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1

 

Ä‚ÚÓÌÓÏÌÓÒÚ¸ ‡ÌÌÂ„Ó ‡Á‚ËÚËfl ÁË„ÓÚ˚ Ó·ÂÒ-
ÔÂ˜Ë‚‡ÂÚÒfl Ì‡ÎË˜ËÂÏ ‚ flÈˆÂ Á‡Ô‡ÒÂÌÌ˚ı ‚ ÔÓˆÂÒ-
ÒÂ ÓÓ„ÂÌÂÁ‡ ·ÂÎÍÓ‚ Ë Ï‡ÚË˜Ì˚ı êçä. Ç fl‰Â ÌÂ-
‰‡‚ÌËı ‡·ÓÚ ·˚Î ËÒÒÎÂ‰Ó‚‡Ì ÒÓÒÚ‡‚ Ïêçä ‚
ÓÓˆËÚ‡ı ‰‡ÌËÓ (

 

Mathavan

 

 

 

et

 

 

 

al

 

., 2005), ‡ Ú‡ÍÊÂ ÔË-
Ó‰‡ Ì‡Ë·ÓÎÂÂ ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ı ·ÂÎÍÓ‚ (

 

Knoll

 

-

 

Gellida

 

 

 

et

 

 

 

al

 

., 2006). éÒÓ·˚È ËÌÚÂÂÒ ÔÂ‰ÒÚ‡‚Îfl˛Ú
Á‡Ô‡ÒÂÌÌ˚Â ·ÂÎÍË, Û˜‡ÒÚ‚Û˛˘ËÂ ‚ Â„ÛÎflˆËË ÔÓ-
ˆÂÒÒÓ‚, ÍÓÚÓ˚Â ÔÓÚÂÍ‡˛Ú Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı
‡Á‚ËÚËfl. é‰ÌËÏ ËÁ ‚‡ÊÌÂÈ¯Ëı ÒË„Ì‡Î¸Ì˚ı ÔÛÚÂÈ
fl‚ÎflÂÚÒfl Â„ÛÎflˆËfl ‡ÁÌÓÓ·‡ÁÌ˚ı ÍÎÂÚÓ˜Ì˚ı
ÔÓˆÂÒÒÓ‚ ÔÛÚÂÏ ËÁÏÂÌÂÌËfl ‚ÌÛÚËÍÎÂÚÓ˜ÌÓÈ
ÍÓÌˆÂÌÚ‡ˆËË ËÓÌÓ‚ Í‡Î¸ˆËfl. Ç ˜‡ÒÚÌÓÒÚË, ˝Ú‡
ÒËÒÚÂÏ‡ Ë„‡ÂÚ ‚‡ÊÌÂÈ¯Û˛ ÓÎ¸ ‚ ÔÓˆÂÒÒ‡ı ‡Ì-
ÌÂ„Ó ‡Á‚ËÚËfl Û ˚· Ì‡˜ËÌ‡fl ÒÓ ÒÚ‡‰ËË ÓÔÎÓ‰Ó-
Ú‚ÓÂÌËfl (

 

Webb

 

, 

 

Miller

 

, 2003). ÄÌÌÂÍÒËÌ˚ – „ÛÔ-
Ô‡ Í‡Î¸ˆËÈÒ‚flÁ˚‚‡˛˘Ëı ·ÂÎÍÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı,
ÔÓ-‚Ë‰ËÏÓÏÛ, ‚ ÔÓˆÂÒÒ‡ı ÔÂÂ‰‡˜Ë Í‡Î¸ˆËÂ‚Ó„Ó
ÒË„Ì‡Î‡ ‚ ÍÎÂÚÍÂ. ùÚË ·ÂÎÍË ËÏÂ˛ÚÒfl Û ‚ÒÂı „ÛÔÔ
ÊË‚˚ı Ó„‡ÌËÁÏÓ‚ – Í‡Í Û ÊË‚ÓÚÌ˚ı, Ú‡Í Ë Û ‡Ò-
ÚÂÌËÈ, ÍÓÏÂ ÔÓÍ‡ËÓÚ Ë ‰ÓÊÊÂÈ. çÂÒÏÓÚfl Ì‡
ÚÓ ˜ÚÓ ÔÓÍ‡Á‡ÌÓ Û˜‡ÒÚËÂ ‡ÌÌÂÍÒËÌÓ‚ ‚Ó ÏÌÓ„Ëı
‚ÌÛÚËÍÎÂÚÓ˜Ì˚ı ÔÓˆÂÒÒ‡ı, ÌÂ ÒÛ˘ÂÒÚ‚ÛÂÚ Â‰Ë-
ÌÓÈ ÚÓ˜ÍË ÁÂÌËfl Ó· Ëı ÙÛÌÍˆËË 

 

in

 

 

 

vivo

 

 (

 

Gerke

 

,

 

1

 

ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ êÓÒÒËÈÒÍËÏ ÙÓÌ‰ÓÏ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı
ËÒÒÎÂ‰Ó‚‡ÌËÈ (ÔÓÂÍÚ ‹ 05-04-48975).

 

Moss

 

, 2002). ÇÒÂ ‡ÌÌÂÍÒËÌ˚ Ó·Î‡‰‡˛Ú ÒıÓ‰Ì˚Ï
ÒÚÓÂÌËÂÏ, ı‡‡ÍÚÂËÁÛ˛˘ËÏÒfl Ì‡ÎË˜ËÂÏ ‚ ÏÓ-
ÎÂÍÛÎÂ ·ÂÎÍ‡ ˜ÂÚ˚Âı ËÎË ‚ÓÒ¸ÏË ‚˚ÒÓÍÓÍÓÌÒÂ-
‚‡ÚË‚Ì˚ı ÔÓ‚ÚÓfl˛˘ËıÒfl ‰ÓÏÂÌÓ‚ ‰ÎËÌÓÈ ÓÍÓÎÓ
70 ‡ÏËÌÓÍËÒÎÓÚÌ˚ı ÓÒÚ‡ÚÍÓ‚, Ú‡Í Ì‡Á˚‚‡ÂÏ˚ı
‡ÌÌÂÍÒËÌÓ‚˚ı ÔÓ‚ÚÓÓ‚ (

 

Moss

 

, 

 

Morgan

 

, 2004). 

