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Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ‰Îfl ËÁÛ˜ÂÌËfl ˝ÍÒÔÂÒÒËË
„ÂÌÓ‚ ˜‡ÒÚÓ ËÒÔÓÎ¸ÁÛ˛Ú ·ËÓ˜ËÔ˚, ÍÓÚÓ˚Â ÔÓÁ-
‚ÓÎfl˛Ú Ó‰ÌÓ‚ÂÏÂÌÌÓ ÔÓÎÛ˜ËÚ¸ Ë Ó·‡·ÓÚ‡Ú¸ ËÌ-
ÙÓÏ‡ˆË˛ Ó ‡·ÓÚÂ ·ÓÎ¸¯Ó„Ó ˜ËÒÎ‡ „ÂÌÓ‚. çÂ-
ÒÏÓÚfl Ì‡ Ó˜Â‚Ë‰Ì˚Â ÔÂËÏÛ˘ÂÒÚ‚‡, ˝ÚÓÚ ÏÂÚÓ‰
ËÏÂÂÚ Ú‡ÍÊÂ Ë fl‰ ÒÛ˘ÂÒÚ‚ÂÌÌ˚ı ÌÂ‰ÓÒÚ‡ÚÍÓ‚,
Ò‚flÁ‡ÌÌ˚ı ‚ ÓÒÌÓ‚ÌÓÏ ÒÓ ÒÎÓÊÌÓÒÚ¸˛ ÚÂıÌÓÎÓ-
„ËË, ‚˚ÒÓÍËÏ ÛÓ‚ÌÂÏ ¯ÛÏ‡ Ë Ó¯Ë·ÓÍ ˝ÍÒÔÂË-
ÏÂÌÚ‡ [1]. åÂÚÓ‰ ·ËÓ˜ËÔÓ‚ ÔÂ‰ÓÒÚ‡‚ÎflÂÚ ‰‡ÌÌ˚Â

 

* ùÎ. ÔÓ˜Ú‡: ravcheyev@iitp.ru

 

Ó ÒÓÒÚ‡‚Â ÏÓ‰ÛÎÓÌ‡. åÓ‰ÛÎÓÌ – ˝ÚÓ „ÛÔÔ‡ „ÂÌÓ‚,
˝ÍÒÔÂÒÒËfl ÍÓÚÓ˚ı ËÁÏÂÌflÂÚÒfl ÔË ÏÛÚ‡ˆËflı ‚
„ÂÌÂ ·ÂÎÍ‡-Â„ÛÎflÚÓ‡ ËÎË ÔË ËÁÏÂÌÂÌËË ÛÒÎÓ-
‚ËÈ ÒÂ‰˚. Ç ÒÎÛ˜‡Â Â„ÛÎflˆËË ‚ ÒÓÒÚ‡‚ ÏÓ‰ÛÎÓÌ‡
‚ıÓ‰flÚ „ÂÌ˚, ˝ÍÒÔÂÒÒËfl ÍÓÚÓ˚ı ÔflÏÓ ËÎË ÓÔÓ-
ÒÂ‰Ó‚‡ÌÌÓ Â„ÛÎËÛÂÚÒfl ÌÂÍÓÚÓÓÈ Â„ÛÎflÚÓ-
ÌÓÈ ÒËÒÚÂÏÓÈ. 

èÓÏËÏÓ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÚÂıÌÓÎÓ„ËÈ ‰Îfl
ËÁÛ˜ÂÌËfl Â„ÛÎflˆËË Ú‡ÌÒÍËÔˆËË ‚ ÔÓÍ‡ËÓÚË-
˜ÂÒÍËı Ó„‡ÌËÁÏ‡ı ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ¯ËÓÍÓ ËÒ-
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èÓ‚Â‰ÂÌ Ò‡‚ÌËÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ ‰‡ÌÌ˚ı Ó ÒÓÒÚ‡‚Â Fnr- Ë ArcA-ÏÓ‰ÛÎÓÌÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı ̋ ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓ Ò ÔÓÏÓ˘¸˛ ·ËÓ˜ËÔÓ‚, Ë ‰‡ÌÌ˚ı Ó ÒÓÒÚ‡‚Â Fnr- Ë ArcA-Â„ÛÎÓÌÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı Ò ÔÓÏÓ˘¸˛
Ò‡‚ÌËÚÂÎ¸ÌÓ-„ÂÌÓÏÌÓ„Ó ÔÓ‰ıÓ‰‡. èÓÍ‡Á‡ÌÓ, ̃ ÚÓ Â„ÛÎflÚÓÌ˚È Í‡ÒÍ‡‰ Ò Û˜‡ÒÚËÂÏ ·ÂÎÍÓ‚ Fnr Ë ArcA
‚ÌÓÒËÚ ÒÛ˘ÂÒÚ‚ÂÌÌ˚È ‚ÍÎ‡‰ ‚ ‡Ò¯ËÂÌËÂ Fnr-ÏÓ‰ÛÎÓÌ‡ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í Fnr-Â„ÛÎÓÌÛ Á‡ Ò˜ÂÚ ÓÔÂ-
ÓÌÓ‚ ArcA-ÏÓ‰ÛÎÓÌ‡. é·Ì‡ÛÊÂÌÓ 26 ÓÔÂÓÌÓ‚ Ò ÍÓÌÒÂ‚‡ÚË‚Ì˚ÏË Ò‡ÈÚ‡ÏË Ò‚flÁ˚‚‡ÌËfl Fnr Ë 16
ÓÔÂÓÌÓ‚ Ò ÍÓÌÒÂ‚‡ÚË‚Ì˚ÏË Ò‡ÈÚ‡ÏË Ò‚flÁ˚‚‡ÌËfl ArcA. ç‡ ÓÒÌÓ‚‡ÌËË ‰‡ÌÌ˚ı Ó ÒÓÒÚ‡‚Â Fnr- Ë ArcA-
Â„ÛÎÓÌÓ‚ ‚˚‰ÂÎÂÌ‡ „ÛÔÔ‡ „ÂÌÓ‚, Ú‡Í Ì‡Á˚‚‡ÂÏÓÂ “fl‰Ó” Â„ÛÎÓÌÓ‚, Ò ‚˚ÒÓÍÓÍÓÌÒÂ‚‡ÚË‚Ì˚ÏË
Ò‡ÈÚ‡ÏË Ò‚flÁ˚‚‡ÌËfl Fnr Ë ArcA Ë ‚˚ÒÓÍËÏË ÁÌ‡˜ÂÌËflÏË ‚ÂÒÓ‚ ‰Îfl ˝ÚËı Ò‡ÈÚÓ‚.
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ÔÓÎ¸ÁÛ˛ÚÒfl ÏÂÚÓ‰˚ ·ËÓËÌÙÓÏ‡ÚËÍË. åÂÚÓ‰˚
·ËÓËÌÙÓÏ‡ÚËÍË ÔÓÁ‚ÓÎfl˛Ú ÔÓ‚Ó‰ËÚ¸ ÔÓËÒÍ ÔÓ-
ÚÂÌˆË‡Î¸Ì˚ı Â„ÛÎflÚÓÌ˚ı Ò‡ÈÚÓ‚ Ë ‚˚‰ÂÎflÚ¸
Â„ÛÎÓÌ˚: „ÛÔÔ˚ „ÂÌÓ‚, ˝ÍÒÔÂÒÒËfl ÍÓÚÓ˚ı ÌÂ-
ÔÓÒÂ‰ÒÚ‚ÂÌÌÓ Â„ÛÎËÛÂÚÒfl ÓÔÂ‰ÂÎÂÌÌÓÈ Â„ÛÎfl-
ÚÓÌÓÈ ÒËÒÚÂÏÓÈ. ë‡‚ÌËÚÂÎ¸ÌÓ-„ÂÌÓÏÌ˚È ÏÂÚÓ‰,
Á‡ÍÎ˛˜‡˛˘ËÈÒfl ‚ ÔÓ‚ÂÍÂ ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚË ÔÓ-
ÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Â„ÛÎflÚÓÓ‚, ÁÌ‡-
˜ËÚÂÎ¸ÌÓ ÔÓ‚˚¯‡ÂÚ Í‡˜ÂÒÚ‚Ó ÔÂ‰ÒÍ‡Á‡ÌËÈ. í‡-
ÍÓÈ ÔÓ‰ıÓ‰ ÔÂ‰ÔÓÎ‡„‡ÂÚ, ˜ÚÓ „ÂÌ ÔflÏÓ Â„ÛÎË-
ÛÂÚÒfl ËÁÛ˜‡ÂÏ˚Ï Â„ÛÎflÚÓÓÏ, ÂÒÎË ÔÂÂ‰
ÓÚÓÎÓ„Ë˜Ì˚ÏË ÂÏÛ „ÂÌ‡ÏË ‚ Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓ-
Ï‡ı ÒÓı‡Ìfl˛ÚÒfl ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡-
ÌËfl ˝ÚÓ„Ó Â„ÛÎflÚÓ‡. çÂÔÂ˚‚ÌÓÂ Û‚ÂÎË˜ÂÌËÂ
˜ËÒÎ‡ ‡Ò¯ËÙÓ‚‡ÌÌ˚ı „ÂÌÓÏÓ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓ
‡Ò¯ËflÂÚ ‚ÓÁÏÓÊÌÓÒÚË ˝ÚÓ„Ó ÔÓ‰ıÓ‰‡ Í‡Í ÍÓÎË-
˜ÂÒÚ‚ÂÌÌ˚Â, Ú‡Í Ë Í‡˜ÂÒÚ‚ÂÌÌ˚Â [2]. àÁ ‡Ì‡ÎËÁ‡
ËÌ‰Ë‚Ë‰Û‡Î¸Ì˚ı Â„ÛÎflÚÓÌ˚ı ÒËÒÚÂÏ ÒÎÂ‰ÛÂÚ,
˜ÚÓ Ò‡‚ÌËÚÂÎ¸Ì˚È ÔÓ‰ıÓ‰ fl‚ÎflÂÚÒfl ÏÓ˘Ì˚Ï ÏÂ-
ÚÓ‰ÓÏ ÙÛÌÍˆËÓÌ‡Î¸ÌÓ„Ó ÓÔËÒ‡ÌËfl ·‡ÍÚÂË‡Î¸-
Ì˚ı „ÂÌÓÏÓ‚ [3–7]. 

àÌÚÛËÚË‚ÌÓ ÔÓÌflÚÌÓ, ˜ÚÓ ‚ ÒÓÒÚ‡‚ ÏÓ‰ÛÎÓÌÓ‚
‚ıÓ‰ËÚ ·ÓÎ¸¯Â „ÂÌÓ‚, ˜ÂÏ ‚ ÒÓÒÚ‡‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘Ëı Â„ÛÎÓÌÓ‚. í‡Í Í‡Í ˝ÍÒÔÂÒÒËfl ·ÓÎ¸¯ËÌÒÚ‚‡
„ÂÌÓ‚ ÍÓÌÚÓÎËÛÂÚÒfl ·ÓÎÂÂ ˜ÂÏ Ó‰ÌËÏ Â„ÛÎflÚÓ-
ÓÏ, ÍÓÚÓ˚Â ÙÓÏËÛ˛Ú ÒÎÓÊÌ˚Â Â„ÛÎflÚÓÌ˚Â
Í‡ÒÍ‡‰˚, ÚÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, Ó‰Ì‡ ËÁ ÔË˜ËÌ ‡Ò¯Ë-
ÂÌËfl ÏÓ‰ÛÎÓÌ‡ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í Â„ÛÎÓÌÛ – ‚ÎËfl-
ÌËÂ ̋ ÚËı Í‡ÒÍ‡‰Ó‚. ëÛ˘ÂÒÚ‚Û˛Ú Ë ‰Û„ËÂ ÔË˜ËÌ˚
‡Ò¯ËÂÌËfl ÏÓ‰ÛÎÓÌÓ‚. í‡Í, ‚ ÔÓÒÚÂÈ¯ÂÈ ÒËÚÛ‡-
ˆËË, ÂÒÎË Â„ÛÎflÚÓ I Ú‡ÌÒÍËÔˆËË, Â„ÛÎËÛÂÚ
ÏÂÚ‡·ÓÎË˜ÂÒÍËÈ ÔÛÚ¸ ÒËÌÚÂÁ‡ ‚Â˘ÂÒÚ‚‡, ÍÓÚÓÓÂ
fl‚ÎflÂÚÒfl ˝ÙÙÂÍÚÓÓÏ ‰Îfl Â„ÛÎflÚÓ‡ II Ú‡Ì-
ÒÍËÔˆËË, ÚÓ Â„ÛÎÓÌ Â„ÛÎflÚÓ‡ II ·Û‰ÂÚ ‚ıÓ‰ËÚ¸
‚ ÏÓ‰ÛÎÓÌ I. 

