
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ 
Ȼɚɡɨɜɚɹ ɤɚɮɟɞɪɚ ɛɢɨɬɟɯɧɨɥɨɝɢɢ 

 
  

              ɍɌȼȿɊɀȾȺɘ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ɦɚɝɢɫɬɟɪɫɤɨɣ 

ɩɪɨɝɪɚɦɦɵ 
        Ɍ. Ƚ. ȼɨɥɨɜɚ 

                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 «____» ___________ 2019 ɝ. 
 

 
ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 

 

ɉɨɥɭɱɟɧɢɟ ɧɚɬɢɜɧɨɣ MLuc164 ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɢɡ 

ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

 
06.04.01 Ȼɢɨɥɨɝɢɹ  

 

06.04.01.01Ɇɢɤɪɨɛɢɨɥɨɝɢɹ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɹ 
 
 

 
 
 
 
 
 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ      _________                        ɤ.ɛ.ɧ., ɫ.ɧ.ɫ. ɋ.ȼ. Ɇɚɪɤɨɜɚ 

                                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ     
 

ȼɵɩɭɫɤɧɢɤ                         _________                                         Ⱦ.Ⱥ. Ƚɨɪɛɭɧɨɜɚ 
                                                                 ɩɨɞɩɢɫɶ, ɞɚɬɚ     
                                                         

Ɋɟɰɟɧɡɟɧɬ                            _________                      ɤ.ɛ.ɧ., ɫ.ɧ.ɫ. Ɇ.ɘ. Ɍɪɭɫɨɜɚ 
                                                                ɩɨɞɩɢɫɶ, ɞɚɬɚ     

 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 



2 
 

ɊȿɎȿɊȺɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɉɨɥɭɱɟɧɢɟ ɧɚɬɢɜɧɨɣ MLuc164 

ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ» ɫɨɫɬɨɢɬ ɢɡ 74 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 20 ɪɢɫɭɧɤɨɜ, 2 ɮɨɪɦɭɥ, 2 ɬɚɛɥɢɰ, 112 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɥɢɬɟɪɚɬɭɪɵ. 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɧɚɬɢɜɧɨɣ MLuc164 

ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɩɪɨɰɟɞɭɪɚ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɪɟɮɨɥɞɢɧɝɚ ɥɸɰɢɮɟɪɚɡɵ Metridia (ɧɚ ɩɪɢɦɟɪɟ MLuc7 ɢɡɨɮɨɪɦɵ) ɢɡ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ E. coli ɫ ɜɵɯɨɞɨɦ ɛɟɥɤɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ 6 ɦɝ/ɥ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 

ɫɬɚɞɢɢ ɩɪɨɦɵɜɤɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ, ɪɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɚ ɢ ɟɝɨ ɨɱɢɫɬɤɢ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɨɰɟɧɟɧɚ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɫɜɨɣɫɬɜ 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɢɮɟɪɚɡɵ MLuc7 ɢ ɩɪɟɩɚɪɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɭɬɟɦ 

ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ ɧɚɫɟɤɨɦɵɯ SF9. ɉɭɬɟɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ 

ɩɨɥɭɱɟɧ ɨɱɢɳɟɧɧɵɣ ɝɨɦɨɝɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɚɤɬɢɜɧɨɣ MLuc164 ɢɡɨɮɨɪɦɵ 

ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɜ ɦɨɧɨɦɟɪɧɨɣ ɮɨɪɦɟ ɢ ɩɪɨɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɡɚɰɢɹ 

ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɢɯ ɫɜɨɣɫɬɜɚ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 

ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɣ ɝɨɦɨɝɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɥɸɰɢɮɟɪɚɡɵ 

MLuc164 ɜ ɩɪɢɪɨɞɧɨɣ ɮɨɪɦɟ ɢ ɨɩɢɫɚɧɵ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɥɸɰɢɮɟɪɚɡ ɩɨɡɜɨɥɢɬ 

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɨɜ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɞɚɱ. ɉɨɥɭɱɟɧɢɟ ɞɨɫɬɚɬɨɱɧɵɯ ɤɨɥɢɱɟɫɬɜ ɨɱɢɳɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ 
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ɥɸɰɢɮɟɪɚɡɵ ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɟɩɨɪɬɟɪɚ ɞɥɹ ɦɟɞɢɰɢɧɫɤɨɣ 

in vitro ɞɢɚɝɧɨɫɬɢɤɢ. 

Ɇɚɬɟɪɢɚɥɵ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɧɚɭɱɧɵɯ ɞɨɤɥɚɞɨɜ  ɢ ɩɨɫɬɟɪɧɵɯ 

ɫɨɨɛɳɟɧɢɣ  ɧɚ VIII ɫɴɟɡɞɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɬɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɳɟɫɬɜɚ (ɒɟɩɫɢ, 

Ɋɨɫɫɢɹ, 2017), Ɇɟɠɞɭɧɚɪɨɞɧɨɦ ɧɚɭɱɧɨɦ ɮɨɪɭɦɟ «ɅɈɆɈɇɈɋɈȼ-2018» 

(Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ, 2018), Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɫɬɭɞɟɧɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɫɩɟɤɬ 

ɋɜɨɛɨɞɧɵɣ – 2018» (Ʉɪɚɫɧɨɹɪɫɤ, Ɋɨɫɫɢɹ, 2018), III Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «Ȼɢɨɬɟɯɧɨɥɨɝɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ – 

ɤɚɱɟɫɬɜɨ ɠɢɡɧɢ» (Ʉɪɚɫɧɨɹɪɫɤ, Ɋɨɫɫɢɹ, 2018). 

ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɨ 5 ɩɟɱɚɬɧɵɯ ɪɚɛɨɬ, ɢɡ ɧɢɯ: 1 ɫɬɚɬɶɹ ɜ 

ɡɚɪɭɛɟɠɧɨɦ ɪɟɰɟɧɡɢɪɭɟɦɨɦ ɠɭɪɧɚɥɟ ɢ 4 ɩɭɛɥɢɤɚɰɢɢ ɜ ɫɛɨɪɧɢɤɚɯ ɞɨɤɥɚɞɨɜ 

ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ. 

ȻɂɈɅɘɆɂɇȿɋɐȿɇɐɂə, ɅɘɐɂɎȿɊȺɁȺ, ɈɄɂɋɅɂɌȿɅɖɇɕɃ 

ɊȿɎɈɅȾɂɇȽ, METRIDIA LONGA, ȻɂɈɅɘɆɂɇȿɋɐȿɇɌɇɕɃ ɊȿɉɈɊɌȿɊ. 
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ȼȼȿȾȿɇɂȿ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɜɨɩɪɨɫɚɦ 

ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɢɚɝɧɨɫɬɢɤɟ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, 

ɩɪɨɜɟɞɟɧɢɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ 

ɦɟɞɢɰɢɧɵ, ɮɚɪɦɚɤɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ. ɉɨɫɤɨɥɶɤɭ ɩɪɚɜɢɥɶɧɚɹ ɢ 

ɫɜɨɟɜɪɟɦɟɧɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɹɜɥɹɸɬɫɹ 

ɤɥɸɱɨɦ ɤ ɷɮɮɟɤɬɢɜɧɨɦɭ ɢ ɭɫɩɟɲɧɨɦɭ ɥɟɱɟɧɢɸ.  ȼɫɟ ɷɬɨ ɩɪɢɜɟɥɨ ɤ ɩɨɹɜɥɟɧɢɸ 

ɪɚɡɥɢɱɧɵɯ ɬɟɫɬ-ɫɢɫɬɟɦ ɞɥɹ ɦɟɞɢɰɢɧɫɤɨɣ in vitro ɞɢɚɝɧɨɫɬɢɤɢ, ɚ ɬɚɤɠɟ ɤ 

ɫɬɪɟɦɢɬɟɥɶɧɨɦɭ ɪɚɡɜɢɬɢɸ ɬɟɯɧɨɥɨɝɢɣ ɧɟɢɧɜɚɡɢɜɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɨɜ in vivo, ɧɚɡɵɜɚɟɦɵɯ ɛɢɨɢɦɢɞɠɢɧɝɨɦ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ 

ɬɟɯɧɨɥɨɝɢɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɢɫɬɟɦ. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɢɦɢɞɠɢɧɝ ɩɪɟɞɥɚɝɚɟɬ 

ɦɨɳɧɵɟ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɩɪɢ ɦɨɧɢɬɨɪɢɧɝɟ ɪɚɡɥɢɱɧɵɯ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɰɟɧɤɟ ɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ 

ɧɚ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ [1], ɚ ɬɚɤɠɟ ɬɟɫɬɢɪɨɜɚɧɢɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ 

ɞɥɹ ɢɡɭɱɟɧɢɹ ɢɯ ɛɢɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɮɚɪɦɚɤɨɤɢɧɟɬɢɤɢ ɢ ɚɤɬɢɜɧɨɫɬɢ [2], ɨɰɟɧɤɟ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɦɨɥɟɤɭɥɹɪɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɝɟɧɧɨɣ ɬɟɪɚɩɢɢ ɜ 

ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [2, 3] ɢ ɞɪ. ɉɨɞɯɨɞɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɢɫɬɟɦ ɫɬɚɥɢ ɧɟɡɚɦɟɧɢɦɵɦɢ ɜɨ ɦɧɨɝɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɪɚɡɥɢɱɧɵɟ ɨɛɥɚɫɬɢ ɛɢɨɦɟɞɢɰɢɧɵ ɢ 

ɨɛɥɚɫɬɢ ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, 

ɧɟɨɛɯɨɞɢɦɵ ɪɚɡɥɢɱɧɵɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɛɟɥɤɢ ɢɯ ɫɭɛɫɬɪɚɬɵ ɫ 

ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɛɢɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦɢ, ɩɨɷɬɨɦɭ ɦɧɨɝɢɦɢ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ ɝɪɭɩɩɚɦɢ ɜɟɞɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 

ɩɪɢɪɨɞɧɵɯ ɛɟɥɤɨɜ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɢɟ ɫɜɨɣɫɬɜ ɭɠɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɟɩɨɪɬɟɪɨɜ 

ɦɟɬɨɞɚɦɢ ɛɟɥɤɨɜɨɣ ɢɧɠɟɧɟɪɢɢ.  

 ɋɟɝɨɞɧɹ, ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɢɡɜɟɫɬɧɵɦɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ ɛɟɥɤɚɦɢ 

(ɥɸɰɢɮɟɪɚɡɵ ɫɜɟɬɥɹɤɨɜ, ɛɚɤɬɟɪɢɣ, ɤɨɪɚɥɥɨɜ, ɮɨɬɨɩɪɨɬɟɢɧɵ) ɲɢɪɨɤɨ 
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ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɧɵɯ ɦɨɥɟɤɭɥ ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ 

(ɥɸɰɢɮɟɪɚɡɵ ɪɚɤɨɨɛɪɚɡɧɵɯ). ȼ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɞɚɧɧɵɟ ɫɟɤɪɟɬɢɪɭɟɦɵɟ 

ɥɸɰɢɮɟɪɚɡɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɸ ɦɨɪɫɤɢɯ ɩɥɚɧɤɬɨɧɧɵɯ ɪɚɱɤɨɜ 

ɤɨɩɟɩɨɞ ɢ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɰɟɥɟɧɬɟɪɚɡɢɧ, ɚɧɚɥɨɝɢɱɧɨ ɦɧɨɝɢɦ 

ɞɪɭɝɢɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɦ ɛɟɥɤɚɦ [4].  ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɞɚɧɧɵɯ ɥɸɰɢɮɟɪɚɡ ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɧɟɢɧɜɚɡɢɜɧɨɣ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɧɟɬɨɤɫɢɱɧɨɫɬɶ ɞɥɹ ɤɥɟɬɨɤ ɢ 

ɨɝɚɧɢɡɦɨɜ [2] ɢ ɟɫɬɟɫɬɜɟɧɧɚɹ ɫɟɤɪɟɬɢɪɭɟɦɨɫɬɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɞɢɧɚɦɢɤɟ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɛɢɨɥɨɝɢɱɟɫɤɨɦ 

ɨɛɪɚɡɰɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɛɟɥɤɢ, ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ 

ɤɚɧɞɢɞɚɬɚɦɢ ɞɥɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ in vitro ɚɧɚɥɢɡɟ. Ɇɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɩɨɪɬɟɪɨɜ ɨɛɥɚɞɚɸɬ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɫɪɚɜɧɢɦɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɞɢɨɢɡɨɬɨɩɧɵɯ ɦɟɬɨɤ ɢ ɩɪɢ 

ɷɬɨɦ ɹɜɥɹɸɬɫɹ ɛɟɡɨɩɚɫɧɵɦɢ [5].  

ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɢɣ ɢɧɬɟɪɟɫ ɤ ɤɨɩɟɩɨɞɧɵɦ ɥɸɰɢɮɟɪɚɡɚɦ ɤɚɤ ɤ 

ɪɟɩɨɪɬɟɪɚɦ, ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ ɞɨ ɫɢɯ ɩɨɪ 

ɨɫɬɚɜɚɥɢɫɶ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɦɢ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 

ɧɟɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ in vitro ɞɢɚɝɧɨɫɬɢɤɟ ɛɵɥɨ 

ɧɟɜɨɡɦɨɠɧɵɦ, ɜɫɥɟɞɫɬɜɢɟ ɬɪɭɞɧɨɫɬɟɣ ɩɨɥɭɱɟɧɢɹ ɛɟɥɤɨɜ ɜ ɧɚɬɢɜɧɨɣ 

ɤɨɧɮɨɪɦɚɰɢɢ. Ⱦɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ ɛɟɥɤɚ [6], ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɷɮɮɟɤɬɢɜɧɨɦɭ ɮɨɥɞɢɧɝɭ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɜ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ. 

ɇɚɩɪɢɦɟɪ, ɢɡɨɮɨɪɦɚ MLuc164, ɹɜɥɹɸɳɚɹɫɹ ɫɚɦɨɣ ɞɥɢɧɧɨɣ ɢɡ ɥɸɰɢɮɟɪɚɡ 

Metridia, ɛɵɥɚ ɩɟɪɜɨɣ ɤɥɨɧɢɪɨɜɚɧɚ ɢ ɨɩɢɫɚɧɚ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɪɟɩɨɪɬɟɪɚ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɫɜɨɣɫɬɜɚ ɞɚɧɧɨɣ 

ɢɡɨɮɨɪɦɵ ɧɟ ɛɵɥɢ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ. ɉɨɧɢɦɚɧɢɟ 

ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɜɨɣɫɬɜ ɮɟɪɦɟɧɬɚ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɨɫɨɡɧɚɧɧɵɣ ɜɵɛɨɪ 

ɪɟɩɨɪɬɟɪɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɞɚɱ ɢ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨɟ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 

ɤɚɱɟɫɬɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɪɟɩɨɪɬɟɪɚ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ 
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ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɬɚɤ ɤɚɤ ɧɚ ɩɪɨɹɜɥɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɨɠɟɬ 

ɜɥɢɹɬɶ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɧɚɬɢɜɧɨɣ MLuc164 

ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:   

1.  Ɉɩɬɢɦɢɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɪɟɮɨɥɞɢɧɝɚ ɥɸɰɢɮɟɪɚɡɵ Metridia ɢɡ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ E. coli (ɧɚ ɩɪɢɦɟɪɟ ɢɡɨɮɨɪɦɵ MLuc7). 

2. ɋɪɚɜɧɢɬɶ ɫɜɨɣɫɬɜɚ ɩɪɟɩɚɪɚɬɨɜ MLuc7, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ 

E. сoli ɢ ɫɪɟɞɵ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ Sf9. 

3. ɉɨɥɭɱɢɬɶ ɨɱɢɳɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɚɤɬɢɜɧɨɣ MLuc164 ɢɡɨɮɨɪɦɵ 

ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɩɭɬɟɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɪɟɮɨɥɞɢɧɝɚ ɢɡ 

ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli. 

4. ɂɫɫɥɟɞɨɜɚɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɢɫɬɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɚɤɬɢɜɧɨɣ ɤɨɩɟɩɨɞɧɨɣ ɥɸɰɢɮɟɪɚɡɵ MLuc164. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɛɚɡɟ ɥɚɛɨɪɚɬɨɪɢɢ ɮɨɬɨɛɢɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ 

Ȼɢɨɮɢɡɢɤɢ Ɏɂɐ «Ʉɇɐ ɋɈ ɊȺɇ». 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 
 

1.1 ɉɪɢɪɨɞɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ 
 

əɜɥɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜ ɩɪɢɪɨɞɟ ɢ 

ɜɫɬɪɟɱɚɟɬɫɹ ɭ ɨɬɞɟɥɶɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɛɚɤɬɟɪɢɣ, ɝɪɢɛɨɜ, ɪɵɛ, ɚ ɬɚɤɠɟ 

ɦɨɪɫɤɢɯ ɢ ɫɭɯɨɩɭɬɧɵɯ ɛɟɫɩɨɡɜɨɧɨɱɧɵɯ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɚɢɛɨɥɶɲɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɫɜɟɱɟɧɢɟ ɩɨɥɭɱɢɥɨ ɫɪɟɞɢ ɦɨɪɫɤɢɯ ɨɪɝɚɧɢɡɦɨɜ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɹ ɜ ɩɪɢɪɨɞɟ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 

ɤɨɦɦɭɧɢɤɚɰɢɢ ɨɪɝɚɧɢɡɦɨɜ ɢ ɩɪɢɜɥɟɱɟɧɢɹ ɩɢɳɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɧɟɡɚɩɧɵɟ 

ɜɫɩɵɲɤɢ ɫɜɟɱɟɧɢɹ ɫɱɢɬɚɸɬɫɹ ɨɬɬɚɥɤɢɜɚɸɳɢɦɢ ɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɨɬɩɭɝɢɜɚɧɢɹ 

ɯɢɳɧɢɤɨɜ ɢ ɦɚɫɤɢɪɨɜɤɢ [4]. Ɉɞɧɚɤɨ ɪɨɥɶ ɫɜɟɱɟɧɢɹ ɞɥɹ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɦɧɨɝɢɯ ɨɪɝɚɧɢɡɦɨɜ ɞɨ ɫɢɯ ɩɨɪ ɨɫɬɚɟɬɫɹ ɞɨ ɤɨɧɰɚ ɧɟ ɹɫɧɨɣ [7,8]. 

Ɉɫɧɨɜɨɣ ɹɜɥɟɧɢɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ 

ɠɢɜɨɝɨ ɨɪɝɚɧɢɡɦɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɜɵɞɟɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɢɡɥɭɱɟɧɢɹ 

ɤɜɚɧɬɨɜ ɫɜɟɬɚ ɜ ɜɢɞɢɦɨɦ ɞɢɚɩɚɡɨɧɟ ɫɩɟɤɬɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɧɨɝɨɥɟɬɧɟɝɨ 

ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɭ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɦɧɨɝɢɦɢ 

ɭɱɟɧɵɦɢ ɫɬɚɥɢ ɩɨɧɹɬɧɵ ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɤɰɢɣ. ɋɜɟɱɟɧɢɟ ɨɪɝɚɧɢɡɦɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɟɥɤɨɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ, ɫ ɦɨɥɟɤɭɥɨɣ ɫɭɛɫɬɪɚɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɦɨɥɟɤɭɥɚ 

ɫɭɛɫɬɪɚɬɚ ɩɟɪɟɯɨɞɢɬ ɜ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɚ ɩɪɨɰɟɫɫ 

ɪɟɥɚɤɫɚɰɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɫɩɭɫɤɚɧɢɟɦ ɫɜɟɬɚ [4]. 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɞɢɧɚɤɨɜɵɣ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, 

ɦɟɯɚɧɢɡɦɵ, ɥɟɠɚɳɢɟ ɜ ɟɝɨ ɨɫɧɨɜɟ, ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɭ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ 

ɪɚɡɥɢɱɧɵɯ ɬɚɤɫɨɧɨɜ [4]. ɉɨɷɬɨɦɭ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɢɫɬɟɦɵ ɭ ɪɚɡɧɵɯ 

ɨɪɝɚɧɢɡɦɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɡɚɜɢɫɢɦɵɦɢ ɮɟɪɦɟɧɬɚɦɢ ɢ ɫɭɛɫɬɪɚɬɚɦɢ. Ɉɞɧɚɤɨ 

ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɛɟɥɤɢ ɫɯɨɠɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ, ɢɯ ɩɪɢɧɹɬɨ ɨɛɨɛɳɟɧɧɨ ɧɚɡɵɜɚɬɶ 

ɥɸɰɢɮɟɪɚɡɚɦɢ, ɚ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɫɬɭɩɚɸɳɢɟ ɜ ɪɨɥɢ ɫɭɛɫɬɪɚɬɨɜ – 

ɥɸɰɢɮɟɪɢɧɚɦɢ [7]. 
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1.2 Ɋɚɡɧɨɨɛɪɚɡɢɟ ɰɟɥɟɧɬɟɪɚɡɢɧ-ɡɚɜɢɫɢɦɵɯ ɥɸɰɢɮɟɪɚɡ  
 

Ȼɨɥɶɲɚɹ ɝɪɭɩɩɚ ɫɜɟɬɹɳɢɯɫɹ ɦɨɪɫɤɢɯ ɨɪɝɚɧɢɡɦɨɜ, ɱɚɫɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɬɞɚɥɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢ, ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɨɜ 

ɞɥɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɩɪɨɢɡɜɨɞɧɵɟ ɢɦɢɞɚɡɨɥɩɢɪɚɡɢɧɨɧɚ, 

ɧɚɡɵɜɚɟɦɵɟ ɰɟɥɟɧɬɟɪɚɡɢɧɨɦ (ɚɧɝɥ. «ɫoelenterazine» ɨɬ Coelenterata – 

ɤɢɲɟɱɧɨɩɨɥɨɫɬɧɵɟ) ɢ Cypridina-ɥɸɰɢɮɟɪɢɧɨɦ (ɨɬ ɧɚɡɜɚɧɢɹ ɪɨɞɚ ɪɚɤɭɲɤɨɜɵɯ 

ɪɚɤɨɜ Cypridina).  

Ʉ ɨɪɝɚɧɢɡɦɚɦ, ɢɫɩɨɥɶɡɭɸɳɢɦ ɰɟɥɟɧɬɟɪɚɡɢɧ-ɡɚɜɢɫɢɦɭɸ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ ɫɢɫɬɟɦɭ, ɨɬɧɨɫɹɬɫɹ ɦɹɝɤɢɣ ɤɨɪɚɥɥ Renilla [9,10], ɫɪɟɞɢ 

ɪɚɤɨɨɛɪɚɡɧɵɯ – ɤɨɩɟɩɨɞɵ ɧɚɞɫɟɦɟɣɫɬɜɚ Augaptiloidea [11], ɝɥɭɛɨɤɨɜɨɞɧɚɹ 

ɤɪɟɜɟɬɤɚ Oplophorus [12], ɚ ɬɚɤɠɟ ɧɟɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɦɨɥɥɸɫɤɨɜ ɢ 

ɪɚɤɭɲɤɨɜɵɯ ɪɚɤɨɜ ɨɫɬɪɚɤɨɞ [13]. 

ɐɟɥɟɧɬɟɪɚɡɢɧ-ɡɚɜɢɫɢɦɵɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɛɟɥɤɢ ɞɟɥɹɬɫɹ ɧɚ 2 ɬɢɩɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ – 

ɥɸɰɢɮɟɪɚɡɵ ɢ ɮɨɬɨɩɪɨɬɟɢɧɵ. Ʌɸɰɢɮɟɪɚɡɵ ɤɚɬɚɥɢɡɢɪɭɸɬ ɬɢɩɢɱɧɵɟ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɵɯ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɫɭɛɫɬɪɚɬɚ ɤɢɫɥɨɪɨɞɨɦ 

ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɞɭɤɬ (ɨɤɫɢɥɸɰɢɮɟɪɢɧ) ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɩɪɨɰɟɫɫ 

ɪɟɥɚɤɫɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɢɡɥɭɱɟɧɢɸ ɫɜɟɬɚ. Ʉ ɞɚɧɧɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬɫɹ 

ɥɸɰɢɮɟɪɚɡɵ ɦɨɪɫɤɢɯ ɤɨɩɟɩɨɞ, ɨɫɬɪɚɤɨɞ, ɫɰɢɮɨɢɞɧɵɯ ɦɟɞɭɡ, ɤɪɟɜɟɬɨɤ 

Oplophorus, ɚ ɬɚɤɠɟ ɤɨɪɚɥɥɚ Renilla [7]. ȼ ɯɨɞɟ ɮɨɬɨɩɪɨɬɟɢɧɨɜɨɝɨ ɬɢɩɚ ɪɟɚɤɰɢɢ 

ɮɟɪɦɟɧɬ ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɣ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɫ ɫɭɛɫɬɪɚɬɨɦ ɢ 

ɤɢɫɥɨɪɨɞɨɦ, ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɪɟɚɤɰɢɹ ɜ ɤɨɬɨɪɨɦ ɢɧɢɰɢɢɪɭɟɬɫɹ ɜɧɟɲɧɢɦ 

ɮɚɤɬɨɪɨɦ, ɧɚɩɪɢɦɟɪ, ɢɨɧɚɦɢ ɋɚ2+, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɭɛɫɬɪɚɬ-ɫɜɹɡɵɜɚɸɳɟɣ ɩɨɥɨɫɬɢ ɛɟɥɤɚ. Ȼɟɥɤɢ ɝɢɞɪɨɦɟɞɭɡ ɢ 

ɤɬɟɧɨɮɨɪ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɋɚ2+ 

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɮɨɬɨɩɪɨɬɟɢɧɚɦɢ [7,14–16].  
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1.3 Ʉɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ  
  

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɡɨɨɩɥɚɧɤɬɨɧɚ ɹɜɥɹɸɬɫɹ ɜɟɫɥɨɧɨɝɢɟ 

ɪɚɱɤɢ ɤɨɩɟɩɨɞɵ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɷɬɢɯ ɦɚɥɟɧɶɤɢɯ ɪɚɤɨɨɛɪɚɡɧɵɯ 

(ɨɛɵɱɧɨ ɞɥɢɧɨɣ 0,5-2 ɦɦ) ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. Ⱦɨ 

ɫɢɯ ɩɨɪ ɫɨɫɬɚɜ ɢɯ ɫɜɟɬɹɳɟɝɨɫɹ ɫɟɤɪɟɬɚ ɨɫɬɚɟɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦ, ɧɨ ɟɝɨ ɨɫɧɨɜɧɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ [17,18] ɹɜɥɹɸɬɫɹ ɰɟɥɟɧɬɟɪɚɡɢɧ ɢ ɰɟɥɟɧɬɟɪɚɡɢɧ-ɡɚɜɢɫɢɦɚɹ 

ɥɸɰɢɮɟɪɚɡɚ. Ⱦɚɧɧɵɟ ɨɪɝɚɧɢɡɦɵ ɫɩɨɫɨɛɧɵ ɧɚɤɚɩɥɢɜɚɬɶ ɩɨɨɱɟɪɟɞɧɨ ɜ ɫɜɨɟɣ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɠɟɥɟɡɟ (Ɋɢɫɭɧɨɤ 1) ɥɸɰɢɮɟɪɚɡɭ ɢ ɰɟɥɟɧɬɟɪɚɡɢɧ, ɢ, ɛɭɞɭɱɢ 

ɜɫɬɪɟɜɨɠɟɧɧɵɦɢ, ɫɟɤɪɟɬɢɪɨɜɚɬɶ ɢɯ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɩɨɪɵ ɜ ɦɨɪɫɤɭɸ ɜɨɞɭ. 

