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ȼȼȿȾȿɇɂȿ 

Ʌɸɰɢɮɟɪɚɡɵ ɢɡ ɦɨɪɫɤɢɯ ɤɨɩɟɩɨɞ Metridia longa ɨɬɧɨɫɹɬɫɹ ɤ ɫɟɦɟɣɫɬɜɭ 

ɧɟɛɨɥɶɲɢɯ ɫɟɤɪɟɬɢɪɭɟɦɵɯ ɩɪɨɬɟɢɧɨɜ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɨɤɢɫɥɟɧɢɟ ɫɭɛɫɬɪɚɬɚ-

ɰɟɥɟɧɬɟɪɚɡɢɧɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɜɵɞɟɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɜɢɞɢɦɨɝɨ 

ɝɨɥɭɛɨɝɨ ɫɜɟɬɚ Ȝ=485 ɧɦ [29], ɩɪɢ ɷɬɨɦ ɤɢɧɟɬɢɤɚ ɫɜɟɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɬɢɩɭ 

«ɜɫɩɵɲɤɚ» ɫ ɛɵɫɬɪɵɦ ɡɚɬɭɯɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ [6].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɨɮɨɪɦɵ ɫɟɤɪɟɬɢɪɭɟɦɨɣ ɥɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ 

Metridia longa ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɩɨɪɬɟɪɨɜ 

ɜ ɪɚɡɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɚɧɚɥɢɡɚ in vitro [6] ɢ 

in vivo ɜ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ [29, 30], ɛɥɚɝɨɞɚɪɹ ɢɯ ɜɵɫɨɤɨɣ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɩɪɨɫɬɨɬɟ ɡɚɩɭɫɤɚɟɦɵɯ ɪɟɚɤɰɢɣ, ɜɵɫɨɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɲɢɪɨɤɨɦɭ ɥɢɧɟɣɧɨɦɭ ɞɢɚɩɚɡɨɧɭ ɢɡɦɟɪɟɧɢɣ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɦɟɬɨɤ ɜ ɤɚɱɟɫɬɜɟ ɜɢɡɭɚɥɢɡɢɪɭɸɳɟɝɨ 

ɪɟɩɨɪɬɟɪɚ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ-ɛɢɨɬɢɧɨɜɚɹ ɫɢɫɬɟɦɚ, 

ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɨɦ ɫɪɨɞɫɬɜɟ ɛɢɨɬɢɧɚ ɤ ɛɟɥɤɚɦ ɫɬɪɟɩɬɚɜɢɞɢɧɭ 

ɢ ɚɜɢɞɢɧɭ [2, 28]. Ɉɱɟɧɶ ɜɵɫɨɤɨɟ ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɫɪɨɞɫɬɜɨ ɛɢɨɬɢɧɚ ɤ 

(ɫɬɪɟɩɬ)ɚɜɢɞɢɧɭ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 

ɢɦɦɭɧɨɚɧɚɥɢɡɚɯ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜ [40]. 

Ȼɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟ ɜ ɠɢɜɵɯ ɤɥɟɬɤɚɯ ɞɨɫɬɚɬɨɱɧɨ ɪɟɞɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ, ɜ 

ɤɥɟɬɤɚɯ E. coli ɛɢɨɬɢɧɢɥɢɪɭɟɬɫɹ ɥɢɲɶ ɨɞɢɧ ɛɟɥɨɤ – ɛɢɨɬɢɧ-ɤɚɪɛɨɤɫɢɥ-

ɩɟɪɟɧɨɫɹɳɢɣ ɛɟɥɨɤ (ȼɋɋɊ), ɹɜɥɹɸɳɢɣɫɹ ɩɪɢɪɨɞɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɛɢɨɬɢɧɚ [10, 11].  ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɛɢɨɬɢɧɚ ɤ ɰɟɥɟɜɨɦɭ ɛɟɥɤɭ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɢɨɬɢɧ ɩɪɨɬɟɢɧ ɥɢɝɚɡɨɣ (BPL), ɤɨɬɨɪɚɹ ɜ ɤɥɟɬɤɚɯ E. coli 

ɤɨɞɢɪɭɟɬɫɹ ɝɟɧɨɦ birA [8].  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ BirA ɢɡ Е. coli ɦɟɬɨɞɨɦ 

ɮɚɝɨɜɨɝɨ ɞɢɫɩɥɟɹ ɢ ɫɥɭɱɚɣɧɨɝɨ ɩɨɞɛɨɪɚ ɤɨɧɫɟɧɫɭɫɧɵɯ ɩɟɩɬɢɞɨɜ ɛɵɥɨ ɜɵɛɪɚɧɨ 

ɧɟɫɤɨɥɶɤɨ ɷɮɮɟɤɬɢɜɧɵɯ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɵɯ ɩɟɩɬɢɞɨɜ, ɤɨɬɨɪɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɛɵɥɢ ɜ ɪɚɡɵ ɦɟɧɶɲɟ ɩɪɢɪɨɞɧɨɝɨ ȼɋɋɊ. Ɍɚɤ, ɧɚ ɨɫɧɨɜɟ 

ɨɞɧɨɝɨ ɢɡ ɷɮɮɟɤɬɢɜɧɨ ɛɢɨɬɢɧɢɥɢɪɨɜɚɜɲɢɯɫɹ in vivo ɩɟɩɬɢɞɨɜ №85 ɛɵɥɚ 
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ɜɵɹɜɥɟɧɚ ɦɢɧɢɦɚɥɶɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɥɹ ɛɢɨɬɢɧ-ɩɪɨɬɟɢɧ ɥɢɝɚɡɵ BirA ɢɡ 

15 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ – GLNDIFEAQKIEWHE (№85-11, ɨɛɨɡɧɚɱɟɧɧɵɣ 

ɞɚɥɟɟ Avi-Tag), ɫɥɭɠɚɳɚɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɛɥɚɝɨɞɚɪɹ ɟɝɨ ɧɟɢɡɦɟɧɧɨ 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ [5, 36]. ɇɟɤɨɬɨɪɵɟ ɛɟɥɤɢ, ɝɟɧɟɬɢɱɟɫɤɢ 

ɫɥɢɬɵɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɬɚɤɢɯ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɵɯ 

ɩɟɩɬɢɞɨɜ, ɛɵɥɢ ɭɫɩɟɲɧɨ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɵ ɩɨ ɫɩɟɰɢɮɢɱɟɫɤɨɦɭ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɦɭ ɨɫɬɚɬɤɭ-ɥɢɡɢɧɭ in vivo ɩɪɢ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ Е. coli [5]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɹɡɵɜɚɧɢɹ ɛɢɨɬɢɧ-ɦɟɱɟɧɵɯ ɛɟɥɤɨɜ ɫɨ ɫɬɪɟɩɬɚɜɢɞɢɧɨɦ, ɜ 

ɫɢɥɭ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɨɚɮɮɢɧɧɨɝɨ ɢ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɲɥɨ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ [12], ɜɤɥɸɱɚɹ 

ɢɦɦɦɭɧɨɚɧɚɥɢɡ, ɦɟɬɨɞ ɮɚɝɨɜɨɝɨ ɞɢɫɩɥɟɹ ɢ ɚɮɮɢɧɧɭɸ ɨɱɢɫɬɤɭ [43], 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (Ɇɋ) [16], ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɛɟɥɤɨɜ, 

ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ (PTM) [13], ɚ ɬɚɤɠɟ ɞɥɹ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ [37,43]. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɉɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɨɣ in 

vivo ɥɸɰɢɮɟɪɚɡɵ Mluc ɢɡ Metridia longa ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɢɫɶ: 

1) ɋɨɡɞɚɧɢɟ ɝɟɧɧɨ-ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ in vivo ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɜ ɜɢɞɟ ɮɶɸɠɢɧɚ 

ɥɸɰɢɮɟɪɚɡɵ ɢ ɟɟ ɦɭɬɚɧɬɚ ɫ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɵɦ ɩɟɩɬɢɞɨɦ Avi-Tag ɜ 

ɷɤɫɩɪɟɫɫɢɨɧɧɨɦ ɤɨɦɩɥɟɤɫɟ ɫ ɝɟɧɨɦ ɛɢɨɬɢɧ-ɥɢɝɚɡɵ ΔBirA ɱɟɪɟɡ ɫɥɚɛɨɟ 

ɫɬɨɩ/ɫɬɚɪɬ ɩɟɪɟɤɪɵɜɚɧɢɟ TGATG ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɩɥɚɡɦɢɞɵ pET22b+.  

2) Ⱥɧɚɥɢɡ ɷɤɫɩɪɟɫɫɢɢ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɤɥɟɬɤɚɯ E. coli. 

3) Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɱɢɫɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɢɡ 

ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ. 

4) Ɉɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɮɨɥɞɢɧɝɚ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ.  

5) ɉɨɥɭɱɟɧɢɟ ɢ ɯɚɪɚɤɬɟɪɢɡɚɰɢɹ ɜɵɫɨɤɨɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɥɸɰɢɮɟɪɚɡɵ ɫ 

ɛɢɨɬɢɧɚɤɰɟɩɬɨɪɧɵɦ ɩɟɩɬɢɞɨɦ. 
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ȽɅȺȼȺ 1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

1.1 Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɤɚɤ 
ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɪɟɩɨɪɬɟɪɚ 

Ʌɸɰɢɮɟɪɚɡɵ ɢɡ ɦɨɪɫɤɢɯ ɤɨɩɟɩɨɞ Metridia longa ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɧɟɛɨɥɶɲɢɟ ɫɟɤɪɟɬɢɪɭɟɦɵɟ ɛɟɥɤɢ ɪɚɡɦɟɪɨɦ ~18,4–24,3 ɤȾɚ, ɜɤɥɸɱɚɹ 

ɨɬɳɟɩɥɹɟɦɵɣ ɫɟɤɪɟɬɨɪɧɵɣ ɩɟɩɬɢɞ [31].  Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɢɫɬɟɦɵ ɦɨɪɫɤɢɯ 

ɤɨɩɟɩɨɞ ɨɬɧɨɫɹɬɫɹ ɤ ɥɸɰɢɮɟɪɚɡɧɨɦɭ ɬɢɩɭ ɢ ɹɜɥɹɸɬɫɹ ɤɨɮɚɤɬɨɪ ɧɟɡɚɜɢɫɢɦɵɦɢ 

ɦɨɧɨɨɤɫɢɝɟɧɚɡɚɦɢ, ɬɚɤ ɤɚɤ ɜ ɪɟɚɤɰɢɢ ɭɱɚɫɬɜɭɸɬ ɬɨɥɶɤɨ ɥɸɰɢɮɟɪɚɡɚ, 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɫɭɛɫɬɪɚɬ ɰɟɥɟɧɬɟɪɚɡɢɧ, ɜ ɨɬɧɨɲɟɧɢɢ ɤɨɬɨɪɨɝɨ ɥɸɰɢɮɟɪɚɡɵ 

ɤɨɩɟɩɨɞ ɩɨɤɚɡɚɥɢ ɭɡɤɭɸ ɫɩɟɰɢɮɢɱɧɨɫɬɶ [30, 40], ɢ ɦɨɥɟɤɭɥɹɪɧɵɣ ɤɢɫɥɨɪɨɞ [2].  

ȼ ɞɚɧɧɵɯ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɹɯ ɥɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ ɤɚɬɚɥɢɡɢɪɭɸɬ 

ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɞɟɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɟ ɰɟɥɟɧɬɟɪɚɡɢɧɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɜɢɞɢɦɨɝɨ ɝɨɥɭɛɨɝɨ ɫɜɟɬɚ Ȝ=485 ɧɦ (Ɋɢɫ. 1).  

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɞɟɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɹ ɰɟɥɟɧɬɟɪɚɡɢɧɚ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ ɥɸɰɢɮɟɪɚɡɚɦɢ ɤɨɩɟɩɨɞ [31] 

 

ȼ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɤɢɧɟɬɢɤɚ ɫɜɟɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɬɢɩɭ 

«ɜɫɩɵɲɤɚ» (flash) ɫ ɛɵɫɬɪɵɦ ɡɚɬɭɯɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ [6, 41]. 

Ɉɞɧɚɤɨ ɜ ɪɹɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɥɸɰɢɮɟɪɚɡɭ ɤɨɩɟɩɨɞ ɜ ɤɚɱɟɫɬɜɟ 

ɪɟɩɨɪɬɟɪɧɨɝɨ ɛɟɥɤɚ, ɜɚɠɧɨ ɢɦɟɬɶ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɫɢɝɧɚɥ ɫɬɚɛɢɥɶɧɵɣ ɜ 

ɬɟɱɟɧɢɟ ɞɟɫɹɬɤɨɜ ɦɢɧɭɬ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ 

ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɥɸɰɢɮɟɪɚɡ [2]. 
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Ʌɸɰɢɮɟɪɚɡɚ MLuc ɢɡ ɤɨɩɟɩɨɞ Metridia longa ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɩɨɪɬёɪɨɜ, ɬɚɤ ɤɚɤ ɨɛɥɚɟɬ ɰɟɥɵɦ ɪɹɞɨɦ 

ɧɟɨɫɩɨɪɢɦɵɯ ɩɪɟɢɦɭɳɟɫɬɜ: 

- ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɪɚɡɦɟɪ, ɧɚɩɪɢɦɟɪ, ɢɡɨɮɨɪɦɚ MLuc7 ɹɜɥɹɟɬɫɹ 

ɫɚɦɨɣ ɦɚɥɟɧɶɤɨɣ, ɢɡ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ, ɩɪɢɪɨɞɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ –16,5ɤȾɚ [32] 

- ɲɢɪɨɤɢɣ ɥɢɧɟɣɧɵɣ ɞɢɚɩɚɡɨɧ ɨɛɧɚɪɭɠɟɧɢɹ, ɫɨɫɬɚɜɥɹɸɳɢɣ ɩɪɢɦɟɪɧɨ 

ɨɤɨɥɨ ɲɟɫɬɢ ɩɨɪɹɞɤɨɜ, c ɧɢɠɧɢɦ ɩɪɟɞɟɥɨɦ ɨɛɧɚɪɭɠɟɧɢɹ ɞɨ ~ 1 ɮɦɨɥɹ 

- ɥɢɧɟɣɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɫɜɟɬɨɜɨɝɨ ɫɢɝɧɚɥɚ ɥɸɰɢɮɟɪɚɡɵ ɢ ɟɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, 

ɱɬɨ ɫɨɨɛɳɚɥɨɫɶ ɦɧɨɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ [32, 18]  

- ɩɪɨɫɬɚɹ ɤɨɮɚɤɬɨɪ‐ɧɟɡɚɜɢɫɢɦɚɹ ɪɟɚɤɰɢɹ, ɬɪɟɛɭɸɳɚɹ ɥɢɲɶ ɧɚɥɢɱɢɹ 

ɫɭɛɫɬɪɚɬɚ, ɢ ɜɵɫɨɤɚɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ [31] 

- ɷɤɫɬɪɟɦɚɥɶɧɨ ɜɵɫɨɤɚɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, ɚɤɬɢɜɧɨɫɬɶ ɥɸɰɢɮɟɪɚɡɵ, 

ɫɨɯɪɚɧɹɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶ ɞɚɠɟ ɩpɢ ɧɚɝɪɟɜɟ ɞɨ 100°C [1; 31], ɚ ɬɚɤɠɟ ɟɟ 

ɞɨɥɝɨɜɪɟɦɟɧɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ. 

ȼɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɟ ɬɚɤɠɟ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɥɸɰɢɮɟɪɚɡɵ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɨɪɬɟɪɚ ɞɥɹ ɚɧɚɥɢɡɚ in vitro [6], ɜ ɤɨɬɨɪɨɦ ɛɵɥɚ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɟɟ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɟ, ɯɢɦɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɹɯ ɢ ɯɪɚɧɟɧɢɢ.  

1.2 Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɤɚɤ 
ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɪɟɩɨɪɬɟɪɚ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɤɪɟɬɢɪɭɟɦɵɟ ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ 

Metridia longa ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɩɨɪɬɟɪɨɜ 

ɜ ɪɚɡɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɚɧɚɥɢɡɚ in vitro [6] ɢ in 

vivo ɜ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ [29, 30].  

Ʉ ɬɚɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɨɬɧɨɫɹɬɫɹ ɚɧɚɥɢɡ ɤɨɦɩɥɟɦɟɧɬɚɰɢɢ ɛɟɥɤɨɜɵɯ 

ɮɪɚɝɦɟɧɬɨɜ (PCA), ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɟ ɚɧɚɥɢɡɵ, ɬɟɯɧɨɥɨɝɢɢ 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɫɤɪɢɧɢɧɝɚ, ɚ ɬɚɤɠɟ in vivo ɧɟɢɧɜɚɡɢɜɧɚɹ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ (Ɋɢɫ. 2) [31]. 
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Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɨɛɥɚɫɬɟɣ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɥɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ [31] 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɤ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɚɧɚɥɢɬɚ ɜ ɪɚɡɥɢɱɧɵɯ 

ɚɧɚɥɢɡɚɯ ɫɜɹɡɵɜɚɧɢɹ [15, 38] ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ in vivo ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɤɥɟɬɨɤ 

ɢ ɬɤɚɧɟɣ [1]. Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɢɦɦɭɧɨɚɧɚɥɢɡɚɯ, ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ MLuc, ɫɨɟɞɢɧёɧɧɵɯ ɫ ɚɧɬɢɬɟɥɚɦɢ ɢɥɢ 

ɢɯ ɮɪɚɝɦɟɧɬɚɦɢ, ɨɛɥɚɞɚɸɳɢɦɢ ɚɧɬɢɝɟɧɫɜɹɡɵɜɚɸɳɢɦɢ ɮɭɧɤɰɢɹɦɢ [44]. 

ȼɢɡɭɚɥɢɡɚɰɢɹ in vivo ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ, 

ɩɨɡɜɨɥɹɟɬ ɧɟɢɧɜɚɡɢɜɧɵɦ ɢ ɧɟɬɨɤɫɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɜ 

ɢɧɬɚɤɬɧɵɯ ɤɥɟɬɤɚɯ ɢ ɦɨɞɟɥɹɯ ɦɟɥɤɢɯ ɠɢɜɨɬɧɵɯ. [4]. ɑɬɨ ɩɨɡɜɨɥɹɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɢɤɜɨɬ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɵ, 

ɤɪɨɜɢ ɢ ɞɪɭɝɢɯ ɠɢɞɤɨɫɬɟɣ ɨɪɝɚɧɢɡɦɚ [29, 7].  

ɉɪɢɦɟɧɟɧɢɟ ɛɢɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ 

ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ (BRET), ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɥɸɰɢɮɟɪɚɡ, 

ɫɥɢɬɵɯ ɫ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɛɟɥɤɚɦɢ, ɢɡɥɭɱɚɸɳɢɯ ɜ ɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ, 

ɝɞɟ ɠɢɜɵɟ ɬɤɚɧɢ ɩɨɝɥɨɳɚɸɬ ɦɢɧɢɦɚɥɶɧɨ, ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ 

ɝɥɭɛɨɤɭɸ ɬɤɚɧɟɜɭɸ ɨɩɬɢɱɟɫɤɭɸ ɜɢɡɭɚɥɢɡɚɰɢɸ in vivo ɛɥɚɝɨɞɚɪɹ ɥɭɱɲɟɦɭ 

ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɫɜɟɬɚ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ 
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ɪɟɡɨɧɚɧɫɧɨɣ ɩɟɪɟɞɚɱɟ ɷɧɟɪɝɢɢ ɨɬ ɞɨɧɨɪɚ (ɥɸɰɢɮɟɪɚɡɵ) ɤ ɚɤɰɟɩɬɨɪɧɨɦɭ 

ɮɥɭɨɪɟɫɰɟɧɬɧɨɦɭ ɛɟɥɤɭ, ɩɨɝɥɨɳɚɸɳɟɝɨ ɷɧɟɪɝɢɸ ɞɨɧɨɪɚ ɢ ɢɡɥɭɱɚɸɳɟɝɨ ɫɜɟɬ ɧɚ 

ɛɨɥɶɲɟɣ ɞɥɢɧɟ ɜɨɥɧɵ [39]. 

ȼɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɫɤɪɢɧɢɧɝ (HTS) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ 

ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɤɥɟɬɨɱɧɵɯ ɛɟɥɤɨɜ. Ɍɚɤ, ɧɚ ɨɫɧɨɜɟ ɪɟɩɨɪɬɟɪɚ 

ɥɸɰɢɮɟɪɚɡɵ MLuc, ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɛɨɥɟɟ ɞɟɜɹɬɢ ɬɵɫɹɱ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨ ɩɨɢɫɤɭ ɤɪɢɬɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ 

[33].  Ȼɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɢɫɬɟɦɵ ɫɤɪɢɧɢɧɝɚ HTS-ɮɨɪɦɚɬɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɦɢɤɪɨɊɇɄ. Ɍɚɤɢɦ ɫɩɨɫɨɛɨɦ ɛɵɥɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɦɢɤɪɨɊɇɄ, 

ɢɧɝɢɛɢɪɭɸɳɢɟ ȾɇɄ ɪɟɩɚɪɚɰɢɸ ɢ ɫɟɧɫɢɛɢɥɢɡɚɰɢɸ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ [17].  

Ɇɟɬɨɞɨɦ PCA (Ɋrotein-fragment complementation assay) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɩɪɨɜɨɞɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ [29, 23]. Ɇɟɬɨɞ PCA ɨɫɧɨɜɚɧ ɧɚ ɫɥɢɹɧɢɢ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ 

ɮɪɚɝɦɟɧɬɨɜ ɪɟɩɨɪɬɟɪɧɨɝɨ ɛɟɥɤɚ ɫ ɞɜɭɦɹ ɩɪɟɞɩɨɥɚɝɚɟɦɵɦɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ ɛɟɥɤɚɦɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɹɦɨɟ 

ɨɛɧɚɪɭɠɟɧɢɟ ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɚɤɬɢɜɧɨɝɨ ɪɟɩɨɪɬɟɪɚ [29].     