ÑÎfl ÓˆÂÌÍË ‚ÍÎ‡‰‡ Â„ÛÎflÚÓÌ˚ı Í‡ÒÍ‡‰Ó‚ ‚
‡Ò¯ËÂÌËÂ ÏÓ‰ÛÎÓÌ‡ ·˚ÎË ‚˚·‡Ì˚ Ù‡ÍÚÓ˚
Ú‡ÌÒÍËÔˆËË Fnr Ë ArcA, ÍÓÌÚÓÎËÛ˛˘ËÂ ‰˚ı‡-
ÌËÂ ˝ÌÚÂÓ·‡ÍÚÂËË 

 

Escherichia coli

 

 K12. ÅÂÎÍË
Fnr Ë ArcA ÏÓ„ÛÚ ÒÎÛÊËÚ¸ Í‡Í ‡ÍÚË‚‡ÚÓ‡ÏË, Ú‡Í
Ë ÂÔÂÒÒÓ‡ÏË, ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‡ÒÔÓÎÓÊÂÌËfl
Ò‡ÈÚÓ‚ Ëı Ò‚flÁ˚‚‡ÌËfl ÓÚÌÓÒËÚÂÎ¸ÌÓ ÔÓÏÓÚÓÓ‚
Â„ÛÎËÛÂÏÓ„Ó ÓÔÂÓÌ‡. ÅÂÎÓÍ Fnr – ˝ÚÓ „ÎÓ·‡Î¸-
Ì˚È Â„ÛÎflÚÓ, ÍÓÚÓ˚È ÔÂÂÍÎ˛˜‡ÂÚ ÏÂÚ‡·ÓÎËÁÏ
Ò ‡˝Ó·ÌÓ„Ó Ì‡ ‡Ì‡˝Ó·Ì˚È ÔÛÚ¸ [8]. êÂ„ÛÎflÚÓ
Ú‡ÌÒÍËÔˆËË ArcA ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ‰‚ÛıÍÓÏÔÓ-
ÌÂÌÚÌÓÈ ÒËÒÚÂÏ˚ ArcA-ArcB, „‰Â ArcB – Ú‡ÌÒ-
ÏÂÏ·‡ÌÌ˚È ÒÂÌÒÓÌ˚È ·ÂÎÓÍ, ˜Û‚ÒÚ‚ËÚÂÎ¸Ì˚È Í
ÒÓÒÚÓflÌË˛ ÏÂÏ·‡ÌÌ˚ı ıËÌÓÌÓ‚ [9, 10]. èÓ ‚ÒÂÈ
‚Ë‰ËÏÓÒÚË, ÒËÒÚÂÏ‡ ArcA-ArcB ÓÚ‚Â˜‡ÂÚ Á‡ ÔÂÂ-
ÍÎ˛˜ÂÌËÂ ÏÂÚ‡·ÓÎËÁÏ‡ Ò ‰˚ı‡ÌËfl Ì‡ ·ÓÊÂÌËÂ. Ç
ÒËÒÚÂÏÂ Â„ÛÎflˆËË ‰˚ı‡ÌËfl 

 

E. coli

 

 ·ÂÎÓÍ ArcA Á‡-
ÌËÏ‡ÂÚ ÔÓ‰˜ËÌÂÌÌÓÂ ÔÓÎÓÊÂÌËÂ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í
Fnr: ËÁ‚ÂÒÚÌÓ, ̃ ÚÓ Ú‡ÌÒÍËÔˆËfl „ÂÌ‡ 

 

arcA

 

 Â„ÛÎË-
ÛÂÚÒfl Fnr [11], Ú.Â. ˝ÚË ·ÂÎÍË Ó·‡ÁÛ˛Ú Â„ÛÎfl-
ÚÓÌ˚È Í‡ÒÍ‡‰. 

ñÂÎ¸˛ ‰‡ÌÌÓÈ ‡·ÓÚ˚ ·˚ÎÓ ‚˚‰ÂÎÂÌËÂ Fnr- Ë
ArcA-Â„ÛÎÓÌÓ‚ Ë ÓˆÂÌÍ‡ ‚ÍÎ‡‰‡ Í‡ÒÍ‡‰‡ Fnr-Ar-

cA-‚ ‡Ò¯ËÂÌËÂ ÏÓ‰ÛÎÓÌ‡ Fnr ÔÓ ÓÚÌÓ¯ÂÌË˛ Í
Fnr-Â„ÛÎÓÌÛ.

 

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

 

ÉÂÌÓÏ˚.

 

 ÑÎfl ‚˚fl‚ÎÂÌËfl Fnr- Ë ArcA-Â„ÛÎÓÌÓ‚
Ò ÔÓÏÓ˘¸˛ Ò‡‚ÌËÚÂÎ¸ÌÓ-„ÂÌÓÏÌ˚ı ÏÂÚÓ‰Ó‚ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË „ÂÌÓÏ˚ ·‡ÍÚÂËÈ ÔÓfl‰Í‡ 

 

Enterobac-
teriales

 

, ‚ÍÎ˛˜‡˛˘Â„Ó 

 

E. coli

 

 Ë ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌ-
Ì˚Â Ó„‡ÌËÁÏ˚. èÓÎÌ˚Â ÌÛÍÎÂÓÚË‰Ì˚Â ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚË „ÂÌÓÏÓ‚ 

 

E. coli

 

 K12 (EC) [18],

 

Salmonella typhi

 

 Ty2 (STY) [19], 

 

Salmonella typhimu-
rium

 

 LT2 (STM) [20], 

 

Yersinia pestis

 

 KIM (YP) [21],

 

Pectobacterium carotovorum

 

 subsp. atroseptica
SCRI1043 (PCA) [22], 

 

Photorhabdus luminescens

 

 sub-
sp. laumondii TTO1 (PHL) [23] ÔÓÎÛ˜ÂÌ˚ ËÁ ·‡Á˚
‰‡ÌÌ˚ı GenBank (http://www.ncbi.nlm.nih.gov/Gen-
bank). çÂÔÓÎÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË „ÂÌÓÏÓ‚ 

 

Y.
enterocolitica

 

 (YE), 

 

Serratia marcescens

 

 Db11 (SM) Ë

 

P. asymbiotica

 

 ATCC43949 (PHA) ‚ÁflÚ˚ Ò ËÌÚÂ-
ÌÂÚ-Ò‡ÈÚ‡ Wellcome Trust Sanger Institute (ht-
tp://www.sanger.ac.uk/), 

 

P. chrysanthemi

 

 ¯Ú‡ÏÏ
3937 (PCH) – Ò ËÌÚÂÌÂÚ-Ò‡ÈÚ‡ The Institute For Ge-
nomic Research (http://www.tigr.org). ÇÓ ‚ÒÂı „ÂÌÓ-
Ï‡ı Ì‡È‰ÂÌ˚ ÓÚÓÎÓ„Ë „ÂÌÓ‚ ·ÂÎÍÓ‚ Fnr Ë ArcA.

 

Ç˚‰ÂÎÂÌËÂ ÏÓ‰ÛÎÓÌÓ‚.

 

 ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â
‰‡ÌÌ˚Â Ó ÒÓÒÚ‡‚Â ÏÓ‰ÛÎÓÌ‡ ‚ÁflÚ˚ ËÁ ‡·ÓÚ [12, 13],
‚ ÍÓÚÓ˚ı ‚ÎËflÌËÂ ·ÂÎÍÓ‚-Â„ÛÎflÚÓÓ‚ Fnr [12] Ë
ArcA [13] Ì‡ ÛÓ‚ÂÌ¸ ˝ÍÒÔÂÒÒËË ·ÓÎ¸¯Ó„Ó ˜ËÒÎ‡
„ÂÌÓ‚ 

 

E. coli

 

 ËÁÛ˜‡ÎË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ·ËÓ˜ËÔÓ‚.
Ç ˝ÚËı ‡·ÓÚ‡ı [12, 13] ÓÔÂ‰ÂÎÂÌÓ Ú‡ÍÊÂ ËÁÏÂÌÂ-
ÌËÂ ÛÓ‚Ìfl ˝ÍÒÔÂÒÒËË „ÂÌÓ‚. èÓ ‚ÎËflÌË˛ Ì‡ ˝ÍÒ-
ÔÂÒÒË˛ „ÂÌÓ‚ ˝ÙÙÂÍÚ˚ Í‡Ê‰Ó„Ó Ù‡ÍÚÓ‡ ‡Á‰Â-
ÎËÎË Ì‡ ÚË „ÛÔÔ˚:

– ‡ÍÚË‚‡ˆËfl – ÔË Û‚ÂÎË˜ÂÌËË ÛÓ‚Ìfl ˝ÍÒÔÂÒ-
ÒËË ÌÂ ÏÂÌÂÂ ˜ÂÏ ‚ 2 ‡Á‡;

– ÓÚÒÛÚÒÚ‚ËÂ ̋ ÙÙÂÍÚ‡ – ÛÓ‚ÂÌ¸ ̋ ÍÒÔÂÒÒËË ËÁ-
ÏÂÌflÂÚÒfl ‚ Î˛·Û˛ ÒÚÓÓÌÛ ÏÂÌÂÂ ˜ÂÏ ‚ 2 ‡Á‡;

– ÂÔÂÒÒËfl – ÔË ÛÏÂÌ¸¯ÂÌËË ÛÓ‚Ìfl ˝ÍÒÔÂÒ-
ÒËË ÌÂ ÏÂÌÂÂ ˜ÂÏ ‚ 2 ‡Á‡.

íÂÏ Ò‡Ï˚Ï „ÂÌ˚, ÛÓ‚ÂÌ¸ ˝ÍÒÔÂÒÒËË ÍÓÚÓ˚ı
ÏÂÌflÎÒfl ‚ 2 ‡Á‡ Ë ·ÓÎÂÂ, ·˚ÎË ÓÚÌÂÒÂÌ˚ Í ÏÓ‰Û-
ÎÓÌÛ. ÉÂÌ˚, ÛÓ‚ÂÌ¸ ˝ÍÒÔÂÒÒËË ÍÓÚÓ˚ı ËÁÏÂ-
ÌflÎÒfl ÏÂÌÂÂ ˜ÂÏ ‚ 2 ‡Á‡, ‚ ÒÓÒÚ‡‚ ÏÓ‰ÛÎÓÌ‡ ÌÂ
‚ÍÎ˛˜‡ÎËÒ¸. èÓ‰Ó·Ì˚È ÍËÚÂËÈ ÔËÌflÚÓ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ú¸ ÔË ËÁÛ˜ÂÌËË Â„ÛÎflˆËË ˝ÍÒÔÂÒÒËË
„ÂÌÓ‚ [14]. 

ç‡ ÒÎÂ‰Û˛˘ÂÏ ˝Ú‡ÔÂ ‡·ÓÚ˚ Ì‡ ÓÒÌÓ‚Â ˝ÚÓÈ
ËÌÙÓÏ‡ˆËË ·˚ÎË ‚˚‰ÂÎÂÌ˚ ÓÔÂÓÌ˚, ‰‡ÌÌ˚Â Ó·
ËÁÏÂÌÂÌËË ˝ÍÒÔÂÒÒËË ÍÓÚÓ˚ı ÏÓÊÌÓ Ò˜ËÚ‡Ú¸
ÔÓÚË‚ÓÂ˜Ë‚˚ÏË. Ñ‡ÌÌ˚Â Ò˜ËÚ‡ÎË ÔÓÚË‚ÓÂ˜Ë-
‚˚ÏË, ÂÒÎË Ó‰ËÌ Â„ÛÎflÚÓ ÓÍ‡Á˚‚‡Î ÔÓÚË‚ÓÔÓ-
ÎÓÊÌ˚È ˝ÙÙÂÍÚ (‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔË‚Â‰ÂÌÌ˚ÏË
ÍËÚÂËflÏË) Ì‡ ‡ÁÌ˚Â „ÂÌ˚ Ó‰ÌÓ„Ó ÓÔÂÓÌ‡, ËÎË
ÏÛÚ‡ˆËË ‚ „ÂÌÂ Â„ÛÎflÚÓ‡ ÌÂ ‚ÎËflÎË Ì‡ Ó‰ËÌ ËÁ „Â-
ÌÓ‚ ÓÔÂÓÌ‡, ÚÓ„‰‡ Í‡Í ̋ ÍÒÔÂÒÒËfl ‰Û„Ëı „ÂÌÓ‚ ÚÓ-
„Ó ÊÂ ÓÔÂÓÌ‡ ËÁÏÂÌflÎ‡Ò¸ ·ÓÎÂÂ ˜ÂÏ ‚ 2 ‡Á‡. 
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éÔÂ‰ÂÎÂÌËÂ ÒÓÒÚ‡‚‡ Â„ÛÎÓÌ‡.