é·˘ËÏ ÏÓÎÂÍÛÎflÌ˚Ï Ò‚ÓÈÒÚ‚ÓÏ ‡ÌÌÂÍÒËÌÓ‚
fl‚ÎflÂÚÒfl Ëı ÒÔÓÒÓ·ÌÓÒÚ¸ Ò‚flÁ˚‚‡Ú¸Òfl Ò ÍËÒÎ˚ÏË
ÙÓÒÙÓÎËÔË‰‡ÏË ‚ ÔËÒÛÚÒÚ‚ËË ËÓÌÓ‚ Í‡Î¸ˆËfl 

 

in
vitro

 

, Ì‡ ˝ÚÓÏ Ò‚ÓÈÒÚ‚Â ÓÒÌÓ‚˚‚‡˛ÚÒfl ÏÂÚÓ‰˚ Ëı
‚˚‰ÂÎÂÌËfl (

 

Gerke

 

, 1991). àÒÔÓÎ¸ÁÛfl ˝ÚÓÚ ÏÂÚÓ‰,
Ì‡Ï Û‰‡ÎÓÒ¸ ‚˚‰ÂÎËÚ¸ ËÁ ÁÂÎ˚ı flËˆ ‚¸˛Ì‡ ÌÂ ÏÂ-
ÌÂÂ ÔflÚË ·ÂÎÍÓ‚, ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ ‡ÌÌÂÍÒËÌÓ‚
(

 

Minin

 

, 

 

Ivanenkov

 

, 1989; 

 

Ivanenkov

 

 

 

et

 

 

 

al

 

., 1994). ê‡-
ÌÂÂ Ï˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ Ó‰ËÌ ËÁ ˝ÚËı ·ÂÎÍÓ‚ ÒËÌÚÂ-
ÁËÛÂÚÒfl Ì‡ ÒÚ‡‰ËË ·Î‡ÒÚÛÎ˚, ‡ Ì‡ ÒÚ‡‰ËË „‡ÒÚÛ-
Î˚ Â„Ó ÒËÌÚÂÁ ÔÂÍ‡˘‡ÂÚÒfl (

 

Minin

 

, 

 

Ivanenkov

 

,
1989), ‚ ‰‡Î¸ÌÂÈ¯ÂÏ ÓÌ ·˚Î Ë‰ÂÌÚËÙËˆËÓ‚‡Ì Í‡Í
‡ÌÌÂÍÒËÌ Ä5 (åËÌËÌ Ë ‰., 2002). Ç Ì‡ÒÚÓfl˘ÂÈ ‡-
·ÓÚÂ Ò‰ÂÎ‡Ì‡ ÔÓÔ˚ÚÍ‡ ÔÓ‡Ì‡ÎËÁËÓ‚‡Ú¸ ÓÒÚ‡Î¸-
Ì˚Â ·ÂÎÍË, ‚˚‰ÂÎfl˛˘ËÂÒfl ÔÂÂÓÒ‡Ê‰ÂÌËÂÏ Ò ÍËÒ-
Î˚ÏË ÙÓÒÙÓÎËÔË‰‡ÏË. ÑÎfl ˝ÚÓ„Ó ËÒÔÓÎ¸ÁÓ‚‡Ì ÏÂ-
ÚÓ‰ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ÚËÔÚË˜Â-
ÒÍËı ÔÂÔÚË‰Ó‚ ·ÂÎÍÓ‚, ‡Á‰ÂÎflÂÏ˚ı ÏÂÚÓ‰ÓÏ ̋ ÎÂÍ-
ÚÓÙÓÂÁ‡ ‚ ÔÓÎË‡ÍËÎ‡ÏË‰ÌÓÏ „ÂÎÂ (èÄÄÉ). 
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àÁ flËˆ ‰‡ÌËÓ (

 

Brachydanio

 

 

 

rerio

 

) ‚˚‰ÂÎflÎË Í‡Î¸ˆËÈÒ‚flÁ˚‚‡˛˘ËÂ ·ÂÎÍË ÔÓÒÂ‰ÒÚ‚ÓÏ ÏÂÚÓ‰‡ ÔÂÂÓ-
Ò‡Ê‰ÂÌËfl Ò ÍËÒÎ˚ÏË ÙÓÒÙÓÎËÔË‰‡ÏË ‚ ÔËÒÛÚÒÚ‚ËË ËÓÌÓ‚ Í‡Î¸ˆËfl. èÓÎÛ˜ÂÌÌ˚Â ·ÂÎÍË ÔÓÒÎÂ ‡Á-
‰ÂÎÂÌËfl Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ˝ÎÂÍÚÓÙÓÂÁ‡ ‚ ÔÓÎË‡ÍËÎ‡ÏË‰ÌÓÏ „ÂÎÂ ‚ ÔËÒÛÚÒÚ‚ËË ‰Ó‰ÂˆËÎÒÛÎ¸Ù‡-
Ú‡ Ì‡ÚËfl Ë‰ÂÌÚËÙËˆËÓ‚‡ÎË ÏÂÚÓ‰ÓÏ ‡Ì‡ÎËÁ‡ Ï‡ÒÒ-ÒÔÂÍÚÓ‚ ÚËÔÚË˜ÂÒÍËı ÔÂÔÚË‰Ó‚ (

 

peptide

 

 

 

finger
printing

 

). èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÒÂ‰Ë ·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘ËıÒfl ‚ ÒÏÂÒË, ÔËÒÛÚÒÚ‚Û˛Ú ‡ÌÌÂÍÒËÌ˚ Ä2‡, Ä1‡,
Ä13.1, ‡ Ú‡ÍÊÂ ÔÓ‰Ú‚ÂÊ‰ÂÌÓ Ì‡ÎË˜ËÂ ‡ÌÌÂÍÒËÌ‡ Ä5. äÓÏÂ ÚÓ„Ó, Ó·Ì‡ÛÊÂÌ ·ÂÎÓÍ ÍÓÔËÌ 

 

III

 

 (

 

copine

 

 

 

III

 

),
ÔËÌ‡‰ÎÂÊ‡˘ËÈ Í ÌÂ‰‡‚ÌÓ ÓÚÍ˚ÚÓÏÛ ÒÂÏÂÈÒÚ‚Û ÍÓÔËÌÓ‚ – ·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı ‰ÓÏÂÌ ë2. àÁ ÁÂ-
Î˚ı ÓÓˆËÚÓ‚ Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡ ÔÓÎËÏÂ‡ÁÌÓÈ ˆÂÔÌÓÈ Â‡ÍˆËË, ÒÓÔflÊÂÌÌÓÈ Ò Ó·‡ÚÌÓÈ Ú‡Ì-
ÒÍËÔˆËÂÈ, ‚˚‰ÂÎÂÌ‡ ÚÓÚ‡Î¸Ì‡fl êçä; ÔÓÍ‡Á‡ÌÓ Ì‡ÎË˜ËÂ Ïêçä ‰‚Ûı ‡ÁÌ˚ı ÙÓÏ ‡ÌÂÍÒËÌ‡ Ä13
(Ä13.1 Ë Ä13.2), ‡ Ú‡ÍÊÂ ‡ÌÌÂÍÒËÌ‡ Ä3. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓÍ‡Á‡ÌÓ, ̃ ÚÓ ‚ flÈˆÂ ‰‡ÌËÓ ËÏÂ˛ÚÒfl Í‡Í ·ÂÎ-
ÍË ‡ÌÌÂÍÒËÌ˚, Ú‡Í Ë Ëı Ïêçä.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: ‡ÌÌÂÍÒËÌ˚, 

 

Brachydanio

 

 

 

rerio

 

, ÍÑçä, Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËfl, ‡ÌÌÂÂ ‡Á‚ËÚËÂ.
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åÄíÖêàÄã à åÖíéÑàäÄ 

 

ëÏÂÒ¸ ‡ÌÌÂÍÒËÌÓ‚ ‚˚‰ÂÎflÎË ËÁ ÓÓˆËÚÓ‚ ‰‡ÌËÓ
‚ ÓÒÌÓ‚ÌÓÏ ÔÓ ÏÂÚÓ‰Û, ÓÔËÒ‡ÌÌÓÏÛ ‡ÌÂÂ ‰Îfl flËˆ
‚¸˛Ì‡ (

 

