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ëÚÛÍÚÛÌÓÂ ‰Â‚Ó ·ÂÎÍÓ‚ – ˝ÚÓ ÒÓ‚ÓÍÛÔÌÓÒÚ¸
‚ÒÂı ‡ÁÂ¯ÂÌÌ˚ı ÔÓÏÂÊÛÚÓ˜Ì˚ı Ë ÍÓÌÂ˜Ì˚ı
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚ı ÒÚÛÍÚÛ, ÍÓÚÓ˚Â ÏÓ„ÛÚ ·˚Ú¸
ÔÓÎÛ˜ÂÌ˚ ËÁ Ó‰ÌÓÈ ÍÓÌÂ‚ÓÈ (ÒÚ‡ÚÓ‚ÓÈ) ÒÚÛÍ-
ÚÛ˚ ÔÛÚÂÏ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ„Ó ÔËÒÚ‡Ë‚‡ÌËfl Í
ÌÂÈ ‰Û„Ëı ˝ÎÂÏÂÌÚÓ‚ ‚ÚÓË˜ÌÓÈ ÒÚÛÍÚÛ˚ ‚ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ËË Ò Ì‡·ÓÓÏ Ô‡‚ËÎ, ‚˚‚Â‰ÂÌÌ˚ı ËÁ ËÁ-
‚ÂÒÚÌ˚ı ÔËÌˆËÔÓ‚ ÒÚÛÍÚÛÌÓÈ Ó„‡ÌËÁ‡ˆËË
·ÂÎÍÓ‚. Ç Í‡˜ÂÒÚ‚Â ÍÓÌÂ‚ÓÈ ÒÚÛÍÚÛ˚ ‰Â‚‡ ·Â-
ÂÚÒfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ÒÚÛÍÚÛÌ˚È ÏÓÚË‚, ËÏÂ-
˛˘ËÈ ÛÌËÍ‡Î¸ÌÛ˛ ÛÍÎ‡‰ÍÛ ˆÂÔË ‚ ÔÓÒÚ‡ÌÒÚ‚Â.
ÇÓÁÏÓÊÌ˚Â ÔÛÚË ÓÒÚ‡ ÒÚÛÍÚÛ ÔÓÍ‡Á˚‚‡˛ÚÒfl
ÎËÌËflÏË, ÍÓÚÓ˚Â ‚ ËÚÓ„Â Ó·˙Â‰ËÌfl˛Ú ‚ÒÂ ÒÚÛÍ-
ÚÛ˚ ‚ Ó‰ÌÓ ‰Â‚Ó.

èÂ‚˚Â ‚‡Ë‡ÌÚ˚ ÒÚÛÍÚÛÌ˚ı ‰ÂÂ‚¸Â‚ ÔÓ-
ÒÚÓÂÌ˚ ÓÍÓÎÓ 10 ÎÂÚ Ì‡Á‡‰ [1–4]. á‡ ̋ ÚÓ ‚ÂÏfl ÒÛ-
˘ÂÒÚ‚ÂÌÌÓ ‚˚ÓÒÎÓ ÍÓÎË˜ÂÒÚ‚Ó ‡Ò¯ËÙÓ‚‡Ì-
Ì˚ı ÒÚÛÍÚÛ ‚ Å‡ÌÍÂ ·ÂÎÍÓ‚˚ı ‰‡ÌÌ˚ı (Protein
Data Bank). í‡Í, Ì‡ÔËÏÂ, ‚ ÒÓÒÚ‡‚ ÒÚÛÍÚÛÌÓ„Ó
‰Â‚‡ 

 

β

 

-·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚, ‚‡Ë-
‡ÌÚ‡ 1997 „. [2] ‚ıÓ‰ËÎÓ ÓÍÓÎÓ ÒÓÓÍ‡ ËÁ‚ÂÒÚÌ˚ı
·ÂÎÍÓ‚˚ı ÒÚÛÍÚÛ, ‡ Í Ì‡ÒÚÓfl˘ÂÏÛ ‚ÂÏÂÌË Ï˚
ÒÓ·‡ÎË ·‡ÁÛ ‰‡ÌÌ˚ı ËÁ 528 ·ÂÎÍÓ‚ Ë ‰ÓÏÂÌÓ‚ ̋ ÚÓ-
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„Ó ÍÎ‡ÒÒ‡. ùÚÓ ÔÂ‰ÓÔÂ‰ÂÎËÎÓ ÌÂÓ·ıÓ‰ËÏÓÒÚ¸
ÔÓÒÚÓÂÌËfl Ó·ÌÓ‚ÎÂÌÌÓ„Ó ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡
‰Îfl ̋ ÚÓ„Ó ÍÎ‡ÒÒ‡ ·ÂÎÍÓ‚. èÓÒÚÓÂÌËÂ Ë ‡Ì‡ÎËÁ Ó·-
ÌÓ‚ÎÂÌÌÓ„Ó ‰Â‚‡ ÔÓÁ‚ÓÎflÂÚ ËÒÒÎÂ‰Ó‚‡Ú¸ ÌÓ‚˚Â
ÔÛÚË ÓÒÚ‡ ÒÚÛÍÚÛ, ‚ÂÒÚË ÔÓËÒÍ ÌÓ‚˚ı ÒÔÓÒÓ·Ó‚
ÛÍÎ‡‰ÍË ÔÓÎËÔÂÔÚË‰ÌÓÈ ˆÂÔË ‚ ÔÓÒÚ‡ÌÒÚ‚Â, Ó·-
Ì‡ÛÊË‚‡Ú¸ ÌÓ‚˚Â Á‡ÍÓÌÓÏÂÌÓÒÚË ‚ ·ÂÎÍÓ‚˚ı
ÒÚÛÍÚÛ‡ı Ë Ò Û˜ÂÚÓÏ ‚ÒÂ„Ó ˝ÚÓ„Ó ÏÓ‰ÂÌËÁËÓ-
‚‡Ú¸ Ô‡‚ËÎ‡ ÔÓÒÚÓÂÌËfl ÒÚÛÍÚÛÌ˚ı ‰ÂÂ‚¸Â‚.
êÂ¯ÂÌË˛ ˝ÚËı Á‡‰‡˜ Ë ÔÓÒ‚fl˘ÂÌ‡ Ì‡ÒÚÓfl˘‡fl
‡·ÓÚ‡.

