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1ɋɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɮɢɡɢɨɥɨɝɢɢ ɢ ɛɢɨɯɢɦɢɢ ɪɚɫɬɟɧɢɣ ɋɈ ɊȺɇ, ɂɪɤɭɬɫɤ 
2ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɂɪɤɭɬɫɤ 
E-mail: dzubina@sifibr.irk.ru  

. ɋɚɥɢɰɢɥɨɜɚɹ ɤɢɫɥɨɬɚ (ɋɄ) ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɫɢɝɧɚɥɶɧɨɣ ɦɨɥɟɤɭɥɨɣ ɜ ɪɚɡɜɢɬɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɪɚɫɬɟɧɢɣ ɤ ɛɢɨɬɢɱɟɫɤɨɦɭ ɫɬɪɟɫɫɭ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɋɄ ɧɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɭɥɶɬɭ-
ɪɵ ɤɥɟɬɨɤ A. thaliana. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɤɡɨɝɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɋɄ ɜ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɩɪɢɜɨɞɢɥɨ ɤ ɝɢ-

ɛɟɥɢ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ, ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɜɨ ɜɪɟɦɟɧɢ ɢ ɫɨɩɪɨɜɨɠɞɚɸɳɟɣɫɹ ɨɬɫɬɚɜɚɧɢɟɦ ɩɥɚɡɦɚɥɟɦɦɵ ɨɬ ɤɥɟ-
ɬɨɱɧɨɣ ɫɬɟɧɤɢ. Ɍɚɤɚɹ ɪɟɚɤɰɢɹ, ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɤɥɟɬɨɱ-
ɧɚɹ ɫɦɟɪɬɶ (ɉɄɋ). ɂɧɤɭɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ ɜ ɭɫɥɨɜɢɹɯ ɦɹɝɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɫɬɪɟɫɫɚ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɧɞɭɤɰɢɟɣ 

ɫɢɧɬɟɡɚ ɛɟɥɤɨɜ ɬɟɩɥɨɜɨɝɨ ɲɨɤɚ (ȻɌɒ) ɢ ɫɧɢɠɚɥɨ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɋɄ (ɹɜɥɟɧɢɟ ɩɟɪɟɤɪёɫɬɧɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ). ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɚɤɚɹ ɩɟɪɟɤɪёɫɬɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶɸ ȻɌɒ ɢɧ-

ɝɢɛɢɪɨɜɚɬɶ ɉɄɋ ɭ ɪɚɫɬɟɧɢɣ.  

 : ɫɚɥɢɰɢɥɨɜɚɹ ɤɢɫɥɨɬɚ, ɛɟɥɤɢ ɬɟɩɥɨɜɨɝɨ ɲɨɤɚ, Arabidopsis thaliana, ɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɤɥɟ-
ɬɨɱɧɚɹ ɫɦɟɪɬɶ, ɬɟɩɥɨɜɨɣ ɫɬɪɟɫɫ. 

 

Вɜɟɞɟɧɢɟ 
ɋɚɥɢɰɢɥɨɜɚɹ ɤɢɫɥɨɬɚ (ɋɄ) – ɜɚɠɧɚɹ ɫɢɝ-

ɧɚɥɶɧɚɹ ɦɨɥɟɤɭɥɚ ɜ ɪɚɡɜɢɬɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɪɚɫɬɟɧɢɣ ɤ ɛɢɨɬɢɱɟɫɤɨɦɭ ɫɬɪɟɫɫɭ [15]. ɂɡɜɟɫɬ-
ɧɨ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɧɢɡɤɢɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɋɄ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɨɥɟ- ɢ ɬɟɪɦɨɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɪɚɫɬɟɧɢɣ [2; 5], ɨɞɧɚɤɨ ɟё ɜɵɫɨɤɢɟ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɝɢɛɟɥɶ ɪɚɫɬɢɬɟɥɶ-
ɧɵɯ ɤɥɟɬɨɤ ɩɨ ɬɢɩɭ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɤɥɟɬɨɱ-
ɧɨɣ ɫɦɟɪɬɢ (ɉɄɋ) [2; 3].  
ɇɚ ɠɢɜɨɬɧɵɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɛɟɥɤɨɜ ɬɟɩɥɨɜɨɝɨ ɲɨɤɚ (ȻɌɒ) ɦɨ-
ɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɫɧɢɠɟɧɢɸ ɢɥɢ ɩɨɥɧɨɣ ɨɬɦɟɧɟ 
ɩɪɢɡɧɚɤɨɜ ɉɄɋ [7]. ȻɌɒ ɢɧɞɭɰɢɪɭɸɬɫɹ ɩɪɢ 
ɦɹɝɤɨɦ ɬɟɩɥɨɜɨɦ ɫɬɪɟɫɫɟ ɢ ɡɚɳɢɳɚɸɬ ɤɥɟɬɤɢ 
ɨɬ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɨɜɪɟɠɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ. ɗɬɨ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɢɧɞɭɰɢ-
ɪɨɜɚɧɧɨɣ ɬɟɪɦɨɬɨɥɟɪɚɧɬɧɨɫɬɶɸ (ɂɌ). ȼɟɞɭ-
ɳɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɂɌ ɭ ɪɚɫɬɟɧɢɣ ɢɝɪɚɟɬ ɛɟ-
ɥɨɤ Hsp101 [9]. 
Ɉɛ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɹɯ ȻɌɒ ɭ 

ɪɚɫɬɟɧɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɱɟɝɨ ɧɟ ɢɡɜɟɫɬɧɨ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟ-
ɧɢɟ ɜɥɢɹɧɢɹ ɡɚɳɢɬɧɨɣ ɪɨɥɢ ȻɌɒ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɫɚɥɢɰɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ 
A. thaliana. 

Мɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ 8-ɞɧɟɜɧɭɸ ɤɭɥɶɬɭɪɭ 
ɤɥɟɬɨɤ Arabidopsis thaliana (L.) Heyn. (ɪɚɫɚ 
Columbia). Ʉɭɥɶɬɭɪɭ ɤɥɟɬɨɤ ɜɵɪɚɳɢɜɚɥɢ ɜ 
ɬɟɦɧɨɬɟ ɩɪɢ 26 ˚ɋ ɜ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ ɫɨɥɢ ɩɨ 
Murashige ɢ Skoog [1]. Ɉɩɪɟɞɟɥɟɧɢɟ ɠɢɡɧɟɫɩɨ-
ɫɨɛɧɵɯ ɤɥɟɬɨɤ ɨɰɟɧɢɜɚɥɢ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ ɜɨɫ-
ɫɬɚɧɨɜɥɟɧɢɹ 2,3,5-ɬɪɢɮɟɧɢɥɬɟɬɪɚɡɨɥɢɣ ɯɥɨɪɢɞɚ 
(ɌɌɏ) [1]. Ȼɟɥɨɤ ɜɵɞɟɥɹɥɢ ɜ ɛɭɮɟɪɟ (0,1 M 
Ɍɪɢɫ-HCl, 3 ɦɆ ȾȾɋ-Na, 1 ɦɆ ß-
ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, pH 7,4–7,6), ɰɟɧɬɪɢɮɭɝɢɪɨɜɚ-
ɥɢ (15 000 g, 15 ɦɢɧ), ɨɫɚɠɞɚɥɢ ɬɪёɯɤɪɚɬɧɵɦ 
ɨɛɴёɦɨɦ ɚɰɟɬɨɧɚ. Ɉɫɚɞɨɤ ɛɟɥɤɚ ɪɚɫɬɜɨɪɹɥɢ ɜ 
ɛɭɮɟɪɟ ɞɥɹ ɨɛɪɚɡɰɚ (0,625 M Ɍɪɢɫ-HCl, 8 ɦɆ 
ȾȾɋ-Na, 0,1 M ß-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, 10 % ɝɥɢɰɟ-
ɪɢɧ, 0,001 % ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ, pH 6,8). 
ɉɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ ɛɟɥɤɨɜ ɩɭɬёɦ ȾȾɋ-
ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 14 % ɉȺȺȽ ɩɪɨɜɨɞɢɥɢ ɢɦɦɭ-
ɧɨɛɥɨɬɬɢɧɝ ɫ ɚɧɬɢɬɟɥɚɦɢ ɫɨɝɥɚɫɧɨ ɨɩɭɛɥɢɤɨ-
ɜɚɧɧɨɣ ɦɟɬɨɞɢɤɟ [1]. Ɉɤɪɚɲɢɜɚɧɢɟ ɦёɪɬɜɵɯ 
ɤɥɟɬɨɤ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɤɪɚɫɢɬɟɥɹ ɗɜɚɧ-
ɫɚ ɝɨɥɭɛɨɝɨ [6]. Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨ-
ɝɨ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ AxioObserver 
Z1 ɫ ɰɢɮɪɨɜɨɣ ɦɨɧɨɯɪɨɦɧɨɣ ɤɚɦɟɪɨɣ AxioCam 
MRm3 ɢ ɩɚɤɟɬɨɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
AxioVision Rel. 4.6.  
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ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɜɬɨɪɹɥɢ ɧɟ ɦɟɧɟɟ ɬɪёɯ 

ɪɚɡ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɫɪɟɞɧɢɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ 
ɡɧɚɱɟɧɢɹ ɢ ɢɯ ɫɬɚɧɞɚɪɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ. 

