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åÌÓ„ËÂ ÔÓÍ‡ËÓÚË˜ÂÒÍËÂ Ó„‡ÌËÁÏ˚, Ì‡ÔË-
ÏÂ, 

 

Escherichia coli

 

, ÏÓ„ÛÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‡ÁÎË˜Ì˚Â
ÒÛ·ÒÚ‡Ú˚ ‰Îfl ‰˚ı‡ÌËfl, ̃ ÚÓ ÔÓÁ‚ÓÎflÂÚ ËÏ ÒÛ˘ÂÒÚ‚Ó-
‚‡Ú¸ ‚ ¯ËÓÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ ÛÒÎÓ‚ËÈ. Ç ÓÚÒÛÚÒÚ‚ËÂ

 

èËÌflÚ˚Â ÒÓÍ‡˘ÂÌËfl: ñíä – ˆËÍÎ ÚËÍ‡·ÓÌÓ‚˚ı ÍËÒ-
ÎÓÚ; íåéÄ – ÚËÏÂÚËÎÓÍÒË‰ ‡ÁÓÚ‡.

* ùÎ. ÔÓ˜Ú‡: ravcheyev@iitp.ru

 

ÍËÒÎÓÓ‰‡ ÍÎÂÚÍË “ÔÂ‰ÔÓ˜ËÚ‡˛Ú” ÔÓÎÛ˜‡Ú¸ ˝ÌÂ-
„Ë˛ Á‡ Ò˜ÂÚ ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó ‰˚ı‡ÌËfl [1]; ˝ÚÓÚ
ÚËÔ ‰˚ı‡ÌËfl Â„ÛÎËÛÂÚÒfl ‚ 

 

E. coli

 

 Ò ÔÓÏÓ˘¸˛
Û‰‚ÓÂÌÌÓÈ ‰‚ÛıÍÓÏÔÓÌÂÌÚÌÓÈ ÒËÒÚÂÏ˚, ‚ÍÎ˛˜‡˛-
˘ÂÈ „ÓÏÓÎÓ„Ë˜Ì˚Â ÒÂÌÒÓÌ˚Â ·ÂÎÍË NarQ Ë NarX
Ë „ÓÏÓÎÓ„Ë˜Ì˚Â Ù‡ÍÚÓ˚ Ú‡ÌÒÍËÔˆËË NarL Ë
NarP (Nar – Nitrate reductase regulator). èÓÎ‡„‡˛Ú,

 

ÉÂÌÓÏËÍ‡. í‡ÌÒÍËÔÚÓÏËÍ‡. èÓÚÂÓÏËÍ‡
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èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 09.03.2005 „.

 

çËÚ‡Ú Ë ÌËÚËÚ – Ì‡Ë·ÓÎÂÂ ÔÂ‰ÔÓ˜ÚËÚÂÎ¸Ì˚Â ‡ÍˆÂÔÚÓ˚ ̋ ÎÂÍÚÓÌÓ‚ ‚ ÓÚÒÛÚÒÚ‚ËÂ ÏÓÎÂÍÛÎflÌÓ„Ó
ÍËÒÎÓÓ‰‡. Ç Ó„‡ÌËÁÏÂ „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËË 

 

Escherichia coli

 

 Â„ÛÎflˆËfl ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó ‰˚ı‡-
ÌËfl ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ‰‚ÛÏfl „ÓÏÓÎÓ„Ë˜Ì˚ÏË Ù‡ÍÚÓ‡ÏË Ú‡ÌÒÍËÔˆËË NarL Ë NarP. Ñ‡ÌÌ‡fl Â„ÛÎfl-
ÚÓÌ‡fl ÒËÒÚÂÏ‡ ËÌÚÂÌÒË‚ÌÓ ËÁÛ˜‡ÂÚÒfl ‚ ÚÂ˜ÂÌËÂ ·ÓÎÂÂ ˜ÂÏ ‰‚‡‰ˆ‡ÚË ÎÂÚ, Ó‰Ì‡ÍÓ ÏÌÓ„ËÂ ÍÎ˛˜Â‚˚Â
‚ÓÔÓÒ˚, ‚ ÚÓÏ ˜ËÒÎÂ Ë ÒÚÛÍÚÛ‡ Ò‡ÈÚ‡ Ò‚flÁ˚‚‡ÌËfl ·ÂÎÍ‡ NarL, ‰Ó ÒËı ÔÓ ÓÒÚ‡˛ÚÒfl ÌÂÂ¯ÂÌÌ˚ÏË.
èËÏÂÌÂÌËÂ ÏÂÚÓ‰Ó‚ Ò‡‚ÌËÚÂÎ¸ÌÓÈ „ÂÌÓÏËÍË ÔÓÁ‚ÓÎËÎÓ ÛÒÚ‡ÌÓ‚ËÚ¸, ˜ÚÓ ‚ ·ÓÎ¸¯ËÌÒÚ‚Â Ó„‡ÌËÁ-
ÏÓ‚ ËÁ „ÛÔÔ˚ „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÈ Â„ÛÎflˆËfl ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Ó‰ËÌÓ˜Ì˚Ï ·ÂÎÍÓÏ NarP. àÁÛ˜Â-
ÌËÂ NarP-Â„ÛÎÓÌ‡ ‚ ‰ÂÒflÚË „ÂÌÓÏ‡ı ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ Â„Ó ÒÚÛÍÚÛ‡ ‚ ‡ÁÌ˚ı „ÂÌÓÏ‡ı ÏÓÊÂÚ ‚ÂÒ¸Ï‡ ‡Á-
ÎË˜‡Ú¸Òfl, Ó‰Ì‡ÍÓ ÏÂı‡ÌËÁÏ Â„ÛÎflˆËË „ÂÌÓ‚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡ fl‚ÎflÂÚÒfl Í‡ÈÌÂ ÍÓÌ-
ÒÂ‚‡ÚË‚Ì˚Ï. é·Ì‡ÛÊÂÌ‡ ÍÓÂÎflˆËfl ÏÂÊ‰Û ˝‚ÓÎ˛ˆËÂÈ ÒËÒÚÂÏ˚ ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó ‰˚ı‡ÌËfl Ë
ËÁÏÂÌÂÌËflÏË ‚ ÒÚÛÍÚÛÂ Â„ÛÎflÚÓÌÓÈ ÒËÒÚÂÏ˚. é·Ì‡ÛÊÂÌËÂ NarP-Ò‡ÈÚÓ‚ ÔÂÂ‰ „ÂÌÓÏ „ÎÓ·‡Î¸ÌÓ„Ó
Â„ÛÎflÚÓ‡ FNR Ë „ÂÌ‡ÏË ‡˝Ó·ÌÓ„Ó ÏÂÚ‡·ÓÎËÁÏ‡, 

