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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʙʠʦʭʠʤʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʀ. ʇʠʨʦʛʦʚʘè 

ʄʠʥʟʜʨʘʚʘ ʈʌ. 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: 

ʊʝʨʝʥʪʴʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʯʣʝʥ-ʢʦʨʨ. ʈɸʄʅ, ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʙʠʦʭʠʤʠʠ ɻɹʆʋ ɺʇʆ ʈʅʀʄʋ ʠʤʝʥʠ ʅ.ʀ.ʇʠʨʦʛʦʚʘ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

ʂʨʫʧʷʥʩʢʠʡ ʖʨʠʡ ʌʝʜʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠ ̫ʥʘʫʢʠ çʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ʅ.ʅ. ʉʝʤʝʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè. 

ʉʠʚʦʞʝʣʝʟʦʚ ɺʠʢʪʦʨ ʉʝʤʝʥʦʚʠʯ, ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠ ̫ʥʘʫʢʠ çʀʥʩʪʠʪʫʪ ʙʠʦʬʠʟʠʢʠ 

ʢʣʝʪʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè. 

ʉʝʚʝʨʠʥ ʉʝʨʛʝʡ ɽʚʛʝʥʴʝʚʠʯ, ʯʣʝʥ-ʢʦʨʨ. ʈɸʄʅ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʙʠʦʭʠʤʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠ ̫ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʇʝʨʚʳʡ ʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʄ.ʉʝʯʝʥʦʚʘè ʄʠʥʟʜʨʘʚʘ ʈʌ. 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

çʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠʤʝʥʠ ɸ.ʅ. ɹʘʭʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʛ. ʄʦʩʢʚʘ.  

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç___è___________________20__ ʛ.  ʚ ______ ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.001.96 ʧʦ ʟʘʱʠʪʝ ʜʦʢʪʦʨʩʢʠʭ ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘè ʧʦ ʘʜʨʝʩʫ 119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 12, ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ɸʫʜ. 389. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʥʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʌɻɹʆʋ ɺʇʆ 

çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè, ʛ. ʄʦʩʢʚʘ, 

ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 27. 

 
ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ  ç___è_____________________20__ ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ                                                                  ʄ.ɻ. ʉʪʨʘʭʦʚʩʢʘʷ  
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥ (ɸʌʇ) ï ʦʩʥʦʚʥʦʡ 

ʩʳʚʦʨʦʪʦʯʥʳʡ ʙʝʣʦʢ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʠ, 

ʚʦʟʤʦʞʥʦ, ʧʦʟʚʦʥʦʯʥʳʭ. ʆʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʦʧʫʭʦʣʝʚʳʤ ʘʥʪʠʛʝʥʦʤ, 

ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʨʘʢʘ ʧʝʯʝʥʠ ʠ ʪʝʨʘʪʦʢʘʨʮʠʥʦʤ, ʧʨʠʟʥʘʥʥʳʡ çʟʦʣʦʪʳʤ 

ʩʪʘʥʜʘʨʪʦʤè ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʦʧʫʭʦʣʝʡ 

(Debruyne, 2008). ɺʧʝʨʚʳʝ ɸʌʇ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 1956 ʛʦʜʫ ɹʝʨʩʪʨʘʥʜʦʤ ʠ ʂʟʘʨʦʤ  ʚ 

ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʣʦʜʘ ʯʝʣʦʚʝʢʘ ʢʘʢ ʙʝʣʢʦʚʘʷ ʬʨʘʢʮʠʷ, ʦʙʣʘʜʘʶʱʘʷ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ Ŭ-1-ʛʣʦʙʫʣʠʥʦʚ (Berstrand and Czar, 1956), ʠ ʙʳʣ 

ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʄʶʨʘʣʝʤ ʠ ʈʫʣʝ ʚ 1961 ʛʦʜʫ (Muralt and Roulet, 

1961). ʆʪʢʨʳʪʠʝ ʷʚʣʝʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ɸʌʇ ʚ ʦʨʛʘʥʠʟʤʝ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʚ 1963 ʛʦʜʫ ɻ.ʀ. ɸʙʝʣʝʚʳʤ ʫ ʤʳʰʝʡ ʩ ʭʠʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʛʝʧʘʪʦʤʦʡ ʠ ʖ.ʉ. ʊʘʪʘʨʠʥʦʚʳʤ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʧʝʨʚʠʯʥʳʤ ʨʘʢʦʤ ʧʝʯʝʥʠ 

ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʵʪʦʛʦ ʙʝʣʢʘ (Abelev, 1963; ʊʘʪʘʨʠʥʦʚ, 

1963). ɿʘ ʧʦʣʚʝʢʘ, ʧʨʦʰʝʜʰʠʝ ʩ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʜʝʣʝʥʳ, ʦʯʠʱʝʥʳ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠ ʠ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠ ʘʣʴʬʘ-

ʬʝʪʦʧʨʦʪʝʠʥʳ ʯʝʣʦʚʝʢʘ, ʤʳʰʠ, ʢʨʳʩʳ, ʢʨʦʣʠʢʘ, ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ.  

ɸʌʇ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʩʝʤʝʡʩʪʚʫ ʙʝʣʢʦʚ ï ʧʨʦʜʫʢʪʦʚ ʘʣʴʙʫʤʠʥʦʠʜʥʳʭ ʛʝʥʦʚ, 

ʪʘʥʜʝʤʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫ ʯʝʣʦʚʝʢʘ ʚ 4-ʦʡ ʭʨʦʤʦʩʦʤʝ (4q11ïq13) c ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʵʢʟʦʥʦʚ ʠ ʠʥʪʨʦʥʦʚ, ʦʙʨʘʟʫʷ ʩʦʚʤʝʩʪʥʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʤʫʣʴʪʠʛʝʥʥʳʡ 

ʢʣʘʩʪʝʨ. ʂ ʙʝʣʢʘʤ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (ʉɸ), 

ʚʠʪʘʤʠʥ ɼ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ (ɺɼʉɹ) ʠ ʘʬʘʤʠʥ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ  ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʛʠʜʨʦʬʦʙʥʳʝ 

ʣʠʛʘʥʜʳ ʠ ʠʦʥʳ ʤʝʪʘʣʣʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ɸʌʇ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʩʳʚʦʨʦʪʢʝ ʛʦʨʤʦʥʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ 

ʬʝʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ 

ʧʦʢʘʟʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ɸʌʇ ʯʝʣʦʚʝʢʘ (ʚ ʦʪʣʠʯʠʝ ʦʪ ɸʌʇ ʤʳʰʠ ʠ ʢʨʳʩʳ) ʩʚʷʟʳʚʘʪʴ 

ʩʚʦʙʦʜʥʳʝ ʵʩʪʨʦʛʝʥʳ.  ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɸʌʇ ʯʝʣʦʚʝʢʘ ʵʬʬʝʢʪʠʚʥʦ 

ʩʚʷʟʳʚʘʝʪ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʵʩʪʨʦʛʝʥʳ. ʆʜʥʘʢʦ ʩʪʨʦʝʥʠʝ ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʝʛʦ 

ʫʯʘʩʪʢʘ ʠ ʤʝʭʘʥʠʟʤʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʚʘʣʠʩʴ ʥʝ ʠʟʫʯʝʥʥʳʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸʌʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ (ʪʘʢʠʭ ʢʘʢ ʈʉɸ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ 

ʪʨʫʜʥʦ ʨʘʟʨʝʰʠʤʦʡ ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
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ʪʨʝʭʤʝʨʥʦʡ (3D) ʩʪʨʫʢʪʫʨʳ ɸʌʇ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʵʩʪʨʦʛʝʥʘʤʠ ʩ ʠʟʫʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʣʠʛʘʥʜʩʚʷʟʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ, ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʠʛʘʥʜʦʤ ʠ ʘʥʘʣʠʟʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʣʝʢʫʣʝ ɸʌʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫ  ʁ

ʥʘʫʯʥʫʶ ʧʨʦʙʣʝʤʫ. 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʘʨʠʘʥʪʳ ɸʌʇ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʠʟʫʯʘʶʪʩʷ ʩ 1980-ʭ ʛʦʜʦʚ. ʆʜʥʘʢʦ, ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ɸʌʇ ʠ 

ʝʛʦ ʧʝʧʪʠʜʦʚ, ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ  ʚ ʤʦʣʝʢʫʣʝ ɸʌʇ, 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ.  

ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʷʭ in vitro ʠ in vivo ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ɸʌʇ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ, ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʝʛʦ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʤʫʣʴʪʠʤʦʜʫʣʴʥʦʩʪʴʶ 

ʩʪʨʦʝʥʠʷ, ʪ.ʝ. ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʝʛʦ ʤʦʣʝʢʫʣʝ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ 

ʫʯʘʩʪʢʦʚ (Mizejewski, 1997, 2004, 2010; Zaretsky and Wreschner, 2008). ɺ ʩʦʩʪʘʚʝ 

ʤʥʦʛʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʦʪʢʠʝ ʣʠʥʝʡʥʳʝ ʤʦʪʠʚʳ (3ï10 ʘ.ʦ.), 

ʩʧʦʩʦʙʥʳʝ ʦʧʦʩʨʝʜʦʚʘʪʴ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʜʘʯʝ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʴ ʢʣʝʪʦʢ, ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʜʨ. (Hunt, 1990; Liu and  Hsu, 

2005;  Neduva and Russel, 2005; Saito et al., 2007; Diella et al., 2008). ɺ 1997 ʛʦʜʫ ɸ.ɸ. 

