
Ɇɢɧɤɟɜɢɱ Ɇɚɪɢɹ ɇȽɍ Ɏȿɇ 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: 

ɤ.ɛ.ɧ. Ⱥɮɨɧɧɢɤɨɜ Ⱦ.Ⱥ.
Ɋɟɰɟɧɡɟɧɬ:

ɤ.ɛ.ɧ. ɐɟɩɢɥɨɜ ə.Ⱥ.

Ɉɰɟɧɤɚ ɷɜɨɥɸɰɢɨɧɧɨɣ ɡɧɚɱɢɦɨɫɬɢ 
ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɷɩɢɫɬɚɬɢɱɟɫɤɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɫɚɣɬɨɜ ɛɟɥɤɨɜ



Ƚɟɧɨɬɢɩ Ɏɟɧɨɬɢɩ
ɉɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ 

?

ǰǰǳǲǳǻǶǳ

2



Эɩɢɫɬɚɡ — ɬɢɩ ɧɟɚɥɥɟɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɟɧɨɜ, ɩɪɢ
ɤɨɬɨɪɨɦ ɩɪɨɹɜɥɟɧɢɟ ɨɞɧɨɝɨ ɝɟɧɚ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ
ɞɪɭɝɨɝɨ ɝɟɧɚ (ɝɟɧɨɜ).

ǸǹǮǿǿǶȅǳǿǸǼǳ 
ǼǽǾǳǲǳǹǳǻǶǳ
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ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

Ɏɭɧɤɰɢɹ

4

ɋɬɪɭɤɬɭɪɚ 

W.H.Freeman Biochemistry, 2012

Эɮɮɟɤɬ ɤɨɨɩɟɪɚɬɢɜɧɨɫɬɢ –
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɦɢɧɨɤɢɫɥɨɬ ɜ 
ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɛɟɥɤɚ, ɤɨɬɨɪɨɟ 
ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɟɝɨ 
ɫɜɨɣɫɬɜɚ.



ǮǹǱǼǾǶȀǺ HYPERCUBEME
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MKAILVVLLYTFTTANADTLCIGYHANNST

MKAIRVVLLYTFTTANADTLCIGYHANNST

MKAISVVLLYTFTTANADTLCIGYHANNST

MKAIDVVLLYTFTTANADTLCIGYHANNST

MKAILVVLLYTFTTASADTLCIGYHANNST

MKAILVVLLYTFTTALADTLCIGYHANNST

MKAILVVLLYTFTTANADALCIGYHANNST

MKAIRVVLLYTFTTASADTLCIGYHANNST

WT L5:N16

MT1 L5R

MT2 L5S

MT3 L5D

MT4 N16S

MT5 N16L

MT6 T19A

MT7 L5R:N16S

WT – ɪɟɮɟɪɟɧɫɧɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɆɌ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ 
ɦɭɬɚɰɢɹɦɢ 

L5:N16 L5R

N16S L5R:N16S

ɋɯɟɦɚ ɩɭɬɢ ɨɬ ɞɢɤɨɝɨ ɬɢɩɚ 
ɞɨ ɜɚɪɢɚɧɬɚ ɫ ɞɜɨɣɧɨɣ 
ɡɚɦɟɧɨɣ: ɝɢɩɟɪɤɭɛ ɩɨɪɹɞɤɚ 2

WT MT1

MT7MT4

5 16



ǼȄǳǻǸǮ ǸǼǼǽǳǾǮȀǶǰǻǼǱǼ 
ȋȂȂǳǸȀǮ
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WT – ɪɟɮɟɪɟɧɫɧɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɆɌ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ 
ɦɭɬɚɰɢɹɦɢ 