 

 èËÌ‡‰ÎÂÊ-
ÌÓÒÚ¸ „ÂÌ‡ Í Â„ÛÎÓÌÛ ÓÔÂ‰ÂÎflÎË Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ ÏÂÚÓ‰‡ ÔÓ‚ÂÍË ÒÓÓÚ‚ÂÚÒÚ‚Ëfl. Ç Â„Ó ÓÒÌÓ‚Â
ÎÂÊËÚ Ò‡‚ÌËÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ „ÂÌÓÏÌ˚ı ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ó‰ÒÚ‚ÂÌÌ˚ı Ó„‡ÌËÁÏÓ‚. ÉÂÌ Ò˜Ë-
Ú‡ÎË ‚ıÓ‰fl˘ËÏ ‚ Â„ÛÎÓÌ, ÂÒÎË Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl
ÔÂÂ‰ ÌËÏ ÒÓı‡ÌflÎÒfl ·ÓÎÂÂ ˜ÂÏ ‚ ÚÂı Ó‰ÒÚ‚ÂÌ-
Ì˚ı „ÂÌÓÏ‡ı. é‰Ì‡ÍÓ, ÂÒÎË Ò‡ÈÚ ·˚Î Ó·Ì‡ÛÊÂÌ
ÚÓÎ¸ÍÓ ÔÂÂ‰ „ÂÌ‡ÏË 

 

E. coli

 

 K12, 

 

S. typhimurium

 

LT2 Ë 

 

S. typhi

 

 Ty1, ÚÓ „ÂÌ ÌÂ ‚ÍÎ˛˜‡ÎË ‚ Â„ÛÎÓÌ,
ÔÓÒÍÓÎ¸ÍÛ ÒÚÂÔÂÌ¸ Ó‰ÒÚ‚‡ ÏÂÊ‰Û ˝ÚËÏË Ó„‡ÌËÁ-
Ï‡ÏË Ó˜ÂÌ¸ ‚˚ÒÓÍ‡, Ë ÒÓı‡ÌÂÌËÂ Ò‡ÈÚÓ‚ ÏÓÊÂÚ
·˚Ú¸ ÎË¯¸ ÒÎÂ‰ÒÚ‚ËÂÏ ‚˚ÒÓÍÓÈ ÒÚÂÔÂÌË ÒıÓ‰ÒÚ‚‡
ÌÂÍÓ‰ËÛ˛˘Ëı Ó·Î‡ÒÚÂÈ. 

Ç Ì‡¯ÂÈ ‡·ÓÚÂ Ï˚ ÌÂÒÍÓÎ¸ÍÓ ÏÓ‰ËÙËˆËÓ‚‡-
ÎË ÍËÚÂËÈ, ÔÓ ÍÓÚÓÓÏÛ ÓÔÂ‰ÂÎflÎË ÔËÌ‡‰-
ÎÂÊÌÓÒÚ¸ (ËÎË ÌÂÔËÌ‡‰ÎÂÊÌÓÒÚ¸) „ÂÌ‡ Í Â„ÛÎÓ-
ÌÛ. ÉÂÌ Ò˜ËÚ‡ÎË ˜ÎÂÌÓÏ Â„ÛÎÓÌ‡, ÂÒÎË ÓÌ ‚ıÓ‰ËÎ
‚ ÒÓÒÚ‡‚ ÏÓ‰ÛÎÓÌ‡ Ë Ó‰ÌÓ‚ÂÏÂÌÌÓ Ò ˝ÚËÏ ËÏÂÎ ‚
Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË ÍÓÌÒÂ‚‡ÚË‚Ì˚È Ò‡ÈÚ Ò‚fl-
Á˚‚‡ÌËfl ·ÂÎÍ‡-Â„ÛÎflÚÓ‡. í.Â. ÓÔËÒ‡ÌÌ˚È ÔÓ‰-
ıÓ‰ ÓÒÌÓ‚‡Ì Ì‡ ÒÓ‚ÏÂ˘ÂÌËË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı
‰‡ÌÌ˚ı Ë ÂÁÛÎ¸Ú‡ÚÓ‚ Ò‡‚ÌËÚÂÎ¸ÌÓÈ „ÂÌÓÏËÍË.
ÉÂÌ˚, ÌÂ ‚ıÓ‰fl˘ËÂ ‚ ÒÓÒÚ‡‚ ÏÓ‰ÛÎÓÌÓ‚, ÌÂ ‡Ò-
ÒÏ‡ÚË‚‡ÎË.

èÓËÒÍ ÔÓÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl ÔÓ-
‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡ Ï‡ÚËˆ ÔÓÁËˆËÓÌÌ˚ı
‚ÂÒÓ‚ ÌÛÍÎÂÓÚË‰Ó‚ [15]. ë ̋ ÚÓÈ ̂ ÂÎ¸˛ ËÒÔÓÎ¸ÁÓ‚‡-
ÎË Ï‡ÚËˆ˚ ‰Îfl ÔÓËÒÍ‡ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl ·ÂÎÍÓ‚
Fnr [16] Ë ArcA [17], ÓÔËÒ‡ÌÌ˚Â ‡ÌÂÂ. èÓËÒÍ Ò‡È-
ÚÓ‚ ÔÓ‚Ó‰ËÎË ‚ ÔÓÚÂÌˆË‡Î¸Ì˚ı Â„ÛÎflÚÓÌ˚ı
Ó·Î‡ÒÚflı „ÂÌÓ‚ – ‚ ÔÂ‰ÂÎ‡ı –400…+100 Ô.Ì. ÓÚÌÓ-
ÒËÚÂÎ¸ÌÓ ÒÚ‡Ú‡ Ú‡ÌÒÎflˆËË. àÒÍÎ˛˜ÂÌËÂ ·˚ÎÓ
Ò‰ÂÎ‡ÌÓ ‰Îfl ÓÔÂÓÌ‡ 

 

cydAB

 

, ÍÓÚÓ˚È, Í‡Í ÔÓÍ‡Á‡-
ÌÓ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ, ÒÓ‰ÂÊËÚ ‰‚‡ Ò‡ÈÚ‡ Ò‚flÁ˚-
‚‡ÌËfl ArcA Ì‡ ‡ÒÒÚÓflÌËË –637 Ë –719 Ô.Ì. ÓÚ ÒÚ‡-
Ú‡ Ú‡ÌÒÎflˆËË. èÓ˝ÚÓÏÛ ‰Îfl ˝ÚÓ„Ó ÓÔÂÓÌ‡ ÔÓËÒÍ
ÔÓÚÂÌˆË‡Î¸Ì˚ı ArcA-Ò‡ÈÚÓ‚ ÔÓ‚Ó‰ËÎË ‚ ÔÂ‰Â-
Î‡ı ÓÚ –750…+100 Ô.Ì. ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÚ‡Ú‡
Ú‡ÌÒÎflˆËË. ë‡ÈÚ˚ Ò˜ËÚ‡ÎË ÁÌ‡˜ËÏ˚ÏË, ÂÒÎË Ëı
‚ÂÒ ÔÂ‚˚¯‡Î ÔÓÓ„Ó‚ÓÂ ÁÌ‡˜ÂÌËÂ: 3.50 ‰Îfl Fnr-
Ò‡ÈÚÓ‚ Ë 4.25 ‰Îfl ArcA-Ò‡ÈÚÓ‚. èÓÚÂÌˆË‡Î¸Ì˚È
Fnr-Ò‡ÈÚ Ó·Ì‡ÛÊÂÌ ‚ Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË 15%
„ÂÌÓ‚ 

 

E. coli

 

, ‡ ArcA-Ò‡ÈÚ – ‚ Â„ÛÎflÚÓÌÓÈ Ó·Î‡-
ÒÚË 7% „ÂÌÓ‚. 

 

èÓ„‡ÏÏÌÓÂ Ó·ÂÒÔÂ˜ÂÌËÂ.

 

 ÑÎfl ÔÓËÒÍ‡ ÓÚÓ-
ÎÓ„Ë˜Ì˚ı „ÂÌÓ‚ Ë ÔÓÚÂÌˆË‡Î¸Ì˚ı Â„ÛÎflÚÓÌ˚ı
Ò‡ÈÚÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË Ô‡ÍÂÚ ÔÓ„‡ÏÏ “Genome
Explorer” [24].

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

éÔÂ‰ÂÎÂÌËÂ ÒÓÒÚ‡‚‡ Fnr-
Ë ArcA-ÏÓ‰ÛÎÓÌÓ‚ E. Òoli

 

Fnr- Ë ArcA-ÏÓ‰ÛÎÓÌ˚ 

 

E. coli

 

 ‚˚‰ÂÎÂÌ˚ ÔÓ Â-
ÁÛÎ¸Ú‡Ú‡Ï ‰‚Ûı ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ
[12, 13]. Ç ˝ÚËı ‡·ÓÚ‡ı ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‰‡ÌÌ˚Â Ó·
ËÁÏÂÌÂÌËË ‚ ‰‚‡ Ë ·ÓÎÂÂ ‡Á ÛÓ‚Ìfl ˝ÍÒÔÂÒÒËË

174 ÓÔÂÓÌÓ‚; ËÁ ÌËı 151 ÓÔÂÓÌ ÓÚÌÂÒÂÌ Í Fnr-ÏÓ-
‰ÛÎÓÌÛ, Ë 135 – Í ArcA-ÏÓ‰ÛÎÓÌÛ (Ú‡·Î. 1). 

 

éÔÂ‰ÂÎÂÌËÂ ÒÓÒÚ‡‚‡ Fnr-
Ë ArcA-Â„ÛÎÓÌÓ‚ E. Òoli

 

Ç Í‡Ê‰ÓÏ ÓÔÂÓÌÂ, ‚ıÓ‰fl˘ÂÏ ‚ Fnr- ËÎË ArcA-
ÏÓ‰ÛÎÓÌ, ÔÓ‚Â‰ÂÌ ÔÓËÒÍ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Fnr Ë
ArcA (ÒÏ. ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÛ˛ ̃ ‡ÒÚ¸). Ç ÂÁÛÎ¸Ú‡-
ÚÂ ÔÓÚÂÌˆË‡Î¸Ì˚È Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl Fnr ·˚Î Ó·Ì‡-
ÛÊÂÌ ÔÂÂ‰ 38 ÓÔÂÓÌ‡ÏË (Ú‡·Î. 2), ‡ Ò‡ÈÚ Ò‚flÁ˚-
‚‡ÌËfl ArcA – ÔÂÂ‰ 23 ÓÔÂÓÌ‡ÏË (Ú‡·Î. 3). 

èÓ‚ÂÍ‡ ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚË Ì‡È‰ÂÌÌ˚ı ÔÓ-
ÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Fnr Ë ArcA Ò ÔÓ-
ÏÓ˘¸˛ ÏÂÚÓ‰‡ ÔÓ‚ÂÍË ÒÓÓÚ‚ÂÚÒÚ‚Ëfl ÔÓÍ‡Á‡Î‡,
˜ÚÓ ‚ 26 ÒÎÛ˜‡flı ËÁ 38 ‰Îfl Fnr Ë ‚ 16 ÒÎÛ˜‡flı ËÁ 23
‰Îfl ArcA Ò‡ÈÚ ÒÓı‡ÌflÂÚÒfl ÔÂÂ‰ ÓÚÓÎÓ„Ë˜Ì˚ÏË
„ÂÌ‡ÏË Í‡Í ÏËÌËÏÛÏ ‚ ÚÂı Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı
(Ú‡·Î. 2, Ú‡·Î. 3). 

ùÚË ÓÔÂÓÌ˚ Ò ‚˚ÒÓÍÓÈ ‚ÂÓflÚÌÓÒÚ¸˛ ‚ıÓ‰flÚ ‚
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ Â„ÛÎÓÌ˚, ÔÓÒÍÓÎ¸ÍÛ Ò‡ÈÚ˚
Ò‚flÁ˚‚‡ÌËfl ÔÂÂ‰ ÌËÏË ÍÓÌÒÂ‚‡ÚË‚Ì˚. Ç 15 ÒÎÛ-
˜‡flı Ò‡ÈÚ ÒÓı‡ÌflÂÚÒfl ÔÂÂ‰ ÓÚÓÎÓ„Ë˜Ì˚ÏË „Â-
Ì‡ÏË ‚ ‚ÓÒ¸ÏË, ‰Â‚flÚË ËÎË 10 Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓ-
Ï‡ı, ‚ 17 ÒÎÛ˜‡flı Ò‡ÈÚ ÒÓı‡ÌflÂÚÒfl ‚ ÔflÚË Ë ·ÓÎÂÂ
Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı, Ë ÚÓÎ¸ÍÓ ‚ 10 – ‚ ˜ÂÚ˚Âı
ËÎË ÚÂı Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı (Ú‡·Î. 2, Ú‡·Î. 3). 

í‡Í Í‡Í ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ ÔÓÚÂÌˆË‡Î¸Ì˚ı Ò‡È-
ÚÓ‚ Ò‚flÁ˚‚‡ÌËfl ÔÓ‚ÂflÎË Ì‡ ÓÔÂÓÌ‡ı, ‚ıÓ‰fl˘Ëı
‚ Fnr- Ë ArcA-ÏÓ‰ÛÎÓÌ˚ ÔÓ ‰‡ÌÌ˚Ï ‡Ì‡ÎËÁ‡ Ì‡
·ËÓ˜ËÔ‡ı, ÚÓ ‚ÒÂ ÓÔÂÓÌ˚, ÔÂÂ‰ ÍÓÚÓ˚ÏË Ì‡È-
‰ÂÌ Ú‡ÍÓÈ Ò‡ÈÚ, ÏÓÊÌÓ ÓÚÌÂÒÚË Í Fnr- ËÎË ArcA-
Â„ÛÎÓÌÛ.

