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Ç‚Â‰ÂÌËÂ

 

èÂ‰ÒÚ‡‚ËÚÂÎË ÒÂÏÂÈÒÚ‚‡ ÁÂÎÂÌÓ„Ó ÙÎÛÓÂÒ-
ˆÂÌÚÌÓ„Ó ·ÂÎÍ‡ (

 

GFP

 

, 

 

å

 

 25–30 ÍÑ

 

a

 

) Ó·Î‡‰‡˛Ú
ÛÌËÍ‡Î¸ÌÓÈ ÒÔÓÒÓ·ÌÓÒÚ¸˛ „ÂÌÂËÓ‚‡Ú¸ ÙÎÛÓ-
ÂÒˆÂÌˆË˛ ‚ ÊË‚˚ı Ó„‡ÌËÁÏ‡ı. éÌË ÔÓÍ˚‚‡˛Ú
¯ËÓÍËÈ ‰Ë‡Ô‡ÁÓÌ ˆ‚ÂÚÓ‚ ‚ ÒÔÂÍÚÂ ˝ÏËÒÒËË – ÓÚ
ˆË‡ÌÓ‚Ó„Ó ‰Ó Í‡ÒÌÓ„Ó (

 

λ

 

˝Ï

 

 = 442–645 ÌÏ). 

 

GFP

 

-
ÔÓ‰Ó·Ì˚Â ·ÂÎÍË Ì‡¯ÎË ¯ËÓÍÓÂ ÔËÏÂÌÂÌËÂ ‚
ÏÓÎÂÍÛÎflÌÓÈ Ë ÍÎÂÚÓ˜ÌÓÈ ·ËÓÎÓ„ËË, ·ËÓÚÂıÌÓ-
ÎÓ„ËË Ë ÌÂÍÓÚÓ˚ı ÏÂ‰ËˆËÌÒÍËı Ó·Î‡ÒÚflı ‚ Í‡˜Â-
ÒÚ‚Â ËÌÒÚÛÏÂÌÚÓ‚ ‰Îfl ÏÂ˜ÂÌËfl ·ÂÎÍÓ‚, ÍÎÂÚÓ˜-
Ì˚ı ÍÓÏÔ‡ÚÏÂÌÚÓ‚, ÍÎÂÚÓÍ Ë ÚÍ‡ÌÂÈ, ‚ Í‡˜ÂÒÚ‚Â
Ï‡ÍÂÓ‚, ÔÓÁ‚ÓÎfl˛˘Ëı ÒÎÂ‰ËÚ¸ 

 

in

 

 

 

vivo

 

 

 

Á‡ ˝ÍÒ-
ÔÂÒÒËÂÈ ·ÂÎÍÓ‚, Ëı ÎÓÍ‡ÎËÁ‡ˆËÂÈ, ÔÂÂ‰‚ËÊÂÌË-
flÏË Ë ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËflÏË. ç‡ Ëı ÓÒÌÓ‚Â ÒÓÁ‰‡˛ÚÒfl

 

#

 

Ä‚ÚÓ ‰Îfl Ò‚flÁË (Ú

 

e

 

Î.: (495) 330-7510; ˝Î. ÔÓ˜Ú‡:

 

nadand

 

@

 

mail

 

.

 

ru

 

).

 

ÒÂÌÒÓ˚ ‰Îfl ËÁÏÂÂÌËfl 

 

pH

 

, ÍÓÌˆÂÌÚ‡ˆËÈ ËÓÌÓ‚

 

Ca

 

2+

 

, 

 

Cu

 

2+

 

, 

 

Zn

 

2+

 

, 

 

Cl

 

–

 

, 

 

cAMP

 

, ‡ÍÚË‚ÌÓÒÚË ÍÎÂÚÓ˜Ì˚ı
ÍËÌ‡Á [1–7]. èÓ Ò‡‚ÌÂÌË˛ Ò ıËÏË˜ÂÒÍË ÒËÌÚÂÁË-
ÛÂÏ˚ÏË ÙÎÛÓÓÙÓ‡ÏË, Ú‡ÍËÂ „ÂÌÂÚË˜ÂÒÍË ÍÓ-
‰ËÛÂÏ˚Â ËÌÒÚÛÏÂÌÚ˚ ËÏÂ˛Ú fl‰ ÔÂËÏÛ˘ÂÒÚ‚.
ë ÔÓÏÓ˘¸˛ ıËÏÂÌ˚ı ÍÓÌÒÚÛÍˆËÈ ÏÓÊÌÓ ÔÓÏÂ-
ÚËÚ¸ Î˛·ÓÈ ËÌÚÂÂÒÛ˛˘ËÈ ËÒÒÎÂ‰Ó‚‡ÚÂÎfl ·ÂÎÓÍ,
‡ Ú‡ÍÊÂ Ì‡Ô‡‚ËÚ¸ ÙÎÛÓÂÒˆÂÌÚÌ˚È ·ÂÎÓÍ ‚ Î˛-
·ÓÈ ÍÎÂÚÓ˜Ì˚È ÍÓÏÔ‡ÚÏÂÌÚ. àÒÔÓÎ¸ÁÓ‚‡ÌËÂ
ÚÍ‡ÌÂÒÔÂˆËÙË˜Ì˚ı ÔÓÏÓÚÂÓ‚ ÔÓÁ‚ÓÎflÂÚ ÓÍ‡-
ÒËÚ¸ ËÌÚÂÂÒÛ˛˘ËÂ ÚÍ‡ÌË Ì‡ ÓÔÂ‰ÂÎÂÌÌÓÈ ÒÚ‡-
‰ËË ‡Á‚ËÚËfl. 

íÂÚË˜Ì‡fl ÒÚÛÍÚÛ‡ ÙÎÛÓÂÒˆÂÌÚÌ˚ı ·ÂÎÍÓ‚
(îÅ) ËÏÂÂÚ ÙÓÏÛ 

 

β

 

-·Ó˜ÓÌÍ‡, ‚ ˆÂÌÚÂ ÍÓÚÓÓ„Ó
‡ÒÔÓÎ‡„‡ÂÚÒfl ıÓÏÓÙÓ. ïÓÏÓÙÓ Á‡˘Ë˘ÂÌ ÓÚ
ÓÍÛÊÂÌËfl, ·Î‡„Ó‰‡fl ̃ ÂÏÛ îÅ ÌÂ ÙÓÚÓÚÓÍÒË˜Ì˚
Ë Ëı Ò‚ÓÈÒÚ‚‡ Ï‡ÎÓ Á‡‚ËÒflÚ ÓÚ Ô‡‡ÏÂÚÓ‚ ÒÂ‰˚,
Ú‡ÍËı, Ì‡ÔËÏÂ, Í‡Í 

 

pH

 

. ïÓÏÓÙÓ Ó·‡ÁÛÂÚÒfl ‚
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zYFP

 

538 (

 

Zoanthus

 

 

 

sp
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èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl ÒÚÛÍÚÛ‡ ÚÂÚ‡ÏÂÌÓÈ ÙÓÏ˚ ÊÂÎÚÓ„Ó ÙÎÛÓÂÒˆÂÌÚÌÓ„Ó ·ÂÎÍ‡ 

 

zYFP

 

538
(

 

zFP

 

538) ËÁ ÏÓÒÍÓ„Ó ÔÓÎËÔ‡ Ó‰‡

 

 

 

Zoanthus

 

 

 

sp

 

. ÛÒÚ‡ÌÓ‚ÎÂÌ‡ ÏÂÚÓ‰ÓÏ ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌÓ„Ó ‡Ì‡ÎËÁ‡
ÔË ‡ÁÂ¯ÂÌËË 1.8 

 

Å

 

. åÓÌÓÏÂ 

 

zYFP

 

538 ËÏÂÂÚ ÚËÔË˜ÌÛ˛ ‰Îfl ÁÂÎÂÌ˚ı ÙÎÛÓÂÒˆÂÌÚÌ˚ı ·ÂÎÍÓ‚
(

 

GFP

 

) ÒÚÛÍÚÛÛ, ÔÂ‰ÒÚ‡‚Îfl˛˘Û˛ ÒÓ·ÓÈ 

 

β

 

-·Ó˜ÓÌÓÍ, ÒÙÓÏËÓ‚‡ÌÌ˚È ËÁ 11 ‡ÌÚËÔ‡‡ÎÎÂÎ¸Ì˚ı

 

β

 

-ÒÂ„ÏÂÌÚÓ‚ Ë Ó‰ÌÓÈ ˆÂÌÚ‡Î¸ÌÓÈ 

 

α

 

-ÒÔË‡ÎË, ÒÓ‰ÂÊ‡˘ÂÈ ıÓÏÓÙÓ. ÄÌ‡ÎÓ„Ë˜ÌÓ 

 

TurboGFP

 

 ‚
ÒÚÛÍÚÛÂ 

 

zYFP

 

538 Ó·Ì‡ÛÊÂÌ‡ Á‡ÔÓÎÌÂÌÌ‡fl ‚Ó‰ÓÈ ÔÓ‡, ‚Â‰Û˘‡fl Í ÓÒÚ‡ÚÍÛ 

 

Tyr

 

67 ıÓÏÓÙÓ‡, ÍÓÚÓ‡fl,
ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ, Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ‰ÓÒÚÛÔ ÏÓÎÂÍÛÎflÌÓ„Ó ÍËÒÎÓÓ‰‡, ÌÂÓ·ıÓ‰ËÏÓ„Ó ‰Îfl ÒÓÁÂ‚‡ÌËfl ıÓ-
ÏÓÙÓ‡. Ç ÂÁÛÎ¸Ú‡ÚÂ ÔÓÒÚÚ‡ÌÒÎflˆËÓÌÌÓÈ ÏÓ‰ËÙËÍ‡ˆËË ıÓÏÓÙÓÓ·‡ÁÛ˛˘ÂÈ ÚË‡‰˚ -

 

Lys

 

66-

 

Tyr

 

67-

 

Gly

 

68- ÙÓÏËÛÂÚÒfl ÚËˆËÍÎË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡, ÒÓÒÚÓfl˘‡fl ËÁ ÔflÚË˜ÎÂÌÌÓ„Ó ËÏË‰‡ÁÓÎËÌÓÌÓ‚Ó„Ó ̂ ËÍÎ‡,
ÙÂÌÓÎ¸ÌÓ„Ó ÍÓÎ¸ˆ‡ ÓÒÚ‡ÚÍ‡ 

 

Tyr

 

67 Ë ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ̄ ÂÒÚË˜ÎÂÌÌÓ„Ó ÚÂÚ‡„Ë‰ÓÔËË‰ËÌÓ‚Ó„Ó ̂ ËÍ-
Î‡. é·‡ÁÓ‚‡ÌËÂ ıÓÏÓÙÓ‡ Á‡‚Â¯‡ÂÚÒfl Ù‡„ÏÂÌÚ‡ˆËÂÈ ÓÒÌÓ‚ÌÓÈ ˆÂÔË ÔÓ Ò‚flÁË ë

 

α

 

–

 

N

 

 ÓÒÚ‡ÚÍ‡

 

Lys

 

66. ë‰ÂÎ‡ÌÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ, ˜ÚÓ ÔË˜ËÌÓÈ, ËÌËˆËËÛ˛˘ÂÈ ÔÂÂıÓ‰ ÓÚ ÁÂÎÂÌÓÈ ·ËˆËÍÎË˜ÂÒÍÓÈ
ÙÓÏ˚ Í ÊÂÎÚÓÈ – ÚËˆËÍÎË˜ÂÒÍÓÈ, fl‚ÎflÂÚÒfl ̋ ÌÂ„ÂÚË˜ÂÒÍËÈ ÍÓÌÙÎËÍÚ ÏÂÊ‰Û ÔÓÎÓÊËÚÂÎ¸ÌÓ Á‡fl-
ÊÂÌÌÓÈ ·ÓÍÓ‚ÓÈ ˆÂÔ¸˛ ÓÒÚ‡ÚÍ‡ 

 

Lys

 

66 ıÓÏÓÙÓ‡ Ò „Ë‰ÓÙÓ·Ì˚Ï ÓÍÛÊÂÌËÂÏ ËÁ ·ÓÍÓ‚˚ı ˆÂÔÂÈ
ÓÒÚ‡ÚÍÓ‚ 

 

Ile

 

44, 

 

Leu

 

46, 

 

Phe

 

65, 

 

Leu

 

204 Ë 

 

Leu

 

219. ÄÌ‡ÎËÁ ÒÚÂÂÓıËÏËË ÍÓÌÚ‡ÍÚËÛ˛˘Ëı ÔÓ‚ÂıÌÓÒÚÂÈ
Ì‡ ËÌÚÂÙÂÈÒ‡ı ÚÂÚ‡ÏÂ‡ ‚˚fl‚ËÎ „ÛÔÔÛ ÍÎ˛˜Â‚˚ı ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ÓÒÚ‡ÚÍÓ‚, ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚ı Á‡
ÓÎË„ÓÏÂËÁ‡ˆË˛. ç‡fl‰Û Ò ‰Û„ËÏË ÓÒÚ‡ÚÍ‡ÏË Ëı ÒÎÂ‰ÛÂÚ Û˜ËÚ˚‚‡Ú¸ ÔË ÒÓÁ‰‡ÌËË ÏÓÌÓÏÂÌ˚ı
ÙÓÏ, ËÒÔÓÎ¸ÁÛÂÏ˚ı ‚ Í‡˜ÂÒÚ‚Â Ï‡ÍÂÓ‚ ·ÂÎÍÓ‚ Ë ÍÎÂÚÓ˜Ì˚ı Ó„‡ÌÂÎÎ.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡: 

 

GFP

 

-ÔÓ‰Ó·Ì˚Â ·ÂÎÍË, ÊÂÎÚ˚È ÙÎÛÓÂÒˆÂÌÚÌ˚È ·ÂÎÓÍ, 

 

Zoanthus

 

 

 

sp

 

., ÍËÒÚ‡ÎÎË˜Â-
ÒÍ‡fl ÒÚÛÍÚÛ‡, ÒÚÛÍÚÛ‡ ıÓÏÓÙÓ‡, ÒÚÛÍÚÛ‡ ÚÂÚ‡ÏÂ

 

a

 

, ÏÂÊÒÛ·˙Â‰ËÌË˜Ì˚Â ËÌÚÂÙÂÈÒ˚.
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èÎÂÚÌÂ‚‡ 

 

Ë ‰

 

.

