʪʠʜ 

II, EC 1.10.3.-). ʕʪʦ ʩʫʧʝʨʩʝʤʝʡʩʪʚʦ ʩʣʫʞʠʪ ʧʨʠʤʝʨʦʤ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʣʣʦʧʨʦʩʪʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ - ʚ ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʪʠʧʳ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʤʝʜʠ. 
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ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʠʜʝʥʪʠʯʥʦʩʪʠ ʙʝʣʢʦʚ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʤʝʜʠ ʠ 

ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʫʥʢʮʠʝʡ [29]. 

ɸʥʘʣʠʟ ʛʝʥʦʤʦʚ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʧʦʢʘʟʘʣ ʫ ʥʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʧʦʣʠʤʝʜʥʳʝ ʦʢʩʠʜʘʟʳ [30]. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʇʄʆ (ʨʠʩ. 1) ʚʳʷʚʠʣʘ ʨʷʜ 

ʛʨʫʧʧ ʚʥʫʪʨʠ ʩʝʤʝʡʩʪʚʘ: ʣʘʢʢʘʟʳ sensu stricto; ʛʨʠʙʥʳʝ ʬʝʨʨʦʢʩʠʜʘʟʳ (Fet3-type); 

ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʝʨʨʦʢʩʠʜʘʟʳ/ʣʘʢʢʘʟʳ, ʛʨʠʙʥʳʝ ʧʠʛʤʝʥʪʥʳʝ ʇʄʆ (pigment MCOs), 

ʛʨʠʙʥʳʝ ʘʩʢʦʨʙʘʪʦʢʩʠʜʘʟʳ.  

 

 

ʈʠʩ. 1. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ ʚʳʩʰʠʭ ʛʨʠʙʦʚ [31]. 

ɻʨʠʙʥʳʝ ʣʘʢʢʘʟʳ ʵʪʦ ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʬʝʨʤʝʥʪʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦʯʚʘ, ʜʨʝʚʝʩʥʳʡ ʩʫʙʩʪʨʘʪ, ʚʦʜʘ). ʉʨʝʜʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʛʨʠʙʦʚ, ʣʘʢʢʘʟʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ï ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ ʛʥʠʣʠ 

ʜʨʝʚʝʩʠʥʳ ʠ ʙʣʠʟʢʦʡ ʢ ʥʠʤ ʛʨʫʧʧʳ ʛʨʠʙʦʚ-ʩʘʧʨʦʪʨʦʬʦʚ, ʪʦ ʝʩʪʴ ʚʠʜʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ 
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ʜʝʛʨʘʜʘʮʠʶ ʣʠʛʥʠʥʘ. ɺʝʨʦʷʪʥʦ, ʩʨʝʜʠ ʦʪʜʝʣʘ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʛʨʫʧʧʘ ʣʘʢʢʘʟ sensu stricto 

ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ ʢʣʘʩʩʘ Agaricomycetes. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʣʘʢʢʘʟʳ sensu 

stricto ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, ʘʩʢʦʤʠʮʝʪʦʚ ʠ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ) ʠʤʝʶʪ 

ʩʭʦʜʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʪʭ ʧʨʦʮʝʩʩʘʭ, 

ʪʘʢʠʭ ʢʘʢ, ʜʝʛʨʘʜʘʮʠ ̫ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ [32,33], ʦʢʠʩʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[34] ʠ ʜʨ. ʇʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʜʝʣʷʝʪʩʷ ʵʪʠʤ ʬʝʨʤʝʥʪʘʤ, ʦʙʣʘʜʘʶʱʠʤ 

ʰʠʨʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʳʤ ʦʢʠʩʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʝ ʩʤʦʪʨʷ ʥʘ 

ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʟʠʜʠʘʣʴʥʳʭ (ʠ ʥʝ ʪʦʣʴʢʦ) ʣʘʢʢʘʟ, ʦʩʪʘʝʪʩʷ 

ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʠʭ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, 

ʘ ʪʘʢ ʞʝ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʠ ʨʝʛʫʣʷʮʠʠ.  

ɺ ʛʝʥʦʤʘʭ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʣʘʩʪʝʨ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ  

ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʝʨʨʦʢʩʠʜʘʟ/rʣʘʢʢʘʟ.r ɺ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʠʙʫ P. 

chrysosporium, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʘʢʢʘʟ ʚ ʛʝʥʦʤʝ. ʕʪʠ 

ʬʝʨʤʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʬʝʨʨʦʢʩʠʜʘʟʥʦʡ ʠ ʥʠʟʢʦʡ ʣʘʢʢʘʟʥʦʡ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʠʧʠʯʥʳʤʠ ʣʘʢʢʘʟʤʠ. ʌʝʨʤʝʥʪʳ ʵʪʦʡ ʛʨʫʧʧʳ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ, ʚʝʨʦʷʪʥʦ, ʧʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʬʫʥʢʮʠʷʤ. ʊʘʢ, ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʝʨʤʝʥʪʳ ʠʟ Cryptococcus neoformans ʤʦʛʫʪ 

ʦʢʠʩʣʷʪʴ ʘʤʠʥʦʬʝʥʦʣʳ ʠ ʧʦʣʠʬʝʥʦʣʳ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʧʠʛʤʝʥʪʦʚ ʤʝʣʘʥʠʥʘ [35], ʟʘ ʩʯʝʪ ʧʨʝʚʨʘʱʝʥʠʷ ʜʠʬʝʥʦʣʴʥʳʭ ʠ ʠʥʜʦʣʴʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʝʭʦʣʘʤʠʥ,  L- ʠ D-DOPA, ʜʦʬʘʤʠʥ ʠ ʘʜʨʝʥʘʣʠʥ, ʘ ʪʘʢ ʞʝ ʢʦʬʝʡʥʦʡ 

ʢʠʩʣʦʪ r[36]. ʊʘʢ ʞʝ, ʚʝʨʦʷʪʥʦ, ʵʪʠ ʬʝʨʤʝʥʪʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʥʠʥʦʚ 

ʢʦʨʳ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʤʦʣʳ ʠ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʜʝʨʝʚʴʝʚ [37]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʩʦʜʝʨʞʘʪ ʚ ʛʝʥʦʤʝ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʢʘʥʦʥʠʯʝʩʢʠʝ 

ʬʝʨʨʦʢʩʠʜʘʟ r (Fet3-ʪʠʧʘ). Fet3 ʬʝʨʤʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʠʦʥʘʤ ʞʝʣʝʟʘ ʠ 

ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ Fe
2+

 ʜʦ Fe
3+
. ʆʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʤʝʪʘʙʦʣʠʟʤʘ ʞʝʣʝʟʘ [38ï40]. 

ʆʢʠʩʣʝʥʠʝ ʠʦʥʦʚ ʞʝʜʝʟʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʭ ʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ 

ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ Fet3 ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʝʨʤʝʘʟʦʡ 

Ftr1, ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʞʝʣʝʟʘ ʚ ʬʦʨʤʝ Fe
3+ 
ʠʦʥʦʚ [41,42]. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʤʫʪʘʥʪʥʳʤʠ ʬʦʨʤʘʤʠ Saccharomyces cerevisiae ʧʦ ʛʝʥʫ Fet3 ʧʦʢʘʟʘʣʠ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʨʠʙʘ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ  ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪʘ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʤʝʜʠ [43]. ɼʝʣʝʮʠʷ ʛʝʥʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʙʝʣʦʢ Fet3, 

ʧʨʠʚʦʜʠʣʘ ʢ ʥʘʨʫʰʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʞʝʣʝʟʘ, ʘ ʪʘʢʞ ʜʝʣʘʣʦ ʜʨʦʞʞʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʠʦʥʘʤ ʤʝʜʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʬʝʨʨʦʢʩʠʜʘʟʳ ʠʛʨʘʶʪ ʨʦʣʴ ʚ 
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ʟʘʱʠʪʝ ʢʣʝʪʦʢ ʧʨʦʪʠʚ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʜʠ, ʪ.ʢ. ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ ʨʝʘʛʠʨʦʚʘʣʠ ʥʘ ʚʳʩʦʢʫ  ʁ

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ Cu
2+

 ʚ ʩʨʝʜʝ (>700 ʤʢʄ). 

ʏʝʪʚʝʨʪʳʡ ʢʣʘʩʪʝʨ ʦʙʲʝʜʠʥʷʝʪ ʛʨʠʙʥʳʝ ʧʠʛʤʝʥʪʥʳʝ ʇʄʆ, ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 4 ʬʝʨʤʝʥʪʘ ʠʟ Ustilago maydis ʠ Schizophyllum commune. ʕʪʦ ʦʜʥʘ ʠʟ 

ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʭ ʛʨʫʧʧ ʇʄʆ. ɽʝ ʥʘʟʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʬʝʨʤʝʥʪʘ ʠʟ Aspergillus 

nidulans [31] ï ʙʝʣʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʣʘʢʢʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ʧʠʛʤʝʥʪʘʮʠʠ ʢʦʥʠʜʠʡ. ʋ A. nidulans ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʩʧʦʩʦʙʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʝʢʫʨʩʦʨ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʚ ʟʝʣʝʥʳʝ ʧʠʛʤʝʥʪʳ, ʧʨʠʜʘʶʱʠʝ ʢʦʥʠʜʠʷʤ ʛʨʠʙʘ ʭʘʨʘʢʪʝʨʥʫʶ ʦʢʨʘʩʢʫ 

[44,45]. ɺ ʮʝʣʦʤ ʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʫʙʩʪʨʘʪʦʚ ʣʘʢʢʘʟ ʠ 

ʣʘʢʢʘʟʦʧʦʜʦʙʥʳʭ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʠʦʩʠʥʪʝʟʝ DHN-ʤʝʣʘʥʠʥʘ (1,8-

ʜʠʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ) ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴ [46]. 

ɸʩʢʦʨʙʘʪʦʢʩʠʜʘʟʳ ʛʨʠʙʦʚ ʪʘʢ ʞʝ ʤʘʣʦʠʟʫʯʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ ʦʧʠʩʘʥʳ ʬʝʨʤʝʥʪʳ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [47]. ʀʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʜʦ ʢʦʥʮʘ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʢʦʩʚʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʯʘʩʪʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʢʦʨʙʘʪʦʢʩʠʜʘʟ ʚ ʫʪʠʣʠʟʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʝʛʦ ʘʢʪʠʚʥʳʭ ʬʦʨʤ (ɸʌʂ), ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʠ ʟʘʱʠʪʥʳʭ ʨʝʘʢʮʠʷʭ, 

ʩʠʛʥʘʣʴʥʦʡ ʪʨʘʥʩʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʦʩʪʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ [48,49]. 

ɺʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʝʥʦʤʘʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʦʚ 

ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ 

ʫ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʩʫʙʩʪʨʘʪʦʚ, ʦʢʠʩʣʷʝʤʳʭ ʵʪʠʤʠ ʬʝʨʤʝʥʪʘʤʠ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʘʢʢʘʟʳ ʩʧʦʩʦʙʥʳ 

ʦʢʠʩʣʷʪʴ ʬʝʥʦʣʴʥʳʝ ʩʫʙʩʪʨʘʪ,r ʜʨʫʛʠʝ ʇʄʆ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʫʟʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ: 

ʘʩʢʦʨʙʘʪʦʢʩʠʜʘʟʘ ʦʢʠʩʣʷʝʪ ʘʩʢʦʨʙʘʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʛʠʜʨʦʘʩʢʦʨʙʘʪʘ [50,51]; ʧʠʛʤʝʥʪʥʳʝ 

ʇʄʆ ʦʢʠʩʣʷʶʪ ʜʠʛʠʜʨʦʢʩʠʬʝʥʠʣʘʣʘʥʠʥ ʜʦ ɼʆʌɸ-ʭʠʥʦʥʘ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʤʝʣʘʥʠʥʘ [46].  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʣʦʞʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ 

ʤʥʦʛʠʭ ʣʘʢʢʘʟʦʧʦʜʦʙʥʳʭ ʙʝʣʢʦʚ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʣʠ ʙʣʠʟʢʠʤʠ ʣʘʢʢʘʟʘʤ [52]. ʆʜʥʘʢʦ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʚʩʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʠʤʝʜʥʳʝ ʦʢʩʠʜʘʟʳ ʵʚʦʣʶʮʠʦʥʥʦ ʩʚʷʟʘʥʳ ʤʘʞʜʫ ʩʦʙʦʡ. ɺʧʦʣʥʝ 

ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʜʠʚʝʨʛʝʥʮʠʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʬʝʨʤʝʥʪʦʚ ʥʝ 

ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʫʪʝʨʷʥʳ. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʭʦʜʝ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ 

[10,31,53] ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʛʨʠʙʘʭ ʢʣʘʩʩʠʯʝʩʢʠʝ ʣʘʢʢʘʟ r(ʣʘʢʢʘʟʳ sensu stricto) ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʬʝʨʨʦʢʩʠʜʘʟ r(Fet3-type ʬʝʨʨʦʢʩʠʜʘʟʳ) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʭʦʜʝ ʥʝʟʘʚʠʩʠʤʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʧʫʪʝʡ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʵʚʦʣʶʮʠʦʥʥʘʷ ʛʨʫʧʧʘ, ʩʦʭʨʘʥʠʚʰʘʷ ʫʩʣʦʚʥʦ ʦʙʘ ʪʠʧʘ 

ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ (ferroxidases/laccases). 
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1.1.2. ɻʝʥʝʪʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʙʘʟʠʜʠʘʣʴʥʳʭ ʣʘʢʢʘʟ 

ʅʘʯʠʥʘʷ ʩ 1883 ʛʦʜʘ, ʢʦʛʜʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʧʝʨʚʘʷ ʣʘʢʢʘʟʘ ʠʟ ʣʘʢʦʚʦʛʦ ʜʝʨʝʚʘ Rhus 

vernicifera, ʫ ʛʨʠʙʦʚ ʚʳʜʝʣʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʦʙʳʯʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ABTS - 2,2'-ʘʟʠʥʦʙʠʩ(3-ʵʪʠʣʙʝʥʟʦʪʠʘʟʦʣʠʥ 

6-ʩʫʣʴʬʦʥʘʪ, 2,6 - ʜʠʤʝʪʦʢʩʠʬʝʥʦʣ ʠ ʩʠʨʠʥʛʘʣʜʘʟʠʥ) ʫʞʝ ʙʦʣʝʝ 100 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʣʘʢʢʘʟ, 

ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʛʝʥʦʚ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʦʣʞʥʦ 

ʩʢʣʘʜʳʚʘʪʴʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʣʘʢʢʘʟʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʬʫʥʢʮʠʷʭ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʧʨʠʨʦʜʝ, ʧʨʦʮʝʩʩʘʭ ʙʠʦʩʠʥʪʝʟʘ, ʘ ʪʘʢ ʞʝ 

ʧʨʠʨʦʜʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʠʟʚʝʩʪʥʦ ʥʝ ʪʘʢ ʤʥʦʛʦ. ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʦ ʩʪʨʫʢʪʫʨʝ 

ʛʨʠʙʥʳʭ ʣʘʢʢʘʟ [54], ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʚ ʦʙʟʦʨʘʭ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ [55ï57]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʘʢʢʘʟʳ ʛʨʠʙʦʚ 

ʫʯʘʩʪʚʫʶʪ ʚ  ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ, ʚ ʮʠʢʣʝ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʠʨʦʜʝ, ʠ ʚʘʞʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʪʦʤʠʢʦʨʠʟʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʫʯʘʩʪʚʫʶʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʦʜʦʚʳʭ ʪʝʣ [58], ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʫʪʷʭ ʩʠʥʪʝʟʘ ʧʠʛʤʝʥʪʦʚ [46], ʚ ʧʘʪʦʛʝʥʝʟʝ, 

ʘ ʪʘʢ ʞʝ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩʦʚʳʝ ʬʘʢʪʦʨʳ, 

ʦʜʥʘʢʦ ʧʦʜʨʦʙʥʦʩʪʠ ʫʯʘʩʪʠʷ ʬʝʨʤʝʥʪʘ ʚʦ ʚʩʝʭ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ 

[30]. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʘʢʢʘʟʦʧʦʜʦʙʥʳʭ ʙʝʣʢʦʚ ʫ 

ʧʨʦʢʘʨʠʦʪ [28]. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʫʯʘʩʪʠʝ ʚ ʧʠʛʤʝʥʪʘʮʠʠ ʢʣʝʪʦʢ ʠ 

ʤʝʪʘʙʦʣʠʟʤʝ ʤʝʪʘʣʣʦʚ. 

ʃʘʢʢʘʟʳ ʦʙʨʘʟʫʶʪ ʚ ʛʝʥʦʤʘʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʤʫʣʴʪʠʛʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʩʦʙʦʡ ʥʘʙʦʨ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʠʚʝʨʛʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʏʠʩʣʦ ʛʝʥʦʚ ʚ 

ʩʝʤʝʡʩʪʚʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ ʜʚʫʭ ʢʦʧʠʡ, ʢʘʢ ʚ ʩʣʫʯʘʝ Schizophyllum commune [59] ʠ 

Postia placenta [10], ʜʦ ʙʦʣʝʝ ʯʝʤ ʜʝʩʷʪʢʘ ʢʦʧʠʡ, ʢʘʢ ʫ Coprinopsis cinerea (17 ʛʝʥʦʚ) [60] ʠ 

Pleurotus ostreatus (11 ʛʝʥʦʚ) [61ï66] (ʪʘʙʣ.1).  
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ʊʘʙʣʠʮʘ 1. ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʛʝʥʦʚ ʇʄʆ ʠ ʣʘʢʢʘʟ ʚ ʛʝʥʦʤʘʭ ʛʨʠʙʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʠ ʜʨʦʞʞʝʡ. (ʇʦ ʜʘʥʥʳʤ [30] ʠ [11]) 

ʆʨʛʘʥʠʟʤʳ 
ɿʘʥʠʤʘʝʤʘʷ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʥʠʰʘ 

ʇʄʆ*, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʛʝʥʦʚ 

ʀʟ ʥʠʭ ʪʦʣʴʢʦ 

ʣʘʢʢʘʟʳ,  

ʢʦʣʠʯʝʩʪʚʦ 

ʛʝʥʦʚ   

ˉ ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʠʩʪʠʥʥʳʭ 

ʣʘʢʢʘʟ) 

Trametes versicolor ʉʘʧʨʦʪʨʦʬ 10 7 

ɹ
ʘ
ʟ
ʠ
ʜ
ʠ
ʦ
ʤ
ʠ
ʮ
ʝ
ʪ
ʳ
,
 
ʚ

ʦ
ʟ
ʙ
ʫ
ʜ
ʠ
ʪ
ʝ
ʣ
ʠ
 
ʙ
ʝ
ʣ
ʦ
ʡ
 
ʛ
ʥ
ʠ
ʣ
ʠ
 

ʜ
ʨ
ʝ
ʚ

ʝ
ʩ
ʠ
ʥ
ʳ

 

gi:15617227; gi:2833233; gi:63147346; gi:63147348; 

gi:365784263; gi:636614197; gi:636614307 

Pleurotus ostreatus ʉʘʧʨʦʪʨʦʬ 12 11 
gi:646301844; gi:646306074; gi:646306072; gi:646306071; 

gi:646305176; gi:646305170; gi:646305153; gi:646305118; 

gi:646303358; gi:646303654; gi:646303653 

Dichomitus 

squalens 
ʉʘʧʨʦʪʨʦʬ 13 11 

gi:597989891; gi:597989393; gi:597970761; gi:597970335; 

gi:395325559; gi:395334836; gi:395327683; gi:597993835; 

gi:597985483; gi:598003275; gi:598003325 

Phanerochaete 

chrysosporium 
ʉʘʧʨʦʪʨʦʬ 5 0  -  

Schizophyllum 

commune 
ʇʘʪʦʛʝʥ ʨʘʩʪʝʥʠʡ  6 2 gi:3273348; gi:300102852 

Stereum hirsutum ʇʘʪʦʛʝʥ ʨʘʩʪʝʥʠʡ  20 9 
gi:597903964; gi:618808931; gi:618805911; gi:597909924; 

gi:597908916; gi:618817294; gi:597903812; gi:389747540; 

gi:389746441  

Postia placenta ʉʘʧʨʦʪʨʦʬ 4 2 

ɹ
ʘ
ʟ
ʠ
ʜ
ʠ
ʦ
ʤ
ʠ
ʮ
ʝ
ʪ
ʳ
,
 

ʚ
ʦ
ʟ
ʙ
ʫ
ʜ
ʠ
ʪ
ʝ
ʣ
ʠ
 

ʙ
ʫ
ʨ
ʦ
ʡ
 
ʛ
ʥ
ʠ
ʣ
ʠ
 

ʜ
ʨ
ʝ
ʚ
ʝ
ʩ
ʠ
ʥ
ʳ

 gi:220729877; gi:220724962 

Serpula lacrimans ʉʘʧʨʦʪʨʦʬ 6 4 gi:597933746; gi:597933466; gi:597929484; gi:336368589 

Coprinopsis cinerea ʉʘʧʨʦʪʨʦʬ 17 17 

 ɹ
ʘ
ʟ
ʠ
ʜ
ʠ
ʦ
ʤ
ʠ
ʮ
ʝ
ʪ
,
 

ʥ
ʝ
ʨ
ʘ
ʟ
ʣ
ʘ
ʛ
ʘ

ʶ
ʱ
ʠ
ʡ
 

ʜ
ʨ
ʝ
ʚ
ʝ
ʩ
ʠ
ʥ
ʫ
 

ʩ
ʘ
ʧ
ʨ
ʦ
ʪ
ʨ
ʦ
ʬ

 gi:42721544; gi:37703767; gi:37703769; gi:37703771; 

gi:37703773; gi:37703775; gi:299750631; gi:37703779; 

gi:115371531; gi:115371533; gi:115371535; gi:115371537; 

gi:115371539; gi:115371541; gi:115371543; gi:115371545; 

gi:115371547 
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Laccaria bicolor 

ʉʠʤʙʠʦʥʪ, 

ʵʢʪʦʤʠʢʦʨʠʟʥʳʡ 

ʚʠʜ 

11 9 

ɹ
ʘ
ʟ
ʠ
ʜ
ʠ
ʦ
ʤ
ʠ
ʮ
ʝ
ʪ
,
 

ʤ
ʠ
ʢ
ʦ
ʨ
ʠ
ʟ
ʦ

- 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

ʦ
ʙ
ʨ
ʘ
ʟ
ʦ
ʚ
ʘ
ʪ
ʝ
ʣ
ʴ

 

gi:224472740; gi:224472738; gi:224472736; gi:224472732; 

gi:224472742; gi:224472734; gi:224472730; gi:224472728 

Cryptococcus 

neoformans 
ʇʘʪʦʛʝʥ ʯʝʣʦʚʝʢʘ 6 0 

ɹ
ʘ
ʟ
ʠ
ʜ
ʠ
ʦ
ʤ
ʠ
ʮ
ʝ
ʪ
ʳ

 

 -  

Ustilago maydis ʇʘʪʦʛʝʥ ʨʘʩʪʝʥʠʡ  6 0  -  

ɼʨʦʞʞʠ   3-5 0 ʇʨʦʯʝʝ  -  
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ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʦʚ ʤʫʣʴʪʠʛʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʣʘʢʢʘʟ ʥʝ ʩʣʝʜʫʶʪ ʩʪʨʦʛʦ ʚʠʜʦʚʦʡ ʬʠʣʦʛʝʥʠʠ ʛʨʠʙʦʚ. ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ: 

ʥʘʩʢʦʣʴʢʦ ʩʚʷʟʘʥʘ ʵʚʦʣʶʮʠ ̫ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʩʪ ʦʙʠʪʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʘʢʢʘʟ 

ʛʨʠʙʦʚ ʨʦʜʘ Picnoporus ʦʙʣʘʜʘʶʪ 95% ʩʭʦʜʩʪʚʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʛʨʠʙʳ ʤʦʛʫʪ ʨʘʩʪʠ 

ʥʘ ʨʘʟʥʳʭ ʢʦʥʪʠʥʝʥʪʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʞʜʫ ʚʩʝʤʠ ʣʘʢʢʘʟʘʤʠ ʚʠʜʘ Pleurotus eryngii ï 

ʪʦʣʴʢʦ 57% ʩʭʦʜʩʪʚʘ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʝʥʳ ʣʘʢʢʘʟ ʢʦʜʠʨʫʶʪ ʙʝʣʢʠ, ʜʣʠʥʦʡ 520-550 ʘʤʠʥʦʢʠʩʣʦʪ ʠ 

ʚʢʣʶʯʘʶʪ N-ʢʦʥʮʝʚʦʡ ʩʠʛʥʘʣʴʥʳʡ ʧʝʧʪʠʜ ʠʟ 20 ʘʤʠʥʦʢʠʩʣʦʪ ʜʣʷ ʩʝʢʨʝʮʠʠ ʬʝʨʤʝʥʪʘ. 

ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʣʘʢʢʘʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʛʝʥʦʤʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʵʪʠ ʬʝʨʤʝʥʪ,r ʥʦ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ (ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʠʥʛ, 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ.). 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʝʥʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 1500 ʜʦ 3000 ʧ.ʥ., ʢʦʜʠʨʫʶʱʠʝ ʣʘʢʢʘʟʳ, 

ʦʙʣʘʜʘʶʪ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʥʪʨʦʥʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʛʝʥʘʭ ʣʘʢʢʘʟ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʠ ʘʩʢʦʤʠʮʝʪʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʣʠʥʝ ʛʝʥʘ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʨʦʥʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ - ʦʪ 8 ʜʦ 19 (ʚ ʩʨʝʜʥʝʤ ï 8-13). ʆʙʳʯʥʦ ʜʣʠʥʘ ʠʥʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 50ï90 ʧ.ʥ., ʘ ʠʭ 

ʩʧʣʘʡʩʠʥʛ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʭʦʜʠʪ ʧʦ ʩʘʡʪʘʤ GT-AG [67ï69]. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʝʥʳ 

ʣʘʢʢʘʟ ʘʩʢʦʤʠʮʝʪʦʚ ʠʤʝʪʁ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʨʦʥʦʚ (1-6 ʠʥʪʨʦʥʦʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʝʥʘʤʠ ʣʘʢʢʘʟ ʠʟ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʪʨʦʥʦʚ ʚ ʛʝʥʘʭ ʣʘʢʢʘʟ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʣʘʡʩʠʥʛ ʜʣʷ ʥʠʭ ʧʦʢʘʟʘʥ ʥʝ ʙʳʣ. 

In silico ʘʥʘʣʠʟ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ ʣʘʢʢʘʟ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʨʠʙʦʚ ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦ çʧʨʦʤʦʪʦʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʚr ʷʚʠʣʦ 

ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ 

ʣʘʢʢʘʟ ʠ ʥʘʣʠʯʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ cis-ʵʣʝʤʝʥʪʦʚ [69ï71].  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʧʨʦʤʦʪʦʨʥʘʷ ʦʙʣʘʩʪʴ ʛʝʥʦʚ ʣʘʢʢʘʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚʝʩʴʤʘ ʧʣʦʪʥʦ çʫʧʘʢʦʚʘʥʥʫʶè ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʝʛʠʦʥʘ (ʨʠʩ. 2).  
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ʈʠʩ. 2. ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ ʣʘʢʢʘʟ 

ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ. (ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ cis-ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʤʦʪʦʨʥʦʡ 

ʦʙʣʘʩʪʠ ʣʘʢʢʘʟ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ 1800bp ʚʳʰʝ ʩʘʡʪʘ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ). 

ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ ʵʣʝʤʝʥʪʳ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʩʪʨʦʛʦ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʧʨʦʤʦʪʦʨʥʳʭ ʨʝʛʠʦʥʦʚ ʣʘʢʢʘʟ (ʧʦ [71] ʠ [72]). 

ɺʩʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʧʨʦʤʦʪʦʨʥʳʝ ʨʝʛʠʦʥʳ ʣʘʢʢʘʟ ʩʦʜʝʨʞʘʪ ʊɸʊɸ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʫ 

CAAT ʢʦʥʩʝʥʩʫʩʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʛʨʘʶʱʫʶ ʨʦʣʴ ʚ ʦʙʱʝʤ ʢʦʥʪʨʦʣʝ ʪʨʘʥʩʢʨʠʧʮʠʠ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʦ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʣʘʢʢʘʟ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ï cis-ʵʣʝʤʝʥʪʳ, ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 

(MRE ï metal responsive element), ʢʩʝʥʦʙʠʦʪʠʢʦʚ (XRE ï xenobiotic responsive element), 

ʙʝʣʢʦʚ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ (HSE ï heat shock responsive element) ʠʣʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ 

(ARE ï antioxidant response element) [72]. ʉʫʱʝʩʪʚʫʝʪ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ (ʜʦ 21) ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʩʧʝʮʠʬʠʯʥʦʩʪʴ) HSE ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʘʭ ʣʘʢʢʘʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʨʛʘʥʠʟʤʘ 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʛʨʝʩʩ [73,74]. ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʢʦʧʠʠ MRE ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʦʚ ʫ Saccharomyces cerevisiae, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʠʥʜʫʢʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʵʪʠʭ ʛʝʥʦʚ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʋʚʝʣʠʯʝʥʠʝ ʩʠʥʪʝʟʘ ʣʘʢʢʘʟ 

ʙʘʟʠʜʠʦʤʠʮʝʪʦʤ Trametes pubescens ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʠ ʥʘ ʚʥʝʩʝʥʠʝ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ MRE ʚ ʧʨʦʤʦʪʦʨʝ ʛʝʥʦʚ ʠʤʝʝʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [71]. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʣʘʢʢʘʟʳ ʚ Ceriporiopsis subvermispora, Fusarium oxysporum, P. ostreatus, 

Ganoderma sp., Trametes sp. ʪʘʢ ʞʝ ʥʘʡʜʝʥ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ 
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ACE1, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʣʘʢʢʘʟʳ ʚ ʦʪʚʝʪ ʥʘ ʠʥʜʫʢʮʠʶ ʤʝʜʴʶ [75,76]. ACE1 

ʩʚʷʟʳʚʘʶʪ ʩ ʨʝʛʫʣʷʮʠʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʦʥʘʤʠ ʤʝʜʠ, ʪ.ʢ. ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʪʘʢʘʷ ʠʥʜʫʢʮʠʷ 

ʧʨʦʠʩʭʦʜʠʣʘ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʘʡʪʦʚ MRE ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʦʚ ʣʘʢʢʘʟ [77]. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʘʡʪʳ ʥʘʡʜʝʥʳ ʠ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ 

ʩʚʷʟʘʥʘ ʩ ʠʥʜʫʢʮʠʝʡ ʤʝʜʴʶ ï Cu/Zn ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ, ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʳ ʠ ʧʨʦʯ. [78,79].  

ʈʘʟʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʢʦʧʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ XRE ʚ ʧʨʦʤʦʪʦʨʘʭ ʛʝʥʦʚ ʣʘʢʢʘʟ 

ʩʚʷʟʳʚʘʶʪ ʩ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠʥʜʫʢʮʠʝʡ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ [80]. ʅʘʧʨʠʤʝʨ, ʫ ʙʘʟʠʜʠʦʤʠʮʝʪʘ Trametes sp. AH28-2, ʦ-ʪʦʣʫʠʜʠʥ ʩʝʣʝʢʪʠʚʥʦ 

ʠʥʜʫʮʠʨʦʚʘʣ ʵʢʩʧʨʝʩʩʠʶ ʠʟʦʬʝʨʤʝʥʪʘ LacA, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 3,5-ʜʠʛʠʜʨʦʢʩʠʪʦʣʫʦʣ ʚ 

ʦʩʥʦʚʥʦʤ ʚʣʠʷʣ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʜʨʫʛʦʡ ʠʟʦʬʝʨʤʝʥʪ (LacB). 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʛʨʠʙʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʣʘʢʢʘʟ ʧʦʜʚʝʨʞʝʥʘ 

ʢʘʪʘʙʦʣʠʪʥʦʡ ʨʝʧʨʝʩʩʠʠ: ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʤʝʭʘʥʠʟʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʫ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʨʝʜʝ (ʦʢʦʣʦ 15 ʛ/ʣ) ʠʥʛʠʙʠʨʫʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʣʘʢʢʘʟʳ ʫ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ T. pubescens [68], ʠ Trametes sp. AH28-2. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ cis-ʵʣʝʤʝʥʪ creA (ʩʘʡʪ ʮɸʄʌ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʛʣʶʢʦʟʥʦʡ ʢʘʪʘʙʦʣʠʪʥʦʡ ʨʝʧʨʝʩʩʠʠ),  

ʥʘʡʜʝʥʥʳʡ ʚ ʧʨʦʤʦʪʦʨʘʭ ʥʝʩʢʦʣʴʢʠʭ ʛʨʠʙʦʚ, ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʧʨʝʩʩʠʠ, 

ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟʳ [81]. ʊʨʠ ʮɸʄʌ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʦʚ ʣʘʢʢʘʟ ʚ Trametes sp., 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʣʠ ʮɸʄʌ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʣʘʢʢʘʟʳ, ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʷ  

ʣʠʛʥʠʥ- ʠ ʤʘʨʛʘʥʝʮ ʟʘʚʠʩʠʤʳʭ ʧʝʨʦʢʩʠʜʘʟ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ 

Phanerochaete chrysosporium [80]. ɼʨʫʛʠʤ ʨʝʛʫʣʷʪʦʨʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ 

ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ ʣʘʢʢʘʟ, ʷʚʣ̫ʝʪʩʷ ʬʘʢʪʦʨ ʘʟʦʪʥʦʡ ʢʘʪʘʙʦʣʠʪʥʦʡ ʨʝʧʨʝʩʩʠʠ 

(NIT2), ʠʥʜʫʮʠʨʫʶʱʠʡ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʦʩʪʫʧʘ ʘʟʦʪʘ. ʆʥ ʩʦʜʝʨʞʠʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ GATA ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʧ.ʥ. ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ NIT2 ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ ʩ ʢʦʥʩʝʥʩʫʩʥʦʡ TATCDH 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ [82]. 

ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ [72,80], ʥʘʣʠʯʠʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ cis-

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ ʣʘʢʢʘʟ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʛʫʣʷʮʠʶ ʩʠʥʪʝʟʘ ʣʘʢʢʘʟ 

ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʘ ʪʘʢ ʞʝ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [70]. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʠʷ ʯʠʩʣʘ ʢʦʧʠʡ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ 

ʢʘʨʪʠʥʫ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʣʘʢʢʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ. 
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1.1.3. ʈʝʛʫʣʷʮʠʷ ʩʠʥʪʝʟʘ ʣʘʢʢʘʟ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʳʚʦʜʦʚ: ʥʘʢʦʧʣʝʥʠʝ ʤʈʅʂ ʣʘʢʢʘʟ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʛʨʠʙʦʚ; ʥʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʠʢʘ 

ʘʢʪʠʚʥʦʩʪʠ ʤʈʅʂ ʣʘʢʢʘʟʳ ʚ ʢʣʝʪʢʘʭ ʤʠʮʝʣʠʷ ʥʝ ʜʝʪʝʢʪʠʨʫʁʪʩʷ [83]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ: 

a. ʧʦ ʠʩʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ 

ʪʨʘʥʩʢʨʠʧʪʦʚ ʣʘʢʢʘʟ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʢʨʘʱʘʝʪʩʷ 

ʵʢʩʧʨʝʩʩʠʷ ʣʘʢʢʘʟʳ;  

b. ʙʠʦʩʠʥʪʝʟ ʛʨʠʙʥʳʭ ʣʘʢʢʘʟ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʈʅʂ 

[80,83]. 

ʆʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʵʪʠ ʫʪʚʝʨʞʜʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ ʦʪʚʦʜʷʪ ʠʟʫʯʝʥʠʶ ʨʝʛʫʣʷʪʦʨʥʳʭ ʥʝʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʚ ʵʪʠʭ 

ʬʝʨʤʝʥʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʛʫʣʷʮʠʷ ʛʝʥʦʚ ʣʘʢʢʘʟ ʠ ʧʝʨʦʢʩʠʜʘʟ ʩʚʷʟʘʥʘ ʩ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, 

ʥʘʣʠʯʠʝ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ ʠ ʜʣʠʥʘ ʩʚʝʪʦʚʦʛʦ 

ʜʥʷ [84]. ʃʠʛʥʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʢʢʘʟʳ, ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʛʨʠʙʦʚ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʘʟʦʪʘ ʠ/ʠʣʠ ʫʛʣʝʨʦʜʘ [85]. ʇʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟ ʚʘʞʥʳ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʚ 

ʩʨʝʜʝ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʟʦʪ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟ, ʧʨʠʯʝʤ 

ʠʟʦʬʝʨʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʬʨʘʢʮʠʠ ʣʘʢʢʘʟ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ, ʪʘʢ ʠ ʦʪ ʝʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʀʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʣʘʢʢʘʟʳ ʚ ʦʪʚʝʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʩʧʦʨʥʳʤ 

ʚʦʧʨʦʩʦʤ: ʩʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʦʩʪʫʧʥʦʛʦ ʘʟʦʪʘ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʮʝʣʦʤ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʘʟʦʪʘ ʩʥʠʞʘʶʪ ʧʨʦʜʫʢʮʠʶ ʣʘʢʢʘʟ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʨʦʚʥʷ 

ʙʠʦʤʘʩʩʳ ʛʨʠʙʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ 

ʚʳʭʦʜʘ ʬʝʨʤʝʥʪʘ. ʇʨʦʜʫʢʮʠʷ ʬʝʨʤʝʥʪʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʩʨʝʜʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ, ʥʘʧʨʠʤʝʨ L-ʘʩʧʘʨʘʛʠʥʘ [86]. ɻʨʠʙʳ ʚʳʨʘʙʦʪʘʣʠ 

ʤʝʭʘʥʠʟʤʳ ʢʘʪʘʙʦʣʠʟʤʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʠ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʬʝʨʤʝʥʪʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ ʘʩʩʠʤʠʣʷʮʠʠ, ʚ ʦʪʚʝʪ ʥʘ ʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ  ʙʝʣʢʦʚʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ NIT2, 

ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ɼʅʂ ʠ ʨʝʛʫʣʠʨʫʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʘʟʦʪʘ [82,87]. ʊʘʢ ʨʝʛʫʣʷʮʠʷ ʘʟʦʪʦʤ ʫ 
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Neurospora crassa ʚʢʣʶʯʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʩʧʝʢʪʨʘ ʚʟʘʠʤʦʥʝʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʥʦʚ, 

ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ ʬʝʨʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʪʦʨʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʘʟʦʪʘ, ʢʦʛʜʘ ʧʝʨʚʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʘʟʦʪʘ (ʥʘʧʨʠʤʝʨ ʘʤʤʦʥʠʡ ʠʣʠ ʛʣʫʪʘʤʠʥ) 

ʥʝʜʦʩʪʫʧʥʳ [82,87]. NIT2-ʨʝʛʫʣʷʪʦʨʥʳʡ ʛʝʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ 

ʬʝʨʤʝʥʪʦʚ ʢʘʪʘʙʦʣʠʟʤʘ ʘʟʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ ʘʟʦʪʘ. ʇʦʣʥʘʷ ʥʫʢʣʝʦʪʠʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ ʚ 1036 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ ʦʢʦʣʦ 116 ʢɼʘ. ʇʨʠ ʵʪʦʤ ʙʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʤʦʪʠʚ ʮʠʥʢʦʚʦʛʦ ʧʘʣʴʮʘ Cys2/Cys2 

ʪʠʧʘ ʠ ʩʤʝʞʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ɼʅʂ-

ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ. ʊ.ʢ. ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʦʚ ʣʘʢʢʘʟ ʙʳʣʠ ʥʘʡʜʝʥʳ NIT2 cis-

ʵʣʝʤʝʥʪʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʣʘʢʢʘʟʳ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʳ ʩ ʢʘʪʘʙʦʣʠʟʤʦʤ ʘʟʦʪʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. 

ʈʘʟʣʠʯʥʳʝ ʠʟʦʬʝʨʤʝʥʪʳ ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʙʝʣʢʦʚ ʤʦʛʫʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʩʘʡʪʘ creA ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʛʫʣʷʮʠʷ ʫʛʣʝʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʮɸʄʌ ʤʝʭʘʥʠʟʤʫ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʮɸʄʌ ʷʚʣʷʶʪʩʷ ʮɸʄʌ-ʟʘʚʠʩʠʤʳʝ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʠʥʘʟʳ, ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʮɸʄʌ, ʬʦʩʬʦʨʠʣʠʨʫʶʪ 

ʩʧʝʮʠʬʠʯʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʮʝʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ɼʅʂ (creA) ʠʣʠ ʩʦ ʩʚʷʟʳʚʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʚʪʦʨʦʛʦ ʙʝʣʢʘ-ʘʢʪʠʚʘʪʦʨʘ ʚ 5' ʥʝʢʦʜʠʨʫʶʱʝʡ 

ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ [88]. ʦ˽ʢʘʟʘʥʦ, ʯʪʦ ʫ ʛʨʠʙʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ creA 

ʩʧʦʩʦʙʝʥ ʨʝʧʨʝʩʩʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʮʝʣʣʶʣʘʟ ʠ ʢʩʠʣʘʥʘʟ [89,90]. ʆʜʥʘʢʦ, ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʫʨʦʚʥʷ ʮɸʄʌ ʠ ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʢ ʚʪʦʨʠʯʥʦʤʫ ʤʝʪʘʙʦʣʠʟʤʫ ʫ ʬʠʣʘʤʝʥʪʘʨʥʳʭ 

ʛʨʠʙʦʚ [91]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Boominathan ʠ Reddy, ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮɸʄʌ ʧʨʝʜʰʝʩʪʚʫʝʪ ʘʢʪʠʚʥʦʡ ʧʨʦʜʫʢʮʠʠ MnP ʠ LiP, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʛʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʜʫʢʮʠʠ ʧʝʨʦʢʩʠʜʘʟ ʫ P. 

chrysosporium. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [71,92ï94], ʯʪʦ ʠʥʜʫʢʪʦʨʘʤʠ ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ ʷʚʣʷʶʪʩʷ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʦʥʳ ʤʝʜʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʤʝʭʘʥʠʟʤ ʠʥʜʫʢʮʠʠ ʩʚʷʟʳʚʘʣʠ ʩ ʨʝʛʫʣʷʮʠʝʡ 

ʵʢʩʧʨʝʩʩʠʠ ʥʘ ʫʨʦʚʥʝ ʤʈʅʂ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ 

ʛʝʥʦʚ ʣʘʢʢʘʟ MRE cis-ʵʣʝʤʝʥʪʦʚ. ʄʝʪʘʣʦʟʘʚʠʩʠʤʳʝ ʩʠʩʪʝʤʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʤʝʪʘʣʣʦʚ ʠ ʧʨʦʮʝʩʩʘʭ ʜʝʪʦʢʩʠʬʠʢʘʮʠʠ [95], ʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʫ ʵʫʢʘʨʠʦʪ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʫʯʝʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʣʷ ʛʝʥʦʚ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʦʚ (MT) -  ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʮʠʩʪʝʠʥʘ, ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʜʴ, ʮʠʥʢ, ʨʪʫʪʴ, 

ʢʘʜʤʠʡ ʠ ʜʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʚʳʩʰʠʭ ʵʫʢʘʨʠʦʪ ʚ ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʵʪʠʭ ʛʝʥʦʚ 
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ʩʦʜʝʨʞʘʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʧʠʠ MRE, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʠʥʜʫʢʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ 

MT ʚ ʦʪʚʝʪ ʥʘ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ [96,97]. ʈʦʣʴ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʟʘʱʠʪʳ ʦʪ 

ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ ʮʠʥʢ, ʤʝʜʴ, ʢʘʜʤʠʡ ʠ ʜʨʫʛʠʝ ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ MT 

ʛʝʥʦʚ [98,99]. ʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʣʷ ʩʠʩʪʝʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʄʊ [100] ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʟʘʚʠʩʠʤʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ [101,102]. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʷʮʠʷ ʄʊ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʤʝʪʘʣʣ-ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʨʝʮʝʧʪʦʨʘʤʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. ɼʣʷ ʙʘʟʠʜʠʘʣʴʥʳʭ ʣʘʢʢʘʟ ʥʘ ʧʨʠʤʝʨʝ ʛʨʠʙʘ P.ostreatus ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʩʪʘʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʙʝʣʢʦʚ ï 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʊʌ). MRE ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ 

ʣʘʢʢʘʟ ʩʚʷʟʳʚʘʣʠ ʙʝʣʢʠ ʤʘʩʩʦʡ 25 ʢɼʘ, 30 ʢɼʘ ʠ 15 ʢɼʘ. ʇʨʠ ʵʪʦʤ ʩʨʦʜʩʪʚʦ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʊʌ ʦʪʣʠʯʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʥʳʭ ʛʝʥʦʚ ʣʘʢʢʘʟ ʠ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʪʨʦʝʥʠʝʤ (ʢʦʥʩʝʥʩʫʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ) ʩʘʤʦʛʦ MRE 

[103]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʪʚʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʬʘʢʪʦʨʘ ʧʦ ʪʠʧʫ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʩ ʛʝʧʪʦʥʫʢʣʝʦʪʠʜʥʳʤ ʷʜʨʦʤ MRE, ʘ ʬʣʘʥʢʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʚʣʠʷʪʴ 

ʣʠʙʦ ʥʘ ʩʘʤʦ ʩʚʷʟʳʚʘʥʠʝ, ʣʠʙʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ [104].  

ɺ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ HSE ʚ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ ʣʘʢʢʘʟ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʠ ʬʝʨʤʝʥʪʳ ʪʘʢ ʞʝ ʣʝʛʢʦ ʠʥʜʫʮʠʨʫʪʁʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

[105]. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ RT-PCR ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʵʪʫ ʛʠʧʦʪʠʟʫ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚ, ʯʪʦ 

ʪʝʧʣʦʚʦʡ ʰʦʢ, ʠʥʜʫʮʠʨʫʝʤʳʡ ʧʨʠ 45
ʦ
ʉ, ʫʚʝʣʠʯʠʚʘʣ ʚ 1,6-ʨʘʟ ʘʢʪʠʚʥʦʩʪʴ ʣʘʢʢʘʟʳ T. 

versicolor ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʜʫʢʮʠʠ ʤʈʅʂ. ʆʜʥʘʢʦ ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʙʠʦʩʠʥʪʝʟʝ ʣʘʢʢʘʟ ʠ ʷʚʣʷʶʱʠʝʩʷ ʙʝʣʢʘʤʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʝ ʚʳʷʚʣʝʥʳ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ 

ʬʝʨʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʢʢʘʟ, ʷʚʣʷʝʪʩʷ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʳʡ ʧʫʪʴ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ. 

ʋ ʵʫʢʘʨʠʦʪ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʳʡ ʧʫʪʴ ʢʦʥʪʨʦʣʠʨʫʝʪ ʫʨʦʚʥʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ [106]. ʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ 

ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʛʦ ʧʫʪʠ ʫʥʠʢʘʣʴʥʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʙʝʣʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʊʌ ʠʭ ʜʝʛʨʘʜʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʘʥʥʦʤ ʠʣʠ ʥʝʩʚʷʟʘʥʥʦʤ ʩ 

ɼʅʂ ʩʦʩʪʦʷʥʠʠ [107].  

ɺʧʝʨʚʳʝ ʜʣʷ ʦʪʜʝʣʘ Basidiomycota 26S-ʧʨʦʪʝʘʩʦʤ r ʙʳʣʠ ʥʘʡʜʝʥʳ ʫ 

ʣʠʛʥʠʥʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʊ. versicolor ʠ P. radiatʘ [108]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʝʘʩʦʤʥʦ-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʫʪʴ ʩʚʷʟʘʥ ʩ ʨʝʛʫʣʷʮʠʝʡ ʘʢʪʠʚʥʦʩʪʝʡ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʵʪʠʭ 
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ʚʠʜʦʚ ʛʨʠʙʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʪʝʦʩʦʤʥʘʷ 

ʜʝʛʨʘʜʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʣʘʢʢʘʟʳ T. versicolor ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʘʜʤʠʷ; ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʪʝʘʩʦʤ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ Cd 
2+

 ʟʘʚʠʩʠʤʫʶ ʠʥʜʫʢʮʠʶ 

ʣʘʢʢʘʟ. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʦʥʪʨʦʣʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʢʪʠʚʘʪʦʨʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʳʡ ʧʫʪʴ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʣʘʢʢʘʟʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʘʟʦʪʘ ʟʘ ʩʯʝʪ 

ʢʦʥʪʨʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʢʪʠʚʘʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ [109]. 

ʇʨʦʜʫʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʃʄʌ ʛʨʠʙʦʚ ï ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʦʨʛʘʥʠʟʤʘ, ʧʝʨʝʭʦʜ ʢ ʢʦʪʦʨʦʤʫ ʚʳʟʚʘʥ ʩʥʠʞʝʥʠʝʤ 

ʜʦʩʪʫʧʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʨʝʜʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʳʡ ʧʫʪʴ 

ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʙʝʣʢʦʚ [110]. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʪʝʘʩʦʤ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʣʘʢʢʘʟʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʥʦʛʦ ʘʟʦʪʘ. Muratani ʠ Tansey [111] 

ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʪʝʘʩʦʤʥʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʨʦʤʦʪʦʨʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʣʘʢʢʘʟ r ʜʣʷ ʨʝʛʫʣʷʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʘʟʦʪʘ ʫʨʦʚʝʥʴ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʣʘʢʢʘʟ) ʦʩʪʘʝʪʩʷ ʥʠʟʢʠʤ ʠʟ-ʟʘ ʝʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʦʪʚʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʘʟʦʪʘ ʵʪʦʪ ʫʨʦʚʝʥʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʥʘʨʫʰʝʥʠʷʤʠ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʧʨʦʪʝʦʣʠʟʘ 

ʟʘ ʩʯʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʪʝʘʩʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʣʘʢʢʘʟ. 

1.2. ʉʠʥʪʝʟ ʠ ʧʨʦʮʝʩʩʠʥʛ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʣʘʢʢʘʟ 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʥʘ 

ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʈʅʂ ʠ 

ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʦʚ, ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ. ʇʨʦʜʫʢʮʠʷ ʣʘʢʢʘʟ ʢʣʝʪʢʘʤʠ ʛʨʠʙʦʚ 

ʩʚʷʟʘʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʠʥʪʝʟʘ ʠ ʩʝʢʨʝʮʠʠ ʵʪʦʛʦ ʙʝʣʢʘ. ɻʨʠʙʥʳʝ 

ʣʘʢʢʘʟʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪʘʤ: ʙʝʣʦʢ ʩʦʜʝʨʞʠʪ ʚ 

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ 4 ʠʦʥʘ ʤʝʜʠ, ʘ ʪʘʢ ʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ (ʚ  

ʩʨʝʜʥʝʤ ʜʦ 25%). ʇʨʠ ʵʪʦʤ ʙʠʦʩʠʥʪʝʟ ʣʘʢʢʘʟ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚʩʝ ʩʪʘʜʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʩʝʢʨʝʪʦʨʥʳʭ ʙʝʣʢʦʚ, ʪʘʢʠʝ ʢʘʢ ʬʦʣʜʠʥʛ, ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢ ʞʝ 

ʩʝʢʨʝʮʠʶ ʠ ʵʢʟʦʮʠʪʦʟ ʠʟ ʢʣʝʪʢʠ ʦʜʥʠʤ (ʘ ʚʝʨʦʷʪʥʦ ʠ ʥʝʩʢʦʣʴʢʠʤʠ) ʚʦʟʤʦʞʥʳʤ 

ʩʝʢʨʝʪʦʨʥʳʤʠ ʧʫʪʷʤʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʙʝʣʢʘ ʩ ʮʝʣʳʤʠ ʙʝʣʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʥʫʪʨʠ ʢʣʝʪʢʠ.  
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ɺ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʚʦʠʭ ʧʨʠʨʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʣʠʛʥʠʥʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʙʝʣʢʘʤʠ. ɼʣʷ 

ʙʘʟʠʜʠʘʣʴʥʳʭ ʣʠʛʥʠʥ- ʠ ʤʘʨʛʘʥʝʮʧʝʨʦʢʩʠʜʘʟ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ, ʦʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʣʘʢʢʘʟ 

ʩʠʪʫʘʮʠʷ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʣʘʢʢʘʟʳ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ 

ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʠʟʚʝʩʪʥʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʬʦʨʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [112], 

ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʢʘʢ ʚʥʝʢʣʝʪʦʯʥʳʝ, ʪʘʢ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ ʩ ʩʭʦʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, pI). ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ Trametes 

versicolor ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʣʶʢʦʟʫ ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʝ 

ʩʫʙʩʪʨʘʪʳ [113], ʘ ʪʘʢ ʞʝ ʜʣʷ Agaricus bisporus  [114]. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʣʘʢʢʘʟʳ 

ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʚʥʝʢʣʝʪʦʯʥʦ, ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (95-98%  ʦʪ ʦʙʱʝʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʨʝʜʳ, ʘ ʚ ʩʣʫʯʘʝ A. bisporus ï 88%) ʠ ʣʠʰʴ ʦʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʘʣʘʩʴ ʚʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʵʢʩʪʨʘʢʪʘʭ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʘ ʥʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ ʛʨʠʙʦʚ [115]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ 

ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʣʘʢʢʘʟ rʫ ʛʨʠʙʦʚ ʠ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʠʝ 

ʣʘʢʢʘʟ rʫ ʙʘʢʪʝʨʠʡ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʢʣʝʪʢʝ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʧʠʛʤʝʥʪʘʮʠʠ ʢʣʝʪʦʢ, ʘ ʣʘʢʢʘʟʳ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʥʘ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʝ ʠ ʩʧʦʨʘʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʙʨʘʟʫʶʪ ʤʝʣʘʥʠʥ ʠ ʟʘʱʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪ rʢʣʝʪʦʯʥʳʭ 

ʩʪʝʥʦʢ [92,116]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʣʘʢʢʘʟ,r ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʥʝʢʣʝʪʦʯʥʳʝ ʬʦʨʤʳ ʬʝʨʤʝʥʪʦʚ ʧʝʨʝʜ 

ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʝʢʨʝʮʠʠ. ʇʨʠ ʵʪʦʤ, ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ [117,118].  

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʙʠʦʛʝʥʝʟʝ (ʩʦʟʨʝʚʘʥʠʠ) 

ʣʘʢʢʘʟ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʬʦʣʜʠʥʛʘ ʬʝʨʤʝʥʪʘ ʠ ʚʩʪʨʦʡʢʠ ʤʝʜʠ ʚ ʝʛʦ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ, ʩʝʢʨʝʮʠʠ ʙʝʣʢʘ, 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

ʈʝʛʫʣʷʮʠʷ ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʚ ʛʣʘʚʝ 1.1, ʟʜʝʩʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʙʝʣʢʦʚʳʭ ʬʘʢʪʦʨʘʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ 

ʙʠʦʛʝʥʝʟ ʬʝʨʤʝʥʪʘ ʚ ʢʣʝʪʢʝ ʠ ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʛʦ. 

1.2.1. ʉʠʩʪʝʤʳ ʩʝʢʨʝʮʠʠ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ 

ʄʝʭʘʥʠʟʤʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʫʪʝʡ ʩʝʢʨʝʮʠʠ ʙʝʣʢʦʚ ʚ ʜʨʦʞʞʘʭ Saccharomyces cerevisiae 

ʠ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳ. ɺ ʪʦʞʝ 

ʚʨʝʤʷ, ʜʣʷ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʵʪʠ ʧʫʪʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʘ ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʨʘʟʨʦʟʥʝʥʥʳʝ 

ʜʘʥʥʳʝ. ʊʘʢ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʵʫʢʘʨʠʦʪ, ʫʜʘʣʦʩʴ ʢʣʦʥʠʨʦʚʘʪʴ ʠ 
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ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʝʢʨʝʮʠʠ ʫ ʘʩʢʦʤʠʮʝʪʦʚ: ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʛʥʘʣʘ ʙʝʣʢʦʚ (SRP54) [119], ʬʦʣʜʘʟʳ 

(ʧʨʦʪʝʠʥ ʜʠʩʫʣʴʬʠʜ ʠʟʦʤʝʨʘʟʫ) [120ï122], ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʧʝʨʦʥʘ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ (ʕʈ) - BiP [123,124], ʘ ʪʘʢ ʞʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʟʠʢʫʣʷʨʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

(ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʦʤʦʣʦʛ GTP-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ SAR1p) [125]. 

ʊʨʘʥʩʧʦʨʪ ʙʝʣʢʦʚ ʚ ʛʠʬʳ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠ ʧʨʦʭʦʜʠʪʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʦʪ ʤʝʩʪʘ ʩʠʥʪʝʟʘ ʢ ʘʧʠʢʘʣʴʥʦʤʫ ʢʦʥʮʫ ʠʣʠ ʜʨʫʛʦʤʫ ʤʝʩʪʫ ʩʝʢʨʝʮʠʠ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ (ʨʠʩ. 3). ɺ ʢʣʝʪʢʘʭ ʜʨʦʞʞʝʡ ʠ ʞʠʚʦʪʥʳʭ, ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ 

ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʝʟʠʢʫʣʘʭ. ʊʨʘʥʩʧʦʨʪ ʙʝʣʢʦʚ ʠʟ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ ʚʢʣʶʯʘʝʪ ʨʷʜ ʧʨʦʮʝʩʩʦʚ, ʥʘʯʠʥʘʷ ʩ ʦʪʱʝʧʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʝʟʠʢʫʣ ʦʪ 

ʜʦʥʦʨʥʳʭ ʤʝʩʪ ʣʦʢʘʣʠʟʘʮʠʠ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʣʠʷʥʠʝʤ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʙʝʣʢʦʚ.  

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʫ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ. 

ɹʳʩʪʨʳʡ ʘʧʠʢʘʣʴʥʳʡ ʨʦʩʪ ʛʠʬ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʵʢʟʦʮʠʪʦʟʘ ʧʨʝʢʫʨʩʦʨʦʚ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʢʨʝʮʠʷ ʙʝʣʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨ, 

ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ, ʥʘʟʳʚʘʝʤʳʭ "Spitzenkorper", ʯʝʨʝʟ ʘʧʠʢʘʣʴʥʳʝ ʠʣʠ 

ʩʫʙʘʧʠʢʘʣʴʥʳʝ ʨʝʛʠʦʥʳ ʛʠʬ [126ï128]. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʢʦʧʣʝʥʠʝ ʚʝʟʠʢʫʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʦʚ. ɹʳʣʦ ʪʘʢ ʞʝ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʙʝʣʢʠ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʩʘʡʪʳ ʩʝʢʨʝʮʠʠ [129]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʪʨʘʥʩʧʦʨʪ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʥʳʤ,  ʠ ʩʧʝʮʠʬʠʯʝʥ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʝʣʢʦʚ.  
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ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʫʪʝʡ ʩʝʢʨʝʮʠʠ ʙʝʣʢʦʚ ʫ ʛʨʠʙʘ Trichoderma reesei. 

ɹʝʣʢʠ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ (ʕʇʈ), ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʩʝʢʨʝʪʦʨʥʳʭ ʚʝʟʠʢʫʣ (ʉɺ) ʚ ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ (ɸɻ) ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʉʝʢʨʝʪʦʨʥʳʝ ʚʝʟʠʢʫʣʳ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʢ 

ʘʧʠʢʘʣʴʥʦʤʫ ʢʦʥʮʫ ʛʠʬ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʩʝʢʨʝʮʠʠ ʠʟ ʢʣʝʪʢʠ. ʊʘʢʞʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʦʟʤʦʞʥʳ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʩʝʢʨʝʮʠʷ  ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʉɺ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʠ (ʩʝʧʪʳ) ʛʠʬ 

[130]. 

ʉʝʢʨʝʪʠʨʫʝʤʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʩʠʛʥʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ ʥʘ N-ʢʦʥʮʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʮʝʧʠ. ʇʨʠ ʢʦʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʪʨʘʥʩʣʦʢʘʮʠʠ, ʚʥʦʚʴ ʪʨʘʥʩʣʠʨʦʚʘʥʥʘʷ 

ʩʠʛʥʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʦʟʥʘʝʪʩʷ ʙʝʣʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʠ 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʘʥʩʣʷʮʠʶ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʤʧʣʝʢʩ ʙʝʣʢʘ ʩ ʤʈʅʂ ʠ ʨʠʙʦʩʦʤʦʡ ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʢ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ ʩ ʧʦʤʦʱʴʶ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ SEC ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʕʇʈ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʠʥʠʤʘʷ ʢʦʥʝʯʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ (ʈʠʩ. 4). ʌʦʣʜʠʥʛ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʰʘʧʝʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʮʝʧʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʪʠʤʠ ʨʝʛʠʦʥʘʤʠ. ʐʘʧʝʨʦʥʳ ʕʇʈ ʚʢʣʶʯʘʶʪ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ HSP70, ʩʘʤʳʤ ʚʘʞʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ BiP (binding protein). 
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ʈʠʩ. 4. ʉʭʝʤʘ ʩʝʢʨʝʪʦʨʥʦʛʦ ʧʫʪʠ ʫ Aspergillus niger ʠ ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʩʝʢʨʝʮʠʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ. ʕʇʈ ï ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ; ɸɻ ï ɸʧʧʘʨʘʪ 

ɻʦʣʴʜʞʠ. ɻʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ: ALG ï ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʘʩʧʘʨʘʛʠʥ-ʩʚʷʟʘʥʥʦʤ 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʠ, ManT ï ʤʘʥʥʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ, GlyT ï ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ, OSTA ï 

ʦʣʠʛʦʩʘʭʘʨʠʣʪʨʘʥʩʬʝʨʘʟʳ, Glu ï ʛʣʶʢʦʟʠʜʘʟʳ, Flip ï ʬʣʠʧʧʘʟʳ, RER- 

ʜʦʣʠʭʦʣʩʠʥʪʝʟʠʨʫʶʱʠʝ ʙʝʣʢʠ, GlcNAc-ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʠʥʬʦʩʬʦʪʨʘʥʩʬʝʨʘʟʘ. 

ʊʨʘʥʩʣʦʢʘʮʠʷ: SEC ï ʙʝʣʢʠ ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʤʙʨʘʥʳ ʕʇʈ, SPC - 

ʩʠʛʥʘʣʴʥʳʝ ʧʝʧʪʠʜʘʟʳ. ʌʦʣʜʠʥʛ: BipA, CNX- ʤʦʣʝʢʫʣʷʨʥʳʝ ʰʘʧʝʨʦʥʳ, PDI - ʜʠʩʫʣʴʬʠʜ-

ʠʟʦʤʝʨʘʟʳ, Ero1 - ʦʢʩʠʜʦʨʝʜʫʢʪʠʥ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ. ʄʝʪʘʙʦʣʠʟʤ ʣʠʧʠʜʦʚ: 

ʂʕ - ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʳ, Ac-CoA - ʧʝʨʝʥʦʩʯʠʢ ʘʮʝʪʠʣ-CoA, ChPerm - ʭʦʣʠʥʧʝʨʤʝʘʟʳ, 

ʩʪʝʨʦʣʠʟʦʤʝʨʘʟʳ, StRed -ʩʪʝʨʦʣ ʨʝʜʫʢʪʘʟʳ, PL ï ʬʦʩʬʦʣʠʧʘʟʳ. ɺʝʟʠʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪ - 

COPI, COPII ï ʚʝʟʠʢʫʣʷʨʥʳʝ ʙʝʣʢʠ, ʪʨʘʥʩʧʦʨʪ ʠʟ ɸɻ ʠ ʕʈ; ERD2, SNAREs ï ʢʦʤʧʣʝʢʩ 

ʤʝʤʙʨʘʥ-ʩʚʷʟʘʥʥʳʭ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʣʠʷʥʠʠ ʚʝʟʠʢʫʣ ʩ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ; 

YPT ï ɻʊʌʘʟʳ. ʕʈɸɼ  - ʕʇʈ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ (ʧʦ ʜʘʥʥʳʤ [131] ʠ [132]). 

 

 ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʨʘʥʩʣʦʢʘʮʠʠʝʡ ʠ ʬʦʣʜʠʥʛʦʤ ʚʥʦʚʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʝʢʨʝʪʠʨʫʝʤʳʝ 

ʙʝʣʢʠ, ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʠʤʝʥʥʦ ï ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ.  ʊʫʪ 

ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ. ʅʝʧʨʘʚʠʣʴʥʦ ʩʚʝʨʥʫʪʳʝ ʠʣʠ 

ʘʛʨʝʛʠʨʦʚʘʚʰʠʝ ʙʝʣʢʠ ʫʜʘʣʷʶʪʩʷ ʠʟ ʕʈ ʠ ʜʝʛʨʘʜʠʨʫʝʪ ʩ ʧʦʤʦʱʴʶ ʕʈ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ ʕʈɸɼ (ERAD) [133]. 
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 ʇʦʩʣʝ ʬʦʣʜʠʥʛʘ ʠ ʦʩʥʦʚʥʦʛʦ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʩʝʢʨʝʪʠʨʫʝʤʦʛʦ ʙʝʣʢʘ, ʟʘʧʫʩʢʘʝʪʩʷ ʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʝ ʢ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ. ʕʪʦʪ ʪʨʘʥʩʧʦʨʪ ʧʨʦʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ 

ʚʝʟʠʢʫʣʘ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʕʈ ʚ ʢʦʤʧʣʝʢʩ ɻʦʣʴʜʞʠ, ʘ ʥʘ ʚʪʦʨʦʤ - ʠʟ ɻʦʣʴʜʞʠ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʝʟʠʢʫʣ, ʪʨʘʥʩʧʦʨʪ ʙʝʣʢʦʚ ʠ ʧʨʦʮʝʩʩ ʩʣʠʷʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ  ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʝʣʢʦʚ ʠ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʣʝʪʢʝ. ʄʝʤʙʨʘʥ-

ʩʚʷʟʘʥʥʳʝ ʙʝʣʢʠ, ʥʘʟʳʚʘʝʤʳʝ SNARE (soluble N-ethylmaleimide-sensitive factor attachment 

protein receptors), ʦʙʣʝʛʯʘʶʪ ʩʣʠʷʥʠʝ ʤʝʞʜʫ ʚʝʟʠʢʫʣʘʤʠ ʠ ʮʝʣʝʚʳʤʠ ʤʝʤʙʨʘʥʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʥʳʭ SNARE ʙʝʣʢʦʚ ʫ ʛʨʠʙʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʩʝʢʨʝʮʠʠ [132]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʙʝʣʢʠ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʯʝʨʝʟ 

ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ, ʚʥʫʪʨʠ ʚʝʟʠʢʫʣ, ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʚ ʤʝʩʪʘʭ ʩʠʥʪʝʟʘ ʠ ʧʨʦʮʝʩʩʠʥʛʘ ʙʝʣʢʘ, ʢ 

ʤʝʩʪʫ ʩʝʢʨʝʮʠʠ ʚ ʨʘʩʪʫʱʝʤ ʘʧʝʢʩʝ [134]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʫ ʛʨʠʙʦʚ ʫʜʘʣʦʩʴ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨ, ʘʥʘʣʦʛʠʯʥʳʭ ʘʧʧʘʨʘʪʫ ɻʦʣʴʜʞʠ ʚ ʜʨʦʞʞʘʭ 

[135]. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ ʤʦʨʬʦʣʦʛʠʠ ʘʧʧʘʨʘʪʘ ɻʦʣʴʜʞʠ ʚ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʘʭ 

ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʦʩʪʘʚʢʠ ʙʝʣʢʦʚ ʢ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ.  

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʝʢʨʝʪʦʨʥʳʭ 

ʧʫʪʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʦʙʳʯʥʳʭ, - ʯʝʨʝʟ ʕʈ ʠ ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ [136ï138]. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʥʪʨʝʩʥʳʭ ʧʫʪʝʡ ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ ʩʝʢʨʝʮʠʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʳʭ 

ʚʝʟʠʢʫʣ [139]. ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʝʢʨʝʪʦʨʥʳʭ ʧʫʪʷʭ ʫ ʜʨʦʞʞʝʡ, 

ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʧʦʟʚʦʣʷʪʁ ʧʨʝʜʩʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʩʝʢʨʝʮʠʠ ʙʝʣʢʦʚ ʫ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ [140]. 

1.2.2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʣʘʢʢʘʟ ʠ ʚʩʪʨʘʠʚʘʥʠʝ 
ʠʦʥʦʚ ʤʝʜʠ 

ʊʘʢ ʢʘʢ ʣʘʢʢʘʟʳ ʷʚʣʷʶʪʩʷ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʠʤʠ ʙʝʣʢʘʤʠ, ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʙʝʣʢʠ-ʧʦʩʨʝʜʥʠʢʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʜʦʩʪʘʚʢʫ ʠ ʚʩʪʨʦʡʢʫ ʠʦʥʦʚ ʤʝʜʠ ʚ ʠʭ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ ʤʝʜʠ ʩʣʫʞʠʪʴ ʜʦʥʦʨʘʤʠ ʠ ʘʢʮʝʧʪʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʜʝʣʘʝʪ ʠʭ 

ʠʜʝʘʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʢʦʬʘʢʪʦʨʦʤ ʜʣʷ ʬʝʨʤʝʥʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʤʝʜʴ ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʤʝʪʘʣʣʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʷʭ ʌʝʥʪʦʥʘ), ʧʨʠʚʦʜʷ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʦʥʳ Cu
 
(II) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʷʜʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʀʨʚʠʥʛʘ-

ʋʠʣʴʷʤʩʘ [141], ʪʘʢ ʞʝ ʢʘʢ ʠ Cu (I). ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʩʨʝʜʠ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʧʨʦʯʠʭ ʤʝʪʘʣʣʦʚ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʦʥʳ ʤʝʜʠ 

ʩʧʦʩʦʙʥʳ ʚʳʪʝʩʥʠʪʴ ʤʝʥʝʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʤʝʪʘʣʣʳ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʤʠ. ʇʦ 
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ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʢʣʝʪʦʯʥʳʡ ʟʘʧʘʩ ʠʦʥʦʚ ʤʝʜʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʣʝʪʢʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʜʣʷ ʥʝʝ. ʆʨʛʘʥʠʟʤʳ ʦʙʣʘʜʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʝʝ ʩʚʷʟʳʚʘʥʠʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʳʚʝʜʝʥʠʝ ʠʟ ʢʣʝʪʢʠ. ʊʘʢ, ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʜʠ, ʢʣʝʪʢʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥ-ʧʦʜʦʙʥʳʝ ʙʝʣʢʠ, ʩʧʦʩʦʙʥʳʝ 

ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʪʴ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʜʠ, ʧʨʦʜʫʮʠʨʫʶʪʩʷ ʤʝʜʥʳʝ ʤʝʪʘʣʣʦʰʘʧʝʨʦʥʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʫʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʦʥʦʚ ʤʝʜʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʫʪʷʤ ʤʝʪʘʙʦʣʠʟʤʘ: ʚ ʤʠʪʦʭʦʥʜʨʠʠ, ʢ 

ʩʝʢʨʝʪʦʨʥʦʤʫ ʧʫʪʠ ʠʣʠ ʢ ʤʝʩʪʫ ʩʠʥʪʝʟʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ [142]. ʄʝʜʴ 

ʥʝʦʙʭʦʜʠʤʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʳ, ʚ ʩʝʪʠ ɻʦʣʴʜʞʠ ï 

ʜʣʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ,  ʠ ʚ ʮʠʪʦʟʦʣʝ ï ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʙʦʪʳ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ 1. ʄʝʜʥʳʝ ʤʝʪʘʣʣʦʰʘʧʝʨʦʥʳ ʧʦʟʚʦʣʷʶʪ ʠʦʥʘʤ ʤʝʜʠ ʜʦʩʪʠʛʘʪʴ ʤʝʩʪʘ 

ʩʚʦʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʢʣʝʪʢʝ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʫʱʝʨʙʘ ʢʣʝʪʦʯʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 

ʄʝʪʘʣʣʦʰʘʧʝʨʦʥʳ ʩʧʦʩʦʙʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʦ ʩʚʦʝʡ 