ʊʝʨʝʥʪʴʝʚʳʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʛʝʧʪʘʧʝʧʪʠʜʥʳʤ ʩʝʛʤʝʥʪʦʤ 

LDSYQCT, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ N-ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ɸʌʇ ʯʝʣʦʚʝʢʘ 

(ʘ.ʦ. 14ï20 ʚ ʟʨʝʣʦʡ ʤʦʣʝʢʫʣʝ) ʠ ʦʙʦʟʥʘʯʝʥʥʳʤ ɸʌʇ14ï20, ʠ ʯʘʩʪʴʶ 

ʨʝʮʝʧʪʦʨʩʚʷʟʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (ʕʌʈ) ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ LDKYACN  ʫ ʯʝʣʦʚʝʢʘ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʵʪʦʪ ʩʝʛʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ɸʌʇ 

ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ, ʦʩʦʙʝʥʥʦ, ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʦʩʪʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝʚʳʷʩʥʝʥʥʳʤʠ.  

ʄʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ), ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʤʝʭʘʥʠʟʤʘʭ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ 

ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʠʟʤʝʨʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʪʁʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠʝʤʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ (ʐʘʡʪʘʥ ʠ ʩʦʘʚʪ., 1999, 

2002, 2003). ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ɸʌʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʢʘʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ.   
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥʘ ʯʝʣʦʚʝʢʘ 

ʠ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʝʧʪʠʜʦʚ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʥʘʣʠʟʘ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

1. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʘʣʴʙʫʤʠʥʦʠʜʥʳʭ ʛʝʥʦʚ; 

2. ʇʦʩʪʨʦʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 3D ʤʦʜʝʣʠ ɸʌʇ ʯʝʣʦʚʝʢʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʦʤʦʣʦʛʠʠ 

ʩ ʉɸ ʠ ɺɼʉɹ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʵʩʪʨʦʛʝʥʘ (ɼʕʉ) ʚ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ ʩ 

ʠʟʫʯʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʩʚʷʟʳʚʘʥʠʷ ʛʦʨʤʦʥʘ; 

3. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ɸʌʇ, ʕʌʈ ʠ TGF-ɓ ʯʝʣʦʚʝʢʘ. 

ʇʦʠʩʢ ɸʌʇ14ï20-ʧʦʜʦʙʥʳʭ ʤʦʪʠʚʦʚ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʜʨʫʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʙʝʣʢʘʭ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʠ ʘʥʘʣʠʟ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚ ʥʠʭ;  

4. ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʷʤʳʭ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ 

ɸʌʇ14ï20ïʧʦʜʦʙʥʳʭ ʤʦʪʠʚʘʭ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ; 

5. ɺʳʷʚʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʠʟʫʯʝʥʥʳʭ 

ʧʝʧʪʠʜʘʭ; 

6. ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ɸʌʇ, ʝʛʦ ʛʝʧʪʘʧʝʧʪʠʜʘ ɸʌʇ14ï20, ʝʛʦ 

ʪʝʪʨʘ- ʠ ʧʝʥʪʘʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ  ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʝʪʦʜʘ 

ʚʳʜʝʣʝʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ɸʌʇ; 

7. ɺʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʟʫʯʝʥʥʳʭ 

ʧʝʧʪʠʜʦʚ ʠ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ɸʌʇ ʯʝʣʦʚʝʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʣʦʛʠʠ ʩʨʘʟʫ ʩ ʜʚʫʤʷ ʙʝʣʢʘʤʠ ï 

ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ ʠ ʚʠʪʘʤʠʥ ɼ-ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʤʦʜʝʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʄɼ. ɺʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ ʧʫʪʝʤ ʨʘʩʯʝʪʦʚ 

RMSD (root mean square deviation) ʠ ʦʮʝʥʢʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʝʸ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʦʢʠʥʛʘ ʣʠʛʘʥʜʦʚ.  

ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʵʩʪʨʦʛʝʥʦʚ (ɼʕʉ) ʚ ʤʦʜʝʣʴ 3D 

ʩʪʨʫʢʪʫʨʳ ɸʌʇ ʠ ʚʳʷʚʣʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʝʛʦ 
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ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ɸʌʇ ʠ ɼʕʉ. 

ɺʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ɸʌʇ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʡ ʧʫʪʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʧʝʧʪʠʜʦʚ, ʘʥʘʣʠʟʘ ʨʦʣʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚ ʥʠʭ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʦʛʦʚ.  

ɺʧʝʨʚʳʝ ʧʫʪʝʤ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʘʣʴʙʫʤʠʥʘ ʫ ʨʘʟʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʚʳʷʚʣʝʥʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʜʣʷ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ. ɺ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʫʯʘʩʪʢʘʭ ɸʌʇ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʘʷ ʛʦʤʦʣʦʛʠʷ ʩ ʩʳʚʦʨʦʪʦʯʥʳʤ 

ʘʣʴʙʫʤʠʥʦʤ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ ʦʪʩʫʪʩʪʚʠʝ ʫ ʧʦʩʣʝʜʥʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ɺʳʷʚʣʝʥʦ ʧʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ɸʌʇ14ï20-

ʧʦʜʦʙʥʳʝ ʤʦʪʠʚʳ, ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʘʥʥʦʪʘʮʠʷ ʵʪʠʭ ʙʝʣʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʫʯʘʩʪʠʠ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, 

ʘʧʦʧʪʦʟʘ, ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ, ʦʪʚʝʪʘ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʚʦ ʚʨʝʤʷ ʤɻʙʨʠʦ- ʠ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ. ʇʨʷʤʳʝ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʛʝʧʪʘʧʝʧʪʠʜʥʳʝ ʤʦʪʠʚʳ ʦʢʘʟʘʣʠʩʴ 

ʩʚʷʟʘʥʥʳʤʠ ʢʦʥʩʝʥʩʫʩʥʳʤ ʦʢʪʘʧʝʧʪʠʜʥʳʤ ʤʦʪʠʚʦʤ CXXGY/FXGX, ʦʙʨʘʟʫʷ 22-

ʯʣʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʜʫʣʴ.  

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʛʝʧʪʘʧʝʧʪʠʜʘ LDSYQCT (ɸʌʇ14ï20), ʷʚʣʷʶʱʝʛʦʩʷ 

ʦʜʥʠʤ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʫʯʘʩʪʢʦʚ ɸʌʇ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʘʥʘʣʦʛʦʚ ʠ 

ʧʝʥʪʘ- ʠ ʪʝʪʨʘʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʜʨʫʛʠʭ ʙʝʣʢʘʭ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʘʧʦʧʪʦʟʘ ʢʣʝʪʦʢ ʚʦ ʚʨʝʤʷ ʵʤʙʨʠʦ- ʠ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ (ʕʌʈ, TGF-ɓ, PSG ʠ CEA). ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʛʠʙʢʦʩʪʴʶ ʧʝʧʪʠʜʥʦʛʦ ʦʩʪʦʚʘ, ʦʮʝʥʢʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ, ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʟʫʯʝʥʥʳʭ ʧʝʧʪʠʜʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 3D ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɸʌʇ ʯʝʣʦʚʝʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ in silico ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʣʦʛʠʠ, ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʜʠʟʘʡʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ in vitro ʠ in vivo ʥʦʚʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɼ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʠʙʢʠʭ (ʠʣʠ ʞʝʩʪʢʠʭ) ʫʯʘʩʪʢʦʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʝʣʢʦʚ ʠ ʧʝʧʪʠʜʦʚ.  
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ʇʨʝʜʣʦʞʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʪʙʦʨʘ ʢʦʨʦʪʢʠʭ ʧʝʧʪʠʜʦʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʛʝʧʪʘʧʝʧʪʠʜʘ LDSYQCT ʠ ʧʝʥʪʘ- ʠ ʪʝʪʨʘʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ.  