Рɟɡɭɥɶɬɚɬɵ  

ɂɡɭɱɚɥɨɫɶ ɜɥɢɹɧɢɟ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɋɄ ɧɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ A. thaliana, ɞɥɹ 
ɱɟɝɨ ɜ ɫɪɟɞɭ ɢɧɤɭɛɚɰɢɢ ɞɨɛɚɜɥɹɥɢ ɋɄ ɜ ɤɨɧ-

ɰɟɧɬɪɚɰɢɹɯ 0,5; 1; 2,5 ɢ 5 ɦɆ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 
ɬɟɱɟɧɢɟ 24 ɱ ɩɪɢ 26 ˚ɋ (ɪɢɫ. 1). Ɂɚɬɟɦ ɤɥɟɬɤɢ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɦɵɜɚɥɢ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟ-
ɞɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɋɄ, ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɫɜɟ-
ɠɟɣ ɫɪɟɞɟ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 26 ˚ɋ. ɀɢɡɧɟ-
ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɨɩɪɟɞɟɥɹɥɢ ɱɟɪɟɡ 48 ɱ ɩɨ-

ɫɥɟ ɨɬɦɵɜɤɢ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɢɦɢ ɌɌɏ (ɫɦ. 

ɪɢɫ. 1, Ⱥ), ɥɢɛɨ ɨɤɪɚɲɢɜɚɧɢɸ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ 
ɤɪɚɫɢɬɟɥɟɦ ɗɜɚɧɫɚ ɝɨɥɭɛɵɦ (ɫɦ. ɪɢɫ. 1, Ȼ).  

Ɉɛɪɚɛɨɬɤɚ ɋɄ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,5 ɢ 1 ɦɆ ɜ 
ɬɟɱɟɧɢɟ 24 ɱ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɥɚ ɠɢɡɧɟɫɩɨɫɨɛ-

ɧɨɫɬɶ ɤɥɟɬɨɤ A. thaliana, ɤɨɧɰɟɧɬɪɚɰɢɹ 2,5 ɦɆ 

ɫɧɢɠɚɥɚ ɟё ɩɪɢɦɟɪɧɨ ɜɞɜɨɟ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ 
5 ɦɆ ɋɄ ɞɟɣɫɬɜɨɜɚɥɚ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ. ɋɨɩɨɫ-
ɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɨɢɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ, ɫɩɨɫɨɛɧɵɯ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ 
ɌɌɏ, ɫɨɜɩɚɞɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 
ɦёɪɬɜɵɯ ɤɥɟɬɨɤ (ɫɦ. ɪɢɫ. 1, Ⱥ; Ȼ).  

 
Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɋɄ ɧɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ A. thaliana. Ɉɩɪɟɞɟɥɟɧɢɟ ɠɢɡɧɟ-

ɫɩɨɫɨɛɧɨɫɬɢ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɌɌɏ (Ⱥ) ɢ ɨɤɪɚɲɢɜɚɧɢɸ ɤɪɚɫɢɬɟɥɟɦ ɗɜɚɧɫɚ ɝɨɥɭɛɵɦ (Ȼ). Ʉɥɟɬɤɢ ɨɛɪɚɛɚ-
ɬɵɜɚɥɢ 0,5; 1; 2,5 ɢ 5 ɦɆ ɋɄ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ 24 ɱ ɩɪɢ 26 ˚ɋ. Ʉ – ɤɨɧɬɪɨɥɶ. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ 

ɱɟɪɟɡ 48 ɱ ɩɨɫɥɟ ɨɬɦɵɜɤɢ. n = 6–8 

 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɋɄ 5 ɦɆ ɛɵɥɚ ɜɵɛɪɚɧɚ ɞɥɹ 
ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɚɤ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɧɢɠɚɸɳɚɹ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɤɥɟ-
ɬɨɤ, ɨɞɧɚɤɨ ɧɟ ɩɪɢɜɨɞɹɳɚɹ ɤ ɢɯ ɩɨɥɧɨɣ ɝɢɛɟɥɢ.  

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɭɱɚ-
ɥɢɫɶ ɩɚɪɚɦɟɬɪɵ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. ɍɤɚɡɚɧɧɚɹ ɤɨɧ-

ɰɟɧɬɪɚɰɢɹ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɢ ɦɨ-
ɠɟɬ ɜɵɡɵɜɚɬɶ ɧɟɤɪɨɡ ɤɥɟɬɨɤ ɪɚɫɬɟɧɢɣ, ɜ ɫɜɹɡɢ ɫ 
ɱɟɦ ɛɵɥɨ ɢɡɭɱɟɧɨ ɟё ɞɟɣɫɬɜɢɟ ɜɨ ɜɪɟɦɟɧɢ. 

