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ɛɜɚɠ. ɐ-ɜ, ɔəɒ. ȻȬȮȷȴȹȶȬ ȬȷȱȶȽȬȹȰȼȺȮȬ ȰȺȷȬɄȶȬ 

 

 

 

ȬȮȾȺȼȱɀȱȼȬȾ 

 

ɓɌ ɛɜɔɝɦɒɐɌəɑ əɌ əɌɟɣəɌ ɝɞɑɛɑə ăȰɚɖɞɚɜ əɌ əɌɟɖɔɞɑó 

 

 ʇʨʦʬʝʩʠʦʥʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 4.2. ʍʠʤʠʯʝʩʢʠ ʥʘʫʢʠ, ʥʘʫʯʥʘ ʩʧʝʮʠʘʣʥʦʩʪ Ăɹʠʦʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ, 

ʭʠʤʠʷ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʠ ʬʠʟʠʦʣʦʛʠʯʥʦ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘñ 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

                                               ʉʆʌʀʗ, 2017  

                    ɹʒʃɻɸʈʉʂɸ ɸʂɸɼɽʄʀʗ ʅɸ ʅɸʋʂʀʊɽ                               

ʀʅʉʊʀʊʋʊ ʇʆ ʆʈɻɸʅʀʏʅɸ ʍʀʄʀʗ ʉ ʎɽʅʊʒʈ ʇʆ ʌʀʊʆʍʀʄʀʗ  

          ʃʘʙʦʨʘʪʦʨʠʷ ñʍʠʤʠʷ ʠ ʙʠʦʬʠʟʠʢʘ ʥʘ ʧʨʦʪʝʠʥʠ ʠ ʝʥʟʠʤʠ 
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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʦʙʱʝʥʠʝ ʥʘ 50 ʥʘʫʯʥʠ ʧʫʙʣʠʢʘʮʠʠ ʠ ʩʲʜʲʨʞʘ 317 ʩʪʨʘʥʠʮʠ, 

156 ʬʠʛʫʨʠ, 28 ʪʘʙʣʠʮʠ ʠ 3 ʩʭʝʤʠ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ 441 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʢʘ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʥʘ 71 ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʯʫʞʙʠʥʘ ʠ ʫ ʥʘʩ.  

 

ɺʢʣʶʯʝʥʠʪʝ ʚ ʨʘʟʨʘʙʦʪʢʘʪʘ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʦʣʫʯʝʥʠ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʥʘʫʯʥʦ-

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ, ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ X-1202/2002, ʂ-1302/2003, ʂ-1401/2004; ɺʋ-ʃ-

310/2007, ʊʂ01-496/2009, ʅʀʊʉ02-019/2011, BG051PO001-3.3.05-0001/2012, BG051PO001 - 

3.3.06-0025/2012;  ɼʅ 01-14/2016 ʦʪ ʌʅʀ ʢʲʤ ʄʆʅ, ʅɸʊʆ (LST.CLG-973968/2003; LST.CLG-

978560/2004; CBP.EAP. CLG9805201969/2005), ɻʝʨʤʘʥʠʷ ɼɸɸɼ (DLR 001-01/2003; DLR-

17/2007); ɼʌɻ (DFG-GZ:436 BUL113/149/0-1/2007; DFG-STE1819_5/2012); ɹʝʣʛʠʷ, FWO 

(VS.011.06N/2007; VS.016.09N/2008; VS.2012; ʠ VS.076.18N /2018); ʦʪ ʀʪʘʣʠʷ CNR (CNR 

01/2007; CNR/2009); ʋʢʨʘʡʥʘ HTC01-187/2008; ʂʠʪʘʡ ɼʅʊʉ-01/6/2012). 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʧʨʝʜʣʦʞʝʥ ʟʘ ʟʘʱʠʪʘ ʥʘ ʟʘʩʝʜʘʥʠʝ ʥʘ ʢʦʣʦʢʚʠʫʤ 

ééééééééééé... ʧʨʠ ʀʥʩʪʠʪʫʪ ʧʦ ʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ ʩ ʮʝʥʪʲʨ ʧʦ ʬʠʪʦʭʠʤʠʷ ï ɹɸʅ 

(ʧʨʦʪʦʢʦʣ ʦʪ éééééééééééééééé). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ éééééé2019  ʛ. ʦʪ ééé..é ʯ ʥʘ 

ʀʥʩʪʠʪʫʪʘ ʧʦ ʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ ʩ ʎʝʥʪʲʨ ʧʦ ʬʠʪʦʭʠʤʠʷ - ɹɸʅ, ʫʣ. Ăɸʢʘʜʝʤʠʢ ɻʝʦʨʛʠ ɹʦʥʯʝʚñ, ʙʣ. 

9 ʚ ʟʘʣʘ 111. 

ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ ʢʘʥʮʝʣʘʨʠʷʪʘ ʥʘ 

ʀʆʍʎʌ-ɹɸʅ, ʫʣ. Ăɸʢʘʜʝʤʠʢ ɻ. ɹʦʥʯʝʚñ, ʙʣ. 9, ʩʪ 206. 
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ʧʨʦʬ. ʜ-ʨ, ʠʥʞ.  ʇɸɺʃʀʅʂɸ ɼʆʃɸʐʂɸ 

 

 

 

 

 

 

 

 

 

 

ȬȮȾȺȼȱɀȱȼȬȾ 

 

ɓɌ ɛɜɔɝɦɒɐɌəɑ əɌ əɌɟɣəɌ ɝɞɑɛɑə ăȰɚɖɞɚɜ əɌ əɌɟɖɔɞɑó 

 

 

 ʇʨʦʬʝʩʠʦʥʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 4.2. ʍʠʤʠʯʝʩʢʠ ʥʘʫʢʠ, ʥʘʫʯʥʘ ʩʧʝʮʠʘʣʥʦʩʪ Ăɹʠʦʦʨʛʘʥʠʯʥʘ 

ʭʠʤʠʷ, ʭʠʤʠʷ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʠ ʬʠʟʠʦʣʦʛʠʯʥʦ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘñ 

 

 

 

                                                          ʈɽʎɽʅɿɽʅʊʀ: 

 

 

 

 

 

 

 

 

ȽȾȼȿȶȾȿȼȬ ȴ ɀȿȹȶɂȴɋ ȹȬ ȸȱȰȹȴ 

ȯȷȴȶȺȻȼȺȾȱȴȹȴ, ȽȮɆȼȳȮȬɅȴ 

ȶȴȽȷȺȼȺȰȹȴ ɀȺȼȸȴ 

 

 

                    ɹʒʃɻɸʈʉʂɸ ɸʂɸɼɽʄʀʗ ʅɸ ʅɸʋʂʀʊɽ                               

ʀʅʉʊʀʊʋʊ ʇʆ ʆʈɻɸʅʀʏʅɸ ʍʀʄʀʗ ʉ ʎɽʅʊʒʈ ʇʆ ʌʀʊʆʍʀʄʀʗ  

                   ʃʘʙʦʨʘʪʦʨʠʷ ñʍʠʤʠʷ ʠ ʙʠʦʬʠʟʠʢʘ ʥʘ ʙʝʣʪʲʮʠ ʠ ʝʥʟʠʤʠè 
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ɹʃɸɻʆɼɸʈʅʆʉʊʀ: 

 

ʉʲʨʜʝʯʥʦ ʙʣʘʛʦʜʘʨʷ ʥʘ ʧʨʦʬ. ʜ-ʨ, ʜ-ʨ, ɺʦʣʬʛʘʥʛ ʌʴʦʣʪʝʨ, ʧʨʦʬ. ʜʙʥ ʄʘʨʠʷ ɸʥʛʝʣʦʚʘ, 

ʧʨʦʬ. ʜ-ʨ ɹʦʨʠʩ ɸʪʘʥʘʩʦʚ ʠ ʧʨʦʬ., ʜʭʥ ʖʨʠʡ ʉʪʝʬʘʥʦʚʩʢʠ ʟʘ ʠʟʢʣʶʯʠʪʝʣʥʘʪʘ ʧʦʜʢʨʝʧʘ ʠ 

ʟʘ ʧʦʣʝʟʥʠʪʝ ʩʲʚʝʪʠ, ʢʦʠʪʦ ʧʦʣʫʯʘʚʘʭ ʚ ʥʝʣʝʢʠʷ ʧʲʪ ʥʘ ʥʘʫʯʥʘʪʘ ʨʘʙʦʪʘ.  

ɹʣʘʛʦʜʘʨʥʦʩʪ ʠʟʢʘʟʚʘʤ ʥʘ ʧʨʦʬ. ʉʪʝʬʘʥ ʉʪʝʚʘʥʦʚʠʯ, ʧʨʦʬ. ʍʘʥʩ ʈʘʤʝʥʟʝ, ʧʨʦʬ. ʑʝʥʩʲʣ, 

ʜ-ʨ ʐʚʘʨʮ (ɻʝʨʤʘʥʠʷ), ʧʨʦʬ. ɺʘʥ ɹʠʠʤʝʥ ʠ ʧʨʦʬ. ɹʘʨʪ ɼʝ ɺʨʝʟʝ (ɹʝʣʛʠʷ), ʧʨʦʬ. ʉʘʣʚʘʪʦ ʠ 

ʧʨʦʬ. ʊʨʘʣʜʠ (ʀʪʘʣʠʷ), ʧʨʦʬ. ʅʝʩʪʝʨʦʚʘ (ʋʢʨʘʡʥʘ), ʧʨʦʬ. ɽʚʘʥʛʝʣʠʥʘ ʃʠʚʘʥʠʫʩ, ʧʨʦʬ. ʈʘʥʷ 

ʆʨʘʥʫʩ (ɻʲʨʮʠʷ) ʟʘ ʧʨʝʜʦʩʪʘʚʝʥʘʪʘ ʤʠ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʧʝʮʠʘʣʠʟʠʨʘʤ ʚ ʤʦʜʝʨʥʦ ʦʙʦʨʫʜʚʘʥʠʪʝ 

ʠʤ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʟʘ ʩʲʚʤʝʩʪʥʘʪʘ ʨʘʙʦʪʘ ʧʦ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʪʝʤʠ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ.  

ʉʧʝʮʠʘʣʥʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʢʲʤ ʤʦʠʪʝ ʢʦʣʝʛʠ : ʛʣ. ʘʩʠʩʪ. ʜ-ʨ ʃʶʜʤʠʣʘ ɺʝʣʢʦʚʘ, ʛʣ. ʘʩʠʩʪ. ʜ-

ʨ ɸʣʝʢʩʘʥʜʲʨ ɼʦʣʘʰʢʠ, ʜʦʮ. ʜ-ʨ ʈʫʤʷʥʘ ʍʨʠʩʪʦʚʘ, ʜʦʮ. ɸʥʥʘ ʂʦʶʤʜʞʠʝʚʘ, ʧʨʦʬ. ʉʪʦʷʥ 

ʐʠʰʢʦʚ, ʜʦʮ. ʇʝʪʷ ʍʨʠʩʪʦʚʘ, ʧʨʦʬ. ɽʣʝʥʘ ʊʦʜʦʨʦʚʩʢʘ, ʜʦʮ. ʎʚʝʪʘʥʢʘ ʉʪʝʬʘʥʦʚʘ, ʜʦʮ. 

ʃʶʙʦʤʠʨʘ ɻʣʦʤʙ, ʧʨʦʬ. ʈʝʥʝʪʘ ʊʦʰʢʦʚʘ ʠ ʜʨ., ʟʘ ʧʨʠʷʪʝʣʩʪʚʦʪʦ ʠ ʧʦʜʢʨʝʧʘʪʘ ʚ ʩʲʚʤʝʩʪʥʘʪʘ 

ʨʘʙʦʪʘ, ʩ ʢʦʠʪʦ ʨʘʟʨʘʙʦʪʠʭʤʝ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ.  

ɺʢʣʶʯʝʥʠ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʦʩʪʠʛʥʘʪʠ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʧʨʦʝʢʪʠ: X-1202/2002, ʂ-1302/2003, ʂ-1401/2004; ɺʋ-ʃ-310/2007, ʊʂ01-496/2009, BG051PO001-

3.3.05-0001/2012, BG051PO001-3.3.06-0025/2012 ʠ ʜʨ., ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ ʌʦʥʜ ʟʘ ʥʘʫʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʢʲʤ ʄʆʅ.  

ʀʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʥʠ ʨʘʙʦʪʘ ʝ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʠ ʦʪ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʧʨʦʝʢʪʠ: ʅɸʊʆ (LST.CLG-973968/2003, LST.CLG-978560/2004, CBP.EAP. 

CLG9805201969/2005); ʦʪ ɻʝʨʤʘʥʠʷ - ɼɸɸɼ (DLR 001-01/2003; DLR-17/2007) ʠ ɼʌɻ (DFG-

GZ:436BUL113/149/0-1/2007; DFG-STE1819_5/2012); ɹʝʣʛʠʷïFWO(VS.011.06N  /2007; 

VS.016.09N /2008; (VS.076.18N /2018); ʀʪʘʣʠʷ - CNR (01/2007; 04/ 2009); ʋʢʨʘʡʥʘ (HTC01-

187/2008); ʂʠʪʘʡ (ɼʅʊʉ-01/6/2012). 

 

ɹʣʘʛʦʜʘʨʷ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʠ ʧʨʠʷʪʝʣʠʪʝ ʤʠ ʟʘ ʙʝʟʫʩʣʦʚʥʘʪʘ ʧʦʜʢʨʝʧʘ, ʦʙʠʯʪʘ, ʪʲʨʧʝʥʠʝʪʦ 

ʠ ʜʦʚʝʨʠʝʪʦ ʢʲʤ ʤʝʥ! 

 
 
 

ȭɗɌɏɚɐɌɜɫ!!!  

 



5 

 

                            ȽɆȰɆȼȲȬȹȴȱ  

ʋɺʆɼ    7 - 8 

ʀɿʇʆʃɿɺɸʅʀ ʉʒʂʈɸʑɽʅʀʗ  8 - 8 

ʈɸɿɼɽʃ I.     ʃʀʊɽʈɸʊʋʈɽʅ ʆɹɿʆʈ  9 - 11 

ʈɸɿɼɽʃ II .    ʎɽʃ ʀ ɿɸɼɸʏʀ 11 - 11 

ʈɸɿɼɽʃ III .   ʄɸʊɽʈʀɸʃʀ ʀ ʄɽʊʆɼʀ 11 - 13 

ʈɸɿɼɽʃ IV.   ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀʗ 14 - 25 

ɻʃɸɺɸ IV .1. CU/ZN-ʉʆɼ - ʀɿʆʃʀʈɸʅɽ ʀ ʉʊʈʋʂʊʋʈʅʆ ʍɸʈɸʂʊɽʈʀɿʀʈɸʅɽ ʅɸ 

ɽʅɿʀʄɸ  

    IV.1.1.   ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ Cu/Zn-ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ ʦʪ ʛʲʙʠʯʥʠ ʱʘʤʦʚʝ 

    IV.1.2.   ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ Cu/Zn -ʉʆɼ ʦʪ ʜʨʦʞʜʠ - ʱʘʤ K. marxianus NBIMCC 1984 

    IV.1.3.   ʉʪʨʫʢʪʫʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ 

ɻʃɸɺɸ IV .2. ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ɺʀɼ ARTHROPODA  - ʀɿʆʃʀʈɸʅɽ ʀ 

ʉʊʈʋʂʊʋʈʅʆ ʍɸʈɸʂʊɽʈʀɿʀʈɸʅɽ  

    IV.2.1.   ʀʟʦʣʠʨʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʘʨʪʨʦʧʦʜʥʠ ʦʨʛʘʥʠʟʤʠ 

    IV.2.2.   ʉʪʨʫʢʪʫʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda  

ɻʃɸɺɸ IV .3. ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ɺʀɼ MOLLUSCA  - ʀɿʆʃʀʈɸʅɽ ʀ 

ʉʊʈʋʂʊʋʈʅʆ ʍɸʈɸʂʊɽʈʀɿʀʈɸʅɽ  

    IV.3.1.   ʀʟʦʣʠʨʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca ʠ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʠʟʦʬʦʨʤʠ 

    IV.3.2.   ʉʪʨʫʢʪʫʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ  ʚʠʜ Mollusca  

15 - 18 

 

15 - 15 

15 - 16 

16 - 18 

19 ï 21 

 

19 ï 19 

19 ï 21 

21 ï 27 

 

22 ï 22 

22 ï 27 

ɻʃɸɺɸ IV .4. ɺʒɻʃɽʍʀɼʈɸʊʅʀ ʉʊʈʋʂʊʋʈʀ ʅɸ ɻʃʀʂʆʇʈʆʊɽʀʅʀ - CU/ZN-

ʉʆɼ ʀ ʍɽʄʆʎʀɸʅʀʅʀ 

27 - 48 

IV.4.1. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Cu/Zn-ʉʆɼ  

IV.4.2. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ  ʚʠʜ Arthropoda 

IV .4.3. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca  

   IV.4.3.1. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʦʭʣʶʚ Rapana venosa 

   IV.4.3.2. ɼʦʢʘʟʚʘʥʝ ʥʘ ʥʦʚ ʚʠʜ ʚʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚ RvH1 

   IV.4.3.3. ɻʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʧʨʠ ʭʝʤʦʮʠʘʥʠʥ ʦʪ R. venosa 

   IV.4.3.4. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ Helix lucorum 

   IV.4.3.5. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. tuberculata 

IV.4.4. ʅʦʚ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʥʘ ʨʘʟʣʠʯʥʠ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠ ʩʪʨʫʢʪʫʨʠ 

   IV.4.4.1. ʀʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʚ ʭʝʤʦʮʠʘʥʠʥʠ 

27 - 29 

29 - 31 

31 - 48 

31 - 35 

35 - 39 

39 - 43 

43 - 45 

45 - 47 

47 - 48 

47 - 48 

ɻʃɸɺɸ IV .5. ʌʋʅʂʎʀʗ ʅɸ ʆʃʀɻʆɿɸʍɸʈʀɼʅʀʊɽ ʉʊʈʋʂʊʋʈʀ  ɺ ʂʀʉʃʆʈʆɼ- 

ʉɺʒʈɿɺɸʑʀ, ʄɽɼʅʀ ɻʃʀʂʆʇʈʆʊɽʀʅʀ 

IV .5.1. ʌʋʅʂʎʀʗ ʅɸ ɻʃʀʂɸʅʀʊɽ ʚ Cu/Zn--ʉʆɼ 

IV.5.1.1. ɺʣʠʷʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ Cu/Zn-

ʉʆɼ-ʟʠ  

IV.5.1.2. ɺʣʠʷʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ 

Cu/Zn-ʉʆɼ 

IV .5.2.  ʌʫʥʢʮʠʷ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

IV.5.2.1. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

IV.5.2.2. ɺʣʠʷʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ  

IV .5.3.  ʌʋʅʂʎʀʗ ʅɸ ɻʃʀʂɸʅʀʊɽ ʚ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca 

IV.5.3.1. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ 

                Mollusca  

IV.5.3.2. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca 

IV.5.3.3. ɺʣʠʷʥʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ 

                ʦʪ ʚʠʜ Mollusca 

IV .5.4.  ʌʝʥʦʣʦʢʩʠʜʘʟʥʘ ʘʢʪʠʚʥʦʩʪ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʦʭʣʶʚʠ R. venosa  ʠ  H. vulgaris  

             (H. lucorum) 

49 - 68 

 

49 - 50 

49 - 50 

 

50 - 53 

 

53 - 56 

53 - 53 

54 - 56 

56 - 68 

56 - 58 

 

58 - 61 

61 - 65 

 

65 - 68 



6 

 

ɻʃɸɺɸ IV.6. ʋʏɸʉʊʀɽʊʆ ʅɸ ɻʃʀʂɸʅʀʊɽ ɺ ʊɽʈɸʇɽɺʊʀʏʅʀʗ ɽʌɽʂʊ ʅɸ  

CU/ZN-ʉʆɼ  ʀ ʍɽʄʆʎʀɸʅʀʅʀʊɽ 

IV .6.1. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʧʦʪʝʥʮʠʘʣʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʥ ʝʬʝʢʪ ʥʘ Cu/Zn-ʉʆɼ 

             ʦʪ H. lutea 103 

IV .6.2. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʧʦʪʝʥʮʠʘʣʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʥ ʝʬʝʢʪ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ  

             ʭʝʤʦʮʠʘʥʠʥʠ  

IV.6.2.1. ʍʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca, ʢʘʪʦ ʥʦʩʠʪʝʣʠ ʥʘ ʭʘʧʪʝʥʠ 

IV.6.2.2 ɸʥʪʠʪʫʤʦʨʝʥ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ɺʠʜ  Mollusca 

IV.6.2.3. ɸʥʪʠʚʠʨʫʩʝʥ ʝʬʝʢʪ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ 

IV.6.2.4. ɸʥʪʠʙʘʢʪʝʨʠʘʣʝʥ ʝʬʝʢʪ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ 

69 - 72 

 

69 - 70 

 

70 - 72 

 

70 - 70 

70 - 73 

73 - 74 

75 - 76 

ʈɸɿɼɽʃ V.    ʀɿɺʆɼʀ 77 - 78 

ʈɸɿɼɽʃ VI.   ʅɸʋʏʅʀʊɽ ʇʈʀʅʆʉʀ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ    78 - 80 

ʈɸɿɼɽʃ VIII . ʉʧʠʩʲʢ ʥʘ ʥʘʫʯʥʠʪʝ ʪʨʫʜʦʚʝ, ʚʢʣʶʯʝʥʠ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 81 - 84 

ʈɸɿɼɽʃ IX.    ʉʧʠʩʲʢ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠʪʝ, ʥʘ ʢʦʠʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ 

ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 

85 - 109 

ʈɸɿɼɽʃ X.     ʉʧʠʩʲʢ ʥʘ ʟʘʙʝʣʷʟʘʥʠʪʝ ʮʠʪʘʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ 

                          ʪʨʫʜ 

91 -108 

ʈɸɿɼɽʃ XI.    ʉʧʠʩʲʢ ʥʘ ʩʚʲʨʟʘʥʠ ʧʨʦʝʢʪʠ ʩ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 1110-1011 

ʈɸɿɼɽʃ XII .   ʉʧʠʩʲʢ ʥʘ ʧʘʪʝʥʪʥʠ ʧʨʝʜʣʦʞʝʥʠʷ 1012 - 1132 

 

  



7 

 

 

ȿȮȺȰ 

 

ʆʣʠʛʦʟʘʭʘʨʠʜʠʪʝ ʩʘ ʞʠʟʥʝʥʦ ʥʝʦʙʭʦʜʠʤʠ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʘʪʘ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʧʦʯʪʠ 

ʚʩʠʯʢʠ ʙʠʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ ʥʘ ʦʨʛʘʥʠʟʤʘ. ɽʜʥʘ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʠʤ ʬʫʥʢʮʠʠ ʝ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ 

ʝʥʝʨʛʠʷ ʟʘ ʢʣʝʪʢʠʪʝ. ʊʝ ʠʤʘʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʧʨʠ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʢʣʝʪʲʯʥʠʪʝ ʩʪʝʥʠ ʠ ʩʘ ʦʪʛʦʚʦʨʥʠ 

ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ. ʆʣʠʛʦʟʘʭʘʨʠʜʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʢʦʚʘʣʝʥʪʥʦ ʢʲʤ 

ʧʦʣʠʧʝʧʪʠʜʥʠʪʝ ʚʝʨʠʛʠ, ʢʘʪʦ ʦʬʦʨʤʷʪ ʢʦʤʧʣʝʢʩʠ āɻʣʠʢʦʧʨʦʪʝʠʥʠó, ʢʦʠʪʦ ʩʘ ʝʜʥʠ ʦʪ ʥʘʡ-

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʧʨʦʪʝʠʥʠ ʚ ʧʨʠʨʦʜʘʪʘ. 

ɻʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʩʝ ʜʲʣʞʠ ʥʘ ʨʘʟʣʠʯʠʷ ʧʨʠ ʙʠʦʩʠʥʪʝʟʘ ʥʘ 

ʧʦʣʠʧʝʧʪʠʜʥʠʪʝ ʚʝʨʠʛʠ ʠ ʧʦʩʪʪʨʘʥʩʣʘʮʠʦʥʥʘʪʘ ʠʤ ʤʦʜʠʬʠʢʘʮʠʷ óʛʣʠʢʦʟʠʣʠʨʘʥʝô. ɼʦʢʘʟʘʥʠ ʩʘ 

ʩ̡ ʱʝʩʪʚʝʥʠ ʨʘʟʣʠʢʠ ʥʘ ʩʚʲʨʟʘʥʠʪʝ ʛʣʠʛʘʥʠ ʢʲʤ ʧʦʣʠʧʝʧʪʠʜʥʠʪʝ ʚʝʨʠʛʠ, ʢʘʢʪʦ ʠ ʥʘ ʚʠʜʘ ʠ ʙʨʦʷ 

ʥʘ ʤʝʪʘʣʥʠʪʝ ʡʦʥʠ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ. ʊʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʨʘʩʪʝʥʠʷ, ʚʠʨʫʩʠ, ʙʝʟʛʨʲʙʥʘʯʥʠ ʠ ʛʨʲʙʥʘʯʥʠ 

ʦʨʛʘʥʠʟʤʠ. 

ɽʜʥʠ ʦʪ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʚ ʧʨʠʨʦʜʘʪʘ ʩʘ ʤʝʜʥʠʪʝ, ʩʚʲʨʟʚʘʱʠ ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʩ ʨʘʟʣʠʯʝʥ ʙʨʦʷ ʤʝʜʥʠ ʡʦʥʠ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ, ʨʘʟʣʠʯʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ 

ʩʪʨʫʢʪʫʨʠ ʠ ʤʝʭʘʥʠʟʲʤ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʠʩʣʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʥʠʪʝ ʨʘʜʠʢʘʣʠ.  

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʜʚʘ ʚʠʜʘ ʤʝʜʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, 

ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ, ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘʪ ʩʣʦʞʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʠ 

ʫʯʘʩʪʚʘʪ ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʮʝʩʠ ʩ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʦʠʟʚʦʜʥʠʪʝ ʤʫ. 

ɿʥʘʯʝʥʠʝʪʦ ʥʘ ʢʠʩʣʦʨʦʜʘ ʟʘ ʞʠʚʘʪʘ ʧʨʠʨʦʜʘ ʝ ʜʦʙʨʝ ʠʟʚʝʩʪʥʦ, ʥʦ ʟʘʝʜʥʦ ʩ ʦʪʛʦʚʦʨʥʘʪʘ ʤʫ 

ʨʦʣʷ ʚ ʦʨʛʘʥʠʟʤʘ ʝ ʜʦʢʘʟʘʥʦ ʠ ʚʨʝʜʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʩʚʦʙʦʜʥʠʪʝ ʦʢʩʠ-ʨʘʜʠʢʘʣʠ (ʉʆʈ). 

ɽʥʟʠʤʲʪ Cu/Zn-ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʘ (Cu/Zn-ʉʆɼ), ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʝʜʠʥ ʤʝʜʝʥ ʡʦʥ ʚ ʘʢʪʠʚʥʠʷ 

ʮʝʥʪʲʨ, ʠʛʨʘʝ ʢʣʶʯʦʚʘ ʨʦʣʷ ʧʨʠ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʩʫʧʝʨʦʢʩʠʜʥʠʷ ʘʥʠʦʥʝʥ-ʨʘʜʠʢʘʣ (¶ʆ2
ī) ʠ 

ʦʛʨʘʥʠʯʘʚʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʚʦʜʦʨʦʜʝʥ ʧʝʨʦʢʩʠʜ (H2ʆ2). ɽʥʟʠʤʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ ʠʟʧʲʣʥʷʚʘʪ 

ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʦʨʛʘʥʠʟʤʘ. 

ʈʘʟʣʠʯʥʘ ʬʫʥʢʮʠʷ ʝ ʫʩʪʘʥʦʚʝʥʘ ʟʘ ʜʚʘʪʘ ʤʝʜʥʠ ʡʦʥʘ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ ʥʘ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ, ʭʝʤʦʮʠʘʥʠʥʠ, ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜ ʠ ʷ ʧʨʝʥʘʩʷʪ ʜʦ ʢʣʝʪʢʠʪʝ ʚ 

ʨʝʩʧʠʨʘʪʦʨʥʠʪʝ ʦʨʛʘʥʠʟʤʠ. ʍʝʤʦʮʠʘʥʠʥʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʜʚʘ ʦʩʥʦʚʥʠ ʚʠʜʘ (Mollusca ʠ 

Arthropoda), ʢʦʠʪʦ ʠʟʧʲʣʥʷʚʘʪ ʝʜʥʘʢʚʘ ʬʫʥʢʮʠʷ, ʥʦ ʧʦʢʘʟʚʘʪ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʨʫʢʪʫʨʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʤʦʣʝʢʫʣʘʪʘ.  

ɺʘʞʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʦʙʝʤʥʠʪʝ ʠ ʦʩʦʙʝʥʦ ʛʲʚʢʘʚʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʚʝʨʠʛʠ ʚ ʉʆɼ-ʟʠ ʠ 

ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʝ ʩʚʲʨʟʘʥʘ ʩ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʜʦʩʪʲʧʘ ʥʘ ʝʥʟʠʤʠʪʝ ʜʦ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʠʤ 

ʚʝʨʠʛʘ, ʩ ʢʦʝʪʦ ʧʨʝʜʧʘʟʚʘʪ ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʦʪ ʫʚʨʝʞʜʘʥʝ. ʉʲʱʦ ʪʝ ʫʯʘʩʪʚʘʪ ʚ ʩʣʦʞʥʠ ʤʝʭʘʥʠʟʤʠ, 

ʩʚʲʨʟʘʥʠ ʩ ʬʫʥʢʮʠʷʪʘ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ. 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʤʝʜʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʥʘʤʠʨʘʪ ʚʩʝ ʧʦ-ʛʦʣʷʤʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ 

ʣʝʯʝʥʠʝ ʥʘ ʨʝʜʠʮʘ ʟʘʙʦʣʷʚʘʥʠʷ. ɽʥʟʠʤʲʪ Cu/Zn-ʉʆɼ ʩʝ ʧʨʠʣʘʛʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩʲʩ ʉʇʀʅ ʠ ʫʩʢʦʨʷʚʘʥʝ ʥʘ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠʷ ʧʨʦʮʝʩ 

ʩʣʝʜ ʤʦʟʲʯʥʠ ʪʨʘʚʤʠ. ʈʘʟʰʠʨʷʚʘʪ ʩʝ ʦʙʣʘʩʪʠʪʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʢʘʪʦ 

ʜʠʘʛʥʦʩʪʠʯʥʠ ʠ ʘʥʪʠʤʠʢʨʦʙʥʠ ʨʝʘʛʝʥʪʠ ʧʨʠ ʣʝʯʝʥʠʝ ʥʘ ʠʥʬʝʢʮʠʠ ʠʣʠ ʧʨʦʜʫʮʝʥʪʠ ʥʘ ʘʥʪʠʪʝʣʘ ʠ 

ʥʦʩʠʪʝʣʠ ʥʘ ʩʫʙʩʪʨʘʪʠ. ɽʬʝʢʪʲʪ ʥʘ ʨʝʜʠʮʘ ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ ʩʲʱʦ ʝ ʜʦʢʘʟʘʥ ʧʨʠ ʪʝʨʘʧʠʷ 

ʥʘ ʪʫʤʦʨ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ, ʪʫʤʦʨ ʥʘ ʛʲʨʜʘʪʘ, ʭʨʘʥʦʧʨʦʚʦʜʘ ʠ ʜʨ. 
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ɺʲʧʨʝʢʠ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʛʦʣʷʤʦʪʦ ʟʥʘʯʝʥʠʝ ʠ ʨʘʟʣʠʯʥʠʪʝ ʦʙʣʘʩʪʠ ʥʘ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʠ Cu/Zn-ʉʆɼ-ʟʠ, ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠ ʠʟʠʩʢʚʘʥʠʷʪʘ 

ʥʘ ʧʘʟʘʨʘ ʟʘ ʧʦ-ʰʠʨʦʢʦʪʦ ʠʤ ʚʢʣʶʯʚʘʥʝ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʠ ʧʨʠʣʦʞʥʘ ʤʝʜʠʮʠʥʘ. ʊʦʚʘ 

ʥʘʣʘʛʘ ʦʪʢʨʠʚʘʥʝ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʥʦʚʠ Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ, ʠ ʧʦ-ʟʘʜʲʣʙʦʯʝʥ ʘʥʘʣʠʟ 

ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʙʠʦʣʦʛʠʯʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʥʦʚʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ.  

ʀʟʷʩʥʷʚʘʥʝ ʨʦʣʷʪʘ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠʤʘ ʟʥʘʯʝʥʠʝ ʟʘ ʜʦʧʲʣʚʘʥʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʩʪʨʫʢʪʫʨʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʠ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ 

ʠʤ ʚʲʨʭʫ ʬʫʥʢʮʠʷʪʘ. ʊʦʚʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʦʙʣʘʩʪʠʪʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʝʜʥʠʪʝ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠ Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ, ʩʚʲʨʟʚʘʱʠ ʨʘʟʣʠʯʥʠ ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ.  

.  

ȴȳȻȺȷȳȮȬȹȴ ȽɆȶȼȬɅȱȹȴɋ 

 

ʄʦʥʦʟʘʭʘʨʠʜʠ                                                                                                                                                                                
Gal  ɻʘʣʘʢʪʦʟʘ  HexA ʍʝʢʩʫʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ 
GlcA ɻʣʶʢʫʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ Hex ʍʝʢʩʦʟʘ 
Man ʄʘʥʦʟʘ 

        ʉʫʧʝʨʦʢʩʠʜ  ʜʠʩʤʫʪʘʟʠ ʦʪ : 
Fuc ʌʫʢʦʟʘ 
Xyl ʂʩʠʣʦʟʘ Cu/Zn-Hlʉʆɼ 110/103 ʅʠmicula lutea 110 / 103 
GalNAc N-ʘʮʝʪʠʣ-D-ʛʘʣʘʢʪʦʟʘʤʠʥ Cu/Zn-Anʉʆɼ 26 Aspergillus niger 26-ʬʠʟʠʦʣ.ʫʩʣʦʚʠʷ 
GlcNAc N-ʘʮʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥ Cu/Zn-Anʉʆɼʪʩ 26  A. niger 26,ʪʝʤʧʝʨʘʪʫʨʝʥ ʩʪʨʝʩ 
MeHex ʄʝʪʠʣʠʨʘʥʘ ʭʝʢʩʦʟʘ Cu/Zn-Kmʉʆɼ  ʜʨʦʞʜʠ K. marxianus NBIMCC 

1984 

     ʍʝʤʦʮʠʘʥʠ ʦʪ :                                   ʉʧʝʢʪʨʦʩʢʦʧʩʢʠ ʠ ʊʝʨʤʦʜʠʥʘʤʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 

AcH Aplysia californica 
Carcinus aestuarii 
Concholepas concholepas 

Cm ʩʨʝʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʜʝʥʘʪʫʨʘʥʪʘ 
Caʅ Km ʢʦʥʩʪʘʥʪʘ ʥʘ ʄʠʭʘʝʣʠʩ-ʄʝʥʪʝʥ 
CcH DCp ʩʧʝʮʠʬʠʯʝʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʢʘʧʘʮʠʪʝʪ 
CpH Cancer pagurus  ȹGoVH ʩʚʦʙʦʜʥʘ ʝʥʝʨʛʠʷ (Van't Hoff's) 
HlH  Helix lucorum  ȹHo, ʝʥʪʘʣʧʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 25 ʦʉ 
HaH Helix aspersa ʄaxima æHm ʝʥʪʘʣʧʠʷ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ (ȹʅm ſ ȹHVH ) 
HpH Helix pomatia ʊʩ ʢʨʠʪʠʯʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʪʝʨʤʠʯʥʦ ʜʝʥʘʪʫʨʠʨʘʥʝ 
HtH Haliotis tuberculata ȹSm ʝʥʪʨʦʧʠʷ 
KLH Megatura crenulata  kcat/Kʄ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ 
LcH Lepidochitona cinerea Td ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ 
OdH Octopus dofleini ȹHVH ʝʬʝʢʪʠʚʥʘ ʝʥʪʘʣʧʠʷ ʥʘ ʧʨʝʭʦʜʘ (Van't Hoff's) (DHexp) 
PvH Penaeus vannamei ȹSo ʝʥʪʨʦʧʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 25 ʦʉ 
RvH Rapana venosa kcat ʢʦʥʩʪʘʥʪʘ ʄʠʭʘʝʣʠʩ- ʄʝʥʪʝʥ ï ʝʥʟʠʤʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪ 
SoH Sepia officinails Kʄ ʢʦʥʩʪʘʥʪʘʪʘ ʥʘ ʄʠʭʘʝʣʠʩ-ʄʝʥʪʝʥ ï ʩʨʦʜʩʪʚʦ 
RtH Rapana thomasiana ʊm ʩʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʝʨʤʠʯʥʦ ʜʝʥʘʪʫʨʠʨʘʥʝ 
  ȹGʦ ʩʚʦʙʦʜʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ɻʠʙʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 25 ʦʉ 
    

                            ʆʙʱʠ ʩʲʢʨʘʱʝʥʠʷ : 

APTS 
CV-B1  
GdnHCl 
HSV  
L-Dopa 
MS/MS  
PCR  
ɸʂʇ 
ʉɺʇ  
2ɼ ïPAGE 
TNP-Hc  
ɼʅʂ  
ʜʅʊʌ  
ʢɼʅʂ  
o-BBV  
 
PNGase F  

8-ʘʤʠʥʦʧʠʨʝʥ-1,3,6-ʪʨʠʩʫʣʬʦʥʘʪ 
Coxsackievirus B1 - ʂʦʢʩʘʢʠʚʠʨʫʩ ɺ1 
ʛʫʘʥʠʜʠʥ ʭʠʜʨʦʭʣʦʨʠʜ 
ʚʠʨʫʩ ʍʝʨʧʝʩ ʩʠʤʧʣʝʢʩò 
3,4-ɼʠʭʠʜʨʦʢʩʠ-L-ʬʝʥʠʣʘʣʘʥʠʥ 
ʤʘʩʩʧʝʢʪʲʨ ʥʘ ʡʦʥ ʦʪ ʟʘʩʥʝʪ ʤʘʩʩʧʝʢʪʲʨ 
ʧʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ 
ʘʤʠʥʦʢʠʩʝʣʠʥʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 
ʩʨʝʜʥʦ ʚʨʝʤʝ ʥʘ ʧʨʝʞʠʚʷʝʤʦʩʪ 
ʜʚʫʤʝʨʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 
ʪʨʠʥʠʪʨʦʬʝʥʠʣ-ʭʝʤʦʮʠʘʥʠʥʦʚ ʢʦʤʧʣʝʢʩ  
ʜʝʟʦʢʩʠ-ʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ 
ʜʝʟʦʢʩʠ-ʥʫʢʣʝʦʪʠʜ ʪʨʠʬʦʩʬʘʪ 
ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʜʝʟʦʢʩʠ-ʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢ-ʥʘ 
N,N'-4,4'-bis(benzyl-2-boronic acid)-bipyridinium  
dibromide 

N4-(N-ʘʮʝʪʠʣïbïʛʣʶʢʦʟʘʤʠʥ)ʘʩʧʘʨʘʛʠʥ ʘʤʠʜʘʟʘ F  

Ag  
3-AP 
As  
kDa  
ESI  
m/z  
SB  
TAg 
ɸʂʆ 
ʉʃɺ  
ʉʆʈ 
ʄʤ 
ʌɽ 
[M+Na]+ 

[M+2Na]2+ 

ɿʊʍ 

ʘʥʪʠʛʝʥ 
3-ʘʤʠʥʦʧʠʨʘʟʦʣ 
ʘʥʪʠʩʝʨʫʤ  
ʢʠʣʦʜʘʣʪʦʥ 
ʝʣʝʢʪʨʦʩʧʨʝʡ-ʡʦʥʠʟʘʮʠʷ 
ʤʘʩʦʚʦ ʯʠʩʣʦ  
ʩʪʘʙʠʣʠʟʠʨʘʱ ʙʫʬʝʨ 
ʪʫʤʦʨ-ʘʩʦʮʠʠʨʘʥ ʘʥʪʠʛʝʥ 
ʘʤʠʥʦʢʠʩʝʣʠʥʝʥ ʦʩʪʘʪʲʢ 
ʣʘʪʝʥʪʥʦʪʦ ʚʨʝʤʝ 
ʩʚʦʙʦʜʥʠ ʦʢʩʠ-ʨʘʜʠʢʘʣʠ  
ʤʦʣʝʢʫʣʥʘ ʤʘʩʘ 
ʬʫʥʢʮʠʦʥʘʣʥʘ ʝʜʠʥʠʮʘ 
ʝʜʠʥʠʯʥʦ ʟʘʨʝʜʝʥ ʡʦʥ 
ʜʚʦʡʥʦ ʟʘʨʝʜʝʥ ʡʦʥ 
ʟʘʨʘʟʝʥ ʩ ʪʫʤʦʨ ʭʘʤʩʪʝʨ 



9 

 

                            

 

ȼȬȳȰȱȷ ȣ.  ȷȴȾȱȼȬȾȿȼȱȹ ȺȭȳȺȼ 

ʇʨʝʛʣʝʜʲʪ ʥʘ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʥʘʫʯʥʠ ʨʝʟʫʣʪʘʪʠ ʚ 441 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʢʘ, ʦʪʥʦʩʥʦ 

ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʩ ʤʝʜʥʠ ʡʦʥʠ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ, ʩʚʲʨʟʚʘʱʠ 

ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ, ʢʘʢʪʦ ʠ ʧʦʪʝʥʮʠʘʣʥʠʷ ʠʤ ʪʝʨʘʧʝʚʪʠʯʝʥ ʝʬʝʢʪ, ʦʯʝʨʪʘʚʘ ʛʦʣʝʤʠʪʝ 

ʧʦʩʪʠʞʝʥʠʷ ʥʘ ʥʘʫʢʘʪʘ ʚ ʪʘʟʠ ʦʙʣʘʩʪ. ʀʥʪʝʨʝʩʲʪ ʥʘ ʫʯʝʥʠʪʝ ʥʝʧʨʝʢʲʩʥʘʪʦ ʩʝ ʧʦʚʠʰʘʚʘ ʢʲʤ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʤʘʪʠʢʘ, ʟʘʱʦʪʦ ʤʥʦʛʦ ʚʘʞʥʠ ʚʲʧʨʦʩʠ ʚʩʝ ʦʱʝ ʩʘ ʥʝʨʝʰʝʥʠ, ʢʦʠʪʦ ʩʝ ʦʪʢʨʦʷʚʘʪ 

ʚ ʥʘʧʨʘʚʝʥʠʷ ʧʨʝʛʣʝʜ ʚʲʚ ʚʩʝʢʠ ʨʘʟʜʝʣ ʦʪ ʣʠʪʝʨʘʪʫʨʥʠʷ ʦʙʟʦʨ. 

ʉʊʈʋʂʊʋʈɸ ʅɸ ʄɽɼʅʀ ɻʃʀʂʆʇʈʆʊɽʀʅʀ, ʉɺʒʈɿɺɸʑʀ ʂʀʉʃʆʈʆɼʅʀ ʌʆʈʄʀ 

ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʷʪ ʚʘʞʥʠ ʬʫʥʢʮʠʠ ʥʘ ʢʠʩʣʦʨʦʜ-

ʩʚʲʨʟʚʘʱʠ ʧʨʦʪʝʠʥʠ, ʩ ʨʘʟʣʠʯʝʥ ʙʨʦʡ ʤʝʜʥʠ ʡʦʥʠ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ. ʇʫʙʣʠʢʫʚʘʥʘ ʝ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠ ʝʥʟʠʤʠ (ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ) ʩ ʝʜʠʥ ʤʝʜʝʥ ʡʦʥ ʚ 

ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʧʲʨʚʘʪʘ ʣʠʥʠʷ ʥʘ ʟʘʱʠʪʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʦʨʛʘʥʠʟʤʘ ʩʨʝʱʫ 

ʦʢʩʠʜʘʪʠʚʥʠʷ ʩʪʨʝʩ. ɺ̡ ʧʨʝʢʠ ʦʧʠʩʘʥʠʪʝ ʩʪʨʫʢʪʫʨʥʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʉʆɼ-ʟʠ, ʪʝ ʠʤʘʪ ʤʥʦʛʦ 

ʩʭʦʜʥʠ ʢʠʥʝʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʢʘʪʘʣʠʟʠʨʘʪ ʨʝʘʢʮʠʷʪʘ ʥʘ ʜʠʩʤʫʪʘʮʠʷ ʩ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʘ 

ʝʬʝʢʪʠʚʥʦʩʪ.  

ʇʦʜʨʦʙʥʘ ʠʥʬʦʨʤʘʮʠʷ ʝ ʧʫʙʣʠʢʫʚʘʥʘ ʟʘ ʢʠʩʣʦʨʦʜ ʧʨʝʥʘʩʷʱʠ ʤʝʜʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ 

óʭʝʤʦʮʠʘʥʠʥʠô ʦʪ ʚʠʜʦʚʝ Mollusca ʠ Arthropoda, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʜʚʘ ʤʝʜʥʠ ʡʦʥʘ ʚ ʘʢʪʠʚʥʠʷ 

ʮʝʥʪʲʨ. ʉʨʘʚʥʠʪʝʣʥʠʪʝ ʘʥʘʣʠʟʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʠʟʧʲʣʥʷʚʘʪ ʝʜʥʘʢʚʘ ʬʫʥʢʮʠʷ, ʥʦ 

ʠʤʘʪ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʩʚʦʡʩʪʚʘʪʘ. ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʦʯʝʨʪʘʚʘʪ 

ʥʷʢʦʠ ʩʧʝʮʠʬʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʪʝʟʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʢʘʪʦ ʝʥʟʠʤʥʘ ʬʝʥʦʣʦʢʩʠʜʘʟʥʘ 

ʘʢʪʠʚʥʦʩʪ ʠ ʜʨ. 

ʍʝʤʦʮʠʘʥʠʥʠʪʝ ʠ ʉʆɼ-ʪʝ ʩʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʚ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʟʤʠ, ʢʦʝʪʦ ʦʙʷʩʥʷʚʘ ʠ 

ʛʦʣʷʤʦʪʦ ʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʊʦʚʘ ʥʘʣʘʛʘ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʪʘʟʠ ʦʙʣʘʩʪ, ʢʘʪʦ 

ʠʟʦʣʠʨʘʥʝ ʥʘ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʥʦʚʠ ʠʟʪʦʯʥʠʮʠ, ʢʦʝʪʦ ʱʝ ʜʦʧʨʠʥʝʩʝ ʟʘ 

ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʣʦʞʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʘʢʘ ʚʘʞʥʠʪʝ ʟʘ ʦʨʛʘʥʠʟʤʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ. 

ɺʒɻʃɽʍʀɼʈɸʊʅʀ ʉʊʈʋʂʊʋʈʀ ʅɸ ʄɽɼʅʀ ɻʃʀʂʆʇʈʆʊɽʀʅʀ 

ɺ̡ ʧʨʝʢʠ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʯʝ ʧʦʚʝʯʝʪʦ ʤʝʜʥʠ, ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠ ʧʨʦʪʝʠʥʠ ʩʘ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʪʦ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʠʤ ʩʪʨʫʢʪʫʨa ʚʩʝ ʦʱʝ ʥʝ ʝ ʜʦʙʨʝ ʠʟʫʯʝʥʘ. 

ʐʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʚ ʧʨʠʨʦʜʘʪʘ ʝʥʟʠʤʠ Cu/Zn-ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ ʩʝ ʩʨʝʱʘʪ 

ʤʥʦʛʦ ʨʷʜʢʦ ʚ ʧʨʠʨʦʜʥʦ ʛʣʠʢʦʟʠʣʠʨʘʥʘ ʬʦʨʤʘ, ʢʘʪʦ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʜʘʥʥʠ ʩʘʤʦ ʟʘ ʥʷʢʦʣʢʦ 

ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʉʆɼ-ʟʠ. ɼʦʢʘʟʘʥʠ ʩʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʠʤ ʩʪʨʫʢʪʫʨʠ ʠ ʚʘʞʥʘʪʘ ʠʤ ʨʦʣʷ ʟʘ 

ʟʘʱʠʪʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʦʨʛʘʥʠʟʤʘ.  

ʀʥʬʦʨʤʘʮʠʪ̫ʘ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨa ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʘʨʪʨʦʧʦʜʠ ʧʨʝʜʩʪʘʚ ̫ʧʦ-

ʥʠʩʢʦ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ (0.1ï2%) ʠ ʝʜʥʦʦʙʨʘʟʝʥ ʤʦʥʦʟʘʭʘʨʠʜʝʥ ʩʲʩʪʘʚ, ʧʨʝʜʠʤʥʦ ʆï

ʩʚʲʨʟʘʥʠ ʦʣʠʛʦʟʘʭʘʨʠʜʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʠʤ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʲʱʝʩʪʚʝʥʠʪʝ ʨʘʟʣʠʯʠʷ ʚ 

ʩʣʦʞʥʘʪʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ ʠ ʘʨʪʨʦʧʦʜʠ, ʢʘʪʦ ʧʦʚʝʯʝʪʦ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʢʣʘʩ Gastropods ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ ʛʦʣʷʤʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ, ʭʘʨʘʢʪʝʨʥʠ ʠ ʟʘ ʯʦʚʝʢʘ.  
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ʍʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ ʚʠʜ Mollusca ʧʨʠʪʝʞʘʚʘʪ ʥʝ ʩʘʤʦ ʧʦ-ʩʣʦʞʥʘ ʯʝʪʚʲʨʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʦʪ ʉʆɼ-ʪʝ ʠ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ ʘʨʪʨʦʧʦʜʠ, ʥʦ ʠ ʩʚʲʨʟʚʘʪ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʢʦʤʧʣʝʢʩʥʠ 

ʦʣʠʛʦʟʘʭʘʨʠʜʥʠ ʩʪʨʫʢʪʫʨʠ. ʊʝ ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʩ̡ ʩ ʩʧʝʮʠʬʠʯʝʥ ʤʦʥʦʟʘʭʘʨʠʜʝʥ ʩʲʩʪʘʚ ʠ ʚʠʩʦʢʦ 

ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ, ʤʝʞʜʫ 2-9%. ɽʪʦ ʟʘʱʦ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ 'ʭʝʤʦʮʠʘʥʠʥʠ' ʦʪ ʤʦʣʶʩʢʠ 

ʩʘ ʧʦʜʭʦʜʷʱ ʤʦʜʝʣ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠʪʝ ʥʘ 

ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠʪʝ, ʤʝʜʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ. 

   ɺʃʀʗʅʀɽ ʅɸ ɺʒɻʃɽʍʀɼʈɸʊʅʀʊɽ ʉʊʈʋʂʊʋʈʀ ɺʒʈʍʋ ɹʀʆʃʆɻʀʏʅɸʊɸ ʌʋʅʂʎʀʗ ʅɸ 

ɻʃʀʂʆʇʈʆʊɽʀʅʀʊɽ 

ʌʫʥʢʮʠʦʥʘʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʦʧʨʝʜʝʣʷʪ ʦʩʥʦʚʥʠʪʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝ ʠ ʦʙʣʘʩʪʠʪʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝ. ʈʘʟʥʦʦʙʨʘʟʠʝʪʦ ʠʤ ʚ ʧʨʠʨʦʜʘʪʘ ʚʣʠʷʝ ʚʲʨʭʫ ʤʥʦʛʦ 

ʙʠʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ ʠ ʚʘʞʥʠ ʙʠʦʣʦʛʠʯʥʠ ʬʫʥʢʮʠʠ, ʢʦʠʪʦ ʠʟʧʲʣʥʷʚʘʪ, ʢʘʪʦ ʪʨʘʥʩʧʦʨʪʥʠ, 

ʠʤʫʥʦʣʦʛʠʯʥʠ, ʟʘʱʠʪʥʠ ʠ ʜʨ. ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʧʦʜʨʦʙʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʨʲʟʢʘ ʥʘ 

ʛʣʠʢʦʟʠʣʠʨʘʥʝʪʦ ʩ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ.  

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʚʲʨʜʝ ʤʘʣʢʦ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʜʘʥʥʠ ʟʘ ʧʨʠʨʦʜʥʦ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʉʆɼ-ʟʠ, 

ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʩʘ ʦʙʝʢʪ ʥʘ ʛʦʣʷʤ ʥʘʫʯʝʥ ʠʥʪʝʨʝʩ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ ʟʘ 

ʚʣʠʷʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʠʤ ʩʪʨʫʢʪʫʨʠ ʚʲʨʭʫ ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʢʘʢʪʦ ʠ ʚʲʨʭʫ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠʪʝ ʠʤ ʩʚʦʡʩʪʚʘ. ʇʫʙʣʠʢʫʚʘʥʠʪʝ ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ ʧʦʢʘʟʚʘʪ ʚʘʞʥʘ ʟʘʚʠʩʠʤʦʩʪ 

ʤʝʞʜʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʠ ʛʣʠʢʦʟʠʣʠʨʘʥʝʪʦ ʥʘ ʧʨʦʪʝʠʥʠʪʝ. 

ʀʟʢʘʟʘʥʠʪʝ ʨʘʟʣʠʯʥʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʢʘʟʚʘʪ ʫʯʘʩʪʠʝ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ ʚʲʚ ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʠʤ ʩʪʨʫʢʪʫʨʘ ʠ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ 

ʥʘ ʮʷʣʘʪʘ ʤʦʣʝʢʫʣʘ. ʊʦʚʘ ʥʘʣʘʛʘ ʧʦ-ʟʘʜʲʣʙʦʯʝʥ ʘʥʘʣʠʟ ʥʘ ʥʦʚʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʨʘʟʣʠʯʥʠ 

ʠʟʪʦʯʥʠʮʠ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ, 

ʩʪʘʙʠʣʥʦʩʪʪʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜʦʚʝʪʝ Mollusca ʠ Arthropoda ʠ ʩʫʧʝʨʦʢʩʠʜ 

ʜʠʩʤʫʪʘʟʠ. 

ʊɽʈɸʇɽɺʊʀʏɽʅ ʇʆʊɽʅʎʀɸʃ ʅɸ ʉʆɼ-ʟʠ ʀ ʍɽʄʆʎʀɸʅʀʅʀ 

ɽʜʥʠ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʢʦʠʪʦ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʘʪ ʚ óʟʘʱʠʪʘʪʘô ʥʘ 

ʦʨʛʘʥʠʟʤʘ ʩʘ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠʪʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʷ ʝʥʟʠʤ ʚ ʧʨʝʚʝʥʮʠʷʪʘ 

ʠ ʣʝʯʝʥʠʝʪʦ ʥʘ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ - ʪʫʤʦʨʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʠʩʭʝʤʠʯʥʘ ʙʦʣʝʩʪ, 

ʛʨʠʧʥʘ ʠʥʬʝʢʮʠʷ, ʚʲʟʧʘʣʠʪʝʣʥʠ ʧʨʦʮʝʩʠ ʠ ʜʨ. ʝ ʜʦʙʨʝ ʠʟʫʯʝʥʦ ʠ ʧʨʝʜʩʪʘʚʝʥʦ ʦʪ ʨʘʟʣʠʯʥʠ 

ʘʚʪʦʨʠ. ʉʲʚʨʝʤʝʥʥʘʪʘ ʥʘʫʢʘ ʩʚʲʨʟʚʘ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʠ 

ʪʫʤʦʨʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ ·ʆ2
¯  ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʦʨʛʘʥʠʟʤʘ, ʢʦʝʪʦ ʫʩʢʦʨʷʚʘ ʪʫʤʦʨʥʦʪʦ ʨʘʟʚʠʪʠʝ. ʆʯʘʢʚʘ ʩʝ 

ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʥʦʚ ʧʦʜʭʦʜ ʥʘ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʉʆʈ ʯʨʝʟ ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʉʆɼ-ʟʠ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʦʚʘ ʢʦʥʮʝʧʮʠʷ ʚ ʪʝʨʘʧʠʷʪʘ ʥʘ ʨʝʜʠʮʘ ʟʘʙʦʣʷʚʘʥʠʷ. 

ɺʲʧʨʝʢʠ ʯʝ ʩʲʱʝʩʪʚʫʚʘʪ ʤʥʦʛʦ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʪʝʨʘʧʝʚʪʠʯʥʠʷ ʝʬʝʢʪ ʥʘ ʉʆɼ-ʪʝ, ʚʩʝ ʦʱʝ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʝ ʦʛʨʘʥʠʯʝʥʦ, ʧʦʨʘʜʠ ʤʥʦʛʦ ʤʘʣʢʦ ʠʟʦʣʠʨʘʥʠ ʧʨʠʨʦʜʥʦ-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʉʆɼ-

ʟʠ ʠ ʥʝʜʦʩʪʘʪʲʯʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʦʜʭʦʜʷʱʠ ʧʨʝʧʘʨʘʪʠ. ɺʲʧʨʝʢʠ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʤʝʪʦʜʠ ʟʘ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʥʘ ʉʆɼ, ʪʦ ʧʦ-ʛʦʣʷʤʦ ʧʨʝʜʠʤʩʪʚʦ ʠʤʘʪ ʧʨʠʨʦʜʥʦ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ 

ʉʆɼ-ʟʠ, ʟʘʱʦʪʦ ʥʝ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʛʣʠʢʦʟʠʣʠ- 

ʨʘʥʝ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʝ ʚʦʜʠ ʜʦ ʥʝʞʝʣʘʥʠ ʩʪʨʘʥʠʯʥʠ ʧʨʦʜʫʢʪʠ. ʉʲʱʦ ʪʘʢʘ ʧʨʠʨʦʜʥʦ 

ʛʠʢʦʟʠʣʠʨʘʥʠʪʝ ʉʆɼ-ʟʠ ʩʘ ʜʦʢʘʟʘʣʠ ʠ ʧʦ-ʩʠʣʝʥ ʝʬʝʢʪʠ ʧʨʠ ʪʝʨʘʧʝʚʪʠʯʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ. 

ɼʨʫʛʠʪʝ ʤʝʜʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʩʚʲʨʟʚʘʱʠ ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ ʩʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʢʦʠʪʦ 

ʩʲʱʦ ʥʘʤʠʨʘʪ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚʲʚ ʬʘʨʤʘʮʝʚʪʠʯʥʘʪʘ ʧʨʦʤʠʰʣʝʥʦʩʪ ʠ ʚ ʤʝʜʠʮʠʥʘʪʘ. ʊʝ ʩʘ 
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ʜʦʙʨʝ ʠʟʚʝʩʪʥʠ ʢʘʪʦ ʠʤʫʥʦʩʪʠʤʫʣʘʥʪʠ ʠ ʥʦʩʠʪʝʣʠ ʥʘ ʭʘʧʪʝʥʠ. ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʨʝʜʠʮʘ ʚʘʞʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʠ ʟʘ ʚʢʣʶʯʚʘʥʝʪʦ ʠʤ ʚ ʘʥʪʠʚʠʨʫʩʥʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ 

ʠʣʠ ʘʥʪʠʪʫʤʦʨʥʠ ʚʘʢʩʠʥʠ.  

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʟʘʜʲʣʙʦʯʝʥʠ ʘʥʘʣʠʟʠ, ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ ʚʠʜ Mollusca ʩʝ ʩʤʷʪʘʪ ʟʘ 

ʧʦʪʝʥʮʠʘʣʥʠ ʥʦʚʠ ʘʜʶʚʘʥʪʠ ʟʘ ʠʤʫʥʠʟʘʮʠʷ ʠ ʚʲʟʤʦʞʥʘ ʠʤʫʥʦʪʝʨʘʧʠʷ ʥʘ ʥʷʢʦʠ ʚʠʜʦʚʝ ʪʫʤʦʨʠ, 

ʢʘʪʦ ʜʦʙʨʝ ʠʟʩʣʝʜʚʘʥ ʝ ʘʥʪʠʪʫʤʦʨʥʠʷʪ ʝʬʝʢʪ ʥʘ KLH ʧʨʠ ʪʨʝʪʠʨʘʥʝ ʥʘ ʨʘʢ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ. 

ʍʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ ʚʠʜ Arthropoda ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʠʣʘʛʘʥʝ ʩʨʝʱʫ ʥʷʢʦʠ ʚʠʨʫʩʥʠ ʠ 

ʙʘʢʪʝʨʠʘʣʥʠ ʠʥʬʝʢʮʠʠ.  

ɺʲʧʨʝʢʠ ʜʦʢʘʟʘʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʉʆɼ-ʪʝ ʠ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, 

ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ ʪʝʟʠ ʝʬʝʢʪʠ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʧʦʜʨʦʙʥʦ ʦʙʷʩʥʝʥʠ, ʢʘʪʦ ʩʘ ʠʟʢʘʟʘʥʠ ʩʘʤʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʊʦʚʘ ʥʘʣʘʛʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʠʟʦʣʠʨʘʥʝ, ʧʨʝʯʠʩʪʚʘʥʝ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʥʦʚʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʜʦʧʲʣʥʠʪʝʣʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʱʝ ʧʨʝʜʩʪʘʚʷʪ ʧʦ-ʪʦʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ 

ʧʨʠʨʦʜʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʤʝʜʥʠʪʝ, ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʱʝ ʦʯʝʨʪʘʷʪ ʨʦʣʷʪʘ ʥʘ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚʲʨʭʫ ʙʠʦʣʦʛʠʯʥʘʪʘ ʠʤ ʘʢʪʠʚʥʦʩʪ. ʊʦʚʘ ʱʝ ʧʦʜʧʦʤʦʛʥʝ 

ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʟʘʜʲʣʙʦʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʝʨʘʧʝʚʪʠʯʥʠʷ ʝʬʝʢʪ ʠ ʤʝʭʘʥʠʟʤʘ ʥʘ ʜʝʡʩʪʚʠʝ 

ʥʘ ʥʦʚʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʩ ʢʦʝʪʦ ʱʝ ʩʝ ʨʘʟʰʠʨʠ ʙʨʦʷʪ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʬʘʨʤʘʢʦʣʦʛʠʯʥʠ 

ʩʨʝʜʩʪʚʘ.  

ȼȬȳȰȱȷ ȣȣ.  ɂȱȷ ȴ ȳȬȰȬɃȴ 

ʎɽʃʊɸ ʥʘ ʧʨʝʜʩʪʘʚʝʥʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ:  

ʀʟʦʣʠʨʘʥʝ ʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʥʦʚʠ, ʤʝʜʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʩʚʲʨʟʚʘʱʠ ʨʘʟʣʠʯʥʠ 

ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʘʥʠʪʝ ʠ ʚʣʠʷʥʠʝʪʦ ʠʤ ʚʲʨʭʫ 

ʙʠʦʣʦʛʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ.  

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʚ ʦʪʜʝʣʥʠʪʝ ʛʣʘʚʠ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʦʩʪʘʚʝʥʠ ʠ 

ʨʝʰʝʥʠ ʩʣʝʜʥʠʪʝ ʆʉʅʆɺʅʀ ɿɸɼɸʏʀ : 

1. ʀʟʦʣʠʨʘʥʝ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʥʦʚʠ ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʧʨʠʨʦʜʥʠ 

ʠʟʪʦʯʥʠʮʠ, ʢʘʪʦ Cu/Zn-ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ (Cu/Zn-ʉʆɼ-ʟʠ) ʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜʦʚʝʪʝ 

Arthropoda ʠ Mollusca. 

2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʥʦʚʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ.  

3. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʥʦʚʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ, ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

ʚʠʜʦʚʝʪʝ Arthropoda ʠ Mollusca. 

4. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʩʲʩ ʩʣʦʞʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠ ʬʫʥʢʮʠʷʪʘ 

ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ.  

5. ʇʨʦʫʯʚʘʥʝ ʥʘ ʪʝʨʘʧʝʚʪʠʯʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʥʦʚʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʠ ʟʥʘʯʝʥʠʝʪʦ ʥʘ 

ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʠʤ ʭʘʨʘʢʪʝʨ. 

 

 

                     ȼȬȳȰȱȷ III .  ȸȬȾȱȼȴȬȷȴ ȴ ȸȱȾȺȰȴ 

III.1. ʀɿʇʆʃɿɺɸʅʀ ʄɸʊɽʈʀɸʃʀ 

III.1.1. ɻʲʙʠʯʥʠ ʱʘʤʦʚʝ ʠ ʜʨʦʞʜʠ: ɻʲʙʠʯʥʠ ʱʘʤʦʚʝ: ʅumicula lutea 110, ʅumicula lutea 103 ʠ 

Aspergillus niger 26; ʜʨʦʞʜʠ : Kluyveromyces marxianus NBIMCC 1984. 
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III.1.2. ʆʨʛʘʥʠʟʤʠ: ɸʨʪʨʦʧʦʜʥʠ ʦʨʛʘʥʠʟʤʠ: ʨʘʢ Limulus polyphemus (LpH), Carcinus aestuarii 

(CaeH), Eriphia verrucosa (EvH) ʠ ʩʢʦʨʧʠʦʥ +Buthus sindicus (Bsi); 

ʆʨʛʘʥʠʟʤʠ ʦʪ ʤʦʣʶʩʢʠ: ʤʦʨʩʢʠ ʦʭʣʶʚ Rapana venosa (RvH), ʛʨʘʜʠʥʩʢʠ ʦʭʣʶʚʠ Helix lucorum 

(HlH) ʠ Helix aspersa (HaH), ʤʠʜʘ Megatura crenulata (KLH) ʠ Haliotis tuberculata (HtH). 

         III.2. ʀɿʇʆʃɿɺɸʅʀ ʄɽʊʆɼʀ 

      III.2.1. ɻʝʥʦʤʝʥ ʠ ʧʨʦʪʝʦʤʝʥ ʘʥʘʣʠʟ 

ɻʝʥʦʤʠʢʘʪʘ ʝ ʥʘʫʢʘ, ʢʦʷʪʦ ʠʟʫʯʘʚʘ ʛʝʥʠʪʝ ʚ ʢʣʝʪʢʘʪʘ, a ʢʘʪʦ ʩʣʝʜʚʘʱʘ ʩʪʲʧʢʘ ʟʘ ʠʟʫʯʘʚʘʥʝ 

ʥʘ ʙʠʦʣʦʛʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʩʤʷʪʘ ʧʨʦʪʝʦʤʠʢʘʪʘ. ʀʟʫʯʘʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ, ʬʫʥʢʮʠʷʪʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʚ ʞʠʚʘʪʘ ʧʨʠʨʦʜʘ ʩʝ ʥʘʨʠʯʘ ñʧʨʦʪʝʦʤʠʢʘò, ʘ ʦʧʨʝʜʝʣʝʥʠʷʪ 

ʧʲʣʝʥ ʥʘʙʦʨ ʦʪ ʪʝʟʠ ʧʨʦʪʝʠʥʠ ñʧʨʦʪʝʦʤò. ʇʨʦʪʝʦʤʲʪ ʠʟʨʘʟʷʚʘ "ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʨʦʪʝʠʥʠʪʝò ʚ 

ʝʜʥʘ ʧʨʦʙʘ (ʢʣʝʪʲʯʥʘ ʢʫʣʪʫʨʘ, ʪʲʢʘʥ, ʦʨʛʘʥʠʟʲʤ) ʚ ʦʧʨʝʜʝʣʝʥ ʤʦʤʝʥʪ ʦʪ ʚʨʝʤʝʪʦ. 

