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ëÂ‰Ë ÓÌÚÓ„ÂÌÂÚË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚, ÏÓÎÂÍÛ-
ÎflÌ˚Â ÏÂı‡ÌËÁÏ˚ ÍÓÚÓ˚ı ‡ÍÚË‚ÌÓ ËÁÛ˜‡˛Ú Û
‚˚Ò¯Ëı ÔÓÁ‚ÓÌÓ˜Ì˚ı, ‚ ˜‡ÒÚÌÓÒÚË Û ˜ÂÎÓ‚ÂÍ‡,
ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ‚ÌËÏ‡ÌËÂ Ì‡ ÔÓÚflÊÂÌËË ÛÊÂ ÌÂ-
ÒÍÓÎ¸ÍËı ‰ÂÒflÚËÎÂÚËÈ ÔË‚ÎÂÍ‡˛Ú Â„ÂÌÂ‡ˆËfl Ë
„ËÔÂÚÓÙËfl ÒÍÂÎÂÚÌÓÈ ÏÛÒÍÛÎ‡ÚÛ˚ (Allbrook,
1981; Schiaffino, Reggiani, 1996; Ehrhardt et al.,
2007). ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ÔËÌˆËÔË‡Î¸ÌÛ˛ ÓÎ¸ ‚
˝ÚÓÏ ÔÓˆÂÒÒÂ Ë„‡˛Ú Ò‡ÚÂÎÎËÚÌ˚Â ÍÎÂÚÍË ÒÍÂ-
ÎÂÚÌÓÈ ÏÛÒÍÛÎ‡ÚÛ˚, ÍÓÚÓ˚Â ÔÓ‰ ‚ÎËflÌËÂÏ ‡Á-
ÎË˜Ì˚ı ÒË„Ì‡ÎÓ‚ ÒÔÓÒÓ·Ì˚ Í ‡ÍÚË‚ÌÓÈ ÔÓÎËÙÂ-
‡ˆËË. èÓ ‚˚ıÓ‰Â ËÁ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ ˜‡ÒÚ¸ ËÁ
Ó·‡ÁÓ‚‡‚¯ËıÒfl Ú‡ÍËÏ Ó·‡ÁÓÏ ‰Ó˜ÂÌËı ÍÎÂÚÓÍ
ÔÓÔÓÎÌflÂÚ ÔÛÎ ÔÓÍÓfl˘ËıÒfl Ò‡ÚÂÎÎËÚÌ˚ı ÍÎÂÚÓÍ,
ÚÓ„‰‡ Í‡Í ‰Û„ËÂ ‚ÒÚÛÔ‡˛Ú ‚ ÚÂÏËÌ‡Î¸ÌÛ˛ ‰ËÙ-
ÙÂÂÌˆËÓ‚ÍÛ, Á‡‚Â¯‡˛˘Û˛Òfl ÒÎËflÌËÂÏ ÍÎÂ-
ÚÓÍ Ò ÔÂ‰ÒÛ˘ÂÒÚ‚Û˛˘ËÏË Ï˚¯Â˜Ì˚ÏË ‚ÓÎÓÍÌ‡-
ÏË Ë ‰Û„ Ò ‰Û„ÓÏ (Charge, Rudnicki, 2004).

äÛÎ¸ÚË‚ËÛÂÏ˚Â Ò‡ÚÂÎÎËÚÌ˚Â ÍÎÂÚÍË (Ì‡Á˚-
‚‡ÂÏ˚Â Ú‡ÍÊÂ ÏËÓ·Î‡ÒÚ‡ÏË) ÒÔÓÒÓ·Ì˚ Í ÔÓÎË-
ÙÂ‡ˆËË Ë ‰ËÙÙÂÂÌˆËÓ‚ÍÂ ‚ ÛÒÎÓ‚Ëflı 

 

in vitro

 

,
˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Ëı ‚ Í‡˜ÂÒÚ‚Â ˝ÍÒÔÂ-
ËÏÂÌÚ‡Î¸ÌÓÈ ÏÓ‰ÂÎË ÔË ËÁÛ˜ÂÌËË ‡ÁÎË˜Ì˚ı
ÔÓˆÂÒÒÓ‚ ‚ Ï˚¯ˆ‡ı – ÓÚ ÏËÓ„ÂÌÌÓÈ ‰ËÙÙÂÂÌ-
ˆËÓ‚ÍË ‰Ó ÒÚ‡ÂÌËfl (äÓıËÌ‡ Ë ‰., 1996;
Kuninger et al., 2004; Zhu et al., 2007). èË ˝ÚÓÏ ‚
ÔÓˆÂÒÒÂ ‰ËÙÙÂÂÌˆËÓ‚ÍË ÏËÓ·Î‡ÒÚÓ‚ Ì‡·Î˛-
‰‡ÎË ËÁÏÂÌÂÌËfl ˝ÍÒÔÂÒÒËË ÏÌÓ„Ëı „ÂÌÓ‚, ‚ ÚÓÏ
˜ËÒÎÂ ÓÚ‚Â˜‡˛˘Ëı Á‡ Â„ÛÎflˆË˛ ÍÎÂÚÓ˜ÌÓ„Ó ̂ ËÍ-

Î‡, ÙÓÏËÓ‚‡ÌËÂ ˆËÚÓÒÍÂÎÂÚ‡ Ë ‰Û„ËÂ ÙÛÌÍˆËË
ÍÎÂÚÍË. ä Ì‡ÒÚÓfl˘ÂÏÛ ‚ÂÏÂÌË ·ÓÎ¸¯ËÌÒÚ‚Ó ÔÓ-
‰Ó·Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚˚ÔÓÎÌÂÌÓ Ì‡ ÏËÓ·Î‡ÒÚ‡ı
Ï˚¯Ë (ÎËÌËfl ë2ë12 Ë ‰.) Ò ÔËÏÂÌÂÌËÂÏ Ú‡Ì-
ÒÍËÔÚÓÏÌ˚ı (Moran et al., 2002; Kuninger et al.,
2004; Sterrenburg et al., 2004; Tomczak et al., 2004) Ë
ÔÓÚÂÓÏÌ˚ı ÚÂıÌÓÎÓ„ËÈ (Tannu et al., 2004; Kisling-
er et al., 2005; Nam et al., 2005). Ç Ì‡¯ÂÈ ‡·ÓÚÂ ËÁÛ-
˜‡ÎË ËÁÏÂÌÂÌËfl ·ÂÎÍÓ‚˚ı ÔÓ‰ÛÍÚÓ‚ „ÂÌÌÓÈ ˝ÍÒ-
ÔÂÒÒËË ‚ ıÓ‰Â ‰ËÙÙÂÂÌˆËÓ‚ÍË ÌÂËÏÏÓÚ‡ÎËÁÓ-
‚‡Ì˚ı ÍÛÎ¸ÚË‚ËÛÂÏ˚ı ÏËÓ·Î‡ÒÚÓ‚ ˜ÂÎÓ‚ÂÍ‡.

 

åÄíÖêàÄã à åÖíéÑàäÄ

 

ÑÎfl ÔÓ‚Â‰ÂÌËfl ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚˚‡˘Ë‚‡ÎË
ÒÍÂÎÂÚÌÓ-Ï˚¯Â˜Ì˚Â ÏËÓ·Î‡ÒÚ˚ ˜ÂÎÓ‚ÂÍ‡, ÍÛÎ¸-
ÚÛ˚ ÍÓÚÓ˚ı ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ‡ÌÂÂ (äÓıËÌ‡ Ë
‰., 1996), Ë ËÌ‰ÛˆËÓ‚‡ÎË Ëı ‰ËÙÙÂÂÌˆËÓ‚ÍÛ.
çÂÓ·ıÓ‰ËÏÛ˛ ÍÎÂÚÓ˜ÌÛ˛ Ï‡ÒÒÛ ÔÓÎÛ˜‡ÎË ÍÛÎ¸-
ÚË‚ËÓ‚‡ÌËÂÏ ÍÎÂÚÓÍ ‚ ÒÚ‡Ì‰‡ÚÌ˚ı ÛÒÎÓ‚Ëflı, ËÒ-
ÔÓÎ¸ÁÛfl ÓÒÚÓ‚Û˛ ÒÂ‰Û F-12, ÒÓ‰ÂÊ‡˘Û˛ Hepes
(‚ Í‡˜ÂÒÚ‚Â ·ÛÙÂ‡ pH), ÔËÛ‚‡Ú Ì‡ÚËfl, „ÂÌÚ‡ÏË-
ˆËÌ Ë 12.5% ÚÂÎfl˜¸ÂÈ ˝Ï·ËÓÌ‡Î¸ÌÓÈ Ò˚‚ÓÓÚÍË
(“è‡ÌùÍÓ”, êÓÒÒËfl). ÑËÙÙÂÂÌˆËÓ‚ÍÛ ÏËÓ·Î‡-
ÒÚÓ‚ ËÌ‰ÛˆËÓ‚‡ÎË ÍÛÎ¸ÚË‚ËÓ‚‡ÌËÂÏ ‚ ÒÂ‰Â, ÒÓ-
‰ÂÊ‡˘ÂÈ 2% Ò˚‚ÓÓÚÍË ÎÓ¯‡‰Ë, Ì‡ ÒÓÍ‡ı ‰Ó
10 ÒÛÚ, ÒÓ ÒÏÂÌÓÈ ÒÂ‰˚ Í‡Ê‰˚Â 2 ÒÛÚ. 