óÎÂÌ˚ ÏÓ‰ÛÎÓÌ‡, ÍÓÚÓ˚Â ÌÂ ËÏÂ˛Ú ‚ Â„ÛÎfl-
ÚÓÌÓÈ Ó·Î‡ÒÚË ÍÓÌÒÂ‚‡ÚË‚ÌÓ„Ó Ò‡ÈÚ‡, ÔÓ ÙÓ-
Ï‡Î¸ÌÓÏÛ ÍËÚÂË˛ ÌÂ ÏÓ„ÛÚ ·˚Ú¸ ÓÚÌÂÒÂÌ˚ Í
Â„ÛÎÓÌÛ. í‡ÍËı ÓÔÂÓÌÓ‚ ‚ ÒÎÛ˜‡Â Fnr – ÒÂÏ¸
(Ú‡·Î. 2), ‡ ‚ ÒÎÛ˜‡Â ArcA – ÔflÚ¸ (Ú‡·Î. 3). á‡ÏÂ˜Â-
ÌÓ, ̃ ÚÓ ̋ ÚË ÓÔÂÓÌ˚ ÌÂ ÓÚÌÓÒflÚÒfl Í ÓÔÂÓÌ‡Ï ̂ ÂÌ-
Ú‡Î¸ÌÓ„Ó ÏÂÚ‡·ÓÎËÁÏ‡, ‡ ÙÛÌÍˆËË ÌÂÍÓÚÓ˚ı ËÁ
ÌËı ‚Ó‚ÒÂ ÌÂ ËÁ‚ÂÒÚÌ˚ (Ú‡·Î. 4). äÓÏÂ ÚÓ„Ó, Ô‡Í-
ÚË˜ÂÒÍË ‚ÒÂ Ò‡ÈÚ˚ ÔÂÂ‰ ˝ÚËÏË „ÂÌ‡ÏË ËÏÂ˛Ú
ÌËÁÍËÈ ‚ÂÒ – ÏÂÌÂÂ 3.75 ‰Îfl Fnr Ë ÏÂÌÂÂ 4.75 ‰Îfl
ArcA. éÚÒÛÚÒÚ‚Û˛Ú Ë Í‡ÍËÂ-ÎË·Ó ÌÂÁ‡‚ËÒËÏ˚Â
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â, ÛÍ‡Á˚‚‡˛˘ËÂ Ì‡
‚ÎËflÌËÂ ·ÂÎÍÓ‚ Fnr Ë ArcA Ì‡ ˝ÍÒÔÂÒÒË˛ ˝ÚËı
ÓÔÂÓÌÓ‚, ÔÓ˝ÚÓÏÛ ÓÌË ·˚ÎË ËÒÍÎ˛˜ÂÌ˚ ËÁ ÒÓ-
ÒÚ‡‚‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Â„ÛÎÓÌÓ‚.

ÖÒÎË „ÂÌ˚ ÓÔÂÓÌ‡ ËÏÂ˛Ú ÓÚÓÎÓ„Ó‚ ÚÓÎ¸ÍÓ ‚

 

E. coli

 

, 

 

S. typhimurium

 

 Ë 

 

S. typhi

 

, Ï˚ ÌÂ ÏÓÊÂÏ „Ó‚Ó-
ËÚ¸ Ó ÔËÌ‡‰ÎÂÊÌÓÒÚË ˝ÚËı „ÂÌÓ‚ Í Â„ÛÎÓÌ‡Ï
(ÒÏ. ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÛ˛ ˜‡ÒÚ¸). ë‡ÈÚ˚ Ò‚flÁ˚‚‡-
ÌËfl Fnr Ó·Ì‡ÛÊÂÌ˚ ÔÂÂ‰ ÔflÚ¸˛ Ú‡ÍËÏË ÓÔÂÓ-
Ì‡ÏË (Ú‡·Î. 2), ArcA-Ò‡ÈÚ˚ – ÔÂÂ‰ ‰‚ÛÏfl (Ú‡·Î. 3). 

Ç ÒÓÒÚ‡‚ Fnr-Â„ÛÎÓÌ‡ ‚ıÓ‰flÚ 26 ÓÔÂÓÌÓ‚
(Ú‡·Î. 2). ê‡ÌÂÂ ‚˚fl‚ËÎË Â„ÛÎflˆË˛ ·ÂÎÍÓÏ Fnr
‚ÓÒ¸ÏË ËÁ ÌËı: 

 

narXL

 

 [25], 

 

nirBDC-cysG

 

 [26], 

 

pdhR-
aceEF-lpdA

 

 [27], 

 

dcuB-fumB

 

 [28], 

 

ndh

 

 [29] Ë 

 

cydAB



 

4
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ñ˚„‡ÌÓ‚‡ 

 

Ë ‰

 

.

 

[30], 

 

cyoABCDE

 

 [30] Ë 

 

nuoABCDEFGHIJKLMN

 

 [31].
é·Ì‡ÛÊÂÌÓ Ú‡ÍÊÂ ‚ÎËflÌËÂ ÏÛÚ‡ˆËË ‚ „ÂÌÂ 

 

fnr

 

 Ì‡
ÛÓ‚ÂÌ¸ ˝ÍÒÔÂÒÒËË ÓÔÂÓÌ‡ 

 

icdA

 

, Ó‰Ì‡ÍÓ ÔÓËÒÍ
Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Fnr ÔÂÂ‰ ˝ÚËÏ ÓÔÂÓÌÓÏ ÌÂ
ÔÓ‚Ó‰ËÎË [32]. èÂ‰ÒÍ‡Á‡ÌÌ˚Â ‚ Ì‡¯ÂÈ ‡·ÓÚÂ
ÍÓÌÒÂ‚‡ÚË‚Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl Fnr ÔÂÂ‰ „Â-
ÌÓÏ 

 

icdA

 

 ÔÓÁ‚ÓÎfl˛Ú ÛÚ‚ÂÊ‰‡Ú¸, ˜ÚÓ Ú‡ÌÒÍËÔ-
ˆËfl ˝ÚÓ„Ó „ÂÌ‡ ÔflÏÓ Â„ÛÎËÛÂÚÒfl Fnr, Ú.Â. „ÂÌ 

 

ic-
dA

 

 ‰ÓÎÊÂÌ ·˚Ú¸ ÓÚÌÂÒÂÌ Í Fnr-Â„ÛÎÓÌÛ. ê‡ÌÂÂ Ò

ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÏÂÚÓ‰Ó‚ ·ËÓËÌÙÓÏ‡ÚËÍË ·˚Î‡
ÔÂ‰ÒÍ‡Á‡Ì‡ Â„ÛÎflˆËfl ÓÔÂÓÌ‡ 

 

upp-uraA

 

 ·ÂÎÍÓÏ
Fnr [16]. Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ï˚ ÔÂ‰ÒÍ‡Á‡ÎË 16
ÌÓ‚˚ı ÓÔÂÓÌÓ‚, ÔÓÚÂÌˆË‡Î¸Ì˚ı ̃ ÎÂÌÓ‚ Fnr-Â„Û-
ÎÓÌ‡ (Ú‡·Î. 2).

èÓ ÙÛÌÍˆËflÏ 26 ÓÔÂÓÌÓ‚ ‡ÒÒÏ‡ÚË‚‡ÂÏÓ„Ó
Â„ÛÎÓÌ‡ Fnr ÏÓÊÌÓ ‡Á‰ÂÎËÚ¸ Ì‡ ÚË „ÛÔÔ˚
(Ú‡·Î. 4):

 

í‡·ÎËˆ‡ 1.

 

  ëÓÔÓÒÚ‡‚ÎÂÌËÂ Fnr- Ë ArcA- ÏÓ‰ÛÎÓÌÓ‚ Ë Â„ÛÎÓÌÓ‚

éÔÂÓÌ ùÙÙÂÍÚ
Fnr

Fnr-Â„Û-
ÎÓÌ

ùÙÙÂÍÚ
ArcA

ArcA-Â„Û-
ÎÓÌ

 

xylE

 

,

 

 mhpABCDFE

 

,

 

 ygfK

 

,

 

 fdhF

 

,

 

 yhiUV

 

,

 

 caiTABCDE

 

,

 

 yjiZ

 

,

 

 yjeH

 

,

 

araBAD

 

,

 

 yhcL

 

,

 

 fliLMNOPQR

 

,

 

 nadC

 

,

 

 yjeT

 

,

 

 eutK

 

,

 

 aat

 

,

 

 nikABCDE

 

, 

 

yidKJ 

 

+ çÂÚ
‰‡ÌÌ˚ı

 

yhjRQONML

 

,

 

 ybeRS

 

,

 

 cmtBA-yggP-yggFDC

 

,

 

 yqiGK

 

,

 

 sbm-ygfDGH

 

,

 

 
yjeMNO

 

,

 

 proVWX

 

,

 

 ycbPONME

 

,

 

 emrKY

 

,

 

 parC

 

,

 

 yfbTS

 

,

 

 gcvTH

 

,

 

yceL-grxB

 

,

 

 dfp-dut-ttk

 

,

 

 aroKB-damX-dam-rpe-gph-trpS

 

,

 

 dadAX 

 

+ 0

 

thiMD-yegX

 

,

 

 rpoN-yhbH-ptsN-yhbJ 

 

– 0

 

CusCFBA

 

+ #

 

tgt-yajC-secDF

 

,

 

 purMN

 

– * 0

 

NarXL

 

+ * 0

 

thrS-infC-rpmI-rplT

 

,

 

 rpsT

 

– * –

 

metBL 

 

, yjiHG-iadA-yjiE, nanATEK-yhcH, upp-uraA, ibpB-yidE,
glgCAP, ybhK, nirBDC-cysC, rhaBAD, pstSCAB-phoU, aroP

+ * +

cydAB, nuoABCDEFGHIJKLMN – * # *

dcuB-fumB + * + *

pdhR-aceEF-lpdA1, cyoABCDE, ndh, atpIBEFHAGDC, icdA, mdh, gltA – * – *

potFGHI, gapA, yadF, lpdA1 – – *

yigI-rarD-yigGF, acrEF + + *

hycBCDEFGHI, lysU, yhiW, ycdM, ydbA_2, ftsYEX, yjcRQP, yjcP, ybdL, 
umuDC, kbl-tdh, xdhA-ygeT, pyrD, mobABC, yhjW, recC, narU,
ygiF-glnE-hldE, map-glnD-dapD-b0165-yaeI, yjcS, b0540-tra5_2, tynA, 
mrcA, yheEFG-hofFGH-yheHIJK-pshM-hofD-bfr, yadQR, speC, yhjJ, 
yabM, yhhTU, dinG, yhiIH-yhhJ, sbcDC, ycfT, yaaU, yaaJA, yi41,
yi21_5-yi22_5-yqiGHI, frdABCD, yafZ, aroM, yghQ, nadA-pnuC, yhjCD, 
degQS, yhdRP, yihR, cdh, menFD-yfbB-menBCE-pmrD, yhcRQPO, yjhIH, 
yeiTA, yjdHG, yicONM, yhfZYXWVUTS, sbp, ilvY, yiaY, fhuACDB, yigN, 
fliFGHIJK

+ +

gatYZABCDR_2, ybjX, yfiA, yceD-rpmF, trpLEDCBA, gpmA, ptsI-crr, 
rpsL-rpsG-fusA-tufA, rplM-rpsI, rpsP-yfjA-trmD-rplS, yajG-ampG,
oppABCDEF, rpsA, ompA, argT-hisJQMP, manXYZ, ptsG, yggTUV,
rpmBG, nrdAB, gapC_1-gapC_2, artPIQM, ydcF

– –

wecDE-wzxE-yifM_1, xylFGHR, ptr-recBD, tyrB, yhjX, cvpA-purF, 
yraPONM, yjfHIJKLMC, yphGFEDCB, yhgF, dnaX-ybaB-recB,
hisS-yfgM-der-yfgJ-xseA, yjiON, idnDOTR-yjgR, yjhATS

0 +

rbsDACBKR, ycdC 0 –

b1172-ymgD, yhjE, aceBAK çÂÚ
‰‡ÌÌ˚ı

+

YjcR çÂÚ
‰‡ÌÌ˚ı

–

èËÏÂ˜‡ÌËÂ. “+” – êÂ„ÛÎflÚÓ ‡ÍÚË‚ËÛÂÚ ˝ÍÒÔÂÒÒË˛ „ÂÌ‡, “–” – Â„ÛÎflÚÓ ÂÔÂÒÒËÛÂÚ ˝ÍÒÔÂÒÒË˛ ÓÔÂÓÌ‡, “0” – Â„ÛÎfl-
ÚÓ ÌÂ ‚ÎËflÂÚ Ì‡ ˝ÍÒÔÂÒÒË˛ ÓÔÂÓÌ‡, “#” – ‰‡ÌÌ˚Â ÔÓÚË‚ÓÂ˜Ë‚˚, * – „ÂÌ ÓÚÌÂÒÂÌ Í Â„ÛÎÓÌÛ.
1 éÔÂÓÌ ÏÓÊÂÚ Ú‡ÌÒÍË·ËÓ‚‡Ú¸Òfl Ò ‰‚Ûı ÔÓÏÓÚÓÓ‚, ‡ÒÔÓÎÓÊÂÌÌ˚ı ÔÂÂ‰ „ÂÌ‡ÏË pdhR Ë lpdA.
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í‡·ÎËˆ‡ 2.  èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl Fnr