1.3 Ⱥɜɢɞɢɧ/ɫɬɪɟɩɬɚɜɢɞɢɧ-ɛɢɨɬɢɧɨɜɚɹ ɫɢɫɬɟɦɚ ɢ ɟɟ ɩɪɚɤɬɢɱɟɫɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ 

(ɋɬɪɟɩɬ)ɚɜɢɞɢɧ-ɛɢɨɬɢɧɨɜɚɹ ɫɢɫɬɟɦɚ ɨɫɧɨɜɚɧɚ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɜɵɫɨɤɨɦ 

ɫɪɨɞɫɬɜɟ ɛɟɥɤɚ ɚɜɢɞɢɧɚ ɢ ɫɬɪɟɩɬɚɜɢɞɢɧɚ ɤ ɛɢɨɬɢɧɭ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ 

ɢɦɢɞɚɡɨɥɶɧɨɝɨ ɢ ɬɟɬɪɚɝɢɞɪɨɬɢɨɮɟɧɨɜɨɝɨ ɤɨɥɶɰɚ, ɛɨɤɨɜɚɹ ɰɟɩɶ ɤɨɬɨɪɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɚɥɟɪɢɚɧɨɜɨɣ ɤɢɫɥɨɬɨɣ (Ɋɢɫ. 3) [28].  

 
Ɋɢɫɭɧɨɤ 3 – ɏɢɦɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɛɢɨɬɢɧɚ [28]
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Ⱥɜɢɞɢɧ ɢ ɫɬɪɟɩɬɚɜɢɞɢɧ, ɹɜɥɹɸɬɫɹ ɫɬɪɭɤɬɭɪɧɨ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɚɧɚɥɨɝɢɱɧɵɦɢ ɛɟɥɤɚɦɢ, ɜɬɨɪɢɱɧɵɟ, ɬɪɟɬɢɱɧɵɟ ɢ ɱɟɬɜɟɪɬɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ 

ɤɨɬɨɪɵɯ ɭɞɢɜɢɬɟɥɶɧɨ ɩɨɯɨɠɢ [26]. Ⱥɜɢɞɢɧ ɹɜɥɹɟɬɫɹ ɝɥɢɤɨɩɪɨɬɟɢɧɨɦ, 

ɫɨɫɬɨɹɳɢɦ ɢɡ ɱɟɬɵɪɟɯ ɢɞɟɧɬɢɱɧɵɯ ɫɭɛɴɟɞɢɧɢɰ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɜɹɡɵɜɚɟɬ 

ɦɨɥɟɤɭɥɭ ɛɢɨɬɢɧɚ (Ɋɢɫ. 4). Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɫɜɹɡɵɜɚɧɢɟ ɛɢɨɬɢɧɚ ɢɡɨɥɢɪɨɜɚɧɧɵɦ 

ɦɨɧɨɦɟɪɨɦ ɚɜɢɞɢɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɤɨɧɫɬɚɧɬɨɣ ɫɪɨɞɫɬɜɚ ∼107 Ɇ−1, ɬɨɝɞɚ ɤɚɤ ɤɨɧɫɬɚɧɬɚ ɬɟɬɪɚɦɟɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ∼1015 Ɇ−1. 

.  

Ɋɢɫɭɧɨɤ 4 – ɋɬɪɭɤɬɭɪɚ ɬɟɬɪɚɦɟɪɚ ɚɜɢɞɢɧɚ, ɦɨɧɨɦɟɪɵ ɤɨɬɨɪɨɝɨ ɫɜɹɡɚɧɵ ɫ 4 

ɦɨɥɟɤɭɥɚɦɢ ɛɢɨɬɢɧɚ [19] 

ɋɬɪɟɩɬɚɜɢɞɢɧ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɛɢɨɬɢɧ-ɫɜɹɡɭɸɳɢɦ ɛɟɥɤɨɦ, ɫɨɞɟɪɠɚɳɢɦ 

ɱɟɬɵɪɟ ɧɟɡɚɜɢɫɢɦɵɯ ɛɢɨɬɢɧ-ɫɜɹɡɵɜɚɸɳɢɯ ɫɚɣɬɚ [19, 45]. Ɉɞɧɚɤɨ, ɫɪɚɜɧɢɜɚɹ ɞɜɟ 

ɫɢɫɬɟɦɵ, ɚɜɢɞɢɧ – ɛɢɨɬɢɧɨɜɵɣ ɤɨɦɩɥɟɤɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɨɟ ɜɵɫɨɤɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɪɨɞɫɬɜɚ, ɢɡɜɟɫɬɧɨɟ ɜ ɩɪɢɪɨɞɟ, ɦɟɠɞɭ ɛɟɥɤɨɦ ɢ ɥɢɝɚɧɞɨɦ, 

ɤɨɧɫɬɚɧɬɚ ɫɪɨɞɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ 1.7×1015 Ɇ-1, ɬɨɝɞɚ ɤɚɤ ɭ ɫɬɪɟɩɬɚɜɢɞɢɧ-

ɛɢɨɬɢɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɤɨɧɫɬɚɧɬɚ ɫɪɨɞɫɬɜɚ – 2.5×1013 Ɇ-1 [14]. 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɛɢɨɬɢɧɚ ɤ ɪɚɡɥɢɱɧɵɦ ɦɨɥɟɤɭɥɚɦ ɧɚɡɵɜɚɟɬɫɹ 

"ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟɦ", ɤɨɬɨɪɨɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɚɡɥɢɱɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɦɟɬɨɞɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɟɥɤɚ, ɬɚɤɢɯ ɤɚɤ ɥɨɤɚɥɢɡɚɰɢɹ-ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɨɱɢɫɬɤɚ, 

ɢɦɦɨɛɢɥɢɡɚɰɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɞɟɬɟɤɰɢɢ ɪɚɡɥɢɱɧɵɯ 

ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ [28]. 

ɋɩɟɰɢɮɢɱɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɛɢɨɬɢɧɨɦ ɢ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧɨɦ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɢɦɦɭɧɨɚɧɚɥɢɡɚɯ, 
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ɚɧɚɥɢɡɚ ɝɢɛɪɢɞɢɡɚɰɢɢ ȾɇɄ, ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɢ ɢ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɞɥɹ 

ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜ [40]. ȼ ɨɫɧɨɜɟ ɞɚɧɧɵɯ 

ɦɟɬɨɞɨɜ ɥɟɠɢɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɧɬɢɝɟɧɚ ɫ ɚɧɬɢɬɟɥɨɦ, ɜɢɡɭɚɥɢɡɚɰɢɹ ɤɨɬɨɪɵɯ 

ɩɪɨɢɫɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ ɩɪɢɫɨɟɞɢɧɟɧɢɸ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɧɨɝɨ ɮɟɪɦɟɧɬɚ, ɜ 

ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ, ɤ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧɭ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɫɚɣɬɵ 

ɫɜɹɡɵɜɚɧɢɹ ɛɢɨɬɢɧɚ, ɩɪɢ ɷɬɨɦ ɫɚɦ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ ɫɨɟɞɢɧɟɧ ɫ ɚɧɬɢɬɟɥɨɦ, ɤɨɬɨɪɨɟ 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɧɚɪɭɠɢɬɶ [19]. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɦɦɦɭɧɨɚɧɚɥɢɡɚ, ɧɚ ɨɫɧɨɜɟ 

ɩɨɜɵɲɟɧɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ-ɛɢɨɬɢɧɨɜɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ:  

1) ȼ ɫɢɫɬɟɦɟ LAB (labeled avidin–biotin) (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ ɦɚɪɤɢɪɭɸɬɫɹ 

ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɜɟɳɟɫɬɜɨɦ, ɚ ɛɢɨɬɢɧ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ ɜ ɞɪɭɝɨɦ ɪɟɚɝɟɧɬɟ 

(ɚɧɬɢɬɟɥɨ, ɧɭɤɥɟɨɬɢɞ, ɛɟɥɨɤ), ɫɜɹɡɵɜɚɟɬ ɦɨɥɟɤɭɥɭ-ɦɢɲɟɧɶ ɫ ɫɢɫɬɟɦɨɣ 

ɦɚɪɤɢɪɨɜɤɢ (Ɋɢɫ.5). 

 

Ɋɢɫɭɧɨɤ 5 – LAB ɤɨɧɫɬɪɭɤɰɢɹ ɚɧɚɥɢɡɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ [19] 

2) ɋɢɫɬɟɦɚ BRAB (bridged avidin–biotin) ɫɨɞɟɪɠɢɬ ɦɧɨɠɟɫɬɜɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ ɛɢɨɬɢɧ-ɫɜɹɡɵɜɚɸɳɢɯ ɫɚɣɬɨɜ. ɉɪɢ ɷɬɨɦ 

(ɫɬɪɟɩɬ)ɚɜɢɞɢɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɦɚɪɤɢɪɨɜɚɧɧɵɦ ɢ ɫɥɭɠɢɬ ɫɜɹɡɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ 

ɞɥɹ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɧɨɝɨ ɮɟɪɦɟɧɬɚ (Ɋɢɫ. 6) 
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Ɋɢɫɭɧɨɤ 6 – BRAB ɤɨɧɫɬɪɭɤɰɢɹ ɚɧɚɥɢɡɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ [19] 

3) ɋɢɫɬɟɦɚ ABC (avidin–biotin complex) ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɩɪɢɧɰɢɩɵ ɞɜɭɯ 

ɩɪɟɞɵɞɭɳɢɯ ɫɢɫɬɟɦ, ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɧɨɝɨ 

ɮɟɪɦɟɧɬɚ ɢ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧɚ, ɢɦɟɸɳɟɝɨ ɧɟɫɤɨɥɶɤɨ ɫɚɣɬɨɜ ɫɜɹɡɵɜɚɧɢɹ, ɱɬɨ 

ɫɨɡɞɚɟɬ ɫɜɹɡɭɸɳɭɸ ɦɚɬɪɢɰɭ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ [19, 12]. 

Ɍɚɤɠɟ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ-ɛɢɨɬɢɧɨɜɚɹ ɫɢɫɬɟɦɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɥɨɤɚɥɢɡɚɰɢɢ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɢ ɧɚɰɟɥɢɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɨɩɭɯɨɥɢ [14].  

1.4 ɉɪɢɪɨɞɧɨɟ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟ ɛɟɥɤɨɜ ɜ ɠɢɜɵɯ ɤɥɟɬɤɚɯ 

ȼ ɠɢɜɵɯ ɤɥɟɬɤɚɯ ɛɢɨɬɢɧɢɥɢɪɭɟɬɫɹ ɨɛɵɱɧɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ, 

ɨɬ ɨɞɧɨɝɨ ɞɨ ɩɹɬɢ, ɷɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ. ɇɚɩɪɢɦɟɪ, ɜ ɤɥɟɬɤɚɯ 

E. coli ɛɢɨɬɢɧɢɥɢɪɭɟɬɫɹ ɥɢɲɶ ɨɞɢɧ ɛɟɥɨɤ – ɛɢɨɬɢɧ-ɤɚɪɛɨɤɫɢɥ-ɩɟɪɟɧɨɫɹɳɢɣ 

ɛɟɥɨɤ (ȼɋɋɊ), ɹɜɥɹɸɳɢɣɫɹ ɫɭɛɴɟɞɢɧɢɰɟɣ ɚɰɟɬɢɥ-ɋɨȺ – ɫɢɧɬɟɬɚɡɵ, ɬɨɝɞɚ ɤɚɤ 

ɞɪɭɝɢɟ ɛɚɤɬɟɪɢɢ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɨɬ ɨɞɧɨɝɨ ɞɨ ɬɪɟɯ ɛɢɨɬɢɧɢɥɢɪɭɟɦɵɯ ɛɟɥɤɨɜ 

[10, 11].  

Ɏɟɪɦɟɧɬɨɦ, ɨɬɜɟɱɚɸɳɢɦ ɡɚ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɛɢɨɬɢɧɚ ɤ ɛɟɥɤɚɦ, ɹɜɥɹɟɬɫɹ 

ɛɢɨɬɢɧ-ɩɪɨɬɟɢɧ ɥɢɝɚɡɚ (BPL), ɬɚɤɠɟ ɢɡɜɟɫɬɧɚɹ ɤɚɤ ɛɢɨɬɢɧ-ɯɨɥɨɷɧɡɢɦ-ɫɢɧɬɟɬɚɡɚ. 

BPL ɤɚɬɚɥɢɡɢɪɭɟɬ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɦɢɞɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ 

ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɛɢɨɬɢɧɚ ɢ ε-ɚɦɢɧɨɝɪɭɩɩɨɣ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɥɢɡɢɧɨɜɨɝɨ 
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ɨɫɬɚɬɤɚ ɛɟɥɤɚ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɝɟɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɛɨɥɶɲɢɧɫɬɜɨ 

ɨɪɝɚɧɢɡɦɨɜ ɢɦɟɸɬ ɥɢɲɶ ɨɞɢɧ BPL ɮɟɪɦɟɧɬ, ɫɩɨɫɨɛɧɵɣ ɩɪɢɫɨɟɞɢɧɹɬɶ ɛɢɨɬɢɧ ɤ 

ɛɟɥɤɚɦ [8].  

ɉɟɪɜɨɣ ɛɢɨɬɢɧ ɩɪɨɬɟɢɧ ɥɢɝɚɡɨɣ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɣ ɛɵɥɚ ɩɨɥɧɨɫɬɶɸ 

ɢɡɭɱɟɧɚ, ɹɜɥɹɟɬɫɹ BirA ɢɡ Escherichia coli. BirA ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɚɫɫɢɦɟɬɪɢɱɧɵɣ ɛɟɥɨɤ ɦɚɫɫɨɣ 35,5 ɤȾɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɞɨɦɟɧɨɜ: N-

ɬɟɪɦɢɧɚɥɶɧɵɣ ȾɇɄ-ɫɜɹɡɚɧɧɵɣ ɞɨɦɟɧ, ɰɟɧɬɪɚɥɶɧɵɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɞɨɦɟɧ ɢ ɋ-

ɬɟɪɦɢɧɚɥɶɧɵɣ ɞɨɦɟɧ (Ɋɢɫ. 7). 

 

Ɋɢɫɭɧɨɤ 7 – ɋɬɪɨɟɧɢɟ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɟɥɤɚ BirA [10] 

ȼ ɤɥɟɬɤɚɯ E. coli BirA ɹɜɥɹɟɬɫɹ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɛɟɥɤɨɦ, ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɤɚɤ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦ ɪɟɩɪɟɫɫɨɪɨɦ ɛɢɨɬɢɧ-ɫɢɧɬɟɬɚɡɧɨɝɨ 

ɨɩɟɪɨɧɚ (bio), ɬɚɤ ɢ ɮɟɪɦɟɧɬɨɦ, ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟ ɛɟɥɤɚ. 

Ȼɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟ ɛɟɥɤɚ ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɫɟɪɜɚɬɢɜɧɨɝɨ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɣ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɛɢɨɬɢɧ ɩɪɨɬɟɢɧ 

ɥɢɝɚɡɨɣ (BPL) ɜɨ ɜɫɟɯ ɨɪɝɚɧɢɡɦɚɯ. ȼ ɩɟɪɜɨɣ ɱɚɫɬɢɱɧɨɣ ɪɟɚɤɰɢɢ ɛɢɨɬɢɧ ɢ ȺɌɎ 

ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɛɢɨɬɢɧɢɥ-5′-AMP (holo) ɫɜɹɡɚɧɧɨɣ ɮɨɪɦɵ ɥɢɝɚɡɵ, 

ɤɨɬɨɪɚɹ ɫɥɭɠɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɪɟɚɤɰɢɟɣ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɡɜɟɧɚ ɞɥɹ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ ɛɟɥɤɚ ɢ ɤɨɪɟɩɪɟɫɫɨɪɨɦ ɞɥɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɣ ɪɟɝɭɥɹɰɢɢ.  

ɉɪɢ ɧɟɛɨɥɶɲɨɦ ɤɥɟɬɨɱɧɨɦ ɫɩɪɨɫɟ ɧɚ ɛɢɨɬɢɧ holo-BirA ɦɨɠɟɬ 

ɞɢɦɟɪɢɡɨɜɚɬɶ ɢ ɫɜɹɡɵɜɚɬɶ ȾɇɄ, ɝɞɟ ɨɧɚ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɤɚɤ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ 

ɪɟɩɪɟɫɫɨɪ ɛɢɨɬɢɧ-ɫɢɧɬɟɬɚɡɧɨɝɨ ɨɩɟɪɨɧɚ (bio), ɬɟɦ ɫɚɦɵɦ ɩɨɞɚɜɥɹɹ ɫɢɧɬɟɡ 
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ɛɢɨɬɢɧɚ. ɇɚɩɪɨɬɢɜ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɭɛɫɬɪɚɬɚ, ɬɪɟɛɭɸɳɟɝɨ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ, 

holo-BirA ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɛɢɨɬɢɧ-ɥɢɝɚɡɚ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɡɧɚɟɬ ɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫ 

ɛɢɨɬɢɧ-ɤɚɪɛɨɤɫɢɥ-ɩɟɪɟɧɨɫɹɳɟɦ ɛɟɥɤɨɦ (ȼɋɋɊ), ɫɨɞɟɪɠɚɳɢɦ ɨɫɬɚɬɨɤ ɥɢɡɢɧɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ (Ɋɢɫ.8) [35] 

 
Ɋɢɫɭɧɨɤ 8. Ȼɢɮɭɧɤɰɢɨɧɚɥɶɧɚɹ BirA ɜ ɤɥɟɬɤɚɯ E. Coli  

Ȼɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟ ɛɟɥɤɚ - ɷɬɨ ɩɪɢɦɟɪ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, 

ɤɨɬɨɪɚɹ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɢɡɵɫɤɚɧɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ, ɛɢɨɬɢɧ-ɥɢɝɚɡɚ 

E. coli (BirA) ɦɨɞɢɮɢɰɢɪɭɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ >4000 ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜ ɜ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɥɟɬɤɟ [10]. 

1.5 Ɇɢɧɢɦɚɥɶɧɵɣ ɫɭɛɫɬɪɚɬ ɞɥɹ ɛɢɨɬɢɧ-ɩɪɨɬɟɢɧ ɥɢɝɚɡɵ ɢ ɛɢɨɬɢɧ-

ɚɤɰɟɩɬɨɪɧɵɟ ɩɟɩɬɢɞɵ  

Ɋɹɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ BirA ɢɡ E. Coli ɫɩɨɫɨɛɧɚ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɬɶ ɰɟɥɟɜɵɟ ɫɭɛɫɬɪɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɛɚɤɬɟɪɢɣ ɢ ɡɚɤɚɧɱɢɜɚɹ ɪɚɫɬɟɧɢɹɦɢ ɢ ɱɟɥɨɜɟɤɨɦ. ɂɡɭɱɟɧɢɟ ɩɟɪɜɢɱɧɵɯ 

ɛɢɨɬɢɧɢɥɢɪɭɟɦɵɯ ɫɭɛɫɬɪɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɪɹɞɚ ɨɪɝɚɧɢɡɦɨɜ, ɭɤɚɡɵɜɚɸɬ ɧɚ 

ɧɟɤɨɬɨɪɭɸ ɝɨɦɨɥɨɝɢɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɢ ɫɩɟɰɢɮɢɱɧɨɝɨ 
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ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ - ɥɢɡɢɧɚ. ȼ ɷɬɢɯ ɫɬɪɭɤɬɭɪɚɯ ɨɫɬɚɬɨɤ ɥɢɡɢɧɚ ɧɚɯɨɞɢɬɫɹ 

ɜ β-ɩɨɜɨɪɨɬɟ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɞɨɫɬɭɩɧɵɦ ɞɥɹ ɞɟɣɫɬɜɢɹ ɛɢɨɬɢɧ ɩɪɨɬɟɢɧ ɥɢɝɚɡɵ [5]. 

Ⱥɧɚɥɢɡ ɭɫɟɱɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɛɢɨɬɢɧ-ɤɚɪɛɨɤɫɢɥ-ɩɟɪɟɧɨɫɹɳɟɝɨ ɛɟɥɤɚ 

(ȼɋɋɊ), ɹɜɥɹɸɳɟɝɨɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɛɢɨɬɢɧɢɥɢɪɭɸɳɢɦɫɹ ɫɭɛɫɬɪɚɬɨɦ ɜ ɤɥɟɬɤɚɯ 

E. Coli, ɩɨɤɚɡɚɥ ɦɢɧɢɦɚɥɶɧɵɣ ɫɭɛɫɬɪɚɬ 87 ɚɦɢɧɨɤɢɫɥɨɬ [27].    

ȼ ɞɚɥɶɧɟɣɲɟɦ, ɩɪɢ ɢɡɭɱɟɧɢɢ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ BirA   ɭɞɚɥɨɫɶ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɩɟɩɬɢɞ, ɫɨɫɬɨɹɳɢɣ ɢɡ 23 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ (Ɋɢɫ. 9), 

ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɫɥɢɹɧɢɢ ɫ N-ɬɟɪɦɢɧɚɥɶɧɵɦ ɤɨɧɰɨɦ ɦɚɥɶɬɨɡɚ-

ɫɜɹɡɵɜɚɸɳɟɝɨ ɛɟɥɤɚ, ɜɵɫɬɭɩɚɥ ɤɚɤ ɫɭɛɫɬɪɚɬ, ɢɞɟɧɬɢɱɧɵɣ ɩɪɢɪɨɞɧɨɦɭ ȼɋɋɊ ɜ 

ɪɟɚɤɰɢɢ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ, ɯɨɬɶ ɢ ɧɟ ɢɦɟɥ ɛɨɥɶɲɨɝɨ ɫɯɨɞɫɬɜɨ ɫ ɧɢɦ. ȼɫɟɝɨ 4 

ɨɫɬɚɬɤɚ ɜ ɩɨɡɢɰɢɹɯ -2, -3, -4 ɢ +2, ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɥɟɜɨɝɨ ɨɫɬɚɬɤɚ-ɥɢɡɢɧɚ ɜ 

ɩɟɩɬɢɞɟ, ɬɚɤɠɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɱɚɫɬɨɣ ɜ ɩɪɢɪɨɞɧɨɦ 

ɫɭɛɫɬɪɚɬɟ ȼɋɋɊ. 

