
 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

 

 

 

 

 ʇʝʯʥʠʢʦʚʘ ɽʚʛʝʥʠʷ ɺʠʢʪʦʨʦʚʥʘ 

 

 

 

 

 

ʉʊʈʋʂʊʋʈɸ ɺʀʈʋʉɸ ʐʊʈʀʍʆɺɸʊʆʁ  ʄʆɿɸʀʂʀ ʗʏʄɽʅʗ ʀ 

ɻʀɻɸʅʊʉʂʀʍ ɹɸʂʊɽʈʀʆʌɸɻʆɺ EL ʠ Lin68 ʇʆ ɼɸʅʅʓʄ 

ʂʈʀʆʕʃɽʂʊʈʆʅʅʆʁ ʄʀʂʈʆʉʂʆʇʀʀ 

 

 

 

 

 

03.01.03-ʤʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷ 

 

 

 

 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ  

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʄʦʩʢʚʘ) ʠ ʚ ʦʪʜʝʣʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɹʠʨʢʙʝʢ 

ʢʦʣʣʝʜʞʘ, ʋʥʠʚʝʨʩʠʪʝʪʘ ʃʦʥʜʦʥʘ (ʛ. ʃʦʥʜʦʥ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ:   

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ               

                                                                                   ʉʦʢʦʣʦʚʘ ʆʣʴʛʘ ʉʝʨʛʝʝʚʥʘ 

 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

                                                                                   ʆʨʣʦʚʘ ɽʣʝʥʘ ɺʘʩʠʣʴʝʚʥʘ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

ɿʘʚʨʠʝʚ ʉʝʨʛʝʡ ʂʠʨʠʘʢʦʚʠʯ, ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣ.-

ʢʦʨʨ. ʈɸʅ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʦʚ ʄ. ʄ.ʐʝʤʷʢʠʥʘ 

ʠ ʖ.ɸ.ʆʚʯʠʥʥʠʢʦʚʘ ʈɸʅ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʪʜʝʣʦʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʩʚʷʟʝʡ.  

ʂʣʠʥʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ,  ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  ʅʀʀ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ,  

ʣʘʙʦʨʘʪʦʨʠ ̫ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʟʘʚʝʜʫʶʱʠʡ. 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠè ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ,  ʀʥʩʪʠʪʫʪ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤ. ʉ.ʅ. 

ɺʠʥʦʛʨʘʜʩʢʦʛʦ.  

 

ɿʘɦʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ___ ___________ 2015 ʛ. ʚ ____ ʯʘʩʦʚ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.001.76 ʧʦ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʥʘʫʢ ʧʨʠ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘè ʧʦ ʘʜʨʝʩʫ: 119234, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʄɻʋ, 

ʜ.1, ʩʪʨ. 12, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʘʫʜ. 389. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʅʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʧʨʦʩʧʝʢʪ, 27, 

ʦʪʜʝʣ ʜʠʩʩʝʨʪʘʮʠʡ) ʠ ʥʘ ʩʘʡʪʝ www.bio.msu.ru. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ___  ___________  2015 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ,  

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ                                                  ʀ.ɸ. ʂʨʘʰʝʥʠʥʥʠʢʦʚ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʜʤʝʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ (ɸ.ʉ. ʉʧʠʨʠʥ, 1986). 

ɿʥʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʘʢʪʠʚʘʮʠʠ ʠ ʘʚʪʦʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʇʨʠʟʥʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʷʚʣʷʶʪʩʷ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʗʄʈ, 

ʜʝʪʝʢʮʠʷ ʣʶʤʠʥʠʩʮʝʥʮʠʠ, ʤʝʪʦʜ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ) ʷʚʣʷʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤ, ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʕʣʝʢʪʨʦʥʥʘʷ ʢʨʠʦʛʝʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʥʘʪʠʚʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʤʦʤʝʥʪʘʣʴʥʦʡ ʟʘʤʦʨʦʟʢʠ, ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫

ʨʝʞʠʤʦʚ ʥʠʟʢʦʡ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ. ʇʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʠ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʤʦʱʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ ʩ ʢʦʛʝʨʝʥʪʥʳʤ ʧʫʯʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ (Sachse et al., 2007; Clare and 

Orlova, 2010). ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ ʚʠʨʫʩʥʳʭ ʢʘʧʩʠʜʦʚ ʩ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʨʠʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʳ ʩ 

ʚʳʩʦʢʠʤ ʠʣʠ ʩʨʝʜʥʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʘʥʥʳʝ ʦ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʧʩʠʜʦʚ 

ʤʥʦʛʠʭ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʚʠʨʫʩʦʚ, ʠʥʬʠʮʠʨʫʶʱʠʭ ʭʦʟʷʝʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʢʦ 

ʚʩʝʤ ʮʘʨʩʪʚʘʤ ʞʠʚʦʛʦ (Lawrence et al., 2009; Wolf et al, 2010; Wommack and 

Colwell, 2000; Fokine et al, 2005; Fokine et al,  2007). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʠʟʤʝʨʠʤʦ ʤʝʥʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʝʥʦ ʦ 

ʩʪʨʫʢʪʫʨʘʭ ʚʠʨʫʩʥʳʭ ʢʘʧʩʠʜʦʚ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʧʠʨʘʣʴʥʳʭ ʚʠʨʫʩʦʚ ʨʘʩʪʝʥʠʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʩʫʙʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʪʦʣʴʢʦ ʜʣʷ 

ʥʝʩʢʦʣɹʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Tobamovirus, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʠʨʫʩʘ ʪʘʙʘʯʥʦʡ 

ʤʦʟʘʠʢʠ (ɺʊʄ), ʠ ʥʠʪʯʘʪʦʛʦ ʚʠʨʫʩʘ ʤʦʟʘʠʢʠ ʙʘʤʙʫʢʘ (Sachse et al., 2007; Clare 

and Orlova, 2010; DiMaio et al., 2015). ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʩʫʙʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʝʱʝ ʦʜʥʦʛʦ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʩʧʠʨʘʣʴʥʦʛʦ 

ʚʠʨʠʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪ ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʧʠʨʘʣʴʥʳʡ 

ʚʠʨʫʩ ʰʪʨʠʭʦʚʘʪʦʡ ʤʦʟʘʠʢʠ ʷʯʤʝʥʷ (ɺʐʄʗ), ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʨʦʜʫ 

Hordeivirus. ʇʘʣʦʯʢʦʚʠʜʥʳʝ ʯʘʩʪʠʮʳ ɺʐʄʗ ʠʤʝʶʪ ʚʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ ʩ 

ʚʠʨʠʦʥʘʤʠ ɺʊʄ, ʦʜʥʘʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʠʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʧʠʨʘʣʠ (ʰʘʛ, 

ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʠ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ) (ɸʪʘʙʝʢʦʚ ʠ ʅʦʚʠʢʦʚ, 1966; 

Kiselev et al., 1966; Veerisetty, 1978; Atabekov and Novikov, 1989). ʉʨʘʚʥʝʥʠʝ 
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ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʧʩʠʜʥʳʭ ʙʝʣʢʦʚ ɺʐʄʗ ʠ ɺʊʄ, ʩʪʘʚʰʝʝ ʚʦʟʤʦʞʥʳʤ 

ʧʦʩʣʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ɺʐʄʗ (Gustafson et al., 1986), ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʙʝʣʦʢ ɺʐʄʗ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ɺʊʄ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Makarov et al. 2013). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʧʣʘʪʬʦʨʤ (ʥʦʩʠʪʝʣʝʡ). ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʠʮʳ ɺʐʄʗ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʛʨʝʛʘʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴʶ 

(Atabekov et al., 1966).  

