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Ⱥɧɧɨɬɚɰɢɹ
Ɇɟɬɨɞɨɦ ɮɚɝɨɜɨɝɨ ɞɢɫɩɥɟɹ ɧɚɪɚɛɨɬɚɧ ɩɭɥ ɤɥɨɧɨɜ, ɫɢɧɬɟɡɢɪɭɸ-

ɳɢɯ ɥɟɝɤɢɟ ɰɟɩɢ ɚɧɬɢɬɟɥ, ɧɚ ɛɚɡɟ ɛɢɛɥɢɨɬɟɤɢ ɤȾɇɄ ɥɟɝɤɢɯ ɰɟɩɟɣ 

ɚɧɬɢɬɟɥ ɛɨɥɶɧɵɯ ɫɢɫɬɟɦɧɨɣ ɤɪɚɫɧɨɣ ɜɨɥɱɚɧɤɨɣ. Ɏɚɝɨɜɵɟ ɱɚɫɬɢɰɵ, 

ɩɪɨɞɭɰɢɪɭɸɳɢɟ ɥɟɝɤɢɟ ɰɟɩɢ ɚɧɬɢɬɟɥ, ɚɮɮɢɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ 

* Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɚɦɢ ɊɎɎɂ №№ 15-04-03245, 16-34-00079, 

16-04-00604.
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ɝɢɫɬɨɧ-ɫɟɮɚɪɨɡɟ ɪɚɡɞɟɥɟɧɵ ɧɚ ɮɪɚɤɰɢɢ ɩɨ ɫɪɨɞɫɬɜɭ ɤ ɝɢɫɬɨɧɚɦ. ɉɨ-
ɥɭɱɟɧɵ ɦɨɧɨɤɥɨɧɚɥɶɧɵɟ ɥɟɝɤɢɟ ɰɟɩɢ ɚɧɬɢɬɟɥ, ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɧɢ 

ɷɮɮɟɤɬɢɜɧɨ ɝɢɞɪɨɥɢɡɭɸɬ ɝɢɫɬɨɧɵ.

Abstract

An immunoglobulins light chains phagemid library derived from pe-

ripheral blood lymphocytes of patients with systemic lupus erythe-

matosus was used. Small pools of phage particles displaying light 

chains with different affi nities for histones were isolated by affi nity 

chromatography on Histones-Sepharose. Monoclonal light chains 

of antibodies were obtained. It was shown that its effi ciently hydro-

lyzed histones.

ȼɚɠɧɨɣ ɩɪɨɛɥɟɦɨɣ ɫɨɜɪɟɦɟɧɧɨɣ ɛɢɨɯɢɦɢɢ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɟɞɢ-

ɰɢɧɵ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɦɚɪɤɟɪɨɜ ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɥɟɱɟ-
ɧɢɹ ɚɭɬɨɢɦɦɭɧɧɵɯ ɩɚɬɨɥɨɝɢɣ.

Ʉɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɚɧɬɢɬɟɥɚ, ɢɥɢ ɚɛɡɢɦɵ, ɜɩɟɪɜɵɟ ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɜ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɚɫɬɦɨɣ, ɨɧɢ ɝɢɞɪɨɥɢɡɨɜɚɥɢ ɢɧɬɟɫɬɢ-

ɧɚɥɶɧɵɣ ɜɚɡɨɚɤɬɢɜɧɵɣ ɧɟɣɪɨɩɟɩɬɢɞ. ɉɨɡɠɟ ɩɪɢ ɪɹɞɟ ɞɪɭɝɢɯ ɚɭɬɨ-
ɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɨɛɧɚɪɭɠɟɧɵ ɚɭɬɨɚɧɬɢɬɟɥɚ, ɝɢɞɪɨɥɢɡɭɸɳɢɟ 
ȾɇɄ, ɊɇɄ, ɛɟɥɤɢ ɢ ɩɨɥɢɫɚɯɚɪɢɞɵ. 

ɋɢɫɬɟɦɧɚɹ ɤɪɚɫɧɚɹ ɜɨɥɱɚɧɤɚ (ɋɄȼ) — ɫɢɫɬɟɦɧɨɟ ɚɭɬɨɢɦɦɭɧɧɨɟ 
ɩɨɥɢɷɬɢɨɥɨɝɢɱɟɫɤɨɟ ɞɢɮɮɭɡɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɜɢɬɢɹ 
ɡɚɛɨɥɟɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨɪɚɠɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɨɪɝɚɧɨɜ, ɚɫɫɨ-
ɰɢɢɪɨɜɚɧɧɨɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɨɥɶɲɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɚɭɬɨɪɟɚɤɬɢɜ-
ɧɵɯ ɚɧɬɢɬɟɥ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɨɦɨɝɪɚɮɢɟɣ ɭ ɛɨɥɶɧɵɯ ɋɄȼ ɧɚ ɩɨɡɞ-

ɧɢɯ ɫɬɚɞɢɹɯ ɡɚɛɨɥɟɜɚɧɢɹ ɜ ɝɨɥɨɜɧɨɦ ɦɨɡɝɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɛɥɹɲ-

ɤɢ, ɫɯɨɞɧɵɟ ɫ ɬɚɤɨɜɵɦɢ ɭ ɛɨɥɶɧɵɯ ɪɚɫɫɟɹɧɧɵɦ ɫɤɥɟɪɨɡɨɦ. ɂɡ ɷɬɢɯ 
ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɜ ɤɥɟɬɤɚɯ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɩɪɢ ɷɬɢɯ 
ɡɚɛɨɥɟɜɚɧɢɹɯ ɦɨɝɭɬ ɢɦɟɬɶ ɫɯɨɞɧɵɣ ɦɟɯɚɧɢɡɦ. 

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɧɬɢɬɟɥɚ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɫɢɫɬɟɦ-

ɧɨɣ ɤɪɚɫɧɨɣ ɜɨɥɱɚɧɤɨɣ ɫɩɟɰɢɮɢɱɧɨ ɝɢɞɪɨɥɢɡɭɸɬ ȾɇɄ, ɨɫɧɨɜɧɨɣ 

ɛɟɥɨɤ ɦɢɟɥɢɧɚ ɢ ɪɚɡɥɢɱɧɵɟ ɨɥɢɝɨɩɟɩɬɢɞɵ ɟɝɨ ɚɧɬɢɝɟɧɧɵɯ ɞɟɬɟɪ-

ɦɢɧɚɧɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɥɢɤɥɨɧɚɥɶɧɵɟ ɚɧɬɢɬɟɥɚ ɢɡ ɤɪɨɜɢ ɛɨɥɶɧɵɯ 
ɫɢɫɬɟɦɧɨɣ ɤɪɚɫɧɨɣ ɜɨɥɱɚɧɤɨɣ ɫɩɨɫɨɛɧɵ ɝɢɞɪɨɥɢɡɨɜɚɬɶ ɨɬ ɨɞɧɨɝɨ 
ɞɨ ɩɹɬɢ ɱɟɥɨɜɟɱɟɫɤɢɯ ɝɢɫɬɨɧɨɜ (H1, H2A, H2B, H3 ɢ H4). ɇɚ ɨɫɧɨ-
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ɜɚɧɢɢ ɨɛɳɟɩɪɢɧɹɬɵɯ ɤɪɢɬɟɪɢɟɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɝɢɞɪɨɥɢɡɭɸɳɚɹ ɚɤ-
ɬɢɜɧɨɫɬɶ ɚɧɬɢɬɟɥ ɢɡ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɋɄȼ ɹɜɥɹɟɬɫɹ ɢɯ ɫɨɛɫɬɜɟɧɧɵɦ 

ɫɜɨɣɫɬɜɨɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɢɤɥɨɧɚɥɶɧɵɯ ɚɧɬɢɬɟɥ ɤɪɨɜɢ ɢɡ-ɡɚ ɢɯ ɝɟɬɟɪɨɝɟɧ-

ɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɥɢɲɶ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɯ ɮɭɧɤɰɢɨ-
ɧɢɪɨɜɚɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɡɭɱɟɧɢɟ ɦɨɧɨɤɥɨɧɚɥɶɧɵɯ ɚɧɬɢɬɟɥ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɞɟɬɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɚɧɬɢɬɟɥɚ, ɢ ɩɨɷɬɨɦɭ ɦɨɧɨɤɥɨɧɚɥɶ-
ɧɵɟ ɚɧɬɢɬɟɥɚ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɢɯ ɜ ɞɢɚɝɧɨɫɬɢɤɟ ɢ ɬɟɪɚɩɢɢ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ.

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɥɭɱɟɧɢɟ ɦɨɧɨɤɥɨɧɚɥɶɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɚɧɬɢɬɟɥ ɩɪɨɬɢɜ ɝɢɫɬɨɧɨɜ ɦɟɬɨɞɨɦ ɮɚɝɨɜɨɝɨ ɞɢɫɩɥɟɹ, ɚ ɬɚɤ-
ɠɟ ɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɢɯ ɫɜɨɣɫɬɜ.
Ɇɨɧɨɤɥɨɧɚɥɶɧɵɟ ɚɧɬɢɬɟɥɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɚ-

ɝɨɜɨɣ ɛɢɛɥɢɨɬɟɤɢ ɤȾɇɄ ɥɢɦɮɨɰɢɬɨɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɛɨɥɶ-
ɧɵɯ ɫɢɫɬɟɦɧɨɣ ɤɪɚɫɧɨɣ ɜɨɥɱɚɧɤɨɣ. ɂɫɩɨɥɶɡɭɟɦɚɹ ɜ ɪɚɛɨɬɟ ɮɚɝɨɜɚɹ 
ɛɢɛɥɢɨɬɟɤɚ ɫɨɞɟɪɠɢɬ ɤȾɇɄ ɝɟɧɨɜ ɥɟɝɤɢɯ ɰɟɩɟɣ ɚɧɬɢɬɟɥ ɜ ɫɨɫɬɚɜɟ 
ɝɟɧɚ ɛɟɥɤɚ ɨɛɨɥɨɱɤɢ pIII ɧɢɬɱɚɬɨɝɨ ɛɚɤɬɟɪɢɨɮɚɝɚ Ɇ13. ɤȾɇɄ ɤɥɨ-
ɧɢɪɨɜɚɧɚ ɜ ɮɚɝɦɢɞɭ pCANTABHis6 ɩɨɫɥɟ ɥɢɞɟɪɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ ɝɟɧɚ ɛɟɥɤɚ ɨɛɨɥɨɱɤɢ ɮɚɝɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɬɪɚɧɫɩɨɪɬ ɛɟɥɤɚ 
ɜ ɩɟɪɢɩɥɚɡɦɚɬɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ E.coli. Ȼɢɛɥɢɨɬɟɤɚ ɛɵɥɚ ɩɨɥɭ-
ɱɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɊɇɄ ɥɢɦɮɨɰɢɬɨɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ 

ɛɨɥɶɧɵɯ ɋɄȼ ɢ ɥɸɛɟɡɧɨ ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɋ. ɉɨɥɨɦ (ɋɒȺ). Ƚɢɛɪɢɞ-

ɧɵɣ ɛɟɥɨɤ ɷɤɫɩɨɧɢɪɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɚɝɨɜɨɣ ɱɚɫɬɢɰɵ, ɱɬɨ ɩɨ-
ɡɜɨɥɹɟɬ ɥɟɝɤɢɦ ɰɟɩɹɦ ɚɧɬɢɬɟɥ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɥɢɝɚɧɞɨɦ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥ ɧɚɪɚɛɨɬɚɧ ɩɭɥ ɤɥɨɧɨɜ, ɫɢɧɬɟɡɢɪɭɸɳɢɯ 
ɥɟɝɤɢɟ ɰɟɩɢ ɚɧɬɢɬɟɥ. Ⱥɮɮɢɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɝɢɫɬɨɧ-ɫɟɮɚɪɨɡɟ 
ɮɚɝɨɜɵɟ ɱɚɫɬɢɰɵ, ɩɪɨɞɭɰɢɪɭɸɳɢɟ ɥɟɝɤɢɟ ɰɟɩɢ ɢɦɦɭɧɨɝɥɨɛɭɥɢɧɨɜ 
ɩɪɨɬɢɜ ɝɢɫɬɨɧɨɜ, ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɮɪɚɤɰɢɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɫɪɨɞ-

ɫɬɜɨɦ ɤ ɧɢɦ. ɉɨɥɭɱɟɧɵ ɦɨɧɨɤɥɨɧɚɥɶɧɵɟ ɥɟɝɤɢɟ ɰɟɩɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɥɟɝɤɢɟ ɰɟɩɢ ɚɤɬɢɜɧɵ ɜ ɝɢɞɪɨɥɢɡɟ ɝɢɫɬɨɧɨɜ.
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Ⱥɧɧɨɬɚɰɢɹ
Ɇɨɥɨɤɨ ɢ ɦɨɥɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɢɝɪɚɸɬ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɩɢɬɚɧɢɢ 

ɥɸɞɟɣ. Ʌɟɱɟɛɧɵɟ ɢ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɥɨɤɚ ɨɛɭɫɥɨɜɥɟɧɵ 

ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɟɦ ɧɟ ɬɨɥɶɤɨ ɜɢɬɚɦɢɧɨɜ, ɦɢɤɪɨ- ɢ ɦɚɤɪɨɷɥɟɦɟɧɬɨɜ, 
ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ, ɮɟɪɦɟɧɬɨɜ, ɦɢɧɟɪɚɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɧɨ ɢ ɦɨɥɨɱɧɨ-
ɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ.

Abstract

Milk and milk products provide a wealth of nutrition benefi ts with 

their healthy contents along with the micro-fl ora these products 

carry. Authors were selected strains of lactic acid bacteria from raw 

goat milk.

Ɇɨɥɨɤɨ — ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɰɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ ɱɟɥɨɜɟɤɚ. 
Ɇɨɥɨɤɨ ɫɨɞɟɪɠɢɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɢɬɚɧɢɹ ɱɟɥɨɜɟɤɚ ɜɟɳɟɫɬɜɚ, 
ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɢ ɨɱɟɧɶ ɥɟɝ-
ɤɨ ɭɫɜɚɢɜɚɸɬɫɹ ɨɪɝɚɧɢɡɦɨɦ. Ɍɚɤɠɟ ɦɨɥɨɤɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚ-
ɬɭɪɚɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɜɵɞɟɥɟɧɢɹ ɤɭɥɶɬɭɪ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ 

ɫ ɜɚɠɧɵɦɢ ɢ ɰɟɧɧɵɦɢ ɞɥɹ ɦɨɥɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɛɢɨɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
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Ʉɨɡɶɟ ɦɨɥɨɤɨ ɤɚɤ ɩɢɬɚɬɟɥɶɧɵɣ ɫɭɛɫɬɪɚɬ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɨɪɨɜɶɟɝɨ 
ɩɨ ɫɨɫɬɚɜɭ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ, ɩɨ ɫɬɪɭɤ-
ɬɭɪɧɵɦ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ, ɨɛɥɚɞɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɜɵɫɨɤɨɣ ɤɢɫɥɨɬɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɛɭɫɥɨɜɥɟɧɚ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɨ-
ɥɨɱɧɵɯ ɛɟɥɤɨɜ ɢ ɫɭɯɢɯ ɜɟɳɟɫɬɜ [1]. Ɍɚɤɠɟ ɤɨɡɶɟ ɦɨɥɨɤɨ ɨɬɥɢɱɚɟɬɫɹ 
ɨɬ ɤɨɪɨɜɶɟɝɨ ɛɨɥɟɟ ɛɨɝɚɬɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɢɤɪɨ-, ɦɚɤɪɨɷɥɟɦɟɧɬɨɜ, ɜɢ-

ɬɚɦɢɧɨɜ, ɚɦɢɧɨɤɢɫɥɨɬ, ɩɨɧɢɠɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɨɥɟɫɬɟɪɢɧɚ ɢ ɜɵ-

ɪɚɠɟɧɧɵɦɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɉɪɨɫɥɟɠɢɜɚɸɬɫɹ ɫɭɳɟ-
ɫɬɜɟɧɧɵɟ ɨɬɥɢɱɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ ɢ ɪɚɡɦɟɪɚɯ (ɞɢɚɦɟɬɪɟ) ɠɢɪɨɜɵɯ ɲɚɪɢ-

ɤɨɜ ɤɨɪɨɜɶɟɝɨ ɢ ɤɨɡɶɟɝɨ ɦɨɥɨɤɚ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɭɫɜɨɹɟɦɨɫɬɶ ɩɪɨɞɭɤɬɚ. 
ɀɢɪɨɜɵɟ ɲɚɪɢɤɢ ɜ ɦɨɥɨɤɟ ɤɨɡ ɦɟɥɶɱɟ ɤɨɪɨɜɶɢɯ ɜ ɞɟɫɹɬɤɢ ɪɚɡ — ɷɬɨ 
ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɯɨɪɨɲɭɸ ɭɫɜɨɹɟɦɨɫɬɶ ɢ ɛɵɫɬɪɭɸ ɩɟɪɟ-
ɜɚɪɢɜɚɟɦɨɫɬɶ ɤɨɡɶɟɝɨ ɦɨɥɨɤɚ. Ʉɨɡɶɟ ɦɨɥɨɤɨ ɨɬɥɢɱɚɟɬɫɹ ɧɢɡɤɢɦ ɫɨɞɟɪ-
ɠɚɧɢɟɦ ɥɚɤɬɨɡɵ ɧɚ 13 % ɦɟɧɶɲɟ, ɱɟɦ ɜ ɤɨɪɨɜɶɟɦ ɦɨɥɨɤɟ [2]. 

ɂɡ ɜɫɟɝɨ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɤɨɡɶɟ ɦɨɥɨɤɨ 
ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɫɜɨɟɦɭ ɫɨɫɬɚɜɭ ɨɬ ɤɨɪɨɜɶɟɝɨ ɦɨɥɨɤɚ: ɨɛ-

ɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɛɟɥɤɚ, ɠɢɪɚ, ɜɢɬɚɦɢɧɨɜ, ɦɢɤɪɨ- ɢ ɦɚɤɪɨɷɥɟɦɟɧɬɨɜ 
ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɭ ɤɨɡɶɟɝɨ ɦɨɥɨɤɚ ɱɟɦ ɭ ɤɨɪɨɜɶɟɝɨ, ɚ ɫɨɞɟɪɠɚɧɢɟ 
ɥɚɤɬɨɡɵ ɧɢɠɟ. ɗɬɨɬ ɚɪɝɭɦɟɧɬ ɜɚɠɟɧ ɞɥɹ ɥɸɞɟɣ ɫ ɧɟɩɟɪɟɧɨɫɢɦɨɫɬɶɸ 

ɥɚɤɬɨɡɵ.

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɥɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ 
ɲɬɚɦɦɵ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ. ɉɨɞɛɨɪ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɢɞɨɜ 
ɢ ɲɬɚɦɦɨɜ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ, ɨɛɥɚɞɚɸɳɢɯ ɩɨɥɟɡɧɵɦɢ ɫɜɨɣ-

ɫɬɜɚɦɢ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɚɭɱɧɵɯ ɨɫɧɨɜ ɢɯ ɪɚɰɢ-

ɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɦɟɞɢɰɢɧɵ, ɜɟɬɟɪɢɧɚɪɢɢ, ɛɢɨɥɨɝɢɢ. 

ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɩɪɢɦɟɧɟɧɢɹ ɦɨɥɨɱɧɨɤɢɫɥɵɯ 
ɛɚɤɬɟɪɢɣ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɧɵɯ ɫɜɨɣɫɬɜ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ 
ɲɬɚɦɦɚ [3]. 

ɉɨɷɬɨɦɭ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɧɚɭɱɧɵɣ ɩɨɢɫɤ ɜɵɫɨɤɨ-
ɚɤɬɢɜɧɵɯ ɲɬɚɦɦɨɜ, ɫɩɨɫɨɛɧɵɯ ɨɛɟɫɩɟɱɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɜ Ɋɟɫɩɭɛɥɢɤɢ Ɇɨɥɞɨɜɚ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ 

ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦɭ ɢɡɭɱɟɧɢɸ ɦɢɤɪɨɛɢɨ-
ɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɚɰɢɨɧɚɥɶɧɵɯ ɤɢɫɥɨ-ɦɨɥɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɜɵ-
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ɞɟɥɟɧɢɸ ɲɬɚɦɦɨɜ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ ɫ ɰɟɧɧɵɦɢ ɞɥɹ ɦɨɥɨɱ-
ɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. Ⱦɚɧɧɵɣ 

ɜɨɩɪɨɫ ɚɤɬɭɚɥɟɧ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɨɦɵɲɥɟɧɧɵɟ ɲɬɚɦɦɵ ɦɨɥɨɱɧɨ-
ɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ, ɞɟɩɨɧɢɪɨɜɚɧɧɵɟ ɜ ɤɨɥɥɟɤɰɢɹɯ ɪɚɡɧɵɯ ɫɬɪɚɧ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢ Ɋɟɫɩɭɛɥɢɤɢ Ɇɨɥɞɨɜɚ, ɜɵɞɟɥɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɤɨɪɨ-
ɜɶɟɝɨ ɦɨɥɨɤɚ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɡɚɤɜɚɫɤɢ ɹɜɥɹɸɬɫɹ ɩɪɟɞɦɟɬɨɦ 

ɢɦɩɨɪɬɚ.
ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɜɵɞɟɥɟɧɢɹ ɢɡ ɫɩɨɧɬɚɧɧɨɣ ɦɢ-

ɤɪɨɮɥɨɪɵ ɤɨɡɶɟɝɨ ɦɨɥɨɤɚ ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ, 

ɢɡɭɱɟɧɢɟ ɢ ɨɬɛɨɪ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɲɬɚɦɦɨɜ ɫ ɰɟɧɧɵɦɢ ɛɢɨɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɬɚɪɬɟɪɧɵɯ ɤɭɥɶɬɭɪ 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɟɪɦɟɧɬɢɪɨɜɚɧɧɵɯ ɦɨɥɨɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ.
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɭɠɢɥɢ ɨɛɪɚɡɰɵ ɤɨɡɶɟɝɨ ɦɨɥɨɤɚ, ɩɨɥɭ-

ɱɟɧɧɵɟ ɢɡ ɤɪɟɫɬɶɹɧɫɤɢɯ ɯɨɡɹɣɫɬɜ ɋɟɜɟɪɚ, ɐɟɧɬɪɚ ɢ ɘɝɚ Ɋɟɫɩɭɛɥɢɤɢ 

Ɇɨɥɞɨɜɚ.
ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɥɚɫɫɢɱɟɫɤɢɟ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟ-

ɫɤɢɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ Ȼɟɪɞɠɢ, 

ɜ ɦɨɞɢɮɢɤɚɰɢɢ ȼ. Ȼɨɝɞɚɧɨɜɚ, Ʌ. Ȼɚɧɧɢɤɨɜɨɣ, ɇ. Ʉɨɪɨɥɟɜɨɣ ɢ ȼ. ɋɟ-
ɦɟɧɢɯɢɧɨɣ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɨɬɛɨɪ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɦɨɥɨɱɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɲɬɚɦɦɨɜ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ [4].

Ɋɚɛɨɬɚ ɩɨ ɜɵɞɟɥɟɧɢɸ, ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ 
ɦɟɫɬɧɵɯ ɩɪɨɦɵɲɥɟɧɧɨ ɰɟɧɧɵɯ ɲɬɚɦɦɨɜ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟ-
ɪɢɣ, ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɪɟɝɢɨɧɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ ɢ ɦɟɫɬɧɨɦɭ 
ɫɵɪɶɸ ɩɪɢɨɛɪɟɬɚɟɬ ɧɚɭɱɧɵɣ ɢɧɬɟɪɟɫ. Ɇɟɫɬɧɵɟ ɲɬɚɦɦɵ ɧɟ ɬɨɥɶɤɨ 
ɩɪɨɹɜɥɹɸɬ ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɨ ɬɚɤɠɟ ɧɚɢɛɨɥɟɟ ɩɪɢɝɨɞɧɵ ɤ ɭɩɨ-

ɬɪɟɛɥɟɧɢɸ ɜ ɩɢɳɭ ɦɟɫɬɧɵɦ ɧɚɫɟɥɟɧɢɟɦ. ɬɚɤ ɤɚɤ ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ 
ɪɚɫɲɢɪɹɸɬɫɹ ɩɨɡɧɚɧɢɹ ɜ ɩɥɚɧɟ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ 
ɥɚɤɬɨɛɚɤɬɟɪɢɣ.

Ɉɛɪɚɡɰɵ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɪɚɡɧɵɯ ɪɚɣɨɧɨɜ ɫ ɰɟɥɶɸ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɢ ɢɡɭɱɟɧɢɹ ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɜɢɞɨɜɨɝɨ ɫɨɫɬɚɜɚ ɦɨɥɨɱɧɨɤɢɫ-
ɥɵɯ ɛɚɤɬɟɪɢɣ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɨɛɨɝɚɳɟɧɢɟ ɝɟɬɟɪɨɝɟɧɧɨɣ ɤɭɥɶ-
ɬɭɪɵ, ɜ ɫɬɟɪɢɥɶɧɨɦ ɨɛɟɡɠɢɪɟɧɧɨɦ ɦɨɥɨɤɟ ɢ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 25 °ɋ; 30 °ɋ; 45 °ɋ.
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ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɜɵɞɟɥɟɧɢɟ ɱɢɫɬɵɯ ɤɭɥɶ-
ɬɭɪ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ ɩɭɬɟɦ ɩɪɨɢɡɜɟɞɟɧɢɹ ɪɹɞɚ ɫɟɪɢɣɧɵɯ ɞɟ-
ɫɹɬɢɱɧɵɯ ɪɚɡɜɟɞɟɧɢɣ ɤɭɥɶɬɭɪ ɢ ɢɯ ɩɨɫɟɜɚ ɧɚ ɩɥɨɬɧɭɸ ɩɢɬɚɬɟɥɶɧɭɸ 

ɫɪɟɞɭ (ɚɝɚɪ ɫ ɝɢɞɪɨɥɢɡɨɜɚɧɧɵɦ ɦɨɥɨɤɨɦ); ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɟ 48 ɱɚ-
ɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (30 ± 1) °ɋ. ȼ ɫɭɦɦɟ ɛɵɥɨ ɨɬɨɛɪɚɧɨ 23 ɤɨɥɨɧɢɣ, 

ɨɛɥɚɞɚɜɲɢɟ ɮɨɪɦɨɣ, ɪɚɡɦɟɪɨɦ ɢ ɰɜɟɬɨɦ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɦɨɥɨɱ-
ɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ.

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɨɬɛɨɪɚ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟ-
ɪɢɣ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɚɤɬɢɜɧɨɦɭ ɫɤɜɚɲɢɜɚɧɢɸ ɦɨɥɨɤɚ ɫ ɨɛɪɚ-
ɡɨɜɚɧɢɟɦ ɩɥɨɬɧɨɝɨ ɫɝɭɫɬɤɚ ɫ ɱɢɫɬɵɦ ɤɢɫɥɨɦɨɥɨɱɧɵɦ ɜɤɭɫɨɦ. ɉɨɷɬɨ-
ɦɭ ɩɨɫɟɜ ɨɬɨɛɪɚɧɧɵɯ ɤɨɥɨɧɢɣ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɜ ɠɢɞɤɭɸ ɩɢɬɚɬɟɥɶ-
ɧɭɸ ɫɪɟɞɭ — ɜ 10 ɦɥ ɫɬɟɪɢɥɶɧɨɝɨ ɨɛɟɡɠɢɪɟɧɧɨɝɨ ɦɨɥɨɤɚ ɢ ɬɟɪɦɨɫɬɚ-
ɬɢɪɨɜɚɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (30 ± 1) °ɋ 24–48 ɱɚɫɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɪɟɦɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤɨɧɫɢɫɬɟɧɰɢɢ ɫɝɭɫɬɤɚ. Ɉɩɵɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɪɚɡɥɢɱɧɵɟ ɲɬɚɦɦɵ ɩɪɨɹɜɥɹɥɢ ɪɚɡɥɢɱɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɞɚɧɧɨɣ ɫɪɟ-
ɞɟ ɢ ɜɪɟɦɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɝɭɫɬɤɚ ɜɚɪɶɢɪɨɜɚɥɨ ɨɬ 18 ɱɚɫɨɜ ɞɨ 72 ɱɚ-
ɫɨɜ. ɇɟ ɜɫɟ ɲɬɚɦɦɵ ɨɛɪɚɡɨɜɵɜɚɥɢ ɨɞɧɨɪɨɞɧɵɣ ɫɝɭɫɬɨɤ ɛɟɡ ɩɪɢɡɧɚ-
ɤɨɜ ɝɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɜɵɞɟɥɟɧɢɟɦ ɫɵɜɨɪɨɬɤɢ. ɂɡ 
23 ɲɬɚɦɦɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɝɭɫɬɨɤ ɡɚ 24–48 ɱɚɫɨɜ ɨɛɪɚɡɨɜɚɥɢ 

ɥɢɲɶ 12 ɲɬɚɦɦɨɜ.
Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɱɢɫɬɨɬɵ ɤɭɥɶɬɭɪ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɤɥɟɬɨɤ. ȼɵɞɟɥɟɧɧɵɟ ɲɬɚɦɦɵ ɩɨ ɮɨɪɦɟ ɢ ɪɚɫɩɨɥɨɠɟɧɢɸ ɤɥɟɬɨɤ ɨɤɚ-
ɡɚɥɢɫɶ ɤɨɤɤɚɦɢ ɢ ɞɢɩɥɨɤɨɤɤɚɦɢ, ɫɩɨɫɨɛɧɵɦɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɥɢɧ-

ɧɵɯ ɢ ɤɨɪɨɬɤɢɯ ɰɟɩɨɱɟɤ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɨɜɩɚɞɚɸɬ ɫ ɥɢɬɟɪɚ-
ɬɭɪɧɵɦɢ ɨ ɬɢɩɢɱɧɨɣ ɞɥɹ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ ɮɨɪɦɨɣ ɢ ɪɚɫɩɨ-
ɥɨɠɟɧɢɟɦ ɤɥɟɬɨɤ [1].

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɚɠɞɵɣ ɢɡ 12 ɜɵɞɟɥɟɧɧɵɯ 
ɲɬɚɦɦɨɜ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɩɪɨɜɟɪɤɟ ɩɨ ɫɟɪɢɢ ɬɟɫɬɨɜ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟ-
ɧɢɹ ɟɝɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɦɨɥɨɱɧɨɤɢɫɥɵɦ ɛɚɤɬɟɪɢɹɦ ɢ ɢɞɟɧɬɢɮɢɤɚ-
ɰɢɢ. ɉɨɫɥɟ ɪɹɞɚ ɬɟɫɬɨɜ ɧɚ ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ.
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Ɏɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɬɚɦɦɨɜ 

ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɤɨɡɶɟɝɨ ɦɨɥɨɤɚ

ɉɨɤɚɡɚɬɟɥɢ

1

ɒɬɚɦɦɵ

4 7 8 11 13 15 18 19 21 22 23

Ɉɛɪɚɡɨɜɚɧɢɟ ɤɚɬɚɥɚɡɵ – + – – – – – – – – – +

Ɉɛɪɚɡɨɜɚɧɢɟ CO
2
 ɢɡ 

ɝɥɸɤɨɡɵ
– – – – – – – – – – – –

Ɉɛɪɚɡɨɜɚɧɢɟ 
ɞɢɚɰɟɬɢɥɚ

– – – – – – – + – – – –

Ɉɛɪɚɡɨɜɚɧɢɟ ɚɦɦɢɚɤɚ 
ɢɡ ɚɪɝɢɧɢɧɚ

+ – – – + + – + – + + –

Ɋɨɫɬ ɜ ɦɨɥɨɤɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 30°C 

ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɥɚɤɦɭɫɨɜɨɝɨ ɦɨɥɨɤɚ

+ + + + + + + + + + + +

Ɋɨɫɬ ɜ ɦɨɥɨɤɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 45°C

– – – – – – – – – – – –

ɍɫɬɨɣɱɢɜɨɫɬɶ 
ɤ ɧɚɝɪɟɜɚɧɢɸ, 

30 ɦɢɧ

60 °C + + + + + + + + + + + +

65 °C – – – – – – – – – – – –

Ɋɨɫɬ ɜ ɦɨɥɨɤɟ, 
ɫɨɞɟɪɠɚɳɟɦ 

ɦɟɬɢɥɟɧɨɜɵɣ 

ɝɨɥɭɛɨɣ, 0,1 %

+ + + + + + + + + + + +

Ɋɨɫɬ ɜ ɦɨɥɨɤɟ, 
ɫɨɞɟɪɠɚɳɟɦ 

NaCl

2 % + + + + + + + + + + + +

4 % + – – – + + – + – + + +

6,5 % – – – – – – – + – – – –

Ɋɨɫɬ ɜ ɦɨɥɨɤɟ, 
ɫɨɞɟɪɠɚɳɟɦ 

ɠɟɥɱɶ

20 % + + + + + + + + + + + +

40 % + + + + + + + + + + + +

Ɋɨɫɬ ɩɪɢ pH 9,2 + + – – + + – + – + + +

9,6 – – – – – – – – – – – –

ɋɛɪɚɠɢɜɚɧɢɟ 
ɭɝɥɟɜɨɞɨɜ

+ – + + + + + + + + + –
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ɉɨ ɤɨɦɩɥɟɤɫɭ ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɬɟɫɬɨɜ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, 
ɱɬɨ 10 ɢɡ 12 ɲɬɚɦɦɨɜ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɥɨɱɧɨɤɢɫɥɵɦ ɛɚɤɬɟɪɢɹɦ.

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɫɨɧɨɦɢɱɟ-
ɫɤɭɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɲɬɚɦɦɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ-
ɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡ 10 ɲɬɚɦ-

ɦɨɜ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ, 5 ɲɬɚɦɦɨɜ ɨɬɧɨɫɹɬɫɹ ɤ Lactococcus 

lactis subsp. lactis, 4 ɲɬɚɦɦɚ — Lactococcus lactis subsp. cremoris, 

1 ɲɬɚɦɦ — Lactococcus lactis subsp. diacetylactis. ȼɫɟ ɷɬɢ ɩɪɢɡɧɚɤɢ 

ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ 10 ɜɵɞɟɥɟɧɧɵɯ ɲɬɚɦɦɨɜ ɤ ɦɟɡɨɮɢɥɶ-
ɧɵɦ ɦɨɥɨɱɧɵɦ ɥɚɤɬɨɤɨɤɤɚɦ ɫ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɫɤɜɚɲɢɜɚɧɢɹ 
ɦɨɥɨɤɚ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟɧɧɭɸ ɰɟɧɧɨɫɬɶ ɜɵɞɟɥɟɧɧɵɯ ɲɬɚɦɦɨɜ ɢ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɤ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɸ ɜ ɦɨɥɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.

Ʌɢɬɟɪɚɬɭɪɚ
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɩɢɞɟɦɢɹ Ɂɢɤɚ ɫɬɚɥɚ ɭɝɪɨɡɨɣ ɜɫɟɦɭ ɦɢɪɭ. ȼɢɪɭɫ 

Ɂɢɤɚ ɩɟɪɟɞɚɟɬɫɹ ɥɸɞɹɦ ɱɟɪɟɡ ɭɤɭɫɵ ɡɚɪɚɠɟɧɧɵɯ ɤɨɦɚɪɨɜ ɪɨɞɚ Aedes. 

Ⱦɚɧɧɵɣ ɩɚɬɨɝɟɧ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɫɟɪɶɟɡɧɵɟ ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɟ ɨɫɥɨɠ-

ɧɟɧɢɹ ɢ ɜɪɨɠɞɟɧɧɵɟ ɩɨɪɨɤɢ ɪɚɡɜɢɬɢɹ ɭ ɩɥɨɞɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɚɤ-
ɰɢɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɬɢɜ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ.

Abstract

Currently Zika epidemic is a threat to the world. The Zika virus is 

transmitted to humans through the bites of infected mosquitoes of 

the genus Aedes. This pathogen can cause severe neurological 

complications and congenital malformation in the fetus. At present, 

vaccine preparations against this disease does not exist.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɢɯɨɪɚɞɤɚ Ɂɢɤɚ ɧɨɫɢɬ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɣ ɯɚ-
ɪɚɤɬɟɪ ɜ ɘɠɧɨɣ ɢ ɐɟɧɬɪɚɥɶɧɨɣ Ⱥɦɟɪɢɤɟ, ɚ ɬɚɤɠɟ ɜ Ʉɚɪɢɛɫɤɨɦ ɛɚɫ-
ɫɟɣɧɟ (Anthony S. Fauci, M.D., 2016). ɋɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɧɨɫɚ 
ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɢɪɭɫɚ Ɂɢɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɸ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚ-
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ɰɢɢ, ɜ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɬɨɤɚ ɬɭɪɢɫɬɨɜ ɜ ɫɬɪɚɧɵ, ɷɧɞɟɦɢɱɧɵɟ ɩɨ 
ɞɚɧɧɨɦɭ ɡɚɛɨɥɟɜɚɧɢɟɦ.

Ɍɚɤ ɤɚɤ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɢɧɚɤɬɢɜɢɪɨɜɚɧɵɯ 
ɢ ɫɭɛɴɟɞɢɧɢɱɧɵɯ ɜɚɤɰɢɧ ɩɪɨɬɢɜ Ɂɢɤɚ, ɚ ɩɪɢɦɟɧɟɧɢɟ ɠɢɜɵɯ ɚɬɬɟɧɭɢ-

ɪɨɜɚɧɧɵɯ ɜɚɤɰɢɧ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɤ ɩɪɢɦɟɧɟɧɢɸ ɬɨɥɶɤɨ ɧɚ ɷɧɞɟɦɢɱ-
ɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɬɨ ɞɥɹ ɡɚɳɢɬɵ ɧɚɫɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɛɟɡɨɩɚɫɧɵɟ ɝɟɧɧɨ-ɢɧɠɟɧɟɪɧɵɟ ɜɚɤɰɢɧɵ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ 
ɜɟɤɬɨɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɷɤɫɩɪɟɫɫɢɸ ɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ ɜɢɪɭɫɚ 
Ɂɢɤɚ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɢɧɞɭɰɢɪɭɸɳɢɯ ɩɪɨɬɟɤɬɢɜɧɵɣ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ. 
Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɬɶ ɷɤɫɩɪɟɫɫɢɨɧɧɭɸ ɩɥɚɬɮɨɪɦɭ ɞɥɹ ɩɨ-
ɥɭɱɟɧɢɹ ɤɚɧɞɢɞɚɬɧɵɯ ɫɭɛɴɟɞɢɧɢɱɧɵɯ ɜɚɤɰɢɧ.

ȼ ɯɨɞɟ ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɝɟɧɨɦɚ ɜɢɪɭɫɚ Ɂɢɤɚ ɪɚɫɫɱɢ-

ɬɚɧɚ ɢ ɫɢɧɬɟɡɢɪɨɜɚɧɚ ɪɟɤɨɦɛɢɧɚɧɬɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ ɦɢ-

ɧɢɝɟɧɨɦ ɭɤɚɡɚɧɧɨɝɨ ɜɢɪɭɫɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɷɤɫɩɪɟɫɫɢɸ ɢ ɮɨɥɞɢɧɝ 
ɯɢɦɟɪɧɨɝɨ ɩɨɥɢɩɟɩɬɢɞɚ, ɚɧɚɥɨɝɢɱɧɵɟ ɩɪɢ ɜɢɪɭɫɧɨɣ ɪɟɩɪɨɞɭɤɰɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɜɟɤɬɨɪɚ ɷɤɫɩɪɟɫɫɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɡɞɦɢɞɭ phMGFP, ɫɨ-
ɞɟɪɠɚɳɭɸ ɰɢɬɨɦɟɝɚɥɨɜɢɪɭɫɧɵɣ ɩɪɨɦɨɬɨɪ ɢ ɫɢɝɧɚɥ ɩɨɥɢɚɞɟɧɢɥɢɪɨ-
ɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɢɣ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɭɪɨɜɟɧɶ 
ɰɟɥɟɜɨɝɨ ɝɟɧɚ. Ʉɥɨɧɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɚɣɬɚɦ ɪɟɫɬɪɢɤɰɢɢ SacI 

ɢ XbaI, ɩɨ ɨɛɳɟɩɪɢɧɹɬɵɦ ɦɟɬɨɞɢɤɚɦ. ɉɨɫɥɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɫɟɤɜɟ-
ɧɢɪɨɜɚɧɢɟɦ ɰɟɥɨɫɬɧɨɫɬɢ ɷɤɫɩɪɟɫɫɢɨɧɧɨɣ ɤɚɫɫɟɬɵ, ɪɟɤɨɦɛɢɧɚɬɧɵɟ 
ɩɥɚɡɦɢɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɬɪɚɧɫɮɟɤɰɢɢ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ HEK293T.

Ⱥɧɚɥɢɡ ɷɤɫɩɪɟɫɫɢɢ ɬɪɚɧɫɮɢɰɢɪɨɜɚɧɧɨɣ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɩɪɨɜɨ-
ɞɢɥɢ ɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɟɣ ɩɨ ɭɪɨɜɧɸ ɷɤɫɩɪɟɫɫɢɢ GFP 

ɛɟɥɤɚ, ɜ ɫɨɫɬɚɜɟ ɨɬɤɪɵɬɨɣ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɩɥɚɡɦɢɞɵ. ɉɨɤɚɡɚɧɚ 
ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɥɨɤɚɥɢɡɚɰɢɹ GFP ɜ ɤɨɦɩɚɪɬɦɟɧɬɚɯ ɤɥɟɬɤɢ (ɷɧɞɨɩɥɚɡ-
ɦɚɬɢɱɟɫɤɢɣ ɪɟɬɢɤɭɥɭɦ ɢ ɤɨɦɩɥɟɤɫ Ƚɨɥɶɞɠɢ), ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɩɨ-
ɥɭɱɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɬɪɚɧɫɤɪɢɩɰɢɹ ɢ ɫɢɧɬɟɡ ɯɢɦɟɪ-
ɧɨɝɨ ɩɨɥɢɩɟɩɬɢɞɚ. ɉɨɫɥɟ ɨɰɟɧɤɢ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɩɥɚɧɢɪɭɟɬɫɹ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɩɨɥɢ-

ɩɟɩɬɢɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɢɪɭɫɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫɵɜɨɪɨɬɨɤ ɤɪɨɜɢ 

ɜ ɢɦɦɭɧɨɛɥɨɬɢɧɝɟ ɢ/ɢɥɢ ɌɎ-ɂɎȺ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɧɧɭɸ 

ɦɢɤɪɨɫɤɨɩɢɸ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɜɢɪɭɫɨ-
ɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ.
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Ⱥɧɧɨɬɚɰɢɹ
ɂɦɦɭɧɨɫɭɩɪɟɫɫɢɜɧɵɣ ɩɪɟɩɚɪɚɬ ɬɚɤɪɨɥɢɦɭɫ, ɩɪɨɞɭɰɢɪɭɟɦɵɣ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɦ Streptomyces tsukubaensis, ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɭɩɩɟ ɩɪɢ-

ɪɨɞɧɵɯ ɦɚɤɪɨɥɢɞɨɜ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɢ ɥɟɱɟɧɢɹ 
ɨɬɬɨɪɠɟɧɢɹ ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɚ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ, ɩɟɱɟɧɢ, ɩɨɱɟɤ ɢ ɫɟɪɞ-

ɰɚ. Ɉɬɫɭɬɫɬɜɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɫɨɤɨɩɪɨɞɭɤɬɢɜɧɵɯ ɲɬɚɦɦɨɜ-
ɩɪɨɞɭɰɟɧɬɨɜ ɫɭɛɫɬɚɧɰɢɢ ɬɚɤɪɨɥɢɦɭɫ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɡɚ-
ɬɪɭɞɧɹɟɬ ɟɝɨ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. 
ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɍɎ-

ɦɭɬɚɝɟɧɟɡɚ ɛɵɥ ɩɨɥɭɱɟɧ ɜɵɫɨɤɨɚɤɬɢɜɧɵɣ ɲɬɚɦɦ Streptomyces 

tsukubaensis Ɍ41–5, ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɢɥɚ 0.25 ± 0.03 ɝ/ɥ 
ɫɭɛɫɬɚɧɰɢɢ ɬɚɤɪɨɥɢɦɭɫ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬ-
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ɧɨɝɨ ɫɨɫɬɚɜɚ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɵ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɜ ɧɟɟ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɚɡɨɬɧɨɝɨ ɢ ɭɝɥɟɪɨɞɧɨɝɨ ɩɢɬɚɧɢɹ, ɩɪɨɞɭɤɬɢɜ-
ɧɨɫɬɶ ɲɬɚɦɦɚ ɫɨɫɬɚɜɢɥɚ 0.4 ± 0.02 ɝ/ɥ ɢɦɦɭɧɨɫɭɩɪɟɫɫɚɧɬɚ. Ⱦɨɛɚɜɥɟɧɢɟ 
ɜ ɮɟɪɦɟɧɬɚɰɢɨɧɧɭɸ ɫɪɟɞɭ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɚɞɫɨɪɛɢɪɭɸɳɟɣ ɫɦɨɥɵ 

DIAION HP20 ɜ ɤɨɥɢɱɟɫɬɜɟ 2 %, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɢɟ ɦɚɫɲɬɚɛɢɪɨɜɚ-
ɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɛɢɨɫɢɧɬɟɡɚ ɞɥɹ ɝɥɭɛɢɧɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɜ 100-ɥ 
ɛɢɨɪɟɚɤɬɨɪɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ ɪɇ (7.0) ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫ-
ɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ (30 %), ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɬɚ-
ɤɪɨɥɢɦɭɫɚ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɞɨ 1.0 ± 0.1 ɝ/ɥ. 

Abstract

Immunosuppressive drug tacrolimus produced by Streptomyces 

tsukubaensis belongs to the group of natural macrolides and is 

used to prevent or treat the rejection of transplanted liver, kidney, 

heart, and bone marrow allograft. To date, the lack of highly-pro-

ductive strains and effi cient technologies of tacrolimus biosynthesis 

complicates the commercial production of this drug.

A high-yield Streptomyces tsukubaensis T41–5 strain, which pro-

ductivity made 0.25 ± 0.03 g/L of tacrolimus, has been obtained by 

a multi-stage UV mutagenesis. After the optimization of the fermen-

tation medium composition using additional sources of nitrogen and 

carbon, the strain productivity reached 0.4 ± 0.02 g/L. The addition 

of a synthetic adsorption resin DIAION HP20 to the fermentation 

medium in the amount of 2 % and the scaling-up of the process for 

submerged culturing in a 100-L bioreactor accompanied with the 

optimization of the medium pH (7.0) and dissolved oxygen concen-

tration (30 %), increased the tacrolimus concentration in a culture 

broth to 1.0 ± 0.1 g/L.

ȼɩɟɪɜɵɟ ɬɚɤɪɨɥɢɦɭɫ ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɦɢ-

ɤɪɨɨɪɝɚɧɢɡɦɚ Streptomyces tsukubaensis, ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɜ ɩɨɱɜɟ ɜ ɪɚɣ-

ɨɧɟ ɝ. ɐɭɤɭɛɵ (əɩɨɧɢɹ) [1]. ɂɡɧɚɱɚɥɶɧɨ ɬɚɤɪɨɥɢɦɭɫ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɞɥɹ ɥɟɱɟɧɢɹ ɩɚɰɢɟɧɬɨɜ, ɩɟɪɟɧɟɫɲɢɯ 
ɬɪɚɧɫɩɥɚɧɬɚɰɢɸ ɨɪɝɚɧɨɜ, ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɬɬɨɪɠɟɧɢɹ ɬɪɚɧɫ-
ɩɥɚɧɬɚɬɚ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɬɚɤɪɨɥɢɦɭɫ ɜɵɡɵɜɚɥ 
ɭɥɭɱɲɟɧɢɟ ɬɟɱɟɧɢɹ ɮɨɧɨɜɵɯ ɞɟɪɦɚɬɨɡɨɜ ɭ ɩɚɰɢɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɥɭ-
ɱɚɥɢ ɟɝɨ ɜ ɫɜɹɡɢ ɫ ɩɟɪɟɧɟɫɟɧɧɨɣ ɬɪɚɧɫɩɥɚɧɬɚɰɢɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬ-
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ɤɪɵɬɢɟ ɬɚɤɪɨɥɢɦɭɫɚ ɩɪɢɜɟɥɨ ɤ ɥɭɱɲɟɦɭ ɩɨɧɢɦɚɧɢɸ ɩɚɬɨɝɟɧɟɡɚ ɪɹɞɚ 
ɤɨɠɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɚɬɨɩɢɱɟɫɤɨɝɨ ɞɟɪɦɚɬɢɬɚ [2]. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɲɬɚɦɦɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɲɬɚɦɦ Streptomyces 

tsukubaensis AC-1962. ɉɪɨɞɭɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɲɬɚɦɦɚ ɫɨɫɬɚɜɥɹɥɚ 
ɦɟɧɟɟ 0.1 ɝ/ɥ ɬɚɤɪɨɥɢɦɭɫɚ. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ 
ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɍɎ-ɦɭɬɚɝɟɧɟɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɪɨɬɤɨɜɨɥɧɨ-
ɜɨɣ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ (100–280 ɧɦ) ɥɚɦɩɵ Short Wave Ultra-violet 

Mineralight (ɋɒȺ) ɦɨɳɧɨɫɬɶɸ 12.5 ȼɬ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɪɚɫɫɬɨɹ-
ɧɢɢ 40 ɫɦ ɨɬ ɨɛɥɭɱɚɟɦɨɣ ɫɭɫɩɟɧɡɢɢ, ɛɵɥ ɩɨɥɭɱɟɧ ɧɨɜɵɣ ɜɵɫɨɤɨɩɪɨ-
ɞɭɤɬɢɜɧɵɣ ɲɬɚɦɦ Streptomyces tsukubaensis Ɍ41–5, ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 
ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɢɥɚ 0.25 ± 0.03 ɝ/ɥ ɫɭɛɫɬɚɧɰɢɢ ɬɚɤɪɨɥɢɦɭɫ. 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɚ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɵ 

ɩɭɬɟɦ ɡɚɦɟɧɵ ɦɚɥɶɬɞɟɤɫɬɪɢɧɚ ɧɚ ɤɭɤɭɪɭɡɧɵɣ ɞɟɤɫɬɪɢɧ, ɭɜɟɥɢɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɸɤɨɡɵ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɥɟɧɢɹ ɜ ɮɟɪɦɟɧɬɚɰɢɨɧɧɭɸ ɫɪɟ-
ɞɭ ɫɭɯɢɯ ɚɤɬɢɜɧɵɯ ɞɪɨɠɠɟɣ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 15 ɝ/ɥ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 
ɲɬɚɦɦɚ ɛɵɥɚ ɩɨɜɵɲɟɧɚ ɞɨ 0.4 ± 0.02 ɝ/ɥ. 
ɉɪɨɜɟɞɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɢɧɬɟɬɢɱɟ-

ɫɤɢɯ ɚɞɫɨɪɛɢɪɭɸɳɢɯ ɫɦɨɥ ɞɥɹ ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ ɫɜɹɡɵɜɚɧɢɹ ɬɚɤɪɨ-
ɥɢɦɭɫɚ ɢ ɭɦɟɧɶɲɟɧɢɹ ɷɮɮɟɤɬɚ ɫɚɦɨɢɧɝɢɛɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɨ, ɱɬɨ 
ɧɚɢɥɭɱɲɢɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ 

ɚɞɫɨɪɛɢɪɭɸɳɟɣ ɫɦɨɥɵ DIAION HP20 ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 2 % ɨɬ ɨɛɳɟ-
ɝɨ ɨɛɴɟɦɚ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɵ; ɩɪɢ ɷɬɨɦ ɤɨɧɟɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɬɚɤɪɨɥɢɦɭɫɚ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɞɨɫɬɢɝɥɚ 0.65 ±0.04 ɝ/ɥ.
ȼ ɯɨɞɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɛɵɥɨ ɢɡ-

ɭɱɟɧɨ ɜɥɢɹɧɢɟ ɭɪɨɜɧɹ ɪɇ ɧɚ ɛɢɨɫɢɧɬɟɡ ɬɚɤɪɨɥɢɦɭɫɚ ɜ 100-ɥ ɛɢɨɪɟ-
ɚɤɬɨɪɟ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɟ ɫɥɟ-
ɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ (ɝ/ɥ): ɝɥɸɤɨɡɚ — 35, ɤɭɤɭɪɭɡɧɵɣ ɞɟɤɫɬɪɢɧ — 15, 

ɞɪɨɠɠɟɜɨɣ ɷɤɫɬɪɚɤɬ — 5, ɤɭɤɭɪɭɡɧɵɣ ɷɤɫɬɪɚɤɬ ɫɝɭɳɟɧɧɵɣ — 5, ɫɭɯɢɟ 
ɞɪɨɠɠɢ — 15, CaCO

3 
— 2, ɪɚɫɬɜɨɪ ɫɨɥɟɣ ɜ 100 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

ɜɨɞɵ (FeSO
4
 x 7H

2
O — 2,4 ɝ, MgCl

2
 x 4H

2
O — 4,2 ɝ, CuCl

2
 x 2H

2
O — 

1,2 ɝ, ZnSO
4
 x 7H

2
O — 8,4 ɝ) — 83 ɦɤɥ, ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ — ɞɨ 

1 ɥ. Ɏɟɪɦɟɧɬɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ 27°ɋ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɬɟɫɬɢɪɨɜɚɥɢ 

ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɪɇ: 4.0, 5.0, 6.0, 7.0, 8.0. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ 

ɞɚɧɧɵɦ, ɧɚɢɥɭɱɲɚɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ (0.86 ± 0.05 ɝ/ɥ) ɛɵɥɚ ɩɨɥɭɱɟɧɚ 
ɩɪɢ ɩɨɞɞɟɪɠɚɧɢɢ ɪɇ ɧɚ ɭɪɨɜɧɟ 7.0 (ɪɢɫ. 1).
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Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɡɧɚɱɟɧɢɹ pH ɫɪɟɞɵ ɧɚ ɛɢɨɫɢɧɬɟɡ ɬɚɤɪɨɥɢɦɭɫɚ

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɤɭɥɶɬɭɪɚɥɶ-
ɧɨɣ ɠɢɞɤɨɫɬɢ ɤɢɫɥɨɪɨɞɚ ɧɚ ɫɢɧɬɟɡ ɬɚɤɪɨɥɢɦɭɫɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸ-

ɳɢɟ ɡɧɚɱɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ: 15 %; 20 %; 25 %; 30 %; 35 %; 

40 %; 45 % ɢ 50 %. ɗɤɫɩɟɪɢɦɟɧɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ 100-ɥ ɛɢɨɪɟɚɤɬɨɪɟ 
ɩɪɢ 27°ɋ. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ, ɧɚɢɥɭɱɲɚɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 
(1.0 ± 0.1 ɝ/ɥ) ɛɵɥɚ ɞɨɫɬɢɝɧɭɬɚ ɩɪɢ ɡɧɚɱɟɧɢɢ pO

2 
= 30 % (ɪɢɫ. 2).

Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɡɧɚɱɟɧɢɹ ɪɈ
2
 ɧɚ ɛɢɨɫɢɧɬɟɡ ɬɚɤɪɨɥɢɦɭɫɚ



p=ƒąел 118

Ʌɢɬɟɪɚɬɭɪɚ

1. Ruzicka T., Assmann T., Homey B. Tacrolimus: The drug for the 

turn of the millennium // Arch Dermatol, 1999; №16. ɋ. 574–580.

2. Michel G., Kemeny L., Homey B., Ruzicka T. FK506 in the treatment 

of infl ammatory skin disease: promises and perspectives // Immunol 

Today 1996; 17. ɋ. 106–108.

ɈɐȿɇɄȺ ɐɂɌɈɌɈɄɋɂɑɇɈɋɌɂ 

ȺɄɌȿɊɂȺɅɖɇɈɃ ɐȿɅɅɘɅɈɁɕ, ɋɂɇɌȿɁɂɊɍȿɆɈɃ 

ɒɌȺɆɆɈɆ GLUCONACETOBACTER HANSENII

ASSESSMENT OF CYTOTOXICITY OF BACTERIAL 

CELLULOSE, SYNTHESIZED BY A STRAIN 

GLUCONACETOBACTER HANSENII

Ⱥ. Ƚ. Ⱦɟɦɱɟɧɤɨ, ɂ. ɘ. ɉɟɬɪɭɯɢɧ, ȼ. ȼ. Ʉɚɲɢɪɢɧ 

ɎȽȻɈɍ ȼɈ ɉɟɪɜɵɣ ɆȽɆɍ ɢɦ. ɂ. Ɇ. ɋɟɱɟɧɨɜɚ Ɇɢɧɡɞɪɚɜɚ Ɋɨɫɫɢɢ

A. G. Demchenko, I. U. Petruchin, V. V. Kashirin

First MSMU, Russian Federation 

Ⱥɧɧɨɬɚɰɢɹ
Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ, ɫɢɧɬɟɡɢɪɭɟɦɚɹ ɲɬɚɦɦɨɦ Glucona-

cetobacter hansenii GH-1/2008, ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ ɨɛɴɟɤɬɨɦ ɜ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɨɣ ɦɟɞɢɰɢɧɟ. Ɇɚɬɪɢɤɫ ɧɚ ɨɫɧɨɜɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɦɨ-
ɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɜ ɮɨɪɦɟ ɩɥɟɧɨɤ ɢɥɢ ɜ ɮɨɪɦɟ ɫɮɟɪɢɱɟɫɤɢɯ ɩɟɥɥɟɬ. 
Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ ɧɟ ɨɛɥɚɞɚɟɬ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ, ɱɬɨ ɛɵɥɨ 
ɞɨɤɚɡɚɧɨ ɩɪɨɜɟɞɟɧɧɵɦ ɆɌɌ-ɬɟɫɬɨɦ ɩɨ ɦɟɬɨɞɭ Ɍ. Ɇɨɫɫɦɚɧɚ ɫ ɩɪɢ-

ɦɟɧɟɧɢɟɦ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ Vero ɢ MCF-7.
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Abstract

Bacterial cellulose is synthesized by a strain of Gluconacetobacter 

hansenii GH-1/2008, a new object is in regenerative medicine. Ma-

trix of bacterial cellulose can be obtained in the form of fi lms or in 

the form of spherical pellet. Bacterial cellulose has no cytotoxicity, it 

has been proven MTT assay conducted by the method of T. Moss-

man using a cell lines Vero and MCF-7.

Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɚɧɚɥɨɝɚɦɢ, ɬɚɤɢɦɢ, ɤɚɤ ɯɢɬɢɧ, ɯɢɬɨɡɚɧ, 

ɨɤɫɢɚɥɤɚɧɨɚɬɵ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɢɪɨɞɧɵɣ ɩɨɥɢɫɚɯɚɪɢɞ, 

ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɩɪɢɦɟɫɟɣ, ɢɦɟɟɬ ɫɟɬɱɚɬɭɸ ɢ ɭɩɨɪɹɞɨɱɟɧɧɭɸ ɧɚɧɨ-
ɫɬɪɭɤɬɭɪɭ ɦɢɤɪɨɮɢɛɪɢɥɥ, ɨɛɥɚɞɚɟɬ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ, ɷɥɚɫɬɢɱ-
ɧɨɫɬɶɸ ɢ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶɸ. Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɞɥɹ ɬɪɭɞɧɨ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ 
ɷɭɤɚɪɢɨɬ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɟɬ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɩɪɨɪɚɫɬɚɧɢɸ ɱɟɪɟɡ ɧɟɟ ɤɥɟɬɨɤ ɢ ɫɨɫɭɞɨɜ.

 ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɰɟɥɥɸɥɨɡɭ ɫɢɧɬɟɡɢɪɭɸɬ ɧɟɛɨɥɶɲɨɟ 
ɱɢɫɥɨ ɩɪɨɤɚɪɢɨɬ, ɩɪɢ ɷɬɨɦ ɫɜɨɣɫɬɜɚ ɟɟ ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ, ɩɨɷɬɨɦɭ 
ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɜ ɩɪɚɤɬɢɤɟ. Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɫɧɨɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ-
ɫɜɹɳɟɧɵ ɩɨɥɢɦɟɪɭ ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ, ɫɢɧɬɟɡɢɪɭɟɦɨɦɭ ɩɪɨ-
ɞɭɰɟɧɬɨɦ G. xylinum. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɲɬɚɦɦɵ ɜɢɞɚ Gluconacetobacter 

hansenii ɫɢɧɬɟɡɢɪɭɸɬ ɧɟ ɬɨɥɶɤɨ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɰɟɥɥɸɥɨɡɭ, ɧɨ ɢ ɨɥɢ-

ɝɨɦɟɪɵ ɝɥɸɤɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ [1, 2, 3]. Ɉɞɧɚɤɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ 
ɩɨɥɢɦɟɪɚ, ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɲɬɚɦɦɚɦɢ G. hansenii, ɦɚɥɨɱɢɫɥɟɧɧɵ.

ɐɟɥɶɸ ɢɡɭɱɟɧɢɹ ɛɵɥɚ ɨɰɟɧɤɚ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɛɚɤɬɟɪɢɚɥɶ-
ɧɨɣ ɰɟɥɥɸɥɨɡɵ, ɫɢɧɬɟɡɢɪɭɟɦɨɣ ɲɬɚɦɦɨɦ G. hansenii GH-1/2008 

(ȼɄɉɆ ȼ-10547) [4].

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɲɬɚɦɦɚ G. hansenii ɛɚɤ-
ɬɟɪɢɚɥɶɧɭɸ ɰɟɥɥɸɥɨɡɭ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɜ ɮɨɪɦɟ ɩɟɥɥɟɬ ɫɮɟɪɢɱɟɫɤɨɣ 

ɮɨɪɦɵ (ɩɪɢ ɝɥɭɛɢɧɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ) ɢɥɢ ɩɥɟɧɨɤ (ɩɪɢ ɫɬɚɬɢɱɟ-
ɫɤɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ). Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥ-
ɥɸɥɨɡɵ ɲɬɚɦɦ Gluconacetobacter hansenii GH-1/2008 ɤɭɥɶɬɢɜɢɪɨɜɚ-
ɥɢ ɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɫɪɟɞɟ ɋ. ɏɟɪɫɢɧɚ 
ɢ Ɇ. ɒɪɚɦɦɚ [5] ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ, ɝ/ɥ: ɫɚɯɚɪɨɡɚ — 20, ɩɟɩɬɨɧ — 
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5, ɞɪɨɠɠɟɜɨɣ ɷɤɫɬɪɚɤɬ — 5, Na
2
HPO

4 
 — 2,7, ɦɨɧɨɝɢɞɪɚɬ ɥɢɦɨɧɧɨɣ 

ɤɢɫɥɨɬɵ — 1,15.

Ⱦɥɹ ɨɰɟɧɤɢ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɆɌɌ-ɬɟɫɬ ɩɨ ɦɟɬɨɞɭ Ɍ. Ɇɨɫɫɦɚɧɚ [6] ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɥɟɬɨɱ-
ɧɵɯ ɥɢɧɢɣ: ɷɩɢɬɟɥɢɣ ɩɨɱɤɢ ɡɟɥɟɧɨɣ ɨɛɟɡɶɹɧɵ-Vero ɢ ɤɥɟɬɤɢ ɚɞɟɧɨ-
ɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ-MCF-7.

Ʉɥɟɬɤɢ ɷɭɤɚɪɢɨɬ ɡɚɫɟɜɚɥɢ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 15 % ɨɬ ɦɨɧɨɫɥɨɹ 
(13,5*10^3-Vero; 9,5*10^3-MCF-7) ɧɚ ɨɛɪɚɡɰɵ ɛɢɨɩɨɥɢɦɟɪɨɜ ɜ ɜɢɞɟ 
ɤɪɭɝɥɵɯ ɦɟɦɛɪɚɧ ɫ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 0,3 ɫɦ2, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ ɨɬɞɟɥɶɧɵɟ ɥɭɧɤɢ 96-ɬɢ ɥɭɧɨɱɧɨɝɨ ɩɥɚɧ-

ɲɟɬɚ (Corning, ɋɒȺ). Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɩɨɥɧɨɣ ɩɢɬɚ-
ɬɟɥɶɧɨɣ ɫɪɟɞɟ DMEM (Invitrogen, ɋɒȺ), ɫɨɞɟɪɠɚɳɟɣ 10 % ɬɟɥɹɱɶɸ 

ɮɟɬɚɥɶɧɭɸ ɫɵɜɨɪɨɬɤɭ («HyClone Defi ned», HyClone, ɋɒȺ) ɢ 1 % 

ɩɟɧɢɰɢɥɥɢɧɚ/ɫɬɪɟɩɬɨɦɢɰɢɧɚ (Thermo). Ɉɛɴɟɦ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟ-
ɞɵ ɜ ɥɭɧɤɚɯ ɫɨɫɬɚɜɥɹɥ 250 ɦɤɥ. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ 
ɋɈ

2
-ɢɧɤɭɛɚɬɨɪɟ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɋɈ

2 
5 %, ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ 

95 % ɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɶɸ.

ɉɨɞɫɱɟɬ ɤɥɟɬɨɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɫɱɟɬɱɢɤɟ ɌC-10 (Bio-Rad) ɩɨ ɩɪɨ-
ɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɟɬɤɢ ɧɚ 
ɩɥɚɫɬɢɤɟ.
Ɋɟɡɭɥɶɬɚɬɵ ɆɌɌ-ɬɟɫɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ.
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɞɝɟɡɢɜɧɚɹ ɢ ɩɪɨɥɢ-

ɮɟɪɚɬɢɜɧɚɹ ɤɥɟɬɨɱɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɧɚ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ, 

ɱɟɦ ɜ ɤɨɧɬɪɨɥɟ. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɶɲɚɹ ɚɞɝɟɡɢɜɧɚɹ ɢ ɩɪɨɥɢɮɟɪɚɬɢɜɧɚɹ 
ɤɥɟɬɨɱɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɚɛɥɸɞɚɥɚɫɶ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɧɚ ɨɛɪɚɡɰɚɯ 
ɩɥɟɧɨɤ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɭɥɶɬɢ-

ɜɢɪɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 7 ɫɭɬɨɤ.
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ɆɌɌ-ɬɟɫɬɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ, ɱɬɨ ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨ-
ɡɚ ɧɟ ɨɛɥɚɞɚɟɬ ɜɵɪɚɠɟɧɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɢ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ 
ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɦɟɞɢɰɢɧɟ.
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ɉɨɤɚɡɚɬɟɥɢ ɆɌɌ-ɬɟɫɬɚ ɤɥɟɬɨɱɧɨɣ ɚɤɬɢɜɧɨɫɬɢ Vero ɢ MCF-7 ɩɪɢ ɤɭɥɶ-
ɬɢɜɢɪɨɜɚɧɢɢ ɧɚ ɨɛɪɚɡɰɚɯ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɵ (1 ɬɢɩ — ɛɚɤɬɟ-
ɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ, ɩɨɥɭɱɟɧɧɚɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ 7 ɫɭɬɨɤ; 
2 ɬɢɩ — ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥɥɸɥɨɡɚ, ɩɨɥɭɱɟɧɧɚɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟɦ ɜ ɬɟ-
ɱɟɧɢɟ 14 ɫɭɬɨɤ)
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Ⱥɧɧɨɬɚɰɢɹ
Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ ɞɜɭɫɩɢɪɚɥɶɧɨɣ ɊɇɄ ɛɚɤɬɟɪɢɨ-

ɮɚɝɚ φ6 ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɩɪɨɬɢɜɨɢɧɮɟɤɰɢɨɧɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɨɩɬɢɦɢɡɢɪɨɜɚɧ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɛɢɨɦɚɫɫɵ 

ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɢ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɨɱɢɫɬɤɢ ɟɝɨ ɞɫɊɇɄ, ɩɨɡɜɨɥɹɸ-

ɳɢɣ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɟ ɨɛɪɚɡɰɵ.

Abstract

The method of obtaining of the double-stranded RNA of the bacte-

riophage Φ6 for the creation of new anti-infectious preparations has 

been developed. For this purpose method of obtaining of the bac-

teriophage Φ6 biomass has been optimized and method of dsRNA 
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cleaning has been developed, which allows producing highly puri-

fi ed samples.

Ƚɪɢɩɩ ɢ ɨɫɬɪɵɟ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɜɢɪɭɫɧɵɟ ɢɧɮɟɤɰɢɢ (ɈɊȼɂ) ɨɬ-
ɧɨɫɹɬɫɹ ɤ ɧɚɢɛɨɥɟɟ ɦɚɫɫɨɜɵɦ ɢ ɩɨɜɫɟɦɟɫɬɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɡɚ-
ɛɨɥɟɜɚɧɢɹɦ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɱɚɫɬɵɦ ɨɫɥɨɠɧɟɧɢɹɦ ɢ ɛɨɥɶɲɢɦ ɷɤɨɧɨ-
ɦɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɩɪɨɬɢ-

ɜɨɢɧɮɟɤɰɢɨɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɫɬɪɚɬɟɝɢɱɟɫɤɨɣ 

ɡɚɞɚɱɟɣ ɦɟɞɢɰɢɧɵ.

ɉɪɟɩɚɪɚɬɵ, ɫɨɡɞɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɵɯ ɞɜɭɫɩɢɪɚɥɶɧɵɯ 
ɊɇɄ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɢɧɞɭɤɰɢɢ ɢɧɬɟɪɮɟɪɨɧɨɜ, ɚɤɬɢɜɢ-

ɪɭɸɬ ɦɚɤɪɨɮɚɝɢ ɢ ɧɟɣɬɪɨɮɢɥɵ, ɧɚɬɭɪɚɥɶɧɵɟ ɤɢɥɥɟɪɵ, ɭɫɢɥɢɜɚɸɬ 
Ɍ- ɢ ȼ-ɤɥɟɬɨɱɧɵɣ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ [1,2]. ɇɨ ɩɪɟɩɚɪɚɬ Ʌɚɪɢɮɚɧ, ɞɟɣ-

ɫɬɜɭɸɳɢɦ ɧɚɱɚɥɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɞɫɊɇɄ ɛɚɤɬɟɪɢɨɮɚɝɚ F2, ɨɬɥɢ-

ɱɚɟɬɫɹ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɩɨɛɨɱɧɵɯ ɷɮɮɟɤɬɨɜ; ɩɪɟɩɚɪɚɬ ɞɪɨɠɠɟɜɨɣ 

ɞɫɊɇɄ Ɋɢɞɨɫɬɢɧ ɧɟɷɮɮɟɤɬɢɜɟɧ ɜ ɨɬɧɨɲɟɧɢɢ ɪɹɞɚ ɫɟɦɟɣɫɬɜ ɜɢɪɭɫɨɜ.
Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɫɭɳɟɫɬɜɭɸɳɢɦ ɫɪɟɞɫɬɜɚɦ ɦɨɝɭɬ ɫɬɚɬɶ ɩɪɟɩɚɪɚɬɵ 

ɧɚ ɨɫɧɨɜɟ ɞɫɊɇɄ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6. Ɏɚɪɦɚɤɨɬɨɤɫɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, 
ɤɚɤ ɩɨɤɚɡɚɥɨ ɫɪɚɜɧɟɧɢɟ, ɫɨɢɡɦɟɪɢɦɵ ɫ ɷɮɮɟɤɬɚɦɢ ɩɪɟɩɚɪɚɬɨɜ ɞɪɨɠ-

ɠɟɜɨɣ ɞɫɊɇɄ (Ɋɢɞɨɫɬɢɧ). ɉɪɢ ɷɬɨɦ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɞɫɊɇɄ 

ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɭɪɨɜɧɟ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ.

ɐɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨɹɥɚ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɩɨɫɨɛɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɛɚɤ-
ɬɟɪɢɨɮɚɝɚ φ6 ɢ ɦɟɬɨɞɚ ɨɱɢɫɬɤɢ ɟɝɨ ɞɫɊɇɄ.

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɚɤɬɟɪɢɨɮɚɝ φ6 ɢɦɟɟɬ ɪɚɡɦɟɪ ɝɨɥɨɜɤɢ 60 ɧɦ ɢ ɫɨɫɬɨɢɬ 
ɢɡ ɛɟɥɤɨɜ (62 %), ɊɇɄ (13 %) ɢ ɥɢɩɢɞɨɜ (ɞɨ 25 %). ɊɇɄ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɞɜɭɧɢɬɟɜɵɦɢ ɫɟɝɦɟɧɬɚɦɢ ɪɚɡɦɟɪɨɦ: 6370, 4100 ɢ 3000 ɩ.ɧ. Ɏɚɝ ɪɚɡɦɧɨ-
ɠɚɟɬɫɹ ɧɚ ɤɭɥɶɬɭɪɟ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɨɣ ɩɚɥɨɱɤɨɜɢɞɧɨɣ ɮɢɬɨɩɚɬɨɝɟɧɧɨɣ 

ɛɚɤɬɟɪɢɢ Pseudomonas phaseolicola, ɨɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɨɫɬɚ 
ɤɨɬɨɪɨɣ 23–27ɨɋ. Ʉɭɥɶɬɭɪɚ-ɯɨɡɹɢɧ ɯɨɪɨɲɨ ɪɚɫɬɟɬ ɧɚ ɩɪɢɪɨɞɧɵɯ, ɫɢɧɬɟ-
ɬɢɱɟɫɤɢɯ ɢ ɩɨɥɭɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞɚɯ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɜ ɮɚɤɬɨɪɚɯ ɪɨɫɬɚ. ɇɟ ɩɚɬɨɝɟɧɧɚ ɞɥɹ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ. Ɉɞɧɨɣ ɢɡ ɨɫɨ-
ɛɟɧɧɨɫɬɟɣ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɩɪɨɧɢɤɚɟɬ ɜ ɤɥɟɬɤɭ ɩɪɢ 

ɧɚɥɢɱɢɢ ɤɥɟɬɨɱɧɵɯ ɩɢɥɟɣ ɨɛɳɟɝɨ ɬɢɩɚ 1. ɂɯ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɝɟɧɚɦɢ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɯɪɨɦɨɫɨɦɵ, ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɩɨɞɜɟɪɠɟ-
ɧɚ ɮɚɡɨɜɵɦ ɜɚɪɢɚɰɢɹɦ. Ɉɛɵɱɧɨ ɜ ɤɭɥɶɬɭɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɚɤ ɤɥɟɬɤɢ, 

ɧɟɫɭɳɢɟ ɩɢɥɢ ɨɛɳɟɝɨ ɬɢɩɚ 1 (S-ɮɨɪɦɚ — ɱɭɜɫɬɜɢɬɟɥɶɧɚɹ), ɬɚɤ ɢ ɥɢ-
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ɲɟɧɧɵɟ ɢɯ (R-ɮɨɪɦɚ — ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɚɹ) [3]. Ɋɚɡɦɧɨɠɟɧɢɸ R-ɤɥɟɬɨɤ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɪɚɳɢɜɚɧɢɟ ɤɭɥɶɬɭɪɵ ɧɚ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ, ɬɨɝɞɚ ɤɚɤ 
S-ɤɥɟɬɤɢ ɩɨɥɭɱɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɤɭɥɶɬɭɪɵ ɜ ɠɢɞɤɨɣ 

ɫɪɟɞɟ ɛɟɡ ɚɷɪɚɰɢɢ. ɉɪɢɱɢɧɚ ɫɬɢɦɭɥɹɰɢɢ ɩɢɥɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɚɧɚɷɪɨɛɧɵɯ 
ɭɫɥɨɜɢɹɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɢɡɜɟɫɬɧɚ.
ȼ ɪɚɛɨɬɚɯ, ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɧɟɟ, ɤɭɥɶɬɭɪɭ-ɯɨɡɹɢɧɚ ɜɵɪɚɳɢɜɚɥɢ ɞɨ 

ɡɚɪɚɠɟɧɢɹ ɛɚɤɬɟɪɢɨɮɚɝɨɦ φ6 ɦɟɬɨɞɨɦ ɝɥɭɛɢɧɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 
ɧɚ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɧɨɣ ɤɚɱɚɥɤɟ ɜ ɬɟɱɟɧɢɟ 18 ɱ ɞɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬ-
ɧɨɫɬɢ ɨɤɨɥɨ 3,0 Ⱥ

550. 
ȼɵɯɨɞ ɛɢɨɦɚɫɫɵ ɛɚɤɬɟɪɢɨɮɚɝɚ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ 

ɫɨɫɬɚɜɥɹɥ ɧɟ ɛɨɥɟɟ 2 ɝ ɢɡ 1 ɥɢɬɪɚ ɫɪɟɞɵ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɟ-
ɞɨɫɬɚɬɨɱɧɵɦ ɩɪɢɫɭɬɫɬɜɢɟɦ ɢɥɢ ɧɟɚɤɬɢɜɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɤɥɟɬɨɱɧɵɯ 
ɩɢɥɟɣ ɭ Pseudomonas phaseolicola ɧɚ ɩɨɡɞɧɟɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɚɡɟ.
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɫɩɨɫɨɛɚ ɧɚɪɚ-

ɛɨɬɤɢ ɮɚɝɚ φ6 ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɞɨ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɞɨ ɫɟɪɟ-
ɞɢɧɵ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɮɚɡɵ (ɞɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 1,0 ± 0,1 Ⱥ

550
), 

ɤɨɝɞɚ ɜɫɟ ɤɥɟɬɤɢ ɚɤɬɢɜɧɨ ɪɚɫɬɭɬ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɞɟɪɠɚɬ ɩɢɥɢ,
 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɩɥɚɬɮɨɪɦɵ ɤɚɱɚɥɤɢ ɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. Ʉɭɥɶɬɭɪɭ ɤɥɟɬɨɤ Pseudomonas phaseolicola ɢɧɮɢɰɢɪɨ-
ɜɚɥɢ ɫɭɫɩɟɧɡɢɟɣ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɢɡ ɪɚɫɱɟɬɚ 1 ɮɚɝɨɜɚɹ ɱɚɫɬɢɰɚ ɧɚ 
100 ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɩɪɨɞɨɥɠɚɥɢ ɜ ɬɟɱɟɧɢɟ 
16–20 ɱ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɤɚɱɚɥɤɢ 160 ɨɛ/ɦɢɧ ɫ ɫɨɯɪɚɧɟɧɢɟɦ 

ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ ɧɚɫɬɭɩɥɟɧɢɹ ɥɢɡɢɫɚ, ɤɨɬɨɪɵɣ ɮɢɤɫɢɪɨɜɚɥɢ ɩɨ 
ɫɧɢɠɟɧɢɸ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɨ 0,5–0,7 Ⱥ

550
.

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɮɚɝɨɥɢɡɚɬɨɜ ɭɞɚɥɹɥɢ ɤɥɟɬɨɱɧɵɣ ɞɟɛɪɢɫ ɩɪɢ ɩɨɦɨ-
ɳɢ ɦɟɬɨɞɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɢ ɩɪɨɜɨɞɢɥɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɛɚɤɬɟ-
ɪɢɨɮɚɝɚ φ6 ɜ ɪɚɫɬɜɨɪɟ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɉɗȽ 6000) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɧɚɬɪɢɹ ɯɥɨɪɢɞɚ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɦɟɬɨɞɢɤɟ əɦɚɦɨɬɨ 
ɢ ɫɨɚɜɬɨɪɨɜ [4]. Ȼɢɨɦɚɫɫɭ ɮɚɝɚ φ6 ɫɨɛɢɪɚɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ.

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɞɫɊɇɄ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɛɢɨɦɚɫɫɭ, ɩɨ-
ɥɭɱɟɧɧɭɸ ɜ ɜɢɞɟ ɉɗȽ-ɨɫɚɞɤɚ, ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ 

ɪɚɫɬɜɨɪɟ ɧɚɬɪɢɹ ɯɥɨɪɢɞɚ ɢ ɩɪɨɜɨɞɢɥɢ ɞɟɩɪɨɬɟɢɧɢɡɚɰɢɸ ɜ ɪɚɫɬɜɨɪɟ 
ɧɚɬɪɢɹ ɞɨɞɟɰɢɥɫɭɥɶɮɚɬɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɯɥɨɪɨɮɨɪɦɚ ɢ ɢɡɨɩɪɨɩɢɥɨ-
ɜɨɝɨ ɫɩɢɪɬɚ. ɋɦɟɫɶ ɊɇɄ ɨɬɞɟɥɹɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɢ ɪɚɡɞɟɥɹɥɢ 

ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɜ ɪɚɫɬɜɨɪɚɯ ɥɢɬɢɹ ɯɥɨɪɢɞɚ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ 
Ⱦɢɚɡɚ-ɪɭɢɡɚ ɢ Ʉɚɩɟɪɚ [5]. ɉɨɫɥɟ ɨɫɚɠɞɟɧɢɹ ɞɫɊɇɄ ɪɚɫɬɜɨɪɹɥɢ ɜ ɮɢ-
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ɡɢɨɥɨɝɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɟ ɧɚɬɪɢɹ ɯɥɨɪɢɞɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɱɢɳɚɥɢ 

ɩɪɢ ɩɨɦɨɳɢ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɋɟɮɚɤɪɢɥɨɦ S-200. ɉɨɥɭ-
ɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɯɪɚɧɢɥɢ ɜ ɡɚɦɨɪɨɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ.

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɛɪɚɧɧɚɹ ɫɯɟɦɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨ-
ɥɭɱɚɬɶ ɞɨ 3,5 ɝ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɜ ɜɢɞɟ ɉɗȽ-ɨɫɚɞɤɚ ɢɡ 1 ɥɢɬɪɚ ɤɭɥɶɬɭ-
ɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɚ ɢɫɩɨɥɶɡɭɟɦɚɹ ɫɯɟɦɚ ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɞɫɊɇɄ 

ɮɚɝɚ φ6 — 5,9 ± 0,8 ɦɝ ɦɚɬɟɪɢɚɥɚ ɢɡ 1 ɝ ɉɗȽ-ɨɫɚɞɤɚ ɫ ɱɢɫɬɨɬɨɣ ɩɪɟɩɚ-
ɪɚɬɚ ɞɨ 95–96 %. ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ ɫɨɨɬɜɟɬɫɬɜɨ-
ɜɚɥɢ: Ⱥ

260
/Ⱥ

280
 = 1,95 ± 0,10; Ⱥ

260
/Ⱥ

230
 = 2,0 ± 0,1, ɱɬɨ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶ-

ɫɬɜɭɟɬ ɨɛ ɢɯ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɞɨ 23,5 ɦɝ ɞɫɊɇɄ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6 ɢɡ 1 ɥɢɬɪɚ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚ-
ɛɨɬɚɧɚ ɷɮɮɟɤɬɢɜɧɚɹ ɫɯɟɦɚ ɧɚɪɚɛɨɬɤɢ ɛɚɤɬɟɪɢɨɮɚɝɚ φ6, ɜɵɞɟɥɟɧɢɹ 
ɢ ɨɱɢɫɬɤɢ ɟɝɨ ɞɫɊɇɄ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɨɬɢɜɨ-
ɜɢɪɭɫɧɵɯ ɩɪɟɩɚɪɚɬɨɜ.
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Ⱥɧɧɨɬɚɰɢɹ
ɋ ɩɨɦɨɳɶɸ Ⱥ. rhizogenes-ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɥɭ-

ɱɟɧɵ ɢɧɬɟɧɫɢɜɧɨ ɪɚɫɬɭɳɢɟ ɧɚ ɛɟɡɝɨɪɦɨɧɚɥɶɧɵɯ ɫɪɟɞɚɯ ɤɭɥɶɬɭɪɵ 

“hairy roots” ɢɡ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɟɣ ɩɪɨɪɨɫɬɤɨɜ N. schoberi L., ɩɪɨɞɭ-
ɰɢɪɭɸɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɨɛɥɚɞɚɸɳɢɟ ɩɪɨɬɢɜɨ-
ɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɨɬɧɨɲɟɧɢɢ ɊɇɄ-ɝɟɧɨɦɧɨɝɨ ɜɢ-

ɪɭɫɚ ɝɪɢɩɩɚ Ⱥ ɱɟɥɨɜɟɤɚ ɫɭɛɬɢɩɚ H3N2 ɢ ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ ɩɬɢɰ ɫɭɛɬɢɩɚ H5N1.

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ 

№ 16-04-00631 Ⱥ ɢ ɝɪɚɧɬɚ ɉɪɨɝɪɚɦɦɵ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ № ɝɨɫɪɟɝɢɫɬɪɚɰɢɢ 
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Abstract

With A.rhizogenes-mediated transformation “hairy root” cultures 

intensively growing on gormones free media have been obtained 

from different parts of N. schoberi L. plantlets. They produce biolog-

ically acrive substances possessing antiviral activity, in particular in 

respect of RNA-genomic virus of human A grip, subtype H3N2 and 

high pathogenic virus of bird grip, subtype H5N1. 

ɋɟɥɢɬɪɹɧɤɚ (Nitraria) — ɷɬɨ ɝɚɥɨɮɢɬɧɵɣ ɤɭɫɬɚɪɧɢɤ ɫɟɦɟɣɫɬɜɚ 
ɫɟɥɢɬɪɹɧɤɨɜɵɟ (Nitrariaceae). ȼɢɞɵ ɪɨɞɚ Nitraria ɨɛɥɚɞɚɸɬ ɥɟɤɚɪ-
ɫɬɜɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɛɨɝɚɬɵ ɮɥɚɜɨɧɨɥɚɦɢ, ɞɭɛɢɥɶɧɵɦɢ 

ɜɟɳɟɫɬɜɚɦɢ, ɤɚɬɟɯɢɧɚɦɢ, ɚɧɬɨɰɢɚɧɚɦɢ, ɚɥɤɚɥɨɢɞɚɦɢ. Ʌɢɫɬɶɹ, ɩɥɨɞɵ 

ɢ ɫɟɦɟɧɚ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɧɚɪɨɞɧɨɣ ɦɟɞɢɰɢɧɟ 
ɜ ɤɚɱɟɫɬɜɟ ɫɩɚɡɦɨɥɢɬɢɱɟɫɤɨɝɨ, ɚɧɬɢɧɟɣɪɨɩɚɬɢɱɟɫɤɨɝɨ ɢ ɚɧɬɢɚɪɢɬɦɢ-

ɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ. ɗɤɫɬɪɚɤɬɵ ɫɜɟɠɢɯ ɥɢɫɬɶɟɜ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɨɬ-
ɪɚɜɥɟɧɢɹɯ, ɪɚɫɫɬɪɨɣɫɬɜɚɯ ɢ ɹɡɜɚɯ ɠɟɥɭɞɤɚ, ɝɚɫɬɪɢɬɚɯ, ɷɧɬɟɪɢɬɚɯ, ɢɡ-
ɠɨɝɚɯ, ɤɨɥɢɬɚɯ, ɡɚɛɨɥɟɜɚɧɢɹɯ ɬɨɥɫɬɨɣ ɤɢɲɤɢ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ ɦɨɳ-

ɧɵɦɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɪɟɩɹɬɫɬɜɭɹ ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɨ-
ɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟɞɚɜɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ 
ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɥɢɫɬɨɜɵɯ ɷɤɫɬɪɚɤɬɨɜ N. retusa ɧɚ ɤɥɟɬɤɢ 

ɦɟɥɚɧɨɦɵ (Boubaker et al., 2015).

ȼɢɞɵ ɪɨɞɚ Nitraria, ɜ ɱɚɫɬɧɨɫɬɢ N. schoberi, ɩɪɨɢɡɪɚɫɬɚɸɬ ɧɚ ɡɚ-
ɫɨɥɟɧɧɵɯ ɝɪɭɧɬɚɯ ɩɭɫɬɵɧɶ ɢ ɩɨɥɭɩɭɫɬɵɧɶ, ɩɪɟɞɝɨɪɢɣ, ɩɪɢɦɨɪɫɤɢɯ 
ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɧɢɡɢɧɚɯ, ɧɚ ɛɟɪɟɝɚɯ ɫɨɥɟɧɵɯ ɨɡɟɪ. Ɉɫɨɛɟɧɧɨɫɬɢ 

ɛɢɨɥɨɝɢɢ ɜɢɞɚ ɡɚɬɪɭɞɧɹɸɬ ɟɝɨ ɢɧɬɪɨɞɭɤɰɢɸ, ɚ ɫɛɨɪ ɥɟɤɚɪɫɬɜɟɧɧɨ-
ɝɨ ɫɵɪɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɰɟɧɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɬɪɭɞɧɨ ɨɫɭɳɟɫɬɜɢɦ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɛɢɨɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ in vitro ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɜ ɧɢɯ ɛɢɨ-
ɫɢɧɬɟɡɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ȻȺȼ). Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ 
ɚɤɬɢɜɚɰɢɢ ɛɢɨɫɢɧɬɟɡɚ ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɪɚɫɬɟɧɢɣ ɝɪɚɦɨɬɪɢ-

ɰɚɬɟɥɶɧɨɣ ɩɨɱɜɟɧɧɨɣ ɛɚɤɬɟɪɢɟɣ Agrobacterium rhizogenes, ɜ ɪɟɡɭɥɶɬɚ-
ɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɤɭɥɶɬɭɪɚ «ɛɨɪɨɞɚɬɨɝɨ ɤɨɪɧɹ», ɢɥɢ “hairy roots”. 

Ʉɭɥɶɬɭɪɵ “hairy roots” ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɵɫɬɪɵɦ ɪɨɫɬɨɦ ɧɚ ɛɟɡɝɨɪ-
ɦɨɧɚɥɶɧɵɯ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞɚɯ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɤɚɤ 
ɰɟɧɧɵɟ ɦɟɬɚɛɨɥɢɬɵ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɟɧɢɹ, ɬɚɤ ɢ ɜɟ-
ɳɟɫɬɜɚ, ɹɜɥɹɸɳɢɟɫɹ ɢɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ ɢɥɢ ɩɪɨɢɡɜɨɞɧɵɦɢ.
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ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ Ⱥ. rhizogenes-ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɬɪɚɧɫ-
ɮɨɪɦɚɰɢɢ ɱɚɫɬɟɣ ɩɪɨɪɨɫɬɤɨɜ Nitraria schoberi, ɩɨɥɭɱɟɧɢɢ ɫɬɚɛɢɥɶɧɨ 
ɢ ɢɧɬɟɧɫɢɜɧɨ ɪɚɫɬɭɳɢɯ ɧɚ ɛɟɡɝɨɪɦɨɧɚɥɶɧɵɯ ɫɪɟɞɚɯ ɤɭɥɶɬɭɪ “hairy 

roots”, ɫɩɨɫɨɛɧɵɯ ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, 
ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɨɰɟɧɤɟ ɷɤɫɬɪɚɤɬɨɜ ɤɭɥɶɬɭɪ ɧɚ ɩɪɨɬɢɜɨɜɢɪɭɫɧɭɸ ɚɤ-
ɬɢɜɧɨɫɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɨɬɧɨɲɟɧɢɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ. Ʉɭɥɶɬɭɪɵ “hairy 

roots” ɩɨɥɭɱɚɥɢ ɩɪɢ ɩɨɦɨɳɢ pRi Ɍ-ȾɇɄ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɝɢɩɨɤɨɬɢɥɟɣ, 

ɫɟɦɹɞɨɥɟɣ ɢ ɩɟɪɜɢɱɧɵɯ ɥɢɫɬɶɟɜ ɫɬɟɪɢɥɶɧɵɯ ɞɜɭɯɧɟɞɟɥɶɧɵɯ ɩɪɨɪɨɫɬ-
ɤɨɜ, ɲɬɚɦɦɚɦɢ: A4-RT; R-1601; 8196-RT; 15834 SWISS A. rhizogenes, 

ɥɸɛɟɡɧɨ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɦɢ Ʉɭɡɨɜɤɢɧɨɣ ɂ. ɇ. (ɂɧɫɬɢɬɭɬ ɮɢɡɢɨɥɨɝɢɢ 

ɪɚɫɬɟɧɢɣ ɢɦ. Ʉ. Ⱥ. Ɍɢɦɢɪɹɡɟɜɚ ɊȺɇ, Ɋɨɫɫɢɹ). ɗɤɫɩɥɚɧɬɵ ɢɧɨɤɭɥɢɪɨ-
ɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɜ ɠɢɞɤɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ MS, ɫɨɞɟɪɠɚɳɟɣ 

ɫɭɫɩɟɧɡɢɸ ɚɝɪɨɛɚɤɬɟɪɢɣ A. rhizogenes ɞɜɭɯɫɭɬɨɱɧɨɝɨ ɜɨɡɪɚɫɬɚ, ɡɚɬɟɦ 

ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɦɟɳɚɥɢ ɧɚ ɚɝɚɪɢɡɨɜɚɧɧɭɸ ɫɪɟɞɭ 
MS ɢɥɢ BDS ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɰɟɮɨɬɚɤɫɢɦɚ (500ɦɝ/ɥ) ɢ ɤɭɥɶɬɢɜɢɪɨɜɚ-
ɥɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɧɢɠɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ (10 ɦɤɦɨɥɶ ×ɦ-2 ɫ-1). Ɉɛɪɚɡɨ-
ɜɚɜɲɢɟɫɹ ɛɨɪɨɞɚɬɵɟ ɤɨɪɧɢ ɩɟɪɟɧɨɫɢɥɢ ɜ ɠɢɞɤɢɟ ɩɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ: 

½ Ɇɋ, Ɇɋ, B
5
, BDS ɛɟɡ ɪɟɝɭɥɹɬɨɪɨɜ ɪɨɫɬɚ. Ɍɪɚɧɫɮɨɪɦɚɧɬɵ ɢɞɟɧɬɢ-

ɮɢɰɢɪɨɜɚɥɢ ɩɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɨɦ 

ɉɐɊ ɫ ɩɪɚɣɦɟɪɚɦɢ ɤ ɨɧɤɨɝɟɧɚɦ ɚɝɪɨɛɚɤɬɟɪɢɣ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɡɚɜɢɫɟɥɚ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɲɬɚɦɦɚ ɢ ɬɢɩɚ 
ɷɤɫɩɥɚɧɬɚ. ɉɨɹɜɥɟɧɢɟ ɚɞɜɟɧɬɢɜɧɵɯ ɤɨɪɧɟɣ ɭ N. schoberi ɨɬɦɟɱɚɥɢ 

ɱɟɪɟɡ ɧɟɞɟɥɸ ɢɧɤɭɛɚɰɢɢ. Ʉɭɥɶɬɭɪɵ “hairy roots” ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɫɟɯ ɱɟɬɵɪɟɯ ɲɬɚɦɦɨɜ ɚɝɪɨɛɚɤɬɟɪɢɣ, ɨɞɧɚɤɨ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɦɢ ɹɜɥɹɥɢɫɶ 8196-RT ɢ 15834 SWISS. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɲɬɚɦɦɚ 15834 SWISS ɱɚɫɬɨɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɟɦɹɞɨɥɟɣ ɢ ɝɢɩɨɤɨɬɢ-

ɥɟɣ ɫɨɫɬɚɜɥɹɥɚ 33 %, ɚ ɩɟɪɜɢɱɧɵɯ ɥɢɫɬɶɟɜ — 76,92 %. ɂɧɨɤɭɥɹɰɢɹ 
ɲɬɚɦɦɨɦ 8196-RT ɛɵɥɚ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ, ɱɚɫɬɨɬɚ ɬɪɚɧɫɮɨɪɦɚ-
ɰɢɢ ɫɟɦɹɞɨɥɟɣ ɫɨɫɬɚɜɥɹɥɚ 62,5 %, ɚ ɩɟɪɜɢɱɧɵɯ ɥɢɫɬɶɟɜ — 100 %. ɇɚ-
ɛɥɸɞɚɥɨɫɶ ɨɛɪɚɡɨɜɚɧɢɟ ɢɧɬɟɧɫɢɜɧɨ ɜɟɬɜɹɳɢɯɫɹ ɤɨɪɧɟɣ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ 
ɧɚ ɷɤɫɩɥɚɧɬ ɞɨɫɬɢɝɚɥɨ 11, ɚ ɞɥɢɧɚ ɜ ɫɪɟɞɧɟɦ — 6 ɫɦ. 

Ⱥɧɚɥɢɡ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɮɟɧɨɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɭɥɶɬɭɪ 
“hairy roots” ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɫ ɤɨɪɨɬɤɢɦ (30 ɞɧɟɣ) ɢ ɩɪɨɥɨɧ-

ɝɢɪɨɜɚɧɧɵɦ (74 ɞɧɹ) ɩɟɪɢɨɞɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢ-

ɬɢɱɟɫɤɨɣ ȼɗɀɏ-ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɯɪɨɦɚɬɨɝɪɚɮɚ «Agilent 1200» 
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ɫ ɞɢɨɞɧɨɦɚɬɪɢɱɧɵɦ ɞɟɬɟɤɬɨɪɨɦ ɢ ɫɢɫɬɟɦɵ ChemStation. Ɋɚɡɞɟɥɟɧɢɟ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɥɨɧɤɟ Zorbax SB-C18, ɪɚɡɦɟɪɨɦ 4.6×150 ɦɦ, ɫ ɞɢɚɦɟ-
ɬɪɨɦ ɱɚɫɬɢɰ 5 ɦɤɦ, ɩɪɢɦɟɧɢɜ ɝɪɚɞɢɟɧɬɧɵɣ ɪɟɠɢɦ ɷɥɸɢɪɨɜɚɧɢɹ. Ⱦɥɹ 
ɪɚɡɞɟɥɟɧɢɹ ɤɚɬɟɯɢɧɨɜ ɜ ɩɨɞɜɢɠɧɨɣ ɮɚɡɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɨɥɚ ɜ ɜɨ-
ɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ (0.1 %) ɢɡɦɟɧɹɥɨɫɶ ɨɬ 19 ɞɨ 
70 % ɡɚ 30 ɦɢɧ; ɨɬ 70 ɞɨ 100 % ɫ 30 ɞɨ 32 ɦɢɧ; ɨɬ 100 ɞɨ 22 % ɫ 32 ɞɨ 
36 ɦɢɧ. Ɉɛɴɟɦ ɜɜɨɞɢɦɨɣ ɩɪɨɛɵ 5 ɦɤɥ. ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɷɥɸɟɧɬɚ 1 ɦɥ/
ɦɢɧ. Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɥɨɧɤɢ 26ɨ ɋ. Ⱦɟɬɟɤɬɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ 

ɞɥɢɧɟ ɜɨɥɧɵ Ȝ = 270, 280, 290 ɧɦ. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɫɨɫɬɚɜɚ ɤɚɬɟɯɢɧɨɜ ɜ ɷɤɫɬɪɚɤɬɚɯ ɛɨɪɨɞɚɬɵɯ ɤɨɪɧɟɣ 

ɤɨɪɨɬɤɨɝɨ ɢ ɞɥɢɬɟɥɶɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ N. schoberi ɦɟɬɨɞɨɦ ȼɗɀɏ 

ɨɛɧɚɪɭɠɟɧɨ 13 ɫɨɟɞɢɧɟɧɢɣ ɤɚɬɟɯɢɧɨɜɨɣ ɩɪɢɪɨɞɵ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ 
ɜɪɟɦɟɧ ɭɞɟɪɠɢɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɜɟɳɟɫɬɜ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɚɯ ɚɧɚɥɢɡɢ-

ɪɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɫ ɜɪɟɦɟɧɚɦɢ ɭɞɟɪɠɢɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɫɬɚɧɞɚɪɬɧɵɯ 
ɨɛɪɚɡɰɨɜ ɢ ɫɩɟɤɬɪɨɜ ɩɨɡɜɨɥɢɥɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɝɚɥɥɨɜɭɸ ɤɢɫɥɨɬɭ 
(t

R 
= 2,7 ɦɢɧ.), ±-ɤɚɬɟɯɢɧ (5,4 ɦɢɧ.), L-ɷɩɢɤɚɬɟɯɢɧ (8,6 ɦɢɧ.). ɋɥɟɞɭ-

ɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɤɨɪɧɹɯ ɞɥɢɬɟɥɶɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɟ 
ɤɚɬɟɯɢɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ (ɞɨ 3 %), ɱɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛ-

ɪɚɡɰɚɯ ɤɨɪɨɬɤɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 
ɐɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɊɇɄ-

ɫɨɞɟɪɠɚɳɟɝɨ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ ɫɭɛɬɢɩɨɜ H3N2 ɢ H5N1 ɨɩɪɟɞɟɥɹɥɢ ɜ ɜɨ-
ɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɜɵɫɭɲɢɜɚɧɢɹ ɷɬɚɧɨɥɶɧɨɝɨ 
ɢɡɜɥɟɱɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢɡ ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɢ ɝɨɦɨ-
ɝɟɧɢɡɢɪɨɜɚɧɧɨɝɨ ɫɵɪɶɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɫɬɜɨɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫ-
ɬɢɬɟɥɶɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ≤ 0,01 ɦɝ/ɦɥ ɧɟ ɜɵɡɵɜɚɥɢ ɬɨɤɫɢ-

ɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɤɥɟɬɨɱɧɭɸ ɤɭɥɶɬɭɪɭ MDCK. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɨɞɧɵɣ 

ɪɚɫɬɜɨɪ ɷɬɚɧɨɥɶɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɤɭɥɶɬɭɪɵ “hairy roots” N. schoberi ɨɛɥɚɞɚ-
ɟɬ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɊɇɄ-ɝɟɧɨɦɧɨɝɨ ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ Ⱥ ɱɟɥɨɜɟɤɚ ɫɭɛɬɢɩɚ H3N2 ɢ ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ ɜɢɪɭɫɚ ɝɪɢɩɩɚ 
ɩɬɢɰ ɫɭɛɬɢɩɚ H5N1 ɫ ɩɚɧɞɟɦɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟ 
ɦɟɧɟɟ 0,01 ɦɝ/ɦɥ ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ MDCK ɢ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟ ɦɟɧɟɟ 
1,0 ɦɝ/ɦɥ ɜ ɦɨɞɟɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɢɩɩɨɡɧɨɣ ɢɧɮɟɤɰɢɢ ɭ ɦɵɲɟɣ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɪɨɫɬɚ ɤɭɥɶɬɭɪ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɜ ɨɛɪɚɡɰɚɯ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɜɵɫɨɤɭɸ ɩɪɨɬɢɜɨ-
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ɜɢɪɭɫɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɷɤɫɬɪɚɤɬɨɜ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨ-
ɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɤɭɥɶɬɭɪ “hairy roots” N. schoberi. 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɯɪɨɧɨ-

ɦɟɞɢɰɢɧɵ. ɇɚ ɛɚɡɟ ɯɪɨɧɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ 

ɥɟɱɟɧɢɹ ɩɭɬɟɦ ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɛɢɨɪɢɬɦɨɜ ɨɪɝɚɧɢɡɦɚ ɢ ɚɩɩɚɪɚɬ ɞɥɹ 
ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ. Ɇɟɬɨɞ ɪɟɚɥɢɡɭɟɬ ɧɨɜɵɣ ɩɪɢɧɰɢɩ ɭɩɪɚɜɥɟɧɢɹ ɮɭɧɤ-
ɰɢɨɧɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɨɪɝɚɧɢɡɦɚ. 

Abstract

The paper presents the results of research in the fi eld of chrono-

medicine. On the basis of chronobiological approach developed 
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method of treatment by means resynchronization of biorhythms of 

an organism and the apparatus for its implementation. The method 

implements a new management principle of the functional state of 

the organism.

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɧɚɭɱɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚ 
ɛɚɡɟ ɯɪɨɧɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɧɨɜɨɝɨ ɩɪɢɧɰɢɩɚ ɭɩɪɚɜɥɟɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɨɪɝɚɧɢɡɦɚ ɢ ɫɨɡɞɚɧɢɟ ɧɚ ɟɝɨ ɨɫɧɨɜɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɛɟɡɨɩɚɫɧɨɣ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɟɱɟɧɢɹ 
ɩɭɬɟɦ ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɛɢɨɪɢɬɦɨɜ ɨɪɝɚɧɢɡɦɚ.
Ɋɚɛɨɬɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɧɚɭɤɢ ɯɪɨɧɨɛɢɨɥɨ-

ɝɢɢ: ɩɪɢɧɰɢɩɟ ɪɢɬɦɢɱɧɨɫɬɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɫɜɨɣɫɬɜɟ ɥɚ-
ɛɢɥɶɧɨɫɬɢ ɛɢɨɪɢɬɦɨɜ ɢ ɹɜɥɟɧɢɢ ɭɫɜɨɟɧɢɹ ɜɧɟɲɧɢɯ ɪɢɬɦɨɜ ɠɢɜɵɦɢ 

ɨɪɝɚɧɢɡɦɚɦɢ. ɋɨɝɥɚɫɧɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɦɭ ɫɜɨɣɫɬɜɭ ɠɢɜɨɣ ɦɚɬɟ-
ɪɢɢ — ɪɢɬɦɢɱɧɨɫɬɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜɫɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɨɪɝɚɧɢɡɦɟ, ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭ-
ɸɳɢɦɢ ɤɨɥɟɛɚɬɟɥɶɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɛɢɨ-
ɪɢɬɦɚɦɢ [1]. ɉɨɫɤɨɥɶɤɭ ɷɬɢ ɩɪɨɰɟɫɫɵ ɜɡɚɢɦɨɡɚɜɢɫɢɦɵ, ɬɨ ɢɡ ɷɬɨɝɨ 
ɫɥɟɞɭɟɬ: 1) ɥɸɛɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɭɦɹ 
ɩɚɬɨɥɨɝɢɹɦɢ: ɧɚɪɭɲɟɧɢɟɦ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɡɞɨɪɨɜɨɣ 

ɬɤɚɧɢ ɢ ɨɬɤɥɨɧɟɧɢɟɦ ɜ ɧɟɣ ɛɢɨɪɢɬɦɨɜ ɨɬ ɧɨɪɦɵ — ɩɚɬɨɥɨɝɢɱɟɫɤɢɦ 

ɞɟɫɢɧɯɪɨɧɨɡɨɦ (ɉȾ); 2) ɥɟɱɢɬɶ ɡɚɛɨɥɟɜɚɧɢɹ ɦɨɠɧɨ ɩɭɬɟɦ ɭɫɬɪɚɧɟ-
ɧɢɹ ɥɸɛɨɝɨ ɩɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɬ.ɤ. ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɞɧɨɝɨ 
ɢɡ ɧɢɯ ɩɪɢɜɟɞɟɬ ɤ ɧɨɪɦɚɥɢɡɚɰɢɢ ɞɪɭɝɨɝɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɝɥɚɫɧɨ 
ɩɪɢɧɰɢɩɭ ɪɢɬɦɢɱɧɨɫɬɢ, ɜɫɟ ɡɚɛɨɥɟɜɚɧɢɹ ɜ ɨɪɝɚɧɢɡɦɟ ɫɨɩɪɨɜɨɠɞɚɸɬ-
ɫɹ ɞɟɫɢɧɯɪɨɧɨɡɚɦɢ ɢ ɥɟɱɢɬɶ ɢɯ ɦɨɠɧɨ ɩɭɬɟɦ ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ (ɜɨɫ-
ɫɬɚɧɨɜɥɟɧɢɹ) ɧɚɪɭɲɟɧɧɵɯ ɛɢɨɪɢɬɦɨɜ.
ɋɜɨɣɫɬɜɨ ɥɚɛɢɥɶɧɨɫɬɢ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɱɚɫɬɨɬɵ ɛɢɨɪɢɬɦɨɜ ɜ ɨɪɝɚɧɢɡ-

ɦɟ ɧɟ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɜɨ ɜɪɟɦɟɧɢ, ɚ ɢɡɦɟɧɹɸɬɫɹ 
ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɢɚɩɚɡɨɧɚɯ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɱɚɫɬɨɬɚ ɛɢɨɪɢɬɦɨɜ ɫɟɪ-
ɞɟɱɧɵɯ ɫɨɤɪɚɳɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɨɪɝɚɧɢɡɦɚ ɦɨɠɟɬ ɧɚ-
ɯɨɞɢɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 60–90 ɫɨɤɪɚɳɟɧɢɣ ɜ ɦɢɧɭɬɭ ɢɥɢ 1–1,5 Ƚɰ. Ʌɚ-
ɛɢɥɶɧɨɫɬɶ ɛɢɨɪɢɬɦɨɜ ɩɨɡɜɨɥɹɟɬ ɨɪɝɚɧɢɡɦɭ ɩɪɢɫɩɨɫɚɛɥɢɜɚɬɶɫɹ ɢ ɮɭɧɤ-
ɰɢɨɧɢɪɨɜɚɬɶ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɤɚɯ, ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɧɚɪɭɲɟɧɢɹɯ. 
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əɜɥɟɧɢɟ ɭɫɜɨɟɧɢɹ ɪɢɬɦɚ [2] ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɬɤɚɧɟɣ, 

ɨɪɝɚɧɨɜ ɢ ɨɪɝɚɧɢɡɦɚ ɜ ɰɟɥɨɦ ɩɟɪɟɫɬɪɚɢɜɚɬɶ ɫɜɨɢ ɛɢɨɪɢɬɦɵ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɪɢɬɦɚɦɢ ɜɧɟɲɧɢɯ ɪɚɡɞɪɚɠɟɧɢɣ ɢ ɫɨɯɪɚɧɹɬɶ ɷɬɢ ɢɡɦɟɧɟ-
ɧɢɹ. Ɍɚɤɚɹ ɩɟɪɟɫɬɪɨɣɤɚ ɜɨɡɦɨɠɧɚ ɛɥɚɝɨɞɚɪɹ ɫɜɨɣɫɬɜɭ ɥɚɛɢɥɶɧɨɫɬɢ 

ɛɢɨɪɢɬɦɨɜ. əɜɥɟɧɢɟ ɭɫɜɨɟɧɢɹ ɪɢɬɦɚ ɦɵ ɩɨɥɨɠɢɥɢ ɜ ɨɫɧɨɜɭ ɧɨɜɨɝɨ 
ɩɪɢɧɰɢɩɚ ɭɩɪɚɜɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɨɪɝɚɧɢɡɦɚ ɩɭ-
ɬɟɦ ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɥɢ ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɟɝɨ ɛɢɨɪɢɬɦɨɜ ɜɧɟɲɧɢ-

ɦɢ ɪɢɬɦɚɦɢ ɢ ɬɟɦ ɫɚɦɵɦ ɫɨɡɞɚɧɢɹ ɢɥɢ ɭɫɬɪɚɧɟɧɢɹ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɨɪɝɚɧɢɡɦɟ. 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɚ ɥɟɱɟɧɢɹ ɩɭɬɟɦ ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɛɢɨɪɢɬ-

ɦɨɜ ɨɪɝɚɧɢɡɦɚ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɜɧɟɲɧɢɯ ɪɢɬɦɨɜ ɢɫɩɨɥɶɡɨɜɚ-
ɥɨɫɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ (ɗɆɉ). ɋ ɭɱɟɬɨɦ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, 
ɩɪɢɧɰɢɩ ɧɨɜɨɣ ɯɪɨɧɨɬɟɯɧɨɥɨɝɢɢ ɥɟɱɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 

ȿɫɥɢ ɧɚ ɛɨɥɶɧɭɸ ɬɤɚɧɶ ɩɨɞɟɣɫɬɜɨɜɚɬɶ ɗɆɉ ɱɚɫɬɨɬɨɣ ɛɢɨɪɢɬɦɨɜ ɡɞɨ-
ɪɨɜɨɣ ɬɤɚɧɢ, ɬɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɹɜɥɟɧɢɹ ɭɫɜɨɟɧɢɹ ɪɢɬɦɚ, ɜ ɛɨɥɶɧɨɣ ɬɤɚ-
ɧɢ ɭɫɬɚɧɨɜɹɬɫɹ ɤɨɥɟɛɚɧɢɹ ɱɚɫɬɨɬɨɣ ɛɢɨɪɢɬɦɨɜ ɡɞɨɪɨɜɨɣ ɬɤɚɧɢ ɢ ɩɪɨ-
ɢɡɨɣɞɟɬ ɭɫɬɪɚɧɟɧɢɟ ɉȾ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ, ɫɨɝɥɚɫɧɨ ɩɪɢɧɰɢɩɭ ɪɢɬ-
ɦɢɱɧɨɫɬɢ, ɩɪɨɢɡɨɣɞɟɬ ɧɨɪɦɚɥɢɡɚɰɢɹ ɧɚɪɭɲɟɧɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɢ ɧɚɫɬɭɩɢɬ ɜɵɡɞɨɪɨɜɥɟɧɢɟ ɛɨɥɶɧɨɣ ɬɤɚɧɢ. ɋɨɨɬɜɟɬɫɬɜɢɟ 
ɪɚɡɪɚɛɨɬɤɢ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɧɚɭɱɧɵɦ ɩɪɢɧɰɢɩɚɦ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɡɚɤɥɸɱɟɧɢɟɦ ɗɤɫɩɟɪɬɧɨɣ ɤɨɥɥɟɝɢɢ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ «ɋɤɨɥɤɨ-
ɜɨ» (ɩɪɨɬɨɤɨɥ — ɉ6849 ɨɬ 16.05.16ɝ.).
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɪɚɡɪɚɛɨɬɚɧ ɚɩɩɚɪɚɬ ɯɪɨɧɨɦɚɝɧɢɬɨɤɨɪ-

ɪɟɤɬɨɪ (ɏɆɄ) ɛɢɨɪɢɬɦɨɜ ɨɪɝɚɧɢɡɦɚ. ɏɆɄ ɨɯɜɚɬɵɜɚɟɬ ɥɟɱɟɧɢɟɦ ɜɫɟ 
ɬɤɚɧɢ ɢ ɨɪɝɚɧɵ, ɛɢɨɪɢɬɦɵ ɤɨɬɨɪɵɯ ɩɨɩɚɞɚɸɬ ɜ ɞɢɚɩɚɡɨɧ ɟɝɨ ɪɚɛɨɱɢɯ 
ɱɚɫɬɨɬ. ɇɚ ɚɩɩɚɪɚɬ ɩɨɥɭɱɟɧ ɩɚɬɟɧɬ ɊɎ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ [3]. ɇɚ 
ɫɩɨɫɨɛ ɥɟɱɟɧɢɹ ɩɨɞɚɧɚ ɩɚɬɟɧɬɧɚɹ ɡɚɹɜɤɚ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ [4].

Ⱥɧɚɥɢɡ ɪɵɧɤɚ ɦɟɞɢɰɢɧɫɤɨɣ ɬɟɯɧɢɤɢ ɜ ɫɟɝɦɟɧɬɟ ɬɟɪɚɩɢɹ ɩɨɤɚɡɚɥ, 
ɱɬɨ ɧɚ ɧɟɦ ɨɬɫɭɬɫɬɜɭɸɬ ɚɩɩɚɪɚɬɵ ɫ ɮɭɧɤɰɢɟɣ ɤɨɪɪɟɤɰɢɢ ɛɢɨɪɢɬɦɨɜ 
ɨɪɝɚɧɢɡɦɚ. ɂɦɟɸɳɢɟɫɹ ɦɚɝɧɢɬɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ ɪɚɛɨɬɚɸɬ 
ɧɚ ɱɚɫɬɨɬɚɯ, ɤɨɬɨɪɵɟ ɩɨɞɨɛɪɚɧɵ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɭɬɟɦ ɢɥɢ ɨɩɪɟɞɟɥɟ-
ɧɵ ɤɨɫɜɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɛɟɡ ɭɱɟɬɚ ɪɨɥɢ ɛɢɨɪɢɬɦɨɜ ɜ ɨɪɝɚɧɢɡɦɟ. ɉɨ-
ɷɬɨɦɭ ɨɧɢ ɧɟ ɦɨɝɭɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɢɟ ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ 
ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɱɚɫɬɨɬɵ 

ɗɆɉ ɜ ɞɢɚɩɚɡɨɧ ɛɢɨɪɢɬɦɨɜ ɛɨɥɶɧɨɣ ɬɤɚɧɢ ɫɪɚɛɚɬɵɜɚɟɬ ɹɜɥɟɧɢɟ ɭɫ-
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ɜɨɟɧɢɹ ɪɢɬɦɚ ɞɥɹ ɡɞɨɪɨɜɨɣ ɬɤɚɧɢ, ɩɪɨɢɫɯɨɞɢɬ ɞɟɫɢɧɯɪɨɧɨɡ ɢ ɨɛɨ-
ɫɬɪɟɧɢɟ ɛɨɥɟɡɧɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɚɝɧɢɬɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɚɧɚɥɨɝɨɜ, 
ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɥɟɱɟɧɢɹ ɧɚ ɏɆɄ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɨɬɫɭɬ-
ɫɬɜɢɹ ɩɨɛɨɱɧɵɯ ɷɮɮɟɤɬɨɜ ɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ 

2-ɦɹ ɦɟɬɨɞɚɦɢ: ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɛɢɨɪɢɬɦɨɜ ɢ ɨɛɵɱɧɨɣ ɦɚɝɧɢɬɨɬɟ-
ɪɚɩɢɢ. Ɏɭɧɤɰɢɹ ɯɪɨɧɨɬɟɪɚɩɢɢ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɛɢɨɪɢɬɦɵ 

ɛɨɥɶɧɨɣ ɬɤɚɧɢ, ɚ ɮɭɧɤɰɢɹ ɦɚɝɧɢɬɨɬɟɪɚɩɢɢ ɨɤɚɡɵɜɚɟɬ ɧɚ ɧɟɟ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɨɟ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢ ɬɟɦ ɫɚɦɵɦ ɭɫɤɨɪɹɟɬ ɩɪɨ-
ɰɟɫɫ ɜɵɡɞɨɪɨɜɥɟɧɢɹ.
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɪɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɛɢɨɪɢɬɦɨɜ ɜ ɥɟɱɟɧɢɢ 

ɡɚɛɨɥɟɜɚɧɢɣ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ ɢ ɨɩɨɪɧɨ-ɞɜɢɝɚɬɟɥɶɧɨɝɨ 
ɚɩɩɚɪɚɬɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɡɚɛɨɥɟɜɚɧɢɹ, ɩɨɥɨ-
ɠɢɬɟɥɶɧɚɹ ɞɢɧɚɦɢɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 10–12 %, ɫɪɨɤɢ ɥɟɱɟɧɢɹ ɫɨ-
ɤɪɚɳɚɸɬɫɹ ɧɚ 10–15 %, ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɭɩɨɬɪɟɛɥɟɧɢɟ ɥɟɤɚɪ-
ɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. ɉɪɢ ɥɟɱɟɧɢɢ, ɧɚɩɪɢɦɟɪ, ɡɚɛɨɥɟɜɚɧɢɣ ɠɟɥɭɞɨɱ-
ɧɨ-ɤɢɲɟɱɧɨɝɨ ɬɪɚɤɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɯɪɨɧɨɬɟɪɚɩɢɢ ɞɨɫɬɢɝɚɟɬ 94 %. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɞɨɥɠɚɸɬɫɹ ɛɢɨɦɟɞɢɰɢɧɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɢ ɨɬɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤ ɥɟɱɟɧɢɹ ɩɨ ɨɬɞɟɥɶɧɵɦ ɩɚɬɨɥɨɝɢɹɦ.
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Ⱥɧɧɨɬɚɰɢɹ
Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɝɟɧɧɨ-ɢɧɠɟɧɟɪɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɩɨɡɜɨɥɹɸɳɟɣ 

ɩɨɥɭɱɢɬɶ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɦɨɧɨɤɥɨɧɚɥɶɧɵɟ ɚɧɬɢɬɟɥɚ ɞɥɹ ɬɟɪɚɩɢɢ 

ɢ ɞɢɚɝɧɨɫɬɢɤɢ.

Abstract

Designing platform for obtaining recombinant monoclonal antibod-

ies for therapy and diagnosis.

ɂɦɦɭɧɨɝɥɨɛɭɥɢɧɵ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɝɭɦɨɪɚɥɶɧɨ-

ɝɨ ɢɦɦɭɧɢɬɟɬɚ, ɨɛɟɫɩɟɱɢɜɚɹ ɡɚɳɢɬɭ ɨɬ ɬɚɤɢɯ ɜɢɪɭɫɧɵɯ ɩɚɬɨɝɟɧɨɜ 
ɤɚɤ ɝɪɢɩɩ, ɤɪɚɫɧɭɯɚ, ɝɟɩɚɬɢɬ B, ɚ ɬɚɤɠɟ ɪɹɞɚ ɨɫɨɛɨ ɨɩɚɫɧɵɯ ɡɚɛɨ-

ɥɟɜɚɧɢɣ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɥɢɯɨɪɚɞɤɚ ɞɨɥɢɧɵ Ɋɢɮɬ, ɠɟɥɬɚɹ ɥɢɯɨɪɚɞɤɚ 
ɢ ɗɛɨɥɚ.
ȼɢɪɭɫ ɗɛɨɥɚ — ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɫɟɦɟɣɫɬɜɚ Filoviridae, ɜɵɡɵ-

ɜɚɸɳɢɟ ɝɟɦɨɪɪɚɝɢɱɟɫɤɭɸ ɥɢɯɨɪɚɞɤɭ ɗɛɨɥɚ ɭ ɜɵɫɲɢɯ ɩɪɢɦɚɬɨɜ. 

* Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɩɪɨɟɤɬɨɦ ɊɎɎɂ, ɧɨɦɟɪ ɩɪɨɟɤɬɚ 16-34-00263.
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɵɥɨ ɧɟɫɤɨɥɶɤɢɯ ɫɟɪɶɟɡɧɵɯ ɷɩɢɞɟɦɢɣ, ɜ ɯɨɞɟ 
ɤɨɬɨɪɵɯ ɡɚɛɨɥɟɥɢ ɩɨɪɹɞɤɚ 30 ɬɵɫ. ɱɟɥɨɜɟɤ, ɢɡ ɤɨɬɨɪɵɯ ɭɦɟɪɥɢ ɛɨ-

ɥɟɟ 12 ɬɵɫ. ȼ ɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɨɣ 

ɜɚɤɰɢɧɵ ɩɪɨɬɢɜ ɗɛɨɥɚ, ɩɪɨɞɨɥɠɚɸɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ ɬɟɪɚ-
ɩɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɮɢ-

ɱɟɫɤɢɯ ɢɦɦɭɧɨɝɥɨɛɭɥɢɧɨɜ. Ɍɚɤ ɡɚɪɭɛɟɠɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 

ɩɪɟɩɚɪɚɬ ZMAPP, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɪɟɯ ɦɨɧɨɤɥɨɧɚɥɶɧɵɯ ɚɧɬɢɬɟɥ, 

ɩɨɤɚɡɚɥ 100 % ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚ ɦɚɤɚɤɚɯ ɢ 70 % ɭ ɢɧɮɢɰɢɪɨɜɚɧ-

ɧɵɯ ɥɸɞɟɣ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɛɨɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɥɭɱɟɧɢɟɦ ɪɟɤɨɦɛɢɧɚɧɬ-
ɧɵɯ ɚɧɬɢɬɟɥ ɩɪɨɬɢɜ ɗɛɨɥɚ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɢ ɧɟɨɛɯɨɞɢɦɵɦɢ 

ɞɥɹ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɇɚ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɪɚɛɨɬ ɢɦɟɥɨɫɶ 
ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɯ ɜɢɪɭɫɧɟɣɬɪɚɥɢɡɭɸɳɢɯ ɚɧ-

ɬɢɬɟɥ ɩɪɨɬɢɜ ɜɢɪɭɫɚ ɗɛɨɥɚ, ɧɚɦɢ, ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɜ ɞɚɥɶɧɟɣ-

ɲɟɣ ɪɚɛɨɬɟ, ɛɵɥɢ ɜɵɛɪɚɧɵ 16f6(mouse) ɢ kz52(human) (Pettitt, 2013; 

Oswald, 2007).

ȼ ɯɨɞɟ ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 2 ɷɤɫɩɪɟɫ-
ɫɢɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɤɨɧɫɬɚɧɬɧɵɟ ɱɚɫɬɢ ɬɹ-
ɠɟɥɨɣ ɢ ɥɟɝɤɨɣ ɰɟɩɟɣ ɢɦɦɭɧɨɝɥɨɛɭɥɢɧɨɜ, ɩɪɢ ɷɬɨɦ ɜ ɯɨɞɟ ɤɨɧɫɬɪɭ-
ɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɩɬɢɦɢɡɚɰɢɹ ɤɨɞɨɧɨɜ, ɜ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɵɥɢ ɜɧɟɫɟɧɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɟ ɦɭɬɚɰɢɢ, 

ɭɜɟɥɢɱɢɜɚɸɳɢɟ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɢ ɭɥɭɱɲɚɸɳɢɟ ɷɮɮɟɤɬɨɪɧɵɟ 
ɫɜɨɣɫɬɜɚ Fc-ɮɪɚɝɦɟɧɬɨɜ ɚɧɬɢɬɟɥ (Strohl, 2009; Vaccaro, 2005; Labrijn, 

2009). ɉɨɥɭɱɟɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ ɤɥɨɧɢɪɨɜɚɧɵ 

ɜ ɫɨɫɬɚɜɟ ɩɥɚɡɦɢɞɧɨɝɨ ɜɟɤɬɨɪɚ ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɰɢɬɨɦɟɝɚɥɨɜɢɪɭɫɧɨɝɨ 
ɩɪɨɦɨɬɨɪɚ. ɇɟɡɚɜɢɫɢɦɨ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɧɭɤɥɟɢɧɨɜɵɟ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɢ, ɤɨɞɢɪɭɸɳɢɟ ɜɚɪɢɚɛɟɥɶɧɵɟ ɞɨɦɟɧɵ ɥɟɝɤɢɯ ɢ ɬɹɠɟɥɵɯ ɰɟ-
ɩɟɣ ɚɧɬɢɬɟɥ 16f6 ɢ kz52 ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ ɤɨɞɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɦɢ ɫɚɣɬɚɦɢ ɪɟɫɬɪɢɤɰɢɢ (EcoRI/PspLI, EcoRI/ApaI) ɞɥɹ ɜɨɡ-
ɦɨɠɧɨɫɬɢ ɤɥɨɧɢɪɨɜɚɧɢɹ ɜ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ ɜɟɤɬɨɪɚ. ȼɚɪɢɚɛɟɥɶɧɵɟ 
ɞɨɦɟɧɵ ɛɵɥɢ ɤɥɨɧɢɪɨɜɚɧɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɤɨɧɫɬɚɧɬɧɵɟ 
ɱɚɫɬɢ ɚɧɬɢɬɟɥ, ɰɟɥɨɫɬɧɨɫɬɶ ɪɚɦɨɤ ɫɱɢɬɵɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɟɤɜɟ-
ɧɢɪɨɜɚɧɢɟɦ. ɉɨɥɭɱɟɧɧɵɟ ɩɥɚɡɦɢɞɵ ɛɵɥɢ ɧɚɪɚɛɨɬɚɧɵ ɜ ɩɪɟɩɚɪɚɬɢɜ-
ɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɤɨɬɪɚɧɫɮɟɤɰɢɢ (ɥɟɝɤɚɹ+ ɬɹɠɟ-
ɥɚɹ ɰɟɩɢ) ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɇȿɄ293Ɍ. 
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ȼ ɞɚɥɶɧɟɣɲɟɦ ɤɭɥɶɬɭɪɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɚɮ-

ɮɢɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɩɪɨɬɟɢɧ-Ⱥ-ɫɟɮɚɪɨɡɟ ɞɥɹ ɧɚɪɚɛɨɬɤɢ ɪɟɤɨɦ-

ɛɢɧɚɧɬɧɵɯ ɦɨɧɨɤɥɨɧɚɥɶɧɵɯ ɚɧɬɢɬɟɥ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɢɯ ɜɢɪɭɫɧɟɣ-

ɬɪɚɥɢɡɭɸɳɢɯ ɫɜɨɣɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɫɟɜɞɨɬɢɩɢɪɨɜɚɧɧɵɯ ɝɥɢɤɨ-
ɩɪɨɬɟɢɧɨɦ Gp ɜɢɪɭɫɚ ɗɛɨɥɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɥɟɧɬɢɜɢɪɭɫɧɵɯ ɱɚɫɬɢɰ.

Ʌɢɬɟɪɚɬɭɪɚ

1. Labrijn A. F. et al. Therapeutic IgG4 antibodies engage in Fab-arm 

exchange with endogenous human IgG4 in vivo //Nature biotechnology. 

2009. Ɍ. 27. №. 8. ɋ. 767–771.

2. Oswald W. B. et al. Neutralizing antibody fails to impact the course 

of Ebola virus infection in monkeys // PLoS Pathog. 2007. Vol. 3. № 1. 

P. e9.

3. Pettitt J. et al. Therapeutic intervention of Ebola virus infection in 

rhesus macaques with the MB-003 monoclonal antibody cocktail //Science 

translational medicine. 2013. V. 5. №. 199. P. 199ra113–199ra113.

4. Vaccaro C. et al. Engineering the Fc region of immunoglobulin G to 

modulate in vivo antibody levels //Nature biotechnology. 2005. V. 23. 

№ 10. P. 1283–1288.

5. Strohl W. R. Optimization of Fc-mediated effector functions of 

monoclonal antibodies //Current opinion in biotechnology. 2009. V. 20. 

№ 6. P. 685–691.



a,%2е.…%л%Ą, 37

ɊȺɋɉɊȿȾȿɅȿɇɂȿ ɆɂɄɊɈȾȿɅȿɐɂɃ ɅɈɄɍɋȺ AZF 

Y-ɏɊɈɆɈɋɈɆɕ ȼ ɉɈɉɍɅəɐɂɈɇɇɈɃ ȼɕȻɈɊɄȿ 

ɄȺɁȺɏɋɌȺɇȺ

DISTRIBUTION OF AZF Y-CHROMOSOME LOCUS 

MICRODELETIONS IN KAZAH POPULATION SAMPLE

Ⱥ. Ⱦ. Ʉɚɢɪɠɚɧɨɜɚ, Ⱦ. Ʉ. Ʉɚɦɚɥɨɜɚ, ȼ. Ȼ. ɒɜɟɞɸɤ, Ⱥ. Ȼ. ɒɟɜɰɨɜ

ɊȽɉ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɰɟɧɬɪ ɛɢɨɬɟɯɧɨɥɨɝɢɢ», Ⱥɫɬɚɧɚ, Ʉɚɡɚɯɫɬɚɧ

A. D. Kairzhanova, D. K. Kamalova, V. B. Shvedyuk, A. B. Shevtsov

National Center for Biotechnology, Astana, Kazakhstan

apple_sk@mail.ru 

Ⱥɧɧɨɬɚɰɢɹ
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ 138 ɨɛ-

ɪɚɡɰɨɜ ȾɇɄ ɦɭɠɱɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ. 

Ɉɩɢɫɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɞɟɥɟɰɢɣ AZF ɥɨɤɭɫɚ Y ɯɪɨ-
ɦɨɫɨɦɵ ɜ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɜɵɛɨɪɤɟ Ʉɚɡɚɯɫɬɚɧɚ. ɍ ɦɭɠɱɢɧ ɫ ɨɥɢɝɨɡɨ-
ɨɫɩɟɪɦɢɟɣ ɞɟɥɟɰɢɢ AZF ɥɨɤɭɫɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɜ 11 % ɫɥɭɱɚɟɜ. 
ȼ ɝɪɭɩɩɟ ɦɭɠɱɢɧ ɫ ɚɡɨɨɫɩɟɪɦɢɟɣ, ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɫɨɫɬɚ-
ɜɢɥɨ 45 ɱɟɥɨɜɟɤ, ɞɟɥɟɰɢɢ ɜ ɫɭɛɪɟɝɢɨɧɟ AZF ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭ ɫɟɦɢ 

ɦɭɠɱɢɧ (ɜ 16 % ɫɥɭɱɚɟɜ).

Abstract

The results obtained from the testing of 138 male DNA samples 

using developed test-system. The distribution results of Y-chromo-

some AZF locus microdeletions are described in Kazakh popula-

tion sample. Deletion of AZF locus in males with oligospermia was 

found in 11 % of cases. In the group of 45 males with azoospermia 

deletions in the AZF subregion were found in seven males (16 % 

of cases).
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Ȼɟɫɩɥɨɞɢɟ ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɡɞɪɚɜɨɨɯɪɚɧɟ-
ɧɢɹ. ɉɨ ɨɰɟɧɤɚɦ ȼɫɟɦɢɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ (ȼɈɁ) 
ɨɤɨɥɨ 140 ɦɥɧ. ɱɟɥɨɜɟɤ ɜɨ ɜɫɟɦ ɦɢɪɟ ɫɬɪɚɞɚɸɬ ɞɚɧɧɵɦ ɧɟɞɭɝɨɦ [1]. 

ɉɪɨɝɧɨɡɢɪɭɟɬɫɹ, ɱɬɨ ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ 1 ɢɡ 6 ɩɚɪ ɩɵɬɚɸɳɢɯɫɹ 
ɡɚɱɚɬɶ ɪɟɛɟɧɤɚ ɛɭɞɟɬ ɢɦɟɬɶ ɬɪɭɞɧɨɫɬɢ ɫ ɧɚɫɬɭɩɥɟɧɢɟɦ ɛɟɪɟɦɟɧɧɨ-
ɫɬɢ. ȼ ɷɬɢɨɥɨɝɢɸ ɛɟɫɩɥɨɞɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɨɜɥɟɱɟɧ ɤɚɤ ɠɟɧɫɤɢɣ, ɬɚɤ 
ɢ ɦɭɠɫɤɨɣ ɨɪɝɚɧɢɡɦ. ɉɪɨɛɥɟɦɚ ɦɭɠɫɤɨɝɨ ɛɟɫɩɥɨɞɢɹ ɹɜɥɹɟɬɫɹ ɤɥɸ-

ɱɟɜɨɣ ɜ ɪɟɩɪɨɞɭɤɬɢɜɧɨɣ ɚɧɞɪɨɥɨɝɢɢ. Ɇɢɤɪɨɞɟɥɟɰɢɢ ɞɥɢɧɧɨɝɨ ɩɥɟɱɚ 
Y- ɯɪɨɦɨɫɨɦɵ, ɫɜɹɡɚɧɵ ɫ ɧɚɪɭɲɟɧɢɟɦ ɫɩɟɪɦɚɬɨɝɟɧɟɡɚ [2], ɹɜɥɹɸɬɫɹ 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨɣ ɝɟɧɟɬɢɱɟɫɤɨɣ ɩɪɢɱɢɧɨɣ ɬɹɠɟɥɨɣ ɨɥɢɝɨɡɨɨɫɩɟɪɦɢɢ 

5–10 % [3] ɢ ɚɡɨɨɫɩɟɪɦɢɢ 10–15 % [4].

Ȼɥɚɝɨɞɚɪɹ ɦɟɬɨɞɢɱɟɫɤɢɦ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ȿɜɪɨɩɟɣɫɤɨɣ Ⱥɫɫɨɰɢ-

ɚɰɢɢ Ⱥɧɞɪɨɥɨɝɨɜ (ȿȺȺ) ɬɟɫɬɢɪɨɜɚɧɢɟ ɍ- ɯɪɨɦɨɫɨɦɵ ɫɬɚɥɨ ɛɨɥɟɟ 
ɧɚɞɟɠɧɵɦ ɜ ɪɚɡɥɢɱɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ, ɫɩɨɫɨɛɧɨɟ ɨɛ-

ɧɚɪɭɠɢɜɚɬɶ ɛɨɥɟɟ 95 % ɤɥɢɧɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɞɟɥɟɰɢɣ [5]. ȼɵɫɨɤɚɹ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɢ ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟ-
ɬɢɱɟɫɤɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɢɤɪɨɞɟɥɟɰɢɣ Y ɯɪɨɦɨɫɨɦɵ, ɚɤɬɭɚɥɢɡɢɪɭɟɬ 
ɪɚɡɪɚɛɨɬɤɭ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɬɟɫɬ-ɫɢɫɬɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɤɨɦɟɧɞɚ-
ɰɢɣ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɚɫɫɨɰɢɚɰɢɣ.

ȼ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɥɹ ɩɨɢɫɤɚ ɦɢɤɪɨɞɟɥɟɰɢɣ ɜ ɥɨɤɭɫɟ AZF 

ɜ ɤɚɱɟɫɬɜɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ 6 STS ɦɚɪɤɟɪɨɜ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȿɜɪɨɩɟɣɫɤɨɣ ɚɫɫɨɰɢɚɰɢɟɣ ɚɧɞɪɨɥɨɝɨɜ ɢ 2 ɤɨɧ-

ɬɪɨɥɶɧɵɯ ɝɟɧɚ ɞɥɹ ɤɨɧɬɪɨɥɹ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɢ ɧɚɥɢɱɢɹ 
Y ɯɪɨɦɨɫɨɦɵ. Ʉ ɜɵɛɪɚɧɧɵɦ STS ɦɚɪɤɟɪɚɦ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɩɪɚɣ-

ɦɟɪɵ ɫ ɭɱɟɬɨɦ ɩɨɫɥɟɞɭɸɳɟɝɨ ɦɭɥɶɬɢɩɥɢɤɫɢɪɨɜɚɧɢɹ ɉɐɊ ɬɟɫɬ-
ɫɢɫɬɟɦɵ.

ɉɨɞɨɛɪɚɧɧɵɟ ɩɪɚɣɦɟɪɵ ɛɵɥɢ ɤɨɦɛɢɧɢɪɨɜɚɧɵ ɜ ɞɜɟ ɩɚɧɟɥɢ A ɢ 

G. ɉɚɧɟɥɶ Ⱥ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ 3 ɩɚɪɵ ɩɪɚɣɦɟɪɨɜ ɤ ɫɟɥɟɤɬɢɜɧɵɦ 

ɦɚɪɤɟɪɚɦ ɦɢɤɪɨɞɟɥɟɰɢɣ, AZFa (sY86-ɪɚɡɦɟɪ ɚɦɩɥɢɮɢɰɢɪɭɟɦɨɝɨ 
ɩɪɨɞɭɤɬɚ 350 ɩɚɪ ɧɭɤɥɟɨɬɢɞɨɜ (ɩ.ɧ.)), AZFb (sY127 — 192 ɩ.ɧ.), 

AZFc (sY255 — 132 ɩ.ɧ.), ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɪɨɥɹ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɚɣɦɟɪɵ ɤ ZFX/Y (591 ɩ.ɧ.). ɉɚɧɟɥɶ G ɜɤɥɸɱɚɥɚ 
ɩɪɚɣɦɟɪɵ ɤ ɦɚɪɤɟɪɚɦ ɦɢɤɪɨɞɟɥɟɰɢɣ AZFa (sY84 — 241 ɩ.ɧ.), 

AZFb (sY134 — 303 ɩ.ɧ.), AZFc (sY254 — 162 ɩ.ɧ.) ɢ ɞɥɹ ɤɨɧɬɪɨ-

ɥɹ ɮɪɚɝɦɟɧɬɚ ɤɨɪɨɬɤɨɝɨ ɩɥɟɱɚ Y ɯɪɨɦɨɫɨɦɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
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ɩɪɚɣɦɟɪɵ ɩɨɞɨɛɪɚɧɧɵɟ ɤ STS ɦɚɪɤɟɪɭ sY14 ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ 
ɜ SRY ɝɟɧɟ (470 ɩ.ɧ.).

Ɇɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 138/10 ɫɥɭɱɚɟɜ (7,2 %) 

ɨɛɧɚɪɭɠɟɧɵ ɦɢɤɪɨɞɟɥɟɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɥɨɤɭɫɚɯ ɝɟɧɚ AZF Y ɯɪɨɦɨɫɨ-
ɦɵ, ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ, ɨɞɧɨɝɨ ɢɡ STS ɦɚɪɤɟɪɚ. ɍ 36 ɦɭɠɱɢɧ ɫ ɨɥɢɝɨ-
ɡɨɨɫɩɟɪɦɢɟɣ ɞɟɥɟɰɢɢ AZF ɥɨɤɭɫɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭ ɱɟɬɵɪɟɯ ɩɚɰɢ-

ɟɧɬɨɜ, ɱɬɨ ɫɨɫɬɚɜɢɥɨ 11 %. ȼ ɝɪɭɩɩɟ ɦɭɠɱɢɧ ɫ ɚɡɨɨɫɩɟɪɦɢɟɣ, ɨɛɳɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɢɥɨ 45 ɱɟɥɨɜɟɤ, ɞɟɥɟɰɢɢ ɛɵɥɢ ɨɛɧɚɪɭɠɟ-
ɧɵ ɭ ɫɟɦɢ ɦɭɠɱɢɧ (ɜ 16 % ɫɥɭɱɚɟɜ) ɜ ɫɭɛɪɟɝɢɨɧɟ AZF. ɍ ɩɚɰɢɟɧɬɨɜ 
ɫ ɞɢɚɝɧɨɡɨɦ ɚɫɬɟɧɨɬɟɪɚɬɨɡɨɨɫɩɟɪɦɢɹ ɢ ɞɪɭɝɢɯ ɮɨɪɦɚɯ ɩɚɬɨɡɨɨɫɩɟɪ-
ɦɢɢ ɞɟɥɟɰɢɢ ɧɟ ɨɛɧɚɪɭɠɟɧɵ. ȼ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ ɮɟɪɬɢɥɶɧɵɯ 
ɦɭɠɱɢɧ, ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɢɥɨ 40 ɱɟɥɨɜɟɤ, ɦɢɤɪɨɞɟ-
ɥɟɰɢɢ AZF ɥɨɤɭɫɚ ɬɚɤɠɟ ɧɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ. 

ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɦɢɤɪɨɞɟɥɟɰɢɹ ɜ ɫɭɛɪɟɝɢɨɧɟ 
AZF ɫ — ɜɵɹɜɥɹɟɬɫɹ ɜ 75–80 % ɫɥɭɱɚɟɜ; ɜ ɫɭɛɪɟɝɢɨɧɚɯ AZF b+ɫ — 

20–22 %; ɜ ɫɭɛɪɟɝɢɨɧɟ AZF ɚ — 3–5 % ɫɥɭɱɚɟɜ. ɉɪɢ ɚɡɨɨɫɩɟɪɦɢɢ 

ɦɢɤɪɨɞɟɥɟɰɢɢ ɜ AZF ɪɟɝɢɨɧɟ ɜɵɹɜɥɹɸɬɫɹ ɜ 12–15 % ɫɥɭɱɚɹɯ, ɩɪɢ 

ɨɥɢɝɨɡɨɨɫɩɟɪɦɢɢ ɜ 8–10 % ɫɥɭɱɚɹɯ [6]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɧɨ, ɱɬɨ ɧɚɢ-

ɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɥɚɫɶ ɦɢɤɪɨɞɟɥɟɰɢɹ AZF ɫ — ɫɭɛɪɟɝɢɨɧɚ ɜ 63 % 

(7 ɦɭɠɱɢɧ), ɦɢɤɪɨɞɟɥɟɰɢɣ AZF b+ɫ ɜ 10 % (1 ɱɟɥɨɜɟɤ). Ⱦɟɥɟɰɢɹ 
AZFc+AZFb+AZFa ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɭ ɬɪɟɯ ɱɟɥɨɜɟɤ, ɱɬɨ ɫɨɫɬɚɜɢ-

ɥɨ 27 % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɜɵɹɜɥɟɧɧɵɯ ɦɢɤɪɨɞɟɥɟɰɢɣ, ɜ ɫɭɛɪɟɝɢɨɧɚɯ 
AZFa, AZFb ɦɢɤɪɨɞɟɥɟɰɢɢ ɧɟ ɜɵɹɜɥɟɧɵ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɬɟɫɬɢɪɨɜɚɧɢɢ 138 ɨɛɪɚɡɰɨɜ ȾɇɄ ɦɭɠɱɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɥɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɨɥɭɱɟɧ-

ɧɵɦɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɬɨɤɨɥɚ ȿɜɪɨɩɟɣɫɤɨɣ Ⱥɫɫɨɰɢɚɰɢɢ Ⱥɧ-

ɞɪɨɥɨɝɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɵɫɨɤɨɣ ɫɩɟɰ-

ɢɮɢɱɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɬɨɤɨɥɚ, ɚ ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɟɬ ɱɚɫɬɨɬɭ 
ɦɢɤɪɨɞɟɥɟɰɢɣ AZF — ɥɨɤɭɫɚ ɯɪɨɦɨɫɨɦɵ Y ɭ ɦɭɠɱɢɧ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɧɚɪɭɲɟɧɢɹɦɢ ɫɩɟɪɦɚɬɨɝɟɧɟɡɚ (7,2 %), ɱɬɨ ɫɨɜɩɚɞɚɟɬ ɫ ɢɫɫɥɟɞɨɜɚɧɢɹ-
ɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ [7, 8].
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ɇɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɣ ɂɧɫɬɢɬɭɬ ɋɚɞɨɜɨɞɫɬɜɚ, ȼɢɧɨɝɪɚɞɚɪɫɬɜɚ 
ɢ ɉɢɳɟɜɵɯ Ɍɟɯɧɨɥɨɝɢɣ, Ɋɟɫɩɭɛɥɢɤɚ Ɇɨɥɞɨɜɚ
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Ⱥɧɧɨɬɚɰɢɹ
ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢ ɫɚɯɚɪɨɡɵ ɧɚ ɛɢɨɫɢɧɬɟɡ ɷɤɡɨɩɨɥɢɫɚɯɚɪɢɞɚ. ɒɬɚɦɦ 

S. thermophilus LB-50 ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɦɨɥɞɚɜɫɤɨɝɨ ɫɵɪɨɝɨ ɦɨɥɨ-
ɤɚ ɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɩɨ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɦ ɢ ɛɢɨɬɟɯɧɢɱɟɫɤɢɯ 
ɤɪɢɬɟɪɢɟɜ. Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ EPS ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɪɢ 32 ° ɋ — 

72 ɦɝ/100 ɝ, ɚ ɩɪɢ 2,5 % ɫɚɯɚɪɨɡɵ — 66 ɦɝ/100 ɝ.

Abstract

The aim of this research was to evaluate the effect of incubation 

temperature and sucrose on exopolysaccharide (EPS) biosynthe-

sis. The strain of S. thermophilus LB-50 was isolated from Molda-

vian raw milk and was identifi ed according to microbiological and 

biotechnological criteria. The high amount of EPS has been shown 

at 32°C — 72 mg/100g and at 2.5 % of sucrose — 66 mg/100g.
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Ɇɨɥɨɱɧɨɤɢɫɥɵɟ ɛɚɤɬɟɪɢɢ Streptococcus thermophilus ɨɬɧɨɫɢɬɫɹ 
ɤ ɝɪɭɩɩɟ ɧɟɩɚɬɨɝɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɡɚɤɜɚɫɨɤ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɢɫɥɨɦɨɥɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɣɨ-
ɝɭɪɬ ɢ ɞɪ. [1]. ɒɬɚɦɦɵ Streptococcus thermophilus, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɢɞɚ, ɫɩɨɫɨɛɧɵ ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɭɦɟɪɟɧɧɨ ɜɹɡɤɢɟ ɷɤɡɨɩɨɥɢɫɚɯɚɪɢɞɵ 

(ɗɉɋ), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɩɥɨɬɧɵɣ ɫɝɭɫɬɨɤ ɛɟɡ ɨɬɞɟɥɟɧɢɹ ɫɵɜɨɪɨɬɤɢ 

ɜɨ ɜɪɟɦɹ ɯɪɚɧɟɧɢɹ ɩɪɨɞɭɤɬɚ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɞɭɰɢɪɨɜɚ-
ɧɢɟ ɗɉɋ ɲɬɚɦɦɚɦɢ ɬɟɪɦɨɮɢɥɶɧɨɝɨ ɫɬɪɟɬɩɨɤɨɤɤɚ ɭɥɭɱɲɚɟɬ ɜɹɡɤɨɫɬɶ 
ɢ ɬɟɤɫɬɭɪɭ, ɚ ɬɚɤɠɟ ɜɥɚɝɨɭɞɟɪɠɢɜɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ [2]. Ʉɪɨɦɟ ɬɨɝɨ, 
ɛɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɗɉɋ ɛɥɚɝɨɬɜɨɪɧɨ ɜɥɢɹɸɬ ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ 
ɨɛɥɚɞɚɹ ɩɪɟɛɢɨɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [4]. ɋɢɧɬɟɡ ɗɉɋ ɦɨɥɨɱɧɨɤɢɫ-
ɥɵɦɢ ɛɚɤɬɟɪɢɹɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɣ ɨɬ 50 mg/L ɞɨ 400 mg/L [5]. 

ɉɪɨɞɭɰɢɪɨɜɚɧɢɟ ɗɉɋ ɲɬɚɦɦɚɦɢ Streptococcus thermophilus ɫɜɹɡɚɧɨ 
ɫ ɭɫɥɨɜɢɹɦɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɬɚɤɢɯ ɤɚɤ pH, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɢɫɬɨɱɧɢɤ 
ɭɝɥɟɪɨɞɚ, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɜɵɯɨɞ ɗɉɋ [6]. 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɤɭɥɶɬɢ-

ɜɢɪɨɜɚɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɚɯɚɪɨɡɵ), ɜɥɢɹɸɳɢɯ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɛɢɨ-
ɫɢɧɬɟɡɚ ɗɉɋ ɲɬɚɦɦɨɦ S. thermophilus LB-50.