ʮʝʣʴʶ, ʧʝʨʝʜʘʚʘʷ ʠʦʥʳ ʤʝʜʠ ʥʘ ñʨʦʜʩʪʚʝʥʥʳʝò ʠʤ ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʥʦʩ 

ʤʝʪʘʣʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ [142]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚʩʪʨʘʠʚʘʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʢʘʢ ʢʦʬʘʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ 

ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ ʠʣʠ ʞʝ ʚʩʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ, ʪ.ʢ. ʤʥʦʛʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʬʘʢʪʦʨʳ ʩʧʦʩʦʙʥʳ 

ʚʣʠʷʪʴ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. ɼʣʷ ʨʷʜʘ ʙʝʣʢʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʘ ʠ 

ʵʣʦʥʛʘʮʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʮʝʧʠ ʩʚʷʟʘʥʳ ʩ ʰʘʧʝʨʦʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʬʦʣʜʠʥʛʦʤ ʙʝʣʢʘ 

[143,144]. ʄʦʣʝʢʫʣʷʨʥʳʝ ʰʘʧʝʨʦʥʳ ʩʚʷʟʳʚʘʶʪ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʣʠʧʝʧʪʠʜʳ ʠ ʬʦʣʜʠʨʫʶʪ 

ʠʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʦʣʝʢʫʣʳ ʮʠʪʦʟʦʣʴʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʦʚ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ 

ʚʩʪʨʘʠʚʘʶʪʩʷ, ʚʝʨʦʷʪʥʦ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʩʝʢʨʝʪʦʨʥʳʝ ʙʝʣʢʠ ʠʣʠ ʞʝ ʙʝʣʢʠ ʩʪʨʦʛʦʡ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʠ (ʥʘʧʠʨʠʤʝʨ, ʮʠʪʦʭʨʦʤʳ), ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʣʫʯʘʶʪ ʠʦʥʳ ʤʝʜʠ ʫʞʝ 

ʧʦʩʣʝ ʪʨʘʥʩʣʷʮʠʠ ʠ ʪʨʘʥʩʣʦʢʘʮʠʠ. ɺʥʝʢʣʝʪʦʯʥʳʝ ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ, ʧʝʨʝʜʚʠʛʘʷʩʴ 

ʯʝʨʝʟ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ ʠ ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ, ʬʦʣʜʠʨʫʶʪʩʷ ʠ ʩʦʟʨʝʚʘʶʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʪʨʘʠʚʘʥʠʝ ʤʝʜʠ ʜʣʷ ʪʘʢʠʭ ʙʝʣʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʝʟʠʢʫʣʘʭ ʘʧʧʘʨʘʪʘ 

ɻʦʣʴʜʞʠ [141].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʣʘʢʢʘʟ, ʩʦʜʝʨʞʘʱʠʭ 4 ʠʦʥʘ ʤʝʜʠ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 3 ʤʝʜʥʳʭ ʮʝʥʪʨʘ, ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʦʜʠʥ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʰʘʧʝʨʦʥ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʙʠʦʛʝʥʝʟʝ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ. ʆʜʥʘʢʦ ʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʢʦʤʧʣʝʢʩʝ ʤʝʪʘʣʣ-ʩʚʷʟʳʚʘʶʱʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʙʝʣʢʦʚ-ʘʩʩʠʩʪʝʥʪʦʚ. 
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ɹʝʣʢʦʚʳʝ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʢʣʝʪʦʯʥʦʤ ʤʝʪʘʙʦʣʠʟʤʝ ʤʝʜʠ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʜʣʷ ʵʫʢʘʨʠʦʪ. ʄʝʜʥʳʝ ʤʝʪʘʣʣʦʰʘʧʝʨʦʥʳ ʛʦʤʦʣʦʛʠʯʥʳʝ Atx1p ʠʟ 

Sacharomyces cerevisiae ʠ ʤʝʜʴ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ɸʊʌʘʟʘʤ P-ʪʠʧʘ ʦʧʠʩʘʥʳ ʜʣʷ ʜʨʦʞʞʝʡ, 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʥʝʤʘʪʦʜ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [145ï147]. ɺ ʙʘʟʠʜʠʦʤʠʮʝʪʝ Trametes 

versicolor ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʛʦʤʦʣʦʛʠ ʤʝʜʥʦʛʦ ʰʘʧʝʨʦʥʘ Atx1p [79] ʠ 

ɸʊʌʘʟʳ ʈ-ʪʠʧʘ Ccc2 [148]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʠʭ ʜʝʡʩʪʚʠʷ ʩʣʝʜʫʶʱʠʡ: 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʰʘʧʝʨʦʥ ʩʚʷʟʳʚʘʝʪ ʠʦʥʳ ʤʝʜʠ ʠ ʜʦʩʪʘʚʣʷʝʪ ʠʭ ʢ ɸʊʌʘʟʝ ʈ-ʪʠʧʘ 

Ccc2p, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʘʧʧʘʨʘʪʝ ɻʦʣʴʜʞʠ [149].  Ccc2 ʧʝʨʝʥʦʩʠʪ ʤʝʜʴ ʚ ʣʶʤʝʥ ʘʧʧʘʨʘʪʘ 

ɻʦʣʴʜʞʠ, ʛʜʝ ʜʘʣʝʝ ʤʝʜʴ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʳʝ ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʬʝʨʤʝʥʪʳ. ɺ ʨʘʙʦʪʝ 

Uldschmid ʩ ʩʦʘʚʪʦʨʘʤʠ [79] ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʘʢʢʘʟʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʤʝʜʴʶ ʩ ʧʦʤʦʱʴʶ ʛʦʤʦʣʦʛʘ ʰʘʧʝʨʦʥʘ Atx1p, ʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʵʪʦʤʫ ʥʝ 

ʧʦʩʣʝʜʦʚʘʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʦʩʥʦʚʥʳʝ ʠʛʨʦʢʠ ʧʨʦʮʝʩʩʘ 

ʚʩʪʨʘʠʚʘʥʠʷ ʤʝʜʠ ʧʨʠ ʩʠʥʪʝʟʝ ʣʘʢʢʘʟ ʫ ʛʨʠʙʦʚ. 

1.2.3. ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʣʘʢʢʘʟ 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʣʘʢʢʘʟ [150,151] ʠ ʝʱʝ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʣʘʢʢʘʟ [152] ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʛʣʠʢʦʟʠʜʥʘʷ çʦʙʦʣʦʯʢʘè ʬʝʨʤʝʥʪʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪʘ, 

ʝʛʦ ʩʝʢʨʝʮʠʠ, ʘ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

(ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʝʛʨʘʜʮʠʠ ʠ ʚʥʝʢʣʝʪʦʯʥʦʤʫ ʧʨʦʪʝʦʣʠʟʫ). ʇʦʜʦʙʥʘʷ ʛʠʧʦʪʝʟʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: N-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʤʦʣʝʢʫʣʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʯʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ [153];  

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ ʟʘʱʠɦʘʝʪ ʚʪʦʨʠʯʥʫ  ʁ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ ʦʪ ʜʝʩʪʨʫʢʮʠʠ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ʪʘʢʠʤʠ ʢʘʢ ʉl
- [153,154]. ʉʨʝʜʠ ʛʨʠʙʥʳʭ ʣʘʢʢʘʟ ʚʩʪʨʝʯʘʶʪʩʷ ʬʝʨʤʝʥʪʳ ʩ 

ʛʠʧʝʨʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣ: ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʫ Botrytis cinerea ʦʥʦ ʜʦʩʪʠʛʘʝʪ 49% [155], 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʱʠʪʦʡ ʬʝʨʤʝʥʪʘ ʦʪ ʪʝʧʣʦʚʦʡ ʜʝʥʘʪʫʨʘʮʠʠ. ʈʘʟʣʠʯʠʷ ʚ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʣʘʢʢʘʟ ʫ Ceriporiopsis subvermispora ʪʘʢ ʞʝ ʩʚʷʟʳʚʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʚʦʜʦʚ [156]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʙʘʟʠʜʠʘʣʴʥʳʭ ʣʘʢʢʘʟ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ [157,158], ʭʦʪʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪ ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʦ ʠ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢ, ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʣʘʢʢʘʟʳ ʛʨʠʙʘ Trametes trogii ʚ ʰʪʘʤʤʝ ʜʨʦʞʞʝʡ 

Kluyveromyces lactis, ʩ ʤʫʪʘʮʠʷʤʠ ʛʝʥʘ Ca
2+

-ATPʘʟʳ ʘʧʧʘʨʘʪʘ ɻʦʣʴʜʞʠ Klpmr1, ʢʦʜʠʨʫʶʱʝʛʦ 

ʙʝʣʦʢ ʧʫʪʝʡ ʆ- ʠ N- ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ, ʘʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʦʡ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ [159], ʘ ʫ ʜʨʦʞʞʝʡ S. 
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cerevisiae ʠ P. pastoris ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʚʳʩʪʫʧʘʶʪ ʩʠʩʪʝʤʳ ʛʠʧʝʨʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʬʦʣʜʠʥʛ ʠ ʢʪʘʣʠʪʠʯʝʩʢʠʡ 

ʮʠʢʣ ʙʝʣʢʦʚ [160]. 

ɼʣʷ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʣʘʢʢʘʟ ʭʘʨʘʢʪʝʨʥʦ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ ʜʦ 25% ʧʦ 3-10 ʩʘʡʪʘʤ ʥʘ 

ʤʦʣʝʢʫʣʫ ʙʝʣʢʘ (ʦʙʳʯʥʦ ʠʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʨʝʧʝʨʪʫʘʨʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ ʩʘʡʪʳ N-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Asn-X-Thr/Ser). ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʛʨʠʙʦʚ ʛʣʠʢʘʥʦʚʘʷ ʮʝʧʴ 

ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʚʝʪʚʣʝʥʥʳʭ, Ŭ-ʩʰʠʪʳʭ ʮʝʧʝʡ ʤʘʥʥʦʟʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʩʧʘʨʘʛʠʥʦʚʳʤ ʦʩʪʘʪʢʦʤ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ N-ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʝʭ ɓ-ʩʚʷʟʝʡ [151]. ɺ ʮʝʣʦʤ 

ʫʛʣʝʚʦʜʥʘʷ ʯʘʩʪʴ ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʤʥʦʛʠʭ ʛʨʠʙʦʚ (ʣʠʛʥʠʥ- ʠ ʤʘʨʛʘʥʝʮʧʝʨʦʢʩʠʜʘʟʳ 

ʠʟ T. versicolor ʠ C. cinereus [161]; ʣʘʢʢʘʟ r ʠʟ P. ostreatus [64]) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ N-

ʩʚʷʟʘʥʥʳʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʚʳʩʦʢʦʤʘʥʥʦʟʥʳʤʠ ʛʣʠʢʘʥʦʚʳʤʠ ʮʝʧʷʤʠ. ɻʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ 

ʙʝʣʢʦʚ ʙʳʣʦ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥʦ ʥʘ ʜʨʦʞʞʘʭ (Saccharomyces cerevisiae, Pichia pastoris) 

[162])., ʦʜʥʘʢʦ ʤʘʣʦ ʯʪʦ ʠʟʚʝʩʪʥʦ ʦʙ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʜʣʷ ʛʨʠʙʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʫ 

ʜʨʦʞʞʝʡ ʠ ʩʪʨʫʢʪʫʨʝ ʛʣʠʢʦʟʠʣʴʥʦʡ ʯʘʩʪʠ ʙʝʣʢʦʚ ʜʨʦʞʞʝʡ ʠ ʛʨʠʙʦʚ ʧʨʝʜʧʦʣʦʞʝʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʤʝʭʘʥʠʟʤʘʭ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʛʨʠʙʦʚ, ʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ  ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʣʠʛʦʩʘʭʘʨʠʜʥʦʡ ʮʝʧʠ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʩʪʨʫʢʪʫʨʳ.  

ɺ ʩʪʘʪʴʝ Wang et al. [163] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʙʠʦʛʝʥʝʟʘ 

ʣʘʢʢʘʟ ʫ ʛʨʠʙʘ ʙʝʣʦʡ ʛʥʠʣʠ Polyporus sp. PG15. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ 4 ʛʝʥʘ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʵʢʩʧʨʝʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʜʫʢʮʠʠ ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ, ʠ 17 ʛʝʥʦʚ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ. ʕʪʠ ʛʝʥʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟ ʥʘ 

ʫʨʦʚʥʝ ʤʝʪʘʙʦʣʠʟʤʘ, ʩʠʛʥʘʣʠʥʛʘ, ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʫʩʣʦʚʥʳʝ ʩʭʝʤʳ (ʚ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʨʝʛʫʣʷʮʠʠ) ʚʣʠʷʥʠʷ ʵʪʠʭ ʛʝʥʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʬʝʨʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ï ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʛʦʤʦʣʦʛʠ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʟʘ ʩʯʝʪ ʤʝʪʘʙʦʣʠʟʤʘ 

ʵʪʘʥʦʣʘ), ʤʠʦʟʠʥʘ II (ʩʠʛʥʘʣʠʥʛ ʠʦʥʦʚ ʉʘ
2+
) ʠ ɓ-ʪʨʘʥʩʜʫʮʠʥʘ (ʨʦʣʴ ʥʝ ʚʳʷʩʥʝʥʘ) (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟ ʫ 

ʙʘʟʠʜʠʦʤʠʮʝʪʘ Polyporus sp. PG15. 

 

ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʨʝʛʫʣʷʮʠʷ ʚʢʣʶʯʘʣʘ ʫʯʘʩʪʠʝ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ N-ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ 

(ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʨʝʧʨʝʩʩʦʨ), ʤʘʥʥʦʟʦ-6-ʬʦʩʬʘʪʘʟʫ; ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʤʝʪʘʙʦʣʠʟʤʝ - ʫʙʠʢʚʠʪʠʥʘ (ʜʝʛʨʘʜʘʮʠʷ ʙʝʣʢʘ); ʧʦʨʬʦʙʠʣʠʥʦʛʝʥ-ʩʠʥʪʘʟ,r 

NIPSNAP ʙʝʣʢʘ ʠ MAP-ʢʠʥʘʟ r (ʫʯʘʩʪʠʝ ʚ ʩʠʛʥʘʣʠʥʛʝ ʠ ʨʝʛʫʣʷʮʠʠ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ 

ʩʪʨʝʩʩ) (ʨʠʩ. 6).  

 

ʈʠʩ. 6. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟ ʫ  

ʙʘʟʠʜʠʦʤʠʮʝʪʘ Polyporus sp. PG15. LiP ï ʣʠʛʥʠʥʧʝʨʦʢʩʠʜʘʟʘ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʩʭʝʤʳ ʦʩʪʘʚʣʷʶʪ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʷʚʣʝʥʠʝʤ ʧʨʷʤʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʦʚ ʬʦʣʜʠʥʛʘ (ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ ʤʝʜʠ) ʠ ʩʝʢʨʝʮʠʠ ʣʘʢʢʘʟ, ʘ 

ʪʘʢʞʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʣʘʢʢʘʟ.  
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1.3. ʈʦʣʴ ʙʘʟʠʜʠʘʣʴʥʳʭ ʣʘʢʢʘʟ ʚ ʧʨʦʮʝʩʩʘʭ ʣʠʛʥʠʥʦʣʠʟʘ ʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʠʙʦʚ 

1.3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʨʦʜʘ Trametes 

ɹʘʟʠʜʠʘʣʴʥʳʝ ʛʨʠʙʳ ʠʛʨʘʶʪ ʦʩʦʙʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ, ʷʚʣʷʷʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʠʤʙʠʦʥʪʘʤʠ-ʵʥʜʦʬʠʪʘʤʠ, ʦʙʠʪʘʶʱʠʤʠ ʥʘ ʢʦʨʥʷʭ, ʣʠʩʪʴʷʭ ʠ ʭʚʦʝ ʨʘʩʪʝʥʠʡ, ʧʘʨʘʟʠʪʘʤʠ ʠ 

ʧʘʪʦʛʝʥʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʠʣʠ ʩʘʧʨʦʪʨʦʬʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʜʝʩʪʨʫʢʮʠʶ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʜʦ ʧʨʦʩʪʳʭ ʩʘʭʘʨʦʚ, ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʠ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ 

ʧʦʯʚʳ. ʇʦʩʣʝʜʥʝʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʥʘ ɿʝʤʣʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʣʝʩʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ, ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʦʪʤʠʨʘʥʠʠ ʜʝʨʝʚʴʝʚ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʘʤʝʥʪʘʨʥʳʭ ʛʨʠʙʦʚ-ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ ʠʣʠ ʙʫʨʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ. ʃʠʛʥʠʥ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʛʘʪʳʤ ʵʥʝʨʛʠʝʡ ʤʘʪʝʨʠʘʣʦʤ, ʥʦ ʦʥ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ, ʝʛʦ ʜʝʛʨʘʜʘʮʠʷ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʨʝʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ ʛʣʶʢʦʟʳ ʠʣʠ ʮʝʣʣʶʣʦʟʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʛʨʘʜʘʮʠʷ 

ʣʠʛʥʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʚ ʩʨʝʜʝ 

ʦʙʠʪʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʥʳ ʠʩʪʦʯʥʠʢʠ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠʣʠ ʩʝʨʳ [164]. ʈʘʟʣʦʞʝʥʠʝ 

ʣʠʛʥʠʥʘ ï ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʳʡ, ʠ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʙʠʦʜʝʛʨʘʜʘʮʠʶ 

ʣʠʛʥʠʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʛʨʠʙʦʚ ʙʝʣʦʡ ʛʥʠʣʠ. ʂʦʨʪʠʢʦʠʜʥʳʝ 

ʙʘʟʠʜʠʦʤʠʮʝʪʳ ï ʦʩʥʦʚʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʨʘʟʣʘʛʘʶʱʠʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʢʘʢ 

ʤʷʛʢʠʭ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ, ʪʘʢ ʠ  ʣʠʩʪʚʝʥʥʳʭ ʜʝʨʝʚʴʝʚ, ʚʢʣʶʯʘʷ ʛʝʪʝʨʦʧʦʣʠʤʝʨʥʳʝ 

ʤʦʣʝʢʫʣʳ ʣʠʛʥʠʥʘ [15,16]. ʇʨʠ ʵʪʦʤ ʦʥʠ ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʘʪʴ ʉŬ-Cɓ, ɓ-ʘʨʠʣ, C1 -CŬ- ʩʚʷʟʠ, 

ʚʢʣʶʯʘʷ ʜʝʛʨʘʜʘʮʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ [165,166]. 

ʇʦʣʠʧʦʨʦʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ ʛʨʫʧʧʫ ʘʛʘʨʠʢʦʤʠʮʝʪʦʚ, ʚʢʣʶʯʘʶʱʫʶ 

ʧʦʨʷʜʢʘ 1800 ʦʧʠʩʘʥʥʳʭ ʚʠʜʦʚ [167]. ʆʥʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʮʠʢʣ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʨʦʜʝ, ʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ ï 

ʩʘʤʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʜʝʩʪʨʫʢʪʦʨʳ ʧʦʣʠʤʝʨʦʚ ʣʠʛʥʠʥʘ ʚ ʙʠʦʩʬʝʨʝ [11].  

ɻʨʠʙʳ ʨʦʜʘ Trametes ʷʚʣʷʶʪʩʷ ʢʩʠʣʦʪʨʦʬʥʳʤʠ ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ ï ʚʦʟʙʫʜʠʪʝʣʷʤʠ 

ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʣʠʛʥʦʣʠʪʠʯʝʩʢʦʛʦ, ʮʝʣʣʫʣʦʣʠʪʠʯʝʩʢʦʛʦ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʢʘʢ ʪʨʫʜʥʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʤʝʨʳ (ʮʝʣʣʶʣʦʟʘ, 

ʣʠʛʥʠʥ), ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʢʩʝʥʦʙʠʦʪʠʢʠ [168,169]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʠʙʳ ʵʪʦʛʦ ʨʦʜʘ ʦʙʣʘʜʘʶʪ 

ʢʨʘʡʥʝ ʚʳʩʦʢʠʤ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʨʝʜʠ ʨʦʜʦʚ Pycnoporus, Polyporus, Schizophyllum, Ganoderma, Trametes, Stereum, Inonotus, 

Phelinus, Fomes, Daedalea, Trichaptum, Steccherium, Poria, Chondrostereum, Merulius, Irpex, 
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Hexagonia, Ischnoderma, Fomitopsis ʠ Cerrena ʤʘʢʩʠʤʘʣʴʥʳʤ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʘ ʰʪʘʤʤʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʦʜʫ Trametes: T. maxima ʠ T. villosa [170]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʦʩʥʦʚʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʫʣʴʪʠʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʨʠʙʦʚ ʨʦʜʘ Trametes: ʧʦʣʠʤʝʜʥʳʭ 

ʦʢʩʠʜʘʟ, ʛʝʤʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʢʩʠʜʘʟ ʠ ʜʨ. ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʯʘʩʪʠʯʥʦ ʘʥʥʦʪʠʨʦʚʘʥʥʳʡ ʛʝʥʦʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʨʦʜʘ Trametes ï T. versicolor, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʨʦʜʘ Phanerochaete ʠʭ 3,  ʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʨʦʞʞʝʡ ï ʙʦʣʝʝ 

ʪʨʝʭ ʜʝʩʷʪʢʦʚ (http://genome.jgi.doe.gov). 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʙʘʟʠʜʠʘʣʴʥʳʤʠ ʛʨʠʙʘʤʠ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʩʦʩʪʘʚʦʤ ʠʭ ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʀʭ ʚʳʩʦʢʠʡ 

ʜʝʛʨʘʜʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʛʨʠʙʦʚ ʜʣʷ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ (ʫʛʦʣʴ, ʣʠʛʥʠʥ, ʣʠʛʥʦʮʝʣʣʶʣʦʟʘ ʠ ʪ.ʜ.) ʠ 

ʢʩʝʥʦʙʠʦʪʠʢʦʚ (ʘʟʦʢʨʘʩʠʪʝʣʠ, ʧʝʩʪʠʮʠʜʳ ʠ ʜʨ.). ɻʨʠʙʳ ʨʦʜʘ Trametes ʫʩʪʦʡʯʠʚʳ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ ʩʨʝʜʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʥʘʜʝʣʷʝʪ ʠʭ 

ʧʦʪʝʥʮʠʘʣʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʠ ʜʨʫʛʠʤʠ ʢʩʝʥʦʙʠʦʪʠʢʘʤʠ. ʅʘʧʨʠʤʝʨ, T. versicolor ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʠʦʥʘʤ Cd, Zn, Ni, Co, Cr, Mo, Pb, Hg ʠ Sn [171]. ʇʨʠ ʵʪʦʤ ʧʦʛʣʦʱʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʘʢʪʠʚʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʤʝʪʘʣʣʦʚ ʚ ʢʣʝʪʢʠ [172ï174]. ʇʨʦʜʫʢʮʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ ʠ 

ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʫʨʦʚʥʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʠʭ ʚʥʝʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʧʦʩʦʙʥʦʩʪʴ ʛʨʠʙʦʚ 

ʙʝʣʦʡ ʛʥʠʣʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʠ ʥʘʢʘʧʣʠʚʘʪʴ ʤʝʪʘʣʣʳ, ʘ ʪʘʢ ʞʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʮʝʣʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʙʘʟʠʜʠʦʤʠʮʝʪʳ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʦʪʜʝʣʴʥʳʭ ʠʦʥʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʠ ʦʯʠʩʪʢʝ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʨʝʜ [175,176]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʠʙʳ ʨʦʜʘ Trametes ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʣʠʰʴ ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʢʩʝʥʦʙʠʦʪʠʢʦʚ. ʈʘʩʰʠʨʝʥʠʝ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʛʨʠʙʦʚ ʨʦʜʘ Trametes, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʪʝʭʥʦʣʦʛʠʷʭ çʟʝʣʝʥʦʡ ʭʠʤʠʠè, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʦʜʦʣʞʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʠʟʠʦʣʦʛʠʠ, ʙʠʦʭʠʤʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ. 

ʉʣʦʞʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʝʥʦʤʘ, ʧʨʦʪʝʦʤʘ ʠ ʩʝʢʨʝʪʦʤʘ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʠʦʩʠʥʪʝʟ ʠ ʩʝʢʨʝʮʠʶ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʫ ʩʣʦʞʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʷ ʥʘ ʚʳʭʦʜʝ ʫʞʝ ʛʦʪʦʚʳʡ, ʧʦʣʥʦʩʪʴʶ 

ʬʦʣʜʠʨʦʚʘʥʥʳʡ ʠ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʡ ʙʝʣʦʢ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. 
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ʆʜʥʘʢʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʮʝʥʪʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʥʠʝ ʤʫʪʘʥʪʥʳʭ ʰʪʘʤʤʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʵʢʩʧʨʝʩʩʠʦʥʥʳʭ (ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ) 

ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ 

ʟʥʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʛʝʥʦʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʠ ʨʝʛʫʣʷʮʠʠ 

ʮʝʣʝʚʳʭ ʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʘʢʢʘʟʳ ʠ ʛʝʤ-ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʦʢʩʠʜʘʟʳ. 

1.3.2. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʘʢʢʘʟ 

ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʨʠʙʳ-ʚʦʟʙʫʜʠʪʝʣʠ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ ʧʨʦʜʫʮʠʨʫʶʪ ʣʘʢʢʘʟʳ 

[177,178]. ʀʟʦʬʝʨʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʋʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʪʘʢ ʞʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʰʪʘʤʤʦʚʫʶ ʠ ʚʠʜʦʚʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ. ɻʨʠʙʳ ʨʦʜʘ Trametes ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʦʢʩʠʜʘʟ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʣʘʢʢʘʟ ʩʨʝʜʠ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ-ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ 

ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ. ʀʭ ʠʟʫʯʝʥʠʶ, ʩʚʷʟʘʥʥʦʤʫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ Trametes, ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ [179,180]. ʇʦ 

ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ [181] ʣʘʢʢʘʟ r - ʦʜʥʠ ʠʟ ʦʩʥʦʚʥʳʭ ʬʝʨʤʝʥʪʦʚ ʣʠʛʥʦʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʘʥʥʦʛʦ ʨʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʳʝ ʬʝʥʦʣʦʢʩʠʜʘʟʳ ʛʨʠʙʦʚ ʙʝʣʦʡ ʛʥʠʣʠ 

ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʘʢʪʠʚʘʮʠʠ ʠ ʰʠʨʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʬʝʥʦʣʴʥʳʤ ʩʫʙʩʪʨʘʪʘʤ. ɹʦʣʝʝ ʪʦʛʦ, ʣʘʢʢʘʟʳ ʛʨʠʙʦʚ ʨʦʜʘ Trametes ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʤ ʠʦʥʘ ʤʝʜʠ ʊɯ ʮʝʥʪʨʘ ʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ 

(ʚʳʰʝ 710 ʤɺ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʚʦʜʦʨʦʜʥʦʤʫ ʵʣʝʢʪʨʦʜʫ) [178,182,183], ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʠʩʣʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʥʠʟʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠʦʥʠʟʘʮʠʠ [184]. 

ʃʘʢʢʘʟʳ ʦʢʠʩʣʷʶʪ ʬʝʥʦʣʴʥʳʝ ʤʦʥʦʤʝʨʳ ʣʠʛʥʠʥʘ ʜʦ ʬʝʥʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʨʠʩ. 7), 

ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʨʝʘʢʮʠʠ ʜʝʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʣʠʛʥʠʥʘ ʠ 

ʤʝʪʦʢʩʠʬʝʥʦʣʴʥʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʥʦʥʦʚ ʠʣʠ ʦʣʠʛʦʤʝʨʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ [22]. ʆʜʠʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ [185], ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 4 ʵʣʝʢʪʨʦʥʘ ʧʝʨʝʜʘʶʪʩʷ ʦʪ ʬʝʥʦʣʴʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ (Phe-OH).  

1. Laccase-red + O2 Ÿ Laccase-OïOïH 

2. Laccase-OïOïH + 2 H
+
 Ÿ Laccase-OH-native + H2O 

3. Laccase-OH-native Ÿ Laccase-OH-resting 

4. Laccase-OH-resting + 4 Phe-OH Ÿ Laccase-red + 4 Phe-O
Å
 + H2O 

ʈʠʩ. 7. ʆʙʱʘʷ ʩʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʣʘʢʢʘʟ [2].  
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ʃʘʢʢʘʟʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʟʣʠʯʥʳʤ ʩʫʙʩʪʨʘʪʘʤ, ʧʨʠʯʝʤ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʣʘʢʢʘʟ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʧʝʢʪʨ ʧʨʠʨʦʜʥʳʭ ʝʝ ʩʫʙʩʪʨʘʪʦʚ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ. ɹʦʣʝʝ ʪʦʛʦ, 

ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʝʥʦʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʣʘʢʢʘʟ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʪʘʢʦʚʦʡ ʫ ʪʠʨʦʟʠʥʘʟ. ʆʪʩʫʪʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʥʘ ʪʠʨʦʟʠʥ ʦʪʣʠʯʘʝʪ ʣʘʢʢʘʟʳ ʦʪ 

ʧʦʩʣʝʜʥʠʭ, ʪʘʢʞʝ ʢʘʢ ʠ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ. 

ʇʦ ʩʪʨʫʢʪʫʨʝ ʣʘʢʢʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʫʥʠʢʘʣʴʥʦʛʦ ʧʦ ʩʪʨʦʝʥʠʶ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʘʥʩʘʤʙʣʴ ʠʟ ʯʝʪʳʨʝʭ ʠʦʥʦʚ ʤʝʜʠ: ʦʜʥʦʛʦ ʠʦʥʘ ʤʝʜʠ ʧʝʨʚʦʛʦ ʪʠʧʘ 

(ʊ1 ʠʣʠ çʛʦʣʫʙʦʛʦè ʮʝʥʪʨʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 600 ʥʤ ʠ ʜʝʪʝʢʮʠʝʡ ʚ ʕʇʈ 

ʩʧʝʢʪʨʘʭ), ʦʜʥʦʛʦ ʠʦʥʘ ʤʝʜʠ ʚʪʦʨʦʛʦ ʪʠʧʘ (ʊ2, ʜʝʪʝʢʪʠʨʫʝʤʳʡ ʚ ʕʇʈ ʩʧʝʢʪʨʘʭ) ʠ ʜʚʫʭ ʠʦʥʦʚ 

ʤʝʜʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʊ3, ʙʠʷʜʝʨʥʳʡ ʮʝʥʪʨ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʧʨʠ 330 ʥʤ). ʊ2 ʠ ʊ3 ʮʝʥʪʨʳ 

ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʤʝʜʥʳʡ ʢʣʘʩʪʝʨ. ɼʚʘ ʛʠʩʪʠʜʠʥʘ ʠ ʦʜʠʥ ʮʠʩʪʝʠʥ ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʤʝʜʠ T1 ʮʝʥʪʨʘ ʠ ʚʦʩʝʤʴ ʛʠʩʪʠʜʠʥʦʚ ʩʚʷʟʳʚʘʶʪ ʠʦʥʳ ʤʝʜʠ ʚ T2/T3 ʢʣʘʩʪʝʨʝ. 

ʄʦʥʦʥʫʢʣʝʘʨʥʳʡ T1 ʮʝʥʪʨ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ çʧʨʠʝʤʥʠʢʦʤè ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʩʫʙʩʪʨʘʪʘ, 

ʜʘʣʝʝ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ T2/T3 ʢʣʘʩʪʝʨ, ʷʚʣʷʶʱʠʡʩʷ ʤʝʩʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʜʦ ʚʦʜʳ [186,187]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʨʠʙʥʳʭ ʣʘʢʢʘʟ 

ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 4 ʢʦʥʩʝʥʩʫʩʥʳʭ ʨʝʛʠʦʥʘ L1-L4, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʘʢʢʘʟ 

ʠ ʦʪʣʠʯʘʶʱʠʭ ʠʭ ʦʪ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʇʄʆ [188]. ɼʚʝʥʘʜʮʘʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʬʝʨʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʠʦʥʦʚ ʤʝʜʠ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʯʝʪʳʨʝʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʠʟ ʢʦʪʦʨʳʭ L2 ʠ L4 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʠʦʥʳ ʤʝʜʠ ʫ ʥʝʩʢʦʣʴʢʠʭ ʇʄʆ, ʘ 

L1 ʠ L3 ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʣʷ ʣʘʢʢʘʟ [188] (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2. ʂʦʥʩʝʥʩʫʩʥʳʝ ʨʝʛʠʦʥʳ ʛʨʠʙʥʳʭ ʣʘʢʢʘʟ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʤʝʜʴ-ʩʚʷʟʳʚʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  

ʊʠʧ I G-X-(FYW)-X-(LIVMFYW) -X-(CST)-X8-G-(LM)-X3-(LIVMFYW)  

ʊʠʧ II  H-C-H-X3-H-X3-(AG)-(LM)  

ʂʦʥʩʝʥʩʫʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʘʢʢʘʟ 

L1 H-W-H-G-X9-D-G-X5-QCPI 

L2 G-T-X-W-Y-H-S-H-X3-Q-Y-C-X-D-G-L-X-G-X-(FLIM)  

L3 H-P-X-H-L-H-G-H 

L4 G-(PA)-W-X-(LFV)-HCHI-DAE-X-H-X3-G-(LMF)-X3-(LFM)  
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ʕʪʠ ʦʙʣʘʩʪʠ (L1 ʠ L3) ʩʦʜʝʨʞʘʪ 4 (6) ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʠʦʥʘʤʠ ʤʝʜʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʘʤʠʥʦʢʠʩʣʦʪ ʦʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʮʠʩʪʝʠʥʘ ʚ ʦʙʣʘʩʪʠ L4, 

ʣʘʢʢʘʟʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʛʨʫʧʧʳ: 1 (ʦʩʪʘʪʦʢ ï ʤʝʪʠʦʥʠʥ, Met), 2 (ʦʩʪʘʪʦʚ ï ʣʝʡʮʠʥ, Leu), 

ʠ 3 (ʦʩʪʘʪʦʢ ï ʬʝʥʠʣʘʣʘʥʠʥ, Phe)  [188]. ʕʪʦʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ (ʯʝʪʚʝʨʪʳʡ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʡ ʘʢʩʠʘʣʴʥʳʡ ʣʠʛʘʥʜ ʊ1 ʤʝʜʥʦʛʦ ʮʝʥʪʨʘ), ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʤʝʜʠ ʊ1 ʚ ʘʢʪʠʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ [154,189]: ʥʘʣʠʯʠʝ Phe 

ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʊ1 

ʮʝʥʪʨʘ ʚ ʣʘʢʢʘʟʘʭ ʛʨʠʙʦʚ [190], ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʘ. 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 5 ʦʙʣʘʩʪʷʭ (ʧʝʪʣʷʭ) ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʦʙʨʘʟʫʶʱʠʭ ʩʫʙʩʪʨʘʪ 

ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʨʤʘʥ ʣʘʢʢʘʟ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩʫʙʩʪʨʘʪʘ. ʇʨʠʯʝʤ,  

ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ Trametes sp., ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʚʦʠʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʠ ʩʪʨʦʝʥʠʶ ʩʫʙʩʪʨʘʪ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʢʘʨʤʘʥʘ, ʠʤʝʶʪ ʠ ʨʘʟʣʠʯʥʫʶ ʩʫʙʩʪʨʘʪʥʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ [191,192]. 

ʄʦʜʠʬʠʢʘʮʠʷ ʣʠʛʥʠʥʘ ʣʘʢʢʘʟʘʤʠ ʤʦʞʝʪ ʠʜʪʠ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠ ̫ʣʘʢʢʘʟʘʤʠ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʛʥʠʥʘ, ʘ ʪʘʢʞʝ 

ʩʪʝʧʝʥʴ ʠʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʤʝʥʪʘ [33,193,194]. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʣʘʢʢʘʟʘʤʠ ʛʨʠʙʦʚ  

Trametes villosa ʠ Myceliophthora thermophile ʚʘʥʠʣʠʥʦʚʦʛʦ ʩʧʠʨʪʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧʳ ʧʨʦʜʫʢʪʦʚ: 5-5ǋ ʠ 5-O-4ǋ ʜʠʤʝʨʳ ʧʨʠ ʨʅ 5,0 ʠ 7,5 [193]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʟʘʚʠʩʝʣʦ ʦʪ ʨʅ ʩʨʝʜʳ ï ʦʙʨʘʟʦʚʘʥʠʝ 5-5ǋ 

ʜʠʤʝʨʦʚ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʝʝ ʢʠʩʣʳʭ ʟʥʘʯʝʥʠʡ ʨʅ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʠʭ 

ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ. ɸ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʣʘʢʢʘʟʦʡ Trametes versicolor ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ 5,2 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʥʠʣʠʥʘ ʠ 4,4ǋ-ʛʠʜʨʦʢʩʠ-3,3ǋ-ʜʠʤʝʪʦʢʩʠ ʙʝʥʟʦʬʝʥʦʥʘ [195]. 

ɺʦʟʤʦʞʥʦ, ʤʦʜʠʬʠʢʘʮʠʷ ʣʠʛʥʠʥʘ ʣʘʢʢʘʟʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʧʦ ʠʟʦʬʝʨʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʘʟʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.  

1.3.3. ʉʚʷʟʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʣʘʢʢʘʟ, 

ʢʦʜʠʨʫʝʤʳʭ ʤʫʣʴʪʠʛʝʥʥʳʤ ʩʝʤʝʡʩʪʚʦʤ  

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʣʘʢʢʘʟʳ ʩʯʠʪʘʣʠʩʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ 

ʣʠʛʥʦʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʭ ʛʝʥʦʚ ʫ P. chrysosporium ï ʤʦʜʝʣʴʥʦʛʦ 

ʦʨʛʘʥʠʟʤʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʣʠʛʥʠʥʘ ʧʦ ʪʠʧʫ ʙʝʣʦʡ ʛʥʠʣʠ: ʜʣʷ 
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P.chrysosporium ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʵʢʩʧʨʝʩʩʠʷ ʦʜʥʦʡ ʬʝʨʨʝʜʦʢʩʠʜʘʟʳ Fet3-ʪʠʧʘ ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʇʄʆ [4,39]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʤʥʦʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪʤʝʯʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʝʥʦʤʘʭ ʤʫʣʴʪʠʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʢʦʜʠʨʫʶʱʠʭ ʣʘʢʢʘʟʳ, ʘ ʪʘʢ ʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʨʦʚʥʠ ʧʨʦʜʫʢʮʠʠ ʠʟʦʬʝʨʤʝʥʪʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʛʨʠʙʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʧʨʠʤʝʨ, ʩʘʧʨʦʪʨʦʬʥʳʡ ʛʨʠʙ ʉ. cinerea ʦʙʣʘʜʘʝʪ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 17 ʨʘʟʣʠʯʥʳʤʠ  

ʛʝʥʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʜʚʫʤ ʵʚʦʣʶʮʠʦʥʥʳʤ ʚʝʪʚʷʤ ʣʘʢʢʘʟ [196]. ɻʝʥʦʤ ʛʨʠʙʘ Laccaria 

bicolor ʩʦʜʝʨʞʠʪ 9 ʣʘʢʢʘʟ ʠʟ 11 ʛʝʥʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʇʄʆ [53], ʘ ʜʣʷ ʙʘʟʠʜʠʦʤʠʮʝʪʘ ʙʝʣʦʡ 

ʛʥʠʣʠ Pleurotus ostreatus ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ 12 ʛʝʥʦʚ ʣʘʢʢʘʟ sensu stricto [62]. ɺ ʮʝʣʦʤ ʜʣʷ 

ʨʦʜʦʚ ʵʬʬʝʢʪʠʚʥʳʭ ʣʠʛʥʦʣʠʪʠʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʨʠʙʦʚ-ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ 

ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ, ʪʘʢʠʭ ʢʘʢ Pleurotus [61,197] ʠ Trametes [198,199], ʭʘʨʘʢʪʝʨʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ 

ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ ʣʘʢʢʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʦʩʪʘ, ʘ ʪʘʢ ʞʝ ʧʨʦʜʫʢʮʠʷ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʠʟʦʬʦʨʤ ʣʘʢʢʘʟ [2]. ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʣʘʢʢʘʟ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʘʨʦʣʦʛʠ ʙʘʟʠʜʠʘʣʴʥʳʭ ʣʘʢʢʘʟ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʬʫʥʢʮʠʷʤ [31,60,200]. ʇʦʜʦʙʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʨʝʜʠ ʣʘʢʢʘʟ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ ʜʫʧʣʠʢʘʮʠʠ-ʜʠʚʝʨʛʝʥʮʠʠ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ [201]. 

ʇʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʣʘʢʢʘʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʢʠʩʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʩʧʝʢʪʨ ʩʫʙʩʪʨʘʪʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʜʠʘʪʦʨʦʚ - 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ [202]. ʇʨʦʚʝʜʝʥʥʳʡ ʨʷʜʦʤ ʘʚʪʦʨʦʚ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ ʧʦʢʘʟʘʣ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʣʘʩʪʝʨʘʤ, ʧʨʠ ʵʪʦʤ ʬʝʨʤʝʥʪʳ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʱʥʦʩʪʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʥʘʡʜʝʥʥʳʝ ʫ ʘʩʢʦʤʠʮʝʪʦʚ 

ʠ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʚʳʧʦʣʥʷʶʪ ʩʭʦʞʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [30,31,158].  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʧʳʪʢʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʛʨʠʙʥʳʭ ʣʘʢʢʘʟ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʧʦʜʩʝʤʝʡʩʪʚʘ ʚʥʫʪʨʠ ʩʝʤʝʡʩʪʚʘ ʣʘʢʢʘʟ sensu stricto [31]. ɺ ʙʦʣʝʝ ʦʙʰʠʨʥʦʝ ʧʦʜʩʝʤʝʡʩʪʚʦ 1, 

ʚʭʦʜʠʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʣʘʢʢʘʟ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ 

ʬʝʨʤʝʥʪʦʚ S. commune. ʇʦʜʩʝʤʝʡʩʪʚʦ 2 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝʛʦ 3 ʬʝʨʤʝʥʪʘ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ï 

Lcc16 ʠ Lcc17 ʠʟ ʛʨʠʙʘ C.cinerea, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ. 

ʇʦʜʩʝʤʝʡʩʪʚʦ 1 ʪʘʢ ʞʝ ʨʘʟʜʝʣʝʥʦ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ, ʧʨʠʯʝʤ ʚʢʣʶʯʝʥʠʝ ʚ ʘʥʘʣʠʟ ʣʘʢʢʘʟ 

ʠʟ ʛʨʠʙʦʚ-ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʳ ʧʨʠʚʦʜʠʣʦ ʢ ʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʧʦʜʩʝʤʝʡʩʪʚʘ 1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʛʨʘʜʠʨʫʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʜʨʝʚʝʩʥʳʝ, ʩʦʣʦʤʘ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ) [31]. ʊʘʢ ʜʣ ̫ ʛʨʠʙʦʚ ʨʦʜʘ Trametes ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʠʥʜʫʢʮʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʟʦʬʝʨʤʝʥʪʦʚ ʣʘʢʢʘʟ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʦʩʪʘ ʧʨʦʜʫʢʪʘʤʠ ʜʝʛʨʘʜʘʮʠʠ 

ʣʠʛʥʠʥʘ (ʥʘʧʨ. ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʘ), ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʜʨʫʛʠʝ ʛʝʥʳ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠʩʴ ʥʘ 

ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ [31]. ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 10 ʣʘʢʢʘʟ T. versicolor 
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(ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 68-99%), ʟʘʙʘʥʢʠʨʦʚʘʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Genebank, 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ 4 ʥʝʟʘʚʠʩʠʤʳʭ ʢʣʘʩʪʝʨʘ [199]. ʇʦʟʞʝ ʚ ʨʘʙʦʪʝ [158] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʘʢʢʘʟʳ T. versicolor ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʦ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ 

ʢʣʘʩʪʝʨʘʤ, ʥʝ ʪʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʩʪʨʦʝʥʠʶ ʩʫʙʩʪʨʘʪ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʢʘʨʤʘʥʘ, ʥʦ ʪʘʢʞʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʩʫʙʩʪʨʘʪʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ [203]. 

ʆʙʳʯʥʦ, ʙʘʟʠʜʠʦʤʠʮʝʪʳ ʧʨʦʜʫʮʠʨʫʶʪ ʦʩʥʦʚʥʫʶ ʢʦʥʩʪʠʪʫʪʠʚʥʫ ʁ ʬʦʨʤʫ ʬʝʨʤʝʥʪʘ, 

ʢʦʪʦʨʘʷ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʧʨʠ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʨʫʛʠʝ 

ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ ʠʥʜʫʮʠʨʫʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʜʫʢʪʦʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟ ʪʨʝʭ ʠʟʦʬʝʨʤʝʥʪʦʚ ʙʘʟʠʜʠʦʤʠʮʝʪʘ 

Trametes sp. AH28-2, ʣʘʢʢʘʟʘ LacA ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ 

ʠʥʜʫʢʪʦʨʦʚ, LacB ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʠʥʜʫʮʠʨʫʝʪʩʷ 3,5-ʜʠʛʠʜʨʦʢʩʠʪʦʣʫʦʣʦʤ, LacC ʥʝ 

ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʜʫʢʪʦʨʦʚ, ʥʦ ʝʝ ʵʢʩʧʨʝʩʩʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 

ʢʦ-ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʘʩʢʦʤʠʮʝʪʦʤ Trichoderma sp. ZH1 [80,204]. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʣʘʢʢʘʟ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ [205ï

208].  

ɹʘʟʠʜʠʦʤʠʮʝʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠ 

ʩʦʩʪʘʚʫ ʩʝʤʝʡʩʪʚʘ ʧʦʣʠʤʝʜʥʳʭ ʦʢʩʠʜʘʟ. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʝʡ ʠ 

ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʦʧʨʦʚʝʨʞʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ 

ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʫʧʝ ʩ 

ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʤʠ ʠ ʧʨʦʪʝʦʤʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, 

ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʦʪʜʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʣʘʢʢʘʟʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʥʫʪʨʠ ʤʫʣʴʪʠʛʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʇʄʆ ʠ ʣʘʢʢʘʟ ʚ ʯʘʩʪʥʦʩʪʠ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʙʠʦʛʝʥʝʟʘ ʣʘʢʢʘʟ ʫ ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ. ʆʪʜʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ (ʙʝʣʢʠ ʩʝʢʨʝʪʦʨʥʦʛʦ ʧʫʪʠ, 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʰʘʧʝʨʦʥʳ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʧʨʦʯ.), ʥʦ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʦʙʱʫʶ 

ʢʘʨʪʠʥʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʚʦʟʤʦʞʥʦ. ʄʫʣʴʪʠʛʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʣʘʢʢʘʟ ʦʙʣʘʜʘʝʪ ʪʦʥʢʦʡ 

ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʷʮʠʠ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ ʠ ʧʨʦʜʫʢʮʠʠ ʠʟʦʬʝʨʤʝʥʪʦʚ ʠ ʠʟʦʬʦʨʤ. 

ʏʝʪʢʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʙʠʦʛʝʥʝʟʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʟʣʠʯʥʳʭ cis-ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʩʠʩʪʝʤʳ 
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ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʩʝʢʨʝʮʠʠ ʛʦʪʦʚʦʡ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʘʣʠʟʘʮʠʶ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʬʝʨʤʝʥʪʘ ʫ ʛʨʠʙʦʚ.  
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ɻʣʘʚʘ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1. ʐʪʘʤʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ (ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ) 

 ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪhʘʤʤ-ʧʨʦʜʫʮʝʥʪ ʣʘʢʢʘʟʳ Trametes hirsuta 072 (Trametes 

hirsuta (Wulfen) Pilat, 1939) ʩʝʤʝʡʩʪʚʘ Polyporaceae ʠʟ ʢʦʣʣʝʢʮʠʠ ʢʫʣʴʪʫʨ ʌɻɹʋʅ 

ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ʃ. ʂʦʤʘʨʦʚʘ ʈɸʅ (ʃɽɹʀʅ) [209]. 

2.2. ʈʝʘʛʝʥʪʳ 

¶ ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʨʝʘʢʪʠʚʳ ʠʤʝʣʠ ʯʠʩʪʦʪʫ çʭʯè, çʦʩʯè ʠ çAnalyticalgradeè.  