 

cydAB

 

, 

 

mdh

 

 Ë 

 

sucAB

 

, ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ˜ÚÓ ÓÎ¸ ·ÂÎ-
Í‡ NarP ‚ Â„ÛÎflˆËË ‰˚ı‡ÌËfl ËÁÏÂÌflÂÚÒfl ‚ ÔÓˆÂÒÒÂ ˝‚ÓÎ˛ˆËË. é·Ì‡ÛÊÂÌÓ 35 ÌÓ‚˚ı ˜ÎÂÌÓ‚ Ó·Ó·-
˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡, ÛÒÚ‡ÌÓ‚ÎÂÌ‡ ‡‚ÚÓÂ„ÛÎflˆËfl ÓÔÂÓÌ‡ 

 

narQP

 

 ‚ Ó„‡ÌËÁÏ‡ı ÒÂÏ. Vibrionaceae.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: Ò‡‚ÌËÚÂÎ¸Ì‡fl „ÂÌÓÏËÍ‡, „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËË, ÌËÚ‡Ú-ÌËÚËÚÌÓÂ ‰˚ı‡ÌËÂ,
NarP, NarL, NarX, NarQ.

COMPARATIVE GENOMICS ANALYSIS OF NITRATE AND NITRITE RESPIRATION IN GAMMA
PROTEOBACTERIA, by 
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*, A. B. Rakhmaninova

 

1,2
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State Scientific Center “GosNII Genetica”, Moscow 117545, Russia). Nitrate and
nitrite are preferred respiration oxidants during anaerobic conditions. In 

 

Escherichia coli

 

 such nitrate- and ni-
trite respiration is controlled by homologous transcriptional factors NarL and NarP. Although this system was
intensively studied during the last two decades, the exact mechanisms of regulation and the structure of the
NarL binding signals remained elusive. By the use of comparative genomics approach it was determined that
most of the gammaproteobacteria contained only NarP protein. Regulog analysis revealed that whole structure
of NarP regulons varied in different genomes and only regulation of nitrate and nitrite reduction system seemed
to be highly conservative. Correlation between changes in the respiration system and the presence of the single
regulatory system was shown. Conservative NarP binding sites upstream of 

 

fnr

 

 gene and genes for aerobic me-
tabolism point to alteration in NarP role in respiration control during evolution. Thirty five new regulog mem-
bers were determined and autoregulation of 

 

narQP

 

 operon in Vibrionaceae genomes was predicted.
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˜ÚÓ Ú‡Í‡fl Â„ÛÎflÚÓÌ‡fl ÒËÒÚÂÏ‡ ÌÂÓ·ıÓ‰ËÏ‡ ‰Îfl
Ì‡ÒÚÓÈÍË ÒËÒÚÂÏ˚ ‰˚ı‡ÌËfl ‚ ÔËÒÛÚÒÚ‚ËË ‰‚Ûı
‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ‡ÍˆÂÔÚÓÓ‚ ̋ ÎÂÍÚÓÌÓ‚: ÌËÚ‡Ú‡
Ë ÌËÚËÚ‡ [2]. é·‡ ÛÔÓÏflÌÛÚ˚ı ‚˚¯Â Ù‡ÍÚÓ‡
Ú‡ÌÒÍËÔˆËË ÏÓ„ÛÚ ·˚Ú¸ Í‡Í ÂÔÂÒÒÓ‡ÏË, Ú‡Í
Ë ‡ÍÚË‚‡ÚÓ‡ÏË – ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‡ÒÔÓÎÓÊÂÌËfl
Ò‡ÈÚÓ‚ Ëı Ò‚flÁ˚‚‡ÌËfl ÓÚÌÓÒËÚÂÎ¸ÌÓ ÔÓÏÓÚÓ‡
Â„ÛÎËÛÂÏÓ„Ó ÓÔÂÓÌ‡ [1].

ÑÎfl ‰‡ÌÌÓÈ Â„ÛÎflÚÓÌÓÈ ÒËÒÚÂÏ˚ ı‡‡ÍÚÂÌÓ
˜‡ÒÚË˜ÌÓÂ ‡Á‰ÂÎÂÌËÂ ÙÛÌÍˆËÈ ÏÂÊ‰Û „ÓÏÓÎÓ-
„Ë˜Ì˚ÏË ·ÂÎÍ‡ÏË (ËÒ. 1). í‡Í, NarX ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚ÛÂÚ ÚÓÎ¸ÍÓ Ò ·ÂÎÍÓÏ NarL, ÔË ˝ÚÓÏ ÔÓ-‡ÁÌÓ-
ÏÛ Â‡„ËÛfl Ì‡ ÌËÚ‡Ú Ë ÌËÚËÚ, ÚÓ„‰‡ Í‡Í NarQ
ÒÔÓÒÓ·ÂÌ Í ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ë˛ Ò Ó·ÓËÏË Â„ÛÎflÚÓ‡-
ÏË Ë Ó‰ËÌ‡ÍÓ‚Ó Â‡„ËÛÂÚ Ì‡ Ó·‡ ÒÛ·ÒÚ‡Ú‡ [3].
ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ·ÂÎÓÍ NarP ÌÂ Ò‚flÁ˚‚‡ÂÚÒfl Ò
Ò‡ÈÚ‡ÏË Ò‚flÁ˚‚‡ÌËfl NarP, ÚÓ„‰‡ Í‡Í NarL ÏÓÊÂÚ
‚Á‡ËÏÓ‰ÂÈÒÚ‚Ó‚‡Ú¸ Ë Ò Ò‡ÈÚ‡ÏË Ò‚flÁ˚‚‡ÌËfl NarP,
Ë ÒÓ Ò‚ÓËÏË ÒÓ·ÒÚ‚ÂÌÌ˚ÏË [4] (ËÒ. 1). í‡ÍËÏ Ó·-
‡ÁÓÏ, ‚ ÒÎÛ˜‡Â 

 

E. coli

 

 ÙÛÌÍˆËÓÌËÛÂÚ Â‰ËÌ˚È
NarL-NarP-Â„ÛÎÓÌ, ÍÓÚÓ˚È ‡Á‰ÂÎÂÌ Ì‡ÏË Ì‡
ÒÎÂ‰Û˛˘ËÂ „ÛÔÔ˚ „ÂÌÓ‚.