Minin

 

, 

 

Ivanenkov

 

, 1989). ÉÓÌ‡‰˚, ‚ÁflÚ˚Â ËÁ
·˛¯ÌÓÈ ÔÓÎÓÒÚË ÁÂÎ˚ı Ò‡ÏÓÍ, ÔÂÔ‡ËÓ‚‡ÎË
‚ ÒÓÎÂ‚ÓÏ ‡ÒÚ‚ÓÂ êËÌ„Â‡, ÒÓ·Ë‡ÎË ÍÛÔÌ˚Â
ÓÓˆËÚ˚, ‚˚Ò‚Ó·Ó‰Ë‚¯ËÂÒfl ËÁ ÒÚÓÏ˚. éÓˆËÚ˚
„ÓÏÓ„ÂÌËÁËÓ‚‡ÎË ‚ 10 Ó·˙ÂÏ‡ı ·ÛÙÂ‡ Ä, Ïå:

 

ÚËÒ

 

-

 

HCl

 

 – 25, 

 

pH

 

 7.5; 

 

NaCl

 

 – 150, ‰ËÚËÓÚÂËÚÓÎ –
1, ÙÂÌËÎÏÂÚËÎÒÛÎ¸ÙÓÌËÎÙÚÓË‰ (

 

PMSF

 

) – 0.25, Í
„ÓÏÓ„ÂÌ‡ÚÛ ‰Ó·‡‚ÎflÎË 

 

CaCl

 

2

 

 ‰Ó ÍÓÌˆÂÌÚ‡ˆËË
10

 

 

 

Ïå Ë ˆÂÌÚËÙÛ„ËÓ‚‡ÎË Â„Ó ÔË 100000 

 

g

 

. éÒ‡-
‰ÓÍ ÔÓÏ˚‚‡ÎË ·ÛÙÂÓÏ Ä Ò ‰Ó·‡‚ÎÂÌËÂÏ 7 Ïå

 

CaCl

 

2

 

, ‡ Á‡ÚÂÏ ˝ÍÒÚ‡„ËÓ‚‡ÎË ·ÛÙÂÓÏ Ä Ò
10

 

 

 

Ïå ùÉíÄ Ë ˆÂÌÚËÙÛ„ËÓ‚‡ÎË ÔË 100000 

 

g

 

.
ëÛÔÂÌ‡Ú‡ÌÚ ‰Ë‡ÎËÁÓ‚‡ÎË ÔÓÚË‚ ·ÛÙÂ‡ Ä Ò
0.1

 

 

 

Ïå ùÉíÄ Ë ˆÂÚËÙÛ„ËÓ‚‡ÎË ‚ ÚÂı ÊÂ ÛÒÎÓ-
‚Ëflı. ä ÒÛÔÂÌ‡Ú‡ÌÚÛ ‰Ó·‡‚ÎflÎË ÙÓÒÙÓÎËÔË‰˚ ‚
ÙÓÏÂ ÎËÔÓÒÓÏ ‚ ÒÓÓÚÌÓ¯ÂÌËË ÔÓ ‚ÂÒÛ 1 : 10 Ë

 

CaCl

 

2

 

 ‰Ó 10 Ïå. ãËÔÓÒÓÏ˚ ÔÓÎÛ˜‡ÎË ËÁ ÙÓÒÙÓÎË-
ÔË‰Ó‚ ıÎÓÓÙÓÏ-ÏÂÚ‡ÌÓÎ¸ÌÓ„Ó ˝ÍÒÚ‡ÍÚ‡ ÏÓÁ„‡
·˚Í‡ (“

 

Sigma

 

”, ëòÄ) Ó·‡·ÓÚÍÓÈ ÛÎ¸Ú‡Á‚ÛÍÓÏ
ÒÛÒÔÂÌÁËË ˝ÍÒÚ‡ÍÚ‡ (10 Ï„/ÏÎ). éÒ‡‰ÓÍ ÒÓ·Ë‡ÎË
ˆÂÌÚËÙÛ„ËÓ‚‡ÌËÂÏ, ÔÓÏ˚‚‡ÎË ·ÛÙÂÓÏ Ä Ò
7

 

 

 

Ïå ë‡ë

 

l

 

2

 

, ‡ Á‡ÚÂÏ ̋ ÍÒÚ‡„ËÓ‚‡ÎË ËÁ ÌÂ„Ó ·ÂÎÍË
ÏËÌËÏ‡Î¸Ì˚Ï Ó·˙ÂÏÓÏ ·ÛÙÂ‡ Ä Ò 10 Ïå ùÉíÄ.

ùÎÂÍÚÓÙÓÂÁ Ó·‡ÁˆÓ‚ ·ÂÎÍ‡ ÔÓ‚Ó‰ËÎË ‚
ÔËÒÛÚÒÚ‚ËË ‰Ó‰ÂˆËÎÒÛÎ¸Ù‡Ú‡ (ÑÑë) Ì‡ÚËfl ÔÓ
Ó·˚˜ÌÓÈ ÏÂÚÓ‰ËÍÂ ‚ èÄÄÉ ‚ ÍÓÌˆÂÌÚ‡ˆËË 10 Ë
6–18%.

Ñ‚ÛÏÂÌ˚È ̋ ÎÂÍÚÓÙÓÂÁ ÔÓ‚Ó‰ËÎË ÔÓ Ó·˚˜-
ÌÓÈ ÏÂÚÓ‰ËÍÂ (

 

O

 

’

 

Farrell

 

, 1975), ‰Îfl ËÁÓÙÓÍÛÒËÓ-
‚‡ÌËfl ËÒÔÓÎ¸ÁÓ‚‡ÎË ‡ÏÙÓÎËÌ˚ ÙËÏ˚ “

 

LKB

 

-

 

Phar-
macia

 

”, ò‚ÂˆËfl.
à‰ÂÌÚËÙËÍ‡ˆË˛ ·ÂÎÍÓ‚ ÔÓ Ï‡ÒÒ-ÒÔÂÍÚ‡Ï

ÔÓÚÂÓÎËÚË˜ÂÒÍËı ÔÂÔÚË‰Ó‚ ÔÓ‚Ó‰ËÎË Ì‡ ·‡ÁÂ
ñäè “ñÂÌÚ ÔÓÒÚ„ÂÌÓÏÌ˚ı ÚÂıÌÓÎÓ„ËÈ” Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓÚÓÍÓÎ‡ “

 

MALDI

 

-

 

Gel

 

 – ë 

 

c

 

 ÔÓ‚Â-
‰ÂÌËÂÏ ÔÓÚÂÓÎËÁ‡ ‚ „ÂÎÂ” (

 

http

 

://195.178.207.228/

 

biology

 

/

 

id

 