ʇʨʦʪʝʦʤʠʢʘʪʘ ʠʟʩʣʝʜʚʘ ʧʨʦʪʝʦʤʘ ʚ ʢʣʝʪʢʘʪʘ, ʢʦʡʪʦ ʩʝ ʧʨʦʤʝʥʷ ʥʝʧʨʝʢʲʩʥʘʪʦ, ʚ ʦʪʛʦʚʦʨ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʥʘ ʠʟʚʲʥʢʣʝʪʲʯʥʠʪʝ ʚʲʟʜʝʡʩʪʚʠʷ. ʊ  ̫ʝ ʧʦ-ʩʣʦʞʥʘ ʥʘʫʢʘ 

ʦʪ ʛʝʥʦʤʠʢʘʪʘ, ʟʘʱʦʪʦ ʛʝʥʦʤʲʪ ʥʘ ʦʨʛʘʥʠʟʤʠʪʝ ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦʩʪʦʷʥʝʥ, ʜʦʢʘʪʦ ʟʘ ʧʨʦʪʝʦʤʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʢʣʝʪʢʠ ʠ ʩʲʱʦ ʚ ʝʜʥʘ ʢʣʝʪʢʘ ʚ ʨʘʟʣʠʯʝʥ ʧʝʨʠʦʜ ʦʪ 

ʥʝʡʥʦʪʦ ʨʘʟʚʠʪʠʝ.  

 III.2.2. ɻʣʠʢʦʙʠʦʣʦʛʠʷ ʠ ʛʣʠʢʦʤʠʢʘ 

ɻʦʣ̫ʤ ʠʥʪʝʨʝʩ ʚ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʞʠʚʘʪʘ ʧʨʠʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʫʯʥʘʪʘ ʦʙʣʘʩʪ 

«ʛʣʠʢʦʤʠʢʘ», ʢʦʷʪʦ ʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʥʘ ʛʣʠʢʦʙʠʦʣʦʛʠʷʪʘ ʠ ʠʟʩʣʝʜʚʘ ʛʣʠʢʦʤʘ ʠʣʠ ʙʨʦʷʪ ʥʘ 

ʛʣʠʢʘʥʠʪʝ (ʦʣʠʛʦʟʘʭʘʨʠʜʠ ʠʣʠ ʚʲʛʣʝʭʠʜʨʘʪʠ) ʚ ʜʘʜʝʥʘ ʢʣʝʪʢʘ, ʪʲʢʘʥ ʠʣʠ ʦʨʛʘʥʠʟʲʤ. ʅʝ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʨʘʟʙʨʘʥʘ ʠʤʫʥʦʣʦʛʠʷʪʘ, ʥʝʚʨʦʣʦʛʠʷʪʘ, ʢʘʢʪʦ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʠʦʣʦʛʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʚ 

ʦʨʛʘʥʠʟʤʘ ʠʣʠ ʨʘʟʣʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʙʝʟ ʜʘ ʝ ʘʥʘʣʠʟʠʨʘʥʘ ʛʣʠʢʦʙʠʦʣʦʛʠʷʪʘ ʥʘ ʦʨʛʘʥʠʟʤʘ.  

ɻʣʠʢʦʙʠʦʣʦʛʠʷʪʘ ʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʠʟʫʯʘʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ, ʙʠʦʣʦʛʠʯʥʠʷ ʩʠʥʪʝʟ ʠ 

ʙʠʦʣʦʛʠʯʥʘ ʨʦʣʷ ʥʘ ʛʣʠʢʘʥʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʝʨʘʟʜʝʣʥʘ ʯʘʩʪ ʦʪ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ. ʊʷ ʦʙʭʚʘʱʘ 

ʧʲʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʚʦʙʦʜʥʠʪʝ ʦʣʠʛʦʟʘʭʘʨʠʜʠ ʠʣʠ ʩʚʲʨʟʘʥʠʪʝ ʚ ʩʣʦʞʥʠ ʢʦʤʧʣʝʢʩʥʠ ʩʪʨʫʢʪʫʨʠ 

(ʪ.ʝ. ʩʚʲʨʟʘʥʠ ʚ ʩʣʦʞʥʠ ʤʦʣʝʢʫʣʠ - ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʠ ʛʣʠʢʦʣʠʧʠʜʠ).  

 III.2.3. ʄʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠ ʘʥʘʣʠʟʠ 

ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʷʪʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʤʦʣʝʢʫʣʥʠʪʝ ʤʘʩʠ ʠ 

ʘʤʠʥʦʢʠʩʝʣʠʥʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ (ɸʂʇ) ʥʘ ʧʨʦʪʝʠʥʠ ʠ ʧʝʧʪʠʜʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʷʜʨʦʪʦ ʥʘ 

ʧʨʦʪʝʦʤʠʢʘʪʘ ʠ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟ ʥʘ ʙʠʦʤʦʣʝʢʫʣʠ, ʧʝʧʪʠʜʠ 

ʠ ʧʨʦʪʝʠʥʠ. ʀʟʧʦʣʟʚʘʥʠʪʝ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠ ʟʘ ʘʥʘʣʠʟʠ ʥʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʚ ʪʦʟʠ ʜʠʩʝʨʪʘʮʠʦʥʝʥ 

ʪʨʫʜ ʧʨʝʯʠʩʪʝʥʠ ʥʦʚʠ ʧʨʦʪʝʠʥʠ, ʝʥʟʠʤʠ ʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʩʘ ʄALDI-ʊʆF-ʊʆF (time of flight) 

(ʚʨʝʤʝ ʥʘ ʧʦʣʝʪ), LC/ESI-MS, LC-Q-trap-MS/MS ʠ ʥʘʥʦ-ESI-MS ʠ ʜʨ..  

ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʛʣʠʢʘʥʠ ʠ ʛʣʠʢʦʧʝʧʪʠʜʠ ʝ ʧʨʦʚʝʜʝʥʦ ʩ Q-trap ʩʠʩʪʝʤʘ Absciex 4000 Q-trap 

ʤʘʩʩʧʝʢʪʨʦʤʝʪʲʨ (Applied Biosystems), ʩʥʘʙʜʝʥ ʩ ʥʘʥʦʩʧʨʝʡ ʡʦʥʝʥ ʠʟʪʦʯʥʠʢ (Proxeon, Odense, 

Denmark), ʪʘʥʜʝʤ ʤʘʩʩʧʝʢʪʦʤʝʪʨʲʨ (Q-TOF; Micromass, Manchester, United Kingdom), ʩʥʘʙʜʝʥ ʩ 

ʥʘʥʦ-ESI, ʩ ʭʠʙʨʠʜʝʥ ʢʚʘʜʨʘʧʦʣʝʥ ʘʥʘʣʠʟʘʪʦʨ. 

III.2.4. ʇʨʝʯʠʩʪʚʘʥʝ ʠ ʩʪʨʫʢʪʫʨʥʦ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

ʚʠʜʦʚʝʪʝ Arthropoda ʠ Mollusca. 

III.2.5. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠ ʘʥʘʣʠʟʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʩʚʦʡʩʪʚʘʪʘ ʥʘ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʘʥʠʥʠ ʯʨʝʟ:  

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʲʨʚʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʩʣʝʜ ʭʠʜʨʦʣʠʟʘ ʩ ʭʠʤʦʪʨʠʧʩʠʥ ʠ 
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ʪʨʠʧʩʠʥ ʠ ʘʥʘʣʠʟ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʯʨʝʟ ɽʜʤʘʥʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ ʠ MALDI-MS/MS. 

¶  ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʯʨʝʟ ʇɸɻɽ, ʊɽʄɸ ʩ ʤʠʢʨʦʩʢʦʧ  

ĂPhilips® CM10, ʪʘʥʜʝʤ-ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʠ ʜʨ. 

III.2.6. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ :  

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ; 

¶ ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚ ʧʦʜʭʦʜ ʠ ʦʧʨʝʜʝʣʷʥe ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ ʩʣʝʜ 18O-ʙʝʣʷʟʘʥʝ 

ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠʪʝ ʠ ʯʨʝʟ ʛʝʥʥʦ ʬʨʘʛʤʝʥʪʠʨʘʥʝ. 

¶ ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ - 

ʀʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩʣʝʜ ʪʠʪʨʫʚʘʥʝ ʥʘ N,N'-ʙʠʩ-(ʙʝʥʟʠʣ-2-

ʙʦʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ)-[4,4']ʙʠʧʠʨʠʜʠʥ ʜʠʙʨʦʤʠʜ (o-BBV) ʢʦʤʧʣʝʢʩ.  

III.2.7. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʤʝʜʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ: 

ɺʣʠʷʥʠʝʪʦ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ Cu/Zn-

ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʝ ʧʨʦʩʣʝʜʝʥʦ ʯʨʝʟ ʢʨʲʛʦʚ ʜʠʭʨʦʠʟʲʤ (ʂɼ), ʩ Jasco J-720 ɼʠʭʨʦʛʨʘʬ 

(Jasco, ʊʦʢʠʦ, ʗʧʦʥʠʷ), ʢʘʪʦ ʟʘ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʠʚʥʠʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʩʘ ʧʨʠʣʦʞʝʥʠ ʜʚʘ ʧʦʜʭʦʜʘ:  

¶ ʇʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʨʅ-ʟʘʚʠʩʠʤʘʪʘ ʪʦʧʣʠʥʥʘ ʜʝʥʘʪʫʨʘʮʠʷ - ʯʨʝʟ ʝʣʠʧʪʠʯʥʦʩʪʪʘ [Ū]222, ʢʘʪʦ 

ʬʫʥʢʮʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʅ;  

¶ ʇʨʦʩʣʝʜʷʚʘʥʝ ʥʘ T-ʟʘʚʠʩʠʤʘ ʨʅ-ʜʝʥʘʪʫʨʘʮʠʷ - ʯʨʝʟ ʝʣʠʧʪʠʯʥʦʩʪʪʘ [Ū]222, ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ 

ʨʅ, ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ;  

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠʪʝ. 

III.2.8. ʇʨʝʚʨʲʱʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʚ ʝʥʟʠʤʠ ʩ ʬʝʥʦʣ-ʦʢʩʠʜʘʟʥʘ ʘʢʪʠʚʥʦʩʪ. 

III.2.9. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʥ ʝʬʝʢʪ ʠ ʫʯʘʩʪʠʝʪʦ ʥʘ ʛʣʠʢʘʥʠʪʝ ʥʘ 

Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ : 

¶ ʇʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʘʥʪʠʪʫʤʦʨʥʠʷ ʠ ʘʥʪʠʚʠʨʫʩʥʠʷ ʝʬʝʢʪ ʥʘ Cu/Zn-ʉʆɼ ʦʪ H. lutea 103 (Cu/Zn-

Hlʉʆɼ) ʩʨʝʱʫ ʪʫʤʦʨ ʥʘ Graffi ʚ ʭʘʤʩʪʝʨʠ;  

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʝʬʝʢʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʚʲʨʭʫ ʠʤʫʥʦʪʝʨʘʧʠʷ ʠ ʠʤʫʥʦʧʨʦʬʠʣʘʢʪʠʢʘ ʥʘ 

ʪʫʤʦʨ ʥʘ Graffi ʠ ʘʩʮʠʪʝʥ ʪʫʤʦʨ ʥʘ Guerin;  

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʝʬʝʢʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʧʨʠ ʪʝʨʘʧʠʷ ʥʘ ʪʫʤʦʨ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ. 

ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʘʥʪʠʪʫʤʦʨʥʠʷ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʯʨʝʟ 2ɼ-ʇɸɻɽ; 

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʘʥʪʠʚʠʨʫʩʥʠʷ ʝʬʝʢʪ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʚʲʨʭʫ ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ 

ʨʘʟʣʠʯʥʠ ʚʠʨʫʩʠ - ʇʦʣʠʦ ʚʠʨʫʩ - ʚʠʜ 1 (LSc-2ab), CV-B1, RSV ʠ HSV-ʪʠʧ 1; 

¶ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠʷ ʝʬʝʢʪ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʩʨʝʱʫ ʨʘʟʣʠʯʥʠ 

ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ: ɻʨʘʤ+ ʠ ɻʨʘʤƄ ʙʘʢʪʝʨʠʘʣʝʥ ʱʘʤ - (Dolashka et al., 2015ʘ;b, 2016).  
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     ȼȬȳȰȱȷ IV . ȼȱȳȿȷȾȬȾȴ ȴ ȰȴȽȶȿȽȴɋ 

 

ɻʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʧʨʠʨʦʜʥʠ ʤʝʜʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʨʘʟʣʠʯʥʠ 

ʨʝʘʢʮʠʠ ʩ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʦʠʟʚʦʜʥʠ, ʚʠʥʘʛʠ ʝ ʙʠʣʦ ʘʢʪʫʘʣʝʥ ʦʙʝʢʪ ʩ ʧʦʚʠʰʝʥ ʥʘʫʯʥʠ ʠʥʪʝʨʝʩ, 

ʢʦʡʪʦ ʦʩʦʙʝʥʦ ʩʝ ʟʘʩʠʣʠ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ. ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ 

ʧʨʝʜʦʩʪʘʚ ̫ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʥʦʚʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʩʚʲʨʟʚʘʱʠ 

ʨʘʟʣʠʯʥʠ ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ : 

¶ ʝʜʠʥ ʤʝʜʝʥ ʡʦʥ - Cu/Zn-ʉʆɼ-ʟʠ  

¶ ʜʚʘ ʤʝʜʥʠ ʡʦʥʘ ï ʭʝʤʦʮʠʘʥʠʥʠ 

  

 

 

 

 

 

 

 

 

ʍʝʤʦʮʠʘʥʠʥʠ                                                                 Cu/Zn-ʉʆɼ-ʟʠ 

  

ʇʨʝʜʩʪʘʚʝʥ ʝ ʠ ʟʘʜʲʣʙʦʯʝʥ ʘʥʘʣʠʟ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠ ʟʥʘʯʝʥʠʝʪʦ ʠʤ ʟʘ 

ʬʫʥʢʮʠʷʪʘ ʠ ʧʦʪʝʥʮʠʘʣʝʥ ʪʝʨʘʧʝʚʪʠʯʝʥ ʝʬʝʢʪ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ. 

. 
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ȯȷȬȮȬ IV .1. Cu/Zn-ȽȿȻȱȼȺȶȽȴȰ ȰȴȽȸȿȾȬȳȴ - ȴȳȺȷȴȼȬȹȱ ȴ 

ȽȾȼȿȶȾȿȼȹȺ ɁȬȼȬȶȾȱȼȴȳȴȼȬȹȱ ȹȬ ȱȹȳȴȸȬ  

ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʩʚʲʨʟʚʘʱʠ ʢʠʩʣʦʨʦʜʥʠ ʬʦʨʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ 

ʩ ʝʜʠʥ ʤʝʜʝʥ ʡʦʥ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʣʝʜ ʘʥʘʣʠʟ ʥʘ ʯʝʪʠʨʠ Cu/Zn-ʉʆɼ-ʟʠ, 

ʠʟʦʣʠʨʘʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʠʟʪʦʯʥʠʮʠ : ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ Humicola lutea 110 (Cu/Zn-ʅlʉʆɼ 110), 

Humicola lutea 103 (Cu/Zn-ʅlʉʆɼ 103), Aspergillus niger 26 (Cu/Zn-Anʉʆɼ 26) ʠ ʦʪ ʜʨʦʞʜʝʚʠ ʱʘʤ 

Kluyveromyces marxianus NBIMCC 1984 (Cu/Zn-Kmʉʆɼ NBIMCC 1984).  

IV.1.1. ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ Cu/Zn-ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ ʦʪ ʛʲʙʠʯʥʠ ʱʘʤʦʚʝ 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʛʲʙʠʯʥʠʪʝ ʱʘʤʦʚʝ ʅ. lutea 110, ʅ. lutea 103 ʠ A. niger 26 

ʧʦʢʘʟʚʘʪ ʪʨʠʪʝ ʱʘʤʘ ʢʘʪʦ ʜʦʙʨʠ ʧʨʦʜʫʮʝʥʪʠ ʥʘ ʜʚʝ ʬʦʨʤʠ ʥʘ ʝʥʟʠʤʘ, Cu/Zn-ʉʆɼ ʠ Mn-ʉʆɼ. 

ʂʘʪʦ ʥʘʡ-ʧʦʜʭʦʜʷʱʠ ʧʨʦʜʫʮʝʥʪʠ ʥʘ Cu/Zn-ʉʆɼ ʩʘ ʛʲʙʠʯʥʠʪʝ ɦʘʤʦʚʝ H. lutea 103 (Angelova et 

al., 2001; Krumova et al., 2007) ʠ Aspergillus niger 26, ʢʘʪʦ ʩʠʥʪʝʟʲʪ ʥʘ ʝʥʟʠʤʘ ʩʝ ʧʦʚʠʰʘʚʘ ʩʣʝʜ 

ʢʫʣʪʠʚʠʨʘʥʝ ʥʘ A. niger 26 ʚ ʫʩʣʦʚʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʝʥ ʩʪʨʝʩ (Abrashev et al., 2005; 2006; 2008; 

2015). ʋʩʪʘʥʦʚʝʥʦ ʝ ʥʘʣʠʯʠʝ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ ʚ ʮʠʪʦʟʦʣʘ ʥʘ ʢʣʝʪʢʠʪʝ ʥʘ ʱʘʤ H. lutea 110, ʘ ʧʨʠ 

ʅ. lutea 103 ʝʥʟʠʤʲʪ ʝ ʦʪʢʨʠʪ ʠ ʚ ʤʠʪʦʭʦʥʜʨʠʠʪʝ, ʢʦʝʪʦ ʝ ʥʝʪʠʧʠʯʥʦ ʟʘ ʉʆɼ-ʟʠ. ɽʪʦ ʟʘʱʦ ʦʙʝʢʪ 

ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʠʟʦʣʠʨʘʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʠ ʦʪ ʮʠʪʦʟʦʣʘ ʥʘ ʛʲʙʠʯʥʠʷ ɦʘʤ 

ʅ. lutea 103.  

ɼʦʢʘʟʘʪʝʣʩʪʚʦ, ʯʝ ʧʨʝʯʠʩʪʝʥʠʪʝ ʝʥʟʠʤʠ ʦʪ ʱʘʤ H. lutea ʠ ʦʪ A. niger 26 ʩʘ Cu/Zn-ʉʆɼ-ʟʠ, ʩʘ 

ʦʧʨʝʜʝʣʝʥʠʪʝ ʯʨʝʟ ɽʜʤʘʥʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ N-ʢʨʘʡʥʠ ɸʂʇ (ʊʘʙʣ. 1).  

ʊʘʙʣ.1. ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ N-
ʢʨʘʡʥʠʪʝ ɸʂʇ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ ʦʪ: 
ʱʘʤ ʅ. lutea 110, H. lutea 103 ʦʪ 
ʮʠʪʦʟʦʣʘ (ʎʀʊ) ʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʠʪʝ 
(ʄʀʊ), A. niger 26 (Cu/Zn-Anʉʆɼ ʠ 
Cu/Zn-Anʉʆɼʪʩ) 

 

 

 ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ 100% ʠʜʝʥʪʠʯʥʦʩʪ ʥʘ N-ʢʨʘʡʥʠʪʝ ɸʂʇ ʥʘ ʜʚʘʪʘ ʝʥʟʠʤʘ Cu/Zn-ʉʆɼ-

ʟʠ, ʠʟʦʣʠʨʘʥʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʠ ʮʠʪʦʟʦʣʘ ʦʪ ʱʘʤ H. lutea 103, ʢʘʢʪʦ ʠ Cu/Zn-ʉʆɼ-ʟʠ ʦʪ ʱʘʤ A. 

niger 26, ʢʫʣʪʠʚʠʨʘʥ ʧʨʠ ʥʦʨʤʘʣʥʠ ʬʠʟʠʦʣʛʠʯʥʠ ʫʩʣʦʚʠʷ (Cu/Zn-Anʉʆɼ) ʠ ʚ ʫʩʣʦʚʠʷ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝʥ ʩʪʨʝʩ, ʧʨʠ 40Áʉ (Cu/Zn-Anʉʆɼʪʩ).  

IV.1.2. ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ Cu/Zn-ʉʆɼ ʦʪ ʜʨʦʞʜʠ K. marxianus NBIMCC 1984 

ʇʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʨʦʞʜʠʪʝ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ 

ʧʨʦʜʫʮʝʥʪʠ ʥʘ ʝʥʟʠʤʘ Cu/Zn-ʉʆɼ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʦʪʩʲʩʪʚʠʝ ʥʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʟʘ ʤʘʱʘʙʥʘ 

ʧʨʦʜʫʢʮʠʷ ʥʘ ʉʆɼ-ʟʠ ʦʪ ʛʲʙʠʯʥʠ ʱʘʤʦʚʝ ʠ ʯʝ ʜʨʦʞʜʠʪʝ ʩʘ ʜʦʙʨʝ ʧʦʟʥʘʪʠ ʧʨʦʜʫʮʝʥʪʠ ʥʘ ʝʥʟʠʤʘ 

ʉʆɼ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠʤ ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʥʦʚʘ ʩʭʝʤʘ ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ Cu/Zn-ʉʆɼ K. marxianus NBIMCC 

1984, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʪʨʠ ʩʪʲʧʢʠ ʥʘ ʧʨʝʯʠʩʪʚʘʥʝ: 1) ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʜʠʘʣʠʟʘ ʥʘ ʝʢʩʪʨʘʢʪʘ, 

2) ʡʦʥʦʦʙʤʝʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ 3) ʭʨʦʤʘʪʦʬʦʢʫʩʠʨʘʥʝ (Nedeva et al., 2009). ʇʲʨʚʘʪʘ ʩʪʲʧʢʘ 

ʩʣʝʜ ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʢʣʝʪʲʯʥʠʷ ʝʢʩʪʨʘʢʪ, ʚʦʜʠ ʜʦ ʜʝʥʘʪʫʨʠʨʘʥʝ ʠ 

ʫʪʘʷʚʘʥʝ ʥʘ ʟʥʘʯʠʪʝʣʥʘ ʯʘʩʪ ʦʪ ʧʨʦʪʝʠʥʠʪʝ ʚ ʝʢʩʪʨʘʢʪʘ, ʢʘʪʦ ʘʢʪʠʚʥʦʩʪʪʘ ʤʫ ʩʝ ʟʘʧʘʟʚʘ ʠ 

 ʦʢʦʣʦ 65% ʦʪ ʦʙʱʘʪʘ ʉʆɼ-ʘʢʪʠʚʥʦʩʪ ʩʝ ʜʲʣʞʠ ʥʘ Cu/Zn-ʂmʉʆɼ.  

ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʠ ʧʨʠʣʦʞʝʥʘ ʩʭʝʤʘ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʉʆɼ ʜʦʢʘʟʚʘ, ʯʝ ʚ ʜʨʦʞʜʠ K. 

marxianus NBIMCC 1984 ʩʝ ʧʨʦʜʫʮʠʨʘʪ ʜʚʝʪʝ ʬʦʨʤʠ ʥʘ ʝʥʟʠʤʘ, Mn-ʂmʉʆɼ ʠ Cu/Zn-ʂmʉʆɼ, 

        5     10     15     20     25 

H. lutea 110 V K A V A V L R G D S K I T G T V I F E Q A N E S 
N. crassa V K A V A V V R G D S N V K G T V I F E Q E S E S 

A. fumigatus  V A V A V L R G D S K I T G T V T F E Q A R X N 
H. lutea 103 ʄʀʊ V K A V A V L R G D S K I T G T V T F E Q A N E S 

H. lutea 103 ʎʀʊ V K A V A V L R G D S K I T G T V T F E Q A N E S 

Anʉʆɼ 26 M L A V A V K R G D S K V T G T V X F E Q A N E T 

Anʉʆɼʪʩ 26 M L A V A V K R G D S K V T G T V X F E Q A N E T 
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ʉ̡ ʩ ʩʧʝʮʠʬʠʯʥʘ ʘʢʪʠʚʥʦʩʪ 996.0 ɽ/mg (Nedeva et al., 2009). 

IV.1.3. ʉʪʨʫʢʪʫʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn ï ʉʆɼ-ʟʠ 

ɽʜʥʠ ʦʪ ʚʘʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ ʦʪ ʛʲʙʠʯʥʠ ʱʘʤʦʚʝ H. 

lutea 103 ʠ H. lutea 110, A. niger 26, ʠ ʦʪ ʜʨʦʞʜʝʚʠ ʱʘʤ K. marxianus NBIMCC 1984 ʩʘ : 

1)  ʄʦʣʝʢʫʣʥʘ ʤʘʩʘ (Mʤ) ʥʘ ʝʥʟʠʤʠʪʝ ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʇɸɻɽ-ʟʠ ʠ MALDI-TOF - 

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʩ;  

2)   ʇ̡ ʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʉʆɼ-ʟʠ, ʦʧʨʝʜʝʣʝʥʘ ʩ ɽʜʤʘʥʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ ʠ MALDI-TOF-TOF;  

3)   ʇʦʩʪʨʦʝʥʠ 3D- (ʪʨʠʠʟʤʝʨʥʠ) ʤʦʜʝʣʠ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-ʉOɼ-ʟʠ. 

 ʄʦʣʝʢʫʣʥʠ ʤʘʩʠ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʜʦʢʘʟʚʘʪ, ʯʝ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ ʩʘ 

ʚʠʩʦʢʦ ʭʦʤʦʣʦʞʥʠ ʜʠʤʝʨʠ, ʦʬʦʨʤʝʥʠ ʦʪ ʜʚʘ ʤʦʥʦʤʝʨʘ (ʩʫʙʝʜʠʥʠʮʠ), ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ 153 ɸʂʆ 

ʧʨʠ Cu/Zn-AnʉOɼ ʠ Cu/Zn-Kmʉʆɼ NBIMCC 1984, ʜʦʢʘʪʦ 152 ɸʂʆ ʩʘ ʚʢʣʶʯʝʥʠ ʚ ʩʫʙʝʜʠʥʠʮʘʪʘ 

ʥʘ Cu/Zn-Hlʉʆɼ 103. ɿʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ, ʠʟʦʣʠʨʘʥʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʠʪʝ (15 912 

Da) ʠ ʦʪ ʮʠʪʦʟʦʣʘ (15 935 Da) ʥʘ ʱʘʤ H. lutea 103, ʩʘ ʠʟʯʠʩʣʝʥʠ ʝʜʥʘʢʚʠ Mʤ. ʉʲʱʦ ʤʦʣʝʢʫʣʘʪʘ 

ʥʘ Cu/Zn-Hlʉʆɼ 103 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʜʚʝ ʠʜʝʥʪʠʯʥʠ ʩʫʙʝʜʠʥʠʮʠ, ʢʦʠʪʦ ʦʙʨʘʟʫʚʘʪ ʜʠʤʝʨ ʩ Mʤ 

31 893,5 (Angelova et al. 2001; Krumova et al., 2008). ʉʭʦʜʥʠ Mʤ ʩʘ ʠʟʤʝʨʝʥʠ ʩ MALDI-MS ʟʘ ʜʨʫʛ 

ʧʨʝʯʠʩʪʝʥ ʝʥʟʠʤ ʦʪ ʩʲʱʠʷ ʱʘʤ, ʢʦʡʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʭʦʤʦʪʝʪʨʘʤʝʨ ʥʘ Mn-ʉʆɼ (75440 Da), 

ʠʟʛʨʘʜʝʥ ʦʪ 4 ʭʦʤʦʣʦʞʥʠ ʩʫʙʝʜʠʥʠʮʠ ʩ Mʤ 18860 Da. ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʥʘʧʨʘʚʝʥʠʪʝ ʠʟʚʦʜʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠ ʦʪ ʝʣʝʢʪʨʦʩʧʨʝʡ-ʡʦʥʠʟʘʮʠʦʥʥʝʥ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ (ESI-MS) ʥʘ ʝʥʟʠʤʘ, 

ʧʨʦʚʝʜʝʥ ʚ ʙʫʬʝʨʠ ʩ ʥʝʫʪʨʘʣʥʦ (ʌʠʛ. 1A) ʠ ʢʠʩʝʣʦ ʨʅ ʥʘ ʩʨʝʜʘʪʘ (ʌʠʛ. 1ɹ). 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʚ MS ʩʧʝʢʪʲʨʘ ʡʦʥʠ ʟʘ ʝʥʟʠʤʘ, ʚ ʙʫʬʝʨ ʩ pH 7.5 (ʌʠʛ. 1ɸ), ʩʝ ʧʨʦʤʝʥʷʪ 

ʩʣʝʜ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʨʅ ʥʘ ʩʨʝʜʘʪʘ ʜʦ 2.5, ʢʘʪʦ ʥʘ ʬʠʛʫʨʘ 30ɹ ʝ ʧʦʢʘʟʘʥʘ ʩʘʤʦ ʝʜʥʘ ʤʦʥʦʤʝʨʥʘ 

ʬʦʨʤʘ (Mʤ 15940 Da), ʢʦʷʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ Mʤ ʥʘ ʩʫʙʝʜʠʥʠʮʘ ʥʘ Cu/Zn-Hlʉʆɼ. ʀʟʯʠʩʣʝʥʘʪʘ 

Mʤ 31880 Da ʯʨʝʟ MassLynx v3.1 ʟʘ ʝʥʟʠʤʘ ʚ ʙʫʬʝʨ ʩ pH 7.5 ʩʲʚʧʘʜʘ ʩ ʠʟʤʝʨʝʥʘʪʘ Mʤ ʟʘ 

Cu/Zn-Hlʉʆɼ ʩ MALDI-TOF (Krumova et al., 2007). ʇʦʜʦʙʥʘ ʝ ʦʧʨʝʜʝʣʝʥʘ Mʤ (~32 ʢDa) ʟʘ ʜʚʝʪʝ 

ʜʠʤʝʨʥʠ ʬʦʨʤʠ ʥʘ Cu/Zn-Anʉʆɼ 26 ʠ Cu/Zn-Anʉʆɼʪʩ. ʀʟʤʝʨʝʥʠʪʝ Mʤ ʟʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ 

Cu/Zn-Anʉʆɼ 26 (15821 Da) ʠ Cu/Zn-Anʉʆɼʪʩ (15828 Dʘ), ʩʲʱʦ ʩʘ ʧʦʪʚʲʨʜʝʥʠ ʦʪ ʩʪʦʡʥʦʩʪʠʪʝ 

(Mʤ 15772 Da ʠ 15788 Da) ʯʨʝʟ ESI-MS ʘʥʘʣʠʟʠ (Dolashki et al., 2008ʘ). 

 
 
 
 
 
ʌʠʛ. 1. ESI-MS ʘʥʘʣʠʟ ʥʘ Cu/Zn-Hlʉʆɼ, 
ʨʘʟʪʚʦʨʝʥʘ ʚ 10 mM ʘʤʦʥʠʝʚʦ-ʘʮʝʪʘʪʝʥ 
ʙʫʬʝʨ:  
 
A) MS ʘʥʘʣʠʟ ʥʘ ʠʥʪʘʢʪʥʘʪʘ ʤʦʣʝʢʫʣʘ ʚ 
ʙʫʬʝʨ ʩ pH 7.5.  
 
 
 
 
ɹ) MS ʘʥʘʣʠʟ ʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʫʙʝʜʠʥʠʮʘ ʥʘ 
Cu/Zn-Hlʉʆɼ 103 ʚ ʙʫʬʝʨ ʩ pH 2.7. 
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ʇʨʠʣʦʞʝʥʠʪʝ ʤʝʪʦʜʠ ʜʦʢʘʟʚʘʪ ʭʦʤʦʜʠʤʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Cu/Zn-ʂmʉʆɼ NBIMCC 1984, 

ʠʟʛʨʘʜʝʥʘ ʦʪ ʜʚʝ ʠʜʝʥʪʠʯʥʠ ʩʫʙʝʜʠʥʠʮʠ ʩ Mʤ 15814 Da (Nedeva et al., 2009; Dolashka-Angelova 

et al., 2010b).  

ʇʲʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ 

 ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧ̡ ʨʚʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ ʝ 

ʜʨʫʛʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩʚʲʨʟʘʥʘ ʩʲʩ ʩʪʘʙʠʣʥʦʩʪʪʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʝʥʟʠʤʠʪʝ. ʆʧʨʝʜʝʣʷʥʝ 

ʥʘ ʧʲʨʚʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ Cu/Zn-Hlʉʆɼ 103, Cu/Zn-Anʉʆɼ 26 ʠ Cu/Zn-ʂmʉʆɼ 

NBIMCC 1984 (ʊʘʙʣ. 2) ʝ ʧʦʩʪʠʛʥʘʪʦ ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ ʝʥʟʠʤʘ ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʜʚʘ ʧʦʜʭʦʜʘ 

ʟʘ ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʝʧʪʠʜʠ. ʇʨʠʣʦʞʝʥʠʷʪ ʧʲʨʚʠ ʧʦʜʭʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ɸʂʇ ʥʘ Cu/Zn-

Hlʉʆɼ 103 ʚʢʣʶʯʚʘ ʥʷʢʦʣʢʦ ʝʪʘʧʘ :  

1). ʭʠʜʨʦʣʠʟʘ ʥʘ ʝʥʟʠʤʘ ʩ ʪʨʠʧʩʠʥ;  

2). ʨʘʟʜʝʣʷʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʢʮʠʠ ʩ ʦʙʨʘʪʥʦʬʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ HPLC ʩʠʩʪʝʤʘ;  

3). ʦʧʨʝʜʝʣʷʥʝ ʥʘ Mʤ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʝʧʪʠʜʠ ʯʨʝʟ MALDI-TOF-MS ʠ  

4). ʦʧʨʝʜʝʣʷʥʝ ʥʘ ɸʂʇ ʯʨʝʟ ɽʜʤʘʥʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ (Dolashkʘ-Angelova et al., 2004ʘ). ʂʘʪʦ 

ʥʝʜʦʩʪʘʪʲʢ ʥʘ ʪʦʟʠ ʤʝʪʦʜ ʝ ʫʩʪʘʥʦʚʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʝʥʟʠʤ ʠ ʚʨʝʤʝ 

ʟʘ ʘʥʘʣʠʟ, ʢʘʢʪʦ ʠ ʪʨʫʜʥʦ ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ ʩʧʝʢʪʨʠʪʝ, ʟʘʱʦʪʦ ʩʣʝʜ ɽʜʤʘʥʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ 

ʝʜʥʘ ʧʦʟʠʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʷʢʦʣʢʦ ɸʂʆ. ɽʪʦ ʟʘʱʦ ʟʘ ʘʥʘʣʠʟ ʥʘ ʜʨʫʛʠʪʝ ʜʚʘ ʝʥʟʠʤʘ, 

Cu/Zn-ʂmʉʆɼ ʠ Cu/Zn-Anʉʆɼ, ʝ ʧʨʠʣʦʞʝʥ ʚʪʦʨʠʷ ʧʦʜʭʦʜ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

 

 

ʊʘʙʣ. 2. ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ɸʂʇ ʥʘ Cu/Zn-ʉʆɼ 
ʦʪ K. marxianus, S. cerevisiae (AAT99430), U. puniceus 
(AAL24456), C. famata (AAK82335), ɸ. niger 26 
(AAU4413), ɸ. orizae (BAE58164.1), ɸ. fumigatus 
(Q9Y8D9), ʅ. lutea 103 (P83684), N. crassa (P07509). 
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ʇʲʨʚʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ Cu/Zn-Anʉʆɼ 26 ʠ Cu/Zn-Kmʉʆɼ NBIMCC 1984 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʲʨʚʠʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʉʆɼ-ʟʠ ʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʚʪʦʨʠʷ ʧʦʜʭʦʜ, ʢʦʡʪʦ 

ʚʢʣʶʯʚʘ ʧʦ-ʪʦʯʝʥ ʠ ʧʦ-ʙʲʨʟ ʤʝʪʦʜ, ʢʘʪʦ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ Cu/Zn-Anʉʆɼ 26 ʠ Cu/Zn-Kmʉʆɼ 

NBIMCC 1984 ʠ ʨʘʟʜʝʣʷʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʢʮʠʠ ʥʘ Hypersil ʢʦʣʦʥʘ ʠ HPLC ʩʠʩʪʝʤʘ (Dolashki 

et al., 2008ʘ; Dolashka-Angelova et al., 2010b). ʇʨʝʜʠʤʩʪʚʘ ʥʘ ʪʦʟʠ ʧʦʜʭʦʜ ʩʘ ʧʨʝʮʠʟʥʦ 

ʠʟʤʝʨʚʘʥʝ ʥʘ Mʤ ʥʘ ʧʝʧʪʠʜʠʪʝ ʯʨʝʟ MALDI-MS (ʌʠʛ. 2) ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ɸʂʇ ʦʪ MS/MS 

ʩʧʝʢʪʨʠʪʝ ʠʤ (ʌʠʛ. 3). ʇʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʬʨʘʛʤʝʥʪʥʠʪʝ ʫ- ʠ b-ʡʦʥʠ ʚ MS/MS ʩʧʝʢʪʲʨʘ ʥʘ ʡʦʥ ʩ 

m/z 1683.20 [M+H]+ ʧʨʝʜʩʪʘʚʷ ɸʂʇ ʥʘ ʧʝʧʪʠʜ HVGDLGNLSTDAQRAK ʠ Mʤ 1638.20 Da (ʌʠʛ. 3).  

                                                                             ʌʠʛ. 3. MS/MS ʘʥʘʣʠʟ ʥʘ ʧʝʧʪʠʜ ʩ m/z1683.20 [M+H]+ 
                                                                             ʦʪ Cu/Zn-Kmʉʆɼ.                

ʉʣʝʜ ʘʥʘʣʠʟ ʥʘ MS/MS ʩʧʝʢʪʨʠʪʝ ʥʘ ʚʩʠʯʢʠ ʧʦʣʫʯʝʥʠ ʧʝʧʪʠʜʠ ʩ ʧʨʦʛʨʘʤʠʪʝ Mascot, 

BLASTA ʠ Peaks ʝ ʫʩʪʘʥʦʚʝʥʘ ɸʂʇ ʥʘ ʩʫʙʝʜʠʥʠʮʘʪʘ ʥʘ Cu/Zn-Kmʉʆɼ NBIMCC 1984, ʢʦ̫ʪʦ ʝ 

ʠʟʛʨʘʜʝʥʘ ʦʪ 153 ɸʂʆ (ʊʘʙʣ. 2). ʇʦʪʚʲʨʞʜʝʥʠʝ ʟʘ ʧʨʝʮʠʟʥʦʩʪʪʘ ʥʘ ʘʥʘʣʠʟʘ ʝ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ 

ʠʟʤʝʨʝʥʘʪʘ Mʤ 15814 Da ʥʘ Cu/Zn-Kmʉʆɼ NBIMCC 1984 ʩ MALDI-MS ʠ ʠʟʯʠʩʣʝʥʘʪʘ Mʤ ʦʪ 

ʦʧʨʝʜʝʣʝʥʘʪʘ ɸʂʇ ʥʘ ʝʥʟʠʤʘ (Dolashka-Angelova et al., 2010b). 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʚʪʦʨʠʷ ʧʦʜʭʦʜ ʧʨʝʜʦʩʪʘʚʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʲʨʚʠʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ Cu/Zn-

Anʉʆɼ-ʟʠ, ʠʟʦʣʠʨʘʥʠ ʦʪ ʮʠʪʦʟʦʣʘ ʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʥʘ ʢʣʝʪʢʘʪʘ, ʩ ʢʦʝʪʦ ʩʘ ʜʦʢʘʟʘʥʠ 153 ɸʂʆ 

ʚ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ ʜʚʘʪʘ ʝʥʟʠʤʘ (ʊʘʙʣ. 2) (Dolashki et al., 2008ʘ).  

ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʚ ʪʘʙʣʠʮʘ 2 ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ɸʂʇ ʦʧʨʝʜʝʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʠʪʝ 

ʧʦʟʠʮʠʠ, ʢʘʪʦ ʥʘʡ-ʚʠʩʦʢʘ ʭʦʤʦʣʦʞʥʦʩʪ ʝ ʦʯʝʨʪʘʥʘ ʧʨʠ His46, His48, His63, His71, His80 ʠ His120, 

ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ Cu+ ʠ Zn2+ ʡʦʥʠ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ. ʇʦʟʠʮʠʠ 59 ʠ 147 ʩʘ ʟʘʝʪʠ ʦʪ ʜʚʘ Cys 

ʦʩʪʘʪʲʢʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʬʦʨʤʠʨʘʪ ʜʠʩʫʣʬʠʜʥʠ ʚʨʲʟʢʠ. ʉʲʱʦ ʨʘʟʧʦʣʦʞʝʥʠʷʪ Trp ʦʩʪʘʪʲʢ ʥʘ 

ʧʦʟʠʮʠʷ 32 ʩʝ ʩʚʲʨʟʘ ʩ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʘʙʩʦʨʙʮʠʷʪʘ ʧʨʠ 280 nm ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʝʤʠʩʠʷ ʧʨʠ 

310-450 nm. ɼʨʫʛ ʚʘʞʝʥ ʟʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʝʥʟʠʤʘ ʝ Pro ʦʩʪʘʪʲʢ, ʨʘʟʧʦʣʦʞʝʥ ʚ ʮʠʥʢ-

ʩʚʲʨʟʚʘʱʠʷ ʘʢʪʠʚʝʥ ʮʝʥʪʲʨ ʥʘ ʝʥʟʠʤʘ.  

ʅʘʙʣʶʜʘʚʘʥʦʪʦ ʩʭʦʜʩʪʚʦ ʚ ɸʂʆ ʧʨʠ Cu/Zn-Hlʉʆɼ 103 ʠ Cu/Zn-Kmʉʆɼ NBIMCC 1984 ʥʘ 

ʧʦʟʠʮʠʷ 33-35 ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ N-ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ (-Asn-Ile-Thr-), ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ 

ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʝʥʟʠʤʘ. ʊʦʚʘ ʝ ʧʦʪʚʲʨʜʝʥʦ ʦʪ ʦʨʮʠʥʦʣ/H2SO4 ʪʝʩʪ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ 

ʥʘʣʠʯʠʝ ʥʘ ʛʣʠʢʘʥʠ ʩʘʤʦ ʟʘ Cu/Zn-Hlʉʆɼ 103 ʠ Cu/Zn-Kmʉʆɼ, ʥʦ ʥʝ ʠ ʚ Cu/Zn-AnʉOɼ (Dolashka-

Angelova et al., 2010b). 

ʌʠʛ. 2. MALDI-MS ʥʘ ʧʦʣʫʯʝʥʠ ʧʝʧʪʠʜʠ           
ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ Cu/Zn-Kmʉʆɼ.  
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ȯȷȬȮȬ IV .2. ɁȱȸȺɂȴȬȹȴȹȴ ȺȾ ȮȴȰ ARTHROPODA  - ȴȳȺȷȴȼȬȹȱ ȴ 

ȽȾȼȿȶȾȿȼȹȺ ɁȬȼȬȶȾȱȼȴȳȴȼȬȹȱ 

ʆʙʝʢʪ ʥʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʠ ʜʨʫʛʠ ʤʥʦʛʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʢʠʩʣʦʨ-ʩʚʲʨʟʚʘʱʠʪʝ ʧʨʦʪʝʠʥʠ 'ʭʝʤʦʮʠʘʥʠʥʠʪʝ', ʧʨʠ ʢʦʠʪʦ ʜʚʘʪʘ Cu2+ ʡʦʥʘ ʚ 

ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ ʫʯʘʩʪʚʘʪ ʚ ʧʨʝʥʦʩʘ ʥʘ ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜ ʜʦ ʢʣʝʪʢʠʪʝ. ɻʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʥʘ ʪʝʟʠ ʧʨʦʪʝʠʥʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʜʚʘ ʙʠʦʣʦʛʠʯʥʠ ʚʠʜʘ: Arthropoda ʠ Mollusʩa. ʊʝ ʠʟʧʲʣʥʷʚʘʪ 

ʝʜʥʘʢʚʘ ʬʠʟʠʦʣʦʛʠʯʥʘ ʬʫʥʢʮʠʷ, ʥʦ ʠʤʘʪ ʩʲʱʝʩʪʚʝʥʠ ʩʪʨʫʢʪʫʨʥʠ ʨʘʟʣʠʯʠʷ, ʠʟʨʘʟʝʥʠ ʚ ʨʘʟʤʝʨʘ 

ʥʘ ʤʦʣʝʢʫʣʘʪʘ, ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ.  

IV.2.1. ʀʟʦʣʠʨʘʥʝ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʘʨʪʨʦʧʦʜʥʠ ʦʨʛʘʥʠʟʤʠ 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda ʧʨʝʜʩʪʘʚʷʪ ʩʣʦʞʥʠʪʝ ʩʪʨʫʢʪʫʨʠ 

ʥʘ ʧʨʦʪʝʠʥʘ, ʠʟʦʣʠʨʘʥ ʦʪ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʟʤʠ ʦʪ ʜʚʘʪʘ ʢʣʘʩʘ: ʢʣʘʩ Crustacea - ʨʘʢ Homarus 

americanus (HaH), Maia squinado (MsH), Palinurus vulgaris (PvH), Eriphia verrucosa (EvH) ʠ 

Carcinus aestuarii (CaʝH), ʢʣʘʩ Chelicerata - ʩʢʦʨʧʠʦʥ Buthus sindicus (BsH) ʠ ʨʘʢ Limulus 

polyphemus (LpH) (ʌʠʛ. 4). ʉ ʨʘʟʨʘʙʦʪʝʥʠʷ ʥʦʚ ʤʝʪʦʜ, ʥʘ ʢʦʣʦʥʘ Resource 6 ml ʠ FPLC ʩʠʩʪʝʤʘ, 

ʩʘ ʧʨʝʯʠʩʪʝʥʠ ʧʝʪ ʩʫʙʝʜʠʥʠʮʠ, ʢʦʠʪʦ ʠʟʛʨʘʞʜʘʪ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ L. ʨolyphemus 

(LpH) (Dolashka-Angelova et al., 2005ʘ) 

 

ʌʠʛ. 4. ʀʟʧʦʣʟʚʘʥʠ ʦʨʛʘʥʠʟʤʠ ʦʪ ʚʠʜ                        ʌʠʛ. 5ɸ ʍʨʦʤʘʪʦʛʨʘʤʘ ʥʘ ʠʟʦʣʠʨʘʥʝ ʥʘ Mono Q HR 

Arthropoda ʠ ʧʨʝʯʠʩʪʝʥʠ ʭʝʤʦʮʠʘʥʠʥʠ.                    16/10 ʢʦʣʦʥʘ ʥʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ EvH, ɹ) 10% SDS 
                                                                                ʇɸɻɽ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʢʮʠʠ (ʧʠʢʦʚʝ 1,2,3 ʠ 4). 

ɼʨʫʛʠ ʯʝʪʠʨʠ ʩʫʙʝʜʠʥʠʮʠ (EvH1- EvH4) ʩ Mʤ ~70-75 ʢDʘ, ʢʦʠʪʦ ʦʬʦʨʤʷʪ ʭʝʢʩʘʤʝʨʘ ʧʨʠ 

ʭʝʤʦʮʠʘʥʠʥ ʦʪ E. verrucosa, ʩʘ ʝʣʫʠʨʘʥʠ ʥʘ Mono Q HR ʢʦʣʦʥʘ ʩ FPLC ʩʠʩʪʝʤʘ (ʌʠʛ. 5ɸ) ʠ ʩʘ ʩ 

ʄʤ ~75 kDa (ʌʠʛ. 5ɹ) (Dolashki et al., 2015). ʄʝʪʦʜ̡ʪ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʦʣʠʨʘʥʝ ʠ ʥʘ ʯʝʪʠʨʠ 

ʩʫʙʝʜʠʥʠʮʠ (CaeSS1-CaeSS4) ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʨʘʢ C. aestuarii, ʦʪ ʢʣʘʩ Crustacea (Dolashka-

Angelova et al., 1999ʩ). ɼʦʢʘʪʦ ʩʘʤʦ ʝʜʥʘ ʩʫʙʝʜʠʥʠʮʘ Bsin1 ʝ ʧʨʝʯʠʩʪʝʥʘ ʦʪ ʭʝʤʦʮʠʘʥʠʥʘ ʥʘ 

ʩʢʦʨʧʠʦʥ B. sindicus (Ali et al., 2000). 

IV.2.2. ʉʪʨʫʢʪʫʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

ʊʨʘʥʩʤʠʩʠʦʥʥʠʪʝ ʝʣʝʢʪʨʦʥʥʦ ʤʠʢʨʦʩʢʦʧʩʢʠʪʝ ʘʥʘʣʠʟʠ (ʊɽʄɸ) ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʨʘʟʪʚʦʨʝʥʠ ʚ ʩʪʘʙʠʣʠʟʠʨʘʱ ʙʫʬʝʨ (ʉɹ) 10 mM Tris/HCl, 20 mM CaCl2 ʠ 10 mM 

MgCl2, ʩ ʨʅ 7.0, ʧʦʪʚʲʨʞʜʘʚʘʪ 4ʭ6-ʤʝʨʥʠ ʩʪʘʙʠʣʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʠʥʪʘʢʪʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ HaH, 

PvH, CaʝH, EvH, LpH ʠ BsH, ʢʦʠʪʦ ʩʘ ʦʬʦʨʤʝʥʠ ʢʘʪʦ ʜʠ- ʠ ʤʦʥʦ-ʭʝʢʩʘʤʝʨʥʠ ʘʛʨʝʛʘʪʠ (Dolashka-

Angelova et al., 1999ʩ; 1999d; Dolashki et al., 2015; Ali et al., 2000).  
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ʌʠʛ. 6. ʊɽʄ ʘʥʘʣʠʟ ʥʘ 4ʭ6-ʤʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 
MsH. 
ɸ) 0.1 mg/ml MsH, ʨʘʟʪʚʦʨʝʥ ʚ 20 mM Tris/HCl 
ʙʫʬʝʨ, pH 7.0, 10 mM CaCl2 ʠ MgCl2;  
ɹ) ɼʠʩʦʮʠʠʨʘʥʠ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ MsH. 
ʅʝʛʘʪʠʚʥʦ ʦʮʚʝʪʝʥʠ ʩ 1% ʫʨʘʥʠʣ ʘʮʝʪʘʪ. 
 
 
 
 
 
 

 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʥʘ ʬʠʛʫʨʘ 6ɸ ʭʝʢʩʘʤʝʨʥʠ ʬʦʨʤʠ ʥʘ MsH ʩʘ ʜʠʩʦʮʠʠʨʘʥʠ ʜʦ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ 

ʩʫʙʝʜʠʥʠʮʠ ʩʣʝʜ ʜʠʘʣʠʟʘ ʩʨʝʱʫ 0,1ʄ NaHCO3 ʙʫʬʝʨ, ʩ 10 mM EDTA ʠ 1ʄ ʫʨʝʷ, ʨʅ 9.5 (ʌʠʛ. 6ɹ) 

(Dolashka-Angelova et al., 2000ʘ). 

ʄʦʣʝʢʫʣʥʠ ʤʘʩʠ ʠ N-ʢʨʘʡʥʠ ɸʂʇ-ʪʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

ʇʨʠʣʦʞʝʥʠʪʝ ʘʥʘʣʠʟʠ ʩ ʇɸɻɽ ʧʨʝʜʩʪʘʚʷʪ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ Mʤ ʥʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ 

HaH ʠ MsH (ʤʝʞʜʫ 68 - 75 kDa), ʟʘ CaʝH (65 - 85 kDa) ʠ ʟʘ PvH ʠ EvH (70-75 ʢDʘ) (Dolashka-

Angelova et al., 1999d; 2000ʘ; Dolashki et al., 2015; Ali et al., 2000). ʀʟʤʝʨʝʥʘʪʘ Mʤ ʯʨʝʟ MALDI-

MS ʟʘ ʩʫʙʝʜʠʥʠʮʘ EvH1 (75098.62 Da) ʝ ʙʣʠʟʢʘ ʜʦ Mʤ ʥʘ ʪʨʠʪʝ ʩʫʙʝʜʠʥʠʮʠ EvH2 (74488 Da), 

EvH3 (75753 Da) ʠ EvH4 (74713 Da) (Dolashki et al., 2015), ʢʘʢʪʦ ʠ ʜʦ ʄʤ 72423.7 Da ʥʘ 

ʩʫʙʝʜʠʥʠʮʘ Bsin1 ʦʪ BsH (Ali et al., 2000).  

ʇʲʨʚʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʠ ʧʨʠʣʦʞʝʥʠ ʜʚʘ ʧʦʜʭʦʜʘ ʩʝ ʦʢʘʟʘʭʘ ʧʦʜʭʦʜʷʱʠ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʧʲʨʚʠʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʫʙʝʜʠʥʠʮʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ C. aestuarii (Caeʅ) ʠ E. verrucosa 

(EvH1), ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʢʣʘʩ Crustacea ʠ ʦʪ B. sindicus (BsH) ʦʪ ʢʣʘʩ Chelicerate. 

ʆʧʨʝʜʝʣʝʥʠʪʝ ɸʂʇ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʝʧʪʠʜʠ ʩ ʧʲʨʚʠʷ ʧʦʜʭʦʜ, ʯʨʝʟ ɽʜʤʘʥʪʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ ʠ 

ʩʨʘʚʥʠʪʝʣʥʠʷ ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʨʝʜʩʪʘʚʷʪ 650 ɸʂʆ ʦʪ ʩʫʙʝʜʠʥʠʮʘ CaeSS2, ʦʪ ʢʦʠʪʦ 

ʝ ʠʟʯʠʩʣʝʥʘ ʩʭʦʜʥʘ ʄʤ 74870 Dʘ ʥʘ CaeSS2 ʩ ʦʧʨʝʜʝʣʝʥʘʪʘ ʄʤ ʦʪ ʇɸɻɽ ʠ ʥʘ ʜʨʫʛʠ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʢʣʘʩ Crustacean (Dolashka-Angelova et al., 2005b). 

ʄʥʦʛʦ ʧʦ-ʪʦʯʝʥ ʘʥʘʣʠʟ ʟʘ ɸʂʇ ʥʘ ʩʫʙʝʜʠʥʠʮʘ EvH1 ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʦʧʨʝʜʝʣʝʥʘʪʘ ʢɼʅʂ 

ʩʣʝʜ ʧʦʜʙʦʨ ʥʘ ʧʨʘʡʤʝʨʠ ʢʘʪʦ R (TGTGTTCTCTGAAGATGTTATCCATGTACTT) ʠ F 

(GAACTTTTTTTTTGGGT). ɼʠʟʘʡʥʲʪ ʥʘ ʜʝʛʝʥʝʨʘʪʠʚʥʠʪʝ ʧʨʘʡʤʝʨʠ ʝ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʘ ʥʘ 

ʚʠʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠʪʝ ʫʯʘʩʪʲʮʠ ʚ ʭʝʤʦʮʠʘʥʠʥʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ, 

ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ CuA ʠ CuB. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʝ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ ʩ ʜʲʣʞʠʥʘ 540 ʙʜ 

(ʙʘʟʦʚʠ ʜʚʦʡʢʠ), ʢʦʡʪʦ ʩʣʝʜ ʢʣʦʥʠʨʘʥʝ ʠ ʬʨʘʛʤʝʥʪʠʨʘʥʝ ʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʜʠʟʘʡʥ ʥʘ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʨʘʡʤʝʨʠ, ʩ ʢʦʠʪʦ ʝ ʧʨʦʜʲʣʞʝʥ ʘʥʘʣʠʟʲʪ ʥʘ ʥʫʢʣʝʦʪʠʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʘ ʧʦ ʧʦʩʦʢʘ 3ô (ʊʘʙʣ. 3).  

ʅʫʢʣʝʦʪʠʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʧʨʝʜʩʪʘʚʷ 435 ɸʂʆ ʟʘ ʧʦʣʠʧʝʧʪʠʜ ʦʪ EvH, ʚʠʩʦʢʦ 

ʭʦʤʦʣʦʞʝʥ ʩʲʩ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ C. magister. ʇʦ-ʙʣʠʟʢʠ ʩʪʦʡʥʦʩʪʠʪʝ ʩʘ ʦʪʯʝʪʝʥʠ 

ʥʘ ʬʨʘʛʤʝʥʪʘ ʩ ɸʂʇ ʥʘ ʩʫʙʝʜʠʥʠʮʠ Cm 4 ʠ Cm 5, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʪʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʜʥʘ 

ʦʪ ʜʚʝʪʝ ʩʫʙʝʜʠʥʠʮʠ, EvH4 ʠʣʠ EvH5 (Dolashki et al., 2015). ʇʦʨʘʜʠ ʧʦ-ʚʠʩʦʢʘ ʭʦʤʦʣʦʞʥʦʩʪ, 

ʦʪʯʝʪʝʥʘ ʩ̡ ʩ ʩʪʨʫʢʪʫʨʥʘ ʩʫʙʝʜʠʥʠʮʘ Cm5, ʬʨʘʛʤʝʥʪʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ ʩʫʙʝʜʠʥʠʮʘ EvH5 

(Dolashki et al., 2015). 
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ʊʘʙʣ.3. ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ɸʂʇ ʥʘ ʩʫʙʝʜʠʥʠʮʠ CaeSS2 ʠ EvH1 ʩʲʩ ʩʫʙʝʜʠʥʠʮʠ, ʠʟʦʣʠʨʘʥʠ ʦʪ ʜʨʫʛʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ Arthropoda. 
                101                                                                                                                                                                                                                                 200 
CmH5     LFNTRQREEA LMLYDVLEHS TDWSTFAGNA AFFRVRMNEG EFVYALYAAV IHSELTQHVV LPPLYEVTPH LFTNSEVIQE AYKAKMTQTA AKIESHFTGS 

CmH6     LFNTRQREEA LMLYDVLEHS TDWSTFAGNA AFFRVSMNEG EFVYALYAAV IHSELTQHVV LPPLYEVTPH LFTNSEVIQE AYKAKMTQTA AKIESHFTGS 

CmH4     LFNTRQRKEA LMLYDVLEHS TDWSTFAGNA AFFRVHMNEG EFVYALYAAV IHSELTQHVV LPPLYEVTPH LFTNSEVIQE AYKAKMTQTA AKIESHFTGS 

CmH3     LFNTRQREEA LMLYDILEHS TDWDTFAGNA AFFRVRMNEG EFVYALYAAV IHSELTQHVV LPPIYEVTPH LFTNSEVIQE AYKAKMTQTR AKIESHFTGS 

CʘʝSS2   LFNPRTREED LMLYNVDEHS GNWDTFAGNA AFFRVHVNEG FFVYASYSVV IHSKLTQHVV LPPLYEVTPH LFTNSEVIQK AYAAKMTQTP TKI FAHFTGS 

EvH   ----------------------------------------------------------------------------------------------------              

        201                  Helix  2.1                    Helix  2.2                                                300  

CmH5     KSNPEQRVAY FGEDIGMNTH HVTWHLEFPF WWDDAHENHH IE RKGE- SFF WVHHQLTVRF DAERLSNHMD PVGELHWDDV IHEGFAPHTM YKYGGYFPSR 

CmH6     KSNPEQRVAY FGEDIGMNTH HVTWHLEFPF WWDDAHENHH IERKGE- SFF WVHHQLTVRF DAERLSNYLD PVDELHWDDV IHEGFVPHTM YKYGGYFPSR 

CmH4     KSNPEQRVAY FGEDIGMNTH HVTWHLEFPF WWDDAHENHH IERKGE- SFF WVHHQLTVRF DAERLSNYLD PVDELHWDDV IHEGFAPHTM YKYGGYFPSR 

CmH3     KSNPEQRVAY FGEDIGMNTH HVTWHLEFPF WWDDAHENHH IERKGE- NFF WVHHQLTVRF DAERLSNHLD PVDELHWDDV IHEGFDPQAM YKYGGYFPSR 

CʘʝSS2   KSNPEQRVAY FGEDIGMNTH HVTWHLEFPF WWDDAHYDHH IERKGESCSS WVHHQLTVRF DAERLSNYLD PVRELHWDDV IHEGFAPHTS YKYGGYFPDR 

EvH      ---------------------  ----------  ----------  ----- E- LFF WVHHQLTVRF DAERLSNYLD PVDELHWDDL IHEGFAPHTM YKYGGYFPSR 

        301                                                                            Helix  2.5                   400  

CmH5     PDNVHFEDVD GVARVRDMLI LESRIRDAIA HGYVTGRDGS IISISDSHGI  DVLGDVIESS LYSPNPEYYG ALHNTAHMML GRQGDPHGKF DLPPGVLEHF 

CmH6     PDNVHFEDVD GVARVRDMLI LESRIRDAIA HGYVTGRDGS IISISDSHGI  DVLGDVIESS LYSPNPEYYG ALHNTAHMML GRQGDPHGKF DLPPGVLEHF 

CmH4     PDNVHFEDVD GVARVRDMLI LESRIRDAIA HGYVTGRDGS IISISDSHGI  DVLGDVIESS LYSPNPEYYG ALHNTAHMML GRQGDPHGKF DLPPGVLEHF 

CmH3     PDNIHFEDVD GVADVRDMLL YEERILDAIA HGYVRDRNGK IVDL RNNDGI DVLGDVIESS LYSPNPQYYG ALHNTAHMML GRQGDPHGKF DLPPGVLEHF 

CʘʝSS2   PDNVNFEDVD GVARVRDMLL FEERIQDAIA HGYLRY- NGS TINI RDNHGI DVLGDVFESS MYSPRQDYYG ALHNQAHRVL GSQADPHGKF ALPPGVLEHF 

EvH      PDNVHFEDVD GVARVRDMLI LESRIRDAIA HGYITAKDGS TINI RDSKGI NVLGDVIESS MYSPNPQYYG ALHNTAHVML GRQGDPHGKF DLPPGVLEHF   

        401         Helix  2.6                                                                                      500  

CmH5     ETATRDPAFF RLHKYMDNIF REHKDSLTPY TKDELEFPGV AVESIS LKNR LETYFEDFEY SLINAVDDTA EIADVPISTV VKRLAHKDFT AECVINNNNE 

CmH6     ETATRDPAFF RLHKYMDNIF REHKDSLTPY TKDELEFPGV KID SIS LSNR LETYFEDFEY SLINAVDDTT KVADVPISTI  VKRLAHKDFT VESVITNNNE 

CmH4     ETATRDPAFF RLHKYMDNIF REHKDSLTPY TKDELEFPGI EID SFSLSNR LETYFEDFEY SLINAVDDTA EIADVPISTV VKRLTHKSFT AKCVINNNNE 

CmH3     ETATRDPAFF RLHKYMDNIF RKHKDSLPPY TKEELNFEGV NIDNFYIKGN LETYFETFEY SLVNAVDDTE DVDDVDI FTY ISRL NHKEFS FVGDVTNELD 

CʘʝSS2   ETATRDPAFF RLHKYMDNIF RKHKDSLTPY TKNELKFEGV NIDSI YEKGN LETYFESFMY TGVNI MLLTN DVDDVDIAT Y ITDLAHKELS FQEDVTNEGD 

EvH      ETATRDPAFF RLHKYMDNIF REHKDSLPPY TKEELEFPGI AVDSIS FSNR LETYFENFEY SLINAVDDTE QI PDVPISTT VPRLAHKDFT AEFGITNNNE 

        501                                                                                                        600  

CmH5     NEVMATVRIF AWPKYDNNHV EFSFNDGRWN AIEMDKFWTK LAPGPNTITR SSKDSSVTVP DVPSFLTLIE  KTEEAVSSGS ELHLEDYVSG LGLPNRFLLS 

CmH6     HEVMATVRIF AWPMYDNNDV EFSFNDGRWN AIEMDKFWI K LASGTNTITR SSKDSSITVP DVPSFQDLIE  KTKEAVSSGS ELHLEEYVSG LGLPNRFLLP 

CmH4     HDVIATVRIF AWPKYDNNHV EFSFNDGRWN AIEMDKYWTK LTPGPNTITR SSMDSSVTVP DVPSFLTLIE  KTEEAVSSGS ELHLEDYVSG LGLPNRFLLS 

CmH3     HDVLATVRIF AWPHEDNNGV AFSFNDGRWN AIEMDKFWVM LHPGHNHI ER SSHDSSATVP DIPSFQFI KD RTNEAIAQNK ELHIEEFESG LGLPNRFLIP 

CʘʝSS2   I GVLETVRIF AWPHI DDDHV EFSFNEGRWD VIEMDKFWVM LEHGHHSIDR SSFDSTVTIP DRPSFHDI ED RTSEAIPHGK ELHIEEFESV TGLPNRFLIP 

EvH      NDVMATVRVF AWPKYDNNHV EFSFDDGSWN AIELDRFWTK LTPGHNTIT R SSRDSAVTVP DVPSFQTLMT KTEQALASGS ALHLEDFHSS LGLPNRFLIP 

        601                                                                                  670  

CmH5     KGTTEGMKFH LVVFVSDGAK DAAIDGLYEN TSFNHYGAHN GKYPDKQPHG YPLDRRVDDE RIITGVTNFK GVDVKVYHVETQ 

CmH6     KGTTQGMKFH LVVFVSDGAK DAAIDGLHEN TSFNHYGAHN GKYPDKRPHG YPMDRRVDDK RIFSGVTNIK CMNVKVYHVETQ 

CmH4     KGTTKGMDFH LVVFVSDGAK DAAIDGLLEN TSFNHYGAHS GKYPDKQPHG YPLDRRVDDK RIITGVTNFK GMDVKVYHVEEQ 

CmH3     KGNVKGLDMD VMVAITSGEA DAAVEGLHEN TSFNHYGCAD GTYPDKRPHG YPLDRHVDDE RIINDL HNFK HIQVKVFHHA--  

CʘʝSS2   KGLVKGKDMD VMVAVTSGEG LAAVEGLHRS ANFAHHGCPE VRYPDKRPHG YPLYRPVDDE RIITGVTNFK HIQVKVFHH---  

EvH      KGKSEGMEFH LVVFASDGAK DAAVDGLHQI  TTFHHYGLHD GTYPDHQPHG YPLDRHVDDE RIITGVTNFK AIDVKVYHVEH-  
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ȯȷȬȮȬ IV .3. ɁȱȸȺɂȴȬȹȴȹȴ ȺȾ ȮȴȰ MOLLUSCA  - ȴȳȺȷȴȼȬȹȱ ȴ 

ȽȾȼȿȶȾȿȼȹȺ ɁȬȼȬȶȾȱȼȴȳȴȼȬȹȱ 

 

ɼʨʫʛʘ ʟʘʛʘʜʢʘ ʥʘ ʦʣʠʛʦʤʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca ʩʘ ʩʣʦʞʥʠʪʝ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ, ʢʘʪʦ ʟʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʠʤ ʩʘ ʠʟʦʣʠʨʘʥʠ ʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʯʝʪʠʨʠ ʦʨʛʘʥʠʟʤʠ ʦʪ ʢʣʘʩ Gastropoda: ʢʘʣʠʬʦʨʥʠʡʩʢʘ ʤʠʜʘ Megathura crenulata 

(KLH), ʤʦʨʩʢʠ ʦʭʣʶʚʠ Rapana venosa (RvH), ʥʘʨʠʯʘʥ ʦʱʝ Rapana thomasiana (RtH) ʠ Haliotis 

tuberculate (HtH), ʛʨʘʜʠʥʩʢʠ ʦʭʣʶʚʠ Helix aspersʘ (HaH) ʠ Helix vulgaris (HvH), ʧʨʝʠʤʝʥʫʚʘʥ ʚ 

Helix lucorum (HlH) (ʌʠʛ. 7).  