L5:N16 L5R

N16S L5R:N16S

WT MT1

MT7MT4

∆Gɞɬ ∆∆G1

∆∆G2

∆∆G3

∆∆G
1

= ∆Gɞɬ - ∆G
MT1

∆∆G
2

= ∆Gɞɬ - ∆G
MT4

∆∆G
3

= ∆Gɞɬ - ∆G
MT7

ȿɫɥɢ ∆∆G
3

= ∆∆G
1

+ ∆∆G
2
, ɬɨ

ɤɨɨɩɟɪɚɬɢɜɧɨɝɨ ɷɮɮɟɤɬɚ 
ɧɟɬ

ɋɬɚɛɢɥɶɧɨɫɬɶ ɛɟɥɤɚ ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶɸ 
ɨɪɝɚɧɢɡɦɚ (НО PrТsto Оt al., 2005).



ǼȄǳǻǸǮ ǿȀǮǯǶǹȊǻǼǿȀǶ in silico
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∆∆G = ∆Gɞɬ - ∆Gɦɭɬ   [ɤɤаɥ\ɦɨɥь]

∆∆G – ɪɚɡɧɢɰɚ ɜ ɢɡɦɟɧɟɧɢɢ 
ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɮɨɥɞɢɧɝɚ ɞɥɹ 
ɜɚɪɢɚɧɬɨɜ ɛɟɥɤɚ
∆Gɞɬ – ɞɢɤɢɣ ɬɢɩ
∆Gɦɭɬ – ɦɭɬɚɧɬɧɵɣ ɜɚɪɢɚɧɬ ɛɟɥɤɚ Ƚɟɦɚɝɝɥɸɬɢɧɢɧ ɝɪɢɩɩɚ Ⱥ 

Ɇɭɬɚɰɢɢ ɜ ɩɨɡɢɰɢɢ 
A167T:P252S:A398V



ȄǳǹȊ
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Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɤɨɧɬɟɤɫɬɚ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɛɟɥɤɨɜ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɦɭɬɚɰɢɣ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɦɧɨɠɟɫɬɜɟɧɧɵɯ 
ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɡɚɦɟɧ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ 
ɝɨɦɨɥɨɝɢɱɧɵɯ ɛɟɥɤɨɜ. 



ǵǮǲǮȅǶ
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1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɜɵɛɨɪɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɛɟɥɤɨɜɵɯ 
ɫɟɦɟɣɫɬɜ (ɝɥɨɛɢɧɨɜ, ɜɢɪɭɫɧɵɯ ɛɟɥɤɨɜ) ɞɥɹ ɚɧɚɥɢɡɚ, ɮɢɥɶɬɪɚɰɢɹ ɞɚɧɧɵɯ 
ɩɨ ɤɚɱɟɫɬɜɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ;

2. ɉɨɫɬɪɨɟɧɢɟ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɜɵɪɚɜɧɢɜɚɧɢɣ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 
ɛɟɥɤɨɜɵɯ ɫɟɦɟɣɫɬɜ;

3. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɡɚɦɟɧ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɨɞɢɧɨɱɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɜ ɜɵɪɚɜɧɟɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ HвpОrМubОME;

4. Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɟɞɢɧɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɡɚɦɟɧ ɢ ɢɯ ɦɧɨɠɟɫɬɜɟɧɧɵɯ 
ɤɨɦɛɢɧɚɰɢɣ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɛɟɥɤɨɜɵɯ ɫɬɪɭɤɬɭɪ ɧɚ ɨɫɧɨɜɟ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.



1
0

Ɇɢɨɝɥɨɛɢɧ 154 ɚ-ɤ ɨɫɬɚɬɤɚ
Ɇɨɧɨɦɟɪ

Ɉɛɳɢɟ ɩɚɪɚɦɟɬɪɵ 

✔ ɉɨɥɧɨɫɬɶɸ ɢɡɜɟɫɬɧɚ ɬɪɟɯɦɟɪɧɚɹ 
ɫɬɪɭɤɬɭɪɚ

✔ ɇɟɛɨɥɶɲɨɣ ɪɚɡɦɟɪ

✔ Ɉɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɫɟɪɜɚɬɢɜɟɧ

Ƚɟɦɨɝɥɨɛɢɧ 147 ɚ-ɤ ɨɫɬɚɬɤɚ
Ƚɟɬɟɪɨɬɟɬɪɚɦɟɪ

ǼǯȈǳǸȀȉ ǶǿǿǹǳǲǼǰǮǻǶЯ



1
1

Ƚɟɦаɝɝɥɸɬɢɧɢɧ (НА)

