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Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɛɟɥɤɚ ɩɥɚɫɬɨɰɢɚɧɢɧɚ ɫ ɬɢɥɚɤɨɢɞɧɨɣ ɦɟɦɛɪɚɧɨɣ ɢ 
ɜɫɬɪɨɟɧɧɵɦɢ ɜ ɧɟɟ ɛɟɥɤɨɜɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ 
ɉɭɚɫɫɨɧɚ-Ȼɨɥɶɰɦɚɧɚ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚ-
ɥɵ ɛɟɥɤɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ, ɢ ɬɢɥɚɤɨɢɞɧɨɣ 
ɦɟɦɛɪɚɧɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɢɨɧɧɨɣ ɫɢɥɵ.   

 

 

ゑçñÑñÖóñ. ɉɟɪɜɢɱɧɵɟ ɩɪɨɰɟɫɫɵ ɮɨɬɨɫɢɧɬɟɡɚ (ɩɨɝɥɨɳɟɧɢɟ ɤɜɚɧɬɚ 
ɫɜɟɬɚ, ɪɚɡɞɟɥɟɧɢɟ ɡɚɪɹɞɨɜ ɜ ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɚɯ ɮɨɬɨɫɢɫɬɟɦ, ɩɟɪɟɧɨɫ 
ɷɥɟɤɬɪɨɧɚ ɩɨ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɰɟɩɢ) ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ ɬɢɥɚɤɨɢɞɧɨɣ 
ɦɟɦɛɪɚɧɟ ɯɥɨɪɨɩɥɚɫɬɚ. Ɍɢɥɚɤɨɢɞɧɵɟ ɦɟɦɛɪɚɧɵ ɨɛɪɚɡɭɸɬ ɫɬɨɩɤɢ, ɧɚɡɵ-
ɜɚɟɦɵɟ ɝɪɚɧɚɦɢ, ɢ ɫɨɟɞɢɧɹɸɳɢɟ ɢɯ ɫɬɪɨɦɚɥɶɧɵɟ ɥɚɦɟɥɥɵ (Albertsson, 
2001). ȼ ɦɟɦɛɪɚɧɭ ɜɫɬɪɨɟɧɵ ɛɟɥɤɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɮɨɬɨɫɢɫɬɟɦɚ 1, ɮɨɬɨɫɢɫ-
ɬɟɦɚ 2, ɰɢɬɨɯɪɨɦɧɵɣ b6f ɤɨɦɩɥɟɤɫ ɢ ȺɌɎ-ɫɢɧɬɚɡɚ. ɐɢɬɨɯɪɨɦɧɵɣ b6f  ɤɨɦ-
ɩɥɟɤɫ ɪɚɫɩɨɥɨɠɟɧ ɪɚɜɧɨɦɟɪɧɨ ɜ ɝɪɚɧɚɥɶɧɵɯ ɢ ɫɬɪɨɦɚɥɶɧɵɯ ɨɛɥɚɫɬɹɯ ɦɟɦ-
ɛɪɚɧɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɨɬɨɫɢɫɬɟɦɚ 1 ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɬɪɨɦɚɥɶɧɨɣ 
ɱɚɫɬɢ ɦɟɦɛɪɚɧɵ ɢ ɜ ɤɪɚɟɜɵɯ ɝɪɚɧɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ (Albertsson, 2001). 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɢɥɚɤɨɢɞɧɵɯ ɦɟɦɛɪɚɧ ɹɜɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɛɨɥɶ-
ɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɥɢɤɨɥɢɩɢɞɨɜ: ɫɭɥɶɮɨɥɢɩɢɞɨɜ ɢ ɝɚɥɚɤɬɨɥɢɩɢɞɨɜ, ɜ ɨɫ-
ɧɨɜɧɨɦ ɷɬɨ ɧɟɣɬɪɚɥɶɧɵɟ ɥɢɩɢɞɵ, ɬ.ɟ. ɝɚɥɚɤɬɨɥɢɩɢɞɵ: 1,2-diacyl-3-O-(ȕ-
D-galactopyranosyl)-sn-glycerol (ɢɥɢ ɦɨɧɨɝɚɥɚɤɬɨɡɢɥ-ɞɢɝɥɢɰɟɪɨɥ, MGDG, 
50%) ɢ 1,2-diacyl-3-O-(Į-D-galactopyranosyl-1(->6)-ȕ-D-galactopyranosyl)-
sn-glycerol (ɢɥɢ ɞɢɝɚɥɚɤɬɨɡɢɥ-ɞɢɝɥɢɰɟɪɨɥ, DGDG, 30%) (Joyard, Dource, 
1987; Seigenthaler, Rawyler et al. 1987). Ɉɤɨɥɨ 15-20% ɫɨɫɬɚɜɥɹɸɬ ɡɚɪɹ-
ɠɟɧɧɵɟ ɥɢɩɢɞɵ: ɫɭɥɶɮɨɥɢɩɢɞ 1',2'-diacyl-3'-O-(6-deoxy-6-sulfo-Į-D-
glucopyranosy)-sn-glucerol (sulfoquinosovyl-diacylgrycerol SQDG) ɢ ɮɨɫ-
ɮɨɥɢɩɢɞ (ɮɨɫɮɚɞɢɬɢɥɝɥɢɰɟɪɨɥ, PG), ɤɨɬɨɪɵɟ ɮɨɪɦɚɥɶɧɨ ɫɨɞɟɪɠɚɬ ɨɬ-
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ɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɩɪɢ ɧɟɣɬɪɚɥɶɧɨɦ pH (Joyard, Dource, 1987; 
Seigenthaler, Rawyler et al., 1987). 