Ƚɞɟ ɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ ɫɭɛɫɬɪɚɬɚ ɪɚɫɬɜɨɪɟɧɧɵɦ ɜ ɜɨɞɟ 

ɤɢɫɥɨɪɨɞɨɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɸɰɢɮɟɪɚɡɵ ɫ ɢɡɥɭɱɟɧɢɟɦ ɫɜɟɬɚ (ɫ ɦɚɤɫɢɦɭɦɨɦ 

ɷɦɢɫɫɢɢ ɨɤɨɥɨ 485 ɧɦ). ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɧɟɡɚɩɧɨɟ ɫɜɟɱɟɧɢɟ, ɨɫɥɟɩɥɹɟɬ 

ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɬɟɦɧɨɬɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɯɢɳɧɢɤɨɜ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɭ ɪɚɱɤɚ 

ɩɨɹɜɥɹɟɬɫɹ ɜɪɟɦɹ ɫɤɪɵɬɶɫɹ.  

 

 
Ɋɢɫɭɧɨɤ 1 – ɂɡɨɛɪɚɠɟɧɢɟ ɜɟɫɥɨɧɨɝɨɣ ɤɨɩɟɩɨɞɵ Metridia pacifica. ɍɤɚɡɚɧɨ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɠɟɥɟɡ, ɫɟɤɪɟɬɢɪɭɸɳɢɯ ɥɸɰɢɮɟɪɚɡɭ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ [19] 

 

Ʌɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ ɤɚɤ ɨɛɵɱɧɵɟ ɮɟɪɦɟɧɬɵ ɞɟɥɚɸɬ ɧɟɫɤɨɥɶɤɨ 

ɨɛɨɪɨɬɨɜ, ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɪɚɛɚɬɵɜɚɹ ɫɭɛɫɬɪɚɬ [4,18] ɋɯɟɦɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ 

ɪɟɚɤɰɢɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɫɢɝɧɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɩɨɞɴɟɦɚ ɢ ɛɵɫɬɪɵɦ ɡɚɬɭɯɚɧɢɟɦ ɩɨɬɨɤɚ ɮɨɬɨɧɨɜ ɫɨ 

ɜɪɟɦɟɧɟɦ, ɷɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɤɢɧɟɬɢɤɚ ɬɢɩɚ «ɜɫɩɵɲɤɚ». 
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Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ 

ɤɨɩɟɩɨɞɧɵɦɢ ɥɸɰɢɮɟɪɚɡɚɦɢ  

 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ 

ɤɨɩɟɩɨɞ ɫɥɭɠɢɬ ɰɟɥɟɧɬɟɪɚɡɢɧ. ɋ ɩɨɦɨɳɶɸ ɦɟɱɟɧɵɯ ɢɡɨɬɨɩɚɦɢ L - ɚɦɢɧɨɤɢɫɥɨɬ 

ɞɥɹ ɤɨɪɦɥɟɧɢɹ ɪɚɤɨɜ Metridia pacifica ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɩɟɩɨɞɵ 

ɫɢɧɬɟɡɢɪɭɸɬ ɰɟɥɟɧɬɟɪɚɡɢɧ ɢɡ ɞɜɭɯ ɦɨɥɟɤɭɥ ɬɢɪɨɡɢɧɚ ɢ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ 

ɮɟɧɢɥɚɥɚɧɢɧɚ. ɉɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɧɟɪɢɛɨɫɨɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɰɢɤɥɢɡɚɰɢɟɣ ɬɪɢɩɟɩɬɢɞɚ (H2N – Phe 

– Tyr – Tyr – COOH) ɩɨɷɬɚɩɧɨ (Ɋɢɫɭɧɨɤ 3) [4].  

 

 
Ɋɢɫɭɧɨɤ 3 – ȼɨɡɦɨɠɧɚɹ ɫɯɟɦɚ ɛɢɨɫɢɧɬɟɡɚ ɰɟɥɟɧɬɟɪɚɡɢɧɚ ɤɨɩɟɩɨɞɚɦɢ ɢɡ ɩɪɢɪɨɞɧɵɯ 

ɚɦɢɧɨɤɢɫɥɨɬ: ɞɜɭɯ ɦɨɥɟɤɭɥ ɬɢɪɨɡɢɧɚ ɢ ɨɞɧɨɣ ɮɟɧɢɥɚɥɚɧɢɧɚ, ɩɭɬɟɦ ɰɢɤɥɢɡɚɰɢɢ ɬɪɢɩɟɩɬɢɞɚ. 

ɉɭɧɤɬɢɪɨɦ ɩɨɦɟɱɟɧɨ ɪɚɡɞɟɥɟɧɢɟ ɰɟɥɟɧɬɟɪɚɡɢɧɚ ɧɚ ɢɫɯɨɞɧɵɟ ɱɚɫɬɢ [4] 
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ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɜɢɞɵ ɨɛɧɚɪɭɠɟɧɵ ɫɪɟɞɢ ɦɧɨɝɢɯ 

ɦɨɪɫɤɢɯ ɜɟɫɥɨɧɨɝɢɯ ɪɚɱɤɨɜ [20], ɝɟɧɵ, ɤɨɞɢɪɭɸɳɢɟ ɥɸɰɢɮɟɪɚɡɵ, ɛɵɥɢ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɬɨɥɶɤɨ ɞɥɹ ɬɪɟɯ ɫɟɦɟɣɫɬɜ Metridinidae, Heterorhabdidae ɢ 

Lucicutiidae ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɧɚɞɫɟɦɟɣɫɬɜɭ Augaptiloidea (Arietelloidea). 

Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɸɰɢɮɟɪɚɡ ɤɨɩɟɩɨɞ ɧɟ ɜɵɹɜɢɥɢ 

ɝɨɦɨɥɨɝɢɸ ɫ ɥɸɛɵɦɢ ɞɪɭɝɢɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɜ ɨɛɳɟɞɨɫɬɭɩɧɵɯ ɛɚɡɚɯ 

ɞɚɧɧɵɯ, ɜɤɥɸɱɚɹ ɤɥɨɧɢɪɨɜɚɧɧɵɟ ɦɨɪɫɤɢɟ ɥɸɰɢɮɟɪɚɡɵ ɫɟɦɟɣɫɬɜ Renilla, 

Oplophorus ɢ Cypridina, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɫɭɛɫɬɪɚɬ ɰɟɥɟɬɟɪɚɡɢɧ ɢɥɢ ɫɬɪɭɤɬɭɪɧɨ ɫɯɨɠɢɣ ɫ ɧɢɦ 

Cypridina-ɥɸɰɢɮɟɪɢɧ [4]. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɬɨɝɨ 

ɤɥɚɫɫɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ ɨɬ ɟɞɢɧɨɣ ɩɪɟɞɤɨɜɨɣ ɮɨɪɦɵ [11]. 

 

1.3.1 ɉɟɪɜɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ 

 

ɉɟɪɜɵɟ ɝɟɧɵ ɤȾɇɄ ɤɨɩɟɩɨɞ, ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɤɢ ɫ ɥɸɰɢɮɟɪɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ GpLuc ɢ MLuc, ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɢɡ ɤɨɩɟɩɨɞ G. princeps ɢ M. longa, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [4,21]. Ʌɸɰɢɮɟɪɚɡɚ GpLuc ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ 

ɤɨɦɦɟɪɱɟɫɤɢɦ ɩɪɟɞɥɨɠɟɧɢɟɦ ɤɨɦɩɚɧɢɢ Prolume (ɋɒȺ) ɢ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ 

ɫɬɚɥɚ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ: ɨɰɟɧɤɚ 

ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɢɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɚ ɛɟɥɤɨɜ  

in vivo, ɩɪɨɜɟɞɟɧɢɟ ɜɵɫɨɤɨɩɨɬɨɱɧɵɯ ɫɤɪɢɧɢɧɝɨɜ ɧɚ ɠɢɜɵɯ ɤɥɟɬɤɚɯ ([22,23] ɢ 

ɞɪ.). Ȼɥɚɝɨɞɚɪɹ ɩɨɫɬɟɩɟɧɧɨɦɭ ɧɚɤɨɩɥɟɧɢɸ ɡɧɚɧɢɣ ɨ ɫɜɨɣɫɬɜɚɯ ɢɡɨɮɨɪɦ 

ɥɸɰɢɮɟɪɚɡ MLuc ɨɧɢ ɬɚɤɠɟ ɨɛɪɟɬɚɸɬ ɜɫё ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɢɤɥɚɞɧɵɯ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɥɹɯ ɜ ɤɚɱɟɫɬɜɟ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɦɟɬɨɤ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɛɨɥɟɟ 40 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɤȾɇɄ ɞɥɹ ɫɟɤɪɟɬɢɪɭɟɦɵɯ ɥɸɰɢɮɟɪɚɡ ɢɡ 12 ɜɢɞɨɜ ɜɟɫɥɨɧɨɝɢɯ ɪɚɱɤɨɜ ɢ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɫɟ ɝɟɧɵ ɤɨɞɢɪɭɸɬ ɥɸɰɢɮɟɪɚɡɵ, ɢɦɟɸɳɢɟ ɧɚ N-ɤɨɧɰɟ 

ɫɢɝɧɚɥɶɧɵɣ ɩɟɩɬɢɞ ɢɡ 17-22 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ. ɗɬɨɬ ɩɟɩɬɢɞ ɨɬɜɟɱɚɟɬ ɡɚ 

ɜɧɟɤɥɟɬɨɱɧɭɸ ɫɟɤɪɟɰɢɸ, ɨɬɳɟɩɥɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɮɟɪɦɟɧɬɨɦ ɫɢɝɧɚɥɶɧɨɣ 
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ɩɟɩɬɢɞɚɡɨɣ [18]. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɥɟɬɤɢ ɧɚɫɟɤɨɦɵɯ [24,25] ɢ 

ɦɥɟɤɨɩɢɬɚɸɳɢɯ [11,19,26] ɷɮɮɟɤɬɢɜɧɨ ɫɟɤɪɟɬɢɪɭɸɬ ɢɫɫɥɟɞɨɜɚɧɧɵɟ 

ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɫ ɩɪɢɪɨɞɧɵɦ ɫɢɝɧɚɥɶɧɵɦ ɩɟɩɬɢɞɨɦ.  

Ʌɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 2 ɱɚɫɬɢ: ɜɚɪɢɚɛɟɥɶɧɵɣ 

N-ɤɨɧɟɰ ɢ ɋ-ɤɨɧɰɟɜɭɸ ɤɨɧɫɟɪɜɚɬɢɜɧɭɸ ɱɚɫɬɶ. Ʉɨɧɫɟɪɜɚɬɢɜɧɚɹ ɋ-ɤɨɧɰɟɜɚɹ 

ɱɚɫɬɶ ɥɸɰɢɮɟɪɚɡɵ ɮɨɪɦɢɪɭɟɬɫɹ ɞɜɭɦɹ ɧɟɢɞɟɧɬɢɱɧɵɦɢ ɬɚɧɞɟɦɧɵɦɢ ɩɨɜɬɨɪɚɦɢ 

ɞɥɢɧɨɣ ɨɤɨɥɨ 70 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ 

ɜɵɫɨɤɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɭɱɚɫɬɨɤ (ɦɨɬɢɜ) ɢɡ 32 ɚɦɢɧɨɤɢɫɥɨɬ. Ʉɚɠɞɵɣ ɦɨɬɢɜ 

ɜɤɥɸɱɚɟɬ 5 ɨɫɬɚɬɤɨɜ Cys, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɧɚɥɢɱɢɟ ɞɨ ɩɹɬɢ ɞɢɫɭɥɶɮɢɞɧɵɯ 

ɫɜɹɡɟɣ ɧɚ ɤɚɠɞɭɸ ɦɨɥɟɤɭɥɭ ɥɸɰɢɮɟɪɚɡɵ [4,27]. ȼɟɪɨɹɬɧɨ, ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ 

ɱɢɫɥɚ S-S-ɫɜɹɡɟɣ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɟɤɪɟɬɢɪɭɟɦɵɯ ɛɟɥɤɨɜ, ɨɩɪɟɞɟɥɹɟɬ 

ɡɧɚɱɢɬɟɥɶɧɭɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ [5]. 

 
Ɋɢɫɭɧɨɤ 4 – ɋɪɚɜɧɟɧɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɡɨɮɨɪɦ MLuc ɫ 

GpLuc. ɋɟɪɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧ ɫɢɝɧɚɥɶɧɵɣ ɩɟɩɬɢɞ, ɡɟɥɟɧɵɦ ɜɵɞɟɥɟɧɵ ɰɢɫɬɟɢɧɨɜɵɟ 

ɨɫɬɚɬɤɢ, ɤɨɧɫɟɪɜɚɬɢɜɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɨ ɜɫɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ. 

Ʉɪɚɫɧɵɟ – ɢɞɟɧɬɢɱɧɵɟ, ɫɢɧɢɟ – ɫɯɨɠɢɟ ɩɨ ɫɜɨɣɫɬɜɚɦ, ɱɟɪɧɵɟ – ɪɚɡɥɢɱɧɵɟ ɨɫɬɚɬɤɢ 
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ɇɚɥɢɱɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɚ, ɱɬɨ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɚɝɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɞɢɬɢɨɬɪɟɢɬɨɥ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɩɨɥɧɨɣ 

ɢɧɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɚ [28]. Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ 

ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡɵ M. longa ɢ ɥɸɰɢɮɟɪɚɡɵ G. princeps ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 4. 

 

1.3.2 ɂɡɨɮɨɪɦɵ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ 

 

ȼ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɜɢɞɚ ɭ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɨɩɟɩɨɞ (M. longa, 

M. pacifica, M. oktotensis) ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡ, ɪɚɡɥɢɱɢɹ ɜ 

ɝɨɦɨɥɨɝɢɱɧɨɫɬɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ 

ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɦɟɠɜɢɞɨɜɵɦɢ. ɗɬɢ ɞɚɧɧɵɟ ɦɨɝɭɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ 

ɢɡɨɮɨɪɦɵ ɤɨɞɢɪɭɸɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɧɟɚɥɥɟɥɶɧɵɦɢ ɝɟɧɚɦɢ. Ɍɚɤ, ɭ ɤɨɩɟɩɨɞɵ 

Metridia longa ɢɦɟɟɬɫɹ 4 ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ MLuc, ɢ ɢɞɟɧɬɢɱɧɨɫɬɶ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɡɨɮɨɪɦ MLuc164 ɢ MLuc7 M. longa ɫɨɫɬɚɜɥɹɟɬ 68%, 

MLuc164 ɢ MLuc2 ɜɫɟɝɨ 54% (Ɋɢɫɭɧɨɤ 4). Ɍɚɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢ 

ɤ 57%-ɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ MLuc164 ɢ ɥɸɰɢɮɟɪɚɡɵ GpLuc ɢɡ 

Gaussia princeps – ɜɢɞɚ ɤɨɩɟɩɨɞ ɢɡ ɞɪɭɝɨɝɨ ɪɨɞɚ ɬɨɝɨ ɠɟ ɫɟɦɟɣɫɬɜɚ Metridinidae 

[4,21].  

Ɉɫɧɨɜɧɵɦ ɨɛɴɟɤɬɨɦ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɭɠɢɥɚ MLuc164 

ɢɡɨɮɨɪɦɚ ɥɸɰɢɮɟɪɚɡɵ Metridia, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɣ ɤɥɨɧɢɪɨɜɚɧɧɨɣ 

ɥɸɰɢɮɟɪɚɡɨɣ M. longa ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɧɨ ɞɨ ɫɢɯ ɩɨɪ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ 

ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡɵ Metridia MLuc164 ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɞɥɢɧɧɨɣ (~22 ɤȾɚ) ɢ 

ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɦ ɫɩɚɞɨɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ, ɱɬɨ ɛɨɥɟɟ 

ɭɞɨɛɧɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ, ɨɫɨɛɟɧɧɨ ɞɥɹ 

ɜɵɫɨɤɨɩɨɬɨɱɧɵɯ ɦɟɬɨɞɨɜ ɫɤɪɢɧɢɧɝɚ ɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ in vivo 

ɪɟɩɨɪɬɟɪɚ ɜ ɠɢɜɨɬɧɵɯ ɬɤɚɧɹɯ. 
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1.3.3 Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɩɨɪɬɟɪɧɵɯ ɫɜɨɣɫɬɜ ɥɸɰɢɮɟɪɚɡ 

 

ɉɨɬɪɟɛɧɨɫɬɢ ɜ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɚɯ ɢ ɢɯ ɫɭɛɫɬɪɚɬɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɜɫɟ ɛɨɥɶɲɟ ɜɨɡɪɚɫɬɚɸɬ ɜ ɫɜɹɡɢ ɫ ɛɵɫɬɪɵɦ ɪɚɡɜɢɬɢɟɦ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ, ɚ ɬɚɤɠɟ ɩɪɢɤɥɚɞɧɵɯ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɫɟ ɛɢɨɥɸɦɢɧɢɫɰɟɧɬɧɵɟ ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɬɟ ɢɥɢ ɢɧɵɟ 

ɧɟɞɨɫɬɚɬɤɢ ɞɥɹ ɰɟɥɟɣ ɛɢɨɢɦɢɞɠɢɧɝɚ. ɇɚɩɪɢɦɟɪ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɦɟɸɳɢɯɫɹ ɜ 

ɩɪɢɪɨɞɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ ɢɡɥɭɱɚɸɬ ɜ ɝɨɥɭɛɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ. 

Ɍɚɤɨɟ ɢɡɥɭɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨ ɩɨɝɥɨɳɚɟɬɫɹ ɨɫɧɨɜɧɵɦ ɬɤɚɧɟɜɵɦ ɯɪɨɦɨɮɨɪɨɦ 

ɝɟɦɨɝɥɨɛɢɧɨɦ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɫɢɝɧɚɥ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ 

ɬɤɚɧɢ, ɫɢɥɶɧɨ ɨɫɥɚɛɟɜɚɟɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɧɨɝɢɟ ɥɸɰɢɮɟɪɚɡɵ ɢɦɟɸɬ ɞɨɜɨɥɶɧɨ 

ɧɢɡɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɩɬɢɦɭɦ ɚɤɬɢɜɧɨɫɬɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɪɝɚɧɢɡɦɚ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɧɢɠɚɟɬɫɹ. Ʉɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɨɛɥɚɞɚɸɬ ɤɢɧɟɬɢɤɨɣ ɬɢɩɚ «ɜɫɩɵɲɤɚ», ɱɬɨ 

ɭɫɥɨɠɧɹɟɬ ɞɟɬɟɤɰɢɸ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ in vivo ɢ 

ɬɪɟɛɭɟɬ ɛɢɨɥɸɦɢɧɨɦɟɬɪɵ, ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɫɢɫɬɟɦɨɣ ɜɩɪɵɫɤɚ ɫ ɧɟɦɟɞɥɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɟɣ ɫɢɝɧɚɥɚ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ in vitro. 

ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɩɨɢɫɤɭ ɧɨɜɵɯ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 

ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɛɟɥɤɨɜ ɦɟɬɨɞɚɦɢ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɜɨɥɸɰɢɢ. Ʉɚɤ ɪɟɡɭɥɶɬɚɬ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ 

ɨɛɥɚɫɬɢ ɛɵɥ ɩɨɥɭɱɟɧ ɪɹɞ ɦɭɬɚɧɬɨɜ GpLuc ɢ MLuc, ɨɛɥɚɞɚɸɳɢɯ ɤɚɤ ɜɵɫɨɤɨɣ 

ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɬɚɤ ɢ ɦɟɞɥɟɧɧɵɦ ɫɩɚɞɨɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ 

[29–31]. Ⱦɜɨɣɧɨɣ ɦɭɬɚɧɬ GpLuc (M60L–M127L) [32] ɢɦɟɥ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 14 

ɪɚɡ ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɣ ɫɩɚɞ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɚ ɭɞɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɤɚɤ ɭ 

GpLuc ɞɢɤɨɝɨ ɬɢɩɚ. Ʉɪɨɦɟ ɬɨɝɨ ɩɨɥɭɱɟɧ ɡɟɥɟɧɵɣ ɜɚɪɢɚɧɬ ɥɸɰɢɮɟɪɚɡɵ Gaussia, 

ɩɨɥɭɱɢɜɲɢɣ ɧɚɡɜɚɧɢɟ «Monsta», ɢɦɟɜɲɢɣ 4 ɦɭɬɚɰɢɢ (F89W/I90L/H95E/Y97W), 

ɫ ɷɦɢɫɫɢɟɣ Ȝ=503 ɧɦ ɢ 5-ɤɪɚɬɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ [33].  
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1.4 ɉɪɢɦɟɧɟɧɢɟ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɞɥɹ in vivo ɢ in vitro 

ɜɢɡɭɚɥɢɡɚɰɢɢ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɤɪɟɬɢɪɭɟɦɵɟ ɥɸɰɢɮɟɪɚɡɵ ɢɡ ɤɨɩɟɩɨɞ Metridia longa 

ɢ Gaussia princeps ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ 

ɪɟɩɨɪɬɟɪɨɜ, ɜ ɪɚɡɥɢɱɧɵɯ in vivo ɢ in vitro ɚɧɚɥɢɡɚɯ. Ɍɟɯɧɨɥɨɝɢɢ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɦɢɞɠɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ 

ɩɨɡɜɨɥɹɸɬ ɜɫɟɫɬɨɪɨɧɧɟ ɢɡɭɱɢɬɶ ɪɚɡɥɢɱɧɵɟ ɫɥɨɠɧɵɟ ɩɪɨɰɟɫɫɵ – ɪɨɫɬ ɤɥɟɬɨɤ ɢ 

ɢɯ ɦɢɝɪɚɰɢɸ, ɬɪɚɧɫɩɨɪɬ ɢɧɬɟɪɟɫɭɸɳɢɯ ɛɟɥɤɨɜ, ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ, 

ɦɟɠɛɟɥɤɨɜɵɟ ɢ ɥɢɝɚɧɞ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɢɦɦɭɧɨɞɟɬɟɤɰɢɸ ɚɧɚɥɢɬɨɜ ɜ 

ɩɪɨɛɟ, ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɢɥɢ ɢɯ ɢɧɮɢɰɢɪɨɜɚɧɧɨɫɬɶ ɢ ɬ.ɞ. 

Ⱥɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ 

ɩɪɨɫɬɚɹ ɪɟɚɤɰɢɹ, ɧɟ ɬɪɟɛɭɸɳɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɮɚɤɬɨɪɨɜ, ɜɵɫɨɤɚɹ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɧɢɡɤɢɣ ɩɪɟɞɟɥ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɲɢɪɨɤɢɣ 

ɥɢɧɟɣɧɵɣ ɞɢɚɩɚɡɨɧ ɞɟɬɟɤɰɢɢ. Ʌɢɧɟɣɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɫɜɟɬɨɜɨɝɨ ɫɢɝɧɚɥɚ 

ɥɸɰɢɮɟɪɚɡɵ ɫ ɟё ɤɨɧɰɟɧɬɪɚɰɢɟɣ [24,28,29,34] ɢɥɢ ɤɨɥɢɱɟɫɬɜɨɦ ɤɥɟɬɨɤ, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɥɸɰɢɮɟɪɚɡɭ [26,35,36], ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨ ɦɧɨɝɢɯ 

ɪɚɛɨɬɚɯ. Ⱦɚɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɞɟɥɚɸɬ ɢɯ ɩɪɢɝɨɞɧɵɦɢ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɤ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ.  

 

1.4.1 Ʉɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɟ ɚɧɚɥɢɡɵ ɞɥɹ ɨɰɟɧɤɢ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

 

ɂɡɭɱɟɧɢɟ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜɚɠɧɨ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɪɚɛɨɬɵ 

ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɟɪɦɟɧɬɨɜ, ɪɟɰɟɩɬɨɪɨɜ, 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɥɢɝɚɧɞɨɜ ɧɚ ɚɫɫɨɰɢɚɰɢɸ ɤɨɦɩɥɟɤɫɨɜ ɢ ɬ.ɞ. Ɍɚɤɢɟ ɫɟɬɢ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɚɡɵɜɚɸɬ ɢɧɬɟɪɚɤɬɨɦɨɦ [37]. 
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Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɪɚɝɦɟɧɬɨɜ 

ɥɸɰɢɮɟɪɚɡ. Ȼɟɥɤɢ-ɦɢɲɟɧɢ ɨɛɨɡɧɚɱɟɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚɦɢ (Ⱥ, B) 

 

ɋɟɝɨɞɧɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɛɟɥɨɤ-

ɛɟɥɤɨɜɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ, ɩɪɨɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɯ (ɢɥɢ 

«split» ɨɬ ɚɧɝɥ.  – «ɪɚɫɳɟɩɥɟɧɢɟ») ɚɧɚɥɢɡɨɜ [38,39].  

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɧɟɚɤɬɢɜɧɵɯ [40] 

ɮɪɚɝɦɟɧɬɨɜ ɪɟɩɨɪɬɟɪɧɨɣ ɦɨɥɟɤɭɥɵ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɫɲɢɬ ɫ 

ɢɧɬɟɪɟɫɭɸɳɢɦɢ ɛɟɥɤɚɦɢ. ȼɨ ɜɪɟɦɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɟɥɤɨɜ-ɦɢɲɟɧɟɣ ɞɜɚ 

ɪɚɫɳɟɩɥёɧɧɵɯ ɮɪɚɝɦɟɧɬɚ ɫɬɟɪɢɱɟɫɤɢ ɫɛɥɢɠɚɸɬɫɹ ɢ ɨɛɪɚɡɭɸɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɚɤɬɢɜɧɵɣ ɪɟɩɨɪɬɟɪ (Ɋɢɫɭɧɨɤ 5). Ʉɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɟɥɤɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɤɚɤɢɦɢ-ɥɢɛɨ ɯɚɪɚɤɬɟɪɧɵɦɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɋɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɹɸɬ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɥɤɨɜ ɫ ɥɢɝɚɧɞɚɦɢ ɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɪɢ ɢɯ 

ɛɥɢɡɤɨɦ ɜɡɚɢɦɨɪɚɫɩɨɥɨɠɟɧɢɢ, ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ 

ɛɟɥɤɚɯ ɢ ɩɟɩɬɢɞɚɯ, ɤɨɦɩɥɟɦɟɧɬɚɰɢɸ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɞɟɣɫɬɜɢɟɦ ɩɪɨɬɟɚɡ ɢ ɬ.ɞ. 

[41].  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɥɹ ɬɚɤɨɝɨ ɪɨɞɚ ɚɧɚɥɢɡɨɜ ɢɫɩɨɥɶɡɭɸɬ ɭɛɢɤɜɢɬɢɧ 

[42], ɞɢɝɢɞɪɨɮɨɥɚɬ ɪɟɞɭɤɬɚɡɭ [43], β-ɥɚɤɬɚɦɚɡɭ [44], TEV-ɩɪɨɬɟɚɡɭ[45] ɢ ɞɪ. 