ɒɬɚɦɦ S. thermophilus LB-50 ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɦɨɥɨɤɚ ɧɚ ɬɟɪɪɢ-

ɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ Ɇɨɥɞɨɜɚ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɩɨ ɦɨɪɮɨ-ɤɭɥɶɬɭɪɨ-
ɚɥɶɧɵɦ ɢ ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. ȼ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɧɚ 
ɫɢɧɬɟɡ ɗɉɋ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨɜɢɹɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 
ɧɚ ɨɛɟɡɠɢɪɟɧɧɨɦ ɦɨɥɨɤɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɫɚɯɚɪɨɡɵ 2,5 %. ɉɚɪɚɥɥɟɥɶ-
ɧɨ ɩɪɨɜɨɞɢɥɢ ɤɨɧɬɪɨɥɶɧɨɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɛɟɡ ɨɛɨɝɚɳɟɧɢɹ ɫɪɟɞɵ. 

Ɏɟɪɦɟɧɬɚɰɢɹ ɢɧɢɰɢɢɪɨɜɚɥɚɫɶ ɜɧɟɫɟɧɢɟɦ 3 % ɢɧɨɤɭɥɹɬɚ ɢɡɭɱɚɟɦɨɝɨ 
ɲɬɚɦɦɚ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɥɟɬɨɤ 1ɯ108 ɄɈȿ/ɦɥ. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɧɚ ɫɢɧɬɟɡ ɗɉɋ ɢɡɭɱɚɥɨɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 32, 

37 ɢ 42°ɋ. ȼɵɞɟɥɟɧɢɟ ɢ ɨɬɱɢɫɬɤɚ ɗɉɋ ɩɪɨɜɨɞɢɥɨɫɶ ɩɭɬɟɦ ɭɞɚɥɟɧɢɹ 
ɛɟɥɤɚ ɨɫɚɠɞɟɧɢɟɦ ɬɪɢɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɫɚɠ-

ɞɟɧɢɟɦ ɗɉɋ ɷɬɚɧɨɥɨɦ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 4 °ɋ. 

Ʉɨɥɢɱɟɫɬɜɨ ɗɉɋ ɨɩɪɟɞɟɥɹɥɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢ.

ɂɡɜɟɫɬɧɨ, ɱɬɨ S. thermophilus ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɮɟɪɦɟɧɬɢɪɨɜɚɬɶ ɥɚɤɬɨɡɭ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ. ɋɚɯɚɪɨ-
ɡɚ ɫɛɪɚɠɢɜɚɟɬɫɹ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɧɨ ɩɪɢ ɷɬɨɦ ɹɜɥɹ-
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ɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ ɞɥɹ ɪɚɡɜɢɬɢɹ ɦɨɥɨɱɧɨ-
ɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ.

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɜɪɟɦɟɧɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɨ ɗɉɋ, ɜɵɞɟɥɹɟɦɵɟ 
ɲɬɚɦɦɨɦ S. thermophilus LB-50. ɇɚ ɫɪɟɞɟ, ɨɛɨɝɚɳɟɧɧɨɣ ɫɚɯɚɪɨɡɨɣ 

ɤɨɥɢɱɟɫɬɜɨ ɗɉɋ ɧɚɦɧɨɝɨ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ ɨɛɵɱ-
ɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 40 °ɋ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɢɫɬɨɱɧɢɤ ɭɝɥɟɪɨɞɚ ɧɟ ɩɨɜɥɢɹɥ ɧɚ ɜɪɟɦɹ ɨɛɪɚɡɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɧɨɝɨ 
ɦɨɥɨɱɧɨɝɨ ɫɝɭɫɬɤɚ ɩɪɢ ɪɇ 4,5. Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɪɚɳɢɜɚɧɢɟ 
ɤɢɫɥɨɬɧɨɫɬɢ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɗɉɋ.

Ɋɢɫ. 1. Ⱦɢɧɚɦɢɤɚ ɫɢɧɬɟɡɚ ɗɉɋ ɜ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɲɬɚɦɦɨɦ 

S. thermophilus LB-50

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ ɜɥɢɹɸɳɢɣ 

ɧɚ ɪɨɫɬ, ɪɚɡɜɢɬɢɟ ɢ ɫɢɧɬɟɡ ɗɉɋ ɛɚɤɬɟɪɢɣ ɜɢɞɚ S. thermophilus. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɜɵɞɟɥɟɧɢɟ ɗɉɋ ɲɬɚɦɦɨɦ S. thermophilus ɭɜɟɥɢ-

ɱɢɜɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. ɉɪɟɞɩɨɥɚ-
ɝɚɟɬɫɹ, ɱɬɨ ɗɉɋ ɜɵɩɨɥɧɹɟɬ ɡɚɳɢɬɧɭɸ ɮɭɧɤɰɢɸ ɤɥɟɬɤɢ ɜ ɧɟɛɥɚɝɨ-

ɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ.

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɡɨɜɚɧɢɹ ɗɉɋ ɲɬɚɦɦɨɦ 

S. thermophilus LB-50. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɲɬɚɦɦɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
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32 °ɋ (ɪɢɫ. 2, ɚ) ɞɚɟɬ 
ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ 

ɗɉɋ ɜ ɦɨɥɨɱɧɨɣ ɫɪɟ-
ɞɟ — 72 ɦɝ/100 ɝ, ɩɪɢ 

ɷɬɨɦ ɧɚɛɥɸɞɚɥɚɫɶ 
ɜɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ 
ɢ ɫɥɢɡɤɨɫɬɶ ɦɨɥɨɱ-
ɧɨɝɨ ɫɝɭɫɬɤɚ, ɚ ɬɚɤ 
ɠɟ ɨɱɟɧɶ ɞɥɢɬɟɥɶɧɨɟ 
ɜɪɟɦɹ ɤɭɥɶɬɢɜɢɪɨ-
ɜɚɧɢɹ — 14 ɱ. ɉɪɢ 

37 °ɋ ɢ 42 °ɋ ɦɚɤɫɢ-

ɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɗɉɋ ɨɛɪɚɡɨɜɚɥɨɫɶ 
ɱɟɪɟɡ 4 ɱɚɫɚ ɤɭɥɶ-
ɬɢɜɢɪɨɜɚɧɢɹ ɲɬɚɦ-

ɦɚ S. thermophilus, 

ɩɪɢɱɟɦ ɤɨɥɢɱɟɫɬɜɨ 
ɗɉɋ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 37 °ɋ ɫɨɫɬɚ-
ɜɢɥɨ 66 ɦɝ/100 ɝ. 
Ɉɛɳɟɟ ɜɪɟɦɹ ɫ ɧɚ-
ɱɚɥɚ ɤɭɥɶɬɢɜɢɪɨɜɚ-
ɧɢɹ ɩɪɢ ɪɇ 6,5 ɞɨ 
ɨɛɪɚɡɨɜɚɧɢɹ ɯɚɪɚɤ-
ɬɟɪɧɨɝɨ ɦɨɥɨɱɧɨɝɨ 
ɫɝɭɫɬɤɚ, ɤɚɤ ɜɢɞɧɨ 
ɢɡ ɪɢɫ. 2, ɛ ɢ 2, ɜ, ɫɨ-
ɫɬɚɜɢɥɨ 7 ɩɪɢ 37 °ɋ 

ɢ 5 ɱ ɩɪɢ 42 °ɋ.

ȼ ɡɚɤɥɸɱɟɧɢɢ 

ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɜɵɞɟɥɟɧɧɵɣ ɢɡ ɦɨ-

ɥɨɤɚ ɲɬɚɦɦ S. thermophilus LB-50 ɜɵɞɟɥɹɟɬ ɗɉɋ ɜ ɦɨɥɨɱɧɭɸ ɫɪɟ-
ɞɭ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 

Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɗɉɋ ɲɬɚɦɦɨɦ S. thermophilus LB-50
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Ɍɚɤɠɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɗɉɋ ɫɢɧ-

ɬɟɡɢɪɭɟɬɫɹ ɲɬɚɦɦɨɦ S. thermophilus LB-50 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 37 °ɋ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɫɚɯɚɪɨɡɚ ɛɥɚɝɨɩɪɢɹɬɧɨ ɜɥɢɹɟɬ ɧɚ ɫɢɧɬɟɡ ɗɉɋ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɦɨɝɭɬ ɩɨɦɨɱɶ ɩɪɟɞɩɪɢɹɬɢɹɦ ɦɨɥɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɥɭɱɚɬɶ 
ɧɚɬɭɪɚɥɶɧɵɟ ɤɢɫɥɨɦɨɥɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɧɟ ɢɫɩɨɥɶɡɭɹ ɩɪɢ ɷɬɨɦ ɫɬɚɛɢ-

ɥɢɡɢɪɭɸɳɢɟ ɫɢɫɬɟɦɵ. 
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Ⱥɧɧɨɬɚɰɢɹ
Ɋɢɫɤ ɤɨɧɬɚɦɢɧɚɰɢɢ ɦɢɤɨɩɥɚɡɦɚɦɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ, ɫɵɜɨɪɨ-

ɬɨɤ, ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɚɤɰɢɧ, ɢ ɢɯ 
ɜɵɹɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɜɚɤɰɢɧ ɢ ɢɯ ɩɪɨɦɵɲɥɟɧɧɨɦ ɜɵɩɭɫɤɟ. ɋɨɡɞɚɧɢɟ ɛɵɫɬɪɨɣ 

ɞɢɚɝɧɨɫɬɢɤɢ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɦɢɤɨɩɥɚɡɦ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ȼ ɫɬɚɬɶɟ ɨɬɪɚɠɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭ-
ɸɳɟɝɨ ɤɭɥɶɬɭɪɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɜɵɹɜɥɟɧɢɹ ɦɢɤɨɩɥɚɡɦ ɢ ɚɥɶɬɟɪɧɚɬɢɜ-
ɧɨɝɨ ɦɟɬɨɞɚ ɉɐɊ.

Abstract

The risk of contamination with by mycoplasmas cell cultures, se-

rums, culture media used in the production of vaccines, and their 

identifi cation is today an urgent problem in the development of vac-

cines and their industrial output. Creation of rapid diagnostics for 

the detection of mycoplasma is the main objective of this study. 

The article refl ects the comparative analysis of the existing culture 

of mycoplasma detection method and the alternative method PCR.

Ɉɞɧɚ ɢɡ ɫɟɪɶɟɡɧɵɯ ɩɪɨɛɥɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɭɥɶɬɭɪ ɤɥɟɬɨɤ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɚɤɰɢɧ, ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ ɫɜɹɡɚɧɚ ɫ ɤɨɧɬɚɦɢ-
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ɧɚɰɢɟɣ ɢɯ ɪɚɡɥɢɱɧɵɦɢ ɚɝɟɧɬɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɚɦɢɧɚɧɬɨɜ ɜɵɫɬɭ-
ɩɚɸɬ ɜɢɪɭɫɵ, ɛɚɤɬɟɪɢɢ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɦɢɤɨɩɥɚɡɦɵ 

[1–4, 6]. ɂɫɬɨɱɧɢɤɨɦ ɤɨɧɬɚɦɢɧɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɫɵɜɨɪɨɬɤɚ ɤɪɨɜɢ, 

ɩɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ, ɬɪɢɩɫɢɧ, ɢɧɫɬɪɭɦɟɧɬɵ, ɥɚɛɨɪɚɬɨɪɧɵɟ ɠɢɜɨɬɧɵɟ 
ɢ ɫɚɦɢ ɫɨɬɪɭɞɧɢɤɢ ɥɚɛɨɪɚɬɨɪɢɣ [3, 5, 6]. ɉɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ 

[1, 7], 99 % ɲɬɚɦɦɨɜ ɦɢɤɨɩɥɚɡɦ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ 1374 ɤɥɟɬɨɱɧɵɯ 
ɤɭɥɶɬɭɪ, ɨɤɚɡɚɥɢɫɶ ɦɢɤɨɩɥɚɡɦɚɦɢ ɱɟɥɨɜɟɤɚ, ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨ-
ɬɚ ɢ ɫɜɢɧɶɢ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɤɨɧɬɚɦɢɧɚɰɢɢ 

ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɢɥɚɛɨɪɚɬɨɪɧɚɹ ɩɟɪɟɞɚɱɚ ɢɧɮɟɤɰɢɢ ɢɡ ɜɨɡɞɭɯɚ ɩɨɦɟ-
ɳɟɧɢɣ ɢ/ɢɥɢ ɨɬ ɩɟɪɫɨɧɚɥɚ, ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ, ɨɬ ɨɞɧɨɣ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɤ ɞɪɭɝɢɦ. Ɍɚɤ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚ-
ɛɨɬɵ ɜ ɨɞɧɨɦ ɛɨɤɫɟ ɫ ɢɧɮɢɰɢɪɨɜɚɧɧɨɣ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɨɣ ɪɚɧɟɟ 
ɫɬɟɪɢɥɶɧɵɟ ɥɢɧɢɢ ɤɥɟɬɨɤ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɤɚɡɵɜɚɸɬɫɹ ɤɨɧɬɚɦɢɧɢɪɨ-
ɜɚɧɧɵɦɢ [8]. 

ɂɫɩɵɬɚɧɢɸ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɩɨɫɬɨɪɨɧɧɢɯ ɚɝɟɧɬɨɜ ɩɨɞɥɟɠɚɬ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟɧɧɵɟ ɤɥɟɬɨɱɧɵɟ ɤɭɥɶɬɭɪɵ; ɨɛɴɟɞɢɧɟɧɧɵɣ ɜɢɪɭɫɧɵɣ ɫɛɨɪ, ɩɨ-
ɥɭɱɟɧɧɵɣ ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ, ɩɨɫɟɜɧɨɝɨ ɜɢɪɭɫɚ 
ɞɥɹ ɠɢɜɵɯ ɢ ɢɧɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɜɢɪɭɫɧɵɯ ɜɚɤɰɢɧ; ɨɛɴɟɞɢɧɟɧɧɵɣ 

ɜɢɪɭɫɧɵɣ ɫɛɨɪ ɤɚɠɞɨɣ ɫɟɪɢɢ ɠɢɜɵɯ ɜɢɪɭɫɧɵɯ ɜɚɤɰɢɧ.

ɐɟɥɶ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɜɵɹɜɥɟɧɢɹ 
ɦɢɤɨɩɥɚɡɦɟɧɧɨɣ ɤɨɧɬɚɦɢɧɚɰɢɢ ɤɭɥɶɬɭɪ ɤɥɟɬɨɤ, ɜɚɤɰɢɧ ɢ ɛɢɨɥɨɝɢ-

ɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ ɫ ɩɨɦɨɳɶɸ ɆɉɐɊ ɢ ɩɪɨɜɟɞɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɜɭɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ: ɤɭɥɶɬɭɪɚɥɶɧɨɝɨ, ɨɫɧɨ-
ɜɚɧɧɨɝɨ ɧɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɜ ɫɟɥɟɤɬɢɜɧɵɯ ɠɢɞɤɢɯ ɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɚɝɚɪɚ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞɚɯ 
ɜ ɚɷɪɨɛɧɵɯ ɢ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ — ɩɨɥɢɦɟɪɚɡ-
ɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ (ɉɐɊ). 

ȼ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɆɍɄ 

4.1/4.2.588–96, European Pharmacopoeia 7.0. Council of Europe, 2010.

Vol. 1, ȽɎ XIII ɢɡɞ., ɬ. 2. ɈɎɋ.1.7.20031.15 «ɂɫɩɵɬɚɧɢɟ ɧɚ ɩɪɢɫɭɬ-
ɫɬɜɢɟ Ɇɢɤɨɩɥɚɡɦ» ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɤɭɥɶ-
ɬɭɪɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɛɵɥɚ ɜɵɛɪɚɧɚ ɡɚ ɨɫɧɨɜɭ ɤɨɦɩɨɧɟɧɬɧɚɹ ɩɨɥɭ-
ɠɢɞɤɚɹ ɩɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɦɢɤɨ-
ɩɥɚɡɦ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 0,3 % ɚɝɚɪɚ (ɫɪɟɞɚ Ʉɚɝɚɧ ɩɨɥɭɠɢɞɤɚɹ). Ⱦɚɧɧɚɹ 
ɩɢɬɚɬɟɥɶɧɚɹ ɫɪɟɞɚ ɫɱɢɬɚɟɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɢ ɩɪɢɡɧɚɟɬɫɹ ɝɨɞɧɨɣ, 
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ɟɫɥɢ ɧɟ ɩɨɡɞɧɟɟ 7 ɫɭɬɨɤ ɢɧɤɭɛɚɰɢɢ, ɜɢɡɭɚɥɶɧɨ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɪɨɫɬ 
ɲɬɚɦɦɚ Mycoplasma arginini G 230 (ɈɋɈ) ɜ ɪɚɡɜɟɞɟɧɢɢ ɧɟ ɦɟɧɟɟ, ɱɟɦ 

10–6–10–7 (ɧɟ ɛɨɥɟɟ 100 — 10 ɄɈȿ/ɦɥ (ɤɨɥɨɧɢɟɨɛɪɚɡɭɸɳɢɯ ɟɞɢɧɢɰ) 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 36±1 ɨɋ.

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɧɬɪɨɥɹ ɦɟɬɨɞɨɦ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ 

(ɉɐɊ) ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ» 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɧɚɛɨɪ ɪɟɚɝɟɧɬɨɜ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɦɢɤɨɩɥɚɡɦ: Acholeplasma laidlawii, Mycoplasma 

alkalescens, Mycoplasma arginini, Mycoplasma arthritidis, Mycoplasma 

bovis, Mycoplasma buccale, Mycoplasma canis, Mycoplasma fermentans, 

Mycoplasma gallisepticum, Mycoplasma hominis, Mycoplasma hyorhinis, 

Mycoplasma orale, Mycoplasma pulmonis, Mycoplasma salivarium.

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɦɢɤɨɩɥɚɡɦ ɤɭɥɶɬɭɪɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɢ ɉɐɊ 

ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɥɟɬɨɱɧɵɟ ɤɭɥɶɬɭɪɵ Vero, Hep, MDCK ɢ ɫɵ-

ɜɨɪɨɬɤɚ ɷɦɛɪɢɨɧɚɥɶɧɚɹ ɬɟɥɹɱɶɹ Gibco, ɜ ɤɚɱɟɫɬɜɟ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɥɟɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɛɵɥɚ ɞɨɛɚɜɥɟɧɚ ɫɵɜɨ-
ɪɨɬɤɚ ɷɦɛɪɢɨɧɚɥɶɧɚɹ ɬɟɥɹɱɶɹ Gibco, ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɚɹ ɲɬɚɦɦɨɦ 

Mycoplasma arginini G-230 (ɈɋɈ) 1000–100 ɄɈȿ/ɦɥ (ɪɚɡɜɟɞɟɧɢɟ 
10–5–10–6) (ɫɦ. ɪɢɫ.). 
Ɉɛɚ ɦɟɬɨɞɚ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ; ɩɪɢ ɤɭɥɶɬɭɪɚɥɶɧɨɦ 

ɦɟɬɨɞɟ ɧɚ 3 ɫɭɬɤɢ ɢɧɤɭɛɚɰɢɢ ɩɨɫɟɜɨɜ ɛɵɥ ɜɵɹɜɥɟɧ ɨɬɥɢɱɧɵɣ ɪɨɫɬ 
ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɵɯ ɤɭɥɶɬɭɪ ɤɥɟɬɨɤ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɵɜɨɪɨɬɤɢ 

ɷɦɛɪɢɨɧɚɥɶɧɨɣ ɬɟɥɹɱɶɟɣ Gibco. Ɋɟɡɭɥɶɬɚɬɵ ɉɐɊ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢ-

ɫɭɧɤɟ.

Ɋɟɡɭɥɶɬɚɬɵ ɉɐɊ ɧɚ ɜɵɹɜɥɟɧɢɟ ɦɢɤɨɩɥɚɡɦ ɜ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɟ
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1. ɋɵɜɨɪɨɬɤɚ ɷɦɛɪɢɨɧɚɥɶɧɚɹ ɬɟɥɹɱɶɹ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɚɹ 
Mycoplasma arginini G-230 1000 ɄɈȿ/ɦɥ.

2. ɋɵɜɨɪɨɬɤɚ ɷɦɛɪɢɨɧɚɥɶɧɚɹ ɬɟɥɹɱɶɹ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɚɹ 
Mycoplasma arginini G-230 100 ɄɈȿ/ɦɥ.

3. ɋɵɜɨɪɨɬɤɚ ɷɦɛɪɢɨɧɚɥɶɧɚɹ ɬɟɥɹɱɶɹ Gibco ɫɬɟɪɢɥɶɧɚɹ.
4. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ Vero ɫ ɜɧɟɫɟɧɢɟɦ ɫɵɜɨɪɨɬɤɢ ɷɦɛɪɢɨɧɚɥɶ-

ɧɨɣ ɬɟɥɹɱɶɟɣ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɨɣ Mycoplasma arginini 

G-230 1000 ɄɈȿ/ɦɥ.
5. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ Vero ɫ ɜɧɟɫɟɧɢɟɦ ɫɵɜɨɪɨɬɤɢ ɷɦɛɪɢɨɧɚɥɶ-

ɧɨɣ ɬɟɥɹɱɶɟɣ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɨɣ Mycoplasma arginini 

G-230 100 ɄɈȿ/ɦɥ.
6. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ Vero ɫɬɟɪɢɥɶɧɚɹ.
7. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ MDSK ɫ ɜɧɟɫɟɧɢɟɦ ɫɵɜɨɪɨɬɤɢ ɷɦɛɪɢɨ-

ɧɚɥɶɧɨɣ ɬɟɥɹɱɶɟɣ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɨɣ Mycoplasma arginini 

G-230 1000 ɄɈȿ/ɦɥ.
8. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ MDSK ɫ ɜɧɟɫɟɧɢɟɦ ɫɵɜɨɪɨɬɤɢ ɷɦɛɪɢɨ-

ɧɚɥɶɧɨɣ ɬɟɥɹɱɶɟɣ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɨɣ Mycoplasma arginini 

G-230 100 ɄɈȿ/ɦɥ.
9. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ MDSK ɫɬɟɪɢɥɶɧɚɹ.
10. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ Hep ɫ ɜɧɟɫɟɧɢɟɦ ɫɵɜɨɪɨɬɤɢ ɷɦɛɪɢɨɧɚɥɶ-

ɧɨɣ ɬɟɥɹɱɶɟɣ Gibco ɤɨɧɬɚɦɢɧɢɪɨɜɚɧɧɨɣ Mycoplasma arginini 

G-230 1000 ɄɈȿ/ɦɥ.
11. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ Hep ɫɬɟɪɢɥɶɧɚɹ.
12. Ʉ+ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ.
13. Ʉ — ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ.
14. Ɇ — ɦɚɪɤɟɪ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ.
ȼɵɜɨɞ: ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɩɪɟɫɫ ɦɟɬɨɞɚ ɦɟɬɨɞ ɉɐɊ ɞɥɹ ɜɵ-

ɹɜɥɟɧɢɹ ɦɢɤɨɩɥɚɡɦ ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ, ɛɢɨɥɨɝɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɟ, 
ɢɫɩɨɥɶɡɭɟɦɨɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɚɤɰɢɧ, ɱɬɨ ɜ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶ-
ɧɨɦɭ ɭɫɤɨɪɟɧɢɸ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɦɢɤɪɨɛɢɨɥɨɝɢ-

ɱɟɫɤɨɝɨ ɦɟɬɨɞɚ, ɩɨɫɬɚɧɨɜɤɚ ɤɨɬɨɪɨɝɨ ɡɚɧɢɦɚɟɬ ɞɨ 21 ɫɭɬɨɤ. 
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Ⱥɧɧɨɬɚɰɢɹ
ɉɨɥɢɦɨɪɮɢɡɦ ɝɟɧɚ LIF ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɦɚɪɤɟɪ ɜɨɫɩɪɨɢɡɜɨ-

ɞɢɬɟɥɶɧɵɯ ɤɚɱɟɫɬɜ ɫɜɢɧɟɣ, ɜɥɢɹɸɳɢɣ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɤɨɥɢɱɟ-
ɫɬɜɨ ɩɨɪɨɫɹɬ ɩɪɢ ɪɨɠɞɟɧɢɢ ɢ ɦɧɨɝɨɩɥɨɞɢɟ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 

ɛɵɥɨ ɢɡɭɱɢɬɶ ɜɥɢɹɧɢɟ ɩɨɥɢɦɨɪɮɢɡɦɚ ɝɟɧɚ LIF, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɬɨ-
ɱɟɱɧɨɣ ɦɭɬɚɰɢɟɣ (SNP rs3463076786) ɜ 3 ɷɤɡɨɧɟ ɧɚ ɩɪɨɞɭɤɬɢɜɧɵɟ 
ɤɚɱɟɫɬɜɚ ɫɜɢɧɟɣ ɩɨɪɨɞ ɥɚɧɞɪɚɫ, ɤɪɭɩɧɚɹ ɛɟɥɚɹ ɢ ɞɸɪɨɤ. ȼɨ ɜɫɟɯ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩɚɯ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɬɪɢ ɝɟɧɨɬɢɩɚ ɩɨ ɝɟɧɭ LIF ȺȺ, 

ȺB ɢ BB. ɍɫɬɚɧɨɜɥɟɧɚ ɫɜɹɡɶ ɩɨɥɢɦɨɪɮɢɡɦɚ ɝɟɧɚ LIF ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ 

ɪɟɩɪɨɞɭɤɬɢɜɧɵɯ ɤɚɱɟɫɬɜ ɫɜɢɧɟɣ. Ɉɩɪɟɞɟɥɟɧɵ ɚɥɥɟɥɶɧɵɟ ɜɚɪɢɚɧɬɵ 

ɝɟɧɚ, ɡɚɤɪɟɩɥɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɩɨɩɭɥɹɰɢɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵ-

ɲɟɧɢɸ ɩɪɨɞɭɤɬɢɜɧɵɯ ɤɚɱɟɫɬɜ ɫɜɢɧɟɣ. 

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟ-
ɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɦɨɥɨɞɵɯ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ-ɤɚɧɞɢ-

ɞɚɬɨɜ ɧɚɭɤ - ɞɨɝɨɜɨɪ № 14.W01.16.7781-ɆɄ «14» ɦɚɪɬɚ 2016 ɝ.
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Abstract

Polymorphism LIF gene is regarded as a marker of reproductive 

qualities of pigs, which affects mainly the number of piglets at birth 

and multiple pregnancy. The aim of this work was to study the ef-

fect of LIF gene polymorphism caused by a point mutation (SNP 

rs3463076786) in exon 3 in the productive qualities of pigs Landra-

ce breeds, Large White and Duroc. In all groups, all three genotype 

gene LIF AA, AB and BB were identifi ed. The connection LIF gene 

polymorphism with indicators of reproductive qualities of pigs. Iden-

tifi ed allelic variants of the gene, which is binding in the population 

will increase the productive qualities of pigs.

ɍɪɨɜɟɧɶ ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɬɪɚɧɵ ɡɚɜɢɫɢɬ ɨɬ ɩɨ-
ɬɟɧɰɢɚɥɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɋɚɡɜɢɬɢɟ ɫɨɜɪɟɦɟɧ-

ɧɨɝɨ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 
ɦɟɬɨɞɨɜ. Ɉɬɤɪɵɬɢɹ ɜ ɨɛɥɚɫɬɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɝɟɧɟɬɢɤɢ ɩɨɡɜɨɥɹɸɬ ɜɵ-

ɞɟɥɹɬɶ ɢ ɢɡɭɱɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɱɚɫɬɤɢ ɝɟɧɨɜ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢ-

ɪɨɜɚɧɢɟ ɯɨɡɹɣɫɬɜɟɧɧɨ ɰɟɧɧɵɯ ɩɪɢɡɧɚɤɨɜ. Ɋɚɡɪɚɛɨɬɤɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɫɟɥɟɤɰɢɢ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɨɬɟɱɟɫɬɜɟɧ-

ɧɵɯ ɜɵɫɨɤɨɩɪɨɞɭɤɬɢɜɧɵɯ ɩɨɪɨɞ ɫ.-ɯ. ɠɢɜɨɬɧɵɯ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨ-
ɜɚɬɶ ɩɨɜɵɲɟɧɢɸ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶ-
ɧɨɫɬɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ [1].

Ƚɟɧ ɥɟɣɤɟɦɢɹ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɮɚɤɬɨɪɚ (LIF) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɰɢɬɨɤɢɧ ɩɥɟɣɨɬɪɨɩɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɣ ɭɱɚɫɬɜɭɟɬ ɜɨ ɦɧɨɝɢɯ 
ɩɪɨɰɟɫɫɚɯ, ɜɥɢɹɟɬ ɧɚ ɪɚɡɥɢɱɧɵɟ ɷɧɞɨɤɪɢɧɧɵɟ ɬɤɚɧɢ ɢ ɬɢɩɵ ɤɥɟɬɨɤ, 
ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɷɦɛɪɢɨɝɟɧɟɡɚ [1,2]. ɍ ɫɜɢɧɟɣ ɝɟɧ LIF 

ɥɨɤɚɥɢɡɨɜɚɧ ɜ ɯɪɨɦɨɫɨɦɟ 14q2.1-q2.2 ɜ 3 ɷɤɡɨɧɟ [3]. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɢɡɭɱɢɬɶ ɜɥɢɹɧɢɟ ɩɨɥɢɦɨɪɮɢɡɦɚ ɝɟɧɚ LIF, 

ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɬɨɱɟɱɧɨɣ ɦɭɬɚɰɢɟɣ (SNP rs3463076786) ɜ 3 ɷɤɡɨɧɟ ɧɚ 
ɩɪɨɞɭɤɬɢɜɧɵɟ ɤɚɱɟɫɬɜɚ ɫɜɢɧɟɣ ɩɨɪɨɞ ɥɚɧɞɪɚɫ, ɤɪɭɩɧɚɹ ɛɟɥɚɹ ɢ ɞɸ-

ɪɨɤ. Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɫɜɢɧɶɢ ɩɨɪɨɞɵ ɥɚɧɞɪɚɫ (n = 

326), ɤɪɭɩɧɨɣ ɛɟɥɨɣ ɩɨɪɨɞɵ (n = 135) ɢ ɩɨɪɨɞɵ ɞɸɪɨɤ (n = 46). Ⱥɧɚ-
ɥɢɡ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɉɐɊ-ɉȾɊɎ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɝɟɧɨɬɢɩɢɪɨɜɚɧɢɹ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɝɪɭɩɩɵ ɠɢɜɨɬɧɵɯ ɫ ɭɱɟɬɨɦ 

ɝɟɧɨɬɢɩɨɜ ɩɨ ɝɟɧɭ LIF (AA, AB, BB). ȼɨɫɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɤɚɱɟɫɬɜɚ 
ɨɰɟɧɢɜɚɥɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɟɪɜɵɯ ɬɪɟɯ ɨɩɨɪɨɫɨɜ.
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ɉɪɢ ɢɡɭɱɟɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬ ɚɥɥɟɥɟɣ ɢ ɝɟɧɨɬɢɩɨɜ ɩɨ ɝɟɧɭ 
LIF ɨɬɦɟɱɚɟɬɫɹ ɩɨɪɨɞɧɵɣ ɚɫɩɟɤɬ. ɍ ɫɜɢɧɟɣ ɩɨɪɨɞɵ ɥɚɧɞɪɚɫ ɩɪɟɨɛɥɚɞɚɥ 
ɚɥɥɟɥɶ ȼ ɩɪɢ ɪɚɜɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɱɚɫɬɨɬ ɝɟɧɨɬɢɩɚ Ⱥȼ ɢ ȼȼ. ɍ ɫɜɢ-

ɧɟɣ ɤɪɭɩɧɨɣ ɛɟɥɨɣ ɩɨɪɨɞɵ ɧɚɢɛɨɥɶɲɭɸ ɱɚɫɬɨɬɭ ɢɦɟɥ ɝɟɬɟɪɨɡɢɝɨɬɧɵɣ 

ɝɟɧɨɬɢɩ Ⱥȼ (57,8 %), ɱɚɫɬɨɬɚ ɝɟɧɨɬɢɩɚ ȺA ɢɦɟɥɚ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɡɧɚ-
ɱɟɧɢɟ (36,3 %). ȼ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɩɭɥɹɰɢɢ ɩɪɢɨɪɢɬɟɬɨɦ ɪɚɫɩɨɥɚɝɚɥ ɚɥ-
ɥɟɥɶ Ⱥ. ɍ ɫɜɢɧɟɣ ɩɨɪɨɞɵ ɞɸɪɨɤ, ɧɚɩɪɨɬɢɜ, ɧɚɢɛɨɥɶɲɭɸ ɱɚɫɬɨɬɭ ɢɦɟɥ 
ɚɥɥɟɥɶ B (76,1 %) ɢ ɝɟɧɨɬɢɩ ȼȼ (60,9 %). Ɍɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɹɡɚɧɨ 
ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɞɚɧɧɵɯ ɩɨɪɨɞ ɢ ɢɯ ɫɩɟɰɢɚɥɢɡɚɰɢɟɣ.

Ⱥɧɚɥɢɡ ɩɪɨɞɭɤɬɢɜɧɵɯ ɤɚɱɟɫɬɜ ɫɜɢɧɟɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɧɨɬɢɩɨɜ 
ɝɟɧɚ LIF ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ ɫɜɹɡɢ ɚɥɥɟɥɶɧɵɯ ɜɚɪɢɚɧɬɨɜ ɝɟɧɚ ɫ ɩɪɨɞɭɤ-
ɬɢɜɧɨɫɬɶɸ. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

ȼɨɫɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɤɚɱɟɫɬɜɚ ɫɜɢɧɨɦɚɬɨɤ
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɧɨɬɢɩɨɜ ɝɟɧɚ LIF

Ƚɟɧɨɬɢɩ n
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɪɨɫɹɬ 
ɩɪɢ ɪɨɠɞɟɧɢɢ, ɝɨɥ Ɇɧɨɝɨɩɥɨɞɢɟ, ɝɨɥ Ɇɚɫɫɚ ɝɧɟɡɞɚ ɩɪɢ 

ɪɨɠɞɟɧɢɢ, ɤɝ
Ʌɚɧɞɪɚɫ

ȺȺ 50 13,90 ± 0,51** 12,74 ± 0,37** 18,30 ± 1,58

Ⱥȼ 70 13,23 ± 0,53 11,90 ± 0,61 17,08 ± 1,93

ȼȼ 90 12,51 ± 0,37 11,41 ± 0,48 16,20 ± 0,80

Ʉɪɭɩɧɚɹ ɛɟɥɚɹ
ȺȺ 24 12,58 ± 0,42* 11,61 ± 0,34* 16,17 ± 0,57

Ⱥȼ 32 13,20 ± 0,18 11,52 ± 0,32 16,63 ± 0,48

ȼȼ 12 11,33 ± 0,36 10,67 ± 0,26 14,61 ± 0,93

Ⱦɸɪɨɤ
ȺȺ 4 12,14 ± 0,35***  12,14 ± 0,38*** 15,52 ± 0,42***

Ⱥȼ 12 11,67 ± 0,71 10,52 ± 0,56 15,33 ± 0,63

ȼȼ 16 10,13 ± 0,39 8,76 ± 0,28 13,25 ± 0,29
*p < 0.05; **p < 0.01; ***p < 0.001

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨɟ ɜɥɢɹɧɢɟ 
ɩɨɥɢɦɨɪɮɢɡɦɚ ɝɟɧɚ LIF ɧɚ ɩɪɨɞɭɤɬɢɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɜɢɧɟɣ. ȼ ɤɚɱɟ-
ɫɬɜɟ ɠɟɥɚɬɟɥɶɧɨɝɨ ɝɟɧɨɬɢɩɚ ɜɨ ɜɫɟɯ ɩɨɪɨɞɚɯ ɨɩɪɟɞɟɥɟɧ ɝɟɧɨɬɢɩ AA/

LIF, ɧɚɥɢɱɢɟ ɤɨɬɨɪɨɝɨ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɪɨɫɹɬ ɩɪɢ 

ɪɨɠɞɟɧɢɢ ɢ ɦɧɨɝɨɩɥɨɞɢɟɦ. ɋɜɢɧɶɢ ɩɨɪɨɞɵ ɥɚɧɞɪɚɫ ɝɟɧɨɬɢɩɚ ȺȺ/
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LIF ɩɪɟɜɨɫɯɨɞɢɥɢ ɚɧɚɥɨɝɨɜ ȼȼ/LIF ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɪɨɫɹɬ ɩɪɢ ɪɨɠɞɟ-
ɧɢɢ ɧɚ 1,4 ɝɨɥ. (11 %, p < 0,01) ɢ ɩɨ ɦɧɨɝɨɩɥɨɞɢɸ ɧɚ 1,3 ɝɨɥ. (11,7 %, 

p < 0,01). ɋɜɢɧɶɢ ɤɪɭɩɧɨɣ ɛɟɥɨɣ ɩɨɪɨɞɵ ɝɟɧɨɬɢɩɚ ȺȺ/LIF ɩɪɟɜɨɫɯɨɞɢ-

ɥɢ ɚɧɚɥɨɝɨɜ ȼȼ/LIF ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɪɨɫɹɬ ɩɪɢ ɪɨɠɞɟɧɢɢ ɧɚ 1,3 ɝɨɥ. 
(11 %, p < 0,05), ɩɨ ɦɧɨɝɨɩɥɨɞɢɸ ɧɚ 0,9 ɝɨɥ. (8,8 %, p < 0,05). ɋɜɢ-

ɧɶɢ ɩɨɪɨɞɵ ɞɸɪɨɤ ɝɟɧɨɬɢɩɚ ȺȺ/LIF ɢɦɟɥɢ ɥɭɱɲɭɸ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 
ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɪɨɫɹɬ ɩɪɢ ɪɨɠɞɟɧɢɢ ɧɚ 2,0 ɝɨɥ. (20 %, p < 0,001), ɩɨ 
ɦɧɨɝɨɩɥɨɞɢɸ ɧɚ 3,4 ɝɨɥ. (39 %, p < 0,001), ɚ ɬɚɤɠɟ ɩɨ ɦɚɫɫɟ ɝɧɟɡɞɚ ɩɪɢ 

ɪɨɠɞɟɧɢɢ ɧɚ 2,3 ɤɝ (17 %, p < 0,001). Ƚɟɧɨɬɢɩ Ⱥȼ ɜ ɝɟɧɟɬɢɱɟɫɤɨɣ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɫɜɢɧɟɣ ɡɚɧɢɦɚɟɬ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɜɨ ɜɫɟɯ ɪɚɫɫɦɚ-
ɬɪɢɜɚɟɦɵɯ ɩɨɪɨɞɚɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɚɬɟɥɶɧɨ-
ɝɨ ɚɥɥɟɥɹ Ⱥ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɩɨɜɵɲɟɧɢɸ ɩɥɨɞɨɜɢɬɨɫɬɢ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɢɦɨɪ-
ɮɢɡɦ ɝɟɧɚ LIF ɫɜɹɡɚɧ ɫ ɜɨɫɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɜɢɧɟɣ 

ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ȾɇɄ-ɦɚɪɤɟɪɚ ɩɥɨɞɨɜɢɬɨɫɬɢ 

ɜ ɩɪɚɤɬɢɱɟɫɤɨɣ ɫɟɥɟɤɰɢɢ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɡɭɱɟɧɢɹ ɫɜɢɧɟɣ 

ɪɚɡɥɢɱɧɵɯ ɩɨɪɨɞ, ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɟɧɟɬɢɱɟ-
ɫɤɢɯ ɨɫɧɨɜ ɢɡɦɟɧɱɢɜɨɫɬɢ ɩɪɢɡɧɚɤɨɜ ɫɜɢɧɟɣ ɩɭɬɟɦ ɩɨɢɫɤɚ ɢ ɢɞɟɧɬɢ-

ɮɢɤɚɰɢɢ ɪɹɞɚ ɤɥɸɱɟɜɵɯ ɝɟɧɨɜ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ ɪɚɡɜɢɬɢɟ ɯɨɡɹɣɫɬɜɟɧ-

ɧɨ ɰɟɧɧɵɯ ɤɚɱɟɫɬɜ ɷɬɢɯ ɠɢɜɨɬɧɵɯ.
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Ⱥɧɧɨɬɚɰɢɹ
Ʉɨɥɨɪɟɤɬɚɥɶɧɵɣ ɪɚɤ (ɄɊɊ) ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɧɤɨɩɚɬɨɥɨɝɢɣ. Ⱦɥɹ ɦɧɨɝɢɯ ɨɧɤɨɡɚɛɨɥɟɜɚɧɢɣ, 

* Ɋɚɛɨɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨ-
ɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɋɨɝɥɚɲɟɧɢɸ № 14.604.21.0102 ɨɬ 
05.08.2014 ɝ. (ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ RFMEFI60414X0102), ɡɚɤɥɸɱɟɧ-

ɧɨɦɭ ɜ ɪɚɦɤɚɯ Ɏɟɞɟɪɚɥɶɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɵ «ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚ-
ɛɨɬɤɢ ɩɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 2014–2020 ɝɨɞɵ».
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ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɄɊɊ, ɨɬɦɟɱɟɧɨ ɝɢɩɟɪɦɟɬɢɥɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɧɵɯ 
ɭɱɚɫɬɤɨɜ ɪɹɞɚ ɝɟɧɨɜ. ɇɚ ɨɫɧɨɜɟ ɧɟɞɚɜɧɨ ɨɬɤɪɵɬɨɣ ɭɧɢɤɚɥɶɧɨɣ ɦɟ-
ɬɢɥ-ɡɚɜɢɫɢɦɨɣ ɫɚɣɬ-ɫɩɟɰɢɮɢɱɟɫɤɨɣ ȾɇɄ ɷɧɞɨɧɭɤɥɟɚɡɵ GlaI, ɧɚɦɢ 

ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ GLAD-ɉɐɊ, ɩɨɡɜɨɥɹɸɳɢɣ ɛɵɫɬɪɨ ɢ ɧɟɞɨɪɨ-

ɝɨ ɨɩɪɟɞɟɥɹɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 5’-R(5mC)GY-3’ ɫɚɣɬɨɜ ɜ ɤɨɧɤɪɟɬ-
ɧɵɯ ɭɱɚɫɬɤɚɯ ɝɟɧɨɦɚ ɱɟɥɨɜɟɤɚ, ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɛɢɫɭɥɶ-
ɮɢɬɧɨɣ ɤɨɧɜɟɪɫɢɢ.

Abstract

Colorectal cancer (CRC) is one of the major malignancies world-

wide. Hypermethylation of the gene regulatory regions is shown 

for many cancer diseases including CRC. On the basis of recently 

discovered unique methyl-directed site-specifi c DNA endonuclease 

GlaI we developed a GLAD-PCR assay allowing quick and inex-

pensive estimation of 5’-R(5mC)GY-3’ site in a defi nite position of 

human genome without bisulfi te conversion.

Ⱥɛɟɪɪɚɧɬɧɨɟ ɦɟɬɢɥɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɧɵɯ ɨɛɥɚɫɬɟɣ ɝɟɧɨɜ-ɨɧ-

ɤɨɦɚɪɤɟɪɨɜ ɩɨɤɚɡɚɧɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɧɟɧɚɫɥɟɞɫɬɜɟɧɧɵɯ (ɫɩɨɪɚ-
ɞɢɱɟɫɤɢɯ) ɮɨɪɦ ɪɚɤɚ, ɤɨɬɨɪɵɟ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɟɟ 90 % 

ɜɫɟɯ ɫɥɭɱɚɟɜ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ. Ⱥɛɟɪɪɚɧɬɧɵɦ 

(ɚɧɨɦɚɥɶɧɵɦ) ɫɱɢɬɚɟɬɫɹ ɥɨɤɚɥɶɧɨɟ ɝɢɩɟɪɦɟɬɢɥɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ 
ɭɱɚɫɬɤɨɜ ȾɇɄ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ CpG-ɨɫɬɪɨɜɤɨɜ, ɜ ɪɟɝɭɥɹɬɨɪɧɵɯ ɨɛ-

ɥɚɫɬɹɯ ɝɟɧɨɜ-ɨɧɤɨɫɭɩɪɟɫɫɨɪɨɜ, ɤɨɬɨɪɵɟ ɜ ɧɨɪɦɟ ɥɢɲɟɧɵ ɦɟɬɢɥɶ-
ɧɵɯ ɝɪɭɩɩ. ȼ ɪɚɤɨɜɵɯ ɤɥɟɬɤɚɯ ɝɢɩɟɪɦɟɬɢɥɢɪɨɜɚɧɢɟ de novo ɩɪɨɢɫ-
ɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ ɚɤɬɢɜɧɨɫɬɢ ȾɇɄ ɦɟɬɢɥɬɪɚɧɫɮɟɪɚɡ (ɆɌɚɡ) Dnmt3a 

ɢ Dnmt3b. Ⱦɚɧɧɵɟ ɆɌɚɡɵ ɪɚɫɩɨɡɧɚɸɬ ɢ ɦɟɬɢɥɢɪɭɸɬ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶ RCGY, ɩɪɟɜɪɚɳɚɹ ɟɟ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ R(5mC)GY 

[1–3]. ȾɇɄ ɷɧɞɨɧɭɤɥɟɚɡɚ GlaI, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɩɨɫɨɛɧɚ ɪɚɫɩɨɡɧɚ-
ɜɚɬɶ ɬɨɥɶɤɨ ɦɟɬɢɥɢɪɨɜɚɧɧɵɟ ɫɚɣɬɵ R(5mC)GY, ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɝɨ 
ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ GLAD-ɉɐɊ [ɉɚɬɟɧɬ ɊɎ № 2525710]. Ɉɩɪɟɞɟ-
ɥɟɧɢɟ ɦɟɬɢɥɢɪɨɜɚɧɵɯ ɭɱɚɫɬɤɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɬɪɢ 

ɷɬɚɩɚ: ɝɢɞɪɨɥɢɡ, ɥɢɝɢɪɨɜɚɧɢɟ, ɉɐɊ. Ƚɢɞɪɨɥɢɡ ɨɛɪɚɡɰɚ ȾɇɄ ɦɟɬɢɥ-

ɡɚɜɢɫɢɦɨɣ ɷɧɞɨɧɭɤɥɟɚɡɨɣ GlaI ɩɨ ɫɩɟɰɢɮɢɱɟɫɤɨɦɭ ɫɚɣɬɭ R(5mC)

GY, ɩɨɡɜɨɥɹɟɬ ɮɢɤɫɢɪɨɜɚɬɶ ɧɚɥɢɱɢɟ ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɜ ɚɧɚɥɢɡɢɪɭ-

ɟɦɵɯ ɭɱɚɫɬɤɚɯ. Ʌɢɝɢɪɨɜɚɧɢɟ ɚɞɚɩɬɟɪɚ (ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɨɛɪɚɧɧɨɝɨ 
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ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɨɝɨ ɞɭɩɥɟɤɫɚ) — ɩɪɨɦɟɠɭɬɨɱɧɵɣ 

ɲɚɝ ɡɚɤɪɟɩɥɹɸɳɢɣ ɬɨɱɤɭ ɪɚɫɳɟɩɥɟɧɢɹ ȾɇɄ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶ-
ɧɟɣɲɟɝɨ ɉɐɊ. Ⱥɦɩɥɢɮɢɤɚɰɢɹ ɦɟɬɢɥɢɪɨɜɚɧɧɨɣ ȾɇɄ ɩɪɨɢɫɯɨɞɢɬ 
ɫ ɩɨɦɨɳɶɸ ɝɢɛɪɢɞɧɨɝɨ ɩɪɚɣɦɟɪɚ, ɱɚɫɬɢɱɧɨ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɝɨ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɲɢɬɨɝɨ ɚɞɚɩɬɟɪɚ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɜɬɨɪɨɝɨ 
ɩɪɚɣɦɟɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɭɱɚɫɬɤɭ ɝɟɧɨɦɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɫɬɢ ɫ ɞɪɭɝɨɣ. ɋɩɟɰɢɮɢɱɟɫɤɚɹ ɉɐɊ, ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ, ɦɨɠɟɬ ɩɪɨ-

ɢɫɯɨɞɢɬɶ ɬɨɥɶɤɨ ɩɪɢ ɭɫɩɟɲɧɨɦ ɩɪɨɯɨɠɞɟɧɢɢ ɩɟɪɜɵɯ ɞɜɭɯ ɫɬɚɞɢɣ, 

ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɦɟɬɢɥɢɪɨɜɚɧɢɹ 
ɜ ɢɫɯɨɞɧɨɦ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɭɱɚɫɬɤɟ ɜɵɛɪɚɧɧɨɝɨ ɝɟɧɚ. ɉɐɊ ɜ ɪɟɠɢ-

ɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɥɸɨɪɟɫɰɟɧɬɧɨ-ɦɟɱɟɧɨɝɨ 
Taqman-ɡɨɧɞɚ ɭɫɬɪɚɧɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟ-
ɬɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ, ɚ ɤɪɨɦɟ ɬɨɝɨ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɦɟɬɢɥɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ 
ȾɇɄ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɶɧɵɦɢ ɨɛɪɚɡɰɚɦɢ.

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ ɭɱɚɫɬɤɢ 23 ɝɟɧɨɜ-ɨɧɤɨɦɚɪɤɟɪɨɜ ɚɫɫɨɰɢ-

ɢɪɨɜɚɧɧɵɯ ɫ ɄɊɊ. Ɇɟɬɢɥɢɪɨɜɚɧɧɵɟ ɫɚɣɬɵ RCGY ɛɵɥɢ ɨɩɪɟɞɟɥɟ-
ɧɵ ɧɚ ɦɨɞɟɥɢ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ SW837 ɤɨɥɨɪɟɤɬɚɥɶɧɨɣ ɚɞɟɧɨɤɚɪ-

ɰɢɧɨɦɵ. ȼɫɟɝɨ ɢɫɫɥɟɞɨɜɚɧɨ 26 ɭɱɚɫɬɤɨɜ, 23 ɢɡ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɧɵ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ. ȾɇɄ ɜɵɞɟɥɟɧɧɨɟ ɢɡ ɨɛɪɚɡɰɨɜ ɞɨɧɨɪɫɤɢɯ 
ɬɤɚɧɟɣ ɤɨɥɨɪɟɤɬɚɥɶɧɨɣ ɚɞɟɧɨɤɚɪɰɢɧɨɦɵ ɢ ɨɛɪɚɡɰɨɜ ɧɨɪɦɚɥɶɧɵɯ 
ɬɤɚɧɟɣ ɫɥɢɡɢɫɬɨɣ ɩɪɹɦɨɣ ɤɢɲɤɢ, ɜ ɤɨɥɢɱɟɫɬɜɟ 21 ɢ 9 ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɨ, ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ GLAD-ɉɐɊ. ȼ ɰɟɥɨɦ, ɞɚɧɧɵɟ 
ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɞɨɧɨɪɫɤɢɯ ɨɛɪɚɡɰɨɜ ɩɨɞɬɜɟɪɞɢɥɢ, ɩɪɟɨɛɥɚɞɚɧɢɟ 
ɝɢɩɟɪɦɟɬɢɥɢɪɨɜɚɧɧɵɯ ɫɚɣɬɨɜ RCGY ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɚɯ 
ɨɧɤɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. Ɉɛɪɚɡɰɵ ɡɞɨɪɨɜɨɣ ɬɤɚɧɢ ɩɨɤɚɡɚɥɢ ɩɨɥɧɨɟ 
ɨɬɫɭɬɫɬɜɢɟ ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɞɥɹ ɝɟɧɨɜ SDC2, FBN1(3.3), FBN1(3.1), 

SEPT9, THBD ɢ VIM. Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɫ ɝɟɧɚɦɢ EID3 ɢ ESR1 ɛɵɥɨ 
ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɱɚɫɬɶ ɨɛɪɚɡɰɨɜ ɡɞɨɪɨɜɵɯ ɬɤɚɧɟɣ ɜɫɟ ɠɟ ɛɵɥɚ ɦɟɬɢ-

ɥɢɪɨɜɚɧɚ, ɚ ɞɥɹ ɝɟɧɨɜ TMEFF2 ɢ SOX17 ɜ ɧɨɪɦɟ ɨɤɚɡɚɥɢɫɶ ɦɟɬɢɥɢ-

ɪɨɜɚɧɵ ɜɫɟ 9 ɨɛɪɚɡɰɨɜ. 
Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɟɧɨɜ-ɨɧɤɨɦɚɪ-

ɤɟɪɨɜ ɦɵ ɩɪɨɜɟɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ROC-ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧ-

ɧɵɯ. ɂɧɬɟɝɪɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɤɨɬɨɪɨɝɨ ɫɥɭɠɢɬ ɩɥɨɳɚɞɶ ɩɨɞ 

ROC-ɤɪɢɜɨɣ (ɉɉɄ), ɨɩɪɟɞɟɥɹɟɦɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɫɩɟɰɢɮɢɱ-
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ɧɨɫɬɶɸ ɬɟɫɬɚ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɝɟɧɨɜ-ɨɧɤɨɦɚɪɤɟɪɨɜ ɫ ɉɉɄ > 0.8 ɪɚɫ-
ɩɪɟɞɟɥɢɥɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

FBN1(3.3) > FBN1(3.1) = CNRIP1 > ADHFE1 > FBN1(2) > 

FBN1(1) > SDC2 > UCHL1 > SEPT9 = VIM > THBD > SOCS3.

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚɦɢ ɜɚɪɢɚɧɬ ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɦɟ-
ɬɨɞɨɦ GLAD-ɉɐɊ, ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɝɢɩɟɪɦɟɬɢɥɢɪɨɜɚ-
ɧɵɟ ɭɱɚɫɬɤɢ ɭɠɟ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɚɪɭɲɟɧɢɣ ɮɭɧɤ-
ɰɢɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɝɟɧɨɜ. ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɦɟɬɨɞɚ ɩɪɢ ɚɧɚɥɢɡɟ ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɝɟɧɨɜ-ɨɧɤɨɦɚɪɤɟɪɨɜ ɤɨɥɨɪɟɤ-
ɬɚɥɶɧɨɝɨ ɪɚɤɚ ɜ ɨɛɪɚɡɰɚɯ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ, 

ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟ-
ɧɟɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɟ ɞɪɭɝɢɯ ɨɧɤɨɡɚɛɨɥɟɜɚɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɰɟɧ-

ɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜɨɪɚɤɨɜɨɣ ɬɟɪɚɩɢɢ.
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Ⱥɧɧɨɬɚɰɢɹ
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɪɞɢɚɥɶɧɵɯ ɫɬɪɨɦɚɥɶɧɵɯ ɤɥɟɬɨɤ — ɩɟɪɫɩɟɤ-

ɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɬɟɪɚɩɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɩɨɪɚɠɟɧɢɹ ɦɢɨɤɚɪ-

ɞɚ. ɍɫɩɟɯ ɤɥɟɬɨɱɧɨɣ ɬɟɪɚɩɢɢ ɡɚɜɢɫɢɬ ɨɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɨɫɬɚɜɤɢ 

ɰɟɥɟɜɵɯ ɤɥɟɬɨɤ ɢ ɢɯ ɩɪɢɠɢɜɥɟɧɢɹ ɜ ɩɨɪɚɠɟɧɧɨɣ ɡɨɧɟ. Ⱦɥɹ ɦɨɧɢ-

ɬɨɪɢɧɝɚ ɯɨɭɦɢɧɝɚ ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ 
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ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. ɉɨɤɚɡɚɧɚ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɧɨɫɬɢ 

ɥɸɰɢɮɟɪɚɡɵ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ ɤɨɥɢɱɟ-
ɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɩɥɚɧɬɚɰɢɢ ɢ ɩɪɢɠɢɜɥɟɧɢɹ 
ɤɚɪɞɢɚɥɶɧɵɯ ɫɬɪɨɦɚɥɶɧɵɯ ɤɥɟɬɨɤ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɚɡɥɢɱ-

ɧɵɯ ɫɩɨɫɨɛɨɜ ɢɧɬɪɚɦɢɨɤɚɪɞɢɚɥɶɧɨɣ ɬɪɚɧɫɩɥɚɧɬɚɰɢɢ ɤɥɟɬɨɤ. Ʉɥɟɬ-
ɤɢ, ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɧɧɵɟ ɜ ɫɨɫɬɚɜɟ ɮɢɛɪɢɧɨɜɨɝɨ ɝɟɥɹ, ɫɨɯɪɚɧɹɸɬɫɹ 
ɞɨ 14 ɞɧɟɣ.

Abstract

The use of cardiac stromal cell culture is one of promising directions 

of ischemic heart injury treatment. Success of cell therapy depends 

of effi ciency of cell delivery and homing to injury area. A biolumines-

cence method was chosen to monitor homing of transplanted cells. 

A linear correlation between luciferase activity and cell number was 

shown. This fact allowed to assess cardiac stromal cells transplan-

tation and homing effi ciency quantitatively. Different ways of intra-

myocardial transplantation were compared. Cells transplanted in 

fi brin gel stay viable up to 14 days.

 

ɉɪɢɦɟɧɟɧɢɟ ɤɥɟɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɬɟɪɚɩɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɢɲɟ-
ɦɢɱɟɫɤɨɝɨ ɩɨɪɚɠɟɧɢɹ ɦɢɨɤɚɪɞɚ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɜɚɸɳɢɦɫɹ ɧɚɩɪɚɜɥɟ-
ɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɞɢɰɢɧɵ. Ʉɥɸɱɟɜɵɦ ɦɨɦɟɧɬɨɦ ɭɫɩɟɯɚ ɥɸɛɨɣ 

ɤɥɟɬɨɱɧɨɣ ɬɟɪɚɩɢɢ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɫɬɚɜɤɢ ɰɟɥɟ-
ɜɵɯ ɤɥɟɬɨɤ ɢ ɢɯ ɩɪɢɠɢɜɥɟɧɢɟ ɜ ɰɟɥɟɜɨɣ ɡɨɧɟ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɨɰɟɧɢɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɠɢɜɥɟɧɢɹ ɤɚɪ-

ɞɢɚɥɶɧɵɯ ɫɬɪɨɦɚɥɶɧɵɯ ɤɥɟɬɨɤ (ɄɋɄ) ɩɨɫɥɟ ɬɪɚɧɫɩɥɚɧɬɚɰɢɢ ɜ ɡɨɧɭ 
ɢɲɟɦɢɡɢɪɨɜɚɧɧɨɝɨ ɦɢɨɤɚɪɞɚ ɤɪɵɫ ɩɨɫɥɟ ɨɤɤɥɸɡɢɢ ɩɟɪɟɞɧɟɣ ɧɢɫ-
ɯɨɞɹɳɟɣ ɜɟɬɜɢ ɥɟɜɨɣ ɤɨɪɨɧɚɪɧɨɣ ɚɪɬɟɪɢɢ. ɄɋɄ ɯɚɪɚɤɬɟɪɢɡɭɸɬ-
ɫɹ ɧɚɥɢɱɢɟɦ ɦɚɪɤɟɪɨɜ ɫɬɪɨɦɚɥɶɧɵɯ ɤɥɟɬɨɤ CD105, CD90, CD73, 

CD29 ɢ ɚɤɬɢɜɧɨ ɩɪɨɥɢɮɟɪɢɪɭɸɳɢɯ ɤɥɟɬɨɤ CD117 (c-kit). Ɍɚɤɠɟ 
ɩɪɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɄɋɄ ɜɵɹɜɥɹɸɬɫɹ ɱɟɪɬɵ, ɩɪɢɫɭɳɢɟ ɷɧɞɨɬɟɥɢ-

ɚɥɶɧɵɦ ɤɥɟɬɤɚɦ — ɷɤɫɩɪɟɫɫɢɹ ɮɚɤɬɨɪɚ ɜɨɧ ȼɢɥɥɟɛɪɚɧɞɚ (vW), ɩɪɨ-

ɢɡɜɨɞɫɬɜɨ ɛɟɥɤɨɜ ɷɤɫɬɪɚɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ (ɮɢɛɪɨɧɟɤɬɢɧɚ, ɤɨɥ-

ɥɚɝɟɧɨɜ I ɢ IV ɬɢɩɚ), ɫɪɨɞɫɬɜɨ ɤ ɢɡɨɥɟɤɬɢɧɭ B4, ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɚɩ-

ɩɢɥɹɪɨɩɨɞɨɛɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɬɟɫɬɟ ɧɚ ɦɚɬɪɢɝɟɥɟ. Ɍɪɚɧɫɩɥɚɧɬɚɰɢɸ 

ɤɥɟɬɨɤ ɜ ɦɢɨɤɚɪɞ ɩɪɨɜɨɞɢɥɢ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ (ɝɪɭɩɩɚ I) ɢ ɜ 
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ɮɢɛɪɢɧɨɜɨɦ ɦɚɬɪɢɤɫɟ (ɝɪɭɩɩɚ II) ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɮɢɤɫɚɰɢɢ ɤɥɟɬɨɤ 
ɜ ɬɤɚɧɢ. Ʉɥɟɬɤɢ (ɄɋɄ-Luc) ɛɵɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ ɬɪɚɧɫɞɭɤɰɢɟɣ 

ɥɟɧɬɢɜɢɪɭɫɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ pLentiPGK V5-LUC Neo, ɧɟɫɭɳɟɣ ɝɟɧ 

ɮɟɪɦɟɧɬɚ ɥɸɰɢɮɟɪɚɡɵ. ɉɪɨɜɟɞɟɧɚ ɫɟɥɟɤɰɢɹ ɦɟɱɟɧɵɯ ɤɥɟɬɨɤ ɫ ɩɨɦɨ-

ɳɶɸ ɚɧɬɢɛɢɨɬɢɤɚ G418. Ⱥɤɬɢɜɧɨɫɬɶ ɥɸɰɢɮɟɪɚɡɵ ɜ ɤɥɟɬɨɱɧɵɯ ɷɤɫ-
ɬɪɚɤɬɚɯ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɧɚ ɩɪɢɛɨɪɟ WALLAC 1420 MULTILABEL 

COUNTER. 

Ȼɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɧɨɫɬɢ ɥɸɰɢɮɟ-
ɪɚɡɵ ɜ ɷɤɫɬɪɚɤɬɚɯ ɤɥɟɬɨɤ ɨɬ ɢɯ ɤɨɥɢɱɟɫɬɜɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɩɥɚɧɬɚɰɢɢ ɢ ɩɪɢɠɢɜ-
ɥɟɧɢɹ ɄɋɄ-Luc. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɩɟɪɜɵɟ 48 ɱɚɫɨɜ ɩɨɫɥɟ ɬɪɚɧɫ-
ɩɥɚɧɬɚɰɢɢ ɄɋɄ-Luc ɜ ɨɛɟɢɯ ɝɪɭɩɩɚɯ ɩɪɨɥɢɮɟɪɢɪɭɸɬ, ɧɨ ɤɥɟɬɤɢ, 

ɜ ɫɨɫɬɚɜɟ ɬɪɨɦɛɢɧɨɜɨɝɨ ɦɚɬɪɢɤɫɚ ɞɟɥɚɸɬ ɷɬɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ 
(168,00 ± 8,43 % ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ) ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫɨ «ɫɜɨɛɨɞɧɵɦɢ» ɤɥɟɬɤɚɦɢ (119,75 ± 11,67). Ⱦɚɥɶɧɟɣɲɟɟ ɧɚ-
ɛɥɸɞɟɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ ɨɛɟɢɯ ɝɪɭɩɩɚɯ ɠɢɜɨɬɧɵɯ ɩɪɨɢɫɯɨɞɢɥɨ 
ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɄɋɄ-Luc ɜ ɦɢɨɤɚɪɞɟ. ɇɚ 14 ɞɟɧɶ ɧɚɛɥɸɞɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɨ ɄɋɄ-Luc, ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɧɧɵɯ ɜ ɮɢɛɪɢɧɨɜɨɦ ɦɚɬɪɢɤ-
ɫɟ, ɫɨɫɬɚɜɥɹɥɨ ɦɟɧɟɟ 2 % ɨɬ ɢɫɯɨɞɧɨɝɨ. ȼ ɦɢɨɤɚɪɞɟ ɤɪɵɫ I ɝɪɭɩɩɵ 

ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 % ɜɵɹɜɥɹɥɢɫɶ ɧɚ ɫɪɨ-

ɤɟ ɧɚɛɥɸɞɟɧɢɹ 10 ɞɧɟɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɪɚɧɫɩɥɚɧɬɚɰɢɹ ɫɬɪɨɦɚɥɶ-
ɧɵɯ ɤɥɟɬɨɤ ɦɟɡɟɧɯɢɦɚɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶ-
ɧɵɣ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɡɚ ɫɱɟɬ ɩɚɪɚɤɪɢɧɧɵɯ ɮɚɤɬɨɪɨɜ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɫɬɶ ɩɪɟɛɵɜɚɧɢɹ ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɧɧɵɯ 
ɄɋɄ, ɨɛɟɫɩɟɱɟɧɧɨɟ ɮɢɛɪɢɧɨɜɵɦ ɦɚɬɪɢɤɫɨɦ, ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 
ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɩɚɪɚɤɪɢɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɪɟɦɨɞɟ-
ɥɢɪɨɜɚɧɢɟ ɦɢɨɤɚɪɞɚ ɩɨɫɥɟ ɢɲɟɦɢɱɟɫɤɨɝɨ ɩɨɪɚɠɟɧɢɹ ɜ ɬ.ɱ. ɭɫɢɥɟ-
ɧɢɸ ɚɧɝɢɨɝɟɧɟɡɚ ɢ ɭɦɟɧɶɲɟɧɢɸ ɮɢɛɪɨɡɚ. 
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ɗɄɋɉɊȿɋɋɂə ȻȿɅɄɈȼ Ɋ17 ɂ Ɋ54

ȼɂɊɍɋȺ Ⱥɑɋ ȼ ɄɅȿɌɄȺɏ COS-1 ɂ HEK-293

EXPRESSION OF PROTEINS P17 AND P54 OF ASF VIRUS 

IN CELLS CULTURE COS-1 И ɇЕК-293T/17
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɬɟɡɢɫɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɢɹ ɢɦɦɭɧɨɞɨɦɢ-

ɧɚɧɬɧɵɯ ɛɟɥɤɨɜ p17 ɢ p54 ɜɢɪɭɫɚ Ⱥɑɋ ɜ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ 
COS-1 ɢ ɇȿɄ-293T/17. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɜɟɤɬɨɪ pEGFP-N1 ɫ ɰɢɬɨɦɟɝɚɥɨɜɢɪɭɫɧɵɦ ɩɪɨɦɨɬɨɪɨɦ 

ɢ ɦɚɪɤɟɪɧɵɦ ɛɟɥɤɨɦ ȿGFP. ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɢ ɥɨɤɚɥɢɡɚɰɢɹ ɩɪɨ-
ɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɨɫɪɟɞɫɬɜɨɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɦɚɪɤɟɪɧɨ-
ɝɨ ɛɟɥɤɚ ȿGFP, «ɫɲɢɬɨɝɨ» ɫ ɛɟɥɤɚɦɢ p17 ɢ p54. Ɇɟɬɨɞɨɦ ɢɦɦɭɧɨɛɥɨɬɚ 
ɨɰɟɧɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɜ ɢɦɦɭ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɟɧɚ ɰɢɬɨɩɥɚɡɦɚ-
ɬɢɱɟɫɤɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɛɟɥɤɨɜ p17 (D117L) ɢ p54 (E183L). ɉɨɥɭɱɟɧɧɵɟ 
ɛɟɥɤɢ ɦɨɝɭɬ ɫɩɟɰɢɮɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɚɧɬɢɬɟɥɚɦɢ ɤ ɜɢɪɭɫɭ 
Ⱥɑɋ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ.

Abstract

Here, we present the results of obtaining immunodominant pro-

teins ɪ17 and ɪ54 of ASF virus in mammalian cells COS-1 and 
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ɇЕК-293T/17. pEGFP-N1 vector with CMV promoter and marker 

protein EGFP was used to produce recombinant proteins. Local-

ization and level of expression were analyzed by fl uorescence 

microscopy of EGFP protein marker, fused with proteins p17 and 

p54. Westernblot was used for assessment recombinant proteins in 

immunological reactions. The studies determined the cytoplasmic 

localization of proteins p17 (D117L) and p54 (E183L). The obtained 

proteins can specifi cally interact with the virus-specifi c antibodies 

and can be used in immunological reactions as antigen. 

Ⱥɮɪɢɤɚɧɫɤɚɹ ɱɭɦɚ ɫɜɢɧɟɣ (Ⱥɑɋ) ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨ ɤɨɧɬɚɝɢɨɡɧɨɣ 

ɛɨɥɟɡɧɶɸ ɫɜɢɧɟɣ, ɜɵɡɵɜɚɸɳɟɣ ɫɟɪɶɟɡɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɩɨ 
ɜɫɟɦɭ ɦɢɪɭ. Ɉɫɧɨɜɧɵɦɢ ɦɟɪɚɦɢ ɛɨɪɶɛɵ ɩɪɨɬɢɜ Ⱥɑɋ ɹɜɥɹɟɬɫɹ ɬɨɥɶ-
ɤɨ ɫɜɨɟɜɪɟɦɟɧɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ, ɤɚɪɚɧɬɢɧ ɢ ɭɧɢɱɬɨɠɟɧɢɟ ɜɫɟɯ ɫɜɢɧɟɣ 

ɜ ɩɨɪɚɠɟɧɧɨɣ ɡɨɧɟ. Ɍɪɭɞɧɨɫɬɶ ɛɨɪɶɛɵ ɫ Ⱥɑɋ ɞɟɥɚɟɬ ɧɟɨɛɯɨɞɢɦɵɦ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɬɢɜɨɷɩɢɡɨɨɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɧɚ ɨɫɧɨɜɟ 
ɧɨɜɟɣɲɢɯ ɧɚɭɱɧɵɯ ɞɨɫɬɢɠɟɧɢɣ. ɗɤɫɩɪɟɫɫɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ ɜɢ-

ɪɭɫɚ Ⱥɑɋ ɜ ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɩɨɦɨɠɟɬ ɥɭɱɲɟ ɩɨɧɹɬɶ ɩɚɬɨɝɟ-
ɧɟɡ ɡɚɛɨɥɟɜɚɧɢɹ ɢ ɢɡɭɱɢɬɶ ɥɨɤɚɥɢɡɚɰɢɸ ɜɢɪɭɫɧɵɯ ɛɟɥɤɨɜ ɜ ɤɥɟɬɤɚɯ 
ɯɨɡɹɢɧɚ, ɚ ɬɚɤ ɠɟ ɩɨɡɜɨɥɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɝɟɧɚ ɜ ɢɦ-

ɦɭɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɦɦɭɧɨ-
ɞɨɦɢɧɚɧɬɧɵɟ ɛɟɥɤɢ ɜɢɪɭɫɚ p17 (D117L) ɢ p54 (E183L) ɜɢɪɭɫɚ Ⱥɑɋ. 

p17 ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨ ɢɦɦɭɧɨɝɟɧɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɛɟɥɤɨɦ ɜɢɪɭɫɚ 
Ⱥɑɋ ɢ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɧɚ ɩɨɡɞɧɟɣ ɫɬɚɞɢɢ ɪɟɩɥɢɤɚɰɢɢ ɜɢɪɭɫɚ. Ȼɟɥɨɤ 
p54, ɤɨɞɢɪɭɟɦɵɣ ɝɟɧɨɦ E183L, ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɨɡɞɧɢɦ ɫɬɪɭɤɬɭɪɧɵɦ 

ɛɟɥɤɨɦ. Ɉɛɚ ɛɟɥɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ, ɬɚɤ ɤɚɤ ɢɝɪɚɸɬ ɜɚɠɧɭɸ 

ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɜɢɪɭɫɚ ɢ ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɦ 

ɨɬɜɟɬɟ ɯɨɡɹɢɧɚ.
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɫɨɫɬɚɜɟ ɷɤɫɩɪɟɫ-

ɫɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɚ pEGFP-N1 ɫ ɰɢɬɨɦɟɝɚɥɨɜɢɪɭɫɧɵɦ ɩɪɨɦɨɬɨɪɨɦ 

ɢ ɦɚɪɤɟɪɧɵɦ ɛɟɥɤɨɦ ȿGFP ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɥɢɝɨɧɭɤɥɟ-
ɨɬɢɞɧɵɟ ɩɪɚɣɦɟɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɫɚɣɬɵ ɪɟɫɬɪɢɤɰɢɢ BamHI ɢ AgeI ɞɥɹ 
ɛɟɥɤɚ ɪ17 ɢ ɫɚɣɬɵ SacI, EcoRI ɞɥɹ ɛɟɥɤɚ ɪ54. Ⱦɨɫɬɚɜɤɭ ɪɟɤɨɦɛɢɧɚɧɬ-
ɧɵɯ ɩɥɚɡɦɢɞ ɜ ɩɟɪɟɜɢɜɚɟɦɵɟ ɥɢɧɢɢ ɤɥɟɬɨɤ COS-1 ɢ ɇȿɄ-293T/17 ɨɫɭ-
ɳɟɫɬɜɥɹɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɥɢɩɨɮɟɤɬɚɦɢɧɚ, ɫɨɝɥɚɫɧɨ ɢɧɫɬɪɭɤɰɢɢ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɹ. ɍɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɢ ɥɨɤɚɥɢɡɚɰɢɸ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ 
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ɛɟɥɤɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɪɟɩɨɪɬɟɪɧɨɝɨ ɛɟɥɤɚ ȿGFP ɢ ɩɪɢ 

ɩɨɦɨɳɢ ɨɤɪɚɫɤɢ ɹɞɟɪ ɤɥɟɬɨɤ DAPI ɫɭɛɫɬɪɚɬɨɦ. Ⱥɧɚɥɢɡ ɪɟɤɨɦɛɢɧɚɧɬ-
ɧɵɯ ɛɟɥɤɨɜ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɢɦɦɭɧɨɛɥɨɬɢɧɝɚ.
Ɇɟɬɨɞɨɦ ɪɟɫɬɪɢɤɰɢɢ ɢ ɉɐɊ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɧɚɥɢɱɢɟ ɫɩɟɰ-

ɢɮɢɱɟɫɤɨɣ ɜɫɬɚɜɤɢ ɝɟɧɨɜ D117L (Ɋ17) ɢ E183L (Ɋ54) ɜ ɪɟɤɨɦɛɢɧɚɧɬ-
ɧɨɣ ɩɥɚɡɦɢɞɟ. ɉɪɚɜɢɥɶɧɨɫɬɶ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɩɪɨɜɟɪɟɧɚ ɫɟɤɜɟɧɢ-

ɪɨɜɚɧɢɟɦ ɫ ɩɪɚɣɦɟɪɚɦɢ ɧɚ ɬɟɥɨ ɩɥɚɡɦɢɞɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ 
ɩɥɚɡɦɢɞ ɩɨɫɥɟ ɪɟɫɬɪɢɤɰɢɢ ɩɨɤɚɡɚɥɢ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɨɠɢɞɚɟɦɨɣ 

ɞɥɢɧɵ (354 bp ɞɥɹ ɛɟɥɤɚ P17 ɢ 555 bp ɞɥɹ ɛɟɥɤɚ p54). Ɋɟɡɭɥɶɬɚɬɵ 

ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ ɛɟɥɤɨɜ 
ɧɚɱɢɧɚɟɬɫɹ ɧɚ 6–7 ɱɚɫ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ 

ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 24 ɱɚɫɚ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ, ɞɚɥɟɟ ɟɟ ɭɪɨɜɟɧɶ 
ɧɟ ɢɡɦɟɧɹɟɬɫɹ. Ɍɚɤ ɠɟ, ɭɞɚɥɨɫɶ ɜɵɹɫɧɢɬɶ, ɱɬɨ ɨɛɚ ɛɟɥɤɚ ɹɜɥɹɸɬɫɹ 
ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɦɢ ɢ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɯɚɪɚɤɬɟɪɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜ ɰɢɬɨɩɥɚɡɦɟ. Ȼɟɥɨɤ ɪ17 ɪɚɫɩɨɥɨɠɟɧ ɜ ɰɢɬɨɩɥɚɡɦɟ ɜ ɜɢɞɟ ɦɟɥɤɢɯ 
ɜɤɥɸɱɟɧɢɣ, ɚ ɛɟɥɨɤ ɪ54 ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧ ɩɨ ɜɫɟɣ ɰɢɬɨɩɥɚɡ-
ɦɟ ɤɥɟɬɤɢ.

Ⱦɚɧɧɵɟ ɢɦɦɭɧɨɛɥɨɬɚ ɫ ɥɢɡɚɬɨɦ ɬɪɚɧɫɮɟɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ 
COS-1 ɢ ɇȿɄ-293T/17 ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɥɹɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɛɟɥɤɨɜɵɟ 
ɩɨɥɨɫɵ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɜ 40 ɤȾɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬ-
ɧɨɣ ɦɚɫɫɟ ɛɟɥɤɚ P54 ɢ ɜ 80 ɤȾɚ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɪɚɫɱɟɬɧɭɸ ɦɨɥɟɤɭ-
ɥɹɪɧɭɸ ɦɚɫɫɭ ɛɟɥɤɚ P17 ɜ ɞɜɚ ɪɚɡɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ ɨɛɨɢɯ ɪɟ-

ɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɧɚ 24 ɱɚɫ ɩɨɫɥɟ ɬɪɚɧɫ-
ɮɟɤɰɢɢ ɢ ɱɬɨ ɨɛɚ ɨɧɢ ɥɨɤɚɥɢɡɭɸɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɨɤ, ɜ ɫɨɫɬɚɜɟ 
ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ ɢ ɪɚɡɥɢɱɚɸɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɦɦɭɛɥɨɬɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɨɫɥɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ P54 ɜ ɢɦɦɭ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɝɟɧɚ ɢ ɨɛɨɫɧɨɜɚɧɚ ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɛɟɥɤɚ p17. 
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Ⱥɧɧɨɬɚɰɢɹ
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɟɝɭɥɹɰɢɢ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɤɨɦɵɯ-ɜɪɟɞɢɬɟɥɟɣ 

ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɫɟɥɶɫɤɨɦ ɢ ɥɟɫɧɨɦ ɯɨɡɹɣɫɬɜɚɯ. ȼɚɠ-

ɧɨ ɜɧɟɞɪɹɬɶ ɧɨɜɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɜɪɟ-
ɞɢɬɟɥɟɣ. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɪɟɞɢ ɚɝɟɧɬɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɛɨɪɶɛɵ ɹɜɥɹɸɬɫɹ ɛɢɨɩɪɟɩɚɪɚɬɵ ɧɚ ɨɫɧɨɜɟ ɜɢɪɭɫɧɵɯ ɢ ɛɚɤɬɟɪɢɚɥɶ-
ɧɵɯ ɚɝɟɧɬɨɜ, ɬɚɤ ɤɚɤ ɨɧɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɤ ɤɨɧɤɪɟɬ-
ɧɨɦɭ ɜɪɟɞɢɬɟɥɸ ɢ ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɞɪɭɝɢɟ ɤɨɦɩɨɧɟɧɬɵ 

ɛɢɨɰɟɧɨɡɚ.

Abstract

The need to regulate the pest population is increasing every year 

in agriculture and forestry. It is important to introduce the new envi-

ronmentally safe method to control insect pests. Biological products 

based on viral and bacterial agents are the most advanced bio-

logical control agents because they are specifi c to target pests and 

harmless to other components of the ecological community.
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Ⱥɤɬɭɚɥɶɧɨɫɬɶ
Ɏɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɚɤ-

ɬɟɪɢɚɥɶɧɵɯ ɛɢɨɩɪɟɩɚɪɚɬɨɜ ɞɥɹ ɤɨɧɬɪɨɥɹ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɤɨɦɵɯ, 

ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɪɟɞɢɬɟɥɟɣ. Ɍɟɦ ɧɟ ɦɟ-
ɧɟɟ, ɚɫɢɧɯɪɨɧɧɨɫɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɧɚɫɟɤɨɦɵɯ ɫɨɡɞɚɟɬ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢɧɫɟɤ-
ɬɢɰɢɞɨɜ. ɇɟɨɛɯɨɞɢɦɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɨɫɬɚɜ ɛɢɨɩɪɟɩɚɪɚɬɨɜ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɬɪɚɬ. 
Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɨɡɞɚɬɶ ɤɨɦɩɥɟɤɫɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɪɚɫ-
ɬɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɷɮɮɟɤɬɟ ɫɢɧɟɪɝɢɡɦɚ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢ ɜɢɪɭɫ-
ɧɵɯ ɚɝɟɧɬɨɜ.

ɐɟɥɶ
ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɢɡɭɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɹɜɥɟɧɢɹ ɫɢɧɟɪɝɟ-

ɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɫɨɜɦɟɫɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɛɢɨɩɪɟɩɚɪɚɬɚ «Ʌɟ-
ɩɢɞɨɰɢɞ» ɢ ɢɡɨɥɹɬɚ ɜɢɪɭɫɚ ɹɞɟɪɧɨɝɨ ɩɨɥɢɷɞɪɨɡɚ (ȼəɉ ɇɒ) ɩɪɨɬɢɜ 
ɧɟɩɚɪɧɨɝɨ ɲɟɥɤɨɩɪɹɞɚ.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɭɠɢɥɢ ɢɧɮɟɤɰɢɨɧɧɵɟ ɚɝɟɧɬɵ — 

ɢɡɨɥɹɬ ȼəɉ ɇɒ (Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ»), ɛɢɨɩɪɟɩɚɪɚɬ «Ʌɟɩɢɞɨɰɢɞ» ɧɚ 
ɨɫɧɨɜɟ Bacillus thuringiensis (ɈɈɈ ɉɈ «ɋɢɛɛɢɨɮɚɪɦ»). ȼ ɤɚɱɟɫɬɜɟ 
ɢɧɞɢɤɚɬɨɪɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɨɩɭɥɹɰɢɹ ɝɭɫɟɧɢɰ ɧɟ-
ɩɚɪɧɨɝɨ ɲɟɥɤɨɩɪɹɞɚ 3 ɜɨɡɪɚɫɬɚ. ɉɪɢɦɟɧɹɥɚɫɶ ɦɟɬɨɞɢɤɚ ɥɚɛɨɪɚɬɨɪɧɨ-
ɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɭɫɟɧɢɰ ɩɪɢ ɚɥɢɦɟɧɬɚɪɧɨɦ ɫɩɨɫɨɛɟ ɡɚɪɚɠɟɧɢɹ, 
ɧɚɥɢɱɢɟ ɞɟɣɫɬɜɭɸɳɢɯ ɚɝɟɧɬɨɜ ɜ ɩɨɝɢɛɲɢɯ ɝɭɫɟɧɢɰɚɯ ɨɩɪɟɞɟɥɹɥɚɫɶ 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ.

Ɋɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ — Ʌȼ50 (ɥɟɬɚɥɶɧɨɟ 
ɜɪɟɦɹ (ɜ ɫɭɬɤɚɯ), ɡɚ ɤɨɬɨɪɨɟ ɩɨɝɢɛɚɟɬ 50 % ɝɭɫɟɧɢɰ) ɢ ɨɛɳɚɹ ɝɢɛɟɥɶ 
ɝɭɫɟɧɢɰ (ɜ ɩɪɨɰɟɧɬɚɯ) ɩɪɢ ɡɚɪɚɠɟɧɢɢ ɢɫɫɥɟɞɭɟɦɵɦɢ ɢɧɮɟɤɰɢɨɧɧɵ-

ɦɢ ɚɝɟɧɬɚɦɢ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ.
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Ɋɟɡɭɥɶɬɚɬɵ
Ɍɚɛɥɢɰɚ 1

ɗɮɮɟɤɬɢɜɧɨɫɬɶ «Ʌɟɩɢɞɨɰɢɞɚ», ɢɡɨɥɹɬɚ ȼəɉ ɇɒ 

ɢ ɫɦɟɫɢ ɩɨ ɩɨɤɚɡɚɬɟɥɸ Ʌȼ50 (ɜ ɫɭɬɤɚɯ)
Ʌɟɩɢɞɨɰɢɞ (ɋ)1

ȼəɉ ɇɒ (ɋ)2

0 (ɤ-ɥɶ) 6×109 6×108 6×107 6×106

0 (ɤ-ɥɶ) > 25 1,7 ± 0,3 2,4 ± 0,4 2,7 ± 0,6 16,9 ± 1,5

108 8,8 ± 0,7 –3 – – –

107 9,5 ± 0,1 – – – –

106 10,3 ± 0,9 – – 1,5 ± 0,2 12,4 ± 2,0

1 Ʉɨɧɰɟɧɬɪɚɰɢɹ Ʌɟɩɢɞɨɰɢɞɚ ɭɤɚɡɚɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɫɩɨɪ ɜ 1 ɦɥ.
2 Ʉɨɧɰɟɧɬɪɚɰɢɹ ȼəɉ ɇɒ ɭɤɚɡɚɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɩɨɥɢɷɞɪɨɜ ɜ 1 ɦɥ.
3 Ⱦɚɧɧɵɟ ɫɦɟɫɢ ɧɟ ɬɟɫɬɢɪɨɜɚɥɢɫɶ.

ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, Ʌȼ50 ɩɪɢ ɡɚɪɚɠɟɧɢɢ ɜɢɪɭɫɨɦ ɹɞɟɪɧɨɝɨ ɩɨ-
ɥɢɷɞɪɨɡɚ ɧɟɩɚɪɧɨɝɨ ɲɟɥɤɨɩɪɹɞɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 106 ɩɷ/ɦɥ ɫɨɫɬɚɜɢɥɨ 
10,3 ɫɭɬɨɤ, ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 107 ɩɷ/ɦɥ — 9,5 ɫɭɬɨɤ, ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

108 ɩɷ/ɦɥ — 8,8 ɫɭɬɨɤ. Ⱦɥɹ «Ʌɟɩɢɞɨɰɢɞɚ» ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɨɫɬɚɜɢɥ 
ɩɪɢ ɡɚɪɚɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 6×109 ɫɩɨɪ/ɦɥ Ʌȼ50 = 1,7 ɫɭɬɨɤ, ɫ ɤɨɧ-

ɰɟɧɬɪɚɰɢɟɣ 6×108 ɫɩɨɪ/ɦɥ — 2,4 ɫɭɬɨɤ, ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 6×107 ɫɩɨɪ/
ɦɥ — 2,7 ɫɭɬɨɤ, ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 6×106 ɫɩɨɪ/ɦɥ — 16,9 ɫɭɬɨɤ. 

Ɍɚɛɥɢɰɚ 2
ɗɮɮɟɤɬɢɜɧɨɫɬɶ «Ʌɟɩɢɞɨɰɢɞɚ», ɢɡɨɥɹɬɚ ȼəɉ ɇɒ 

ɢ ɫɦɟɫɢ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɨɛɳɟɣ ɝɢɛɟɥɢ (ɜ ɩɪɨɰɟɧɬɚɯ ( %))

Ʌɟɩɢɞɨɰɢɞ (ɋ)1

ȼəɉ ɇɒ (ɋ)2

0 (ɤ-ɥɶ) 6×109 6×108 6×107 6×106

0 (ɤ-ɥɶ) ≤ 5 94 ± 3 98 ± 7 89 ± 7 33 ± 1

108 90 ± 5 -3 - - -

107 78 ± 1 - - - -

106 63 ± 9 - - 95 ± 3 55 ± 6

1 Ʉɨɧɰɟɧɬɪɚɰɢɹ Ʌɟɩɢɞɨɰɢɞɚ ɭɤɚɡɚɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɫɩɨɪ ɜ 1 ɦɥ.
2 Ʉɨɧɰɟɧɬɪɚɰɢɹ ȼəɉ ɇɒ ɭɤɚɡɚɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɩɨɥɢɷɞɪɨɜ ɜ 1 ɦɥ.
3 Ⱦɚɧɧɵɟ ɫɦɟɫɢ ɧɟ ɬɟɫɬɢɪɨɜɚɥɢɫɶ.
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ɂɡ ɬɚɛɥɢɰɵ 2 ɜɢɞɧɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ ɨɛɳɟɣ ɝɢɛɟɥɢ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚ-
ɤɨɜ ɞɥɹ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ «Ʌɟɩɢɞɨɰɢɞɚ» 6×109 ɫɩɨɪ/ɦɥ ɢ ɞɥɹ 
ɫɦɟɫɢ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ «Ʌɟɩɢɞɨɰɢɞɚ» ɢ ɞɨɛɚɜ-
ɥɟɧɢɟɦ ɢɡɨɥɹɬɚ ɜɢɪɭɫɚ ɹɞɟɪɧɨɝɨ ɩɨɥɢɷɞɪɨɡɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 94–95 %.

ȼɵɜɨɞɵ
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ 

ɩɪɢɦɟɧɟɧɢɢ ɛɢɨɩɪɟɩɚɪɚɬɚ «Ʌɟɩɢɞɨɰɢɞ» ɢ ɢɡɨɥɹɬɚ ȼəɉ ɇɒ ɩɪɨɹɜ-
ɥɹɟɬɫɹ ɷɮɮɟɤɬ ɫɢɧɟɪɝɢɡɦɚ ɢ ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɟ ɞɟɣɫɬɜɢɟ ɫɦɟɫɢ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢɧɮɟɤɰɢɨɧɧɵɯ ɚɝɟɧɬɨɜ.

ȺɇɌɂɌȿɅȺ-ɉɊɈɌȿȺɁɕ — ɇɈȼɕȿ ȾɂȺȽɇɈɋɌɂɑȿɋɄɂȿ 

ɆȺɊɄȿɊɕ ɏȺɊȺɄɌȿɊȺ Ɍȿɑȿɇɂə ȼɂɑ-ɂɇɎȿɄɐɂɂ *
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ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɩɨɞɯɨɞɨɜ ɞɢɚɝɧɨ-
ɫɬɢɤɢ ɢ ɩɟɪɫɨɧɚɥɢɡɨɜɚɧɧɨɣ ɦɟɞɢɰɢɧɵ ɷɬɢɯ ɩɚɬɨɥɨɝɢɣ. ȼ ɧɚɫɬɨɹɳɟɣ 

ɪɚɛɨɬɟ ɢɡɭɱɟɧɚ ɤɨɪɪɟɥɹɰɢɹ ɤɥɢɧɢɱɟɫɤɢɯ ɫɢɦɩɬɨɦɨɜ ȼɂɑ-ɢɧɮɟɤɰɢɢ 

ɢ ɚɭɬɨɢɦɦɭɧɧɵɯ ɩɚɬɨɥɨɝɢɣ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɤɪɨɜɢ ɩɚɰɢɟɧɬɨɜ ɚɧɬɢ-

ɬɟɥ ɩɪɨɬɢɜ ɪɚɡɥɢɱɧɵɯ ɚɧɬɢɝɟɧɨɜ, ɚ ɬɚɤɠɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɚɧɬɢɬɟɥ. 

Abstract

The development of new markers of viral and autoimmune patholo-

gies is an important problem of modern medicine. This direction of 

research is important for both diagnosis and personalized therapy 

of these diseases. In this work we investigated the correlation of 

clinical symptoms of HIV-infection and some autoimmune pathol-

ogy with the content of antibodies against various antigens of infec-

tious agents as well as catalytically active antibodies in the blood 

of patients.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɧɚ ɧɚ-
ɥɢɱɢɟ ɜɢɪɭɫɚ ɢɦɦɭɧɨɞɟɮɢɰɢɬɚ ɜ ɤɪɨɜɢ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ 
ɛɨɥɶɧɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɢ ɜɟɫɬɟɪɧ-ɛɥɨɬ, 
ɉɐɊ ɫ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɟɣ ɢ ɩɪɨɬɨɱɧɭɸ ɰɢɬɨɦɟɬɪɢɸ. ɋɬɚɞɢɸ 

ȼɂɑ-ɢɧɮɟɤɰɢɢ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɨɩɭɬɫɬɜɭɸɳɢɦ ɡɚɛɨɥɟɜɚɧɢ-

ɹɦ, ɪɚɡɜɢɜɚɸɳɢɦɫɹ ɜɫɥɟɞɫɬɜɢɟ ɢɦɦɭɧɨɞɟɮɢɰɢɬɚ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ 
ɩɨɞɯɨɞɵ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɯɚɪɚɤɬɟɪ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚ-
ɧɢɹ ɢ ɩɟɪɟɯɨɞ ɡɚɛɨɥɟɜɚɧɢɹ ɧɚ ɫɥɟɞɭɸɳɭɸ ɫɬɚɞɢɸ. Ɍɚɤɨɣ ɩɪɨɝɧɨɡ 
ɩɨɡɜɨɥɢɥ ɛɵ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨ ɢɡɦɟɧɢɬɶ ɬɟɪɚɩɢɸ ɩɚɰɢɟɧɬɚ ɢ ɜ ɩɟɪ-

ɫɩɟɤɬɢɜɟ ɭɥɭɱɲɢɬɶ ɫɨɫɬɨɹɧɢɟ. ɋɨɝɥɚɫɧɨ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦ ɞɚɧɧɵɦ, 

ȼɂɑ-ɢɧɮɟɤɰɢɹ ɧɟ ɬɨɥɶɤɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɦɦɭɧɧɵɦ ɨɬɜɟɬɨɦ ɧɚ 
ɤɨɦɩɨɧɟɧɬɵ ɜɢɪɭɫɚ, ɧɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɫɛɨɸ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɜɟ-
ɞɭɳɟɦɭ ɤ ɪɚɡɜɢɬɢɸ ɚɭɬɨɢɦɦɭɧɧɵɯ ɩɚɬɨɥɨɝɢɣ. Ɋɚɧɟɟ ɧɚɦɢ ɞɟɬɚɥɶ-
ɧɨ ɢɫɫɥɟɞɨɜɚɧɵ ɚɧɬɢɬɟɥɚ ɤɪɨɜɢ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɛɨɥɶɧɵɯ, 

ɪɚɫɳɟɩɥɹɸɳɢɟ ȾɇɄ ɢ ɛɟɥɤɢ, ɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ, ɭɤɚɡɵɜɚɸɳɢɟ 
ɧɚ ɫɜɹɡɶ ɷɬɢɯ ɚɤɬɢɜɧɨɫɬɟɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɯɨɞɚ ɡɚɛɨɥɟɜɚɧɢɹ ɧɚ 
ɫɥɟɞɭɸɳɭɸ ɫɬɚɞɢɸ.

Ɇɢɦɢɤɪɢɹ ɪɹɞɚ ɛɟɥɤɨɜ ɱɟɥɨɜɟɤɚ ɢ ɧɟɤɨɬɨɪɵɯ ɜɢɪɭɫɨɜ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ ɫɛɨɹ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɱɟɥɨɜɟɤɚ. ȼ ɩɨɞɨɛɧɵɯ 
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ɫɥɭɱɚɹɯ ɜ ɨɪɝɚɧɢɡɦɟ ɫɧɚɱɚɥɚ ɧɚɪɚɛɚɬɵɜɚɸɬɫɹ ɚɧɬɢɬɟɥɚ ɩɪɨɬɢɜ ɜɢɪɭɫ-
ɧɵɯ ɛɟɥɤɨɜ, ɚ ɡɚɬɟɦ ɢɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɩɟɪɟɫɬɚɟɬ ɪɚɡɥɢɱɚɬɶ ɱɭɠɟɪɨɞ-

ɧɵɟ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɛɟɥɤɢ. ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɜ ɤɪɨɜɢ 

ɛɨɥɶɧɵɯ ɫ ȼɂɑ-ɢɧɮɟɤɰɢɟɣ ɦɨɠɟɬ ɩɨɜɵɲɚɬɶɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɢɫɬɨ-
ɧɨɜ. ɇɟ ɢɫɤɥɸɱɟɧɨ, ɱɬɨ ɧɚɪɚɛɨɬɤɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɚɧɬɢɬɟɥ, 
ɚɛɡɢɦɨɜ ɩɪɨɬɢɜ ɝɢɫɬɨɧɨɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɛɨɸ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟ-
ɦɵ, ɜɟɞɭɳɟɣ ɤ ɩɨɫɥɟɞɭɸɳɟɣ ɧɚɪɚɛɨɬɤɟ ɚɛɡɢɦɨɜ ɢ ɩɪɨɬɢɜ ɨɫɧɨɜɧɨ-
ɝɨ ɛɟɥɤɚ ɦɢɟɥɢɧɚ. Ɍɚɤɢɟ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɪɚɡɜɢɬɢɟ 
ɧɟɪɜɧɵɯ ɢ ɩɫɢɯɢɱɟɫɤɢɯ ɪɚɫɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɧɚɛɥɸɞɚɸɬɫɹ ɭ ȼɂɑ-

ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɛɨɥɶɧɵɯ.
ȼ ɤɪɨɜɢ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɩɚɰɢɟɧɬɨɜ ɧɚɦɢ ɪɚɧɟɟ ɨɛɧɚɪɭɠɟ-

ɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɚɧɬɢɬɟɥɚ, ɝɢɞɪɨɥɢɡɭɸɳɢɟ ȾɇɄ, ɛɟɥɤɢ 

ȼɂɑ (ɢɧɬɟɝɪɚɡɭ ɢ ɨɛɪɚɬɧɭɸ ɬɪɚɧɫɤɪɢɩɬɚɡɭ) ɢ ɧɟɤɨɬɨɪɵɟ ɛɟɥɤɢ ɱɟɥɨ-
ɜɟɤɚ (ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ ɢ ɤɚɡɟɢɧ). 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ — ɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ ɚɧɬɢɬɟɥ-ɩɪɨɬɟɚɡ, ɝɢɞɪɨɥɢɡɭɸɳɢɯ ɝɢɫɬɨɧɵ ɩɪɢ ȼɂɑ-

ɢɧɮɟɤɰɢɢ, ɫɪɚɜɧɟɧɢɟ ɢɯ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɮɟɪɦɟɧɬɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧ-

ɧɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɧɚɪɚɛɨɬɤɢ ɢ ɜɨɡɦɨɠ-

ɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɪɨɥɢ ɬɚɤɢɯ ɚɧɬɢɬɟɥ ɩɪɢ ȼɂɑ-ɢɧɮɟɤɰɢɢ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɩɪɨɬɟɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɤɪɢɬɟ-
ɪɢɟɦ, ɨɬɪɚɠɚɸɳɢɦ ɫɨɫɬɨɹɧɢɟ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɚɰɢɟɧɬɚ. ɗɬɨ 
ɩɨɡɜɨɥɢɬ ɫɞɟɥɚɬɶ ɩɪɨɝɧɨɡ ɨ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɩɨɞɨɛɪɚɬɶ ɬɟɪɚɩɢɸ. 

ɂɦɦɭɧɨɮɟɪɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɵɜɨɪɨɬɤɢ 

ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɛɨɥɶɧɵɯ ɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ ɫɨɞɟɪɠɚɬ ɚɭ-

ɬɨɚɧɬɢɬɟɥɚ ɩɪɨɬɢɜ ɝɢɫɬɨɧɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢ 

ɢ ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢ ɝɨɦɨɝɟɧɧɵɟ IgG, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɫɵɜɨɪɨɬɤɢ 

ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɩɚɰɢɟɧɬɨɜ ɷɮɮɟɤɬɢɜɧɨ ɝɢɞɪɨɥɢɡɭɸɬ ɨɬ ɨɞ-

ɧɨɝɨ ɞɨ ɩɹɬɢ ɱɟɥɨɜɟɱɟɫɤɢɯ ɝɢɫɬɨɧɨɜ (H1, H2A, H2B, H3 ɢ H4). 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɨɛɳɟɩɪɢɧɹɬɵɯ ɤɪɢɬɟɪɢɟɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɝɢɫɬɨɧ-ɝɢ-

ɞɪɨɥɢɡɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɬɟɥ ɢɡ ɤɪɨɜɢ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ 
ɛɨɥɶɧɵɯ ɹɜɥɹɟɬɫɹ ɢɯ ɫɨɛɫɬɜɟɧɧɵɦ ɫɜɨɣɫɬɜɨɦ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɝɢɞɪɨɥɢɡɚ ɝɢɫɬɨɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɞɥɹ 
IgG ɪɚɡɥɢɱɧɵɯ ɩɚɰɢɟɧɬɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɭɦɦɚɪɧɵɣ ɩɭɥ ɚɧɬɢ-

ɬɟɥ ɤɪɨɜɢ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɛɨɥɶɧɵɯ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ 
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ɚɛɡɢɦɨɜ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɚɭɬɨɢɦɦɭɧɧɵɦɢ ɡɚɛɨɥɟɜɚ-
ɧɢɹɦɢ, ɫɨɞɟɪɠɢɬ ɚɛɡɢɦɵ ɫ ɚɤɬɢɜɧɵɦɢ ɰɟɧɬɪɚɦɢ ɩɨɞɨɛɧɵɦɢ ɫɟɪɢ-

ɧɨɜɵɦ ɢ ɦɟɬɚɥɥɨɩɪɨɬɟɚɡɚɦ. Ʉɪɨɦɟ ɬɨɝɨ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɡɧɚɱɢɬɟɥɶ-
ɧɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɣɨɞɚɰɟɬɨɦɢɞɨɦ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɧɚɥɢɱɢɟ ɜ ɫɭɦɦɚɪɧɨɦ ɩɭɥɟ ɚɧɬɢɬɟɥ ɬɢɨɥɨɜɵɯ-ɩɪɨɬɟɚɡ. ɂɡɭɱɟɧɢɟ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɚɧɬɢɬɟɥ (ɫɪɨɞɫɬɜɨ ɤ ɝɢɫɬɨɧɚɦ, ɦɟɬɚɥɥ- 

ɢ ɪɇ-ɡɚɜɢɫɢɦɨɫɬɶ, ɫɭɛɫɬɪɚɬɧɚɹ ɫɩɟɰɢɮɢɱɧɨɫɬɶ) ɩɨɤɚɡɚɥɨ, ɱɬɨ 
ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɛɡɢɦɨɜ ɪɚɡɥɢɱɧɵ ɞɥɹ ɤɚɠɞɨɝɨ 
ɩɚɰɢɟɧɬɚ ɢ ɡɚɜɢɫɹɬ ɨɬ ɫɬɚɞɢɢ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚ-
ɧɢɹ. Ɍɚɤ ɤɚɤ IgG ɦɨɝɭɬ ɷɮɮɟɤɬɢɜɧɨ ɝɢɞɪɨɥɢɡɨɜɚɬɶ ɝɢɫɬɨɧɵ, ɧɟɥɶɡɹ 
ɢɫɤɥɸɱɢɬɶ ɢɯ ɧɟɝɚɬɢɜɧɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɫɢɧɞɪɨɦɚ ɩɪɢɨɛɪɟɬɟɧ-

ɧɨɝɨ ɢɦɦɭɧɨɞɟɮɢɰɢɬɚ.
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɩɨɡɜɨɥɢɬɶ ɜɵɪɚɛɨɬɚɬɶ ɧɨɜɵɟ ɫɬɚɧ-

ɞɚɪɬɵ ɩɟɪɫɨɧɚɥɢɡɨɜɚɧɧɨɣ ɬɟɪɚɩɢɢ ɡɚɛɨɥɟɜɚɧɢɹ. Ɋɚɡɪɚɛɨɬɤɚ ɧɨ-

ɜɵɯ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɫɨɫɬɨɹɧɢɹ ɛɨɥɶɧɨɝɨ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɟɪɚɩɢɢ, ɚ ɬɚɤɠɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɚ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ 
ɩɨɦɨɠɟɬ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɨɟ ɥɟɱɟɧɢɟ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ 
ɠɢɡɧɢ ɛɨɥɶɧɨɝɨ.
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Ⱥɧɧɨɬɚɰɢɹ
Ⱥɧɬɢɛɢɨɬɢɤ ɷɪɟɦɨɦɢɰɢɧ ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɭɩɩɟ ɰɢɤɥɢɱɟɫɤɢɯ ɝɥɢɤɨ-

ɩɟɩɬɢɞɨɜ. Ɉɧ ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɩɨɱɜɵ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɫɨɬɪɭɞɧɢɤɚ-
ɦɢ Ƚɍ ɇɂɂ ɩɨ ɢɡɵɫɤɚɧɢɸ ɧɨɜɵɯ ɚɧɬɢɛɢɨɬɢɤɨɜ ɢɦ. Ƚ. Ɏ. Ƚɚɭɡɟ ɊȺɆɇ 

(Ƚɍ ɇɂɂɇȺ ɢɦ. Ƚ. Ɏ. Ƚɚɭɡɟ ɊȺɆɇ). ɗɪɟɦɨɦɢɰɢɧ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤ-
ɬɭɪɧɵɦ ɚɧɚɥɨɝɨɦ ɚɧɬɢɛɢɨɬɢɤɚ ɜɚɧɤɨɦɢɰɢɧɚ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɨɝɨ 
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ɜ ɤɥɢɧɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ ɫ 1958 ɝɨɞɚ ɞɥɹ ɥɟɱɟɧɢɹ ɫɬɚɮɢɥɨɤɨɤɤɨɜɵɯ 
ɢɧɮɟɤɰɢɣ, ɜɵɡɜɚɧɧɵɯ ɦɟɬɢɰɢɥɥɢɧ-ɭɫɬɨɣɱɢɜɵɦɢ ɲɬɚɦɦɚɦɢ ɡɨɥɨɬɢ-

ɫɬɨɝɨ ɫɬɚɮɢɥɨɤɨɤɤɚ (MRSA), ɭɫɬɨɣɱɢɜɵɦɢ ɤ ɞɪɭɝɢɦ ɩɪɟɩɚɪɚɬɚɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɢɧɞɭɰɢɪɨɜɚɧɧɨ-
ɝɨ ɍɎ-ɦɭɬɚɝɟɧɟɡɚ ɲɬɚɦɦɚ Amycolatopsis orientalis VKM Ac-2717D, 

ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɫɟɥɟɤɰɢɟɣ ɜɵɫɨɤɨɩɪɨɞɭɤɬɢɜɧɵɯ ɢɡɨɥɹɬɨɜ, ɛɵɥ ɩɨɥɭ-
ɱɟɧ ɧɨɜɵɣ ɲɬɚɦɦ ȿ 11–8 — ɫɭɩɟɪɩɪɨɞɭɰɟɧɬ ɷɪɟɦɨɦɢɰɢɧɚ ɫ ɩɪɨɞɭɤ-
ɬɢɜɧɨɫɬɶɸ 2.5 ± 0.3 ɝ/ɥ ɚɧɬɢɛɢɨɬɢɤɚ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ. 

Abstract

Eremomycin antibiotic belongs to cyclic glycopeptides. It was iso-

lated from the soil and characterized by researchers of the Gauze 

Institute of New Antibiotics (Russian Academy of Medical Scienc-

es). Eremomycin is a structural analogue of vancomycin, which is 

widely used in a clinical practice since 1958 for the treatment of 

staphylococcoses caused by methicillin-resistant Staphylococcus 

aureus strains (MRSA) resistant to other drugs.

The performed multi-step induced UV mutagenesis of Amycolatop-

sis orientalis VKM Ac-2717D combined with the selection of highly 

productive mutants resulted in a new E 11–8 strain, which produc-

tivity reached 2.5 ± 0.3 g/L.

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɲɬɚɦɦɨɜ, ɨɛɥɚ-
ɞɚɸɳɢɯ ɰɟɧɧɵɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ 
ɥɟɬ ɨɫɬɚɟɬɫɹ ɦɭɬɚɝɟɧɟɡ, ɢɧɞɭɰɢɪɭɟɦɵɣ ɮɢɡɢɱɟɫɤɢɦɢ, ɯɢɦɢɱɟɫɤɢɦɢ 

ɢɥɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ ɢɥɢ ɢɯ ɤɨɦɛɢɧɚɰɢɟɣ ɢ ɨɛɥɚɞɚɸɳɢɣ 

ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɬɚɤɢɦɢ 

ɤɚɤ ɫɤɪɢɧɢɧɝ ɩɪɢɪɨɞɧɵɯ ɲɬɚɦɦɨɜ ɢɥɢ ɝɟɧɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ. ɐɟɥɶɸ 

ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɧɨɜɨɝɨ ɜɵɫɨɤɨɚɤɬɢɜɧɨɝɨ 
ɲɬɚɦɦɚ A. orientalis ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɍɎ-ɦɭɬɚɝɟɧɟɡɚ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɥɟɤɰɢɟɣ ɧɚɢɛɨɥɟɟ ɩɪɨɞɭɤɬɢɜɧɵɯ ɢɡɨɥɹɬɨɜ ɞɥɹ ɞɨ-
ɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɬɢɛɢɨɬɢɤɚ ɷɪɟɦɨ-
ɦɢɰɢɧɚ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ (Ʉɀ).

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɲɬɚɦɦɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɲɬɚɦɦ A. orientalis 

VKM Ac-2717D ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ 1.2 ɝ/ɥ. Ɇɢɰɟɥɢɣ 4–6-ɞɧɟɜɧɨɣ 

ɤɭɥɶɬɭɪɵ ɫɦɵɜɚɥɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɵ ɫɬɟɪɢɥɶɧɨɣ 
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ɜɨɞɨɣ ɢ ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ ɜɚɬɧɵɣ ɮɢɥɶɬɪ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɤɪɭɩɧɵɯ 
ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɦɢɰɟɥɢɹ. Ɂɚɬɟɦ ɫɭɫɩɟɧɡɢɸ ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ ɫɬɟ-
ɤɥɹɧɧɵɣ ɮɢɥɶɬɪ (ɪɚɡɦɟɪ ɩɨɪ — 100 ɦɤɦ) ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɜɧɨ-
ɦɟɪɧɨɣ ɫɭɫɩɟɧɡɢɢ ɦɟɥɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɦɢɰɟɥɢɹ ɢ ɨɛɪɚɛɚɬɵɜɚɥɢ ɧɚ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɛɚɧɟ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ, ɩɨɫɥɟ ɱɟɝɨ ɨɛɥɭɱɚɥɢ ɤɨ-
ɪɨɬɤɨɜɨɥɧɨɜɨɣ (100–280 ɧɦ) ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɥɚɦɩɨɣ Short Wave 

Ultra-violet Mineralight (ɋɒȺ) ɦɨɳɧɨɫɬɶɸ 12.5 ȼɬ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫ-
ɬɨɱɧɢɤɚ ɨɛɥɭɱɟɧɢɹ ɞɨ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɫɭɫɩɟɧɡɢɢ ɫɨɫɬɚɜɥɹɥɨ 40 ɫɦ. 

ɉɨɫɥɟ ɨɛɥɭɱɟɧɢɹ 0.1 ɦɥ ɫɭɫɩɟɧɡɢɢ ɜɵɫɟɜɚɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɚɝɚɪɢɡɨ-
ɜɚɧɧɨɣ ɫɪɟɞɵ ɧɚ ɤɚɠɞɭɸ ɱɚɲɤɭ ɉɟɬɪɢ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 28°ɋ ɜ ɬɟɱɟɧɢɟ 7–10 ɞɧɟɣ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɪɢɜɵɟ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɨɥɨɧɢɣ 

ɢɫɯɨɞɧɨɣ ɤɭɥɶɬɭɪɵ A. orientalis ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɨɛɥɭɱɟɧɢɹ, 
ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɱɚɫɬɨɬɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɨɪɮɨɥɨ-
ɝɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɥɭɱɟɧɢɹ. ɋ ɭɱɟɬɨɦ ɷɬɢɯ 
ɞɚɧɧɵɯ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɨɛɥɭɱɟɧɢɹ, ɞɚɸɳɟɟ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɢɡɦɟɧɟɧɧɵɯ ɢɡɨɥɹɬɨɜ, ɢ, ɜ ɬɨ 
ɠɟ ɜɪɟɦɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɨɩɪɟɞɟɥɟɧɧɭɸ ɫɬɟɩɟɧɶ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɨ-
ɥɨɧɢɣ. ɋɬɟɩɟɧɶ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɨɥɨɧɢɣ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ 

ɜɵɪɨɫɲɢɯ ɤɨɥɨɧɢɣ ɜ ɨɛɥɭɱɟɧɧɵɯ ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɱɚɲɤɚɯ. Ʉɨɥɨɧɢɢ 

ɫ ɢɡɦɟɧɟɧɧɨɣ ɦɨɪɮɨɥɨɝɢɟɣ ɨɬɛɢɪɚɥɢ ɢ ɩɟɪɟɫɟɜɚɥɢ ɧɚ ɫɜɟɠɭɸ ɚɝɚɪɢ-

ɡɨɜɚɧɧɭɸ ɫɪɟɞɭ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɜ ɮɟɪɦɟɧɬɚɬɢɜ-
ɧɨɣ ɫɪɟɞɟ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɷɪɟɦɨɦɢɰɢɧɚ 
ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ (Ʉɀ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɛɨɪɨɦ ɧɚɢɛɨɥɟɟ 
ɩɪɨɞɭɤɬɢɜɧɵɯ ɢɡɨɥɹɬɨɜ. 
Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɜɵɠɢɜɚɟɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɍɎ-ɨɛɥɭɱɟɧɢɹ ɩɨ-

ɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ. ɑɚɫɬɨɬɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɦɭɬɚɧɬɨɜ 
ɹɜɥɹɟɬɫɹ ɤɨɫɜɟɧɧɵɦ ɩɪɢɡɧɚɤɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɍɎ-ɦɭɬɚɝɟɧɟɡɚ, ɱɬɨ, 
ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɤɨɪɪɟɥɢɪɨɜɚɬɶ ɫ ɩɨɹɜɥɟɧɢɟɦ ɤɨɥɨɧɢɣ ɫ ɩɨɜɵ-

ɲɟɧɧɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɦɭɬɚɧɬɨɜ ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɥɭɱɟɧɢɹ 10–15 ɦɢɧ; 

ɛɵɥɢ ɨɬɦɟɱɟɧɵ ɤɚɤ ɤɨɥɨɧɢɢ ɫ ɢɡɦɟɧɟɧɧɨɣ ɦɨɪɮɨɥɨɝɢɟɣ ɢ ɩɢɝɦɟɧɬɚ-
ɰɢɟɣ ɦɢɰɟɥɢɹ, ɬɚɤ ɢ ɤɨɥɨɧɢɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɡɚɦɟɞɥɟɧɧɵɦ ɪɨɫɬɨɦ.

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɞɥɹ ɨɬɛɨɪɚ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɢɡɦɟ-
ɧɟɧɧɵɯ ɤɨɥɨɧɢɣ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɤɫɩɨɡɢɰɢɢ 10 ɢ 15 ɦɢɧ. 
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Ʉɨɥɢɱɟɫɬɜɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɢɡɦɟɧɟɧɧɵɯ ɢɡɨɥɹɬɨɜ ɩɪɢ ɷɬɨɦ ɫɨ-

ɫɬɚɜɥɹɥɨ 2–3 %.

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɦɨɪɮɨɥɨɝɢɱɟ-
ɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ ɤɨɥɨɧɢɣ, 

ɜɫɟ ɬɢɩɵ ɜɨɡɧɢɤɚɸɳɢɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɮɨɪɦ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚ-
ɧɵ ɧɚ ɭɪɨɜɟɧɶ ɛɢɨɫɢɧɬɟɡɚ ɷɪɟɦɨɦɢɰɢɧɚ ɩɪɢ ɝɥɭɛɢɧɧɨɦ ɤɭɥɶɬɢɜɢɪɨ-
ɜɚɧɢɢ. 

ȼɵɠɢɜɚɟɦɨɫɬɶ ɢ ɱɚɫɬɨɬɚ ɩɪɨɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ ɲɬɚɦɦɚ A. orientalis 

VKM Ac-2717D ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɍɎ-ɨɛɥɭɱɟɧɢɹ

ȼ ɯɨɞɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɤɨɥɨɧɢɢ ɫɨ ɫɥɚɛɨ ɪɚɡ-
ɜɢɬɵɦ ɜɨɡɞɭɲɧɵɦ ɦɢɰɟɥɢɟɦ ɢ ɫɨ ɫɥɚɛɨɣ ɩɢɝɦɟɧɬɚɰɢɟɣ ɨɛɥɚɞɚɥɢ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɭɪɨɜɧɸ ɛɢɨɫɢɧɬɟɡɚ ɷɪɟɦɨɦɢɰɢɧɚ. 
ɒɬɚɦɦɵ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɛɢɨɫɢɧɬɟɡɚ ɨɬɛɢɪɚɥɢ ɞɥɹ ɞɚɥɶɧɟɣ-

ɲɢɯ ɰɢɤɥɨɜ ɍɎ-ɦɭɬɚɝɟɧɟɡɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɹɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɰɢɤɥɨɜ ɦɭɬɚɝɟɧɟɡɚ ɫ ɩɨɫɥɟ-

ɞɭɸɳɢɦ ɫɤɪɢɧɢɧɝɨɦ ɤɨɥɨɧɢɣ ɛɵɥ ɩɨɥɭɱɟɧ ɜɵɫɨɤɨɚɤɬɢɜɧɵɣ ɲɬɚɦɦ 

ȿ 11–8, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ ɷɪɟɦɨ-
ɦɢɰɢɧɚ ɜ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɟ (2.5 ± 0.3 ɝ/ɥ). 
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Ⱥɧɧɨɬɚɰɢɹ
ɗɤɡɨɫɨɦɵ — ɜɟɡɢɤɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɜɵɞɟɥɹɟɦɵɟ ɤɥɟɬɤɚɦɢ 

ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɗɤɡɨɫɨɦɵ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɟɠɤɥɟɬɨɱ-
ɧɨɣ ɤɨɦɦɭɧɢɤɚɰɢɢ, ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɝɭɥɹɰɢɢ ɢɦɦɭɧɧɵɯ ɪɟɚɤɰɢɣ. ɉɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɢɡɭɱɟɧɢɟ ɛɟɥɤɨɜ ɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɷɤɡɨɫɨɦ ɢɦɟɟɬ ɛɨɥɶ-
ɲɨɣ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɚɤɬɢɜɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɤɡɨɫɨɦ ɞɥɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ. ɋɨɝɥɚɫɧɨ ɧɚɲɢɦ ɞɚɧɧɵɦ, ɩɪɨɬɨɤɨɥ ɜɵɞɟɥɟɧɢɹ ɷɤɡɨɫɨɦ 

ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɱɢɫɬɨɬɭ ɩɨɥɭɱɚɟɦɵɯ ɩɪɟɩɚɪɚɬɨɜ. 

Abstract

Exosomes are defi ned as vesicular structures, secreted by different 

types of cells in their environment. Exosomes are considered to be 

of the great importance in intercellular communication, involved in 

the regulation of immune responses. The study of exosomal pro-
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teins and nucleic acids has great diagnostic potential; also exo-

somes may be an elegant solution to the specifi c drug delivery 

problem. According to our data the protocol of exosomes isolation 

has a signifi cant impact on the purity of obtained preparations. 

ɂɡɭɱɟɧɢɟ ɛɟɥɤɨɜ ɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ (ɜ ɬɨɦ ɱɢɫɥɟ, ɦɢɤɪɨɊɇɄ) 

ɩɪɢɪɨɞɧɵɯ ɷɤɡɨɫɨɦ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɜɜɢ-

ɞɭ ɬɨɝɨ ɱɬɨ ɷɤɡɨɫɨɦɵ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɟɠɤɥɟɬɨɱɧɨɣ ɤɨɦɦɭ-
ɧɢɤɚɰɢɢ, ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɝɭɥɹɰɢɢ ɢɦɦɭɧɧɵɯ ɪɟɚɤɰɢɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɛɟɥɤɢ ɢ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ ɷɤɡɨɫɨɦ ɢɦɟɸɬ ɨɝɪɨɦɧɵɣ ɞɢɚɝɧɨɫɬɢ-

ɱɟɫɤɢɣ ɢ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɚɠɧɨɣ ɢ ɚɤ-
ɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ 
ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɷɤɡɨɫɨɦ, ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɜɵɞɟɥɟɧɢɹ 
ɢɡ ɪɚɡɥɢɱɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ, ɦɨɥɨɤɚ ɢ ɪɚɡ-
ɥɢɱɧɵɯ ɬɤɚɧɟɣ, ɜɵɞɟɥɟɧɢɟ ɢɡ ɤɨɬɨɪɵɯ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɩɨɞɯɨɞɚɦɢ ɡɚ-
ɬɪɭɞɧɟɧɨ. 
ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɜɵɞɟɥɟɧɢɹ ɷɤɡɨɫɨɦɚɥɶɧɵɯ 

ɫɬɪɭɤɬɭɪ ɹɜɥɹɟɬɫɹ ɭɥɶɬɪɚɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɨɫɚɠɞɟɧɢɟ ɷɤɡɨɫɨɦ. ɗɬɨɬ ɦɟɬɨɞ ɩɪɢɝɨɞɟɧ ɞɥɹ 
ɜɵɞɟɥɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɷɤɡɨɫɨɦ ɢɡ ɬɚɤɢɯ ɛɢɨɥɨɝɢ-

ɱɟɫɤɢɯ ɠɢɞɤɨɫɬɹɦɢ, ɤɚɤ ɤɪɨɜɶ, ɦɨɱɚ ɢ ɤɭɥɶɬɭɪɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ. ɇɚɦɢ 

ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɵɯ ɩɪɟɩɚɪɚɬɨɜ ɷɤɡɨɫɨɦ ɢɡ ɫɥɨɠ-

ɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɛɟɥɤɨɜɵɯ ɩɪɢɦɟɫɟɣ, ɧɚɩɪɢɦɟɪ, ɢɡ ɦɨɥɨɤɚ. Ɇɵ ɩɪɨɜɟɥɢ ɫɪɚɜɧɟɧɢɟ 
ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɨɞɢɤ ɜɵɞɟɥɟɧɢɹ, ɢ ɩɪɟɞɥɨɠɢɥɢ ɨɪɢɝɢɧɚɥɶɧɭɸ ɦɨɞɢ-

ɮɢɤɚɰɢɸ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɜɵɞɟɥɟɧɢɹ ɷɤɡɨɫɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ ɨɱɢɫɬɤɢ ɩɪɟɩɚɪɚɬɨɜ ɷɤɡɨɫɨɦ ɩɪɟɞɥɨɠɟɧɚ ɝɟɥɶ-
ɮɢɥɶɬɪɚɰɢɹ. ɋɪɚɜɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɢɤ ɜɵɞɟɥɟɧɢɹ ɷɤɡɨɫɨɦ ɛɵɥɨ 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɚɰɢɹ 
ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ, ɭɥɶɬɪɚɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɢ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ, 

ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɜɟɡɢɤɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɨɬ 
ɛɟɥɤɨɜɵɯ ɩɪɢɦɟɫɟɣ. 

ɇɚɥɢɱɢɟ ɜ ɩɪɟɩɚɪɚɬɚɯ ɜɟɡɢɤɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ, ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɡɨɫɨɦɚɦ, ɩɨɞɬɜɟɪɠɞɚɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚ-
ɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɚ ɬɚɤɠɟ ɢɦɦɭɧɨɰɢɬɨɯɢɦɢɱɟɫɤɢɦ 
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ɚɧɚɥɢɡɨɦ ɩɨ ɧɚɥɢɱɢɸ ɦɚɪɤɟɪɧɵɯ ɛɟɥɤɨɜ CD63 ɢ CD81 ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɷɤɡɨɫɨɦ. 

Ȼɟɥɤɨɜɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɪɚɡ-
ɞɟɥɟɧɢɟɦ ɛɟɥɤɨɜ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɫ ɩɨɫɥɟɞɭ-

ɸɳɢɦ ɬɪɢɩɫɢɧɨɥɢɡɨɦ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ, ɩɪɢ 

ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɦɚɠɨɪɧɵɯ ɛɟɥɤɨɜ ɜ ɩɪɟɩɚɪɚɬɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡ-
ɥɢɱɚɥɨɫɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɚɪɚɬɚ, ɩɪɟɩɚɪɚ-
ɬɵ ɩɨɫɥɟ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ ɫɨɞɟɪɠɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɟ ɱɢɫɥɨ 
ɩɪɢɦɟɫɧɵɯ ɛɟɥɤɨɜ. 
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 ɊɈȾɂɈɅɕ ɊɈɁɈȼɈɃ (RHODIOLA ROSEA L.) 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ Ʉɚɡɚɯɫɬɚɧɟ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ 

ɦɢɤɪɨɤɥɨɧɚɥɶɧɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɥɚɧɬɚɰɢɣ ɜ ɦɟɫɬɚɯ ɟɟ ɩɪɨɢɡɪɚɫɬɚɧɢɹ (ȼɨɫɬɨɱɧɨ-
Ʉɚɡɚɯɫɬɚɧɫɤɚɹ ɨɛɥɚɫɬɶ). ɉɪɨɢɡɜɟɞɟɧ ɫɛɨɪ ɦɚɬɟɪɢɚɥɚ ɪɨɞɢɨɥɵ ɪɨɡɨ-
ɜɨɣ ɢɡ 3 ɩɨɩɭɥɹɰɢɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɫɭɛɚɥɶɩɢɣɫɤɨɦ ɢ ɚɥɶɩɢɣɫɤɨɦ 

ɩɨɹɫɚɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɚɡɚɯɫɬɚɧɫɤɨɝɨ Ⱥɥɬɚɹ (Ɂɚɩɚɞɧɵɣ ɢ ɘɠɧɵɣ 

Ⱥɥɬɚɣ). Ⱦɥɹ ɜɜɟɞɟɧɢɹ ɜ ɤɭɥɶɬɭɪɭ in vitro ɛɵɥɨ ɨɬɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ 
ɩɪɨɬɨɤɨɥɨɜ ɫɬɟɪɢɥɢɡɚɰɢɢ, ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞ ɞɥɹ ɢɧɞɭɤɰɢɢ ɤɚɥɥɭɫɨɨ-
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ɛɪɚɡɨɜɚɧɢɹ ɢ ɨɪɝɚɧɨɝɟɧɟɡɚ. Ɇɢɤɪɨɤɥɨɧɚɥɶɧɨɟ ɪɚɡɦɧɨɠɟɧɢɟ ɪɨɞɢɨɥɵ 

ɪɨɡɨɜɨɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɢɧɞɭɤɰɢɢ ɚɞɜɟɧɬɢɜɧɨɝɨ ɨɪɝɚɧɨɝɟɧɟɡɚ 
ɢɡ ɚɩɢɤɚɥɶɧɵɯ ɦɟɪɢɫɬɟɦ ɫɬɟɪɢɥɶɧɵɯ ɩɪɨɪɨɫɬɤɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɨɩ-

ɬɢɦɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɤɡɨɝɟɧɧɵɯ ɮɢɬɨɝɨɪɦɨɧɨɜ ɞɥɹ ɷɥɨɧɝɚɰɢɢ 

ɦɢɤɪɨɤɥɨɧɨɜɵɯ ɩɨɛɟɝɨɜ ɪɨɞɢɨɥɵ ɢ ɭɫɥɨɜɢɹ ɢɯ ɭɫɩɟɲɧɨɝɨ ɭɤɨɪɟɧɟ-
ɧɢɹ ɜ ɩɨɱɜɨɝɪɭɧɬɟ. 

Abstract

In Kazakhstan has conducted research on development of tech-

nologies for micropropagation of Rhodiola rosea to create the in-

dustrial plantations in the places of its growth (East Kazakhstan 

region). Material from 3 populations Rhodiola rosea L. located in 

the sub-alpine and Alpine zones on the territory of Kazakhstan Altai 

(Western and southern Altai) collected. For introduction to in vitro 

culture developed several protocols of sterilization, culture media 

for induction of callus and organogenesis. Micropropagation of 

Rhodiola rosea L. carried out by induction of adventitious organo-

genesis from apical meristems of sterile seedlings. The optimal con-

centration of exogenous phytohormones for elongation microɫlonal 

shoots of Rhodiola and the conditions for their successful rooting in 

soils defi ned.

ȼɨɩɪɨɫɵ ɫɨɯɪɚɧɟɧɢɹ ɢ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɧɨ-
ɨɛɪɚɡɢɹ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ɉɫɨɛɟɧɧɨ ɷɬɨ ɜɚɠɧɨ ɞɥɹ ɜɢɞɨɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɩɨɞ ɭɝɪɨɡɨɣ ɢɫ-
ɱɟɡɧɨɜɟɧɢɹ. Ɇɟɬɨɞɵ ɤɭɥɶɬɭɪɵ in vitro ɰɟɧɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟ-
ɧɢɣ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɟ ɫɵɪɶɟ ɤɪɭɝɥɵɣ ɝɨɞ, ɩɪɢ 

ɷɬɨɦ ɫɨɯɪɚɧɹɹ ɟɫɬɟɫɬɜɟɧɧɵɟ ɩɨɩɭɥɹɰɢɢ ɜ ɩɪɢɪɨɞɟ. Ɋɨɞɢɨɥɚ ɪɨɡɨɜɚɹ 
(Rhodiola rosea L., ɫɟɦɟɣɫɬɜɨ Crassulaceae) ɹɜɥɹɟɬɫɹ ɰɟɧɧɵɦ ɥɟɤɚɪ-
ɫɬɜɟɧɧɵɦ ɪɚɫɬɟɧɢɟɦ, ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɧɚɯɨɞɹɬɫɹ ɩɨɞ ɭɝɪɨɡɨɣ ɢɫ-
ɱɟɡɧɨɜɟɧɢɹ ɜ ɜɢɞɭ ɨɫɨɛɨɣ ɩɨɩɭɥɹɪɧɨɫɬɢ ɞɚɧɧɨɝɨ ɜɢɞɚ ɪɚɫɬɟɧɢɣ ɫɪɟɞɢ 

ɧɚɫɟɥɟɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɨɬɤɪɵɜɚɟɬ ɩɟɪɫɩɟɤ-
ɬɢɜɵ ɞɥɹ ɦɚɫɫɨɜɨɝɨ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɫɨɯɪɚɧɟɧɢɹ ɰɟɧɧɨɝɨ ɝɟɧɨɮɨɧɞɚ 
ɪɨɞɢɨɥɵ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɤɥɨɧɚɥɶɧɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɹɜɥɹ-
ɟɬɫɹ ɨɞɧɢɦ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɥɭɱɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 
ɫɵɪɶɹ, ɩɪɢ ɷɬɨɦ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɯɪɚɧɟɧɢɸ ɩɪɢɪɨɞɧɵɯ ɩɨɩɭɥɹɰɢɣ. 
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ȼ Ɋɟɫɩɭɛɥɢɤɟ Ʉɚɡɚɯɫɬɚɧ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ 
ɬɟɯɧɨɥɨɝɢɢ ɦɢɤɪɨɤɥɨɧɚɥɶɧɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ ɫ ɰɟ-
ɥɶɸ ɫɨɡɞɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɥɚɧɬɚɰɢɣ ɜ ɦɟɫɬɚɯ ɟɟ ɩɪɨɢɡɪɚɫɬɚɧɢɹ 
(ȼɨɫɬɨɱɧɨ-Ʉɚɡɚɯɫɬɚɧɫɤɚɹ ɨɛɥɚɫɬɶ). Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɤɪɢɧɢɧɝɨɜɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɵɹɜɥɟɧɢɸ ɩɨɩɭɥɹɰɢɣ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɚɡɚɯɫɬɚɧɫɤɨɝɨ Ⱥɥɬɚɹ. ɇɚ ɯɪɟɛɬɚɯ Ʉɚɡɚɯɫɬɚɧ-

ɫɤɨɝɨ Ⱥɥɬɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɨɨ6ɢɬɚɧɢɣ ɢ ɭɜɥɚɠɧɟɧɢɹ ɩɨɱɜɵ 

ɛɵɥɨ ɜɵɞɟɥɟɧɨ 8 ɝɪɭɩɩ ɰɟɧɨɩɨɩɭɥɹɰɢɣ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ, ɪɚɡɥɢɱɚɸ-

ɳɢɯɫɹ ɩɨ ɫɬɟɩɟɧɢ ɩɪɨɟɤɬɢɜɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫɬɪɭɤɬɭɪɟ ɢ ɱɢɫɥɟɧɧɨɫɬɢ 

ɨɫɨɛɟɣ, ɮɨɪɦɢɪɭɸɳɢɯ ɞɚɧɧɵɟ ɩɨɩɭɥɹɰɢɢ. Ⱦɥɹ ɜɜɟɞɟɧɢɹ ɜ ɤɭɥɶɬɭɪɭ in 

vitro ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɫɛɨɪ ɪɚɫɬɟɧɢɣ ɢɡ ɩɪɢɪɨɞɧɵɯ ɩɨɩɭɥɹɢɣ ɪɨɞɢɨɥɵ 

ɪɨɡɨɜɨɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɚɡɚɯɫɬɚɧɫɤɨɝɨ Ⱥɥɬɚɹ. Ⱦɥɹ 
ɷɬɨɝɨ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 2 ɷɤɫɩɟɞɢɰɢɨɧɧɵɯ ɜɵɟɡɞɚ ɧɚ Ɂɚɩɚɞɧɵɣ Ⱥɥɬɚɣ 

(ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɦɚɪɲɪɭɬɚ 250 ɤɦ) — ɞɥɹ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɨɩɭɥɹɰɢɣ 

ɢ ɫɛɨɪɚ ɦɚɬɟɪɢɚɥɚ ɠɢɜɵɯ ɪɚɫɬɟɧɢɣ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ ɧɚ ɯɪ. ɂɜɚɧɨɜ-
ɫɤɢɣ (ɭɪ. ɋɟɪɵɣ Ʌɭɝ ɢ ɜɟɪɲɢɧɚ ȼɵɲɟɢɜɚɧɨɜɫɤɨɝɨ ɛɟɥɤɚ); ɚ ɬɚɤɠɟ ɧɚ 
ɘɠɧɵɣ Ⱥɥɬɚɣ (ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɦɚɪɲɪɭɬɚ ɛɨɥɟɟ 2000 ɤɦ) — ɧɚ ɯɪ. 
ɘɠɧɨ-Ⱥɥɬɚɣɫɤɢɣ Ɍɚɪɛɚɝɚɬɚɣ. 

Ɉɬɪɚɛɨɬɤɚ ɧɟɫɤɨɥɶɤɢɯ ɫɩɨɫɨɛɨɜ ɫɬɟɪɢɥɢɡɚɰɢɢ ɷɤɫɩɥɚɧɬɨɜ ɪɨɞɢ-

ɨɥɵ ɜɵɹɜɢɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɨɞɛɨɪɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɞɥɹ 
ɤɚɠɞɨɝɨ ɬɢɩɚ ɷɤɫɩɥɚɧɬɚ — ɫɬɟɛɥɟɜɵɟ, ɥɢɫɬɨɜɵɟ ɫɟɝɦɟɧɬɵ, ɜɟɪɯɭɲɟɱ-
ɧɵɟ ɢɥɢ ɤɨɪɧɟɜɢɳɧɵɟ ɩɨɱɤɢ. Ɇɧɨɝɨɫɬɭɩɟɧɱɚɬɵɟ ɩɪɨɬɨɤɨɥɵ ɫɬɟɪɢ-

ɥɢɡɰɢɢ, ɜɤɥɸɱɚɸɳɢɟ ɨɛɪɚɛɨɬɤɭ ɝɢɩɨɯɥɨɪɢɬɨɦ ɧɚɬɪɢɹ, ɩɟɪɦɚɧɝɚɧɚ-
ɬɨɦ ɤɚɥɢɹ, ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ ɢ ɩɟɪɟɤɢɫɶɸ ɜɨɞɨɪɨɞɚ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭ-
ɱɢɬɶ ɫɬɟɪɢɥɶɧɵɟ ɩɟɪɜɢɱɧɵɟ ɷɤɫɩɥɚɧɬɵ, ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɨɬɨɪɵɯ 
ɛɵɥɚ ɧɚ ɭɪɨɜɧɟ 55–74,5 %. ɋɬɟɪɢɥɢɡɚɰɢɸ ɫɟɦɹɧ ɪɨɞɢɨɥɵ ɩɪɨɜɨɞɢɥɢ 

ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ ɜ ɪɚɫɬɜɨɪɚɯ ɝɢɛɛɟɪɟɥɥɨɜɨɣ 

ɤɢɫɥɨɬɵ (GA3) ɢ ɬɢɨɦɨɱɟɜɢɧɵ, ɩɨɫɥɟɞɧɹɹ ɩɨɦɢɦɨ ɪɨɫɬɨɫɬɢɦɭɥɢɪɭ-
ɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɨɛɥɚɞɚɟɬ ɟɳɟ ɢ ɮɭɧɝɢɰɢɞɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 

Ⱦɥɹ ɢɧɢɰɢɚɰɢɢ ɪɨɫɬɚ ɤɭɥɶɬɭɪ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ ɜ ɭɫɥɨɜɢɹɯ in vitro 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞ, ɧɚ ɨɫɧɨɜɟ 
ɫɪɟɞɵ Ɇɭɪɚɫɢɝɟ ɢ ɋɤɭɝɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɷɤɡɨɝɟɧɧɵɯ ɮɢɬɨɝɨɪɦɨɧɨɜ 
ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. Ɋɟɚɤɰɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɷɤɫɩɥɚɧɬɨɜ 
ɪɨɞɢɨɥɵ ɡɚɜɢɫɟɥɚ ɨɬ ɬɢɩɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɮɢɬɨɝɨɪ-
ɦɨɧɨɜ. Ɉɛɪɚɡɨɜɚɧɢɟ ɤɚɥɥɭɫɧɨɣ ɬɤɚɧɢ ɛɵɥɢ ɢɧɢɰɢɢɪɨɜɚɧɨ ɬɨɥɶɤɨ 
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ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɫɬɨɜɵɯ ɷɤɫɩɥɚɧɬɨɜ, ɩɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɜɵɫɨ-
ɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 2,4-Ⱦ ɢ ɛɟɧɡɢɥɚɦɢ-

ɧɨɩɭɪɢɧɚ-6. ɗɮɮɟɤɬɢɜɧɵɦ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɩɥɚɧ-

ɬɨɜ ɚɩɟɤɫɨɜ ɩɨɛɟɝɨɜ ɢ ɩɪɨɪɨɫɬɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɧɚ 
ɢɧɞɭɤɰɢɨɧɧɵɯ ɫɪɟɞɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɰɢɬɨɤɢɧɢɧɵ ɢ ɚɭɤɫɢɧɵ ɜ ɫɨɨɬ-
ɧɨɲɟɧɢɢ 10:1, ɚɤɬɢɜɧɨ ɩɪɨɥɢɮɟɪɢɪɨɜɚɥɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɱɟɱɧɵɯ 
ɤɨɧɝɥɨɦɟɪɚɬɨɜ (ɫɦ. ɪɢɫ.). 

ɂɧɞɭɤɰɢɹ ɚɞɜɟɧɬɢɜɧɨɝɨ ɨɪɝɚɧɨɝɟɧɟɡɚ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ in vitro

ɇɚɲɢ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɚɩɢɤɚɥɶɧɵɯ ɷɤɫɩɥɚɧɬɚɯ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɧɝɥɨɦɟɪɚɬɚ ɧɚɛɥɸɞɚɥɢ ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɤɡɨɝɟɧɧɵɯ 
ɪɟɝɭɥɹɬɨɪɨɜ ɪɨɫɬɚ. Ɉɞɧɚɤɨ, ɧɚ ɛɟɡɝɨɪɦɨɧɚɥɶɧɨɣ ɫɪɟɞɟ ɩɨɱɟɱɧɵɟ ɤɨɧ-

ɝɥɨɦɟɪɚɬɵ ɛɵɫɬɪɨ ɬɟɪɹɥɢ ɫɜɨɸ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ 
ɩɨɛɟɝɢ ɛɵɥɢ ɨɱɟɧɶ ɤɨɪɨɬɤɢɦɢ, ɩɥɨɬɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ. ɉɨɛɟɝɢ ɜɬɨ-
ɪɨɝɨ ɭɪɨɜɧɹ ɧɟ ɭɫɩɟɜɚɥɢ ɫɮɨɪɦɢɪɨɜɚɬɶ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɢɧɵ ɫɬɟɛɟɥɶ, 
ɱɚɫɬɶ ɜɧɨɜɶ ɜɨɡɧɢɤɚɸɳɢɯ ɚɞɜɟɧɬɢɜɧɵɯ ɩɨɱɟɤ ɛɵɥɚ ɧɟɤɪɨɬɢɡɢɪɨɜɚɧɚ 
ɜɫɥɟɞɫɬɜɢɟ ɧɚɪɭɲɟɧɢɹ ɝɨɪɦɨɧɚɥɶɧɨɣ ɪɟɝɭɥɹɰɢɢ ɩɪɨɰɟɫɫɨɜ ɦɨɪɮɨɝɟ-
ɧɟɡɚ. ɇɚ ɧɚɲ ɜɡɝɥɹɞ, ɢɦɟɧɧɨ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɢɬɨɝɨɪɦɨɧɨɜ 
ɫ ɰɢɬɨɤɢɧɢɧɨɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɝɢɛɛɟɪɟɥɥɨɜɨɣ ɤɢɫɥɨ-
ɬɨɣ ɩɪɢɜɨɞɢɬ ɤ ɢɧɬɟɧɫɢɜɧɨɦɭ ɚɞɜɟɧɬɢɜɧɨɦɭ ɩɨɛɟɝɨɨɛɪɚɡɨɜɚɧɢɸ 

(ɞɨ 34 ɧɚ ɷɤɫɩɥɚɧɬ), ɤɪɨɦɟ ɬɨɝɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɨɫɬ ɩɨɛɟɝɨɜ ɜɬɨɪɨɝɨ 
ɭɪɨɜɧɹ ɢ ɬɟɦ ɫɚɦɵɦ, ɩɨɜɵɲɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ. 
ȼ ɩɨɫɥɟɞɭɸɳɟɦ, ɪɟɝɟɧɟɪɚɧɬɧɵɟ ɩɨɛɟɝɢ ɞɥɢɧɨɣ 2,5–4 ɫɦ ɨɬɫɟɤɚ-

ɥɢɫɶ ɢ ɩɨɦɟɳɚɥɢɫɶ ɧɚ ɫɪɟɞɭ ɞɥɹ ɢɧɞɭɤɰɢɢ ɪɢɡɨɝɟɧɟɡɚ, ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɟɥɚ ɨɬ ɤɨɦɛɢɧɚɰɢɢ ɪɟɝɭɥɹɬɨɪɨɜ ɪɨɫɬɚ ɢ ɩɥɨɬ-
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ɧɨɫɬɢ ɫɪɟɞɵ. ȼɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɵ 

ɭ ɪɟɝɟɧɟɪɚɧɬɧɵɯ ɩɨɛɟɝɨɜ ɪɨɞɢɨɥɵ ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɤɨɧɰɟɧɪɚɰɢɢ ɚɝɚɪɚ 
ɨɬ 4 % ɞɨ 6 %, ɨɞɧɚɤɨ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɟɝɟɧɟɪɚɧɬɨɜ 
ɪɨɞɢɨɥɵ (ɤɨɥɢɱɟɫɬɜɨ ɢ ɞɥɢɧɚ ɤɨɪɧɟɣ, ɞɥɢɧɚ ɩɨɛɟɝɨɜ ɢ ɤɨɥɢɱɟɫɬɜɨ 
ɦɟɠɞɨɭɡɥɢɣ) ɛɵɥɢ ɜɵɲɟ ɧɚ ɫɪɟɞɚɯ, ɫɨɞɟɪɠɚɳɢɯ 0,6 % ɚɝɚɪɚ. ɉɨɫɥɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɵ ɧɚ ɛɟɡɝɨɪɦɨɧɚɥɶɧɨɣ ɫɪɟɞɟ Ɇɋ, 

ɫɨɞɟɪɠɚɳɟɣ ɩɨɥɨɜɢɧɧɭɸ ɧɨɪɦɭ ɫɨɥɟɣ, ɪɟɝɟɧɟɪɚɧɬɵ ɜɵɫɚɠɢɜɚɥɢɫɶ 
ɜ ɫɨɫɭɞɵ ɫ ɩɨɱɜɨɝɪɭɧɬɨɦ ɞɥɹ ɚɞɚɩɬɚɰɢɢ. 

ȼɵɫɚɞɤɚ ɪɚɫɬɟɧɢɣ ɪɟɝɟɧɟɪɚɧɬɨɜ ɪɨɞɢɨɥɵ ɪɨɡɜɨɣ ɜ ɦɟɫɬɚɯ ɟɫɬɟɫ-
ɜɟɧɧɨɝɨ ɩɪɨɢɡɪɚɫɬɚɧɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɜ ɩɟɪɜɨɣ ɞɟɤɚɞɟ ɢɸɧɹ, ɩɨɫɥɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɭɝɪɨɡɵ ɩɨɡɞɧɢɯ ɡɚɦɨɪɨɡɤɨɜ. ɉɨɫɚɞɤɚ ɨɩɵɬɧɵɯ ɪɚɫɬɟ-
ɧɢɣ ɨɞɢɧɚɤɨɜɨɣ ɦɨɪɮɨɥɨɝɨ-ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɵɥɚ 
ɩɪɨɜɟɞɟɧɚ ɜ Ⱥɥɬɚɣɫɤɨɦ ɛɨɬɚɧɢɱɟɫɤɨɦ ɫɚɞɭ ɜ ɨɬɤɪɵɬɨɦ ɝɪɭɧɬɟ ɢ ɜ 
ɧɟɨɬɚɩɥɢɜɚɟɦɨɣ ɬɟɩɥɢɰɟ, ɩɨɤɪɵɬɨɣ ɩɨɥɢɤɚɪɛɨɧɚɬɨɦ. ɋɨɯɪɚɧɧɨɫɬɶ 
ɜɵɫɚɠɟɧɧɵɯ ɪɚɫɬɟɧɢɣ ɜ ɬɟɩɥɢɰɟ ɫɨɫɬɚɜɢɥɚ 100 %, ɜ ɭɫɥɨɜɢɹɯ ex situ 

ɫɨɫɬɚɜɢɥɚ 57 %. ɇɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨɟ ɩɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɩɨɛɟɝɨɜ ɧɚɛɥɸ-

ɞɚɥɨɫɶ ɱɟɪɟɡ 15 ɞɧɟɣ ɩɨɫɥɟ ɩɨɫɚɞɤɢ. ɉɨɤɚɡɚɬɟɥɶ ɩɨɛɟɝɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɩɨɦɢɦɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɨɤɨɜ ɧɚɫɬɭɩɥɟɧɢɹ ɮɟɧɨɮɚɡ ɪɚɡɜɢɬɢɹ, ɭɤɚɡɵ-

ɜɚɟɬ ɧɚ ɭɫɩɟɲɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɚɤɤɥɢɦɚɬɢɡɚɰɢɢ. Ɇɨɪɮɨɦɟɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɬɟɧɢɣ-ɪɟɝɟɧɟɪɚɧɬɨɜ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ, ɜɵɫɚɠɟɧ-

ɧɵɯ ɜ ɨɬɤɪɵɬɨɦ ɝɪɭɧɬɟ, ɛɵɥɢ ɜɵɲɟ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɫɬɟɧɢɹɦɢ ɢɡ ɬɟ-
ɩɥɢɰɵ: ɪɚɫɬɟɧɢɹ ɮɨɪɦɢɪɨɜɚɥɢ ɩɪɹɦɨɫɬɨɹɱɢɟ ɤɭɫɬɵ, ɧɚ ɨɬɞɟɥɶɧɵɯ 
ɪɚɫɬɟɧɢɹɯ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɮɚɡɵ ɛɭɬɨɧɢɡɚɰɢɢ ɢ ɰɜɟɬɟɧɢɹ. ɇɟɫɦɨɬɪɹ 
ɧɚ ɬɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɢ ɩɟɪɜɨɝɨ ɝɨɞɚ ɫɨɯɪɚɧɧɨɫɬɢ, ɪɨɫɬɚ ɢ ɪɚɡɜɢɬɢɹ 
ɨɩɵɬɧɵɯ ɪɚɫɬɟɧɢɣ ɜ ɨɬɤɪɵɬɨɦ ɝɪɭɧɬɟ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ, ɱɟɦ ɜ ɬɟɩɥɢɰɟ, 
ɞɚɧɧɵɣ ɜɚɪɢɚɧɬ ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɥɚɧɬɚɰɢɨɧɧɨ-
ɝɨ ɜɵɪɚɳɢɜɚɧɢɹ ɭɤɨɪɟɧɟɧɧɵɯ ɪɟɝɟɧɟɪɚɬɨɜ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɦɢɤɪɨɤɥɨɧɚɥɶɧɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɨɬɞɟɥɶɧɵɟ ɷɬɚɩɵ ɤɭɥɶ-

ɬɢɜɢɪɨɜɚɧɢɹ in vitro ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ — ɫɬɟɪɢɥɢɡɚɰɢɹ, ɤɭɥɶɬɢɜɢ-

ɪɨɜɚɧɢɟ ɢ ɢɧɞɭɤɰɢɹ ɨɪɝɚɧɨɝɟɧɟɡɚ, ɚ ɬɚɤɠɟ ɚɞɚɩɬɚɰɢɹ ɪɟɝɟɧɟɪɚɧɬɨɜ 
ɤ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɸ ɜ ɭɫɥɨɜɢɹɯ ɩɨɱɜɨɝɪɪɭɧɬɚ ɢ ɭɫɥɨɜɢɹɯ ex situ. Ɋɚɫ-
ɬɟɧɢɹ-ɪɟɝɟɧɟɪɚɧɬɵ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɚɦɢ ɛɢɨɬɟɯ-
ɧɨɥɨɝɢɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɞɥɹ ɢɧɬɪɨɞɭɤɰɢɢ ɢ ɪɟɢɧɬɪɨɞɭɤɰɢɢ ɜɢɞɚ. ȼɧɟɞɪɟɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ 
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ɬɟɯɧɨɥɨɝɢɢ ɦɢɤɪɨɤɥɨɧɚɥɶɧɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ ɪɨɞɢɨɥɵ ɪɨɡɨɜɨɣ ɫ ɩɟɪ-
ɫɩɟɤɬɢɜɨɣ ɞɚɥɶɧɟɣɲɟɣ ɪɟɢɧɬɪɨɞɭɤɰɢɢ ɩɨɡɜɨɥɢɬ ɫɨɯɪɚɧɢɬɶ ɝɟɧɟɬɢɱɟ-
ɫɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜɢɞɚ. 