èÓ ÓÍÓÌ˜‡ÌËË ÍÛÎ¸ÚË‚ËÓ‚‡ÌËfl ÍÎÂÚÍË ÏÂı‡-
ÌË˜ÂÒÍË ÒÌËÏ‡ÎË Ò ÔÓ‚ÂıÌÓÒÚË ÍÛÎ¸ÚÛ‡Î¸ÌÓ„Ó
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ë ÔÓÏÓ˘¸˛ ÔÓÚÂÓÏÌ˚ı ÚÂıÌÓÎÓ„ËÈ (ÒÓ˜ÂÚ‡ÌËfl ‰‚ÛÏÂÌÓ„Ó ̋ ÎÂÍÚÓÙÓÂÁ‡ ÔÓ O’î‡ÂÎÎÛ Ò ÔÓÒÎÂ-
‰Û˛˘ÂÈ Ë‰ÂÌÚËÙËÍ‡ˆËÂÈ ·ÂÎÍÓ‚ ÏÂÚÓ‰‡ÏË MALDI-TOF MS- Ë MS/MS-Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËË) ÔÓ‚Â-
‰ÂÌÓ ËÁÛ˜ÂÌËÂ ËÁÏÂÌÂÌËÈ ·ÂÎÍÓ‚Ó„Ó ÔÓÙËÎfl ‚ ÍÛÎ¸ÚË‚ËÛÂÏ˚ı ÏËÓ·Î‡ÒÚ‡ı ˜ÂÎÓ‚ÂÍ‡ ÔÓÒÎÂ ËÌ‰ÛÍ-
ˆËË ‰ËÙÙÂÂÌˆËÓ‚ÍË. à‰ÂÌÚËÙËˆËÓ‚‡Ì 41 ·ÂÎÓÍ, 25 ËÁ ÍÓÚÓ˚ı ÔËÒÛÚÒÚ‚Ó‚‡ÎË Í‡Í ‚ ÔÓÎËÙÂ-
ËÛ˛˘Ëı, Ú‡Í Ë ‚ ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚ‡ı, ˜ÚÓ ÔÓÁ‚ÓÎËÎÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ Ëı Í‡Í ·ÂÎÍË
‰ÓÏ‡¯ÌÂ„Ó ıÓÁflÈÒÚ‚‡ ÏËÓ·Î‡ÒÚÓ‚. Ç˚fl‚ÎÂÌ˚ ËÁÏÂÌÂÌËfl ‚ ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÒÚË fl‰‡ ËÁÓÙÓÏ ÚÓÔÓ-
ÏËÓÁËÌÓ‚, ·ÂÎÍÓ‚ ÒÂÏÂÈÒÚ‚‡ S100, ÍÓÙËÎËÌ‡ Ë ÌÂÍÓÚÓ˚ı ‰Û„Ëı ·ÂÎÍÓ‚˚ı ÔÓ‰ÛÍÚÓ‚ „ÂÌÌÓÈ ˝ÍÒ-
ÔÂÒÒËË. é·ÒÛÊ‰‡ÂÚÒfl ‚ÓÁÏÓÊÌ‡fl ÓÎ¸ Ó·Ì‡ÛÊÂÌÌ˚ı ËÁÏÂÌÂÌËÈ ·ÂÎÍÓ‚Ó„Ó ÔÓÙËÎfl ÍÎÂÚÓÍ ‚ Â‡-
ÎËÁ‡ˆËË ÔÓ„‡ÏÏ˚ ‰ËÙÙÂÂÌˆËÓ‚ÍË ÒÍÂÎÂÚÌÓ-Ï˚¯Â˜Ì˚ı ÍÎÂÚÓÍ. 
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ÙÎ‡ÍÓÌ‡, ÔÂ‰‚‡ËÚÂÎ¸ÌÓ ÔÓËÌÍÛ·ËÓ‚‡‚ ‚ ·ÂÒ-
Ò˚‚ÓÓÚÓ˜ÌÓÈ ÒÂ‰Â ‚ ÚÂ˜ÂÌËÂ 1 ˜ ÔË ÚÂÏÔÂ‡ÚÛ-
Â 4°ë, ˜ÚÓ·˚ ÒÏ˚Ú¸ Ò ÔÓ‚ÂıÌÓÒÚË ÍÎÂÚÓÍ ‡‰ÒÓ-
·ËÓ‚‡ÌÌ˚Â ·ÂÎÍË ËÒÔÓÎ¸ÁÓ‚‡ÌÌÓÈ Ò˚‚ÓÓÚÍË.
èÓÎÛ˜ÂÌÌ˚Â ÔÂÔ‡‡Ú˚ ‰Ó ÔÓ‚Â‰ÂÌËfl ÔÓÚÂÓÏ-
ÌÓ„Ó ‡Ì‡ÎËÁ‡ ı‡ÌËÎË ÔË ÚÂÏÔÂ‡ÚÛÂ –70°ë.

è‡‡ÎÎÂÎ¸ÌÓ Ò ËÒÒÎÂ‰Ó‚‡ÌËflÏË ·ÂÎÍÓ‚ ÍÛÎ¸-
ÚË‚ËÛÂÏ˚ı ÍÎÂÚÓÍ ‰Îfl Ò‡‚ÌËÚÂÎ¸ÌÓ„Ó ‡Ì‡ÎËÁ‡
ËÁÛ˜‡ÎË ·ÂÎÍË ÒÍÂÎÂÚÌ˚ı Ï˚¯ˆ ̃ ÂÎÓ‚ÂÍ‡. é·‡Á-
ˆ˚ ÒÍÂÎÂÚÌ˚ı Ï˚¯ˆ ÎËˆ, ÔÓ„Ë·¯Ëı ‚ ÂÁÛÎ¸Ú‡ÚÂ
ÌÂÒ˜‡ÒÚÌ˚ı ÒÎÛ˜‡Â‚, ·˚ÎË ÔÂ‰ÓÒÚ‡‚ÎÂÌ˚ Å˛Ó
ÒÛ‰Â·ÌÓ-ÏÂ‰ËˆËÌÒÍÓÈ ˝ÍÒÔÂÚËÁ˚ ÑÂÔ‡Ú‡ÏÂÌÚ‡
Á‰‡‚ÓÓı‡ÌÂÌËfl „. åÓÒÍ‚˚. ëÓÍ ‡ÛÚÓÎËÁ‡ Ó·-
‡ÁˆÓ‚ ÌÂ ÔÂ‚˚¯‡Î 6 ˜.

èË„ÓÚÓ‚ÎÂÌËÂ ·ÂÎÍÓ‚˚ı ˝ÍÒÚ‡ÍÚÓ‚, ÔÓ‚Â-
‰ÂÌËÂ Ëı Ù‡ÍˆËÓÌËÓ‚‡ÌËfl ÏÂÚÓ‰‡ÏË Ó‰ÌÓÏÂ-
ÌÓ„Ó Ë ‰‚ÛÏÂÌÓ„Ó ̋ ÎÂÍÚÓÙÓÂÁÓ‚ ÔÓ é’î‡ÂÎ-
ÎÛ ‚ ÒÓ·ÒÚ‚ÂÌÌÓÈ ÏÓ‰ËÙËÍ‡ˆËË, ‚ËÁÛ‡ÎËÁ‡ˆË˛
·ÂÎÍÓ‚ ÓÍ‡¯Ë‚‡ÌËÂÏ äÛÏ‡ÒÒË „ÓÎÛ·˚Ï R-250 Ë
‡ÁÓÚÌÓÍËÒÎ˚Ï ÒÂÂ·ÓÏ, ‡ Ú‡ÍÊÂ ‡Ì‡ÎËÁ ÔÓÎÛ˜ÂÌ-
Ì˚ı ‰‚ÛÏÂÌ˚ı ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ ‚˚ÔÓÎÌflÎË,
Í‡Í ÓÔËÒ‡ÌÓ ‡ÌÂÂ (Kovalyov et al., 1995). Ç Í‡˜Â-
ÒÚ‚Â Ï‡ÍÂ‡ ÏÓÎÂÍÛÎflÌ˚ı Ï‡ÒÒ ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl
Ì‡·Ó ÂÍÓÏ·ËÌ‡ÌÚÌ˚ı ·ÂÎÍÓ‚ SM0661 (“Fermen-
tas”, ã‡Ú‚Ëfl). 

ÑÂÌÒËÚÓÏÂÚË˛ ‡Ì‡ÎËÁËÛÂÏ˚ı Ù‡„ÏÂÌÚÓ‚
2DE ÔÓ‚Ó‰ËÎË, ËÒÔÓÎ¸ÁÛfl Ô‡ÍÂÚ ÔÓ„‡ÏÏ Mela-
nie 3 (“GeneBio”, ò‚ÂÈˆ‡Ëfl), ‡ ‰Îfl Ó‰ÌÓÏÂÌ˚ı
˝ÎÂÍÚÓÙÓÂ„‡ÏÏ – LabWork, ‚ÂÒËfl 4.6 (“Bio-
Rad”, ëòÄ).