éÔÂÓÌ
ÉÂÌÓÏ

EC STM STY YE YP SM PHL PHA PCA PCH

ÉÂÌ˚, ‚ÍÎ˛˜ÂÌÌ˚Â ‚ Â„ÛÎÓÌ

tgt-yajC-secD-secF*
4.12 (–31)

3.83 (–322) 3.73 (–244) – 4.27 (41) 3.56 (–319) 4.14 (–49) 3.56 (–392) – –
3.83 (–187)

purMN* 4.46 (–244) 4.28 (–325) 4.28 (–322) 4.09 (–263) 4.09 (–311) – 5.03 (–138) 5.08 (–125) 4.01 (–310) 4.09 (–303)

narXL
5.15 (–278)

5.05 (–282) 5.05 (–281) – 3.53 (–279) 5.00 (–291) 4.03 (46) 4.03 (41) 4.70 (–203)
5.00 (–352)

4.20 (–240) 4.41 (–89)

thrS-infC-rpmI-rplT* 3.67 (–69) – –
3.59 (–258)
3.98 (–73)

3.57 (–319)
–

3.73 (–278)
3.79 (–65)

3.79 (–64) 3.49 (21) –3.81 (–73)
3.57 (–77)

rpsT* 3.85 (1) 3.85 (1) 3.85 (1) 0 3.85 (–1) 0 4.62 (–265) 0 0 0

yjiHG-iadA-yjiE* 3.60 (8) 4.41 (–69) 4.41 (–281) – 0 0 0 0 3.49 (–4) 0

nanATEK-yhcH* 4.36 (47) 3.70 (47) 3.70 (47) – 3.87 (–98) 0 0 0 0 0

Upp-uraA 4.46 (–67) 4.28 (–102) 4.28 (–104) 4.09 (–99) 4.09 (–66) – 5.03 (–102) 5.08 (–30) 4.01 (–167) 4.09 (–96)

ibpB-yidE* 3.98 (–173) – 3.40 (–179)
3.89 (–286)

4.25 (–306) 0 0 0 3.62 (–144) 3.96 (–103)
4.25 (–191)

glgCAP* 3.93 (–169) 3.58 (–169) 3.58 (–159) – 3.76 (–169) 3.53 (–234) 0 0 – –

ybhK* 4.42 (–146) 4.32 (–145) 4.32 (–147)
3.67 (–183)

3.99 (–191) – 3.59 (–266) 3.67 (–100) 3.54 (–118) –
3.99 (–115)

nirBDC-cysG 5.15 (–73) 5.15 (–73) 5.15 (–71)

5.15 (–72)

5.15 (–70) 3.64 (–315) 0 0 5.00 (–72) 3.48 (–175)
3.70 (–321)
3.67 (–1)
3.66 (–343)

rhaBAD* 3.64 (–397)
3.64 (–397) 3.64 (–399)

0 3.58 (–128) 0 0 0 – –
3.52 (–323) 3.52 (–325)

pstSCAB-phoU* 4.22 (–270) 3.56 (–111) 3.56 (–113) 3.45 (–128) 3.72 (–278) – 4.04 (–34) 3.84 (–105) 3.53 (–50) –

metBL* 3.79 (–73) – – 4.03 (–213) 3.61 (–16) – 4.50 (–65) 0 3.69 (50) 3.92 (–171)

aroP* 3.80 (–91) – – – – – 3.62 (–78) – 3.67 (0) 3.61 (86)

pdhR-aceEF-lpdA 4.43 (–116) 4.43 (–117) 4.43 (–117)
3.84 (–397)

4.04 (–64) 4.35 (–118) 3.50 (–380) 3.82 (–354) 3.87 (–114) 3.40 (–118)
4.11 (–148)

gltA* 3.67 (–172) 3.69 (–212) 3.69 (–214) 3.45 (–366) 0 – 3.75 (–109) – – –

nuoABCDEFGHIJKLMN 3.59 (–432) 4.34 (–198) 4.34 (–198) 3.50 (–382) – 0 3.69 (–392) – 0 0
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í‡·ÎËˆ‡ 2. éÍÓÌ˜‡ÌËÂ

éÔÂÓÌ
ÉÂÌÓÏ

EC STM STY YE YP SM PHL PHA PCA PCH

cyoABCDE 3.37 (–155) – – – 3.50 (–222) 3.67 (86) 3.80 (–337) – – 3.77 (83)

dcuB-fumB* 3.73 (–282) – – 0 0 4.11 (–79) 0 0
3.64 (–277)

4.31 (–107)4.31 (–241)
3.54 (–98)

ndh 5.03 (–151)
3.58 (–200) 3.58 (–198)

– 4.90 (–149) 4.64 (–109) 4.18 (–149) 4.52 (–151)
4.90 (–336)
3.52 (62)

5.05 (–340)
3.60 (75)

4.65 (–151) 4.65 (–149)
3.94 (–71) 3.94 (–69)

atpIBEFHAGDC* 3.92 (–110) 3.92 (–121) 3.92 (–123) 3.93 (–224) 3.51 (–307) 3.65 (80) 3.64 (–224) 3.53 (–225) 3.70 (83) 3.78 (74)

icdA* 3.60 (–147) – – – –
3.51 (–239) 4.50 (–248) 3.92 (–250)

3.60 (–1) 3.56 (–317)
4.41 (–4) 3.60 (–2) 3.60 (–4)

mdh* 3.93 (–258) 3.93 (–236) 3.93 (–236) 3.79 (–255) – – 3.87 (–85) 3.45 (–46) – –

cydAB
4.78 (–346) 5.08 (–348) 5.08 (–350) 3.90 (–376)

4.84 (–313)
4.48 (–262)

4.08 (–356) – –
4.84 (–399)
3.55 (–347)

3.87 (–397)
4.84 (–374)

4.57 (–294) 4.14 (–296) 4.14 (–298) 4.84 (–312)
3.98 (–249) 3.81 (–251) 3.81 (–253) 4.31 (–261)

ÉÂÌ˚, ÌÂ ‚ÍÎ˛˜ÂÌÌ˚Â ‚ Â„ÛÎÓÌ

nikABCDE 3.73 (–87) 0 0 0 0 0 0 0 0 –

kbl-tdh 4.37 (–122) – – 3.95 (–315) 0 0 0 0 0 0

ybjX 3.79 (–257) – – 3.53 (–333) 0 0 0 0 0 0

ybdL 3.54 (–343) – – – 0 – 0 0 – 3.54 (–333)

ftsYEX 3.65 (–399) – – – – – – 0 – –

yjcRQP 4.02 (–387) 0 0 0 0 3.52 (56) 0 0 0 0

aceEF-lpdA 4.29 (–132) – – – – 0 – – – –

ÉÂÌ˚, ÔËÌ‡‰ÎÂÊÌÓÒÚ¸ ÍÓÚÓ˚ı Í Â„ÛÎÓÌÛ Ì‡ ÓÒÌÓ‚Â ÙÓÏ‡Î¸ÌÓ„Ó ÍËÚÂËfl ÓÔÂ‰ÂÎËÚ¸ ÌÂ‚ÓÁÏÓÊÌÓ

yidKJ 3.86 (–239) 0 0 0 0 0 0 0 0 0

cusCFBA 3.55 (–184) 0 0 0 0 0 0 0 0 0

yjcP 4.42 (–146) 0 0 0 0 0 0 0 0 0

potFGHI 3.51 (–398) 3.79 (–99) 3.79 (–97) – – – 0 0 – –

umuDC
4.20 (–247)

– – 0 0 0 0 0 0 0
4.02 (–1)

èËÏÂ˜‡ÌËÂ. ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl ‰Îfl „ÂÌÓÏÓ‚ ÒÏ. ‚ ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË. ìÍ‡Á‡Ì˚ ‚ÂÒ‡ Ò‡ÈÚÓ‚, ‚ ÒÍÓ·Í‡ı ÔË‚Â‰ÂÌÓ ÔÓÎÓÊÂÌËÂ Ò‡ÈÚ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÚ‡Ú‡
Ú‡ÌÒÎflˆËË ÔÂ‚Ó„Ó „ÂÌ‡ ÓÔÂÓÌ‡. “–” – ë‡ÈÚ ÔÂÂ‰ ÓÔÂÓÌÓÏ ÓÚÒÛÚÒÚ‚ÛÂÚ, “0” – ÓÚÓÎÓ„Ó‚ ‰‡ÌÌ˚ı „ÂÌÓ‚ ÌÂ Ó·Ì‡ÛÊÂÌÓ. ÜËÌ˚Ï ‚˚‰ÂÎÂÌ˚ „ÂÌ˚ “fl‰‡”.
* èÂ‰ÒÍ‡Á‡ÌÌ˚Â ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ÌÓ‚˚Â ˜ÎÂÌ˚ Fnr –Â„ÛÎÓÌ‡.
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í‡·ÎËˆ‡ 3.  èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl ArcA

éÔÂÓÌ
ÉÂÌÓÏ

EC STM STY YE YP SM PHL PHA PCA PCH

ÉÂÌ˚, ‚ÍÎ˛˜ÂÌÌ˚Â ‚ Â„ÛÎÓÌ

pdhR-aceEF-lpdA*, 1
4.42 (–230)

4.85 (–85) 4.85 (–85) 4.85 (–116) 4.85 (–32) 4.85 (–86) 4.85 (–348) 4.85 (–322) 4.85 (–82) 4.85 (–86)
5.06 (–232)

lpdA1
4.57 (–223)

4.39 (–108) 4.39 (–105) 4.68 (–248) 4.68 (–138) – – – 4.39 (–139) 4.39 (–120)
4.85 (–84)

cyoABCDE
4.92 (–260) 4.97 (–261) 4.97 (–263)

4.46 (–302) 4.71 (–301)
4.53 (–319)

4.77 (–185) 4.83 (–186) – –
4.95 (–249) 4.69 (–250) 4.69 (–252) 4.82 (–286)

dcuB-fumB*

4.28 (–395)

– – 4.34 (–285) – 4.11 (–79) 0 0
3.64 (–277)
4.31 (–241)
3.54 (–98)

4.31 (–107)
4.53 (–274)

4.32 (–256)

4.95 (–390)

ndh
5.15 (–45)
4.65 (–34)

5.21 (–45) 5.21 (–43)

– 4.94 (–31) 4.71 (–388) 4.75 (–31) 5.13 (–33) 4.27 (–218) 4.27 (–221)4.65 (–34) 4.65 (–32)

4.58 (–66) 4.58 (–64)

atpIBEFHAGDC* 4.59 (–339) – – – – 4.28 (–88)
4.60 (–290)

– – –
4.28 (–163)

icdA 4.91 (–111) 4.61 (–111) 4.61 (–109) 4.35 (–40) 4.73 (11) 4.73 (–41) 4.91 (–46) 4.91 (–48) 4.53 (–38) 4.53 (–38)

mdh 5.19 (–263) 5.19 (–241) 5.19 (–241) – – – 4.71 (–285) 4.41 (–375) – 5.05 (–318)

cydAB 5.94 (–586) 4.91 (–408) 4.91 (–406) 5.32 (–382) 4.60 (–343) 5.30 (–477) 4.92 (–537) 4.85 (–259) 4.47 (–617) 4.70 (–442)

nuoABCDEFGHIJKLMN 4.46 (–163) 4.46 (–163) 4.46 (–163) 4.46 (–171) 4.46 (–172) 0 5.70 (–540) 5.50 (–541) 0 0

gltA
4.34 (–393)

4.24 (–129) 4.24 (–131)
4.40 (–365)

4.83 (–250) – – – – –
5.15 (–654) 4.34 (–191)
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ñ˚„‡ÌÓ‚‡ Ë ‰.