ɋɈɁȾȺɇɂȿ ɊȺɐɂɈɆȿɌɊɂɑȿɋɄɈȽɈ ɎɅɍɈɊȿɋɐȿɇɌɇɈȽɈ 
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ɇȺ ɈɋɇɈȼȿ ȽȿɇȿɌɂɑȿɋɄɂ-ɄɈȾɂɊɍȿɆɈȽɈ 
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Ⱥɧɧɨɬɚɰɢɹ
Ȼɵɥɚ ɩɨɥɭɱɟɧɚ ɪɚɰɢɨɦɟɬɪɢɱɟɫɤɚɹ ɜɟɪɫɢɹ ɝɟɧɟɬɢɱɟɫɤɢ-ɤɨɞɢɪɭɟ-

ɦɨɝɨ ɢɧɞɢɤɚɬɨɪɚ NeonOxE ɧɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɣ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, 
W157C, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɧɚɥɢɱɢɟɦ ɜɵɪɚɠɟɧɧɨɝɨ ɩɢɤɚ ɜ ɫɩɟɤɬɪɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɪɢ 408 ɧɦ, ɚ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɦɭɬɚɧɬɚ. 

Abstract

We derived a ratiometric version of a genetically — encoded indica-

tor NeonOxE for intracellular hydrogen peroxide, with a pronounced 

cyan excitation maximum at 408 nm, determined the appropriate 

mutation, W157C, and measured some of its characteristics.

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɞɥɹ ɞɟɬɟɤɰɢɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ, ɜɵ-

ɫɬɭɩɚɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɫɢɝɧɚɥɶɧɨɣ ɦɨɥɟɤɭɥɵ ɜɨ ɦɧɨɝɢɯ ɤɥɟɬɨɱɧɵɯ 
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ɩɪɨɰɟɫɫɚɯ [1], ɛɵɥɢ ɫɨɡɞɚɧɵ ɪɚɡɥɢɱɧɵɟ ɝɟɧɟɬɢɱɟɫɤɢ ɤɨɞɢɪɭɟɦɵɟ 
ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɢɧɞɢɤɚɬɨɪɵ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ NeonOxE, 

ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɥɢɧɢɢ ɫɟɧɫɨɪɨɜ HyPer [2].

NeonOxE — ɢɧɬɟɧɫɢɨɦɟɬɪɢɱɟɫɤɢɣ ɫɟɧɫɨɪ ɞɥɹ ɞɟɬɟɤɰɢɢ ɩɟɪɨɤɫɢ-

ɞɚ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɤɨɧɬɪɚɫɬɨɦ ɫɢɝɧɚɥɚ ɢ ɧɢɡɤɨɣ 

ɪɇ-ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɨɞɧɚɤɨ, ɞɥɹ ɧɟɝɨ ɯɚɪɚɤɬɟɪɟɧ ɫɩɟɤɬɪ ɡɟɥɟɧɵɯ 
ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɛɟɥɤɨɜ ɫ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɢɤɨɦ ɜɨɡɛɭɠɞɟɧɢɹ ɮɥɭɨ-
ɪɟɫɰɟɧɰɢɢ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɤɨɪɪɟɤɬ-
ɧɨɣ ɨɰɟɧɤɟ ɜɟɥɢɱɢɧɵ ɫɢɝɧɚɥɚ ɜ ɠɢɜɵɯ ɫɢɫɬɟɦɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɰɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɫɬɚɥɨ ɩɨɥɭɱɢɬɶ ɪɚɰɢɨɦɟɬɪɢɱɟɫɤɭɸ ɜɟɪɫɢɸ 

NeonOxE.

ɉɪɨɢɡɜɨɞɧɵɟ NeonOxE ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɫɥɭɱɚɣɧɨɝɨ ɦɭ-
ɬɚɝɟɧɟɡɚ. ɉɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɫɤɪɢɧɢɧɝɟ ɛɢɛɥɢɨɬɟɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɮɥɭɨɪɢɦɟɬɪɚ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɪɚɰɢɨɦɟɬɪɢɱɟɫɤɚɹ ɜɟɪɫɢɹ NeonOxE 

ɫ ɜɵɪɚɠɟɧɧɵɦ ɦɚɤɫɢɦɭɦɨɦ ɩɢɤɚ ɜ ɫɩɟɤɬɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɩɪɢ 408 ɧɦ ɢ ɨɩɪɟɞɟɥɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɭɬɚɰɢɹ, W157C. 

Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧ-

ɧɨɝɨ ɦɭɬɚɧɬɚ, ɜɤɥɸɱɚɹ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɢ ɪɇ-ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, 
ɤɨɬɨɪɵɟ ɨɤɚɡɚɥɢɫɶ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɞɥɹ 
ɢɫɯɨɞɧɨɣ ɮɨɪɦɵ NeonOxE. Ɇɭɬɚɧɬ ɛɵɥ ɬɚɤɠɟ ɷɤɫɩɪɟɫɫɢɪɨɜɚɧ ɜ ɷɭ-
ɤɚɪɢɨɬɢɱɟɫɤɢɯ ɤɥɟɬɤɚɯ ɥɢɧɢɢ HEK293NT, ɝɞɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ 
ɜ 4 ɪɚɡɚ ɦɟɧɟɟ ɤɨɧɬɪɚɫɬɧɵɣ ɫɢɝɧɚɥ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɨɣ ɮɨɪɦɨɣ.

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɜɵɫɢɬɶ ɤɨɧɬɪɚɫɬ ɩɨɥɭɱɟɧɧɨɝɨ ɜɚɪɢ-

ɚɧɬɚ W157C. ɉɪɢ ɭɫɥɨɜɢɢ ɭɫɬɪɚɧɟɧɢɹ ɢɦɟɸɳɟɝɨɫɹ ɧɟɞɨɫɬɚɬɤɚ, ɦɭ-
ɬɚɧɬɧɚɹ ɜɟɪɫɢɹ NeonOxE ɢɦɟɟɬ ɜɫɟ ɲɚɧɫɵ ɫɬɚɬɶ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 
ɩɨɩɭɥɹɪɧɵɯ ɢɧɞɢɤɚɬɨɪɨɜ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɢɡ ɢɡɜɟɫɬɧɵɯ ɧɚ ɫɟɝɨɞ-

ɧɹɲɧɢɣ ɞɟɧɶ.
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ɉɪɨɰɟɫɫ ɨɛɦɟɧɚ HL-ɮɪɚɝɦɟɧɬɚɦɢ ɜɩɟɪɜɵɟ ɛɵɥ ɩɨɤɚɡɚɧ in vitro ɢ in 

vivo ɞɥɹ IgG4. Ɇɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ in vivo 

ɜ ɦɨɥɨɤɟ, ɩɥɚɰɟɧɬɟ ɢ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ in vitro ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɢ ɦɚɠɨɪɧɨɝɨ ɛɟɥɤɚ ɦɨɥɨɤɚ ɱɟɥɨɜɟɤɚ. 

Abstract

Fab arm exchange was fi rst shown in vitro and in vivo for IgG4. We 

have shown that this exchange takes place in vivo in human milk, 

blood and placenta as well as in vitro in the presence of reduced 

glutathione and major protein of human milk.

IgG molecules are presented as monovalent molecules with stable 

structures and two identical antigen-binding sites. However, we found that 

up to 54 % of human milk IgG molecules comprise ț- and Ȝ- light chains 

* The reported study was funded by RFBR, according to the research projects 

16-34-60066 mol_ɚ_dk, 16-04-00603 a, 16-04-00604 a.
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simultaneously (bispecifi c molecules are presented mostly by IgG1 74 %). 

Placenta antibodies undergo extensive Fab arms exchange and IgG preparations 

in average consists up to 15 % of the țȜ-IgGs (43.5 % of IgG1, 41.0 % IgG2). 

The reasons of signifi cantly lower content of țȜ-IgGs in placenta comparing 

to the milk are not yet clear. One can suppose that this may be due to a lower 

content of protein factor stimulating Fab arm exchange. 

Here we consider the role of Fab arm exchange leading to bispecifi c 

antibody generation and use of such antibodies as new perspective markers 

of immune system disorders. 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨ ɜɥɢɹɧɢɸ ɩɪɟɞɩɨɫɟɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɟɦɹɧ ɫɨɢ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɦɢ 



a,%2е.…%л%Ą, 87

ɷɤɫɬɪɚɤɬɚɦɢ ɪɚɫɬɟɧɢɣ ɫɟɦɟɣɫɬɜɚ Lamiaceae Lindl (ɦɨɧɚɪɞɵ, ɱɚɛɟɪɚ, 
ɛɚɡɢɥɢɤɚ ɢ ɢɫɫɨɩɚ) ɧɚ ɟɟ ɪɨɫɬ ɜ ɭɫɥɨɜɢɹɯ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɨɝɨ 
ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɮɨɧɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ 
ɪɚɫɬɟɧɢɣ ɫɟɦɟɣɫɬɜɚ Lamiaceae Lindl, ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɤɚ-
ɱɟɫɬɜɟ ɫɬɢɦɭɥɹɬɨɪɚ ɪɨɫɬɚ ɫɨɢ ɢ ɡɚɳɢɬɵ ɟɟ ɨɬ ɝɪɢɛɧɵɯ ɛɨɥɟɡɧɟɣ, ɹɜ-
ɥɹɸɬɫɹ ɷɤɫɬɪɚɤɬɵ ɦɨɧɚɪɞɵ ɢ ɢɫɫɨɩɚ.

Abstract

The article presents the results of laboratory studies on the effect 

of preplant seed treatment of soybean hydro-alcoholic extracts of 

plants of the family Lamiaceae Lindl (monarda, savory, basil and 

hyssop) on its growth in the conditions of artifi cially created infec-

tious background. It was found that out of all the studied species 

of plants of the family Lamiaceae Lindl, the most promising as 

a growth promoter soy and protect it against fungal diseases are 

extracts monarda and hyssop.

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɭɪɨ-
ɠɚɣɧɨɫɬɢ ɩɨɥɟɜɵɯ ɤɭɥɶɬɭɪ, ɪɨɫɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɟɪɧɚ ɧɚ ɨɫɧɨɜɟ ɫɨɜɟɪ-
ɲɟɧɫɬɜɨɜɚɧɢɹ ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɨɬ ɜɪɟɞɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɩɪɢ-

ɦɟɧɟɧɢɸ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɡɚɳɢɬɵ ɪɚɫɬɟɧɢɣ ɨɬ ɛɨɥɟɡɧɟɣ [1]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɚɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɫɨɢ, ɤɚɤ  ɮɭɡɚɪɢɨɡ, ɚɥɶɬɟɪɧɚɪɢ-

ɨɡ, ɫɤɥɟɪɨɬɢɧɢɨɡ, ɹɜɥɹɸɬɫɹ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢ ɜɪɟɞɨɧɨɫ-
ɧɵɦɢ. ɉɨɬɟɪɢ ɭɪɨɠɚɹ ɨɬ ɝɪɢɛɧɵɯ ɛɨɥɟɡɧɟɣ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ 20–30 % 

[2]. ɉɨɷɬɨɦɭ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɞɚɜɥɟɧɢɹ ɩɨɩɭɥɹɰɢɣ 

ɜɪɟɞɧɵɯ ɜɢɞɨɜ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɯ ɪɚɫ-
ɬɢɬɟɥɶɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɮɭɧɝɢɰɢɞɧɵɦɢ ɢ ɪɨɫɬɨɫɬɢɦɭɥɢ-

ɪɭɸɳɢɦɢ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɟɩɚɪɚɬɵ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɪɚɫɬɟɧɢɣ ɭɫɬɭɩɚɸɬ ɯɢɦɢɱɟɫɤɢɦ ɫɪɟɞɫɬɜɚɦ, 

ɬɟɦ ɧɟ ɦɟɧɟɟ, ɨɧɢ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɧɢɠɚɬɶ ɱɢɫɥɟɧɧɨɫɬɶ ɩɨ-
ɩɭɥɹɰɢɣ ɧɚ 60–80 %. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɫɨɤɪɚɳɚɬɶ ɱɢɫɥɨ 
ɩɪɢɦɟɧɹɟɦɵɯ ɨɛɪɚɛɨɬɨɤ ɯɢɦɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢ ɫɧɢɠɚɬɶ ɢɯ ɤɨɧ-

ɰɟɧɬɪɚɰɢɸ ɡɚ ɫɱɟɬ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɫ ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ [3]. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɷɤɫɬɪɚɤ-
ɬɨɜ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ ɫɟɦɟɣɫɬɜɚ Lamiaceae Lindl. ɧɚ ɪɨɫɬ ɩɪɨ-
ɪɨɫɬɤɨɜ ɫɨɢ ɜ ɭɫɥɨɜɢɹɯ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɨɝɨ ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɮɨɧɚ. 
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Ⱦɥɹ ɷɬɨɝɨ ɩɚɬɨɝɟɧɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɪɢɡɨɫɮɟɪɵ ɛɨɥɶɧɵɯ ɪɚɫɬɟɧɢɣ 

ɫɨɢ (Alternaria compacta, Fusarium oxysporum, Sclerotina sclerotiorum), 

ɤɭɥɶɬɢɜɢɪɨɜɚɥɢɫɶ ɧɚ ɠɢɞɤɨɣ ɫɪɟɞɟ ɑɚɩɟɤɚ-7 ɧɚ ɤɚɱɚɥɤɟ ɜ ɬɟɱɟɧɢɟ 
5 ɫɭɬɨɤ. Ɉɬɞɟɥɶɧɨ ɤɚɠɞɵɣ ɩɚɬɨɝɟɧ ɜ ɤɨɥɢɱɟɫɬɜɟ 5 ɦɥ ɜɧɨɫɢɥɢ ɜ ɫɬɟ-
ɪɢɥɶɧɭɸ ɩɨɱɜɭ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɦɟɳɟɧɧɭɸ ɜ ɤɨɧɬɟɣɧɟɪɵ. ɋɟɦɟɧɚ 
ɫɨɢ ɫɨɪɬɚ ɇɟɧɚ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ 2,5 % ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɦɢ ɷɤɫɬɪɚɤɬɚ-
ɦɢ ɦɨɧɚɪɞɵ, ɛɚɡɢɥɢɤɚ, ɢɫɫɨɩɚ ɢ ɱɚɛɟɪɚ. ȼ ɤɨɧɬɪɨɥɟ ɫɟɦɟɧɚ ɨɛɪɚɛɚ-
ɬɵɜɚɥɢɫɶ ɜ 2,5 % ɜɨɞɧɨ-ɫɩɢɪɬɨɜɨɦ ɪɚɫɬɜɨɪɟ. Ɉɛɪɚɛɨɬɚɧɧɵɟ ɫɟɦɟɧɚ 
ɫɨɢ ɜɧɨɫɢɥɢɫɶ ɜ ɡɚɪɚɠɟɧɧɭɸ ɩɚɬɨɝɟɧɚɦɢ ɩɨɱɜɭ ɩɨ 15 ɲɬɭɤ ɜ ɤɚɠɞɵɣ 

ɤɨɧɬɟɣɧɟɪ. ɉɨɜɬɨɪɧɨɫɬɶ ɨɩɵɬɚ — ɬɪɟɯɤɪɚɬɧɚɹ. ɉɨ ɢɫɬɟɱɟɧɢɹ 10 ɞɧɟɣ 

ɩɪɨɜɨɞɢɥɢ ɛɢɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ 
ɭ ɜɵɪɨɫɲɢɯ ɩɪɨɪɨɫɬɤɨɜ ɫɨɢ.

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɜɚɪɢɚɧɬɟ, ɝɞɟ ɜ ɩɨɱɜɟ ɩɪɢ-

ɫɭɬɫɬɜɭɟɬ Alternaria compacta, ɜɫɯɨɠɟɫɬɶ ɫɟɦɹɧ ɩɨɫɥɟ ɢɯ ɨɛɪɚɛɨɬɤɢ 

ɷɤɫɬɪɚɤɬɚɦɢ ɪɚɫɬɟɧɢɣ ɩɪɟɜɵɲɚɥɚ ɤɨɧɬɪɨɥɶ ɧɚ 6,6 % — 13,3 %, ɡɚ ɢɫ-
ɤɥɸɱɟɧɢɟɦ ɜɚɪɢɚɧɬɚ ɫ ɛɚɡɢɥɢɤɨɦ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɯɨɠɟɫɬɶ ɛɵɥɚ ɧɚ 
ɭɪɨɜɧɟ ɤɨɧɬɪɨɥɹ. Ⱦɥɢɧɚ ɫɬɟɛɥɹ ɢ ɤɨɪɧɹ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜɫɟɯ ɜɡɹɬɵɯ 
ɜ ɨɩɵɬɟ ɷɤɫɬɪɚɤɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɥɚ ɤɨɧɬɪɨɥɶ, ɩɪɢ ɷɬɨɦ ɧɚɢ-

ɛɨɥɶɲɟɟ ɩɪɟɜɵɲɟɧɢɟ ɞɥɢɧɵ ɫɬɟɛɥɹ ɢ ɤɨɪɧɹ (ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ) ɨɬ-
ɦɟɱɟɧɨ ɜ ɜɚɪɢɚɧɬɟ ɫ ɨɛɪɚɛɨɬɤɨɣ ɷɤɫɬɪɚɤɬɨɦ ɦɨɧɚɪɞɵ (ɪɢɫ. 1). 

Ко̦т̬оль ̥о̦̬̌д̌ ч̌̍е̬ ̛̭̭оп ̛̍̌̚л̛к 
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Ɋɢɫ. 1. ɉɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ ɫɨɢ ɧɚ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɨɦ ɢɧɮɟɤɰɢɨɧ-

ɧɨɦ ɮɨɧɟ ɫ Alternaria compacta
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ȼ ɩɨɱɜɟ, ɢɫɤɭɫɫɬɜɟɧɧɨ ɡɚɪɚɠɟɧɧɨɣ Fusarium oxyspotum, ɨɛɪɚɛɨɬ-
ɤɚ ɫɟɦɹɧ ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɷɤɫɬɪɚɤɬɚɦɢ ɬɚɤɠɟ ɞɚɥɚ ɩɨɥɨɠɢɬɟɥɶɧɵɣ 

ɪɟɡɭɥɶɬɚɬ, ɩɪɨɫɬɢɦɭɥɢɪɨɜɚɜ ɢɯ ɜɫɯɨɠɟɫɬɶ, ɪɨɫɬ ɫɬɟɛɥɹ ɢ ɤɨɪɧɹ. ɉɪɢ 

ɷɬɨɦ ɩɨ ɜɫɟɦ ɛɢɨɦɟɬɪɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɥɭɱɲɢɦ ɞɥɹ ɩɪɨɪɨɫɬɤɨɜ 
ɫɨɢ ɨɤɚɡɚɥɫɹ ɷɤɫɬɪɚɤɬ ɦɨɧɚɪɞɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɯɨɠɟɫɬɶ ɫɟɦɹɧ, ɞɥɢ-

ɧɚ ɫɬɟɛɥɹ ɢ ɤɨɪɧɹ ɩɪɟɜɵɲɚɥɢ ɬɚɤɨɜɵɟ ɜ ɤɨɧɬɪɨɥɟ ɧɚ 22,2 %, 103 % 

ɢ 94,6 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɤɚɡɚɬɟɥɟɣ ɥɢɧɟɣɧɨɣ ɞɥɢɧɵ ɩɪɨɪɨɫɬɤɨɜ ɫɨɢ, 

ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɫɟɦɹɧ ɷɤɫɬɪɚɤɬɚɦɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ ɫɟ-
ɦɟɣɫɬɜɚ Lamiaceae Lindl ɨɬɦɟɱɟɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɬɟɛɥɹ ɜ ɜɚɪɢɚɧɬɟ 
ɫ ɨɛɪɚɛɨɬɤɨɣ ɦɨɧɚɪɞɵ ɩɪɟɜɵɲɚɟɬ ɬɚɤɨɜɵɟ ɜ ɜɚɪɢɚɧɬɚɯ ɫ ɱɚɛɟɪɨɦ — 

ɜ 1,4 ɪɚɡɚ, ɫ ɢɫɫɨɩɨɦ — ɜ 1,5 ɪɚɡɚ, ɢ ɫ ɛɚɡɢɥɢɤɨɦ — ɜ 1,8 ɪɚɡɚ. ɑɬɨ 
ɤɚɫɚɟɬɫɹ ɞɥɢɧɵ ɤɨɪɧɹ, ɬɨ ɜ ɜɚɪɢɚɧɬɟ ɫ ɦɨɧɚɪɞɨɣ ɨɧɚ ɩɪɟɜɵɲɚɥɚ ɬɚ-
ɤɨɜɭɸ ɜ 1,6 ɪɚɡ (ɱɚɛɟɪ), ɜ 1,4 ɪɚɡɚ (ɛɚɡɢɥɢɤ) ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɫɫɨɩɚ. 
ɂɡ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɷɤɫɬɪɚɤɬɨɜ ɜɢɞɨɜ ɫɟɦɟɣɫɬɜɚ Lamiaceae Lindl 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɜ ɤɚɱɟɫɬɜɟ ɫɬɢɦɭɥɹɬɨɪɨɜ ɪɨɫɬɚ ɢ ɡɚɳɢɬɵ ɨɬ 
ɮɭɡɚɪɢɨɡɚ ɹɜɥɹɸɬɫɹ ɷɤɫɬɪɚɤɬɵ ɦɨɧɚɪɞɵ ɢ ɢɫɫɨɩɚ (ɪɢɫɭɧɨɤ 2). 

ȼ ɩɨɱɜɟ ɡɚɪɚɠɟɧɧɨɣ Sclerotina sclerotiorum, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɱɚ-
ɛɟɪɚ, ɜɫɟ ɷɤɫɬɪɚɤɬɵ ɫɬɢɦɭɥɢɪɨɜɚɥɢ ɜɫɯɨɠɟɫɬɶ ɫɟɦɹɧ ɫɨɢ, ɤɨɬɨɪɚɹ 
ɩɪɟɜɵɲɚɥɚ ɤɨɧɬɪɨɥɶ ɧɚ 15,6–39,9 %. Ⱦɥɢɧɚ ɫɬɟɛɥɹ ɢ ɤɨɪɧɹ ɩɨɫɥɟ ɨɛ-

ɪɚɛɨɬɤɢ ɫɟɦɹɧ ɷɤɫɬɪɚɤɬɨɦ ɦɨɧɚɪɞɵ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɬɚɤɨɜɵɟ 
ɜɨ ɜɫɟɯ ɜɚɪɢɚɧɬɚɯ, ɜɤɥɸɱɚɹ ɤɨɧɬɪɨɥɶ. 

Ко̦т̬оль ̥о̦̬̌д̌ ч̌̍е̬ ̛̭̭оп ̛̍̌̚л̛к 
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10,4 

7,8 

Fusarium oysporum 

̭те̍ель (c̥) ко̬е̦ь (̭̥) 

Ɋɢɫ. 2. ɉɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ ɫɨɢ ɧɚ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɨɦ ɢɧɮɟɤɰɢɨɧ-

ɧɨɦ ɮɨɧɟ ɫ Fusarium oxysporum
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 ɉɪɟɜɵɲɚɧɢɟ ɥɢɧɟɣɧɨɣ ɞɥɢɧɵ ɫɬɟɛɥɹ ɜ ɜɚɪɢɚɧɬɟ ɫ ɦɨɧɚɪɞɨɣ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ ɫɨɫɬɚɜɢɥɨ 4,4 ɫɦ (ɤɨɧɬɪɨɥɶ), 4,9 ɫɦ (ɱɚ-
ɛɟɪ). 2,4 ɫɦ (ɢɫɫɨɩ) ɢ 3,3 ɫɦ (ɛɚɡɢɥɢɤ). ɑɬɨ ɤɚɫɚɟɬɫɹ ɞɥɢɧɵ ɤɨɪɧɹ, ɬɨ 
ɜ ɜɚɪɢɚɧɬɟ ɫ ɦɨɧɚɪɞɨɣ ɨɧɚ ɩɪɟɜɵɲɚɥɚ ɬɚɤɨɜɭɸ ɜ 2,1 ɪɚɡ (ɤɨɧɬɪɨɥɶ), 
ɜ 2,5 ɪɚɡɚ (ɱɚɛɟɪ), ɜ 1,4 ɪɚɡɚ (ɢɫɫɨɩ) ɢ ɜ 1,1 ɪɚɡ (ɛɚɡɢɥɢɤ) (ɪɢɫ. 3).

Ко̦т̬оль ̥о̦̬̌д̌ ч̌̍е̬ ̛̭̭оп ̛̍̌̚л̛к 

3,8 

8,2 

3,3 

5,8 
4,9 4,6 

9,8 

3,9 

6,9 
6,2 

Sclerotina sclerotiorum 

̭те̍ель (c̥) ко̬е̦ь (̭̥) 

Ɋɢɫ. 3. ɉɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ ɫɨɢ ɧɚ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɨɦ ɢɧɮɟɤɰɢɨɧ-

ɧɨɦ ɮɨɧɟ ɫ Sclerotina sclerotiorum

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɡ ɜɫɟɯ 
ɢɫɫɥɟɞɭɟɦɵɯ ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ ɫɟɦɟɣɫɬɜɚ Lamiaceae Lindl. ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɜ ɤɚɱɟɫɬɜɟ ɫɬɢɦɭɥɹɬɨɪɚ ɪɨɫɬɚ ɫɨɢ ɢ ɡɚɳɢɬɵ ɟɟ ɦɵ 

ɨɬ ɤɨɦɩɥɟɤɫɚ ɮɢɬɨɩɚɬɨɝɟɧɧɵɯ ɝɪɢɛɨɜ, ɜɵɡɵɜɚɸɳɢɯ ɩɨɱɜɟɧɧɭɸ ɢɧ-

ɮɟɤɰɢɸ ɹɜɥɹɸɬɫɹ ɷɤɫɬɪɚɤɬɵ ɦɨɧɚɪɞɵ ɢ ɢɫɫɨɩɚ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɯ ɪɚɫ-
ɬɢɬɟɥɶɧɵɯ ɛɢɨɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɸɳɢɯɫɹ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɯɢɦɢɱɟɫɤɢɦ 

ɮɭɧɝɢɰɢɞɚɦ.

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɛɨɥɟɡɧɟɣ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɚɯ ɫɨɢ ɢ ɩɪɢ-

ɦɟɧɟɧɢɟ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɜ ɭɫɥɨɜɢɹɯ ɨɪɨɲɟɧɢɹ ɜ ɡɨɧɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 
ɭɜɥɚɠɧɟɧɢɹ ɋɬɚɜɪɨɩɨɥɶɫɤɨɝɨ ɤɪɚɹ : Ⱥɜɬɨɪɟɮ. ɧɚ ɫɨɢɫ. ɭɱ. ɫɬɟɩɟɧɢ 
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ɤɚɧɞɢɞɚɬɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ; [Ɇɟɫɬɨ ɡɚɳɢɬɵ: Ʉɭɛɚɧ. ɝɨɫ. ɚɝɪɚɪ. 
ɭɧ-ɬ]. ɋɬɚɜɪɨɩɨɥɶ, 2007. 14 ɫ. 

2. Ⱥɛɚɫɨɜɚ Ɍ. ɂ. ɐɢɪɤɭɥɹɰɢɹ ɩɟɫɬɢɰɢɞɨɜ ɜ ɛɢɨɫɮɟɪɟ ɢ ɢɯ ɷɤɨɬɨɤ-
ɫɢɤɨɥɨɝɢɱɟɫɤɚɹ ɨɰɟɧɤɚ / Ɍ. ɂ. Ⱥɛɚɫɨɜɚ, Ⱥ.Ⱥ. Ɋɢɦɢɯɚɧɨɜ, Ɍ. ɋ. Ⱥɫɬɪɚ-
ɯɚɧɨɜɚ // Ⱥɝɪɨɬɟɯɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɡɚɳɢɬɵ ɪɚɫɬɟɧɢɣ ɨɬ ɜɪɟɞɧɵɯ ɨɪɝɚ-
ɧɢɡɦɨɜ. Ʉɪɚɫɧɨɞɚɪ.: ɂɡɞ-ɜɨ ɄɭɛȽȺɍ. 2005 ɋ. 153–154.

3. ɋɟɦɚɤɨɜ ȼ. ȼ. Ɋɚɫɬɢɬɟɥɶɧɵɟ ɷɤɫɬɪɚɤɬɵ ɜ ɡɚɳɢɬɟ ɪɚɫɬɟɧɢɣ. Ⱦɭ-
ɲɚɧɛɟ, 1989. 80 ɫ.

ɂɆɆɈȻɂɅɂɁɈȼȺɇɇɕȿ ȻɂɈɄȺɌȺɅɂɁȺɌɈɊɕ 

ȾɅə ȻɂɈɋɂɇɌȿɁȺ ɉɈɅɂɋȺɏȺɊɂȾɈȼ *

ɇ. Ⱥ. ɋɬɟɩɚɧɨɜ, Ɉ. ȼ. ɋɟɧɶɤɨ, ȿ. ɇ. ȿɮɪɟɦɟɧɤɨ

Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ

e-mail: elena_efremenko@list.ru

Ɋɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ 
ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ ɢɡ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵ-

ɪɶɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ [Rehm B. H // Nat. Rev. Microbiol., 

2010, 8(8), p.578–592].

ɉɪɢɦɟɧɟɧɢɟ ɛɢɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɜɢɞɟ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɤɥɟɬɨɤ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜ ɜɢɞɭ ɢɡɜɟɫɬɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ 
ɩɟɪɟɞ ɫɭɫɩɟɧɡɢɨɧɧɵɦɢ ɤɭɥɶɬɭɪɚɦɢ: ɞɥɢɬɟɥɶɧɨɟ ɢ ɦɧɨɝɨɤɪɚɬɧɨɟ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ, ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɭɦɟɧɶɲɟɧɢɟ ɞɥɢ-

ɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢ ɞɪ. [E. N. Efremenko, A. B. Nikolskaya, I. V. Ly-

agin, O. V. Senko, T. A. Makhlis, N. A. Stepanov, O. V. Maslova, F. Mam-

edova, S. D. Varfolomeyev // Bioresource Technology, 2012, 114, 342–348, 

N. Stepanov, E. Efremenko // New Biotechnology, 2016, E. N. Efremenko, 

N. A. Stepanov, A. B. Nikolskaya, O. V. Senko, O. V. Spiricheva, S. D. Var-

folomeev // Catalysis in Industry, 3(1):41–46, 2011].

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ 16-08-

00457).
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ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɤɥɟɬɨɤ, 
ɜ ɦɢɪɟ ɨɬɫɭɬɫɬɜɭɟɬ ɨɩɵɬ ɩɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢ-

ɫɚɯɚɪɢɞɨɜ, ɯɨɬɹ ɭɠɟ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ ɩɪɨɰɟɫɫɵ ɛɢɨɫɢɧɬɟ-
ɡɚ ɞɪɭɝɢɯ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ — ɛɟɥɤɨɜ (ɮɟɪɦɟɧɬɨɜ) 
ɜ ɛɢɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɧɚ ɨɫɧɨɜɟ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜɵɫɨ-
ɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɩɨɩɭɥɹɰɢɣ [E. N. Efremenko, N. A. Stepanov, 

D. A. Gudkov, O. V. Senko, V. I. Lozinsky, S. D. Varfolomeev // Catalysis 

in industry, 5(2):190–198, 2013]. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɫɭɳɟɫɬɜɭɸɳɟɣ ɞɨɝɦɨɣ 

ɨ ɬɨɦ, ɱɬɨ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɞɥɹ ɤɥɟɬɨɤ ɦɢɤɪɨɨɪɝɚɧɢɡ-
ɦɨɜ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɩɨɥɭɱɟɧɢɹ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ.
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫɟɪɢɹ ɛɢɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɜɢɞɟ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜ ɦɚɤɪɨɩɨɪɢɫɬɵɣ ɧɨɫɢɬɟɥɶ ɤɥɟɬɨɤ, ɩɪɨɞɭɰɢɪɭɸ-

ɳɢɯ ɪɚɡɧɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ (ɞɟɤɫɬɪɚɧ, ɩɭɥɥɭɥɚɧ, ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɰɟɥ-
ɥɸɥɨɡɚ).
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨ-

ɜɚɧɚ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ ɛɢɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ, ɜ ɜɢɞɟ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɛɚɤɬɟɪɢɣ ɢ ɞɪɨɠɠɟɣ ɜ ɩɪɨ-
ɰɟɫɫɚɯ ɩɨɥɭɱɟɧɢɹ ɛɢɨɪɚɡɚɥɚɝɚɟɦɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ. ɂɦɦɨɛɢɥɢɡɨ-
ɜɚɧɧɵɟ ɤɥɟɬɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɜɵɫɨɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 
ɩɨɩɭɥɹɰɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹ-
ɦɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɜ 1,5–3 ɪɚɡɚ), ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɜɵ-

ɯɨɞɨɦ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɨɛɨɞɧɵɦɢ ɤɥɟɬɤɚɦɢ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɜ ɰɟɥɨɦ. Ʉɪɨɦɟ 
ɬɨɝɨ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢɦɦɨ-
ɛɢɥɢɡɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɧɚ 95–100 % ɢɯ ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ.

ɋɨɜɨɤɭɩɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɹɟɬ ɧɚɝɥɹɞɧɨ ɩɪɨ-
ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɧɨɜɵɯ ɛɢɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 

ɜ ɜɢɞɟ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜ ɤɪɭɩɧɨɩɨɪɢɫɬɵɟ ɧɨɫɢɬɟɥɢ ɤɥɟɬɨɤ ɪɚɡ-
ɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɩɪɨɰɟɫɫɚɯ ɩɨɥɭɱɟɧɢɹ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɨɥɢ-

ɦɟɪɨɜ ɜ ɜɢɞɟ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢ ɭɫɬɚɧɨɜɢɬɶ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɞɨɛɧɵɯ ɤɥɟɬɨɱɧɵɯ ɩɨɩɭɥɹɰɢɣ ɜ ɬɚɤɢɯ ɛɢɨɤɚɬɚ-
ɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ.
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ɇɈȼȺə ɂɇɎɈɊɆȺɌɂȼɇɈɋɌɖ ȾɅə «ɋɌȺɊɕɏ 

ɉɊɂȻɈɊɈȼ» — ɅȺɇɌȺɇɈɂȾɇɈȿ ɄɈɇɌɊȺɋɌɂɊɈȼȺɇɂȿ 

ȻɂɈɅɈȽɂɑȿɋɄɂɏ ɈȻɊȺɁɐɈȼ ȾɅə ɋɗɆ

NEW INFORMATIVE FOR “OLD DEVICES” — LANTHANOID 
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɛɢɨɥɨ-

ɝɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ (ɤɥɟɬɨɱɧɵɟ ɤɭɥɶɬɭɪɵ, ɛɢɨɩɬɚɬɵ, ɛɚɤɬɟɪɢɚɥɶɧɵɟ 
ɛɢɨɩɥɟɧɤɢ) ɦɟɬɨɞɨɦ ɋɗɆ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɨɣ. ɉɨ-
ɤɚɡɚɧɨ, ɱɬɨ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɲɢɪɟ, ɱɟɦ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ «ɤɥɚɫɫɢɱɟɫɤɢɯ» ɦɟɬɨɞɨɜ.

Abstract

We present results of examining several types of biological sam-

ples (cell cultures, tissue samples, bacterial biofi lms) on SEM with 

an alternative sample preparation. It is shown that the informative 

value of images obtained is wider than using ‘classical’ methods.

ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɬɟɪɹɟɬ ɫɜɨɢ ɩɨɡɢɰɢɢ ɜ ɪɹɞɭ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ, ɛɭɞɭɱɢ ɩɪɢɦɟɧɢɦɨɣ ɥɢɲɶ 
ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɱɢɫɥɟ ɫɥɭɱɚɟɜ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɨɦ ɱɢɫɥɟ ɢɡ-ɡɚ 
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ɬɨɝɨ, ɱɬɨ ɤɥɚɫɫɢɱɟɫɤɚɹ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɞɥɹ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧ-

ɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɋɗɆ) ɬɪɭɞɨɟɦɤɚ, ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɨɤɫɢɱɧɵɯ ɪɟɚɝɟɧɬɨɜ ɢ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɚɪɬɟɮɚɤɬɨɜ. Ʉɚɤ 
ɹɜɫɬɜɭɟɬ ɢɡ ɫɭɬɢ ɷɥɟɤɬɪɨɧɧɨ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɧɚ-
ɩɵɥɟɧɢɟɦ, ɤɥɚɫɫɢɱɟɫɤɚɹ ɋɗɆ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɦɢɤɪɨɪɟɥɶɟɮ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɬɨɥɶɤɨ. ɉɨɞɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɦɨɠɧɨ ɛɵɥɨ 
ɛɵ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɛɟɡ ɧɚɩɵɥɟɧɢɹ ɜ «ɚɥɶɬɟɪɧɚɬɢɜɧɨɦ ɪɟɠɢɦɟ» ɨɛ-

ɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɨɞɧɚɤɨ ɜ ɫɢɥɭ ɨɞɧɨɪɨɞɧɨɫɬɢ ɤɥɟɬɨɤ ɩɨ 
ɷɥɟɦɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ, ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɩɨ-
ɥɭɱɚɟɬɫɹ ɧɢɡɤɨɤɨɧɬɪɚɫɬɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟ-
ɦɹ ɚɤɬɭɚɥɟɧ ɩɨɢɫɤ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɩɨɞɝɨɬɨɜɤɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡ-
ɰɨɜ ɞɥɹ ɋɗɆ, ɩɨɡɜɨɥɹɸɳɢɣ ɞɟɬɚɥɢɡɢɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ 
ɤɥɟɬɤɢ. ɇɚɦɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɫɞɟɥɚɬɶ ɛɢɨɥɨɝɢɱɟ-
ɫɤɢɟ ɨɛɴɟɤɬɵ ɛɨɥɟɟ ɤɨɧɬɪɚɫɬɧɵɦɢ ɞɥɹ ɞɟɬɟɤɬɨɪɚ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ — ɧɚɫɵɳɟɧɢɟ ɢɯ ɷɥɟɦɟɧɬɚɦɢ ɫ ɜɵɫɨɤɢɦɢ ɚɬɨɦɧɵɦɢ ɧɨ-
ɦɟɪɚɦɢ — ɦɟɬɚɥɥɚɦɢ ɥɚɧɬɚɧɨɢɞɧɨɣ ɝɪɭɩɩɵ, ɢɦɟɸɳɢɦɢ ɬɪɨɩɧɨɫɬɶ 
ɤ ɨɩɪɟɞɟɥɟɧɧɵɦ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ ɫɬɪɭɤɬɭɪɚɦ (ɹɞɪɨ, ɰɢɬɨɫɤɟɥɟɬ, 
ɦɢɬɨɯɨɧɞɪɢɢ). ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɪɚɡɪɚɛɨɬɚɧ ɧɚɛɨɪ ɪɟɚɝɟɧɬɨɜ 
«Bioree» ɞɥɹ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ.

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɬɤɚɧɟɜɵɯ ɛɢɨɩɬɚɬɚɯ, ɛɚɤɬɟɪɢɚɥɶ-
ɧɵɯ ɛɢɨɩɥɟɧɤɚɯ ɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪɚɯ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɥɨɠɤɚɯ. Ɉɛ-

ɪɚɡɰɵ ɩɨɞɝɨɬɚɜɥɢɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ «Bioree» 

(ɩɪ-ɜɨ ɈɈɈ «Ƚɥɚɭɤɨɧ», ɊɎ): ɩɪɨɦɵɜɚɥɢ, ɡɚɬɟɦ ɩɨɦɟɳɚɥɢ ɜ ɤɨɧɬɪɚ-
ɫɢɬɭɸɳɢɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ ɯɥɨɪɢɞɚ ɧɟɨɞɢɦɚ ɧɚ 15–45 ɦɢɧɭɬ, ɩɪɨ-
ɦɵɜɚɥɢ ɢ ɜɵɫɭɲɢɜɚɥɢ «ɜɨɡɞɭɲɧɨɣ ɤɢɫɬɶɸ». ɉɨɞɝɨɬɨɜɥɟɧɧɵɟ ɨɛɴ-

ɟɤɬɵ ɪɚɡɦɟɳɚɥɢ ɧɚ ɩɪɟɞɦɟɬɧɨɦ ɫɬɨɥɢɤɟ ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ (EVO LS10, CarlZeiss, Germany). ɇɚɛɥɸɞɟɧɢɹ ɜɟɥɢɫɶ 
ɜ ɪɟɠɢɦɟ ɧɢɡɤɨɝɨ ɜɚɤɭɭɦɚ (EP, 70 ɉɚ), ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 

ɨɬ 5 ɞɨ 30 ɤȼ ɢ ɬɨɤɟ ɧɚ ɨɛɪɚɡɰɟ 400–520 ɩȺ. 

ɉɨɥɭɱɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɨɬɥɢɱɚɥɢɫɶ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɢɧɮɨɪɦɚ-
ɬɢɜɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɦɢ, ɫɞɟɥɚɧɧɵɦɢ ɫ ɩɪɢ-

ɦɟɧɟɧɢɟɦ ɤɥɚɫɫɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. ɇɚ ɧɢɯ ɱɟɬɤɨ ɜɢɡɭɚɥɢɡɢɪɭɸɬɫɹ 
ɝɪɚɧɢɰɵ ɤɥɟɬɨɤ, ɹɞɪɨ ɫ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɹɞɪɵɲɤɚɦɢ, ɨɫɨɛɟɧɧɨ ɯɨ-
ɪɨɲɨ ɜɢɞɧɵ ɩɪɨɬɹɠɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɰɢɬɨɫɤɟɥɟɬɚ (ɪɢɫ. 1). ɇɚ ɦɧɨ-
ɝɢɯ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɜɢɞɧɚ ɫɟɬɶ ɗɉɊ, ɩɪɢɤɪɵɜɚɸɳɚɹ ɹɞɪɨ. ȼɨɤɪɭɝ 
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ɧɟɤɨɬɨɪɵɯ ɤɥɟɬɨɤ ɱɟɬɤɨ ɪɚɡɥɢɱɢɦ ɨɤɪɭɠɚɸɳɢɣ ɢɯ ɜɧɟɤɥɟɬɨɱɧɵɣ 

ɦɚɬɪɢɤɫ. ɉɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɥɟɬɨɤ, ɜɡɹɬɵɯ ɨɬ ɛɨɥɶɧɵɯ ɫ ɪɟɰɢɞɢɜɢɪɭ-
ɸɳɟɣ ɷɪɨɡɢɟɣ ɪɨɝɨɜɢɰɵ, ɜɢɞɧɚ ɧɚɪɭɲɟɧɧɚɹ ɚɪɯɢɬɟɤɬɨɧɢɤɚ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨɝɨ ɤɥɟɬɨɱɧɨɝɨ ɩɥɚɫɬɚ, ɚ ɬɚɤɠɟ ɪɚɡɧɢɰɚ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨɝɨ ɢ ɩɨɞɥɟɠɚɳɟɝɨ ɫɥɨɟɜ (ɪɢɫ. 3). ɉɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɟɡɟɧɯɢ-

ɦɚɥɶɧɵɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɧɚ ɫɤɚɮɮɨɥɞɟ Alvetex ɯɨɪɨɲɨ ɜɢɞɧɨ ɪɚɫ-
ɩɨɥɨɠɟɧɢɟ ɤɥɟɬɨɤ ɧɚ ɪɟɛɪɚɯ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ (ɪɢɫ. 2). 

ɉɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɛɢɨɩɥɟɧɨɤ (ɪɢɫ. 4) ɱɟɬɤɨ ɜɢɞɧɚ ɢɯ 
ɦɧɨɝɨɫɥɨɣɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫ ɤɨɧɝɥɨɦɟɪɚɬɚɦɢ ɢ ɨɬɞɟɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ, 

ɱɬɨ ɢɧɬɟɪɟɫɧɨ — ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɤɥɟɬɤɢ ɜ ɩɪɨɰɟɫɫɟ ɞɟɥɟɧɢɹ — ɩɟɪɟ-
ɬɹɠɤɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ ɧɚ ɟɳɟ ɧɟɪɚɡɞɟɥɢɜɲɢɯɫɹ ɱɚ-
ɫɬɢɰɚɯ, ɬɚɤɠɟ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɡɨɧɵ, ɝɞɟ ɛɚɤɬɟɪɢɢ ɩɪɢɥɟɠɚɬ ɞɪɭɝ 
ɤ ɞɪɭɝɭ — ɛɨɥɟɟ ɹɪɤɢɟ.

Ɋɢɫ. 1. BSE-ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɧɵɯ ɥɚɧɬɚɧɨɢɞɚɦɢ ɚɫɬɪɨɰɢ-

ɬɨɜ ɧɚ ɤɭɥɶɬɭɪɚɥɶɧɨɦ ɩɥɚɫɬɢɤɟ
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Ɋɢɫ. 2. BSE-ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɧɵɯ ɥɚɧɬɚɧɨɢɞɚɦɢ ɆɋɄ 

ɧɚ ɩɨɪɢɫɬɨɣ ɦɟɦɛɪɚɧɟ Alvetex

Ɋɢɫ. 3. BSE-ɢɡɨɛɪɚɠɟɧɢɟ ɪɨɝɨɜɢɱɧɨɝɨ ɷɩɢɬɟɥɢɹ (ɪɟɰɢɞɢɜɢɪɭɸɳɚɹ ɷɪɨ-

ɡɢɹ) ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɧɨɝɨ ɥɚɧɬɚɧɨɢɞɚɦɢ 
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Ɋɢɫ. 4. BSE-ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɥɨɧɢɢ S.aureus ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɧɨɣ ɥɚɧɬɚ-
ɧɨɢɞɚɦɢ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɹ ɛɢɨɥɨɝɢ-

ɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɢɡɨɛɪɚ-
ɠɟɧɢɣ, ɩɨɡɜɨɥɹɹ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɩɨɜɟɪɯɧɨɫɬɶ ɤɥɟɬɤɢ, ɧɨ 
ɢ ɟɟ ɨɪɝɚɧɟɥɥɵ, ɨɰɟɧɢɬɶ ɚɪɯɢɬɟɤɬɭɪɭ ɩɨɞɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɪɨɫɬɪɚɧ-

ɫɬɜɚ ɢ ɜɧɟɤɥɟɬɨɱɧɵɣ ɦɚɬɪɢɤɫ. ɉɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚɛɨɪɚ 
ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɢɡɭɱɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ, ɢɫ-
ɩɨɥɶɡɭɹ «ɫɬɚɪɵɟ ɩɪɢɛɨɪɵ», ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɡɝɥɹɧɭɬɶ ɧɚ ɧɢɯ ɩɨ-
ɧɨɜɨɦɭ.
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Ⱥɧɧɨɬɚɰɢɹ
ɋɟɥɟɤɰɢɹ in vitro ɝɨɪɨɯɚ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɨɫɦɨɬɢɱɟɫɤɨɦɭ ɫɬɪɟɫ-

ɫɭ ɩɪɨɜɟɞɟɧɚ ɦɟɬɨɞɨɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɬɛɨɪɚ. Ɉɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɤɚɥɥɭɫɨɝɟɧɟɡɚ ɢ ɨɪɝɚɧɨɝɟɧɟɡɚ ɝɨ-
ɪɨɯɚ. ɇɚ ɫɟɥɟɤɬɢɜɧɵɯ ɫɪɟɞɚɯ ɩɨɥɭɱɟɧɵ ɭɫɬɨɣɱɢɜɵɟ ɪɚɫɬɟɧɢɹ-ɪɟɝɟ-
ɧɟɪɚɧɬɵ. 

Abstract

Selection of peas in vitro for resistance to osmotic stress carried by 

continuous selection. The effect of the selective agent in the indica-

tors of callus formation and organogenesis pea determined. Re-

generated plants resistant to osmotic stress obtained on selective 

media.

Ƚɨɪɨɯ (Pisum sativum L.) ɧɚɪɹɞɭ ɫ ɹɱɦɟɧɟɦ ɢ ɩɲɟɧɢɰɟɣ ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɣ ɢɡ ɫɬɚɪɟɣɲɢɯ ɤɭɥɶɬɭɪ ɜ ɦɢɪɟ. Ⱦɨɜɨɥɶɧɨ ɱɚɫɬɨ ɝɨɪɨɯ ɩɨɞɜɟɪ-
ɠɟɧ ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɟɫɫɨɜ. ȼ ɭɫɥɨɜɢɹɯ ɋɟɜɟɪɧɨɝɨ 
Ʉɚɡɚɯɫɬɚɧɚ ɩɨɫɟɜɵ ɝɨɪɨɯɚ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɡɚɫɭɯɢ. Ⱦɥɹ 
ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɭɪɨɠɚɹ ɝɨɪɨɯɚ ɢ ɟɝɨ ɤɚɱɟɫɬɜɚ ɜɚɠɧɨ ɢɦɟɬɶ ɜ ɩɪɨ-
ɢɡɜɨɞɫɬɜɟ ɜɵɫɨɤɨɩɪɨɞɭɤɬɢɜɧɵɟ ɫɨɪɬɚ, ɨɛɥɚɞɚɸɳɢɟ ɭɫɬɨɣɱɢɜɨɫɬɶɸ 
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ɤ ɫɬɪɟɫɫɨɜɵɦ ɮɚɤɬɨɪɚɦ ɫɪɟɞɵ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦ ɩɨɢɫɤ ɢ ɩɪɢ-
ɜɥɟɱɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɤɢ, ɭɫɤɨɪɹɸɳɢɯ ɢ ɩɨɜɵɲɚɸ-

ɳɢɯ ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɫɟɥɟɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 
ɞɢɧɚɦɢɱɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɧɚɩɪɚɜɥɟɧɢɣ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɫɨɡɞɚ-
ɧɢɟ ɧɨɜɨɝɨ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɫɟɥɟɤɰɢɢ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. 
ɇɚ ɤɥɟɬɨɱɧɨɦ ɭɪɨɜɧɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɡɚɫɭɯɟ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɨɥɟ-

ɪɚɧɬɧɨɫɬɢ ɤɥɟɬɨɤ ɤ ɩɪɢɫɭɬɫɬɜɢɸ ɜ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ ɨɫɦɨɬɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɩɨɧɢɠɚɸɳɢɯ ɜɧɟɲɧɢɣ ɜɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ [1]. Ⱦɥɹ 
ɨɬɛɨɪɚ in vitro ɜ ɤɚɱɟɫɬɜɟ ɫɟɥɟɤɬɢɜɧɵɯ ɚɝɟɧɬɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶ-
ɡɭɸɬ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ, ɦɚɧɧɢɬ, ɫɨɪɛɢɬ, NaCl. ɇɚɢɛɨɥɟɟ ɭɫɩɟɲɧɨ 
ɜ ɤɚɱɟɫɬɜɟ ɮɚɤɬɨɪɚ ɨɬɛɨɪɚ ɩɪɢɦɟɧɹɟɬɫɹ ɉɗȽ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫ-
ɫɨɣ 6000. ɉɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ (ɉɗȽ) — ɧɟ- ɩɪɨɧɢɤɚɸɳɢɣ ɨɫɦɨɬɢɤ, 
ɜɵɡɵɜɚɟɬ ɤɨɥɥɚɩɫ ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɨɤ ɢ ɫɠɚɬɢɟ ɩɪɨɬɨɩɥɚɫɬɚ, ɬɨ ɟɫɬɶ 
ɯɨɪɨɲɨ ɢɦɢɬɢɪɭɟɬ ɜɨɞɧɵɣ ɛɚɥɚɧɫ ɤɥɟɬɤɢ ɜ ɭɫɥɨɜɢɹɯ ɨɫɦɨɬɢɱɟɫɤɨɝɨ 
ɫɬɪɟɫɫɚ [2]. 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɪɟɚɤɰɢɢ ɤɚɥɥɭɫɧɵɯ ɤɥɟɬɨɤ ɧɚ ɞɟɣɫɬɜɢɟ ɫɟɥɟɤɬɢɜɧɨ-
ɝɨ ɚɝɟɧɬɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɮɚɤɬɨɪɚ ɜ ɫɪɟɞɟ ɞɥɹ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɚɥɥɭɫɨɜ. ȼ ɩɪɟɞɵɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɚɦɢ ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉɗȽ-6000, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜ-
ɥɹɥɢ 2–5 % ɤ ɨɛɴɟɦɭ ɢɧɞɭɤɰɢɨɧɧɨɣ ɫɪɟɞɵ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɚɥɥɭɫɧɨɣ 

ɬɤɚɧɢ ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɡɭ ɜ ɫɟɥɟɤɬɢɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɫɟɥɟɤɬɢɜɧɵɣ ɚɝɟɧɬ 
ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɜɫɟ ɷɬɚɩɵ ɢ ɩɪɨɰɟɫɫɵ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɤɥɟɬɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɚɡɨɜɭɸ ɫɪɟɞɭ Ɇɋ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɮɚɤɬɨɪɚ.
Ɋɟɚɤɰɢɸ ɤɚɥɥɭɫɧɵɯ ɬɤɚɧɟɣ ɝɨɪɨɯɚ ɨɰɟɧɢɜɚɥɢ ɩɨ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟ-

ɥɹɦ, ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɤɚɥɥɭɫɨɜ (%) ɢ ɦɚɫɫɚ ɩɟɪ-
ɜɢɱɧɵɯ ɤɚɥɥɭɫɧɵɯ ɬɤɚɧɟɣ (ɦɝ). Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɚɥɥɭɫɨɜ ɜ ɫɟɥɟɤɬɢɜɧɵɯ ɭɫɥɨɜɢɹɯ 
ɦɟɧɹɸɬɫɹ ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɬɟɦ-

ɧɟɧɢɟ ɰɜɟɬɚ ɤɚɥɥɭɫɨɜ, ɧɟɤɪɨɬɢɡɚɰɢɹ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɤɚɥɥɭɫɨɜ. 
Ɋɟɚɤɰɢɹ ɝɟɧɨɬɢɩɨɜ ɢ ɢɯ ɤɚɥɥɭɫɨɨɛɪɚɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɜɨɡ-
ɞɟɣɫɬɜɢɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɮɚɤɬɨɪɚ ɛɵɥɚ ɪɚɡɥɢɱɧɨɣ. ɇɚɢɛɨɥɶɲɟɟ ɜɥɢ-

ɹɧɢɟ ɫɟɥɟɤɬɢɜɧɵɣ ɚɝɟɧɬ ɨɤɚɡɵɜɚɥ ɧɚ ɦɚɫɫɭ ɤɚɥɥɭɫɧɵɯ ɬɤɚɧɟɣ, ɱɟɦ 

ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɚɥɥɭɫɨɨɛɪɚɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɧɚ ɫɪɟɞɚɯ ɫ ɜɵɫɨɤɢɦɢ 
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ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɨɫɦɨɬɢɤɚ (ɞɨ 10 %) ɧɚɛɥɸɞɚɥɢ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɥɢɮɟ-
ɪɚɰɢɢ ɤɥɟɬɨɤ, ɭɫɵɯɚɧɢɟ ɢ ɧɟɤɪɨɡ ɷɤɫɩɥɚɧɬɨɜ. 
Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɨɥɭɱɟɧɢɟ ɭɫɬɨɣ-

ɱɢɜɵɯ ɦɨɪɮɨɝɟɧɧɵɯ ɤɚɥɥɭɫɨɜ ɝɨɪɨɯɚ ɢ ɪɟɝɟɧɟɪɚɰɢɸ ɩɪɨɪɨɫɬɤɨɜ. 
Ɍɚɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɜɵɠɢɜɲɢɯ ɤɚɥɥɭɫɨɜ ɢ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɦɨɪɮɨɝɟɧɟɡɚ, ɨɩɪɟɞɟɥɹɥɢɫɶ ɝɟɧɨɬɢɩɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɡɧɚɱɟɧɢɹ ɦɚɫɫɵ ɤɚɥɥɭɫɨɜ ɢ ɩɪɢɪɨɫɬɚ ɛɢɨɦɚɫɫɵ ɜ ɡɧɚ-
ɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɟɥɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɚɝɟɧɬɚ. 
Ɋɟɝɟɧɟɪɚɰɢɸ ɪɚɫɬɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɬɚɤɠɟ ɧɚ ɫɟɥɟɤɬɢɜɧɵɯ ɫɪɟɞɚɯ 
ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɨɪɦɨɧɨɜ ȻȺɉ ɢ ɇɍɄ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜ-
ɥɹɥɨ 40:1. ɉɨɥɭɱɟɧɧɵɟ ɪɚɫɬɟɧɢɹ-ɪɟɝɟɧɟɪɚɧɬɵ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɚɡ-
ɦɧɨɠɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɦɢɤɪɨɤɥɨɧɢɪɨɜɚɧɢɹ ɢ ɜɵɫɚ-
ɠɟɧɵ ɜ ɫɨɫɭɞɵ ɫ ɩɨɱɜɨɝɪɭɧɬɨɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɬɛɨɪɚ in vitro ɧɚ ɞɚɥɶɧɟɣɲɢɣ ɷɬɚɩ — ɫɪɟɞɭ ɞɥɹ ɢɧ-

ɞɭɤɰɢɢ ɦɨɪɮɨɝɟɧɟɡɚ ɛɵɥɨ ɩɚɫɫɢɪɨɜɚɧɨ ɨɤɨɥɨ 552 ɤɚɥɥɭɫɨɜ, ɢɡ ɤɨɬɨ-
ɪɵɯ ɢɧɞɭɰɢɪɨɜɚɧɨ 325 ɪɟɝɟɧɟɪɚɧɬɧɵɯ ɩɨɛɟɝɚ. Ɋɢɡɨɝɟɧɟɡ ɛɵɥ ɢɧɞɭ-
ɰɢɪɨɜɚɧ ɬɨɥɶɤɨ ɭ 75 ɩɨɛɟɝɨɜ, ɜ ɩɨɱɜɭ ɜɵɫɚɠɟɧɨ 196 ɪɚɫɬɟɧɢɣ ɪɟɝɟɧɟ-
ɪɚɧɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ 56 — ɧɚ ɫɪɟɞɚɯ ɫ ɉɗȽ-6000. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶ-
ɡɨɜɚɧɧɵɣ ɧɚɦɢ ɦɟɬɨɞ ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɬɛɨɪɚ ɭɫɬɨɣɱɢɜɵɯ ɬɤɚɧɟɣ ɝɨɪɨ-
ɯɚ, ɧɚɱɢɧɚɹ ɫ ɷɬɚɩɚ ɤɚɥɥɭɫɨɝɟɧɟɡɚ ɢ ɡɚɜɟɪɲɚɹ ɢɧɞɭɤɰɢɟɣ ɨɪɝɚɧɨɝɟɧɟ-
ɡɚ, ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɥɟɤɰɢɢ in vitro. 
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Ⱥɧɧɨɬɚɰɢɹ
ȼɢɪɭɫ ɨɫɩɨɜɚɤɰɢɧɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɩɪɟɩɚɪɚɬɨɜ. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɧɚɲɟɣ ɰɟɥɶɸ ɛɵɥɨ ɫɨɡɞɚɬɶ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɲɬɚɦɦɵ ɜɢɪɭɫɚ ɨɫɩɨ-
ɜɚɤɰɢɧɵ ɫ ɞɟɥɟɰɢɹɦɢ ɝɟɧɨɜ ɬɢɦɢɞɢɧɤɢɧɚɡɵ ɢ ɪɨɫɬɨɜɨɝɨ ɮɚɤɬɨɪɚ 
ɫ ɭɫɢɥɟɧɧɵɦɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɡɚ ɫɱɟɬ ɜɫɬɪɨɣɤɢ 

ɬɪɚɧɫɝɟɧɨɜ: ɝɟɧɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɛɟɥɤɚ ɥɚɤɬɚɩɬɢɧɚ ɢ ɝɟɧɚ ɝɪɚ-
ɧɭɥɨɰɢɬɚɪɧɨ-ɦɚɤɪɨɮɚɝɚɥɶɧɨɝɨ ɤɨɥɨɧɢɟɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɮɚɤɬɨɪɚ. 
ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɧɤɨɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɟɤɨɦɛɢɧɚɧɬ-
ɧɵɯ ɲɬɚɦɦɨɜ ɛɵɥ ɩɪɨɜɟɞɟɧ ɧɚ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟ-
ɥɟɡɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɚ XTT. Ɋɟɤɨɦɛɢɧɚɧɬɧɵɣ ɲɬɚɦɦ VV-

GMCSF-Lact ɨɛɥɚɞɚɥ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ in 

vitro ɢ ɛɵɥ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ in vivo ɧɚ ɦɵ-

ɲɚɯ ɥɢɧɢɢ SCID ɫ ɤɫɟɧɨɝɪɚɮɬɚɦɢ ɨɩɭɯɨɥɢ MDA-MB-231. ȼɧɭɬɪɢ-

ɜɟɧɧɨɟ ɜɜɟɞɟɧɢɟ VV-GMCSF-Lact ɦɵɲɚɦ ɥɢɧɢɢ SCID ɢɧɝɢɛɢɪɨɜɚɥɨ 
ɨɩɭɯɨɥɟɜɵɣ ɪɨɫɬ ɢ ɜ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɬɨɱɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚ (74 ɫɭɬɤɢ) 

ɭɪɨɜɟɧɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɨɩɭɯɨɥɢ ɫɨɫɬɚɜɢɥ 81 %.
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Abstract

Vaccinia virus oncolytic therapy has shown successful effects 

against a number of tumor models. In this study our goal was to 

generate double recombinant vaccinia virus with enhanced an-

titumor activity which expresses exogenous proteins: the antitu-

mor protein lactaptin and human granulocyte-macrophage colony 

stimulating factor and has deletions of the thymidine kinase (tk) 

and vaccinia growth factor (vgf) genes. Comparative study of on-

colytic activity recombinant vaccinia virus strains was performed 

on a human breast cancer cells using the XTT reagent. Recombi-

nant strain VV-GMCSF-Lact has the greatest activity in vitro and 

was used in further in vivo experiments on the SCID line mice 

with xenograft of MDA-MB-231 tumors. Intratumoral injection of 

VV-GMCSF-Lact inhibited tumor growth and in the fi nal point the 

inhibition rate was 81 %.

Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɨɫɩɨɜɚɤ-
ɰɢɧɵ (VACV) ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ 
ɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɛɢɨɬɟɯɧɨɥɨɝɢɢ. 

Ɋɹɞ ɬɚɤɢɯ ɲɬɚɦɦɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɩɟɲɧɨ ɩɪɨɯɨɞɹɬ ɤɥɢɧɢɱɟ-
ɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɡɚ ɪɭɛɟɠɨɦ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɢɪɨɞɧɵɟ ɫɜɨɣɫɬɜɚ 
ɜɢɪɭɫɚ ɨɫɩɨɜɚɤɰɢɧɵ ɞɟɥɚɸɬ ɟɝɨ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɨɧɤɨɥɢɬɢɱɟɫɤɢɦ 

ɜɢɪɭɫɨɦ. 

ɇɚ ɨɫɧɨɜɟ ɲɬɚɦɦɚ Ʌ-ɂȼɉ ɧɚɦɢ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɞɜɚ ɪɟɤɨɦɛɢ-

ɧɚɧɬɧɵɯ ɲɬɚɦɦɚ ɫ ɞɟɥɟɰɢɹɦɢ ɝɟɧɨɜ ɬɢɦɢɞɢɧɤɢɧɚɡɵ (tk) ɢ ɪɨɫɬɨ-

ɜɨɝɨ ɮɚɤɬɨɪɚ (vgf). ɗɬɢ ɝɟɧɵ ɤɨɞɢɪɭɸɬ ɮɚɤɬɨɪɵ ɜɢɪɭɥɟɧɬɧɨɫɬɢ, 

ɢ ɢɯ ɭɞɚɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ ɧɟɫɩɨɫɨɛɧɨɫɬɢ ɜɢ-

ɪɭɫɚ ɪɟɩɥɢɰɢɪɨɜɚɬɶɫɹ ɜ ɧɨɪɦɚɥɶɧɵɯ ɧɟɞɟɥɹɳɢɯɫɹ ɤɥɟɬɤɚɯ, ɧɨ ɩɪɢ 

ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ ɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɪɚɤɨɜɵɯ. 

Ⱦɥɹ ɭɫɢɥɟɧɢɹ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɚɣɨɧ ɞɟɥɟɰɢɢ 

ɝɟɧɚ vgf ɩɪɨɜɟɞɟɧɚ ɜɫɬɪɨɣɤɚ ɞɜɭɯ ɬɪɚɧɫɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ ɪɚɡɧɵɟ 
ɮɨɪɦɵ ɨɧɤɨɬɨɤɫɢɱɟɫɤɨɝɨ ɛɟɥɤɚ ɥɚɤɬɚɩɬɢɧɚ. Ʌɚɤɬɚɩɬɢɧ ɹɜɥɹɟɬɫɹ 
ɮɪɚɝɦɟɧɬɨɦ ɤɚɩɩɚ-ɤɚɡɟɢɧɚ ɱɟɥɨɜɟɤɚ ɢ ɨɛɥɚɞɚɟɬ ɚɞɪɟɫɧɨɣ ɚɩɨɩɬɨɡ-
ɢɧɞɭɰɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɤ ɪɚɤɚ ɦɨɥɨɱɧɨɣ 

ɠɟɥɟɡɵ. Ɉɞɢɧ ɢɡ ɬɪɚɧɫɝɟɧɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɟɪɨɧ, ɫɨɫɬɨɹ-
ɳɢɣ ɢɡ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɪɚɧɧɟ-ɩɨɡɞɧɟɝɨ ɩɪɨɦɨɬɨɪɚ VACV ɢ ɝɟɧɚ 
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ɥɚɤɬɚɩɬɢɧɚ. ȼɬɨɪɨɣ ɬɪɚɧɫɝɟɧ ɫɨɞɟɪɠɢɬ ɫɟɤɪɟɬɢɪɭɟɦɭɸ ɮɨɪɦɭ 
ɥɚɤɬɚɩɬɢɧɚ ɡɚ ɫɱɟɬ ɧɚɥɢɱɢɹ ɜ N-ɤɨɧɰɟɜɨɣ ɱɚɫɬɢ ɛɟɥɤɚ ɥɢɞɟɪɧɨɝɨ 
ɮɪɚɝɦɟɧɬɚ ɝɪɚɧɭɥɨɰɢɬɚɪɧɨ-ɦɚɤɪɨɮɚɝɚɥɶɧɨɝɨ ɤɨɥɨɧɢɟɫɬɢɦɭɥɢɪɭ-

ɸɳɟɝɨ ɮɚɤɬɨɪɚ (ȽɆ-ɄɋɎ). ɋɟɤɪɟɬɢɪɭɟɦɚɹ ɮɨɪɦɚ ɛɟɥɤɚ ɨɛɟɫɩɟ-
ɱɢɜɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɷɮɮɟɤɬ ɫɨɫɟɞɚ», ɬɨ ɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɧɚ ɫɨɫɟɞɧɢɟ ɫ ɢɧɮɢɰɢɪɨɜɚɧɧɨɣ ɪɟɤɨɦ-

ɛɢɧɚɧɬɧɵɦ ɜɢɪɭɫɨɦ ɤɥɟɬɤɢ ɜɧɭɬɪɢ ɨɩɭɯɨɥɢ ɡɚ ɫɱɟɬ ɩɟɪɟɞɚɱɢ ɛɟɥ-

ɤɚ ɱɟɪɟɡ ɦɟɠɤɥɟɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɥɢɡɢɫɟ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɩɪɨɢɫɯɨɞɢɬ ɜɵɫɜɨɛɨɠɞɟ-
ɧɢɟ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɨɩɭɯɨɥɶɸ ɚɧɬɢɝɟɧɨɜ, ɤɨɬɨɪɵɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ, 
ɹɜɥɹɸɬɫɹ ɫɥɚɛɨ ɢɦɦɭɧɨɝɟɧɧɵɦɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɨɝɨ ɢɦɦɭɧɨɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɰɢɬɨɤɢɧɚ. Ʌɭɱɲɢɦ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 
ɹɜɥɹɟɬɫɹ ȽɆ-ɄɋɎ. Ƚɟɧ ȽɆɄɋɎ ɱɟɥɨɜɟɤɚ ɛɵɥ ɜɫɬɪɨɟɧ ɜ ɪɚɣɨɧ ɞɟɥɟ-
ɰɢɢ tk ɝɟɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɞɜɚ ɞɜɨɣɧɵɯ ɪɟɤɨɦɛɢ-

ɧɚɧɬɧɵɯ ɲɬɚɦɦɚ Ʌ-ɂȼɉ ɫ ɮɟɧɨɬɢɩɨɦ ɌɄ-ȽɆɄɋɎ+VGF-Lact+ (ɲɬɚɦɦ 

VV-GMCSF-Lact) ɢ ɌɄ-ȽɆɄɋɎ+VGF-S-Lact+(ɲɬɚɦɦ VV-GMCSF-S-

Lact). Ⱦɥɹ ɨɰɟɧɤɢ ɨɧɤɨɬɨɤɫɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɥɚɤɬɚɩɬɢɧɚ ɧɚɦɢ ɛɵɥ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧ ɤɨɧɬɪɨɥɶɧɵɣ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɜɚɪɢɚɧɬ 
VV-GMCSF-dGF, ɢɦɟɸɳɢɣ ɚɧɚɥɨɝɢɱɧɭɸ ɨɩɵɬɧɵɦ ɪɟɤɨɦɛɢɧɚɧɬɚɦ 

ɫɬɪɭɤɬɭɪɭ, ɧɨ ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɜɫɬɪɨɣɤɢ ɝɟɧɚ ɥɚɤɬɚɩɬɢɧɚ, ɮɟɧɨɬɢɩ ɌɄ-

ȽɆɄɋɎ+VGF-Lact-.

ɋɪɚɜɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɨɧɤɨɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɲɬɚɦɦɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɱɟɬɵɪɟɯ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ 
ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ:

MCF-7 — ɷɩɢɬɟɥɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɚɞɟɧɨɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟ-
ɥɟɡɵ;

MDA-MB-231 — ɤɥɟɬɤɢ ɷɫɬɪɨɝɟɧ-ɧɟɡɚɜɢɫɢɦɨɣ ɢɧɜɚɡɢɜɧɨɣ ɚɞɟ-
ɧɨɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɦɟɬɚɫɬɚɬɢɱɟɫɤɢɣ ɫɚɣɬ, ɩɥɟɜɪɚɥɶɧɚɹ 
ɷɮɮɭɡɢɹ;
ȼɌ-549 — ɤɥɟɬɤɢ ɷɫɬɪɨɝɟɧ-ɧɟɡɚɜɢɫɢɦɨɣ ɢɧɜɚɡɢɜɧɨɣ ɞɭɤɬɚɥɶɧɨɣ 

ɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɩɟɪɜɢɱɧɵɣ ɭɡɟɥ;
ȼɌ-20 — ɤɥɟɬɤɢ ɷɫɬɪɨɝɟɧ-ɧɟɡɚɜɢɫɢɦɨɣ ɤɚɪɰɢɧɨɦɵ ɦɨɥɨɱɧɨɣ ɠɟ-

ɥɟɡɵ, ɩɟɪɜɢɱɧɵɣ ɭɡɟɥ.
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ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɲɬɚɦɦɨɜ 

ɜɢɪɭɫɚ ɨɫɩɨɜɚɤɰɢɧɵ, ɩɪɨɞɭɰɢɪɭɸɳɢɯ ȽɆ-ɄɋɎ 

ɢ ɥɚɤɬɚɩɬɢɧ, ɜ ɨɬɧɨɲɟɧɢɢ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ 

ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ

ɒɬɚɦɦ ɜɢɪɭɫɚ
Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ, ɐɌȾ

50
 (ȻɈȿ/ɤɥɟɬɤɚ *)

MCF-7 MDA-MB-231 BT-549 BT-20

VV-GMCSF-Lact 0,045 0,005 0,00083 0,004

VV-GMCSF-S-
Lact

0,039 0,007 0,002 0,036

VV-GMCSF-dGF 0,085 0,008 0,0037 0,04

* ɐɌȾ
50

 ɜɵɪɚɠɚɥɢ ɜ ɤɨɥɢɱɟɫɬɜɟ ɛɥɹɲɤɨɨɛɪɚɡɭɸɳɢɯ ɟɞɢɧɢɰ (ȻɈȿ), ɨɛ-

ɪɚɡɨɜɚɧɧɵɯ ɜɢɪɭɫɨɦ ɧɚ ɦɨɧɨɫɥɨɟ ɤɥɟɬɨɤ CV-1, ɜɵɡɵɜɚɸɳɢɯ ɝɢɛɟɥɶ ɨɞɧɨɣ 

ɪɚɤɨɜɨɣ ɤɥɟɬɤɢ.

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɬɚɛɥɢɰɵ, ɨɛɚ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɲɬɚɦɦɚ, ɩɪɨɞɭɰɢ-

ɪɭɸɳɢɯ ɥɚɤɬɚɩɬɢɧ, ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨ-
ɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ, ɱɟɦ ɤɨɧɬɪɨɥɶɧɵɣ ɪɟɤɨɦɛɢɧɚɧɬ 
VV-GMCSF-dGF. Ʉɥɟɬɤɢ MCF-7 ɹɜɥɹɸɬɫɹ ɧɚɢɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ-

ɦɢ ɤ ɥɢɬɢɱɟɫɤɨɦɭ ɞɟɣɫɬɜɢɸ ɪɟɤɨɦɛɢɧɚɧɬɨɜ.
Ɋɟɤɨɦɛɢɧɚɧɬɧɵɣ ɲɬɚɦɦ VV-GMCSF-Lact ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶ-

ɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ in vitro ɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɞɚɥɟɟ ɜ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɯ in vivo ɧɚ ɦɵɲɚɯ ɥɢɧɢɢ SCID ɫ ɤɫɟɧɨɝɪɚɮɬɚɦɢ ɨɩɭɯɨɥɢ 

MDA-MB-231. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɪɟɤɨɦɛɢɧɚɧɬ 
VV-GMCSF-dGF. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɐɄɉ «SPF-ɜɢɜɚɪɢɣ» 

ɂɐɢȽ ɋɈ ɊȺɇ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɞɜɭɤɪɚɬɧɨɟ ɜɧɭɬɪɢɜɟɧɧɨɟ 
ɜɜɟɞɟɧɢɟ ɨɛɨɢɯ ɪɟɤɨɦɛɢɧɚɧɬɨɜ ɜ ɞɨɡɟ 1ɯ108 ȻɈȿ/ɦɵɲɶ ɩɪɨɜɨɞɢɬ 
ɤ ɡɧɚɱɢɦɨɦɭ ɡɚɦɟɞɥɟɧɢɸ ɪɨɫɬɚ ɨɩɭɯɨɥɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. 

ɉɪɢ ɷɬɨɦ ɩɪɨɞɭɰɢɪɭɸɳɢɣ ɥɚɤɬɚɩɬɢɧ ɪɟɤɨɦɛɢɧɚɧɬ VV-GMCSF-

Lact ɨɤɚɡɵɜɚɥ ɡɧɚɱɢɦɨ ɛɨɥɶɲɢɣ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɣ ɷɮɮɟɤɬ. ȼ ɡɚ-
ɤɥɸɱɢɬɟɥɶɧɨɣ ɬɨɱɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚ (74 ɫɭɬɤɢ) ɭɪɨɜɟɧɶ ɢɧɝɢɛɢɪɨɜɚ-
ɧɢɹ ɪɨɫɬɚ ɨɩɭɯɨɥɢ ɫɨɫɬɚɜɢɥ 81 % ɞɥɹ VV-GMCSF-Lact ɜ ɫɪɚɜɧɟɧɢɢ 

ɫ 42 % ɞɥɹ VV-GMCSF-dGF ɤɚɤ ɩɨ ɨɛɴɟɦɭ (ɫɦ. ɪɢɫ., ɚ), ɬɚɤ ɢ ɩɨ 
ɜɟɫɭ ɨɩɭɯɨɥɢ (ɫɦ. ɪɢɫ., ɛ). 
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Ɋɟɤɨɦɛɢɧɚɧɬɧɵɣ ɲɬɚɦɦ VV-GMCSF-Lact ɧɟ ɜɵɡɵɜɚɥ ɪɚɡɜɢɬɢɹ 
ɬɨɤɫɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɧɟ ɨɛɥɚɞɚɥ ɪɟɚɤɬɨɝɟɧɧɵɦ ɞɟɣɫɬɜɢɟɦ ɩɪɢ ɜɧɭ-
ɬɪɢɜɟɧɧɨɦ ɜɜɟɞɟɧɢɢ ɜ ɞɨɡɟ 1ɯ108 ȻɈȿ/ɦɵɲɶ. 

ɚ

ɛ

ɒɬɚɦɦ VV-GMCSF-Lact ɢɧɝɢɛɢɪɭɟɬ ɪɨɫɬ ɨɩɭɯɨɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟ-
ɡɵ ɱɟɥɨɜɟɤɚ, ɦɨɞɟɥɢɪɨɜɚɧɧɨɣ ɧɚ ɦɵɲɚɯ ɥɢɧɢɢ SCID. Ʉɥɟɬɤɢ ɨɩɭɯɨ-

ɥɢ MDA-MB-231 ɩɨɞɤɨɠɧɨ ɩɪɢɜɢɜɚɥɢ ɦɵɲɚɦ ɢ ɱɟɪɟɡ 20 ɢ 40 ɫɭɬɨɤ 
ɜɧɭɬɪɢɜɟɧɧɨ ɜɜɨɞɢɥɢ ɜɢɪɭɫ ɢɥɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ (ɤɨɧɬɪɨɥɶ) 
ɜ ɨɛɴɟɦɟ 100 ɦɤɥ: ɚ — ɞɢɧɚɦɢɤɚ ɪɨɫɬɚ ɨɩɭɯɨɥɟɣ. ɋɬɪɟɥɤɚɦɢ ɭɤɚɡɚɧɵ 

ɞɧɢ ɜɜɟɞɟɧɢɹ ɜɢɪɭɫɚ. Ɂɜɟɡɞɨɱɤɚ ɨɛɨɡɧɚɱɚɟɬ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɚɡɥɢɱɢɣ 

ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ (p < 0.01); ɛ — ɱɟɪɟɡ 74 ɞɧɹ ɨɬ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɷɜɬɚɧɚɡɢɸ ɦɵɲɟɣ ɦɟɬɨɞɨɦ ɢɧɝɚɥɹɰɢɢ ɭɝɥɟɤɢɫɥɵɦ ɝɚ-
ɡɨɦ, ɨɩɭɯɨɥɢ ɢɡɜɥɟɤɚɥɢ ɢ ɜɡɜɟɲɢɜɚɥɢ
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Ɂɚɤɥɸɱɟɧɢɟ
ɋɤɨɧɫɬɪɭɢɪɨɜɚɧ ɞɜɨɣɧɨɣ ɪɟɤɨɦɛɢɧɚɧɬ ɜɢɪɭɫɚ ɨɫɩɨɜɚɤɰɢɧɵ VV-

GMCSF-Lact c ɜɫɬɪɨɣɤɨɣ ɝɟɧɨɜ ȽɆ-ɄɋɎ ɢ ɥɚɤɬɚɩɬɢɧɚ ɢ ɞɟɥɟɰɢɹɦɢ 

ɝɟɧɨɜ ɬɢɦɢɞɢɧɤɢɧɚɡɵ ɢ ɜɢɪɭɫɧɨɝɨ ɪɨɫɬɨɜɨɝɨ ɮɚɤɬɨɪɚ. Ɋɟɤɨɦɛɢɧɚɧɬ 
VV-GMCSF-Lact ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɦɨ ɛɨɥɶɲɟɣ ɨɧɤɨɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜ-
ɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɤ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɱɟɥɨɜɟɤɚ ɤɚɤ in 

vitro, ɬɚɤ ɢ in vivo ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɩɨ ɫɬɪɭɤɬɭɪɟ ɤɨɧ-

ɬɪɨɥɶɧɵɦ ɪɟɤɨɦɛɢɧɚɧɬɨɦ VV-GMCSF-dGF, ɧɨ ɧɟ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦ 

ɝɟɧ ɥɚɤɬɚɩɬɢɧɚ. ɒɬɚɦɦ VV-GMCSF-Lact ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɩɪɟɩɚɪɚɬɚ.

ɂɋɉɈɅɖɁɈȼȺɇɂȿ ȺȾȿɇɈȼɂɊɍɋɇɕɏ ȼȿɄɌɈɊɈȼ ȾɅə 

ȾɈɋɌȺȼɄɂ ȽȿɇȿɌɂɑȿɋɄɂɏ ɉɈɋɅȿȾɈȼȺɌȿɅɖɇɈɋɌȿɃ 

CASE12 ɂ CHR2-VENUS ȼ ȺɋɌɊɈɐɂɌɕ

USING OF ADENOVIRAL VECTORS FOR GENE DELIVERY 

OF CASE12 AND CHR2-VENUS IN ASTROCYTES

ɋ. Ⱥ. Ɍɭɬɭɤɨɜɚ, ɇ. ȼ. ɉɨɧɨɦɚɪɟɜɚ, ȿ. ȼ. Ɇɢɬɪɨɲɢɧɚ, 
Ɍ. Ⱥ. Ɇɢɳɟɧɤɨ, Ɇ. ȼ. ȼɟɞɭɧɨɜɚ, Ⱥ. Ⱥ. Ȼɚɛɚɟɜ

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɇɢɠɟɝɨɪɨɞɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ. ɂ. Ʌɨɛɚɱɟɜɫɤɨɝɨ
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Ⱥɧɧɨɬɚɰɢɹ
ɇɚ ɨɫɧɨɜɟ ɜɢɪɭɫɨɜ ɫɨɡɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ 

ɤɨɧɫɬɪɭɤɬɵ — ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɜɢɪɭɫɧɵɟ ɜɟɤɬɨɪɵ, ɫɩɨɫɨɛɧɵɟ ɷɮ-
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ɮɟɤɬɢɜɧɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɝɟɧ-ɢɧɬɟɪɟɫɚ ɜɧɭɬɪɶ ɤɥɟɬɨɤ Ɋɚɡɧɨɨɛɪɚ-
ɡɢɟ ɜɢɪɭɫɧɵɯ ɜɟɤɬɨɪɨɜ ɜɟɥɢɤɨ, ɜɫɟ ɨɧɢ ɢɦɟɸɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ 
ɢ ɧɟɞɨɫɬɚɬɤɢ. Ⱥɞɟɧɨɜɢɪɭɫɧɵɟ ɜɟɤɬɨɪɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɢɟ ɬɢ-

ɬɪɵ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɜɢɪɭɫɚ ɢ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɜɜɨɞɢ-

ɦɵɯ ɝɟɧɨɜ. 

Abstract

Specifi c molecular constructs — recombinant viral vectors able to 

effectively transport a gene of interest inside cells — were created 

on the basis of viruses. A variety of viral vectors is large; they all 

have their advantages and disadvantages. Adenoviral vectors pro-

duce recombinant virus at high titer with high-level expression of 

genes introduced.

AVV-GFAP-ChR2-Venus and AVV-GFAP-Case12 viral constructs 

kindly provided by Prof. Sergey Kasparov (School of Medical Sciences, 

University of Bristol) were used in the present research. Viral vectors were 

designed using GFAP (glial fi brillary acidic protein) astrocytic promoter. 

AVV-GFAP-ChR2-Venus represents a fusion construct consisting of 

Channelrhodopsin2 (ChR2) fused to Venus yellow fl uorescent protein 

(Ex/Em 515/528) necessary to visualize the expression. ChR2 forms an 

ion channel in the cell membrane and is activated when exposed to light 

with a wavelength of 470 nm allowing Na, Ca ɢ Ʉ ions to pass through, 

which, in its turn, allows monitoring various metabolic processes in cells. 

AVV-GFAP-Case12 contains a genetically encoded fl uorescent biosensor 

for analyzing fl uctuations in intracellular calcium ion concentration (Ex/

Em 484/507).

The aim of this work is to test the possibility of using GFAP-ChR2-

Venus and AVV-GFAP-Case12 adenoviral vectors in mono-culture of 

primary astrocytes from mice.

In this research, amplifi cation of viral vectors in HEK 293FɌ cell 

culture was carried out. The viruses were purifi ed and concentrated using 

Amicon ultra-15 (Merc Millipore) centrifugal fi lter devices. Mono-cultures 

of primary astrocytes were obtained from the cortex of newborn (P0-P2) 

mice, grown in DMEM medium containing 10 per cent serum, 100 mg/ml 



p=ƒąел 1108

C3H3NaO3 and 10 μl/ml ȼ-27 additive (Invitrogen). The cultures were 

infected on day 10 of culture. Expression of viral vectors was detected 

using the Karl Zeiss LSM 510 confocal laser-scanning microscope on day 

5 of culture (fi g. 1, fi g. 2). 

Fig. 1. a — astrocytes without viral vectors; b — astrocytes expressing 

AVV-GFAP-Case12

Fig. 2. a — astrocytes without viral vectors; b — astrocytes expressing 

AVV-GFAP-ChR2-Venus

ɚ b

ɚ b
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Conclusion: thus, it was possible to detect the possibility of using 

GFAP-ChR2-Venus and AVV-GFAP-Case12 adenoviral vectors in mono-

culture of primary astrocytes from mice. The viruses that have been 

amplifi ed and tested in mono-cultures of primary astrocytes are expected 

to be used for optical stimulation experiments for astrocytes cultures in 

vitro, and in vivo with laboratory animals.

ɋɈȼɊȿɆȿɇɇɕȿ ɉɈȾɏɈȾɕ Ʉ ɊȺɁȾȿɅȿɇɂɘ 

ɂ ɈɑɂɋɌɄȿ ɋɅɈɀɇɕɏ ɋɆȿɋȿɃ ȻɂɈɆɈɅȿɄɍɅ 

ɇȺ ɂɋɋɅȿȾɈȼȺɌȿɅɖɋɄɈɆ ɂ ɉɈɅɍɉɊɈɆɕɒɅȿɇɇɈɆ 

ɍɊɈȼɇəɏ

PROTEIN SEPARATION AND PURIFICATION: 
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Ɋɚɡɜɢɬɢɟ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɢ ɦɟɬɨɞɢɤ ɨɱɢɫɬɤɢ ɛɟɥɤɨɜ ɹɜɥɹɟɬɫɹ ɧɟ-

ɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɩɪɨɝɪɟɫɫɚ ɛɢɨɬɟɯɧɨɥɨɝɢɢ. ɏɪɨɦɚɬɨɝɪɚɮɢɹ, ɤɚɤ 
ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɝɢɛɤɢɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɪɚɡɞɟɥɟɧɢɹ, ɫɬɚɥɚ 
ɜɚɠɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢ ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ, ɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɝɞɟ ɬɪɟ-
ɛɭɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɢ ɨɱɢɫɬɤɚ ɛɟɥɤɚ ɢɡ ɫɥɨɠɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɦɟɫɟɣ. 
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Abstract

Progress of biotechnology depends on development of new meth-

ods of protein purifi cation. As one of the most fl exible and effective 

separation technique chromatography has become an important 

method both on laboratory and pilot scales, where complex biologi-

cal compounds should be separated.

Ȼɨɥɶɲɢɧɫɬɜɨ ɫɬɪɚɬɟɝɢɣ ɨɱɢɫɬɤɢ ɜɤɥɸɱɚɸɬ ɬɟ ɢɥɢ ɢɧɵɟ ɮɨɪɦɵ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɪɚɡɥɢɱɧɵɟ ɤɚɤ ɩɨ ɩɪɢɧɰɢɩɭ, ɬɚɤ ɢ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɢ ɫɤɨɪɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. Ɂɚɥɨɝ ɭɫɩɟɲɧɨɣ ɢ ɷɮɮɟɤ-
ɬɢɜɧɨɣ ɨɱɢɫɬɤɢ ɛɟɥɤɨɜ — ɷɬɨ ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɯ ɬɟɯɧɢɤ 
ɢ ɨɛɴɟɞɢɧɟɧɢɟ ɢɯ ɜ ɟɞɢɧɵɣ ɥɨɝɢɱɟɫɤɢɣ ɩɭɬɶ, ɭɜɟɥɢɱɢɜɚɸɳɢɣ ɜɵ-

ɯɨɞ ɢ ɦɢɧɢɦɢɡɢɪɭɸɳɢɣ ɱɢɫɥɨ ɲɚɝɨɜ. ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

ɫ ɪɚɡɥɢɱɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɢ ɪɚɡɪɟɲɟɧɢɟɦ, ɝɪɚɦɨɬɧɨ ɫɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɵɟ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ, ɦɨɝɭɬ ɫɬɚɬɶ ɦɨɳɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ 

ɞɥɹ ɨɱɢɫɬɤɢ ɥɸɛɵɯ ɛɢɨɦɨɥɟɤɭɥ.
ɐɟɥɶɸ ɷɬɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɤɚ ɟɞɢɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɨɩɬɢɦɢɡɚ-

ɰɢɢ ɭɫɥɨɜɢɣ ɨɱɢɫɬɤɢ ɛɟɥɤɨɜ ɢ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢ-

ɡɚɰɢɢ ɦɧɨɝɨɫɬɚɞɢɣɧɵɯ ɦɧɨɝɨɤɨɥɨɧɨɱɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɧɚ ɫɨɜɪɟɦɟɧ-

ɧɨɦ ɧɚɭɱɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ. 
ȼ ɯɨɞɟ ɨɩɬɢɦɢɡɚɰɢɢ ɛɵɥɚ ɩɨɞɨɛɪɚɧɚ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚɹ ɤɨɦ-

ɛɢɧɚɰɢɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɫɨɪɛɟɧɬɚ, ɡɧɚɱɟɧɢɣ pH ɢ ɝɪɚɞɢɟɧɬɚ 
ɫɨɥɢ ɛɭɮɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɩɪɢɦɟɪɟ ɨɱɢɫɬɤɢ ɮɢɨɥɟɬɨɜɨɝɨ ɛɟɥɤɚ, 
ɯɪɨɦɨɝɟɧɧɨɝɨ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ ɫ ɦɚɫɫɨɣ 26 ɤȾɚ. ȼɵɛɨɪ ɨɩ-

ɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɢɬɨɝɚɦ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɯɪɨɦɚɬɨɝɪɚɦɦ ɢ ɩɨɞɬɜɟɪɠɞɚɥɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɬɨɤɨɥɚ ɪɚɡɞɟɥɟɧɢɹ ɫ ɨɞɧɨɜɪɟ-

ɦɟɧɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɤɨɥɨɧɨɤ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɠɢɞɤɨɫɬɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ NGC Discover 10 (Bio-Rad). 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɛɨɪ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɯ ɦɨɞɭɥɟɣ ɠɢɞɤɨɫɬɧɨɣ ɫɯɟɦɵ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɨɱɢɫɬɤɢ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ, ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɧɟɫɤɨɥɶɤɨ ɬɟɫɬɨ-
ɜɵɯ ɩɪɨɬɨɤɨɥɨɜ ɞɥɹ ɦɧɨɝɨɤɨɥɨɧɨɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɢ ɬɚɧɞɟɦ-

ɧɨɣ ɨɱɢɫɬɤɢ ɛɟɥɤɨɜ.
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ɰɢɢ ɫɜɟɬɚ, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɠɢɞɤɨɣ ɞɢɫɩɟɪɫɢɢ ɯɚɨɬɢɱɧɨ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. Ɇɨɞɟɥɶ ɩɨ-
ɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɟɟ ɚɫɩɟɤɬɧɨɟ ɨɬɧɨɲɟɧɢɟ ɱɚɫɬɢɰ ɜ ɨɛɪɚɡɰɟ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɫɬɨɜɵɯ ɦɨɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ 
ɜ ɜɢɞɟ ɧɚɧɨɫɬɟɪɠɧɟɣ ɤɨɥɥɨɢɞɧɨɝɨ ɡɨɥɨɬɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟ-
ɬɪɨɜ ɧɟɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ.

Abstract

A new empirical model for the depolarization of the light passing 

through the liquid dispersion of randomly oriented nanorods is 

presented. This model allows to fi nd the average aspect ratio of 

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚ-
ɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɫɨɝɥɚɲɟɧɢɟ № 14.581.21.0014, ɢɞɟɧɬɢ-

ɮɢɤɚɬɨɪ RFMEFI58115X0014).
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nanoparticles in a dispersion. Obtained results of gold nanorods 

studies can be utilized in novel experimental methods for the deter-

mination of geometric parameters of non-spherical particles, includ-

ing biological nanoparticles.

Ɂɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɢ ɫɬɪɭɤɬɭɪ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ, ɱɪɟɡɜɵɱɚɣɧɨ ɚɤɬɭɚɥɶɧɚ ɫɟɝɨɞɧɹ. ȼ ɤɚɱɟ-
ɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɨɩɪɟɞɟɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟ-
ɬɪɨɜ ɤɥɟɬɨɤ ɤɪɨɜɢ ɩɪɢ ɝɟɦɨɬɪɚɧɫɮɭɡɢɢ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɢ ɠɢɡ-
ɧɟɫɩɨɫɨɛɧɨɫɬɢ ɬɪɨɦɛɨɰɢɬɨɜ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɛɵɫɬɪɵɯ, ɞɨɫɬɨɜɟɪɧɵɯ ɢ ɧɟɞɨɪɨɝɢɯ ɦɟɬɨɞɨɜ ɞɥɹ ɨɰɟɧɤɢ 

ɫɨɫɬɨɹɧɢɹ ɬɪɨɦɛɨɰɢɬɨɜ, ɤɚɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɞɟɝɪɚ-
ɞɢɪɨɜɚɬɶ ɩɪɢ ɯɪɚɧɟɧɢɢ ɩɥɚɡɦɵ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɫɩɨɧɬɚɧɧɨɣ ɚɤɬɢɜɚɰɢɢ, 

ɚɝɪɟɝɚɰɢɢ ɢ ɬ. ɩ. [1]

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ. ɇɟɫɦɨɬɪɹ 
ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɧɚɥɢɱɢɢ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɢ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɥɭ-
ɱɚɸɬ ɱɟɬɤɢɟ ɢ ɤɨɧɬɪɚɫɬɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɦɟɬɨ-
ɞɵ ɢɦɟɸɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ. Ɉɫɧɨɜɧɨɣ ɢɡ ɧɢɯ ɫɜɹɡɚɧ 

ɫ ɬɟɦ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɨɬ ɫɩɨɫɨ-
ɛɚ ɢ ɭɫɥɨɜɢɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ (ɧɚɩɪɢɦɟɪ, ɦɨɠɟɬ ɛɵɬɶ ɧɟɜɨɡɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ, ɩɪɨɢɡɨɲɥɚ ɥɢ ɚɝɪɟɝɚɰɢɹ ɱɚɫɬɢɰ ɜ ɢɫɯɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ 

ɢɥɢ ɜ ɦɨɦɟɧɬ ɜɵɫɭɲɢɜɚɧɢɹ ɨɛɪɚɡɰɚ ɧɚ ɩɨɞɥɨɠɤɟ).
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɨɩɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɟɢɜɚɸɳɢɯ ɨɛɴɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɨ-
ɥɨɝɢɱɟɫɤɢɯ. Ɉɩɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɦɟɸɬ ɪɹɞ ɧɟɨɫɩɨɪɢɦɵɯ ɩɪɟɢɦɭ-
ɳɟɫɬɜ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɜɵɩɨɥɧɹ-
ɸɬɫɹ ɧɟɢɧɜɚɡɢɜɧɨ, ɛɟɫɤɨɧɬɚɤɬɧɨ ɢ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ 
ɢɡɦɟɪɟɧɢɣ.

ȼ ɦɟɬɨɞɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ (ȾɊɋ) ɢɡɦɟɪɹɸɬ ɜɪɟɦɟɧ-

ɧɭɸ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ, ɩɨɡɜɨɥɹɸɳɭɸ ɧɚɣɬɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɢɮɮɭɡɢɢ ɢ ɪɚɞɢɭɫ ɧɚɧɨɱɚɫɬɢɰ. Ɉɞɧɚɤɨ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɢɛɨɪɚɯ 
ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɡɦɟɪɚɯ ɱɚɫɬɢɰ ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɟɞɩɨɥɨɠɟ-
ɧɢɢ ɨɛ ɢɯ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɟ. ɂɡɦɟɪɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟ-
ɬɪɨɜ ɧɟɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚ-
ɞɚɱɟɣ ɢ ɧɨɫɢɬ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɯɚɪɚɤɬɟɪ.



a,%2е.…%л%Ą, 113

Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɪɟɞɟɥɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚ-
ɦɟɬɪɵ ɧɟɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ [2].

Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɞɟɩɨɥɹɪɢ-

ɡɚɰɢɢ ɫɜɟɬɚ, ɪɚɫɫɟɹɧɧɨɝɨ ɜ ɜɨɞɧɨɣ ɞɢɫɩɟɪɫɢɢ ɧɚɧɨɱɚɫɬɢɰ. ȼ ɤɚɱɟɫɬɜɟ 
ɬɟɫɬɨɜɵɯ ɦɨɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɚɧɨɫɬɟɪɠɧɢ ɤɨɥɥɨ-
ɢɞɧɨɝɨ ɡɨɥɨɬɚ. Ɉɛɪɚɡɰɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɛɵɥɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɧɚɧɨɛɢɨɬɟɯɧɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ ɛɢɨɯɢ-

ɦɢɢ ɢ ɮɢɡɢɨɥɨɝɢɢ ɪɚɫɬɟɧɢɣ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɊȺɇ [3].

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɫɫɥɟ-
ɞɨɜɚɧɵ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɱɚɫɬɢɰ ɜ ɨɛɪɚɡɰɟ ɩɨ ɪɚɡɦɟɪɚɦ, ɬɚɤɠɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ 
ɨɛɪɚɡɰɨɜ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɤɜɚɡɢɫɮɟɪɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ.

ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɪɟɝɢɫɬɪɚɰɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɢɡɥɭ-
ɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɞɥɹ ɪɚɡɧɵɯ ɭɝɥɨɜ ɪɚɫɫɟɹɧɢɹ ɢ ɩɪɢ ɭɝɥɚɯ ɩɨ-
ɜɨɪɨɬɚ ɨɫɢ ɩɨɥɹɪɢɡɚɬɨɪɚ, ɫɬɨɹɳɟɝɨ ɩɟɪɟɞ ɮɨɬɨɩɪɢɟɦɧɢɤɨɦ 0° (VV-

ɩɨɥɹɪɢɡɚɰɢɹ) ɢ 90° (VH-ɩɨɥɹɪɢɡɚɰɢɹ) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɩɨɥɹɪɢɡɚɰɢɢ ɥɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɞɢ-

ɨɞɧɨɝɨ ɥɚɡɟɪɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 657,8 ɧɦ. ɂɡɦɟɪɟɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟ-
ɧɵ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ 

Photocor Complex (ɈɈɈ «Ɏɨɬɨɤɨɪ», Ɋɨɫɫɢɹ). 
ɂɡɦɟɪɹɥɚɫɶ ɫɬɟɩɟɧɶ ɞɟɩɨɥɹɪɢɡɚɰɢɢ ɫɜɟɬɚ — ɨɬɧɨɲɟɧɢɟ ɢɧɬɟɧɫɢɜ-

ɧɨɫɬɢ ɞɟɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɤ ɨɛɳɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟ-
ɹɧɧɨɝɨ ɫɜɟɬɚ, ɞɥɹ ɨɛɪɚɡɰɨɜ ɜɨɞɧɵɯ ɞɢɫɩɟɪɫɢɣ ɡɨɥɨɬɵɯ ɧɚɧɨɫɬɟɪɠɧɟɣ 

ɫ ɪɚɡɧɵɦɢ ɫɪɟɞɧɢɦɢ ɚɫɩɟɤɬɧɵɦɢ ɨɬɧɨɲɟɧɢɹɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɮɨɪɦɵ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɧɚ 
ɫɬɟɩɟɧɶ ɞɟɩɨɥɹɪɢɡɚɰɢɢ ɨɞɧɨɤɪɚɬɧɨ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ. Ⱦɥɹ ɨɛɴɹɫɧɟ-
ɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɬɟɩɟ-
ɧɢ ɞɟɩɨɥɹɪɢɡɚɰɢɢ ɫɜɟɬɚ, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɠɢɞɤɨɣ ɞɢɫɩɟɪ-
ɫɢɢ ɯɚɨɬɢɱɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. 

Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɞɟɩɨɥɹɪɢɡɚɰɢɢ 

ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ ɨɬ ɫɪɟɞɧɟɝɨ ɚɫɩɟɤɬɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɫ ɭɱɟɬɨɦ ɢɡ-
ɜɟɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɚɫɩɟɤɬɧɨɦɭ ɨɬɧɨɲɟɧɢɸ ɢ ɧɚɥɢɱɢɹ 
ɩɪɢɦɟɫɟɣ ɤɜɚɡɢɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɚɹ 
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ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɟɟ ɚɫɩɟɤɬɧɨɟ ɨɬɧɨɲɟɧɢɟ ɱɚɫɬɢɰ 

ɜ ɨɛɪɚɡɰɟ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɨɞɟɥɶ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɤɨɥɢɱɟɫɬɜɨ 
ɤɜɚɡɢɫɮɟɪɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɞɢɫɩɟɪɫɢɢ, ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɢɡɜɟɫɬɧɨ 
ɫɪɟɞɧɟɟ ɚɫɩɟɤɬɧɨɟ ɨɬɧɨɲɟɧɢɟ ɧɚɧɨɫɬɟɪɠɧɟɣ ɜ ɨɛɪɚɡɰɟ.
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɫɬɨɜɵɯ ɦɨɞɟɥɶɧɵɯ ɨɛɴ-

ɟɤɬɨɜ ɜ ɜɢɞɟ ɧɚɧɨɫɬɟɪɠɧɟɣ ɤɨɥɥɨɢɞɧɨɝɨ ɡɨɥɨɬɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶ-
ɡɨɜɚɧɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɟɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ, ɧɚ-
ɩɪɢɦɟɪ, ɬɚɤɢɯ ɤɚɤ ɢɦɦɭɧɨɝɥɨɛɭɥɢɧɵ, ɛɟɥɤɨɜɵɟ ɤɨɦɩɥɟɤɫɵ, ɜɧɟɤɥɟ-
ɬɨɱɧɵɟ ɜɟɡɢɤɭɥɵ, ɷɤɡɨɫɨɦɵ, ɛɚɤɬɟɪɢɨɮɚɝɢ ɢ ɬ. ɩ. [4–6]
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Ⱥɧɧɨɬɚɰɢɹ
ɉɨ ɞɚɧɧɵɦ ȼɈɁ ɫɥɭɱɚɢ ɡɚɪɚɠɟɧɢɹ ɜɢɪɭɫɨɦ Ɂɢɤɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚ-

ɧɵ ɜ 72 ɫɬɪɚɧɚɯ, ɢɡ ɧɢɯ ɜ 55 ɫɬɪɚɧɚɯ ɧɚɱɢɧɚɹ ɫ 2015 ɝ. ɇɚ ɬɟɤɭɳɢɣ 

ɦɨɦɟɧɬ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ. ɉɪɢ ɷɬɨɦ ɪɚɡɪɚɛɨɬɤɚ ɞɢɚɝɧɨɫɬɢɤɭɦɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɠɢɜɨɝɨ ɜɢɪɭɫɚ ɡɚɬɪɭɞɧɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɨɛɥɸɞɟɧɢɹ ɜɵɫɨɤɨɝɨ 
ɭɪɨɜɧɹ ɛɢɨɡɚɳɢɬɵ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚɦɢ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɩɪɨɤɚɪɢɨ-
ɬɢɱɟɫɤɢɟ ɩɪɨɞɭɰɟɧɬɵ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ ɯɢɦɟɪɧɵɟ ɮɪɚɝɦɟɧɬɵ ɛɟɥ-
ɤɚ ȿ ɜɢɪɭɫɚ Ɂɢɤɚ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɩɪɢɝɨɞɧɵɟ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɝɟɧɨɜ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɫɟɪɨɥɨɝɢɱɟɫɤɢɯ ɬɟɫɬ-ɫɢɫɬɟɦ.

Abstract

According to WHO cases of Zika virus registered in 72 countries, 

including 55 countries starting from 2015. At the moment Russian 

Federation diagnostic test systems do not exist. While the develop-

ment of Diagnostics using live virus to be hampered by the need to 

comply with high level of biosecurity, in this regard, we proposed 
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prokaryotic producers expressing chimeric fragments Zika virus 

E protein, potentially useful as antigens to create a serological test 

systems.

ȼɢɪɭɫ Ɂɢɤɚ — ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɫɟɦɟɣɫɬɜɚ Flaviviridae ɪɨɞɚ Flavivirus, 

ɧɚɡɜɚɧɧɵɣ ɜ ɱɟɫɬɶ ɦɟɫɬɧɨɫɬɢ, ɝɞɟ ɜ 1947 ɝɨɞɭ ɜɩɟɪɜɵɟ ɛɵɥ ɜɵɹɜɥɟɧ 

ɭ Ɇɚɤɚɤ-ɪɟɡɭɫ (ɥɟɫ Ɂɢɤɚ ɜ ɍɝɚɧɞɟ, ȼɨɫɬɨɱɧɚɹ Ⱥɮɪɢɤɚ) [1]. Ʉ ɫɟɦɟɣɫɬɜɭ 
Flaviviridae ɨɬɧɨɫɹɬɫɹ ɬɚɤɠɟ ɜɨɡɛɭɞɢɬɟɥɢ ɠɟɥɬɨɣ ɥɢɯɨɪɚɞɤɢ, ɥɢɯɨɪɚ-
ɞɨɤ ɞɟɧɝɟ ɢ Ɂɚɩɚɞɧɨɝɨ ɇɢɥɚ, ɤɨɦɩɥɟɤɫɚ ɤɥɟɳɟɜɨɝɨ ɷɧɰɟɮɚɥɢɬɚ ɢ ɞɪɭ-
ɝɢɯ ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ [2,3]. 1 ɮɟɜɪɚɥɹ 2016 ɝɨɞɚ ȼɫɟɦɢɪɧɚɹ 
ɨɪɝɚɧɢɡɚɰɢɹ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɨɛɴɹɜɢɥɚ ɥɢɯɨɪɚɞɤɭ Ɂɢɤɚ ɭɝɪɨɡɨɣ ɨɛɳɟ-
ɫɬɜɟɧɧɨɦɭ ɡɞɨɪɨɜɶɸ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɭɪɨɜɧɹ [4,5]. ɑɚɳɟ ɜɫɟɝɨ ɜɢɪɭɫ 
Ɂɢɤɚ ɩɟɪɟɞɚɟɬɫɹ ɩɪɢ ɭɤɭɫɚɯ ɡɚɪɚɠɟɧɧɵɯ ɤɨɦɚɪɨɜ ɪɨɞɚ Aedes, ɜ ɛɨɥɶ-
ɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ Aedes aegypti [6]. ȼɚɤɰɢɧɧɵɯ ɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɪɟ-
ɩɚɪɚɬɨɜ ɩɪɨɬɢɜ ɜɢɪɭɫɚ Ɂɢɤɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɊɎ ɧɟ ɪɚɡɪɚɛɨɬɚɧɵ.

Ɍɚɤ ɤɚɤ ɪɚɛɨɬɚ ɫ ɠɢɜɵɦ ɜɢɪɭɫɨɦ Ɂɢɤɚ ɜɨɡɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɬɨɥɶɤɨ 
ɜ ɭɫɥɨɜɢɹɯ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɡɚɳɢɬɵ, ɚ ɩɪɢɦɟɧɟɧɢɟ ɢɧɚɤɬɢɜɢɪɨɜɚɧɧɨ-
ɝɨ ɜɢɪɭɫɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɬɟɫɬ-ɫɢɫɬɟɦ ɭɫɥɨɠɧɟɧɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɩɪɨɜɟɪɤɢ ɩɨɥɧɨɬɵ ɢɧɚɤɬɢɜɚɰɢɢ 

ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɬɨ ɫɨɡɞɚɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɞɭɰɟɧɬɨɜ ɪɟɤɨɦɛɢ-

ɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɜɫɟ ɜɵɲɟ ɭɤɚɡɚɧɧɵɟ ɩɪɨɛɥɟɦɵ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚɦɢ ɛɵɥ ɩɨɥɭɱɟɧɵ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɟ ɩɪɨɞɭɰɟɧɬɵ 

ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɯɢɦɟɪɧɨɝɨ ɛɟɥɤɚ ȿ ɜɢɪɭɫɚ Ɂɢɤɚ.
Ⱦɥɹ ɜɵɛɨɪɚ ɤɥɨɧɢɪɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɛɢɨɢɧɮɨɪɦɚɬɢ-

ɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɢɪɭɫɧɨɝɨ ɩɨɥɢɩɟɩɬɢɞɚ ɜɢɪɭɫɚ Ɂɢɤɚ. Ⱦɚɧɧɵɣ ɚɧɚɥɢɡ 
ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɩɨɥɧɨɪɚɡɦɟɪɧɵɣ ɝɥɢɤɨ-
ɩɪɨɬɟɢɧ E ɫ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɛɭɞɟɬ ɧɟɪɚɫɬɜɨɪɢɦ, ɱɬɨ ɜ ɞɚɥɶ-
ɧɟɣɲɟɦ ɦɨɠɟɬ ɭɫɥɨɠɧɢɬ ɟɝɨ ɩɨɥɭɱɟɧɢɟ, ɨɱɢɫɬɤɭ ɢ ɪɟɮɨɥɞɢɧɝ. ȼ ɫɜɹ-
ɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɛɨɥɶɲɢɟ ɢɦɭɧɧɨɝɟɧɧɵɟ ɮɪɚɝ-
ɦɟɧɬɵ ɝɥɢɤɨɩɪɨɬɟɢɧɚ E ɜɢɪɭɫɚ Ɂɢɤɚ ɪɚɡɦɟɪɚɦɢ 348 ɚ.ɨ. ɢ 187 ɚ.ɨ.
ɋ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɤɨɞɢɪɭɸ-

ɳɢɯ ɮɪɚɝɦɟɧɬɵ ɛɟɥɤɚ ȿ ɜɢɪɭɫɚ Ɂɢɤɚ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɡɦɢɞɭ pET32a. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ pET-ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɧɞɭɰɢɛɟɥɶɧɭɸ ɷɤɫɩɪɟɫ-
ɫɢɸ ɰɟɥɟɜɵɯ ɩɨɥɢɩɟɩɬɢɞɨɜ ɫ ɥɢɞɢɪɭɳɟɣ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɫɬɶɸ ɬɢɨɪɟɞɨɤɫɢɧɚ A (TrxA), ɱɬɨ ɩɨɜɵɲɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɯɢɦɟɪɧɨɝɨ ɛɟɥɤɚ ɢ ɨɛɥɟɝɱɚɟɬ ɪɟɮɨɥɞɢɧɝ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ.
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ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ ɉɐɊ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɡɦɢ-

ɞɭ, ɫɨɞɟɪɠɚɳɭɸ ɫɢɧɬɟɡɢɪɨɜɚɧɧɭɸ ɧɭɤɥɟɨɬɢɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɶ ɭɱɚɫɬɤɚ ɝɟɧɨɦɚ ɜɢɪɭɫɚ Ɂɢɤɚ ɲɬɚɦɦ ZIKV/H.sapiens/Brazil/

PE243/2015 [GenBank: KX197192.1]. ɉɪɢ ɪɚɫɱɟɬɟ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ 
ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɚɣɦɟɪɨɜ ɛɵɥɢ ɜɤɥɸɱɟɧɵ ɫɚɣɬɵ ɪɟɫɬɪɢɤɰɢɣ 

Bsp19I ɢ Sfr274I. Ⱦɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ Pfu-ɩɨɥɢɦɟɪɚɡɭ, 
ɮɚɤɬɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɚɦɩɥɢɤɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɪɚɫɱɟɬɧɵɦ ɢ ɫɨ-
ɫɬɚɜɢɥɢ 1044 ɩ.ɧ. ɢ 561 ɩ.ɧ. ɉɨɥɭɱɟɧɧɵɟ ɚɦɩɥɢɤɨɧɵ ɢ ɚɤɰɟɩɬɨɪɧɚɹ 
ɩɥɚɡɦɢɞɚ ɝɢɞɪɨɥɢɡɨɜɚɥɢɫɶ ɩɨ ɜɵɛɪɚɧɧɵɦ ɫɚɣɬɚɦ ɪɟɫɬɪɢɤɰɢɢ ɜ ɛɭ-
ɮɟɪɚɯ ɢ ɭɫɥɨɜɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɷɧɞɨɧɭɤɥɟɚɡ 
(SibEnzyme, Ɋɨɫɫɢɹ). ɉɪɨɞɭɤɬɵ ɝɢɞɪɨɥɢɡɚ ɩɨɞɜɟɪɝɚɥɢ ɷɥɟɤɬɪɨɮɨ-
ɪɟɬɢɱɟɫɤɨɦɭ ɪɚɡɞɟɥɟɧɢɸ, ȾɇɄ-ɮɪɚɝɦɟɧɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɫɬɚɜ-
ɤɚɦ ɢ ɜɟɤɬɨɪɭ, ɨɱɢɳɚɥɢ ɨɬ ɚɝɚɪɨɡɧɨɝɨ ɝɟɥɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ 
QIAquick Gel Extraction Kit (QIAGEN Sciences, ɋɒȺ). ȼɵɞɟɥɟɧɧɵɟ 
ɩɪɨɞɭɤɬɵ ɝɢɞɪɨɥɢɡɚ ɥɢɝɢɪɨɜɚɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɳɟɩɪɢɧɹɬɵɦɢ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ, ɥɢɝɚɡɧɨɣ ɫɦɟɫɶɸ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɥɢ ɤɨɦɩɟɬɟɧɬɧɵɟ 
ɤɥɟɬɤɢ E.coli ɲɬɚɦɦ KRX (Promega, ɋɒȺ). Ʉɥɨɧɵ-ɪɟɤɨɦɛɢɧɚɧɬɵ 

ɫɤɪɢɧɢɪɨɜɚɥɢ ɜ ɉɐɊ ɢ ɪɟɫɬɪɢɤɰɢɨɧɧɨɦ ɚɧɚɥɢɡɟ. ɐɟɥɨɫɬɧɨɫɬɶ ɪɚɦɤɢ 

ɫɱɢɬɵɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟɦ ɩɥɚɡɦɢɞ. 

ɉɨɥɭɱɟɧɧɵɟ ɤɥɨɧɵ-ɩɪɨɞɭɰɟɧɬɵ pET32a+Z-1044 ɢ pET32a+Z-561 

ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɩɨ ɭɪɨɜɧɸ ɷɤɫɩɪɟɫɫɢɢ ɩɨɫɥɟ ɢɧɞɭɤɰɢɢ ɜ SDS-PAGE 

ɷɥɟɤɬɪɨɮɨɪɟɡɟ, ɩɪɢ ɷɬɨɦ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɛɟɥɤɢ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɛɟɧɞɚɦɢ, ɨɬɫɭɬɫɬɜɭɸɳɢɦɢ ɜ ɤɨɧɬɪɨɥɹɯ, ɜ ɨɛɥɚɫɬɢ ~55–58 ɤȾɚ 
ɢ ~38–40 ɤȾɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬɧɵɦ ɦɨɥɟɤɭ-
ɥɹɪɧɵɦ ɦɚɫɫɚɦ ɛɟɥɤɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɢɧɞɭɤɬɨɪɚ ɷɤɫɩɪɟɫɫɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 

20 %-ɧɵɣ ɪɚɫɬɜɨɪ L-ɪɚɦɧɨɡɵ (1:200 ɤ ɠɢɞɤɨɣ ɫɪɟɞɟ), ɜɚɪɶɢɪɭɹ ɭɫɥɨɜɢɹ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ (18 ºC — 18 ɱɚɫɨɜ, 24 ºC — 16 ɱɚɫɨɜ, 37ºC — 2 ɢ 4 ɱɚɫɚ). 
Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɦɚɫɫɚ ɩɨɫɥɟ ɢɧɞɭɤɰɢɢ ɨɫɚɠɞɚɥɚɫɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, 

ɩɨɫɥɟ ɱɟɝɨ ɨɫɚɞɤɢ ɪɟɫɭɫɩɟɧɡɢɪɨɜɚɥɢ ɜ ɥɢɡɢɪɭɸɳɟɦ ɛɭɮɟɪɟ (ɎȻɊ + 1 % 

Triton X-100) ɢ ɞɟɡɢɧɬɟɝɪɢɪɨɜɚɥɢ ɨɛɪɚɛɨɬɤɨɣ ɭɥɶɬɪɚɡɜɭɤɨɦ. Ɋɚɫɬɜɨɪɢ-

ɦɨɫɬɶ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɜ ɥɢɡɚɬɚɯ ɤɥɟɬɨɤ ɨɰɟɧɢɜɚɥɢ ɩɨ ɨɛɳɟɩɪɢ-

ɧɹɬɵɦ ɦɟɬɨɞɢɤɚɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɯɢɦɟɪɧɨɝɨ ɛɟɥɤɚ, 
ɫɨɞɟɪɠɚɳɢɣ ɮɪɚɝɦɟɧɬ ɛɟɥɤɚ E ɜɢɪɭɫɚ Ɂɢɤɚ ɪɚɡɦɟɪɨɦ 187 ɚ.ɨ., ɧɚɯɨɞɢɬɫɹ 
ɜ ɪɚɫɬɜɨɪɢɦɨɣ ɮɪɚɤɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ 
ɛɟɥɤɚ ɫ ɮɪɚɝɦɟɧɬɨɦ E ɜ 348 ɚ.ɨ. ɩɨɥɧɨɫɬɶɸ ɧɟɪɚɫɬɜɨɪɢɦ. Ɍɚɤ ɤɚɤ ɩɪɢ-
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ɦɟɧɟɧɢɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɝɟɧɨɜ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɜ ɜɢɞɭ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɮɨɥɞɢɧɝɚ, ɬɨ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ 

ɪɚɛɨɬɵ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɥɨɧ-ɩɪɨɞɭɰɟɧɬ pET32a+Z-561/5, ɩɨɡɜɨɥɹɸ-

ɳɢɣ ɩɨɥɭɱɢɬɶ ɛɟɥɨɤ ɜ ɪɚɫɬɜɨɪɢɦɨɣ ɮɨɪɦɟ.
ɏɢɦɟɪɧɵɣ ɛɟɥɨɤ TrxA-E ɨɱɢɳɚɥɢ ɦɟɬɨɞɨɦ ɚɮɮɢɧɧɨɣ ɯɪɨɦɚɬɨ-

ɝɪɚɮɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɤɟɥɶ-ɫɟɮɚɪɨɡɵ. Ʉɨɧɟɱɧɵɣ ɜɵɯɨɞ ɩɪɨ-
ɞɭɤɬɚ ɫɨɫɬɚɜɢɥ ɧɟ ɦɟɧɟɟ 35 ɦɝ ɫ 1 ɥ ɤɭɥɶɬɭɪɵ. ɉɨɥɭɱɟɧɧɭɸ ɮɪɚɤɰɢɸ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɜ ɛɟɥɤɨɜɨɦ SDS-PAGE ɷɥɟɤɬɪɨɮɨɪɟɡɟ, ɫɬɟɩɟɧɶ ɱɢɫɬɨ-
ɬɵ ɩɪɟɩɚɪɚɬɚ ɫɨɫɬɚɜɢɥɚ 95–98 %.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɟɧ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢ ɨɱɢɳɟɧɧɵɣ ɪɚɫɬɜɨ-
ɪɢɦɵɣ ɯɢɦɟɪɧɵɣ ɛɟɥɨɤ, ɜɤɥɸɱɚɸɳɢɣ ɮɪɚɝɦɟɧɬ ɝɥɢɤɨɩɪɨɬɟɢɧɚ E ɜɢ-

ɪɭɫɚ Ɂɢɤɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɨɰɟɧɢɬɶ ɚɧɬɢɝɟɧɧɭɸ ɫɩɟɰɢ-

ɮɢɱɧɨɫɬɶ ɛɟɥɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤ ɩɚɧɟɥɢ ɮɥɚɜɢ-

ɜɢɪɭɫɨɜ ɫɵɜɨɪɨɬɨɤ ɤɪɨɜɢ, ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɚɧɬɢɝɟɧɚ ɜ ɫɟɪɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɞɥɹ ɞɟɬɟɤɰɢɢ ɜɢɪɭɫɫɩɟɰɢɮɢɱɟ-
ɫɤɢɯ ɚɧɬɢɬɟɥ ɤ ɜɢɪɭɫɭ Ɂɢɤɚ.
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Ⱥɧɧɨɬɚɰɢɹ
ɋɪɟɞɢ ɧɟɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɱɟɥɨɜɟɤɚ ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚ-

ɛɨɥɟɜɚɧɢɹ ɡɚɧɢɦɚɸɬ ɜɬɨɪɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɩɪɢɱɢɧ ɫɦɟɪɬɧɨɫɬɢ ɜ ɦɢɪɟ.
ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɹɰɢɢ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɩɪɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ 

ɡɚɛɨɥɟɜɚɧɢɹɯ ɦɨɠɟɬ ɢɝɪɚɬɶ ɪɟɰɟɩɬɨɪ CTLA-4 (CD152). Ⱦɚɧɧɵɣ ɪɟ-
ɰɟɩɬɨɪ ɷɤɫɩɨɧɢɪɨɜɚɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ T-ɥɢɦɮɨɰɢɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɟɝɨ ɥɢɝɚɧɞ B7–2 (CD86) ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɭɯɨɥɟ-
ɜɵɯ ɤɥɟɬɨɤ. ɂɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɡɜɨɥɹɟɬ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ ɩɨ-

* ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ 
ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ № 16-34-00371 ɦɨɥ_ɚ.
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ɞɚɜɢɬɶ ɰɢɬɨɬɨɤɫɢɱɧɭɸ ɚɤɬɢɜɧɨɫɬɶ Ɍ-ɥɢɦɮɨɰɢɬɨɜ, ɢ ɬɟɦ ɫɚɦɵɦ ɢɡ-
ɛɟɠɚɬɶ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ.

Abstract

Among the non-infectious human diseases cancers are the second 

leading cause of mortality in the world.

An important role in the regulation of the immune response in can-

cer may play a receptor CTLA-4 (CD152). This receptor is exposed 

on the surface of T-lymphocytes, whereas its ligand B7–2 (CD86) 

can reside on the surface of tumor cells. The interaction allows the 

tumor cells to suppress the cytotoxic activity of T lymphocytes and 

thus avoid the immune response.

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɨɫɬɚɸɬɫɹ ɨɞɧɨɣ 

ɢɡ ɝɥɚɜɧɵɯ ɩɪɢɱɢɧ ɫɦɟɪɬɧɨɫɬɢ ɜɨ ɜɫɟɦ ɦɢɪɟ. Ɇɧɨɝɨɨɛɪɚɡɢɟ ɦɨɥɟɤɭɥɹɪ-
ɧɨ-ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɩɭɯɨɥɟɣ ɹɜɥɹɟɬɫɹ ɫɟɪɶɟɡɧɨɣ 

ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɪɚɧɧɟɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɬɟɪɚɩɢɢ ɰɟɥɨɝɨ ɪɹɞɚ ɨɧɤɨɥɨɝɢɣ.

ɉɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɨɩɭɯɨɥɟɣ ɧɟɢɦɦɭɧɨɝɟɧɧɵ, ɩɪɢɱɢɧɨɣ, 

ɡɚɱɚɫɬɭɸ, ɹɜɥɹɟɬɫɹ ɧɟ ɨɬɫɭɬɫɬɜɢɟ ɨɩɭɯɨɥɟɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɧɬɢɝɟɧɨɜ, 
ɚ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɢɯ ɩɪɟɡɟɧɬɚɰɢɹ ɧɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ. Ɍɚɤ ɩɪɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɢ ɥɢɦɮɨɰɢɬɨɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɫ ɩɨɞɚɜɥɟɧɧɵɦɢ 

ɢɦɦɭɧɧɵɦɢ ɪɟɚɤɰɢɹɦɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɥɢɦɮɨɰɢɬɵ, ɢɧɮɢɥɶɬɪɭ-
ɸɳɢɟ ɨɩɭɯɨɥɶ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɛɵɥɢ ɚɧɟɪɝɢɱɧɵɦɢ [1]. Ɉɞɧɢɦ 

ɢɡ ɩɪɢɱɢɧ ɩɨɞɚɜɥɟɧɢɹ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɹɜɥɹɟɬɫɹ 
ɝɢɩɟɪɷɤɫɩɪɟɫɫɢɹ ɥɢɝɚɧɞɚ B7–2, ɤɨɬɨɪɵɣ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɦɚɪɤɟɪɚɦɢ 

CD28 ɢ CTLA-4 — ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɪɟɰɟɩɬɨɪɚɦɢ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɢ ɱɚ-
ɫɬɨ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ.
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɫɹ ɩɨɢɫɤ ɩɟɩɬɢɞɨɜ, ɫɩɟɰ-

ɢɮɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɪɟɰɟɩɬɨɪɨɦ CTLA-4 T-ɥɢɦɮɨɰɢɬɨɜ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɧɚɬɢɜɧɵɦ ɥɢɝɚɧɞɨɦ B7–2.

ȼ ɤɚɱɟɫɬɜɟ ɦɢɲɟɧɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɯɢɦɟɪɧɵɣ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɛɟ-
ɥɨɤ CTLA-4, ɫɨɫɬɨɹɳɢɣ ɢɡ Fc-ɮɪɚɝɦɟɧɬɚ ɬɹɠɟɥɨɣ ɰɟɩɢ ɢɦɦɭɧɨɝɥɨ-
ɛɭɥɢɧɚ, ɢ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɞɨɦɟɧɚ ɪɟɰɟɩɬɨɪɚ CTLA-4.

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚ ɦɢɲɟɧɢ ɛɵɥɚ ɩɪɨ-
ɜɟɞɟɧɚ ɚɮɮɢɧɧɚɹ ɫɟɥɟɤɰɢɹ ɩɟɩɬɢɞɨɜ ɢɡ ɮɚɝɨɜɨɣ ɩɟɩɬɢɞɧɨɣ ɛɢɛɥɢ-

ɨɬɟɤɢ [3], ɧɚ ɬɪɟɬɶɟɦ ɪɚɭɧɞɟ ɛɵɥ ɩɨɥɭɱɟɧ ɷɥɸɚɬ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
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2×106 ȻɈȿ/ɦɥ. Ɉɞɧɚɤɨ ɚɧɚɥɢɡ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɩɟɩɬɢɞɨɜ, ɷɤɫɩɨɧɢɪɭɟɦɵɯ ɨɬɞɟɥɶɧɵɦɢ ɮɚɝɨɜɵɦɢ ɤɥɨɧɚɦɢ, ɛɵɥɢ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɤɚɤ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɫ «ɩɥɚɫɬɢɤɨɦ».

Ɋɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɚɮɮɢɧɧɨɣ ɫɟɥɟɤɰɢɢ ɛɵɥɨ ɪɟɲɟɧɨ ɩɨɜɵɫɢɬɶ 
ɡɚ ɫɱɟɬ ɧɟɝɚɬɢɜɧɨɣ ɫɟɥɟɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɝɧɢɬɧɵɯ ɱɚɫɬɢɰ 

ɫ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦ ɩɪɨɬɟɢɧɨɦ G/A ɜ ɤɚɱɟɫɬɜɟ ɩɨɞɥɨɠɤɢ-ɧɨɫɢɬɟɥɹ. 
Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɫɦɟɧɢɬɶ ɮɨɪɦɚɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɩɬɢɞɨɜ 
ɜ ɫɨɫɬɚɜɟ ɛɚɤɬɟɪɢɨɮɚɝɨɜ ɫ ɦɢɲɟɧɶɸ, ɢ ɫɧɢɡɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɫɥɟɞɭ-
ɸɳɟɣ ɚɦɩɥɢɮɢɤɚɰɢɢ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɯ ɮɚɝɨɜ. ɉɨɫɥɟ ɬɪɟɯ ɪɚɭɧɞɨɜ 
ɚɮɮɢɧɧɨɣ ɫɟɥɟɤɰɢɢ ɩɨ ɞɚɧɧɨɣ ɫɯɟɦɟ ɛɵɥ ɩɨɥɭɱɟɧ ɷɥɸɚɬ ɫɨ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢɦ ɬɢɬɪɨɦ ɛɚɤɬɟɪɢɨɮɚɝɨɜ (16×104 ȻɈȿ/ɦɥ), ɬɟɦ ɧɟ 
ɦɟɧɟɟ, ɩɨɫɥɟɞɭɸɳɢɣ ɚɧɚɥɢɡ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɜɵɹɜɢɥ ɧɚɥɢɱɢɟ ɫɩɟɰɢɮɢɱɧɵɯ ɭɧɢɤɚɥɶɧɵɯ ɩɟɩɬɢɞɨɜ. Ⱦɥɹ ɞɚɥɶɧɟɣ-

ɲɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 60 ɮɚɝɨɜɵɯ ɤɥɨɧɨɜ ɛɵɥɢ ɧɚɪɚɛɨɬɚɧɵ ɜ ɩɪɟɩɚɪɚ-
ɬɢɜɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ, ɩɨɫɥɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɜɢɪɭɫɧɵɯ ɝɟɧɨɦɨɜ ɛɵɥɚ 
ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɜɹɡɵɜɚɧɢɹ ɨɬɨɛɪɚɧɧɵɯ ɩɟɩɬɢɞɨɜ 
ɜ ɫɨɫɬɚɜɟ ɛɚɤɬɟɪɢɨɮɚɝɨɜ ɜ ɞɨɬ-ɛɥɨɬ ɚɧɚɥɢɡɟ. ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɤɥɨɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɪɟɦ ɝɪɭɩɩɚɦ ɮɚɝɨɬɨɩɨɜ, ɛɚɤɬɟɪɢɨ-
ɮɚɝ ɛɟɡ ɩɟɩɬɢɞɧɨɣ ɜɫɬɚɜɤɢ — «K-», ɢ ɛɚɤɬɟɪɢɨɮɚɝ ɷɤɫɩɨɧɢɪɭɸɳɢɣ 

ɮɪɚɝɦɟɧɬ ɛɟɥɤɚ ɪ24 ȼɂɑ-1, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫ ɦɨɧɨɤɥɨɧɚɥɶɧɵɦ 

ɚɧɬɢɬɟɥɨɦ 29F2 — «K+». ɇɚ ɧɢɬɪɨɰɟɥɥɸɥɨɡɧɭɸ ɦɟɦɛɪɚɧɭ ɧɚɧɨɫɢɥɢ 

ɫɭɫɩɟɧɡɢɸ ɤɚɠɞɨɝɨ ɛɚɤɬɟɪɢɨɮɚɝɚ ɫ ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɬɢɬɪɨɦ 109 ȻɈȿ/

ɦɥ, ɩɨɫɥɟ ɷɬɚɩɚ ɛɥɨɤɢɪɨɜɚɧɢɹ ɦɟɦɛɪɚɧɭ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɪɚɛɨɱɟɦ 

ɪɚɡɜɟɞɟɧɢɢ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ CTLA-4. Ȼɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ Fc-

ɮɪɚɝɦɟɧɬɚ ɜ ɫɨɫɬɚɜɟ ɯɢɦɟɪɧɨɝɨ CTLA-4, ɜɨɡɦɨɠɧɚ ɛɵɥɚ ɩɪɹɦɚɹ ɞɟ-
ɬɟɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ «ɩɟɩɬɢɞ-ɦɢɲɟɧɶ». ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɨɬ-ɛɥɨɬ 
ɚɧɚɥɢɡɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɜɚ ɢɡ ɬɪɟɯ ɮɚɝɨɬɨɩɨɜ ɫɩɟɰɢɮɢɱɟɫɤɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɦɢɲɟɧɶɸ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɷɤɩɪɟɫ-
ɫɢɪɨɜɚɬɶ ɨɬɨɛɪɚɧɧɵɟ ɩɟɩɬɢɞɵ ɜ ɫɨɫɬɚɜɟ ɞɪɭɝɢɯ ɛɟɥɤɨɜ ɧɨɫɢɬɟɥɟɣ 

ɢ ɨɰɟɧɢɬɶ ɩɪɢɝɨɞɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɞɥɹ ɢɦɦɭɧɨɬɟɪɚɩɢɢ.
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ɊȺɄȺ ɆɈɅɈɑɇɈɃ ɀȿɅȿɁɕ Ʌɂɇɂɂ MDA-MB-231 *

LACTAPTIN CONJUGATION WITH GOLD NANOPARTICLES 

MODIFIES PROTEIN BIOLOGICAL EFFECTS 

AND NANOPARTICLES INTERACTION WITN BREAST 

CANCER CELLS MDA-MB-231

Ⱥ. ɘ. ɘɧɭɫɨɜɚ, ɂ. Ⱥ. ɉɵɲɧɚɹ, Ɉ. Ⱥ. ɑɢɧɚɤ 

ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ 
ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɋɈ ɊȺɇ

A.Yu. Yunusova, I. A. Pyshnaya, O. A. Chinak
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Ⱥɧɧɨɬɚɰɢɹ
Ʌɚɤɬɚɩɬɢɧ — ɛɟɥɨɤ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɵ 

ț-ɤɚɡɟɢɧɚ ɱɟɥɨɜɟɤɚ, ɬɨɤɫɢɱɧɵɣ ɞɥɹ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ. ȿɝɨ ɪɟɤɨɦɛɢ-

* ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɢɧɬɟɝɪɚɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
(№94), ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

(№ 13-04-01313ɚ).
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ɧɚɧɬɧɵɣ ɚɧɚɥɨɝ (ɛɟɥɨɤ RL2) ɩɪɢ ɤɨɧɴɸɝɚɰɢɢ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɡɨɥɨ-
ɬɚ ɮɨɪɦɢɪɭɟɬ ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. ɗɬɢ ɤɨɦɩɥɟɤ-
ɫɵ ɩɪɨɧɢɤɚɸɬ ɜ ɤɥɟɬɤɢ ɜ ɨɫɧɨɜɧɨɦ ɫ ɩɨɦɨɳɶɸ ɤɚɜɟɨɥɢɧ-ɡɚɜɢɫɢɦɨɝɨ 
ɷɧɞɨɰɢɬɨɡɚ, ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɫɬɪɭɤɬɭɪɚɯ ɷɧɞɨɫɨɦɚɥɶɧɨ-ɥɢɡɨɫɨɦɚɥɶ-
ɧɨɝɨ ɤɨɦɩɚɪɬɦɟɧɬɚ, ɧɟ ɪɚɡɪɭɲɚɸɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɢɡɨɫɨɦɚɥɶɧɵɯ 
ɮɟɪɦɟɧɬɨɜ ɢ ɧɟ ɨɤɚɡɵɜɚɸɬ ɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɨɩɭɯɨɥɟɜɵɟ 
ɤɥɟɬɤɢ ɥɢɧɢɢ MDA-MB-231. 

Abstract

Lactaptin is a fragment of human ț-casein, which is capable of re-

ducing tumor cell viability. RL2 is recombinant analog of lactaptin. 

Conjugation of RL2 to gold nanoparticles results in formation of sta-

ble complexes with complicated shape. These complexes enter to 

the cells mainly by caveolin-dependent endocytosis accumulate in 

the lysosomal structures, with lysosomal enzymes failing to destroy 

it. These complexes don’t have toxic effects on tumor cells MDA-

MB-231.

Ʌɚɤɬɚɩɬɢɧ — ɛɟɥɨɤ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭ-
ɥɵ ț-ɤɚɡɟɢɧɚ ɱɟɥɨɜɟɤɚ, ɬɨɤɫɢɱɧɵɣ ɜ ɨɬɧɨɲɟɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ. 
ȼ ɂɏȻɎɆ ɋɈ ɊȺɇ ɫɢɧɬɟɡɢɪɨɜɚɧ ɟɝɨ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɚɧɚɥɨɝ, ɛɟɥɨɤ 
RL2, ɫɩɨɫɨɛɧɵɣ ɜɵɡɵɜɚɬɶ ɝɢɛɟɥɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ in vitro, ɜɥɢ-

ɹɹ ɧɚ ɩɪɨɰɟɫɫɵ ɚɩɨɩɬɨɡɚ ɢ ɚɭɬɨɮɚɝɢɢ. ɗɬɢ ɫɜɨɣɫɬɜɚ ɞɟɥɚɸɬ ɛɟɥɨɤ 
RL2 ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɦ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɦ ɚɝɟɧɬɨɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɜɟɞɟɬɫɹ ɢɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɞɟɣɫɬɜɢɹ 
ɛɟɥɤɚ RL2 ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ. ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɜ ɩɨɧɢɦɚɧɢɢ ɞɟɣ-

ɫɬɜɢɹ ɛɟɥɤɚ ɧɚ ɤɥɟɬɤɢ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɫɩɨɫɨɛɚ ɟɝɨ ɩɪɨɧɢɤɧɨɜɟ-
ɧɢɹ ɜɧɭɬɪɶ ɤɥɟɬɨɤ. ɇɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦ ɦɟɬɨɞɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɪɚɡɥɢɱɧɵɯ ɩɭɬɟɣ ɷɧɞɨɰɢɬɨɡɚ (ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɟɳɟɫɬɜ ɜ ɤɥɟɬɤɭ) ɹɜ-
ɥɹɟɬɫɹ ɦɟɬɨɞ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɢɡɭɚɥɶɧɨ 
ɩɪɨɫɥɟɞɢɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɢ «ɫɭɞɶɛɭ» ɛɟɥɤɚ RL2 ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬ-
ɤɚɯ, ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɨɧɴɸɝɚɬɵ ɛɟɥɤɚ RL2 ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɡɨ-
ɥɨɬɚ (ɇɑɁ-RL2).

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ: ɢɡɭɱɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɴɸɝɚɬɨɜ ɇɑɁ 
ɫ ɛɟɥɤɨɦ RL2 ɢ ɜɵɹɜɢɬɶ ɦɟɯɚɧɢɡɦ ɢɯ ɩɪɨɧɢɤɧɨɜɟɧɢɹ, ɥɨɤɚɥɢɡɚɰɢɸ 

ɜ ɤɥɟɬɤɚɯ ɢ ɞɟɣɫɬɜɢɟ ɧɚ ɤɥɟɬɤɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ.
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ɋɬɪɭɤɬɭɪɭ ɧɚɧɨɱɚɫɬɢɰ (ɇɑ) ɢɡɭɱɚɥɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ 
ɦɟɬɨɞɨɦ ɧɟɝɚɬɢɜɧɨɝɨ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɹ ɭɪɚɧɢɥɚɰɟɬɚɬɨɦ (0,5 %). 

Ƚɨɪɦɨɧ-ɧɟɡɚɜɢɫɢɦɵɟ ɤɥɟɬɤɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɥɢɧɢɢ MDA-

MB-231 ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ CO
2
 ɢɧɤɭɛɚɬɨɪɟ ɩɪɢ 37°C ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, 

ɩɨɫɥɟ ɱɟɝɨ ɜ ɫɪɟɞɭ ɞɨɛɚɜɥɹɥɢ ɇɑɁ, ɇɑɁ-RL2 ɢɥɢ ɛɟɥɨɤ RL2 ɢ ɢɧ-

ɤɭɛɢɪɨɜɚɥɢ 0, 5, 30 ɦɢɧ, 3,5 ɱ, 24, 48 ɢ 72 ɱ. Ɇɨɪɮɨɥɨɝɢɸ ɦɨɧɨɫɥɨɹ 
ɤɥɟɬɨɤ ɢɡɭɱɚɥɢ ɜ ɫɜɟɬɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ Leica DM 2500 ɫɨ ɜɫɬɪɨɟɧɧɨɣ 

ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɨɣ Leica DFC420 (Leica, Ƚɟɪɦɚɧɢɹ). ɍɥɶɬɪɚɫɬɪɭɤɬɭɪ-
ɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɟɬɨɤ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɇɑɁ, ɇɑɁ-RL2 ɢɥɢ 

ɛɟɥɤɨɦ RL2 ɢɡɭɱɚɥɢ ɧɚ ɭɥɶɬɪɚɬɨɧɤɢɯ ɫɪɟɡɚɯ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨ-
ɝɨ ɦɢɤɪɨɫɤɨɩɚ JEM 1400 (Jeol, əɩɨɧɢɹ), ɨɫɧɚɳɟɧɧɨɝɨ ɤɚɦɟɪɨɣ ɛɨɤɨ-
ɜɨɝɨ ɜɜɨɞɚ (SIS, Ƚɟɪɦɚɧɢɹ).

Ɋɟɡɭɥɶɬɚɬɵ
ɂɡɭɱɟɧɢɟ ɫɭɫɩɟɧɡɢɢ ɇɑɁ-RL2 ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɩɨɤɚ-

ɡɚɥɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɴɸɝɚɰɢɢ ɛɟɥɤɚ RL2 ɫ ɇɑɁ ɮɨɪɦɢɪɭɸɬɫɹ 
ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɭɞɥɢɧɟɧɧɨɣ ɮɨɪɦɵ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɟɫɤɨɥɶ-
ɤɢɦɢ ɪɹɞɚɦɢ ɇɑɁ, ɤɨɬɨɪɵɟ ɨɤɪɭɠɟɧɵ ɝɨɦɨɝɟɧɧɵɦ ɫɥɨɟɦ ɛɟɥɤɚ 
RL2 (ɛɟɥɤɨɜɨɟ ɩɨɤɪɵɬɢɟ), ɬɨɥɳɢɧɨɣ 2–7 ɧɦ (Ɋɢɫ. 1Ȼ).

Ɇɵ ɩɥɚɧɢɪɨɜɚɥɢ ɩɨɥɭɱɢɬɶ ɨɬɞɟɥɶɧɵɟ ɇɑɁ, ɩɨɤɪɵɬɵɟ ɛɟɥɤɨɦ 

RL2, ɨɞɧɚɤɨ, ɜ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɤɨɧɴɸɝɚɰɢɢ ɝɨɦɨɝɟɧɧɚɹ 
ɞɢɫɩɟɪɫɧɚɹ ɫɭɫɩɟɧɡɢɹ ɨɬɞɟɥɶɧɵɯ ɇɑɁ, ɩɨɤɪɵɬɵɯ ɛɟɥɤɨɦ RL2, ɧɟ ɩɨ-
ɥɭɱɢɥɚɫɶ, ɜɫɟ ɇɑɁ ɫɮɨɪɦɢɪɨɜɚɥɢ ɚɝɪɟɝɚɬɵ.

ɇɚ ɭɥɶɬɪɚɬɨɧɤɢɯ ɫɪɟɡɚɯ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɛɟɥɤɚ RL2, ɤɨɬɨɪɵɣ ɢɦɟɟɬ 
ɜɢɞ ɪɵɯɥɨɝɨ ɜɟɳɟɫɬɜɚ ɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɧɟ ɭɞɚɥɨɫɶ ɨɛɧɚɪɭɠɢɬɶ. 
ɂɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ ɜ ɬɟɱɟɧɢɟ 3,5 ɱ ɫ ɛɟɥɤɨɦ RL2 ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ ɧɚɪɭɲɟɧɢɹ ɜɨɞɧɨ-ɫɨɥɟɜɨɝɨ ɛɚɥɚɧɫɚ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɤɫɢɱɟɫɤɨɦ ɞɟɣɫɬɜɢɢ ɛɟɥɤɚ. ɑɟɪɟɡ 24 ɱ ɤɥɟɬɤɢ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ RL2. 

ɇɑɁ ɢ ɇɑɁ-RL2 ɩɪɨɧɢɤɚɸɬ ɜ ɤɥɟɬɤɢ ɫ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɬɚɤ 
ɇɑɁ-RL2 ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɜ ɪɚɧɧɢɯ ɷɧɞɨɫɨɦɚɯ ɤɥɟɬɨɤ ɭɠɟ ɱɟɪɟɡ 
5 ɦɢɧ ɢɧɤɭɛɚɰɢɢ, ɬɨɝɞɚ ɤɚɤ ɇɑɁ ɛɟɡ ɩɨɤɪɵɬɢɹ ɜ ɪɚɧɧɢɯ ɷɧɞɨɫɨɦɚɯ 
ɜ ɷɬɨɬ ɠɟ ɩɟɪɢɨɞ ɜɫɬɪɟɱɚɸɬɫɹ ɨɱɟɧɶ ɪɟɞɤɨ. ɍɥɶɬɪɚɫɬɪɭɤɬɭɪɧɨɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɟ ɭɫɬɚɧɨɜɢɥɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɷɧɞɨɰɢɬɨɡɚ 
ɇɑɁ ɢ ɇɑɁ-RL2 ɩɪɢ ɩɪɨɧɢɤɧɨɜɟɧɢɢ ɜ ɤɥɟɬɤɢ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɣ 
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Ɋɢɫ. 1. ɚ — ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ; ɛ — ɤɨɦɩɥɟɤɫ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ 
ɫ ɛɟɥɤɨɦ RL2, ɫɬɪɟɥɤɨɣ ɩɨɤɚɡɚɧɨ ɛɟɥɤɨɜɨɟ ɩɨɤɪɵɬɢɟ RL2; ɧɟɝɚɬɢɜɧɨɟ 
ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɟ ɭɪɚɧɢɥɚɰɟɬɚɬɨɦ

Ɋɢɫ. 2. ɇɟɭɩɨɪɹɞɨɱɟɧɧɵɟ ɩɥɨɬɧɵɟ ɫɤɨɩɥɟɧɢɹ ɇɑɁ ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɤɢ 

(ɚ) ɢ ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ ɇɑɁ-RL2, ɫɨɯɪɚɧɢɜɲɢɟ ɫɜɨɸ ɮɨɪɦɭ, ɜ ɥɢ-

ɡɨɫɨɦɟ ɤɥɟɬɤɢ (ɛ) ɱɟɪɟɡ 24 ɱ ɢɧɤɭɛɚɰɢɢ. ɍɥɶɬɪɚɬɨɧɤɢɟ ɫɪɟɡɵ

ɚ ɛ

ɚ ɛ



p=ƒąел 1126

ɯɚɪɚɤɬɟɪ ɧɚɤɨɩɥɟɧɢɹ ɜ ɤɥɟɬɤɚɯ. ɇɑɁ ɩɪɨɧɢɤɚɸɬ ɜ ɤɥɟɬɤɢ ɩɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɨ ɫ ɩɨɦɨɳɶɸ ɦɚɤɪɨɷɧɞɨɰɢɬɨɡɚ (ɦɚɤɪɨɩɢɧɨɰɢɬɨɡ ɢ ɮɚɝɨɰɢɬɨɡ) 
ɢ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɤɥɟɬɤɚɯ ɜ ɜɢɞɟ ɤɪɭɩɧɵɯ, ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɤɨ-
ɩɥɟɧɢɣ, ɨɤɪɭɠɟɧɧɵɯ ɦɟɦɛɪɚɧɨɣ (ɪɢɫ. 2, ɚ). ɇɚɩɪɨɬɢɜ, ɇɑɁ-RL2 ɜ ɨɫ-
ɧɨɜɧɨɦ ɩɪɨɧɢɤɚɸɬ ɜ ɤɥɟɬɤɢ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɷɧɞɨɰɢɬɨɡɚ (ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ ɤɚɜɟɨɥɢɧ-ɡɚɜɢɫɢɦɵɣ ɷɧɞɨɰɢɬɨɡ, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɤɥɚ-
ɬɪɢɧ-ɡɚɜɢɫɢɦɵɣ ɢ ɤɥɚɬɪɢɧ-ɤɚɜɟɨɥɢɧ-ɧɟɡɚɜɢɫɢɦɵɣ ɜɢɞɵ ɷɧɞɨɰɢ-

ɬɨɡɚ), ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɤɥɟɬɤɚɯ ɜ ɩɨɡɞɧɢɯ ɷɧɞɨɫɨɦɚɯ ɢ ɥɢɡɨɫɨɦɚɯ. 
ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɵ ɇɑɁ-RL2 ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɷɬɢɯ ɫɬɪɭɤɬɭɪɚɯ, 
ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɛɟɥɨɤ RL2 ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɇɑɁ ɧɟ ɪɚɡɪɭɲɚɟɬɫɹ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɢɡɨɫɨɦɚɥɶɧɵɯ ɮɟɪɦɟɧɬɨɜ (ɪɢɫ. 2, ɛ).
Ɋɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɧɚɤɨɩɥɟɧɢɹ ɇɑɁ ɢ ɇɑɁ-RL2 ɜ ɤɥɟɬɤɚɯ ɡɚɦɟ-

ɬɟɧ ɢ ɧɚ ɫɜɟɬɨɨɩɬɢɱɟɫɤɨɦ ɭɪɨɜɧɟ. ȼ ɫɜɟɬɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ ɜ ɤɥɟɬɤɚɯ 
ɦɨɧɨɫɥɨɹ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɇɑɁ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɩɥɨɬɧɵɟ ɢ ɤɪɭɩɧɵɟ ɫɤɨɩɥɟɧɢɹ ɇɑɁ (ɜ ɜɢɞɟ ɱɟɪɧɵɯ ɝɥɵɛɨɤ), ɬɨɝɞɚ ɤɚɤ 
ɇɑɁ-RL2 ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɨɤ ɜ ɜɢɞɟ ɛɨɥɟɟ ɪɵɯɥɵɯ, 
ɞɢɫɩɟɪɫɧɵɯ ɫɤɨɩɥɟɧɢɣ. 