Ɉɞɧɨɣ ɢɡ ɩɨɩɭɥɹɪɧɵɯ ɫɢɫɬɟɦ, ɬɚɤɠɟ ɩɨɡɜɨɥɹɸɳɢɯ ɨɰɟɧɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ 



19 
 

ɤɨɦɩɥɟɤɫɨɜ ɛɟɥɨɤ-ɛɟɥɨɤ ɢɥɢ ɛɟɥɨɤ-ȾɇɄ ɹɜɥɹɟɬɫɹ ɞɜɭɯɝɢɛɪɢɞɧɚɹ ɫɢɫɬɟɦɚ 

(«Yeast  two-hybrid  system»,  Y2H) [46].  

Ɉɫɨɛɟɧɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɞɥɹ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɯ ɚɧɚɥɢɡɨɜ 

ɹɜɥɹɸɬɫɹ ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɛɟɥɤɢ (GFP ɢ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɢ [47–49]), ɚ ɬɚɤɠɟ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɛɟɥɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɧɨɝɢɟ ɢɡɜɟɫɬɧɵɟ ɥɸɰɢɮɟɪɚɡɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɬɪɟɬɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɢ ɨɞɧɨɣ ɢɡ ɢɡɜɟɫɬɧɵɯ 

ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ, ɛɵɥɚ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɨɦ 

ɚɧɚɥɢɡɟ. Ɍɚɤ, ɫɩɨɫɨɛɧɨɫɬɶ ɥɸɰɢɮɟɪɚɡɵ Gaussia ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ 

ɮɪɚɝɦɟɧɬɵ ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɩɭɬɟɦ ɨɬɛɨɪɚ ɩɚɪ ɮɪɚɝɦɟɧɬɨɜ GpLuc ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɬɨɱɤɚɦɢ ɪɚɫɳɟɩɥɟɧɢɹ, ɫɩɨɫɨɛɧɵɦɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɨɩɬɢɦɚɥɶɧɚɹ ɩɚɪɚ 

ɮɪɚɝɦɟɧɬɨɜ (GpLuc1-93 ɢ GpLuc94-169), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɬɞɟɥɶɧɵɦ 

ɬɚɧɞɟɦɧɵɦ ɩɨɜɬɨɪɚɦ ɥɸɰɢɮɟɪɚɡɵ [30]. ɉɨɥɭɱɢɜɲɢɟɫɹ ɮɪɚɝɦɟɧɬɵ 

ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɩɪɟɞɟɥɶɧɨ ɦɚɥɵɟ ɞɨɦɟɧɵ (9-10 ɤȾɚ) ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ 

ɰɟɥɟɜɵɦ ɛɟɥɤɚɦ, ɱɬɨ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɫɬɨɬɭ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 

ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɨɦɩɥɟɦɟɧɬɚɰɢɹ N- ɢ C-

ɤɨɧɰɟɜɵɯ ɮɪɚɝɦɟɧɬɨɜ GpLuc ɩɪɢɜɟɥɚ ɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɬɨɥɶɤɨ 10% ɧɚɱɚɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ, ɷɬɨ ɡɧɚɱɟɧɢɟ ɛɵɥɨ ɫɨɩɨɫɬɚɜɢɦɨ ɢɥɢ ɩɪɟɜɵɲɚɥɨ ɫɩɟɰɢɮɢɱɧɨɫɬɶ 

ɥɸɰɢɮɟɪɚɡ RLuc ɢ FLuc, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɯ ɚɧɚɥɢɡɚɯ 

[26,50].  

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɚɪɢɚɰɢɢ «ɫɩɥɢɬ»-ɚɧɚɥɢɡɨɜ ɧɚ 

ɨɫɧɨɜɟ ɮɪɚɝɦɟɧɬɨɜ ɥɸɰɢɮɟɪɚɡɵ Gaussia ɩɨɡɜɨɥɢɥɢ ɨɰɟɧɢɬɶ ɚɫɫɨɰɢɚɰɢɢ 

ɯɟɦɨɤɢɧɨɜ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɪɟɰɟɩɬɨɪɚɦɢ ɧɚ ɭɪɨɜɧɟ ɤɥɟɬɨɤ ɢ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɦɵɲɟɣ [23], ɢɫɫɥɟɞɨɜɚɬɶ ɢɧɬɟɪɚɤɬɨɦ ɜ ɩɚɬɨɝɟɧɧɨɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɟ  Salmonella 

enterica [51]. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɨɫɧɨɜɟ ɮɪɚɝɦɟɧɬɨɜ GpLuc ɩɪɨɜɟɞɟɧɵ 

ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɟ ɚɧɚɥɢɡɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɦɟɪɢɡɚɰɢɢ ɛɟɥɤɚ APP 

(ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɚɦɢɥɨɢɞɧɵɯ ɩɟɩɬɢɞɨɜ) [52,53], ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɢ 

ɜɢɡɭɚɥɢɡɚɰɢɹ ɬɪɚɧɫɩɨɪɬɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɤɚɥɶɰɢɹ ɩɪɢ ɫɥɢɹɧɢɢ ɱɚɫɬɟɣ 

ɥɸɰɢɮɟɪɚɡɵ ɫ ɤɚɥɶɦɨɞɭɥɢɧɨɦ [54] ɢ ɜɨ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ. 
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ɏɨɬɹ ɜɫɟ ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɟ ɚɧɚɥɢɡɵ, ɨɩɢɫɚɧɧɵɟ ɪɚɧɟɟ, ɛɵɥɢ 

ɪɚɡɪɚɛɨɬɚɧɵ ɫ ɮɪɚɝɦɟɧɬɚɦɢ ɥɸɰɢɮɟɪɚɡɵ Gaussia, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɪɭɝɢɟ 

ɥɸɰɢɮɟɪɚɡɵ ɩɪɨɹɜɥɹɸɳɢɟ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɝɨɦɨɥɨɝɢɢ ɫ GpLuc, ɚ ɬɚɤɠɟ 

ɦɭɬɚɧɬɵ CopLuc ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɟ ɪɟɩɨɪɬɟɪɵ ɞɥɹ ɬɚɤɨɝɨ 

ɪɨɞɚ ɚɧɚɥɢɡɨɜ. 

 

1.4.2 ɉɪɢɦɟɧɟɧɢɟ ɜ in vitro ɚɧɚɥɢɡɟ 

 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɚɯ ɦɟɞɢɰɢɧɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɛɨɥɶɲɭɸ ɞɨɥɸ 

ɡɚɧɢɦɚɸɬ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɚɧɚɥɢɡɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɵɹɜɥɟɧɢɢ 

ɚɮɮɢɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɧɬɢɝɟɧ-ɚɧɬɢɬɟɥɨ ɜ ɬɜɟɪɞɨɮɚɡɧɨɦ ɮɨɪɦɚɬɟ 

(ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɟ ɚɧɚɥɢɡɵ). 

ɋɟɝɨɞɧɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɟɪɦɟɧɬɧɵɟ ɦɟɬɤɢ, ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɟ ɫ 

ɚɧɬɢɬɟɥɚɦɢ, ɜ ɯɨɞɟ ɚɧɚɥɢɡɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɧɬɢɝɟɧ-ɚɧɬɢɬɟɥɨ ɨɰɟɧɢɜɚɟɬɫɹ 

ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɞɟɬɟɤɰɢɢ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɬɜɟɪɞɨɮɚɡɧɵɣ 

ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɢɥɢ ELISA («Enzyme linked immunosorbent assay»), 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɧɨɠɟɫɬɜɚ 

ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɯ ɚɧɚɥɢɬɨɜ, ɚ ɬɚɤɠɟ ɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɥɹɯ.  

ȼ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɦ ɚɧɚɥɢɡɟ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɧɵɯ ɦɨɥɟɤɭɥ 

ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɨɤɫɢɞɚɡɚ ɯɪɟɧɚ, β-D-ɝɚɥɚɤɬɨɡɢɞɚɡɚ, ɳɟɥɨɱɧɚɹ 

ɮɨɫɮɚɬɚɡɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɥɟɜɨɝɨ ɚɧɚɥɢɬɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɜɜɟɞɟɧɢɹ ɜ ɨɞɢɧ 

ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɦɟɬɤɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɟɟ ɞɟɬɟɤɰɢɟɣ ɫ 

ɩɨɦɨɳɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɭɛɫɬɪɚɬɚ, ɢɡɦɟɧɹɸɳɟɝɨ ɫɜɨɸ ɨɤɪɚɫɤɭ. ɉɪɢ ɷɬɨɦ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɪɚɫɤɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɤɨɦɨɝɨ 

ɚɧɬɢɝɟɧɚ [55]. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɞɚɧɧɵɟ ɦɟɬɤɢ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɤɚɤ 

ɩɪɨɫɬɵɟ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɚɝɟɧɬɨɜ, ɜɫɟ ɠɟ ɨɧɢ ɢɦɟɸɬ 

ɧɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ. Ɋɚɡɜɢɬɢɟ ɨɤɪɚɫɤɢ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ 

ɨɤɪɭɠɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɤɪɚɲɢɜɚɧɢɟ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 

ɧɟɪɚɜɧɨɦɟɪɧɨ, ɚ ɬɚɤɠɟ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɜɧɨɫɢɬɶ «ɫɬɨɩ»-ɪɟɚɝɟɧɬ ɞɥɹ 

ɨɫɬɚɧɨɜɤɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɚɧɚɥɢɡɚ. 
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ɋɟɝɨɞɧɹ ɦɟɬɤɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɢ 

ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ, ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɞɥɹ ɢɦɦɭɧɨɚɧɚɥɢɡɨɜ, ɢ ɜ 

ɤɚɱɟɫɬɜɟ ɛɢɨɫɩɟɰɢɮɢɱɟɫɤɢɯ ɞɨɦɟɧɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɧɬɢɬɟɥɚ ɢɥɢ ɚɩɬɚɦɟɪɵ [56–

59]. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɦɦɭɧɨɚɧɚɥɢɡɚ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 6. 

 
Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɦɦɭɧɨɚɧɚɥɢɡɚ 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɭɠɟ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɦɦɭɧɨɚɧɚɥɢɡɚ ɧɚ ɨɫɧɨɜɟ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ Gaussia 

ɢ Metridia. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɜ 

ɤɚɱɟɫɬɜɟ ɦɟɬɨɤ ɞɥɹ in vitro ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɪɨɜɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ 

ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɨɛɧɚɪɭɠɟɧɢɹ ɚɧɚɥɢɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ 

ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɬɟɫɬɵ, ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɚɧɚɥɢɡɚ ɢ, ɤɪɨɦɟ 

ɬɨɝɨ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ, ɱɟɦ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɚɹ ɫɟɤɪɟɬɢɪɭɟɦɚɹ 

ɳɟɥɨɱɧɚɹ ɮɨɫɮɚɬɚɡɚ (SEAP) [60,61]. 

ȼ ɢɦɦɭɧɨɚɧɚɥɢɡɚɯ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɵɟ ɦɟɬɤɢ, 

ɫɥɭɠɚɳɢɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɜ ɨɛɧɚɪɭɠɟɧɢɢ ɚɝɟɧɬɨɜ ɫ ɩɨɦɨɳɶɸ  

ɚɜɢɞɢɧ-ɫɨɞɟɪɠɚɳɢɯ ɚɧɬɢɬɟɥ. Ɍɚɤ ɥɸɰɢɮɟɪɚɡɚ Gaussia ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɜ 

ɤɚɱɟɫɬɜɟ ɦɟɬɤɢ ɜ ɚɧɚɥɢɡɟ ɝɢɛɪɢɞɢɡɚɰɢɢ ȾɇɄ [34] ɢ ɨɛɟɫɩɟɱɢɜɚɥɚ ɞɟɬɟɤɰɢɸ ɫ 

ɩɪɟɞɟɥɨɦ ɨɛɧɚɪɭɠɟɧɢɹ 1 ɚɬɬɨɦɨɥɶ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɢɡɤɢɣ ɜɵɯɨɞ ɚɤɬɢɜɧɨɣ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɨɣ ɥɸɰɢɮɟɪɚɡɵ. Ɍɨɬ ɠɟ ɩɪɟɞɟɥ ɨɛɧɚɪɭɠɟɧɢɹ ɛɵɥ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɜ ɚɧɚɥɢɡɟ ɫɜɹɡɵɜɚɧɢɹ ɫ ɯɢɦɢɱɟɫɤɢ-ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɨɣ 

ɥɸɰɢɮɟɪɚɡɨɣ M. longa (MLuc39) in vitro, ɩɪɨɞɭɰɢɪɭɟɦɨɣ ɜ E.coli [28]. 
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Ⱥɜɬɨɪɵ ɢɫɫɥɟɞɨɜɚɧɢɹ [62] ɪɚɡɪɚɛɨɬɚɥɢ ɯɢɦɟɪɧɵɟ ɛɟɥɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

GpLuc ɞɥɹ ɞɟɬɟɤɰɢɢ ɚɭɬɨɚɧɬɢɬɟɥ ZnT8 (ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ ɩɪɢ ɞɢɚɛɟɬɟ 1 

ɬɢɩɚ). Ƚɢɛɪɢɞɧɵɣ ɛɟɥɨɤ ɩɪɨɞɭɰɢɪɨɜɚɥɫɹ ɜ ɫɟɤɪɟɬɢɪɭɟɦɨɦ ɜɢɞɟ ɜ ɤɥɟɬɤɚɯ 

ɧɚɫɟɤɨɦɵɯ ɢ ɡɚɬɟɦ ɩɪɢɦɟɧɹɥɫɹ ɛɟɡ ɤɚɤɨɣ-ɥɢɛɨ ɨɱɢɫɬɤɢ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 

ɚɭɬɨɚɧɬɢɬɟɥ ZnT8 ɜ ɫɵɜɨɪɨɬɤɚɯ ɩɚɰɢɟɧɬɨɜ ɫ ɞɢɚɛɟɬɨɦ 1 ɬɢɩɚ. Ⱥɜɬɨɪɵ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɛɪɢɞɧɨɝɨ ɛɟɥɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɚɭɬɨɚɧɬɢɬɟɥɚ ɫ 

ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɦ 

ɧɚɛɨɪɨɦ ELISA. Ⱦɪɭɝɢɦ ɞɟɣɫɬɜɟɧɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɛɢɨɫɩɟɰɢɮɢɱɟɫɤɨɣ ɦɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɦɟɞɥɟɧɧɨɝɨ ɦɭɬɚɧɬɚ ɥɸɰɢɮɟɪɚɡɵ Gaussia ɢ 

ɨɞɧɨɰɟɩɨɱɟɱɧɵɯ ɦɢɧɢɚɧɬɢɬɟɥ (scFv), ɫɩɟɰɢɮɢɱɧɵɯ ɤ ɤɨɪɬɢɡɨɥɭ [63]. Ȼɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ ɫ GpLuc-scFv ɛɵɥ ɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ, ɱɟɦ ɥɸɛɨɣ ɢɡ ɞɨɫɬɭɩɧɵx ɢɦɦɭɧɨɚɧɚɥɢɡɨɜ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 

ɤɨɪɬɢɡɨɥɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɤɪɨɦɟ ɬɨɝɨ ɧɟ ɬɪɟɛɨɜɚɥ ɧɚɥɢɱɢɹ ɩɥɚɧɲɟɬɧɨɝɨ 

ɥɸɦɢɧɨɦɟɬɪɚ ɫ ɫɢɫɬɟɦɨɣ ɛɵɫɬɪɨɝɨ ɜɩɪɵɫɤɚ ɫɭɛɫɬɪɚɬɚ. ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɤɥɢɧɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ ɜ ɤɚɱɟɫɬɜɟ 

ɦɟɬɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɚɧɚɥɢɬɚ ɜ 

ɲɢɪɨɤɨɦ ɥɢɧɟɣɧɨɦ ɞɢɚɩɚɡɨɧɟ [64,65], ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜ 

ɪɚɫɬɜɨɪɚɯ ɢ ɩɪɨɫɬɨɬɨɣ ɡɚɩɭɫɤɚɟɦɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ. ɗɬɢ ɫɜɨɣɫɬɜɚ 

ɞɚɸɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦɢ ɦɟɬɤɚɦɢ, 

ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ in vitro ɞɢɚɝɧɨɫɬɢɤɟ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ in vitro ɞɢɚɝɧɨɫɬɢɤɟ ɜɫɟ ɟɳɟ ɞɨɜɨɥɶɧɨ 

ɨɝɪɚɧɢɱɟɧɨ, ɜɫɥɟɞɫɬɜɢɟ ɬɪɭɞɧɨɫɬɟɣ ɩɨɥɭɱɟɧɢɹ ɚɤɬɢɜɧɵɯ ɤɨɩɟɩɨɞɧɵɯ 

ɥɸɰɢɮɟɪɚɡ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. 

 

1.4.3 ɉɪɨɜɟɞɟɧɢɟ ɜɵɫɨɤɨɩɨɬɨɱɧɵɯ ɫɤɪɢɧɢɧɝɨɜ 

 

ȼɵɫɨɤɨɩɨɬɨɱɧɵɣ ɫɤɪɢɧɢɧɝ (High-Throughput Screening, HTS) ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɧɚ ɩɭɬɢ ɨɬɛɨɪɚ ɢ ɚɧɚɥɢɡɚ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 
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ɨɛɥɚɞɚɸɳɢɯ ɤɥɢɧɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɟɬɟɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɛɟɥɤɨɜ, ɮɟɪɦɟɧɬɨɜ, 

ɪɟɰɟɩɬɨɪɨɜ ɢ ɬ.ɞ.  

ɇɟɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɤɚɬɚɥɢɡɢɪɭɸɳɢɯ ɪɟɚɤɰɢɸ 

ɨɤɢɫɥɟɧɢɹ ɫɭɛɫɬɪɚɬɚ ɛɟɡ ɧɚɥɢɱɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɮɚɤɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɤɪɟɰɢɢ, ɧɟ ɬɪɟɛɭɸɳɚɹ ɫɬɚɞɢɢ ɥɢɡɢɫɚ ɤɥɟɬɨɤ ɞɥɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɚɝɟɧɬɨɜ ɢ ɩɪɨɫɬɨɬɚ ɩɪɨɜɟɞɟɧɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɞɟɥɚɥɢ CopLucs ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɪɟɩɨɪɬɟɪɚɦɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɜɵɫɨɤɨɩɨɬɨɱɧɵɯ ɫɤɪɢɧɢɧɝɨɜ. 

Ɍɚɤ, ɧɚ ɨɫɧɨɜɟ HTS-ɚɧɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɸɰɢɮɟɪɚɡɵ Metridia ɛɵɥɨ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɛɨɥɟɟ ɞɟɜɹɬɢ ɬɵɫɹɱ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨ ɩɨɢɫɤɭ ɤɪɢɬɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɚɡɜɢɬɢɢ 

ɛɨɤɨɜɨɝɨ ɚɦɢɨɬɪɨɮɢɱɟɫɤɨɝɨ ɫɤɥɟɪɨɡɚ [66]. Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɪɟɩɨɪɬɟɪɧɚɹ 

ɫɢɫɬɟɦɚ HTS-ɚɧɚɥɢɡɚ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɢɧɞɭɰɢɪɭɟɦɵɯ ɤɥɟɬɨɱɧɨɣ 

ɝɢɩɨɤɫɢɟɣ (HIF) [67]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ 

ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɚɝɟɧɬɵ, ɜɵɡɵɜɚɸɳɢɟ ɝɢɩɨɤɫɢɸ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɥɸɰɢɮɟɪɚɡɵ GpLuc ɛɵɥ ɫɨɡɞɚɧ 

ɩɫɟɜɞɨɢɧɮɟɤɰɢɨɧɧɵɣ ɜɢɪɭɫ-ɪɟɩɨɪɬɟɪ Ɂɚɩɚɞɧɨɝɨ ɇɢɥɚ, ɤɨɬɨɪɵɣ ɛɵɥ 

ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɫɤɪɢɧɢɧɝɚ ɚɧɬɢɜɢɪɭɫɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ [68]. 

ɋɢɫɬɟɦɵ ɫɤɪɢɧɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɥɸɰɢɮɟɪɚɡ MLuc ɢ GpLuc ɛɵɥɢ 

ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɢɤɪɨɊɇɄ (miRNAs) ɜ ɮɨɪɦɚɬɟ HTS, ɤɨɬɨɪɵɟ, 

ɩɨɞɚɜɥɹɸɬ ɝɥɨɛɚɥɶɧɭɸ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ ɢ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɚɡɥɢɱɧɵɯ 

ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɚɯ. ɇɚɩɪɢɦɟɪ, ɦɨɧɢɬɨɪɢɧɝ ɚɤɬɢɜɧɨɫɬɢ miR-15/16 miRNAs, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɞɚɜɥɹɬɶ ɷɤɫɩɪɟɫɫɢɸ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɨɝɨ ɛɟɥɤɚ BCL-2, 

ɩɪɨɜɨɞɢɥɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɨɩɭɥɹɰɢɢ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ 

ɩɭɬɟɦ ɨɬɛɨɪɚ ɚɥɢɤɜɨɬ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɩɨɪɬɟɪɧɨɝɨ 

ɝɟɧɚ MLuc ɫ ɰɟɥɟɜɨɣ miR-15/6 ɜ ɟɟ 3’-ɧɟɬɪɚɧɫɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ (3’ UTR) [69]. 

Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɤɚɡɵɜɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɤɨɧɤɪɟɬɧɨɣ miRNA, ɤɨɬɨɪɚɹ ɤɨɪɪɟɥɢɪɭɟɬ 

ɫ ɚɤɬɢɜɧɨɫɬɶɸ ɪɟɩɨɪɬɟɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ-ɦɢɲɟɧɶ ɞɥɹ ɷɬɨɣ 
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miRNA ɜ ɟɝɨ ɝɟɧɟ. Ɋɟɩɨɪɬɟɪɧɵɣ ɝɟɧ GpLuc, ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɫɚɣɬɚɦɢ 

ɫɜɹɡɵɜɚɧɢɹ miRNA ɜ ɢɯ 3’ UTR, ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ 

miRNA ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɤɚɯ [70] ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɭɪɨɜɧɟɣ ɷɤɫɩɪɟɫɫɢɢ 

miR-22 ɩɪɢ ɝɢɩɟɪɬɪɨɮɢɢ ɫɟɪɞɰɚ [71] ɜ ɮɨɪɦɚɬɟ HTS. Ʉɥɟɬɤɢ ɪɚɤɚ 

ɩɪɟɞɫɬɚɬɟɥɶɧɨɣ ɠɟɥɟɡɵ, ɦɟɱɟɧɧɵɟ MLuc, ɩɪɢɦɟɧɹɥɢɫɶ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɦɟɬɢɤɨɜ miRNA, ɤɨɬɨɪɵɟ ɢɧɝɢɛɢɪɭɸɬ ɪɟɩɚɪɚɰɢɸ ȾɇɄ ɢ ɩɨɜɵɲɚɸɬ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɤ ɢɨɧɢɡɢɪɭɸɳɟɣ ɪɚɞɢɚɰɢɢ ɜɨ ɜɪɟɦɹ 

ɬɟɪɚɩɢɢ [72]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɵ ɫɤɪɢɧɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɥɸɰɢɮɟɪɚɡ MLuc ɢ 

GpLuc ɩɨɡɜɨɥɹɸɬ ɢɡɭɱɚɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɦɢɤɪɨɊɇɄ-ɚɤɬɢɜɧɨɫɬɢ ɜ 

ɨɞɧɨɣ ɩɨɩɭɥɹɰɢɢ ɤɥɟɬɨɤ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ [69,70,73].  

ɒɢɪɨɤɨɦɚɫɲɬɚɛɧɵɟ HTS ɜɵɩɨɥɧɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɧɫɨɪɚ, 

ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ GpLuc. Ɍɚɤ, ɞɥɹ 

ɜɵɹɜɥɟɧɢɹ ɛɟɥɤɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɤɥɟɬɨɱɧɨɦ ɚɩɨɩɬɨɡɟ, ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 

ɛɨɥɟɟ 3000 ɤɨɦɛɢɧɚɰɢɣ ɛɟɥɤɨɜɵɯ ɩɚɪ ɢ ɨɛɧɚɪɭɠɟɧɨ ɨɤɨɥɨ 50 ɧɨɜɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɩɪɟɠɞɟ ɧɢɤɨɝɞɚ ɧɟ ɨɩɢɫɚɧɧɵɯ [74]. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɧɵɣ 

ɤɨɦɩɥɟɦɟɧɬɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɧɚ ɨɫɧɨɜɟ GpLuc ɬɚɤɠɟ ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ 

ɛɢɧɚɪɧɵɟ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɢɦɟɪɚɡɵ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɫ 

ɤɥɟɬɨɱɧɵɦɢ ɛɟɥɤɚɦɢ ɯɨɡɹɢɧɚ ɩɪɢ ɢɧɮɟɤɰɢɹɯ ɜ ɧɚɬɢɜɧɵɯ ɭɫɥɨɜɢɹɯ [75] ɢ 

ɜɵɹɜɢɬɶ ɧɨɜɵɟ ɧɟɛɨɥɶɲɢɟ ɦɨɥɟɤɭɥɵ, ɢɧɝɢɛɢɪɭɸɳɢɟ ɨɛɪɚɡɨɜɚɧɢɟ 

ɩɨɥɢɦɟɪɚɡɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ [76]. 

Ȼɨɥɶɲɭɸ ɤɥɢɧɢɱɟɫɤɭɸ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɢɦɟɸɬ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɟ ɢɧɬɟɪɚɤɬɨɦɚ ɜɢɪɭɫɧɵɯ ɛɟɥɤɨɜ. Ɍɚɤ, 

ɛɵɥɢ ɢɡɭɱɟɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɟɥɤɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜɢɪɭɫɚ ɩɚɩɢɥɥɨɦɵ 

ɱɟɥɨɜɟɤɚ (GpLuc ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ Y2H-ɫɢɫɬɟɦɨɣ) [77], ɚ ɬɚɤɠɟ ɮɢɥɨɜɢɪɭɫɨɜ, 

ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɲɢɪɨɤɢɣ ɩɨɢɫɤ ɢɧɝɢɛɢɬɨɪɨɜ ɪɟɩɥɢɤɚɰɢɢ 

ɜɢɪɭɫɨɜ ɗɛɨɥɚ ɢ Ɇɚɪɛɭɪɝɚ (MLuc-ɪɟɩɨɪɬɟɪ) [78]. 
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1.4.4 Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɢɦɢɞɠɢɧɝ 

 

ȼɢɡɭɚɥɢɡɚɰɢɹ in vivo ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ 

ɹɜɥɹɟɬɫɹ ɧɟɢɧɜɚɡɢɜɧɵɦ ɢ ɧɟɬɨɤɫɢɱɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɨɰɟɫɫɨɜ ɜ 

ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɤɚɯ ɢ ɧɚ ɧɟɛɨɥɶɲɢɯ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ [21]. 