ɽʱʝ ʦʜʥʠʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʠʛʘʥʪʩʢʠʝ ʚʠʨʫʩʳ ʙʘʢʪʝʨʠʡ, 

ʙʘʢʪʝʨʠʦʬʘʛʠ EL, phiKZ, Lin68, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ Myoviridae ʠ 

ʠʥʬʠʮʠʨʫʶʱʠʝ ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʚʠʜʘ Pseudomonas aeruginosa. ʕʪʘ 

ʙʘʢʪʝʨʠʷ ʚʳʟʳʚʘʝʪ ʪʷʞʝʣʳʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ 

(Balcht and Smith, 1994). ɺ ʩʚʷʟʠ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʙʘʢʪʝʨʠʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ, 

ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʛʦʚʦʡ ʪʝʨʘʧʠʠ. ʌʘʛʠ EL ʠ Lin68 ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɹʫʨʢʘʣʴʮʝʚʘ ʩ ʩʦʘʚʪ., 2002). 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʠʛʘʥʪʩʢʠʭ ʬʘʛʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʪʦʛʝʥʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦ 

ʩʪʨʫʢʪʫʨʝ ʚʠʨʫʩʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ (ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʠ ʩʧʠʨʘʣʴʥʦʡ) 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʚʘʢʮʠʥ ʠ ʬʘʛʦʚʦʡ 

ʪʝʨʘʧʠʠ. 

 ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʧʘʣʦʯʢʦʚʠʜʥʦʛʦ ʚʠʨʫʩʘ ɺʐʄʗ ʠ ʛʠʛʘʥʪʩʢʠʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʢʨʠʦ-ʇʕʄ) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩʧʠʨʘʣʴʥʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ɺʐʄʗ ʠ 

ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʢʘʧʩʠʜʦʚ ʙʘʢʪʝʨʠʦʬʘʛʦʚ EL ʠ Lin68 ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʨʠʦ-ʇʕʄ ʠ ʦʙʨʘʙʦʪʢʠ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʡ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʜʝʪʝʢʮʠʠ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʥʪʘʢʪʝ 

ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʦʙʣʫʯʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʜʦʟʦʡ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʨʠʦ-ʇʕʄ; 

3. ʇʦʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ ɺʐʄʗ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʛʦʤʦʣʦʛʠʠ ʠ ʛʠʙʢʦʛʦ ʚʧʠʩʳʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʪʘʢʪʦʚ ʩʫʙʲʝʜʠʥʠʮ ʚʠʨʫʩʥʦʡ ʯʘʩʪʠʮʳ ɺʐʄʗ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʈʅʂ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɺʐʄʗ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ ʚʠʨʠʦʥʦʚ ï 

ʰʠʨʦʢʫʶ ʠ ʫʟʢʫʶ. 
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2. ʃʘʪʝʨʘʣʴʥʳʡ ʛʠʜʨʦʬʦʙʥʳʡ ʢʦʥʪʘʢʪ ʚ ʦʙʣʘʩʪʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʨʠʦʥʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚʠʨʠʦʥ ɺʐʄʗ. 

3. ɺ ʢʘʧʩʠʜʝ ʛʠʛʘʥʪʩʢʠʭ phiKZ-ʧʦʜʦʙʥʳʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ  EL ʠ Lin68, ʪʘʢ ʞʝ, 

ʢʘʢ ʫ phiKZ,  ʩʫʱʝʩʪʚʫʝʪ ʙʝʣʢʦʚʦʝ ʚʥʫʪʨʝʥʥʝʝ ʪʝʣʦ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʟʤʝʨʘʤʠ ʛʝʥʦʤʘ ʵʪʠʭ ʛʠʛʘʥʪʩʢʠʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʨʠʦ-ʇʕʄ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʠʨʠʦʥʦʚ ɺʐʄʗ ʩ ʩʫʙʥʘʥʦʤʝʪʨʦʚʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ (5,1 ¡ ʠ 5,7 ¡). ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʯʘʩʪʠʮ ɺʐʄʗ ʠ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʠʧʦʚ ʯʘʩʪʠʮ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʠʨʘʣʠ: ʰʠʨʦʢʠʝ (111 ʩʫʙʲʝʜʠʥʠʮ ʥʘ ʧʝʨʠʦʜ) ʠ ʫʟʢʠʝ (106 

ʩʫʙʲʝʜʠʥʠʮ ʥʘ ʧʝʨʠʦʜ). ʆʪʢʨʳʪ ʥʦʚʳʡ ʣʘʪʝʨʘʣʴʥʳʡ ʛʠʜʨʦʬʦʙʥʳʡ ʢʦʥʪʘʢʪ 

ʤʝʞʜʫ ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʙʝʣʢʘ ʦʙʦʣʦʯʢʠ (ɹʆ) ɺʐʄʗ.  

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʢʨʠʦ-ʇʕʄ ʛʠʛʘʥʪʩʢʠʝ phiKZ-ʧʦʜʦʙʥʳʝ 

ʙʘʢʪʝʨʠʦʬʘʛʠ P.aeruginosa EL ʠ Lin68. ɺ ʠʭ ʢʘʧʩʠʜʘʭ ʤʝʪʦʜʦʤ ʦʙʣʫʯʝʥʠʷ 

ʧʦʚʳʰʝʥʥʦʡ ʜʦʟʦʡ ʵʣʝʢʪʨʦʥʦʚ ʦʙʥʘʨʫʞʝʥʳ ʙʝʣʢʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʪʝʣʘ, 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʫʧʘʢʦʚʢʫ ɼʅʂ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʝʣʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʟʤʝʨʘʤʠ ʬʘʛʦʚʦʛʦ ʛʝʥʦʤʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʠʛʘʥʪʩʢʠʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ EL, Lin68 ʠ ʚʠʨʠʦʥʦʚ ɺʐʄʗ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʘ ʠʟʚʝʩʪʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʨʫʛʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʚʠʨʫʩʦʚ; ʜʣʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʝʥʠʷ ʙʝʣʢʦʚ, ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʜʝʪʝʢʮʠʠ ʠ ʘʥʘʣʠʟʫ ʥʘʥʦʯʘʩʪʠʮ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʘʢʮʠʥ ʩ ʚʠʨʫʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʷ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʦʙʲʝʢʪʦʚ. ʈʘʟʨʝʰʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʙʳʣʦ ʦʪʢʘʣʠʙʨʦʚʘʥʦ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʮʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɹʆ ɺʐʄʗ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʢʨʠʦ-