 

ÂÁÛÎ¸Ú‡ÚÂ ‡‚ÚÓÍ‡Ú‡ÎËÚË˜ÂÒÍÓÈ ÔÓÒÚÚ‡ÌÒÎflˆË-
ÓÌÌÓÈ ÏÓ‰ËÙËÍ‡ˆËË ÚÂı ‡ÏËÌÓÍËÒÎÓÚÌ˚ı ÓÒÚ‡Ú-
ÍÓ‚ ·ÂÎÍÓ‚ÓÈ ÏÓÎÂÍÛÎ˚ -ï-

 

Tyr

 

-

 

Gly

 

-, ÓÒÛ˘ÂÒÚ‚Îfl-
ÂÏÓÈ Ò ÔÓÏÓ˘¸˛ ÏÓÎÂÍÛÎflÌÓ„Ó ÍËÒÎÓÓ‰‡ ·ÂÁ
Û˜‡ÒÚËfl Í‡ÍËı-ÎË·Ó ÍÓÙ‡ÍÚÓÓ‚ ËÎË ÙÂÏÂÌÚÓ‚
[8]. Ç ·ÓÎ¸¯ËÌÒÚ‚Â ÒÎÛ˜‡Â‚ ÔÓÒÚÚ‡ÌÒÎflˆËÓÌÌ‡fl
ÏÓ‰ËÙËÍ‡ˆËfl Á‡‚Â¯‡ÂÚÒfl Ó·‡ÁÓ‚‡ÌËÂÏ ÒÚ‡Ì-
‰‡ÚÌÓÈ “ÁÂÎÂÌÓÈ” ÙÓÏ˚, ıÓÏÓÙÓ ÍÓÚÓÓÈ
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÔÎ‡Ì‡ÌÛ˛ ·ËˆËÍÎË˜ÂÒÍÛ˛
ÒËÒÚÂÏÛ ÒÓÔflÊÂÌÌ˚ı ‰‚ÓÈÌ˚ı Ò‚flÁÂÈ, ÒÓ‰ÂÊ‡-
˘Û˛ ÔflÚË˜ÎÂÌÌ˚È ËÏË‰‡ÁÓÎËÌÓÌÓ‚˚È ˆËÍÎ Ë ÙÂ-
ÌÓÎ¸ÌÓÂ ÍÓÎ¸ˆÓ ÓÒÚ‡ÚÍ‡ 

 

Tyr

 

 [2, 4]. Ç fl‰Â ÒÎÛ˜‡Â‚,
ÔÓˆÂÒÒ Ì‡ ˝ÚÓÈ ÒÚ‡‰ËË ÌÂ Á‡Í‡Ì˜Ë‚‡ÂÚÒfl. èÓËÒ-
ıÓ‰ËÚ ‰ÓÔÓÎÌËÚÂÎ¸Ì‡fl ÏÓ‰ËÙËÍ‡ˆËfl ÓÍËÒÎËÚÂÎ¸ÌÓ-
„Ó ı‡‡ÍÚÂ‡, ˜‡ÒÚÓ Ò Ó·‡ÁÓ‚‡ÌËÂÏ ‡ˆËÎËÏËÌÌÓÈ
Ò‚flÁË Û ÔÂ‚Ó„Ó ÓÒÚ‡ÚÍ‡ ıÓÏÓÙÓÓ·‡ÁÛ˛˘ÂÈ ÚË-
‡‰˚, ÔË‚Ó‰fl˘‡fl Í ‡Ò¯ËÂÌË˛ ÍÓÌ˙˛„ËÓ‚‡Ì-
ÌÓÈ 

 

π

 

-˝ÎÂÍÚÓÌÌÓÈ ÒËÒÚÂÏ˚ ıÓÏÓÙÓ‡ Ë ÒÓÓÚ-
‚ÂÚÒÚ‚ÂÌÌÓ Í Ò‰‚Ë„Û Ï‡ÍÒËÏÛÏÓ‚ ÔÓ„ÎÓ˘ÂÌËfl Ë
˝ÏËÒÒËË ‚ ‰ÎËÌÌÓ‚ÓÎÌÓ‚Û˛ Ó·Î‡ÒÚ¸ ÒÔÂÍÚ‡. í‡-
ÍËÏ Ó·‡ÁÓÏ ÔÓËÒıÓ‰ËÚ Ó·‡ÁÓ‚‡ÌËÂ “ÊÂÎÚ˚ı” Ë
“Í‡ÒÌ˚ı” ÙÓÏ îÅ Ò ‰Ë‡Ô‡ÁÓÌÓÏ ˝ÏËÒÒËË ÓÚ 528
‰Ó 590 ÌÏ [9–11]. óÂÚ‚ÂÚË˜Ì‡fl ÒÚÛÍÚÛ‡ ·ÓÎ¸-
¯ËÌÒÚ‚‡ 

 

GFP

 

-ÔÓ‰Ó·Ì˚ı ·ÂÎÍÓ‚ ‰ËÍÓ„Ó ÚËÔ‡ ËÏÂ-
ÂÚ ÚÂÚ‡ÏÂÌÛ˛ Ó„‡ÌËÁ‡ˆË˛ [4, 5].

Ç ·ÓÎ¸¯ËÌÒÚ‚Â ÒÎÛ˜‡Â‚, Ô‡ÍÚË˜ÂÒÍÓÂ ÔËÏÂ-
ÌÂÌËÂ îÅ ÚÂ·ÛÂÚ ÒÓÁ‰‡ÌËfl ÏÓÌÓÏÂÌ˚ı ÏÛÚ‡ÌÚ-
Ì˚ı ‚‡Ë‡ÌÚÓ‚, Ó·Î‡‰‡˛˘Ëı ‚˚ÒÓÍËÏ Í‚‡ÌÚÓ‚˚Ï
‚˚ıÓ‰ÓÏ, ‚˚ÒÓÍÓÈ ÒÍÓÓÒÚ¸˛ ÒÓÁÂ‚‡ÌËfl ıÓÏÓ-
ÙÓ‡ Ë ÙÓÚÓÒÚ‡·ËÎ¸ÌÓÒÚ¸˛. Ç ˝ÚÓÈ Ò‚flÁË, ‚‡ÊÌÓ
ÔÓÌflÚ¸, Í‡ÍËÏ Ó·‡ÁÓÏ ÓÒÓ·ÂÌÌÓÒÚË ÒÚÂÂÓıËÏËË
·ÂÎÍ‡ ÓÔÂ‰ÂÎfl˛Ú ı‡‡ÍÚÂËÒÚËÍË ˆ‚ÂÚÓ‚Ó„Ó

ÒÔÂÍÚ‡, Ë ÛÒÚ‡ÌÓ‚ËÚ¸ ÍÎ˛˜Â‚˚Â ÓÒÚ‡ÚÍË, ÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌ˚Â Á‡ ÙÓÏËÓ‚‡ÌËÂ ÒÚÛÍÚÛ˚ ÏÓÌÓÏÂ‡
Ë ÓÎË„ÓÏÂËÁ‡ˆË˛ ·ÂÎÍ‡. áÌ‡ÌËÂ ÏÂı‡ÌËÁÏ‡ Ó·-
‡ÁÓ‚‡ÌËfl ıÓÏÓÙÓ‡, Â„Ó ÒÚÛÍÚÛ˚ Ë ‡ÏËÌÓÍËÒ-
ÎÓÚÌÓ„Ó ÓÍÛÊÂÌËfl ÔÓÁ‚ÓÎflÂÚ Ò ÔÓÏÓ˘¸˛ ÏÛÚ‡-
„ÂÌÂÁ‡ ÒÓÁ‰‡‚‡Ú¸ ÛÎÛ˜¯ÂÌÌ˚Â ‚‡Ë‡ÌÚ˚ ·ÂÎÍÓ‚,
Û‰Ó‚ÎÂÚ‚Ófl˛˘Ëı ÚÂ·ÛÂÏ˚Ï ÍËÚÂËflÏ. 

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚
ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ÊÂÎÚÓ„Ó
ÙÎÛÓÂÒˆÂÌÚÌÓ„Ó ·ÂÎÍ‡ 
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 [9]. Ç Ò‚flÁË Ò ‚‡ÊÌÓÒÚ¸˛ ÒÓÁ‰‡ÌËfl ÏÓÌÓ-
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[9] Ë ı‡‡ÍÚÂËÁÛÂÚÒfl ‚ÂÎË˜ËÌÓÈ ÒÂ‰ÌÂÍ‚‡‰‡-
ÚË˜ÌÓ„Ó ÓÚÍÎÓÌÂÌËfl RMSD, ‡‚ÌÓÈ 0.44 Å, ‰Îfl
‚ÒÂı ˝Í‚Ë‚‡ÎÂÌÚÌ˚ı Cα-‡ÚÓÏÓ‚. 

ëÚÛÍÚÛ‡ ÏÓÌÓÏÂ‡ zYFP538 ËÏÂÂÚ ÒÚ‡Ì‰‡Ú-
ÌÛ˛ ÙÓÏÛ Á‡Í˚ÚÓ„Ó Ò ÚÓˆÓ‚ β-·Ó˜ÓÌÍ‡, ÒÙÓ-
ÏËÓ‚‡ÌÌÓ„Ó ËÁ 11 ‡ÌÚËÔ‡‡ÎÎÂÎ¸Ì˚ı β-ÒÂ„ÏÂÌÚÓ‚
Ë 1 α-ÒÔË‡ÎË, ‚ ˆÂÌÚÂ ÍÓÚÓÓÈ ‡ÒÔÓÎ‡„‡ÂÚÒfl
ıÓÏÓÙÓ (ËÒ. 1). èÓ‰Ó·ÌÓ ÁÂÎÂÌÓÏÛ îÅ TurboGFP
[13], β-·Ó˜ÓÌÓÍ zYFP538 Ó·Ì‡ÛÊË‚‡ÂÚ Ì‡ÎË˜ËÂ
Á‡ÔÓÎÌÂÌÌÓÈ ÏÓÎÂÍÛÎ‡ÏË ‚Ó‰˚ ÔÓ˚, ‚Â‰Û˘ÂÈ Í
ÙÂÌÓÎ¸ÌÓÏÛ ˆËÍÎÛ ÓÒÚ‡ÚÍ‡ Tyr ıÓÏÓÙÓ‡. èÓ‡
Ó·‡ÁÓ‚‡Ì‡ ‡ÚÓÏ‡ÏË ÓÒÌÓ‚ÌÓÈ ˆÂÔË ÓÒÚ‡ÚÍÓ‚
Trp145, Glu146, Lys203, Leu204 Ë Ala147. ÄÌ‡ÎÓ-
„Ë˜Ì‡fl ÔÓ‡ ÔËÒÛÚÒÚ‚ÛÂÚ Û Í‡ÒÌÓ„Ó ÙÎÛÓÂÒ-
ˆÂÌÚÌÓ„Ó ·ÂÎÍ‡ zRFP574 ËÁ Ó‰ÒÚ‚ÂÌÌÓ„Ó ‚Ë‰‡

AB

C D

êËÒ. 1. èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl ÒÚÛÍÚÛ‡ ÚÂÚ‡ÏÂ‡
zYFP538.
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Zoanthus sp2 (PDB ID 2FL1; [11]). Ä‚ÚÓ˚ ‡·ÓÚ˚
[13] ÔÂ‰ÔÓÎÓÊËÎË, ˜ÚÓ ÙÓÏËÓ‚‡ÌËÂ Ú‡ÍÓÈ ÔÓ-
˚ ‚ ÒÚÛÍÚÛÂ îÅ Ò‚flÁ‡ÌÓ Ò ÌÂÓ·ıÓ‰ËÏÓÒÚ¸˛
Ó·ÂÒÔÂ˜ÂÌËfl ‰ÓÒÚÛÔ‡ ÍËÒÎÓÓ‰‡ ÔË ÒÓÁÂ‚‡ÌËË
ıÓÏÓÙÓ‡. 

ëÚÛÍÚÛ‡ ıÓÏÓÙÓ‡. ïÓÏÓÙÓ ÊÂÎÚÓ„Ó
ÙÎÛÓÂÒˆÂÌÚÌÓ„Ó ·ÂÎÍ‡ zYFP538 Ó·‡ÁÛÂÚÒfl ËÁ
‡ÏËÌÓÍËÒÎÓÚÌÓÈ ÚË‡‰˚ -Lys66-Tyr67-Gly68- Ë
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÔÎ‡Ì‡ÌÛ˛ ÚËˆËÍÎË˜ÂÒÍÛ˛
ÒËÒÚÂÏÛ ÒÓÔflÊÂÌÌ˚ı ‰‚ÓÈÌ˚ı Ò‚flÁÂÈ (ËÒ. 2, 3).
ìÌËÍ‡Î¸ÌÓÒÚ¸ ÒÚÛÍÚÛ˚ ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ÔÓ-
ÏËÏÓ ÔflÚË˜ÎÂÌÌÓ„Ó ËÏË‰‡ÁÓÎËÌÓÌÓ‚Ó„Ó Ë ÙÂ-
ÌÓÎ¸ÌÓ„Ó (Tyr67) ˆËÍÎÓ‚, ı‡‡ÍÚÂÌ˚ı ‰Îfl ÒÚ‡Ì-
‰‡ÚÌÓÈ ·ËˆËÍÎË˜ÂÒÍÓÈ ÁÂÎÂÌÓÈ ÙÓÏ˚ [2, 4],
ıÓÏÓÙÓ zYFP538 ÒÓ‰ÂÊËÚ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È
¯ÂÒÚË˜ÎÂÌÌ˚È ÚÂÚ‡„Ë‰ÓÔËËÌÓ‚˚È ˆËÍÎ. îÂ-
ÌÓÎ¸ÌÓÂ ÍÓÎ¸ˆÓ ÓÒÚ‡ÚÍ‡ Tyr67, Í‡Í Ë ‚ ÁÂÎÂÌÓÈ
ÙÓÏÂ, ‡ÒÔÓÎ‡„‡ÂÚÒfl ‚ ÔÎÓÒÍÓÒÚË ıÓÏÓÙÓ‡ ‚
ˆËÒ-ÓËÂÌÚ‡ˆËË Í Ò‚flÁË Cα–N (Tyr67). í‡Í‡fl ÍÓÌ-