Ɂɚ ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɧɚ ɨɬ ɰɢɬɨɯɪɨɦɧɨɝɨ b6f ɤɨɦɩɥɟɤɫɚ ɧɚ ɮɨɬɨɫɢɫ-
ɬɟɦɭ 1 ɨɬɜɟɱɚɟɬ ɩɨɞɜɢɠɧɵɣ ɛɟɥɨɤ ɩɥɚɫɬɨɰɢɚɧɢɧ. ɇɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɜ ɦɟɦɛɪɚɧɟ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɥɚ-
ɫɬɨɰɢɚɧɢɧ ɞɢɮɮɭɧɞɢɪɭɟɬ ɧɚ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ (ɞɨ ɫɨɬɟɧ ɧɦ 
(Ɇɨɤɪɨɧɨɫɨɜ, Ƚɚɜɪɢɥɟɧɤɨ, 1992; Hope, 1993; Gross, 1996)) ɜ ɦɟɠɦɟɦ-
ɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ (4-10 ɧɦ (Mehta, Sarafis et al., 
1999)) ɫɪɚɜɧɢɦɚ ɫ ɪɚɡɦɟɪɚɦɢ ɫɚɦɨɝɨ ɩɥɚɫɬɨɰɢɚɧɢɧɚ (40ɯ28ɯ30 Å), ɞɥɹ 
ɬɨɝɨ ɱɬɨɛɵ ɩɟɪɟɧɟɫɬɢ ɷɥɟɤɬɪɨɧ ɨɬ ɰɢɬɨɯɪɨɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚ ɮɨɬɨɫɢɫ-
ɬɟɦɭ 1. ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɩɪɚɜɥɟɧ-
ɧɭɸ ɞɢɮɮɭɡɢɸ ɩɥɚɫɬɨɰɢɚɧɢɧɚ ɤ ɫɚɣɬɭ ɫɜɹɡɵɜɚɧɢɹ ɫ ɛɟɥɤɨɜɵɦ ɤɨɦɩɥɟɤ-
ɫɨɦ (Hope, 2000; Kleanthous, 2000; Malkin, Niyogi, 2000; Kovalenko, 
Abaturova et al., 2006). Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɛɟɥɤɚ ɩɥɚɫɬɨɰɢɚɧɢɧɚ ɫ ɬɪɚɧɫɦɟɦ-
ɛɪɚɧɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɢ ɬɢɥɚɤɨɢɞɧɨɣ ɦɟɦɛɪɚɧɨɣ ɢ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟɦ 
ɦɟɬɨɞɚ ɩɪɹɦɨɝɨ ɦɧɨɝɨɱɚɫɬɢɱɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɨɩɢɫɚɧɧɨɝɨ ɪɚɧɟɟ ɜ (Ʉɨɜɚɥɟɧɤɨ, ɍɫɬɢɧɢɧ ɢ ɞɪ., 
2003; Kovalenko, Abaturova et al., 2006; Ʉɨɜɚɥɟɧɤɨ, Ⱥɛɚɬɭɪɨɜɚ ɢ ɞɪ., 
2007; Ʉɨɜɚɥɟɧɤɨ, Ⱥɛɚɬɭɪɨɜɚ ɢ ɞɪ., 2008). 