1RUZ

Нɟɣɪаɦɢɧɢɞаɡа(NA)

1BJI
6H9G

Нɭɤɥɟɨɩɪɨɬɟɢɧ (NP)

ɂɫɬɨɱɧɢɤ 3D ɫɬɪɭɤɬɭɪ: RCSB PDB https://www.rcsb.org/

ǼǯȈǳǸȀȉ ǶǿǿǹǳǲǼǰǮǻǶЯ

https://www.rcsb.org/


ǺǳȀǼǲȉ

1
2



1
3

ɇɚɡɜɚɧɢɹ ɛɟɥɤɨɜ

Кɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ

Ⱦɨ ɮɢɥɶɬɪɚɰɢɢ ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ

Ƚɟɦɨɝɥɨɛɢɧɵ ɢ 
ɦɢɨɝɥɨɛɢɧɵ

23 999 1825

Ƚɟɦɚɝɝɥɸɬɢɧɢɧɵ 1 050 062 41 982

ɇɟɣɪɚɦɢɧɢɞɚɡɵ 757 599 31 765

ɇɭɤɥɟɨɩɪɨɬɟɢɧɵ 668 727 12 212

Ɍɚɛ 1 - Кɨɥɢɱɟɫɬɜɨ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɨ ɢ ɩɨɫɥɟ ɢɯ ɨɛɪɚɛɨɬɤɢ



ǾǳǵȁǹȊȀǮȀȉ
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ɨɞɧɨɦɟɪɧɵɟ ɞɜɭɦɟɪɧɵɟ ɬɪɟɯɦɟɪɧɵɟ

Ƚɥɨɛɢɧɵ 593 13 -

Ƚɟɦɚɝɝɥɸɬɢɧɢɧɵ 23 157 1934 10

ɇɟɣɪɚɦɢɧɢɞɚɡɵ 19 462 1565 6

ɇɭɤɥɟɨɩɪɨɬɟɢɧɵ 11 992 2499 83

ɇɚɡɜɚɧɢɹ 
ɛɟɥɤɨɜ

Кɨɥ-ɜɨ 
ɝɢɩɟɪɤɭɛɨɜ

Ɍɚɛ 2 - Кɨɥɢɱɟɫɬɜɨ ɝɢɩɟɪɤɭɛɨɜ ɞɥɹ ɪɚɡɧɵɯ ɛɟɥɤɨɜ



Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɨɪɹɞɨɤ 
ɝɢɩɟɪɤɭɛɚ ɞɥɹ ɛɟɥɤɨɜ ɫ 
ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɫɟɥɟɤɰɢɟɣ: 12 
Кɨɥɢɱɟɫɬɜɨ ɝɢɩɟɪɤɭɛɨɜ 199 847 

053 (Esteban et al., 2019)

Ⱦɥɹ ɝɥɨɛɢɧɨɜ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɢɥ 2

Ⱦɥɹ ɜɢɪɭɫɨɜ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɢɥ 3

ǺǮǸǿǶǺǮǹȊǻȉǷ 
ǽǼǾЯǲǼǸ 
ǱǶǽǳǾǸȁǯǼǰ

1
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ǼȄǳǻǸǮ ǿȀǮǯǶǹȊǻǼǿȀǶ
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Пɨɡɢɰɢɢ ɦɭɬаɰɢɣ ΔΔG∑(BA,AB), 
ɤɤаɥ/ɦɨɥɶ