/).
íÓÚ‡Î¸ÌÛ˛ êçä ‚˚‰ÂÎflÎË ËÁ ÁÂÎ˚ı ÓÓˆËÚÓ‚

„Û‡ÌË‰ËÌËÁÓÚËÓˆË‡Ì‡ÚÌ˚Ï ÏÂÚÓ‰ÓÏ. èÓÎËÏÂ‡Á-
ÌÛ˛ ˆÂÔÌÛ˛ Â‡ÍˆË˛, ÒÓÔflÊÂÌÌÛ˛ Ò Ó·‡ÚÌÓÈ
Ú‡ÌÒÍËÔˆËÂÈ (èñê-éí), ÔÓ‚Ó‰ËÎË Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ Ì‡·Ó‡ Â‡ÍÚË‚Ó‚ 

 

Anhanced

 

 

 

Avian

 

 

 

HS

 

 

 

RT

 

-

 

PCR
kit 

 

(“

 

Sigma

 

”, ëòÄ) ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÂÍÓÏÂÌ‰‡ˆË-
flÏË ÔÓËÁ‚Ó‰ËÚÂÎfl. àÒÔÓÎ¸ÁÓ‚‡ÎË ÒÔÂˆËÙË˜Â-
ÒÍËÂ Ô‡ÈÏÂ˚ ‰Îfl 5'-ÍÓÌˆÂ‚˚ı Û˜‡ÒÚÍÓ‚ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ‡ÌÌÂÍÒËÌ‡ Ä3: 

5'-

 

AACTAAAACCCGCCCACAACTACA

 

-3',

5'-

 

CCCCGGACACCTCAGATTTCA

 

-3', 

‰Îfl ‡ÌÌÂÍÒËÌ‡ Ä13.1 :

5'-

 

ATGGGAAACTGTCAACCAACAATT

 

-3', 

5'-

 

GTGAAGGATGGCCAGCAGGAG

 

-3', 

‰Îfl ‡ÌÌÂÍÒËÌ‡ Ä13.2 : 

5'-

 

ATGGGCAACGTTCAACCCACAATAA

 

-3',

5'-

 

GTGAAGTATTTCTATTAGCAGGCGCT-
TGAA

 

-3'. ÄÌ‡ÎËÁËÓ‚‡ÎË èñê-ÔÓ‰ÛÍÚ˚ Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ˝ÎÂÍÚÓÙÓÂÁ‡ ‚ ‡„‡ÓÁÌÓÏ „ÂÎÂ Ë
ÒÂÍ‚ÂÌËÓ‚‡ÌËfl. 

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

Ç˚‰ÂÎÂÌËÂ Í‡Î¸ˆËÈÒ‚flÁ˚‚‡˛˘Ëı ·ÂÎÍÓ‚ ËÁ
ˆËÚÓÔÎ‡ÁÏ˚ ÔÓ ÔÂ‰Î‡„‡ÂÏÓÈ ÏÂÚÓ‰ËÍÂ ÔÓÁ‚ÓÎË-
ÎÓ ÔÓÎÛ˜ËÚ¸ ÒÏÂÒ¸ ·ÂÎÍÓ‚, ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ ‡Ì-
ÌÂÍÒËÌÓ‚, Ò ÏÓÎÂÍÛÎflÌ˚ÏË Ï‡ÒÒ‡ÏË ÓÍÓÎÓ 58, 38,
35, 34 Ë 31 ÍÑ‡ (åËÌËÌ, ï‡È‰‡Ó‚‡, 1998; ËÒÛ-
ÌÓÍ). äÓÎË˜ÂÒÚ‚ÂÌÌÓ ÔÂÓ·Î‡‰‡ÂÚ ·ÂÎÓÍ Ò ÏÓÎÂ-
ÍÛÎfl. Ï‡ÒÒÓÈ 31 ÍÑ‡. ëÓ„Î‡ÒÌÓ Ì‡¯ËÏ ‰‡ÌÌ˚Ï
(

 

Minin

 

, 

 

Ivanenkov

 

, 1989; åËÌËÌ, ï‡È‰‡Ó‚‡, 1998),
˝ÚÓÚ ·ÂÎÓÍ ÒËÌÚÂÁËÛÂÚÒfl ‚ ‡Á‚Ë‚‡˛˘ËıÒfl Á‡Ó-
‰˚¯‡ı ‚¸˛Ì‡ Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ˝Ï·ËÓ„ÂÌÂÁ‡, ‰Ó
Ì‡˜‡Î‡ „‡ÒÚÛÎflˆËË, ‰‡ÎÂÂ ÒËÌÚÂÁ ÔÂÍ‡˘‡ÂÚÒfl Ë
‚ÓÁÓ·ÌÓ‚ÎflÂÚÒfl ÚÓÎ¸ÍÓ Ì‡ ÔÓÁ‰ÌËı ÒÚ‡‰Ëflı ‡Á‚Ë-
ÚËfl. ê‡ÌÂÂ Ï˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ˝ÚÓÚ ·ÂÎÓÍ fl‚ÎflÂÚÒfl
‡ÌÌÂÍÒËÌÓÏ Ä5 (åËÌËÌ Ë ‰., 2002).

å˚ ÔÓ‚ÂÎË ‰‡Î¸ÌÂÈ¯ËÈ ‡Ì‡ÎËÁ ÔÓÎÛ˜ÂÌÌÓÈ
ÒÏÂÒË ·ÂÎÍÓ‚. Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl Ì‡Ë·ÓÎÂÂ ‰Ó-
ÒÚÛÔÌ˚Ï Ë ‚˚ÒÓÍÓÔÓËÁ‚Ó‰ËÚÂÎ¸Ì˚Ï fl‚ÎflÂÚÒfl
ÏÂÚÓ‰ Ë‰ÂÌÚËÙËÍ‡ˆËË ·ÂÎÍÓ‚ ÔÓ Ï‡ÒÒ-ÒÔÂÚÓÏÂÚË-
˜ÂÒÍËÏ ÔÂÔÚË‰Ì˚Ï Í‡Ú‡Ï ÒÔÂˆËÙË˜ÂÒÍÓ„Ó ÔÓÚÂÓ-
ÎËÚË˜ÂÒÍÓ„Ó „Ë‰ÓÎËÁ‡, ËÁ‚ÂÒÚÌ˚È Í‡Í 

 

Peptide
Mass

 

 

 

Fingerprint

 

 (

 

PMF

 

). Ç Í‡˜ÂÒÚ‚Â ÒÔÂˆËÙË˜ÂÒÍÓÈ
ÔÓÚÂ‡Á˚ ˜‡˘Â ‚ÒÂ„Ó ËÒÔÓÎ¸ÁÛÂÚÒfl ÚËÔÒËÌ, ‡Ò-
˘ÂÔÎfl˛˘ËÈ ÔÓÎËÔÂÔÚË‰ÌÛ˛ ˆÂÔ¸ ·ÂÎÍÓ‚ ÚÓÎ¸ÍÓ
fl‰ÓÏ Ò ÔÓÎÓÊËÚÂÎ¸ÌÓ Á‡flÊÂÌÌ˚ÏË ‡ÏËÌÓÍËÒ-
ÎÓÚ‡ÏË, ‡„ËÌËÌÓÏ ËÎË ÎËÁËÌÓÏ. ç‡ ÔÂ‚ÓÏ ̋ Ú‡ÔÂ
ËÁÛ˜‡ÂÏ˚È ·ÂÎÓÍ ÔÓ‰‚Â„‡ÂÚÒfl ˝ÎÂÍÚÓÙÓÂÚË-
˜ÂÒÍÓÏÛ ‡Á‰ÂÎÂÌË˛ Ë Ó˜ËÒÚÍÂ, ‡ Á‡ÚÂÏ ÔÓÚÂÓÎË-
ÚË˜ÂÒÍÓÏÛ „Ë‰ÓÎËÁÛ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚ èÄÄÉ.
Ç ÂÁÛÎ¸Ú‡ÚÂ Ú‡ÍÓ„Ó „Ë‰ÓÎËÁ‡ ÔÓÎÛ˜‡ÂÚÒfl ÒÏÂÒ¸
ÔÂÔÚË‰Ó‚. 