ȼɵɫɨɤɨɚɤɬɢɜɧɵɟ ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ, ɨɛɥɚɞɚɸɳɢɟ ɱɪɟɡɜɵɱɚɣɧɨ ɦɚɥɵɦ 

ɪɚɡɦɟɪɨɦ, ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɟɤɪɟɬɢɪɭɟɦɨɫɬɶɸ, ɹɜɥɹɸɬɫɹ 

ɭɞɨɛɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɛɢɨɢɦɢɞɠɢɧɝɚ. ɋɟɤɪɟɬɨɪɧɚɹ ɩɪɢɪɨɞɚ CopLucs 

ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɢɯ ɚɤɬɢɜɧɨɫɬɶ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɤɥɟɬɨɤ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ 

ɫɪɟɞɟ, ɤɪɨɜɢ ɢɥɢ ɞɪɭɝɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɹɯ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ 

[36,60,79,80]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶ 

ɦɧɨɠɟɫɬɜɟɧɧɵɟ ex vivo ɚɧɚɥɢɡɵ ɧɚɛɥɸɞɚɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ, ɨɛɪɚɡɰɨɜ 

ɤɪɨɜɢ ɢɥɢ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɢɠɢɡɧɟɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ, ɩɪɨɜɨɞɹ ɢɧɴɟɤɰɢɢ 

ɫɭɛɫɬɪɚɬɚ ɜ ɤɪɨɜɟɧɨɫɧɵɟ ɫɨɫɭɞɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡ ɜɫɟɯ ɥɸɰɢɮɟɪɚɡ ɤɨɩɟɩɨɞ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɛɢɨɢɦɢɞɠɢɧɝɚ in vivo ɥɸɰɢɮɟɪɚɡɵ MLuc ɢɡ M. longa ɢ, ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, 

GpLuc ɢɡ G. princeps. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ 

ɥɸɰɢɮɟɪɚɡɚɦɢ FLuc ɢ RLuc, ɥɸɰɢɮɟɪɚɡɚ Gaussia ɩɪɨɹɜɢɥɚ ɫɟɛɹ ɤɚɤ ɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɪɟɩɨɪɬɟɪ (ɞɨ 100 ɪɚɡ) ɜ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ in vivo [26,81]. 

Ɂɧɚɱɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɹɜɥɹɸɬɫɹ 

ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɦɟɥɤɢɯ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ, ɜɤɥɸɱɚɸɳɢɟ 

ɢɡɭɱɟɧɢɟ ɦɢɝɪɚɰɢɢ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɨɰɟɧɤɭ 

ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ ɢ ɨɬɜɟɬɚ ɩɪɢɜɢɬɵɯ ɨɩɭɯɨɥɟɣ ɧɚ ɬɟɪɚɩɢɸ [72,82–84] ɢ ɞɪ. 

Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɚɧɵ ɧɚ ɜɜɟɞɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɨɦɭ ɠɢɜɨɬɧɨɦɭ ɫ ɧɢɡɤɢɦ 

ɢɦɦɭɧɧɵɦ ɫɬɚɬɭɫɨɦ ɤɭɥɶɬɭɪɵ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ, ɪɚɧɟɟ ɬɪɚɧɫɮɟɰɢɪɨɜɚɧɧɵɯ 

ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɫ ɪɟɩɨɪɬɟɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (Ɋɢɫɭɧɨɤ 7). Ⱦɚɥɟɟ 

ɪɟɝɢɫɬɪɢɪɭɸɬ ɫɜɟɱɟɧɢɟ ɜ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɢɦɢɞɠɢɧɝɨɜɵɯ ɤɚɦɟɪɚɯ 

(ɧɚɩɪɢɦɟɪ, «IVIS Spectrum», PerkinElmer, ɋɒȺ), ɩɨɫɥɟ ɜɧɭɬɪɢɜɟɧɧɨɝɨ 

ɜɜɟɞɟɧɢɹ ɫɭɛɫɬɪɚɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɩɪɢɛɨɪɚ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɨ ɪɚɡɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ. Ɉɞɧɢɦ 
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ɢɡ ɩɪɢɦɟɪɨɜ ɬɚɤɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɦɨɧɢɬɨɪɢɧɝ ɬɭɱɧɨɤɥɟɬɨɱɧɨɝɨ ɥɟɣɤɨɡɚ 

ɱɟɥɨɜɟɤɚ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɵɲɚɯ ɫ ɩɨɦɨɳɶɸ ɩɥɚɬɮɨɪɦɵ «IVIS Spectrum», 

ɋɒȺ [84]. Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɜɧɭɬɪɢɜɟɧɧɚɹ ɢɧɴɟɤɰɢɹ ɨɩɭɯɨɥɟɜɵɦɢ ɤɥɟɬɤɚɦɢ 

ROSAKIT D816V-Gluc ɢ ɱɟɪɟɡ 4 ɧɟɞɟɥɢ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢɠɢɜɥɟɧɢɟ ɭ ɜɫɟɯ 

ɢɧɴɟɰɢɪɨɜɚɧɧɵɯ ɩɟɪɜɢɱɧɵɯ ɪɟɰɢɩɢɟɧɬɧɵɯ ɦɵɲɟɣ. ɉɪɢ ɩɨɦɨɳɢ 

ɢɦɢɞɠɢɧɝɨɜɨɣ ɫɢɫɬɟɦɵ ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɥɸɰɢɮɟɪɚɡɵ Gaussia ɩɪɢɠɢɜɥɟɧɧɵɟ 

ɤɥɟɬɤɢ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɧɚ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɜ ɤɨɫɬɧɨɦ ɦɨɡɝɟ ɢ ɜ ɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ ɜ ɫɟɥɟɡɟɧɤɟ, ɩɟɱɟɧɢ ɢ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɬɫɥɟɠɢɜɚɥɨɫɶ ɩɭɬɟɦ 

ɩɨɜɬɨɪɧɨɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɜ 

ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. 

 
Ɋɢɫɭɧɨɤ 7 – ɋɯɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɨɩɭɯɨɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɥɤɢɯ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɠɢɜɨɬɧɵɯ ɢ ɢɦɢɞɠɢɧɝɨɜɨɣ ɤɚɦɟɪɵ [85] 

 

ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦɢ ɩɪɢɦɟɪɚɦɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɹɜɥɹɸɬɫɹ ɦɨɧɢɬɨɪɢɧɝ ɫɟɤɪɟɬɢɪɭɟɦɵɯ ɛɟɥɤɨɜ-ɦɢɲɟɧɟɣ, 

ɫɥɢɬɵɯ ɫ GpLuc, ɧɚɩɪɢɦɟɪ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɢɧɫɭɥɢɧɚ [86,87] ɢ ɫɟɤɪɟɬɢɪɭɟɦɵɯ 

ɜɧɭɬɪɢɥɟɝɨɱɧɵɯ ɢ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɛɟɥɤɨɜ ɭ ɦɵɲɟɣ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɝɟɧɧɨɣ 

ɬɟɪɚɩɢɢ [88]; ɨɬɫɥɟɠɢɜɚɧɢɟ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɧɚɩɪɢɦɟɪ, 

ɨɛɧɚɪɭɠɟɧɢɟ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɪɚɤɚ ɩɪɟɞɫɬɚɬɟɥɶɧɨɣ 

ɠɟɥɟɡɵ ɜ ɤɪɨɜɢ ɫ ɩɨɦɨɳɶɸ ɫɟɥɟɤɬɢɜɧɨɝɨ ɞɥɹ ɨɩɭɯɨɥɢ ɩɪɟɞɫɬɚɬɟɥɶɧɨɣ ɠɟɥɟɡɵ 

ɪɟɩɨɪɬɟɪɧɨɝɨ ɚɞɟɧɨɜɢɪɭɫɚ, ɦɟɱɟɧɧɨɝɨ MLuc [83], ɦɨɧɢɬɨɪɢɧɝ 
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ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɝɥɢɨɦɵ [89] ɭ ɦɵɲɟɣ ɞɥɹ ɞɨɤɥɢɧɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɚɤɬɢɜɧɨɫɬɢ GpLuc ɜ ɤɪɨɜɢ; ɢ ɞɪɭɝɢɟ. ɇɚ ɛɚɡɟ ɪɟɩɨɪɬɟɪɚ 

GpLuc, ɫɜɹɡɚɧɧɨɝɨ ɫ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɨɣ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɩɭɬɢ ɩɟɪɜɢɱɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɍ-ɤɥɟɬɨɤ ɦɵɲɟɣ ɢ ɱɟɥɨɜɟɤɚ ɧɚ ɢɧɬɚɤɬɧɵɯ ɦɵɲɚɯ [81] ɢ 

ɩɪɨɢɡɜɟɞɟɧ ɞɨɥɝɨɫɪɨɱɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɠɢɜɵɯ ɧɟɣɪɨɧɨɜ ɛɟɡ ɩɪɢɡɧɚɤɨɜ 

ɮɨɬɨɬɨɤɫɢɱɧɨɫɬɢ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ [90].  

ȼ ɪɹɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ GpLuc ɢ MLuc ɥɸɰɢɮɟɪɚɡɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɨɛɧɚɪɭɠɟɧɢɹ in vivo ɪɚɡɥɢɱɧɵɯ Luc-ɦɟɱɟɧɧɵɯ ɢɧɮɟɤɰɢɨɧɧɵɯ ɚɝɟɧɬɨɜ, ɬɚɤɢɯ 

ɤɚɤ Candida Albicans [91], E.coli [92], Mycoplasma sp. [93], ɜɢɪɭɫ 

ɝɟɦɨɪɪɚɝɢɱɟɫɤɨɣ ɫɟɩɬɢɰɟɦɢɢ [94], ɪɟɩɨɪɬɟɪɧɵɣ ɷɧɬɟɪɨɜɢɪɭɫ 71 [95] ɢ ɜɢɪɭɫ 

ɝɪɢɩɩɚ Ⱥ [96].  

ɉɨɫɤɨɥɶɤɭ CopLucs ɩɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɭɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, MLuc ɛɵɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɚ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɤɥɟɬɨɱɧɨɣ ɝɢɩɟɪɬɟɪɦɢɢ 

ɩɪɢ ɨɩɨɫɪɟɞɨɜɚɧɧɨɦ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɧɚɝɪɟɜɚɧɢɢ [97]. 

Ɇɧɨɝɢɟ ɪɚɛɨɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɩɪɢɦɟɧɟɧɢɟ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɜ 

ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɩɪɨɫɬɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɢɫɫɥɟɞɭɟɦɵɯ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ. ɇɚ ɛɚɡɟ CopLucs ɛɵɥɢ ɫɨɡɞɚɧɵ ɛɢɨɫɟɧɫɨɪɵ 

ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɫɬɪɟɫɫɚ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɪɟɬɢɤɭɥɭɦɚ ɢ ɚɤɬɢɜɚɰɢɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɤɚɫɩɚɡ [98], ɞɥɹ ɨɰɟɧɤɢ ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ 

ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ [35,36] ɢ ɞɥɹ ɨɰɟɧɤɢ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ [99]. Ⱦɚɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɩɨɡɜɨɥɹɸɬ ɛɵɫɬɪɨ ɨɰɟɧɢɬɶ 

ɦɟɬɚɛɨɥɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɤɥɟɬɨɤ, ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɢɤɪɨɫɤɨɩɢɪɨɜɚɧɢɹ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ MTT-ɬɟɫɬɚ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɨɪɬɨɝɨɧɚɥɶɧɵɣ ɩɨɞɯɨɞ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ 

ɩɪɢɦɟɧɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɩɨɪɬɟɪɨɜ ɢ ɩɨɡɜɨɥɹɟɬ 

ɨɬɫɥɟɞɢɬɶ ɧɚ ɨɞɧɨɣ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ ɢɥɢ ɦɨɞɟɥɶɧɨɦ ɠɢɜɨɬɧɨɦ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ 

ɫɨɛɵɬɢɣ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɞɢɧ ɢɡ ɪɟɩɨɪɬɟɪɨɜ ɨɛɵɱɧɨ ɫɥɭɠɢɬ ɜɧɭɬɪɟɧɧɢɦ 

ɤɨɧɬɪɨɥɟɦ ɞɥɹ ɧɨɪɦɚɥɢɡɚɰɢɢ ɫɢɝɧɚɥɨɜ ɞɪɭɝɢɯ ɪɟɩɨɪɬɟɪɨɜ. ɇɚɩɪɢɦɟɪ, ɫɢɫɬɟɦɵ 

ɬɪɨɣɧɨɝɨ ɪɟɩɨɪɬɟɪɚ ɛɵɥɢ ɫɨɡɞɚɧɵ ɧɚ ɨɫɧɨɜɟ GpLuc ɜ ɫɨɱɟɬɚɧɢɢ ɫ FLuc ɢ 

Vargula ɥɸɰɢɮɟɪɚɡ (ɢɡ ɨɫɬɪɚɤɨɞ Vargula hilgendorfii) ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ 
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ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ in vivo [100]. Ɍɚɤɠɟ ɥɸɰɢɮɟɪɚɡɵ Gaussia, Renilla ɢ firefly 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɧɟɢɧɜɚɡɢɜɧɨɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ Src-ɤɢɧɚɡɵ ɜ ɠɢɜɵɯ ɤɥɟɬɤɚɯ ɢ in vivo ɭ ɦɵɲɟɣ [101], 

ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɦɧɨɝɨɰɜɟɬɧɚɹ ɤɥɟɬɨɱɧɚɹ ɥɢɧɢɹ ɫ GpLuc ɞɥɹ in vivo ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɚɤɬɢɜɧɨɫɬɢ NF-jB ɢ ɚɩɨɩɬɨɡɚ ɩɪɢ ɪɚɤɟ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ [102] ɢ 

ɞɪɭɝɢɟ. 

 

1.5 ɉɨɥɭɱɟɧɢɟ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ  

 

Ʉɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɷɤɫɩɪɟɫɫɢɪɭɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɬɢɩɚɯ 

ɤɥɟɬɨɤ, ɜɤɥɸɱɚɹ ɤɥɟɬɤɢ ɛɚɤɬɟɪɢɣ, ɦɢɤɨɛɚɤɬɟɪɢɣ, ɞɪɨɠɠɟɣ, ɜɨɞɨɪɨɫɥɟɣ, 

ɧɚɫɟɤɨɦɵɯ ɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ [4,6] ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ, ɱɬɨ ɞɟɥɚɟɬ 

ɢɯ ɨɱɟɧɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɧɵɯ ɛɟɥɤɨɜ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɤɚɱɟɫɬɜɨ ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɰɢɪɭɟɦɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ 

ɥɸɰɢɮɟɪɚɡɵ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɷɤɫɩɪɟɫɫɢɢ ɢ ɤɥɟɬɨɱɧɨɝɨ 

ɤɨɦɩɚɪɬɦɟɧɬɚ, ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ.  

Ʌɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ ɷɮɮɟɤɬɢɜɧɨ ɫɟɤɪɟɬɢɪɭɸɬɫɹ ɜ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ 

ɜ ɜɢɞɟ ɧɚɬɢɜɧɨ ɫɜɟɪɧɭɬɵɯ ɛɟɥɤɨɜ ɩɪɢ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɢ 

ɧɚɫɟɤɨɦɵɯ ɫ ɢɯ ɩɪɢɪɨɞɧɵɦɢ ɫɢɝɧɚɥɶɧɵɦɢ ɩɟɩɬɢɞɚɦɢ. Ɉɞɧɚɤɨ ɧɚɥɢɱɢɟ ɞɨ ɩɹɬɢ 

ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ ɧɚ ɦɨɥɟɤɭɥɭ CopLucs [29] ɡɚɬɪɭɞɧɹɟɬ ɩɨɥɭɱɟɧɢɟ 

ɩɪɚɜɢɥɶɧɨ ɫɜɟɪɧɭɬɵɯ ɥɸɰɢɮɟɪɚɡ ɩɪɢ ɷɤɫɩɪɟɫɫɢɢ ɜ ɰɢɬɨɩɥɚɡɦɟ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ ɢ ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ, ɝɞɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɫɪɟɞɚ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɥɸɰɢɮɟɪɚɡɭ Gaussia 

ɛɟɡ ɫɢɝɧɚɥɶɧɨɝɨ ɩɟɩɬɢɞɚ ɜ ɰɢɬɨɩɥɚɡɦɟ, ɛɵɥɚ ɨɱɟɧɶ ɧɢɡɤɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ ɤɥɟɬɨɤ ɬɨɝɨ ɠɟ ɬɢɩɚ, ɫɟɤɪɟɬɢɪɭɸɳɢɯ 

GpLuc, ɷɤɫɩɪɟɫɫɢɪɭɸɳɭɸɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɫɢɝɧɚɥɶɧɵɦ ɩɟɩɬɢɞɨɦ ɢ ɫɨɡɪɟɜɚɸɳɭɸ 

ɜ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɪɟɬɢɤɭɥɭɦɚ ɜɨ ɜɪɟɦɹ ɫɟɤɪɟɰɢɢ 

[21]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɹ ɠɢɜɵɯ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɭɸ ɥɸɰɢɮɟɪɚɡɭ GpLuc, ɡɧɚɱɢɬɟɥɶɧɨ 
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ɩɪɟɜɵɲɚɥɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɝɧɚɥɚ (ɛɨɥɟɟ ɱɟɦ ɜ 200 ɪɚɡ) ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɥɸɰɢɮɟɪɚɡ ɫɜɟɬɥɹɱɤɚ ɢ Renilla, ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɯ ɜ ɫɯɨɞɧɵɯ ɭɫɥɨɜɢɹɯ [26]. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɢɦɟɸɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ 

ɯɚɪɚɤɬɟɪ ɰɢɬɨɩɥɚɡɦɵ, ɩɪɟɞɩɪɢɧɢɦɚɥɢɫɶ ɧɟɨɞɧɨɤɪɚɬɧɵɟ ɩɨɩɵɬɤɢ 

ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɜ ɤɥɟɬɤɚɯ E. coli ɜ ɚɤɬɢɜɧɨɣ ɮɨɪɦɟ. 

ɇɚɩɪɢɦɟɪ, ɛɵɥɚ ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɷɤɫɩɪɟɫɫɢɪɨɜɚɬɶ ɤɨɩɟɩɨɞɧɭɸ ɥɸɰɢɮɟɪɚɡɭ 

Gaussia, ɫɨ ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ ɞɢɫɭɥɶɮɢɞɧɵɦɢ ɫɜɹɡɹɦɢ, ɜ ɩɟɪɢɩɥɚɡɦɟ E. coli ɡɚ 

ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɨɣ ɫɢɝɧɚɥɶɧɨɣ ɩɟɩɬɢɞɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ pelB, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɟɤɪɟɰɢɸ ɜ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ 

[103]. ɉɨɫɤɨɥɶɤɭ ɩɟɪɢɩɥɚɡɦɚ ɤɥɟɬɨɤ E. coli ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɫ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦɢ S-S-ɫɜɹɡɹɦɢ ɡɚ ɫɱɟɬ 

ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɧɟɣ ɞɢɫɭɥɶɮɢɞ-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɢ ɞɢɫɭɥɶɮɢɞ-ɢɡɨɦɟɪɚɡɵ, 

ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ [104]. Ɉɞɧɚɤɨ 

ɞɚɧɧɵɣ ɤɨɦɩɚɪɬɦɟɧɬ ɧɟ ɜɫɟɝɞɚ ɷɮɮɟɤɬɢɜɟɧ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɮɨɥɞɢɧɝɚ ɛɟɥɤɨɜ ɫ 

ɧɟɫɤɨɥɶɤɢɦɢ ɞɢɫɭɥɶɮɢɞɧɵɦɢ ɫɜɹɡɹɦɢ [104]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɯɨɞ ɢ ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɟɤɪɟɬɢɪɭɟɦɨɣ GpLuc ɛɵɥɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɦɢ, ɚ ɪɚɫɳɟɩɥɟɧɢɟ pelB ɛɵɥɨ ɧɟɩɨɥɧɵɦ ɜɨ ɜɪɟɦɹ 

ɫɨɡɪɟɜɚɧɢɹ ɛɟɥɤɚ [22,103]. Ⱦɪɭɝɢɦ ɩɪɟɞɩɪɢɧɹɬɵɦ ɩɨɞɯɨɞɨɦ ɛɵɥɨ ɩɨɧɢɠɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɪɟɫɫɢɢ (pCold expression system), ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ 

ɩɪɚɜɢɥɶɧɨɦɭ ɮɨɥɞɢɧɝɭ ɥɸɰɢɮɟɪɚɡɵ Gaussia, ɧɨ ɡɚɦɟɞɥɹɥɨ ɫɤɨɪɨɫɬɶ ɫɢɧɬɟɡɚ 

ɛɟɥɤɚ [6]. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɩɨɩɵɬɤɢ ɷɤɫɩɪɟɫɫɢɢ ɥɸɰɢɮɟɪɚɡɵ ɜ 

ɜɢɞɟ ɮɶɸɠɢɧɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɟɩɬɢɞɨɦ, ɩɨɜɵɲɚɸɳɢɦ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 

ɛɟɥɤɚ ɜ ɛɚɤɬɟɪɢɚɥɶɧɨɦ ɯɨɡɹɢɧɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɤɫɩɪɟɫɫɢɹ ɥɸɰɢɮɟɪɚɡɵ G. 

princeps ɜ ɜɢɞɟ ɫɥɢɹɧɢɹ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦ IgG-ɫɜɹɡɵɜɚɸɳɢɦ ɞɨɦɟɧɨɦ ɛɟɥɤɚ A 

[105], ɭɥɭɱɲɚɸɳɢɦ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɩɟɩɬɢɞɨɦ [106] ɢɥɢ C-ɤɨɧɰɟɜɵɦ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ Tyr-ɥɢɧɤɟɪɨɦ [31], ɭɜɟɥɢɱɢɜɚɸɳɢɦɢ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɢɦɨɣ 

ɥɸɰɢɮɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɤɥɟɬɨɤ E.coli. ɏɨɬɹ ɷɬɢ ɩɨɞɯɨɞɵ 

ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɱɢɫɬɵɟ ɜɵɫɨɤɨɚɤɬɢɜɧɵɟ ɨɛɪɚɡɰɵ GpLuc, ɧɢ ɨɞɢɧ ɢɡ ɧɢɯ ɧɟ 

ɝɚɪɚɧɬɢɪɨɜɚɥ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɜɨɣɫɬɜ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ, 

ɩɪɨɞɭɰɢɪɭɟɦɨɣ ɜ E.coli, ɫɜɨɣɫɬɜɚɦ ɧɚɬɢɜɧɨɝɨ ɛɟɥɤɚ. 
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ȼɵɫɨɤɨɚɤɬɢɜɧɵɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɥɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ ɫ ɤɨɪɪɟɤɬɧɵɦ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɜɢɞɟ ɫɟɤɪɟɬɢɪɭɟɦɵɯ 

ɛɟɥɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɚɤɭɥɨɜɢɪɭɫɧɨɣ ɫɢɫɬɟɦɵ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ 

ɧɚɫɟɤɨɦɵɯ [21,85]. ɂɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ Metridia MLuc7 [24] ɢ MLuc2 [107], 

ɚ ɬɚɤɠɟ ɥɸɰɢɮɟɪɚɡɚ Gaussia [29] ɛɵɥɢ ɷɮɮɟɤɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɨɜɚɧɵ ɜ ɤɥɟɬɤɚɯ 

ɧɚɫɟɤɨɦɵɯ Sf9 ɫ ɢɯ ɧɚɬɢɜɧɵɦɢ ɫɢɝɧɚɥɶɧɵɦɢ ɩɟɩɬɢɞɚɦɢ. Ⱦɚɧɧɵɟ ɥɸɰɢɮɟɪɚɡɵ 

ɛɵɥɢ ɨɱɢɳɟɧɵ ɨɬ ɛɟɫɫɵɜɨɪɨɬɨɱɧɨɣ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɵ ɫ ɜɵɯɨɞɨɦ 3–6 ɦɝ/ɥ 

ɱɢɫɬɨɝɨ ɩɪɟɩɚɪɚɬɚ ɛɟɥɤɚ. ȼ ɫɥɭɱɚɟ ɥɸɰɢɮɟɪɚɡɵ MLuc7, ɩɪɨɞɭɰɢɪɭɟɦɨɣ ɜ 

ɤɥɟɬɤɚɯ ɧɚɫɟɤɨɦɵɯ, ɛɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɟɟ ɫɜɨɣɫɬɜɚ ɩɨɥɧɨɫɬɶɸ 

ɤɨɪɪɟɥɢɪɭɸɬ ɫɨ ɫɜɨɣɫɬɜɚɦɢ MLuc7, ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɤɥɟɬɤɚɦɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ 

[24]. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɨɤɚɡɚɥ ɫɟɛɹ ɤɚɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ 

ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɚɤɬɢɜɧɵɯ ɨɱɢɳɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɤɨɩɟɩɨɞɧɵɯ 

ɥɸɰɢɮɟɪɚɡ, ɨɧ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɞɨɪɨɝɨɫɬɨɹɳɢɦ [108]. 