ぜÜÑñ¿á ½ñ½ßëíÖ▲. Ɇɨɞɟɥɶɧɚɹ ɫɰɟɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɟ ɮɨ-
ɬɨɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɟɦɛɪɚɧɵ, ɡɚɤɥɸɱɚɸɳɢɟ ɦɟɠɞɭ ɫɨɛɨɣ ɥɸɦɢɧɚɥɶɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ (ɪɢɫ. 1). ȼ ɦɨɞɟɥɢ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɚɹ ɦɟɦɛɪɚɧɚ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬ ɫɨɛɨɣ ɞɜɟ ɩɥɨɫɤɨɫɬɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɥɢɩɢɞɧɵɣ ɛɢɫɥɨɣ ɫ ɞɜɭɯ 
ɫɬɨɪɨɧ. Ɇɨɞɟɥɶɧɚɹ ɫɰɟɧɚ ɫɨɫɬɨɢɬ ɢɡ ɦɟɦɛɪɚɧɵ ɢ ɜɫɬɪɨɟɧɧɵɯ ɜ ɧɟɟ ɛɟɥ-
ɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ʌɸɦɢɧɚɥɶɧɚɹ ɱɚɫɬɶ ɰɢɬɨɯɪɨɦɧɨɝɨ b6f ɤɨɦɩɥɟɤɫɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɦɨɞɟɥɢ ɛɟɥɤɨɦ ɰɢɬɨɯɪɨɦɨɦ f. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ ɦɟɦɛɪɚɧɵ ɧɚ ɞɜɭɦɟɪɧɨɣ ɩɥɨɫɤɨɫɬɢ ɪɚɜɧɨ-
ɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɬɨɱɟɱɧɵɟ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɚɪɹɞɵ, ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ 
ɡɚɪɹɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɡɚɪɹɠɟɧɧɵɯ ɥɢɩɢɞɨɜ (PG ɢ SQDG) ɜ ɛɢɫɥɨɟ ɩɨ ɮɨɪɦɭɥɟ: 

memb

type

iiesch SSpN ∑= /arg . 

ɝɞɟ ip  — ɩɪɨɰɟɧɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɢɩɢɞɨɜ i-ɝɨ ɬɢɩɚ, iS  — ɫɪɟɞɧɹɹ ɩɥɨ-
ɳɚɞɶ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɢɧ ɥɢɩɢɞ i-ɝɨ ɬɢɩɚ. Ɇɨɞɟɥɶɧɭɸ ɫɰɟɧɭ ɮɨɪɦɢ-
ɪɭɸɬ ɱɟɬɵɪɟ ɩɨɫɬɪɨɟɧɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ 
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ɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɚ ɜɧɭɬɪɟɧɧɢɯ (ɥɸɦɢɧɚɥɶɧɵɯ) 
ɢ ɞɜɚ ɜɧɟɲɧɢɯ (ɫɬɪɨɦɚɥɶɧɵɯ) ɭɱɚɫɬɤɚ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ. 
 

 
づóï. 1. Ɇɨɞɟɥɶ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ. ɇɚ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧɵ ɞɜɟ ɬɢ-
ɥɚɤɨɢɞɧɵɟ ɦɟɦɛɪɚɧɵ ɢ ɥɸɦɢɧɚɥɶɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

ぜñöÜÑ ëíïôñöí äÜöñÖîóí¿í. Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɛɟɥɤɨɜ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɦɟɦɛɪɚɧɨɣ ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɩɨɥɟ ɜ ɥɸɦɟɧɟ ɬɢɥɚɤɨɢɞɚ, ɤɨɬɨɪɨɟ ɫɨɡɞɚ-
ɟɬɫɹ ɡɚɪɹɞɚɦɢ ɦɟɦɛɪɚɧɵ ɢ ɛɟɥɤɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɭɪɚɜɧɟɧɢɟ 
ɉɭɚɫɫɨɧɚ-Ȼɨɥɶɰɦɚɧɚ (Ⱦɟɪɹɝɢɧ, ɑɭɪɚɟɜ ɢ ɞɪ., 1985): 