 

éÅöÖäíõ à åÖíéÑõ àëëãÖÑéÇÄçàü

 

Å‡ÁÛ ‰‡ÌÌ˚ı 

 

β

 

-·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰Ë-
ÌËˆ˚, ÒÓÁ‰‡‚‡ÎË Ò ÔÓÏÓ˘¸˛ ÒËÒÚÂÏ˚ ÒÚÛÍ-
ÚÛÌÓÈ ÍÎ‡ÒÒËÙËÍ‡ˆËË SCOP (http://scop.mrc-lmb.
cam.ac.uk/scop/). éÚ·Ó ·ÂÎÍÓ‚ ÓÒÛ˘ÂÒÚ‚ÎflÎË
‚Û˜ÌÛ˛. ÇÒÂ„Ó ÓÚÓ·‡ÌÓ 528 ·ÂÎÍÓ‚ Ë ‰ÓÏÂÌÓ‚,
ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚, ËÁ ÌËı ÌÂ„ÓÏÓÎÓ„Ë˜-
Ì˚ı – 244. èÓ„‡ÏÏÛ BLAST ‰Îfl ÔÓÔ‡ÌÓ„Ó ‚˚-
‡‚ÌË‚‡ÌËfl (http://www.ncbi.nih.gov/BLAST/) ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË ‰Îfl ‚˚fl‚ÎÂÌËfl ‚ÓÁÏÓÊÌÓÈ „ÓÏÓÎÓ„ËË.
ÄÌ‡ÎËÁ ÒÚÛÍÚÛ˚ ·ÂÎÍÓ‚ ÔÓ‚Ó‰ËÎË ‚ËÁÛ‡Î¸ÌÓ Ò
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ëÓÁ‰‡Ì‡ ·‡Á‡ ‰‡ÌÌ˚ı 

 

b

 

-·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚, ÍÓÚÓ‡fl ‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl 528 ·ÂÎÍÓ‚ ËÁ
Å‡ÌÍ‡ ·ÂÎÍÓ‚˚ı ‰‡ÌÌ˚ı (PDB), ‚ ÚÓÏ ˜ËÒÎÂ 244 ÌÂ„ÓÏÓÎÓ„Ë˜Ì˚ı (‚˚·ÓÍ‡ ËÁ 1511 PDB-Ù‡ÈÎÓ‚).
èÓÒÚÓÂÌÓ Ó·ÌÓ‚ÎÂÌÌÓÂ ÒÚÛÍÚÛÌÓÂ ‰Â‚Ó ‰Îfl ·ÂÎÍÓ‚ ˝ÚÓ„Ó ÍÎ‡ÒÒ‡, ÒÓ‰ÂÊ‡˘ÂÂ 153 ‚ÓÁÏÓÊÌ˚Â
ÛÍÎ‡‰ÍË ÔÓÎËÔÂÔÚË‰ÌÓÈ ̂ ÂÔË. ç‡ ÓÒÌÓ‚Â ÔÓÒÚÓÂÌÌÓ„Ó ‰Â‚‡ ‡Á‡·ÓÚ‡Ì‡ ÒÓ‚ÂÏÂÌÌ‡fl ÒÚÛÍÚÛÌ‡fl
ÍÎ‡ÒÒËÙËÍ‡ˆËfl 

 

b

 

-·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚. ÇÒfl ËÌÙÓÏ‡ˆËfl Ó ·‡ÁÂ ‰‡ÌÌ˚ı, ‡ Ú‡ÍÊÂ
ÒÚÛÍÚÛÌÓÂ ‰Â‚Ó ‰ÓÒÚÛÔÌ˚ ‚ àÌÚÂÌÂÚÂ ÔÓ ‡‰ÂÒÛ: http://strees.protres.ru/. 
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NOVEL STRUCTURAL TREE FOR 

 

b

 

-PROTEINS CONTAINING abcd-UNITS, by 

 

A. B. Gordeev,
M. S. Kondratova, A. V. Efimov*

 

 (Institute of Protein Research, Russian Academy of Sciences, Pushchino,
Moscow Region, 142290 Russia; *e-mail: efimov@protres.ru). A database of 528 

 

b

 

-proteins and 

 

b

 

-do-
mains containing abcd-units (among them 244 are nonhomologous) has been compiled from the Protein
Data Bank (total 1511 PDB entries). A novel structural tree for this structural class of proteins that is
composed of 153 possible polypeptide chain folds has been constructed. The structural classification of

 

b

 

-proteins containing abcd-unit based on the structural tree has been developed. Both the database and
the structural tree are accessible at the web-site (http://strees.protres.ru/).
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ÉÓ‰ÂÂ‚ 

 

Ë ‰

 

.

 

ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓ„‡ÏÏ˚ ÏÓÎÂÍÛÎflÌÓÈ „‡-
ÙËÍË RasMol [5]. 

èÓÒÚÓÂÌËÂ ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡ ÔÓ‚Ó‰ËÎË ‚
ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ‡ÌÂÂ ÒÙÓÏÛÎËÓ‚‡ÌÌ˚ÏË Ô‡‚Ë-
Î‡ÏË [1–4]:

1) ‚ Í‡˜ÂÒÚ‚Â ÍÓÌÂ‚ÓÈ ÒÚÛÍÚÛ˚ ‰Â‚‡ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ì‡ abcd-Â‰ËÌËˆ‡, ÍÓÚÓ‡fl, Í‡Í ËÁ‚ÂÒÚÌÓ
[6], ËÏÂÂÚ ÛÌËÍ‡Î¸ÌÛ˛ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÛ˛ ÛÍÎ‡‰-
ÍÛ ˆÂÔË. èÓÒÚÂÈ¯ËÈ ‚‡Ë‡ÌÚ abcd-Â‰ËÌËˆ˚ ÒÓ-
ÒÚÓËÚ ËÁ ̃ ÂÚ˚Âı ÒÎÂ‰Û˛˘Ëı ‰Û„ Á‡ ‰Û„ÓÏ ‚‰ÓÎ¸
ˆÂÔË 

 

β

 

