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ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɩɨɥɢɚɥɥɢɚɦɢɧɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɤɚ-
ɬɚɥɢɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɪɟɚɡɵ (Canavalia ensiformis) ɦɟɬɨɞɚɦɢ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɤɢɧɟɬɢɤɢ, ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɫɩɟɤɬɪɨ-
ɫɤɨɩɢɢ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ 

ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ ɭɪɟɚɡɵ (ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉȺȺ 

0,5 ɦɤɝ/ɦɥ ɮɟɪɦɟɧɬ ɡɚɢɧɝɢɛɢɪɨɜɚɧ ɧɚ 50% ɩɪɢ ɧɟɣɬɪɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 
ɪɇ). ɉɪɟɞɥɨɠɟɧ ɦɟɯɚɧɢɡɦ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɭɪɟɚɡɵ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ, ɜ 
ɤɨɬɨɪɨɦ ɨɫɧɨɜɧɭɸ ɪɨɥɶ  ɢɝɪɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɤɚɬɢɨɧ-ɫɜɹɡɵɜɚɸɳɢɟ 
ɫɚɣɬɵ ɧɚ ɦɨɥɟɤɭɥɟ ɭɪɟɚɡɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɬɪɭɤɬɭɪɧɭɸ ɞɢɧɚɦɢɤɭ ɤɨɦ-

ɩɥɟɤɫɚ ɮɟɪɦɟɧɬ-ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ. 

 

 

ȼɜɟɞɟɧɢɟ. ɂɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ-ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤ-
ɫɨɜ (ɉȻɄ) ɧɟɨɛɯɨɞɢɦɨ ɤɚɤ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɪɨɥɢ ɷɧɞɨ-
ɝɟɧɧɵɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ, ɬɚɤ ɢ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɤɚɬɚɥɢɡɚ, ɜ 
ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɝɨ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɮɟɪɦɟɧɬɨɜ.  

ɉɨɧɢɦɚɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɷɥɟɤ-
ɬɪɨɥɢɬ-ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɡɚɬɪɚɝɢɜɚɟɬ ɜ ɱɚɫɬɧɨɫɬɢ ɦɧɨɠɟɫɬɜɨ ɦɟɞɢ-
ɰɢɧɫɤɢɯ ɚɫɩɟɤɬɨɜ. Ɍɚɤ ɜ ɤɪɨɜɟɧɨɫɧɨɦ ɪɭɫɥɟ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɣ 
ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɵɣ ɩɨɥɢɫɚɯɚɪɢɞ ɝɟɩɚɪɢɧ ɨɛɪɚɡɭɟɬ ɫ ɬɪɨɦɛɨɝɟɧɧɵɦɢ 
ɛɟɥɤɚɦɢ ɢ ɝɨɪɦɨɧɚɦɢ ɤɨɦɩɥɟɤɫɵ, ɨɛɥɚɞɚɸɳɢɟ ɚɧɬɢɤɨɚɝɭɥɹɧɬɧɵɦ ɢ ɧɟ-
ɮɟɪɦɟɧɬɧɵɦ ɮɢɛɪɢɧɨɥɢɬɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ (Bernfield et al., 1999). ɉɨ-
ɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɣ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ ɩɟɩɬɢɞɧɨɣ ɩɪɢɪɨɞɵ ɢɡɦɟɧɹɟɬ 
(Himmel et al., 2002) ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɚɞɝɟɡɢɢ ɷɪɢɬɪɨɰɢɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɢɡɭɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ-ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɨɫɨɛɟɧɧɨ 
ɜɚɠɧɨ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɬɚɤɢɯ ɦɟɞɢɰɢɧɫɤɢɯ ɚɫɩɟɤɬɨɜ ɤɚɤ ɝɚɫɬɪɢɬ, ɹɡɜɚ 
ɠɟɥɭɞɤɚ ɢ ɞɜɟɧɚɞɰɚɬɢɩɟɪɫɬɧɨɣ ɤɢɲɤɢ, ɩɪɢɱɢɧɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɪɚɡ-
ɦɧɨɠɟɧɢɟ ɢ ɜɵɠɢɜɚɧɢɟ ɛɚɤɬɟɪɢɣ Helicobacter pylory ɡɚ ɫɱɟɬ ɷɤɡɨɝɟɧɧɨɣ 
ɭɪɟɚɡɵ, ɤɨɬɨɪɭɸ ɛɚɤɬɟɪɢɹ ɜɵɞɟɥɹɟɬ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɫɪɟɞɭ ɦɥɟɤɨɩɢ-
ɬɚɸɳɢɯ. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɤɥɟɬɨɱɧɵɦɢ 
ɫɬɟɧɤɚɦɢ ɛɚɤɬɟɪɢɣ, ɚ ɬɚɤɠɟ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɦɟɦɛɪɚɧɚɦɢ ɤɥɟɬɨɤ ɦɥɟɤɨ-
ɩɢɬɚɸɳɢɯ ɢ ɞɪɭɝɢɦɢ ɷɧɞɨɝɟɧɧɵɦɢ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚɦɢ, ɫɨɩɪɨɜɨɠɞɚɟɬ-
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ɫɹ ɧɚɪɭɲɟɧɢɟɦ ɫɨɥɟɜɨɝɨ ɛɚɥɚɧɫɚ ɜ ɫɪɟɞɟ, ɢ ɜ ɱɚɫɬɧɨɫɬɢ ɢɡɦɟɧɟɧɢɟɦ ɫɨ-
ɞɟɪɠɚɧɢɹ ɚɦɦɨɧɢɹ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤɰɢɢ ɪɚɫɳɟɩɥɟɧɢɹ 
ɦɨɱɟɜɢɧɵ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɭɪɟɚɡɨɣ. 

ɍɪɟɚɡɚ ʊ ɝɨɦɨɝɟɤɫɚɦɟɪ ɫ ɞɜɭɦɹ ɚɬɨɦɚɦɢ ɧɢɤɟɥɹ ɜ ɤɚɠɞɨɦ ɚɤɬɢɜ-
ɧɨɦ ɰɟɧɬɪɟ ɢ ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ ɨɤɨɥɨ 540 ɤȾ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 
ɭɪɟɚɡɚ — ɮɟɪɦɟɧɬ, ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɧɵɣ ɜ ɪɚɡɧɵɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢ-
ɹɯ — ɜ ɪɚɫɬɜɨɪɟ ɢ ɜ ɤɪɢɫɬɚɥɥɟ, ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɦɟɬɨɞɨɜ: 
ɫɩɟɤɬɪɚɥɶɧɵɯ (Bhowmick and Jagannadham, 2006), ɤɢɧɟɬɢɱɟɫɤɢɯ (Mu-
lrooney, 2001) ɢ, ɧɚɤɨɧɟɰ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɯ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ 
(ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɭɪɟɚɡɚ) (Hausinger and Karplus, 2001), ɨɫɬɚɸɬɫɹ ɜɚɠɧɵɟ 
ɧɟɪɟɲɟɧɧɵɟ ɜɨɩɪɨɫɵ, ɤɚɫɚɸɳɢɟɫɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɟɝɨ ɜ ɤɨɦɩɥɟɤɫɟ ɫ 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɥɟɬɤɢ. Ɉɬɫɸɞɚ ɩɨɧɹɬɧɨ ɛɨɥɶɲɨɟ 
ɡɧɚɱɟɧɢɟ ɢɡɭɱɟɧɢɹ ɭɫɥɨɜɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɜɨɣɫɬɜ ɤɨɦɩɥɟɤɫɨɜ ɭɪɟɚɡɵ ɫ 
ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚɦɢ, ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɦɨɞɟɥɢɪɭɸɳɢɦɢ ɫɬɪɭɤɬɭɪ-
ɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɤɥɟɬɨɤ.  

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɵ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɮɟɪɦɟɧ-
ɬɨɜ ɨɱɟɧɶ ɜɚɠɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ — ɤɨɧɫɬɚɧɬɵ ɫɪɨɞɫɬɜɚ ɢɯ ɫ ɩɨɥɢɷɥɟɤ-
ɬɪɨɥɢɬɚɦɢ (Kaibara et al., 1995), ɨɞɧɚɤɨ ɨɱɟɧɶ ɦɚɥɨ ɢɡɜɟɫɬɧɨ ɨ ɜɥɢɹɧɢɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɢ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬ-
ɜɚ ɫɚɦɨɝɨ ɮɟɪɦɟɧɬɚ. 

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɢ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɦɭ ɢɡɭɱɟɧɢɸ ɦɟɯɚɧɢɡɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɚɬɢɨɧɧɨɝɨ ɝɨɦɨɩɨɥɢɷɥɟɤ-
ɬɪɨɥɢɬɚ ɩɨɥɢɚɥɥɢɥɚɦɢɧɝɢɞɪɨɯɥɨɪɢɞɚ (ɉȺȺ) ɫ ɝɟɤɫɚɦɟɪɧɵɦ ɮɟɪɦɟɧɬɨɦ 
ɭɪɟɚɡɨɣ ɢɡ Canavalia ensiformis. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ. Ɋɟɚɤɬɢɜɵ. ɍɪɟɚɡɭ (Jack bean, Canavalia en-

siformis, EC.3.5.1.5,) ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɢɪɦɵ «Fluka», ʋ94285 ɫ ɚɤɬɢɜɧɨ-
ɫɬɶɸ = 97,0 U/mg. ɉɨɥɢɫɬɢɪɨɥɫɭɥɶɮɨɧɚɬ ɧɚɬɪɢɹ (ɉɋɋ, 70 ɤȾɚ), ɩɨɥɢɞɢ-
ɚɥɥɢɥɞɢɦɟɬɢɥɚɦɦɨɧɢɣɯɥɨɪɢɞ (ɉȾȺȾɆȺɏ, 70 ɤȾɚ) ɢ ɩɨɥɢɚɥɥɢɥɚɦɢɧ 
(ɉȺȺ, 70 ɤȾɚ) ɢɫɩɨɥɶɡɨɜɚɧɵ ɮɢɪɦɵ «Aldrich» (Germany). Ⱦɟɤɫɬɪɚɧ-
ɫɭɥɶɮɚɬ (Ⱦɋ, 10 ɤȾɚ) ɢ ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ (EDTA) 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɢɪɦɵ «Sigma» (Germany). 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɭɪɟɚɡɵ ɜ ɪɚɫɬɜɨɪɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɩɪɟɞɟɥɹɥɢ ɫɩɟɤ-
ɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢ, ɢɫɩɨɥɶɡɭɹ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɫɬɢɧɤɰɢɢ: E280 ɧɦ

1ɦɝ/ɦɥ = 0,62 
ɞɥɹ ɭɪɟɚɡɵ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɨɥɭ-
ɱɟɧɧɨɣ ɢɡ ɛɚɧɤɚ «SwissProt» [http://www.ncbi.nlm.nih.gov/], ɢɫɩɨɥɶɡɭɹ ɩɪɨ-
ɝɪɚɦɦɭ «Swiss-model»; www.expasy.org/swissmod/swiss-model.html. 

Раздел 6. Анализ сложных биологических систем. Эксперимент и модели
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Ⱥɤɬɢɜɧɨɫɬɶ ɭɪɟɚɡɵ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɪɚɫɳɟɩɥɟɧɢɸ ɦɨɱɟɜɢɧɵ, ɢɫ-
ɩɨɥɶɡɭɹ ɪɇ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɤɪɚɫɢɬɟɥɶ — ɛɪɨɦɤɪɟɡɨɥ ɮɢɨɥɟɬɨɜɵɣ. Ɋɟ-
ɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɫɨɞɟɪɠɚɥɚ: ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɱɟɜɢɧɵ, ɩɨɥɢ-
ɷɥɟɤɬɪɨɥɢɬɨɜ, 0,030 ɦɆ ɛɪɨɦɤɪɟɡɨɥɚ ɩɪɢ 20°ɋ. Ʉ 2 ɦɥ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɚ 
ɞɨɛɚɜɥɹɥɢ 20 ɦɤɥ ɪɚɫɬɜɨɪɚ ɭɪɟɚɡɵ ɢ ɞɚɥɟɟ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɤɢɧɟɬɢɤɭ ɩɨ 
ɢɡɦɟɧɟɧɢɸ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɤɪɚɫɢɬɟɥɹ ɩɪɢ 588 ɧɦ. Ⱦɥɹ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɭɪɟɚɡɵ ɜɫɟ ɪɚɫɬɜɨɪɵ — ɛɟɥɤɚ, ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ, ɦɨ-
ɱɟɜɢɧɵ ɢ ɤɪɚɫɢɬɟɥɹ ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɬɢɬɪɨɜɚɧɵ ɤɨɧɰɟɧɬɪɢɪɨ-
ɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ NaOH ɞɨ ɪɇ 6.2 ɫ ɬɨɱɧɨɫɬɶɸ ± 0,05 ɟɞ. ɪɇ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɭɪɟɚɡɵ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɨɩɬɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɜ ɩɨɥɨɫɟ ɩɨɝɥɨɳɟɧɢɹ ɤɪɚɫɢɬɟɥɹ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ Specord 
M-40 («Carl Zeiss», ȽȾɊ).  