í‡·ÎËˆ‡ 4.  îÛÌÍˆËË „ÂÌÓ‚, ÔÂÂ‰ ÍÓÚÓ˚ÏË Ó·Ì‡ÛÊÂÌ˚ ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl Fnr Ë/ËÎË ArcA

éÔÂÓÌ îÛÌÍˆËfl Fnr-Â„Û-
ÎÓÌ

ArcA-Â-
„ÛÎÓÌ ëÒ˚ÎÍ‡

pdhR-aceEF-lpdA èËÛ‚‡Ú‰Â„Ë‰Ó„ÂÌ‡ÁÌ˚È ÍÓÏÔÎÂÍÒ + + [46, 47]

cyoABCDE ñËÚÓıÓÏ-bo-ÓÍÒË‰‡Á‡ + + [39]

dcuB-fumB
DcuB – í‡ÌÒÔÓÚÂ ë4-‰ËÍ‡·ÓÌÓ‚˚ı ÍËÒÎÓÚ

+ + [40, 41]
FumB – îÛÏ‡‡Ú„Ë‰‡Ú‡Á‡

Ndh NADH-‰Â„Ë‰Ó„ÂÌ‡Á‡ II + + [37]

atpIBEFHAGDC ATP-ÒËÌÚ‡Á‡ + + [45]

icdA NADPH-Á‡‚ËÒËÏ‡fl ËÁÓˆËÚ‡‡Ú‰Â„Ë‰Ó„ÂÌ‡Á‡ + + [43]

Mdh å‡Î‡Ú‰Â„Ë‰Ó„ÂÌ‡Á‡ + + [42]

gltA ñËÚ‡ÚÒËÌÚ‡Á‡ + + [44]

cydAB ñËÚÓıÓÏ-bd-ÓÍÒË‰‡Á‡ + + [39]

nuoABCDEFGHIJKLMN NADH-‰Â„Ë‰Ó„ÂÌ‡Á‡ I + + [38]

yigI-rarD-yigG-yigF îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ – + [12]

gapA ÉÎËˆÂ‡Î¸‰Â„Ë‰-3-ÙÓÒÙ‡Ú-‰Â„Ë‰Ó„ÂÌ‡Á‡ – + [49]

acrEF ÉÂÌ˚ ÛÒÚÓÈ˜Ë‚ÓÒÚË Í ‡ÍËÙÎ‡‚ËÌÛ – + [50]

yadF ÄÌ„Ë‰‡Á‡ – + [51]

aroP í‡ÌÒÔÓÚÂ ‡ÏËÌÓÍËÒÎÓÚ + – [52]

gatYZABCDR ìÚËÎËÁ‡ˆËfl „‡Î‡ÍÚËÚÓÎ‡ – – [53]

lysU ãËÁËÎ-Úêçä-ÒËÌÚÂÚ‡Á‡ – – [54]

ycdM èÂ‰ÔÓÎ‡„‡ÂÏ‡fl ÏÓÌÓÓÍÒË„ÂÌ‡Á‡ – – [12]

potFGHI ëËÒÚÂÏ‡ Ú‡ÌÒÔÓÚ‡ ÔÛÚÂÒˆËÌ‡ + – [55]

hycBCDEFGHI îÓÏË‡Ú-‚Ó‰ÓÓ‰-ÎË‡Á‡ – – [56]

ydbA îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ – 0 [12]

yhiW èÂ‰ÔÓÎ‡„‡ÂÏ˚È Â„ÛÎflÚÓ Ú‡ÌÒÍËÔˆËË – 0 [57]

tgt-yajC-secD-secF

Tgt – Úêçä-Ú‡ÌÒ„ÎËÍÓÁËÎ‡Á‡

+ – [58, 59]YajC – ÙÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡

SecD, SecF – cËÒÚÂÏ‡ ÒÂÍÂˆËË ·ÂÎÍÓ‚

purMN
PurM – ÙÓÒÙÓË·ÓÁËÎ‡ÏËÌÓËÏË‰‡ÁÓÎÒËÌÚ‡Á‡

+ – [60]
PurN – ÙÓÒÙÓË·ÓÁËÎ„ÎËˆËÌ‡ÏË‰-ÙÓÏËÎÚ‡ÌÒÙÂ‡Á‡

narXL Ñ‚ÛıÍÓÏÔÓÌÂÌÚÌ‡fl ÒËÒÚÂÏ‡ Â„ÛÎflˆËË ÌËÚ‡Ú-ÌËÚËÚ-
ÌÓ„Ó ‰˚ı‡ÌËfl + – [61]

thrS-infC-rpmI-rplT

ThrS – ÚÂÓÌËÎ-Úêçä-ÒËÌÚÂÚ‡Á‡

+ – [62–65]
InfC – Ù‡ÍÚÓ ËÌËˆË‡ˆËË Ú‡ÌÒÎflˆËË IF-3

RpmI – Ë·ÓÒÓÏÌ˚È ·ÂÎÓÍ L35

RplT – Ë·ÓÒÓÏÌ˚È ·ÂÎÓÍ L20

rpsT êË·ÓÒÓÏÌ˚È ·ÂÎÓÍ S20 + – [66]

iadA àÁÓ‡ÒÔ‡ÚËÎ‰ËÔÂÔÚË‰‡Á‡ + – [67]

nanATEK-yhcH ÉÂÌ˚ Í‡Ú‡·ÓÎËÁÏ‡ ÒË‡ÎÓ‚ÓÈ ÍËÒÎÓÚ˚ + – [68]

upp-uraA
Upp – Û‡ˆËÎ-ÙÓÒÙÓË·ÓÁËÎÚ‡ÌÒÙÂ‡Á‡

+ – [69]
UraA – Ú‡ÌÒÔÓÚÂ Û‡ˆËÎ‡
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1. éÔÂÓÌ˚, Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ÔÓˆÂÒÒ‡ı ‰˚ı‡-
ÌËfl Ë ˆÂÌÚ‡Î¸ÌÓ„Ó ÏÂÚ‡·ÓÎËÁÏ‡: pdhR-aceEF-lp-
dA, ndh, nuoABCDEFGHIJKLMN, atpIBEFHAGDC,
cyoABCDE, mdh, icdA, gltA, cydAB, dcuB-fumB,
narXL, glgCAP, nirBDC-cysG, pstSCAB-phoU;

2. éÔÂÓÌ˚, ÌÂ Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ÔÓˆÂÒÒÂ ‰˚ı‡-
ÌËfl: tgt-yajC-secDF, purMN, thrS-infC-rpmI-rplT,
rpsT, yhjHG-iadA-yjiE, nanATEK-yhcH, upp-uraA, ib-
pB-yidE, rhaBAD, metBL, aroP;

3. ÉÂÌ, ÙÛÌÍˆËfl ÍÓÚÓÓ„Ó ÌÂËÁ‚ÂÒÚÌ‡ ËÎË ˝ÍÒ-
ÔÂËÏÂÌÚ‡Î¸ÌÓ ÌÂ ÓÔÂ‰ÂÎÂÌ‡: ybhK.

Ç ÒÓÒÚ‡‚ ArcA-Â„ÛÎÓÌ‡ ‚ıÓ‰flÚ 16 ÓÔÂÓÌÓ‚.
ÇÓÒÂÏ¸ ËÁ ÌËı, cyoABCDE [30], cydAB [30], icdA [32],
lpdA [33], nuoABCDEFGHIJKLMN [35], gltA [34],
mdh [35] Ë ndh [36], Í‡Í ÔÓÍ‡Á‡ÌÓ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸-
ÌÓ, Â„ÛÎËÛ˛ÚÒfl ·ÂÎÍÓÏ ArcA. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
Ï˚ ÔÂ‰ÒÍ‡Á‡ÎË ‚ÓÒÂÏ¸ ÌÓ‚˚ı ÓÔÂÓÌÓ‚ – ÔÓÚÂÌ-
ˆË‡Î¸Ì˚ı ˜ÎÂÌÓ‚ Â„ÛÎÓÌ‡ ArcA (Ú‡·Î. 3).

ê‡ÒÒÏ‡ÚË‚‡ÂÏ˚Â ÓÔÂÓÌ˚ Ú‡ÍÊÂ ÏÓÊÌÓ ‡Á-
‰ÂÎËÚ¸ Ì‡ ÚË ÙÛÌÍˆËÓÌ‡Î¸Ì˚Â „ÛÔÔ˚ (Ú‡·Î. 4):

1. éÔÂÓÌ˚, Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ÔÓˆÂÒÒ‡ı ‰˚ı‡ÌËfl
Ë ˆÂÌÚ‡Î¸ÌÓ„Ó ÏÂÚ‡·ÓÎËÁÏ‡: pdhR-aceEF-lpdA,
ndh, nuoABCDEFGHIJKLMN, atpIBEFHAGDC, cyo-
ABCDE, mdh, icdA, gltA, cydAB, dcuB-fumB, gapA, lp-
dA, potFGHI;

2. éÔÂÓÌ˚, ÌÂ Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ÔÓˆÂÒÒÂ ‰˚ı‡-
ÌËfl: acrEF;

3. éÔÂÓÌ˚, ÙÛÌÍˆËfl ÍÓÚÓ˚ı ÌÂËÁ‚ÂÒÚÌ‡ ËÎË
ÌÂ ÓÔÂ‰ÂÎÂÌ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ: yigI-rarD-yigGF,
yadF.

ëÂ‰Ë ÓÔÂÓÌÓ‚ Fnr- Ë ArcA-Â„ÛÎÓÌÓ‚ ÏÓÊÌÓ
‚˚‰ÂÎËÚ¸ „ÛÔÔÛ ËÁ 10 ÓÔÂÓÌÓ‚, ÍÓÚÓ˚Â ‚ıÓ‰flÚ
Ó‰ÌÓ‚ÂÏÂÌÌÓ ‚ Ó·‡ Â„ÛÎÓÌ‡ (Ú‡·Î. 1), ÙÓÏËÛfl
Ú‡Í Ì‡Á˚‚‡ÂÏÓÂ “fl‰Ó”. éÔÂÓÌ˚, ÒÓÒÚ‡‚Îfl˛˘ËÂ
˝ÚÛ „ÛÔÔÛ, ı‡‡ÍÚÂËÁÛ˛ÚÒfl fl‰ÓÏ ÓÒÓ·ÂÌÌÓ-
ÒÚÂÈ. ë‡ÈÚ˚ ÔÂÂ‰ ˝ÚËÏË ÓÔÂÓÌ‡ÏË ËÏÂ˛Ú Ì‡Ë-
·ÓÎ¸¯ËÂ ËÁ ‚ÓÁÏÓÊÌ˚ı ‚ÂÒÓ‚. í‡Í, Ò‡ÈÚ Ò‚flÁ˚‚‡-
ÌËfl Fnr ÔÂÂ‰ „ÂÌÓÏ ndh ËÏÂÂÚ ‚ÂÒ 5.03, ‡ ‚Ó ÏÌÓ-
„Ëı ‰Û„Ëı ÒÎÛ˜‡flı ‚ÂÒ‡ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Fnr
ÔÂ‚˚¯‡˛Ú 3.75. óÚÓ Í‡Ò‡ÂÚÒfl Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl
ArcA, ÚÓ ÚÓÎ¸ÍÓ ‚ ÓÔÂÓÌÂ atpIBEFHAGDC ‚ÂÒ Ar-

í‡·ÎËˆ‡ 4.  éÍÓÌ˜‡ÌËÂ

éÔÂÓÌ îÛÌÍˆËfl Fnr-Â„Û-
ÎÓÌ

ArcA-Â-
„ÛÎÓÌ ëÒ˚ÎÍ‡

ibpB-yidE
IbpB – ·ÂÎÓÍ ÚÂÔÎÓ‚Ó„Ó ¯ÓÍ‡

+ – [70, 71]
YidE – ÔÂ‰ÔÓÎ‡„‡ÂÏ˚È Ú‡ÌÒÔÓÚÌ˚È ·ÂÎÓÍ

glgCAP ÉÂÌ˚ ·ËÓÒËÌÚÂÁ‡ „ÎËÍÓ„ÂÌ‡ + – [72–74]

ybhK îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ + – [75]

nirBDC-cysG
NirBC – ÌËÚËÚÂ‰ÛÍÚ‡Á‡

+ – [76]NirD – Ú‡ÌÒÔÓÚÂ ÌËÚËÚ‡

CysG – ÒËÓ„ÂÏÒËÌÚ‡Á‡

rhaBAD ÉÂÌ˚ ÏÂÚ‡·ÓÎËÁÏ‡ ‡ÏÌÓÁ˚ + – [77]

pstSCAB-phoU ëËÒÚÂÏ‡ Ú‡ÌÒÔÓÚ‡ ÙÓÒÙ‡ÚÓ‚ + – [78]

metBL ÉÂÌ˚ ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡ + – [79]

nikABCDE ÉÂÌ˚ Ú‡ÌÒÔÓÚ‡ ÌËÍÂÎfl – – [80]

kbl-tdh
Kbl – 2-‡ÏËÌÓ-3-ÍÂÚÓ·ÛÚË‡Ú-CÓÄ-ÎË„‡Á‡

– – [81]
Tdh – L-ÚÂÓÌËÌ-3-‰Â„Ë‰Ó„ÂÌ‡Á‡

ybjX îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ – – [75]

ybdL îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ – – [75]

ftsYEX ÉÂÌ˚ Â„ÛÎflˆËË ‰ÂÎÂÌËfl ÍÎÂÚÍË – – [82]

yjcRQP îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ – – [75]

yidKJ îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ 0 – [71]

yjcP îÛÌÍˆËfl ÌÂËÁ‚ÂÒÚÌ‡ 0 – [75]

umuDC Ñçä-ÔÓÎËÏÂ‡Á‡ V 0 – [83]

cusCFBA ëËÒÚÂÏ‡ ˝ÍÒÔÓÚ‡ ÏÂ‰Ë – – [84]

èËÏÂ˜‡ÌËÂ. “+” – éÔÂÓÌ ÓÚÌÓÒËÚÒfl Í Â„ÛÎÓÌÛ, “–” – ÓÔÂÓÌ ÌÂ ÓÚÌÓÒËÚÒfl Í Â„ÛÎÓÌÛ, “0” – ÓÔÂ‰ÂÎÂÌËÂ ÔËÌ‡‰ÎÂÊÌÓÒÚË
ÓÔÂÓÌ‡ Í Â„ÛÎÓÌÛ ÌÂ‚ÓÁÏÓÊÌÓ. ÜËÌ˚Ï ‚˚‰ÂÎÂÌ˚ „ÂÌ˚ “fl‰‡”.
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cA-Ò‡ÈÚ‡ ÌËÊÂ 4.75, ‚ÒÂ ÊÂ ÓÒÚ‡Î¸Ì˚Â ÓÔÂÓÌ˚
ÒÓ‰ÂÊ‡Ú ‚ Ò‚ÓËı Â„ÛÎflÚÓÌ˚ı Ó·Î‡ÒÚflı Ò‡ÈÚ˚
Ò‚flÁ˚‚‡ÌËfl ArcA Ò ‚ÂÒÓÏ, ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÂ‚˚¯‡-
˛˘ËÏ ˝ÚÛ ‚ÂÎË˜ËÌÛ Ë ‰ÓÒÚË„‡˛˘ËÏ, ‚ ÒÎÛ˜‡Â
mdh, 5.19.