1. ÉÂÌ˚, Ó·ÂÒÔÂ˜Ë‚‡˛˘ËÂ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ÌËÚ-
‡Ú‡ Ë ÌËÚËÚ‡: 

 

narGHJI

 

, 

 

narK

 

 [5], 

 

napFDABCDEF

 

-

 

ccmABCDEFGH

 

 [6], 

 

nrfABCDEFG

 

, 

 

nirBDC

 

-

 

cysG

 

[7]; ˝ÍÒÔÂÒÒËfl ˝ÚËı „ÂÌÓ‚ Â„ÛÎËÛÂÚÒfl ‚ Á‡‚ËÒË-
ÏÓÒÚË ÓÚ ÒÓÓÚÌÓ¯ÂÌËfl ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡ ‚ ÒÂ‰Â.

2. ÉÂÌ˚ ‰Â„Ë‰Ó„ÂÌ‡Á ‰ÓÌÓÓ‚ ˝ÎÂÍÚÓÌÓ‚: 

 

fd-
nGHI

 

 [8], 

 

hyaABCDEF

 

, 

 

hybOABCDEFG

 

 [9], 

 

nuoABC-
DEFGHIJKLMN

 

 [10]. èÓÒÍÓÎ¸ÍÛ ÔÓ‰ÛÍÚ˚ ‰‡ÌÌ˚ı
„ÂÌÓ‚ ÌÂÓ·ıÓ‰ËÏ˚ ‰Îfl ÙÓÏËÓ‚‡ÌËfl ÔÓÎÌ˚ı ‰˚-
ı‡ÚÂÎ¸Ì˚ı ̂ ÂÔÂÈ, Ëı ̋ ÍÒÔÂÒÒËfl ‡ÍÚË‚ËÛÂÚÒfl ·ÂÎ-
Í‡ÏË NarL Ë NarP.

3. ÉÂÌ˚ Â‰ÛÍÚ‡Á ‡ÍˆÂÔÚÓÓ‚ ˝ÎÂÍÚÓÌÓ‚:

 

dmsABC

 

 [11], 

 

torCAD

 

 [12], 

 

frdABCD

 

 [5]; ÓÌË ÍÓ‰Ë-
Û˛Ú Â‰ÛÍÚ‡Á˚ ‡ÍˆÂÔÚÓÓ‚ ˝ÎÂÍÚÓÌÓ‚, ËÒÔÓÎ¸-
ÁÛ˛˘ËıÒfl ‚ ‡Ì‡˝Ó·Ì˚ı ÛÒÎÓ‚Ëflı ‚ ÓÚÒÛÚÒÚ‚ËÂ
ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡. Ç ÔËÒÛÚÒÚ‚ËË ÔÓÒÎÂ‰ÌËı ˝ÍÒ-
ÔÂÒÒËfl ‰‡ÌÌ˚ı „ÂÌÓ‚ ÂÔÂÒÒËÛÂÚÒfl.

4. ÉÂÌ˚ ÏÂÚ‡·ÓÎËÁÏ‡ ˜ÂÚ˚ÂıÛ„ÎÂÓ‰Ì˚ı ‰Ë-
Í‡·ÓÌÓ‚˚ı ÍËÒÎÓÚ: 

 

dcuB

 

-

 

fumB

 

 [13]. èÓ‰ÛÍÚ˚
˝ÚËı „ÂÌÓ‚ – ÙÂÏÂÌÚ˚ Ë ·ÂÎÍË-Ú‡ÌÒÔÓÚÂ˚,
ÍÓÚÓ˚Â ÔÓÒÚ‡‚Îfl˛Ú ÒÛ·ÒÚ‡Ú˚ ‰Îfl ÙÛÏ‡‡ÚÌÓ„Ó
‰˚ı‡ÌËfl, „Ó‡Á‰Ó ÏÂÌÂÂ ˝ÙÙÂÍÚË‚ÌÓ„Ó, ˜ÂÏ ÌËÚ-
‡Ú-ÌËÚËÚÌÓÂ. èÓ˝ÚÓÏÛ ˝ÚË „ÂÌ˚ ÂÔÂÒÒËÛ˛Ú-
Òfl Ù‡ÍÚÓ‡ÏË NarL Ë NarP.

5. ÉÂÌ˚ ÙÂÏÂÌÚÓ‚ ·ÓÊÂÌËfl: 

 

focA

 

-

 

pflB

 

 [14],

 

adhE

 

 [15]. èÓÒÍÓÎ¸ÍÛ ·ÓÊÂÌËÂ fl‚ÎflÂÚÒfl ÏÂÌÂÂ
‚˚„Ó‰Ì˚Ï ÒÔÓÒÓ·ÓÏ ÔÓÎÛ˜ÂÌËfl ˝ÌÂ„ËË, ˜ÂÏ ‰˚-
ı‡ÌËÂ, ˝ÚË „ÂÌ˚ Ú‡ÍÊÂ ÂÔÂÒÒËÛ˛ÚÒfl ‚ ÔËÒÛÚ-
ÒÚ‚ËË ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡.

çÂÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ Â„ÛÎflˆË˛ ÌËÚ‡Ú-ÌËÚ-
ËÚÌÓ„Ó ‰˚ı‡ÌËfl ‡ÍÚË‚ÌÓ ËÒÒÎÂ‰Û˛Ú ‚ ÚÂ˜ÂÌËÂ
ÔÓÒÎÂ‰ÌËı ‰‚‡‰ˆ‡ÚË ÎÂÚ, Ì‡ ÏÌÓ„ËÂ ‚‡ÊÌ˚Â ‚Ó-
ÔÓÒ˚ ‰Ó ÒËı ÔÓ ÌÂÚ ÓÚ‚ÂÚ‡. ñÂÎ¸˛ ‰‡ÌÌÓÈ ‡·Ó-
Ú˚ ÒÚ‡ÎÓ ËÁÛ˜ÂÌËÂ Â„ÛÎflˆËË ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó
‰˚ı‡ÌËfl ‚ „ÛÔÔÂ „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÈ. ëÓÒÂ-

‰ÓÚÓ˜Ë‚ Ò‚ÓÂ ‚ÌËÏ‡ÌËÂ Ì‡ Ó„‡ÌËÁÏ‡ı, ‚ ÍÓÚÓ˚ı
ËÏÂÂÚÒfl ÚÓÎ¸ÍÓ Ó‰ËÌ Â„ÛÎflÚÓ NarP, Ï˚ ËÒÒÎÂ‰Ó-
‚‡ÎË ÒÚÛÍÚÛÛ NarP-Â„ÛÎÓÌÓ‚ ‚ „ÂÌÓÏ‡ı ‰ÂÒflÚË
„‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÈ Ë ÓÔËÒ‡ÎË Ó·Ó·˘ÂÌÌ˚È
‰Îfl ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏÓ‚ NarP-Â„ÛÎÓÌ.