Ʉɭɥɶɬɭɪɭ ɤɥɟɬɨɤ A. thaliana ɨɛɪɚɛɚɬɵɜɚɥɢ ɋɄ ɜ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 5 ɦɆ ɩɪɢ 26 ˚ɋ ɜ ɬɟɱɟɧɢɟ 6, 18 ɢ 

24 ɱ, ɞɚɥɟɟ ɤɥɟɬɤɢ ɨɬɦɵɜɚɥɢ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ 
ɬɟɱɟɧɢɟ 48 ɱ. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɜ ɨɩɵ-

ɬɟ ɫɧɢɠɚɥɚɫɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɪɟɦɟɧɢ ɢɧɤɭ-

ɛɢɪɨɜɚɧɢɹ ɫ ɋɄ, ɬɨɝɞɚ ɤɚɤ ɱɢɫɥɨ ɦёɪɬɜɵɯ ɤɥɟ-
ɬɨɤ ɜɨɡɪɚɫɬɚɥɨ (ɪɢɫ. 2, Ⱥ, Ȼ).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɢɛɟɥɶ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ 
A. thaliana ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɋɄ ɩɪɨɢɫɯɨɞɢɬ ɧɟ 
ɫɪɚɡɭ, ɚ ɪɚɡɜɢɜɚɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɡɜɢɬɢɟ ɉɄɋ ɫɨɩɪɨɜɨɠɞɚɟɬ-
ɫɹ ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɪɨɬɨɩɥɚɫɬɚ ɫ ɨɬɫɬɚɜɚɧɢɟɦ 

ɩɥɚɡɦɚɥɟɦɦɵ ɨɬ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ (ɧɟɨɛɪɚɬɢ-

ɦɵɣ ɩɥɚɡɦɨɥɢɡ) [14].  

ɋ ɰɟɥɶɸ ɭɫɬɚɧɨɜɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɤɥɟɬɤɚɯ 

ɤɭɥɶɬɭɪɵ A. thaliana, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɨɛɪɚ-
ɛɨɬɤɟ ɋɄ, ɛɵɥɚ ɢɡɭɱɟɧɚ ɢɯ ɦɨɪɮɨɥɨɝɢɹ. ɑɟɪɟɡ 
24 ɱ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 5 ɦɆ ɋɄ (ɪɢɫ. 3) ɧɚɛɥɸ-

ɞɚɥɨɫɶ ɨɬɫɬɚɜɚɧɢɟ ɩɥɚɡɦɚɥɟɦɦɵ ɨɬ ɤɥɟɬɨɱɧɨɣ 

ɫɬɟɧɤɢ, ɩɪɨɬɨɩɥɚɫɬ ɤɨɧɞɟɧɫɢɪɨɜɚɥɫɹ ɢ ɩɪɟɜɪɚ-
ɳɚɥɫɹ ɜ ɩɥɨɬɧɵɣ ɤɨɦɨɤ, ɨɞɧɚɤɨ ɧɟɤɨɬɨɪɚɹ 
ɱɚɫɬɶ ɤɥɟɬɨɤ ɩɨɝɢɛɚɥɚ ɧɟɤɪɨɬɢɱɟɫɤɢɦ ɩɭɬёɦ.  

ȼ ɤɨɧɬɪɨɥɟ ɬɚɤɢɯ ɢɡɦɟɧɟɧɢɣ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ.  
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Ɋɢɫ. 2. ȼɪɟɦɟɧɧɚɹ ɞɢɧɚɦɢɤɚ ɫɧɢɠɟɧɢɹ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ A. thaliana ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɋɄ ɜ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ 5 ɦɆ. Ɉɩɪɟɞɟɥɟɧɢɟ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɌɌɏ (Ⱥ) ɢ ɨɤɪɚɲɢɜɚɧɢɸ ɤɪɚɫɢɬɟɥɟɦ 

ɗɜɚɧɫɚ ɝɨɥɭɛɵɦ (Ȼ). Ʉɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 5 ɦɆ ɋɄ 6, 18, 24 ɱ ɩɪɢ 26 ˚ɋ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ (Ʉ) ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɤɥɟɬɤɢ, ɢɧɤɭɛɢɪɨɜɚɧɧɵɟ 24 ɱ ɜ ɨɬɫɭɬɫɬɜɢɢ ɋɄ. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɱɟɪɟɡ 48 ɱ ɩɨɫɥɟ ɨɬ-
ɦɵɜɤɢ. n = 6 

 Ʉ ɋɄ 

 

Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɋɄ ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɤɥɟɬɨɤ A. thaliana. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɤɥɟɬɨɤ ɜɵɩɨɥɧɟɧɵ ɦɟɬɨɞɨɦ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɤɨɧɬɪɚɫɬɚ (DIC). Ʉɭɥɶɬɭɪɭ ɤɥɟɬɨɤ ɢɧɤɭɛɢɪɨɜɚɥɢ ɫ 5 ɦɆ ɋɄ ɜ ɬɟɱɟɧɢɟ 24 ɱ ɩɪɢ 26 ˚ɋ. 