-ÚflÊÂÈ a, b, c Ë d, ÚË ËÁ ÍÓÚÓ˚ı (a, b, Ë d)
ÎÂÊ‡Ú ‚ Ó‰ÌÓÏ ÒÎÓÂ, ‡ ˜ÂÚ‚ÂÚ˚È (Ò) – ‚ ‰Û„ÓÏ
ÒÎÓÂ. íflÊË b, c Ë d Ó·‡ÁÛ˛Ú Ô‡‚Û˛ ÒÛÔÂÒÔË‡Î¸
bcd. abcd-Â‰ËÌËˆ‡ ÏÓÊÂÚ ·˚Ú¸ ‚ ‰‚Ûı ‚‡Ë‡ÌÚ‡ı –
Ò ÔflÏ˚Ï Ë Ó·‡ÚÌ˚Ï ıÓ‰ÓÏ ÔÓÎËÔÂÔÚË‰ÌÓÈ ˆÂÔË
(ËÒ. 1

 

‡

 

 Ë 1

 

·

 

). èË ÔÓÒÚÓÂÌËË ‰Â‚‡ abcd-Â‰ËÌË-
ˆ‡, Ú‡Í ÊÂ, Í‡Í Ë ‚ÒÂ ‰Û„ËÂ ÒÚÛÍÚÛ˚, ÔÂ‰ÒÚ‡‚-
ÎÂÌ‡ ‚ ÛÔÓ˘ÂÌÌÓÏ ‚Ë‰Â (ËÒ. 1

 

‚

 

) ·ÂÁ ÛÍ‡Á‡ÌËfl Ì‡-
Ô‡‚ÎÂÌËfl ˆÂÔË. èË ˝ÚÓÏ ÔÓ‰‡ÁÛÏÂ‚‡ÂÚÒfl, ˜ÚÓ
‡ÁÂ¯ÂÌ Í‡Í ÔflÏÓÈ, Ú‡Í Ë Ó·‡ÚÌ˚È ıÓ‰ ˆÂÔË ‚
Í‡Ê‰ÓÏ ÒÎÛ˜‡Â;

2) ÔËÒÚ‡Ë‚‡ÌËÂ ‰Û„Ëı 

 

β

 

-ÚflÊÂÈ Í ‡ÒÚÛ˘ËÏ
ÍÓÌÂ‚ÓÈ Ë ÔÓÏÂÊÛÚÓ˜Ì˚Ï ÒÚÛÍÚÛ‡Ï ÔÓ‚Ó‰Ë-
ÎË ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ̄ ‡„ Á‡ ̄ ‡„ÓÏ; ÔË ̋ ÚÓÏ Í‡Ê-
‰‡fl ÒÚÛÍÚÛ‡, ÔÓÎÛ˜ÂÌÌ‡fl Ì‡ ÔÂ‰˚‰Û˘ÂÏ ˝Ú‡ÔÂ,
ÒÓı‡ÌflÎ‡Ò¸ ‚ ÒÓÒÚ‡‚Â ÔÓÒÎÂ‰Û˛˘ÂÈ Ë Ú.‰. ç‡
Í‡Ê‰ÓÏ ˝Ú‡ÔÂ 

 

β

 

-ÚflÊ, ‡ÒÔÓÎÓÊÂÌÌ˚È ·ÎËÊÂ ‰Û-
„Ëı Í ‡ÒÚÛ˘ÂÈ ÒÚÛÍÚÛÂ ÔÓ ˆÂÔË, ÔËÒÚ‡Ë‚‡ÎÒfl
ÔÂ‚˚Ï [2, 6];

3) ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔËÌˆËÔÓÏ ÔÎÓÚÌÓÈ ÛÔ‡-
ÍÓ‚ÍË ‚ÒÂ ÔÓÎÛ˜ÂÌÌ˚Â ÒÚÛÍÚÛ˚ ‰ÓÎÊÌ˚ ·˚Ú¸
ÍÓÏÔ‡ÍÚÌ˚ÏË;

4) ÔÂÂÒÂ˜ÂÌËÂ ÔÂÂÚflÊÂÍ [7] Ë Ó·‡ÁÓ‚‡ÌËÂ
ÛÁÎÓ‚ [8] Á‡ÔÂ˘ÂÌÓ;

5) ‚ÒÂ ÒÚÛÍÚÛÌ˚Â ÏÓÚË‚˚ (Ú.Â. ÌÂ ÚÓÎ¸ÍÓ ÍÓ-
ÌÂ‚˚Â ÏÓÚË‚˚) ‰ÓÎÊÌ˚ ËÏÂÚ¸ Ò‚ÓÈÒÚ‚ÂÌÌÛ˛ ËÏ
ıË‡Î¸ÌÓÒÚ¸ Ë ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÛ˛ ÛÍÎ‡‰ÍÛ ˆÂÔË;

6) ‚ ‰‚ÛıÒÎÓÈÌ˚ı 

 

β

 

-·ÂÎÍ‡ı ÚË ÔÓ‰fl‰ Ë‰Û˘ËÂ
ÔÓ ˆÂÔË 

 

β

 

-ÚflÊ‡ ÌÂ ‰ÓÎÊÌ˚ Ó·‡ÁÓ‚˚‚‡Ú¸ 

 

β

 

–

 

β

 

–

 

β

 

-
ÒÛÔÂÒÔË‡Î¸, ‚ ÍÓÚÓÓÈ ÔÂ‚˚È Ë ÚÂÚËÈ 

 

β

 

-ÚflÊË

ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛Ú ‰Û„ Ò ‰Û„ÓÏ
Ò Ó·‡ÁÓ‚‡ÌËÂÏ Ô‡‡ÎÎÂÎ¸ÌÓÈ 

 

β

 

-ÒÚÛÍÚÛ˚ [2, 6].
é·‡ÁÓ‚‡ÌËÂ ÒÛÔÂÒÔË‡ÎË ÚÂÏfl ÔÓ‰fl‰ Ë‰Û˘ËÏË

 

β

 

-ÚflÊ‡ÏË ‡ÁÂ¯ÂÌÓ, ÂÒÎË ‚ 

 

β

 