ΔΔG(BB), 

ɤɤаɥ/ɦɨɥɶ
A102G:A182S 1.0257 1.1506

A102G:G112S 0.0480 -0.0303

A182S:A189S 0.1967 0.1996

A83S:A172T 1.7544 1.7562

C92S:A98V -0.0214 -0.0155

D113G:K144R 0.5655 -0.6502

G112S:A182S -0.9776 -1.3003

G123S:K189R -0.2276 -0.2261

H15Q:S31T 0.2874 0.2887

I33V:G39S 0.4901 0.4017

Ɍɚɛ 3 - ɂɡɦɟɧɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜɚɪɢɚɧɬɨɜ ɝɥɨɛɢɧɨɜ ɫ ɞɜɨɣɧɵɦɢ ɡɚɦɟɧɚɦɢ

АА – ɞɢɤɢɣ ɬɢɩ
Аȼ, ȼА – ɟɞɢɧɢɱɧɵɟ 
ɡаɦɟɧɵ
ȼȼ – ɞɜɨɣɧɵɟ ɡаɦɟɧɵ

ΔΔG(BB) – ɢɡɦɟɧɟɧɢɟ 
ɷɧɟɪɝɢɢ ɞɥɹ ɞɜɨɣɧɵɯ 
ɡаɦɟɧ 
ΔΔG∑(BA,AB) - ɢɡɦɟɧɟɧɢɟ 
ɷɧɟɪɝɢɢ ɞɥɹ ɫɭɦɦɵ 
ɟɞɢɧɢɱɧɵɯ ɡаɦɟɧ 



1
7ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɮɨɥɞɢɧɝɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 1 ɡɚɦɟɧɭ ɞɥɹ 

ɞɜɨɣɧɵɯ ɡɚɦɟɧ ɛɟɥɤɨɜ.

HBB – ɛɟɬɚ-
ɝɥɨɛɢɧɵ;
HA –
ɝɟɦɚɝɝɥɸɬɢɧɢɧɵ
; NA –
ɧɟɣɪɚɦɢɧɢɞɚɡɵ; 
NP –
ɧɭɤɥɟɨɩɪɨɬɟɢɧɵ



1
8

ΔΔG(11) ɫɪ - ΔΔG(10,01)

ɫɪ, ɤɤаɥ/ɦɨɥь
p-ɡɧачɟɧɢɟ

Рɟɡɭɥьɬаɬ ɞɥя ɪ < 

0.05

HBB:HA 0.441 Нɟɬ ɡɧачɢɦɨɫɬɢ

HBB:NA 0.522 Нɟɬ ɡɧачɢɦɨɫɬɢ

HBB:NP 0.327 Нɟɬ ɡɧачɢɦɨɫɬɢ

HA:NA 0.960 Нɟɬ ɡɧачɢɦɨɫɬɢ

HA:NP 0.757 Нɟɬ ɡɧачɢɦɨɫɬɢ

NA:NP 0.682 Нɟɬ ɡɧачɢɦɨɫɬɢ

Ɍɚɛ 4 - U-ɤɪɢɬɟɪɢɣ Ɇɚɧɧɚ-ɍɢɬɧɢ ɞɥɹ ɨɰɟɧɤɢ ɡɧɚɱɢɦɨɫɬɢ ɞɥɹ ɪɚɡɧɨɫɬɢ 
ɫɪɟɞɧɢɯ ∆∆G ΔΔGΔΔG