 

1.5.1 ɉɨɥɭɱɟɧɢɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɩɭɬɟɦ ɪɟɮɨɥɞɢɧɝɚ ɢɡ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ  

 

E. coli ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɯɨɡɹɢɧɨɦ ɞɥɹ ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ, ɧɨ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɢɬɨɩɥɚɡɦɵ ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ 

ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɚɜɢɥɶɧɨɦɭ ɮɨɥɞɢɧɝɭ ɥɸɰɢɮɟɪɚɡɵ 

M. longa, ɫɨɞɟɪɠɚɳɟɣ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ. ȼɢɞɢɦɨ ɩɨɷɬɨɦɭ, 

ɩɪɢ ɷɤɫɩɪɟɫɫɢɢ ɜ ɰɢɬɨɩɥɚɡɦɟ E.coli ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ M. longa [18,28] ɢ 

GpLuc [34] ɜ ɨɫɧɨɜɧɨɦ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɜɢɞɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ 

ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ – ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ (Inclusion bodies, IB). 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɬɚɤɨɝɨ ɫɢɧɬɟɡɚ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɧɚɤɨɩɥɟɧɢɹ 

ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɱɢɫɬɨɬɵ [109]. ȼɵɞɟɥɟɧɢɟ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɢɡ 

ɝɨɦɨɝɟɧɚɬɚ ɤɥɟɬɨɤ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɨɱɢɫɬɤɢ ɛɟɥɤɚ, ɡɚ ɫɱɟɬ 

ɪɚɡɥɢɱɢɣ ɜ ɩɥɨɬɧɨɫɬɹɯ ɢ ɪɚɡɦɟɪɚɯ IB, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɥɟɬɨɱɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ 
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[110]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɹɦɨɟ ɨɱɢɳɟɧɢɟ 

ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ. ɋɭɳɟɫɬɜɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɛɟɥɤɢ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ ɥɢɲɟɧɵ ɧɚɬɢɜɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɧɟ ɨɛɥɚɞɚɸɬ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɟɥɤɚ ɜ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɭɸ ɮɨɪɦɭ (ɪɟɧɚɬɭɪɚɰɢɹ) ɧɟɨɛɯɨɞɢɦɵ ɫɩɟɰɢɮɢɱɟɫɤɢɟ 

ɭɫɥɨɜɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɪɪɟɤɬɧɨɣ ɫɛɨɪɤɢ ɦɨɥɟɤɭɥɵ ɧɚ ɭɪɨɜɧɟ 

ɬɪɟɬɢɱɧɨɣ/ɱɟɬɜɟɪɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ. ɇɚɢɛɨɥɟɟ ɨɛɳɚɹ ɫɬɪɚɬɟɝɢɹ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ 

ɪɟɧɚɬɭɪɚɰɢɢ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɛɟɥɤɨɜ, ɜɤɥɸɱɚɟɬ ɬɪɢ ɷɬɚɩɚ: ɢɡɨɥɹɰɢɸ ɢ ɨɱɢɫɬɤɭ 

ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ; ɫɨɥɸɛɢɥɢɡɚɰɢɸ ɚɝɪɟɝɢɪɨɜɚɧɧɨɝɨ ɛɟɥɤɚ; ɪɟɮɨɥɞɢɧɝ 

ɫɨɥɸɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɛɟɥɤɚ. [109]  

Ȼɟɥɤɢ, ɢɦɟɸɳɢɟ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ, ɧɭɠɞɚɸɬɫɹ ɜ 

ɛɨɥɟɟ ɫɥɨɠɧɨɦ ɩɪɨɰɟɫɫɟ ɪɟɮɨɥɞɢɧɝɚ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ 

ɬɪɟɛɭɸɬɫɹ ɧɚɥɢɱɢɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɬɢɨɥɨɜɵɯ ɝɪɭɩɩ, ɬɚɤɢɟ ɤɚɤ ɞɢɬɢɨɬɪɟɢɬɨɥ, 

ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, ɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɚɤ 

ɨɤɢɫɥɢɬɟɥɟɣ, ɬɚɤ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ, ɜ 

ɛɭɮɟɪɟ ɞɥɹ ɪɟɮɨɥɞɢɧɝɚ. Ɉɤɢɫɥɟɧɢɟ ɜɨɡɞɭɯɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɨɤɢɫɥɟɧɢɹ ɛɟɥɤɚ, ɧɨ 

ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɨɱɟɧɶ ɜɚɪɢɚɬɢɜɧɵ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɛɟɥɤɚ [110]. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɞɢɫɭɥɶɮɢɞɚ ɦɟɠɞɭ ɨɤɢɫɥɟɧɧɵɦ ɝɥɭɬɚɬɢɨɧɨɦ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦ ɛɟɥɤɨɦ ɩɨɜɵɲɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɨɝɨ ɛɟɥɤɚ ɡɚ 

ɫɱɟɬ ɭɫɢɥɟɧɢɹ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɨɦɨɝɚɟɬ ɫɧɢɡɢɬɶ ɫɬɟɩɟɧɶ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɩɪɚɜɢɥɶɧɵɯ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ. 

Ɂɚɦɵɤɚɧɢɟ ɞɢɫɭɥɶɮɢɞɧɨɣ ɫɜɹɡɢ ɢɧɞɭɰɢɪɭɟɬɫɹ ɪɚɡɜɟɞɟɧɢɟɦ ɞɟɧɚɬɭɪɢɪɭɸɳɟɝɨ 

ɚɝɟɧɬɚ (ɝɭɚɧɢɞɢɧɝɢɞɪɨɯɥɨɪɢɞɚ, ɦɨɱɟɜɢɧɵ) ɢ ɞɨɛɚɜɥɟɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɤɨɥɢɱɟɫɬɜ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɵ ɬɢɨɥɚ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ ɪɟɧɚɬɭɪɚɰɢɢ 

[109]. Ɍɚɤ, ɪɟɮɨɥɞɢɧɝ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ — ɩɪɚɜɢɥɶɧɨɟ ɫɜɨɪɚɱɢɜɚɧɢɟ 

ɛɟɥɤɚ ɜ ɩɪɢɪɨɞɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ, ɹɜɥɹɟɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɢ 

ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ ɭɧɢɤɚɥɶɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɞɥɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɛɟɥɤɨɜ. ɉɪɢ 
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ɩɨɞɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɪɟɮɨɥɞɢɧɝɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɛɟɥɤɚ ɢɡ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɵɟ ɤɨɥɢɱɟɫɬɜɚ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ.  

ɇɟɫɨɦɧɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɩɨɥɭɱɟɧɢɹ ɚɤɬɢɜɧɵɯ 

ɧɚɬɢɜɧɨ ɫɜɟɪɧɭɬɵɯ CopLucs ɹɜɥɹɟɬɫɹ ɟɝɨ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɚɤɭɥɨɜɢɪɭɫɧɨɣ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɜ ɤɥɟɬɤɚɯ ɧɚɫɟɤɨɦɵɯ 

[108].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɫё ɜɨɡɪɚɫɬɚɸɳɢɣ ɢɧɬɟɪɟɫ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɨɜ in vivo, ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɫɬɚɸɬɫɹ ɜ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ ɢɡɭɱɟɧɧɵɦɢ, 

ɜɫɥɟɞɫɬɜɢɟ ɬɪɭɞɧɨɫɬɟɣ ɩɨɥɭɱɟɧɢɹ ɤɨɪɪɟɤɬɧɨ ɫɜɟɪɧɭɬɵɯ ɛɟɥɤɨɜ ɞɥɹ ɢɯ 

ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɪɟɬɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ 

ɬɚɤɠɟ ɨɫɬɚɸɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦɢ. ɉɨ ɷɬɨɣ ɠɟ ɩɪɢɱɢɧɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ CopLucs ɜ 

ɤɚɱɟɫɬɜɟ ɦɟɬɨɤ ɜ in vitro ɚɧɚɥɢɡɚɯ ɞɨ ɫɢɯ ɩɨɪ ɫɢɥɶɧɨ ɡɚɬɪɭɞɧɟɧɨ. ɉɪɨɞɭɤɰɢɹ 

ɤɨɩɟɩɨɞɧɵɯ ɥɸɰɢɮɟɪɚɡ ɫɨ ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ ɞɢɫɭɥɶɮɢɞɧɵɦɢ ɫɜɹɡɹɦɢ ɹɜɥɹɟɬɫɹ 

ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɭɫɥɨɜɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ CopLucs ɜ 

ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɨɜ, ɤ ɩɨɥɭɱɟɧɢɸ ɞɨɫɬɚɬɨɱɧɵɯ ɤɨɥɢɱɟɫɬɜ ɛɟɥɤɚ ɞɥɹ in vitro 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɸɰɢɮɟɪɚɡ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɤ, ɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɬɶ ɧɚ 

ɧɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɟɥɤɨɜ ɢ ɞɚɥɶɧɟɣɲɟɝɨ 

ɩɨɧɢɦɚɧɢɹ ɢɯ ɫɬɪɭɤɬɭɪɵ. ȼ ɛɭɞɭɳɟɦ ɷɬɨ ɩɨɡɜɨɥɢɬ ɜɜɨɞɢɬɶ ɧɚɩɪɚɜɥɟɧɧɵɟ 

ɢɡɦɟɧɟɧɢɹ ɜ ɦɨɥɟɤɭɥɵ ɛɟɥɤɨɜ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɪɟɩɨɪɬɟɪɧɵɯ ɫɜɨɣɫɬɜ ɥɸɰɢɮɟɪɚɡ 

ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɨɢɡɜɨɞɢɬɶ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ, ɩɨɞɯɨɞɹɳɢɣ ɩɨɞ 

ɤɨɧɤɪɟɬɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ 

ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɜ ɧɚɬɢɜɧɨɦ ɜɢɞɟ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ  

 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɢɡɨɮɨɪɦɵ MLuc7 ɢ MLuc164 

ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɥɸɰɢɮɟɪɚɡɵ ɢɡ ɤɨɩɟɩɨɞ Metridia longa 

 

2.2 Ɇɚɬɟɪɢɚɥɵ 

 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: 

ȼ ɤɚɱɟɫɬɜɟ ɤɥɟɬɨɤ-ɯɨɡɹɟɜ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɛɚɤɬɟɪɢɚɥɶɧɵɣ ɲɬɚɦɦ E. coli  

BL21(DE3)-CodonPlus(RIPL) (Stratagene, ɋɒȺ) 

L-ɚɪɝɢɧɢɧ («Sigma-Aldrich»); 

N,N,N',N'-ɬɟɬɪɚɦɟɬɢɥɷɬɢɥɟɧɞɢɚɦɢɧ (ɌȿɆȿȾ); 

N,N'-ɦɟɬɢɥɟɧ-ɛɢɫɚɤɪɢɥɚɦɢɞ («Sigma»); 

ɚɤɪɢɥɚɦɢɞ («Bio-Rad»); 

ɚɦɦɨɧɢɹ ɩɟɪɫɭɥɶɮɚɬ («Bio-Rad»); 

ɚɧɬɢɛɢɨɬɢɤ: Ⱥɦɩɢɰɢɥɥɢɧ 200 ɧɝ/ɦɥ; 

ɝɥɢɰɟɪɢɧ («Serva»); 

ɝɥɢɰɢɧ («Serva»); 

ɝɥɭɬɚɬɢɨɧ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ («MP Biomedicals, LLC.»); 

ɝɥɭɬɚɬɢɨɧ ɨɤɢɫɥɟɧɧɵɣ («Sigma»); 

ɝɭɚɧɢɞɢɧɝɢɞɪɨɯɥɨɪɢɞ («Sigma»);   

ɞɢɬɢɨɬɪɟɢɬɨɥ (ȾɌɌ, «Sigma»); 

ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ («Bio-Rad»); 

ɧɚɛɨɪ ɫɬɚɧɞɚɪɬɧɵɯ ɦɚɪɤɟɪɧɵɯ ɛɟɥɤɨɜ («Bio-Rad»); 

Ɍɪɢɬɨɧ ɏ-100 («Bio-Rad»); 

ɰɟɥɟɧɬɟɪɚɡɢɧ («NanoLight Technology») 

ɛɭɮɟɪɧɵɟ ɪɚɫɬɜɨɪɵ ɢ ɫɪɟɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1 
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Ɍɚɛɥɢɰɚ 1 - ɛɭɮɟɪɧɵɟ ɪɚɫɬɜɨɪɵ ɢ ɫɪɟɞɵ: 

LB-ɫɪɟɞɚ (20 ɝ/ɥ ɛɚɤɬɨɬɪɢɩɬɨɧɚ, 10 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 7,5 ɝ/ɥ 
NaCl) 

SOB-ɫɪɟɞɚ 20 ɝ/ɥ ɛɚɤɬɨɬɪɢɩɬɨɧɚ, 5 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 0,6 ɝ/ɥ 
NaCl, 2,5 ɦɆ KCl, 10ɦɆ MgCl2, 10 ɦɆ MgSO4 

SOC-ɫɪɟɞɚ   SOB, 20 ɦɆ ɝɥɸɤɨɡɵ 
LB-ɚɝɚɪ   1,5% ɚɝɚɪɚ ɜ LB-ɫɪɟɞɟ 
TFB  0,1 Ɇ KCl, 10 ɦɆ CaCl2, 45 ɦɆ MnCl2, 10 ɦɆ K MES, pH 6,2, 

3 ɦɆ Co(NH2)6Cl3 
TGB 3 ɝ/ɥ ɬɪɢɫ, 1 ɝ/ɥ Ⱦɋɇ, 14 ɝ/ɥ ɝɥɢɰɢɧ 
ML 50 ɦɆ Ɍɪɢɫ-HCl pH 7.5, 10 ɦɆ MgSO4, 0.5 Ɇ NaCl, 0.01% 

ɠɟɥɚɬɢɧ 
ɪɚɫɬɜɨɪ ɞɥɹ 
ɞɟɧɚɬɭɪɚɰɢɢ 
MLuc ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
S-S- ɫɜɹɡɟɣ 

4M ɝɭɚɧɢɞɢɧ-HCl, 1 ɦɆ ɗȾɌȺ, 20 ɦɆ Tɪɢɫ-HCl pH 8,0, 100 
ɦɆ ȾɌɌ 

ɪɚɫɬɜɨɪ ɞɥɹ 
ɪɟɮɨɥɞɢɧɝɚ 

300 ɦM Ⱥɪɝ, 150 ɦM NaCl, 10 ɦM MgCl2, 0.02% NP-40, 5 ɦM 
GSH, 0.5 ɦM GSSG, 20 ɦM Ɍɪɢɫ-HCl pH 8.0, 0.2 ɦM CuCl2 

ɛɭɮɟɪɵ ɞɥɹ 
ɨɱɢɫɬɤɢ 
ɧɚɬɢɜɧɨɣ 
MLuc7 

 

ɛɭɮɟɪ ɞɥɹ ɨɛɟɫɫɨɥɟɜɚɧɢɹ: 20 ɦɆ BTP pH 9,3, 0,02% Np-40, 5% 
ɝɥɢɰɟɪɨɥ, 20 ɦɆ NaCl 
ɛɭɮɟɪ Ⱥ: 20 ɦɆ BTP pH 9,3, 0,02% Np-40, 5% ɝɥɢɰɟɪɨɥ, 50 
ɦɆ NaCl 
ɛɭɮɟɪ Ȼ: 20 ɦɆ BTP pH 9,3, 0,02% Np-40, 5% ɝɥɢɰɟɪɨɥ, 1 Ɇ 
NaCl 

ɛɭɮɟɪɵ ɞɥɹ 
ɨɱɢɫɬɤɢ 
ɧɚɬɢɜɧɨɣ 
MLuc164 

 

ɛɭɮɟɪ ɞɥɹ ɨɛɟɫɫɨɥɟɜɚɧɢɹ: 20 ɦɆ Ɍɪɢɫ-HCl pH 9,0, 0,02% Np-
40, 5% ɝɥɢɰɟɪɨɥ, 20 ɦɆ NaCl 
ɛɭɮɟɪ Ⱥ: 20 ɦɆ Ɍɪɢɫ-HCl pH 9,0, 0,02% Np-40, 5% ɝɥɢɰɟɪɨɥ, 
50 ɦɆ NaCl 
ɛɭɮɟɪ Ȼ: 20 ɦɆ Ɍɪɢɫ-HCl pH 9,0, 0,02% Np-40, 5% ɝɥɢɰɟɪɨɥ, 
1 Ɇ NaCl 

ɛɭɮɟɪ ɞɥɹ ɝɟɥɶ-
ɮɢɥɶɬɪɚɰɢɢ 
MLuc 

20 ɦɆ Ɍɪɢɫ-HCl pH 7,5, 150 ɦɆ NaCl, 0,02% Np-40, 5% 
ɝɥɢɰɟɪɨɥ, 1 ɦɆ ɗȾɌȺ 

ɛɭɮɟɪɵ ɞɥɹ 
ɛɟɥɤɨɜɨɝɨ 
ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

ɛɭɮɟɪ ɋ: 0,5 Ɇ Ɍɪɢɫ-HCl pH 6,8; ɛɭɮɟɪ B: 1,5 Ɇ Ɍɪɢɫ-HCl pH 
8,8; ɪɚɫɬɜɨɪ ɚɤɪɢɥɚɦɢɞɚ; 30% ɚɤɪɢɥɚɦɢɞ, 0,8% ɛɢɫɚɤɪɢɥɚɦɢɞ; 
ɥɢɡɢɪɭɸɳɢɣ ɛɭɮɟɪ x 2: 2% Ⱦɋɇ, 10% ɝɥɢɰɟɪɢɧ, 45 ɦɆ Ɍɪɢɫ-
HCl pH 6,8, 50 ɦɆ ȾɌɌ, 5% ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ 
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2.3 Ɇɟɬɨɞɵ 

 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ: 

 

2.3.1 Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɜ ɤɥɟɬɤɢ E.coli 

 

ɉɥɚɡɦɢɞɧɭɸ ȾɇɄ, ɫɨɞɟɪɠɚɳɭɸ ɝɟɧɵ ɥɸɰɢɮɟɪɚɡ MLuc7 ɢ MLuc164 

(pET22b+-mluc7; pET22b+-mluc164) ɞɥɹ ɫɢɧɬɟɡɚ ɥɸɰɢɮɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ ɛɟɡ 

ɫɢɝɧɚɥɶɧɨɝɨ ɩɟɩɬɢɞɚ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɥɢ ɜ ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɲɬɚɦɦ E. coli 

BL21(DE3) CodonPlus-RIPL. Ⱦɥɹ ɷɬɨɝɨ 0.5 ɦɤɥ ȾɇɄ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ~100 

ɧɝ/ɦɤɥ ɞɨɛɚɜɥɹɥɢ ɤ 30 ɦɤɥ ɯɢɦɢɱɟɫɤɢ ɤɨɦɩɟɬɟɧɬɧɵɯ ɤɥɟɬɨɤ RIPL, 

ɨɛɪɚɛɨɬɚɧɧɵɯ ɛɭɮɟɪɨɦ TFB, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɷɮɮɟɤɬɢɜɧɭɸ ɬɪɚɧɫɮɨɪɦɚɰɢɸ, 

ɢ  ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɩɪɢ 0ɋ. Ɂɚɬɟɦ ɩɨɞɜɟɪɝɚɥɢ ɬɟɩɥɨɜɨɦɭ ɲɨɤɭ ɜ 

ɬɟɱɟɧɢɟ 25 ɫ ɩɪɢ 42ɋ ɢ ɞɚɥɟɟ ɩɟɪɟɧɨɫɢɥɢ ɜ ɥɟɞ ɧɚ 2 ɦɢɧ. ȼ ɫɬɟɪɢɥɶɧɨɦ ɛɨɤɫɟ ɜ 

ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɥɢ 5 ɨɛɴɟɦɨɜ ɫɪɟɞɵ SOC, ɢɧɤɭɛɢɪɨɜɚɥɢ 1 ɱɚɫ ɩɪɢ 37ɋ.  

Ⱦɚɥɟɟ ɪɚɫɫɟɜɚɥɢ ɧɚ ɱɚɲɤɢ ɫ LB-ɚɝɚɪɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɚɧɬɢɛɢɨɬɢɤ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 150 ɦɤɝ/ɦɥ. 

 

2.3.2 ɗɤɫɩɪɟɫɫɢɹ MLuc7 ɢ MLuc164 ɜ ɤɥɟɬɤɚɯ E.coli 
 

ɉɨɥɭɱɟɧɧɵɟ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɤɨɥɨɧɢɢ E.coli, ɫɨɞɟɪɠɚɳɢɟ ɷɤɫɩɪɟɫɫɢɨɧɧɭɸ 

ɤɨɧɫɬɪɭɤɰɢɸ pET22b+-mluc7; pET22b+-mluc164, ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ 200 ɦɥ ɫɪɟɞɵ LB, ɫɨɞɟɪɠɚɳɟɣ ɚɦɩɢɰɢɥɥɢɧ (200 

ɦɤɝ/ɦɥ), ɩɪɢ 37°C ɞɨ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɚɡɵ ɪɨɫɬɚ (OD600 =1.2). ɂɧɞɭɤɰɢɸ ɫɢɧɬɟɡɚ 

ɩɪɨɜɨɞɢɥɢ ɞɨɛɚɜɥɟɧɢɟɦ ɂɉɌȽ ɞɨ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 1 ɦɆ, ɚ ɡɚɬɟɦ 

ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ 1 ɱɚɫɚ ɩɪɢ 37°C. 

Ʉɥɟɬɤɢ ɨɫɚɠɞɚɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 8000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 

4°C. 
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2.3.3 ɉɨɥɭɱɟɧɢɟ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli 
 

Ʉɥɟɬɨɱɧɵɣ ɨɫɚɞɨɤ ɢɡ 200 ɦɥ ɤɭɥɶɬɭɪɵ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ 10 ɦɥ ɛɭɮɟɪɚ 

(20 ɦɆ Ɍɪɢɫ-HCl pH 8,0, 1 ɦM ɗȾɌȺ) ɢ ɪɚɡɪɭɲɚɥɢ ɩɪɢ 0°C ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɡɢɧɬɟɝɪɚɬɨɪɚ «Q700 Sonicator» (QSonica) (10 ɫɟɤ x 6 ɪɚɡ ɫ 

ɩɟɪɟɪɵɜɚɦɢ ɩɨ 1,5 ɦɢɧ ɜɨ ɥɶɞɭ). Ɍɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ ɫɨɛɢɪɚɥɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ (14000 g, 20 ɦɢɧ).  

 

2.3.4 Ɉɬɦɵɜɤɚ ɢ ɪɚɫɬɜɨɪɟɧɢɟ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli 

 

Ɉɫɚɞɨɤ, ɫɨɞɟɪɠɚɳɢɣ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɦɵɜɚɥɢ ɜ 

ɪɚɫɬɜɨɪɚɯ, ɫɨɞɟɪɠɚɳɢɯ 20 ɦɥ 0,9% NaCl, 20 ɦɆ Tris-HCl pH 8,0; 20 ɦɥ 0,1% 

Ɍɪɢɬɨɧ ɏ-100 (20 ɦɤɥ) 20 ɦɆ Ɍɪɢɫ-HCl pH 8,0, 1 ɦM ɗȾɌȺ. ɉɪɢ ɷɬɨɦ 

ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɨɫɚɞɨɤ ɭɥɶɬɪɚɡɜɭɤɨɦ ɞɨ ɨɞɧɨɪɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɩɪɢ 0°ɋ (10 ɫɟɤ 

x 6 ɪɚɡ ɫ ɩɟɪɟɪɵɜɚɦɢ ɩɨ 1 ɦɢɧ ɜɨ ɥɶɞɭ). ȼɫɟ ɩɪɨɰɟɞɭɪɵ ɨɱɢɫɬɤɢ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɢ (14000 g, 20 ɦɢɧ). 

ɋɨɞɟɪɠɚɧɢɟ ɛɟɥɤɚ ɜ ɬɟɥɶɰɚɯ ɜɤɥɸɱɟɧɢɹ ɢ ɜ ɫɭɩɟɪɧɚɬɚɧɬɚɯ ɨɰɟɧɢɜɚɥɢ ɛɟɥɤɨɜɵɦ 

Ⱦɋɇ-ɉȺȺȽ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ.  

Ɉɱɢɳɟɧɧɵɟ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ ɪɚɫɬɜɨɪɹɥɢɫɶ ɜ 1 ɦɥ 4M ɝɭɚɧɢɞɢɧ 

ɝɢɞɪɨɯɥɨɪɢɞɚ, 1 ɦɆ ɗȾɌȺ, 20 ɦɆ Tɪɢɫ-HCl pH 8,0 ɫ ɞɨɛɚɜɥɟɧɢɟɦ 100 ɦɆ ȾɌɌ 

ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɨɦɟɲɢɜɚɧɢɢ ɜ ɬɟɱɟɧɢɢ 3 ɱɚɫɨɜ ɩɪɢ 23°C.  

 

2.3.5 Ɋɟɮɨɥɞɢɧɝ ɥɸɰɢɮɟɪɚɡ MLuc7 ɢ MLuc164 

 

ɉɪɨɰɟɞɭɪɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɟɥɤɚ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɪɚɡɜɟɞɟɧɢɹ 

ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ MLuc7/MLuc164 ɜ ɪɚɫɬɜɨɪɚɯ ɞɥɹ ɪɟɮɨɥɞɢɧɝɚ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 1:30, ɩɪɢ 4°ɋ, ɜ ɭɫɥɨɜɢɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 

ɧɨɱɢ.  
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2.3.6 Ɉɱɢɫɬɤɚ ɧɚɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ 

 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ ɨɛɪɚɡɟɰ ɪɟɮɨɥɞɢɪɨɜɚɧɧɨɣ ɥɸɰɢɮɟɪɚɡɵ 

ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɮɢɥɶɬɪ 0,22 ɦɤɦ (Millipore), ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

Amicon Ultra Centrifugal Filter, ɩɪɨɜɨɞɢɥɢ ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ 

ɨɛɪɚɡɰɚ ɧɚ ɤɨɥɨɧɤɟ HiTrap (GE Healthcare), ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɛɭɮɟɪɨɦ Ⱥ. Ⱦɚɥɟɟ 

ɩɪɨɜɨɞɢɥɢ ɚɧɢɨɧɨɨɛɦɟɧɧɭɸ ɯɪɨɦɚɬɨɝɪɚɮɢɸ ɧɚ ɤɨɥɨɧɤɟ Q-Sepharose ɜ ɬɨɦ ɠɟ 

ɛɭɮɟɪɟ. ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ MLuc7 (20 ɦɆ BTP pH 9,3, 0,02% Np-40, 5% 

ɝɥɢɰɟɪɨɥ, 50 ɦɆ NaCl) ɢ MLuc164 (20 ɦɆ Ɍɪɢɫ-HCl pH 9,0, 0,02% Np-40, 5% 

ɝɥɢɰɟɪɨɥ, 50 ɦɆ NaCl) ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɤɨɥɨɧɤɭ, ɚ ɡɚɝɪɹɡɧɹɸɳɢɟ ɛɟɥɤɢ 

ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɚɧɢɨɧɨɨɛɦɟɧɧɨɣ ɫɦɨɥɨɣ. Ɂɚɝɪɹɡɧɹɸɳɭɸ ɮɪɚɤɰɢɸ ɛɟɥɤɨɜ 

ɷɥɸɢɪɨɜɚɥɢ ɛɭɮɟɪɨɦ B, ɫɨɞɟɪɠɚɳɢɦ 1 Ɇ NaCl. Ɏɪɚɤɰɢɸ, ɫɨɞɟɪɠɚɳɭɸ ɩɢɤ 

ɚɤɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɵ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɰɟɧɬɪɢɮɭɠɧɨɝɨ ɮɢɥɶɬɪɚ 

Amicon Ultra Centrifugal Filter ɢ ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɨɧɧɭɸ 

ɤɨɥɨɧɤɭ Superdex 75 (GE Healthcare), ɭɪɚɜɧɨɜɟɲɟɧɧɭɸ 150 ɦɆ NaCl, 1 ɦɆ 

ɗȾɌȺ, 5% ɝɥɢɰɟɪɢɧ, 0,02% NP-40, 20 ɦɆ Ɍɪɢɫ-HCl pH 7,5. Ɏɪɚɤɰɢɢ ɷɥɸɚɬɚ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɧɟɪɟɞɭɰɢɪɭɸɳɢɯ ɭɫɥɨɜɢɹɯ.  