-ÒÎÓÂ ÏÂÊ‰Û ÔÂ‚˚Ï
Ë ÚÂÚ¸ËÏ ÚflÊ‡ÏË Ì‡ıÓ‰ËÚÒfl, ÔÓ Í‡ÈÌÂÈ ÏÂÂ, Â˘Â
Ó‰ËÌ ÚflÊ (Ì‡ÔËÏÂ ÒÛÔÂÒÔË‡Î¸ bcd Ë a-ÚflÊ ‚ ab-
cd-Â‰ËÌËˆÂ). ä‡Í ÔÓÍ‡Á‡ÌÓ ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ, ˝ÚÓ
Ô‡‚ËÎÓ ıÓÓ¯Ó Ò‡·‡Ú˚‚‡ÂÚ ÔË ÔËÒÚ‡Ë‚‡ÌËË Í
abcd-Â‰ËÌËˆÂ ·ÎËÊÌËı 3–4 ÚflÊÂÈ Ë Ì‡Û¯‡ÂÚÒfl
(ÔË·ÎËÁËÚÂÎ¸ÌÓ ‚ 25–30% ÒÎÛ˜‡Â‚) ÔË Á‡‚Â¯Â-
ÌËË ÓÒÚ‡ ÒÚÛÍÚÛ, ÍÓ„‰‡ ÔËÒÚ‡Ë‚‡˛ÚÒfl ÔflÚ˚È,
¯ÂÒÚÓÈ ËÎË ÒÂ‰¸ÏÓÈ 

 

β

 

-ÚflÊË.

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ Ù‡„ÏÂÌÚ ÔÓÒÚÓÂÌÌÓ„Ó
ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡. èÓÎÌÓÂ ÒÚÛÍÚÛÌÓÂ ‰Â‚Ó
·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚, ‡ÁÏÂ˘ÂÌÓ Ì‡
ÒÂ‚ÂÂ àÌÒÚËÚÛÚ‡ ·ÂÎÍ‡ êÄç ÔÓ ‡‰ÂÒÛ (http://
strees.protres.ru/). ä‡Í ‚Ë‰ÌÓ, ‚ ÒÚÛÍÚÛÌÓÏ ‰Â‚Â
ÏÓÊÌÓ ‚˚‰ÂÎËÚ¸ ÌÂÒÍÓÎ¸ÍÓ ÛÓ‚ÌÂÈ ËÎË fl‰Ó‚. Ç
Í‡Ê‰ÓÏ ÛÓ‚ÌÂ (fl‰Û) Ì‡ıÓ‰flÚÒfl ‚ÓÁÏÓÊÌ˚Â
ÛÍÎ‡‰ÍË ÔÓÎËÔÂÔÚË‰ÌÓÈ ˆÂÔË, ÒÓÒÚÓfl˘ËÂ ËÁ Ó‰Ë-
Ì‡ÍÓ‚Ó„Ó ÍÓÎË˜ÂÒÚ‚‡ 

 

β

 

-ÚflÊÂÈ. ÇÒÂ ÛÍÎ‡‰ÍË ‚ ‰Â-
‚Â ÔÓÌÛÏÂÓ‚‡Ì˚, Ë Í‡Ê‰‡fl ÛÍÎ‡‰Í‡ ˆÂÔË ËÏÂÂÚ
Ò‚ÓÈ ÌÓÏÂ, ÒÓÒÚÓfl˘ËÈ ËÁ ‰‚Ûı ˜ËÒÂÎ, ‡Á‰ÂÎÂÌ-
Ì˚ı ÚÓ˜ÍÓÈ ËÎË ÚËÂ. èÂ‚ÓÂ ˜ËÒÎÓ ÛÍ‡Á˚‚‡ÂÚ
ÍÓÎË˜ÂÒÚ‚Ó ‰Ó·‡‚ÎÂÌÌ˚ı Í abcd-Â‰ËÌËˆÂ 

 

β

 

-ÚflÊÂÈ.
ç‡ÔËÏÂ, ÛÍÎ‡‰ÍË ÔÂ‚Ó„Ó ÛÓ‚Ìfl (fl‰‡) ÒÓ‰Â-
Ê‡Ú Ó‰ËÌ ‰Ó·‡‚ÎÂÌÌ˚È 

 

β

 

-ÚflÊ Ë Ó·ÓÁÌ‡˜‡˛ÚÒfl
ˆËÙÓÈ 1, ‚ÚÓÓ„Ó fl‰‡ – ˆËÙÓÈ 2 Ë Ú.‰. ÇÚÓÓÂ
˜ËÒÎÓ Ó·ÓÁÌ‡˜‡ÂÚ ÔÓfl‰ÍÓ‚˚È ÌÓÏÂ ÛÍÎ‡‰ÍË, ÂÒ-
ÎË Ò˜ËÚ‡Ú¸ Ëı ÒÎÂ‚‡ Ì‡Ô‡‚Ó ‚ Í‡Ê‰ÓÏ fl‰Û. ç‡-
ÔËÏÂ, ‚ ˜ÂÚ‚ÂÚÓÏ fl‰Û Ì‡ıÓ‰flÚÒfl ‚ÒÂ„Ó
36 ÛÍÎ‡‰ÓÍ, Ë ÓÌË ËÏÂ˛Ú ÌÓÏÂ‡ Ò 4–1 ‰Ó 4–36.

ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÒÚÛÍÚÛÌÓÂ ‰Â‚Ó ËÏÂÂÚ
ÌÂÒÍÓÎ¸ÍÓ ‚ÂÚ‚ÂÈ. Ç ÒÓÒÚ‡‚Â Ó‰ÌÓÈ ‚ÂÚ‚Ë ÛÍÎ‡‰Í‡
ˆÂÔË, Ì‡ıÓ‰fl˘‡flÒfl Ì‡ ·ÓÎÂÂ ‚˚ÒÓÍÓÏ ÛÓ‚ÌÂ, ÒÓ-
‰ÂÊËÚ ‚ ÒÂ·Â ÛÍÎ‡‰ÍË, ‡ÒÔÓÎÓÊÂÌÌ˚Â ÌËÊÂ.
ìÍÎ‡‰ÍË ËÁ ‡ÁÌ˚ı ‚ÂÚ‚ÂÈ ÒÓ‰ÂÊ‡Ú ‚ ÒÂ·Â Ó‰ÌÛ Ë
ÚÛ ÊÂ ÛÍÎ‡‰ÍÛ, Ì‡ıÓ‰fl˘Û˛Òfl ‚ ÏÂÒÚÂ ‡Á‚ÂÚ‚ÎÂ-
ÌËfl. óÂÏ ‚˚¯Â ‚ ÒÚÛÍÚÛÌÓÏ ‰Â‚Â Ì‡ıÓ‰ËÚÒfl
ÚÓ˜Í‡ ‡Á‚ÂÚ‚ÎÂÌËfl, ÚÂÏ ‚˚¯Â ÛÓ‚ÂÌ¸ ÒÚÛÍÚÛ-
ÌÓ„Ó ÒıÓ‰ÒÚ‚‡ ÏÂÊ‰Û ·ÂÎÍ‡ÏË ËÎË ‰ÓÏÂÌ‡ÏË ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Ëı ‚ÂÚ‚ÂÈ. 

ÇÒÂ„Ó Ó·ÌÓ‚ÎÂÌÌÓÂ ‰Â‚Ó ÒÓ‰ÂÊËÚ 153 ÛÍÎ‡‰-
ÍË. ÑÓ ÛÓ‚Ìfl ÔflÚË ‰Ó·‡‚Ó˜Ì˚ı 

 

β

 

-ÚflÊÂÈ ‚ ‰Â‚Ó
‚ÍÎ˛˜ÂÌ˚ ‚ÒÂ ÚÂÓÂÚË˜ÂÒÍË ‡ÁÂ¯ÂÌÌ˚Â ÛÍÎ‡‰-
ÍË. ç‡ ·ÓÎÂÂ ‚˚ÒÓÍËı ÛÓ‚Ìflı ÔÓÍ‡Á‡Ì˚ ÚÓÎ¸ÍÓ
ÚÂ ÔÛÚË ÓÒÚ‡ ÒÚÛÍÚÛ, ÍÓÚÓ˚Â ‚Â‰ÛÚ Í ÒÚÛÍÚÛ-
‡Ï ËÁ‚ÂÒÚÌ˚ı ·ÂÎÍÓ‚. é‰Ì‡ ËÁ „Î‡‚Ì˚ı ÔË˜ËÌ
˝ÚÓ„Ó ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ·ÂÎÍË Ë ‰ÓÏÂÌ˚ ËÏÂ˛Ú
Ó„‡ÌË˜ÂÌÌ˚È ‡ÁÏÂ, Ë ·oÎ¸¯‡fl ˜‡ÒÚ¸ ·ÂÎÍÓ‚
˝ÚÓ„Ó ÍÎ‡ÒÒ‡ (~75%) ÒÓÒÚÓËÚ ËÁ abcd-Â‰ËÌËˆ˚ Ë 3–
5 ‰Ó·‡‚Ó˜Ì˚ı 

 

β

 

-ÚflÊÂÈ. ÑÛ„‡fl ÔË˜ËÌ‡ – ‚ ÚÓÏ,
˜ÚÓ ÍÓÎË˜ÂÒÚ‚Ó ‚ÓÁÏÓÊÌ˚ı ÛÍÎ‡‰ÓÍ ‚ ‚ÂıÌËı
ÛÓ‚Ìflı ÂÁÍÓ ‚ÓÁ‡ÒÚ‡ÂÚ, Ë ‚ ˆÂÎflı ˝ÍÓÌÓÏËË ÏÂ-
ÒÚ‡ Ì‡ ‰Â‚Â ÔÓÍ‡Á‡Ì‡ ÚÓÎ¸ÍÓ ˜‡ÒÚ¸ ËÁ ÌËı. íÂÏ ÌÂ
ÏÂÌÂÂ ‰‡ÊÂ ‚ Ú‡ÍÓÏ ‚Ë‰Â Ó·ÌÓ‚ÎÂÌÌÓÂ ‰Â‚Ó ÒÓ-

 

c c

c

badbadbad

 

a · ‚

 

êËÒ. 1.

 

 ëıÂÏ‡ÚË˜ÂÒÍÓÂ ËÁÓ·‡ÊÂÌËÂ abcd-Â‰ËÌËˆ˚ Ò
ÔflÏ˚Ï (

 

‡

 

) Ë Ó·‡ÚÌ˚Ï (

 

·

 

) Ì‡Ô‡‚ÎÂÌËÂÏ ˆÂÔË. 

 

β

 

-ífl-
ÊË ÔÓÍ‡Á‡Ì˚ ‚ ‚Ë‰Â ÒÚÂÎÓÍ, Ì‡Ô‡‚ÎÂÌÌ˚ı ÓÚ N- Í
C-ÍÓÌˆ‡Ï. 

 

‚

 

 – ÇË‰ abcd-Â‰ËÌËˆ˚ Ò ÚÓˆ‡, 

 

β

 

-ÚflÊË ËÁÓ·-
‡ÊÂÌ˚ Í‚‡‰‡ÚËÍ‡ÏË; ÔÂÂÚflÊÍË, Ì‡Ô‡‚ÎÂÌÌ˚Â Í
Ì‡·Î˛‰‡ÚÂÎ˛, ÔÓÍ‡Á‡Ì˚ ‰‚ÓÈÌ˚ÏË ÎËÌËflÏË, ‡ Û‰‡-
ÎÂÌÌ˚Â – Ó‰ËÌ‡Ì˚ÏË ÎËÌËflÏË. ÅÛÍ‚‡ÏË a, b, c Ë d
Ó·ÓÁÌ‡˜ÂÌ˚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ 

 

β

 