ʌʠʛ. 7. ʆʨʛʘʥʠʟʤʠ ʦʪ ʚʠʜ Mollusca, ʢʣʘʩ Gastropoda.  

IV.3.1. ʀʟʦʣʠʨʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ 

ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʤʝʪʦʜʠ ʠ ʧʦʜʭʦʜʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ HlH, HaH ʠ RvH ʠ 

ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʠʟʦʬʦʨʤʠ. ʇʦʣʫʯʝʥʠʪʝ ʧʦ ʪʨʠ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʯʠʩʪʠ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ 

ʦʪ HaH ʠ HlH ʜʦʢʘʟʚʘʪ ʨʘʟʣʠʯʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʤʦʣʝʢʫʣʠʪʝ ʩ ʜʠʜʝʢʘʤʝʨʘ ʥʘ RvH, ʢʦʷʪʦ ʝ 

ʠʟʛʨʘʜʝʥʘ ʦʪ ʜʚʝ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ (RvH1 ʠ RvH2).  

ʇʨʠʣʦʞʝʥʠʷʪ ʥʦʚ ʧʦʜʭʦʜ ʩʣʝʜ 4 ʯʘʩʦʚʘ ʪʨʠʧʩʠʥʦʣʠʟʘ (400/1) ʥʘ ʩʫʙʝʜʠʥʠʮʠ RvH1 ʠ RvH2, 

ʧʨʝʜʩʪʘʚʷ ʧʦ 6 ʌɽ-ʮʠ ʦʪ ʜʚʝʪʝ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ, ʧʨʝʯʠʩʪʝʥʠ ʥʘ ʢʦʣʦʥʘ DEAE-Sepharose 

CL-6B. ʊʦʟʠ ʧʦʜʭʦʜ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʦʩʝʤ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʯʠʩʪʠ ʌɽ-ʮʠ ʦʪ ʪʨʠʪʝ 

ʩʫʙʝʜʠʥʠʮʠ (ɓ
C
-HʘH, ŬD-HʘH ʠ ŬN-HʘH) ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. ʘspersa (ʌʠʛ. 8ɸ,ɹ) (Dolashka et al., 

2016).  

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʧʦʟʚʦʣʷʚʘ ʧʨʝʯʠʩʪʚʘʥʝ ʧʦ ʦʩʝʤ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʯʠʩʪʠ 

ʌɽ-ʮʠ ʦʪ ɓc-HaH (ʦʪ ɓc-HaH-a ʜʦ ɓc-HaH-h) (Dolashka et al., 2016) ʠ ɓc-HlH (ʦʪ ɓc-HlH-a ʜʦ ɓc-HlHï

h) (Velkova et al., 2010ʘ), ʜʦʢʘʪʦ ʦʪ ʜʚʝʪʝ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ RvH1 ʠ RvH2 ʩʘ ʠʟʦʣʠʨʘʥʠ ʧʦ 6 

ʌɽ-ʮʠ (Dolashka-Angelova et al., 2003ʘ). 

IV.3.2. ʉʪʨʫʢʪʫʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca 

ʇʨʦʚʝʜʝʥʘʪʘ ʜʠʘʣʠʟʘ ʩʨʝʱʫ 0,13 M Gly ʙʫʬʝʨ, ʩ ʨʅ 9,3 ʚʦʜʠ ʜʦ ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʦʛʨʦʤʥʠʪʝ 

ʢʦʤʧʣʝʢʩʥʠ ʤʦʣʝʢʫʣʠ ʥʘ RvH, ʅʘʅ ʠ HlH (ʌʠʛ. 9ʘ,ʙ), ʜʦ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʩʫʙʝʜʠʥʠʮʠ, ʢʦʝʪʦ ʝ 

ʜʦʢʘʟʘʥʦ ʯʨʝʟ ʊɽʄ ʘʥʘʣʠʟʠ (ʌʠʛ.9ʚ,ʛ).  

    ʌʠʛ. 8ɸ. ɽʣʫʠʨʘʥʠ 8 ʌɽ-ʮʠ ʦʪ ɓ
C
-HaH ʥʘ 

ʢʦʣʦʥʘ DEAE-Sepharose CL-6B (HR10/10); 
ɹ) 10% SDS-ʇɸɻɽ ʥʘ ʧʨʝʯʠʩʪʝʥʠ ʌɽ-ʮʠ (ʦʪ 
2-ʨʘ ʜʦ 7-ʤʘ ʬʨʘʢʮʠʷ). 
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ʌʠʛ. 9. ʊɽʄɸ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ: ʘ) ʀʥʪʘʢʪʥʘ ʤʦʣʝʢʫʣʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ R. venosa ʚ ʉɹ (50 mM Tris-
ʙʫʬʝʨ, ʩ 20 mM CaCl2, 5 mM MgCl2, ʨʅ 7.5); ʙ) ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum; ʚ) ɼʠʩʦʮʠʠʨʘʥ ʭʝʤʦʮʠʘʥʠʥ 
ʦʪ R. venosa ʜʦ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ ʩʣʝʜ ʜʠʘʣʠʟʘ ʩʨʝʱʫ 0,13 M Gly ʙʫʬʝʨ ʩ ʨʅ 9,3:ʛ) ɼʠʩʦʮʠʠʨʘʥ 
ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum (Velkova et al., 2010).  

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʠʥʪʘʢʪʥʠʪʝ ʤʦʣʝʢʫʣʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʢʘʢʪʦ ʠ ʥʘ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ 

ʩʫʙʝʜʠʥʠʮʠ ʠ ʌɽ-ʮʠ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʙʘʟʘ ʥʘ ʨʘʟʣʠʯʥʠ ʨʘʟʨʘʙʦʪʝʥʠ ʢʦʤʙʠʥʠʨʘʥʠ ʤʝʪʦʜʠ ʠ 

ʧʦʜʭʦʜʠ (Dolashka-Angelova et al., 2003; Velkova et al., 2010). 

ʄʦʣʝʢʫʣʥʠ ʤʘʩʠ ʠ N-ʢʨʘʡʥʠ ɸʂʇ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ 

ʇʦʨʘʜʠ ʦʛʨʦʤʥʠʪʝ ʠ ʩʣʦʞʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʫʪʚʲʨʜʝʥʠ ʤʝʪʦʜʠ ʥʝ 

ʧʨʝʜʦʩʪʘʚʷʪ ʢʦʨʝʢʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʤʦʣʝʢʫʣʥʘʪʘ ʠʤ ʤʘʩʘ. ʊʦʯʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ ʝ ʧʦʩʪʠʛʥʘʪʘ ʩʣʝʜ ʦʧʨʝʜʝʣʷʥʝ ʥʘ Mʤ ʥʘ RvH ʠ ʩʫʙʝʜʠʥʠʮʠʪʝ ʩ ʝʜʥʠ ʦʪ 

ʥʘʡ-ʯʫʚʩʪʚʠʪʝʣʥʠʪʝ ʤʝʪʦʜʠ - ʤʥʦʛʦʲʛʲʣʥʦ ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ (MALS ʠʣʠ MALLS), ʚ 

ʢʦʤʙʠʥʘʮʠʷ ʩ ESI-MS. ʆʧʨʝʜʝʣʝʥʘʪʘ Mʤ 8455Ñ51 kDa ʦʪ MALLS ʘʥʘʣʠʟʘ ʟʘ ʠʥʪʘʢʪʥʘʪʘ 

ʤʦʣʝʢʫʣʘ ʥʘ RvH ʩʦ̡ʪʚʝʪʩʪʚʘ ʥʘ ʄʤ ʥʘ ʜʠʜʝʢʘʤʝʨʥʘ ʬʦʨʤʘ ʥʘ RvH, ʠʟʛʨʘʜʝʥʘ ʦʪ 20 

ʩʫʙʝʜʠʥʠʮʠ (ʌʠʛ. 10ɸ). ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʊɽʄɸ ʧʦʢʘʟʚʘ ʧʨʝʜʠʤʥʦ ʦʬʦʨʤʝʥʠ ʜʠʜʝʢʘʤʝʨʥʠ ʬʦʨʤʠ 

ʥʘ RvH (ʌʠʛ.11ɸ), ʥʦ ʩʲʱʦ ʠ ʨʷʜʢʦ ʩʨʝʱʘʥʠ ʤʝʛʘ-ʪʨʠʜʝʢʘʤʝʨʠ ʧʨʠ ʭʝʤʦʮʠʘʥʠʥʠ (ʌʠʛ. 11ɹ) 

(Dolashka et al., 2012ʘ).  

 

 
 
 
    ʌʠʛ. 10. MALLS ʘʥʘʣʠʟ ʥʘ:  
 

A) RvH, ʝʣʫʠʨʘʥʘ ʥʘ ʢʦʣʦʥʘ 

    Sepharose 6;  

 
    ɹ) ɼʠʩʦʮʠʠʨʘʥʘ RvH ʚ 130 mM 
    Gly/NaOH ʙʫʬʝʨ ʩ ʨʅ 9.6.  
 
 

 
 
 
 
 
ɺ) ESI-MS ʩʧʝʢʪʲʨ ʥʘ ʜʠʩʦʮʠʠʨʘ-
ʥʘ RvH, ESI-TOF (LCT, Altrincham, 
UK), ESI-Q-TOF II (Micromass, 
Altrincham,UK) 

 

 

 

 

ɺ) ESIM-MS ʩʧʝʢʪʲʨ ʥʘ ʜʠʩʦʮʠʠʨʘʥʘʪʘ RvH. 
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 ɼʨʫʛʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘ ʠʟʤʝʨʝʥʠʪʝ Mʤ 50585 Dʘ, 55978 Dʘ ʠ 59123 Dʘ ʥʘ ʯʠʩʪʠʪʝ 

ʌɽ-ʮʠ ʦʪ RvH1 ʩ MALDI-MS (Dolashka et al., 2012ʘ), ʢʦʠʪʦ ʧʦʪʚʲʨʞʜʘʚʘʪ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ 

ʦʧʨʝʜʝʣʝʥʠʪʝ ʄʤ ~45-65 ʢDʘ ʥʘ ʌɽ-ʮʠ ʦʪ ʩʫʙʝʜʠʥʠʮʠ RvH, HlH ʠ HʘH (Dolashka-Angelova et al., 

2000ʘ). ʉʨʘʚʥʠʪʝʣʥʠʪʝ ʘʥʘʣʠʟʠ ʧʦʢʘʟʚʘʪ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʚ ʄʤ ʦʪ MALLS ʘʥʘʣʠʟʠʪʝ ʠ 

ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʄʤ (250, 150, 420 ʠ 450 KDa) ʟʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ RvH (Idakieva et al., 2002). 

ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʪʨʠ ʝʣʫʠʨʘʥʠ ʬʨʘʢʮʠʠ ʥʘ ʢʦʣʦʥʘ Sepharose 6 ʟʘ ʜʠʩʦʮʠʠʨʘʥʘʪʘ RvH ʩ ʄʤ 

566Ñ2 ʢDa, 400Ñ2 ʢDa ʠ 422.8Ñ1 ʢDa (ʌʠʛ. 10ɸ,ɹ) (Dolashka et al., 2012ʘ), ʢʘʪʦ ʠʟʤʝʨʝʥʠʪʝ ʄʤ 

400Ñ2 ʢDʘ ʠ 422,8Ñ1 ʢDʘ (ʌʠʛ.10ɹ) ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʄʤ ʥʘ RvH1 ʠ RvH2. ʋʩʪʘʥʦʚʝʥʦ ʝ ʨʘʟʣʠʯʠʝ 

ʩ ʠʟʤʝʨʝʥʠʪʝ Mʤ 211844 Da ʠ 315019 Da ʥʘ ESI-MS (ʌʠʛ. 10ɺ),  ʩʫʤʘʪʘ ʦʪ ʢʦʠʪʦ ʩʲʚʧʘʜʘ ʩ Mʤ 

566Ñ2 ʢDʘ ʥʘ ʝʣʫʠʨʘʥʘʪʘ ʥʘ 20 min ʬʨʘʢʮʠʷ (ʌʠʛ. 10ɹ).  

 

 

 

 

 

 

 

 

ɼʨʫʛʘʪʘ ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ 6, ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʡʦʥ ʩ m/z 47796.7 [ʄ+ʅ]+, ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ 

ʯʠʩʪʘ ʌɽ ʩ Mʤ 47796.7 Da (ʌʠʛ. 12). ʉʲʱʦ ʬʨʘʢʮʠʷ 5 ʦʪ ɓ
C
-HaH ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ MS ʩʧʝʢʪ̡ ʨʘ 

ʦʪ ʡʦʥ ʩ m/z 47796.7 [ʄ+ʅ]+ ʠ ʦʪ ʜʚʦʡʥʦ ʟʘʨʝʜʝʥ ʡʦʥ m/z 31654.1[ʄ+ʅ]2+, ʢʦʡʪʦ ʦʧʨʝʜʝʣʷ ʄʤ 

63303.4 Da ʟʘ ʝʣʫʠʨʘʥʘʪʘ ʌɽ-ʮʘ 6(ʌʠʛ. 8ɸ) 

              ʇʲʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ɓ-, Ŭ
D
-, Ŭ

N
- ʠʟʦʬʦʨʤʠʪʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum 

ʊʲʡ ʢʘʪʦ ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʝʜʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʫʙʝʜʠʥʠʮʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

ʤʦʣʶʩʢʠ ʫʯʘʩʪʚʘʪ ʥʘʜ 5000 ɸʂʆ, ʪʦ ʝʜʠʥʩʪʚʝʥʠʷʪ ʥʘʯʠʥ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʧʲʨʚʠʯʥʘʪʘ ʠʤ 

ʩʪʨʫʢʪʫʨʘ ʝ ʯʨʝʟ ʬʨʘʢʮʠʦʥʠʨʘʥʝ ʥʘ ʛʝʥʦʤʘ. ʉʣʝʜ ʧʨʦʚʝʜʝʥʠ ʢʦʤʙʠʥʠʨʘʥʠ ʘʥʘʣʠʟʠ ʟʘ ʧʲʨʚʠ ʧʲʪ 

ʝ ʧʨʝʜʩʪʘʚʝʥʘ ɸʂʇ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʩ ʪʨʠ ʠʟʦʬʦʨʤʠ, ʩʫʙʝʜʠʥʠʮʠʪʝ ɓ
C
-HlH, ŬN-HlH ʠ ŬD-HlH, ʢʦʠʪʦ 

ʠʟʛʨʘʞʜʘʪ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum (De Smet et al., 2011). ʊʦʚʘ ʝ ʧʦʩʪʠʛʥʘʪʦ 

ʩʣʝʜ ʠʟʦʣʠʨʘʥʝ ʥʘ ʪʦʪʘʣʥʘ ʈʅʂ ʦʪ ʢʨʘʢʘ ʥʘ ʛʨʘʜʠʥʩʢʠ ʦʭʣʶʚ H. lucorum ʠ ʩʠʥʪʝʟʠʨʘʥʝ ʯʨʝʟ 

ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ ʢɼʅʂ.  

ʊʨʘʥʩʣʠʨʘʥʝʪʦ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʥʫʢʣʝʦʪʠʜʥʠ ʬʨʘʛʤʝʥʪʠ ʧʦʟʚʦʣʷʚʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ɸʂʇ ʥʘ 

ʩʫʙʝʜʠʥʠʮʘ ɓʩ-HlH, ʠʟʛʨʘʜʝʥʘ ʦʪ 3414 a-ɸʂʆ (Mʤ ~389 kDa) ʠ ʩʫʙʝʜʠʥʠʮʘ Ŭ
D
-HlH ʦʪ 3409 

ʌʠʛ. 12. MALDI-MS ʘʥʘʣʠʟ ʥʘ 
ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ 5 ʦʪ ɓ

C
-HaH, 

ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ. 8ɸ; 
ɺʲʪʨʝʰʥʘ ʬʠʛʫʨʘ: MALDI-MS ʘʥʘʣʠʟ ʥʘ 
ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ 6, ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ  
ʌʠʛ. 8ɸ. 

ʌʠʛ. 11. ʊɽʄ ʘʥʘʣʠʟ ʥʘ RvH 
ɸ) ɼʠʜʝʢʘʤʝʨʠ ʥʘ RvH (ʯʝʨʥʠ ʩʪʨʝʣʢʠ); 
ʩʫʙʝʜʠʥʠʮʠ (ʧʫʥʢʪʠʨʘʥʠ ʩʪʨʝʣʢʠ) ʠ 
ʪʨʠʜʝʢʘʤʝʨʠ (ʙʝʣʠ ʩʪʨʝʣʢʠ);  
ɹ) ʤʝʛʘ-ʪʨʠʜʝʢʘʤʝʨ 
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a-ɸʂʆ (Mʤ ~386 kDa). ʅʘʯʘʣʦʪʦ ʥʘ ʧʦʣʠʧʝʧʪʠʜʠʪʝ ʥʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʟʘʧʦʯʚʘ ʩʲʩ ʩʠʛʥʘʣʝʥ 

ʧʝʧʪʠʜ ʦʪ 21 ɸʂO (MAKLWFALSLALLICLGGCEL) ʧʨʠ ɓʩ-HlH ʠ 19 ɸʂO ʧʨʠ Ŭ
D
-HlH 

(MAPTIVWLAFTFMLVCSNA), ʢʦʠʪʦ ʩʘ ʩʭʦʜʥʠ ʩ ʧʝʧʪʠʜʠʪʝ ʥʘ ʜʨʫʛʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ. 

ɺʝʨʦʷʪʥʦ ʩʠʛʥʘʣʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ ʦʨʛʘʥʠʟʤʘ ʟʘ ʩʝʢʨʝʪʠʨʘʥʝ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʘ ʚ ʝʥʜʦʧʣʘʟʤʝʥʠʷ ʨʝʪʠʢʫʣʫʤ (De Smet et al., 2011). 

ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʨʝʜʩʪʘʚʷʪ ʦʩʝʤ ʌɽ-ʮʠ ʦʪ Ăaò ʜʦ Ăhò, ʢʦʠʪʦ ʠʟʛʨʘʞʜʘʪ ʤʦʣʝʢʫʣʘʪʘ ʥʘ 

ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʪʨʠʪʝ ʠʟʦʬʦʨʤʠ ʥʘ HlH. ʆʙʣʘʩʪʠʪʝ (ʌɽ-ʮʠ) ʚ ɓʩ-HlH ʦʙʭʚʘʱʘʪ ʦʪ 409 ʜʦ 424 Ŭ-

ɸʂʆ, ʜʦʢʘʪʦ ʧʨʠ Ŭ
D
-HlH ʩʘ ʦʪ 410 ʜʦ 427 ɸʂʆ. ɺ ʩʲʱʠʷ ʧʦʨʷʜʲʢ ʩʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ɸʂʆ ʟʘ Ŭ

N
-HlH 

(410 - 422 Ŭ-ɸʂʆ). ʇ̡ ʨʚʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʨʠʪʝ ʠʟʦʬʦʨʤʠ ʥʘ HlH ʧʦʟʚʦʣʷʚʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ 

ʚʘʞʥʠ ʫʯʘʩʪʲʮʠ ʦʪ ʭʝʤʦʮʠʘʥʠʥʘ (ʊʘʙʣ. 4), ʢʘʪʦ ʜʠʩʫʣʬʠʜʥʠ ʚʨʲʟʢʠ, ʪʠʦʝʪʝʨʝʥ ʤʦʩʪ ʠ Cys58 

ʦʩʪʘʪʲʢ. ʊʦʟʠ ʤʦʩʪ ʝ ʭʘʨʘʢʪʝʨʝʥ ʩʘʤʦ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ, ʥʦ ʥʝ ʠ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

ʘʨʪʨʦʧʦʜʠ (De Smet et al., 2011).  

ʆʧʨʝʜʝʣʝʥʠʪʝ ʧʲʨʚʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʦʭʣʶʚʠ R. venosa, H. lucorum ʠ H. 

ʘspersa ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʝʜʥʘ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ 

ʭʘʨʘʢʪʝʨ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ.  

ʊʘʙʣ. 4. ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥa ʧʲʨʚʠʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʌɽ-ʮʠ ʦʪ ɓʩ-, ŬN- ʠ ŬD-ʩʫʙʝʜʠʥʠʮʠ ʥʘ HlH, 

     ʩ OdH-g (Miller et al., 1998). ɼʝʪʘʡʣʠ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ OdH-g ʩʘ ʦʟʥʘʯʝʥʠ ʩ ʯʝʨʥʠ ʠ ʩʠʚʠ ʣʝʥʪʠ.  

 
 
b- HlH_a  : -------------- VRKNVDKLTKDELYDLQRALRDVVADHSEKGYDEIA SFHGYPAKCKH-- GDHDVACCVHGDPNFPTWHRLLVVQLEQA :  76  
aD- HlH_a  : ------------ LLVRKDVDHLTPEEVLNLQKALREVSKDTSSKGFAAIA AYHGYPPKCKH-- GSKDVACCVHGEPTFPQWHRLYAVQMEQA :  78  
aN- HlH_a  : ------------------------------------------------------------------------- GMARFPRWHRLIVT QVEDS :  19  
b- HlH_b  : ---- HEHEFHEGVSVRKNVDRLTVEEVAEI REALEKFQNDRSVDGYQAIA EFHGDPGKCPSPTARDRLACCVHGMPTFPHWHRLLVVQVEDA :  88  
aD- HlH_b  : --------- KEEVSIRKDVDHLTREEILE LREALEKLQSDHSVDGYQAIA EFHGDPGKCPFPTARDRFACCI HGMPNFPHWHRLLVVQVEDA :  83  
aN- HlH_b  : ---- HEHEFHENVAVRKNVDRLTREEVVQLREALQEFQNDKSVEGYQAIA EFHGDPGKCPDPTAKDRHACCI HGLPTFPHWHRLIVT QVEDS :  88  
b- HlH_c  : ---------- TESRLRKEVDHLTAEETLELRHALTALEDDKTLGGYQTLGRYHGSTLWCPSPDAQKKVACCLHGMPTFPHWHRLLTVQAENA :  82  
aD- HlH_c  : ---------- ITKIT RKNVNHLTEEEILN LRHSLAFLEEDRSVGGYQTLGRFHGTPNWCPYPSAEKKVACCPHGGPTFPHWHRLLTVQAENA :  82  
aN- HlH_c  : ---------- VEVHVRKEVSQLTEEEILD LRHALSNLEEDKSIGGYQTLGRYHGAYKWCPSPSAEVKKVCCPHGMAIFPHWHRLLVVQFENA :  82  
b- HlH_d  : YGQEYRPLVTAGSHVRHNLEHLSAGEVESLRSAFLAI QEDHS--- YENIA AYHGKPGLCEFEG-- RKVACCVHGSAAFPPWHRLYVEQVEHA :  87  
aD- HlH_d  : YGREYRDAVTVASHVRKDLDTLTAGEIES LRSAFLDI QQDHT--- YENIA SFHGKPGLCQHEG-- HKVACCVHGMPTFLSWHRLYVEQVEEA :  87  
aN- HlH_d  : -- QEYRPVVAAASQVRRNLESLSEGEIES LRAAFLAI QNDHS--- YEAIA SFHGKPGLCEHEG-- RKVACCVHGDPTFPSWHRLYVELVEHA :  85  
b- HlH_e  : ------ HGDRAPLLVRKNVRSLSPLENYHLVKALSSLNADGSADGFQSIA TFHAI PPLCPSPTASVRHACCI HGGAAFLQWHRLYTVQFEDA :  86  
aD- HlH_e  : ------ DGDVKDIVVRKNVDALSPRETLSLIH ALEALQADSSADGYQSIA AFHAVPPLCPSPSASTRYACCLHGMSTFPQWHRLYTVQVEDA :  86  
aN- HlH_e  : ------ HGTTSTYLVRKNVESLSPLEGYYLAEALIA LKKDTSADGYQSIA TFHAI PPLCPSPTASRRYACCI HGGTSFLQWHRLYTVQFEDA :  86  
b- HlH_f  : -------- KVPLNKIRRNI DSLEERDIQSLQTALHDLQEDDSNNGWANLASFHGAPARCPDPE- HPKVACCQHGMPTFPHWHRLFTLQVEQA :  83  
aD- HlH_f  : -------- EATPNNIRRNLNTLEERDIQSLQAALRDLQRDTTNDGWANLASFHGAPARCPDPK- HPTVACCVHGMPTFPHWHRLFALQI EQA :  83  
aN- HlH_f  : -------- KVTVNHIRRNLDEVEERDTQSI QRALRDLLADTGPDGWASLASFHGAPARCPDPD- HPTVACCQHGMPTFLHWHRLFTLQVEQA :  83  
b- HlH_g  : --------- VPGDSVRKNVNDLTDSEVANLRAALRDVQADDGANGFASIA GFHGSPAHCEHDH-- HPVACCLHGMAGFPRWHRLYVKQWEDA :  81  
aD- HlH_g  : --------- VAGVGVRKDVTRLTVSETENLREAPRRI KADNGSNGFQSIA SFHGSPPGCVHEN-- HSVACRI HGMANFPQWHRLYVKQWEDA :  81  
aN- HlH_g  : --------- IAGVGVRKDVSSLSTSEID NI RSALRQVEDDTGPNGFLNIA SFHGSPARCGHDH-- HPVACCVHGSPNFPQWHRLYVKQWEDA :  81  
b- HlH_h  : ---------- SSNLVRKSVNSLTLGEASNLKQALRELQADHGPGGFEAIA GFHGYPFLCPEKS- DTKYACCVHGMPTFPHWHRLFTVQFEQA :  81  
aD- HlH_h  : ---------- EDVLLRKNINELSLEESANLRSALNKLQQDQGPNGFEAIA GFHGAPFKCPENG- TDKYACCVHGMSVFPHWHRLLTVQFEQA :  81  
aN- HlH_h  : ---------- SGVLLRKNVNQLSQDEAVSLRDALYQLQQDQGLGGFEAIA GFHGAPFLCPEKG- DKKYACCVHGMPTFPHWHRLFTAQFEQA :  81  
OdH- g : ------------ AI IRKNVNSLTPSDIKELRDAMAKVQADTSDNGYQKIA SYHGI PLSCHYENG- TAYACCQHGMVTFPNWHRLLTKQMEDA :  79  
 

 

 

b- HlH_a  : LKDKGLTFGVPYWDWTQELHDLPELVREGVLPDPSGGKNLINPWYEGEVHVGDKTYHTSRAIDE- RLYQHVAPGQHTDLFEHVLDAFEYTDF : 167  
aD- HlH_a  : LKEKGLNIGIPYWEWTHQLDHLPELVSQRVFIENDGGKARSNI WYQGQI PTPEGVKNTARAVDP- RLFQQVETGQYTDLFEHVLNALEYPNY : 169  
aN- HlH_a  : LRRRGAPLGLPYWDFTRPDTHVPLLASEETYFNPHTGGNLHNPFHDVQI AFLGNDVHTERDISP- SLAQTPAWGEHTELFNAFLLALEQEYF : 110  
b- HlH_b  : LRRRGSPIGLPYWDFTRPGAHVPDLANEETYIDPHTGAKHHNPFHDAEI AFLGHDVHTSRDVLP- GLSQTPDWGDHTELYDAFLLALEQDDF : 179  
aD- HlH_b  : LRRRGAHTGIPYWDWTKPNTHIP ALAADETYVNPHDNAEHVNPFHHAVI GFLGGDAKTSRDPLP- ELTQTPKWGDHTELFDVFLLALEQDNF : 174  
aN- HlH_b  : LRRRGAPLGLPYWDFTRPDTHVPLLASEETYFNPHTGGNLHNPFHDVQI AFLGNDVHTERDISP- SLAQTPAWGEHTELFNAFLLALEQEYF : 179  
b- HlH_c  : LRKHGYHGGLPYWDWTLPLTSLPEIVKSPEYVDPSNGNTVKNPFYSGHI DDAS-- ADTVRSVRP- DLFVDPGFGHYTDIAKQVLLAFEQDNF : 171  
aD- HlH_c  : LRKHGYKGALPYWDWTQPATSLPAIVVPETYIDPSNNQETHNPFHDAYI DDVN-- QNTVRSVRS- DLYQQPAFGEYTDIAKQVLYALEQDNY : 171  
aN- HlH_c  : LSNHGYHGAVPYWDWTLPLDSLPALVTAQTYSDPGSNKDVANPFYSAHI DDVN-- QDTERSPKP- ELFLKPKYGEYTSIAKQVLLAFEQEDF : 171  
b- HlH_d  : LLAQGSSVSIPYWDWAEPIRSLPKLISE ATYFNSRKQRFDANPFISGRI AGEN-- ATTTRNPQA- TLFNN------ DYFYEQVLFAFEQTHF : 170  
aD- HlH_d  : LLDHGSSVAVPYFDWISPIQK LPDLISKATYYNSREQRFDPNPFFSGKVAGED-- AVTTRDPQP- ELFNN------ DYFYEQALYALEQDNF : 170  
aN- HlH_d  : LLSHGSSVAVPYWDWISPIKK LPKLISKSTYYNSRQQRFDPNPFFSGRI AGEN-- AVTTRDPQP- ELFNN------ DYFLEQALFALEQDHY : 168  
b- HlH_e  : LRRHGSHVGLPYWDWVRITDRLPSIFTVESQTDPSTNVSVPNPFATGRVEFEH-- EDVVRDIQSNLLFKRGPHGWDTWLYNQALYALEQEDY : 176  
aD- HlH_e  : LRRHGSVVGIPYWDWTRASQSLPHFLSDNNYTDPYTKEVHDNPWHGASI DFEH-- SHTERDIQSAELFKLGPHGWDTWLFEQALLALEQEDY : 176  
aN- HlH_e  : LKRHGSPIGVPYWDWTRFSKELPRTFTYANYSDPFTNLWTLNPFYSGRVEFEH-- VDTERDVQEDKLFKRGPHGWDTWLYTQVLFALEQEDF : 176  
b- HlH_f  : LQAHGSSLAIPYWDWTSHVSELPKFFTEEDYYDVWKDEVLENPFAHGYI PSEG-- AYTVRDVYP- LLFRPYGDGKHTFLFYIA LEALEQTDY : 172  
aD- HlH_f  : LHRHGSSIALPYWDWTLAIDDLPSTFTKEDYYDVWRDEVVPNPFAHGYVASED-- TYTVRDIQE- TLHDRHVDGKHSFLFYGVLEVLEQTDY : 172  
aN- HlH_f  : I QKHGSAIAIPYWDWTQPIKKLPDIFTKVNYYDAWSDQVLENPFAHGSI PSEK-- AQTVRDVQP- ELFETTEDGKHSTLFPLLLEALEQTSY : 172  
b- HlH_g  : LIAHGSKNGIPYWDWTQSFTELPTLVTQV---------- EDNPFHHGKI DKD--- HNTTRSPRP- QLFSDPASGDESFFYRQVLLAFEQTDY : 159  
aD- HlH_g  : LTAQGAKIGIPYWDWTTAFTELPALVTEE---------- VDNPFHHGTI YNG--- EI TTRAPRD- KLFNDPEFGKESFFYRQVLLAFEQTDY : 159  
aN- HlH_g  : LTAHGAKIGIPYWDWTYAFKKLPSLVTAG---------- DNNPFHHGVTHDG--- HI TTRAPRS- LLLNDPEFGDESFFYRQVLLAFEQTDY : 159  
b- HlH_h  : LKQHGSIVGIPYWDWTAPGRALPPFLTDVS--------- HDNPFSSYTI TSAG-- KTTTRSPLE- ALFSANTSRGHTIL YDLTLDALEEEDY : 161  
aD- HlH_h  : LKAHGAKEGVPYWDWTAPIGKIP SLFGDSA--------- DYNPFYSYTI SFNN-- QRTTRDIQS- ELYNPHQINGYNYLYYLALSTLEEDNF : 161  
aN- HlH_h  : LKLHGSSTGIPYWDWTSPGNELPLFLADTD--------- NDNPFSSYTI SFVG-- QRTSRNPLG- ALFSTNTSAGTSLLYQLTLDALEEDDF : 161  
OdH- g : LVAKGSHVGIPYWDWTTTFANLPVLVTEE---------- KDNSFHHAHI DVAN-- TDTTRSPRA- QLFDDPDKGDKSFFYRQIALALEQTDF : 158  
 
 
b- HlH_a  : CQFEVQFEVSHNYI HSLVGGRSQYSLSSLEYTI YDPI FFLHHSNVERLFQI YTEVQK--- YRESKGEGGQKVICDIKGYFAPLEPFSRDS--  : 254  
aD- HlH_a  : CQFEVQFEVAHNTI HYLVGGRHTYSVSHLEYTSYDPI FFLHHSNVDKIY TI YETIQ RSRGYTPGPGCTGECELCDIVGFRTPLEPLNRDS--  : 259  
aN- HlH_a  : CKFAIQFEVAHNLI HSLVGGRYPYSVSSLDYTGYDPLFYLHHSNVDRLFAI YQEVQK--- LRGIHSGSTNSPICDVKSFYRPLEPFKRKS--  : 197  
b- HlH_b  : CDFEVQFEI AHNLI HGLVGGNSAYGLSSLSYSAFDPI FYI YHSSI DRIWAI WTALQQ------- HRHKPYKAHCAQSHVHTPLKPFAFSSPY : 264  
aD- HlH_b  : CDFEVQFEI AHNLI HAYVGGNSKYGLSSLSYSAFDPI FYLHHSNI DRIWAI WTALQQ------- HRGKPYKAHCAQSYVYTPLKPFAFHTPY : 259  
aN- HlH_b  : CKFAIQFEVAHNLI HGLVGGNTPHGLSTLSYSTFDPI FYI YHSNI DRIWAI WTALQE------- YRGKPYKAHCGQSYVHTPLKPFAFKPPY : 264  
b- HlH_c  : CDFEVQFEI AHNFI HALVGGSEVYSLASLAYTAYDPLFYLHHSNTDRLWAVWQALQQ------ YRGKPFNSANCAVDKI RKPLAPFSLSSDV : 257  

S- C 
S- S 

ɓ1 Ŭ'1

1 

Ŭ2 Ŭ'3

1 

ɓ2 ɓ3 Ŭ4 

Ŭ5 ɓ4 ɓ5 Ŭ'6 Ŭ7 

Ŭ8 Ŭ'9 Ŭ10 Ŭ'11 
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aD- HlH_c  : CDFEVQYEI AHNFI HALVGGSEVYSMASLLYTAFDPLFYLHHSNTDRIWAI WQALQA------ YRGKPENAANCAIGKLRI PLPPFSLTPDV : 257  
aN- HlH_c  : CDFEVQFEI AHNFI HTLVGGTKPYSMASLAYTAYDPI FYLHHSNTDRLWAI WQALQK------ NRGKPHNSANCATGILRKPLAPFSLDSDV : 257  
b- HlH_d  : CDFEIQLEVTHNAI HSWLGGHAKYSMASLDYAAFDPVFFLHHTNTDRLWAI WQELQR------ YRGLPYNEADCAINQMRKPLKPFGDS-- D : 254  
aD- HlH_d  : CDFEIQFEVLHNALHSWLGGHAKYSFSSLDYTAFDPVFFLHHANTDRLWAI WQELQR------ YRGLPYNEADCAINL MRKPLQPFQDKK- L : 255  
aN- HlH_d  : CHFEIQFEI LHNALHSWLGGHALYSMASLDYAAFDPVFFLHHANTDRIWAI WQELQR------ YRGLQYNEADCAINL MKKPLQPFNRT-- T : 252  
b- HlH_e  : CDFAVQLEI THNSI HAWI GGSQKHSMAHLHYASYDPI FFI HHSNTDRLWAVWQALQE------ YRGHSANEVNCALEKLREPLKPFSFGPPY : 262  
aD- HlH_e  : CDFEIQFEI THNAI HSWVGGSKEHSLAHLHYASYDPAFYI HHSNTDRLWAI WQALQK------ HRGYSPNEANCALEHLKDSLKPFSFGPPY : 262  
aN- HlH_e  : CDFEVQLEI AHNAI HSWI GGSKEHSLAHLHYASYDPAFFI HHSNTDRLFAVWQKLQT------ YRGHDANSANCALEQLREPLKPFSFGPPY : 262  
b- HlH_f  : CDFEVQFEI LHNAI HYLVGGEQKYSLSSLEYSAYDPLFFI HHSFVDKIWVVWQELQR------ KRHLPYNRADCAVAAMNQPMKPFIFES - I : 257  
aD- HlH_f  : CDFEVHFEVVHNAI HYLI GGHQTYSLSSLEYSAYDPI FFI HHSFTDKLWAVWQELQK------ RRHLPYNRADCALNYVNEPLKPFSFEG- F : 257  
aN- HlH_f  : CDFAVQFEVLHNAI HYLVGGHQKYSLSSLEYSAYDPI FFI HHSFSDKLWVVWQELQQ------ RRHLPYHTADCAVNAMSEPMKPFSFET- F : 257  
b- HlH_g  : CDFEVQFEFAHNAI HSWTGGKSPYGMSTLEYTAYDPLFLVHHSNVDRQFAI WQALQK------ FRGLPYNSANCAIQLLHQPMRPFSD-- SD : 243  
aD- HlH_g  : CDFEVQYEI SHNAI HSWTGGQSPYGMSTLEYTAYDPLFLLHHSNVDRQFAI WQALQK------ FRGLPYNSANCAIQLLHQPMRPFSD-- AD : 243  
aN- HlH_g  : CDFEVQFEI THNAI HSWVGGQSPYGLSTLEYTAYDPLFLLHHSNVDRQFSI WQALQK------ YRGLPYNTANCAIQDLRRPLRPFSD-- PA : 243  
b- HlH_h  : CHFEASLEFLHNRI HFFI GGTGTYSMSTLDYSAFDPLFMVVHSGMDRIWDLWEQLQK------ LRHKSYKPVDCGGHTFDKPLHPFDFP- AI : 246  
aD- HlH_h  : CDFEVQYEVLHNEI HALI GGNGTYSMATLDFSAFEPFFMI HHSSLDRIWI I WQELQK------ LRHKPFNYAHCGGHVLDDPLHPFSFG- EI : 246  
aN- HlH_h  : CHFEVQYE------------------------------------------------------------------------------------  : 169  
OdH- g :  : CDFEIQFEI GHNAI HSWVGGSSPYGMSTLHYTSYDPLFYLHHSNTDRIWSVWQALQK------ YRGLPYNTANCEINKLVKPLKPFNL-- DT : 242  
 
 
 
 
b- HlH_a  : NPFPVTKENSSPEKALTNSAAFGYSYDDLTLNGLSPKAI ADLI KEKQ- SHDRAFADFELHNI GASADVRVKVCVDLDGLHHTEPHCEHAGDF : 345  
aD- HlH_a  : NPFALTRVHSHP- YEATEHTLFGYKYDNLTLNGLDVDKI KSI I EKRQ- EADRAFASFRLHGI GVSADVRVKVCVS- DSRHLAGDYCEFAGNF : 348  
aN- HlH_a  : NPFSLTRTYNSA- DKAKDYSVFGYEYESLELNGLSPAQI VELVKKRQ- SRDRAFAVFSLHNI GVSADVKVRVCLDIDDEHEEDDRCPHAGDF : 287  
b- HlH_b  : NNDEKTYSHSTPTNVYDYEQELDYAYDSLEFGGLSI TELDDYI DNQIKTKDRVFVSIQLHGI KKSAWATIYVTPP------- GGEKYTAGHF : 349  
aD- HlH_b  : NNNEKTFAHSTPTDVYDYEKEFQYGYDNLQFGGLGI PQLENYI NEHLKSKSRTFVGIHLHGI KTSGLATIHVSAS------- GKD- YVAGHF : 343  
aN- HlH_b  : NNDAKTYAHSTATNIYDYEKELAYTYDSLEFGGMSVPELDNYI KTNIKNKNRI FVGIQLHGI KTSGLAHIFI EAY------- GKEKLEAGRF : 3 49 
b- HlH_c  : NPDPVTREHSLPFQVFDYKTNFHCEYDSLEFNGLTI PQLDRLLQHNK- AEDRVFVGFRLHGI KHSALTKFYI CKK------ DD- CDHLAGEF : 341  
aD- HlH_c  : NPDPVTREHSSPLRVFNYKDSFQYEYDTLDFSGLGI PQLAKLLEENK- ADDRVFAGFLLHGVGHSALVTFFI CRN------ DTDCHNHGGEF : 342  
aN- HlH_c  : NPDPVTKAHSLPYKVFDYKESFHYDYDNLEFNGLTI PQLERVI QHNK- AEDRVFAGFLLHGI EHSALVRFNI CKT------ EDHCEPQGGEF : 342  
b- HlH_d  : NKDNVTRKYSRPVDTFDYRNHFDYEYDNLEFNHQSI PQLENLLKLRH- RHGRI FAGFLI HNI GLSADVEVSI CLP- NAPEAFGGCNHKAAVF : 344  
aD- HlH_d  : NPRNIT NIYSRPADTFDCRNHFHYEYDTLELNHQTVPQLENLLKRRQ- EYGRVFAGFLI HNI GLSADVTVYVCVP- SGPKGKNDCNHKAGVF : 345  
aN- HlH_d  : NTDEVTRKYSRPVDTFDYRNNLHYEYDTLEFNHLSI PQLEELLQSRK- RNGRVFAGFLI HNI GLSADVDVYVCVT- VGQFGEQDCNHKAATF : 342  
b- HlH_e  : NLNPVTLENSHPGDTFDYERHFHYRYDALEFVGMNI PTLDAYI KKRQ- EHDRVFAGFLLKGI HQSATVDFDI CKG------ DTDNCFVGGYF : 34 7 
aD- HlH_e  : NLNKLTTKYSHPEDTFAYEDHFEYQYDSLEFVGMNI PALDAYI KERQ- EHDRVFAGFLLHGLGTSASVEFTI C- D------ AFKKCFEGGHF : 346  
aN- HlH_e  : NLNKVTQDYSRPEDTFAYKEHFHYKYDALEFVGMNI PTLDAYI KERQ- EHDRVFAGFLLKGI GQSASVKFEI CID ------ ATGVCFDGGEF : 347  
b- HlH_f  : NPNKFTREHALPSSVFDHED- LGYGYDNLNIGGYTVEELEELI HDRE- KEDRVFAGFLLKGI GTSGVVTINI CIR ------- SGNCTFGGRF : 340  
aD- HlH_f  : NLNKFTREHAVPNTLFNNED- LGYAYDNFNIGGYDLDELEKLI HDRQ- IKP RI FAGFLLKGI KTSGSVNLKVCK-------- FEECTPAGFF : 339  
aN- HlH_f  : NTNQFTREHAVPNSVFDHEN- LGYTYDNLRVGGYDLDKLEELI HENQ- QHARVFAGFLLHGI KTSGSVKIKLCQ-------- GDKCTSAGQF : 339  
b- HlH_g  : NVNPTTRAHSTASEAFNYEQ- LHYHYDNLNFHGDTI SQLVNVI DERK- SHDRI FAEFLLHSI GTSADVTFELC- D------ EHNHCEFAGTF : 326  
aD- HlH_g  : NVNPVTRTNSRARDVFNYDR- LNYQYDDLNFHGLSI SELNDVLERRK- EKARI FAEFLLHGI GASADVTFDLC- D------ SHDHCEFAGTF : 32 6 
aN- HlH_g  : NVNPTTRANSRAIDAFNADS- LHYQYDNLNFHGHSI AELEDILQHRQ- EEDRVFAEFLLHGLKTSADVTFDLC- D------ ERGHCEFAGTF : 326  
b- HlH_h  : NTIAL TRQNAIPELLFEHDR- LGYEYDNLRISGYDVEQVNEILKKRH- AETRI YYSEAAAGQGVSVSYEVWVLDD------- EGHEFPADTG : 329  
aD- HlH_h  : NKNDLTRLNSQPSSVFDYTH- FGYEFDKLELNGHDVQGI DDII HNLR- HENRVYLGFVLFGQQSSLEYKIDLIDD------- AGQAHTAGSF : 329  
aN- HlH_h  : --------------------------------------------------------------------------------------------  :   -  
OdH- g  : NPNAVTKAHSTGATSFDYHK- LGYDYDNLNFHGMTI PELEEHLKEIQ- HEDRVFAGFLLRTI GQSADVNFDVC- T------ KDGECTFGGTF : 325  
 
 

 
b- HlH_a  : F I LGGPLEMAWSFGHPFHFEI TKTVQKLGLPLD------- GNYHIEVDI FHI NGTELP---------- SDVLPRAGVDFRPAV------- GK : 413  
aD- HlH_a  : F I LGGPLEMPWTFNRPYYCEI TKTVEHMNISLT------- SDYHVEVDVYSVNGTQLP---------- SDILPHPSVSFRPGV------- GK : 416  
aN- HlH_a  : F VLGGATEMDWAFPRPFFFEI THTVKQLHLPLE------- GNYHVEADI VSVNGTQLP---------- SSILPHPYVSFRPAA------- GS : 355  
b- HlH_b  : G LLGGPSEMPWSFDRVYYHDI SHALDALNLQWK------- QPFDVTLELKEFDGTPI D---------- VSQFPKVHLYYKPAK------- AG : 417  
aD- HlH_b  : A I LGGPSEMDWDYDRPYRHDI SHALEELGVNWA------- QPFDVTIEMHTFDNKPI D---------- VSQFPRINI IHKEQE------- QA : 411  
aN- HlH_b  : A I LGGPTEMPWRYDNLYKHEI TNALDKLDLHWA------- QPYNVTIE I AQFDGTPI D---------- AKQFGHLEI LYLPGK------- QT : 417  
b- HlH_c  : Y LLGDENEMAWTYDRLYKYEI TEQLADLHLRYD------- DRYTIKYEVLGLDGKVLG- --------- HVSPEPTVI HEVG---------- T : 406  
aD- HlH_c  : Y I LGDPNEMEWSYDRLYKYEI TEELKKLHLRYN------- DRYFVRYEI HDLTGQDLG---------- QPFPTPTVI RQIG---------- T : 407  
aN- HlH_c  : Y I LGDSHEI PWSYNRLFKYEI TEQLKSLGLHYD------- DTYTIHYTLLDLDGTDLG---------- QKYSQPTVI HEVG---------- T : 407  
b- HlH_d  : S I LGGETEMPFEFDRLFRIDI TKAVVDAGLEVS----- AAANFKLKVAI RAVNGSYLD---------- PHILPDPSI IYDP--------- GT : 412  
aD- HlH_d  : S VLGGELEMPFTFDRLYMLQI TDTI KQLGLKVN----- NAASYQLKVEI KAVNGTLLD---------- PHILPDPSI IFEP --------- GT : 413  
aN- HlH_d  : S VLGGETEMPFEFNRLYKQDI TRTVRELGLKLD----- NAANFHLLVEI RAPNGSQLD---------- PHILPDPSI IYIP --------- GT : 410  
b- HlH_e  : S I LGGPAEMEWEFDRLYNYEI TDQLKEHHI RYD------- DDYHFKIQI IAP DGAI LD---------- SHLLHEPTVSFVP--------- AR : 413  
aD- HlH_e  : T VLGGELEKPWQFDRLYRYPI TDVLKENHI HYD------- DDYHFHIHI KALNGTELD- --------- SKLIPEPSVLFVA--------- AH : 412  
aN- HlH_e  : S I LGGSAEMPWQFNRLYKYEI TDQLESHHVHYD------- DEYHLTVHLKSI NGTELD---------- SHLIHEPTVIFVP --------- AK : 413  
b- HlH_f  : S LLGGPLEAPWAYDRLYKREI TQYLGDIHI EPKDVLN--- ASVYLKVEVDDVEGRTLSP--------- KAVFPYPTI IFKAGHK------ EA : 4 14 
aD- HlH_f  : N LLGGPLEMPWAFDRLFKKDI TWTI ARIGLNPDDIHKT- DSGFKLEVQAFNVEGTALPL--------- SQAIPKPSVTYKPALG------ VE : 415  
aN- HlH_f  : N LLGGPLESPWAYNRLYKRDI TQYLADLNLHPEDVFDP- ILQVHLEVEVRDVQDHVLVA--------- QDVLPQPTI IFDPPHE------ GA : 415  
b- HlH_g  : A I LGGPLEMAWSTDRLFRYDVTDVFEKLHLQAD------- SEYHFVDHI VAVNGTELD---------- SHLIKPPSVRFVPGTKVPQAEQAA : 401 
aD- HlH_g  : A I LGGPLEHPWAFDRLFKYDVTDVFSKLHLRPD------- SEYHFNIHI VAVNGTELD---------- SHLIRSPTVQFVPGVKDYYEKIAQ : 401  
aN- HlH_g  : A I LGGELEMDWEFDRLFRYDVTNVFNKLHLQPD------- SDYHFVDHI TAVNGTELD- --------- SNLIRPPSVRFVPGVKKPLGVAAA : 401 
b- HlH_h  : YT LGSSKEMPWTYEI LSKYDI TDAI HKANVSLD------- HPVKFKWRTVNYDGTLI EEASEYGIVVVREANTDYLTLIIPIGAEKYPLSPK : 414  
aD- HlH_h  : H LLGGEREMPWAYERLFKYDI TDVAKKYDI TTD------- HPIKVKVTSTYYNGEPHQEYTDEIVAVERHADTDYDI VVIPVSKDN- TLVPK : 4 13 
aN- HlH_h  : --------------------------------------------------------------------------------------------  :   -  

 
 

 
 
 
 
 

 

ɻʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʥʦʪʦ 

ʜʲʨʚʦ ʩʣʝʜ ʥʘʣʘʛʘʥʝ ʥʘ N-ʢʨʘʡʥʠʪʝ ʠʣʠ ʧʲʣʥʠ ɸʂʇ ʥʘ ʌɽ-ʮʠ (ʌʠʛ. 13). ʉʨʘʚʥʠʪʝʣʥʠʷʪ ʘʥʘʣʠʟ 

ʦʧʨʝʜʝʣʷ ʦʩʝʤ ʦʪʜʝʣʥʠ ʨʘʟʢʣʦʥʝʥʠʷ ʥʘ ʩʭʦʜʥʠ ʌɽ-ʮʠ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʢʘʢʪʦ ʨʘʥʥʘʪʘ ʠʤ ʧʦʷʚʘ, 

ʪʘʢʘ ʠ ʧʨʦʠʟʭʦʜ ʦʪ ʝʜʠʥ ʧʨʘʨʦʜʠʪʝʣ (De Smet et al., 2011). 

ɸʂʇ ʥʘ ʪʨʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʥʘ HlH ʧʦʢʘʟʚʘʪ ʧʦʪʝʥʮʠʘʣʥʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ñ-NXT-ò ʠ ñ-

NXS-ò, ʢʦʠʪʦ ʚ ɓʩ-HlH ʩʘ 13 ʥʘ ʙʨʦʡ, 14 ʚʲʟʤʦʞʥʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʲʨʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚ Ŭ
D
-

HlH ʠ ʩʘʤʦ 8 ʚ Ŭ
N
-HlH, ʟʘ ʢʦʷʪʦ ʥʝ ʝ ʦʧʨʝʜʝʣʝʥʘ ʧʲʣʥʘʪʘ ʧʲʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ (De Smet et al., 

2011).  

 

Ŭ12 Ŭ'13 Ŭ'14 ɓ6 Ŭ15 ɓ7 ɓ8 ɓ9 

S- S 
ɓ10 Ŭ16 ɓ11 ɓ12 Ŭ'17 ɓ13 

H ï ʄʝʜʝʥ ʣʠʛʘʥʜ ï ʭʠʩʪʠʣʦʚ ʦʩʪʘʪʲʢ;  S- S ï ʜʠʩʫʣʬʠʜʝʥ ʤʦʩʪ; S- C ï ʪʠʦʝʪʝʨʝʥ ʤʦʩʪ 
X ï 100% ʢʦʥʩʝʨʚʘʪʠʚʝʥ ʦʩʪʘʪʲʢ; X ï 80% ʢʦʥʩʝʨʚʘʪʠʚʝʥ ʦʩʪʘʪʲʢ 
N ï ʇʦʪʝʥʮʠʘʣʝʥ ʮʝʥʪʲʨ ʟʘ N- ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʚ b- HlH 
N -  ʇʦʪʝʥʮʠʘʣʝʥ ʮʝʥʪʲʨ ʟʘ N - ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʚ aD- HlH  
N -  ʇʦʪʝʥʮʠʘʣʝʥ ʮʝʥʪʲʨ ʟʘ N - ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʚ aN- HlH  
N -  ʇʦʪʝʥʮʠʘʣʝʥ ʮʝʥʪʲʨ ʟʘ N - ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʚ OdH- g 
C ï ʎʠʩʪʝʠʣʦʚ ʦʩʪʘʪʲʢ, ʢʦʡʪʦ ʫʯʘʩʪʚʘ ʚ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ïS- S-  ʤʦʩʪ 
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ʌʠʛ. 13. ʌʠʣʦʛʝʥʝʪʠʯʥʦ ʜʲʨʚʦ ʥʘ ʌɽ-ʮʠ ʥʘ 
ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca. ʆʩʝʤ ʦʪʜʝʣʥʠ 
ʨʘʟʢʣʦʥʝʥʠʷ ʧʨʝʜʩʪʘʚʷʪ ʦʩʝʤ ʨʘʟʣʠʯʥʠ ʚʠʜʘ ʌɽ-
ʮʠ ʚ ʩʫʙʝʜʠʥʠʮʠʪʝ.  
ʌɽ-ʮʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ: N. pompilius (NpH), O. 
dofleini (OdH), S. officinalis (SoH); ʧʦ ʜʚʝ ʠʟʦʬʦʨʤʠ 
ʥʘ N. nucleus (NnH), H. tuberculata (HtH), M. 
crenulata (KLH), R. venosa (RvH), A. californica 
(AcH); ʜʚʝ ʌɽ-ʮʠ ʥʘ H. pomatia (HpH) ʠ H. lucorum 
(HlH) (ɓïʠʟʦʬʦʨʤʘ, ɓ-HlH). 

 
 

 

 

 

  

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʚ ʪʘʙʣʠʮʘ 6 ʩʪʨʫʢʪʫʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʢʘʟʚʘʪ ʨʝʜʠʮʘ ʩʭʦʜʩʪʚʘ, ʥʦ ʠ ʚʘʞʥʠ 

ʨʘʟʣʠʯʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca. ʀʥʪʘʢʪʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ Nautilus, Sepia ʠ Octopus ʝ ʦʬʦʨʤʝʥʘ ʦʪ ʝʜʠʥ ʜʝʢʘʤʝʨ ʠ ʝʜʥʘ ʩʫʙʝʜʠʥʠʮʘ, ʜʦʢʘʪʦ ʜʚʝ 

ʩʫʙʝʜʠʥʠʮʠ ʠʟʛʨʘʞʜʘʪ ʜʠʤʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ Rapana, KLH, Concholepas, Haliotis, Murex, 

Aplysia ʠ Nucula ʠ ʩʘʤʦ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ H. lucorum ʠ H. pomatia ʚʢʣʶʯʚʘʪ ʪʨʠ ʩʫʙʝʜʠʥʠʮʠ. 
 

 

ʊʘʙʣ. 6. ʉʪʨʫʢʪʫʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-  
ʢʠ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ 
ʦʪ ʤʦʣʶʩʢʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ :  

ʝʜʥʘ ʩʫʙʝʜʠʥʠʮʘ (Nautilus, Sepia ʠ 
Octopus);  

ʜʚʝ ʩʫʙʝʜʠʥʠʮʠ (Rapana, Haliotis, 
KLH, Concholepas, Murex, Nucula ʠ 
Aplysia); 

ʪʨʠ ʩʫʙʝʜʠʥʠʮʠ (H. lucorum ʠ H. 
pomatia). 
 
 
 
 
 
 
 
 

ȯȷȬȮȬ IV .4.  ȮɆȯȷȱɁȴȰȼȬȾȹȴ ȽȾȼȿȶȾȿȼȴ ȹȬ ȸȱȰȹȴ 

ȯȷȴȶȺȻȼȺȾȱȴȹȴ (ɝɟɛɑɜɚɖɝɔɐ ɐɔɝɘɟɞɌɓɔ ɔ ɡɑɘɚɢɔɌəɔəɔ) 

ɺ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʲʱʝʩʪʚʫʚʘʪ ʜʦʢʘʟʘʪʝʣʩʪʚʘ, ʯʝ ʧʦʚʝʯʝʪʦ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ 

ʩʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʥʷʢʦʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʘʨʪʨʦʧʦʜʠ ʠ ʝʥʟʠʤʠʪʝ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ, ʥʦ ʚʩʝ 

ʦʱʝ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʠʤ ʩʪʨʫʢʪʫʨʠ ʥʝ ʩʘ ʜʦʙʨʝ ʠʟʫʯʝʥʠ. ɽʪʦ ʟʘʱʦ ʦʩʥʦʚʥʘ ʯʘʩʪ ʚ ʪʦʟʠ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʟʘʝʤʘʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʧʨʝʯʠʩʪʝʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ. 

IV.4.1. ɺʒɻʃɽʍʀɼʈɸʊʅɸ ʉʊʈʋʂʊʋʈɸ ʅɸ CU/ZN-ʉʋʇɽʈʆʂʉʀɼ ɼʀʉʄʋʊɸɿʀ 

ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Cu/Zn-ʉʆɼ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ H. lutea 103  

ʋʩʪʘʥʦʚʝʥʘʪʘ ʛʣʠʢʦʟʠʣʠʨʘʥʘ ʧʨʠʨʦʜʘ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ H. lutea 103 ʝ 

ʥʘʧʨʘʚʝʥʘ ʥʘ ʙʘʟʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ʜʚʘ ʧʦʪʝʥʮʠʘʣʥʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʲʨʘ ʥʘ ʧʦʟʠʮʠʠ Asp23 ʠ 

Asp33 ʚ ɸʂʇ ʥʘ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʝʥʟʠʤʘ (Dolashka-Angelova et al., 2004ʘ). 
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.  
ʌʠʛ. 14. MS ʘʥʘʣʠʟ ʥʘ: 
ɸ) ʠʥʪʘʢʪʥʘ ʤʦʣʝʢʫʣʘ ʥʘ Cu/Zn-Hlʉʆɼ 103;  
ɹ) Cu/Zn-Hlʉʆɼ 103 ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ ʝʥʟʠʤʘ ʩ 
ʛʣʠʢʦʟʠʜʘʟʘ PNGase F. 

 

 

 

 

 

 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ MALDI-MS ʩʧʝʢʪʨʠ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʘ, ʧʨʝʜʠ ʠ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ 

ʛʣʠʢʘʥʘ ʩʲʩ ʩʧʝʮʠʬʠʯʥʘ ʛʣʠʢʦʟʠʜʘʟʘ PNGase F, ʧʦʢʘʟʚʘ ʨʘʟʣʠʢʘ ʦʪ 203 Dʘ ʤʝʞʜʫ ʠʟʤʝʨʝʥʘʪʘ 

Mʤ 15935.2 Dʘ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ Cu/Zn-Hlʉʆɼ 103 (ʌʠʛ. 14ɸ) ʠ ʄʤ 15732.2 Dʘ (ʌʠʛ. 14ɹ) ʥʘ 

ʧʦʣʫʯʝʥʘʪʘ ʜʝʛʣʠʢʦʟʠʣʠʨʘʥʘ ʬʦʨʤʘ ʥʘ ʝʥʟʠʤʘ. ʈʘʟʣʠʢʘʪʘ ʦʪʨʘʟʷʚʘ ʄʤ 16+203 Dʘ ʥʘ ʝʜʠʥ 

ʤʦʥʦʟʘʭʘʨʠʜ ʠ ʦʢʠʩʣʝʥ Met44. ʅʘ ʙʘʟʘ ʥʘ ʪʝʟʠ ʘʥʘʣʠʟʠ ʝ ʠʟʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʘʥʘ, ʠʟʛʨʘʜʝʥ ʦʪ N-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥ, ʢʦʷʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ 1.4% ʦʪ ʄʤ ʥʘ 

Cu/Zn-ʉʆɼ-ʟʠ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ H. lutea 103 (Dolashka-Angelova et al., 2004ʘ)ɼʦʧʲʣʥʠʪʝʣʥʦ 

ʧʦʪʚʲʨʞʜʝʥʠʝ ʟʘ ʩʚʲʨʟʘʥ N-GlcNAc ʢʲʤ N-ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʮʝʥʪʲʨ Asn23-Glu-Ser ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʨʘʟʣʠʢʘʪʘ ʦʪ 203 Da ʤʝʞʜʫ ʠʟʤʝʨʝʥʘʪʘ Mʤ (945.5 Da) ʟʘ ʛʣʠʢʦʧʝʧʪʠʜʘ ʠ ʠʟʯʠʩʣʝʥʘʪʘ Mʤ ʦʪ ɸʂʇ 

ʥʘ ʧʝʧʪʠʜʘ (Dolashka-Angelova et al., 2004ʘ). 

ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Cu/Zn-ʉʆɼ ʦʪ ʜʨʦʞʜʠ  

K. marxianus NBIMCC 1984 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʠʟʦʣʠʨʘʥʠ ̫ʧʨʠʨʦʜʥʦ ʛʣʠʢʦʟʠʣʠʨʘʥ ʝʥʟʠʤ (Cu/Zn-Kmʉʆɼ) ʦʪ 

ʜʨʦʞʜʠ K. marxianus NBIMCC 1984 ʨʘʟʰʠʨʷʚʘʪ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʉʆɼ-ʟʠ 

(Dolashka-Angelova et. al., 2010b). ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʥʦʚ ʧʦʜʭʦʜ ʟʘ ʦʪʜʝʣʷʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʦʪ 

ʧʨʦʪʝʠʥʘ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ ʝʥʟʠʤʘ ʩ ʛʣʠʢʦʟʠʜʘʟʘ PNGase F ʠ ʝʣʫʠʨʘʥʝ ʥʘ Carbograph ʢʦʣʦʥʘ ʩ 

25% ACN, 01% ʊʌɸ, ʜʦʢʘʟʚʘ ʝʜʠʥ ʛʣʠʢʘʥ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Cu/Zn-Kmʉʆɼ, ʠʟʨʘʟʝʥ ʥʘ MS 

ʩʧʝʢʪʲʨʘ ʦʪ ʡʦʥ ʩ m/z 1257.3 [M+Na]+ (ʌʠʛ. 15A).  

ɻʣʠʢʦʟʠʣʠʨʘʥʠʷʪ ʮʝʥʪʲʨ ʝ ʜʦʢʘʟʘʥ ʩʣʝʜ ʝʥʟʠʤʥʘ ʭʠʜʨʦʣʠʟʘ ʩ ʪʨʠʧʩʠʥ ʥʘ Cu/Zn-Kmʉʆɼ 

NBIMCC 1984 ʠ ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʝʧʪʠʜʠ ʩ MALDI-TOF-TOF. ʉʣʦʞʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʦʣʠʛʦʟʘʭʘʨʠʜʘ Hex5GlcNAc2, ʠʟʨʘʟʝʥʘ ʦʪ ʡʦʥ ʩ m/z 1235.5 [M+Na]+, ʝ ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜ 

ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ ʬʨʘʛʤʝʥʪʥʠʪʝ Y- ʠ B-ʡʦʥʠ ʚ MS/MS ʩʧʝʢʪʲʨʘ, ʟʘʩʥʝʪ ʩ Q-ʊrap ʩʠʩʪʝʤʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 ɹ) MS/MS ʘʥʘʣʠʟ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʣʠʢʘʥ ʩ m/z 1255.52 [M+Na]+, ʠʟʦʣʠʨʘʥ ʦʪ Cu/Zn-Kmʉʆɼ.  

A 

ʌʠʛ. 15ɸ. MALDI-MS ʥʘ N-ʛʣʠʢʘʥ ʦʪ 

Cu/Zn-Kmʉʆɼ. 



29 

 

 
ʌʠʛ. 16A) MS/MS ʥʘ ʧʝʧʪʠʜ ʦʪ Cu/Zn-Kmʉʆɼ ʩ m/z 1773.51 

[M+Na]+ , ʩʚʲʨʟʘʥ ʢʲʤ ʝʜʠʥ HexNAc; B) 3D -ʤʦʜʝʣ ʥʘ  

Cu/Zn-ʉʆɼ  ʦʪ ʜʨʦʞʜʠ K. marxianus. 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʡʦʥʠ (ʌʠʛ. 16A) ʧʦʪʚʲʨʞʜʘʚʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʘʥʘ ʠ 

ʧʦʟʠʮʠʷʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ 32-35 (-Asn-Ile-Thr-) ʥʘ ʛʣʠʢʘʥʘ ʢʲʤ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ. 

ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʝʥʟʠʤʘ ʝ ʠʟʨʘʟʝʥʠʷ ʥʘ MS/MS ʧʝʧʪʠʜ ʩ ʡʦʥ y11 ʠ 

Mʤ 1773,51 Da (ʌʠʛ. 16A), ʢʘʢʪʦ ʠ ʧʦʩʪʨʦʝʥʠʷ 3D -ʤʦʜʝʣ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʘ (ʌʠʛ. 16ɹ). 

IV.4.2. ɺʒɻʃɽʍʀɼʈɸʊʅɸ ʉʊʈʋʂʊʋʈɸ ʅɸ ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ɺʀɼ ARTHROPODA 

ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʨʘʢ C. aestuarii 

ɻʣʠʢʦʟʠʣʠʨʘʥʠʷʪ ʭʘʨʘʢʪʝʨ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʘʨʪʨʦʧʦʜʠ HaH, MsH, PvH, 

CaʝH, EvH ʠ LpH, ʢʘʢʪʦ ʠ ʩʫʙʝʜʠʥʠʮʠʪʝ ʠʤ ʝ ʧʨʝʜʩʢʘʟʘʥ ʯʨʝʟ ʦʨʮʠʥʦʣ//H2SO4 ʪʝʩʪ. 