ÙÓÏ‡ˆËfl ı‡‡ÍÚÂÌ‡ ‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ ËÁ‚ÂÒÚ-
Ì˚ı îÅ ÒÂÏÂÈÒÚ‚‡ GFP (ÌÓ ÌÂ “ıÓÏÓ·ÂÎÍÓ‚”, ı‡-
‡ÍÚÂËÁÛÂÏ˚ı ˜ÂÁ‚˚˜‡ÈÌÓ ÌËÁÍËÏ Í‚‡ÌÚÓ‚˚Ï
‚˚ıÓ‰ÓÏ ÙÎÛÓÂÒˆÂÌˆËË) [14–16]. Ç ÒÚÛÍÚÛÂ
zYFP538 ÙÂÌÓÎ¸ÌÓÂ ÍÓÎ¸ˆÓ Tyr67 Û˜‡ÒÚ‚ÛÂÚ ‚ ˝Ù-
ÙÂÍÚË‚ÌÓÏ ÒÚ˝ÍËÌ„-‚Á‡ËÏÓ‰ÂÈÒÚ‚ËË (Ì‡ ‡ÒÒÚÓfl-
ÌËË ~3.7 Å) Ò Ô‡‡ÎÎÂÎ¸ÌÓ ‡ÒÔÓÎÓÊÂÌÌ˚Ï ËÏË-
‰‡ÁÓÎ¸Ì˚Ï ˆËÍÎÓÏ ÓÒÚ‡ÚÍ‡ His202. ÅÎËÊ‡È¯ÂÂ
ÒÚÂÂÓıËÏË˜ÂÒÍÓÂ ÓÍÛÊÂÌËÂ ıÓÏÓÙÓ‡ (ËÒ. 4)
ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ ‚ÍÎ˛˜‡ÂÚ ÓÒÌÓ‚Ì˚Â Í‡Ú‡ÎË-
ÚË˜ÂÒÍËÂ ÓÒÚ‡ÚÍË, Û˜‡ÒÚ‚Û˛˘ËÂ ÔÂÊ‰Â ‚ÒÂ„Ó ‚
ÙÓÏËÓ‚‡ÌËË ÔÓÏÂÊÛÚÓ˜ÌÓÈ ·ËˆËÍÎË˜ÂÒÍÓÈ
ÒÚÛÍÚÛ˚ ÁÂÎÂÌÓÈ ÙÓÏ˚. ä ÌËÏ ÓÚÌÓÒflÚ ‚‡Ë‡-
·ÂÎ¸Ì˚È ÓÒÚ‡ÚÓÍ Ala63 Ë ÍÓÌÒÂ‚‡ÚË‚Ì˚Â ÓÒÚ‡Ú-
ÍË Arg95 Ë Glu221 [8]. Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔÂ‰ÎÓ-
ÊÂÌÌ˚Ï ÏÂı‡ÌËÁÏÓÏ ÙÓÏËÓ‚‡ÌËfl ıÓÏÓÙÓ‡
[8, 17], ÔÓÎÓÊËÚÂÎ¸ÌÓ Á‡flÊÂÌÌ‡fl ·ÓÍÓ‚‡fl ˆÂÔ¸
Arg95 ÒÓÁ‰‡ÂÚ ÔÓ‚˚¯ÂÌÌÛ˛ ÍËÒÎÓÚÌÓÒÚ¸ ‡ÚÓÏ‡ N
ÓÒÚ‡ÚÍ‡ Gly68 Ë/ËÎË ‡ÚÓÏ‡ Cα ÓÒÚ‡ÚÍ‡ Tyr67, ËÌË-
ˆËËÛfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ Â‡ÍˆËË ‰ÂÔÓÚÓÌËÓ-
‚‡ÌËfl. ÄÚÓÏ˚ ÍËÒÎÓÓ‰‡ Í‡·ÓÌËÎ¸ÌÓÈ „ÛÔÔ˚
Ala63 Ë Í‡·ÓÍÒËÎ¸ÌÓÈ „ÛÔÔ˚ ·ÓÍÓ‚ÓÈ ˆÂÔË
ÓÒÚ‡ÚÍ‡ Glu221 ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ ÒÎÛÊ‡Ú ‚ Í‡˜Â-
ÒÚ‚Â ‡ÍˆÂÔÚÓÓ‚ ÔÓÚÓÌÓ‚ Ó‰ÌÓÈ ËÎË Ó·ÂËı Â‡Í-
ˆËÈ ‰ÂÔÓÚÓÌËÓ‚‡ÌËfl. ÑÂÔÓÚÓÌËÓ‚‡ÌËÂ ‡ÚÓÏ‡
N ÓÒÚ‡ÚÍ‡ Gly68 ·Î‡„ÓÔËflÚÒÚ‚ÛÂÚ Ó·‡ÁÓ‚‡ÌË˛
ÔflÚË˜ÎÂÌÌÓ„Ó ËÏË‰‡ÁÓÎËÌÓÌÓ‚Ó„Ó ˆËÍÎ‡ ÔÛÚÂÏ
ÌÛÍÎÂÓÙËÎ¸ÌÓÈ ‡Ú‡ÍË Â„Ó ÌÂÔÓ‰ÂÎÂÌÌÓÈ ˝ÎÂÍ-
ÚÓÌÌÓÈ Ô‡˚ Ì‡ Í‡·ÓÌËÎ¸Ì˚È Û„ÎÂÓ‰ ÓÒÚ‡ÚÍ‡
Lys66. íÂÚËÈ ¯ÂÒÚË˜ÎÂÌÌ˚È „ÂÚÂÓˆËÍÎ, ÒÓ„Î‡ÒÌÓ
„ËÔÓÚÂÁÂ êÂÏËÌ„ÚÓÌ‡ [9], ÙÓÏËÛÂÚÒfl ‡‚ÚÓÍ‡Ú‡ÎË-
ÚË˜ÂÒÍË ‚ ÂÁÛÎ¸Ú‡ÚÂ Â‡ÍˆËË Ú‡ÌÒËÏËÌËÓ‚‡ÌËfl
‡ÚÓÏ‡ Nζ ·ÓÍÓ‚ÓÈ ˆÂÔË ÓÒÚ‡ÚÍ‡ Lys66 Ò Â‡ÍˆËÓÌ-
ÌÓÒÔÓÒÓ·ÌÓÈ ‡ˆËÎËÏËÌÌÓÈ Ò‚flÁ¸˛ Cα=N ÔÂÂıÓ‰-
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êËÒ. 2. ïËÏË˜ÂÒÍ‡fl ÙÓÏÛÎ‡ ıÓÏÓÙÓ‡ zYFP538.
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êËÒ. 3. ëÚÂÂÓËÁÓ·‡ÊÂÌËÂ ÒÚÛÍÚÛ˚ ıÓÏÓÙÓ‡ ‚ ˝ÎÂÍÚÓÌÌÓÈ ÔÎÓÚÌÓÒÚË 2Fo-Fc (ρ ≥ 1.0σ).
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ÌÓ„Ó ÒÓÒÚÓflÌËfl ıÓÏÓÙÓ‡ ‚ ÔÓˆÂÒÒÂ Â„Ó ÒÓÁÂ-
‚‡ÌËfl. ùÚ‡ Â‡ÍˆËfl ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ‡Á˚‚ÓÏ ÓÒ-
ÌÓ‚ÌÓÈ ˆÂÔË ·ÂÎÍ‡ ÔÓ Ò‚flÁË Cα–N ÓÒÚ‡ÚÍ‡ Lys66 Ò
Ó·‡ÁÓ‚‡ÌËÂÏ ÍÓÌˆÂ‚ÓÈ Í‡·ÓÍÒ‡ÏË‰ÌÓÈ „ÛÔÔ˚
Û Phe65. èË ̋ ÚÓÏ, ‡ÏËÌÓ- Ë Í‡·ÓÌËÎ¸Ì‡fl „ÛÔÔ˚
Í‡·ÓÍÒ‡ÏË‰‡ ‡ÒÔÓÎ‡„‡˛ÚÒfl Ì‡ ‡ÒÒÚÓflÌËflı ‚Ó-
‰ÓÓ‰ÌÓÈ Ò‚flÁË ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Ò Í‡·ÓÌËÎ¸ÌÓÈ
„ÛÔÔÓÈ Gly68 (2.97 Å) Ë ‡ÚÓÏÓÏ Nζ „ÂÚÂÓˆËÍÎË-
˜ÂÒÍÓ„Ó ÍÓÎ¸ˆ‡ ÓÒÚ‡ÚÍ‡ Lys66 (2.82 Å), ˜ÚÓ Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÔÓÚÓÌËÓ‚‡ÌÌÓÈ ÙÓÏÂ Nζ. ÄÚÓÏ˚
Cα Ë Nζ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó „ÂÚÂÓˆËÍÎ‡ ıÓÏÓÙÓ‡
ÔËÌËÏ‡˛Ú sp2-„Ë·Ë‰ËÁ‡ˆË˛ Ë ÙÓÏËÛ˛Ú Í‡Ú-
ÌÛ˛ Ò‚flÁ¸ Cα=Nζ (d = 1.33 Å). ùÚ‡ Ò‚flÁ¸ Ë ‰‚Â ÔË-
ÎÂ„‡˛˘ËÂ Í ÌÂÈ Ò‚flÁË, ‚ ÓÚÎË˜ËÂ ÓÚ ÓÒÚ‡Î¸Ì˚ı
Ò‚flÁÂÈ „ÂÚÂÓˆËÍÎ‡, ËÏÂÂÚ ÔÎ‡Ì‡ÌÓÂ ‡ÒÔÓÎÓÊÂ-
ÌËÂ. ë‚flÁ¸ Cα=Nζ ‡ÒÔÓÎ‡„‡ÂÚÒfl ‚ ÔÎÓÒÍÓÒÚË ıÓ-
ÏÓÙÓ‡ (ÚÓÒËÓÌÌ˚È Û„ÓÎ ψ[C–Cα] ~ 16°), ˜ÚÓ
ÔË‚Ó‰ËÚ Í ‡Ò¯ËÂÌË˛ ÍÓÌ˙˛„ËÓ‚‡ÌÌÓÈ ÒËÒÚÂ-
Ï˚ ÒÓÔflÊÂÌÌ˚ı ‰‚ÓÈÌ˚ı Ò‚flÁÂÈ Ë, Í‡Í ÒÎÂ‰-
ÒÚ‚ËÂ, Í Ò‰‚Ë„Û ÒÔÂÍÚ‡Î¸Ì˚ı ı‡‡ÍÚÂËÒÚËÍ ‚
‰ÎËÌÌÓ‚ÓÎÌÓ‚Û˛ Ó·Î‡ÒÚ¸. èË ̋ ÚÓÏ Ì‡·Î˛‰‡ÂÏ˚È
·‡ÚÓıÓÏÌ˚È Ò‰‚Ë„ Ï‡ÍÒËÏÛÏÓ‚ ‚ÓÁ·ÛÊ‰ÂÌËfl Ë
˝ÏËÒÒËË ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÁÂÎÂÌÓÏÛ ÙÎÛÓÂÒˆÂÌÚ-
ÌÓÏÛ ·ÂÎÍÛ ËÁ ÚÓ„Ó ÊÂ ËÒÚÓ˜ÌËÍ‡ (Zoanthus sp.) ÒÓ-
ÒÚ‡‚ÎflÂÚ ~32 ÌÏ [12]. 

ëÎÂ‰ÛÂÚ ÛÔÓÏflÌÛÚ¸, ˜ÚÓ ‚ ‡·ÓÚÂ [18] ‡ÒÒÏ‡Ú-
Ë‚‡ÎËÒ¸ ÔflÚ¸ ‚ÓÁÏÓÊÌ˚ı ÒÚÛÍÚÛ ıÓÏÓÙÓ‡
zFP538. óÂÚ˚Â ËÁ ÌËı ÌÂ ÔÓÚË‚ÓÂ˜ËÎË ‰‡ÌÌ˚Ï
üåê ‰Îfl ıÓÏÓÔÂÔÚË‰Ó‚, ‚˚‰ÂÎÂÌÌ˚ı ËÁ zFP538.
åÂÌÂÂ ‚ÂÓflÚÌ‡fl, ÔÓ ÏÌÂÌË˛ ‡‚ÚÓÓ‚, ÒÚÛÍÚÛ‡
ıÓÏÓÙÓ‡ (V, ËÒ. 3 [18]) ÔÓÚË‚ÓÂ˜ËÚ ‰‡ÌÌ˚Ï

üåê ‰Îfl ıÓÏÓÔÂÔÚË‰‡, ÌÓ ÒÓ‚Ô‡‰‡ÂÚ ÒÓ ÒÚÛÍÚÛ-
ÓÈ, Ì‡·Î˛‰‡ÂÏÓÈ ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ‰Îfl ÍËÒÚ‡ÎÎË-
˜ÂÒÍÓ„Ó ÒÓÒÚÓflÌËfl ÁÂÎÓ„Ó ·ÂÎÍ‡. èÓ-‚Ë‰ËÏÓÏÛ,
ÛÌËÍ‡Î¸Ì‡fl ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl ÒÚÛÍÚÛ‡ β-·Ó˜ÓÌÍ‡
Ó·ÂÒÔÂ˜Ë‚‡ÂÚ Á‡‰‡ÌÌÛ˛ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ Â-
‡ÍˆËÈ, ÔË‚Ó‰fl˘Ëı Í Ì‡·Î˛‰‡ÂÏÓÈ ÒÚÛÍÚÛÂ
ıÓÏÓÙÓ‡ ‚ ÁÂÎÓÏ ·ÂÎÍÂ.

éÒÚ‡ÚÍË, ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚Â Á‡ Ó·‡ÁÓ‚‡ÌËÂ
ÊÂÎÚÓÈ ÙÓÏ˚. ëÓ„Î‡ÒÌÓ ‰‡ÌÌ˚Ï ÏÛÚ‡„ÂÌÂÁ‡
[12], ÓÒÚ‡ÚÓÍ Lys66 ıÓÏÓÙÓÓ·‡ÁÛ˛˘ÂÈ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË zYFP538 Ë„‡ÂÚ ÍÎ˛˜Â‚Û˛ ÓÎ¸ ‚
ÔÓfl‚ÎÂÌËË ÊÂÎÚÓÈ ÙÎÛÓÂÒˆÂÌˆËË. Ñ‚‡ ‰Û„Ëı
ÓÒÚ‡ÚÍ‡ ËÁ ·ÎËÊ‡È¯Â„Ó ÓÍÛÊÂÌËfl ıÓÏÓÙÓ‡,
Asp69 Ë Gly64, ÎË¯¸ ˜‡ÒÚË˜ÌÓ ‚Ó‚ÎÂ˜ÂÌ˚ ‚ ÔÓ-
ˆÂÒÒ ÔÂÂıÓ‰‡ ÁÂÎÂÌÓÈ ÙÓÏ˚ ‚ ÊÂÎÚÛ˛. èÂ‚˚È,
‚ÓÁÏÓÊÌÓ, Ë„‡ÂÚ Í‡Ú‡ÎËÚË˜ÂÒÍÛ˛ ÓÎ¸, ‡ ‚ÚÓÓÈ
Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ÚÂ·ÛÂÏÛ˛ ÍÓÌÙÓÏ‡ˆËÓÌÌÛ˛ ÔÓ-
‰‚ËÊÌÓÒÚ¸ ÓÒÌÓ‚ÌÓÈ ˆÂÔË. Ç‡ÊÌÓÒÚ¸ ˝ÚËı ÓÒÚ‡Ú-
ÍÓ‚ ·˚Î‡ ÔÓ‰Ú‚ÂÊ‰ÂÌ‡ ÒÓÁ‰‡ÌËÂÏ ÏÛÚ‡ÌÚÌÓ„Ó
‚‡Ë‡ÌÚ‡ ÁÂÎÂÌÓ„Ó ÙÎÛÓÂÒˆÂÌÚÌÓ„Ó ·ÂÎÍ‡ ËÁ ÚÓ-
„Ó ÊÂ Ó„‡ÌËÁÏ‡ (λ˝Ï = 506 ÌÏ) Ò ÚÂÏfl ‡ÏËÌÓÍËÒ-
ÎÓÚÌ˚ÏË Á‡ÏÂÌ‡ÏË Asn66Lys/Asn69Asp/Ala64Gly,
ÍÓÚÓ˚È ı‡‡ÍÚÂËÁÛÂÚÒfl ÊÂÎÚÓÈ ÙÎÛÓÂÒˆÂÌˆË-
ÂÈ ÔË λ˝Ï = 537 ÌÏ [12].