 
Ɋɢɫɭɧɨɤ 9 – Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɹɜɥɹɸɳɢɟɫɹ ɫɭɛɫɬɪɚɬɚɦɢ ɞɥɹ BirA 

ɜ ɪɟɚɤɰɢɹɯ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɤɪɢɧɢɧɝɟ ɱɟɬɵɪɟɯ ɩɟɩɬɢɞɧɵɯ ɛɢɛɥɢɨɬɟɤ 

Ɂɚɬɟɦ ɩɪɨɜɟɞɹ ɪɹɞ ɭɫɟɱɟɧɢɣ 23 ɦɟɪɧɨɝɨ ɩɟɩɬɢɞɚ ɛɵɥ ɩɨɥɭɱɟɧ 

ɦɢɧɢɦɚɥɶɧɵɣ ɫɭɛɫɬɪɚɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ 14 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ.  

ɉɨɥɭɱɟɧɧɵɣ    ɫɭɛɫɬɪɚɬ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ 

ɩɪɢɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ – ɧɟ ɦɟɧɟɟ 75 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɦɨɠɟɬ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɧɚ ɥɸɛɨɦ ɤɨɧɰɟ ɫɥɢɬɨɝɨ ɛɟɥɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɚɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɛɟɥɨɤ, ɜ ɤɚɱɟɫɬɜɟ ɚɤɰɟɩɬɨɪɧɨɝɨ ɩɟɩɬɢɞɚ ɜ ɪɟɚɤɰɢɹɯ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ [5; 36].   

1.6 Ȼɢɨɬɢɧɢɥɢɪɨɜɚɧɢɟ ɛɟɥɤɨɜ in vivo ɩɪɢ ɫɢɧɬɟɡɟ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ 
ɛɟɥɤɚ ɜ ɤɥɟɬɤɟ  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ 

ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɦɢɧɢɦɚɥɶɧɵɟ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɵɟ ɩɟɩɬɢɞɵ, ɤɨɬɨɪɵɟ 
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ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ BirA ɢɡ Е. coli 

ɦɟɬɨɞɨɦ ɮɚɝɨɜɨɝɨ ɞɢɫɩɥɟɹ ɢ ɫɥɭɱɚɣɧɨɝɨ ɩɨɞɛɨɪɚ ɤɨɧɫɟɧɫɭɫɧɵɯ ɩɟɩɬɢɞɨɜ. Ȼɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɛɢɨɬɢɧɚ ɜ ɩɨɥɭɱɟɧɧɵɯ ɭɫɟɱɟɧɧɵɯ 

ɩɟɩɬɢɞɚɯ ɛɵɥɚ ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɚ ɞɥɹ ɜɫɟɯ ɛɟɥɤɨɜ. ɇɚ ɨɫɧɨɜɟ ɨɞɧɨɝɨ ɢɡ 

ɷɮɮɟɤɬɢɜɧɨ ɛɢɨɬɢɧɢɥɢɪɨɜɚɜɲɢɯɫɹ in vivo ɩɟɩɬɢɞɨɜ №85 ɛɵɥɚ ɜɵɹɜɥɟɧɚ 

ɦɢɧɢɦɚɥɶɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɥɹ ɛɢɨɬɢɧ-ɩɪɨɬɟɢɧ ɥɢɝɚɡɵ BirA ɢɡ 15 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ – GLNDIFEAQKIEWHE (№85-11, ɨɛɨɡɧɚɱɟɧɧɵɣ 

ɞɚɥɟɟ Avi-Tag), ɫɥɭɠɚɳɚɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɛɥɚɝɨɞɚɪɹ ɟɝɨ ɧɟɢɡɦɟɧɧɨ 

ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ [5; 36]. 

ɉɪɢ ɫɨɟɞɢɧɟɧɢɢ ɰɟɥɟɜɵɯ ɛɟɥɤɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɩɟɩɬɢɞɨɦ Avi-Tag ɢ 

ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɪɟɫɫɢɢ ɮɪɚɝɦɟɧɬɚ in vivo, ɫɨɜɦɟɫɬɧɨ ɫ BirA, ɨɧɢ ɦɨɝɭɬ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɬɶɫɹ ɜ ɤɥɟɬɤɚɯ ɛɚɤɬɟɪɢɣ, ɞɪɨɠɠɟɣ, ɧɚɫɟɤɨɦɵɯ ɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɫɥɢɹɧɢɢ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ ɫ ɩɟɩɬɢɞɨɦ Avi-Tag ɢ 

ɞɚɥɶɧɟɣɲɟɣ ɢɧɤɭɛɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫ ɨɱɢɳɟɧɧɨɣ ɛɢɨɬɢɧ ɩɪɨɬɟɢɧ 

ɥɢɝɚɡɨɣ-BirA, ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɛɟɥɤɢ ɦɨɝɭɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɵ 

ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɬɚɬɨɤ ɥɢɡɢɧɚ ɜ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɟɩɬɢɞɚ 

Avi-Tag. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɩɨɥɭɱɟɧɢɹ 

ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. ȿɫɥɢ ɛɟɥɨɤ ɯɨɪɨɲɨ 

ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɤɥɟɬɤɚɯ E. coli, ɬɨ, ɧɟɨɛɯɨɞɢɦɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɬɶ 

ɪɟɤɨɦɛɢɧɚɧɬɧɭɸ ȾɇɄ, ɜ ɤɨɬɨɪɨɣ ɟɝɨ ɤɨɞɢɪɭɸɳɚɹ ɨɛɥɚɫɬɶ ɫɥɢɬɚ ɫ Avi-Tag ɧɚ ɟɝɨ 

N - ɢɥɢ C-ɤɨɧɰɟɜɨɦ ɭɱɚɫɬɤɟ, ɩɪɢ ɷɬɨɦ ɞɨ 100% ɦɨɥɟɤɭɥ ɛɭɞɭɬ ɦɚɪɤɢɪɨɜɚɧɵ 

ɛɢɨɬɢɧɨɦ ɧɚ ɨɞɧɨɦ ɨɫɬɚɬɤɟ ɥɢɡɢɧɚ [21]. ɉɨɞɪɨɛɧɚɹ ɫɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɛɢɨɬɢɧɚ ɤ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɨɦɭ ɩɟɩɬɢɞɭ Avi-Tag ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫ. 10. ȼ 

ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ, ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɛɟɥɤɚ, ɟɝɨ ɦɨɠɧɨ 

ɯɢɦɢɱɟɫɤɢ ɛɢɨɬɢɧɢɥɢɪɨɜɚɬɶ, ɧɨ ɬɨɝɞɚ ɩɨɥɭɱɚɟɬɫɹ ɝɟɬɟɪɨɝɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɫ 

ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ ɢ ɪɚɡɥɢɱɧɵɦɢ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɵɦɢ 

ɥɢɡɢɧɚɦɢ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɩɨɫɥɟɞɭɸɳɟɣ ɨɱɢɫɬɤɢ.  
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Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɛɢɨɬɢɧɚ ɤ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɨɦɭ ɩɟɩɬɢɞɭ Avi-Tag [3] 

1. 7 ɉɪɢɦɟɧɟɧɢɟ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɬɢɧ-ɦɟɱɟɧɵɯ ɛɟɥɤɨɜ, ɜ 

ɫɢɥɭ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɨɚɮɮɢɧɧɨɝɨ ɢ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɚɜɢɞɢɧɨɦ ɢ ɫɬɪɟɩɬɚɜɢɞɢɧɨɦ, ɧɚɲɥɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ [12], ɜɤɥɸɱɚɹ ɢɦɦɦɭɧɨɚɧɚɥɢɡ, ɦɟɬɨɞ ɮɚɝɨɜɨɝɨ 

ɞɢɫɩɥɟɹ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɚɮɮɢɧɧɨɦ ɨɬɛɨɪɟ, ɞɥɹ ɚɧɚɥɢɡɚ ɛɟɥɨɤ–ɛɟɥɤɨɜɵɯ, ɛɟɥɨɤ–

ɊɇɄ ɢ ɛɟɥɨɤ–ȾɇɄ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɚɮɮɢɧɧɭɸ ɨɱɢɫɬɤɭ [43]. 

Ȼɢɨɬɢɧɢɥɢɪɨɜɚɧɧɵɟ ɢɦɦɭɧɨɞɨɦɢɧɚɧɬɧɵɟ ɛɟɥɤɢ-ɚɧɬɢɝɟɧɵ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɯ ɚɧɚɥɢɡɚɯ (ELISA) ɞɥɹ ɜɵɹɜɥɟɧɢɹ 

ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɤ ɡɚɛɨɥɟɜɚɧɢɸ ɚɧɬɢɬɟɥ ɜ ɠɢɞɤɨɫɬɹɯ ɨɪɝɚɧɢɡɦɚ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ 

ɩɚɰɢɟɧɬɨɜ [43]. Ɉɞɧɚɤɨ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɷɬɢɯ ɛɟɥɤɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧ 

ɂɎȺ ɦɨɠɟɬ ɛɵɬɶ ɡɚɬɪɭɞɧɟɧɚ ɢ ɧɟɷɮɮɟɤɬɢɜɧɚ.  

ɇɟɞɚɜɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɤɪɵɬɨɣ 

ɫɬɪɟɩɬɚɜɢɞɢɧɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 

ɛɢɨɬɢɧ-ɦɟɱɟɧɵɯ ɛɟɥɤɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɛɟɥɤɢ ɜ ɫɦɟɫɢ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɱɬɨ ɨɧɢ 
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ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ, ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɹ ɢɯ ɤɨɧɮɨɪɦɚɰɢɸ, ɱɬɨ ɢɦɟɟɬ ɛɨɥɶɲɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɧɚɞ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɨɞɯɨɞɚɦɢ ɤ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɛɟɥɤɨɜ, 

ɩɪɟɞɩɨɥɚɝɚɸɳɢɯ ɢɯ ɩɚɫɫɢɜɧɭɸ ɚɞɫɨɪɛɰɢɸ ɧɚ ɩɨɥɢɫɬɢɪɨɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ, 

ɩɪɢɜɨɞɹɳɭɸ ɤ ɞɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɚ [37, 43].  

Ɉɞɧɨ ɢɡ ɩɪɨɬɟɨɦɧɵɯ ɩɪɢɦɟɧɟɧɢɣ (ɫɬɪɟɩɬ)ɚɜɢɞɢɧ-ɛɢɨɬɢɧɨɜɨɣ ɫɢɫɬɟɦɵ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɛɟɥɤɨɜ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ 

ɦɨɞɢɮɢɤɚɰɢɢ (PTM) [13]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɩɪɢɦɟɪ, ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ 

ɩɪɨɰɟɫɫ ɨɛɪɚɬɢɦɨɝɨ Ɉ-ɝɥɢɤɨɡɢɥɢɪɨɜɚɧɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɛɟɥɤɨɜ, ɤɨɬɨɪɵɣ 

ɹɜɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɪɟɝɭɥɹɬɨɪɧɵɦ ɦɟɯɚɧɢɡɦɨɦ in vivo ɛɟɥɤɨɜɵɯ ɮɭɧɤɰɢɣ [23].  

ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɣ ɜɤɥɚɞ ɬɟɯɧɨɥɨɝɢɹ ɛɢɨɬɢɧ-ɦɟɱɟɧɵɯ ɛɟɥɤɨɜ ɜɧɟɫɥɚ ɜ 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɩɨɫɤɨɥɶɤɭ ɢɡɦɟɧɟɧɢɹ ɜ ɤɥɟɬɤɟ ɱɚɫɬɨ ɜɵɡɵɜɚɸɬ 

ɢɡɦɟɧɟɧɢɹ ɜ ɷɤɫɩɪɟɫɫɢɢ ɛɟɥɤɚ. Ɉɞɧɚɤɨ ɫɪɚɜɧɟɧɢɟ ɢɞɟɧɬɢɱɧɵɯ ɛɟɥɤɨɜ ɢɡ ɪɚɡɧɵɯ 

ɩɪɨɛɟɝɨɜ ɦɚɫɫ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ (Ɇɋ) ɚɧɚɥɢɡɚ ɡɚɬɪɭɞɧɟɧɨ ɢɡ-ɡɚ ɤɨɥɟɛɚɧɢɹ 

ɫɢɝɧɚɥɚ [13].  Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɧɚ ɨɫɧɨɜɟ ɛɢɨɬɢɧ-ɦɟɱɟɧɵɯ ɛɟɥɤɨɜ 

ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɯɚɧɢɡɦ ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ, ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 

ɫɪɚɜɧɟɧɢɹ ɛɟɥɤɚ ɜ ɪɚɡɧɵɯ ɛɟɥɤɨɜɵɯ ɨɛɪɚɡɰɚɯ ɜ ɨɞɧɨɦ Ɇɋ-ɩɪɨɝɨɧɟ [16, 34], ɩɪɢ 

ɷɬɨɦ ɛɟɥɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɥɢɱɧɵɦ ɤɥɟɬɨɱɧɵɦ ɫɨɫɬɨɹɧɢɹɦ, ɛɵɥɢ 

ɩɨɦɟɱɟɧɵ ɪɚɡɧɵɦɢ ɦɚɫɫ-ɤɨɞɢɪɭɟɦɵɦɢ ɛɢɨɬɢɧɨɜɵɦɢ ɦɟɬɤɚɦɢ. 

ȼ ɦɟɞɢɰɢɧɟ ɛɢɨɬɢɧ-ɦɟɱɟɧɵɟ ɛɟɥɤɢ ɜ ɜɢɞɟ ɤɨɧɴɸɝɚɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ, 

ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɥɨɤɚɥɢɡɚɰɢɢ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɢ ɞɥɹ 

ɥɨɤɚɥɶɧɨɣ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɨɩɭɯɨɥɢ [14, 

13].   
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ȽɅȺȼȺ 2. ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

2.1. Ɇɚɬɟɪɢɚɥɵ 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ Avi-ML7/ΔBirȺ ɢ Avi-ML7mut/ΔBirȺ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɷɥɟɦɟɧɬɵ: ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɜɟɤɬɨɪ 

pET22b+, ɮɪɚɝɦɟɧɬɵ ȾɇɄ: Avi-ML7, Avi-ML7mut ɢ ΔbirA.  

Ʉɥɟɬɤɢ Е. соli: ɲɬɚɦɦ XL1-Blue ɞɥɹ ɤɥɨɧɢɪɨɜɚɧɢɹ ɢ BL21-CodonPlus (DE3) 

-RIPL ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ. 

Ɍɚɛɥɢɰɚ 1 – Ɉɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ 

№ ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (5’→3’) 
852 CGCAGAAGATCGAGTGGCATGAAGGCGGATCCAATGATGTTAACCGTGG 

853 CGCACATATGGGTCTCAACGACATCTTTGAGGCGCAGAAGATCGAGTGG 

854 GTTTAGCATTAAGTAACTGGATCATCAGCCAGCAAGACCCTTGAT 

855 ATCAAGGGTCTTGCTGGCTGATGATCCAGTTACTTAATGCTAAAC 

856 TTGTCGAGTCATTATTTTTCTGCACTACGC 

 
ɂɫɩɨɥɶɡɭɟɦɵɟ   ɮɟɪɦɟɧɬɵ: ɷɧɞɨɧɭɤɥɟɚɡɵ ɪɟɫɬɪɢɤɰɢɢ NdeI («Sibenzyme», 

«BioLabs») ɢ XhoI («BioLabs»), ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ T4 ȾɇɄ ɥɢɝɚɡɚ («BioLabs»), 

ɩɨɥɢɦɟɪɚɡɚ Pfu-turbo («Stratagene»), Taq-ɩɨɥɢɦɟɪɚɡɚ («Sibenzyme»). 

ɍɫɥɨɜɢɹ ɪɚɛɨɬɵ ɫ ɮɟɪɦɟɧɬɚɦɢ ɨɩɢɫɚɧɵ ɜ ɪɭɤɨɜɨɞɫɬɜɚɯ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ 

ɮɢɪɦɚɦɢ ɢɡɝɨɬɨɜɢɬɟɥɹɦɢ («Sibenzyme», «Stratagene» ɢ «BioLabs»). 

 ɇɚɛɨɪɵ ɞɥɹ ɨɱɢɫɬɤɢ ȾɇɄ ɮɢɪɦɵ QIAGEN: «QIAquick PCR 

Purification Kit» ɢ «QIAquick Gel Extraction Kit». 

 Ɇɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ «1 kȼ DNA Ladder» ɢ «100 bp ladder». 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɬɢɜɵ: ɚɦɩɢɰɢɥɥɢɧ, IPTG 

(ɢɡɨɩɪɨɩɢɥ-β-D-ɬɢɨɝɚɥɚɤɬɨɩɢɪɚɧɨɡɢɞ) («Sigma»), CaCl2, NaCl, Ɍɪɢɫ, Ȼɢɫ-Ɍɪɢɫ-

ɩɪɨɩɚɧ, ɦɨɱɟɜɢɧɚ, ɗȾɌȺ-ɧɚɬɪɢɟɜɚɹ ɫɨɥɶ («Sigma»), ȾɌɌ («Aldrich»), 

ɰɟɥɟɧɬɟɪɚɡɢɧ («MolProbs»), ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ («Sigma-Aldrich»), 

ɚɝɚɪɨɡɚ, ɥɟɝɤɨɩɥɚɜɤɚɹ ɚɝɚɪɨɡɚ («Bio-Rad»), ɚɝɚɪ ɛɚɤɬɟɪɢɨɥɨɝɢɱɟɫɤɢɣ, 80% 

ɢɡɨɩɪɨɩɚɧɨɥ, 96 % ɷɬɚɧɨɥ. 
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Ⱦɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɛɟɥɤɨɜɵɯ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɤɪɢɥɚɦɢɞ, ɛɢɫ-

ɚɤɪɢɥɚɦɢɞ, ɌȿɆȿȾ, ɩɟɪɫɭɥɶɮɚɬ ɚɦɦɨɧɢɹ («Bio-Rad»), ɧɚɛɨɪ ɫɬɚɧɞɚɪɬɧɵɯ 

ɦɚɪɤɟɪɧɵɯ ɛɟɥɤɨɜ («Serva»). 

Ɍɚɛɥɢɰɚ 2 – ɋɨɫɬɚɜ ɛɭɮɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɫɪɟɞ 

ɇɚɡɜɚɧɢɟ ɋɨɫɬɚɜ: 

LB-ɫɪɟɞɚ 10 ɝ/ɥ  ɛɚɤɬɨ-ɬɪɢɩɬɨɧɚ («Difco»), 5 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ 

ɷɤɫɬɪɚɤɬɚ («Sigma»), 7.5 ɝ/ɥ NaCl, ɪɇ 7.0 

LB-ɚɝɚɪ 15 ɝ/ɥ ɚɝɚɪɚ («Difco») ɜ LB-ɫɪɟɞɟ 

SOC-ɫɪɟɞɚ 20 ɝ/ɥ ɛɚɤɬɨ-ɬɪɢɩɬɨɧɚ («Difco»), 5 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ 

ɷɤɫɬɪɚɤɬɚ («Sigma»), 0.5 ɝ/ɥ NaCl, 20 ɦɆ ɝɥɸɤɨɡɚ; pH 7.5 

ɌȺȿ ɛɭɮɟɪ 0.04 Ɇ Ɍɪɢɫ-ɚɰɟɬɚɬ; 0.02 Ɇ ɗȾɌȺ ɪɇ 8.0 

EB ɛɭɮɟɪ ɧɚɛɨɪ Wizard plus SV minipreps DNA purification system, 

«Promega» 

Ɍȿ ɛɭɮɟɪ 10 mM Ɍɪɢɫ-ɇɋl ɪɇ 8,0; 1 mM ɗȾɌȺ ɪɇ 8,0 

NEB4 ɛɭɮɟɪ 50 mM ɚɰɟɬɚɬ ɤɚɥɢɹ, 20 mM Ɍɪɢɫ-ɚɰɟɬɚɬ, 10 mM ɚɰɟɬɚɬ 

ɦɚɝɧɢɹ, 1 mM ȾɌɌ 

TFB ɛɭɮɟɪ 10 mM KCI, 45 mɆ MnCl2x4H2O, 10 ɦɆ CaCI2x2H2O, 3 

mM HACoCl2, 10 mM K-MES, pH 6.2  

Pfu -Turbɨ ɛɭɮɟɪ 200 mM Ɍɪɢɫ-HCl, 100 mM KCl, 100 mM (NH4)2SO4,  

20 mM MgSO4,1 mg nuclease-free BSA, 1% Triton X-100 

Ʌɢɝɚɡɧɵɣ ɛɭɮɟɪ 50 mM Ɍɪɢɫ-HCl pH 7.8, 10 mM MgCl2, 25 ɦɤɝ/ɦɥ BSA, 1 

mM ATP, 10 ɦɆ DTT 

Ȼɭɮɟɪ ɞɥɹ  ȾɇɄ 

ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

0,25% ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ, 0,25% ɤɫɢɥɨɰɢɚɧɨɥɚ, 

30% ɝɥɢɰɟɪɢɧ 

Ʌɢɡɢɪɭɸɳɢɣ 

ɛɭɮɟɪ 

(ɝ/ɮ ɜ ɉȺȺȽ) 

50 ɦɆ Ɍɪɢɫ-ɇɋl ɪɇ 6.8,  2% SDS; 10% ɝɥɢɰɟɪɢɧ; 50 

ɦɆ ɞɢɬɢɨɬɪɟɢɬɨɥ (ȾɌɌ) 5% ß-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ; 0,25% 

ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ 

Ȼɭɮɟɪɵ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ: 
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№1 ɛɭɮɟɪ 50 mM ɝɥɸɤɨɡɚ, 25 mM Ɍɪɢɫ-ɇɋl, pH 8,0, 10 mM 

ɗȾɌȺ 

№2 ɛɭɮɟɪ 0,2 Ɇ NaOH, 1% SDS 

№3 ɛɭɮɟɪ 3 Ɇ NaOAc, ɪɇ 4,75 

 