ëÎÂ‰Û˛˘ËÈ ˝Ú‡Ô – Â„ËÒÚ‡ˆËfl Ï‡ÒÒ-ÒÔÂÍÚ‡
ÔÓÎÛ˜ÂÌÌÓÈ ÒÏÂÒË ÔÂÔÚË‰Ó‚, ‰‡˛˘‡fl Ì‡·Ó ËÎË
ÒÔËÒÓÍ ÏÓÎÂÍÛÎflÌ˚ı Ï‡ÒÒ. ùÚÓÚ ÏÂÚÓ‰ ÌÂ ‰‡ÂÚ
ÌËÍ‡ÍÓÈ ËÌÙÓÏ‡ˆËË Ó ÒÚÛÍÚÛÂ ËÎË ‰Û„Ëı
Ò‚ÓÈÒÚ‚‡ı ‚Â˘ÂÒÚ‚ ËÒÒÎÂ‰ÛÂÏÓÈ ÒÏÂÒË, ‡ ÚÓÎ¸ÍÓ
ÔÓÁ‚ÓÎflÂÚ ÒÛ‰ËÚ¸ Ó ÏÓÎÂÍÛÎflÌ˚ı Ï‡ÒÒ‡ı ÔÂÔÚË-
‰Ó‚, Ó·‡ÁÓ‚‡‚¯ËıÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÒÔÂˆËÙË˜ÂÒÍÓ„Ó
„Ë‰ÓÎËÁ‡. àÒıÓ‰fl ËÁ ÔÂ‰ÔÓÎÓÊÂÌËfl, ˜ÚÓ Í‡Ê-
‰˚È ·ÂÎÓÍ ÔË „Ë‰ÓÎËÁÂ ÚËÔÒËÌÓÏ ËÏÂÂÚ Ò‚ÓÈ
ÛÌËÍ‡Î¸Ì˚È Ì‡·Ó ÔÂÔÚË‰Ó‚ Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ
ÂÏÛ ÔÂÂ˜ÂÌ¸ ÏÓÎÂÍÛÎflÌ˚ı Ï‡ÒÒ, ÓÍ‡Á˚‚‡ÂÚÒfl
‚ÓÁÏÓÊÌ˚Ï Ì‡ÈÚË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ˝ÚÓÏÛ Ì‡·Ó-
Û ·ÂÎÓÍ. ùÚÓ ‰ÓÒÚË„‡ÂÚÒfl ÔÛÚÂÏ Ò‡‚ÌÂÌËfl Â-
ÁÛÎ¸Ú‡ÚÓ‚ ˝ÍÒÔÂËÏÂÌÚ‡ Ò ËÏÂ˛˘ËÏËÒfl ‚ ·‡Á‡ı
‰‡ÌÌ˚ı ÔÂ‰ÒÍ‡Á‡ÌÌ˚ÏË Ì‡·Ó‡ÏË ÔÂÔÚË‰Ó‚ Ë ÔÂ-
Â˜ÌflÏË ÏÓÎÂÍÛÎflÌ˚ı Ï‡ÒÒ, ÔÓÎÛ˜ÂÌÌ˚ı 

 

in

 

 

 

silico

 

‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ ËÁ‚ÂÒÚÌ˚ı ·ÂÎÍÓ‚.
ç‡ ËÒÛÌÍÂ ‚ Í‡˜ÂÒÚ‚Â ÔËÏÂ‡ ÔÂ‰ÒÚ‡‚ÎÂÌ

Ï‡ÒÒ-ÒÔÂÍÚ ÔÂÔÚË‰Ó‚, ÔÓÎÛ˜ÂÌÌ˚ı ÚËÔÚË˜ÂÒÍËÏ
„Ë‰ÓÎËÁÓÏ ÔÓÎÓÒ˚ 31 ÍÑ‡ ËÁ „ÂÎfl ÔË Ó‰ÌÓÏÂ-
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éÁÂÓ‚‡, åËÌËÌ

 

ÌÓÏ ˝ÎÂÍÚÓÙÓÂÁÂ ÒÏÂÒË ÔÓÎÛ˜ÂÌÌ˚ı Ì‡ÏË ·ÂÎ-
ÍÓ‚. ç‡ ÒÔÂÍÚÂ ÓÚÏÂ˜ÂÌ˚ ÔËÍË Ò ÏÓÎÂÍÛÎfl. Ï‡Ò-
Ò‡ÏË, ÒÓ‚Ô‡‰‡˛˘ËÏË Ò ÔÂ‰ÒÍ‡Á‡ÌÌ˚ÏË Ï‡ÒÒ‡ÏË
ÚËÔÚË˜ÂÒÍËı ÔÂÔÚË‰Ó‚ ‡ÌÌÂÍÒËÌ‡ Ä5 ‰‡ÌËÓ. ëÚ‡-
ÚËÒÚË˜ÂÒÍ‡fl Ó·‡·ÓÚÍ‡ ‰‡ÌÌ˚ı Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚ-
ËË ‰Îfl ˝ÚÓ„Ó Ó·‡Áˆ‡ ÔÓÁ‚ÓÎflÂÚ Ë‰ÂÌÚËÙËˆËÓ-
‚‡Ú¸ ÔÓÎÛ˜ÂÌÌÛ˛ Ì‡ÏË ÔÓÎÓÒÛ ·ÂÎÍ‡ Í‡Í ‡ÌÌÂÍÒËÌ
Ä5 ÒÓ ÁÌ‡˜ËÏÓÒÚ¸˛ (

 

score

 

) ·ÓÎÂÂ 68, ÍÓÚÓ‡fl ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÛÂÚ ÁÌ‡˜ÂÌËflÏ 

 

p

 

 < 0.05. 