ʇʕʄ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ, ʘ ʩʜʝʣʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʚʦʜʳ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʦʙʟʦʨʝ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ; ʧʦʣʫʯʝʥʠʠ ʥʝʛʘʪʠʚʥʳʭ ʠ ʢʨʠʦ-ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʡ ʚʠʨʫʩʘ ɺʐʄʗ ʠ 

ʙʘʢʪʝʨʠʦʬʘʛʦʚ EL ʠ Lin68 ʚ ʥʘʪʠʚʥʦʤ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʧʦʚʨʝʞʜʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ; ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ɺʐʄʗ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 5,1-5,7¡; ʦʙʨʘʙʦʪʢʝ, ʘʥʘʣʠʟʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 
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ʨʝʟʫʣʴʪʘʪʦʚ; ʧʦʜʛʦʪʦʚʢʝ ʩʪʘʪʝʡ ʠ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: XIX  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ñʃʦʤʦʥʦʩʦʚ 2012ò. ʉʝʢʮʠʷ ɹʠʦʣʦʛʠʷ. ʄʦʩʢʚʘ, 

2012; XXIV  ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʏʝʨʥʦʛʦʣʦʚʢʘ, 2012; XX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ñʃʦʤʦʥʦʩʦʚ 2013ò. ʄʦʩʢʚʘ, 2013; XXV  

ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 2014; 

International Microscopic Congress. Prague. 2014. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 ʧʝʯʘʪʥʳʭ 

ʨʘʙʦʪ, ʠʟ ʥʠʭ ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʯʥʶ ɺɸʂ ʈʌ - 3, ʠ 6 

ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 138 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ. 

ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 48 ʨʠʩʫʥʢʦʚ ʠ 1 ʪʘʙʣʠʮʫ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ  

1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

 ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

(ʇʕʄ) ï ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʨʠʦ-ʇʕʄ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚʦʜʥʦʝ 

ʦʢʨʫʞʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʙʠʦʤʦʣʝʢʫʣ ʚ ʢʣʝʪʢʝ, ʠ ʧʦʣʫʯʠʪʴ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʥʦ ʩʦ ʩʣʘʙʳʤ ʢʦʥʪʨʘʩʪʦʤ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʧʨʦʝʢʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʣʢʦʚ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʛʣʳ ʕʡʣʝʨʘ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʝʢʮʠʡ ʠ, ʚ ʠʪʦʛʝ, ʧʦʩʪʨʦʠʪʴ 3-ʭ ʤʝʨʥʫʶ ʢʘʨʪʫ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (3D 

ʤʦʜʝʣʴ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

1.2 ʂʨʠʦ-ʇʕʄ ʠ ʩʪʨʫʢʪʫʨʘ ʚʠʨʫʩʦʚ 

ʉʪʨʫʢʪʫʨʘ ɺʐʄʗ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʨʠʦ-ʇʕʄ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʧʠʨʘʣʠ 

ʠ ʨʘʩʩʯʠʪʘʥʘ 3D ʢʘʨʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (18¡). 

ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ ɹʆ ɺʐʄʗ ʜʦʣʞʝʥ 

ʙʳʪʴ ʩʭʦʞ ʩ ɺʊʄ (Kendall et al., 2013). 

ʄʝʪʦʜ ʢʨʠʦ-ʇʕʄ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʠʨʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʘʢʪʝʨʠʦʬʘʛʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʛʠʛʘʥʪʩʢʦʛʦ ʙʘʢʪʝʨʠʦʬʘʛʘ phiKZ (Fokine et al., 

2005; 2007). ʅʝʜʘʚʥʦ ʵʪʠʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 3D ʩʪʨʫʢʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ 



7 

 

ʪʝʣʘ ʬʘʛʘ phiKZ (Wu et al., 2012).  
 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜ  r

2.1 ʆʯʠʩʪʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʚʠʨʫʩʘ ɺʐʄʗ 

  ʇʨʝʧʘʨʘʪ ɺʐʄʗ ʰʪʘʤʤʘ ND18 ʧʦʣʫʯʘʣʠ ʚ ʅʀʀʌʍɹ ʠʤ. ɸ.ʅ.ɹʝʣʦʟʝʨʩʢʦʛʦ 

ʧʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ (Makarov et al., 2013)
1
.  

  ʂʫʣʴʪʫʨʫ Agrobacterium tumefaciens (ʰʪʘʤʤ GV3101), ʩʦʜʝʨʞʘʱʫʶ ʚʠʨʫʩ, 

ʠʥʬʠʣʴʪʨʦʚʘʣʠ ʚ ʣʠʩʪʴʷ Nicotiana benthamiana ʜʣʷ ʟʘʧʫʩʢʘ ʩʠʩʪʝʤʥʦʛʦ 

ʟʘʨʘʞʝʥʠʷ ʚʠʨʫʩʦʤ. ɿʘʨʘʞʝʥʥʳʝ ʣʠʩʪʴʷ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚ 3 ʦʙʲʝʤʘʭ 0.5ʄ 

ʙʦʨʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ 9,0) ʩ 0.1%ɓME. ʉʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʩ 

0.5% Triton X-100, ʧʨʦʩʚʝʪʣʷʣʠ ı ʦʙʲʝʤʘʤʠ ʭʣʦʨʦʬʦʨʤʘ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

20 ʤʠʥ ʧʨʠ 10000g. ɺʠʨʫʩ ʚʳʜʝʣʷʣʠ ʠʟ ʩʫʧʝʨʥʘʪʘʥʪʘ, ʠʥʢʫʙʠʨʫʷ 2 ʯʘʩʘ ʥʘ 

ʭʦʣʦʜʝ ʩ 4% PEG-6000 and 1.2% NaCl, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 

ʧʨʠ 10000 g. ʆʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʄ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ 9,0), 

ʚʠʨʫʩ ʦʩʘʞʜʘʣʠ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 2ʯ ʧʨʠ 100000g ʯʝʨʝʟ 

ʧʦʜʫʰʢʫ ʠʟ 20%ʩʘʭʘʨʦʟʳ. ʆʯʠʱʝʥʥʳʡ ʚʠʨʫʩ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ 5 ʤʄ 

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ7.5) ʠ ʭʨʘʥʠʣʠ ʧʨʠ 4ÁC. 

2.2. ʇʦʣʫʯʝʥʠʝ ʙʘʢʪʝʨʠʦʬʘʛʦʚ. 