è‡ÍÚË˜ÂÒÍË ‚ÒÂ Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl ÔÂÂ‰ ‡Ò-
ÒÏ‡ÚË‚‡ÂÏ˚ÏË ÓÔÂÓÌ‡ÏË ‚˚ÒÓÍÓÍÓÌÒÂ‚‡ÚË‚-
Ì˚. í‡Í, Fnr-Ò‡ÈÚ˚ ÔÂÂ‰ ÓÔÂÓÌ‡ÏË pdhR-aceEF-
lpdA, ndh, atpIBEFHAGDC Ë Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl ArcA
ÔÂÂ‰ pdhR-aceEF-lpdA, icdA, cydAB ÒÓı‡Ìfl˛ÚÒfl ‚
10 Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı, ‡ ArcA-Ò‡ÈÚ ÔÂÂ‰ ÓÔÂ-
ÓÌÓÏ ndh ÒÓı‡ÌflÂÚÒfl ‚ ‰Â‚flÚË Ó‰ÒÚ‚ÂÌÌ˚ı „Â-
ÌÓÏ‡ı.

äÓÏÂ ÚÓ„Ó, ÏÌÓ„Ó˜ËÒÎÂÌÌ˚Â ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚Â ‰‡ÌÌ˚Â ÛÍ‡Á˚‚‡˛Ú Ì‡ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ËÎË ‚ÓÁ-
ÏÓÊÌÓÒÚ¸ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ÔÂ‰ÒÍ‡Á‡ÌÌ˚ı Ì‡ÏË
Ò‡ÈÚÓ‚ ÔÂÂ‰ ÌÂÍÓÚÓ˚ÏË ÓÔÂÓÌ‡ÏË “fl‰‡”. ê‡-
ÌÂÂ Ó·Ì‡ÛÊËÎË Â„ÛÎflˆË˛ ·ÂÎÍÓÏ Fnr ÓÔÂÓÌÓ‚
pdhR-aceEF-lpdA [27], dcuB-fumB [28], ndh [29], cyd-

AB [30], cyoABCDE [30] Ë nuoABCDEFGHIJKLMN
[31] Ë ÏÓ‰ÛÎflˆË˛ ÓÔÂÓÌ‡ icdA ·ÂÎÍÓÏ Fnr [32].
ÅÂÎÓÍ ArcA Â„ÛÎËÛÂÚ ÓÔÂÓÌ˚ lpdA [27], cyoAB-
CDE [30], cydAB [30], icdA [32], gltA [34], mdh [35],
nuoABCDEFGHIJKLMN [35] Ë ndh [36].

ÉÂÌ˚ “fl‰‡” ÍÓ‰ËÛ˛Ú, Í‡Í Ô‡‚ËÎÓ, ·ÂÎÍË,
Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ÔÓˆÂÒÒ‡ı ‰˚ı‡ÌËfl Ë ˆÂÌÚ‡Î¸ÌÓ-
„Ó ÏÂÚ‡·ÓÎËÁÏ‡ (ËÒÛÌÓÍ). èÓ ‚˚ÔÓÎÌflÂÏ˚Ï
ÙÛÌÍˆËflÏ ˝ÚË „ÂÌ˚ ‡Á‰ÂÎÂÌ˚ Ì‡ ÒÎÂ‰Û˛˘ËÂ
„ÛÔÔ˚: 

1. ÉÂÌ˚ NADH-‰Â„Ë‰Ó„ÂÌ‡Á: ndh [37] Ë nuoAB-
CDEFGHIJKLMN [38]; 

2. ÉÂÌ˚ ˆËÚÓıÓÏ-bo- Ë bd-Â‰ÛÍÚ‡Á, ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ cyoABCDE Ë cydAB [39]. 

3. ÉÂÌ˚ ÏÂÚ‡·ÓÎËÁÏ‡ ë4-‰ËÍ‡·ÓÌÓ‚˚ı ÍËÒ-
ÎÓÚ: dcuB-fumB [40, 41]. èÓ‰ÛÍÚ˚ ˝ÚËı „ÂÌÓ‚ –
ÙÂÏÂÌÚ˚ Ë ·ÂÎÍË-Ú‡ÌÒÔÓÚÂ˚, ÍÓÚÓ˚Â ÔÓ-
ÒÚ‡‚Îfl˛Ú ÒÛ·ÒÚ‡Ú˚ ‰Îfl ÙÛÏ‡‡ÚÌÓ„Ó ‰˚ı‡ÌËfl.

dcuB cyoABCDE
ndh

nuoA-N cydAB atpIBEFHAGDC

3 H+

3 H+

Pi + ADP ATP

O2 + 4H+ 2H2O

NAD+NADH + H+

NADH + H+ NAD+
2H2OO2 + 4H+

îÛÏ‡‡Ú

èËÛ‚‡Ú

ÄˆÂÚËÎ-ëoA

aceEF-lpdA pdhR

gltA

ñËÚ‡Ú

àÁÓˆËÚ‡Ú

2-ÓÍÒÓ-„ÎÛÚ‡‡Ú

ëÛÍˆËÌËÎ-ëÓÄ

ëÛÍˆËÌ‡Ú

îÛÏ‡‡Ú

L-å‡Î‡Ú

éÍÒ‡ÎÓ‡ˆÂÚ‡Ú

icdA

fumB

mdh

ñËÍÎ
äÂ·Ò‡

îÛÌÍˆËË „ÂÌÓ‚ “fl‰‡” (ÔÓflÒÌÂÌËfl ‚ ÚÂÍÒÚÂ).
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äÓÏÂ ÚÓ„Ó, ·ÂÎÓÍ FumB ˝ÚÓ Ó‰ËÌ ËÁ ÙÂÏÂÌÚÓ‚
ˆËÍÎ‡ äÂ·Ò‡.

4. ÉÂÌ˚ ÙÂÏÂÌÚÓ‚ ̂ ËÍÎ‡ äÂ·Ò‡: mdh [42], icdA
[43], gltA [44]. 

5. ÉÂÌ˚ ÒÛ·˙Â‰ËÌËˆ ATP-ÒËÌÚ‡Á˚: atpIBEF-
HAGDC [45].

6. ÉÂÌ˚, ÓÚ‚Â˜‡˛˘ËÂ Á‡ Ó·‡ÁÓ‚‡ÌËÂ ‡ˆÂÚËÎÍÓ-
ÙÂÏÂÌÚ‡ Ä ËÁ ÔËÛ‚‡Ú‡: pdhR-aceEF-lpdA [46, 47]. 

ëÓÓÚÌÓ¯ÂÌËÂ ÒÓÔflÊÂÌÌ˚ı ÏÓ‰ÛÎÓÌÓ‚
Ë Â„ÛÎÓÌÓ‚. ÇÍÎ‡‰ Â„ÛÎflÚÓÌ˚ı Í‡ÒÍ‡‰Ó‚

‚ ‡Ò¯ËÂÌËÂ ÏÓ‰ÛÎÓÌÓ‚

Fnr – „ÎÓ·‡Î¸Ì˚È Â„ÛÎflÚÓ ‰˚ı‡ÌËfl Û E. coli,
ÍÓÚÓ˚È ÔflÏÓ ËÎË ÓÔÓÒÂ‰Ó‚‡ÌÌÓ ‚ÎËflÂÚ Ì‡ ˝ÍÒ-
ÔÂÒÒË˛ ÌÂ ÚÓÎ¸ÍÓ „ÂÌÓ‚ ‰˚ı‡ÚÂÎ¸Ì˚ı ÙÂÏÂÌ-
ÚÓ‚, ÌÓ Ë „ÂÌÓ‚, ÍÓ‰ËÛ˛˘Ëı Â„ÛÎflÚÓ˚ ·ÓÎÂÂ
ÌËÁÍÓ„Ó ÛÓ‚Ìfl, Ì‡ÔËÏÂ ArcA. í‡ÍËÏ Ó·‡ÁÓÏ,
ArcA ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Â„ÛÎflÚÓ ‚ÚÓÓ„Ó
ÛÓ‚Ìfl. éÊË‰‡ÎÓÒ¸, ˜ÚÓ Fnr-ÏÓ‰ÛÎÓÌ ÔÓÏËÏÓ „Â-
ÌÓ‚ Fnr-Â„ÛÎÓÌ‡ ·Û‰ÂÚ ‚ÍÎ˛˜‡Ú¸ „ÂÌ˚ ArcA-ÏÓ-
‰ÛÎÓÌ‡. ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÓÎË Â„ÛÎflÚÓÌÓ„Ó
Í‡ÒÍ‡‰‡ Fnr-ArcA ‚ ‡Ò¯ËÂÌËË Fnr-ÏÓ‰ÛÎÓÌ‡ ÔÓ
Ò‡‚ÌÂÌË˛ Ò Fnr-Â„ÛÎÓÌÓÏ Ï˚ ÒÓÔÓÒÚ‡‚ËÎË ÔÓÎÛ-
˜ÂÌÌ˚Â Ì‡ÏË ‰‡ÌÌ˚Â Ó ÒÓÒÚ‡‚Â Â„ÛÎÓÌ‡ Ò ‰‡ÌÌ˚ÏË,
ÔÓÎÛ˜ÂÌÌ˚ÏË Ò ÔÓÏÓ˘¸˛ ·ËÓ˜ËÔÓ‚, Ë ÒÓÒÚ‡‚ËÎË
ÒıÂÏÛ, ‚ËÁÛ‡ÎËÁËÛ˛˘Û˛ ÒÓÓÚÌÓ¯ÂÌËÂ Fnr-Â„ÛÎÓ-
Ì‡, Fnr-ÏÓ‰ÛÎÓÌ‡, ArcA-Â„ÛÎÓÌ‡ Ë ArcA-ÏÓ‰ÛÎÓÌ‡
(Ú‡·Î. 5). ä‡Í ÛÊÂ ÒÍ‡Á‡ÌÓ, Í Fnr-Â„ÛÎÓÌÛ Ì‡ÏË ·˚-
ÎË ÓÚÌÂÒÂÌ˚ 26 ÓÔÂÓÌÓ‚. ÅÓÎ¸¯‡fl ̃ ‡ÒÚ¸, ‡ ËÏÂÌÌÓ
125 ÓÔÂÓÌÓ‚ Fnr-ÏÓ‰ÛÎÓÌ‡, ÌÂ Ì‡ıÓ‰ËÚÒfl ÔÓ‰ Ôfl-
ÏÓÈ Fnr-Â„ÛÎflˆËÂÈ. Ç ÚÓÊÂ ‚ÂÏfl, 89 ËÁ ̋ ÚËı ÓÔÂ-
ÓÌÓ‚ ‚ıÓ‰flÚ ‚ ArcA-ÏÓ‰ÛÎÓÌ. ùÚË ÒÓÓÚÌÓ¯ÂÌËfl
ËÎÎ˛ÒÚËÛ˛Ú Ë‰Â˛ ‡Ò¯ËÂÌËfl ÏÓ‰ÛÎÓÌ‡ Â„Û-
ÎflÚÓ‡ ·ÓÎÂÂ ‚˚ÒÓÍÓ„Ó ÛÓ‚Ìfl Á‡ Ò˜ÂÚ ÏÓ‰ÛÎflˆËË
Â„ÛÎflÚÓÓÏ ·ÓÎÂÂ ÌËÁÍÓ„Ó ÛÓ‚Ìfl. çË ‚ Fnr-ÏÓ-
‰ÛÎÓÌ, ÌË ‚ Ó‰ËÌ ËÁ ‰‚Ûı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Â„ÛÎÓÌÓ‚
ÌÂ ‚ıÓ‰ËÚ 21 ÓÔÂÓÌ ËÁ ArcA-ÏÓ‰ÛÎÓÌ‡. ëÍÓÂÂ
‚ÒÂ„Ó, ˝ÚÓ Ó·ÛÒÎÓ‚ÎÂÌÓ ‚˚ÒÓÍËÏ ÛÓ‚ÌÂÏ “¯ÛÏ‡”
‚ ÂÁÛÎ¸Ú‡Ú‡ı, ÔÓÎÛ˜ÂÌÌ˚ı Ò ÔÓÏÓ˘¸˛ ·ËÓ˜ËÔÓ‚,
ËÎË ÊÂ Ò‚flÁ‡ÌÓ Ò ‚ÎËflÌËÂÏ ‰Û„Ëı Â„ÛÎflÚÓÓ‚,
˝ÍÒÔÂÒÒËfl „ÂÌÓ‚ ÍÓÚÓ˚ı ÍÓÌÚÓÎËÛÂÚÒfl Fnr
ËÎË ArcA.