-ÚflÊË.
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β
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‰ÂÊËÚ ‚ ÌÂÒÍÓÎ¸ÍÓ ‡Á ·ÓÎ¸¯Â ‚ÓÁÏÓÊÌ˚ı ÛÍÎ‡-
‰ÓÍ, ˜ÂÏ ÔÂ‚˚È ‚‡Ë‡ÌÚ ‰Â‚‡ (153 ÛÍÎ‡‰ÍË ÔÓ
Ò‡‚ÌÂÌË˛ Ò 36 ‚ ÔÂ‚ÓÏ ‚‡Ë‡ÌÚÂ [2]), Ë ÔÓ˜ÚË Ì‡
ÔÓfl‰ÓÍ ·ÓÎ¸¯Â ËÁ‚ÂÒÚÌ˚ı ·ÂÎÍÓ‚ Ë ‰ÓÏÂÌÓ‚
(528 ·ÂÎÍÓ‚ ÔÓ Ò‡‚ÌÂÌË˛ Ò 40 ‚ ÔÂ‚ÓÏ ‚‡Ë‡Ì-
ÚÂ). ç‡ Ó·ÌÓ‚ÎÂÌÌÓÏ ‰Â‚Â ÔÂ‰ÒÚ‡‚ÎÂÌ Ú‡ÍÊÂ
fl‰ ÌÓ‚˚ı ÔÛÚÂÈ ÓÒÚ‡ ÔÓÏÂÊÛÚÓ˜Ì˚ı ÒÚÛÍÚÛ,
ÍÓÚÓ˚Â ÔË‚Ó‰flÚ Í ÌÓ‚˚Ï ÚËÔ‡Ï ÛÍÎ‡‰ÓÍ ˆÂÔË.
àÌÚÂÂÒÌÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ ËÁ 18 ÛÍÎ‡‰ÓÍ ˆÂÔË ‚
ÔÂ‚ÓÏ ‚‡Ë‡ÌÚÂ ‰Â‚‡ [2], ÍÓÚÓ˚Â ÌÂ ·˚ÎË ‚ ÚÓ
‚ÂÏfl Ó·Ì‡ÛÊÂÌ˚ ‚ ·ÂÎÍ‡ı, 7 ÛÍÎ‡‰ÓÍ ÒÂÈ˜‡Ò
Ì‡È‰ÂÌ˚ ‚ ËÁ‚ÂÒÚÌ˚ı ÒÚÛÍÚÛ‡ı ·ÂÎÍÓ‚. í‡ÍËÏ
Ó·‡ÁÓÏ, Ô‡‚ËÎ¸ÌÓ ÔÂ‰ÒÍ‡Á‡Ì˚, ÔÓ Í‡ÈÌÂÈ ÏÂ-
Â, 7 ÌÂËÁ‚ÂÒÚÌ˚ı ‚ ÚÓ ‚ÂÏfl ÛÍÎ‡‰ÓÍ ˆÂÔË.

ÄÌ‡ÎËÁ ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡ ÔÓÁ‚ÓÎflÂÚ ËÒÒÎÂ-
‰Ó‚‡Ú¸ ÔÓˆÂÒÒ “ÒÓÁÂ‚‡ÌËfl” ·ÂÎÍÓ‚ÓÈ „ÎÓ·ÛÎ˚
ËÎË ‰ÓÏÂÌ‡ Ë, ÔÂÊ‰Â ‚ÒÂ„Ó, ‚˚flÒÌËÚ¸ ÔË˜ËÌ˚
ÔÂÍ‡˘ÂÌËfl ÓÒÚ‡ ÒÚÛÍÚÛ. ä‡Í ÓÚÏÂ˜‡ÎÓÒ¸
‚˚¯Â, ·ÂÎÍË Ë ‰ÓÏÂÌ˚ ËÏÂ˛Ú Ó„‡ÌË˜ÂÌÌ˚È ‡Á-
ÏÂ, Ë Ì‡·Î˛‰‡ÂÚÒfl ·ÓÎ¸¯Â ‚ÒÂ„Ó ·ÂÎÍÓ‚ Ë ‰ÓÏÂ-
ÌÓ‚ Ò ˜ÂÚ˚¸Ïfl ‰Ó·‡‚Ó˜Ì˚ÏË 

 

β

 

-ÚflÊ‡ÏË (ÓÍÓÎÓ
37%, ÂÒÎË ÔËÌËÏ‡Ú¸ ‚Ó ‚ÌËÏ‡ÌËÂ ÚÓÎ¸ÍÓ ÌÂ„ÓÏÓ-
ÎÓ„Ë˜Ì˚Â ·ÂÎÍË). ç‡ÒÂÎÂÌÌÓÒÚ¸ ·ÂÎÍ‡ÏË ‰Û„Ëı
ÛÓ‚ÌÂÈ ‰Â‚‡ ·˚ÒÚÓ ÒÌËÊ‡ÂÚÒfl, Ë Ì‡ÏË Ì‡È‰ÂÌ
‚ÒÂ„Ó Ó‰ËÌ ·ÂÎÓÍ (ËÁ 244), ËÏÂ˛˘ËÈ 8 ‰Ó·‡‚Ó˜Ì˚ı

 

β

 

-ÚflÊÂÈ. í‡ÍËÏ Ó·‡ÁÓÏ, “ÁÂÎ˚È” ·ÂÎÓÍ ËÎË ‰ÓÏÂÌ
‰ÓÎÊÂÌ ÒÓÒÚÓflÚ¸ ËÁ ÓÔÚËÏ‡Î¸ÌÓ„Ó ˜ËÒÎ‡ 

 

β

 

-ÚflÊÂÈ. 

ë ‰Û„ÓÈ ÒÚÓÓÌ˚, Ì‡ÏË Ó·Ì‡ÛÊÂÌÓ, ̃ ÚÓ Ì‡Û-
¯ÂÌËfl Ô‡‚ËÎ ÔËÒÚ‡Ë‚‡ÌËfl ˝ÎÂÏÂÌÚÓ‚ ‚ÚÓË˜-
ÌÓÈ ÒÚÛÍÚÛ˚ Í ‡ÒÚÛ˘ËÏ ÒÚÛÍÚÛ‡Ï Ì‡·Î˛‰‡-
˛ÚÒfl, Í‡Í Ô‡‚ËÎÓ, Ì‡ ÔÓÒÎÂ‰ÌËı ˝Ú‡Ô‡ı ÓÒÚ‡
ÒÚÛÍÚÛ. ç‡ÔËÏÂ, Ô‡‚ËÎÓ 6 Ì‡Û¯‡ÂÚÒfl ‚
20 ·ÂÎÍ‡ı Ë ‰ÓÏÂÌ‡ı, ÓÚÌÓÒfl˘ËıÒfl Í 7 ‡ÁÎË˜Ì˚Ï
ÛÍÎ‡‰Í‡Ï, Ë ‚Ó ‚ÒÂı ÒÎÛ˜‡flı ˝ÚÓ ÔÓËÒıÓ‰ËÚ ÔË
Á‡‚Â¯ÂÌËË ÓÒÚ‡ ÒÚÛÍÚÛ. ÄÌ‡ÎÓ„Ë˜ÌÓ, ÎÂ‚˚Â