ʇʨʦʚʝʜʝʥʠʪʝ ʘʥʘʣʠʟʠ ʦʧʨʝʜʝʣʷʪ ʭʝʤʦʮʠʘʥʠʥʘ ʦʪ C. aestuarii ʢʘʪʦ ʛʣʠʢʦʧʨʦʪʝʠʥ, ʥʦ ʦʪ ʯʝʪʠʨʠʪʝ 

ʩʫʙʝʜʠʥʠʮʠ ʩʘ ʜʦʢʘʟʘʥʠ ʛʣʠʢʘʥʠ ʩʘʤʦ ʚ CaeSS2. ɺʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʫʙʝʜʠʥʠʮʘʪʘ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʩʣʝʜ ʝʥʟʠʤʥʘ ʭʠʜʨʦʣʠʟʘ ʩ ʪʨʠʧʩʠʥ ʠ ʨʘʟʜʝʣʷʥʝ ʥʘ ʬʨʘʢʮʠʠʪʝ ʥʘ ʢʦʣʦʥʘ Superdex 

300. ʊʝʩʪ̡ʪ ʦʨʮʠʥʦʣ/H2SO4 ʩʲʱʦ ʦʪʯʠʪʘ ʛʣʠʢʘʥʠ ʩʘʤʦ ʚ ʝʜʥʘ ʦʪ ʪʝʟʠ ʬʨʘʢʮʠʠ (Dolashka-

Angelova et al., 2001; 2005b).  

ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ CaeSS2 ʝ ʦʧʨʝʜʝʣʝʥʘʪʘ ɸʂʇ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ 

ʪʠʧʠʯʥʠʪʝ ʟʘ ʆ-ʛʣʠʢʦʟʠʣʠʨʘʥʝ Ser/Thr ʮʝʥʪʨʦʚʝ ʚ ʛʣʠʢʦʧʝʧʪʠʜʠ G1, G2, G3 ʠ G4, ʠʟʦʣʠʨʘʥʠ ʥʘ 

ʢʦʣʦʥʘ Nucleosil 7 ʉ18 ʠ HPLC. ʍʘʨʘʢʪʝʨʥʠ O-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʧʨʠ G4, 

ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʠ ʝʜʠʥ N-ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ (Asp-Xxx- Ser/Thr).  

 

 

 
ʌʠʛ. 17 MALDI-MS ʘʥʘʣʠʟ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ G1-
G4. 
ɸ,ɹ,ɺ) ɻʣʠʢʦʧʝʧʪʠʜʠ G1-G3 (ʧʣʲʪʥʠ ʣʠʥʠʠ); 
ʥʦʚʠ ʬʨʘʢʮʠʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ 

ʛʣʠʢʦʧʝʧʪʠʜʠʪʝ ʩ ʥʝʫʨʘʤʠʥʠʜʘʟʘ ʠ  a-N-
ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥʠʜʘʟʘ (ʧʫʥʢʪʠʨʘʥʠ ʣʠʥʠʠ); 
ɻ) ɻʣʠʢʦʧʝʧʪʠʜ G4 ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ PNGase-
F.  
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ʊʘʙʣ. 7. ʉʪʨʫʢʪʫʨʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ (G) ʦʪ ʩʫʙʝʜʠʥʠʮʘ CaeSS2 ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ C. aestuarii 

 ʌʨʘʢʮʠʷ Mʤ ʥʘ  
G  

Mʤ ʥʘ G ʩʣʝʜ 
ʪʨʝʪʠʨʘʥʝ ʩ 
ʥʝʫʨʘʤʠʥʠʜʘʟʘ 

 

Mʤ ʥʘ 
ʧʝʧʪʠʜ 

Mʤ ʥʘ 
ʛʣʠʢʘʥ 

ʇʨʝʜʧʦʣʘʛʘʝʤʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘ 
ʩʪʨʫʢʪʫʨʘ 

ʎʝʥʪʲʨ ʥʘ 
ʩʚʲʨʟʚʘʥʝ 

1 1399 1399 995 404 GalNac2 Tht-Gln-Ser 

2 2496 1762 1030 1466 N-Acetyl-O-di-NeuAc2Gal3GalNac2 Ser-Pro-Ser 

3 2855 2222 1330 1525 N-Acetyl-O-di-NeuAc2Gal3GalNac2 Ser-Tyr-Ser 

4 2498 2498 1150 1348 SO4Man4GlcNAc3 Asp-Asn-Ser 

ʅʘ ʙʘʟʘ ʥʘ ʪʘʟʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʯʝʪʠʨʠ 

ʛʣʠʢʦʧʝʧʪʠʜʘ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ ʨʘʟʣʠʯʥʠ ʩʧʝʮʠʬʠʯʥʠ ʝʥʟʠʤʠ (ʬʠʛ. 17). ʉʲʧʦʩʪʘʚʷʥʝ ʥʘ 

ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʡʦʥʠ ʚ MS ʟʘ ʚʩʠʯʢʠ ʛʣʠʢʦʧʝʧʪʠʜ, ʧʨʝʜʠ ʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ 

ʛʣʠʢʦʟʠʜʘʟʠ, ʦʧʨʝʜʝʣʷ ʚʠʜʘ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʝ (ʌʠʛ. 17ɸ-ɺ). ʋʩʪʘʥʦʚʝʥʘʪʘ ʧʨʦʤʷʥʘ ʥʘ ʡʦʥʠʪʝ 

ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ PNGase-F ʜʦʢʘʟʚʘ ʝʜʠʥ N-ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ, ʨʘʟʧʦʣʦʞʝʥ ʚ G4 (ʌʠʛ. 17ɻ) 

(ʊʘʙʣ. 7) (Dolashka-Angelova et al.,2005b). 

ʇʦʢʘʟʘʥʠʪʝ ʥʘ ʬʠʛʫʨʘ 17 ʩʪʨʫʢʪʫʨʠ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ ʩʫʙʝʜʠʥʠʮʘ CaeSS2 

ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʩʲʱʝʩʪʚʝʥʦ ʦʪ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʘʥʠ ʧʨʠ ʉʆɼ-ʟʠ. ʉʲʱʦ 

ʠʟʤʝʨʝʥʦʪʦ ʧʦ-ʚʠʩʦʢʦ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ (1.6%) ʚ ʤʦʣʝʢʫʣʘʪʘ ʥʘ Caʅ ʠ 6.3% ʟʘ 

CaeSS2 ʝ ʥʝʦʙʠʯʘʡʥʦ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda.  

ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʨʘʢ  E. verrucosa ʠ ʦʪ ʩʢʦʨʧʠʦʥ B. 

sindicus 

ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʨʘʢ E. verrucosa (Dolashki et al., 2015) 

ʠ ʦʪ ʩʢʦʨʧʠʦʥʠ B. sindicus (Ali et.al., 2000).  

 
      ʌʠʛ. 18. ʆʨʮʠʥʦʣ/H2SO4 ʪʝʩʪ ʥʘ ʩʫʙʝʜʠʥʠʮʠ 
      EvH1-4 ʩʣʝʜ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʯʠʩʪʚʘʥʝ ʩ 
      HPLC ʩʠʩʪʝʤʘ.  
    ʉʠʣʠʢʘʛʝʣʥʘ ʧʣʘʢʘ: ʧʦʟʠʮʠʷ1 - EvH1; ʧʦʟʠʮʠʷ 
    2 ï EvH2; ʧʦʟʠʮʠʷ 3 - EvH3; ʧʦʟʠʮʠʷ 4 - EvH4; 
    ʧʦʟʠʮʠʷ 5 ï ʥʘʪʠʚʥʘ EvH; ʧʦʟʠʮʠʷ 6 -  CaSS2. 
 
 
 
 
 
 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʩʪʨʫʢʪʫʨʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʨʘʢ C. aestuarii, ʩʨʘʚʥʠʪʝʣʥʠʷʪ 

ʦʨʮʠʥʦʣ/H2SO4 ʪʝʩʪ ʧʨʝʜʩʪʘʚʷ ʪʨʠ ʛʣʠʢʦʧʨʦʪʝʠʥʘ (EvH1, EvH2 ʠ EvH3) ʦʪ ʯʝʪʠʨʠʪʝ ʧʨʝʯʠʩʪʝʥʠ 

ʩʫʙʝʜʠʥʠʮʠ EvH1, EvH2, EvH3 ʠ EvH4 ʥʘ EvH, ʢʘʪʦ ʠʥʜʠʢʘʮʠʷ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʝ 

ʝ ʦʪʯʝʪʝʥʘ ʩʘʤʦ ʧʨʠ EvH4 (ʌʠʛ. 18) (Dolashki et al., 2015).  

ɼʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʥʝʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ EvH4 ʩʲʱʦ ʝ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ N-ʩʚʲʨʟʘʥ 

ʮʝʥʪʲʨ (-NXT/S-) ʚ ʦʧʨʝʜʝʣʝʥʘʪʘ ʧʲʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʫʙʝʜʠʥʠʮʘ EvH4. ɺ̡ ʧʨʝʢʠ ʯʝ ʚ ɸʂʇ ʥʘ 

EvH4 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʪʨʠ ʚʲʟʤʦʞʥʠ ʆ-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʲʨʘ, MALDI-MS ʜʦʢʘʟʚʘʪ ʦʪʩʲʩʪʚʠʝ ʥʘ 

ʩʚʲʨʟʘʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʚʝʨʠʛʠ (Dolashka-Angelova et al., 2005b).  

ʀʥʬʦʨʤʘʮʠʷ ʟʘ ʚʲʟʤʦʞʥʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʠ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ ʩʲʱʦ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ɸʂʇ ʥʘ ʩʫʙʝʜʠʥʠʮʘ Bsin1 ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʩʢʦʨʧʠʦʥʠ B. sindicus. ʆʪʯʝʪʝʥʘʪʘ 

ʨʘʟʣʠʢʘ (0.5%) ʤʝʞʜʫ ʠʟʤʝʨʝʥʘʪʘ Mʤ ʥʘ Bsin1 ʯʨʝʟ MALDI-MS (72423.7 Da) ʠ ʪʝʦʨʝʪʠʯʥʦ 

ʠʟʯʠʩʣʝʥʘʪʘ ʄʤ (72103.9 Da) ʦʪ ɸʂʇ ʥʘ Bsin1 ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ Bsin1 (Ali et al., 2000).  
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IV.4.3. ɺʒɻʃɽʍʀɼʈɸʊʅɸ ʉʊʈʋʂʊʋʈɸ ʅɸ ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ɺʀɼ MOLLUSCA 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ 

ʧʨʝʜʪʘʚʣʷʚʘʪ ʚʘʞʥʘ ʯʘʩʪ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ, ʢʘʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʦʭʣʶʚ R. venosa, ʛʨʘʜʠʥʩʢʠ ʦʭʣʶʚ H. lucorum ʠ ʤʠʜʘʪʘ H. 

tuberculate, ʢʦʠʪʦ ʦʙʠʪʘʚʘʪ ʤʝʩʪʘ ʩ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ ʥʘ ʞʠʚʦʪ.  

IV.4.3.1. ɺʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʦʭʣʶʚ Rapana venosa 

ʅʘ ʙʘʟʘ ʥʘ ʧʫʙʣʠʢʫʚʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʣʦʞʥʘʪʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʠ ʧʨʠʣʦʞʝʥʘ ʥʦʚʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʘʥʘʣʠʟ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 (12.4%) ʠ RvH2 (4.4%) RvH (ʌʠʛ. 19). 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
ʌʠʛ. 19. ʉʭʝʤʘ ʟʘ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1, RvH2 ʠ ʌɽ-ʮʠ. ɺ 
       ʦʩʥʦʚʘʪʘ ʥʘ ʪʘʟʠ ʩʪʨʘʪʝʛʠʷ ʩʘ ʟʘʣʦʞʝʥʠ ʜʚʘ ʦʩʥʦʚʥʠ ʧʦʜʭʦʜʘ:  

   ʇʒʈɺʀ ʇʆɼʍʆɼ ɿɸ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ɺʒɻʃɽʍʀɼʈɸʊʅɸʊɸ ʉʊʈʋʂʊʋʈɸ ʅɸ RvH  

ʀʟʦʣʠʨʘʥʝ ʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ ʌɽ-ʮʠ ʥʘ RvH 

 ʇʲʨʚʠʷʪ ʧʦʜʭʦʜ ʦʪ ʨʘʟʨʘʙʦʪʝʥʘʪʘ ʠ ʧʨʠʣʦʞʝʥʘ ʩʪʨʘʪʝʛʠʷ ʚʢʣʶʯʚʘ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ ʌɽ-ʮʠ 

ʦʪ RvH1 ʠ ʨʘʟʜʝʣʷʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʥʘ ʢʦʣʦʥʘ Superdex 300 (ʌʠʛ.19). ʏʨʝʟ ʥʝʛʦ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ RvH1-ʘ, RvH1-f ʠ RvH1-b, ʢʦʝʪʦ ʛʦ 

ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʩʣʦʞʥʠʪʝ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ 

ʦʪ ʤʦʣʶʩʢʠ (Beck et al., 2007; Dolashka-Angelova et al., 2003b). ɸʂʇ ʥʘ ʪʝʟʠ ʌʋ ʩʘ ʦʧʨʝʜʝʣʝʥʠ 

ʯʨʝʟ ɽʜʤʘʥʦʚʦ ʨʘʟʛʨʘʞʜʘʥʝ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʦʪ ʧʨʦʪʝʠʥʘ ʩ ʛʣʠʢʦʟʠʜʘʟʘ 

PNGase-F, ʘ ʧʦʣʦʞʠʪʝʣʥʠʷʪ ʦʨʮʠʥʦʣ/H2SO4 ʪʝʩʪ ʜʦʢʘʟʚʘ ʜʚʘ (Glp1 ʠ Glp2) ʛʣʠʢʦʧʝʧʪʠʜʘ ʚ 

RvH1-ʘ ʠ ʩʘʤʦ ʝʜʠʥ (Glp3) ʚ RvH1-f.  

 ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʩʣʦʞʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʪʨʠʪʝ ʛʣʠʢʦʧʝʧʪʠʜʘ (Glp1, Glp2 ʠ Glp 

3) (ʊʘʙʣ. 8) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ ʨʘʟʣʠʯʥʠ ʛʣʠʢʦʟʠʜʘʟʠ ʠ ʘʥʘʣʠʟʠ ʩ ʉɽ-MS ʠ ESI-

MS. ʇʦʢʘʟʘʥʠʪʝ ʬʨʘʛʤʝʥʪʥʠ ʡʦʥʠ ʚ MS/MS ʥʘ ʬʠʛʫʨʘ 20 ʧʨʝʜʩʢʘʟʚʘʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Glp1 

(Dolashka-Angelova et al.,2004b). ʇʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ESI-MS ʩʲʱʦ ʦʧʨʝʜʝʣʷʪ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ Glp2, ʢʘʪʦ ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʩ Mʤ 1653 Da (ʌʠʛ. 20ɸ) ʢʲʤ ʧʝʧʪʠʜ ʩ Mʤ 

1175.7 Da (ʌʠʛ. 20ɹ) (ʊʘʙʣ. 8). 

ɽʥʟʠʤʥʘ ʭʠʜʨʦʣʠʟʘ ʩ 

ʪʨʠʧʩʠʥ  

RvH ʠ ʩʫʙʝʜʠʥʠʮʠ 

ʅʘʥʦ-ɽʣʝʢʪʨʦʩʧʨʝʡ 
ʡʦʥʠʟʘʮʠʦʥʝʥ MS/MS  

ʆʧʨʝʜʝʣʷʥʝ ʥʘ N-
ʩʚʲʨʟʚʘʱʠ ʮʝʥʪʨʦʚʝ  

ɻʣʠʢʦʧʝʧʪʠʜʠ 

Q trap-
LC/MS/MS 

ESI-MS 

ʉʪʨʫʢʪʫʨʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ 

ɻʝʥʥʦ 

ʩʝʢʚʝʥʠʨʘʥʝ 

ʀʟʦʣʠʨʘʥʝ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʝʜʠʥʠʮʠ 

MALDI-TOF/MS 

N-ʛʣʠʢʘʥʠ 

Eʥʟʠʤʥʘ ʭʠʜʨʦʣʠʟʘ ʩ 
PNGase F 

ESI-MS/MS 

ʊʘʥʜʝʤ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʷ: Q 

Trap- ʩʠʩʪʝʤʘ 

ʉʪʨʫʢʪʫʨʘ ʥʘ 
ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʚʝʨʠʛʘ  

CE-MS 

ʉʧʝʮʠʬʠʯʥʠ  
ʝʢʟʦ-ʛʣʠʢʦʟʠʜʘʟʠ 

ʇʲʨʚʠ ʧʦʜʭʦʜ ɺʪʦʨʠ ʧʦʜʭʦʜ 
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ʊʘʙʣ. 8. ɸʥʘʣʠʟ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ RvH1-ʘ ʠ RvH1-f ʧʨʝʜʠ ʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ PNGase-F. ʄʤ ʥʘ 
ʬʨʘʢʮʠʠʪʝ : ʘ) ʠʟʤʝʨʝʥʘ ʩ MALDI-MS; ʙ) ʠʟʯʠʩʣʝʥʘ ʄʤ ʦʪ ɸʂʇ 

ʌʨʘʢʮʠʠ ɸʤʠʥʦʢʠʩʝʣʠʥʥʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 

ɻʣʠʢʦʧʝʧʪʠʜ 
Mw (Da) 

ʇʝʧʪʠʜ 
Mw (Da) 

ʆʣʠʛʦʟʘʭʘʨʠʜ 
Mw (Da) 

Glp 1  RvH1-ʘ  FANATSIDGPNA 2786[2763+Na]+ 1177.0a    1177.5 ʙ 1609[1586+Na]+ 

Glp 2  RvH1-ʘ EMLTLNGTNLA 2846.2[2828+ʅ]+ 1175.7 a    1175.6ʙ 1653 [1652+H]+ 

Glp 3   RvH1-f IHSYSGSYINASLLHGPSII 3848 [3847+H]+ 2940 a 907 [906+H]+ 

ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʜʦʢʘʟʚʘʪ ʩʣʦʞʥʠʪʝ ʙʠʘʥʪʝʥʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʘʥʠ ʩ ʚʢʣʶʯʝʥʠ ʤʝʪʠʣʠʨʘʥʠ 

ʛʘʣʘʢʪʦʟʠ, ʩʚʲʨʟʘʥʠ ʢʲʤ Glp1 ʠ Glp2, ʢʦʠʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ Glp3 ʦʪ 

ʌɽ RvH1-f (ʌʠʛ. 20ɺ) (Dolashka-Angelova et al., 2003).  

 
 
 
ʌʠʛ. 20ɸ. ESI-MS ʘʥʘʣʠʟ ʥʘ Glp1 ʩʣʝʜ 
ʝʥʟʠʤʥʘ ʭʠʜʨʦʣʠʟʘ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ 
ʛʣʠʢʦʟʠʜʘʟʠ:PNGase-F, Ŭ1-2,3 ʤʘʥʦʟʠ-
ʜʘʟʘ ʠ ɓ1-2,3,4,6-GlcNAcase. 
 
 
ɹ) ʉɽ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʩʣʝʜ 
ʪʨʝʪʠʨʘʥʝ ʥʘ Glp2 ʩ PNGase-F.  

 

 

 

 

 
ɺ) ʇʨʝʜʧʦʣʘʛʘʝʤʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ 
ʩʪʨʫʢʪʫʨʠ ʥʘ Glp1, Glp2 ʠ Glp3. 
(Dolashka-Angelova et al., 
2004b). 

 

 

 

 

 

 

ʏʨʝʟ ʨʘʟʨʘʙʦʪʝʥʠ ̫ ʧʦʜʭʦʜ ʟʘ ʧʲʨʚʠ ʧʲʪ ʝ ʧʨʝʜʦʩʪʘʚʝʥʘ ʧʦʜʨʦʙʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʨʠ ʛʣʠʢʘʥʘ ʚ RvH, ʢʘʪʦ ʩʘ ʧʦʪʚʲʨʜʝʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʝʢʦʪʝʣʠ, ʩ ʚʢʣʶʯʝʥʠ ʤʝʪʠʣʠʨʘʥʠ ʤʦʥʦʟʘʭʘʨʠʜʠ.  

ʉʪʨʫʢʪʫʨʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ RvH, ʦʧʨʝʜʝʣʝʥʘ ʯʨʝʟ LC/ESI-MS  

ʅ̫ ʢʦʠ ʦʪ ʧʦʣʫʯʝʥʠ ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ RvH1 ʠ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʥʘ ʩʠʣʠʢʘʛʝʣʥʘ ʧʣʘʢʘ 

ʛʣʠʢʦʧʝʧʪʠʜʠ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩ nano-ESI-MS (ʌʠʛ. 21). ʉʣʝʜ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʬʨʘʛʤʝʥʪʥʠʪʝ 

ʡʦʥʠ ʥʘ MS/MS ʘʥʘʣʠʟʘ ʥʘ ʡʦʥ ʩ m/z 1099.5 [M+2H]2+, ʝ ʦʧʨʝʜʝʣʝʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʚʘ ʛʣʠʢʦʧʝʧʪʠʜʘ, G2 (ʄʤ 2197.0 Da) (ʌʠʛ. 22ɸ) ʠ ʥʘ G3 ʯʨʝʟ ʪʘʥʜʝʤ-

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʇʦʜʨʦʙʥʠ ʩʪʨʫʢʪʫʨʥʠ ʜʝʪʘʡʣʠ ʟʘ ʛʣʠʢʦʧʝʧʪʠʜʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʣʝʜ 

ʩʢʘʥʠʨʘʥʝ ʩ ʧʩʝʚʜʦ-MS/MS/MS ʧʨʠ ʧʦ-ʚʠʩʦʢʦ ʥʘʧʨʝʞʝʥʠʝ ʠ ʝʥʝʨʛʠʷ ʥʘ ʩʙʣʲʩʲʢ (ʌʠʛ. 22ɺ), ʚ 

ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʝ ʦʧʨʝʜʝʣʝʥʘ ɸʂʇ (FSWVDGHNTSR) ʥʘ ʧʝʧʪʠʜ ʩ ʄʤ 1508.83 Da ʠ ʝʜʠʥ N-

ʩʚʲʨʟʘʥ ʮʝʥʪʲʨ ʩ GlcNAc. ʈʘʟʣʠʢʘʪʘ ʦʪ 203 Da ʤʝʞʜʫ ʜʚʘ ʡʦʥʘ ʩ m/z 1305.81 [M+2H] 2+ ʠ ʩ m/z 

1508,83 [M+2H]2+, ʧʨʝʜʩʪʘʚʷ ʩʚʲʨʟʘʥ HexNAc ʢʲʤ ʧʝʧʪʠʜ ʩ  
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ʌʠʛ. 21. ʆʨʮʠʥʦʣ//H2SO4 ʪʝʩʪ ʥʘ 
ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʢʮʠʠ ʥʘ RvH1ʩʣʝʜ 
ʪʨʠʧʩʠʥʦʣʠʟʘ.  

ʌʠʛ. 22ɸ. MS/MS ʘʥʘʣʠʟ ʥʘ ʛʣʠʢʘʥ 
ʦʪ G2 ʩ m/z 1099.54 
[ʄ+2ʅ]2+;ʝʥʝʨʛʠʷ ʥʘ ʩʙʣʲʩʢ̡ ʚ 
ʢʣʝʪʢʘʪʘ 37 eV. 

 

 
 
 
 
 
 
 
 
 
 

 
(ɹ) ʇʩʝʚʜʦ-MS/MS/MS ʥʘ ʬʨʘʛʤʝʥʪʠʨʘʥʝ ʥʘ ʧʝʧʪʠʜʘ, ʩʚʲʨʟʘʥ ʩ ʝʜʠʥ HexNAc (m/z 1508.68), ʧʨʠʣʦʞʝʥʦ 
ʥʘʧʨʝʞʝʥʠʝ 95 V ʠ ʝʥʝʨʛʠʷ ʥʘ ʩʙʣʲʩʲʢ 80 eV. 

 

ʄʤ 1305.81 Da, ʢʦʝʪʦ ʝ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʘ (Beck 

et al., 2007)..  

ʀʥʪʝʨʝʩʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʪʝʞʘʚʘ ʠ ʜʨʫʛ ʛʣʠʢʦʧʝʧʪʠʜ ʦʪ RvH1 ʩ m/z 972.5 [M+2H]2+ (ʄʤ 

1944.0 Da), ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʩ m/z 1108,67[M+2H]2+ Man(a1-6)Man(a1-3)Man(b1-

4)GlcNAc(b1-4)[Fuc(a1-6)]GlcNAc-R ʢʲʤ Asn ʦʪ ʧʝʧʪʠʜʘ AENITTTR ʩ ʄʤ 905,5 Da. 

ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʩʫʙʝʜʠʥʠʮʘ RvH1 ʩʘ ʧʨʦʚʝʜʝʥʠʪʝ µLC/ESI-MS 

ʘʥʘʣʠʟʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʢʮʠʠ ʩʣʝʜ ʭʠʜʨʦʣʠʟʘ ʥʘ RvH1. ɼʦʢʘʟʘʥʠ ʩʘ ʪʨʠ ʛʣʠʢʦʧʝʧʪʠʜʘ ʩ Mʤ 

2745.5 Dʘ, 2421.0 Dʘ ʠ 2907.1 Dʘ, ʚ ʝʣʫʠʨʘʥʠʪʝ ʥʘ 18.5 ʠ ʥʘ 20.78 min ʬʨʘʢʮʠʠ, ʢʲʤ ʢʦʠʪʦ ʩʲʱʦ 

ʩʘ ʩʚʲʨʟʘʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʦʪ ʚʠʩʦʢʦ ʤʘʥʦʟʝʥ ʚʠʜ (Dolashka-Angelova et al., 2003ʘ; 

2004b). 

ʉʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ RvH, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʥʘʥʦ-ESI-MS 

ɼʦʧʲʣʥʝʥʠʝ ʢʲʤ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH ʩʘ ʠ ʧʨʝʜʩʪʘʚʝʥʠʪʝ 

ʛʣʠʢʦʧʝʧʪʠʜʠ ʩʣʝʜ ʢʦʤʧʣʝʢʩʝʥ ʥʘʥʦ-ESI-ʄS ʘʥʘʣʠʟ, ʢʦʠʪʦ ʩʘ ʠʟʦʣʠʨʘʥʠ ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ 

RvH1 ʠ RvH2. ɼʦʢʘʟʘʥʠ ʩʘ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʛʣʠʢʘʥʠʪʝ, ɸʂʇ ʥʘ ʧʝʧʪʠʜʠʪʝ ʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ 

ʮʝʥʪʨʦʚʝ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠʪʝ (Beck et al., 2007). 
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ʌʠʛ. 23. ʅʘʥʦ-ESI-MS/MS ʘʥʘʣʠʟ 
ʥʘ ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʢʲʤ 
ʛʣʠʢʦʧʝʧʪʠʜ G1, ʧʨʝʜʩʪʘʚʝʥ ʦʪ 

ʡʦʥ ʩ m/z 1338.16 [M+2H]2
+. 

 
 

 

 

 

 

 

 

 

 

ʆʪ ʧʨʝʜʩʪʘʚʝʥʠʷ ʥʘ MS/MS ʡʦʥ ʩ m/z 1338.16 [M+2H]2+ ʝ ʠʟʯʠʩʣʝʥʘ Mʤ 2676.32 Dʘ ʥʘ ʝʜʠʥ 

ʛʣʠʢʦʧʝʧʪʠʜ ʦʪ RvH1, ʘ ʬʨʘʛʤʝʥʪʥʠʷʪ ʡʦʥ ʩ m/z 1661.71 ʦʧʨʝʜʝʣʷ N-ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʢʲʤ ʧʝʧʪʠʜ 

(R-) ʩ m/z 1459.75 [M+H]+ʠ ʝʜʠʥ GlcNAc (ʌʠʛ. 23). 

   ʉʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ RvH, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ Q-trap LC/MS/MS ʩʠʩʪʝʤʘ 

ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʠʟʨʘʟʝʥʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 ʝ 

ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥ ʘʥʘʣʠʟ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʩ LC/MS ʠ Q-trap ʩʠʩʪʝʤʠ ʩʣʝʜ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʢʘʥʠʨʘʥʝ ʥʘ ʬʨʘʢʮʠʠʪʝ ʟʘ ʡʦʥʠ ʩ m/z 163 (Hex+), 204 (HexNAc+) ʠ 366 

(HexHexNAc+) (Dolashka-Angelova et al.,2009; Dolashka et al., 2009).  

ɹ) EPI ʩʢʘʥʠʨʘʥʝ ʧʨʠ ʧʦʚʠʰʝʥʘ ʨʝʟʦʣʶʮʠʷ ʥʘ ʡʦʥ ʩ m/z 837.97 [M+3H]3+. 

ʇʦʣʫʯʝʥʘʪʘ ʧʨʠ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʥʘ ʩʢʘʥʠʨʘʥʝ LC/MS/MS ʭʨʦʤʘʪʦʛʨʘʤʘ, ʥʘ ʝʣʫʠʨʘʥʘʪʘ 

ʬʨʘʢʮʠʷ ʥʘ 31.24 min, ʠʟʨʘʟʷʚʘ ʝʜʠʥ ʜʦʤʠʥʠʨʘʱ ʡʦʥ ʩ m/z 837.97[M+3H]3+(ʌʠʛ. 24ɸ), ʢʦʡʪʦ 

ʧʨʝʜʩʪʘʚʷ ʛʣʠʢʦʧʝʧʪʠʜ ʩ Mʤ 2511.91 Dʘ (ʌʠʛ. 24ɹ). ɼʨʫʛʠʪʝ ʬʨʘʛʤʝʥʪʥʠ y- ʠ b-ʡʦʥʠ ʦʧʨʝʜʝʣʷʪ 

ɸʂʇ ʥʘ ʧʝʧʪʠʜ MGQYGD(I/L)STNNTR (ʌʠʛ. 24ɹ), ʢʘʪʦ ʦʯʝʨʪʘʚʘʪ ʜʚʘ ʧʦʪʝʥʮʠʘʣʥʠ ʮʝʥʪʲʨʘ ʥʘ 

ʛʣʠʢʦʟʠʣʠʨʘʥʝ (ïD(L/I)S- ʠ ïNNT-), ʤʘʨʢʠʨʘʥʠ ʦʪ ʡʦʥ b13 ʩ m/z 1439.6[M+H]+ ʠʣʠ ʡʦʥ y13 ʩ m/z 

1457.5 [M+H]+. ʇʨʦʚʝʜʝʥʠʪʝ ʘʥʘʣʠʟʠ ʩ LC/MS ʠ Q-trap ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ ʩ Mʤ 2511.91 Da ʩʲʱʦ 

ʜʦʢʘʟʚʘʪ ʝʜʠʥ ʩʚʲʨʟʘʥ ʚʠʩʦʢʦʤʘʥʦʟʝʥ ʛʣʠʢʘʥ Hex2Man3GlcNAc2 (Mʤ 1054.0 Da) ʢʲʤ ʮʝʥʪʲʨ 

 (-NNT-) ʦʪ ʛʣʠʢʦʧʝʧʪʠʜʘ. 

ʌʠʛ. 24A. ʇʨʝʢʫʨʩʦʨʥʦ ʡʦʥʥʦ ʩʢʘʥʠ-
ʨʘʥʝ ʥʘ ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ ʥʘ 31,24 
min    (ʚʤʲʢʥʘʪʘ).  
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ɺʊʆʈʀ ʇʆɼʍʆɼ ɿɸ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ɺʒɻʃɽʍʀɼʈɸʊʅɸʊɸ ʉʊʈʋʂʊʋʈɸ ʅɸ RvH 

ʀʟʦʣʠʨʘʥʝ ʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ N-ʩʚʲʨʟʘʥʠ ʛʣʠʢʘʥʠ ʦʪ RvH ʩ MALDI-TOF-MS 

ʂʘʪʦ ʥʝʜʦʩʪʘʪʲʢ ʥʘ ʧʨʠʣʦʞʝʥʠ ̫ ʧʲʨʚʠ ʧʦʜʭʦʜ ʧʨʠ ʘʥʘʣʠʟ ʥʘ MS ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʝ 

ʫʩʪʘʥʦʚʝʥʦ ʟʘʪʨʫʜʥʝʥʠʝ ʧʨʠ ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ ʛʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʬʨʘʛʤʝʥʪʥʠ y- ʠ b-

ʡʦʥʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʬʨʘʛʤʝʥʪʠ ʦʪ ʧʝʧʪʠʜʘ, ʢʘʢʪʦ ʠ Y- ʠ B-ʡʦʥʠ, ʢʦʠʪʦ ʩʘ ʬʨʘʛʤʝʥʪʠ ʦʪ 

ʛʣʠʢʘʥʘ. ʊʦʟʠ ʧʨʦʙʣʝʤ ʝ ʨʝʰʝʥ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʚʪʦʨʠʷ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʡʪʦ ʛʣʠʢʘʥʠʪʝ ʩʘ 

ʦʪʜʝʣʝʥʠ ʦʪ ʩʫʙʝʜʠʥʠʮʠ RvH1 ʠ RvH2 ʩ̡ ʩ ʩʧʝʮʠʬʠʯʥʘ ʛʣʠʢʦʟʠʜʘʟʘ PNGase, ʩʣʝʜ ʢʦʝʪʦ ʩʘ 

ʘʥʘʣʠʟʠʨʘʥʠ ʯʨʝʟ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ.  

ʏʘʩʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʣʫʠʨʘʥʠ ʛʣʠʢʘʥʠ ʥʘ Carbograph ʢʦʣʦʥʘ ʩ 2 ml 

25% AʉN ʠ 0.05% TFA ʝ ʫʩʪʘʥʦʚʝʥʘ ʩʣʝʜ ʦʪʯʠʪʘʥʝ ʩ MALDI-TOF ʠ ʉɽ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ MS ʧʨʝʜʠ 

ʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʩ ʜʨʫʛʠ ʛʣʠʢʦʟʠʜʘʟʠ, ʢʘʪʦ : Ŭ-1,2,3,4,6-ʬʫʢʦʟʠʜʘʟʘ ɓ-

ʛʘʣʘʢʪʦʟʠʜʘʟʘ, Ŭ-1,2,3-ʤʘʥʦʟʠʜʘʟʘ ɓ-1,2,3,4,6-N-ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʠʥʠʜʘʟʘ. ʀʥʪʝʨʝʩ ʧʨʝʜʩ-ʪʘʚʣʷʚʘ 

ʪʨʝʪʠʨʘʥʝʪʦ ʥʘ ʛʣʠʢʘʥʠʪʝ ʩ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʘ, ʢʦʝʪʦ ʥʝ ʚʦʜʠ ʜʦ ʧʨʦʤʷʥʘ ʥʘ ʡʦʥʠʪʝ ʚ MS ʠ 

ʧʨʝʜʧʦʣʘʛʘ ʦʪʩʲʩʪʚʠʝ ʥʘ Gal ʦʩʪʘʪʲʢ (Dolashka et al., 2010ʘ; Sandra et al., 2007). 

ʉʪʨʫʢʪʫʨʠ ʥʘ N-ʛʣʠʢʘʥʠ ʦʪ RvH, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʢʘʧʠʣʷʨʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʠ 

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠ ̫ʧʦʜʭʦʜ ʥʘ CE ʩ MS ʘʥʘʣʠʟʠ ʛʦ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʥʘʡ-ʧʦʜʭʦʜʷʱ 

ʟʘ ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʛʣʠʢʘʥʠ, ʩ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʤʝʩʠ. ʏʨʝʟ ʪʦʟʠ ʧʦʜʭʦʜ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʩʪʨʫʢʪʫʨʘʪʘ Man3FucGlcNAc2 ʥʘ ʝʣʫʠʨʘʥʠʷ ʥʘ 10 min ʛʣʠʢʘʥ ʦʪ RvH1 ʩʣʝʜ 

ʤʘʨʢʠʨʘʥʝ ʩ 8-ʘʤʠʥʦʧʠʨʝʥ-1,3,6-ʪʨʠʩʫʣʬʦʥʘʪ (APTS) (ʌʠʛ. 25ɸ), ʢʦʡʪʦ ʥʘ CE-MS/MS ʝ 

ʧʨʝʜʩʪʘʚʝʥ ʩ ʦʪʨʠʮʘʪʝʣʥʦ ʟʘʨʝʜʝʥʠ ʡʦʥʠ ʩ m/z 747.8 [M-2H]2- ʠ m/z 498.2 [M-3H]3- (ʌʠʛ. 25ɹ, ɺ). 

ɺ ʧʦʜʢʨʝʧʘ ʥʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ Fuc ʢʲʤ ʥʘʯʘʣʥʠʷ GlcNAc ʦʩʪʘʪʲʢ ʦʪ ʛʣʠʢʘʥʘ ʝ ʡʦʥ ʩ 

m/z 748 [M-2H]2- ʚ MS/MS ʘʥʘʣʠʟʘ (Sandra et al., 2007). 

ʌʠʛ. 25. ʂʦʤʙʠʥʠʨʘʥ ʘʥʘʣʠʟ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ ʩ m/z 747.8[M-
2H]2-: ɸ) CE-MS-ʇɸɻɽ ʥʘ APTS-N- 
ʛʣʠʢʘʥʠ ʦʪ RvH1; ɹ) MS ʥʘ ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ ʥʘ 10 min; ɺ) MS/MS ʥʘ ʡʦʥ ʩ m/z 747.8 [M-2H]2-. 

               IV.4.3.2. ɼʦʢʘʟʚʘʥʝ ʥʘ ʥʦʚ ʚʠʜ ʚʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚ  RvH1 ʠ RvH2 

ɼʨʫʛʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʚʪʦʨʠʷ ʧʦʜʭʦʜ ʠ CE-MS/MS ʩʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ʩʣʦʞʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʛʣʠʢʘʥ ʩ m/z 555.7 [M-3H]3 ʚ ʩʤʝʩʠ, ʢʦʠʪʦ ʩʘ ʠʟʨʘʟʝʥʠ ʩʲʩ ʩʭʦʜʥʠ MS/MS ʟʘ ʜʚʝʪʝ ʝʣʫʠʨʘʥʠ 

ʠʟʦʤʝʨʥʠ ʬʦʨʤʠ ʥʘ 10,5 ʠ ʥʘ 10,9 min(ʌʠʛ. 26ɸ). ʋʩʪʘʥʦʚʝʥʠ ʩʘ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʚ 

ʩʚʲʨʟʚʘʥʠʷ ʪʨʠʟʘʭʘʨʠʜ ʢʲʤ ʧʦʟʠʮʠʠ Ŭ-1,3 ʥʘ GlcNAc ʦʩʪʘʪʲʢ, ʠʣʠ Ŭ-1,6-arm ʦʪ ʷʜʨʦʪʦ ʥʘ ʜʚʝʪʝ 

ʠʟʦʬʦʨʤʠ ʥʘ ʛʣʠʢʘʥʘ (ʌʠʛ. 26ɹ, ɺ). 
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ʆʧʨʝʜʝʣʝʥʠʪʝ ʠʟʦʬʦʨʤʠ ʧʨʝʜʩʪʘʚʷʪ ʢʦʨʠʛʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʨʠʟʘʭʘʨʠʜ, ʚ ʢʦʡʪʦ ʝʜʥʘ 

ʩʫʣʬʘʪʥʘ ʛʨʫʧʘ ʝ ʟʘʤʝʥʝʥʘ ʩ ʭʝʢʩʫʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ (HexA), ʩʚʲʨʟʘʥʘ ʢʲʤ Fuc HexNAc 

ʬʨʘʛʤʝʥʪ. ʇʦʜʦʙʥʠ ʩʘ ʧʨʝʜʩʢʘʟʘʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠ ʟʘ  ʛʣʠʢʘʥʠ ʩ m/z 519.2, 569.8 ʠ 606.5 [M-4H]4-, 

ʢʦʠʪʦ ʩʘ ʠʟʦʤʝʨʥʠ ʬʦʨʤʠ ʩ ʠʜʝʥʪʠʯʥʠ ʩʧʝʢʪʨʠ.  

ʅʘ ʙʘʟʘ ʥʘ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ ʝ ʠʟʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʝ ʬʦʨʤʠʨʘʥʝʪʦ ʚ RvH1 ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʘʥʠ ʩ HexA ʥʘʡ-ʚʝʨʦʷʪʥʦ ʝ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʦʢʠʩʣʷʚʘʱʦʪʦ 

ʦʙʢʨʲʞʝʥʠʝ, ʚ ʢʦʝʪʦ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ (Sandra et al., 2007). 

                   ɸʥʘʣʠʟ ʥʘ 3-AP- ʠ APTS- ʙʝʣʷʟʘʥʠ ʛʣʠʢʘʥʠ ʦʪ RvH 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʛʣʠʢʘʥʠ ʦʪ RvH1, ʩ ʤʥʦʛʦ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʤʝʩʠ, ʝ 

ʧʨʠʣʦʞʝʥ ʠ ʜʨʫʛ ʥʦʚ ʧʦʜʭʦʜ, ʢʘʪʘ ʯʨʝʟ CE-MS ʠ MS/MS ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ ʤʘʨʢʠʨʘʥʠ ʩ 

ʧʦʣʦʞʠʪʝʣʥʦ ʟʘʨʝʜʝʥ 3-AP (3-ʘʤʠʥʦʧʠʨʘʟʦʣ) ʛʣʠʢʘʥʠ. ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʘʥʘʣʠʟʠ ʦʪʯʠʪʘʪ 

ʦʪʤʝʩʪʚʘʥʝ ʚʲʚ ʚʨʝʤʝʪʦ ʥʘ ʝʣʫʠʨʘʥʝ (ʥʘ 14.87 min ʠ 15.59 min) ʚ ʩʤʝʩ ʥʘ ʜʚʘ 3-AP-ʛʣʠʢʘʥʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʠʛ. 27ɸ. MS/MS ʘʥʘʣʠʟ ʥʘ 3- 
AP-ʛʣʠʢʘʥ ʩ m/z 853.7 [M+2H]2+ 
ʝʣʫʠʨʘʥ ʥʘ 14.87 min. 

ʌʠʛ. 26ɸ) CE-MS/MS ʘʥʘʣʠʟ ʥʘ ʡʦʥ ʩ m/z 555.7 
[M-3H]3 ; ɹ) MS/MS ʥʘ ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ ʥʘ 
10.5 min ʠ ɺ) ʥʘ 10.9 min ʩ ʡʦʥ ʩ m/z 557.8 [M- 
3H]3  ʠ ʩʪʨʫʢʪʫʨʘ Man5GlcNAc2. 
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ɻʣʠʛʘʥʠʪʝ, ʠʟʨʘʟʝʥʠ ʦʪ ʡʦʥ ʩ m/z 853.7[M+2H]2+ (FucHexAHexNAcGlcNAcMan3GlcNAc2) (ʌʠʛ. 

27ɸ) ʠ ʡʦʥ ʩ m/z 1028.5 [M+2H]2+ (Fuc2HexAHexNAcGlcNAc2Man3GlcNAc2) (ʌʠʛ. 27ɹ), ʠʤʘʪ ʩʣʦʞʥʠ 

ʩʪʨʫʢʪʫʨʠ. 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʢʠʩʝʣ ʪʝʪʨʘʟʘʭʘʨʠʜ, ʩʚʲʨʟʘʥ ʥʘ ʧʦʟʠʮʠʠ Ŭ-1,3 ʠʣʠ Ŭ-1,6-arm ʦʪ 

ʪʨʠʤʘʥʦʟʥʘʪʘ ʩʲʨʮʝʚʠʥʘ ʥʘ ʪʝʟʠ ʛʣʠʢʘʥʠ, ʝ ʦʪʯʝʪʝʥʘʪʘ ʚ MS/MS ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʡʦʥ ʩ m/z 853.7 

[M+2H]2+ (ʌʠʛ. 27ɸ) ʠ ʩ m/z 926.8[M+2H]2+ (ʌʠʛ. 27ɹ), ʢʦʷʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ Fuc ʦʩʪʘʪʲʢ. ʉʚʲʨʟʘʥ 

Fuc ʦʩʪʘʪʲʢ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʚʝʨʠʛʘʪʘ ʠ ʜʨʫʛ ʢʲʤ ʧʲʨʚʠʷ GlcNAc ʦʪ ʚʝʨʠʛʘʪʘ (Y1 ʡʦʥ ʩ m/z 

435 ʠ Y6ɓ/Y1ɔ ʡʦʥ ʩ m/z 1503.2) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʡʦʥ ʩ m/z 926.8 [M+2H]2+ (Sandra et al., 2007). 

ɼʦʢʘʟʚʘʥʝ ʥʘ ʭʝʢʩʫʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʘʥʠ ʦʪ RvH1 ʯʨʝʟ 

ʘʤʠʜʠʨʘʥʝ ʠ ʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ 

ʉʚʲʨʟʚʘʥʝʪʦ ʥʘ HexA ʢʲʤ ʢʠʩʝʣʠ ʛʣʠʢʘʥʠ ʝ ʧʦʪʚʲʨʜʝʥʦ ʩ ʨʘʟʨʘʙʦʪʝʥ ʥʦʚ ʤʝʪʦʜ ʥʘ 

ʘʤʠʜʠʨʘʥʝ (ʩ NH4Cl) ʠ ʧʝʨʤʝʪʠʣʠʨʘʥʝ (ʩ CH3I) ʥʘ ʢʠʩʝʣʠʪʝ ʛʣʠʢʘʥʠ ʚ ʩʤʝʩʪʘ. ɺ ʦʩʥʦʚʘʪʘ ʥʘ 

ʤʝʪʦʜʘ ʝ ʤʦʜʠʬʠʮʠʨʘʥʝ ʥʘ ʢʘʨʙʦʢʩʠʣʥʠʪʝ ʛʨʫʧʠ ʩ NH4Cl ʠ DMT-MM [4-(4,6-ʜʠʤʝʪʦʢʩʠ-1,3,5-

ʪʨʠʘʟʠʥ-2yl)-4-ʤʝʪʠʣʤʦʨʬʦʣʠʥʠʝʚ ʭʣʦʨʠʜ], ʩʣʝʜ ʢʦʝʪʦ ʢʘʨʙʦʢʩʠʣʥʘʪʘ ʢʠʩʝʣʠʥʘ ʩʝ ʧʨʝʚʨʲʱʘʥʝ 

ʚ ʘʤʠʜ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ Mʤ ʥʘ ʢʠʩʝʣʠʪʝ ʛʣʠʢʘʥʠ ʩ 0.9840 Da. 

ʆʪʯʝʪʝʥʘʪʘ ʚ MALDI-MS (ʌʠʛ. 28ɸ) ʧʨʦʤʷʥʘ ʥʘ Mʤ ʥʘ ʦʩʝʤ N-ʩʚʲʨʟʘʥʠ ʛʣʠʢʘʥʘ ʚ RvH1 

ʩʣʝʜ ʘʤʠʜʠʨʘʥʝ ʩ NH4Cl (ʌʠʛ. 28ɹ), ʜʦʢʘʟʚʘ ʩʚʲʨʟʘʥ HexA ʚ ʛʣʠʢʘʥʠʪʝ ʥʘ RvH. ʇʨʝʚʨʲʱʘʥʝʪʦ 

ʥʘ HexA ʚ MeHex ʚʦʜʠ ʜʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʄʤ ʥʘ ʛʣʠʢʘʥʠʪʝ ʩ 14 Da ʩʣʝʜ ʧʝʨʤʝʪʠʣʠʨʘʥʝ  (ʊʘʙʣ. 9, 

ˉ14, 17, 19 ʠ 21) (Sandra et al., 2007; Dolashka et al., 2010ʘ).  

 

 

ʌʠʛ. 28. MALDI-MS/MS ʘʥʘʣʠʟ 

ʥʘ:  

 
ɸ) ʥʝʘʤʠʜʠʨʘʥʠ N-ʛʣʠʢʘʥʠ ʦʪ 
RvH1 
 
 
 
ɹ) ʘʤʠʜʠʨʘʥʠ N-ʛʣʠʢʘʥʠ ʦʪ 
RvH1 
 

 
 
 
 
 
 
 

 
 

ɼʨʫʛʦ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʩʣʦʞʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚ RvH ʩʘ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʩ Q-trap ʥʘ 

ʧʝʨʤʝʪʠʣʠʨʘʥʠ ʛʣʠʢʘʥʠ ʚ ʩʤʝʩʪʘ, ʢʦʠʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʜʚʘ ʡʦʥʘ ʩ m/z 660.3[M+H]+ (B3/Y6ɓ) ʠ 

919.4[M+H]+ (B3) (ʌʠʛ. 29).  

ʅʘʙʣʶʜʘʚʘʥʦʪʦ ʧʦʥʠʞʝʥʠʝ ʥʘ Mʤ ʩ 1 Dʘ ʧʨʠ ʜʚʘ ʦʪ ʛʣʠʢʘʥʠʪʝ ʩʣʝʜ ʘʤʠʜʠʨʘʥʝ ʥʘ 

ʛʣʠʢʘʥʦʚʘʪʘ ʩʤʝʩ ʥʘ ʩʫʙʝʜʠʥʠʮʘ RvH2, ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʦʪ ʡʦʥʠ ʩ m/z 1661.6 [M+H]+ ʠ ʩ m/z 1807.6 

[M+H]+. ʇʨʦʤʷʥʘʪʘ ʠʤ ʚ ʥʦʚʠ ʡʦʥʠ ʩ m/z 1660.4 [M+H]+ ʠ m/z 1806.4 [M+H]+ ʝ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ 

ʧʨʠʩʲʩʪʚʠʝ ʥʘ HexA, ʘ ʥʝ MeHex, ʧʨʠ ʢʦʷʪʦ ʥʝ ʩʝ ʦʪʯʠʪʘ ʧʨʦʤʷʥʘ ʚ ʄʤ.  

ɼʨʫʛʠ ʠʥʪʝʨʝʩʥʠ ʩʪʨʫʢʪʫʨʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʩʣʝʜ ʘʥʘʣʠʟ ʩ Q-trap ʥʘ 25 ʛʣʠʢʘʥʘ ʦʪ RvH1 ʠ 

28 ʛʣʠʢʘʥʘ ʦʪ RvH2, ʦʪʜʝʣʝʥʠ ʩ PNGase F (ʊʘʙʣ. 9). 
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    Taʙʣ. 9. ʉʲʩʪʘʚ ʥʘ N-ʛʣʠʢʘʥʠ ʚ RvH. (a) N-ʛʣʠʢʘʥʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ [M+Na]+ ʡʦʥʠ. ɺ ʩʢʦʙʠ ʝ 

ʦʪʙʝʣʷʟʘʥʘ ʄʤ ʥʘ ʧʝʨʤʝʪʠʣʠʨʘʥʠʪʝ ʛʣʠʢʘʥʠ. (ʙ) m/z ʩʪʦʡʥʦʩʪʠ ʥʘ APTS-ʙʝʣʷʟʘʥʠ ʛʣʠʢʘʥʠ. 

 ʉʪʨʫʢʪʫʨʘ MALDI  
(a)

 CE-MS 
(ʙ)

 

1 FucMan2GlcNAc2 917.3 (1141.4) 444.2 [M-3H]
3-
 

2 Man3GlcNAc2 933.3 (1171.4) 449.5 [M-3H]
3-
 

3 FucMan3GlcNAc2 1079.5 (1345.5) 498.2 [M-3H]
3-
 

4 Man4GlcNAc2 1095.5 (1375.5)  503.8 [M-3H]
3-
 

5 HexNAcMan3GlcNAc2 1136.5 (1416.5) 517.3 [M-3H]
3-
 

6 FucMan4GlcNAc2 1241.6 (1549.5) 552.5 [M-3H]
3-
 

7 Man5GlcNAc2 1257.6 (1579.5) 557.8 [M-3H]
3-
 

8 FucHexNAcMan3GlcNAc2 1282.6 (1590.5) 566.2 [M-3H]
3-
 

9 HexNAc2Man3GlcNAc2 1339.6 (1661.6) 585.1 [M-3H]
3-
 

10 Man6GlcNAc2 1419.6 (1783.6) 611.8 [M-3H]
3-
 

11 FucHexNAc2Man3GlcNAc2 1485.7 (1835.6) 634.1 [M-3H]
3-
 

12 Man7GlcNAc2 1581.7 (1987.7) 665.9 [M-3H]
3-
 

13 Fuc2HexNAc2Man3GlcNAc2 1631.8 (2009.7) 682.6 [M-3H]
3-
 

14 FucHexAHexNAc2Man3GlcNAc2 1661.7 (2053.7) 519.2 [M-4H]
4-
 

15 FucHexNAc3Man3GlcNAc2 1688.8 (2080.7) 702.0 [M-3H]
3-
 

16 Man8GlcNAc2 1743.7 (2191.8) 720.2 [M-3H]
3-
 

17 Fuc2HexAHexNAc2Man3GlcNAc2 1807.8 (2227.8) 555.7 [M-4H]
4-
 

18 Fuc2HexNAc3Man3GlcNAc2 1834.8 (2254.8) 750.1 [M-3H]
3-
 

19 FucHexAHexNAc3Man3GlcNAc2 1864.8 (2298.8) 569.8 [M-4H]
4-
 

20 Man9GlcNAc2 1905.8 (2395.8) 774.0 [M-3H]
3-
 

21 Fuc2HexAHexNAc3Man3GlcNAc2 2010.8 (2472.8) 606.5 [M-4H]
4-
 

22 Fuc2HexAHexNAc4Man3GlcNAc2 - 657.2 [M-4H]
4-
 

23 Fuc3HexA2HexNAc4Man3GlcNAc2 - 590.3 [M-5H]
5-
 

 
 
ʌʠʛ. 29. MS3 ʘʥʘʣʠʟ ʥʘ B3-ʡʦʥ ʩ 
m/z 919.4 M+H]+ ʩʣʝʜ ʧʝʨʤʝʪʠʣʠ-
ʨʘʥʝ ʥʘ ʢʠʩʝʣ ʛʣʠʢʘʥ ʩ m/z 1038.5 
[M+2Na]2+ (ʊʘʙʣ. 9, ʩʪʨʫʢʪʫʨʘ 14). 
ɽʥʝʨʛʠʷ ʥʘ ʚ̡ ʟʙʫʞʜʘʥʝ ʠ 
ʩʙʣʲʩʲʢ 70 80 eV. 

 

 

 

ʉʪʨʫʢʪʫʨʠ ʥʘ N-ʛʣʠʢʘʥʠ ʦʪ RvH1 ʠ RvH2, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ Q-trap ʩʠʩʪʝʤʘ 

ɻʣʠʢʘʥʠʪʝ ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʩʲʩ ʩʚʲʨʟʘʥʠ HexNAc ʠ HexA ʢʲʤ ʚʲʪʨʝʰʝʥ Fuc ʦʩʪʘʪʲʢ, ʢʘʪʦ ʚ 

RvH1 ʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʡʦʥʠ ʩ m/z 842.2 [M+2Na]2+ (1661.6) ʠ m/z 915.6 [M+2Na]2+ (1807.6). 

ʉʘʤʦ ʝʜʠʥ ʡʦʥ ʩ m/z 842.2 [M+2Na]2+ (1661.6) ʝ ʠʜʝʥʪʠʬʠʮʠʨʘʥ ʚ RvH2 (ʌʠʛ. 30). 

 ɺ ʧʦʜʢʨʝʧʘ ʥʘ ʧʨʝʜʩʢʘʟʘʥʘʪʘ ʩʣʦʞʥʘ ʩʪʨʫʢʪʫʨʘ ʝ ʠ ʡʦʥ ʩ m/z 566.6 (ɺ2) ʦʪ MS/MS, ʢʦʡʪʦ 

ʦʧʨʝʜʝʣʷ ʚʲʪʨʝʰʥʦ ʩʚʲʨʟʘʥʘ Fuc ʢʲʤ HexNAc ʦʪ ʪʨʠʟʘʭʘʨʠʜʘ (HexNAcHexAFuc), ʘ ʥʝ ʢʲʤ Ŭ1,3-

Man ʦʩʪʘʪʲʢ (ʌʠʛ. 31) (Dolashka et al., 2010ʘ). 

ʇʦʜʦʙʥʘ ʩʪʨʫʢʪʫʨʘ ʝ ʫʩʪʘʥʦʚʝʥʘ ʠ ʟʘ ʛʣʠʢʘʥ ʩ m/z 915.2 [M+2Na]2+ ʦʪ RvH2, ʢʘʪʦ ʝʜʠʥʠʷʪ 

Fuc ʦʩʪʘʪʲʢ ʝ ʩʚʲʨʟʘʥ ʢʲʤ ʢʨʘʡʥʠʷ GlcNAc, ʘ ʜʨʫʛʠʷʪ ʢʲʤ GlcNAc ʦʪ ʩʨʝʜʘʪʘ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʘ 

(m/z 1631.2 [M+2Na]2+). ʉʭʦʜʥʠ ʩʪʨʫʢʪʫʨʠ ʩʘ ʧʨʝʜʧʦʣʦʞʝʥʠ ʟʘ ʡʦʥʠ ʩ m/z 862.7 [M+2Na]2+ 

(1702.9), m/z 867.2[M+2Na]2+ (1711.6) ʠ m/z 943.6[M+2Na]2+ (1864.8)(ʊʘʙʣ. 9). 
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ʌʠʛ. 30. Q-trap-ʄS ʘʥʘʣʠʟ ʥʘ 
ʠʟʦʣʠʨʘʥʠ ʛʣʠʢʘʥʠ ʦʪ RvH2, 
ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ PNGase F. 

 

 

 

ʌʠʛ. 31. MS/MS ʘʥʘʣʠʟ ʠ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʣʠʢʘʥ ʦʪ RvH2, 
ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ ʡʦʥ ʩ m/z 
842.2 [M+2Na]2+. 
 
 
 

IV.4.3.3. ɻʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʧʨʠ ʭʝʤʦʮʠʘʥʠʥ ʦʪ R. venosa 

ɻʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʚ RvH, ʦʧʨʝʜʝʣʝʥʠ ʩ ʥʘʥʦ-ESI-MS ʠ Q-trap-LC/MS/MS  

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʮʝʥʪʨʦʚʝʪʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʝ ʨʘʟʨʘʙʦʪʝʥ ʥʦʚ ʤʝʪʦʜ, ʧʨʠ ʢʦʡʪʦ 

ʬʨʘʛʤʝʥʪʠʨʘʥʝʪʦ ʥʘ ʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʛʣʠʢʘʥʘ ʩ ʥʘʥʦ-ESI-MS ʠ Q-trap-LC/MS/MS ʩʠʩʪʝʤʠ 

ʧʨʦʪʠʯʘ ʚ ʦʪʩʲʩʪʚʠʝ ʥʘ ʛʣʠʛʘʥʠ ʚ ʢʶʚʝʪʘʪʘ. ESI-MS/MS ʘʥʘʣʠʟʲʪ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ ʩ m/z 

1339.16[M-2H]2+ ʦʧʨʝʜʝʣʷ ɸʂʇ ʥʘ ʧʝʧʪʠʜ YE[I/L]HAVN*GST[I/L]AA[I/L] ʩ Mʤ 1459.75 Dʘ, ʢʲʤ ʢʦʡʪʦ 

ʝ ʩʚʲʨʟʘʥ ʝʜʠʥ GlcNAc ʦʩʪʘʪʲʢ (ʌʠʛ. 32). ɼʦʢʘʟʘʥ ʝ N*-ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ (-ɸsn-ʍ-Ser/Thr-) ʚ 

ʧʝʧʪʠʜʘ (Taʙʣ.15, No11), ʢʘʢʪʦ ʠ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠʪʝ ʥʘ ʧʦʟʠʮʠʠ ʦʪ 13 ʜʦ 18 ʚ ʪʘʙʣʠʮʘ 10 

(Dolashka-Angelova et al., 2003b; Beck et al., 2007). ʆʪ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ɸʂʇ (MGQYGNXSTNNTR) 

ʟʘ ʝʣʫʠʨʘʥʠʷ ʥʘ 31.24 min ʛʣʠʢʦʧʝʧʪʠʜ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʜʚʘ ʚʲʟʤʦʞʥʠ N-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʲʨʘ, 

ʥʦ ʩʘʤʦ ʝʜʠʥ ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʢʲʤ ʮʝʥʪʲʨ -NXS- ʝ ʧʦʪʚʲʨʜʝʥ ʩʣʝʜ ʪʨʦʡʥʦ ʢʚʘʜʨʦʧʦʣʥʦ 

ʩʢʘʥʠʨʘʥʝ (ʌʠʛ. 32). ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʪʦʟʠ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʛʨʘʥʠʯʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʜʦʢʘʟʚʘʥʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠʪʝ. 

 

 

 

 
ʌʠʛ. 32. ESI-MS ʘʥʘʣʠʟ 
ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ ʩ m/z 
1339.16 [M-2H]2- . 
. 

 

 

 

 

ʊʦʟʠ ʧʨʦʙʣʝʤ ʝ ʨʝʰʝʥ ʩʣʝʜ ʨʘʟʨʘʙʦʪʚʘʥʝ ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʦʚ ʧʦʜʭʦʜ, ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʘʥʘʣʠʟ ʥʘ 

MS/MS ʩʧʝʢʪʲʨʘ ʦʪ ʥʘʥʦ-LC-ESI-MS/MS ʥʘ ʪʨʠʢʨʘʪʥʦ ʟʘʨʝʜʝʥʠʪʝ 18O-ʙʝʣʷʟʘʥʠ ʧʝʧʪʠʜʠ (Sandra 

et al., 2007). 
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    ʊʘʙʣ. 10. ɸʂʇ ʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ RvH, ʘʥʘʣʠʟʠʨʘʥʠ ʯʨʝʟ ESI-MS, Q-
ʊrap-LC/MS/MS ʠ Q-ʊrap ʩʠʩʪʝʤʘ. X ʝ ʥʝʠʟʚʝʩʪʝʥ ɸʂʆ (Sandra et al. 2007; Dolashka-Angelova et al., 
2003b; Beck et al., 2007).  

 ɻʣʠʢʦʧʝʧʪʠʜʠ  ɻʣʠʢʘʥʠ ʄʘʩʘ/ʟʘʨʷʜ (m/z) 

 CE   

1 XVYSVNGTLLGAHVLGSR  HexA HexNAc2 Fuc2 Man3GlcNAc2 1233 [M+3H]
3+ 

2 XðXFSWVDGHNTSR GlcNAcMan3GlcNAc2 1168 [M+3H]
3+ 

3 FQNDTSLDGYQAVAEFHGLPAK FucMan3GlcNAc2 1149 [M+3H]
3+ 

4 FQNDTSLDGFQAVAEFHGLPPK FucMan3GlcNAc2 1153 [M+3H]
3+ 

5 LHSYSGSYLNASLLHXðX GlcNAcMan3GlcNAc2 1010 [M+4H]
4+

 

6 XNGTELSPR 

XNASELSPR  

Man3GlcNAc2 

Hex5Man3GlcNAc2 

968 [M+2H]
2+

 

1373 [M+2H]
2+

 

 ESI-MS   

7 [QK]AENLTTTR FucMan3GlcNAc2 1036 [M+2H]
2+

 

8 AENLTTTR       Fuc Man3GlcNAc2 972 [M+2H]
2+

 

9 HHGHV[...K...N...]R Fuc Man6GlcNAc2 1396 [M+2H]
2+

 

10 FSWVDGHNTSR  Man3GlcNAc2 1099 [M+2H]
2+

 

11 YE[IL]HAVNGST[IL]AA[IL] Hex2Man3GlcNAc2 1339 [M+2H]
2+

 

12 YE[IL]HAVNGST[IL]AA[IL] Hex3Man3GlcNAc2 1419 [M+2H]
2+

 

        Q trap-LC/MS/MS   

13 MGQYGDLSTNNTR   Hex Man3HexNAc2 837.97[M+2H]
3+

 

14 SVNGTLLGSQILGKPY  

SVNGTLLGSQILGK 

Fuc Man3GlcNAc2 

Man3GlcNAc2 

896 [M+3H]
3+

 

15 FSWVDGHNTSR Man3GlcNAc2 1099 [M+2H]
2+

 

16 AENITTTR  Fuc Man3GlcNAc2 972 [M+2H]
2+

 

17 FANATSIDGPNA  SO4 MeHexAMeHexNAc2Man3GlcNAc2 2786 [M+H]
+
 

18 EMLTLNGTNLA  MeHex2AHexNAc2Man3GlcNAc2 2846 [M+H]
+
 

ʆʧʨʝʜʝʣʝʥʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʚ RvH ʩʣʝʜ 18O-ʙʝʣʷʟʘʥʝ ʥʘ ʧʝʧʪʠʜʠ 

ɼʦʧʲʣʥʠʪʝʣʥʦ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ ʚ RvH ʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʥʦʚ 

ʧʦʜʭʦʜ, ʢʦʡʪʦ ʩʲʯʝʪʘʚʘ ʦʪʜʝʣʷʥʝ ʥʘ N-ʛʣʠʢʘʥʠʪʝ ʦʪ ʧʨʦʪʝʠʥʘ ʩ ʛʣʠʢʦʟʠʜʘʟʘ PNGase F ʠ 

ʙʝʣʷʟʘʥʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ RvH1 ʚ ʙʫʬʝʨ ʩ 50% H2
18O.  

 
 
 
 
 
ʌʠʛ. 33. ʅʘʥʦ-LC-MALDI-TOF 
ʘʥʘʣʠʟ ʥʘ:  
ɸ) ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ ʥʘ 30 min;  
 
 
 
 
 
ɹ) ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ ʥʘ 54 min 
 
ʚʲʪʨʝʰʥʠ ʬʠʛʫʨʠ ï  
18O-ʙʝʣʷʟʘʥʠ ʡʦʥʠ ʩ m/z 
906.5461 ʠ 2406.3296 [M+H]+. 

 

 
 
 

ɸ 

ɹ 
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ɺ) MALDI-MS/MS ʘʥʘʣʠʟ  
ʥʘ 18O-ʙʝʣʷʟʘʥ ʧʝʧʪʠʜ ʩ 
m/z 906.54 [M+H]+.  
 
 
 
 
 
 
 

ɽʣʫʠʨʘʥʠʪʝ ʥʘ 30 ʠ 50 min ʬʨʘʢʮʠʠ ʚ nano-LC ʭʨʦʤʘʪʦʛʨʘʤʘʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩ ʜʚʘ 18O-

ʙʝʣʷʟʘʥʠ ʧʝʧʪʠʜʘ, ʠʟʨʘʟʝʥʠ ʦʪ ʡʦʥʠ ʩ m/z 906.54 [M+Na]+(ʌʠʛ. 33ɸ) ʠ m/z 2406.33 [M+Na]+ (ʌʠʛ. 

33ɹ). ʋʩʪʘʥʦʚʝʥʘ ʝ ʨʘʟʣʠʢʘ ʚ MS/MS ʩʧʝʢʪʨʠʪʝ ʤʝʞʜʫ m/z ʥʘ ʙʝʣʷʟʘʥʠ ʠ ʥʝʙʝʣʷʟʘʥʠ ʡʦʥʠ ʦʪ 2 

Da ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ (ʌʠʛ. 33ɺ). ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʨʝʜʩʪʘʚʷʪ ʥʦʚʠʷ ʤʝʪʦʜ, ʢʘʪʦ 

ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʠ ʧʦʜʭʦʜʷʱ ʟʘ ʘʥʘʣʠʟ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ, ʥʦ ʢʘʪʦ ʥʝʜʦʩʪʘʪʲʢ ʩʘ 

ʦʛʨʘʥʠʯʝʥʠʪʝ ʜʘʥʥʠ ʦʪ MS/MS, ʢʦʠʪʦ ʥʝ ʧʦʟʚʦʣʷʚʘ de-novo ʘʥʘʣʠʟ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ɸʂʇ ʥʘ 

ʛʣʠʢʦʧʝʧʪʠʜʠʪʝ.  
 