ɋɩɟɤɬɪɵ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ (ɄȾ) ɭɪɟɚɡɵ ɫɜɨɛɨɞɧɨɣ ɢ ɜ ɩɪɢɫɭɬ-
ɫɬɜɢɢ ɉȺȺ ɩɨɥɭɱɚɥɢ ɧɚ ɫɩɟɤɬɪɨɩɨɥɹɪɢɦɟɬɪɟ JASCO J-500A (əɩɨɧɢɹ). 
ɂɡɦɟɪɟɧɢɹ ɄȾ ɜ ɞɚɥɶɧɟɣ ɍɎ-ɨɛɥɚɫɬɢ ɩɪɨɜɨɞɢɥɢ ɜ ɤɸɜɟɬɚɯ ɫ ɞɥɢɧɨɣ 
ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 1 ɦɦ, ɚ ɜ ɛɥɢɠɧɟɣ ɍɎ-ɨɛɥɚɫɬɢ — 10 ɦɦ. Ʉɨɧɰɟɧɬɪɚ-
ɰɢɹ ɛɟɥɤɚ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɪɚɫɬɜɨɪɚɯ ɫɨɫɬɚɜɥɹɥɚ 0,1 ɦɝ/ɦɥ. ɋɩɟɤɬɪɵ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɪɚɫɬɜɨɪɨɜ ɮɟɪɦɟɧɬɚ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ ɫɧɢɦɚɥɢ ɧɚ 
ɫɩɟɤɬɪɨɮɥɭɨɪɢɦɟɬɪɟ Cary Eclipse ɜ ɤɸɜɟɬɚɯ ɫ ɞɥɢɧɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 
10 ɦɦ. ȼɫɟ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɭɪɟɚɡɵ ɫ ɩɨɥɢ-
ɷɥɟɤɬɪɨɥɢɬɚɦɢ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɩɪɢ 20ɨ ɋ ɜ ɜɨɞɟ ɪɇ 6,2 ɜ ɤɸɜɟɬɚɯ ɫ 
ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɢ ɤɨɧɬɪɨɥɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɤɸɜɟɬɟ ɩɨɫɥɟ ɫɦɟɲɢɜɚɧɢɹ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɷɤɫ-
ɩɟɪɢɦɟɧɬɨɜ, ɝɞɟ ɨɫɨɛɨ ɨɬɦɟɱɟɧɨ ɜɪɟɦɹ ɪɟɝɢɫɬɪɚɰɢɢ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
ȼɥɢɹɧɢɟ ɩɨɥɢɷɥɟɤɬɨɪɨɥɢɬɨɜ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɭɪɟɚɡɵ. ɇɚ ɪɢɫ. 1 ɩɨ-

ɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɧɨɫɬɢ ɭɪɟɚɡɵ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɩɨɥɢɷɥɟɤɬɪɨɥɢ-
ɬɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɡɧɚɤɭ ɡɚɪɹɞɚ ɢ ɫɬɪɭɤɬɭɪɟ ɦɨɧɨɦɟɪɚ. ȼɢɞɧɨ, ɱɬɨ 
ɢɡ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ ɚɤɬɢɜɧɨɫɬɶ ɭɪɟɚɡɵ ɩɚɞɚɟɬ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɢɨɧɧɨɝɨ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ — ɩɨɥɢɚɥɥɢɥɚɦɢɧɝɢɞɪɨɯɥɨ-
ɪɢɞɚ (ɉȺȺ) ɭɠɟ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɩɨɫɥɟɞɧɟɝɨ ɨɤɨɥɨ 0,5 ɦɤɝ/ɦɥ (50 % 
ɚɤɬɢɜɧɨɫɬɢ). Ⱦɪɭɝɨɣ ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɣ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ 
ɉȾȺȾɆȺɏ, ɧɨ ɫ ɢɨɧɨɝɟɧɧɵɦ ɱɟɬɜɟɪɬɢɱɧɵɦ ɚɦɢɧɨɦ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ 
ɧɟ ɫɧɢɠɚɥ ɚɤɬɢɜɧɨɫɬɢ ɭɪɟɚɡɵ ɜɩɥɨɬɶ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 200 ɦɤɝ/ɦɥ. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɧɨɫɬɢ ɭɪɟɚɡɵ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ: 
ɩɨɥɢɫɬɢɪɨɥɫɭɥɶɮɨɧɚɬɚ (ɉɋɋ), ɞɟɤɫɬɪɚɧɫɭɥɶɮɚɬɚ (Ⱦɋ), ɩɨɥɢɚɥɥɢɥɚɦɢɧɚ (ɉȺȺ) 
ɢ ɩɨɥɢɞɢɚɥɥɢɥɞɢɦɟɬɢɥɚɦɦɨɧɢɣɯɥɨɪɢɞɚ (ɉȾȺȾɆȺɏ). ɍɪɟɚɡɚ — 0,12 ɦɤɝ/ɦɥ, 
ɦɨɱɟɜɢɧɚ 125 ɦɆ, ɛɪɨɦɤɪɟɡɨɥ — 30 ɦɤɆ, pH — 6,2. 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɧɢɨɧɧɵɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ ɩɨɥɢɫɬɢɪɨɥɫɭɥɶɮɨɧɚɬɚ 

(ɉɋɋ) ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɭɪɟɚɡɵ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɮɟɪɦɟɧɬ ɫɨɯɪɚɧɹɟɬ ɛɨɥɶɲɭɸ 
ɱɚɫɬɶ ɫɜɨɟɣ ɚɤɬɢɜɧɨɫɬɢ — 95 %, ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉɋɋ 200 ɦɤɝ/ɦɥ. Ɍɟ 
ɠɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɞɥɹ ɞɪɭɝɨɝɨ ɚɧɢɨɧɧɨɝɨ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɫ ɬɨɣ 
ɠɟ ɢɨɧɨɝɟɧɧɨɣ ɝɪɭɩɩɨɣ, ɧɨ ɢɦɟɸɳɟɝɨ ɩɨɥɹɪɧɵɣ ɫɚɯɚɪɧɵɣ ɨɫɬɨɜ ɞɟɤɫɬ-
ɪɚɧɫɭɥɶɮɚɬɚ Ⱦɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 4-ɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢ-
ɬɨɜ ɧɚɢɛɨɥɶɲɢɣ ɢɧɝɢɛɢɬɨɪɧɵɣ ɷɮɮɟɤɬ ɜɵɡɜɚɥ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ ɉȺȺ, 
ɢɦɟɸɳɢɣ ɝɢɞɪɨɮɨɛɧɵɣ ɨɫɬɨɜ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɣ ɢɨɧɨɝɟɧɧɨɣ 
ɝɪɭɩɩɨɣ ɜ ɛɨɤɨɜɨɣ ɰɟɩɢ (ɪɢɫ. 1), ɚ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɩɨɥɢɷɥɟɤ-
ɬɪɨɥɢɬɵ – ɉɋɋ ɢ Ⱦɋ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɧɢɠɚɥɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜ-
ɧɨɫɬɢ ɭɪɟɚɡɵ ɜɨ ɜɫɟɦ ɢɡɦɟɪɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ. ɗɤɫɩɟɪɢ-
ɦɟɧɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ ɭɫɥɨɜɢɹɯ ɧɚɫɵɳɟ-
ɧɢɹ ɮɟɪɦɟɧɬɚ ɩɨ ɫɭɛɫɬɪɚɬɭ — ɦɨɱɟɜɢɧɟ (125 ɦɆ) ɜ ɬɨɱɤɟ ɪɇ 6,2, ɛɥɢɡ-
ɤɨɣ ɤ ɢɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɨɱɤɟ ɭɪɟɚɡɵ (ɪI = 5,99). 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɜɵɡɵɜɚɸɬ ɥɢ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɵ ɢɡɦɟ-
ɧɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ ɮɟɪɦɟɧɬɨɜ, ɦɵ ɢɡɭɱɢɥɢ ɜɥɢɹɧɢɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ 
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ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɢɯ ɛɟɥɤɨɜ ɦɟɬɨɞɚɦɢ ɫɨɛɫɬɜɟɧɧɨɣ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɟɥɤɚ ɢ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ. 