 

2.3.7 ɂɡɦɟɪɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɥɸɰɢɮɟɪɚɡ 
 

ɂɡɦɟɪɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɛɟɥɤɨɜ ɩɪɨɜɨɞɢɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɸɦɢɧɨɦɟɬɪɚ (ɦɨɞɟɥɶ «ȻɅɆ 003», ɋɄȻ ɇɚɭɤɚ, Ɋɨɫɫɢɹ), 

ɨɫɧɚɳɟɧɧɨɝɨ ɬɟɪɦɨɫɬɚɬɨɦ ɢ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 

ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ (BLM-8812, Ɉɛɟɪɨɧ-Ʉ, Ɋɨɫɫɢɹ). ȼ ɤɸɜɟɬɭ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜ 

ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɜɧɨɫɢɥɢ 500 ɦɤɥ ML-ɛɭɮɟɪɚ (0,5 M NaCl, 50 ɦɆ Ɍɪɢɫ-

HCl, pH 7,5, 0,01% ɠɟɥɚɬɢɧ) ɢ 5 ɦɤɥ ɨɛɪɚɡɰɚ ɛɟɥɤɚ. Ⱦɥɹ ɡɚɩɭɫɤɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɜ ɤɸɜɟɬɭ ɫ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɞɨɡɚɬɨɪɚ 

(Hamilton, ɋɒȺ) ɜɩɪɵɫɤɢɜɚɥɢ 5 ɦɤɥ ɰɟɥɟɧɬɟɪɚɡɢɧɚ (1 ɦɤɆ). Ɂɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɩɪɢɧɢɦɚɥɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɚɤ 

ɦɢɧɢɦɭɦ ɬɪɟɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ. ɉɪɢ ɪɚɡɜɟɞɟɧɢɢ ɩɪɟɩɚɪɚɬɨɜ 
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ɥɸɰɢɮɟɪɚɡ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ML-ɛɭɮɟɪ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ 0,02% ɧɟɢɨɧɧɨɝɨ ɞɟɬɟɪɝɟɧɬɚ NP-40 (Sigma, ɋɒȺ). Ⱦɥɹ ɨɰɟɧɤɢ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɥɸɰɢɮɟɪɚɡ ɛɟɥɤɨɜɵɟ ɩɪɟɩɚɪɚɬɵ, ɪɚɡɜɟɞɟɧɧɵɟ ɜ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɦ ML-ɛɭɮɟɪɟ, ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1 ɱɚɫɚ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɞɨ 100°ɋ), ɞɚɥɟɟ ɨɯɥɚɠɞɚɥɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ ɩɪɢ 

4°ɋ ɢ ɢɡɦɟɪɹɥɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɤɚɤ ɨɩɢɫɚɧɨ ɜɵɲɟ.  

 

2.3.8 ɂɡɦɟɪɟɧɢɟ ɫɩɟɤɬɪɨɜ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

 

ɋɩɟɤɬɪɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɟɥɤɨɜ ɛɵɥɢ 

ɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɧɚ ɮɥɭɨɪɟɫɰɟɧɬɧɨɦ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ «Varian CaryEclipse» 

(Agilent, ɋɒȺ), ɨɫɧɚɳɟɧɧɨɦ ɬɟɪɦɨɤɨɧɬɪɨɥɥɟɪɨɦ «Cary Single cell Peltier 

Accessory» (Agilent, ɋɒȺ). ȼɫɟ ɫɩɟɤɬɪɵ ɛɵɥɢ ɤɨɪɪɟɤɬɢɪɨɜɚɧɵ ɧɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ Ɏɗɍ ɤ ɪɚɡɥɢɱɧɵɦ ɞɥɢɧɚɦ ɜɨɥɧ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɛɨɪɚ. ɋɩɟɤɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɥɸɰɢɮɟɪɚɡ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ  

0,05 – 0,1 ɦɝ/ɦɥ ɢɡɦɟɪɹɥɢ ɜ ɛɭɮɟɪɟ, ɫɨɞɟɪɠɚɳɟɦ 20 ɦɆ Ɍɪɢɫ-HCl, pH 7,5, 150 

ɦɆ NaCl. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ 275 ɢ 295 ɧɦ ɞɥɹ 

ɬɢɪɨɡɢɧɨɜɨɣ ɢ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɲɢɪɢɧɟ ɳɟɥɢ 5 ɦɦ. ɋɩɟɤɬɪɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢɡɦɟɪɹɥɢ ɜ 

ɛɟɥɤɨɜɵɯ ɪɚɫɬɜɨɪɚɯ ɜ ML-ɛɭɮɟɪɟ, ɞɥɹ ɡɚɩɭɫɤɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɜ 

ɤɸɜɟɬɭ ɜɩɪɵɫɤɢɜɚɥɢ 1 ɦɤɆ ɰɟɥɟɧɬɟɪɚɡɢɧɚ. 

 

2.3.9 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɨɱɤɢ ɬɟɩɥɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɛɟɥɤɨɜ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ ɬɟɩɥɨɜɨɣ 

ɞɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɨɜ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɛɫɬɜɟɧɧɨɣ 

ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ.  

Ɏɥɭɨɪɟɫɰɟɧɰɢɸ ɛɟɥɤɨɜ ɢɡɦɟɪɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ «Varian Cary Eclipse», ɨɫɧɚɳɟɧɧɨɝɨ ɬɟɪɦɨɤɨɧɬɪɨɥɥɟɪɨɦ 
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«Cary Single cell  Peltier  Accessory» (Agilent  technologies, ɋɒȺ). ɇɚɝɪɟɜɚɧɢɟ 

ɤɸɜɟɬɵ ɫ ɨɛɪɚɡɰɨɦ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫɨ ɫɤɨɪɨɫɬɶɸ 1ɋ°/ɦɢɧ ɜ ɞɢɚɩɚɡɨɧɟ 20–95°ɋ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɪɚɡɰɵ ɛɟɥɤɨɜ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,1–0,15 

ɦɝ/ɦɥ ɜ ɛɭɮɟɪɟ, ɫɨɞɟɪɠɚɳɟɦ 150 ɦɆ NaCl ɢ 20 ɦɆ HEPES, pH 7,5. 

ȼɨɡɛɭɠɞɟɧɢɟ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ Ȝ=295 ɧɦ, 

ɪɟɝɢɫɬɪɚɰɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ 310, 330, 360 ɧɦ. 

Ɂɚɜɟɪɲɟɧɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɟɪɟɯɨɞɚ α ɪɚɫɫɱɢɬɵɜɚɥɢ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ  

(1) [111]: 𝛼 = 𝐼−𝐼𝑓𝐼𝑢−𝐼𝑓 ,                                                                                                       (1), 

ɝɞɟ I – ɢɫɯɨɞɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɚ ɩɚɪɚɦɟɬɪɵ If ɢ Iu – 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɞɨ ɢ ɩɨɫɥɟ ɬɟɩɥɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

Ɏɢɧɚɥɶɧɵɟ ɤɪɢɜɵɟ ɛɵɥɢ ɧɨɪɦɚɥɢɡɨɜɚɧɵ ɢ ɨɩɢɫɚɧɵ ɫɢɝɦɨɢɞɧɨɣ ɮɭɧɤɰɟɣ 

Ȼɨɥɶɰɦɚɧɚ (2), ɨɩɪɟɞɟɥɹɸɳɟɣ ɡɚɜɟɪɲɟɧɧɨɫɬɶ ɩɟɪɟɯɨɞɚ α ɨɬ ɡɧɚɱɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ T: 𝛼ሺTሻ=1- 11+𝑒𝑇−𝑇0,5𝑑  ,                                                                                          (2), 

ɝɞɟ Ɍ0,5 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɭɩɟɪɟɯɨɞɚ (Tm), d – ɭɝɨɥ ɧɚɤɥɨɧɚ 

ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɣ ɤɪɢɜɨɣ. Ɋɚɫɱɟɬɵ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ «OriginPro 9.0» (OriginLab Corp., ɋɒȺ). 

 

2.3.10 Ʉɚɱɟɫɬɜɟɧɧɚɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɛɟɥɤɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ  

  

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɛɟɥɤɨɜ ɨɩɪɟɞɟɥɹɥɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢ ɩɨ ɦɟɬɨɞɭ 

Ʌɨɭɪɢ ɩɪɢ ɩɨɦɨɳɢ ɧɚɛɨɪɨɜ «Bio-Rad Lowry protein  assay» (Bio-Rad, ɋɒȺ), ɚ 

ɬɚɤɠɟ «Pierce BCA protein assay kit» (Thermo Scientific, ɋɒȺ), ɜ ɤɚɱɟɫɬɜɟ 

ɫɬɚɧɞɚɪɬɚ ɞɥɹ ɤɚɥɢɛɪɨɜɤɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ BSA (Bio-Rad, ɋɒȺ).  

Ⱦɋɇ-ɉȺȺȽ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɭ Ʌɷɦɥɢ ɜ 12.5% 

ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ ɜ ɤɚɦɟɪɟ (PerkinElmer, ɋɒȺ) ɜ ɛɭɮɟɪɟ TGB ɫ 

ɩɨɫɬɨɹɧɧɨɣ ɩɨɞɚɱɟɣ ɬɨɤɚ 10 ɦȺ. Ⱦɟɧɚɬɭɪɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɝɨɬɨɜɢɥɢ ɫ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɡɢɪɭɸɳɟɝɨ ɛɭɮɟɪɚ (2% Ⱦɋɇ, 10% ɝɥɢɰɟɪɢɧ, 45 ɦɆ Ɍɪɢɫ-

HCl, pH 6,8, 50 ɦɆ ȾɌɌ, 5% β-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ) ɢ 

ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɩɨɥɭɧɚɬɢɜɧɵɯ 

ɭɫɥɨɜɢɹɯ ɨɛɪɚɡɰɵ ɧɟ ɞɟɧɚɬɭɪɢɪɨɜɚɥɢ ɢ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɭɮɟɪ 

ɛɟɡ ȾɌɌ ɢ β-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥɚ, ɤɚɦɟɪɭ ɜɨ ɜɪɟɦɹ ɩɪɨɰɟɞɭɪɵ ɨɯɥɚɠɞɚɥɢ 

ɩɨɞɜɟɞɟɧɧɨɣ ɜ ɧɟɟ ɩɪɨɬɨɱɧɨɣ ɜɨɞɨɣ. Ⱦɥɹ ɨɰɟɧɤɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ 

ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɚɛɨɪ ɫɬɚɧɞɚɪɬɧɵɯ ɦɚɪɤɟɪɧɵɯ ɛɟɥɤɨɜ 

(«Serva»). Ⱦɥɹ ɨɤɪɚɲɢɜɚɧɢɹ ɝɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɜɨɪ (20% ɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɵ, 50% ɷɬɚɧɨɥɚ, Coomassie R-250 (Bio-Rad, ɋɒȺ)) ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɩɪɨɦɵɜɤɨɣ. ɋɴɟɦɤɭ ɝɟɥɟɣ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɤɚɦɟɪɟ 

AlphaImager (AlphaInnotech, ɋɒȺ). 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɹ 

 

Ɋɚɧɟɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɂɧɫɬɢɬɭɬɚ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ ɛɵɥɚ ɩɨɥɭɱɟɧɚ 

ɛɢɛɥɢɨɬɟɤɚ ɝɟɧɨɜ ɫɜɟɬɹɳɢɯɫɹ ɤɨɩɟɩɨɞ Metridia longa ɢ ɩɭɬɟɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 

ɫɤɪɢɧɢɧɝɚ ɜɵɞɟɥɟɧ ɪɹɞ ɤɥɨɧɨɜ ɢɡ ɤȾɇɄ-ɛɢɛɥɢɨɬɟɤɢ, ɧɟɫɭɳɢɯ ɤȾɇɄ-ɝɟɧɵ ɞɥɹ 

ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡɵ [18,28]. ɂɡɨɮɨɪɦɵ MLuc164 ɢ MLuc39 ɩɪɚɤɬɢɱɟɫɤɢ ɫɪɚɡɭ 

ɛɵɥɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɧɵɯ ɦɨɥɟɤɭɥ ɜ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɰɟɥɹɯ [18,25,28,66,99,112]. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɥɸɰɢɮɟɪɚɡɧɵɯ 

ɢɡɨɮɨɪɦ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. 

Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɣ ɷɮɮɟɤɬɢɜɧɨɣ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ 

ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡɵ Metridia ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɨɱɢɳɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɛɟɥɤɚ ɜɜɢɞɭ ɩɪɢɫɭɬɫɬɜɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ 

ɥɸɰɢɮɟɪɚɡɵ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɷɮɮɟɤɬɢɜɧɨɦɭ ɮɨɥɞɢɧɝɭ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦɚɯ ɷɤɫɩɪɟɫɫɢɢ. Ɋɚɧɟɟ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɥɸɰɢɮɟɪɚɡɵ Metridia ɢɡ ɫɪɟɞɵ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ Sf9 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɷɭɤɚɪɢɨɬɢɱɟɫɤɨɣ ɛɚɤɭɥɨɜɢɪɭɫɧɨɣ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɫɚɦɨɣ ɦɚɥɟɧɶɤɨɣ 

ɢɡɨɮɨɪɦɟ MLuc7 [24,85]. Ɉɞɧɚɤɨ ɬɚɤɨɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɨɱɢɳɟɧɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɛɟɥɤɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɞɨɪɨɝɨɫɬɨɹɳɢɦ [108]. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɩɪɨɰɟɞɭɪɚ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɪɟɮɨɥɞɢɧɝɚ ɥɸɰɢɮɟɪɚɡɵ Metridia ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E.coli ɧɚ MLuc7 

ɢɡɨɮɨɪɦɟ ɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɧɚɬɭɪɚɰɢɢ ɥɸɰɢɮɟɪɚɡɵ ɜ 

ɧɚɬɢɜɧɭɸ ɮɨɪɦɭ ɢɡ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɛɟɥɤɨɜɵɯ ɚɝɪɟɝɚɬɨɜ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 

ɫɪɚɜɧɟɧɢɟɦ ɨɫɧɨɜɧɵɯ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɛɟɥɤɚ, 

ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɧɚɬɢɜɧɨɝɨ ɩɪɟɩɚɪɚɬɚ, ɨɱɢɳɟɧɧɨɝɨ ɢɡ ɫɪɟɞɵ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ 

[24]. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ 

ɛɟɥɤɨɜ ɝɨɪɚɡɞɨ ɜɵɝɨɞɧɟɟ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ. ɉɭɬɟɦ 

ɨɩɬɢɦɢɡɢɪɨɜɚɧɨɣ ɦɟɬɨɞɢɤɢ ɪɟɮɨɥɞɢɧɝɚ ɩɨɥɭɱɟɧ ɝɨɦɨɝɟɧɧɵɣ ɩɪɟɩɚɪɚɬ 

ɚɤɬɢɜɧɨɣ MLuc164 ɥɸɰɢɮɟɪɚɡɵ ɢ ɜɩɟɪɜɵɟ ɨɩɢɫɚɧɵ ɟɟ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ɉɪɨɞɭɤɰɢɹ ɜɵɫɨɤɨɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɛɟɥɤɨɜ MLuc164 ɢ 

MLuc7 ɫɨɫɬɚɜɢɥɚ ɞɨ 5-6 ɦɝ/ɥ. 
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3.1 ɉɨɞɛɨɪ ɭɫɥɨɜɢɣ ɞɥɹ ɨɬɦɵɜɤɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli 

 

E. coli ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɯɨɡɹɢɧɨɦ ɞɥɹ ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ, ɨɞɧɚɤɨ ɜ ɫɭɳɟɫɬɜɟɧɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɷɤɫɩɪɟɫɫɢɪɨɜɚɬɶ 

ɜ E. coli ɪɟɤɨɦɛɢɧɚɧɬɧɭɸ ɥɸɰɢɮɟɪɚɡɭ M. longa, ɫɨɞɟɪɠɚɳɭɸ ɦɧɨɠɟɫɬɜɟɧɧɵɟ 

ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ, ɭɞɚɥɨɫɶ ɬɨɥɶɤɨ ɜ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɮɪɚɤɰɢɢ ɜ ɜɢɞɟ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ (IB). ɗɬɨ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɬɟɦ, ɱɬɨ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɢɬɨɩɥɚɡɦɵ ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ 

ɛɟɥɤɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɟɝɨ ɩɪɚɜɢɥɶɧɨɦɭ ɮɨɥɞɢɧɝɭ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɥɭɱɟɧɢɹ 

ɥɸɰɢɮɟɪɚɡɵ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɱɢɫɬɨɬɚ 

ɷɤɫɩɪɟɫɫɢɪɭɟɦɨɝɨ ɛɟɥɤɚ ɢ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨɟ ɜɵɞɟɥɟɧɢɟ IB. Ɉɞɧɚɤɨ ɬɪɟɛɭɟɬɫɹ 

ɩɪɨɰɟɞɭɪɚ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɟɮɨɥɞɢɧɝɚ ɛɟɥɤɚ (ɩɨɜɬɨɪɧɨɝɨ ɫɜɨɪɚɱɢɜɚɧɢɹ ɜ 

ɧɚɬɢɜɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ) ɜ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɨɹɥɚ ɡɚɞɚɱɚ ɩɨɞɨɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 

ɞɥɹ ɨɬɦɵɜɤɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ ɩɭɥ ɧɟɚɤɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ 

ɥɸɰɢɮɟɪɚɡɵ, ɢɯ ɪɚɫɬɜɨɪɟɧɢɹ, ɪɟɧɚɬɭɪɚɰɢɢ ɮɟɪɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɨɱɢɫɬɤɢ. Ⱦɥɹ 

ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɚɦɚɹ ɤɨɪɨɬɤɚɹ ɢɡɨɮɨɪɦɚ 

ɥɸɰɢɮɟɪɚɡɵ Metridia - MLuc7 (~16,5 ɤȾɚ), ɬɚɤ ɤɚɤ ɪɚɧɟɟ ɨɧɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɜ 

ɨɱɢɳɟɧɧɨɣ ɦɨɧɨɦɟɪɧɨɣ ɮɨɪɦɟ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɭɬɟɦ 

ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɷɤɫɩɪɟɫɫɢɢ ɜ ɫɪɟɞɟ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ Sf9 [24]. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɚɧɧɨɣ ɢɡɨɮɨɪɦɵ ɨɛɟɫɩɟɱɢɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɮɨɥɞɢɧɝɚ 

ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɩɪɟɩɚɪɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɪɟɮɨɥɞɢɧɝɚ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɢ 

ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɥɟɬɤɚɯ ɧɚɫɟɤɨɦɵɯ. 

 ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɰɟɧɬɚ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɟɬɤɢ ɲɬɚɦɦɚ 

E.coli BL21(DE3) CodonPlus-RIPL, ɫɨɞɟɪɠɚɳɢɟ ɷɤɫɩɪɟɫɫɢɨɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ 

pET22b+-mluc7 ɞɥɹ ɫɢɧɬɟɡɚ ɥɸɰɢɮɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ ɛɟɡ ɫɢɝɧɚɥɶɧɨɝɨ 

ɩɟɩɬɢɞɚ; ɩɪɨɞɭɤɰɢɸ ɥɸɰɢɮɟɪɚɡɵ ɢɧɞɭɰɢɪɨɜɚɥɢ 1 ɦɆ ɂɉɌȽ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɭɫɥɨɜɢɹ ɞɥɹ ɨɱɢɫɬɤɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ 

(IB) ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɪɨɦɵɜɤɢ ɜ ɪɚɫɬɜɨɪɚɯ, ɫɨɞɟɪɠɚɳɢɯ 0.9% NaCl ɢ 
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0,1% Ɍɪɢɬɨɧ ɏ-100. Ⱦɚɧɧɵɣ ɷɬɚɩ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɭɞɚɥɟɧɢɹ ɧɟɛɟɥɤɨɜɵɯ 

ɩɪɢɦɟɫɟɣ, ɚ ɬɚɤɠɟ ɛɟɥɤɨɜ, ɤɨɬɨɪɵɟ, ɚɞɫɨɪɛɢɪɭɹɫɶ ɧɚ ɬɟɥɶɰɚɯ ɜɤɥɸɱɟɧɢɹ 

ɛɥɚɝɨɞɚɪɹ ɝɢɞɪɨɮɨɛɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ, ɦɨɝɭɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɥɢɹɬɶ ɧɚ 

ɩɪɨɯɨɠɞɟɧɢɟ ɪɟɮɨɥɞɢɧɝɚ ɢ ɤɨɧɟɱɧɵɣ ɜɵɯɨɞ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ. ɇɚ ɫɧɢɦɤɟ Ⱦɋɇ-

ɉȺȺȽ ɜɢɞɧɨ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɤɨɧɬɚɦɢɧɚɧɬɨɜ ɭɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ (Ɋɢɫɭɧɨɤ 8-

1,2), ɚ ɰɟɥɟɜɨɣ ɛɟɥɨɤ ɨɫɬɚɟɬɫɹ ɜ ɬɟɥɶɰɚɯ ɜɤɥɸɱɟɧɢɹ ɜ ɜɢɞɟ ɨɫɚɞɤɚ (Ɋɢɫɭɧɨɤ 8-5). 

ɉɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɨɱɢɫɬɤɢ IB ɬɚɤɠɟ ɩɪɨɜɟɪɹɥɢ ɜɥɢɹɧɢɟ ɦɨɱɟɜɢɧɵ ɧɚ 

ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ IB ɨɬ ɤɨɧɬɚɦɢɧɚɧɬɨɜ, ɨɞɧɚɤɨ ɷɬɨ ɩɪɢɜɨɞɢɥɨ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɩɨɬɟɪɹɦ ɛɟɥɤɚ (ɨɤɨɥɨ 10%), ɱɬɨ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ 8-3. ɗɬɚɩɵ ɩɪɨɦɵɜɤɢ 

ɪɚɫɬɜɨɪɚɦɢ 0.9% NaCl ɢ 0,1% Ɍɪɢɬɨɧ ɏ-100 ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 8-1 ɢ 8-2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɋɢɫɭɧɨɤ 8 – Ⱦɋɇ-ɉȺȺȽ ɩɪɨɦɵɜɤɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli: 1, 2, 3 – ɷɬɚɩɵ ɩɪɨɦɵɜɤɢ 

(ɫɭɩɟɪɧɚɬɚɧɬ), 4 – ɨɫɚɞɨɤ IB ɞɨ ɩɪɨɦɵɜɤɢ, 5 – ɨɫɚɞɨɤ ɨɱɢɳɟɧɧɵɯ IB; ɰɟɥɟɜɨɣ ɛɟɥɨɤ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɣɨɧɟ 16,5 ɤȾɚ 

 

3.2 ɉɨɞɛɨɪ ɭɫɥɨɜɢɣ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli 

 

Ɉɱɢɳɟɧɧɵɟ ɨɬ ɝɢɞɪɨɮɨɛɧɵɯ ɤɨɧɬɚɦɢɧɚɧɬɨɜ IB ɛɵɥɢ ɞɟɧɚɬɭɪɢɪɨɜɚɧɵ ɜ 

ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɳɟɦ ɝɭɚɧɢɞɢɧɚ ɝɢɞɪɨɯɥɨɪɢɞ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 100 ɦɆ ȾɌɌ ɞɥɹ 

ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɧɭɬɪɢ- ɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ S-S ɫɜɹɡɟɣ. ɉɪɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɭɫɥɨɜɢɣ ɪɚɫɬɜɨɪɟɧɢɹ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɬɟɫɬɢɪɨɜɚɥɢɫɶ ɪɚɡɧɵɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɌɌ. Ɍɚɤ, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 50 ɦɆ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɌɌ ɤ 

ɞɟɧɚɬɭɪɢɪɭɸɳɟɦɭ ɪɚɫɬɜɨɪɭ, ɜɵɯɨɞ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɩɨɫɥɟ ɟɝɨ ɪɟɧɚɬɭɪɚɰɢɢ ɛɵɥ 
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ɨɤɨɥɨ 70% ɨɬ ɜɨɡɦɨɠɧɨɝɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ȾɌɌ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 100 ɢ 200 ɦɆ, 

ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 9. Ȼɟɡ ɞɨɛɚɜɥɟɧɢɹ ȾɌɌ ɜ ɞɟɧɚɬɭɪɢɪɭɸɳɢɣ ɪɚɫɬɜɨɪ, 

ɜɵɯɨɞ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɩɨɫɥɟ ɪɟɮɨɥɞɢɧɝɚ ɫɨɫɬɚɜɥɹɥ ɧɟ ɛɨɥɟɟ 1%, ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

100 ɦɆ ȾɌɌ. ɗɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ ɛɟɥɨɤ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɞɨɥɸ ɧɟɤɨɪɪɟɤɬɧɵɯ S-S 

ɫɜɹɡɟɣ, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɟɮɨɥɞɢɧɝɚ ɢɦɟɟɬ ɫɤɨɥɨɧɧɨɫɬɶ ɤ 

ɚɝɪɟɝɚɰɢɢ. Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɧɟɠɟɥɚɟɦɨɦɭ ɧɚ 

ɞɚɧɧɨɦ ɷɬɚɩɟ ɨɤɢɫɥɟɧɢɸ ɬɢɨɥɶɧɵɯ ɝɪɭɩɩ ɛɟɥɤɚ, ɜ ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɢɣ ɛɭɮɟɪ 

ɞɨɛɚɜɥɹɥɫɹ ɯɟɥɚɬɢɪɭɸɳɢɣ ɪɟɚɝɟɧɬ (1 ɦɆ ɗȾɌȺ).  

 
Ɋɢɫɭɧɨɤ 9 – ȼɵɯɨɞ ɚɤɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ȾɌɌ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ IB 

 

3.3 ɉɨɞɛɨɪ ɭɫɥɨɜɢɣ ɪɟɮɨɥɞɢɧɝɚ ɥɸɰɢɮɟɪɚɡɵ 

 

Ɉɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɪɟɮɨɥɞɢɧɝɚ (ɩɪɚɜɢɥɶɧɨɝɨ ɫɜɨɪɚɱɢɜɚɧɢɹ ɛɟɥɤɚ ɜ 

ɩɪɢɪɨɞɧɭɸ ɮɨɪɦɭ) ɛɟɥɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ: ɩɨɜɵɲɟɧɢɹ ɜɵɯɨɞɚ 

ɚɤɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ ɢ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɪɟɧɚɬɭɪɚɰɢɢ 

ɛɟɥɤɚ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɞɛɨɪɚ ɭɫɥɨɜɢɣ ɪɟɮɨɥɞɢɧɝɚ, ɛɵɥ ɧɚɣɞɟɧ ɨɩɬɢɦɚɥɶɧɵɣ 

ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ 300 ɦM Ⱥɪɝ, 150 ɦM NaCl, 10 ɦM MgCl2, 0,02% NP-40, 5 

ɦM GSH, 0.5 ɦM GSSG, 20 ɦM Ɍɪɢɫ-HCl, pH 8,0, 0,2 ɦM CuCl2. ɉɪɨɰɟɞɭɪɭ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɟɥɤɚ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɪɚɡɜɟɞɟɧɢɹ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɨɝɨ 



45 
 

ɩɪɟɩɚɪɚɬɚ MLuc7 ɜ ɪɚɫɬɜɨɪɟ ɞɥɹ ɪɟɮɨɥɞɢɧɝɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:30, ɩɪɢ 4°ɋ, ɜ 

ɭɫɥɨɜɢɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ. 

Ɉɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɮɨɪɦɢɪɨɜɚɧɢɸ ɞɢɫɭɥɶɮɢɞɧɵɯ 

ɫɜɹɡɟɣ ɜ ɛɟɥɤɟ, ɚ ɬɚɤɠɟ ɢɯ ɢɡɨɦɟɪɢɡɚɰɢɢ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɧɟɤɨɪɪɟɤɬɧɵɯ 

ɞɢɫɭɥɶɮɢɞɨɜ, ɹɜɥɹɟɬɫɹ ɝɥɭɬɚɬɢɨɧ ɜ ɨɤɢɫɥɟɧɧɨɣ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɚɯ 

[110]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɢɫɭɬɫɬɜɢɟ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɜɵɯɨɞ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɜ 

ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɪɟɮɨɥɞɢɧɝɚ, ɱɬɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɞɚɥɟɟ.  