èflÚ¸ ÏÓÎÂÍÛÎ ‚Ó‰˚ ‚ ÓÍÛÊÂÌËË ıÓÏÓÙÓ‡
zYFP538 Ó·‡ÁÛ˛Ú ÒÂÚ¸ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ, ÓÔÓ-
ÒÂ‰Û˛˘Ëı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ıÓÏÓÙÓ‡ Ò ·ÎËÊ‡È-
¯ËÏË ‡ÏËÌÓÍËÒÎÓÚÌ˚ÏË ÓÒÚ‡ÚÍ‡ÏË. Ñ‚Â ÏÓÎÂÍÛ-
Î˚ ‚Ó‰˚ Ó·‡ÁÛ˛Ú ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌ˚Â Ò‚flÁË Ò ıÓ-
ÏÓÙÓÓÏ (ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 4). íÂÚ¸fl ÏÓÎÂÍÛÎ‡
‚Ó‰˚ Ó·‡ÁÛÂÚ ÔÓ˜Ì˚Â ‚Ó‰ÓÓ‰Ì˚Â Ò‚flÁË Ò ·ÓÍÓ-
‚˚ÏË ˆÂÔflÏË Gln42 Ë Tyr16 Ë ÒÎ‡·Û˛ ‚Ó‰ÓÓ‰ÌÛ˛
Ò‚flÁ¸ (3.3 Å) Ò Í‡·ÓÌËÎÓÏ ÍÓÌˆÂ‚ÓÈ Í‡·ÓÍÒ‡-
ÏË‰ÌÓÈ „ÛÔÔ˚ Phe65. óÂÚ‚ÂÚ‡fl Ë ÔflÚ‡fl ÏÓÎÂÍÛ-
Î˚ ‚Ó‰˚ ÒÓÂ‰ËÌfl˛Ú ·ÓÍÓ‚˚Â ˆÂÔË Arg70, Glu150,
Tyr185 Ë Arg70, Glu221, Asp69 (N) ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.

ëÓ„Î‡ÒÌÓ ÔËÌflÚÓÈ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl „ËÔÓÚÂ-
ÁÂ [8], Ó·‡ÁÓ‚‡ÌËÂ ÚÂıÏÂÌÓÈ ‡ıËÚÂÍÚÛ˚
β-·Ó˜ÓÌÍ‡ ÒÓÁ‰‡ÂÚ ÒÚÂË˜ÂÒÍÓÂ Ì‡ÔflÊÂÌËÂ, ÍÓ-
ÚÓÓÂ ÔË‚Ó‰ËÚ Í ÒËÎ¸ÌÓÏÛ ËÁ„Ë·Û ˆÂÌÚ‡Î¸ÌÓÈ
α-ÒÔË‡ÎË, ËÌËˆËËÛfl ̂ ÂÔÓ˜ÍÛ Â‡ÍˆËÈ Ó·‡ÁÓ‚‡-
ÌËfl ıÓÏÓÙÓ‡. èÓÏËÏÓ ÒÚÂË˜ÂÒÍÓ„Ó Ù‡ÍÚÓ‡
fl‰ ÓÒÚ‡ÚÍÓ‚ ËÁ ·ÎËÊ‡È¯Â„Ó ÓÍÛÊÂÌËfl ıÓÏÓ-
ÙÓ‡ ÙÓÏËÛeÚ ÒÔÂˆËÙË˜ÂÒÍÓÂ ÔÓÒÚ‡ÌÒÚ‚ÂÌ-
ÌÓÂ ‡ÒÔÓÎÓÊÂÌËÂ ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı „ÛÔÔ, ÛÒÍÓ-
fl˛˘ÂÂ ÔÓˆÂÒÒ ÒÓÁÂ‚‡ÌËfl ıÓÏÓÙÓ‡. èÓÒÎÂ
ÙÓÏËÓ‚‡ÌËfl ÁÂÎÂÌÓÈ ·ËˆËÍÎË˜ÂÒÍÓÈ ÙÓÏ˚
ÓÚ‰ÂÎ¸Ì˚Â ÓÒÚ‡ÚÍË ËÁ ·ÎËÊ‡È¯Â„Ó ÓÍÛÊÂÌËfl
ıÓÏÓÙÓ‡ ÏÓ„ÛÚ ËÌËˆËËÓ‚‡Ú¸ ÔÓ‰ÓÎÊÂÌËÂ ÔÓ-
ÒÚÚ‡ÌÒÎflˆËÓÌÌÓÈ ÏÓ‰ËÙËÍ‡ˆËË. 

àÌÚÂÂÒÌÓ, ˜ÚÓ ‚ ˆË‡ÌÓ‚ÓÏ îÅ amFP486 ( λ˝Ï =
= 486 ÌÏ) ËÁ Anemonia majano [19] Ò Ë‰ÂÌÚË˜ÌÓÈ
·ÂÎÍÛ zYFP538 ıÓÏÓÙÓÓ·‡ÁÛ˛˘ÂÈ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚ¸˛ -Lys-Tyr-Gly- ıÓÏÓÙÓ ËÏÂÂÚ (‚ ÓÚ-
ÎË˜ËÂ ÓÚ zYFP538) ı‡‡ÍÚÂÌÛ˛ ‰Îfl ÁÂÎÂÌÓÈ ÙÓÏ˚
·ËˆËÍÎË˜ÂÒÍÛ˛ ÒÚÛÍÚÛÛ, Ë ·ÓÍÓ‚‡fl ˆÂÔ¸ ÓÒÚ‡Ú-
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êËÒ. 4. ÄÏËÌÓÍËÒÎÓÚÌÓÂ ÓÍÛÊÂÌËÂ ıÓÏÓÙÓ‡. ç-
Ò‚flÁË (≤3.3 Å) ÔÓÍ‡Á‡Ì˚ ÔÂ˚‚ËÒÚ˚ÏË ÎËÌËflÏË, ‚‡Ì-
‰Â-‚‡‡Î¸ÒÓ‚˚ ÍÓÌÚ‡ÍÚ˚ (≤3.9 Å) – “ÂÒÌË˜Í‡ÏË”.
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Í‡ Lys ÌÂ ÔÂÚÂÔÂ‚‡ÂÚ ÌËÍ‡ÍËı ËÁÏÂÌÂÌËÈ ÔË
ÒÓÁÂ‚‡ÌËË ıÓÏÓÙÓ‡. èË Ó·˘ÂÈ Ë‰ÂÌÚË˜ÌÓÒÚË
‡ÏËÌÓÍËÒÎÓÚÌ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ (49%) ÓÚ-
ÎË˜Ëfl ‚ ·ÎËÊ‡È¯ÂÏ ÓÍÛÊÂÌËË ıÓÏÓÙÓÓ‚ ˝ÚËı
·ÂÎÍÓ‚ Á‡ÍÎ˛˜‡˛ÚÒfl ÎË¯¸ ‚ ‰‚Ûı ‡ÏËÌÓÍËÒÎÓÚ-
Ì˚ı Á‡ÏÂÌ‡ı. Ç ˆË‡ÌÓ‚ÓÏ ·ÂÎÍÂ amFP486 ‚ÏÂÒÚÓ
ı‡‡ÍÚÂÌ˚ı ‰Îfl ÊÂÎÚÓ„Ó ·ÂÎÍ‡ zYFP538 ÓÒÚ‡Ú-
ÍÓ‚ Ile44 Ë Asp69 ‡ÒÔÓÎ‡„‡˛ÚÒfl ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
ÓÒÚ‡ÚÍË Ser Ë Asn.

Ç ÒÚÛÍÚÛÂ zYFP538 ÓÚËˆ‡ÚÂÎ¸ÌÓ Á‡flÊÂÌ-
Ì‡fl ·ÓÍÓ‚‡fl ˆÂÔ¸ ÓÒÚ‡ÚÍ‡ Asp69 Ó·‡ÁÛÂÚ ‚Ó‰Ó-
Ó‰Ì˚Â Ò‚flÁË Ò ·ÓÍÓ‚˚ÏË ˆÂÔflÏË ÓÒÚ‡ÚÍÓ‚ Tyr91
Ë His122. Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ˝ÚÓÚ ÓÒÚ‡ÚÓÍ Ë„‡ÂÚ
ÒÛ˘ÂÒÚ‚ÂÌÌÛ˛ ÓÎ¸ ‚ ÔÂÂıÓ‰Â ÁÂÎÂÌÓÈ ÙÓÏ˚ ‚
ÊÂÎÚÛ˛ [12]. ë‡‚ÌÂÌËÂ ‡ÏËÌÓÍËÒÎÓÚÌ˚ı ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ë ÒÓ‚ÏÂ˘ÂÌËÂ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚ı
ÒÚÛÍÚÛ ·ÂÎÍÓ‚ amFP486 Ë zYFP538 ÔÓÍ‡Á‡ÎË,
˜ÚÓ ‚ ÌÂÁÂÎÓÈ ÙÓÏÂ zYFP538 ÔÓÎÓÊËÚÂÎ¸ÌÓ Á‡-
flÊÂÌÌ‡fl ‡ÏËÌÓ„ÛÔÔ‡ ÔËÓ‰ÌÓÈ ·ÓÍÓ‚ÓÈ ˆÂÔË
ÓÒÚ‡ÚÍ‡ Lys66 ıÓÏÓÙÓÓ·‡ÁÛ˛˘ÂÈ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚË ‰ÓÎÊÌ‡ ÔÓ ‡Ì‡ÎÓ„ËË ‡ÒÔÓÎ‡„‡Ú¸Òfl ‚
„Ë‰ÓÙÓ·ÌÓÏ Í‡Ï‡ÌÂ, ÒÙÓÏËÓ‚‡ÌÌÓÏ ·ÓÍÓ-
‚˚ÏË ˆÂÔflÏË ÓÒÚ‡ÚÍÓ‚ Ile44, Leu46, Phe65, Leu204
Ë Leu219. å˚ ÔÓÎ‡„‡ÂÏ, ˜ÚÓ Ú‡ÍÓÂ ‡ÒÔÓÎÓÊÂÌËÂ
Á‡fl‰‡ ‚ „Ë‰ÓÙÓ·ÌÓÏ ÓÍÛÊÂÌËË ÔË‚Ó‰ËÚ Í
ÓÒÚÓÏÛ ˝ÌÂ„ÂÚË˜ÂÒÍÓÏÛ ÍÓÌÙÎËÍÚÛ Ë fl‚ÎflÂÚÒfl
ËÌËˆË‡ÚÓÓÏ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ ÔÓÒÚÚ‡ÌÒÎflˆËÓÌ-
ÌÓÈ ÏÓ‰ËÙËÍ‡ˆËË, ‚Â‰Û˘ÂÈ Í Ó·‡ÁÓ‚‡ÌË˛ ÊÂÎÚÓ„Ó
ıÓÏÓÙÓ‡. ëËÎ˚, ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚Â Á‡ ËÌËˆË‡ˆË˛
ÔÓˆÂÒÒ‡, ÔÓ ‚ÒÂÈ ‚ÂÓflÚÌÓÒÚË, ËÏÂ˛Ú ˝ÌÚ‡Î¸ÔËÈ-
ÌÓ-˝ÌÚÓÔËÈÌÛ˛ ÔËÓ‰Û ‡Ì‡ÎÓ„Ë˜ÌÓ ÒËÎ‡Ï, ÒÚ‡-
·ËÎËÁËÛ˛˘ËÏ „Ë‰ÓÙÓ·ÌÓÂ fl‰Ó ‚ ·ÂÎÍ‡ı Ò ‚˚-
ÚÂÒÌÂÌËÂÏ ‚Ó‰˚ [20]. Ç amFP486 ·ÓÍÓ‚‡fl ˆÂÔ¸
ÓÒÚ‡ÚÍ‡ Ser, Á‡ÌËÏ‡˛˘Â„Ó ÔÓÁËˆË˛ 44 ‚ „Ë‰Ó-
ÙÓ·ÌÓÏ Í‡Ï‡ÌÂ, Ó·‡ÁÛÂÚ ‚Ó‰ÓÓ‰ÌÛ˛ Ò‚flÁ¸ Ò
ËÌÚ‡ÍÚÌÓÈ ·ÓÍÓ‚ÓÈ ˆÂÔ¸˛ ıÓÏÓÙÓÓ·‡ÁÛ˛˘Â-
„Ó ÓÒÚ‡ÚÍ‡ Lys, ˜‡ÒÚË˜ÌÓ ÌÂÈÚ‡ÎËÁÛfl Â„Ó Á‡fl‰. 