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥʘ ʯʝʣʦʚʝʢʘ ʩ 

ʩʦʯʝʪʘʥʠʝʤ ʵʢʩʪʨʘʢʮʠʠ ʧ-ʙʫʪʘʥʦʣʦʤ, ʚʳʩʘʣʠʚʘʥʠʷ, ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʛʝʣʴ-

ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʦʯʠʱʝʥʥʦʛʦ (99% ʯʠʩʪʦʪʳ) ʧʨʝʧʘʨʘʪʘ ɸʌʇ, 

ʩʦʭʨʘʥʷʶʱʝʛʦ ʝʛʦ ʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʅʦʚʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʧʝʧʪʠʜʦʚ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, ʣʝʯʝʥʠʷ 

ʠʥʬʝʢʮʠʦʥʥʦ-ʘʣʣʝʨʛʠʯʝʩʢʠʭ, ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʨʘʧʠʠ ʵʩʪʨʦʛʝʥʨʝʟʠʩʪʝʥʪʥʳʭ ʦʧʫʭʦʣʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʠ ʢʨʠʪʝʨʠʠ 

ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʧʨʝʧʘʨʘʪʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʵʬʬʝʢʪʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʊʨʝʭʤʝʨʥʘʷ (3D) ʩʪʨʫʢʪʫʨʘ ɸʌʇ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ U-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʚ ʢʦʪʦʨʦʡ 

ʚʳʷʚʣʷʝʪʩʷ ʧʦʣʦʩʪʴ, ʬʦʨʤʠʨʫʝʤʘʷ ʜʦʤʝʥʘʤʠ I ʠ III  ʠ ʩʦʜʝʨʞʘʱʘʷ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ 

ʵʩʪʨʦʛʝʥʦʚ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ɸʌʇ-ɼʕʉ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʚʦʜʦʨʦʜʥʳʝ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʤʙʠʥʘʮʠʝʡ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, 

ʪʘʢ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ɸʌʇ ʯʝʣʦʚʝʢʘ, ʝʛʦ 

ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʠ ʕʌʈ-ʧʦʜʦʙʥʦʛʦ ʧʝʧʪʠʜʘ ɸʌʇ14ï20, ʘ ʪʘʢʞʝ ʝʛʦ 

ʘʥʘʣʦʛʦʚ ʠ ʬʨʘʛʤʝʥʪʦʚ.  

3. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʪʝʪʨʘ-, ʧʝʥʪʘ- ʠ ʛʝʧʪʘʧʝʧʪʠʜʦʚ ʠʟ 

ʦʥʢʦʬʝʪʘʣʴʥʳʭ ʙʝʣʢʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʥʦ ʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʧʦʨʷʜʢʦʤ ʠʭ 

ʯʝʨʝʜʦʚʘʥʠʷ ʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ.  

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʢʘʬʝʜʨʝ ʙʠʦʭʠʤʠʠ ʣʝʯʝʙʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɻɹʆʋ 

ɺʇʆ çʈʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʅ.ʀ.ʇʠʨʦʛʦʚʘè ʄʠʥʟʜʨʘʚʘ ʈʌ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʜʦʣʦʞʝʥʳ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʪʝʟʠʩʘʭ ʩʣʝʜʫʶʱʠʭ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 
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ʢʦʥʬʝʨʝʥʮʠʡ: VIII  ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɺ.ʀ. ʀʦʬʬʝ 

çʄʦʣʝʢʫʣʷʨʥʳʝ ʦʩʥʦʚʳ  ʠʤʤʫʥʦʨʝʛʫʣʷʮʠʠ, ʠʤʤʫʥʦʜʠʘʛʥʦʩʪʠʢʠ ʠ ʠʤʤʫʥʦʪʝʨʘʧʠʠè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2004); IV  ʩʲʝʟʜ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʙʠʦʭʠʤʠʢʦʚ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʦʚ (ʅʦʚʦʩʠʙʠʨʩʢ, 2008); ʉʲʝʟʜʳ ʦʙʱʝʩʪʚʘ ʙʠʦʪʝʭʥʦʣʦʛʦʚ 

ʈʦʩʩʠʠ ʠʤʝʥʠ ʖ.ɺ. ʆʚʯʠʥʥʠʢʦʚʘ (ʄʦʩʢʚʘ, 2005, 2006, 2008); IV ʄʦʩʢʦʚʩʢʠʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ (ʄʦʩʢʚʘ, 2007); XIII  ʈʦʩʩʠʡʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʢʦʥʛʨʝʩʩ çʏʝʣʦʚʝʢ ʠ ʣʝʢʘʨʩʪʚʦè (ʄʦʩʢʚʘ, 2006); ʢʦʥʬʝʨʝʥʮʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ɽʩʪʝʩʪʚʦʟʥʘʥʠʷ (2005, 2006); IX  ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɼʦʩʪʠʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ ʚ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè (ɸʩʪʨʘʭʘʥʴ, 2013); Annual meetings of International Society of 

OncoBioMarkers (ISOBM), (Helsinki (Finland), Rhodes (Greece), Pasadena (California, 

USA), Prague (Czech Republic), Tokio (Japan), Amsterdam (Netherlands), Munchen 

(Germany), 2004ï2011); Moscow conference on computational molecular biology 

(MCCMB, 2005, 2009, 2011); 38-th Congress of Federation of European Biochemical 

Societies (FEBS) ñMechanisms in Biologyò(Saint Petersburg, Russia, 2013). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʦ 91 

ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ. ʉʨʝʜʠ ʥʠʭ 21 ʩʪʘʪʴʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʚʝʜʫʱʠʭ ʈʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. ɸ ʪʘʢʞʝ 8 ʛʣʘʚ ʚ 

ʩʙʦʨʥʠʢʘʭ ʠ ʤʦʥʦʛʨʘʬʠʷʭ, ʚʢʣʶʯʘʷ 2 ʛʣʘʚʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ, ʠʟʜʘʥʥʳʭ ʚ ʉʐɸ (NOVA 

Publishers), ʠ 62 ʨʘʙʦʪ rʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʪʝʟʠʩʘʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 398 ʩʪʨʘʥʠʮʘʭ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ: ɺʚʝʜʝʥʠʝ, ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʄʘʪʝʨʠʘʣʳ ʠ 

ʤʝʪʦʜʳ, ʈʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ɿʘʢʣʶʯʝʥʠʝ, 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʠʡ 700 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠʟ ʥʠʭ 51 ʚ ʈʦʩʩʠʡʩʢʠʭ ʠ 649 

ʚ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʷʭ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 40 ʨʠʩʫʥʢʦʚ, 23 ʪʘʙʣʠʮ.r 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ. 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʄʝʪʦʜʳ ʣʦʢʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʙʳʣʠ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʨʦʪʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʭʦʜʥʳʭ ʩ 

ʛʝʧʪʘʧʝʧʪʠʜʦʤ LDSYQCT (ɸʌʇ14-20ïʧʦʜʦʙʥʳʭ ʤʦʪʠʚʦʚ) ʚ ʩʦʩʪʘʚʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʙʝʣʢʦʚ, ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘʤʠ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʘʣʛʦʨʠʪʤʳ GLFASTA  (University of Virginia) ʠ Blastp (NCBI) 

(Lipman and Pearson, 1985; Altschul et al., 1997).  
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ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʝʣʢʦʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ɸʌʇ14-20ïʧʦʜʦʙʥʳʝ ʤʦʪʠʚʳ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʥʥʦʪʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ UniprotKB/Swiss-Prot (NCBI). ɼʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ 

ʧʨʷʤʳʭ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ɸʌʇ14ï20ïʧʦʜʦʙʥʳʭ ʛʝʧʪʘʧʝʧʪʠʜʥʳʭ ʤʦʪʠʚʦʚ 

ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ ʘʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʘʤʠʥʦʢʠʩʣʦʪ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʥ  ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʚ % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ (300) 

ʠʟʚʣʝʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ GLFASTA ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ɸʌʇ14ï20ï

ʧʦʜʦʙʥʳʝ ʤʦʪʠʚʳ ʧʦ ʬʦʨʤʫʣʝ (1): S = (n/ N) x 100%, ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʘ.ʦ. ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ, N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʣʝʯʝʥʥʳʭ ʙʝʣʢʦʚ.  

ʄʝʪʦʜ ʛʣʦʙʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ. ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʠ ʧʦʧʘʨʥʦʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ClustalW2  (ʚʝʨʩʠʷ 2.1) 

(Larkin et al., 2007) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ Gonnet. ʉʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʚ ʢʘʞʜʦʡ 

ʧʘʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ 

ʦʙʱʝʛʦ ʩʭʦʜʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʫʣ:  

ʩʪʝʧʝʥʴ ʠʜʝʥʪʠʯʥʦʩʪʠ = (ni/ N) x 100%  (2), ʦʙʱʝʝ ʩʭʦʜʩʪʚʦ = (ni+nc)/N x 100% 

(3), ʛʜʝ ni  ï  ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʯʥʳʭ ʘ.ʦ., nc  ï  ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʟʘʤʝʥ, N ï 

ʜʣʠʥʘ ʚʳʨʘʚʥʠʚʘʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʫʯʝʪʦʤ ʧʨʦʙʝʣʦʚ (ʛʵʧʦʚ).  