 

3.3.1 ȼɥɢɹɧɢɟ ɚɪɝɢɧɢɧɚ ɧɚ ɪɟɮɨɥɞɢɧɝ 

 

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɚɪɝɢɧɢɧɚ ɜ ɪɟɮɨɥɞɢɧɝɨɜɵɣ ɪɚɫɬɜɨɪ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɨɬ 0,1 ɞɨ 0,5 Ɇ ɫɧɢɠɚɟɬ ɚɝɪɟɝɚɰɢɸ ɛɟɥɤɚ, ɩɪɢ ɷɬɨɦ ɟɝɨ ɜɵɯɨɞ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 10 ɪɚɡ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɫɬɜɨɪɨɦ ɛɟɡ Ⱥɪɝ, ɧɨ 

ɨɩɬɢɦɚɥɶɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ȼɟɥɨɤ ɛɵɥ ɧɚɢɦɟɧɟɟ 

ɩɨɞɜɟɪɠɟɧ ɚɝɪɟɝɚɰɢɢ ɩɪɢ 300 ɦɆ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɪɝɢɧɢɧɚ. ɗɬɨ ɦɨɠɟɬ 

ɨɛɴɹɫɧɹɬɶɫɹ ɬɟɦ, ɱɬɨ ɚɪɝɢɧɢɧ ɩɨɜɵɲɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɛɟɥɤɚ ɜ 

ɩɪɨɰɟɫɫɟ ɟɝɨ ɫɜɨɪɚɱɢɜɚɧɢɹ [110].  

 

3.3.2 ȼɥɢɹɧɢɟ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɧɚ ɪɟɮɨɥɞɢɧɝ 

 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ Mg2+ ɜ ɪɟɮɨɥɞɢɧɝɨɜɵɣ ɪɚɫɬɜɨɪ, ɛɵɥɨ ɨɬɦɟɱɟɧɨ 

ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɫɜɨɪɚɱɢɜɚɧɢɹ MLuc7 ɜ ɧɚɬɢɜɧɭɸ ɮɨɪɦɭ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 

ɫɭɬɨɤ ɢɧɤɭɛɚɰɢɢ ɜ ɪɟɮɨɥɞɢɧɝɨɜɨɦ ɪɚɫɬɜɨɪɟ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10. Ɍɚɤ, 

ɫɩɭɫɬɹ 3 ɱɚɫɚ ɨɬ ɧɚɱɚɥɚ ɢɧɤɭɛɚɰɢɢ, ɜɵɯɨɞ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ 

ɪɚɫɬɜɨɪ 10 ɦM MgCl2 ɛɵɥ ɛɨɥɶɲɟ ɜ 6 ɪɚɡ, ɱɟɪɟɡ 4 ɱɚɫɚ ɪɚɡɧɢɰɚ ɜ ɜɵɯɨɞɟ 

ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɫɨɫɬɚɜɢɥɚ 4 ɪɚɡɚ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɫɬɜɨɪɨɦ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ 

MgCl2. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ MLuc7 ɢɥɢ ɞɪɭɝɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 

ɩɪɨɞɭɤɬɵ ɪɟɮɨɥɞɢɧɝɚ ɦɨɝɭɬ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɢɨɧɚɦɢ ɦɚɝɧɢɹ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɱɟɪɟɡ 
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6 ɱɚɫɨɜ ɪɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɚ ɜ ɪɚɫɬɜɨɪɟ ɞɥɹ ɪɟɮɨɥɞɢɧɝɚ, ɟɝɨ ɜɵɯɨɞ ɛɵɥ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜ, ɤɚɤ ɫ ɞɨɛɚɜɥɟɧɢɟɦ MgCl2, ɬɚɤ ɢ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ.  

 
Ɋɢɫɭɧɨɤ 10 – ȼɥɢɹɧɢɟ MgCl2 ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɮɨɥɞɢɧɝɚ MLuc7, ɪɨɡɨɜɵɦ – ɛɟɡ 

ɞɨɛɚɜɥɟɧɢɹ MgCl2, ɫɢɧɢɦ – ɫ ɞɨɛɚɜɥɟɧɢɟɦ 10 ɦM MgCl2 

 

 
Ɋɢɫɭɧɨɤ 11 – Ⱥɤɬɢɜɧɨɫɬɢ MLuc7 ɜɨ ɜɪɟɦɹ ɪɟɮɨɥɞɢɧɝɚ. Ʉɪɚɫɧɵɦ – ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ 

CuCl2, ɫɢɧɢɦ – ɫ ɞɨɛɚɜɥɟɧɢɟɦ 0,2 ɦM CuCl2 

 

ɇɚ ɪɢɫɭɧɤɟ 11 ɩɪɟɞɫɬɚɜɥɟɧɨ ɜɥɢɹɧɢɟ ɢɨɧɨɜ ɦɟɞɢ ɧɚ ɪɟɮɨɥɞɢɧɝ. 

Ⱦɨɛɚɜɥɟɧɢɟ ɢɨɧɨɜ ɦɟɞɢ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɤɨɥɢɱɟɫɬɜɚɯ (0,2 ɦM CuCl2) 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɢɥɨ ɩɪɨɰɟɫɫ ɪɟɮɨɥɞɢɧɝɚ ɛɟɥɤɚ. Ɍɚɤ, ɭɠɟ ɩɨɫɥɟ ɫɭɬɨɤ 

ɢɧɤɭɛɚɰɢɢ MLuc7 ɜ ɪɟɮɨɥɞɢɧɝɨɜɨɦ ɪɚɫɬɜɨɪɟ ɜɵɯɨɞ ɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ ɛɵɥ 

ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ ɫɨɯɪɚɧɹɥɚɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɧɟɞɟɥɢ, ɨɞɧɚɤɨ ɛɟɡ 

ɞɨɛɚɜɥɟɧɢɹ CuCl2, ɧɟɛɨɥɶɲɚɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɚɛɥɸɞɚɥɚɫɶ 

ɬɨɥɶɤɨ ɧɚ 7 ɫɭɬɤɢ. ɉɨɦɢɦɨ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɮɨɥɞɢɧɝɚ ɛɟɥɤɚ ɞɨɛɚɜɥɟɧɢɟ 
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ɢɨɧɨɜ ɦɟɞɢ ɜ ɪɟɮɨɥɞɢɧɝɨɜɵɣ ɪɚɫɬɜɨɪ ɩɪɢɜɟɥɨ ɤ 10-ɤɪɚɬɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 

ɜɵɯɨɞɚ ɚɤɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɵ. ɗɬɨ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɬɟɦ, ɱɬɨ ɢɨɧɵ ɦɟɞɢ 

ɢɝɪɚɸɬ ɪɨɥɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɢɫɥɟɧɢɹ ɬɢɨɥɨɜɵɯ ɝɪɭɩɩ ɛɟɥɤɚ. 

 

3.4 Ɉɱɢɫɬɤɚ ɧɚɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ 

 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ ɨɛɪɚɡɟɰ ɪɟɮɨɥɞɢɪɨɜɚɧɧɨɣ ɥɸɰɢɮɟɪɚɡɵ 

ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɮɢɥɶɬɪ 0,22 ɦɤɦ (Millipore), ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

Amicon Ultra Centrifugal Filter, ɩɪɨɜɨɞɢɥɢ ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ 

ɨɛɪɚɡɰɚ ɧɚ ɤɨɥɨɧɤɟ HiTrap (GE Healthcare), ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɛɭɮɟɪɨɦ ɞɥɹ 

ɨɛɟɫɫɨɥɢɜɚɧɢɹ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ ɚɧɢɨɧɨɨɛɦɟɧɧɭɸ ɯɪɨɦɚɬɨɝɪɚɮɢɸ ɧɚ ɤɨɥɨɧɤɟ 

Q-Sepharose ɜ ɛɭɮɟɪɟ A (pH 9.3). ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ MLuc7 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ 

ɤɨɥɨɧɤɭ, ɚ ɡɚɝɪɹɡɧɹɸɳɢɟ ɛɟɥɤɢ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɚɧɢɨɧɨɨɛɦɟɧɧɨɣ ɫɦɨɥɨɣ. 

Ɂɚɝɪɹɡɧɹɸɳɭɸ ɮɪɚɤɰɢɸ ɛɟɥɤɨɜ ɷɥɸɢɪɨɜɚɥɢ ɛɭɮɟɪɨɦ B, ɫɨɞɟɪɠɚɳɢɦ 1 Ɇ 

NaCl. ɋɨɛɪɚɧɧɭɸ ɮɪɚɤɰɢɸ ɫ ɥɸɰɢɮɟɪɚɡɨɣ ɩɨɫɥɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɩɨɞɜɟɪɝɚɥɢ 

ɮɢɧɚɥɶɧɨɣ ɨɱɢɫɬɤɟ ɩɭɬɟɦ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɤɨɥɨɧɤɟ 

Superdex 75 (GE Healthcare). ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥɚ ɫɨɛɪɚɧɚ ɦɨɧɨɦɟɪɧɚɹ 

ɮɪɚɤɰɢɹ (Ɋɢɫɭɧɨɤ 12Ⱥ) ɫɨɝɥɚɫɧɨ ɩɪɨɮɢɥɸ ɪɚɡɞɟɥɟɧɢɹ ɤɚɥɢɛɪɨɜɨɱɧɵɯ ɛɟɥɤɨɜ.  

 
 Ɋɢɫɭɧɨɤ 12 –  Ɉɱɢɫɬɤɚ MLuc7: A - ɉɪɨɮɢɥɶ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ MLuc7 ɧɚ ɤɨɥɨɧɤɟ 

Superdex 75; Ȼ - Ⱦɋɇ-ɉȺȺȽ ɨɱɢɫɬɤɢ MLuc7: 1 – IB, ɪɚɫɬɜɨɪɟɧɧɵɟ ɜ ɪɟɮɨɥɞɢɧɝɨɜɨɦ ɛɭɮɟɪɟ, 

2 – ɩɪɟɩɚɪɚɬ ɩɨɫɥɟ ɚɧɢɨɧɨɨɛɦɟɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ Q-ɫɟɮɚɪɨɡɟ, 3 – ɩɪɟɩɚɪɚɬ ɩɨɫɥɟ ɝɟɥɶ-

ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɤɨɥɨɧɤɟ Superdex-75; 4 – ɩɪɨɬɟɢɧɨɜɵɣ ɫɬɚɧɞɚɪɬ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɩɪɨɰɟɞɭɪ ɛɵɥ ɩɨɥɭɱɟɧ ɝɨɦɨɝɟɧɧɵɣ ɛɟɥɤɨɜɵɣ 

ɩɪɟɩɚɪɚɬ (Ɋɢɫɭɧɨɤ 12Ȼ), ɨɛɥɚɞɚɸɳɢɣ ɜɵɫɨɤɨɣ ɥɸɰɢɮɟɪɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 

ȼɵɯɨɞ ɛɟɥɤɚ ɫɨɫɬɚɜɢɥ 6 ɦɝ/ɥ. 
 

3.5 ɋɜɨɣɫɬɜɚ ɧɚɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ MLuc7 

 

Ɋɚɧɟɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɮɨɬɨɛɢɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ ɛɢɨɮɢɡɢɤɢ Ɏɂɐ Ʉɇɐ ɋɈ 

ɊȺɇ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɥɸɰɢɮɟɪɚɡɚ MLuc7 ɜ ɧɚɬɢɜɧɨɣ ɮɨɪɦɟ ɢɡ ɫɪɟɞɵ ɤɥɟɬɨɤ 

ɧɚɫɟɤɨɦɵɯ (Spodoptera frugiperda, ɥɢɧɢɹ ɤɥɟɬɨɤ ɬɤɚɧɟɣ ɹɢɱɧɢɤɨɜ ɝɭɫɟɧɢɰɵ Sf9) 

[108]. Ɉɞɧɚɤɨ ɩɨɥɭɱɟɧɢɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɩɭɬɟɦ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ 

ɧɚɫɟɤɨɦɵɯ ɛɨɥɟɟ ɬɪɭɞɨɟɦɤɨ ɢ ɞɨɪɨɝɨ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɥɟɬɤɚɦɢ E. coli.  

Cɜɨɣɫɬɜɚ MLuc7, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli, ɨɰɟɧɢɜɚɥɢ ɞɥɹ 

ɜɵɫɨɤɨɚɤɬɢɜɧɨɣ ɦɨɧɨɦɟɪɧɨɣ ɮɪɚɤɰɢɢ ɛɟɥɤɚ, ɫɨɛɪɚɧɧɨɣ ɩɪɢ ɝɟɥɶ-

ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɨɱɢɫɬɤɟ ɢ ɫɪɚɜɧɢɜɚɥɢ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɧɚɬɢɜɧɨɣ 

ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɫɪɟɞɵ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ Sf9. 

Ɉɛɚ ɨɛɪɚɡɰɚ ɢɦɟɥɢ ɨɞɢɧɚɤɨɜɵɟ ɫɩɟɤɬɪɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɫ ɩɢɤɨɦ 

ɢɫɩɭɫɤɚɧɢɹ Ȝmax = 487 ɧɦ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 13Ⱥ. Ɉɩɬɢɦɭɦ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɧɚɯɨɞɢɥɫɹ ɩɪɢ pH 7,00-7,75.  

Ɉɛɚ ɨɛɪɚɡɰɚ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɨɞɢɧɚɤɨɜɭɸ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɫ 

ɨɩɬɢɦɭɦɨɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɨɤɨɥɨ 15°C (Ɋɢɫɭɧɨɤ 13Ȼ). Ʉɪɨɦɟ 

ɬɨɝɨ, ɨɛɚ ɩɪɟɩɚɪɚɬɵ ɥɸɰɢɮɟɪɚɡɵ ɩɨɤɚɡɚɥɢ ɷɤɫɬɪɟɦɚɥɶɧɨ ɜɵɫɨɤɭɸ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ (Ɋɢɫɭɧɨɤ 13ȼ), ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɞɨ 70% ɨɬ ɧɚɱɚɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɩɨɫɥɟ 1 ɱɚɫɚ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 100°C. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, 

ɥɸɰɢɮɟɪɚɡɚ MLuc7, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ, ɬɚɤɠɟ ɢɦɟɟɬ ɤɨɪɪɟɤɬɧɨ 

ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɟ ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ 

ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɜɵɫɨɤɭɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ.   

ɉɨɫɤɨɥɶɤɭ ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, 

ɨɩɪɟɞɟɥɹɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɛɟɥɤɚ ɜ 

ɤɚɱɟɫɬɜɟ ɦɟɬɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɚɧɚɥɢɡɚɯ in vitro, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 

ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɭɞɟɥɶɧɵɟ ɚɤɬɢɜɧɨɫɬɢ ɨɛɨɢɯ ɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɸɬɫɹ 
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ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɟɛɨɥɶɲɢɟ ɪɚɡɥɢɱɢɹ ɜ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɤɢɧɟɬɢɤɟ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 13Ƚ.  

 
Ɋɢɫɭɧɨɤ 13 – ɋɜɨɣɫɬɜɚ MLuc7, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ Sf9 ɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ 

E.coli: A - ɫɩɟɤɬɪɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ MLuc7 ɩɪɢ 23°C; Ȼ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɩɬɢɦɭɦ 

ɮɟɪɦɟɧɬɨɜ; ȼ – ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ MLuc7; Ƚ – ɤɢɧɟɬɢɤɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ 

MLuc7 ɩɪɢ 23°C 

 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɛɟɥɤɨɜ, ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɫɩɟɤɬɪɵ 

ɫɨɛɫɬɜɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɨɫɬɚɬɤɚɦɢ ɬɢɪɨɡɢɧɚ ɢ ɬɪɢɩɬɨɮɚɧɚ 

[111]. Ɉɛɚ ɨɛɪɚɡɰɚ ɥɸɰɢɮɟɪɚɡɵ ɩɨɤɚɡɚɥɢ ɦɚɤɫɢɦɭɦɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ Trp ɢ Tyr 

ɩɪɢ 330 ɢ 303 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (Ɋɢɫɭɧɨɤ  14). ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɤɪɭɠɟɧɢɟ 

Ⱥ Ȼ 

ȼ Ƚ 
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ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɛɨɤɨɜɵɯ ɰɟɩɟɣ ɨɫɬɚɬɤɨɜ ɷɬɢɯ ɚɦɢɧɨɤɢɫɥɨɬ ɹɜɥɹɟɬɫɹ 

ɢɞɟɧɬɢɱɧɵɦ.  

Ɋɢɫɭɧɨɤ 14 – ɋɩɟɤɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ Ɍɪɩ (Ⱥ) ɢ Ɍɢɪ (Ȼ), ɜɨɡɛɭɠɞɚɟɦɵɟ ɩɪɢ 295 ɢ 275 ɧɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɪɟɮɨɥɞɢɧɝɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 

ɜɵɫɨɤɨɚɤɬɢɜɧɭɸ ɦɨɧɨɦɟɪɧɭɸ ɥɸɰɢɮɟɪɚɡɭ MLuc7 ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ, ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɢɞɟɧɬɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦ ɥɸɰɢɮɟɪɚɡɵ MLuc7 ɜ 

ɧɚɬɢɜɧɨɣ ɮɨɪɦɟ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɫɪɟɞɵ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ.  

 

3.6 ɉɨɥɭɱɟɧɢɟ ɢ ɨɱɢɫɬɤɚ ɧɚɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɢɡɨɮɨɪɦɵ 

ɥɸɰɢɮɟɪɚɡɵ MLuc164 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɡɨɮɨɪɦɚ MLuc164 ɛɵɥɚ ɩɟɪɜɨɣ ɤɥɨɧɢɪɨɜɚɧɚ ɢ 

ɨɩɢɫɚɧɚ, ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɫɜɨɣɫɬɜɚ ɞɚɧɧɨɣ ɢɡɨɮɨɪɦɵ ɧɟ ɛɵɥɢ ɜ 

ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ. Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 

ɪɚɛɨɬɵ ɮɟɪɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɸɰɢɮɟɪɚɡɵ 

Metridia ɜ ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɯ in vitro ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɢɬɶ 

ɨɱɢɳɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɚɤɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɵ ɢ ɨɩɪɟɞɟɥɢɬɶ ɟɟ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.  

Ȼ Ⱥ 
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Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɥɸɰɢɮɟɪɚɡɵ MLuc164 ɜ ɚɤɬɢɜɧɨɣ ɧɚɬɢɜɧɨɣ ɮɨɪɦɟ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɪɚɧɟɟ ɦɟɬɨɞɢɤɭ ɪɟɮɨɥɞɢɧɝɚ ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɞɥɹ ɢɡɨɮɨɪɦɵ MLuc7. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɰɟɧɬɚ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɟɬɤɢ ɲɬɚɦɦɚ E.coli 

BL21(DE3) CodonPlus-RIPL, ɫɨɞɟɪɠɚɳɢɟ ɷɤɫɩɪɟɫɫɢɨɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ 

pET22b+-mluc164 ɞɥɹ ɫɢɧɬɟɡɚ ɥɸɰɢɮɟɪɚɡɵ ɜ ɰɢɬɨɩɥɚɡɦɟ ɛɟɡ ɫɢɝɧɚɥɶɧɨɝɨ 

ɩɟɩɬɢɞɚ; ɩɪɨɞɭɤɰɢɸ ɥɸɰɢɮɟɪɚɡɵ ɢɧɞɭɰɢɪɨɜɚɥɢ 1 ɦɆ ɂɉɌȽ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɬɚɤɨɝɨ ɫɢɧɬɟɡɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɸɬɫɹ 

ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɧɚɤɨɩɥɟɧɢɹ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɱɢɫɬɨɬɵ, ɱɬɨ ɜɢɞɧɨ ɢɡ 

ɛɟɥɤɨɜɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 15-1. Ȼɟɥɤɨɜɵɣ 

ɷɥɟɤɬɪɨɮɨɪɟɡ ɨɱɢɳɟɧɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 15-2.  

 

 
Ɋɢɫɭɧɨɤ 15 –  Ⱦɋɇ ɉȺȺȽ ɨɱɢɫɬɤɢ MLuc164: 1 – IB, 2 – ɨɱɢɳɟɧɧɵɟ IB, 3 – IB ɜ 

ɪɟɮɨɥɞɢɧɝɨɜɨɦ ɪɚɫɬɜɨɪɟ, 4 – ɩɪɟɩɚɪɚɬ ɩɨɫɥɟ ɢɨɧɨɨɛɦɟɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ Q-ɫɟɮɚɪɨɡɟ, 5 

– ɩɨɥɭɧɚɬɢɜɧɵɣ ɩɪɟɩɚɪɚɬ ɩɨɫɥɟ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɤɨɥɨɧɤɟ Superdex-75, 6 – ɩɪɟɩɚɪɚɬ ɩɨɫɥɟ 

ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɤɨɥɨɧɤɟ Superdex-75, 7 – ɩɪɨɬɟɢɧɨɜɵɣ ɫɬɚɧɞɚɪɬ 

 

Ɉɱɢɫɬɤɭ MLuc164 ɩɨɫɥɟ ɪɟɮɨɥɞɢɧɝɚ ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ 

ɩɪɨɜɨɞɢɥɢ ɚɧɚɥɨɝɢɱɧɨ ɨɱɢɫɬɤɟ MLuc7 ɢɡɨɮɨɪɦɵ, ɧɨ ɜɦɟɫɬɨ 20 ɦɆ BTP pH 9.3 

ɢɫɩɨɥɶɡɨɜɚɥɢ 20 ɦɆ Tris-HCl pH 9.0 ɜ ɪɚɫɬɜɨɪɟ ɞɥɹ ɨɛɟɫɫɨɥɢɜɚɧɢɹ, ɜ ɛɭɮɟɪɚɯ A 

ɢ B ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɢɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɨɱɤɨɣ MLuc164.  
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Ɋɢɫɭɧɨɤ 16 - ɉɪɨɮɢɥɶ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ MLuc164 ɧɚ ɫɨɪɛɟɧɬɟ 

Superdex75 

 

ɉɟɪɜɵɣ ɜɵɫɨɤɢɣ ɩɢɤ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɟ (Ɋɢɫɭɧɨɤ 16) ɩɨɱɬɢ ɧɟ ɢɦɟɟɬ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɨɞɟɪɠɢɬ, ɜɢɞɢɦɨ, ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ 

ɧɟɛɟɥɤɨɜɵɟ ɩɪɢɦɟɫɢ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ, ɧɟ ɨɬɞɟɥɢɜɲɢɟɫɹ ɧɚ ɢɨɧɨɨɛɦɟɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɛɟɥɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɢ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ (Ɋɢɫɭɧɨɤ 15-5) ɱɢɫɬɵɣ 

ɦɨɧɨɦɟɪɧɵɣ ɛɟɥɨɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɦɟɪɚ (~22 ɤȾɚ).  

 

3.7 ɋɜɨɣɫɬɜɚ ɧɚɬɢɜɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ ɥɸɰɢɮɟɪɚɡɵ MLuc164 

 

ɉɨɥɭɱɟɧɧɵɣ ɦɨɧɨɦɟɪɧɵɣ ɩɪɟɩɚɪɚɬ ɥɸɰɢɮɟɪɚɡɵ MLuc164 ɛɵɥ 

ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ɇɚɤɫɢɦɭɦ ɫɩɟɤɬɪɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɫɨɫɬɚɜɢɥ max=488 ɧɦ, ɱɬɨ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 17ȿ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɥɸɰɢɮɟɪɚɡɚ ɩɪɨɹɜɥɹɟɬ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ 0,5 Ɇ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ 

(Ɋɢɫɭɧɨɤ 17Ȼ), ɞɢɚɩɚɡɨɧɟ pH 7,25 – 7,75 (Ɋɢɫɭɧɨɤ 17ȼ) ɢ ɬɟɦɩɟɪɚɬɭɪ 10-18°ɋ, ɫ 

ɞɨɜɨɥɶɧɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɚɞɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɜɨɡɪɚɫɬɚɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ (Ɋɢɫɭɧɨɤ 17Ⱥ). Ɍɚɤ, ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɜɚɠɧɨɫɬɶ ɨɩɬɢɦɚɥɶɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɨɥɢ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɛɭɮɟɪɟ, ɩɨɫɤɨɥɶɤɭ ɜ ɨɬɫɭɬɫɬɜɢɢ NaCl ɜ 
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ɛɭɮɟɪɟ, ɥɢɛɨ ɩɪɢ ɟɟ ɧɚɥɢɱɢɢ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɨɬ 1,5 Ɇ ɢ ɜɵɲɟ, ɚɤɬɢɜɧɨɫɬɶ 

ɥɸɰɢɮɟɪɚɡɵ ɩɚɞɚɟɬ ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɩɬɢɦɚɥɶɧɨɣ.  

Ɋɢɫɭɧɨɤ 17 – ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɥɸɰɢɮɟɪɚɡɵ MLuc164. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɭɦɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (Ⱥ), ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl (Ȼ), ɪɇ (ȼ); Ƚ- ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɢɧɤɭɛɚɰɢɢ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; Ⱦ - ɤɢɧɟɬɢɤɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ MLuc164 ɩɪɢ 23°C: ɱɟɪɧɵɦ – ɛɟɡ ɞɟɬɟɪɝɟɧɬɚ, ɤɪɚɫɧɵɦ – ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ 0,02% Np-40; ȿ - ɫɩɟɤɬɪ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ MLuc164 
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ɇɟɫɦɨɬɪɹ ɧɚ ɞɨɜɨɥɶɧɨ ɧɢɡɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɩɬɢɦɭɦ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, MLuc164 ɥɸɰɢɮɟɪɚɡɚ ɜɵɹɜɥɹɟɬ ɜɵɫɨɤɭɸ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ (Ɋɢɫɭɧɨɤ 17Ƚ) ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɞɨ 55% ɨɬ ɧɚɱɚɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɩɨɫɥɟ 1 ɱ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 100°ɋ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ 

ɧɚɥɢɱɢɟɦ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɫɬɪɭɤɬɭɪɭ 

ɦɨɥɟɤɭɥɵ. ȼɟɪɨɹɬɧɨ, ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɩɪɨɢɫɯɨɞɢɬ ɷɮɮɟɤɬɢɜɧɚɹ ɪɟɧɚɬɭɪɚɰɢɹ 

ɛɟɥɤɚ ɩɨɫɥɟ ɟɝɨ ɬɟɩɥɨɜɨɣ ɞɟɧɚɬɭɪɚɰɢɢ ɩɪɢ ɟɝɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 

4°ɋ ɩɟɪɟɞ ɢɡɦɟɪɟɧɢɟɦ.  