Ñ‡Î¸ÌÂÈ¯ËÈ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ
·ÂÎÍÓ‚˚ı ÔÓÎÓÒ Ó‰ÌÓÏÂÌÓ„Ó Ë ‰‚ÛÏÂÌÓ„Ó ˝ÎÂÍ-
ÚÓÙÓÂÁ‡ ÔÓÁ‚ÓÎËÎ Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ ÍÓÏÂ
‡ÌÌÂÍÒËÌ‡ Ä5 Ë ‰Û„ËÂ ·ÂÎÍË (Ú‡·ÎËˆ‡). Ñ‡ÌÌ˚Â
Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËË, ÔÓÎÛ˜ÂÌÌ˚Â ‡Ì‡ÎËÁÓÏ „ÂÎÂÈ
ÔÓÒÎÂ ‰‚ÛÏÂÌÓ„Ó ˝ÎÂÍÚÓÙÓÂÁ‡, ÌÂ ‰‡ÎË ‰ÓÔÓÎ-
ÌËÚÂÎ¸Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÓ Ì‡ÎË˜Ë˛ ‚ Ó·‡Áˆ‡ı

‰Û„Ëı ‡ÌÌÂÍÒËÌÓ‚, Ë ÔÓ˝ÚÓÏÛ ÌÂ ÔË‚Ó‰flÚÒfl. é·-
‡˘‡ÂÚ Ì‡ ÒÂ·fl ‚ÌËÏ‡ÌËÂ, ˜ÚÓ ‡ÌÌÂÍÒËÌ˚ Ä13, Ä1
Ë Ä2 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÚÓÎ¸ÍÓ Ó‰ÌÓÈ ÙÓÏÓÈ ·ÂÎÍ‡,
ıÓÚfl Û ‰‡ÌËÓ ËÏÂ˛ÚÒfl ÚË ÙÓÏ˚ ‡ÌÌÂÍÒËÌ‡ Ä1 Ë
ÔÓ ‰‚Â Ä2 Ë Ä13, ÍÓ‰ËÛÂÏ˚Â ‡ÁÌ˚ÏË „ÂÌ‡ÏË. 

éÒÓ·˚È ËÌÚÂÂÒ ÔÂ‰ÒÚ‡‚ÎflÂÚ Ë‰ÂÌÚËÙËÍ‡ˆËfl
·ÂÎÍ‡ ÍÓÔËÌ‡ 

 

III

 

 Í‡Í ·ÂÎÍ‡ ËÁ ÔÓÎÓÒ˚ 58 ÍÑ‡, ÍÓ-
ÚÓÛ˛ Ï˚ ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ Ò˜ËÚ‡ÎË ‡ÌÌÂÍÒË-
ÌÓÏ Ä11 ËÎË ‡ÌÌÂÍÒËÌÓÏ Ä6 ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò Ëı
ÏÓÎÂÍÛÎfl. Ï‡ÒÒ‡ÏË. ê‡ÌÂÂ ·˚ÎÓ Ó·Ì‡ÛÊÂÌÓ ÙÓÒ-
ÙÓËÎËÓ‚‡ÌËÂ 

 

in

 

 

 

vitro

 

 ÔÓÎÓÒ˚ 58 ÍÑ‡ Í‡ÁÂËÌÍË-
Ì‡ÁÓÈ 2 (åËÌËÌ Ë ‰., 1998), Ë‰ÂÌÚËÙËÍ‡ˆËfl ÂÂ
Í‡Í ÍÓÔËÌ‡ ÔÓÁ‚ÓÎflÂÚ ·ÓÎÂÂ ÚÓ˜ÌÓ ËÌÚÂÔÂÚËÓ-
‚‡Ú¸ ÔÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚. ÅÂÎÓÍ ÍÓÔËÌ ÔË-
Ì‡‰ÎÂÊËÚ Í ÌÓ‚ÓÈ „ÛÔÔÂ ·ÂÎÍÓ‚ Ò ÌÂËÁ‚ÂÒÚÌÓÈ
ÍÎÂÚÓ˜ÌÓÈ ÙÛÌÍˆËÂÈ, Ó·Ì‡ÛÊÂÌÌ˚ı Ì‡ ÔÓÚflÊÂ-

 

å‡ÒÒ-ÒÔÂÍÚÓÏÂÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ Í‡Î¸ˆËÈÒ‚flÁ˚‚‡˛˘Ëı ·ÂÎÍÓ‚ ËÁ flÈˆ‡ ‰‡ÌËÓ. 

 

‡

 

 – ÔÓÎÓÊÂÌËÂ ‡Ì‡ÎËÁËÛÂÏ˚ı ·ÂÎÍÓ‚ Ì‡ ˝ÎÂÍÚÓÙÓÂ„‡ÏÏÂ; ˝ÎÂÍÚÓÙÓÂÁ ÔÓ‚Ó‰ËÎË ‚ ÔËÒÛÚÒÚ‚ËË ÑÑë Ì‡ÚËfl ‚
10%-ÌÓÏ èÄÄÉ, ÒÔ‡‚‡ – ÔÓÎÓÊÂÌËÂ ‚ „ÂÎÂ Ï‡ÍÂÓ‚ ËÁ‚ÂÒÚÌÓÈ ÏÓÎÂÍÛÎfl. Ï‡ÒÒ˚, ÒÎÂ‚‡ – ÔÓÎÓÊÂÌËÂ ‚ „ÂÎÂ ‚˚‰Â-
ÎÂÌÌ˚ı ·ÂÎÍÓ‚ Ë Ëı ÏÓÎÂÍÛÎfl. Ï‡ÒÒ‡, ÍÑ‡; 

 

I

 

–

 

III

 

 – Û˜‡ÒÚÍË „ÂÎfl, ‚ÁflÚ˚Â ‰Îfl ‡Ì‡ÎËÁ‡. 

 

· 

 

– Ï‡ÒÒ-ÒÔÂÍÚ ÚËÔÚË˜ÂÒÍÓ„Ó „Ë‰ÓÎËÁ‡Ú‡ ÔÓÎÓÒ˚ 31ÍÑ‡ (ÒÏ. 

 

‡

 

); ÓÚÏÂ˜ÂÌ˚ ÔËÍË Ò ÏÓÎÂÍÛÎfl. Ï‡ÒÒ‡ÏË, ÒÓ‚Ô‡‰‡˛˘Ë-
ÏË Ò ÔÂ‰ÒÍ‡Á‡ÌÌ˚ÏË ‰Îfl ÔÂÔÚË‰Ó‚ ËÁ ÚËÔÚË˜ÂÒÍÓ„Ó „Ë‰ÓÎËÁ‡Ú‡ ‡ÌÌÂÍÒËÌ‡ Ä5 ‰‡ÌËÓ; ÏÓÎÂÍÛÎfl. Ï‡ÒÒ˚ ÔËÍÓ‚ Ë ÓÚ-
ÌÓÒËÚÂÎ¸Ì˚Â Â‰. ÍÓÎË˜ÂÒÚ‚‡ ‚Â˘ÂÒÚ‚‡ ‚ ÔËÍÂ, ËÒÔÓÎ¸ÁÛÂÏ˚Â ‰Îfl ‚˚˜ËÒÎÂÌËÈ ÔÓ ÒÚ‡Ì‰‡ÚÌÓÈ ÔÓ„‡ÏÏÂ Ë‰ÂÌÚËÙËÍ‡-
ˆËË ·ÂÎÍÓ‚, ÌÂ ÛÍ‡Á‡Ì˚. 