 
ʌʠʛ. 34ɸ. TDF ʩʧʝʢʪʲʨ ʥʘ 18O-
ʙʝʣʷʟʘʥ 
ʧʝʧʪʠʜ (ʡʦʥ ʩ m/z 966 [M-2H]2+). 
ɽʥʝʨʛʠʷ ʥʘ ʩʙʣʲʩʲʢ 28 eV ʠ ʚʨʝʤʝ 
ʥʘ 
ʬʨʘʛʤʝʥʪʠʨʘʥʝ 8 ms.  
ɹ) ɹʝʣʷʟʘʥʠʷʪ ʡʦʥ b3 ʩ m/z 
316.1050 ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ 
ʚʲʪʨʝʰʥʘʪʘ ʬʠʛʫʨʘ. 

 
 

 

 

 

 

 

 

 

 

ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ nano-LC-ESI-Q-trap ʩʠʩʪʝʤʘ ʠ ʟʘʙʘʚʝʥʦ ʬʨʘʛʤʝʥʪʠʨʘʥʝ ʩ ʚʨʝʤʝʪʦ (TDF) ʥʘ 
18O-ʙʝʣʷʟʘʥʠʪʝ ʧʝʧʪʠʜʠ ʚ MS, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʪʯʠʪʘʪ ʡʦʥʠ ʩ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ (ʌʠʛ. 34). ʏʨʝʟ 

TDF-ʄS ʘʥʘʣʠʟ ʥʘ 18O-ʙʝʣʷʟʘʥ ʧʝʧʪʠʜ ʩ m/z 966.0 [M-2H]2+ ʝ ʦʧʨʝʜʝʣʝʥʘ ɸʂʇ, ʢʘʪʦ  y- ʠ b3-

ʙʝʣʷʟʘʥʠʷ ʡʦʥ ʩ m/z 316.1050 [M+H]+  ʧʦʪʚʲʨʞʜʘʚʘ ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʩʘʤʦ ʢʲʤ ʝʜʠʥ N- ʮʝʥʪʲʨ (-

NGT-) ʚ ʛʣʠʢʦʧʝʧʪʠʜʘ (Sandra et al., 2007).  

ʆʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚ ʪʘʙʣʠʮʘ 10 ʧʨʝʜʩʪʘʚʷʪ ʧʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʠʟʙʨʘʥʠʷ ʤʝʪʦʜ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ 18O-ʙʝʣʷʟʘʥʠ ʛʣʠʢʦʧʝʧʪʠʜʠ ʦʪ RvH1 ʚ ʙʠʦʣʦʛʠʯʝʥ 

ʨʘʟʪʚʦʨ. ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʪʦʟʠ ʤʝʪʦʜʘ ʝ ʪʦʯʥʦʩʪʪʘ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʮʝʥʪʨʦʚʝʪʝ ʥʘ 

ʛʣʠʢʦʟʠʣʠʨʘʥʝ (Sandra et al., 2007), ʢʦʝʪʦ ʝ ʧʦʩʪʠʛʥʘʪʦ ʩʣʝʜ ʩʢʘʥʠʨʘʥʝ ʧʨʠ 204 m/z ʥʘ 

ʝʣʫʠʨʘʥʘʪʘ ʥʘ 23 min ʬʨʘʢʮʠʷ ʩ ʥʘʡ-ʠʥʪʝʥʟʠʚʝʥ ʡʦʥ ʩ m/z 973 [M+2H]2+ (ʌʠʛ. 35ɸ, ɹ), ʢʦʡʪʦ 

ʧʨʝʜʩʪʘʚʷ ʛʣʠʢʦʧʝʧʪʠʜ ʩ Mʤ 1943.6 Da ([972.3 x 2]-1=1943.6).  

ɸʥʘʣʠʟʲʪ ʥʘ ʡʦʥ ʦʪ MS/MS ʩ m/z 905.2 [M+H]+, ʢʦʡʪʦ ʠʟʨʘʟʷʚʘ ʩʘʤʦ ʧʝʧʪʠʜʘ, ʜʦʢʘʟʚʘ ʝʜʠʥ 

ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ FucMan3GlcNAc2 ʢʲʤ ʮʝʥʪʲʨʘ -NI/LT- ʦʪ ʛʣʠʢʦʧʝʧʪʠʜʘ (ʊʘʙʣ. 10, ʌʠʛ. 35ɹ). 

ʉʨʘʚʥʠʪʝʣʥʠʪʝ ʘʥʘʣʠʟʠ ʥʘ MS ʦʪʯʠʪʘʪ ʨʘʟʣʠʢʘ ʦʪ 1 Da ʤʝʞʜʫ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʦʣʫʯʝʥʠʷ ʧʝʧʪʠʜ 

ʩʣʝʜ ʦʪʜʝʣʷʥʝ ʥʘ ʛʣʠʢʘʥʘ ʩ ʝʥʟʠʤʘ PNGase F ʠ ʪʝʟʠ ʥʘ 18O-ʙʝʣʷʟʘʥʠʪʝ ʡʦʥʠ. 

ɺ 
ɺ 
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ʌʠʛ. 35ɸ). ʁʦʥʥʦ ʩʢʘʥʠʨʘʥʝ ʥʘ ʝʣʫʠʨʘʥʘ ʬʨʘʢʮʠʷ ʥʘ 23 min. ɹ) ER ʩʢʘʥʠʨʘʥʝ ʥʘ ʠʥʪʝʥʟʠʚʥʠʷ ʡʦʥ; ɺ) EPI 
ʩʢʘʥʠʨʘʥʝ ʥʘ ʬʨʘʛʤʝʥʪʥʠ ʡʦʥʠ.  

ʅʘʨʘʩʪʚʘʥʝʪʦ ʩ 1 Da ʥʘ ʡʦʥ b3 ʚ ʩʧʝʢʪʨʠʪʝ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ MS/MS ʘʥʘʣʠʟʘ ʥʘ ʙʝʣʷʟʘʥʠʪʝ 

ʧʝʧʪʠʜʠ, ʝ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ (Sandra et al., 2007). 

ɻʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ ʚ RvH, ʦʧʨʝʜʝʣʝʥʠ ʩʣʝʜ ʬʨʘʛʤʝʥʪʠʨʘʥʝ ʥʘ ʛʝʥʦʤʘ 

ʇʦʟʠʮʠʷʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʝʜʠʥ ʛʣʠʢʘʥ ʢʲʤ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ RvH ʩʲʱʦ ʝ 

ʧʦʪʚʲʨʜʝʥʘ ʦʪ ʥʫʢʣʝʦʪʠʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʜʚʘ ʬʨʘʛʤʝʥʪʘ ʦʪ ʛʝʥʦʤʘ ʥʘ RvH ʠ ʜʚʘ ʚʠʜʘ 

ʠʥʪʨʦʥʠ: (i) ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʢʦʜʠʨʘʱʘʪʘ ʦʙʣʘʩʪ ʤʝʞʜʫ ʜʚʝ ʌɽ-ʮʠ, ʧʦʟʥʘʪʠ ʢʘʪʦ ʩʚʲʨʟʚʘʱʠ 

ʠʥʪʨʦʥʠ ʠ (ii) ʚʲʪʨʝʰʥʠ ʠʥʪʨʦʥʠ ʚʲʚ ʌɽ-ʮʠ (Dolashka-Angelova et al., 2009).  

ʆʧʨʝʜʝʣʝʥʘʪʘ ʦʪ ʛʝʥʦʤʘ ɸʂʇ (FSGEVDGHNTSR) (ʌʠʛ. 36ɺ) ʢʦʨʠʛʠʨʘ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʦʪ 

MS/MS ʘʥʘʣʠʟʘ ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ ʩ m/z 1099.19 [M-2H]2+ (ʊʘʙʣ.10, ˉ10), ʢʘʪʦ ʧʨʠ ʥʫʢʣʝʦʪʠʜʥʠʷ 

ʘʥʘʣʠʟ Trp ʦʩʪʘʪʲʢ ʝ ʟʘʤʝʩʪʝʥ ʩ ïGlyGlu-, ʢʦʠʪʦ ʥʝ ʚʠʥʘʛʠ ʩʘ ʷʩʥʦ ʦʪʨʘʟʝʥʠ ʚ MS/MS ʩʧʝʢʪʨʠʪʝ. 

ʇʦʣʫʯʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʪʚʲʨʞʜʘʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʠʪʝ N-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ, 

ʧʫʙʣʠʢʫʚʘʥʠ ʟʘ ʌɽ-ʮʠ HtH2-c, OdH-c ʠ NpH-c (ʌʠʛ. 36ɺ) ʠ ʩʣʫʞʠ ʟʘ ʦʩʥʦʚʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʜʨʫʛʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ RvH. 

 

 

ɸ  DHTALFDGMLLAFEQTDFCDFEVQFEVVHNAIHFLVGGFDPYTMATLHYSAYDPIFYLHHSNVDRLWAIR 

      QKLQMRRGKLYKAHCAGSLTQELMMPFGFPPPYHNDPKTRDNARPSQIYDYESVLDYTYDSLQFGGM 
      TIAQLDHYLEERKTHDRTFVGIMLHNIGISAWATLAIEMKNGEEYTVGKVAVLGGEKEMPWHFDRTFKVEI 
      TKALHKLGLRYDDEYDVKLHIKDVTGKEWPEDTFSHHTIIHVPAS 
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ʌʠʛ. 36 A) ʇʲʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʌɽ RvH-b, ʦʧʨʝʜʝʣʝʥʘ ʯʨʝʟ ʢɼʅʂ. ɹ) ʉʨʘʚʥʝʥʠʝ ʥʘ ñʠʥʪʨʦʥʠò ʦʪ RvH-c 
ʩ ʠʟʦʬʦʨʤʠ HtH1-b/c, HtH2- b/c; ɺ) ɸʂʇ ʥʘ RvH-c ʠ ʌɽ-c. ʂʦʥʩʝʨʚʘʪʠʚʥʠ ʫʯʘʩʪʲʮʠ - ʩʠʥʴʦ ʠ ʯʝʨʚʝʥʦ, N-
ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ ʥʘ RvH-c - ʚ ʟʝʣʝʥʦ.  

IV.4.3.4. ɺ̡ ʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ Helix lucorum 

ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʠ ʧʨʠʣʦʞʝʥʠ ʥʦʚʠ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH 

ʩʝ ʦʢʘʟʘʭʘ ʧʦʜʭʦʜʷʱʠ ʠ ʟʘ ʘʥʘʣʠʟ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum 

(HlH). ʇʨʦʚʝʜʝʥʠʷʪ MS ʘʥʘʣʠʟ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ ɓ-ʅlʅ ʩ PNGase F ʧʨʝʜʩʪʘʚ ̫ʨʘʟʣʠʯʥʠ N-

ʩʚʲʨʟʘʥʠ ʛʣʠʢʘʥʠ (ʌʠʛ. 37ɸ,ɹ) (Velkova et al., 2014; 2015; 2017).  

 

 

 

 
ʌʠʛ. 37ɸ MALDI-MS ʘʥʘʣʠʟ ʥʘ 
ʥʝʫʪʨʘʣʥʠ N-ʩʚʲʨʟʘʥʠ ʛʣʠʢʘʥʠ ʦʪ 
ɓ-ʅlʅ, ʧʦʣʫʯʝʥʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ 
PNGase F (ʤʘʪʨʠʮʘ 2,5-DHB). 

 

 
ɹ) ʉʪʨʫʢʪʫʨʠ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʘʪʘ ʥʘ 
ʢʦʥʩʦʨʮʠʫʤʘ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʘ 
ʛʣʠʢʦʤʠʢʘ:  
 
 

ɹ) =Man; Me =methylated hexose (MeHex); =GalNAc; =GlcNAc; =HexNAc; =Fuc;  =Xyl  
 

 

 

 

 

 

 

 

 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʛʦʣʷʤʦ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ HlH ʝ ʧʦʩʪʠʛʥʘʪʦ ʩʣʝʜ 

ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ MS/MS ʩʧʝʢʪʨʠʪʝ ʦʪ Q-trap ʩʠʩʪʝʤʘ, ʢʘʢʪʦ ʧʨʝʜʩʪʘʚʝʥʠʷ MS/MS ʘʥʘʣʠʟ ʥʘ 

ʡʦʥ ʩ m/z 1077.2 [ʄ+2Na]2+(ʌʠʛ. 38).  
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ʂʘʪʦ ʚʘʞʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʩʫʙʝʜʠʥʠʮʘ ɓʩ-HlH ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʦʪʙʝʣʝʞʘʪ ʥʘʣʠʯʠʝ ʥʘ MeHex, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ Man ʠʣʠ Gal, ʘ ʩʲʱʦ ʠ ʦʪʩʲʩʪʚʠʝ ʥʘ ʢʠʩʝʣʠ 

ʛʣʠʢʘʥʠ ʩ HexA (ʊʘʙʣ. 11). ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʩʣʦʞʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚ HlH ʩʘ CE-MS ʘʥʘʣʠʟʠʪʝ ʥʘ 

APTS-ʙʝʣʷʟʘʥʠ N-ʛʣʠʢʘʥʠ, ʢʦʠʪʦ ʧʦʜʢʨʝʧʷʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ ʟʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʛʣʠʛʘʥʠʪʝ ʚ 

ʤʦʣʝʢʫʣʘʪʘ ʥʘ ɓ-HlH (Velkova et al., 2015).  

ʇʦʟʠʮʠʷʪʘ ʥʘ ʛʣʠʢʘʥʠʪʝ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʣʫʠʨʘʥʠ ̫ʛʣʠʢʦʧʝʧʪʠʜ ʥʘ 27.1 

min, ʢʘʪʦ ʩʣʝʜ ʧʨʝʢʫʨʩʦʨʥʦ ʩʢʘʥʠʨʘʥʝ (ʌʠʛ. 39ɸ,ɹ) ʠ MS/MS ʘʥʘʣʠʟ (ʌʠʛ. 39ɺ) ʥʘ ʡʦʥ ʩ m/z 

891.25 [M+2H]2+ ʝ ʦʧʨʝʜʝʣʝʥ ʝʜʠʥ ʩʚʲʨʟʘʥ Xyl ʦʩʪʘʪʲʢ ʢʲʤ Man ʦʪ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʛʣʠʢʘʥʘ, 

ʢʦʡʪʦ ʝ ʧʨʠʢʨʝʧʝʥ ʢʲʤ ʮʝʥʪʲʨ ïDHNTTR- ʦʪ ʛʣʠʢʦʧʝʧʪʠʜʘ. 

 ʂʘʪʦ ʚʘʞʥʦ ʧʨʝʜʠʤʩʪʚʦ ʧʨʠ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ HlH, ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʦʪʙʝʣʝʞʠ ʦʧʨʝʜʝʣʝʥʘʪʘ ʥʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʦʪ ʢʦ̫ʪʦ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʜʚʘ 

ʤʦʪʠʚʘ, ñNXTò ʠ ñNXSò, ʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʧʦʪʝʥʮʠʘʣʥʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʮʝʥʪʨʦʚʝ (De Smet et al., 

2011). ʆʪ ʪʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʩʘ ʧʨʝʜʩʢʘʟʘʥʠ 13 N-ʩʚʲʨʟʘʥʠ ʮʝʥʪʲʨʘ ʚ ɓʩ-HlH, 14 ʚ Ŭ
D
-HlH ʠ 8 ʚ Ŭ

N
-

HlH, ʢʘʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʛʣʠʢʘʥʠʪʝ ʠ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʤʦʣʝʢʫʣʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʦʪ ʧʦʩʪʨʦʝʥʠʷ 3D -ʤʦʜʝʣ ʥʘ ʌɽ ɓʩ-HlH-g (ʌʠʛ. 40). 

 ʌɽ ɓʩ-HlH-g ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ ʜʚʘ ʜʦʤʝʥʘ, ʢʘʪʦ ʚ Ăʮʝʥʪʨʘʣʝʥò ʜʦʤʝʥ ʝ ʨʘʟʧʦʣʦʞʝʥ ʘʢʪʠʚʥʠʷʪ 

ʮʝʥʪʲʨ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʠʷʪ N-ʩʚʲʨʟʘʥ ʮʝʥʪʲʨ ʥʘ ʧʦʟʠʮʠʷ 125-127. 

ʌʠʛ. 38. MS/MS ʩʧʝʢʪʲʨ ʠ ʩʪʨʫʢ-
ʪʫʨʘ ʥʘ ʛʣʠʢʘʥ, ʧʨʝʜʩʪʘʚʝʥ ʩ  
m/z 1077.2 [ʄ + 2Na]2+.  

ʌʠʛ. 39ɸ. MS ʥʘ ʛʣʠʢʦʧʝʧʪʠʜ ʦʪ ɓc-HlH, 
ʝʣʫʠʨʘʥ ʚʲʚ ʬʨʘʢʮʠʷ ʥʘ 27.1 min.  

ɹ) MS/MS ʥʘ ʡʦʥ ʩ m/z 891.25 [M+2H]2+.  
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Tʘʙʣ. 11. ʉʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʘʥʠ ʦʪ ɓ-HlH, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ (Velkova et al.,2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʋʩʪʘʥʦʚʝʥ ʝ ʠ ʜʨʫʛ N-ʩʚʲʨʟʘʥ ʮʝʥʪʲʨ (ʧʦʟʠʮʠʷ 372-374) ʚ Ăɓ-ʩʘʥʜʚʠʯò ʜʦʤʝʥʘ, ʢʘʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʤʠʪʝ ʮʝʥʪʨʦʚʝ ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ (Dolashka-Angelova et 

al., 2009). 
 
 
 
ʌʠʛ. 40. 3D - ʤʦʜʝʣ ʥʘ ʌɽ ɓc- HlH - g, 
ʧʦʩʪʨʦʝʥ ʩ ʧʨʦʛʨʘʤʘ Swiss PDB viewer ʠ 
ʩʨʘʚʥʝʥ ʩ ʤʦʜʝʣʘ ʥʘ ʌɽ ñgò ʦʪ O. dofleini 
(OdH-g) (Cuff et al., 1998).  
ʇʦʩʦʯʝʥʠ ʩʘ ʜʚʘ ʚʲʟʤʦʞʥʠ ʮʝʥʪʲʨʘ ʥʘ 
ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʢʲʤ Asn125 ʠ Asn2 45 
ʦʩʪʘʪʲʢ. 

 
 
 

IV.4.3.5. ɺ̡ ʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. tuberculata 

ɼʨʫʛʘ ʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʦʣʶʩʢʠ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ MeHex2HexMan3GlcNAc4Fuc2 ʥʘ ʛʣʠʢʘʥ ʩ m/z 1002.8 [M+2Na]2+ ʦʪ 
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HtH1, ʚ ʢʦʡʪʦ ʢʲʤ ʚʲʪʨʝʰʝʥ GlcNAc ʦʩʪʘʪʲʢ ʩʘ ʩʚʲʨʟʘʥʠ ʜʚʘ Fuc ʠ 2 ʢʨʘʡʥʠ MeHex ʦʩʪʘʪʲʢʘ. 

ɻʦʣʝʤʠʷʪ ʥʘʙʦʨ ʦʪ ʡʦʥʠ ʚ MS/MS ʩʧʝʢʪʲʨʘ ʦʧʨʝʜʝʣʷ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʣʠʢʘʥʘ, ʢʘʪʦ ʧʦʟʠʮʠʷʪʘ ʥʘ 

ʜʚʘ Fuc ʦʩʪʘʪʲʢʘ ʝ ʧʦʪʚʲʨʜʝʥʘ ʦʪ ʡʦʥ ʩ m/z 1294.1 (Y5ŬY5ɔB5 ʠ Z4ŬY1ɔ)(ʊʘʙʣ.12, ʛʣʠʢʘʥ 13).  

 

 

 
 
 

 
ʌʠʛ. 41. MS/MS ʥʘ ʛʣʠʢʘʥ ʦʪ HtH1, 
ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʡʦʥ ʩ m/z 1002.8 
[M+2Na]2+ ʠ ʢʦʤʧʣʝʢʩʝʥ ʚʠʜ 
ʚʲʛʣʝʭʠʜ-ʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ.  

 

 

 

 

 

 

 

ɼʨʫʛʠʷʪ ʩʚʲʨʟʘʥ Fuc(Ŭ1-6) ʦʩʪʘʪʲʢ ʢʲʤ ʧʝʥʪʘʟʘʭʘʨʠʜʥʘʪʘ ʩʲʨʮʝʚʠʥʘ ʚ ʛʣʠʢʘʥʘ ʝ ʠʟʨʘʟʝʥ 

ʯʨʝʟ ʪʨʠ ʝʜʠʥʠʯʥʦ ʟʘʨʝʜʝʥʠ ʡʦʥʘ [M+Na]+ ʩ m/z 534.8 (Z2
3,5X1ɔ), m/z 575.2 (Z2) ʠ m/z 593.0 (Y2) 

(ʌʠʛ. 41). ʆʧʨʝʜʝʣʝʥʠʪʝ ʩʣʦʞʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʘʥʠ ʚ ʤʦʣʝʢʫʣʘʪʘ ʥʘ HtH1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 

ʪʘʙʣʠʮʘ 12 (Velkova et al., 2011).  

ʊʘʙʣ. 12. ɺʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʠʢʪʫʨʠ ʥʘ ʠʟʦʣʠʨʘʥʠ ʛʣʠʢʘʥʠ ʦʪ HtH1 (Velkova et al., 2015). 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠ ʛʣʠʢʘʥ 7, ʩ ʤʦʜʠʬʠʮʠʨʘʥʘ ʧʝʥʪʘʟʘʭʘʨʠʜʥʘʪʘ ʩʲʨʮʝʚʠʥʘ 

Man3GlcNAc2, ʢʲʜʝʪʦ ʢʲʤ ʚʲʛʣʝʨʦʜ-2 (C2) ʦʪ Man ʦʩʪʘʪʲʢ ʝ ʩʚʲʨʟʘʥʘ Xyl ʠʣʠ ʢʲʤ C6 ʥʘ GlcNAc ʝ 

ʩʚʲʨʟʘʥ Fuc ʦʩʪʘʪʲʢ 

ʌʠʛ. 42. 3D -ʤʦʜʝʣʠ ʥʘ ʌɽ-ʮʠ ʥʘ HtH1 ʦʪ çañ 
ʜʦ çgñ, ʧʦʩʪʨʦʝʥʠ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ OdH-g. 

N-ʩʚʲʨʟʘʥʠ ʮʝʥʪʨʦʚʝ ʢʲʤ çb-ʩʘʥʜʚʠʯè 

ʜʦʤʝʥ (ʞʲʣʪʦ);   N-ʩʚʲʨʟʘʥ ʮʝʥʪʲʨ (ʩʠʚʦ); a-
ʷʜʨʦ (ʯʝʨʚʝʥʦ), ʢʘʪʦ ʛʣʠʢʘʥʠʪʝ ʩʘ 
ʦʪʙʝʣʷʟʘʥʠ ʩʲʩ ʩʪʨʝʣʢʠ. 



47 

 

ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʧʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʥʦʚʠ ʤʝʪʦʜʠ ʠ ʧʦʜʭʦʜʠ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʣʦʞʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʘʥʠ 6, 8, 9, 11, 12, 13,15 ʠ 16, ʩ ʥʦʚ ʩʪʨʫʢʪʫʨʝʥ ʤʦʪʠʚ 

MeMan[Fuc(Ŭ1-3)-]GlcNAc, ʩʚʲʨʟʘʥ ʢʲʤ ʚʲʪʨʝʰʝʥ GlcNAc.. ʉʲʱʦ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʘʚʘ 

ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ ʚ ʤʦʜʝʣʘ ʥʘ ʌɽ HtH1-ʩ, ʢʘʢʪʦ ʠ ʠʟʣʦʞʝʥʠʷʪ 

ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʌɽ HtH1-h ʝʜʠʥ ʦʪ ʜʚʘʪʘ ʧʨʝʜʩʪʘʚʝʥʠ ʛʣʠʢʘʥʘ (ʌʠʛ. 42).  

ʊʝʟʠ ʜʘʥʥʠ ʚʦʜʷʪ ʜʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʚʘʞʥʘʪʘ ʨʦʣʷ ʥʘ ʛʣʠʢʘʥʘ, ʢʦʡʪʦ ʚʝʨʦʷʪʥʦ 

ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʨʝʘʩʦʮʠʠʨʘʥʝʪʦ ʥʘ ʜʠʩʦʮʠʠʨʘʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ HtH1, ʢʦʠʪʦ ʥʝ ʬʠʙʨʠʣʠʟʠʨʘʪ ʚ 

ʜʠʜʝʢʘʤʝʨʠ ʠʣʠ ʧʦ-ʛʦʣʝʤʠ ʘʛʨʝʛʘʪʠ, ʢʘʢʚʠʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʦʪ ʚʠʜ Mollusca 

(Velkova et al., 2011). 

V.4.4. ʅʆɺ ʄɽʊʆɼ ɿɸ ɸʅɸʃʀɿ ʅɸ ʉʄɽʉʀ ʆʊ ʆʃʀɻʆɿɸʍɸʈʀɼʅʀ ʉʊʈʋʂʊʋʈʀ  

IV.4.4.1. ʀʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʚ ʭʝʤʦʮʠʘʥʠʥʠ 

ʀʤʫʥʥʘʪʘ ʩʠʩʪʝʤʠ ʝ ʝʜʥʘ ʦʪ ʥʘʡ-ʜʦʙʨʝ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʠʩʪʝʤʠ, ʧʨʠ ʢʦʷʪʦ ʝ ʫʩʪʘʥʦʚʝʥʘ ʚʘʞʥʘʪʘ 

ʬʠʟʠʦʣʦʛʠʯʥʘ ʨʦʣʷ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ. ɽʪʦ ʟʘʱʦ ʠʟʷʩʥʷʚʘʥʝʪʦ ʥʘ ʬʫʥʢʮʠʷʪʘ ʠʤ ʚ ʩʪʨʫʢʪʫʨʘʪʘ 

ʥʘ ʙʠʦʤʝʤʙʨʘʥʠ ʠ ʘʥʘʣʠʟʲʪ ʥʘ ʛʣʠʢʘʥʠ ʚʲʚ ʬʠʟʠʦʣʦʛʠʯʥʠ ʪʝʯʥʦʩʪʠ ʩʘ ʘʢʪʫʘʣʥʠ ʟʘʜʘʯʠ. 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʥʦʚ ʤʝʪʦʜ ʩ ʜʚʫʢʦʤʧʦʥʝʥʪʥʘ ʩʠʩʪʝʤʘ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʟʘʭʘʨʠ, ʥʘ ʙʘʟʘ ʥʘ 

ʧʦʟʥʘʪʘʪʘ ʩʠʩʪʝʤʘ ʩ ʝʜʠʥ ʜʝʪʝʢʪʦʨ (ʌʠʛ.43).  

 

 

 
ʌʠʛ. 43. ɼʚʫʝʪʘʧʥʘ ʩʠʩʪʝʤʘ ʦʪ:  
(1) ʘʥʠʦʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦ 
ʙʘʛʨʠʣʦ;  
(2) ʢʘʪʠʦʥ-ʚʠʦʣʦʛʝʥ, ʟʘʤʝʩʪʝʥ ʩ 

ʙʦʨʦʥʦʚʠ ʦʩʪʘʪʲʮʠ, ʢʦʠʪʦ 
ʝʜʥʦʚʨʝʤʝʥʦ ʩʘ ʬʣʫʦʨʝʩʮʝʥʪʝʥ 
ʛʘʩʠʪʝʣ ʠ ʟʘʭʘʨʠʜʝʥ ʨʝʮʝʧʪʦʨ. 
 
 
 
 
 
 

 

 

 

 

ʌʠʛ. 44. ʌʣʫʦʨʝʩʮʝʥʪʝʥ ʘʥʘʣʠʟ ʥʘ 
ʪʠʪʨʫʚʘʥʝ ʥʘ : 

ɸ) ʧʠʨʘʥʠʥ (1,33ʭ10-6), ʚ 50 mM 
ʬʦʩʬʘʪʝʥ ʙʫʬʝʨ, ʨʅ 7.5 ʠ ʩ 
ʥʘʨʘʩʪʚʘʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʦ-
BBV;  

ɹ) ʢʦʤʧʣʝʢʩʘ ʦ-BBV ʩ ʥʘʨʘʩʪʚʘʱʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ RvH;  

ɺ) ʩ ʌɽ RvH1-a;  

ɻ) ʩʲʩ ʩʫʙʝʜʠʥʠʮʘ RvH2.  
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ʊʦʡ ʚʢʣʶʯʚʘ ʪʠʪʨʫʚʘʥʝ ʥʘ ʧʠʨʘʥʠʥ ʩ ʥʘʨʘʩʪʚʘʱʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ N,Nô-ʙʠʩ-(ʙʝʥʟʠʣ-2-

ʙʦʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ)-[4,4ô] ʙʠʧʠʨʠʜʠʥʦʚ ʜʠʙʨʦʤʠʜ)(ʦ-BBV) ʠ ʘʥʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʘʛʨʠʣʦ, 

ʢʦʝʪʦ ʚʦʜʠ ʜʦ 4-ʢʨʘʪʥʦ ʧʦʥʠʞʘʚʘʥʝ (ɚem=508 nm, ɚex=460 nm) ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ ʝʤʠʩʠʷ ʥʘ 

ʧʠʨʘʥʠʥʘ (ʌʠʛ. 44ɸ). 

ɽʬʝʢʪʲʪ ʥʘ ʪʦʟʠ ʤʝʪʦʜ ʝ ʪʝʩʪʚʘʥ ʧʨʠ ʪʠʪʨʫʚʘʥʝ ʥʘ ʪʨʠ ʚʠʜʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʠ (Ŭ-CD, ɓ-CD ʠ 

ʘʮʝʪʠʣ-ɓ-CD), ʩʣʝʜ ʢʦʝʪʦ ʝ ʧʨʠʣʦʞʝʥ ʟʘ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ, ʢʘʪʦ ʌɽ RvH1-a (ʌʠʛ. 44ɺ) ʠ ʩʫʙʝʜʠʥʠʮʘ RvH2 (ʌʠʛ. 44ɻ).  

ʉʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʝʪʦʜʘ ʟʘ ʪʠʪʨʫʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʘ o-BBV ʩ ʥʘʨʘʩʪʚʘʱʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʪ RvH, ʝ ʦʪʯʝʪʝʥʦ ʤʠʥʠʤʘʣʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʠʥʪʝʥʟʠʪʝʪ (ʌʠʛ. 88ɹ), ʢʦʝʪʦ 

ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʩʣʘʙʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʣʠʢʘʥʠʪʝ ʠ ʢʘʪʠʦʥ ʚʠʦʣʦʛʝʥʘ ʦʪ 

ʜʚʫʢʦʤʧʦʥʝʥʪʥʠʷ ʢʦʤʧʣʝʢʩ.  

ʉʲʱʝʩʪʚʝʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ (~3,5 ʧʲʪʠ) ʝ ʦʪʯʝʪʝʥʦ ʩʣʝʜ ʪʠʪʨʫʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʘ o-BBV ʩ ʌɽ RvH1-a (ʌʠʛ. 44ɺ) ʠ ʩʲʩ ʩʫʙʝʜʠʥʠʮʘ RvH2 (ʌʠʛ. 44ɻ), ʢʦʝʪʦ ʚʝʨʦʷʪʥʦ ʩʝ 

ʜʲʣʞʠ ʥʘ ʠʟʣʦʞʝʥʠʪʝ ʛʣʠʢʘʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ, ʢʦʠʪʦ ʩʘ ʜʦʩʪʲʧʥʠ ʟʘ ʢʦʤʧʣʝʢʩʘ 

o-BBV (Kostadinova et al., 2013). 

ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʪʠʪʨʫʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʘ o-BBV ʩ ʥʘʨʘʩʪʚʘʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘ ʠʥʪʘʢʪʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ HlH, RvH ʠ ʥʘ ʭʘʨʘʢʪʝʨʥʠʪʝ ʩ ʨʘʟʣʠʯʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ 

ʠʟʦʬʦʨʤʠ (ɓc-HlH, ɓcHlH-g, RvH2), ʩʘ ʦʩʥʦʚʘʥʠʝ ʟʘ ʠʟʢʘʟʘʥʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ Ăʧʦʛʨʝʙʘʥʠò 

ʭʠʜʨʦʢʩʠʣʥʠ ʛʨʫʧʠ ʚ ʤʦʣʝʢʫʣʘʪʘ ʥʘ HlH ʠ RvH (ʌʠʛ. 45). ɼʦʢʘʪʦ ʭʠʜʨʦʢʩʠʣʥʠʪʝ ʛʨʫʧʠ ʥʘ 

ʛʣʠʢʘʥʠʪʝ ʚ ʩʫʙʝʜʠʥʠʮʠʪʝ ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʠ ʩʘ ʧʦ-ʜʦʩʪʲʧʥʠ ʟʘ 

ʛʘʩʠʪʝʣʷ o-BBV (Kostadinova et al., 2013).  

 

 

 
        ʌʠʛ. 45. ɿʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ 
        ʝʤʠʩʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʩ 
        ʨʘʟʣʠʯʥʦ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʩʪʨʫʢ ï 
        ʪʫʨʠ ʩʣʝʜ ʪʠʪʨʫʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʘ o-BBV:  
        HlH              0õ0.33 mg/ml;  
        ɓc-HlH         0õ0.55 mg/ml; 
        ɓcHlH-g       0õ0.55 mg/ml;  
        RvH             0õ0.25 mg/ml;  
        RvH2           0õ0.55 mg/ml). 

 

 

 

ʉʲʱʦ ʦʪʯʝʪʝʥʘʪʘ ʥʘʡ-ʟʥʘʯʠʪʝʣʥʘ ʧʨʦʤʷʥʘ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ ʝʤʠʩʠʷ ʩʣʝʜ ʪʠʪʨʫʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʘ o-BBV ʩ ʌɽ RvH1-a, ʧʦʪʚʲʨʞʜʘʚʘ ʚʠʩʦʢʦʪʦ ʚʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ (7%) ʠ ʩʣʦʞʥʠ 

ʦʣʠʛʦʟʘʭʘʨʠʜʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʜʚʘʪʘ ʛʣʠʢʘʥʘ (ʌʠʛ.45ɺ) (Dolashka-Angelova et al., 2003b).  

ʀʟʢʘʟʘʥʘʪʘ ʭʠʧʦʪʝʟʘ ʦʪ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʝ, ʯʝ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʜʚʘ ʛʣʠʢʘʥʘ ʚ RvH-ʘ 

ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ RvH-ʘ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʭʠʜʨʦʢʩʠʣʥʠʪʝ ʛʨʫʧʠ ʩʘ 

ʜʦʩʪʲʧʥʠ ʟʘ ʢʦʤʧʣʝʢʩʘ o-BBV, ʟʘʱʦʪʦ ʥʝ ʫʯʘʩʪʚʘʪ ʚʲʚ ɺʘʥ ʜʝʨ ɺʘʣʩʦʚʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ 

ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ. ʉ ʪʦʚʘ ʩʝ ʦʙʷʩʥʷʚʘ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ 

ʝʤʠʩʠʷ ʩʣʝʜ ʪʠʪʨʫʚʘʥʝ ʥʘ o-BBV ʩ RvH1-ʘ (Kostadinova et al., 2013). ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʜʦʢʘʟʚʘʪ, ʯʝ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʤʝʪʦʜ ʟʘ ʪʠʪʨʫʚʘʥʝ ʩ ʢʦʤʧʣʝʢʩʘ o-BBV ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ 

ʛʣʠʢʘʥʠ ʚ ʩʤʝʩʠ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʣʘʛʘ ʟʘ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʠʟʣʦʞʝʥʠʪʝ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʥʘ Ăʧʦʛʨʝʙʘʥʠʪʝò ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʛʣʠʢʘʥʠ, ʧʨʠ ʢʦʠʪʦ ʝ 

ʟʘʪʨʫʜʥʝʥ ʜʦʩʪʲʧʲʪ ʥʘ ʢʦʤʧʣʝʢʩʘ o-BBV ʜʦ ʭʠʜʨʦʢʩʠʣʥʠʪʝ ʛʨʫʧʠ ʥʘ ʛʣʠʢʘʥʘ. 
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ȯȷȬȮȬ IV .5 .  ɀȿȹȶɂȴɋ ȹȬ ȺȷȴȯȺȳȬɁȬȼȴȰȹȴȾȱ ȽȾȼȿȶȾȿȼȴ Ȯ 

ȸȱȰȹȴȾȱ ȯȷȴȶȺȻȼȺȾȱȴȹȴ, ȽȮɆȼȳȮȬɅȴ ȶȴȽȷȺȼȺȰȹȴ ɀȺȼȸȴ 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚ̡ ʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ ʥʦʚʠ ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠ 

ʧʨʦʪʝʠʥʠ, ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ, ʜʦʢʘʟʚʘʪ, ʯʝ ʥʷʢʦʠ ʦʪ ʪʷʭ ʩʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ 

ʩʲʩ ʩʣʦʞʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ. ʊʦʚʘ ʛʠ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʝʜʥʘ ʦʪ 

ʟʘʜʘʯʠʪʝ ʥʘ ʧʨʝʜʩʪʘʚʝʥʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ - ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʦʣʷʪʘ ʠ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʝʨʠʛʠ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ, ʩʪʘʙʠʣʥʦʩʪʪʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ.  

                IV.5.1. ʌʋʅʂʎʀʗ ʅɸ ɻʃʀʂɸʅʀʊɽ ɺ Cu/Zn-ʉʋʇɽʈʆʂʉʀɼ ɼʀʉʄʋʊɸɿʀ 

ʅʘ ʙʘʟʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ʧʲʨʚʠʯʥʠ ʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʩʘ ʧʦʩʪʨʦʝʥʠ 3D -ʤʦʜʝʣʠ ʥʘ 

ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ Cu/Zn-Hlʉʆɼ 103 ʠ Cu/Zn-Kmʉʆɼ NBIMCC 1984, ʢʘʢʪʦ ʠ ʥʝʛʣʠʢʦʟʠʣʠʨʘʥʠʷ 

ʝʥʟʠʤ Cu/Zn-AnʉOɼ 26, ʩ ʧʨʦʛʨʘʤʘʪʘ MODELLER (ʌʠʛ. 46). ʊʝʟʠ ʤʦʜʝʣʠ ʧʦʪʚʲʨʞʜʘʚʘʪ 

ʚʠʩʦʢʘʪʘ ʭʦʤʦʣʦʞʥoʩʪ ʥʘ ʉʆɼ-ʟʠ, ʩ ʧʨʝʦʙʣʘʜʘʚʘʱʠ b-ʣʠʩʪ ʘʥʪʠʧʘʨʘʣʝʣʥʠ ʩʪʨʫʢʪʫʨʠ, ʩʚʲʨʟʘʥʠ 

ʯʨʝʟ ʜʲʣʛʘ ʧʨʠʤʢʘ ʠ ʢʲʩʠ 310-ʭʝʣʠʢʩ ʩʪʨʫʢʪʫʨʠ. ʉʲʱʦ ʚ 3D -ʤʦʜʝʣʘ ʥʘ Cu/Zn-Anʉʆɼ 26 ʥʝ ʝ 

ʧʨʝʜʩʪʘʚʝʥ ʛʣʠʢʘʥ (ʌʠʛ. 46ɸ), ʜʦʢʘʪʦ ʧʨʠ Cu/Zn-Hlʉʆɼ 103 (ʌʠʛ.46ɹ) ʠ Cu/Zn-Kmʉʆɼ NBIMCC 

1984 (ʌʠʛ.16ɹ) ʛʣʠʢʘʥʠʪʝ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ (Dolashka et al., 

2010b; 2011ʩ; Dolashki et al., 2008ʘ). 
 
 

ʌʠʛ. 46. 3D -ʤʦʜʝʣʠ ʥʘ: ɸ) Cu/Zn-

ʉʆɼ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ ɸ. niger 26. 

ʄʘʨʢʠʨʘʥʠ N- ʠ C-ʢʨʘʷ; b-ʣʠʩʪ 
ʩʪʨʫʢʪʫʨʘ (ʩʠʥʴʦ-ʟʝʣʝʥ), S-S ʤʦʩʪ 
Cys57 ʠ Cys146 (ʞʲʣʪʦ); Cu-ʡʦʥ 
(ʩʠʥʠ) ʠ Zn-ʡʦʥ (ʟʝʣʝʥʦ); Trp32 
(ʯʝʨʚʝʥʦ);  
ɹ) Cu/Zn-ʉʆɼ ʦʪ ʱʘʤ H. lutea 103 ʠ 
ʩʚʲʨʟʘʥ ʛʣʠʢʘʥ ʢʲʤ -Asn-Ile-Thr- 
(ʟʝʣʝʥ). 
 
 
 

IV.5.1.1. ɺʣʠʷʥʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚʲʨʭʫ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ Cu/Zn-ʉʆɼ-ʟʠ 

ɽʜʥʘ ʦʪ ʚʘʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʉʆɼ-ʟʠ ʝ ʝʥʟʠʤʥʘʪʘ ʠʤ ʘʢʪʠʚʥʦʩʪ, ʢʦʷʪʦ 

ʟʘʚʠʩʠ ʦʪ ʨʝʜʠʮʘ ʬʘʢʪʦʨʠ, ʢʘʪʦ ʝʜʥʘ ʦʪ ʪʷʭ ʝ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʝʥʟʠʤʘ. ɺʣʠʷʥʠʝʪʦ 

ʥʘ ʛʣʠʢʦʟʠʜʥʠʷ ʭʘʨʘʢʪʝʨ ʚʲʨʭʫ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ Cu/Zn-Hlʉʆɼ 103 ʠ Cu/Zn-Kmʉʆɼ NBIMCC 1984 

ʩʣʝʜ ʧʨʦʤʷʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʨʅ ʥʘ ʩʨʝʜʘʪʘ, ʝ ʩʨʘʚʥʝʥʦ ʩ ʥʝʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʝʥʟʠʤ Cu/Zn-

ɸnʉʆɼ 26. ʋʩʪʘʥʦʚʝʥʘʪʘ ʦʩʪʘʪʲʯʥʘ ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʝ ʚʘʞʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ Cu/Zn-ɸnʉʆɼ26 ʠ Cu/Zn-ɸnʉʆɼʪʩ 26 (Abrashev et al., 2008).  
 
 

 
 
 
 
ʌʠʛ. 47. ɻʨʘʬʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ 
ʧʨʦʤʷʥʘ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ Cu/Zn- 
ɸnʉʆɼ 26 ʦʪ ʨʅ ʥʘ ʨʘʟʪʚʦʨʘ (ʦʪ ʨʅ2  
ʜʦ ʨʅ12). 
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ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʩʠʣʥʦ ʠʟʨʘʟʝʥʦ ʨʅ-ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʚʲʨʭʫ ʘʢʪʠʚʥʦʩʪʪʘ 

ʥʘ Cu/Zn-ɸnʉʆɼ 26 (ʌʠʛ. 47), ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ Cu/Zn-Hlʉʆɼ 103 (ʨʅ 6.5-7.8) ʠ 

ʥʘ Cu/Zn-Kmʉʆɼ (ʨʅ 7.5 - 8.5), ʢʦʠʪʦ ʟʘʧʘʟʚʘʪ ~73% ʠ 65% ʦʪ ʠʟʭʦʜʥʘʪʘ ʩʠ ʘʢʪʠʚʥʦʩʪ (Dolashki 

et al., 2008ʘ; Nedeva et al., 2009). 

IV.5.1.2. ɺʣʠʷʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ 

Cu/Zn-ʉʆɼ 

ʇʨʦʩʣʝʜʥʘʪʘ ʜʠʥʘʤʠʢʘ ʥʘ ʧʦʚʝʜʝʥʠʝ ʥʘ Cu/Zn-Hlʉʆɼ ʚ ʨʘʟʪʚʦʨʠ ʩ ʨʘʟʣʠʯʥʦ ʨʅ, ʯʨʝʟ 

ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʥʠʷ ESI-MS ʘʥʘʣʠʟ, ʦʪʯʠʪʘ ʥʘʩʪʲʧʠʣʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʝʥʟʠʤʘ 

(ʌʠʛ. 48ɸ). ʇʨʦʤʷʥʘʪʘ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʥʟʠʤʘ ʩʣʝʜ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʨʅ ʥʘ ʩʨʝʜʘʪʘ, ʝ ʠʟʨʘʟʝʥʘ 

ʩ ʧʦʷʚʘ ʥʘ ʥʦʚʠ ʡʦʥʠ ʚ MS ʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʡʦʥʠʪʝ ʩ m/z 2626.47[M+H]+ ʠ m/z 

1957.61[M+H]+ (ʌʠʛ. 48ɹ). ʊʦʚʘ ʦʪʨʘʟʷʚʘ ʥʘʯʘʣʦʪʦ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʝʥʟʠʤʘ, ʩʚʲʨʟʘʥʠ ʩ ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʜʠʤʝʨʥʘʪʘ ʤʫ ʬʦʨʤʘ ʜʦ ʩʫʙʝʜʠʥʠʮʠ. MS ʩʧʝʢʪʲʨʲʪ ʦʪʯʠʪʘ 

ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʝʥʟʠʤʘ ʜʦ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʦ ʩʫʙʝʜʠʥʠʮʠ ʧʨʠ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʅ 4,2 (ʌʠʛ. 

48ɺ) (Krumova et al., 2007).  

ʌʠʛ. 48. ESI-MS ʥʘ Cu/Zn-Hlʉʆɼ 103 (2 mM), ʨʘʟʪʚʦʨʝʥʘ ʚ 10 mM ʘʮʝʪʘʪʝʥ ʙʫʬʝʨ, ʩ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ 
ʥʘ ʨʅ: ɸ) ʙʫʬʝʨ ʩ ʨʅ 7.5; ɹ) ʙʫʬʝʨ ʩ ʨʅ 6.4; ɺ) ʙʫʬʝʨ ʩ ʨʅ 4.2 ʠ ɻ) ʙʫʬʝʨ ʩ ʨʅ 2.7. 

ɼʦʧʲʣʥʠʪʝʣʥʦ ʧʦʪʚʲʨʞʜʝʥʠʝ ʟʘ ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʉʆɼ ʜʦ ʩʫʙʝʜʠʥʠʮʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʦʪ ʡʦʥ 

ʩ m/z 1957,61[M+H]+, ʜʦʢʘʪʦ ʥʘʯʘʣʦʪʦ ʥʘ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʝ ʦʪʙʝʣʷʟʘʥʦ ʦʪ ʡʦʥ ʩ 

m/z 1200.31[M+H]+ (ʌʠʛ. 48ɺ). ʇʲʣʥʦ ʨʘʟʛʲʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ Cu/Zn-Hlʉʆɼ 103 ʥʘʩʪʲʧʚʘ ʚ 

ʨʘʟʪʚʦʨ ʧʨʠ ʨʅ <3 (ʌʠʛ. 48ɻ) (Krumova et al., 2007).  

ɿʘʜʲʣʙʦʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʝʥʟʠʤʠʪʝ ʝ ʧʨʝʜʦʩʪʘʚʝʥʘ 

ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʘʥʘʣʠʟʠ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʢʨʲʛʦʚ ʜʠʭʨʦʠʟʲʤ (ʂɼ). ʉʨʘʚʥʝʥʠʝʪʦ 

ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʟʘ ʭʦʣʦ- ʠ ʘʧʦ-ʬʦʨʤʠ ʥʘ ʉʆɼ-ʟʠ ʜʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʝʜʥʠʪʝ ʡʦʥʠ ʚʲʨʭʫ 

ʢʚʘʥʪʦʚʠʷ ʜʦʙʠʚ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʢʘʢʪʦ ʠ ɚʤʘʭ (ʊʘʙʣ. 13).  

           ʊʘʙʣ.13. ʌʣʫʦʨʝʩʮʝʥʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ Cu/Znʉʆɼ-ʟʠ ʦʪ H. lutea 110, 103 ʠ A. niger 26. 

 ɸnʉʆɼ 26 
Wholo-      ʘʨʦ- 

ʅlʉʆɼ 110 
wholo-     ʘʨʦ- 

ʅlʉʆɼ  103 
wholo-    ʘʨʦ- 

ɺʲʛʣʝʭʠʜʨʘʪʥʦ ʩʲʜʲʨʞʘʥʠʝ % - - - - ~1% ~1% 

ɽʤʠʩʠʦʥʝʥ ʤʘʢʩʠʤʫʤ (ɚ ʤʘʭ) 343 346 328 338 346 349 

ʂʚʘʥʪʦʚ ʜʦʙʠʚ (Q) ʤʦʣ 0.019 0.057 0.010 0.051 0.019 0.052 

ʂʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (Tc)  68  68  61 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝʥʝ (Tm) 69 61  59 65 53 
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ʂʘʪʦ ʛʘʩʠʪʝʣ ʥʘ ʪʨʠʧʪʦʬʠʣʦʚʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʝ ʩʤʷʪʘ ʠ ʜʠʩʫʣʬʠʜʥʠʷ ʤʦʩʪ, ʢʦʡʪʦ ʝ 

ʨʘʟʧʦʣʦʞʝʥ ʚ ʙʣʠʟʦʩʪ ʜʦ ʠʥʜʦʣʦʚʠʪʝ ʷʜʨʘ ʥʘ ʊrp ʦʩʪʘʪʲʢ ʚ ʤʦʣʝʢʫʣʘʪʘ ʥʘ Cu/Zn-Hlʉʆɼ 103. 

ɺʢʣʶʯʝʥʠʪʝ ʚ ʜʠʩʫʣʬʠʜʥʘʪʘ ʚʨʲʟʢʘ ʜʚʘ Cys ʦʩʪʘʪʲʢʘ ʥʘ ʧʦʟʠʮʠʷ 6 ʠ 146 ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʜʘʣʝʯ 

ʦʪ ʊrp32 ʦʩʪʘʪʲʢ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʝ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʝʤʠʩʠʷʪʘ ʥʘ ʠʥʜʦʣʦʚʦʪʦ ʤʫ ʷʜʨʦ 

(Dolashki et al., 2008ʘ; Dolashkʘ et al., 2011ʘ). 

ʂʦʤʙʠʥʠʨʘʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʜʚʘ ʝʥʟʠʤʘ, Cu/Zn-

Hlʉʆɼ 103 ʠ Cu/Zn-Kmʉʆɼ NBIMCC 1984, ʩʲʱʦ ʝ ʧʨʦʩʣʝʜʝʥʦ ʯʨʝʟ ʂɼ, ʢʘʪʦ ʧʦʜʭʦʜʷʱ ʤʝʪʦʜ ʟʘ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ. ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʥʘ ʬʠʛʫʨʘ 49ɸ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ Cu/Zn-Kmʉʆɼ, ʚ ʙʫʬʝʨʠ ʩ ʨʅ4 ʜʦ ʨʅ10, ʦʧʨʝʜʝʣ ̫ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 

Tm, ʢʦʠʪʦ ʠʟʨʘʟʷʚʘʪ ʥʷʢʦʣʢʦ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʨʝʭʦʜʘ. ʈʘʟʛʲʚʘʥʝ ʥʘ ʝʥʟʠʤʘ ʩʝ ʦʪʯʠʪʘ ʚ ʜʚʝ pH 

ʦʙʣʘʩʪʠ (ʨʅ 6.5-1.5 ʠ 8.7-10), ʜʦʢʘʪʦ ʝʥʟʠʤʲʪ ʟʘʧʘʟʚʘ ʩʚʦʷʪʘ ʩʪʘʙʠʣʥʦʩʪ ʚ pH ʠʥʪʝʨʚʘʣʘ 6.5 ʠ 

8.9 (Dolashka et al., 2011ʘ; Nedeva et al., 2009). ʇʨʝʭʦʜʲʪ ʚ ʢʠʩʝʣʘʪʘ ʨʅ ʦʙʣʘʩʪ ʧʨʦʪʠʯʘ ʚ ʪʨʠ 

ʝʪʘʧʘ, ʢʘʪʦ I-ʚʠ ʝʪʘʧ (ʨʅ 6.6-5.7) ʝ ʩʚʲʨʟʘʥ ʩ ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʜʠʤʝʨʥʘʪʘ ʬʦʨʤʘ ʥʘ ʉʆɼ ʜʦ 

ʤʦʥʦʤʝʨʠ, ʘ II-ʨʠ (ʨʅ 5.7-5.0) ʠ III-ʪʠ ʝʪʘʧ (ʨʅ 5.0-4.0) ʠʟʨʘʟʷʚʘʪ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ ʧʨʦʪʝʠʥʘ 

(Nedeva et al., 2009). 

ʇʦ-ʟʘʜʲʣʙʦʯʝʥ ʘʥʘʣʠʟ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ Cu/Zn-Hlʉʆɼ 103 ʝ ʧʦʩʪʠʛʥʘʪ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʥʠʷ ʧʦʜʭʦʜ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʝʬʝʢʪʘ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʠ ʧʨʦʤʝʥʣʠʚʠ (ʊm ʠ ʨʅ) 

(Dolashka et al., 2011ʘ). ʉʢʘʥʠʨʘʥʠʪʝ ʂɼ ʩʧʝʢʪʨʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ 15-90ʦC ʧʨʝʜʩʪʘʚʷʪ 

ʊm ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʝʥʟʠʤʘ ʚ ʙʫʬʝʨʠ ʩ ʨʅ 4-11 (ʌʠʛ. 50), ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ ʧʨʝʜʧʦʣʘʛʘʝʤʠʪʝ 

ʦʙʣʘʩʪʠ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʥʘ ʧʨʦʮʝʩʘ, ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʛʨʘʬʠʯʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ pH/[ɗ]222 ʥʘ ʝʥʟʠʤʘ, 

ʧʨʠ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ (15-90ʦC) (ʌʠʛ. 50ɸ).  

ʊʘʢʘ ʧʨʝʜʩʪʘʚʝʥʦʪʦ ʢʦʤʙʠʥʠʨʘʥʦ ʜʝʡʩʪʚʠʝ ʚʲʚ "ʬʘʟʦʚʘ ʜʠʘʛʨʘʤʘ" (ʌʠʛ. 50ɹ) ʦʪʯʠʪʘ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ (ʊ-ʨʅ) ʚʲʨʭʫ [ɗ]222, ʠ ʦʯʝʨʪʘʚʘ ʥʘʩʪʲʧʠʣʠʪʝ ʨʅ-ʠʥʜʫʮʠʨʘʥʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʠ ʧʨʦʤʝʥʠ ʚ ʝʥʟʠʤʘ. ɽʜʥʘʢʚʘʪʘ ʦʙʨʘʪʠʤʦʩʪ ʥʘ ʨʘʟʛʲʚʘʥʝʪʦ ʥʘ ʝʥʟʠʤʘ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʣʠʥʠʠʪʝ, ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ ʊ-ʨʅ ʪʦʯʢʠʪʝ : ʩʲʦʪʚʝʪʥʦ ʣʠʥʠʷ 1 - 100%; ʣʠʥʠʷ 2 - 

96%; ʣʠʥʠʷ 3 - 92% ʠ ʣʠʥʠʷ 4 - 88% (Dolashka et al., 2011ʘ).  

 

 

 

 

 

 

 

 

 

 

 

ʇʦʩʪʨʦʝʥʘʪʘ "ʬʘʟʦʚʘ ʜʠʘʛʨʘʤʘ" ʧʦʟʚʦʣʷʚʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʚʘʞʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ 

ʧʘʨʘʤʝʪʨʠ, ʢʘʪʦ: ʩʧʝʮʠʬʠʯʝʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʢʘʧʘʮʠʪʝʪ (DCp), ʝʬʝʢʪʠʚʥʘ ʝʥʪʘʣʧʠʷ ʥʘ 

ʜʝʥʘʪʫʨʘʮʠʷ (Van't Hoff's) ʧʨʠ 25ʦʉ (DHexp) ʠ ʦʙʨʘʪʠʤʘ ʜʝʥʘʪʫʨʘʮʠʷ (DGexp). 

ʌʠʛ. 49A) ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ [ɗ]222 ʥʘ  
Cu/Zn-Kmʉʆɼ ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʅ  
(4-10) ʥʘ ʩʨʝʜʘʪʘ ʠ ʊ (20ʦC-88ʦC),  
ɹ) ɿʘʚʠʩʠʤʦʩʪ -Tm ʥʘ ʝʥʟʠʤʘ ʦʪ pH ʥʘ ʨʘʟʪʚʦʨʘ. 

ʌʠʛ. 50. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ 
[ɗ]222  ʥʘ Cu/Zn-Hlʉʆɼ 103 ʧʨʠ ʨʘʟʣʠʯʥʠ  
ʨʅ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʨʝʜʘʪʘ. ʊ-ʠʥʜʫʮʠʨʘʥʠ 
ʧʨʦʤʝʥʠ ʚ ʠʥʪʝʨʚʘʣ ʦʪ 20 ʜʦ 90Áʉ. 
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 ʌʠʛ. 50ɸ) pH ʟʘʚʠʩʠʤʦʩʪ ʥʘ [ɗ]222 ʥʘ Cu/Zn-Hlʉʆɼ              ɹ)ôôT-pH ʬʘʟʦʚʘ ʜʠʘʛʨʘʤʘôô ʥʘ ʦʙʨʘʪʠʤʦʩʪ 

103 ʦʪ ʊ = 20-90Áʉ. ʇʨʝʜʧʦʣʘʛʘ ʝʤʘ ʦʙʣʘʩʪ ʥʘ                    ʥʘ ʝʥʟʠʤʘ. ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ TïpH  
ʦʙʨʘʪʠʤʦʩʪ (ʧʫʥʢʪʠʨʘʥʠ ʣʠʥʠʠ)                                             ʣʠʥʠʠ ʦʯʝʨʪʘʚʘ ʦʙʨʘʪʠʤʦʩʪʪʘ (ʚ %). 

ʉʲʱʦ ʝ ʫʩʪʘʥʦʚʝʥʘ ʤʥʦʛʦ ʪʷʩʥʘ ʦʙʣʘʩʪ ʥʘ ʚʠʩʦʢʘ ʦʙʨʘʪʠʤʦʩʪ ʥʘ Cu/Zn-Hlʉʆɼ 103 ʚ ʨʅ 

ʠʥʪʝʨʚʘʣ 6.0-8.0 ʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ ʦʪ 25ʦC ʜʦ 60ʦC, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʜʚʝ ʦʙʣʘʩʪʠ ʥʘ T-

ʧʨʝʭʦʜa. ʆʙʣʘʩʪʪʘ ʩ ʚʠʩʦʢʘ ʦʙʨʘʪʠʤʦʩʪ (ʨʅ 6,0-8,0) ʥʘ ʝʥʟʠʤʘ Cu/Zn-Hlʉʆɼ 103 ʝ ʦʯʝʨʪʘʥʘ ʦʪ 

ʠʥʬʣʝʢʩʥʘʪʘ ʪʦʯʢʘ ʥʘ Tm (ʌʠʛ. 51ɸ) ʠ ʥʘʢʣʦʥʘ ʥʘ ʢʨʠʚʠʪʝ lnKobs/R ʠ 1/T (Van't Hoffôs), ʧʨʠ ʨʅ 6.0 

ʥʘ ʩʨʝʜʘʪʘ. ʅʘ ʙʘʟʘ ʥʘ ʪʝʟʠ ʜʘʥʥʠ ʩʘ ʠʟʯʠʩʣʝʥʠ ʝʬʝʢʪʠʚʥʠʪʝ ʝʥʪʘʣʧʠʠ (æHVH) ʟʘ ʧʲʨʚʠ 

(æHm=8.5 ʢcal/ʄ) ʠ ʚʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʝʥ ʧʨʝʭʦʜ (æHm=10.87 ʢcal/ʄ) (ʌʠʛ. 51ɹ).  

ʊʘʙʣ. 13. ʊʝʨʤʦʜʠʥʘʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʙʨʘʪʠʤʦ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ: 

A) Cu/Zn-Hlʉʆɼ 103  ʠ B) ʉʆɼ ʦʪ ʛʦʚʝʜʘ. 

 

 

ʆʪʨʘʟʝʥʠʪʝ ʚ ʪʘʙʣʠʮʘ 13 ʩʪʦʡʥʦʩʪʠ ʟʘ Tm ʠ æHm ʧʦʢʘʟʚʘʪ ʚʩʠʯʢʠ ʧʨʝʭʦʜʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʦʙʨʘʪʠʤʦʩʪ ʥʘ ʝʥʟʠʤʘ. ʈʘʟʧʦʣʦʞʝʥʠʪʝ ʥʘ ʝʜʥʘ ʧʨʘʚʘ ʣʠʥʠʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʨʝʜʝʣʝʥʠ 

ʩʪʦʡʥʦʩʪʠ ʥʘ æHm, ʜʦʢʘʟʚʘʪ ʧʲʣʥʘ ʦʙʨʘʪʠʤʦʩʪ ʥʘ ʝʥʟʠʤʘ Cu/Zn-Hlʉʆɼ 103 ʚ ʨʅ ʦʙʣʘʩʪʪʘ ʦʪ 6.0 

ʜʦ 8.0 (ʬʠʛ. 51ɹ).  

ɼʦʧʲʣʥʠʪʝʣʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʧʨʘʚʠʪʝ ʣʠʥʠʠ, ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ 

ʝʬʝʢʪʠʚʥʠʷ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʧʨʠ ʬʠʢʩʠʨʘʥʦ ʥʘʣʷʛʘʥʝ (æCp åÖæHVH/ÖT), ʢʘʢʪʦ ʠ ʠʟʯʠʩʣʝʥʠʪʝ 

ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ æCp(I)=0.29 ʢcal/(mol.grad) ʟʘ ʧʲʨʚʠʷ ʠ ȹCp(II)=0.34 ʢcal/(mol.grad) ʠ ʟʘ ʚʪʦʨʠʷ 

ʪʝʤʧʝʨʘʪʫʨʝʥ ʧʨʝʭʦʜ ʥʘ ʨʘʟʛʲʚʘʥʝ ʥʘ ʝʥʟʠʤʘ (ʬʠʛ. 51ɹ). 

ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ȹHo ʟʘ ʧʲʨʚʠʷ (1.3 kcal/mol) ʠ ʚʪʦʨʠʷ (2.8 kcal/mol) ʧʨʝʭʦʜ ʜʦʢʘʟʚʘʪ ʨʅ-

ʥʝʟʘʚʠʩʠʤʠ ʧʨʦʮʝʩʠ, ʥʘʩʪʲʧʠʣʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʭʠʜʨʦʬʦʙʥʦ ʧʨʝʛʨʫʧʠʨʘʥʝ ʥʘ ʯʝʪʚʲʨʪʠʯʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʝʥʟʠʤʘ (ʌʠʛ. 52) (Dolashka et al., 2011ʩ).   

ʉʆɼ H. Lutea103        I ʧʨʝʭʦʜ II ʧʨʝʭʦʜ  

pH æHo kcal/mol æSo.10
-3 

kcal/mol
 
æGo kcal/mol æHo kcal/mol æSo.10

-3
kcal/mol

 
æGo kcal/mol 

6.0 1.4 3.6 -13.48 2.8 -1.11 -25.55 

6.6 1.3 3.6 -11.02 2.8 -1.11 -23.35 

7.0 1.3 3.7 -10.40 2.8 -1.11 -23.85 

8.0 1.3 3.7 -12.87 2.8 -1.14 -24.33 

ʉʆɼ ʦʪ ʙʠʚʦʣ   I ʧʨʝʭʦʜ II ʧʨʝʭʦʜ  

pH æHo kcal/mol æS.10
-3

kcal/mol
 
æGokcal/mol æHokcal/mol æS.10

-3
kcal/mol

 
æGokcal/mol 

5.6 1.2 3.72 6.34 1.2 3.48 7.59 

6.0 1.2 4.00 4.96 1.2 3.35 7.31 

7.0 1.3 4.16 5.91 1.3 3.72 6.57 

8.0 1.2 3.57 5.44 1.2 3.33 5.06 
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ʌʠʛ.51A) ʂʨʠʚʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦ ʨʘʟʛʲʚʘʥʝ                           ɹ) ʃʠʥʝʘʣʠʟʠʨʘʥʠ ʢʨʠʚʠ ʥʘ Vanôt Hoffôs ʚ 

ʥʘ Cu/Zn-Hlʉʆɼ103, ʚ 20 mM Tris ʙʫʬʝʨ.                                 ʢʦʦʨʜʠʥʘʪʠ lnKobs/Rvs ʠ 1/T. ʆʧʨʝʜʝʣʝʥʠ ʩʘ 
                                                                                               æHVH ʦʪ ʥʘʢʣʦʥʘ ʥʘ ʣʠʥʠʠ ʩ pH 6.0. 

  ʆʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʯʠʩʣʝʥʘʪʘ ʦʙʱʘ ʩʪʘʙʠʣʥʦʩʪ ȹGoexp= 33,4 kcal/mol, ʢʦʷʪʦ ʧʨʝʜʩʪʘʚʷ 

pH-ʟʘʚʠʩʠʤʦʩʪʪʘ [ȹGoexp(pH)], ʝ ʦʧʨʝʜʝʣʝʥʦ ʦʙʨʘʪʠʤʦʪʦ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ ʝʥʟʠʤʘ. ɼʦʢʘʪʦ 

ʩʨʘʚʥʠʪʝʣʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʢʨʠʚʠʪʝ G1 ʠ G2 ʧʨʝʜʩʪʘʚʷ ʨʘʟʣʠʯʥʦ ʡʦʥʠʟʠʨʘʥʝ ʥʘ ʩʪʨʘʥʠʯʥʠʪʝ 

ʚʝʨʠʛʠ ʥʘ ɸʂʆ ʥʘ Cu/Zn-Hlʉʆɼ 103 ʠ ʧʨʠ ʜʚʘʪʘ ʧʨʦʮʝʩʘ (ʌʠʛ. 53) (Dolashka et al., 2011ʘ).  

 
      

 

 

 

 

 

 

 

 

 

 

 

ʆʧʨʝʜʝʣʝʥʠʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʜʦʧʲʣʚʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʥʘ ʨʅ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ Cu/Zn-Hlʉʆɼ 103, ʢʦʠʪʦ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʜʘʥʥʠ ʟʘ 

ʜʨʫʛʠ ʉʆɼ-ʟʠ, ʥʦ ʧʦʢʘʟʚʘʪ ʧʦ-ʚʠʩʦʢʘ ʩʪʘʙʠʣʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʛʦʚʝʞʜʘ ʉʆɼ. 