2.2 Ɇɟɬɨɞɵ 

2.2.1 ɋɢɧɬɟɡ ɩɟɪɜɨɝɨ ɮɪɚɝɦɟɧɬɚ: AviTag-ML7-2C ɢ AviTag-ML7mut-2C 

ɦɟɬɨɞɨɦ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ 

ȼ ɫɨɫɬɚɜ ɉɐɊ-ɪɟɚɤɰɢɢ ɧɚ ɨɛɳɢɣ ɨɛɴɟɦ 50 ɦɤɥ ɜɯɨɞɢɥɢ ɫɥɟɞɭɸɳɢɟ 

ɤɨɦɩɨɧɟɧɬɵ: 40 ɦɤɥ ɇ2Ɉ, 5 ɦɤɥ ɛɭɮɟɪɚ (10ɏ PfuUltra Stratage buffer), 1ɦɤɥ ȾɇɄ 

ɩɨɥɢɦɟɪɚɡɵ (PfuSE, 5U/ µl), 0,5ɦɤɥ 20 mM dNTP, 0,5 ɦɤɥ ɨɛɪɚɡɰɚ ȾɇɄ, ɩɨ 1,5 

ɦɤɥ 10 mM ɩɪɚɣɦɟɪɨɜ (5’ ɩɪɚɣɦɟɪ №852 ɢ 3’ɩɪɚɣɦɟɪ №854) 

2.2.2 ɋɢɧɬɟɡ ɜɬɨɪɨɝɨ ɮɪɚɝɦɟɧɬɚ: ΔBirȺ-I64 ɱɟɪɟɡ ɩɟɪɟɤɪɵɜɚɧɢɟ-

TGATG ɦɟɬɨɞɨɦ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ 

ȼ ɫɨɫɬɚɜ ɉɐɊ-ɪɟɚɤɰɢɢ ɧɚ ɨɛɳɢɣ ɨɛɴɟɦ 50 ɦɤɥ ɜɯɨɞɢɥɢ ɫɥɟɞɭɸɳɢɟ 

ɤɨɦɩɨɧɟɧɬɵ: 40 ɦɤɥ ɇ2Ɉ, 5 ɦɤɥ ɛɭɮɟɪɚ (10ɏ PfuUltra Stratage buffer),1ɦɤɥ ȾɇɄ 

ɩɨɥɢɦɟɪɚɡɵ (PfuSE, 5U/ µl, 0,5ɦɤɥ 20 mM dNTP, 0,5 ɦɤɥ ɨɛɪɚɡɰɚ ȾɇɄ, ɩɨ 1,5 ɦɤɥ 

10 mM ɩɪɚɣɦɟɪɨɜ (5’ ɩɪɚɣɦɟɪ №855 ɢ 3’ɩɪɚɣɦɟɪ №856) 

ɉɚɪɚɦɟɬɪɵ ɉɐɊ ɪɟɚɤɰɢɢ: 

95C – 45 ɫɟɤ 
94C – 20 ɫɟɤ  
49°C – 30 ɫɟɤ       17 ɰɢɤɥɨɜ 
72C – 1 ɦɢɧ  
72C – 6 ɦɢɧ 

Ƚɞɟ 95ɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɧɚɬɭɪɚɰɢɢ ȾɇɄ, 49ɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɠɢɝɚ 

ɩɪɚɣɦɟɪɨɜ, 72ɋ – ɷɥɨɧɝɚɰɢɹ ȾɇɄ 

2.2.3 Ɉɱɢɫɬɤɚ ɉɐɊ-ɮɪɚɝɦɟɧɬɨɜ ɫ ɩɨɦɨɳɶɸ «QIAquick PCR 
purification kit» 
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50 ɦɤɥ ɩɪɨɞɭɤɬɨɜ ɉɐɊ ɩɟɪɟɧɨɫɢɥɢ ɜ 5 ɨɛɴɟɦɨɜ Ɋȼ ɛɭɮɟɪɚ-250 ɦɤɥ ɜ 1,5 

ɦɤɥ ɩɪɨɛɢɪɤɢ, ɩɟɪɟɦɟɲɢɜɚɥɢ ɧɚ ɜɨɪɬɟɤɫɟ. ɋɦɟɫɶ ɩɟɪɟɧɨɫɢɥɢ ɜ ɤɨɥɨɧɤɢ QIAgene 

ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 ɦɢɧ (10000-15000 ɨɛ/ɦɢɧ), ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɤɨɥɨɧɤɭ 

ɪɚɫɬɜɨɪ ɫɥɢɜɚɥɢ. Ⱦɚɥɟɟ ɞɟɥɚɥɢ ɩɪɨɦɵɜɚɧɢɟ ɫɨɪɛɢɪɨɜɚɧɧɨɣ ȾɇɄ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ 500 ɦɤɥ ɛɭɮɟɪɚ Ɋȿ, ɢɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ, ɡɚɬɟɦ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 ɦɢɧ (12000 ɨɛ/ɦɢɧ), ɨɫɬɚɜɲɭɸɫɹ ɠɢɞɤɨɫɬɶ ɫɥɢɜɚɥɢ. ɉɨɫɥɟ 

ɷɬɨɝɨ ɞɟɥɚɥɢ ɜɬɨɪɨɟ ɩɪɨɦɵɜɚɧɢɟ ɫɨɪɛɢɪɨɜɚɧɧɨɣ ȾɇɄ. Ⱦɥɹ ɷɬɨɝɨ ɧɚɧɨɫɢɥɢ ɧɚ 

ɤɨɥɨɧɤɭ ɟɳɟ 250 ɦɤɥ ɛɭɮɟɪɚ Ɋȿ, ɢɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ ɢ ɡɚɬɟɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 

2 ɦɢɧ (12000 ɨɛ/ɦɢɧ), ɨɫɬɚɜɲɭɸɫɹ ɠɢɞɤɨɫɬɶ ɫɥɢɜɚɥɢ. Ʉɨɥɨɧɤɭ ɫ ɩɪɨɦɵɬɨɣ ȾɇɄ 

ɫɪɚɡɭ ɩɨɦɟɳɚɥɢ ɜ ɱɢɫɬɭɸ 1.5 ɦɥ ɩɪɨɛɢɪɤɭ. ɋɭɲɢɥɢ ɧɚ ɜɨɡɞɭɯɟ 15 ɦɢɧ. Ⱦɚɥɟɟ ɜ 

ɰɟɧɬɪ ɮɢɥɶɬɪɚ ɫ ȾɇɄ ɤɚɩɚɥɢ 50 ɦɤɥ ɷɥɸɰɢɨɧɧɨɝɨ ɛɭɮɟɪɚ ȿȼ (10 mM Ɍris-HCl 

pH 8.5) with 1 mM EDTA, ɢɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ ɢ ɡɚɬɟɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 2 ɦɢɧ 

(12000 ɨɛ/ɦɢɧ). ȾɇɄ ɱɟɪɟɡ ɤɨɥɨɧɤɭ ɷɥɸɢɪɨɜɚɥɚ ɫ ɛɭɮɟɪɨɦ ɜ ɩɪɨɛɢɪɤɭ. 

2.2.4 Ɋɟɚɤɰɢɹ ɫɥɢɹɧɢɹ 

Ɋɟɚɤɰɢɹ ɫɥɢɹɧɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɨɛɳɢɣ ɨɛɴɟɦ 50 ɦɤɥ. ȼ ɧɚɝɪɟɬɭɸ ɜɨɞɭ 

250 ɦɥ ɞɨ 94C, ɨɩɭɫɤɚɥɢ ɩɪɨɛɢɪɤɢ ɫɨ ɫɦɟɫɶɸ: 5 ɦɤɥ ɛɭɮɟɪɚ (10ɏ PfuUltra 

Stratage buffer), 15 ɦɤɥ ɮɪɚɝɦɟɧɬɚ ΔBirA-I64 ɢ 5 ɦɤɥ ɮɪɚɝɦɟɧɬɚ AviTag-ΔML7-

C2, ɨɱɢɳɟɧɧɵɯ ɱɟɪɟɡ ɤɨɥɨɧɤɭ QIAgene (ɚɧɚɥɨɝɢɱɧɨ ɞɥɹ ɮɪɚɝɦɟɧɬɚ AviTag-

ML7mut-2C). Ⱦɚɥɟɟ ɨɫɬɭɠɚɥɢ ɜɨɞɭ ɫ ɩɪɨɛɢɪɤɨɣ ɜ ɧɟɣ ɞɨ 30C, ɞɨɛɚɜɢɥɢ ɜ 

ɩɪɨɛɢɪɤɭ 20 ɦɤɥ ɇ2Ɉ, 1ɦɤɥ 20 mM dNTP, 1 ɦɤɥ ȾɇɄ ɩɨɥɢɦɟɪɚɡɵ (PfuSE, 5U/ µl) 

Ɂɚɬɟɦ ɩɪɨɜɨɞɢɥɢ ɫɢɧɬɟɡ ɜ ɬɟɪɦɨɰɢɤɥɟɪɟ ɚɧɚɥɨɝɢɱɧɨ ɩɪɨɝɪɚɦɦɟ, ɭɤɚɡɚɧɧɨɣ 

ɜɵɲɟ, ɩɪɢ ɷɬɨɦ ɛɵɥ ɞɨɛɚɜɥɟɧ ɰɢɤɥ 72C ɜ ɬɟɱɟɧɢɢ 30 ɫɟɤ ɩɟɪɟɞ ɧɚɱɚɥɨɦ 

ɞɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɚ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɠɢɝɚ ɩɪɚɣɦɟɪɨɜ ɞɨ 53C. 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɉɐɊ ɞɨɛɚɜɥɹɥɢ ɩɪɚɣɦɟɪɵ: 1,5 ɦɤɥ 5’ ɩɪɚɣɦɟɪ №853 ɢ 

3’ɩɪɚɣɦɟɪ №856, ɩɨɜɬɨɪ ɜɫɟɯ ɰɢɤɥɨɜ ɉɐɊ ɪɟɚɤɰɢɢ. 

2.2.5 ɋɢɧɬɟɡ ɮɪɚɝɦɟɧɬɚ ɤɪɚɣɧɢɦɢ ɩɪɚɣɦɟɪɚɦɢ 853/856 

ɋɢɧɬɟɡ ɮɪɚɝɦɟɧɬɚ ɩɪɨɜɨɞɢɥɫɹ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ 50 ɦɤɥ. ȼ ɫɨɫɬɚɜ ɫɦɟɫɢ 

ɜɯɨɞɢɥɢ: 35 ɦɤɥ ɇ2Ɉ, 5 ɦɤɥ ɛɭɮɟɪɚ (10ɏ PfuUltra Stratage buffer), 5 ɦɤɥ 

ɮɪɚɝɦɟɧɬɚ Avi-ΔML7- ΔBirA, 1ɦɤɥ 10 mM dNTP, ɞɚɥɟɟ ɞɨɛɚɜɥɹɥɢ ɩɨ 1,5 ɦɤɥ 
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ɩɪɚɣɦɟɪɨɜ (5’ ɩɪɚɣɦɟɪ №853 ɢ 3’ɩɪɚɣɦɟɪ №856), 1ɦɤɥ ȾɇɄ ɩɨɥɢɦɟɪɚɡɵ (PfuSE, 

5U/ µl). Ɂɚɬɟɦ ɩɪɨɜɨɞɢɥɢ ɫɢɧɬɟɡ ɜ ɬɟɪɦɨɰɢɤɥɟɪɟ. 

2.2.6 ɉɨɥɭɱɟɧɢɟ ɥɢɩɤɢɯ ɤɨɧɰɨɜ ɞɥɹ ɤɥɨɧɢɪɨɜɚɧɢɹ – ɩɪɟɩɚɪɚɬɢɜɧɚɹ 
ɪɟɫɬɪɢɤɰɢɹ 

ɉɪɟɩɚɪɚɬɢɜɧɚɹ ɪɟɫɬɪɢɤɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ 60 ɦɤɥ.  Ʉ 47, 8 

ɦɤɥ ɮɪɚɝɦɟɧɬɚ Avi-ML7/ΔBirA ɞɨɛɚɜɢɥɢ 6 ɦɤɥ ɛɭɮɟɪɚ (10ɯ PfuUltra Stratage 

buffer), 1,5 ɦɤɥ BSAɯ50, ɷɧɞɨɧɭɤɥɟɚɡɵ ɪɟɫɬɪɢɤɰɢɢ (3 ɦɤɥ XhoI ɢ 2 ɦɤɥ NdeI), 

ɡɚɬɟɦ ɢɧɤɭɛɢɪɨɜɚɥɢ 2 ɱɚɫɚ ɩɪɢ 37ɋ. 

2.2.7 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɜɟɤɬɨɪɚ pET22b+ (NdeI – XhoI) ɞɥɹ ɤɥɨɧɢɪɨɜɚɧɢɹ 

ɚ) Ɋɟɫɬɪɢɤɰɢɹ ɜɟɤɬɨɪɚ pET22b+ 

Ʉ 50 ɦɤɥ ɩɥɚɡɦɢɞɵ pET22b+ ɞɨɛɚɜɢɥɢ 6,2 ɦɤɥ ɛɭɮɟɪɚ NEB2ɯ10, 1,2 ɦɤɥ 

BSAɯ50 ɢ ɷɧɞɨɧɭɤɥɟɚɡɵ ɪɟɫɬɪɢɤɰɢɢ (2 ɦɤɥ XhoI ɢ 2 ɦɤɥ NdeI). Ⱦɚɥɟɟ 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ ɩɪɢ 37ɋ. Ɋɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɫ 

ɩɨɦɨɳɶɸ ɚɝɚɪɨɡɧɨɝɨ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ. 

ɛ) Ⱦɟɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɚ 

ɑɟɪɟɡ 2 ɱɚɫɚ ɪɟɫɬɪɢɤɰɢɢ ɩɥɚɡɦɢɞɧɭɸ ȾɇɄ ɨɛɪɚɛɨɬɚɥɢ 1 ɦɤɥ ɳɟɥɨɱɧɨɣ 

ɮɨɫɮɚɬɚɡɵ CIP (NEB, 10 U/ ȝl) ɞɥɹ ɞɟɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ 5-ɤɨɧɰɨɜ, ɡɚɬɟɦ ɫɧɨɜɚ 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1 ɱɚɫɚ ɩɪɢ 37°C.  

ɜ) Ɉɱɢɫɬɤɚ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ 

Ɏɪɚɝɦɟɧɬɵ ȾɇɄ: ɜɟɤɬɨɪ pET22b+, ɜɫɬɚɜɤɢ Avi-ML7/ΔBirA ɢ AviTag-

ML7mut/ΔBirA ɪɚɡɞɟɥɹɥɢ ɜ ɝɟɥɟ ɦɟɬɨɞɨɦ ɚɝɚɪɨɡɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɛɟɡ 

ɞɨɛɚɜɥɟɧɢɹ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ ɜ ɌȺȿ ɛɭɮɟɪɟ ɩɪɢ ɪɚɛɨɱɟɦ ɧɚɩɪɹɠɟɧɢɢ 40 ȼ. 

Ⱦɚɥɟɟ ɜɵɪɟɡɚɥɢ ɱɚɫɬɶ ɝɟɥɹ, ɫɨɞɟɪɠɚɳɭɸ ɮɪɚɝɦɟɧɬ ȾɇɄ ɧɭɠɧɨɣ ɞɥɢɧɵ. 

2.2.8 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɜɟɤɬɨɪɚ pET22b+ ɢ ɜɫɬɚɜɤɢ Avi-ML7/ΔBirA ɢɡ 
ɚɝɚɪɨɡɧɨɝɨ ɝɟɥɹ ɫ ɩɨɦɨɳɶɸ «QIAquick gel extracktion kit» 

ȼɡɜɟɫɢɥɢ ɜɵɪɟɡɚɧɧɵɟ ɩɨɥɨɫɤɢ ɝɟɥɹ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɧɭɠɧɭɸ ɧɚɦ ȾɇɄ. 

Ⱦɥɹ ɪɚɫɩɥɚɜɥɟɧɢɹ ɝɟɥɹ, ɧɟɨɛɯɨɞɢɦ ɞɜɨɣɧɨɣ ɨɛɴɟɦ ɛɭɮɟɪɚ QG ɤ ɨɞɧɨɦɭ ɨɛɴɟɦɭ 

ɮɪɚɝɦɟɧɬɚ ɝɟɥɹ. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɪɚɫɩɥɚɜɥɟɧɢɹ ɜ ɝɟɥɶ ɜɧɨɫɢɥɢ ɢɡɨɩɪɨɩɚɧɨɥ, 

ɮɢɧɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 20% (ɬ.ɟ. ɱɟɬɜɟɪɬɚɹ ɱɚɫɬɶ 
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ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɝɟɥɹ). Ɂɚɬɟɦ ɨɛɪɚɡɰɵ ɩɪɨɝɨɧɹɥɢ ɱɟɪɟɡ ɤɨɥɨɧɤɢ ɜ ɧɟɫɤɨɥɶɤɨ 

ɡɚɯɨɞɨɜ, ɰɟɧɬɪɢɮɭɝɢɪɭɹ ɩɨ 1 ɦɢɧ (15000ɨɛ/ɦɢɧ), ɫɥɢɜɚɹ ɩɪɨɯɨɞɹɳɭɸ ɱɟɪɟɡ 

ɩɪɨɛɢɪɤɢ ɠɢɞɤɨɫɬɶ. Ⱦɚɥɟɟ ɜ ɤɨɥɨɧɤɭ ɞɨɛɚɜɥɹɥɢ 500 ɦɤɥ ɛɭɮɟɪɚ QG ɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 ɦɢɧ (15000 ɨɛ/ɦɢɧ). Ɂɚɬɟɦ ɞɨɛɚɜɥɹɥɢ 500 ɦɤɥ ɛɭɮɟɪɚ Ɋȿ, 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 ɦɢɧ (13000 ɨɛ/ɦɢɧ). ɉɨɫɥɟ 

ɷɬɨɝɨ ɞɨɛɚɜɥɹɥɢ 250 ɦɤɥ ɛɭɮɟɪɚ Ɋȿ, ɢɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 3 

ɦɢɧ (13000 ɨɛ/ɦɢɧ). Ʉɨɥɨɧɤɢ ɜɫɬɚɜɢɥɢ ɜ ɱɢɫɬɵɟ ɩɪɨɛɢɪɤɢ. Ɉɛɪɚɡɰɵ ɫɭɲɢɥɢ ɧɚ 

ɜɨɡɞɭɯɟ 15 ɦɢɧ. Ⱦɚɥɟɟ ɜɧɨɫɢɥɢ 30 ɦɤɥ ɛɭɮɟɪɚ ȿȼ (10 mM Ɍris-HCl pH 8.5, 1mM 

EDTA). ɂɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ. ɐɟɧɬɪɢɮɭɠɧɵɟ ɦɢɧɢ-ɤɨɥɨɧɤɢ ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ 

ɧɨɜɵɟ ɩɪɨɛɢɪɤɢ, ɞɚɥɟɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɛɨɪɨɬɚɯ. ɉɪɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɢ ȾɇɄ ɨɛɪɚɡɰɨɜ ɷɥɸɢɪɨɜɚɧɚ ɛɭɮɟɪɨɦ ɜ ɩɪɨɛɢɪɤɢ. 

2.2.9 Ⱥɝɚɪɨɡɧɵɣ ȾɇɄ ɷɥɟɤɬɪɨɮɨɪɟɡ  
Ⱦɥɹ ɪɚɡɞɟɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ȾɇɄ ɢɫɩɨɥɶɡɨɜɚɥɢ 1% ɚɝɚɪɨɡɧɵɣ ɝɟɥɶ ɜ ɌȺȿ 

ɛɭɮɟɪɟ. Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɡɟ ɫɨɫɬɚɜɥɹɥɨ 100ȼ. ȼ ɝɟɥɶ ɢ ɛɭɮɟɪ 

ɛɵɥ ɞɨɛɚɜɥɟɧ ɢɧɬɟɪɤɚɥɢɪɭɸɳɢɣ ɤɪɚɫɢɬɟɥɶ – ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ (EtBr) ɞɨ 

ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 1 ɦɤɝ/ɦɥ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ȾɇɄ ɨɰɟɧɢɜɚɥɢ ɜɢɡɭɚɥɶɧɨ ɩɨ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ. Ɋɚɡɦɟɪ ɮɪɚɝɦɟɧɬɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɪɚɫɫɬɨɹɧɢɸ, ɩɪɨɣɞɟɧɧɨɦɭ ɮɪɚɝɦɟɧɬɨɦ ɜ ɝɟɥɟ, ɢɫɩɨɥɶɡɭɹ ɫɬɚɧɞɚɪɬɧɵɟ ɦɚɪɤɟɪɵ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ «1 kȼ DNA Ladder» ɢ «100 bp ladder». Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ «AlfaImager». 

2.2.10 Ʌɢɝɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɚ pET22b+ (NdeI – XhoI) ɫ ɮɪɚɝɦɟɧɬɨɦ Avi-

ML7/ΔBirA (NdeI – XhoI) 

Ʌɢɝɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɚ ɫ ɮɪɚɝɦɟɧɬɨɦ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɤɨɧɬɪɨɥɟɦ, ɨɛɳɢɣ 

ɨɛɴɟɦ ɫɨɫɬɚɜɢɥ 40 ɦɤɥ. Ɉɛɳɚɹ ɫɦɟɫɶ ɫɨɞɟɪɠɚɥɚ 28 ɦɤɥ ɇ2Ɉ, 4 ɦɤɥ ɛɭɮɟɪɚ (Ɍ4-

LigBufx10), 2 ɦɤɥ Ɍ4 ȾɇɄ-ɥɢɝɚɡɵ, 2 ɦɤɥ ɜɟɤɬɨɪɚ pET22b+ (NdeI – XhoI), ɡɚɬɟɦ 

ɫɦɟɫɶ ɛɵɥɚ ɩɨɞɟɥɟɧɚ ɧɚ ɞɜɟ ɩɪɨɛɢɪɤɢ. ȼ ɤɨɧɬɪɨɥɶ ɛɵɥɨ ɞɨɛɚɜɥɟɧɨ ɟɳɟ 3 ɦɤɥ 

ɇ2Ɉ, ɜ ɞɪɭɝɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɢɥɢ 3 ɦɤɥ Avi-ML7/ΔBirA (NdeI – XhoI). Ɋɟɚɤɰɢɸ 

ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 18 ɱɚɫɨɜ ɩɪɢ 16ɋ. Ⱦɚɥɟɟ ɩɪɨɜɟɥɢ ɢɧɚɤɬɢɜɚɰɢɸ ɥɢɝɚɡɧɨɣ ɜ 

ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 64ɋ. 
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2.2.11 Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɜ ɤɥɟɬɤɢ E. сoli  

Ʉɨɦɩɟɬɟɧɬɧɵɟ ɤɥɟɬɤɢ XLI-Blue ɝɨɬɨɜɢɥɢ ɜ 40 ɦɥ LB-ɫɪɟɞɵ, ɜ ɤɨɬɨɪɭɸ 

ɛɚɤɬɟɪɢɨɥɨɝɢɱɟɫɤɨɣ ɩɟɬɥɟɣ ɜɧɨɫɢɥɢ ɤɨɥɨɧɢɸ ɤɥɟɬɨɤ E. coli ɲɬɚɦɦ XLI-Blue. 