 
ȼɥɢɹɧɢɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɉȺȺ ɧɚ ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɮɟɪɦɟɧɬɚ. Ⱦɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɚ ɢ ɜɟɥɢɱɢɧɭ 
Vmax  ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɩɟɤɬɪɵ ɛɟɥɤɨɜɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɜɨɡɛɭɠɞɟ-
ɧɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɞɜɭɯ ɞɥɢɧɚɯ ɜɨɥɧ: ɩɪɢ 280 ɧɦ, ɝɞɟ ɩɨɝɥɨɳɚɸɬ 
ɜɫɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɜɤɥɚɞɚɦɢ, ɢ ɩɪɢ 
300 ɧɦ, ɝɞɟ ɩɨɝɥɨɳɚɸɬ ɬɨɥɶɤɨ ɬɪɢɩɬɨɮɚɧɵ (Trp). Ʉ ɫɨɠɚɥɟɧɢɸ, ɦɨɥɟɤɭ-
ɥɚ Jack bean ɭɪɟɚɡɵ ɢɦɟɟɬ ɜɫɟɝɨ ɥɢɲɶ 4 ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɚ ɧɚ 840 
ɨɫɬɚɬɤɨɜ ɜ ɫɨɫɬɚɜɟ ɨɞɧɨɣ ɫɭɛɴɟɞɢɧɢɰɵ. ɋɬɨɥɶ ɧɢɡɤɨɟ ɱɢɫɥɨ ɨɫɬɚɬɤɨɜ 
Trp ɯɨɬɹ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɥɨɤɚɥɢɡɨɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɛɟɥ-
ɤɚ, ɧɨ ɡɚɬɪɭɞɧɹɟɬ ɜɵɹɜɢɬɶ ɬɨɧɤɢɟ ɢɡɦɟɧɟɧɢɹ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɨ-
ɥɟɤɭɥɵ ɛɟɥɤɚ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ ɢɦɟɬɶ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɟ ɨɛ ɨɬɞɚɥɟɧɧɵɯ ɨɬ ɬɪɢɩɬɨɮɚɧɚ ɭɱɚɫɬɤɨɜ ɫɬɪɭɤɬɭɪɵ. ɇɚ ɪɢɫ. 2 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫɜɨɛɨɞɧɨɝɨ ɮɟɪɦɟɧɬɚ, ɩɨɥɢɷɥɟɤ-
ɬɪɨɥɢɬɚ ɉȺȺ ɜ ɇ2Ɉ ɢ ɮɟɪɦɟɧɬɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉȺȺ ɩɪɢ ɞɜɭɯ ɞɥɢɧɚɯ 
ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ. ɉɪɢ ɞɥɢɧɟ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ 280 ɧɦ (ɪɢɫ. 2Ⱥ) 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɟɥɤɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉȺȺ ɫɥɟɝɤɚ (ɧɚ 
10 %), ɭɦɟɧɶɲɚɟɬɫɹ, ɧɨ ɦɚɤɫɢɦɭɦ ɫɩɟɤɬɪɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫɨɯɪɚɧɹɟɬɫɹ 
ɩɪɢ 334 ɧɦ. ɉɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɧɚ 300 ɧɦ (ɪɢɫ. 2Ȼ) ɜ ɫɜɹɡɢ ɫɨ ɫɥɚɛɵɦ 
ɫɢɝɧɚɥɨɦ ɛɟɥɤɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɫɩɟɤɬɪ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɤɨɦɩɥɟɤɫɚ 
ɞɚɸɬ ɉȺȺ ɫ λɦɚɤɫ ɜɵɲɟ 400 ɧɦ ɢ ɜɨɞɚ ɫ λɦɚɤɫ 334 ɧɦ. Ʉɪɢɜɚɹ 4 ɧɚ 
ɪɢɫ. 2Ȼ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɨɫɬɧɵɣ ɫɩɟɤɬɪ ɤɨɦɩɥɟɤɫɚ ɭɪɟɚɡɵ ɫ ɉȺȺ 
ɢ ɱɢɫɬɨɝɨ ɉȺȺ. ȿɫɥɢ ɫɪɚɜɧɢɬɶ ɟɝɨ ɫɨ ɫɩɟɤɬɪɨɦ ɫɜɨɛɨɞɧɨɝɨ ɮɟɪɦɟɧɬɚ 
(ɤɪɢɜɚɹ 1 ɪɢɫ. 2Ȼ), ɬɨ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɦɚɤɫɢɦɭɦ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 
ɭɪɟɚɡɵ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɉȺȺ ɨɫɬɚɟɬɫɹ ɩɪɢ 340 ɧɦ, ɧɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɮɟɪɦɟɧɬɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɯɨɬɹ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ — ɧɚɢ-
ɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 16 % ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɫɜɨɛɨɞɧɨɝɨ ɛɟɥɤɚ ɜ ɦɚɤɫɢɦɭɦɟ ɢɡɥɭɱɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚ-
ɤɢɯ-ɥɢɛɨ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɨɤɪɭɠɟɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫ-
ɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ ɛɟɥɤɟ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫ ɉȺȺ ɧɟ ɩɪɨɢɫɯɨɞɢɬ.  
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Ɋɢɫ. 2. ɋɩɟɤɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫɜɨɛɨɞɧɨɣ ɭɪɟɚɡɵ (1), ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɩɨɥɢɚɥ-
ɥɢɥɚɦɢɧɨɦ (2) ɢ ɫɜɨɛɨɞɧɨɝɨ ɩɨɥɢɚɥɥɢɥɚɦɢɧɚ (3). Ⱦɥɢɧɚ ɜɨɥɧɵ ɜɨɡɛɭɠɞɟɧɢɹ 
280 ɧɦ (Ⱥ) ɢ 300 ɧɦ (Ȼ). Ʉɪɢɜɚɹ (4) ɧɚ ɪɢɫ. Ȼ — ɪɚɡɧɨɫɬɧɵɣ ɫɩɟɤɬɪ ɦɟɠɞɭ 
ɤɨɦɩɥɟɤɫɨɦ (2) ɢ ɫɜɨɛɨɞɧɵɦ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ (3). ɍɪɟɚɡɚ — 0,12 ɦɝ/ɦɥ, 
ɉȺȺ — 7,5 ɦɝ/ɦɥ. 
 

ɂɡɭɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ  ɫɬɪɭɤɬɭɪɵ ɭɪɟɚɡɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɨɥɢ-
ɷɥɟɤɬɪɨɥɢɬɚ ɉȺȺ ɦɟɬɨɞɨɦ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ. ɋɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟ-
ɧɢɹ ɭɪɟɚɡɵ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ ɛɵɥɢ ɢɡɭɱɟɧɵ ɤɚɤ 
ɜ ɛɥɢɠɧɟɣ ɍɎ-ɨɛɥɚɫɬɢ (ɩɨɝɥɨɳɟɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ 
ɨɫɬɚɬɤɨɜ), ɬɚɤ ɢ ɜ ɞɚɥɶɧɟɣ ɍɎ-ɨɛɥɚɫɬɢ (ɩɨɝɥɨɳɟɧɢɟ ɩɟɩɬɢɞɧɵɯ ɝɪɭɩɩ). 
ɂɡɦɟɪɟɧɢɟ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ ɫɜɨɛɨɞɧɨɣ ɭɪɟɚɡɵ ɢ ɭɪɟɚɡɵ ɜ ɤɨɦɩɥɟɤ-
ɫɟ ɫ ɉȺȺ ɜ ɛɥɢɠɧɟɣ ɍɎ-ɨɛɥɚɫɬɢ ɧɟ ɞɚɥɨ ɡɚɦɟɬɧɨɝɨ ɩɢɤɚ ɜ ɫɩɟɤɬɪɟ ɄȾ ɜ 
ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɟɝɢɫɬɪɚɰɢɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɭɪɟɚɡɚ ɢɦɟɟɬ ɤɪɚɣɧɟ 
ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɬɚɤ Trp — 
0,5 %, Tyr — 2.5 % ɢ Phe — 2.8 %, ɢ ɤɪɨɦɟ ɬɨɝɨ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ ɨɤ-
ɪɭɠɟɧɢɟ ɷɬɢɯ ɨɫɬɚɬɤɨɜ ɢɦɟɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɢɦɦɟɬɪɢɸ, ɱɬɨ ɫɧɢ-
ɠɚɟɬ ɷɥɥɢɩɬɢɱɧɨɫɬɶ ɜ ɩɨɥɨɫɚɯ ɩɨɝɥɨɳɟɧɢɹ ɜ ɛɥɢɠɧɟɦ ɭɥɶɬɪɚɮɢɨɥɟɬɟ. 
ɇɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ ɭɪɟɚɡɟ 
ɫɤɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 
280 ɧɦ, ɝɞɟ ɨɛɵɱɧɨ ɢɡɦɟɪɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɟɥɤɚ (ɫɦ. «Ɇɟɬɨɞɵ»). 

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ ɫɩɟɤɬɪɵ ɄȾ ɜ ɞɚɥɶɧɟɣ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɨɛ-
ɥɚɫɬɢ ɤɨɦɩɥɟɤɫɚ ɭɪɟɚɡɵ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ ɜ ɩɨɥɨɫɚɯ ɩɨɝɥɨɳɟɧɢɹ 
ɩɟɩɬɢɞɧɵɯ ɝɪɭɩɩ. Ʉɚɤ ɜɢɞɧɨ, ɷɥɥɢɩɬɢɱɧɨɫɬɶ ɤɨɦɩɥɟɤɫɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 
ɪɚɫɬɟɬ ɜ ɨɛɟɢɯ ɩɨɥɨɫɚɯ ɄȾ-ɫɩɟɤɬɪɚ — 209 ɢ 222 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
π→π* ɢ n→π* ɩɟɪɟɯɨɞɚɦ ɩɟɩɬɢɞɧɵɯ ɝɪɭɩɩ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɧɬɟɧɫɢɜ-
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ɧɨɫɬɶ ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɣ ɩɨɥɨɫɵ ɢɡɦɟɧɹɟɬɫɹ ɫɥɚɛɟɟ, ɱɟɦ ɞɥɢɧɧɨɜɨɥɧɨ-
ɜɨɣ, ɜɨɡɦɨɠɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɚɫɬɢɱɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ β-ɫɬɪɭɤɬɭɪɵ, 
ɢɦɟɸɳɟɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɷɥɥɢɩɬɢɱɧɨɫɬɢ ɨɤɨɥɨ 200 ɧɦ 
(Woody, 1995). ɍɜɟɥɢɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɩɢɤɚ ɩɪɢ 222 ɧɦ 
(ɞɥɹ ɭɪɟɚɡɵ ɫ ɉȺȺ ɧɚ 27% ), ɦɵ ɩɨɥɚɝɚɟɦ, ɫɜɹɡɚɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ α-ɫɩɢɪɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ 27 %, ɚ ɱɚɫɬɢɱɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ 
ɤɨɦɩɥɟɤɫɟ ɛɟɥɤɚ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ ɫɩɢɪɚɥɶɧɵɟ ɫɟɝɦɟɧɬɵ ɩɨɩɚɞɚɸɬ ɜ 
ɫɪɟɞɭ ɫ ɧɢɡɤɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ, ɢɡɦɟɧɹɸɳɭɸ ɞɢɩɨɥɶɧɵɟ ɢ 
ɦɚɝɧɢɬɧɵɟ ɦɨɦɟɧɬɵ ɞɥɹ π→π* ɢ n→π* ɩɟɪɟɯɨɞɨɜ ɜ ɩɨɥɨɫɚɯ ɩɨɝɥɨɳɟ-
ɧɢɹ ɩɟɩɬɢɞɧɨɣ ɫɜɹɡɢ. ɍɜɟɥɢɱɟɧɢɟ ɷɥɥɢɩɬɢɱɧɨɫɬɢ ɩɨɥɨɫɵ ɩɪɢ 222 ɧɦ ɢ ɜ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɢ 209 ɧɦ ɧɚɛɥɸɞɚɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɛɟɥɤɚɯ ɜ ɨɪɝɚɧɢɱɟ-
ɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢ ɱɚɫɬɨ ɧɟ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ α-ɫɩɢɪɚɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ (Badu and Douglas, 2000). 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɫɜɹɡɵɜɚɧɢɟ ɭɪɟɚɡɵ ɫ ɩɨɥɢɷɥɟɤ-
ɬɪɨɥɢɬɨɦ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɧɟ ɪɚɡɪɭɲɚɟɬ α-ɫɩɢɪɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɬɚɤ, 
ɤɚɤ ɪɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɞɥɹ ɞɪɭɝɢɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ-ɛɟɥɤɨɜɵɯ 
ɤɨɦɩɥɟɤɫɨɜ (ɋɚɛɭɪɨɜɚ ɢ ɞɪ., 2000; 2006), ɚ ɧɚɩɪɨɬɢɜ, ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɚ-
ɳɚɬɟɥɶɧɭɸ ɫɢɥɭ ɩɟɪɟɯɨɞɨɜ ɜ ɩɨɥɨɫɚɯ ɩɨɝɥɨɳɟɧɢɹ ɩɟɩɬɢɞɧɵɯ ɫɜɹɡɟɣ, 
ɨɛɪɚɡɭɸɳɢɯ α-ɫɩɢɪɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ. 
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Ɋɢɫ.3. ɋɩɟɤɬɪɵ ɄȾ ɜ ɞɚɥɶɧɟɣ ɍɎ-ɨɛɥɚɫɬɢ ɭɪɟɚɡɵ ɫɜɨɛɨɞɧɨɣ ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɉȺȺ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɉȺȺ — 
7,5 ɦɝ/ɦɥ; ɭɪɟɚɡɚ — 0,12 ɦɝ/ɦɥ; ɪɇ — 6,2. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧ 
ɄȾ-ɫɩɟɤɬɪ ɉȺȺ ɜ H2O. Ⱦɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 1 ɦɦ. 
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ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ: ɩɨɱɟɦɭ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɵɦ ɢɧ-
ɝɢɛɢɬɨɪɨɦ ɭɪɟɚɡɵ, ɩɪɢɬɨɦ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɭɪɟɚɡɵ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɤɨɦ-
ɩɥɟɤɫɟ ɫ ɉȺȺ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚɬɢɜɧɨɣ. 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 