IV.5.2. ʌʋʅʂʎʀʗ  ʅɸ  ɻʃʀʂɸʅʀʊɽ  ʇʈʀ ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ɺʀɼ ARTHROPODA 

IV.5.2.1. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʊɽʄ ʘʥʘʣʠʟʠ ʥʘ ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ M. squinado (ʌʠʛ. 

54ɸ) (Dolashka-Angelova et al., 2000ʘ) ʠ ʦʪ E. verrucosa (ʌʠʛ. 54ɹ) ʧʦʪʚʲʨʞʜʘʚʘʪ ʭʘʨʘʢʪʝʨʥʘʪʘ 

ʭʝʢʩʘʤʝʨʥʘ ʬʦʨʤʘ (nx6) ʟʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʨʘʢʦʦʙʨʘʟʥʠ, ʢʦʷʪʦ ʩʝ ʨʘʟʛʨʘʥʠʯʘʚʘ ʩʲʱʝʩʪʚʝʥʦ ʦʪ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʤʝʢʦʪʝʣʠ. ʆʛʨʦʤʥʘʪʘ ʦʣʠʛʦʤʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ M. 

squinado ʩʝ ʜʠʩʦʮʠʠʨʘ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʩ ʄʤ ʦʢʦʣʦ 75 kDa ʩʣʝʜ ʜʠʘʣʠʟʘ ʩʨʝʱʫ ʙʫʬʝʨ 

ʩ ʨʅ 9 (ʌʠʛ. 54ɺ), ʢʦʝʪʦ ʝ ʭʘʨʘʢʪʝʨʥʦ ʠ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ C. aestuarii, L. ʨolyphemus ʠ B. 

sindicus. 

ɹ 
 

ɹ 

ʌʠʛ. 52. Hm/Tm ʛʨʘʬʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪ ʟʘ ʚʩʠʯʢʠ 

pH ʩʪʦʡʥʦʩʪʠ ʦʪ ʦʙʣʘʩʪʪʘ ʥʘ pH 6.0ï8.0 ʥʘ 
ʜʝʥʘʪʫʨʠʨʘʱʠʷ ʧʨʦʮʝʩ. ʆʧʨʝʜʝʣʷʥʝ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠʷ ʪʝʤʧʝʨʘʪʫʨʝʥ ʢʘʧʘʮʠʪʝʪ(Cp). 

ʌʠʛ. 53. ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʠʟʯʠʩʣʝʥʘʪʘ  
ʩʚʦʙʦʜʥʘ ʝʥʝʨʛʠʷ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ  
(Gibbs) ʥʘ Cu/Zn-Hlʉʆɼ 103, ʦʪ ʨʅ 
6.0 ʜʦ ʨʅ 8.0. 
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ʌʠʛ. 54. ʊɽʄɸ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ (0.1 
mg.ml-1) ʚ 10 mM Tris:HCl ʙʫʬʝʨ, pH 
7.0, 10 mM CaCl2, 10% MgCl2:  
ɸ) ʍʝʤʦʮʠʘʥʠʥ ʦʪ E. verrucosa ï  
ʍʝʢʩʘʤʝʨʠ (ʙʷʣʘ ʩʪʨʝʣʢʘ), 
ʤʫʣʪʠʭʝʢʩʘʤʝʨʠ (ʯʝʨʥʘ). 
ɹ) ʅʘʪʠʚʥʘ ʬʦʨʤʘ ʥʘ MsH.  
ɺ) ɼʠʩʦʮʠʠʨʘʥʘ ʬʦʨʤʘ ʥʘ MsH. 
ʆʮʚʝʪʷʚʘʥʝ ʩ 1% uranyl acetate. 
 

 

ʇʨʦʮʝʩʲʪ ʥʘ ʧʦ-ʙʲʨʟʦʪʦ ʜʠʩʦʮʠʠʨʘʥʝ ʧʨʠ ʜʠʘʣʠʟʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʦʙʷʩʥʝʥ ʩ̡ ʩ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦ-ʢʲʩʠʪʝ ʚ̡ ʛʣʝʭʠʜʨʘʪʥʠ ʚʝʨʠʛʠ, ʢʦʠʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ 

ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca.  

IV.5.2.2. ɺʣʠʷʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

ʚʠʜ Arthropoda 

         ʊʝʤʧʝʨʘʪʫʨʥʘ ʠ ʨʅ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʨʘʚʥʠʪʝʣʥʠʪʝ ʘʥʘʣʠʟʠ ʯʨʝʟ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʢʨʲʛʦʚ 

ʜʠʭʨʦʠʟʲʤ ʦʧʨʝʜʝʣʷʪ ʭʝʤʦʮʠʘʥʠʥʘ ʦʪ H. ʘmericanus, ʢʘʪʦ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʪʝʨʤʦʩʪʘʙʠʣʝʥ 

(Tc=87ʦʉ) ʧʨʦʪʝʠʥ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda (ʊʘʙʣ. 14).  
 
ʊʘʙʣ. 14. ʊʝʨʤʦʩʪʘʙʠʣʥʦʩʪ ʠ ʩʚʦʙʦʜʥʘ ʝʥʝʨʛʠʷ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ Arthropoda 

 

 

 

 

 

 

 

 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʊʩ (52-59Áʉ) ʥʘ ʉʘʝʅ ʠ ʩʫʙʝʜʠʥʠʮʠʪʝ ʩʘ ʠʟʯʠʩʣʝʥʠ ʦʪ ʦʪʢʣʦʥʝʥʠʝʪʦ ʥʘ 

ʧʨʘʚʘʪʘ ʣʠʥʠʷ ʥʘ ɸʨʝʥʠʫʩʦʚʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ln(Q-1-1)vs.1/T, ʢʲʜʝʪʦ ʧʨʦʪʝʠʥʲʪ ʧʨʝʪʲʨʧʷʚʘ 

ʜʝʥʘʪʫʨʘʮʠʷ. ʆʧʨʝʜʝʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʩʘ ʙʣʠʟʢʠ ʩ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʯʨʝʟ ʂɼ ʟʘ Tm (49-

55Áʉ) (ʌʠʛ. 55ɹ), ʢʘʢʪʦ ʠ ʩ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʊʩ ʩʪʦʡʥʦʩʪʠ (50-60Áʉ) ʟʘ ʜʨʫʛʠ ʭʝʤʦʮʠʘʥʠʥʠ 

(Dolashka-Angelova et al.,1999ʩ).  

 

ʌʠʛ.55. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ, 
ʦʧʨʝʜʝʣʝʥʘ ʯʨʝʟ ʬʣʫʦʨʝʩʮʝʥʪʥʘ 
ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ: A) ʪʨʠʧʪʦʬʠʣʦʚʘ 
ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ ʘʧʦ-ʬʦʨʤʠ ʥʘ 
ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʉ. aestuarii (·ī·), ʩʫʙ-
ʝʜʠʥʠʮʠ CaʝSS1 (ǅīǅ), CaʝSS2, (ÁīÁ) 

CaʝSS3 (oīo), ʚ 50 mʄ Tris/ HCl ʙʫʬʝʨ, 
ʨʅ 8.9, ɹ) [ɗ]222 ʥʘ ʘʧʦ-ʬʦʨʤʠʪʝ ʥʘ ʉʘʝʅ 
(·ī·); CaʝSS1 (ǅīǅ), CaʝSS2 (ÁīÁ) ʠ 

CaʝSS3 (oīo), ʧʨʦʩʣʝʜʝʥʘ ʯʨʝʟ ʂɼ. 
 
 
 
 

ʍʝʤʦʮʠʘʥʠʥ Tc (
oC) Tm (oC) 

oxy-    apo- 
Ea 

kJ mol-1 
ɺʲʛʣʝʭʠʜʨʘʪʥʦ 
ʩʲʜʲʨʞʘʥʠʝ % 

DGD
H

2
O 

kJ mol-1 

ʉʤ (ʄ) 

H. americanus 87 80          76 50.5 0.9 13.50  

C. maenas 63 72          69 33.7  11.40  

M. squinado 76 72          67 48.3  12.60  

Bsin1 67  37.7  16.8 4.5 

P. vulgaris    0.1 12.2  

L. polyphemus    0.1  4.0 

C. aestuarii 63 72        69 19.62 4.9 2.80 4.7 

CaSS2 57 55        58 7,7 6.3 1.80 3.4 

E. verrucosa        72     

EvH1      60     

EvH4      57     

ɹ 

ɺ 

ɸ 
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ʉʨʘʚʥʠʪʝʣʥʠʪʝ ʘʥʘʣʠʟʠ ʯʨʝʟ ʂɼ ʩʲʱʦ ʧʨʝʜʩʪʘʚʷʪ ʤʦʣʝʢʫʣʘ ʥʘ EvH (Tm = 72Áʉ) ʢʘʪʦ ʧʦ-

ʩʪʘʙʠʣʥʘ ʦʪ ʜʚʝʪʝ ʩʫʙʝʜʠʥʠʮʠ EvH1 (ʊm=60Áʉ) ʠ EvH4 (ʊm=57Áʉ). ʅʘʙʣʶʜʘʚʘʥʠʪʝ ʦʪʥʦʩʠʪʝʣʥʦ 

ʤʘʣʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘ [ɗ]222 ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʜʦ 75ęʉ) ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʧʨʠ ʥʝʫʪʨʘʣʥʦ ʨʅ 

ʤʥʦʛʦ ʦʪ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʚʪʦʨʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ EvH ʩʝ ʟʘʧʘʟʚʘʪ. ʅʘʯʘʣʦʪʦ ʥʘ ʩʣʘʙʦ ʊ-

ʟʘʚʠʩʠʤʦ ʨʘʟʛʲʚʘʥʝ ʝ ʦʪʯʝʪʝʥʦ ʩʣʝʜ ʪʝʤʧʝʨʘʪʫʨʘ >70ęʉ, ʢʲʜʝʪʦ ʧʨʦʪʝʠʥʲʪ ʛʫʙʠ "ʛʣʦʙʫʣʘʨʥʦʪʦ 

ʩʠ ʩʲʩʪʦʷʥʠʝò ʠ ʧʨʝʤʠʥʘʚʘ ʚ ʜʝʥʘʪʫʨʠʨʘʥʦ (Dolashki et al., 2015). 

ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʭʠʧʦʪʝʟʘʪʘ ʟʘ ʫʯʘʩʪʠʝ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚ ʩʪʘʙʠʣʠʟʠʨʘʥʝ 

ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda ʩʘ ʜʦʧʲʣʥʠʪʝʣʥʠʪʝ ʜʘʥʥʠ, ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ʩʨʘʚʥʠʪʝʣʥʠ ʂɼ 

ʘʥʘʣʠʟʠ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʅ ʚʲʨʭʫ [ɗ]222 ʥʘ ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ EvH, ʚʲʨʭʫ ʛʣʠʢʦʟʠʣʠʨʘʥʘ 

(EvH1) (ʌʠʛ. 56ɸ) ʠ ʥʝʛʣʠʢʦʟʠʣʠʨʘʥʘ ʩʫʙʝʜʠʥʠʮʘ (EvH4) (ʌʠʛ. 56ɹ). 

 
 
ʌʠʛ. 56.ɸ) ɿʘʚʠʩʠʤʦʩʪ ʥʘ 
[ɗ]222 ʥʘ EvH ʠ EvH1 ʠ EvH4 
ʩʣʝʜ ʧʨʦʤʷʥʘ ʥʘ ʊ. ɹ) 
ɿʘʚʠʩʠʤʦʩʪ ʥʘ [ɗ]222 ʥʘ EvH, 
EvH4 ʠ EvH1 ʦʪ ʧʨʦʤʷʥʘʪʘ ʥʘ 
pH ʥʘ ʩʨʝʜʘʪʘ. 

 
 

 

 

 

 

 

 

ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʥʘ ʬʠʛʫʨʘ 56ɺ ʟʘʚʠʩʠʤʦʩʪ ʥʘ [ɗ]222 ʦʪ pH ʥʘ ʩʨʝʜʘʪʘ ʠʟʨʘʟʷʚʘ ʠ ʧʨʠ ʪʨʠʪʝ 

ʧʨʦʪʝʠʥʘ ʢʨʠʚʠ ʩ ʬʦʨʤʘʪʘ ʥʘ ñʢʘʤʙʘʥʘò, ʢʦʠʪʦ ʧʦʢʘʟʚʘʪ ʩʭʦʜʩʪʚʦ ʥʘ ʥʘʩʪʲʧʠʣʠʪʝ ʧʨʦʤʝʥʠ ʚ 

ʤʦʣʝʢʫʣʠʪʝ ʚ ʘʣʢʘʣʥʘʪʘ ʠ ʚ ʢʠʩʝʣʘʪʘ pH ʦʙʣʘʩʪʠ, ʧʨʠ ʊ=25°C. ʂʦʥʩʪʘʪʠʨʘʥʠʪʝ ʨʘʟʣʠʯʠʷ ʚ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʧʨʦʪʝʠʥʠʪʝ, ʢʲʜʝʪʦ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʱʝʩʪʚʝʥʘ ʧʨʦʤʷʥʘ ʥʘ [ɗ]222/pH, ʩʘ ʚ ʧʦ-

ʰʠʨʦʢʦ ʠʟʨʘʟʝʥʘʪʘ ʨʅ ʦʙʣʘʩʪʪʘ ʟʘ EvH (ʦʪ ʨʅ 6.0 ʜʦ 9.2), ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʫʙʝʜʠʥʠʮʠʪʝ (ʦʪ ʨʅ 

7.5 ʜʦ 9.0). ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʧʦ-ʚʠʩʦʢʘʪʘ ʨʅ-ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʥʘʪʠʚʥʘʪʘ 

ʤʦʣʝʢʫʣʘ ʥʘ EvH, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʚʝʪʝ ʩʫʙʝʜʠʥʠʮʠ EvH1 ʠ EvH4 (Dolashki et al., 2015).  

 

ʉʪʘʙʠʣʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ Arthropoda ʢʲʤ ʜʝʥʘʪʫʨʠʨʘʱʠ ̫ʨʝʘʛʝʥʪ Gdn·HCl  

ɼʨʫʛʠ ʠʟʚʝʩʪʥʠ ʬʘʢʪʦʨʠ ʩ ʚʣʠʷʥʠʝʪʦ ʩʠ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʩʘ 

ʜʝʥʘʪʫʨʠʨʘʱʠʪʝ ʨʝʘʛʝʥʪʠ ʫʨʝʷ ʠ Gdn·HCl. ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʥʘ [ɗ]222 ʧʨʠ ʤʥʦʛʦ ʥʠʩʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ Gdn.HCl (0.5 M) ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʉʘʝʅ ʜʦ 

ʩʫʙʝʜʠʥʠʮʠ, ʜʦʢʘʪʦ ʧʦ-ʚʠʩʦʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʯʠʥʷʚʘ ʨʘʟʛʲʚʘʥʝ ʥʘ ʧʨʦʪʝʠʥʘ.  

 

 

 
ʌʠʛ. 57ɸ) ʇʨʦʤʷʥʘ ʥʘ [ɗ]222 ʦʪ 
ʢʦʥ-ʮʝʥʪʨʘʮʠʷʪʘ ʥʘ Gdn.HCl ʟʘ 
ʉ aestuarii ʭʝʤʦʮʠʘʥʠʥ (·ī·); 
ʩʫʙʝʜʠʥʠʮʠ CaSS1 (ǅīǅ); CaSS2 

(ÁīÁ) ʠ CaSS3 (oīo), ʚ 50 mʄ 
Tris/HCl ʙʫʬʝʨ, ʨʅ 8.9 ʠ  

ɹ) ɿʘʚʠʩʠʤʦʩʪ ʥʘ DGD
H2O ʦʪ 

ʢʦʥʮʝʥ-ʪʨʘʮʠʷʪʘ ʥʘ Gdn.HCl. 
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ʇʨʦʮʝʩʲʪ ʚʦʜʠ ʜʦ ʥʝʦʙʨʘʪʠʤʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʠ ʧʨʦʤʝʥʠ ʥʘ ʉʘʝʅ (4-5 M Gdn·HCl) ʠ 

ʩʫʙʝʜʠʥʠʮʠʪʝ (3.5-4 M Gdn·HCl), ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʥʝ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʥʘʯʘʣʥʘʪʘ 

ʢʦʥʬʦʨʤʘʮʠʷ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʜʝʥʘʪʫʨʘʥʪʘ (ʌʠʛ. 57ɸ) (Dolashka-

Angelova et al.,1999ʩ). ʇʦ-ʩʪʘʙʠʣʥʘʪʘ ʬʦʨʤʘ ʥʘ ʉʘʝʅ, ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʫʙʝʜʠʥʠʮʠʪʝ, ʝ 

ʫʩʪʘʥʦʚʝʥʘ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ Gdn.HCl, ʦʪ ʢʦʝʪʦ ʝ ʠʟʯʠʩʣʝʥʘ ʧʦ-

ʚʠʩʦʢʘ ~1.3 ʧʲʪʠ ʩʚʦʙʦʜʥʘ ʝʥʝʨʛʠʷ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʲʚ ʚʦʜʘ (DGD
H2O) ʟʘ ʉʘʝʅ (ʌʠʛ.57ɹ) ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʟʘ ʩʫʙʝʜʠʥʠʮʠʪʝ. ʀʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʘʪ ʩʪʨʫʢʪʫʨʥʠʪʝ 

ʩʫʙʝʜʠʥʠʮʠ ʥʘ ʉʘʝʅ, ʢʦʠʪʦ ʧʦʢʘʟʚʘʪ ʧʦ-ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ ʥʘ DGD
H2O ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ 

CaʝSS2, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ ʥʝʛʣʠʢʦʟʠʣʠʨʘʥʠ ʩʫʙʝʜʠʥʠʮʠ (Dolashka-Angelova et al., 2001; 

2005 b). 

 
 

ʌʠʛ.58. 3D -ʤʦʜʝʣ ʥʘ ʩʫʙʝʜʠʥʠʮʘ CaʝSS2.  

ʊʨʠʧʪʦʬʠʣʦʚʠʪʝ ʦʩʪʘʪʲʮʠ ʩʘ ʧʦʢʘʟʘʥʠ ʚ 
ʯʝʨʚʝʥʦ, ʢʘʪʦ ʧʦʛʨʝʙʘʥʠʷʪ Trp 483 ʥʝ ʝ 
ʦʪʙʝʣʷʟʘʥ; N-ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ 
(Asn309) ʝ ʧʦʢʘʟʘʥ ʚ ʩʠʥʴʦ.  

 

 

 

 

 

ʇʦʩʪʨʦʝʥʠʷʪ 3D -ʤʦʜʝʣ ʥʘ ʩʫʙʝʜʠʥʠʮʘ CaeSS2 (ʌʠʛ. 58) ʧʨʝʜʦʩʪʘʚ ̫ ʦʙʷʩʥʝʥʠʝ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Arthropoda ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ.  

ʇʨʝʜʩʪʘʚʝʥʠʷʪ N-ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ ʥʘ ʤʦʜʝʣʘ ʥʘ CaʝSS2 ʝ ʠʟʣʦʞʝʥ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʤʦʣʝʢʫʣʘʪʘ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʘ ʚʲʚ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʭʝʢʩʘʤʝʨʥʠʪʝ ʬʦʨʤʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʠʤʘ ʟʥʘʯʝʥʠʝ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ 

ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ Caʝʅ (Dolashka-Angelova et al., 2001; 2005 b). 

IV.5.3. ʌʋʅʂʎʀʗ ʅɸ ɻʃʀʂɸʅʀʊɽ ɺ ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ɺʀɼ MOLLUSCA 

V.5.3.1. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca 

 ʈʘʟʧʦʣʦʞʝʥʠʪʝ ʛʣʠʢʘʥʠ ʥʘ ʨʲʙʘ ʥʘ ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʩʪʝʥʘ ʥʘ KLH1 ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʛʦʣʷʤ 

ʠʥʪʝʨʝʩ, ʢʘʪʦ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʧʨʝʯʘʪ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʤʫʣʪʠʜʝʢʘʤʝʨʠ. ʊʘʢʲʚ ʩʧʝʮʠʬʠʯʝʥ N-

ʛʣʠʢʦʟʠʣʠʨʘʥ ʮʝʥʪʲʨ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ HtH1-h ʠ ɓʩ-HlH-h, ʥʦ ʣʠʧʩʚʘ ʚ RvH1-h, KLH2-h ʠ HtH2-h. 

ʆʪʩʲʩʪʚʠʝʪʦ ʥʘ ʛʣʠʢʘʥʠ ʝ ʜʦʢʘʟʘʥʦ ʚ ʜʚʝ ʌɽ-ʮʠ (RvH1-b ʠ RvH2-ʩ) ʩʣʝʜ ʘʥʘʣʠʟ ʥʘ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 16 ʌɽ-ʮʠ ʦʪ RvH. ʅʘ ʙʘʟʘ ʥʘ ʪʘʟʠ ʧʦʜʨʦʙʥʘ ʠʥʬʦʨʤʘʮʠʷ ʝ 

ʧʨʦʩʣʝʜʝʥʘ ʨʦʣʷʪʘ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʬʦʨʤʠʨʘʥʝ ʥʘ ʦʣʠʛʦʤʝʨʥʠʪʝ ʢʦʤʧʣʝʢʩʠ 

ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ R. venosa, H. lucorum ʠ H. tuberculate (Dolashka-Angelova et al., 2003ʘ; 2003b; 

2010ʘ; Velkova et al., 2015). 

ɺʣʠʷʥʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚʲʨʭʫ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʜʠʩʦʮʠʘʮʠʷ ʠ ʨʝʘʩʦʮʠʘʮʠʷ 

(ʬʠʙʨʠʣʠʟʘʮʠʷʪʘ) ʥʘ ʥʘʪʠʚʥʠʪʝ ʤʦʣʝʢʫʣʠ ʥʘ HlH ʠ RvH 

ʌʫʥʢʮʠʷʪʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʪʝ ʛʣʠʢʘʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca ʝ ʧʨʦʩʣʝʜʝʥʘ ʯʨʝʟ ʊɽʄɸ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʷʪ ʨʘʟʣʠʯʥʦ ʧʦʚʝʜʝʥʠʝ 

ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ R. venosa ʠ ʦʪ H. lucorum, ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʫʙʝʜʠʥʠʮʠ RvH1, RvH2, ɓʩ-HlH, ŬD-

HlH ʠ ŬN-HlH ʩʣʝʜ ʧʨʦʤʷʥʘ ʥʘ pH ʥʘ ʩʨʝʜʘʪʘ ʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ Ca2+ ʠ Mg2+ ʡʦʥʠ. ʊɽʄ 

ʘʥʘʣʠʟʠʪʝ ʥʘ HlH ʚ ʉɹ (20 mM CaCl2 ʠ 5 mM MgCl2, ʨʅ 7,5) ʧʦʢʘʟʚʘʪ ʦʬʦʨʤʝʥʠ ʜʠʜʝʢʘʤʝʨʠ, 

ʜʝʢʘʤʝʨʠ ʠ ʤʥʦʛʦ ʢʲʩʠ ʤʫʣʪʠʜʝʢʘʤʝʨʠ (ʬʠʛ. 59ɸ).  
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ʌʠʛ. 59. ʊɽʄ ʘʥʘʣʠʟ ʥʘ HlH: ɸ) ʉʪʨʘʥʠʯʝʥ ʠʟʛʣʝʜ (ʧʨʘʚʦʲʛʲʣʥʠ ʬʦʨʤʠ); ʠʟʛʣʝʜ ʦʪʛʦʨʝ (ʢʨʲʛʣʠ ʬʦʨʤʠ); 
ʤʫʣʪʠʜʝʢʘʤʝʨʠ (ʙʝʣʠ ʩʪʨʝʣʢʠ); ʜʠʜʝʢʘʤʝʨʠ (ʯʝʨʥʘ); ʜʝʢʘʤʝʨʠ (ʧʫʥʢʪʠʨʘʥʘ ʩʪʨʝʣʢʘ).  
(ɹ) ɼʠʩʦʮʠʠʨʘʥʘ HlH ʩʣʝʜ ʜʠʘʣʠʟʘ ʚ ʙʫʬʝʨ 0.13 M Gly/NaOH, ʧʨʠ pH 9.6.  

HlH ʜʝʤʦʥʩʪʨʠʨʘ ʩʭʦʜʥʦ ʧʦʚʝʜʝʥʠʝ ʩ RvH, HtH ʠ KLH, ʢʘʪʦ ʩʣʝʜ 24 ʯ ʜʠʘʣʠʟʘ ʩʨʝʱʫ 0.13 M 

Gly/NaOH ʙʫʬʝʨ ʩ pH 9.6 ʧʨʦʪʠʯʘ ʜʠʩʦʮʠʘʮʠʷ ʥʘ ʘʛʨʝʛʘʪʘ ʜʦ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʦ ʩʪʨʫʢʪʫʨʥʠ 

ʩʫʙʝʜʠʥʠʮʠ (ʌʠʛ. 59ɹ) (Velkova et al., 2010a). ɻʦʣʷʤʦ ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʝ ʥʘ ʜʠʩʦʮʠʠʨʘʥʠʪʝ 

RvH ʠ HlH ʠ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʩʫʙʝʜʠʥʠʮʠ ʝ ʦʪʙʝʣʷʟʘʥʦ ʦʪ ʊɽʄ ʘʥʘʣʠʟʠʪʝ (ʌʠʛ. 59, 60).  
 
 
ʌʠʛ. 61. ʊɽʄɸ ʥʘ ʨʝʘʩʦʮʠʘʮʠʷ ʥʘ HlH ʩʣʝʜ 
2 ʜʥʠ ʜʠʘʣʠʟʘ ʚ ʉɹ, 50 ʤʄ Tris/HCl, pH 7.0, 
(ɸ) 20 mM CaCl2 ʠ MgCl2 ʠ (ɹ) 100 mM CaCl2 
ʠ MgCl2.  
ʉʪʨʝʣʢʠʪʝ ï ʜʠʜʝʢʘʤʝʨʠ (ʯʝʨʥʠ); ʜʝʢʘʤʝʨʠ 
ï ʧʫʥʢʪʠʨʘʥʠ; ʤʫʣʪʠ-ʜʝʢʘʤʝʨʠ-ʙʷʣʦ. ʆʮʚʝ-
ʪʷʚʘʥʝ ʩ 1% ʫʨʘʥʠʣ ʘʮʝʪʘʪ.  
ʄʘʱʘʙ ʭ 52 000. 

ʉʣʝʜ ʨʝʘʩʦʮʠʠʨʘʥʝ ʥʘ HlH ʚ ʉɹ, ʩ ʧʦʚʠʰʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 20 mM ʜʦ 50 mM CaCl2 ʠ 

MgCl2, ʧʨʦʮʝʩʲʪ ʥʘ ʨʝʘʩʦʮʠʘʮʠʷ ʩʝ ʫʩʢʦʨʷʚʘ ʟʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ʥʘ HlH (ʌʠʛ.61ɸ), ʢʘʪʦ ʧʲʣʥʘʪʘ 

ʨʝʘʩʦʮʠʘʮʠʷ ʜʦʩʪʠʛʘ ʩʣʝʜ ʪʨʠ ʜʥʠ ʜʠʘʣʠʟʘ ʩʨʝʱʫ ʉɹ ʙʫʬʝʨ, 100 mM CaCl2 ʠ MgCl2 (ʌʠʛ.61ɹ) 

(Dolashka-Angelova et al., 2003b; Velkova et al., 2009a; 2010a). 

ʉʪʘʙʠʣʥʦʩʪ ʠ ʨʝʘʩʦʮʠʘʮʠʷ ʥʘ ʩʫʙʝʜʠʥʠʮʠʪʝ ɓʩ-HlH, RvH1 ʠ RvH2 

ʋʩʪʘʥʦʚʝʥʦ ʝ ʛʦʣʷʤʦ ʨʘʟʣʠʯʠʝ ʧʨʠ ʧʦʚʝʜʝʥʠʝʪʦ ʚ ʉɹ ʥʘ ʠʟʦʬʦʨʤʠʪʝ ɓʩ-HlH, ŬD-HlH ʠ ŬN-

HlH, ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʜʝʢʘʤʝʨʠ (ʧʫʥʢʪʠʨʘʥʠ ʩʪʨʝʣʢʠ), ʩʫʙʝʜʠʥʠʮʠ ʠ ʧʨʝʜʠʤʥʦ ʜʠʜʝʢʘʤʝʨʥʠ 

ʬʦʨʤʠ (ʯʝʨʥʠ ʩʪʨʝʣʢʠ) (ʌʠʛ. 62A) (Velkova et al., 2010a). ʈʝʘʩʦʮʠʘʮʠʪ̫ʘ ʥʘ ɓʩ-HlH ʚ ʉɹ ʩ 10 mM 

CaCl2 ʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʲʩʠ ʪʫʙʫʣʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ ʧʨʠʢʨʝʧʝʥʠ ʜʝʢʘʤʝʨʠ ʢʲʤ ʧʦ-ʢʲʩʠʪʝ 

ʩʪʨʘʥʠ ʥʘ ʜʨʫʛʠʪʝ ʜʝʢʘʤʝʨʠ (ʌʠʛ. 62ɹ), ʢʦʠʪʦ ʩ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 20 mM CaCl2 

ʚ ʉɹ ʩʝ ʛʨʫʧʠʨʘʪ ʚ ʜʲʣʛʠ ʪʫʙʫʣʠ (ʌʠʛ. 62ɺ). ʇʦʜʦʙʝʥ ʧʨʦʮʝʩ ʧʨʦʪʠʯʘ ʠ ʧʨʠ ʨʝʘʩʦʮʠʠʨʘʥʝ ʥʘ Ŭ-

HlH ʚ ʉɹ ʩ 20 mM CaCl2, ʢʦʠʪʦ ʦʬʦʨʤʷʪ ʜʠʜʝʢʘʤʝʨʠ ʠ ʪʫʙʫʣʠ ʩ ʨʘʟʣʠʯʥʘ ʜʲʣʞʠʥʘ (ʌʠʛ. 62ɻ), ʥʦ 

ʧʦ-ʢʲʩʠ ʦʪ ʬʦʨʤʠʨʘʥʠʪʝ ʦʪ ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ ɓʩ-HlH (ʌʠʛ. 62ɺ) (Dolashka et al., 2003ʘ). 

 
ʌʠʛ. 62. ʊɽʄ ʘʥʘʣʠʟ ʥʘ ɓʩ-HlH ʠ ŬD-HlH: ɸ) ʇʨʝʯʠʩʪʝʥʘ ɓʩ-HlH; ɹ) ʈʝʘʩʦʮʠʘʮʠʷ ʥʘ ɓʩ-HlH ʚ ʉɹ ʩ 10 mM 
CaCl2; ɺ) ʈʝʘʩʦʮʠʘʮʠʷ ʥʘ ɓʩ-HlH ʚ ʉɹ ʩ 20 mM Ca2+ ʠ 10 Mg2+; ɻ) ʈʝʘʩʦʮʠʘʮʠʷ ʥʘ Ŭ-HlH ʚ ʉɹ ʩ 20 mM 
CaCl2. ʄʘʱʘʙ ʭ 52 000 ʠ ʦʮʚʝʪʷʚʘʥʝ ʩ 1% ʫʨʘʥʠʣ ʘʮʝʪʘʪ. 

ʌʠʛ. 60. ʊɽʄɸ ʥʘ ʨʝʘʩʦʮʠʠʨʘʥʝ ʚ ʉɹ, ʥʘ ʜʠʩʦʮʠʠʨʘʥ 
RvH; ʆʬʦʨʤʝʥʠ ʜʠʜʝʢʘʤʝʨʠ ï ʯʝʨʥʠ ʩʪʨʝʣʢʠ ʠ 
ʤʫʣʪʠʤʝʨʠ ï ʙʝʣʠ ʩʪʨʝʣʢʠ. 
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ʌʠʛ. 63. ʊɽʄ ʘʥʘʣʠʟ ʥʘ ʨʝʘʩʦʮʠʘʮʠʷ ʥʘ 
ʩʫʙʝʜʠʥʠʮʘ RvH1 ʩʣʝʜ 3 ʜʥʠ ʜʠʘʣʠʟʘ ʚ:  
A) 50 mM Tris/HCl ʙʫʬʝʨ, pH 7.0, ʩ 50 mM 

CaCl2 ʠ MgCl2. ɹ) 50 mM Tris/HCl ʙʫʬʝʨ, pH 

7.0 ʠ 100 mM CaCl2 ʠ MgCl2. 

ʀʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʧʦʢʘʟʚʘ ʩʫʙʝʜʠʥʠʮʘ RvH1, ʢʦʝʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ 

RvH2, ʥʦ ʠ ʩʧʨʷʤʦ ʜʨʫʛʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca, ʢʘʪʦ ʩʣʝʜ 3 ʜʥʠ ʜʠʘʣʠʟʘ ʥʘ RvH1 ʚ ʉɹ, ʩ 

50 mM CaCl2 ʠ MgCl2 ʦʙʨʘʟʫʚʘ ʜʲʣʛʠ ʦʣʠʛʦʤʝʨʠ, ʤʫʣʪʠʜʝʢʘʤʝʨʠ ʠ ʪʫʙʫʣʠ (ʌʠʛ. 63A). ɼʲʣʞʠʥʘʪʘ 

ʥʘ ʪʝʟʠ ʬʦʨʤʠ ʟʥʘʯʠʪʝʣʥʦ ʥʘʨʘʩʪʚʘ ʩ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʡʦʥʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦ 100 mM (ʌʠʛ. 

63ɹ) (Dolashki et al., 2008ʘ), ʢʦʝʪʦ ʜʦʢʘʟʚʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʨʝʘʩʦʮʠʘʮʠʷʪʘ ʥʘ RvH1 ʠ KLH2 ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ CaCl2 ʠ MgCl2.  

ʇʨʝʜʧʦʣʦʞʝʥʠʝʪʦ ʟʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʨʝʘʩʦʮʠʠʨʘʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʥʘ RvH ʠ 

HlH ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʦʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʜʘʥʥʠ ʩʣʝʜ ʧʨʦʤʷʥʘ ʥʘ pH ʥʘ ʩʨʝʜʘʪʘ, ʢʘʪʦ ʜʲʣʞʠʥʘʪʘ ʥʘ 

ʦʙʨʘʟʫʚʘʥʠʪʝ ʪʫʙʫʣʠ ʩʝ ʩʢʲʩʷʚʘ ʩʣʝʜ 1 ʠ 3 ʜʥʠ ʜʠʘʣʠʟʘ ʩʨʝʱʫ ʉɹ ʩ pH 8.6, ʩʲʜʲʨʞʘʱ 100 mM 

CaCl2 ʠ MgCl2 (Dolashka-Angelova et al., 2003ʘ; Velkova., et al., 2010b). 

IV.5.3.2. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ 

ʦʪ ʚʠʜ Mollusca 

ɼʨʫʛʦ ʟʥʘʯʝʥʠʝ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʪʨʝʪʠʯʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ RvH1, ʢʦʝʪʦ ʝ ʜʦʢʘʟʘʥʦ ʩʣʝʜ ʚʲʟʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʠ ʬʘʢʪʦʨʠ ʠ ʩʨʘʚʥʠʪʝʣʝʥ 

ʘʥʘʣʠʟ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʯʠʩʪʘʪʘ ʠ ʜʦʙʨʝ ʠʟʫʯʝʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʫʙʝʜʠʥʠʮʘ RvH1 (ʌʠʛ. 64) (Dolashka-Angelova et al., 2009).  

 

 

 

 

 

 

 

 

 

 

 

       

             ʌʠʛ. 64. ʉʭʝʤʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʫʙʝʜʠʥʠʮʘ RvH1.  

ʇʨʠʣʦʞʝʥʠʪʝ ʜʚʘ ʦʩʥʦʚʥʠ ʧʦʜʭʦʜʘ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 ʚʢʣʶʯʚʘʪ : 1-ʚʠ ʧʦʜʭʦʜ - 

ʅʝʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ (ʩ ʫʨʝʷ ʠ ʮʠʥʢʦʚ ʜʚʫʭʣʦʨʠʜ) ʠ 2-ʨʠ ʧʦʜʭʦʜ - ɽʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ (ʩ 

ʪʨʠʧʩʠʥ, ʛʣʠʢʦʟʠʜʘʟʘ PNGase F ʠ ʱʘʤ Saccharomyces cerevisiae), ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʭʠʧʦʪʝʟʘ ʟʘ ʫʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 

(Dolashka-Angelova et al., 2007).  

ʇʲʨʚʠ ʧʦʜʭʦʜ - ɸʥʘʣʠʟ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 ʩʣʝʜ ʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ 

ʇʲʨʚʠʷʪ ʧʦʜʭʦʜ ʚʢʣʶʯʚʘ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 ʩʣʝʜ 

ʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʩʫʙʝʜʠʥʠʮʘʪʘ ʩ ʪʨʠʧʩʠʥ, PNGase F ʠ ʱʘʤ S. ʉerevisiae, ʢʦʡʪʦ ʝ 

ʧʨʦʜʫʮʝʥʪ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʛʣʠʢʦʟʠʜʘʟʠ.  

ʀʥʢʫʙʠʨʘʥʝ ʩ ʱʘʤ 
      S. cerevisiae 

ɼʝʧʦʣʠʤʝʨʠʟʘʮʠʷ 
ʩ ZnCl2 

ʀʥʢʫʙʠʨʘʥʝ 
ʩ ʫʨʝʷ 

ʍʠʜʨʦʣʠʟʘ ʩ 
  PNGase F 

ʍʠʜʨʦʣʠʟʘ 
ʩ ʪʨʠʧʩʠʥ  

ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ ʌɽ-ʮʠ 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʤʦʣʝʢʫʣʥʘʪʘ ʤʘʩʘ ʯʨʝʟ MALDI-TOF ʠʣʠ ESI-MS-Q-TOF 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ N-ʢʨʘʡʥʠʪʝ ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʥʘ ʌɽ-ʮʠ 

ʅʝʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ  ɽʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ  
RvH1 
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ʊʘʙʣ. 15. ʄʦʣʝʢʫʣʥʠ ʤʘʩʠ ʥʘ ʠʟʦʣʠʨʘʥʠ ʬʨʘʢʮʠʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 ʩ ʘ ʪʨʠʧʩʠʥ, b ZnCl2,  
      ʠ ʩ S. cerevisiae, ʦʧʨʝʜʝʣʝʥʠ ʩ MALDI-TOF/MS. A345 /A280 = 0.21 ʜʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʌɽ-ʮʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʟʫʣʪʘʪʠ ʧʨʝʜʩʪʘʚʷʪ ʨʘʟʣʠʯʠʷ ʚ N-ʢʨʘʡʥʠʪʝ ɸʂʇ ʠ ʄʤ (~ 45-50 kDa) ʥʘ ʧʦʣʫʯʝʥʠʪʝ 

ʬʨʘʢʮʠʠ ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ RvH1 ʠ ʝʣʫʠʨʘʥʠ ʥʘ ʢʦʣʦʥʘ Resourse Q 6 ml ʬʨʘʢʮʠʠ: 2, 5 ʠ 6 

(ʊʘʙʣ. 15). ʀʟʦʣʠʨʘʥʘʪʘ ʬʨʘʢʮʠʠ 6 ʥʘ Resourse Q 6 ml ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʝʜʠʥ ʧʨʦʪʝʠʥ ʩ ʄʤ 

49336.0 Da, ʠʟʨʘʟʝʥ ʥʘ MS ʩʧʝʢʪʲʨʘ ʩʲʦʪʚʝʪʥʦ ʦʪ ʡʦʥʠ ʩ m/z 49336.0 [M+2H]+, ʩ m/z 24651.2 

[M+2H]2+ ʠ m/z 16396.4 [M+H]3+ (ʌʠʛ. 65). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɽʜʥʘ ʦʪ ʠʟʤʝʨʝʥʠʪʝ ʩ MALDI-TOF ʄʤ ʟʘ ʧʨʦʪʝʠʥ ʦʪ ʬʨʘʢʮʠʷ 5 (ʌʠʛ. 66) ʝ 31652 Dʘ ʠ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʩʢʘʥʠʨʘʥʠʷ ʩʧʝʢʪʲʨ ʥʘ ESI-MS-Q-TOF ʦʪ ʡʦʥʠ ʩ m/z 31653, 31813, 31975, 32137 ʠ 

32300Ñ2 ʢDa. ʆʧʨʝʜʝʣʝʥʘʪʘ ʨʘʟʣʠʢʘ ʩ 162 Da ʤʝʞʜʫ ʪʝʟʠ ʡʦʥʠ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʄʤ ʥʘ ʝʜʠʥ ʅʝʭ 

ʦʩʪʘʪʲʢ, ʢʦʝʪʦ ʝ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʝʣʫʠʨʘʥʠʷ ʧʨʦʪʝʠʥ ʚʲʚ ʬʨʘʢʮʠʷ 

5. ɼʘʥʥʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʲʱʦ ʩʘ ʜʦʢʘʟʘʪʝʣʩʪʚʦ, ʯʝ ʧʨʦʪʝʠʥʲʪ ʩʚʲʨʟʘ ʛʣʠʢʦʧʝʧʪʠʜ ʦʪ ʚʠʩʦʢʦ 

ʤʘʥʦʟʝʥ ʪʠʧ.  

ɼʦʙʨʝ ʦʙʦʩʥʦʚʘʥʦ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʠʟʨʘʟʝʥʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʝ ʧʨʦʚʝʜʝʥʦʪʦ ʨʘʟʢʲʩʚʘʥʝ ʥʘ 

ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʛʣʠʢʘʥʘ ʠ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ RvH1 ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠʷ 

ʝʥʟʠʤ PNGase F. ɽʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʜʦʢʘʟʘʥʘʪʘ ʧʨʦʤʷʥʘ ʥʘ ʄʤ ʥʘ RvH1 ʩʣʝʜ 48 ʠ 72 ʯʘʩʘ 

ʠʥʢʫʙʠʨʘʥʝ ʥʘ RvH1 ʩ 75 mU PNGase F, ʧʨʠ 37ęʉ, ʩʲʱʦ ʧʨʝʜʩʪʘʚ ̫ʠʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ 

ˉ ʌʨʘʢʮʠʠ ʄʦʣʝʢʫʣʥʘ ʤʘʩʘ (ɼʘ ° 100) A345/A280
d 

1 
a
1-ʊʨʠʧʩʠʥ  47 581°50   0.0203 

2 
a
2-ʊʨʠʧʩʠʥ 35415°50 50 014°50 99710°100 141476°150 0.0210 

3 
a
3-ʊʨʠʧʩʠʥ  47 592°50 95078°100  0.0198 

4 
     a

4-ʊʨʠʧʩʠʥ  50 398°50 100053°100  0.025 

5 
a
5-ʊʨʠʧʩʠʥ 31 652 ° 50  95 053 °100 126512°150 0.0208 

6 
a
6-ʊʨʠʧʩʠʥ 16 396 ° 50 49 336 °50   0.0201 

7 
a
7-ʊʨʠʧʩʠʥ  48 142 °50 95 393 °100  0.0198 

8 
a
8-ʊʨʠʧʩʠʥ  46 739 °50   0.0204 

9 
b
1 - ZnCl2  48 631 °50  143211°150 0.0210 

10 
b
2 - ZnCl2  51 418 °50   0.0202 

11 
b
3 - ZnCl2  47 630 °50 95 043 °100 140930°150 0.0205 

12 
b
4 - ZnCl2  50 491°50   0.0201 

13 
b
5 - ZnCl2  49 736 °50 97 245 °100 144670°150 0.0202 

14 
c
1 - ʜʨʦʞʜʠ  47 277 ° 50 98 461 °100 146193°150 0.0199 

15 
c
2 - ʜʨʦʞʜʠ  47 560 ° 50   0.0203 

16 
c
3 - ʜʨʦʞʜʠ  48 078 ° 50   0.0207 

17 
c
4 - ʜʨʦʞʜʠ  50 316 ° 50   0.0211 

18 
     c

5 - ʜʨʦʞʜʠ   45 659 ° 50 110 083°100  0.0202 

19 
    c

6 - ʜʨʦʞʜʠ  51 418 ° 50    0.0193 

20  
    c

7 - ʜʨʦʞʜʠ
 

 49,726 § 50   97,847 °100 147,548° 150 0.0203 

ʌʠʛ. 65. MALDI-MS ʥʘ ʠʟʦʣʠʨʘʥʘ 
ʬʨʘʢʮʠʷ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 
ʩ ʪʨʠʧʩʠʥ.  

ʌʠʛ. 66. ʄʤ ʥʘ ʬʨʘʢʮʠʷ 5, ʠʟʦʣʠʨʘʥʘ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ 
RvH1 ʩ ʪʨʠʧʩʠʥ (ʊʘʙʣ. 15).  
(ʚʲʪʨʝʰʥʘ ʬʠʛʫʨʘ) ESI-Q-TOFMS ʥʘ ʬʨʘʢʮʠʷ 5. 
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ʩʫʙʝʜʠʥʠʮʘʪʘ. ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʥʘ 10% ʛʝʣ SDS-ʇɸɻɽ ʩʫʙʝʜʠʥʠʮʘ RvH1 ʩ ʄʤ º 420 kDa (ʌʠʛ.67ɸ, 

ʧʦʟʠʮʠʷ 1) ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ PNGase F ʧʦʢʘʟʚʘ ʩʝʨʠʷ ʦʪ ʬʨʘʢʮʠʠ ʩ ʧʦ-ʥʠʩʢʠ ʄʤ (Dolashka-

Angelova et al., 2007). 

ɼʨʫʛʦ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʚ ʧʦʜʢʨʝʧʘ ʥʘ ʥʘʧʨʘʚʝʥʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʬʨʘʛʤʝʥʪʠ ʩ ʄʤ 

~50 kDa ʩʣʝʜ ʠʥʢʫʙʠʨʘʥʝ ʥʘ RvH1 ʚ ʩʨʝʜʘ ʥʘ ʜʨʦʞʜʠ S. ʩerevisiae, ʢʦʝʪʦ ʝ ʚ ʦʩʥʦʚʘʪʘ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ ʜʨʦʞʜʠʪʝ ʧʨʦʜʫʮʠʨʘʪ ʩʧʝʮʠʬʠʯʥʠ ʛʣʠʢʦʟʠʜʘʟʠ, ʢʦʠʪʦ ʨʘʟʢʲʩʚʘʪ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʨʲʟʢʠ ʥʘ ʛʣʠʢʘʥʠʪʝ ʩ ʌɽ-ʮʠ (ʊʘʙʣ. 15) (ʌʠʛ. 67ɺ).  

 

ʌʠʛ. 67ɸ.10% SDS-ʇɸɻɽ ʥʘ RvH1 ʧʨʝʜʠ ʠ 

ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ PNGase F. 

ʧʦʟʠʮʠʷ 1 - RvH1 ʧʨʝʜʠ ʪʨʝʪʠʨʘʥʝ (Mʤ=420 
kDa); 2 ʠ 3 - ʩʣʝʜ 2 ʠ 3 ʜʥʠ ʪʨʝʪʠʨʘʥʝ ʥʘ 
RvH1 ʩ ʝʥʟʠʤʘ; 4 ï (ʩʪʘʥʜʘʨʪ) 66 kDa ʠ 14.4 
kDa.  
ɹ). ʈʘʟʜʝʣʷʥʝ ʥʘ ʬʨʘʢʮʠʠʪʝ ʩʣʝʜ 
ʠʥʢʫʙʠʨʘʥʝ ʥʘ RvH1 ʩ ʱʘʤ Saccharomyces 
ʥʘ ʢʦʣʦʥʘ Resourse Q 6 ml, ʩ 50 mM Tris/HCI 
ʙʫʬʝʨ, ʨʅ 8.2, ʥʝʣʠʥʝʝʥ ʛʨʘʜʠʝʥʪ (0-0.5 ʄ 
NaCl).  
ɺ). 10%SDS-ʇɸɻɽ ʥʘ ʬʨʘʢʮʠʠ. 

ɺʪʦʨʠ ʧʦʜʭʦʜ - ʘʥʘʣʠʟ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 ʩʣʝʜ  

ʥʝʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ 

ʀʟʢʘʟʘʥʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʧʦʪʚʲʨʜʝʥʘ ʦʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ɺʪʦʨʠ ʧʦʜʭʦʜ, ʢʦʡʪʦ 

ʚʢʣʶʯʚʘ ʘʥʘʣʠʟ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH1 ʩʣʝʜ ʥʝʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ ʩ ʫʨʝʷ, ʠʣʠ ZnCl2. 

ʇʦʣʫʯʝʥʠʪʝ ʌɽ-ʮʠ ʩʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʝʝʥʟʠʤʥʠʷ ʤʝʪʦʜ ʥʘ ʜʠʘʣʠʟʘ ʥʘ 

ʩʫʙʝʜʠʥʠʮʘʪʘ RvH1 ʩʨʝʱʫ ʙʫʬʝʨ ʩ 2 ʄ ʫʨʝʷ (ʌʠʛ. 68). ʊʦʟʠ ʤʝʪʦʜ ʝ ʙʘʟʠʨʘʥ ʥʘ ʧʨʠʯʠʥʝʥʦʪʦ 

ʨʘʟʛʲʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʧʨʦʪʝʠʥʘ ʚ ʨʘʟʪʚʦʨ ʥʘ ʫʨʝʷ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʝ ʨʘʟʛʨʘʞʜʘʪ 

ʥʝʢʦʚʘʣʝʥʪʥʠʪʝ ʚʨʲʟʢʠ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʢʘʪʦ ʧʨʠʯʠʥʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʩʦʯʠ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʥʝʢʦʚʘʣʝʥʪʥʠ ʚʨʲʟʢʠ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʝʜʠʥʠʮʠ ʚ RvH1, 

ʢʦʝʪʦ ʥʘʩʪʲʧʚʘ ʩʣʝʜ ʨʘʟʛʲʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʘʪʘ (Dolashka-Angelova et al., 2007).  

ɼʨʫʛ ʘʨʛʫʤʝʥʪ ʚ ʧʦʜʢʨʝʧʘ ʥʘ ʠʟʢʘʟʘʥʘʪʘ ʭʠʧʦʪʝʟʘ ʩʘ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʩ ʄʤ ʦʢʦʣʦ 45-

50 kDa ʩʣʝʜ 15 ʜʥʝʚʥʘ ʜʠʘʣʠʟʘ ʥʘ RvH1 ʚ ʙʫʬʝʨ 0.13ʄ Gly/NaOH, ʩ ʨʅ=9.5 ʠ 0.4 mʄ ZnCl2. ɿʘ 

ʥʷʢʦʠ ʦʪ ʧʨʝʯʠʩʪʝʥʠʪʝ ʬʨʘʢʮʠʠ ʥʘ ʢʦʣʦʥʘ Resource Q ʩʘ ʠʟʤʝʨʝʥʠ ʄʤ ~50, 100 ʠ 150 kDa, ʢʦʠʪʦ 

ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʄʤ ʥʘ 2 ʠʣʠ 3 ʩʚʲʨʟʘʥʠ ʌɽ-ʮʠ (ʌʠʛ. 68, ʚʲʪʨʝʰʥʘ ʬʠʛʫʨʘ). 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʦʣʫʯʝʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʩ ʄʤ ʦʢʦʣʦ 45-50 kDa ʩʣʝʜ15 ʜʥʝʚʥʘ 

ʜʠʘʣʠʟʘ ʥʘ RvH1 ʚ ʙʫʬʝʨ 0.13ʄ Gly/NaOH, ʩ ʨʅ=9.5 ʠ 0.4 mʄ ZnCl2. 

   

 

 

 

 

 

 

 

 

 
ʌʠʛ. 68. MS-ʩʧʝʢʪʲʨ ʥʘ ʠʟʦʣʠʨʘʥʘ ʬʨʘʢʮʠʷ 
3 ʩ ʄʤ 47560 Da, ʧʦʣʫʯʝʥʘ ʩʣʝʜ ʥʝʝʥʟʠʤʥʦ 
ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 ʩ ZnCl2 . 

ʌʠʛ. 69. 3D -ʤʦʜʝʣ ʥʘ ʌɽ ɓʩ-HlH-g, ʧʦʩʪʨʦʝʥ 

ʥʘ ʙʘʟʘʪʘ ʥʘ 3D -ʤʦʜʝʣ.  

ɼʚʘ ʜʦʤʝʥʘ-Ăʮʝʥʪʨʘʣʝʥò ʠ Ăɓ-ʩʘʥʜʚʠʯè 
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ʀʟʨʘʟʝʥʠʪʝ ʥʘ MS ʩʧʝʢʪʲʨʘ ʡʦʥʠ ʩ m/z 23790 [M+2H]2+ ʠ ʩ 47560 [M+H]+ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 

ʧʨʝʯʠʩʪʝʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʝʜʠʥʠʮʘ ʩ ʄʤ 47560 Da (ʌʠʛ. 68), ʢʦʝʪʦ ʧʦʜʢʨʝʧʷ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ 

ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʢʲʤ ʧʨʦʪʝʠʥʘ. 

ɼʦʧ̡ʣʥʠʪʝʣʥʦ ʤʦʜʝʣʠʪʝ ʥʘ ɓʩ-HlH-g (ʌʠʛ. 69) ʠ ʧʦʜʦʙʨʝʥʠʷ 3D -ʤʦʜʝʣ ʥʘ ʌɽ RvH-ʝ 

(Velkova et al., 2009) ʧʦʪʚʲʨʞʜʘʚʘʪ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʛʣʠʢʘʥʠʪʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʌɽ-ʮʠ, 

ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʧʦ-ʜʦʩʪʲʧʥʠ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Kostadinova et al., 2013).  
 
 
ʌʠʛ. 70. ʆʨʩʠʥʦʣ/H2SO4 ʪʝʩʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʌɽïʮʠ ʦʪ 
RvH1: ʣʠʥʠʷ 1, ʧʦʟʠʮʠʷ 1-9 ï ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 
ʩ ʪʨʠʧʩʠʥ;  
ʣ. 2, ʧ. 1-9 ï ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 ʩ ZnCl2;  
ʣ. 3,ïʩʣʝʜ 1 ʠ 2 ʜʝʥ ʦʪ ʪʨʝʪʠʨʘʥʝ (ʧ. 1-4), ʠ ʩʣʝʜ 3 ʜʝʥ 
(ʧ. 5-9) ʩ ʱʘʤ S. cerevisiae 

 

ʊʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʦʩʪʘʚʷ ʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠʪʝ ʬʦʨʤʠ ʥʘ ʌɽ-ʮʠ, 

ʧʦʣʫʯʝʥʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ RvH1 ʩ ʪʨʠʧʩʠʥ ʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ZnCl2 (ʌʠʛ.70, ʣʠʥʠʷ 1 ʠ 2, 

ʧʦʟʠʮʠʠ 1-9). ɺ ʧʦʜʢʨʝʧʘ ʥʘ ʠʟʢʘʟʘʥʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʥʘʙʣʶʜʘʚʘʥʠʷʪ ʦʪʨʠʮʘʪʝʣʝʥ ʪʝʩʪ ʟʘ 

ʧʦʣʫʯʝʥʠʪʝ ʌɽ-ʮʠ ʩʣʝʜ 3 ʜʥʠ ʢʫʣʪʠʚʠʨʘʥʝ ʥʘ RvH1 ʩ ʱʘʤ S. cerevisiae (ʌʠʛ. 70, ʣʠʥʠʷ 3 ʠ 2, 

ʧʦʟʠʮʠʷ 5-9), ʟʘ ʢʦʠʪʦ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʩʘ ʧʦʣʫʯʝʥʠ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ 

ʥʘ RvH1 ʦʪ ʧʨʦʜʫʮʠʨʘʥʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʝʥʟʠʤʠ ʦʪ ɦʘʤʘ.  

IV.5.3.3. ɺʣʠʷʥʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ ʠ 

ʠʟʦʬʦʨʤʠʪʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca 

ʂʘʪʦ ʤʥʦʛʦ ʚʘʞʥʦ ʧʨʝʜʠʤʩʪʚʦ, ʧʨʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʜʦʙʨʝ 

ʠʟʫʯʝʥʠʪʝ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ RvH ʠ KLH. ʉʲʱʦ ʩ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ 

ʦʧʨʝʜʝʣʝʥʠ ʚʘʞʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʪʦ ʢʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (Tc) ʠ ʩʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʪʝʨʤʠʯʥʦ ʜʝʥʘʪʫʨʠʨʘʥʝ (Tm), ʩʨʝʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʜʝʥʘʪʫʨʘʥʪʠʪʝ Gdn.HCl ʠ ʫʨʝʷ (Cm), 

ʩʚʦʙʦʜʥʘ ʝʥʝʨʛʠʷ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ (ȹGD), ʦʙʣʘʩʪʠ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʠ ʜʨ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ 

ʠʥʪʘʢʪʥʠʪʝ ʤʦʣʝʢʫʣʠ ʥʘ KLH, RvH ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ (ʊʘʙʣ. 16).  

ʊʘʙʣ. 16. ʌʠʟʠʢʦ-ʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ KLH, RvH ʠ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʩʫʙʝʜʠʥʠʮʠ 

 

 

  

 

 

 

 

 

ʂʘʪʦ ʩʲʱʝʩʪʚʝʥ ʧʨʠʥʦʩ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʧʨʝʜʩʢʘʟʘʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚʲʨʭʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ 

Mollusca ʩʣʝʜ:  

ʘ) ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʥʘʪʠʚʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ RvH ʠ ʩʫʙʝʜʠʥʠʮʠʪʝ ʡ ʚ ʤʥʦʛʦ 

ʰʠʨʦʢ ʪʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ ʠ ʧʨʠ ʨʘʟʣʠʯʥʠ pH ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʨʝʜʘʪʘ;  

ʙ) ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʟʦʥʠʪʝ ʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʠ ʥʝʦʙʨʘʪʠʤʦʩʪ ʥʘ ʧʨʦʮʝʩʠʪʝ ʚ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʧʨʠ ʧʨʦʤʷʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ pH ʥʘ ʩʨʝʜʘʪʘ. 
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ɺʲʛʣʝʭʠʜʨʘʪʥʦ  
ʩ̡ ʜʲʨʞʘʥʠʝ % 

DGD
H

2
O 

kcal. mol
-1

 

ʉʤ (ʄ) 

RvH 71     70   68 21.4 8.9 5.4   4.5 

RvH1 54     55   50 14.8 12.8 3.9   3.8 

 RvH2 53     57   59 15.3 4.4 4.4   3.6 

RvH1-a 49     51   49  4.19 7.4 3.2 

KLH 63     67 24.36 ~8% 6.2  

KLH1 53     56 16.80  4.2  

KLH2 51     52 18.90  5.4  

KLH-c 46     45  0.0   
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ʊʝʤʧʝʨʘʪʫʨʘʪʫʨʥʘ ʠ ʨʅ ʩʪʘʙʠʣʥʦʩʪ ʥʘ RvH ʠ ʠʟʦʬʦʨʤʠʪʝ RvH1 ʠ RvH2 ï  

«pH-T ʬʘʟʦʚʠ ʜʠʘʛʨʘʤʠè 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʥʘ ʬʠʛʫʨʘ 71 ʊ-ʠʥʜʫʮʠʨʘʥʠ ʧʨʦʤʝʥʠ ʦʯʝʨʪʘʚʘʪ ʰʠʨʦʢ ʪʝʤʧʝʨʘʪʫʨʝʥ 

ʠʥʪʝʨʚʘʣ (20-85ęʉ) ʚ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ RvH, RvH1 ʠ RvH2, ʠʟʨʘʟʝʥ ʩ 

ʧʣʘʚʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʘʤʧʣʠʪʫʜʘʪʘ (ȹ[ɗ]N-ȹ[ɗ]D) ʥʘ ʢʨʠʚʠʪʝ ʧʨʠ ʨʘʟʣʠʯʥʠ ʨʅ-ʩʪʦʡʥʦʩʪʠ. 

ñʂʨʘʡʥʠʪʝ ʩʲʩʪʦʷʥʠʷò ʥʘ ʧʨʦʤʝʥʠʪʝ ʩʝ ʜʦʩʪʠʛʘʪ ʩʣʝʜ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʲʜʝʪʦ 

ʥʘʩʪʲʧʚʘ ʥʝʦʙʨʘʪʠʤ ʧʨʦʮʝʩ ʠ ʟʘ ʪʨʠʪʝ ʧʨʦʪʝʠʥʘ (Dolashki et al., 2008).  

ʀʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʘ ʠʥʪʘʢʪʥʘʪʘ RvH, ʢʘʪʦ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʊ-ʟʘʚʠʩʠʤʦ 

ʨʘʟʛʲʚʘʥʝ ʧʨʠ ʊ>80ęʉ ʦʪʨʘʟʷʚʘ ʟʘʧʘʟʚʘʥʝ ʥʘ «ʛʣʦʙʫʣʘʨʥʦʪʦ ʩʲʩʪʦʷʥʠʝò ʥʘ ʧʨʦʪʝʠʥʘ. 

ʅʘʙʣʶʜʘʚʘʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ [ɗ]222 ʧʨʠ ʩʪʘʥʜʘʨʪʥʠ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʪ RvH2 ʢʘʪʦ ʧʦ-ʩʪʘʙʠʣʥʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʚ ʩʨʘʚʥʝʥʠʝ ʩ RvH1 (Dolashki et al., 2008).  

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ [ɗ]222 (pH) ʥʘ ʩʨʝʜʘʪʘ ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʨʘʟʣʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ RvH ʠ ʩʫʙʝʜʠʥʠʮʠʪʝ RvH1 ʠ RvH2. ʊʝ ʦʧʨʝʜʝʣʷʪ pH ʦʙʣʘʩʪʪʘ ʥʘ 

ʘʣʢʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ (pHd,b) ʥʘ RvH2 ʚ ʠʥʪʝʨʚʘʣ ʦʪ ʨʅ10 ʜʦ ʨʅ12, ʢʘʢʪʦ ʠ  ʨʘʟʣʠʯʥʦʪʦ 

ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʢʠʩʝʣʘ ʜʝʥʘʪʫʨʘʮʠʷ (pHd,a) ʚ ʦʙʣʘʩʪ ʦʪ pH 2 ʜʦ pH 4, ʦʪ ʪʦʚʘ ʥʘ Rvʅ1, ʢʦʝʪʦ 

ʥʘʩʪʲʧʚʘ ʧʨʠ pH 3.6 ʠ ʊ=25ęC. ʅʘʨʘʩʪʚʘʥʝ ʥʘ [ɗ]222 ʚ ʥʘʪʠʚʥʦ ʩʲʩʪʦʷʥʠʝ (ʧʨʠ pH 5.3 ʠ 7.0) ʤʦʞʝ 

ʜʘ ʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʪʦʥʥʠʷ ʜʝʬʠʮʠʪ, ʢʘʪʦ ʚ ʪʘʟʠ ʦʙʣʘʩʪ ʧʨʦʪʠʯʘ ʡʦʥʠʟʘʮʠʷ ʥʘ ʢʘʨʙʦʢʩʠʣʥʠʪʝ 

ʠ ʠʤʠʜʘʟʦʣʦʚʠ ʛʨʫʧʠ. ɿʘʚʠʩʠʤʦʩʪʠʪʝ ʦʬʦʨʤʷʪ ʜʚʘ ʧʨʦʮʝʩʘ ʥʘ ʡʦʥʠʟʘʮʠʷ (pKa,L 7.8 ʠ pKa,R 8.7) ʚ 

pH ʠʥʪʝʨʚʘʣ ʦʪ 7.5 ʜʦ pH 9.0, ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ [ɗ]222 (ʌʠʛ. 71ɹ,ɺ). 
 

ʌʠʛ. 71 ɺʣʠʷʥʠʝ ʥʘ pH (2-12) ʧʨʠ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ (20-85ʦʉ) ʚʲʨʭʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ 
ʥʘ: ɸ) ʪʦʪʘʣʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ RvH; ɹ) ʩʫʙʝʜʠʥʠʮʘ RvH1 ʠ ɺ) ʩʫʙʝʜʠʥʠʮʘ RvH2. 

ɿʦʥʠ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʥʘ RvH, RvH1 ʠ RvH2 ï pH-T -ñʌʘʟʦʚʠ ʜʠʘʛʨʘʤʠò 

ɽʜʥʠ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ RvH, RvH1 ʠ RvH2 ʩʘ ʦʙʣʘʩʪʠʪʝ  ʥʘ 

ʦʙʨʘʪʠʤʦʩʪ, ʢʦʠʪʦ ʩʘ ʠʟʨʘʟʝʥʠ ʯʨʝʟ "ʬʘʟʦʚʠ ʜʠʘʛʨʘʤʠ", ʧʦʩʪʨʦʝʥʠ ʩʣʝʜ ʘʥʘʣʠʟ ʥʘ 

ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʅ-ʩʨʝʜʘʪʘ ʚʲʨʭʫ [ɗ]222 (ʌʠʛ.71).  

ʌʠʛ. 72. ʊ-ʨʅ çʌʘʟʦʚʠ ʜʠʘʛʨʘʤʠè: ɸ) RvH ʩʫʙʝʜʠʥʠʮʠ ɹ) RvH1 ʠ ɺ) RvH2 
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ʃʠʥʠʠ, ʢʦʠʪʦ ʩʚʲʨʟʚʘʪ T-pH ʪʦʯʢʠ ʩ ʝʜʥʘʢʚʘ ʦʙʨʘʪʠʤʦʩʪ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ % ʠ ʠʟʨʘʟʷʚʘʪ 

ʟʦʥʠʪʝ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʟʘ RvH, RvH1 ʠ RvH2, ʯʨʝʟ ʣʠʥʠʷ 1-100%, ʣʠʥʠʷ 2- 96%, ʣʠʥʠʷ 3-92%, 

ʣʠʥʠʷ 4- 88% ʠ ʣʠʥʠʷ 5-80% (ʌʠʛ.72). ʂʨʠʚʠʪʝ ʦʯʝʨʪʘʚʘʪ ʥʘʡ-ʤʘʣʢʠʷ ʠʥʪʝʨʚʘʣ ʥʘ ʯʘʩʪʠʯʥʘ 

ʦʙʨʘʪʠʤʦʩʪ ʥʘ RvH (pH 4) ʠ ʛʦʣʷʤʦ ʩʤʫʱʝʥʠʝ ʦʢʦʣʦ pH 7 ʩʚʲʨʟʘʥʦ ʩ ʪʦʧʣʠʥʥʘʪʘ ʠ ʨʅ- 

ʜʝʥʘʪʫʨʘʮʠʷ, ʧʨʠʜʨʫʞʝʥʠ ʦʪ ʜʠʩʦʮʠʠʨʘʥʝ ʥʘ ʤʦʣʝʢʫʣʘ ʥʘ RvH ʜʦ ʩʫʙʝʜʠʥʠʮʠ (ʌʠʛ. 72ɸ). 