åÛÚ‡ÌÚÌ˚Â ‚‡Ë‡ÌÚ˚. í‡Í Í‡Í ÎË¯¸ ‰‚‡
‡ÏËÌÓÍËÒÎÓÚÌ˚ı ÓÒÚ‡ÚÍ‡, Ile44 Ë Asp69, ÓÚÎË˜‡-
˛Ú ÓÍÛÊÂÌËÂ ıÓÏÓÙÓ‡ ÊÂÎÚÓ„Ó ·ÂÎÍ‡
zYFP538 ÓÚ ÓÍÛÊÂÌËfl ıÓÏÓÙÓ‡ ˆË‡ÌÓ‚Ó„Ó
·ÂÎÍ‡ amFP486 (ÌÂÒÛ˘Â„Ó “ÒÚ‡Ì‰‡ÚÌ˚È” ÁÂÎÂ-
Ì˚È ıÓÏÓÙÓ), Ï˚ ÔÂ‰ÔÓÎÓÊËÎË, ˜ÚÓ ËÏÂÌÌÓ
ÍÓÌÙÎËÍÚ Ile44 Ò Lys66 Ë„‡ÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÛ˛
ÓÎ¸ ‚ ËÌËˆË‡ˆËË ÙÓÏËÓ‚‡ÌËfl ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ-
„Ó ¯ÂÒÚË˜ÎÂÌÌÓ„Ó ˆËÍÎ‡. ÑÎfl ÔÓ‚ÂÍË ˝ÚÓÈ „Ë-
ÔÓÚÂÁ˚ Ï˚ ÔÓ‚ÂÎË ÏÛÚ‡„ÂÌÂÁ ·ÂÎÍ‡ zYFP538, Á‡-
ÏÂÌË‚ Ile ‚ ÔÓÎÓÊÂÌËË 44 Ì‡ Ala. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ,
Á‡ÌËÏ‡˛˘ËÈ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌ¸¯ËÈ Ó·˙ÂÏ ‡Î‡-
ÌËÌ ‚ ÔÓÎÓÊÂÌËË 44 ÔË‚ÂÎ Í ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌÂÂ
˝ÙÙÂÍÚË‚ÌÓÏÛ ÒÓÁÂ‚‡ÌË˛ ÊÂÎÚÓ„Ó ıÓÏÓÙÓ‡.
ëÔÂÍÚ˚ ÔÓ„ÎÓ˘ÂÌËfl ÔÓÍ‡Á‡ÎË, ˜ÚÓ, ÂÒÎË ‰Îfl
ÔÓÎÌÓÒÚ¸˛ ÒÓÁÂ‚¯Â„Ó ·ÂÎÍ‡ zYFP538 ‰ÓÏËÌËÛ-
ÂÚ ÊÂÎÚ‡fl ÙÓÏ‡ (ÁÂÎÂÌ‡fl ÙÓÏ‡ Ú‡ÍÊÂ ‚ÒÂ„‰‡
ÔËÒÛÚÒÚ‚ÛÂÚ) [12], ÚÓ ‰Îfl ÏÛÚ‡ÌÚÌÓ„Ó ‚‡Ë‡ÌÚ‡
zYFP538 Ile44Ala Ò ÌÂ·ÓÎ¸¯ËÏ ÔÂÂ‚ÂÒÓÏ ‰ÓÏËÌË-
ÛÂÚ ÛÊÂ ÁÂÎÂÌ‡fl ÙÓÏ‡ ıÓÏÓÙÓ‡. ëÚÂÂÓıËÏË-

˜ÂÒÍËÈ ‡Ì‡ÎËÁ ÔÓÍ‡Á‡Î, ˜ÚÓ Ì‡·Î˛‰‡ÂÏ˚È ˝ÙÙÂÍÚ
ÒÚ‡·ËÎËÁ‡ˆËË ÁÂÎÂÌÓÈ ÙÓÏ˚ ÎË¯¸ ˜‡ÒÚË˜ÌÓ Ò‚fl-
Á‡Ì Ò ÛÏÂÌ¸¯ÂÌËÂÏ ÔÂÔflÚÒÚ‚ËÈ ÒÚÂË˜ÂÒÍÓ„Ó ı‡-
‡ÍÚÂ‡. éÒÎ‡·ÎÂÌËÂ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÍÓÌÙÎËÍ-
Ú‡ Á‡fl‰‡ ·ÓÍÓ‚ÓÈ ˆÂÔË Lys66 Ò „Ë‰ÓÙÓ·Ì˚Ï
ÓÍÛÊÂÌËÂÏ ÒÍÓÂÂ ‚ÒÂ„Ó ‚˚Á‚‡ÌÓ ÛÏÂÌ¸¯ÂÌËÂÏ
Ò‚Ó·Ó‰ÌÓÈ ˝ÌÂ„ËË ‚ÒÎÂ‰ÒÚ‚ËÂ ÛÏÂÌ¸¯ÂÌËfl „Ë‰-
ÓÙÓ·ÌÓÒÚË ‚˚¯ÂÛÔÓÏflÌÛÚÓ„Ó „Ë‰ÓÙÓ·ÌÓ„Ó
Í‡Ï‡Ì‡. ê‡ÌÂÂ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ Í ÒıÓ‰Ì˚Ï Â-
ÁÛÎ¸Ú‡Ú‡Ï (‰ÓÏËÌËÓ‚‡ÌË˛ ÁÂÎÂÌÓÈ ÙÓÏ˚ ıÓ-
ÏÓÙÓ‡) ÔË‚Ó‰ËÚ ÏÛÚ‡„ÂÌÂÁ zYFP538 ÔÓ ‚ÚÓÓÏÛ
‚‡ÊÌÓÏÛ ÓÒÚ‡ÚÍÛ, Asp69Asn [12].

ÑÎfl ÔÓ‚ÂÍË ÒÓ‚ÓÍÛÔÌÓ„Ó ‚ÍÎ‡‰‡ ÓÒÚ‡ÚÍÓ‚
Ile44 Ë Asp69 ‚ ÒÓÁÂ‚‡ÌËÂ ÊÂÎÚÓÈ ÙÓÏ˚
zYFP538 Ï˚ ÔÓÎÛ˜ËÎË Â„Ó ‰‚ÓÈÌÓÈ ÏÛÚ‡ÌÚ
Ile44Ala, Asp69Asn. é‰ÌÓ‚ÂÏÂÌÌ‡fl Á‡ÏÂÌ‡ ˝ÚËı
‰‚Ûı ÓÒÚ‡ÚÍÓ‚ ÔË‚ÂÎ‡ Í ÔÓÎÌÓÏÛ Ì‡Û¯ÂÌË˛
ÙÓÏËÓ‚‡ÌËfl ÊÂÎÚÓ„Ó ıÓÏÓÙÓ‡, ÌÂ Á‡ÚÓÌÛ‚,
‚ ÚÓ ÊÂ ‚ÂÏfl, ÏÂı‡ÌËÁÏ‡ ÙÓÏËÓ‚‡ÌËfl ÒÚ‡Ì-
‰‡ÚÌÓ„Ó ÁÂÎÂÌÓ„Ó ıÓÏÓÙÓ‡. èÓÎÛ˜ÂÌÌ˚È ÏÛ-
Ú‡ÌÚÌ˚È ·ÂÎÓÍ ı‡‡ÍÚÂËÁÛÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ
·˚ÒÚ˚Ï ÒÓÁÂ‚‡ÌËÂÏ, flÍÓÈ ÁÂÎÂÌÓÈ ÙÎÛÓÂÒ-
ˆÂÌˆËÂÈ (λ‚ÓÁ· = 496 ÌÏ Ë λ˝Ï = 506 ÌÏ) Ë Â‰ËÌÒÚ‚ÂÌ-
Ì˚Ï ÔËÍÓÏ ÔÓ„ÎÓ˘ÂÌËfl ÔË 492 ÌÏ. èËÍ‡ ÔÓ„ÎÓ-
˘ÂÌËfl ÔË 528 ÌÏ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÊÂÎÚÓÈ
ÙÓÏÂ, ÌÂ Ì‡·Î˛‰‡ÂÚÒfl ‰‡ÊÂ ˜ÂÂÁ 72 ˜ ËÌÍÛ·‡-
ˆËË ·ÂÎÍ‡. 

ä‡Í ÛÊÂ ÓÚÏÂ˜‡ÎÓÒ¸, ‚ ˆË‡ÌÓ‚ÓÏ ÙÎÛÓÂÒ-
ˆÂÌÚÌÓÏ ·ÂÎÍÂ amFP486 ‚ ÔÓÎÓÊÂÌËË 44 Ì‡ıÓ‰ËÚ-
Òfl ÓÒÚ‡ÚÓÍ Ser, ·ÓÍÓ‚‡fl ˆÂÔ¸ ÍÓÚÓÓ„Ó Ó·‡ÁÛÂÚ
‚Ó‰ÓÓ‰ÌÛ˛ Ò‚flÁ¸ Ò ËÌÚ‡ÍÚÌÓÈ ·ÓÍÓ‚ÓÈ ˆÂÔ¸˛
ÓÒÚ‡ÚÍ‡ Lys66. å˚ ÔÂ‰ÔÓÎÓÊËÎË, ˜ÚÓ ÏÛÚ‡„ÂÌÂÁ
Ile44Ser ·ÂÎÍ‡ zYFP538 ÔË‚Â‰ÂÚ Í ÒıÓ‰ÌÓÏÛ ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Ë˛ ˝ÚËı ÓÒÚ‡ÚÍÓ‚ Ë ÚÂÏ Ò‡Ï˚Ï ÒÚ‡·ËÎË-
ÁËÛÂÚ Lys66, ÔÂÔflÚÒÚ‚Ûfl Ó·‡ÁÓ‚‡ÌË˛ ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓ„Ó „ÂÚÂÓˆËÍÎ‡. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ‡Ì‡ÎËÁ
Ò‚ÓÈÒÚ‚ ÔÓÎÛ˜ÂÌÌÓ„Ó ÏÛÚ‡ÌÚÌÓ„Ó ‚‡Ë‡ÌÚ‡ ÔÓÍ‡-
Á‡Î, ̃ ÚÓ ÓÒÚ‡ÚÓÍ Ser ‚ ÔÓÎÓÊÂÌËË 44 ‚ Â˘Â ·ÓÎ¸¯ÂÈ
ÒÚÂÔÂÌË, ˜ÂÏ Ala, ÔÂÔflÚÒÚ‚ÛÂÚ ÙÓÏËÓ‚‡ÌË˛
ÊÂÎÚÓÈ ÙÓÏ˚ ıÓÏÓÙÓ‡. ÑÓÏËÌËÛÂÚ ÁÂÎÂÌ‡fl
Ë, ˜ÚÓ ÓÒÓ·ÂÌÌÓ ËÌÚÂÂÒÌÓ, ÔËÒÛÚÒÚ‚ÛÂÚ ˆË‡ÌÓ-
‚‡fl ÙÓÏ‡, ı‡‡ÍÚÂËÁÛÂÏ‡fl ÔÓ„ÎÓ˘ÂÌËÂÏ ÔË
465 ÌÏ. èÂ‰ÒÚ‡‚ÎflÂÚÒfl Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ˚Ï, ˜ÚÓ
ˆË‡ÌÓ‚‡fl ÙÓÏ‡ ÏÛÚ‡ÌÚÌÓ„Ó îÅ zYFP538_Ile44Ser
ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ıÓÏÓÙÓÛ, ÓÒÚ‡ÚÓÍ Lys66 ÍÓÚÓÓ-
„Ó Ó·‡ÁÛÂÚ ‚Ó‰ÓÓ‰ÌÛ˛ Ò‚flÁ¸ Ò Ser44, ‡Ì‡ÎÓ„Ë˜ÌÓ
ıÓÏÓÙÓÛ ·ÂÎÍ‡ amFP486. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓ-
ÏËÏÓ ÒÓ·ÒÚ‚ÂÌÌÓ ÍÎ˛˜Â‚Ó„Ó ÓÒÚ‡ÚÍ‡ Lys66, ÙÓÏË-
Û˛˘Â„Ó ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È „ÂÚÂÓˆËÍÎ ıÓÏÓÙÓ‡,
‡ Ú‡ÍÊÂ Gly64, Ó·ÂÒÔÂ˜Ë‚‡˛˘Â„Ó ÌÂÓ·ıÓ‰ËÏÛ˛
ÍÓÌÙÓÏ‡ˆËÓÌÌÛ˛ ÔÓ‰‚ËÊÌÓÒÚ¸ ÓÒÌÓ‚ÌÓÈ ˆÂÔË,
‚ ·ÎËÊ‡È¯ÂÏ ÓÍÛÊÂÌËË ıÓÏÓÙÓ‡ zYFP538
ÂÒÚ¸ Â˘Â ‰‚‡ ÓÒÚ‡ÚÍ‡ – Ile44, Asp69, ÍÓÚÓ˚Â Ë„‡-
˛Ú ÒÛ˘ÂÒÚ‚ÂÌÌÛ˛ ÓÎ¸ ‚ Â‡ÍˆËË ÙÓÏËÓ‚‡ÌËfl
‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ¯ÂÒÚË˜ÎÂÌÌÓ„Ó „ÂÚÂÓˆËÍÎ‡. 

ÑÛ„ÓÈ ÔËÏÂ ÒËÎ¸ÌÓ„Ó ˝ÎÂÍÚÓÒÚ‡ÚË˜ÂÒÍÓ„Ó
˝ÙÙÂÍÚ‡ ‚ ·ÎËÊ‡È¯ÂÏ ÓÍÛÊÂÌËË ıÓÏÓÙÓ‡
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ÔÂ‰ÒÚ‡‚ÎflÂÚ Í‡ÒÌ˚È îÅ zRFP574 ËÁ Zoanthus
sp2 [11]. Ç ˝ÚÓÏ ·ÂÎÍÂ Ò·ÎËÊÂÌÌ˚Â ÓÚËˆ‡ÚÂÎ¸ÌÓ
Á‡flÊÂÌÌ˚Â ·ÓÍÓ‚˚Â ˆÂÔË ÓÒÚ‡ÚÍ‡ Asp66 ıÓÏÓ-
ÙÓ‡ Ë Í‡Ú‡ÎËÚË˜ÂÒÍÓ„Ó ÓÒÚ‡ÚÍ‡ Glu221 ÔË‚Ó‰flÚ
Í ÒËÎ¸ÌÓÏÛ ˝ÎÂÍÚÓÒÚ‡ÚË˜ÂÒÍÓÏÛ ÍÓÌÙÎËÍÚÛ, ÍÓ-
ÚÓ˚È ËÌËˆËËÛÂÚ ‰ÓÔÓÎÌËÚÂÎ¸ÌÛ˛ ̂ ÂÔ¸ Â‡ÍˆËÈ
ÔÓÒÚÚ‡ÌÒÎflˆËÓÌÌÓÈ ÏÓ‰ËÙËÍ‡ˆËË Ò ÔÂÂıÓ‰ÓÏ
ÁÂÎÂÌÓÈ ÙÓÏ˚ ‚ ÍÓÌÂ˜ÌÛ˛ – Í‡ÒÌÛ˛. ùÚÓÚ ÔÂÂ-
ıÓ‰, Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌÓ, Ì‡˜ËÌ‡ÂÚÒfl Ò Ó·‡ÁÓ‚‡ÌËfl
ÌÂÓ·˚˜ÌÓÈ ˆËÒ-ÔÂÔÚË‰ÌÓÈ Ò‚flÁË ÏÂÊ‰Û ÓÒÚ‡ÚÍ‡ÏË
Phe65 Ë Asp66, ÒÓÔÓ‚ÓÊ‰‡ÂÏÓ„Ó Ó·‡ÁÓ‚‡ÌËÂÏ
‡ˆËÎËÏËÌÌÓÈ Ò‚flÁË C1α(66)=N, ˜ÚÓ ı‡‡ÍÚÂÌÓ
‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ Í‡ÒÌ˚ı îÅ [21]. èÓÒÎÂ‰Û˛˘ÂÂ
ËÁÏÂÌÂÌËÂ „Ë·Ë‰ËÁ‡ˆËË ‡ÚÓÏ‡ C1α(66) ËÁ sp3 ‚ sp2

Á‡‚Â¯‡ÂÚÒfl ‰ÂÍ‡·ÓÍÒËÎËÓ‚‡ÌËÂÏ ·ÓÍÓ‚ÓÈ ˆÂ-
ÔË Asp66.