ǰȉǰǼǲȉ
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1. ɉɪɨɝɪɚɦɦɚ HвpОrМubОME ɦɨɠɟɬ ɛɵɫɬɪɨ ɥɨɤɚɥɢɡɨɜɚɬɶ ɦɧɨɠɟɫɬɜɟɧɧɵɟ 
ɡɚɦɟɧɵ ɜ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɡ ɛɚɡ ɞɚɧɧɵɯ, 
ɨɞɧɚɤɨ ɧɟ ɫɩɨɫɨɛɧɚ ɨɰɟɧɢɬɶ ɷɜɨɥɸɰɢɨɧɧɭɸ ɡɧɚɱɢɦɨɫɬɶ 
(ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ) ɨɛɧɚɪɭɠɟɧɧɵɯ ɦɭɬɚɧɬɧɵɯ ɛɟɥɤɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ 
ɨɬɞɟɥɶɧɵɣ ɦɟɬɨɞ, ɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ FolНБ, 
ɝɞɟ ɮɚɤɬɨɪɨɦ ɤɨɨɩɟɪɚɬɢɜɧɨɫɬɢ ɦɭɬɚɰɢɣ ɫɥɭɠɢɥɚ ɪɚɡɧɢɰɚ ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ ɮɨɥɞɢɧɝɚ ɦɟɠɞɭ ɞɢɤɢɦ ɬɢɩɨɦ ɛɟɥɤɚ ɢ ɦɭɬɚɧɬɧɵɦ ɜɚɪɢɚɧɬɨɦ.

2. ȼɜɢɞɭ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɜɵɛɨɪɤɢ ɢ ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ɡɚɦɟɧ ɜ 
ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɦɢɨɝɥɨɛɢɧɵ ɢ ɝɟɦɨɝɥɨɛɢɧɵ ɢɦɟɸɬ 
ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɞɜɨɣɧɵɯ ɡɚɦɟɧ, ɱɬɨ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɝɪɚɦɦɨɣ 
HвpОrМubОME ɜ ɜɢɞɟ ɦɨɞɟɥɢ ɝɢɩɟɪɤɭɛɨɜ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ.



ǰȉǰǼǲȉ
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3. Ȼɟɥɤɢ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ, ɢɦɟɸɳɢɟ ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ ɧɚ ɩɨɪɹɞɨɤ 
ɩɪɟɜɵɲɚɸɳɢɣ ɬɚɤɨɜɨɣ ɭ ɝɥɨɛɢɧɨɜ, ɚ ɬɚɤɠɟ ɩɨɞɱɢɧɹɸɳɢɟɫɹ ɞɪɭɝɨɦɭ ɪɟɠɢɦɭ 
ɷɜɨɥɸɰɢɢ, ɧɚɤɚɩɥɢɜɚɸɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɞɜɨɣɧɵɯ ɢ ɬɪɨɣɧɵɯ ɡɚɦɟɧ, ɱɬɨ 
ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɝɪɚɦɦɨɣ HypercubeME ɜ ɜɢɞɟ ɦɨɞɟɥɢ ɝɢɩɟɪɤɭɛɨɜ ɜɬɨɪɨɝɨ ɢ 
ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɨɜ;

4. Ɉɰɟɧɤɚ ɤɨɨɩɟɪɚɬɢɜɧɨɝɨ ɜɤɥɚɞɚ ɦɭɬɚɰɢɣ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɛɟɥɤɚ ɫ 
ɩɨɦɨɳɶɸ ɨɰɟɧɤɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɧɟ ɜɵɹɜɢɥɚ ɷɮɮɟɤɬɚ, ɩɨɯɨɠɟɝɨ ɧɚ ɷɩɢɫɬɚɡ, ɜ 
ɢɫɫɥɟɞɭɟɦɵɯ ɛɟɥɤɚɯ.
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Кɪɚɫɧɵɟ ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɚɦɟɧɚɦ ɜ 
4 ɛɟɥɤɨɜɨɦ ɫɚɣɬɟ
Ƚɨɥɭɛɵɟ ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɚɦɟɧɚɦ ɜ 
1 ɛɟɥɤɨɜɨɦ ɫɚɣɬɟ
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1. ɉɨɪɹɞɨɤ 
ɝɢɩɟɪɤɭɛɚ = ɱɢɫɥɨ 
ɛɟɥɤɨɜɵɯ ɫɚɣɬɨɜ ɫ 
ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ 
ɦɭɬɚɰɢɹɦɢ
2. ɑɢɫɥɨ ɝɢɩɟɪɤɭɛɨɜ = 
ɱɢɫɥɨ ɩɨɫɥɟɞ-ɬɟɣ  ɫ 
ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ 
ɦɭɬɚɰɢɹɦɢ