ʆʮʝʥʢʘ ʜʦʣʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʨʘʟʣʠʯʠʡ (ʈ) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ (4): 

ʈ= (nn /N) x 100%, ʛʜʝ nn   ï  ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʜʝʥʪʠʯʥʳʭ ʘ.ʦ. 

ʊʘʢ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʟʘʤʝʥʳ ʤʦʛʣʠ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʜʣʷ ʫʯʝʪʘ ʚʦʟʤʦʞʥʳʭ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʟʘʤʝʥ ʚ ʢʘʞʜʦʡ 

ʧʦʟʠʮʠʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʦʣʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʨʘʟʣʠʯʠʡ ʥʘ ʩʘʡʪ ʧʦ ʬʦʨʤʫʣʝ 

(5):  D(p) = ïln (1ï P). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ (3D) ʩʪʨʫʢʪʫʨʳ ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥʘ ʯʝʣʦʚʝʢʘ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʦʤʦʣʦʛʠʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D ʤʦʜʝʣʠ ɸʌʇ ʚ ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʉɸ ʠ ɺɼʉɹ ʯʝʣʦʚʝʢʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ: 

2.6¡ ʠ 2.15¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ PDB (Protein Data 

Bank): ʰʠʬʨʳ ʙʝʣʢʦʚ 1E78 ʜʣʷ ʉɸ ʠ 1KW2 ʜʣʷ ɺɼʉɹ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʠʭ ʜʚʫʭ ʙʝʣʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: 1) ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʛʦʤʦʣʦʛʠʠ (40% ʠʜʝʥʪʠʯʥʦʩʪʠ ʤʝʞʜʫ ɸʌʇ ʠ ʉɸ ʯʝʣʦʚʝʢʘ), 2) ʥʘʣʠʯʠʝʤ ʩʭʦʜʥʳʭ ʩ 

ɸʌʇ ʬʫʥʢʮʠʡ, 3) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 4) ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 3D ʩʪʨʫʢʪʫʨ ʉɸ ʠ ɺɼʉɹ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ PDB. ɻʣʦʙʘʣʴʥʦʝ ʧʦʧʘʨʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɸʌʇ, ʉɸ ʠ ɺɼʉɹ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ClustalW (ʚʝʨʩʠʷ 2.1) (Larkin et al., 2007). 
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ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

MODELLER 9v6 (Zhang and Skolnick, 2005; Eswar et al., 2006). ʇʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ 

ʩʦʭʨʘʥʷʣʠ ʚ ʚʠʜʝ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ PDB, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ UCSF Chimera. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

GROMACS (ʚʝʨʩʠʷ 3.3.1) ʧʨʠ ʜʣʠʥʝ ʪʨʘʝʢʪʦʨʠʠ 5 ʥʩ (Berendsen et al., 1995). 

ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ (ʚʘʣʠʜʘʮʠʶ) ʧʨʦʚʦʜʠʣʠ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ʇʝʨʚʳʡ ï 

ʨʘʩʯʝʪʳ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (RMSD ï root mean square 

deviation) ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʪʦʤʘʤʠ ʧʦʩʪʨʦʝʥʥʦʡ 3D ʤʦʜʝʣʠ 

ɸʌʇ ʯʝʣʦʚʝʢʘ ʠ ʪʦʡ ʞʝ ʤʦʜʝʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʥʩ ʄɼ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʤʦʜʝʣʴʥʦʛʦ ʙʝʣʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ PROCHECK (ʚʝʨʩʠʷ 3.5). 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ. ɼʦʢʠʥʛ ʤʦʣʝʢʫʣʳ ʵʩʪʨʦʛʝʥʘ (ɼʕʉ) ʚ 

ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Autodock (ʚʝʨʩʠʷ 4.0). 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʛʠʙʢʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʜʦʢʠʥʛʘ, ʛʜʝ ʚʩʷ ʤʦʣʝʢʫʣʘ ʙʝʣʢʘ ʦʩʪʘʚʘʣʘʩʴ 

ʞʝʩʪʢʦʡ, ʣʠʰʴ ʘ. ʦ. Q428, M448, R452, V543 ʠ T547 ʧʨʠʜʘʚʘʣʘʩʴ ʧʦʜʚʠʞʥʦʩʪʴ. 

ʇʨʦʪʦʢʦʣ ʜʦʢʠʥʛʘ: 10 ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʪʦʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʣʠʛʘʥʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠʟ 100 ʩʣʫʯʘʡʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

2,5x10
6
 ʟʥʘʯʝʥʠʡ ʦʮʝʥʢʠ ʵʥʝʨʛʠʠ;  ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʪʝʨʘʮʠʡ ï 27 000. 

ʉʢʦʨʦʩʪʴ (ʚʝʨʦʷʪʥʦʩʪʴ) ʠʟʤʝʥʝʥʠʡ  (mutation rate) ʙʳʣʘ ʟʘʜʘʥʘ ʨʘʚʥʦʡ 0,02, ʘ ʜʦʣʷ 

ʧʘʨ, ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʠʥʬʦʨʤʘʮʠʝʡ (crossover rate) ï 0,80. ʈʘʟʤʝʨ ʰʘʛʘ ʩʦʩʪʘʚʣʷʣ 0,2 

¡ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ (translations), 5,0Á ʜʣʷ  ʢʚʘʪʝʨʥʠʦʥʦʚ (quaternions) ʠ 5,0Á ʜʣʷ 

ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ. ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʢʣʘʩʪʝʨʘ (cluster tolerance) ʙʳʣʦ 

ʟʘʜʘʥʦ ʨʘʚʥʳʤ 0,5 ¡, ʟʥʘʯʝʥʠʝ ʚʥʝʰʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʨʘʚʥʳʤ 

1000 ʢʢʘʣ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʵʥʝʨʛʠʠ 0,0 ʢʢʘʣ. ɿʥʘʯʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ ʚ ʧʦʧʫʣʷʮʠʠ  

ʩʦʩʪʘʚʣʷʣʦ 0,06,  ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʪʝʨʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʠʩʢʘ, ʨʘʚʥʳʤ 

300. ɺʳʙʦʨ ʢʦʥʬʦʨʤʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ Lamarckian 

Genetic Algorithm (LGA). 10 ʣʫʯʰʠʭ ʢʦʥʬʦʨʤʘʮʠʡ ʢʣʘʩʪʝʨʠʟʦʚʘʣʠʩʴ ʚ ʛʨʫʧʧʳ ʩʦ 

ʟʥʘʯʝʥʠʝʤ RMSD ʥʠʞʝ, ʯʝʤ 1,0 ¡. ʂʣʘʩʪʝʨʳ ʫʧʦʨʷʜʦʯʠʚʘʣʠʩʴ ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʵʥʝʨʛʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ. 

ʈʘʩʯʝʪʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʄʦʜʝʣʠ ʤʦʣʝʢʫʣ 

ʠʟʫʯʘʣʠʩʴ ʚ ʧʦʣʥʦʘʪʦʤʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ Amber 

(Pearlman et al., 1991; Cornell et al., 1995). ʇʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ 

ʜʦʧʦʣʥʷʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ GAMESS (Schmidt et al., 
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1993). ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʤʝʪʦʜ ʍʘʨʪʨʠ-ʌʦʢʘ ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6ï31GF 

(Hinchliffe, 2000). 

ʈʘʩʯʝʪʳ ʄɼ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Modyp 

(ʐʘʡʪʘʥ, 1997a, 1997b) ʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʪʦʢʦʣʘ: ʜʣʠʥʘ ʪʨʘʝʢʪʦʨʠʠ 10 ʥʩ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʊ=2000Üʂ (ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʨʛʦʜʠʯʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʡ (ʐʘʡʪʘʥ ʠ ʜʨ. 

1997ʘ, 1997b, 1999;  ɺʝʩʪʝʨʭʦʬʬ ʠ ʚʘʥ ɼʘʤ, 1992) ʠ ʫʩʢʦʨʝʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʪʦʯʢʦʡ). ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʦʩʪʘʪ ɹʝʨʝʥʜʩʝʥʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ Ű=0,5 (Berendsen,  et al., 1981, 1984) ʠ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʡ 

ʪʝʨʤʦʩʪʘʪ ʩ ʤʘʩʩʦʡ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʠʮ 18ɼʘ ʠ ʯʘʩʪʦʪʦʡ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʘʪʦʤʘʤʠ 

ʠʟʫʯʘʝʤʦʡ ʤʦʣʝʢʫʣʳ 55 ʧʩ
-1
 (Lemak and  Balabaev, 1995, 1996) ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ ʙʳʣʘ ʨʘʚʥʘ Ů = 1, 10 ʠʣʠ 80. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʫʙʠʯʝʩʢʘʷ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʨʘʟʤʝʨʘʤʠ ʷʱʠʢʘ 100x100x100¡. ʈʘʜʠʫʩʳ ʦʙʨʝʟʘʥʠʷ ʜʣʷ: ʘ) 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Rel=21¡, ʙ) ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

RVdW=16,8¡, ʚ) ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ RHB=13,65¡. ʐʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: ŭ = 1 

ʬʩ, ʰʘʛ ʟʘʧʠʩʠ ʚ ʪʨʘʝʢʪʦʨʥʳʡ ʬʘʡʣ 0,1 ʧʩ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ɺʝʨʣʝ. ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʄʘʢʩʚʝʣʣʘ.   