 

ìëãéÇàü ùäëèÖêàåÖçíÄ

 

èÓˆÂ‰Û‡ ÓÔÂ‰ÂÎÂÌËfl „ÂÌÓ‚, ‚ıÓ‰fl˘Ëı ‚
Ó·Ó·˘ÂÌÌ˚È Â„ÛÎÓÌ.

 

 ÑÎfl ÔÓËÒÍ‡ ÔÓÚÂÌˆË‡Î¸-
Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl NarP (‰‡ÎÂÂ – “ÔÓÚÂÌˆË-
‡Î¸Ì˚Â Ò‡ÈÚ˚”) ËÒÔÓÎ¸ÁÓ‚‡ÎË ÏÂÚÓ‰ Ï‡ÚËˆ ÔÓÁË-
ˆËÓÌÌ˚ı ‚ÂÒÓ‚ ÌÛÍÎÂÓÚË‰Ó‚ [16], ÏÂÚÓ‰ ÔÓÒÚÓÂ-
ÌËfl ÍÓÚÓÓÈ ÓÔËÒ‡Ì ‚ ‡Á‰ÂÎÂ “êÂÁÛÎ¸Ú‡Ú˚”.

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÔËÌ‡‰ÎÂÊÌÓÒÚË „ÂÌ‡ Í Â„Û-
ÎÓÌÛ ÔËÏÂÌflÎË ÏÂÚÓ‰ ÔÓ‚ÂÍË ÒÓÓÚ‚ÂÚÒÚ‚Ëfl.
ÉÂÌ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl Í‡Í ˜ÎÂÌ Â„ÛÎÓÌ‡, ÂÒÎË ‚
Â„Ó Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË Ó·Ì‡ÛÊÂÌ ÔÓÚÂÌˆË‡Î¸-
Ì˚È Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl, ÍÓÚÓ˚È ÒÓı‡ÌflÂÚÒfl ÔÂÂ‰
ÓÚÓÎÓ„Ë˜Ì˚ÏË „ÂÌ‡ÏË ‚ Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı
[16]. Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ú‡ÍËÂ Ò‡ÈÚ˚ ËÒÍ‡ÎË ‚ Ó·Î‡Ò-
ÚË –400…+100 Ô.Ì. ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÚ‡Ú‡ Ú‡ÌÒÎfl-
ˆËË „ÂÌ‡. Ç ÒÎÛ˜‡Â, ÍÓ„‰‡ ÓÔÂÓÌÌ‡fl ÒÚÛÍÚÛ‡

 

P P P P

PPPP

 

P P P P

P P P P

 

çËÚ‡Ú

 

NarX NarX NarQ NarQ

NarPNarPNarLNarL

 

‡

 

çËÚËÚ

 

NarX NarX NarQ NarQ

NarPNarPNarLNarL

 

·

 

êËÒ. 1.

 

 ëËÒÚÂÏ‡ ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌÓ„Ó ÓÚ‚ÂÚ‡ Ì‡ ÌËÚ-
‡Ú Ë ÌËÚËÚ ‚ 

 

E. coli

 

: 

 

‡

 

 – ‚ ÔËÒÛÚÒÚ‚ËË ÌËÚ‡Ú‡; 

 

·

 

 – ‚
ÔËÒÛÚÒÚ‚ËË ÌËÚËÚ‡. ì˜‡ÒÚÍË Ò‚flÁ˚‚‡ÌËfl Â„ÛÎfl-
ÚÓÌ˚ı ·ÂÎÍÓ‚ Ò Ñçä ÔÓÍ‡Á‡Ì˚ ÚÓÌÍËÏË ÒÚÂÎÍ‡ÏË;
‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÏÂÊ‰Û ÒÂÌÒÓÌ˚ÏË Ë Â„ÛÎflÚÓÌ˚ÏË
·ÂÎÍ‡ÏË – ÊËÌ˚ÏË. ëÔÎÓ¯Ì˚Â ÒÚÂÎÍË – ÙÓÒÙÓË-
ÎËÓ‚‡ÌËÂ Â„ÛÎflÚÓÌ˚ı ·ÂÎÍÓ‚, ÔÛÌÍÚËÌ˚Â – ‰Â-
ÙÓÒÙÓËÎËÓ‚‡ÌËÂ.
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ê‡‚˜ÂÂ‚ 

 

Ë ‰

 

.

 

‰‡ÌÌÓ„Ó Ù‡„ÏÂÌÚ‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÌÂËÁ-
‚ÂÒÚÌ‡, ÔÓÎ‡„‡ÎË, ̃ ÚÓ „ÂÌ˚ ÔËÌ‡‰ÎÂÊ‡Ú Í Ó‰ÌÓÏÛ
ÓÔÂÓÌÛ, ÂÒÎË ÓÌË ËÏÂ˛Ú Ó‰ËÌ‡ÍÓ‚ÓÂ Ì‡Ô‡‚ÎÂ-
ÌËÂ Ò˜ËÚ˚‚‡ÌËfl, ‡ ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ÌËÏË ÌÂ ÔÂ-
‚˚¯‡ÂÚ 100 Ô.Ì.