ɇɚɤɨɩɥɟɧɢɟ ɇɑɁ ɢ ɇɑɁ-RL2 ɜ ɤɥɟɬɤɚɯ ɧɟ ɨɤɚɡɵɜɚɥɨ ɜɵɪɚɠɟɧɧɨɝɨ 
ɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ ɥɢɧɢɢ MDA-MB-231.

Ɂɚɤɥɸɱɟɧɢɟ
— Ʉɨɧɴɸɝɢɪɨɜɚɧɧɵɣ ɫ ɇɑɁ ɛɟɥɨɤ RL2 ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ ɬɨɤɫɢɱ-

ɧɵɦ ɜ ɨɬɧɨɲɟɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɥɢɧɢɢ 

MDA-MB-231. ɇɚɤɨɩɥɟɧɢɟ ɇɑɁ-RL2, ɤɚɤ ɢ ɇɑɁ, ɧɟ ɜɵɡɵɜɚɟɬ ɜɵ-

ɪɚɠɟɧɧɨɝɨ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɤɥɟɬɤɢ ɥɢɧɢɢ 

MDA-MB-231, ɜ ɨɬɥɢɱɢɟ ɨɬ ɛɟɥɤɚ RL2.

— Ʉɨɧɴɸɝɚɰɢɹ ɛɟɥɤɚ RL2 c ɇɑɁ ɢɡɦɟɧɹɟɬ ɦɟɯɚɧɢɡɦ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɱɚɫɬɢɰ ɫ ɤɥɟɬɤɚɦɢ ɥɢɧɢɢ MDA-MB-231. Ɍɚɤ, ɇɑɁ-RL2 ɩɪɨɧɢ-

ɤɚɸɬ ɜ ɤɥɟɬɤɢ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɷɧɞɨɰɢɬɨɡɚ ɢ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɩɨɡɞ-

ɧɢɯ ɷɧɞɨɫɨɦɚɯ, ɬɨɝɞɚ ɤɚɤ ɇɑɁ ɨɤɚɡɵɜɚɸɬɫɹ ɜ ɤɥɟɬɤɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɦɚɤɪɨɷɧɞɨɰɢɬɨɡɚ ɢ ɮɨɪɦɢɪɭɸɬ ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɨɤ ɤɪɭɩɧɵɟ ɩɥɨɬ-
ɧɵɟ ɫɤɨɩɥɟɧɢɹ. 



a,%2е.…%л%Ą, 127

ɂɋɋɅȿȾɈȼȺɇɂȿ ɁȺȼɂɋɂɆɈɋɌɂ «ɋɌɊɈȿɇɂȿ — 

ȺɇɌɂȻȺɄɌȿɊɂȺɅɖɇȺə ȺɄɌɂȼɇɈɋɌɖ» ɇɈȼɕɏ 

ȺɇɌɂȻȺɄɌȿɊɂȺɅɖɇɕɏ ɉɊȿɉȺɊȺɌɈȼ ɇȺ ɈɋɇɈȼȿ 

ɑȿɌȼȿɊɌɂɑɇɕɏ ȺɆɆɈɇɂȿȼɕɏ ɈɋɇɈȼȺɇɂɃ

STRUCTURE–ACTIVITY RELATIONSHIP STUDY OF NOVEL 

QUATERNARY AMMONIUM ANTIMICROBIAL COMPOUNDS

Ʌ. Ⱥ. əɪɢɧɢɱ 1,2,3, ȼ. ɇ. ɋɢɥɶɧɢɤɨɜ 2

1 ɂɧɫɬɢɬɭɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɤɥɟɬɨɱɧɨɣ ɛɢɨɥɨɝɢɢ ɋɈ ɊȺɇ, 

ɇɨɜɨɫɢɛɢɪɫɤ, Ɋɨɫɫɢɹ
2 ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɦɟɞɢɰɢɧɵ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ, Ɋɨɫɫɢɹ
3 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

ɇɨɜɨɫɢɛɢɪɫɤ, Ɋɨɫɫɢɹ
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɡɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ «ɫɬɪɨɟ-

ɧɢɟ — ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ» ɪɹɞɚ ɧɨɜɵɯ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶ-
ɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɨɢɡɜɨɞɧɵɯ 1,4-ɞɢɚɡɚɛɢɰɢɤɥɨ[2.2.2]ɨɤ-
ɬɚɧɚ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɜ ɨɬɧɨɲɟɧɢɢ ɤɚɤ 
ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ, ɬɚɤ ɢ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 
ɇɚɦɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɦɢɧɢɦɚɥɶɧɵɟ ɩɨɞɚɜɥɹɸɳɢɟ (ɛɚɤɬɟɪɢɨɫɬɚ-
ɬɢɱɟɫɤɢɟ) ɤɨɧɰɟɧɬɪɚɰɢɢ (ɆɉɄ) ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɛɚɤɬɟɪɢɰɢɞɧɵɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ (ɆȻɄ) ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɟɩɚɪɚɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɫɩɨɥɶ-
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ɡɭɟɦɵɦ ɲɟɫɬɢ ɬɟɫɬ-ɲɬɚɦɦɚɦ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɹɜɢɥɢ ɡɚ-
ɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɞɥɢɧɧɨɣ ɚɥɤɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 1,4-ɞɢɚɡɚɛɢɰɢɤ-
ɥɨ[2.2.2]ɨɤɬɚɧɚ ɢ ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɤɚɡɚ-
ɧɨ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɫɟɪɢɢ ɫɨɟɞɢɧɟɧɢɣ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 
ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɚɥɤɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɪɹɞɭ 
ɋ2–ɋ12 ɢ ɡɚɬɟɦ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɡɚ-
ɦɟɫɬɢɬɟɥɟɣ ɨɬ ɋ14 ɞɨ ɋ18.

Abstract

A series of new quaternary 1,4-diazabicyclo[2.2.2]octane deriva-

tives was synthesized and evaluated for activity against several 

strains of both Gram positive and Gram negative bacteria and one 

strain of fungus. Minimum inhibitory concentration (MIC) and mini-

mum bactericidal concentration (MBC) against six species of mi-

croorganisms were tested. Results show a clear structure-activity 

relationship between alkyl chain length of substitutions of 1,4-diaz-

abicyclo[2.2.2]octane tertiary amine sites and antimicrobial activity. 

The MIC values were found to decrease with the increase of the al-

kyl tails chain length (from ɋ2–ɋ12) and again to increase at higher 

alkyl tails length (ɋ14–ɋ18).

The quaternary ammonium compounds (QACs) are a class of amphiphilic 

compounds consisting of a nitrogen atom with covalent bonds to four 

residues making the nitrogen positively charged. Recently, the variety of 

QACs based on 1,4-diazabicyclo[2.2.2]octane (DABCO) such as mono- 

and dialkylated DABCO derivatives, polycationic glycosides, DABCO 

units covalently attached to wool and silk surfaces were synthesized and 

evaluated against a series of bacteria. In this study, we extend our work on 

DABCO derivatives to investigate the antimicrobial activity of a series of 

compounds bearing alkyl tails ranging from to 2 to 18 carbons in length. 

The positively charged DABCO motifs which are able to interact with the 

negatively charged bacterial cell surface, the central alkyl spacer and the 

alkyl tails are three structural motifs of DABCO-based QACs are expected 

to be responsible for antimicrobial activity. 

To enhance the antibacterial activity and reduce the toxicity of 

compounds, we examined the structure–activity relationship. For this 
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purpose we prepared a series of symmetrical tetracationic DABCO-based 

derivatives in which two DABCO head groups are linked together through 

a 1,5-pentenyl spacer and bear two hydrophobic alkyl tails ranging from 

two to eighteen carbons in length. The compounds were tested against 

B. subtilis (ATCC #6633), and Staphylococcus aureus (ATCC # 25923) 

as Gram positive strains, S. enterica (ATCC # 14028), E. coli (ATCC # 

25922), and Pseudomonas aeruginosa (ATCC # 9027) as Gram negative 

strains, and C. albicans (ATCC # 32354) as the yeast-like pathogenic 

fungus. As can be expected, the variation of alkyl chain length exerts 

infl uence on antimicrobial activity of the synthesized tetracationic 

compounds. DABCO derivatives bearing the short alkyl tails (ethyl and 

propyl) did not reveal any antibacterial and antifungal activities. 

The compounds were evaluated for their in vitro antiproliferative 

effect in normal and cancer cell lines. Each compound was tested on 

HEK293T, LMTK, RPMI8226 cell lines and MEF primary cells. All 

compounds showed low cytotoxicity against all cell lines (IC50 ranges 

from 11.72 to 421 μg/ml). Generally, cytotoxicity decreases with the 

decrease in the length of alkyl tails of compounds. The compound bearing 

alkyl chains with 10 carbon atoms showed the highest cytotoxicity against 

RPMI8226 cell line and MEFs with IC50 values of 11.72 μg/ml and 

12.71 μg/ml, respectively. The cytotoxic doses of all compounds were 

higher than their effective doses against bacterial strains.

The infl uence of the length of alkyl tails in the compounds on their 

antimicrobial activity may be explained by the balance of hydrophobicity 

and solubility. In this case, with the increase of the alkyl tails length from 

ethyl to dodecyl, the hydrophobicity of the compounds increases that 

leads to stronger interactions with the inner bacterial cell membrane in 

addition to the electrostatic interactions the cationic DABCO head groups 

with the negatively charged bacterial cell surface. Given the fact that these 

compounds started showing antibacterial activity at alkyl chain lengths 

greater than 8 carbons, it is reasonable to conclude that synthesized 

DABCO derivatives act as amphiphilic membrane-active disruptors. The 

structure-activity relationship of the synthesized compounds revealed that 

the compounds bearing decyl and dodecyl tails were found to be most 

potent antimicrobial agents. Likewise, the compounds containing octyl 
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and nonyl tails showed clear fungicidal activity. Due to the fact that activity 

of QACs against different species of microorganisms varies substantially, 

antimicrobial activity of these compounds can not be explained only by 

electrostatic and hydrophobic interactions and physical disruption of the 

cell membranes. It seems that there are several mechanisms of action 

of QACs. Nevertheless specifi c targets have not been yet identifi ed for 

most QACs. Therefore, the mechanism of the antimicrobial activity of 

DABCO-based QACs and specifi c targets of bacterial cell need further 

investigation.
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ȼɚɤɰɢɧɚɰɢɹ ɹɜɥɹɟɬɫɹ ɤɪɚɟɭɝɨɥɶɧɵɦ ɤɚɦɧɟɦ ɜ ɛɨɪɶɛɟ ɫ ɛɪɭɰɟɥɥɟ-

ɡɨɦ ɠɢɜɨɬɧɵɯ, ɩɪɢ ɷɬɨɦ ɤɚɱɟɫɬɜɨ ɜɚɤɰɢɧ ɢɝɪɚɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ. 
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ȼ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɨɰɟɧɤɟ ɝɟɧɟɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ B.abortus 82 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MLVA-16. ɇɚ 
ɩɪɨɬɹɠɟɧɢɢ 33 ɩɚɫɫɚɠɟɣ MLVA ɩɪɨɮɢɥɶ ɞɜɭɯ ɤɭɥɶɬɭɪ ɲɬɚɦɦɚ B. 

abortus 82 ɨɫɬɚɜɚɥɫɹ ɧɟ ɢɡɦɟɧɹɟɦɵɦ. MLVA-16 ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ 
B. abortus 82 ɧɟ ɢɞɟɧɬɢɱɟɧ ɩɪɨɮɢɥɹɦ 94 ɲɬɚɦɦɨɜ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɲɬɚɦɦɚɦ ɞɟɩɨɧɢɪɨɜɚɧɧɵɯ ɜ MLVAbank. 

Abstract

Vaccination is the cornerstone at struggle with brucellosis of ani-

mals, moreover, vaccine quality plays an important role. In the re-

search represented data on the assessment of the genetic stability 

of the vaccine strain of B. abortus 82 with using of MLVA-16. Dur-

ing 33 passages MLVA the profi le of the two cultures of the strain 

B.abortus 82 remained unchanged. MLVA-16 vaccine of strain of B. 

abortus 82 is not identical to profi les of 94 strains of this study, as 

well as strains deposited at MLVAbank.

ȼ XXI ɜɟɤɟ ɛɪɭɰɟɥɥɟɡ ɩɪɨɞɨɥɠɚɟɬ ɡɚɧɢɦɚɬɶ ɥɢɞɢɪɭɸɳɟɟ ɩɨɥɨɠɟ-
ɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɠɢɜɨɬɧɵɯ ɢ ɱɟɥɨɜɟɤɚ. 
ȿɠɟɝɨɞɧɨ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɞɨ ɩɨɥɭɦɢɥɥɢɨɧɚ ɜɩɟɪɜɵɟ ɪɟɝɢɫɬɪɢɪɨ-
ɜɚɧɧɵɯ ɫɥɭɱɚɟɜ ɛɪɭɰɟɥɥɟɡɚ [1], ɩɪɢ ɷɬɨɦ ɷɬɚ ɰɢɮɪɚ ɡɚɧɢɠɟɧɚ ɢɡ-ɡɚ 
ɫɥɨɠɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ, ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɬɟɱɟɧɢɹ ɢɧɮɟɤɰɢɢ ɢ ɫɤɪɵɬɢɹ 
ɨɮɢɰɢɚɥɶɧɵɯ ɞɚɧɧɵɯ [2,3]. ɇɟ ɫɦɨɬɪɹ ɧɚ ɩɪɨɝɪɚɦɦɵ ɷɪɚɞɢɤɚɰɢɢ, 

ɛɪɭɰɟɥɥɟɡ ɜ Ʉɚɡɚɯɫɬɚɧɟ ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɠɢɜɨɬɧɨɜɨɞ-

ɫɬɜɚ ɢ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ. Ʌɢɤɜɢɞɚɰɢɹ ɛɪɭɰɟɥɥɟɡɚ ɜ ɠɢɜɨɬɧɨɜɨɞɫɬɜɟ 
ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ ɛɥɚɝɨɩɨɥɭɱɢɹ ɧɚɫɟɥɟɧɢɹ. ȼɚɠɧɵɦ ɫɨ-
ɫɬɚɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɛɨɪɶɛɵ ɫ ɛɪɭɰɟɥɥɟɡɨɦ ɠɢɜɨɬɧɵɯ ɹɜɥɹɟɬɫɹ ɜɚɤ-
ɰɢɧɚɰɢɹ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɬɪɚɬɟɝɢɹ ɛɨɪɶɛɵ 

ɫ ɛɪɭɰɟɥɥɟɡɨɦ ɜ Ʉɚɡɚɯɫɬɚɧɟ ɫɜɨɞɢɥɨɫɶ ɤ ɩɥɚɧɨɜɨɣ ɜɚɤɰɢɧɚɰɢɢ ɢ ɜɵ-

ɛɪɚɤɨɜɤɟ ɢɦɦɭɧɨɩɨɥɨɠɢɬɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ. ɇɨ ɜ 2007 ɝɨɞɭ ɫɪɟɞɫɬɜɚ 
ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɩɪɨɮɢɥɚɤɬɢɤɢ ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɢɡ ɦɟɪ ɛɨɪɶɛɵ ɫ ɛɪɭ-
ɰɟɥɥɟɡɨɦ, ɢ ɜ ɨɫɧɨɜɭ ɧɨɜɨɣ ɫɬɪɚɬɟɝɢɢ ɜɨɲɟɥ ɬɨɥɶɤɨ ɩɪɢɧɰɢɩ ɜɵɹɜ-
ɥɟɧɢɹ ɢ ɭɧɢɱɬɨɠɟɧɢɹ ɢɦɦɭɧɨɩɨɥɨɠɢɬɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ. C 2013 ɜɚɤ-
ɰɢɧɚɰɢɹ ɠɢɜɨɬɧɵɯ ɜɧɨɜɶ ɛɵɥɚ ɪɚɡɪɟɲɟɧɚ ɧɚ ɞɨɛɪɨɜɨɥɶɧɨɣ ɨɫɧɨɜɟ, 
ɜɚɤɰɢɧɚɦɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɦɢ ɜ Ʉɚɡɚɯɫɬɚɧɟ (B. abortus S19, B. 

abortus 82, B. abortus RB-51, B. melitensis Rev1). ȼɵɛɨɪ ɜɚɤɰɢɧɧɨɝɨ 
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ɩɪɟɩɚɪɚɬɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɩɪɟɪɨɝɚɬɢɜɨɣ ɜɟɬɟɪɢɧɚɪɧɨɝɨ 
ɜɪɚɱɚ ɢ ɜɥɚɞɟɥɶɰɟɜ ɠɢɜɨɬɧɵɯ ɫ ɨɛɹɡɚɬɟɥɶɧɵɦ ɢɧɮɨɪɦɢɪɨɜɚɧɢɟɦ ɝɨ-
ɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɟɬɟɪɢɧɚɪɧɨɣ ɫɥɭɠɛɵ. ɗɬɨ ɜɜɨɞɢɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɧɚɝɪɭɡɤɭ ɧɚ ɫɢɫɬɟɦɵ ɜɟɬɟɪɢɧɚɪɧɨɝɨ ɧɚɞɡɨɪɚ ɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɥɚ-
ɛɨɪɚɬɨɪɢɢ, ɜ ɩɥɚɧɟ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɩɪɢɜɢɬɵɯ ɢ ɛɨɥɶɧɵɯ ɠɢɜɨɬ-
ɧɵɯ, ɜɵɞɟɥɟɧɧɵɯ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɭɥɶɬɭɪ ɢ ɤɨɧɬɪɨɥɹ ɜɚɤɰɢɧɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ. ɋɬɚɧɞɚɪɬɧɵɟ ɩɪɨɰɟɞɭɪɵ ɤɨɧɬɪɨɥɹ ɧɟ ɜɤɥɸɱɚɸɬ ɦɟɬɨ-
ɞɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɢɫɬɢɧɧɨɫɬɶ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɲɬɚɦɦɚ ɢ ɟɝɨ ɝɟɧɟɬɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ. Ɉɲɢɛɤɢ 

ɜ ɩɪɢɦɟɧɟɧɢɢ ɜɚɤɰɢɧ ɦɨɝɭɬ ɞɪɚɦɚɬɢɱɧɨ ɭɫɭɝɭɛɢɬɶ ɫɥɨɠɧɭɸ ɷɩɢɡɨɨ-
ɬɨɥɨɝɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ ɩɨ ɛɪɭɰɟɥɥɟɡɭ ɜ Ʉɚɡɚɯɫɬɚɧɟ. ɉɨɷɬɨɦɭ ɪɚɡ-
ɪɚɛɨɬɤɚ ɩɪɨɬɨɤɨɥɨɜ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɪɨɬɢɜɨɛɪɭɰɟɥɥɟɡɧɵɯ ɜɚɤɰɢɧ 

ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɜ ɭɫɥɨɜɢɹɯ 
ɫɨɜɪɟɦɟɧɧɨɝɨ Ʉɚɡɚɯɫɬɚɧɚ. Ⱦɥɹ ɪɹɞɚ ɜɚɤɰɢɧɧɵɯ ɲɬɚɦɦɨɜ ɪɚɡɪɚɛɨɬɚ-
ɧɵ ɉɐɊ ɩɪɨɬɨɤɨɥɚ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ [4], ɱɬɨ ɭɩɪɨɳɚɟɬ ɪɚɛɨɬɭ 
ɜɟɬɟɪɢɧɚɪɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ. Ɉɞɧɚɤɨ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɪɹɞɚ ɜɚɤɰɢɧ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɫɧɨɜɚɧɚ ɧɚ ɮɟɧɨɬɢɩɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɨɰɟɧɤɚ ɝɟɧɟɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ B. abortus 82 ɢ ɨɰɟɧɤɚ ɞɢɫɤɪɢɦɢɧɚɰɢɨɧɧɨɣ ɜɨɡɦɨɠ-

ɧɨɫɬɢ MLVA-16 ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɞɚɧɧɨɝɨ ɲɬɚɦɦɚ ɨɬ ɩɨɥɟɜɵɯ. 
ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 94 ɲɬɚɦɦɚ B. abortus, ɜɵɞɟɥɟɧɧɵɟ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ Ʉɚɡɚɯɫɬɚɧɚ. ȼ ɨɰɟɧɤɟ ɝɟɧɟɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɟ ɤɭɥɶɬɭɪɵ ɲɬɚɦɦɚ B. abortus 82, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ 
ɞɟɩɨɧɢɪɨɜɚɧɚ ɜ ɊȽɉ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɪɟɮɟɪɟɧɬɧɵɣ ɰɟɧɬɪ ɩɨ ɜɟɬɟ-
ɪɢɧɚɪɢɢ», ɜɬɨɪɚɹ ɜɵɩɭɳɟɧɚ ɓɟɥɤɨɜɫɤɢɦ ɛɢɨɤɨɦɛɢɧɚɬɨɦ (ɫɟɪɢɹ 14, 

ɞɚɬɚ ɜɵɩɭɫɤɚ 11.14). ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɧɚɛɨɪɚ «DNeasy Blood Tissue Kit» (Qiagen, ɋɒȺ). MLVA ɚɧɚɥɢɡ ɢ ɨɛ-

ɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɢ ɤɚɤ ɨɩɢɫɚɧɨ ɪɚɧɟɟ [5].

Ɇɭɥɶɬɢɥɨɤɭɫɧɵɣ ɚɧɚɥɢɡ ɜɚɪɢɚɛɟɥɶɧɨɫɬɢ ɱɢɫɥɚ ɬɚɧɞɟɦɧɵɯ ɩɨ-
ɜɬɨɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɧɟɥɢ MLVA-16 ɛɵɥ ɩɪɨɜɟɞɟɧ ɞɥɹ 33 ɩɚɫ-
ɫɚɠɟɣ ɞɜɭɯ ɲɬɚɦɦɨɜ B. abortus 82 ɢ 94 ɷɩɢɡɨɨɬɨɥɨɝɢɱɟɫɤɢɯ ɲɬɚɦ-

ɦɨɜ. Ɂɧɚɱɟɧɢɟ ɚɥɥɟɥɟɣ 16 VNTR ɥɨɤɭɫɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɫɟɯ 
ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɲɬɚɦɦɨɜ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɚ ɩɨɞ-

ɬɜɟɪɠɞɟɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɮɢɥɹ 3-ɯ ɪɟɮɟɪɟɧɬɧɵɯ 
ɲɬɚɦɦɨɜ B. abortus 19, B. abortus RB51 and B. abortus 544. Ⱦɥɹ ɨɛɨ-
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ɢɯ ɲɬɚɦɦɨɜ B. abortus 82 ɛɵɥ ɩɨɥɭɱɟɧ ɫɥɟɞɭɸɳɢɣ MLVA ɩɪɨɮɢɥɶ 
4–5-3–12–2-2–3-1–6-43–8-4–8-7–3-3 ɤɨɬɨɪɵɣ ɫɨɯɪɚɧɹɥɫɹ ɜɨ ɜɫɟɯ ɩɚɫ-
ɫɚɠɚɯ. ɉɨ MLVA-8 ɢ MLVA-11 ɲɬɚɦɦɵ ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɤ 36 ɢ 72 ɝɟ-
ɧɨɬɢɩɚɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. MLVA-16 ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ B. abortus 

82 ɧɟ ɢɞɟɧɬɢɱɟɧ ɩɪɨɮɢɥɹɦ ɲɬɚɦɦɨɜ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɲɬɚɦɦɚɦ ɞɟɩɨɧɢɪɨɜɚɧɧɵɯ ɜ MLVAbank (http://mlva.u-psud.fr/) ɧɚ ɩɟ-
ɪɢɨɞ ɚɜɝɭɫɬɚ 2016 ɝɨɞɚ. ɋɚɦɵɟ ɛɥɢɡɤɢɟ ɲɬɚɦɦɵ ɜɵɞɟɥɟɧɵ ɜ ɂɬɚɥɢɢ, 

Ʉɢɬɚɟ ɢ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɜɚɤɰɢɧɧɨɝɨ 
ɲɬɚɦɦɚ ɜ ɥɨɤɭɫɟ Bruce 07 ɧɚ 1–3 ɩɨɜɬɨɪɚ. 
ɍɧɢɤɚɥɶɧɨɫɬɶ ɩɪɨɮɢɥɹ ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ B. abortus 82 ɢ ɜɵɫɨ-

ɤɚɹ ɝɟɧɟɬɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɥɨɤɭɫɨɜ ɜɯɨɞɹɳɢɯ ɜ MLVA-16 ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ MLVA ɚɧɚɥɢɡɚ ɜ ɩɟɪɜɢɱ-
ɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɚɤɰɢɧɧɵɯ ɢ ɩɨɥɟɜɵɯ ɲɬɚɦɦɨɜ ɜɵɞɟɥɟɧɧɵɯ ɨɬ 
ɜɚɤɰɢɧɢɪɨɜɚɧɧɵɯ ɠɢɜɨɬɧɵɯ, ɢ ɩɪɨɜɟɪɤɟ ɜɚɤɰɢɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. ȼ ɬɨ 
ɠɟ ɜɪɟɦɹ, ɬɪɟɛɭɟɬɫɹ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɵɫɨɤɨɫɩɟɰɢɮɢɱɧɵɯ ɞɢɫ-
ɤɪɢɦɢɧɚɰɢɨɧɧɵɯ ɦɚɪɤɟɪɨɜ ɞɥɹ ɞɚɧɧɨɝɨ ɲɬɚɦɦɚ, ɬɚɤ ɤɚɤ ɪɚɧɟɟ ɫɨɨɛ-

ɳɚɥɚɫɶ ɨ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɵɯ VNTR ɥɨɤɭɫɨɜ ɩɪɢ ɩɚɫɫɢɪɨ-
ɜɚɧɢɢ [6], ɤɪɨɦɟ ɬɨɝɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɟɥɟɤɰɢɨɧɧɨɦ 

ɞɚɜɥɟɧɢɢ ɨɪɝɚɧɢɡɦɚ ɯɨɡɹɢɧɚ ɧɟ ɢɡɭɱɚɥɚɫɶ.
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ɉɈɅɍɑȿɇɂȿ ȺȾȺɉɌɂɊɈȼȺɇɇɕɏ ɂɁɈɅəɌɈȼ ȼɂɑ-1 

Ʉ ɅȺȻɈɊȺɌɈɊɇɈɃ ɄɅȿɌɈɑɇɈɃ Ʌɂɇɂɂ ɆɌ-4

ISOLATES OF HIV-1 ADAPTED FOR ɆɌ-4 CELL LINE 

LABORATORY DERIVE

ɉ. ɘ. Ⱥɱɢɝɟɱɟɜɚ, ɇ. ȼ. ɍɧɚɝɚɟɜɚ, ɘ. ȼ. ɇɢɤɨɧɨɪɨɜɚ

ɎȻɍɇ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɜɢɪɭɫɨɥɨɝɢɢ 
ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ «ȼɟɤɬɨɪ»

P. Y. Achigecheva, N. V. Unagaeva, Yu. V. Nikonorova

SRC VB Vtctor, Russia

Ⱥɧɧɨɬɚɰɢɹ
ɉɨɥɭɱɟɧɵ ɲɬɚɦɦɵ ȼɂɑ-1 ɫɭɛɬɢɩɚ Ⱥ (2) ɢ CRF63_02A1 (1), 

ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɤ ɩɟɪɟɜɢɜɚɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4. ɂɡɨɥɹɬɵ 

ȼɂɑ-1, ɜɵɛɪɚɧɧɵɟ ɞɥɹ ɚɞɚɩɬɚɰɢɢ, ɜɵɞɟɥɟɧɵ ɨɬ ɥɢɰ, ɢɧɮɢɰɢɪɨɜɚɧ-

ɧɵɯ ȼɂɑ-1 ɜ 2009-2012 ɝɝ. Ⱦɚɧɧɵɟ ɝɟɧɟɬɢɱɟɫɤɢɟ ɜɚɪɢɚɧɬɵ ɜɢɪɭɫɚ ɨɬ-
ɧɨɫɹɬɫɹ ɤ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ Ɋɨɫɫɢɢ ȼɂɑ-1, 
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ɢɦɟɸɬ ɫɪɨɞɫɬɜɨ ɤ ɤɨ-ɪɟɰɟɩɬɨɪɭ ɋɏɋR4. ȼ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 
ɧɚ ɩɟɪɟɜɢɜɚɟɦɨɣ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ ɆɌ-4 ɜɫɟ ɝɟɧɨɜɚɪɢɚɧɬɵ ȼɂɑ-1 ɩɨ-
ɤɚɡɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɧɚɤɨɩɥɟɧɢɹ ɜɢɪɭɫɧɨɝɨ ɛɟɥɤɚ ɪ24, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɝɟɧɟɪɚɥɢɡɚɰɢɢ ɢɧɮɟɤɰɢɢ. Ⱥɞɚɩɬɢɪɨɜɚɧɧɵɟ ɤ ɥɚɛɨɪɚɬɨɪ-
ɧɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4 ɫɨɜɪɟɦɟɧɧɵɟ ɲɬɚɦɦɵ ȼɂɑ-1 ɹɜɥɹɸɬɫɹ 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɦɨɞɟɥɶɸ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɢɡɭɱɟɧɢɸ 

ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɧɨɜɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɚɧɬɢ-ȼɂɑ 

ɩɪɟɩɚɪɚɬɨɜ. 

Abstract

The strains HIV-1 subtype A (2) and CRF63_02A1 (1) adapted 

for ɆɌ-4 cell line were derived. The isolates of HIV-1 chosen for 

adaption were extracted from individuals infected by HIV-1 in 

2009-2012 years. These genetic variants of the virus related for 

HIV-1 are widely spread on Russia`s territory and have affi nity with 

ɋɏɋR4 coreceptor. All genovariats HIV-1 showed the growth of vi-

rus protein ɪ24 which indicates generalization of infection. Modern 

strains HIV-1 is an appropriate model for studying antiviral effective-

ness of newly synthesized anti-HIV drugs adapted for laboratory 

cell lineɆɌ-4.

Ⱥɤɬɭɚɥɶɧɨɫɬɶ
ȼɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɝɟɧɟɬɢɱɟɫɤɨɣ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɜɢɪɭɫɚ ɢɦɦɭɧɨ-

ɞɟɮɢɰɢɬɚ ɱɟɥɨɜɟɤɚ (ȼɂɑ) ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɵɫɬɪɨɦɭ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 

ɢɡɨɥɹɬɨɜ, ɭɫɬɨɣɱɢɜɵɯ ɤ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ ɩɪɟɩɚɪɚɬɚɦ. ɂɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɦɨɧɨɧɭɤɥɟɚɪɨɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ (ɆɉɄ) ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɬɢ-ȼɂɑ ɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɬɪɭɞɨɟɦɤɢɦ 

ɢ ɡɚɬɪɚɬɧɵɦ ɦɟɬɨɞɨɦ. ɉɟɪɟɜɢɜɚɟɦɵɟ ɤɥɟɬɨɱɧɵɟ ɥɢɧɢɢ ɫɬɚɧɨɜɹɬɫɹ 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɦɨɞɟɥɶɸ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɚ ɬɚɤɠɟ ɞɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɫɨɜɪɟɦɟɧɧɵɯ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɜɚɪɢɚɧɬɨɜ ȼɂɑ-1. 

Ⱥɧɚɥɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɜɚɪɢɚɧɬɨɜ ɜɢɪɭɫɚ ɜ Ɋɨɫɫɢɢ 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɥɢɞɢɪɭɸɳɟɟ ɦɟɫɬɨ ɩɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɜ ɧɚɫɬɨ-

ɹɳɟɟ ɜɪɟɦɹ ɡɚɧɢɦɚɸɬ ɫɭɛɬɢɩ Ⱥ ɢ ɰɢɪɤɭɥɢɪɭɸɳɚɹ ɪɟɤɨɦɛɢɧɚɧɬɧɚɹ 
ɮɨɪɦɚ (circulating recombinant forms) CRF63_02A1ȼɂɑ-1.
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ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ
ɉɨɥɭɱɟɧɢɟ ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɢɡɨɥɹɬɨɜ ȼɂɑ-1 ɤ ɥɚɛɨɪɚɬɨɪɧɨɣ ɤɥɟ-

ɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
Ⱦɥɹ ɚɞɚɩɬɢɪɨɜɚɧɢɹ ɜɚɪɢɚɧɬɨɜ ȼɂɑ-1 ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 3 ɜɵ-

ɞɟɥɟɧɧɵɯ ɨɬ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɥɢɰ ɢɡɨɥɹɬɚ ȼɂɑ-1: ɫɭɛɬɢɩɚ Ⱥ (2) 

ɢ CRF63_02A1 (1), ɢɦɟɸɳɢɟ ɫɪɨɞɫɬɜɨ ɤ ɤɨ-ɪɟɰɟɩɬɨɪɭ ɋɏɋR4. Ʉɭɥɶɬɢ-

ɜɢɪɨɜɚɧɢɟ ɢɡɨɥɹɬɨɜ ȼɂɑ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɨɧɨɧɭɤɥɟɚɪɚɯ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ 

ɤɪɨɜɢ (ɆɉɄ), ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɞɜɭɯ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ. ɂɧɤɭɛɚɰɢɸ ɤɥɟ-
ɬɨɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɬɟɱɟɧɢɟ 3-ɯ ɞɧɟɣ ɜ ɚɬɦɨɫɮɟɪɟ 5 % ɋɈ

2 
ɩɪɢ 37ºɋ; 

ɜ ɩɨɥɧɨɣ ɪɨɫɬɨɜɨɣ ɫɪɟɞɟ (RPMI-1640, 20 % ɫɵɜɨɪɨɬɤɢ ɩɥɨɞɚ ɤɨɪɨɜɵ, 

2 mML-ɝɥɭɬɚɦɢɧɚ, 20 ɦɤɝ/ɦɥ ɝɟɧɬɚɦɢɰɢɧɚ, ɮɢɬɨɝɟɦɚɝɝɥɸɬɢɧɢɧ (ɎȽȺ) 

5 ɦɤɝ/ɦɥ). Ɂɚɬɟɦ ɤ ɆɉɄ ɞɨɛɚɜɥɹɥɢ ɤɥɟɬɨɱɧɭɸ ɫɭɫɩɟɧɡɢɸ ɤɭɥɶɬɢɜɢɪɭɟ-
ɦɵɯ ɢɡɨɥɹɬɨɜ ȼɂɑ-1. ɋɨɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ɩɪɨɬɨɤɨ-
ɥɭ ȼɈɁ. Ɋɟɩɪɨɞɭɤɰɢɸ ȼɂɑ-1 ɜ ɩɪɨɛɚɯ ɨɰɟɧɢɜɚɥɢ ɧɚ 4, 7 ɫɭɬɤɢ ɩɨ ɩɪɢ-

ɪɨɫɬɭ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɢɪɭɫɧɨɝɨ ɚɧɬɢɝɟɧɚ — ɛɟɥɤɚ ɪ24 ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɭɸ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚɥɢ-

ɡɚ ɧɚɛɨɪɨɦ «ȼɂɑ-1 ɪ24-ɚɧɬɢɝɟɧ-ɂɎȺ-ȻȿɋɌ». Ⱦɚɧɧɵɣ ɧɚɛɨɪ ɩɨɡɜɨɥɹɟɬ 
ɜɵɹɜɢɬɶ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɪ24 ɜ ɩɪɨɛɚɯ ɤɭɥɶɬɭɪɚɥɶ-
ɧɨɣ ɠɢɞɤɨɫɬɢ. Ʉɭɥɶɬɭɪɚɥɶɧɭɸ ɠɢɞɤɨɫɬɶ ɢɡ ɩɪɨɛ ɫ ɤɭɥɶɬɢɜɢɪɭɟɦɵɦɢ 

ɢɡɨɥɹɬɚɦɢ ȼɂɑ-1, ɩɨɤɚɡɚɜɲɢɦɢ ɩɪɢɪɨɫɬ ɪ24 ɛɨɥɟɟ, ɱɟɦ ɜ 100 ɪɚɡ, ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɡɚɪɚɠɟɧɢɹ ɫɭɫɩɟɧɡɢɨɧɧɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4, ɧɚɯɨ-
ɞɹɳɟɣɫɹ ɜ ɫɬɚɞɢɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ. Ʉɭɥɶɬɭɪɚ ɆɌ-4 ɩɪɟɞɫɬɚɜɥɹ-
ɟɬ ɫɨɛɨɣ ɩɟɪɟɜɢɜɚɟɦɭɸ ɥɢɧɢɸ Ɍ-ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸɫɹ 
ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ȼɂɑ-1, ɤɨɬɨɪɚɹ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɪɢ ɫɨ-
ɜɦɟɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɥɢɦɮɨɰɢɬɨɜ ɢɡ ɤɪɨɜɢ ɫɟɪɞɰɚ ɢ ɩɟɪɢɮɟɪɢɱɟ-
ɫɤɨɣ ɤɪɨɜɢ ɛɨɥɶɧɵɯ Ɍ-ɤɥɟɬɨɱɧɨɣ ɥɟɣɤɟɦɢɟɣ. ɉɟɪɟɜɢɜɚɟɦɚɹ ɥɢɧɢɹ ɢɦɟɟɬ 
ɦɟɥɤɢɟ ɥɢɦɮɨɛɥɚɫɬɨɢɞɧɵɟ ɤɪɭɝɥɵɟ ɤɥɟɬɤɢ ɫ ɤɪɭɩɧɵɦɢ ɹɞɪɚɦɢ ɧɟɩɪɚ-
ɜɢɥɶɧɨɣ ɮɨɪɦɵ, ɡɚɧɢɦɚɸɳɢɟ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɤɥɟɬɤɢ.

ɆɌ-4 ɫɨɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɫ ɢɧɮɢɰɢɪɨɜɚɧɧɵɦɢ ɆɉɄ ɢɡɨɥɹɬɚɦɢ 

ȼɂɑ-1 (1 ɩɚɫɫɚɠ). Ⱥɞɚɩɬɚɰɢɹ ɩɪɨɯɨɞɢɥɚ ɜ ɚɬɦɨɫɮɟɪɟ 5 % ɋɈ
2 
ɩɪɢ 

37 ºɋ, ɜ ɩɨɥɧɨɣ ɪɨɫɬɨɜɨɣ ɫɪɟɞɟ (RPMI-1640, 20 % ɫɵɜɨɪɨɬɤɢ ɩɥɨɞɚ 
ɤɨɪɨɜɵ, 20 ɦɤɝ/ɦɥ ɝɟɧɬɚɦɢɰɢɧɚ). ɇɚ 4, 7, 9, 11 ɫɭɬɤɢ ɨɫɭɳɟɫɬɜɥɹ-
ɥɢ ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ, ɨɰɟɧɢɜɚɹ ɰɢɬɨɩɚɬɢɱɟɫɤɨɟ 
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ɞɟɣɫɬɜɢɟ ɜɢɪɭɫɚ ɧɚ ɆɌ-4 (ɧɚɥɢɱɢɟ ɫɢɧɰɢɬɢɟɜ, ɰɢɬɨɞɟɫɬɪɭɤɰɢɢ ɤɥɟ-
ɬɨɤ), ɢ ɩɪɨɜɨɞɢɥɢ ɫɛɨɪ ɨɛɪɚɡɰɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɤɨɩɥɟɧɢɹ ɪ24. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɂɎȺ ɢ ɨɰɟɧɤɢ ɫɨɞɟɪɠɚɧɢɹ ɜɢɪɭɫɧɨɝɨ ɚɧɬɢɝɟɧɚ 
ɨɫɭɳɟɫɬɜɥɹɥɢ 2 ɩɚɫɫɚɠ — ɫɨɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɧɟɡɚɪɚɠɟɧɧɭɸ ɥɢɧɢɸ 

ɆɌ-4 ɫ ɢɧɮɢɰɢɪɨɜɚɧɧɵɦɢ ɢɡɨɥɹɬɚɦɢ ɆɌ-4 ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɡɚɪɚ-
ɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɢɪɭɫɧɨɝɨ ɛɟɥɤɚ. Ʉɚɠɞɵɟ ɬɪɢ ɞɧɹ ɜɢɡɭɚɥɶɧɨ 
ɨɰɟɧɢɜɚɥɢ ɞɟɫɬɪɭɤɬɢɜɧɨɟ ɞɟɣɫɬɜɢɟ ɜɢɪɭɫɚ ɧɚ ɆɌ-4 ɢ ɫɨɛɢɪɚɥɢ ɩɪɨ-
ɛɵ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɥɢɱɢɹ ȼɂɑ-1 ɢ ɚɧɚ-
ɥɢɡɚ ɭɪɨɜɧɹ ɪɟɩɪɨɞɭɤɰɢɢ ȼɂɑ ɜ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4.

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ
ɉɨ ɦɟɪɟ ɪɚɡɜɢɬɢɹ ȼɂɑ-ɢɧɮɟɤɰɢɢ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ (in vivo) 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɟɧɚ ɤɨ-ɪɟɰɟɩɬɨɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɨɧɢɤɧɨɜɟɧɢɟ 
ɜɢɪɭɫɚ ɜ ɤɥɟɬɤɭ ɫ ɋɋR5 (ɧɚ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɢɧɮɟɤɰɢ) ɧɚ ɋXCR4. 

ȼɢɪɭɫɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɤɨ-ɪɟɩɬɨɪɚ ɋXCR4, ɜɵ-

ɹɜɥɹɸɬɫɹ ɧɚ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ ɢɧɮɟɤɰɢɢ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɧɚɢɥɭɱɲɢɦ 

ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɚɞɚɩɬɚɰɢɢ ɧɚ ɩɟɪɟɜɢɜɚɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɟɣ ɬɨɥɶɤɨ CXCR4 ɤɨ-ɪɟɰɟɩɬɨɪɵ, ɹɜɥɹɸɬɫɹ ȼɂɑ-1, 

ɢɦɟɸɳɢɟ CXCR4 ɬɪɨɩɧɨɫɬɶ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɫɨɬɪɭɞɧɢɤɚɦɢ ɨɬɞɟɥɚ ɪɟ-
ɬɪɨɜɢɪɭɫɨɜ ɩɪɢ ɦɨɧɢɬɨɪɢɧɝɟ ɡɚ ɰɢɪɤɭɥɢɪɭɸɳɢɦɢ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ 
Ɋɨɫɫɢɢ ȼɂɑ-1 ɩɪɨɜɨɞɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɪɨɩɧɨɫɬɢ ȼɂɑ-1 ɫ ɰɟɥɶɸ 

ɩɨɢɫɤɚ ɜɚɪɢɚɧɬɨɜ ɜɢɪɭɫɚ, ɢɦɟɸɳɢɯ ɫɪɨɞɫɬɜɨ ɤ CXCR4 ɤɨ-ɪɟɰɟɩɬɨɪɭ. 
Ɍɚɤɢɟ ȼɂɑ-1 ɫɭɛɬɢɩɚ Ⱥ ɢ CRF63_02A1 ȼɂɑ-1 ɛɵɥɢ ɧɚɣɞɟɧɵ ɢ ɩɟɪɟ-
ɞɚɧɵ  ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɢɡɨɥɹɬɨɜ ȼɂɑ-1.

ȼ ɩɪɨɰɟɫɫɟ ɚɞɚɩɬɚɰɢɢ ɢɡɨɥɹɬɚ CRF63_02A1 ɢ 2-ɯ ɢɡɨɥɹɬɨɜ ɫɭɛɬɢ-

ɩɚ Ⱥ ȼɂɑ-1 ɤ ɫɭɫɩɟɧɡɢɨɧɧɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɆɌ-4 ɛɵɥɨ ɜɵɹɜɥɟɧɨ 
ɭɜɟɥɢɱɟɧɢɟ ɧɚɤɨɩɥɟɧɢɹ ɜɢɪɭɫɧɨɝɨ ɛɟɥɤɚ ɪ24 ɜɨ ɜɫɟɯ ɩɪɨɛɚɯ ɭɠɟ ɩɨɫɥɟ 
2 ɩɚɫɫɚɠɚ, ɱɬɨ ɨɬɪɚɠɚɟɬ ɩɪɨɰɟɫɫ ɩɪɨɞɭɤɬɢɜɧɨɣ ɢɧɮɟɤɰɢɢ ɜɢɪɭɫɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɧɚ ɆɌ-4. ȼ ɬɟɱɟɧɢɟ 6 ɫɭɬɨɤ ɛɵɥ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɩɪɢɪɨɫɬ 
ɪ24 ɜ ɩɪɨɛɚɯ ɩɟɪɜɨɝɨ ɢɡɨɥɹɬɚ ȼɂɑ-1 ɫɭɛɬɢɩɚ Ⱥ ɫ 2890 ɩɝ/ɦɥ (0 ɱɚɫɨɜ) 
ɞɨ 852400 ɩɝ/ɦɥ (6 ɫɭɬ). Ⱦɥɹ ɜɬɨɪɨɝɨ ɢɡɨɥɹɬɚ ɫɭɛɬɢɩɚ Ⱥ ɧɚɛɥɸɞɚɥɨɫɶ 
ɭɜɟɥɢɱɟɧɢɟ ɛɟɥɤɚ ɪ24 ɫ 14,2 ɧɝ/ɦɥ (0 ɱɚɫɨɜ) ɞɨ 17690 ɧɝ/ɦɥ (9 ɫɭɬ). 
Ɋɚɡɦɧɨɠɟɧɢɟ ȼɂɑ-1 ɫɭɛɬɢɩɚ Ⱥ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɰɢɬɨɩɚɬɢɱɟɫɤɢɦ ɞɟɣ-

ɫɬɜɢɟɦ ɧɚ ɆɌ-4, ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɢɧɰɢɬɢɟɜ, ɩɢɤɧɨɬɢɱɟɫɤɢ ɨɤɪɚɲɟɧɧɵɯ 
ɤɥɟɬɨɤ. ȼ ɤɭɥɶɬɭɪɟ ɧɚɛɥɸɞɚɥɨɫɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɛɪɢɫɚ. ɋɨɤɭɥɶ-
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ɬɢɜɢɪɨɜɚɧɢɟ ɢɡɨɥɹɬɚ CRF63_02A1 ȼɂɑ-1 ɩɨɤɚɡɚɥɨ ɩɪɢɪɨɫɬ ɪ24 ɧɚ 
6 ɫɭɬɤɢ ɨɬ 6430 ɩɝ/ɦɥ (0 ɱɚɫɨɜ) ɞɨ 589000 ɩɝ/ɦɥ (6 ɫɭɬ). 

ȼɵɜɨɞɵ
ɉɨɥɭɱɟɧɵ ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɤ ɩɟɪɟɜɢɜɚɟɦɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ 

ɆɌ-4 ɢɧɮɟɤɰɢɨɧɧɵɟ ɢɡɨɥɹɬɵ ɚɤɬɭɚɥɶɧɵɯ ɞɥɹ Ɋɨɫɫɢɢ ɝɟɧɟɬɢɱɟɫɤɢɯ 
ɜɚɪɢɚɧɬɨɜ ɫɭɛɬɢɩɚ Ⱥ ɢ CRF63_02A1ȼɂɑ-1. Ⱥɞɚɩɬɢɪɨɜɚɧɧɵɟ ɢɡɨɥɹ-
ɬɵ ȼɂɑ-1 ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɞɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɫɭɛ-

ɬɢɩ-ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɢɪɭɫɨɜ, ɬɚɤ ɢ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɨɜɵɯ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɟɩɪɨ-
ɞɭɤɰɢɢ ȼɂɑ-1.

ɑɍȼɋɌȼɂɌȿɅɖɇɈɋɌɖ Ʉ ɉɊɈɌɂȼɈȼɂɊɍɋɇɕɆ 

ɉɊȿɉȺɊȺɌȺɆ ɒɌȺɆɆɈȼ ȼɂɊɍɋȺ ȽɊɂɉɉȺ Ⱥ/H1N1, 

ȼɕȾȿɅȿɇɇɕɏ ȼ ȺɊȺɅɖɋɄɈɆ ɊȿȽɂɈɇȿ ȼ 2015–2016 ȽȽ.

THE SENSITIVITY OF THE STRAINS OF INFLUENZA 

A/H1N1 VIRUS, ISOLATED IN THE ARAL SEA REGION 

IN 2015–2016, TO THE ANTIVIRAL DRUGS
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɟɜɹɬɢ ɤɚ-

ɡɚɯɫɬɚɧɫɤɢɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ/H1N1, ɜɵɞɟɥɟɧɧɵɯ ɜ Ⱥɪɚɥɶ-
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ɫɤɨɦ ɪɟɝɢɨɧɟ ɜ 2015–2016 ɝɝ., ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɟɦɚɧɬɚɞɢɧɭ ɢ ɬɚɦɢɮ-

ɥɸ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɢɡɭɱɟɧɧɵɟ ɲɬɚɦɦɵ ɩɪɨɹɜɢɥɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ ɩɪɟɩɚɪɚɬɚɦ.

Abstract

There are the results of the research of the sensitivity of nine 

strains of infl uenza A/H1N1 virus, isolated in the Aral Sea Region 

in 2015 — 2016, to rimantadine and tamifl u. The almost all of the 

strains showed the sensitivity to the antiviral drugs.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ, ɢɫ-
ɩɨɥɶɡɭɟɦɵɣ ɩɪɢ ɝɪɢɩɩɟ ɢ ɈɊȼɂ, ɨɬɥɢɱɚɟɬɫɹ ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɢ ɨɯɜɚ-
ɬɵɜɚɟɬ ɜɫɟɜɨɡɦɨɠɧɵɟ ɫɩɨɫɨɛɵ ɜɥɢɹɧɢɹ ɧɚ ɢɧɮɟɤɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ. 
ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ ɜɨ 
ɜɫɟɦ ɦɢɪɟ ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɞɜɭɯ ɝɪɭɩɩ: ɩɪɨɢɡɜɨ-
ɞɧɵɟ ɚɞɚɦɚɧɬɚɧɚ (ɪɟɦɚɧɬɚɞɢɧ ɢ ɚɦɚɧɬɚɞɢɧ) ɢ ɢɧɝɢɛɢɬɨɪɵ ɧɟɣɪɚɦɢ-

ɧɢɞɚɡɵ (ɬɚɦɢɮɥɸ ɢ ɪɟɥɟɧɡɚ).
ȼɵɫɨɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɤ ɢɡɦɟɧɱɢɜɨɫɬɢ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 

ɛɵɫɬɪɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɢɪɭɫɨɜ ɫ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɩɪɢɡɧɚɤɚɦɢ ɪɟ-
ɡɢɫɬɟɧɬɧɨɫɬɢ ɤ ɩɪɢɦɟɧɹɟɦɵɦ ɥɟɤɚɪɫɬɜɟɧɧɵɦ ɫɪɟɞɫɬɜɚɦ. ɂɡɭɱɟɧɢɟ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ ɩɪɟɩɚɪɚɬɚɦ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶ-
ɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɢɪɭɫɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 372 ɧɨɫɨɝɥɨɬɨɱɧɵɯ ɫɦɵɜɨɜ, ɫɨɛɪɚɧɧɵɯ ɜ ɷɩɢ-

ɞɟɦɢɱɟɫɤɢɣ ɫɟɡɨɧ 2015–2016 ɝɝ. ɜ ɥɟɱɟɛɧɵɯ ɭɱɪɟɠɞɟɧɢɹɯ Ʉɵɡɵɥɨɪ-
ɞɢɧɫɤɨɣ ɢ Ⱥɤɬɸɛɢɧɫɤɨɣ ɨɛɥɚɫɬɟɣ, ɧɚ ɤɭɪɢɧɵɯ ɷɦɛɪɢɨɧɚɯ ɜɵɞɟɥɟɧɨ 
ɞɟɜɹɬɶ ɝɟɦɚɝɝɥɸɬɢɧɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜ ɪɟɚɤ-
ɰɢɢ ɬɨɪɦɨɠɟɧɢɹ ɝɟɦɚɝɝɥɸɬɢɧɚɰɢɢ, ɪɟɚɤɰɢɢ ɢɧɝɢɛɢɰɢɢ ɧɟɣɪɚɦɢɧɢ-

ɞɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶ-
ɧɨɝɨ ɜɪɟɦɟɧɢ ɤɚɤ ɜɢɪɭɫɵ ɝɪɢɩɩɚ Ⱥ/ɇ1N1. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɞɟɜɹɬɢ ɤɚɡɚɯɫɬɚɧɫɤɢɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ/ɇ1N1 ɤ ɪɚɡɥɢɱɧɵɦ 

ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɯ ɩɪɟɩɚɪɚɬɨɜ (ɪɟɦɚɧɬɚɞɢɧ ɢ ɬɚ-
ɦɢɮɥɸ), ɤɨɬɨɪɚɹ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɭɪɨɜɧɸ ɩɨɞɚɜɥɟɧɢɹ ɪɟɩɪɨɞɭɤɰɢɢ 

100 ɗɂȾ50 ɜɢɪɭɫɚ. Ⱦɨɡɭ ɩɪɟɩɚɪɚɬɚ, ɩɨɞɚɜɥɹɸɳɭɸ ɬɢɬɪ ɜɢɪɭɫɚ ɜ ɪɟ-
ɚɤɰɢɢ ɝɟɦɚɝɝɥɸɬɢɧɚɰɢɢ ɜ ɞɜɚ ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ (ɛɟɡ 
ɩɪɟɩɚɪɚɬɚ), ɫɱɢɬɚɥɢ ɢɧɝɢɛɢɪɭɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɢɧɝɢɛɢɪɭɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɬɚ-
ɦɢɮɥɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɲɟɫɬɢ ɤɚɡɚɯɫɬɚɧɫɤɢɦ ɜɢɪɭɫɚɦ ɫɨɫɬɚɜɥɹɥɢ ɨɬ 
1,56 ɞɨ 6,25 ɦɤɝ/ɦɥ. Ⱦɥɹ ɲɬɚɦɦɨɜ ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɛɵɥɢ ɜɵɲɟ ɢ ɞɨ-
ɫɬɢɝɚɥɢ 12,5 ɦɤɝ/ɦɥ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɯɨɞɢɥɢ ɜ ɞɢɚɩɚɡɨɧ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ ɤ ɬɚɦɢɮɥɸ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ Ⱥ, 

ɨɰɟɧɢɜɚɟɦɵɯ ɤɚɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ ɞɚɧɧɨɦɭ ɩɪɟɩɚɪɚɬɭ.
Ʉɚɡɚɯɫɬɚɧɫɤɢɟ ɜɢɪɭɫɵ ɝɪɢɩɩɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɟɦɚɧɬɚɞɢɧɭ ɨɬ-

ɧɟɫɟɧɵ ɤ ɜɨɫɩɪɢɢɦɱɢɜɵɦ, ɬɚɤ ɤɚɤ ɩɨɤɚɡɚɬɟɥɢ ɫɨɫɬɚɜɢɥɢ 3,12 — 

12,5 ɦɤɝ/ɦɥ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɞɧɨɝɨ ɲɬɚɦɦɚ, ɪɟɡɢɫɬɟɧɬɧɨɝɨ ɤ ɩɪɟ-
ɩɚɪɚɬɭ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɢɪɭɫɵ ɝɪɢɩɩɚ Ⱥ/H1N1, ɜɵɞɟ-

ɥɟɧɧɵɟ ɜ Ⱥɪɚɥɶɫɤɨɦ ɪɟɝɢɨɧɟ ɜ 2015–2016 ɝɝ., ɹɜɥɹɸɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶ-
ɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɫɫɥɟɞɭɟɦɵɦ ɩɪɟɩɚɪɚɬɚɦ, ɤɪɨɦɟ ɨɞɧɨɝɨ ɜɢɪɭ-
ɫɚ — ɭɫɬɨɣɱɢɜɨɝɨ ɤ ɪɟɦɚɧɬɚɞɢɧɭ. 

ɌȿɊɆɈɎɂɅɖɇɕɃ ȻȺɄɌȿɊɂɈɎȺȽ AP45: ɋȼɈɃɋɌȼȺ, 

ȺɇȺɅɂɁ ȽȿɇɈɆȺ, ɀɂɁɇȿɇɇɕɃ ɐɂɄɅ

THERMOPHILIC BACTERIOPHAGE AP45: PROPERTIES, 

GENOME ANALYSIS, LIFE CYCLE
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Tɟɪɦɨɮɢɥɶɧɵɣ ɛɚɤɬɟɪɢɨɮɚɝ AP45 ɢ ɟɝɨ ɛɚɤɬɟɪɢɹ-ɯɨɡɹɢɧ ɄɗɆɌɄ 

656 ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɢɡ ɨɛɪɚɡɰɨɜ ɩɨɱɜɵ Ⱦɨɥɢɧɵ Ƚɟɣɡɟɪɨɜ ɧɚ Ʉɚɦɱɚɬɤɟ. 
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ɏɨɡɹɢɧ ɛɵɥ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧ ɤɚɤ ɜɢɞ Aeribacillus pallidus. Ȼɚɤɬɟɪɢɨ-
ɮɚɝ AP45 ɛɵɥ ɩɪɢɱɢɫɥɟɧ ɤ ɫɟɦɟɣɫɬɜɭ Siphoviridae. Ɏɚɝ ɬɟɪɦɨɫɬɚɛɢɥɟɧ 

ɩɪɢ 55–65ºɋ, ɠɢɡɧɟɫɩɨɫɨɛɟɧ ɩɪɢ 75–85ºɋ ɢ ɩɪɨɞɭɰɢɪɭɟɬ ɬɟɪɦɨɫɬɚ-
ɛɢɥɶɧɵɣ ɛɟɥɨɤ-ɷɧɞɨɥɢɡɢɧ. Ɋɚɡɦɟɪ ɝɟɧɨɦɚ ɫɨɫɬɚɜɢɥ 51 ɬ.ɧ.ɩ. ȼɵɹɜɥɟɧɨ 
73 ɈɊɌ, ɢɡ ɤɨɬɨɪɵɯ 40 ɤɨɞɢɪɭɸɬ ɛɟɥɤɢ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. 

ɇɚɢɛɨɥɶɲɟɟ ɫɯɨɞɫɬɜɨ ɝɟɧɨɦɨɜ (36 %) ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɫ ɬɟɪɦɨɮɢɥɶ-
ɧɵɦ ɮɚɝɨɦ D6E [GU568037]. Ȼɨɥɶɲɢɧɫɬɜɨ ɈɊɌ ɧɟɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ 
ɮɚɝɚ ȺɊ45 ɫɯɨɞɧɵ ɫ ɈɊɌ ɨɪɝɚɧɢɡɦɨɜ ɫɟɦɟɣɫɬɜɚ Bacillaceae. Ȼɵɥɚ ɨɛ-
ɧɚɪɭɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɥɢɡɨɝɟɧɧɨɦɭ ɩɭɬɢ ɪɚɡɜɢɬɢɹ.

Abstract

Thermophilic bacteriophage AP45 and its host-bacterium ɋEMTC 

656 were isolated from soil samples of Valley of Geizers from 

Kamchatka. The host was classifi ed as species Aeribacillus palli-

dus. Bacteriophage AP45 was identifi ed as a member of the fam-

ily Siphoviridae. Phage is thermostable at 55–65 º C and viable at 

75–85 º C and produces termostable protein-endolysin. Genome 

size is 51606 bp and it contains 73 ORFs, 40 of which encode pro-

teins with unknown functions. The highest similarity (36 %) among 

the genomic sequences of bacteriophages was founded in the clus-

ter of structural proteins with thermophilic phage D6E [GU568037]. 

Most ORFs among non-structural proteins of phage АɊ45 were 

similar to ORFs of the family Bacillaceae organisms. The ability to 

lysogenic development was discovered.

Tɟɪɦɨɮɢɥɶɧɵɣ ɛɚɤɬɟɪɢɨɮɚɝ AP45 ɢ ɟɝɨ ɬɟɪɦɨɮɢɥɶɧɵɣ ɦɢɤɪɨɨɪ-
ɝɚɧɢɡɦ-ɯɨɡɹɢɧ ɄɗɆɌɄ 656 ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɢɡ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 
Ⱦɨɥɢɧɵ Ƚɟɣɡɟɪɨɜ ɧɚ Ʉɚɦɱɚɬɤɟ.
Ʉɭɥɶɬɭɪɚ-ɯɨɡɹɢɧ ɛɵɥɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɤɚɤ ɬɟɪɦɨɮɢɥɶɧɚɹ ɛɚɤ-

ɬɟɪɢɹ ɜɢɞɚ Aeribacillus pallidus ɦɟɬɨɞɨɦ ɮɢɥɨɬɢɩɢɪɨɜɚɧɢɹ ɩɨ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ 16S ɪɊɇɄ. ɉɪɢ ɷɬɨɦ ɜ ɢɫɯɨɞɧɨɣ ɤɭɥɶɬɭɪɟ ɩɪɢɫɭɬ-
ɫɬɜɨɜɚɥɢ ɞɜɚ ɲɬɚɦɦɚ, ɤɨɬɨɪɵɟ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɥɢɫɶ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ 

ɢ ɩɨ ɧɚɛɨɪɭ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɚɤɬɢɜɧɨɫɬɟɣ.

ɉɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɜɢɪɢɨɧɚ ɛɚɤɬɟɪɢɨɮɚɝɚ ɦɟɬɨɞɨɦ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɛɚɤɬɟɪɢɨɮɚɝ AP45 ɛɵɥ ɨɬɧɟɫɟɧ ɤ ɫɟɦɟɣ-

ɫɬɜɭ Siphoviridae.
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Ȼɚɤɬɟɪɢɨɮɚɝ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

ɧɚ ɝɚɡɨɧɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɤɭɥɶɬɭɪɵ ɩɪɨɞɭɰɢɪɭɟɬ ɛɥɹɲɤɢ ɪɚɡɦɟɪɨɦ 

0,5–1 ɦɦ ɢ ɲɢɪɨɤɭɸ ɡɨɧɭ ɥɢɡɢɫɚ ɡɚ ɫɱɟɬ ɩɪɨɞɭɤɰɢɢ ɪɚɫɬɜɨɪɢɦɨɝɨ 
ɛɟɥɤɚ-ɷɧɞɨɥɢɡɢɧɚ, ɪɚɡɪɭɲɚɸɳɟɝɨ ɤɥɟɬɨɱɧɵɟ ɫɬɟɧɤɢ ɛɚɤɬɟɪɢɣ. Ɏɚɝ 
ɬɟɪɦɨɫɬɚɛɢɥɟɧ ɩɪɢ 55–65º ɋ, ɫɨɯɪɚɧɹɟɬ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɟ 75–85º ɋ, ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɯɥɨɪɨɮɨɪɦɭ. Ʉɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ 

ɚɞɫɨɪɛɰɢɢ ɛɚɤɬɟɪɢɨɮɚɝɚ ɧɚ ɤɥɟɬɤɚɯ ɲɬɚɦɦɨɜ ɨɬɥɢɱɚɸɬɫɹ ɢ ɫɨɫɬɚɜ-
ɥɹɸɬ K

1 
= 1,58 × 10–7 ± 0,01 ɦɥ/ɦɢɧ, K

3 
= 8,45ɯ10–8 ± 0,15 ɦɥ/ɦɢɧ, ɫɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ.
Ɋɚɡɦɟɪ ɝɟɧɨɦɚ ɩɨ ɞɚɧɧɵɦ ɩɨɥɧɨɝɟɧɨɦɧɨɝɨ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɫɨ-

ɫɬɚɜɢɥ 51606 ɧ.ɩ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɹɜɢɥ 
73 ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɈɊɌ. Ƚɟɧɨɦ ɫɨɞɟɪɠɢɬ ɈɊɌ, ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɤɢ 

ɪɟɤɨɦɛɢɧɚɰɢɢ ɢ ɪɟɝɭɥɹɰɢɢ ɦɟɬɚɛɨɥɢɡɦɚ ȾɇɄ, ɛɟɥɤɢ ɥɢɡɢɫɚ ɛɚɤɬɟ-
ɪɢɚɥɶɧɨɣ ɤɥɟɬɤɢ, ɫɬɪɭɤɬɭɪɧɵɟ ɛɟɥɤɢ, ɚ ɬɚɤɠɟ 40 ɈɊɌ, ɤɨɞɢɪɭɸɳɢɯ 
ɛɟɥɤɢ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ, ɤɨɬɨɪɵɟ, ɜɟɪɨɹɬɧɨ, ɢɦɟɸɬ ɭɧɢ-

ɤɚɥɶɧɵɟ ɮɭɧɤɰɢɢ. Ƚɟɧɨɦ ɛɚɤɬɟɪɢɨɮɚɝɚ ɧɟ ɫɨɞɟɪɠɢɬ ȾɇɄ- ɢ ɊɇɄ-

ɩɨɥɢɦɟɪɚɡ, ɬɨ ɟɫɬɶ ɞɥɹ ɫɜɨɟɝɨ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɮɚɝ ɢɫɩɨɥɶɡɭɟɬ ɛɚɤ-
ɬɟɪɢɚɥɶɧɵɟ ɩɨɥɢɦɟɪɚɡɵ. ɇɚɢɛɨɥɶɲɟɟ ɫɯɨɞɫɬɜɨ (36 %) ɫɪɟɞɢ ɝɟɧɨɦ-

ɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɚɤɬɟɪɢɨɮɚɝɨɜ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɫ ɬɟɪɦɨ-
ɮɢɥɶɧɵɦ ɮɚɝɨɦ D6E [GU568037] ɜ ɤɥɚɫɬɟɪɟ ɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɈɊɌ ɧɟɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ ɮɚɝɚ ȺɊ45 ɢɦɟɸɬ ɫɯɨɞ-

ɫɬɜɨ ɫ ɈɊɌ ɬɟɪɦɨɮɢɥɶɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɫɟɦɟɣ-

ɫɬɜɭ Bacillaceae, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɢɦɟɥɨ ɦɟɫɬɨ ɤɨɷɜɨ-
ɥɸɰɢɨɧɧɨɟ ɪɚɡɜɢɬɢɟ ɛɚɤɬɟɪɢɣ-ɯɨɡɹɟɜ ɢ ɛɚɤɬɟɪɢɨɮɚɝɨɜ.
ɋɩɨɫɨɛɧɨɫɬɶ ɤ ɥɢɡɨɝɟɧɧɨɦɭ ɩɭɬɢ ɪɚɡɜɢɬɢɹ ɛɵɥɚ ɩɪɟɞɩɨɥɨɠɟɧɚ 

ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɧɟɫɤɨɥɶɤɢɯ ɛɟɥɤɨɜ ɪɟɤɨɦɛɢɧɚɰɢɢ ɢ ɩɨɞɬɜɟɪɠɞɟ-
ɧɚ ɢɧɞɭɤɰɢɟɣ ɜɵɯɨɞɚ ɩɪɨɮɚɝɚ ɢɡ ɪɟɡɢɫɬɟɧɬɧɵɯ ɤɥɟɬɨɤ ɤɭɥɶɬɭɪɵ 656. 

Ʌɢɬɢɱɟɫɤɢɣ ɩɭɬɶ ɪɚɡɜɢɬɢɹ ɛɚɤɬɟɪɢɨɮɚɝɚ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɜ ɝɟ-
ɧɨɦɟ ɈɊɌ, ɤɨɞɢɪɭɸɳɢɯ ɛɟɥɤɢ-ɷɧɞɨɥɢɡɢɧɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɞɥɹ ɜɵɯɨɞɚ ɧɨɜɵɯ ɮɚɝɨɜɵɯ ɱɚɫɬɢɰ ɢɡ ɤɥɟɬɤɢ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɩɟɪɜɵɟ ɛɵɥ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɛɚɤɬɟɪɢɨɮɚɝ, ɫɩɟɰ-

ɢɮɢɱɧɵɣ ɤ ɬɟɪɦɨɮɢɥɶɧɨɣ ɛɚɤɬɟɪɢɢ Aeribacillus pallidus, ɜɵɞɟɥɟɧɧɨɣ 

ɢɡ ɤɚɦɱɚɬɫɤɨɝɨ ɬɟɪɦɨɮɢɥɶɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ. Ȼɚɤɬɟɪɢɨɮɚɝ ɨɬɧɨɫɢɬɫɹ 
ɤ ɭɦɟɪɟɧɧɵɦ ɬɟɪɦɨɮɢɥɚɦ. Ɏɚɝ AP45 ɫɩɨɫɨɛɟɧ ɤɚɤ ɤ ɥɢɬɢɱɟɫɤɨɦɭ, 
ɬɚɤ ɢ ɤ ɥɢɡɨɝɟɧɧɨɦɭ ɩɭɬɹɦ ɪɚɡɜɢɬɢɹ. Ⱦɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɤɨ-
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ɞɢɪɭɟɦɵɯ ɧɟɫɬɪɭɤɬɭɪɧɵɦɢ ɈɊɌ ɮɚɝɚ, ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɚɧɚɥɨɝɢɱɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɚɤɬɟɪɢɨɮɚɝɨɜ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɛɚɡɚɯ ɞɚɧɧɵɯ.

ɊȺɁɊȺȻɈɌɄȺ ɅȺȻɈɊȺɌɈɊɇɈɃ ɍɋɌȺɇɈȼɄɂ 

ȾɅə ɂɁɍɑȿɇɂə ɌɊȺɇɋɆɂɋɋɂȼɇɈɋɌɂ ȼɂɊɍɋȺ ȽɊɂɉɉȺ 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɥɚɛɨɪɚ-

ɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩ-

ɩɚ ɫ ɩɚɧɞɟɦɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ, ɧɚ ɩɪɢɦɟɪɟ ɜɢɪɭɫɚ A/rook/

Chany/32/2015 (H5N1). Ɇɨɞɟɥɶɧɵɦɢ ɠɢɜɨɬɧɵɦɢ ɹɜɥɹɥɢɫɶ ɦɨɪ-

ɫɤɢɟ ɫɜɢɧɤɢ, ɜɵɞɵɯɚɟɦɵɣ ɜɨɡɞɭɯ ɤɨɬɨɪɵɯ ɧɚ 1, 2 ɢ 3 ɫɭɬɤɢ ɮɢɥɶ-
ɬɪɨɜɚɥɫɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɱɟɪɟɡ ɚɷɪɨɡɨɥɶɧɵɣ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɮɢɥɶɬɪ 
(ȺɎȺ-ȻȺ-3) ɢ ɬɚɤɠɟ ɟɠɟɞɧɟɜɧɨ ɛɪɚɥɢɫɶ ɫɦɵɜɵ ɢɡ ɧɨɫɚ ɞɥɹ ɫɪɚɜ-
ɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɢɬɪ ɜɢɪɭɫɚ ɨɰɟɧɢɜɚɥɢ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ ɫ ɞɟ-
ɬɟɤɰɢɟɣ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
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ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɢɪɭɫɚ ɜ ɫɦɵɜɚɯ ɞɨɫɬɢɝɚɥɚɫɶ ɧɚ ɜɬɨ-

ɪɨɣ ɞɟɧɶ ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ ɢ ɞɚɥɟɟ ɪɟɡɤɨ ɫɧɢɠɚɥɚɫɶ ɧɚ ɬɪɟɬɶɢ ɫɭɬ-
ɤɢ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɢɪɭɫɚ ɩɨɥɭɱɢɥɢɫɶ 
ɧɚ ɮɢɥɶɬɪɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɉɨɤɚ-
ɡɚɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ ɩɪɢɝɨɞɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɫ ɩɚɧɞɟɦɢɱɟɫɤɢɦ 

ɩɨɬɟɧɰɢɚɥɨɦ.

Abstract

This study was performed to develop a laboratory setup for study-

ing the transmissibility of infl uenza virus with pandemic potential, on 

the example of the virus A / rook / Chany / 32/2015 (H5N1). Animal 

models were the guinea pigs, the exhaled air was tested on days 1, 

2 and 3 by analytical aerosol fi lter (AFA-BA-3) and also daily swabs 

were taken from the nose of guinea pig to compare the results. The 

viral titer was evaluated by RT-PCR with the detection in real time. 

The results indicate that the maximum concentration of the virus in 

the washings was achieved on the second day after infection and 

then sharply declined for the third day. Similar results were obtained 

for the concentration of the virus on fi lters. The effi ciency and suit-

ability of the developed systems for studying the transmissibility of 

infl uenza virus with pandemic potential was approved.

ȼɜɟɞɟɧɢɟ
ɋɟɝɨɞɧɹ, ɧɚɪɹɞɭ ɫ ɭɠɟ ɩɨɜɫɟɦɟɫɬɧɨ ɰɢɪɤɭɥɢɪɭɸɳɢɦɢ ɲɬɚɦɦɚɦɢ, 

ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɭɝɪɨɡɭ ɩɚɧɞɟɦɢɢ ɧɟɫɭɬ ɜɵɫɨɤɨ ɩɚɬɨɝɟɧɧɵɟ ɜɢɪɭɫɵ 

ɝɪɢɩɩɚ ɩɬɢɰ, ɤɨɬɨɪɵɟ ɭɠɟ ɩɪɟɨɞɨɥɟɥɢ ɜɢɞɨɜɨɣ ɛɚɪɶɟɪ, ɩɟɪɟɞɚɜɚɹɫɶ 
ɨɬ ɩɬɢɰ ɤ ɱɟɥɨɜɟɤɭ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɦɨɝɭɬ ɩɪɨɢɡɨɣɬɢ ɧɨɜɵɟ ɝɟɧɟɬɢ-

ɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɩɬɢɱɶɢɦ ɜɢɪɭɫɚɦ ɩɟɪɟɞɚɜɚɬɶɫɹ 
ɭɠɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɱɟɥɨɜɟɤɚ ɤ ɱɟɥɨɜɟɤɭ.
Ɍɪɢ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɨɩɪɟɞɟɥɹɸɬ ɟɝɨ ɩɚɧɞɟɦɢ-

ɱɟɫɤɢɟ ɩɨɬɟɧɰɢɢ: ɧɨɜɢɡɧɚ ɲɬɚɦɦɚ ɞɥɹ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɪɟɰɟɩɬɨɪɚɦɢ ɤɥɟɬɨɤ ȼȾɉ ɱɟɥɨɜɟɤɚ ɢ ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɩɟɪɟɞɚɜɚɬɶɫɹ ɦɟɠɞɭ ɨɪɝɚɧɢɡɦɚɦɢ, ɬɨ ɟɫɬɶ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɶ. 
ɂɦɟɧɧɨ ɫɬɟɩɟɧɶ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɲɬɚɦɦɨɜ ɨɩɪɟ-
ɞɟɥɹɟɬ ɬɹɠɟɫɬɶ ɜɵɡɵɜɚɟɦɵɯ ɢɦɢ ɩɚɧɞɟɦɢɣ ɢɥɢ ɷɩɢɞɟɦɢɣ. Ʉ ɩɪɢɦɟɪɭ, 
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ɞɥɹ ɨɰɟɧɤɢ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɝɪɢɩɩɚ ɢɫɩɨɥɶɡɭɸɬ 
ɬɚɤɨɣ ɨɰɟɧɨɱɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɤɚɤ TIPRA (ɫɦ. ɬɚɛɥ.).

ɗɥɟɦɟɧɬɵ ɨɰɟɧɤɢ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɝɪɢɩɩɚ
ɗɥɟɦɟɧɬɵ ɨɰɟɧɤɢ ɪɢɫɤɚ ȼɟɫ ɷɥɟɦɟɧɬɚ

ɋɩɨɫɨɛɧɨɫɬɶ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɪɟɰɟɩɬɨɪɚɦɢ 0.408

ɉɟɪɟɞɚɱɚ ɦɟɠɞɭ ɦɨɞɟɥɶɧɵɦɢ ɠɢɜɨɬɧɵɦɢ 

(ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɶ) 0.242

ɇɚɥɢɱɢɟ ɫɥɭɱɚɟɜ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɱɟɥɨɜɟɤɚ 0.158

Ƚɟɧɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 0.103

ɗɩɢɞɟɦɢɢ ɭ ɠɢɜɨɬɧɵɯ 0.061

Ƚɟɨɝɪɚɮɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɮɟɤɰɢɢ ɭ ɠɢɜɨɬɧɵɯ 0.028

ɏɨɬɹ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɶ ɜɢɪɭɫɧɨɝɨ ɲɬɚɦɦɚ ɫɪɟɞɢ ɜɫɟɯ ɮɚɤɬɨɪɨɜ 
ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɫɬɨɢɬ ɧɚ ɜɬɨɪɨɦ ɦɟɫɬɟ, ɨɧɚ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɧɨɫɬɢ ɜɢɪɭɫɚ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɪɟɰɟɩɬɨɪɚ-
ɦɢ. Ɉɛɚ ɷɬɢɯ ɮɚɤɬɨɪɚ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɧɚ 65 % ɜɥɢɹɸɬ ɧɚ ɪɢɫɤ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɹ ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɲɬɚɦɦɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɭɳɟɫɬɜɭɟɬ ɧɚɫɭɳɧɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɝɥɭɛɨɤɨɝɨ ɩɨɧɢɦɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɢ ɟɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ.
ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ — ɪɚɡɪɚɛɨɬɤɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɫ ɩɚɧ-

ɞɟɦɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ.

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɪɚɧɫ-
ɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɧɚ ɦɨɪɫɤɢɯ ɫɜɢɧɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1.

ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɪɟɡɭɥɶɬɚɬɵ
Ɇɨɞɟɥɶɧɵɦɢ ɠɢɜɨɬɧɵɦɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɹɜɥɹɥɢɫɶ 

ɦɨɪɫɤɢɟ ɫɜɢɧɤɢ. ȼɫɟɝɨ ɜ ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 4 ɦɨɪɫɤɢɟ ɫɜɢɧɤɢ, 

ɜɟɫɨɦ 200–250ɝ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɠɢɜɨɬɧɵɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɧ-

ɬɪɚɧɚɡɚɥɶɧɨɟ ɡɚɪɚɠɟɧɢɟ ɝɪɢɩɩɨɦ A/rook/Chany/32/2015 (H5N1) ɜ ɞɨɡɟ 
5,0 lgɗɂȾ

50
. ɇɚ 1, 2 ɢ 3 ɫɭɬɤɢ ɨɬ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭ ɜɫɟɯ ɠɢɜɨɬɧɵɯ 

ɛɪɚɥɢ ɧɨɫɨɜɵɟ ɫɦɵɜɵ (ɜ 1,0 ɦɥ ɫɪɟɞɵ), ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɩɪɨɞɭɜ (1 ɱ.) 
ɜɵɞɵɯɚɟɦɨɝɨ ɦɨɪɫɤɢɦɢ ɫɜɢɧɤɚɦɢ ɜɨɡɞɭɯɚ ɧɚ ɮɢɥɶɬɪ ɜ ɢɫɫɥɟɞɭɟɦɨɣ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚ-
ɧɨɜɤɟ (ɪɢɫ. 1). Ɉɛɴɟɦɧɚɹ 
ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨ-
ɬɨɤɚ ɱɟɪɟɡ ɮɢɥɶɬɪ — 10 ɥ/
ɦɢɧ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɜɢɪɭ-
ɫɚ ɜ ɫɦɵɜɚɯ ɢ ɧɚ ɮɢɥɶɬɪɚɯ 
ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɉɐɊ.
Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧ-

ɧɵɟ ɧɚ ɪɢɫ. 2, ɩɨɤɚɡɵɜɚ-
ɸɬ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 
ɫɭɬɨɤ ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ 
ɜɢɪɭɫ ɜ ɫɦɵɜɚɯ ɧɨɫɨɜɨɣ 

ɩɨɥɨɫɬɢ ɧɟ ɨɛɧɚɪɭɠɢɜɚ-
ɟɬɫɹ, ɧɚ ɜɬɨɪɵɟ ɫɭɬɤɢ ɩɨ-
ɫɥɟ ɡɚɪɚɠɟɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɢɪɭɫɚ ɜ ɫɦɵɜɚɯ ɢ ɞɚɥɟɟ ɧɚ ɬɪɟɬɶɢ ɫɭɬɤɢ 

ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɚɹ ɤɚɪɬɢɧɚ ɤɢɧɟɬɢɤɢ 

ɜɢɪɭɫɚ ɜ ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ ɡɚɪɚɠɟɧɧɵɯ ɠɢɜɨɬɧɵɯ ɧɚɛɥɸɞɚɥɚɫɶ 
ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɫɦɵɜɨɜ ɫ ɮɢɥɶɬɪɨɜ.

Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚ-
ɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ: 1 — ɤɚɦɟɪɚ ɞɥɹ ɠɢ-

ɜɨɬɧɵɯ, 2 — ɮɢɥɶɬɪ ɞɥɹ ɡɚɛɨɪɚ ɱɢɫɬɨɝɨ 
ɜɨɡɞɭɯɚ, 3 — ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɮɢɥɶɬɪ ɞɥɹ 
ɡɚɛɨɪɚ ɜɵɞɵɯɚɟɦɨɝɨ ɫɜɢɧɤɚɦɢ ɜɨɡɞɭɯɚ, 
4 — ɤɪɢɬɢɱɟɫɤɨɟ ɫɨɩɥɨ, 5 — ɮɢɥɶɬɪ 
ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɡɞɭɯɚ, 6 — ɧɚɫɨɫ

Ɋɢɫ. 2. ɂɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɢɪɭɫɚ ɜ ɫɦɵɜɟ ɢɡ ɧɨɫɨɜɨɣ ɩɨɥɨɫɬɢ 

ɦɨɪɫɤɢɯ ɫɜɢɧɨɤ ɢ ɜ ɜɵɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ: ɚ — ɬɢɬɪ ɜɢɪɭɫɚ ɜ ɧɨɫɨɜɵɯ 
ɫɦɵɜɚɯ ɤɚɠɞɨɣ ɢɡ 4-ɯ ɦɨɪɫɤɢɯ ɫɜɢɧɨɤ; ɛ — ɬɢɬɪ ɜɢɪɭɫɚ ɧɚ ɮɢɥɶɬɪɟ
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ɇɚ 3-ɢ ɫɭɬɤɢ ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ ɠɢɜɨɬɧɵɟ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɷɜɬɚ-
ɧɚɡɢɢ ɢ ɩɪɨɢɡɜɟɞɟɧɨ ɜɡɹɬɢɟ ɨɛɪɚɡɰɨɜ (ɫɪɟɡɚ) ɬɤɚɧɟɣ ɜɟɪɯɧɢɯ ɞɵɯɚ-
ɬɟɥɶɧɵɯ ɩɭɬɟɣ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɧɮɢɰɢɪɨɜɚɧɢɸ ɩɨɞɜɟɪɝɥɢɫɶ 
50 % ɤɥɟɬɨɤ ɫɥɢɡɢɫɬɨɣ.

ȼɵɜɨɞɵ
1. Ɋɚɡɪɚɛɨɬɚɧɚ ɥɚɛɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɧɚ ɦɨɪɫɤɢɯ 

ɫɜɢɧɤɚɯ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɫ ɩɚɧɞɟɦɢɱɟɫɤɢɦ ɩɨɬɟɧ-

ɰɢɚɥɨɦ.

2. ɉɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟ-
ɪɟɧɢɹ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɧɚ ɦɨɪɫɤɢɯ ɫɜɢɧɤɚɯ
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Ⱥɧɧɨɬɚɰɢɹ
ȼɫɩɵɲɤɢ ɛɥɸɬɚɧɝɚ, ɪɚɧɟɟ ɷɤɡɨɬɢɱɟɫɤɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ, ɧɟɨɞɧɨ-

ɤɪɚɬɧɨ ɨɬɦɟɱɚɥɢɫɶ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ. ȼɢɪɭɫ ɛɥɸɬɚɧɝɚ «ɫɨɯɪɚɧɹ-
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ɟɬɫɹ» ɜ ɩɪɢɪɨɞɟ ɜ ɛɟɫɤɨɧɟɱɧɨɣ ɫɟɪɢɢ ɱɟɪɟɞɭɸɳɢɯɫɹ ɰɢɤɥɨɜ ɪɟɩɥɢɤɚ-
ɰɢɢ ɜ ɦɨɤɪɟɰɚɯ ɪɨɞɚ Culicoides ɢ ɜ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɠɜɚɱɧɵɯ ɦɥɟɤɨ-
ɩɢɬɚɸɳɢɯ. ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɨɛɢɬɚɸɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɩɟɪɟɧɨɫɱɢɤɨɜ 
ɜɢɪɭɫɚ ɛɥɸɬɚɧɝɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɷɧɞɟɦɢɱɧɵɯ ɨɱɚɝɨɜ ɢɧɮɟɤɰɢɢ. ɉɨɫɥɟ ɜɫɩɵɲɤɢ ɛɥɸɬɚɧɝɚ ɜ ɋɦɨɥɟɧ-

ɫɤɨɣ ɨɛɥɚɫɬɢ ɜ 2011 ɝ. ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɦɨɥɟɧɫɤɨɣ ɢ Ʉɚɥɭɠɫɤɨɣ ɨɛɥɚ-
ɫɬɟɣ ɛɵɥɢ ɫɨɛɪɚɧɵ ɦɨɤɪɟɰɵ ɪɨɞɚ ɋulicoides. ɋ ɩɨɦɨɳɶɸ ɦɨɥɟɤɭɥɹɪ-
ɧɵɯ ɦɚɪɤɟɪɨɜ ɭɫɬɚɧɨɜɥɟɧɚ ɢɯ ɜɢɞɨɜɚɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚɥɢɱɢɟ ɝɟɧɨɦɚ ɜɢɪɭɫɚ ɛɥɸɬɚɧɝɚ 14 ɫɟɪɨɬɢɩɚ 
ɜ ɩɭɥɚɯ ɫɨɛɪɚɧɧɵɯ ɧɚɫɟɤɨɦɵɯ.

Abstract

The outbreaks of bluetongue have been noted repeatedly in the 

territory of Russia. BTV is maintained in nature by an endless se-

ries of alternating cycles of replication in Culicoides midges and 

various mammalian ruminant species. The some bluetongue virus 

vector species of Culicoides were identifi ed in Russian Federation, 

indicating the possibility of the appearance of endemic territory 

of infection in our country. After the outbreak of bluetongue in the 

Smolensk region in 2011, Culicoides midges were collected on the 

territory of Smolensk and Kaluga regions. PCR method was used 

for identifi cation of members of the Culicoides midges. In addition, 

we demonstrated of the presence of the virus genome (serotype 

14) in pools of the collected insects.

Ȼɥɸɬɚɧɝ ɢɥɢ ɤɚɬɚɪɚɥɶɧɚɹ ɥɢɯɨɪɚɞɤɚ ɨɜɟɰ — ɜɢɪɭɫɧɚɹ ɬɪɚɧɫɦɢɫ-
ɫɢɜɧɚɹ ɢɧɮɟɤɰɢɹ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɤɪɨɜɨɫɨɫɭɳɢɦɢ ɧɚɫɟɤɨɦɵɦɢ ɪɨɞɚ 
ɋulicoides, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɥɢɯɨɪɚɞɨɱɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜɨɫɩɚɥɢɬɟɥɶ-
ɧɨ-ɧɟɤɪɨɬɢɱɟɫɤɢɦɢ ɩɨɪɚɠɟɧɢɹɦɢ ɪɨɬɨɜɨɣ ɩɨɥɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɹɡɵɤɚ, 
ɩɢɳɟɜɚɪɢɬɟɥɶɧɨɝɨ ɬɪɚɤɬɚ, ɷɩɢɬɟɥɢɹ ɜɟɧɱɢɤɚ ɢ ɞɟɝɟɧɟɪɚɬɢɜɧɵɦɢ ɢɡ-
ɦɟɧɟɧɢɹɦɢ ɫɤɟɥɟɬɧɵɯ ɦɵɲɰ. Ɂɚɛɨɥɟɜɚɧɢɟ ɜɵɡɵɜɚɟɬ ɜɢɪɭɫ ɛɥɸɬɚɧɝɚ 
(ȼȻ), ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɪɨɞɚ Ɉrbivirus ɫɟɦɟɣɫɬɜɚ Reoviridae. Ƚɟɧɟɬɢ-

ɱɟɫɤɢ ȼȻ ɜɵɫɨɤɨ ɝɟɬɟɪɨɝɟɧɟɧ, ɩɨ ɞɚɧɧɵɦ ɧɚ 2016 ɝ. ɡɚɮɢɤɫɢɪɨɜɚɧɨ 
27 ɫɟɪɨɬɢɩɨɜ ɜɢɪɭɫɚ.
ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɪɚɫɲɢɪɟ-

ɧɢɸ ɚɪɟɚɥɚ ɬɪɚɧɫɦɢɫɫɢɜɧɵɯ ɢɧɮɟɤɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɛɥɸɬɚɧɝɚ, 
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ɱɬɨ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɜɨɩɪɨɫ ɢɡɭɱɟɧɢɹ, ɤɚɤ ɜɨɡɛɭɞɢɬɟɥɟɣ ɞɚɧɧɵɯ 
ɛɨɥɟɡɧɟɣ, ɬɚɤ ɢ ɢɯ ɩɟɪɟɧɨɫɱɢɤɨɜ. ɋɥɨɠɢɜɲɚɹɫɹ ɫɢɬɭɚɰɢɹ ɭɫɭɝɭ-

ɛɥɹɟɬɫɹ ɦɢɪɨɜɵɦ ɢɡɦɟɧɟɧɢɟɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɫɩɨɫɨɛ-

ɫɬɜɭɸɳɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɜɟɤɬɨɪɨɜ-ɩɟɪɟɧɨɫɱɢɤɨɜ ɧɚ ɧɨɜɵɟ 
ɬɟɪɪɢɬɨɪɢɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɤɨɦɵɯ. ɋɥɟɞɫɬɜɢɟɦ 

ɷɬɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɩɚɬɨɝɟɧɨɜ ɜ ɭɦɟɪɟɧɧɵɟ ɤɥɢɦɚ-
ɬɢɱɟɫɤɢɟ ɩɨɹɫɚ ɨɛɨɢɯ ɩɨɥɭɲɚɪɢɣ ɢ ɪɨɫɬ ɤɨɥɢɱɟɫɬɜɚ ɜɫɩɵɲɟɤ ɜ ɷɧ-

ɞɟɦɢɱɟɫɤɢɯ ɨɱɚɝɚɯ.

ȼɢɪɭɫ ɛɥɸɬɚɧɝɚ «ɫɨɯɪɚɧɹɟɬɫɹ» ɜ ɩɪɢɪɨɞɟ ɜ ɛɟɫɤɨɧɟɱɧɨɣ ɫɟɪɢɢ 

ɱɟɪɟɞɭɸɳɢɯɫɹ ɰɢɤɥɨɜ ɪɟɩɥɢɤɚɰɢɢ ɜ ɧɚɫɟɤɨɦɵɯ ɪɨɞɚ Culicoides ɢ ɜ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɠɜɚɱɧɵɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚ-
ɥɢ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɜɢɪɭɫɚ ɢɧɮɢɰɢɪɨɜɚɬɶ ɦɨɤɪɟɰɨɜ ɪɨɞɚ Culicoides 

ɢ ɩɟɪɟɞɚɜɚɬɶɫɹ ɢɦɢ ɨɝɪɚɧɢɱɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 

ɜɢɞɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɪɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɛɥɸɬɚɧɝɚ ɛɭɞɟɬ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɬɶ ɫ ɚɪɟɚɥɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɫɩɪɢɢɦɱɢɜɵɯ ɧɚɫɟ-
ɤɨɦɵɯ. ɂɡ ɜɵɹɜɥɟɧɧɵɯ ɢɥɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ ɜɢɪɭɫɚ 
ɛɥɸɬɚɧɝɚ ɜ Ɋɨɫɫɢɢ ɨɛɢɬɚɸɬ, ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ, 7 ɜɢɞɨɜ (C. pulicaris, 

C. impunctatus, C. obsoletus, C. dewulfi , C. scoticus, C. nubeculosus, 

C. stigma), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɧɞɟ-
ɦɢɱɧɵɯ ɨɱɚɝɨɜ ɢɧɮɟɤɰɢɢ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ.
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɜɨɡɛɭɞɢɬɟɥɹ ɛɥɸɬɚɧɝɚ ɩɨɫɬɨɹɧɧɨ «ɩɨɞɨ-

ɝɪɟɜɚɟɬɫɹ» ɜɵɹɜɥɟɧɢɟɦ ɢɧɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜɢɪɭɫɨɦ ɢɦɩɨɪɬɢɪɨɜɚɧɧɨ-
ɝɨ ɢɥɢ ɦɟɫɬɧɨɝɨ ɫɤɨɬɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ. Ɍɚɤ, ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɢɦɩɨɪɬɢɪɨɜɚɧɧɨɝɨ ɢɡ Ƚɟɪɦɚɧɢɢ, ɚ ɡɚɬɟɦ ɢ ɦɟɫɬɧɨɝɨ ɫɤɨɬɚ ɢɡ ɋɦɨɥɟɧ-

ɫɤɨɣ ɢ Ʉɚɥɭɠɫɤɨɣ ɨɛɥɚɫɬɟɣ ɜ 2011 ɝɨɞɭ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɢɧɮɢɰɢɪɨ-
ɜɚɧɧɵɟ ɠɢɜɨɬɧɵɟ. ȼɵɞɟɥɟɧɧɵɣ ɜɢɪɭɫ ɛɵɥ ɬɢɩɢɪɨɜɚɧ ɦɟɬɨɞɨɦ ɈɌ-

ɉɐɊ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɤɚɤ 14 ɫɟɪɨɬɢɩ ȼȻ.

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɦɨɧɢɬɨɪɢɧɝɨɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ 
ɫɪɟɞɢ ɤɪɭɩɧɨɝɨ ɢ ɦɟɥɤɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ ɋɦɨɥɟɧɫɤɨɣ ɢ Ʉɚɥɭɠɫɤɨɣ 

ɨɛɥɚɫɬɟɣ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɢɪɭɫɚ 
ɫɪɟɞɢ ɩɨɝɨɥɨɜɶɹ, ɰɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɜɵɹɜɥɟɧɢɟ ɧɚ ɞɚɧɧɨɣ 

ɬɟɪɪɢɬɨɪɢɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ — ɤɪɨɜɨ-
ɫɨɫɭɳɢɯ ɦɨɤɪɟɰɨɜ ɪɨɞɚ ɋulicoides. 

Ɉɬɥɨɜ ɦɨɤɪɟɰɨɜ ɢ ɨɬɛɨɪ ɩɪɨɛ ɤɪɨɜɢ ɩɪɨɜɨɞɢɥɢ ɜ ɜɟɫɟɧɧɟ–ɨɫɟɧ-

ɧɢɣ ɩɟɪɢɨɞ ɜ 2011–2012 ɝɨɞɚɯ, ɜ ɪɚɞɢɭɫɟ 5, 20 ɢ 35 ɤɦ ɨɬ ɬɨɱɤɢ ɥɨ-
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ɤɚɥɢɡɚɰɢɢ ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɜɢɪɭɫɨɦ ɛɥɸɬɚɧɝɚ ɠɢɜɨɬɧɵɯ. Ⱦɨɩɨɥɧɢ-

ɬɟɥɶɧɨ ɜɵɩɨɥɧɢɥɢ ɫɥɭɱɚɣɧɭɸ ɜɵɛɨɪɤɭ ɠɢɜɨɬɧɵɯ ɢɡ 9 ɫɬɚɞ ɤɪɭɩɧɨɝɨ 
ɢ 5 ɫɬɚɞ ɦɟɥɤɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɛɨɥɶɲɨɦ ɪɚɫɫɬɨ-
ɹɧɢɢ ɨɬ ɬɨɱɤɢ ɨɬɫɱɟɬɚ — 300 ɤɦ. 

ɇɚɫɟɤɨɦɵɯ ɫɨɛɢɪɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɜɟɬɨɜɵɯ ɥɨɜɭɲɟɤ, ɪɚɡɜɟɲɚɧɧɵɯ 
ɭ ɩɨɦɟɳɟɧɢɣ ɫ ɠɢɜɨɬɧɵɦɢ ɧɚ ɬɟɯ ɠɟ ɮɟɪɦɚɯ, ɝɞɟ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɢɧ-

ɮɢɰɢɪɨɜɚɧɧɵɟ ɢɥɢ ɫɟɪɨɩɨɡɢɬɢɜɧɵɟ ɠɢɜɨɬɧɵɟ. ȼɫɟɝɨ ɛɵɥɨ ɫɨɛɪɚɧɨ 
ɛɨɥɟɟ 5000 ɦɨɤɪɟɰɨɜ ɪɨɞɚ ɋulicoides.

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɦɨɤɪɟɰɨɜ C. pulicaris 

complex (C. pulicaris s.s., C.punctatus, C. impunctatus, C. grisescens 

and C.newsteadi) ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ Nolan, 

D.V. et al., 2007. ȼɵɹɜɥɟɧɢɟ ɢ ɬɢɩɢɪɨɜɚɧɢɟ ɜɢɪɭɫɚ ɛɥɸɬɚɧɝɚ ɩɪɨɜɨ-
ɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɚɦɢ ɬɟɫɬ-ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 
ɈɌ-ɉɐɊ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ.

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɜɵɹɜɥɟɧɵ 4 ɜɢɞɚ 
ɦɨɤɪɟɰɨɜ (C. pulicaris s.s., C.punctatus, C. impunctatus ɢ C. grisescens) 

ɜɯɨɞɹɳɢɯ ɜ ɤɨɦɩɥɟɤɫ C. Pulicaris. Ʉɪɨɦɟ ɬɨɝɨ, ɜ 3 ɩɭɥɚɯ ɧɚɫɟɤɨɦɵɯ 
ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɝɟɧɨɦ ȼȻ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɨ ɩɪɢɫɭɬɫɬɜɢɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɦɨ-

ɥɟɧɫɤɨɣ ɢ Ʉɚɥɭɠɫɤɨɣ ɨɛɥɚɫɬɟɣ ɦɨɤɪɟɰɨɜ C. pulicaris complex, ɩɨ-

ɬɟɧɰɢɚɥɶɧɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ ɜɢɪɭɫɚ ɛɥɸɬɚɧɝɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɥɢɱɢɟ 
ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɈɌ-ɉɐɊ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɧɚɪɭɠɟɧ-

ɧɵɯ ɧɚ ɞɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɦɨɤɪɟɰɨɜ ɪɨɞɚ ɋulicoides ɦɨɠɟɬ ɫɜɢ-

ɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɩɟɪɫɢɫɬɟɧɰɢɢ ɜɢɪɭɫɚ ɛɥɸɬɚɧɝɚ ɫɪɟɞɢ ɩɨɩɭɥɹɰɢɣ 

ɞɚɧɧɵɯ ɧɚɫɟɤɨɦɵɯ. ɉɨ ɞɚɧɧɵɦ Ɋɨɫɫɟɥɶɯɨɡɧɚɞɡɨɪɚ ɜ 2015 ɝɨɞɭ 
ɜ ɋɦɨɥɟɧɫɤɨɣ ɨɛɥɚɫɬɢ ɬɚɤɠɟ ɛɵɥɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɫɥɭɱɚɢ ɩɨɥɨ-

ɠɢɬɟɥɶɧɨɣ ɫɟɪɨɞɢɚɝɧɨɫɬɢɤɢ ɫɪɟɞɢ ɦɟɫɬɧɨɝɨ ɫɤɨɬɚ. ɑɬɨ ɩɨɞɬɜɟɪɠ-

ɞɚɟɬ ɜɨɜɥɟɱɟɧɧɨɫɬɶ ɦɟɫɬɧɵɯ ɜɢɞɨɜ ɦɨɤɪɟɰɨɜ ɜ ɢɧɮɟɤɰɢɨɧɧɵɣ ɩɪɨ-

ɰɟɫɫ. Ⱥ ɬɚɤɠɟ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɵ ɩɨɜɬɨɪɧɵɟ ɢɫɫɥɟɞɨ-

ɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɜɢɞɨɜɨɝɨ ɫɨɫɬɚɜɚ ɦɨɤɪɟɰɨɜ ɪɨɞɚ ɋulicoides, ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɞɚɧɧɵɯ ɨɛɥɚɫɬɟɣ.
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɨɜɨɝɨ ɯɢ-

ɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɇɂɈɏ-14 ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 
ɧɚ ɦɵɲɚɯ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɟɝɨ ɯɨɪɨɲɚɹ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ 
ɩɪɢ ɩɟɪɨɪɚɥɶɧɨɦ ɩɪɢɦɟɧɟɧɢɢ.

Abstract

In the investigation of pharmacokinetic parameters of a new chemi-

cally synthesized compound NIOCH-14 in mice its good oral bio-

availability was demonstrated.

Ⱥɤɬɭɚɥɶɧɨɫɬɶ. Ɉɪɬɨɩɨɤɫɜɢɪɭɫɵ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɭ ɥɸɞɟɣ ɫɩɟɤɬɪ ɡɚ-
ɛɨɥɟɜɚɧɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɤɥɢɧɢɱɟɫɤɢɯ ɩɪɨɹɜɥɟɧɢɣ: ɨɬ ɫɟɪɶɟɡ-
ɧɵɯ ɞɢɫɫɟɦɢɧɢɪɨɜɚɧɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɫɥɭɱɚɟ ɡɚɪɚɠɟɧɢɹ ɜɢɪɭɫɨɦ 
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ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ (ȼɇɈ) ɞɨ ɥɨɤɚɥɶɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ ɢɧɮɟɤɰɢɢ, 

ɜɵɡɜɚɧɧɨɣ ɜɢɪɭɫɨɦ ɨɫɩɵ ɤɨɪɨɜ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɝɪɚɦɦɵ «ɝɥɨ-
ɛɚɥɶɧɨɣ ɥɢɤɜɢɞɚɰɢɢ ɨɫɩɵ» ɧɚ Ɂɟɦɥɟ ɢ ɨɬɦɟɧɵ ɜɚɤɰɢɧɚɰɢɢ ɩɪɨɬɢɜ 
ɨɫɩɵ ɜ 1980 ɝɨɞɭ, ɜ ɦɢɪɟ ɫɥɨɠɢɥɚɫɶ ɨɩɚɫɧɚɹ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɛɨɥɟɟ ɩɨ-
ɥɨɜɢɧɵ ɥɸɞɟɣ ɧɚ ɩɥɚɧɟɬɟ ɧɟ ɢɦɟɟɬ ɢɦɦɭɧɢɬɟɬɚ ɩɪɨɬɢɜ ɨɪɬɨɩɨɤɫɜɢ-

ɪɭɫɧɵɯ ɢɧɮɟɤɰɢɣ. ɇɟɞɚɜɧɨ ɜ ɋɒȺ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɬɢɜɨɨɫɩɟɧɧɵɣ 

ɩɪɟɩɚɪɚɬ ST-246 (4-ɬɪɢɮɬɨɪɦɟɬɢɥ-N-(3,3a,4,4a,5,5a,6,6a-ɨɤɬɚɝɢɞɪɨ-1,3-

ɞɢɨɤɫɨ-4,6-ɟɬɟɧɨɰɢɤɥɨɩɪɨɩ[f]ɢɡɨɢɧɞɨɥ-2(1H)-ɢɥ)-ɛɟɧɡɚɦɢɞ). ɋɨɜɦɟɫɬ-
ɧɨ ɫ ɇɨɜɨɫɢɛɢɪɫɤɢɦ ɢɧɫɬɢɬɭɬɨɦ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɋɢɛɢɪɫɤɨ-
ɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɇɂɈɏ ɋɈ ɊȺɇ) ɧɚɦɢ 

ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɨɜɨɟ ɯɢɦɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ ɇɂɈɏ-14 (7-[N`-(4-

ɬɪɢɮɬɨɪɦɟɬɢɥɛɟɧɡɨɢɥ)-ɝɢɞɪɚɡɢɧɨɤɚɪɛɨɧɢɥ]-ɬɪɢɰɢɤɥɨ[3.2.2.02,4]ɧɨɧ-8-

ɟɧ-6-ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ), ɨɛɥɚɞɚɸɳɟɟ, ɤɚɤ ɪɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, 
ɫɪɚɜɧɢɦɨɣ ɫ ST-246, ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɨɪɬɨɩɨɤɫɜɢɪɭɫɨɜ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ
ɂɡɭɱɟɧɢɟ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɬɢɜɨɨɫɩɟɧɧɨɝɨ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɇɂɈɏ-14 ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚ ɦɵɲɚɯ.
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɚɭɬɛɪɟɞ-

ɧɵɟ ɦɵɲɢ ICR ɨɛɨɟɝɨ ɩɨɥɚ ɦɚɫɫɨɣ 18–20 ɝ. ɉɪɟɩɚɪɚɬ ɇɂɈɏ-14 ɜɜɨ-
ɞɢɥɢ ɦɵɲɚɦ ɜ ɞɨɡɚɯ 10 ɢ 50 ɦɤɝ/ɝ ɦɚɫɫɵ ɦɵɲɢ ɨɞɧɨɤɪɚɬɧɨ ɩɟɪɨɪɚɥɶ-
ɧɨ ɜ 0,2 ɦɥ ɪɚɫɬɜɨɪɚ ɦɟɬɢɥɰɟɥɥɸɥɨɡɵ ɫ ɬɜɢɧɨɦ-80. ɑɟɪɟɡ 1, 3, 6, 9, 

12, 15, 18, 24 ɢ 48 ɱ ɷɜɬɚɧɚɡɢɪɨɜɚɥɢ ɩɨ 6 ɦɵɲɟɣ ɢ ɩɪɨɢɡɜɨɞɢɥɢ ɡɚɛɨɪ 
ɤɪɨɜɢ (ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɵɜɨɪɨɬɤɢ). Ɂɚɬɟɦ ɜ ɨɛɪɚɡɰɚɯ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ 

ɦɵɲɟɣ ɨɩɪɟɞɟɥɹɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɟɬɚɛɨɥɢɬɨɜ ɇɂɈɏ-14: ɚɤɬɢɜɧɨɝɨ 
ɦɟɬɚɛɨɥɢɬɚ ST-246 ɢ ɜɬɨɪɢɱɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ Ʉ.

ɇɂɈɏ-14 ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ ɢ ɜ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɨɛɵɱɧɨ ɢɫ-
ɩɨɥɶɡɭɟɦɵɯ ɜ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ɚɰɟɬɨɧɢɬɪɢɥ, ɫɩɢɪɬɵ). Ⱦɥɹ ɩɨ-
ɫɬɪɨɟɧɢɹ ɤɚɥɢɛɪɨɜɨɱɧɵɯ ɤɪɢɜɵɯ ɇɂɈɏ-14 ɪɚɫɬɜɨɪɹɥɢ ɜ 10 % ȾɆɋɈ 

ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ. ȼ ɬɚɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɇɂɈɏ-14 ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɚɤ-
ɬɢɜɧɵɣ ɦɟɬɚɛɨɥɢɬ ST-246.

Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɹ ɚɛɫɨɥɸɬɧɨɣ ɛɢɨɞɨɫɬɭɩɧɨɫɬɢ (F
abs

) ɩɪɟɩɚ-
ɪɚɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɩɚɪɚɦɟɬɪɵ ɟɝɨ ɮɚɪɦɚɤɨɤɢɧɟɬɢɢ ɩɪɢ ɜɧɭ-
ɬɪɢɜɟɧɧɨɦ (ɜ/ɜ) ɜɜɟɞɟɧɢɢ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɦɵɲɚɦ ɨɞɧɨɤɪɚɬɧɨ ɜ/ɜ ɜɜɨ-
ɞɢɥɢ ɫɭɛɫɬɚɧɰɢɸ ɇɂɈɏ-14 ɜ ɞɨɡɟ 2 ɦɤɝ/ɝ ɜ 0,1 ɦɥ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚ-
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ɳɟɦ 2 % ȾɆɋɈ, 50 % ɉɗȽ-400, 20 % ɦɟɬɚɧɨɥɚ ɢ 1 % ɬɜɢɧ-80. ɑɟɪɟɡ 
0,25, 1, 3, 6, 9, 12, 15, 18 ɢ 24 ɱ ɩɨɫɥɟ ɜ/ɜ ɜɜɟɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɷɜɬɚɧɚ-
ɡɢɪɨɜɚɥɢ ɩɨ 6 ɦɵɲɟɣ ɢ ɩɪɨɢɡɜɨɞɢɥɢ ɡɚɛɨɪ ɤɪɨɜɢ. Ɂɚɬɟɦ ɜ ɨɛɪɚɡɰɚɯ 
ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ ɨɩɪɟɞɟɥɹɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɟɬɚɛɨɥɢɬɨɜ ɇɂɈɏ-14: 

ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ ST-246 ɢ ɜɬɨɪɢɱɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ Ʉ.

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɤɬɢɜɧɨɝɨ ɦɟ-
ɬɚɛɨɥɢɬɚ ST-246 ɢ ɜɬɨɪɢɱɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ Ʉ ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ 

ɢ ɝɨɦɨɝɟɧɚɬɚɯ ɨɪɝɚɧɨɜ ɦɵɲɟɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɤɨɬɨɪɵɣ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɠɢɦɟ MRM 

(multiple reaction monitoring) ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɩɟɪɟɯɨɞɨɜ ɢɨɧɨɜ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɯ ɨɩɪɟɞɟɥɹɟɦɵɦ ɜɟɳɟɫɬɜɚɦ (ɨɬ ɢɨɧɚ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ 
ɤ ɢɨɧɭ-ɩɪɨɞɭɤɬɭ): 375ĺ283 m/z (ST-246), 189ĺ145 m/z (ɦɟɬɚɛɨ-
ɥɢɬ Ʉ), 337ĺ245 m/z (N-98). Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ 
N-98 ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɦɵɲɟɣ ɫɨɫɬɚɜɥɹɥɚ 500 ɧɝ/ɦɥ. 
Ɉɩɪɟɞɟɥɹɥɢ ɫɥɟɞɭɸɳɢɟ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ:

1. Ɍ
1/2 

(ɱ) — ɜɪɟɦɹ ɩɨɥɭɜɵɜɟɞɟɧɢɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɤɨɧɰɟɧɬɪɚ-
ɰɢɹ ɜɟɳɟɫɬɜɚ ɜ ɤɪɨɜɢ ɫɧɢɠɚɟɬɫɹ ɧɚ 50 %.

2. T
max 

(ɱ) — ɜɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟ-
ɳɟɫɬɜɚ ɜ ɤɪɨɜɢ.

3. C
max

 (ɧɝ/ɦɥ) — ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ ɜ ɤɪɨɜɢ.

4. AUC
0-t

 (ɱ×ɧɝ/ɦɥ) — ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ «ɤɨɧɰɟɧɬɪɚɰɢɹ — ɜɪɟ-
ɦɹ» ɜ ɤɪɨɜɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ɦɨɦɟɧɬɚ ɜɜɟɞɟɧɢɹ ɞɨ ɜɪɟɦɟɧɢ t, ɩɪɨɲɟɞ-

ɲɟɝɨ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɢɥɢ ɨɬ 0 ɞɨ ∞ (AUC
0-inf

).

5. AUMC
0-t

 (ɱ2×ɧɝ/ɦɥ) — ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ ɦɨɦɟɧɬɚ; ɩɪɨɢɡɜɟ-
ɞɟɧɢɟ AUC

0-t
 ɧɚ ɜɪɟɦɹ t, ɩɪɨɲɟɞɲɟɟ ɨɬ ɦɨɦɟɧɬɚ ɜɜɟɞɟɧɢɹ ɜɟɳɟɫɬɜɚ, 

ɢɥɢ ɨɬ 0 ɞɨ ∞ (AUMC
0-inf

). 

6. MRT (ɱ) — ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɭɞɟɪɠɢɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɜɟɳɟɫɬɜɨ ɧɚ-
ɯɨɞɢɬɫɹ ɜ ɤɪɨɜɢ: MRT = AUMC

0-inf
 / AUC

0-inf.

7. F
abs

 — ɚɛɫɨɥɸɬɧɚɹ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ, ɱɚɫɬɶ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɚɹ ɞɨ-
ɫɬɢɝɥɚ ɫɢɫɬɟɦɧɨɝɨ ɤɪɨɜɨɬɨɤɚ: F

abs
 = (AUCɩ/ɨ × Dɜ/ɜ) / (AUCɜ/ɜ × Dɩ/ɨ); 

ɝɞɟ AUCɩ/ɨ — ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ «ɤɨɧɰɟɧɬɪɚɰɢɹ — ɜɪɟɦɹ» ɨɬ 
0 ɞɨ t ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɩɪɢ ɩɟɪɨɪɚɥɶɧɨɦ (ɩ/ɨ) ɜɜɟɞɟɧɢɢ ɩɪɟɩɚɪɚ-
ɬɚ, AUCɜ/ɜ — ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ «ɤɨɧɰɟɧɬɪɚɰɢɹ — ɜɪɟɦɹ» ɨɬ 0 ɞɨ 
t ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɩɪɢ ɜɧɭɬɪɢɜɟɧɧɨɦ (ɜ/ɜ) ɜɜɟɞɟɧɢɢ ɩɪɟɩɚɪɚɬɚ, Dɩ/ɨ 

ɢ Dɜ/ɜ — ɞɨɡɵ ɩɪɟɩɚɪɚɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɩ/ɨ ɢ ɜ/ɜ ɜɜɟɞɟɧɢɢ.
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 2 ɦɤɝ/ɝ ɦаɫɫы ɦыɲи ɨɞɧɨɤɪаɬɧɨ, ɜ/ɜ

Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ST-246 ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɦɵɲɟɣ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɜɟɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɇɂɈɏ-14 ɜ ɮɨɪɦɟ ɫɭɛɫɬɚɧ-

ɰɢɢ. Ɉɞɧɨɤɪɚɬɧɨɟ ɜɧɭɬɪɢɜɟɧɧɨɟ ɜɜɟɞɟɧɢɟ 2 ɦɤɝ/ɝ ɫɭɛɫɬɚɧɰɢɢ ɇɂɈɏ-

14 (■). Ɂɧɚɱɟɧɢɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ Ɇ±SM
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 50 ɦɤɝ/ɝ ɦаɫɫы ɦыɲи ɨɞɧɨɤɪаɬɧɨ, ɩ/ɨ

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ST-246 ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɦɵɲɟɣ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɜɟɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɇɂɈɏ-14 ɜ ɮɨɪɦɟ ɫɭɛ-

ɫɬɚɧɰɢɢ. Ɉɞɧɨɤɪɚɬɧɨɟ ɩɟɪɨɪɚɥɶɧɨɟ ɜɜɟɞɟɧɢɟ 50 ɦɤɝ/ɝ ɫɭɛɫɬɚɧɰɢɢ 

ɇɂɈɏ-14 (■). Ɂɧɚɱɟɧɢɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ Ɇ ± S
M
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɨɜɟɞɟɧɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɪɚɜɧɢɬɟɥɶ-
ɧɚɹ ɨɰɟɧɤɚ ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ 
ɇɂɈɏ-14 (ST-246) ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ ɩɟɪɨɪɚɥɶ-
ɧɨ ɇɂɈɏ-14 ɜ ɞɨɡɚɯ 10 ɢ 50 ɦɤɝ/ɝ ɦɚɫɫɵ ɦɵɲɢ, ɢ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ 
ɜɧɭɬɪɢɜɟɧɧɨ ɇɂɈɏ-14 ɜ ɞɨɡɟ 2 ɦɤɝ/ɝ ɦɚɫɫɵ ɦɵɲɢ (ɪɢɫ. 1 ɢ 2, ɬɚɛɥɢ-

ɰɚ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɛɫɨɥɸɬɧɚɹ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ (F
abs

) ɇɂɈɏ-14 ɩɪɢ 

ɟɝɨ ɩɟɪɨɪɚɥɶɧɨɦ ɜɜɟɞɟɧɢɢ ɜ ɞɨɡɟ 10 ɦɤɝ/ɝ ɦɚɫɫɵ ɦɵɲɢ ɫɨɫɬɚɜɥɹɥɚ 
39,2 %, ɚ ɜ ɞɨɡɟ 50 ɦɤɝ/ɝ ɦɚɫɫɵ ɦɵɲɢ — 22,8 %.

Ɂɚɤɥɸɱɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɫɨɟɞɢɧɟɧɢɹ ɇɂɈɏ-14, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ-
ɤɚɡɚɬɟɥɟɣ ɟɝɨ ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ ST-246, ɩɨɡɜɨɥɹɸɬ ɯɚɪɚɤɬɟɪɢɡɨ-
ɜɚɬɶ ɯɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɭɸ ɫɭɛɫɬɚɧɰɢɸ ɇɂɈɏ-14 ɤɚɤ ɛɢɨɞɨ-
ɫɬɭɩɧɭɸ ɩɪɢ ɩɟɪɨɪɚɥɶɧɨɦ ɩɪɢɦɟɧɟɧɢɢ.

Ɏɚɪɦɚɤɨɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɛɨɥɢɬɚ 
ST-246 ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɦɵɲɟɣ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ 

ɜɧɭɬɪɢɜɟɧɧɨɦ ɩɪɢɦɟɧɟɧɢɢ ɇɂɈɏ-14 ɜ ɞɨɡɟ 2 ɦɤɝ/ɝ 
ɦɚɫɫɵ ɦɵɲɢ ɢ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ ɩɟɪɨɪɚɥɶɧɨɦ ɩɪɢɦɟɧɟɧɢɢ 

ɇɂɈɏ-14 ɜ ɞɨɡɚɯ 10 ɢ 50 ɦɤɝ/ɝ ɦɚɫɫɵ ɦɵɲɢ 

ɉɚɪɚɦɟɬɪɵ 

(ɪɚɡɦɟɪɧɨɫɬɶ)
ȼɧɭɬɪɢɜɟɧɧɨɟ 

ɜɜɟɞɟɧɢɟ (2 ɦɤɝ/ɝ)

ɉɟɪɨɪɚɥɶɧɨɟ 
ɜɜɟɞɟɧɢɟ 
(10 ɦɤɝ/ɝ)

ɉɟɪɨɪɚɥɶɧɨɟ 
ɜɜɟɞɟɧɢɟ 
(50 ɦɤɝ/ɝ)

t
1/2 

(ɱ) 2,320353163 4,703245635 5,649542084

T
max

 (ɱ) 0,25 3 6

C
max

 (ɧɝ/ɦɥ) 9515,33±3903,44 5349,00±1428,44 15439,33±3373,47

AUC 0-t 

(ɧɝ/ɦɥ)×ɱ 24918,01 48848,27 141883,35

AUC 0-inf

(ɱ×ɧɝ/ɦɥ) 25037,95 48912,06 142220,24

AUMC 0-inf

(ɱ2×ɧɝ/ɦɥ) 85626,06 339949,21 1276242,82

MRT 0-inf (ɱ) 3,42 6,95 8,97

ɉɪɢɦɟɱɚɧɢɟ: C
max

 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ Ɇ±S
M

 ɞɥɹ n = 6 (ɱɢɫɥɨ ɠɢɜɨɬɧɵɯ).



b,!3“%л%Ą, 157

ɂɁɍɑȿɇɂȿ ɉɊɈɌɂȼɈȼɂɊɍɋɇɈɃ ȺɄɌɂȼɇɈɋɌɂ 

ɗɄɋɌɊȺɄɌɈȼ ȽɊɂȻɈȼ ȽȺɋɌȿɊɈɆɂɐȿɌɈȼ LYCOPERDON 

PYRIFORME ɂ PHALLUS IMPUDICUS 

ȼ ɈɌɇɈɒȿɇɂɂ ȼɂɊɍɋȺ ȽɊɂɉɉȺ Ⱥ

INVESTIGATION OF ANTIVIRAL ACTIVITY EXTRACTS 

OF FUNGI GASTEROMYCETES LYCOPERDON PYRIFORME 

AND PHALLUS IMPUDICUS AGAINST INFLUENZA A

ȿ. ȼ. Ɇɚɤɚɪɟɜɢɱ 1, Ɇ. Ɉ. ɋɤɚɪɧɨɜɢɱ 1, ɂ. Ⱥ. Ƚɨɪɛɭɧɨɜɚ 2, 

ɇ. Ⱥ. Ɇɚɡɭɪɤɨɜɚ 1 

1 Ɏɟɞɟɪɚɥɶɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚ-
ɭɱɧɵɣ ɰɟɧɬɪ ɜɢɪɭɫɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ «ȼɟɤɬɨɪ», Ɋɨɫɫɢɹ

2 Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɐɟɧɬɪɚɥɶ-
ɧɵɣ ɫɢɛɢɪɫɤɢɣ ɛɨɬɚɧɢɱɟɫɤɢɣ ɫɚɞ ɋɈ ɊȺɇ, Ɋɨɫɫɢɹ

E. V. Makarevich1, M. O. Skarnovich1, I. A. Gorbunova2, N. A. Mazurkova1 
1 State Research Center of Virology and Biotechnology «Vector», Russia

2 Central Siberian botanical garden Russian Academy of Sciences 

Siberian branch research institution, Russia 

e-mail: makarevich@vector.nsc.ru

Ⱥɧɧɨɬɚɰɢɹ
ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɨɤɫɢɱɧɨɫɬɢ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤ-

ɬɢɜɧɨɫɬɢ ɷɤɫɬɪɚɤɬɨɜ ɜɵɫɲɢɯ ɝɪɢɛɨɜ ɝɚɫɬɟɪɨɦɢɰɟɬɨɜ Ⱦɨɠɞɟɜɢɤɚ 
ɝɪɭɲɟɜɢɞɧɨɝɨ (Lycoperdon pyriforme) ɢ ȼɟɫɟɥɤɢ ɨɛɵɤɧɨɜɟɧɧɨɣ 

(Phallus impudicus) in vitro. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ 
ɨɛɪɚɡɰɵ ɜɨɞɧɵɯ ɢ ɷɬɚɧɨɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɛɵɥɢ ɦɚɥɨɬɨɤɫɢɱɧɵ ɞɥɹ 
ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ MDCK. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɩɪɨɬɢɜɨɜɢ-

ɪɭɫɧɵɣ ɷɮɮɟɤɬ ɨɛɧɚɪɭɠɟɧ ɞɥɹ ɷɬɚɧɨɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ Ⱦɨɠɞɟɜɢ-

ɤɚ ɝɪɭɲɟɜɢɞɧɨɝɨ (Lycoperdon pyriforme) ɢ ȼɟɫɟɥɤɢ ɨɛɵɤɧɨɜɟɧɧɨɣ 

(Phallus impudicus).
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Abstract

Extracts of higher fungi Gasteromycetes Lycoperdon pyriforme and 

Phallus impudicus were investigated with respect to their toxicity 

and antiviral activity in vitro. It was founded that all investigated 

specimens of water and ethanol extracts were low-toxicity for cell 

culture MDCK. It was shown that the greatest antiviral effect was 

produced by the ethanolic extracts of Lycoperdon pyriforme and 

Phallus impudicus.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨ ɫɜɨɟɣ ɫɨɰɢɚɥɶɧɨɣ ɡɧɚɱɢɦɨɫɬɢ ɝɪɢɩɩ ɧɚɯɨ-
ɞɢɬɫɹ ɧɚ ɩɟɪɜɨɦ ɦɟɫɬɟ ɫɪɟɞɢ ɜɫɟɯ ɢɧɮɟɤɰɢɨɧɧɵɯ ɛɨɥɟɡɧɟɣ ɱɟɥɨɜɟɤɚ. 
ɗɜɨɥɸɰɢɹ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɩɪɨɞɨɥɠɚɟɬɫɹ, ɢ ɩɨɫɬɨɹɧɧɨ ɜɨɡɧɢɤɚɸɬ ɧɨ-
ɜɵɟ ɚɧɬɢɝɟɧɧɵɟ ɜɚɪɢɚɧɬɵ, ɜɵɡɵɜɚɸɳɢɟ ɟɠɟɝɨɞɧɵɟ ɷɩɢɞɟɦɢɢ ɷɬɨɝɨ 
ɡɚɛɨɥɟɜɚɧɢɹ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɚɤɰɢɧɚɰɢɢ, ɤɚɤ ɨɫɧɨɜɧɨɣ ɫɬɪɚɬɟɝɢɢ 

ɛɨɪɶɛɵ ɫ ɝɪɢɩɩɨɦ, ȼɈɁ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɬɢɜɨɜɢɪɭɫ-
ɧɵɯ ɷɬɢɨɬɪɨɩɧɵɯ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ, ɩɨɞɚɜɥɹɸɳɢɯ ɪɚɡɦɧɨɠɟɧɢɟ 
ɜɢɪɭɫɚ ɢ ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɩɪɟɞɟɥɟɧɧɭɸ ɜɢɪɭɫ ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɦɢ-

ɲɟɧɶ ɜ ɟɝɨ ɰɢɤɥɟ: ɷɬɨ ɩɪɟɩɚɪɚɬɵ ɚɞɚɦɚɧɬɚɧɨɜɨɝɨ ɪɹɞɚ ɢ ɢɧɝɢɛɢɬɨɪɵ 

ɧɟɣɪɚɦɢɧɢɞɚɡɵ.

ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɜ ɦɢɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɣ ɢɧ-

ɬɟɪɟɫ ɤ ɩɪɟɩɚɪɚɬɚɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ, ɧɚ ɨɫɧɨɜɟ ɫɨ-
ɟɞɢɧɟɧɢɣ ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɢɡɤɨɣ ɬɨɤ-
ɫɢɱɧɨɫɬɶɸ ɬɚɤɢɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ. Ɂɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ 
ɜ ɨɛɥɚɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɢɤɨɥɨɝɢɢ, ɧɚɤɨɩɥɟɧɢɟ ɡɧɚɧɢɣ ɩɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɤɥɟɬɨɤ ɝɪɢɛɨɜ ɢ ɢɯ ɫɭɛɤɥɟɬɨɱɧɵɯ ɮɪɚɤɰɢɣ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɨɧɬɨɝɟɧɟɡɚ ɩɨɡɜɨɥɢɥɢ ɫɨɡɞɚɬɶ ɧɨɜɨɟ ɧɚɩɪɚɜɥɟ-
ɧɢɟ — ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɚɡɢɞɢɚɥɶɧɵɯ ɝɪɢɛɨɜ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɨɦɵɲ-

ɥɟɧɧɨɫɬɢ. Ɋɚɡɧɨɨɛɪɚɡɧɵɟ ɝɪɢɛɧɵɟ ɦɟɬɚɛɨɥɢɬɵ, ɜɤɥɸɱɚɹ ɚɧɬɢɛɢɨɬɢ-

ɤɢ (ȺȻ), ɩɨɥɢɫɚɯɚɪɢɞɵ (ɉɋ) ɢ ɮɟɪɦɟɧɬɵ, ɭɠɟ ɞɚɜɧɨ ɩɪɢɦɟɧɹɸɬɫɹ 
ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɩɚɪɚɬɨɜ, ɨɬɤɪɵɜɚɹ ɷɩɨɯɭ ɧɨɜɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ 
ɜ ɦɟɞɢɰɢɧɟ. 
Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɫɪɟɞɢ ɛɚɡɢɞɢɚɥɶɧɵɯ ɝɪɢɛɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɝɚɫɬɟ-

ɪɨɦɢɰɟɬɵ ɜ ɜɢɞɭ ɧɚɥɢɱɢɹ ɛɨɝɚɬɨɣ ɫɵɪɶɟɜɨɣ ɛɚɡɵ, ɚ ɬɚɤɠɟ ɪɚɡɧɨɨ-
ɛɪɚɡɢɹ ɜ ɢɯ ɫɨɫɬɚɜɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɨɹɜɥɹɸɳɢɯ 
ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ, ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɢɟ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɟ 
ɫɜɨɣɫɬɜɚ.
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ in vitro ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɯ 
ɫɜɨɣɫɬɜ ɢ ɦɟɯɚɧɢɡɦɚ ɞɟɣɫɬɜɢɹ ɷɤɫɬɪɚɤɬɨɜ ɝɚɫɬɟɪɨɢɞɧɵɯ ɝɪɢɛɨɜ, ɩɪɨ-
ɢɡɪɚɫɬɚɸɳɢɯ ɜ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ.

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢ ɬɨɤɫɢɱɟɫɤɢɟ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɟ ɫɜɨɣɫɬɜɚ 
ɜɨɞɧɵɯ ɢ ɷɬɚɧɨɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɝɪɢɛɨɜ Lycoperdon pyriforme (Ⱦɨ-
ɠɞɟɜɢɤɚ ɝɪɭɲɟɜɢɞɧɨɝɨ) ɢ Phallus impudicus (ȼɟɫɟɥɤɢ ɨɛɵɤɧɨɜɟɧɧɨɣ) 

ɧɚ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ MDCK. Ɉɛɪɚɡɰɵ ɝɪɢɛɨɜ ɫɨɛɪɚɧɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ, ɤɨɥɥɟɤɰɢɢ ɤɨɬɨɪɵɯ ɯɪɚɧɹɬɫɹ ɜ ɝɟɪɛɚɪɢɢ ɥɚ-
ɛɨɪɚɬɨɪɢɢ ɧɢɡɲɢɯ ɪɚɫɬɟɧɢɣ ɐɋȻɋ ɋɈ ɊȺɇ. ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɵ ɜɢɪɭɫ ɝɪɢɩɩɚ ɩɬɢɰ A/chicken/Kurgan/05/2005 (H5N1) ɢ ɜɢɪɭɫ 
ɝɪɢɩɩɚ ɱɟɥɨɜɟɤɚ A/Aichi/2/68 (H3N2). ɒɬɚɦɦɵ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɢ ɤɭɥɶ-
ɬɭɪɚ ɤɥɟɬɨɤ MDCK ɩɨɥɭɱɟɧɵ ɢɡ ɤɨɥɥɟɤɰɢɣ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ».

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɤɫɬɪɚɤɬɵ ɝɪɢɛɨɜ ɦɚɥɨɬɨɤɫɢɱɧɵ ɞɥɹ ɤɭɥɶɬɭɪɵ 

ɤɥɟɬɨɤ MDCK. Ɉɰɟɧɤɚ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɪɢɛɧɵɯ ɷɤɫ-
ɬɪɚɤɬɨɜ ɜ ɨɬɧɨɲɟɧɢɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɩɪɨɜɨɞɢɥɚɫɶ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

ɋɧɚɱɚɥɚ ɨɰɟɧɢɜɚɥɚɫɶ ɫɩɨɫɨɛɧɨɫɬɶ ɷɤɫɬɪɚɤɬɨɜ ɡɚɳɢɳɚɬɶ ɤɥɟɬɤɢ ɨɬ 
ɰɢɬɨɩɚɬɨɝɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɶɧɨɣ 

ɢɧɮɢɰɢɪɨɜɚɧɧɨɣ ɤɭɥɶɬɭɪɨɣ. ɇɚɢɛɨɥɶɲɢɣ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɣ ɷɮɮɟɤɬ 
ɨɬɦɟɱɟɧ ɞɥɹ ɷɬɚɧɨɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ Ⱦɨɠɞɟɜɢɤɚ ɝɪɭɲɟɜɢɞɧɨɝɨ ɢ ȼɟ-
ɫɟɥɤɢ ɨɛɵɤɧɨɜɟɧɧɨɣ, ɤɨɬɨɪɵɟ ɡɚɳɢɳɚɥɢ ɛɨɥɟɟ 70 % ɤɥɟɬɨɤ, ɩɪɢ ɜɧɟ-
ɫɟɧɢɢ ɝɪɢɛɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɜ ɦɨɦɟɧɬ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ ɜɢɪɭɫɨɦ 

ɝɪɢɩɩɚ ɩɬɢɰ. Ɂɚɬɟɦ ɧɚɦɢ ɛɵɥɚ ɢɡɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 
ɪɟɩɪɨɞɭɤɰɢɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɜ ɤɥɟɬɤɚɯ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ 
ɷɤɫɬɪɚɤɬɨɜ. ɉɨɥɧɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɟɩɪɨɞɭɤɰɢɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ A/

H5N1 ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɨɜ ɝɪɢɛɧɵɯ ɷɤɫɬɪɚɤɬɨɜ 
ɩɪɢ ɢɯ ɦɚɤɫɢɦɚɥɶɧɨ ɩɟɪɟɧɨɫɢɦɵɯ ɞɥɹ ɤɥɟɬɨɤ MDCK ɤɨɧɰɟɧɬɪɚɰɢ-

ɹɯ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɦɟɯɚɧɢɡɦɚ ɞɟɣɫɬɜɢɹ ɷɤɫɬɪɚɤɬɨɜ ɧɚ ɪɟɩɪɨɞɭɤɰɢɸ 

ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɜ ɤɥɟɬɤɚɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɤɫɬɪɚɤɬɵ Ⱦɨɠɞɟɜɢɤɚ ɝɪɭ-
ɲɟɜɢɞɧɨɝɨ ɢ ȼɟɫɟɥɤɢ ɨɛɵɤɧɨɜɟɧɧɨɣ ɨɛɥɚɞɚɟɬ ɢɧɝɢɛɢɪɭɸɳɢɦ ɞɟɣ-

ɫɬɜɢɟɦ ɧɚ ɪɟɩɥɢɤɚɰɢɸ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ/H3N2 ɢ ɧɚ ɚɞɫɨɪɛɰɢɸ ɜɢɪɭ-
ɫɚ ɝɪɢɩɩɚ ɩɬɢɰ A/H5N1.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɷɤɫ-
ɬɪɚɤɬɨɜ Ⱦɨɠɞɟɜɢɤɚ ɝɪɭɲɟɜɢɞɧɨɝɨ ɢ ȼɟɫɟɥɤɢ ɨɛɵɤɧɨɜɟɧɧɨɣ ɞɟɥɚɟɬ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɚɧɧɵɟ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɚ ɢɯ 
ɨɫɧɨɜɟ ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɬɢɜ ɝɪɢɩɩɚ.
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Ⱥɧɧɨɬɚɰɢɹ
Ƚɟɧɨɦ ɜɢɪɭɫɚ ɚɮɪɢɤɚɧɫɤɨɣ ɱɭɦɵ ɫɜɢɧɟɣ ɤɨɞɢɪɭɟɬ ɧɚɛɨɪ ɩɪɨɬɟɢ-

ɧɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɭɤɪɵɬɢɟ ɨɬ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɯɨɡɹɢɧɚ. Ȼɨɥɶ-
ɲɢɧɫɬɜɨ ɝɟɧɨɜ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɦɭɥɶɬɢɝɟɧɧɵɦ ɫɟɦɟɣɫɬɜɚɦ ɢ ɹɜɥɹɸɬɫɹ 
ɮɚɤɬɨɪɚɦɢ ɟɝɨ ɩɚɬɨɝɟɧɧɨɫɬɢ, ɱɬɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬ ɫɩɟɤɬɪ ɜɨɫɩɪɢɢɦ-

ɱɢɜɵɯ ɯɨɡɹɟɜ.

Abstract

The genome of African swine fever virus encodes a number of 

genes responsible for immune evasion. The vast majority of these 

genes locates within multigenic families and might be new virulence 

factors or host-range genes. 

Ⱥɮɪɢɤɚɧɫɤɚɹ ɱɭɦɚ ɫɜɢɧɟɣ (Ⱥɑɋ) ɢɧɮɟɤɰɢɨɧɧɚɹ ɛɨɥɟɡɧɶ, ɩɨɪɚ-
ɠɚɸɳɚɹ ɜɫɟɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɫɟɦɟɣɫɬɜɚ Suidae. ɋɨɜɪɟɦɟɧɧɵɟ ɢ ɷɮ-

ɮɟɤɬɢɜɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɩɪɨɬɢɜ Ⱥɑɋ ɧɟ ɪɚɡɪɚɛɨɬɚɧɵ, ɚ ɭɪɨɜɟɧɶ 
ɫɦɟɪɬɧɨɫɬɢ ɫɪɟɞɢ ɢɧɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɝɨɥɨɜɶɹ ɞɨɦɚɲɧɢɯ ɫɜɢɧɟɣ 

ɢ ɤɚɛɚɧɨɜ ɞɨɫɬɢɝɚɟɬ 100 %. 

* ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ 
ɩɪɨɟɤɬɚ №15-34-20995, ɚ ɬɚɤɠɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɆɄ-6875.2015.4.
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ȼɨɡɛɭɞɢɬɟɥɟɦ Ⱥɑɋ ɹɜɥɹɟɬɫɹ ȾɇɄ-ɫɨɞɟɪɠɚɳɢɣ ɜɢɪɭɫ (Asfi virus), 

ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɫɟɦɟɣɫɬɜɚ Asfarviridae, ɩɪɢɧɚɞɥɟɠɚɳɟɣ 

ɤ ɝɪɭɩɩɟ ɤɪɭɩɧɵɯ ɹɞɟɪɧɨ-ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ȾɇɄ-ɫɨɞɟɪɠɚɳɢɯ ɜɢ-

ɪɭɫɨɜ (NCLDV). Ɋɚɡɦɟɪ ɝɟɧɨɦɚ ɜɢɪɭɫɚ Ⱥɑɋ ɫɨɫɬɚɜɜɹɟɬ 180–190 ɬɵ-

ɫɹɱ ɩɚɪ ɨɫɧɨɜɚɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɬɚɦɦɚ.
ȼ ɝɟɧɨɦɟ ɜɢɪɭɫɚ Ⱥɑɋ ɡɚɤɨɞɢɪɨɜɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɬɟɢ-

ɧɨɜ, ɦɨɞɭɥɢɪɭɸɳɢɯ ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ ɯɨɡɹɢɧɚ. ȼɢɪɭɫ Ⱥɑɋ ɢɫɩɨɥɶ-
ɡɭɸɬ ɫɥɨɠɧɭɸ ɫɬɪɚɬɟɝɢɸ «ɨɛɦɚɧɚ» ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɥɟɤɚɹ 
ɦɟɯɚɧɢɡɦɵ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɩɨɩɬɨɡɚ, ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɫɢɧɬɟɡɚ ɢɧ-

ɬɟɪɮɟɪɨɧɚ, ɦɚɫɤɢɪɨɜɚɧɢɹ ɪɟɰɟɩɬɨɪɨɜ ɢ ɞɭɛɥɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɣ ɤɥɟ-
ɬɨɱɧɵɯ ɮɟɪɦɟɧɬɨɜ. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɢɯ 
ɩɪɨɬɟɢɧɨɜ ɡɚɤɨɞɢɪɨɜɚɧɨ ɜ ɦɭɥɶɬɢɝɟɧɧɵɯ ɫɟɦɟɣɫɬɜɚx (MGF) ɜɢɪɭɫɚ 
Ⱥɑɋ. MGF ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɪɭɩɩɭ ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ ɫɯɨɞɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɢɧɨɜ ɢ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɝɟɧɨɦɟ ɜ ɧɟ-
ɫɤɨɥɶɤɢɯ ɤɨɩɢɹɯ. Ʉɨɥɢɱɟɫɬɜɨ ɝɟɧɨɜ ɜ ɫɟɦɟɣɫɬɜɚɯ ɜɚɪɶɢɪɭɟɬ ɦɟɠɞɭ 
ɲɬɚɦɦɚɦɢ ɜɢɪɭɫɚ Ⱥɑɋ.

ɂɫɩɨɥɶɡɭɹ ɜɢɪɭɥɟɧɬɧɵɟ ɲɬɚɦɦɵ ɜɢɪɭɫɚ Ⱥɑɋ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ 
ɤ ɪɚɡɧɵɦ ɝɟɧɨɬɢɩɚɦ ɢ ɫɟɪɨɢɦɦɭɧɨɬɢɩɚɦ, ɢ ɢɯ ɚɬɬɟɧɭɢɪɨɜɚɧɧɵɟ ɝɨ-
ɦɨɥɨɝɢ, ɦɵ ɞɨɫɬɨɜɟɪɧɨ ɩɨɤɚɡɚɥɢ ɪɚɡɥɢɱɢɹ ɜ ɢɯ ɝɟɧɨɦɚɯ. Ⱥɞɚɩɬɢɪɨ-
ɜɚɧɧɵɟ ɚɬɬɟɧɭɢɪɨɜɚɧɧɵɟ ɲɬɚɦɦɵ ɜɢɪɭɫɚ Ⱥɑɋ ɢɦɟɥɢ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɞɟɥɟɰɢɢ (≈10 kb) ɜ ɫɨɫɬɚɜɟ ɝɟɧɨɦɚ ɧɚ 5’- ɤɨɧɰɟ, ɡɚɯɜɚɬɵɜɚɸɳɢɟ  ɝɟɧɵ 

ɜ ɫɨɫɬɚɜɟ MGF 505/360. ȼ ɧɟɤɨɬɨɪɵɯ ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɪɟɩɥɢɤɚɰɢɢ 

ɧɚ ɩɟɪɟɜɢɜɚɟɦɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ ɲɬɚɦɦɚɯ ɜɢɪɭɫɚ Ⱥɑɋ, ɬɚɤɠɟ ɨɬ-
ɦɟɱɚɥɢ ɨɬɫɭɬɫɬɜɢɟ ɮɪɚɝɦɟɧɬɨɜ (≈ 4 kb) ɫ ɝɟɧɚɦɢ MGF 100 ɧɚ 3’ ɤɨɧɰɟ 
ɝɟɧɨɦɚ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɰɟɧɬɪɚɥɶɧɵɣ ɜɚɪɢɚɛɟɥɶɧɵɣ ɭɱɚɫɬɨɤ ɝɟɧɨɦɚ 
(CVR) ɚɬɬɟɧɭɢɪɨɜɚɧɧɵɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ Ⱥɑɋ ɫɨɞɟɪɠɚɥ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɬɚɧɞɟɦɧɵɟ ɩɨɜɬɨɪɵ ɜ ɝɟɧɟ (B602L), ɤɨɞɢɪɭɸɳɟɦ ɨɞɧɨɢɦɟɧ-

ɧɵɣ ɲɚɩɟɪɨɧɨɩɨɞɨɛɧɵɣ ɛɟɥɨɤ. ɍɜɟɥɢɱɟɧɢɟ ɬɚɧɞɟɦɧɵɯ ɩɨɜɬɨɪɨɜ ɧɟ 
ɩɪɢɜɨɞɢɥɨ ɤ ɞɟɮɟɤɬɭ ɜ ɬɪɚɧɫɥɹɰɢɢ ɭɤɚɡɚɧɧɨɝɨ ɩɪɨɬɟɢɧɚ. Ɋɚɡɥɢɱɢɹ 
ɜ ɤɨɥɢɱɟɫɬɜɟ ɬɚɧɞɟɦɧɵɯ ɩɨɜɬɨɪɨɜ ɜ ɝɟɧɟ B602L ɞɟɥɚɟɬ ɟɝɨ ɭɞɨɛɧɵɦ 

ɝɟɧɟɬɢɱɟɫɤɢɦ ɦɚɪɤɟɪɨɦ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɜɢɪɭɥɟɧɬɧɵɯ ɢ ɛɥɢɡɤɨ-
ɪɨɞɫɬɜɟɧɧɵɯ ɚɬɬɟɧɭɢɪɨɜɚɧɧɵɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ Ⱥɑɋ.

Ⱦɟɥɟɰɢɹ ɝɟɧɨɜ MGF505/360, MGF100 ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɬɬɟɧɭɚɰɢɢ 

(ɫɟɥɟɤɰɢɢ) ɧɚ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɪɨɥɢ ɜ ɨɩɪɟ-
ɞɟɥɟɧɢɢ ɫɩɟɤɬɪɚ ɯɨɡɹɟɜ ɞɥɹ ɜɢɪɭɫɚ Ⱥɑɋ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɥɹɝɭɬ 
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ɜ ɨɫɧɨɜɭ ɞɥɹ ɢɡɭɱɟɧɢɹ ɡɚɳɢɬɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜɢɪɭɫɚ ɚɮɪɢɤɚɧɫɤɨɣ 

ɱɭɦɵ ɫɜɢɧɟɣ, ɤɚɤ ɮɚɤɬɨɪɨɜ ɟɝɨ ɜɢɪɭɥɟɧɬɧɨɫɬɢ. 

ɇɈȼɕɃ ɆȿɌɈȾ ɄɈɅɂɑȿɋɌȼȿɇɇɈȽɈ ȺɇȺɅɂɁȺ 

ɉȺɇȾȿɆɂɑȿɋɄɈȽɈ ɉɈɌȿɇɐɂȺɅȺ ȼɂɊɍɋȺ ȽɊɂɉɉȺ
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɝɥɚɜɧɵɣ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ 

R
0
 (ɢɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ) ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ 

ɦɟɪɵ ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ. ɋɮɨɪɦɭɥɢɪɨɜɚ-
ɧɚ ɬɟɨɪɢɹ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ R

T
, ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ 

ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɢɪɭɫɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ 

R
0 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ R

T
, ɱɬɨ ɩɨɡɜɨ-

ɥɹɟɬ ɫɱɢɬɚɬɶ ɟɝɨ ɝɥɚɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɚɧɞɟɦɢɱɟɫɤɢɣ 

ɩɨɬɟɧɰɢɚɥ ɜɢɪɭɫɚ. ɉɪɟɞɥɨɠɟɧ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɨɛɨɜɚɧ ɦɟɬɨɞ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢ-

ɪɭɫɚ ɝɪɢɩɩɚ Ⱥ ɧɚ ɩɪɢɦɟɪɟ ɲɬɚɦɦɨɜ A/Anhui/01/2013 (H7N9), A/rook/

Chany/32/2015 (H5N1) ɢ A/India/6427/2014 (H1N1pdm09). ɍɫɬɚɧɨɜɥɟ-
ɧɚ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ R

T
 ɨɬ ɥɨɝɚɪɢɮɦɚ ɧɚɱɚɥɶ-

ɧɨɣ ɜɢɪɭɫɧɨɣ ɞɨɡɵ, ɩɨɥɭɱɚɟɦɨɣ ɨɪɝɚɧɢɡɦɨɦ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ 

ɩɨɡɜɨɥɹɟɬ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɚɧɞɟɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 
ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ ɧɚ ɨɫɧɨɜɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɞɚɧɧɵɯ ɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 
ɲɬɚɦɦɚ.
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Abstract

In our work we suggest to use the main epidemiological parameter 

R
0
 (basic reproductive number) as a quantitative measure of infl u-

enza A pandemic potential. The theory of virus transmissibility rate 

R
T
 as superposition of specifi c kinetic and stochastic virological 

characteristics was formulated. It was theoretically demonstrated 

that quantitative measure of pandemic potential R
0 
is proportional-

ly associated with transmissibility rate R
T
 and thereby R

T
 substan-

tially determines virus strain’s pandemic potential. The new meth-

od of transmissibility rate R
T
 quantitative estimation was proposed 

and experimentally checked for A/Anhui/01/2013 (H7N9), A/rook/

Chany/32/2015 (H5N1) and A/India/6427/2014 (H1N1pdm09) 

strains. Linear dependence of transmissibility R
T
 on logarithm of 

initial inoculated virus dose was established. Proposed theoretical 

model allows to quantitatively analyze the infl uenza A pandemic 

potential on basis of laboratory experimental data on virus strain 

characteristics.

ȼɜɟɞɟɧɢɟ
ȿɠɟɝɨɞɧɨ ɜɢɪɭɫ ɝɪɢɩɩɚ ɩɨɪɚɠɚɟɬ ɞɨ 15 % ɧɚɫɟɥɟɧɢɹ Ɂɟɦɥɢ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɞɟɫɹɬɤɚɦ ɬɵɫɹɱ ɫɦɟɪɬɟɥɶɧɵɯ ɫɥɭɱɚɟɜ ɩɨ ɜɫɟɦɭ ɦɢɪɭ. 
ɉɚɧɞɟɦɢɢ ɝɪɢɩɩɚ ɜɨɡɧɢɤɚɸɬ ɤɚɠɞɵɟ 10–40 ɥɟɬ. ȼ 2009 ɝɨɞɭ ȼɈɁ 
ɨɛɴɹɜɢɥɚ ɨ ɧɚɱɚɥɟ ɩɟɪɜɨɣ ɩɚɧɞɟɦɢɢ ɝɪɢɩɩɚ ɜ 21 ɜɟɤɟ, ɤɨɬɨɪɚɹ ɛɵɥɚ 
ɜɵɡɜɚɧɚ ɲɬɚɦɦɨɦ Ⱥ/California/7/2009 (H1N1pdm09).

ɋɟɪɶɟɡɧɨɣ ɭɝɪɨɡɨɣ ɞɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɨɜɵɯ ɩɚɧɞɟɦɢɣ ɹɜɥɹɸɬɫɹ 
ɜɵɫɨɤɨ ɩɚɬɨɝɟɧɧɵɟ ɲɬɚɦɦɵ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɩɬɢɰ (H5N1, H7N9), ɤɨ-
ɬɨɪɵɟ ɭɠɟ ɩɪɟɨɞɨɥɟɥɢ ɜɢɞɨɜɨɣ ɛɚɪɶɟɪ ɢ ɫɩɨɫɨɛɧɵ ɩɟɪɟɞɚɜɚɬɶɫɹ ɨɬ 
ɩɬɢɰ ɤ ɱɟɥɨɜɟɤɭ.
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞɨɜ ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɢ 

ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɧɨɜɵɯ ɜɚɪɢɚɧɬɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ.

ɂɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ R
0
, ɤɚɤ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɦɟɪɚ 

ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ
ɂɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ R

0
 — ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɵɯ ɫɥɭɱɚ-

ɟɜ ɡɚɪɚɠɟɧɢɹ, ɢɧɢɰɢɢɪɨɜɚɧɧɵɯ ɨɞɧɢɦ ɢɧɮɢɰɢɪɨɜɚɧɧɵɦ ɢɧɞɢɜɢɞɭɭ-
ɦɨɦ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɢɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ, ɦɨ-
ɝɭɬ ɛɵɬɶ: 1) ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɪɭɫɚ, 2) ɛɢɨɥɨɝɢɱɟɫɤɢɟ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɪɝɚɧɢɡɦɚ, 3) ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɨɬɧɨɫɬɢ ɢ ɞɢɧɚɦɢɤɢ 

ɩɨɩɭɥɹɰɢɢ.

ɂɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ R
0
 ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

0 TR p d c R c= ⋅ ⋅ = ⋅
ɝɞɟ p — ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɟɤɰɢɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɢɧɮɢɰɢɪɨɜɚɧ-

ɧɨɣ ɨɫɨɛɢ ɫɨ ɡɞɨɪɨɜɨɣ ɨɫɨɛɶɸ, d — ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɧɮɟɤɰɢɢ ɭ ɢɧɮɢ-

ɰɢɪɨɜɚɧɧɨɣ ɨɫɨɛɢ, c — ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɨɜ ɢɧɮɢɰɢɪɨɜɚɧɧɨɣ ɨɫɨ-
ɛɢ ɫɨ ɡɞɨɪɨɜɵɦɢ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɉɚɪɚɦɟɬɪ R

T
=p·d ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɫɬɟɩɟɧɶ ɩɟɪɟɞɚɱɢ ɢɧɮɟɤɰɢɢ ɨɬ ɨɞɧɨɣ ɨɫɨɛɢ ɤ ɞɪɭɝɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɫɱɢɬɚɬɶ ɟɝɨ ɦɟɪɨɣ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɜɢɪɭɫɧɨɝɨ ɲɬɚɦɦɚ.
ɉɪɢ ɩɨɦɟɳɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɲɬɚɦɦɨɜ ɜ ɫɯɨɠɢɟ ɩɨɩɭɥɹɰɢɨɧɧɵɟ 

ɭɫɥɨɜɢɹ ɢɧɞɟɤɫ ɪɟɩɪɨɞɭɤɰɢɢ ɷɬɢɯ ɜɢɪɭɫɨɜ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɯɚɪɚɤɬɟ-
ɪɢɡɨɜɚɬɶɫɹ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ.

 Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ R
T
 ɢ ɬɪɚɧɫɦɢɫɫɢɢ K

T

ȼɢɪɭɫɧɚɹ ɞɨɡɚ ɧɚ ɫɥɢɡɢɫɬɨɣ ɡɞɨɪɨɜɨɝɨ ɢɧɞɢɜɢɞɭɭɦɚ, ɩɨɥɭɱɟɧɧɚɹ 
ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɢɧɮɢɰɢɪɨɜɚɧɧɵɦ ɢɧɞɢɜɢɞɭɭɦɨɦ (ɧɚɩɪɢɦɟɪ, ɱɟɪɟɡ 
ɚɷɪɨɡɨɥɶ) ɛɭɞɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɢɪɭɫɧɨɣ ɞɨɡɟ ɧɚ ɫɥɢɡɢɫɬɨɣ ɢɧɮɢ-

ɰɢɪɨɜɚɧɧɨɝɨ (ɜ ɦɨɦɟɧɬ ɤɨɧɬɚɤɬɚ) ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɨɫɬɢ K

T
:

,

T I

T ia as

ID K ID

K k k

= ⋅
= ⋅

ɝɞɟ ID — ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɚɷɪɨɡɨɥɹ ɜɢɪɭɫɧɚɹ ɞɨɡɚ ɧɚ ɫɥɢɡɢɫɬɨɣ ɡɞɨ-
ɪɨɜɨɝɨ ɢɧɞɢɜɢɞɭɭɦɚ, ID

I
 — ɜɢɪɭɫɧɚɹ ɞɨɡɚ ɧɚ ɫɥɢɡɢɫɬɨɣ ɢɧɮɢɰɢɪɨ-

ɜɚɧɧɨɝɨ ɫɨɫɟɞɚ ɜ ɦɨɦɟɧɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɷɪɨɡɨɥɹ. Ʉɨɷɮɮɢɰɢɟɧɬ k
ia
 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɩɟɪɟɞɚɱɢ ɜɢɪɭɫɧɵɯ ɱɚɫɬɢɰ ɫɨ ɫɥɢɡɢɫɬɨɣ ɢɧ-

ɮɢɰɢɪɨɜɚɧɧɨɝɨ ɢɧɞɢɜɢɞɭɭɦɚ ɜ ɮɨɪɦɢɪɭɟɦɵɣ ɢɦ ɚɷɪɨɡɨɥɶ, ɚ ɤɨɷɮ-

ɮɢɰɢɟɧɬ k
as

 — ɩɟɪɟɞɚɱɭ ɢɡ ɚɷɪɨɡɨɥɹ ɧɚ ɫɥɢɡɢɫɬɭɸ ɡɞɨɪɨɜɨɣ ɨɫɨɛɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ K
T
 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɩɟɪɟɞɚɱɢ ɜɢɪɭɫɚ ɨɬ ɨɞɧɨɣ 

ɨɫɨɛɢ ɤ ɞɪɭɝɨɣ ɩɪɢ ɤɨɧɬɚɤɬɟ ɱɟɪɟɡ ɚɷɪɨɡɨɥɶ ɢɥɢ ɢɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

ɜ ɛɨɥɟɟ ɨɛɳɟɦ ɫɥɭɱɚɟ. 
Ⱦɨɡɚ ID

I.
, ɨɬ ɤɨɬɨɪɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ K

T 
ɮɨɪɦɢɪɭɟɬɫɹ 

ɞɨɡɚ ID
, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɜɢɪɭɫɧɵɯ ɱɚɫɬɢɰ. ɉɚɪɚɦɟɬɪ K

T
 ɧɟ 
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ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɜɢɪɭɫɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɧɟɲɧɢɦɢ ɮɚɤɬɨɪɚɦɢ. ȼɢ-

ɪɭɫɧɚɹ ɞɨɡɚ ɧɚ ɫɥɢɡɢɫɬɨɣ ɢɧɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɪɝɚɧɢɡɦɚ ɧɟɩɨɫɬɨɹɧɧɚ 
ɢ ɢɦɟɟɬ ɫɜɨɸ ɞɢɧɚɦɢɤɭ ɪɚɡɜɢɬɢɹ ɜɨ ɜɪɟɦɟɧɢ ID

I
(t).

ȼɟɪɨɹɬɧɨɫɬɶ ɢɧɢɰɢɚɰɢɢ ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨɥɭɱɟɧɧɨɣ ɨɪɝɚɧɢɡɦɨɦ ɜɢɪɭɫɧɨɣ ɞɨɡɨɣ ɩɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɢ «ɞɨɡɚ-ɷɮɮɟɤɬ». ɉɚɪɚɦɟɬɪɵ ID

50
 ɢ σ

lg
 ɮɭɧɤɰɢɢ P(ID) ɨɩɪɟɞɟɥɹɸɬ-

ɫɹ ɦɟɬɨɞɨɦ ɩɪɨɛɢɬ-ɚɧɚɥɢɡɚ:

( ) ( )( ) ( )lg 50lg lgID probit P ID ID= −σ +
Ʉɢɧɟɬɢɤɚ ɜɟɪɨɹɬɧɨɫɬɢ P(t) ɩɟɪɟɞɚɱɢ ɢɧɮɟɤɰɢɢ ɨɬ ɢɧɮɢɰɢɪɨɜɚɧ-

ɧɨɣ ɨɫɨɛɢ ɤ ɡɞɨɪɨɜɨɣ:

( ) ( )( ) ( ) ( )T IP ID t P K ID t P t= =
ɂɬɨɝɨɜɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ R

T
 ɜɢ-

ɪɭɫɧɨɝɨ ɲɬɚɦɦɚ:

( )( )
0

d

TR P t dt

+∞
= ∫

Ɋɟɡɭɥɶɬɚɬɵ
Ⱦɥɹ ɚɧɚɥɢɡɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɛɵɥɨ ɜɵɛɪɚɧɨ ɬɪɢ 

ɯɚɪɚɤɬɟɪɧɵɯ ɲɬɚɦɦɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ: A/Anhui/01/2013 (H7N9), A/

rook/Chany/32/2015 (H5N1), A/India/6427/2014 (H1N1pdm09). ȼ ɤɚɱɟ-
ɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɪɫɤɢɯ ɫɜɢɧɨɤ.
ɀɢɜɨɬɧɵɯ ɢɧɮɢɰɢɪɨɜɚɥɢ ɢɧɬɪɚɧɚɡɚɥɶɧɨ ɪɚɡɧɵɦɢ ɜɚɪɢɚɧɬɚ-

ɦɢ ɜɢɪɭɫɧɵɯ ɞɨɡ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɬɪɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ ɨɬ ɥɨɝɚɪɢɮɦɚ ɨɬɧɨɲɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɜɢɪɭɫɧɨɣ 

ɞɨɡɵ ɤ ID
50

 ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɢ ɞɥɹ 
ɬɪɟɯ ɜɨɡɦɨɠɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɦɢɫɫɢɢ (ɫɦ. ɪɢɫ.): K

T
=0.1, 

0.01, 0.001.

Ⱥɧɚɥɢɡ ɩɪɹɦɵɯ ɬɪɚɧɫɦɢɫɫɢɜɧɨɫɬɢ (ɫɦ. ɪɢɫ.) ɞɥɹ ɬɪɟɯ ɲɬɚɦɦɨɜ 
ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɡɧɚɱɧɨ ɪɚɫɩɨɥɨɠɢɬɶ ɢɯ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɩɚɧ-

ɞɟɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ: 1) A/Anhui/01/2013 (H7N9), 2) A/rook/

Chany/32/2015 (H5N1), 3) A/India/6427/2014 (H1N1pdm09).
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Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɧɚ ɦɨɪɫɤɢɯ ɫɜɢɧɤɚɯ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨɣ 

ɦɨɞɟɥɢ ɚɧɚɥɢɡɚ ɤɚɤ ɱɟɥɨɜɟɱɟɫɤɢɯ, ɬɚɤ ɢ ɩɬɢɱɶɢɯ ɜɚɪɢɚɧɬɨɜ ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɞɯɨɞ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ-
ɝɨ ɚɧɚɥɢɡɚ ɩɚɧɞɟɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɨɛɨɜɚɧ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ ɧɚ ɯɨɪɶɤɚɯ, ɤɚɤ ɛɨɥɟɟ ɛɥɢɡɤɨɣ ɤ ɱɟɥɨɜɟɤɭ 
ɠɢɜɨɬɧɨɣ ɦɨɞɟɥɢ.

ɉɪɹɦɵɟ ɬɪɚɧɫɦɢɫɫɢɜɧɨ-

ɫɬɢ ɲɬɚɦɦɨɜ H7N9, H5N1, 

H1N1pdm09. ɉɪɹɦɚɹ ɤɚɠɞɨɝɨ 
ɲɬɚɦɦɚ ɩɨɫɬɪɨɟɧɚ ɞɥɹ ɬɪɟɯ ɜɚ-
ɪɢɚɧɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫ-
ɦɢɫɫɢɢ KT
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ɈɐȿɇɄȺ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ȾȿɃɋɌȼɂə 

ɉɊɈɌɂȼɈɈɋɉȿɇɇɕɏ ɏɂɆɂɑȿɋɄɂ 

ɋɂɇɌȿɁɂɊɈȼȺɇɇɕɏ ɉɊȿɉȺɊȺɌɈȼ 

ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɆɕɒȿɃ 

ɂɇɌɊȺɇȺɁȺɅɖɇɈ ɁȺɊȺɀȿɇɇɕɏ ȼɈɈ

EFFICACY OF THE CHEMICALLY SYNTHESIZED DRUGS IN 

INTRANASALLY INFECTED MICE WITH MONKEYPOX VIRUS

Ⱥ. ɋ. Ɉɜɱɢɧɧɢɤɨɜɚ, Ⱥɥ. Ⱥ. ɋɟɪɝɟɟɜ, Ⱦ. Ɉ. Ƚɚɥɚɯɨɜɚ, Ʉ. Ⱥ. Ɍɢɬɨɜɚ,
Ⱥɪ. Ⱥ. ɋɟɪɝɟɟɜ, Ɉ. ɋ. Ɍɚɪɚɧɨɜ, Ʌ. ȿ Ȼɭɥɵɱɟɜ, Ⱥ. ɉ. Ⱥɝɚɮɨɧɨɜ, 

Ⱥ. ɇ. ɋɟɪɝɟɟɜ

1 Ɏɟɞɟɪɚɥɶɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ «Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɜɢɪɭɫɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ «ȼɟɤɬɨɪ», 

ɩ. Ʉɨɥɶɰɨɜɨ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ

A. S. Ovchinnikova, Al.A. Sergeev, D. O. Galahova, K. A. Titova, 

Ar. A. Sergeev, O. S. Taranov, L. E. Bulychev, A. P. Agafonov, A. N. Sergeev

SRC VB «Vector», Russia

Ⱥɧɧɨɬɚɰɢɹ
Ɉɫɩɚ ɨɛɟɡɶɹɧ — ɡɨɨɚɧɬɪɨɩɨɧɨɡɧɚɹ ɜɢɪɭɫɧɚɹ ɢɧɮɟɤɰɢɹ, ɜɫɩɵɲ-

ɤɢ ɤɨɬɨɪɨɣ ɫɪɟɞɢ ɥɸɞɟɣ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ⱥɮɪɢɤɢ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɪɨɫɥɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 20-ɦ ɜɟɤɨɦ. Ɉɞɧɚɤɨ ɜ ɦɢɪɟ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɪɟɲɟɧɧɵɯ ɤ ɩɪɢɦɟɧɟɧɢɸ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 
ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ ɩɪɨɬɢɜ ɨɪɬɨɩɨɤɫɜɢɪɭɫɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɜ ɬɨɦ ɱɢɫ-
ɥɟ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɞɟɲɟɜɵɯ ɦɨɞɟɥɶɧɵɯ ɛɢɨɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɚɭɬ-
ɛɪɟɞɧɵɯ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬɧɵɯ ɦɵɲɟɣ ɭɞɨɛɧɵɯ ɞɥɹ ɦɚɫɫɨɜɨɝɨ ɫɤɪɢ-

ɧɢɧɝɚ ɩɪɨɬɢɜɨɨɫɩɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɟɩɚɪɚɬɨɜ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɧɚɦɢ 

ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɦɨ-
ɞɟɥɶɧɨɣ ɛɢɨɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɚɭɬɛɪɟɞɧɵɯ ɦɵɲɟɣ ɩɨɩɭɥɹɰɢɢ ICR, 

ɢɧɬɪɚɧɚɡɚɥɶɧɨ (ɢ.ɧ.) ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɲɬɚɦɦɨɦ V79-1-005 ɜɢɪɭɫɚ 
ɨɫɩɵ ɨɛɟɡɶɹɧ (ȼɈɈ), ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɣ 
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ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɬɢɜɨɨɫɩɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. ȼ ɪɟɡɭɥɶ-
ɬɚɬɟ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɦɵɲɢ ICR ɩɪɢ ɢ.ɧ. ɢɧɮɢɰɢɪɨɜɚɧɢɢ ɨɛɥɚɞɚɥɢ 

ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ȼɈɈ, ɩɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɩɨɤɚɡɚɬɟɥɹ 
ɂȾ

50
, ɨɰɟɧɢɜɚɟɦɚɹ ɩɨ ɧɚɥɢɱɢɸ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɦɵɲɟɣ, ɫɨɫɬɚɜɢɥɚ 

1,4 lg ȻɈȿ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɢɧɚɦɢɤɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ȼɈɈ ɜ ɨɪɝɚ-
ɧɢɡɦɟ ɦɵɲɟɣ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɹ ɩɚɬɨɝɟɧɚ 
ɜ ɫɥɢɡɢɫɬɨɣ ɧɨɫɨɜɨɣ ɩɨɥɨɫɬɢ, ɥɟɝɤɢɯ ɢ ɝɨɥɨɜɧɨɦ ɦɨɡɝɟ. ɋ ɩɨɦɨɳɶɸ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɮɚɤɬɵ ɩɪɢɫɭɬɫɬɜɢɹ 
ɢ ɪɚɡɦɧɨɠɟɧɢɹ ɩɚɬɨɝɟɧɚ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɞɥɹ ȼɈɈ ɤɥɟɬɤɚɯ ɫɢɫɬɟɦɵ 

ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɮɚɝɨɰɢɬɨɜ ɢ ɷɩɢɬɟɥɢɨɰɢɬɚɯ ɨɪɝɚɧɨɜ ɪɟɫɩɢɪɚɬɨɪɧɨ-
ɝɨ ɬɪɚɤɬɚ. ɉɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɝɨ 
ɞɟɣɫɬɜɢɹ ɩɪɟɩɚɪɚɬɨɜ ɇɂɈɏ-14 ɢ ST-246 ɧɚ ɦɵɲɚɯ, ɢ.ɧ. ɢɧɮɢɰɢɪɨ-
ɜɚɧɧɵɯ ɞɨɡɨɣ 3,4 lg ȻɈȿ ȼɈɈ, ɨɬɦɟɱɟɧɨ, ɡɧɚɱɢɦɨɟ ɩɨɞɚɜɥɟɧɢɟ ɪɚɡ-
ɦɧɨɠɟɧɢɹ ɜɢɪɭɫɚ ɜ ɢɯ ɥɟɝɤɢɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ 

ɦɨɞɟɥɶɧɚɹ ɛɢɨɫɢɫɬɟɦɚ «ɦɵɲɶ ɚɭɬɛɪɟɞɧɨɣ ɩɨɩɭɥɹɰɢɢ ICR — ɰɟɧ-

ɬɪɚɥɶɧɨɚɮɪɢɤɚɧɫɤɢɣ ɲɬɚɦɦ V79-1-005 ȼɈɈ» ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧ-

ɞɨɜɚɧɚ ɞɥɹ ɨɰɟɧɤɢ ɡɚɳɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɟɩɚɪɚɬɨɜ ɨɬ ɨɫɩɵ ɨɛɟɡɶɹɧ.

Abstract

Monkeypox is a zoo-anthroponotic viral infection causing outbreaks 

mostly among the humans in Africa and amount of cases has sig-

nifi cantly increased since the end of 20th century. However, there 

aren’t drugs in the world authorized for chemotherapy against or-

thopoxvirus diseases as one of the reasons are due to the lack 

of cheap model biosystems based on outbred immunocompetent 

mice suiting for mass screening of anti smallpox drug activity. At 

the same time we have conducted research aimed at developing 

a model biosystem using outbred ICR mice intranasally (i.n.) infect-

ed with V79-1-005 strain of monkeypox virus (MPXV) to evaluate 

therapeutic and prophylactic effi cacy of the various smallpox drugs. 

As a result, we found that i.n. infected ICR mice were highly sensi-

tive to MPXV with ID
50

 (1.4 lg PFU) estimated by detection of a live 

virus in the lungs of mice. Maximum pathogen accumulation was 

observed in a mucous membrane of nasal cavity, lungs and brain 

of mice, when the dynamics of MPXV propagation were studied. 

The presence and reproduction of the pathogen in the traditional 

for MPXV cells like as mononuclear phagocytes and epithelial cells 
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of the respiratory tract were revealed using electron microscopy. In 

assessing the effectiveness of drugs NIOC-14 and ST-246 for treat-

ment and prophylactic of i.n. infected with MPXV (the dose 3.4 lg 

PFU) mice were noted a signifi cant suppression of viral replication 

in lungs. Thus, the model biosystem (outbred ICR mice and Central 

African strain V79-1-005 of MPXV) were developed and in future it 

might be used to evaluate different drugs on protection to monkey-

pox.

Ɇɚɫɲɬɚɛɧɨɫɬɶ ɢ ɱɚɫɬɨɬɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɫɩɵɲɟɤ ɨɫɩɵ ɨɛɟɡɶɹɧ 

ɫɪɟɞɢ ɥɸɞɟɣ ɜ 21-ɦ ɜɟɤɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɪɨɫɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 20-ɦ 

ɜɟɤɨɦ, ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫɨ ɫɧɢɠɟɧɢɟɦ ɭ ɧɢɯ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɢɦɦɭɧɢɬɟɬɚ ɢ ɜɟɥɢɱɢɧɵ ɢɦɦɭɧɧɨɣ ɩɪɨɫɥɨɣɤɢ ɤ ɜɨɡɛɭɞɢɬɟɥɸ ɷɬɨɝɨ 
ɡɚɛɨɥɟɜɚɧɢɹ ɢɡ-ɡɚ ɩɪɟɤɪɚɬɢɜɲɟɣɫɹ ɛɨɥɟɟ 30 ɥɟɬ ɬɨɦɭ ɧɚɡɚɞ ɜɚɤɰɢ-

ɧɚɰɢɢ ɥɸɞɟɣ ɨɬ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ. ɉɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɪɟɲɟɧɧɵɯ ɤ ɩɪɢɦɟɧɟɧɢɸ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 
ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ ɩɪɨɬɢɜ ɨɫɩɵ ɨɛɟɡɶɹɧ ɢ ɞɪɭɝɢɯ ɨɪɬɨɩɨɤɫɜɢɪɭɫɧɵɯ 
ɡɚɛɨɥɟɜɚɧɢɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɜ ɪɚɡɧɵɯ ɫɬɪɚɧɚɯ ɜɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɬɚɤɢɯ ɩɪɟɩɚɪɚɬɨɜ. Ɇɧɨɝɢɟ ɫɩɟɰɢɚɥɢ-

ɫɬɵ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɠɢɜɨɬɧɵɯ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ 
ɞɥɹ ɨɫɩɵ ɨɛɟɡɶɹɧ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɡɞɚɜɚɟɦɵɯ ɩɪɨ-
ɬɢɜɨɨɫɩɟɧɧɵɯ ɥɟɤɚɪɫɬɜ: ɢɦɦɭɧɨɞɟɮɢɰɢɬɧɵɯ ɦɵɲɟɣ [Hutson et al., 

2010a; Americo et al., 2010; Stabenow et al., 2010], ɫɭɫɥɢɤɨɜ [Tesh et al., 

2004; Sbrana et al. 2007a; Sbrana et al., 2007b], ɱɟɪɧɨɯɜɨɫɬɵɯ ɥɭɝɨɜɵɯ 
ɫɨɛɚɱɟɤ [Xiao et al., 2005; Hutson et al., 2009, 2010b], ɫɨɧɶ Ʉɟɥɥɟɧɚ 
[Schultz et al., 2009] ɢ ɩɪɢɦɚɬɨɜ [Zaucha et al., 2001; Parker et al., 2008; 

Stabenow et al., 2010]. Ɉɞɧɚɤɨ ɷɬɢ ɜɢɞɵ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ ɢɦɟɸɬ 
ɬɟ ɢɥɢ ɢɧɵɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɯ ɜɵɪɚɳɢɜɚɧɢɹ ɜ ɧɟɜɨɥɟ, ɞɨɪɨɝɨɜɢɡɧɵ, ɭɞɨɛɫɬɜɚ ɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ.
Ɉɞɧɢɦ ɢɡ ɩɪɟɩɹɬɫɬɜɢɣ ɛɵɫɬɪɨɦɭ ɩɪɨɝɪɟɫɫɭ ɜ ɪɚɡɪɚɛɨɬɤɟ ɦɟɞɢ-

ɰɢɧɫɤɢɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɨɬ ɨɫɩɵ ɨɛɟɡɶɹɧ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɞɟɲɟ-
ɜɵɯ ɦɨɞɟɥɶɧɵɯ ɛɢɨɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɚɭɬɛɪɟɞɧɵɯ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬ-
ɧɵɯ ɦɵɲɟɣ ɞɥɹ ɦɚɫɫɨɜɨɝɨ ɫɤɪɢɧɢɧɝɚ ɩɪɨɬɢɜɨɨɫɩɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɩɪɟɩɚɪɚɬɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɭ ɪɚɡɪɚɛɨɬɤɢ ɬɚɤɨɣ ɥɚɛɨ-
ɪɚɬɨɪɧɨɣ ɦɨɞɟɥɢ.
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ɐɟɥɶɸ ɧɚɫɬɨɹɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɢɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɶɧɨɣ 

ɛɢɨɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɚɭɬɛɪɟɞɧɨɣ ɦɵɲɢ ICR ɢɧɮɢɰɢɪɨɜɚɧɧɨɣ ɜɢɪɭ-
ɫɨɦ ɨɫɩɵ ɨɛɟɡɶɹɧ (ȼɈɈ) ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜɨɨɫɩɟɧɧɵɯ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ.
ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɲɬɚɦɦ V79-1-005 ȼɈɈ ɢ ɚɭɬɛɪɟɞɧɵɟ 

ɦɵɲɢ ɩɨɩɭɥɹɰɢɢ ICR, ɚ ɬɚɤɠɟ ɤɨɦɩɥɟɤɫ ɜɢɪɭɫɨɥɨɝɢɱɟɫɤɢɯ, ɝɢɫɬɨɥɨ-
ɝɢɱɟɫɤɢɯ, ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɣ.

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɨɰɟɧɤɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ȼɈɈ ɭ ɢɧɬɪɚɧɚɡɚɥɶɧɨ (ɢ.ɧ.) ɡɚɪɚɠɟɧɧɵɯ 
ɦɵɲɟɣ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɜɟɥɢɱɢɧɚ ɂȾ

50
, ɨɰɟɧɢɜɚɟɦɚɹ ɩɨ ɧɚɥɢɱɢɸ 

ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɱɟɪɟɡ 7 ɫɭɬ ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ (ɩ.ɡ.) ɫ ɭɱɟɬɨɦ 10 %-ɣ 

ɟɝɨ ɚɩɩɥɢɤɚɰɢɢ ɜ ɪɟɫɩɢɪɚɬɨɪɧɨɦ ɬɪɚɤɬɟ ɠɢɜɨɬɧɵɯ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢ-

ɥɚ 1,4 lg ȻɈȿ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɢɧɚɦɢɤɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ȼɈɈ ɜ ɨɪ-
ɝɚɧɢɡɦɟ ɢ.ɧ. ɡɚɪɚɠɟɧɧɵɯ ɦɵɲɟɣ 25 ɂȾ

50
 (ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɧɚɥɢɱɢɸ 

ɜɢɪɭɫɚ ɜ ɢɯ ɥɟɝɤɢɯ) ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ 
ɩɚɬɨɝɟɧɚ ɜ ɫɬɟɧɤɟ ɫɥɢɡɢɫɬɨɣ ɧɨɫɨɜɨɣ ɩɨɥɨɫɬɢ, ɥɟɝɤɢɯ ɢ ɝɨɥɨɜɧɨɦ 

ɦɨɡɝɟ: 5,7 ± 0,1; 5,5 ± 0,1 ɢ 5,3 ± 0,3 lg ȻɈȿ/ɦɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɫ-
ɧɨɜɧɵɟ ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɨɪɝɚɧɚɯ ɢ ɬɤɚɧɹɯ ɭ ɢ.ɧ. ɢɧɮɢ-

ɰɢɪɨɜɚɧɧɵɯ ȼɈɈ ɦɵɲɟɣ ɧɚɩɨɦɢɧɚɥɢ ɬɚɤɨɜɵɟ ɭ ɞɪɭɝɢɯ ɦɨɞɟɥɶɧɵɯ 
ɠɢɜɨɬɧɵɯ ɞɥɹ ɨɫɩɵ ɨɛɟɡɶɹɧ, ɧɨ ɨɝɪɚɧɢɱɢɜɚɥɢɫɶ ɜ ɨɫɧɨɜɧɨɦ ɜɨɫɩɚ-
ɥɢɬɟɥɶɧɨ-ɞɟɫɬɪɭɤɬɢɜɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɨɪɝɚɧɚɯ ɪɟɫɩɢɪɚɬɨɪɧɨɝɨ 
ɬɪɚɤɬɚ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɨɪɝɚɧɨɜ ɢ ɬɤɚɧɟɣ 

ɢ.ɧ. ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɦɵɲɟɣ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɮɚɤɬɵ ɩɪɢɫɭɬɫɬɜɢɹ 
ɢ ɪɚɡɦɧɨɠɟɧɢɹ ɩɚɬɨɝɟɧɚ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɞɥɹ ȼɈɈ ɩɟɪɜɢɱɧɵɯ ɤɥɟɬ-
ɤɚɯ ɦɢɲɟɧɹɯ (ɜ ɤɥɟɬɤɚɯ ɫɢɫɬɟɦɵ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɮɚɝɨɰɢɬɨɜ ɢ ɷɩɢ-

ɬɟɥɢɨɰɢɬɚɯ ɜ ɨɪɝɚɧɚɯ ɪɟɫɩɢɪɚɬɨɪɧɨɝɨ ɬɪɚɤɬɚ), ɚ ɬɚɤɠɟ ɜ ɧɟɤɨɬɨɪɵɯ 
ɞɪɭɝɢɯ ɤɥɟɬɤɚɯ ɨɪɝɚɧɢɡɦɚ (ɷɧɞɨɬɟɥɢɨɰɢɬɚɯ, ɪɟɬɢɤɭɥɹɪɧɵɯ ɤɥɟɬɤɚɯ, 
ɤɥɟɬɤɚɯ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ). 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɝɨ ɞɟɣ-

ɫɬɜɢɹ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɦɵɲɚɯ, ɢ.ɧ. ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɞɨɡɨɣ 3,4 lg ȻɈȿ 

(10 ID
50

 ɪɚɫɫɱɢɬɚɧɧɨɣ ɩɨ ɪɟɝɢɫɬɪɚɰɢɢ ɧɚɥɢɱɢɹ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ) ȼɈɈ, 

ɨɬɦɟɱɟɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɪɟɩɚɪɚɬɚɦɢ ɇɂɈɏ-14 (7-[N`-

(4-Ɍɪɢɮɬɨɪɦɟɬɢɥɛɟɧɡɨɢɥ)-ɝɢɞɪɚɡɢɧɨɤɚɪɛɨɧɢɥ]-ɬɪɢɰɢɤɥɨ[3.2.2.02,4]

ɧɨɧ-8-ɟɧ-6-ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ) ɢ ST-246 (4-ɬɪɢɮɬɨɪɦɟɬɢɥ-N-
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(3,3a,4,4a,5,5a,6,6a-ɨɤɬɚɝɢɞɪɨ-1,3-ɞɢɨɤɫɨ-4,6-ɟɬɟɧɨɰɢɤɥɨɩɪɨɩ[f]

ɢɡɨɢɧɞɨɥ-2(1H)-ɢɥ)-ɛɟɧɡɚɦɢɞ) ɚɭɬɛɪɟɞɧɵɯ ɦɵɲɟɣ ɫ ɜɵɹɜɥɟɧɧɵɦ 

ɧɚɥɢɱɢɟɦ ɠɢɜɨɝɨ ȼɈɈ ɜ ɥɟɝɤɢɯ ɱɟɪɟɡ 7 ɫɭɬ ɩ.ɡ. ɞɨɫɬɨɜɟɪɧɨ ɧɢɠɟ, 
ɱɟɦ ɜ ɤɨɧɬɪɨɥɟ (ɩɪɢ p ≤ 0,05). Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɇɂɈɏ-32 (Ƚɢ-

ɞɪɚɬ N-{3,5-ɞɢɨɤɫɨ-4-ɚɡɚɬɟɬɪɚɰɢɤɥɨ[5.3.2.02,6.08,10]ɞɨɞɟɰ-11-ɟɧ-4-

ɢɥ}-2-ɝɢɞɪɨɤɫɢɛɟɧɡɚɦɢɞɚ) ɡɧɚɱɢɦɨ ɧɟ ɩɨɜɥɢɹɥ ɧɚ ɪɚɡɦɧɨɠɟɧɢɟ ȼɈɈ 

ɜ ɥɟɝɤɢɯ ɭ ɦɵɲɟɣ ɱɟɪɟɡ 7 ɫɭɬɨɤ ɢ ɩɨɤɚɡɚɬɟɥɶ ɤɨɥɢɱɟɫɬɜɚ ɠɢɜɨɬɧɵɯ 
ɫ ɜɵɹɜɥɟɧɧɵɦ ɧɚɥɢɱɢɟɦ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɧɟ ɨɬɥɢɱɚɥɫɹ ɨɬ ɤɨɧɬɪɨɥɹ. 
ɉɪɢ ɷɬɨɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɇɂɈɏ-14 ɢ ST-246 ɜ ɨɞɢɧɚɤɨɜɵɯ ɞɨɡɚɯ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɚɡɥɢɱɢɣ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɞɚɜɥɟɧɢɹ ɪɚɡɦɧɨɠɟɧɢɹ 
ȼɈɈ ɧɟ ɜɵɹɜɥɟɧɨ ɦɟɠɞɭ ɷɬɢɦɢ ɩɪɟɩɚɪɚɬɚɦɢ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɭɬɛɪɟɞɧɵɯ ɦɵɲɟɣ ɩɨɩɭɥɹɰɢɢ ICR 

ɢ ɰɟɧɬɪɚɥɶɧɨɚɮɪɢɤɚɧɫɤɨɝɨ ɲɬɚɦɦɚ V79-1-005 ȼɈɈ ɧɚ ɩɪɢɦɟɪɟ ɬɪɟɯ ɯɢ-

ɗɥɟɤɬɪɨɧɨɝɪɚɦɦɚ, ɚɥɶɜɟɨɥɹɪɧɵɣ ɦɚɤɪɨɮɚɝ ɦɵɲɢ ɚɭɬɛɪɟɞɧɨɣ ɩɨɩɭ-

ɥɹɰɢɢ ICR ɱɟɪɟɡ 7 ɫɭɬ ɩɨɫɥɟ ɢɧɬɪɚɧɚɡɚɥɶɧɨɝɨ ɡɚɪɚɠɟɧɢɹ ɲɬɚɦɦɨɦ 

V79-1-005 ɜɢɪɭɫɚ ɨɫɩɵ ɨɛɟɡɶɹɧ ɞɨɡɨɣ 3,8 lg ȻɈȿ (25 ɂȾ
50

): ɡɪɟɥɵɟ ɱɚ-
ɫɬɢɰɵ ɜɢɪɭɫɚ ɜ ɰɢɬɨɩɥɚɡɦɟ (ɭɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ)
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ɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ST-246, ɇɂɈɏ-14 ɢ ɇɂɈɏ-32) 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɝɨ ɷɮɮɟɤɬɚ ɭ ɩɪɟ-
ɩɚɪɚɬɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɧɟɟ ɭɠɟ ɛɵɥɚ ɨɬɦɟɱɟɧɚ ɦɧɨɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟ-
ɥɹɦɢ ɧɚ ɞɪɭɝɢɯ ɦɨɞɟɥɶɧɵɯ ɛɢɨɫɢɫɬɟɦɚɯ ɩɪɨɬɢɜɨɨɫɩɟɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ. 
Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ ɦɨɞɟɥɶ-
ɧɚɹ ɛɢɨɫɢɫɬɟɦɚ «ɦɵɲɶ ɚɭɬɛɪɟɞɧɨɣ ɩɨɩɭɥɹɰɢɢ ICR — ɰɟɧɬɪɚɥɶɧɨɚɮ-

ɪɢɤɚɧɫɤɢɣ ɲɬɚɦɦ V79-1-005 ȼɈɈ», ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɞɥɹ 
ɨɰɟɧɤɢ ɡɚɳɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɟɩɚɪɚɬɨɜ ɨɬ ɨɫɩɵ ɨɛɟɡɶɹɧ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɯ ɦɚɫɫɨɜɨɝɨ ɫɤɪɢɧɢɧɝɚ.

ȻɂɈɅɈȽɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɒɌȺɆɆɈȼ ȼɂɊɍɋȺ 

ȽɊɂɉɉȺ ɋȼɂɇȿɃ Ⱥ/H1N1, ȼɕȾȿɅȿɇɇɕɏ ȼ 2010 ɂ 2012 ȽȽ. 
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɲɬɚɦɦɨɜ 

ɜɢɪɭɫɚ ɝɪɢɩɩɚ A (H1N1), ɜɵɞɟɥɟɧɧɵɯ ɨɬ ɫɜɢɧɟɣ ɜ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ 
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ɯɨɡɹɣɫɬɜɚɯ Ʉɚɡɚɯɫɬɚɧɚ ɜ 2010 ɢ 2012 ɝɝ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɧɭɬɪɢ ɩɨɞɬɢ-

ɩɚ ɨɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜ ɨɫɧɨɜɧɨɦ ɨɞɧɨɪɨɞɧɭɸ ɝɪɭɩɩɭ. 

Abstract

There are the results of the study of the biological properties of 

swine infl uenza A/H1N1 viruses, isolated from pigs at farms of Ka-

zakhstan in 2010 and 2012. They are show the viruses are repre-

sent a mainly homogeneous group within the subtype.

ɉɨɹɜɥɟɧɢɟ ɭ ɱɟɥɨɜɟɤɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ A (H1N1)pdm, ɹɜɥɹɸɳɟɝɨ-
ɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɪɟɚɫɫɨɪɬɚɧɬɨɦ ɝɟɧɨɬɢɩɨɜ ɫɜɢɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, 
ɩɨɞɱɟɪɤɧɭɥɨ ɜɚɠɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɹ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɭ ɫɜɢɧɟɣ ɜɨ ɜɫɟɦ 

ɦɢɪɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ Ʉɚɡɚɯɫɬɚɧɟ.
ȼ ɷɩɢɞɟɦɢɱɟɫɤɢɣ ɩɟɪɢɨɞ 2010–2012 ɝɝ. ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 135 ɧɨ-

ɫɨɝɥɨɬɨɱɧɵɯ ɫɦɵɜɨɜ, ɫɨɛɪɚɧɧɵɯ ɨɬ ɫɜɢɧɟɣ ɜ ɧɟɛɨɥɶɲɢɯ ɢ ɤɪɭɩɧɵɯ 
ɯɨɡɹɣɫɬɜɚɯ ɫɟɜɟɪɧɨɝɨ ɢ ɸɠɧɨɝɨ ɪɟɝɢɨɧɨɜ Ɋɟɫɩɭɛɥɢɤɢ (Ⱥɥɦɚɬɢɧɫɤɚɹ 
ɢ Ʉɨɫɬɚɧɚɣɫɤɚɹ ɨɛɥɚɫɬɢ), ɜɵɞɟɥɟɧɨ ɜɨɫɟɦɶ ɝɟɦɚɝɝɥɸɬɢɧɢɪɭɸɳɢɯ 
ɚɝɟɧɬɨɜ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜ ɊɌȽȺ, ɊɂɇȺ ɢ ɊɌ-ɉɐɊ ɤɚɤ ɜɢɪɭ-
ɫɵ ɝɪɢɩɩɚ A ɫ ɚɧɬɢɝɟɧɧɨɣ ɮɨɪɦɭɥɨɣ H1N1. ɂɧɮɟɤɰɢɨɧɧɚɹ ɚɤɬɢɜ-
ɧɨɫɬɶ ɤɚɡɚɯɫɬɚɧɫɤɢɯ ɢɡɨɥɹɬɨɜ ɜɚɪɶɢɪɨɜɚɥɚ ɜ ɩɪɟɞɟɥɚɯ 4,65–5,25 lg 

ɗɂȾ
50/0,2

.
 
ɉɨ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɝɟɦɚɝɝɥɸɬɢɧɢɧɚ ɢɡɨɥɹɬɵ ɜɢɪɭɫɚ 

ɝɪɢɩɩɚ ɫɜɢɧɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨɪɨɞɧɭɸ ɝɪɭɩɩɭ ɢ ɨɬɧɟɫɟɧɵ 

ɤ ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɫɨɯɪɚɧɹɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɡɵɜɚɬɶ ɚɝ-
ɝɥɸɬɢɧɚɰɢɸ ɷɪɢɬɪɨɰɢɬɨɜ ɤɭɪɢɰɵ ɩɨɫɥɟ ɩɪɨɝɪɟɜɚɧɢɹ ɩɪɢ 56 ºɋ ɜ ɬɟ-
ɱɟɧɢɟ 60 ɦɢɧ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɥɟɧɧɵɯ 
ɲɬɚɦɦɨɜ ɤ ɫɵɜɨɪɨɬɨɱɧɵɦ ɢɧɝɢɛɢɬɨɪɚɦ ɜ ɊɌȽȺ ɫ ɧɚɬɢɜɧɵɦɢ ɢ ɩɪɨ-
ɝɪɟɬɵɦɢ (62 ºɋ — 30 ɦɢɧ, 100 ºɋ — 10 ɦɢɧ) ɫɵɜɨɪɨɬɤɚɦɢ ɦɨɪɫɤɨɣ 

ɫɜɢɧɤɢ, ɤɭɪɢɰɵ ɢ ɤɪɨɥɢɤɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ ɢɡɨɥɹɬɵ ɹɜɥɹɥɢɫɶ ɢɧ-

ɝɢɛɢɬɨɪɨɪɟɡɢɫɬɟɧɬɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɬɢɜɧɵɦ ɫɵɜɨɪɨɬɤɚɦ, ɧɨ 
ɩɪɨɝɪɟɜɚɧɢɟ ɢɯ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɩɨɜɵɲɟɧɢɸ ɢɧɝɢɛɢɬɨɪɧɨɣ ɚɤɬɢɜɧɨ-
ɫɬɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨ ɫɩɟɤɬɪɭ ɝɟɦɚɝɝɥɸɬɢɧɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ 

ɫ ɷɪɢɬɪɨɰɢɬɚɦɢ ɱɟɥɨɜɟɤɚ «0» ɝɪɭɩɩɵ ɤɪɨɜɢ ɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɦɥɟ-
ɤɨɩɢɬɚɸɳɢɯ ɢ ɩɬɢɰ, ɤɚɡɚɯɫɬɚɧɫɤɢɟ ɢɡɨɥɹɬɵ ɚɤɬɢɜɧɨ ɚɝɝɥɸɬɢɧɢɪɨɜɚ-
ɥɢ ɜɫɟ ɜɢɞɵ ɷɪɢɬɪɨɰɢɬɨɜ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɚɞɫɨɪɛɢɪɭɸɳɟɣ ɢ ɷɥɸɢɪɭɸ-

ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜɫɟ ɢɡɭɱɟɧɧɵɟ ɜɢɪɭɫɵ ɨɛɥɚɞɚɥɢ ɯɨ-
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ɪɨɲɟɣ ɚɞɫɨɪɛɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɪɢɬɪɨɰɢɬɚɦ 

ɤɭɪ (90–100 %) ɢ ɷɥɸɢɪɨɜɚɥɢ ɫ ɧɢɯ ɱɟɪɟɡ 30–60 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 

37 ºɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɨɫɧɨɜɧɵɦ ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɤɚɡɚɯ-
ɫɬɚɧɫɤɢɟ ɢɡɨɥɹɬɵ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɫɜɢɧɟɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨ-
ɪɨɞɧɭɸ ɝɪɭɩɩɭ, ɧɨ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɢɧɮɟɤɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ.

ȽȿɇɈɌɂɉɕ ȼɂɊɍɋȺ ɄɅȿɓȿȼɈȽɈ ɗɇɐȿɎȺɅɂɌȺ 
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Ʉɥɟɳɟɜɵɟ ɢɧɮɟɤɰɢɢ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɞɥɹ Ʌɟɧɢɧ-

ɝɪɚɞɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɥɟɳɟɣ, ɫɧɹɬɵɯ ɫ ɥɸɞɟɣ, ɧɚ ɧɨɫɢɬɟɥɶ-
ɫɬɜɨ ɜɢɪɭɫɚ ɤɥɟɳɟɜɨɝɨ ɷɧɰɟɮɚɥɢɬɚ (ȼɄɗ). Ɉɩɪɟɞɟɥɟɧ ɝɟɧɨɬɢɩ ɜɵ-

ɹɜɥɟɧɧɵɯ ɩɚɬɨɝɟɧɨɜ.

Abstract

Tick-borne encephalitis (TBE) is an actual problem for public health 

in Leningrad district and St-Petersburg city. This paper presents 
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results of TBE virus detection in ticks, removed from human, and 

genotyping of detected pathogens.

ɂɧɮɟɤɰɢɢ, ɩɟɪɟɞɚɜɚɟɦɵɟ ɢɤɫɨɞɨɜɵɦɢ ɤɥɟɳɚɦɢ, ɢɦɟɸɬ ɲɢ-

ɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɭɦɟɪɟɧɧɵɯ ɲɢɪɨɬɚɯ ɋɟɜɟɪɧɨɝɨ ɩɨɥɭ-

ɲɚɪɢɹ; ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɢɧɮɟɤɰɢɣ ɞɚɧɧɨɣ ɝɪɭɩ-

ɩɵ ɹɜɥɹɟɬɫɹ ɜɢɪɭɫɧɵɣ ɤɥɟɳɟɜɨɣ ɷɧɰɟɮɚɥɢɬ (ȼɄɗ), ɜɵɡɵɜɚɟɦɵɣ 

ɊɇɄ-ɝɟɧɨɦɧɵɦ ɮɥɚɜɢɜɢɪɭɫɨɦ. Ɉɫɧɨɜɧɵɟ ɩɟɪɟɧɨɫɱɢɤɢ ɜɢɪɭɫɚ — 

ɢɤɫɨɞɨɜɵɟ ɤɥɟɳɢ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɢɪɭɫɨɮɨɪɧɨɫɬɶ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

ɊɎ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɭ Ixodes persulcatus, ɧɟɫɤɨɥɶɤɨ 
ɦɟɧɶɲɚɹ — ɭ I. ricinus. ȼɵɞɟɥɹɸɬ 3 ɩɨɞɬɢɩɚ ɜɢɪɭɫɚ ɤɥɟɳɟɜɨɝɨ ɷɧ-

ɰɟɮɚɥɢɬɚ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɝɟɧɟɬɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɢ ɚɧɬɢɝɟɧ-

ɧɵɦ ɫɜɨɣɫɬɜɚɦ, — ɡɚɩɚɞɧɵɣ, ɫɢɛɢɪɫɤɢɣ ɢ ɞɚɥɶɧɟɜɨɫɬɨɱɧɵɣ, ɩɪɢ 

ɷɬɨɦ ɨɬɦɟɱɚɟɬɫɹ ɜɡɚɢɦɨɫɜɹɡɶ ɤɥɢɧɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ ɡɚɛɨɥɟɜɚɧɢɹ 
ɢ ɬɹɠɟɫɬɢ ɬɟɱɟɧɢɹ ɫ ɩɨɞɬɢɩɨɦ ɜɨɡɛɭɞɢɬɟɥɹ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ 

ɰɢɪɤɭɥɢɪɭɸɬ ɜɫɟ ɬɪɢ ɩɨɞɬɢɩɚ ɜɢɪɭɫɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɬɪɚɧɚɯ 
Ȼɚɥɬɢɣɫɤɨɝɨ ɪɟɝɢɨɧɚ ɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɁɎɈ ɜɨɡɦɨɠɧɚ ɰɢɪɤɭɥɹ-
ɰɢɹ ɡɚɩɚɞɧɨɝɨ ɢ ɫɢɛɢɪɫɤɨɝɨ ɩɨɞɬɢɩɨɜ. Ɇɨɧɢɬɨɪɢɧɝ ɝɟɧɟɬɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɩɪɢɪɨɞɧɵɯ ɩɨɩɭɥɹɰɢɣ ɜɢɪɭɫɚ Ʉɗ ɜɚɠɟɧ ɞɥɹ ɩɪɨɝɧɨɡɢ-

ɪɨɜɚɧɢɹ ɪɚɡɜɢɬɢɹ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ ɜ ɨɬɞɟɥɶɧɵɯ ɪɟɝɢɨɧɚɯ. ɐɟɥɶɸ 

ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɚɫɶ ɨɰɟɧɤɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɝɟɧɨ-

ɬɢɩɨɜ ɜɢɪɭɫɚ Ʉɗ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʌɟɧɢɧɝɪɚɞɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɋɚɧɤɬ-
ɉɟɬɟɪɛɭɪɝɚ.
ɇɚ ɧɨɫɢɬɟɥɶɫɬɜɨ ɜɢɪɭɫɚ Ʉɗ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ 499 ɤɥɟɳɟɣ, 

ɫɧɹɬɵɯ ɫ ɥɸɞɟɣ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɤɥɟɳɢ ɨɬɧɨɫɢɥɢɫɶ ɤ ɪɨɞɭ Ixodes 

sp. Ʉɥɟɳɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢɫɶ ɜ ɫɬɟɪɢɥɶɧɨɦ ɮɢ-

ɡɢɨɥɨɝɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɟ, ɜɵɞɟɥɟɧɢɟ ɊɇɄ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ «Ⱥɦɩɥɢɩɪɚɣɦ Ɋɢɛɨ-ɩɪɟɩ». ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ 
ɪɟɚɤɰɢɢ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɢ ɞɟɬɟɤɰɢɹ ɜɢɪɭɫɧɨɣ ɤȾɇɄ ɨɫɭ-

ɳɟɫɬɜɥɹɥɚɫɶ ɩɨ ɦɟɬɨɞɢɤɟ A. Bormane ɫ ɩɨɦɨɳɶɸ ɞɜɭɯɪɚɭɧɞɨɜɨɣ 

ɉɐɊ ɫ ɩɪɚɣɦɟɪɚɦɢ Pm1, Pp1 ɢ Pm2, Pp2, ɮɥɚɧɤɢɪɭɸɳɢɦɢ ɭɱɚɫɬɨɤ 
5’-ɧɟɬɪɚɧɫɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɷɥɟɤɬɪɨɮɨɪɟɬɢ-

ɱɟɫɤɢ ɪɚɡɞɟɥɹɥɢ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ, ɨɤɪɚɲɟɧɧɨɦ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢ-

ɟɦ, ɢ ɜɢɡɭɚɥɢɡɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɬɪɚɧɫɢɥɥɸɦɢɧɚɬɨɪɚ. Ƚɟɧɨɬɢɩɢ-
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ɪɨɜɚɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ 
ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɚɦɩɥɢɤɨɧɨɜ (ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɉɐɊ ɫ ɩɪɚɣɦɟ-
ɪɚɦɢ Pm2 ɢ Pp2). ɉɨɥɭɱɟɧɧɵɟ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɫɬɢ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ, ɡɚɞɟɩɨɧɢɪɨɜɚɧɧɵɦɢ 

ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɟ GenBank.

ȼɢɪɭɫɨɮɨɪɧɨɫɬɶ ɤɥɟɳɟɣ, ɫɧɹɬɵɯ ɫ ɥɸɞɟɣ, ɫɨɫɬɚɜɢɥɚ 1 % (5 ɩɨ-

ɥɨɠɢɬɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɥɨɤɭɫɚ 5’-ɧɟɬɪɚɧɫɥɢɪɭɟ-
ɦɨɣ ɨɛɥɚɫɬɢ ɜɫɟ ɨɛɪɚɡɰɵ ɩɪɢɧɚɞɥɟɠɚɥɢ ɤ ɡɚɩɚɞɧɨɦɭ ɩɨɞɬɢɩɭ ɜɢ-

ɪɭɫɚ Ʉɗ. 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ ɢ Ʌɟɧɢɧɝɪɚɞɫɤɚɹ ɨɛɥɚɫɬɶ ɨɬɧɨɫɹɬɫɹ ɤ ɬɟɪɪɢɬɨ-
ɪɢɹɦ, ɷɧɞɟɦɢɱɧɵɦ ɩɨ ȼɄɗ. Ɂɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɩɨɜɵɲɟɧɢɢ ɪɢɫɤɚ 
ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɢɝɪɚɟɬ ɩɨɜɵɲɟɧɢɟ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɛɥɚ-
ɝɨɩɪɢɹɬɫɬɜɭɸɳɟɟ ɪɨɫɬɭ ɱɢɫɥɟɧɧɨɫɬɢ ɢɤɫɨɞɨɜɵɯ ɤɥɟɳɟɣ — ɨɫɧɨɜ-
ɧɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ ɜɢɪɭɫɚ Ʉɗ, ɚ ɬɚɤɠɟ ɚɧɬɪɨɩɨɝɟɧɧɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
ɩɪɢɪɨɞɧɵɯ ɥɚɧɞɲɚɮɬɨɜ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɢɫɤ ɤɨɧɬɚɤɬɚ 
ɥɸɞɟɣ ɫ ɤɥɟɳɚɦɢ. ȼɢɪɭɫɨɮɨɪɧɨɫɬɶ ɤɥɟɳɟɣ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ 
ɝɟɧɨɬɢɩɨɜ ɜɢɪɭɫɚ Ʉɗ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɹɜɥɹɸɬɫɹ ɜɚɠ-

ɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɨɱɚɝɨɜ ɞɚɧɧɨɝɨ ɩɪɢɪɨɞɧɨ-ɨɱɚɝɨ-
ɜɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɟɧɟɬɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ ɜɢɪɭɫɚ 
Ʉɗ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭ 1 % ɤɥɟɳɟɣ ɪɨɞɚ Ixodes sp., ɫɧɹɬɵɯ ɫ ɥɸɞɟɣ 

ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʌɟɧɢɧɝɪɚɞɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ. ɍɫɬɚ-
ɧɨɜɥɟɧɚ ɰɢɪɤɭɥɹɰɢɹ ɡɚɩɚɞɧɨɝɨ ɩɨɞɬɢɩɚ ɜɢɪɭɫɚ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 
ȼɨɫɬɨɱɧɨɣ ȿɜɪɨɩɵ ɢ ɫɬɪɚɧ Ȼɚɥɬɢɣɫɤɨɝɨ ɪɟɝɢɨɧɚ. ɋɢɛɢɪɫɤɢɣ ɩɨɞɬɢɩ 

ɜɢɪɭɫɚ Ʉɗ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɩɪɢɪɨɞɧɵɯ ɨɱɚɝɚɯ ȿɜ-
ɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ ɊɎ, ɧɟ ɛɵɥ ɨɛɧɚɪɭɠɟɧ.
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Ⱥɧɧɨɬɚɰɢɹ 

ȼɢɪɭɫɵ ɝɪɢɩɩɚ ɢ ɞɪɭɝɢɟ ɈɊȼɂ ɨɫɬɚɸɬɫɹ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 

ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɭɩɪɚɜɥɹɟɦɵɦɢ ɢɧ-

ɮɟɤɰɢɹɦɢ. ɇɚɢɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ ɨɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɥɹ ɞɟɬɟɣ ɞɨ 
ɬɪɟɯ ɥɟɬ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ ɨɞɧɭ ɢɡ ɨɫɧɨɜɧɵɯ ɝɪɭɩɩ ɪɢɫɤɚ. Ⱥɧɚɥɢɡ 
ɚɧɬɢɝɟɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɢɡɭɱɟɧɢɹ 
ɷɜɨɥɸɰɢɢ ɞɚɧɧɨɝɨ ɜɨɡɛɭɞɢɬɟɥɹ ɢ ɨɬɛɨɪɚ ɜɚɤɰɢɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ 
ɩɪɟɞɫɬɨɹɳɢɣ ɷɩɢɞɟɦɢɱɟɫɤɢɣ ɫɟɡɨɧ.

Abstract

Infl uenza viruses nowadays are still of great economic and social 

threat. Children under 3 years comprise one of the major infl uenza 

risk groups. Analysis of infl uenza virus evolution is based on anti-

genic variation studies, which are also used for selection of candi-

date vaccine viruses for the production of infl uenza vaccine for the 

upcoming epidemic season.

Ƚɪɢɩɩ ɢ ɞɪɭɝɢɟ ɨɫɬɪɵɟ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɜɢɪɭɫɧɵɟ ɢɧɮɟɤɰɢɢ ɡɚ-
ɧɢɦɚɸɬ ɩɟɪɜɨɟ ɦɟɫɬɨ ɜ ɷɬɢɨɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɨɛɳɟɣ ɡɚɛɨɥɟ-
ɜɚɟɦɨɫɬɢ ɧɚɫɟɥɟɧɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɭɫɩɟɯɢ ɜɚɤɰɢɧɨ- ɢ ɯɢɦɢɨɩɪɨɮɢ-

ɥɚɤɬɢɤɢ, ɝɪɢɩɩ ɨɫɬɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɢ ɧɟɤɨɧɬɪɨ-

ɥɢɪɭɟɦɨɣ ɢɧɮɟɤɰɢɟɣ. ɍ ɥɢɰ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɝɪɭɩɩɚɦ ɪɢɫɤɚ, ɝɪɢɩɩ 

ɱɚɫɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɫɥɨɠɧɟɧɢɣ — ɩɧɟɜ-
ɦɨɧɢɟɣ, ɩɨɪɚɠɟɧɢɟɦ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɱɟɤ, ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢ-
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ɫɬɨɣ ɫɢɫɬɟɦɵ ɢ ɬ. ɞ. Ⱦɟɬɢ ɞɨ 18 ɥɟɬ ɟɠɟɝɨɞɧɨ ɚɤɬɢɜɧɨ ɜɨɜɥɟɤɚɸɬɫɹ 
ɜ ɷɩɢɞɟɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɫɜɹɡɚɧɧɵɣ ɫ ɜɢɪɭɫɚɦɢ ɝɪɢɩɩɚ ɢ ɞɪɭɝɢ-

ɦɢ ɈɊȼɂ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɪɨɜɧɹ ɢɡɦɟɧɱɢɜɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ 
ɩɪɨɢɡɜɨɞɢɥɢ ɜɵɞɟɥɟɧɢɟ ɲɬɚɦɦɨɜ ɢɡ ɧɚɡɨɮɚɪɢɧɝɢɚɥɶɧɵɯ ɦɚɡɤɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɝɨɫɩɢɬɚɥɢɡɢɪɨɜɚɧɧɵɯ ɞɟɬɟɣ ɨɬ 0 ɞɨ 18 ɥɟɬ, ɧɚ ɤɥɟ-
ɬɨɱɧɨɣ ɤɭɥɶɬɭɪɟ MDCK (CDC, Atlanta, USA), 10 ɞɧɟɜɧɵɯ ɪɚɡɜɢɜɚɸ-

ɳɢɯɫɹ ɤɭɪɢɧɵɯ ɷɦɛɪɢɨɧɚɯ, ɩɨɫɬɚɜɥɹɟɦɵɯ ɈɈɈ «ɉɥɟɦɪɟɩɪɨɞɭɤɬɨɪ» 

(ɩɨɫ. ɋɢɧɹɜɢɧɨ, Ʌɟɧɢɧɝɪɚɞɫɤɚɹ ɨɛɥɚɫɬɶ, Ɋɨɫɫɢɹ). Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɜɢɪɭɫɨɜ ɢ ɢɯ ɚɧɬɢɝɟɧɧɵɣ ɚɧɚɥɢɡ, ɜ ɪɟɚɤɰɢɢ ɬɨɪɦɨ-
ɠɟɧɢɹ ɝɟɦɚɝɝɥɸɬɢɧɚɰɢɢ ɫ ɩɚɧɟɥɶɸ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɚɧɬɢɫɵɜɨɪɨɬɨɤ, 
ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ȼɈɁ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɱɟɥɨɜɟɤɚ 
ɢ ɩɚɧɟɥɶɸ ɤɪɵɫɢɧɵɯ ɚɧɬɢɫɵɜɨɪɨɬɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɤ ɲɢɪɨɤɨɦɭ ɫɩɟɤ-
ɬɪɭ ɫɨɜɪɟɦɟɧɧɵɯ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɱɟɥɨɜɟɤɚ Ⱥ ɢ ȼ.

ȼɢɪɭɫɵ ɝɪɢɩɩɚ А(H3N2)

ȼ ɢɫɫɥɟɞɭɟɦɵɟ ɷɩɢɞɟɦɢɱɟɫɤɢɟ ɫɟɡɨɧɵ 2013–2016 ɝɝ. ɧɚɛɥɸɞɚ-
ɥɚɫɶ ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɰɢɪɤɭɥɹɰɢɹ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ A(H3N2), A(H1N1)

pdm09 ɢ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ȼ. ȼ 2013–2014ɝɝ. ɜɢɪɭɫɵ ɝɪɢɩɩɚ A(H3N2) 

ɞɨɦɢɧɢɪɨɜɚɥɢ ɢ ɫɨɫɬɚɜɥɹɥɢ 80,5 % ɨɬ ɜɫɟɯ ɜɵɞɟɥɟɧɧɵɯ ɲɬɚɦɦɨɜ. 
ȼ 2014–2015 ɝɝ. ɨɧɢ ɫɨɫɬɚɜɢɥɢ 30 %, ɚ ɜ 2015–2016 ɝɝ. ɜɢɪɭɫɨɜ ɞɚɧɧɨ-
ɝɨ ɩɨɞɬɢɩɚ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɞɟɬɟɣ ɜɵɞɟɥɟɧɨ ɧɟ ɛɵɥɨ. 
ɉɪɢ ɚɧɚɥɢɡɟ ɚɧɬɢɝɟɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢɡɨɥɹɬɨɜ 2013–2014 ɝɝ. 

ɫ ɚɧɬɢɫɵɜɨɪɨɬɤɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɤ ɜɢɪɭɫɭ-ɤɚɧɞɢɞɚɬɭ ɜ ɜɚɤɰɢɧɧɵɟ ɲɬɚɦ-

ɦɵ Ⱥ/Ɍɟɯɚɫ/50/12 ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɜɵɞɟɥɟɧɧɵɯ ɜɢ-

ɪɭɫɨɜ ɩɨɞɨɛɧɵ ɞɚɧɧɨɦɭ ɲɬɚɦɦɭ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɵɣ ɤɨɦɩɨ-
ɧɟɧɬ ɜɚɤɰɢɧɵ ɹɜɥɹɥɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚ ɬɨɬ ɫɟɡɨɧ. ȼ ɷɩɢɞɟɦɢɱɟɫɤɢɣ 

ɫɟɡɨɧ 2014–2015 ɝɝ. ɛɵɥ ɡɚɮɢɤɫɢɪɨɜɚɧ ɚɧɬɢɝɟɧɧɵɣ ɞɪɟɣɮ ɜɢɪɭɫɨɜ 
Ⱥ(H3N2), ɜɵɹɜɥɟɧɚ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɩɨɩɭɥɹɰɢɢ: ɡɚɪɟɝɢɫɬɪɢɪɨɜɚ-
ɧɵ ɜɢɪɭɫɵ ɩɨɞɨɛɧɵɟ Ⱥ/ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ/80/14 ɢ ɜɢɪɭɫɵ ɩɨɞɨɛɧɵɟ 
Ⱥ/ɒɜɟɣɰɚɪɢɹ/9715293/13. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɫɨɫɬɚɜɟ ɜɚɤɰɢɧɵ ɩɨ-
ɩɪɟɠɧɟɦɭ ɧɚɯɨɞɢɥɫɹ ɲɬɚɦɦ, ɩɨɞɨɛɧɵɣ Ⱥ/Ɍɟɯɚɫ/50/12. ȼɫɥɟɞɫɬɜɢɟ 
ɷɬɨɝɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɜɚɤɰɢɧɧɵɣ ɤɨɦɩɨɧɟɧɬ ɩɨ ɜɢɪɭɫɚɦ ɞɚɧɧɨɝɨ ɩɨɞ-

ɬɢɩɚ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɷɩɢɞɟɦɢɱɟɫɤɢɣ ɫɟɡɨɧ 2014–2015 ɝɝ. ɧɟ ɫɨɨɬ-
ɜɟɬɫɬɜɨɜɚɥ ɷɬɢɨɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɜɨɡɛɭɞɢɬɟɥɹ.
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ȼɢɪɭɫɵ ɝɪɢɩɩɚ А(H1N1)pdm09

ɐɢɪɤɭɥɹɰɢɹ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɞɚɧɧɨɝɨ ɩɨɞɬɢɩɚ ɛɵɥɚ ɨɬɦɟɱɟɧɚ ɜɨ 
ɜɫɟɯ ɬɪɟɯ ɷɩɢɞɟɦɢɱɟɫɤɢɯ ɫɟɡɨɧɚɯ 2013–2016 ɝɝ. ɍɞɟɥɶɧɵɣ ɜɟɫ ɞɚɧ-

ɧɨɝɨ ɜɨɡɛɭɞɢɬɟɥɹ ɜ ɪɚɡɧɵɟ ɫɟɡɨɧɵ ɤɨɥɟɛɚɥɫɹ ɢ ɫɨɫɬɚɜɢɥ 11,7 %, 7 % 

ɢ 80,5 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɚɧɬɢɝɟɧɧɵɯ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɣ ɢɫɫɥɟɞɭɟɦɵɯ ɲɬɚɦɦɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɢɪɭɫɵ ɝɪɢɩɩɚ ɩɨɞɬɢɩɚ 
Ⱥ(H1N1)pdm09 ɞɚɧɧɵɯ ɷɩɢɞɟɦɢɱɟɫɤɢɯ ɫɟɡɨɧɨɜ ɛɵɥɢ ɚɧɬɢɝɟɧɧɨ ɫɯɨ-
ɠɢ ɫ ɷɬɚɥɨɧɧɵɦ ɢ ɜɚɤɰɢɧɧɵɦ ɲɬɚɦɦɨɦ Ⱥ/Ʉɚɥɢɮɨɪɧɢɹ/7/09. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɚɧɬɢɝɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, 
ɱɬɨ ɤɨɦɩɨɧɟɧɬ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɨɣ ɜɚɤɰɢɧɵ Ⱥ/Ʉɚɥɢɮɨɪɧɢɹ/07/09 ɜɨ 
ɜɫɟɯ ɬɪɟɯ ɫɟɡɨɧɚɯ ɛɵɥ ɚɤɬɭɚɥɶɧɵɦ. 

ȼɢɪɭɫɵ ɝɪɢɩɩɚ ɬɢɩɚ В
ȼ 2013–2014 ɝɝ. ɢ 2014–2015 ɝɝ. ɛɵɥɚ ɨɬɦɟɱɟɧɚ ɚɤɬɢɜɧɚɹ ɰɢɪɤɭɥɹ-

ɰɢɹ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ȼ əɦɚɝɚɬɫɤɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɢ. ɍɞɟɥɶɧɵɣ ɜɟɫ ɞɚɧ-

ɧɨɝɨ ɬɢɩɚ ɫɨɫɬɚɜɢɥ 7,8 % ɢ 63 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɩɨɫɥɟɞɧɢɣ ɷɩɢ-

ɞɟɦɢɱɟɫɤɢɣ ɫɟɡɨɧ ɛɵɥ ɜɵɞɟɥɟɧ ɬɨɥɶɤɨ 1 ɲɬɚɦɦ ɞɚɧɧɨɣ ɥɢɧɢɢ. Ⱥɧɬɢ-

ɝɟɧɧɵɣ ɚɧɚɥɢɡ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ȼ əɦɚɝɚɬɫɤɨɣ ɥɢɧɢɢ 2013–2015 ɝɝ. 
ɩɨɤɚɡɚɥ ɢɯ ɝɨɦɨɝɟɧɧɨɫɬɶ, ɜɫɟ ɨɧɢ ɛɵɥɢ ɩɨɞɨɛɧɵ ɷɬɚɥɨɧɧɨɦɭ ɜɢɪɭ-
ɫɭ ȼ/ɉɯɭɤɟɬ/3073/13. ȼɢɪɭɫ, ɜɵɞɟɥɟɧɧɵɣ ɜ ɷɩɢɞɟɦɢɱɟɫɤɨɦ ɫɟɡɨɧɟ 
2015–2016 ɝɝ., ɛɵɥ ɚɧɬɢɝɟɧɧɨ ɫɯɨɠ ɫ ɜɢɪɭɫɚɦɢ əɦɚɝɚɬɫɤɨɣ ɥɢɧɢɢ 

2012–2013 ɝɝ. 
ȼ 2015–2016 ɝɝ. ɛɵɥɚ ɨɬɦɟɱɟɧɚ ɚɤɬɢɜɧɚɹ ɰɢɪɤɭɥɹɰɢɹ ɜɢɪɭɫɨɜ 

ɝɪɢɩɩɚ ȼ ȼɢɤɬɨɪɢɚɧɫɤɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɢ. Ɉɧɢ ɫɨɫɬɚɜɢɥɢ 18,3 % ɨɬ 
ɜɫɟɯ ɢɡɨɥɹɬɨɜ. ȼɢɪɭɫɵ ɝɪɢɩɩɚ ȼ ȼɢɤɬɨɪɢɚɧɫɤɨɣ ɥɢɧɢɢ ɪɟɚɝɢɪɨ-

ɜɚɥɢ ɫ ɚɧɬɢɫɵɜɨɪɨɬɤɨɣ ɤ ɷɬɚɥɨɧɧɨɦɭ ɲɬɚɦɦɭ ȼ/Ȼɪɢɫɛɟɧ/60/08 ɞɨ 
1–1/2 ɝɨɦɨɥɨɝɢɱɧɨɝɨ ɬɢɬɪɚ, ɱɬɨ ɩɨɤɚɡɵɜɚɟɬ ɢɯ ɚɧɬɢɝɟɧɧɭɸ ɨɞɧɨ-

ɪɨɞɧɨɫɬɶ. ɋɬɨɢɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɨɲɟɞɲɟɦ ɷɩɢɞɟɦɢɱɟɫɤɨɦ 

ɫɟɡɨɧɟ ɜ ɫɨɫɬɚɜɟ ɬɪɢɜɚɥɟɧɬɧɵɯ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɯ ɜɚɤɰɢɧ, ɩɪɢɦɟ-
ɧɹɟɦɵɯ ɜ Ɋɨɫɫɢɢ ɢ ɜ ɦɢɪɟ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɚ ɝɪɢɩɩɚ ȼ ɛɵɥ 
ɜɤɥɸɱɟɧ ɜɢɪɭɫ əɦɚɝɚɬɫɤɨɣ ɥɢɧɢɢ, ɩɨɞɨɛɧɵɣ ȼ/ɉɯɭɤɟɬ/3073/13, ɩɪɢ 

ɷɬɨɦ ɜ ɰɢɪɤɭɥɹɰɢɢ ɜɟɞɭɳɚɹ ɪɨɥɶ ɩɪɢɧɚɞɥɟɠɚɥɚ ɜɢɪɭɫɚɦ ȼɢɤɬɨɪɢ-

ɚɧɫɤɨɣ ɥɢɧɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɜɵɪɚɠɟɧɧɨɦ ɧɟɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɲɬɚɦɦɨɜ ɝɪɢɩɩɚ ȼ ɢ ɫɨɫɬɚɜɚ ɩɪɨɬɢɜɨɝɪɢɩ-

ɩɨɡɧɨɣ ɜɚɤɰɢɧɵ.
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ɉɨɞɜɨɞɹ ɢɬɨɝ, ɯɨɱɟɬɫɹ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɚɧɬɢɝɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨ-
ɥɹɟɬ ɩɨɞɪɨɛɧɨ ɢ ɱɟɬɤɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɢ ɷɜɨɥɸɰɢɨɧɧɭɸ 

ɢɡɦɟɧɱɢɜɨɫɬɶ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ. ɗɬɢ ɞɚɧɧɵɟ ɩɨɦɨɝɚɸɬ ɧɚɝɥɹɞɧɨ ɨɰɟ-
ɧɢɬɶ ɚɧɬɢɝɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɜ ɩɨɩɭɥɹɰɢɢ ɲɬɚɦ-

ɦɨɜ ɫ ɜɢɪɭɫɚɦɢ-ɤɚɧɞɢɞɚɬɚɦɢ, ɜɤɥɸɱɟɧɧɵɦɢ ɜ ɫɨɫɬɚɜ ɩɪɨɬɢɜɨɝɪɢɩ-

ɩɨɡɧɵɯ ɜɚɤɰɢɧ ɧɚ ɷɩɢɞɟɦɢɱɟɫɤɢɣ ɫɟɡɨɧ. Ɍɚɤ, ɜɢɪɭɫɵ ɝɪɢɩɩɚ ɩɨɞɬɢɩɚ 
Ⱥ(H3N2) ɢ ɬɢɩɚ ȼ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɷɩɢɞɟɦɢɱɟɫɤɢɯ ɫɟɡɨɧɨɜ ɩɨɤɚɡɚɥɢ 

ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɛɪɚɧɧɨɝɨ ɜɚɤɰɢɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢ ɰɢɪɤɭɥɢɪɭɸ-

ɳɢɯ ɲɬɚɦɦɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɟ ɜɢɪɭɫɨɜ ɞɚɧɧɨɝɨ ɩɨɞɬɢɩɚ ɫɪɟɞɢ ɧɚɫɟɥɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɪɟɞɢ 

ɞɟɬɫɤɢɯ ɜɨɡɪɚɫɬɧɵɯ ɝɪɭɩɩ. ɗɬɢ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɟɨɛɯɨ-
ɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɢ ɦɚɫɲɬɚɛɧɨɝɨ ɚɧɬɢɝɟɧɧɨɝɨ 
ɚɧɚɥɢɡɚ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɱɟɥɨɜɟɤɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ 
ɨɬɛɨɪɚ ɲɬɚɦɦɨɜ-ɤɚɧɞɢɞɚɬɨɜ ɞɥɹ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɯ ɜɚɤɰɢɧ. ȼ ɬɨ 
ɠɟ ɜɪɟɦɹ, ɩɪɨɛɥɟɦɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜɚɤɰɢɧɵ ɩɨ ɝɪɢɩɩɭ 
ȼ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɜɧɟɞɪɟɧɢɟɦ ɜ ɩɪɚɤɬɢɤɭ ɬɟɬɪɚɜɚɥɟɧɬɧɵɯ ɜɚɤ-
ɰɢɧ, ɤɨɬɨɪɵɟ c ɭɫɩɟɯɨɦ ɩɪɢɦɟɧɹɸɬɫɹ ɭɠɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɜ ɪɹɞɟ ɡɚ-
ɪɭɛɟɠɧɵɯ ɫɬɪɚɧ.
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ɋȿɊɈɅɈȽɂɑȿɋɄɈȿ ɂɁɍɑȿɇɂȿ ɈȻɊȺɁɐɈȼ ɄɊɈȼɂ 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɫɵɜɨɪɨɬɨɤ ɛɨɥɶɧɵɯ 

ɥɢɯɨɪɚɞɤɨɣ Ɂɢɤɚ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɧɚɛɨɪɚ «ȼɟɤɬɨɪ 
ɂɎȺ Ɂɢɤɚ-ȺɌ ɫɤɪɢɧ». Ɉɛɫɭɠɞɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɦ-

ɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɥɢɯɨɪɚɞɤɢ Ɂɢɤɚ.

Abstract

In this investigation Serological Analysis of samples of patients with 

Zika fever are presented using an experimental ELISA kit “Vector 

ELISA-Zika AT screen”. The possibility of using ELISA for the diag-

nosis of Zika fever are discussed.

ȼɩɟɪɜɵɟ ɜɢɪɭɫ Ɂɢɤɚ ɛɵɥ ɨɩɢɫɚɧ ɜ 1948 ɝɨɞɭ ɤɚɤ ɚɝɟɧɬ, ɜɵɡɵɜɚ-
ɸɳɢɣ ɛɨɥɟɡɧɶ ɭ ɦɚɤɚɤ-ɪɟɡɭɫɨɜ, ɠɢɜɭɳɢɯ ɜ ɥɟɫɭ Ɂɢɤɚ ɜ ɍɝɚɧɞɟ, ɡɚ-
ɬɟɦ ɜ ɍɝɚɧɞɟ, Ɍɚɧɡɚɧɢɢ, ȿɝɢɩɬɟ, ɐɟɧɬɪɚɥɶɧɨɚɮɪɢɤɚɧɫɤɨɣ Ɋɟɫɩɭɛɥɢ-
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ɤɟ ɢ ɋɶɟɪɪɚ-Ʌɟɨɧɟ ɫɬɚɥɢ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɫɥɭɱɚɢ 

ɡɚɪɚɠɟɧɢɹ ɷɬɢɦ ɜɢɪɭɫɨɦ ɥɸɞɟɣ, ɢ ɜ 1968 ɝɨɞɭ ɜ ɇɢɝɟɪɢɢ ɜɢɪɭɫ ɛɵɥ 
ɜɩɟɪɜɵɟ ɜɵɞɟɥɟɧ ɨɬ ɛɨɥɶɧɨɝɨ ɱɟɥɨɜɟɤɚ. Ɉɞɧɚɤɨ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɥɢ-

ɯɨɪɚɞɤɚ Ɂɢɤɚ ɩɪɢɜɥɟɤɥɚ ɤ ɫɟɛɟ ɜ 2007 ɝɨɞɭ ɩɨɫɥɟ ɫɨɛɵɬɢɣ ɧɚ ɨɫɬɪɨ-
ɜɚɯ əɩ ɜ Ɍɢɯɨɦ ɨɤɟɚɧɟ (Ɏɟɞɟɪɚɬɢɜɧɵɟ ɲɬɚɬɵ Ɇɢɤɪɨɧɟɡɢɢ). ȼɪɚɱɢ, 

ɪɚɛɨɬɚɜɲɢɟ ɧɚ ɷɬɨɦ ɨɫɬɪɨɜɟ, ɫɨɨɛɳɢɥɢ ɜ CDC, USA ɨ ɬɨɦ, ɱɬɨ ɫɪɟɞɢ 

ɦɟɫɬɧɨɝɨ ɧɚɫɟɥɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬ ɧɟ ɜɫɬɪɟɱɚɜɲɟɟɫɹ ɪɚɧɟɟ ɜ Ɇɢ-

ɤɪɨɧɟɡɢɢ ɡɚɛɨɥɟɜɚɧɢɟ. ȼɫɟ ɡɚɛɨɥɟɜɲɢɟ ɛɥɚɝɨɩɨɥɭɱɧɨ ɜɵɡɞɨɪɨɜɟɥɢ, 

ɧɨ ɨɛɳɟɟ ɱɢɫɥɨ ɡɚɪɚɡɢɜɲɢɯ ɫɨɫɬɚɜɢɥɨ ɧɟ ɦɟɧɟɟ 5 ɬɵɫɹɱ ɱɟɥɨɜɟɤ, ɱɬɨ 
ɫɨɫɬɚɜɥɹɟɬ 70 % ɧɚɫɟɥɟɧɢɹ ɨɫɬɪɨɜɨɜ. Ȼɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɛɨɥɟɜɚ-
ɧɢɟ ɛɵɥɨ ɜɵɡɜɚɧɨ ɜɢɪɭɫɨɦ Ɂɢɤɚ, ɤɨɬɨɪɵɣ ɪɚɧɟɟ ɡɚ ɩɪɟɞɟɥɚɦɢ Ⱥɮ-

ɪɢɤɚɧɫɤɨɝɨ ɤɨɧɬɢɧɟɧɬɚ ɧɟ ɜɫɬɪɟɱɚɥɫɹ. ȼ ɧɚɱɚɥɟ 2013 ɝɨɞɚ ɟɳɟ ɛɨɥɟɟ 
ɦɚɫɲɬɚɛɧɚɹ ɜɫɩɵɲɤɚ ɥɢɯɨɪɚɞɤɢ Ɂɢɤɚ ɨɯɜɚɬɢɥɚ Ɏɪɚɧɰɭɡɫɤɭɸ ɉɨɥɢ-

ɧɟɡɢɸ. Ʉ ɤɨɧɰɭ ɝɨɞɚ ɫɨɨɛɳɚɥɨɫɶ ɭɠɟ ɨ ɛɨɥɟɟ ɱɟɦ 20 ɬɵɫɹɱɚɯ ɫɥɭɱɚɟɜ 
ɡɚɛɨɥɟɜɚɧɢɹ. 
ȼ ɧɚɱɚɥɟ 2015 ɝɨɞɚ ɧɚ ɫɟɜɟɪɟ Ȼɪɚɡɢɥɢɢ ɜ ɲɬɚɬɟ Ȼɚɢɹ ɧɚɱɚɥɚɫɶ ɩɚ-

ɧɚɦɟɪɢɤɚɧɫɤɚɹ ɜɫɩɵɲɤɚ ɥɢɯɨɪɚɞɤɢ Ɂɢɤɚ. Ʉ ɚɜɝɭɫɬɭ 2016 ɝɨɞɚ ɨɛɳɟɟ 
ɱɢɫɥɨ ɫɬɪɚɧ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ ɷɩɢɞɟɦɢɱɟɫɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɥɢɯɨ-
ɪɚɞɤɢ Ɂɢɤɚ, ɫɨɫɬɚɜɥɹɟɬ ɭɠɟ 54.

ɉɨɫɥɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ 140 ɫɥɭɱɚɟɜ ɦɢɤɪɨɰɟɮɚɥɢɢ ɭ ɧɨɜɨɪɨɠ-

ɞɟɧɧɵɯ ɜ 44 ɲɬɚɬɚɯ ɫɬɪɚɧɵ, ɦɢɧɢɫɬɟɪɫɬɜɨ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ Ȼɪɚ-
ɡɢɥɢɢ ɨɛɴɹɜɢɥɨ ɱɪɟɡɜɵɱɚɣɧɨɟ ɩɨɥɨɠɟɧɢɟ. Ʉ ɤɨɧɰɭ 2015 ɝɨɞɚ ɫɜɹɡɶ 
ɦɟɠɞɭ ɡɚɛɨɥɟɜɚɧɢɟɦ ɥɢɯɨɪɚɞɤɨɣ Ɂɢɤɚ ɭ ɛɟɪɟɦɟɧɧɵɯ ɢ ɦɢɤɪɨɰɟɮɚ-
ɥɢɢ ɭ ɧɨɜɨɪɨɠɞɟɧɧɵɯ ɫɱɢɬɚɟɬɫɹ ɞɨɤɚɡɚɧɧɨɣ, ɢ 1 ɮɟɜɪɚɥɹ 2016 ɝɨɞɚ 
ȼɈɁ ɨɛɴɹɜɢɥɚ ɱɪɟɡɜɵɱɚɣɧɭɸ ɫɢɬɭɚɰɢɸ ɜ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɢ ɜ ɫɜɹɡɢ 

ɫ ɦɢɤɪɨɰɟɮɚɥɢɟɣ ɢ ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɦɢ ɫɨɫɬɨɹɧɢɹɦɢ, ɢɦɟɸɳɢɦɢ 

ɩɪɹɦɨɟ ɨɬɧɨɲɟɧɢɟ ɤ ɜɢɪɭɫɭ Ɂɢɤɚ. Ʉɪɨɦɟ ɷɬɨɝɨ ɜɢɪɭɫ Ɂɢɤɚ ɜɵɡɵɜɚɟɬ 
ɟɳɟ ɨɞɧɨ ɡɚɛɨɥɟɜɚɧɢɟ − ɫɢɧɞɪɨɦ Ƚɢɣɟɧɚ-Ȼɚɪɪɟ (ɋȽȻ), ɤɨɬɨɪɨɟ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɡɜɚɧɨ ɢ ɞɪɭɝɢɦɢ ɮɥɚɜɢɜɢɪɭɫɚɦɢ, ɧɚɩɪɢɦɟɪ ɜɢɪɭɫɚɦɢ ɞɟɧɝɟ 
ɢ ɱɢɤɭɧɝɭɧɶɹ. ɋɢɧɞɪɨɦ Ƚɢɣɟɧɚ-Ȼɚɪɪɟ − ɷɬɨ ɧɚɪɭɲɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɢɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɚɬɚɤɭɟɬ ɱɚɫɬɶ ɫɨɛɫɬɜɟɧɧɨɣ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɧɟɪɜ-
ɧɨɣ ɫɢɫɬɟɦɵ ɨɪɝɚɧɢɡɦɚ. ɋɢɧɞɪɨɦ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɩɟɪɢɮɟɪɢɱɟɫɤɢɟ 
ɧɟɪɜɵ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ ɦɵɲɟɱɧɭɸ ɫɢɥɭ, ɚ ɬɚɤɠɟ ɬɟ, ɤɨɬɨɪɵɟ ɩɟɪɟ-
ɞɚɸɬ ɨɳɭɳɟɧɢɹ ɛɨɥɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɫɹɡɚɧɢɹ. ɗɬɨ ɦɨɠɟɬ ɩɪɢɜɟ-
ɫɬɢ ɤ ɦɵɲɟɱɧɨɣ ɫɥɚɛɨɫɬɢ ɢ ɩɨɬɟɪɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɧɨɝɚɯ ɢ/ɢɥɢ 
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ɪɭɤɚɯ. ɉɪɢɦɟɪɧɨ 25 % ɩɚɰɢɟɧɬɨɜ ɫ ɋȽȻ ɧɭɠɞɚɸɬɫɹ ɜ ɢɧɬɟɧɫɢɜɧɨɣ 

ɬɟɪɚɩɢɢ ɢ 3–5 % ɭɦɢɪɚɸɬ ɞɚɠɟ ɩɪɢ ɧɚɞɥɟɠɚɳɟɣ ɩɨɞɞɟɪɠɢɜɚɸɳɟɣ 

ɬɟɪɚɩɢɢ, ɢɡ-ɡɚ ɨɫɥɨɠɧɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɩɚɪɚɥɢɱɨɦ ɦɵɲɰ, ɤɨɧɬɪɨɥɢ-

ɪɭɸɳɢɯ ɞɵɯɚɧɢɟ, ɨɫɬɚɧɨɜɤɨɣ ɫɟɪɞɰɚ ɢɥɢ ɬɪɨɦɛɚɦɢ.

Ɉɛɳɟɟ ɱɢɫɥɨ ɩɨɫɬɪɚɞɚɜɲɢɯ ɥɢɰ ɜ ɫɬɪɚɧɚɯ Ⱥɦɟɪɢɤɚɧɫɤɨɝɨ ɪɟ-
ɝɢɨɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 600 ɬɵɫ. ɱɟɥɨɜɟɤ ɡɚ 2016 ɝɨɞ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɛɨɥɟɟ 111 ɬɵɫ. − ɫ ɥɚɛɨɪɚɬɨɪɧɨ ɩɨɞɬɜɟɪɠɞɟɧɧɵɦ ɞɢɚɝɧɨɡɨɦ. ɇɚɢɛɨ-
ɥɟɟ ɫɥɨɠɧɨɣ, ɜ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɦ ɩɥɚɧɟ, ɨɛɫɬɚɧɨɜɤɚ ɫɨɯɪɚɧɹɟɬɫɹ 
ɜ Ȼɪɚɡɢɥɢɢ, ɝɞɟ ɡɚ ɜɪɟɦɹ ɷɩɢɞɟɦɢɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ 1835 ɫɥɭɱɚɟɜ 
ɦɢɤɪɨɰɟɮɚɥɢɢ ɢ ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ ɭ ɧɨɜɨɪɨɠɞɟɧɧɵɯ, 
ɚ ɨɛɳɟɟ ɱɢɫɥɨ ɫɥɭɱɚɟɜ ɡɚɛɨɥɟɜɚɧɢɹ ɫ ɩɨɞɨɡɪɟɧɢɟɦ ɧɚ ɥɢɯɨɪɚɞɤɭ Ɂɢɤɚ 
ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 1,5 ɦɥɧ.

Ɉɫɧɨɜɧɵɦɢ ɩɟɪɟɧɨɫɱɢɤɚɦɢ ɜɢɪɭɫɚ Ɂɢɤɚ ɹɜɥɹɸɬɫɹ ɤɨɦɚɪɵ ɪɨɞɚ 
Aedes. ɋɟɪɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɫɟɥɟɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ 
ɜ 1988 ɢ 1990 ɝɝ. ɩɨɤɚɡɚɥɢ ɧɚɥɢɱɢɟ ɭ 10,1 % ɢ 2,8 % ɧɚɫɟɥɟɧɢɹ ɚɧɬɢ-

ɬɟɥ IgM ɤ ɜɢɪɭɫɭ Ɂɢɤɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɨ 40 % ɝɨɪɨɞɫɤɨɣ ɩɨɩɭɥɹ-
ɰɢɢ ɜ ɇɢɝɟɪɢɢ ɢɦɟɸɬ ɜɢɪɭɫɧɟɣɬɪɚɥɢɡɭɸɳɢɟ ɚɧɬɢɬɟɥɚ ɤ ɜɢɪɭɫɭ Ɂɢɤɚ. 
Ⱦɢɚɝɧɨɫɬɢɤɚ ɡɚɛɨɥɟɜɚɧɢɹ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɦɟɬɨɞɨɦ ɉɐɊ. 

ȼɢɪɭɫ Ɂɢɤɚ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɜ ɰɟɥɶɧɨɣ ɤɪɨɜɢ (ɬɚɤɠɟ ɜ ɫɵɜɨɪɨɬɤɟ 
ɢ ɩɥɚɡɦɟ), ɦɨɱɟ, ɫɩɢɧɧɨɦɨɡɝɨɜɨɣ ɠɢɞɤɨɫɬɢ, ɚɦɧɢɨɬɢɱɟɫɤɨɣ ɠɢɞɤɨ-
ɫɬɢ, ɫɩɟɪɦɟ ɢ ɫɥɸɧɟ. Ɇɟɬɨɞ ɉɐɊ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɚ-
ɰɢɟɧɬɨɜ, ɭ ɤɨɬɨɪɵɯ ɫɢɦɩɬɨɦɵ ɧɚɛɥɸɞɚɸɬɫɹ ɦɟɧɟɟ 7 ɞɧɟɣ. ȼ ɦɨɱɟ 
ɢ ɫɩɟɪɦɟ ɜɢɪɭɫ ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. ɋɟɪɨɥɨɝɢɱɟ-
ɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ (ɜɵɹɜɥɟɧɢɟ ɚɧɬɢɬɟɥ IgM) ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ 
ɭ ɩɚɰɢɟɧɬɨɜ, ɭ ɤɨɬɨɪɵɯ ɫɢɦɩɬɨɦɵ ɧɚɛɥɸɞɚɸɬɫɹ ɛɨɥɟɟ 6 ɞɧɟɣ.

Ɂɚɞɚɱɟɣ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɫɪɨɤɨɜ ɫɟɪɨɞɢɚɝɧɨɫɬɢɤɢ ɥɢɯɨɪɚɞɤɢ Ɂɢɤɚ. ɋɥɨɠɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ ɫɩɟɰ-

ɢɮɢɱɟɫɤɢɯ ɚɧɬɢɬɟɥ ɤ ɜɢɪɭɫɭ Ɂɢɤɚ ɜ ɟɝɨ ɪɨɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ: 

Ɉɫɧɨɜɧɨɣ ɪɟɩɟɪɬɭɚɪ ɚɧɬɢɬɟɥ ɧɚ ɜɢɪɭɫ Ɂɢɤɚ ɧɚɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ ɪɨɞɨ-
ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɚɧɬɢɝɟɧɵ. ɂɫɩɨɥɶɡɨɜɚɥɫɹ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚɦɢ ɧɚɛɨɪ 
ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɜɵɹɜɥɟɧɢɹ ɫɭɦɦɚɪɧɵɯ ɚɧɬɢɬɟɥ 
(ɜ ɬɨɦ ɱɢɫɥɟ ɫɩɟɰɢɮɢɱɟɫɤɢɯ IgM, IgG) ɤ ɜɢɪɭɫɭ Ɂɢɤɚ. ȿɝɨ ɩɟɪɜɚɹ ɨɫɨ-
ɛɟɧɧɨɫɬɶ − ɜ ɜɵɹɜɥɟɧɢɢ ɚɧɬɢɬɟɥ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɤ ɫɩɟɰɢɮɢɱɟɫɤɢɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɛɟɥɤɨɜ ɜɢɪɭɫɚ Ɂɢɤɚ: ɤɨɪɨɬɤɢɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɚɧɚɥɨɝɢɱɧɵɟ ɩɟɩɬɢɞɚɦ ɛɟɥɤɨɜ Envelope, Core ɢ NS4A, 
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ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɢɦɦɭɧɨɫɨɪɛɟɧɬɚ ɢ ɛɢɨɬɢɧɨɜɨɝɨ ɤɨɧɴɸɝɚɬɚ. ȿɝɨ 
ɜɬɨɪɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɜ ɢɫɩɨɥɶɡɭɟɦɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɚɧɚɥɢɡɚ, «ɫɷɧɞ-

ɜɢɱ»: ɩɪɨɢɫɯɨɞɢɬ ɞɟɬɟɤɰɢɹ ɜɫɟɯ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɧɬɢɬɟɥ ɧɟɡɚɜɢɫɢɦɨ 
ɨɬ ɢɯ ɤɥɚɫɫɚ ɢɥɢ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɤɪɨɜɢ; ɷɬɨ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɲɢɪɟɧɢɟ ɫɪɨɤɨɜ ɫɟɪɨɞɢɚɝɧɨɫɬɢɤɢ.

ɂɫɫɥɟɞɭɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɛɵɥɢ ɨɛɪɚɡɰɵ ɫɵɜɨɪɨɬɤɢ ɢ ɩɥɚɡɦɵ ɤɪɨ-
ɜɢ ɜɨɫɶɦɢ ɩɚɰɢɟɧɬɨɜ ɫ ɤɥɢɧɢɱɟɫɤɢɦ ɞɢɚɝɧɨɡɨɦ «ɥɢɯɨɪɚɞɤɚ Ɂɢɤɚ». 

Ⱦɢɚɝɧɨɡ ɛɵɥ ɥɚɛɨɪɚɬɨɪɧɨ ɩɨɞɬɜɟɪɠɞɟɧ ɉɐɊ-ɦɟɬɨɞɨɦ. Ɂɚɛɨɪ ɨɛɪɚɡɰɨɜ 
ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɢ ɩɟɪɟɛɨɥɟɜɲɢɯ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɟɨɞɧɨɤɪɚɬɧɨ ɫ ɪɚɡɧɵ-

ɦɢ ɩɪɨɦɟɠɭɬɤɚɦɢ ɜɪɟɦɟɧɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 

ɩɪɢɧɰɢɩɨɜ ɞɨɛɪɨɜɨɥɶɧɨɫɬɢ ɢ ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ «Ɉɫɧɨɜɚɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɊɎ ɨɛ ɨɯɪɚɧɟ ɡɞɨɪɨɜɶɹ ɝɪɚɠɞɚɧ». 

ȼɫɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɨɞɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫɨɝɥɚɫɧɨ 
ɩɪɨɟɤɬɚ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɧɚɛɨɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɬɬɟ-
ɫɬɨɜɚɧɧɨɣ ɨɬɞɟɥɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɫɟ-
ɪɢɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɵ ɤɪɨɜɢ ɪɚɡɜɨɞɢɥɢ ɜ 5 ɪɚɡ. ɉɨɥɭ-
ɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ.

ɇɚɥɢɱɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɧɬɢɬɟɥ ɭ ɛɨɥɶɧɵɯ ɥɢɯɨɪɚɞɤɨɣ Ɂɢɤɚ, 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɚɛɨɪɚ «ȼɟɤɬɨɪ ɂɎȺ Ɂɢɤɚ-ȺɌ 

ɫɤɪɢɧ» ɜ ɟɞɢɧɢɰɚɯ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 450 (OD
450

)

№ ɩɚɰɢɟɧɬɚ ɋɪɨɤ ɨɬ ɧɚɱɚɥɚ ɡɚɛɨɥɟɜɚɧɢɹ

(ɫɭɬ)

Ɉɉ 

ɨɛɪɚɡɰɚ 
(OD

450
)

1 7 1,183

12 2,016

13 2,422

14 2,506

57 0,188

2 7 1,750

9 1,658

15 0,756

141 0,156
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3 2 0,065

4 0,103

5 0,219

6 0,385

8 0,945

9 2,052

14 2,096

43 3,186

4 4 0,149

5 0,275

8 1,057

5 4 0,194

5 0,224

7 1,169

10 3,408

6 4 0,263

5 0,311

6 1,420

7 1,546

Ɂɧɚɱɟɧɢɟ Ɉɉ Ʉ+=3,434

Ɂɧɚɱɟɧɢɟ Ɉɉ Ʉ-=0,051

Ɉɉ ɤɪɢɬ=0,251, ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɛɪɚɡɰɵ ɜɵɞɟɥɟɧɵ ɲɬɢɮɬɨɦ

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɚɧɬɢɬɟɥɚ ɤ ɜɢɪɭɫɭ 
Ɂɢɤɚ ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɦɟɬɨɞɨɦ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚ-
ɥɢɡɚ ɦɨɝɭɬ ɜɵɹɜɥɹɬɶɫɹ, ɧɚɱɢɧɚɹ ɫ 4 ɫɭɬɨɤ ɨɬ ɩɨɹɜɥɟɧɢɹ ɤɥɢɧɢɱɟɫɤɢɯ 
ɩɪɢɡɧɚɤɨɜ ɡɚɛɨɥɟɜɚɧɢɹ, ɢ ɫɨɯɪɚɧɹɬɶɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɤɚɤ ɦɢɧɢɦɭɦ 

1,5 ɦɟɫɹɰɟɜ.

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ.
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ɈɉɊȿȾȿɅȿɇɂȿ ȺɇɌɂɌȿɅ Ʉ ȼɂɊɍɋɍ ȽɊɂɉɉȺ Ⱥ 
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɟɪɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 108 ɫɵɜɨɪɨ-

ɬɨɤ ɤɪɨɜɢ, ɫɨɛɪɚɧɧɵɯ ɨɬ ɫɜɢɧɟɣ ɜ 2014–2016 ɝɝ. ɜ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ 
ɯɨɡɹɣɫɬɜɚɯ ɫɟɜɟɪɧɨɝɨ Ʉɚɡɚɯɫɬɚɧɚ, ɜ ɊɌȽȺ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɭɤɚ-
ɡɵɜɚɸɬ ɧɚ ɫɨɰɢɪɤɭɥɹɰɢɸ ɜ ɭɤɚɡɚɧɧɵɣ ɩɟɪɢɨɞ ɫɪɟɞɢ ɠɢɜɨɬɧɵɯ ɜɢɪɭ-
ɫɨɜ ɝɪɢɩɩɚ Ⱥ/H1N1 ɢ Ⱥ/H3N2.

Abstract

There are the results of HI analysis of 108 serum samples collect-

ed from pigs at farms of northern Kazakhstan in 2014–2016. The 

data indicate the cocirculation of infl uenza viruses A/H1N1 and A/

H3N2 among the animals during this period.
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ɉɨɩɭɥɹɰɢɢ ɫɜɢɧɟɣ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɷɜɨɥɸɰɢɢ ɜɢɪɭɫɚ ɝɪɢɩ-

ɩɚ, ɬɚɤ ɤɚɤ ɨɧɢ ɹɜɥɹɸɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɪɟɡɟɪɜɭɚɪɨɦ ɞɥɹ ɪɟɚɫɫɨɪɬɚɰɢɢ 

ɜɨɡɛɭɞɢɬɟɥɟɣ ɢɧɮɟɤɰɢɢ ɨɬ ɪɚɡɧɵɯ ɯɨɡɹɟɜ [Tran G. M. K., et al. 2010]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɪɟɞɢ ɫɜɢɧɟɣ ɱɚɳɟ ɜɫɟɝɨ ɰɢɪɤɭɥɢɪɭɸɬ ɲɬɚɦɦɵ 

ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɩɨɞɬɢɩɚ Ⱥ/H1N1, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɜɫɬɪɟɱɚɸɬɫɹ ɜɢ-

ɪɭɫɵ Ⱥ/H3N2, Ⱥ/H1N2 ɢ ɬɢɩɚ ɋ [Baratelli M., et al. 2013]. ɂɡɭɱɟɧɢɟ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɰɢɪɤɭɥɹɰɢɢ ɜɚɪɢɚɧɬɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɜ ɫɜɢɧɨɣ ɩɨɩɭ-
ɥɹɰɢɢ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɢ ɩɪɨɮɢɥɚɤɬɢɤɢ ɡɚɛɨɥɟɜɚɧɢɹ ɝɪɢɩɩɨɦ ɤɚɤ ɠɢɜɨɬɧɵɯ, ɬɚɤ ɢ ɥɸɞɟɣ.

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɫɹ ɫɟɪɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɰɢɪ-

ɤɭɥɹɰɢɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ ɜ ɩɨɩɭɥɹɰɢɢ ɫɜɢɧɟɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɟ-
ɜɟɪɧɨɝɨ ɪɟɝɢɨɧɚ Ɋɟɫɩɭɛɥɢɤɢ Ʉɚɡɚɯɫɬɚɧ ɜ 2014–2016 ɝɝ. Ɇɚɬɟɪɢ-

ɚɥɨɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ 108 ɨɛɪɚɡɰɨɜ ɫɵɜɨɪɨɬɨɤ ɤɪɨɜɢ, 

ɫɨɛɪɚɧɧɵɟ ɨɬ ɫɜɢɧɟɣ ɜ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɯɨɡɹɣɫɬɜɚɯ ɋɟɜɟɪɨ-Ʉɚ-
ɡɚɯɫɬɚɧɫɤɨɣ ɢ Ʉɨɫɬɚɧɚɣɫɤɨɣ ɨɛɥɚɫɬɹɯ. ɍɪɨɜɟɧɶ ɫɩɟɰɢɮɢɱɟɫɤɢɯ 
ɚɧɬɢɬɟɥ ɤ ɝɟɦɚɝɝɥɸɬɢɧɢɧɚɦ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɜ ɫɵɜɨɪɨɬɤɚɯ ɤɪɨɜɢ 

ɨɩɪɟɞɟɥɹɥɢ ɜ ɊɌȽȺ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɷɬɚɥɨɧɧɵɯ ɲɬɚɦ-

ɦɨɜ: Ⱥ/New Jersey/8/76 (H1N1), A/Swine Iowa (Hsw1N1), ɚ ɬɚɤɠɟ 
A/Wisconsin/67/05 (H3N2). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɟɪɨɩɨɡɢɬɢɜɧɵɦɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɜɢɪɭɫɭ ɝɪɢɩɩɚ ɨɤɚɡɚɥɢɫɶ 39 ɫɵɜɨɪɨɬɨɤ ɤɪɨɜɢ (36,1 % 

ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ). Ⱥɧɬɢɬɟɥɚ ɜ ɧɚɢɛɨɥɶ-
ɲɟɦ ɤɨɥɢɱɟɫɬɜɟ 25 ɫɵɜɨɪɨɬɨɤ ɤɪɨɜɢ (23,1 %) ɢ ɜ ɜɵɫɨɤɢɯ ɬɢɬɪɚɯ 
(1:80–1:320) ɜɵɹɜɥɹɥɢɫɶ ɤ ɜɢɪɭɫɭ ɝɪɢɩɩɚ Ⱥ/H1N1. 13 ɫɵɜɨɪɨɬɨɤ 
ɤɪɨɜɢ (12,0 %) ɨɤɚɡɚɥɢɫɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɢɪɭɫɭ 
ɝɪɢɩɩɚ Ⱥ/H3N2, ɚɧɬɢɬɟɥɚ ɨɬɦɟɱɟɧɵ ɜ ɬɢɬɪɚɯ 1:80–1:160. Ʌɢɲɶ ɜ ɨɞ-

ɧɨɣ ɩɪɨɛɟ (0,9 %) ɨɛɧɚɪɭɠɟɧɵ ɚɧɬɢɝɟɦɚɝɝɥɸɬɢɧɢɧɵ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɤ ɨɛɨɢɦ ɩɨɞɬɢɩɚɦ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ(H1+H3). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɟɪɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚ-
ɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɟɜɟɪɧɨɝɨ Ʉɚɡɚɯɫɬɚɧɚ ɜ ɩɨɩɭɥɹɰɢɹɯ ɫɜɢ-

ɧɟɣ ɧɚɛɥɸɞɚɥɚɫɶ ɫɨɰɢɪɤɭɥɹɰɢɹ ɫɭɛɬɢɩɨɜ Ⱥ/H1N1 ɢ Ⱥ/H3N2 ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɬ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɬɢɤɭ ɢ ɩɥɚɧɢ-

ɪɨɜɚɧɢɟ ɩɪɨɬɢɜɨɷɩɢɡɨɨɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 
ɩɪɨɮɢɥɚɤɬɢɤɭ ɢ ɢɫɤɨɪɟɧɟɧɢɟ ɢɧɮɟɤɰɢɨɧɧɵɯ ɛɨɥɟɡɧɟɣ ɫɜɢɧɟɣ. 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɷɩɢɞɟɦɢɱɟɫɤɨɦ ɫɟɡɨɧɟ 2015–2016 ɜ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ» 

ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɨ 404 ɢɡɨɥɹɬɚ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ Ⱥ ɢ ȼ.

Abstract

During 2015–2016 infl uenza season 404 infl uenza viruses A and 

B have been isolated and characterized in SRC VB “Vector”, Russia.

ȼɜɟɞɟɧɢɟ. ɋɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ ɡɚ ɫɟɡɨɧɧɵɦ ɝɪɢɩɩɨɦ ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɵɦ ɫɪɟɞɫɬɜɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɝɨ ɛɥɚɝɨɩɨɥɭɱɢɹ 
ɧɚɫɟɥɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɦ ɨɬɫɥɟɠɢɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚ ɢ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɲɬɚɦɦɨɜ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟ-
ɪɚɰɢɢ (ɊɎ) ɦɨɧɢɬɨɪɢɧɝ ɨɫɭɳɟɫɬɜɥɹɸɬ ɇɚɰɢɨɧɚɥɶɧɵɟ ɰɟɧɬɪɵ ȼɈɁ 
ɩɨ ɝɪɢɩɩɭ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɪɟɝɢɨɧɚɥɶɧɵɦɢ ɐɟɧɬɪɚɦɢ Ƚɢɝɢɟɧɵ 

ɢ ɗɩɢɞɟɦɢɨɥɨɝɢɢ (ɐȽɢɗ). Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɡɰɵ ɤɥɢɧɢɱɟɫɤɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ, ɫɨɛɪɚɧɧɵɟ ɨɬ ɩɚɰɢɟɧɬɨɜ ɢɡ ɝɪɭɩɩ ɪɢɫɤɚ (ɛɟɪɟɦɟɧɧɵɟ; ɞɟɬɢ; 

ɩɚɰɢɟɧɬɵ ɫ ɯɪɨɧɢɱɟɫɤɢɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ; ɥɢɰɚ, ɤɨɧɬɚɤɬɢɪɨɜɚɜɲɢɟ 
ɫ ɠɢɜɨɬɧɵɦɢ, ɫɩɨɫɨɛɧɵɦɢ ɩɟɪɟɧɨɫɢɬɶ ɜɢɪɭɫ ɝɪɢɩɩɚ), ɚ ɬɚɤɠɟ ɨɬ ɩɚɰɢ-

ɟɧɬɨɜ ɫ ɬɹɠɟɥɵɦ ɬɟɱɟɧɢɟɦ ɡɚɛɨɥɟɜɚɧɢɹ (ɜ ɬɨɦ ɱɢɫɥɟ ɡɚɜɟɪɲɢɜɲɢɦɫɹ 
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ɥɟɬɚɥɶɧɵɦ ɢɫɯɨɞɨɦ), ɜ ɤɨɬɨɪɵɯ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɧɚɥɢɱɢɟ ɝɟɧɟɬɢ-

ɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ, ɧɚɩɪɚɜɥɹɸɬɫɹ ɜɨ ɎȻɍɇ Ƚɇɐ ȼȻ 

«ȼɟɤɬɨɪ» ɞɥɹ ɭɝɥɭɛɥɟɧɧɨɝɨ ɜɢɪɭɫɨɥɨɝɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.

ɐɟɥɶ ɪɚɛɨɬɵ
ɂɡɨɥɹɰɢɹ ɫɟɡɨɧɧɵɯ ɲɬɚɦɦɨɜ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ Ⱥ ɢ ȼ, ɰɢɪɤɭɥɢɪɨ-

ɜɚɜɲɢɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ ɜ ɷɩɢɞɟɦɢɱɟɫɤɨɦ ɫɟɡɨɧɟ 2015–2016, ɫ ɩɨ-
ɫɥɟɞɭɸɳɟɣ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢ ɚɧɬɢɝɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢɡɨɥɹɬɨɜ 
ɢ ɨɩɪɟɞɟɥɟɧɢɟɦ ɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɥɟɤɚɪɫɬɜɟɧɧɵɦ ɩɪɟɩɚɪɚɬɚɦ.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ. ȼ ɩɟɪɢɨɞ ɫ ɞɟɤɚɛɪɹ 2015 ɝ. ɩɨ ɢɸɧɶ 2016ɝ. 
ɜ ɐɟɧɬɪ ɩɨɫɬɭɩɢɥɢ ɨɛɪɚɡɰɵ ɤɥɢɧɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɬ 1089 ɧɟ-
ɮɚɬɚɥɶɧɵɯ ɫɥɭɱɚɟɜ ɡɚɛɨɥɟɜɚɧɢɹ ɝɪɢɩɩɨɦ (ɦɚɡɤɢ ɢ ɫɦɵɜɵ ɫɨ ɫɥɢɡɢ-

ɫɬɨɣ ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ) ɢ 500 ɫɥɭɱɚɟɜ, ɡɚɜɟɪɲɢɜɲɢɯɫɹ 
ɥɟɬɚɥɶɧɵɦ ɢɫɯɨɞɨɦ, (ɫɟɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ; ɩɪɢɠɢɡɧɟɧɧɨ-ɜɡɹɬɵɟ 
ɦɚɡɤɢ) ɢɡ 65 ɫɭɛɴɟɤɬɨɜ ɊɎ, ɚ ɬɚɤɠɟ ɪɹɞɚ ɢɧɨɫɬɪɚɧɧɵɯ ɝɨɫɭɞɚɪɫɬɜ 
ɢ ɬɟɪɪɢɬɨɪɢɣ (Ɋɟɫɩɭɛɥɢɤɢ Ⱥɪɦɟɧɢɹ, Ⱥɛɯɚɡɢɢ, Ʌɭɝɚɧɫɤɚ ɢ Ⱦɨɧɟɰ-

ɤɚ). ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɞɢɚɝɧɨɡ «ɝɪɢɩɩ» ɛɵɥ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɥɚɛɨ-

ɪɚɬɨɪɧɨ ɩɨɞɬɜɟɪɠɞɟɧ ɜ ɪɟɝɢɨɧɚɥɶɧɵɯ ɐȽɢɗ ɦɟɬɨɞɨɦ ɈɌ-ɉɐɊ. ɂɡ 
ɩɨɫɬɭɩɢɜɲɢɯ ɩɪɨɛ ɧɚɦɢ ɩɪɨɜɨɞɢɥɨɫɶ ɜɵɞɟɥɟɧɢɟ ɢɡɨɥɹɬɨɜ ɜ ɤɭɥɶ-
ɬɭɪɟ ɤɥɟɬɨɤ MDCK ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ ɬɢɩɢɪɨɜɚɧɢɟɦ ɜ ɈɌ-ɉɐɊ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɨɜ ɪɟɚɝɟɧɬɨɜ «Ⱥɦɩɥɢɋɟɧɫ Infl uenza virus 

A-ɬɢɩ-FL; A/B-FL; A/H1-swine-FL». ȼɵɞɟɥɟɧɧɵɟ ɢɡɨɥɹɬɵ ɛɵɥɢ 

ɚɧɬɢɝɟɧɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɜ ɊɌȽȺ ɫ ɪɟɮɟɪɟɧɫ-ɫɵɜɨɪɨɬɤɨɣ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɷɪɢɬɪɨɰɢɬɨɜ ɝɭɫɹ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɤɥɨɧɚɥɶɧɨɣ 

ɫɵɜɨɪɨɬɤɢ ɢɧɬɪɚɧɚɡɚɥɶɧɨ ɡɚɪɚɠɚɥɢ ɯɨɪɶɤɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɫ-
ɫɥɟɞɨɜɚɧɧɨɝɨ ɜ ɊɌȽȺ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɯ ɚɧɬɢɬɟɥ, 

ɜɢɪɭɫɨɦ ɝɪɢɩɩɚ Ⱥ, ɱɟɪɟɡ 3 ɧɟɞɟɥɢ ɩɪɨɜɨɞɢɥɢ ɡɚɛɨɪ ɤɪɨɜɢ. Ⱥɧɚ-
ɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɡɨɥɹɬɨɜ ɤ ɞɟɣɫɬɜɢɸ ɚɧɬɢɧɟɣɪɚɦɢɧɢɞɚɡɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɮɥɭɨɪɟɫɰɟɧɬɧɨɦ ɬɟɫɬɟ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 
ɧɟɣɪɚɦɢɧɢɞɚɡɵ, ɩɨɡɜɨɥɹɸɳɟɦ ɨɩɪɟɞɟɥɢɬɶ ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɨɥɭɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɧɝɢ-

ɛɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ (IC50). ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨ-

ɞɢɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɱɟɫɤɢɦɢ ɭɤɚɡɚɧɢɹɦɢ ȼɈɁ ɩɨ ɥɚɛɨ-

ɪɚɬɨɪɧɨɣ ɞɢɚɝɧɨɫɬɢɤɟ ɝɪɢɩɩɚ. 
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Ɋɟɡɭɥɶɬɚɬɵ
ɂɡ ɨɛɪɚɡɰɨɜ ɤɥɢɧɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɨɬ 1089 ɧɟ-

ɮɚɬɚɥɶɧɵɯ ɫɥɭɱɚɟɜ ɡɚɛɨɥɟɜɚɧɢɹ ɝɪɢɩɩɨɦ, ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ MDCK 

ɛɵɥɨ ɜɵɞɟɥɟɧɨ 289 ɢɡɨɥɹɬɨɜ, 275 ɢɡ ɤɨɬɨɪɵɯ ɛɵɥɢ ɬɢɩɢɪɨɜɚɧɵ ɜ ɈɌ-

ɉɐɊ ɤɚɤ ɜɢɪɭɫ ɝɪɢɩɩɚ Ⱥ(H1N1pdm09), 6 ɤɚɤ A(H3N2), 4 ɤɚɤ ɜɢɪɭɫ 
ɝɪɢɩɩɚ ȼ, ɝɟɧɟɬɢɱɟɫɤɚɹ ɥɢɧɢɹ ȼɢɤɬɨɪɢɹ ɢ 4 ɤɚɤ ɜɢɪɭɫ ɝɪɢɩɩɚ ȼ, ɝɟɧɟ-
ɬɢɱɟɫɤɚɹ ɥɢɧɢɹ əɦɚɝɚɬɚ. ɂɡ ɨɛɪɚɡɰɨɜ ɫɟɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢ-

ɠɢɡɧɟɧɧɨ-ɜɡɹɬɵɯ ɦɚɡɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɨɬ 500 ɱɟɥɨɜɟɤ, ɭɦɟɪɲɢɯ ɨɬ 
ɝɪɢɩɩɚ, ɛɵɥɨ ɜɵɞɟɥɟɧɨ 115 ɢɡɨɥɹɬɨɜ, 114 ɢɡ ɤɨɬɨɪɵɯ ɛɵɥɢ ɨɬɧɟɫɟɧɵ 

ɤ ɩɨɞɬɢɩɭ Ⱥ(H1N1pdm09), ɢ 1 ɤ ɩɨɞɬɢɩɭ A(H3N2).

Ⱦɥɹ 20 ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ(H1N1pdm09) ɢ ɨɞɧɨɝɨ ɲɬɚɦɦɚ 
ɜɢɪɭɫɚ ɝɪɢɩɩɚ A(H3N2) ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɢ ɝɟɧɨɜ ɝɟɦɚɝɝɥɸɬɢɧɢɧɚ ɢ ɧɟɣɪɚɦɢɧɢɞɚɡɵ. ɇɚ ɮɢɥɨɝɟɧɟɬɢ-

ɱɟɫɤɨɦ ɞɟɪɟɜɟ ɝɟɧɚ ɝɟɦɚɝɝɥɸɬɢɧɢɧɚ ɢɡɨɥɹɬɵ Ⱥ(H1N1pdm09) ɪɚɫɩɪɟ-
ɞɟɥɢɥɢɫɶ ɩɨ 2 ɩɨɞɝɪɭɩɩɚɦ ɜɧɭɬɪɢ ɝɟɧɟɬɢɱɟɫɤɨɣ ɤɥɚɞɵ 6ȼ, ɜ ɤɨɬɨɪɭɸ 

ɜɯɨɞɹɬ ɜɫɟ ɲɬɚɦɦɵ ɞɚɧɧɨɝɨ ɩɨɞɬɢɩɚ, ɰɢɪɤɭɥɢɪɨɜɚɜɲɢɟ ɧɚ ɩɪɨɬɹɠɟ-
ɧɢɢ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɷɩɢɞɟɦɢɱɟɫɤɢɯ ɫɟɡɨɧɨɜ. Ʉ ɩɟɪɜɨɣ ɩɨɞɝɪɭɩɩɟ 
ɛɵɥɢ ɨɬɧɟɫɟɧɵ 17 ɲɬɚɦɦɨɜ, ɤɨ ɜɬɨɪɨɣ — ɨɫɬɚɜɲɢɟɫɹ ɬɪɢ. ɂɡɨɥɹɬ 
A(H3N2) ɩɨ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ ɝɟɦɚɝɝɥɸɬɢɧɢɧɚ 
ɛɵɥ ɨɬɧɟɫɟɧ ɤ ɝɟɧɟɬɢɱɟɫɤɨɣ ɝɪɭɩɩɟ 3ɫ.2ɚ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɢɬ ɲɬɚɦɦ A/

Hong Kong/4801/2014, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɣ ȼɈɁ ɜ ɤɚɱɟɫɬɜɟ ɜɚɤɰɢɧɧɨɝɨ 
ɧɚ ɫɥɟɞɭɸɳɢɣ ɷɩɢɞɟɦɢɱɟɫɤɢɣ ɫɟɡɨɧ.

237 ɜɵɞɟɥɟɧɧɵɯ ɢɡɨɥɹɬɨɜ ɩɨɞɬɢɩɚ Ⱥ(H1N1pdm09) (ɜ ɬɨɦ ɱɢɫ-
ɥɟ ɜɫɟ ɲɬɚɦɦɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɩɪɨɛ ɨɬ ɮɚɬɚɥɶɧɵɯ ɫɥɭɱɚɟɜ ɡɚ-
ɛɨɥɟɜɚɧɢɹ ɝɪɢɩɩɨɦ) ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɊɌȽȺ ɫ ɯɨɪɶɤɨɜɨɣ ɪɟ-
ɮɟɪɟɧɫ-ɫɵɜɨɪɨɬɤɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɨɬɢɜ ɜɚɤɰɢɧɧɨɝɨ ɲɬɚɦɦɚ A/

California/07/2009 (IRR, USA). Ɉɛɪɚɬɧɵɣ ɬɢɬɪ ɪɟɮɟɪɟɧɫ-ɫɵɜɨ-

ɪɨɬɤɢ ɜ ɊɌȽȺ ɫɨ ɲɬɚɦɦɨɦ A/California/07/2009 ɫɨɫɬɚɜɢɥ 2560, 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɟɟ ɬɢɬɪ ɜ ɪɟɚɤɰɢɢ ɫ ɭɱɚɫɬɢɟɦ ɜɵɞɟɥɟɧɧɵɯ ɧɚɦɢ 

ɢɡɨɥɹɬɨɜ ɜɚɪɶɢɪɨɜɚɥ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 640 ɞɨ 2560, ɨɬɥɢɱɚɹɫɶ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɨɬ ɬɢɬɪɚ ɝɨɦɨɥɨɝɢɱɧɨɣ ɩɚɪɵ ɧɟ ɛɨɥɟɟ ɱɟɦ ɜ 4 ɪɚɡɚ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɢɡɨɥɹɬɵ ɚɧɬɢɝɟɧɧɨ-ɫɯɨɞɧɵɦɢ 

ɫ ɜɚɤɰɢɧɧɵɦ ɲɬɚɦɦɨɦ.

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɚɧɬɢɝɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɨɥɹɬɨɜ 
Ⱥ(H1N1pdm09) ɧɚɦɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɨɥɢɤɥɨɧɚɥɶɧɚɹ ɫɵɜɨɪɨɬɤɚ 
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ɩɭɬɟɦ ɢɧɬɪɚɧɚɡɚɥɶɧɨɝɨ ɡɚɪɚɠɟɧɢɹ ɯɨɪɶɤɚ ɨɞɧɢɦ ɢɡ ɜɵɞɟɥɟɧɧɵɯ 
ɲɬɚɦɦɨɜ ɞɚɧɧɨɝɨ ɩɨɞɬɢɩɚ Ⱥ/Dagestan/1328/2015. Ɉɛɪɚɬɧɵɣ ɬɢɬɪ 
ɩɨɥɭɱɟɧɧɨɣ ɫɵɜɨɪɨɬɤɢ ɜ ɊɌȽȺ ɤɚɤ ɫ ɝɨɦɨɥɨɝɢɱɧɵɦ ɲɬɚɦɦɨɦ, ɬɚɤ 
ɢ ɫ ɜɚɤɰɢɧɧɵɦ ɲɬɚɦɦɨɦ A/California/07/2009 ɫɨɫɬɚɜɢɥ 5120. Ⱥɧɚɥɢɡ 
ɫɵɜɨɪɨɬɤɢ anti-Ⱥ/Dagestan/1328/2015 ɜ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɫ ɪɹ-
ɞɨɦ ɢɡɨɥɹɬɨɜ Ⱥ(H1N1pdm09)-ɩɨɞɬɢɩɚ ɜ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɟ MDCK 

ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ ɜ ɧɟɣ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ ɚɧɬɢɬɟɥ: 
ɬɢɬɪ ɫɵɜɨɪɨɬɤɢ ɜ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɛɵɥ ɫɨɩɨɫɬɚɜɢɦ ɫ ɬɢɬɪɨɦ 

ɜ ɊɌȽȺ (ɫɦ. ɬɚɛɥ.).

Ɉɛɪɚɬɧɵɣ ɬɢɬɪ ɫɵɜɨɪɨɬɤɢ anti-Ⱥ/Dagestan/1328 /2015 

ɜ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ (ɞɨɡɚ ɜɢɪɭɫɚ 100 ɌɐɂȾ
50

)

ɒɬɚɦɦ Ⱥ(H1N1pdm09) Ɍɢɬɪ
Ⱥ/Dagestan/1328/2015 5120

A/Astrakhan/12/2016 2560

A/Cherkessk/4/2016 2560

A/Volgograd/763/2016 2560

A/KMAO/1/2015 1280

ȼ ɰɟɥɹɯ ɨɩɪɟɞɟɥɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɰɢɪɤɭɥɢ-

ɪɭɸɳɢɯ ɲɬɚɦɦɨɜ 170 ɜɵɞɟɥɟɧɧɵɯ ɢɡɨɥɹɬɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɜɫɟ ɲɬɚɦ-

ɦɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɩɪɨɛ ɨɬ ɮɚɬɚɥɶɧɵɯ ɫɥɭɱɚɟɜ ɡɚɛɨɥɟɜɚɧɢɹ ɝɪɢɩ-

ɩɨɦ) ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜ ɮɥɭɨɪɟɫɰɟɧɬɧɨɦ ɬɟɫɬɟ ɢɧɝɢɛɢɪɨɜɚ-
ɧɢɹ ɧɟɣɪɚɦɢɧɢɞɚɡɵ ɫ ɞɜɭɦɹ ɚɧɬɢɧɟɣɪɚɦɢɧɢɞɚɡɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ, 

ɨɞɨɛɪɟɧɧɵɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ: ɨɫɟɥɶɬɚɦɢɜɢɪɨɦ 

ɢ ɡɚɧɚɦɢɜɢɪɨɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦɢ ɤɪɢɬɟɪɢɹɦɢ ɪɚ-
ɛɨɱɟɣ ɝɪɭɩɩɵ ȼɈɁ ɩɨ ɦɨɧɢɬɨɪɢɧɝɭ ɡɚ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶɸ ɜɢɪɭɫɨɜ 
ɝɪɢɩɩɚ ɤ ɞɟɣɫɬɜɢɸ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ (WHOAVWG), ɱɭɜɫɬɜɢ-

ɬɟɥɶɧɨɫɬɶ ɤ ɩɪɟɩɚɪɚɬɭ ɫɱɢɬɚɟɬɫɹ ɫɧɢɠɟɧɧɨɣ, ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɡɧɚɱɟɧɢɟ 
IC

50 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɲɬɚɦɦɚ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ 10 ɪɚɡ ɩɪɟɜɨɫɯɨɞɢɬ ɦɟɞɢɚ-

ɧɭ ɡɧɚɱɟɧɢɣ IC
50 
ɜɫɟɯ ɩɪɨɬɟɫɬɢɪɨɜɚɧɧɵɯ ɜɢɪɭɫɨɜ ɞɚɧɧɨɝɨ ɩɨɞɬɢɩɚ ɡɚ 

ɬɟɤɭɳɢɣ ɩɟɪɢɨɞ. 

Ɇɟɞɢɚɧɚ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ IC50 ɨɫɟɥɶɬɚɦɢɜɢɪɚ ɞɥɹ ɢɡɨɥɹ-
ɬɨɜ Ⱥ(H1N1pdm09) ɫɨɫɬɚɜɢɥɚ 0,31 ɧɆ. Ȼɵɥɢ ɜɵɹɜɥɟɧɵ 2 ɢɡɨɥɹɬɚ 
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Ⱥ(H1N1pdm09), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɜɵɪɚɠɟɧɧɨɣ ɪɟɡɢɫɬɟɧɬɧɨɫɬɶɸ 

ɤ ɞɟɣɫɬɜɢɸ ɞɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ, ɱɶɢ ɡɧɚɱɟɧɢɹ IC
50 
ɩɪɟɜɨɫɯɨɞɢɥɢ ɦɟ-

ɞɢɚɧɭ ɛɨɥɟɟ ɱɟɦ ɜ 100 ɪɚɡ. Ɉɞɢɧ ɢɡ ɧɢɯ ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɩɪɨɛɵ, ɜɡɹɬɨɣ 

ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɟɜɟɪɨ-Ɂɚɩɚɞɧɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɨɤɪɭɝɚ (ɎɈ) ɭ ɪɟɛɟɧ-

ɤɚ 2 ɥɟɬ ɫ ɞɢɚɝɧɨɡɨɦ ɈɊȼɂ (IC
50

= 77,51ɧɆ). ȼɬɨɪɨɣ ɢɡɨɥɹɬ ɜɵɞɟɥɟɧ 

ɢɡ ɩɪɨɛɵ, ɜɡɹɬɨɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɫɤɨɝɨ ɎɈ ɭ ɩɚɰɢɟɧɬɚ ɫ ɞɢɚ-
ɝɧɨɡɨɦ ɧɨɡɨɤɨɦɢɚɥɶɧɚɹ ɩɧɟɜɦɨɧɢɹ; ɛɨɥɟɡɧɶ, ɜɵɡɜɚɧɧɚɹ ɜɢɪɭɫɨɦ 

ɢɦɦɭɧɨɞɟɮɢɰɢɬɚ ɱɟɥɨɜɟɤɚ, ɫɬɚɞɢɹ 4Ȼ; ɜɢɪɭɫɧɵɣ ɝɟɩɚɬɢɬ ɋ (IC
50

= 

68,76ɧɆ). Ɉɛɚ ɫɥɭɱɚɹ ɡɚɛɨɥɟɜɚɧɢɹ ɡɚɜɟɪɲɢɥɢɫɶ ɥɟɬɚɥɶɧɵɦ ɢɫɯɨɞɨɦ; 

ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɮɚɤɬɭ ɩɪɢɟɦɚ ɩɚɰɢɟɧɬɚɦɢ ɨɫɟɥɶɬɚɦɢɜɢɪɚ ɧɟ ɛɵɥɚ 
ɩɪɟɞɨɫɬɚɜɥɟɧɚ. Ɇɟɞɢɚɧɚ ɡɧɚɱɟɧɢɣ IC50 ɡɚɧɚɦɢɜɢɪɚ ɞɥɹ ɢɡɨɥɹɬɨɜ 
Ⱥ(H1N1pdm09) ɫɨɫɬɚɜɢɥɚ 0,54 ɧɆ, ɜɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɢɡɨɥɹɬɵ ɨɤɚ-
ɡɚɥɢɫɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɞɟɣɫɬɜɢɸ ɞɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ (ɫɦ. ɪɢɫ.).

Ɍɪɢ ɢɡɨɥɹɬɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ A(H3N2) ɬɚɤɠɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

ɜ ɬɟɫɬɟ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɧɟɣɪɚɦɢɧɢɞɚɡɵ. Ɂɧɚɱɟɧɢɹ IC
50

 ɤɚɤ ɨɫɟɥɶɬɚɦɢ-

ɜɢɪɚ, ɬɚɤ ɢ ɡɚɧɚɦɢɜɢɪɚ ɞɥɹ ɧɢɯ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ 1 ɧɆ, ɱɬɨ, ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɲɬɚɦɦɨɜ A(H3N2).

Ɂɚɤɥɸɱɟɧɢɟ
ȼ ɷɩɢɞɟɦɢɱɟɫɤɨɦ ɫɟɡɨɧɟ 2015–2016 ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ, ɤɚɤ ɢ ɜ 

ɞɪɭɝɢɯ ɫɬɪɚɧɚɯ ɋɟɜɟɪɧɨɝɨ ɩɨɥɭɲɚɪɢɹ, ɩɪɟɨɛɥɚɞɚɥɢ ɲɬɚɦɦɵ ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ Ⱥ ɩɨɞɬɢɩɚ H1N1pdm09. ɐɢɪɤɭɥɢɪɨɜɚɜɲɢɟ ɲɬɚɦɦɵ ɯɚɪɚɤɬɟ-

Ɂɧɚɱɟɧɢɹ lg (IC50) ɞɥɹ ɢɡɨɥɹɬɨɜ Ⱥ(H1N1pdm09). « » — ɢɧɬɟɪɜɚɥ I-III 

ɤɜɚɪɬɢɥɢ ɫ ɦɟɞɢɚɧɨɣ; «—» — ɤɪɚɣɧɢɟ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɟɡɢ-

ɫɬɟɧɬɧɵɦ ɲɬɚɦɦɚɦ

 



b,!3“%л%Ą, 193

ɪɢɡɨɜɚɥɢɫɶ ɚɧɬɢɝɟɧɧɨɣ ɦɨɧɨɦɟɪɧɨɫɬɶɸ: ɜ ɫɟɪɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ 
ɞɥɹ ɧɢɯ ɛɵɥɚ ɯɚɪɚɤɬɟɪɧɚ ɤɪɨɫɫ-ɪɟɚɤɬɢɜɧɨɫɬɶ ɤɚɤ ɫ ɜɚɤɰɢɧɧɵɦ ɲɬɚɦ-

ɦɨɦ, ɬɚɤ ɢ ɦɟɠɞɭ ɫɨɛɨɣ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɟɪɟɫɦɨɬɪ Ⱥ(H1N1pdm09)-

ɤɨɦɩɨɧɟɧɬɚ ɜɚɤɰɢɧɵ, ɧɟ ɦɟɧɹɜɲɟɝɨɫɹ ȼɈɁ ɫ 2010 ɝɨɞɚ, ɩɨ-ɩɪɟɠɧɟɦɭ 
ɨɫɬɚɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɩɨɥɢɤɥɨ-
ɧɚɥɶɧɨɣ ɯɨɪɶɤɨɜɨɣ ɫɵɜɨɪɨɬɤɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɢɦɦɭɧɨ-
ɝɟɧɧɨɫɬɢ ɲɬɚɦɦɚ Ⱥ/Dagestan/1328/2015, ɫɩɨɫɨɛɧɨɝɨ ɢɧɞɭɰɢɪɨɜɚɬɶ 
ɫɢɧɬɟɡ ɧɟ ɬɨɥɶɤɨ ɬɨɪɦɨɡɹɳɢɯ ɚɝɝɥɸɬɢɧɚɰɢɸ, ɧɨ ɢ ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ 
ɚɧɬɢɬɟɥ ɜ ɜɵɫɨɤɢɯ ɬɢɬɪɚɯ. Ɉɩɪɟɞɟɥɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɰɢɪɤɭ-
ɥɢɪɭɸɳɢɯ ɲɬɚɦɦɨɜ ɤ ɞɟɣɫɬɜɢɸ ɚɧɬɢɧɟɣɪɚɦɢɧɢɞɚɡɧɵɯ ɩɪɟɩɚɪɚɬɨɜ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ 168 ɢɡ 170 ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɢɡɨɥɹɬɨɜ (99 %) ɨɛɥɚɞɚɥɢ 

ɧɨɪɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɞɟɣɫɬɜɢɸ ɤɚɤ ɨɫɟɥɶɬɚɦɢɜɢɪɚ, ɬɚɤ 
ɢ ɡɚɧɚɦɢɜɢɪɚ. Ʌɢɲɶ 1 % ɲɬɚɦɦɨɜ ɨɤɚɡɚɥɫɹ ɪɟɡɢɫɬɟɧɬɟɧ ɤ ɨɫɟɥɶɬɚɦɢ-

ɜɢɪɭ, ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɤ ɡɚɧɚɦɢɜɢɪɭ. ɉɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɨ ɱɚɫɬɨɬɟ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɪɟɡɢɫɬɟɧɬɧɵɯ ɲɬɚɦɦɨɜ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɚɦ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɦ ɫɨɬɪɭɞɧɢɱɚɸɳɢɦɢ ɰɟɧɬɪɚɦɢ 

ȼɈɁ ɩɨ ɝɪɢɩɩɭ ɜ ɋɒȺ ɢ ȿɜɪɨɩɟ. ȼ ɫɜɹɡɢ ɫ ɧɢɡɤɨɣ ɱɚɫɬɨɬɨɣ ɜɫɬɪɟɱɚɟ-
ɦɨɫɬɢ ɪɟɡɢɫɬɟɧɬɧɵɯ ɲɬɚɦɦɨɜ ɜ ɰɢɪɤɭɥɹɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨ-
ɜɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɚɧɬɢɧɟɣɪɚɦɢɧɢɞɚɡɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɰɟɥɹɯ ɥɟɱɟɧɢɹ 
ɝɪɢɩɩɚ ɧɚ ɪɚɧɧɢɯ ɫɪɨɤɚɯ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ.
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɨɜɟɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɰɟɧɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɵɲɟɣ 

ɥɢɧɢɢ SCID ɤ ɜɢɪɭɫɭ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ, ɞɢɧɚɦɢɤɢ ɟɝɨ ɧɚɤɨɩɥɟɧɢɹ 
ɜ ɨɪɝɚɧɚɯ ɢ ɬɤɚɧɹɯ ɷɬɢɯ ɠɢɜɨɬɧɵɯ ɢ ɩɚɬɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟ-
ɧɢɹ ɜ ɧɢɯ. ɇɚ ɩɪɢɦɟɪɟ ɞɜɭɯ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɵɲɟɣ ɥɢɧɢɢ SCID ɢ ɲɬɚɦɦɚ Ind-3a ɜɢ-

ɪɭɫɚ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ ɜ ɤɚɱɟɫɬɜɟ ɥɚɛɨɪɚɬɨɪɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɨɰɟɧɤɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ ɨɬ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ.

Abstract

It was conducted the experimental evaluation of SCID mice sen-

sitivity to variola virus, the dynamics of virus accumulation in the 

animal organs and tissues and pathological changes in them. On 

the example of the two preparations, the possibility of using SCID 
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mice and Ind-3a strain of variola virus as a laboratory model for as-

sessing the effi cacy of chemotherapy drugs against smallpox was 

demonstrated.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ ɞɥɹ ɧɚɬɭ-
ɪɚɥɶɧɨɣ ɨɫɩɵ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɯ ɩɪɟɩɚ-
ɪɚɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɲɶ ɩɪɢɦɚɬɵ: ɦɚɤɚɤɢ ɰɢɧɨɦɨɥɝɭɫ (Huggins et 

al., 2009; Mucker et al., 2013). Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɧɚɩɪɚɜɥɟɧɨ 
ɧɚ ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫ ɷɬɨɣ ɰɟɥɶɸ ɦɵɲɟɣ ɥɢɧɢɢ 

SCID, ɨɛɥɚɞɚɸɳɢɯ ɬɹɠɟɥɵɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɢɦɦɭɧɨɞɟɮɢɰɢɬɨɦ.

ɂɧɬɪɚɧɚɡɚɥɶɧɨɟ (ɢ/ɧ) ɜɜɟɞɟɧɢɟ ɢɧɛɪɟɞɧɵɦ ɪɚɡɧɨɩɨɥɵɦ 18–21-ɫɭ-
ɬɨɱɧɵɦ ɦɵɲɚɦ ɥɢɧɢɢ SCID ɜɢɪɭɫɚ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ (ȼɇɈ) ɞɚɠɟ 
ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɞɨɡɟ, ɪɚɜɧɨɣ 5,2 lg ȻɈȿ (ɛɥɹɲɤɨɨɛɪɚɡɭɸ-

ɳɢɟ ɟɞɢɧɢɰɵ), ɧɟ ɜɵɡɜɚɥɨ ɩɨɹɜɥɟɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɜɧɟɲɧɢɯ ɤɥɢɧɢɱɟ-
ɫɤɢɯ ɩɪɢɡɧɚɤɨɜ ɡɚɛɨɥɟɜɚɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫ 3-ɤɪɚɬɧɵɦ ɩɨɜɬɨɪɨɦ 

ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɢ/ɧ ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɦɵɲɚɯ ɪɚɡɧɵɦɢ ɞɨ-
ɡɚɦɢ ȼɇɈ ɩɨ ɨɰɟɧɤɟ ɂȾ

50
 (50 %-ɹ ɢɧɮɢɰɢɪɭɸɳɚɹ ɞɨɡɚ), ɪɚɫɫɱɢɬɚɧɧɨɣ 

ɫ ɭɱɟɬɨɦ ɪɟɝɢɫɬɪɚɰɢɢ ɞɚɧɧɵɯ ɨ ɧɚɥɢɱɢɢ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɱɟɪɟɡ 4 ɫɭɬ 
ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɨɫɬɚɜɢɥɨ 3,5±0,7 lg ȻɈȿ. 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɜ ɥɟɝɤɢɯ ɚɩɩɥɢɰɢɪɭɟɬɫɹ ɬɨɥɶɤɨ 10 % ɜɢɪɭɫɫɨɞɟɪ-
ɠɚɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɜɜɟɞɟɧɧɨɝɨ ɢ/ɧ ɫɩɨɫɨɛɨɦ, ɬɨ ɂȾ

50
 ȼɇɈ ɞɥɹ ɦɵɲɟɣ 

ɞɨɥɠɧɚ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ (ɧɚ 1,0 lg) ɢ ɫɨɫɬɚɜɢɬɶ 2,5±0,7 lg ȻɈȿ. 

ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɧ-

ɧɨɝɨ ɜɢɞɚ ɠɢɜɨɬɧɵɯ ɤ ȼɇɈ, ɩɪɢɛɥɢɠɚɸɳɟɣɫɹ ɤ ɬɚɤɨɜɨɣ ɭ ɱɟɥɨɜɟɤɚ: 
ɞɨ 1,0 lg ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɜɢɪɭɫɧɵɯ ɱɚɫɬɢɰ (Ⱦɪɨɡɞɨɜ ɢ ɞɪ., 1987; Ɉɝɚɪ-
ɤɨɜ, Ƚɚɩɨɱɤɨ, 1975; Ɂɚɦɟɞɹɧɫɤɚɹ ɢ ɞɪ., 2016).

ɉɪɨɜɟɞɟɧɨ ɢɡɭɱɟɧɢɟ ɞɢɫɫɟɦɢɧɚɰɢɢ ȼɇɈ ɜ ɨɪɝɚɧɢɡɦɟ ɦɵɲɟɣ ɱɟɪɟɡ 
1, 2, 3, 4, 5 ɢ 7 ɫɭɬ ɩɨɫɥɟ ɢ/ɧ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɞɨɡɨɣ 5,2 lg ȻɈȿ (50 ɂȾ

50
).

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥ. 1 ɨɬɦɟɱɟɧɨ, ɱɬɨ, ɤɪɨɦɟ ɨɪɝɚɧɨɜ ɪɟɫɩɢɪɚɬɨɪɧɨɝɨ 
ɬɪɚɤɬɚ, ɧɢ ɨɞɢɧ ɢɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɛɢɨɦɚɬɟɪɢɚɥɨɜ ɨɬ ɦɵɲɟɣ ɧɟ ɩɪɨ-
ɹɜɢɥ ɫɜɨɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɪɚɡɦɧɨɠɟɧɢɸ ɜɢɪɭɫɚ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ 
ɧɚɛɥɸɞɟɧɢɹ. ȼ ɷɬɨɦ ɩɥɚɧɟ ɞɚɧɧɨɟ ɠɢɜɨɬɧɵɟ ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɩɟɪɜɨɟ 
ɡɜɟɧɨ ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭ ɱɟɥɨɜɟɤɚ ɩɪɢ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɟ. 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɜɟɬɨɜɨɣ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɨɪɝɚɧɨɜ ɢ ɬɤɚ-
ɧɟɣ ɷɬɢɯ ɠɢɜɨɬɧɵɯ ɛɵɥɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɬɨɥɶɤɨ ɜ ɨɪɝɚɧɚɯ ɪɟɫɩɢ-
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ɪɚɬɨɪɧɨɝɨ ɬɪɚɤɬɚ ɜɨɫɩɚɥɢɬɟɥɶɧɨ-ɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɢ ɧɟɤɪɨɬɢɱɟɫɤɢɟ 
ɢɡɦɟɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɚɩɨɦɢɧɚɥɢ ɬɚɤɨɜɵɟ ɭ ɥɸɞɟɣ ɩɪɢ ɧɚɬɭɪɚɥɶɧɨɣ 

ɨɫɩɟ (Councilman et al., 1904; Bras, 1952; Cann et al., 2013).

Ɍɚɛɥɢɰɚ 1
Ⱦɚɧɧɵɟ ɩɨ ɞɢɧɚɦɢɤɟ ɧɚɤɨɩɥɟɧɢɹ ɲɬɚɦɦɚ Ind-3a ɜɢɪɭɫɚ 

ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ ɜ ɛɢɨɦɚɬɟɪɢɚɥɚɯ* ɨɬ ɢɦɦɭɧɨɞɟɮɢɰɢɬɧɵɯ 
ɦɵɲɟɣ ɥɢɧɢɢ SCID, ɢɧɬɪɚɧɚɡɚɥɶɧɨ (ɢ/ɧ) ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ 

ɞɨɡɨɣ 5,2 lg ȻɈȿ (50 ɂȾ
50

)

ȼɢɞ 
ɛɢɨɦɚɬɟɪɢɚɥɨɜ 

ɨɬ ɦɵɲɟɣ

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɢɪɭɫɚ (lgȻɈȿ/ɦɥ, Ɇ±I
95

, n=4) 

ɜ ɛɢɨɦɚɬɟɪɢɚɥɚɯ ɨɬ ɦɵɲɟɣ ɱɟɪɟɡ ɪɚɡɧɵɟ ɩɪɨɦɟɠɭɬɤɢ 

ɜɪɟɦɟɧɢ (ɫɭɬ) ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ:
1 2 3 4 5 7

Ʉɥɟɬɤɢ ɤɪɨɜɢ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

ɋɵɜɨɪɨɬɤɚ 
ɤɪɨɜɢ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

Ƚɨɥɨɜɧɨɣ ɦɨɡɝ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

ɇɨɫɨɜɚɹ 
ɩɟɪɟɝɨɪɨɞɤɚ ɫɨ 
ɫɥɢɡɢɫɬɨɣ

< 0,4 < 0,40 2,7 ± 0,1 2,2 ± 0,2 1,9 ± 0,2 < 0,4

Ɍɪɚɯɟɹ < 0,4 3,0 ± 0,1 < 0,4 < 0,4 < 0,4 < 0,4

Ʌɟɝɤɢɟ 3,3 ± 0,2 4,0 ± 0,1 3,8 ± 0,1 3,6 ± 0,1 3,7 ± 0,1 2,9 ± 0,2

ɉɢɳɟɜɨɞ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

ɉɟɱɟɧɶ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

ɋɟɥɟɡɟɧɤɚ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

ɉɨɱɤɢ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

Ⱦɜɟɧɚɞɰɚɬɢ-

ɩɟɪɫɬɧɚɹ ɤɢɲɤɚ < 0,4 < 0,4 < 0,4 < 0,4 < 0,4 < 0,4

ɉɪɢɦɟɱɚɧɢɟ. ɂȾ
50

 — 50 %-ɹ ɢɧɮɢɰɢɪɭɸɳɚɹ ɞɨɡɚ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɧɚ-
ɥɢɱɢɸ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɱɟɪɟɡ 4 ɫɭɬɨɤ ɩ.ɡ.; * — ɨɪɝɚɧɵ ɢ ɬɤɚɧɢ ɜ ɫɨɫɬɚɜɟ 
4 %-ɯ (ɩɨ ɨɛɴɟɦɭ) ɝɨɦɨɝɟɧɚɬɨɜ, ɚ ɬɚɤɠɟ ɫɵɜɨɪɨɬɤɚ ɤɪɨɜɢ; Ɇ — ɫɪɟɞɧɟɟ; 
I

95
 — 95 % ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ; n — ɱɢɫɥɨ ɩɨɜɬɨɪɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴ-

ɟɞɢɧɟɧɧɵɯ ɩɪɨɛ ɨɬ 4 ɦɵɲɟɣ; <0,4 — ɜɟɥɢɱɢɧɚ ɧɢɠɟ ɩɨɪɨɝɚ ɱɭɜɫɬɜɢɬɟɥɶ-
ɧɨɫɬɢ (0,4 lg ȻɈȿ/ɦɥ) ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɬɢɬɪɨɜɚɧɢɹ. 
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ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 
ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɦɵɲɚɯ, ɧɚɛɥɸɞɚɹ ɡɚ ɜɟɥɢɱɢɧɚɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ȼɇɈ 

ɜ ɥɟɝɤɢɯ ɠɢɜɨɬɧɵɯ ɱɟɪɟɡ 4 ɫɭɬ ɩɨɫɥɟ ɢ/ɧ ɡɚɪɚɠɟɧɢɹ ɞɨɡɨɣ 5,2 lg ȻɈȿ 

(50 ɂȾ
50

), ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2.

Ɍɚɛɥɢɰɚ 2
Ⱦɚɧɧɵɟ ɩɪɨɬɟɤɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ 

ɜ ɨɬɧɨɲɟɧɢɢ ɜɢɪɭɫɚ ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ (ɲɬɚɦɦ Ind-3a) 

ɱɟɪɟɡ 4 ɫɭɬɨɤ ɩɨɫɥɟ ɢɧɬɪɚɧɚɡɚɥɶɧɨɝɨ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɦɵɲɟɣ 

ɥɢɧɢɢ SCID ɜ ɞɨɡɟ 5,2 lg ȻɈȿ (50 ɂȾ50)

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɋɚɡɥɢɱɧɵɟ ɩɪɟɩɚɪɚɬɵ, ɜɜɨɞɢɦɵɟ 
ɩɟɪɨɪɚɥɶɧɨ ɟɠɟɞɧɟɜɧɨ ɨɞɧɨɤɪɚɬɧɨ ɡɚ 1 ɫɭɬ 
ɞɨ ɢ ɜ ɞɟɧɶ ɡɚɪɚɠɟɧɢɹ ɢ ɜ ɬɟɱɟɧɢɟ 3 ɫɭɬ 

ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ (ɩ.ɡ.):
ɇɂɈɏ-14 ST-246 ɩɥɚɰɟɛɨ

ɋɭɬɨɱɧɚɹ ɞɨɡɚ ɩɪɟɩɚɪɚɬɨɜ 50 ɦɤɝ/ɝ 50 ɦɤɝ/ɝ 0,2 ɦɥ/ɦɵɲɶ
Ʉɨɥ-ɜɨ ɠɢɜɨɬɧɵɯ ɜ ɝɪɭɩɩɚɯ 10 9 8

Ɍɢɬɪ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ (ɜ 
lg ȻɈȿ/ɥɟɝɤɢɟ, Ɇ±I

95
) 

ɭ ɤɚɠɞɨɣ ɦɵɲɢ ɱɟɪɟɡ 4 ɫɭɬ 
ɩɨɫɥɟ ɢɧɮɢɰɢɪɨɜɚɧɢɹ

2,1 ± 2,2 2,4 ± 0,1 3,2 ± 0,8

1,3 ± 0,1 2,2 ± 0,2 2,9 ± 0,9

2,3 ± 0,1 2,4 ± 0,2 3,6 ± 0,0

2,2 ± 0,6 2,1 ± 0,4 3,1 ± 0,3

2,7 ± 0,7 2,1 ± 0,2 3,6 ± 0,1

< 0,4 2,3 ± 0,5 3,0 ± 0,0

< 0,4 2,3 ± 0,4 3,3 ± 0,4

< 0,4 < 0,4 3,3 ± 0,9

< 0,4 < 0,4

< 0,4

Ɍɢɬɪ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ 
ɦɵɲɟɣ ɱɟɪɟɡ 4 ɫɭɬ ɩ.ɡ., lg 

ȻɈȿ/ɥɟɝɤɨɟ (Ɇ±I
95

)

2,1 ± 0,6*

(n=5)

2,3 ± 0,1*

(n=7)

3,3 ± 0,2

(n=8)

ɂɉɉȼ ɜ ɥɟɝɤɢɯ ɦɵɲɟɣ ɜ lg 1,2 1,0 –

Ʉɨɥ-ɜɨ ( %) ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ 
ɦɵɲɟɣ ɱɟɪɟɡ 4 ɫɭɬ ɩ.ɡ.