Ʉ – ɤɨɧɬɪɨɥɶ. Ɇɚɫɲɬɚɛɧɵɣ ɨɬɪɟɡɨɤ ɪɚɜɟɧ 10 ɦɤɦ 

 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ȻɌɒ 

ɦɨɝɭɬ ɫɧɢɠɚɬɶ ɜɵɡɵɜɚɟɦɭɸ ɋɄ ɝɢɛɟɥɶ ɤɥɟɬɨɤ, 
ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɵɥ ɩɨɞɬɜɟɪɠɞёɧ ɢɯ ɫɢɧɬɟɡ ɜ 
ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ A. thaliana ɩɪɢ ɬɟɩɥɨɜɨɣ ɨɛɪɚ-
ɛɨɬɤɟ (ɪɢɫ. 4). Ⱦɚɥɟɟ ɤɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 
26 ɢ 37 ˚ɋ ɜ ɬɟɱɟɧɢɟ 2 ɱ ɢ ɨɬɛɢɪɚɥɢ ɩɪɨɛɵ ɞɥɹ 
ɢɦɦɭɧɨɛɥɨɬɬɢɧɝɚ ɫ ɚɧɬɢɬɟɥɚɦɢ ɩɪɨɬɢɜ ɛɟɥɤɨɜ 
Hsp101, Hsp17.6 (ɤɥɚɫɫ I), Hsp17.6 (ɤɥɚɫɫ II) ɢ 
Hsp60. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨ-
ɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ȻɌɒ ɩɪɢ ɦɹɝɤɨɦ ɬɟɩɥɨɜɨɦ 
ɫɬɪɟɫɫɟ (ɫɦ. ɪɢɫ. 4). ɑɬɨɛɵ ɜɵɹɫɧɢɬɶ, ɤɚɤ ɩɨ-
ɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ȻɌɒ ɜɥɢɹɟɬ ɧɚ ɠɢɡɧɟ-
ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ A. thaliana ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɋɄ, ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 26 ɢ 
37 ˚ɋ (2 ɱ), 24 ɱ ɨɛɪɚɛɚɬɵɜɚɥɢ 5 ɦɆ ɋɄ ɩɪɢ 

26 ˚ɋ. ɡɚɬɟɦ ɨɬɦɵɜɚɥɢ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟ-
ɧɢɟ 48 ɱ (ɪɢɫ. 5).  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ, 

ɢɧɤɭɛɢɪɨɜɚɧɧɵɯ ɫ 5 ɦɆ ɋɄ ɩɪɢ 26 ˚ɋ ɫɧɢɠɚ-
ɥɚɫɶ ɧɚ 85 %, ɚ ɤɥɟɬɨɤ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɧɤɭ-
ɛɢɪɨɜɚɧɧɵɯ ɩɪɢ 37 ˚ɋ, – ɧɚ 55 %. Ɍɨ ɟɫɬɶ ɫɩɨ-
ɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɌɌɏ ɩɨɫɥɟ 
ɢɧɤɭɛɢɪɨɜɚɧɢɹ ɩɪɢ 37 ˚ɋ ɩɨɜɵɲɚɥɚɫɶ ɧɚ 30 %, 
ɢ ɬɚɤɨɟ ɩɨɜɵɲɟɧɢɟ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɨɪɪɟɥɢɪɨ-
ɜɚɥɨ ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ȻɌɒ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɢɧɤɭɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ 
A. thaliana ɜ ɭɫɥɨɜɢɹɯ ɦɹɝɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɫɬɪɟɫ-
ɫɚ ɱɚɫɬɢɱɧɨ ɡɚɳɢɳɚɥɨ ɢɯ ɨɬ ɝɢɛɟɥɢ, ɜɵɡɜɚɧɧɨɣ 
ɨɛɪɚɛɨɬɤɨɣ ɋɄ.  
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Ɋɢɫ. 4. ɋɢɧɬɟɡ ȻɌɒ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢ 

ɩɪɢ ɦɹɝɤɨɦ ɬɟɩɥɨɜɨɦ ɫɬɪɟɫɫɟ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟ-
ɡɭɥɶɬɚɬɵ ɢɦɦɭɧɨɛɥɨɬɬɢɧɝɚ. Ʉɥɟɬɤɢ ɢɧɤɭɛɢɪɨɜɚɥɢ 

ɩɪɢ 26 ɨɋ ɢɥɢ 37 ɨɋ ɜ ɬɟɱɟɧɢɟ 120 ɦɢɧ 

 

Ɋɢɫ. 5. ȼɥɢɹɧɢɟ ɦɹɝɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɫɬɪɟɫɫɚ ɧɚ ɝɢ-

ɛɟɥɶ ɤɥɟɬɨɤ A. thaliana, ɜɵɡɜɚɧɧɭɸ ɨɛɪɚɛɨɬɤɨɣ ɋɄ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 