Ç ‡·ÓÚÂ ÔËÏÂÌflÎË ÌÓ‚˚È ÏÂÚÓ‰ ‚˚fl‚ÎÂÌËfl
˜ÎÂÌÓ‚ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡, ÓÒÌÓ‚‡ÌÌ˚È Ì‡
ÔÓÔ‡ÌÓÏ Ò‡‚ÌÂÌËË „ÂÌÓÏÓ‚ Ó„‡ÌËÁÏÓ‚, ÓÚÌÓ-
Òfl˘ËıÒfl Í Ó‰ÌÓÈ Ú‡ÍÒÓÌÓÏË˜ÂÒÍÓÈ „ÛÔÔÂ. Ç Í‡Ê-
‰ÓÏ ËÁ „ÂÌÓÏÓ‚ ÔÓËÁ‚Ó‰ËÎË ÔÓËÒÍ ÔÓÚÂÌˆË‡Î¸-
Ì˚ı NarP-Ò‡ÈÚÓ‚. Ñ‡ÎÂÂ, ÂÒÎË Ò‡ÈÚ˚ ÔÂÂ‰ ÓÚÓ-
ÎÓ„Ë˜Ì˚ÏË „ÂÌ‡ÏË ÒÓı‡Ìfl˛ÚÒfl, ÚÓ ‚˚˜ÎÂÌflÎË
ÔÓÚÂÌˆË‡Î¸Ì˚Â ˜ÎÂÌ˚ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡.
ÖÒÎË Ò‡ÈÚ ÔÂÂ‰ „ÂÌÓÏ ÒÓı‡ÌflÂÚÒfl, Í‡Í ÏËÌËÏÛÏ,
‚ ÚÂı „ÂÌÓÏ‡ı Ó„‡ÌËÁÏÓ‚ ËÁ Ó‰ÌÓÈ „ÛÔÔ˚, ÚÓ
„ÂÌ ‡ÒÒÏ‡ÚË‚‡ÎÒfl Í‡Í ˜ÎÂÌ Ó·Ó·˘ÂÌÌÓ„Ó Â„Û-
ÎÓÌ‡. Ç ÒÎÛ˜‡Â Ú‡ÍËı „ÂÌÓ‚ ÔÓ‚ÂflÎË Ú‡ÍÊÂ, ËÏÂ-
˛ÚÒfl ÎË Ú‡ÍËÂ Ò‡ÈÚ˚ ÔÂÂ‰ „ÂÌ‡ÏË-ÓÚÓÎÓ„‡ÏË ‚
Ó„‡ÌËÁÏ‡ı ËÁ ‰Û„Ëı „ÛÔÔ. ùÚÓÚ ÔÓ‰ıÓ‰ ËÒÔÓÎ¸-
ÁÓ‚‡ÎË ÔË ËÁÛ˜ÂÌËË „ÂÌÓÏÓ‚ ·‡ÍÚÂËÈ ÒÂÏÂÈÒÚ‚
Pasteurellaceae Ë Vibrionaceae. 

èÓÒÍÓÎ¸ÍÛ ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ËÒÒÎÂ‰Ó‚‡ÎË ÚÓÎ¸-
ÍÓ „ÂÌÓÏ˚ ‰‚Ûı Ó„‡ÌËÁÏÓ‚ ËÁ „ÛÔÔ˚ Enterobac-
teriaceae – 

 

Y. pestis

 

 Ë 

 

Y. enterocolitica

 

, ÚÓ ÓÔËÒ‡ÌÌ˚È
‚˚¯Â ÔÓ‰ıÓ‰ ÌÂ ÏÓ„ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì. Ç ‰‡ÌÌÓÏ
ÒÎÛ˜‡Â „ÂÌ ‡ÒÒÏ‡ÚË‚‡ÎË Í‡Í ‚ÓÁÏÓÊÌ˚È ˜ÎÂÌ
Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡, ÂÒÎË ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡È-
Ú˚ ÔÂÂ‰ ÌËÏ Ó·Ì‡ÛÊË‚‡ÎËÒ¸ ‚ Ó·ÓËı „ÂÌÓÏ‡ı.
Ç Ú‡ÍÓÏ ÒÎÛ˜‡Â ÔÓ‚ÂflÎË Ì‡ÎË˜ËÂ Ò‡ÈÚÓ‚ ÔÂÂ‰
Â„Ó ÓÚÓÎÓ„‡ÏË ‚ ‰Û„Ëı „ÂÌÓÏ‡ı, Ë, ÂÒÎË Ú‡ÍÓ‚˚Â
Û‰‡‚‡ÎÓÒ¸ Ó·Ì‡ÛÊËÚ¸, „ÂÌ Ú‡ÍÊÂ ‡ÒÒÏ‡ÚË‚‡ÎË
Í‡Í ˜ÎÂÌ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡.

çÂÍÓÚÓ˚Â ÙÂÏÂÌÚ˚, Á‡‰ÂÈÒÚ‚Ó‚‡ÌÌ˚Â ‚ ÒËÒ-
ÚÂÏÂ ‰˚ı‡ÌËfl, ÒÛ˘ÂÒÚ‚Û˛Ú ‚ ÌÂÒÍÓÎ¸ÍËı ËÁÓÙÓ-
Ï‡ı, ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl ÔÓ‰ÛÍÚÓÏ Ô‡‡ÎÓ„Ë˜Ì˚ı
„ÂÌÓ‚. êÂ„ÛÎflˆËfl Ú‡ÍËı Ô‡‡ÎÓ„Ó‚ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl
ÓÚ‰ÂÎ¸ÌÓ (ÒÏ. ‡Á‰ÂÎ “é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚”).

 

èÓ„‡ÏÏÌÓÂ Ó·ÂÒÔÂ˜ÂÌËÂ. 

 

ÑÎfl ÔÓËÒÍ‡ ÔÓÚÂÌˆË-
‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl NarP, ‡ Ú‡ÍÊÂ ‡Ì‡ÎËÁ‡
ÓÚÓÎÓ„Ó‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË Ô‡ÍÂÚ ÔÓ„‡ÏÏ Genome-
Explorer [17], ‡ ‰Îfl ÔÓÒÚÓÂÌËfl Ï‡ÚËˆ ÔÓÁËˆËÓÌÌ˚ı
‚ÂÒÓ‚ – ÔÓ„‡ÏÏÛ SignalX [17]. èÓËÒÍ „ÓÏÓÎÓ„Ó‚ ‚
·‡Á‡ı ‰‡ÌÌ˚ı ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚
BLAST [18]. ÑÎfl ÏÌÓÊÂÒÚ‚ÂÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl
‡ÏËÌÓÍËÒÎÓÚÌ˚ı Ë ÌÛÍÎÂÓÚË‰Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚÂÈ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÔÓ„‡ÏÏÛ ClustalX [19]. îË-
ÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ÒÚÓËÎË ÔÓ ÏÂÚÓ‰Û Ï‡Í-
ÒËÏ‡Î¸ÌÓ„Ó Ô‡‚‰ÓÔÓ‰Ó·Ëfl (Maximum Likelyhood
Method) [20] Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ proml ËÁ ÔÓ-
„‡ÏÏÌÓ„Ó Ô‡ÍÂÚ‡ PHYLIP 3.63 (http://evolution.ge-
netics.washington.edu/). ÑÎfl ÔÓÒÚÓÂÌËfl ‰Ë‡„‡ÏÏ
ãÓ„Ó, ÓÚÓ·‡Ê‡˛˘Ëı ÒÚÛÍÚÛÛ Â„ÛÎflÚÓÌÓ„Ó
ÒË„Ì‡Î‡, ËÒÔÓÎ¸ÁÓ‚‡ÎË ÔÓ„‡ÏÏÛ WebLogo [21]
(http://weblogo.berkeley.edu/).