n = 3
ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ ɜɫɟ ɜɨɡɦɨɠɧɵɟ Ч-
ɦɟɪɧɵɟ ɝɢɩɟɪɤɭɛɵ ɝɟɧɟɪɢɪɭɸɬɫɹ ɢɡ 
ɦɧɨɠɟɫɬɜɚ (Ч-1)-ɦɟɪɧɵɯ ɝɢɩɟɪɤɭɛɨɜ.
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ǮǹǱǼǾǶȀǺ ǽǼǹȁȅǳǻǶЯ ǲǶǸǼǱǼ 
ȀǶǽǮ ǯǳǹǸǮ

L5R:N16S

MKAIRVVLLYTFTTASADTLCIGYHANNST

Ɂɚɦɟɧɚ ɧɚ 
ɨɪɢɝɢɧɚɥɶɧɭɸ 
ɚɦɢɧɢɤɢɫɥɨɬɭ

ɋɤɪɢɩɬ ɧɚ PвtСoЧ
MKAILVVLLYTFTTANADTLCIGYHANNST

L5:N16

ɉɨɥɭɱɟɧɢɟ 
ɬɪɟɯɦɟɪɧɨɣ 
ɫɬɪɭɤɬɭɪɵ

SWISS-MODEL

ΔΔG

ɋɩɢɫɨɤ ɦɭɬɚɰɢɣ 
ɢɡ HвpОrМubОME

FoldX
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)

Wɨɩɬ

ΔG ɨɩɬ
Ⱦɟɫɬɚɛɢɥɢɡɚɰɢɹ 
ɛɟɥɤɨɜɨɣ 
ɫɬɪɭɤɬɭɪɵ

Ƚɢɩɟɪɫɬɚɛɢɥɢɡɚɰɢɹ
ɋɧɢɠɟɧɢɟ ɞɢɧɚɦɢɤɢ
ɍɯɭɞɲɟɧɢɟ ɮɭɧɤɰɢɢ ɛɟɥɤɚ

ɇɟɣɬɪɚɥɶɧɚɹ ɡɨɧɚ   1  ɤɤɚɥ\ɦɨɥɶ

ɂɫɬɨɱɧɢɤ: НОPrТsto Оt al, 2005

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ 
ɩɨɥɨɠɢɬɟɥɶɧɚɹ 
ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ 
ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɛɟɥɤɚ ɢ 
ɟɝɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶɸ
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ǼǱǾǮǻǶȅǳǻǶЯ

1. Ɋɚɡɦɟɪ ɜɵɛɨɪɤɢ: ɜ ɛɨɥɶɲɢɯ ɜɵɛɨɪɤɚɯ ɜɵɲɟ ɜɟɪɨɹɬɧɨɫɬɶ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɡɚɦɟɧɵ

2. Ɋɟɠɢɦ ɨɬɛɨɪɚ: ɪɚɡɧɵɟ ɪɟɠɢɦɵ ɨɬɛɨɪɚ ɧɚ ɛɟɥɤɢ ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ɡɚɦɟɧ 

3. ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɚɥɝɨɪɢɬɦɟ FolНБ
4. ɋɥɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ



ǮǹȊȀǳǾǻǮȀǶǰǻǼǳ 
ǼǽǾǳǲǳǹǳǻǶǳ
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Кɨɨɩɟɪɚɬɢɜɧɵɣ ɷɮɮɟɤɬ – ɮɢɡɢɱɟɫɤɢɟ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɦɢɧɨɤɢɫɥɨɬ ɜ ɩɪɟɞɟɥɚɯ
ɨɞɧɨɝɨ ɛɟɥɤɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ
ɜɥɢɹɧɢɟ ɧɚ ɟɝɨ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɢ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.