ɌɌɏ. Ʉɥɟɬɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 26 ˚ɋ 

ɢɥɢ 37 ɨɋ ɜ ɬɟɱɟɧɢɟ 2 ɱ, ɡɚɬɟɦ ɨɛɪɚɛɚɬɵɜɚɥɢ 5 ɦɆ ɋɤ 
ɜ ɬɟɱɟɧɢɟ 24 ɱ. Ʉ – ɤɨɧɬɪɨɥɶ. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩ-

ɪɟɞɟɥɹɥɢ ɱɟɪɟɡ 48 ɱ ɩɨɫɥɟ ɨɬɦɵɜɤɢ. n = 4 
 

Оɛɫɭɠɞɟɧɢɟ  

ȼɥɢɹɧɢɟ ɷɤɡɨɝɟɧɧɨɣ ɋɄ ɧɚ ɪɚɫɬɟɧɢɹ ɢɦɟɟɬ 
ɞɜɨɹɤɢɣ ɯɚɪɚɤɬɟɪ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɟё ɧɢɡɤɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɢɟ ɭɫɬɨɣɱɢ-

ɜɨɫɬɢ ɤ ɫɬɪɟɫɫɨɜɵɦ ɮɚɤɬɨɪɚɦ [2; 9]. ɋ ɞɪɭɝɨɣ – 

ɨɛɪɚɛɨɬɤɚ ɜɵɫɨɤɢɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɋɄ ɩɪɢ-

ɜɨɞɢɬ ɤ ɝɢɛɟɥɢ ɤɥɟɬɨɤ [2; 3]. ȼ ɧɚɲɢɯ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɯ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɧɚɛɥɸɞɚɥɚɫɶ ɩɪɢ ɨɛɪɚ-
ɛɨɬɤɟ 5 ɦɆ ɋɄ ɜ ɬɟɱɟɧɢɟ 24 ɱ (ɫɦ. ɪɢɫ. 1), ɩɪɢ-

ɱёɦ ɩɪɨɢɫɯɨɞɢɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 

ɢɧɤɭɛɢɪɨɜɚɧɢɹ ɫ ɋɄ (ɫɦ. ɪɢɫ. 2). Ⱥɧɚɥɨɝɢɱɧɵɟ 
ɞɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɣ ɠɟ ɫɚɦɨɣ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɋɄ ɩɨɥɭɱɟɧɵ J. Garcia-Heredia ɫ ɫɨ-
ɚɜɬɨɪɚɦɢ [3] ɧɚ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ ɚɪɚɛɢɞɨɩɫɢɫɚ.  
ɋɨɝɥɚɫɧɨ ɢɦɟɸɳɢɦɫɹ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧ-

ɧɵɦ, ɷɤɡɨɝɟɧɧɚɹ ɋɄ ɜɵɡɵɜɚɟɬ ɤɥɟɬɨɱɧɭɸ ɝɢ-

ɛɟɥɶ ɩɨ ɬɢɩɭ ɉɄɋ. ȼ ɧɚɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɝɢ-

ɛɟɥɶ ɩɪɢ ɞɟɣɫɬɜɢɢ ɋɄ ɪɚɡɜɢɜɚɥɚɫɶ ɜɨ ɜɪɟɦɟɧɢ 

(ɫɦ. ɪɢɫ. 2), ɚ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɫɹ ɨɞɢɧ ɢɡ ɯɚɪɚɤ-
ɬɟɪɧɵɯ ɩɪɢɡɧɚɤɨɜ ɉɄɋ – ɨɬɫɬɚɜɚɧɢɟ ɰɢɬɨ-
ɩɥɚɡɦɵ ɨɬ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ (ɫɦ. ɪɢɫ. 3). ɉɥɚɡ-
ɦɨɥɢɡ ɢ ɞɚɥɶɧɟɣɲɚɹ ɤɨɧɞɟɧɫɚɰɢɹ ɩɪɨɬɨɩɥɚɫɬɚ 
ɭ ɪɚɫɬɟɧɢɣ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ 

ɧɟ ɩɪɨɹɜɥɹɸɬɫɹ ɭ ɤɥɟɬɨɤ, ɩɨɝɢɛɚɸɳɢɯ ɧɟɤɪɨ-
ɬɢɱɟɫɤɢɦ ɩɭɬёɦ [14]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨ-
ɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ ɢ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧ-

ɧɵɯ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɋɄ ɜ ɧɚ-
ɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜɵɡɵɜɚɥɨ ɉɄɋ.  