 

é·˙ÂÍÚ˚ ËÒÒÎÂ‰Ó‚‡ÌËfl.

 

 àÁÛ˜‡ÎË 13 „ÂÌÓÏÓ‚
‡ÁÎË˜Ì˚ı Ó„‡ÌËÁÏÓ‚, ÓÚÌÓÒfl˘ËıÒfl Í „ÛÔÔÂ
„‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÈ. èÓÎÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚË „ÂÌÓÏÓ‚ 

 

Escherichia coli

 

 K-12 (EC) [22], 

 

Sal-

monella typhi

 

 Ty2 (ST) [23], 

 

Erwinia carotovora 

 

s

 

.
atroseptica

 

 (EO) [24], 

 

Yersinia pestis

 

 KIM (YP) [25],

 

Haemophilus ducreyi

 

 35000HP (HD), 

 

Haemophilus in-
fluenzae

 

 Rd (HI) [26], 

 

Pasteurella multocida

 

 Pm70
(PM) [27], 

 

Vibrio cholerae

 

 O1 (VC) [28], 

 

Vibrio para-
haemolyticus

 

 RIMD 2210633 (VP) [29] Ë 

 

Vibrio
vulnificus

 

 CMCP6 (VV) [30] ‚ÁflÚ˚ ËÁ ·‡Á˚ ‰‡ÌÌ˚ı
GenBank [31]. èÓÎÌ‡fl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÂÌÓÏ‡

 

Yersinia enterocolitica

 

 (YE) ‚ÁflÚ‡ Ò ËÌÚÂÌÂÚ-Ò‡ÈÚ‡
(http://www.sanger.ac.uk/). èÂ‰‚‡ËÚÂÎ¸Ì‡fl ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÂÌÓÏ‡ 

 

Actinobacillus actinomycetem-
comitans

 

 HK1651 (AA) Ú‡ÍÊÂ ‚ÁflÚ‡ Ò ËÌÚÂÌÂÚ-Ò‡È-
Ú‡ (http://www.genome.ou.edu/). èÂ‰‚‡ËÚÂÎ¸Ì‡fl
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÂÌÓÏ‡ 

 

Vibrio fischeri

 

 ES114
(VF) ‚ÁflÚ‡ ËÁ ·‡Á˚ ‰‡ÌÌ˚ı GOLD [32].
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ù‚ÓÎ˛ˆËfl Â„ÛÎflÚÓÌÓÈ ÒËÒÚÂÏ˚

 

ç‡ ÔÂ‚ÓÏ ˝Ú‡ÔÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓËÁ‚Ó‰ËÎË
ÔÓËÒÍ ÓÚÓÎÓ„Ë˜Ì˚ı ·ÂÎÍÓ‚ Â„ÛÎflÚÓÌÓÈ ÒËÒÚÂ-
Ï˚ 

 

E. coli

 

 ‚ „ÂÌÓÏ‡ı Ó„‡ÌËÁÏÓ‚ ÚÂı ·‡ÍÚÂË‡Î¸-
Ì˚ı ÒÂÏÂÈÒÚ‚: Enterobacteriaceae (

 

S. typhi

 

, 

 

E. caroto-
vora

 

, 

 

Y. pestis

 

, 

 

Y. enterocolitica

 

), Pasteurellaceae (

 

P.
multocida

 

, 

 

A. actinomycetemcomitans

 

, 

 

H. ducreyi

 

, 

 

H.
influenzae

 

) Ë Vibrionaceae (

 

V. cholerae

 

, 

 

V. para-
haemolyticus

 

, 

 

V. vulnificus

 

, 

 

V. fischeri

 

). ì‰‚ÓÂÌÌ‡fl
Â„ÛÎflÚÓÌ‡fl ÒËÒÚÂÏ‡ Ó·Ì‡ÛÊÂÌ‡ ÎË¯¸ ‚ „ÂÌÓ-
Ï‡ı Ó„‡ÌËÁÏÓ‚ 

 

S. typhi

 

 Ë 

 

E. carotovora

 

, fl‚Îfl˛˘Ëı-
Òfl ·ÎËÊ‡È¯ËÏË Ó‰ÒÚ‚ÂÌÌËÍ‡ÏË 

 

E. coli

 

. ç‡ ÙËÎÓ-
„ÂÌÂÚË˜ÂÒÍËı ‰ÂÂ‚¸flı ‰Îfl ·ÂÎÍÓ‚ NarL/NarP
(ËÒ.

 

 

 

2

 

‡

 

) Ë NarQ/NarX (ËÒ. 2

 

·

 

) ·ÂÎÍË ËÁ ‡ÁÎË˜-
Ì˚ı Ó„‡ÌËÁÏÓ‚ Ó·‡ÁÛ˛Ú ‰‚‡ ÍÎ‡ÒÚÂ‡, ‡Á‰ÂÎÂÌ-
Ì˚ı ‰ÎËÌÌÓÈ ‚ÂÚÍÓÈ. èÓ-‚Ë‰ËÏÓÏÛ, ‰ÛÔÎËÍ‡ˆËfl
‰‚ÛıÍÓÏÔÓÌÂÌÚÌÓÈ ÒËÒÚÂÏ˚ ÔÓËÁÓ¯Î‡ ‰Ó ‡ÒıÓÊ-
‰ÂÌËfl ̋ ‚ÓÎ˛ˆËÓÌÌ˚ı ‚ÂÚ‚ÂÈ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÒÂ-
ÏÂÈÒÚ‚‡Ï Enterobacteriaceae, Pasteurellaceae Ë Vibri-
onaceae. Ç ÚÂı „ÂÌÓÏ‡ı, „‰Â Ó·Ì‡ÛÊË‚‡ÂÚÒfl ÎË¯¸
Ó‰ËÌÓ˜Ì‡fl ÒËÒÚÂÏ‡, „ÂÌ 

 

narP

 

 ÒÛ˘ÂÒÚ‚ÛÂÚ ÒÓ‚ÏÂÒÚ-
ÌÓ Ò „ÂÌÓÏ 

 

narQ

 

. àÒÍÎ˛˜ÂÌËÂ ÒÓÒÚ‡‚Îfl˛Ú „ÂÌÓÏ˚

 

Y. pestis

 

 Ë 

 

Y. enterocolitica

 

, ‚ ÍÓÚÓ˚ı Ó·Ì‡ÛÊÂÌ‡
ÌÂÒÚ‡Ì‰‡ÚÌ‡fl Ô‡‡ NarP-NarX (ËÒ. 2

 

‡

 

, 

 

·

 

). èÓ˝ÚÓ-
ÏÛ ‡ÏËÌÓÍËÒÎÓÚÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ·ÂÎÍÓ‚
NarX ËÁ ˝ÚËı ·‡ÍÚÂËÈ ‡ÒÒÏÓÚÂÌ˚ ·ÓÎÂÂ ÔÓ-
‰Ó·ÌÓ.