à‰ÂÌÚËÙËÍ‡ˆË˛ ·ÂÎÍÓ‚ ÔÓ‚Ó‰ËÎË ÏÂÚÓ‰‡ÏË
Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËË, ‰Îfl ˜Â„Ó ÓÚ‰ÂÎ¸Ì˚Â ·ÂÎÍÓ-
‚˚Â Ù‡ÍˆËË ÒÌ‡˜‡Î‡ ‚˚ÂÁ‡ÎË ËÁ „ÂÎÂ‚˚ı ÔÎ‡-
ÒÚËÌ, ‡ Á‡ÚÂÏ ÔÓÎÛ˜ÂÌÌ˚Â Ù‡„ÏÂÌÚ˚ „ÂÎÂÈ ËÁ-
ÏÂÎ¸˜‡ÎË Ë Ó·‡·‡Ú˚‚‡ÎË ÚËÔÒËÌÓÏ. ÉË‰ÓÎËÁ
‡Ì‡ÎËÁËÛÂÏ˚ı ·ÂÎÍÓ‚ Ë ˝ÍÒÚ‡ÍˆË˛ ÔÓÎÛ˜ÂÌÌ˚ı
ÔÂÔÚË‰Ó‚ ‚˚ÔÓÎÌflÎË ÒÓ„Î‡ÒÌÓ ÔÓÚÓÍÓÎ‡Ï (Shev-
chenko et al., 1996) Ò ÌÂÍÓÚÓ˚ÏË ÏÓ‰ËÙËÍ‡ˆËflÏË
(ÉÓ‚ÓÛÌ Ë ‰., 2003). Ñ‡ÎÂÂ 0.5 ÏÍÎ Ó·‡Áˆ‡, ÒÓ‰Â-
Ê‡˘Â„Ó ÚËÔÚË˜ÂÒÍËÂ ÔÂÔÚË‰˚, ÒÏÂ¯Ë‚‡ÎË Ì‡
Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚË˜ÂÒÍÓÈ ÔÓ‰ÎÓÊÍÂ Ò Ú‡ÍËÏ ÊÂ
Ó·˙ÂÏÓÏ ‡ÒÚ‚Ó‡ 10 Ï„/ÏÎ 2,5-‰Ë„Ë‰ÓÍÒË·ÂÌÁÓÈ-
ÌÓÈ ÍËÒÎÓÚ˚ (“Sigma”, ëòÄ) ‚ 20%-ÌÓÏ ‡ˆÂÚÓÌËÚ-
ËÎÂ, ÒÓ‰ÂÊ‡˘ÂÏ 0.1% ÚËÙÚÓÛÍÒÛÒÌÓÈ ÍËÒÎÓ-
Ú˚, Ë ‚˚ÒÛ¯Ë‚‡ÎË Ì‡ ‚ÓÁ‰ÛıÂ. å‡ÒÒ-ÒÔÂÍÚ˚ ÔÓÎÛ-
˜‡ÎË Ì‡ MALDI-TOF-Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ Ultraflex
(“Bruker”, ÉÂÏ‡ÌËfl) Ò ÛÎ¸Ú‡ÙËÓÎÂÚÓ‚˚Ï Î‡ÁÂÓÏ
(336 ÌÏ) ‚ ÂÊËÏÂ ÔÓÎÓÊËÚÂÎ¸Ì˚ı ËÓÌÓ‚ Ò ‰Ë‡Ô‡-
ÁÓÌÓÏ Ï‡ÒÒ 500–8000 Ñ‡ Ë Í‡ÎË·Ó‚‡ÎË Ëı, ËÒÔÓÎ¸-
ÁÛfl ËÁ‚ÂÒÚÌ˚Â ÔËÍË ‡ÛÚÓÎËÁ‡ ÚËÔÒËÌ‡. 

å‡ÒÒ-ÒÔÂÍÚ˚ Ù‡„ÏÂÌÚ‡ˆËË Á‡Â„ËÒÚËÓ‚‡-
Ì˚ Ì‡ MALDI-TOF-Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ ‚ Ú‡Ì‰ÂÏ-
ÌÓÏ (TOF-TOF) ÂÊËÏÂ ÔË ‰ÂÚÂÍˆËË ÔÓÎÓÊË-
ÚÂÎ¸Ì˚ı ËÓÌÓ‚. î‡„ÏÂÌÚ‡ˆË˛ ËÓÌÓ‚ ËÌ‰ÛˆËÓ‚‡-
ÎË ÔÓ‰‡˜ÂÈ „ÂÎËfl ‚ Ó·Î‡ÒÚ¸ Ì‡˜‡Î¸ÌÓ„Ó Û˜‡ÒÚÍ‡
Ú‡ÂÍÚÓËË Ò‚Ó·Ó‰ÌÓ„Ó ‰ÂÈÙ‡ ËÓÌÓ‚ (‰‡‚ÎÂÌËÂ
ËÌÂÚÌÓ„Ó „‡Á‡ 2 

 

×

 

 10

 

–7

 

 è‡). èÓ„Â¯ÌÓÒÚ¸ ËÁÏÂÂ-
ÌËfl Ï‡ÒÒ Ù‡„ÏÂÌÚÓ‚ ÌÂ ÔÂ‚˚¯‡Î‡ 0.05%. ç‡ Ï‡ÒÒ-

ÒÔÂÍÚÂ ÔËÒÛÚÒÚ‚Û˛Ú ÚÓÎ¸ÍÓ ÒË„Ì‡Î˚ ë-ÍÓÌˆÂ‚˚ı
Ù‡„ÏÂÌÚÓ‚ ÔÂÔÚË‰‡, ÔÂÚÂÔÂ‚¯Ëı ‡Á˚‚ ÔÓ ÔÂÔ-
ÚË‰ÌÓÈ Ò‚flÁË (y-ËÓÌ˚).

ÑÎfl Ë‰ÂÌÚËÙËÍ‡ˆËË ·ÂÎÍÓ‚ ÔÓÎÛ˜ÂÌÌ˚Â Ï‡ÒÒ-
ÒÔÂÍÚ˚ ‡Ì‡ÎËÁËÓ‚‡ÎË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚
Mascot (“MatrixScience”, ëòÄ) ÔÓ ·‡ÁÂ ‰‡ÌÌ˚ı
ç‡ˆËÓÌ‡Î¸ÌÓ„Ó ˆÂÌÚ‡ ·ËÓÚÂıÌÓÎÓ„Ë˜ÂÒÍÓÈ ËÌ-
ÙÓÏ‡ˆËË ëòÄ (NCBI), ÔËÌËÏ‡fl ÚÓ˜ÌÓÒÚ¸
ÓÔÂ‰ÂÎÂÌËfl Ï‡ÒÒ˚ ËÓÌÓ‚, ‡‚ÌÛ˛ 0.01%, Ë ‰ÓÔÛÒ-
Í‡fl ‚ÓÁÏÓÊÌÓÒÚ¸ ÏÓ‰ËÙËÍ‡ˆËË ˆËÒÚÂËÌÓ‚ ‡ÍË-
Î‡ÏË‰ÓÏ Ë ÓÍËÒÎÂÌËfl ÏÂÚËÓÌËÌÓ‚.

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

ÑËÙÙÂÂÌˆËÓ‚Í‡ ÍÛÎ¸ÚË‚ËÛÂÏ˚ı ÏËÓ·Î‡ÒÚÓ‚
ÔÓfl‚ÎflÎ‡Ò¸ ‚ ÔÓÒÚÂÔÂÌÌÓÏ ÔÂÍ‡˘ÂÌËË ‰ÂÎÂÌËfl

 

·

a

 

êËÒ. 1.

 

 äÛÎ¸ÚË‚ËÛÂÏ˚Â ÏËÓ·Î‡ÒÚ˚ ˜ÂÎÓ‚ÂÍ‡: 

 

‡ 

 

– Ó‰-
ÌÓfl‰ÂÌ˚Â ÍÎÂÚÍË; 

 

·

 

 – ÏÌÓ„Ófl‰ÂÌ˚Â ÏËÓÚÛ·˚, Ó·‡-
ÁÓ‚‡‚¯ËÂÒfl Í 6-Ï ÒÛÚ ËÌÍÛ·‡ˆËË ‚ ‰ËÙÙÂÂÌˆËÓ‚Ó˜-
ÌÓÈ ÒÂ‰Â. å‡Ò¯Ú‡·: 100 ÏÍÏ.

 

3
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å‡Í‡Ó‚ 

 

Ë ‰

 

.

 

ÍÎÂÚÓÍ Ë ÒÎËflÌËË Ëı Ò Ó·‡ÁÓ‚‡ÌËÂÏ ÏÌÓ„Ófl‰ÂÌ˚ı
ÏËÓÚÛ· (ËÒ.1). êfl‰ ÔÓfl‚ÎÂÌËÈ ÍÎÂÚÓ˜ÌÓÈ ‰ËÙÙÂ-
ÂÌˆËÓ‚ÍË Û‰‡ÎÓÒ¸ Á‡Â„ËÒÚËÓ‚‡Ú¸ ÔË ‡Ì‡ÎËÁÂ
·ÂÎÍÓ‚ ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚÓ‚ ÏÂÚÓ‰ÓÏ
Ó‰ÌÓÏÂÌÓ„Ó SDS-˝ÎÂÍÚÓÙÓÂÁ‡ (ËÒ. 2).