  ɹʘʢʪʝʨʠʦʬʘʛʠ ʨʘʟʤʥʦʞʘʣʠ ʚ ʢʫʣʴʪʫʨʝ P. aeruginosa ʰʪʘʤʤʘ ʈɸʆ1, 

ʠʥʢʫʙʠʨʫʷ ʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ LB ʘʛʘʨʘ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 

37Áʉ (Adams and Anderson, 1959) ʚ ʅʀʀ ʚʘʢʮʠʥ ʠ ʩʳʚʦʨʦʪʦʢ ʠʤ. 

ʀ.ʀ.ʄʝʯʥʠʢʦʚʘ, ʈɸʄʅ
2
. ɼʘʣʝʝ ʚʠʨʫʩʥʳʝ ʯʘʩʪʠʮʳ ʦʯʠʱʘʣʠ ʧʫʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʛʨʘʜʠʝʥʪʝ ʭʣʦʨʠʜʘ ʮʝʟʠʷ (Sambrook and Russel, 2001). 

2.2 ʅʝʛʘʪʠʚʥʦʝ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ  

  ʉʫʩʧʝʥʟʠʶ ʚʠʨʫʩʦʚ ʥʘʥʦʩʠʣʠ ʥʘ ʩʝʪʢʫ, ʧʦʢʨʳʪʫʶ ʫʛʣʝʨʦʜʥʦʡ ʧʦʜʣʦʞʢʦʡ, 

ʦʢʨʘʰʠʚʘʣʠ 1%-ʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʪ͊ʘ ʫʨʘʥʘ, ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʇʨʦʩʤʘʪʨʠʚʘʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tecnai F20 200kV (FEI) ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʭ62000. 

2.3 ʂʨʠʦ-ʤʠʢʨʦʩʢʦʧʠʷ 

  ʉʫʩʧʝʥʟʠʶ ʚʠʨʫʩʦʚ ʥʘʥʦʩʠʣʠ ʥʘ ʩʝʪʢʫ ʜʣʷ ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ: 

C-flat (r2/2, Protochips Inc., USA), ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢʨʫʛʣʳʝ ʦʪʚʝʨʩʪʠʷ, ʧʨʦʤʘʢʠʚʘʣʠ 

ʠʟʣʠʰʢʠ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ ʠ ʙʳʩʪʨʦ ʧʦʛʨʫʞʘʣʠ ʚ 

ʞʠʜʢʠʡ ʵʪʘʥ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʦʨʬʥʦʛʦ ʣʴʜʘ. ɺʐʄʗ ʧʨʦʩʤʘʪʨʠʚʘʣʠ ʥʘ ʢʨʠʦ-

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ FEI Polara ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 150000. ʌʘʛʠ EL 

ʧʨʦʩʤʘʪʨʠʚʘʣʠ ʚ ʢʨʠʦ-ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Titan Krios (FEI) ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ 33000, ʬʘʛʠ phiKZ ʠ Lin68 ʧʨʦʩʤʘʪʨʠʚʘʣʠ ʚ ʢʨʠʦ-ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Tecnai G12 Tween (FEI) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 26000. 

 

                                                           
1
 ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɸ.ɻ.ʉʦʣʦʚʴʝʚʳʤ ʠ ɽ.ɺ. ʉʢʫʨʘʪʦʤ. 

2
 ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɺ.ʅ.ʂʨʳʣʦʚʳʤ ʠ ʆ.ɺ.ʐʘʙʫʨʦʚʦʡ. 
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2.4 ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

  ʆʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Imagic, Spider, Bsoft (van Heel et al., 1996; Shaikh et al., 2008 ; 

Ludtke et al., 1999). ɼʣʷ ʢʘʞʜʦʡ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʧʨʝʜʝʣʷʣʠ ʧʘʨʘʤʝʪʨʳ 

ʯʘʩʪʦʪʥʦ-ʢʦʥʪʨʘʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʏʂʍ) ʠʟʦʙʨʘʞʝʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʷ 

ʯʘʩʪʠʮ ʨʘʟʙʠʚʘʣʠ ʥʘ ʢʚʘʜʨʘʪʥʳʝ ʩʝʛʤʝʥʪʳ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʏʂʍ. 

2.4.1. ʀʢʦʩʘʵʜʨʠʯʝʩʢʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʧʩʠʜʦʚ ʬʘʛʦʚ EL ʠ Lin68. 

  ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʙʘʢʪʝʨʠʦʬʘʛʦʚ ʦʛʨʫʙʣʷʣʠ ʚ 

2 ʨʘʟʘ, ʪ.ʦ. ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʜʣʷ EL ʩʪʘʣ 5.36 ¡, ʜʣʷ Lin68 ʠ phiKZ - 8.48 ¡. ʇʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ BOXER (Ludtke et al., 1999) ʙʳʣʦ ʚʳʨʝʟʘʥʦ 469 ʦʪʜʝʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ EL, 512 - Lin68 and 315 - phiKZ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠ ʧʨʦʮʝʜʫʨʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʮʝʥʪʨʠʨʦʚʘʥʠʷ). ɼʘʣʝʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ ʨʘʟʙʠʚʘʣʠ ʥʘ ʢʣʘʩʩʳ: ʚ ʦʜʠʥ ʢʣʘʩʩ ʦʧʨʝʜʝʣʷʣʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʯʘʩʪʠʮ ʩʦ ʩʭʦʜʥʳʤʠ ʫʛʣʘʤʠ ʕʡʣʝʨʘ. ɺʩʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʦʜʠʥ ʢʣʘʩʩ ʩʫʤʤʠʨʦʚʘʣʠ. ʃʫʯʰʠʝ ʩʫʤʤʳ ʩʣʫʞʠʣʠ 

ʵʪʘʣʦʥʘʤʠ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɺʳʨʦʚʥʝʥʥʳʡ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʨʘʟʙʠʚʘʣʠ ʥʘ ʢʣʘʩʩʳ ʝʱʝ ʨʘʟ. ɼʣʷ ʣʫʯʰʠʭ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʩ-ʩʫʤʤ 

ʧʨʦʚʦʜʠʣʠ ʧʨʦʮʝʜʫʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʫʛʣʦʚ (van Heel, 1997). ʇʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʩ-ʩʫʤʤ ʧʨʦʚʦʜʠʣʠ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʪʥʦʛʦ 

ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʇʦʣʫʯʝʥʥʘʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʧʨʦʝʢʮʠʡ, ʠ ʜʘʣʴʰʝ 

ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʩʨʘʚʥʝʥʠʷ ʧʨʦʝʢʮʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʫʪʦʯʥʝʥʥʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʠʨʫʩʥʳʭ ʢʘʧʩʠʜʦʚ. 

2.4.2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʨʘʣʠ ɺʐʄʗ. 

  ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʨʘʣʠ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʥʝʛʘʪʠʚʥʦ-

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʥʦʛʦ ɺʐʄʗ. ʉʝʛʤʝʥʪʳ ʨʘʟʤʝʨʦʤ 600ʭ600 ʧʠʢʩʝʣʝʡ ʙʳʣʠ 

ʚʳʨʦʚʥʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʫʥʜʦʚ ʨʘʩʯʝʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʳʨʘʚʥʠʚʘʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʯʘʩʪʠʮʳ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 200 

ʢʣʘʩʩʦʚ (~5 ʯʘʩʪʠʮ ʥʘ ʢʣʘʩʩ), ʠ ʜʣʷ ʩʫʤʤʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʃʫʯʰʠʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ 

ʢʘʨʪʠʥʘʤʠ ʩʯʠʪʘʣʠʩʴ ʪʝ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʚʠʜʠʤʫʶ ʚʪʦʨʫʶ ʩʣʦʝʚʫʶ ʣʠʥʠʶ (ʈʠʩ. 

1). ʊʘʢʠʝ ʢʘʨʪʠʥʳ ʙʳʣʠ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʨʘʣʠ. 
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ʈʠʩ. 1. ʀʥʜʝʢʩʘʮʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʨʘʣʠ 

ɺʐʄʗ: ʮʠʬʨʘʤʠ ʩʧʨʘʚʘ 

ʫʢʘʟʘʥʳ ʥʦʤʝʨʘ ʩʣʦʝʚʳʭ 

ʣʠʥʠʡ; ʩʣʝʚʘ - 

ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʨʷʤʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʦʝʚʳʝ 

ʣʠʥʠʠ; ʨʷʜʦʤ ʩʦ 

ʩʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʧʦʨʷʜʢʠ ɹʝʩʩʝʣʷ 

ʩʣʦʝʚʳʭ ʣʠʥʠʡ; 

ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ 

ʦʙʦʟʥʘʯʝʥʘ ʦʙʨʘʪʥʘʷ 

ʨʝʰʝʪʢʘ. 

 

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʚʠʜʠʤʳʝ ʨʝʬʣʝʢʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʨʝʰʝʪʢʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʬʣʝʢʩʘ ʥʘʭʦʜʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʥʦʤʝʨ ʩʣʦʝʚʦʡ ʣʠʥʠʠ ʠ 

ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ, ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʚʜʦʣʴ ʜʘʥʥʦʡ ʩʣʦʝʚʦʡ ʣʠʥʠʠ.  

  ʅʘʡʜʷ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚʳʭ ʣʠʥʠʡ ʠ ʧʦʜʩʪʘʚʠʚ ʵʪʠ 

ʟʥʘʯʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʘʚʠʣʦ ʦʪʙʦʨʘ ʩʧʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʧʠʨʘʣʠ ʚʠʨʫʩʥʦʛʦ ʢʘʧʩʠʜʘ (Stewart, 1988). 

         l=t 
.
 n + u 

.
 m                      (1) 

ʛʜʝ l ï ʥʦʤʝʨ ʩʣʦʝʚʦʡ ʣʠʥʠʠ, t ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʩʧʠʨʘʣʠ ʥʘ ʧʝʨʠʦʜ, n ï 

ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʩʣʦʝʚʦʡ ʣʠʥʠʠ, u ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʲʝʜʠʥʠʮ ʥʘ ʧʝʨʠʦʜ 

ʩʧʠʨʘʣʠ, m - +/- ʮʝʣʦʝ ʯʠʩʣʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʠʨʘʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʚ ʢʘʨʪʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ: 5 

ʦʙʦʨʦʪʦʚ ʩʧʠʨʘʣʠ ʠ 111 ʩʫʙʲʝʜʠʥʠʮ ʥʘ ʧʝʨʠʦʜ ʠ ʧʦʜʲʝʤ ʩʧʠʨʘʣʠ ʟʘ 1 ʦʙʦʨʦʪ - 

26.24¡, ʫʛʦʣ ʤʝʞʜʫ ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʩʦʩʪʘʚʠʣ ~16.216Ü, ʘ ʧʦʜʲʝʤ ʩʧʠʨʘʣʠ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʩʫʙʲʝʜʠʥʠʮʘʤʠ ~1.182¡. 

2.4.3. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʚʠʨʫʩʘ. 

 ʊʨʝʭʤʝʨʥʳʝ ʢʘʨʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ɺʐʄʗ ʧʦʣʫʯʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʨʘʣʠ ʢ ʢʨʠʦ-ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʷʤ ʠ ʫʣʫʯʰʘʣʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʧʨʦʝʢʮʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʣʘʪʝʨʘʣʴʥʦʡ 

ʥʝʚʳʨʦʚʥʝʥʥʦʩʪʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (MSA) ʚʳʨʦʚʥʝʥʥʳʭ ʧʨʦʝʢʮʠʡ 

ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʠʡ ʧʦ ʰʠʨʠʥʝ (ʨʠʩ. 2). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 
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ʨʘʥʝʝ ʧʘʨʘʤʝʪʨʳ ʩʧʠʨʘʣʠ (22.2 ʩʫʙʲʝʜʠʥʠʮʳ ʥʘ ʦʙʦʨʦʪ ʠ 5 ʦʙʦʨʦʪʦʚ ʥʘ 

ʧʝʨʠʦʜ), ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʢʣʘʩʩ ʜʘʥʥʳʭ (ʰʠʨʦʢʠʡ). ɼʣʷ ʫʟʢʠʭ 

ʯʘʩʪʠʮ ʧʘʨʘʤʝʪʨʳ ʩʧʠʨʘʣʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʪʜʝʣʴʥʦ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʠ ʩʦʩʪʘʚʠʣʠ 21.2 ʩʫʙʲʝʜʠʥʠʮʳ ʥʘ ʦʙʦʨʦʪ ʩ 5 ʦʙʦʨʦʪʘʤʠ ʥʘ ʧʝʨʠʦʜ. 

ɼʘʣʝʝ ʯʘʩʪʠʮʳ, ʚʭʦʜʷʱʠʝ ñʰʠʨʦʢʠʝò ʠ ñʫʟʢʠʝò ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʨʘʟʜʝʣʠʣʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

(ʩʭʝʤʘ ʥʘ ʨʠʩ. 3).  

 

ʈʠʩ. 2. ʉʦʙʩʪʚʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ (eigen 

images) ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ɺʐʄʗ. ʈʘʤʢʘʤʠ 

ʦʪʤʝʯʝʥʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘ-

ʞʝʥʠʷ, ʦʪʦʙʨʘʞʘʶʱʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʙʦ-

ʨʘ ʜʘʥʥʳʭ ʧʦ ʰʠʨʠʥʝ. 