Ɋɢɫ. 4. Ⱥ — Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
5,5 Å ɨɬ ȼɚɧɞɟɪ-ȼɚɥɶɫɨɜɵɯ ɪɚɞɢɭɫɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Jack bean ɭɪɟɚɡɵ. ɉɨɥɹ 
ɫɨ ɡɧɚɱɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɚ > +0,5 kT/e — ɱɟɪɧɵɣ ɰɜɟɬ; ɜ ɢɧɬɟɪɜɚɥɟ [ 0,5; 0,5]− +  

kT/e — ɛɟɥɵɣ ɢ < – 0,5 kT/e — ɫɟɪɵɣ. Ȼ — ɋɬɪɭɤɬɭɪɚ Jack bean ɭɪɟɚɡɵ (ɥɟɧ-
ɬɨɱɧɚɹ ɞɢɚɝɪɚɦɦɚ), ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ ɫ Bacillus 

pasteurii ɭɪɟɚɡɨɣ 4ubpC.pdb; X-ray 1,55 Å; ɢɞɟɧɬɢɱɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 58,1 %, 
ɩɪɢɜɟɞɟɧɵ ɨɬ 274 ɞɨ 840 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ. 
 

Ɋɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (Ɋɗɉ) 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɥɤɚ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɨɬɫɭɬɫɬɜɭɸɬ ɪɟɧɬɝɟɧɨɫɬ-
ɪɭɤɬɭɪɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɧɚɦɢ ɪɚɫɬɢɬɟɥɶɧɨɣ ɭɪɟɚɡɵ Canava-

lia ensiformis (ɢɧɚɱɟ Jack bean ɭɪɟɚɡɚ), ɬɪɟɯ ɦɟɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɜɵɩɨɥ-
ɧɟɧɧɵɟ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ ɞɥɹ ɭɪɟɚɡ ɢɡ ɛɚɤɬɟɪɢɣ, ɩɨɤɚɡɵɜɚɸɬ 
ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɭɸ ɝɨɦɨɥɨɝɢɱɧɨɫɬɶ ɩɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɢ ɢ ɫɯɨɞɫɬɜɨ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɭɸ 
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ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɶ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ. Ⱦɚɧɧɵɟ ɨ ɫɬɪɭɤɬɭɪɟ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 
ɭɪɟɚɡ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɢɫɫɥɟɞɭɟɦɨɣ Jack bean ɭɪɟɚɡɵ. ɇɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɫɬɪɭɤ-
ɬɭɪɵ ɭɪɟɚɡɵ ɢɡ Canavalia ensiformis ɢɫɯɨɞɹ, ɢɡ ɢɞɟɧɬɢɱɧɨɫɬɢ ɚɦɢɧɨɤɢɫ-
ɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɭɪɟɚɡɨɣ ɢɡ Bacillus pasteurii ɛɵɥɢ ɩɪɨɢɡ-
ɜɟɞɟɧɵ ɪɚɫɱɟɬɵ Ɋɗɉ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɥɤɚ (ɪɢɫ. 4). 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɪɢɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧ-
ɧɵɟ ɩɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɭɪɟɚɡɵ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚɦɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɭɪɟɚɡɚ, ɬɚɤɠɟ ɤɚɤ ɢ ɢɡɭɱɟɧɧɵɟ ɧɚɦɢ ɪɚɧɟɟ ɮɟɪɦɟɧɬɵ ɥɚɤɬɚɬɞɟɝɢɞɪɨɝɟ-
ɧɚɡɚ (ɅȾȽ), ɝɥɭɬɚɦɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ (ȽȾȽ), ɚ ɬɚɤɠɟ ɝɟɦɨɝɥɨɛɢɧ (Hb) ɢ 
ɦɢɨɝɥɨɛɢɧ (Mb), ɩɨɜɪɟɠɞɚɸɬɫɹ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ ɫ ɬɨɣ ɥɢɲɶ ɪɚɡɧɢ-
ɰɟɣ, ɱɬɨ ɭɪɟɚɡɚ ɢɧɝɢɛɢɪɭɟɬɫɹ ɩɨɥɢɤɚɬɢɨɧɨɦ ɉȺȺ, ɚ ɅȾȽ, ȽȾȽ, Hb ɢ 
Mb, ɩɨɥɢɚɧɢɨɧɚɦɢ — ɉɋɋ, ɩɨɥɢɮɨɫɮɚɬɨɦ ɢ ɞɪɭɝɢɦɢ ɩɨɥɢɚɧɢɨɧɚɦɢ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢ ɅȾȽ, ɢ ɭɪɟɚɡɚ ɢɧɝɢɛɢɪɭɸɬɫɹ ɨɱɟɧɶ ɦɚɥɵɦɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ: 50 % ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚɫɬɭɩɚɟɬ ɩɪɢ 
ɜɟɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɮɟɪɦɟɧɬ / ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ, ɪɚɜɧɨɦ 
0,5 ɦɤɝ/ɦɥ / 0,25 ɦɤɝ/ɦɥ ɞɥɹ ɭɪɟɚɡɵ ɢ 0,5 ɦɤɝ/ɦɥ / 0,4 ɦɤɝ/ɦɥ ɞɥɹ ɅȾȽ.  

ɍɪɟɚɡɵ ɢɡ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ Jack bean ɭɪɟɚɡɚ, 
ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɶ ɤɨɧɮɢɝɭɪɚɰɢɢ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɢ, 
ɤɚɤ ɢ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɭɪɟɚɡɵ, ɢɦɟɸɬ ɚɧɚɥɨɝɢɱɧɭɸ ɩɨɞɜɢɠɧɭɸ ɩɟɬɥɸ ɜ 
ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ — ɞɥɹ Klebsiella aerogenes ɭɪɟɚɡɵ (1FWJ) ɷɬɨ ɨɫɬɚɬɤɢ 
317–334, ɤɨɬɨɪɵɟ ɡɚɤɪɵɜɚɸɬ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɮɟɪɦɟɧɬɚ ɩɨɫɥɟ ɫɜɹɡɵɜɚ-
ɧɢɹ ɫɭɛɫɬɪɚɬɚ (Jabri et al., 2001). ȼɨɡɦɨɠɧɨ, ɱɬɨ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬ, ɫɜɹɡɵ-
ɜɚɹɫɶ ɫ ɛɟɥɤɨɦ, ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɜɢɠɟɧɢɸ ɷɬɨɣ ɩɟɬɥɢ, ɤɚɤ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ, 
ɧɚɩɪɢɦɟɪ, ɜ ɤɪɢɫɬɚɥɥɟ, ɝɞɟ ɚɤɬɢɜɧɨɫɬɶ ɭɪɟɚɡɵ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ 
ɜɟɥɢɱɢɧɵ ɧɢɠɟ, ɱɟɦ ɜ ɪɚɫɬɜɨɪɟ. ɉɨɹɜɥɟɧɢɟ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɜ ɜɢɞɟ 
ɢɨɧɨɜ ɚɦɦɨɧɢɹ ɭɠɟ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 2 ɦɆ, ɢ ɫɜɹɡɵɜɚɧɢɟ ɢɯ ɜ ɤɚɬɢɨɧ-
ɫɜɹɡɵɜɚɸɳɢɯ ɫɚɣɬɚɯ ɭɪɟɚɡɵ, ɜɨɡɦɨɠɧɨ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɞɜɢɠɧɨɫɬɶ 
ɷɬɨɣ ɩɟɬɥɢ, ɡɚɬɨɪɦɨɠɟɧɧɭɸ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɜɟ-
ɪɢɬɶ ɷɬɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɥɢ-
ɱɢɹ ɤɚɬɢɨɧ ɫɜɹɡɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ ɧɚ ɭɪɟɚɡɟ ɢ ɢɯ ɪɨɥɢ ɜ ɤɚɬɚɥɢɡɟ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɫɬɪɭɤɬɭɪɵ ɭɪɟɚɡɵ, ɬɨ ɢɡ ɧɚɲɢɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɫɜɹɡɵɜɚɧɢɟ ɉȺȺ ɤ ɮɟɪɦɟɧɬɭ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɤɚɤɢɦ-ɥɢɛɨ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɧɚɪɭɲɟɧɢɹɦ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɛɵ ɜɵɡɵɜɚɥɢ ɬɭɲɟɧɢɟ 
ɬɪɢɩɬɨɮɚɧɨɜɵɯ ɨɫɬɚɬɤɨɜ Jack bean yɪɟɚɡɵ. Jack bean yɪɟɚɡɚ ɫɨɞɟɪɠɢɬ 4 
Trp ɧɚ 840 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɨɞɧɨɣ ɫɭɛɴɟɞɢɧɢɰɵ, ɢɡ ɤɨɬɨɪɵɯ 
Trp 648 ɢ Trp 492 ɦɨɝɭɬ ɛɵɬɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɧɚ 3D ɫɬɪɭɤɬɭɪɟ, ɩɨ-