 

βαβ

 

-Â‰ËÌËˆ˚ (Í‡Í Ô‡‚ËÎÓ, ÓÌË Ô‡‚˚Â) ‚ 

 

α

 

/

 

β

 

-
·ÂÎÍ‡ı Ú‡ÍÊÂ Ó·‡ÁÛ˛ÚÒfl Ì‡ ÔÓÒÎÂ‰ÌËı ˝Ú‡Ô‡ı
ÓÒÚ‡ ˝ÚËı ·ÂÎÍÓ‚ ËÎË ‰ÓÏÂÌÓ‚ [2]. èÓ-‚Ë‰ËÏÓÏÛ,
Ú‡ÍËÂ “Ì‡Û¯ÂÌËfl” fl‚Îfl˛ÚÒfl Ó‰ÌËÏ ËÁ ÒÔÓÒÓ·Ó‚
ÓÒÚ‡ÌÓ‚ÍË ÓÒÚ‡ ÒÚÛÍÚÛ. é‰Ì‡ÍÓ ÔÓÌflÚÌÓ, ˜ÚÓ
˝Ú‡ ÔÓ·ÎÂÏ‡ ÚÂ·ÛÂÚ ‰‡Î¸ÌÂÈ¯Â„Ó ËÁÛ˜ÂÌËfl.

é‰ÌÓ ËÁ Ì‡Ë·ÓÎÂÂ ‚‡ÊÌ˚ı ÔËÏÂÌÂÌËÈ ÒÚÛÍ-
ÚÛÌ˚ı ‰ÂÂ‚¸Â‚ – ˝ÚÓ Ëı ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‰Îfl
ÒÚÛÍÚÛÌÓÈ ÍÎ‡ÒÒËÙËÍ‡ˆËË ·ÂÎÍÓ‚. ÇÒÂ ·ÂÎÍË Ë
‰ÓÏÂÌ˚, ‚ıÓ‰fl˘ËÂ ‚ ÒÓÒÚ‡‚ Ó‰ÌÓ„Ó ‰Â‚‡, ÏÓ„ÛÚ
·˚Ú¸ ÓÚÌÂÒÂÌ˚ Í Ó‰ÌÓÏÛ ÒÚÛÍÚÛÌÓÏÛ ÍÎ‡ÒÒÛ
ËÎË ÒÛÔÂÒÂÏÂÈÒÚ‚Û. ÅÂÎÍË Ë ‰ÓÏÂÌ˚, ÔËÌ‡‰ÎÂ-
Ê‡˘ËÂ ‚ÂÚ‚flÏ ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡, Ó·‡ÁÛ˛Ú ÔÓ‰-
ÍÎ‡ÒÒ˚. ä‡Í ‚Ë‰ÌÓ, Ú‡Í‡fl ÍÎ‡ÒÒËÙËÍ‡ˆËfl ·‡ÁËÛ-
ÂÚÒfl ÚÓÎ¸ÍÓ Ì‡ ÒıÓ‰ÒÚ‚Â ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚ı ÒÚÛÍ-

 

5–17 5–18 5–19 5–20 5–21 5–22 5–23

4–154–144–134–124–114–104–9
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1–1

2–1

 

êËÒ. 2.

 

 î‡„ÏÂÌÚ ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡ 

 

β

 

-·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚. ÇÒÂ ÒÚÛÍÚÛ˚ ÓËÂÌÚËÓ‚‡Ì˚ Ó‰ËÌ‡ÍÓ-
‚˚Ï Ó·‡ÁÓÏ, Ë ÔÓÍ‡Á‡Ì Ëı ‚Ë‰ Ò ÚÓˆ‡, Í‡Í Ì‡ ËÒ. 1

 

‚

 

. ìÍÎ‡‰ÍË ˆÂÔË, Ì‡È‰ÂÌÌ˚Â ‚ ·ÂÎÍ‡ı, Ó·‚Â‰ÂÌ˚ ‚ ‡ÏÓ˜ÍË.

 

1–2
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ÉÓ‰ÂÂ‚ 

 

Ë ‰

 

.

 

ÚÛ Ë Ì‡ Ó·˘ÌÓÒÚË ÒÏÓ‰ÂÎËÓ‚‡ÌÌ˚ı ÔÛÚÂÈ
Ò‚Ó‡˜Ë‚‡ÌËfl. Ç ÌÂÈ ÌÂ Û˜ËÚ˚‚‡˛ÚÒfl ‡ÏËÌÓÍËÒ-
ÎÓÚÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ‡ Ú‡ÍÊÂ ËÌÙÓÏ‡-
ˆËfl Ó ÙÛÌÍˆËflı Ë ˝‚ÓÎ˛ˆËÓÌÌÓÏ Ó‰ÒÚ‚Â ·ÂÎÍÓ‚,
˜ÚÓ ‚ ÚÓÈ ËÎË ËÌÓÈ ÒÚÂÔÂÌË Û˜ËÚ˚‚‡ÂÚÒfl ‚ ‰Û„Ëı
ËÁ‚ÂÒÚÌ˚ı ÍÎ‡ÒÒËÙËÍ‡ˆËflı [9–11].