ê‡ÌÂÂ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‰ËÙÙÂÂÌˆËÓ‚‡ÌÌ˚È ÓÚ-
‚ÂÚ Ì‡ ÌËÚ‡Ú Ë ÌËÚËÚ ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Á‡ Ò˜ÂÚ ÔÂ-
ËÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓ„Ó ‰ÓÏÂÌ‡ NarX [33] (ËÒ. 3

 

‡

 

).
íÂÏ ÌÂ ÏÂÌÂÂ, Ó˜Â‚Ë‰Ì˚ı ‡ÁÎË˜ËÈ ÏÂÊ‰Û ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚflÏË ÔÂËÔÎ‡ÁÏ‡ÚË˜ÂÒÍËı ÏÓ‰ÛÎÂÈ
·ÂÎÍÓ‚ NarX Ë NarQ ‚˚fl‚ËÚ¸ ÌÂ Û‰‡ÎÓÒ¸ [34].

ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÓÒÓ·ÂÌÌÓÒÚË ÒÚÓÂÌËfl ˆÂÌ-
Ú‡Î¸ÌÓ„Ó ÏÓ‰ÛÎfl (ËÒ. 3

 

‡

 

) ÔÓÁ‚ÓÎfl˛Ú ‰ÓÒÚ‡ÚÓ˜ÌÓ
ÚÓ˜ÌÓ ‡Á„‡ÌË˜ËÚ¸ NarX Ë NarQ. ñÂÌÚ‡Î¸Ì˚È
ÏÓ‰ÛÎ¸ ËÏÂÂÚ ‡ÏËÌÓÍËÒÎÓÚÌÛ˛ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚ¸, „ÓÏÓÎÓ„ËË Ò ÍÓÚÓÓÈ ÌÂ Ì‡È‰ÂÌÓ ÌË„‰Â,
ÍÓÏÂ ·ÂÎÍÓ‚ NarX Ë NarQ. îÛÌÍˆËfl ‰‡ÌÌÓ„Ó ‰Ó-
ÏÂÌ‡ ÓÒÚ‡ÂÚÒfl ÌÂËÁ‚ÂÒÚÌÓÈ. Ç‡ÊÌÓÈ ÓÒÓ·ÂÌÌÓÒ-
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Ú¸˛ ÏÓ‰ÛÎfl NarX E. coli fl‚ÎflÂÚÒfl ÍÎ‡ÒÚÂ ˆËÒÚÂË-
ÌÓ‚ ‚ ÔÓÁËˆËflı 308, 313 Ë 316 NarX. ùÚË ˆËÒÚÂËÌÓ-
‚˚Â ÓÒÚ‡ÚÍË ÒÓı‡Ìfl˛ÚÒfl ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı
NarX ËÁ „ÂÌÓÏÓ‚ ‰Û„Ëı ÔÓÚÂÓ·‡ÍÚÂËÈ, Ë Á‡ÏÂÌ‡
Î˛·Ó„Ó ËÁ ÌËı ÔË‚Ó‰ËÚ Í ÂÁÍÓÏÛ ÒÌËÊÂÌË˛ ‡Í-
ÚË‚ÌÓÒÚË ·ÂÎÍ‡ [34].

ç‡ ËÒ. 3 ÔÂ‰ÒÚ‡‚ÎÂÌÓ ÏÌÓÊÂÒÚ‚ÂÌÌÓÂ ‚˚‡‚-
ÌË‚‡ÌËÂ ·ÂÎÍÓ‚ NarX Ë NarQ ‚ÒÂı Ó„‡ÌËÁÏÓ‚, ‡Ò-
ÒÏÓÚÂÌÌ˚ı ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ (ËÒ. 3·). ä‡Í ‚Ë‰ÌÓ, ‚
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı ·ÂÎÍÓ‚ ËÁ Y. pestis Ë Y. entero-
colitica ÓÚÒÛÚÒÚ‚Û˛Ú ı‡‡ÍÚÂÌ˚Â ‰Îfl NarX ̂ ËÒÚÂË-
ÌÓ‚˚Â ÓÒÚ‡ÚÍË. í‡ÍËÏ Ó·‡ÁÓÏ, ıÓÚfl ÒÂÌÒÓÌ˚Â
·ÂÎÍË ËÁ ·‡ÍÚÂËÈ Ó‰‡ Yersinia ·ÎËÁÍË ÔÓ ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚË Í NarX, ÓÌË, ÔÓ ‚ÒÂÈ ‚ÂÓflÚÌÓÒÚË, ‚˚-

ÔÓÎÌfl˛Ú ÙÛÌÍˆË˛ NarQ, Ú.Â. Â‡ÍˆËfl ‚ ÓÚ‚ÂÚ Ì‡
ÌËÚ‡Ú Ë ÌËÚËÚ Ó‰ËÌ‡ÍÓ‚‡.

èÓÒÚÓÂÌËÂ Ï‡ÚËˆ˚ ‰Îfl ÔÓËÒÍ‡ 
ÔÓÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl NarP

èÓÒÍÓÎ¸ÍÛ ‰‡ÌÌ˚Â Ó ÒÚÛÍÚÛÂ Ò‡ÈÚÓ‚ Ò‚flÁ˚-
‚‡ÌËfl NarL ‚ÂÒ¸Ï‡ ÔÓÚË‚ÓÂ˜Ë‚˚ [35, 36], ‡ Ì‡-
ÎË˜ËÂ Û‰‚ÓÂÌÌÓÈ Â„ÛÎflÚÓÌÓÈ ÒËÒÚÂÏ˚ Í‡ÈÌÂ
Á‡ÚÛ‰ÌflÂÚ ËÁÛ˜ÂÌËÂ Â„ÛÎflˆËË, Ï˚ ÒÓÒÂ‰ÓÚÓ˜Ë-
ÎË Ì‡¯Â ‚ÌËÏ‡ÌËÂ Ì‡ ËÁÛ˜ÂÌËË NarP-Á‡‚ËÒËÏÓÈ
Â„ÛÎflˆËË ‚ ‰ÂÒflÚË „ÂÌÓÏ‡ı, ‚ ÍÓÚÓ˚ı ÔËÒÛÚÒÚ-
‚ÛÂÚ „ÂÌ narP, ÌÓ ÓÚÒÛÚÒÚ‚ÛÂÚ narL.