5 (50)** 7 (78) 8 (100)

ɄɁɂ ɜ % 50 22 –
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ɉɪɢɦɟɱɚɧɢɟ. ɂȾ
50

 — 50 %-ɹ ɢɧɮɢɰɢɪɭɸɳɚɹ ɞɨɡɚ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɧɚɥɢ-

ɱɢɸ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɱɟɪɟɡ 4 ɫɭɬɨɤ ɩ.ɡ.; n — ɱɢɫɥɨ ɠɢɜɨɬɧɵɯ; Ɇ — ɫɪɟɞɧɟɟ; 
I

95
 — 95 %-ɣ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ; ɩɥɚɰɟɛɨ — ɪɚɫɬɜɨɪ ɦɟɬɢɥɰɟɥɥɸ-

ɥɨɡɵ ɫ ɬɜɢɧɨɦ–80, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɫɭɫɩɟɧɡɢɪɨɜɚɧɢɹ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ; 
<0,4 — ɩɨɪɨɝ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞɚ ɬɢɬɪɨɜɚɧɢɹ (0,4 lg ȻɈȿ/ɥɟɝɤɢɟ); * — 

ɞɨɫɬɨɜɟɪɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɤɨɧɬɪɨɥɹ (ɞɜɭɫɬɨɪɨɧɧɢɣ Ɍ-ɬɟɫɬ ɋɬɶɸɞɟɧɬɚ ɫ ɨɞɢɧɚ-
ɤɨɜɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ); ɂɉɉȼ — ɢɧɞɟɤɫ ɩɨɞɚɜɥɟɧɢɹ ɧɚɤɨɩɥɟɧɢɹ ɜɢɪɭɫɚ = 

lg ɬɢɬɪɚ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ ɠɢɜɨɬɧɵɯ — lg ɬɢɬɪɚ ɜɢɪɭɫɚ 
ɜ ɥɟɝɤɢɯ ɨɩɵɬɧɨɣ ɝɪɭɩɩɵ ɠɢɜɨɬɧɵɯ; ** — ɞɨɫɬɨɜɟɪɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɤɨɧɬɪɨɥɹ 
(ɬɨɱɧɵɣ ɬɟɫɬ Ɏɢɲɟɪɚ p ɨɞɧɨɫɬɨɪɨɧɧɟɟ <0,05); ɄɁɂ — ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɳɢɬɵ 

ɨɬ ɢɧɮɢɰɢɪɨɜɚɧɢɹ = 100 %×( % ɠɢɜɨɬɧɵɯ ɜ ɤɨɧɬɪɨɥɟ ɫ ɧɚɥɢɱɢɟɦ ɜɢɪɭɫɚ 
ɜ ɥɟɝɤɢɯ — % ɨɩɵɬɧɵɯ ɠɢɜɨɬɧɵɯ ɫ ɧɚɥɢɱɢɟɦ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ) / % ɠɢɜɨɬ-
ɧɵɯ ɜ ɤɨɧɬɪɨɥɟ ɫ ɧɚɥɢɱɢɟɦ ɜɢɪɭɫɚ ɜ ɥɟɝɤɢɯ.

Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɦɵɲɟɣ, ɨɛɪɚɛɨɬɚɧ-

ɧɵɯ ɩɪɟɩɚɪɚɬɚɦɢ ST-246 ɢ ɇɂɈɏ-14 ɢ ɢ/ɧ ɡɚɪɚɠɟɧɧɵɯ ȼɇɈ, ɱɟɪɟɡ 
4 ɫɭɬ ɩɨɫɥɟ ɡɚɪɚɠɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɤɨɧɬɪɨɥɟ (ɩɪɢ p ≤ 0,05). 

ɉɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɪɟɡɭɥɶɬɚɬɵ ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ST-246 ɢ ɇɂɈɏ-14 ɩɨ-
ɞɚɜɥɹɸɬ ɩɪɨɞɭɤɰɢɸ ȼɇɈ ɜ ɥɟɝɤɢɯ ɭ ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɦɵɲɟɣ, ɱɬɨ 
ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɬɢɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɨɬɧɨɲɟ-
ɧɢɢ ɪɚɡɥɢɱɧɵɯ ɨɪɬɨɩɨɤɫɜɢɪɭɫɨɜ (Ʉɚɛɚɧɨɜ ɢ ɞɪ., 2013; Mucker et al., 

2013; Sergeev et al., 2015).

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵɲɶ ɢɦɦɭɧɨɞɟɮɢɰɢɬɧɨɣ ɥɢɧɢɢ SCID ɦɨɠɟɬ 
ɛɵɬɶ ɫ ɭɫɩɟɯɨɦ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɝɨ ɠɢɜɨɬɧɨɝɨ ɞɥɹ 
ɧɚɬɭɪɚɥɶɧɨɣ ɨɫɩɵ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɯ 
ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ.
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɨɬɧɨ-

ɲɟɧɢɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɫɭɛɬɢɩɨɜ Ⱥ/Aichi/2/68 (H3N2) (ɱɟɥɨɜɟɤɚ) ɢ A/

chicken/Kurgan/05/2005(H5N1) (ɩɬɢɰ) ɭ 70 ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ 47 ɪɨɞɨɜ 
14 ɛɨɬɚɧɢɱɟɫɤɢɯ ɫɟɦɟɣɫɬɜ ɢɡ ɩɪɢɪɨɞɧɨɣ ɮɥɨɪɵ ɘɝɨ-Ɂɚɩɚɞɧɨɣ ɋɢɛɢ-

ɪɢ. ȼɵɹɜɥɟɧɵ ɜɢɞɵ, ɨɛɥɚɞɚɸɳɢɟ ɚɤɬɢɜɧɨɫɬɶɸ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɜ ɨɬ-
ɧɨɲɟɧɢɢ ɤɚɠɞɨɝɨ ɢɡ ɫɭɛɬɢɩɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ. 

Abstract

Research on antiviral activity concerning a virus of fl u of the 

subtypes A/Aichi/2/68 (H3N2) (person) and A/chicken/Kur-

gan/05/2005 (H5N1) (birds) at 70 species of plants 47 genera of 

14 botanical families from natural fl ora of Southwest Siberia is con-

ducted. Species possessing by activity of different degree concern-

ing each of fl u virus subtypes are revealed. 
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Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɛɥɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɞɢɰɢɧɵ ɹɜɥɹɟɬɫɹ 
ɩɨɢɫɤ ɷɮɮɟɤɬɢɜɧɵɯ ɫɪɟɞɫɬɜ ɩɪɨɬɢɜ ɜɢɪɭɫɧɵɯ ɢɧɮɟɤɰɢɣ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ — ɩɪɨɬɢɜ ɝɪɢɩɩɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 95 % ɜɫɟɯ ɢɧɮɟɤɰɢɨɧɧɵɯ 
ɡɚɛɨɥɟɜɚɧɢɣ. ɋɥɨɠɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɜɢɪɭ-
ɫɨɜ ɝɪɢɩɩɚ ɦɭɬɢɪɨɜɚɬɶ ɢ «ɩɪɢɜɵɤɚɬɶ» ɤ ɩɪɢɦɟɧɹɟɦɵɦ ɜ ɫɨɜɪɟɦɟɧɧɨɣ 

ɩɪɚɤɬɢɤɟ ɥɟɤɚɪɫɬɜɟɧɧɵɦ ɫɪɟɞɫɬɜɚɦ. ɉɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɟ ɩɪɟɩɚɪɚɬɵ 

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɢɦɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɞɜɭɯ 
ɝɪɭɩɩ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɦɢɲɟɧɹɦ ɢ ɦɟɯɚɧɢɡɦɭ ɞɟɣɫɬɜɢɹ ɜ ɠɢɡɧɟɧ-

ɧɨɦ ɰɢɤɥɟ ɜɢɪɭɫɚ ɝɪɢɩɩɚ. ɉɪɢ ɷɬɨɦ, ɩɨɦɢɦɨ ɬɨɝɨ, ɱɬɨ ɨɛɟ ɝɪɭɩɩɵ 

ɫɨɟɞɢɧɟɧɢɣ ɢɦɟɸɬ ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɢ ɢɯ ɨɛɳɢɣ ɧɟ-
ɞɨɫɬɚɬɨɤ — ɛɵɫɬɪɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ 
ɝɪɢɩɩɚ ɤ ɩɪɟɩɚɪɚɬɚɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɨ ɦɧɨɝɢɯ 
ɥɚɛɨɪɚɬɨɪɢɹɯ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ ɛɨɥɟɟ ɷɮ-

ɮɟɤɬɢɜɧɵɯ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɤɚɤ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ, ɬɚɤ 
ɢ ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ.
ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɢɡɭɱɟɧɢɟ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɷɤɫɬɪɚɤɬɨɜ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ, ɩɪɨɢɡɪɚɫɬɚɸɳɢɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɘɝɨ-
Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɷɤɫɬɪɚɤɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɚ-

ɦɢ ɜɨɞɧɨɝɨ ɢ ɷɬɚɧɨɥɶɧɨɝɨ ɢɡɜɥɟɱɟɧɢɣ ȻȺȼ ɢɡ ɧɚɞɡɟɦɧɵɯ ɢ ɩɨɞɡɟɦ-

ɧɵɯ ɱɚɫɬɟɣ 70 ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ, ɫɨɛɪɚɧɧɵɯ ɜ ɮɚɡɭ ɰɜɟɬɟɧɢɹ.
Ɉɩɪɟɞɟɥɟɧɢɟ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ (ɦɚɤɫɢɦɚɥɶɧɨ ɩɟɪɟɧɨɫɢɦɵɯ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ — ɆɉɄ) ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ 
ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɟɪɟɜɢɜɚɟɦɨɣ ɥɢɧɢɢ ɤɥɟɬɨɤ MDCK, ɩɨɥɭ-
ɱɟɧɧɨɣ ɢɡ Ʉɨɥɥɟɤɰɢɢ ɤɭɥɶɬɭɪ ɤɥɟɬɨɤ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ». Ɇɨ-
ɞɟɥɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɠɢɜɨɬɧɵɯ ɫɥɭɠɢɥɢ ɦɵɲɢ ɚɭɬɛɪɟɞɧɨɣ ɩɨ-
ɩɭɥɹɰɢɢ ICR, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɩɢɬɨɦɧɢɤɚ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ».

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɬɟɫɬɢɪɨɜɚɧɢɸ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨ-
ɫɬɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɲɬɚɦɦɵ ɜɢɪɭɫɚ ɝɪɢɩ-

ɩɚ Ⱥ: ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɵɣ ɲɬɚɦɦ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɩɬɢɰ A/chicken/

Kurgan/05/2005 (H5N1) ɢ ɚɞɚɩɬɢɪɨɜɚɧɧɵɣ ɤ ɥɚɛɨɪɚɬɨɪɧɵɦ ɦɵɲɚɦ 

ɲɬɚɦɦ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɱɟɥɨɜɟɤɚ A/Aichi/2/68 (H3N2), ɩɨɥɭɱɟɧɧɵɟ ɢɡ 
ɤɨɥɥɟɤɰɢɢ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ».
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɜɨɞɧɵɯ ɢ ɷɬɚɧɨɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ 

ɹɜɥɹɸɬɫɹ ɦɚɥɨɬɨɤɫɢɱɧɵɦɢ ɞɥɹ ɥɢɧɢɢ ɤɥɟɬɨɤ MDCK. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɷɤɫɬɪɚɤɬɨɜ 
ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜɢɞɵ, ɨɛɥɚɞɚɸɳɢɟ ɚɤɬɢɜɧɨɫɬɶɸ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɜ ɨɬ-
ɧɨɲɟɧɢɢ ɤɚɠɞɨɝɨ ɢɡ ɫɭɛɬɢɩɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ. ȼ ɰɟɥɨɦ, ɩɪɨɹɜɥɟɧɢɟ 
ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɷɤɫɬɪɚɤɬɨɜ ɡɚɜɢɫɟɥɨ ɨɬ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɣ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɢɞɚ ɪɚɫɬɟɧɢɹ ɢ ɟɝɨ ɱɚɫɬɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɢɡɜɥɟ-
ɱɟɧɢɹ. Ɉɛɧɚɪɭɠɟɧɢɟ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɷɤɫɬɪɚɤɬɨɜ ɜɵɫɲɢɯ 
ɪɚɫɬɟɧɢɣ ɢɡ ɩɪɢɪɨɞɧɨɣ ɮɥɨɪɵ ɘɝɨ-Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ ɨɬɤɪɵɜɚɟɬ ɩɟɪ-
ɫɩɟɤɬɢɜɭ ɫɨɡɞɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɪɨɬɢɜɨɝɪɢɩɩɨɡɧɵɯ ɮɢɬɨɩɪɟɩɚɪɚɬɨɜ, 
ɨɛɥɚɞɚɸɳɢɯ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɦ ɢ ɥɟɱɟɛɧɵɦ ɷɮɮɟɤɬɨɦ.

ɁȺȼɈɁɇɕȿ ɋɅɍɑȺɂ ɅɂɏɈɊȺȾɄɂ ȾȿɇȽȿ 

ȼ ɊɈɋɋɂɃɋɄɈɃ ɎȿȾȿɊȺɐɂɂ

IMPORTED CASES OF DENGUE FEVER 

IN RUSSIAN FEDERATION

ȿ. ȼ. ɑɚɭɫɨɜ, ɂ. ȼ. ɉɥɹɫɭɧɨɜɚ, ȿ. ȼ. ɉɪɨɬɨɩɨɩɨɜɚ, Ɇ. ɘ. Ʉɚɪɬɚɲɨɜ, 
Ⱥ. Ɉ. ɋɟɦɟɧɰɨɜɚ, ȼ. Ⱥ. Ɍɟɪɧɨɜɨɣ, ȿ. ɂ. ɋɟɪɝɟɟɜɚ, Ⱥ. ɇ. ɒɢɤɨɜ, 
ɋ. Ⱥ. Ȼɟɪɢɥɥɨ, Ɉ. Ʉ. Ⱦɟɦɢɧɚ, ȼ. Ȼ. Ʌɨɤɬɟɜ, Ⱥ. ɉ. Ⱥɝɚɮɨɧɨɜ

ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ», ɪ. ɩ. Ʉɨɥɶɰɨɜɨ, ɇɨɜɨɫɢɛɢɪɫɤɚɹ ɨɛɥɚɫɬɶ

E. V. Chausov, I. V. Plyasunova, E. V. Protopopova, Ɇ. Ju. Kartashov, 

A. O. Sementsova, V. A. Ternovoi, E. I. Sergeeva, A. N. Shikov, 

S. A. Berillo, O. K. Demina, A. P. Agafonov

SRC VB “Vector”, Russia

e-mail: echausov@vector.nsc.ru

Ⱥɧɧɨɬɚɰɢɹ
Ʌɢɯɨɪɚɞɤɚ ɞɟɧɝɟ — ɜɢɪɭɫɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɩɟɪɟɞɚɸɳɟɟɫɹ ɱɟɥɨɜɟ-

ɤɭ ɱɟɪɟɡ ɭɤɭɫɵ ɤɨɦɚɪɨɜ. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɥɢɯɨɪɚɞɤɚ ɞɟɧɝɟ 
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ɧɟ ɹɜɥɹɟɬɫɹ ɷɧɞɟɦɢɱɧɨɣ, ɨɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɭɯɭɞɲɟɧɢɟɦ ɷɩɢɞɟɦɢɨɥɨ-
ɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɩɨ ɥɢɯɨɪɚɞɤɟ ɞɟɧɝɟ ɜ ɦɢɪɟ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ 
ɪɨɫɫɢɣɫɤɢɯ ɝɪɚɠɞɚɧ, ɩɨɫɟɳɚɸɳɢɯ ɷɧɞɟɦɢɱɧɵɟ ɪɟɝɢɨɧɵ, ɡɚɜɨɡɧɵɟ 
ɫɥɭɱɚɢ ɡɚɛɨɥɟɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. ɉɪɢ ɢɫɫɥɟɞɨ-
ɜɚɧɢɢ ɫɵɜɨɪɨɬɨɤ ɤɪɨɜɢ ɨɬ 312 ɩɚɰɢɟɧɬɨɜ ɫ ɩɨɞɨɡɪɟɧɢɟɦ ɧɚ ɥɢɯɨɪɚɞ-

ɤɭ ɞɟɧɝɟ, ɩɨɫɟɳɚɜɲɢɯ ɷɧɞɟɦɢɱɧɵɟ ɪɟɝɢɨɧɵ, ɦɚɪɤɟɪɵ ɡɚɛɨɥɟɜɚɧɢɹ 
(NS1-ɚɧɬɢɝɟɧ, ɚɧɬɢɬɟɥɚ ɤɥɚɫɫɨɜ IgM ɢ IgG) ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜ 131 ɨɛ-

ɪɚɡɰɟ (42 %). ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɋ6/36 (ɤɭɥɶɬɭɪɚ 
ɤɥɟɬɨɤ ɬɤɚɧɟɣ ɥɢɱɢɧɤɢ ɤɨɦɚɪɚ Aedes albopictus) ɩɪɨɜɟɞɟɧɨ ɜɵɞɟɥɟ-
ɧɢɟ 4 ɲɬɚɦɦɨɜ ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɫɭɛɬɢɩɨɜ ɜɢɪɭɫɚ ɞɟɧɝɟ.

Abstract

Dengue fever is a mosquito-transmitted viral disease. Russian Fed-

eration is not endemic for dengue fever, but due to the deterioration 

of the epidemiological situation for dengue fever in the world and the 

increasing number of Russian citizens visiting endemic regions, im-

ported cases of the disease are an urgent problem. Among 312 se-

rum samples from patients suspected to dengue fever (visited en-

demic regions) specifi c markers (NS1-antigen, IgM and IgG specifi c 

antibodies) have been identifi ed in 131 samples (42 %). Using cell 

culture C6/36 (larvae tissue of the mosquito Aedes albopictus) all 

4 dengue virus subtypes were isolated (3–4 passages).

Ʌɢɯɨɪɚɞɤɚ ɞɟɧɝɟ — ɜɢɪɭɫɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɩɟɪɟɞɚɸɳɟɟɫɹ ɱɟɥɨ-
ɜɟɤɭ ɱɟɪɟɡ ɭɤɭɫɵ ɤɨɦɚɪɨɜ. ȼɢɪɭɫ ɞɟɧɝɟ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ 

ɫɟɦɟɣɫɬɜɚ Flaviviridae ɢ ɢɦɟɟɬ ɱɟɬɵɪɟ ɫɭɛɬɢɩɚ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ 
ɫɩɨɫɨɛɟɧ ɜɵɡɜɚɬɶ ɡɚɛɨɥɟɜɚɧɢɟ ɭ ɱɟɥɨɜɟɤɚ. Ʌɢɯɨɪɚɞɤɚ ɞɟɧɝɟ ɹɜɥɹɟɬɫɹ 
ɷɧɞɟɦɢɱɧɨɣ ɛɨɥɟɟ ɱɟɦ ɞɥɹ 100 ɫɬɪɚɧ Ⱥɮɪɢɤɢ, Ⱥɦɟɪɢɤɢ, ȼɨɫɬɨɱɧɨɝɨ 
ɋɪɟɞɢɡɟɦɧɨɦɨɪɶɹ, ɘɝɨ-ȼɨɫɬɨɱɧɨɣ Ⱥɡɢɢ ɢ Ɂɚɩɚɞɧɨɣ ɱɚɫɬɢ Ɍɢɯɨɝɨ 
ɨɤɟɚɧɚ. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɥɢɯɨɪɚɞɤɚ ɞɟɧɝɟ ɧɟ ɹɜɥɹɟɬɫɹ ɷɧɞɟ-
ɦɢɱɧɨɣ, ɨɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɭɯɭɞɲɟɧɢɟɦ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚ-
ɧɨɜɤɢ ɩɨ ɥɢɯɨɪɚɞɤɟ ɞɟɧɝɟ ɜ ɦɢɪɟ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɪɨɫɫɢɣɫɤɢɯ 
ɝɪɚɠɞɚɧ, ɩɨɫɟɳɚɸɳɢɯ ɷɧɞɟɦɢɱɧɵɟ ɪɟɝɢɨɧɵ, ɡɚɜɨɡɧɵɟ ɫɥɭɱɚɢ ɡɚɛɨ-
ɥɟɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. ɉɟɪɜɵɟ ɡɚɜɨɡɧɵɟ ɫɥɭɱɚɢ 

ɡɚɛɨɥɟɜɚɧɢɹ ɞɟɧɝɟ ɜ ɊɎ ɛɵɥɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ 2010 ɝɨɞɭ (Ȼɟɪɢɥ-
ɥɨ ɋ. Ⱥ. ɢ ɞɪ., 2012).
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ɋ ɦɚɹ 2011 ɩɨ ɚɜɝɭɫɬ 2016 ɝɨɞɚ ɜ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ» ɦɟɬɨɞɨɦ ɢɦɦɭ-
ɧɨɯɪɨɦɚɬɨɝɪɚɮɢɢ (Dengue NS1 Ag + Ab Combo Test, Standard Diagnostics 

Inc., Ʉɨɪɟɹ) ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ ɨɬ 312 ɩɚɰɢɟɧɬɨɜ ɫ ɩɨ-
ɞɨɡɪɟɧɢɟɦ ɧɚ ɥɢɯɨɪɚɞɤɭ ɞɟɧɝɟ. Ɇɚɪɤɟɪɵ ɡɚɛɨɥɟɜɚɧɢɹ (NS1-ɚɧɬɢɝɟɧ, 

ɚɧɬɢɬɟɥɚ ɤɥɚɫɫɨɜ IgM ɢ IgG) ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜ 131 ɨɛɪɚɡɰɟ. ɂɡ ɧɢɯ 
93 ɩɚɰɢɟɧɬɚ ɧɚɤɚɧɭɧɟ ɡɚɛɨɥɟɜɚɧɢɹ ɧɚɯɨɞɢɥɢɫɶ ɜ Ɍɚɢɥɚɧɞɟ, 30 — ɜɨ 
ȼɶɟɬɧɚɦɟ, 3 — ɧɚ ɨɫɬɪɨɜɟ Ȼɚɥɢ, ɩɨ 1 ɩɚɰɢɟɧɬɭ — ɜ Ɇɟɤɫɢɤɟ, ɂɧɞɨɧɟ-
ɡɢɢ, Ⱦɨɦɢɧɢɤɚɧɫɤɨɣ Ɋɟɫɩɭɛɥɢɤɟ ɢ ɧɚ Ɏɢɥɢɩɩɢɧɚɯ.
ȼ ɎȻɍɇ Ƚɇɐ ȼȻ «ȼɟɤɬɨɪ» ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ 

ɫɢɫɬɟɦɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɟɬɨɞɟ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɢ ɢ ɩɨɥɢɦɟɪɚɡ-
ɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ (ɈɌ-ɉɐɊ) ɫ ɝɢɛɪɢɞɢɡɚɰɢɨɧɧɨ-ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 

ɞɟɬɟɤɰɢɟɣ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ «ȼɟɤɬɨɪ-ɉɐɊɪɜ-Ⱦɟɧɝɟ-RG» 

(ɪɟɝɢɫɬɪɚɰɢɨɧɧɨɟ ɭɞɨɫɬɨɜɟɪɟɧɢɟ №ɊɁɇ 2016/4633), ɫ ɩɨɦɨɳɶɸ ɤɨ-
ɬɨɪɨɣ ɊɇɄ ɜɢɪɭɫɚ ɞɟɧɝɟ ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɜ ɫɵɜɨɪɨɬɤɚɯ ɤɪɨɜɢ ɨɬ 45 ɩɚ-
ɰɢɟɧɬɨɜ. Ƚɟɧɨɬɢɩɢɪɨɜɚɧɢɟ ɷɬɢɯ ɤɥɢɧɢɱɟɫɤɢɯ ɜɚɪɢɚɧɬɨɜ ɩɪɨɜɨɞɢɥɢ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɭɱɚɫɬɤɚ (260 ɩ.ɧ.) 

5’-ɧɟɬɪɚɧɫɥɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ ɜɢɪɭɫɧɨɣ ɊɇɄ ɢ ɫɪɚɜɧɟɧɢɟɦ ɢɯ ɫ ɢɡ-
ɜɟɫɬɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɝɟɧɨɦɨɜ ɱɟɬɵɪɟɯ ɫɭɛɬɢɩɨɜ ɜɢɪɭɫɚ 
ɞɟɧɝɟ ɢɡ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ GenBank. ɍ 20 ɩɚɰɢɟɧɬɨɜ, ɩɪɢ-

ɛɵɜɲɢɯ ɢɡ Ɍɚɢɥɚɧɞɚ, ȼɶɟɬɧɚɦɚ, Ȼɚɥɢ, Ⱦɨɦɢɧɢɤɚɧɵ, ɛɵɥ ɨɩɪɟɞɟɥɟɧ 

ɫɭɛɬɢɩ 1 ɜɢɪɭɫɚ ɞɟɧɝɟ, ɫɭɛɬɢɩ 2 — ɭ 10 ɩɚɰɢɟɧɬɨɜ, ɜɟɪɧɭɜɲɢɯɫɹ ɢɡ 
Ɍɚɢɥɚɧɞɚ, ȼɶɟɬɧɚɦɚ, Ɇɟɤɫɢɤɢ, ɂɧɞɨɧɟɡɢɢ ɢ Ɏɢɥɢɩɩɢɧ, ɫɭɛɬɢɩ 3 — 

ɭ 8 ɩɚɰɢɟɧɬɨɜ, ɩɨɫɟɳɚɜɲɢɯ Ɍɚɢɥɚɧɞ ɢ ȼɶɟɬɧɚɦ, ɫɭɛɬɢɩ 4 — ɭ 6 ɩɚɰɢ-

ɟɧɬɨɜ, ɩɨɛɵɜɚɜɲɢɯ ɜ Ɍɚɢɥɚɧɞɟ. ɍ ɨɞɧɨɝɨ ɩɚɰɢɟɧɬɚ, ɩɪɢɛɵɜɲɟɝɨ ɢɡ 
Ɍɚɢɥɚɧɞɚ, ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɦɢɤɫɬ-ɢɧɮɟɤɰɢɹ ɫɭɛɬɢɩɚɦɢ 1 ɢ 2.

Ⱦɥɹ ɨɞɧɨɝɨ ɤɥɢɧɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɜɢɪɭɫɚ ɞɟɧɝɟ ɧɚɦɢ ɛɵɥɚ ɨɩɪɟ-
ɞɟɥɟɧɚ ɩɨɥɧɚɹ ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɨɩɭɛɥɢɤɨɜɚɧɧɚɹ 
ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɟ ɞɚɧɧɵɯ GenBank ɩɨɞ ɧɨɦɟɪɨɦ KF887994.1.

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɋ6/36 (ɤɭɥɶɬɭɪɚ ɤɥɟɬɨɤ ɬɤɚ-
ɧɟɣ ɥɢɱɢɧɤɢ ɤɨɦɚɪɚ Aedes albopictus) ɩɪɨɜɟɞɟɧɨ ɜɵɞɟɥɟɧɢɟ ɲɬɚɦɦɨɜ 
ɜɫɟɯ 4 ɫɭɛɬɢɩɨɜ ɜɢɪɭɫɚ ɞɟɧɝɟ. ɇɚɥɢɱɢɟ ɜɢɪɭɫɚ ɜ ɤɭɥɶɬɭɪɟ ɩɨɞɬɜɟɪɠ-

ɞɚɥɨɫɶ ɜ ɈɌ-ɉɐɊ. Ʉɭɥɶɬɭɪɚ ɤɥɟɬɨɤ Vero (ɤɭɥɶɬɭɪɚ ɤɥɟɬɨɤ ɩɨɱɤɢ ɡɟ-
ɥɟɧɨɣ ɦɚɪɬɵɲɤɢ) ɨɤɚɡɚɥɚɫɶ ɦɟɧɟɟ ɜɨɫɩɪɢɢɦɱɢɜɨɣ ɤ ɜɢɪɭɫɭ ɞɟɧɝɟ — 

ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɢɪɭɫ ɷɥɢɦɢɧɢɪɨɜɚɥɫɹ ɢɡ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ 
ɤ 3 ɩɚɫɫɚɠɭ, ɬɚɤ ɱɬɨ ɜɢɪɭɫɧɚɹ ɊɇɄ ɧɟ ɨɛɧɚɪɭɠɢɜɚɥɚɫɶ ɜ ɈɌ-ɉɐɊ. 
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ȼɵɞɟɥɟɧɧɵɟ ɲɬɚɦɦɵ ɞɟɩɨɧɢɪɨɜɚɧɵ ɜ ɤɨɥɥɟɤɰɢɸ ɎȻɍɇ Ƚɇɐ ȼȻ 

«ȼɟɤɬɨɪ».
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Ⱥɧɧɨɬɚɰɢɹ
ȼɢɪɭɫ ɚɮɪɢɤɚɧɫɤɨɣ ɱɭɦɵ ɫɜɢɧɟɣ ɹɜɥɹɟɬɫɹ ȾɇɄɫɨɞɟɪɠɚɳɢɦ ɜɢɪɭ-

ɫɨɦ ɫɟɦɟɣɫɬɜɚ Asfarviridae ɢ ɨɛɥɚɞɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɱɚɫɬɨ-
ɬɨɣ ɝɨɦɨɥɨɝɢɱɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ. Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ  ɞɜɭɯ ɩɪɨɬɟɢɧɨɜ P72 ɢ CD

2V
 (EP402R) ɨɬ 40 ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ 

Ⱥɑɋ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɨɢɫɤɚ ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɨɛɵɬɢɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɟɧɨ 20 ɲɬɚɦ-

ɦɨɜ — ɪɟɤɨɦɛɢɧɚɧɬɨɜ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɫɚɣɬɨɜ ɪɟɤɨɦɛɢɧɚɰɢɢ ɩɪɢɯɨ-
ɞɢɬɫɹ ɧɚ ɨɛɥɚɫɬɶ ɜɵɫɨɤɨ ɜɚɪɢɚɛɟɥɶɧɨɝɨ ɝɟɧɚ CD

2V
 (EP402R). ɉɨɥɭ-

ɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚ-
ɥɢɡɚ ɷɜɨɥɸɰɢɨɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɜ ɝɟɧɨɦɚɯ ɜɢɪɭɫɚ Ⱥɑɋ. 

* ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ 
ɩɪɨɟɤɬɚ №15-34-20995, ɚ ɬɚɤɠɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɆɄ-6875.2015.4
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Abstract

African swine fever virus is a DNA-containing virus of the family As-

farviridae and has a relatively high frequency of homologous recom-

bination. The amino acid sequences of the two proteins Ɋ72 and 

CD
2V

 (EP402R) from 40 strains of the ASF virus were used to fi nd 

recombination events. As a result of bioinformatics analysis 20 re-

combinants strains are identifi ed. The major part of recombination 

sites occurs in the highly variable region of CD
2V

 gene (EP402R). 

The results can be used for further analysis of evolutionary variation 

in the genomes of ASF virus.

Ɋɟɤɨɦɛɢɧɚɰɢɹ, ɤɚɤ ɩɪɨɰɟɫɫ ɨɛɦɟɧɚ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɟɣ 

ɦɟɠɞɭ ɧɭɤɥɟɨɬɢɞɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ, ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɧɵɦ ɹɜɥɟɧɢɟɦ ɞɥɹ ɦɧɨɝɢɯ ɜɢɪɭɫɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɧɟɤɨɬɨɪɵɯ ɜɢ-

ɪɭɫɚɯ ɫɨɛɵɬɢɹ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɦɟɸɳɢɯɫɹ ɝɟɧɨɦɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ, ɨɛɧɚɪɭɠɟɧɵ ɪɟɞɤɨ, ɧɚɩɪɢɦɟɪ, ɭ ɜɢɪɭɫɨɜ ɝɪɢɩ-

ɩɚ Ⱥ, ȼ ɢ ɋ ɢ ɜɢɪɭɫɚ ɱɭɦɵ ɩɥɨɬɨɹɞɧɵɯ (Han et al., 2008; McCarthy et 

al., 2007).

ȼɢɪɭɫ ɚɮɪɢɤɚɧɫɤɨɣ ɱɭɦɵ ɫɜɢɧɟɣ (Ⱥɑɋ) ɹɜɥɹɟɬɫɹ ȾɇɄɫɨɞɟɪɠɚ-
ɳɢɦ ɜɢɪɭɫɨɦ ɫɟɦɟɣɫɬɜɚ Asfarviridae, ɤɨɬɨɪɵɣ ɜɵɡɵɜɚɟɬ ɤɨɧɬɚɝɢɨɡɧɭɸ 

ɫɦɟɪɬɟɥɶɧɭɸ ɛɨɥɟɡɧɶ ɫɜɢɧɟɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɜɨɥɸɰɢɹ ɧɟɤɨɬɨɪɵɯ 
ɝɟɧɨɜ ɷɬɨɝɨ ɜɢɪɭɫɚ ɧɟ ɲɢɪɨɤɨ ɢɡɭɱɟɧɚ. ɉɨ ɞɚɧɧɵɦ Van der Walt et al., 

2009, ɭɱɢɬɵɜɚɹ ɨɛɳɭɸ ɪɟɤɨɦɛɢɧɚɰɢɸ ɦɧɨɝɢɯ ɜɢɪɭɫɨɜ ɢ ɛɨɥɶɲɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɜ ɜɢɪɭɫɚ Ⱥɑɋ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ 
ɜ NCBI, ɦɵ ɦɨɠɟɦ ɨɠɢɞɚɬɶ, ɱɬɨ ɭɜɢɞɢɦ ɧɟɤɨɬɨɪɵɟ ɧɨɜɵɟ ɞɨɤɚɡɚɬɟɥɶ-
ɫɬɜɚ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɝɟɧɨɦɚɯ ɜɢɪɭɫɚ Ⱥɑɋ. Ɉɫɧɨɜɵɜɚ-
ɹɫɶ ɧɚ ɧɚɛɥɸɞɟɧɢɹɯ Chapman et al., 2011, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
ɩɪɨɰɟɫɫ ɪɟɤɨɦɛɢɧɚɰɢɢ ɦɨɠɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜ ɝɟɧɨɦɟ Ⱥɑɋ.

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɪɟɞɫɤɚɡɚɬɶ ɧɚɥɢɱɢɟ ɩɪɨɰɟɫɫɨɜ 
ɪɟɤɨɦɛɢɧɚɰɢɢ ɭ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɚɮɪɢɤɚɧɫɤɨɣ ɱɭɦɵ ɫɜɢɧɟɣ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ.
Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɜɭɯ ɩɪɨɬɟɢɧɨɜ P72 ɢ CD

2V
 

(EP402R) ɨɬ 40 ɲɬɚɦɦɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɵ 

ɞɚɧɧɵɯ GenBank (http://www.ncbi.nlm.nih.gov/) ɢ ɫɤɨɧɤɚɬɟɧɢɪɨɜɚɧɧɵ. 

Ɇɧɨɠɟɫɬɜɟɧɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɫɬɟɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MUSCLE 

(Edgar, 2004). 



206 p=ƒąел 3

Ⱦɥɹ ɤɨɞɨɧ ɡɚɜɢɫɢɦɨɝɨ ɧɭɤɥɟɨɬɢɞɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 

PAL2NAL (http://www.bork.embl.de/pal2nal). ȼɵɪɨɜɧɟɧɧɵɟ ɩɚɪɵ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɤɥɚɫɬɟɪɢɡɨɜɚɥɢ ɩɨ ɢɞɟɧɬɢɱɧɨɫɬɢ ɧɚ ɜɟɛ-ɫɟɪɜɟɪɟ 
CD — HIT — EST (http://cd-hit.org).

Ɉɛɧɚɪɭɠɟɧɢɟ ɫɨɛɵɬɢɣ ɝɨɦɨɥɨɝɢɱɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ ɩɪɨɜɨɞɢɥɢ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RDP (Recombination 

Detection Program) (Martin and Rybicki, 2010), ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬ ɪɹɞ 

ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ GENECONV, 

Bootscan / Rescan, Chimaera, MaxChi, SiScan, 3Seq ɢ RDP. Ⱦɨɫɬɢɝɚ-
ɟɦɵɣ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ ɛɵɥ ɩɪɢɧɹɬ ɡɚ 0,05 ɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɡɧɚɱɟɧɢɟ cut-of ɤɨɬɨɪɵɯ 
ɩɨɬɟɧɰɢɚɥɶɧɨ ɧɢɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ɩɪɟɞɤɨɦ, ɱɬɨ 
ɢ ɨɩɪɟɞɟɥɹɟɬ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɪɟɤɨɦɛɢɧɚɧɬɨɜ. 
ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɨɜɨɞɢɥɢ ɮɢ-

ɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɟɤɨɦɛɢɧɚɰɢɢ (Boni et al., 2008; Liu et al., 2010). 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɡɧɚɬɶ ɷɜɨɥɸɰɢɨɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɭɱɢɬɵɜɚɥɢ, 

ɱɬɨ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɨɡɪɚɫɬɚɟɬ ɱɢɫɥɨ ɫɤɪɵɬɵɯ ɡɚɦɟɳɟɧɢɣ. ɑɟɦ 

ɛɨɥɶɲɟ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ ɧɭɤɥɟɨɬɢɞɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ, 

ɬɟɦ ɛɨɥɶɲɟ ɩɪɨɲɥɨ ɜɪɟɦɟɧɢ ɫ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɚɤɤɭɦɭɥɹɰɢɢ ɬɚɤɢɯ 
ɢɡɦɟɧɟɧɢɣ, ɤɚɤ ɢɧɫɟɪɰɢɢ ɢ ɞɟɥɟɰɢɢ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɚ ɫɢɧɨ-
ɧɢɦɢɱɧɵɯ (ɫɢɧɨɧɢɦɢɱɧɚɹ ɞɢɫɬɚɧɰɢɹ, dS) ɢ ɧɟɫɢɧɨɧɢɦɢɱɧɵɯ ɡɚɦɟɧ 

(ɧɟɫɢɧɨɧɢɦɢɱɧɚɹ ɞɢɫɬɚɧɰɢɹ, dN) ɧɚ ɫɚɣɬ, ɚ ɬɚɤɠɟ ɱɢɫɥɚ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨ ɫɢɧɨɧɢɦɢɱɧɵɯ ɢ ɧɟɫɢɧɨɧɢɦɢɱɧɵɯ ɫɚɣɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɞɨɧɚ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɝɢɩɨɬɟɡɵ ɨ ɪɚɜɧɵɯ ɱɚɫɬɨɬɚɯ ɜɫɟɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ ɢɫ-
ɩɨɥɶɡɨɜɚɥɫɹ ɩɚɤɟɬ ɩɪɨɝɪɚɦɦɵ SNAP (www.hiv.lanl.gov) (Synonymous 

Non-synonymous Analysis Program).

ɉɪɢ ɚɧɚɥɢɡɟ 40 ɢɡɨɥɹɬɨɜ ɜɢɪɭɫɚ Ⱥɑɋ ɛɵɥɨ ɜɵɹɜɥɟɧɨ 21 ɜɨɡɦɨɠ-

ɧɨɟ ɫɨɛɵɬɢɟ ɪɟɤɨɦɛɢɧɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɭ 17 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

(AM712239.1, FN557520.1, AY261360.1, KP055815.1, NC001659.2, 

KM111294.1, AM712240.1, KM262844.1, KM262845.1, KJ526367.1, 

KJ526370.1, KJ671547.1, KJ671548.1, KJ671544.1, KJ526362.1, 

KJ526371.1, KJ526360.1) ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɧɢ ɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɪɟ-
ɤɨɦɛɢɧɚɰɢɢ. 

Ɉɫɧɨɜɧɭɸ ɱɚɫɬɶ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɲɬɚɦɦɨɜ — ɪɟɤɨɦɛɢɧɚɧɬɨɜ ɨɛ-

ɧɚɪɭɠɢɜɚɥɢ ɢɡ ɫɬɪɚɧ ȼɨɫɬɨɱɧɨɣ ɢ Ɂɚɩɚɞɧɨɣ Ⱥɮɪɢɤɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ 
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ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɫɩɵɲɟɤ, ɧɨɜɵɯ ɢɡɨɥɹɬɨɜ ɢ ɧɚɥɢɱɢɟ ɧɟɫɤɨɥɶ-
ɤɢɯ ɜɟɤɬɨɪɨɜ ɛɨɥɟɡɧɢ. ȿɞɢɧɢɱɧɵɟ ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɨɛɵɬɢɹ ɜɵ-

ɹɜɥɟɧɵ ɜ ɢɡɨɥɹɬɚɯ ɜɢɪɭɫɚ Ⱥɑɋ ɢɡ Ƚɪɭɡɢɢ (FR682468.1), ɉɨɪɬɭɝɚɥɢɢ 

(AF301537.1) ɢ ɒɜɟɣɰɚɪɢɢ (KJ671549.1).

ɉɪɨɜɟɞɹ ɨɬɛɨɪ ɜɵɹɜɥɟɧɧɵɯ ɫɚɣɬɨɜ ɪɟɤɨɦɛɢɧɚɰɢɢ ɫ ɭɱɟɬɨɦ ɪɟ-
ɡɭɥɶɬɚɬɚ ɤɨɧɫɟɧɫɭɫɚ ɩɪɨɝɪɚɦɦ RDP, ɛɵɥɨ ɨɤɨɧɱɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɨ 
20 ɲɬɚɦɦɨɜ ɢ ɢɡɨɥɹɬɨɜ — ɪɟɤɨɦɛɢɧɚɧɬɨɜ ɜɢɪɭɫɚ Ⱥɑɋ. ȼɫɟ ɜɵɹɜɥɟɧ-

ɧɵɟ ɫɥɭɱɚɢ ɪɟɤɨɦɛɢɧɚɰɢɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɬɨɩɨɥɨɝɢɟɣ ɞɪɟɜɚ. Ɉɫɧɨɜ-
ɧɚɹ ɱɚɫɬɶ ɫɚɣɬɨɜ ɪɟɤɨɦɛɢɧɚɰɢɢ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɨɛɥɚɫɬɶ ɜɵɫɨɤɨ ɜɚɪɢɚ-
ɛɟɥɶɧɨɝɨ ɧɟɫɬɪɭɤɬɭɪɧɨɝɨ ɝɟɧɚ EP402R. Ɍɚɤɠɟ, ɦɵ ɦɨɠɟɦ ɧɚɛɥɸɞɚɬɶ 
ɡɚɜɢɫɢɦɨɫɬɶ, ɱɬɨ ɭ ɢɡɨɥɹɬɨɜ ɫ 95 % ɢɞɟɧɬɢɱɧɨɫɬɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɫɢɝɧɚɥɨɜ ɪɟɤɨɦɛɢɧɚɰɢɢ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɫɢɧɨɧɢɦɢɱɧɵɯ ɢ ɧɟɫɢɧɨɧɢɦɢɱɧɵɯ ɡɚɦɟɧ ɤɨɥɢɱɟ-
ɫɬɜɨ ɫɢɧɨɧɢɦɢɱɧɵɯ ɡɚɦɟɧ ɧɚ ɫɢɧɨɧɢɦɢɱɧɵɣ ɫɚɣɬ ɩɪɟɨɛɥɚɞɚɟɬ ɧɚɞ 

ɤɨɥɢɱɟɫɬɜɨɦ ɧɟɫɢɧɨɧɢɦɢɱɧɵɯ ɧɚ ɧɟɫɢɧɨɧɢɦɢɱɧɵɣ ɫɚɣɬ 0.1731 > 

0.1229 (d
S
>d

N,
 p

S
>p

N
). ɉɪɢ ɩɨɞɫɱɟɬɟ ɫɨɨɬɧɨɲɟɧɢɹ dN/dS ɡɧɚɱɟɧɢɟ ɫɨ-

ɫɬɚɜɥɹɟɬ 0,7099 <1. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɱɢɳɚɸɳɟɦ (ɫɬɚɛɢɥɢɡɢ-

ɪɭɸɳɟɦ) ɨɬɛɨɪɟ ɧɚ ɭɪɨɜɧɟ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ.

ɇɚɫɬɨɹɳɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɨɥɠɧɵ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɬɨɱ-
ɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɫɨɛɵɬɢɹ ɪɟɤɨɦɛɢɧɚɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɟ ɝɨɦɨɥɨɝɢɱɧɨɣ 

ɪɟɤɨɦɛɢɧɚɰɢɢ ɭ ɜɢɪɭɫɚ Ⱥɑɋ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɷɜɨɥɸɰɢɨɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ 

ɢ ɩɨɫɥɭɠɢɬɶ ɜɵɹɜɥɟɧɢɸ ɬɚɪɝɟɬɧɵɯ ɭɱɚɫɬɤɨɜ ɜ ɝɟɧɨɦɚɯ ɜɢɪɭɫɚ Ⱥɑɋ. 
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N- ȺɐɂɅȾɈɎȺɆɂɇɕ ɂɇȾɍɐɂɊɍɘɌ ȺɉɈɉɌɈɁ 

ȼ ɄɅȿɌɈɑɇɈɃ Ʌɂɇɂɂ Ɋɋ12 ɑȿɊȿɁ ɇȿɄɅȺɋɋɂɑȿɋɄɂɃ 

ɄȺɇɇȺȻɂɇɈɂȾɇɕɃ ɊȿɐȿɉɌɈɊ ɇȿ-CB1-ɇȿ-CB2  *

N-ACYL DOPAMINES INDUCE APOPTOSIS IN PC12 CELL LINE 

VIA THE O-1918-SENSITIVE NON-CB1-NON-CB2 RECEPTOR

Ⱥ. Ɇ. Ⱥɲɛɚ, Ɇ. Ƚ. Ⱥɤɢɦɨɜ, ɇ. Ɇ. Ƚɪɟɰɤɚɹ, ȼ. ȼ. Ȼɟɡɭɝɥɨɜ

ɎȽȻɍɇ ɂɧɫɬɢɬɭɬ ɛɢɨɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ
ɢɦ. ɚɤɚɞ. Ɇ. Ɇ. Шɟɦɹɤɢɧɚ ɢ ɘ. Ⱥ. Ɉɜɱɢɧɧɢɤɨɜɚ ɊȺɇ
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Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian 

Academy of Sciences, Moscow, Russia
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Ⱥɧɧɨɬɚɰɢɹ
N-ɚɰɢɥɞɨɮɚɦɢɧɵ (NADA) — ɛɢɨɝɟɧɧɵɟ ɤɨɧɴɸɝɚɬɵ ɞɨɮɚɦɢɧɚ 

ɫ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɦɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. NADA ɩɪɨɹɜɥɹɸɬ ɫɜɨɣ-

* Ɋɚɛɨɬɚ ɛɵɥɚ ɱɚɫɬɢɱɧɨ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɚɦɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɆɄ-
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ɫɬɜɚ ɚɝɨɧɢɫɬɨɜ ɜɚɧɢɥɨɢɞɧɨɝɨ ɪɟɰɟɩɬɨɪɚ TRPV1 ɢ ɤɚɧɧɚɛɢɧɨɢɞɧɨɝɨ 
ɪɟɰɟɩɬɨɪɚ CB1, ɚ ɬɚɤɠɟ ɪɹɞɚ ɞɪɭɝɢɯ ɪɟɰɟɩɬɨɪɧɵɯ ɛɟɥɤɨɜ [1]. NADA 

ɢɧɞɭɰɢɪɭɸɬ ɝɢɛɟɥɶ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɪɚɡɥɢɱɧɨɝɨ ɝɢɫɬɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɫ ɩɨɥɭɥɟɬɚɥɶɧɵɦɢ ɞɨɡɚɦɢ ɜ ɞɢɚɩɚɡɨɧɟ 2–50 ɦɤɦ. ɗɬɚ 
ɚɤɬɢɜɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɭɤɬɭɪɵ ɨɫɬɚɬɤɚ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɦɨɞɢɮɢ-

ɤɚɰɢɢ ɞɨɮɚɦɢɧɚ [2], ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ. Ɍɟɦ 

ɧɟ ɦɟɧɟɟ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɢɲɟɧɶ NADA, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɢɧɞɭɤɰɢɸ 

ɝɢɛɟɥɢ ɤɥɟɬɨɤ, ɞɨ ɫɢɯ ɩɨɪ ɧɟɢɡɜɟɫɬɧɚ. 
  

Abstract

Dopamine amides of long chain fatty acids (NADA) are a family of 

endogenous mammalian lipids with an unknown function; they are 

anti-proliferative for many cancer cell lines. The aim of this work 

was to identify the NADA receptor responsible for cell death induc-

tion. Materials and Methods: PC12 cells were treated with NADA in 

combination with various receptor blockers for 18 h, after which cell 

viability and apoptosis induction were assessed using the MTT test, 

caspase activity assay, DNA laddering assay and ApoTRACE accu-

mulation. Results: NADA induced apoptosis in rat pheochromocy-

toma PC12 cell line, and this activity was blocked only by O-1918, 

a non-CB1-non-CB2 receptor antagonist. Conclusion: N-acyl do-

pamines induce apoptosis in the PC12 cell line by activation of the 

surface non-CB1-non-CB2 receptor.

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ — ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ ɤɥɟɬɨɱɧɨɣ ɫɦɟɪɬɢ 

ɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɟɰɟɩɬɨɪ NADA ɜ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɮɟɨɯɪɨ-

ɦɨɰɢɬɨɦɵ Ɋɋ12.

Ʌɢɧɢɸ ɤɥɟɬɨɤ Ɋɋ12 ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɭɫɥɨɜɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧ-

ɧɵɯ ATCC, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 7,5 % ɮɟɬɚɥɶɧɨɣ ɛɵɱɶɟɣ ɫɵɜɨɪɨɬɤɢ 

(ɉɚɧɗɤɨ, Ɋɨɫɫɢɹ). Ʉɥɟɬɤɢ ɨɛɪɚɛɚɬɵɜɚɥɢ NADA ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɪɚɡ-
ɥɢɱɧɵɦɢ ɛɥɨɤɚɬɨɪɚɦɢ ɪɟɰɟɩɬɨɪɨɜ ɜ ɬɟɱɟɧɢɟ 18 ɱ, ɩɨɫɥɟ ɱɟɝɨ ɠɢɡ-
ɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɢ ɢɧɞɭɤɰɢɸ ɚɩɨɩɬɨɡɚ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɆɌɌ-ɬɟɫɬɚ, ɚɧɚɥɢɡɚ ɚɤɬɢɜɧɨɫɬɢ ɤɚɫɩɚɡ, ɚɧɚɥɢɡɚ ɮɪɚɝɦɟɧɬɚɰɢɢ ȾɇɄ 

ɢ ɧɚɤɨɩɥɟɧɢɹ ApoTRACE (Sigma-Aldrich, ɋɒȺ). 

Ⱦɥɹ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɛɥɨɤɚɞɵ ɪɟɰɟɩɬɨɪɚ ɧɚ ɩɥɚɡɦɚɥɟɦɦɟ ɤɥɟɬ-
ɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɛɥɨɤɚɬɨɪɨɦ ɜ ɬɟɱɟɧɢɟ 3-ɯ ɞɧɟɣ, ɩɪɨɦɵɜɚɥɢ ɫɜɟɠɟɣ 
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ɫɪɟɞɨɣ ɢ ɞɨɛɚɜɥɹɥɢ NADA ɧɚ 1 ɱ, ɩɨɫɥɟ ɱɟɝɨ ɡɚɦɟɧɹɥɢ ɫɪɟɞɭ ɫɜɟɠɟɣ 

ɧɚ 24 ɱɚɫɚ ɢ ɨɰɟɧɢɜɚɥɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ.
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɢɧɤɭɛɚɰɢɢ ɫ NADA, ɞɨ-

ɫɬɚɬɨɱɧɨɟ ɞɥɹ ɢɧɞɭɤɰɢɢ ɝɢɛɟɥɢ ɤɥɟɬɨɤ, ɫɨɫɬɚɜɥɹɥɨ 1 ɱ. ɉɪɟɞɜɚɪɢ-

ɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫ ɢɧɝɢɛɢɬɨɪɨɦ ɚɭɬɨɮɚɝɢɢ ɝɢɞɪɨɤɫɢɯɥɨɪɨɯɢɧɨɦ 

(Tocris, ɋɒȺ) [3] ɧɟ ɜɥɢɹɥɚ ɧɚ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ NADA, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɩɚɧɤɚɫɩɚɡɧɵɣ ɢɧɝɢɛɢɬɨɪ Z-VAD-Fmk (Tocris, ɋɒȺ) ɩɪɟɞɨɬɜɪɚ-
ɳɚɥ ɝɢɛɟɥɶ ɤɥɟɬɨɤ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ 
NADA ɢɧɞɭɰɢɪɭɸɬ ɚɩɨɩɬɨɡ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ, ɱɬɨ ɩɨɞ-

ɬɜɟɪɠɞɟɧɨ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɚɤɬɢɜɧɨɫɬɢ ɤɚɫɩɚɡ, ɧɚɛɨɪɚ ApoTRACE 

ɢ ɚɧɚɥɢɡɚ ɮɪɚɝɦɟɧɬɚɰɢɢ ȾɇɄ. ɇɚɛɥɸɞɚɟɦɚɹ ɚɤɬɢɜɚɰɢɹ ɤɚɫɩɚɡ 3 ɢ 9, 

ɜɦɟɫɬɟ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɧɚɦɢ ɪɚɧɟɟ ɞɚɧɧɵɦɢ ɨ ɫɩɨɫɨɛɧɨɫɬɢ NADA 

ɜɵɡɵɜɚɬɶ ɧɚɤɨɩɥɟɧɢɟ ɚɤɬɢɜɧɵɯ ɮɨɪɦɚ ɤɢɫɥɨɪɨɞɚ [4], ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɡɚɩɭɫɤ ɚɩɨɩɬɨɡɚ ɱɟɪɟɡ ɜɧɭɬɪɟɧɧɢɣ ɩɭɬɶ ɚɤɬɢɜɚɰɢɢ.

Ⱦɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɪɟɰɟɩɬɨɪɚ NADA, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɢɧɞɭɤɰɢɸ 

ɚɩɨɩɬɨɡɚ, ɤɥɟɬɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɢɧɤɭɛɢɪɨɜɚɥɢ ɫ ɧɚɛɨɪɨɦ ɛɥɨɤɚ-
ɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɪɟɰɟɩɬɨɪɨɜ (ɪɢɫ.1). ȿɞɢɧɫɬɜɟɧɧɵɦ ɚɤɬɢɜɧɵɦ ɛɵɥɨ 
ɜɟɳɟɫɬɜɨ Ɉ-1918 (Sigma-Aldrich, ɋɒȺ) — ɛɥɨɤɚɬɨɪ ɪɟɰɟɩɬɨɪɨɜ 
ɝɪɭɩɩɵ ɧɟ-ɋȼ1-ɧɟ-CB2. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɭɱɚɫɬɢɹ 
Ɉ-1918-ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɪɟɰɟɩɬɨɪɚ ɜ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɦ ɞɟɣɫɬɜɢɢ 

NADA ɩɪɢɦɟɧɢɥɢ ɦɟɬɨɞ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɛɥɨɤɚɞɵ ɩɨɞ ɞɟɣɫɬɜɢ-

ɟɦ ɷɬɨɝɨ ɢɧɝɢɛɢɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ NADA ɫɭɳɟɫɬɜɟɧɧɨ 
ɫɧɢɠɚɥɚɫɶ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɭɱɚɫɬɢɟ ɪɟɰɟɩɬɨɪɚ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 
ɤ O-1918, ɜ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ NADA. ɇɨɤɚɭɬ ɝɟɧɚ 
Ɉ-1918-ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɪɟɰɟɩɬɨɪɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ ɬɨɬ ɮɚɤɬ, ɱɬɨ 
NADA ɢɧɞɭɰɢɪɭɸɬ ɚɩɨɩɬɨɡ ɩɭɬɟɦ ɚɤɬɢɜɚɰɢɢ ɧɟɤɥɚɫɫɢɱɟɫɤɨɝɨ ɤɚɧ-

ɧɚɛɢɧɨɢɞɧɨɝɨ ɧɟ-CB1-ɧɟ-CB2 ɪɟɰɟɩɬɨɪɚ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɜɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ NADA ɢɧɞɭɰɢɪɭɸɬ 

ɚɩɨɩɬɨɡ ɩɭɬɟɦ ɚɤɬɢɜɚɰɢɢ ɧɟɤɥɚɫɫɢɱɟɫɤɨɝɨ ɤɚɧɧɚɛɢɧɨɢɞɧɨɝɨ ɧɟ-CB1-

ɧɟ-CB2 ɪɟɰɟɩɬɨɪɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɨɟ ɧɚɡɜɚɧɢɟ ɨɬɧɨɫɢɬɫɹ 
ɤ ɝɪɭɩɩɟ ɛɟɥɤɨɜ (GPR119, GPR55, GPR18) [5], ɢ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɧɚ-
ɛɥɸɞɚɟɦɵɯ ɷɮɮɟɤɬɨɜ NADA ɦɟɠɞɭ ɧɢɦɢ, ɚ ɬɚɤɠɟ ɞɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟ-
ɧɢɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɩɭɬɟɣ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɹɜɥɹɸɬɫɹ ɩɪɟɞɦɟɬɨɦ 

ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ.
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* Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɇɎ (ɝɪɚɧɬ № 16-15-10101).
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ɳɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɢɦɦɭɧɧɨɦɭ ɨɬɜɟɬɭ ɨɪɝɚɧɢɡɦɚ. Ⱦɚɧɧɨɟ ɪɚɡɥɢ-

ɱɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɡɚɦɟɧɚɦɢ K151E ɢ D110N ɜ ɫɨ-
ɫɬɚɜɟ ɦɟɦɛɪɚɧɧɨɝɨ ɝɥɢɤɨɩɪɨɬɟɢɧɚ A34. ȼɜɟɞɟɧɢɟ ɷɬɢɯ ɡɚɦɟɧ ɜ ɛɟɥɨɤ 
A34 ɜ ɫɨɫɬɚɜɟ ɜɢɪɭɫɨɜ ɨɫɩɨɜɚɤɰɢɧɵ ɦɨɠɟɬ ɭɫɢɥɢɬɶ ɨɧɤɨɥɢɬɢɱɟɫɤɢɣ 

ɩɨɬɟɧɰɢɚɥ ɬɚɤɢɯ ɜɢɪɭɫɨɜ.

Abstract

Vaccinia virus strains are differ in their effi ciency of formation ex-

tracellular enveloped viral forms that provide greater effi ciency of 

virus spread and resistant to the host immune response. Two amino 

acid substitutions K151E and D110N of the membrane glycoprotein 

A34 determine these differences. Administration of these substitu-

tions in vaccinia virus A34 protein may enhance oncolytic potential 

such viruses.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶ-
ɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɢɪɭɫɨɜ ɜ ɛɨɪɶɛɟ ɫ ɨɧɤɨɥɨɝɢɱɟɫɤɢ-

ɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɯ ɜɢɪɭɫɨɜ, ɢɫɩɨɥɶɡɭɟ-
ɦɵɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɧɤɨɥɢɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɶ 
ɪɨɞɚ ɨɪɬɨɩɨɤɫɜɢɪɭɫɨɜ — ɜɢɪɭɫ ɨɫɩɨɜɚɤɰɢɧɵ (ȼɈȼ). Ɍɚɤ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɨɧɤɨɥɢɬɢɱɟɫɤɢɟ ɩɪɟɩɚɪɚɬɵ ɧɚ ɨɫɧɨɜɟ ȼɈȼ ɩɪɨɯɨɞɹɬ ɤɥɢɧɢɱɟ-
ɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɜ ɋɒȺ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ 
ɩɚɧɟɥɢ ɨɧɤɨɥɢɬɢɱɟɫɤɢɯ ɜɢɪɭɫɨɜ, ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜ ɤɥɢɧɢɤɟ, ɚ ɬɚɤɠɟ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɟɫɬɢ ɡɚ-
ɦɟɧɭ ɢɥɢ ɦɨɞɢɮɢɤɚɰɢɸ ɩɪɟɩɚɪɚɬɚ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɭ ɛɨɥɶɧɨɝɨ ɜɨɡɧɢɤɚɟɬ 
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ ɩɪɢ ɬɟɪɚɩɢɢ ɨɞɧɢɦ ɢɡ ɩɪɟɩɚɪɚɬɨɜ.
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɲɬɚɦɦɵ ȼɈȼ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɪ-

ɦɢɪɨɜɚɧɢɹ ɜɧɟɤɥɟɬɨɱɧɵɯ ɜɢɪɢɨɧɨɜ, ɩɨɤɪɵɬɵɯ ɥɢɩɨɩɪɨɬɟɢɞɧɨɣ ɨɛɨ-
ɥɨɱɤɨɣ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɢɪɭɫɚ ɜ ɬɤɚɧɢ ɢ ɩɨ 
ɤɪɨɜɟɧɨɫɧɨɦɭ ɪɭɫɥɭ ɜ ɰɟɥɨɦ ɟɳɟ ɞɨ ɥɢɡɢɫɚ ɢɫɯɨɞɧɨɣ ɡɚɪɚɠɟɧɧɨɣ ɤɥɟɬ-

ɤɢ ɢ ɜɵɯɨɞɚ ɢɡ ɧɟɟ ɞɪɭɝɢɯ ɚɧɬɢɝɟɧɧɵɯ ɮɨɪɦ ɜɢɪɢɨɧɨɜ. ɇɚ ɩɪɢɦɟɪɟ 
ɲɬɚɦɦɨɜ WR ɢ IHD-J ȼɈȼ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɜɧɟɤɥɟɬɨɱɧɵɯ ɜɢɪɢɨɧɨɜ ɡɚɜɢɫɢɬ ɨɬ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧɧɨɝɨ ɝɥɢɤɨɩɪɨɬɟɢɧɚ A34 — ɧɚɥɢɱɢɟ ɞɜɭɯ ɡɚɦɟɧ 

K151E ɢ D110N ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɛɟɥɤɨɜ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɷɬɢ ɨɬ-
ɥɢɱɢɹ. Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɨɫɧɨɜɚ ɞɥɹ ɫɨɡɞɚɧɢɹ 
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ɨɧɤɨɥɢɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ — ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ȼɈȼ ɧɚ ɨɫɧɨɜɟ ɲɬɚɦ-

ɦɚ Ʌ-ɂȼɉ, ɫɨɞɟɪɠɚɳɢɣ ɞɟɥɟɰɢɢ ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ ɬɢɦɢɞɢɧɤɢɧɚɡɭ 
ɢ ɜɢɪɭɫɧɵɣ ɮɚɤɬɨɪ ɪɨɫɬɚ, ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɜɫɬɪɨɣɤɨɣ ɝɟɧɚ, ɤɨɞɢɪɭ-
ɸɳɟɝɨ ɝɪɚɧɭɥɨɰɢɬ-ɦɚɤɪɨɮɚɝɚɥɶɧɵɣ ɤɨɥɨɧɢɟɫɬɢɦɭɥɢɪɭɸɳɢɣ ɮɚɤɬɨɪ 
(GM-CSF). Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɜɢɪɭɫ ɧɟ ɫɩɨɫɨɛɟɧ ɷɮɮɟɤɬɢɜɧɨ ɮɨɪɦɢɪɨ-
ɜɚɬɶ ɜɧɟɤɥɟɬɨɱɧɵɟ ɜɢɪɢɨɧɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɛɟɥɤɚ Ⱥ34. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɜɜɟɞɟɧɢɟ 
ɞɜɭɯ ɬɨɱɟɱɧɵɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ ɜ ɝɟɧɟ A34R ɜɢɪɭɫɚ ɨɫɩɨɜɚɤɰɢɧɵ 

ȼɈȼ_TK(-)_GM-CSF(+)_VGF(-), ɩɪɢɜɨɞɹɳɢɦ ɤ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɡɚ-
ɦɟɧɚɦ K151E ɢ D110N ɜ ɦɟɦɛɪɚɧɧɨɦ ɝɥɢɤɨɩɪɨɬɟɢɧɟ A34. ȼɜɟɞɟɧɢɟ 
ɞɚɧɧɵɯ ɡɚɦɟɧ ɩɨɡɜɨɥɢɬɶ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɧɟɤɥɟɬɨɱɧɵɯ ɨɛɨɥɨ-
ɱɟɱɧɵɯ ɮɨɪɦ, ɱɬɨ ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ ɨɧɤɨɥɢɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɬɚɤɨɝɨ 
ɜɢɪɭɫɚ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɢɪɭɫɚ ɜ ɬɤɚɧɢ 

ɢ ɩɨ ɤɪɨɜɟɧɨɫɧɨɦɭ ɪɭɫɥɭ ɢ, ɬɟɦ ɫɚɦɵɦ, ɭɜɟɥɢɱɢɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟ-
ɧɢɹ ɜɢɪɭɫɨɦ ɩɟɪɜɢɱɧɵɯ ɨɩɭɯɨɥɟɣ ɢ ɦɟɬɚɫɬɚɡɨɜ.
Ɇɟɬɨɞɚɦɢ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɢɢ ɢ ɉɐɊ-ɦɭɬɚɝɟɧɟɡɚ ɧɚɦɢ ɛɵɥɚ 

ɩɨɥɭɱɟɧɚ ɪɟɤɨɦɛɢɧɚɧɬɧɚɹ ɩɥɚɡɦɢɞɚ ɢɧɬɟɝɪɚɰɢɢ, ɫɨɞɟɪɠɚɳɚɹ ɮɪɚɝ-
ɦɟɧɬ ɜɢɪɭɫɧɨɣ ȾɇɄ ɫ ɞɜɭɦɹ ɜɜɟɞɟɧɧɵɦɢ ɬɨɱɟɱɧɵɦɢ ɧɭɤɥɟɨɬɢɞɧɵɦɢ 

ɡɚɦɟɧɚɦɢ ɜ ɝɟɧɟ A34R ȼɈȼ, ɩɪɢɜɨɞɹɳɢ-

ɦɢ ɤ ɰɟɥɟɜɵɦ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɡɚɦɟɧɚɦ 

D110N ɢ K151E.

ɉɨɫɪɟɞɫɬɜɨɦ ɦɟɬɨɞɚ ɜɪɟɦɟɧɧɨɣ ɞɨɦɢ-

ɧɚɧɬɧɨɣ ɫɟɥɟɤɰɢɢ ɛɵɥ ɩɨɥɭɱɟɧ ɪɟɤɨɦɛɢ-

ɧɚɧɬɧɵɣ ȼɈȼ_TK(-)_GM-CSF(+)_VGF

(-)_A34R_(D110N ɢ K151E).

ɍɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɜɧɟɤɥɟɬɨɱɧɵɯ ɨɛɨɥɨ-
ɱɟɱɧɵɯ ɜɢɪɢɨɧɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɛɪɚ-
ɡɨɜɚɧɢɟɦ ɫɩɟɰɢɮɢɱɧɵɯ ɩɨ ɮɨɪɦɟ ɤɨɦɟɬɨ-
ɨɛɪɚɡɧɵɯ ɛɥɹɲɟɤ, ɱɬɨ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɞɥɹ 
ɩɨɥɭɱɟɧɧɨɝɨ ɜɢɪɭɫɚ (cɫɦ. ɪɢɫ.).
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɨɜɵ-

ɜɚɬɶ ɤɨɦɟɬɨɨɛɪɚɡɧɵɟ ɛɥɹɲɤɢ ȼɈȼ_TK(-

)_GM-CSF(+)_VGF(-)_A34R_(D110N, 

K151E) ɜɨɡɪɨɫɥɚ ɜ 1,9 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɢɫɯɨɞɧɵɦ ɜɚɪɢɚɧɬɨɦ ɜɢɪɭɫɚ, ɱɬɨ ɫɜɢɞɟ-

Ɇɨɪɮɨɥɨɝɢɹ ɛɥɹɲɟɤ, 
ɨɛɪɚɡɭɟɦɵɯ ɩɪɢ ɡɚɪɚ-
ɠɟɧɢɢ ɦɨɧɨɫɥɨɹ ɤɥɟɬɨɤ 
CV-1 ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ 

ȼɈȼ_TK(-)_GM-CSF(+)_

VGF(-)_A34R_(D110N, 

K151E): 1 — ɤɨɦɟɬɨɨ-

ɛɪɚɡɧɚɹ ɛɥɹɲɤɚ, 2 — ɤɪɭ-

ɝɥɚɹ ɛɥɹɲɤɚ
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ɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɜɵɲɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɧɟɤɥɟɬɨɱ-
ɧɵɯ ɨɛɨɥɨɱɟɱɧɵɯ ɜɢɪɢɨɧɨɜ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ȼɈȼ, ɫɨɞɟɪɠɚɳɢɦ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɡɚɦɟɧɵ D110N ɢ K151E ɜ ɫɨɫɬɚɜɟ ɦɟɦɛɪɚɧɧɨɝɨ ɝɥɢ-

ɤɨɩɪɨɬɟɢɧɚ A34.

Ɍɚɤɠɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ 2 ɪɚɡɚ ɩɨɜɵɫɢɥɚɫɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɨɪɦɢ-

ɪɨɜɚɧɢɹ ɜɧɟɤɥɟɬɨɱɧɵɯ ɨɛɨɥɨɱɟɱɧɵɯ ɜɢɪɢɨɧɨɜ ɜ ɩɟɪɜɵɟ ɱɚɫɵ ɩɨɫɥɟ 
ɡɚɪɚɠɟɧɢɹ ɤɥɟɬɨɤ ɥɢɧɢɢ CV-1 ɜɢɪɭɫɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɜɜɟɞɟɧɧɵɟ ɧɚɦɢ 

ɧɭɤɥɟɨɬɢɞɧɵɟ ɡɚɦɟɧɵ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɣ ɜɢɪɭɫ, ɦɨɠɟɬ ɫɬɚɬɶ ɛɨɥɟɟ ɩɟɪɫɩɟɤ-
ɬɢɜɧɨɣ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɧɤɨɥɢɬɢɱɟɫɤɢɯ ɜɢɪɭɫɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, 
ɬɚɤ ɤɚɤ, ɜɨɡɦɨɠɧɨ, ɨɛɟɫɩɟɱɢɬɶ ɥɭɱɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɢɪɭɫɚ ɩɨ 
ɨɪɝɚɧɢɡɦɭ ɢ ɫɟɥɟɤɬɢɜɧɵɣ ɥɢɡɢɫ ɢɦɟɧɧɨ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɤɥɟ-
ɬɨɤ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɭɠɟ ɜɜɟɞɟɧɧɵɦɢ ɢ ɩɥɚɧɢɪɭɟɦɵɦɢ ɤ ɜɜɟɞɟɧɢɸ, 

ɦɨɞɢɮɢɤɚɰɢɹɦɢ ɝɟɧɨɦɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɢɡɭɱɟɧ ɨɧɤɨɥɢɬɢɱɟ-
ɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɬɚɤɨɝɨ ɜɢɪɭɫɚ ɜ ɫɢɫɬɟɦɚɯ in vitro ɢ in vivo.

ɂɁɍɑȿɇɂȿ ɊɈɅɂ ɆȿɆȻɊȺɇɇɕɏ ȻȿɅɄɈȼ 

ɆɂɌɈɏɈɇȾɊɂɃ ȺɊȺȻɂȾɈɉɋɂɋȺ ȼ ɂɆɉɈɊɌȿ ȾɇɄ
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Ⱥɧɧɨɬɚɰɢɹ
ɍɫɥɨɜɢɟɦ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɢɬɨɯɨɧɞɪɢɣ ɜɵɫ-

ɲɢɯ ɷɭɤɚɪɢɨɬ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɭ ɧɢɯ ɦɟɦɛɪɚɧɧɵɯ ɫɢɫɬɟɦ ɬɪɚɧɫ-
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ɩɨɪɬɚ ɦɚɤɪɨɦɨɥɟɤɭɥ (ɛɟɥɤɨɜ ɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ). ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɢɦɩɨɪɬɚ ɛɟɥɤɨɜ ɢ ɬɊɇɄ ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɛɢɨɥɨɝɢ-

ɱɟɫɤɨɣ ɪɨɥɢ ɢ ɦɨɥɟɤɭɥɹɪɧɨɦ ɦɟɯɚɧɢɡɦɟ ɢɦɩɨɪɬɚ ȾɇɄ ɜ ɦɢɬɨɯɨɧ-

ɞɪɢɢ ɷɭɤɚɪɢɨɬ ɩɨɤɚ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ ɩɟɪɟɧɨɫ ɝɟɧɨɜ, 
ɩɪɨɢɫɯɨɞɹɳɢɣ ɜ ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɢɬɨɯɨɧɞɪɢɢ ɫ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨ-

ɤɨɣ ɱɚɫɬɨɬɨɣ, ɱɟɦ ɜ ɹɞɟɪɧɵɣ ɢ ɯɥɨɪɨɩɥɚɫɬɧɵɣ ɝɟɧɨɦɵ, ɦɨɠɟɬ ɛɵɬɶ 
ɫɜɹɡɚɧ ɫ ɩɪɢɪɨɞɧɨɣ ɤɨɦɩɟɬɟɧɬɧɨɫɬɶɸ ɷɬɢɯ ɨɪɝɚɧɟɥɥ ɤ ɚɤɬɢɜɧɨɦɭ 
ɩɨɝɥɨɳɟɧɢɸ ȾɇɄ. ɉɪɨɰɟɫɫ ɢɦɩɨɪɬɚ ȾɇɄ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɦɨɠɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɭɱɚɫɬɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɧɟɪɚɫɲɢɮɪɨɜɚɧɧɵɯ ɩɨɤɚ 
ɦɟɯɚɧɢɡɦɨɜ, ɢɦɟɸɳɢɯ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɞɥɢɧɵ ɢ ɫɬɪɭɤ-
ɬɭɪɵ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɵɯ ɦɨɥɟɤɭɥ. C ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶ-
ɧɵɯ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɚ ɦɨɥɟɤɭɥ ȾɇɄ ɪɚɡɧɨɣ 

ɞɥɢɧɵ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɪɚɫɬɟɧɢɣ, ɦɵ ɩɪɨɜɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɦɩɨɪɬɚ 
ȾɇɄ ɜ ɫɢɫɬɟɦɟ in organello ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɬɨɯɨɧɞɪɢɣ, ɢɡɨɥɢ-

ɪɨɜɚɧɧɵɯ ɢɡ ɪɚɫɬɟɧɢɣ ɚɪɚɛɢɞɨɩɫɢɫɚ, ɦɭɬɚɧɬɧɵɯ ɩɨ ɛɟɥɤɚɦ ɜɧɟɲ-

ɧɟɣ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ TSPO ɢ ɞɜɭɯ ɢɡɨɮɨɪɦ VDAC. 

ɉɨɤɚɡɚɧɨ ɜɨɡɦɨɠɧɨɟ ɭɱɚɫɬɢɟ ɷɬɢɯ ɦɟɦɛɪɚɧɧɵɯ ɛɟɥɤɨɜ ɜ ɢɦɩɨɪɬɟ 
ɫɭɛɫɬɪɚɬɨɜ ȾɇɄ ɪɚɡɧɨɣ ɞɥɢɧɵ.

Abstract

For normal functioning, mitochondria of the higher eukaryotes need 

membrane transport systems of the macromolecules (proteins and 

nucleic acids). In contrast to protein and tRNA import, a clear idea 

about biological role and molecular mechanism of the mitochon-

drial DNA import does not yet exist. The horizontal gene transfer 

in plant mitochondria, occurring at a much higher frequency than 

in the nuclear and chloroplast genomes, may be associated with 

the natural competence of these organelles for active DNA uptake. 

The process of DNA import into mitochondria may involve alterna-

tive mechanisms which could depend on length and structure of the 

transported molecules. To study potential multiple mechanisms of 

transport of the DNA molecules with different length into plant mi-

tochondria, we used the in organello DNA import system into mito-

chondria isolated from Arabidopsis plants mutant for proteins of the 

outer mitochondrial membrane TSPO and two VDAC isoforms. We 

showed that these membrane proteins could be involved in import 

of the DNA substrates with different length. 
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ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜ ɫɨɫɬɚɜɟ ɫɜɨɟɝɨ ɝɟɧɨɦɚ ɦɢɬɨɯɨɧɞɪɢɢ ɫɨɯɪɚ-
ɧɢɥɢ ɨɝɪɚɧɢɱɟɧɧɭɸ ɝɟɧɟɬɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɞɥɹ ɨɫɭɳɟɫɬɜɥɟ-
ɧɢɹ ɫɜɨɢɯ ɮɭɧɤɰɢɣ ɨɧɢ ɧɭɠɞɚɸɬɫɹ ɜ ɢɦɩɨɪɬɟ ɛɟɥɤɨɜ ɢ ɧɭɤɥɟɢɧɨɜɵɯ 
ɤɢɫɥɨɬ. ɂɦɩɨɪɬ ɊɇɄ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɦɢɬɨ-

ɯɨɧɞɪɢɚɥɶɧɵɯ ɝɟɧɨɜ ɢ ɢɯ ɪɟɝɭɥɹɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɨɦɩɟɬɟɧɰɢɹ 
ɦɢɬɨɯɨɧɞɪɢɣ ɤ ɩɨɝɥɨɳɟɧɢɸ ȾɇɄ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɜɧɨɫɢɬ ɜɤɥɚɞ 

ɜ ɞɢɧɚɦɢɤɭ ɝɟɧɨɦɚ ɢ ɷɜɨɥɸɰɢɸ ɷɬɢɯ ɨɪɝɚɧɟɥɥ. Ɋɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɨ 
[5], ɱɬɨ ɜ ɢɦɩɨɪɬɟ ȾɇɄ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɭɱɚɫɬɜɭɸɬ ɩɨɪɢɧ (VDAC, 

ɨɬ: Voltage Dependent Anion Channel) ɢ ɚɞɟɧɢɧɧɭɤɥɟɨɬɢɞɬɪɚɧɫɥɨ-

ɤɚɡɚ (ANT, ɨɬ: Adenine Nucleotide Translocase), ɛɟɥɤɢ ɧɚɪɭɠɧɨɣ 

ɢ ɜɧɭɬɪɟɧɧɟɣ ɦɟɦɛɪɚɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɢɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ [2] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɬɢɦɢ ɛɟɥɤɚɦɢ ɧɟ ɢɫɱɟɪɩɵɜɚɟɬɫɹ ɧɚ-
ɛɨɪ ɦɟɦɛɪɚɧɧɵɯ ɛɟɥɤɨɜ, ɫɩɨɫɨɛɧɵɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɪɚɧɫɥɨɤɚɰɢɸ 

ȾɇɄ ɜ ɦɢɬɨɯɨɧɞɪɢɢ, ɢ ɱɬɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɛɵɬɶ ɫɩɟɰɢɮɢɱɧɵɦ 

ɜ ɨɬɧɨɲɟɧɢɢ ɞɥɢɧɵ ɢ ɫɬɪɭɤɬɭɪɵ ɩɟɪɟɧɨɫɢɦɵɯ ɦɨɥɟɤɭɥ [2, 4]. ɐɟ-
ɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɜɵɹɜɥɟɧɢɟ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 
ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɚ ɦɨɥɟɤɭɥ ȾɇɄ ɪɚɡɧɨɣ ɞɥɢ-

ɧɵ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɪɚɫɬɟɧɢɣ. 

ȼ ɦɢɬɨɯɨɧɞɪɢɹɯ ɠɢɜɨɬɧɵɯ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɢɬɨ-

ɯɨɧɞɪɢɚɥɶɧɨɣ ɩɨɪɵ ɫɞɜɢɝɚ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, MPTP (ɨɬ: Mitochondrial 

Permeability Transition Pore) ɹɜɥɹɟɬɫɹ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɣ ɛɟɧɡɨɞɢɚ-
ɡɟɩɢɧɨɜɵɣ ɪɟɰɟɩɬɨɪ PBR (ɨɬ: Peripheral Benzodiazepine Receptor) 

ɢɥɢ TSPO (ɨɬ: Tryptophan-rich Sensory Protein), ɥɨɤɚɥɢɡɨɜɚɧɧɵɣ, 

ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɪɭɠɧɨɣ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɦɟɦɛɪɚɧɟ [1, 6]. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɬɪɟɫɫɨɜɵɯ ɫɢɬɭɚɰɢɹɯ PBR/TSPO ɫɩɨɫɨɛɟɧ 

ɮɨɪɦɢɪɨɜɚɬɶ ɬɪɚɧɡɢɬɧɭɸ ɩɨɪɭ (ɨɥɢɝɨɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɩɨɪɢɧɨɦ 

ɢ ANT ɜ ɦɟɫɬɚɯ ɤɨɧɬɚɤɬɚ ɞɜɭɯ ɦɟɦɛɪɚɧ), ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɨɫɭ-

ɳɟɫɬɜɥɹɬɶɫɹ ɬɪɚɧɫɩɨɪɬ ȾɇɄ. ɍ ɪɚɫɬɟɧɢɣ ɥɨɤɚɥɢɡɚɰɢɹ TSPO ɬɚɤɠɟ 
ɫɜɹɡɚɧɚ ɫ ɦɢɬɨɯɨɧɞɪɢɹɦɢ [6], ɯɨɬɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɠɢɜɨɬɧɵɯ, ɮɭɧɤɰɢɢ 

ɷɬɨɝɨ ɛɟɥɤɚ ɨɫɬɚɸɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɦɢ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɪɨɥɢ TSPO 

ɜ ɢɦɩɨɪɬɟ ɫɭɛɫɬɪɚɬɨɜ ȾɇɄ ɪɚɡɧɨɣ ɞɥɢɧɵ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɨɦɨ-

ɡɢɝɨɬɧɭɸ ɥɢɧɢɸ ɚɪɚɛɢɞɨɩɫɢɫɚ tspo ɫ ɢɧɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɟɣ 

ɦɟɦɛɪɚɧɧɨɝɨ ɪɟɰɟɩɬɨɪɚ (ɤɨɞɢɪɭɟɦɵɦ ɝɟɧɨɦ At2g47770). ɉɨɤɚɡɚɧɨ, 

ɱɬɨ ɪɚɫɬɟɧɢɹ tspo ɮɟɧɨɬɢɩɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɚɫɬɟɧɢɣ ɞɢɤɨɝɨ 
ɬɢɩɚ (ɋolumbia-0). Ⱦɥɹ ɢɦɩɨɪɬɚ ɜ ɦɢɬɨɯɨɧɞɪɢɢ, ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɢɡ 
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4-ɧɟɞɟɥɶɧɵɯ ɩɪɨɪɨɫɬɤɨɜ ɪɚɫɬɟɧɢɣ Col-0 ɢ tspo [7], ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɵ ɮɥɭɨɪɟɫɰɟɧɬɧɨ ɦɟɱɟɧɵɟ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɪɚɡɦɟɪɨɦ 109/269 ɩ.ɧ. 

ɢ 852/1013 ɩ.ɧ. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɩɨɪɬɚ ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ 
ɩɪɨɬɨɤɨɥɚɦ [2, 5]. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 

ɱɬɨ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ TSPO, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɧɟ 
ɢɝɪɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ ɜ ɢɦɩɨɪɬɟ ɦɨɥɟɤɭɥ ȾɇɄ ɦɚɥɨɣ ɞɥɢɧɵ 

(ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ≤ 300 ɩ.ɧ.). Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɟ ɢɫɤɥɸɱɟɧɨ ɭɱɚɫɬɢɟ 
TSPO ɜ ɢɦɩɨɪɬɟ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɦɨɥɟɤɭɥ ȾɇɄ ɫɪɟɞɧɟɣ ɞɥɢɧɵ (ɮɪɚɝ-
ɦɟɧɬɨɜ ȾɇɄ >300 ɩ.ɧ.): ɦɵ ɧɟ ɧɚɛɥɸɞɚɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ 
ɪɚɡɥɢɱɢɣ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɦɩɨɪɬɚ ɜ ɦɢɬɨɯɨɧɞɪɢɢ Col-0 ɢ tspo 

ɜ ɫɥɭɱɚɟ ɢɧɤɭɛɚɰɢɢ ɫ ɨɪɝɚɧɟɥɥɚɦɢ 0,5–1 ɦɤɝ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɪɚɡ-
ɦɟɪɨɦ 852/1013 ɩ.ɧ., ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɢɧɤɭɛɚɰɢɢ 2 ɦɤɝ 
ȾɇɄ ɷɬɨɝɨ ɪɚɡɦɟɪɚ ɩɪɨɢɫɯɨɞɢɥɨ ≈ 2-ɤɪɚɬɧɨɟ ɫɧɢɠɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ 
ȾɇɄ ɦɢɬɨɯɨɧɞɪɢɹɦɢ ɢɡ ɥɢɧɢɢ tspo ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɢɤɢɦ ɬɢɩɨɦ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, TSPO ɦɨɠɟɬ ɢɝɪɚɬɶ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɧɨɫɚ ȾɇɄ 

ɜ ɦɢɬɨɯɨɧɞɪɢɢ, ɭɱɚɫɬɜɭɹ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɜ ɨɞɧɨɦ ɢɡ ɚɥɶɬɟɪɧɚ-
ɬɢɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢɦɩɨɪɬɚ.
Ʉɚɤ ɢɡɜɟɫɬɧɨ, VDAC ɫɨɜɦɟɫɬɧɨ ɫ ɛɟɥɤɨɦ ɜɧɭɬɪɟɧɧɟɣ ɦɢɬɨɯɨɧ-

ɞɪɢɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ ANT ɮɨɪɦɢɪɭɟɬ ɬɪɚɧɡɢɬɧɭɸ ɩɨɪɭ MPTP 

ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ ɠɢɜɨɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɱɟɪɟɡ 
ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɢɦɩɨɪɬ ȾɇɄ [5]. ɇɚɥɢɱɢɟ ɜ ɫɨɫɬɚ-
ɜɟ ɜɧɭɬɪɟɧɧɟɣ ɦɟɦɛɪɚɧɵ ɞɪɭɝɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɫɭɩɟɪɫɟɦɟɣɫɬɜɚ 
ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ, ɨɛɨɡɧɚɱɚɟɦɨɟ ɤɚɤ MCF [3] ɞɚɟɬ 
ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɩɨɥɢɦɨɪɮɢɡɦɟ MPTP: ɥɸɛɨɣ ɛɟ-
ɥɨɤ-ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɫɟɦɟɣɫɬɜɚ MCF ɫ ɭɱɚɫɬɢɟɦ ɪɚɡɥɢɱɧɵɯ ɢɡɨɮɨɪɦ 

VDAC ɫɩɨɫɨɛɟɧ ɮɨɪɦɢɪɨɜɚɬɶ ɩɨɪɭ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ, ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɦɨɠɟɬ ɬɪɚɧɫɥɨɰɢɪɨɜɚɬɶɫɹ ȾɇɄ. Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɪɚɛɨɬɵ ɹɜ-
ɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɝɨ ɜɨɜɥɟɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɢɡɨɮɨɪɦ VDAC 

ɜ ɩɪɨɰɟɫɫ ɢɦɩɨɪɬɚ ȾɇɄ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɪɚɫɬɟɧɢɣ. Ɇɵ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɝɨɦɨɡɢɝɨɬɧɵɟ ɥɢɧɢɢ ɦɭɬɚɧɬɨɜ ɚɪɚɛɢɞɨɩɫɢɫɚ ɫ ɢɧɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ 

ɝɟɧɚɦɢ At3g01280, At5g67500, At5g15090 ɢ At5g57490, ɤɨɞɢɪɭɸɳɢ-

ɦɢ ɢɡɨɮɨɪɦɵ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɝɨ ɩɨɪɢɧɚ (VDAC1, VDAC2, VDAC3, 

VDAC4). ɏɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɦɭɬɚɧɬɧɵɯ ɪɚɫɬɟɧɢɣ ɬɪɟɯ 
ɥɢɧɢɣ, vdac1, vdac2 ɢ vdac4, ɛɵɥɢ ɡɚɦɟɞɥɟɧɧɵɣ ɪɨɫɬ ɢ ɛɨɥɟɟ ɩɨɡɞ-

ɧɟɟ ɰɜɟɬɟɧɢɟ, ɚ ɬɚɤɠɟ ɱɚɫɬɢɱɧɚɹ ɫɬɟɪɢɥɶɧɨɫɬɶ, ɩɪɢ ɷɬɨɦ ɪɚɫɬɟɧɢɹ 
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ɦɭɬɚɧɬɧɨɣ ɥɢɧɢɢ vdac3 ɧɟ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɪɚɫɬɟɧɢɣ ɞɢɤɨɝɨ ɬɢɩɚ. Ⱦɥɹ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɦɩɨɪɬɭ ɫɭɛɫɬɪɚɬɨɜ ȾɇɄ ɪɚɡɧɨɣ ɞɥɢɧɵ (ɮɥɭɨ-
ɪɟɫɰɟɧɬɧɨ ɢɥɢ ɪɚɞɢɨɚɤɬɢɜɧɨ ɦɟɱɟɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 269 ɩ.ɧ., 852 ɩ.ɧ. 

ɢ 2,7 ɬ.ɩ.ɧ.) ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɢɧɢɢ vdac1 ɢ vdac3, ɞɥɹ ɤɨɬɨɪɵɯ 
ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɪɚɫɬɟɧɢɣ ɤɨɥɢɱɟɫɬɜɨ 
ɫɟɦɹɧ. Ɉɬɫɭɬɫɬɜɢɟ ɤɚɤ VDAC1, ɬɚɤ ɢ VDAC3 ɜ ɧɚɪɭɠɧɨɣ ɦɟɦɛɪɚ-
ɧɟ ɦɢɬɨɯɨɧɞɪɢɣ ɧɟ ɨɤɚɡɵɜɚɥɨ ɜɥɢɹɧɢɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɦɩɨɪɬɚ 
ɮɪɚɝɦɟɧɬɚ ɦɚɥɨɣ ɞɥɢɧɵ (≤ 300 ɩ.ɧ.). Ⱦɥɹ ɮɪɚɝɦɟɧɬɨɜ ɫɪɟɞɧɟɣ ɞɥɢ-

ɧɵ (> 300 ɩ.ɧ.) ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɦɩɨɪɬɚ 
(ɜ 2–4 ɪɚɡɚ), ɤɚɤ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ɦɭɬɚɧɬɚ vdac1, ɬɚɤ ɢ ɦɭɬɚɧɬɚ vdac3. 

ɉɨɫɤɨɥɶɤɭ ɢɧɚɤɬɢɜɚɰɢɹ ɢɡɨɮɨɪɦ ɩɨɪɢɧɚ, ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɩɨɪɵ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɟɣ ɩɟɪɟɧɨɫ ȾɇɄ ɱɟɪɟɡ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɟ ɦɟɦɛɪɚɧɵ 

[5], ɧɟ ɫɧɢɠɚɟɬ ɢ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɦɩɨɪɬɚ ȾɇɄ ɦɚɥɨɣ 

ɞɥɢɧɵ, ɞɚɧɧɵɣ ɦɟɯɚɧɢɡɦ, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɥɢɲɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ 

ɩɭɬɟɦ ɞɥɹ ɬɪɚɧɫɥɨɤɚɰɢɢ ɜ ɦɢɬɨɯɨɧɞɪɢɢ ȾɇɄ ɷɬɨɝɨ ɪɚɡɦɟɪɧɨɝɨ ɤɥɚɫɫɚ. 
ɉɪɢ ɷɬɨɦ, ɨɬɫɭɬɫɬɜɢɟ ɨɞɧɨɣ ɢɡ ɢɡɨɮɨɪɦ ɩɨɪɢɧɚ, VDAC1 ɢɥɢ VDAC3, 

ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɨɪɟ, 
ɫɩɨɫɨɛɫɬɜɭɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɪɚɧɫɥɨɤɚɰɢɢ ɮɪɚɝɦɟɧɬɨɜ ɫɪɟɞɧɟɣ 

ɞɥɢɧɵ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ VDAC ɜɵɩɨɥɧɹɟɬ 
ɪɟɝɭɥɹɬɨɪɧɭɸ ɢ/ɢɥɢ ɛɚɪɶɟɪɧɭɸ ɪɨɥɶ ɜ ɢɦɩɨɪɬɟ ȾɇɄ.
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Ⱥɧɧɨɬɚɰɢɹ
Ȼɵɥɨ ɜɵɩɨɥɧɟɧɨ ɛɢɫɭɥɶɮɢɬɧɨɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ɝɟ-

ɧɨɜ GSTP1 ɢ RNF219 ɜ ɫɨɫɬɚɜɟ ɰɢɪɤɭɥɢɪɭɸɳɟɣ ȾɇɄ, ɜɵɞɟɥɟɧɧɨɣ 

ɢɡ ɩɥɚɡɦɵ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɛɨɥɶɧɵɯ ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɨɣ 

ɝɢɩɟɪɩɥɚɡɢɟɣ ɢ ɪɚɤɨɦ ɩɪɟɞɫɬɚɬɟɥɶɧɨɣ ɠɟɥɟɡɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨ 
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ɭɪɨɜɧɸ ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɨɞɧɨɝɨ ɢɡ ɋpG-ɫɚɣɬɨɜ (ɞɥɹ ɤɚɠɞɨɣ ɦɢɲɟɧɢ) 

ɦɨɠɧɨ ɞɨɫɬɨɜɟɪɧɨ ɪɚɡɥɢɱɢɬɶ ɝɪɭɩɩɭ ɪɚɤɨɜɵɯ ɛɨɥɶɧɵɯ ɨɬ ɞɪɭɝɢɯ 
ɝɪɭɩɩ. ȼɩɟɪɜɵɟ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɡɧɚɱɢɦɨɫɬɶ ɤɨɪɪɟɥɹɰɢɢ ɫɬɚɬɭɫɚ 
ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ. ɋɨɝɥɚɫɧɨ ROC ɤɪɢɜɵɦ 

ɞɥɹ ɝɟɧɚ GSTP1 ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɬɟɫɬɚ ɫɨɫɬɚɜɥɹɟɬ 92 % 

ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɶ 100 %, ɚ ɞɥɹ ɝɟɧɚ RNF219 — 100 % ɢ 66 % ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ.

Abstract

Target bisulfi te sequencing of GSTP1 RNF219 gene fragments in 

circulating DNA from the blood plasma of healthy donors, benign 

prostate hyperplasia and prostate cancer patients was performed. 

The level of single CpG site (for each target) methylation could reli-

ably distinguish between cancer patients and other groups. This 

study has highlighted the signifi cance correlation between methyla-

tion statuses of CpG-sites on the molecular level for prostate can-

cer diagnostic. According to the ROC curves sensitivity and speci-

fi city for GSTP1 was 92 % and 100 % and for RNF219 — 100 % 

and 66 %, respectively.

Background

Aberrantly methylated cell-free DNA (cfDNA) has proved to be 

a promising biomarker for noninvasive detection of cancer with several 

clinically-certifi ed tests (Epi-pro Colon®, Epi-pro Lung®, Cologuard®). 

However only one test (Epi-pro Colon®) uses blood plasma — the most 

convenient source of cfDNA. Tissue and age specifi c methylation along 

with unidentifi ed reasons lead to the presence of molecules with every 

conceivable cytosine-methylation patterns in blood circulation [Korshunova 

et al., 2009]. Among numerous variants of cfDNA methylation patterns 

only few refl ect cancer related changes. To identify those tumor-specifi c 

profi les single nucleotide resolution of methylated cytosine locations in 

the individual circulating DNA molecules is obviously required. 

Materials and methods

We performed target bisulfi te sequencing of potential prostate cancer 

(PC) cfDNA markers (GSTP1; RNF219) isolated from blood plasma 
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of 18 healthy donors (HD), 17 benign hyperplasia (BPH) and 20 PC 

patients using MiSeq platform (Illumina). Selected loci were amplifi ed 

after bisulfi te conversion (Zymo Research) of cfDNA with methyl-

independent barcoded primers and sequenced with coverage ranging 

from 23509 to 143953.

Results

To reveal diagnostically signifi cant differences several approaches to 

data analysis were used. Conventional approach — prediction of patient’s 

diagnosis based on differences in methylation level of CpG-sites. And 

the approach that relies on discrimination of cancer-related correlation 

between methylation statuses of CpG-sites within individual molecules of 

cfDNA — Intramolecular Correlation of Methylation Statuses (ICoMS) — 

was proposed in this study.

Study population was randomly subsampled into training and test 

cohorts. The logit regression model based on methylation level of CpG-

sites achieved an area under the ROC curve (AUC) exceeding 0.94 in both 

cohorts for GSTP1 gene and 0.81 — for RNF219 gene. 

A novel approach to identify diagnostic signifi cance of cfDNA 

methylation was based on comparison of correlation matrices (pairwise phi 

coeffi cient between methylation statuses of CpG sites) for HD, BHP and 

PC groups. Binomial regression models with LASSO penalization were 

used to predict patient’s diagnosis. ROC curves for fi tted models show 

AUC, specifi city and sensitivity as 0.99, 100 % and 92 % for GSTP1 gene 

and 0.84, 66 % and 100 % for RNF219 (test cohort).

Conclusions

The ICoMS approach evaluates diagnostic value of target genes 

and reveals cancer-related cytosine methylation. That could potentially 

identify the features of tumor physiology and on a par with conventional 

approaches provide helpful information for rational design of noninvasive, 

methylation-specifi c cfDNA-based diagnostics for PC. 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɢ ɩɪɨ-

ɬɟɨɦɧɵɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɡɢɤɭɥ ɩɥɚɰɟɧɬɵ ɡɞɨɪɨɜɵɯ ɠɟɧɳɢɧ. ɉɪɟɩɚ-
ɪɚɬɵ ɜɟɡɢɤɭɥ, ɩɨɥɭɱɟɧɧɵɟ ɫɟɪɢɟɣ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ ɢ ɭɥɶɬɪɚɰɟɧ-

ɬɪɢɮɭɝɢɪɨɜɚɧɢɣ, ɛɵɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɱɢɳɟɧɵ ɨɬ ɫɨɜɵɞɟɥɹɸɳɢɯɫɹ 
ɛɟɥɤɨɜ ɢ ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɩɨɦɨɳɶɸ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɢ. Ⱥɧɚɥɢɡ 
ɛɟɥɤɨɜɨɝɨ ɫɨɫɬɚɜɚ ɨɱɢɳɟɧɧɵɯ ɜɟɡɢɤɭɥ ɫ ɩɨɦɨɳɶɸ 1D SDS-PAGE, 2D 

SDS-PAGE, MALDI-TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɢ ɫɨ-
ɞɟɪɠɚɬ 10–15 ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜ.

Abstract

A morphological and a proteomic analysis of vesicles of normal 

pregnancy human mother placentas was performed. Vesicles 

* Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɉɪɨɝɪɚɦɦɨɣ Ɏɇɂ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ 
ɧɚ 2013–2020 ɝɨɞɵ № VI 59.1.2, ɝɪɚɧɬɨɦ ɊɎɎɂ № 16-04-00609.



l%ле*3л !…=  K,%л%Ą, 225

preparations obtained by several typical centrifugation and ultra-

centrifugation were additionally purifi ed from multiprotein complex-

es and other associated proteins by gel fi ltration. Proteins of puri-

fi ed vesicles were identifi ed by different methods including analy-

sis of tryptic hydrolysis of proteins separated SDS-PAGE and by 

two-dimensional electrophoresis separation using MALDI MS and 

MS/MS spectrometry. The purifi ed individual vesicles contain only 

10–15 different clearly visible proteins.

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɟɡɢɤɭɥ ɩɥɚɰɟɧɬɵ ɩɪɢɜɥɟɤɚɟɬ 
ɤ ɫɟɛɟ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜ ɫɜɹɡɢ ɫ ɢɯ ɜɚɠɧɨɣ ɪɨɥɶɸ ɩɪɢ ɛɟɪɟɦɟɧɧɨ-
ɫɬɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɢ ɭɧɢɤɚɥɶɧɵɣ ɬɢɩ ɤɥɟɬɨɤ ɜ ɩɥɚɰɟɧɬɟ — 

ɫɢɧɰɢɬɢɨɬɪɨɮɨɛɥɚɫɬ, ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɛɟɪɟɦɟɧɧɨɫɬɢ ɫɟɤɪɟɬɢɪɭɟɬ 
ɜ ɤɪɨɜɶ ɦɚɬɟɪɢ ɪɚɡɥɢɱɧɵɟ ɜɧɟɤɥɟɬɨɱɧɵɟ ɜɟɡɢɤɭɥɵ, ɬɚɤɢɟ ɤɚɤ ɷɤɡɨɫɨ-
ɦɵ (40–100 ɧɦ) ɢ ɦɢɤɪɨɜɟɡɢɤɭɥɵ (100 ɧɦ–1 ɦɤɦ).

Ɏɭɧɤɰɢɢ ɷɬɢɯ ɜɟɡɢɤɭɥ ɪɚɡɧɨɨɛɪɚɡɧɵ: ɦɟɠɤɥɟɬɨɱɧɚɹ ɤɨɦɦɭɧɢɤɚ-
ɰɢɹ, ɭɱɚɫɬɢɟ ɜ ɫɟɤɪɟɰɢɢ ɛɟɥɤɨɜ, ɫɭɩɪɟɫɫɢɹ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɢ ɦɧɨ-
ɝɨɟ ɞɪɭɝɨɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɢ ɤɨɦɩɨɧɟɧɬɵ ɩɥɚɰɟɧɬɵ ɢɦɟɸɬ ɨɝɪɨɦ-

ɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɛɟɪɟɦɟɧɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɧɟ-
ɫɦɨɬɪɹ ɧɚ ɦɧɨɝɨɥɟɬɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɜɫɟɯ ɜɟɡɢɤɭɥ 
ɩɥɚɰɟɧɬɵ ɢɫɫɥɟɞɨɜɚɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɫɥɟɞɨ-
ɜɚɧɢɟ ɩɥɚɰɟɧɬɚɪɧɵɯ ɜɟɡɢɤɭɥ ɢɦɟɟɬ ɨɝɪɨɦɧɭɸ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢ-

ɦɨɫɬɶ — ɜɟɡɢɤɭɥɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ 

ɜ ɞɢɚɝɧɨɫɬɢɤɟ ɡɚɛɨɥɟɜɚɧɢɣ ɜɨ ɜɪɟɦɹ ɛɟɪɟɦɟɧɧɨɫɬɢ
ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɞɟɥɟɧɢɟ ɜɟɡɢɤɭɥ ɢɡ ɩɥɚɰɟɧɬɵ 

ɡɞɨɪɨɜɵɯ ɠɟɧɳɢɧ, ɨɱɢɫɬɤɚ ɨɬ ɫɨɜɵɞɟɥɹɸɳɢɯɫɹ ɛɟɥɤɨɜ ɢ ɛɟɥɤɨɜɵɯ 
ɤɨɦɩɥɟɤɫɨɜ, ɚ ɬɚɤɠɟ ɚɧɚɥɢɡ ɢɯ ɦɨɪɮɨɥɨɝɢɢ ɢ ɛɟɥɤɨɜɨɝɨ ɫɨɫɬɚɜɚ. ȼɟɡɢ-

ɤɭɥɵ ɢɡ ɩɥɚɰɟɧɬɵ ɜɵɞɟɥɹɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɥɶɬɪɚɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɝɨɦɨɝɟɧɚɬɚ ɩɥɚɰɟɧ-

ɬɵ ɱɟɥɨɜɟɤɚ. Ⱦɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɜɟɡɢɤɭɥ ɨɬ ɫɨɜɵɞɟɥɹɸɳɢɯ-
ɫɹ ɛɟɥɤɨɜ ɢ ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɜɨɞɢɥɢ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɸ ɪɟɫɭ-
ɫɩɟɧɞɢɪɨɜɚɧɧɨɝɨ ɨɫɚɞɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɭɥɶɬɪɚɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ 

ɩɪɢ 100 000 g, ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɨɪɛɟɧɬɨɦ ɫɟɮɚɪɨɡɚ 4ȼ.

Ɍɪɚɧɫɦɢɫɫɢɨɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɟɣ ɨɛɧɚɪɭɠɟɧɵ ɜɟɡɢ-

ɤɭɥɵ ɪɚɡɦɟɪɨɦ 30–230 ɧɦ ɢ ɦɢɤɪɨɱɚɫɬɢɰ ɜ ɨɞɧɨɣ ɢɡ ɬɪɟɯ ɮɪɚɤɰɢɣ, 

ɩɨɥɭɱɟɧɧɵɯ ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɟɣ. ɂɦɦɭɧɨɯɢɦɢɱɟɫɤɢɦ ɨɤɪɚɲɢɜɚɧɢɟɦ 
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ɩɪɢ ɩɨɦɨɳɢ ɚɧɬɢɬɟɥ ɤ ɦɚɪɤɟɪɧɵɦ ɛɟɥɤɚɦ CD63 ɢ CD81 ɩɨɤɚɡɚɧɨ 
ɧɚɥɢɱɢɟ ɷɤɡɨɫɨɦ ɜ ɷɬɨɣ ɮɪɚɤɰɢɢ. Ȼɟɥɤɨɜɵɣ ɫɨɫɬɚɜ ɞɚɧɧɨɣ ɮɪɚɤɰɢɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɦɟɪɧɨɝɨ, ɞɜɭɦɟɪɧɨɝɨ ɷɥɟɤ-
ɬɪɨɮɨɪɟɡɚ ɢ MALDI-TOF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. ɋɪɟɞɢ ɛɟɥɤɨɜ ɛɵɥɢ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɤɚɤ ɫɩɟɰɢɮɢɱɧɵɟ ɞɥɹ ɩɥɚɰɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ ɩɥɚ-
ɰɟɧɬɚɪɧɚɹ ɳɟɥɨɱɧɚɹ ɮɨɫɮɚɬɚɡɚ, ɬɚɤ ɢ ɞɪɭɝɢɟ ɛɟɥɤɢ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ 
ɜɨ ɦɧɨɝɢɯ ɬɤɚɧɹɯ ɢ ɠɢɞɤɨɫɬɹɯ ɨɪɝɚɧɢɡɦɚ.

ɗɅȿɄɌɊɈɇɇɈ-ɆɂɄɊɈɋɄɈɉɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ 

ɈȻɊȺɁɐɈȼ ɗɄɁɈɋɈɆ, ȼɕȾȿɅȿɇɇɕɏ ɂɁ ɄɊɈȼɂ, 

ɆɈɑɂ ɂ ɋɅȿɁɇɈɃ ɀɂȾɄɈɋɌɂ ɅɘȾȿɃ ɆȿɌɈȾɈɆ 

ɉɈɋɅȿȾɈȼȺɌȿɅɖɇɕɏ ɐȿɇɌɊɂɎɍȽɂɊɈȼȺɇɂɃ

ELECTRON MICROSCOPIC STUDY OF EXOSOMES 

OBTAINED FROM HUMAN BLOOD, URINE AND TEARS 

BY SEQUENTIAL CENTIFUGATIONS

Ⱥ. ȿ. Ƚɪɢɝɨɪɶɟɜɚ 1, Ⱥ. ȼ. ȿɪɟɦɢɧɚ 2, ɋ. ɇ. Ɍɚɦɤɨɜɢɱ 1, 

Ɉ. ȿ. Ȼɪɵɡɝɭɧɨɜɚ 1

1 ɎȻɍɇ ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ 
ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɋɈ ɊȺɇ

2 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɮɢɥɢɚɥ ɆɇɌɄ 

«Ɇɢɤɪɨɯɢɪɭɪɝɢɹ ɝɥɚɡɚ» Ɇɢɧɡɞɪɚɜ ɊɎ

A. E. Grigor’eva 1, A. V. Eremina 2, S. N. Tamkovich 1, O. E. Bryzgunova 1

1 Institution of chemical biology and fundamental medicine SB RAS
2 MNTK «Eye Microsurgery»

Ⱥɧɧɨɬɚɰɢɹ
ɋ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɛɪɚɡɰɵ 

«ɷɤɡɨɫɨɦ», ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɩɥɚɡɦɵ ɤɪɨɜɢ, ɦɨɱɢ ɢ ɫɥɟɡɧɨɣ ɠɢɞɤɨɫɬɢ 

ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ. ȼɫɟ ɨɛ-
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ɪɚɡɰɵ ɫɨɞɟɪɠɚɥɢ ɜɟɡɢɤɭɥɵ ɪɚɡɦɟɪɨɦ 40–100 ɧɦ, ɤɨɬɨɪɵɟ ɩɨ ɦɨɪɮɨ-
ɥɨɝɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɚɦ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɷɤɡɨɫɨɦɚɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨ 
ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɤɨɦɩɨɧɟɧɬɵ, ɧɟ ɢɦɟɸɳɢɟ ɦɟɦɛɪɚɧɵ, 

ɧɚɢɛɨɥɶɲɟɝɨ ɜɧɢɦɚɧɢɹ ɢɡ ɤɨɬɨɪɵɯ ɡɚɫɥɭɠɢɜɚɸɬ ɦɢɤɪɨɱɚɫɬɢɰɵ (ɤɨɦ-

ɩɚɤɬɧɵɟ ɚɝɪɟɝɚɬɵ ɛɟɥɤɚ), ɩɪɢɫɭɬɫɬɜɢɟ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɩɪɢ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɦɨɥɟɤɭɥɹɪɧɨ-ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ.

Abstract

Exosome samples obtained from blood plasma, urine and tears 

of healthy humans by sequential centrifugations were examined 

in electron microscope. In all samples vesicles 40–100 nm were 

detected, their morphological characteristics corresponded to exo-

somes found in other biological fl uids. Components without mem-

brane were found in all samples, most interesting was detection of 

the microparticles (compact protein aggregates), which can affect 

the results of molecular-biological investigation.

ɐɟɥɢ ɢ ɡɚɞɚɱɢ
ɗɤɡɨɫɨɦɵ — ɝɪɭɩɩɚ ɜɧɟɤɥɟɬɨɱɧɵɯ ɜɟɡɢɤɭɥ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨ-

ɬɨɪɵɯ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɛɭɪɧɨ-ɪɚɡ-
ɜɢɜɚɸɳɢɯɫɹ ɨɛɥɚɫɬɟɣ ɧɚɭɤɢ. ɗɤɡɨɫɨɦɵ ɨɛɪɚɡɭɸɬɫɹ ɩɭɬɟɦ «ɫɩɟɰɢ-

ɚɥɶɧɨɝɨ» ɩɪɨɰɟɫɫɚ ɢɡ ɦɟɦɛɪɚɧɵ ɷɧɞɨɫɨɦɵ ɢ ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɯ 
ɭɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ: (1) ɦɨɥɟɤɭɥɹɪɧɵɣ ɫɨɫɬɚɜ ɷɤɡɨɫɨɦ ɡɚɜɢɫɢɬ 
ɨɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɥɟɬɨɤ-ɩɪɨɞɭɰɟɧɬɨɜ; (2) ɷɤɡɨɫɨ-

ɦɵ ɫɨɞɟɪɠɚɬ ɡɚɲɢɮɪɨɜɚɧɧɨɟ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɦɨɥɟɤɭɥɚɯ 
«ɫɨɨɛɳɟɧɢɟ», ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɥɟ-
ɬɨɤ-ɪɟɰɢɩɢɟɧɬɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɤɡɨɫɨɦɵ ɹɜɥɹɸɬɫɹ ɰɟɧ-

ɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ 

ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ. 
Ⱥɤɬɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɡɨɫɨɦ ɜɟɞɭɬɫɹ ɛɨɥɟɟ 15 ɥɟɬ, ɬɟɦ ɧɟ 
ɦɟɧɟɟ, ɨɫɬɚɸɬɫɹ ɧɟɪɟɲɟɧɧɵɦɢ ɦɧɨɝɢɟ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɷɤɡɨɫɨɦ, ɦɟɯɚɧɢɡɦɚɦɢ ɜɤɥɸɱɟɧɢɹ ɰɟɥɟɜɵɯ ɦɨɥɟɤɭɥ, 

ɢ ɩɭɬɹɦɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɤɡɨɫɨɦ ɜ ɤɥɟɬɤɢ-ɪɟɰɢɩɢɟɧɬɵ. ɍɫɩɟɲɧɨɟ 
ɪɚɡɜɢɬɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɤɡɨɫɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɷɮɮɟɤɬɢɜ-
ɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ «ɱɢɫɬɵɯ» ɨɛɪɚɡɰɨɜ ɷɤɡɨɫɨɦ ɢɡ ɛɢɨɥɨɝɢ-

ɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɚɡɪɚɛɨɬɤɚ ɛɨɥɟɟ ɫɨɜɟɪ-
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ɲɟɧɧɵɯ ɦɟɬɨɞɨɜ ɜɵɞɟɥɟɧɢɹ ɷɤɡɨɫɨɦ ɜɟɞɟɬɫɹ ɩɨɫɬɨɹɧɧɨ, ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɦ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢ ɞɨɫɬɭɩɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɫɟɝɨɞ-

ɧɹɲɧɢɣ ɞɟɧɶ ɨɫɬɚɟɬɫɹ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚ-
ɧɢɣ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɷɤɡɨɫɨɦ ɢɡ ɤɭɥɶɬɭɪɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ, ɤɪɨɜɢ, ɦɨɱɢ, ɫɥɸɧɵ ɢ ɞɪɭɝɢɯ ɠɢɞɤɨɫɬɟɣ. ɉɨɥɭɱɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ ɨɛɪɚɡɰɵ ɦɧɨɝɢɟ 
ɚɜɬɨɪɵ ɧɚɡɵɜɚɸɬ «ɷɤɡɨɫɨɦɵ», ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɧɢ ɫɨɞɟɪɠɚɬ 
ɢ ɫɬɪɭɤɬɭɪɵ, ɧɟ ɢɦɟɸɳɢɟ ɦɟɦɛɪɚɧɵ. ɇɚɥɢɱɢɟ ɜ ɩɪɟɩɚɪɚɬɚɯ «ɧɟ-
ɷɤɡɨɫɨɦɚɥɶɧɵɯ» ɫɬɪɭɤɬɭɪ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɞɥɹ 
ɤɨɪɪɟɤɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɜ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɞɚɧɧɵɯ. 

ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɹɦɨ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɜɫɟ 
ɤɨɦɩɨɧɟɧɬɵ ɨɛɪɚɡɰɨɜ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɧɚɥɢɱɢɟ ɪɚɡɥɢɱɧɵɯ ɩɪɢ-

ɦɟɫɟɣ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨ-

ɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ 
ɤɪɨɜɢ, ɦɨɱɢ ɢ ɫɥɟɡɧɨɣ ɠɢɞɤɨɫɬɢ ɥɸɞɟɣ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
Ɉɛɪɚɡɰɵ ɫɥɟɡɧɨɣ ɠɢɞɤɨɫɬɢ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ 

ɆɇɌɄ «Ɇɢɤɪɨɯɢɪɭɪɝɢɹ ɝɥɚɡɚ». Ɉɛɪɚɡɰɵ ɩɥɚɡɦɵ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ 
ɥɸɞɟɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɰɟɧɬɪɚɥɶɧɨɣ ɤɥɢɧɢɱɟɫɤɨɣ ɛɨɥɶɧɢɰɵ ɋɈ 

ɊȺɇ, ɚ ɨɛɪɚɡɰɵ ɦɨɱɢ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ — ɢɡ ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɇɂɂ 

ɩɚɬɨɥɨɝɢɢ ɤɪɨɜɨɨɛɪɚɳɟɧɢɹ ɢɦ. ɚɤɚɞ. Ɇɟɲɚɥɤɢɧɚ ȿ. ɇ.

Ɇɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ ɜɤɥɸɱɚɟɬ ɧɢɡɤɨ-
ɫɤɨɪɨɫɬɧɨɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɤɥɟɬɨɱɧɨɝɨ ɞɟɬɪɢ-

ɬɚ, ɮɢɥɶɬɪɚɰɢɸ ɱɟɪɟɡ ɮɢɥɶɬɪ ɫ ɪɚɡɦɟɪɨɦ ɩɨɪ 100 ɧɦ ɞɥɹ ɭɞɚɥɟɧɢɹ 
ɱɚɫɬɢɰ ɤɪɭɩɧɟɟ 100 ɧɦ ɢ ɞɜɭɤɪɚɬɧɨɟ ɭɥɶɬɪɚɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ ɞɥɹ 
ɨɫɚɠɞɟɧɢɹ ɷɤɡɨɫɨɦ. ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɤɨɧɟɱɧɨɣ ɫɬɚɞɢɢ ɨɱɢɫɬɤɢ ɨɛɪɚɡ-
ɰɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɦɟɧɭɸɬɫɹ «ɷɤɡɨɫɨɦɵ». Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɨɤɚɡɚɬɶ 
ɩɪɢɪɨɞɭ ɷɤɡɨɫɨɦ, ɜ ɨɛɪɚɡɰɚɯ ɢɦɦɭɧɨɰɢɬɨɯɢɦɢɱɟɫɤɢ ɜɵɹɜɥɹɥɢ ɪɟɰɟɩ-

ɬɨɪɵ CD63, CD9 ɢ CD24 ɫ ɩɨɦɨɳɶɸ ɦɨɧɨɤɥɨɧɚɥɶɧɵɯ ɚɧɬɢɬɟɥ. Ɉɛ-

ɪɚɡɰɵ «ɷɤɡɨɫɨɦ», ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɧɟɝɚɬɢɜɧɨɝɨ ɤɨɧɬɪɚɫɬɢ-

ɪɨɜɚɧɢɹ, ɢɡɭɱɚɥɢ ɜ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JEM 

1400 (Jeol, Japan) ɫ ɰɢɮɪɨɜɨɣ ɮɨɬɨɤɚɦɟɪɨɣ Veleta (SIS, Germany). 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ
ȼ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɛɵɥɢ ɜɢɡɭɚɥɢɡɢɪɨɜɚɧɵ ɤɨɦɩɨɧɟɧɬɵ 

ɨɛɪɚɡɰɨɜ «ɷɤɡɨɫɨɦ», ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɤɪɨɜɢ, ɦɨɱɢ ɢ ɫɥɟɡɧɨɣ ɠɢɞɤɨɫɬɢ 

ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ ɫ ɪɚɡɥɢɱ-
ɧɵɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ. ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɫɨɞɟɪɠɚɥɢ ɜɟɡɢ-

ɤɭɥɵ ɢ ɤɨɦɩɨɧɟɧɬɵ, ɧɟ ɢɦɟɸɳɢɟ ɦɟɦɛɪɚɧɵ. ȼɟɡɢɤɭɥɵ ɜ ɨɛɪɚɡɰɚɯ 
ɢɦɟɥɢ ɨɤɪɭɝɥɭɸ ɢɥɢ ɱɚɲɟɨɛɪɚɡɧɭɸ ɮɨɪɦɭ, ɧɢɡɤɭɸ ɢɥɢ ɫɪɟɞɧɸɸ 

ɷɥɟɤɬɪɨɧɧɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɪɚɡɦɟɪ 40–100 ɧɦ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɦɨɪ-
ɮɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɚɦ, ɢɯ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɷɤɡɨɫɨɦɚɦ (ɫɦ. ɪɢɫ.). 
ɉɪɢɪɨɞɚ ɷɤɡɨɫɨɦ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫ ɩɨɦɨɳɶɸ ɢɦɦɭɧɨɰɢɬɨɯɢ-

ɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ: ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɧɚɛɥɸɞɚɥɢɫɶ ɜɟɡɢɤɭɥɵ, ɞɟɦɨɧ-

ɫɬɪɢɪɭɸɳɢɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɪɟɚɤɰɢɸ ɫ ɚɧɬɢɬɟɥɚɦɢ ɤ ɛɟɥɤɚɦ CD63, 

CD9 ɢ CD24, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɦɚɪɤɟɪɚɦɢ ɷɤɡɨɫɨɦ.

ȼ ɨɛɪɚɡɰɚɯ «ɷɤɡɨɫɨɦ», ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɩɥɚɡɦɵ ɤɪɨɜɢ, ɩɨɦɢɦɨ ɷɤ-
ɡɨɫɨɦ, ɫɨɞɟɪɠɚɥɢɫɶ ɦɢɤɪɨɱɚɫɬɢɰɵ — ɤɨɦɩɚɤɬɧɵɟ ɚɝɪɟɝɚɬɵ ɛɟɥɤɚ 
ɫ ɱɟɬɤɨɣ ɝɪɚɧɢɰɟɣ, ɪɚɫɩɨɥɚɝɚɸɳɢɟɫɹ ɨɛɵɱɧɨ ɩɨ ɨɞɢɧɨɱɤɟ, ɪɚɡɦɟɪɨɦ 

20–40 ɧɦ (ɫɦ. ɪɢɫ., ɚ), ɢ ɛɟɥɤɢ ɩɥɚɡɦɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɪɵɯ-
ɥɵɟ ɫɤɨɩɥɟɧɢɹ ɨɤɪɭɝɥɵɯ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ 10 ɧɦ. 

ȼ ɨɛɪɚɡɰɚɯ «ɷɤɡɨɫɨɦ», ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɦɨɱɢ, ɩɨɦɢɦɨ ɷɤɡɨɫɨɦ, ɨɛ-

ɧɚɪɭɠɟɧɵ ɱɚɫɬɢɰɵ ɞɟɬɪɢɬɚ ɜ ɜɢɞɟ ɛɟɫɮɨɪɦɟɧɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɱɟɪɜɟ-
ɨɛɪɚɡɧɵɟ ɫɬɪɭɤɬɭɪɵ ɢ ɦɢɤɪɨɱɚɫɬɢɰɵ (ɪɢɫ., ɝ). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɧɟ ɜɫɟ ɜɟɡɢɤɭɥɵ ɜ ɨɛɪɚɡɰɚɯ «ɷɤɡɨɫɨɦ» ɦɨɱɢ ɢɦɟɥɢ ɨɤɪɭɝɥɭɸ ɮɨɪɦɭ, 
ɦɟɦɛɪɚɧɚ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ ɛɵɥɚ ɞɟɮɨɪɦɢɪɨɜɚɧɚ, ɢɡ-ɡɚ ɱɟɝɨ ɜɟɡɢɤɭ-
ɥɵ ɩɪɢɨɛɪɟɬɚɥɢ «ɯɜɨɫɬɚɬɵɣ» ɜɢɞ.

ȼ ɨɛɪɚɡɰɚɯ «ɷɤɡɨɫɨɦ», ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɫɥɟɡɧɨɣ ɠɢɞɤɨɫɬɢ, ɩɨɦɢɦɨ 
ɷɤɡɨɫɨɦ, ɧɚɛɥɸɞɚɥɢɫɶ ɱɚɫɬɢɰɵ ɞɟɬɪɢɬɚ ɢ ɦɢɤɪɨɱɚɫɬɢɰɵ (ɪɢɫ., ɛ–ɜ).
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɭɫɬɚɧɨɜɢɥɨ ɩɪɢɫɭɬɫɬɜɢɟ ɦɢɤɪɨɱɚɫɬɢɰ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛ-

ɪɚɡɰɚɯ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ. ɋɥɟɞɭɟɬ ɩɨɞ-

ɱɟɪɤɧɭɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɦɢɤɪɨɱɚɫɬɢɰ ɜɨ ɜɫɟɯ ɩɪɟɩɚɪɚɬɚɯ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɢ ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɷɤɡɨɫɨɦ. ȼ ɧɟɤɨɬɨɪɵɯ ɨɩɭɛɥɢ-

ɤɨɜɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɨɨɛɳɚɟɬɫɹ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɩɪɟɩɚɪɚɬɚɯ 
ɷɤɡɨɫɨɦ ɦɢɤɪɨɱɚɫɬɢɰ, ɨɞɧɚɤɨ, ɚɜɬɨɪɵ ɧɟ ɭɱɢɬɵɜɚɸɬ ɷɬɨɬ ɮɚɤɬɨɪ 
ɩɪɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɢ ɜɫɟ ɧɚɛɥɸɞɚɟɦɵɟ ɷɮɮɟɤɬɵ ɨɬɧɨɫɹɬ ɧɚ 
ɫɱɟɬ ɷɤɡɨɫɨɦ. 
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ȼɵɞɟɥɢɬɶ ɱɢɫɬɵɟ ɷɤɡɨɫɨɦɵ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ ɫɨɪɛɰɢɸ ɧɚ ɦɚɝ-
ɧɢɬɧɵɯ ɲɚɪɢɤɚɯ, ɧɟɫɭɳɢɯ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɚɧɬɢɬɟɥɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɨɬɞɟɥɟɧɢɟɦ ɷɤɡɨɫɨɦ ɨɬ ɧɨɫɢɬɟɥɟɣ, ɨɞɧɚɤɨ, ɩɪɢɝɨɞɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟ ɨɱɟɜɢɞɧɚ. Ⱦɚɧɧɵɣ ɦɟ-
ɬɨɞ ɬɚɤɠɟ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. 

ɉɪɨɢɫɯɨɠɞɟɧɢɟ ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɢɤɪɨɱɚɫɬɢɰ ɨɫɬɚɸɬɫɹ ɧɟ-
ɹɫɧɵɦɢ ɢ ɬɪɟɛɭɸɬ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɟɫɨɦɧɟɧɧɨ, ɧɚɥɢɱɢɟ 
ɦɢɤɪɨɱɚɫɬɢɰ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɦɨɥɟɤɭɥɹɪɧɨ-ɛɢɨɥɨɝɢ-

ɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɱɢɫɬɨɬɭ 
ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɭɱɢɬɵɜɚɬɶ ɧɚɥɢɱɢɟ 
ɩɪɢɦɟɫɟɣ ɜ ɨɛɪɚɡɰɚɯ ɩɪɢ ɚɧɚɥɢɡɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɦɨ-
ɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ.

Ʉɨɦɩɨɧɟɧɬɵ ɨɛɪɚɡɰɨɜ «ɷɤɡɨɫɨɦ», ɜɵɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɣ ɢɡ: ɚ — ɩɥɚɡɦɵ ɤɪɨɜɢ, ɛ–ɜ — ɫɥɟɡɧɨɣ ɠɢɞɤɨ-

ɫɬɢ, ɝ — ɦɨɱɢ. ɋɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɦɢɤɪɨɱɚɫɬɢɰɵ. Ⱦɥɢɧɚ ɦɚɫɲɬɚɛɧɨɣ 

ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 100 ɧɦ. ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, ɧɟɝɚɬɢɜɧɨɟ 
ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɟ

ɚ ɛ

ɜ ɝ
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ɗɄɋɉɊȿɋɋɂə ȽȿɇɈȼ ɆɈɇɈɊȿɁɂɋɌȿɇɌɇɈɋɌɂ 

ȼ ɉɊɈɐȿɋɋȿ ɇȿɈȺȾɔɘȼȺɇɌɇɈɃ ɏɂɆɂɈɌȿɊȺɉɂɂ 

ɍ ȻɈɅɖɇɕɏ ɇȿɆȿɅɄɈɄɅȿɌɈɑɇɕɆ ɊȺɄɈɆ ɅȿȽɄɈȽɈ

GENES OF MONORESISTANCE EXPRESSION DURING 

NEOADJUVANT CHEMOTHERAPY FOR NON-SMALL CELL 

LUNG CANCER PATIENTS

ɂ. ȼ. Ⱦɟɪɸɲɟɜɚ 1,3, Ɇ. Ɇ. ɐɵɝɚɧɨɜ 1,2, ȿ. Ɉ. Ɋɨɞɢɨɧɨɜ 1, 

Ɇ. Ʉ. ɂɛɪɚɝɢɦɨɜɚ 1,2, ɋ. ȼ. Ɇɢɥɥɟɪ 1, ɇ. ȼ. Ʌɢɬɜɹɤɨɜ 1,2

1 Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɧɚɭɱɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
«Ɍɨɦɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɦɟɞɢɰɢɧɫɤɢɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ»
2 Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ 

ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɇɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ»
3 Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɋɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪ-

ɫɬɜɟɧɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» Ɇɢɧɢɫɬɟɪɫɬɜɚ 
ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ

I. V. Deryusheva 1,3,M. M. Tsyganov 1,2, Е. Ɉ. Rodionov 1, 

M. K. Ibragimova 1,2, S. V. Miller 1, N. V. Litvyakov 1,2

1 Cancer Research Institute, Tomsk NRMC
2 Laboratory of Translational Cell and Molecular Biomedicine, 

Tomsk State University
3 Siberian State Medical University

Ⱥɧɧɨɬɚɰɢɹ
ɉɨ ɞɚɧɧɵɦ ɪɹɞɚ ɚɜɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɯɢɦɢɨɬɟɪɚɩɢɢ ɜ ɧɟɨɚɞɴɸ-

ɜɚɧɬɧɨɦ ɪɟɠɢɦɟ (ɇɏɌ) ɩɪɢ ɧɟɦɟɥɤɨɤɥɟɬɨɱɧɨɦ ɪɚɤɟ ɥɟɝɤɨɝɨ (ɇɆɊɅ) 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. ɉɪɢ ɷɬɨɦ ɦɧɨɝɢɟ ɢɡ ɧɢɯ ɭɤɚɡɵɜɚɸɬ 
ɧɚ ɬɨ, ɱɬɨ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɇɏɌ ɜɥɢɹɸɬ ɨɫɧɨɜɧɵɟ ɤɥɢɧɢɤɨ-ɦɨɪɮɨ-



232 p=ƒąел 3

ɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ; ɝɟɧɟɬɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɪɚɡɥɢɱɧɵɟ ɮɢ-

ɡɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɨɪɝɚɧɢɡɦɚ, ɚ ɬɚɤɠɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢ-

ɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɨɩɭɯɨɥɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɨɧɤɨɝɟɧɚɯ, 
ɝɟɧɚɯ-ɫɭɩɪɟɫɫɨɪɚɯ ɢ ɜ ɩɚɬɬɟɪɧɟ ɷɤɫɩɪɟɫɫɢɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɝɟɧɨɜ 
ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɭɬɟɣ, ɬɪɚɧɫɩɨɪɬɧɵɯ ɝɟɧɨɜ, ɝɟɧɨɜ ɮɟɪɦɟɧɬɧɵɯ ɫɢ-

ɫɬɟɦ ɢ ɬ. ɩ. [Hansen H. H., 2008; Olaussen K. A. et al., 2006]. Ɉɞɧɢɦ ɢɡ 
ɜɚɠɧɵɯ ɩɪɟɩɹɬɫɬɜɢɣ ɤɨɧɜɟɧɰɢɨɧɚɥɶɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɹ ɪɚɤɚ ɥɟɝɤɨɝɨ 
ɹɜɥɹɟɬɫɹ ɩɟɪɫɨɧɚɥɢɡɚɰɢɹ ɯɢɦɢɨɬɟɪɚɩɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɩɚ-
ɰɢɟɧɬɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɬɜɟɬ ɨɩɭɯɨɥɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɩɪɟɩɚɪɚɬɵ ɤɨɪɪɟ-
ɥɢɪɭɟɬ ɫ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɯɢɦɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɏɑ), ɬɚ-
ɤɢɯ ɤɚɤ: RRM1, ERCC1, Top1, Top2α, TYMS ɢ TUBB3 [ɐɵɝɚɧɨɜ ɢ ɞɪ., 
2015]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɰɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚ-
ɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɯɢɦɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɧɟɨɚɞɴɸ-

ɜɚɧɬɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ ɭ ɛɨɥɶɧɵɯ ɧɟɦɟɥɤɨɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ ɥɟɝɤɨɝɨ.

Abstract

According to some authors, the use of chemotherapy in the neo-

adjuvant mode (NAC) for non-small cell lung cancer (NSCLC) is 

promising. However, many of them indicate that the infl uence on 

the effi ciency NHT major clinical and morphological parameters; 

genetic features and a variety of physiological characteristics of 

the organism, as well as molecular genetic characteristics of the 

tumor, associated with changes in oncogenes, suppressor genes 

and expression patterns of many metabolic pathways of genes, 

transport genes, gene enzyme systems, etc. [12]. One of the ma-

jor obstacles to conventional chemotherapy of lung cancer is che-

motherapy personalization for each individual patient. It is known 

that tumor response to drugs specifi c gene expression correlates 

with the level of chemosensitivity (chemically pure), such as RRM1, 

ERCC1, Top1, Top2α, TYMS and TUBB3 [Tsyganov M. M. et al., 

2015]. Thus, the aim of this work was to study gene expression 

chemosensitivity in the neoadjuvant chemotherapy in patients with 

non-small cell lung cancer.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
ȼɫɟɝɨ ɜ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɥɟɱɟɧɢɹ 24 ɩɚ-

ɰɢɟɧɬɨɜ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɤɥɸɱɟɧɵ ɛɨɥɶɧɵɟ ɇɆɊɅ I-IIIA ɫɬɚɞɢɢ, 
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ɰɟɧɬɪɚɥɶɧɨɣ ɢɥɢ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɫ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ 

ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɦ ɞɢɚɝɧɨɡɨɦ. Ȼɨɥɶɧɵɟ ɧɚɯɨɞɢɥɢɫɶ ɧɚ ɥɟɱɟɧɢɢ 

ɜ ɤɥɢɧɢɤɟ Ɍɨɦɫɤɨɝɨ ɇɂɆɐ, ɤɨɬɨɪɵɟ ɜ ɧɟɨɚɞɴɸɜɚɧɬɧɨɦ ɪɟɠɢɦɟ ɩɨ-
ɥɭɱɚɥɢ 2 ɤɭɪɫɚ ɯɢɦɢɨɬɟɪɚɩɢɢ ɩɨ ɫɯɟɦɟ ɜɢɧɨɪɟɥɛɢɧ-ɤɚɪɛɨɩɥɚɬɢɧ. 

ɉɨɫɥɟ ɇɏɌ ɩɚɰɢɟɧɬɚɦ ɩɪɨɜɨɞɢɥɚɫɶ ɨɩɟɪɚɰɢɹ ɜ ɨɛɴɟɦɟ ɩɧɟɜɦɨɧɷɤ-
ɬɨɦɢɢ ɢɥɢ ɥɨɛɷɤɬɨɦɢɢ. Ⱦɚɥɟɟ ɚɞɴɸɜɚɧɬɧɚɹ ɯɢɦɢɨɬɟɪɚɩɢɹ (ȺɏɌ). 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɛɢɨɩɫɢɣ-

ɧɵɟ ɨɩɭɯɨɥɟɜɵɟ ɨɛɪɚɡɰɵ ɧɨɪɦɚɥɶɧɨɣ ɢ ɨɩɭɯɨɥɟɜɨɣ ɬɤɚɧɢ ɥɟɝɤɨ-
ɝɨ ɞɨ ɥɟɱɟɧɢɹ ɢ ɩɨɫɥɟ ɇɏɌ. ɊɇɄ ɜɵɞɟɥɹɥɢ ɢɡ 24 ɩɚɪɧɵɯ ɨɛɪɚɡɰɨɜ 
ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ RNeasy Plus mini Kit (Qiagen, Germany). ɍɪɨɜɟɧɶ 
ɷɤɫɩɪɟɫɫɢɢ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɨɜ ɨɰɟɧɢɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɤɨɥɢɱɟɫɬɜɟɧ-

ɧɨɣ ɨɛɪɚɬɧɨ-ɬɪɚɧɫɤɪɢɩɬɚɡɧɨɣ ɉɐɊ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɧɨɪɦɚɥɶɧɨɣ ɬɤɚɧɢ ɥɟɝɤɢɯ [Litviakov N. V. et al., 2013]. 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɚɤɟɬɚ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ «STATISTICA 8.0». ɋɪɚɜɧɟɧɢɟ ɱɚɫɬɨɬ 
ɩɨ ɤɚɱɟɫɬɜɟɧɧɵɦ ɞɚɧɧɵɦ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯɫɬɨɪɨɧɧɟ-
ɝɨ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɛɟɡɦɟɬɚɫɬɚɬɢɱɟɫɤɨɣ ɢ ɨɛɳɟɣ ɜɵ-

ɠɢɜɚɟɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɪɢɜɵɟ ɜɵɠɢɜɚɟɦɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ 
ɦɟɬɨɞɭ Ʉɚɩɥɚɧɚ-Ɇɚɣɟɪɚ [Kaplan E. L. and Meier P., 1958]. 

Ɋɟɡɭɥɶɬɚɬɵ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ ɝɟɧɨɜ ɏɑ ɫɥɚɛɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɤɥɢɧɢɤɨ-
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɡɚɛɨɥɟɜɚɧɢɹ. ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨ-
ɜɟɪɧɚɹ ɫɜɹɡɶ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɞɥɹ ɝɟɧɚ ɪɟɩɚɪɚɰɢɢ ERCC1. ȼ ɝɪɭɩɩɟ ɩɚ-
ɰɢɟɧɬɨɜ T

1–2
 ɧɚɱɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ T
3–4

 (p = 0,04). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɫɨɤɚɹ ɷɤɫɩɪɟɫɫɢɹ ɝɟɧɚ ERCC1 ɨɩɪɟ-
ɞɟɥɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɩɭɯɨɥɢ ɥɟɝɤɨɝɨ ɤ ɩɪɟɩɚɪɚɬɚɦ ɩɥɚɬɢɧɵ ɢ ɷɬɨ 
ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɯɟɦ ɫ ɩɥɚɬɢ-

ɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɚɰɢɟɧɬɚɦ ɪɚɡɦɟɪɨɦ ɨɩɭɯɨɥɢ Ɍ
3–4

. ɋ ɷɮɮɟɤɬɨɦ 

ɇɏɌ ɫɨɩɪɹɠɟɧ ɬɨɥɶɤɨ ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɵɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ 
RRM1 (0,3457±0,073 ɢ 0,8922 ± 0,247, ɩɪɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɱɚɫɬɢɱ-
ɧɨɣ ɪɟɝɪɟɫɫɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, p = 0,03555. Ⱦɚɥɟɟ ɦɵ ɢɡɭɱɢɥɢ ɫɜɹɡɶ 
ɇɏɌ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɧɚɱɚɥɶɧɵɦ ɭɪɨɜɧɟɦ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɨɜ ɦɨɧɨ-
ɪɟɡɢɫɬɟɧɬɧɨɫɬɢ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɜ 13 ɢɡ 15 ɫɥɭɱɚɟɜ (87 %) ɛɨɥɶɧɵɯ, 
ɭ ɤɨɬɨɪɵɯ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ RRM1 ɦɟɧɶɲɟ 1 ɧɚɛɥɸɞɚɟɬɫɹ ɫɬɚ-
ɛɢɥɢɡɚɰɢɹ ɨɩɭɯɨɥɟɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɬɨɝɞɚ ɤɚɤ ɜ 4 ɢɡ 6 ɫɥɭɱɚɟɜ (67 %) 
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ɩɚɰɢɟɧɬɨɜ ɫ ɭɪɨɜɧɟɦ ɛɨɥɟɟ 1, ɧɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨɲɢɣ ɨɬɜɟɬ ɧɚ ɩɪɨɜɨ-
ɞɢɦɨɟ ɥɟɱɟɧɢɟ (ɪɢɫ. 1). 

p=0,03 p=0,02 

Ɋɢɫ. 1. ɋɜɹɡɶ ɧɚɱɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɯɢɦɢɨɱɭɜɫɬɜɢɬɟɥɶ-
ɧɨɫɬɢ RRM1 ɢ ERCC1 ɫ ɷɮɮɟɤɬɨɦ ɧɟɨɚɞɴɸɜɚɧɬɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ

ɂɧɬɟɪɟɫɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɝɟɧɚ ERCC1, ɨɩɪɟɞɟɥɹ-
ɸɳɟɝɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɩɭɯɨɥɢ ɤ ɩɪɟɩɚɪɚɬɚɦ ɩɥɚɬɢɧɵ ɢ ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɤɚɪɛɨɩɥɚɬɢɧɭ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 93 % ɫɥɭɱɚɟɜ ɭ ɩɚɰɢɟɧ-

ɬɨɜ ɫ ɧɚɥɢɱɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɞɚɧɧɨɝɨ ɝɟɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɥɨɯɨɣ ɨɬɜɟɬ 
ɧɚ ɇɏɌ. ɑɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɪɟɩɚɪɚɰɢɢ 

ȾɇɄ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɟɩɚɪɚɬɚ. 
ɉɪɢ ɷɬɨɦ ɨɰɟɧɤɚ ɩɪɨɝɧɨɫɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɷɤɫ-

ɩɪɟɫɫɢɢ ɝɟɧɨɜ ɯɢɦɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫ-
ɩɪɟɫɫɢɢ ɝɟɧɨɜ TUBB3 ɢ ERCC1 ɫɨɩɪɹɠɟɧɨ ɫ ɛɟɡɪɟɰɢɞɢɜɧɨɣ ɜɵɠɢɜɚ-
ɟɦɨɫɬɶɸ (ɞɥɹ ɝɟɧɚ ERCC1 ɧɚ ɭɪɨɜɧɟ ɜɵɪɚɠɟɧɧɨɣ ɬɟɧɞɟɧɰɢɢ) (ɪɢɫ. 
2, Ⱥ ɢ Ȼ ɞɥɹ ɝɟɧɚ TUBB3 ɢ ERCC1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɛɨɥɶɧɵɯ ɇɆɊɅ. 

ɍɦɟɧɶɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɞɚɧɧɵɯ ɝɟɧɨɜ ɜ ɩɪɨɰɟɫɫɟ ɥɟɱɟɧɢɹ ɚɫɫɨɰɢ-
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ɢɪɨɜɚɧɨ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜɵɠɢɜɚɟɦɨɫɬɢ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɝɪɭɩɩɨɣ ɩɚɰɢɟɧɬɨɜ ɫ ɩɨɜɵɲɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ (log-rank test = 

0,04 ɢ 0,08, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɝɟɧɚ TUBB3 ɢ ERCC1). 

 

  

Ɋɢɫ. 2. Ȼɟɡɪɟɰɢɞɢɜɧɚɹ ɜɵɠɢɜɚɟɦɨɫɬɶ ɛɨɥɶɧɵɯ ɇɆɊɅ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ TUBB3 (Ⱥ) ɢ ERCC1 (Ȼ)

ȼɵɜɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɢɡɭɱɟɧɚ ɷɤɫɩɪɟɫɫɢɹ 
ɝɟɧɨɜ ɯɢɦɢɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɇɏɌ ɭ ɛɨɥɶɧɵɯ ɧɟɦɟɥɤɨ-
ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ ɥɟɝɤɨɝɨ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɤɫɩɪɟɫɫɢɹ ɞɚɧɧɵɯ 
ɝɟɧɨɜ ɫɥɚɛɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɤɥɢɧɢɤɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚ-
ɦɢ. ɗɮɮɟɤɬ ɇɏɌ ɫɨɩɪɹɠɟɧ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɝɟ-
ɧɨɜ RRM1 ɢ ERCC1. Ɉɰɟɧɤɚ ɩɪɨɝɧɨɫɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɢɡɦɟɧɟ-
ɧɢɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 

ɛɟɡɪɟɰɢɞɢɜɧɨɣ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɨɪɪɟɥɢɪɭɟɬ ɭɦɟɧɶɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 

TUBB3 ɢ ERCC1 ɜ ɩɪɨɰɟɫɫɟ ɥɟɱɟɧɢɹ.
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ɂɇȽɂȻɂɌɈɊɕ ȾȿȺɐȿɌɂɅȺɁ ȽɂɋɌɈɇɈȼ 

əȼɅəɘɌɋə ɋɅȺȻɕɆɂ ȺɄɌɂȼȺɌɈɊȺɆɂ ɗɄɋɉɊȿɋɋɂɂ 

ȽȿɇȺ FMR1 ȼ ɄɍɅɖɌɍɊȺɏ ɄɅȿɌɈɄ ɉȺɐɂȿɇɌɈȼ 

ɋ ɋɂɇȾɊɈɆɈɆ ɅɈɆɄɈɃ ɏ-ɏɊɈɆɈɋɈɆɕ *

INHIBITORS OF HISTONE DEACETYLASES 

ARE WEAK ACTIVATORS OF FMR1 GENE 

IN FRAGILE X SYNDROME CELL LINES

Ⱥ. Ⱥ. Ⱦɨɥɶɫɤɢɣ 1, ȼ. Ɉ. ɉɭɫɬɵɥɶɧɹɤ 3, 

Ⱥ. Ⱥ. əɪɭɲɤɢɧ 3, ɇ. Ⱥ. Ʌɟɦɫɤɚɹ 2, Ⱦ. ȼ. ɘɞɤɢɧ 2
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Abstract

This work is devoted to research the ability of romidepsin and vori-

nostat (histone deacetylase inhibitors) to reactivate the FMR1 gene 

in B-lymphocytes cell lines of patients with fragile X syndrome.

Fragile X syndrome is the most common cause of inherited mental 

retardation disease. The syndrome is characterized by the lack of FMRP protein 

involved in neuronal development. The absence of this protein is associated 

with inhibition of FMR1 expression which caused by expansion of trinucleotide 

repeat CGG (over then 200 units) in the 5’UTR of FMR1 gene, methylation of 

CpG islands in promoter region and a N-deacetylation of H3 and H4 histones. 

Currently, there are no methods for the syndrome treatment, but some drugs 

such as folic acid, minocycline, and valproic acid are used to insignifi cantly 

increase attentiveness and learning ability, and to lower patient’s hyperactivity. 

However, these substances do not restore function of FMR1 gene. Therefore, 

an urgent task is the development of methods for Fragile X syndrome 

treatment. Currently, several laboratories are developing methods of restoring 

FMR1 gene expression. It was shown that 5-azadeoxycytidine (inhibitor of 

DNA methyltransferase), 4-phenylbutirate (inhibitor of histone deacetylase) 

are reactivating FMR1 gene expression. Nevertheless, these chemicals cannot 

be used in clinical practice because of their high cytotoxicity. At the same 

time, inhibitors of histone deacetylase such as romidepsin and vorinostat are 

approved by US Food and Drug Administration for the treatment of cancer in 

clinical practice. In this regard, a special interest is a study of these drugs on 

the ability to restore the expression of the FMR1 gene.

Results

Romidepsin not reactivate FMR1 gene. Effect of vorinostat is insignifi cant 

and comparable to the effect a known reactivator — trichostatin A.

Activating of FMR1 gene by vorinostat and absence of activation 

after romidepsin treatment indirectly points that class II of HDACs but 

not class I plays role in FMR1 promoter heterochromatinization in FXS 

patients cell line GM04025.

Cell line CPG7 shown differences with cell line GM04025 in response 

to treatment with activators. It leads us to thought that mechanism of 
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FMR1 gene inactivation is more complicated than thought before; at least 

it can be different in different patient’s cell lines.

Obtained data indicate that acetylation and deacetylation of histones is 

not a key factor of FMR1 regulation of gene expression, whereas a change 

in methylation of CpG island in promoter region has a signifi cant effect on 

FMR1 gene expression.
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Ⱥɧɧɨɬɚɰɢɹ
ɍɛɢɤɜɢɬɢɧ-ɤɨɧɴɸɝɢɪɭɸɳɢɣ ɮɟɪɦɟɧɬ UBE2N ɜ ɫɨɫɬɚɜɟ ɝɟɬɟ-

ɪɨɞɢɦɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ ɚɞɚɩɬɟɪɧɵɦ ɛɟɥɤɨɦ UEV1 ɤɚɬɚɥɢɡɢɪɭɟɬ 
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ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɭɥɶɬɢɭɛɢɤɜɢɬɢɧɨɜɵɯ ɰɟɩɟɣ, ɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɯ ɩɨ 
ɨɫɬɚɬɤɚɦ ɥɢɡɢɧɚ-63, ɜɵɩɨɥɧɹɸɳɢɯ ɪɟɝɭɥɹɬɨɪɧɭɸ ɮɭɧɤɰɢɸ. ȼ ɞɚɧ-

ɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɚ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɭɛɢɤɜɢɬɢɧ-

ɤɨɧɴɸɝɢɪɭɸɳɟɝɨ ɮɟɪɦɟɧɬɚ UBE2N ɦɟɬɢɥɝɢɨɤɫɚɥɟɦ (ɆȽ), ɹɜɥɹɸ-

ɳɢɦɫɹ ɷɧɞɨɝɟɧɧɵɦ ɦɟɬɚɛɨɥɢɬɨɦ ɫ ɜɵɪɚɠɟɧɧɨɣ ɝɥɢɤɢɪɭɸɳɟɣ ɫɩɨ-
ɫɨɛɧɨɫɬɶɸ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɪɟɡɭɥɶɬɚɬɵ ɭɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɥɢɤɢɪɨɜɚɧɢɹ ɧɚ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɢɦ ɦɟɯɚɧɢɡɦɨɦ ɧɚɪɭɲɟɧɢɣ UBE2N-

ɨɩɨɫɪɟɞɨɜɚɧɧɨɝɨ ɭɛɢɤɜɢɬɢɥɢɪɨɜɚɧɢɹ. 

Abstract

The ubiquitin-conjugating enzyme UBE2N as part of the heterodi-

mer complex with the adapter protein UEV1 catalyzes the forma-

tion of multi-ubiquitin chains, polymerized by lysine-63 residues, 

performing a regulatory function. In this study, we investigated the 

non-enzymatic modifi cation of the ubiquitin-conjugating enzyme 

UBE2N by methyglyoxal (MG). MG is an endogenous metabolite 

with high glycation ability. The results obtained in the course indi-

cate the effect of non-enzymatic glycation on protein-protein inter-

actions is the leading mechanism of violations UBE2N-mediated 

ubiquitylation.