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɉɄɋ, ɜɵɡɜɚɧɧɚɹ ɋɄ, ɩɪɨɢɫ-
ɯɨɞɢɬ ɡɚ ɫɱёɬ ɧɚɤɨɩɥɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ, ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 
ɥɢɩɢɞɨɜ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɜɪɟɠɞɟɧɢɹ ɛɟɥɤɨɜ 

ɜɫɥɟɞɫɬɜɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɤɢɫɥɨɬɵ ɢɧɝɢɛɢɪɨɜɚɬɶ 
ɤɚɬɚɥɚɡɭ [12]. ɋɄ ɦɨɠɟɬ ɬɚɤɠɟ ɜɵɡɵɜɚɬɶ ɉɄɋ 

ɩɨɫɪɟɞɫɬɜɨɦ ɜɥɢɹɧɢɹ ɧɚ ɦɢɬɨɯɨɧɞɪɢɢ, ɜɵɡɵɜɚɹ 
ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɚɡɨɛ-

ɳɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ, ɚ ɜ 
ɛɨɥɟɟ ɜɵɫɨɤɢɯ – ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɞɵɯɚɧɢɹ [2; 

10; 13]. ɇɚ ɠɢɜɨɬɧɵɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɋɄ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɭɟɬ ɫ ɤɨɦɩɥɟɤɫɨɦ I ɗɌɐ, ɩɪɢɜɨɞɹ ɤ ɭɜɟ-
ɥɢɱɟɧɢɸ ɭɪɨɜɧɹ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɯ ȺɎɄ, ɡɚ-
ɩɭɫɤɚɸɳɟɦɭ ɉɄɋ [4]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ȻɌɒ ɬɚɤɠɟ ɦɨɝɭɬ ɩɨɞɚɜɥɹɬɶ 
ɚɩɨɩɬɨɡ ɭ ɠɢɜɨɬɧɵɯ, ɜɵɡɜɚɧɧɵɣ ɪɚɡɥɢɱɧɵɦɢ 

ɫɬɢɦɭɥɚɦɢ [7]. ɍ ɪɚɫɬɟɧɢɣ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɚɹ 
ɪɨɥɶ ȻɌɒ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɭɱɟɧɚ. Ɋɚɧɟɟ ɩɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɢɧɤɭɛɢɪɨɜɚɧɢɟ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ 
A. thaliana ɜ ɭɫɥɨɜɢɹɯ ɦɹɝɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɫɬɪɟɫ-
ɫɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ȻɌɒ, ɡɚɳɢɳɚ-
ɥɨ ɨɬ ɉɄɋ, ɜɵɡɜɚɧɧɨɣ ɠёɫɬɤɢɦ ɬɟɩɥɨɜɵɦ ɲɨ-
ɤɨɦ [11]. Ⱥɧɚɥɨɝɢɱɧɨ ɷɬɨɦɭ, ɜ ɧɚɲɢɯ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɯ ɩɪɟɞɨɛɪɚɛɨɬɤɚ ɜ ɭɫɥɨɜɢɹɯ ɦɹɝɤɨɝɨ ɬɟɩ-

ɥɨɜɨɝɨ ɫɬɪɟɫɫɚ ɫɩɨɫɨɛɫɬɜɨɜɚɥɚ ɫɧɢɠɟɧɢɸ ɝɢ-

ɛɟɥɢ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ A. thaliana ɨɬ ɞɟɣɫɬɜɢɹ 
ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɄ. ȼ ɞɚɧɧɨɦ ɷɤɫɩɟɪɢ-

ɦɟɧɬɟ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɢɧɤɭɛɚɰɢɹ ɤɥɟɬɨɤ 
ɩɪɢ 37 ˚ɋ ɜ ɬɟɱɟɧɢɟ 2 ɱ, ɞɨɫɬɚɬɨɱɧɚɹ ɞɥɹ ɧɚɤɨ-
ɩɥɟɧɢɹ ȻɌɒ Hsp101 ɢ ɧɦȻɌɒ. Ɇɹɝɤɢɣ ɬɟɩɥɨ-
ɜɨɣ ɫɬɪɟɫɫ ɡɚɳɢɳɚɥ ɤɥɟɬɤɢ ɨɬ ɥɟɬɚɥɶɧɨɝɨ ɞɟɣ-

ɫɬɜɢɹ ɋɄ ɧɟ ɫɨ 100%-ɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɧɨ 

ɫɩɨɫɨɛɫɬɜɨɜɚɥ ɡɧɚɱɢɬɟɥɶɧɨɦɭ (ɩɪɢɦɟɪɧɨ ɧɚ 
30 %) ɪɨɫɬɭ ɱɢɫɥɚ ɜɵɠɢɜɲɢɯ ɤɥɟɬɨɤ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ȻɌɒ ɡɚɳɢɳɚɸɬ ɤɥɟɬɤɢ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɥɟɬɚɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɢɩɟɪɬɟɪɦɢɢ, ɧɨ ɢ ɨɬ ɞɟɣ-
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ɫɬɜɢɹ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɧɟ ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɫɨ-
ɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɞɟɣɫɬɜɢɹ ɋɄ.  