¶ ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʟʠʜʠʦʤʠʮʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʪʠʚʳ: ʛʣʶʢʦʟʘ, 

ʧʝʧʪʦʥ, ʂʅ2ʈʆ4, ZnSO4Ĭ7H2O, ʂ2ʅʈʆ4, FeSO4Ĭ7H2O, MnSO4, MgSO4Ĭ7H2O, CuSO4 ʠ CaCl2; 

¶ ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ ʬʠʨʤ Merck (ɻʝʨʤʘʥʠʷ); Sigma (ʉʐɸ); 

¶ ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

ʧʠʨʦʢʘʪʝʭʠʥ, ʩʠʨʠʥʛʘʣʜʘʟʠʥ, MnSO4 ʠ ʚʝʨʘʪʨʦʚʳʡ ʩʧʠʨʪ (Sigma, ʉʐɸ); 

¶ ʈʝʘʢʪʠʚʳ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʠ ʦʩʘʞʜʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ï 

ʪʨʠʭʣʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (Sigma, ʉʐɸ), ʘʮʝʪʦʥ (ʍʠʤʤʝʜ, ʈʦʩʩʠʷ), ʤʝʪʘʥʦʣ, ʭʣʦʨʦʬʦʨʤ 

(ʍʠʤʤʝʜ, ʈʦʩʩʠʷ),Tris-HCl (Merck, ɻʝʨʤʘʥʠʷ), ʕɼʊɸ (Sigma, ʉʐɸ); 

¶ ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʦʙʨʘʟʮʘʭ ï Coomassie protein assay reagent 

(Pierce, ʉʐɸ); 

¶ ʈʝʘʢʪʠʚʳ ʜʣʷ ʙʝʣʢʦʚʳʭ ʵʣʝʢʪʨʦʬʦʨʝʟʦʚ ʠ ʠʟʦʵʣʝʢʪʨʦʬʦʢʫʩʠʨʦʚʘʥʠʷ ʬʠʨʤ ˈ Sigma 

(ʉʐɸ),GEHealthcare (ʉʐɸ), ServaElecrtrophoresis (ɻʝʨʤʘʥʠʷ); Applichem (ɻʝʨʤʘʥʠʷ),BioRad 

(ʉʐɸ); 

¶ ʈʝʘʢʪʠʚʳ ʜʣʷ ʦʢʨʘʩʢʠ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤ ï ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, 

ʬʦʨʤʘʣʴʜʝʛʠʜ, Brilliant BlueR staining Solution (Sigma, ʉʐɸ); ʩʝʨʝʙʨʦ ʘʟʦʪʥʦʢʠʩʣʦʝ 

(ʍʠʤʤʝʜ, ʈʦʩʩʠʷ); 

¶ ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠNH4HCO3 

(Sigma, ʉʐɸ), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʠʧʩʠʥʘ (Promega, ʉʐɸ), 2,5-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ (Aldrich, ʉʐɸ) ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (Sigma, ʉʐɸ); 

¶ ɹʝʣʢʦʚʳʝ ʤʘʨʢʝʨʳ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʬʠʨʤ ˈBioRad (ʉʐɸ) ʠ Fermentas (ʉʐɸ) 

PageRulerÊ Prestained Protein Ladder; 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʠʤʝʥʷʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ ʠ ʥʘʙʦʨʳ: 

¶ ʈʝʘʢʪʠʚ TRIzolReagent (TriPureIsolationReagent) ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʬʠʨʤʳ 

Invitrogen (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ QIAGEN RNeasyMinEluteCleanupKit (Qiagen, USA); 

¶ ʉʠʥʪʝʟ ʧʝʨʚʦʡ ʮʝʧʠ ʢɼʅʂ ʥʘ ʈʅʂ-ʤʘʪʨʠʮʝ - ʥʘʙʦʨ MMLV RT KIT (ɽʚʨʦʛʝʥ); 
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¶ ɼʣʷ ʧʨʦʮʝʜʫʨʳ ʩʫʧʨʝʩʩʠʦʥʥʦʡ ʚʳʯʠʪʘʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʢɼʅʂ - 

50XAdvantagecDNAPolymerasemix (Advantage 2 PCRkit ʠ Polymerasemixes, 

BDBiosciencesClontech, ʉʐɸ), ʘ ʪʘʢ ʞʝ ʧʨʘʡʤʝʨʳ ʠ ʘʜʘʧʪʝʨʳ (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), 

ʵʥʜʦʥʫʢʣʝʘʟʘ ʨʝʩʪʨʠʢʮʠʠ RsaI (Promega, ʉʐɸ).  

¶ ʇʨʘʡʤʝʨʳ ʜʣʷ ʇʎʈ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʬʠʨʤʦʡ ɽʚʨʦʛʝʥ (ʈʦʩʩʠʷ).  

¶ ɼʣʷ ʇʎʈ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʢɼʅʂ- Taq-ʧʦʣʠʤʝʨʘʟʘ 5,0 ʝʜ/ʤʢʣ, ʵʢʚʠʤʦʣʷʨʥʘʷ 

ʩʤʝʩʴ ʯʝʪʳʨʝʭ dNTP ʧʦ 500 ʤʢM ʢʘʞʜʦʛʦ ʠ 5-ʢʨʘʪʥʳʡ ʇʎʈ-ʙʫʬʝʨ,ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ); 

¶ ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ - ʛʦʪʦʚʘ ̫ʩʤʝʩ ɹʜʣʷ ʇʎʈ qPCRmix-HS 

SYBR+ROX (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ); 

¶ ɼʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ - ɸʛʘʨʦʟʘ (Applichem, 

ɻʝʨʤʘʥʠʷ) ʠ ɼʅʂ-ʤʘʨʢʝʨʳ OôGeneRulerDNALadderMix ʬʠʨʤʳ Fermentas (ʉʐɸ). 

2.3. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʙʘʟʠʜʠʦʤʠʮʝʪʘ T. hirsuta ʥʘ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

2.3.1. ʇʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ 

ʐʪʘʤʤʳ ʭʨʘʥʠʣʠ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʢʦʩʷʢʘʭ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʟʙʘʚʣʝʥʠʷ 

ʩʫʩʣʘ ʚʦʜʦʡ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:4 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2% ʘʛʘʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4Áʉ. 

ʂʫʣʴʪʫʨʫ ʭʨʘʥʠʣʠ ʙʝʟ ʧʝʨʝʩʝʚʘ ʦʪ 6 ʤʝʩ. ʜʦ ʦʜʥʦʛʦ ʛʦʜʘ ʙʝʟ ʧʦʪʝʨʠ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺʳʨʘʱʠʚʘʥʠʝ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ 6,0 ʧʨʠ 25-27Áʉ ʚ ʪʝʤʥʦʡ ʘʵʨʠʨʫʝʤʦʡ ʢʘʤʝʨʝ. 

ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠʥʦʢʫʣʷʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ 

(ʛ/ʣ): ʛʣʶʢʦʟʘ - 10,0; ʧʝʧʪʦʥ - 3,0; ʂʅ2ʈʆ4- 0,6; ZnSO4Ĭ7H2O - 0,001; ʂ2ʅʈʆ4- 

0,4;FeSO4Ĭ7H2O - 0,0005; MnSO4 0,05; MgSO4Ĭ7H2O 0,5, CaCl2 0,25 [210]. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 750 ʤʣ, ʩʦʜʝʨʞʘʱʫʶ ʢʝʨʘʤʠʯʝʩʢʠʝ ʙʫʩʳ ʠ 200 ʤʣ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʚʥʦʩʠʣʠ ʢʫʩʦʯʢʠ ʤʠʮʝʣʠʷ ʩ ʘʛʘʨʦʚʦʛʦ ʢʦʩʷʢʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 26-

28Áʉ ʚ ʪʝʯʝʥʠʝ 6-8 ʩʫʪ. ʇʝʨʝʜ ʜʘʣʴʥʝʡʰʠʤ ʧʦʩʝʚʦʤ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʩʨʝʜʳ ʧʦʩʝʚʥʦʡ 

ʤʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʣʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʙʫʩʘʤʠ. 

2.3.2. ɾʠʜʢʦʬʘʟʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʨʝʜʘʭ 

ɻʣʫʙʠʥʥʦʝ ʞʠʜʢʦʬʘʟʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʛʨʠʙʘ T. hirsuta ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʩʨʝʜʘʭ: ʛʣʶʢʦʟʦ-ʧʝʧʪʦʥʥʦʡ ʩʨʝʜʝ (ɻʇ) (ʛ/ʣ: ʛʣʶʢʦʟʘ -10,0; ʧʝʧʪʦʥ- 3,0; KH2PO4- 0,6; 

ZnSO4Ĭ7H2O- 0,001; K2HPO4- 0,4; FeSO4Ĭ7H2O- 0,0005; MnSO4Ĭ5H2O- 0,05; MgSO4Ĭ7H2O- 

0,5; CaCl2- 0,25;ʨʅ 6,0), ʛʣʶʢʦʟʦ-ʧʝʧʪʦʥʥʦʡ ʩʨʝʜʝ ʚʳʱʝʫʢʘʟʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʥʝʩʝʥʠʝʤ 

ʠʥʜʫʢʪʦʨʘ ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ CuSO4 - 0,25 ʛ/ʣ, (ɻʇ/Cu
2+

); ʛʣʶʢʦʟʦ-ʧʝʧʪʦʥʥʦʡ ʩʨʝʜʝ 

ʚʳʱʝʫʢʘʟʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʥʝʩʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʛʦ ʣʠʛʥʠʥʘ ï 2 ʛ/ʣ, (ɻʇ/AL ).  
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ʇʝʨʝʜ ʧʦʩʝʚʦʤ ʩʨʝʜʳ ɻʇ, ɻʇ/Cu
2+

 ʠ ɻʇ/AL  ʘʚʪʦʢʣʘʚʠʨʦʚʘʣʠ ʧʨʠ 120Áʉ ʠ 1 ʘʪʤ. ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɺ ʢʦʣʙʳ ʦʙʲʝʤʦʤ 750 ʤʣ ʚʥʦʩʠʣʠ 200 ʤʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ 20 ʤʣ 

ʠʥʦʢʫʣʷʪʘ ʛʨʠʙʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʛʣʘʩʥʦ ʧ.2.3.1. ɾʠʜʢʦʬʘʟʥʦʝ ʛʣʫʙʠʥʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (180 ʦʙ/ʤʠʥ), ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27-28Áʉ ʚ ʪʝʤʥʦʡ 

ʘʵʨʠʨʫʝʤʦʡ ʢʘʤʝʨʝ. 

2.3.3. ɾʠʜʢʦʬʘʟʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʤ ʩʫʙʩʪʨʘʪʝ 

ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʙʘʟʠʜʠʦʤʠʮʝʪʘ ʥʘ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʤ ʩʫʙʩʪʨʘʪʝ, ʧʨʦʚʦʜʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

T.hirsuta. ɼʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʤʘʪʝʨʠʘʣ: ʩʪʘʥʜʘʨʪʥʘʷ 

ɻʇ ʩʨʝʜʘ ʩ ʚʥʝʩʝʥʠʝʤ ʦʚʩʷʥʦʡ ʩʦʣʦʤʳ (50 ʛ/ʣ) ï ʙʝʟ ʠʥʜʫʢʪʦʨʘ (ʃʎ) ʠ ʩ ʠʥʜʫʢʪʦʨʦʤ 

ʙʠʦʩʠʥʪʝʟʘ ʣʘʢʢʘʟ - 0,25 ʛ/ʣ CuSO4, (ʃʎ/Cu
2+

). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʣʙʘʭ 

ʦʙʲʝʤʦʤ 750 ʤʣ, ʢʫʜʘ ʚʥʦʩʠʣʠ 200 ʤʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ɻʇ ʩʨʝʜʝ ʙʝʟ ʠʥʜʫʢʪʦʨʘ. 

ʉʨʝʜʳ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʘʚʪʦʢʣʘʚʠʨʦʚʘʣʠ ʧʨʠ 120Áʉ ʠ 1 ʘʪʤ. ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ. ʇʦʩʝʚʥʦʡ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʩʦʛʣʘʩʥʦ ʧ. 2.3.1, ʚʥʦʩʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʤʣ ʥʘ ʢʦʣʙʫ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʤʠʮʝʣʠʷ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʜʳ ʧʦʤʝʱʘʣʠ ʩʪʝʨʠʣʴʥʳʝ ʩʝʪʢʠ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27-28Áʉ ʚ ʪʝʤʥʦʡ ʘʵʨʠʨʫʝʤʦʡ ʢʘʤʝʨʝ. ʆʧʳʪ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

2.3.4. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʙʠʦʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ T.hirsuta 

ɺʦʟʜʫʰʥʦ-ʩʫʭʫʶ ʙʠʦʤʘʩʩʫ ʦʧʨʝʜʝʣʷʣʠ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ [211],  ʚʳʩʫʰʠʚʘʥʠʝʤ 

ʦʙʨʘʟʮʦʚ ʤʠʮʝʣʠʷ ʧʨʠ 105
ʦ
ʉ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ ʚ ʪʠʛʣʷʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʚʝʜʝʥʥʳʭ ʜʦ 

ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ.  

2.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʢʨʝʪʦʤʘ T. hirsuta 

2.4.1. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʘʢʪʠʚʥʦʩʪʝʡ ʬʝʨʤʝʥʪʦʚ ʣʠʛʥʠʥʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ T.hirsuta 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʣʘʢʢʘʟʳ 

ɸʢʪʠʚʥʦʩʪʴ ʣʘʢʢʘʟʳ (Lac) ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʭʨʦʤʦʛʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʨʘʩʪʚʦʨ ʩʠʨʠʥʛʘʣʜʘʟʠʥʘ (Sigma, USA; Ů520= 65,000 M
ï1
Ŀcm

ï

1
). ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 0.42 ʤM ʩʠʨʠʥʛʘʣʜʘʟʠʥʘʚ 0,1 ʄ Na-ʘʮʝʪʘʪʥʦʤ 

ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, ʨʅ 4.5 (ʦʙʱʠʡ ʦʙʲʝʤ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣ 2 ʤʣ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟʤʝʨʷʣʠ ʧʨʠ 520 ʥʤ 

ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ [212]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʘʨʛʘʥʝʮ-ʟʘʚʠʩʠʤʦʡ ʧʝʨʦʢʩʠʜʘʟʳ 

ɸʢʪʠʚʥʦʩʪʴ ʤʘʨʛʘʥʝʮ ʧʝʨʦʢʩʠʜʘʟʳ (MnP) ʦʧʨʝʜʝʣʷʣʠ, ʠʟʤʝʨʷʷ ʦʙʨʘʟʦʚʘʥʠʝ Mn
3+

-

ʪʘʨʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Ů238 = 6500 M
-1

cm
-1

) ʧʨʠ ʦʢʠʩʣʝʥʠʠ 0.1 ʤM MnSO4. ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ (2 ʤʣ) ʩʦʩʪʦʷʣʘ ʠʟ 0.1 ʤM MnSO4 ʚ 0.1 M Na-ʪʘʨʪʨʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, pH 5,0, ʘ 

ʪʘʢ ʞʝ 0.1 ʤM H2O2 ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʢʠʥʝʪʠʢʫ ʠʟʤʝʨʷʣʠ 3 

ʤʠʥʫʪʳ, ʢʦʥʪʨʦʣʠʨʫʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 238 ʥʤ [213]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʘʨʛʘʥʝʮ-ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʦʢʩʠʜʘʟʳ 

ɸʢʪʠʚʥʦʩʪʴ ʤʘʨʛʘʥʝʮ-ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʦʢʩʠʜʘʟʳ (VP) ʦʧʨʝʜʝʣʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʚʝʨʘʪʨʦʚʳʡ ʩʧʠʨʪ (Ů310 = 9300 M
-1

cm
-1

). ʇʨʠ ʵʪʦʤ ʬʠʢʩʠʨʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʝʨʘʪʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 310 ʥʤ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ (2 ʤʣ) ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 

2ʤM ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʘ ʚ 0.1 M Na-ʪʘʨʪʨʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, pH3.0 ʠ 0.1 ʤM H2O2. 

ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʢʠʥʝʪʠʢʫ ʠʟʤʝʨʷʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʣʠʛʥʠʥʧʝʨʦʢʩʠʜʘʟʳ 

ɸʢʪʠʚʥʦʩʪʴ ʣʠʛʥʠʥʧʝʨʦʢʩʠʜʘʟ r (LiP) ʠʟʤʝʨʷʣʠ ʘʥʘʣʦʛʠʯʥʦ ʠʟʤʝʨʝʥʠʶ VP, ʥʦ ʧʨʠ 

ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʘ (8 ʤM) ʠ ʤʝʥʝʝ ʢʠʩʣʦʤ pH (pH 4.5) [214]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʨʠʣʘʣʢʦʛʦʣʴʦʢʩʠʜʘʟʳ 

ɸʢʪʠʚʥʦʩʪʴ ʘʨʠʣʘʣʢʦʛʦʣʴʦʢʩʠʜʘʟʳ (ɸɸʆ) ʠʟʤʝʨʷʣʠ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʝʨʘʪʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ (2 ʤʣ) 

ʩʦʜʝʨʞʘʣʘ 5 ʤM ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʘ ʚ 0.1 M Na-ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, pH 6.0. 

ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʢʠʥʝʪʠʢʫ ʠʟʤʝʨʷʣʠ 3 ʤʠʥʫʪʳ, ʢʦʥʪʨʦʣʠʨʫʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

310 ʥʤ [215]. 

ɿʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʩʪʠ (U) ʧʨʠʥʠʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʦʢʠʩʣʝʥʠʝ 1 ʤʢʄ ʩʫʙʩʪʨʘʪʘ ʚ 1 ʤʣ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʟʘ 1 ʤʠʥ ʠʣʠ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʚʳʨʘʙʦʪʢʫ 1 ʤʢM ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʫʢʪʘ ʚ ʤʠʥʫʪʫ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ PerkinElmer (ʉʐɸ). ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ. 

2.4.2. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ 

ʜʣʷ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʝʨʝʜ ʦʩʘʞʜʝʥʠʝʤ ʙʝʣʢʦʚ, ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ (ʂɾ) T.hirsuta ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ (ʚ 

10 ʨʘʟ) ʠ ʦʙʝʩʩʦʣʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʧʦʪʦʢʝ, 

ʠʩʧʦʣʴʟʫʷ ʤʝʤʙʨʘʥʫ ʩ ʦʪʩʝʯʝʥʠʝʤ 5ʢɼʘ (PelliconÈ XLDevice, Biomax 5 membrane, Millipore, 

USA). 
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ɺʳʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ 

ʆʩʘʞʜʝʥʠʝ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʫ Wessel [216]. ɼʣʷ ʵʪʦʛʦ ʢ 20 ʤʣ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʂɾ) ʜʦʙʘʚʣʷʣʠ ʩʤʝʩʴ ʭʣʦʨʦʬʦʨʤʘ ʠ ʤʝʪʘʥʦʣʘ (ʩʦʦʪʥʦʰʝʥʠʝ ʂɾ: 

ʤʝʪʘʥʦʣ: ʭʣʦʨʦʬʦʨʤ: H2O - 1:4:1:3). ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥʫʪ 

ʧʨʠ 4
o
C ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (9 000g, 4

o
C, 2 ʤʠʥ). ɺʦʜʥʫʶ ʬʘʟʫ ʫʜʘʣʷʣʠ, ʥʝ ʥʘʨʫʰʘʷ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ, ʠ ʚʥʦʚʴ ʧʨʠʣʠʚʘʣʠ 4 ʦʙʲʝʤʘ ʤʝʪʘʥʦʣʘ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ ʙʝʣʢʠ ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (2 000 g, 4Áʉ, 15 ʤʠʥ). 

ʇʦʣʫʯʝʥʥʫʶ ʙʝʣʢʦʚʫʶ ʧʝʣʣʝʪʫ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ ʭʨʘʥʠʣʠ ʧʨʠ -70
ʦ
ʉ ʜʦ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʩʤʝʩʴʶ ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ  

ʇʝʨʝʜ ʦʩʘʞʜʝʥʠʝʤ, ʦʙʨʘʟʝʮ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʜʠʘʣʠʟʘ 

ʧʨʦʪʠʚ 70% ʨʘʩʪʚʦʨʘ ʛʣʠʮʝʨʠʥʘ ʚ K2HPO4 (30 ʤM, pH 7.5, v/v) ʧʨʠ 4
o
C ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ [217]. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʦʩʘʞʜʝʥʠʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʤʝʪʦʜʘ ʵʢʩʪʨʘʢʮʠʠ ʩʤʝʩʴʶ ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ. 

ɺʳʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʘʮʝʪʦʥʘ 

ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʙʝʣʢʦʚ ʣʝʜʷʥʦʡ ʘʮʝʪʦʥ ʠ ʂɾ ʩʤʝʰʠʚʘʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 (v/v) ʠ 

ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʠ -20
o
C ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (20 ʤʠʥ, 2 000 g, 4

ʦ
ʉ). 

ɹʝʣʢʦʚʳʡ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʦʭʣʘʞʜʝʥʥʳʤ ʘʮʝʪʦʥʦʤ ʠ ʧʦʜʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ [218]. 

ʍʨʘʥʠʣʠ ʧʝʣʣʝʪʳ ʧʨʠ -70
ʦ
ʉ ʜʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɺʳʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʘʮʝʪʦʥ-ʊʍʋ 

ɹʝʣʢʠ ʦʩʘʞʜʘʣʠ ʩʤʝʩʴʶ 13,3% ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʊʍʋ)/ 0,093% ɓ-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʚ ʘʮʝʪʦʥʝ (ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʝʮ/ʦʩʘʜʠʪʝʣʴ 1:1) ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -20̄ C [219]. ʆʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (20 ʤʠʥʫʪ, 2 000 g, 4
ʦ
ʉ) ʠ ʜʚʘʞʜʳ 

ʧʨʦʤʳʚʘʣʠ 0,07% ʨʘʩʪʚʦʨʦʤ ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʚ ʘʮʝʪʦʥʝ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʩʘʜʦʢ ʧʦʜʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 20̄ C.  

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʙʝʣʢʦʚʳʡ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ 0,05 M Tris-HCl (pH 6.8), ʠ ʧʝʨʝʦʩʘʞʜʘʣʠ ʙʝʣʢʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ 2D Protein Kit  (Bio-Rad, USA) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʠ ʦʩʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʣʠʟʠʩ-ʙʫʬʝʨʝ (1% 

ɼʠʪʠʦʪʨʝʠʪʦʣ (DTT); 4% CHAPS; 7 M ʤʦʯʝʚʠʥʘ; 2 M ʪʠʦʤʦʯʝʚʠʥʘ; 5% ʘʤʬʦʣʠʪʳ 3/10) ʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 20
ʦ
ʉ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ 20
ʦ
ʉ ʠ ʟʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 5 ʤʠʥ ʧʨʠ 13400 ʦʙ/ʤʠʥ. 

ʉʫʧʝʨʥʘʪʘʥʪ ʩʦʙʠʨʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (2D-ʵʣʝʢʪʨʦʬʦʨʝʟ ʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ). 
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2.4.3. ɼʚʫʤʝʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ (2-DE) ʙʝʣʢʦʚ 

2-Dɽ ʵʣʝʢʪʨʦʬʦʨʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [220] ʥʘ ʩʠʩʪʝʤʝ 

PROTEANIIxi 2-DCell (Bio-Rad, ʉʐɸ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʦʵʣʝʢʪʨʦʬʦʢʫʩʠʨʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪ ʨʅ ʩʦʩʪʘʚʣʷʣ: ʦʪ 3 ʜʦ 10 (ʚ ʩʣʫʯʘʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ - 3-6). ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʦ 150-200 ʤʢʛ ʙʝʣʢʘ ʥʘ ʪʨʫʙʢʫ. 

ʀʟʦʬʦʢʫʩʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: 100ɺ ï 45 ʤʠʥ, 

200ɺ ï 45 ʤʠʥ, 300ɺ ï 45 ʤʠʥ, 400ɺ ï 45 ʤʠʥ, 500ɺ ï 45 ʤʠʥ, 600ɺ ï 45 ʤʠʥ, 700ɺ ï 10 ʯ, 

900ɺ ï 1,5 ʯ.  