Ʉɥɟɬɤɢ ɪɚɫɬɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 37ɋ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨ 

ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ OD 0.6.  Ɂɚɬɟɦ ɤɥɟɬɤɢ ɪɚɡɥɢɜɚɥɢ ɩɨ 2 ɦɥ ɜ ɩɪɨɛɢɪɤɢ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ (3500 ɨɛ/ɦɢɧ, 4ɋ). ɋɪɟɞɭ ɫɥɢɜɚɥɢ, ɜ 

ɨɫɬɚɜɲɢɟɫɹ ɤɥɟɬɤɢ ɞɨɛɚɜɥɹɥɢ 700 ɦɤɥ TFB ɛɭɮɟɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɤɥɟɬɤɢ ɩɨɦɟɳɚɥɢ 

ɜ ɥɟɞ ɧɚ 15 ɦɢɧ. Ɂɚɬɟɦ ɤɥɟɬɤɢ ɫɧɨɜɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ, (5000 

ɨɛ/ɦɢɧ), ɫɭɩɟɪɧɚɬɚɧɬ ɫɥɢɜɚɥɢ, ɜ ɨɫɬɚɜɲɢɟɫɹ ɤɥɟɬɤɢ ɜɧɨɫɢɥɢ 200 ɦɤɥ TFB. 

Ʉɨɦɩɟɬɟɧɬɧɵɟ ɤɥɟɬɤɢ ɛɪɚɥɢ ɜ ɨɛɴɟɦɟ 100 ɦɤɥ ɤɥɟɬɨɤ ɧɚ 6 ɦɤɥ ȾɇɄ (ɩɨɫɥɟ 

ɥɢɝɢɪɨɜɚɧɢɹ) ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 0ɋ 30 ɦɢɧ. Ɂɚɬɟɦ ɩɪɨɜɨɞɢɥɢ heart-shock 

ɤɥɟɬɨɤ ɜ ɬɟɱɟɧɢɟ 45ɦɢɧ ɩɪɢ 42ɋ, ɩɨɬɨɦ ɩɪɨɛɢɪɤɭ ɫɪɚɡɭ ɩɨɦɟɳɚɥɢ ɜ ɥɟɞ ɧɚ 2 

ɦɢɧ. ȼ ɫɬɟɪɢɥɶɧɨɦ ɛɨɤɫɟ ɜ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɥɢ 1:5 ɫɪɟɞɵ SOC (500ɦɤɥ), ɡɚɬɟɦ 

ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ 1 ɱɚɫ ɩɪɢ 37ɋ. ɉɪɢɝɨɬɨɜɢɥɢ ɱɚɲɤɢ ɫ LB-ɚɝɚɪɨɦ ɢ 

ɚɦɩɢɰɢɥɥɢɧɨɦ (200 ɦɤɝ/ɦɥ), ɩɪɨɞɟɡɢɧɮɢɰɢɪɨɜɚɜ ɢɯ ɩɨɞ ɍɎ-ɫɜɟɬɨɦ ɜ ɬɟɱɟɧɢɟ 20 

ɦɢɧɭɬ. ɋɭɫɩɟɧɡɢɸ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ 4ɋ (3500ɨɛ/ɦɢɧ), 

ɡɚɬɟɦ 2/3 ɨɛɴёɦɚ ɫɪɟɞɵ ɫɥɢɜɚɥɢ, ɜ ɨɫɬɚɜɲɟɦɫɹ ɨɛɴɟɦɟ ɪɚɡɦɟɲɢɜɚɥɢ ɨɫɚɞɨɤ 

ɤɥɟɬɨɤ. ɉɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɜɵɫɟɜɚɥɢ ɜ ɱɚɲɤɢ ɉɟɬɪɢ, ɪɚɫɬɢɪɚɹ ɲɩɚɬɟɥɟɦ ɞɨ 

ɜɵɫɵɯɚɧɢɹ, ɤɥɟɬɤɢ ɪɚɫɬɢɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ 37ɋ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

2.2.12 Ȼɵɫɬɪɵɣ ɫɤɪɢɧɢɧɝ ɤɨɥɨɧɢɣ PCR 

ɉɪɨɤɚɥɟɧɧɨɣ ɢ ɨɫɬɭɠɟɧɧɨɣ ɩɟɬɥɟɣ ɫɧɢɦɚɥɢ ɱɚɫɬɶ ɤɨɥɨɧɢɢ ɫ ɚɝɚɪɚ ɢ 

ɩɟɪɟɧɨɫɢɥɢ ɜ 200 ɦɤɥ ɩɪɨɛɢɪɤɭ ɫ 10 ɦɤɥ ɇ2Ɉ. Ⱦɚɥɟɟ ɝɨɬɨɜɢɥɢ mix ɫɦɟɫɶ ɜ ɨɛɳɟɦ 

ɨɛɴɟɦɟ 20 ɦɤɥ. Ɉɛɳɚɹ ɫɦɟɫɶ ɫɨɞɟɪɠɚɥɚ: 5.5 ɦɤɥ ɇ2Ɉ + 10 ɦɤɥ ɇ2Ɉ, ɱɬɨ ɜ 

ɩɪɨɛɢɪɤɟ, 2 ɦɤɥ ɛɭɮɟɪɚ (ɯ10 Tag buff), 0.8 ɦɤɥ 20 mM dNTP, 0.7 ɦɤɥ ɩɪɚɣɦɟɪɨɜ 

(10 mM 5’ ɩɪɚɣɦɟɪ №37 ɢ 10 mM 3’ ɩɪɚɣɦɟɪ №38), 0.7 ɦɤɥ Tag polymerase 

(5U/ɦɤɥ). Ⱦɨɛɚɜɥɹɥɢ mix ɫɦɟɫɶ ɜ ɪɚɫɬɜɨɪ ɫ ɤɥɟɬɤɚɦɢ.  
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ɉɚɪɚɦɟɬɪɵ ɉɐɊ ɪɟɚɤɰɢɢ: 

95C – 30 ɫɟɤ 
94C – 20 ɫɟɤ  
51°C – 30 ɫɟɤ       25 ɰɢɤɥɨɜ 
72C – 1. 2 ɦɢɧ  
72C – 7 ɦɢɧ 
 4 C – 30 ɦɢɧ 

Ɋɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɫ ɩɨɦɨɳɶɸ ɚɝɚɪɨɡɧɨɝɨ ɝɟɥɶ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. 

2.2.13 ȼɵɞɟɥɟɧɢɟ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɢɡ ɤɥɟɬɨɤ E. coli ɲɬɚɦɦɚ XLI-Blue 

ɳɟɥɨɱɧɵɦ ɥɢɡɢɫɨɦ ɧɚ ɤɨɥɨɧɤɚɯ QIAGEN. 

ȼɵɪɚɫɬɢɥɢ ɧɨɱɧɭɸ ɤɭɥɶɬɭɪɭ ɤɥɟɬɨɤ E. coli ɲɬɚɦɦ XLI-Blue ɜ ~ 6 ɦɥ LB- 

ɫɪɟɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɚɧɬɢɛɢɨɬɢɤ (ɤɨɧɰɟɧɬɪɚɰɢɹ 200ɦɤɝ/ɦɥ).  ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 

ɜ 2 ɦɥ ɩɪɨɛɢɪɤɚɯ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɢ 8000 ɨɛ/ɦɢɧ 2 ɦɢɧ. Ɋɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɨɫɚɞɨɤ 

ɜ 500 ɦɤɥ ɛɭɮɟɪɚ P1 ɧɚ ɜɨɪɬɟɤɫɟ. Ⱦɨɛɚɜɥɹɥɢ 500 ɦɤɥ ɛɭɮɟɪɚ №2 (Lysis solution), 

ɦɹɝɤɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɩɨɥɧɨɣ ɩɪɨɡɪɚɱɧɨɫɬɢ ɪɚɫɬɜɨɪɚ. Ɂɚɬɟɦ ɞɨɛɚɜɥɹɥɢ 700 ɦɤɥ 

ɛɭɮɟɪɚ 3 (ɧɟɣɬɪɚɥɢɡɭɸɳɢɣ ɪɚɫɬɜɨɪ, Buffer N3-Neutralization buffer), ɦɹɝɤɨ 

ɩɟɪɟɦɟɲɢɜɚɥɢ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ (16000 ɨɛ/ɦɢɧ). ɋɭɩɟɪɧɚɬɚɧɬ ɩɨ 

ɱɚɫɬɹɦ ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ ɞɥɹ ɨɱɢɫɬɤɢ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 

ɦɢɧ, ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɤɨɥɨɧɤɭ ɪɚɫɬɜɨɪ ɜɵɥɢɜɚɥɢ. ɉɪɨɦɵɜɚɥɢ ɫɨɪɛɢɪɨɜɚɧɧɭɸ 

ȾɇɄ, ɧɚɧɨɫɹ ɧɚ ɤɨɥɨɧɤɭ 500 ɦɤɥ ɛɭɮɟɪɚ PB. ɂɧɤɭɛɢɪɨɜɚɥɢ 1 ɦɢɧ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 ɦɢɧ, ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɤɨɥɨɧɤɭ ɪɚɫɬɜɨɪ ɜɵɥɢɜɚɥɢ. Ɂɚɬɟɦ 

ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ 500 ɦɤɥ ɛɭɮɟɪɚ PE. ɂɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 1 ɦɢɧ, ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɤɨɥɨɧɤɭ ɪɚɫɬɜɨɪ ɜɵɥɢɜɚɥɢ. ɋɧɨɜɚ 

ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ 250 ɦɤɥ ɛɭɮɟɪɚ PE. ɂɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 2 ɦɢɧ, ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɤɨɥɨɧɤɭ ɪɚɫɬɜɨɪ ɜɵɥɢɜɚɥɢ. 

ɉɨɫɥɟɞɧɟɟ ɩɪɨɦɵɜɚɧɢɟ ȾɇɄ ɞɟɥɚɥɢ 200 ɦɤɥ 70 % ɷɬɚɧɨɥɨɦ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 

2 ɦɢɧ, ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɤɨɥɨɧɤɭ ɪɚɫɬɜɨɪ ɜɵɥɢɜɚɥɢ. Ʉɨɥɨɧɤɭ ɫ ɩɪɨɦɵɬɨɣ ȾɇɄ 

ɜɫɬɚɜɥɹɥɢ ɜ ɱɢɫɬɭɸ 1,5 ɦɥ ɩɪɨɛɢɪɤɭ ɢ ɫɭɲɢɥɢ ɧɚ ɜɨɡɞɭɯɟ 15 ɦɢɧ. Ɂɚɬɟɦ ɜ ɰɟɧɬɪ
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ɮɢɥɶɬɪɚ ɫ ȾɇɄ ɧɚɧɨɫɢɥɢ 80 ɦɤɥ ɷɥɸɰɢɨɧɧɨɝɨ ɛɭɮɟɪɚ ɫ 1 mM EDTA, 

ɢɧɤɭɛɢɪɨɜɚɥɢ 3 ɦɢɧ. ɉɪɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɢ 2 ɦɢɧ ȾɇɄ ɨɛɪɚɡɰɨɜ ɷɥɸɢɪɨɜɚɥɚ 

ɫ ɛɭɮɟɪɨɦ ɜ ɩɪɨɛɢɪɤɢ. 

2.2.14 Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɪɟɫɬɪɢɤɰɢɹ 

Ʉ 6.5 ɦɤɥ ɇ2Ɉ ɞɨɛɚɜɥɹɥɢ 1 ɦɤɥ ɛɭɮɟɪɚ NEB2ɯ10, 0,2 ɦɤɥ BSAɯ50 ɢ 

ɷɧɞɨɧɭɤɥɟɚɡɵ ɪɟɫɬɪɢɤɰɢɢ (0.4 ɦɤɥ XhoI ɢ 0.3 ɦɤɥ NdeI). Ⱦɚɥɟɟ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 

ɬɟɱɟɧɢɟ 1 ɱɚɫɚ ɩɪɢ 37ɋ. Ɋɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɫ ɩɨɦɨɳɶɸ ɚɝɚɪɨɡɧɨɝɨ 

ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ. 

2.2.15 ɉɨɥɭɱɟɧɢɟ ɢ ɩɪɨɦɵɜɤɚ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ  
Ʉɥɟɬɤɢ ȿ. coli, ɫɨɞɟɪɠɚɳɢɟ ɩɥɚɡɦɢɞɵ, ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ 200 ɦɥ LB-ɫɪɟɞɟ 

ɫ ɮɢɧɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɦɩɢɰɢɥɥɢɧɚ 200 ng/ml ɢ 100 ng/ml ɛɢɨɬɢɧɚ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 37 ˚ɋ 220 ɨɛ/ɦɢɧ, ɞɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (OD) ~ 1,2 ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. ɂɧɞɭɤɰɢɸ ɥɚɤɬɨɡɧɨɝɨ ɨɩɟɪɨɧɚ ɩɪɨɜɨɞɢɥɢ 

ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ IPTG, ɜ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,25 mM, 

ɩɨɫɥɟ ɢɧɞɭɤɰɢɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɩɪɢ 28 ˚ɋ. 

Ʉɥɟɬɨɱɧɵɣ ɨɫɚɞɨɤ ɢɡ 200 ɦɥ ɤɭɥɶɬɭɪɵ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ 10 ɦɥ ɛɭɮɟɪɚ 

(20 mM Ɍɪɢɫ-HCl pH 8.0, 1 mM EDTA - ɪɚɫɬɜɨɪ №1) ɢ ɪɚɡɪɭɲɚɥɢ ɭɥɶɬɪɚɡɜɭɤɨɦ 

ɩɪɢ 0˚ɋ (10 ɫɟɤ x 6 ɪɚɡ ɫ ɩɪɟɪɵɜɚɧɢɹɦɢ ɩɨ 1,5 ɦɢɧ ɜɨ ɥɶɞɭ). ɉɨɫɥɟ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ (14000g (rcf), 20 ɦɢɧ) ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɩɪɨɦɵɜɚɥɢ (ɩɪɢ ɤɨɦɧ. t˚=23) 

1. 20 ɦɥ 0,1% Ɍɪɢɬɨɧ ɏ-100 (100 ɦɤɥ) ɧɚ ɪɚɫɬɜɨɪɟ №1. Ɉɡɜɭɱɢɜɚɥɢ 

(ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɨɫɚɞɨɤ ɭɥɶɬɪɚɡɜɭɤɨɦ ɞɨ ɨɞɧɨɪɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ). 

ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 20 ɦɢɧ ɩɪɢ 14000, ɫɥɢɥɢ ɠɢɞɤɨɫɬɶ 

2. 20 ɦɥ 1 Ɇ NaCl ɧɚ ɪɚɫɬɜɨɪɟ №1. Ɉɡɜɭɱɢɜɚɥɢ (ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɨɫɚɞɨɤ 

ɭɥɶɬɪɚɡɜɭɤɨɦ ɞɨ ɨɞɧɨɪɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ). ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 20 ɦɢɧ ɩɪɢ 14000 

g, ɨɫɚɞɨɤ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ. 

2.2.16 Ɋɚɫɬɜɨɪɟɧɢɟ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɢ ɪɟɮɨɥɞɢɧɝ 

ɉɪɨɦɵɬɵɟ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ ɢɡ 200 ɦɥ ɪɚɫɬɜɨɪɹɥɢ ɜ 1ɦɥ: 4 Ɇ ɝɭɚɧɢɞɢɧ-

HCl (382 mg) + 5 mM EDTA ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɢ 1 ɱɚɫɚ, ɡɚɬɟɦ 
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ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ. ɩɪɢ 14000 ɨɛ/ɦɢɧ (ɨɫɚɞɨɤ ɜɡɹɥɢ ɧɚ ɷ/ɮɨɪɟɡ), 

ɞɨɛɚɜɥɹɥɢ 40 mM 1 Ɇ Tris-HCl pH 8.3 + 15.4 mg ɫɭɯɨɝɨ DTT ɢ ɟɳɟ 2 ɱɚɫɚ 

ɪɚɫɬɜɨɪɹɥɢ, ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ. 

Ƚɨɬɨɜɢɥɢ ɪɟɮɨɥɞɢɧɝɨɜɵɣ ɪɚɫɬɜɨɪ ɜ 30 ɦɥ: 20 mM Tris-HCl pH 7.0; 150 mM 

NaCl; 0.3 Ɇ ɚɪɝɢɧɢɧ, 0.02 % NP-40, 10 mM MgCl2, 5 mM GSH, 0.5 mM GSSG, 

ɨɯɥɚɠɞɚɟɦ ɞɨ 4˚ɋ, ɡɚɬɟɦ ɫɬɚɜɢɥɢ ɟɝɨ ɧɚ ɦɚɝɧɢɬɧɭɸ ɦɟɲɚɥɤɭ. ȼ ɪɟɮɨɥɞɢɧɝɨɜɵɣ 

ɪɚɫɬɜɨɪ ɩɨ ɤɚɩɥɹɦ ɜɥɢɜɚɥɢ 1 ɦɥ ɪɚɫɬɜɨɪɟɧɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ, ɨɫɬɚɜɥɹɥɢ ɧɚ 1 

ɱɚɫ ɩɪɢ 4˚ɋ. Ⱦɚɥɟɟ ɞɨɛɚɜɥɹɥɢ ɤɚɬɚɥɢɡɚɬɨɪ ɨɤɢɫɥɟɧɢɹ ɰɢɫɬɟɢɧɨɜɵɯ ɨɫɬɚɬɤɨɜ 5 

ɦɤɥ 1 Ɇ CuCl2 (0.16 mM). ɂɧɤɭɛɚɰɢɹ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɧɟ ɦɟɧɟɟ 3 ɱɚɫɨɜ, 

ɢɡɦɟɪɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɛɟɥɤɚ ɩɪɨɜɨɞɢɥɢ ɤɚɠɞɵɟ 30 ɦɢɧ. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɨɜ ɢɡɦɟɪɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɸɦɢɧɨɦɟɬɪɚ (ɦɨɞɟɥɶ ȻɅɆ-003, 

ɋɄɌȻ «ɇɚɭɤɚ», Ʉɪɚɫɧɨɹɪɫɤ). ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɦɚɤɫɢɦɭɦɚ ɚɤɬɢɜɧɨɫɬɢ, ɨɛɪɚɡɟɰ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɹɱɟɣɤɟ Amicon-Ultra-15. 

2.2.17 ɏɪɨɦɨɬɨɝɪɚɮɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ 

1) Ɉɛɟɫɫɨɥɢɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɥɨɧɤɟ 5 ml HiTrap desalting ɜ ɛɭɮɟɪɟ Ⱥ: 

20 mM Bis-Tris-propane pH 9.3, 50 mM NaCl, 1 mM EDTA, 0.01% NP-40, 5% 

glycerol, 20 µM DTT.  

2) Ⱥɧɢɨɧɨɨɛɦɟɧɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ aniIEC ɧɚ ɤɨɥɨɧɤɟ 5 ml HiTrap Q HP ɜ 

ɬɨɦ ɠɟ ɛɭɮɟɪɟ, ɱɬɨ ɢ ɨɛɟɫɫɨɥɢɜɚɧɢɟ (ɛɭɮɟɪ Ⱥ), ɫɤɨɪɨɫɬɶ ~1 ml/min 

3) Ƚɟɥɶ-ɮɢɥɶɬɪɚɰɢɹ (SEC) ɧɚ ɤɨɥɨɧɤɟ «Sephadex75» ɜ ɛɭɮɟɪɟ SEC ɛɟɡ 

ɞɟɬɟɪɝɟɧɬɚ: 20 mM Tris-HCl pH 7,5- 7,5, 150 mM NaCl, 1 mM EDTA, 5% glycerol, 

20 µM DTT.  

ɉɪɨɦɵɜɤɚ ɤɨɥɨɧɨɤ ɩɪɨɜɨɞɢɥɚɫɶ ɛɭɮɟɪɨɦ ȼ: 20 mM Bis-Tris-propane pH 

9.3, 1 M NaCl, 1 mM EDTA, 0.01% NP-40, 5% glycerol, 20 µM DTT 

2.2.17 ɗɥɟɤɬɪɨɮɨɪɟɡ ɛɟɥɤɨɜ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ 

ɋɨɫɬɚɜ ɛɟɥɤɨɜɵɯ ɩɪɟɩɚɪɚɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɩɭɬɟɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 12.5% 

ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ (ɉȺȺȽ) ɩɨ ɦɟɬɨɞɭ Ʌɷɦɦɥɢ [18].  

ɉɨɥɢɚɤɪɢɥɚɦɢɞɧɵɣ ɝɟɥɶ, ɡɚɥɢɜɚɥɢ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

1) Ƚɟɥɶ ɩɪɨɛɤɚ: ȺȺ- 500 ɦɤɥ, ɌȿɆȿȾ – 5 ɦɤɥ, PSA 10%– 10 ɦɤɥ.  

ȼɧɨɫɢɥɢ ɜ ɳɟɥɶ ɦɟɠɞɭ ɞɜɭɦɹ ɫɬɟɤɥɚɦɢ ɫɧɢɡɭ ɢ ɠɞɚɥɢ ɡɚɫɬɵɜɚɧɢɹ. 
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2) Ɋɚɡɞɟɥɹɸɳɢɣ ɝɟɥɶ 12,5%: H2O – 769 ɦɤɥ, Buf B (Ɍɪɢɫ-ɇɋl, 1M, pH 9.0) 

– 1407 ɦɤɥ, ȺȺ – 150 ɦɤɥ, SDS 10% – 37.5 ɦɤɥ, ɌȿɆȿD – 7.5 ɦɤɥ, PSA 10% –15 

ɦɤɥ. ɋɜɟɪɯɭ ɫɪɚɡɭ ɡɚɥɢɜɚɥɢ ɜɨɞɨɣ, ɪɚɜɧɨɦɟɪɧɨ ɩɪɨɜɨɞɹ ɧɨɫɢɤɨɦ ɜɞɨɥɶ ɜɟɪɯɧɟɝɨ 

ɫɬɟɤɥɚ, ɩɨɫɥɟ ɨɛɪɚɡɨɜɚɧɢɹ ɹɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ ɢ ɡɚɫɬɵɜɚɧɢɹ ɝɟɥɹ ɜɨɞɭ ɫɥɢɥɢ. 