ëÎÂ‰ÛÂÚ Á‡ÏÂÚËÚ¸, ̃ ÚÓ ‚ÌÂ Fnr-ÏÓ‰ÛÎÓÌ‡ ÌÂ ‚˚-
fl‚ÎÂÌ˚ „ÂÌ˚, ÓÚÌÓÒfl˘ËÂÒfl Í ArcA-Â„ÛÎÓÌÛ. Ç ÚÓ
ÊÂ ‚ÂÏfl, ÓÔÂÓÌ˚ narXL, queA-tgt-yajC-secD-secF,
purMN ‚ıÓ‰flÚ ‚ Fnr- Â„ÛÎÓÌ Ë ÌÂ ‚ıÓ‰flÚ ‚ ÒÓÒÚ‡‚
ArcA-ÏÓ‰ÛÎÓÌ‡. 

çÂÎ¸Áfl ËÒÍÎ˛˜ËÚ¸ Ë ‚ÓÁÏÓÊÌÓÒÚ¸ ‡Ò¯ËÂÌËfl
ÏÓ‰ÛÎÓÌÓ‚ Á‡ Ò˜ÂÚ ÌÂËÁ‚ÂÒÚÌ˚ı Â„ÛÎflÚÓÓ‚. í‡Í,
‚ „ÂÌÓÏÂ E. coli ÔÂ‰ÒÍ‡Á‡ÌÓ ÔËÏÂÌÓ 150 „ÂÌÓ‚
·ÂÎÍÓ‚-Â„ÛÎflÚÓÓ‚ Ú‡ÌÒÍËÔˆËË, ÚÓ˜Ì‡fl ÙÛÌÍ-
ˆËfl ÍÓÚÓ˚ı ÌÂËÁ‚ÂÒÚÌ‡ [48]. 

ç‡ÔËÏÂ, ˝ÍÒÔÂÒÒËfl ÓÔÂÓÌ‡ narXL, ÍÓ‰ËÛ-
˛˘Â„Ó ÒËÒÚÂÏÛ ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó ‰˚ı‡ÌËfl, Â-
„ÛÎËÛÂÚÒfl ·ÂÎÍÓÏ Fnr. éÊË‰‡ÂÚÒfl, ̃ ÚÓ ̋ ÚÓÚ Â„Û-
ÎflÚÓÌ˚È Í‡ÒÍ‡‰ Ú‡ÍÊÂ ·Û‰ÂÚ ‚ÌÓÒËÚ¸ ‚ÍÎ‡‰ ‚
‡Ò¯ËÂÌËÂ Fnr-ÏÓ‰ÛÎÓÌ‡ Í‡Í Â„ÛÎflÚÓ ‚ÚÓÓ„Ó
ÛÓ‚Ìfl.

èÓÚË‚ÓÂ˜Ë‚˚Â ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â

Ç ÔÓˆÂÒÒÂ ÓÔÂ‰ÂÎÂÌËfl ˜ÎÂÌÓ‚ ÏÓ‰ÛÎÓÌÓ‚ ÔÓ
ÒÙÓÏÛÎËÓ‚‡ÌÌÓÏÛ ‚ ‡Á‰ÂÎÂ “ùÍÒÔÂËÏÂÌÚ‡Î¸-
Ì‡fl ˜‡ÒÚ¸” ÍËÚÂË˛ ·˚ÎË ‚˚‰ÂÎÂÌ˚ ÓÔÂÓÌ˚,
‰‡ÌÌ˚Â Ó· ËÁÏÂÌÂÌËË ˝ÍÒÔÂÒÒËË ÍÓÚÓ˚ı ÔÓÚË-
‚ÓÂ˜Ë‚˚. Ç ˝ÚÛ „ÛÔÔÛ ‚Ó¯ÎË ˜ÂÚ˚Â ÓÔÂÓÌ‡
(Ú‡·Î. 6).

Ç ÔÂ‰ÂÎ‡ı ˝ÚÓÈ „ÛÔÔ˚ ÏÓÊÌÓ ‚˚‰ÂÎËÚ¸ ‰‚Â
ÔÓ‰„ÛÔÔ˚ ÓÔÂÓÌÓ‚:

– ‰‡ÌÌ˚Â Ó ‚ÎËflÌËË Â„ÛÎflÚÓ‡ Fnr ÔÓÚË‚ÓÂ˜Ë-
‚˚ – ÚË ÓÔÂÓÌ‡ (cusCFBA, rpsJ-rplCDWB-rpsS-rolV-
rpsC-rplP-rpmC-rpsQ, rplNXE-rpsNH-rplFR-rpsE-rp-
mD-rplO-prlA-rpmJ-rpsMKD-rpoA-rplQ); 

– ‰‡ÌÌ˚Â Ó ‚ÎËflÌËË Â„ÛÎflÚÓ‡ ArcA ÔÓÚË‚ÓÂ-
˜Ë‚˚ – ÚË ÓÔÂÓÌ‡ (nuoABCDEFGHIJKLMN, rpsJ-
rplCDWB-rpsS-rolV-rpsC-rplP-rpmC-rpsQ, rplNXE-
rpsNH-rplFR-rpsE-rpmD-rplO-prlA-rpmJ-rpsMKD-
rpoA-rplQ).

èË ˝ÚÓÏ ÔÂÂ‰ ÓÔÂÓÌÓÏ cusCFBA Ì‡È‰ÂÌ ÍÓÌ-
ÒÂ‚‡ÚË‚Ì˚È Fnr-Ò‡ÈÚ, ‡ ÔÂÂ‰ ÓÔÂÓÌÓÏ nuoABC-
DEFGHIJKLMN – ÍÓÌÒÂ‚‡ÚË‚Ì˚Â Fnr- Ë ArcA-Ò‡È-
Ú˚. èÂÂ‰ ÓÔÂÓÌÓÏ nuoABCDEFGHIJKLMN ˝ÍÒ-
ÔÂËÏÂÌÚ‡Î¸ÌÓ ‚˚fl‚ÎÂÌ Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl ·ÂÎÍ‡
ArcA [31], ̃ ÚÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò Ì‡¯ËÏË ÂÁÛÎ¸Ú‡Ú‡ÏË.

í‡·ÎËˆ‡ 5.  CÓÓÚÌÓ¯ÂÌËÂ Fnr- Ë ArcA-Â„ÛÎÓÌÓ‚ Ë ÏÓ‰ÛÎÓÌÓ‚

åÓ‰ÛÎÓÌ/ÓÔÂÓÌ
ÉÛÔÔ‡, ‹

1 2 3 4 5 6 7

Fnr-ÏÓ‰ÛÎÓÌ + + + + + + –

Fnr-Â„ÛÎÓÌ – + + + – – –

ArcA-Â„ÛÎÓÌ – – – + + – –

ArcA-ÏÓ‰ÛÎÓÌ – – + + + + +

óËÒÎÓ ÓÔÂÓÌÓ‚ („ÂÌÓ‚) 36 (104) 3 (9) 13 (33) 10 (40) 6 (14) 83 (204) 21 (66)

èËÏÂ˜‡ÌËÂ. “+” – ÉÛÔÔ‡ ÓÔÂÓÌÓ‚ ‚ıÓ‰ËÚ ‚ ÏÓ‰ÛÎÓÌ ËÎË Â„ÛÎÓÌ; “–” – „ÛÔÔ‡ ÓÔÂÓÌÓ‚ ÌÂ ‚ıÓ‰ËÚ ‚ ÏÓ‰ÛÎÓÌ ËÎË Â„ÛÎÓÌ.
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ñ˚„‡ÌÓ‚‡ Ë ‰.

çÂÒÏÓÚfl Ì‡ ÔÓÚË‚ÓÂ˜Ë‚ÓÒÚ¸ ‰‡ÌÌ˚ı, ÔÓÎÛ-
˜ÂÌÌ˚ı Ò ÔÓÏÓ˘¸˛ ÏËÍÓ˜ËÔÓ‚, Ï˚ ‚ÍÎ˛˜ËÎË
ÓÔÂÓÌ nuoABCDEFGHIJKLMN ‚ ÒÓÒÚ‡‚ ÏÓ‰ÛÎÓÌÓ‚
Fnr Ë ArcA Ë ÓÔÂÓÌ cusCFBA – ‚ Fnr-ÏÓ‰ÛÎÓÌ, Û-
ÍÓ‚Ó‰ÒÚ‚ÛflÒ¸ ÓÔÛ·ÎËÍÓ‚‡ÌÌ˚ÏË ‰‡ÌÌ˚ÏË ‚ ÔÂ-
‚ÓÏ ÒÎÛ˜‡Â Ë Ì‡¯ËÏ ÔÂ‰ÒÍ‡Á‡ÌËÂÏ – ‚Ó ‚ÚÓÓÏ.

äÓÏÂ ÚÓ„Ó, ÔÓ ‰‡ÌÌ˚Ï [12] ÓÔÂÓÌ cydAB ÌÂ
ÓÚÌÓÒËÚÒfl Í ArcA-ÏÓ‰ÛÎÓÌÛ, ıÓÚfl ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓ ÛÒÚ‡ÌÓ‚ÎÂÌÓ ÔËÒÛÚÒÚ‚ËÂ ÔÂÂ‰ ÌËÏ Ò‡ÈÚ‡
Ò‚flÁ˚‚‡ÌËfl ArcA [35]. èÓ˝ÚÓÏÛ ÓÔÂÓÌ cydAB Ú‡Í-
ÊÂ ‚ÍÎ˛˜ÂÌ ‚ ArcA-ÏÓ‰ÛÎÓÌ.

èÓÚË‚ÓÂ˜Ë‚˚ÏË fl‚Îfl˛ÚÒfl ‰‡ÌÌ˚Â Ó „ÛÔÔÂ
ËÁ 21 ÓÔÂÓÌ‡, ÍÓÚÓ˚Â ‚ıÓ‰flÚ ‚ ArcA-ÏÓ‰ÛÎÓÌ,
ÌÓ ÌÂ ‚ıÓ‰flÚ ‚ Fnr-ÏÓ‰ÛÎÓÌ. ìÍ‡Á‡ÌÌ˚Â ÔÓÚË‚Ó-
Â˜Ëfl Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚ÒÓÍÓÏ
ÛÓ‚ÌÂ ¯ÛÏ‡ ‚ ‡ÒÒÏÓÚÂÌÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı. 

í‡ÍËÏ Ó·‡ÁÓÏ, ‰‡ÌÌ˚Â, ÔÓÎÛ˜ÂÌÌ˚Â Ò ËÒÔÓÎ¸-
ÁÓ‚‡ÌËÂÏ ·ËÓ˜ËÔÓ‚, ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ ÎË¯¸
Í‡Í ÔÓÏÂÊÛÚÓ˜Ì˚È ˝Ú‡Ô ËÁÛ˜ÂÌËfl Â„ÛÎflÚÓÌÓÈ
ÒËÒÚÂÏ˚. é‰Ì‡ÍÓ ÒÓ‚ÏÂ˘ÂÌËÂ Ëı Ò ‰‡ÌÌ˚ÏË, ÔÓ-
ÎÛ˜ÂÌÌ˚ÏË ÏÂÚÓ‰‡ÏË Ò‡‚ÌËÚÂÎ¸ÌÓÈ „ÂÌÓÏËÍË,
ÔÓÁ‚ÓÎflÂÚ ÔÓÎÛ˜ËÚ¸ ·ÓÎÂÂ ÚÓ˜ÌÛ˛ ËÌÙÓÏ‡ˆË˛

Í‡Í Ó ÒÓÒÚ‡‚Â, Ú‡Í Ë Ó· ˝‚ÓÎ˛ˆËË Â„ÛÎflÚÓÌ˚ı
ÒËÒÚÂÏ.

ê‡·ÓÚ‡ ·˚Î‡ ˜‡ÒÚË˜ÌÓ ÔÓ‰‰ÂÊ‡Ì‡ åÂ‰ËˆËÌ-
ÒÍËÏ ËÌÒÚËÚÛÚÓÏ ïÓ‚‡‰‡ ï¸˛Á‡ (55000309),
îÓÌ‰ÓÏ ÔÓ‰‰ÂÊÍË ÓÒÒËÈÒÍÓÈ Ì‡ÛÍË Ë èÓ„‡Ï-
ÏÓÈ “åÓÎÂÍÛÎflÌ‡fl Ë ÍÎÂÚÓ˜Ì‡fl ·ËÓÎÓ„Ëfl” êÓÒ-
ÒËÈÒÍÓÈ ‡Í‡‰ÂÏËË Ì‡ÛÍ.
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éÔÂÓÌ nuoABCDEFGHIJKLMN
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