ɍɛɢɤɜɢɬɢɥɢɪɨɜɚɧɢɟ — ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ 

ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɨɪɝɚɧɢɡɨɜɚɧɧɨɣ ɦɭɥɶɬɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɨɣ, ɫɨ-
ɫɬɨɹɳɟɣ ɢɡ ɭɛɢɤɜɢɬɢɧ-ɚɤɬɢɜɢɪɭɸɳɢɟɝɨ ɮɟɪɦɟɧɬɚ ȿ1, ɭɛɢɤɜɢɬɢɧ-

ɤɨɧɴɸɝɢɪɭɸɳɟɝɨ ɮɟɪɦɟɧɬɚ ȿ2 ɢ ɭɛɢɤɜɢɬɢɧ-ɩɪɨɬɟɢɧ ɥɢɝɚɡɵ ȿ3, 

ɤɚɬɚɥɢɡɢɪɭɸɳɢɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɦɨɥɟɤɭɥɵ ɭɛɢɤɜɢɬɢɧɚ ɤ ɫɭɛɫɬɪɚɬɭ. 
Ȼɟɥɨɤ UBE2N — ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɤɥɚɫɫɚ ɭɛɢɤɜɢɬɢɧ-ɤɨɧɴɸɝɢɪɭɸɳɢɯ 
ɮɟɪɦɟɧɬɨɜ ȿ2. ȿɝɨ ɯɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢ ɝɟɬɟɪɨɞɢɦɟɪɢɡɨɜɚɬɶɫɹ ɫ ɚɞɚɩɬɟɪɧɵɦ ɛɟɥɤɨɦ 

UEV1 (ubiquitin conjugating enzyme variant 1, UBE2V1). Ʉɨɦɩɥɟɤɫ 
UBE2N-UEV1 ɤɚɬɚɥɢɡɢɪɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɭɥɶɬɢɭɛɢɤɜɢɬɢɧɨɜɵɯ 
ɰɟɩɟɣ, ɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɯ ɩɨ ɜɧɭɬɪɟɧɧɢɦ ɨɫɬɚɬɤɚɦ ɥɢɡɢɧɚ-63 ɜ ɦɨ-
ɥɟɤɭɥɟ ɭɛɢɤɜɢɬɢɧɚ (Hofmann, Pickart, 2001). Ⱦɚɧɧɵɣ ɬɢɩ ɦɭɥɶɬɢɭ-
ɛɢɤɜɢɬɢɧɨɜɵɯ ɰɟɩɟɣ ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɹɰɢɢ ɛɨɥɶɲɨɝɨ 
ɱɢɫɥɚ ɩɭɬɟɣ ɤɥɟɬɨɱɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ.
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Ɇɟɬɢɥɝɥɢɨɤɫɚɥɶ (ɆȽ) — ɷɧɞɨɝɟɧɧɵɣ ɦɟɬɚɛɨɥɢɬ, ɩɨɛɨɱɧɵɣ ɩɪɨ-
ɞɭɤɬ ɚɧɚɷɪɨɛɧɨɝɨ ɝɥɢɤɨɥɢɡɚ ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɩɪɨɰɟɫɫɨɜ (Rabbani, 

Thornalley, 2014). ɆȽ ɨɬɧɨɫɢɬɫɹ ɤ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɯ ɝɥɢ-

ɤɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɢ ɥɟɝɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɛɟɥɤɚɦɢ ɫ ɨɛɪɚɡɨɜɚ-
ɧɢɟɦ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɞɞɭɤɬɨɜ ɚɦɢɧɨɤɢɫɥɨɬ: ɤɚɪɛɨɤɫɢɷɬɢɥ-ɥɢɡɢɧɚ 
(Carboxyethyl-lysine) ɜ ɪɟɚɤɰɢɢ ɫ ɨɫɬɚɬɤɚɦɢ ɥɢɡɢɧɚ ɢ ɝɢɞɪɨɢɦɢ-

ɞɨɡɚɥɨɧɨɜ (Nδ-(5-hydro-5-methyl-4-imidazolon-2-yl)-ornithin, MG-

H1 ɢ Dihydroxyimidazolidine) ɢ ɚɪɝɩɢɪɢɦɢɞɢɧɚ ɜ ɪɟɚɤɰɢɢ ɫ ɨɫɬɚɬɤɚ-
ɦɢ ɚɪɝɢɧɢɧɚ. ɆȽ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɜɟɞɭɳɢɣ ɮɚɤɬɨɪ ɜ ɪɚɡɜɢɬɢɢ 

ɬɚɤɢɯ ɩɚɬɨɥɨɝɢɣ, ɤɚɤ ɫɚɯɚɪɧɵɣ ɞɢɚɛɟɬ ɢ ɯɪɨɧɢɱɟɫɤɚɹ ɩɨɱɟɱɧɚɹ ɧɟɞɨ-
ɫɬɚɬɨɱɧɨɫɬɶ
ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɡɚɤɥɸɱɟɧɢɟ ɨ ɮɭɧɤɰɢɨɧɚɥɶ-

ɧɨɣ ɪɨɥɢ ɝɥɢɤɢɪɨɜɚɧɢɹ ɞɟɥɚɟɬɫɹ ɥɢɲɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɚɦɨɝɨ ɮɚɤ-
ɬɚ ɦɨɞɢɮɢɤɚɰɢɢ, ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. 
ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɚɠɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɆȽ-ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɧɚɪɭɲɟɧɢɣ ɫɜɨɣɫɬɜ 
ɛɟɥɤɨɜ. ɇɚɫɬɨɹɳɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɜɢɥɨ ɫɜɨɟɣ ɰɟɥɶɸ ɜɵɹɜɢɬɶ ɦɨɥɟ-
ɤɭɥɹɪɧɵɣ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ ɆȽ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ UBE2N ɫɢɧɬɟɡɢɪɨ-
ɜɚɬɶ ɫɜɨɛɨɞɧɵɟ ɦɭɥɶɬɢɭɛɢɤɜɢɬɢɧɨɜɵɟ ɰɟɩɢ, ɚɭɬɨɭɛɢɤɜɢɬɢɥɢɪɨɜɚɬɶ-
ɫɹ ɢ ɮɨɪɦɢɪɨɜɚɬɶ ɝɟɬɟɪɨɞɢɦɟɪ ɫ ɛɟɥɤɨɦ UEV1.

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɭɛɢɤɜɢɬɢɥɢɪɭɸɳɚɹ ɫɢɫɬɟ-
ɦɚ in vitro, ɩɪɨɜɟɞɟɧɚ ɢɧɤɭɛɚɰɢɹ UBE2N ɫ ɆȽ. ɉɨɥɭɱɟɧɧɵɟ ɬɚɤɢɦ 

ɫɩɨɫɨɛɨɦ ɩɪɨɛɵ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɛɟɥɤɨɜ 
ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ ɢ ɢɦɦɭɧɨ-ɛɥɨɬɬɢɧɝɚ. Ɍɚɤɠɟ ɛɵɥ ɩɪɢɦɟɧɟɧ 

ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɥɢɝɚɧɞɚ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ ɱɢɩɚ ɋɆ5 ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɬɨɞɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɡɦɨɧɧɨɝɨ ɪɟɡɨɧɚɧɫɚ.
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ in vitro ɛɵɥɚ ɜɵɛɪɚɧɚ ɭɛɢɤɜɢ-

ɬɢɧ-ɤɨɧɴɸɝɢɪɭɸɳɚɹ ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɛɟɥɤɨɜ 
UBE2N (Ubc13) ɢ UEV1. UBE2N ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɚɞɚɩɬɟɪɧɵɦ ɛɟɥɤɨɦ 

UEV1 ɤɚɬɚɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɸ ɫɢɧɬɟɡɚ ɦɭɥɶɬɢɭɛɢɤɜɢɬɢɧɨɜɵɯ ɰɟɩɟɣ, 

ɱɬɨ ɱɟɬɤɨ ɧɚɛɥɸɞɚɥɨɫɶ ɧɚ ɢɦɦɭɧɨɛɥɨɬɬɢɧɝɟ ɫ ɚɧɬɢUBE2N ɢ ɚɧɬɢ-

ɭɛɢɤɜɢɬɢɧɨɜɵɦɢ ɚɧɬɢɬɟɥɚɦɢ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɆȽ, ɜɡɹɬɚɹ ɞɥɹ ɢɧɤɭ-
ɛɚɰɢɢ ɫ UBE2N ɫɨɫɬɚɜɢɥɚ 5mM. ɂɦɦɭɧɨɛɥɨɬɬɢɧɝ ɫ ɚɧɬɢUBE2N 

ɚɧɬɢɬɟɥɚɦɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟɧɢɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪ-
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ɧɵɯ ɚɝɪɟɝɚɬɨɜ ɛɟɥɤɚ UBE2N ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɦɨɧɨɦɟɪɧɨɣ ɢ ɞɢɦɟɪ-
ɧɨɣ ɮɨɪɦɚɦ, ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɢɧɬɚɤɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. ɉɨ-ɜɢɞɢɦɨɦɭ, 
ɷɬɨ ɪɟɡɭɥɶɬɚɬ ɨɛɪɚɡɨɜɚɧɢɹ ɆȽ-ɨɩɨɫɪɟɞɨɜɚɧɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɫɲɢɜɨɤ. 
ȼ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧɵ ɩɪɢɦɟɪɵ ɆȽ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɞɢɦɟɪɢɡɚɰɢɢ 

ɛɟɥɤɨɜ: ɦɟɬɢɥɝɥɢɨɤɫɚɥɶ-ɥɢɡɢɧɨɜɵɟ ɞɢɦɟɪɵ (MOLD, methylglyoxal 

lysine dimer) ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɨɫɬɚɬɤɚɦɢ ɥɢ-

ɡɢɧɚ ɢ ɚɪɝɢɧɢɧɚ (MODIC, methylglyoxal derived imidazolone crosslink) 

(Ahmed, Thornalley, 2007).

ɂɧɤɭɛɚɰɢɹ ɫ ɆȽ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 5 ɦɆ ɜ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹ-
ɟɬ ɧɚ ɨɛɚ ɬɢɩɚ UBE2N-ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɂɦɦɭɧɨɛɥɨɬɬɢɧɝ 
ɫ ɚɧɬɢUBE2N ɢ ɚɧɬɢ-ɭɛɢɤɜɢɬɢɧɨɜɵɦɢ ɚɧɬɢɬɟɥɚɦɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɪɟɚɤ-
ɰɢɹ ɫɢɧɬɟɡɚ ɦɭɥɶɬɢ-ɭɛɢɤɜɢɬɢɧɨɜɵɯ ɰɟɩɟɣ, ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɝɟɬɟɪɨɞɢ-

ɦɟɪɨɦ UBE2N- UEV1, ɩɨɥɧɨɫɬɶɸ ɩɨɞɚɜɥɹɟɬɫɹ. ɉɪɢ ɷɬɨɦ, ɜ ɬɟɯ ɠɟ ɭɫ-
ɥɨɜɢɹɯ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɹ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪ-
ɦɟɧɬɚ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɢɥɢ ɧɚɦ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɚɠɧɨɣ ɦɢ-

ɲɟɧɶɸ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɆȽ ɧɚ ɚɤɬɢɜɧɨɫɬɶ UBE2N ɹɜɥɹɸɬɫɹ 
ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɞɚɩɬɟɪɧɵɦ ɛɟɥɤɨɦ 

UEV1. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ 
ɢɡɭɱɟɧɢɸ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɟɪɨɞɢɦɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ UBE2N-

UEV1 ɦɟɬɨɞɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɥɚɡɦɨɧɧɨɝɨ ɪɟɡɨɧɚɧɫɚ. ɍɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɢɧɤɭɛɚɰɢɹ ɫ ɆȽ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 5 ɦɆ ɜɵɡɵɜɚɟɬ ɫɧɢɠɟɧɢɟ ɚɮɮɢɧ-

ɧɨɫɬɢ ɫɭɛɴɟɞɢɧɢɰ ɝɟɬɟɪɨɞɢɦɟɪɚ UBE2N-UEV1 ɜ 2 ɪɚɡɚ.
Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɩɪɢɪɨɞɵ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɧɚɦɢ ɩɪɨɜɟɞɟɧɨ ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ (ɀɏ-Ɇɋ/Ɇɋ) ɤɚɪɬɢɪɨɜɚɧɢɟ ɛɟɥɤɚ UBE2N, ɦɨɞ-

ɮɢɰɢɪɨɜɚɧɧɨɝɨ ɆȽ. ɉɨɤɪɵɬɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɀɏ-Ɇɋ/Ɇɋ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫɨɫɬɚɜɢɥɨ 72 % (ɬ. ɟ. 114 ɚɦɢɧɨɤɢɫɥɨɬ 
ɢɡ 157, ɧɟɞɨɫɬɭɩɧɵ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨ 2 ɨɫɬɚɬɤɚ ɥɢɡɢɧɚ ɢ ɚɪɝɢɧɢɧɚ). 
ɂɧɤɭɛɚɰɢɹ ɫ 5 ɦɆ ɆȽ ɜɵɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɨɢɦɢɞɨɡɨɥɨɧɨ-
ɜɵɯ ɚɞɞɭɤɬɨɜ (MG-H1) ɨɫɬɚɬɤɨɜ ɚɪɝɢɧɢɧɚ R14, R33, R70, R85, R141, 

R145 ɢ ɤɚɪɛɨɤɫɢɷɬɢɥ-ɥɢɡɢɧɨɜɵɯ ɞɟɪɢɜɚɬɨɜ K24, K53, K68.

 ɉɨ ɞɚɧɧɵɦ ɛɚɡɵ ɞɚɧɧɵɯ 3D ɫɬɪɭɤɬɭɪ PDB (pdb id 2c2v), ɱɚɫɬɶ 
ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɆȽ-ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 
ɛɨɤɨɜɵɟ ɰɟɩɢ, ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɨɛɥɚɫɬɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɛɟɥɨɤ-
ɛɟɥɤɨɜɵɯ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ UBE2N ɢ UEV1. Ȼɨɥɟɟ ɬɨɝɨ, ɨɫɬɚɬɤɢ 

R70 ɢ R85 ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, 
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ɚ ɨɫɬɚɤɢ R85 ɢ K74 — ɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ (salt 

bridges), ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɝɟɬɟɪɨɞɢɦɟɪ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɆȽ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 5ɦɆ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧ-

ɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɭɧɤɰɢɢ ɛɟɥɤɚ UBE2N. ɋɬɪɭɤɬɭɪɧɵɟ ɢɡ-
ɦɟɧɟɧɢɹ ɜɤɥɸɱɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɆȽ-ɡɚɜɢɫɢɦɭɸ ɦɨɞɢɮɢɤɚɰɢɸ 

ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ. ɇɚ ɭɪɨɜɧɟ ɦɨɧɨɦɟɪɨɜ ɮɟɪɦɟɧɬɚ ɷɬɨ ɜɵɪɚɠɚ-
ɟɬɫɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɚɞɞɭɤɬɨɜ ɚɪɝɢɧɢɧɚ ɢ ɥɢɡɢɧɚ — ɝɢɞɪɨɢɦɢɞɚɡɨɥɨ-
ɧɚ ɢ ɤɚɪɛɨɤɫɢɷɬɢɥ-ɥɢɡɢɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɪɨɦɟ ɬɨɝɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɆȽ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 
ɛɟɥɤɨɜɵɯ ɚɝɪɟɝɚɬɨɜ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ «ɩɨɩɟɪɟɱɧɵɟ ɫɲɢɜɤɢ» 

ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦ ɩɨɥɢɩɟɩɬɢɞɚɦɢ UBE2N ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɨɛ-
ɪɚɡɨɜɚɧɢɹ ɦɟɬɢɥɝɥɢɨɤɫɚɥɶ-ɥɢɡɢɧɨɜɵɯ ɞɢɦɟɪɨɜ (MOLD, methylglyoxal 

lysine dimer) ɢ/ɢɥɢ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɨɫɬɚɬɤɚɦɢ ɥɢɡɢɧɚ ɢ ɚɪ-
ɝɢɧɢɧɚ (MODIC, methylglyoxal derived imidazolone crosslink). ɋɥɟɞ-
ɫɬɜɢɟɦ ɫɬɪɭɤɬɭɪɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɛɟɥɤɚ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɧɚɪɭɲɟɧɢɹ UBE2N-ɨɩɨɫɪɟɞɨɜɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚ, ɜɵɪɚɠɚɸɳɢɟɫɹ ɜ ɩɨ-
ɞɚɜɥɟɧɢɢ ɫɢɧɬɟɡɚ ɦɭɥɶɬɢɭɛɢɤɜɢɬɢɧɨɜɵɯ ɰɟɩɟɣ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ ɝɟ-
ɬɟɪɨɞɢɦɟɪɨɦ UBE2N-UEV1. ɉɪɢ ɷɬɨɦ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 
UBE2N ɩɪɢ ɷɬɨɦ ɩɨɥɧɨɫɬɶɸ ɫɨɯɪɚɧɹɟɬɫɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɡɭɥɶɬɚɬɨɦ 

ɆȽ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɛɟɥɤɚ UBE2N ɹɜɥɹɟɬɫɹ ɛɥɨɤɢɪɨɜɚ-
ɧɢɟ ɟɝɨ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɞɚɩɬɟɪɧɵɦ ɛɟɥɤɨɦ UEV1. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ, 
ɱɬɨ ɧɚɪɭɲɟɧɢɟ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɹɜɥɹɟɬɫɹ ɩɟɪɜɢɱɧɨɣ 

(ɪɚɧɧɟɣ) ɫɬɚɞɢɟɣ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɦɟɬɢɥɝɥɢɨɤɫɚɥɹ. ɗɬɢ 

ɧɚɪɭɲɟɧɢɹ ɦɨɝɭɬ ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɢɧɵɦ, ɨɩɢɫɚɧɧɵɦ ɜ ɥɢɬɟɪɚɬɭɪɟ, 
ɆȽ-ɨɩɨɫɪɟɞɨɜɚɧɧɵɦ ɦɟɯɚɧɢɡɦɚɦ ɦɨɞɢɮɢɤɚɰɢɢ ɫɜɨɣɫɬɜ ɛɟɥɤɨɜ.
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Ⱥɧɧɨɬɚɰɢɹ
ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟ-

ɧɢɹ ɝɪɢɩɩɚ ɹɜɥɹɟɬɫɹ ɜɚɤɰɢɧɚɰɢɹ. Ɉɫɧɨɜɧɵɦɢ ɚɧɬɢɝɟɧɧɵɦɢ ɛɟɥɤɚɦɢ 

ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɹɜɥɹɸɬɫɹ ɝɟɦɚɝɝɥɸɬɢɧɢɧ ɢ ɧɟɣɪɚɦɢɧɢɞɚɡɚ, ɨɞɧɚɤɨ ɢɯ 
ɜɵɫɨɤɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫɨɡɞɚɜɚɬɶ ɷɮɮɟɤ-
ɬɢɜɧɵɟ ɜɚɤɰɢɧɵ ɫɪɚɡɭ ɩɪɨɬɢɜ ɧɟɫɤɨɥɶɤɢɯ ɜɢɪɭɫɧɵɯ ɲɬɚɦɦɨɜ. ɂɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɞɨɦɟɧɚ Ɇ2 ɛɟɥɤɚ (Ɇ2ɟ), ɜɵɫɨɤɨ ɤɨɧɫɟɪ-
ɜɚɬɢɜɧɨɝɨ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ, ɤɚɤ ɱɟɥɨɜɟɤɚ, ɬɚɤ 
ɢ ɠɢɜɨɬɧɵɯ, ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ «ɭɧɢɜɟɪɫɚɥɶɧɭɸ» ɪɟɤɨɦɛɢɧɚɧɬɧɭɸ 

ɜɚɤɰɢɧɭ. 
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Abstract

Vaccination is the most effective way to prevent from the spread 

of the fl u. Hemagglutinin and neuraminidase are the major an-

tigenic proteins of the infl uenza virus. However, because of 

their high variability it’s impossible to create effective vaccines 

against several viral strains. The use of the extracellular domain 

of M2 protein (Ɇ2е) gives an opportunity to create a universal 

recombinant vaccine. The linkers are important to use while 

constructing chimeric molecules in order to give them desired 

properties. The purpose of our work is the study of the effect of 

peptide helical linker on the ability to form nanosized particles 

during the construction of the recombinant proteins based on the 

M2e peptide of infl uenza virus.

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɞɨɦɟɧɚ Ɇ2 ɛɟɥɤɚ (Ɇ2ɟ), ɜɵɫɨɤɨ 
ɤɨɧɫɟɪɜɚɬɢɜɧɨɝɨ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ, ɤɚɤ ɱɟɥɨɜɟ-
ɤɚ, ɬɚɤ ɢ ɠɢɜɨɬɧɵɯ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ «ɭɧɢɜɟɪɫɚɥɶɧɨɣ» 

ɝɪɢɩɩɨɡɧɨɣ ɜɚɤɰɢɧɵ ɧɚ ɨɫɧɨɜɟ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ. Ʌɢɧɤɟɪɵ 

ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɯɢɦɟɪɧɵɯ 
ɦɨɥɟɤɭɥ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɢɞɚɬɶ ɢɦ ɠɟɥɚɟɦɵɟ ɫɜɨɣɫɬɜɚ. ɋɩɢɪɚɥɶɧɵɟ 
ɥɢɧɤɟɪɵ ɦɨɝɭɬ ɢɝɪɚɬɶ ɪɨɥɶ ɠɟɫɬɤɨɝɨ ɧɟɝɢɛɤɨɝɨ ɪɚɡɞɟɥɢɬɟɥɹ ɞɨɦɟɧɨɜ 
ɛɟɥɤɨɜ, ɫɩɨɫɨɛɫɬɜɭɹ ɢɯ ɧɟɡɚɜɢɫɢɦɨɦɭ ɮɨɥɞɢɧɝɭ, ɢ ɦɨɝɭɬ ɭɦɟɧɶɲɚɬɶ 
ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ. 

ɐɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɟɩɬɢɞɧɵɯ ɫɩɢɪɚɥɶ-
ɧɵɯ ɥɢɧɤɟɪɨɜ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɨɜɵɜɚɬɶ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ 

ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɧɚ ɨɫɧɨɜɟ M2e ɩɟɩɬɢ-

ɞɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɱɟɥɨɜɟɤɚ.
ȼɫɟ ɦɚɧɢɩɭɥɹɰɢɢ ɫ ȾɇɄ — ɤɥɨɧɢɪɨɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɜ ɩɥɚɡɦɢɞɧɵɟ ɜɟɤɬɨɪɵ, ɪɟɫɬɪɢɤɰɢɹ, ɥɢɝɢɪɨɜɚɧɢɟ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ, 
ɢ ɬ. ɩ., ɚ ɬɚɤɠɟ ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɤɥɟɬɨɤ E. coli ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ 
ɨɛɳɟɩɪɢɧɹɬɵɦ ɦɟɬɨɞɢɤɚɦ. Ⱦɥɹ ɷɤɫɩɪɟɫɫɢɢ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥ-
ɤɨɜ ɜ ɤɥɟɬɤɚɯ E.coli ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɟɤɬɨɪɵ pQE30 ɢ pQE60 (Qiagen). 

Ɉɱɢɫɬɤɭ ɛɟɥɤɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ Ni-NTA-ɫɢɥɢɤɚɝɟɥɟ (Promega). ɉɨ-
ɥɭɱɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɧɚ-
ɬɢɜɧɵɯ ɢ ɞɟɧɚɬɭɪɢɪɭɸɳɢɯ ɭɫɥɨɜɢɹɯ ɢ ɫ ɩɨɦɨɳɶɸ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ 

ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ.
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Ȼɵɥɢ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɝɟɧɵ, ɤɨɞɢɪɭɸɳɢɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ 
ɛɟɥɤɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɥɢ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɢɧɬɟɡɟ ɱɟɬɵɪɟɯ ɢ ɜɨɫɶ-
ɦɢ ɩɨɜɬɨɪɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ Ɇ2ɟ ɩɟɩɬɢɞɚ «ɱɟɥɨɜɟɱɟɫɤɨɝɨ» 

ɜɢɪɭɫɚ ɝɪɢɩɩɚ A ɜ ɫɨɱɟɬɚɧɢɢ ɫɨ ɫɩɢɪɚɥɶ-ɨɛɪɚɡɭɸɳɢɦɢ ɥɢɧɤɟɪɚɦɢ 

ɢ ɝɢɫɬɢɞɢɧɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɧɚ N-ɤɨɧɰɟ, ɫɨɟɞɢɧɟɧɧɨɣ 

ɫ ɨɫɬɚɥɶɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɱɟɪɟɡ ɝɥɢɰɢɧɨɜɵɣ ɥɢɧɤɟɪ, ɱɬɨ 
ɨɛɥɟɝɱɚɥɨ ɫɜɹɡɵɜɚɧɢɟ ɫ ɧɢɤɟɥɟɜɵɦ ɫɨɪɛɟɧɬɨɦ ɩɪɢ ɨɱɢɫɬɤɟ. ɗɬɢ 

ɝɢɛɪɢɞɧɵɟ ɛɟɥɤɢ ɛɵɥɢ ɷɤɫɩɪɟɫɫɢɪɨɜɚɧɵ ɜ ɤɥɟɬɤɚɯ E.coli. ɢ ɜɵ-

ɹɜɥɹɥɢɫɶ ɜ ɪɚɫɬɜɨɪɢɦɨɣ ɮɪɚɤɰɢɢ ɩɨɫɥɟ ɥɢɡɢɫɚ ɤɥɟɬɨɤ ɫ ɩɨɦɨɳɶɸ 

ɨɛɪɚɛɨɬɤɢ ɥɢɡɨɰɢɦɨɦ, ɡɚɦɨɪɚɠɢɜɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ ɢ ɭɥɶɬɪɚɡɜɭɤɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. ɇɚɥɢɱɢɟ 6-ɬɢ ɝɢɫɬɢɞɢɧɨɜ ɢ ɝɢɛɤɨɝɨ ɝɥɢɰɢɧɨɜɨ-

ɝɨ ɥɢɧɤɟɪɚ ɧɚ N –ɤɨɧɰɟ ɩɨɡɜɨɥɢɥɨ ɛɵɫɬɪɨ ɨɱɢɫɬɢɬɶ ɪɟɤɨɦɛɢɧɚɧɬ-
ɧɵɟ ɛɟɥɤɢ ɢɡ ɤɥɟɬɨɱɧɨɝɨ ɥɢɡɚɬɚ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɚɥɥ-ɚɮɮɢɧɧɭɸ ɯɪɨ-

ɦɚɬɨɝɪɚɮɢɸ. Ɉɤɚɡɚɥɨɫɶ ɬɚɤɠɟ, ɱɬɨ ɧɚɥɢɱɢɟ ɫɩɢɪɚɥɶɧɵɯ ɥɢɧɤɟɪɨɜ 
ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɨɬ Ɇ2ɟ ɩɨɜɬɨɪɨɜ ɨɛɟɫɩɟɱɢɜɚɥɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɛɟɥɤɚ 
ɤ ɩɪɨɬɟɨɥɢɡɭ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɟ ɛɟɥɤɢ ɛɵɥɢ ɫɩɨɫɨɛɧɵ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɱɚɫɬɢɰɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɢɱɢɹ ɫɩɢɪɚɥɶɧɵɯ ɥɢɧ-

ɤɟɪɨɜ ɧɚ N- ɢ C- ɤɨɧɰɚɯ ɦɨɥɟɤɭɥɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɧɚɯɨɠɞɟ-
ɧɢɟɦ ɫɩɢɪɚɥɶɧɨɝɨ ɥɢɧɤɟɪɚ ɧɚ ɨɞɧɨɦ ɢɥɢ ɨɛɨɢɯ ɤɨɧɰɚɯ ɦɨɥɟɤɭɥɵ 

ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ ɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɨɜɬɨɪɨɜ Ɇ2ɟ ɩɟɩɬɢɞɚ. 
ɋ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɡɦɟɪɵ 

ɱɚɫɬɢɰ, ɨɛɪɚɡɭɟɦɵɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦɢ ɛɟɥɤɚɦɢ. ɑɚɫɬɢɰɵ, ɫɨɞɟɪ-

ɠɚɳɢɟ 4 ɩɨɜɬɨɪɚ Ɇ2ɟ ɢ ɫɩɢɪɚɥɶɧɵɣ ɥɢɧɤɟɪ, ɜɵɝɥɹɞɟɥɢ ɪɵɯɥɵɦɢ 

ɢ ɪɚɡɦɟɪ ɜɚɪɶɢɪɨɜɚɥ ɨɬ 40 ɞɨ 100ɧɦ. ɑɚɫɬɢɰɵ, ɫɨɞɟɪɠɚɳɢɟ 8 ɩɨ-

ɜɬɨɪɨɜ Ɇ2ɟ ɢ ɫɩɢɪɚɥɶɧɵɣ ɥɢɧɤɟɪ, ɧɟ ɜɵɹɜɥɹɥɢɫɶ. Ȼɟɥɤɢ ɫ ɞɜɭ-

ɦɹ ɫɩɢɪɚɥɶɧɵɦɢ ɥɢɧɤɟɪɚɦɢ ɛɵɥɢ ɫɩɨɫɨɛɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ ɛɨɥɟɟ 
ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ (100–140ɧɦ), ɱɟɦ ɛɟɥɤɢ ɫ ɨɞɧɢɦ (40–100 ɧɦ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ — ɫɩɢɪɚɥɶɧɵɟ ɥɢɧɤɟɪɵ ɢ ɱɢɫɥɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ M2e — ɜɥɢɹɸɬ ɧɚ ɯɚɪɚɤɬɟɪ ɨɛɪɚɡɭɸɳɢɯɫɹ 
ɚɝɪɟɝɚɬɨɜ.
Ȼɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɫɩɢɪɚɥɶɧɵɯ ɥɢɧɤɟɪɨɜ ɧɚ N- ɢ ɧɚ 

C-ɤɨɧɰɚɯ ɦɨɥɟɤɭɥɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɯ ɚɝɪɟɝɚɰɢɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ-
ɧɨɱɚɫɬɢɰ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɦɦɭɧɨɝɟɧɧɨɫɬɢ ɜɚɤ-
ɰɢɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. ɂɡ ɪɹɞɚ ɪɚɛɨɬ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ α-ɫɩɢɪɚɥɟɣ 



246 p=ƒąел 3

ɜ ɫɬɪɭɤɬɭɪɟ ɧɟɤɨɬɨɪɵɯ ɛɟɥɤɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɟɠɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɨɥɢɝɨɦɟɪɢɡɚɰɢɸ ɷɬɢɯ ɛɟɥɤɨɜ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɨɩɢɣ Ɇ2ɟ ɩɟɩɬɢɞɚ ɧɚ N-ɤɨɧɰɟ HBc ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɫɢɥɢɜɚɟɬ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ. ɉɨɷɬɨɦɭ ɡɚɞɚɱɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɥɭɱɟɧɢɟ 
ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɜɫɬɚɜɤɢ Ɇ2ɟ 
ɩɟɩɬɢɞɚ (4 ɢɥɢ 8 ɤɨɩɢɢ) ɢ ɫɪɚɜɧɟɧɢɟ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɨɜɵɜɚɬɶ 
ɧɚɧɨɱɚɫɬɢɰɵ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɛɵɥɚ 
ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɛɟɥɤɨɜɵɯ ɚɝɪɟɝɚɬɨɜ ɜ ɜɢɞɟ ɧɚɧɨ-
ɱɚɫɬɢɰ ɜ ɞɢɚɩɚɡɨɧɟ 100–200ɧɦ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦɢ ɛɟɥɤɚɦɢ ɫ ɱɟɬɵɪɶ-
ɦɹ ɢ ɜɨɫɟɦɶɸ ɩɨɜɬɨɪɚɦɢ «ɤɨɧɫɟɧɫɭɫɧɨɝɨ ɱɟɥɨɜɟɱɟɫɤɨɝɨ» Ɇ2ɟ ɩɟɩɬɢ-

ɞɚ ɝɪɢɩɩɚ ɢ ɫɩɢɪɚɥɶɧɵɦɢ ɥɢɧɤɟɪɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞ-

ɩɨɥɚɝɚɸɬ, ɱɬɨ ɜɵɹɜɥɟɧɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɧɚ ɨɫɧɨɜɟ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ 
ɛɟɥɤɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɩɨɜɬɨɪɨɜ Ɇ2eh ɩɟɩɬɢɞɚ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɢ ɫɩɢ-

ɪɚɥɶɧɵɯ ɥɢɧɤɟɪɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɜɨɡɦɨɠɧɚɹ ɜɚɤɰɢɧɚ 
ɩɪɨɬɢɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɢ ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ.
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ɄɅɈɇȺɅɖɇȺə ɗȼɈɅɘɐɂə ɈɉɍɏɈɅɂ ɆɈɅɈɑɇɈɃ 

ɀȿɅȿɁɕ ȼ ɉɊɈɐȿɋɋȿ ɇȿɈȺȾɔɘȼȺɇɌɇɈɃ 
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Ⱥɧɧɨɬɚɰɢɹ
Ʉɚɧɰɟɪɨɝɟɧɟɡ ɢ ɨɩɭɯɨɥɟɜɚɹ ɩɪɨɝɪɟɫɫɢɹ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɤɥɨɧɚɥɶɧɨɣ ɷɜɨɥɸɰɢɢ ɨɩɭɯɨɥɢ — ɩɪɨɰɟɫɫɚ ɩɪɢ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɟɧ-

ɧɵɟ ɩɨɩɭɥɹɰɢɢ ɤɥɟɬɨɤ ɩɨɥɭɱɚɸɬ ɤɨɧɤɭɪɟɧɬɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɡɚ ɫɱɟɬ 
ɩɪɢɨɛɪɟɬɟɧɢɹ ɧɨɜɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɯ 
ɨɛɨɫɨɛɥɟɧɢɸ ɜ ɞɨɱɟɪɧɢɟ ɫɭɛɤɥɨɧɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɯɢɦɢɨɩɪɟɩɚɪɚ-
ɬɵ, ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ, ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɮɚɤɬɨɪɨɦ 

ɷɜɨɥɸɰɢɢ ɢ ɩɪɢɜɨɞɢɬɶ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɧɨɜɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɧɚɪɭ-
ɲɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɨɛɥɚɞɚɸɬ ɦɭɬɚɝɟɧɧɵɦ ɞɟɣɫɬɜɢ-

ɟɦ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɨɜɵɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɨɧɨɜ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨ-
ɬɟ ɤɥɨɧɚɥɶɧɚɹ ɷɜɨɥɸɰɢɹ ɨɩɭɯɨɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

* Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ 15-04-03091Ⱥ ɢ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ 
ɩɪɨɝɪɚɦɦɵ ɩɨɜɵɲɟɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɇɂ ɌȽɍ.
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ɧɟɨɚɞɴɸɜɚɧɬɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ ɢɫɫɥɟɞɨɜɚɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɥɚɬɮɨɪɦɵ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ «CytoScan HD Array» (Affymetrix, 

USA). ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɩɟɪɜɵɟ ɛɵɥɚ 
ɭɫɬɚɧɨɜɥɟɧɚ ɫɜɹɡɶ ɨɛɪɚɡɨɜɚɧɢɹ ɭ ɛɨɥɶɧɵɯ ɧɨɜɵɯ ɦɭɬɚɧɬɧɵɯ ɤɥɨɧɨɜ 
ɜ ɩɪɨɰɟɫɫɟ ɩɪɟɞɨɩɟɪɚɰɢɨɧɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ ɊɆɀ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢ-

ɟɦ ɝɟɦɚɬɨɝɟɧɧɨɝɨ ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ. Ȼɵɥɨ ɬɚɤɠɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɧɚ-
ɪɭɠɟɧɢɟ ɧɨɜɵɯ ɚɦɩɥɢɮɢɤɚɰɢɨɧɧɵɯ ɤɥɨɧɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɟɞɨ-
ɩɟɪɚɰɢɨɧɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ ɹɜɥɹɟɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɪɨɝɧɨɫɬɢ-

ɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɪɚɤɟ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ.

Abstract

Carcinogenesis, malignancy and tumor progression are results of 

clonal evolution — process in which certain cell population gains 

competitive advantage on the basis of their new genetic confi gu-

ration, resulting in their segregation into new daughterly clones. 

Chemotherapeutic drugs used during cancer treatment maybe 

responsible for introduction of additional clonal diversity, as they 

are known to possess mutagenic effect, which may end up in new 

advantageous genetic changes, resulting in an increase in the 

number of cancer clones. This research is aimed at studying clonal 

evolution of breast cancer. High density microarray «CytoScan HD 

Array» (Affymetrix, USA) was used to survey clonal evolution of 

mutant cancer clones. This study shows fi rst obtained evidence 

that conduction of neoadjuvant chemotherapy in breast cancer me-

tastasis is associated with appearance of new clones. It was also 

shown, that detection of new amplifi cation clones during preopera-

tive chemotherapy is an unfavorable prognostic factor in breast 

cancer cases.

Ⱥɤɬɭɚɥɶɧɨɫɬɶ
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɜɢɠɭɳɢɦ ɮɚɤɬɨɪɨɦ ɤɥɨɧɚɥɶɧɨɣ ɷɜɨɥɸɰɢɢ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɞɪɚɣɜɟɪɧɵɯ ɦɭɬɚɰɢɣ. ɗɬɨ 
ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɝɟɧɨɦɨɜ 21 ɨɩɭɯɨɥɢ ɦɨ-
ɥɨɱɧɨɣ ɠɟɥɟɡɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɢɯ ɝɟɧɟɚɥɨɝɢɹ. Ɉɤɚɡɚ-
ɥɨɫɶ, ɱɬɨ ɞɪɚɣɜɟɪɧɵɟ ɦɭɬɚɰɢɢ ɹɜɥɹɸɬɫɹ ɢɧɢɰɢɢɪɭɸɳɢɦɢ ɜ ɨɛɪɚɡɨ-
ɜɚɧɢɢ ɨɩɭɯɨɥɢ ɢ ɩɪɟɞɲɟɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ ɝɟɧɨɦɧɨɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ, 
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ɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɪɚɡɜɢɬɢɹ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ (ɊɆɀ) 

ɫɜɹɡɚɧɚ ɫ ɝɟɧɟɪɚɰɢɟɣ ɜɧɭɬɪɢɨɩɭɯɨɥɟɜɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ [1]. ȼ ɪɟɡɭɥɶ-
ɬɚɬɟ ɨɩɭɯɨɥɟɜɵɟ ɤɥɨɧɵ (ɈɄ) ɦɨɝɭɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɬɨɱɤɨɜɵɦɢ ɦɭ-
ɬɚɰɢɹɦɢ, ɫɬɪɭɤɬɭɪɧɵɦɢ ɯɪɨɦɨɫɨɦɧɵɦɢ ɢ ɱɢɫɥɨɜɵɦɢ ɚɛɟɪɪɚɰɢɹɦɢ, 

ɩɪɢɫɭɬɫɬɜɢɟɦ ɚɧɟɭɩɥɨɢɞɧɵɯ ɤɥɟɬɨɱɧɵɯ ɩɨɩɭɥɹɰɢɣ, ɨɛɪɚɡɨɜɚɧɧɵɯ 
ɜ ɩɪɨɰɟɫɫɟ ɤɥɨɧɚɥɶɧɨɣ ɷɜɨɥɸɰɢɢ [2]. ɋɭɛɤɥɨɧɚɥɶɧɵɟ ɢ ɧɨɜɨɨɛɪɚ-
ɡɨɜɚɧɧɵɟ ɦɭɬɚɰɢɢ ɪɚɡɜɢɜɚɸɬɫɹ ɩɨɫɬɟɩɟɧɧɨ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ, ɫɨɡɞɚɜɚɹ ɨɛɲɢɪɧɨɟ ɤɥɨɧɚɥɶɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ [3]. Ⱦɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɥɨɧɚɥɶɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɨɝɭɬ ɛɵɬɶ ɜɧɟɫɟɧɵ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ. Ɉɛɥɚɞɚɹ ɦɭɬɚ-
ɝɟɧɧɵɦ ɷɮɮɟɤɬɨɦ ɢ ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ, ɯɢɦɢɨɩɪɟɩɚ-
ɪɚɬɵ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɝɟɧɟɬɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ ɢ, 

ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɨɜɵɯ ɈɄ [4, 5]. 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɤɥɨɧɚɥɶɧɨɣ ɷɜɨ-
ɥɸɰɢɢ ɨɩɭɯɨɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɜ ɩɪɨɰɟɫɫɟ ɧɟɨɚɞɴɸɜɚɧɬɧɨɣ ɯɢɦɢ-

ɨɬɟɪɚɩɢɢ (ɇɏɌ). 

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ
Ɇɚɬɟɪɢɚɥɨɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ 30 ɩɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɛɢ-

ɨɩɫɢɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɨ ɥɟɱɟɧɢɹ ɢ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ 
ɩɪɨɜɟɞɟɧɢɹ ɇɏɌ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɩɚɰɢɟɧɬɨɜ. Ȼɵɥɚ ɜɵɞɟɥɟɧɚ ȾɇɄ 

ɢɡ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɩɨɦɨɳɢ ɧɚɛɨɪɚ QIAamp DNA mini 

Kit (Qiagen, Germany # 51304). Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɤɥɨɧɚɥɶɧɨɣ ɷɜɨɥɸ-

ɰɢɢ ɦɭɬɚɧɬɧɵɯ ɈɄ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɢɤɪɨɦɚɬɪɢɰɭ CytoScan HD Array 

(Affymetrix, USA), ɩɨɡɜɨɥɹɸɳɭɸ ɨɰɟɧɢɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɟɫɶ 
ɫɩɟɤɬɪ ɯɪɨɦɨɫɨɦɧɵɯ ɧɚɪɭɲɟɧɢɣ ɜ ɈɄ ɢ ɩɪɨɜɨɞɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ 

ɚɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɫɬɢ ɦɭɬɚɰɢɢ ɧɚ ɮɨɧɟ ɧɨɪɦɚɥɶɧɨɣ ȾɇɄ ɫɬɪɨɦɵ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɡɦɟɧɟɧɢɹ ɈɄ ɜ ɩɪɨɰɟɫɫɟ ɇɏɌ ɩɪɨɜɨɞɢɥɢ ɫɪɚɜɧɟɧɢɟ 
CNV (Copy Number Variation) (ɚɦɩɥɢɮɢɤɚɰɢɣ ɞɟɥɟɰɢɣ) ɭ ɤɚɠɞɨɝɨ 
ɛɨɥɶɧɨɝɨ ɞɨ ɥɟɱɟɧɢɹ ɢ ɩɨɫɥɟ ɇɏɌ ɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɱɢɫɥɨ ɦɭɬɚɧɬɧɵɯ 
ɤɥɨɧɨɜ ɜ ɤɚɠɞɨɣ ɨɩɭɯɨɥɢ ɢ ɢɯ ɢɡɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɇɏɌ.

Ɋɟɡɭɥɶɬɚɬɵ
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ CNV ɢ ɱɢɫɥɚ ɦɭɬɚɧɬɧɵɯ 

ɤɥɨɧɨɜ ɧɚɩɪɹɦɭɸ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɚ ɨɩɭɯɨɥɟɜɨ-
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ɝɨ ɭɡɥɚ ɜ ɨɬɜɟɬ ɧɚ ɯɢɦɢɨɬɟɪɚɩɢɸ (ɏɌ) (ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɇɏɌ) ɩɨ 
ɞɚɧɧɵɦ ɍɁɂ ɢ ɦɚɦɦɨɝɪɚɮɢɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɋɩɢɪɦɟɧɚ 
r = 0,64–0,82, p<0,05). Ɉɛɴɟɦ ɨɩɭɯɨɥɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɨɤɚɡɚɬɟ-
ɥɟɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɪɝɚɧɨɫɨɯɪɚɧɧɨɣ 

ɨɩɟɪɚɰɢɢ, ɧɨ ɫɥɚɛɨ ɫɜɹɡɚɧ ɫ ɩɪɨɝɧɨɡɨɦ ɡɚɛɨɥɟɜɚɧɢɹ [6]. ɉɨ ɧɚɲɟɦɭ 
ɦɧɟɧɢɸ, ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ CNV ɢ ɱɢɫɥɚ ɦɭɬɚɧɬɧɵɯ ɤɥɨɧɨɜ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɞɥɹ ɨɰɟɧɤɢ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɇɏɌ, ɤɨɬɨɪɚɹ ɨɬɪɚɠɚɟɬ ɢɫɬɢɧɧɨɟ ɜɥɢɹɧɢɟ ɏɌ ɧɚ ɨɩɭ-
ɯɨɥɶ. ȼ ɩɪɨɰɟɫɫɟ ɇɏɌ ɩɨɞ ɜɥɢɹɧɢɟɦ ɯɢɦɢɨɩɪɟɩɚɪɚɬɨɜ ɩɪɨɢɫɯɨɞɢɬ 
ɤɥɨɧɚɥɶɧɚɹ ɷɜɨɥɸɰɢɹ ɨɩɭɯɨɥɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɨɩɭɯɨɥɟɜɵɯ ɤɥɨɧɨɜ — ɩɨɥɧɨɟ/ ɱɚɫɬɢɱɧɨɟ ɢɫɱɟɡɧɨɜɟɧɢɟ ɢɥɢ ɩɨɹɜɥɟ-
ɧɢɟ ɧɨɜɵɯ ɤɥɨɧɨɜ.
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɇɏɌ ɭ 43 % (13/30) ɛɨɥɶɧɵɯ ɭɦɟɧɶ-

ɲɚɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɦɭɬɚɧɬɧɵɯ ɤɥɨɧɨɜ (ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɣ ɷɥɢɦɢɧɚ-
ɰɢɢ: 4 ɫɥɭɱɚɹ ɩɨɥɧɨɣ ɝɟɧɟɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ ɨɩɭɯɨɥɢ), ɜ 27 % (8/30) 

ɫɥɭɱɚɟɜ ɯɢɦɢɨɬɟɪɚɩɢɹ ɧɟ ɨɤɚɡɵɜɚɥɚ ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 
ɦɭɬɚɧɬɧɵɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɨɧɨɜ ɢ ɱɚɫɬɨɬɭ ɯɪɨɦɨɫɨɦɧɵɯ ɚɧɨɦɚɥɢɣ. 

ɍ 30 % (9/30) ɛɨɥɶɧɵɯ ɧɚɛɥɸɞɚɥɢɫɶ ɫɥɭɱɚɢ ɩɨɹɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɇɏɌ ɧɨɜɵɯ ɦɭɬɚɧɬɧɵɯ ɤɥɨɧɨɜ. ɉɪɢ ɷɬɨɦ, ɭ 6 ɩɚɰɢɟɧɬɨɜ ɩɨɞ ɞɟɣ-

ɫɬɜɢɟɦ ɇɏɌ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɨɧɨɜ, ɧɟ-
ɫɭɳɢɯ ɚɦɩɥɢɮɢɤɚɰɢɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɨɜɵɟ ɤɥɨɧɵ, ɨɛɪɚɡɨɜɚɧɧɵɟ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɇɏɌ, ɫɨɞɟɪɠɚɬ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɫɥɟɞɭɸɳɢɯ ɥɨɤɭɫɚɯ: 
5p, 6p, 7q, 8q, 13q, 9p, 9q, 10p,10q21.1, 16p, 19p, 18chr. Ⱥɧɚɥɢɡ ɝɟɧ-

ɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɤɚɠɞɨɦ ɢɡ ɷɬɢɯ ɥɨɤɭɫɨɜ ɧɚɯɨɞɹɬɫɹ ɝɟɧɵ 

ɫɢɫɬɟɦɵ ɚɞɝɟɡɢɢ (# CDH2, CDH 19, CDH 20, CDH 36, CDH 209, 

ITGBL1, ICAM1, ITGAD), ɪɟɝɭɥɹɰɢɢ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ (# MADH2, 

MADH4, RB1, CDK5, CDK6, CCNA1, STAG3, RB1CC1) ɢ ɢɦɦɭɧɧɨɣ 

ɫɢɫɬɟɦɵ (#TNFSF7, TNFSF9, LEP, HGF, IL12, RB1, CCL24, CCL26, 

IFNA1, IFNA2, IFNA 4, IL27, IL33). 

ɉɪɢ ɷɬɨɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 100 % ɫɥɭɱɚɟɜ ɩɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɚɦɩɥɢ-

ɮɢɤɚɰɢɨɧɧɵɯ ɤɥɨɧɨɜ ɛɵɥɨ ɫɨɩɪɹɠɟɧɨ ɫ ɪɚɡɜɢɬɢɟɦ ɝɟɦɚɬɨɝɟɧɧɵɯ ɦɟ-
ɬɚɫɬɚɡɨɜ, ɭ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɛɨɥɶɧɵɯ ɫ ɷɥɢɦɢɧɚɰɢɟɣ ɈɄ, ɨɬɫɭɬɫɬɜɢɟɦ 

ɞɟɣɫɬɜɢɹ ɏɌ ɧɚ ɤɥɨɧɵ ɢɥɢ ɭ ɛɨɥɶɧɵɯ ɫ ɩɨɹɜɥɟɧɢɟɦ ɞɟɥɟɰɢɨɧɧɵɯ ɤɥɨ-
ɧɨɜ ɧɟ ɛɵɥɨ ɝɟɦɚɬɨɝɟɧɧɵɯ ɦɟɬɚɫɬɚɡɨɜ ɜ 5-ɬɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟ-
ɧɢɹ (ɩɨ ɦɟɬɨɞɭ Ʉɚɩɥɚɧɚ-Ɇɚɣɟɪɚ, ɪ = 0,00001 Log-rank test) (ɫɦ. ɪɢɫ.).
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Ȼɟɡɦɟɬɚɫɬɚɬɢɱɟɫɤɚɹ ɜɵɠɢɜɚɟɦɨɫɬɶ ɛɨɥɶɧɵɯ ɊɆɀ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɨɹɜɥɟɧɢɹ ɢɥɢ ɷɥɢɦɢɧɚɰɢɢ ɦɭɬɚɧɬɧɵɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɨɧɨɜ ɜ ɩɪɨɰɟɫɫɟ 
ɇɏɌ

Ɂɚɤɥɸɱɟɧɢɟ
ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɇɏɌ 

ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɟ ɨɩɭɯɨɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɫɜɹɡɚɧɨ ɫ ɩɨɹɜɥɟɧɢɟɦ 

ɧɨɜɵɯ ɈɄ ɫ ɚɦɩɥɢɮɢɤɚɰɢɹɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɟɥɟɤɰɢɹ ɢɥɢ ɧɨɜɨ-
ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɢɯ ɤɥɨɧɨɜ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣ-

ɫɬɜɢɹ ɧɚ ɨɩɭɯɨɥɶ ɧɟɨɚɞɴɸɜɚɧɬɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ. Ⱦɟɬɟɤɰɢɹ ɧɨɜɵɯ 
ɚɦɩɥɢɮɢɤɚɰɢɨɧɧɵɯ ɤɥɨɧɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɟɞɨɩɟɪɚɰɢɨɧɧɨɣ ɯɢ-

ɦɢɨɬɟɪɚɩɢɢ ɹɜɥɹɟɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ 

ɊɆɀ. 
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Ⱥɧɧɨɬɚɰɢɹ
Ɇɵ ɢɫɫɥɟɞɭɟɦ ɜɥɢɹɧɢɟ ɧɚɪɭɲɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɬɟɪɦɢɧɚɰɢɢ ɬɪɚɧɫ-

ɤɪɢɩɰɢɢ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɧɬɟɡɚ ɛɟɥɨɤ-ɤɨɞɢɪɭɸɳɢɯ ɊɇɄ ɊɇɄ-

ɩɨɥɢɦɟɪɚɡɨɣ II (RNAP II) ɜ ɦɨɞɟɥɶɧɨɣ ɫɢɫɬɟɦɟ «ɞɜɨɣɧɨɝɨ ɪɟɩɨɪɬɟɪɚ» 

ɭ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. Ɇɵ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɞɟɥɟɰɢɹ ɨɞɧɨɝɨ ɧɭɤɥɟɨɬɢɞɚ 
ɜ 3ʹ ɨɛɥɚɫɬɢ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ eGFP ɩɪɢɜɨɞɢɬ ɤ ɞɜɭɤɪɚɬɧɨɦɭ ɭɫɢɥɟ-
ɧɢɸ ɟɝɨ ɷɤɫɩɪɟɫɫɢɢ (ɩɨɜɵɲɟɧɢɸ ɱɢɫɥɚ ɬɪɚɧɫɤɪɢɩɬɨɜ ɢ ɤɨɥɢɱɟɫɬɜɚ 
ɛɟɥɤɚ eGFP) ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɤɚɯ, ɤɚɤ ɦɵɲɢ, ɬɚɤ ɢ ɱɟɥɨɜɟɤɚ. Ɇɵ 

ɜɵɹɫɧɢɥɢ, ɱɬɨ ɷɬɚ ɞɟɥɟɰɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ 32 ɩ.ɧ. ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨ-
ɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɫɬɚɛɢɥɶɧɨɦɭ ɪɚɡɪɟɡɚɧɢɸ ɬɪɚɧɫɤɪɢɩɬɚ 
ɜ ɩɪɟɞɟɥɚɯ 2–12 ɧɭɤɥɟɨɬɢɞɨɜ ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ.

Abstract

We explore the infl uence of transcription termination defects on 

protein-coding RNA synthesis effi ciency by RNA polymerase II in 

mammalian cells using a double-reporter model system. We have 

found that one-nucleotide deletion in the 3ʹ region of eGFP reporter 

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ 
№16-14-10288. Project is funded by the Russian Scientifi c Foundation grant #16-

14-10288.
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gene causes two-fold increase in both its mRNA level and the eGFP 

protein production in cultured mouse as well as human cells. We 

demonstrated that this one-nucleotide deletion located 32 bp down-

stream of polyadenylation signal results in stable cleavage of tran-

scripts within 2–12 nucleotides downstream of the polyadenylation 

signal.

ɍ ɷɭɤɚɪɢɨɬ ɬɪɚɧɫɤɪɢɩɰɢɹ ɹɜɥɹɟɬɫɹ ɷɬɚɩɨɦ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɜ ɪɟɝɭɥɹɰɢɢ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ 

ɝɟɧɨɜ. Ʉɨɦɛɢɧɚɰɢɹ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ, ɤɨɬɨɪɵɟ 
ɩɪɟɬɟɪɩɟɜɚɸɬ ɜɧɨɜɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɧɟɡɪɟɥɵɟ ɦɊɇɄ (ɬ.ɧ. ɩɪɟ-
ɦɊɇɄ), ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɨɫɥɟɞɭɸɳɟɣ ɬɪɚɧɫɥɹɰɢɢ ɡɪɟɥɨɝɨ ɬɪɚɧɫɤɪɢɩɬɚ. ɇɚɲɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɬɟɪɦɢɧɚ-
ɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɧɬɟɡɚ ɛɟɥɨɤ-ɤɨɞɢɪɭɸɳɢɯ 
ɊɇɄ ɊɇɄ-ɩɨɥɢɦɟɪɚɡɨɣ II (RNAP II) ɜ ɦɨɞɟɥɶɧɨɣ ɫɢɫɬɟɦɟ «ɞɜɨɣɧɨ-
ɝɨ ɪɟɩɨɪɬɟɪɚ» ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. Ɏɟɪɦɟɧɬ 
RNAP II ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɪɚɧɫɤɪɢɩɰɢɸ ɛɨɥɶɲɢɧɫɬɜɚ ɛɟɥɨɤ-ɤɨɞɢɪɭɸ-

ɳɢɯ ɝɟɧɨɜ ɷɭɤɚɪɢɨɬ, ɤɨɬɨɪɵɟ ɧɭɠɞɚɸɬɫɹ ɜ ɬɨɱɧɨɣ ɬɤɚɧɟ- ɢ ɫɬɚɞɢɟ-
ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɷɤɫɩɪɟɫɫɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ 
ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɪɝɚɧɢɡɦɚ. ȼ ɨɫɧɨɜɟ ɩɪɚɜɢɥɶɧɨɝɨ ɡɚɜɟɪɲɟɧɢɹ 
ɬɪɚɧɫɤɪɢɩɰɢɢ ɥɟɠɚɬ ɩɪɨɰɟɫɫɵ ɪɚɡɪɟɡɚɧɢɹ ɢ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ 3ʹ 
ɤɨɧɰɚ ɬɪɚɧɫɤɪɢɩɬɚ. Ɉɧɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦ ɛɟɥɤɨɜɵɦ ɤɨɦ-

ɩɥɟɤɫɨɦ ɬɟɪɦɢɧɚɰɢɢ, ɞɥɹ ɫɛɨɪɤɢ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦ, ɜɨ-ɩɟɪɜɵɯ, 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɧɚɛɨɪ ɤɨɜɚɥɟɧɬɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɋ-ɤɨɧɰɟɜɨɝɨ ɞɨɦɟɧɚ 
RNAP II ɢ, ɜɨ-ɜɬɨɪɵɯ, ɩɪɢɫɭɬɫɬɜɢɟ ɪɹɞɚ ɦɨɬɢɜɨɜ ɜ ɫɨɫɬɚɜɟ 3ʹ ɨɛɥɚɫɬɢ 

ɩɪɟ-ɦɊɇɄ. ɗɬɢ ɦɨɬɢɜɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɢɠɟ ɬɨɱɤɢ ɪɚɡɪɟɡɚɧɢɹ ɬɪɚɧɫ-
ɤɪɢɩɬɚ ɢ ɧɟ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɡɪɟɥɨɣ ɦɊɇɄ. ɇɚɪɭɲɟɧɢɹ ɤɚɤ ɬɟɪɦɢɧɚ-
ɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɝɟɧɚ, ɬɚɤ ɢ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɵɹɜɥɟɧɵ 

ɜ ɫɜɹɡɢ ɫ ɪɹɞɨɦ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ, ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɯ, ɧɟɜɪɨɥɨɝɢɱɟ-
ɫɤɢɯ ɢ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɱɟɥɨɜɟɤɚ (Curinha et al. 2014). 

ɉɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɡɧɚɱɟɧɢɢ ɬɟɪɦɢɧɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɜ ɪɟɝɭɥɹɰɢɢ 

ɝɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɨɥɶɤɨ ɧɚɱɢɧɚɸɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ ɦɢɪɨɜɨɣ ɧɚɭɤɟ 
(Porrua, Libri, 2015; Proudfoot, 2016).

ȼ ɩɪɟɞɵɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɦɵ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɞɟɥɟɰɢɹ ɨɞɧɨ-
ɝɨ ɧɭɤɥɟɨɬɢɞɚ ɜ 3ʹ ɨɛɥɚɫɬɢ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ ɩɪɢɜɨɞɢɬ ɤ ɞɜɭɤɪɚɬɧɨ-
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ɦɭ ɭɫɢɥɟɧɢɸ ɟɝɨ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɫɬɜɨ-
ɥɨɜɵɯ ɤɥɟɬɤɚɯ ɦɵɲɢ (Akhtar, de Jong, Pindyurin et al., 2013). ɐɟɥɹɦɢ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɬɶ: 1) ɤɨɧɫɟɪɜɚɬɢɜɟɧ ɥɢ ɷɮɮɟɤɬ 
ɜ ɞɪɭɝɢɯ ɤɭɥɶɬɭɪɚɯ ɤɥɟɬɨɤ ɦɵɲɢ ɢ ɱɟɥɨɜɟɤɚ ɢ ɩɨɞ ɢɧɞɭɤɰɢɟɣ ɞɪɭɝɢ-

ɦɢ ɩɪɨɦɨɬɨɪɚɦɢ; 2) ɨɩɪɟɞɟɥɢɬɶ ɦɟɬɨɞɨɦ 3ʹRACE (Rapid Amplifi cation 

of cDNA Ends) ɜ ɤɚɤɨɣ ɱɚɫɬɢ ɬɪɚɧɫɤɪɢɩɬɚ ɪɚɫɩɨɥɨɠɟɧɚ ɞɟɥɟɰɢɹ — 

ɜ ɩɪɟɞɟɥɚɯ ɡɪɟɥɨɝɨ ɬɪɚɧɫɤɪɢɩɬɚ ɢɥɢ ɩɨɫɥɟ ɬɨɱɤɢ ɪɚɡɪɟɡɚɧɢɹ. ɑɬɨɛɵ 

ɧɢɜɟɥɢɪɨɜɚɬɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɲɭɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɢɡ-ɡɚ ɪɚɡɧɢɰɵ 

ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɮɟɤɰɢɢ, ɦɵ ɪɚɡɪɚɛɨɬɚɥɢ ɫɢɫɬɟɦɭ «ɞɜɨɣɧɨɝɨ 
ɪɟɩɨɪɬɟɪɚ». Ɇɵ ɫɨɡɞɚɥɢ ɩɥɚɡɦɢɞɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɧɟɫɭɳɭɸ ɞɜɚ ɨɞ-

ɧɨɜɪɟɦɟɧɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 
ɫɥɭɠɢɬ ɧɨɪɦɢɪɨɜɨɱɧɵɦ, ɜɬɨɪɨɣ — ɢɫɫɥɟɞɭɟɦɵɦ (ɪɢɫ. 1, ɚ, ɛ). Ⱦɥɹ 
ɫɬɚɛɢɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɢɫɫɥɟɞɭɟɦɵɯ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢ-

ɬɚɸɳɢɯ ɧɨɪɦɢɪɨɜɨɱɧɨɝɨ ɝɟɧɚ mCherry ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɦɨɬɨɪ 
ɰɢɬɨɦɟɝɚɥɨɜɢɪɭɫɚ (CMV) ɢ ɬɟɪɦɢɧɚɬɨɪɧɭɸ ɨɛɥɚɫɬɶ ɜɢɪɭɫɚ SV40. 

ɂɫɫɥɟɞɭɟɦɵɦ ɪɟɩɨɪɬɟɪɧɵɦ ɝɟɧɨɦ ɫɥɭɠɢɥ eGFP, ɞɥɹ ɤɨɬɨɪɨɝɨ ɦɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢ 2 ɜɚɪɢɚɧɬɚ ɩɪɨɦɨɬɨɪɨɜ: mPGK ɢ hPGK, ɢ ɨɞɢɧɚɪɧɵɣ 

ɫɢɝɧɚɥ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ, ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɞɥɹ ɦɥɟɤɨɩɢɬɚɸɳɢɯ 
AAUAAA, ɜ 32 ɩ.ɧ. ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɬɨɱɟɱɧɚɹ ɞɟɥɟɰɢɹ 
C ɜ ɫɥɭɱɚɟ ɦɭɬɚɧɬɧɨɝɨ ɜɚɪɢɚɧɬɚ.
Ɇɵ ɜɵɩɨɥɧɢɥɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɭɸ ɬɪɚɧɫɮɟɤɰɢɸ ɤɭɥɶɬɭɪɵ ɷɦ-

ɛɪɢɨɧɚɥɶɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ ɦɵɲɢ MEF52BL ɢ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɷɦ-

ɛɪɢɨɧɚɥɶɧɨɣ ɩɨɱɤɢ ɱɟɥɨɜɟɤɚ HEK293 ɭɤɚɡɚɧɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. 

ɋɩɭɫɬɹ 48 ɱɚɫɨɜ ɩɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɦɵ ɢɡɦɟɪɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɷɤɫɩɪɟɫɫɢɢ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ eGFP ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. Ɇɟɬɨɞɨɦ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɨɣ ɉɐɊ ɫ ɬɨɬɚɥɶɧɨɣ ɤȾɇɄ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɧɚ ɨɫɧɨɜɟ 
ɊɇɄ, ɜɵɞɟɥɟɧɧɨɣ ɢɡ ɤɥɟɬɨɤ, ɦɵ ɨɩɪɟɞɟɥɢɥɢ ɭɪɨɜɟɧɶ ɬɪɚɧɫɤɪɢɩɰɢɢ 

eGFP ɞɥɹ ɢɫɯɨɞɧɨɣ ɢ ɦɭɬɚɧɬɧɨɣ ɤɨɧɫɬɪɭɤɰɢɣ (ɪɢɫ. 2, ɚ). Ɇɟɬɨɞɨɦ 

ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɦɵ ɢɡɦɟɪɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɛɟɥɤɚ 
eGFP ɜ ɬɪɚɧɫɮɟɰɢɪɨɜɚɧɧɵɯ ɤɥɟɬɤɚɯ. Ⱦɥɹ ɨɛɟɢɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ 

ɦɵ ɨɛɧɚɪɭɠɢɥɢ ɭɫɢɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ eGFP ɩɪɢ 

ɬɪɚɧɫɮɟɤɰɢɢ ɤɨɧɫɬɪɭɤɰɢɟɣ, ɫɨɞɟɪɠɚɳɟɣ ɬɨɱɟɱɧɭɸ ɞɟɥɟɰɢɸ ɤɚɤ ɧɚ 
ɭɪɨɜɧɟ ɦɊɇɄ, ɬɚɤ ɢ ɡɪɟɥɨɝɨ ɛɟɥɤɚ (ɪɢɫ. 1, ɜ, 2, ɚ).
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Ɋɢɫ. 1. ɚ — ɫɯɟɦɚ ɩɥɚɡɦɢɞɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ «ɞɜɨɣɧɨɝɨ ɪɟɩɨɪɬɟɪɚ»; 

ɛ —  ɷɤɫɩɪɟɫɫɢɹ ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɨɜ ɜ ɤɭɥɶɬɭɪɟ ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɤɥɟɬɨɤ 
ɩɨɱɤɢ ɱɟɥɨɜɟɤɚ HEK293: ɫɧɢɦɤɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɜ — 

ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ

Ɂɚɬɟɦ ɦɟɬɨɞɨɦ 3ʹRACE ɦɵ ɩɨɥɭɱɢɥɢ ɤȾɇɄ ɛɢɛɥɢɨɬɟɤɢ ɜɫɟɯ ɜɚ-
ɪɢɚɧɬɨɜ 3ʹ-ɤɨɧɰɟɜɵɯ ɨɛɥɚɫɬɟɣ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɧɵɯ ɬɪɚɧɫɤɪɢɩɬɨɜ 
ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜ ɤɥɟɬɤɚɯ. Ɇɵ ɜɵɹɫɧɢɥɢ, ɱɬɨ 
ɭɞɚɥɟɧɢɟ ɧɭɤɥɟɨɬɢɞɚ ɋ ɜ ɩɨɥɨɠɟɧɢɢ 32 ɩ.ɧ. ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢ-

ɥɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɬɚɛɢɥɶɧɨɦɭ ɪɚɡɪɟɡɚɧɢɸ ɬɪɚɧɫɤɪɢɩɬɚ ɜ ɩɪɟɞɟ-
ɥɚɯ 2–12 ɧɭɤɥɟɨɬɢɞɨɜ ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ. ȼ ɞɢɤɨɦ 

ɬɢɩɟ ɪɚɡɪɟɡɚɧɢɟ ɬɪɚɧɫɤɪɢɩɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɟɞɟɥɚɯ 5–35 ɧɭɤɥɟɨɬɢ-

ɞɨɜ ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ (ɪɢɫ. 2, ɛ).

Ɋɢɫ. 2. ɚ — ɪɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɉɐɊ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ ɭɫɢɥɟ-
ɧɢɟ ɭɪɨɜɧɹ ɬɪɚɧɫɤɪɢɩɰɢɢ ɝɟɧɚ eGFP ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɥɟɰɢɢ ɋ ɜ 3ʹ ɨɛɥɚɫɬɢ 

ɝɟɧɚ; ɛ — ɪɟɡɭɥɶɬɚɬ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤ 3›ɨɛɥɚɫɬɟɣ ɬɪɚɧɫɤɪɢɩɬɨɜ 
ɩɪɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɚ eGFP ɜ ɢɫɯɨɞɧɨɣ ɢ ɦɭɬɚɧɬɧɨɣ ɤɨɧɫɬɪɭɤɰɢɹɯ

ɚ ɛ ɜ

ɚ ɛ
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɤɚɡɚɥɢ: 1) ɷɮɮɟɤɬ ɞɟɥɟɰɢɢ ɨɞɧɨɝɨ ɧɭɤɥɟɨ-
ɬɢɞɚ ɜ 3ʹ ɨɛɥɚɫɬɢ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ ɧɟ ɹɜɥɹɟɬɫɹ ɬɤɚɧɟ- ɢ ɜɢɞɨɫɩɟɰɢ-

ɮɢɱɟɫɤɢɦ, ɬɚɤ ɤɚɤ ɜɵɹɜɥɹɟɬɫɹ ɜ ɞɜɭɯ ɜɢɞɚɯ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ 
ɦɵɲɢ, ɢ ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ; 2) ɞɚɧɧɚɹ ɨɞɧɨɧɭɤɥɟ-
ɨɬɢɞɧɚɹ ɞɟɥɟɰɢɹ ɧɟ ɜɯɨɞɢɬ ɜ ɡɪɟɥɵɟ ɦɨɥɟɤɭɥɵ ɦɊɇɄ; 3) ɨɞɧɨɧɭɤɥɟ-
ɨɬɢɞɧɚɹ ɞɟɥɟɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɬɚɛɢɥɶɧɨɦɭ ɪɚɡɪɟɡɚɧɢɸ ɬɪɚɧɫɤɪɢɩɬɚ 
ɜ ɩɪɟɞɟɥɚɯ 2–12 ɧɭɤɥɟɨɬɢɞɨɜ ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ, 
ɬɨɝɞɚ ɤɚɤ ɜ ɢɫɯɨɞɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɡɪɟɡɚɧɢɟ ɬɪɚɧɫɤɪɢɩɬɚ ɩɪɨɢɫɯɨ-
ɞɢɬ ɫɭɳɟɫɬɜɟɧɧɨ ɞɚɥɶɲɟ.
Ɉɩɢɪɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɦɵ ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɨɞɧɨ-

ɧɭɤɥɟɨɬɢɞɧɚɹ ɞɟɥɟɰɢɹ ɧɢɠɟ ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ 
ɤ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɪɚɡɪɟɡɚɧɢɸ ɬɪɚɧɫɤɪɢɩɬɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɨɛɪɚɡɭɸɬɫɹ ɫɬɚɛɢɥɶɧɵɟ ɡɪɟɥɵɟ ɦɊɇɄ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ eGFP, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɧɚɪɭɠɟɧɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɱɢɫɥɚ ɟɝɨ ɬɪɚɧɫɤɪɢɩɬɨɜ, 
ɢ ɩɨɜɵɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɛɟɥɤɚ eGFP ɜ ɤɥɟɬɤɚɯ, ɬɪɚɧɫɮɟɰɢɪɨɜɚɧɧɵɯ 
ɦɭɬɚɧɬɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. Ɇɵ ɩɥɚɧɢɪɭɟɦ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ, ɧɚɰɟɥɟɧɧɵɟ ɧɚ ɜɵɹɜɥɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɨ-
ɬɢɜɨɜ ɜ 3ʹ ɨɛɥɚɫɬɢ ɝɟɧɚ ɧɚ ɭɪɨɜɟɧɶ ɟɝɨ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ 
ɤɥɟɬɤɚɯ ɱɟɥɨɜɟɤɚ.
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɪɚɫɬɟɬ ɢɧɬɟɪɟɫ ɤ ɜɥɢɹɧɢɸ ɩɪɨɰɟɫɫɚ ɬɟɪɦɢ-

ɧɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɧɚ ɪɟɝɭɥɹɰɢɸ ɚɤɬɢɜɧɨɫɬɢ ɝɟɧɨɜ (Porrua, Libri, 

2015; Proudfoot, 2016). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɵ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ 

ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɲɢɪɹɬ ɡɧɚɧɢɹ ɨ ɪɟɝɭɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
ɷɭɤɚɪɢɨɬ ɜ ɪɚɡɧɵɯ ɨɪɝɚɧɢɡɦɚɯ ɢ ɬɢɩɚɯ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ ɧɚɣɞɭɬ ɩɪɚɤ-
ɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ.
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɤɥɟɳɚɯ D. reticulatus, ɨɬɥɨɜɥɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɫɤɨɝɨ 

ɩɚɪɤɚ ɝ. Ɍɨɦɫɤɚ, ɜɵɹɜɥɟɧɚ ɰɢɪɤɭɥɹɰɢɹ R. raoultii ɢ A. phagocytophilum. 

* Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ No 16-34-00425.
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Ⱦɥɹ ɜɵɹɜɥɟɧɧɵɯ ɢɡɨɥɹɬɨɜ ɨɩɪɟɞɟɥɟɧɵ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ ɝɟɧɨɜ ɰɢɬɪɚɬɫɢɧɬɚɡɵ (gltA) ɢ groESL-ɨɩɟɪɨɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.

Abstract

In D. reticulatus ticks, collected in the territory of the city park in 

Tomsk, identifi ed circulation of R. raoultii and A. phagocytophilum. 

For the identifi ed isolates identifi ed the nucleotide sequences of 

genes gltA and groESL-operon, respectively.

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɝɨɪɨɞɚɯ Ɋɨɫɫɢɢ ɨɬɦɟɱɚɟɬɫɹ ɭɜɟɥɢ-

ɱɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɢɤɫɨɞɨɜɵɯ ɤɥɟɳɟɣ ɢɦɟɧɧɨ ɜ ɝɨɪɨɞɫɤɢɯ ɛɢɨɬɨɩɚɯ, 
ɢɡɦɟɧɟɧɢɟ ɢɯ ɜɢɞɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɢɯ ɢɧɮɢɰɢ-

ɪɨɜɚɧɧɨɫɬɢ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɦɢ ɜɨɡɛɭɞɢɬɟɥɹɦɢ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɨɬɦɟɱɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɨɣɤɢɯ ɨɱɚɝɨɜ «ɤɥɟɳɟɜɵɯ» 

ɢɧɮɟɤɰɢɣ ɧɚ ɝɨɪɨɞɫɤɢɯ ɢ ɩɪɢɝɨɪɨɞɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ. Ʉɥɟɳɢ, ɡɚɫɟɥɹ-
ɸɳɢɟ ɩɚɪɤɢ ɢ ɫɤɜɟɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɭɸ ɨɩɚɫɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ 
ɨɧɢ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨ ɩɨɩɚɞɚɸɬ ɧɚ ɬɟɥɨ ɱɟɥɨɜɟɤɚ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ 
ɝɨɪɨɠɚɧɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɨɠɢɞɚɸɬ ɜɫɬɪɟɱɢ ɫ ɧɢɦɢ ɢ ɧɟ ɩɪɟɞɩɪɢɧɢ-

ɦɚɸɬ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɪ ɡɚɳɢɬɵ. 

Ʉɥɟɳɢ ɜɢɞɚ D. reticulatus ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɪɟɝɢ-

ɫɬɪɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɫ 2005 ɝ. (Ɋɨɦɚɧɟɧɤɨ, 2009) ɢ ɞɚɧɧɵɯ ɨɛ ɢɯ ɢɧɮɢ-

ɰɢɪɨɜɚɧɧɨɫɬɢ ɪɚɡɥɢɱɧɵɦɢ ɩɚɬɨɝɟɧɚɦɢ ɧɚɤɨɩɥɟɧɨ ɤɪɚɣɧɟ ɦɚɥɨ. ɉɨ-
ɹɜɥɟɧɢɟ ɧɚ ɨɤɪɚɢɧɟ ɝɨɪɨɞɚ ɥɟɫɨɫɬɟɩɧɨɝɨ ɤɥɟɳɚ D. reticulatus, ɜɟɪɨɹɬ-
ɧɨ, ɫɜɹɡɚɧɨ ɫ ɢɡɜɟɫɬɧɵɦ ɮɚɤɬɨɦ ɨɬɟɩɥɟɧɢɹ ɤɥɢɦɚɬɚ ɤɪɭɩɧɨɝɨ ɝɨɪɨɞɚ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɞɚɥɟɧɧɵɦɢ ɨɬ ɧɟɝɨ ɦɟɫɬɚɦɢ.

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɹɥɚ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɭɪɨɜɧɹ ɢɧɮɢɰɢɪɨ-
ɜɚɧɧɨɫɬɢ ɢ ɩɪɨɜɟɞɟɧɢɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɨɡɛɭ-
ɞɢɬɟɥɟɣ ɪɚɡɥɢɱɧɵɯ ɬɪɚɧɫɦɢɫɫɢɜɧɵɯ ɢɧɮɟɤɰɢɣ (ɜɢɪɭɫɚ ɤɥɟɳɟɜɨɝɨ 
ɷɧɰɟɮɚɥɢɬɚ, ɪɢɤɤɟɬɫɢɣ, ɚɧɚɩɥɚɡɦ ɢ ɷɪɥɢɯɢɣ) ɜ ɤɥɟɳɚɯ D. reticulatus, 

ɨɬɥɨɜɥɟɧɧɵɯ ɜ ɱɟɪɬɟ ɝ. Ɍɨɦɫɤɚ.
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɲɥɚ ɜɵɛɨɪɤɚ ɢɡ 315 ɤɥɟɳɟɣ 

ɜɢɞɚ D. reticulatus (187 ɫɚɦɨɤ ɢ 128 ɫɚɦɰɨɜ), ɫɨɛɪɚɧɧɵɯ ɫ ɪɚɫɬɢɬɟɥɶ-
ɧɨɫɬɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɫɤɨɝɨ ɛɢɨɬɨɩɚ «Ʌɚɝɟɪɧɵɣ ɫɚɞ» ɜ ɫɟɧɬɹɛɪɟ 
2015 ɝ. Ʌɚɝɟɪɧɵɣ ɫɚɞ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɜɵɫɨɤɨɦ ɛɟɪɟɝɭ ɪɟɤɢ Ɍɨɦɶ 
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ɜ ɸɝɨ-ɡɚɩɚɞɧɨɣ ɨɤɨɧɟɱɧɨɫɬɢ ɝ. Ɍɨɦɫɤɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɢɧ ɢɡ 
ɫɚɦɵɯ ɤɪɭɩɧɵɯ ɢ ɩɨɫɟɳɚɟɦɵɯ ɩɚɪɤɨɜ. Ɋɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɩɚɪɤɚ 
ɫɮɨɪɦɢɪɨɜɚɧ ɢɫɤɭɫɫɬɜɟɧɧɵɦɢ ɩɨɫɚɞɤɚɦɢ ɛɟɪɟɡɵ, ɬɨɩɨɥɹ, ɫɨɫɧɵ, 

ɤɟɞɪɚ ɢ ɧɟɛɨɥɶɲɢɦɢ ɭɱɚɫɬɤɚɦɢ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɦɟɲɚɧɧɨɝɨ ɥɟɫɚ. Ƚɨ-
ɦɨɝɟɧɢɡɚɰɢɸ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɝɨɦɨɝɟɧɢɡɚɬɨɪɚ TissueLyser LT (Qiagen, Ƚɟɪɦɚɧɢɹ) 
ɜ 300 ɦɤɥ ɫɬɟɪɢɥɶɧɨɝɨ ɮɢɡɪɚɫɬɜɨɪɚ. ȼɵɞɟɥɟɧɢɟ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫ-
ɥɨɬ ɩɪɨɢɡɜɨɞɢɥɢ ɢɡ 100 ɦɤɥ ɝɨɦɨɝɟɧɚɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɦɟɪ-
ɱɟɫɤɨɝɨ ɧɚɛɨɪɚ «Ⱥɦɩɥɢɉɪɚɣɦ ɊɂȻɈ-ɩɪɟɩ» («ɇɟɤɫȻɢɨ»,Ɋɨɫɫɢɹ) ɫɨ-
ɝɥɚɫɧɨ ɢɧɫɬɪɭɤɰɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ɋɤɪɢɧɢɧɝ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 
ɧɚ ɧɚɥɢɱɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɝɟɧɨɜ ɩɪɨɜɨɞɢɥɢ 

ɫ ɩɨɦɨɳɶɸ ɉɐɊ, ɢɫɩɨɥɶɡɭɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɩɪɚɣɦɟɪɵ: ɞɥɹ ɞɟɬɟɤɰɢɢ 

ɜɢɪɭɫɚ ɤɥɟɳɟɜɨɝɨ ɷɧɰɟɮɚɥɢɬɚ (ȼɄɗ) — ɩɪɚɣɦɟɪɵ, ɤɨɦɩɥɟɦɟɧɬɚɪ-
ɧɵɟ ɮɪɚɝɦɟɧɬɭ ɝɟɧɚ ɛɟɥɤɚ ȿ ȼɄɗ; ɞɥɹ ɞɟɬɟɤɰɢɢ ɪɢɤɤɟɬɫɢɣ — ɩɪɚɣ-

ɦɟɪɵ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɮɪɚɝɦɟɧɬɭ ɝɟɧɚ gltA (ɰɢɬɪɚɬɫɢɧɬɚɡɵ); ɞɥɹ 
ɞɟɬɟɤɰɢɢ ɚɧɚɩɥɚɡɦ/ɷɪɥɢɯɢɣ — ɩɪɚɣɦɟɪɵ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɮɪɚɝ-
ɦɟɧɬɭ groESL-ɨɩɟɪɨɧɚ ɛɟɥɤɨɜ ɬɟɩɥɨɜɨɝɨ ɲɨɤɚ. Ƚɟɧɨɬɢɩɢɪɨɜɚɧɢɟ 
ɜɵɹɜɥɟɧɧɵɯ ɢɡɨɥɹɬɨɜ ɩɚɬɨɝɟɧɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɢɯ ɞɚɥɶ-
ɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ. Cɟɤɜɟɧɢɪɨɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɨɜɨ-
ɞɢɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɋɷɧɝɟɪɚ ɧɚ ɨɫɧɨɜɟ ɤɚɩɢɥɥɹɪɧɨ-
ɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɫ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɟɤɜɟɧɚɬɨɪɚ 3130xl 

Genetic Analyzer («Applied Biosystems», ɋɒȺ). Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ Vector NTI Advance v. 11.0, DNASTAR 

Lasergene v. 7.1 ɢ Unipro UGENE v. 1.23. ɉɨɥɭɱɟɧɧɵɟ ɧɭɤɥɟɨɬɢɞɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɪɚɜɧɢɜɚɥɢ ɫ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦɢ ɩɪɢ ɩɨ-
ɦɨɳɢ ɩɨɢɫɤɨɜɨɝɨ ɩɪɢɥɨɠɟɧɢɹ BLAST.

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ
Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɜɢɪɭɫɚ ɤɥɟɳɟɜɨɝɨ ɷɧɰɟɮɚɥɢɬɚ ɧɟ ɛɵɥ ɨɛ-

ɧɚɪɭɠɟɧ ɧɚɦɢ ɧɢ ɜ ɨɞɧɨɦ ɨɛɪɚɡɰɟ.
ȾɇɄ Rickettsia spp. ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɜ 139 ɤɥɟɳɚɯ, ɭɪɨɜɟɧɶ ɢɧɮɢɰɢ-

ɪɨɜɚɧɧɨɫɬɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɫɬɚɜɢɥ 44,1 ± 2,7 %. Ⱦɨɫɬɨɜɟɪɧɵɯ ɪɚɡ-
ɥɢɱɢɣ ɜ ɭɪɨɜɧɟ ɢɧɮɢɰɢɪɨɜɚɧɧɨɫɬɢ ɪɢɤɤɟɬɫɢɹɦɢ ɭ ɫɚɦɰɨɜ ɢ ɫɚɦɨɤ 
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ɤɥɟɳɟɣ D. reticulatus ɭɫɬɚɧɨɜɥɟɧɨ ɧɟ ɛɵɥɨ (ɭɪɨɜɟɧɶ ɢɧɮɢɰɢɪɨɜɚɧ-

ɧɨɫɬɢ ɫɚɦɨɤ — 45,4 ± 3,6 %; ɭɪɨɜɟɧɶ ɢɧɮɢɰɢɪɨɜɚɧɧɨɫɬɢ ɫɚɦɰɨɜ — 

42,2 ± 4,2 %). ɗɬɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɢɡɜɟɫɬɧɵɦ ɮɚɤɬɨɦ, ɱɬɨ ɯɨɬɹ ɤɨɥɢ-

ɱɟɫɬɜɨ ɤɪɨɜɢ, ɩɨɝɥɨɳɚɟɦɨɟ ɫɚɦɰɚɦɢ ɤɥɟɳɟɣ ɪɨɞɚ Dermacentor ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɧɢɠɟ ɤɨɥɢɱɟɫɬɜɚ, ɩɨɝɥɨɳɚɟɦɨɝɨ ɫɚɦɤɚɦɢ, ɩɢɬɚɧɢɟ ɤɪɨɜɶɸ 

ɨɛɹɡɚɬɟɥɶɧɨ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɢɯ ɫɩɟɪɦɚɬɨɝɟɧɟɡɚ ɢ ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɟ-
ɩɹɬɫɬɜɢɟɦ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ ɜɨɡɛɭɞɢɬɟɥɟɣ ɬɪɚɧɫɦɢɫɫɢɜɧɵɯ 
ɢɧɮɟɤɰɢɣ (əɤɢɦɟɧɤɨ ȼ. ȼ. ɢ ɞɪ., 2013).

ȼɫɟ ɜɵɹɜɥɟɧɧɵɟ ɢɡɨɥɹɬɵ ɪɢɤɤɟɬɫɢɣ ɩɪɢ ɝɟɧɨɬɢɩɢɪɨɜɚɧɢɢ ɩɨ ɝɟɧɭ 
gltA ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɤ R. raoultii. ȼɫɟ ɢɡɨɥɹɬɵ ɨɤɚɡɚɥɢɫɶ ɢɞɟɧɬɢɱ-
ɧɵ ɞɪɭɝ ɞɪɭɝɭ ɢ ɧɚ 100 % ɝɨɦɨɥɨɝɢɱɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɝɟɧɚ 
gltA R. raoultii ɲɬɚɦɦ Marne (DQ365803), ɜɵɞɟɥɟɧɧɵɦ ɢɡ ɤɥɟɳɚ D. 

reticulatus ɧɚ ɜɨɫɬɨɤɟ Ɏɪɚɧɰɢɢ ɜ 2004 ɝ. ɍɪɨɜɟɧɶ ɝɨɦɨɥɨɝɢɢ ɩɨ ɧɭɤɥɟ-
ɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ gltA ɫ ɩɪɨɬɨɬɢɩɧɵɦɢ ɲɬɚɦɦɚɦɢ R. 

raoultii Khabarovsk (DQ365804), ɜɵɞɟɥɟɧɧɵɦ ɢɡ ɤɥɟɳɚ D. silvarum 

ɜ ɏɚɛɚɪɨɜɫɤɨɦ ɤɪɚɟ ɜ 2005 ɝ., ɢ R. raoultii Elanda-23/95 (EU036985), 

ɜɵɞɟɥɟɧɧɵɦ ɢɡ ɤɥɟɳɚ D. nuttalli ɧɚ Ⱥɥɬɚɟ ɜ 1995 ɝ., ɫɨɫɬɚɜɢɥ 99,9 %. 

ɍɪɨɜɟɧɶ ɝɨɦɨɥɨɝɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɟɣ ɢɞɟɧɬɢɱɟɧ ɧɚ 100 % ɭ ɜɵɹɜɥɟɧɧɵɯ ɧɚɦɢ ɢɡɨɥɹɬɨɜ ɪɢɤɤɟɬ-
ɫɢɣ ɢ ɩɪɨɬɨɬɢɩɧɵɯ ɲɬɚɦɦɨɜ R. raoultii Marne ɢ R. raoultii Khabarovsk. 

ȼ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɰɢɬɪɚɬɫɢɧɬɚɡɵ R. raoultii 

Elanda-23/95 ɢɦɟɟɬɫɹ ɞɜɚ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɡɚɦɟɳɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɲɬɚɦɦɚɦɢ.

ȼ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ R. raoultii ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ 
ɭ ɤɥɟɳɟɣ ɪɨɞɚ Dermacentor (ɩɪɟɠɞɟ ɜɫɟɝɨ D. reticulatus, D. marginatus 

ɢ D. nuttalli), ɨɬɥɨɜɥɟɧɧɵɯ ɜ ɪɹɞɟ ɪɟɝɢɨɧɨɜ ɚɡɢɚɬɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ 

(Ɉɦɫɤɚɹ ɨɛɥɚɫɬɶ, Ɋɟɫɩɭɛɥɢɤɚ Ȼɭɪɹɬɢɹ) ɢ Ʉɚɡɚɯɫɬɚɧɟ, ɬɚɤɠɟ ɢɦɟɸɬɫɹ 
ɞɚɧɧɵɟ ɨ ɲɢɪɨɤɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ R. raoultii ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɢɬɚɹ 
ɢ Ɇɨɧɝɨɥɢɢ. Ɋɢɤɤɟɬɫɢɢ, ɝɟɧɟɬɢɱɟɫɤɢ ɛɥɢɡɤɢɟ R. raoultii, ɛɵɥɢ ɜɵɹɜɥɟɧɵ 

ɜ ɤɥɟɳɚɯ H. hystricis ɜ əɩɨɧɢɢ ɢ ɜ ɤɥɟɳɚɯ H. ornithophila, H. shimoga, 

H. lagrangei ɜ Ɍɚɣɥɚɧɞɟ, ɚ ɬɚɤɠɟ ɜ ɤɥɟɳɚɯ D. marginatus ɜ Ƚɪɭɡɢɢ ɢ Ɍɭɪ-
ɰɢɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɪɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢ ɜɵɹɜɥɟɧɢɟɦ ȾɇɄ 

ɜ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɩɨɞɬɜɟɪɠɞɟɧɚ ɪɨɥɶ R. raoultii ɜ ɤɚɱɟɫɬɜɟ ɷɬɢɨɥɨɝɢɱɟ-
ɫɤɨɝɨ ɚɝɟɧɬɚ ɫɢɧɞɪɨɦɚ TIBOLA (tick-borne lymphadenopathy), ɤɨɬɨɪɵɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɟɪɜɢɱɧɵɦ ɚɮɮɟɤɬɨɦ, ɨɤɪɭɠɟɧɧɵɦ ɷɪɢɬɟɦɨɣ, ɪɚɡɜɢ-
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ɜɚɸɳɢɦɫɹ ɜ ɦɟɫɬɟ ɩɪɢɫɚɫɵɜɚɧɢɹ ɤɥɟɳɚ, ɚ ɬɚɤɠɟ ɛɨɥɟɡɧɟɧɧɨɫɬɶɸ ɥɢɦ-

ɮɨɭɡɥɨɜ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ. ɍ ɛɨɥɶɧɵɯ ɪɚɡɜɢɜɚɟɬɫɹ ɚɫɬɟɧɢɱɟɫɤɢɣ ɫɢɧɞɪɨɦ, 

ɜ ɱɟɬɜɟɪɬɢ ɫɥɭɱɚɟɜ ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɯɨɪɚɞɤɚ (>38 °C). ɍ ɛɨɥɶɲɢɧɫɬɜɚ ɩɚ-
ɰɢɟɧɬɨɜ ɷɪɢɬɟɦɚ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ 1–2 ɦɟɫɹɰɟɜ. 
ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɞɧɨɦ ɨɛɪɚɡɰɟ ɨɬ ɫɚɦɰɚ D. reticulatus ɛɵɥɚ 

ɜɵɹɜɥɟɧɚ ȾɇɄ Anaplasma phagocytophilum. ɍɪɨɜɟɧɶ ɝɨɦɨɥɨɝɢɢ ɧɭɤɥɟ-
ɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ groESL-ɨɩɟɪɨɧɚ ɜɵɹɜɥɟɧɧɨɝɨ ɢɡɨɥɹɬɚ 
ɫɨɫɬɚɜɢɥ ɩɨɪɹɞɤɚ 99 % ɫ ɢɡɨɥɹɬɚɦɢ A. phagocytophilum, ɜɵɞɟɥɟɧɧɵɦɢ 

ɢɡ ɤɥɟɳɟɣ ɪɨɞɚ Ixodes ɧɚ ɛɥɢɡɥɟɠɚɳɢɯ ɬɟɪɪɢɬɨɪɢɹɯ (ɫɦ. ɪɢɫ.). 
A. phagocytophilum ɢɡɜɟɫɬɧɚ ɤɚɤ ɜɨɡɛɭɞɢɬɟɥɶ ɝɪɚɧɭɥɨɰɢɬɚɪ-

ɧɨɝɨ ɚɧɚɩɥɚɡɦɨɡɚ ɱɟɥɨɜɟɤɚ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ ɰɢɪɤɭɥɹɰɢɹ 
A. phagocytophilum ɛɵɥɚ ɜɩɟɪɜɵɟ ɨɩɪɟɞɟɥɟɧɚ ɜ Ȼɚɥɬɢɣɫɤɨɦ ɪɟɝɢɨɧɟ 
Ɋɨɫɫɢɢ ɢ ɝɪɚɧɢɱɚɳɢɯ ɫ Ɋɨɫɫɢɣɫɤɢɦ Ⱦɚɥɶɧɢɦ ȼɨɫɬɨɤɨɦ ɫɟɜɟɪɨ-ɜɨɫ-
ɬɨɱɧɵɯ ɪɚɣɨɧɚɯ Ʉɢɬɚɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɚɧɚɩɥɚɡɦɵ ɨɛɧɚɪɭɠɟɧɵ ɜ ɉɪɢ-

ɦɨɪɫɤɨɦ, ɏɚɛɚɪɨɜɫɤɨɦ ɢ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɹɯ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɇɨɜɨɫɢ-

ɛɢɪɫɤɨɣ, Ɍɸɦɟɧɫɤɨɣ, Ɉɦɫɤɨɣ ɢ ɑɟɥɹɛɢɧɫɤɨɣ ɨɛɥɚɫɬɟɣ.

Ⱦɟɧɞɪɨɝɪɚɦɦɚ ɫɯɨɞɫɬɜɚ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɮɪɚɝɦɟɧ-

ɬɚ groESL-ɨɩɟɪɨɧɚ. ɀɢɪɧɵɦ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ ɜɵɞɟɥɟɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɶ ɜɵɹɜɥɟɧɧɨɝɨ ɢɡɨɥɹɬɚ A. phagocytophilum. ɋɢɧɢɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧ 

ɩɪɨɰɟɧɬ ɝɨɦɨɥɨɝɢɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɜɵɹɜɥɟɧɧɵɦ 

ɢɡɨɥɹɬɨɦ
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ȼɵɹɜɥɟɧɢɟ ɜ ɤɥɟɳɚɯ D. reticulatus, ɨɛɢɬɚɸɳɢɯ ɜ ɱɟɪɬɟ ɝ. Ɍɨɦɫɤɚ, 
ɩɚɬɨɝɟɧɧɵɯ ɪɢɤɤɟɬɫɢɣ ɢ ɚɧɚɩɥɚɡɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɨɩɚɫɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɪɢɤɤɟɬɫɢɨɡɨɜ ɢ ɚɧɚɩɥɚɡɦɨɡɨɜ ɭ ɥɸɞɟɣ ɜɫɥɟɞ-

ɫɬɜɢɢ ɩɪɢɫɚɫɵɜɚɧɢɹ ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɤɥɟɳɟɣ. 

ɊɈɅɖ EMT ɂ ENDOMT ȼ ɎɂȻɊɈȽȿɇȿɁȿ ɉȿɑȿɇɂ 

ɉɊɂ ɈɉɂɋɌɈɊɏɈɁȿ OPISTHORCHIS FELINEUS

ROLE OF EMT AND ENDOMT IN LIVER FIBROSIS 

АSSOCIATED WITH OPISTHORCHIS FELINEUS INFECTION
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1 ɎȽȻɇɍ «ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢ ɤɥɢɧɢɱɟɫɤɨɣ ɦɟɞɢɰɢɧɵ»
2 ɎȽȻɇɍ «Ɏɟɞɟɪɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ 

ɂɧɫɬɢɬɭɬ ɰɢɬɨɥɨɝɢɢ ɢ ɝɟɧɟɬɢɤɢ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ 
Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ»

A. V. Kovner 1,2, G. A. Maksimova 1

1 FSBSI «Research Institute of Experimental and Clinical Medicine»
2 FSBSI «Federal Research Center Institute of Cytology and Genetics 

Siberian Branch of the Russian Academy of Sciences»

e-mail: anya.kovner@gmail.com

Ⱥɧɧɨɬɚɰɢɹ
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɨ ɨɰɟɧɤɚɦ ȼɈɁ, ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ, ɩɨɞɜɟɪ-

ɠɟɧɧɵɯ ɬɪɟɦɚɬɨɞɧɵɦ ɢɧɮɟɤɰɢɹɦ ɩɢɳɟɜɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɩɪɟɜɵ-

ɲɚɟɬ 56 ɦɢɥɥɢɨɧɨɜ. Opisthorchis felineus ɹɜɥɹɟɬɫɹ ɜɨɡɛɭɞɢɬɟɥɟɦ ɨɩɢ-

ɫɬɨɪɯɨɡɚ ɭ ɪɵɛɨɹɞɧɵɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɜ ɨɛɲɢɪɧɨɦ ɚɪɟɚɥɟ ɨɬ ȼɨɫ-
ɬɨɱɧɨɣ ȿɜɪɨɩɵ ɞɨ ɐɟɧɬɪɚɥɶɧɨɣ Ⱥɡɢɢ ɢ ɹɜɥɹɟɬɫɹ ɷɧɞɟɦɢɱɧɵɦ ɞɥɹ 
ɋɢɛɢɪɢ. Ɉɩɢɫɬɨɪɯɨɡ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɣ ɫ O. felineus, ɦɨɠɟɬ ɩɪɢɜɨ-
ɞɢɬɶ ɤ ɪɚɡɥɢɱɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ, ɜ ɬɨɦ ɱɢɫɥɟ, ɜɤɥɸɱɚɹ ɦɚɫɲɬɚɛɧɵɟ 
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ɡɨɧɵ ɮɢɛɪɨɡɢɪɨɜɚɧɢɹ ɩɟɱɟɧɢ. Ɉɞɧɚɤɨ ɞɨ ɫɢɯ ɩɨɪ ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶ-
ɧɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɦɟɯɚɧɢɡɦɨɜ ɮɢɛɪɨɝɟɧɟɡɚ, ɞɚɧɧɵɟ ɩɨ 
ɤɨɬɨɪɵɦ ɹɜɥɹɸɬɫɹ ɪɚɡɪɨɡɧɟɧɧɵɦɢ, ɜ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɩɭɬɫɬɜɭɸ-

ɳɢɯ ɛɨɥɟɡɧɟɣ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɚɧɞɢɞɚɬɨɜ ɜ ɨɛɪɚɡɨɜɚɧɢɟ 
ɤɨɥɥɚɝɟɧ-ɩɪɨɞɭɰɢɪɭɸɳɢɯ ɦɢɨɮɢɛɪɨɛɥɚɫɬ-ɩɨɞɨɛɧɵɯ ɤɥɟɬɨɤ ɹɜɥɹɟɬ-
ɫɹ ɷɩɢɬɟɥɢɚɥɶɧɨ- ɢ ɷɧɞɨɬɟɥɢɚɥɶɧɨ-ɦɟɡɟɧɯɢɦɚɥɶɧɵɣ ɩɟɪɟɯɨɞ.

Abstract

Currently, the number of people exposed to infection foodborne 

trematode, more than 56 million, according to WHO estimates. 

Opisthorchis felineus is the causative agent of opisthorchiasis in 

fi sh-eating mammals inhabitanting vast territory from Eastern Eu-

rope to Central Asia and it is endemic for Siberia. The disease may 

lead to various effects, including extensive areas of hepatic fi brosis. 

However, mechanisms of fi brogenesis remain actual fundamental 

problem with patchy data, regardless of opportunistic diseases. 

One of the most promising candidates for the formation of collagen-

producing myofi broblast-like cells is epithelial- and endothelial to 

mesenchymal transition.

ȼɜɟɞɟɧɢɟ
ȼɨɡɛɭɞɢɬɟɥɹɦɢ ɬɪɟɦɚɬɨɞɧɨɣ ɢɧɮɟɤɰɢɢ ɹɜɥɹɸɬɫɹ ɬɪɟɦɚɬɨɞ-

ɧɵɟ ɱɟɪɜɢ, ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɜɢɞɚɦɢ ɢɡ ɤɨɬɨɪɵɯ, ɩɨ-
ɪɚɠɚɸɳɢɦɢ ɱɟɥɨɜɟɤɚ, ɹɜɥɹɸɬɫɹ Clonorchis, Opisthorchis, Fasciola 

ɢ Paragonimus. O. felineus ɹɜɥɹɟɬɫɹ ɜɨɡɛɭɞɢɬɟɥɟɦ ɨɩɢɫɬɨɪɯɨɡɚ ɭ ɪɵ-

ɛɨɹɞɧɵɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɜ ɨɛɲɢɪɧɨɦ ɚɪɟɚɥɟ ɨɬ ȼɨɫɬɨɱɧɨɣ ȿɜɪɨɩɵ 

ɞɨ ɐɟɧɬɪɚɥɶɧɨɣ Ⱥɡɢɢ ɢ ɹɜɥɹɟɬɫɹ ɷɧɞɟɦɢɱɧɵɦ ɞɥɹ ɋɢɛɢɪɢ (WHO, 

2015; Pakharukova M. Y., Mordvinov V. A., 2016). Ɉɩɢɫɬɨɪɯɨɡ, ɚɫɫɨ-
ɰɢɢɪɨɜɚɧɧɵɣ ɫ O. felineus, ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɥɢɱɧɵɦ ɩɨɫɥɟɞ-

ɫɬɜɢɹɦ, ɜɤɥɸɱɚɹ ɦɚɫɲɬɚɛɧɵɟ ɡɨɧɵ ɮɢɛɪɨɡɢɪɨɜɚɧɢɹ ɩɟɱɟɧɢ. Ɉɞɧɚɤɨ 
ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɨɫɬɚɜɢɬɶ ɱɟɬɤɨɝɨ ɦɟ-
ɯɚɧɢɡɦɚ ɮɢɛɪɨɝɟɧɟɡɚ ɧɢ ɜ ɨɛɳɟɦ, ɤɚɤ ɨ ɩɪɨɰɟɫɫɟ, ɧɢ ɩɪɢ ɢɧɮɢɰɢɪɨ-
ɜɚɧɢɢ O. felineus.

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɢɨɮɢɛɪɨɛɥɚɫɬɵ ɹɜɥɹɸɬɫɹ ɤɥɟɬɤɚɦɢ, ɤɨɬɨɪɵɟ, ɜ ɤɨ-
ɧɟɱɧɨɦ ɫɱɟɬɟ, ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɬɹɠɟɥɨɟ ɬɟɱɟɧɢɟ ɮɢɛɪɨɡɧɨɝɨ ɩɪɨɰɟɫɫɚ 
(Kendall R. T., Feghali-Bostwick C. A., 2014). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɢɨɮɢɛɪɨ-
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ɛɥɚɫɬɵ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɮɢɛɪɨɛɥɚɫɬɨɜ 
ɢ ɫɬɟɥɥɚɬɧɵɯ ɤɥɟɬɨɤ ɩɟɱɟɧɢ (Poslethwaite A. E. et al., 2004; Herzog E. L., 

Bucala R., 2010; Bansal M. B., 2016). Ɉɞɧɢɦ ɢɡ ɩɨɬɟɧɰɢɚɥɶɧɨ ɜɨɡɦɨɠ-

ɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɦɢɨɮɢɛɪɨɛɥɚɫɬ-ɩɨɞɨɛɧɵɯ ɤɥɟɬɨɤ ɹɜɥɹ-
ɟɬɫɹ ɷɩɢɬɟɥɢɚɥɶɧɨ- ɢ ɷɧɞɨɬɟɥɢɚɥɶɧɨ-ɦɟɡɟɧɯɢɦɚɥɶɧɵɣ ɩɟɪɟɯɨɞ (EMT 

ɢ EndoMT) (Kramann R. et al., 2015). Ɉɞɧɚɤɨ ɞɚɧɧɵɟ ɩɨ EMT ɢ EndoMT 

ɨɫɬɚɸɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ ɢ ɢɯ ɪɨɥɶ ɜ ɮɢɛɪɨɝɟɧɟɡɟ ɩɟɱɟɧɢ ɧɚ ɮɨɧɟ 
ɯɪɨɧɢɱɟɫɤɨɝɨ ɨɩɢɫɬɨɪɯɨɡɚ ɧɟ ɢɡɭɱɟɧɚ. ɋɭɬɶ ɨɛɨɢɯ ɩɪɨɰɟɫɫɨɜ ɫɜɨɞɢɬɫɹ 
ɤ ɩɨɬɟɪɢ ɷɩɢɬɟɥɢɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ (E-cadherin) ɢ ɩɪɢɨɛɪɟɬɟɧɢɸ ɦɟɡɟɧ-

ɯɢɦɚɥɶɧɨ-ɩɨɞɨɛɧɨɝɨ ɩɪɨɮɢɥɹ (vimentin).

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 75 ɫɚɦ-

ɰɨɜ ɡɨɥɨɬɢɫɬɵɯ ɫɢɪɢɣɫɤɢɯ ɯɨɦɹɱɤɨɜ (Mesocricetus auratus), ɜ ɜɨɡɪɚɫ-
ɬɟ 6–8 ɧɟɞɟɥɶ. ɀɢɜɨɬɧɵɟ ɛɵɥɢ ɪɚɡɛɢɬɵ ɧɚ 2 ɝɪɭɩɩɵ: ɤɨɧɬɪɨɥɶɧɚɹ 
ɢ ɠɢɜɨɬɧɵɟ, ɢɧɮɢɰɢɪɨɜɚɧɧɵɟ 50 ɦɟɬɚɰɢɪɤɚɪɢɹɦɢ O. felineus. ɇɚɥɢ-

ɱɢɟ ɩɚɪɚɡɢɬɚ ɩɪɨɜɟɪɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɷɮɢɪɨ-ɭɤɫɭɫɧɨɣ ɤɨɩɪɨ-
ɨɜɨɫɤɨɩɢɢ (Pavlyukov I. A., Berezantsev Y. A., 1991). 

Ɉɛɳɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɫɬɚɜɢɥɚ 52 ɧɟɞɟɥɢ. Ɉɛɪɚɡɰɵ 

ɩɟɱɟɧɢ ɡɚɛɢɪɚɥɢɫɶ ɭ ɜɫɟɯ ɝɪɭɩɩ ɧɚ 10, 14, 18, 22, 26, 30, 34 ɢ 52 ɧɟ-
ɞɟɥɸ ɩɨɫɥɟ ɢɧɮɢɰɢɪɨɜɚɧɢɹ. Ɉɛɪɚɡɰɵ ɬɤɚɧɟɣ ɩɨɞɜɟɪɝɚɥɢɫɶ ɫɬɚɧɞɚɪɬ-
ɧɨɣ ɝɢɫɬɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɟ (Kovner A. V. et al., 2016). 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸ-

ɳɢɟ ɨɤɪɚɫɤɢ: ɝɟɦɚɬɨɤɫɢɥɢɧɨɦ ɢ ɷɨɡɢɧɨɦ (ɨɛɡɨɪɧɚɹ), ɩɢɤɪɨɮɭɤɫɢɧɨɦ 

ɩɨ ȼɚɧ Ƚɢɡɨɧɭ (ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ), 

ɢɦɩɪɟɝɧɚɰɢɹ ɫɟɪɟɛɪɨɦ (ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɦɨɥɨɞɨɣ ɫɨ-
ɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɟɧɨɬɢɩɚ ɤɥɟɬɨɤ-ɷɮɮɟɤɬɨ-
ɪɨɜ, ɢɡɭɱɟɧɢɹ ɢɯ ɫɟɤɪɟɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɦɟɯɚɧɢɡɦɨɜ ɮɢɛɪɨɝɟɧɟɡɚ 
ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɤɪɚɫɤɢ ɩɚɪɚ-
ɮɢɧɨɜɵɯ ɫɪɟɡɨɜ ɩɨɫɥɟ ɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɞɝɨɬɨɜɤɢ (Kovner A. V. 

et al., 2015). ɂɧɤɭɛɢɪɨɜɚɧɢɟ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɚɧɬɢɬɟɥɚɦɢ: CD31, 

CD34, CD68, CK7, fi broblast (ɦɚɪɤɟɪɵ ɤɥɟɬɨɤ ɪɚɡɥɢɱɧɨɝɨ ɝɢɫɬɨɝɟɧɟ-
ɡɚ); SMAD2/3, α-SMA, E-cadherin, vimentin (ɦɚɪɤɟɪɵ EMT ɢ EndoMT); 

TGFβ1(ɩɪɨɮɢɛɪɨɝɟɧɧɵɣ ɦɚɪɤɟɪ); GFAP (ɦɚɪɤɟɪ ɚɤɬɢɜɚɰɢɢ ɡɜɟɡɞɱɚɬɵɯ 
ɤɥɟɬɨɤ ɩɟɱɟɧɢ); Collagen Iα (ɦɚɪɤɟɪ ɧɨɜɨɨɛɪɚɡɨɜɚɧɧɨɝɨ ɤɨɥɥɚɝɟɧɚ).
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ȼɢɡɭɚɥɢɡɚɰɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɧɚ ɦɢɤɪɨɫɤɨɩɟ Axioskop 2 Plus (Zeiss) 

ɫ ɮɨɬɨɤɚɦɟɪɨɣ AxioCam MRc (Zeiss). Ⱦɥɹ ɦɨɪɮɨɦɟɬɪɢɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɡɚɤɪɵɬɚɹ ɬɟɫɬɨɜɚɹ ɫɢɫɬɟɦɚ ɢɡ 100 ɬɨɱɟɤ ɩɥɨɳɚɞɶɸ 3.52ɯ104 ɦɤɦ2 (Ⱥɜ-
ɬɚɧɞɢɥɨɜ, 2009). ɋɪɟɞɧɢɟ ɜɟɥɢɱɢɧɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɪɟɞɟ-
ɥɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ Statistica 6.0 (Statsoft). Ⱦɨɫɬɨɜɟɪɧɵ-

ɦɢ ɨɬɥɢɱɢɹ ɫɱɢɬɚɥɢ ɩɪɢ p<0.05 (t-ɤɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ).

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ
ɉɪɢ ɚɧɚɥɢɡɟ ɨɛɪɚɡɰɨɜ ɩɟɱɟɧɢ ɜ ɞɢɧɚɦɢɤɟ ɯɪɨɧɢɱɟɫɤɨɝɨ ɨɩɢɫɬɨɪɯɨ-

ɡɚ ɧɚɦɢ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɟɞɢ-

ɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ ɜɨɡɪɨɫɥɨ ɜ 2,1 ɪɚɡɚ ɫ 10 ɩɨ 52 ɧɟɞɟɥɸ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɫ ɩɪɟɜɵɲɟɧɢɟɦ ɤɨɧɬɪɨɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɭɠɟ ɧɚ 10 ɧɟɞɟɥɟ ɜ 2,3 ɪɚɡɚ. 
ɉɪɢ ɷɬɨɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɧɨɜɨɨɛɪɚɡɨɜɚɧɨɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ 

(ɩɪɟɨɛɥɚɞɚɧɢɟ ɤɨɥɥɚɝɟɧɨɜ I ɢ III ɬɢɩɚ) ɜɨɡɪɚɫɬɚɥɨ ɫ 10 ɩɨ 52 ɧɟɞɟɥɸ 

ɜ 2,6 ɪɚɡɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɮɢɛɪɨɛɥɚɫɬɨɜ ɛɵɥɨ ɩɪɢ-

ɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɦ ɧɚ ɜɫɟɯ ɫɪɨɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɹ 
21 ɤɥɟɬɤɭ ɧɚ ɩɨɥɟ ɡɪɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɫɬɟɥɥɚɬɧɵɯ 
ɤɥɟɬɨɤ ɤ 10 ɫɭɬɤɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɨɡɪɚɫɬɚɥɨ ɢ ɫɨɫɬɚɜɥɹɥɨ, ɜ ɫɪɟɞɧɟɦ, 

40 ɤɥɟɬɨɤ ɧɚ ɩɨɥɟ ɡɪɟɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ 
ɷɬɢ ɤɥɟɬɤɢ ɹɜɥɹɸɬɫɹ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɦɢ ɤɥɸɱɟɜɵɦɢ ɤɥɟɬɤɚɦɢ-ɷɮɮɟɤ-
ɬɨɪɚɦɢ ɮɢɛɪɨɝɟɧɟɡɚ ɢ ɢɫɬɨɱɧɢɤɚɦɢ ɤɨɥɥɚɝɟɧɚ.

TGF-β1 ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɢɧɢɰɢɚɬɨɪɨɜ ɮɢɛɪɨɝɟɧɟɡɚ 
(Hippenstiel S. et al., 2006). Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ, ɷɤɫɩɪɟɫɫɢɪɭ-
ɸɳɢɯ ɞɚɧɧɵɣ ɦɚɪɤɟɪ, ɜ ɫɪɟɞɧɟɦ ɩɪɟɜɵɲɚɟɬ ɤɨɧɬɪɨɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɜ 3,3 ɪɚɡɚ. Ɍɚɤɢɟ ɩɨɜɵɲɟɧɧɵɟ ɭɪɨɜɧɢ ɷɤɫɩɪɟɫɫɢɢ TGF-β1 ɦɨɝɭɬ 
ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɟɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɝɟ-
ɧɟɪɚɰɢɢ ɦɢɨɮɢɛɪɨɛɥɚɫɬɨɜ ɱɟɪɟɡ EMT ɢ EndoMT (Piera-Velazquez S., 

Jimenez S. A., 2012). Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ SMAD-ɡɚɜɢɫɢɦɵɣ ɩɭɬɶ. ȼ ɤɚɧɨɧɢɱɟɫɤɨɦ ɩɭɬɢ, 

ɮɨɫɮɨɪɢɥɢɪɭɟɬɫɹ Smad2/3 ɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫɨ Smad4 ɢ ɫɥɨɠɧɵɦ ɤɨɦ-

ɩɥɟɤɫɨɦ ɬɪɚɧɫɥɨɰɢɪɭɟɬɫɹ ɜ ɹɞɪɨ (Katsuno Y. et al., 2013). Ⱥɤɬɢɜɢɪɨ-
ɜɚɧɧɵɣ Smad 2/3/4 ɬɪɢɦɟɪ ɫɜɹɡɵɜɚɟɬɫɹ ɫ Smad-ɫɜɹɡɵɜɚɸɳɢɦ ɷɥɟ-
ɦɟɧɬɨɦ ɜ ɪɟɝɭɥɹɬɨɪɧɵɯ ɨɛɥɚɫɬɹɯ Snail, JunB ɢ ɋ-Jun, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɪɟɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɩɢɬɟɥɢɚɥɶɧɵɦ ɮɟɧɨɬɢɩɨɦ ɢ ɚɤɬɢɜɢ-

ɪɭɟɬ ɝɟɧɵ ɦɟɡɟɧɯɢɦɚɥɶɧɨɝɨ ɮɟɧɨɬɢɩɚ (van Meeteren L. A. et al., 2012). 
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Ⱦɢɧɚɦɢɤɚ ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɚ SMAD2/3 ɭ ɤɥɟɬɨɤ ɪɚɡɥɢɱɧɨɝɨ ɝɟɧɟɡɚ 
ɫɢɥɶɧɨ ɜɚɪɶɢɪɨɜɚɥɚ: ɤɨɥɢɱɟɫɬɜɨ SMAD2/3+ ɤɥɟɬɨɤ Ʉɭɩɮɮɟɪɚ ɭɜɟ-
ɥɢɱɢɜɚɥɨɫɶ ɤ 22 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɧɢɠɚɹɫɶ ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɹ ɤɨɧɬɪɨɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ 
SMAD2/3+ ɯɨɥɚɧɝɢɨɰɢɬɨɜ ɢ SMAD2/3+ ɝɟɩɚɬɨɰɢɬɨɜ ɭɜɟɥɢɱɢɜɚɥɨɫɶ 
ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 6,8 ɢ 31,5 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 10 ɧɟɞɟɥɟɣ 

ɩɨɫɥɟ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɨɥɢɱɟɫɬɜɨ SMAD2/3+ ɷɧ-

ɞɨɬɟɥɢɨɰɢɬɨɜ ɛɵɥɨ ɦɚɤɫɢɦɚɥɶɧɵɦ ɫ 10 ɩɨ 18 ɧɟɞɟɥɸ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɫ ɞɚɥɶɧɟɣɲɢɦ ɫɧɢɠɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɜ ɫɪɟɞɧɟɦ ɜ 1,5 ɪɚɡɚ ɢ ɪɟɡɤɢɦ 

ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɦɚɪɤɟɪɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɨɮɢ-

ɛɪɨɛɥɚɫɬɨɜ ɹɜɥɹɟɬɫɹ ɰɢɬɨɫɤɟɥɟɬɧɵɣ ɛɟɥɨɤ α-SMA, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 
ɱɚɫɬɶɸ ɫɨɤɪɚɬɢɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɤɥɟɬɨɱɧɨɣ ɩɨɞɜɢɠ-

ɧɨɫɬɢ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɯɪɨɧɢɱɟɫɤɢɯ ɮɢɛɪɨɝɟɧɧɵɯ ɛɨɥɟɡɧɟɣ ɭɪɨɜɟɧɶ 
α-SMA ɩɨɜɵɲɟɧ, ɱɬɨ ɨɬɪɚɠɚɟɬ ɚɤɬɢɜɚɰɢɸ ɦɢɨɮɢɛɪɨɛɥɚɫɬɨɜ (Piera-

Velazquez S. et al., 2011). ȼ ɰɟɥɨɦ ɷɤɫɩɪɟɫɫɢɹ ɞɚɧɧɨɝɨ ɦɚɪɤɟɪɚ ɜ ɤɥɟɬɤɚɯ 
Ʉɭɩɮɮɟɪɚ, ɯɨɥɚɧɝɢɨɰɢɬɚɯ ɢ ɝɟɩɚɬɨɰɢɬɚɯ ɧɨɫɢɥɚ ɨɞɢɧɚɤɨɜɵɣ ɯɚɪɚɤɬɟɪ: 
ɤɨɥɢɱɟɫɬɜɨ α-SMA+ ɤɥɟɬɨɤ ɜɨɡɪɚɫɬɚɥɨ ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 9,9, 

2,9 ɢ 2,2 ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɨɥɢɱɟɫɬɜɨ α-SMA+ ɷɧɞɨɬɟɥɢɨɰɢɬɨɜ ɧɚ-
ɨɛɨɪɨɬ ɭɦɟɧɶɲɚɥɨɫɶ ɨɬ 10 ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 1,5 ɪɚɡɚ.
ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɯɨɥɚɧɝɢɨɰɢɬɵ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ 

ɷɩɢɬɟɥɢɚɥɶɧɵɣ ɦɚɪɤɟɪ — E-cadherin, ɭɦɟɧɶɲɚɥɢɫɶ ɫ 10 ɤ 52 ɧɟɞɟɥɟ 
ɯɪɨɧɢɱɟɫɤɨɝɨ ɨɩɢɫɬɨɪɯɨɡɚ ɜ 1,6 ɪɚɡɚ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧ-

ɧɵɯ ɤɥɟɬɨɤ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɦɟɡɟɧɯɢɦɚɥɶɧɵɣ ɦɚɪɤɟɪ — vimentin, ɧɚ-
ɨɛɨɪɨɬ, ɭɜɟɥɢɱɢɜɚɥɨɫɶ ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 2,5 ɪɚɡɚ. Ʉɨɥɢɱɟɫɬɜɨ 
E-cadherin+ ɝɟɩɚɬɨɰɢɬɨɜ ɢ ɷɧɞɨɬɟɥɢɨɰɢɬɨɜ ɛɵɥɨ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɦ 

ɧɚ ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɥɨ 14 ɢ 7 ɤɥɟɬɨɤ 
ɧɚ ɩɨɥɟ ɡɪɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ vimentin+ ɤɥɟ-
ɬɨɤ ɭɜɟɥɢɱɢɜɚɥɨɫɶ ɤ 52 ɧɟɞɟɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 3,96 ɢ 2,3 ɪɚɡɚ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. Ɍɚɤɚɹ ɞɢɧɚɦɢɤɚ ɫɨɝɥɚɫɨɜɵɜɚɟɬɫɹ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɫɨɟɞɢɧɢɬɟɥɶ-
ɧɨɣ ɬɤɚɧɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɮɢɛɪɨɛɥɚɫɬɨɜ ɢ ɫɬɟɥɥɚɬɧɵɯ ɤɥɟɬɨɤ ɩɟɱɟɧɢ.

Ɂɚɤɥɸɱɟɧɢɟ
Ʉɨɥɢɱɟɫɬɜɨ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ ɧɚɪɚɫɬɚɥɨ ɫ ɬɟɱɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɜɵɫɨɤɢɦ ɩɪɨɰɟɧɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɦɨɥɨɞɨɣ ɫɨɟɞɢɧɢɬɟɥɶ-
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ɧɨɣ ɬɤɚɧɢ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɮɢɛɪɨɛɥɚɫɬɨɜ ɢ ɫɬɟɥɥɚɬɧɵɯ 
ɤɥɟɬɨɤ ɩɟɱɟɧɢ ɧɚ ɜɫɟɯ ɫɪɨɤɚɯ ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɛɵɥɨ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨ-
ɜɵɦ ɢ, ɜɟɪɨɹɬɧɨ, ɷɬɨ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɟ ɤɥɟɬɤɢ ɩɟɱɟɧɢ, ɫɩɨɫɨɛɧɵɟ ɩɪɢɧɢ-

ɦɚɬɶ ɭɱɚɫɬɢɟ ɜ ɪɟɚɥɢɡɚɰɢɢ ɮɢɛɪɨɝɟɧɟɡɚ ɩɭɬɟɦ ɫɟɤɪɟɰɢɢ ɤɨɥɥɚɝɟɧɚ. EMT 

ɢ EndoMT ɨɞɧɢ ɢɡ ɤɥɸɱɟɜɵɯ ɦɟɯɚɧɢɡɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɮɢɛɪɨɡɚ ɩɟɱɟɧɢ 

ɩɪɢ ɯɪɨɧɢɱɟɫɤɨɦ ɨɩɢɫɬɨɪɯɨɡɟ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɭɱɚɫɬɢɟɦ ɜ ɞɚɧɧɨɦ 

ɩɪɨɰɟɫɫɟ ɝɟɩɚɬɨɰɢɬɨɜ, ɯɨɥɚɧɝɢɨɰɢɬɨɜ ɢ ɷɧɞɨɬɟɥɢɨɰɢɬɨɜ. Ⱥɤɬɢɜɚɰɢɹ 
ɨɫɬɚɥɶɧɵɯ ɤɥɟɬɨɤ (ɦɚɤɪɨɮɚɝɨɜ ɢ ɮɢɛɪɨɛɥɚɫɬɨɜ) ɫ ɜɟɪɨɹɬɧɵɦ ɩɟɪɟɯɨɞɨɦ 

ɜ ɦɢɨɮɢɛɪɨɛɥɚɫɬ-ɩɨɞɨɛɧɵɟ ɤɥɟɬɤɢ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɢɞɟɬ ɩɨ ɫɯɨɠɟɦɭ ɩɭɬɢ. 

Ɉɞɧɚɤɨ, ɜɟɪɨɹɬɧɨ, ɱɬɨ SMAD-ɡɚɜɢɫɢɦɵɣ ɩɭɬɶ — ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɭɬɶ 
ɪɟɚɥɢɡɚɰɢɢ ȿɆɌ ɢ EndoMT ɜ ɦɟɯɚɧɢɡɦɚɯ ɮɢɛɪɨɝɟɧɟɡɚ ɜ ɩɟɱɟɧɢ ɩɪɢ 

ɯɪɨɧɢɱɟɫɤɨɦ ɨɩɢɫɬɨɪɯɨɡɟ, ɜɵɡɜɚɧɧɨɦ O. felineus.

ɋɈɁȾȺɇɂȿ ɒɌɊɂɏɄɈȾɂɊɈȼȺɇɇɕɏ ȻɂȻɅɂɈɌȿɄ 
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Ⱥɧɧɨɬɚɰɢɹ
ɉɪɨɟɤɬ ɧɚɩɪɚɜɥɟɧ ɧɚ ɢɡɭɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɨɧ-

ɫɬɢɬɭɬɢɜɧɨ ɚɤɬɢɜɧɵɯ ɢ ɢɧɞɭɰɢɪɭɟɦɵɯ ɩɪɨɦɨɬɨɪɨɜ ɝɟɧɨɜ ɜ ɡɚɜɢɫɢɦɨ-
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ɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɥɨɤɚɥɶɧɨɝɨ ɯɪɨɦɚɬɢɧɨɜɨɝɨ ɨɤɪɭɠɟɧɢɹ ɜ ɤɭɥɶɬɢɜɢɪɭɟ-
ɦɵɯ ɤɥɟɬɤɚɯ ɞɪɨɡɨɮɢɥɵ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɧɨɜɟɣɲɢɣ ɦɭɥɶɬɢɩɥɟɤɫɧɵɣ ɦɟɬɨɞ TRIP, ɨɫɧɨɜɚɧɧɵɣ ɧɚ piggyBac-

ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɬɪɚɧɫɩɨɡɢɰɢɢ ɜ ɝɟɧɨɦ ɢɫɫɥɟɞɭɟɦɵɯ ɤɥɟɬɨɤ ɧɟɫɤɨɥɶ-
ɤɢɯ ɬɵɫɹɱ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɯ ɪɟɩɨɪɬɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɨɫɥɟɞɭ-
ɸɳɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɦɟɫɬ ɢɯ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɝɟɧɨɦɟ ɢ ɢɡɦɟɪɟɧɢɟɦ 

ɭɪɨɜɧɹ ɢɯ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɫɨɤɨɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ 

ɫɨɡɞɚɧɵ ɛɢɛɥɢɨɬɟɤɢ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨɞɟɪɠɚɳɢɟ 
ɪɚɡɥɢɱɧɵɟ ɩɪɨɦɨɬɨɪɧɵɟ ɷɥɟɦɟɧɬɵ Drosophila melanogaster.

Abstract

The study is dedicated to investigation of infl uence of the local 

chromatin environment on the activity of promoter elements of dif-

ferent types (constitutively active and inducible ones) in cultured 

Drosophila cells. The novel multiplex approach TRIP based on 

piggyBac-mediated transposition of thousands of DNA-barcoded 

reporter constructs into the genome of cells of interest, which is fol-

lowed by the identifi cation of their genomic localization sites and the 

measurements of their transcriptional activity using high-throughput 

sequencing, is used to address the issue. In this project we gener-

ated DNA-barcoded plasmid libraries containing different promoter 

elements of Drosophila melanogaster.

Ɇɟɬɨɞ TRIP (Thousands of Reporters Integrated in Parallel) ɩɨɡɜɨ-
ɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɨɤɪɭɠɟɧɢɹ ɯɪɨɦɚɬɢɧɚ ɧɚ ɚɤ-
ɬɢɜɧɨɫɬɶ ɝɟɧɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɬɵɫɹɱɚɯ ɪɚɡɥɢɱɧɵɯ ɥɨɤɭɫɚɯ ɝɟɧɨɦɚ 
ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɜɫɬɪɨɟɧɧɵɯ ɜ ɝɟɧɨɦ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɯ ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɨɜ ɩɪɢ 

ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɬɪɚɧɫɩɨɡɨɧɚ piggyBac. ɋɢɫɬɟɦɚ ɞɥɹ ɬɪɚɧɫɝɟɧɟɡɚ ɫɨ-
ɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɥɚɡɦɢɞɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ: ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɷɤɫɩɪɟɫ-
ɫɢɢ ɬɪɚɧɫɩɨɡɚɡɵ, ɤɚɬɚɥɢɡɢɪɭɸɳɟɣ ɜɫɬɪɚɢɜɚɧɢɟ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ 
ɜ ɫɥɭɱɚɣɧɨɟ ɦɟɫɬɨ ɝɟɧɨɦɚ, ɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ ɬɟɪɦɢɧɚɥɶ-
ɧɵɟ ɩɨɜɬɨɪɵ ɬɪɚɧɫɩɨɡɨɧɚ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɩɨɦɟɳɟɧ ɪɟɩɨɪɬɟɪɧɵɣ 

ɝɟɧ ɢ ȾɇɄ ɲɬɪɢɯ-ɤɨɞ. ȾɇɄ ɲɬɪɢɯ-ɤɨɞ — ɷɬɨ ɤɨɪɨɬɤɚɹ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶ ɞɥɢɧɨɣ ɨɤɨɥɨ 20 ɩ. ɧ., ɧɚɯɨɞɹɳɚɹɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ 

ɫɚɣɬɨɦ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɢɞɟɧ-



l%ле*3л !…=  K,%л%Ą, 269

ɬɢɮɢɤɚɰɢɢ ɦɟɫɬɚ ɢɧɬɟɝɪɚɰɢɢ ɜ ɝɟɧɨɦ ɢ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ ɤɚɠɞɨɝɨ 
ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ. ɉɨɫɥɟ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ ɩɪɨɢɫɯɨɞɢɬ ɬɪɚɧɫ-
ɩɨɡɢɰɢɹ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ ɢɡ ɩɥɚɡɦɢɞɵ ɜ ɝɟɧɨɦ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɢɡ 
ɩɨɩɭɥɹɰɢɢ ɤɥɟɬɨɤ ɜɵɞɟɥɹɟɬɫɹ ɝɟɧɨɦɧɚɹ ȾɇɄ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬ 
ɢɧɬɟɝɪɚɰɢɢ ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɨɜ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɣ ɉɐɊ ɢ ɬɨɬɚɥɶɧɚɹ 
ɊɇɄ, ɩɨ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶ-
ɧɨɝɨ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɩɨɫɥɟɞɭɸ-

ɳɟɣ ɉɐɊ ɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ. ɇɟɨɛɯɨɞɢɦɨ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɭɧɢɤɚɥɶɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ȾɇɄ ɲɬɪɢɯ-ɤɨɞɚ ɜ ɤɚɠɞɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜɨɡɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɵɫɹɱ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɜ ɝɟɧɨɦ ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɨɜ.
Ɋɚɧɟɟ ɦɵ ɨɩɬɢɦɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞ TRIP, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɡɪɚɛɨ-

ɬɚɧɧɵɣ ɞɥɹ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɨɤ ɦɵɲɟɣ, ɞɥɹ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɚ 
ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɤɚɯ ɞɪɨɡɨɮɢɥɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɭɞɨɛ-

ɧɵɣ ɦɨɞɟɥɶɧɵɣ ɨɛɴɟɤɬ ɞɥɹ ɢɡɭɱɟɧɢɹ ɪɟɝɭɥɹɰɢɢ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ. 
Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ ɞɪɨɡɨɮɢɥɵ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɨɩɬɢ-

ɦɚɥɶɧɵɟ ɦɟɬɨɞɵ ɬɪɚɧɫɮɟɤɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɨɦɨɬɨɪɵ ɞɥɹ ɧɚɪɚɛɨɬɤɢ ɞɨ-
ɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɩɨɡɚɡɵ ɢ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɫɬɪɨɟɤ 
ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɨɜ ɜ ɝɟɧɨɦ.

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɯ 
ɪɟɩɨɪɬɟɪɧɵɯ ɛɢɛɥɢɨɬɟɤ, ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɥɢɱɧɵɟ ɩɪɨɦɨɬɨɪɧɵɟ ɷɥɟ-
ɦɟɧɬɵ Drosophila melanogaster, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɷɮɮɟɤɬɚ 
ɩɨɥɨɠɟɧɢɹ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɜ ɦɚɫɲɬɚɛɟ ɝɟɧɨɦɚ ɜ ɷɦ-

ɛɪɢɨɧɚɥɶɧɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ ɞɪɨɡɨɮɢɥɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ TRIP.

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɩɥɚɡɦɢɞɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɵ ɜɵɛɪɚɥɢ ɧɟɫɤɨɥɶɤɨ 
ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɚɤɬɢɜɧɵɯ ɢ ɢɧɞɭɰɢɪɭɟɦɵɯ ɩɪɨɦɨɬɨɪɨɜ, ɢɦɟɸɳɢɯ 
ɪɚɡɥɢɱɧɭɸ ɚɤɬɢɜɧɨɫɬɶ (ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ FlyBase): ɩɪɨɦɨɬɨɪɵ ɝɟ-
ɧɨɜ Tbp, PyK, PCNA, Hex-A, Hsp70 ɢ MtnA. ɇɚ ɨɫɧɨɜɟ ɛɚɡɨɜɨɝɨ TRIP 

ɜɟɤɬɨɪɚ, ɚɞɚɩɬɢɪɨɜɚɧɧɨɝɨ ɞɥɹ ɤɥɟɬɨɤ Drosophila, ɛɵɥ ɫɨɡɞɚɧ ɧɚɛɨɪ 
ɭɧɢɤɚɥɶɧɵɯ ɩɥɚɡɦɢɞɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɪɟɩɨɪɬɟɪɧɵɣ 

ɝɟɧ eGFP ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɪɚɡɥɢɱɧɵɯ ɩɪɨɦɨɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɣ ɭɧɢɤɚɥɶɧɵɣ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɦɨɬɨɪɚ ɲɬɪɢɯ-ɤɨɞ ɞɥɢɧɨɣ 

5 ɩ.ɧ. (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɩɪɨɦɨɬɨɪɧɵɣ ɢɧɞɟɤɫ), ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɤ ɨɫɧɨɜɧɨɦɭ ɲɬɪɢɯ-ɤɨɞɭ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɢ 
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ɜɫɟɯ ɜɵɛɪɚɧɧɵɯ ɩɪɨɦɨɬɨɪɨɜ ɜ ɨɞɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ. Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɩɪɨɦɨɬɨɪɚ ɛɵɥɨ ɫɨɡɞɚɧɨ ɞɜɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɭɧɢɤɚɥɶ-
ɧɵɦɢ ɩɪɨɦɨɬɨɪɧɵɦɢ ɢɧɞɟɤɫɚɦɢ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɨɡɦɨɠɧɨɟ ɜɥɢɹ-
ɧɢɟ ɩɪɨɦɨɬɨɪɧɨɝɨ ɢɧɞɟɤɫɚ ɧɚ ɷɤɫɩɪɟɫɫɢɸ ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ. Ⱥɤɬɢɜ-
ɧɨɫɬɶ ɩɪɨɦɨɬɨɪɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨɫɥɟ ɜɪɟɦɟɧɧɨɣ ɬɪɚɧɫɮɟɤɰɢɢ ɤɥɟɬɨɤ 
ɩɨɥɭɱɟɧɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɩɨ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ eGFP ɢ ɩɨɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ 

ɪɟɩɨɪɬɟɪɧɨɝɨ ɝɟɧɚ eGFP ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɢ ɢ ɩɨɫɥɟɞɭ-
ɸɳɟɣ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼɵɛɪɚɧɧɵɟ ɞɥɹ TRIP ɚɧɚɥɢɡɚ ɩɪɨ-
ɦɨɬɨɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɲɢɪɨ-
ɤɨɦ ɞɢɧɚɦɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ ɜ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɤɥɟɬɤɚɯ ɞɪɨɡɨɮɢɥɵ 

S2 ɢ Ʉɫ167.

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɯ ɪɟɩɨɪɬɟɪɧɵɯ ɛɢɛɥɢɨɬɟɤ 
ɜ ɤɚɠɞɭɸ ɩɨɥɭɱɟɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɤɥɨɧɢɪɨɜɚɥɢ ɨɫɧɨɜɧɨɣ ɲɬɪɢɯ-
ɤɨɞ. ɒɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɟ ɪɟɩɨɪɬɟɪɧɵɟ ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ TRIP ɞɨɥɠɧɵ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɨɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ: 1) ɫɥɨɠɧɨɫɬɶ ɛɢɛɥɢɨɬɟ-
ɤɢ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 300 ɬɵɫɹɱ ɤɥɨɧɨɜ ɢ 2) ɡɚɝɪɹɡɧɟɧɢɟ ɛɢɛɥɢ-

ɨɬɟɤɢ ɢɫɯɨɞɧɨɣ ɧɟɦɚɪɤɢɪɨɜɚɧɧɨɣ ɲɬɪɢɯ-ɤɨɞɨɦ ɤɨɧɫɬɪɭɤɰɢɟɣ ɞɨɥɠ-

ɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɨ. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɹ ɛɢɛɥɢɨɬɟɤ ɧɟ-
ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɨɣ ɩɥɚɡɦɢɞɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɩɪɢɦɟɧɹɥɢ ɫɥɟɞɭɸ-

ɳɢɣ ɩɨɞɯɨɞ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɹɦɨɝɨ ɩɪɚɣɦɟɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɚɣɬ 
ɪɟɫɬɪɢɰɢɢ SalI, ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɚɣɦɟɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɚɣɬ ɪɟɫɬɪɢɰɢɢ 

EagI, ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ ɮɪɚɝɦɟɧɬ ȾɇɄ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɲɬɪɢɯ-ɤɨɞɚ 
ɞɥɢɧɨɣ 18 ɩ.ɧ., ɫɢɝɧɚɥɚ ɩɨɥɢɚɞɟɧɢɥɢɪɨɜɚɧɢɹ ɢ 3’-ɬɟɪɦɢɧɚɥɶɧɝɨ ɩɨ-
ɜɬɨɪɚ ɬɪɚɧɫɩɨɡɨɧɚ piggyBac. Ⱦɚɥɟɟ ɮɪɚɝɦɟɧɬ ȾɇɄ ɪɟɡɚɥɢ ɩɨ ɫɚɣɬɚɦ 

ɪɟɫɬɪɢɤɰɢɢ SalI ɢ EagI ɢ ɥɢɝɢɪɨɜɚɥɢ ɜ ɢɫɯɨɞɧɵɣ ɜɟɤɬɨɪ, ɩɨɪɟɡɚɧɧɵɣ 

ɩɨ ɫɚɣɬɚɦ ɪɟɫɬɪɢɤɰɢɢ SalI ɢ NotI. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɟɫɬɪɢɤɬɚɡɵ 

EagI ɢ NotI ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɥɢɩɤɢɟ ɤɨɧɰɵ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶ-
ɬɚɬɟ ɬɚɤɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɥɢɝɢɪɨɜɚɧɢɹ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɚɹ ɪɟɩɨɪɬɟɪ-
ɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɧɟ ɫɨɞɟɪɠɚɥɚ ɞɚɧɧɵɯ ɫɚɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɢɫɯɨɞɧɨɝɨ ɧɟɦɚɪɤɢɪɨɜɚɧɧɨɝɨ ɲɬɪɢɯ-ɤɨɞɨɦ ɩɥɚɡɦɢɞɧɨɝɨ ɜɟɤɬɨɪɚ, 
ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɟɝɨ ɩɪɢɦɟɫɢ ɜ ɩɨɥɭɱɟɧɧɨɣ ɛɢɛɥɢɨɬɟɤɟ 
c ɩɨɦɨɳɶɸ ɟɟ ɨɛɪɚɛɨɬɤɢ ɪɟɫɬɪɢɤɬɚɡɨɣ NotI.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɲɬɪɢɯɤɨɞɢɪɨɜɚɧɧɵɟ ɩɥɚɡ-
ɦɢɞɧɵɟ TRIP ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɪɟɩɨɪɬɟɪɧɵɯ ɝɟɧɨɜ, ɫɨ-
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ɞɟɪɠɚɳɢɯ ɪɚɡɥɢɱɧɵɟ ɩɪɨɦɨɬɨɪɵ, ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɥɨɤɚɥɶɧɨɝɨ 
ɨɤɪɭɠɟɧɢɹ ɯɪɨɦɚɬɢɧɚ ɧɚ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɝɟɧɨɜ ɜ ɦɚɫ-
ɲɬɚɛɟ ɝɟɧɨɦɚ ɦɨɞɟɥɶɧɨɝɨ ɨɛɴɟɤɬɚ ɞɪɨɡɨɮɢɥɵ.

ɈɉɊȿȾȿɅȿɇɂȿ ɎɂɁɂɈɅɈȽɂɑȿɋɄɈɃ ɄɈɇɐȿɇɌɊȺɐɂɂ 

ȺȾȿɇɈɁɂɇȺ ȼ ɈȻɅȺɋɌɂ ɈɀɈȽɈȼɈɃ ɊȺɇɕ *

PHYSIOLOGICAL ADENOSINE CONCENTRATIONS 

IN BURNED AREA

Ʉ. ȼ. ɇɟɜɫɤɚɹ 1, ȼ. ȼ. ɂɜɚɧɨɜ 1, 

ɋ. ȼ. Ʉɪɢɜɨɳɟɤɨɜ 1,2, ȿ. ɋ. Ɇɚɣɧɚɝɚɲɟɜɚ 1

1 ɎȽȻɈɍ ȼɈ ɋɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ Ɇɢɧɡɞɪɚɜɚ Ɋɨɫɫɢɢ

2 ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ 
ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ

K. V. Nevskaya 1, V. V. Ivanov 1, S. V. Krivoshchekov 1,2, 

E. S. Mainagasheva 1

1 Siberian State Medical University, Russia
2 Tomsk Polytechnic University, Russia

Ⱥɧɧɨɬɚɰɢɹ
Ⱥɞɟɧɨɡɢɧ — ɷɧɞɨɝɟɧɧɵɣ ɩɭɪɢɧɨɜɵɣ ɧɭɤɥɟɨɡɢɞ, ɢɝɪɚɸɳɢɣ ɜɚɠ-

ɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɚɯ ɪɟɝɟɧɟɪɚɰɢɢ ɡɚ ɫɱɟɬ ɦɨɞɢɮɢɤɚɰɢɢ ɮɭɧɤɰɢ-

ɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɨɤ ɜ ɨɱɚɝɟ ɩɨɜɪɟɠɞɟɧɢɹ. Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ 
ɦɟɯɚɧɢɡɦɨɜ ɩɪɨɬɟɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɚɞɟɧɨɡɢɧɚ ɩɪɢ ɨɠɨɝɨɜɨɣ ɬɪɚɜɦɟ 
ɧɚɦɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢɧɚ ɜ ɨɠɨ-
ɝɨɜɨɣ ɪɚɧɟ, ɩɨɞɥɟɠɚɳɟɣ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ, ɚ ɬɚɤɠɟ ɤɨɠɟ ɜɨɤɪɭɝ ɨɛ-

ɥɚɫɬɢ ɨɠɨɝɚ. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɛɨɬ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨɜɵɲɟɧɢɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢɧɚ ɜ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ, ɩɨɞɥɟɠɚɳɟɣ ɩɨɞ ɨɛɥɚɫɬɶɸ 

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ №26 16-

34-00421/16 ɨɬ 27.01.2016.
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ɨɠɨɝɚ, ɢ ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɤɨɠɟ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɨɛɥɚɫɬɢ ɨɠɨɝɨɜɨɣ 

ɪɚɧɵ, ɱɟɪɟɡ 1 ɢ 24 ɱɚɫɚ ɩɨɫɥɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɬɪɚɜɦɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.

Abstract

Adenosine is an endogenous purine nucleoside that play important 

role in tissue regeneration by means of cells function modifi cation. 

We investigated adenosine concentration in burned skin, underly-

ing muscle tissue, undamaged area around the wound to under-

stand the mechanisms of tissue protection by adenosine. We ob-

served increasing of adenosine levels in underlying muscle tissue 

and undamaged area around the wound after 1 and 24 hours after 

damage respectively.

ɂɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɩɨɜɪɟɠɞɟɧɧɨɣ 

ɬɤɚɧɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɫɨɡɞɚɧɢɹ ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɬɟɪɚɩɢɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɧɞɨɝɟɧɧɵɣ ɩɭɪɢɧɨɜɵɣ ɧɭɤɥɟɨɡɢɞ ɚɞɟɧɨɡɢɧ ɫɩɨɫɨɛɟɧ 

ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɪɟɝɟɧɟɪɚɰɢɸ ɬɤɚɧɟɣ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɡɚ ɫɱɟɬ ɦɨɞɢ-

ɮɢɤɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɨɤ ɜ ɨɱɚɝɟ ɩɨɜɪɟɠɞɟɧɢɹ 
(Valls et al., 2009). ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢɧɚ ɚɤɬɢɜɢɪɭɟɬɫɹ ɬɨɬ ɢɥɢ ɢɧɨɣ ɬɢɩ ɚɞɟɧɨɡɢɧɨɜɵɯ 
ɪɟɰɟɩɬɨɪɨɜ (Ⱥ1, Ⱥ2Ⱥ, Ⱥ2ȼ, Ⱥ3), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɢɱɧɵɦ ɷɮɮɟɤ-
ɬɚɦ ɫɨ ɫɬɨɪɨɧɵ ɤɥɟɬɨɤ: ɩɪɨɞɭɤɰɢɢ ɩɪɨ- ɢɥɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 
ɰɢɬɨɤɢɧɨɜ, ɚɧɝɢɨɝɟɧɧɵɯ ɢɥɢ ɚɧɝɢɨɫɬɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɞɪɭɝɢɯ 
(Sheth et al., 2014). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɭɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢ-

ɧɚ ɜ ɨɛɥɚɫɬɢ ɩɨɜɪɟɠɞɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɧɢɦɚɧɢɸ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ, ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɩɪɨɰɟɫɫɨɜ ɪɟɝɟɧɟɪɚɰɢɢ.

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢ-

ɧɚ ɜ ɨɛɥɚɫɬɢ ɨɠɨɝɨɜɨɣ ɪɚɧɵ IIIɛ ɫɬɟɩɟɧɢ ɭ ɤɪɵɫ ɥɢɧɢɢ Wistar ɧɚ ɪɚɡ-
ɧɵɟ ɫɪɨɤɢ ɩɨɫɥɟ ɩɨɜɪɟɠɞɟɧɢɹ.
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɧɚ ɤɪɵɫɚɯ ɥɢɧɢɢ Wistar. ɀɢɜɨɬɧɵɯ ɫɨ-

ɞɟɪɠɚɥɢ ɜ ɭɫɥɨɜɢɹɯ ɜɢɜɚɪɢɹ ɧɚ ɫɬɚɧɞɚɪɬɧɨɣ ɞɢɟɬɟ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸ-

ɳɟɣ ɫɜɨɛɨɞɧɵɣ ɞɨɫɬɭɩ ɤ ɜɨɞɟ ɢ ɩɢɳɟ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 
ɧɚ ɨɫɧɨɜɟ ɩɪɨɬɨɤɨɥɨɜ, ɨɞɨɛɪɟɧɧɵɯ ɥɨɤɚɥɶɧɵɦ ɤɨɦɢɬɟɬɨɦ ɩɨ ɷɬɢɤɟ 
ɎȽȻɈɍ ȼɈ ɋɢɛȽɆɍ Ɇɢɧɡɞɪɚɜɚ Ɋɨɫɫɢɢ (ɡɚɤɥɸɱɟɧɢɟ № 3897 ɨɬ 
27.10.2014 ɝ.). Ɍɟɪɦɢɱɟɫɤɢɣ ɨɠɨɝ ɦɨɞɟɥɢɪɨɜɚɥɢ ɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
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ɧɚɪɤɨɬɢɡɢɪɨɜɚɧɧɵɯ ɠɢɜɨɬɧɵɯ ɤɨɧɬɚɤɬɧɵɦ ɫɩɨɫɨɛɨɦ ɫ ɩɨɪɚɠɟɧɢɟɦ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɠɢ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɫɜɨɛɨɠɞɟɧɧɨɣ ɨɬ ɲɟɪɫɬɢ, ɫ ɩɨ-
ɦɨɳɶɸ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɟɪɠɧɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɤɚ-
ɥɢɜɚɧɢɹ 200°ɋ ɩɪɢ ɜɪɟɦɟɧɢ ɷɤɫɩɨɡɢɰɢɢ 10 ɫɟɤɭɧɞ. ɇɚɪɤɨɡ ɨɫɭɳɟɫɬ-
ɜɥɹɥɢ ɩɭɬɟɦ ɨɞɧɨɤɪɚɬɧɨɝɨ ɜɧɭɬɪɢɦɵɲɟɱɧɨɝɨ ɜɜɟɞɟɧɢɹ ɪɚɫɬɜɨɪɚ 
«Zoletil-100»® («Virbac Sante Animale», Ɏɪɚɧɰɢɹ) ɢɡ ɪɚɫɱɟɬɚ 2 ɦɝ ɧɚ 
1 ɤɝ ɦɚɫɫɵ ɬɟɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɠɢɜɨɬɧɨɝɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣ-

ɫɬɜɢɹ ɭ ɠɢɜɨɬɧɵɯ ɮɨɪɦɢɪɨɜɚɥɫɹ ɨɠɨɝ IIIɛ ɫɬɟɩɟɧɢ ɩɥɨɳɚɞɶɸ 4,9 ɫɦ2. 

ɑɟɪɟɡ 1, 24 ɢ 48 ɱɚɫɨɜ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɠɨɝɚ ɠɢɜɨɬɧɵɟ ɩɨɞɜɟɪɝɚ-
ɥɢɫɶ ɋɈ

2
-ɚɫɮɢɤɫɢɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɛɨɪɨɦ ɮɪɚɝɦɟɧɬɨɜ ɤɨɠɢ ɜ ɨɛ-

ɥɚɫɬɢ ɨɠɨɝɨɜɨɣ ɪɚɧɵ, ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɤɨɠɢ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɨɛɥɚɫɬɢ 

ɨɠɨɝɚ, ɚ ɬɚɤɠɟ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ, ɩɨɞɥɟɠɚɳɟɣ ɩɨɞ ɨɛɥɚɫɬɶɸ ɨɠɨɝɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɩɪɨɜɨɞɢɥɢ ɡɚɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 
ɭ ɢɧɬɚɤɬɧɵɯ ɠɢɜɨɬɧɵɯ. ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɭ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ȼɗɀɏ-ɚɧɚɥɢɡɚ ɩɪɨɜɨɞɢɥɢ, ɤɚɤ ɨɩɢɫɚɧɨ Akula et al. (2008). Ⱥɧɚɥɢɡ 
ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɳɟɧɧɨ-ɮɚɡɧɨɣ ɤɨɥɨɧɤɢ Phenomex 

Luna C18(2) 250 × 4,6 ɦɦ, ɜ ɝɪɚɞɢɟɧɬɧɨɦ ɪɟɠɢɦɟ ɷɥɸɢɪɨɜɚɧɢɹ (ɚɧɚ-
ɥɢɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɜɨɥɧɵ 260 ɧɦ). ɋɨɞɟɪɠɚɧɢɟ ɚɞɟɧɨɡɢɧɚ ɜɵɪɚɠɚɥɢ 

ɧɚ 1 ɝ ɢɫɫɥɟɞɭɟɦɵɯ ɬɤɚɧɟɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɟɪɟɡ 1 ɱɚɫ ɩɨɫɥɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɠɨɝɚ ɩɪɨɢɫɯɨɞɢɥɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢɧɚ ɜ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ, ɩɨɞɥɟɠɚɳɟɣ ɩɨɞ ɨɛɥɚɫɬɶɸ 

ɨɠɨɝɚ, ɜ 1,5 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. ɑɟɪɟɡ 24 ɱɚɫɚ ɤɨɧɰɟɧ-

ɬɪɚɰɢɹ ɚɞɟɧɨɡɢɧɚ ɩɨɜɵɲɚɥɚɫɶ ɜ ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɤɨɠɟ, ɩɪɢɥɟɝɚɸ-

ɳɟɣ ɤ ɨɛɥɚɫɬɢ ɨɠɨɝɨɜɨɣ ɪɚɧɵ (ɜ 2 ɪɚɡɚ). ɑɟɪɟɡ 48 ɱɚɫɨɜ ɩɨɫɥɟ ɬɟɪɦɢ-

ɱɟɫɤɨɝɨ ɨɠɨɝɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɞɟɧɨɡɢɧɚ ɜɨ ɜɫɟɯ ɢɡɭɱɚɟɦɵɯ ɨɛɪɚɡɰɚɯ 
ɫɧɢɠɚɥɚɫɶ, ɱɟɦ ɜ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɠɢɜɨɬɧɵɯ ɤɨɧɬɪɨɥɶɧɨɣ 

ɝɪɭɩɩɵ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɟɝɨ ɛɵɫɬɪɵɦ ɦɟɬɚɛɨɥɢɡɦɨɦ 

(Salati et al., 1984)

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɪɨɜɟɧɶ ɚɞɟɧɨɡɢɧɚ ɜ ɤɨɠɟ ɠɢɜɨɬɧɵɯ 
ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ ɛɵɥ ɧɢɠɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɜɵɡɵɜɚɸɳɟɣ ɚɤɬɢɜɚ-
ɰɢɸ ɚɞɟɧɨɡɢɧɨɜɵɯ ɪɟɰɟɩɬɨɪɨɜ ɜ ɤɥɟɬɤɚɯ (Fredholm, 2007). ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɭ ɠɢɜɨɬɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ 

(ɱɟɪɟɡ 1 ɱɚɫ ɩɨɫɥɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɠɨɝɚ) ɢ ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɤɨɠɟ, 
ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɨɛɥɚɫɬɢ ɩɨɜɪɟɠɞɟɧɢɹ (ɱɟɪɟɡ 24 ɱɚɫɚ ɩɨɫɥɟ ɦɨɞɟɥɢ-
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ɪɨɜɚɧɢɹ ɨɠɨɝɚ), ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɞɟɧɨɡɢɧɚ, ɫɩɨɫɨɛɧɚɹ 
ɚɤɬɢɜɢɪɨɜɚɬɶ Ⱥ1 ɢ Ⱥ3 ɪɟɰɟɩɬɨɪɵ ɚɞɟɧɨɡɢɧɚ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɥɢɬɟ-
ɪɚɬɭɪɵ, Ⱥ1 ɚɞɟɧɨɡɢɧɨɜɵɣ ɪɟɰɟɩɬɨɪ ɨɛɥɚɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɨ-
ɜɨɫɩɚɥɢɬɟɥɶɧɵɦɢ ɷɮɮɟɤɬɚɦɢ ɧɚ ɤɥɟɬɤɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ Ⱥ3 — ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦɢ (Lapa et al., 2014).