ʆʙʨʘʙʦʪʢʘ ʪʨʘʝʢʪʦʨʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʄɼ. ɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫ- 

(2D) ʠ ʪʨʝʭʤʝʨʥʳʭ (3D) ʢʘʨʪ ʫʨʦʚʥʝʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (ʩʝʯʝʥʠʡ ʇʘʫʥʢʘʨʝ), ʘ ʪʘʢʞʝ 

ʛʨʘʬʠʢʦʚ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ. ɽʩʣʠ 2D- ʠ 3D-ʢʘʨʪʳ ʫʨʦʚʥʝʡ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʚʝʨʦʷʪʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʪʦ ʟʥʘʯʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ (Ű) ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ï ʦʮʝʥʠʚʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʛʠʙʢʦʩʪʴ ʧʝʧʪʠʜʦʚ. 

2D ʠ 3D ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ 

ʚʩʝʭ ʩʦʯʝʪʘʥʠʡ ʫʛʣʦʚ ű, ɣ ʠ ɢ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (6): 
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ʛʜʝ Ŭn,Ŭm ï ʥʘʙʦʨ ʜʠʥʘʤʠʯʝ ʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, p(Ŭ1,é,Ŭi,éŬN) ï ʧʣʦʪʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʠʪʴ ʩʠʩʪʝʤʫ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʤʦʣʝʢʫʣʳ ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ 
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ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʚʳʯʠʩʣʷʣʠʩʴ 

ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (7): 

 

2)()()( tjtjj ++- -= tititi

xx eeeF  

ʛʜʝ ű ï ʟʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t ʠ t+Ű. ʅʝʦʙʭʦʜʠʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ Re(Fxx) ʦʪ ʚʨʝʤʝʥʠ. ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥʘʭ ʜʚʠʞʝʥʠʷ ʠ ʪʠʧʘʭ ʜʠʥʘʤʠʢʠ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʠʷ (ʠʣʠ ʩʭʦʜʩʪʚʘ) ʤʝʞʜʫ ʢʘʨʪʘʤʠ ʫʨʦʚʥʝʡ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʠʣʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʜʝʨʝʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʜʝʨʝʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʉʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ 

ʤʝʞʜʫ ʜʚʫʤʝʨʥʳʤʠ ʢʘʨʪʘʤʠ ʫʨʦʚʥʝʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (ű, ɣ) 

ʦʮʝʥʠʚʘʣʘʩʴ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (8): 

2

,,

2 )),(),(( yjyj is

i

irsr ppad -= ä  

ʛʜʝ r ʠ s ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ, ʘ ï ʧʘʨʘʤʝʪʨ 

ʨʘʟʙʠʝʥʠʷ, p ï ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 2D ʠ 3D ʢʘʨʪ ʫʨʦʚʥʝʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʦʚ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʢʣʘʩʪʝʨʥʳʭ ʜʝʨʝʚʴʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ MATLAB  (MathWorks). ɺʠʟʫʘʣʠʟʘʮʠʶ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʡ ʘʪʦʤʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ VMD (Visual Molecular Dynamics). 

ʕʢʩʪʨʘʢʮʠʷ ɸʌʇ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɸʌʇ 

ʯʝʣʦʚʝʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʮʝʥʪʘʨʥʫʶ ʢʨʦʚʴ. ɺʳʜʝʣʝʥʠʝ ɸʌʇ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʚʳʩʘʣʠʚʘʥʠʷ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʵʢʩʪʨʘʢʮʠʝʡ ʣʠʧʠʜʦʚ 20% ʨʘʩʪʚʦʨʦʤ ʧ-ʙʫʪʘʥʦʣʘ. ɹʝʣʢʦʚʫʶ ʬʨʘʢʮʠʶ, ʩʦʜʝʨʞʘʱʫʶ 

ɸʌʇ, ʚʥʦʚʴ ʦʩʘʞʜʘʣʠ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ. ʉʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʦʩʘʜʦʢ 

ʦʪʙʠʨʘʣʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʦʜʚʝʨʛʘʣʠ ʜʠʘʣʠʟʫ.  

ɸʬʬʠʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ ɼʕʉ-ʩʝʬʘʨʦʟʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ ɸʌʇ, ʧʦʜʚʝʨʛʘʣʠ ʘʬʬʠʥʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʦʨʙʝʥʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʥʘ ʦʩʥʦʚʝ ʩʝʬʘʨʦʟʳ CL-6B, ʢ ʢʦʪʦʨʦʤʫ ʢʦʚʘʣʝʥʪʥʦ ʙʳʣ ʧʨʠʰʠʪ ɼʕʉ. ʕʣʮʁʠʷ 

ʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 7% ʨʘʩʪʚʦʨʦʤ ʧ-ʙʫʪʘʥʦʣʘ ʚ ʙʫʬʝʨʥʦʤ  ʨʘʩʪʚʦʨʝ. 
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ɻʝʣʴ-ʬʠʣʴʪʨʘʮʠʷ. ʕʣʶʘʪ ʧʦʜʚʝʨʛʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʂʦʥɸ-ʩʝʬʘʨʦʟʝ ʠ 

ʧʦʣʫʯʘʣʠ ʧʨʝʧʘʨʘʪ ɸʌʇ-I, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ï ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʦʨʙʝʥʪʝ 

ʉʝʬʘʢʨʠʣ S200 ʚ 10ʤʄ ʨʘʩʪʚʦʨʝ ʂ-ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (pH=8,0), ʩʦʜʝʨʞʘʱʝʤ 2ʄ KCl 

(ʧʨʝʧʘʨʘʪ ɸʌʇ-S) ʠʣʠ 0,01% ʪʨʠʪʦʥʘ-ʍ100 ʠ 0,01% ʪʚʠʥʘ-80 (ʧʨʝʧʘʨʘʪ ɸʌʇ-T).  

ɼʠʩʢ-ʵʣʝʢʪʨʦʬʦʨʝʟ. ʉʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʧʨʝʜʝʣʷʣʠ  

ʤʝʪʦʜʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʜʠʩʢ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʇɸɸɻ) ʚ 

ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʘʢʨʠʣʘʤʠʜʘ (5ï19%) ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 2% SDS). 

ʉʠʥʪʝʟ ʧʝʧʪʠʜʦʚ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʝʧʪʠʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ (Fmoc) ʥʘ ʩʦʧʦʣʠʤʝʨʝ ʩʪʠʨʦʣʘ ʩ 1% ʨʘʩʪʚʦʨʦʤ 

ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʩ 4-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʝʥʦʢʩʠʤʝʪʠʣʴʥʦʡ ʷʢʦʨʥʦʡ ʛʨʫʧʧʦʡ (ʩʤʦʣʘ 

ɺʘʥʛʘ). ʇʦʣʫʯʝʥʥʳʝ ʧʝʧʪʠʜʳ ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʩ ʦʙʨʘʪʥʦʡ ʬʘʟʦʡ. 

ɺʳʜʝʣʝʥʠʝ ʣʠʤʬʦʮʠʪʦʚ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʤʬʦʮʠʪʳ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʙʦʣʴʥʳʭ ʠʥʬʝʢʮʠʦʥʥʦ-ʘʣʣʝʨʛʠʯʝʩʢʠʤ 

ʤʠʦʢʘʨʜʠʪʦʤ ʠ ʘʪʦʧʠʯʝʩʢʦʡ ʙʶʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʦʡ ʚ ʩʪʘʜʠʠ ʦʙʦʩʪʨʝʥʠʷ ʙʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʘʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ 

ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʃʠʤʬʦʮʠʪʳ ʚʳʜʝʣʷʣʠ ʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʤ ʛʨʘʜʠʝʥʪʝ 

ʧʣʦʪʥʦʩʪʠ ʬʠʢʦʣ/ʚʝʨʦʛʨʘʬʠʥʘ ʚ ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʤʝʪʦʜʫ Boyum (1968).  

ʈʝʘʢʮʠʷ ʙʣʘʩʪʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʠʤʬʦʮʠʪʦʚ. ɹʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ɸʌʇ ʠ ʧʝʧʪʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʠʟʫʯʘʣʠ ʚ ʨʝʘʢʮʠʠ 

ʙʣʘʩʪʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʠʤʬʦʮʠʪʦʚ (ʈɹʊʃ) ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʩʧʦʥʪʘʥʥʦʡ ʠʣʠ ʌɻɸ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ.  

ʊʝʩʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʣʠʤʬʦʮʠʪʦʚ. ʂʣʝʪʢʠ-ʤʠʰʝʥʠ (ʣʠʥʠʷ 

ʵʨʠʪʨʦʤʠʝʣʦʜʥʳʭ ʢʣʝʪʦʢ K-562) ʩʤʝʰʠʚʘʣʠ ʩ  ʢʣʝʪʢʠ-ʵʬʬʝʢʪʦʨʘʤʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

50:1 ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. ʩ 
3
ʅ-ʫʨʠʜʠʥʦʤ (10 ʤʢʂʠ/ʢʣ.) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʣʠ ʙʝʟ ʧʝʧʪʠʜʘ. ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʧʦʜʩʯʠʪʳʚʘʣʠ ʥʘ ʩʮʠʥʮʠʣʣʷʮʠʦʥʥʦʤ ʩʯʝʪʯʠʢʝ ʚ 

ʠʤʧʫʣʴʩʘʭ ʚ ʤʠʥʫʪʫ. ʇʦʜʩʯʝʪ ʣʠʟʠʩʘ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ (ʚ %) ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ 

(9): N = (1 ï (A ï B)/(C ï A) x 100, ʛʜʝ A ï ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʝʪʦʢ-

ʵʬʬʝʢʪʦʨʦʚ, B ï ʦʙʱʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ (ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ ʪʨʠʪʦʥʦʤ 

X-100), C ï ʩʧʦʥʪʘʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ (ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʣʝʪʦʢ-ʵʬʬʝʢʪʦʨʦʚ).  

ʄʝʪʦʜ ʥʝʧʨʷʤʦʡ ʠʤʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʯʝʥʳʭ  ʩ ʧʦʤʦʱʴʶ FITC (fluorescein isothiocyanate) ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ. 

ʄʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʫ ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʠ ʫ ʙʦʣʴʥʳʭ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʷʤʠ 

(ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʘʬʝʜʨʦʡ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʈʅʀʄʋ ʠʤʝʥʠ ʅ.ʀ. ʇʠʨʦʛʦʚʘ). 
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ʉʦʜʝʨʞʘʥʠʝ ʣʠʤʬʦʮʠʪʦʚ, ʥʝʩʫʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʨʢʝʨʳ ʢʣʘʩʪʝʨʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ CD23, CD25, CD71, HLA-DR, CD95 ʠ ʝʛʦ ʣʠʛʘʥʜʘ CD95L 

ʚʳʯʠʩʣʷʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʝʧʘʨʘʪ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʣʠ ʚ 

ʚʦʜʥʦʡ ʠʤʤʝʨʩʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

"ʃʶʤʘʤ ʀ-3". ɺ ʢʘʞʜʦʡ ʣʫʥʢʝ ʩʯʠʪʘʣʠ ʥʝ ʤʝʥʝʝ 200 ʢʣʝʪʦʢ, ʠʩʢʣʶʯʘʷ ʢʣʝʪʢʠ ʩ 

ʤʦʨʬʦʣʦʛʠʝʡ ʤʦʥʦʮʠʪʦʚ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʣʠ ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʘʨʢʝʨʳ.   

ʈɽɿʋʃʔʊɸʊʓ ʉʆɹʉʊɺɽʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʘʣʴʙʫʤʠʥʦʠʜʥʳʭ ʛʝʥʦʚ. 

ʇʦʧʘʨʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʣʥʳʭ (ʥʝʟʨʝʣʳʭ) ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʘʣʴʙʫʤʠʥʦʠʜʥʳʭ ʛʝʥʦʚ ʫ ʨʘʟʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ClustalW2 (ʚʝʨʩʠʷ 2.1) ʤʝʞʜʫ ʧʘʨʘʤʠ 

ʙʝʣʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʥʳʝ ʧʝʨʚʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

UniprotKB/Swiss-Prot. ʇʦʜʩʯʝʪ ʩʪʝʧʝʥʠ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʧʘʨʘʤʠ ʙʝʣʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʪʝʥʜʝʥʮʠʷ, ʘ ʠʤʝʥʥʦ  

ʫʙʳʚʘʥʠʝ ʩʪʝʧʝʥʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʨʷʜʫ: ɸʌʇ-ʘʣʴʙʫʤʠʥ, ɸʌʇ-ʘʬʘʤʠʥ, ʘʣʴʙʫʤʠʥ-

ʘʬʘʤʠʥ, ʘʣʴʙʫʤʠʥ-ɺɼʉɹ, ɸʌʇ-ɺɼʉɹ ʠ ʘʬʘʤʠʥ-ɺɼʉɹ. ʇʨʠ ɻʪʦʤ, ʥʘʠʙʦʣʴʰʘʷ 

ʛʦʤʦʣʦʛʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʘʨʳ ɸʌʇ-ʘʣʴʙʫʤʠʥ ʫ ʯʝʣʦʚʝʢʘ ï 

ʩʪʝʧʝʥʴ ʠʜʝʥʪʠʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 40,0%. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ 

ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ 49 ʧʦʣʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʦʙʲʝʜʠʥʝʥʠʷ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ (Neighbor-joining), ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 1. ɼʣʠʥʳ ʚʝʪʚʝʡ ʜʝʨʝʚʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʥʘ ʩʘʡʪ.  

ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ 29 ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʘʣʴʙʫʤʠʥʦʠʜʥʳʭ ʛʝʥʦʚ ʫ 

ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʘ.ʦ., ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʩʪʘʪʢʦʚ 

ʘʤʠʥʦʢʠʩʣʦʪ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʭʘʨʘʢʪʝʨʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʚ ʫʯʘʩʪʢʘʭ ʩʚʷʟʳʚʘʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʣʠʛʘʥʜʦʚ ï ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʵʩʪʨʦʛʝʥʦʚ ʠ ʙʠʣʠʨʫʙʠʥʘ, ʘ ʪʘʢʞʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʦʙʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʫ ʙʝʣʢʦʚ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ï ʩʚʷʟʳʚʘʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʬʦʙʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (Parmelee  et al., 1978; Hsia et al., 1980; Aussel 

and Masseyeff, 1983; Aussel and Negrel, 1986; Iturralde et al., 1991; Peters, 1995; Ruiz-

Gutierrez et al., 2001).   
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ʈʠʩ. 1. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʩʝʤʝʡʩʪʚʘ ʘʣʴʙʫʤʠʥʦʠʜʥʳʭ ʛʝʥʦʚ, ʧʦʩʪʨʦʝʥʥʦʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ Neighbor-joining. ʇʨʠʚʝʜʝʥʳ ʰʠʬʨʳ ʠ ʢʦʜʦʚʳʝ ʥʘʟʚʘʥʠʷ ʙʝʣʢʦʚ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ Swiss-ProtKB/UniProt. ʏʝʨʝʟ ʜʚʦʝʪʦʯʠʝ ʜʘʥʳ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ 

ʨʘʩʭʦʞʜʝʥʠʷ (ʜʣʠʥʘ ʚʝʪʚʠ).  

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ɸʌʇ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʫʯʘʩʪʢʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʡ ʛʝʧʪʘʧʝʧʪʠʜ LDSYQCT (ɸʌʇ14ï20), ʧʝʧʪʠʜ, 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʨʦʩʪ ʦʧʫʭʦʣʝʡ (GIP ï growth inhibitory peptide, ʘ.ʦ. 464ï497), ʩʝʛʤʝʥʪ 

ʛʣʘʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʘ.ʦ. 542ï550) ʩʭʦʜʩʪʚʦ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ 

ʩʝʤʝʡʩʪʚʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ ʘʣʴʙʫʤʠʥ ʠ 

ɺɼʉɹ ʥʝ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʚʠʜʘʤʠ ʘʢʪʠʚʥʦʩʪʠ, ʟʘ ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ 

ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʫʯʘʩʪʢʠ. 

ʅʘʤʠ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ ʯʝʪʳʨʝ ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ, 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʟʠʮʠʠ ʚʦ ʚʩʝʭ (100%) ʠʟ 29 ʚʳʨʦʚʥʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʕʪʦ ʩʣʝʜʫʶʱʠʝ ʦʩʪʘʪʢʠ:  D261, R360, P440 ʠ 

L447.  ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʩʪʘʪʦʢ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (D261) ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʠʥʪʝʛʨʠʥʩʚʷʟʳʚʘʶʱʝʛʦ ʤʦʪʠʚʘ LDV, ʘ ʦʩʪʘʪʦʢ ʣʝʡʮʠʥʘ (L447) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 
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ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʚʳʩʦʢʦʘʬʬʠʥʥʦʤ ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʝʤ ʫʯʘʩʪʢʝ. ʕʪʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʥʘʨʷʜʫ ʩ ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʮʠʩʪʝʠʥʘ 

ʠ ʩʜʚʦʝʥʥʳʭ ʮʠʩʪʝʠʥʦʚ, ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʜʣʷ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ.  

ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ (3D) ʤʦʜʝʣʠ ɸʌʇ ʯʝʣʦʚʝʢʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ɼʕʉ. 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʤʝʞʜʫ ɸʌʇ ʠ ʏʉɸ (40% ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʦʢʦʣʦ 60% 

ʩʫʤʤʘʨʥʦʛʦ ʩʭʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʟʘʤʝʥ (ʈʠʩ. 2)), ʘ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʭ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D ʤʦʜʝʣʠ ɸʌʇ 

ʯʝʣʦʚʝʢʘ.  

 

 ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʧʦʧʘʨʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ɸʌʇ ʠ ʉɸ ʯʝʣʦʚʝʢʘ. ʀʜʝʥʪʠʯʥʳʝ ʘ.ʦ. ʫʢʘʟʘʥʳ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, + 

ʦʟʥʘʯʘʝʪ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʟʘʤʝʥʳ. 

 

ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʏʉɸ ʠ ɺɼʉɹ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʭʦʜʩʪʚʦ 

ʠʭ ʬʫʥʢʮʠʡ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʠʜʝʥʪʠʯʥʦʩʪʠ ʤʝʞʜʫ ɸʌʇ ʠ ʏʉɸ (48%) 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʦʤʝʥʝ III, ʚ ʢʦʪʦʨʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ ɸʌʇ, ʘ ʚʦ-ʚʪʦʨʳʭ,  ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ (ʦʢʦʣʦ 50% ʠ 

ʚʳʰʝ), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʛʦʤʦʣʦʛʠʠ ʩ ʙʝʣʢʦʤ-ʰʘʙʣʦʥʦʤ (Chothia and Lesk, 1986).  
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

UCSF Chimera (Pettersen et al., 2005) ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ U-ʦʙʨʘʟʥʫʶ 3D ʩʪʨʫʢʪʫʨʫ 

ɸʌʇ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦʣʦʩʪʴ, ʬʦʨʤʠʨʫʝʤʘʷ ʜʦʤʝʥʘʤʠ I ʠ III  

(ʈʠʩ. 3). ʉʪʝʥʢʠ ʵʪʦʡ ʧʦʣʦʩʪʠ ʦʙʨʘʟʦʚʘʥʳ ʯʝʪʳʨʴʤʷ Ŭ-ʩʧʠʨʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʘ.ʦ. 144ï158, 442ï460, 466ï490 ʠ 542ï559. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ, 

ʧʦʢʘʟʘʚʰʠʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʭ ʦʙʣʘʩʪʝʡ ʧʣʦʪʥʦʩʪʠ ʤʘʩʩ: ʜʚʝ ʧʦ ʢʨʘʷʤ ʠ ʦʜʥʘ ʥʘ 

ʚʝʨʰʠʥʝ (Luft and Loscheider, 1983; Peters, 1996). ʕʪʠ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʭʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ɸʌʇ.  

ʘ)                                                                             ʙ) 

 

ʈʠʩ. 3. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ɸʌʇ ʯʝʣʦʚʝʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ MODELLER9v6 ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʣʦʛʠʠ ʩ ʏʉɸ ʠ ɺɼʉɹ ʩ ʫʢʘʟʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʘ) ʆʩʪʦʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ: ʧʦʢʘʟʘʥʳ Ŭ-ʩʧʠʨʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʙ) ʇʦʚʝʨʭʥʦʩʪʴ ʤʦʜʝʣʠ. ʉʣʝʚʘ N-ʢʦʥʝʮ, ʩʧʨʘʚʘ ï ʉ-ʢʦʥʝʮ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. I, II  ʠ III  ï ʛʣʦʙʫʣʷʨʥʳʝ ʜʦʤʝʥʳ.  

ɺʘʣʠʜʘʮʠʷ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 1) ʧʫʪʝʤ 

ʦʮʝʥʢʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ 2) ʨʘʩʯʝʪʦʚ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (RMSD). ɸʥʘʣʠʟ ʢʘʨʪʳ ʈʘʤʘʯʘʥʜʨʘʥʘ, ʧʦʩʪʨʦʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ PROCHECK (ʚʝʨʩʠʷ 3.5), ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʠ ʟʥʘʯʝʥʠʡ 

ʜʚʫʛʨʘʥʥʳʭ ű ʠ ɣ ʜʣʷ ʚʩʝʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʪ.ʝ. ʢʦʥʬʦʨʤʘʮʠʷ ʦʩʪʦʚʘ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʧʨʠʨʦʜʥʳʭ ʙʝʣʢʘʭ.  

ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ RMSD ʧʨʦʚʦʜʠʣʠ ʚ ʭʦʜʝ 5 ʥʩ ʄɼ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ CŬ-ʘʪʦʤʘʤʠ ʯʘʩʪʠ ʦʩʪʦʚʘ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ Ŭ-ʩʧʠʨʘʣ̫ʤʠ, 
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ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʧʦʣʦʩʪʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʦʜʝʨʞʘɦʝʡ ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʠʡ 

ʫʯʘʩʪʦʢ. ɻʨʘʬʠʢ RMSD ʜʣʷ ʯʝʪʳʨʝʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ Ŭ-ʩʧʠʨʘʣʝʡ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 4, ʘ. 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ RMSD ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʯʝʨʝʟ 500 ʧʩ ʠ ʚʘʨʴʠʨʫʶʪ ʚ 

ʧʨʝʜʝʣʘʭ 0,3ï0,4 ʥʤ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʜʠʥʘʤʠʢʦʡ ʙʝʣʢʦʚʦʡ 

ʤʦʣʝʢʫʣʳ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ Ŭ-ʩʧʠʨʘʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʷʚʥʦ ʟʘʜʘʥʥʦʤ ʚʠʜʝ. ʆʮʝʥʢʘ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ (R121, F202, Q291, 

K304, K384, C500, F533, T564 ʠ E566) ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1,53% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘ.ʦ. ʚ ɸʌʇ. ʕʣʝʤʝʥʪʳ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʷʚʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

PROCHECK, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ Ŭ-ʩʧʠʨʘʣʤ̫ (69%) ʩ ʦʪʩʫʪʩʪʚʠʝʤ ɓ-ʩʪʨʫʢʪʫʨ (ʈʠʩ. 4, ʙ), 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩ̫ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥrʤʠ (ʜʦ 67%  Ŭ-ʩʧʠʨʘʣʝʡ). 

ʘ)                                                                ʙ) 

  

ʈʠʩ. 4. ʘ) ʀʟʤʝʥʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (RMSD), 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʯʝʪʳʨʝʭ Ŭ-ʩʧʠʨʘʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʣʦʩʪʠ ʤʦʜʝʣʠ 3D ʩʪʨʫʢʪʫʨʳ 

ɸʌʇ ʯʝʣʦʚʝʢʘ ʠ ʚʢʣʶʯʘʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ 144ï158, 442ï460, 466ï490, 542ï559. 

ʙ) ʂʘʨʪʘ ʈʘʤʘʯʘʥʜʨʘʥʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PROCHECK (ʚʝʨʩʠʷ 3.5). ʂʘʨʪʘ 

ʧʦʢʘʟʳʚʘʝʪ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ ʜʣʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ 

ʢʚʘʜʨʘʪʠʢʘʤʠ) ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ɸʌʇ ʯʝʣʦʚʝʢʘ. ʆʙʣʘʩʪʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ 

ʢʦʥʬʦʨʤʘʮʠʡ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ (ʦʙʦʟʥʘʯʝʥʳ A, B, L), ʨʘʟʨʝʰʝʥʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ ï ʞʝʣʪʳʤ 

(ʦʙʦʟʥʘʯʝʥʳ a, b, l, p), ʜʦʧʫʩʪʠʤʳʭ ï ʧʝʩʦʯʥʳʤ (ʦʙʦʟʥʘʯʝʥʳ ïa, -b, -l,-p).  

 

ʅʝ ʩʯʠʪʘʷ ʦʩʪʘʪʢʦʚ ʛʣʠʮʠʥʘ ʠ ʧʨʦʣʠʥʘ (ʦʩʪʘʪʢʦʚ ʩ ʥʝʦʙʳʯʥʳʤʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ), ʚ ʩʪʨʫʢʪʫʨʝ ɸʌʇ ʦʙʥʘʨʫʞʝʥʦ 540 ʘ.ʦ., ʠʟ ʢʦʪʦʨʳʭ 

ʢʦʥʬʦʨʤʘʮʠʠ 498 (92,2%) ʦʩʪʘʪʢʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ. ɽʱʝ 41 ʦʩʪʘʪʦʢ (7,6%) ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʠ ʪʦʣʴʢʦ ʦʜʠʥ 

ʦʩʪʘʪʦʢ (A39) ʠʤʝʝʪ ʥʝʚʳʛʦʜʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ.   ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʛʣʠʮʠʥʘ 

ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 26, ʘ ʦʩʪʘʪʢʦʚ ʧʨʦʣʠʥʘ ï 21 (ʈʠʩ. 5).  
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ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ, 

ʧʦʢʘʟʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ RMSD, ʠ ʭʦʨʦʰʠʝ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʝʛʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʜʦʢʠʥʛ (ʧʦʩʘʜʢʫ) ʣʠʛʘʥʜʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʯʘʩʪʦʢ ʧʦʩʪʨʦʝʥʥʦʡ 3D ʤʦʜʝʣʠ ɸʌʇ. ʅʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʣʫʛʠʙʢʠʡ ʜʦʢʠʥʛ, ʚ ʢʦʪʦʨʦʤ ʩʪʨʫʢʪʫʨʳ ʛʦʨʤʦʥʘ ʠ ʚʩʝʛʦ ʙʝʣʢʘ ʟʘʜʘʚʘʣʠʩʴ 

ʞʝʩʪʢʠʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ: Q428, M448, R452, 

V543 ʠ T547, ʢʦʪʦʨʳʤ ʧʨʠʜʘʚʘʣʘʩʴ ʧʦʜʚʠʞʥʦʩʪʴ.  