ä‡Í ‚Ë‰ÌÓ Ì‡ ËÒ. 2, ·ÂÎÍÓ‚˚È ÔÓÙËÎ¸ ÌÂ‰ËÙ-
ÙÂÂÌˆËÓ‚‡ÌÌ˚ı ÏËÓ·Î‡ÒÚÓ‚ ÔÂ‰ÒÚ‡‚Îfl˛Ú ·ÓÎÂÂ
100 ÒÓÔÓÒÚ‡‚ËÏ˚ı ÔÓ ˜ËÒÎÛ Ù‡ÍˆËÈ, ı‡‡ÍÚÂËÁÛ-
˛˘ËıÒfl ÏÓÎÂÍÛÎfl. Ï‡ÒÒÓÈ ÓÚ 200 ‰Ó 15 ÍÑ‡, ̃ ÚÓ ÓÚ-
ÎË˜‡ÂÚÒfl ÓÚ ÂÁÛÎ¸Ú‡ÚÓ‚ Ù‡ÍˆËÓÌËÓ‚‡ÌËfl ·ÂÎÍÓ‚
ÒÍÂÎÂÚÌ˚ı Ï˚¯ˆ, ÏËÓÍ‡‰‡ Ë ÔÓÒÚ‡Ú˚ ˜ÂÎÓ‚ÂÍ‡,
ÒÓ‰ÂÊ‡˘Ëı ‚˚ÒÓÍÓ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌ˚Â Ï˚¯Â˜-
Ì˚Â ÍÎÂÚÍË. èË ˝ÚÓÏ ÓÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ·ÂÎÍÓ‚˚Â
ÔÓÙËÎË ‚ ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚ‡ı ÔÓ-
ÒÚÂÔÂÌÌÓ ËÁÏÂÌfl˛ÚÒfl, ‚ ˜‡ÒÚÌÓÒÚË, ‚ ÌËı ÔÓfl‚Îfl˛Ú-
Òfl Ë ÍÓÎË˜ÂÒÚ‚ÂÌÌÓ Û‚ÂÎË˜Ë‚‡˛ÚÒfl ·ÂÎÍË Ò ÏÓÎÂÍÛ-
Îfl. Ï‡ÒÒÓÈ 200 ÍÑ‡ Ë ‚˚¯Â, ‡ ÔËÒÛÚÒÚ‚ËÂ Ú‡ÍËı
·ÂÎÍÓ‚, ‚ÍÎ˛˜‡fl ÚflÊÂÎ˚Â ˆÂÔË ÏËÓÁËÌ‡, ÏÓÊÌÓ
‡ÒÒÏ‡ÚË‚‡Ú¸ Í‡Í Ó‰ËÌ ËÁ ÔËÁÌ‡ÍÓ‚ Ï˚¯Â˜ÌÓÈ
‰ËÙÙÂÂÌˆËÓ‚ÍË (Moran et al., 2002).

Ç˚·ÓÓ˜ÌÓ ÔÓ‚Â‰ÂÌÌ˚È Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚË˜Â-
ÒÍËÈ ‡Ì‡ÎËÁ ·ÂÎÍÓ‚˚ı Ù‡ÍˆËÈ Ò ÏÓÎÂÍÛÎfl. Ï‡ÒÒÓÈ

ÓÍÓÎÓ 200 ÍÑ‡ (ËÒ. 2, Ú‡·Î. 1) ÔÓÁ‚ÓÎËÎ Ë‰ÂÌÚËÙË-
ˆËÓ‚‡Ú¸ ÓÚ‰ÂÎ¸Ì˚Â ËÁÓÙÓÏ˚ ÚflÊÂÎ˚ı ˆÂÔÂÈ
ÏËÓÁËÌ‡, ‚ÍÎ˛˜‡fl ËÁÓÙÓÏÛ 9 (ÔÓ‰ÛÍÚ „ÂÌ‡ 

 

MYH9

 

)
‚ ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚ‡ı, Ë Ì‡ ·ÓÎÂÂ
ÔÓÁ‰ÌËı ÒÚ‡‰Ëflı ‚ ‡Ì‡ÎËÁËÛÂÏ˚ı Ù‡ÍˆËflı Ì‡˜‡ÎË
‚˚fl‚ÎflÚ¸Òfl ÔËÍË Ï‡ÒÒ ÚËÔÚË˜ÂÒÍËı ÔÂÔÚË‰Ó‚, ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Ëı ÒÔÂˆËÙË˜Ì˚Ï Ù‡„ÏÂÌÚ‡Ï ÒÍÂÎÂÚÌÓ-
Ï˚¯Â˜Ì˚ı ËÁÓÙÓÏ, Ì‡ ÙÓÌÂ ÔÂÓ·Î‡‰‡˛˘ÂÈ ÌÂ-
Ï˚¯Â˜ÌÓÈ ËÁÓÙÓÏ˚.

äÓÏÂ ˝ÚÓ„Ó, ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÍÓÏÔ¸˛ÚÂÌÓÈ
‰ÂÌÒËÚÓÏÂÚËË Ó‰ÌÓÏÂÌ˚ı ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ
·ÂÎÍÓ‚ ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚÓ‚, ÔÓ
ÏÂÂ Û‚ÂÎË˜ÂÌËfl ‚ÂÏÂÌË ËÌÍÛ·‡ˆËË ÍÎÂÚÓÍ ‚
‰ËÙÙÂÂÌˆËÓ‚Ó˜ÌÓÈ ÒÂ‰Â ‚˚fl‚ËÎÓÒ¸ ÛÏÂÌ¸¯Â-
ÌËÂ ÍÓÎË˜ÂÒÚ‚‡ ·ÂÎÍ‡ ‚Ó Ù‡ÍˆËË Ò ÏÓÎÂÍÛÎfl.
Ï‡ÒÒÓÈ 54 ÍÑ‡ (54 Ñå) Ë Û‚ÂÎË˜ÂÌËÂ ‚Ó Ù‡ÍˆËË Ò
ÏÓÎÂÍÛÎfl. Ï‡ÒÒÓÈ 42 ÍÑ‡ (42 Ñå). èÓ ÂÁÛÎ¸Ú‡-
Ú‡Ï Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËË, Ù‡ÍˆËË 54 Ñå Ë 42 Ñå
·˚ÎË Ë‰ÂÌÚËÙËˆËÓ‚‡Ì˚ Í‡Í ‚ËÏÂÌÚËÌ Ë 

 

γ

 

-‡ÍÚËÌ
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (Ú‡·Î. 1). ÑÎfl ÔÓÒÎÂ‰ÌÂ„Ó, ÔÓÏËÏÓ
ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ÔÂÔÚË‰Ó‚, Ò‚ÓÈÒÚ‚ÂÌÌ˚ı ‡ÍÚË-
Ì‡Ï, ‚˚fl‚ÎflÎË ÒÔÂˆËÙË˜Ì˚Â ÔÂÔÚË‰˚, ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ËÂ ‰‚ÛÏ Ù‡„ÏÂÌÚ‡Ï ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË

 

γ

 

-‡ÍÚËÌ‡. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ Ó·Ì‡ÛÊÂÌÌÓÂ
ÛÏÂÌ¸¯ÂÌËÂ ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÒÚË ‚ËÏÂÌÚËÌ‡ ÔË ‰ËÙ-
ÙÂÂÌˆËÓ‚ÍÂ ÏËÓ·Î‡ÒÚÓ‚ ÒÓ„Î‡ÒÛÂÚÒfl Ò ÌÂ‰‡‚ÌËÏË
ÎËÚÂ‡ÚÛÌ˚ÏË ‰‡ÌÌ˚ÏË (Nam et al., 2005).

î‡ÍˆËÓÌËÓ‚‡ÌËÂ ·ÂÎÍÓ‚ ÏËÓ·Î‡ÒÚÓ‚ Ò ÔÓ-
ÏÓ˘¸˛ ‰‚ÛÏÂÌÓ„Ó ˝ÎÂÍÚÓÙÓÂÁ‡ ÔÓ ÏÂÚÓ‰Û
é’î‡ÂÎÎ‡ ÔÓÁ‚ÓÎËÎÓ ÁÌ‡˜ËÚÂÎ¸ÌÓ Û‚ÂÎË˜ËÚ¸ ̃ ËÒ-
ÎÓ ‡Ì‡ÎËÁËÛÂÏ˚ı ·ÂÎÍÓ‚. í‡Í, Ì‡ ÚËÔË˜Ì˚ı ‰‚Û-
ÏÂÌ˚ı ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ‡ı ÔË ÓÍ‡ÒÍÂ ‡ÁÓÚÌÓ-
ÍËÒÎ˚Ï ÒÂÂ·ÓÏ Â„ËÒÚËÓ‚‡ÎÓÒ¸ ·ÓÎÂÂ 500 ·ÂÎ-
ÍÓ‚˚ı Ù‡ÍˆËÈ Ò ÏÓÎÂÍÛÎfl. Ï‡ÒÒÓÈ 8–200 ÍÑ‡ Ë
ËÁÓ˝ÎÂÍÚË˜ÂÒÍÓÈ ÚÓ˜ÍÓÈ ÓÚ 4.5 ‰Ó 11.0 (ËÒ. 3).

ë‡‚ÌÂÌËÂ ‰‚ÛÏÂÌ˚ı ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ, ÔÓ-
ÎÛ˜ÂÌÌ˚ı ÔË ‡Ì‡ÎËÁÂ ·ÂÎÍÓ‚Ó„Ó ÒÓÒÚ‡‚‡ ÌÂ‰ËÙ-
ÙÂÂÌˆËÓ‚‡ÌÌ˚ı Ë ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏË-
Ó·Î‡ÒÚÓ‚, ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÒÚ¸ fl‰‡
·ÂÎÍÓ‚˚ı Ù‡ÍˆËÈ Á‡‚ËÒËÚ ÓÚ ÒÓÍ‡ ËÌÍÛ·‡ˆËË ‚
‰ËÙÙÂÂÌˆËÓ‚Ó˜ÌÓÈ ÒÂ‰Â, ÔË ÚÓÏ, ˜ÚÓ ·ÓÎ¸-
¯ËÌÒÚ‚Ó ·ÂÎÍÓ‚ ÒÓı‡ÌflÎË Ò‚ÓÂ ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÂ
ÒÓÓÚÌÓ¯ÂÌËÂ ‚Ó ‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ó·‡Áˆ‡ı.

Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË ÒÓ ÒÚ‡ÚÂ„ËÂÈ ÔÓÚÂÓÏÌ˚ı ËÒ-
ÒÎÂ‰Ó‚‡ÌËÈ (òË¯ÍËÌ Ë ‰., 2004; Tannu et al., 2004;
Kislinger et al., 2005; Nam et al., 2005), ÌÂÍÓÚÓ˚Â
ËÁ “ÔÓÒÚÓflÌÌ˚ı” (ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚ı ‚ Í‡˜ÂÒÚ‚Â Â-
ÔÂÌ˚ı ÚÓ˜ÂÍ ÔË Ò‡‚ÌËÚÂÎ¸ÌÓÏ ‡Ì‡ÎËÁÂ) Ë ËÁ-
ÏÂÌfl˛˘ËıÒfl ·ÂÎÍÓ‚ ·˚ÎË Ë‰ÂÌÚËÙËˆËÓ‚‡Ì˚ Ò
ÔÓÏÓ˘¸˛ MALDI-TOF-Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËË, Ë ‚
fl‰Â ÒÎÛ˜‡Â‚ Ë‰ÂÌÚËÙËÍ‡ˆËfl ·˚Î‡ ÔÓ‰Ú‚ÂÊ‰ÂÌ‡
Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ MALDI-TOF MS/MS-ÔÂÔÚË‰Ó‚,
‚ ˜‡ÒÚÌÓÒÚË ‰Îfl Í‡Î¸‰ÂÒÏÓÌ‡ 1 (ÔÂÔÚË‰˚ 105–111
LQEALER Ë 75–93 TTTTNTQVEGDDEAAFLER) Ë
S100A10 (ÔÂÔÚË‰˚ 19–28 FAGDKGYLTK Ë 38–47
EFPGFLENQK). èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ÔÂ‰-
ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·Î. 2–4.
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êËÒ. 2.

 

 êÂÁÛÎ¸Ú‡Ú˚ SDS-˝ÎÂÍÚÓÙÓÂÁ‡ ‚ „‡‰ËÂÌÚÂ
èÄÄÉ 5–20% ·ÂÎÍÓ‚ ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡-
ÒÚÓ‚ ˜ÂÎÓ‚ÂÍ‡, ÓÍ‡¯Ë‚‡ÌËÂ ‡ÁÓÚÌÓÍËÒÎ˚Ï ÒÂÂ·-
ÓÏ. ÑÓÓÊÍË: 

 

1

 

–

 

6

 

 – ÏËÓ·Î‡ÒÚ˚ ‰Ó (

 

1

 

) Ë ÔÓÒÎÂ ËÌÍÛ-
·‡ˆËË (

 

2

 

–

 

6

 

) ‚ ‰ËÙÙÂÂÌˆËÓ‚Ó˜ÌÓÈ ÒÂ‰Â ‚ ÚÂ˜ÂÌËÂ
2, 4, 5, 6 Ë 10 ÒÛÚ cÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ; 

 

7

 

–

 

11

 

 – Ó„‡Ì˚ ˜ÂÎÓ-
‚ÂÍ‡, ÒÓ‰ÂÊ‡˘ËÂ ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌ˚Â Ï˚¯Â˜Ì˚Â
ÍÎÂÚÍË: 

 

7

 

 – ÔÓÒÚ‡Ú‡, 

 

8

 

, 

 

10

 

 – ÒÍÂÎÂÚÌ˚Â Ï˚¯ˆ˚ (

 

ëå

 

),

 

9

 

 – ÏËÓÍ‡‰ (

 

å

 

), 

 

11

 

 – Ì‡·Ó Ï‡ÍÂÓ‚; ÒÔ‡‚‡ – ÏÓÎÂ-
ÍÛÎfl. Ï‡ÒÒ˚ Ï‡ÍÂÌ˚ı ·ÂÎÍÓ‚; 

 

Ñå

 

 – ‰ËÙÙÂÂÌˆË-
Û˛˘ËÂÒfl ÏËÓ·Î‡ÒÚ˚. ( ) – ·ÂÎÍÓ‚˚Â Ù‡ÍˆËË,
Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚Â Ò ÔÓÏÓ˘¸˛ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚ-
ËË (ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï Ú‡·Î.1). 
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Ç Ú‡·Î. 2 Ë Ì‡ ËÒ. 3 ÒÛÏÏËÓ‚‡Ì˚ ‰‡ÌÌ˚Â Ó 25
Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚ı ·ÂÎÍ‡ı, ÍÓÚÓ˚Â ÔËÒÛÚ-
ÒÚ‚Û˛Ú ‚Ó ‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ó·‡Áˆ‡ı ÏËÓ·Î‡-
ÒÚÓ‚ Ë, Í‡Í ‚Ë‰ÌÓ ËÁ ˝ÚËı Ï‡ÚÂË‡ÎÓ‚, Û˜‡ÒÚ‚Û˛Ú
‚ ‡ÁÎË˜Ì˚ı ·ËÓıËÏË˜ÂÒÍËı ÔÓˆÂÒÒ‡ı, Ó·˘Ëı
‰Îfl ÍÎÂÚÓÍ ‡ÁÌ˚ı ÚËÔÓ‚ ‰ËÙÙÂÂÌˆËÓ‚ÍË. ùÚÓ
ÔÓÁ‚ÓÎflÂÚ ÓÚÌÂÒÚË Ëı Í „ÛÔÔÂ ·ÂÎÍÓ‚ ‰ÓÏ‡¯ÌÂ„Ó
ıÓÁflÈÒÚ‚‡.

êÂÁÛÎ¸Ú‡Ú˚ Ë‰ÂÌÚËÙËÍ‡ˆËË 16 ·ÂÎÍÓ‚˚ı
Ù‡ÍˆËÈ, ÔÂÚÂÔÂ‚‡‚¯Ëı ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ËÁÏÂ-
ÌÂÌËfl (ËÒ. 4, 5), ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·Î. 3, 4.

ó‡ÒÚ¸ ÛÍ‡Á‡ÌÌ˚ı ·ÂÎÍÓ‚ ÔËÌËÏ‡ÂÚ Û˜‡ÒÚËÂ ‚
Â„ÛÎflˆËË ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ Ë ÙÓÏËÓ‚‡ÌËË ˆË-
ÚÓÒÍÂÎÂÚ‡, ÔË ˝ÚÓÏ ËÁÏÂÌÂÌËÂ Ëı ˝ÍÒÔÂÒÒËË ÓÚ-
‡Ê‡ÂÚ Á‡ÍÓÌÓÏÂÌÓÒÚË ÔÓˆÂÒÒ‡ ‰ËÙÙÂÂÌˆË-
Ó‚ÍË ÒÔÓÒÓ·Ì˚ı Í ÔÓÎËÙÂ‡ˆËË Ó‰ÌÓfl‰ÂÌ˚ı

 

í‡·ÎËˆ‡ 1.

 

  ÅÂÎÍË, Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚Â Ì‡ Ó‰ÌÓÏÂÌ˚ı ̋ ÎÂÍÚÓÙÓÂ„‡ÏÏ‡ı Ë ÔÓfl‚Îfl˛˘ËÂ ËÁÏÂÌÂÌËfl ‚ ıÓ‰Â
‰ËÙÙÂÂÌˆËÓ‚ÍË ÏËÓ·Î‡ÒÚÓ‚ (ÍÓÌÚÓÎ¸Ì˚Â Í ÔÓÎÓÒÂ ·ÂÎÍÓ‚ ÏËÓÍ‡‰‡ Ë ÒÍÂÎÂÚÌÓÈ Ï˚¯ˆ˚ Ò ÏÓÎÂÍÛÎfl. Ï‡Ò-
ÒÓÈ 200 ÍÑ‡)

‹ ç‡ËÏÂÌÓ‚‡ÌËÂ ·ÂÎÍ‡ ‹ ‚ ·‡ÁÂ ‰‡ÌÌ˚ı 
NCBI ëÓ‚Ô‡‰ÂÌËfl*, %

åÓÎÂÍÛÎfl. Ï‡ÒÒ‡, ÍÑ‡

˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì‡fl ‡Ò˜ÂÚÌ‡fl

1 åËÓÁËÌ, ÚflÊÂÎ‡fl ˆÂÔ¸ 9, 
ÌÂÏ˚¯Â˜Ì‡fl ËÁÓÙÓÏ‡

12667788 17 210.0 226.4

2 ÇËÏÂÌÚËÌ 37852 45 54.0 53.6
3

 

γ

 

-ÄÍÚËÌ 1 54696574 58 42.0 41.8
4 ëÏÂÒ¸ ÒÍÂÎÂÚÌÓ-Ï˚¯Â˜Ì˚ı

ÚflÊÂÎ˚ı ˆÂÔÂÈ 

 

β

 

-ÏËÓÁËÌ‡ Ë 
ËÁÓÙÓÏ˚ ÏËÓÁËÌ‡ II‡

12053672

4808813

13

16

220.0 223.0

223.0
5 íflÊÂÎ‡fl ˆÂÔ¸ ÒÂ‰Â˜ÌÓÈ ËÁÓ-

ÙÓÏ˚ 

 

β

 

-ÏËÓÁËÌ‡
29727 13 220.0 223.0

 

èËÏÂ˜‡ÌËfl. á‰ÂÒ¸ Ë ‚ Ú‡·Î. 2–4: * ÔÓˆÂÌÚ ÒÓ‚Ô‡‰ÂÌËfl ‚˚fl‚ÎÂÌÌ˚ı Ï‡ÒÒ ÚËÔÚË˜ÂÒÍËı ÔÂÔÚË‰Ó‚ Ò ‡ÏËÌÓÍËÒÎÓÚÌÓÈ ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚ¸˛ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ·ÂÎÍ‡ ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÍÓÏÔ¸˛ÚÂÌÓ„Ó ÔÓËÒÍ‡ ‚ ·‡ÁÂ ‰‡ÌÌ˚ı ÒÂÍ‚ÂÌËÓ‚‡ÌÌ˚ı ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚÂÈ (NCBI, www.ncbi.nlm.nih.gov). 
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êËÒ. 3.