3) Ʉɨɧɰɟɧɬɪɢɪɭɸɳɢɣ ɝɟɥɶ: H2O – 500 ɦɤɥ, Buf ɋ (Ɍɪɢɫ-ɇɋl, 0.5 M, pH 6.8) 

– 250 ɦɤɥ, ȺȺ – 150 ɦɤɥ, SDS 10% – 20 ɦɤɥ, ɌȿɆȿD – 5 ɦɤɥ, PSA 10% –10 ɦɤɥ. 

ɋɪɚɡɭ ɜɫɬɚɜɥɹɥɢ ɝɪɟɛɟɧɤɭ, ɱɟɪɟɡ 15 ɦɢɧ ɝɪɟɛɟɧɤɭ ɨɫɬɨɪɨɠɧɨ ɜɵɬɚɫɤɢɜɚɥɢ, 

ɤɚɪɦɚɲɤɢ ɩɪɨɦɵɜɚɥɢ ɜɨɞɨɣ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫɩɪɚɜɥɹɥɢ.  

Ƚɨɬɨɜɵɣ ɝɟɥɶ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɜ ɩɪɢɛɨɪ, ɮɢɤɫɢɪɨɜɚɥɢ, ɡɚɥɢɜɚɥɢ ɛɭɮɟɪɨɦ 

(TGB-buffer ɯ4 (500ɦɥ): Tris – 6ɝ, Glycine – 28ɝ, SDS – 2ɝ) ɬɚɤ, ɱɬɨɛɵ ɛɵɥ ɤɨɧɬɚɤɬ 

ɝɟɥɹ ɢ ɛɭɮɟɪɚ.  

Ɉɛɪɚɡɰɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ, ɧɚɧɨɫɢɥɢ 

ɫɩɟɰɢɚɥɶɧɵɦ ɲɩɪɢɰɨɦ Hamilton, ɩɪɨɦɵɜɚɹ ɟɝɨ ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɩɨɫɥɟ 

ɧɚɧɟɫɟɧɢɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ. Ⱦɚɥɟɟ ɡɚɩɭɫɤɚɥɢ ɩɪɨɝɪɚɦɦɭ – 250 V, 10 mA (const), 

300 ȼɬ. 

Ɉɤɪɚɫɤɭ ɝɟɥɹ ɩɪɨɜɨɞɢɥɢ ɫɥɟɞɭɸɳɢɦ ɪɚɫɬɜɨɪɨɦ: ɤɭɦɚɫɫɢ G-250–2 ɝ, 

ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ – 45 ɦɥ, 50% ɷɬɚɧɨɥ ɜ ɜɨɞɟ – 454 ɦɥ, ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɧɚ 

ɜɨɞɹɧɨɣ ɛɚɧɟ, ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɦɟɲɢɜɚɹ. Ɉɬɦɵɜɤɭ ɝɟɥɹ ɩɪɨɜɨɞɢɥɢ 10% ɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɨɣ, 2 ɪɚɡɚ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ.  
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ȽɅȺȼȺ 3. ɊȿɁɍɅɖɌȺɌɕ ɗɄɋɉȿɊɂɆȿɇɌȺ ɂ ɈȻɋɍɀȾȿɇɂȿ 

3.1 ɉɨɥɭɱɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ in vivo 

ɉɨɞɪɨɛɧɚɹ ɫɯɟɦɚ ɤɥɨɧɢɪɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɨɜ Avi-ΔML7/ΔBirȺ-I64 ɢ 

ɮɪɚɝɦɟɧɬɚ Avi-ML7mut/ΔBirȺ-I64 ɜ ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɜɟɤɬɨɪ pET22b+ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫ. 11. 

 
 

Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚ ɤɥɨɧɢɪɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɚ Avi-ΔML7/ΔBirȺ-I64 ɢ ɮɪɚɝɦɟɧɬɚ Avi-

ML7mut/ΔBirȺ-I64 ɜ ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɜɟɤɬɨɪ pET22b+ 

ɋɢɧɬɟɡ ɮɪɚɝɦɟɧɬɚ Avi-ML7, ɤɨɞɢɪɭɸɳɟɝɨ ɫɥɢɬɵɣ ɛɟɥɨɤ ɥɸɰɢɮɟɪɚɡɵ ɫ 

ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɵɦ ɩɟɩɬɢɞɨɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ 15 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ 

GLNDIFEAQKIEWHE (№85-11 ɢɥɢ AviTag), ɛɵɥ ɩɪɨɜɟɞɟɧ ɜ ɞɜɚ ɷɬɚɩɚ. ɉɟɩɬɢɞ 

№85-11 ɜɦɟɫɬɟ ɫ ɫɚɣɬɨɦ ɤɥɨɧɢɪɨɜɚɧɢɹ NdeI ɛɵɥ ɡɚɤɨɞɢɪɨɜɚɧ ɜ ɫɬɪɭɤɬɭɪɟ ɞɜɭɯ 

ɮɨɪɜɚɞɧɵɯ (ɩɪɹɦɵɯ) ɩɪɚɣɦɟɪɨɜ: №852 ɢ №853 ɞɥɹ ɝɧɟɡɞɨɜɨɣ ɉɐɊ ɢ 

ɩɪɢɫɨɟɞɢɧɟɧ ɤ N-ɤɨɧɰɭ ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ ɤɨɩɟɩɨɞ Metridia longa - MLuc7, 

ɤɨɬɨɪɚɹ ɛɵɥɚ ɭɤɨɪɨɱɟɧɚ ɧɚ 2 ɚ/ɤ ɫ ɋ-ɤɨɧɰɚ (ɛɟɡ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɫɬɢ). ɋɢɧɬɟɡ 

ɮɪɚɝɦɟɧɬɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɦɟɬɨɞɨɦ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɫ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɩɪɚɣɦɟɪɨɜ №852 ɢ №854 (ɫɦ. ɬɚɛɥ. 1), ɢ ɞɚɥɟɟ 

ɩɪɢ ɫɥɢɹɧɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 5’ɩɪɚɣɦɟɪ №853 (ɫɦ. ɬɚɛɥ. 1), ɤɨɞɢɪɭɸɳɢɣ 

ɧɚɱɚɥɶɧɭɸ ɱɚɫɬɶ ɩɟɩɬɢɞɚ №85-11 ɜɦɟɫɬɟ ɫ ɫɚɣɬɨɦ ɤɥɨɧɢɪɨɜɚɧɢɹ NdeI. ɋɢɧɬɟɡ 

ɩɟɪɜɨɝɨ ɮɪɚɝɦɟɧɬɚ Avi-ML7mut ɞɥɹ ɜɬɨɪɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɜɨɞɢɥɫɹ 

ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɭɬɚɧɬɚ ɢɡɨɮɨɪɦɵ ɥɸɰɢɮɟɪɚɡɵ 

Metridia longa - ML7mut, ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɣ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɮɨɬɨɛɢɨɥɨɝɢɢ ɂȻɎ 

ɋɈ ɊȺɇ.  Ɋɟɡɭɥɶɬɚɬɵ ɫɢɧɬɟɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 12. 

 
Ɋɢɫɭɧɨɤ 12 – ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ: Ⱥ – ɮɪɚɝɦɟɧɬ Avi-

ML7mut; Ȼ – ɮɪɚɝɦɟɧɬ Avi-ML7; 1 – ȾɇɄ-ɦɚɪɤɟɪ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 100 bp ladder; 2 – 

ɮɪɚɝɦɟɧɬɵ 

ɋɢɧɬɟɡ ɜɬɨɪɨɝɨ ɮɪɚɝɦɟɧɬɚ ΔBirȺ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɚɣɦɟɪɨɜ, ɚɦɩɥɢɮɢɰɢɪɭɸɳɢɯ ɭɤɨɪɨɱɟɧɧɵɣ ɫ 5’-ɤɨɧɰɚ ɜɚɪɢɚɧɬ ɝɟɧɚ ΔbirA ɧɚ 

64 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɚ, ɫɨɫɬɚɜɥɹɸɳɢɯ N-ɬɟɪɦɢɧɚɥɶɧɵɣ ȾɇɄ-

ɫɜɹɡɵɜɚɸɳɢɣ ɞɨɦɟɧ, ɭɱɚɫɬɜɭɸɳɢɣ ɜ ɩɪɨɰɟɫɫɟ ɪɟɝɭɥɹɰɢɢ ɛɢɨɬɢɧ-

ɫɢɧɬɟɡɢɪɭɸɳɟɝɨ ɨɩɟɪɨɧɚ E.coli [9, 10]. ɋɢɧɬɟɡ ɮɪɚɝɦɟɧɬɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɦɟɬɨɞɨɦ 

ɉɐɊ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɩɪɚɣɦɟɪɚɦɢ №855 ɢ №856 (ɫɦ. ɬɚɛɥ. 1). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ birA ɝɟɧɚ ɛɵɥɚ ɜɡɹɬɚ ɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɨɝɨ ɩɨɥɧɨɫɬɶɸ 

ɪɚɫɲɢɮɪɨɜɚɧɧɨɝɨ ɝɟɧɨɦɚ Е.coli, ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɤɥɨɧɢɪɨɜɚɧɧɵɣ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɮɨɬɨɛɢɨɥɨɝɢɢ ɪɚɧɟɟ ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɝɟɧ birA. 

Ɋɟɡɭɥɶɬɚɬɵ ɫɢɧɬɟɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 13. 



32 
 

 
Ɋɢɫɭɧɨɤ 13 – ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ: 1– ȾɇɄ-ɦɚɪɤɟɪ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 100 bp ladder; 2 – ɮɪɚɝɦɟɧɬ ΔBirȺ 

ɉɨɥɭɱɟɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ Avi-ML7 ɫ ΔBirȺ, ɚ ɬɚɤɠɟ Avi-

ML7mut ɫ ΔBirȺ ɛɵɥɢ ɫɨɟɞɢɧɟɧɵ ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ ɫɥɢɹɧɢɹ. Ⱦɥɹ 

ɝɢɛɪɢɞɢɡɚɰɢɢ ɩɟɪɟɤɪɵɜɚɸɳɢɯɫɹ ɤɨɧɰɨɜ ɛɵɥ ɩɪɨɜɟɞɟɧ ɨɬɠɢɝ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɮɪɚɝɦɟɧɬɨɜ: ɜ ɷɤɜɢɦɨɥɹɪɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜ 20 ɦɤɥ ɜ 4ɯ ɉɐɊ-ɛɭɮɟɪɟ 

ɫɨɱɟɬɚɸɳɢɟɫɹ ɮɪɚɝɦɟɧɬɵ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɤɨɪɨɬɤɨɦɭ ɧɚɝɪɟɜɭ ɞɨ 94C ɜ 

ɬɟɱɟɧɢɟ 3 ɦɢɧ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɟɞɥɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɵ 30C.  

Ɂɚɬɟɦ ɛɵɥɢ ɞɨɛɚɜɥɟɧɵ ɨɫɬɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɪɟɚɤɰɢɢ ɢ ɫɦɟɫɶ ɩɪɨɝɪɟɬɚ 5 

ɦɢɧ ɩɪɢ 72C ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɬɟɡɚ ȾɇɄ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ 

ɦɚɬɪɢɰ. Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɧɚ ɉɐɊ 7 ɰɢɤɥɨɜ ɛɟɡ ɩɪɚɣɦɟɪɨɜ, ɡɚɬɟɦ ɞɨɛɚɜɥɟɧɵ ɤɪɚɣɧɢɟ 

ɩɪɚɣɦɟɪɵ 3’ɩɪɚɣɦɟɪ №856 ɢ 5’ɩɪɚɣɦɟɪ №853 (ɫɦ. ɬɚɛɥ. 1) ɢ ɩɪɨɜɟɞɟɧɨ ɟɳɟ 7 

ɰɢɤɥɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɪɟɚɤɰɢɢ ɫɥɢɹɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 14. 
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Ɋɢɫɭɧɨɤ 14 – ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɪɟɚɤɰɢɢ ɫɥɢɹɧɢɹ ɞɜɭɯ ɮɪɚɝɦɟɧɬɨɜ: 1– ȾɇɄ-ɦɚɪɤɟɪ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 100 bp ladder; 2 – ɮɪɚɝɦɟɧɬ ΔBirȺ+ Avi-ML7, 3 – ɮɪɚɝɦɟɧɬ ΔBirȺ+ Avi-

ML7mut 

Ⱦɚɥɟɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨɥɧɨɪɚɡɦɟɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɢ ɨɱɢɳɟɧɵ ɧɚ 

ɤɨɥɨɧɤɚɯ ɢ ɩɨɞɜɟɪɝɧɭɬɵ ɩɪɟɩɚɪɚɬɢɜɧɨɦɭ ɪɚɫɳɟɩɥɟɧɢɸ NdeI-XhoI ɞɥɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɢɩɤɢɯ ɤɨɧɰɨɜ ɫ ɰɟɥɶɸ ɩɨɫɥɟɞɭɸɳɟɝɨ ɤɥɨɧɢɪɨɜɚɧɢɹ ɜ ɜɟɤɬɨɪ. 

ɉɨɫɥɟ ɷɬɨɝɨ ɮɪɚɝɦɟɧɬɵ ȾɇɄ: ɜɟɤɬɨɪ pET22b+ ɢ ɜɫɬɚɜɤɢ Avi-ML7/ΔBirA ɢ 

Avi-ML7mut/ΔBirA ɛɵɥɢ ɨɱɢɳɟɧɵ ɩɪɟɩɚɪɚɬɢɜɧɵɦ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ 1% 

ɚɝɚɪɨɡɟ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɪɚɡɞɟɥɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 

ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɪɚɡɧɨɣ ɞɥɢɧɵ. Ɏɪɚɝɦɟɧɬɵ ȾɇɄ ɧɭɠɧɨɣ ɞɥɢɧɵ ɛɵɥɢ ɜɵɪɟɡɚɧɵ 

ɢɡ ɝɟɥɹ. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɮɪɚɝɦɟɧɬɵ Avi-ML7/ΔBirA ɢ Avi-ML7mut/ ΔBirA ɛɵɥɢ 

ɤɥɨɧɢɪɨɜɚɧɵ ɜ ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɜɟɤɬɨɪ pET22b+. Ⱦɥɹ ɫɲɢɜɚɧɢɹ ȾɇɄ-ɥɢɝɚɡɨɣ 

ɜɟɤɬɨɪ ɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɮɪɚɝɦɟɧɬ ɛɪɚɥɢ ɜ ɦɨɥɹɪɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1:2.  

ɉɨɫɥɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɥɢɝɚɡɧɨɣ ɫɦɟɫɢ ɜ ɤɥɟɬɤɢ E. coli ɲɬɚɦɦ XLI-Blue ɢ 

ɜɵɫɟɜɚ ɤɥɟɬɨɤ ɧɚ ɫɟɥɟɤɬɢɜɧɭɸ ɫɪɟɞɭ, ɫɨɞɟɪɠɚɳɭɸ ɚɦɩɢɰɢɥɥɢɧ, ɜɵɪɨɫɥɨ ɞɜɟ 

ɤɨɥɨɧɢɢ ɫ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7mut/ΔBirȺ ɢ ɨɞɧɚ ɤɨɥɨɧɢɹ ɫ 

ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7/ΔBirȺ. Ɇɟɬɨɞɨɦ ɛɵɫɬɪɨɝɨ ɫɤɪɢɧɢɧɝɚ 

ɤɨɥɨɧɢɣ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɷɤɫɩɪɟɫɫɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɩɪɨɲɥɚ ɭɫɩɟɲɧɨ ɜɨ ɜɫɟ ɬɪɟɯ ɤɥɨɧɚɯ (Ɋɢɫ. 15). 
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Ɋɢɫɭɧɨɤ 15 – Ȼɵɫɬɪɵɣ ɫɤɪɢɧɢɧɝ ɤɨɥɨɧɢɣ E. coli ɲɬɚɦɦɚ XL1-Blue: 1 – ȾɇɄ-ɦɚɪɤɟɪ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 100 bp ladder; 2,3 – ɤɨɥɨɧɢɢ ɫ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-

ML7mut/ΔBirȺ, 4 – ɤɨɥɨɧɢɢ ɫ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7/ΔBirȺ; 5 – ɤɨɧɬɪɨɥɶ 

Ⱦɚɥɟɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɟɳɟ ɨɞɧɚ ɩɪɨɰɟɞɭɪɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɷɤɫɩɪɟɫɫɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɥɨɧɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɬɨɪɨɣ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɟɳɟ ɨɞɧɚ ɤɨɥɨɧɢɹ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7mut/ΔBirȺ ɢ 

ɞɜɟ ɤɨɥɨɧɢɢ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7/ΔBirȺ. Ɇɟɬɨɞ ɛɵɫɬɪɨɝɨ ɫɤɪɢɧɢɧɝɚ 

ɤɨɥɨɧɢɣ ɭɠɟ ɧɟ ɩɪɢɦɟɧɹɥɢ, ɫɪɚɡɭ ɜɵɞɟɥɢɥɢ ɩɥɚɡɦɢɞɧɭɸ ȾɇɄ ɢɡ ɜɫɟɯ ɲɟɫɬɢ 

ɩɨɥɭɱɟɧɧɵɯ ɤɥɨɧɨɜ (Ɋɢɫ. 16) ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɤɨɥɨɧɨɤ («QIAGEN»).  

 
Ɋɢɫɭɧɨɤ 16 – ɉɥɚɡɦɢɞɧɚɹ ȾɇɄ ɩɨɥɭɱɟɧɧɵɯ ɤɥɨɧɨɜ. 1 – ȾɇɄ ɦɚɪɤɟɪ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɜɟɫɚ 1 kb NEB; 2,3,7 – ɩɥɚɡɦɢɞɧɚɹ ȾɇɄ ɤɥɨɧɨɜ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7mut/ΔBirȺ; 4,5,6 – 

ɩɥɚɡɦɢɞɧɚɹ ȾɇɄ ɤɥɨɧɨɜ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7-ΔBirȺ. 
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Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɨɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ 

ɪɟɫɬɪɢɤɰɢɹ ɷɧɞɨɧɭɤɥɟɚɡɚɦɢ XhoI ɢ NdeI, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, 

ɱɬɨ ɜɫɟ ɤɥɨɧɵ ɫ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7mut-ΔBirȺ ɫɨɞɟɪɠɚɬ 

ɡɚɩɥɚɧɢɪɨɜɚɧɧɭɸ ɜɫɬɚɜɤɭ. Ɉɞɧɚɤɨ, ɧɚɥɢɱɢɟ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ Avi-

ML7/ΔBirȺ ɜ ɬɪɟɬɶɟɦ ɢ ɱɟɬɜɟɪɬɨɦ ɤɥɨɧɟ, ɤɚɤ ɩɨɤɚɡɚɥ ɚɧɚɥɢɡ ɛɵɫɬɪɨɝɨ ɫɤɪɢɧɢɧɝɚ 

ɤɨɥɨɧɢɣ, ɧɟ ɩɨɞɬɜɟɪɞɢɥɨɫɶ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɪɟɫɬɪɢɤɰɢɟɣ ɢ ɥɢɲɶ ɲɟɫɬɨɣ ɤɥɨɧ 

ɫɨɞɟɪɠɢɬ ɡɚɩɥɚɧɢɪɨɜɚɧɧɭɸ ɜɫɬɚɜɤɭ (Ɋɢɫ.17) 

 

 

Ɋɢɫɭɧɨɤ 17 – Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɪɟɫɬɪɢɤɰɢɹ: 1 – ȾɇɄ-ɦɚɪɤɟɪ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 100 bp 

ladder; 2,3,7 – ɩɥɚɡɦɢɞɧɚɹ ȾɇɄ ɤɥɨɧɨɜ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7mut/ΔBirȺ ɩɨɫɥɟ 

ɪɟɫɬɪɢɤɰɢɢ; 4,5,6 – ɩɥɚɡɦɢɞɧɚɹ ȾɇɄ ɤɥɨɧɨɜ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ Avi-ML7/ΔBirȺ ɩɨɫɥɟ 

ɪɟɫɬɪɢɤɰɢɢ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ, ɞɥɹ ɩɪɨɜɟɪɤɢ ɬɨɱɧɨɫɬɢ ɡɚɩɥɚɧɢɪɨɜɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɩɥɚɡɦɢɞɧɚɹ ȾɇɄ ɤɥɨɧɨɜ №1,6 (ɞɨɪɨɠɤɚ 2,7), ɫɨɞɟɪɠɚɳɢɯ ɜɫɬɚɜɤɭ Avi-ML7mut-

/ΔBirȺ, ɢ ȾɇɄ ɤɥɨɧɨɜ №3,5 (ɞɨɪɨɠɤɚ 4,6), ɫɨɞɟɪɠɚɳɢɯ ɜɫɬɚɜɤɭ Avi-

ΔML7/ΔBirȺ, ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ, ɜɵɩɨɥɧɟɧɧɨɦ ɜ ɐɟɧɬɪɟ 

ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ "Ƚɟɧɨɦɢɤɚ" ɋɈ ɊȺɇ ɧɚ ɛɚɡɟ ɂɧɫɬɢɬɭɬɚ ɯɢɦɢɱɟɫɤɨɣ 

ɛɢɨɥɨɝɢɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ (ɇɨɜɨɫɢɛɢɪɫɤ). Ɋɟɡɭɥɶɬɚɬɵ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɨɥɶɤɨ ɤɨɧɫɬɪɭɤɰɢɢ ɤɥɨɧɨɜ №1 (ɞɨɪɨɠɤɚ 2) ɢ №5 

(ɞɨɪɨɠɤɚ 6) ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɡɚɩɥɚɧɢɪɨɜɚɧɧɵɦ. ɉɨɥɭɱɟɧɧɵɟ 
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ɤɨɧɫɬɪɭɤɰɢɢ Avi-ML7/ΔBirȺ ɢ Avi-ML7mut/ΔBirȺ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ 

ɨɛɨɡɧɚɱɚɬɶɫɹ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɹ №5 ɢ №1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɫɢɧɬɟɡɟ 
ɜ ɤɥɟɬɤɚɯ E. Сoli 

ɉɨɥɭɱɟɧɧɵɟ ɩɥɚɡɦɢɞɵ ɛɵɥɢ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɵ ɜ ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɲɬɚɦɦ 

BL21-CodonPlus (DE3)-RIPL ɞɥɹ ɫɢɧɬɟɡɚ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ. Ɉɰɟɧɤɚ 

ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ ɢ ɚɧɚɥɢɡ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɢ 

ɫɢɧɬɟɡɟ ɜ ɤɥɟɬɤɚɯ E. coli, ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ SDS-ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɉȺȺȽ. Ⱦɥɹ 

ɚɧɚɥɢɡɚ ɛɵɥɢ ɜɡɹɬɵ ɨɛɪɚɡɰɵ ɤɥɟɬɨɤ ɞɨ ɢɧɞɭɤɰɢɢ, ɩɨɫɥɟ ɢɧɞɭɤɰɢɢ ɫɢɧɬɟɡɚ IPTG, 

ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ, ɚ ɬɚɤɠɟ ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɮɪɚɤɰɢɹ (ɨɫɚɞɨɤ) ɢ 

ɫɭɩɟɪɧɚɬɚɧɬ, ɩɨɥɭɱɟɧɧɵɯ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɤɥɟɬɨɤ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ.  