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɹɜɥɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɞɟɧɨɡɢ-

ɧɚ ɜ ɨɛɥɚɫɬɢ ɨɠɨɝɨɜɨɣ ɪɚɧɵ ɭ ɤɪɵɫ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɩɪɢ ɬɟɪɦɢɱɟ-
ɫɤɨɦ ɩɨɜɪɟɠɞɟɧɢɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ 

ɩɪɨɰɟɫɫ ɱɟɪɟɡ ɚɤɬɢɜɚɰɢɸ Ⱥ1 ɢ Ⱥ3 ɬɢɩɨɜ ɚɞɟɧɨɡɢɧɨɜɵɯ ɪɟɰɟɩɬɨɪɨɜ. 
Ⱦɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɞɟ-
ɧɨɡɢɧɚ ɧɚ ɦɨɞɢɮɢɤɚɰɢɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɨɤ ɩɨɡɜɨ-
ɥɢɬ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɢɡɭɱɢɬɶ ɦɟɯɚɧɢɡɦɵ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɢ ɫɬɚɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧ-

ɧɵɯ ɩɨɞɯɨɞɨɜ ɜ ɨɛɥɚɫɬɢ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɢ ɷɫɬɟɬɢɱɟɫɤɨɣ ɦɟɞɢɰɢɧɵ.

ɈɐȿɇɄȺ ȼɂȾɈȼɈȽɈ ɉɈɅɂɆɈɊɎɂɁɆȺ 

ȻɈȻɈȼɕɏ ɌɊȺȼ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɉɐɊ-ɆȿɌɈȾɈȼ
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Ⱥɧɧɨɬɚɰɢɹ
Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɛɨɛɨɜɵɯ ɬɪɚɜ ȾɇɄ 

ɮɢɧɝɟɩɪɢɧɬɢɧɝ ɧɚ ɨɫɧɨɜɟ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜɵɫɨɤɨɩɨɜɬɨɪɹɸɳɢɯɫɹ 
PBS ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɪɟɬɪɨɬɪɚɧɫɩɨɡɨɧɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ. ɂɦɟ-
ɟɬɫɹ ɜɵɫɨɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɨɞɨɛɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɛɭɞɭɬ ɜɫɬɪɟɱɚɬɶɫɹ ɩɨ ɜɫɟɦɭ ɝɟɧɨɦɭ ɜ ɪɚɡɥɢɱɧɵɯ ɨɪɢɟɧɬɚɰɢɹɯ ɢ ɧɚ 
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ɤɨɪɨɬɤɨɣ ɞɢɫɬɚɧɰɢɢ, ɱɬɨɛɵ ɛɵɥɚ ɜɨɡɦɨɠɧɚ ɚɦɩɥɢɮɢɤɚɰɢɹ ɉɐɊ ɦɟ-
ɬɨɞɨɦ. 50 ɉɐɊ ɩɪɚɣɦɟɪɨɜ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɬɨɪɵɯ ɤɨɦɩɥɟɦɟɧ-

ɬɚɪɧɵ ɤɨɪɨɬɤɢɦ PBS ɭɱɚɫɬɤɚɦ ɪɟɬɪɨɬɪɚɧɫɩɨɡɨɧɨɜ, ɛɵɥɢ ɪɚɡɪɚɛɨɬɚ-
ɧɵ. ɗɮɮɟɤɬɢɜɧɵɟ ɩɪɚɣɦɟɪɵ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɜɢɞɨɜɨɝɨ ɩɨɥɢɦɨɪɮɢɡɦɚ 
ɛɨɛɨɜɵɯ ɬɪɚɜ ɛɵɥɢ ɜɵɞɟɥɟɧɵ.

Abstract

To identify the genetic diversity of legumes fi ngerprinting DNA based 

on the amplifi cation of highly repetitive sequences of retrotranspo-

sons PBS used. There is a high probability that such sequences 

will occur throughout the genome at different orientations and at 

a short distance to be able to amplifi cation by PCR. 50 PCR prim-

ers, whose sequences are complementary to portions of PBS short 

retrotransposons developed. Effective primers to detect polymor-

phisms legumes identifi ed.

ɋɬɪɭɤɬɭɪɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɤɚɤɨɣ-ɥɢɛɨ ɝɟɨɝɪɚɮɢɱɟ-
ɫɤɨɣ ɩɨɩɭɥɹɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɷɬɨɣ ɩɨɩɭɥɹɰɢɢ ɚɞɚɩ-

ɬɢɪɨɜɚɬɶɫɹ ɤ ɤɨɧɤɪɟɬɧɵɦ ɭɫɥɨɜɢɹɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɭɬɟɦ ɟɫɬɟɫɬɜɟɧ-

ɧɨɝɨ ɨɬɛɨɪɚ. ɗɬɨ ɜɨɡɧɢɤɚɟɬ ɜɫɥɟɞɫɬɜɢɟ ɧɢɡɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɟɧɟ-
ɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɜɜɢɞɭ ɫɧɢɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɜɨɡɦɨɠɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɝɟɧɨɜ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɩɪɢɫɩɨɫɨɛɥɹɟɦɨɫɬɢ 

ɤ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɨɩɪɟ-
ɞɟɥɟɧɧɨɣ ɩɨɩɭɥɹɰɢɢ ɫɧɢɠɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɪɨɞɭɤ-
ɬɢɜɧɵɯ ɢɧɞɢɜɢɞɭɭɦɨɜ. ɗɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɞɟɪ-
ɠɚɧɢɹ ɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɱɬɨ 
ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɢɡɭɱɟɧɢɢ ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɫɬɪɚɬɟɝɢɣ 

ɨɰɟɧɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɟɝɨ ɫɬɪɭɤɬɭɪɵ: ɚɧɚɥɢɡ ɝɟɧɟɚ-
ɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ, ɩɨɥɟɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɥɢɱɟ-
ɫɬɜɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ, ɢɡɨɮɟɪɦɟɧɬɵ, ɚ ɬɚɤɠɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟ-
ɧɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɂɡ ɩɨɫɥɟɞɧɢɯ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɞɥɹ ɨɰɟɧɤɢ ɝɟɧɟ-
ɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɦɚɪɤɟɪɵ, ɛɚ-
ɡɢɪɭɸɳɢɟɫɹ ɧɚ ɨɰɟɧɤɟ ɩɨɥɢɦɨɪɮɢɡɦɚ ɚɧɨɧɢɦɧɵɯ ɢ ɩɨɜɬɨɪɹɸɳɢɯɫɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɦɚ: RAPD, SSR ɢ ISSR. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɢɫɤɚ ɧɨɜɨɝɨ ɬɢɩɚ ɦɚɪɤɟɪɨɜ, ɤɨɬɨɪɵɟ 
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ɛɵ ɩɨɡɜɨɥɹɥɢ ɜɵɹɜɥɹɬɶ ɩɨɥɢɦɨɪɮɢɡɦ ɜɨ ɜɫɟɯ ɱɚɫɬɹɯ ɝɟɧɨɦɚ, ɜɤɥɸ-

ɱɚɹ ɢ ɧɟɤɨɞɢɪɭɸɳɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɉɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɜɵɫɨɤɨɣ 

ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɦɚɪɤɟɪɵ, ɢɫɩɨɥɶ-
ɡɭɟɦɵɟ ɞɥɹ ɢɡɭɱɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢɯ ɧɚ ɪɚɡɥɢɱɧɵɯ ɤɭɥɶɬɭɪɚɯ. 
ȼ ɡɚɞɚɱɢ ɧɚɲɢɯ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɯɨɞɢɥɨ ɜɵɞɟɥɟɧɢɟ 

ȾɇɄ ɢɡ ɩɪɨɪɨɫɬɤɨɜ ɤɨɪɦɨɜɵɯ ɤɭɥɶɬɭɪ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɤɢɫɥɨɝɨ ɋɌȺȼ-HEPES ɛɭɮɟɪɚ. ɇɟɤɨɬɨɪɵɟ ɤɭɥɶɬɭɪɵ 

ɢɦɟɥɢ ɜɵɫɨɤɭɸ ɷɧɟɪɝɢɸ ɩɪɨɪɚɫɬɚɧɢɹ, ɭ ɞɪɭɝɢɯ ɩɪɨɛɥɟɦɚ ɛɵɥɚ ɜ ɩɨ-
ɥɭɱɟɧɢɢ ɧɟɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɨɪɨɫɬɤɨɜ. ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɭɫɩɟɲɧɨ 
ɪɟɲɚɥɢ ɱɟɪɟɡ ɩɨɥɭɱɟɧɢɟ ɫɬɟɪɢɥɶɧɵɯ ɩɪɨɪɨɫɬɤɨɜ ɧɚ ɫɪɟɞɟ, ɫɨɞɟɪɠɚ-
ɳɟɣ ½ ɫɨɫɬɚɜɚ ɫɨɥɟɣ ɩɨ ɩɪɨɩɢɫɢ Ƚɚɦɛɨɪɝɚ ȼ5. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨ-
ɪɨɫɬɤɢ ɢɦɟɥɢ ɯɨɪɨɲɨ ɪɚɡɜɢɬɵɟ ɫɟɦɹɞɨɥɢ, ɱɬɨ ɩɨɡɜɨɥɹɥɨ ɷɮɮɟɤɬɢɜɧɨ 
ɩɪɨɜɨɞɢɬɶ ɷɤɫɬɪɚɤɰɢɸ ȾɇɄ. 

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɜɧɭɬɪɢɜɢɞɨɜɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɦɚɪɤɟɪɧɨɣ ɫɟɥɟɤɰɢɢ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢ ȾɇɄ ɮɢɧɝɟɩɪɢɧɬɢɧɝ (iPBS ɚɦɩɥɢɮɢɤɚɰɢɹ), ɧɚ ɨɫɧɨɜɟ ɚɦɩɥɢ-

ɮɢɤɚɰɢɢ ɜɵɫɨɤɨɩɨɜɬɨɪɹɸɳɢɯɫɹ PBS ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. Ⱦɚɧɧɵɣ 

ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɉɐɊ ɩɪɚɣɦɟɪɨɜ ɤɨɦɩɥɟ-
ɦɟɧɬɚɪɧɵ ɤɨɪɨɬɤɢɦ (ɞɨ 18 ɧɭɤɥɟɨɬɢɞɨɜ), PBS ɭɱɚɫɬɤɚɦ ɢɡ ɪɟɬɪɨɬɪɚɧ-

ɫɩɨɡɨɧɨɜ, ɤɨɬɨɪɵɟ ɭɧɢɜɟɪɫɚɥɶɧɵ ɞɥɹ ɜɫɟɯ ɪɟɬɪɨɬɪɚɧɫɩɨɡɨɧɨɜ ɢ ɨɬɧɨ-
ɫɹɬɫɹ ɤ ɜɵɫɨɤɨɩɨɜɬɨɪɹɸɳɢɦɫɹ ɩɨɜɬɨɪɚɦ ɜɵɫɲɢɯ ɷɭɤɚɪɢɨɬ. ɂɦɟɟɬɫɹ 
ɜɵɫɨɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɨɞɨɛɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɭɞɭɬ 
ɜɫɬɪɟɱɚɬɶɫɹ ɩɨ ɜɫɟɦɭ ɝɟɧɨɦɭ ɜ ɪɚɡɥɢɱɧɵɯ ɨɪɢɟɧɬɚɰɢɹɯ ɢ ɧɚ ɤɨɪɨɬɤɨɣ 

ɞɢɫɬɚɧɰɢɢ, ɱɬɨɛɵ ɛɵɥɚ ɜɨɡɦɨɠɧɚ ɚɦɩɥɢɮɢɤɚɰɢɹ ɉɐɊ ɦɟɬɨɞɨɦ.

ɇɚɦɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɟɟ 50 ɉɐɊ ɩɪɚɣɦɟɪɨɜ, ɤɨɦɩɥɟɦɟɧɬɚɪ-
ɧɵɯ PBS ɭɱɚɫɬɤɚɦ ɪɚɡɥɢɱɧɵɯ ɪɟɬɪɨɬɪɚɧɫɩɨɡɨɧɨɜ, ɫ ɰɟɥɶɸ ɩɨɞɛɨɪɚ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɞɥɹ ȾɇɄ-ɮɢɧɝɟɩɪɢɧɬɢɧɝɚ ɦɧɨɝɨɥɟɬɧɢɯ ɛɨɛɨ-
ɜɵɯ ɬɪɚɜ. ȼɫɟ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɧɚɦɢ PBS- ɩɪɚɣɦɟɪɵ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨ-
ɜɚɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɵɹɜɥɟɧɢɹ ɩɨɥɢɦɨɪɮɢɡɦɚ 
ɜ ȾɇɄ ɮɢɧɝɟɩɪɢɧɬɢɧɝɟ ɭ ɥɸɰɟɪɧɵ. Ʉ ɧɟɷɮɮɟɤɬɢɜɧɵɦ ɨɬɧɨɫɢɥɢ ɩɪɚɣ-

ɦɟɪɵ, ɤɨɬɨɪɵɟ ɧɟ ɨɛɪɚɡɭɸɬ ɢɥɢ ɨɛɪɚɡɭɸɬ ɧɟɫɤɨɥɶɤɨ ɚɦɩɥɢɤɨɧɨɜ, ɪɚɡ-
ɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ ɧɟ ɜɵɹɜɥɹɸɳɢɟ ɩɨɥɢɦɨɪɮɢɡɦ ɦɟɠɞɭ ɨɛɪɚɡɰɚɦɢ.

Ⱥɦɩɥɢɮɢɤɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɩɟɪɜɢɱɧɚɹ 
ɞɟɧɚɬɭɪɚɰɢɹ ɩɪɢ 98 °ɋ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ; ɡɚɬɟɦ 31 ɰɢɤɥ, ɫɨɫɬɨɹɳɢɣ 
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ɢɡ ɞɟɧɚɬɭɪɚɰɢɢ ɩɪɢ 98°ɋ ɜ ɬɟɱɟɧɢɟ 10 ɫɟɤ, ɡɚɬɟɦ ɨɬɠɢɝ 30 ɫɟɤ ɩɪɢ 

50°–65 °ɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɚɣɦɟɪɚ ɢ ɷɥɨɧɝɚɰɢɹ ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧ 

ɩɪɢ 72 °ɋ, ɤɨɧɟɱɧɚɹ ɷɥɨɧɝɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ 72 °ɋ ɜ ɬɟɱɟɧɢɢ 

2 ɦɢɧ.

Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɯɨɞɚ ɢ ɫɩɟɰɢɮɢɱ-
ɧɨɫɬɢ ɩɪɨɞɭɤɬɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɫ PBS ɩɪɚɣɦɟɪɚɦɢ, ɜ ɤɚɠɞɨɦ ɤɨɧ-

ɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɐɊ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɩɬɢɦɢɡɚɰɢɣ 

ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɠɢɝɚ. Ɉɩɬɢɦɚɥɶɧɨɫɬɶ ɭɫɥɨɜɢɣ 

ɚɦɩɥɢɮɢɤɚɰɢɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɫɬɟɩɟɧɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɩɟɤɬɪɚ ɚɦɩɥɢ-

ɮɢɤɚɰɢɢ ɤɚɤ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ, ɬɚɤ ɢ ɧɢɡɤɨɦɨɥɟ-
ɤɭɥɹɪɧɵɦɢ ɚɦɩɥɢɤɨɧɚɦɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɱɬɢ ɭ ɜɫɟɯ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɚɣɦɟɪɨɜ ɧɚɛɥɸɞɚɥɢ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɢɧ-

ɝɟɪɩɪɢɧɬɢɧɝɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɦɩɥɢɮɢɤɚɰɢɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɥɭɱɲɢɟ ɭɧɢɜɟɪ-

ɫɚɥɶɧɵɟ ɤ ɪɟɬɪɨɬɪɚɧɫɩɨɡɨɧɚɦ, PBS ɩɪɚɣɦɟɪɵ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɵ ɞɥɹ ɞɚɥɶ-
ɧɟɣɲɟɣ ɪɚɛɨɬɵ ɞɥɹ 
ɜɵɹɜɥɟɧɢɹ ɜɧɭɬɪɢ-

ɜɢɞɨɜɨɝɨ ɦɨɥɟɤɭ-
ɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɨ-

ɝɨ ɩɨɥɢɦɨɪɮɢɡɦɚ 
ɤɨɪɦɨɜɵɯ ɛɨɛɨɜɵɯ 
ɬɪɚɜ (ɫɦ. ɪɢɫ.).
ɉɪɨɜɟɞ ɟɧɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ-
ɤɚɡɚɥɢ, ɱɬɨ iPBS 

ɬɟɯɧɨɥɨɝɢɹ ɢɦɟɟɬ 
ɜɵɫɨɤɭɸ ɞɢɮɮɟɪɟɧ-

ɰɢɪɭɸɳɭɸ ɫɩɨɫɨɛ-
ɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɫɬɚ-
ɛɢɥɶɧɨɫɬɶ ɫɩɟɤɬɪɨɜ 
ɚɦɩɥɢɮɢɤɚɰɢɢ. ɇɚ-
ɫɵɳɟɧɧɨɫɬɶ ɫɩɟɤ-
ɬɪɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
Ɋɟɡɭɥɶɬɚɬɵ ɚɦɩɥɢɮɢɤɚɰɢɢ ȾɇɄ ɥɢɧɢɣ ɥɸɰɟɪ-

ɧɵ ɫ PBS ɩɪɚɣɦɟɪɚɦɢ (2273, 2399 ɢ 2401)
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ɭɧɢɤɚɥɶɧɵɟ ɝɟɧɟɬɢɱɟɫɤɢɟ ɩɪɨɮɢɥɢ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ, ɬ. ɟ. ɢɞɟɧ-

ɬɢɮɢɰɢɪɨɜɚɬɶ ɢɯ. 
ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɢ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɚɣɦɟɪɨɜ (ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨ-
ɞɚɦɢ ɚɧɚɥɢɡɚ), ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɢɫɤɪɢɩ-

ɬɨɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɩɨɥɢɦɨɪɮɢɡɦɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞ ɦɭɥɶɬɢɩɥɟɤɫɧɨɣ ɞɟɬɟɤɰɢɢ ɝɟɧɨɬɢɩɨɜ 
ɥɸɰɟɪɧɵ. ȼ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢ-

ɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɪɤɟɪɨɜ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɢɦɨɪɮɧɵɯ ɞɟɫɤɪɢɩɬɨɪɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɨɣ ɩɚɫɩɨɪɬɢɡɚɰɢɢ.

ɂɁɆȿɇȿɇɂȿ ɗɄɋɉɊȿɋɋɂɂ ȽȿɇɈȼ ɌɊȿɆȺɌɈȾɕ 
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ɉɪɚɡɢɤɜɚɧɬɟɥ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɟɩɚɪɚɬɨɦ ɞɥɹ ɥɟɱɟɧɢɹ ɬɪɟɦɚ-

ɬɨɞɨɡɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɩɢɫɬɨɪɯɨɡɚ, ɜɵɡɵɜɚɟɦɨɝɨ Opisthorchis felineus. 
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ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɊɇɄ ɛɵɥɢ ɧɚɣɞɟɧɵ ɝɟɧɵ O. 

felineus, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟɫɹ ɜ ɨɬɜɟɬ ɧɚ ɩɪɚɡɢɤ-
ɜɚɧɬɟɥ in vivo. ȼ ɪɚɛɨɬɟ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɨɩɢɫɬɨɪɯɨɡɚ ɧɚ 
ɡɨɥɨɬɢɫɬɵɯ ɯɨɦɹɤɚɯ, 145 ɞɧɟɣ ɩɨɫɥɟ ɢɧɮɢɰɢɪɨɜɚɧɢɹ. Ȼɵɥɨ ɨɛɧɚɪɭ-
ɠɟɧɨ, ɱɬɨ ɬɪɟɯɤɪɚɬɧɨɟ ɜɜɟɞɟɧɢɟ ɩɪɚɡɢɤɜɚɧɬɟɥɚ ɜ ɬɟɱɟɧɢɟ ɞɧɹ ɢɡɦɟɧɹ-
ɥɨ ɷɤɫɩɪɟɫɫɢɸ ɜ 10 ɪɚɡ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɟɧɨɜ, ɱɟɦ ɞɜɭɤɪɚɬɧɨɟ 
ɜɜɟɞɟɧɢɟ ɩɪɟɩɚɪɚɬɚ. Ȼɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɝɟɧɨɜ O. 

felineus, ɷɤɫɩɪɟɫɫɢɹ ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɫɥɟ ɬɪɟɯɤɪɚɬɧɨɝɨ ɜɜɟ-
ɞɟɧɢɹ ɯɨɡɹɢɧɭ ɩɪɚɡɢɤɜɚɧɬɟɥɚ.

Abstract

Praziquantel is the primary agent for the treatment of trematode 

infections including cases associated with Opisthorchis felineus. 

Based on RNA sequencing data the differentially expressed O. 

felineus genes were found after the treatment with praziquantel in 

vivo. Golden hamster model of opisthorchiasis (145 days post in-

fection) was used. It was found that when animals were treated 

with 3 doses of praziquantel per day 10-fold more parasitic genes 

showed changed expression compared to 2 doses per day. The 

major groups of genes that are up-regulated in response to praziqu-

antel were determined. 

ȼɜɟɞɟɧɢɟ
ȼɨɡɛɭɞɢɬɟɥɶ ɨɩɢɫɬɨɪɯɨɡɚ Opisthorchis felineus — ɩɥɨɫɤɢɣ ɱɟɪɜɶ 

ɤɥɚɫɫɚ Trematoda, ɩɚɪɚɡɢɬ ɪɵɛɨɹɞɧɵɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ (ɜ ɬ.ɱ. ɱɟɥɨ-
ɜɟɤɚ), ɤɨɬɨɪɵɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɬɪɚɧ ɋɇȽ, ɨɫɨɛɟɧɧɨ 
ɜ ɛɚɫɫɟɣɧɚɯ ɪɟɤ Ɉɛɶ ɢ ɂɪɬɵɲ. Ɉɫɧɨɜɧɵɦ ɩɪɟɩɚɪɚɬɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ 

ɞɥɹ ɥɟɱɟɧɢɹ ɨɩɢɫɬɨɪɯɨɡɚ ɢ ɞɪɭɝɢɯ ɬɪɟɦɚɬɨɞɨɡɨɜ, ɹɜɥɹɟɬɫɹ ɩɪɚɡɢɤɜɚɧ-

ɬɟɥ. Ɉɧ ɢɡɦɟɧɹɟɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧ ɤɥɟɬɨɤ ɩɚɪɚɡɢɬɚ ɞɥɹ ɤɚɥɶ-
ɰɢɹ, ɜɵɡɵɜɚɹ ɩɚɪɚɥɢɱ. ɉɪɢ ɷɬɨɦ ɩɪɚɡɢɤɜɚɧɬɟɥ ɩɨɜɪɟɠɞɚɟɬ ɬɟɝɭɦɟɧɬ 
ɩɚɪɚɡɢɬɚ, ɞɟɥɚɹ ɟɝɨ ɭɹɡɜɢɦɵɦ ɞɥɹ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɯɨɡɹɢɧɚ. ɗɬɨɬ 
ɷɮɮɟɤɬ ɯɨɪɨɲɨ ɢɡɭɱɟɧ ɞɥɹ ɞɪɭɝɢɯ ɬɪɟɦɚɬɨɞ — ɤɪɨɜɹɧɵɯ ɫɨɫɚɥɶɳɢ-

ɤɨɜ (Schistosoma) (Jiraungkoorskul, 2005, Shuhua, 2009). 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɨɰɟɧɢɜɚɟɬɫɹ ɷɮɮɟɤɬ ɩɪɚɡɢɤɜɚɧɬɟɥɚ, ɜɜɨ-
ɞɢɦɨɝɨ ɯɨɡɹɢɧɭ, ɧɚ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ Opisthorchis felineus.
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
Ⱦɥɹ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɨɩɢɫɬɨɪɯɨ-

ɡɚ ɧɚ ɡɨɥɨɬɢɫɬɵɯ ɯɨɦɹɤɚɯ Mesocricetus auratus. ɑɟɪɟɡ 145 ɞɧɟɣ ɩɨɫɥɟ 
ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɠɢɜɨɬɧɵɟ ɩɨɥɭɱɚɥɢ ɩɪɚɡɢɤɜɚɧɬɟɥ ɞɜɚɠɞɵ ɢɥɢ ɬɪɢɠ-

ɞɵ ɫ ɢɧɬɟɪɜɚɥɨɦ 6 ɱɚɫɨɜ ɩɨ 25 ɦɝ/ɤɝ ɜɟɫɚ ɜ ɤɚɠɞɵɣ ɩɪɢɟɦ (ɞɨɡɚ, ɪɟɤɨ-
ɦɟɧɞɨɜɚɧɧɚɹ ɞɥɹ ɱɟɥɨɜɟɤɚ ɩɪɢ ɬɪɟɯɤɪɚɬɧɨɦ ɭɩɨɬɪɟɛɥɟɧɢɢ ɜ ɬɟɱɟɧɢɟ 
ɫɭɬɨɤ). ɑɟɪɜɢ, ɢɡɜɥɟɱɟɧɧɵɟ ɢɡ ɯɨɡɹɢɧɚ ɱɟɪɟɡ ɫɭɬɤɢ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɜɜɟ-
ɞɟɧɢɹ ɩɪɚɡɢɤɜɚɧɬɟɥɚ, ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɫɟɤɜɟɧɢɪɨ-
ɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤɢ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ Illumina Solexa (Pomaznoy, 

2016). Ⱦɥɹ ɩɨɢɫɤɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɝɟɧɨɜ ɞɚɧ-

ɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɦɚɫɫɨɜɨɦ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɢ, ɛɵɥɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɨɝɪɚɦɦɚɦɢ RSEM ɢ edgeR. ɂɡ ɜɫɟɯ ɞɢɮɮɟɪɟɧ-

ɰɢɚɥɶɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɝɟɧɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɟ, ɞɥɹ ɤɨɬɨɪɵɯ 
logFC>1 (ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɜ 2 ɢ ɛɨɥɟɟ ɪɚɡ), logFC<-1 (ɭɦɟɧɶ-
ɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɜ 2 ɢ ɛɨɥɟɟ ɪɚɡ), logCPM>4. Ⱦɚɧɧɵɟ ɩɨ ɷɤɫɩɪɟɫɫɢɢ 
ɝɟɧɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɊɇɄ, ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ 

ɫ ɩɨɦɨɳɶɸ SYBR Green Real-time PCR. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ
Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɬɪɟɯɤɪɚɬɧɨɟ ɜɜɟɞɟɧɢɟ ɩɪɚɡɢɤɜɚɧɬɟɥɚ ɜɵ-

ɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ 661 ɝɟɧɚ ɩɚɪɚɡɢɬɚ, ɢ ɭɦɟɧɶɲɟɧɢɟ — 

1000 ɝɟɧɨɜ (ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɨɪɨɝɨɜɵɯ ɡɧɚɱɟɧɢɹɯ). Ⱦɜɭɤɪɚɬɧɨɟ ɜɜɟ-
ɞɟɧɢɟ ɩɪɚɡɢɤɜɚɧɬɟɥɚ ɜɥɢɹɥɨ ɧɚ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶ-
ɲɟ: ɬɨɥɶɤɨ ɭ 54 ɝɟɧɨɜ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ, ɭ 88 — 

ɭɦɟɧɶɲɟɧɢɟ. 
Ɋɟɚɤɰɢɹ O. felineus ɧɚ ɩɪɚɡɢɤɜɚɧɬɟɥ ɜɨ ɦɧɨɝɨɦ ɫɯɨɞɧɚ ɫ S. japonicum. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɭ ɨɛɨɢɯ ɜɢɞɨɜ ɚɤɬɢɜɢɪɭɸɬɫɹ ɝɟɧɵ Ⱥȼɋ-ɬɪɚɧɫɩɨɪɬɟɪɨɜ 
ɪɚɡɥɢɱɧɵɯ ɝɪɭɩɩ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɯ ɬɪɚɧɫɦɟɛɪɚɧɧɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ ɢɨ-
ɧɨɜ ɢ ɧɟɡɚɪɹɠɟɧɧɵɯ ɦɨɥɟɤɭɥ, ɝɟɧɵ ɛɟɥɤɨɜ ɦɵɲɰ ɢ ɬɟɝɭɦɟɧɬɚ, ɰɢɬɨ-
ɫɤɟɥɟɬɧɵɯ ɛɟɥɤɨɜ, ɝɪɚɧɭɥɢɧɨɜ, ɤɚɬɟɩɫɢɧɨɜ, ɮɟɪɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɭɛɢɤ-
ɜɢɬɢɧɚ, ɚ ɬɚɤɠɟ ɦɧɨɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɥɶɰɢɟɜɨɝɨ ɫɢɝɧɚɥɶɧɨɝɨ ɩɭɬɢ. 

ɋɩɟɰɢɮɢɱɟɫɤɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɩɪɨɮɢ-

ɥɹ ɨɩɢɫɬɨɪɯɚ ɜ ɨɬɜɟɬ ɧɚ ɩɪɚɡɢɤɜɚɧɬɟɥ ɹɜɥɹɟɬɫɹ ɦɟɧɟɟ ɜɵɪɚɠɟɧɧɚɹ, ɱɟɦ 

ɭ ɲɢɫɬɨɫɨɦ, ɚɤɬɢɜɚɰɢɹ ɝɟɧɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɢɧɚɩɬɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɟɣ, 

ɚ ɢɦɟɧɧɨ, ɫɨ ɫɥɢɹɧɢɟɦ ɦɟɦɛɪɚɧɧɵɯ ɜɟɡɢɤɭɥ ɫ ɫɢɧɚɩɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚ-
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ɧɨɣ. ɍ S. japonicum, ɭɜɟɥɢɱɢɜɚɸɬ ɷɤɫɩɪɟɫɫɢɸ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜɞɜɨɟ 
10 ɝɟɧɨɜ ɷɬɨɣ ɝɪɭɩɩɵ (You, 2013), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭ O. felineus — ɬɨɥɶ-
ɤɨ 2. Ʉɪɨɦɟ ɬɨɝɨ, ɭ ɲɢɫɬɨɫɨɦɵ ɚɤɬɢɜɢɪɭɸɬɫɹ ɝɟɧɵ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ 
ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɬɪɟɫɫɭ (You, 2013), ɚ ɭ ɨɩɢɫɬɨɪɯɚ — ɧɟɬ. ɉɨɦɢɦɨ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɭ O. felineus ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɚɡɢɤɜɚɧɬɟɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ ɷɤɫɩɪɟɫɫɢɹ ɝɟɧɚ 
ɭɪɨɤɚɧɚɬ-ɝɢɞɪɚɬɚɡɵ (ɞɟɝɪɚɞɚɰɢɹ ɝɢɫɬɢɞɢɧɚ). 
Ⱦɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɤɫ-

ɩɪɟɫɫɢɢ ɫ ɩɨɦɨɳɶɸ Real-time PCR ɛɵɥɨ ɜɵɛɪɚɧɨ 3 ɝɟɧɚ. ɗɤɫɩɪɟɫɫɢɹ 
ɞɜɭɯ ɢɡ ɧɢɯ, ɚ ɢɦɟɧɧɨ ɪɢɚɧɨɞɢɧɨɜɨɝɨ ɪɟɰɟɩɬɨɪɚ (RyR) ɢ ɨɬɨɮɟɪɥɢɧɚ 
(Otof), ɩɪɨɞɭɤɬɵ ɤɨɬɨɪɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ ɤɚɥɶ-
ɰɢɟɦ, ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɚɡɢɤɜɚɧɬɟɥɚ. Ɍɪɟɬɢɣ ɝɟɧ — 

ɮɪɭɤɬɨɡɚɛɢɫɮɨɫɮɚɬ-ɚɥɶɞɨɥɚɡɚ (FBPA) ɩɨɞɚɜɥɹɟɬɫɹ ɩɪɚɡɢɤɜɚɧɬɟɥɨɦ. 

Ɋɟɡɭɥɶɬɚɬɵ Real-time PCR ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɩɨ ɞɢɮɮɟɪɟɧɰɢ-

ɚɥɶɧɨɣ ɷɤɫɩɪɟɫɫɢɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɫɟɤɜɟɧɢɪɨɜɚɧɢɢ. ȼ ɤɚɱɟɫɬɜɟ 
ɧɨɪɦɢɪɭɸɳɟɝɨ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɝɟɧ GAPDH, ɫɬɚɛɢɥɶɧɨɫɬɶ ɷɤɫɩɪɟɫ-
ɫɢɢ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɥɹ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɨɝɨ ɩɚɪɚɡɢɬɚ 
(Yoo, 2008). Ⱦɚɧɧɵɟ ɩɨ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɟɤɜɟɧɢ-

ɪɨɜɚɧɢɢ ɊɇɄ, ɩɨɞɬɜɟɪɠɞɚɸɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɷɤɫɩɪɟɫɫɢɢ ɷɬɨɝɨ ɝɟɧɚ 
ɜ ɭɫɥɨɜɢɹɯ ɨɩɢɫɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
ɉɪɨɞɭɤɬɵ ɦɧɨɝɢɯ ɝɟɧɨɜ, ɷɤɫɩɪɟɫɫɢɹ ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬɚɟɬ ɩɨɫɥɟ ɥɟ-

ɱɟɧɢɹ ɩɪɚɡɢɤɜɚɧɬɟɥɨɦ, ɹɜɥɹɸɬɫɹ ɫɟɤɪɟɬɢɪɭɟɦɵɦɢ ɛɟɥɤɚɦɢ ɩɚɪɚɡɢɬɚ 
(ɦɧɨɝɢɟ ɤɚɬɟɩɫɢɧɵ, ɝɪɚɧɭɥɢɧɵ, ɭɪɨɤɚɧɚɬ-ɝɢɞɪɚɬɚɡɚ ɢ ɬ. ɞ.) (Ʌɶɜɨɜɚ, 
2014). Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɢɡ ɷɬɢɯ ɛɟɥɤɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɧɢ ɫɩɨɫɨɛɧɵ 

ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɤɥɟɬɤɢ ɯɨɡɹɢɧɚ (Liang, 2013, Smout, 2015). ɉɨɥɭ-
ɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɱɟɪɤɢɜɚɸɬ ɜɚɠɧɨɫɬɶ ɝɟɩɚɬɨɩɪɨɬɟɤɰɢɢ ɩɪɢ ɬɟ-
ɪɚɩɢɢ ɨɩɢɫɬɨɪɯɨɡɚ. 

Ɂɚɤɥɸɱɟɧɢɟ
ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɪɟɬɶɹ ɨɛɪɚɛɨɬɤɚ ɩɪɚɡɢɤɜɚɧɬɟ-

ɥɨɦ ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɨɣ ɜ ɩɥɚɧɟ ɜɥɢɹɧɢɹ ɧɚ ɩɚɪɚɡɢɬɚ, ɚ ɢɦɟɧɧɨ ɧɚ ɟɝɨ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɩɪɨɮɢɥɶ. Ȼɵɥɢ ɜɵɹɜɥɟɧɢɹ ɝɪɭɩɩɵ ɝɟɧɨɜ O. felineus, 

ɷɤɫɩɪɟɫɫɢɹ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɡɚɦɟɬɧɨ ɩɨɫɥɟ ɥɟɱɟɧɢɹ ɯɨɡɹ-
ɢɧɚ ɩɪɚɡɢɤɜɚɧɬɟɥɨɦ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɧɟɤɨɬɨɪɵɯ ɝɟɧɨɜ 
ɛɵɥɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ PCR.
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Ⱥɜɬɨɪ ɛɥɚɝɨɞɚɪɢɬ Ɇ. Ⱦ. Ʌɨɝɚɱɟɜɭ (ɆȽɍ), ɜɵɩɨɥɧɢɜɲɭɸ ɫɟɤɜɟɧɢ-

ɪɨɜɚɧɢɟ ɊɇɄ, ɢ Ɇ. ɘ. ɉɨɦɚɡɧɨɝɨ (ɂɐɂȽ ɋɈ ɊȺɇ), ɜɵɩɨɥɧɢɜɲɟɝɨ 
ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɫɟɤɜɟɧɢɪɨɜɚ-
ɧɢɢ. 
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ɎȽɍɉ «Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɨɫɨɛɨ ɱɢɫɬɵɯ ɛɢɨɩɪɟɩɚɪɚɬɨɜ» ɎɆȻȺ Ɋɨɫɫɢɢ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ

A. Y. Rak, A. V. Trofimov, A. V. Petrov, A. M. Ischenko
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Abstract

Anti-müllerian hormone (AMH) is a glycoprotein of the TGF-β su-

perfamily. In mammalian embryogenesis it determines the develop-

ment of male reproductive system, and in postnatal life — regu-

lates the synthesis of sex hormones [1]. To date, AMH is known as 

a marker of fertility in men and women. With appearing some data 

about the antineoplastic activity of recombinant AMH [3, 4], it be-

came necessary to study the most important properties of hormone 

such as the pharmacokinetics and the ability of full-length hormone 

and its derivatives to bind to MISRII. In this work we detected a pref-

erential ability of C-terminal dimer and fragmented form of recom-

binant AMH to bind to recombinant MISRII and demonstrated the 

presence of MISRII on the surface of human ovary and breast ade-

nocarcinoma cells. We also fi rst investigated the pharmacokinetics 

of recombinant AMH in mice and the character of its fragmentation 

in vivo.
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Ⱥɧɬɢɦɸɥɥɟɪɨɜ ɝɨɪɦɨɧ (ȺɆȽ) — ɝɥɢɤɨɩɪɨɬɟɢɧ, ɩɪɢɧɚɞɥɟɠɚ-
ɳɢɣ ɫɭɩɟɪɫɟɦɟɣɫɬɜɭ TGF-β, ɩɨɥɧɨɪɚɡɦɟɪɧɚɹ ɮɨɪɦɚ ɤɨɬɨɪɨɝɨ ɹɜ-
ɥɹɟɬɫɹ ɝɨɦɨɞɢɦɟɪɨɦ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɨɤɨɥɨ 140 ɤȾɚ. Ʉɚɤ 
ɢ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɱɥɟɧɨɜ ɞɚɧɧɨɝɨ ɫɭɩɟɪɫɟɦɟɣɫɬɜɚ, ɜ ɦɨɥɟɤɭɥɟ ȺɆȽ 

ɢɦɟɟɬɫɹ ɫɚɣɬ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɩɪɨɬɟɨɥɢɡɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ 
ɟɝɨ ɦɨɥɟɤɭɥɚ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ N- ɢ ɋ-ɤɨɧɰɟɜɨɣ ɝɨɦɨɞɢɦɟɪɵ (ɫ ɦɨ-

ɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 110 ɤȾɚ ɢ 25 ɤȾɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɤɨɬɨɪɵɟ 
ɡɚɬɟɦ ɨɛɪɚɡɭɸɬ ɧɟɤɨɜɚɥɟɧɬɧɨ ɫɜɹɡɚɧɧɵɣ ɤɨɦɩɥɟɤɫ. ȼ ɷɦɛɪɢɨɝɟ-
ɧɟɡɟ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ȺɆȽ ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɜɢɬɢɟ ɩɨɥɨɜɨɣ ɫɢɫɬɟɦɵ 

ɩɨ ɦɭɠɫɤɨɦɭ ɬɢɩɭ, ɚ ɜ ɩɨɫɬɧɚɬɚɥɶɧɨɣ ɠɢɡɧɢ — ɪɟɝɭɥɢɪɭɟɬ ɫɢɧ-

ɬɟɡ ɩɨɥɨɜɵɯ ɝɨɪɦɨɧɨɜ [1]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɡɚɩɭɫɤ ɫɢɝɧɚɥɶɧɨɝɨ ɩɭɬɢ 

ɫ ɭɱɚɫɬɢɟɦ ȺɆȽ ɧɚɱɢɧɚɟɬɫɹ ɫ ɟɝɨ ɫɜɹɡɵɜɚɧɢɹ ɫ ɪɟɰɟɩɬɨɪɨɦ II ɬɢɩɚ 
(MISRII) [2]. ɉɪɢ ɷɬɨɦ ɢɦɟɸɳɢɟɫɹ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɜ ɥɢɬɟ-
ɪɚɬɭɪɟ ɫɜɟɞɟɧɢɹ ɨ ɬɨɦ, ɤɚɤɨɟ ɢɦɟɧɧɨ ɩɪɨɢɡɜɨɞɧɨɟ ȺɆȽ ɨɛɥɚɞɚɟɬ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ MISRII ɢ ɧɟɨɛɯɨɞɢɦ ɥɢ ɫɩɟɰɢ-

ɮɢɱɟɫɤɢɣ ɩɪɨɬɟɨɥɢɡ ɝɨɪɦɨɧɚ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ, ɹɜɥɹɸɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ. ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɤɥɢɧɢɱɟ-
ɫɤɨɣ ɩɪɚɤɬɢɤɟ ȺɆȽ ɢɡɜɟɫɬɟɧ ɜ ɤɚɱɟɫɬɜɟ ɦɚɪɤɟɪɚ ɮɟɪɬɢɥɶɧɨɫɬɢ ɤɚɤ 
ɭ ɦɭɠɱɢɧ, ɬɚɤ ɢ ɭ ɠɟɧɳɢɧ. Ɉɞɧɚɤɨ ɧɟ ɬɚɤ ɞɚɜɧɨ ɩɨɹɜɢɥɢɫɶ ɫɜɟ-
ɞɟɧɢɹ ɢ ɨ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ȺɆȽ 

[3, 4], ɱɬɨ ɜɵɡɜɚɥɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɟɝɨ ɫɜɨɣɫɬɜ ɤɚɤ 
ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɚɝɟɧɬɚ. ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ 

ɫɬɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɚɠɧɟɣɲɢɯ ɫɜɨɣɫɬɜ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ȺɆȽ — 

ɯɚɪɚɤɬɟɪɚ ɮɪɚɝɦɟɧɬɚɰɢɢ ɟɝɨ ɦɨɥɟɤɭɥ in vitro ɢ in vivo, ɚ ɬɚɤɠɟ 
ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɫɜɹɡɵɜɚɧɢɸ ɫ MISRII ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɝɨɪɦɨɧɚ 
ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɵɲɢ 

ɥɢɧɢɢ Balb/c, ɩɪɟɩɚɪɚɬɵ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ȺɆȽ ɢ ɯɢɦɟɪɧɵɯ ɛɟɥ-

ɤɨɜ exMISRII+Fc ɢ exMISRII+hinge+Fc ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «Ƚɨɫ. 
ɇɂɂ ɈɑȻ» ɎɆȻȺ Ɋɨɫɫɢɢ, ɚ ɬɚɤɠɟ ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ, 

ɥɸɛɟɡɧɨ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɣ ɤɥɢɧɢɤɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢ-

ɟɣ ɎȽɈɍ ȼɉɈ ɋɉɛɆȺɉɈ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɝɥɚɫɢɹ ɨɬ ɩɚɰɢɟɧɬɨɜ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɦɟɬɨɞɵ 

ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɢ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɂɎȺ). 

ȼ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧ-

ɧɨɣ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɨɛɧɚɪɭɠɟɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
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ɤ ɫɜɹɡɵɜɚɧɢɸ ɫ MISRII ɋ-ɤɨɧɰɟɜɨɝɨ ɞɢɦɟɪɚ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ȺɆȽ 

ɢ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɨɣ ɮɨɪɦɵ ɝɨɪɦɨɧɚ. ɉɨɤɚɡɚɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧ-

ɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɷɬɢɯ ɮɨɪɦ ȺɆȽ ɤ ɫɜɹɡɵɜɚɧɢɸ ɫ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ 

MISRII, ɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɢɟ ɷɬɨɝɨ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɪɟɰɟɩɬɨɪɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɤ ɚɞɟɧɨɤɚɪɰɢɧɨɦɵ ɹɢɱɧɢɤɚ ɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

ɱɟɥɨɜɟɤɚ. ɇɚɤɨɧɟɰ, ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɚ ɮɚɪɦɚɤɨɤɢɧɟɬɢɤɚ ɪɟɤɨɦ-

ɛɢɧɚɧɬɧɨɝɨ ȺɆȽ ɭ ɦɵɲɟɣ ɢ ɜɵɹɜɥɟɧɨ ɧɚɥɢɱɢɟ ɩɨɡɢɬɢɜɧɨɣ ɤɨɪɪɟ-
ɥɹɰɢɢ ɦɟɠɞɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɜɵɜɟɞɟɧɢɹ ɝɨɪɦɨɧɚ ɢɡ ɰɢɪɤɭɥɹɰɢɢ 

ɢ ɫɬɟɩɟɧɶɸ ɟɝɨ ɮɪɚɝɦɟɧɬɚɰɢɢ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɧɟ-
ɨɛɯɨɞɢɦɨɫɬɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɝɨɪɦɨɧɚ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ ɟɝɨ ɫɨ ɫɩɟɰ-

ɢɮɢɱɟɫɤɢɦ ɪɟɰɟɩɬɨɪɨɦ ɜ ɬɤɚɧɹɯ.
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ɄɈɇɋɌɊɍɂɊɈȼȺɇɂȿ ɂɆɆɍɇɈȽȿɇɈȼ ɉɊɈɌɂȼ ȼɂɑ-1, 
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OF MPER OF VICH-1
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Ⱥɧɧɨɬɚɰɢɹ
ɇɟɫɦɨɬɪɹ ɧɚ ɭɫɢɥɢɹ ɦɢɪɨɜɨɝɨ ɫɨɨɛɳɟɫɬɜɚ, ɫ ɦɨɦɟɧɬɚ ɨɬɤɪɵɬɢɹ 

ȼɂɑ-1 ɢ ɞɨ ɫɟɝɨɞɧɹɲɧɟɝɨ ɞɧɹ ɧɟ ɪɚɡɪɚɛɨɬɚɧɚ ɜɚɤɰɢɧɚ, ɤɨɬɨɪɚɹ ɛɵ 

ɡɚɳɢɬɢɥɚ ɨɬ ɡɚɪɚɠɟɧɢɹ ɞɚɧɧɵɦ ɜɢɪɭɫɨɦ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɪɚɡɪɚɛɨɬɤɟ ɜɚɤɰɢɧ ɩɪɨɬɢɜ ȼɂɑ-ɢɧɮɟɤɰɢɢ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɢɦɦɭɧɨɝɟɧɚ, ɫɩɨɫɨɛɧɨɝɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨ ɫɬɢɦɭɥɢɪɨɜɚɬɶ 
ɜ ɨɪɝɚɧɢɡɦɟ ɨɛɪɚɡɨɜɚɧɢɟ ɚɧɬɢɬɟɥ, ɨɛɥɚɞɚɸɳɢɯ ɧɟɣɬɪɚɥɢɡɭɸɳɟɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɩɟɪɜɢɱɧɵɯ ɢɡɨɥɹɬɨɜ 
ȼɂɑ-1 (ɢɥɢ bNabs — broadly neutralizing antibodies).

Abstract

Despite efforts of the world community, from the moment of opening 

of HIV-1 and till today the vaccine which would protect from infec-

tion with this virus isn’t developed. One of the perspective direc-

tions in development of vaccines against HIV infection is creation of 

an immunogen capable is reproduced to stimulate in an organism 
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formation of the antibodies having neutralized activity concerning 

a wide range of primary HIV-1 isolates (or bNabs — broadly neu-

tralizing antibodies).

ɋɨɝɥɚɫɧɨ ɫɬɚɬɢɫɬɢɤɟ, ɩɪɢɜɟɞɟɧɧɨɣ UNAIDS, ɜ 2015 ɝɨɞɭ ɱɢɫɥɨ 
ɥɸɞɟɣ, ɠɢɜɭɳɢɯ ɫ ȼɂɑ-1, ɫɨɫɬɚɜɢɥɨ 36,7 ɦɢɥɥɢɨɧɨɜ. Ɉɤɨɥɨ 40 ɦɢɥ-
ɥɢɨɧɨɜ ɥɸɞɟɣ ɭɠɟ ɧɟɬ ɜ ɠɢɜɵɯ ɢɡ-ɡɚ ɛɨɥɟɡɧɟɣ, ɨɩɨɫɪɟɞɭɟɦɵɯ ɋɉɂ-

Ⱦɨɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɫɞɟɪɠɢɜɚɧɢɹ ɷɩɢɞɟ-
ɦɢɢ ȼɂɑ-1 ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨ ɚɤɬɢɜɧɚɹ ɚɧɬɢɪɟɬɪɨɜɢɪɭɫɧɚɹ ɬɟɪɚɩɢɹ 
(ȼȺȺɊɌ). ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ȼȺȺɊɌ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɷɥɢɦɢɧɢɪɨɜɚɬɶ ȼɂɑ-1 ɢɡ ɨɪɝɚɧɢɡɦɚ ɛɨɥɶɧɨɝɨ, ɜ ɦɢɪɟ ɜɵɞɟɥɹɸɬɫɹ ɤɨ-
ɥɨɫɫɚɥɶɧɵɟ ɮɢɧɚɧɫɨɜɵɟ ɪɟɫɭɪɫɵ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɜɫɟɯ ɧɭɠɞɚɸɳɢɯ-
ɫɹ ɜ ȼȺȺɊɌ, ɬɚɤ ɤɚɤ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɢɪɭɫɚ 
ɢ ɩɪɨɞɥɢɬɶ ɠɢɡɧɶ ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ȼɂɑ-1.

ɋ ɦɨɦɟɧɬɚ ɨɬɤɪɵɬɢɹ ȼɂɑ-1 ɢ ɞɨ ɫɟɝɨɞɧɹɲɧɟɝɨ ɞɧɹ ɧɟ ɪɚɡɪɚɛɨɬɚɧɚ 
ɜɚɤɰɢɧɚ, ɤɨɬɨɪɚɹ ɛɵ ɡɚɳɢɬɢɥɚ ɨɬ ɡɚɪɚɠɟɧɢɹ ɞɚɧɧɵɦ ɜɢɪɭɫɨɦ. ȼ ɬɨ 
ɠɟ ɜɪɟɦɹ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɬɨɥɶɤɨ ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ 

ɜɚɤɰɢɧɚɰɢɢ ɩɪɨɬɢɜ ȼɂɑ-1 ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɬɚɧɨɜɢɬɶ ɩɚɧɞɟɦɢɸ 

ȼɂɑ-1-ɢɧɮɟɤɰɢɢ.

ɉɪɢɧɰɢɩ ɥɸɛɨɣ ɜɚɤɰɢɧɵ — ɷɬɨ ɫɨɡɞɚɬɶ ɭɫɬɨɣɱɢɜɵɣ ɢɦɦɭɧɢɬɟɬ 
ɤ ɢɧɮɟɤɰɢɨɧɧɨɦɭ ɚɝɟɧɬɭ. ȼ ɫɥɭɱɚɟ ɜɢɪɭɫɚ ɢɦɦɭɧɧɨɝɨ ɞɟɮɢɰɢɬɚ ɱɟ-
ɥɨɜɟɤɚ ɤɥɚɫɫɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɩɨ ɫɨɡɞɚɧɢɸ ɜɚɤɰɢɧɵ ɩɪɨɬɢɜ ɧɟɝɨ, 
ɬɚɤɢɟ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɬɬɟɧɭɢɪɨɜɚɧɧɨɝɨ ɢɥɢ ɢɧɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ 
ɜɢɪɭɫɚ ɨɤɚɡɚɥɢɫɶ ɧɟ ɷɮɮɟɤɬɢɜɧɵ, ɬɚɤ ɤɚɤ ɫɜɹɡɚɧɵ ɫ ɨɩɚɫɧɨɫɬɶɸ ɢɧ-

ɮɢɰɢɪɨɜɚɧɢɹ: ɢɦɦɭɧɢɬɟɬ ɨɝɪɚɧɢɱɟɧ ɨɱɟɧɶ ɭɡɤɢɦ ɤɪɭɝɨɦ ɜɢɪɭɫɧɵɯ 
ɢɡɨɥɹɬɨɜ, ɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɦɦɭɧɢɬɟɬɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɚ ɢ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɢɧɞɭɰɢɪɨɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɯ ɥɢɦɮɨɰɢɬɨɜ. 
Ɉɞɧɚɤɨ, ɤɥɢɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ Ɍɚɢɥɚɧɞɟ, ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɜɚɤɰɢɧɚ RV 144 ɨɛɟɫɩɟɱɢɜɚɥɚ ɯɨɬɹ ɢ ɫɤɪɨɦɧɵɣ, ɧɨ ɞɨɫɬɨɜɟɪɧɵɣ 

ɭɪɨɜɟɧɶ ɡɚɳɢɬɵ (31 %). ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 
ɨ ɬɨɦ, ɱɬɨ ɜɚɤɰɢɧɭ ɫɨɡɞɚɬɶ ɦɨɠɧɨ, ɧɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɪɚɛɨɬɭ 
ɧɚɞ ɩɨɜɵɲɟɧɢɟɦ ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɧɚ ɩɟɪɜɵɣ ɩɥɚɧ 

ɜɵɯɨɞɹɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɢɡɚɣɧɚ ɢɦɦɭɧɨɝɟɧɨɜ. 
Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɪɚɡɪɚɛɨɬɤɟ ɜɚɤɰɢɧɵ ɩɪɨ-

ɬɢɜ ȼɂɑɢɧɮɟɤɰɢɢ, ɹɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ ɜ ɫɨɫɬɚɜ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ 
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ɛɟɥɤɨɜ ɷɩɢɬɨɩɨɜ ȼɂɑ-1, ɭɡɧɚɜɚɟɦɵɯ ɚɧɬɢɬɟɥɚɦɢ, ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ 
ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɟɪɜɢɱɧɵɯ ɢɡɨɥɹɬɨɜ (bNabs) ȼɂɑ-1. ȼ ɤɚɱɟɫɬɜɟ 
ɧɨɫɢɬɟɥɹ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɬɚɤɨɣ ɤɚɪɤɚɫɧɵɣ ɛɟɥɨɤ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ 
ɫɬɪɭɤɬɭɪɭ, ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɢɦɢɬɢɪɭɸɳɭɸ ɩɪɢɪɨɞɧɨɟ ɨɤɪɭɠɟ-
ɧɢɟ ɷɩɢɬɨɩɚ ȼɂɑ-1, ɫ ɤɨɬɨɪɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ bNab.

ɉɟɪɜɵɦ ɲɚɝɨɦ ɜ ɪɚɡɪɚɛɨɬɤɟ ɬɚɤɢɯ ɢɦɦɭɧɨɝɟɧɨɜ ɹɜɥɹɟɬɫɹ ɢɞɟɧɬɢ-

ɮɢɤɚɰɢɹ ɷɩɢɬɨɩɨɜ bNabs. Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪ Env 

(ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɝɥɢɤɨɩɪɨɬɟɢɧɨɜ ȼɂɑ) ɜ ɤɨɦɩɥɟɤɫɟ ɫ bNabs. Ⱥɥɶɬɟɪ-
ɧɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɷɩɢɬɨɩɨɜ bNabs ɦɨɠɟɬ ɛɵɬɶ ɮɚɝɨ-
ɜɵɣ ɞɢɫɩɥɟɣ. ɍɫɩɟɲɧɨɫɬɶ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ 
ɩɪɢ ɩɪɟɞɫɤɚɡɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɤɥɸɱɟɜɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ 
ɧɟɫɤɨɥɶɤɢɯ ɷɩɢɬɨɩɨɜ bNabs, ɬɚɤɢɯ ɤɚɤ 4E10 ɢ Z13.

Ɍɚɤ ɤɚɤ ɷɩɢɬɨɩɵ bNabs ɡɚɱɚɫɬɭɸ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ — ɬ. ɟ. ɩɪɟɞ-

ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɟɝɢɨɧɵ, ɫɨɛɪɚɧɧɵɟ ɜɨɟɞɢɧɨ ɜ ɬɪɟɯɦɟɪɧɨɣ ɫɬɪɭɤ-
ɬɭɪɟ, ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɦɨɥɟɤɭɥ, ɜ ɤɨɬɨɪɵɯ ɛɵ ɞɚɧɧɵɟ 
ɷɩɢɬɨɩɵ ɩɨɜɬɨɪɹɥɢ ɫɜɨɸ ɤɨɧɮɨɪɦɚɰɢɸ. ɉɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɛɵɥɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɫɤɚɮɨɥɞɵ, ɜ ɤɨɬɨɪɵɯ ɷɩɢɬɨɩɵ ɩɨ-
ɜɬɨɪɹɥɢ ɧɚɬɢɜɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɦɢɧɨɤɢɫɥɨɬ ɜɢɪɭɫɧɨɝɨ ɷɩɢɬɨɩɚ 
ɜ ɩɪɟɞɟɥɚɯ ɫɬɪɭɤɬɭɪɵ Env.

ȼ ɪɚɛɨɬɚɯ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɦɦɭɧɨɝɟɧɵ-ɫɤɚɮɨɥɞɵ 

ɫɩɨɫɨɛɧɵ ɢɧɞɭɰɢɪɨɜɚɬɶ ɧɚɪɚɛɨɬɤɭ ɲɢɪɨɤɨɧɟɣɬɪɚɥɢɡɭɸɳɢɯ ɚɧɬɢɬɟɥ. 
ȼɩɨɥɧɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɫɤɚɮɨɥɞɨɜ, ɩɪɟɡɟɧɬɢɪɭɸ-

ɳɢɯ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɷɩɢɬɨɩ, ɢɥɢ ɨɞɢɧ ɫɤɚɮɨɥɞ ɧɟɫɭɳɢɣ ɦɨɞɢɮɢɰɢɪɨ-
ɜɚɧɧɵɟ ɜɚɪɢɚɧɬɵ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɷɩɢɬɨɩɚ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɜ ɫɬɪɚɬɟɝɢɢ ɢɦɦɭɧɢɡɚɰɢɢ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɮɨɤɭɫɢɪɨɜɤɢ ɢɦɦɭɧɧɨɝɨ 
ɨɬɜɟɬɚ ɧɚ ɫɚɦ ɫɤɚɮɨɥɞ ɢ ɨɛɟɫɩɟɱɢɬɶ ɚɮɮɢɧɧɨɟ ɫɨɡɪɟɜɚɧɢɟ bNabs.

Ɋɚɧɟɟ, ɛɵɥ ɜɵɛɪɚɧ ɢ ɱɚɫɬɢɱɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɝɥɨɛɭɥɹɪɧɵɣ ɛɟ-
ɥɨɤ B. subtilis YkuJ (113 ɚ.ɨ.), ɤɨɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɧɰɟɜɵɯ 
ɭɱɚɫɬɤɨɜ ɤɨɬɨɪɨɝɨ ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɚ ɤ ɤɨɧɮɨɪɦɚɰɢɢ ɷɩɢɬɨɩɨɜ bNab 

10E8 ɢ ɩɨɡɜɨɥɹɟɬ ɜɤɥɸɱɢɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɚ ɷɩɢɬɨɩɚ. 10E8.

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɨɞɢ-

ɪɭɸɳɟɣ ɫɤɚɮɨɥɞ, ɜ ɟɝɨ ɫɨɫɬɚɜ ɛɵɥɢ ɡɚɥɨɠɟɧɵ ɞɜɟ ɧɭɤɥɟɨɬɢɞɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɩɢɬɨɩɚ bNabs 10ȿ8 ɩɨ N- ɢ C-ɤɨɧɰɚɦ, ɮɥɚɧ-

ɤɢɪɨɜɚɧɧɵɟ ɭɧɢɤɚɥɶɧɵɦɢ ɫɚɣɬɚɦɢ ɪɟɫɬɪɢɤɰɢɢ ɞɥɹ ɤɥɨɧɢɪɨɜɚɧɢɹ 
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ɝɟɧɚ ɜ ɫɨɫɬɚɜɟ ɩɥɚɡɦɢɞɵ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɧɭɤɥɟɨɬɢɞɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɩɢɬɨɩɨɜ. ɗɬɚ ɦɨɞɢɮɢɤɚɰɢɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɚɪɤɚɫɧɨɝɨ ɛɟɥɤɚ YkuJ-MPER, ɩɚɧɟɥɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɯ ɢɦɦɭɧɨɝɟɧɨɜ, ɫɩɨɫɨɛɧɵɯ ɜɵɡɜɚɬɶ ɧɚɪɚɛɨɬɤɭ ɲɢɪɨɤɨ-

ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ ɚɧɬɢɬɟɥ. Ʉɥɸɱɟɜɵɦ ɭɫɥɨɜɢɟɦ ɬɚɤɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɹɜɥɹɟɬɫɹ ɩɪɟɡɟɧɬɚɰɢɹ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɟ ɜɨɡɦɨɠɧɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬ-
ɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ MPER ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɝɥɢɤɨɩɪɨɬɟɢɧɚ ȼɂɑ-1. 

Ɋɚɡɧɨɨɛɪɚɡɢɟ ɷɩɢɬɨɩɨɜ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɚ ɨɫɧɨɜɟ ɩɟɩɬɢɞɨɜ ɨɬɨ-

ɛɪɚɧɧɵɯ, ɜ ɬɪɟɯ ɪɚɭɧɞɚɯ ɚɮɮɢɧɧɨɣ ɫɟɥɟɤɰɢɢ ɫ ɦɨɧɨɤɥɨɧɚɥɶɧɵɦ 

ɲɢɪɨɤɨɧɟɣɬɪɚɥɢɡɭɸɳɢɦ ɚɧɬɢɬɟɥɨɦ Z13 (ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɫɜɹɡɵɜɚɟɬ-
ɫɹ ɫ MPER). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ 5 ɜɚɪɢɚɧɬɨɜ ɛɟɥɤɚ-ɢɦ-

ɦɭɧɨɝɟɧɚ YkuJ-MPER-1–5 ɫ ɜɚɪɢɚɛɟɥɶɧɵɦɢ ɷɩɢɬɨɩɚɦɢ, ɧɭɤɥɟɨɬɢɞ-

ɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɟɤɜɟɧɢ-

ɪɨɜɚɧɢɟɦ.

ȼɫɟ ɜɚɪɢɚɧɬɵ ɛɟɥɤɚ YkuJ-ɷɩɢɬɨɩ bNab ɛɵɥɢ ɧɚɪɚɛɨɬɚɧɵ ɢ ɨɱɢ-

ɳɟɧɵ ɞɥɹ ɢɦɦɭɧɢɡɚɰɢɢ ɦɵɲɟɣ, ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɪɚɡɧɵɦ ɫɬɪɚɬɟɝɢɹɦ.

ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɛɟɥɤɢ-ɢɦɦɭɧɨɝɟɧɵ YkuJ-MPER-1–5 ɛɵɥɢ ɧɚɪɚɛɨ-
ɬɚɧɵ ɜ ɩɪɟɩɚɪɚɬɢɜɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɨɱɢɳɟɧɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɚɥɥ-ɯɟ-
ɥɚɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɨɝɨ, ɱɬɨ ɜɫɟ ɜɚɪɢɚɧɬɵ 

YkuJ-MPER ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɚɧɬɢɬɟɥɨɦ 10E8, ɛɵɥ ɩɪɨɜɟɞɟɧ ɜɟɫɬɟɪɧ-

ɛɥɨɬ ɚɧɚɥɢɡ. Ɉɧ ɩɨɞɬɜɟɪɞɢɥ, ɱɬɨ ɜɚɪɢɚɛɟɥɶɧɵɟ ɷɩɢɬɨɩɵ MPER ɜ ɫɨ-
ɫɬɚɜɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɛɟɥɤɚ ɪɚɫɩɨɡɧɚɸɬɫɹ ɆɄȺ 10ȿ8. ɉɨɥɭɱɟɧɧɵɦɢ 

ɢɦɦɭɧɨɝɟɧɚɦɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɢɦɦɭɧɢɡɚɰɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɠɢɜɨɬ-
ɧɵɯ (ɦɵɲɟɣ ɥɢɧɢɢ BALB/c ɢ ɤɪɨɥɢɤɨɜ). ɂɦɦɭɧɨɝɟɧɧɨɫɬɶ ɪɟɤɨɦɛɢ-

ɧɚɧɬɧɵɯ ɛɟɥɤɨɜ ɨɩɪɟɞɟɥɹɥɢ ɜ ɂɎȺ. Ⱥɧɚɥɢɡ ɫɵɜɨɪɨɬɨɤ ɢɦɦɭɧɧɵɯ 
ɠɢɜɨɬɧɵɯ ɜɵɹɜɢɥ ɜɵɫɨɤɢɟ ɬɢɬɪɵ (ɞɨ 1:125 ɬɵɫ.) ɚɧɬɢɬɟɥ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɭɸɳɢɯ ɫ ɢɦɦɭɧɨɝɟɧɚɦɢ.
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Ⱥɧɧɨɬɚɰɢɹ
Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɞɥɹ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶ-

ɧɨɣ ɞɟɬɟɤɰɢɢ ɢ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɨɣ ɬɟɪɚɩɢɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨ-

ɥɟɜɚɧɢɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ — ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɢ ɚɤ-
ɬɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɨɛɥɚɫɬɟɣ ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɵ. ɗɬɢ ɩɨɞɯɨɞɵ 

ɨɛɴɟɞɢɧɹɟɬ ɬɟɪɚɧɨɫɬɢɤɚ, ɡɚɧɢɦɚɸɳɚɹɫɹ ɫɨɡɞɚɧɢɟɦ ɩɪɟɩɚɪɚɬɨɜ, ɩɨ-

ɡɜɨɥɹɸɳɢɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɨɱɚɝ ɛɨɥɟɡɧɢ, ɨɤɚɡɵ-

ɜɚɬɶ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɟɝɨ ɢ ɫɥɟɞɢɬɶ ɡɚ ɤɢɧɟɬɢɤɨɣ 

ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɚ. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɚɬɨɥɨɝɢɱɟɫɤɢɣ ɨɱɚɝ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɡɞɨɪɨɜɵɯ 
ɬɤɚɧɟɣ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɦɨɥɟ-
ɤɭɥɹɪɧɨɣ ɦɢɲɟɧɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɟɟ. ȼ ɧɚɫɬɨɹ-
ɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɨɜɵɣ ɛɟɥɤɨɜɵɣ ɬɟɪɚɧɨɫɬɢɱɟɫɤɢɣ ɚɝɟɧɬ 
DARPin-mCherry-PE40, ɨɛɴɟɞɢɧɹɸɳɢɣ ɚɞɪɟɫɧɭɸ, ɞɢɚɝɧɨɫɬɢɱɟ-
ɫɤɭɸ ɢ ɬɟɪɚɩɟɜɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɢ. 

* Ɋɚɛɨɬɚ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ  ɝɪɚɧɬɚɆɄ-6957.2016.4.
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Abstract

Development of new methods and approaches for highly sensitive 

detection and highly selective oncotherapy are nowadays one of 

the most actual and rapid growing fi elds of biology and medicine. 

These approaches are combined in theranostics, which is estab-

lishing agents, enabling simultaneous vizualisation of focus of dis-

ease, exerting therapeutic action and monitoring kinetics of drug 

delivery. Improvement of the effectiveness of therapeutic action 

on abnormal focus and safety for healthy tissues to a greater ex-

tent depends on the right choice of molecular target and selective-

ness of action on it. Here we present new protein theranostic agent 

DARPin-mCherry-PE40, combining target-focused, diagnostic and 

therapeutic functions.

Ɉɧɤɨɦɚɪɤɟɪ HER2 ɹɜɥɹɟɬɫɹ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ ɦɢɲɟɧɶɸ ɞɥɹ 
ɚɧɬɢɬɟɥ ɢ ɢɧɝɢɛɢɬɨɪɨɜ ɤɢɧɚɡ ɩɪɢ ɥɟɱɟɧɢɢ HER2-ɩɨɥɨɠɢɬɟɥɶɧɵɯ 
ɨɩɭɯɨɥɟɣ. Ƚɢɩɟɪɷɤɫɩɪɟɫɫɢɹ ɪɟɰɟɩɬɨɪɚ HER2 ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ 

ɚɝɪɟɫɫɢɜɧɨɫɬɢ ɢ ɢɧɜɚɡɢɜɧɨɫɬɢ ɨɩɭɯɨɥɢ ɢ ɨɛɵɱɧɨ ɤɨɪɪɟɥɢɪɭɟɬ 
ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɪɨɝɧɨɡɨɦ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ. Ⱦɥɹ ɭɫɢ-

ɥɟɧɢɹ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɚɧɬɢɬɟɥɚ (ɢɥɢ ɢɯ ɮɪɚɝɦɟɧɬɵ) 

ɤɨɧɴɸɝɢɪɭɸɬ ɫ ɬɨɤɫɢɧɚɦɢ, ɩɨɥɭɱɚɹ ɬɚɪɝɟɬɧɵɟ ɢɦɦɭɧɨɬɨɤɫɢɧɵ. 

Ɉɞɧɚɤɨ ɚɧɬɢɬɟɥɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɞɨɫɬɚɜɤɢ ɰɢ-

ɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ, ɡɚɱɚɫɬɭɸ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɢɡɤɢɦ ɭɪɨɜ-
ɧɟɦ ɷɤɫɩɪɟɫɫɢɢ, ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɚɝɪɟɝɚɰɢɢ ɢ ɨɝɪɚɧɢɱɟɧɧɵɦ ɩɪɨ-

ɧɢɤɧɨɜɟɧɢɟɦ ɜ ɬɤɚɧɢ. Ɋɚɧɟɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɤɥɚɫɫ ɚɞɪɟɫ-
ɧɵɯ ɦɨɥɟɤɭɥ ɧɟɢɦɦɭɧɨɝɥɨɛɭɥɢɧɨɜɨɣ ɩɪɢɪɨɞɵ ɧɚ ɨɫɧɨɜɟ ɢɫɤɭɫ-
ɫɬɜɟɧɧɵɯ ɛɟɥɤɨɜ ɫ ɚɧɤɢɪɢɧɨɜɵɦɢ ɩɨɜɬɨɪɚɦɢ — DARPins (Design 

Ankyrin Repeat Proteins). DARPins ɧɟ ɫɨɞɟɪɠɚɬ ɨɫɬɚɬɤɨɜ ɰɢɫɬɟɢɧɚ, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɰɢɬɨɩɥɚɡɦɟ E. 

ɫoli ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɜ ɛɚɤɬɟɪɢ-

ɚɥɶɧɨɣ ɫɢɫɬɟɦɟ, ɦɨɧɨɦɟɪɧɵ ɩɪɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɧɟ 
ɫɤɥɨɧɧɵ ɤ ɚɝɪɟɝɚɰɢɢ ɢ ɭɫɬɨɣɱɢɜɵ ɤ ɩɪɨɬɟɚɡɚɦ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ 
ɦɟɧɶɲɢɦ ɪɚɡɦɟɪɨɦ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɥɭɱɲɟɦɭ ɩɪɨɧɢɤɧɨɜɟɧɢɸ 

ɜ ɬɤɚɧɢ. Ʉɪɨɦɟ ɬɨɝɨ, DARPins ɦɟɧɟɟ ɢɦɦɭɧɨɝɟɧɧɵ, ɱɟɦ ɚɧɬɢɬɟɥɚ, 
ɢ ɛɵɫɬɪɟɟ ɜɵɜɨɞɹɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɨɛɳɭɸ ɬɨɤɫɢɱ-

ɧɨɫɬɶ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. ɉɨɷɬɨɦɭ ɨɧɢ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵ 
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ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɚɞɪɟɫɧɵɯ ɦɨɞɭɥɟɣ ɜ ɫɨɫɬɚɜɟ ɦɭɥɶɬɢ-

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ 

ɢ ɬɟɪɚɩɢɢ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɨɰɟɧɢɬɶ ɫɜɨɣɫɬɜɚ DARPin9_29 ɜ ɤɚ-
ɱɟɫɬɜɟ ɬɚɪɝɟɬɧɨɝɨ ɦɨɞɭɥɹ ɜ ɫɨɫɬɚɜɟ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɢɦɦɭɧɨɬɨɤ-
ɫɢɧɚ ɞɥɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɷɥɢɦɢɧɚɰɢɢ HER2-ɩɨɡɢɬɢɜɧɵɯ ɪɚɤɨɜɵɯ 
ɤɥɟɬɨɤ. Ȼɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɞɜɚ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɚɞɪɟɫɧɵɯ ɬɨɤɫɢ-

ɧɚ, scFv-4D5_mCherry_PE40 ɢ DARPin_mCherry_PE40, ɫɨɫɬɨɹɳɢɟ 
ɢɡ ɬɪɟɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɱɚɫɬɟɣ: 1) ɜɚɪɢɚɛɟɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɝɭ-

ɦɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɦɢɧɢ-ɚɧɬɢɬɟɥɚ scFv-4D5, ɫɩɟɰɢɮɢɱɧɨɝɨ ɤ 4 ɜɧɟ-
ɤɥɟɬɨɱɧɨɦɭ ɫɭɛɞɨɦɟɧɭ HER2 ɢɥɢ ɛɟɥɤɚ ɫ ɚɧɤɢɪɢɧɨɜɵɦɢ ɩɨɜɬɨɪɚ-
ɦɢ DARPin9_29 ɚɧɚɥɨɝɢɱɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ, 2) ɰɢɬɨɬɨɤɫɢɱɧɨɝɨ 
ɮɪɚɝɦɟɧɬɚ PE40 ɩɫɟɜɞɨɦɨɧɚɞɧɨɝɨ ɷɤɡɨɬɨɤɫɢɧɚ Ⱥ, ɜɵɡɵɜɚɸɳɟɝɨ 
ɧɟɨɛɪɚɬɢɦɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ ɜ ɤɥɟɬɤɚɯ ɷɭɤɚɪɢɨɬ, 
ɢ 3) ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɞɚɥɶɧɟ-ɤɪɚɫɧɨɝɨ ɛɟɥɤɚ mCherry, ɩɨɡɜɨɥɹɸɳɟ-
ɝɨ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɦɦɭɧɨɬɨɤɫɢɧɚ ɫ HER2 ɪɟɰɟɩ-

ɬɨɪɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɤ ɢ ɩɪɨɫɥɟɞɢɬɶ ɟɝɨ ɞɚɥɶɧɟɣɲɟɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɜ ɤɥɟɬɤɚɯ ɢ ɬɤɚɧɹɯ. 

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɷɬɚɩɟ ɜɵɞɟɥɟɧɢɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɛɟɥɨɤ 
DARPin_mCherry_PE40 ɧɚɪɚɛɚɬɵɜɚɥɫɹ ɜ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɭɥɶɬɭɪɟ 
ɫ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɱɟɦ scFv-4D5_mCherry_PE40. 

Ʉɪɨɦɟ ɬɨɝɨ, DARPin_mCherry_PE40 ɛɨɥɟɟ ɫɬɚɛɢɥɟɧ, ɱɟɦ scFv-4D5_

mCherry_PE40, ɤɨɬɨɪɵɣ ɞɟɝɪɚɞɢɪɨɜɚɥ ɩɪɢ ɜɵɞɟɥɟɧɢɢ, ɩɨɷɬɨɦɭ 
DARPin_mCherry_PE40 ɛɵɥ ɨɬɨɛɪɚɧ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ HER2-ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɚɤɨɜɵɟ 
ɤɥɟɬɤɢ.

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɝɢɛɪɢɞɧɨɝɨ 
ɬɨɤɫɢɧɚ DARPin-mCherry-PE40 ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢ-

ɱɟɫɤɢɣ ɆɌɌ-ɬɟɫɬ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ HER2-ɝɢɩɟɪɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ 
ɤɥɟɬɨɤ SK-BR-3 ɜ ɫɪɚɜɧɟɧɢɢ ɫ HER2-ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ ɥɢ-

ɧɢɢ CHO. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ HER2-ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟ-
ɬɨɤ SK-BR-3 ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ɛɟɥɤɨɦ DARPin-mCherry-PE40 ɩɪɢ-

ɜɨɞɢɬ ɤ ɫɩɟɰɢɮɢɱɟɫɤɨɦɭ ɫɧɢɠɟɧɢɸ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɷɬɢɯ ɤɥɟɬɨɤ 
ɜ ɞɢɚɩɚɡɨɧɟ ɩɢɤɨɦɨɥɹɪɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (IC

50
=3.5 ɩɆ). ȼ ɬɨ ɠɟ 

ɜɪɟɦɹ ɞɥɹ ɤɥɟɬɨɤ CHO, ɧɟ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɪɟɰɟɩɬɨɪ HER2, ɡɧɚɱɢ-
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ɦɵɣ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɜ ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɢɦɦɭɧɨɬɨɤɫɢɧɚ DARPin-mCherry-PE40 ɧɟ ɧɚɛɥɸɞɚɥɫɹ. ɉɨɥɭɱɟɧɧɵɟ 
ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɵɫɨɤɨɣ ɢɡɛɢɪɚɬɟɥɶɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ 

DARPin-mCherry-PE40 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ, ɝɢɩɟ-
ɪɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦ ɨɧɤɨɦɚɪɤɟɪ HER2.

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɫɟ ɬɪɢ ɞɨɦɟɧɚ ɜ ɫɨɫɬɚɜɟ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ 
ɢɦɦɭɧɨɬɨɤɫɢɧɚ DARPin-PE40-mCherry ɫɨɯɪɚɧɢɥɢ ɫɜɨɢ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ: ɜɵɫɨɤɭɸ ɚɮɮɢɧɧɨɫɬɶ ɤ ɨɩɭɯɨɥɟɜɨɦɭ ɚɧɬɢɝɟɧɭ, 
ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɢ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ. Ɍɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɚɝɟɧɬ ɞɥɹ ɬɟɪɚɧɨɫɬɢ-

ɤɢ DARPin_mCherry_PE40, ɨɛɥɚɞɚɸɳɢɣ ɤɚɤ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦ ɬɚɤ 
ɢ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ ɢ ɫɩɨɫɨɛɧɵɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɡɧɚɜɚɬɶ 
ɫ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɫɩɟɰɢɮɢɱɟɫɤɢ ɨɤɪɚɲɢɜɚɬɶ ɢ ɩɪɨɹɜɥɹɬɶ 
ɜɵɫɨɤɭɸ ɢɡɛɢɪɚɬɟɥɶɧɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ HER2-

ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɪɚɤɨɜɵɦ ɤɥɟɬɤɚɦ. 
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Ⱥɧɧɨɬɚɰɢɹ
ɇɚɦɢ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɚɫɫɨɰɢɚɬɢɜɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɟɧɨɜ ɷɤɫ-

ɰɢɡɢɨɧɧɨɣ ɪɟɩɚɪɚɰɢɢ ɨɫɧɨɜɚɧɢɣ ȾɇɄ (LIG3, NEIL1, OGG1, 

FEN1 ɢ NTHL1) ɜ ɫɜɹɡɢ ɫ ɪɢɫɤɨɦ ɪɚɡɜɢɬɢɹ ɩɪɢɜɵɱɧɨɝɨ ɧɟɜɵɧɚɲɢɜɚ-
ɧɢɹ ɛɟɪɟɦɟɧɧɨɫɬɢ (ɉɇȻ) ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɪɢɫɤɨɜɵɟ 
ɚɥɥɟɥɢ rs1052133-G (OGG1) ɢ rs4462560-G (NEIL1).

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɩɪɨɟɤɬ №16-34-

01322 ɦɨɥ_ɚ). 
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Abstract

This study was conducted to investigate the association of polymor-

phisms of DNA base-excision repair genes (LIG3, NEIL1, OGG1, 

FEN1 and NTHL1) with recurrent pregnancy loss (RPL). We re-

vealed signifi cant associations of SNPs rs1052133 (OGG1) and 

rs4462560 (NEIL1) with RPL. 

ɉɪɢɜɵɱɧɨɟ ɧɟɜɵɧɚɲɢɜɚɧɢɟ ɛɟɪɟɦɟɧɧɨɫɬɢ (ɉɇȻ) — ɷɬɨ ɫɚɦɨɩɪɨ-
ɢɡɜɨɥɶɧɨɟ ɩɪɟɪɵɜɚɧɢɟ ɛɟɪɟɦɟɧɧɨɫɬɢ ɞɜɚ ɢ ɛɨɥɟɟ ɪɚɡɚ ɩɨɞɪɹɞ ɜ ɫɪɨɤ 
ɞɨ 22 ɧɟɞɟɥɶ, ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɛɥɟɦ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɚɤɭɲɟɪɫɬɜɚ. ɉɇȻ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɦɧɨɝɨɮɚɤɬɨɪɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, 
ɩɪɢɱɢɧɚɦɢ ɪɚɡɜɢɬɢɹ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɚɧɚɬɨɦɢɱɟɫɤɢɟ, ɷɧɞɨɤɪɢɧ-

ɧɵɟ, ɢɧɮɟɤɰɢɨɧɧɵɟ, ɢɦɦɭɧɧɵɟ ɢ ɯɪɨɦɨɫɨɦɧɵɟ ɚɧɨɦɚɥɢɢ, ɨɞɧɚɤɨ 
ɜ 23–40 % ɫɥɭɱɚɟɜ ɷɬɢɨɥɨɝɢɹ ɉɇȻ ɨɫɬɚɟɬɫɹ ɧɟɜɵɹɫɧɟɧɧɨɣ. ɉɨ ɞɚɧɧɵɦ 

ɪɟɫɭɪɫɚ DisGeNet (http://disgenet.org/) ɜ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɞɚɧɧɨɣ ɩɚɬɨ-
ɥɨɝɢɢ ɢɡɭɱɟɧɨ ɛɨɥɟɟ 70 ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ; ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɷɬɨ ɝɟɧɵ 

ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɝɟɦɨɫɬɚɡɚ, ɦɟɬɚɛɨɥɢɡɦɚ ɝɨɪɦɨɧɨɜ, ɞɢɫɮɭɧɤɰɢɢ 

ɷɧɞɨɬɟɥɢɹ, ɤɥɟɬɨɱɧɨɣ ɚɞɝɟɡɢɢ ɢ ɞɪɭɝɢɟ. ɋɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɫɬɚ-
ɛɢɥɶɧɨɫɬɶ ɝɟɧɨɦɚ ɜɧɨɫɢɬ ɷɤɫɰɢɡɢɨɧɧɚɹ ɪɟɩɚɪɚɰɢɹ ɨɫɧɨɜɚɧɢɣ (BER), 

ɤɨɬɨɪɚɹ ɭɞɚɥɹɟɬ ɩɨɜɪɟɠɞɟɧɢɹ, ɜɵɡɵɜɚɟɦɵɟ ɨɤɢɫɥɟɧɢɟɦ, ɞɟɡɚɦɢɧɢɪɨ-
ɜɚɧɢɟɦ, ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɚɡɨɬɢɫɬɵɯ ɨɫɧɨɜɚɧɢɣ. ȼ ɩɟɪɜɨɦ ɬɪɢɦɟɫɬɪɟ 
ɛɟɪɟɦɟɧɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɧɨɟ ɞɟɥɟɧɢɟ ɤɚɤ ɮɟɬɚɥɶɧɵɯ, ɬɚɤ ɢ ɦɚ-
ɬɟɪɢɧɫɤɢɯ ɤɥɟɬɨɤ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɩɨɥɧɨɰɟɧɧɚɹ ɪɚɛɨɬɚ ɫɢɫɬɟɦɵ ɪɟ-
ɩɚɪɚɰɢɢ ɤɪɢɬɢɱɧɚ ɞɥɹ ɪɚɡɜɢɬɢɹ ɩɥɨɞɚ. ɉɨɥɢɦɨɪɮɧɵɟ ɜɚɪɢɚɧɬɵ ɝɟɧɨɜ 
ɪɟɩɚɪɚɰɢɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɪɟɩɚɪɚɰɢɢ ɩɨɜɪɟɠɞɟɧɢɣ ȾɇɄ ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɬɟɧɰɢɚɥɶɧɨ ɫɩɨɫɨɛɧɵ 

ɩɪɢɜɨɞɢɬɶ ɤ ɧɚɤɨɩɥɟɧɢɸ ɦɭɬɚɰɢɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɜɤɥɚɞ ɝɟɧɨɜ ɪɟɩɚ-
ɪɚɰɢɢ ɜ ɪɚɡɜɢɬɢɟ ɉɇȻ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɫɥɟɞɨɜɚɧ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɪɨɥɢ ɩɨɥɢɦɨɪɮɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɝɟɧɨɜ ɷɤɫɰɢɡɢɨɧɧɨɣ ɪɟɩɚɪɚɰɢɢ ɨɫɧɨɜɚɧɢɣ (BER) ɜ ɪɚɡɜɢ-

ɬɢɢ ɩɪɢɜɵɱɧɨɝɨ ɧɟɜɵɧɚɲɢɜɚɧɢɹ ɛɟɪɟɦɟɧɧɨɫɬɢ: ɫɚɣɬɵ rs1052536 ɝɟɧɚ 
LIG3 (ligase III, DNA, ATP-dependent), rs4462560 ɝɟɧɚ NEIL1 (nei 

endonuclease VIII-like 1), rs1052133 ɝɟɧɚ OGG1 (8-oxoguanine DNA 

glycosylase), rs174538 ɝɟɧɚ FEN1 (fl ap structure-specifi c endonuclease 

1) ɢ rs2516738 ɝɟɧɚ NTHL1 (nth like DNA glycosylase 1). ȼ ɢɫɫɥɟ-
ɞɨɜɚɧɢɢ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ 532 ɠɟɧɳɢɧɵ, ɢɡ ɤɨɬɨɪɵɯ 331 ɫɬɪɚɞɚɥɢ 
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ɉɇȻ (ɨɬ ɞɜɭɯ ɢ ɛɨɥɟɟ ɫɥɭɱɚɟɜ) ɢ 201 ɛɵɥɢ ɫ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɪɟɩɪɨ-

ɞɭɤɬɢɜɧɨɣ ɮɭɧɤɰɢɟɣ ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɇȻ ɜ ɚɧɚɦɧɟɡɟ; ɫɪɟɞɧɢɣ ɜɨɡɪɚɫɬ 
ɫɨɫɬɚɜɢɥ 32.63±5.69 ɢ 33.71±6.14 ɥɟɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɚɬɟɪɢɚɥɨɦ 

ɩɨɫɥɭɠɢɥɢ ɨɛɪɚɡɰɵ ȾɇɄ ɢɡ ɥɢɦɮɨɰɢɬɨɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. 

ɀɟɧɳɢɧɵ ɛɵɥɢ ɩɪɨɝɟɧɨɬɢɩɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ ɬɟɬɪɚ-ɩɪɚɣɦɟɪɧɨɣ 

ɚɥɥɟɥɶ-ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɉɐɊ. Ɇɟɬɨɞɨɦ χ2 ɨɰɟɧɢɜɚɥɢ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɟɧɨɬɢɩɨɜ ɪɚɜɧɨɜɟɫɢɸ ɏɚɪɞɢ-ȼɚɣɧɛɟɪɝɚ. Ɉɰɟɧɤɢ 

ɱɚɫɬɨɬ ɝɟɧɨɬɢɩɨɜ ɢ ɢɯ ɷɮɮɟɤɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɥɨɝɢɫɬɢ-

ɱɟɫɤɨɝɨ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨ-

ɝɪɚɦɦɵ SNPStats. 

ȼɫɟ ɢɡɭɱɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɧɚɯɨɞɢɥɢɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ 
ɩɨ ɏɚɪɞɢ-ȼɚɣɧɛɟɪɝɭ. ȼ ɨɛɳɟɣ ɜɵɛɨɪɤɟ ɫ ɩɨɩɪɚɜɤɨɣ ɧɚ ɜɨɡɪɚɫɬ 
ɢ ɢɧɞɟɤɫ ɦɚɫɫɵ ɬɟɥɚ ɩɨɝɪɚɧɢɱɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɜ ɚɫɫɨɰɢɚɰɢɢ ɫ ɉɇȻ 

ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɞɥɹ ɝɟɧɨɬɢɩɚ rs4462560-G/G ɝɟɧɚ NEIL1 (ɪɟɰ. ɦɨ-

ɞɟɥɶ, P = 0.058, OR = 2.04, 95 % Ⱦɂ: 0.94–4.43). ɉɪɢ ɫɬɪɚɬɢɮɢɤɚ-
ɰɢɢ ɜɵɛɨɪɤɢ ɩɨ ɫɪɨɤɭ ɝɟɫɬɚɰɢɢ ɧɚ ɦɨɦɟɧɬ ɩɪɟɪɵɜɚɧɢɹ ɛɟɪɟɦɟɧ-

ɧɨɫɬɢ (ɞɨ 8.5 ɧɟɞɟɥɶ ɜɤɥɸɱɢɬɟɥɶɧɨ ɢ ɛɨɥɟɟ 8.5 ɧɟɞɟɥɶ) ɛɵɥɢ ɡɚ-
ɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɪɢɫɤɨɜɵɟ ɚɥɥɟɥɢ rs1052133-G ɝɟɧɚ OGG1 (ɞɨɦ. 

ɦɨɞɟɥɶ, P = 0.035, OR = 1.67, 95 % Ⱦɂ: 1.04–2.70) ɢ rs4462560-G 

ɝɟɧɚ NEIL1 (ɪɟɰ. ɦɨɞɟɥɶ, P = 0.045, OR = 2.35, 95 % Ⱦɂ: 0.99–5.60) 

ɜ ɝɪɭɩɩɟ ɫ ɛɨɥɟɟ ɩɨɡɞɧɢɦ ɫɪɨɤɨɦ (ɛɨɥɟɟ 8.5 ɧɟɞɟɥɶ), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɜ ɝɪɭɩɩɟ ɫɨ ɫɪɨɤɨɦ ɞɨ 8.5 ɧɟɞɟɥɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɧɟ ɩɨɥɭɱɟɧɨ. Ʉɚɤ OGG1, ɬɚɤ ɢ NEIL1 ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɩɚɪɚɰɢɢ 

ɨɤɢɫɥɟɧɧɵɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ) ɨɫɧɨ-

ɜɚɧɢɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ȺɎɄ ɜ ɩɥɚɰɟɧɬɟ ɫ 8 ɧɟɞɟɥɢ ɩɨɫɬɟ-
ɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɛɨɥɟɟ, ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ (PMID:11106583). ɑɪɟɡ-
ɦɟɪɧɚɹ ɩɪɨɞɭɤɰɢɹ ȺɎɄ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɪɹɞ ɧɚɪɭɲɟɧɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɫɩɪɨɜɨɰɢɪɨɜɚɬɶ ɫɩɨɧɬɚɧɧɵɣ ɚɛɨɪɬ, ɧɟɜɵɧɚɲɢɜɚɧɢɟ ɛɟɪɟɦɟɧɧɨɫɬɢ, 

ɩɪɟɷɤɥɚɦɩɫɢɸ, ɡɚɞɟɪɠɤɭ ɜɧɭɬɪɢɭɬɪɨɛɧɨɝɨ ɪɨɫɬɚ (PMID:22748101), 

ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɝɟɧɨɜ BER, ɜ ɬɨɦ 

ɱɢɫɥɟ OGG1 ɢ NEIL1, ɦɨɠɟɬ ɛɵɬɶ ɤɪɢɬɢɱɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɥɶ-
ɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ ɝɟɧɨɜ ɷɤɫɰɢɡɢɨɧɧɨɣ ɪɟɩɚɪɚɰɢɢ ɨɫɧɨɜɚɧɢɣ ɜ ɝɟɧɟ-
ɡɟ ɉɇȻ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɦɟɞɢɰɢɧɫɤɨɣ ɝɟɧɟɬɢɤɢ. 
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ɂɁɍɑȿɇɂȿ ɋȼəɁɂ ɈȾɇɈɇɍɄɅȿɈɌɂȾɇɕɏ 

ɉɈɅɂɆɈɊɎɂɁɆɈȼ ɋ ɂɁɆȿɇȿɇɂȿɆ ɗɄɋɉɊȿɋɋɂɂ 

ȽȿɇɈȼ ɊȿɁɂɋɌȿɇɌɇɈɋɌɂ ȼ ɈɉɍɏɈɅɂ ɆɈɅɈɑɇɈɃ ɀȿ-

ɅȿɁɕ ȼ ɉɊɈɐȿɋɋȿ ɇȿɈȺȾɔɘȼȺɇɌɇɈɃ 

ɏɂɆɂɈɌȿɊȺɉɂɂ

STUDY LINKS SNPS CHANGE RESISTANCE GENES 

EXPRESSION IN BREAST CANCER DURING NEOADJUVANT 

CHEMOTHERAPY

Ɇ. Ɇ. ɐɵɝɚɧɨɜ 1,2, ɂ. ȼ. Ⱦɟɪɸɲɟɜɚ 1,3, 

Ɇ. Ʉ. ɂɛɪɚɝɢɦɨɜɚ 1,2, ɇ. ȼ. Ʌɢɬɜɹɤɨɜ 1,2

1 Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɧɚɭɱɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
«Ɍɨɦɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɦɟɞɢɰɢɧɫɤɢɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ»
2 Ʌɚɛɨɪɚɬɨɪɢɹ ɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɤɥɟɬɨɱɧɨɣ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɛɢɨɦɟɞɢɰɢɧɵ, Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɇɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ»
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Ⱥɧɧɨɬɚɰɢɹ
Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɤɨɷɤɫɩɪɟɫɫɢɢ ɜ ɨɩɭɯɨ-

ɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɟɨɚɞɴɸɜɚɧɬɧɨɣ ɯɢɦɢɨ-
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ɬɟɪɚɩɢɢ (ɇɏɌ) 4-ɯ ɝɟɧɨɜ Ⱥȼɋ-ɬɪɚɧɫɩɨɪɬɟɪɨɜ: ABCB1, ABCC1, 

ABCC2 ɢ ABCG2 (r = 0,27–0,81, p<0,05), (Litviakov, N.V., et al., 2013; 

Ʌɢɬɜɹɤɨɜ ɇ. ȼ. ɢ ɞɪ., 2013). Ʉɪɨɦɟ ɷɬɨɝɨ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɵɟ 
ɝɟɧɵ ɨɛɪɚɡɭɸɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɷɤɫɩɪɟɫɫɢɨɧɧɵɣ ɤɥɚɫɬɟɪ, ɩɨɜɵ-

ɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɤɨɬɨɪɨɝɨ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɮɟɧɨɬɢɩɚ 
ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɆɅɍ). ɇɟɫɦɨɬɪɹ ɧɚ 
ɬɨ, ɱɬɨ ɜɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɝɟɧɵ Ⱥȼɋ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɪɚɡɧɵɯ ɯɪɨ-
ɦɨɫɨɦɚɯ, ɛɵɥɨ ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɦɟɯɚɧɢɡɦɵ ɪɟ-
ɝɭɥɹɰɢɢ ɝɟɧɨɜ Ⱥȼɋ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɝɟɧɟ-
ɬɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, ɨɩɪɟɞɟɥɹɟɦɵɦɢ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɦ ɩɨ-
ɥɢɦɨɪɮɢɡɦɨɦ (SNP-single nucleotide polymorphism). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɰɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɫɜɹɡɢ ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɯ 
ɩɨɥɢɦɨɪɮɢɡɦɨɜ ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ (ɩɨɜɵɲɟɧɢɟɦ ɢ ɫɧɢɠɟɧɢ-

ɟɦ) Ⱥȼɋ-ɬɪɚɧɫɩɨɪɬɟɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɇɏɌ.

Abstract

Earlier contact data coexpression in breast tumors were ob-

tained during neoadjuvant chemotherapy (NAC) 4 ABC trans-

porter genes: ABCB1, ABCC1, ABCC2 и ABCG2 (r = 0,27–0,81, 

p<0,05), (Litviakov N. V., et al, 2013; Litviakov N. V., et al, 2013). 

Additionally it was shown that these genes constitute a functional 

expression cassette, which leads to increased expression of for-

mation phenotype of multidrug resistance (MDR). Despite the fact 

that all the investigated ABC genes located on different chromo-

somes, it has been suggested that the ABC regulation mecha-

nisms of genes may be linked to individual genetic characteris-

tics determined by single nucleotide polymorphism (SNP-single 

nucleotide polymorphism). Thus, the aim of this work was to study 

SNPs due to the expression of change (increase and decrease) of 

ABC-transporters in the NAC.

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
ȼ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɜɤɥɸɱɟɧɨ 88 ɛɨɥɶɧɵɯ ɊɆɀ ɫɨ ɫɬɚɞɢɟɣ 

IIA — IIIB, ɩɨɥɭɱɚɜɲɢɯ ɜ 2006–2010 ɝɨɞɚɯ ɥɟɱɟɧɢɟ ɜ ɤɥɢɧɢɤɟ 
Ɍɨɦɫɤɨɝɨ ɇɂɆɐ. Ȼɨɥɶɧɵɟ ɜ ɧɟɨɚɞɴɸɜɚɧɬɧɨɦ ɪɟɠɢɦɟ ɩɨɥɭɱɚɥɢ 

2–4 ɤɭɪɫɚ ɏɌ ɩɨ ɫɯɟɦɚɦ FAC (ɮɬɨɪɭɪɚɰɢɥ, ɞɨɤɫɨɪɭɛɢɰɢɧ, ɰɢɤɥɨ-
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ɮɨɫɮɚɧ) ɢɥɢ CAX (ɰɢɤɥɨɮɨɫɮɚɧ, ɞɨɤɫɨɪɭɛɢɰɢɧ, ɤɫɟɥɨɞɚ). Ɂɚɬɟɦ 

ɩɪɨɜɨɞɢɥɚɫɶ ɨɩɟɪɚɰɢɹ ɢ 2 ɤɭɪɫɚ ɚɞɴɸɜɚɧɬɧɨɣ ɯɢɦɢɨɬɟɪɚɩɢɢ ɩɨ 
ɫɯɟɦɟ FAC, ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ ɢ/ɢɥɢ ɝɨɪɦɨɧɚɥɶɧɨɟ ɥɟɱɟɧɢɟ ɧɚɡɧɚ-
ɱɚɥɢɫɶ ɩɨ ɩɨɤɚɡɚɧɢɹɦ. ɊɇɄ ɜɵɞɟɥɹɥɢ ɢɡ 88 ɩɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɞɨ 
ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ RNeasy Plus mini Kit (Qiagen, 

Germany) ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɢɧɫɬɪɭɤɰɢɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. Ɉɰɟɧɤɭ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɆɅɍ: ABCB1, ABCC1, ABCC2, ABCC5, ABCG1, 

ABCG2 ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ qRT-PCR. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɷɤɫɩɪɟɫ-
ɫɢɹ ɛɵɥɚ ɨɰɟɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ Pfaffl , ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɧɚ-
ɪɟɮɟɪɢ GAPDH ɢ ɧɨɪɦɚɥɶɧɨɣ ɬɤɚɧɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ. ȾɇɄ ɜɵ-

ɞɟɥɹɥɢ ɢɡ 88 ɛɢɨɩɫɢɣɧɵɯ ɨɛɪɚɡɰɨɜ ɨɩɭɯɨɥɟɜɨɣ ɬɤɚɧɢ ɫ ɩɨɦɨɳɶɸ 

ɧɚɛɨɪɚ QIAamp DNA mini Kit (Qiagen, Germany), (Litviakov, N.V., 

et al., 2013).

Ɇɢɤɪɨɦɚɬɪɢɱɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɢɤɪɨɦɚɬɪɢɰɚɯ (ȾɇɄ-

ɱɢɩɚɯ) ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɮɢɪɦɵ Affymetrix (USA) CytoScanTM HD 

Array, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɩɨ 750 000 SNP ɞɥɹ ɤɚɠɞɨɝɨ ɛɨɥɶɧɨɝɨ. 
Ⱥɫɫɨɰɢɚɰɢɸ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ Ⱥȼɋ ɫ SNP ɨɰɟɧɢ-

ɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ «R» ɜ ɩɪɨɝɪɚɦɦɟ «R 

version 3.0.2.». Ⱦɥɹ ɤɨɪɪɟɤɰɢɢ ɭɪɨɜɧɟɣ ɡɧɚɱɢɦɨɫɬɢ ɧɚ ɦɧɨɠɟɫɬɜɟɧ-

ɧɵɟ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɨɩɪɚɜɤɚ Ȼɨɧɮɟɪɪɨɧɢ. ɋɪɚɜɧɟɧɢɟ ɱɚ-
ɫɬɨɬ ɩɨ ɤɚɱɟɫɬɜɟɧɧɵɦ ɞɚɧɧɵɦ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯɫɬɨ-
ɪɨɧɧɟɝɨ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ.

Ɋɟɡɭɥɶɬɚɬɵ
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɢɡ-

ɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɱɟɬɵɪɟɯ ɝɟɧɨɜ ɥɟɤɚɪɫɬɜɟɧɧɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ: ABCB1, ABCC1, ABCC2, ABCG2 ɫɨɩɪɹɠɟɧɨ 12 ɩɨ-
ɥɢɦɨɪɮɢɡɦɨɜ. ɉɪɢ ɱɟɦ, ɞɢɤɢɣ ɢɥɢ ɦɭɬɚɧɬɧɵɣ ɝɟɧɨɬɢɩ ɤɚɠɞɨɝɨ ɢɡ 
ɤɨɬɨɪɵɯ ɫɜɹɡɚɧ ɥɢɛɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ABC, ɥɢɛɨ ɫɨ 
ɫɧɢɠɟɧɢɟɦ (Ɍɚɛɥɢɰɚ 1).

ȿɫɥɢ ɝɟɧɨɬɢɩɢɪɨɜɚɬɶ ɨɩɭɯɨɥɶ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɞɨ ɥɟɱɟɧɢɹ ɩɨ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɦ SNP, ɬɨ ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ ɦɨɠɧɨ ɫ 80 % 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫ-
ɫɢɢ ɤɥɚɫɬɟɪɚ ɝɟɧɨɜ Ⱥȼɋ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɟɧɨɬɢɩɚ ɚɞɚɩɬɢɜɧɨɣ ɆɅɍ 

ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɷɮɮɟɤɬ ɇɏɌ.
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Ɍɚɛɥɢɰɚ 1
ɉɨɥɢɦɨɪɮɢɡɦɵ ɢ ɝɟɧɨɬɢɩɵ, ɫɨɩɪɹɠɟɧɧɵɟ 
ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɤɥɚɫɬɟɪɚ ɝɟɧɨɜ Ⱥȼɋ

SNP ɉɨɜɵɲɟɧɢɟ ABC ɋɧɢɠɟɧɢɟ ABC

RGSL1 rs169154 AA CC

NOL10 rs10207885 CC TT

NOL10 rs6432113 TT CC

NOL10 rs6732429 TT CC

NPAS2 rs4851377 TT CC

CCDC37 rs4679239 CC TT

SI rs9290221 GG AA

PDZD2 rs6896052 CC GG

ZNF804B rs17147002 GG AA

CCDC132 rs6960173 GG CC

HYKK rs952215 CC TT

TMC5 rs7188161 AA GG

ɉɪɢɦɟɱɚɧɢɟ. Ʉɚɠɞɵɣ ɢɡ ɝɟɧɨɬɢɩɨɜ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ SNP ɫɜɹɡɚɧ ɫ ɨɩɪɟ-
ɞɟɥɟɧɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɪɟɫɫɢɢ. Ʉɪɚɫɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟ-
ɧɵ ɦɭɬɚɧɬɧɵɟ ɝɟɧɨɬɢɩɵ.

Ⱦɚɥɟɟ ɩɪɨɫɩɟɤɬɢɜɧɨ ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ 

ɩɚɧɟɥɢ SNP. ȼ ɬɟɫɬɨɜɭɸ ɜɵɛɨɪɤɭ ɜɨɲɥɢ 7 ɩɚɰɢɟɧɬɨɜ, ɭ ɤɨɬɨɪɵɯ ɞɨ 
ɥɟɱɟɧɢɹ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɧɚɣɞɟɧɧɵɟ SNP (Ɍɚɛɥɢɰɚ 1). ȿɫɥɢ ɭ ɩɚɰɢ-

ɟɧɬɚ ɛɵɥɢ ɜɫɟ ɢɥɢ ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɝɟɧɨɬɢɩɨɜ ɫɨɩɪɹɠɟɧ-

ɧɵɯ ɫ ɩɨɜɵɲɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ, ɬɨ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɯɢɦɢɨ-
ɬɟɪɚɩɢɢ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ABCB1, ABCɋ1, ABCC2 ɢ ABCG2 ɛɭɞɟɬ 
ɩɨɜɵɲɚɬɶɫɹ, ɢ ɧɚɨɛɨɪɨɬ, ɟɫɥɢ ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 
ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɝɟɧɨɬɢɩɵ, ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɧɢɠɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ, 

ɬɨ ɝɨɜɨɪɢɥɢ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɯɢɦɢɨɬɟɪɚɩɢɢ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
ɆɅɍ ɛɭɞɟɬ ɫɧɢɠɚɬɶɫɹ (ɬɚɛɥɢɰɚ 2).
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Ɍɚɛɥɢɰɚ 2
ɉɪɨɫɩɟɤɬɢɜɧɚɹ ɜɚɥɢɞɚɰɢɹ ɩɚɧɟɥɢ 12 SNP ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɨɩɭɯɨɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɮɟɧɨɬɢɩɚ ɆɅɍ

SNP / N ɩɚɰɢɟɧɬɚ 1 2 3 4 5 6 7

rs169154 CA CA CA AA AA CC CA

rs10207885 CT TT CT TT CT CC CC

rs6432113 CC CC CT CC CC TT TT

rs6732429 CT CC CT CC CT TT TT

rs4851377 CT CT CT TT CT CT CT

rs4679239 CC TC CC TC CC TT TC

rs9290221 AA AA AA AA AA GG AA

rs6896052 CG GG CC CG GG GG CC

rs17147002 GA GG GA GA AA GA GG

rs6960173 CC GC GG GG GC GC GG

rs952215 TT CT TT CT CT TT CT

rs7188161 GA AA GA GA AA GA GA

Ɂɚ ɩɨɜɵɲɟɧɢɟ 80 % 71 % 40 % 57 % 57 % 50 % 14 %

Ɂɚ ɫɧɢɠɟɧɢɟ 20 % 29 % 60 % 43 % 43 % 50 % 86 %

ɂɬɨɝɨɜɵɣ ɩɪɨɝɧɨɡ Ĺ Ĺ Ļ Ĺ Ĺ ĹĻ Ļ
Ɋɟɚɥɶɧɨɟ 
ɧɚɛɥɸɞɟɧɢɟ Ĺ Ĺ Ļ Ĺ Ĺ Ĺ Ļ

ɉɪɢɦɟɱɚɧɢɟ. Ʉɪɚɫɧɵɦ ɰɜɟɬɨɦ ɜɵɞɟɥɟɧɵ ɹɱɟɣɤɢ, ɜ ɤɨɬɨɪɵɯ ɝɟɧɨɬɢɩɵ 

ɩɨɥɢɦɨɪɮɢɡɦɨɜ ɫɜɹɡɚɧɵ ɫ ɩɨɜɵɲɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ABCB1, ABCɋ1, 

ABCɋ2 ɢ ABCG2; ɡɟɥɟɧɵɦ — ɫɨ ɫɧɢɠɟɧɢɟɦ; ɫɢɧɢɦ — ɝɟɬɟɪɨɡɢɝɨɬɧɵɣ ɝɟ-
ɧɨɬɢɩ. Ĺ — ɩɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɤɥɚɫɬɟɪɚ ɝɟɧɨɜ Ⱥȼɋ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɮɟɧɨɬɢɩɚ ɆɅɍ; Ļ — ɫɧɢɠɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɤɥɚɫɬɟɪɚ ɝɟɧɨɜ Ⱥȼɋ.

Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɜ 6/7 (86 %) ɫɥɭɱɚɹɯ ɨɩɪɟɞɟɥɟɧɢɟ ɝɟɧɨɬɢɩɨɜ 12 SNP 

ɩɨɡɜɨɥɢɥɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɧɢɠɟɧɢɟ ɢɥɢ ɩɨɜɵɲɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɝɟ-
ɧɨɜ Ⱥȼɋ. ɍ ɨɞɧɨɝɨ ɩɚɰɢɟɧɬɚ (14 %) ɧɚɛɥɸɞɚɥɨɫɶ ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɝɟɧɨɬɢɩɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɜɵɲɟɧɢɟɦ ɢ ɫɧɢɠɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ. 
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ȼɵɜɨɞɵ
ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɢ ɜɚɥɢɞɢɪɨɜɚɧɚ ɩɚɧɟɥɶ 12 ɩɨɥɢɦɨɪɮɢɡɦɨɜ, 

ɭ ɤɨɬɨɪɵɯ ɞɢɤɢɣ ɢ ɦɭɬɚɧɬɧɵɣ ɝɟɧɨɬɢɩ ɜ ɨɩɭɯɨɥɢ ɞɨ ɥɟɱɟɧɢɹ ɫɨɩɪɹ-
ɠɟɧ ɫɨ ɫɧɢɠɟɧɢɟɦ ɥɢɛɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɤɥɚɫɬɟɪɚ 4-ɯ ɝɟ-
ɧɨɜ Ⱥȼɋ. Ƚɟɧɨɬɢɩɢɪɨɜɚɧɢɟ ɨɩɭɯɨɥɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɩɨ ɷɬɢɦ SNP 

ɞɨ ɥɟɱɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɟɧɨɬɢɩɚ ɆɅɍ (80 % ɢ 86 % ɞɥɹ ɨɛɭɱɚɟɦɨɣ ɢ ɬɟɫɬɨ-
ɜɨɣ ɜɵɛɨɪɨɤ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 
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Ⱥɧɧɨɬɚɰɢɹ
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

ɜ ɪɚɡɪɚɛɨɬɤɟ ɜɚɤɰɢɧɵ ɩɪɨɬɢɜ ȼɂɑ-ɢɧɮɟɤɰɢɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɢɦ-

ɦɭɧɨɝɟɧɚ, ɫɩɨɫɨɛɧɨɝɨ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɮɮɢɧɧɨɟ ɫɨɡɪɟɜɚɧɢɟ ɲɢɪɨɤɨ 
ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ ɚɧɬɢɬɟɥ. Ⱦɥɹ ɩɨɢɫɤɚ ɢɦɦɭɧɨɝɟɧɨɜ ɢ ɨɰɟɧɤɢ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɚɤɬɢɜɚɰɢɢ ɢɦɢ ȼ-ɤɥɟɬɨɤ, ɧɟɫɭɳɢɯ ɧɚ ɫɜɨɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɟɡɪɟɥɭɸ ɮɨɪɦɭ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧɬɢɬɟɥɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɡɞɚɧɢɟ ɬɟɫɬ-ɫɢɫɬɟɦɵ, ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɨɣ ɤ ɱɟɥɨɜɟɤɭ. Ɍɚ-
ɤɨɣ ɤɥɟɬɨɱɧɨɣ ɦɨɞɟɥɶɸ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɥɢɧɢɹ-ɫɟɧɫɨɪ ɫ ɩɨɜɟɪɯɧɨɫɬ-
ɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɡɚɪɨɞɵɲɟɜɨɣ ɮɨɪɦɵ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧ-

ɬɢɬɟɥɚ ɜ ɜɢɞɟ ȼ-ɤɥɟɬɨɱɧɵɯ ɪɟɰɟɩɬɨɪɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ 

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ (ɩɪɨɟɤɬ № 16-04-

00915).
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ɬɚɤɨɝɨ ɬɟɫɬɨɜɨɝɨ ɚɧɬɢɬɟɥɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɡɚɪɨɞɵɲɟɜɚɹ ɮɨɪɦɚ ɲɢɪɨ-
ɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧɬɢɬɟɥɚ VRC01.

Abstract

Identifi cation of antigens driving affi nity maturation of broadly neu-

tralizing antibodies is one of the most challenging tasks in HIV 

vaccinology. In order to isolate such candidate immunogens and 

to estimate how well they may activate B-cells having surface ex-

pression of the immature/germline forms of broadly neutralizing 

antibodies, a robust test system closely mimicking human B-cell 

biology would be indispensable. Developing a human В-cell sen-

sor line with surface expression of a germline variant of broadly 

neutralizing antibody may help achieve this goal. In this work, we 

used germline-reverted version of a broadly neutralizing antibody 

VRC01 to create such a sensor B cell line.

ɋɨɡɞɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɜɚɤɰɢɧɵ ɩɪɨɬɢɜ ɜɢɪɭɫɚ ɢɦɦɭɧɨɞɟɮɢɰɢɬɚ 
ɱɟɥɨɜɟɤɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɞɨ ɫɢɯ ɩɨɪ ɧɟɪɟɲɟɧɧɨɣ ɡɚɞɚɱɟɣ ɢɧ-

ɮɟɤɰɢɨɧɧɨɣ ɢɦɦɭɧɨɥɨɝɢɢ. ȼɫɟ ɞɟɥɨ ɜ ɬɨɦ, ɱɬɨ ȼɂɑ ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶ-
ɧɵɦ ɧɚɛɨɪɨɦ ɫɜɨɣɫɬɜ, ɡɚɳɢɳɚɸɳɢɯ ɟɝɨ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɤɥɟɬɨɤ ɢɦɦɭɧ-

ɧɨɣ ɫɢɫɬɟɦɵ ɯɨɡɹɢɧɚ. Ɉɫɧɨɜɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɜɚɤ-
ɰɢɧɵ ɹɜɥɹɟɬɫɹ ɨɝɪɨɦɧɨɟ ɝɟɧɟɬɢɱɟɫɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜɚɪɢɚɧɬɨɜ ȼɂɑ. 

Ɍɚɤ, ɛɨɥɶɲɢɧɫɬɜɨ ɚɧɬɢɬɟɥ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɩɪɢ ȼɂɑ-ɢɧɮɟɤɰɢɢ ɢɥɢ 

ɢɦɦɭɧɢɡɚɰɢɢ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ȼɂɑ-ɚɧɬɢɝɟɧɚɦɢ, ɧɚɩɪɚɜɥɟɧɵ ɩɪɨɬɢɜ 
ɞɨɦɢɧɚɧɬɧɵɯ ɢɡɦɟɧɱɢɜɵɯ ɷɩɢɬɨɩɨɜ ȼɂɑ ɢ ɹɜɥɹɸɬɫɹ ɫɩɟɰɢɮɢɱɧɵɦɢ 

ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɜɢɪɭɫɧɨɦɭ ɢɡɨɥɹɬɭ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɢɯ ɧɟɣɬɪɚɥɢ-

ɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɥɟɝɤɨ ɩɪɟɨɞɨɥɟɜɚɸɬɫɹ ɜ ɫɢɥɭ ɜɵɫɨɤɨɣ ɝɟɧɟɬɢɱɟɫɤɨɣ 

ɢɡɦɟɧɱɢɜɨɫɬɢ ɜɢɪɭɫɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɩɪɨɬɢɜ 
ȼɂɑ-ɢɧɮɟɤɰɢɢ ɜɚɤɰɢɧɚ ɞɨɥɠɧɚ ɢɧɞɭɰɢɪɨɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɚɧɬɢɬɟɥ, 
ɫɩɨɫɨɛɧɵɯ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ 
ɜɚɪɢɚɧɬɨɜ ɜɢɪɭɫɚ. Ɍɚɤɢɟ ɚɧɬɢɬɟɥɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ ɜɵɫɨɤɭɸ ɧɟɣ-

ɬɪɚɥɢɡɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɩɪɚɜɥɟɧɵ ɩɪɨɬɢɜ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɨɛɥɚ-
ɫɬɟɣ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɨɛɥɚɫɬɟɣ ɭɹɡɜɢɦɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɵɯ ɜɢɪɭɫɭ ɞɥɹ 
ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɤɥɟɬɤɭ-ɦɢɲɟɧɶ), ɢ ɧɚɡɵɜɚɸɬɫɹ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭ-
ɸɳɢɦɢ ɚɧɬɢɬɟɥɚɦɢ (ɞɚɥɟɟ bnAb). ɉɨɹɜɥɟɧɢɟ ɞɚɧɧɵɯ ɚɧɬɢɬɟɥ ɧɚɛɥɸɞɚ-
ɟɬɫɹ ɬɨɥɶɤɨ ɭ ɱɚɫɬɢ ȼɂɑ-ɢɧɮɢɰɢɪɨɜɚɧɧɵɯ ɢ ɩɨ ɢɫɬɟɱɟɧɢɢ ɞɥɢɬɟɥɶɧɨ-
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ɝɨ ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɢɪɭɫɚ ɜ ɨɪɝɚɧɢɡɦ (ɫɩɭɫɬɹ 1–3 ɝɨɞɚ), 
ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɞɥɢɬɟɥɶɧɵɦ ɩɭɬɟɦ ɫɨɡɪɟɜɚɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɤɨɦɛɢɧɚɰɢɣ 

ɡɚɪɨɞɵɲɟɜɵɯ V-ɝɟɧɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ bnAb. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ 
ɚɧɬɢɝɟɧɵ ȼɂɑ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɩɪɨɞɭɤɬɚɦɢ ɬɚɤɢɯ ɡɚɪɨɞɵɲɟɜɵɯ 
ɮɨɪɦ bnAb ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɟ ɫɩɨɫɨɛɧɵ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɚɤɬɢɜɚɰɢɸ 

ɢ ɫɨɡɪɟɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɪɚɣɧɟ ɪɟɞɤɢɯ ȼ-ɤɥɟɬɨɤ. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɯɚɧɢɡɦ ɩɨɹɜɥɟɧɢɹ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ 
ɚɧɬɢɬɟɥ ɜ ɨɪɝɚɧɢɡɦɟ ɧɟ ɢɡɜɟɫɬɟɧ. 

ȼ ɪɚɦɤɚɯ ɫɬɪɚɬɟɝɢɢ ɜɚɤɰɢɧɚɰɢɢ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɝɟɧɟɪɚɰɢɸ ɜ ɨɪ-
ɝɚɧɢɡɦɟ ɩɭɥɚ bnAb, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɫɟɪɢɸ ɢɦɦɭɧɨɝɟɧɨɜ, 
ɫɩɨɫɨɛɧɵɯ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɩɪɨɥɢɮɟɪɚɰɢɸ ȼ-ɤɥɟɬɨɤ, ɷɤɫɩɪɟɫɫɢɪɭɸ-

ɳɢɯ ɡɚɪɨɞɵɲɟɜɵɟ ɮɨɪɦɵ bnAb ɢ ɨɛɟɫɩɟɱɢɬɶ ɧɚɩɪɚɜɥɟɧɧɨɟ ɫɨɡɪɟɜɚ-
ɧɢɟ ɡɚɪɨɞɵɲɟɜɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɜ ɡɪɟɥɵɟ ɮɨɪɦɵ bnAb. ɋɩɨɫɨɛ-

ɧɨɫɬɶ ɢɦɦɭɧɨɝɟɧɨɜ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɡɚɪɨɞɵɲɟɜɵɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɢ 

bnAb ɦɨɠɟɬ ɛɵɬɶ ɬɟɫɬɢɪɨɜɚɧɚ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɫɨɡɞɚɧɧɵɯ ɫɟɧɫɨɪɧɵɯ 
ȼ-ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɡɚɪɨɞɵɲɟɜɨɣ 

ɮɨɪɦɵ ȼɂɑ-ɫɩɟɰɢɮɢɱɧɨɝɨ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧɬɢɬɟɥɚ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɫɨɡɞɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɬɚ-

ɛɢɥɶɧɨɣ ɫɟɧɫɨɪɧɨɣ ɥɢɧɢɢ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ glVRC01, — 

ɡɚɪɨɞɵɲɟɜɨɣ ɜɟɪɫɢɢ ȼɂɑ-ɫɩɟɰɢɮɢɱɧɨɝɨ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɲɟɝɨ 
ɚɧɬɢɬɟɥɚ VRC01. Ⱦɚɧɧɨɟ ɚɧɬɢɬɟɥɨ ɨɛɥɚɞɚɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ ɧɟɣɬɪɚ-
ɥɢɡɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ (ɩɨ ɪɚɡɧɵɦ ɨɰɟɧɤɚɦ ɞɨɫɬɢɝɚɸɳɟɣ 88–93 %), 

ɚ ɤɪɨɦɟ ɬɨɝɨ, ɫɩɨɫɨɛɧɨ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ 100 % ɜɢɪɭɫɨɜ ȼɂɑ ɫɭɛɬɢɩɨɜ 
Ⱥ ɢ ȼ, ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ.

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɫɨɡɞɚɧɚ ɥɟɧɬɢɜɢɪɭɫɧɚɹ ɤɨɧ-

ɫɬɪɭɤɰɢɹ, ɤɨɞɢɪɭɸɳɚɹ ɫɟɧɫɨɪ ɧɚ ɨɫɧɨɜɟ ɡɚɪɨɞɵɲɟɜɨɣ ɜɟɪɫɢɢ ɲɢ-

ɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧɬɢɬɟɥɚ glVRC01. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɢɪɭɫɧɵɯ 
ɱɚɫɬɢɰ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɤɨɬɪɚɧɫɮɟɤɰɢɹ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ HEK293T 

ɩɨɥɭɱɟɧɧɨɣ ɥɟɧɬɢɜɢɪɭɫɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɢ ɩɚɤɨɜɨɱɧɵɦɢ ɩɥɚɡɦɢ-

ɞɚɦɢ. Ⱦɚɧɧɵɟ ɜɢɪɭɫɧɵɟ ɱɚɫɬɢɰɵ ɡɚɬɟɦ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɬɪɚɧɫ-
ɞɭɤɰɢɢ ɰɟɥɟɜɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ȼ-ɤɥɟɬɨɱɧɨɣ ɥɢɦɮɨɦɵ ɱɟɥɨɜɟɤɚ 
DG-75. ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ Ca-fl ux, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ 
ɬɟɫɬɢɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɫɟɧɫɨɪɧɨɣ ɥɢɧɢɢ.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɟɧɧɚɹ ɫɟɧɫɨɪɧɚɹ ɥɢɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɟɜɢɪɭɫɧɵɯ ɢɦɦɭɧɨɝɟɧɨɜ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɩɪɨɬɢɜ 
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ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧɬɢɬɟɥɚ VRC01. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɤɚɧɞɢ-

ɞɚɬɧɨɝɨ ɢɦɦɭɧɨɝɟɧɚ ɫ ɫɟɧɫɨɪɧɨɣ ɥɢɧɢɟɣ ɨ ɧɚɥɢɱɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɤɚɧɞɢɞɚɬɧɵɦ ɢɦɦɭɧɨɝɟɧɨɦ ɢ ɚɧɬɢɬɟɥɨɦ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ-ɫɟɧɫɨɪɚ ɦɨɠɧɨ ɫɭɞɢɬɶ, ɢɫɩɨɥɶɡɭɹ FACS-ɚɧɚɥɢɡ, 
ɚ ɫɩɨɫɨɛɧɨɫɬɶ ɞɚɧɧɨɝɨ ɢɦɦɭɧɨɝɟɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ ȼ-ɤɥɟɬɤɭ, ɧɟɫɭɳɭɸ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɪɨɞɵɲɟɜɭɸ ɮɨɪɦɭ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɚɧ-

ɬɢɬɟɥɚ ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ Ca-fl ux. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɲɢɪɨɤɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɟ ɚɧɬɢɬɟɥɨ VRC01 ɯɚɪɚɤ-
ɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɫɨɦɚɬɢɱɟɫɤɨɝɨ ɝɢɩɟɪɦɭɬɚɝɟɧɟɡɚ ɜ ɯɨɞɟ 
ɚɮɮɢɧɧɨɝɨ ɫɨɡɪɟɜɚɧɢɹ ɢɡ ɡɚɪɨɞɵɲɟɜɨɣ ɜ ɡɪɟɥɭɸ ɮɨɪɦɭ, ɦɵ ɪɚɛɨɬɚɟɦ 

ɧɚɞ ɫɨɡɞɚɧɢɟɦ ɰɟɥɨɣ ɫɟɪɢɢ ɫɟɧɫɨɪɧɵɯ ɥɢɧɢɣ, ɢɦɢɬɢɪɭɸɳɢɯ ɩɪɨɦɟ-
ɠɭɬɨɱɧɵɟ ɫɬɚɞɢɢ ɫɨɡɪɟɜɚɧɢɹ ɚɧɬɢɬɟɥɚ VRC01, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɩɟɪɚ-
ɬɢɜɧɨ ɩɪɨɜɨɞɢɬɶ ɬɟɫɬɢɪɨɜɚɧɢɟ ɢɦɦɭɧɨɝɟɧɨɜ, ɧɚɩɪɚɜɥɹɸɳɢɯ ɪɚɡɜɢ-

ɬɢɟ B-ɤɥɟɬɨɱɧɨɝɨ ɨɬɜɟɬɚ ɜ ɫɬɨɪɨɧɭ ɡɪɟɥɨɣ ɮɨɪɦɵ VRC01.

ȻɂɈɂɇɎɈɊɆȺɌɂɑȿɋɄɂɃ ȺɇȺɅɂɁ ȾɈɆȿɇɇɈɃ 

ɋɌɊɍɄɌɍɊɕ ɍȻɂɄȼɂɌɂɇ-ɋȼəɁɕȼȺɘɓɂɏ ȻȿɅɄɈȼ 
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Ȼɟɥɤɢ TRAP150 ɢ BCLAF1 ɹɜɥɹɸɬɫɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɩɥɚɣɫɨɫɨɦɵ 

ɢ ɫɩɨɫɨɛɧɵ ɫɜɹɡɵɜɚɬɶ ɭɛɢɤɜɢɬɢɧ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɛɢɨɢɧ-

* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ № 15-04-

02534).
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ɮɨɪɦɚɬɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ ɭɤɚɡɚɧɧɵɯ ɛɟɥɤɨɜ ɫ ɰɟɥɶɸ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɭɛɢɤɜɢɬɢɧ-ɫɜɹɡɵɜɚɸɳɢɯ ɞɨɦɟɧɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧ-

ɧɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɡɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɭɛɢɤɜɢɬɢɧɨɦ 

ɨɬɜɟɱɚɟɬ ɰɟɧɬɪɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɷɬɢɯ ɛɟɥɤɨɜ ɫ ɯɚɪɚɤɬɟɪɧɨɣ ɫɩɢɪɚɥɶ-
ɧɨɣ ɫɬɪɭɤɬɭɪɨɣ.

Abstract

Proteins TRAP150 and BCLAF1 are spliceosomal components 

able to bind ubiquitin. The present study aims to identify potential 

ubiquitin-binding domains of these proteins by means of bioinfor-

matic analysis. The data obtained allow to presume that interaction 

with ubiquitin is mediated by central region of these proteins with 

characteristic spiral structure.

Ȼɟɥɤɢ TRAP150 ɢ BCLAF1 ɹɜɥɹɸɬɫɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɩɥɚɣɫɨ-

ɫɨɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɫɨɡɪɟɜɚɧɢɹ 
ɢ ɫɩɥɚɣɫɢɧɝɚ ɩɪɟ-ɦɊɇɄ, ɪɚɫɩɚɞɚ ɦɊɇɄ, ɚ ɬɚɤɠɟ ɜ ɪɟɝɭɥɹɰɢɢ ɚɩɨɩ-

ɬɨɡɚ ɢ ɤɥɟɬɨɱɧɨɝɨ ɨɬɜɟɬɚ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ ȾɇɄ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɧɟɟ 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɧɚɦɢ ɩɪɨɬɟɨɦɧɨɝɨ ɫɤɪɢɧɢɧɝɚ ɢ ɢɦɦɭɧɨɛɥɨɬɬɢɧɝɚ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɛɟɥɤɢ TRAP150 ɢ BCLAF1 ɫɩɨɫɨɛɧɵ ɫɜɹɡɵ-

ɜɚɬɶ ɭɛɢɤɜɢɬɢɧ, ɩɪɢɱɟɦ ɨɛɥɚɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ 

ɤ ɟɝɨ ɦɨɧɨɦɟɪɧɨɣ ɮɨɪɦɟ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɢɝɪɚɟɬ ɪɨɥɶ ɜ ɪɟɝɭɥɹɰɢɢ ɫɩɥɚɣɫɢɧɝɚ ɢ ɞɪɭɝɢɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɤɨɬɨɪɵɯ 
ɭɱɚɫɬɜɭɸɬ ɜɵɲɟɧɚɡɜɚɧɧɵɟ ɛɟɥɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɢ ɛɟɥɤɢ ɞɨɥɠ-

ɧɵ ɢɦɟɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɞɨɦɟɧɵ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɭɤɚɡɚɧɧɨɟ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟ. Ɍɚɤɨɣ ɞɨɦɟɧ (ɢɥɢ ɞɨɦɟɧɵ) ɦɨɠɟɬ ɫɬɚɬɶ ɩɟɪɜɵɦ ɢɡɜɟɫɬ-
ɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɫɟɦɟɣɫɬɜɚ ɭɛɢɤɜɢɬɢɧ-ɫɜɹɡɵɜɚɸɳɢɯ ɞɨɦɟɧɨɜ 
(ubiquitin-binding domains, UBD) ɫ ɜɵɪɚɠɟɧɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ 

ɤ ɦɨɧɨɭɛɢɤɜɢɬɢɧɭ. ɇɚɦɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɬɪɭɤ-
ɬɭɪɵ ɛɟɥɤɨɜ TRAP150 ɢ BCLAF1 ɫ ɰɟɥɶɸ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɨɜɵɯ 
ɞɨɦɟɧɨɜ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɚ ɛɟɥɤɚ ɹɜɥɹɸɬɫɹ ɜ ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɫɬɟɩɟɧɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɦɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɬɞɟɥɶɧɵɟ ɭɱɚɫɬ-
ɤɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɛɥɚɞɚɸɬ ɩɪɢɡɧɚɤɚɦɢ ɝɥɨɛɭɥɹɪɧɨɣ ɫɬɪɭɤ-
ɬɭɪɵ. Ⱦɥɹ ɛɟɥɤɚ TRAP150 (Q9Y2W1) ɷɬɨ ɭɱɚɫɬɨɤ 550–680 ɢ ɛɨɥɟɟ 
ɤɨɪɨɬɤɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ 
~80–120 ɢ 880–920. Ɍɚɤ ɤɚɤ ɧɢ ɨɞɢɧ ɢɡ ɢɡɜɟɫɬɧɵɯ ɭɛɢɤɜɢɬɢɧ-ɫɜɹ-
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ɡɵɜɚɸɳɢɯ ɞɨɦɟɧɨɜ ɧɟ ɛɵɥ ɧɚɣɞɟɧ ɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɭɱɚɫɬɤɚɯ, 

ɛɵɥɨ ɪɟɲɟɧɨ ɫɨɫɪɟɞɨɬɨɱɢɬɶɫɹ ɧɚ ɢɡɭɱɟɧɢɢ ɷɬɢɯ ɩɨɬɟɧɰɢɚɥɶɧɨ 
ɝɥɨɛɭɥɹɪɧɵɯ ɭɱɚɫɬɤɨɜ. Ⱥɧɚɥɢɡ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜɵɹɜɢɥ 2 ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɭɱɚɫɬɤɚ — ɜ ɨɛ-

ɥɚɫɬɢ 580–730, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɟɞɫɤɚɡɚɧɧɨɦɭ ɝɥɨɛɭɥɹɪɧɨɦɭ 
ɭɱɚɫɬɤɭ, ɢ ɜ ɨɛɥɚɫɬɢ 860–940 ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ ɫɬɚɬɭɫɨɦ ɭɩɨɪɹ-
ɞɨɱɟɧɧɨɫɬɢ. ɉɟɪɜɵɣ, ɧɚɢɛɨɥɟɟ ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɞɨ-

ɦɟɧ, ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɜ 3-ɯ ɛɟɥɤɚɯ ɩɪɨɬɟɨɦɚ ɱɟɥɨɜɟɤɚ, ɜɤɥɸ-

ɱɚɹ THRAP3/TRAP150, BCLAF1 ɢ ɧɟɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɣ ɛɟɥɨɤ 
CXorf23. ɇɚɦɢ ɧɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɫɯɨɞɫɬɜɨ ɷɬɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɞɨɦɟɧɚ ɫ ɢɡɜɟɫɬɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɫɟɦɟɣɫɬɜɚ UBD ɢɥɢ ɞɪɭɝɢ-

ɦɢ ɞɨɦɟɧɚɦɢ ɫ ɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɟɣ. ȼɬɨɪɨɣ ɭɱɚɫɬɨɤ, ɫɨɨɬɜɟɬɫɬɜɭ-

ɸɳɢɣ ɚɦɢɧɨɤɢɫɥɨɬɚɦ 860–940 ɜ ɛɟɥɤɟ TRAP150 ɱɟɥɨɜɟɤɚ, ɦɟɧɟɟ 
ɤɨɧɫɟɪɜɚɬɢɜɟɧ ɢ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧ ɜ 3-ɯ ɛɟɥɤɚɯ: THRAP3/TRAP150, 

BCLAF1 ɢ CASC3/MLN51. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɟɥɨɤ CASC3/

MLN51 ɹɜɥɹɟɬɫɹ ɤɨɦɩɨɧɟɧɬɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɨɫɭɳɟɫɬ-
ɜɥɹɸɳɟɝɨ ɫɲɢɜɤɭ ɷɤɡɨɧɨɜ (exon-joining complex) ɢ ɬɚɤɢɦ ɨɛɪɚ-
ɡɨɦ ɢɦɟɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɨɬɧɨɲɟɧɢɟ ɤ ɩɪɨɰɟɫɫɚɦ ɫɩɥɚɣɫɢɧɝɚ. 
Ɏɭɧɤɰɢɹ ɛɟɥɤɚ CXorf23 ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɨɩɪɟɞɟɥɟɧɚ. 
ȼ ɰɟɥɨɦ, ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɦɟɧ-

ɧɨ ɰɟɧɬɪɚɥɶɧɵɣ ɧɚɢɛɨɥɟɟ ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɭɱɚɫɬɨɤ ɹɜɥɹɟɬɫɹ ɢɫɤɨ-
ɦɵɦ ɭɛɢɤɜɢɬɢɧ-ɫɜɹɡɵɜɚɸɳɢɦ ɞɨɦɟɧɨɦ, ɬɚɤ ɤɚɤ ɟɝɨ ɩɪɟɞɫɤɚɡɚɧɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɯɚɪɚɤɬɟɪɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ ɞɪɭɝɢɯ 
ɢɡɜɟɫɬɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɫɟɦɟɣɫɬɜɚ UBD.
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Ⱥɧɧɨɬɚɰɢɹ
Serratia marcescens — ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɚɹ ɛɚɤɬɟɪɢɹ, ɫɩɨɫɨɛɧɚɹ 

ɜɵɡɵɜɚɬɶ ɜɧɭɬɪɢɛɨɥɶɧɢɱɧɵɟ ɢɧɮɟɤɰɢɢ. Ɉɞɧɚɤɨ, ɡɧɚɧɢɹ ɨ ɮɚɤɬɨ-
ɪɚɯ ɜɢɪɭɥɟɧɬɧɨɫɬɢ ɷɬɨɣ ɛɚɤɬɟɪɢɢ ɨɱɟɧɶ ɨɝɪɚɧɢɱɟɧɵ. Ȼɵɥ ɩɨɥɭɱɟɧ 

ɦɭɬɚɧɬ ɫ ɢɧɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɝɟɧɚɦɢ ɷɮɮɥɸɤɫ ɫɢɫɬɟɦɵ MacAB S. 

marcescens ɢ ɩɪɨɜɟɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɧɟɤɥɟɬɨɱɧɨɣ 

ɝɟɦɨɥɢɬɢɱɟɫɤɨɣ ɢ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɲɬɚɦɦɨɜ ɦɭɬɚɧɬɧɨ-
ɝɨ ɢ ɞɢɤɨɝɨ ɬɢɩɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɟɤɪɟɰɢɢ ɩɪɨɬɟɚɡ ɡɚ-
ɜɢɫɢɬ ɨɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɮɮɥɸɤɫ ɫɢɫɬɟɦ ɆɚɫȺȼ. 

Abstract

Serratia marcescens is a Gram-negative bacterium that can cause 

nosocomial infections. However, virulence factors of this bacterium 

are not fully characterized. S. marcescens macAB deletion mutant 
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was constructed and used to compare hemolytic and proteolytic 

activity secreted by wild type and mutant strains. It has been shown 

that the ability to secrete protease depends on the presence of in-

tact MacAB effl ux pump.

Ƚɪɚɦɨɬɪɢɰɚɬɟɥɶɧɚɹ ɛɚɤɬɟɪɢɹ Serratia marcescens ɲɢɪɨɤɨ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɚ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ 
ɨɩɚɫɧɵɦ ɜɨɡɛɭɞɢɬɟɥɟɦ ɜɧɭɬɪɢɛɨɥɶɧɢɱɧɵɯ ɢɧɮɟɤɰɢɣ ɭ ɩɚɰɢɟɧɬɨɜ 
ɫ ɩɨɧɢɠɟɧɧɵɦ ɢɦɦɭɧɧɵɦ ɫɬɚɬɭɫɨɦ. Ʌɟɱɟɧɢɟ ɬɚɤɢɯ ɢɧɮɟɤɰɢɣ ɱɚɫɬɨ 
ɡɚɬɪɭɞɧɟɧɨ ɢɡ-ɡɚ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɚɧɬɢɛɢɨɬɢɤɨɭɫɬɨɣɱɢɜɨɫɬɢ ɛɚɤɬɟɪɢɣ 

[Mahlen et al., 2011]. Ɉɞɧɢɦ ɢɡ ɦɟɯɚɧɢɡɦɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɤɥɟɬ-
ɤɚɦ S. marcescens ɩɨɜɵɲɟɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɲɢɪɨɤɨɦɭ ɫɩɟɤɬɪɭ 
ɚɧɬɢɛɢɨɬɢɤɨɜ, ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɨɟ ɭɞɚɥɟɧɢɟ ɢɯ ɢɡ ɤɥɟɬɨɤ ɫ ɩɨɦɨɳɶɸ 

ɷɮɮɥɸɤɫ ɫɢɫɬɟɦ. ȼ ɤɥɟɬɤɚɯ S. marcescens ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɯɚɪɚɤ-
ɬɟɪɢɡɨɜɚɧɵ 6 ɷɮɮɥɸɤɫ ɫɢɫɬɟɦ [Ɇɚɪɞɚɧɨɜɚ ɢ ɞɪ., 2014]. Ʉɪɨɦɟ ɬɨɝɨ, 
ɫɟɤɪɟɬɢɪɭɟɦɵɟ ɜɧɟɤɥɟɬɨɱɧɵɟ ɮɟɪɦɟɧɬɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɟɫɤɨɥɶɤɨ ɬɢ-

ɩɨɜ ɩɪɨɬɟɚɡ, ɝɟɦɨɥɢɡɢɧɵ, ɨɬɧɨɫɹɬɫɹ ɤ ɮɚɤɬɨɪɚɦ ɜɢɪɭɥɟɧɬɧɨɫɬɢ S. 

marcescens [Shimuta et al., 2009]. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɢɝɦɟɧɬɢ-

ɪɨɜɚɧɧɵɯ ɢ ɛɟɫɩɢɝɦɟɧɬɧɵɯ ɲɬɚɦɦɨɜ S. marcencens ɢ ɢɯ ɦɭɬɚɧɬɨɜ 
ɩɨ ɝɟɧɚɦ ɷɮɮɥɸɤɫ ɫɢɫɬɟɦɵ ɩɨ ɝɟɦɨɥɢɬɢɱɟɫɤɨɣ ɢ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ. 

ɒɬɚɦɦɵ S. marcescens ɲɬɚɦɦɵ SM6 ɢ SR41–8000 ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɨɬ Ɇɚɣɤɥɚ Ȼɟɧɟɞɢɤɚ (Texas A&M University). S. marcescens SM6 ɹɜ-
ɥɹɟɬɫɹ ɞɢɤɢɦ ɬɢɩɨɦ, ɜɵɞɟɥɹɸɳɢɦ ɩɢɝɦɟɧɬ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ, ɲɬɚɦɦ S. 

marcescens SR41–8000 ɹɜɥɹɟɬɫɹ ɛɟɫɩɢɝɦɟɧɬɧɵɦ, ɨɞɧɚɤɨ, ɨɤɪɚɲɢɜɚɟɬ 
ɫɪɟɞɭ ɜ ɠɟɥɬɨ-ɤɨɪɢɱɧɟɜɵɣ ɰɜɟɬ. Ɇɭɬɚɧɬɧɵɟ ɲɬɚɦɦɵ ΔmacAB ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɝɨɦɨɥɨɝɢɱ-
ɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ [Kamaletdinova et al., 2016]. 

ɂɫɫɥɟɞɭɟɦɵɟ ɲɬɚɦɦɵ ɜɵɪɚɳɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 18 ɱɚɫɨɜ, ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 37 °ɋ ɜ ɫɪɟɞɟ LB, ɫɨɞɟɪɠɚɳɟɣ 20 ɦɤɝ/ɦɥ ɯɥɨɪɚɦɮɟɧɢɤɨɥɚ ɞɥɹ 
ɦɭɬɚɧɬɧɵɯ ɲɬɚɦɦɨɜ. ɉɹɬɶ ɦɢɥɥɢɥɢɬɪɨɜ ɤɚɠɞɨɣ ɤɭɥɶɬɭɪɵ ɰɟɧɬɪɢɮɭ-
ɝɢɪɨɜɚɥɢ ɩɪɢ 10000 g ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧɭɬ, ɨɫɚɞɨɤ ɞɜɚɠɞɵ ɩɪɨɦɵɜɚɥɢ 

ɫɬɟɪɢɥɶɧɨɣ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. Ⱦɚɥɟɟ ɨɫɚɞɨɤ ɪɟɫɭɫɩɟɧɞɢɪɨ-
ɜɚɥɢ ɜ 500 ɦɤɥ ɫɬɟɪɢɥɶɧɨɣ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɝɟɦɨɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 5 ɦɤɥ ɤɥɟɬɨɱɧɨɣ ɫɭɫɩɟɧɡɢɢ (OD 600 
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ɧɦ = 0.5) ɛɵɥɢ ɧɚɧɟɫɟɧɵ ɧɚ ɱɚɲɤɢ ɉɟɬɪɢ ɫ ɤɪɨɜɹɧɵɦ ɚɝɚɪɨɦ, ɫɨ-
ɞɟɪɠɚɳɢɣ ɤɨɥɭɦɛɢɣɫɤɢɣ ɚɝɚɪ ɫ 5 % ɨɜɟɱɶɟɣ ɤɪɨɜɢ (BioRad). ɉɪɨɬɟ-
ɨɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɚɲɟɤ ɉɟɬɪɢ 

ɫ ɦɨɥɨɱɧɵɦ ɚɝɚɪɨɦ. 5 ɦɤɥ ɤɥɟɬɨɱɧɨɣ ɫɭɫɩɟɧɡɢɢ (OD 600 ɧɦ = 0.5) 

ɛɵɥɢ ɧɚɧɟɫɟɧɵ ɧɚ ɰɟɧɬɪ ɚɝɚɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 1 % ɬɪɢɩɬɨɧɚ, 0,5 % 

ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 1 % NaCl, 3 % ɫɭɯɨɝɨ ɨɛɟɡɠɢɪɟɧɧɨɝɨ ɦɨɥɨɤɚ. 
ɑɚɲɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 37 °ɋ ɜ ɬɟɱɟɧɢɟ 72 ɱɚɫɨɜ.

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɟɤɪɟɰɢɢ ɝɟɦɨɥɢɬɢɱɟɫɤɨɣ 

ɢ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɬɤɚɦɢ Serratia marcescens. 

Ɂɨɧɵ ɝɟɦɨɥɢɡɚ (ɫɥɟɜɚ) ɢ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (ɫɩɪɚɜɚ) 
ɲɬɚɦɦɨɜ S. marcescens: 1 — SM6 ΔmacAB; 2 — SM6 ɞɢɤɢɣ ɬɢɩ; 3 — 

SR41–8000 ΔmacAB; 4 — SR41–8000 ɞɢɤɢɣ ɬɢɩ
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɧɚ 48 ɱɚɫ ɢɧɤɭɛɢɪɨɜɚɧɢɹ ɤɚɤ 
ɩɢɝɦɟɧɬɢɪɨɜɚɧɵɟ (SM6), ɬɚɤ ɢ ɛɟɫɩɢɝɦɟɧɬɧɵɟ ɤɥɟɬɤɢ (SR41–8000) 

S. marcescens ɧɚɱɢɧɚɸɬ ɫɟɤɪɟɬɢɪɨɜɚɬɶ ɜ ɫɪɟɞɭ ɝɟɦɨɥɢɡɢɧɵ ɢ ɩɪɨɬɟɚɡɵ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɲɬɚɦɦ SR41–8000 ɜɵɞɟɥɹɟɬ ɜ ɫɪɟɞɭ ɝɟɦɨɥɢɬɢɱɟɫɤɢɟ 
ɮɟɪɦɟɧɬɵ ɛɨɥɟɟ ɚɤɬɢɜɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɲɬɚɦɦɨɦ SɆ6.

ɂɧɚɤɬɢɜɚɰɢɹ ɷɮɮɥɸɤɫ ɫɢɫɬɟɦɵ ɆɚɫȺȼ ɧɟ ɨɤɚɡɵɜɚɥɚ ɜɥɢɹɧɢɹ 
ɧɚ ɫɟɤɪɟɰɢɸ ɝɟɦɨɥɢɬɢɱɟɫɤɢɯ ɮɟɪɦɟɧɬɨɜ ɭ ɨɛɨɢɯ ɲɬɚɦɦɨɜ, ɨɞɧɚɤɨ, 
ɫɟɤɪɟɰɢɹ ɩɪɨɬɟɚɡ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɮɮɥɸɤɫ ɫɢɫɬɟɦɵ ɆɚɫȺȼ ɩɪɨɯɨɞɢɥɚ 
ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ ɭ ɲɬɚɦɦɚ S. marcescens SM6. ɑɟɪɟɡ 72 ɱɚɫɚ 
ɢɧɤɭɛɢɪɨɜɚɧɢɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɭɪɨɜɧɟɦ ɫɟɤɪɟɰɢɢ ɩɪɨɬɟɚɡ ɭ ɞɢɤɨɝɨ 
ɢ ɦɭɬɚɧɬɧɨɝɨ ɲɬɚɦɦɨɜ S. marcescens SM6 ɫɬɚɥɚ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɣ. 

ȼ ɷɬɨ ɠɟ ɜɪɟɦɹ ɬɚɤɠɟ ɩɨɹɜɢɥɚɫɶ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɫɟɤɪɟɰɢɟɣ ɩɪɨɬɟɚɡ 
ɲɬɚɦɦɚɦɢ ɦɭɬɚɧɬɧɨɝɨ ɢ ɞɢɤɨɝɨ ɬɢɩɨɜ ɜɨ ɜɬɨɪɨɦ ɲɬɚɦɦɟ — S. marc-

escens SR41–8000.

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɨɡɦɨɠɧɨɣ ɫɜɹɡɢ 

ɫɟɤɪɟɰɢɢ ɩɪɨɬɟɚɡ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɷɮɮɥɸɤɫ ɫɢɫɬɟɦɵ ɆɚɫȺȼ, 

ɚ ɬɚɤɠɟ ɢɥɥɸɫɬɪɢɪɭɸɬ ɜɧɭɬɪɢɜɢɞɨɜɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ, ɧɚɛɥɸɞɚɟɦɨɟ 
ɭ S. marcescens. 
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