 

 Ñ‚ÛÏÂÌ‡fl ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ‡ ·ÂÎÍÓ‚ ÏËÓ·Î‡ÒÚÓ‚ ˜ÂÎÓ‚ÂÍ‡, 10 ÒÛÚ ËÌÍÛ·‡ˆËË. 

 

1

 

–

 

25 

 

– ·ÂÎÍË ‰ÓÏ‡¯ÌÂ„Ó ıÓÁflÈÒÚ‚‡
(ÌÛÏÂ‡ˆËfl ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÛÍ‡Á‡ÌÌÓÈ ‚ Ú‡·Î. 2); ‚ÌËÁÛ – ËÁÓ˝ÎÂÍÚË˜ÂÒÍËÂ ÚÓ˜ÍË; ÒÎÂ‚‡ – ÏÓÎÂÍÛÎfl. Ï‡ÒÒ‡, ÍÑ‡. 
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å‡Í‡Ó‚ 

 

Ë ‰

 

.

 

 

 

í‡·ÎËˆ‡ 2.

 

  ÅÂÎÍË ‰ÓÏ‡¯ÌÂ„Ó ıÓÁflÈÒÚ‚‡, Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚Â Ì‡ ‰‚ÛÏÂÌ˚ı ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ‡ı ‚ ÌÂ‰ËÙÙÂ-
ÂÌˆËÓ‚‡ÌÌ˚ı Ë ‰ËÙÙÂÂÌˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚ‡ı ˜ÂÎÓ‚ÂÍ‡ 

‹ ç‡ËÏÂÌÓ‚‡ÌËÂ ·ÂÎÍ‡ ‹ ‚ ·‡ÁÂ ‰‡ÌÌ˚ı 
NCBI ëÓ‚Ô‡‰ÂÌËfl,* %

åÓÎÂÍÛÎfl. Ï‡ÒÒ‡, ÍÑ‡/pI 

˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì‡fl ‡Ò˜ÂÚÌ‡fl

1 äÓÏÔÎÂÍÒ ÚflÊÂÎ˚ı Ë ÎÂ„ÍËı 
ˆÂÔÂÈ ÙÂËÚËÌ‡**

47125326 40 450.0/5.07 26.2/6.04
182516 41 16.4/5.65

2

 

α

 

 2-äÓÎÎ‡„ÂÌ ÚËÔ‡ 1 32451581 18 165.0/5.35 129.3/9.08
3

 

α

 

 2-äÓÎÎ‡„ÂÌ ÚËÔ‡ 1 32451581 16 165.0/5.40 129.3/9.08
4 ÇËÌÍÛÎËÌ, ËÁÓÙÓÏ‡ VCL 24657579 18 120.0/5.30 116.7/5.83
5 ÅÂÎÓÍ RRBP1 38014595 33 87.0/4.75 73.6/4.91
6 ÅÂÎÓÍ ÚÂÔÎÓ‚Ó„Ó ¯ÓÍ‡, ËÁÓ-

ÙÓÏ‡ 5 (70 ÍÑ‡)
16507237 50 74.0/4.72 72.3/5.07

7 ÅÂÎÓÍ ÚÂÔÎÓ‚Ó„Ó ¯ÓÍ‡, ËÁÓ-
ÙÓÏ‡ 9Ç (70 ÍÑ‡)

24234688 31 72.5/5.33 73.6/5.87

8

 

α

 

-Äíî-ÒËÌÚ‡Á‡ ÏËÚÓıÓÌ‰Ë-
‡Î¸Ì‡fl

30583257 55 56.0/6.60 59.7/9.16

9 äÓÎÎ‡„ÂÌÒ‚flÁ˚‚‡˛˘ËÈ ·Â-
ÎÓÍ, ËÁÓÙÓÏ‡ 2

1199487 32 45.5/8.35 46.5/8.89

10

 

β

 

-ÄÍÚËÌ 15277503 54 40.0/4.75 40.2/5.55
11 ÄÒÒÓˆËÓ‚‡ÌÌ˚È ·ÂÎÓÍ 1 Â-

ˆÂÔÚÓ‡ ÎËÔÓÔÓÚÂËÌÓ‚ ÌËÁ-
ÍÓÈ ÔÎÓÚÌÓÒÚË

4505021 33 40.0/8.70 41.4/8.73

12 äÓÎÎ‡„ÂÌÒ‚flÁ˚‚‡˛˘ËÈ ·ÂÎÓÍ 33090237 37 39.5/8.72 46.4/8.75
13 îÓÒÙÓ„ÎËˆÂÓÍËÌ‡Á‡ 1 48145549

41350401
44 39.0/6.60 44.6/8.30

14 ÄÌÌÂÍÒËÌ Ä1 54696696 49 35.0/6.62 38.7/6.57
15 ÉÎËˆÂ‡Î¸-3-ÙÓÒÙ‡Ú‰Â„Ë‰Ó-

„ÂÌ‡Á‡
31645 70 33.5/8.40 36.1/8.27

16

 

β

 

-íÓÔÓÏËÓÁËÌ 2, ËÁÓÙÓÏ‡ 2 15079982 33 33.0/4.6 33.0/4.63
17 ÄÌÌÂÍÒËÌ 2, ËÁÓÙÓÏ‡ 2, ‚‡-

Ë‡ÌÚ
62896643 57 32.7/6.50 38.6/7.57

18 íÓÔÓÏËÓÁËÌ 3, ÙË·Ó·Î‡ÒÚ-
Ì‡fl ËÁÓÙÓÏ‡

88928 25 32.5/4.64 32.8/4.72

19 ãÂÍÚËÌÏ‡ÌÌÓÁÓÒ‚flÁ˚‚‡˛˘ËÈ 
2 ·ÂÎÓÍ

16878112 21 32.5/6.40 40.2/6.46

20 èÓËÌ 31 HM 238427 60 30.5/6.75 30.6/8.63
21 íÓÔÓÏËÓÁËÌ 4 45501027 28 30.0/4.62 28.5/4.67
22 íÓÔÓÏËÓÁËÌ 3, ËÁÓÙÓÏ‡ 2 24119203 33 29.5/4.70 29.0/4.75
23 í‡ÌÒ„ÂÎËÌ 55637017 72 22.0/7.00 22.6/8.87
24 ñËÍÎÓÙËÎËÌ Ç, ˆÂÔ¸ Ä 

(ÔÂÔÚË‰ËÎÔÓÎËÎËÁÓÏÂ‡Á‡ Ç)
1310882 70 18.5/9.50 19.6/9.18

25 S100A10 49457320 38 11.0/6.82 11.2/6.82

 

** ùÚË ·ÂÎÍÓ‚˚Â Ù‡ÍˆËË, Ó˜Â‚Ë‰ÌÓ, ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ‚ÂÒ¸Ï‡ ÛÒÚÓÈ˜Ë‚˚Â ÓÎË„ÓÏÂÌ˚Â ÍÓÏÔÎÂÍÒ˚, ÍÓÚÓ˚Â, ‚ÓÁÏÓÊÌÓ, ÒÚ‡·Ë-
ÎËÁËÓ‚‡Ì˚ ÔÓÔÂÂ˜Ì˚ÏË ÍÓ‚‡ÎÂÌÚÌ˚ÏË Ò‚flÁflÏË.

 

ÍÎÂÚÓÍ Ò ÌÂÏ˚¯Â˜Ì˚Ï ÚËÔÓÏ ÔÓ‰‚ËÊÌÓÒÚË ‚ ÏÌÓ-
„Ófl‰ÂÌ˚Â ÏËÓÚÛ·˚.

èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÔÓ‚Â‰ÂÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ÓÒÓ·ÓÂ
‚ÌËÏ‡ÌËÂ ÔË‚ÎÂÍÎË ‚˚fl‚ÎÂÌÌ˚Â ËÁÏÂÌÂÌËfl ÒÔÂÍ-
Ú‡ ÚÓÔÓÏËÓÁËÌÓ‚: ‚ ÁÂÎÓÈ ÒÍÂÎÂÚÌÓÈ Ï˚¯ˆÂ ÓÒ-
ÌÓ‚Ì˚ÏË ÍÓÏÔÓÌÂÌÚ‡ÏË ÚÓÔÓÏËÓÁËÌÓ‚Ó„Ó ÍÓÏ-
ÔÎÂÍÒ‡ fl‚Îfl˛ÚÒfl 

 

β

 

-ÚÓÔÓÏËÓÁËÌ 2, ËÁÓÙÓÏ‡ 1;

 

α

 

-ÚÓÔÓÏËÓÁËÌ 3 Ë 

 

α

 

-ÚÓÔÓÏËÓÁËÌ 2, ËÁÓÙÓÏ‡ 1
(ÌÂÓÔÛ·Î. ‰‡ÌÌ˚Â). ç‡ ‰‚ÛÏÂÌ˚ı ˝ÎÂÚÓÙÓÂ-

„‡ÏÏ‡ı ·ÂÎÍÓ‚ ÏËÓ·Î‡ÒÚÓ‚ Û‰‡ÎÓÒ¸ Ë‰ÂÌÚËÙËˆË-
Ó‚‡Ú¸ ÔflÚ¸ ËÁÓÙÓÏ ÚÓÔÓÏËÓÁËÌÓ‚ (ËÒ. 3, 4),
˜ÂÚ˚Â ËÁ ÍÓÚÓ˚ı ÌÂ ÔÓfl‚ÎflÎË ÍÓÎË˜ÂÒÚ‚ÂÌ-
Ì˚ı ËÁÏÂÌÂÌËÈ (

 

β

 

-ÚÓÔÓÏËÓÁËÌ, ËÁÓÙÓÏ‡ 2; ÚÓ-
ÔÓÏËÓÁËÌ 3, ÙË·Ó·Î‡ÒÚÌ‡fl ËÁÓÙÓÏ‡; ÚÓÔÓÏËÓ-
ÁËÌ 3, ËÁÓÙÓÏ‡ 2 Ë ÚÓÔÓÏËÓÁËÌ 4). éÌË, Ó˜Â‚Ë‰ÌÓ,
ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÔÂˆËÙË˜Ì˚È Ì‡·Ó ‰Îfl ÏËÓ·Î‡ÒÚÓ‚
Ë, ‚ÓÁÏÓÊÌÓ, ‰Û„Ëı ÚËÔÓ‚ ÍÎÂÚÓÍ, ÌÂ ı‡‡ÍÚÂÌ˚ı
‰Îfl ÁÂÎÓÈ ÒÍÂÎÂÚÌÓÈ Ï˚¯ˆ˚. èÓÒÎÂ 6 ÒÛÚ ÍÛÎ¸ÚË-
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‚ËÓ‚‡ÌËfl ‚ ‰ËÙÙÂÂÌˆËÓ‚Ó˜ÌÓÈ ÒÂ‰Â ‚ ÒÔÂÍÚÂ
·ÂÎÍÓ‚ ÏËÓ·Î‡ÒÚÓ‚ ÔÓfl‚ËÎ‡Ò¸ ÔÂ‚‡fl ËÁ Ò‚ÓÈÒÚ‚ÂÌ-
Ì˚ı ÁÂÎ˚Ï ÒÍÂÎÂÚÌÓ-Ï˚¯Â˜Ì‡fl ËÁÓÙÓÏ‡ ÚÓÔÓ-
ÏËÓÁËÌÓ‚ – 

 

β

 

-ÚÓÔÓÏËÓÁËÌ 2, ËÁÓÙÓÏ‡ 1 (Ú‡·Î. 3).
è‡‡ÎÎÂÎ¸ÌÓ ·˚ÎÓ Ó·Ì‡ÛÊÂÌÓ Û‚ÂÎË˜ÂÌËÂ ·ÂÎÍÓ-
‚ÓÈ Ù‡ÍˆËË, Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌÓÈ Í‡Í ‡ÌÌÂÍÒËÌ V
(ËÒ. 4). Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ‰‡ÌÌ˚È ·ÂÎÓÍ ËÒÔÓÎ¸ÁÛ-
ÂÚÒfl Í‡Í ‡Ì‡ÎËÚË˜ÂÒÍËÈ Â‡„ÂÌÚ ‰Îfl ÏÂ˜ÂÌËfl ÍÎÂÚÓÍ
Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ‡ÔÓÔÚÓÁ‡ (Schoenberger et al., 2008).
Ç˚fl‚ÎÂÌÌÓÂ ÒÓ˜ÂÚ‡ÌËÂ ÔÓfl‚ÎÂÌËfl 

 

β

 

-ÚÓÔÓÏËÓÁËÌ‡
2/1 Ë ‡ÌÌÂÍÒËÌ‡ V, ‚ÓÁÏÓÊÌÓ, fl‚ÎflÂÚÒfl ÔÂ‚˚Ï ÔË-
ÁÌ‡ÍÓÏ ÔÂÂıÓ‰‡ ÏËÓ·Î‡ÒÚÓ‚ Í ÚÂÏËÌ‡Î¸ÌÓÈ ‰ËÙ-
ÙÂÂÌˆËÓ‚ÍÂ ˝ÚÓ„Ó ÚËÔ‡ ÍÎÂÚÓÍ. 

í‡ÍÊÂ ·˚ÎÓ ÓÚÏÂ˜ÂÌÓ Í‡ÚÍÓ‚ÂÏÂÌÌÓÂ ÔÓ-
‚˚¯ÂÌËÂ ÍÓÎË˜ÂÒÚ‚‡ ·ÂÎÍ‡ S100A11 ‚ ‰ËÙÙÂÂÌ-
ˆËÛ˛˘ËıÒfl ÏËÓ·Î‡ÒÚ‡ı ˜ÂÎÓ‚ÂÍ‡ (ËÒ. 5) ‚ ÔÂ-
‚˚Â 2 ÒÛÚ ËÌÍÛ·‡ˆËË ‚ ‰ËÙÙÂÂÌˆËÓ‚Ó˜ÌÓÈ ÒÂ-
‰Â Ë Ô‡‰ÂÌËÂ Â„Ó ÒÓ‰ÂÊ‡ÌËfl Í ·ÓÎÂÂ ÔÓÁ‰ÌËÏ
ÒÓÍ‡Ï. çÂ‰‡‚ÌÓ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ·ÂÎÓÍ

S100A11 Ë„‡ÂÚ ‚‡ÊÌÛ˛ ÓÎ¸ ‚ Â„ÛÎflˆËË ÍÎÂÚÓ˜-
ÌÓ„Ó ˆËÍÎ‡ Ë, ‚ ˜‡ÒÚÌÓÒÚË, Û˜‡ÒÚ‚ÛÂÚ ‚ ÔÂÂ‰‡˜Â ÔÓ-
‰‡‚Îfl˛˘Â„Ó ÔÓÎËÙÂ‡ˆË˛ ÍÎÂÚÓÍ ÒË„Ì‡Î‡, ËÌ‰Û-
ˆËÓ‚‡ÌÌÓ„Ó Ù‡ÍÚÓÓÏ TGF-

 

β

 

 (Sakaguchi et al., 2004;
Sonegawa et al., 2007). ÇÂÓflÚÌÓ, ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚˚ÒÓ-
ÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ ˝ÚÓ„Ó ·ÂÎÍ‡ ‚Ó ‚ÒÚÛÔ‡˛˘Ëı ‚ ‰ËÙ-
ÙÂÂÌˆËÓ‚ÍÛ ÍÎÂÚÍ‡ı ÏÓÊÂÚ ÓÚ‡Ê‡Ú¸ Ëı ‚˚ÒÓ-
ÍÛ˛ ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚ¸ Í ÒË„Ì‡ÎÛ ÓÚ TGF-

 

β

 

, ·Î‡„Ó‰‡-
fl ̃ ÂÏÛ Ó·ÂÒÔÂ˜Ë‚‡ÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ·˚ÒÚ˚È ‚˚ıÓ‰
ÏËÓ·Î‡ÒÚÓ‚ ËÁ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡, ‚ ÚÓ ‚ÂÏfl Í‡Í ‚
ÌÂ‰ÂÎfl˘ËıÒfl ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌ˚ı ÍÎÂÚÍ‡ı ÌÂÓ·-
ıÓ‰ËÏÓÒÚ¸ ‚ ˝ÚÓÏ ·ÂÎÍÂ ÓÚÒÛÚÒÚ‚ÛÂÚ.

äÓÏÂ ÚÓ„Ó, ‚ ıÓ‰Â ‰ËÙÙÂÂÌˆËÓ‚ÍË ÏËÓ·Î‡-
ÒÚÓ‚ ·˚ÎÓ ÓÚÏÂ˜ÂÌÓ ÂÁÍÓÂ ÒÌËÊÂÌËÂ ÍÓÎË˜ÂÒÚ‚‡
ÌÂÏ˚¯Â˜ÌÓÈ ÙÓÏ˚ ÍÓÙËÎËÌ‡, ˜ÚÓ, ÔÓ-‚Ë‰ËÏÓ-
ÏÛ, ÓÚ‡Ê‡ÂÚ Ì‡·Î˛‰‡˛˘ËÈÒfl ÔÂÂıÓ‰ ‰ËÙÙÂ-
ÂÌˆËÛ˛˘ËıÒfl ÙË·Ó·Î‡ÒÚÓÔÓ‰Ó·Ì˚ı ÍÎÂÚÓÍ Ò
ÌÂÏ˚¯Â˜Ì˚Ï ÚËÔÓÏ ÔÓ‰‚ËÊÌÓÒÚË ‚ ÏÌÓ„Ófl‰Â-
Ì˚Â ÏËÓÚÛ·˚.