ɉɨ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɟ (Ɋɢɫ.18) ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɤɫɩɪɟɫɫɢɢ 

ɧɚɲɢɯ ɰɟɥɟɜɵɯ ɛɟɥɤɨɜ – ɩɨɹɜɥɹɸɳɢɟɫɹ ɩɨɥɨɫɵ ɭ ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɧɚ 

ɞɨɪɨɠɤɚɯ 2 ɢ 5 ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɦɟɪɭ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ 17,7 kDa. 

Ɍɚɤɠɟ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɪɟɫɫɢɢ ɰɟɥɟɜɨɣ ɛɟɥɨɤ ɧɚɤɚɩɥɢɜɚɥɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɟ ɜ ɜɢɞɟ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ - ɩɨɥɨɫɵ ɧɚ 

ɞɨɪɨɠɤɚɯ 4 ɢ 7, ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɧɚ ɞɨɪɨɠɤɚɯ 3 ɢ 6, ɧɚ ɤɨɬɨɪɵɯ ɛɵɥ ɧɚɧɟɫɟɧ 

ɫɭɩɟɪɧɚɬɚɧɬ. 
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Ɋɢɫɭɧɨɤ 18 – Ʉɨɧɬɪɨɥɶ ɷɤɫɩɪɟɫɫɢɢ ɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ: 1– 

ɤɥɟɬɤɢ ɞɨ ɢɧɞɭɤɰɢɢ; 2 – ɰɟɥɵɟ ɤɥɟɬɤɢ ɤɨɧɫɬɪɭɤɰɢɢ №5; 3 – ɫɭɩɟɪɧɚɬɚɧɬ ɤɨɧɫɬɪɭɤɰɢɢ №5; 

4 – ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɮɪɚɤɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ №5 (ɨɫɚɞɨɤ); 5 – ɰɟɥɵɟ ɤɥɟɬɤɢ ɤɨɧɫɬɪɭɤɰɢɢ 

№1; 6 – ɫɭɩɟɪɧɚɬɚɧɬ ɤɨɧɫɬɪɭɤɰɢɢ №1; 7 – ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɮɪɚɤɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ №1 (ɨɫɚɞɨɤ), 

8 – ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 

ɇɟɩɪɟɞɜɢɞɟɧɧɵɦ ɩɨɜɨɪɨɬɨɦ ɜ ɪɚɛɨɬɟ ɫɬɚɥɚ ɢɞɟɧɬɢɮɢɤɚɰɢɹ 

ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ birA (ɞɨɪɨɠɤɢ 4,7) ɜ ɬɨɣ ɠɟ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɤɥɟɬɨɱɧɨɣ 

ɮɪɚɤɰɢɢ (ɨɫɚɞɤɟ), ɝɞɟ ɧɚɯɨɞɢɥɫɹ ɧɚɲ ɰɟɥɟɜɨɣ ɛɟɥɨɤ ɜ ɜɢɞɟ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ. ɉɪɢ 

ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɟɝɨ ɧɟɨɠɢɞɚɧɧɨ ɜɵɫɨɤɚɹ ɷɤɫɩɪɟɫɫɢɹ, ɯɨɬɹ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 

ɤɨɧɫɬɪɭɤɰɢɣ ɭɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɟɪɟɤɪɵɜɚɸɳɢɟɫɹ ɫɨ 

ɫɞɜɢɧɭɬɨɣ ɪɚɦɤɨɣ ɫɱɢɬɵɜɚɧɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɝɟɧɚɦɢ ɱɟɪɟɡ ɫɬɨɩ-ɫɬɚɪɬ 

ɩɟɪɟɤɪɵɜɚɧɢɟ, ɬɪɚɧɫɥɢɪɭɸɬɫɹ ɪɚɡɞɟɥɶɧɨ ɢ ɧɢɠɟɥɟɠɚɳɢɣ ɛɟɥɨɤ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ 

ɜ ɧɟɦɧɨɝɨ ɦɟɧɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ [26]. ɋɬɨɩ-ɫɬɚɪɬ ɩɟɪɟɤɪɵɜɚɧɢɟ TGATG ɜ 1 ɩɚɪɭ 

ɨɫɧɨɜɚɧɢɣ ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɜɬɨɪɨɝɨ ɝɟɧɚ, ɱɟɦ ATGA 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫ ɩɟɪɟɤɪɵɜɚɧɢɟɦ ɜ 2 ɩɚɪɵ ɨɫɧɨɜɚɧɢɣ [20], ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɩɪɟɞɩɨɥɚɝɚɥɢ, ɱɬɨ BirA ɛɭɞɟɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶɫɹ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ.  

3.3 Ɉɱɢɫɬɤɚ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɛɟɥɨɤ. 

Ɉɩɬɢɦɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɢɯ ɪɚɫɬɜɨɪɟɧɢɹ. 
Ʉɥɟɬɨɱɧɵɣ ɨɫɚɞɨɤ ɢɡ 200 ɦɥ ɤɭɥɶɬɭɪɵ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɛɭɮɟɪɟ, 

ɫɨɞɟɪɠɚɳɢɦ 20 mM Ɍɪɢɫ-HCl pH 8.0, 1 mM EDTA. ɉɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ 

ɭɥɶɬɪɚɡɜɭɤɨɦ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɦɵɜɚɥɢ (ɩɪɢ ɤɨɦɧ. t˚=23) 

ɪɚɫɬɜɨɪɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ 0,1% Ɍɪɢɬɨɧɚ ɏ-100 ɢ 0,9% NaCl, ɞɥɹ ɭɞɚɥɟɧɢɹ 

ɧɟɛɟɥɤɨɜɵɯ ɩɪɢɦɟɫɟɣ, ɦɟɲɚɸɳɢɯ ɩɨɫɥɟɞɭɸɳɟɦɭ ɪɟɮɨɥɞɢɧɝɭ ɛɟɥɤɚ. Ɋɟɡɭɥɶɬɚɬ 

ɩɪɨɦɵɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫ.19 (ɞɨɪɨɠɤɚ 2). 
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Ɋɢɫɭɧɨɤ 19 – ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɨɱɢɫɬɤɢ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ ɛɟɥɤɚ Avi-ML7: 1 – 

ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ, 2 – ɩɪɨɦɵɬɵɟ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ, 3 – ɨɫɚɞɨɤ ɩɨɫɥɟ 4 M 

ɝɭɚɧɢɞɢɧɚ-HCl ɛɟɡ Tris-HCl 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɭɫɥɨɜɢɹ ɷɤɫɬɪɚɤɰɢɢ ɰɟɥɟɜɵɯ ɛɟɥɤɨɜ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɪɢɦɟɫɹɦɢ ɢɡ ɨɱɢɳɟɧɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ. ɉɪɨɦɵɬɵɟ IB ɛɵɥɨ 

ɪɟɲɟɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɹɬɶ ɜ ɧɟɡɚɛɭɮɟɪɟɧɧɨɦ 4 Ɇ ɝɭɚɧɢɞɢɧ-HCl c 5 mɆ 

EDTA ɜ ɬɟɱɟɧɢɢ 1 ɱɚɫɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɚɥɟɟ ɫɭɩɟɪɧɚɬɚɧɬ ɫ 

ɰɟɥɟɜɵɦ ɛɟɥɤɨɦ ɨɬɞɟɥɹɥɢ ɨɬ ɨɫɚɞɤɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 

40 mM Tris-HCl pH 8.3 ɢ 100 mM DTT ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɱɚɫɨɜ, ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ. Ɉɫɚɞɨɤ ɛɵɥ ɜɡɹɬ ɧɚ ɚɧɚɥɢɡ ɷ/ɮ.  

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɟ (Ɋɢɫ. 19) ɜ ɤɢɫɥɨɦ 4 M ɝɭɚɧɢɞɢɧɟ-HCl 

ɨɫɬɚɟɬɫɹ ɧɟɪɚɫɬɜɨɪɟɧɧɵɦ ɫɭɳɟɫɬɜɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɜɭɯ ɩɪɢɦɟɫɧɵɯ ɤɥɟɬɨɱɧɵɯ 

ɛɟɥɤɨɜ, ɯɨɬɹ ɢ ɰɟɥɟɜɨɣ ɛɟɥɨɤ Avi-ML7 ɬɚɤɠɟ ɨɫɬɚɟɬɫɹ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ. 

Ɍɚɤɠɟ, ɩɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ, ɨɫɬɚɟɬɫɹ ɧɟɪɚɫɬɜɨɪɟɧɧɵɦ ɢ ɫɭɳɟɫɬɜɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɧɨɝɨ birA, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɨɥɨɫɚ ɜ ɪɚɣɨɧɟ 30 kDa 

(ɞɨɪɨɠɤɚ 3).  ȼ ɪɟɡɭɥɶɬɚɬɟ, ɞɚɧɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɡɜɨɥɢɥɢ ɩɨɜɵɫɢɬɶ ɱɢɫɬɨɬɭ 

ɛɟɥɤɨɜɨɝɨ ɨɛɪɚɡɰɚ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ ɨɱɢɫɬɤɢ. 

3.4 Ɉɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɪɟɮɨɥɞɢɧɝɚ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ. 
Ɉɰɟɧɤɚ ɤɢɧɟɬɢɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɋ ɰɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɭɫɥɨɜɢɣ ɪɟɮɨɥɞɢɧɝɚ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɦɨɞɢɮɢɤɚɰɢɢ, ɩɪɢɡɜɚɧɧɵɟ ɫɦɟɫɬɢɬɶ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɛɚɥɚɧɫ ɜ 



39 
 

ɫɬɨɪɨɧɭ ɨɤɢɫɥɟɧɢɹ, ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɪɟɮɨɥɞɢɧɝɚ. Ɍɚɤ ɛɵɥɨ ɪɟɲɟɧɨ ɫɧɢɡɢɬɶ 

ɦɨɥɹɪɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɢɬɢɨɬɪɟɢɬɨɥɚ (DTT), ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɵɦ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɦ ɚɝɟɧɬɨɦ, ɞɨ 50 mM, ɱɬɨ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɪɚɧɟɟ. Ɍɚɤɠɟ ɢɡɦɟɧɢɥɢ ɫɨɨɬɧɨɲɟɧɢɟ ɨɤɢɫɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ (GSSH) ɤ ɟɝɨ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɟ (GSH) ɞɨ 5:1 mM, ɩɨɜɵɫɢɜ ɦɨɥɹɪɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 

GSH ɜ ɪɟɮɨɥɞɢɧɝɨɜɨɦ ɪɚɫɬɜɨɪɟ ɫ 0.5 mM ɞɨ 1 mM.  

Ʉɚɤ ɜɢɞɧɨ ɧɚ Ɋɢɫ. 20, ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɚ (ɪɟɮɨɥɞɢɧɝ №2), ɩɨɫɥɟ 

ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ, ɫɪɚɡɭ ɛɵɥɚ ɨɱɟɧɶ ɜɵɫɨɤɨɣ, ɛɵɫɬɪɵɣ ɪɨɫɬ 

ɧɚɛɥɸɞɚɥɫɹ ɞɚɠɟ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ CuCl2, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ S-S ɫɜɹɡɢ. ȼɨɡɦɨɠɧɨ, ɧɟɨɛɯɨɞɢɦɨ 

ɞɨɪɚɛɨɬɚɬɶ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɛɚɥɚɧɫ, ɧɟɦɧɨɝɨ ɭɦɟɧɶɲɢɜ 

ɨɤɢɫɥɟɧɧɭɸ ɱɚɫɬɶ, ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ DTT ɢ ɭɦɟɧɶɲɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ GSSH. 

 

Ɋɢɫɭɧɨɤ 20 – Ʉɢɧɟɬɢɤɚ ɪɟɮɨɥɞɢɧɝɚ ɛɟɥɤɚ Avi-ML7mut ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ: 

ɪɟɮɨɥɞɢɧɝ №1 - ɞɨ ɦɨɞɢɮɢɤɚɰɢɣ, ɪɟɮɨɥɞɢɧɝ №2 - ɩɨɫɥɟ ɦɨɞɢɮɢɤɚɰɢɣ 

Ⱦɚɧɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɡɜɨɥɢɥɢ ɩɨɜɵɫɢɬɶ ɜɵɯɨɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɚɤɬɢɜɧɨɝɨ ɪɟɮɨɥɞɢɪɨɜɚɧɧɨɝɨ ɛɟɥɤɚ, ɩɪɢɦɟɪɧɨ ɜ 2,8 ɪɚɡɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɟɪɜɨɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ (Ɋɢɫ. 20). ȼɨɡɦɨɠɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
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ɫɭɳɟɫɬɜɟɧɧɨ ɛɵɥ ɢɡɦɟɧɟɧ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɛɚɥɚɧɫ ɜ ɫɬɨɪɨɧɭ 

ɩɪɢɪɨɞɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɦ ɪɟɬɢɤɭɥɭɦɟ, ɝɞɟ, ɫɨɛɫɬɜɟɧɧɨ, 

ɥɸɰɢɮɟɪɚɡɚ Metridia longa ɢ ɫɨɡɪɟɜɚɟɬ ɩɟɪɟɞ ɫɟɤɪɟɰɢɟɣ. 

 3.5 Ɉɬɪɚɛɨɬɤɚ ɨɱɢɫɬɤɢ ɪɟɮɨɥɞɢɪɨɜɚɧɧɨɝɨ ɛɟɥɤɚ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ 

ɉɪɢ ɩɨɞɛɨɪɟ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɯɪɨɦɚɬɨɝɪɚɮɢɣ ɭɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɛɟɥɤɚ ɜ ɢɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɨɱɤɟ (pI) ɦɢɧɢɦɚɥɶɧɚ. ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ 

ɜɵɩɚɞɟɧɢɹ ɛɟɥɤɚ ɜ ɨɫɚɞɨɤ, ɫɥɟɞɨɜɚɥɨ ɜɵɛɢɪɚɬɶ ɪɇ ɛɭɮɟɪɚ, ɫɞɜɢɧɭɬɵɣ 

ɨɬɧɨcɢɬɟɥɶɧɨ pI, ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 0,5 ɟɞ. Ⱦɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɛɭɮɟɪ ɫ pH 9.3, ɨɬɧɨɫɢɬɟɥɶɧɨ pI, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ 8.06 ɢ 8.05 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɞɥɹ ɛɟɥɤɨɜ №1 ɢ №5.  

ɉɟɪɟɞ ɧɚɧɟɫɟɧɢɟɦ ɪɟɮɨɥɞɢɪɨɜɚɧɧɵɣ ɛɟɥɤɨɜɵɣ ɨɛɪɚɡɟɰ ɛɵɥ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧ ɞɨ 622 l. Ʉɚɤ ɜɢɞɧɨ ɧɚ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɟ 

(Ɋɢɫ. 21), ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɛɟɥɤɨɜɵɣ ɨɛɪɚɡɟɰ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɪɢɦɟɫɧɵɯ ɛɟɥɤɨɜ E. coli, ɜ ɬɨɦ ɱɢɫɥɟ birA (ɞɨɪɨɠɤɢ 2,3). Ʉɚɤ ɨɤɚɡɚɥɨɫɶ, ɜ 

ɨɫɚɞɨɤ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɚ ɩɟɪɟɞ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ, ɜɵɩɚɥɚ ɢ ɱɚɫɬɶ ɧɚɲɟɝɨ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ (ɞɨɪɨɠɤɚ 4). 

 
Ɋɢɫɭɧɨɤ 21 – Ⱥɧɚɥɢɡ ɪɟɮɨɥɞɢɪɨɜɚɧɧɨɝɨ ɛɟɥɤɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ: 1- ɩɪɨɦɵɬɵɟ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ, 2,3 – ɤɨɧɰ. ɞɨ 622 l Avi-ML7 

(ɥɢɡɢɪɭɸɳɢɣ ɢ ɧɚɬɢɜɧɵɣ ɛɭɮɟɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), 4 – ɨɫɚɞɨɤ ɩɨɫɥɟ ɰ/ɮ ɤɨɧɰ. ɞɨ 622 l Avi-

ML7, 5 – ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 
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Ɉɛɟɫɫɨɥɢɜɚɧɢɟ ɛɟɥɤɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɥɨɧɤɟ 5 ml HiTrap desalting. ɇɚ 

ɩɪɨɮɢɥɟ ɷɥɸɰɢɢ (Ɋɢɫ. 22Ⱥ) ɜɢɞɟɧ ɛɨɥɶɲɨɣ ɛɟɥɤɨɜɵɣ ɩɢɤ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ 

ɛɨɥɟɟ 2 ɚ.u, ɱɬɨ ɜɟɪɨɹɬɧɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɩɪɢɦɟɫɧɨɝɨ BirA. Ⱥɧɚɥɢɡ 

ɚɤɬɢɜɧɨɫɬɢ ɜ ɫɨɛɪɚɧɧɵɯ ɮɪɚɤɰɢɹɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɨɛɪɚɧɨ 83% ɚɤɬɢɜɧɨɫɬɢ ɨɬ 

ɧɚɧɟɫɟɧɧɨɣ. Ɉɫɧɨɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ (79%) ɛɵɥɚ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɚ ɜɨ ɮɪɚɤɰɢɹɯ 

№2–6, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɡɹɬɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ ɚɧɢɨɧɨɨɛɦɟɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ.  

Ɏɪɚɤɰɢɢ №7, №9 ɢ №11, ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɟɣ, ɛɵɥɢ 

ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɵ ɞɥɹ ɷ/ɮ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɨɞɟɪɠɢɦɨɝɨ. Ⱦɚɧɧɵɟ ɮɪɚɤɰɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɧɚ ɧɚɥɢɱɢɟ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ, ɬ.ɤ. ɟɳɟ 5% 

ɚɤɬɢɜɧɨɫɬɢ (Ɋɢɫ. 22Ⱥ) ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɬɹɧɭɳɟɦɫɹ ɯɜɨɫɬɟ (ɮɪ. №7, №8 ɢ №9).  

Ⱥɧɚɥɢɡ ɮɪɚɤɰɢɣ SDS – ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ (Ɋɢɫ. 22Ȼ) ɜɵɹɜɢɥ ɧɚɥɢɱɢɟ 

ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɟɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ, ɩɨɫɤɨɥɶɤɭ 2 ɮɪɚɤɰɢɢ №7 ɢ №9 

ɢɦɟɸɬ ɪɚɡɧɢɰɭ ɜ ɚɤɬɢɜɧɨɫɬɢ 2 ɪɚɡɚ, ɚ ɩɨ ɛɟɥɤɭ ɤɚɤ ɦɢɧɢɦɭɦ ɜ 4–5.  

          

          Ⱥ                                                    Ȼ 
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Ɋɢɫɭɧɨɤ 22 – Ɉɛɟɫɫɨɥɢɜɚɧɢɟ ɛɟɥɤɚ Avi-ML7 ɧɚ ɤɨɥɨɧɤɟ HiTrap desalting: Ⱥ–ɩɪɨɮɢɥɶ 

ɷɥɸɰɢɢ, Ȼ – ɚɧɚɥɢɡ ɮɪɚɤɰɢɣ SDS – ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɉȺȺȽ: 1 – 17% ɮɪɚɤɰɢɢ №7, 2 – 20% 

ɮɪɚɤɰɢɢ №9, 3 – 13% ɮɪɚɤɰɢɢ №11, 4 – ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 

ɉɪɢ ɜɵɛɨɪɟ ɢɨɧɨɨɛɦɟɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ (ɤɚɬɢɨɧɧɚɹ ɢɥɢ ɚɧɢɨɧɧɚɹ) 

ɨɪɢɟɧɬɢɪɨɜɚɥɢɫɶ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɚɧɢɨɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ (aniIEC) ɜɫɟ ɤɢɫɥɵɟ 

ɛɟɥɤɢ E. coli, ɜ ɬɨɦ ɱɢɫɥɟ ɢ birА, ɤɨɬɨɪɵɣ ɤɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɜɦɟɫɬɟ ɫ ɧɚɲɢɦ 

ɰɟɥɟɜɵɦ ɛɟɥɤɨɦ ɜ ɨɝɪɨɦɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɵɩɚɥ ɜ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɮɪɚɤɰɢɢ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ (ɨɫɚɞɤɟ), ɞɨɥɠɧɵ ɫɨɪɛɢɪɨɜɚɬɶɫɹ ɧɚ ɚɧɢɨɧɨɨɛɦɟɧɧɨɣ HiTrap Q HP 

ɤɨɥɨɧɤɟ ɩɪɢ ɞɚɧɧɨɦ ɪɇ, ɱɬɨ ɫɨɛɫɬɜɟɧɧɨ ɧɚɦ ɢ ɧɭɠɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɜɵɫɨɤɨɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ. 