å‡ÒÒ-ÒÔÂÍÚÓÏÂÚËfl Ó·‡ÁˆÓ‚ ·ÂÎÍÓ‚, ‚˚‰ÂÎÂÌÌ˚ı ËÁ ÁÂÎ˚ı ÓÓˆËÚÓ‚ ‰‡ÌËÓ Í‡Î¸ˆËÈÁ‡‚ËÒËÏ˚Ï ÔÂÂÓÒ‡Ê‰ÂÌË-
ÂÏ Ò ÍËÒÎ˚ÏË ÙÓÒÙÓÎËÔË‰‡ÏË

ç‡Á‚‡ÌËÂ ·ÂÎÍ‡ çÓÏÂ ‚ ·‡ÁÂ ‰‡ÌÌ˚ı 
UniGene

çÓÏÂ Ù‡„ÏÂÌÚ‡ „ÂÎfl
(ËÒÛÌÓÍ, a)

áÌ‡˜ËÏÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl 
‚ ‡ÁÌ˚ı ÓÔ˚Ú‡ı (score)

ÄÌÌÂÍÒËÌ Ä1‡ GI|31419751 II 57, 100

ÄÌÌÂÍÒËÌ Ä2‡ GI|38566042 II 77, 80, 91, 100

ÄÌÌÂÍÒËÌ Ä5 GI|40254660 III 151, 80, 68

ÄÌÌÂÍÒËÌ Ä13.1 GI|13397821 II 73, 94, 124

äÓÔËÌ III GI|29571133 I 101, 168

58

66

45

29

38
36
35
31

I

II

III

‡ ·
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ÌËË ÔÓÒÎÂ‰ÌÂ„Ó ‰ÂÒflÚËÎÂÚËfl Û Ò‡Ï˚ı ‡ÁÌ˚ı Ó„‡-
ÌËÁÏÓ‚. äÓÔËÌ˚ ÓÚÌÓÒflÚÒfl Í ·ÓÎ¸¯ÓÏÛ ÒÂÏÂÈÒÚ‚Û
·ÂÎÍÓ‚, ÒÓ‰ÂÊ‡˘Ëı Í‡Î¸ˆËÈÒ‚flÁ˚‚‡˛˘ËÈ ‰ÓÏÂÌ
ë2. í‡Í ÊÂ, Í‡Í Ë ‡ÌÌÂÍÒËÌÓ‚˚È ‰ÓÏÂÌ, ë2 ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚ÛÂÚ ‚ ÔËÒÛÚÒÚ‚ËË ËÓÌÓ‚ Í‡Î¸ˆËfl Ò ÍËÒ-
Î˚ÏË ÙÓÒÙÓÎËÔË‰‡ÏË ÏÂÏ·‡Ì.

í‡ÍËÏ Ó·‡ÁÓÏ, Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚË˜ÂÒÍËÈ
‡Ì‡ÎËÁ ÔÓÁ‚ÓÎËÎ ÛÒÚ‡ÌÓ‚ËÚ¸ ÔËÒÛÚÒÚ‚ËÂ ‚ ÁÂ-
ÎÓÏ flÈˆÂ ÌÂÒÍÓÎ¸ÍËı ‡ÌÌÂÍÒËÌÓ‚ ‚ ‚Ë‰Â Á‡Ô‡ÒÂÌ-
ÌÓ„Ó ·ÂÎÍ‡. å˚ Ò‰ÂÎ‡ÎË Ú‡ÍÊÂ ÔÓÔ˚ÚÍÛ ÛÒÚ‡ÌÓ-
‚ËÚ¸, Í‡ÍËÂ ËÁ Ïêçä ‡ÌÌÂÍÒËÌÓ‚ Á‡Ô‡ÒÂÌ˚ ‚ flÈˆÂ.
é‰ÌËÏ ËÁ ÔÂ‚˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔÓ ËÁÛ˜ÂÌË˛ ˝ÍÒ-
ÔÂÒÒËË ‡ÌÌÂÍÒËÌÓ‚ ‚ ‡Á‚ËÚËË ˚· ·˚Î‡ ‡·ÓÚ‡,
‚˚ÔÓÎÌÂÌÌ‡fl Ì‡ ˚·Â ÏÂ‰‡ÍÂ (Osterloh et al., 1998).
Ç Ó‰ÌÓÈ ËÁ ÌÂ‰‡‚ÌËı ‡·ÓÚ (Mathavan et al., 2005)
ÔÓ‡Ì‡ÎËÁËÓ‚‡Ì‡ ˝ÍÒÔÂÒÒËfl ·ÓÎÂÂ ˜ÂÏ 16000
„ÂÌÓ‚ ‰‡ÌËÓ Ì‡ ÒÚ‡‰Ëflı ‡Á‚ËÚËfl ÓÚ ÌÂÓÔÎÓ‰ÓÚ‚Ó-
ÂÌÌÓ„Ó flÈˆ‡ ‰Ó ‚˚ÎÛÔÎÂÌËfl (48 ˜), ‚ ÚÓÏ ˜ËÒÎÂ
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‰‡ÌÌ˚Â ÔÓ ÓÚÌÓÒËÚÂÎ¸ÌÓÏÛ ÒÓ‰Â-
Ê‡ÌË˛ Ïêçä ‡ÁÌ˚ı ‡ÌÌÂÍÒËÌÓ‚ Ì‡ ˝ÚËı ÒÚ‡‰Ëflı
‡Á‚ËÚËfl. Ç ‡·ÓÚÂ ÓÔÂ‰ÂÎflÎÓÒ¸ ÓÚÌÓÒËÚÂÎ¸ÌÓÂ
ÒÓ‰ÂÊ‡ÌËÂ ËÌ‰Ë‚Ë‰Û‡Î¸Ì˚ı Ïêçä ‚ Á‡Ó‰˚¯‡ı
Ì‡ Í‡Ê‰ÓÈ ËÁ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÒÚ‡‰ËÈ ‡Á‚ËÚËfl ÔÓ
Ò‡‚ÌÂÌË˛ Ò Ëı ÒÓ‰ÂÊ‡ÌËÂÏ ‚ ÒÛÏÏ‡ÌÓÈ Ïêçä,
‚ÁflÚÓÈ ËÁ ÒÏÂÒË Á‡Ó‰˚¯ÂÈ ‚ÒÂı ÒÚ‡‰ËÈ. Ç˚ÒÓÍÓÂ
ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ Ïêçä ‚ flÈˆÂ ÔÓ Ò‡‚-
ÌÂÌË˛ Ò ‰Û„ËÏË ÒÚ‡‰ËflÏË ‡Á‚ËÚËfl Ó·Ì‡ÛÊË‚‡-
ÂÚÒfl ‰Îfl ‡ÌÌÂÍÒËÌÓ‚ Ä1Ò Ë Ä5, ˜ÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ
Ì‡¯Ë ÂÁÛÎ¸Ú‡Ú˚ ÔÓ ‡ÌÌÂÍÒËÌÛ Ä5 (åËÌËÌ, ï‡È-
‰‡Ó‚‡, 1998). é‰Ì‡ÍÓ ‡ÌÌÂÍÒËÌ Ä1Ò ‚ ÒÓÒÚ‡‚Â
·ÂÎÍÓ‚ ÌÂ ·˚Î Ó·Ì‡ÛÊÂÌ. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ ÓÌ
ÔÓfl‚ÎflÂÚÒfl ÚÓÎ¸ÍÓ ÔÓÒÎÂ ‡ÍÚË‚‡ˆËË Ú‡ÌÒÎflˆËË
Ïêçä.