ȼ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɤɨɝɞɚ 
ɦɹɝɤɢɣ ɬɟɩɥɨɜɨɣ ɫɬɪɟɫɫ ɡɚɳɢɳɚɟɬ ɤɥɟɬɤɢ ɪɚɫ-
ɬɟɧɢɣ ɨɬ ɞɟɣɫɬɜɢɹ ɧɟ ɬɨɥɶɤɨ ɩɨɜɪɟɠɞɚɸɳɟɣ 

ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɨ ɢ ɞɪɭɝɢɯ ɫɬɪɟɫɫɨɪɨɜ 
[8]. ɗɬɨ ɹɜɥɟɧɢɟ ɧɚɡɜɚɧɨ ɩɟɪɟɤɪёɫɬɧɨɣ ɭɫɬɨɣ-

ɱɢɜɨɫɬɶɸ. ȼɧɚɱɚɥɟ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɫɬɪɟɫ-
ɫɨɪɵ ɜɵɡɵɜɚɸɬ ɜ ɤɥɟɬɤɟ ɚɝɪɟɝɚɰɢɸ ɢ ɞɟɧɚɬɭ-

ɪɚɰɢɸ ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ, ɚ ɩɟɪɟɤɪёɫɬɧɚɹ ɭɫ-
ɬɨɣɱɢɜɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɨɬ-
ɜɪɚɳɟɧɢɹ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ȻɌɒ ɢ ɞɪɭɝɢɦɢ ɡɚ-
ɳɢɬɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɤɥɟɬɤɢ. ȼɩɨɫɥɟɞɫɬɜɢɢ 

ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɷɬɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɜ ɤɥɟɬɤɚɯ 
ɠɢɜɨɬɧɵɯ ɪɚɡɜɢɜɚɟɬɫɹ ɉɄɋ. ɋɬɚɥɨ ɨɱɟɜɢɞɧɨ, 
ɱɬɨ ɨɞɧɢɦ ɢɡ ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɤɪёɫɬɧɨɣ ɭɫɬɨɣ-

ɱɢɜɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ȻɌɒ ɢɧɝɢɛɢɪɨ-
ɜɚɬɶ ɪɚɡɜɢɬɢɟ ɉɄɋ [7]. ɉɟɪɟɤɪёɫɬɧɚɹ ɭɫɬɨɣɱɢ-

ɜɨɫɬɶ ɬɚɤɠɟ ɦɨɠɟɬ ɪɚɡɜɢɜɚɬɶɫɹ ɢ ɭ ɪɚɫɬɟɧɢɣ 

[8]. Ɇɹɝɤɨɟ ɬɟɩɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɫɨɩɪɨɜɨɠ-

ɞɚɸɳɟɟɫɹ ɫɢɧɬɟɡɨɦ ȻɌɒ, ɢɧɞɭɰɢɪɭɟɬ ɭɫɬɨɣ-

ɱɢɜɨɫɬɶ ɪɚɫɬɟɧɢɣ ɧɟ ɬɨɥɶɤɨ ɤ ɠёɫɬɤɨɦɭ ɬɟɩɥɨ-
ɜɨɦɭ ɲɨɤɭ, ɧɨ ɢ ɤ ɞɪɭɝɢɦ ɚɛɢɨɬɢɱɟɫɤɢɦ ɫɬɪɟɫ-
ɫɚɦ, ɜɤɥɸɱɚɹ ɚɧɨɤɫɢɸ, ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ, 
ɬɹɠёɥɵɟ ɦɟɬɚɥɥɵ. ɗɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɪɚɫɬɢ-

ɬɟɥɶɧɨɣ ɤɥɟɬɤɟ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɪɚɡɜɢɬɢɟ ɉɄɋ. 

ȼɨɡɦɨɠɧɨ, ɹɜɥɟɧɢɟ ɩɟɪɟɤɪёɫɬɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɭ ɪɚɫɬɟɧɢɣ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ȻɌɒ ɢɧɝɢɛɢɪɨɜɚɬɶ ɪɚɡɜɢɬɢɟ ɉɄɋ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ 
Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣ-
ɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɫɨɝɥɚɲɟɧɢɟ № 8266. 
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Abstract. Salicylic acid (SA) is an important signal molecule in the development of plant resistance to biotic stress. 

Exogenous applying of high SA concentrations led to programmed cell death (PCD) of A. thaliana cells. Cells incu-

bation at mild heat shock was accompanied by the induction of heat shock proteins (HSPs) synthesis and resulted in 

the decreasing of the cell death from SA treatment (cross resistance). This cross resistance is supposed to be caused 

by the HSPs ability to inhibit PCD in plants.  

Key words: salicylic acid, heat shock proteins, Arabidopsis thaliana, programmed cell death, heat shock. 
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