 

 

ʈʠʩ. 5. ʉʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ 3D ʤʦʜʝʣʠ ɸʌʇ 

ʯʝʣʦʚʝʢʘ ʜʣʷ ʦʩʪʘʪʢʦʚ ʩ 421 ʧʦ 520 ʠ ʩ 521 ʧʦ 605. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʢʨʘʩʥʳʝ ʩʪʦʣʙʮʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ (ʚʩʝʛʦ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ 9 ʦʩʪʘʪʢʦʚ ʠʣʠ 1,53%). ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

(Ŭ-ʩʧʠʨʘʣʠ) ʠ ʦʙʣʘʩʪʠ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ɼʕʉ ʩʘʜʠʪʩʷ ʥʘ Ŭ-ʩʧʠʨʘʣʴ, ʬʦʨʤʠʨʫʝʤʫʶ ʦʩʪʘʪʢʘʤʠ ʩ 442 ʧʦ 

460 (ʈʠʩ. 6, ʘ) ʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʤʝʞʜʫ ʘ.ʦ. S445, R452 ʠ E551, ʩ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʂʨʦʤʝ ʪʦʛʦ, ɼʕʉ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʣʠʟʢʦ ʢ  ʦʩʪʘʪʢʘʤ 

M448, A449 ʠ V543, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʛʠʜʨʦʬʦʙʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ (OG) ʦʩʪʘʪʢʘ ʩʝʨʠʥʘ S445 ʠ ʚʦʜʦʨʦʜʘ ʧʝʨʚʦʛʦ ʛʠʜʨʦʢʩʠʣʘ (HO1) ɼʕʉ (1,95 

¡), ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (OE1) ʦʩʪʘʪʢʘ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

E551 ʠ ʚʦʜʦʨʦʜʘ ʚʪʦʨʦʛʦ ʛʠʜʨʦʢʩʠʣʘ (HO2) ʤʦʣʝʢʫʣʳ ʛʦʨʤʦʥʘ (1,69 ¡). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʦʨʤʦʥʦʤ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʩɹʷ ʩ ʫʯʘʩʪʠʝʤ ʩʫʙʜʦʤʝʥʦʚ IIIA  ʠ IIIB  ɸʌʇ. 
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ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʷʟʳʚʘʥʠʷ ʧʦʢʘʟʘʣʘ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (ʜʣʷ ʣʫʯʰʝʛʦ ʢʦʤʧʣʝʢʩʘ ɸʌʇïɼʕʉ) ʨʘʚʥʦʝ ï4,24 ʢʢʘʣ/ʤʦʣʴ.  

ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʢʠʥʛʘ ʢʦʤʧʣʝʢʩ ɸʌʇïɼʕʉ ʩ ʥʘʠʤʝʥʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʜʘʣʝʝ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʨʝʣʘʢʩʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʜʣʠʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 5 ʥʩ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 

ɸʌʇïɼʕʉ (ʈʠʩ. 6, ʙ) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʛʦʨʤʦʥʘ ʤʝʥʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʭʦʜʝ 

ʨʘʩʯʝʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʩʫʙʜʦʤʝʥʘʤʠ IB, IIIA  ʠ IIIB . 

ʅʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 

ɼʕʉ ʠ ʙʦʢʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʦʩʪʘʪʢʦʚ ʣʝʡʮʠʥʘ L138 ʠ ʤʝʪʠʦʥʠʥʘ M448 (ʦʢʦʣʦ 0,5 ʥʤ).   

ʘ)                                                                        ʙ) 
                                                               

  

ʈʠʩ. 6. ʘ) ɼʦʢʠʥʛ ɼʕʉ ʚ ʩʪʨʫʢʪʫʨʫ 3D ʤʦʜʝʣʠ ɸʌʇ ʯʝʣʦʚʝʢʘ; ʙ) ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʦʩʪʘʪʢʠ ʵʩʪʨʦʛʝʥʩʚʷʟʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ɸʌʇ, ʚʳʷʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʜʠʥʘʤʠʢʠ.  

 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʜʪʚʝʨʜʠʣʘ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʦʩʪʘʪʢʦʚ S445, R452 

ʠ E551 ʚ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 7,ʚ ʠ 7,ʛ ʧʦʩʣʝ 2 ʥʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ɼʕʉ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʙʦʢʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʩʝʨʠʥʘ ʠ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (S445 

ʠ E551) ʧʨʦʷʚʣʷʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʠ ʜʦʩʪʠʛʘʶʪ 0,4 ʥʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʷ 

ʦʮʝʥʠʚʘʣʠʩʴ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ (ʢʠʩʣʦʨʦʜʘ), ʪ.ʝ. ʩ ʫʯʝʪʦʤ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (1,35¡) ʠ ʚʦʜʦʨʦʜʘ (1,0¡), ʠ ʪʘʢʞʝ ʜʣʠʥʳ 

ʩʚʷʟʠ ʆïʅ (0,96¡), ʵʪʠ ʨʘʩʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ 

ʜʠʵʪʠʩʪʠʣʴʙʵʩʪʨʦʣʘ ʩ ɸʌʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʜʚʫʤ ʪʠʧʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʕʪʦ 1) ʚʦʜʦʨʦʜʥʳʝ ʩ ʫʯʘʩʪʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ɼʕʉ ʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʙʦʢʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʦʩʪʘʪʢʦʚ S445, R452 ʠ E551; 2) ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ ɼʕʉ ʠ ʙʦʢʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʦʩʪʘʪʢʦʚ L138, M448 ʠ 

M548 ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥʘ ʯʝʣʦʚʝʢʘ.  

ʘ)                                                                 ʙ) 

  

ʚ)                                                                ʛ) 

 

ʈʠʩ. 7. ʀʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ɼʕʉ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ɸʌʇ ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 5 ʥʩ ʄɼ. ɻʨʘʬʠʢʠ ʘ) ʠ ʙ) 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʘʪʦʤʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ A ʛʦʨʤʦʥʘ ʠ ʙʦʢʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʦʩʪʘʪʢʦʚ ʣʝʡʮʠʥʘ L138 

(ʘ) ʠ ʤʝʪʠʦʥʠʥʘ M448 (ʙ). ɻʨʘʬʠʢʠ ʚ) ʠ ʛ) ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʚʦʜʦʨʦʜʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ OE1 ʦʩʪʘʪʢʘ E551 ʠ ʚʪʦʨʦʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (OH2) ɼʕʉ (ʚ), ʘ ʪʘʢʞʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ OG ʦʩʪʘʪʢʘ S445 ʚʪʦʨʦʛʦ 

ʛʠʜʨʦʢʩʠʣʘ (OH2) ɼʕʉ (ʛ). 

 

ʇʦʠʩʢ ɸʌʇ14ï20-ʧʦʜʦʙʥʳʭ ʤʦʪʠʚʦʚ. ʅʘʤʠ ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʘʨʪʘ ɸʌʇ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʙʦʙʱʝʥʳ, ʜʦʧʦʣʥʝʥʳ ʠ 

ʫʪʦʯʥʝʥʳ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʈʠʩ. 8). ɺ ʩʦʩʪʘʚʝ ɸʌʇ ʯʝʣʦʚʝʢʘ ʚʳʷʚʣʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʫʯʘʩʪʢʦʚ, ʘʢʪʠʚʥʦʩʪʴ ʯʘʩʪʠ ʠʟ ʢʦʪʦʨʳʭ ʣʠʰʴ 

ʧʨʝʜʩʢʘʟʘʥʘ, ʘ ʜʨʫʛʦʡ ʯʘʩʪʠ ï ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʷʭ in vitro ʠ in vivo. ʉʨʝʜʠ ʥʠʭ ï ʛʝʧʪʘʧʝʧʪʠʜ ɸʌʇ14ï20 (LDSYQCT), 

ʷʚʣʷʶʱʠʡʩʷ ʦʙʲʝʢʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʤʳ ʧʨʦʚʝʣʠ ʧʦʠʩʢ  ɸʌʇ14ï20ïʧʦʜʦʙʥʳʭ ʤʦʪʠʚʦʚ ʚ 