ɉɪɢ ɧɚɥɢɱɢɢ ɤɢɧɟɬɢɤɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɬɢɩɚ «ɜɫɩɵɲɤɚ» 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɞɟɬɟɪɝɟɧɬɚ (0.02% Np-40) ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɛɭɮɟɪ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɦɟɞɥɹɟɬ ɤɢɧɟɬɢɤɭ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ MLuc164, ɱɬɨ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 17Ⱦ ɤɪɚɫɧɨɣ ɥɢɧɢɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɞɨɛɚɜɥɹɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɛɭɮɟɪ ɞɟɬɟɪɝɟɧɬ, ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɦɟɞɥɢɬɶ 

ɤɢɧɟɬɢɤɭ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, ɩɨɥɭɱɚɹ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɣ ɫɢɝɧɚɥ, ɱɬɨ 

ɨɱɟɧɶ ɩɨɥɟɡɧɨ ɞɥɹ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɛɟɥɤɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɫɩɟɤɬɪɵ ɫɨɛɫɬɜɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨ ɨɫɬɚɬɤɚɦ ɬɪɢɩɬɨɮɚɧɚ ɢ ɬɢɪɨɡɢɧɚ ɢ 

ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɬɚɤɨɜɵɦɢ ɭ ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ Metridia MLuc7 [44], 

ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E.coli. ɍ ɨɛɨɢɯ ɛɟɥɤɨɜ ɦɚɤɫɢɦɭɦɵ Ɍɪɢ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɜɨɡɛɭɠɞɚɟɦɨɣ 295 ɧɦ, ɫɨɫɬɚɜɢɥɢ 330 ɧɦ (Ɋɢɫɭɧɨɤ 18Ⱥ), ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɝɢɞɪɨɮɨɛɧɨɦ ɨɤɪɭɠɟɧɢɢ ɯɪɨɦɨɮɨɪɨɜ ɭ ɥɸɰɢɮɟɪɚɡ. ɉɪɢ 

ɷɬɨɦ ɭ ɢɡɨɮɨɪɦɵ MLuc7 ɢɦɟɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɣ ɨɫɬɚɬɨɤ ɬɪɢɩɬɨɮɚɧɚ ɜ 

ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ ɱɚɫɬɢ, ɚ ɭ MLuc164 2 ɨɫɬɚɬɤɚ (ɨɞɢɧ ɜ ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ, ɚ ɞɪɭɝɨɣ 

ɜ ɜɚɪɢɚɛɟɥɶɧɨɣ ɱɚɫɬɢ ɛɟɥɤɚ). 

 Ɇɚɤɫɢɦɭɦɵ ɫɩɟɤɬɪɨɜ ɬɢɪɨɡɢɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɜɨɡɛɭɠɞɚɟɦɨɣ 275 

ɧɦ, ɭ ɨɛɨɢɯ ɩɪɟɩɚɪɚɬɨɜ ɫɨɫɬɚɜɢɥɢ 303 ɧɦ. Ɉɞɧɚɤɨ ɭ MLuc164 ɩɪɨɮɢɥɶ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɨɮɢɥɹ MLuc7 (Ɋɢɫɭɧɨɤ 18Ȼ), ɱɬɨ ɦɨɠɟɬ 

ɝɨɜɨɪɢɬɶ ɨ ɩɟɪɟɢɡɥɭɱɟɧɢɢ ɨɬ ɨɫɬɚɬɤɨɜ Ɍɪɩ (Ȝmax=330 ɧɦ) ɢɡ-ɡɚ ɛɥɢɡɤɨɝɨ 

ɜɡɚɢɦɨɪɚɫɩɨɥɨɠɟɧɢɹ ɮɥɭɨɪɨɮɨɪɨɜ ɢ ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ ɩɨ Ɏɟɪɫɬɟɪɨɜɫɤɨɦɭ 

ɦɟɯɚɧɢɡɦɭ. Ɍɚɤɨɣ ɷɮɮɟɤɬ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɪɚɡɥɢɱɢɹɯ ɜ ɛɥɢɠɚɣɲɟɦ 
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ɨɤɪɭɠɟɧɢɢ Tɢɪ ɮɥɭɨɪɨɮɨɪɨɜ ɛɟɥɤɨɜ, ɜ ɫɢɥɭ ɪɚɡɥɢɱɢɣ ɜ ɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ.  

 
Ɋɢɫɭɧɨɤ 18 – Cɩɟɤɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ Ɍɪɩ (A) ɢ Ɍɢɪ (Ȼ), ɜɨɡɛɭɠɞɚɟɦɵɟ ɩɪɢ 295 ɢ 275 

ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɪɚɡɜɨɪɚɱɢɜɚɧɢɹ ɛɟɥɤɚ ɢ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɢ ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɭɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɪɢɩɬɨɮɚɧɨɜɨɣ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɞɟɧɚɬɭɪɚɰɢɢ (1°ɋ/ɦɢɧ). Ⱦɥɹ 

MLuc164 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɦɚɤɫɢɦɭɦ ɫɩɟɤɬɪɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (330 

ɧɦ) ɧɟ ɫɞɜɢɝɚɟɬɫɹ ɜ ɛɨɥɟɟ ɞɥɢɧɧɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ ɢ ɪɚɧɟɟ ɬɚɤɨɣ ɠɟ ɪɟɡɭɥɶɬɚɬ 

ɛɵɥ ɩɨɥɭɱɟɧ ɞɥɹ MLuc7 ɢɡɨɮɨɪɦɵ [85]. ɗɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, 

ɱɬɨ ɨɤɪɭɠɟɧɢɟ ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ ɜ ɨɛɨɢɯ ɛɟɥɤɚɯ ɹɜɥɹɟɬɫɹ ɫɯɨɠɢɦ ɤɚɤ 

ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤ ɢ ɜɨ ɜɪɟɦɹ ɬɟɩɥɨɜɨɣ ɞɟɧɚɬɭɪɚɰɢɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ 

ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ MLuc7 ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɨ ɬɨɱɤɭ ɩɨɥɭɩɟɪɟɯɨɞɚ ɛɟɥɤɚ ɜ 

ɨɛɥɚɫɬɢ 70,3±0,6°ɋ [85]. ɉɪɢ ɢɡɭɱɟɧɢɢ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ MLuc164 ɩɨ 

ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜ ɦɨɥɟɤɭɥɟ ɞɚɧɧɨɣ 

ɢɡɨɮɨɪɦɵ ɩɪɢɫɭɬɫɬɜɭɸɬ 2 ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɚ. Ɉɞɢɧ ɢɡ ɧɢɯ ɫɨɞɟɪɠɢɬɫɹ ɜɨ 

ɜɬɨɪɨɦ ɤɨɧɫɟɪɜɚɬɢɜɧɨɦ ɩɨɜɬɨɪɟ (Ɍɪɩ 193), ɤɚɤ ɢ ɟɞɢɧɫɬɜɟɧɧɵɣ ɬɪɢɩɬɨɮɚɧɨɜɵɣ 

ɨɫɬɚɬɨɤ ɭ MLuc7 (Ɍɪɩ 143), ɚ ɞɪɭɝɨɣ ɜ ɜɚɪɢɚɛɟɥɶɧɨɣ N-ɤɨɧɰɟɜɨɣ ɱɚɫɬɢ ɛɟɥɤɚ 

(Ɍɪɩ 48). ȼɜɢɞɭ ɷɬɨɝɨ ɭ MLuc164 ɢɡɨɮɨɪɦɵ ɛɵɥɨ ɩɨɥɭɱɟɧɨ 2 ɬɨɱɤɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɯɨɞɚ ɛɟɥɤɚ 37,99±0,4°ɋ ɢ 66,8±1,5°ɋ (Ɋɢɫɭɧɤɢ 19, 20). ɉɨ 
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ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɷɬɨ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɬɟɦ, ɱɬɨ ɩɟɪɜɵɣ ɬɪɢɩɬɨɮɚɧɨɜɵɣ 

ɨɫɬɚɬɨɤ ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɧɟɟ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɱɚɫɬɢ ɛɟɥɤɚ, ɜ ɤɨɬɨɪɨɣ ɨɬɫɭɬɫɬɜɭɸɬ 

ɨɫɬɚɬɤɢ ɰɢɫɬɟɢɧɚ, ɮɨɪɦɢɪɭɸɳɢɟ ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɞɚɧɧɚɹ 

ɨɛɥɚɫɬɶ ɩɨɞɜɟɪɠɟɧɚ ɪɚɡɜɨɪɚɱɢɜɚɧɢɸ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼ ɛɨɥɟɟ 

ɪɚɧɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [112] ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɟɥɟɰɢɹ ɜɚɪɢɚɛɟɥɶɧɨɝɨ N-

ɤɨɧɰɟɜɨɝɨ ɭɱɚɫɬɤɚ MLuc164, ɫɨɞɟɪɠɚɳɟɝɨ ɨɫɬɚɬɨɤ ɚɦɢɧɨɤɢɫɥɨɬɵ Ɍɪɩ48 ɧɟ 

ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ ɮɭɧɤɰɢɸ ɛɟɥɤɚ, ɢ, 

ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɟ ɜɨɜɥɟɱɟɧ ɜ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɮɟɪɦɟɧɬɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɟɪɜɵɣ ɬɪɢɩɬɨɮɚɧɨɜɵɣ ɨɫɬɚɬɨɤ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɜɥɢɹɟɬ ɧɚ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɫɬɪɭɤɬɭɪɧɭɸ ɠɟɫɬɤɨɫɬɶ ɥɸɰɢɮɟɪɚɡɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ 

ɨɤɪɭɠɟɧɢɟ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ. ɉɨɷɬɨɦɭ ɩɟɪɜɭɸ ɬɨɱɤɭ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɯɨɞɚ 

ɛɟɥɤɚ (37,99±0,4°ɋ), ɫɤɨɪɟɟ ɜɫɟɝɨ, ɦɨɠɧɨ ɧɟ ɭɱɢɬɵɜɚɬɶ ɜ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɪɟɡɭɥɶɬɚɬɚ. Ɉɞɧɚɤɨ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɜɵɜɨɞɵ ɬɪɟɛɭɸɬ ɩɪɨɜɟɞɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɟɝɨ ɫɨɡɞɚɧɢɟ ɦɭɬɚɧɬɚ MLuc164, 

ɫɨɞɟɪɠɚɳɟɝɨ ɡɚɦɟɧɭ Ɍɪɩ48 ɧɚ ɧɟɣɬɪɚɥɶɧɭɸ ɚɦɢɧɨɤɢɫɥɨɬɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɞɚɧɧɵɦ ɨɛɟ ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ 

ɠɟɫɬɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɜɵɫɨɤɨɣ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶɸ. 

 

 

Ɋɢɫɭɧɨɤ 19 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɭɦɚ ɫɨɛɫɬɜɟɧɧɨɣ Tɪɩ ɮɥɭɨɪɟɫɰɟɧɰɢɢ MLuc164 ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ (ɰɜɟɬɨɦ ɨɬɦɟɱɟɧɵ ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɬɪɢɩɬɨɮɚɧɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ) 
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Ɋɢɫɭɧɨɤ 20 – Ɉɩɪɟɞɟɥɟɧɢɟ ɬɨɱɤɢ ɩɟɪɟɯɨɞɚ MLuc164 ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɫɱɟɬɚ ɫɬɟɩɟɧɢ 

ɡɚɜɟɪɲɟɧɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɟɪɟɯɨɞɚ α ɢɡ ɧɚɬɢɜɧɨɝɨ ɜ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɟɮɨɥɞɢɧɝɚ ɩɨɡɜɨɥɢɥɚ 

ɩɨɥɭɱɢɬɶ ɥɸɰɢɮɟɪɚɡɭ MLuc7 ɜ ɤɥɟɬɤɚɯ E. coli ɫɨ ɫɜɨɣɫɬɜɚɦɢ (ɭɞɟɥɶɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɩɬɢɦɭɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, 

ɤɢɧɟɬɢɤɚ ɫɜɟɬɨɜɨɝɨ ɫɢɝɧɚɥɚ), ɢɞɟɧɬɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦ ɧɚɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɵ, 

ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ. ɉɪɢ ɷɬɨɦ ɜɵɯɨɞ ɛɟɥɤɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ 

ɫɨɫɬɚɜɢɥ ɧɟ ɦɟɧɟɟ 6 ɦɝ/ɥ. Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɤ 

ɨɱɢɫɬɤɟ ɞɪɭɝɨɣ ɢɡɨɮɨɪɦɵ Mluc164, ɩɨɥɭɱɟɧɢɟ ɧɚɬɢɜɧɨɣ ɮɨɪɦɵ ɤɨɬɨɪɨɣ ɢɡ 

ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ ɛɵɥɨ ɡɚɬɪɭɞɧɟɧɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɛɥɚɝɨɞɚɪɹ ɱɚɫɬɢɱɧɨɦɭ 

ɩɪɨɬɟɨɥɢɡɭ ɫɟɤɪɟɬɢɪɭɟɦɨɝɨ ɛɟɥɤɚ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ. Ȼɥɚɝɨɞɚɪɹ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɧɨɣ 

ɥɸɰɢɮɟɪɚɡɵ MLuc164 ɞɥɹ ɟɟ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ MLuc164 ɢ MLuc7, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɟɦ 

ɪɟɮɨɥɞɢɧɝɚ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E.coli, ɩɪɨɹɜɥɹɥɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɛɥɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɡɧɚɱɟɧɢɹɯ pH, ɢɦɟɥɢ 

ɨɞɢɧɚɤɨɜɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

NaCl ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɵɣ ɫɩɟɤɬɪ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ 

ɫɬɪɨɝɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɮɟɪɦɟɧɬɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, 

MLuc164 ɢɦɟɥɚ ɜ 4,5 ɪɚɡɚ ɦɟɧɶɲɢɣ ɦɚɤɫɢɦɭɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, 
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ɱɟɦ MLuc7 (Ɍɚɛɥɢɰɚ 2), ɧɨ ɨɛɥɚɞɚɥɚ ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɦ ɫɩɚɞɨɦ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ [21]. 

 

Ɍɚɛɥɢɰɚ 2 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɩɟɩɨɞɧɵɯ 

ɥɸɰɢɮɟɪɚɡ (ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ MLuc7 MLuc164 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɨ Lmax, % 100 22,5 

 
Ɉɩɬɢɦɭɦ 

T,°C 15 12 

NaCl, M 0,5 0,5 

pH 7,00-7,75 7,25-7,75 

Ȝ
max

 487 488 

Tm, °ɋ 70,3±0,6  66,8±1,5°C 

Ⱥɤɬɢɜɧɨɫɬɶ ɩɨɫɥɟ 1 ɱ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 100°ɋ, % 70 55 

 

ɉɪɢ ɷɬɨɦ ɨɛɚ ɛɟɥɤɚ ɩɪɨɹɜɥɹɥɢ ɜɵɫɨɤɭɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, ɛɥɚɝɨɞɹɪɹ 

ɱɟɦɭ ɨɛɟ ɥɸɰɢɮɟɪɚɡɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɟ ɪɟɩɨɪɬɟɪɵ ɜ 

ɚɧɚɥɢɡɚɯ, ɨɫɨɛɟɧɧɨ ɝɞɟ ɬɪɟɛɭɸɬɫɹ ɫɬɚɞɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɢɧɤɭɛɚɰɢɢ. ɇɚɥɢɱɢɟ 

ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ ɛɨɥɟɟ 

ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɪɟɩɨɪɬɟɪɚ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɱɬɨ 

ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɹɟɬ ɦɟɬɨɞɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɩɨɫɜɹɳɟɧɨ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɢɡɨɮɨɪɦɵ 

MLuc164 ɥɸɰɢɮɟɪɚɡɵ Metridia longa, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɟɟ ɦɟɞɥɟɧɧɨɣ 

ɤɢɧɟɬɢɤɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ ɫɪɟɞɢ ɢɡɨɮɨɪɦ ɥɸɰɢɮɟɪɚɡɵ Metridia. 

ɂɫɫɥɟɞɭɟɦɚɹ ɢɡɨɮɨɪɦɚ ɛɵɥɚ ɤɥɨɧɢɪɨɜɚɧɚ ɩɟɪɜɨɣ ɫɪɟɞɢ ɞɪɭɝɢɯ ɢ ɜ ɫɜɹɡɢ ɫ ɱɟɦ 

ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ in vivo. 

ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɟɟ ɫɜɨɣɫɬɜɚ ɧɟ ɛɵɥɢ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɜ 

ɫɢɥɭ ɬɪɭɞɧɨɫɬɟɣ ɩɨɥɭɱɟɧɢɹ ɨɱɢɳɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɥɸɰɢɮɟɪɚɡɵ ɜ ɚɤɬɢɜɧɨɣ 

ɮɨɪɦɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɚɡɚɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɥɸɰɢɮɟɪɚɡɵ Metrdia 

ɜ in vitro ɚɧɚɥɢɡɚɯ, ɧɨ ɞɥɹ ɷɬɨɝɨ ɬɚɤɠɟ ɬɪɟɛɭɟɬɫɹ ɧɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɨɱɢɳɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɛɟɥɤɚ.  

ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɧɚɬɢɜɧɨɣ MLuc164 ɢɡɨɮɨɪɦɵ 

ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɟ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɩɟɪɜɨɫɬɟɩɟɧɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɥɫɹ ɩɨɞɛɨɪ ɭɫɥɨɜɢɣ 

ɪɟɮɨɥɞɢɧɝɚ ɥɸɰɢɮɟɪɚɡɵ ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ 

ɜɵɛɪɚɧɚ ɞɪɭɝɚɹ ɢɡɨɮɨɪɦɚ ɥɸɰɢɮɟɪɚɡɵ Metridia (MLuc7), ɬɚɤ ɤɚɤ ɪɚɧɟɟ ɨɧɚ 

ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɜ ɨɱɢɳɟɧɧɨɣ ɦɨɧɨɦɟɪɧɨɣ ɮɨɪɦɟ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɚɤɬɢɜɧɨɦ 

ɜɢɞɟ ɩɭɬɟɦ ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɷɤɫɩɪɟɫɫɢɢ ɜ ɫɪɟɞɟ ɤɥɟɬɨɤ ɧɚɫɟɤɨɦɵɯ Sf9. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ ɢɡɨɮɨɪɦɵ ɨɛɟɫɩɟɱɢɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɮɨɥɞɢɧɝɚ ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɩɭɬɟɦ 

ɫɪɚɜɧɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɟɩɚɪɚɬɨɜ MLuc7 ɩɨɥɭɱɟɧɧɵɯ ɨɛɨɢɦɢ 

ɫɩɨɫɨɛɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɥɸɰɢɮɟɪɚɡɚ Metridia ɫɩɨɫɨɛɧɚ ɤ 

ɪɟɧɚɬɭɪɚɰɢɢ. ȼɵɯɨɞ ɛɟɥɤɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɛɵɥ ɫɨɩɨɫɬɚɜɢɦ ɭ ɨɛɨɢɯ 

ɩɪɟɩɚɪɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɡɧɵɯ ɫɢɫɬɟɦɚɯ ɷɤɫɩɪɟɫɫɢɢ, ɢ ɫɨɫɬɚɜɢɥ 6 ɦɝ/ɥ. 

ɉɭɬɟɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɪɟɮɨɥɞɢɧɝɚ ɛɵɥ ɩɨɥɭɱɟɧ ɩɪɟɩɚɪɚɬ 

ɚɤɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɵ MLuc164. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ 

ɪɟɮɨɥɞɢɧɝɚ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɥɸɰɢɮɟɪɚɡɵ MLuc7 ɢ MLuc164 ɫ ɤɨɪɪɟɤɬɧɨ 

ɫɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦɢ ɞɢɫɭɥɶɮɢɞɧɵɦɢ ɫɜɹɡɹɦɢ ɜ ɤɥɟɬɤɚɯ 
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E. coli. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɩɟɪɜɵɟ ɛɵɥɢ ɨɩɢɫɚɧɵ 

ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɥɸɰɢɮɟɪɚɡɵ MLuc164.  

ɉɨɧɢɦɚɧɢɟ ɫɜɨɣɫɬɜ ɥɸɰɢɮɟɪɚɡ ɤɨɩɟɩɨɞ ɩɨɡɜɨɥɢɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 

ɭɫɥɨɜɢɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɞɚɱ. Ɍɚɤ, 

ɧɚɩɪɢɦɟɪ, ɩɪɢ ɚɧɚɥɢɡɟ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɧɢɡɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɩɬɢɦɭɦ 

ɚɤɬɢɜɧɨɫɬɢ ɥɸɰɢɮɟɪɚɡ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɫɬɚɛɢɥɢɡɚɰɢɸ ɩɪɢ 

ɢɡɦɟɪɟɧɢɹɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɵɫɨɤɚɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ 

ɢɫɫɥɟɞɭɟɦɵɯ ɥɸɰɢɮɟɪɚɡ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɞɚɧɧɵɟ ɪɟɩɨɪɬɟɪɵ ɦɨɝɭɬ ɛɵɬɶ 

ɩɨɥɟɡɧɵɦɢ ɜ ɫɯɟɦɚɯ in vitro ɬɟɫɬɢɪɨɜɚɧɢɣ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɯ ɫɬɚɞɢɢ ɧɚɝɪɟɜɚɧɢɹ.  

ɉɪɢɦɟɧɟɧɢɟ ɤɥɟɬɨɤ E. coli ɞɥɹ ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ 

ɥɸɰɢɮɟɪɚɡɵ M. longa ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɛɵɫɬɪɨɟ ɢ ɷɤɨɧɨɦɢɱɧɨɟ ɩɨɥɭɱɟɧɢɟ 

ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɜ ɤɥɟɬɤɚɯ ɷɭɤɚɪɢɨɬ. 

Ɉɠɢɞɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɚɬɶ ɞɨɫɬɚɬɨɱɧɵɟ ɤɨɥɢɱɟɫɬɜɚ 

ɥɸɰɢɮɟɪɚɡɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ in vitro ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ȼɟɪɨɹɬɧɨ, 

ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɛɭɞɟɬ ɩɨɥɟɡɧɨɣ ɞɥɹ ɩɨɞɛɨɪɚ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɞɪɭɝɢɯ 

ɛɟɥɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɞɢɫɭɥɶɮɢɞɧɵɟ ɫɜɹɡɢ, ɩɭɬɟɦ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ ɜ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɧɚɫɬɨɹɳɟɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɦɟɸɬ ɤɚɤ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ, ɬɚɤ ɢ ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ. 
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ȼɕȼɈȾɕ 
 

1. Ɉɩɬɢɦɢɡɢɪɨɜɚɧɵ ɭɫɥɨɜɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɪɟɮɨɥɞɢɧɝɚ ɥɸɰɢɮɟɪɚɡɵ 

Metridia ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. coli ɧɚ ɩɪɢɦɟɪɟ ɢɡɨɮɨɪɦɵ MLuc7, ɜɤɥɸɱɚɸɳɢɟ 

ɜ ɫɟɛɹ ɨɬɦɵɜɤɭ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɢ ɢɯ ɞɟɧɚɬɭɪɚɰɢɸ, ɩɪɨɰɟɫɫ ɪɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɚ 

ɢ ɟɝɨ ɨɱɢɫɬɤɭ. Ɉɩɬɢɦɚɥɶɧɵɣ ɛɭɮɟɪ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɪɟɮɨɥɞɢɧɝɚ 

ɫɨɞɟɪɠɚɥ 300 ɦM Ⱥɪɝ, 150 ɦM NaCl, 10 ɦM MgCl2, 0.02% NP-40, 5 ɦM GSH, 

0.5 ɦM GSSG, 20 ɦM Ɍɪɢɫ-HCl pH 8.0, 0.2 ɦM CuCl2. ȼɵɯɨɞ ɚɤɬɢɜɧɨɣ 

ɥɸɰɢɮɟɪɚɡɵ ɫɨɫɬɚɜɢɥ 6 ɦɝ/ɥ. 

2. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɩɪɟɩɚɪɚɬɨɜ MLuc7, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ E. сoli ɢ ɫɪɟɞɵ ɤɥɟɬɨɤ 

ɧɚɫɟɤɨɦɵɯ Sf9 ɛɵɥɢ ɢɞɟɧɬɢɱɧɵɦɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɰɟɧɢɬɶ ɪɚɡɪɚɛɨɬɚɧɧɭɸ 

ɦɟɬɨɞɢɤɭ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɣ ɢ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ 

ɥɸɰɢɮɟɪɚɡɵ Metridia. 

3. ɉɨɥɭɱɟɧ ɨɱɢɳɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɚɤɬɢɜɧɨɣ MLuc164 ɢɡɨɮɨɪɦɵ 

ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɜ ɦɨɧɨɦɟɪɧɨɣ ɮɨɪɦɟ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɪɟɮɨɥɞɢɧɝɚ ɢɡ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ 

E. coli. 

4. ȼɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɢɫɬɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɚɤɬɢɜɧɨɣ ɤɨɩɟɩɨɞɧɨɣ ɥɸɰɢɮɟɪɚɡɵ MLuc164. 

ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɫɩɟɤɬɪ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ (max=487 ɧɦ); ɫɩɟɤɬɪɵ 

ɬɢɪɨɡɢɧɨɜɨɣ (max=302 ɧɦ) ɢ ɬɪɢɩɬɨɮɚɧɨɜɨɣ (max=330 ɧɦ) ɮɥɭɨɪɟɫɰɟɧɰɢɢ; 

ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɬɫɬɢ ɮɟɪɦɟɧɬɚ: 

pH 7,5, ɬɟɦɩɟɪɚɬɭɪɚ 12°ɋ, ɤɨɧɰɟɧɬɪɚɰɢɹ NaCl 0,5Ɇ; ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɫ 

ɫɨɯɪɚɧɟɧɢɟɦ 55% ɚɤɬɢɜɧɨɫɬɢ ɩɨɫɥɟ 1 ɱɚɫɚ ɤɢɩɹɱɟɧɢɹ; ɬɨɱɤɚ ɬɟɩɥɨɜɨɝɨ 

ɩɨɥɭɩɟɪɟɯɨɞɚ ɛɟɥɤɚ 66,8±1,5°C. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɧɟɢɨɧɧɨɝɨ 

ɞɟɬɟɪɝɟɧɬɚ ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɛɭɮɟɪ ɡɚɦɟɞɥɹɟɬ ɩɚɞɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɯɨɞɟ 

ɪɟɚɤɰɢɢ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 
 

ATP, ȺɌɎ – ɚɞɟɧɨɡɢɧɬɪɢɮɨɫɮɚɬ  

CopLucs – ɤɨɩɟɩɨɞɧɵɟ ɥɸɰɢɮɟɪɚɡɵ 

GFP – ɡɟɥɟɧɵɣ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɛɟɥɨɤ  

IB – ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ (inclusion bodies) 

Lmax – ɩɢɤ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ  

rlu – ɭɫɥɨɜɧɵɟ ɫɜɟɬɨɜɵɟ ɟɞɢɧɢɰɵ  

SEAP – ɫɟɤɪɟɬɢɪɭɟɦɚɹ ɳɟɥɨɱɧɚɹ ɮɨɫɮɚɬɚɡɚ  

Ⱦɋɇ – ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ  

ȾɌɌ – ɞɢɬɢɨɬɪɢɟɬɨɥ  

ɂɉɌȽ – ɢɡɨɩɪɨɩɢɥ-β-D-1-ɬɢɨɝɚɥɚɤɬɨɩɢɪɚɧɨɡɢɞ 

ɤȾɚ – ɤɢɥɨɞɚɥɶɬɨɧ  

ɤȾɇɄ – ȾɇɄ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɚɹ ɦɚɬɪɢɱɧɨɣ ɊɇɄ  

ɧ.ɩ. – ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɚɪɚ  

ɉȺȺȽ – ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɣ ɝɟɥɶ  

ɗȾɌȺ – ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ 
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