Ⱥɧɢɨɧɨɨɛɦɟɧɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ (aniIEC) ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɤɨɥɨɧɤɟ 5 ml 

HiTrap Q HP. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɛɟɥɤɨɜɨɝɨ ɨɛɪɚɡɰɚ ɨɛɴɟɞɢɧɢɥɢ ɮɪɚɤɰɢɢ №2-6 

(ɩɨɫɥɟ ɨɛɟɫɫɨɥɢɜɚɧɢɹ), ɨɛɳɢɣ ɨɛɴёɦ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɢɥ ~2.65 ɦɥ. Ʉɚɤ ɜɢɞɧɨ ɧɚ 

ɩɪɨɮɢɥɟ ɷɥɸɰɢɢ (Ɋɢɫ. 23) ɛɟɥɨɤ ɫɢɥɶɧɨ ɪɚɡɦɚɡɚɥɫɹ, ɚɤɬɢɜɧɨɫɬɶ ɧɚɛɥɸɥɚɫɶ ɩɨɱɬɢ 

ɜɨ ɜɫɟɯ ɩɢɤɚɯ.  

 
Ɋɢɫɭɧɨɤ 23 – ɂɨɧɨɨɛɦɟɧɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ ɛɟɥɤɚ Avi-ML7: 

ɲɤɚɥɚ ɡɧɚɱɟɧɢɣ ɫɥɟɜɚ – ɟɞɢɧɢɰɵ ɩɨɝɥɨɳɟɧɢɹ (a.u), ɲɤɚɥɚ ɡɧɚɱɟɧɢɣ ɫɩɪɚɜɚ – ɦɨɥɹɪɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl 

ɇɚɱɚɥɶɧɨɣ ɮɚɡɨɣ ɝɪɚɞɢɟɧɬɚ ɫɧɹɥɨɫɶ ~12% ɚɤɬɢɜɧɨɫɬɢ, ɨɞɧɚɤɨ ɧɚ 

ɞɚɥɶɧɟɣɲɭɸ ɨɱɢɫɬɤɭ ɟɟ ɛɪɚɬɶ ɧɟ ɫɬɚɥɢ ɞɨ ɩɪɨɜɟɪɤɢ ɷ/ɮ. ȼɫɟɝɨ ɫɦɵɥɨɫɶ 76% 
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ɚɤɬɢɜɧɨɫɬɢ, ɢɡ ɧɢɯ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ – ɝɟɥɶ ɮɢɥɶɬɪɚɰɢɢ, ɜɡɹɥɢ ɬɨɥɶɤɨ 

62% ɜɨ ɮɪɚɤɰɢɹɯ №5-16 ɢɡ ɧɟɫɟɜɲɟɝɨ ɛɟɥɤɚ (Flow). Ɏɪɚɤɰɢɢ №3 (ɩɟɪɜɵɣ 

ɛɟɥɤɨɜɵɣ ɩɢɤ Flow), №18 (ɧɚɢɛɨɥɶɲɢɣ ɛɟɥɤɨɜɵɣ ɩɢɤ ɫ 12% ɚɤɬɢɜɧɨɫɬɢ, ɫɦɵɬɵɣ 

ɧɚɱɚɥɨɦ ɝɪɚɞɢɟɧɬɚ) ɢ №22 (ɫɥɟɞɭɸɳɢɣ ɩɢɤ), ɛɵɥɢ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɵ ɞɥɹ 

ɚɧɚɥɢɡɚ ɷ/ɮ, ɱɬɨɛɵ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɫɨɞɟɪɠɢɦɨɟ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɮɪɚɤɰɢɣ SDS – ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ (Ɋɢɫ. 24) 

ɨɫɬɚɥɨɫɶ ɧɟɩɨɧɹɬɧɵɦ, ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɟɪɜɨɦ ɛɨɥɶɲɨɦ ɩɢɤɟ, ɫɦɵɜɚɟɦɨɦ ɫ 

ɤɨɥɨɧɤɢ ɧɚɱɚɥɨɦ ɝɪɚɞɢɟɧɬɚ NaCl. Ɉɱɟɧɶ ɩɨɯɨɠɟ, ɱɬɨ ɷɬɨ ɧɟɚɤɬɢɜɧɵɣ 

ɧɟɫɮɨɥɞɢɧɝɨɜɚɧɧɵɣ ɛɟɥɨɤ (ɢɥɢ ɧɟ ɞɨ ɤɨɧɰɚ) + ɱɚɫɬɶ ɧɨɪɦɚɥɶɧɨɝɨ ɚɤɬɢɜɧɨɝɨ 

ɛɟɥɤɚ, ɜɟɞɶ ɚɤɬɢɜɧɨɫɬɶ ɬɚɦ ɫɨɫɬɚɜɢɥɚ 9-12% (ɞɨɪɨɠɤɚ 5), ɧɨ, ɩɨɯɨɠɟ, ɬɚɦ 

ɧɚɯɨɞɢɬɫɹ ɨɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ, ɫɭɞɹ ɩɨ ɷɥɟɤɬɪɨɮɨɪɟɡɭ (Ɋɢɫ. 24, 

ɞɨɪɨɠɤɚ 5) ɢ ɩɪɨɮɢɥɸ ɯɪɨɦɚɬɨɝɪɚɦɦɵ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɥ ɩɨɥɧɨɫɬɶɸ 

ɢɡɛɚɜɢɬɶɫɹ ɨɬ birA, ɤɨɬɨɪɵɣ ɨɛɧɚɪɭɠɢɥɫɹ ɜ ɩɨɫɥɟɞɧɟɦ ɩɢɤɟ (ɞɨɪɨɠɤɚ 6) ɜɦɟɫɬɟ 

ɫ ɞɪɭɝɢɦɢ ɛɟɥɤɚɦɢ E.coli ɢ ɧɟɫɮɨɥɞɢɧɝɨɜɚɧɧɨɝɨ ɧɟɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ. Ʉ 

ɫɨɠɚɥɟɧɢɸ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɪɟɮɨɥɞɢɧɝ ɢɞɟɬ ɧɟ ɧɚ 100% ɢ ɬɪɟɛɭɟɬɫɹ ɟɝɨ 

ɞɚɥɶɧɟɣɲɚɹ ɨɩɬɢɦɢɡɢɰɢɹ. 

 
Ɋɢɫɭɧɨɤ 24 – Ⱥɧɚɥɢɡ ɛɟɥɤɨɜɵɯ ɨɛɪɚɡɰɨɜ SDS – ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɉȺȺȽ: 1 – 

ɩɪɨɦɵɬɵɟ ɬɟɥɶɰɚ ɜɤɥɸɱɟɧɢɹ, 2,3 – ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɞɨ 435 ɦɤɥ aniIEC ɞɥɹ SEC 

(ɥɢɡɢɪɭɸɳɢɣ ɢ ɧɚɬɢɜɧɵɣ ɛɭɮɟɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), 4,5,6– ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ aniIEC ɮɪɚɤɰɢɢ 

№3, №18 (~24% ɧɚɧɟɫɟɧɨ) ɢ №22 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 7 – ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ  
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Ɏɢɧɚɥɶɧɵɦ ɷɬɚɩɨɦ ɨɱɢɫɬɤɢ ɧɚɲɟɝɨ ɛɟɥɤɚ ɛɵɥɚ ɝɟɥɶ ɮɢɥɶɬɪɚɰɢɹ (SEC) ɧɚ 

ɤɨɥɨɧɤɟ Sephadex 75. Ɏɪɚɤɰɢɢ №5-16 ɩɨɫɥɟ aniIEC ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɞɨ 435 ɦɤɥ 

ɫ ɩɟɪɟɜɨɞɨɦ ɜ SEC-ɛɭɮɟɪ ɫ pH 7.5. Ʉɚɤ ɜɢɞɧɨ ɧɚ Ɋɢɫ. 20 (ɞɨɪɨɠɤɢ 2,3) ɛɟɥɤɨɜɵɣ 

ɨɛɪɚɡɟɰ ɞɥɹ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ (SEC) ɩɨɥɭɱɢɥɫɹ ɞɨɫɬɚɬɨɱɧɨ ɱɢɫɬɵɣ, ɨɬɫɭɬɫɬɜɭɸɬ 

ɩɪɢɦɟɫɧɵɟ ɛɟɥɤɢ. ɉɨ ɩɪɨɮɢɥɸ ɷɥɸɰɢɢ (Ɋɢɫ. 25) ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɩɨɥɭɱɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɩɨɥɧɨɫɬɶɸ ɦɨɧɨɦɟɪɧɵɣ, ɬ.ɤ. ɩɢɤ ɛɟɥɤɚ ɨɱɟɧɶ ɪɨɜɧɵɣ ɢ 

ɫɢɦɦɟɬɪɢɱɧɵɣ. 

 

Ɋɢɫɭɧɨɤ 25 – Ɏɢɧɚɥɶɧɚɹ ɨɱɢɫɬɤɚ ɛɟɥɤɚ Avi-ML7 – ɩɪɨɮɢɥɶ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ (SEC) 

Ƚɟɥɶ-ɮɢɥɶɬɪɚɰɢɸ ɛɟɥɤɚ Avi-ML7mut ɪɟɲɢɥɢ ɫɞɟɥɚɬɶ ɜɨɨɛɳɟ ɛɟɡ 

ɞɟɬɟɪɝɟɧɬɚ (NP-40), ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɥɢ ɜɵɫɨɤɢɣ ɜɵɯɨɞ ɨɱɟɧɶ ɱɢɫɬɨɝɨ ɛɟɥɤɚ 

- ɪɚɜɧɨɦɟɪɧɵɣ ɩɢɤ ɜɵɫɨɬɨɣ ɨɤɨɥɨ 255 mAU, ɩɪɢɦɟɫɟɣ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ (Ɋɢɫ. 26). 

Ⱦɟɬɟɪɝɟɧɬ NP-40 ɭɛɪɚɥɢ, ɱɬɨɛɵ ɫɧɹɬɶ ɫɩɟɤɬɪ ɩɨɝɥɨɳɟɧɢɹ, ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɛɟɥɤɚ ɢ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ ɮɢɧɚɥɶɧɵɣ ɩɪɟɩɚɪɚɬ ɛɟɡ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɢɰɟɥɥ ɞɟɬɟɪɝɟɧɬɚ, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɵɣ ɞɟɬɟɪɝɟɧɬ ɫɩɨɫɨɛɟɧ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶɫɹ ɜɦɟɫɬɟ ɫ ɰɟɥɟɜɵɦ ɛɟɥɤɨɦ. Ɉɞɧɚɤɨ SEC ɛɟɡ ɞɟɬɟɪɝɟɧɬɚ ɩɪɢɜɟɥ 

ɤ ɫɢɥɶɧɵɦ ɩɨɬɟɪɹɦ ɚɤɬɢɜɧɨɫɬɢ - ɩɨɱɬɢ ɜ 3 ɪɚɡɚ, ɨɫɬɚɥɨɫɶ 36% ɜɫɟɝɨ ɢɥɢ 11% ɨɬ 

ɢɫɯɨɞɧɨɣ. ȼɨɡɦɨɠɧɨ, ɫɬɨɢɬ ɜɟɪɧɭɬɶ NP-40 ɨɛɪɚɬɧɨ ɜ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɦɢɰɟɥɥ ɢɥɢ ɩɨɞɨɛɪɚɬɶ ɞɪɭɝɨɣ ɞɟɬɟɪɝɟɧɬ. 
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Ɋɢɫɭɧɨɤ 26 – Ɏɢɧɚɥɶɧɚɹ ɨɱɢɫɬɤɚ ɛɟɥɤɚ Avi-ML7mut – ɩɪɨɮɢɥɶ  ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ 

(SEC) ɛɟɡ ɞɟɬɟɪɝɟɧɬɚ 

3.6 ɏɚɪɚɤɬɟɪɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɜɵɫɨɤɨɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ 
ɥɸɰɢɮɟɪɚɡɵ ɫ ɛɢɨɬɢɧɚɤɰɟɩɬɨɪɧɵɦ ɩɟɩɬɢɞɨɦ. 
Ɏɢɧɚɥɶɧɵɟ ɛɟɥɤɨɜɵɟ ɩɪɟɩɚɪɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 

ɮɪɚɤɰɢɣ №4-6 ɢ №4-7 ɩɨɫɥɟ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ ɤɚɠɞɨɝɨ ɛɟɥɤɨɜɨɝɨ ɨɛɪɚɡɰɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: ~110 ɦɤɥ ɨɛɪɚɡɟɰ Avi-ML7 ɢ ~238 ɦɤɥ ɨɛɪɚɡɟɰ Avi-ML7mut. Ⱦɥɹ 

ɞɥɢɬɟɥɶɧɨɝɨ ɯɪɚɧɟɧɢɹ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤ ɮɢɧɚɥɶɧɵɦ 

ɩɪɟɩɚɪɚɬɚɦ ɛɵɥ ɞɨɛɚɜɥɟɧ 100% ɝɥɢɰɟɪɢɧ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1.  

Ɍɨɬɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɮɢɧɚɥɶɧɨɝɨ ɩɪɟɩɚɪɚɬɚ Avi-ML7mut ɫɨɫɬɚɜɢɥɚ 3 201 

600 000 ɭ.ɟ. ɚɤɬɢɜɧɨɫɬɢ, ɭ ɩɪɟɩɚɪɚɬɚ Avi-ML7 – 403 480 000 – ɨɱɟɧɶ ɛɨɥɶɲɢɟ 

ɩɨɬɟɪɢ ɩɪɢ ɨɱɢɫɬɤɟ, ɨɫɬɚɥɨɫɶ ɥɢɲɶ 12% ɚɤɬɢɜɧɨɫɬɢ ɨɬ ɧɚɧɟɫɟɧɧɨɣ ɧɚ 

ɨɛɟɫɫɨɥɢɜɚɧɢɟ. 

ɋɬɟɩɟɧɶ ɱɢɫɬɨɬɵ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɥɸɰɢɮɟɪɚɡɵ ɫ 

ɛɢɨɬɢɧɚɤɰɟɩɬɨɪɧɵɦ ɩɟɩɬɢɞɨɦ ɨɰɟɧɢɜɚɥɢ SDS – ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɉȺȺȽ. Ʉɚɤ 

ɜɢɞɧɨ ɧɚ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɟ, ɮɢɧɚɥɶɧɵɟ ɨɛɪɚɡɰɵ ɩɨɥɧɨɫɬɶɸ ɨɱɢɳɟɧɵ ɨɬ 

ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɢɦɟɫɟɣ (Ɋɢɫ. 27Ⱥ, Ȼ ɞɨɪɨɠɤɢ 2,3 ɢ 1,2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  
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          Ⱥ                                           Ȼ 

Ɋɢɫɭɧɨɤ 27 – ɏɚɪɚɤɬɟɪɢɡɚɰɢɹ ɮɢɧɚɥɶɧɵɯ ɩɪɟɩɚɪɚɬɨɜ: Ⱥ – ɛɟɥɨɤ Avi-ML7mut: 1 – – 

ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ, 2,3 – ɤɨɧɰ. Avi-ML7mut ɮɢɧ. (ɥɢɡɢɪɭɸɳɢɣ ɢ ɧɚɬɢɜɧɵɣ ɛɭɮɟɪ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), 4,5,6 – 1 ɦɤɥ. ɮɢɧ. ɤɨɧɰ. +2,3,4 ɦɤɥ. ɫɬɪɟɩɬɚɜɢɞɢɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

(ɧɚɬɢɜɧɵɣ ɛɭɮɟɪ), Ȼ – ɛɟɥɨɤ Avi-ML7: 1, 2 – ɤɨɧɰ. Avi-ML7 ɮɢɧ. ɞɨ 110+110ɦɤɥ. ɝɥɢɰɟɪɨɥɚ 

(ɥɢɡ. ɢ ɧɚɬ. ɛɭɮɟɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), 3 – ɦɚɪɤɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 

ɉɨɩɵɬɤɚ ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ 

ɥɸɰɢɮɟɪɚɡɵ ɫ ɛɢɨɬɢɧ-ɚɤɰɟɩɬɨɪɧɵɦ ɩɟɩɬɢɞɨɦ ɩɭɬɟɦ ɩɨɥɭɧɚɬɢɜɧɨɝɨ 

ɷɥɟɤɬɪɨɮɨɪɟɡɚ, ɨɤɚɡɚɥɚɫɶ ɧɟɭɞɚɱɧɨɣ. Ʉɚɤ ɜɢɞɧɨ ɧɚ Ɋɢɫ. 27.Ⱥ. (ɞɨɪɨɠɤɢ 4,5,6) 

ɫɜɹɡɵɜɚɧɢɹ ɛɟɥɤɚ Avi-ML7mut ɫɨ ɫɬɪɟɩɬɚɜɢɞɢɧɨɦ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɉɪɢɱɢɧɚ 

ɧɟɭɞɚɱɢ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨ ɜ ɬɨɦ, ɱɬɨ ɨɛɪɚɡɰɵ 

ɫɦɟɲɢɜɚɥɢɫɶ ɫɨ ɫɬɪɟɩɬɚɜɢɞɢɧɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɧɚɧɟɫɟɧɢɟɦ ɧɚ ɝɟɥɶ. Ɍɨ 

ɟɫɬɶ, ɛɟɥɤɢ ɩɪɨɫɬɨ ɦɨɝɥɢ ɧɟ ɭɫɩɟɬɶ ɫɜɹɡɚɬɶɫɹ. ɉɨɜɬɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɞɥɢɬɟɥɶɧɨɣ 

ɢɧɤɭɛɚɰɢɟɣ ɨɛɪɚɡɰɨɜ, ɚ ɬɚɤɠɟ ɩɨɥɧɭɸ ɯɚɪɚɤɬɟɪɢɡɚɰɢɸ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, 

ɧɟ ɩɪɨɜɟɥɢ ɩɨ ɩɪɢɱɢɧɟ ɧɚɱɚɥɚ ɤɚɪɚɧɬɢɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. 
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ȼɕȼɈȾɕ 

1. ɉɨɥɭɱɟɧɵ ɞɜɟ ɝɟɧɧɨ-ɢɧɠɟɧɟɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ Avi-ML7/ΔBirȺ ɢ AviT-

ML7mut/ΔBirȺ ɱɟɪɟɡ ɫɥɚɛɨɟ ɫɬɨɩ/ɫɬɚɪɬ ɩɟɪɟɤɪɵɜɚɧɢɟ TGATG, ɞɥɹ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ ɛɢɨɬɢɧɢɥɢɪɨɜɚɧɢɹ in vivo ɥɸɰɢɮɟɪɚɡɵ Metridia longa ɧɚ 

ɨɫɧɨɜɟ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɫɢɫɬɟɦɵ pET22b+. Ʉɨɪɪɟɤɬɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ. 

2. Ⱥɧɚɥɢɡ ɷɤɫɩɪɟɫɫɢɢ ɝɢɛɪɢɞɧɵɯ ɛɟɥɤɨɜ ɫ ɞɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɤɥɟɬɤɚɯ 

E.coli ɩɨɤɚɡɚɥ, ɱɬɨ ɰɟɥɟɜɵɟ ɛɟɥɤɢ ɜɵɩɚɞɚɸɬ ɜ ɜɢɞɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɬɟɥɟɰ 

ɜɤɥɸɱɟɧɢɹ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɟɬ ɩɟɪɜɵɟ ɷɬɚɩɵ ɨɱɢɫɬɤɢ, ɧɨ ɬɪɟɛɭɟɬ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɮɨɥɞɢɧɝɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɟɥɤɨɜ. 

3. ɉɨɞɨɛɪɚɧɵ ɭɫɥɨɜɢɹ ɷɤɫɬɪɚɤɰɢɢ ɰɟɥɟɜɵɯ ɛɟɥɤɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 

ɩɪɢɦɟɫɹɦɢ ɢɡ ɨɱɢɳɟɧɧɵɯ ɬɟɥɟɰ ɜɤɥɸɱɟɧɢɹ (IB): ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɫɬɜɨɪɟɧɢɟ IB ɜ 

ɧɟɡɚɛɭɮɟɪɟɧɧɨɦ 4M ɝɭɚɧɢɞɢɧɟ-HCl ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɱɢɫɬɨɬɭ ɛɟɥɤɨɜɨɝɨ 

ɨɛɪɚɡɰɚ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ ɨɱɢɫɬɤɢ, ɬɚɤ ɤɚɤ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɢɫɥɵɟ ɛɟɥɤɢ 

E. coli ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɨɫɬɚɸɬɫɹ ɜ ɨɫɚɞɤɟ. 

4. Ɋɹɞɨɦ ɦɨɞɢɮɢɤɚɰɢɣ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɭɫɥɨɜɢɹ ɪɟɮɨɥɞɢɧɝɚ ɰɟɥɟɜɵɯ 

ɛɟɥɤɨɜ, ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɜ ɫɬɨɪɨɧɭ 

ɨɤɢɫɥɟɧɢɹ: ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɬɢɨɬɪɟɢɬɨɥɚ (DTT) ɞɥɹ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɰɢɫɬɟɢɧɨɜ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɨɝɨ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ ɫɨɫɬɚɜɢɥɚ 50 mM, ɜ ɩɪɨɰɟɫɫɟ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɟɮɨɥɞɢɧɝɚ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɨɤɢɫɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ 

(GSSH) ɤ ɟɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɟ (GSH) ɜɵɛɪɚɧɨ ɤɚɤ 5:1 mM. ɑɬɨ ɩɪɢɜɟɥɨ ɤ 

ɩɨɜɵɲɟɧɢɸ ɜɵɯɨɞɚ ɚɤɬɢɜɧɨɝɨ ɰɟɥɟɜɨɝɨ ɛɟɥɤɚ ~ ɜ 2,8 ɪɚɡɚ. 

5. ɉɨɥɭɱɟɧɵ ɛɟɥɤɨɜɵɟ ɦɨɧɨɦɟɪɧɵɟ ɩɪɟɩɚɪɚɬɵ Avi-ML7 ɢ Avi-ML7mut 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ. ɑɢɫɬɨɬɚ ɢ 

ɦɨɧɨɦɟɪɧɨɫɬɶ ɩɨɞɬɜɟɪɠɞɟɧɵ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɟɣ, ɞɟɧɚɬɭɪɢɪɭɸɳɢɦ SDS- ɢ 

ɩɨɥɭɧɚɬɢɜɧɵɦ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ.
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