Ä‚ÚÓÍ‡Ú‡ÎËÚË˜ÂÒÍ‡fl Ú‡ÌÒÙÓÏ‡ˆËfl ıÓÏÓ-
ÙÓÓ·‡ÁÛ˛˘ÂÈ ÚË‡‰˚ ‚ ÒÚ‡Ì‰‡ÚÌÛ˛ ·ËˆËÍÎË-
˜ÂÒÍÛ˛ ÁÂÎÂÌÛ˛ ÙÓÏÛ ıÓÏÓÙÓ‡ ÔÂ‰ÔÓÎÓÊË-
ÚÂÎ¸ÌÓ ÓÒÚ‡‚ÎflÂÚ ÌÂ ÔÓÎÌÓÒÚ¸˛ Ò·‡Î‡ÌÒËÓ‚‡ÌÌ˚Ï
Á‡fl‰ ·ÓÍÓ‚ÓÈ ˆÂÔË Í‡Ú‡ÎËÚË˜ÂÒÍÓ„Ó ÓÒÚ‡ÚÍ‡
Glu221. èË ˝ÚÓÏ Glu221 ÔÓÚÂÌˆË‡Î¸ÌÓ ÓÒÚ‡ÂÚÒfl
Â‡ÍˆËÓÌÌÓ-‡ÍÚË‚Ì˚Ï ‰Îfl ÔÓÒÎÂ‰Û˛˘Ëı ‰ÓÔÓÎ-
ÌËÚÂÎ¸Ì˚ı ÒÚ‡‰ËÈ ÔÓÒÚÚ‡ÌÒÎflˆËÓÌÌÓÈ ÏÓ‰ËÙË-
Í‡ˆËË ‚ Ì‡ÚË‚Ì˚ı ÛÒÎÓ‚Ëflı ËÎË ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ
‚ÌÂ¯ÌËı Ù‡ÍÚÓÓ‚. ùÚÓ fl‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌÓÈ ÔË-
˜ËÌÓÈ Ì‡·Î˛‰‡ÂÏÓ„Ó ‰ÂÍ‡·ÓÍÒËÎËÓ‚‡ÌËfl ÓÒÚ‡Ú-
Í‡ Glu221 (ÔÓ ÌÛÏÂ‡ˆËË zYFP538) ÔË ÙÓÚÓ‡ÍÚË-
‚‡ˆËË ÁÂÎÂÌÓ„Ó îÅ avGFP (Auequorea victoria)
[22], ‡ Ú‡ÍÊÂ ‡Á˚‚‡ ÓÒÌÓ‚ÌÓÈ ̂ ÂÔË ÔÂÂ‰ ıÓÏÓ-
ÙÓÓÏ ‚ asFP595 (Anemonia sulcata) [15, 23] Ë ‚
EosFP (Lobophyllia hemprichii) [24] ÔÓ‰ ‚ÓÁ‰ÂÈÒÚ‚Ë-
ÂÏ ìî- ËÎË ‚Ë‰ËÏÓ„Ó Ò‚ÂÚ‡ ÓÔÂ‰ÂÎÂÌÌÓÈ ‰ÎËÌ˚

‚ÓÎÌ˚. èË Á‡ÏÂÌÂ Í‡Ú‡ÎËÚË˜ÂÒÍÓ„Ó ÓÒÚ‡ÚÍ‡ Glu
Ì‡ Gln ‚ EosFP Ù‡„ÏÂÌÚ‡ˆËË ÓÒÌÓ‚ÌÓÈ ˆÂÔË ÌÂ
ÔÓËÒıÓ‰ËÚ [24]. 

ëÚÛÍÚÛ‡ ÚÂÚ‡ÏÂ‡

ÅËÓÎÓ„Ë˜ÂÒÍ‡fl Â‰ËÌËˆ‡ zYFP538 ÔÂ‰ÒÚ‡‚ÎflÂÚ
ÒÓ·ÓÈ ÚÂÚ‡ÏÂ (ÚÓ˜Â˜Ì‡fl ÒËÏÏÂÚËfl 222), ÔÓ-
ÒÚÓÂÌÌ˚È ËÁ ‰‚Ûı ‰ËÏÂÓ‚, ÛÔ‡ÍÓ‚‡ÌÌ˚ı ÔÓ‰
~90° ‰Û„ Í ‰Û„Û (ËÒ. 1). ä‡Ê‰˚È ‰ËÏÂ Ó·‡ÁÓ-
‚‡Ì ‰‚ÛÏfl ‡ÌÚËÔ‡‡ÎÎÂÎ¸Ì˚ÏË ÏÓÌÓÏÂ‡ÏË. Ç
ÚÂÚ‡ÏÂÂ ÙÓÏËÛ˛ÚÒfl ‰‚‡ ÚËÔ‡ ËÌÚÂÙÂÈÒÓ‚
ÏÂÊ‰Û ÍÓÌÚ‡ÍÚËÛ˛˘ËÏË ÔÓ‚ÂıÌÓÒÚflÏË ÏÓÌÓ-
ÏÂÌ˚ı ÒÛ·˙Â‰ËÌËˆ (ËÒ. 5). èÂ‚˚È ËÌÚÂÙÂÈÒ
(àî1) ÙÓÏËÛÂÚÒfl ÏÂÊ‰Û ‰‚ÛÏfl ÏÓÌÓÏÂ‡ÏË
‚ÌÛÚË ‰ËÏÂ‡, ‚ÚÓÓÈ (àî2) – ÏÂÊ‰Û ÏÓÌÓÏÂ‡-
ÏË ËÁ ‰‚Ûı ‡ÁÌ˚ı ‰ËÏÂÓ‚. àÌÚÂÙÂÈÒ àî1 ı‡-
‡ÍÚÂËÁÛÂÚÒfl Á‡˘Ë˘ÂÌÌÓÈ ÓÚ ‚Ó‰ÌÓÈ ÒÂ‰˚ ÍÓÌ-
Ú‡ÍÚÌÓÈ ÔÎÓ˘‡‰¸˛ ~490 Å2. éÌ ÒÚ‡·ËÎËÁËÛÂÚÒfl,
„Î‡‚Ì˚Ï Ó·‡ÁÓÏ, ˆÂÌÚ‡Î¸Ì˚Ï „Ë‰ÓÙÓ·Ì˚Ï
ÍÎ‡ÒÚÂÓÏ, Ó·‡ÁÓ‚‡ÌÌ˚Ï ÔÎÓÚÌÓ ÛÔ‡ÍÓ‚‡ÌÌ˚ÏË
·ÓÍÓ‚˚ÏË ˆÂÔflÏË ‰‚Ûı „ÛÔÔ ÓÒÚ‡ÚÍÓ‚ L98, V104,
I106, M129 Ë L98', V104', I106', M129', ÔËÏ˚Í‡˛-
˘Ëı Í ÌÂÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ÓÒË 2-„Ó ÔÓfl‰Í‡.
ÑÓÔÓÎÌËÚÂÎ¸Ì˚È ‚ÍÎ‡‰ ‚ ÒÚ‡·ËÎËÁ‡ˆË˛ ‚ÌÓÒËÚ
Ú‡ÍÊÂ ‰‚ÓÈÌÓÈ Ì‡·Ó ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ, Ò‚flÁ‡Ì-
Ì˚ı ̋ ÎÂÏÂÌÚ‡ÏË ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ÒËÏÏÂÚËË
A147(O)····K151(NZ) (2.89 Å), Q201(OE1)····A229(N)
(2.93 Å), K203(NZ)····A231(OT) (3.00 Å) (Ó·ÓÁÌ‡˜Â-
ÌËfl ‡ÚÓÏÓ‚ ‰‡Ì˚ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔËÌflÚÓÈ ÌÓ-
ÏÂÌÍÎ‡ÚÛÓÈ åÂÊ‰ÛÌ‡Ó‰ÌÓ„Ó ·‡ÌÍ‡ ·ÂÎÍÓ‚˚ı
ÒÚÛÍÚÛ (PDB)).
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êËÒ. 5. ÄÏËÌÓÍËÒÎÓÚÌ‡fl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ zYFP538. ^ ïÓÏÓÙÓÓ·‡ÁÛ˛˘‡fl ÚË‡‰‡. éÒÚ‡ÚÍË, ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘ËÂ
Ò ıÓÏÓÙÓÓÏ ˜ÂÂÁ ç-Ò‚flÁË (≤3.3 Å) Ë ‚‡Ì-‰Â-‚‡‡Î¸ÒÓ‚˚ ÍÓÌÚ‡ÍÚ˚ (≤3.9 Å) (*) Ë ˜ÂÂÁ ‚Ó‰Û (#). éÒÚ‡ÚÍË, ÙÓÏËÛ-
˛˘ËÂ ÍÓÌÚ‡ÍÚÌ˚Â ÔÓ‚ÂıÌÓÒÚË ËÌÚÂÙÂÈÒÓ‚ àî1 ($) Ë àî2 (@).
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àÌÚÂÙÂÈÒ àî2 ËÏÂÂÚ ·ÓÎÂÂ ‡Á‚ËÚÛ˛ ÍÓÌÚ‡Í-
ÚËÛ˛˘Û˛ ÔÓ‚ÂıÌÓÒÚ¸ ~690 Å2. éÌ ÒÚ‡·ËÎËÁËÛÂÚ-
Òfl ÒÂÚ¸˛ ËÁ ¯ÂÒÚË ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ Ë ‰ÂÒflÚË ÒÓÎÂ-
‚˚ı ÏÓÒÚËÍÓ‚, Ó·‡ÁÓ‚‡ÌÌ˚ı ·ÓÍÓ‚˚ÏË ˆÂÔflÏË
ÓÒÚ‡ÚÍÓ‚ ‰‚Ûı Ë‰ÂÌÚË˜Ì˚ı „ÛÔÔ, Ò‚flÁ‡ÌÌ˚ı ÓÒ¸˛
ÒËÏÏÂÚËË 2-„Ó ÔÓfl‰Í‡: A147(O)····K151(NZ)
(2.89 Å), Q201(OE1)····A229(N) (2.93 Å),
K203(NZ)····A231(OT) (3.00 Å), E146(OE2)····K151(NZ)
(2.76 Å), D164(OD1)····R178(NH1) (3.55 Å),
D164(OD2)····R178(NH1) (3.07 Å), D182(OD1)····R178(NH1)
(2.83 Å), D182(OD1)····R178(NH2) (2.96 Å). äÓÏÂ ÚÓ„Ó,
·ÓÍÓ‚˚Â ˆÂÔË ·ÎËÁÍÓ ‡ÒÔÓÎÓÊÂÌÌ˚ı ÓÒÚ‡ÚÍÓ‚
Cys149 Ó·ÓËı ÏÓÌÓÏÂÓ‚ Ò·ÎËÊ‡˛ÚÒfl Ì‡ ‡ÒÒÚÓfl-
ÌËÂ ~3 Å ‚ ÒÎÛ˜‡Â ‰Û„ÓÈ ‡Î¸ÚÂÌ‡ÚË‚ÌÓÈ ÓËÂÌ-
Ú‡ˆËË, ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÔÓÚÂÌˆË‡Î¸ÌÛ˛ ‚ÓÁÏÓÊ-
ÌÓÒÚ¸ Ó·‡ÁÓ‚‡ÌËfl ‰ËÒÛÎ¸ÙË‰Ì˚ı Ò‚flÁÂÈ ‚ ÔÓˆÂÒÒÂ
ÓÎË„ÓÏÂËÁ‡ˆËË. àÌÚÂÂÒÌÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÒÚÂÂÓ-
ıËÏË˜ÂÒÍ‡fl ÍÓÏÔÓÁËˆËfl ËÌÚÂÙÂÈÒÓ‚ ‚ ÒÚÛÍÚÛÂ
zYFP538 Ë‰ÂÌÚË˜Ì‡ Ú‡ÍÓ‚ÓÈ Û Í‡ÒÌÓ„Ó îÅ zRFP574
ËÁ Ó‰ÒÚ‚ÂÌÌÓ„Ó Ó„‡ÌËÁÏ‡ Zoanthus sp2 [11].

éÚÏÂ˜ÂÌÌ˚Â ÓÒÚ‡ÚÍË Ì‡ ËÌÚÂÙÂÈÒ‡ı àî1 Ë
àî2 ÔÂ‰ÒÚ‡‚Îfl˛Ú Ì‡Ë·ÓÎÂÂ ‚‡ÊÌÛ˛ „ÛÔÔÛ
ÓÒÚ‡ÚÍÓ‚, ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚ı Á‡ ÓÎË„ÓÏÂËÁ‡ˆË˛. ç‡-
fl‰Û Ò ‰Û„ËÏË ÓÒÚ‡ÚÍ‡ÏË, Ëı ÒÎÂ‰ÛÂÚ Û˜ËÚ˚‚‡Ú¸
ÔË ÒÓÁ‰‡ÌËË ÏÓÌÓÏÂÌ˚ı ÙÓÏ îÅ ‰Îfl Ô‡ÍÚË-
˜ÂÒÍÓ„Ó ÔËÏÂÌÂÌËfl ‚ Í‡˜ÂÒÚ‚Â Ï‡ÍÂÓ‚ ·ÂÎÍÓ‚
Ë ÍÎÂÚÓ˜Ì˚ı Ó„‡ÌÂÎÎ. ëÎÂ‰ÛÂÚ ÓÊË‰‡Ú¸, ˜ÚÓ ˜‡-
ÒÚË˜Ì‡fl Á‡ÏÂÌ‡ „Ë‰ÓÙÓ·Ì˚ı ÓÒÚ‡ÚÍÓ‚ ˆÂÌÚ‡Î¸-
ÌÓ„Ó ÍÎ‡ÒÚÂ‡ àî1 Ì‡ „Ë‰ÓÙËÎ¸Ì˚Â, ÒÓ‚ÏÂ˘ÂÌ-
Ì‡fl Ò ÏÛÚ‡ˆËflÏË Cys149Ser Ë Lys/Arg Ì‡ Glu/Asp
(ËÎË Glu/Asp Ì‡ Lys/Arg) Ì‡ àî2, ÔË‚Â‰ÂÚ Í ‡Á-
Û¯ÂÌË˛ ËÌÚÂÙÂÈÒÓ‚. é·˘ËÈ ‡ÏËÌÓÍËÒÎÓÚÌ˚È
ÒÓÒÚ‡‚ Ì‡ ËÌÚÂÙÂÈÒ‡ı àî1 Ë àî2, ‡ Ú‡ÍÊÂ
ÓÒÚ‡ÚÍË, ÙÓÏËÛ˛˘ËÂ ·ÎËÊ‡È¯ÂÂ ÓÍÛÊÂÌËÂ
ıÓÏÓÙÓ‡, ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 5. àÌÚÂÂÒÌÓ,
˜ÚÓ ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ˜ËÒÎÓ ÓÒÚ‡ÚÍÓ‚ ËÁ Ó·ÂËı „ÛÔÔ
‡ÒÔÓÎÓÊÂÌÓ ‚ ÔÂ‚Ë˜ÌÓÈ ÒÚÛÍÚÛÂ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓ ‚ ˜ÂÂ‰Û˛˘ÂÏÒfl ÔÓfl‰ÍÂ. çÂ ËÒÍÎ˛˜ÂÌÓ,
˜ÚÓ Ú‡ÍÓÂ ‡ÒÔÓÎÓÊÂÌËÂ ËÏÂÂÚ ÙÛÌÍˆËÓÌ‡Î¸ÌÛ˛
ÁÌ‡˜ËÏÓÒÚ¸, Ó·ÂÒÔÂ˜Ë‚‡fl ÒÔÂÍÚ‡Î¸Ì˚Â Ò‚ÓÈÒÚ‚‡
·ÂÎÍ‡ ‰ËÍÓ„Ó ÚËÔ‡ Á‡ Ò˜ÂÚ ÚÂÚ‡ÏÂÌÓÈ Ó„‡ÌËÁ‡ˆËË. 