ʇʦʩʣʝʜʫʶʱʠʡ ʵʣʝʢʪʨʦʬʦʨʝʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʠʟʦʵʣʝʢʪʨʦʬʦʢʫʩʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʘʢʨʠʣʘʤʠʜʥʦʤ ɼɼʉ-ʛʝʣʝ (7,5 ï 25%) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 300 ɺ. ʇʝʨʝʜ 

ʥʘʥʝʩʝʥʠʝʤ ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 15 ʤʠʥ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʠʤ ʜʠʪʠʦʪʨʝʠʪʦʣ (6 M 

ʤʦʯʝʚʠʥʘ, 2% ɼɼʉ-Na, 10 ʤʄ DTT, 0,5 M TRIS-HCl, pH6,8) ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʝʣʢʘʭ. ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʣʠ ʦʢʨʘʰʠʚʘʣʠ ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ, ʘ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ï ʨʘʩʪʚʦʨʦʤ Brilliant Blue R Staining Solution  (Sigma, ʉʐɸ). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚʳʭ ʢʘʨʪ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʛʝʣʴ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ 

Infinity1000/26MX (VilberLourmat).  ɸʥʘʣʠʟ ʙʝʣʢʦʚʳʭ ʢʘʨʪ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʆ 

ImageMaster 2D Platinum, v.7 (çGE Healthcareè, ʉʐɸ). 

2.4.4. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ  

ɼʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʨʝʟʘʣʠ ʢʫʩʦʯʢʠ ʛʝʣʷ ʨʘʟʤʝʨʦʤ 3-4 ʤʤ
3
, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʣʢʦʚʳʤ ʧʷʪʥʘʤ, ʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ 100 ʤʢʣ 

40% ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,1 ʄ NH4HCO3 ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 37
ʦ
ʉ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʚʦʨʘ, ʜʦʙʘʚʣʷʣʠ 100 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʣʷ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʝʣʷ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚʳʩʫʰʠʚʘʥʠʷ ʛʝʣʷ, ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʠʧʩʠʥʘ ʚ 0,05 

ʄ NH4HCO3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 15 ʤʢʛ/ʤʣ. ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 8 ʯ ʧʨʠ 37
ʦ
ʉ, ʟʘʪʝʤ ʢ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 0,5 % ʊʌʋ ʚ 10 % ʨʘʩʪʚʦʨʝ ʚʦʜʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʅʘʜʛʝʣʝʚʳʡ ʨʘʩʪʚʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʛʠʜʨʦʣʠʟʘʪ ʙʝʣʢʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ 2,5-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (10 ʤʛ/ʤʣ ʚ 20 % 

ʚʦʜʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ, 0,5% ʊʌʋ) 

ʄʘʩʩ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ MALDI-ʚʨʝʤʷʧʨʦʣʝʪʥʦ-ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Ultraflex II BRUKER (ɻʝʨʤʘʥʠʷ), ʦʩʥʘʱʝʥʥʦʤ ʋʌ ʣʘʟʝʨʦʤ (Nd) ʚ ʨʝʞʠʤʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʣʝʢʪʨʦʥʘ; ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʥʳʭ ʤʦʥʦʠʟʦʪʦʧʥʳʭ 

ʤʘʩʩ ʧʦʩʣʝ ʜʦʢʘʣʠʙʨʦʚʢʠ ʧʦ ʧʠʢʘʤ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 0,005% (50ʨʨʤ). ʉʧʝʢʪʨʳ 

ʧʦʣʫʯʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ 700-4500 m/z, ʚʳʙʠʨʘʷ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ 
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ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʘʥʜʝʤʥʳʡ ʨʝʞʠʤ ʧʨʠʙʦʨʘ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ ʙʳʣʘ ʥʝ ʥʠʞʝ 1 ɼʘ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʪʘʢ ʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʨʫʛʦʡ ʤʝʪʦʜ - 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ de novo ʦʪʜʝʣʴʥʳʭ ʧʝʧʪʠʜʦʚ ʧʦ ʩʧʝʢʪʨʘʤ ʠʭ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʇʨʦʚʝʜʝʥʥʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʝʧʪʠʜʦʚ ʙʝʣʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ˉ1 ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 1000-3500 

ɼʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʪʜʝʣʴʥʳʝ ʧʝʧʪʠʜʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʠʭ ʜʘʣʴʥʝʡʰʫʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʠ ʧʦʤʦʱʠ BLAST-p. 

ʆʙʨʘʙʦʪʢʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ FlexAnalysis 

3.3 (BrukerDaltonics, ɻʝʨʤʘʥʠʷ). ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ 

Mascot (www.matrixscience.com). ɼʣʷ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʫʷ ʦʧʮʠʶ çʧʝʧʪʠʜʥʳʡ ʬʠʥʛʝʨʧʨʠʥʪè, 

ʧʨʦʚʝʣʠ ʧʦʠʩʢ ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI (www.ncbi.nlm.nih.gov) ʩʨʝʜʠ ʙʝʣʢʦʚ ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ ʩ 

ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʪʦʯʥʦʩʪʴʶ, ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʦʥʠʥʦʚ ʢʠʩʣʦʨʦʜʦʤ 

ʚʦʟʜʫʭʘ ʠ ʚʦʟʤʦʞʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʮʠʩʪʝʠʥʦʚ ʘʢʨʠʣʘʤʠʜʦʤ ʛʝʣʷ. ʂʘʥʜʠʜʘʪʥʳʝ ʙʝʣʢʠ, 

ʠʤʝʶʱʠʝ ʧʘʨʘʤʝʪʨ ʜʦʩʪʦʚʝʨʥʦʩʪʠ score >83 ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI ʩʯʠʪʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʥʘʜʝʞʥʦ (p<0.05), ʙʝʣʢʠ, ʠʤʝʶʱʠʝ ʧʘʨʘʤʝʪʨ ʜʦʩʪʦʚʝʨʥʦʩʪʠ score >50 ʩʯʠʪʘʣʠ ʚʝʨʦʷʪʥʳʤʠ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Biotools 3.2 (BrukerDaltonics, ɻʝʨʤʘʥʠʷ) 

ʧʨʦʚʦʜʠʣʠ ʧʦʠʩʢ ʧʦ ʦʙʲʝʜʠʥʝʥʥʳʤ MS+MS/MS ʨʝʟʫʣʴʪʘʪʘʤ. 

2.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʝʦʤʘ T. hirsuta 

2.5.1. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʙʝʣʢʦʚ ʜʣʷ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʝʨʝʜ ʚʳʜʝʣʝʥʠʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ʤʠʮʝʣʠʡ ʛʨʠʙʘ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ 

ʢʘʧʨʦʥʦʚʳʡ ʬʠʣʴʪʨ, ʧʨʦʤʳʚʘʣʠ ʦʭʣʘʞʜʝʥʥʦʡ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ. ʈʘʟʨʫʰʝʥʠʝ ʤʠʮʝʣʠʷ T. hirsuta ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʘʢʪʦʚ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ (ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʡ ʩʪʫʧʢʝ) 

ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠʣʠ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʤ ʇʦʪʪʝʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ.  

ʕʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 0,05 ʄ Tris-HCl ʨʅ 

6,8 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2 ʤʄ ʕɼʊɸ. ʇʦʣʫʯʝʥʥʳʝ ʛʦʤʦʛʝʥʘʪʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 20 ʤʠʥ ʧʨʠ 4400 

ʦʙ/ʤʠʥ. ɹʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʦʩʘʞʜʘʣʠ ʩʤʝʩʴʶ ʘʮʝʪʦʥ/13,3% 

ʪʨʠʭʣʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʊʍʋ)/ 0,093% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ (ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʝʮ:ʦʩʘʜʠʪʝʣʴ 

- 1:1) ʚ ʪʝʯʝʥʠʝ 12 ʯ ʧʨʠ t= -20
o
C. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (15 ʤʠʥ, 4400 

ʦʙ/ʤʠʥ) ʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ 0,07% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʦʤ ʚ ʘʮʝʪʦʥʝ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʩʘʜʦʢ ʧʦʜʩʫʰʠʚʘʣʠ 5 ʤʠʥʫʪ ʧʨʠ 20
ʦ
ʉ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʣʠʟʠʩ-ʙʫʬʝʨʝ (1% ɼʠʪʠʦʪʨʝʠʪʦʣ (DTT); 4% CHAPS; 7M ʤʦʯʝʚʠʥʘ; 2M 

ʪʠʦʤʦʯʝʚʠʥʘ; 5% ʘʤʬʦʣʠʪʳ 3/10) ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 20
ʦ
ʉ. 
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ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ 20
ʦ
ʉ ʠ ʟʘʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 5 ʤʠʥ ʧʨʠ 13400 ʦʙ/ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪ ʩʦʙʠʨʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʧʧ. 2.4.3. ʠ 2.4.4.) 

2.6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ T. hirsuta 

2.6.1. ɺʳʜʝʣʝʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʩʫʤʤʘʨʥʦʡ ʈʅʂ) 

ʕʢʩʪʨʘʢʮʠʶ ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʠʟ ʤʠʮʝʣʠʷ T.hirsuta ʦʩʫʝɦʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʢʪʠʚʘ ˈTRIzolReagent (Lifetechnologies, USA), ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʕʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʠʟ ʩʚʝʞʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʞʝ ʨʘʩʪʝʨʪʦʛʦ ʚ ʩʪʫʧʢʝ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʨʝʧʘʨʘʪʳ 

ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ QIAGEN RNeasyMinEluteCleanupKit (Qiagen, 

USA). ʇʦʣʫʯʝʥʥʫʶ ʈʅʂ ʨʘʩʪʚʦʨʷʣʠ ʚ 50 ʤʢʣ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʈʅʂʘʟ, ʠ 

ʭʨʘʥʠʣʠ ʧʨʠ - 80̄ ʉ.  

ʎʝʣʦʩʪʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʈʅʂ ʦʧʨʝʜʝʣʷʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ (ʚ 1% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ), ʘ ʪʘʢ ʞʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 260/280 

ʥʤ ʠ 260/230 ʥʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UVïVisspectrophotometer (Nanodrop ND-1000, 

LabTechInternational, ES, UK). 

2.6.2. ʉʠʥʪʝʟ ʧʝʨʚʦʡ ʮʝʧʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ɼʅʂ (ʢɼʅʂ) ʥʘ ʈʅʂ-ʤʘʪʨʠʮʝ 

ɼʣʷ ʧʨʦʮʝʜʫʨʳ ʩʫʧʨʝʩʩʠʦʥʥʦʡ ʚʳʯʠʪʘʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩʠʥʪʝʟ ʢɼʅʂ ʠʟ ʦʙʨʘʟʮʦʚ 

ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ SMART [221]. ɼʣʷ ʩʠʥʪʝʟʘ ʧʝʨʚʦʡ ʮʝʧʠ ʢɼʅʂ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʘʡʤʝʨʳ SMART Oligo II ʠ CDS primer (ʪʘʙʣ. 3) ʠ 0,5 ʤʢʛ ʩʫʤʤʘʨʥʦʡ ʈʅʂ. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʦʙʲʝʤʝ 10 ʤʢʣ. ɼʣʷ ʩʠʥʪʝʟʘ ʚʪʦʨʦʡ ʮʝʧʠ ʢɼʅʂ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 1 ʤʢʣ ʘʤʧʣʠʬʠʢʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʚʫʶ ʮʝʧʴ ʢɼʅʂ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʷʪʠʢʨʘʪʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʠ ʧʨʘʡʤʝʨʳ SMART PCR primer (ʪʘʙʣʠʮʘ 3). ʈʝʘʢʮʠʶ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 95
o
C ï 10 ʩʝʢ; 65.5

o
C - 20 ʩʝʢ; 72

o
C - 3 

ʤʠʥ, ʦʙʱʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ - 21. ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʛʠʜʨʦʣʠʟ ʦʙʨʘʟʮʦʚ  ʢɼʅʂ ʵʥʜʦʥʫʢʣʝʘʟʦʡ 

ʨʝʩʪʨʠʢʮʠʠ RsaI (Promega, ʉʐɸ) ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʬʠʨʤʳ-ʠʟʛʦʪʦʚʠʪʝʣʷ.  
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ʊʘʙʣʠʮʘ 3. ʇʨʘʡʤʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʮʝʜʫʨʳ SSH ʠ MOS. 

ʅʘʟʚʘʥʠʝ ʧʨʘʡʤʝʨʘ 

ʠʣʠ ʘʜʘʧʪʝʨʘ 
ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

SMART Oligo II A  5ô-AAGCAGTGGTATCAACGCAGAGTACGCrGrGrG-3ô 

SMART CDSprimer II 

A 
5ô-AAGCAGTGGTATCAACGCAGAGTA-d(T)30-3ô 

SMART PCR primer 

II A  
5ô-AAGCAGTGGTATCAACGCAGAGT-3ô 

Adapter 1 5ôCTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT-3ô 

3ô-GGCCCGTCCA-5ô 

PCR primer 1 5'ïCTAATACGACTCACTATAGGGC-3' 

Nested primer 1 5'ïTCGAGCGGCCGCCCGGGCAGGTï3' 

Adapter 2R 5'CTAATACGACTCACTATAGGGCAGCGTGGTCGCGGCCGAGGTï3' 

3'ïGCCGGCTCCAï5' 

Nestedprimer 2R 5'ïAGCGTGGTCGCGGCCGAGGTï3' 

MOS PCR primer 5'ïGGTCGCGGCCGAGGTï3' 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩʠʥʪʝʟ ʢɼʅʂ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ MMLV RT KIT (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʣʠʛʦ(dT)ʧʨʘʡʤʝʨʘ.  ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʙʨʘʣʠ 1 ʤʢʛ 

ʩʫʤʤʘʨʥʦʡ ʈʅʂ. ʇʦʣʫʯʝʥʥʫʶ ʈʅʂ ʭʨʘʥʠʣʠ ʧʨʠ -80
ʦ
ʉ. 

2.6.3. ɺʳʯʠʪʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʢɼʅʂ 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʦʮʝʩʩ ʠʩʪʦʱʘʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ ʤʦʣʝʢʫʣ 

ɼʅʂ (ʜʨʘʡʚʝʨʘ ʠ ʪʨʝʡʩʝʨʘ), ʧʨʦʚʦʜʠʤʳʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ɼʅʂ (ʪʨʝʡʩʝʨʝ), ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʥʠʟʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʜʨʫʛʦʡ (ʜʨʘʡʚʝʨʝ) (ʨʠʩ. 8). 

ɼʦ ʥʘʯʘʣʘ ʚʳʯʠʪʘʥʠʷ ʦʙʨʘʟʮʳ ʦʙʨʘʙʘʪʳʚʘʶʪ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ ʨʝʩʪʨʠʢʮʠʠ, 

ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʪʫʧʳʝ ʢʦʥʮʳ ʥʫʢʣʝʦʪʠʜʥʳʭ ʮʝʧʦʯʝʢ. ʊʨʝʡʩʝʨ ʨʘʟʜʝʣʷʶʪ ʥʘ 2 ʦʙʨʘʟʮʘ, ʢ 

ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʣʠʛʠʨʫʶʪ ʩʚʦʡ ʘʜʘʧʪʝʨ. ɸʜʘʧʪʝʨ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʜʚʫʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ï ʜʣʠʥʥʦʛʦ ʠ ʢʦʨʦʪʢʦʛʦ, ʧʨʠʯʝʤ ʢʦʨʦʪʢʠʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ 

ʢʦʤʧʣʠʤʝʥʪʘʨʝʥ 3ô-ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ʜʣʠʥʥʦʛʦ. ʕʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʚ ʜʫʧʣʝʢʩʝ ʬʦʨʤʠʨʫʶʪ 

çʪʫʧʦʡè ʢʦʥʝʮ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ ʣʠʛʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʥʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʳ, ʬʦʩʬʦʜʠʵʬʠʨʥʫʶ ʩʚʷʟʴ ʦʙʨʘʟʫʝʪ ʪʦʣʴʢʦ ʜʣʠʥʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ, 

ʢʦʪʦʨʳʡ ʣʠʛʠʨʫʝʪʩʷ ʩʚʦʠʤ 3ô-ʢʦʥʮʦʤ ʢ 5ô-ʢʦʥʮʫ ʢʘʞʜʦʡ ʮʝʧʠ ɼʅʂ. 

ʂ ʢʘʞʜʦʤʫ ʦʙʨʘʟʮʫ ʪʨʝʡʩʝʨʘ ʜʦʙʘʚʣʷʶʪ ʠʟʙʳʪʦʢ ɼʅʂ ʜʨʘʡʚʝʨʘ ʠ ʧʦʩʣʝ ʜʝʥʘʪʫʨʘʮʠʠ 

ʧʨʦʚʦʜʷʪ ʧʝʨʚʫʶ ʛʠʙʨʠʜʠʟʘʮʠʶ ʚ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʠʨʢʘʭ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʮʳ 

ʩʤʝʰʠʚʘʶʪ ʠ ʛʠʙʨʠʜʠʟʫʶʪ ʩʦʚʤʝʩʪʥʦ. ʇʦʩʣʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʩʪʨʦʡʢʘ ʢʦʥʮʦʚ 

ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʢʦʥʮʘʭ ʛʦʤʦʛʠʙʨʠʜʦʚ ʪʨʝʡʩʝʨ-ʪʨʝʡʩʝʨ ʬʦʨʤʠʨʫʶʪʩʷ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʢʦʥʮʝʚʳʝ ʧʦʚʪʦʨʳ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʘʨʦʡ ʧʨʘʡʤʝʨʦʚ, 
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ʢʦʤʧʣʠʤʝʥʪʘʨʥʳʭ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʩʫʧʨʝʩʩʠʦʥʥʳʭ ʘʜʘʧʪʝʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ 

ʘʤʧʣʠʬʠʢʘʮʠʷ ʛʝʪʝʨʦʛʠʙʨʠʜʦʚ ʪʨʝʡʩʝʨ-ʪʨʝʡʩʝʨ ï ʬʨʘʢʮʠʠ, ʦʙʦʛʘʱʝʥʥʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʪʦʣʴʢʦ ʜʦʣʷ ʪʨʝʡʩʝʨʘ ʤʦʣʝʢʫʣʘʤʠ [222,223]. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

SSH ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 8. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ SSH [222]. 

ɺʳʯʠʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʢɼʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:  ɻʇ/Cu
2+

 vs ɻʇ ʠ ɻʇ vs 

ɻʇ/Cu
2+
, ʛʜʝ ɻʇ/Cu

2+
- ʦʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʤʠʮʝʣʠʷ ʙʘʟʠʜʠʘʣʴʥʦʛʦ ʛʨʠʙʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʫʢʪʦʨʘ (ʠʦʥʦʚ ʤʝʜʠ), ʘ ɻʇ - ʦʙʨʘʟʝʮ, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʤʠʮʝʣʠʷ ʙʘʟʠʜʠʘʣʴʥʦʛʦ ʛʨʠʙʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʠʥʜʫʢʪʦʨʘ (ʠʦʥʦʚ ʤʝʜʠ). ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʜʚʝ 

ʪʝʩʪʦʚʳʝ ʧʦʧʫʣʷʮʠʠ ʟʘ ʩʯʝʪ ʣʠʛʠʨʦʚʘʥʠʷ ʩ ʘʜʘʧʪʝʨʘʤʠ Adapters 1 ʠ 2R (ʪʘʙʣʠʮʘ 3). ʕʪʠ 

ʪʝʩʪʦʚʳʝ ʧʦʧʫʣʷʮʠʠ ʚ ʜʚʫʭ ʧʨʦʙʠʨʢʘʭ ʙʳʣʠ ʩʤʝʰʘʥʳ ʩ 30-ʪʠ ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʢɼʅʂ ʥʝ 

ʠʤʝʶʱʠʭ ʘʜʘʧʪʝʨʳ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʢʘʢ ʜʨʘʡʚʝʨ ʢɼʅʂ, ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ 

ʜʝʥʘʪʫʨʘʮʠʠ-ʨʝʥʘʪʫʨʘʮʠʠ ɼʅʂ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʨʘʫʥʜʘ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʵʪʠ ʜʚʘ ʦʙʨʘʟʮʘ ʙʳʣʠ 
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ʩʤʝʰʘʥʳ ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʩʦʚʤʝʩʪʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ. ɺʳʯʪʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʢɼʅʂ ʙʳʣʠ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʟʘ ʩʯʝʪ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʇʎʈ. ʇʝʨʚʠʯʥʘʷ ʇʎʈ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʳʯʪʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʢɼʅʂ (ɻʇ/Cu
2+
ʠ ɻʇ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʘ PCR Primer 1 

(ʪʘʙʣʠʮʘ 3) ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 95
O
Cï 10 ʩʝʢ; 65

O
C - 30 ʩʝʢ; 72

O
C - 1,5 ʤʠʥ, ʦʙʱʝʝ ʯʠʩʣʦ 

ʮʠʢʣʦʚ - 27. ɺʪʦʨʠʯʥʘʷ ʇʎʈ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʳʯʪʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʢɼʅʂ (ɻʇ/Cu
2+
ʠ 

ɻʇ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ Nestedprimer 1 ʠ Nestedprimer2R (ʪʘʙʣʠʮʘ 3) ʚ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: 95
O
Cï 10 ʩʝʢ; 68

O
C - 30 ʩʝʢ; 72

O
C - 1,5 ʤʠʥ, ʦʙʱʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ - 10. 

2.6.4. ɿʝʨʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʝʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʢɼʅʂ 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʳʯʪʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʢɼʅʂ (ɻʇ ʠ ɻʇ/Cu
2+
) ʧʨʦʚʝʜʝʥʘ ʟʝʨʢʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʝʣʝʢʮʠʷ (MOS) ï ʧʨʦʮʝʜʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʦʥʦʚʳʭ 

ʢʣʦʥʦʚ ʚ ʙʠʙʣʠʦʪʝʢʘʭ ʢɼʅʂ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʩʫʧʨʝʩʩʠʦʥʥʦʡ ʚʳʯʠʪʘʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ, 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʙʝʞʘʪʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ.  ʄʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʇʎʈ ʢʘʞʜʳʡ ʚʠʜ ʬʦʥʦʚʳʭ ʤʦʣʝʢʫʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʜʘʧʪʝʨʘ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʳ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʬʨʘʛʤʝʥʪʳ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʢɼʅʂ ʫʯʘʩʪʚʫʶʪ ʚ ʇʎʈ-

ʘʤʧʣʠʬʠʢʘʮʠʠ ʠʟ-ʟʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ SSH. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʞʜʘʷ ʪʘʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʙʠʙʣʠʦʪʝʢʘʭ ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʨʠʝʥʪʘʮʠʡ ʬʨʘʛʤʝʥʪʦʚ. 

ʇʨʦʮʝʜʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʜʘʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʘʜʘʧʪʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʘʜʘʧʪʝʨ B, ʨʠʩ. 9) 

ʵʥʜʦʥʫʢʣʝʘʟʦʡ ʨʝʩʪʨʠʢʮʠʠ, ʪʝʧʣʦʚʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ʠ ʧʦʚʪʦʨʥʦʡ ʨʝʘʩʩʦʮʠʘʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʠʙʨʠʜʦʚ ʮʝʣʝʚʳʭ ʢɼʅʂ ʥʝʩʫʪ ʘʜʘʧʪʝʨ A ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ. ʊʘʢʠʝ 

ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʩ ʟʝʨʢʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʘʜʘʧʪʝʨʦʚ ɸ ʠ ɺ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʠʟ ʮʝʣʝʚʦʡ ʬʨʘʢʮʠʠ ʢɼʅʂ. ɼʘʣʝʝ, 3'-ʢʦʥʮʳ 

ʟʘʧʦʣʥʷʶʪʩʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʇʎʈ ʩ ʧʨʘʡʤʝʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʘʜʘʧʪʝʨʘ A. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʳ, ʥʝʩʫʱʠʝ ʘʜʘʧʪʝʨ ɸ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ, 

ʥʘʨʘʙʘʪʳʚʘʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʇʎʈ ʦʙʦʛʘʱʝʥ 

ʮʝʣʝʚʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʢɼʅʂ ʦʙʨʘʟʮʦʚ [224]. 
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ʈʠʩ. 9. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʟʝʨʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʝʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ ʢɼʅʂ (MOS) 

[224]. 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʘʜʘʧʪʝʨʘ 1,5 ʤʢʣ ʦʙʨʘʟʮʘ ʢɼʅʂ ʩʤʝʰʘʣʠ ʩ 2 ʤʢʣ 10ĬXmaI ʙʫʬʝʨʘ 

(Thermo Fisher Scientific, ʉʐɸ), 12 ʤʢʣ H2O ʠ 1 ʤʢʣ ʨʝʩʪʨʠʢʪʘʟʳ XmaI (10 U/ʤʢʣ). ʈʝʘʢʮʠʶ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 37ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦʩʣʝ ʯʝʛʦ ʬʝʨʤʝʥʪ ʠʥʘʢʪʠʚʠʨʦʚʘʣʠ 2 ʤʢʣ 200 

ʤʤʦʣʴ ʕɼʊɸ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 70ÁC 10 ʤʠʥ. ɼʘʣʝʝ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦʤ ʙʫʬʝʨʝ (2 M NaCl, 200 mM HEPES pH 8,3, 0,8 mM EDTA) ʧʨʠ 98ÁC ʚ 

ʪʝʯʝʥʠʝ 1,5 ʤʠʥ ʠ ʧʨʠ 68ÁC ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʆʙʨʘʟʮʳ ʨʘʟʙʘʚʣʷʣʠ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ (50 

ʤM NaCl, 20 ʤM HEPES pH 8,3, 0,2 ʤM EDTA), ʥʘʛʨʝʚʘʣʠ ʧʨʠ 70ÁC  7 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʚʦʜʠʣʠ ʇʎʈ. 
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ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ MOS ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʘ 

MOSPCRPrimer (ʪʘʙʣʠʮʘ 3) ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 95
o
C ï 10 ʩʝʢ; 62

o
C - 30 ʩʝʢ; 72

o
C - 1,5 

ʤʠʥ, ʦʙʱʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ - 22.  