ʋʩʪʘʥʦʚʝʥʘʪʘ ʧʦ-ʚʠʩʦʢʘ ʦʙʨʘʪʠʤʦʩʪ ʧʨʝʜʩʪʘʚʷ ʩʪʘʙʠʣʥʠʪʝ ʠʟʦʬʦʨʤʠ RvH1 (pH 4.1-4.7) ʠ RvH2 

(pH 4.2-5.3) ʚ ʩʣʘʙʦ ʢʠʩʝʣʘ ʩʨʝʜʘ (ʊ=25ęC), ʢʘʪʦ ʦʙʨʘʪʠʤʦʩʪʪʘ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘʨʘʩʪʚʘ ʩ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʊ ʜʦ 35-45ęC ʠ pH 4-6 (ʌʠʛ. 72,ɹ,B). ʈʘʟʣʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ RvH2 ʧʨʠ pH7 ʠ 

ʊ>50-60ęC ʥʘ ʧʦ-ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʦʪ RvH1, ʧʨʝʜʦʩʪʘʚʷ ʚʘʞʥʠ ʠʟʚʦʜʠ ʟʘ 

ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ RvH, RvH1 ʠ RvH2. 

ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʫʨʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘʪʘ ʝʜʠʥʠʮʘ RvH2-e -  

T-pH ñʌʘʟʦʚʘ ʜʠʘʛʨʘʤʘò 

 ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʲʱʠʷ ʧʦʜʭʦʜ ʠ ʧʦʩʪʨʦʝʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠʪʝ ʥʘ [ɗ]222/ʨʅ ʠ [ɗ]222/ʊ 

ʧʦʟʚʦʣʷʚʘʪ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʅ ʠ ʪʦʧʣʠʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʌɽ RvH2-e. ɻʨʘʬʠʯʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʦʢʘʟʚʘʪ ʩʭʦʜʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʨʦʤʝʥʠ ʥʘ ʌɽ RvH2-ʝ ʠ ʥʘ RvH, RvH1 ʠ RvH2, ʧʨʠ ʬʠʢʩʠʨʘʥʠ 

ʨʅ-ʩʪʦʡʥʦʩʪʠ. ɿʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʥʘʩʪʲʧʠʣʠʪʝ ʧʨʦʤʝʥʠ ʥʘ [ɗ]222/ʊ ʦʪʯʠʪʘ ʊ-ʠʥʜʫʮʠʨʘʥʠ ʧʨʦʤʝʥʠ ʚ 

ʰʠʨʦʢ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ (20-85ęʉ) ʠ ʦʪʩʲʩʪʚʠʝ ʥʘ T-ʟʘʚʠʩʠʤʦ ʨʘʟʛʲʚʘʥʝ ʥʘ ʧʨʦʪʝʠʥʘ ʧʨʠ 

ʊ>80ęʉ. ʂʦʥʩʪʘʪʠʨʘʥʠʪʝ ʤʘʣʢʠ ʧʨʦʤʝʥʠ ʥʘ [ɗ]222 ʧʦʢʘʟʚʘʪ, ʯe RvH2-ʝ ʟʘʧʘʟʚʘ "ʛʣʦʙʫʣʥʦʪʦ ʩʠ 

ʩʲʩʪʦʷʥʠʝò ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʠ ʥʝʫʪʨʘʣʥʦ ʨʅ (ʌʠʛ. 73ɸ). 

 

 

 

 

 

 

 

 

 

 

 
ʌʠʛ. 73. ʂɼ ʘʥʘʣʠʟ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ RvH2-ʝ. ɸ) ɿʘʚʠʩʠʤʦʩʪ ʥʘ RvH2-ʝ [ɗ]222(ʊ) ʧʨʠ ʬʠʢʩʠʨʘʥʠ 

pH-ʩʪʦʡʥʦʩʪʠ; ɹ) ɿʘʚʠʩʠʤʦʩʪ ʥʘ RvH2-ʝ [ɗ]222(ʨʅ) ʧʨʠ ʬʠʢʩʠʨʘʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

ʇʦʜʦʙʥʦ ʧʦʚʝʜʝʥʠʝʪʦ ʚ ʘʣʢʘʣʥʘʪʘ ʦʙʣʘʩʪ (ʨʅ 8-12), ʩ ʤʘʣʢʠʪʝ ʧʨʦʤʝʥʠ ʥʘ ʢʨʠʚʠʪʝ [ɗ]222(ʨʅ) ʟʘ 

RvH2-ʝ ʠ RvH, ʧʦʪʚʲʨʞʜʘʚʘ ʘʣʢʘʣʥʘʪʘ ʜʝʥʘʪʫʨʘʮʠʷ, ʢʘʪʦ ʥʝʦʙʨʘʪʠʤ ʧʨʦʮʝʩ (ʌʠʛ. 73ɹ) (Velkova 

et al., 2009ʘ; 2010b). 

ʋʩʪʘʥʦʚʝʥʘʪʘ ʨʘʟʣʠʢʘ ʚ ʧʦʚʝʜʝʥʠʝʪʦ ʤʝʞʜʫ ʌɽ RvH2-ʝ ʠ ʜʠʜʝʢʘʤʝʨʥʠʪʝ ʬʦʨʤʠ ʥʘ RvH, 

RvH1 ʠ RvH2 ʝ ʠʟʨʘʟʝʥʘ ʚ ʨʅ-ʧʨʝʭʦʜʠʪʝ ʥʘ ʛʨʘʬʠʯʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ [ɗ]222(pH), ʢʦʷʪʦ ʦʯʝʨʪʘʚʘ 

ʧʦ-ʰʠʨʦʢʦ ʦʬʦʨʤʝʥʦ ʧʣʘʪʦ ʟʘ RvH2-e ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 20-40oC ʠ ʨʅ-ʦʙʣʘʩʪʪʘ 

6.5 - 8.5 (ʌʠʛ. 73ɹ) ʚ ʩʨʘʚʥʝʥʠʝ ʩ RvH, RvH1 ʠ RvH2.  

ʂʦʥʩʪʘʪʠʨʘʥʘʪʘ ʰʠʨʦʢʘ ʦʙʣʘʩʪ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʟʘ RvH2-ʝ ʚ ʊ-pH çʬʘʟʦʚʘ ʜʠʘʛʨʘʤʘè (100-

80%) ʦʙʭʚʘʱʘ ʨʅ ʠʥʪʝʨʚʘʣʘ 5.5-7.0 (ʌʠʛ.74ɸ), ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ȹG, ȹHm, ȹHo, ȹSo ʟʘ RvH2-ʝ ʚ ʪʘʟʠ ʦʙʣʘʩʪ. ʆʪ ʠʟʯʠʩʣʝʥʠʪʝ ʊm 

ʩʪʦʡʥʦʩʪʠʪʝ ʦʪ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʢʨʠʚʘ ʊ/[ɗ]222 (ʌʠʛ.74ɹ), ʟʘ ʚʩʷʢo pH ʦʪ ʨʘʚʥʦʚʝʩʥʠʷ ʠʥʪʝʨʚʘʣ ʝ 

ʦʧʨʝʜʝʣʝʥʘ ʊm = 560ʉ ʧʨʠ ʨʅ 6.0 (Velkova et al., 2010b).  
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ɼʨʫʛ ʪʝʨʤʦʜʠʥʘʤʠʯʝʥ ʧʘʨʘʤʝʪʲʨ, ʠʟʯʠʩʣʝʥ ʦʪ ʥʘʢʣʦʥʘ ʥʘ ʧʦʩʪʨʦʝʥʘʪʘ ʧʨʘʚʘ ʥʘ Vanôt Hoff 

Ö(lnK/R) ʢʲʤ Ö(1/T) ʚ ʪʦʟʠ ʠʥʪʝʨʚʘʣ, ʝ ʝʬʝʢʪʠʚʥʘʪʘ ʝʥʪʘʣʧʠʷ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ȹHVH ʟʘ ʚʩʷʢʦ pH ʠ 

ʝʥʪʘʣʧʠʷʪʘ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ȹHm=7.65 kcal/mol ʧʨʠ ʨʅ 6 (ʌʠʛ.74ɺ). ʊʘʢʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʦʯʝʨʪʘʚʘʪ ʧʦ-ʰʠʨʦʢʘ ʦʙʣʘʩʪ ʥʘ ʦʙʨʘʪʠʤʦʩʪ (ʜʦ ʨʅ 9.0) ʥʘ RvH2-e ʦʪ ʦʧʨʝʜʝʣʝʥʘʪʘ 

ʦʙʣʘʩʪ ʦʪ ʊ-pH ʬʘʟʦʚʘʪʘ ʜʠʘʛʨʘʤʘ (ʨʅ 5.5-7.0) (ʌʠʛ. 74ɸ). 

ɼʨʫʛ ʚʘʞʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʥ ʧʘʨʘʤʝʪʲʨ ʝ ʩʨʝʜʥʠʷʪ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ (Cp=0.55 

kcal/mol.grad), ʢʦʡʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʛʨʘʬʠʯʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʟʘ RvH2-e, ʚ ʨʘʚʥʦʚʝʩʥʠʷ ʠʥʪʝʨʚʘʣ 

pH 5,5-9,0 (ʬʠʛ.75ɸ). ɼʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʧʲʣʥʘ ʦʙʨʘʪʠʤʦʩʪ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘ RvH2-e 

ʚ ʪʦʟʠ ʠʥʪʝʨʚʘʣ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠʪʝ ʥʘ ʝʜʥʘ ʧʨʘʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʝʥʪʘʣʧʠʷʪʘ ʥʘ 

ʜʝʥʘʪʫʨʘʮʠʷ ȹʅm (ȹHVH), ʢʘʪʦ ʥʘʢʣʦʥʲʪ ʥʘ ʧʨʘʚʘʪʘ ʦʧʨʝʜʝʣʷ ʝʬʝʢʪʠʚʥʠʷ ʪʝʤʧʝʨʘʪʫʨʝʥ 

ʢʘʧʘʮʠʪʝʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʥʘʣʷʛʘʥʝ (ȹCp=ÖȹHVH/ÖT) (ʌʠʛ.75ɸ)  

ʆʪ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʟʘ ʚʩʷʢʦ pH ʦʪ ʠʥʪʝʨʚʘʣʘ ʥʘ ʦʙʨʘʪʠʤʦʩʪ (ʨʅ 5,5-9,0) ʥʘ 

RvH2-e, ʝ ʧʦʩʪʨʦʝʥʘ ʨʅ-ʟʘʚʠʩʠʤʘ ʢʨʠʚʘ ʥʘ ʩʚʦʙʦʜʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ɻʠʙʩ (ȹGʦ), ʩʲʩ ʩʣʦʞʥʘ 

ʬʦʨʤʘ ʠ ʠʟʨʘʟʝʥ ʝʢʩʪʨʝʤʫʤ ʧʨʠ pH 7.5 (T=25Áʉ), ʢʦʷʪʦ ʦʧʨʝʜʝʣ ̫ ʦʙʱʘʪʘ ʩʪʘʙʠʣʥʦʩʪ 

ȹGoexp=33,4 kcal/mol ʥʘ ʌɽ RvH2-e (ʌʠʛ.75ɹ). ɺ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ RvH2-e, ʚ 

ʫʩʣʦʚʠʷ ʥʘ ʜʦʢʘʟʘʥʘ ʦʙʨʘʪʠʤʦʩʪ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʊm, ȹʅm, ȹGʦ ʠ 

ʠʟʯʠʩʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ȹSm, ʠ ʧʨʦʤʷʥʘʪʘ ʥʘ ȹCp ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʊ=25ʦʉ (ȹʅʦ ʠ 

ȹSʦ) (ʊʘʙʣ. 17)   (Velkova et al., 2010b).  

ɼʨʫʛ ʚʘʞʝʥ ʬʘʢʪʦʨ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʚʣʠʷʝ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ ʚʠʜ 

Mollusca, ʩʘ ʦʙʨʘʟʫʚʘʥʠʪʝ ʜʠʩʫʣʬʠʜʥʠ ʚʨʲʟʢʠ. 

 
ʌʠʛ. 75ɸ). ɻʨʘʬʠʯʥʘ ʟʘʚʠʩʠ-ʤʦʩʪ 
ʥʘ æʅm ʥʘ RvH2-e ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ.  
Cp ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʟʘ 
ʨʘʚʥʦʚʝʩʥʠʷ ʠʥʪʝʨʚʘʣ pH 5.5-9.0  
ɹ). ʂʨʠʚʘ ʥʘ ȹGʦ, ʠʟʯʠʩʣʝʥʘ ʟʘ pH-
ʠʥʪʝʨʚʘʣʘ 5.5-9.0. 

 

ɸ ɹ 

ʌʠʛ. 74ɸ. T-pH ñʌʘʟʦʚʘ ʜʠʘʛʨʘʤʘò ʥʘ ʌɽ RvH2-e. 

ɹ) ɻʨʘʬʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʧʨʦʤʷʥʘʪʘ ʥʘ [ɗ]222/ʊ ʟʘ 
RvH2-ʝ, ʧʨʠ ʨʅ 6.0. ʆʧʨʝʜʝʣʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ Tm ʦʪ 
ʢʨʠʚʘʪʘ, ʦʪʨʘʟʷʚʘʪ ʊ-ʧʨʝʭʦʜʘ ʧʨʠ pH6.0.  

ɺ) ɽʥʪʘʣʧʠʷ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ (ȹʅm) ʥʘ 
RvH2-e, ʧʨʠ pH 6.0 (Vanôt Hoff). 
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ʆʪ ʦʧʨʝʜʝʣʝʥʘʪʘ ʧʲʨʚʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ HlH ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʜʠʩʫʣʬʠʜʥʠʪʝ ʚʨʲʟʢʠ ʩʝ 

ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʨʦʣʷʪʘ ʠʤ ʝ ʜʘ ʩʪʘʙʠʣʠʟʠʨʘʪ ʮʝʥʪʨʘʣʥʠʷ ʜʦʤʝʥ ʥʘ ʤʦʣʝʢʫʣʘʪʘ, ʢʦʝʪʦ ʩʝ 

ʧʦʪʚʲʨʞʜʘʚʘ ʩʣʝʜ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʜʠʩʫʣʬʠʜʥʠʪʝ ʚʨʲʟʢʠ ʥʘ HlH, ʧʨʠ ʢʦʝʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʧʨʦʤʷʥʘ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʠ ʟʘʛʫʙʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʩʚʲʨʟʚʘ ʤʦʣʝʢʫʣʘ 

ʢʠʩʣʦʨʦʜ. 

 

 

 

 
   ʊʘʙʣ. 17. ʊʝʨʤʦʜʠʥʘʤʠʯʥʠ  
   ʧʘʨʘʤʝʪʨʠ ʊm, ȹʅm ʠ ȹGʦ, 
   ʠʟʯʠʩʣʝʥʠ ʦʪ ʛʨʘʬʠʯʥʘʪʘ  
   ʟʘʚʠʩʠʤʦʩʪ ʚ ʟʦʥʘʪʘ ʥʘ 
   ʦʙʨʘʪʠʤʦʩʪ ʥʘ RvH2-ʝ:  
 
 
 

ʊʨʝʪʠʷʪ ʜʠʩʫʣʬʠʜʝʥ ʤʦʩʪ, ʨʘʟʧʦʣʦʞʝʥ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ɓʩ-ʩʘʥʜʚʠʯ ʜʦʤʝʥʘ ʤʝʞʜʫ Cys313 ʠ 

Cys319 ʦʩʪʘʪʲʮʠ (OdH-g), ʥʝ ʝ ʦʪʢʨʠʪ ʧʨʠ ʌɽ-b ʦʪ ʜʨʫʛʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca. ʊʦʚʘ ʩʝ 

ʧʦʪʚʲʨʞʜʘʚʘ ʦʪ ʦʧʨʝʜʝʣʝʥʘʪʘ ɸʂʇ ʥʘ HlH, ʢʘʪʦ ʚ ʦʙʣʘʩʪʪʘ ʟʘ ʌɽ-b ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʜʠʩʫʣʬʠʜʝʥ ʤʦʩʪ. ʉʲʱʦ ʦʪʩʲʩʪʚʠʝ ʥʘ ʜʠʩʫʣʬʠʜʝʥ ʤʦʩʪ ʝ ʢʦʥʩʪʘʪʠʨʘʥʦ ʠ ʧʨʠ ʌɽ-h ʦʪ ɓʩ-HlH ʠ 

Ŭ
D
-HlH, ʢʦʝʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʌɽ-h ʦʪ ʩʫʙʝʜʠʥʠʮʘ HtH1 ʥʘ ʭʝʤʦʮʠʘʥʠʥ 

ʦʪ H. tuberculata.  
 
 
 
ʌʠʛ. 76.ɸ) ʂʦʨʠʛʠʨʘʥ 3-ɼ ʤʦʜʝʣ 
ʥʘ RvH2-e ʩʣʝʜ ʜʦʙʘʚʷʥʝ ʥʘ 9 
ɸʂʆ  
ɹ) 3.38 Å ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʘ 
ʩʪʨʫʢʪʫʨʘ ʥʘ RtH2-ʝ. 
 

 

 

 

 

ʇʨʝʜʩʪʘʚʝʥ ʝ ʤʥʦʛʦ ʚʘʞʝʥ ʨʝʟʫʣʪʘʪ ʩ ʥʘʧʨʘʚʝʥʘʪʘ ʢʦʨʝʢʮʠʷ ʥʘ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʷ ʤʦʜʝʣ 

ʥʘ RvH2-e, ʩ ʨʝʟʦʣʶʮʠʷ 3.30¡, ʢʦʝʪʦ ʜʦʧʲʣʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʠ ʧʦʟʚʦʣʷʚʘ 

ʧʦ-ʧʨʝʮʠʟʥʦ ʦʙʷʩʥʝʥʠʝ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠʪʝ ʠʤ ʩʚʦʡʩʪʚʘ. ʇʦʧʲʣʥʝʥʠʷʪ ʤʦʜʝʣ ʩ Ala ʦʩʪʘʪʲʢʘ 

ʥʘ 9 ʧʦʟʠʮʠʠ ʚ ʧʨʝʜʣʦʞʝʥʠʷ PDB file 1LNL, ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦ-ʧʨʝʮʠʟʝʥ ʝʣʝʢʪʨʦʩʪʘʪʠʯʝʥ 

ʘʥʘʣʠʟ ʥʘ RvH2-e ʠ ʧʦʪʚʲʨʞʜʘʚʘ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʝʨʠʛʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʤʦʣʝʢʫʣʘʪʘ (ʌʠʛ.76)  (Velkova al., 2009ʘ). 

IV.5.4. ʌɽʅʆʃʆʂʉʀɼɸɿʅɸ  ɸʂʊʀɺʅʆʉʊ  ʅɸ  ʍɽʄʆʎʀɸʅʀʅʀ ʆʊ ʆʍʃʖɺʀ R. venosa  ʠ  H. 

vulgaris (H. lucorum) 

ɺ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʠ ʜʨʫʛʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ HlH, RvH ʠ 

ʠʟʦʬʦʨʤʠʪʝ ʠʤ, ʢʘʪʦ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ, ʢʦʷʪʦ ʧʨʦʷʚʷʚʘʪ, ʚ ʩʨʘʚʥʷʚʘʥʝ ʩ ʜʘʥʥʠ ʟʘ ʜʨʫʛʠ 

ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʪʠʨʦʟʠʥʘʟʠ (Hristova et. ʘl., 2001; Dolashki et al. 2011) (ʊʘʙʣ. 18). ɸʬʠʥʠʪʝʪʲʪ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʬʦʨʤʠ ʩʧʨʷʤʦ ʨʘʟʣʠʯʥʠ ʩʫʙʩʪʨʘʪʠ ʝ ʠʟʨʘʟʝʥ ʯʨʝʟ ʢʦʥʩʪʘʥʪʘʪʘ Kʄ (mM), ʘ 

ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʠ ʝʥʟʠʤʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ kcat/Kʄ (mM-1min-1).  

pH 

Tm 

(K) 

Tm 

(ęʉ ) 

ȹHm 

(kcal/mol) 

ȹʅo 

(kcal/mol) 

ȹGo 

(kcal/mol) 

5,5 324,7 51,7 6,68 -8 006 -28 199 

6,0 326,5 53,5 7,65 -8 030 -29 979 

6,4 328,0 55,0 8,39 -8 111 -31 460 

6,7 328,6 55,6 8,74 -8 031 -31 994 

 7,1 329,5 56,5 9,38 -7 950 -32 901 

7,5 330,0 57,0 9,40 -8 196 -33 406 

8,0 329,8 56,8 9,40 -7 925 -33 194 

9,0 328,0 55,0 8,38 -8 119 -31 460 
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ʊʘʙʣ. 18. ʂʠʥʝʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʆɼʌʆɸ ʥʘ ʥʘʪʠʚʥʠ ʬʦʨʤʠ, ʠʟʦʬʦʨʤʠ ʠ SDS-ʘʢʪʠʚʠʨʘʥʠ ʬʦʨʤʠ 
(ʦʟʥʘʯʝʥʠ ʩ ɸ) ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ, ʩʨʘʚʥʝʥʠ ʩ ʆɼʌʆɸ ʥʘ ʪʠʨʦʟʠʥʘʟʠ. 

 

 
ʍʝʤʦʮʠʘʥʠʥʠ  

                                  ʉʫʙʩʪʨʘʪʠ 

                   ɼʦʧʘʤʠʥ                   L-ɼʦʧʘ 

Km 

(mM) 

Vmax 

(mM.min
-1
) 

Kcat 

(min
-1
) 

Kcat/Km 

(mM
-1
 min

-1
) 

Km 

(mM) 

Vmax 

(mM.min
-1
 

Kcat 

(min
-1
) 

Kcat/Km 

(mM
-1
 min

-1
) 

R. venosa  28.57 0.08 2.66 0.093     

RvH1-a  0.02 0.01 1.12  0.01 0.01 1.1 11 

ɸRvH1-a  6.53 0.011 48.5 7.42 2.0 0.01 205.2 102.1 

H. lucorum ʘ 2.86 0.137 4.48 1.57 0.77 0.018 1.8 2.32 

ɸH. aspersa max.ʞ 0.53 - 31.95 60.28 15.26 - 9.58 0.62 

H. pomatia ʙ 3.1 0.01 0.21 0.068     

C. aestuarii ʚ 142 0.023 1.7 0.012     

C. magister  0.02 0.16   1.70 0.236   

CpH ʝ 0.01 0,00944 0.71 70.8 2.14 0,0089 0.67 0.31 

ɸCpH ʝ 0.03 0.027 2.04 68.0 3.44 0.0244 1.83 0.53 

ʊʠʨʦʟʠʥʘʟʠ ʦʪ:  

L. sacchari  0.5  11.5 23 7.5  1177.5 157 

I. argentinus ST94ʛ 9.3 ʛ  2000 215     

Ipomoea  batatas ʜ 2.5 ʜ  138.0 55.0 7,8  1263 157 

 

ʇʨʦʚʝʜʝʥʠʪʝ ʢʠʥʝʪʠʯʥʠ ʘʥʘʣʠʟʠ ʥʘ ʆɼʌʆɸ ʧʨʝʜʩʪʘʚʷʪ ʨʘʟʣʠʯʥʦ ʩʨʦʜʩʪʚʦ ʟʘ 

ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ R. venosa ʠ H. vulgaris (ʧʨʝʠʤʝʥʫʚʘʥ ʚ HlH) ʢʲʤ ʜʚʘʪʘ ʩʫʙʩʪʨʘʪʘ, ʦ-ʜʠʬʝʥʦʣ ʠ 

L-Dopa. ɼʦʢʘʪʦ ʠʟʯʠʩʣʝʥʘʪʘ ʢʦʥʩʪʘʥʪʘ ʥʘ ʄʠʭʘʝʣʠʩ-ʄʝʥʪʝʥ ʟʘ RvH ʝ Km=28.57 mM, ʪʦ ʠʥʪʝʨʝʩ 

ʟʘʩʣʫʞʘʚʘ ʜʠʤʝʨʥʘʪʘ ʬʦʨʤʘ ʥʘ HlH, ʢʦʷʪʦ ʧʨʦʷʚʷʚʘ ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ ʢʲʤ ʦ-ʜʠʬʝʥʦʣ (Km=2.86 

mM ʠ kcat=4.48) ʠ L-Dopa (Kʄ = 0.77 mʄ, kcat = 1.8 min-1), ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʧʦ-ʜʦʙʲʨ ʜʦʩʪʲʧ ʠ ʥʘ 

ʜʚʘʪʘ ʩʫʙʩʪʨʘʪʘ ʜʦ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ. ʇʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥ 

ʘʬʠʥʠʪʝʪ ʠ ʆɼʌʆɸ ʟʘ HlH (kcat/Km=1.57 mM-1min-1) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʥʘ R. venosa, O. vulgaris, 

H. pomatia ʠ S. officinalis (kcat/Km = 0.093; 0,28; 0.068 ʠ 0.26, ʩʲʦʪʚʝʪʥʦ) (Hristova et al., 2008). 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʲʱʦ ʧʨʝʜʩʪʘʚʷʪ ʠʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʌɽ RvH1-ʘ, ʩʲʩ 

ʩʣʦʞʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ - 4,19% ʦʪ ʄʤ ʥʘ ʧʨʦʪʝʠʥʘ. ʂʠʥʝʪʠʯʥʘʪʘ ʨʝʘʢʮʠʷ ʦʪʯʠʪʘ ʤʥʦʛʦ 

ʩʣʘʙʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʌɽ RvH1-ʘ ʩʲʩ ʩʫʙʩʪʨʘʪ ʜʦʧʘʤʠʥ, ʢʘʪʦ ʧʨʠ 10 mM ʜʦʧʘʤʠʥ ʨʝʘʢʮʠʦʥʥʘʪʘ 

ʩʢʦʨʦʩʪ ʥʘʨʘʩʪʚʘ ʜʦ 0.7 nM/minī1mgī1 (Dolashki et al. 2011). ɿʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʆɼʌʆɸ ʠ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʜʚʘ ʧʦʟʥʘʪʠ ʧʦʜʭʦʜ ʟʘ  ʧʨʝʚʨʲʱʘʥʝ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʚ ʝʥʟʠʤʠ. 

ʇʨʠʣʦʞʝʥʠʪʝ ʜʚʘ ʧʦʜʭʦʜʘ ʩʝ ʦʢʘʟʘʭʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʝʚʨʲʱʘʥʝ ʥʘ RvH1-ʘ ʚ ʘʢʪʠʚʠʨʘʥʘ 

ʬʦʨʤʘ (ɸRvH1-ʘ) ʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʆɼʌʆɸ ʥʘ ʜʚʝʪʝ ʧʦʣʫʯʝʥʠ ʬʦʨʤʠ ʩʣʝʜ:  

1) ɸʢʪʠʚʠʨʘʥʝ ʥʘ ʌɽ ʯʨʝʟ ʥʝʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ: ʩʣʝʜ ʧʨʦʤʷʥʘ ʥʘ ʨʅ ʥʘ ʩʨʝʜʘʪʘ ʠ ʚ 

ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʜʝʥʘʪʫʨʠʨʘʱʠ ʨʝʘʛʝʥʪʠ, ʢʘʪʦ SDS; 

2) ɸʢʪʠʚʠʨʘʥʝ ʥʘ ʌɽ ʩʣʝʜ ʝʥʟʠʤʥʦ ʪʨʝʪʠʨʘʥʝ ʩ ʪʨʠʧʩʠʥ.  

ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʧʦʜʭʦʜʠ ʝ ʜʦʢʘʟʘʥʘ ʩʣʝʜ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʆɼʌʆɸ ʥʘ ʥʘʪʠʚʥʘʪʘ 

(RvH1-a) ʠ ʘʢʪʠʚʠʨʘʥʘ-ʌɽ (ɸRvH1-a), ʢʦʠʪʦ ʧʨʦʷʚʷʚʘʪ ʨʘʟʣʠʯʥʦ ʩʨʦʜʩʪʚʦ ʢʲʤ ʜʚʘʪʘ ʩʫʙʩʪʨʘʪʘ, 

L-Dopa ʠ ʜʦʧʘʤʠʥ. ʀʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʝ ʫʩʪʘʥʦʚʝʥʦ ʟʘ RvH1-ʘ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ ʪʨʠʧʩʠʥ 

(E/ʉ=1/500) ʚ 50 mM Tris/HCl ʙʫʬʝʨ, pH 8.2 ʠ ʊ=250C, ʢʲʜʝʪʦ ʌɽ ʧʦʚʠʰʘʚʘ ʆɼʌʆɸ, ʢʘʪʦ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʫʙʩʪʨʘʪʘ L-Dopa ʦʪ 5 ʤʄ ʘʙʩʦʨʙʮʠʷ ʧʨʠ 475 nm ʜʦʩʪʠʛʘ ʤʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ, 

ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʦʙʨʘʟʫʚʘʥʠʷ ʜʦʧʘʭʨʦʤ (Ů475=3600 M-1.cm-1). ʈʘʟʣʠʢʘʪʘ ʚ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʥʘʪʠʚʥʘʪʘ 

RvH1-ʘ ʝ ʠʟʨʘʟʝʥʘ ʩ ʚʠʩʦʢʦ ʩʨʦʜʩʪʚʦ ʢʲʤ ʩʫʙʩʪʨʘʪʘ L-Dopa ʠ ʧʦ-ʩʣʘʙʦ ʢʲʤ ʜʦʧʘʤʠʥʘ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʘʢʪʠʚʠʨʘʥʘʪʘ ʌɽ ɸRvH1-ʘ.  
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ʌʠʛ. 77. ɸ). ʆɼʌʆɸ ʥʘ ɸRvH1-a ʚ 
20 mʄ ʬʦʩʬʘʪʝʥ ʙʫʬʝʨ, pH 6.8, 
25°C, ʩʲʩ ʩʫʙʩʪʨʘʪ L-ɼʦʧʘ: (ʘ) 0.25 
ʤʄ, (ʙ) 0.5 mʄ (ʚ) 2 M (ʛ) 5 M (ʜ) 7 
M, (ʝ) 10 M.  
ɹ). ʇʨʘʚʘ ʥʘ LineweaverïBurk ʧʨʠ 
ʨʘʟʣʠʯʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 
ʩʫʙʩʪʨʘʪʘ L-ɼʦʧʘ, ʧʨʦʩʣʝʜʝʥʘ ʧʨʠ 
475 nm.  

 

 

 

 

ʀʥʜʫʮʠʨʘʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʢʲʤ ʜʚʘʪʘ ʩʫʙʩʪʨʘʪʘ (5 mM L-Dopa ʠ 20 mM ʜʦʧʘʤʠʥ) ʝ 

ʦʪʯʝʪʝʥʘ ʩʲʱʦ ʩʣʝʜ ʠʥʢʫʙʠʨʘʥʝ ʥʘ RvH1-ʘ ʚ ʙʫʬʝʨʠ ʩ ʨʘʟʣʠʯʥʦ ʨʅ, ʢʘʪʦ ʪ ̫ ʝ ʧʦ-ʥʠʩʢʘ ʦʪ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ʘʢʪʠʚʠʨʘʥʘʪʘ ʩ SDS ʠ ʪʨʠʧʩʠʥ ʌɽ (Dolashki et al., 2011). ʂʘʪʦ ʚʘʞʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʦʧʨʝʜʝʣʝʥʘʪʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢʦ ʠʥʜʫʮʠʨʘʥʘ ʆɼʌʆɸ 

ʥʘ RvH1-ʘ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʩ SDS, ʢʦʝʪʦ ʝ ʩʚʲʨʟʘʥʦ ʩ ʧʨʦʤʷʥʘ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ SDS (4.0-3.3 mM) (ʊʘʙʣ. 18). 

ʆʙʷʩʥʝʥʠʝʪʦ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʷ ʝʬʝʢʪ ʥʘ SDS ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷ >1ʤʄ, ʚ 100 mM ʥʘʪʨʠʝʚʦ-

ʬʦʩʬʘʪʝʥ ʙʫʬʝʨ ʠ pH 7.5 ʩʝ ʧʨʝʜʧʦʣʘʛʘ ʥʘʩʪʲʧʠʣʦʪʦ ʧʦ-ʛʦʣʷʤʦ ʨʘʟʛʲʚʘʥʝ ʥʘ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ 

ʚʝʨʠʛʘ ʥʘ RvH1-ʘ ʧʨʠ ʧʦ-ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ SDS, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʲʣʥʦ 

ʨʘʟʛʲʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʘʪʘ. ʄʝʭʘʥʠʟʤʲʪ ʥʘ ʘʢʪʠʚʠʨʘʥʝ ʥʘ RvH1-ʘ ʝ ʩʚʲʨʟʘʥ ʩ ʠʥʜʫʮʠʨʘʥʠ 

ʦʧʪʠʤʘʣʥʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʠ ʧʨʝʭʦʜʠ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʠʪʦ ʩʝ ʦʪʚʘʨʷ ʢʘʥʘʣʲʪ, ʢʦʡʪʦ ʦʩʠʛʫʨʷʚʘ 

ʜʦʩʪʲʧ ʥʘ ʬʝʥʦʣʥʠʪʝ ʩʫʙʩʪʨʘʪʠ ʜʦ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ. ɸʬʠʥʠʪʝʪʲʪ ʩʧʨʷʤʦ ʨʘʟʣʠʯʥʠ ʩʫʙʩʪʨʘʪʠ, 

ʢʘʢʪʦ ʠ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʠ ʝʥʟʠʤʥʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʟʘ ʥʘʪʠʚʥʠʪʝ ʠ SDS-

ʘʢʪʠʚʠʨʘʥʠ ʬʦʨʤʠ.  

ʅʘʡ-ʚʠʩʦʢʘ ʆɼʌʆɸ ʢʲʤ ʩʫʙʩʪʨʘʪʠʪʝ ʜʦʧʘʤʠʥ (KM= 6.53 mM, kcat/KM = 1.29) ʠ L-Dopa (KM = 

2.0 mM, kcat/KM =2.1) ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʣʝʜ ʘʢʪʠʚʠʨʘʥʝ ʥʘ RvH1-ʘ ʟʘ 2-3 min ʩ 3.0 mM SDS (ʌʠʛ. 

77). ʉʨʘʚʥʠʪʝʣʥʠʪʝ ʘʥʘʣʠʟʠ ʧʦʢʘʟʚʘʪ ʩʭʦʜʩʪʚʦ ʥʘ ʢʠʥʝʪʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ ʆɼʌʆɸ ʥʘ RvH1-a 

ʠ ɸRvH1-a ʩ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʜʨʫʛʠ ʤʝʜʥʠ ʧʨʦʪʝʠʥʠ. ʀʟʯʠʩʣʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ Km, ʢʦʪ̫ʦ 

ʦʪʨʘʟʷʚʘ ʩʨʦʜʩʪʚʦʪʦ ʤʝʞʜʫ RvH1-a ʠ ʩʫʙʩʪʨʘʪʘ ʜʦʧʘʤʠʥ (Km=0.02 mM), ʝ ʧʦ-ʥʠʩʢʘ ʦʪ 

ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʭʝʤʦʮʠʘʥʠʥ HpH (Km=3.1 mM), HvH (Km=2.86) ʠ ʪʠʨʦʟʠʥʘʟʘ ʦʪ Illex 

argentinus (ST94) (Km=9.3 mM).  

ʆʧʨʝʜʝʣʝʥʠʪʝ ʧʦ-ʚʠʩʦʢʠ ʢʠʥʝʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʩ̡ ʱʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ɸRvH1-a (kcat=8.48), ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ H. pomatia Hc (kcat=0.21) ʠ H. 

vulgaris Hc (kcat=4.48). ʊʝ ʩʘ ʤʥʦʛʦ ʧʦ-ʥʠʩʢʠ ʦʪ ʩʪʦʡʥʦʩʪʠ ʟʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ C. aestuarii (ʚʠʜ 

Arthropoda) ʠ ʟʘ ʪʠʨʦʟʠʥʘʟʘ ʦʪ S. albus (ʊʘʙʣ. 18) (Dolashki et al., 2011).   

ɼʨʫʛ ʝʬʝʢʪʠʚʝʥ ʩʫʙʩʪʨʘʪ ʝ ʢʘʪʝʭʦʣ, ʢʦʡʪʦ ʧʨʝʜʠʟʚʠʢʚʘ ʧʦ-ʚʠʩʦʢʘʪʘ ʆɼʌʆɸ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʘ ʦʪ H. vulgaris (kcat=4.48 min-1). ʆʙʷʩʥʝʥʠʝ ʥʘ ʢʦʥʩʪʘʪʠʨʘʥʘʪʘ ʧʦ-ʚʠʩʦʢʘ ʝʥʟʠʤʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʢʲʤ ʩʫʙʩʪʨʘʪ ʢʘʪʝʭʦʣ ʝ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʧʦʣʷʨʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ 

ʛʨʫʧʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʫʙʩʪʨʘʪʘ. ɺʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʩʫʙʩʪʨʘʪʘ ʝ, ʯʝ ʪʦʡ ʝ ʥʘʡ-ʤʘʣʢʠʷʪ 

ʜʠʬʝʥʦʣ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʧʦ-ʜʦʩʪʲʧʝʥ ʜʦ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ 

ʩʫʙʩʪʨʘʪʠʪʝ ʜʦʧʘʤʠʥ ʠ L-Dopa, ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘʪ ʟʘʨʝʜʝʥʠ ʧʦʣʷʨʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ. ʊʝʟʠ 

ʛʨʫʧʠ ʟʘʪʨʫʜʥʷʚʘʪ ʧʨʠʜʚʠʞʚʘʥʝʪʦ ʠʤ ʜʦ ʥʘʧʲʣʥʦ Ăʧʦʛʨʝʙʘʥʠʷñ ʘʢʪʠʚʝʥ ʮʝʥʪʲʨ ʥʘ ʌɽ, ʢʘʢʪʦ ʝ 

ʧʦʢʘʟʘʥʦ ʦʪ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʌɽ RtH2-e (ʌʠʛ. 76) (Hristova et al., 2008).  
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ʌʠʛ. 78ɸ) ʌʘʟʦʚʘ ʜʠʘʛʨʘʤʘ Td(ȹG)ïpH ʥʘ pH/Tm ʟʘʚʠʩʠ-ʤʦʩʪ ʟʘ SDS-ʘʢʪʠʚʠʨʘʥʘʪʘ ʌɽ RvH1-a;  
ɹ) ʉʠʛʤʦʠʜʘʣʥʠ ʢʨʠʚʠ ʥʘ [ɗ]222(ʊ) ʟʘʚʠʩʠʤʦʩʪ ʥʘ ɸRvH1-ʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʅ. 

 

ɺʣʠʷʥʠʝʪʦ ʥʘ ʝʥʟʠʤʥʦʪʦ ʘʢʪʠʚʠʨʘʥʝ ʚʲʨʭʫ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʥʘʪʠʚʥʘʪʘ ʬʦʨʤʘ ʥʘ RvH1-ʘ ʠ 

ʘʢʪʠʚʠʨʘʥʘʪʘ ʬʦʨʤʘ ɸRvH1-ʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʦʪ ʩʨʘʚʥʠʪʝʣʥʠʷ ʂɼ ʘʥʘʣʠʟ ʥʘ ʪʝʨʤʠʯʥʘʪʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘ RvH1-ʘ ʠ ARvH1-ʘ, ʢʦʡʪʦ ʦʪʯʠʪʘ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʪʝʨʤʠʯʥʦ ʜʝʥʘʪʫʨʠʨʘʥʝ ʟʘ ɸRvH1-ʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ RvH1-ʘ (Tm = 51Áʉ).  

ʉʲʱʦ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ɸRvH1-ʘ ʚ ʢʠʩʝʣʘʪʘ ʨʅ ʦʙʣʘʩʪ (Tm = 51,6Áʉ - 58.2Áʉ) ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʠʟʯʠʩʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʚ ʘʣʢʘʣʥʘʪʘ ʦʙʣʘʩʪ (Tm = 54.3Áʉ - 61.0Áʉ) (ʌʠʛ. 78ɸ) 

(Dolashki et al., 2011). ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ɸRvH1-ʘ ʩʘ ʜʘʥʥʠʪʝ ʦʪ Ăʬʘʟʦʚʘʪʘ 

ʜʠʘʛʨʘʤʘò, ʢʦʠʪʦ ʦʪʨʘʟʷʚʘʪ ʟʘʚʠʩʠʤʦʩʪ ʥʘ Tm/ʨʅ ʚ ʨʅ ʠʥʪʝʨʚʘʣʘ ʦʪ (4.0 ï 10) (ʌʠʛ. 78ɹ). 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʦʮʝʩʲʪ ʥʘ ʨʘʟʛʲʚʘʥʝ ʥʘ ʧʨʦʪʝʠʥʘ ʚ ʜʚʝʪʝ ʦʙʣʘʩʪʠ ʝ 

ʧʨʠʯʠʥʝʥ ʦʪ Td, ʘ ʧʲʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘʩʪʲʧʚʘ ʧʨʠ pH 4 ʠ pH 10, ʊ=25ÁC (Dolashki et al., 2011). 

ʆʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʪʝʟʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʝʜʩʪʘʚʷʪ ʩʧʝʮʠʬʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʢʦʠʪʦ ʚʲʧʨʝʢʠ ʯʝ ʥʝ ʩʘ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʝʥʟʠʤʠ, ʧʨʦʷʚʷʚʘʪ ʆɼʌʆɸ. 

ʈʝʘʢʮʠʠʪʝ ʥʘ ʦʢʠʩʣʝʥʠʝ ʥʘ ʬʝʥʦʣʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʧʨʦʪʠʯʘʪ ʧʦ ʦʙʱ 

ʤʝʭʘʥʠʟʲʤ, ʢʦʡʪʦ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʟʘ ʪʠʨʦʟʠʥʘʟʠ, ʢʘʪʝʭʦʣ ʦʢʩʠʜʘʟʠ ʠ ʣʘʢʘʟʠ, ʩʲʩ 

ʩʲʧʲʪʩʪʚʘʱʘ ʨʝʜʫʢʮʠʷ ʥʘ ʤʦʣʝʢʫʣʘ ʆ2 ʜʦ H2O. 

ʇʨʦʪʝʠʥʠʪʝ ʧʨʦʷʚʷʚʘʪ ʩʲʱʝʩʪʚʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʩʫʙʩʪʨʘʪʥʘʪʘ ʠʤ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʢʘʪʦ ʝ 

ʫʩʪʘʥʦʚʝʥʦ ʥʘʣʠʯʠʝ ʥʘ ʤʥʦʛʦ ʩʣʘʙʘ ʠʣʠ ʦʪʩʲʩʪʚʠʝ ʥʘ ʆɼʌʆɸ ʟʘ ʪʦʪʘʣʥʘʪʘ ʤʦʣʝʢʫʣʘ, 

ʩʪʨʫʢʪʫʨʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʠ ʌɽ-ʮʠ ʥʘ RvH ʢʲʤ ʩʫʙʩʪʨʘʪʠ L-ɼʦʧʘ ʠ ʜʦʧʘʤʠʥ.  

ɼʦʢʘʟʘʥʘ ʝ ʧʨʦʤʷʥʘ ʚ ʩʫʙʩʪʨʘʪʥʘʪʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʥʘ RvH1-ʘ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʝʪʦʜʠʪʝ 

ʥʘ ʝʥʟʠʤʥʦ ʘʢʪʠʚʠʨʘʥʝ.  
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ȯȷȬȮȬ IV .6.  ȿɃȬȽȾȴȱȾȺ ȹȬ ȯȷȴȶȬȹȴȾȱ Ȯ ȾȱȼȬȻȱȮȾȴɃȹȴɋ ȱɀȱȶȾ 

ȹȬ Cu /Zn -ȽȺȰ ȴ ɁȱȸȺɂȴȬȹȴȹȴ 

ʂʣʠʥʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʜʦʢʘʟʚʘʪ ʩʝʨʠʦʟʥʠ ʥʘʨʫʰʝʥʠʷ ʚ 

ʦʢʩʠʜʘʥʪ/ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʷ ʙʘʣʘʥʩ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʥʢʦʛʝʥʝʟʘʪʘ. ʊʦʚʘ ʩʝ ʩʚʲʨʟʚʘ ʩ ʧʦʥʠʞʝʥʦʪʦ 

ʥʠʚʦ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʪʘ ʟʘʱʠʪʘ ʧʨʠ ʭʦʨʘ ʠ ʞʠʚʦʪʥʠ ʩ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʪʫʤʦʨʥʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʪʘ ʟʘʱʠʪʘ ʦʙʦʩʥʦʚʘʚʘ ʝʜʥʘ ʥʦʚʘ ʢʦʥʮʝʧʮʠʷ ʚ ʧʨʝʚʝʥʮʠʷʪʘ ʠ ʣʝʯʝʥʠʝʪʦ ʥʘ 

ʪʫʤʦʨʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʚ ʢʦʷʪʦ ʚʘʞʥʦ ʫʯʘʩʪʠʝ ʠʤʘʪ ʘʥʪʠʦʢʩʠʜʘʥʪʠʪʝ.  

IV.6.1. ʋʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʪʝʨʘʧʝʚʪʠʯʥʠ ̫ʝʬʝʢʪ ʥʘ Cu/Zn-ʉʆɼ ʦʪ H. lutea 103 

ʋʯʘʩʪʠʝʪʦ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʥʦʚʠ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ ʝ ʧʨʦʩʣʝʜʝʥʦ 

ʩʣʝʜ ʘʥʘʣʠʟ ʥʘ ʯʠʩʪʠʷ ʝʥʟʠʤ Cu/Zn-Hlʉʆɼ 103 ʚʲʨʭʫ ʭʘʤʩʪʝʨʠ ʩ ʪʨʘʥʩʧʣʘʥʪʠʨʘʥ ʤʠʝʣʦʠʜʝʥ 

ʪʫʤʦʨ ʥʘ Graffi (ɿʊʍ) ʠ ʘʥʪʠʚʠʨʫʩʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʤʠʰʢʠ ʩ ʛʨʠʧʝʥ ʚʠʨʫʩ A/Aichi (H3N2). 

ɸʥʪʠʪʫʤʦʨʝʥ ʝʬʝʢʪ ʥʘ Cu/Zn-ʉʆɼ ʦʪ H. lutea 103 (Cu/Zn-Hlʉʆɼ) 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʘʥʪʠʪʫʤʦʨʥʠʷ ʝʬʝʢʪ ʥʘ ʉʆɼ-ʟʠ ʚʲʨʭʫ ʪʫʤʦʨ 

ʥʘ Graffi ʧʦʢʘʟʚʘʪ, ʯʝ ʠʥʞʝʢʪʠʨʘʥʝʪʦ ʥʘ Cu/Zn-Hlʉʆɼ 103 ʟʘʪʨʫʜʥʷʚʘ ʪʨʘʥʩʧʣʘʥʪʠʨʫʝʤʦʩʪʪʘ ʥʘ 

ʪʫʤʦʨʘ ʚ ʭʘʤʩʪʝʨʠ. ʇʨʦʪʝʢʪʠʚʥʠʷʪ ʝʬʝʢʪ, ʢʦʡʪʦ ʝʥʟʠʤʲʪ ʦʢʘʟʚʘ ʚʲʨʭʫ ʭʘʤʩʪʝʨʠʪʝ ʩ 

ʪʨʘʥʩʧʣʘʥʪʠʨʘʥ ʤʠʝʣʦʠʜʝʥ ʪʫʤʦʨ ʥʘ Graffi (ɿʊʍ), ʝ ʜʦʢʘʟʘʥ ʯʨʝʟ ʜʚʘ ʧʦʜʭʦʜʘ. ʊʝ ʚʢʣʶʯʚʘʪ 

ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʣʘʪʝʥʪʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʦʷʚʘ ʥʘ 

ʪʫʤʦʨʘ ʠ ʩʨʝʜʥʦ ʚʨʝʤʝ ʥʘ ʧʨʝʞʠʚʷʝʤʦʩʪ ʥʘ ʪʨʝʪʠʨʘʥʠʪʝ ʩ ʝʥʟʠʤʘ ɿʊʍ, ʩ ʥʝʪʨʝʪʠʨʘʥʠʪʝ 

ʭʘʤʩʪʝʨʠ (Angelova et al., 2001).  

ʆʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚ ʪʘʟʠ ʩʝʨʠʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʝʤʦʥʩʪʨʠʨʘʪ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚ ʧʨʦʜʫʢʪ Cu/Zn-ʉʆɼ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ H. lutea 103 ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʩʧʝʰʥʦʪʦ ʤʫ 

ʧʨʠʣʦʞʝʥʠʝ ʚ ʘʥʪʠʪʫʤʦʨʥʘʪʘ ʪʝʨʘʧʠʷ ʩʨʝʱʫ ʧʦʷʚʘʪʘ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʫʤʦʨʘ ʥʘ Graffi. ʊʦʡ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʪʝ 

ʩʪʨʘʥʠʯʥʠ ʝʬʝʢʪʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʘʥʪʠʪʫʤʦʨʥʠ ʧʨʝʧʘʨʘʪʠ, ʢʦʠʪʦ ʧʨʝʜʠʟʚʠʢʚʘʪ 

ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʩʚʦʙʦʜʥʠ ʦʢʩʠ-ʨʘʜʠʢʘʣʠ. ʂʦʥʩʪʘʪʠʨʘʥʠʷʪ ʧʨʦʪʝʢʪʠʚʝʥ ʝʬʝʢʪ ʥʘ ʝʥʟʠʤʘ Cu/Zn-

Hlʉʆɼ 103 ʧʦʪʚʲʨʞʜʘʚʘ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʠʪʝ ʧʨʠ ʣʝʯʝʥʠʝʪʦ ʥʘ ʪʫʤʦʨʥʠʪʝ 

ʟʘʙʦʣʷʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʜʘʥʥʠ ʧʦʪʚʲʨʞʜʘʚʘʪ ʠʟʢʘʟʘʥʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ ʉʆɼ 

ʜʘ ʦʙʝʟʚʨʝʞʜʘ ʩʫʧʝʨʦʢʩʠʜʥʠʪʝ ʨʘʜʠʢʘʣʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʦʠʪʦ ʩʝ ʧʦʚʠʰʘʚʘ ʚ ʪʲʢʘʥʠʪʝ ʩ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ. ʊʦʚʘ ʝ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʧʫʙʣʠʢʫʚʘʥʘʪʘ ʠ ʦʪ ʜʨʫʛʠ ʘʚʪʦʨʠ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʝʬʝʢʪʘ ʥʘ ʥʷʢʦʠ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʚʲʨʭʫ ʪʫʤʦʨʥʠʷ ʨʘʩʪʝʞ in vivo ʠ in vitro ʯʨʝʟ 

ʦʙʝʟʚʨʝʞʜʘʥʝ ʥʘ ·ʆ2  ̄ʨʘʜʠʢʘʣʠ.  

ɸʥʪʠʚʠʨʫʩʝʥ ʝʬʝʢʪ ʥʘ Cu/Zn-ʉʆɼ, ʠʟʦʣʠʨʘʥʘ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ H. lutea 103 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʝʜʩʪʘʚʷʪ ʠ ʜʨʫʛʘ ʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ Cu/Zn-Hlʉʆɼ 103, 

ʢʘʪʦ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʝʥʟʠʤʘ ʧʨʠ ʟʘʨʘʟʷʚʘʥʝ ʥʘ ʤʠʰʢʠ ʩ ʛʨʠʧʝʥ ʚʠʨʫʩ A/Aichi (H3N2), ʢʦʡʪʦ 

ʧʨʠʯʠʥʷʚʘ ʠʥʬʝʢʮʠʦʟʥʦ ʟʘʙʦʣʷʚʘʥʝ ʠ ʩʤʲʨʪ. ʅʘʡ-ʩʠʣʥʦ ʠʟʨʘʟʝʥ ʘʥʪʠʚʠʨʫʩʝʥ ʝʬʝʢʪ ʝ ʜʦʢʘʟʘʥ 

ʩʣʝʜ 4-ʢʨʘʪʥʦ ʜʥʝʚʥʦ ʚʝʥʦʟʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʧʠʪʥʠʪʝ ʞʠʚʦʪʥʠ ʩ 500 ʝʜ, ʢʘʪʦ ʧʨʠ ʠʥʞʝʢʪʠʨʘʥʝ 

ʩʣʝʜ 4-7 ʜʥʠ ʩʣʝʜ ʚʠʨʫʩʥʘʪʘ ʠʥʬʝʢʮʠʷ, ʝʬʝʢʪʲʪ ʥʘ Cu/Zn-Hlʉʆɼ ʩʝ ʧʦʚʠʰʘʚʘ ʠ 

ʧʨʝʞʠʚʷʝʤʦʩʪʪʘ ʥʘ ʟʘʨʘʟʝʥʠʪʝ ʩ ʚʠʨʫʩʘ ʤʠʰʢʠ ʥʘʨʘʩʪʚʘ ʦʪ 86% ʜʦ 100%.  

ɺ ʦʙʦʱʝʥʠʝ ʥʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʢʘʞʝ, ʯʝ ʧʦʣʫʯʝʥʠʷʪ ʥʦʚ, ʧʨʠʨʦʜʥʦ 

ʛʣʠʢʦʟʠʣʠʨʘʥ ʘʥʪʠʦʢʩʠʜʘʥʪʝʥ ʝʥʟʠʤ Cu/Zn-ʉʆɼ ʦʪ ʛʲʙʠʯʝʥ ʱʘʤ H. lutea 103 ʧʨʠʪʝʞʘʚʘ 

ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʩʨʝʱʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʛʨʠʧʥʘ ʠʥʬʝʢʮʠʷ, ʧʨʠʯʠʥʝʥʘ ʦʪ ʛʨʠʧʝʥ ʚʠʨʫʩ A/Aichi 
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(H3N2) ʠ ʘʥʪʠʪʫʤʦʨʝʥ ʝʬʝʢʪ ʩʨʝʱʫ ʤʠʝʣʦʠʜʝʥ ʪʫʤʦʨ ʥʘ Graffi. ɺʣʠʷʥʠʝ ʚʲʨʭʫ ʪʦʟʠ ʝʬʝʢʪ 

ʚʝʨʦʷʪʥʦ ʦʢʘʟʚʘ ʠ ʛʣʠʢʦʟʠʜʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʝʥʟʠʤʘ Cu/Zn-Hlʉʆɼ, ʢʘʪʦ ʫʜʲʣʞʘʚʘ ʚʨʝʤʝʪʦ ʥʘ 

ʧʦʣʫʞʠʚʦʪ ʥʘ ʝʥʟʠʤʘ ʚ ʦʨʛʘʥʠʟʤʘ (Angelova et al., 2001). 

IV.6.2. ʋʏɸʉʊʀɽʊʆ ʅɸ ɻʃʀʂɸʅʀʊɽ ɺ ʊɽʈɸʇɽɺʊʀʏʅʀʗ ɽʌɽʂʊ ʅɸ ʀɿʆʃʀʈɸʅʀʊɽ 

ʍɽʄʆʎʀɸʅʀʅʀ  

ɽʬʝʢʪʲʪ ʦʪ ʧʨʠʣʘʛʘʥʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʚ ʤʝʜʠʮʠʥʘʪʘ ʠ ʬʘʨʤʘʮeʚʪʠʯʥʘʪʘ ʠʥʜʫʩʪʨʠʷ ʩʘ 

ʠʟʚʝʩʪʥʠ ʦʪ ʛʦʜʠʥʠ, ʢʘʪʦ ʛʦʣʷʤʘ ʟʥʘʯʠʤʦʩʪ ʩʝ ʦʪʜʘʚʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʠʤ ʦʩʦʙʝʥʦʩʪʠ. ʊʦʚʘ ʛʠ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʦʮʝʩʠ, ʩʚʲʨʟʘʥʠ 

ʩʲʩ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ.  

IV.6.2.1. ʍʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca, ʢʘʪʦ ʥʦʩʠʪʝʣʠ ʥʘ ʭʘʧʪʝʥʠ 

ɽʜʥʠ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʧʫʙʣʠʢʫʚʘʥʠ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʬʫʥʢʮʠʷʪʘ 

ʠʤ ʢʘʪʦ ʠʤʫʥʦʩʪʠʤʫʣʘʪʦʨʠ ʠ ʤʦʣʝʢʫʣʠ-ʥʦʩʠʪʝʣʠ ʥʘ ʭʘʧʪʝʥʠ. ʅʘ ʙʘʟʘ ʥʘ ʪʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ 

ʩʲʟʜʘʜʝʥʠ ʘʥʪʠʚʠʨʫʩʥʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ ʠʣʠ ʘʥʪʠʪʫʤʦʨʥʠ ʚʘʢʩʠʥʠ, ʧʨʝʤʠʥʘʣʠ ʢʣʠʥʠʯʥʠ 

ʠʟʧʠʪʘʥʠʷ. ʇʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʭʘʧʪʝʥ-ʩʧʝʮʠʬʠʯʥʘʪʘ ʧʨʦʜʫʢʮʠʷ ʥʘ ʠʥʪʝʨʬʝʨʦʥ-ʛʘʤʘ (IFN-ɔ) ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʞʠʚʦʪʥʠ, ʠʥʞʝʢʪʠʨʘʥʠ ʩ ʧʨʝʯʠʩʪʝʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ HlH ʠ RvH, ʢʘʢʪʦ ʠ 

ʛʦʚʝʞʜʠ ʩʝʨʫʤʝʥ ʘʣʙʫʤʠʥ ʠ KLH, ʧʦʪʚʲʨʞʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘʪ 

ʢʘʪʦ ʥʦʩʠʪʝʣʠ ʥʘ ʥʝʠʤʫʥʦʛʝʥʥʠ ʤʦʣʝʢʫʣʠ. ʇʨʦʚʝʜʝʥʠʪʝ ʩʨʘʚʥʠʪʝʣʥʠ ʘʥʘʣʠʟʠ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ 

ʥʘʡ-ʧʦʜʭʦʜʷʱ ʘʜʶʚʘʥʪ ʭʝʤʦʮʠʘʥʠʥʲʪ ʦʪ H. lucorum (Dolashka-Angelova et al., 2008).  

IV.6.2.2. ɸʥʪʠʪʫʤʦʨʝʥ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ  Mollusca 

ɽʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʚʲʨʭʫ ʠʤʫʥʦʪʝʨʘʧʠʷ ʠ ʠʤʫʥʦʧʨʦʬʠʣʘʢʪʠʢʘ ʥʘ ʪʫʤʦʨ ʥʘ Graffi 

ʠ ʘʩʮʠʪʝʥ ʪʫʤʦʨ ʥʘ Guerin 

ɽʜʠʥ ʦʪ ʟʜʨʘʚʥʠʪʝ ʧʨʦʙʣʝʤʠ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʝ ʩʚʲʨʟʘʥ ʩ ʪʫʤʦʨʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʢʘʪʦ 

ʧʦʪʝʥʮʠʘʣʥʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʩʝ ʩʤʷʪʘʪ ʠʤʫʥʦʪʝʨʘʧʠʷʪʘ ʠ ʠʤʫʥʦʧʨʦʬʠʣʘʢʪʠʢʘʪʘ. ɼʦʢʘʟʘʥʦ ʝ, 

ʯʝ ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʭʝʤʦʮʠʘʥʠʥʠʥʠ ʦʢʘʟʚʘʪ ʤʥʦʛʦʩʪʨʘʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ 

ʚʲʨʭʫ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ. ɺ ʪʘʟʠ ʥʘʩʦʢʘ ʩʘ ʧʨʦʩʣʝʜʝʥʠ ʠʤʫʥʦʣʦʛʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʝʬʝʢʪʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca, ʢʘʪʦ RvH, HlH, KLH ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ ʚʲʨʭʫ ʪʨʘʥʧʣʘʥʪʠʨʘʥ 

ʤʠʝʣʦʠʜʝʥ ʪʫʤʦʨ ʥʘ Graffi ʚ ʭʘʤʩʪʝʨʠ ʠ ʘʩʮʠʪʝʥ ʪʫʤʦʨ ʥʘ Guerin ʚ ʧʣʲʭʦʚʝ (Dolashka et al., 

2011ʘ).  

ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʥʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʤʫʥʦʛʝʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʦʪ H. lucorum ʠ R. venosa, ʢʦʠʪʦ ʩʪʠʤʫʣʠʨʘʪ ʧʘʨʘʣʝʣʥʦ ʢʣʝʪʲʯʥʠʷ ʠ 

ʭʫʤʦʨʘʣʥʠʷ ʠʤʫʥʠʪʝʪ ʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʢʘʪʦ ʤʦʣʝʢʫʣʥʠ ʥʦʩʠʪʝʣʠ ʠ ʘʜʶʚʘʥʪʠ ʧʨʠ 

ʧʨʦʬʠʣʘʢʪʠʯʥʠ ʠ ʪʝʨʘʧʝʚʪʠʯʥʠ ʠʤʫʥʦʣʦʛʠʯʥʠ ʧʨʝʧʘʨʘʪʠ. ʂʘʪʦ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʪʝʟʠ 

ʜʚʘ ʭʝʤʦʮʠʘʥʠʥʘ ʝ ʚʠʩʦʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʢʦʷʪʦ ʧʨʦʷʚʷʚʘʪ ʧʨʠ ʠʤʫʥʦʪʝʨʘʧʠʷ ʥʘ ʘʩʮʠʪʝʥ ʪʫʤʦʨ 

ʥʘ Guerin. ʊʝ ʦʙʘʯʝ ʥʝ ʦʢʘʟʚʘʪ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʧʨʠ ʪʨʝʪʠʨʘʥʝ ʥʘ ʞʠʚʦʪʥʠ ʩʲʩ ʩʦʣʠʜʝʥ 

ʤʠʝʣʦʠʜʝʥ ʪʫʤʦʨ ʥʘ Graffi.  

ɽʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʧʨʠ ʪʝʨʘʧʠʷ ʥʘ ʪʫʤʦʨ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ 

ʅʘʫʯʥʠʷʪ ʠʥʪʝʨʝʩ ʢʲʤ ʘʥʪʠʪʫʤʦʨʥʠʷ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʩʨʝʱʫ ʨʘʢ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ 

ʩʝ ʧʦʚʠʰʘʚʘ ʧʦʨʘʜʠ ʢʦʥʩʪʘʪʠʨʘʥʦʪʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʟʘʙʦʣʷʝʤʦʩʪʪʘ. ʇʦʪʚʲʨʞʜʝʥʠʝ ʥʘ 

ʘʥʪʠʪʫʤʦʨʥʠʷ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʩʨʝʱʫ ʨʘʟʣʠʯʥʠ ʟʣʦʢʘʯʝʩʪʚʝʥʠ ʦʙʨʘʟʫʚʘʥʠʷ ʥʘ 

ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ ʝ ʧʦʣʫʯʝʥʦ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʥʦʚʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

ʭʝʤʦʣʠʤʬʘʪʘ ʥʘ ʦʭʣʶʚʠ R. venosa, H. lucorum ʠ H. ʘspersa. ʉʣʝʜ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ 
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ʪʝʨʘʧʝʚʪʠʯʥʠʷ ʝʬʝʢʪ ʥʘ HlH, HʘH ʠ RvH ʚʲʨʭʫ 647-V, CAL-29 ʠ T-24 ʪʫʤʦʨʥʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʝʬʝʢʪʘ ʥʘ ʜʦʢʘʟʘʥʠʪʝ ʘʢʪʠʚʥʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʮʠ Doxorubicin hydrochlorid (Dox), 

Mitomycin-C (MIT-C) ʠ KLH ʧʨʠ ʣʝʯʝʥʠʝ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ, ʝ 

ʜʦʧʲʣʥʝʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ.  

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪʯʠʪʘʪ ʠʥʪʝʨʝʩʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʜʚʝʪʝ ʩʫʙʝʜʠʥʠʮʠ (RvH1 ʠ 

RvH2) ʩʣʝʜ 24 ʯ ʢʫʣʪʠʚʠʨʘʥʝ, ʢʦʠʪʦ ʧʨʠʯʠʥʷʚʘʪ ʩʣʘʙ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ ʢʣʝʪʲʯʥʠʷ ʨʘʩʪʝʞ ʥʘ 

ʪʫʤʦʨʥʘʪʘ ʢʣʝʪʲʯʥʘ ʣʠʥʠʷ CAL-29. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʥʭʠʙʠʨʘʱʠʷʪ ʝʬʝʢʪ ʥʘ ʌɽ RvH1-ʩ, 

ʢʦʡʪʦ ʥʘʨʘʩʪʚʘ ʩ ʚʨʝʤʝʪʦ ʠ ʩʣʝʜ 72 ʯ ʪʨʝʪʠʨʘʥʝ ʧʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʜʦʟʠ ʥʘʜʚʠʰʘʚʘ ʝʬʝʢʪʘ ʥʘ 

Dox. ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʨʝʜʦʩʪʘʚʷʪ ʥʦʚʘ ʠʥʬʦʨʤʘʮʠʷ, ʜʦʢʘʟʚʘʱʘ ʥʘʡ-ʩʠʣʝʥ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ 

ʥʘ RvH1-ʩ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʩʣʝʜʚʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʠʟʦʬʦʨʤʠ ʠʤ (Stenzl et al., 2016; Dolashki 

et al., 2018). 

ʉʨʘʚʥʠʪʝʣʥʠʷʪ ʘʥʘʣʠʟ ʧʦʢʘʟʚʘ, ʯʝ ʢʣʝʪʲʯʥʘʪʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ ʥʘ ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ CAL-

29 ʥʘʤʘʣʷʚʘ ʩʣʝʜ 72 ʯ ʠʥʢʫʙʠʨʘʥʝ ʩ 0.06 µʄ HH (67%), ʩ 0.33 µʄ RvH1 (41%) ʠ ʩ 6,0 µʄ bc-HlH-

a (17,47%). ʈʝʟʫʣʪʘʪʠʪʝ ʜʦʢʘʟʚʘʪ HIH ʠ RvH1, ʢʘʪʦ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʠʥʭʠʙʠʪʦʨʠ ʥʘ ʪʫʤʦʨʥʠʪʝ 

ʢʣʝʪʢʠ CAL-29, ʚ ʩʨʘʚʥʝʥʠʝ ʩ KLH (87%) (ʌʠʛ. 79) (Dolashki et al., 2018). ʊʝ ʧʨʝʜʩʪʘʚʷʪ ʠ ʜʨʫʛʘ 

ʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʜʚʝʪʝ ʌɽ-ʮʠ, ɓc-HIH-h ʠ ɓc-HIH-a, ʢʦʠʪʦ ʜʝʤʦʥʩʪʨʠʨʘʪ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥ 

ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ HlH ʠ ʩʪʨʫʢʪʫʨʥʘʪʘ ʩʫʙʝʜʠʥʠʮʘ RvH1.  
ʌʠʛ. 79 ɽʬʝʢʪ ʥʘ: 150 µg/ml HIH 
(0,03µʄ), 150 ʠ 300 ɛg/ml RvH1 
(0,33µʄ ʠ 0,66µʄ) ʠ ʌɽ-ʮʠ 
150ɛg/ml ʦʪ ɓc-HIH-h (3,0µʄ); 150 
ʠ 300 ɛg/ml ɓʩ-ʅlʅ-ʘ (3.0µʄ ʠ 6.0 
µʄ), 300µg/ml ʦʪ RvH1-ʩ (6.0µʄ) ʠ 
150µg/ml KLH (6.0µM), ʧʨʠ 500 
mg/ml ʚʲʨʭʫ CAL-29 ʩʣʝʜ 24, 48 ʠ 
72 ʯʘʩʘ ʠʥʢʫʙʘʮʠʷ, * P <0,05 ʠ ** P 
<0,01 ʩʨʘʚʥʝʥ ʩ ʦʪʨʠʮʘʪʝʣʥʘ ʠ 
ʢʦʥʪʨʦʣʘ 0,1 ɛg/ml (DOX 18,3 ɛʄ).  