 

í‡·ÎËˆ‡ 3.

 

  à‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚Â ·ÂÎÍË, ÍÓÎË˜ÂÒÚ‚Ó ÍÓÚÓ˚ı Û‚ÂÎË˜Ë‚‡ÂÚÒfl ‚ ıÓ‰Â ‰ËÙÙÂÂÌˆËÓ‚ÍË

‹ ç‡ËÏÂÌÓ‚‡ÌËÂ ·ÂÎÍ‡ ‹ ‚ ·‡ÁÂ 
‰‡ÌÌ˚ı NCBI ëÓ‚Ô‡‰ÂÌËfl*, %

åÓÎÂÍÛÎfl. Ï‡ÒÒ‡, ÍÑ‡/pI

˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì‡fl ‡Ò˜ÂÚÌ‡fl

26

 

β

 

-íÓÔÓÏËÓÁËÌ 2, ËÁÓÙÓÏ‡ 1 42476296 34 32.8/4.66 32.8/4.66

27 ÄÌÌÂÍÒËÌ V (ÎËÔÓÍÓÚËÌ V) 999937 70 31.0/4.75 35.7/4.98

 

 

í‡·ÎËˆ‡ 4.

 

  à‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚Â ·ÂÎÍË, ÍÓÎË˜ÂÒÚ‚Ó ÍÓÚÓ˚ı ÛÏÂÌ¸¯‡ÂÚÒfl ‚ ıÓ‰Â ‰ËÙÙÂÂÌˆËÓ‚ÍË ÏËÓ·Î‡ÒÚÓ‚

‹ ç‡ËÏÂÌÓ‚‡ÌËÂ ·ÂÎÍ‡ ‹ ‚ ·‡ÁÂ ‰‡ÌÌ˚ı 
NCBI ëÓ‚Ô‡‰ÂÌËfl*, %

åÓÎÂÍÛÎfl. Ï‡ÒÒ‡, ÍÑ‡/pI

˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì‡fl ‡Ò˜ÂÚÌ‡fl

28 S100Ä11 (Í‡Î¸„ËÁÁ‡ËÌ) 5032057 44 11.0/6.1 11.7/68.56

29 ER-60-ÔÓÚÂ‡Á‡ 
(‰ËÒÛÎ¸ÙË‰ËÁÓÏÂ‡Á‡)

21361657 65 65.0/6.30 56.7/5.98

30 ÖÌÓÎ‡Á‡ 1 13325287 59 57.0/6.57 47.2/7.01

31 ÇËÏÂÌÚËÌ 37852 69 56.0/5.30 53.7/5.06

32 çÂËÁ‚ÂÒÚÌ˚È ·ÂÎÓÍ (Ù‡„ÏÂÌÚ 
93-403), ÒıÓ‰Ì˚È Ò ‚ËÏÂÌÚËÌÓÏ

16552261 27 38.0/4.90 47.5/5.01

33 ä‡Î¸‰ÂÒÏÓÌ 1 33878450 21 37.0/5.25 36.7/5.36

34 çÛÍÎÂÓÙÓÁÏËÌ 1, ËÁÓÙÓÏ‡ 2 40353736 40 33.5/4.90 29.5/4.47

35 íËÓÁÓÙÓÒÙ‡ÚËÁÓÏÂ‡Á‡ 1 4507645 31 26.0/6.40 26.7/6.45

36 Ç-ˆÂÔ¸ ÒÛÔÂÓÍÒË‰‰ËÒÏÛÚ‡Á˚ 38503339 57 22.0/6.9 22.2/6.86

37 çÂÈÓÔÓÎËÔÂÔÚË‰ h3 (ÙÓÒÙ‡ÚË-
ÚË‰ËÎ ˝Ú‡ÌÓÎ‡ÏËÌÒ‚flÁ˚‚‡˛˘ËÈ 
·ÂÎÓÍ)

913159 40 22.0/7.40 21.0/7.43

38 èÂÔÚË‰ËÎÔÓÎËÎËÁÓÏÂ‡Á‡ Ä 
(ˆËÍÎÓÙËÎËÌ Ä)

51895760 35 17.0/6.90 18.0/7.68

39 äÓÙËÎËÌ 1, ÌÂÏ˚¯Â˜Ì˚È 30582531 63 16.0/6.45 18.5/8.22

40 èÓÙËÎËÌ 1 4826898 46 14.5/6.85 15.1/8.44

41 ñÂÔ¸ Ä, „‡ÎÂÍÚËÌ 1 42542977 29 14.0/4.92 14.6/5.34
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å‡Í‡Ó‚ 

 

Ë ‰

 

.

 

‚

 

28

26
27

 

„

‡ ·

 

êËÒ. 4.

 

 î‡„ÏÂÌÚ˚ ‰‚ÛÏÂÌ˚ı ˝ÎÂÍÚÓÙÓÂ„‡ÏÏ ·ÂÎÍÓ‚ ÏËÓ·Î‡ÒÚÓ‚ ˜ÂÎÓ‚ÂÍ‡, ËÎÎ˛ÒÚËÛ˛˘ËÂ Û‚ÂÎË˜ÂÌËÂ ÍÓ-
ÎË˜ÂÒÚ‚‡ ·ÂÎÍÓ‚ ‚ ıÓ‰Â ‰ËÙÙÂÂÌˆËÓ‚ÍË: 

 

‡

 

, 

 

·

 

 – 

 

β

 

-ÚÓÔÓÏËÓÁËÌ 2, ËÁÓÙÓÏ‡ 1 (

 

26

 

) Ë ‡ÌÌÂÍÒËÌ V (

 

27

 

) ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ, 10-Â ÒÛÚ ÍÛÎ¸ÚË‚ËÓ‚‡ÌËfl ‚ ‰ËÙÙÂÂÌˆËÓ‚Ó˜ÌÓÈ ÒÂ‰Â; 

 

‚

 

, 

 

„

 

 – ·ÂÎÓÍ S100Ä11 (

 

28

 

), 2-Â ÒÛÚ ÍÛÎ¸ÚË‚ËÓ‚‡ÌËfl.

 

29

30

31

32

41

38
39

40

37

35

34

33

 

çÂ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌ˚Â
ÏËÓ·Î‡ÒÚ˚

ÑËÙÙÂÂÌˆËÛ˛˘ËÂÒfl
ÏËÓ·Î‡ÒÚ˚ (6 ÒÛÚ)

ÑËÙÙÂÂÌˆËÛ˛˘ËÂÒfl
ÏËÓ·Î‡ÒÚ˚ (6 ÒÛÚ)

çÂ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌ˚Â
ÏËÓ·Î‡ÒÚ˚

 

êËÒ. 5.

 

 î‡„ÏÂÌÚ˚ ‰‚ÛÏÂÌ˚ı ̋ ÎÂÍÚÓÙÓÂ„‡ÏÏ ·ÂÎÍÓ‚, ÍÓÎË˜ÂÒÚ‚Ó ÍÓÚÓ˚ı ‚ ÔÓˆÂÒÒÂ ‰ËÙÙÂÂÌˆËÓ‚ÍË Í 6-Ï ÒÛÚ
ÛÏÂÌ¸¯‡ÂÚÒfl, ÌÓÏÂ‡ Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚ı ·ÂÎÍÓ‚ ÛÍ‡Á‡Ì˚ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò Ú‡·Î. 4.
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í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡¯‡ ‡·ÓÚ‡ ÔÓÁ‚ÓÎËÎ‡ ‚˚-
fl‚ËÚ¸ fl‰ Á‡ÍÓÌÓÏÂÌÓÒÚÂÈ ‚ ËÁÏÂÌÂÌËflı ·ÂÎÍÓ-
‚Ó„Ó ÔÓÙËÎfl, Óı‚‡Ú˚‚‡˛˘Ëı 16 ·ÂÎÍÓ‚ Ë ÓÚ‡-
Ê‡˛˘Ëı ÓÒÓ·ÂÌÌÓÒÚË ‰ËÙÙÂÂÌˆËÓ‚ÍË ÌÂËÏ-
ÏÓÚ‡ÎËÁÓ‚‡ÌÌ˚ı ÏËÓ·Î‡ÒÚÓ‚ ˜ÂÎÓ‚ÂÍ‡.
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A Study of Protein Profile Changes in Differentiating Human Myoblasts

A. A. Makarova, L. I. Kovalyova, M. A. Kovalyovaa, I. Yu. Toropyginb, and S. S. Shishkina

a Bach Institute of Biochemistry, Russian Academy of Sciences, Leninsky pr. 33, Moscow, 119071, Russia
b Orekhovich Institute of Biomedical Chemistry, Russian Academy of Medical Sciences, 

Pogodinskaya ul. 10, Moscow, 119121 Russia
      e-mail: amkrv@mail.ru

Abstract—The changes in the protein profile in cultured human myoblasts after induction of differentiation
was studied by proteomic techniques (a combination of O’Farrell two-dimensional electrophoresis and subse-
quent protein identification by MALDI-TOF MS and MS/MS analyses). Forty-one proteins have been identi-
fied, 25 of which were present in both proliferating and differentiating myoblasts, which allows them to be con-
sidered as myoblast housekeeping proteins. The changes in the distribution of some isoforms of tropomyosins,
S100 proteins, cofilin, etc. have been revealed. The possible role of these changes in the cell protein profile in
the realization of the program of skeletal muscle cell differentiation is discussed.

Key words: myoblasts, differentiation, proteomics, tropomyosins.
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