Дурденко Е. В., Дыбовская Ю. Н., Тихоненко С. А, … — МКО – 2009, т. 2, стр. 145–157

Durdenko E. V., Dybovskaya Yu. N., Tichonenko S. A., … — MCE – 2009, v. 2, pp. 145–157

153



ɫɬɪɨɟɧɧɨɣ ɧɚɦɢ ɩɨ ɫɯɨɞɫɬɜɭ ɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ Bacillus pasteurii 
ɭɪɟɚɡɨɣ, ɞɥɹ ɤɨɬɨɪɨɣ 3D ɫɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ c ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ 
(1,55 Å). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ 3D ɫɬɪɭɤɬɭɪɵ Jack bean yɪɟɚɡɵ ɛɵɥɚ ɢɫɩɨɥɶ-
ɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ «Swiss-model»; www.expasy.org/swissmod/swiss-
model.html (ɫɦ. ɪɢɫ. 4Ȼ). Trp 648 ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ ɝɥɨɛɭɥɵ ɢ ɩɥɨɬɧɨ 
ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɞɜɭɦɹ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ α-ɫɩɢɪɚɥɶɧɵɦɢ ɭɱɚɫɬ-
ɤɚɦɢ. Ɉɛɵɱɧɨ ɬɚɤɢɟ ɫɩɚɪɟɧɧɵɟ ɭɱɚɫɬɤɢ ɞɥɢɧɧɵɯ α-ɫɩɢɪɚɥɟɣ ɫɬɚɛɢɥɶɧɵ 
ɤ ɪɚɡɪɭɲɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. ȼɬɨɪɨɣ ɬɪɢɩɬɨɮɚɧ, 
Trp 492, ɪɚɫɩɨɥɨɠɟɧ ɛɥɢɡɤɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɥɟɤɭɥɵ ɛɟɥɤɚ ɢ ɛɨɥɟɟ ɞɨɫ-
ɬɭɩɟɧ ɤ ɪɚɡɥɢɱɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɪɚɫɬɜɨɪɟ. ȼɩɨɥɧɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɢɦɟɧ-
ɧɨ ɨɧ ɨɬɜɟɬɫɬɜɟɧɟɧ ɡɚ ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɉȺȺ. 
ȼɨɡɛɭɠɞɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚ 280 ɧɦ, ɝɞɟ ɦɨɝɭɬ ɞɚɜɚɬɶ ɜɤɥɚɞ ɜ ɷɦɢɫ-
ɫɢɸ ɞɪɭɝɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ, ɬɚɤɠɟ ɧɟ ɩɪɨɹɜɢɥɨ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ — ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɉȺȺ ɛɵɥɨ ɧɟ ɛɨɥɟɟ 10 %. 

ɇɚ ɪɢɫ. 4Ȼ ɩɪɢɜɟɞɟɧɚ ɥɟɧɬɨɱɧɚɹ ɞɢɚɝɪɚɦɦɚ Jack bean ɭɪɟɚɡɵ, ɝɞɟ 
ɫɮɟɪɚɦɢ ɜɵɞɟɥɟɧɵ ɞɜɚ ɚɬɨɦɚ ɧɢɤɟɥɹ ɢ, ɬɚɤɠɟ ɤɚɤ ɜ ɭɪɟɚɡɚɯ ɢɡ Klebsiella 

aerogenes (1FWJ) (Jabri et al., 1995) ɢ Bacillus pasteurii (4UBP), ɥɢɝɚɧɞɚ-
ɦɢ ɢɯ ɹɜɥɹɸɬɫɹ His 407, His 409, His 519, His 545 ɢ Asp 633 (ɧɭɦɟɪɚɰɢɹ 
ɞɚɧɚ ɞɥɹ Jack bean ɭɪɟɚɡɵ). Lys 490 ɜ ɭɪɟɚɡɟ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɤɚɪ-
ɛɚɦɨɢɥɢɪɨɜɚɧɢɟɦ, ɫɜɹɡɵɜɚɟɬɫɹ ɫɜɨɢɦɢ ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɤɢɫɥɨɪɨɞɚɦɢ ɫ 
ɤɚɠɞɵɦ ɢɡ ɚɬɨɦɨɜ ɧɢɤɟɥɹ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɛɚɤɬɟɪɢɚɥɶɧɵɦɢ ɭɪɟɚɡɚɦɢ, 
Asp 494 ɞɨɥɠɟɧ ɮɢɤɫɢɪɨɜɚɬɶ ɩɨɥɨɠɟɧɢɟ His 492, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɩɨɞɜɢɠɧɨɣ ɩɟɬɥɟ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɱɚɫɬɜɭɟɬ ɜ ɤɚɬɚɥɢɡɟ (ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɤɢɫɥɨɪɨɞɨɦ OD ɨɫɬɚɬɤɚ Asp 494 ɢ ɚɡɨɬɨɦ ND ɨɫɬɚɬɤɚ His 492 ɪɚɜ-
ɧɨ 3,53 Å). Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ Jack bean ɭɪɟɚɡɵ ɢɦɟ-
ɸɬɫɹ ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɤɚɬɚɥɢɡɟ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɝɪɭɩɩɵ, ɤɨɬɨ-
ɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɫɚɣɬɚɦɢ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ ɤɚɬɢɨɧɨɜ ɫɨɥɟɣ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɚɦɦɨɧɢɹ, ɨɬ ɤɨɬɨɪɵɯ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ, ɡɚɜɢɫɢɬ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ. 