éÎË„ÓÏÂËÁ‡ˆËfl ÔËÓ‰Ì˚ı ÙÎÛÓÂÒˆÂÌÚÌ˚ı
·ÂÎÍÓ‚ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÂ¸ÂÁÌÛ˛ ·ËÓÚÂıÌÓ-
ÎÓ„Ë˜ÂÒÍÛ˛ ÔÓ·ÎÂÏÛ, ÒÛ˘ÂÒÚ‚ÂÌÌÓ Ó„‡ÌË˜Ë‚‡˛-
˘Û˛ Ëı ÔËÏÂÌÂÌËÂ ‚ Í‡˜ÂÒÚ‚Â Ï‡ÍÂÓ‚ ·ÂÎÍÓ‚ Ë
‡Á‡·ÓÚÍÛ „ÂÌÂÚË˜ÂÒÍË ÍÓ‰ËÛÂÏ˚ı ÙÎÛÓÂÒ-
ˆÂÌÚÌ˚ı ÒÂÌÒÓÓ‚. çÂÒÍÓÎ¸ÍÓ ÏÓÌÓÏÂÌ˚ı ‚‡Ë-
‡ÌÚÓ‚ ·˚ÎË ÒÍÓÌÒÚÛËÓ‚‡Ì˚ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ
ÒÓ˜ÂÚ‡ÌËfl ÏÂÚÓ‰Ó‚ Ì‡Ô‡‚ÎÂÌÌÓ„Ó Ë ÒÎÛ˜‡ÈÌÓ„Ó
ÏÛÚ‡„ÂÌÂÁ‡ [25–30]. é‰Ì‡ÍÓ ÔÓÔ˚ÚÍË ‚ÏÂ¯‡ÚÂÎ¸-
ÒÚ‚‡ ‚ ÒÚÂÂÓıËÏË˛ ËÌÚÂÙÂÈÒÓ‚ ÚÂÚ‡ÏÂÌÓÈ
·ËÓÎÓ„Ë˜ÂÒÍÓÈ Â‰ËÌËˆ˚ ˜‡ÒÚÓ ÒÓÔÓ‚ÓÊ‰‡˛ÚÒfl
ÁÌ‡˜ËÚÂÎ¸Ì˚ÏË ËÁÏÂÌÂÌËflÏË ÒÔÂÍÚ‡Î¸Ì˚ı ı‡-
‡ÍÚÂËÒÚËÍ, ÙÓÚÓÒÚ‡·ËÎ¸ÌÓÒÚË Ë ÍËÌÂÚËÍË ÒÓ-
ÁÂ‚‡ÌËfl ıÓÏÓÙÓ‡. ç‡Ô‡‚ÎÂÌËÂ Ë Ï‡Ò¯Ú‡·
˝ÚËı ËÁÏÂÌÂÌËÈ Á‡‡ÌÂÂ ÔÂ‰ÒÍ‡Á‡Ú¸ ÚÛ‰ÌÓ. ç‡-
ÔËÏÂ, ÒÍÓÌÒÚÛËÓ‚‡ÌÌ‡fl Ì‡ ÓÒÌÓ‚Â 33 ÏÛÚ‡ˆË-

ÓÌÌ˚ı Á‡ÏÂÌ ÏÓÌÓÏÂÌ‡fl ÙÓÏ‡ DsRed Ó·Î‡‰‡ÂÚ
·ÓÎÂÂ ÌËÁÍËÏË ‚ÂÎË˜ËÌ‡ÏË ÏÓÎflÌÓ„Ó ÍÓ˝ÙÙËˆË-
ÂÌÚ‡ ÔÓ„ÎÓ˘ÂÌËfl, Í‚‡ÌÚÓ‚Ó„Ó ‚˚ıÓ‰‡ Ë ÙÓÚÓÒÚ‡-
·ËÎ¸ÌÓÒÚË, ˜ÂÏ ÂÂ ÚÂÚ‡ÏÂÌ˚È ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ
[25]. èË ÍÓÌÒÚÛËÓ‚‡ÌËË ÏÓÌÓÏÂÌ˚ı ‚‡Ë‡Ì-
ÚÓ‚ Ò ÚÂ·ÛÂÏ˚ÏË ı‡‡ÍÚÂËÒÚËÍ‡ÏË ÒÛ˘ÂÒÚ‚ÂÌ-
Ì‡fl ÔÓ·ÎÂÏ‡, ÔÓ-‚Ë‰ËÏÓÏÛ, ‚ÓÁÌËÍ‡ÂÚ ËÁ-Á‡
ÓÒÚ‡ÚÍÓ‚, ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚ı Á‡ ÎÓÍ‡Î¸ÌÓÂ ÙÓÏËÓ-
‚‡ÌËÂ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ ÒÚÛÍÚÛ˚. àı Á‡ÏÂÌ‡
Ì‡fl‰Û Ò ‰Û„ËÏË Á‡ÏÂÌ‡ÏË ÏÓÊÂÚ ÔË‚ÂÒÚË Í ÌÂ-
ÔÂ‰ÒÍ‡ÁÛÂÏ˚Ï ÂÁÛÎ¸Ú‡Ú‡Ï, ˜‡ÒÚÓ Í ÔÓÚÂÂ ÙÎÛ-
ÓÂÒˆÂÌÚÌ˚ı Ò‚ÓÈÒÚ‚. 

Ç‡ÊÌ˚È ÙÛÌ‰‡ÏÂÌÚ ‰Îfl ÛÒÔÂ¯ÌÓÈ ‡Á‡·ÓÚÍË
ÏÓÌÓÏÂÌ˚ı ‚‡Ë‡ÌÚÓ‚ îÅ Ò ÔÂ‰ÔÓ˜ÚËÚÂÎ¸Ì˚-
ÏË ı‡‡ÍÚÂËÒÚËÍ‡ÏË ÒÓÁ‰‡˛Ú ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ-
ÒÚ‡ÌÒÚ‚ÂÌÌ˚ı ÒÚÛÍÚÛ ·ÂÎÍÓ‚ Ò ‚˚ÒÓÍËÏ ‡ÁÂ-
¯ÂÌËÂÏ. ÅÂÎÓÍ zYFP538 Ó·Î‡‰‡ÂÚ ÛÌËÍ‡Î¸Ì˚ÏË
ÒÔÂÍÚ‡Î¸Ì˚ÏË ı‡‡ÍÚÂËÒÚËÍ‡ÏË, Ë Â„Ó ÏÓÌÓ-
ÏÂÌ˚È ‚‡Ë‡ÌÚ ·˚Î ·˚ ¯ËÓÍÓ ‚ÓÒÚÂ·Ó‚‡Ì ‰Îfl
ÚÂıÌÓÎÓ„ËÈ ÏÌÓ„Óˆ‚ÂÚÌÓ„Ó ÏÂ˜ÂÌËfl Ë ÂÁÓÌ‡ÌÒ-
ÌÓ„Ó ÔÂÂÌÓÒ‡ ˝ÌÂ„ËË ÙÎÛÓÂÒˆÂÌˆËË (FRET).
å˚ Ì‡‰ÂÂÏÒfl, ˜ÚÓ ÔÓÎÛ˜ÂÌÌ˚Â ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·Ó-
ÚÂ ÂÁÛÎ¸Ú‡Ú˚ ÓÍ‡ÊÛÚÒfl ÔÓÎÂÁÌ˚ÏË ‰Îfl ÔÓÌËÏ‡-
ÌËfl Á‡ÍÓÌÓÏÂÌÓÒÚÂÈ ÙÓÏËÓ‚‡ÌËfl ÊÂÎÚÓ„Ó
ıÓÏÓÙÓ‡ zYFP538 Ë ‡Á‡·ÓÚÍË Â„Ó ÏÓÌÓÏÂ-
ÌÓ„Ó ‚‡Ë‡ÌÚ‡.

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

åÛÚ‡„ÂÌÂÁ, ˝ÍÒÔÂÒÒËfl Ë ‚˚‰ÂÎÂÌËÂ. èÎ‡ÁÏË‰‡
pQE30-zFP538 ·˚Î‡ Ú‡ÌÒÙÓÏËÓ‚‡Ì‡ ‚ ¯Ú‡ÏÏ
Escherichia coli JM109 (DE3). ÅÂÎÓÍ ̋ ÍÒÔÂÒÒËÓ‚‡-
ÎË Ì‡ ˜‡¯Í‡ı èÂÚË Ò LB-‡„‡ÓÏ ËÌÍÛ·ËÓ‚‡ÌËÂÏ
ÔË 37°ë ‚ ÚÂ˜ÂÌËÂ ÌÓ˜Ë. ó‡¯ÍË Á‡ÎËÎË ‰‚ÛÏfl ÒÎÓ-
flÏË Ú‚Â‰Ó„Ó LB-‡„‡‡ Ò ‰Ó·‡‚ÎÂÌËÂÏ 100 Ï„/ÏÎ
‡ÏÔËˆËÎÎËÌ‡. çËÊÌËÈ ÒÎÓÈ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÒÓ-
‰ÂÊ‡Î 1 Ïå IPTG. ÇÂÏÂÌÌÓÈ ÔÓˆÂÒÒ ‰ËÙÙÛÁËË
IPTG ‚ ‚ÂıÌËÈ ÒÎÓÈ LB-‡„‡‡ Ó·ÂÒÔÂ˜Ë‚‡Î Á‡‰‡Ì-
ÌÛ˛ Á‡‰ÂÊÍÛ ËÌ‰ÛÍˆËË ˝ÍÒÔÂÒÒËË. äÎÂÚÍË Â-
ÒÛÒÔÂÌ‰ËÓ‚‡ÎË ‚ ·ÛÙÂÂ pH 8.0, ÒÓ‰ÂÊ‡˘ÂÏ 20 Ïå
TËÒ, 100 ÏM NaCl Ë ‡ÁÛ¯‡ÎË Ò ÔÓÏÓ˘¸˛ ÛÎ¸-
Ú‡Á‚ÛÍ‡. äÎÂÚÓ˜ÌÛ˛ ÒÛÒÔÂÌÁË˛ ÓÒ‚ÂÚÎflÎË ˆÂÌ-
ÚËÙÛ„ËÓ‚‡ÌËÂÏ (15000 Ó·/ÏËÌ, 5 ÏËÌ). é˜ËÒÚÍÛ
·ÂÎÍ‡ ËÁ ÒÛÔÂÌ‡Ú‡ÌÚ‡ ÔÓËÁ‚Ó‰ËÎË ÏÂÚÓ‰ÓÏ ÏÂÚ‡Î-
ÎÓ‡ÙÙËÌÌÓÈ ıÓÏ‡ÚÓ„‡ÙËË Ì‡ ÍÓÎÓÌÍÂ (Ni-NTA
Agarose resin, Qiagen). äÓÎÓÌÍÛ ÔÓÏ˚‚‡ÎË 10 ÍÓ-
ÎÓÌÓ˜Ì˚ÏË Ó·˙ÂÏ‡ÏË ·ÛÙÂ‡ 20 Ïå TËÒ pH 8.0,
100 ÏM NaCl. ÅÂÎÓÍ ÒÏ˚‚‡ÎË ·ÛÙÂÓÏ 20 Ïå
TËÒ pH 8.0, 100 ÏM NaCl, 50 ÏM EDTA. èÓÒÎÂ‰-
Ì˛˛ ÒÚ‡‰Ë˛ Ó˜ËÒÚÍË ÔÓËÁ‚Ó‰ËÎË ÏÂÚÓ‰ÓÏ „ÂÎ¸-
ÙËÎ¸Ú‡ˆËË Ì‡ ÍÓÎÓÌÍÂ Superdex 75 Hi-Load
(16/60) ‚ ·ÛÙÂÂ pH 7.5 10 ÏM TËÒ, 100 ÏM NaCl,
2.5 ÏM EDTA. 

ë‡ÈÚ-Ì‡Ô‡‚ÎÂÌÌ˚È ÏÛÚ‡„ÂÌÂÁ ÔÓ‚Ó‰ËÎË ÏÂ-
ÚÓ‰ÓÏ, ÓÔËÒ‡ÌÌ˚Ï ‚ ‡·ÓÚÂ [31], Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ Ô‡ÈÏÂÓ‚, ÒÓ‰ÂÊ‡˘Ëı ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÚÓ-
˜Â˜Ì˚Â Á‡ÏÂÌ˚. ÑÎfl ˝ÍÒÔÂÒÒËË ‚ ·‡ÍÚÂËflı
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èÎÂÚÌÂ‚‡ Ë ‰.