 

 

 

 

ʈʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʥʘʩʪʲʧʠʣʠʪʝ ʧʨʦʤʝʥʠ ʥʘ ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ CAL-29 ʝ ʧʦʩʪʠʛʥʘʪʦ ʩʣʝʜ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʘʧʦʧʪʠʯʥʠʪʝ ʢʣʝʪʢʠ ʩʲʩ ʟʝʣʝʥ ʬʠʣʪʲʨ ɸʥʝʢʩʠʥ-V-FLUOS Kit ʠ ʥʝʢʨʦʪʠʯʥʠʪʝ 

ʢʣʝʪʢʠ ʯʨʝʟ ʧʨʦʧʠʦʥʠʝʚ ʡʦʜʠʜ (PI) ʩʣʝʜ 24 ʯʘʩʦʚʦ ʠʥʢʫʙʠʨʘʥʝ ʚ ʩʨʝʜʘ Dulbecco's Modified 

Eagle's Medium (DMEM) (ʢʦʥʪʨʦʣʥʠ ʢʣʝʪʢʠ), ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ Doxorubicin hydrochlorid (Dox, 0.1 

mg/ml) ʠʣʠ ʥʘ ʩʫʙʝʜʠʥʠʮʘ RvH1 (1.5 mg/ml), ʠʣʠ ʌɽ RvH1-ʩ (1.0 mg/ml) (Dolashki et al., 2018). 

ʆʪʯʝʪʝʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʠʥʢʫʙʠʨʘʥʠʪʝ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ CAL-29 ʩ HIH ʩʘ ʩʚʲʨʟʘʥʠ 

ʩ ʧʦʷʚʘʪʘ ʧʨʝʜʠʤʥʦ ʥʘ ʘʧʦʧʪʠʯʥʠ ʠ ʧʦ-ʤʘʣʢʦ ʥʘ ʥʝʢʨʦʪʠʯʥʠ ʢʣʝʪʢʠ. ʇʨʦʚʝʜʝʥʠʪ̫ ʘʥʘʣʠʟ ʩʣʝʜ 

ʠʥʢʫʙʠʨʘʥʝ ʥʘ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ CAL-29 ʩ ʌɽ ɓc-HIH-h ʧʦʢʘʟʚʘ ʧʨʝʦʙʣʘʜʘʚʘʱʠ ʬʣʫʦʨʝʩʮʠʨʘʱʠ ʚ 

ʟʝʣʝʥʦ ʘʧʦʧʪʠʯʥʠ ʢʣʝʪʢʠ, ʢʘʪʦ ʚʧʦʩʣʝʜʩʪʚʠʝ ʩʘ ʦʪʯʝʪʝʥʠ ʠ ʥʝʢʨʦʪʠʯʥʠ ʢʣʝʪʢʠ ʩ ʷʨʢʠ ʯʝʨʚʝʥʠ 

ʷʜʨʘ. ʊʘʟʠ ʌɽ ʝ ʜʦʙʨʝ ʠʟʫʯʝʥʘ, ʢʘʪʦ ʝ ʜʦʢʘʟʘʥʘ ʄʤ 66347.7 Da ʠ ʦʣʠʛʦʟʘʭʘʨʠʜʥʘʪʘ ʡ ʩʪʨʫʢʪʫʨʘ. 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʠʟʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʫʯʘʩʪʠʝʪʦ ʥʘ ʛʣʠʛʘʥʠʪʝ ʚ 

ʘʥʪʠʪʫʤʦʨʥʠʷ ʝʬʝʢʪ ʥʘ ɓc-HIH-h (Dolashki et al., 2018). ʇʦʜʦʙʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʠ 

ʩʣʝʜ ʠʥʢʫʙʠʨʘʥʝ ʥʘ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ ʊ-24 ʩ RvH1 (Dolashka et al., 2015ʙ).  

ʅʘ ʙʘʟʘ ʥʘ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʜʘʥʥʠ ʟʘ KLH, ʢʘʢʪʦ ʠ ʦʪ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʘʥʪʠʪʫʤʦʨʥʠʷ 

ʧʦʪʝʥʮʠʘʣ ʥʘ RvH, HaH ʠ Hlʅ, ʩʝ ʧʨʝʜʧʦʣʘʛʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʘʥʪʠʪʫʤʦʨʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʠ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ. ɼʦʙʨʝ ʦʙʦʩʥʦʚʘʥʦ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ 

ʠʟʢʘʟʘʥʘʪʘ ʭʠʧʦʪʝʟʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʠʟʨʘʟʷʚʘʱʠ ʩʠʣʥʦ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ ʌɽ 
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RvH1-ʩ, ɓc-HIH-h ʠ ɓc-HIH-a, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦ-ʜʦʩʪʲʧʥʠʪʝ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠ 

ʩʪʨʫʢʪʫʨʠ, ʠʟʣʦʞʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ. ʊʝʟʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʚʝʨʠʛʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ ʨʝʛʠʦʥʠ ʦʪ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʠʣʠ ʯʨʝʟ ɺʘʥ ʜʝʨ ɺʘʘʣʩʦʚʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʷʢʦʠ ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʦʩʪʘʪʲʮʠ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʦʪ ʪʫʤʦʨʥʘʪʘ ʢʣʝʪʢʘ (Stenzel 

et al., 2016; Dolashki et al., 2018).  

ʇʨʦʪʝʦʤʝʥ ʘʥʘʣʠʟ ʥʘ ʝʬʝʢʪʘ ʥʘ ʪʨʝʪʠʨʘʥʘ ʪʫʤʦʨʥʘ ʢʣʝʪʲʯʥʘ ʣʠʥʠʷ CAL-29 ʩ HIH  

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘ ʬʠʛʫʨʘ 80 ʦʪʯʠʪʘʪ ʥʘʤʘʣʷʚʘʥʝ ʜʦ 67% ʥʘ ʢʣʝʪʲʯʥʘʪʘ 

ʞʠʟʥʝʥʦʩʪ ʥʘ ʯʦʚʝʰʢʠ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ CAL-29 ʩʣʝʜ 72 ʯʘʩʘ ʠʥʢʫʙʠʨʘʥʝ ʩ 300 µg/ml (0,03 µM) 

ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum. ɿʘ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʪʦʟʠ ʤʝʭʘʥʠʟʲʤ ʤʥʦʛʦ ʧʦ-ʪʦʯʥʘ ʠ ʧʨʝʮʠʟʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʦʩʪʘʚʷ ʧʨʦʪʝʦʤʥʠʷʪ ʘʥʘʣʠʟ. ʉʨʘʚʥʠʪʝʣʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʦʪʯʝʪʝʥʠʪʝ ʯʨʝʟ 2ɼ-

ʇɸɻɽ ʧʨʠ pI 4ï7 ʧʨʦʤʝʥʠ ʥʘ ʝʢʩʧʨʝʩʠʨʘʥʠʪʝ ʧʨʦʪʝʠʥʠ ʦʪ ʪʫʤʦʨʥʘ ʢʣʝʪʲʯʥʘ ʣʠʥʠʷ CAL-29 

ʧʨʝʜʠ ʪʨʝʪʠʨʘʥʝ (ʌʠʛ. 80A) ʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ HlH (ʌʠʛ. 80ɹ) ʧʦʢʘʟʚʘ ʧʨʦʤʷʥʘ ʚ ʨʝʜʠʮʘ 

ʧʦʟʠʮʠʠ, ʢʘʪʦ ɸ1, ɸ2, ɸ4, ɸ5, ɸ8, ɺ2 ʠ ɺ3.  

 

 

 

 

    ʌʠʛ. 80. 2ɼ-ʇɸɻɽ (pI 4ï7) 
    ʥʘ ʧʨʦʜʫʮʠʨʘʥʠ ʦʪ CAL-29 
    ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ ʧʨʦʪʝʠʥʠ:  

    A) ʧʨʝʜʠ ʪʨʝʪʠʨʘʥʝ;  

    ɹ) ʩʣʝʜ ʪʨʝʪʠʨʘʥʝ ʩ HlH. 

 
 
 
 
 
 

 

ʇʦ-ʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʨʦʤʷʥʘʪʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʝ ʧʦʩʪʠʛʥʘʪʘ ʩʣʝʜ 

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʥʷʢʦʠ ʦʪ ʦʪʯʝʪʝʥʠʪʝ ʧʨʦʤʝʥʠ ʚ 2ɼ-ʇɸɻɽ. ʅʘ ʬʠʛʫʨʘ 81 ʝ 

ʧʨʝʜʩʪʘʚʝʥ MS ʩʧʝʢʪʲʨ, ʥʘ ʢʦʡʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʧʦʣʫʯʝʥʠʪʝ ʧʝʧʪʠʜʠ ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʦʟʘ ʥʘ 

ʝʣʫʠʨʘʥʠ ̫ʧʨʦʪʝʠʥ ʥʘ ʧʦʟʠʮʠʷ ɸ2 ʦʪ 2ɼ-ʇɸɻɽ. ʀʥʪʝʨʧʨʝʪʠʨʘʥʝʪʦ ʥʘ ʧʨʦʪʝʠʥʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ 

ʥʘ ʙʘʟʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ MS/MS ʘʥʘʣʠʟʠ ʠ ʦʧʨʝʜʝʣʝʥʠʪʝ ɸʂʇ ʥʘ ʚʩʝʢʠ ʧʝʧʪʠʜ ʦʪ 

MS ʩʧʝʢʪʲʨʘ (ʌʠʛ. 81).  

 

 

 
ʌʠʛ.81. MS ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ 
ʧʝʧʪʠʜʠ ʩʣʝʜ ʪʨʠʧʩʠʥʦʣʦʟʘ ʥʘ 
ʧʦʟʠʮʠʷ ɸ2 ʦʪ 2ɼ-ʇɸɻɽ;  
(ʊʘʙʣʠʮʘ) ʄʤ ʠ ɸʂʇ ʥʘ ʧʝʧʪʠ-
ʜʠʪʝ ʦʧʨʝʜʝʣʝʥʠ ʦʪ MS/MS 
ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʪʝʠʥ ʦʪ ʧʦʟʠʮʠʷ 
ɸ8  
ʇʨʦʪʝʠʥ ʩ ʄʤ 53676 Da Vimentin 
(VIME_HUMAN). 

  

 

ɸ ɹ 
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ʌʠʛ. 82. MS/MS ʥʘ ʧʝʧʪʠʜ ʩ 
m/z 1824.84 [M+H]+ ʦʪ 
ʧʦʟʠʮʠʷ A2, ʘʥʘʣʠʟʠʨʘʥ ʩ 
MALDI-TOF/TOF. 

 

 

 

ɽʣʫʠʨʘʥʠʷʪ ʧʨʦʪʝʠʥ ʥʘ ʧʦʟʠʮʠʷ ɸ2 ʦʪ 2ɼ-ʇɸɻɽ ʝ ʜʦʢʘʟʘʥ ʯʨʝʟ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʥ ʧʦʜʭʦʜ ʠ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʦʛʨʘʤʠʪʝ MASCOT, FASTS, NCBI/BLAST ʠ ʜʨ., ʢʘʪʦ ʝ ʜʦʢʘʟʘʥʦ, ʯʝ ʝ ʭʦʤʦʣʦʞʝʥ 

ʠ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʨʦʪʝʠʥ Vimentin (VIME_HUMAN) ʩ ʄʤ 53676 Da. 

ʇʨʠʣʦʞʝʥʠʷʪ ʧʦʜʭʦʜ ʩʝ ʦʢʘʟʘ ʧʦʜʭʦʜʷʱ ʟʘ ʘʥʘʣʠʟ ʥʘ ɸʂʇ ʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʝʧʪʠʜʠ ʩʣʝʜ 

ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ ʠʟʙʨʘʥʠʪʝ ʧʦʟʠʮʠʠ ɸ1, ɸ2, ɸ4, ɸ5, ɸ8, ɹ2, ɹ3 (ʊʘʙʣ. 19). ʆʙʦʙʱʝʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʪʝʦʤʥʠʷ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʷʪ ʧʨʦʪʝʠʥʦʚʘʪʘ ʢʘʨʪʘ ʥʘ ʯʦʚʝʰʢʠ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ 

CAL-29 ʧʨʝʜʠ ʠ ʩʣʝʜ ʪʨʝʪʠʨʘʥʝʪʦ ʩ HlH, ʩ ʢʦʝʪʦ ʩʝ ʜʦʢʘʟʚʘ, ʯʝ ʭʝʤʦʮʠʘʥʠʥʲʪ ʧʨʝʜʠʟʚʠʢʚʘ 

ʧʨʦʤʷʥʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʨʝʜʠʮʘ ʧʨʦʪʝʠʥʠ ʚ CAL-29, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 19. ʊʝʟʠ ʧʨʦʪʝʠʥʠ 

ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʷ ʘʥʪʠʪʫʤʦʨʝʥ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ (Stenzel et al., 2018). 

ʊʘʙʣ. 19. ʇʨʦʪʝʠʥʠ ʩʲʩ ʟʥʘʯʠʪʝʣʥʠ ʧʨʦʤʝʥʠ ʚ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 2ɼ-ʇɸɻɽ ʧʨʝʜʠ ʠ ʩʣʝʜ 48 ʯʘʩʘ ʪʨʝʪʠʨʘʥʝ 
ʥʘ CAL-29 ʢʣʝʪʢʠ ʩ HIH. ʉʲʦʪʚʝʪʝʥ ʥʦʤʝʨ ʦʪ 2ɼ-ʇɸɻɽ. 

ʅʦʤʝʨ  ʇʨʦʪʝʠʥʠ UniProtKB UniGene Mass(kDa) 

A1 Serum albumin (ALBU_HUMAN)  P02768 Hs.418167       69,367 
A2 Vimentin [Homo sapiens (Human)] (VIME_HUMAN) P08670  Hs.455493  53,6 

A3 ATP synthase subunit gamma, mitochondrial (ATPG_HUMAN) P36542  Hs.271135 32,996 

A4 Alpha-enolase [Homo sapiens (Human) P067331 Hs.517145 47,169 

A5 Glyceraldehyde-3-phosphate dehydrogenase (Homo sapiens 
(Human)) (G3P_HUMAN, GAPDH)  

P04406 Hs.544577 
Hs.592355 

36,053 

A6 Alpha-1-antitrypsin  (A1AT_HUMAN) P01009 Hs.525557 46,737 

A7 Carbonic anhydrase 1 (CAH1_HUMAN) P00915 Hs.23118 28,870 
A8  Human alpha 2-HS-glycoprotein (Alpha-2-Z-globulin) AHSG P02765  Hs.324746 49,0 

B2 Apolipoprotein A-I [Homo sapiens(human)] (APOA1_HUMAN)  P02647 Hs.93194 30,778 
B3 Glutathione S-transferase P (GSTP1_HUMAN) P09211 Hs.523836  23,36 

ʄʝʭʘʥʠʟʤʲʪ ʥʘ ʫʩʪʘʥʦʚʝʥʘʪʘ ʘʥʪʠʪʫʤʦʨʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ HlH, b-HH-h ʠ 

RvH2-c ʚʢʣʶʯʚʘ ʠʥʜʫʢʮʠʷ ʥʘ ʘʧʦʧʪʦʟʘ. ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ ʟʘ ʧʲʨʚʠ ʧʲʪ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʦʪ H. lucorum ʚʲʨʭʫ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʧʨʦʪʝʠʥʠ ʚ ʯʦʚʝʰʢʠ ʪʫʤʦʨʥʠ 

ʢʣʝʪʢʠ CAL-29.  

ɼʘʥʥʠʪʝ ʧʨʝʜʦʩʪʘʚʷʪ ʧʨʦʪʝʦʤʥʘʪʘ ʢʘʨʪʘ, ʢʦʷʪʦ ʝ ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʧʦ-ʟʘʜʲʣʙʦʯʝʥʦ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʪʝʟʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʧʦʪʚʲʨʞʜʘʚʘʪ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʢʘʪʦ ʧʦʪʝʥʮʠʘʣʥʠ ʪʝʨʘʧʝʚʪʠʯʥʠ ʩʨʝʜʩʪʚʘ ʩʨʝʱʫ ʨʘʢ ʥʘ 

ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ. 

IV.6.3.3. ɸʅʊʀɺʀʈʋʉɽʅ ɽʌɽʂʊ ʅɸ ʀɿʆʃʀʈɸʅʀʊɽ ʍɽʄʆʎʀɸʅʀʅʀ 

ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʲʱʦ ʜʘʚʘʪ ʷʩʝʥ ʦʪʛʦʚʦʨ ʟʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʠʟʦʣʠʨʘʥʠʪʝ 

ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca R. venosa, H. lucorum ʠ KLH ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʪʝʨʘʧʝʚʪʠʯʥʠ ʩʨʝʜʩʪʚʘ ʩ ʘʥʪʠʚʠʨʫʩʝʥ ʝʬʝʢʪ. ʇʨʦʩʣʝʜʝʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ 
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ʘʥʪʠʚʠʨʫʩʥʠʷ ʝʬʝʢʪ ʥʘ ʜʦʙʨʝ ʠʟʩʣʝʜʚʘʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ RvH, ʢʘʢʪʦ ʠ ʌɽ-ʮʠ RvH-c 

(ʛʣʠʢʦʟʠʣʠʨʘʥʘ) ʠ RvH-b (ʥʝʛʣʠʢʦʟʠʣʠʨʘʥʘ) ʚʲʨʭʫ ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ ʇʦʣʠʦʚʠʨʫʩ ʪʠʧ 1 (LSc-2ab), 

CV-B1 ʠ RSV ʜʦʢʘʟʚʘ ʠʟʨʘʟʝʥ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʝʜʠʥʩʪʚʝʥʦ ʦʪ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ ʌɽ RvH-c 

ʩʨʝʱʫ RSV, ʨʘʟʤʥʦʞʝʥ ʚ HEp- ʢʣʝʪʢʠ. 

ʇʦʪʚʲʨʞʜʝʥʠʝ ʟʘ ʫʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʝ ʠ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥʠʷʪ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʧʨʠ 

ʪʨʝʪʠʨʘʥʝ ʥʘ Epstein-Barr ʚʠʨʫʩʘ ʩ ʌɽ RvH1-a, ʟʘ ʢʦʷʪʦ ʝ ʜʦʢʘʟʘʥʦ ʧʦ-ʚʠʩʦʢʦ ʚʲʛʣʝʭʠʜʨʘʪʥʦ 

ʩʲʜʲʨʞʘʥʠʝ (7%) ʚ ʩʨʘʚʥʝʥʠʝ ʩ RvH2-e (Dolashka-Angelova et al., 2009).  

ʅʘ ʙʘʟʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚʘʞʝʥ ʠʟʚʦʜ, ʢʘʪʦ ʟʘ ʧʲʨʚʠ ʧʲʪ ʝ ʠʟʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʩʦʚʠ ʠʣʠ ʭʠʜʨʦʬʦʙʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ɸʂʆ ʥʘ RvH2-e ʠ 

ʛʣʠʢʘʥʠʪʝ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ ʦʪ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʥʘ HSV-ʪʠʧ 1, ʢʦʠʪʦ ʩʝ ʩʤʷʪʘʪ ʦʪʛʦʚʦʨʥʠ ʟʘ 

ʥʝʛʦʚʘʪʘ ʨʝʧʣʠʢʘʮʠʷ (Dolashka et al., 2010ʘ). ʆʙʷʩʥʝʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʧʦʪʠʩʢʘʥʝ ʥʘ ʨʘʩʪʝʞʘ 

ʥʘ HSV-1 ʚʠʨʫʩʘ ʦʪ ʛʣʠʢʦʟʠʣʠʨʘʥʘʪʘ ʌɽ RvH2-e ʝ ʥʘʧʨʘʚʝʥʦ ʥʘ ʙʘʟʘ ʥʘ ʠʟʢʘʟʘʥʦʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʝʨʠʛʠ ʩ ɸʂʆ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʦʪ 

ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʨʝʧʣʠʢʘʮʠʷʪʘ, ʠʣʠ ʦʙʨʘʪʥʦ (ʌʠʛ. 83ɸ). 

 

ʌʠʛ. 83ɸ) 3D -ʤʦʜʝʣ ʥʘ ʌɽ RvH2-e ʠ ʚʢʣʶʯʝʥʠ ɸʂʆ ʚ ʣʫʧʦʚʝʪʝ (ʩʠʥʴʦ ʠ ʟʝʣʝʥʦ).  
ɹ). ʉʭʝʤʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ RvH2-e ʠ gG-2 ʦʪ HSV-ʪʠʧ 1 ʯʨʝʟ ɺʘʥ ʜʝʨ-ɺʘʘʣʩʦʚʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 
ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ.  
 

ɼʦʧʲʣʥʠʪʝʣʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʧʦʩʪʨʦʝʥʠʷ 3D -ʤʦʜʝʣʘ ʥʘ RvH2-e ʩʧʦʤʘʛʘ ʟʘ ʠʟʷʩʥʷʚʘʥʝ 

ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʠʥʭʠʙʠʨʘʥʝ, ʢʘʪʦ ʧʨʝʜʩʪʘʚʷ 6 Trp, 18 Tyr ʠ His ʦʩʪʘʪʲʢʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʌɽ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʝ ʚ̡ʟʤʦʞʥʦ ʪʝ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩʲʩ ʩʪʨʘʥʠʯʥʠʪʝ 

ʚʝʨʠʛʠ ʥʘ ʧʨʦʪʝʠʥʠ ʦʪ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ ʥʘ HSV-ʪʠʧ 1 (ʌʠʛ. 83ɹ) (Dolashka et al., 2010ʘ). 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʦʩʥʦʚʘ ʥʘ ʠʟʢʘʟʘʥʘʪʘ ʟʘ ʧʲʨʚʠ ʧʲʪ ʭʠʧʦʪʝʟʘ ʟʘ ʤʝʭʘʥʠʟʤʘ ʠ 

ʘʥʪʠʚʠʨʫʩʥʠʷ ʝʬʝʢʪ ʥʘ RvH2-e. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʠʥʭʠʙʠʨʘʱʠʷʪ ʝʬʝʢʪ ʥʘ RvH2-e ʝ ʚ ʨʝʟʫʣʪʘʪ 

ʥʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʩʦʚʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʝʨʠʛʠ ʠ ʥʷʢʦʠ ɸʂʆ ʥʘ ʌɽ RvH2-

e ʠ gG-2 ʦʪ HSV-ʪʠʧ 1, ʢʘʢʪʦ ʠ ʦʙʨʘʪʥʦ. ʀʟʢʘʟʘʥʘʪʘ ʭʠʧʦʪʝʟʘ ʟʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʘʥʪʠʚʠʨʫʩʥʠʷ 

ʝʬʝʢʪ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʌɽ-ʮʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ R. venosa ʧʨʝʜʠʟʚʠʢʚʘ ʛʦʣʷʤ ʥʘʫʯʝʥ ʠʥʪʝʨʝʩ 

ʠ ʝ ʦʩʥʦʚʘ ʧʨʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʘʥʪʠʚʠʨʫʩʥʠʷ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʦʭʣʶʚʠ Haliotis ʠ ʦʪ 

ʜʨʫʛʠ ʘʚʪʦʨʠ.  

ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʝʭʘʥʠʟʲʤ ʟʘ ʘʥʪʠʚʠʨʫʩʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʩʨʝʱʫ HSV-ʪʠʧ 1 

ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʭʝʤʦʮʠʘʥʠʥʲʪ ʚʣʠʷʝ ʚʲʨʭʫ ʧʨʠʢʨʝʧʚʘʥʝʪʦ ʠ ʩʝʣʝʢʪʠʚʥʦ ʩʚʲʨʟʚʘʥʝ ʩ 

ʛʣʠʢʦʧʨʦʪʝʠʥʠ GD, GB ʠ GC ʦʪ ʚʠʨʫʩʥʘʪʘ ʦʙʚʠʚʢʘ, ʚʝʨʦʷʪʥʦ ʯʨʝʟ ʠʤʠʪʠʨʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ 
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ʨʝʮʝʧʪʦʨʠ. ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʲʨʞʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʤʦʪʠʚʠ ʦʪ 

ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʢʲʤ ʚʩʝʢʠ ʦʪ ʚʠʨʫʩʥʠʪʝ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʚ HSV-ʪʠʧ1. 

IV.6.4. ɸʅʊʀɹɸʂʊɽʈʀɸʃɽʅ ɽʌɽʂʊ ʅɸ ʀɿʆʃʀʈɸʅʀʊɽ ʍɽʄʆʎʀɸʅʀʅʀ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʜʦʢʘʟʚʘʪ ʥʝ ʩʘʤʦ ʘʥʪʠʪʫʤʦʨʥʘ ʠ ʘʥʪʠʚʠʨʫʩʥʘ 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ Rʘʧʘʥʘ ʠ Helix, ʥʦ ʠ ʜʨʫʛʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ (Dolashka et al., 2016). ɿʘ ʧʲʨʚʠ ʧʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ RvH ʠ HaH, ʩʫʙʝʜʠʥʠʮʠ (ɓc-HaH, RvH1, RvH2) ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ 

ʠʤ ʝʜʠʥʠʮʠ ʩʨʝʱʫ ɻʨʘʤ+ (Staphylococcus aureus, Enterococcus faecium, Streptococcus epidermidis, 

S. pyogenes) ʠ ɻʨʘʤð ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ (Escherichia coli ʠ Pseudomonas aeruginosa) 

(Dolashka et al., 2016).  

ɼʘʥʥʠʪʝ ʦʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠʪʝ ʪʝʩʪʦʚʝ  ʥʘ ʛʦʨʝʧʦʩʦʯʝʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʌɽ-ʮʠ ʦʪ bc-

HaH (-a,b,c,d,e,f,g,h), RvH1 (-a,b,c,d,e) ʠ ʦʪ RvH2 (-a,b,c,d,e) ʦʪʯʠʪʘʪ ʩʣʘʙʦ ʧʦʪʠʩʢʘʥʝ ʥʘ ʨʘʩʪʝʞʘ 

ʥʘ ʙʘʢʪʝʨʠʘʣʥʠʷ ʱʘʤ S. ʘureus ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʌɽ-ʮʠ RvH1-b ʠ RvH1-e (ʌʠʛ. 84A). ɻʦʣʷʤ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʬʝʢʪʲʪ ʥʘ ʩʫʙʝʜʠʥʠʮʘ bc-HaH, ʢʦʷʪʦ ʩʠʣʥʦ ʧʦʪʠʩʢʘ ʨʘʩʪʝʞʘ ʥʘ ʜʚʘʪʘ 

ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʘ, S. aureus ʠ S. ʝpidermidis. ʆʧʨʝʜʝʣʝʥʠʷʪ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ 

ʚʲʨʭʫ ʱʘʤ S. aureus ʜʦʩʪʠʛʘ ʥʘʜ 65% (ʌʠʛ. 84A) ʠ 51% ʩʨʝʱʫ ʙʘʢʪʝʨʠʘʣʝʥ ʱʘʤ S. pyogenes 

(ʌʠʛ. 84ɹ). ʀʟʩʣʝʜʚʘʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ ʜʝʤʦʥʩʪʨʠʨʘʪ ʩʭʦʜʥʦ ʧʦʚʝʜʝʥʠʝ, ʢʘʪʦ 

ʥʝ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʘʢʪʝʨʠʘʣʥʠʷ ʱʘʤ E. faecium (ʌʠʛ. 84ɺ).  

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʨʝʜʩʪʘʚʷʪ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʩʫʙʝʜʠʥʠʮʘ bc-HaH, ʢʦʷʪʦ 

ʜʝʤʦʥʩʪʨʠʨʘ ʜʚʘ ʧʲʪʠ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥ ʘʥʪʠʤʠʢʨʦʙʝʥ ʝʬʝʢʪ ʩʧʨʷʤʦ ʙʘʢʪʝʨʠʘʣʥʠʷ ʱʘʤ S. 

ʨyogenes, ʚ ʩʨʘʚʥʝʥʠʝ ʩ RvH1 (31,5%), ʢʘʢʪʦ ʠ ʩʨʝʱʫ ɻʨʘʤð ʙʘʢʪʝʨʠʘʣʝʥ ʱʘʤ E. ʩoli (~60%) 

(Dolashka et al., 2016).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʠʛ. 84). ɸʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ 

ʩʪʨʫʢʪʫʨʥʠ ʠ ʌɽ-ʮʠ ʥʘ RvH ʠ ɓc-HaH (10 

ɛl ʦʪ ʧʨʦʙʠʪʝ ʩ 6.5 ɛM) ʩʨʝʱʫ ʨʘʟʣʠʯʥʠ 

ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ: 

A) ʙʘʢʪʝʨʠʘʣʝʥ ʱʘʤ S. ʘureus; 

ɹ) ʙʘʢʪʝʨʠʘʣʝʥ ʱʘʤ S. ʝpidermidis;  

ɺ) ʙʘʢʪʝʨʠʘʣʝʥ ʱʘʤ E. faecium.  
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ʅʘ ʙʘʟʘ ʥʘ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʫʙʝʜʠʥʠʮʘ bc-HaH ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘʪʘ ʡ ʘʢʪʠʚʥʦʩʪ, ʢʦʷʪʦ ʝ ʩʚʲʨʟʘʥʘ ʩ ʚʠʩʦʢʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ Man ʚʲʚ 

ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ. ʀʟʢʘʟʘʥʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʟʘ ʜʨʫʛʠʪʝ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʬʦʨʤʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʟʘ ʢʦʠʪʦ ʝ ʜʦʢʘʟʘʥʦ ʦʪʩʲʩʪʚʠʝ ʥʘ 

ʘʢʪʠʚʥʦʩʪ ʩʧʨʷʤʦ ʪʝʩʪʚʘʥʠʪʝ ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ.  

ʇʦʣʫʯʝʥʠ ʜʘʥʥʠ ʩʣʝʜ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ HaH ʠ RvH, ʥʘ 

ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ ʠ ʌɽ-ʮʠ ʦʪʢʨʦʷʚʘʪ ʩʫʙʝʜʠʥʠʮʘ bc-HaH, ʚ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʪ 6.5 µM, ʢʘʪʦ ʝʜʠʥ ʦʪ ʥʘʡ-ʦʙʝʱʘʚʘʱʠʪʝ ʠ ʝʬʝʢʪʠʚʥʠ ʠʥʭʠʙʠʪʦʨʠ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ɻʨʘʤ+ (S. 

aureus ʠ S. epidermidis) ʠ ɻʨʘʤ
_
 ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ (E. ʩoli). ʇʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʷʪ ʥʦʚʠ ʜʘʥʥʠ, ʩ ʢʦʠʪʦ ʜʦʧʲʣʚʘʪ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʟʘʱʠʪʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ 

ʦʪ ʚʠʜ Mollusca, ʢʘʪʦ ʟʘ ʧʲʨʚʠ ʧʲʪ ʝ ʧʨʝʜʧʦʣʦʞʝʥʦ ʫʯʘʩʪʠʝʪʦ ʥʘ ʠʟʦʬʦʨʤʠ ʦʪ RvH ʠ HaH ʚ 

ʟʘʱʠʪʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʦʨʛʘʥʠʟʤʘ. ʊʝʟʠ ʠʟʦʬʦʨʤʠ ʦʩʠʛʫʨʷʚʘʪ ʝʬʝʢʪʠʚʝʥ ʧʲʨʚʦʥʘʯʘʣʝʥ ʦʪʛʦʚʦʨ 

ʩʨʝʱʫ ʧʘʪʦʛʝʥʠ, ʢʘʪʦ ʩʝ ʧʨʝʜʧʦʣʘʛʘ ʠʥʭʠʙʠʨʘʱʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ HaH ʠ RvH ʩʨʝʱʫ ʨʘʟʚʠʪʠʝʪʦ 

ʥʘ ʥʷʢʦʠ ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ, ʟʘ ʢʦʝʪʦ ʩʘ ʦʪʛʦʚʦʨʥʠ ʨʘʟʧʦʣʦʞʝʥʠʪʝ ʧʝʧʪʠʜʠ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʚ ʭʝʤʦʮʠʘʥʠʥʠʪʝ.  

ʇʫʙʣʠʢʫʚʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʲʦʙʱʘʚʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʪʘ ʥʘ ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ 

ʘʥʪʠʙʠʦʪʠʮʠ, ʧʝʥʠʮʠʣʠʥʠ, ʪʝʪʨʘʮʠʢʣʠʥʠ ʠ ʜʨ. ʢʲʤ ʧʦʚʝʯʝʪʦ ʱʘʤʦʚʝ Staphylococcus. 

ɼʦʢʘʟʘʥʘʪʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ bc-HaH ʷ ʧʨʘʚʠ ʤʥʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʘ ʟʘ ʚʢʣʶʯʚʘʥʝ, 

ʢʘʪʦ ʘʢʪʠʚʝʥ ʢʦʤʧʦʥʝʥʪ ʚ ʥʦʚʠ ʬʘʨʤʘʮʝʚʪʠʯʥʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ ʧʨʝʧʘʨʘʪʠ. 
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ʅʘ ʙʘʟʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʪʷʭʥʦʪʦ ʦʙʩʲʞʜʘʥʝ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʧʨʘʚʝʥʠ 

ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ: 

1. ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʣʘʙʦʨʘʪʦʨʥʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʚʘʪ ʧʨʝʯʠʩʪʚʘʥʝ ʩ ʚʠʩʦʢ ʜʦʙʠʚ ʠ ʚʠʩʦʢʘ 

ʩʪʝʧʝʥ ʥʘ ʯʠʩʪʦʪʘ ʥʘ ʥʦʚʠ Cu-ʩʲʜʲʨʞʘʱʠ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʠ ʦʪ ʛʲʙʠʯʥʠ ʱʘʤʦʚʝ Humicola 

lutea 110 (Cu/Zn-ʅlʉʆɼ 110), Humicola lutea 103 (Cu/Zn-ʅlʉʆɼ 103), Aspergillus niger 26 (Cu/Zn-

Anʉʆɼ 26) ʠ ʦʪ ʜʨʦʞʜʝʚʠ ʱʘʤ Kluyveromyces marxianus NBIMCC 1984 (Cu/Zn-Kmʉʆɼ NBIMCC 

1984), ʢʘʢʪʦ ʠ ʥʘ  ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ Carcinus aestuarii (CaʝH), Eriphia verrucosa (EvH), Buthus 

sindicus (BsH), Rapana venosa (RvH), Helix aspersʘ (HaH) ʠ Helix lucorum (HlH), ʩʲʩ ʩʭʦʜʥʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʩ ʧʦʣʫʯʝʥʠ ʦʪ ʜʨʫʛʠ ʠʟʪʦʯʥʠʮʠ ʩʨʦʜʥʠ ʧʨʦʪʝʠʥʠ.  

2.  ʅʦʚʠʪʝ ʉʆɼ-ʟʠ ʧʨʠʪʝʞʘʚʘʪ ʨʘʟʣʠʯʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ, ʢʘʪʦ Cu/Zn-ʅlʉʆɼ 103 

ʩʚʲʨʟʚʘ ʩʘʤʦ ʝʜʠʥ GlcNAc ʦʩʪʘʪʲʢ, ʜʦʢʘʪʦ Cu/Zn-Kmʉʆɼ NBIMCC 1984 ʧʨʠʪʝʞʘʚʘ ʢʦʤʧʣʝʢʩʥʘ 

ʦʣʠʛʦʟʘʭʘʨʠʜʥʘ ʩʪʨʫʢʪʫʨʘ. ɺʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʝʨʠʛʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʤʦʣʝʢʫʣʘʪʘ ʠ ʥʝ ʚʣʠʷʷʪ ʩʲʱʝʩʪʚʝʥʦ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʝʥʟʠʤʠʪʝ. 

3.  ʌʠʣʦʛʝʥʝʪʠʯʥʠʪʝ ʘʥʘʣʠʟʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʧʲʨʚʠʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʫʙʝʜʠʥʠʮʠʪʝ CaeSS2, 

EvH5 ʠ Bsin1 ʠ ʥʘ N-ʢʨʘʡʥʠʪʝ ɸʂʇ ʥʘ ʩʫʙʝʜʠʥʠʮʠ ʥʘ HaH, MsH, PvH, CaʝH, EvH, LpH ʠ BsH ʦʪ 

ʚʠʜ Arthropoda, ʧʦʪʚʲʨʞʜʘʚʘʪ ʭʠʧʦʪʝʟʘʪʘ ʟʘ ʦʙʱ ʘʨʪʨʦʧʦʜʝʥ ʧʨʘʨʦʜʠʪʝʣ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ 

ʢʣʘʩ Crustacea. 

4.  ʍʝʤʦʮʠʘʥʠʥʠʪʝ Caeʅ, EvH ʠ Bsin ʩʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʩ ʢʲʩʠ ʆ-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʩʪʨʫʢʪʫʨʠ, ʘ 

ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ CaeSS2 ʩʚʲʨʟʚʘ ʚ N-ʛʣʠʢʦʟʠʣʠʨʘʥʠʷ ʮʝʥʪʲʨ ʩʣʦʞʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘ 

ʩʪʨʫʢʪʫʨʘ. ʆʣʠʛʦʟʘʭʘʨʠʜʥʘʪʘ ʩʪʨʫʢʪʫʨʥʘ ʚʝʨʦʷʪʥʦ ʚʣʠʷʝ ʚʲʨʭʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ 

ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ Msʅ, LpH ʠ ʉʘʝʅ ʦʪ ʘʨʪʨʦʧʦʜʠ, ʧʨʠ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʜʝʥʘʪʫʨʘʥʪʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ ʠ Gdn·HCl), ʢʦʷʪʦ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʦʣʠʛʦʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ 

ʩʫʙʝʜʠʥʠʮʠ.  

5. ʍʝʤʦʮʠʘʥʠʥʠʪʝ ʦʪ ʤʦʣʶʩʢʠ ʠʤʘʪ ʩʭʦʜʥʠ ʪʨʝʪʠʯʥʠ ʠ ʯʝʪʚʲʨʪʠʯʥʠ ʩʪʨʫʢʪʫʨʠ, ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ 

ʥʘ ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʦʩʝʤ ʬʫʥʢʮʠʦʥʘʣʥʠ ʝʜʠʥʠʮʠ (ʦʪ Ăaò ʜʦ Ăhò) ʩ ʤʦʣʝʢʫʣʥʘ ʤʘʩʘ 45 - 60 ʢDʘ. 

ʊʦʪʘʣʥʠʪʝ ʤʦʣʝʢʫʣʠ ʧʦʢʘʟʚʘʪ ʥʷʢʦʠ ʩʪʨʫʢʪʫʨʥʠ ʨʘʟʣʠʯʠʷ, ʢʘʪʦ RvH ʠ KLH ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʧʦ 

ʜʚʝ ʨʘʟʣʠʯʥʠ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ, ʘ ʢʦʤʧʣʝʢʩʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ HaH ʠ HlH - ʦʪ ʪʨʠ 

ʩʫʙʝʜʠʥʠʮʠ (ɓʩ-, ŬD
- ʠ Ŭ

N
-). 

6.  ʅʫʢʣʝʦʪʠʜʥʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʥʘ ʛʝʥʠʪʝ ʥʘ ʪʨʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʦʪ H. 

lucorum ʧʦʢʘʟʚʘʪ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʭʦʤʦʣʦʞʥʦʩʪ ʩ ʪʝʟʠ ʥʘ ʜʨʫʛʠ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca. 

ʈʘʟʤʝʨʠʪʝ ʥʘ ʢʦʜʠʨʘʱʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠʠ (ʢɼʅʂ) ʩʘ ʩʲʦʪʚʝʪʥʦ 10 929 ʜʙ ʟʘ ɓʩ-HlH 

(ʠʟʛʨʘʜʝʥʘ ʦʪ 3412 Ŭ-ɸʂ, Mʤ ~ 389 kDa) ʠ 10 473 ʜʙ ʟʘ ŬD-HlH (3374 Ŭ-ɸʂ, Mʤ ~ 386 kDa). ʆʪ 

ʢɼʅʂ ʥʘ ʥʘ ŬN-HlH ʩʘ ʩʝʢʚʝʥʠʨʘʥʠ ʦʢʦʣʦ 88%, ʢʦʝʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ 3031 Ŭ-ɸʂ.  

7.  ʉ ʧʦʤʦʱʪʘ ʥʘ ʥʦʚʠʪʝ ʤʝʪʦʜʠ ʟʘ ʘʤʠʜʠʨʘʥʝ, ʧʝʨʤʝʪʠʣʠʨʘʥʝ, ʪʠʪʨʫʚʘʥʝ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʩ 

ʢʦʤʧʣʝʢʩʘ o-BBV ʠ ʜʨ. ʝ ʧʦʪʚʲʨʜʝʥʦ, ʯʝ ʭʝʤʦʮʠʘʥʠʥʠʪʝ RvH, HlH ʠ HtH ʩʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ. ʊʝʟʠ 

ʤʝʪʦʜʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʩʣʦʞʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʤʝʩʠ ʦʪ ʛʣʠʢʘʥʠ ʚ ʤʘʣʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ.  
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8.   ʇʦʪʝʥʮʠʘʣʥʠʪʝ ʮʝʥʪʨʦʚʝ ʟʘ N-ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʧʨʠ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ 

ʧʨʝʜʠʤʥʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ, ʢʘʪʦ ʟʘ ʪʨʠʪʝ ʠʟʦʬʦʨʤʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ H. lucorum 

ʪʝ ʩʘ: 13 ʚ ɓʩ-HlH, 14 ʚ ŬD-HlH ʠ 7 ʚ ŬN-HlH. ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʮʝʥʪʨʦʚʝʪʝ ʚʲʚ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ 

ʝʜʠʥʠʮʠ ʚʘʨʠʨʘ ʦʪ ʝʜʠʥ ʜʦ ʪʨʠ, ʜʦʢʘʪʦ ʚ ɓʩ-HlH-b, -ʩ; ŬD-HlH-b, -f; ŬN-HlH-c ʠ ŬN-HlH--f ʪʘʢʠʚʘ 

ʮʝʥʪʨʦʚʝ ʣʠʧʩʚʘʪ. 

9. ʆʧʨʝʜʝʣʝʥʠʪʝ 25 ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʟʘ RvH1 ʠ 28 ʟʘ RvH2 ʩʘ ʦʪ ʚʠʩʦʢʦʤʘʥʦʟʝʥ ʠ 

ʢʦʤʧʣʝʢʩʝʥ ʪʠʧ, ʘ ʧʨʝʜʠʤʥʦ ʤʝʪʠʣʠʨʘʥʠ ʛʣʠʢʘʥʠ ʚʣʠʟʘʪ ʚ ʩʲʩʪʘʚʘ ʥʘ HlH ʠ HtH. ʅʦʚʦʦʪʢʨʠʪʠʪʝ 

ʩʪʨʫʢʪʫʨʠ, ʩʲʩʪʘʚʝʥʠ ʦʪ ʩʚʲʨʟʘʥʠ ʭʝʢʩʫʨʦʥʦʚʘ ʢʠʩʝʣʠʥʘ ʠ GlcNAc ʢʲʤ ʚʲʪʨʝʰʝʥ ʬʫʢʦʟʝʥ 

ʦʩʪʘʪʲʢ, ʩʘ ʥʦʚ ʚʘʞʝʥ ʢʣʘʩ N-ʛʣʠʢʘʥʠ, ʥʝʦʪʢʨʠʪ ʚ ʜʨʫʛʠ ʭʝʤʦʮʠʘʥʠʥʠ.  

10.  ʍʝʤʦʮʠʘʥʠʥʠʪʝ HlH, RvH, KLH ʠ HtH ʜʝʤʦʥʩʪʨʠʨʘʪ ʨʘʟʣʠʯʥʦ ʧʦʚʝʜʝʥʠʝ ʩʣʝʜ ʜʠʩʦʮʠʘʮʠʷ ʠ 

ʨʝʘʩʦʮʠʘʮʠʷ, ʢʦʝʪʦ ʝ ʩʚʲʨʟʘʥʦ ʩʲʩ ʩʧʝʮʠʬʠʯʥʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʚʝʨʠʛʠ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʜʝʢʘʤʝʨʠʪʝ. ɺʝʨʦʷʪʥʦ ʛʣʠʢʘʥʠʪʝ ʦʪ ʌɽ-h ʚʲʟʧʨʝʧʷʪʩʪʚʘʪ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʜʲʣʛʠ ʤʫʣʪʠʜʝʢʘʤʝʨʠ ʦʪ ʩʫʙʝʜʠʥʠʮʠ RvH2, ɓ-HlH, KLH1 ʠ HtH1, ʢʘʢʚʠʪʦ ʩʘ ʦʪʢʨʠʪʠ ʧʨʠ RvH1, 

KLH2 ʠ HtH2. 

11. ʇʨʦʮʝʩʲʪ ʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʧʨʦʪʠʯʘ ʚ ʜʚʘ ʝʪʘʧʘ: 

ʜʠʩʦʮʠʘʮʠʷ ʥʘ ʪʦʪʘʣʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʜʦ ʠʟʛʨʘʞʜʘʱʠʪʝ ʷ ʩʪʨʫʢʪʫʨʥʠ ʩʫʙʝʜʠʥʠʮʠ 

ʠ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ. ʆʧʨʝʜʝʣʝʥʠʪʝ ʨʅ-ʊ ʠʥʪʝʨʚʘʣʠ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʯʨʝʟ 

ʢʨʲʛʦʚ ʜʠʭʨʦʠʟʲʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠʷ ʧʦʜʭʦʜ ʩʘ ʚ ʤʥʦʛʦ ʪʝʩʥʠ ʛʨʘʥʠʮʠ ʟʘ ʪʦʪʘʣʥʘʪʘ ʤʦʣʝʢʫʣʘ 

RvH ʠ ʩʪʨʫʢʪʫʨʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ. ʈʘʟʣʠʯʠʷʪʘ ʚ ʩʪʘʙʠʣʥʦʩʪʪʘ ʠʤ ʦʪʨʘʟʷʚʘʪ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʠ ʚ̡ ʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʠ, ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʩʠʣʥʠ ʟʘʨʷʜ-ʜʠʧʦʣʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʋʩʪʘʥʦʚʝʥʠʷʪ ʧʦ-ʰʠʨʦʢ ʠʥʪʝʨʚʘʣ ʥʘ ʦʙʨʘʪʠʤʦʩʪ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʌɽ RvH2-ʝ ʥʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ.  

12. ʉʣʦʞʥʠʪʝ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʫʯʘʩʪʚʘʪ ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʪʨʝʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʭʝʤʦʮʠʘʥʠʥʘ, ʢʦʝʪʦ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ His ʦʩʪʘʪʲʮʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʌɽ ʦʪ RvH1 ʠ ʛʣʠʢʘʥʠʪʝ ʦʪ ʜʨʫʛʘ ʌɽ ʧʨʠ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʩʫʙʝʜʠʥʠʮʘʪʘ. 

13.  ʍʝʤʦʮʠʘʥʠʥʠʪʝ ʥʝ ʩʘ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʝʥʟʠʤʠ, ʥʦ ʪʝ ʧʨʦʷʚʷʚʘʪ ʆɼʌʆɸ (ʦ-

ʜʠʬʝʥʦʣʦʢʩʠʜʘʟʥʘ ʘʢʪʠʚʥʦʩʪ), ʩʭʦʜʥʘ ʩ ʪʘʟʠ ʥʘ ʢʘʪʝʭʦʣ ʦʢʩʠʜʘʟʠʪʝ, ʥʦ ʩ ʧʦ-ʥʠʩʢʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪ ʦʪ ʪʘʟʠ ʥʘ ʪʠʨʦʟʠʥʘʟʠʪʝ ʢʲʤ ʤʦʥʦʬʝʥʦʣʠ ʠ ʦ-ʜʠʬʝʥʦʣʠ. ʉʣʝʜ ʚʲʟʜʝʡʩʪʚʠʝ ʩ 

ʨʘʟʣʠʯʥʠ ʝʥʟʠʤʥʠ ʠ ʥʝʝʥʟʠʤʥʠ ʨʝʘʛʝʥʪʠ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʌɽ RvH1-ʘ ʩʝ ʧʨʝʚʨʲʱʘ ʦʪ ʧʨʦʪʝʠʥ ʩ 

çʪʨʘʥʩʧʦʨʪʥʘè ʬʫʥʢʮʠʷ ʚ ʝʥʟʠʤ ʩ ʆɼʌʆɸ.  

14. Cu/Zn-Hlʉʆɼ 103 ʧʨʦʷʚʷʚʘ ʘʥʪʠʚʠʨʫʩʝʥ ʠ ʘʥʪʠʪʫʤʦʨʝʥ ʝʬʝʢʪ, ʢʘʪʦ ʧʦʪʠʩʢʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʛʨʠʧʥʠʷ ʚʠʨʫʩ A/Aichi (H3N2) ʠ ʪʨʘʥʩʧʣʘʥʪʠʨʘʥ ʤʠʝʣʦʠʜʝʥ ʪʫʤʦʨ ʥʘ Graffi ʚ ʭʘʤʩʪʝʨʠ. ʊʦʚʘ ʩʝ 

ʦʙʷʩʥʷʚʘ ʩ ʥʝʫʪʨʘʣʠʟʘʮʠʷ ʥʘ ʩʫʧʝʨʦʢʩʠʜʥʠʪʝ ʨʘʜʠʢʘʣʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʦʠʪʦ ʝ ʧʦʚʠʰʝʥʘ ʚ 

ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ.  

15. ʇʦʢʘʟʘʥʠʷʪ ʟʘ ʧʲʨʚʠ ʧʲʪ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ RvH2-e ʚʲʨʭʫ ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ HSV ʪʠʧ 1 ʝ 

ʩʚʲʨʟʘʥ ʩ ɺʘʥ-ʜʝʨ-ɺʘʘʣʩʦʚʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ ʤʝʞʜʫ 

ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʚʝʨʠʛʘ ʥʘ RvH2-e ʠ ʚʠʨʫʩʘ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ ʩʲʱʦ, ʯʝ ʛʣʠʢʘʥʠʪʝ ʩʘ ʧʨʠʯʠʥʘ ʠ ʟʘ 

ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥʠʷ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ ʌɽ RvH1-a (ʯʠʝʪʦ ʚʲʛʣʝʭʠʜʨʘʪʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʝ ʧʦ-

ʚʠʩʦʢʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ RvH2-e) ʩʨʝʱʫ ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ Epstein-Barr ʚʠʨʫʩʘ.  

16.  ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʟʘ ʧʲʨʚʠ ʧʲʪ ʠʥʭʠʙʠʨʘʱʘ ʘʢʪʠʚʥʦʩʪ ʥʘ HaH ʠ RvH ʩʨʝʱʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʥʷʢʦʠ ʙʘʢʪʝʨʠʘʣʥʠ ʱʘʤʦʚʝ ʝ ʫʢʘʟʘʥʠʝ ʟʘ ʟʘʱʠʪʥʘʪʘ ʠʤ ʬʫʥʢʮʠʷ, ʢʦʷʪʦ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ 

ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠ ʧʝʧʪʠʜʠ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ  ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 
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ʤʦʣʝʢʫʣʘʪʘ. bc-HaH ʷʩʥʦ ʩʝ ʦʪʢʨʦʷʚʘ ʢʘʪʦ ʥʘʡ-ʦʙʝʱʘʚʘʱ ʠ ʝʬʝʢʪʠʚʝʥ ʠʥʭʠʙʠʪʦʨ ʩʨʝʱʫ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ɻʨʘʤ-ʧʦʣʦʞʠʪʝʣʥʠ (S. aureus ʠ S. epidermidis) ʠ ɻʨʘʤ-ʦʪʨʠʮʘʪʝʣʥʠ ʙʘʢʪʝʨʠʠ (E. 

ʩoli). 

17. ʇʨʝʯʠʩʪʝʥʠʪʝ ʭʝʤʦʮʠʘʥʠʥʠ ʩʘ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʠ ʠʤʫʥʦʩʪʠʤʫʣʘʪʦʨʠ ʧʨʠ ʠʤʫʥʦʪʝʨʘʧʠʷʪʘ 

ʥʘ ʘʩʮʠʪʝʥ ʪʫʤʦʨ ʥʘ Guerin, ʥʦ ʥʝ ʠ ʧʨʠ ʩʦʣʠʜʝʥ ʤʠʝʣʦʠʜʝʥ ʪʫʤʦʨ ʥʘ Graffi. ɼʦʢʘʟʘʥʠʷʪ 

ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ HlH, ɓc-HH-h ʠ RvH2-c, ʩʧʨʷʤʦ ʊ-24 ʠ CAL-29 ʯʦʚʝʰʢʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ ʦʪ 

ʨʘʢ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʠʥʪʘʢʪʥʠʪʝ ʤʦʣʝʢʫʣʠ ʠ ʩʫʙʝʜʠʥʠʮʠ, 

ʢʦʝʪʦ ʧʦʪʚʲʨʞʜʘʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ ʟʘ ʫʯʘʩʪʠʝ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚ 

ʧʨʦʪʠʚʦʪʫʤʦʨʥʠʷ ʝʬʝʢʪ. 

 

VI.   ʅɸʋʏʅʀʊɽ ʇʈʀʅʆʉʀ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ  

ʅʘʫʯʥʠʪʝ ʧʨʠʥʦʩʠ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʙʠʦʦʨʛʘʥʠʯʥʘʪʘ ʭʠʤʠʷ ʠ ʧʦ-

ʢʦʥʢʨʝʪʥʦ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʭʠʤʠʷ ʥʘ ʧʨʦʪʝʠʥʠ. ʇʦʣʫʯʝʥʠ ʩʘ ʥʦʚʠ ʜʘʥʥʠ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ 

ʙʠʦʣʦʛʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʚʘʞʥʘ ʛʨʫʧʘ ʤʝʜʥʠ, ʨʝʘʛʠʨʘʱʠ ʩ ʢʠʩʣʦʨʦʜʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ.  

ɯ. ʇʨʠʥʦʩʠ, ʩʲʜʲʨʞʘʱʠ ʥʦʚʘ ʠ ʦʨʠʛʠʥʘʣʥʘ ʟʘ ʥʘʫʢʘʪʘ ʠʥʬʦʨʤʘʮʠʷ 

1.  ʇʦʣʫʯʝʥʠ ʩʘ ʥʦʚʠ ʧʨʠʨʦʜʥʦ-ʛʣʠʢʦʟʠʣʠʨʘʥʠ, ʨʝʘʛʠʨʘʱʠ ʩ ʢʠʩʣʦʨʦʜʘ ʧʨʦʪʝʠʥʠ, ʩ ʝʜʠʥ 

ʤʝʜʝʥ ʡʦʥ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ - ʝʥʟʠʤʠʪʝ Cu/Zn-ʉʆɼ-ʟʠ, ʦʪ ʛʲʙʠʯʥʠ ʱʘʤʦʚʝ ʠ ʦʪ ʜʨʦʞʜʠ. 

ʇʨʝʜʦʩʪʘʚʝʥʘ ʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠʪʝ ʠʤ ʩʚʦʡʩʪʚʘ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʨʠʨʦʜʥʦ ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʉʆɼ-ʟʠ. 

2.  ʇʦʣʫʯʝʥʠ ʩʘ ʥʦʚʠ ʧʨʠʨʦʜʥʦ-ʛʣʠʢʦʟʠʣʠʨʘʥʠ ʢʠʩʣʦʨʦʜ-ʩʚʲʨʟʚʘʱʠ ʧʨʦʪʝʠʥʠ ʩ ʜʚʘ ʤʝʜʥʠ 

ʡʦʥʘ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ óʭʝʤʦʮʠʘʥʠʥʠô, ʠʟʦʣʠʨʘʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʟʤʠ ʦʪ ʪʠʧʘ Arthropodʘ ʠ 

Molluscʘ. ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʲʨʚʠʯʥʠʪʝ ʠ ʩʣʦʞʥʠ ʢʦʤʧʣʝʢʩʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ 

ʩʪʨʫʢʪʫʨʠ, ʢʘʢʪʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ. 

3.  ɿʘ ʧʲʨʚʠ ʧʲʪ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʫʢʣʝʦʪʠʜʥʠʪʝ, ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʠ 

ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ ʛʣʠʢʦʟʠʣʠʨʘʥʝ ʥʘ ʪʨʠ ʠʟʦʬʦʨʤʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥ ʦʪ ʪʠʧ Molluscʘ. 

4.  ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʠ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ 

ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʩ ʥʝʠʟʚʝʩʪʥʘ ʠʣʠ ʯʘʩʪʠʯʥʦ ʠʟʚʝʩʪʥʘ ʧʲʨʚʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʝ ʦʧʨʝʜʝʣʝʥʘ ʧʲʣʥʘʪʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

Molluscʘ, ʢʦʷʪʦ ʧʨʝʜʩʪʘʚʝʥ ʥʦʚ ʚʘʞʝʥ ʢʣʘʩ N-ʛʣʠʢʘʥʠ ʟʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʠ ʦʙʦʛʘʪʷʚʘ ʙʘʟʘʪʘ 

ʜʘʥʥʠ ʟʘ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠ.  

5.  ɿʘ ʧʲʨʚʠ ʧʲʪ ʩʝ ʩʲʦʙʱʘʚʘ ʟʘ ʫʯʘʩʪʠʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʧʨʠ ʩʬʦʨʤʠʨʘʥʝ ʥʘ ʪʨʝʪʠʯʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ, ʢʘʪʦ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʩʫʙʝʜʠʥʠʮʘʪʘ ʝ ʠʟʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ His ʦʩʪʘʪʲʮʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʌɽ ʦʪ RvH1 ʠ ʛʣʠʢʘʥʠʪʝ ʦʪ ʜʨʫʛʘ ʌɽ. 

6.  ʋʩʪʘʥʦʚʝʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚʲʨʭʫ ʩʪʘʙʠʣʠʪʝʪʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʥʪʘʢʪʥʘʪʘ ʤʦʣʝʢʫʣʘ, ʩʪʨʫʢʪʫʨʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ ʠ ʝʜʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʝʜʠʥʠʮʘ ʦʪ RvH ʩʣʝʜ ʦʮʝʥʢʘ ʯʨʝʟ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ ʧʦʜʭʦʜʠ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʧʨʦʪʝʠʥʘ. 

7.  ɿʘ ʧʲʨʚʠ ʧʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʫʯʘʩʪʠʝʪʦ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʪʠʧ Mollusca ʚ ʟʘʱʠʪʥʘʪʘ 

ʬʫʥʢʮʠʷ ʥʘ ʦʨʛʘʥʠʟʤʘ, ʢʘʪʦ ʦʩʠʛʫʨʷʚʘʪ ʧʲʨʚʦʥʘʯʘʣʥʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʠʥʬʝʢʮʠʦʟʥʠ ʧʘʪʦʛʝʥʠ. 

ʉʫʙʝʜʠʥʠʮʘ bc-HaH ʝ ʜʦʢʘʟʘʥʘ, ʢʘʪʦ ʤʥʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʘ ʟʘ ʚʢʣʶʯʚʘʥʝ ʚʲʚ ʬʘʨʤʘʮʝʚʪʠʯʥʠ 

ʧʨʝʧʘʨʘʪʠ ʩʨʝʱʫ ʧʦ-ʫʩʪʦʡʯʠʚʠ ʠʥʬʝʢʮʠʠ Staphylococcus. 
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8.  ʇʦʣʫʯʝʥʠ ʩʘ ʥʦʚʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥ ʠʥʭʠʙʠʨʘʱ ʝʬʝʢʪ ʥʘ ʌɽ-ʮʠ ʩʨʝʱʫ 

ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ ʚʠʨʫʩʠ, ʪʫʤʦʨʥʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ ʠ ʙʘʢʪʝʨʠʠ, ʢʦʝʪʦ  ʚʝʨʦʷʪʥʦ ʝ ʩʚʲʨʟʘʥʦ ʩ 

ʥʝʛʦʚʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠ ʩʪʨʫʢʪʫʨʠ. 

9. ɼʦʢʘʟʘʥʘ ʝ ʘʥʪʠʪʫʤʦʨʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ RvH, HlH, HaH ʠ ʠʟʦʬʦʨʤʠʪʝ ʠʤ ʚʲʨʭʫ ʢʣʝʪʲʯʥʠ 

ʣʠʥʠʠ ʊ-24 ʠ CAL-29 ʦʪ ʨʘʢ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ, ʢʦʡʪʦ ʝ ʠʟʨʘʟʝʥ ʥʘʡ-ʩʠʣʥʦ ʧʨʠ ʌɽ bc-HlH-h. ɿʘ 

ʧʲʨʚʠ ʧʲʪ ʝ ʧʨʝʜʦʩʪʘʚʝʥʘ ʧʨʦʪʝʦʤʥʘ ʢʘʨʪʘ ʟʘ ʮʠʪʦʩʪʘʪʠʯʥʦʪʦ ʜʝʡʩʪʚʠʝ ʥʘ ʭʝʤʦʮʠʘʥʠʥʘ ʦʪ H. 

lucorum ʚʲʨʭʫ ʯʦʚʝʰʢʘʪʘ ʢʣʝʪʲʯʥʘ ʣʠʥʠʷ CAL-29. ʀʟʢʘʟʘʥʦ ʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʩʧʝʮʠʬʠʯʥʘʪʘ 

ʨʦʣʷ ʥʘ ʦʣʠʛʦʟʘʭʘʨʠʜʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʟʘ ʪʷʭʥʦʪʦ ʙʠʦʣʦʛʠʯʥʦ ʜʝʡʩʪʚʠʝ ʩʨʝʱʫ ʨʘʢ 

ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ. 

ɯɯ. ʇʨʠʥʦʩʠ ʩ ʧʦʪʚʲʨʜʠʪʝʣʝʥ ʭʘʨʘʢʪʝʨ 

1.  ʇʦʪʚʲʨʜʝʥʘ ʝ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʩʚʦʡʩʪʚʘʪʘ ʥʘ Cu/Zn-ʉʆɼ ʦʪ ʨʘʟʣʠʯʥʠ 

ʠʟʪʦʯʥʠʮʠ. ɼʦʢʘʟʘʥʘ ʝ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʭʦʤʦʣʦʞʥʦʩʪ ʤʝʞʜʫ Cu/Zn-ʉʆɼ-ʟʠ, ʢʦʝʪʦ ʧʦʪʚʲʨʞʜʘʚʘ 

ʝʚʦʣʶʮʠʦʥʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʝʥʟʠʤʘ. 

2.  ʇʦʪʚʲʨʜʝʥʘ ʝ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʩʣʦʞʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ 

Mollisca, ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʥʘʪʠʚʥʠʪʝ ʤʦʣʝʢʫʣʠ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʠ ʠʟʦʬʦʨʤʠʪʝ 

ʠʤ ʧʨʠ ʧʨʦʤʷʥʘ ʥʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ.  

3.  ʇʦʪʚʲʨʜʝʥʘ ʝ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʨʛʘʥʠʟʤʠ ʦʪ ʚʠʜ Mollisca ʜʘ ʧʨʦʜʫʮʠʨʘʪ ʭʝʤʦʮʠʘʥʠʥʠ ʩʲʩ 

ʩʣʦʞʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ, ʧʨʝʜʠʤʥʦ N-ʛʣʠʢʦʟʠʣʠʨʘʥʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʦʨʛʘʥʠʟʤʠ ʦʪ ʚʠʜ 

Arthropoda.  

4.  ʇʦʪʚʲʨʜʝʥʦ ʝ ʫʯʘʩʪʠʝʪʦ ʥʘ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚ ʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʥʘ 

ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʦʪʘʣʥʘʪʘ ʤʦʣʝʢʫʣʘ ʥʘ ʭʝʤʦʮʠʘʥʠʥʠʪʝ, ʢʘʪʦ ʝ ʜʦʢʘʟʘʥʘ 

ʚʟʘʠʤʦʩʚʲʨʟʘʥʦʩʪ ʤʝʞʜʫ ʚʲʛʣʝʭʠʜʨʘʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ ʯʝʪʚʲʨʪʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ ʭʝʤʦʮʠʘʥʠʥʠ ʦʪ ʚʠʜ Mollusca. 

5.  ʇʦʣʫʯʝʥʠ ʩʘ ʧʦʪʚʲʨʜʠʪʝʣʥʠ ʜʘʥʥʠ ʦʪʥʦʩʥʦ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠʪʝ ʧʨʠ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚʠ ʧʦʜʭʦʜʠ ʚ ʧʨʝʚʝʥʮʠʷʪʘ ʠ ʣʝʯʝʥʠʝʪʦ ʥʘ ʚʠʨʫʩʥʠ, ʙʘʢʪʝʨʠʘʣʥʠ ʠ ʪʫʤʦʨʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ. 

ɯɯɯ. ʇʨʠʥʦʩʠ ʩ ʤʝʪʦʜʠʯʝʥ ʭʘʨʘʢʪʝʨ 

1.  ʇʨʝʜʣʦʞʝʥʠ ʩʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʠ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʱʠ ʢʠʩʣʦʨʦʜʥʠ 

ʬʦʨʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠ ʩ ʝʜʠʥ ʠ ʜʚʘ ʤʝʜʥʠ ʡʦʥʠ ʚ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ. 

2.  ʇʨʝʜʣʦʞʝʥ ʝ ʥʦʚ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʥʘ ʛʣʠʢʘʥʠ ʚ ʩʤʝʩʠ ʠ ʥʦʚ ʧʦʜʭʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʩʣʦʞʥʠ ʚʲʛʣʝʭʠʜʨʘʪʥʠ ʩʪʨʫʢʪʫʨʠ ʠ ʮʝʥʪʲʨʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʛʣʠʢʘʥʠʪʝ ʚ ʛʣʠʢʦʧʨʦʪʝʠʥʠʪʝ.  

ɯV. ʇʨʠʥʦʩʠ ʩ ʧʨʠʣʦʞʝʥ ʭʘʨʘʢʪʝʨ 

1.  ʇʨʝʜʣʦʞʝʥʠ ʩʘ ʣʘʙʦʨʘʪʦʨʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢʪʦ ʠ ʧʨʝʯʠʩʪʝʥʠ Cu/Zn-ʉʆɼ-ʟʠ ʠ ʭʝʤʦʮʠʘʥʠʥʠ 
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