Ⱦɚɧɧɵɟ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɫɜɹɡɵɜɚɧɢɹ ɉȺȺ ɫ ɭɪɟɚɡɨɣ ɫɨ-
ɜɦɟɫɬɧɨ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɡɭɱɟɧɢɹ ɄȾ ɜ ɞɚɥɶɧɟɦ ɭɥɶɬɪɚɮɢɨɥɟɬɟ, ɚ ɢɦɟɧ-
ɧɨ — ɫɨɯɪɚɧɟɧɢɟ α-ɫɩɢɪɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɭɪɟɚɡɵ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɩɨɥɢ-
ɷɥɟɤɬɪɨɥɢɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɫɜɹɡɵɜɚɧɢɟ ɉȺȺ, ɯɨɬɹ ɢ ɫɨ-
ɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɥɧɨɣ ɩɨɬɟɪɟɣ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɩɪɢ ɛɨɥɶɲɢɯ ɤɨɧ-
ɰɟɧɬɪɚɰɢɹɯ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ (ɪɢɫ. 1), ɧɟ ɩɪɨɢɡɜɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɡ-
ɦɟɧɟɧɢɣ ɫɬɪɭɤɬɭɪɵ ɭɪɟɚɡɵ. ɉɪɢ ɨɞɢɧɚɤɨɜɨɦ ɤɨɥɢɱɟɫɬɜɟ ɷɥɟɤɬɪɨɫɬɚɬɢ-
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ɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɛɟɥɤɚ ɬɟɦ ɬɪɭɞɧɟɟ 
ɪɚɡɪɭɲɢɬɶ ɟɝɨ ɫɬɪɭɤɬɭɪɭ, ɱɟɦ ɛɨɥɶɲɟ ɨɛɴɟɦ ɦɨɥɟɤɭɥɵ ɛɟɥɤɚ (ɧɢɡɤɨɟ 
ɨɬɧɨɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɨɛɴɟɦɭ ɜ ɛɟɥɤɟ) ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɶɲɟ 
ɱɢɫɥɨ ɝɢɞɪɨɮɨɛɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜɧɭɬɪɢ ɛɟɥɤɚ, ɭɞɟɪɠɢɜɚɸɳɢɯ ɟɝɨ ɧɚɬɢɜ-
ɧɭɸ ɫɬɪɭɤɬɭɪɭ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸ-
ɳɢɯ ɦɟɧɶɲɭɸ ɫɤɨɪɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɤɪɭɩɧɵɯ ɛɟɥɤɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɛɨɥɟɟ ɦɟɥɤɢɦɢ, ɚɧɚɥɨɝɢɱɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ 
ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɦ Hb ɢ Mb (ɋɚɛɭɪɨɜɚ ɢ ɞɪ., 2006). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɩɪɢɦɟɪɨɜ ɜɢɞɧɨ ɧɚɫɤɨɥɶɤɨ ɜɚɠɧɨ 
ɢɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɥɤɨɜ ɜ ɤɨɦ-
ɩɥɟɤɫɚɯ ɫ ɷɧɞɨɝɟɧɧɵɦɢ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚɦɢ ɞɥɹ ɩɨ-
ɧɢɦɚɧɢɹ ɢɯ ɪɨɥɢ ɜ ɤɥɟɬɤɟ. ɉɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ, ɤɨɬɨɪɚɹ 
ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɧɚ ɜɫɟ ɛɨɥɶɲɢɯ ɤɥɚɫɫɚɯ ɛɟɥɤɨɜ, 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɟ ɬɨɥɶɤɨ ɜɵɩɨɥɧɟɧɢɟ ɢɦɢ ɢɡɜɟɫɬɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ, ɧɨ ɢ ɨɩɪɟɞɟɥɟɧɧɭɸ ɪɨɥɶ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫ ɷɧɞɨɝɟɧɧɵɦɢ ɩɨ-
ɥɢɷɥɟɤɬɪɨɥɢɬɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɩɨɥɢɮɨɫɮɚɬɵ ɜ ɭɫɥɨɜɢɹɯ ɫɨɥɟɜɨɝɨ, ɬɟɩɥɨ-
ɜɨɝɨ ɢ ɤɢɫɥɨɬɧɨɝɨ ɫɬɪɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɹɞɟɪɧɵɦɢ ɝɢɫɬɨɧɚɦɢ ɜ ɩɪɨɰɟɫɫɟ 
ɚɩɨɩɬɨɡɚ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɢ ɜɨ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 
Ɋɚɧɟɟ ɭɩɨɦɢɧɚɟɦɚɹ ɧɚɦɢ ɫɩɨɫɨɛɧɨɫɬɶ ɭɪɟɚɡɵ ɜɵɡɵɜɚɬɶ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɚɝɪɟɝɚɰɢɸ ɬɪɨɦɛɨɰɢɬɨɜ ɤɪɨɜɢ (Follmer et al., 2001; 2004) ɜɨɡ-
ɦɨɠɧɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɭɪɟɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ɉɛɪɚɬɧɨɟ 
ɞɟɣɫɬɜɢɟ ɧɚ ɫɜɟɪɬɵɜɚɟɦɨɫɬɶ ɤɪɨɜɢ ɨɤɚɡɵɜɚɟɬ ɝɟɩɚɪɢɧ, ɫɢɧɬɟɬɢɱɟɫɤɢɣ 
ɚɧɚɥɨɝ ɤɨɬɨɪɨɝɨ, ɞɟɤɫɬɪɚɧɫɭɥɶɮɚɬ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɷɬɨɣ ɪɚɛɨɬɟ, ɧɟ ɜɥɢɹɟɬ 
ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ 
ɭɪɟɚɡɨɣ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɪɟɚɡɵ ɫ ɪɚɡɥɢɱɧɵ-
ɦɢ ɩɨ ɫɬɪɭɤɬɭɪɟ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ, 
ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɟɡɧɵ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɩɪɢɪɨɞɵ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɧɚɩɪɚɜ-
ɥɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɤɚɤ ɩɪɢ ɪɟɲɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɫɟɥɶɫɤɨɯɨɡɹɣ-
ɫɬɜɟɧɧɵɯ ɩɪɨɛɥɟɦ ʊ ɡɚɳɢɬɵ ɪɚɫɬɟɧɢɣ ɨɬ ɧɚɫɟɤɨɦɵɯ, ɬɚɤ ɢ ɞɥɹ ɦɟɞɢ-
ɰɢɧɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ.  
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POLYELECTROLYTE-PROTEIN COMLEX. POLYALLYLAMIN 

INFLUENCE ON STUCTURE AND FUNCTIONS OF UREASE 

 

Durdenko E. V., Dybovskaya Yu. N., Tichonenko S. A., Saburova E. A. 

 
 
Influence of polyelectrolyte polyallylamine (PAH) on structure and catalytic 

characteristics of urease (Canavalia ensiformis) by methods steady-state ki-

netics, fluorescence and circular dichroism spectroscopy is studied. It is 

shown that this polyelectrolyte is strong inhibitor of urease (50 % inhibition 

of enzyme with concentration PAH of 0,5 mkg/ml at neutral values ɪɇ). It is 

assumed regulatory role specific cation-binding sites on a molecule urease, 

defining structural dynamics a complex enzyme-polyelectrolyte. 
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