)(
1

))()((
0

rrr ρ
ε

ϕε −=∇∇ , 

ɝɞɟ )(rε  — ɧɟɨɞɧɨɪɨɞɧɚɹ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɶ ɫɪɟɞɵ; )(rρ  — ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɨɜ. Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɶ 2=ε  ɜɧɭɬɪɢ ɛɟɥɤɨɜ ɢ ɦɟɦɛɪɚɧ, 80=ε  ɜ ɪɚɫɬɜɨɪɟ. ɉɥɨɬɧɨɫɬɶ ɡɚ-
ɪɹɞɨɜ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɢ ɱɚɫɬɢɱɧɵɯ 
ɡɚɪɹɞɨɜ ɧɚ ɛɟɥɤɚɯ ɢ ɥɢɩɢɞɚɯ: 

membprotion ρρρρ ++= , 

∑= 0)( ezcr iiionsρ , 

ɝɞɟ iz  — ɡɚɪɹɞɨɜɨɟ ɱɢɫɥɨ, iɫ  — ɥɨɤɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ, ɢ 

)/exp( kTWcc i

bulk

ii = , ɝɞɟ bulk

ic  — ɨɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ, iW  — 

ɩɨɬɟɧɰɢɚɥ ɫɪɟɞɧɟɣ ɫɢɥɵ, )(0 rezW ii ϕ=  (Ⱦɟɪɹɝɢɧ, ɑɭɪɚɟɜ ɢ ɞɪ., 1985), 
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Ɍɨɝɞɚ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ-Ȼɨɥɶɰɦɚɧɚ ɜɵɝɥɹɞɢɬ 
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ɝɞɟ 
kT

Ie
k

0

2

02

ε
= , h  — ɲɚɝ ɫɟɬɤɢ, kji

n
,,ϕ  — ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɧɚ n-ɨɦ ɲɚɝɟ ɜ 

ɬɨɱɤɟ kji ,, , ɫɭɦɦɢɪɨɜɚɧɢɟ ɢɞɟɬ ɩɨ ɲɟɫɬɢ ɫɨɫɟɞɧɢɦ ɹɱɟɣɤɚɦ, mε  — ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɧɚ ɝɪɚɧɢɰɟ ɹɱɟɣɤɢ kji ,,  ɫ ɫɨɫɟɞɧɢɦɢ ɹɱɟɣɤɚɦɢ. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɝɟɨɦɟɬɪɢɸ ɬɢ-
ɥɚɤɨɢɞɧɨɣ ɦɟɦɛɪɚɧɵ. Ⱦɥɹ ɝɪɚɧɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 
ɧɚɛɨɪ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɫɬɨɩɨɤ ɦɟɦɛɪɚɧ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɟ 
ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. Ⱦɥɹ ɫɬɪɨɦɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɦɟɦɛɪɚɧɵ, ɤɨɧɬɚɤɬɢ-
ɪɭɸɳɢɯ ɫ ɜɨɞɨɣ, ɜɵɛɢɪɚɸɬɫɹ ɧɭɥɟɜɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɩɨɫɤɨɥɶɤɭ ɧɚ 
ɧɟɤɨɬɨɪɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɦɟɦɛɪɚɧɵ (>50 Å) ɢɡ-ɡɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭ-
ɥɚɦɢ ɜɨɞɵ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɥɢɡɤɚ ɤ ɧɭɥɸ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɬɟɧɰɢɚɥɚ, ɤɪɨɦɟ ɝɪɚɧɢɱɧɵɯ 
ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɜɟɥɢɱɢɧɵ ɡɚɪɹɞɨɜ ( membq , protq ), ɢɨɧɧɭɸ ɫɢɥɭ 
ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜ ɤɚɠɞɨɣ ɹɱɟɣɤɟ. ȼɟɥɢɱɢɧɚ ɡɚɪɹɞɚ ɜ 
ɹɱɟɣɤɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɜɫɟɯ ɡɚɪɹɞɨɜ (ɨɬ ɛɟɥɤɨɜ ɢɥɢ ɦɟɦ-
ɛɪɚɧ), ɩɨɩɚɜɲɢɯ ɜ ɷɬɭ ɹɱɟɣɤɭ. 