 

 

2.4.4. ʇʦʣʫʯʝʥʠʝ ʢʘʨʪʠʥ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʝʣʘ (CBP) ʚ ʢʘʧʩʠʜʘʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʣʘ ʚ ʢʘʧʩʠʜʘʭ ʬʘʛʦʚ EL ʠ Lin68, ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʟʘʤʦʨʦʞʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʥʠʤʘʣʠ 2 ʨʘʟʘ ï ʩʥʘʯʘʣʘ ʩ ʥʠʟʢʦʡ ʜʦʟʦʡ ʵʣʝʢʪʨʦʥʦʚ 

(10-20 e
-
/¡

2
), ʧʦʩʣʝ ʩʣʝʜʫʶʱʝʡ ʵʢʩʧʦʟʠʮʠʠ ʜʦʟʘ ʜʦʩʪʠʛʘʣʘ 40-60 e

-
/¡

2
. ʇʨʠ ʵʪʦʤ 

ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʣʘ ʧʦʷʚʣʷʣʠʩʴ ʢʘʨʪʠʥʳ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ (CBP), ʠʤʝʚʰʠʝ ʥʘ ʧʨʦʝʢʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʠʣʠ ʢʨʫʛʣʫʶ ʬʦʨʤʫ (ʈʠʩ. 5).  

 ʀʟʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʨʘʟʙʠʚʘʣʠ ʥʘ ʢʣʘʩʩʳ (van 

Heel et al, 1996). ɺ ʦʜʠʥ ʢʣʘʩʩ ʚʭʦʜʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦ ʩʭʦʜʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

CBP. ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʮʠʠ CBP ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʥʦʡ ʦʩʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʣʘ, ʧʦʵʪʦʤʫ ʦʥʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʠ 

ʨʘʟʤʝʨʦʚ ʚʥʫʪʨʝʥʥʠʭ ʪʝʣ ʚ ʢʘʧʩʠʜʘʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʵʪʦʤʫ ʢʦ ʚʩʝʤ 

ʬʘʛʘʤ ʧʨʠʤʝʥʷʣʘʩʴ ʦʜʥʘ ʠ ʪʘ ʞʝ ʜʦʟʘ. 

2.5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʛʦʤʦʣʦʛʠʠ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʛʦʤʦʣʦʛʠʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ I-TASSER 

(Ambrish et al., 2010). ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʛʠʙʢʦʝ ʚʧʠʩʳʚʘʥʠʝ ʤʦʜʝʣʠ ʧʦ 

ʛʦʤʦʣʦʛʠʠ ʚ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʢʘʨʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʟʢʦʡ ʠ ʰʠʨʦʢʦʡ 

ʯʘʩʪʠʮ ɺʐʄʗ ʩ ʧʦʤʦʱʴʶ Flex-EM (Topf et al., 2008). ʅʘʯʘʣʴʥʳʡ ʬʠʪʪʠʥʛ ʙʳʣ 

ʠʩʧʨʘʚʣʝʥ ʚ ʧʨʦʛʨʘʤʤʝ Coot (Emsley & Cowtan, 2004), ʘ ʟʘʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʦʛʨʘʤʤʦʡ PHENIX (Adams et al. 2009). ɺʠʟʫʘʣʠʟʘʮʠʶ ʢʘʨʪ ʧʣʦʪʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʠ ʚ UCSF Chimera (Goddard et al., 2007). 
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ʈʠʩ. 3. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʢʨʠʦ-ʠʟʦʙʨʘʞʝʥʠʡ ɺʐʄʗ. 

 

 



12 

 

3 . ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

3.1  ʄʦʨʬʦʣʦʛʠʷ ʠ ʪʨʝʭʤʝʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʙʘʢʪʝʨʠʦʬʘʛʦʚ EL ʠ Lin68. 

ʂʨʠʦ-ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʙʝʣʢʦʚʳʤ ʯʘʩʪʠʮʘʤ ʦʩʪʘʚʘʪʴʩʷ ʚ ʥʘʪʠʚʥʦʡ ʬʦʨʤʝ. 

ʄʳ ʠʟʤʝʨʠʣʠ ʨʘʟʤʝʨʳ ʢʘʧʩʠʜʘ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʬʘʛʘ EL (ʈʠʩ. 4ʘ), ʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʥ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 145 ʥʤ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʬʘʛ Lin68.  
 

ʘ  ʙ  ʚ  

 
 
 
 
 
 
 
 
 
 

 
ːɊ ˝̠́̒̒̓̏̎̉̆ ̍̆̇̅̔ ̠̎̉̓̍̉ 

ˑ˚ ̠̔  ́̄́̕ ELȟ ̎̍ 

 

ʈʠʩ. 4. ʆʨʛʘʥʠʟʘʮʠʷ ʙʘʢʪʝʨʠʦʬʘʛʦʚ EL ʠ Lin68. (A) ʂʨʠʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʯʘʩʪʠʮʳ ʬʘʛʘ EL. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʧʩʠʜʦʚ (ɹ) ʬʘʛʘ EL; (ɺ) ʬʘʛʘ Lin68. ʄʘʩʰ. ʦʪʨʝʟʦʢ ï 50 ʥʤ. 

  

ʂʘʧʩʠʜ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʭʚʦʩʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ñʰʝʡʢʠò. ʐʝʡʢʘ ʬʘʛʘ EL 

ʛʦʨʘʟʜʦ ʪʦʥʴʰʝ, ʯʝʤ ʫ Lin68, ʠ ʥʝ ʠʤʝʝʪ ʤʘʥʞʝʪʳ. ʍʚʦʩʪ EL ʠʤʝʝʪ ʜʣʠʥʫ 

ʧʨʠʤʝʨʥʦ 200 ʥʤ ʠ 22 ʥʤ ʚ ʜʠʘʤʝʪʨʝ. ʂʘʧʩʠʜʳ ʬʘʛʦʚ EL ʠ Lin68 ʩʭʦʜʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʧʦ ʨʘʟʤʝʨʘʤ, (ʈʠʩ. 4ʙ, ʚ), ʥʦ ʭʚʦʩʪ ʫ Lin68 ʥʝʤʥʦʛʦ ʢʦʨʦʯʝ, ʘ ʙʘʟʘʣʴʥʘʷ 

ʧʣʘʩʪʠʥʢʘ ʥʘ ʢʦʥʮʝ ʭʚʦʩʪʘ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ (ʦʢʦʣʦ 60 ʥʤ ʚ ʜʠʘʤʝʪʨʝ ʠ 20 ʥʤ 

ʪʦʣʱʠʥʦʡ), ʯʝʤ ʫ EL.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʢʘʧʩʠʜʦʚ ʩʭʦʜʥʳ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ phiKZ-ʧʦʜʦʙʥʳʭ ʬʘʛʦʚ (phiKZ, EL, Lin68). ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ 

ʪʦ, ʯʪʦ ʙʘʢʪʝʨʠʦʬʘʛʠ ʚʠʜʘ EL ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʬʘʛʦʚ phiKZ ʠ Lin68 ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʛʝʥʦʤʘ (211 ʪʧʥ ʫ EL, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 280 ʪʧʥ ʫ 

Lin68/phiKZ) (Hertveldt et al, 2005). ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʫ ʯʘʩʪʠʮ ʬʘʛʦʚ 

ʦʜʠʥʘʢʦʚʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʢʘʧʩʠʜʘ, ʪʦ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ head-full ʤʝʭʘʥʠʟʤ ʫʧʘʢʦʚʢʠ ʛʝʥʦʤʘ ʧʨʠ ʩʦʟʨʝʚʘʥʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʡʪʠ ʦʙʲʷʩʥʝʥʠʝ ʪʦʤʫ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʫʧʘʢʦʚʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʘʤ ʛʝʥʦʤʘ ʬʘʛʦʚ ʚʠʜʘ EL. 