E. coli èñê-‡ÏÔÎËÙËˆËÓ‚‡ÌÌ˚È Ù‡„ÏÂÌÚ, ÍÓ-
‰ËÛ˛˘ËÈ ÙÎÛÓÂÒˆÂÌÚÌ˚È ·ÂÎÓÍ, ÍÎÓÌËÓ‚‡ÎË
‚ ‚ÂÍÚÓ pQE30 (Qiagen), ËÒÔÓÎ¸ÁÛfl Ò‡ÈÚ˚ Â-
ÒÚËÍˆËË BamHI/HindIII. ÅÂÎÍË, ÌÂÒÛ˘ËÂ Ì‡
N-ÍÓÌˆÂ ÔÓÎË„ËÒÚË‰ËÌÓ‚˚È ‰Ó‚ÂÒÓÍ (Á‡ÍÓ‰ËÓ-
‚‡ÌÌ˚È ‚ ËÒÔÓÎ¸ÁÛÂÏÓÏ ˝ÍÒÔÂÒÒËÓÌÌÓÏ ‚ÂÍÚÓÂ
pQE30), ˝ÍÒÔÂÒÒËÓ‚‡ÎË ‚ ·‡ÍÚÂËflı E. coli
(¯Ú‡ÏÏ XL1-Blue, Invitrogen). Å‡ÍÚÂË‡Î¸Ì˚Â
ÍÛÎ¸ÚÛ˚ ˆÂÌÚËÙÛ„ËÓ‚‡ÎË, ÓÒ‡‰ÓÍ ÂÒÛÒÔÂÌ‰Ë-
Ó‚‡ÎË ‚ ·ÛÙÂÂ pH 7.4 20 Ïå TËÒ-HCl, 100 Ïå
NaCl Ë ‡ÁÛ¯‡ÎË ÛÎ¸Ú‡Á‚ÛÍÓÏ. êÂÍÓÏ·ËÌ‡ÌÚ-
Ì˚Â ·ÂÎÍË Ó˜Ë˘‡ÎË Ì‡ ÏÂÚ‡ÎÎÓ‡ÙÙËÌÌÓÈ ÒÏÓÎÂ
TALON (Clontech). 

ëÔÂÍÚ˚ ÔÓ„ÎÓ˘ÂÌËfl Â„ËÒÚËÓ‚‡ÎË Ì‡ ÒÔÂÍ-
ÚÓÙÓÚÓÏÂÚÂ Beckman DU520 UV/VIS. 

äËÒÚ‡ÎÎËÁ‡ˆËfl Ë ÓÔÂ‰ÂÎÂÌËÂ ÒÚÛÍÚÛ˚.
äËÒÚ‡ÎÎ˚ zYFP538 ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÏÂÚÓ‰ÓÏ
‰ËÙÙÛÁËË ˜ÂÂÁ „‡ÁÓÓ·‡ÁÌÓÂ ÒÓÒÚÓflÌËÂ ‚ ‚‡Ë-
‡ÌÚÂ ‚ËÒfl˜ÂÈ Í‡ÔÎË ËÁ ‡ÒÚ‚Ó‡, ÒÓ‰ÂÊ‡˘Â„Ó
0.085 M Na-Hepes pH 7.5, 17% PEG 4000, 8.5% ËÁÓ-
ÔÓÔ‡ÌÓÎ‡, 15% „ÎËˆÂËÌ‡. èÎ‡ÒÚËÌ˜‡Ú˚Â ÍË-
ÒÚ‡ÎÎ˚ ‰ÓÒÚË„ÎË Ò‚ÓÂ„Ó Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó ‡ÁÏÂ‡
0.1 × 0.2 × 0.4 ÏÏ3 ˜ÂÂÁ ÚË ÌÂ‰ÂÎË.

ë·Ó ÂÌÚ„ÂÌÓ‚ÒÍËı ‰ËÙ‡ÍˆËÓÌÌ˚ı ‰‡ÌÌ˚ı
ÔÓËÁ‚Ó‰ËÎÒfl Ò ÏÓÌÓÍËÒÚ‡ÎÎÓ‚ ÔË ÚÂÏÔÂ‡ÚÛÂ
ÊË‰ÍÓ„Ó ‡ÁÓÚ‡, 100 ä, Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‰ÂÚÂÍÚÓ-
‡ MAR300 CCD Ì‡ ÒÚ‡ÌˆËË SER-CAT 22-ID (Ad-
vanced Photon Source, Ä„ÓÌÌ, ëòÄ). é·‡·ÓÚÍ‡
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı ÓÒÛ˘ÂÒÚ‚ÎflÎ‡Ò¸ ÔÓ-
„‡ÏÏÌ˚Ï ÍÓÏÔÎÂÍÒÓÏ HKL2000 [32].

ëÚÛÍÚÛ‡ zYFP538 ·˚Î‡ ÓÔÂ‰ÂÎÂÌ‡ ÏÂÚÓ‰ÓÏ
ÏÓÎÂÍÛÎflÌÓ„Ó Á‡ÏÂ˘ÂÌËfl Ò ÔÓÏÓ˘¸˛ ÔÓ„‡Ï-
Ï˚ MOLREP [33] ‚ ÒÓÒÚ‡‚Â ÍÓÏÔÎÂÍÒ‡ CCP4 [34] Ò
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‚ Í‡˜ÂÒÚ‚Â ÏÓ‰ÂÎË ÍÓÓ‰ËÌ‡Ú
ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚ zYFP538, ÛÒÚ‡ÌÓ‚-
ÎÂÌÌÓÈ ÔË ‡ÁÂ¯ÂÌËË 2.7 Å (PDB ID : 1XA9; [9]).
ìÚÓ˜ÌÂÌËÂ ÒÚÛÍÚÛ˚ ÔÓ‚Ó‰ËÎÓÒ¸ Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ ÔÓ„‡ÏÏ˚ REFMAC5 [35] ÔÓÔÂÂÏÂÌÌÓ Ò
Û˜ÌÓÈ ÍÓÂÍˆËÂÈ ÏÓ‰ÂÎË ‚ ̋ ÎÂÍÚÓÌÌÓÈ ÔÎÓÚÌÓ-
ÒÚË ÔÓ ÔÓ„‡ÏÏÂ COOT [36]. èÓÎÓÊÂÌËÂ ÏÓÎÂÍÛÎ
‚Ó‰˚ ‚ ÒÚÛÍÚÛÂ ·˚ÎÓ ÓÔÂ‰ÂÎÂÌÓ Ò ÔÓÏÓ˘¸˛
ÔÓ„‡ÏÏ˚ ARP/wARP [37]. äËÒÚ‡ÎÎÓ„‡ÙË˜Â-
ÒÍËÂ Ô‡‡ÏÂÚ˚ Ë ‰‡ÌÌ˚Â ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓ-
„Ó ÛÚÓ˜ÌÂÌËfl ÒÚÛÍÚÛ˚ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·ÎËˆÂ.
ÄÌ‡ÎËÁ „ÂÓÏÂÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ ÒÚÛÍÚÛ˚
ÔÓ‚Ó‰ËÎÒfl Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ PROCHECK
[38]. êËÒÛÌÍË ·˚ÎË ‚˚ÔÓÎÌÂÌ˚ Ì‡ ÓÒÌÓ‚Â ÔÓ-
„‡ÏÏ SETOR [39], LIGPLOT/HBPLUS [40, 41],
PYMOL [42] Ë ChemDraw [43].

äÓÓ‰ËÌ‡Ú˚ ‡ÚÓÏÓ‚ Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â
ÒÚÛÍÚÛÌ˚Â Ù‡ÍÚÓ˚ ‰ÂÔÓÌËÓ‚‡Ì˚ ‚ Å‡ÌÍ ·ÂÎ-
ÍÓ‚˚ı ÒÚÛÍÚÛ (Protein Data Bank) Ò Ë‰ÂÌÚËÙËÍ‡-
ˆËÓÌÌ˚Ï ÍÓ‰ÓÏ 2OGR. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
êîîà („‡ÌÚ˚ ‹ 06-04-48196, 07-04-00054), ‡ Ú‡Í-
ÊÂ ÔÓ„‡ÏÏ˚ “åÓÎÂÍÛÎflÌ‡fl Ë ÍÎÂÚÓ˜Ì‡fl ·ËÓ-

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÂÌÚ„ÂÌÓ‚ÒÍËÂ ‰‡ÌÌ˚Â Ë ÒÚ‡ÚË-
ÒÚËÍ‡ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓ„Ó ÛÚÓ˜ÌÂÌËfl zYFP538

ÜÂÎÚ˚È ÙÎÛÓÂÒˆÂÌÚÌ˚È ·ÂÎÓÍ zYFP538

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â Ô‡‡-
ÏÂÚ˚

èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl „ÛÔÔ‡ P212121 (Z = 4)

è‡‡ÏÂÚ˚ fl˜ÂÈÍË, Å a = 87.4, b = 106.5, c = 115.7

íÂÚ‡ÏÂ/‡ÒËÏÏ. ó‡ÒÚ¸ 
fl˜ÂÈÍË

1

ëÓ‰ÂÊ‡ÌËÂ ‚Ó‰˚, % 52.9

íÂÏÔÂ‡ÚÛ‡, K 100

ÑÎËÌ‡ ‚ÓÎÌ˚, Å 1.00

é·Î‡ÒÚ¸ ‡ÁÂ¯ÂÌËfl, Å 30.0–1.8

é·˘ÂÂ ˜ËÒÎÓ ËÁÏÂÂÌÌ˚ı 
ÂÙÎÂÍÒÓ‚

338587

óËÒÎÓ ÌÂÁ‡‚ËÒËÏ˚ı Â-
ÙÎÂÍÒÓ‚

92110

ë‚˚¯Â 2σ(Ι)/3σ(Ι) 68889/62490

àÁ·˚ÚÓ˜ÌÓÒÚ¸ 3.7 (2.1)*

I/σ(I) 11.9 (1.4)

Rmerge 0.064 (0.491)*

èÓÎÌÓÚ‡ Ì‡·Ó‡ 91.1 (53.1)*

ëÚ‡ÚËÒÚËÍ‡ ÛÚÓ˜ÌÂÌËfl

óËÒÎÓ ÌÂ‚Ó‰ÓÓ‰Ì˚ı ‡ÚÓÏÓ‚

ÅÂÎÓÍ 7171 [4 × (6–231) ÓÒÚ‡ÚÍË]

ÇÓ‰‡ 497

Rwork 0.184 (99% ‰‡ÌÌ˚ı, F ≥ 0)

Rfree 0.240 (1% ‰‡ÌÌ˚ı, F ≥ 0)

ëÂ‰ÌËÈ B-Ù‡ÍÚÓ/(RMSD) 
(Å2)

ÄÚÓÏ˚ ·ÂÎÍ‡

ÓÒÌÓ‚Ì‡fl ˆÂÔ¸ 30.0 (0.8)

·ÓÍÓ‚‡fl ˆÂÔ¸ 32.4 (2.3)

ïÓÏÓÙÓ 33.0 (4.0)

ÇÓ‰‡ 37.0

RMS-ÓÚÍÎÓÌÂÌËÂ

‰ÎËÌ˚ Ò‚flÁÂÈ, Å 0.019

‚‡ÎÂÌÚÌ˚Â Û„Î˚, „‡‰ 1.8

ÚÓÒËÓÌÌ˚Â Û„Î˚ [ÔÂËÓ‰ 
360/n] („‡‰): n = 1/2/3/4

6.5/36.7/15.6/20.0

ÓÚÍÎÓÌÂÌËÂ ÓÚ ÔÎ‡Ì‡ÌÓ-
ÒÚË, Å

0.008

ıË‡Î¸Ì˚Â Ó·˙ÂÏ˚, Å3 0.15

ëÚ‡ÚËÒÚËÍ‡ ‡ÒÔÂ‰ÂÎÂÌËfl 
phi-psi Û„ÎÓ‚ Ì‡ Í‡ÚÂ ê‡Ï‡-
˜‡Ì‰‡Ì‡ (%) (ËÒÍÎ˛˜‡fl 
ÓÒÚ‡ÚÍË Gly/Pro)

Ì‡Ë·ÓÎÂÂ ·Î‡„ÓÔËflÚÌ˚Â 
Ó·Î‡ÒÚË

93.6

‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ·Î‡„Ó-
ÔËflÚÌ˚Â Ó·Î‡ÒÚË

6.2

‰ÓÔÛÒÚËÏ˚Â ·Î‡„ÓÔËflÚ-
Ì˚Â Ó·Î‡ÒÚË

0.1

* ÇÂÎË˜ËÌ˚ ‚ ÒÍÓ·Í‡ı ÔË‚Â‰ÂÌ˚ ‰Îfl ÔÓÒÎÂ‰ÌÂ„Ó ÒÎÓfl ‡ÁÂ-
¯ÂÌËfl 1.86–1.80 Å.
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ÎÓ„Ëfl” êÄç, Ñ.å. óÛ‰‡ÍÓ‚ ÔÓ‰‰ÂÊ‡Ì „‡ÌÚÓÏ
èÂÁË‰ÂÌÚ‡ êÓÒÒËÈÒÍÓÈ îÂ‰Â‡ˆËË åä-
8236.2006.4 Ë ÙÓÌ‰ÓÏ ÒÓ‰ÂÈÒÚ‚Ëfl ÓÚÂ˜ÂÒÚ‚ÂÌÌÓÈ
Ì‡ÛÍÂ. 

Ä‚ÚÓ˚ ‚˚‡Ê‡˛Ú Ó„ÓÏÌÛ˛ ·Î‡„Ó‰‡ÌÓÒÚ¸
‰.ı.Ì ãÛÍ¸flÌÓ‚Û ä.Ä. (àÅï êÄç) Á‡ ÔÂ‰ÓÒÚ‡‚ÎÂ-
ÌËÂ ÔÎ‡ÁÏË‰˚ pQE30-zFP538.
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Three-Dimensional Structure of Yellow Fluorescent Protein zYFP538
from Zoanthus sp. at the Resolution 1.8 Å
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The three-dimensional structure of yellow fluorescent proteins zYFP538 (zFP538) from the button polyp Zoan-
thus sp. was determined at a resolution of 1.8 Å by X-ray analysis. The monomer of zYFP538 adopts a structure
characteristic of the green fluorescent protein (GFP) family, a β-barrel formed from 11 antiparallel β segments
and one internal α helix with a chromophore embedded into it. Like the TurboGFP, the β-barrel of zYFP538
contains a water-filled pore leading to the chromophore Tyr67 residue, which presumably provides access of
molecular oxygen necessary for the maturation process. The post-translational modification of the chro-
mophore-forming triad Lys66-Tyr67-Gly68 results in a tricyclic structure consisting of a five-membered imi-
dazolinone ring, a phenol ring of the Tyr67 residue, and an additional six-membered tetrahydropyridine ring.
The chromophore formation is completed by cleavage of the protein backbone at the Cα–N bond of Lys66. It
was suggested that the energy conflict between the buried positive charge of the intact Lys66 side chain in the
hydrophobic pocket formed by the Ile44, Leu46, Phe65, Leu204 and Leu219 side chains is the most probable
trigger that induces the transformation of the bicyclic green form to the tricyclic yellow form. A stereochemical
analysis of the contacting surfaces at the intratetramer interfaces helped reveal a group of conserved key resi-
dues responsible for the oligomerization. Along with others, these residues should be taken into account in de-
signing monomeric forms suitable for practical application as markers of proteins and cell organelles. The En-
glish version of the paper: Russian Journal of Bioorganic Chemistry, 2007, vol. 33, no. 4; see also
http://www.maik.ru.

Key words: GFP-like proteins, crystal structure, chromophore structure, tetramer structure, intersubunit in-
terfaces; yellow fluorescent protein, Zoanthus sp.