づñ£Ü¿áöíö▲. ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 
ɭɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ-Ȼɨɥɶɰɦɚɧɚ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɞɥɹ 
ɩɥɚɫɬɨɰɢɚɧɢɧɚ ɢ ɰɢɬɨɯɪɨɦɚ f. Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨɬɟɧɰɢɚɥɨɜ ɨɬɞɟɥɶɧɵɯ 
ɛɟɥɤɨɜ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɫɬɪɨɟɧɧɭɸ ɩɨ ɚɥɝɨɪɢɬɦɭ Ʉɨɧɧɨɥɢ (Connolly, 
1983) ɦɨɥɟɤɭɥɹɪɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɛɟɥɤɚ. ȼ ɤɚɠɞɨɣ ɬɨɱɤɟ ɷɬɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɨɬɬɟɧɤɚɦɢ ɫɟɪɨɝɨ ɰɜɟɬɚ ɢɡɨɛɪɚɠɚɥɨɫɶ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ. 

 
づóï. 2. ɉɨɜɟɪɯɧɨɫɬɢ ɛɟɥɤɨɜ ɩɥɚɫɬɨɰɢɚɧɢɧɚ (ɫɥɟɜɚ) ɢ ɰɢɬɨɯɪɨɦɚ f (ɫɩɪɚɜɚ). 
ɋɜɟɬɥɨ-ɫɟɪɵɦ ɰɜɟɬɨɦ ɨɬɨɛɪɚɠɟɧɵ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɛɟɥɤɚ, ɬɟɦɧɨ-ɫɟɪɵɦ — ɨɬɪɢɰɚɬɟɥɶɧɵɟ. ɋɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɨɛɥɚɫɬɢ 
ɞɨɤɢɧɝɚ, ɧɚ ɩɥɚɫɬɨɰɢɚɧɢɧɟ — ɨɛɥɚɫɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɧɚ ɰɢɬɨ-
ɯɪɨɦɟ — ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ. 
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ɇɚ ɪɢɫ. 3–5 ɢɡɨɛɪɚɠɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɭɪɚɜɧɟɧɢɸ ɉɭɚɫɫɨɧɚ-
Ȼɨɥɶɦɚɧɚ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (6.5 ɦȼ) ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɜ ɥɸɦɢɧɚɥɶɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɬɢɥɚɤɨɢɞɚ ɞɥɹ ɫɬɪɨɦɚɥɶɧɨɝɨ 
ɭɱɚɫɬɤɚ ɦɟɦɛɪɚɧɵ, ɢ ɧɟɩɨɞɜɢɠɧɵɯ ɛɟɥɤɨɜ ɩɪɢ ɧɟɣɬɪɚɥɶɧɨɦ pH ɢ ɪɚɡ-
ɥɢɱɧɨɣ ɢɨɧɧɨɣ ɫɢɥɟ. 

 
づóï. 3. ɗɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (+6.5 ɦȼ ɢ –6.5ɦȼ) ɜ ɥɸɦɟɧɟ ɬɢɥɚɤɨɢ-
ɞɚ ɯɥɨɪɨɩɥɚɫɬɚ, pH=7, I=100 mM. 

 
 

づóï. 4. ɗɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (+6.5 ɦȼ ɢ –6.5ɦȼ) ɜ ɥɸɦɟɧɟ ɬɢɥɚɤɨɢ-
ɞɚ ɯɥɨɪɨɩɥɚɫɬɚ, pH=7, I=150 mM. 
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づóï. 5. ɗɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (+40 ɦȼ ɢ –40 ɦȼ) ɜ ɥɸɦɟɧɟ ɬɢɥɚɤɨɢ-
ɞɚ ɯɥɨɪɨɩɥɚɫɬɚ, pH=7, I=50 mM. 
 