3.2  ʆʨʛʘʥʠʟʘʮʠʷ ʛʝʥʦʤʘ ʚʥʫʪʨʠ ʢʘʧʩʠʜʦʚ ʛʠʛʘʥʪʩʢʠʭ ʙʘʢʪʝʨʠʦʬʘʛʦʚ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ ʪʝʣʦ ʫ ʬʘʛʘ EL ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʦʩʪʫʧʥʦʝ ʜʣʷ ʫʧʘʢʦʚʢʠ ʛʝʥʦʤʘ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʠ 

ʨʘʟʤʝʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʣʘ (ʈʠʩ. 5) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ CBP (ʛʣʘʚʘ 2.4.4). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ CBP ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʫ phiKZ, Lin68, ʠ EL. 

CBP ʫ EL ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʜ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ phiKZ 

(ʈʠʩ. 5). ʇʨʦʝʢʮʠʠ CBP ʚ EL ʥʠʢʦʛʜʘ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠ ʫʛʦʣ ʚ 22Á, ʭʘʨʘʢʪʝʨʥʳʡ 

ʜʣʷ phiKZ, ʥʦ ʦʥʠ ʯʘʩʪʦ ʦʙʨʘʟʦʚʳʚʘʣʠ ʙʦʣʴʰʠʝ ʫʛʣʳ (60-90Á). ʕʪʦ ʜʘʣʦ ʥʘʤ 
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ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ EL, ʚ ʦʪʣʠʯʠʝ ʦʪ phiKZ, ʚʥʫʪʨʝʥʥʝʝ ʪʝʣʦ 

ʢʨʝʧʠʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʠʢʦʩʘʵʜʨʘ. ʇʨʦʝʢʮʠʠ 

CBP ʫ EL ʥʝʤʥʦʛʦ ʰʠʨʝ (~43 ʥʤ) ʠ ʢʦʨʦʯʝ (~90 ʥʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ phiKZ (ʈʠʩ. 

5). 

ʅʘʟʚʘ-

ʥʠʝ ʬʘʛʘ 

ʋʩʣʦʚʠʷ ʥʠʟʢʦʡ 

ʜʦʟʳ ʵʣʝʢʪʨʦʥʦʚ 

ʋʩʣʦʚʠʷ ʚʳʩʦʢʦʡ ʜʦʟʳ ʵʣʝʢʪʨʦʥʦʚ 

phiKZ 

  

Lin68 

  

EL 

  
ʈʠʩ. 5. ʂʣʘʩʩ-ʩʫʤʤʳ ʥʝʧʦʚʨʝʞʜʸʥʥʳʭ ʯʘʩʪʠʮ ʬʘʛʦʚ (ʩ ʥʠʟʢʦʡ ʜʦʟʦʡ ʵʣʝʢʪʨʦʥʦʚ, ʩʣʝʚʘ) ʠ 

ʯʘʩʪʠʮ ʩ CBP (ʩ ʚʳʩʦʢʦʡ ʜʦʟʦʡ ʵʣʝʢʪʨʦʥʦʚ, ʩʧʨʘʚʘ).  
  

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʦʜʝʣʷʤ ʫʧʘʢʦʚʢʠ ɼʅʂ ʚ ʢʘʧʩʠʜʝ ʙʘʢʪʝʨʠʦʬʘʛʘ 

(Petrov and Harvey, 2008; Purohit et al., 2005), ɼʅʂ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʠʙʢʠʤ, ʥʦ 

ʥʝʨʘʩʪʷʞʠʤʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʩʪʝʨʞʥʝʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʱʘʷ ʜʣʠʥʘ ɼʅʂ 

(L), ʢʦʪʦʨʘ ̫ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʘ ʚ ʢʘʧʩʠʜʝ ʩ ʦʙʲʝʤʦʤ (V), ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʧʘʢʦʚʘʥʥʳʤʠ ʥʠʪʷʤʠ ɼʅʂ (dS) ʪʘʢ, ʯʪʦ  

L =V/ds
            

(2) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʘʤʠ Purohit et al. (2005) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 

ʛʝʥʦʤʘ  

ɟpack = (ɋgenome /ɋcapsid)          (3) 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʘʛʦʚ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,3ï0,4. ʄr ʦʮʝʥʠʣʠ ʟʥʘʯʝʥʠʷ ɟpack 

ʜʣʷ EL ʠ phiKZ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ, ʠ ɟpack ʜʣʷ 

EL ʚ 1,2 ʨʘʟʘ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɟpack ʜʣʷ phiKZ. ʕʪʦ ʯʝʪʢʦ ʦʪʨʘʞʘʝʪ 

ʥʘʙʣʶʜʘʝʤʳʝ ʥʘʤʠ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʪʷʞʘʤʠ ɼʅʂ (ds): ʚ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʛʘ EL, ds =3,09 ʥʤ (ʈʠʩ. 4 ʛ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʥʝʝ 

ʥʘʙʣʶʜʘʝʤʦʝ ʜʣʷ phiKZ, ʙʳʣʦ ʤʝʥɹh ʝ: ds =2,8 ʥʤ (Fokine et al, 2005).  

ʊʘʢʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʫʧʘʢʦʚʢʝ ɼʅʂ ʫ EL ʠ Lin68/phiKZ. 
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3.3 ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʠʨʠʦʥʦʚ ɺʐʄʗ. 

 ʄʝʪʦʜʦʤ ʢʨʠʦ-ʇʕʄ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤ  r

ʦʧʨʝʜʝʣʠʣʠ ʩʪʨʫʢʪʫʨʫ ʧʘʣʦʯʢʦʦʙʨʘʟʥʦʛʦ ʚʠʨʫʩʘ ʨʘʩʪʝʥʠʡ ɺʐʄʗ (ʈʠʩ. 6). 

ʈʘʟʜʝʣʝʥʠʝ ʰʠʨʦʢʠʭ ʠ ʫʟʢʠʭ ʯʘʩʪʠʮ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʨʘʟʨʝʰʝʥʠʝ ʫ ʧʦʣʫʯʘʝʤʳʭ ʢʘʨʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ: ʫ ʰʠʨʦʢʠʭ ʯʘʩʪʠʮ ʜʦ 

5.7 ¡, ʫ ʫʟʢʠʭ ʯʘʩʪʠʮ - ʜʦ 5.1 ¡ (ʈʠʩ. 7ɸ). ɼʠʘʤʝʪʨ ʰʠʨʦʢʠʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 

224¡, ʘ ʫʟʢʠʭ - 216¡. ʏʘʩʪʠʮʳ ʠʟ ʫʟʢʦʛʦ ʢʣʘʩʩʘ ɺʐʄʗ ʠʤʝʣʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʧʠʨʘʣʠ: 106 ʩʫʙʲʝʜʠʥʠʮ ʥʘ ʧʝʨʠʦʜ, ʚʤʝʩʪʦ 111 ʫ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ. 