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ï˚ ÔÓ‡Ì‡ÎËÁËÓ‚‡ÎË ÒÓ-
‰ÂÊ‡ÌËÂ ‚ flÈˆÂ ‰‡ÌËÓ Ïêçä ‡ÌÌÂÍÒËÌÓ‚ Ä13.2 Ë
Ä3, ‰Îfl ÍÓÚÓ˚ı ÒÚÛÍÚÛ‡ ÔÓÎÌÓ‡ÁÏÂÌ˚ı ‡-
ÏÓÍ Ò˜ËÚ˚‚‡ÌËfl ‰Ó ÌÂ‰‡‚ÌÂ„Ó ‚ÂÏÂÌË ÌÂ ·˚Î‡
ÔÓÎÛ˜ÂÌ‡, ÍÓÏÂ ÚÓ„Ó, ‚˚ÒÍ‡Á˚‚‡ÎÓÒ¸ ÔÂ‰ÔÓÎÓ-
ÊÂÌËÂ, ˜ÚÓ Ä13.2 – ÔÒÂ‚‰Ó„ÂÌ. éÔÂ‰ÂÎÂÌÌ˚È ËÌ-
ÚÂÂÒ ÔÂ‰ÒÚ‡‚ÎflÎ ‚ÓÔÓÒ, ÌÂ ˝ÍÒÔÂÒÒËÛ˛ÚÒfl ÎË
˝ÚË ·ÂÎÍË ‚ ‚Ë‰Â ÒÔÎ‡ÈÒ-ÙÓÏ, Í‡Í ˝ÚÓ Ì‡·Î˛‰‡-
ÂÚÒfl ‰Îfl ‡ÌÌÂÍÒËÌ‡ Ä13 Û ÏÎÂÍÓÔËÚ‡˛˘Ëı. ÑÎfl
˝ÚÓ„Ó ‚˚‰ÂÎflÎË ÒÛÏÏ‡ÌÛ˛ Ïêçä ËÁ ÁÂÎ˚ı
ÓÓˆËÚÓ‚ ‰‡ÌËÓ Ë ‡Ì‡ÎËÁËÓ‚‡ÎË ÂÂ ÏÂÚÓ‰ÓÏ
èñê-éí. Ç Â‡ÍˆËË ËÒÔÓÎ¸ÁÓ‚‡ÎË Ô‡ÈÏÂ˚,
ÒÔÂˆËÙË˜Ì˚Â Í 5'-ÍÓÌˆÂ‚˚Ï ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚflÏ ‡ÌÌÂÍÒËÌÓ‚ Ä13.1 Ë Ä13.2, ÒÓ‰ÂÊ‡˘ËÏ ÔÓ-
ÚÂÌˆË‡Î¸Ì˚Â Û˜‡ÒÚÍË ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ-
„‡. ëÚÛÍÚÛÛ Ô‡ÈÏÂÓ‚ ÓÔÂ‰ÂÎflÎË Ì‡ ÓÒÌÓ‚‡ÌËË
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ‚ ·‡ÁÂ ‰‡Ì-
Ì˚ı ÍÎ‡ÒÚÂÓ‚ ÓÚÓÎÓ„Ë˜ÂÒÍËı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚÂÈ NCBI (UniGene:gene-oriented clusters of tran-
script sequences): Dr.14261 ‰Îfl Ä3 Ë Dr.16504 – ‰Îfl
Ä13.2.

å˚ ÔÓÍ‡Á‡ÎË ˝ÍÒÔÂÒÒË˛ ‚ flÈˆÂ ‰‡ÌËÓ Ïêçä
‡ÌÌÂÍÒËÌ‡ Ä3. ÑÎfl ‡ÌÌÂÍÒËÌÓ‚ Ä13.1 Ë Ä13.2 ·˚-
ÎË ÔÓÎÛ˜ÂÌ˚ Ó‰ËÌÓ˜Ì˚Â ÔÓÎÓÒ˚ èñê-ÔÓ‰ÛÍÚÓ‚,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÍÓÓÚÍËÏ ÒÔÎ‡ÈÒ-ÙÓÏ‡Ï ·ÂÎ-

ÍÓ‚. äÓÏÂ ÚÓ„Ó, Ì‡ ‰Û„ÓÈ Ô‡Â Ô‡ÈÏÂÓ‚ ÔÓÎÛ-
˜ÂÌ‡ ÔÓÎÌÓ‡ÁÏÂÌ‡fl ÍÑçä ‡ÌÌÂÍÒËÌ‡ Ä13.2,
ÍÎÓÌËÓ‚‡ÌÌ‡fl Ë ˝ÍÒÔÂÒÒËÓ‚‡ÌÌ‡fl ‚ ·‡ÍÚÂË-
‡Î¸ÌÓÈ ÒËÒÚÂÏÂ. ùÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ Ì‡¯Â ÔÂ‰ÔÓ-
ÎÓÊÂÌËÂ Ó ÚÓÏ, ˜ÚÓ „ÂÌ ‡ÌÌÂÍÒËÌ‡ Ä13.2 fl‚ÎflÂÚÒfl
ÔÓÎÌÓˆÂÌÌ˚Ï ˝ÍÒÔÂÒÒËÛ˛˘ËÏÒfl „ÂÌÓÏ, ‡ ÌÂ
ÔÒÂ‚‰Ó„ÂÌÓÏ.

ÄÌ‡ÎËÁ ˝ÍÒÔÂÒÒËË ‡ÌÌÂÍÒËÌÓ‚ ‚ ÌÂÓÔÎÓ‰ÓÚ‚Ó-
ÂÌÌÓÏ flÈˆÂ Ì‡ ÛÓ‚ÌÂ ·ÂÎÍ‡ Ë Ïêçä ÓÚÍ˚‚‡ÂÚ
‚ÓÁÏÓÊÌÓÒÚ¸ ‰‡Î¸ÌÂÈ¯Â„Ó ËÁÛ˜ÂÌËfl ÙÛÌÍˆËË
˝ÚËı ·ÂÎÍÓ‚ Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ‡Á‚ËÚËfl ˚·. 
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A Study of Proteins of Annexin Group in Early Fish Development. 

IV. Identification of Calcium-Binding Proteins in Zebrafish Egg 

by Mass Spectrometry

      S. G. Ozerova and A. A. Minin
      Kol’tsov Institute of Developmental Biology, Russian Academy of Sciences, ul. Vavilova 26, Moscow, 119334 Russia

      e-mail: mininand2002@yahoo.com

Abstract—Calcium-binding proteins were isolated from zebrafish (Brachidanio rerio) eggs by the method of
precipitation with acidic phospholipids in the presence of calcium ions. The revealed proteins separated by
SDS-PAGE were identified by mass spectrometric tryptic peptide fingerprinting. The proteins included annex-
ins A2a, A1a, A13.1, and A5. In addition, copine III, a member of the recently described copine family of C2
domain-containing proteins, was identified. Total RNA was analyzed in mature oocytes by RT-PCR and tran-
scripts of two different annexin A13 forms (A13.1 and A13.2) as well as of annexin A3 were detected. Thus,
the presence of both proteins and mRNAs of annexins has been shown in the zebrafish egg.

Key words: annexins, Brachydanio rerio, mass spectrometry, early development. 
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