ɇɚ ɪɢɫ. 3–5 ɩɨɤɚɡɚɧɚ ɥɸɦɢɧɚɥɶɧɚɹ ɨɛɥɚɫɬɶ, ɪɚɡɦɟɪɚɦɢ 400x400 Å ɢ 
ɬɨɥɳɢɧɨɣ 100 Å, ɨɝɪɚɧɢɱɟɧɧɚɹ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɞɜɭɦɹ ɦɟɦɛɪɚɧɚɦɢ, ɤɚɠɞɚɹ 
ɬɨɥɳɢɧɨɣ 50 Å. ȼ ɦɟɦɛɪɚɧɵ ɜɫɬɪɨɟɧɵ ɛɟɥɤɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɮɨɬɨɫɬɟɦɵ 
1 (PSI). ɐɢɬɨɯɪɨɦɧɵɣ b6f ɤɨɦɩɥɟɤɫ ɰɟɥɢɤɨɦ ɧɟ ɭɱɢɬɵɜɚɥɫɹ, ɢ ɩɪɟɞɫɬɚɜ-
ɥɟɧ ɛɟɥɤɨɦ ɰɢɬɨɯɪɨɦɨɦ f (cyt f, ɱɟɪɧɵɣ). Ɍɟɦɧɨ-ɫɟɪɵɦ ɢɡɨɛɪɚɠɟɧɵ ɨɬ-
ɪɢɰɚɬɟɥɶɧɵɟ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (–6.5 ɦȼ), ɫɜɟɬɥɨ-ɫɟɪɵɦ – 
ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (+6.5 ɦȼ). Ʉɚɤ ɜɢɞɧɨ 
ɢɡ ɪɢɫ. 3–5, ɦɟɦɛɪɚɧɚ ɫɨɡɞɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɧɚ-
ɩɪɹɠɟɧɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɦɚɤɫɢɦɚɥɶɧɚ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧ ɢ ɭɛɵɜɚɟɬ ɤ 
ɰɟɧɬɪɭ ɥɸɦɟɧɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɢɨɧɧɨɣ ɫɢɥɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɷɤɪɚɧɢɪɨ-
ɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢɨɧɚɦɢ ɪɚɫɬɜɨɪɚ, ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɩɨɥɹ ɜ ɥɸɦɟɧɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɦɟɦɛɪɚɧɨɣ ɢ ɜɫɬɪɨɟɧɧɵɦɢ ɛɟɥɤɚɦɢ, 
ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɞɜɢɝɚ-
ɸɬɫɹ ɛɥɢɠɟ ɤ ɦɟɦɛɪɚɧɟ. 

げí¡¿0ôñÖóñ. ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɝɪɚɟɬ ɤɥɸɱɟ-
ɜɭɸ ɪɨɥɶ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɛɟɥɤɨɜ — ɩɨɞɜɢɠɧɵɯ ɩɟɪɟɧɨɫɱɢɤɨɜ ɷɥɟɤ-
ɬɪɨɧɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɦɟɦ-
ɛɪɚɧɵ ɢ ɜɫɬɪɨɟɧɧɵɯ ɜ ɧɟɟ ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢ-
ɹɯ ɫɨɫɬɨɹɧɢɹ ɬɢɥɚɤɨɢɞɧɨɣ ɦɟɦɛɪɚɧɵ ɢ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɨɬɨ-
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɩɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ ɨɬ ɰɢɬɨɯɪɨɦ-
ɧɨɝɨ b6f ɤɨɦɩɥɟɤɫɚ ɧɚ ɮɨɬɨɫɢɫɬɟɦɭ 1 ɛɟɥɤɨɦ ɩɥɚɫɬɨɰɢɚɧɢɧɨɦ. 
 
Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɚɦɢ ɊɎɎɂ 07-04-00375, 08-04-00354; ȽɄ 02.512.11.213; 
ɇɒ-853.2008.4. 
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SIMULATION OF ELECTROSTATIC INTERACTIONS OF 

PLASTOCYANIN WITH THYLAKOID MEMBRANE AND 

TRANSMEMBRANE PROTEIN COMPLEXES 

 
Knyazeva O. S., Kovalenko I. B., Abaturova A. M., Riznichenko G. Yu., 

Grachev E. A., Rubin A. B. 

 

 
The paper is devoted to design of the method of electrostatic interaction of 

protein plastocyanin with thylakoid membrane and transmembrane protein 

complexes. Using Poisson-Boltzmann equation we calculated electrostatic 

potentials of the thylakoid membrane and the proteins involved in electron 

transfer at different values of the ionic strength. 
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