 
 

ʘ 

 

ʚ 

 

ʙ 

 

ʈʠʩ. 6. ʂʘʨʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʟʢʦʡ ʯʘʩʪʠʮʳ ɺʐʄʗ. ʘ) ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ. 

ʙ) ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʨʝʟ. ʚ) ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʨʝʟ.  
 

ʘ 

 

ʙ 

 

ʈʠʩ.7. ʈʘʟʨʝʰʝʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ɺʐʄʗ. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʨʨʝʣʷʮʠʠ ʌʫʨʴʝ (ʦʩʴ Y) ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ (ʦʩʴ ʍ). ʘ)ɺʐʄʗ ʜʠʢʦʛʦ ʪʠʧʘ. ʏʝʨʥʳʤ ʦʪʤʝʯʝʥ ʛʨʘʬʠʢ ʜʣʷ ʰʠʨʦʢʦʡ 

ʯʘʩʪʠʮʳ, ʩʝʨʳʤ ð ʜʣʷ ʫʟʢʦʡ. ɿʘ ʜʦʩʪʦʚʝʨʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠʥʷʪʘ ʪʘ ʯʘʩʪʦʪʘ, ʛʜʝ ʢʦʨʨʝʣʷʮʠʷ 

ʨʘʚʥʘ 0.5. ɼʣʷ ʰʠʨʦʢʦʡ ʯʘʩʪʠʮʳ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 5.7¡, ʜʣʷ ʫʟʢʦʡ ð 5.1 ¡. ʙ) 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ɺʐʄʗ, ʰʠʨʦʢʘʷ ʯʘʩʪʠʮʘ. ʈʘʟʨʝʰʝʥʠʝ 4.1 ¡.  

 

ɼʠʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ~60 ¡. ʈʅʂ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 



15 

 

ʨʘʩʩʪʦʷʥʠʠ ~50 ¡ ʦʪ ʦʩʠ ʚʠʨʠʦʥʘ. ʇʦʣʫʯʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ 

Ŭ-ʩʧʠʨʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʘʜʠʘʣʴʥʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʰʠʨʠʥʝ ʫ ʚʠʨʠʦʥʦʚ ʥʝ 

ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʚʠʨʠʦʥʳ ʠʥʢʘʧʩʠʜʠʨʫʶʪ 3 ʨʘʟʥʳʝ ʯʘʩʪʠ ʚʠʨʫʩʥʦʡ ʈʅʂ. ʕʪʦ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʢʘʧʩʠʜʦʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ɺʐʄʗ 

(ʨʝʢɺʐʄʗ), ʩʦʜʝʨʞʘʱʝʛʦ ʈʅʂ ɺʊʄ ʠ ʙʝʣʦʢ ʦʙʦʣʦʯʢʠ ɺʐʄʗ.  

ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʨʘʣʠ ʜʣʷ ʨʝʢɺʐʄʗ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 

ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ (ɻʣʘʚ r2.4.4 ʠ 2.4.3). ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʳʨʦʚʥʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʨʝʢɺʐʄʗ ʧʦʢʘʟʘʣ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ 

ʰʠʨʠʥʝ ʚʠʨʠʦʥʦʚ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ɺʐʄʗ ʜʠʢʦʛʦ ʪʠʧʘ (ʜʪɺʐʄʗ). ʈʘʟʜʝʣʝʥʠʝ 

ʰʠʨʦʢʠʭ ʠ ʫʟʢʠʭ ʯʘʩʪʠʮ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʫ ʧʦʣʫʯʘʝʤʳʭ ʢʘʨʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʝʢɺʐʄʗ ʜʦ 4.1¡ (ʨʠʩ. 7ɹ)
3
.  ʉʦʚʧʘʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʧʠʨʘʣʠ ʜʪɺʐʄʗ ʠ ʨʝʢɺʐʄʗ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʰʠʨʠʥʘ ʚʠʨʠʦʥʦʚ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʠʥʢʘʧʩʠʜʠʨʦʚʘʥʥʦʡ ʈʅʂ. 

 

3.4  ʍʘʨʘʢʪʝʨ ʩʚʦʨʘʯʠʚʘʥʠʷ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ɹʆ ɺʐʄʗ. 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ɹʆ ɺʐʄʗ ʧʦ ʛʦʤʦʣʦʛʠʠ ʩ ɹʆ ɺʊʄ (Ambrish 

et al. 2010).  

ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʭʘʨʘʢʪʝʨ ʩʚʦʨʘʯʠʚʘʥʠʷ ɹʆ ɺʐʄʗ ʩʭʦʞ ʩ ʪʘʢʦʚʳʤ ʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Tobamovirus. ɹʆ ʩʦʩʪʦʠʪ ʠʟ 4 ʙʦʣʴʰʠʭ Ŭ-ʩʧʠʨʘʣʝʡ (ʈʠʩ. 

8). ɺ ɹʆ ɺʐʄʗ ʠʤʝʶʪʩʷ ʪʘʢʞʝ 3 ʤʘʣʳʝ ʩʧʠʨʘʣʠ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʦ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ɹʆ ʠ ʦʜʥʘ ï ʧʦʙʣʠʟʦʩʪʠ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʚʠʨʠʦʥʘ. 

  

ʘ 

 

ʙ 

 

ʈʠʩ. 8. ɹʆ ɺʐʄʗ ʧʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʛʠʙʢʦʛʦ ʚʧʠʩʳʚʘʥʠʷ. ʘ) ɺʠʜ ʩʙʦʢʫ. ʉʪʨʝʣʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʩʧʠʨʘʣʠ: ʃʇ ï ʣʝʚʘʷ ʧʦʚʝʨʥʫʪʘʷ, ʇʇ-ʧʨʘʚʘʷ ʧʦʚʝʨʥʫʪʘʷ, ʃʈ ï ʣʝʚʘʷ 

ʨʘʜʠʘʣʴʥʘʷ, ʇʈ-ʧʨʘʚʘʷ ʨʘʜʠʘʣʴʥʘʷ. ʙ) ɺʠʜ ʩʚʝʨʭʫ. ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʘ ʧʝʪʣʷ, ʦʪʩʫʪʩʪʚʫʶʱʘʷ ʫ 

ɺʊʄ, ʢʦʪʦʨʘʷ ʫ ɺʐʄʗ ʦʙʨʘʟʫʝʪ ʢʦʥʪʘʢʪʠʨʫʶʱʫʶ ʩ ʩʦʩʝʜʥʝʡ ʩʫʙʲʝʜʠʥʠʮʝʡ ʩʧʠʨʘʣʴ (ʃʂ);  

                                                           
3
 ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɼ.ʂ.ʂʣʝʨʦʤ (ɹʠʨʢʙʝʢ ʢʦʣʣʝʜʞ, ʃʦʥʜʦʥ). 
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