2
7ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɮɨɥɞɢɧɝɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 1 ɡɚɦɟɧɭ ɞɥɹ ɬɪɨɣɧɵɯ 

ɡɚɦɟɧ ɛɟɥɤɨɜ. 

HA –
ɝɟɦɚɝɝɥɸɬɢɧɢɧɵ; 
NA –
ɧɟɣɪɚɦɢɧɢɞɚɡɵ; 
NP –
ɧɭɤɥɟɨɩɪɨɬɟɢɧɵ.



2
8ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɮɨɥɞɢɧɝɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 1 ɡɚɦɟɧɭ ɞɥɹ ɞɜɨɣɧɵɯ 

ɡɚɦɟɧ ɛɟɥɤɨɜ.

HBB – ɛɟɬɚ-
ɝɥɨɛɢɧɵ;
HA –
ɝɟɦɚɝɝɥɸɬɢɧɢɧɵ
; NA –
ɧɟɣɪɚɦɢɧɢɞɚɡɵ; 
NP –
ɧɭɤɥɟɨɩɪɨɬɟɢɧɵ
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ΔΔGɬɪ ɦɬ ɫɪ - ɫɪɟɞɧɹɹ 
ɷɧɟɪɝɢɹ ɧɚ ɡɚɦɟɧɭ ɞɥɹ 
ɬɪɨɣɧɵɯ ɦɭɬɚɰɢɣ
ΔΔGɫɭɦɦ ɟɞ ɫɪ - ɫɪɟɞɧɹɹ 
ɷɧɟɪɝɢɹ ɧɚ ɡɚɦɟɧɭ ɞɥɹ 
ɫɭɦɦɵ ɟɞɢɧɢɱɧɵɯ 
ɦɭɬɚɰɢɣ
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HBB - ɝɥɨɛɢɧɵ
HA - ɝɟɦɚɝɝɥɸɬɢɧɢɧɵ
NA - ɧɟɣɪɚɦɢɧɢɞɚɡɵ
NP - ɧɭɤɥɟɨɩɪɨɬɟɢɧɵ



ǼȄǳǻǸǮ ǲǼǿȀǼǰǳǾǻǼǿȀǶ 
ǾǳǵȁǹȊȀǮȀǼǰ
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ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ U-ɤɪɢɬɟɪɢɣ Ɇɚɧɧɚ-ɍɢɬɧɢ

ɋɪɚɜɧɟɧɢɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ 



ɂɫɬɨɱɧɢɤ: Laura A. 
Esteban et al.. 

HypercubeME: two 

hundred million 

combinatorially complete 

datasets from a single 

experiment

199 847 053 ɝɢɩɟɪɤɭɛɨɜ  
ɪɚɡɦɟɪɧɨɫɬɢ 1-12

ɞɥɹ ɛɟɥɤɚ HIS3

ǼǴǶǲǮǳǺȉǷ ǾǳǵȁǹȊȀǮȀ

3
3

1) Ɇɨɠɧɨ ɥɢ ɜ ɛɟɥɤɚɯ, ɜɨɡɧɢɤɲɢɯ ɜ ɩɪɨɰɟɫɫɟ ɷɜɨɥɸɰɢɢ, ɧɚɣɬɢ 
ɤɨɦɛɢɧɚɰɢɢ ɦɭɬɚɰɢɣ, ɨɛɪɚɡɭɸɳɢɯ ɝɢɩɟɪɤɭɛɵ? 

2) ȿɫɥɢ ɞɚ, ɬɨ ɤɚɤɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɛɭɞɭɬ ɧɚɣɞɟɧɧɵɟ ɝɢɩɟɪɤɭɛɵ?
3) Ɇɨɠɧɨ ɥɢ ɨɰɟɧɢɬɶ ɮɚɤɬɨɪ ɤɨɨɩɟɪɚɬɢɜɧɨɫɬɢ?