2.6.5. ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʐʠʨʦʢʦʬʦʨʤʘʪʥʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚʳʯʪʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢɼʅʂ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ 4 ʙʠʙʣʠʦʪʝʢ ʢɼʅʂ (ɻʇ ʠ ɻʇ/Cu
2+
ʜʦ ʠ ʧʦʩʣʝ ʟʝʨʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʩʝʣʝʢʮʠʠ) ʥʘ ʧʣʘʪʬʦʨʤʝ Illumina HiSeq 2000 ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʬʠʨʤʳ-ʠʟʛʦʪʦʚʠʪʝʣʷ 

ʧʨʠʙʦʨʘ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʘʜʘʧʪʝʨʦʚ ʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʩʙʦʨʢʫ ʪʨʘʥʩʢʨʠʧʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ñTrinityò (version trinityrnaseq - 

2012-03-17) ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ [225]. ʂʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʧʨʠ ʧʦʤʦʱʠ ʩʢʨʠʧʪʦʚ Perl.  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʚʝ ʧʦʣʫʯʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʧʦʩʣʝ SSH (çSSH-Cu-è ʠ çSSH-Cu +è) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʝʡ ʪʨʘʥʩʢʨʠʧʮʠʠ T. hirsuta, ʠ ʯʝʪʳʨʝ 

ʙʠʙʣʠʦʪʝʢʠ ʧʦʩʣʝ SSH ʠ MOS (çSSH-Cu-è ʠ çSSH-Cu +è ʠ çMOS-Cu-è and çMOS-Cu +è) ï 

ʜʣʷ ʧʦʠʩʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ.  

2.6.6. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʫʧʨʝʩʩʠʦʥʥʦʡ ʚʳʯʠʪʘʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʢɼʅʂ 

 ʇʦʣʫʯʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʣʠʨʦʚʘʣʠʩʴ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ EXPASY (http://www.expasy.org/) ʚ ʪʨʝʭ ʨʘʤʢʘʭ 

ʩʯʠʪʳʚʘʥʠʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʦʠʩʢ ʧʨʦʜʫʢʪʦʚ ʛʝʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ 

NCBI ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʘʥʥʦʪʘʮʠʷ ʚ ʪʝʨʤʠʥʘʭ ʛʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ (GO) ʠ ʙʘʟʟ ʜʘʥʥʳʭ KEGG ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Blast2go (http://www.blast2go.org/).  

2.6.7. ɼʠʟʘʡʥ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʇʎʈ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʨʷʜ ʧʨʘʡʤʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. ɼʠʟʘʡʥ ʠ ʘʥʘʣʠʟ ʧʨʘʡʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʇʆ Primer3 

(http://bioinfo.ut.ee/primer3/). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

 

 

http://bioinfo.ut.ee/primer3/
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ʊʘʙʣʠʮʘ 4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ (ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ), 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. qPCR ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, seq ï ʘʤʧʣʠʬʠʢʘʮʠʷ ʇʎʈ-

ʧʨʦʜʫʢʪʘ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, RACE ïʜʣʷ ʙʳʩʪʨʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʦʥʮʦʚ ʢɼʅʂ. 

 ˹͍͙͔͊͊ͤ͘ 
͎͔ͤ͊ 

 ˽͔͍͔ͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ 
˹͊ͤ͊͘;͔͙͔ͤ 
͚͔ͨͪ͊ͣͪ͊ 

1 

-hˢ͙ͭͤ͟ 

Forward 5 -̀GAYATGGARAAGATYTGG-3  ̀  seq 

Reverse 5 -̀TTYTCCTTGATGTCRCG-3  ̀  seq 

Forward рΩ-ACGTACAACTCGATCTACAAGTG-оΩ qPCR  

Reverse рΩ-TCCTTCTGCTTACGGTCCGCAATACC-оΩ qPCR  

2 

-̡͙́ͯ͋ͯͤ͡ 

Forward рΩ-GGGCYAAGGGTYAYTAYAC -оΩ  seq 

Reverse рΩ- GGRATCCAYTCRACRAA -оΩ  seq 

Forward рΩ-CCTCAACCTCCTTCATC-оΩ qPCR  

Reverse рΩ-CTCGTCTCCACTTCTTC-оΩ qPCR  

3 

˶͊͊͊͘͟͟ˢ 

l1_3 -̀1 рΩ-ACCCCAACGACCCTCACAA-оΩ  RACE 

l1_3 -̀2 рΩ-TACGACCACCAACACGGA-оΩ qPCR RACE 

l1_5 -̀1 рΩ-TCGTGGTTGTCGATGCTG-оΩ  RACE 

l1_5 -̀2 рΩ-CGCACGACAAAGAGACAA-оΩ qPCR RACE 

4 

˶͊͊͊͘͟͟ B 

l2_3 -̀1 рΩ-GAAACCCCTACCGCACAA-оΩ  RACE 

l2_3 -̀2 рΩ-ATCCAAACCACACATTCAG-оΩ qPCR RACE 

l2_5 -̀1 рΩ-ACGGGTTGGTTGGCATTC-оΩ  RACE 

l2_5 -̀2 рΩ-ACGGTGAGAGGTTTGCTA-оΩ qPCR RACE 

5 

˶͊͊͊͘͟͟ C 

l3_3 -̀1 рΩ-TAACAGCACGAACCTCAC-оΩ  RACE 

l3_3 -̀2 рΩ-AGTCGAGCAAGGAAAGCGG-оΩ  RACE 

l35_5 -̀1 рΩ-ATATCTTGGTTCGCGGTG-оΩ  RACE 

l3_5 -̀2 рΩ-AGAGCGAAACTAAGCGGA-оΩ  RACE 

6 

˶͊͊͊͘͟͟ D 

l4_3 -̀1 рΩ-TGGCGGCAACAGTACAGA-оΩ qPCR RACE 

l4_3 -̀2 рΩ-TTTCCGCCTCGTCTCTCT-оΩ  RACE 

l4_5 -̀1 рΩ-GCTGTCCTGCGTAGATTT-оΩ  RACE 

l4_5 -̀2 рΩ-GAGAGAGAGACGAGGCGGAAA-оΩ qPCR RACE 

6 

˶͊͊͊͘͟͟ E 

l4_3 -̀1 рΩ-TGGCGGCAACAGTACAGA-оΩ qPCR RACE 

l4_3 -̀2 рΩ-TTTCCGCCTCGTCTCTCT-оΩ  RACE 

l4_5 -̀1 рΩ-GCTGTCCTGCGTAGATTT-оΩ  RACE 

l4_5 -̀2 рΩ-GAGAGAGAGACGAGGCGGAAA-оΩ qPCR RACE 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʘʢʪʠʥʘ ʠ ʪʫʙʫʣʠʥʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʨʦʞʜʝʥʥʳʝ ʧʨʘʡʤʝʨʳ, ʠʟʚʝʩʪʥʳʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [226,227], 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʜʣʷ Trametes versicolor. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦ ʉʝʥʛʝʨʫ, ʢ ʧʦʣʫʯʝʥʥʳʤ ʥʫʢʣʝʦʪʠʜʥʳʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʛʝʥʦʚ ʘʢʪʠʥʘ ʠ ʪʫʙʫʣʠʥʘ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʧʨʘʡʤʝʨʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ (ʪʘʙʣ. 4). 

2.6.8. ʇʨʦʚʝʜʝʥʠʝ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ 

ɺʝʨʠʬʠʢʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʢʠ ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ, ʧʨʦʠʟʚʦʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʥʘ 

ʬʨʘʛʤʝʥʪʳ ʩʦʙʨʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

95
o
C ï 4 ʤʠʥ; 95

o
C ï 30 ʩʝʢ; 55

o
C ï 1 ʤʠʥ; 72

o
C - 1 ʤʠʥ, ʦʙʱʝʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ï 18, 25 ʠ 35. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ (10 ʤʢʣ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ) ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ:  

¶ 1 ʤʢʣ taq-ʙʫʬʝʨʘ (ʭ10);  

¶ 0,2 ʤʢʣ 10 ʤM dNTP (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ);  

¶ 0,1 ʤʢʣ Taq-Polymerase (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ);  

¶ 1 ʤʢʣ ʩʤʝʩʠ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ (ʊʘʙʣ. 4), ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʘʞʜʦʛʦ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʨʘʚʥʘ 10 ʤʢʤʦʣʴ;  

¶ 100 ʥʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʪʨʠʮʳ ʢɼʅʂ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʳʭ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ Ŭ-ɸʢʪʠʥ ʠ ɓ-ʊʫʙʫʣʠʥ. 

2.6.9. ʇʦʣʫʯʝʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʣʘʢʢʘʟ T.hirsuta 

ʇʦʠʩʢ ʢʦʥʪʠʛ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʛʝʥʦʚ ʣʘʢʢʘʟ, 

ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʣʦʢʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ BLAST ʥʘ ʦʙʱʝʤ ʧʫʣʝ 

ʢʦʥʪʠʛ ʩ ʟʘʧʨʦʩʦʤ ʥʘ ʧʦʠʩʢ ʰʝʩʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʙʣʦʢʦʚ (ʤʦʪʠʚʦʚ) 

ʣʘʢʢʘʟ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʚʳʨʘʚʥʠʚʘʥʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ 

ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ (Trametes versicolor, Trametes hirsuta, Pleurotus ostreatus; Dichomitus 

squalens; Laccaria bicolor; Coprinopsis cinerea; Stereum hirsutum): HWHG; 

VP(T)DQA(T)GTF(Y)WYHSHL(A)STQYC; KRYRFRLV(I)S(N); PPTVPVLL; 

PHPFHLHGHV ʠ HCHIDF(W)HL ʩ ʫʯʝʪʦʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʚʥʫʪʨʠ ʙʣʦʢʦʚ. ʇʦʣʫʯʝʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʪʨʘʥʩʢʨʠʧʪʦʚ 

ʣʘʢʢʘʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʙʳʩʪʨʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ 5ô ʠ 3ô ʢʦʥʮʦʚ ʢɼʅʂ (RACE-PCR), ʩ 

ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʜʣʷ ʙʳʩʪʨʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʦʥʮʝʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢɼʅʂ "Mint RACE 

cDNAamplificationset" (ɽʚʨʦʛʝʥ). ʅʘ ʢʘʞʜʳʡ ʪʨʘʥʩʢʨʠʧʪ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʧʦ 2 ʧʘʨʳ 

ʫʥʠʢʘʣʴʥʳʭ ʛʝʥʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ (ʪʘʙʣ. 4).  ʇʦʣʫʯʝʥʠʝ ʧʦʣʥʳʭ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʣʘʢʢʘʟ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʦʩʣʝ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ RACE-ʇʎʈ ʙʳʣʠ ʦʪʩʝʢʚʝʥʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʫ ʉʘʥʛʝʨʘ 

(ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʠ ʦʙʲʝʜʠʥʝʥʳ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 10. 

 

ʈʠʩ. 10. ʉʭʝʤʘ ʩʙʦʨʢʠ ʧʦʣʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʪʨʘʥʩʢʨʠʧʪʦʚ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʠʟʦʬʝʨʤʝʥʪʳ ʣʘʢʢʘʟ ʤʝʪʦʜʦʤ RACE-ʇʎʈ. 

2.6.10. ʇʨʦʚʝʜʝʥʠʝ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʮʠʢʣʝʨʘ StepOnePlus (Applied 

Biosystems, ʉʐɸ). ʈʝʘʢʮʠʶ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʜʣʷ 

ʇʎʈ qPCRmix-HS SYBR+ROX (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʲʝʤʦʤ 20 ʤʢʣ ʚʥʦʩʠʣʠ 100 ʥʛ ʢɼʅʂ, ʠ ʛʝʥʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʘʡʤʝʨʳ 

(ʪʘʙʣ. 4) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,2-0,4 ʤʢʄ (ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ). 

ʈʝʞʠʤ ʘʤʧʣʠʬʠʢʘʮʠʠ: 10 ʤʠʥ ʧʨʠ 95
ʦ
C, 40 ʮʠʢʣʦʚ (95

ʦ
C - 15 ʩʝʢ, 58

ʦ
C - 20 ʩʝʢ, 72

ʦ
C - 30 

ʩʝʢ), ʠ ʧʣʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ (Melting Curve program: 70ï95
ʦ
C, +1

ʦ
C/ʩ). 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʨʠʚʳʤ ʧʣʘʚʣʝʥʠʷ. 

ʇʦʨʦʛʦʚʫʶ ʣʠʥʠʶ (Tresholdline) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ct ʚʳʩʪʘʚʣʷʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʘʤʧʣʠʢʦʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʥʦ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʘʭ ʥʘ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ. ʆʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʢ ʢʘʞʜʦʡ ʧʘʨʝ ʧʨʘʡʤʝʨʦʚ 

ʩʣʫʞʠʣʘ ʇʎʈ-ʩʤʝʩʴ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʤʘʪʨʠʮʫ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩʝʨʠʝʡ 

10-ʢʨʘʪʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʢɼʅʂ ʧʦ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʪʨʝʥʜʘ. ɼʘʥʥʳʝ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ȹʉt. ɿʥʘʯʝʥʠʷ Ct ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʛʝʥʘ (ʤʠʰʝʥʴ) 

ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥ (ʪʫʙʫʣʠʥ). ʀʟ ʟʥʘʯʝʥʠʡ Ct ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ (RQ) ʧʦ ʬʦʨʤʫʣʝ: 

RQ=2
īȹCt

,  

ʛʜʝ  ȹCt ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ  ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ Ct ʤʠʰʝʥʠ ʠ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ Ct ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʘ (ʜʣʷ ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ):
 

æCt=Ctcʨʤʠʰʝʥʠ - ʉt ʩʨʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʘ ʩʦʦʪʚ.ʤʘʪʨʠʮʳ 

ʇʎʈ-ʧʨʦʜʫʢʪ 

ʘʤʧʣʠʬʠʢʘʮʠʠ 5`-ʢʦʥʮʘ 

ʇʎʈ-ʧʨʦʜʫʢʪ 

ʘʤʧʣʠʬʠʢʘʮʠʠ 3`-ʢʦʥʮʘ 

ʇʦʣʫʯʝʥʥʳʡ ʋʯʘʩʪʦʢ ʛʝʥʘ  
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2.6.11. ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʣʘʢʢʘʟ 

ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʆ MUSCLE (v3.7) [228] ʠ ClustalW [229].  ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʩʣʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʨʝʛʠʦʥʳ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʆ  Gblocks (v0.91b). 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʚ ʧʨʦʛʨʘʤʤʝ PhyML (v3.0 ʘLRT) [230]. ʉʪʝʧʝʥʴ ʜʦʚʝʨʠʷ ʚʥʫʪʨʝʥʥʠʤ ʚʝʪʚʷʤ 

ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʙʫʪʩʪʨʵʧ (ʥʘ ʦʩʥʦʚʘʥʠʠ 100 ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʳʙʦʨʦʢ). 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʤʝ TreeDyn 

(v198.3) [231]. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʘʢʢʘʟ ʠʟ ʛʨʠʙʦʚ ʨʦʜʘ 

Trametes, ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI ʩʦ ʩʪʝʧʝʥʴʶ ʠʜʝʥʪʠʯʥʦʩʪʠ ʙʦʣʝʝ 70% ʢ 

ʣʘʢʢʘʟʘʤ LacA-LacE T. hirsuta.  

ʈʘʩʯʝʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʩʦʚ ʠ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʯʝʢ ʜʣʷ ʢʘʞʜʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʘʢʢʘʟʳ, ʘ ʪʘʢ ʞʝ ʦʮʝʥʢʫ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ SequenceManipoolationSuite 

[232], ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʩʫʨʩʘ ExPASy [233] ʠ ʘʣʛʦʨʠʪʤʦʚ BLAST [234]. ʉʘʡʪʳ 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩ ʧʦʤʦʱʴʶ NetNGlyc 

1.0 (http://www.cbs.dtu.dɻʇ/services/NetNGlyc/) [235]. ʂʦʥʩʝʥʩʫʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʜʦʤʝʥʦʚ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʦʞʝʥʠʷ Web-logo 

(http://weblogo.berkeley.edu/). 

http://weblogo.berkeley.edu/
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʀʟʫʯʝʥʠʝ ʧʨʦʬʠʣʝʡ ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ T. hirsuta ʧʨʦʜʫʮʠʨʫʝʤʳʭ 

ʙʘʟʠʜʠʦʤʠʮʝʪʦʤ ʥʘ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [236ï238], ʙʘʟʠʜʠʦʤʠʮʝʪ T. hirsuta 072 ʦʙʣʘʜʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʣʠʛʥʠʥ-ʤʦʜʠʬʠʮʠʨʫʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʦʩʥʦʚʥʳʤ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʤ 

ʬʝʨʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʣʘʢʢʘʟʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚ ʂɾ ʵʪʦʛʦ 

ʛʨʠʙʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʟʦʬʦʨʤ/ʠʟʦʬʝʨʤʝʥʪʦʚ ʣʘʢʢʘʟ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʠʰʴ ʤʘʞʦʨʥʫʶ ʬʦʨʤʫ ʬʝʨʤʝʥʪʘ ï ʧʨʦʜʫʢʪ ʛʝʥʘ lacA. ɼʘʥʥʳʝ 

ʦ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʘʭ ʣʠʛʥʠʥ-ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ T. hirsuta ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʢʨʝʪʦʤʦʚ 

ʙʘʟʠʜʠʦʤʠʮʝʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʛʨʠʙʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʜʫʢʮʠʠ ʣʘʢʢʘʟ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʨʦʣʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʬʝʨʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʣʠʛʥʠʥʦʣʠʟʘ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ T. hirsuta ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʚʘ ʠʥʜʫʢʪʦʨʘ 

ʙʠʦʛʝʥʝʟʘ ʣʘʢʢʘʟ: ʠʦʥʳ ʤʝʜʠ Cu
2+
, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʠʥʜʫʢʪʦʨʦʚ ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʩʫʙʩʪʨʘʪ - ʦʚʩʷʥʘʷ ʩʦʣʦʤʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʛʥʠʥʘ (ʜʦ 20% ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʦʚ ʣʠʛʥʠʥ-ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ.  

3.1.1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʬʠʣʝʡ ʘʢʪʠʚʥʦʩʪʝʡ ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ T. hirsuta 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ɻʇ ʠ ʃʎ ʩʨʝʜʘʭ (ʚ ʪʦʤ ʯʠʩʣʝ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʠʥʜʫʢʮʠʶ ʣʘʢʢʘʟ ʤʝʜʴʶ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʚʪʦʨʠʯʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʚ ʢʦʥʮʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʠʣʠ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ ʬʝʨʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʜʠʘʧʘʟʦʥʳ, ʯʪʦ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʪʘʤʤʘ ʠ ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʦʪ ʥʘʣʠʯʠʷ ʠʥʜʫʢʪʦʨʦʚ 

ʙʠʦʩʠʥʪʝʟʘ [72]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦ ʧʨʦʜʫʢʮʠʠ ʣʘʢʢʘʟʳ ʥʘ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

[210,239]. ʉʦʩʪʘʚ ʃʄʉ T. hirsuta ʦʮʝʥʠʚʘʣʠ ʧʦ ʘʢʪʠʚʥʦʩʪʷʤ ʮʝʣʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [240,241]: ʣʘʢʢʘʟʳ, ʧʝʨʦʢʩʠʜʘʟ (ʄnʈ, LiP, VP) ʠ ʘʨʠʣʘʣʢʦʛʦʣʴʦʢʩʠʜʘʟʳ (AAO). 
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ʌʘʟʘ ʨʦʩʪʘ ʛʨʠʙʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʬʠʣʴ ʢʘʢ ʩʝʢʨʝʪʠʨʫʝʤʳʭ, ʪʘʢ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ.  

ʅʘ ʨʠʩʫʥʢʝ 11ɸ ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʘʷ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ T. 

hirsuta ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʩʫʙʩʪʨʘʪ. ʍʘʨʘʢʪʝʨ 

ʢʨʠʚʳʭ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʛʨʠʙʘ T. hirsuta ʥʘ ʩʨʝʜʘʭ ʦʜʠʥʘʢʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʫʢʪʦʨʘ (ɻʇ/Cu
2+
) ʠ ʙʝʟ ʥʝʛʦ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʝʥ ʚ ʬʘʟʝ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ. ʂʘʢ ʚʠʜʥʦ, ʦʥʘ ʟʘʚʝʨʰʘʝʪʩʷ ʫʞʝ ʢ 8 - 10 ʩʫʪʢʘʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʥʘ ɻʇ ʩʨʝʜʝ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʨʦʩʪʘ (ɻʇ) ʠʣʠ ʣʠʟʠʩ ʢʫʣʴʪʫʨʳ 

(ɻʇ/Cu
2+
). ʍʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʨʝʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʩʷ. ʊʘʢ, ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ ʙʝʟ 

ʠʥʜʫʢʪʦʨʘ ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ, ʘ 

ʥʘ ʩʨʝʜʝ ʩ ʠʥʜʫʢʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʧʘʜʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʤʘʩʩʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʭʦʜʦʤ ʥʘ ʧʣʘʪʦ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʧʦʩʣʝ 15 ʩʫʪʦʢ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʥʘ ʩʨʝʜʝ ɻʇ/Cu
2+

 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʇ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦ ʬʘʟʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ (ʜʦ 18-

21 ʜʥʝʡ), ʘ ʪʘʢ ʞʝ ʜʘʚʘʣʦ ʙʦʣʴʰʠʡ ʚʳʭʦʜ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ  (ʚ 1,6 ʨʘʟʘ). ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ CuSO4, ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʤʠʮʝʣʠʷ ʥʘ ʦʙʝʠʭ ʩʨʝʜʘʭ ʙʳʣʦ ʚ 1,5-1,6 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʙʝʟ ʠʥʜʫʢʪʦʨʘ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʨʦʩʪʘ ʩʦʭʨʘʥʷʣʩʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ.  
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ʈʠʩ. 11.  ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʙʘʟʠʜʠʦʤʠʮʝʪʘ ʊ. 

hirsuta 072 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. A ï ʥʘʢʦʧʣʝʥʠʝ 

ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ ʤʠʮʝʣʠʷ; ɺ ï ʘʢʪʠʚʥʦʩʪʴ ʣʘʢʢʘʟʳ; ʉ ï ʘʢʪʠʚʥʦʩʪʴ MnP; D ï 

ʘʢʪʠʚʥʦʩʪʴ VP, E ï ʘʢʪʠʚʥʦʩʪʴ LiP, F ï ʘʢʪʠʚʥʦʩʪʴ ɸɸʆ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʨʝʜ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: 

 