ç‡ ÓÒÌÓ‚Â Ó·ÌÓ‚ÎÂÌÌÓ„Ó ÒÚÛÍÚÛÌÓ„Ó ‰Â‚‡
Ì‡ÏË ÒÓÁ‰‡Ì‡ ËÂ‡ıË˜ÂÒÍË Ó„‡ÌËÁÓ‚‡ÌÌ‡fl ·‡Á‡
‰‡ÌÌ˚ı ‚ÒÂı 

 

β

 

-·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı abcd-Â‰ËÌËˆ˚,
ÍÓÚÓ‡fl ‰ÓÒÚÛÔÌ‡ ‚ àÌÚÂÌÂÚÂ (http://strees.pro-
tres.ru/). ë ÚËÚÛÎ¸ÌÓÈ ÒÚ‡ÌËˆ˚ Ò‡ÈÚ‡ ÏÓÊÌÓ ÔÂÂÈ-
ÚË Ì‡ ÒÚ‡ÌËˆ˚ Ò Ù‡„ÏÂÌÚ‡ÏË ÒÚÛÍÚÛÌÓ„Ó ‰Â-
‚‡ ËÎË ‚ÓÈÚË ‚ ÒËÒÚÂÏÛ ÔÓËÒÍ‡ ÌÛÊÌÓ„Ó ·ÂÎÍ‡ ÔÓ
PDB-ÍÓ‰Û. ëÚ‡ÌËˆ˚ ÎÓ„Ë˜ÂÒÍË Ò‚flÁ‡Ì˚ ‰Û„ Ò
‰Û„ÓÏ Ò ÔÓÏÓ˘¸˛ ÍÓÌÚÂÍÒÚÌ˚ı ÔÂÂıÓ‰Ó‚. åÓÊ-
ÌÓ Á‡„ÛÁËÚ¸ PDB-Ù‡ÈÎ˚ ‚ÒÂı ÒÓ‰ÂÊ‡˘ËıÒfl ‚ ·‡-
ÁÂ ‰‡ÌÌ˚ı ·ÂÎÍÓ‚ (‚ÒÂ„Ó 1511 PDB-Ù‡ÈÎÓ‚ ‰Îfl 528
·ÂÎÍÓ‚ Ë Ëı ÏÛÚ‡ÌÚÓ‚) Ë ÔÓÒÏÓÚÂÚ¸ Ëı Ò ÔÓÏÓ-
˘¸˛ Î˛·ÓÈ ÔÓ„‡ÏÏ˚ ÏÓÎÂÍÛÎflÌÓÈ „‡ÙËÍË.
ÑÎfl Ó·ÎÂ„˜ÂÌËfl ‡·ÓÚ˚ Ò ·‡ÁÓÈ ‰‡ÌÌ˚ı ËÏÂÂÚÒfl
ÒÚ‡ÌËˆ‡ Ò ËÌÒÚÛÍˆËÂÈ.

Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ‚Â‰ÂÚÒfl ‡·ÓÚ‡ ÔÓ ÒÓÁ‰‡-
ÌË˛ ·‡Á ‰‡ÌÌ˚ı Ë ÔÓÒÚÓÂÌË˛ Ó·ÌÓ‚ÎÂÌÌ˚ı
ÒÚÛÍÚÛÌ˚ı ‰ÂÂ‚¸Â‚ ‰Û„Ëı ÒÚÛÍÚÛÌ˚ı ÍÎ‡Ò-
ÒÓ‚. ÇÒÂ ÒÚÛÍÚÛÌ˚Â ‰ÂÂ‚¸fl Ë ·‡Á˚ ‰‡ÌÌ˚ı ·Û-
‰ÛÚ ‰ÓÒÚÛÔÌ˚ ‚ àÌÚÂÌÂÚÂ.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ êÓÒÒËÈÒÍÓ„Ó
ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ (07-04-
00659).

 

ëèàëéä ãàíÖêÄíìêõ

 

1. Efimov A.V. 1996. A structural tree for 

 

α

 

-helical pro-
teins containing 

 

α

 

–

 

α

 

-corners and its application to pro-
tein classification. 

 

FEBS Lett

 

. 

 

391

 

, 167–170.
2. Efimov A.V. 1997. Structural trees for protein superfa-

milies. 

 

Proteins

 

. 

 

28

 

, 241–260.
3. Efimov A.V. 1997. A structural tree for proteins contain-

ing 3

 

β

 

-corners. 

 

FEBS Lett

 

. 

 

407

 

, 37–41.
4. Efimov A.V. 1998. A structural tree for proteins contain-

ing S-like 

 

β

 

-sheets. 

 

FEBS Lett

 

. 

 

437

 

, 246–250.
5. Sayle R.A., Milner-White E.J. 1995. RASMOL – bio-

molecular graphics for all. 

 

Trends Biochem. Sci

 

. 

 

20

 

,
374–376.

6. ÖÙËÏÓ‚ Ä.Ç. 1982. ëÛÔÂ‚ÚÓË˜Ì‡fl ÒÚÛÍÚÛ‡

 

β

 

-·ÂÎÍÓ‚. 

 

åÓÎÂÍÛÎfl. ·ËÓÎÓ„Ëfl.

 

 

 

16

 

, 799–806.
7. ãËÏ Ç.à., å‡Á‡ÌÓ‚ Ä.ã., ÖÙËÏÓ‚ Ä.Ç. 1978. ëÚÂ-

ÂÓıËÏË˜ÂÒÍ‡fl ÚÂÓËfl ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ ÒÚÛÍÚÛ-
˚ „ÎÓ·ÛÎflÌ˚ı ·ÂÎÍÓ‚. I. Ç˚ÒÓÍÓÒÔË‡Î¸Ì˚Â
ÔÓÏÂÊÛÚÓ˜Ì˚Â ÒÚÛÍÚÛ˚. 

 

åÓÎÂÍÛÎfl. ·ËÓÎÓ-
„Ëfl.

 

 

 

12

 

, 206–213.
8. Richardson J.S. 1977. 

 

β

 

-Sheet topology and relatedness
of proteins. 

 

Nature

 

. 

 

268

 

, 495–500.
9. Murzin A.G., Brenner S.E., Hubbard T., Chothia C.

1995. SCOP: a structural classification of proteins data-
base for the investigation of sequences and structures. 

 

J.
Mol. Biol

 

. 

 

247

 

, 536–540.
10. Holm L., Sander C. 1999. Protein folds and families: se-

quence and structure alignments. 

 

Nucl. Acids Res

 

. 

 

27

 

,
244–247.

11. Orengo C.A., Michie A.D., Jones S., Jones D.T., Swin-
dells M.B., Thornton J.M. 1997. CATH – a hierarchic
classification of protein domain structures. 

 

Structure

 

. 

 

5

 

,
1093–1108.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