NarL (EC)
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1000 929
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0.27
970
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0.10

999

1000
NarP (VC)

0.1
4

NarX (ST)
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0.25

0.99
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0.12

0.25

1000
1000
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NarX (EO)

NarQ (ST)

1000

1000

1000

1000

0.20

0.
20

982

0.24

0.18

0.
29

547 0.24
0.15

NarQ (PM)

NarQ (HD)

0.30

0.
43

0.25

0.24

NarQ (EC)

NarQ (AA)

NarQ (PO)

NarQ (HI)

NarQ (VC)

NarQ (VF)

NarQ (VP)

NarQ (VV)

0.21

0.
28

999
1000

NarX (EC)

0.47

0.18

0.
20

0.12

·

‡

êËÒ. 2. îËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ‰Îfl ·ÂÎÍÓ‚ NarL/NarP (‡) Ë NarX/NarQ (·). ÑÂÂ‚¸fl ÔÓÒÚÓËÎË ÔÓ ÏÂÚÓ‰Û Ï‡ÍÒËÏ‡Î¸-
ÌÓ„Ó Ô‡‚‰ÓÔÓ‰Ó·Ëfl (Maximum Likelyhood Method). ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl ‰Îfl „ÂÌÓÏÓ‚ – ÒÏ. “ìëãéÇàü ùäëèÖêàåÖçíÄ”.
ÇÂÚ‚Ë, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ·ÂÎÍ‡Ï ËÁ Y. pestis Ë Y. enterocolitica, ÔÓÍ‡Á‡Ì˚ ÔÛÌÍÚËÓÏ. ñËÙ˚ Ì‡ ‚ÂÚ‚flı Ó·ÓÁÌ‡˜‡˛Ú
ÓÊË‰‡ÂÏÛ˛ ‰ÓÎ˛ ‡ÏËÌÓÍËÒÎÓÚÌ˚ı Á‡ÏÂÌ; ˆËÙ˚ ‚ ÛÁÎ‡ı – ÒÚ‡ÚËÒÚË˜ÂÒÍÛ˛ ÁÌ‡˜ËÏÓÒÚ¸ ‰‡ÌÌÓ„Ó ÛÁÎ‡ (persentage of
bootstrap replications; Ï‡ÍÒËÏÛÏ – 1000).

8*
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ç‡ÏË ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ „ÂÌ narP ‚ÒÂ„‰‡ Ó·Ì‡Û-
ÊË‚‡ÂÚÒfl ‚ „ÂÌÓÏ‡ı, ËÏÂ˛˘Ëı „ÂÌ˚ ‰Îfl ÔÂËÔÎ‡Á-
Ï‡ÚË˜ÂÒÍËı ÌËÚ‡Ú- Ë ÌËÚËÚ-Â‰ÛÍÚ‡Á (ÒÓÓÚ‚ÂÚÒÚ-
‚ÂÌÌÓ, nap Ë nrf) Ë „ÂÌ˚ ̋ ÍÒÔÓÚ‡ „ÂÏ‡ ‚ ÔÂËÔÎ‡ÁÏÛ
(ccm), ‚ ÍÓÚÓ˚ı ËÏÂ˛ÚÒfl ‡ÁÎË˜Ì˚Â ÓÔÂÓÌÌ˚Â
ÔÂÂÒÚÓÈÍË (Ú‡·Î. 1). àÒÍÎ˛˜ÂÌËÂ ÒÓÒÚ‡‚Îfl˛Ú
„ÂÌÓÏ˚ Y. pestis, Y. enterocolitica Ë V. cholerae, ‚ ÍÓ-
ÚÓ˚ı nrf-„ÂÌÓ‚ ÌÂÚ. Ç ÒÎÛ˜‡Â E. coli ÔÓÍ‡Á‡ÌÓ, ̃ ÚÓ
Â„ÛÎflˆËfl ˝ÍÒÔÂÒÒËË ‚ÒÂı ˝ÚËı „ÂÌÓ‚ ÓÒÛ˘ÂÒÚ‚-
ÎflÂÚÒfl ·ÂÎÍÓÏ NarP [6, 7]. ë‡ÈÚ Ò‚flÁ˚‚‡ÌËfl NarP

ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Ô‡ÎËÌ‰ÓÏ Ò ÍÓÌÒÂÌÒÛÒÓÏ
TACYYMTNNAKRRGTA [4], Ë Ò‡ÈÚ˚ Ú‡ÍÓ„Ó ‚Ë‰‡
Ó·Ì‡ÛÊË‚‡˛ÚÒfl ‚ ‡ÁÎË˜Ì˚ı „ÂÌÓÏ‡ı ÔÂÂ‰ ÓÔÂ-
ÓÌ‡ÏË, ÒÓ‰ÂÊ‡˘ËÏË „ÂÌ˚ nap, nrf Ë ccm (Ú‡·Î. 2).
ç‡ÏË ÒÓÒÚ‡‚ÎÂÌ‡ Ó·Û˜‡˛˘‡fl ‚˚·ÓÍ‡ Ë ÔÓÒÚÓÂ-
Ì˚ Ï‡ÚËˆ‡ ‰Îfl ÔÓËÒÍ‡ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl NarP Ë
‰Ë‡„‡ÏÏ‡ ãÓ„Ó (ËÒ. 4).

Ç „ÂÌÓÏ‡ı ÔÓ‚Ó‰ËÎË ÔÓËÒÍ Ò‡ÈÚÓ‚ Ò ‚ÂÒÓÏ ‚˚-
¯Â ÔÓÓ„Ó‚Ó„Ó ÁÌ‡˜ÂÌËfl 3.50. é‰Ì‡ÍÓ ‚ „ÂÌÓÏÂ
A. actinomycetemcomitans ÔÂÂ‰ „ÂÌ‡ÏË – ÔÓÚÂÌˆË-

C

èÂÂ‰‡˛˘ËÈñÂÌÚ‡Î¸Ì˚ÈëÂÌÒÓÌ˚È

N
TM1 TM2

ñËÒÚÂËÌÓ‚˚È
ÍÎ‡ÒÚÂ

èÂËÔÎ‡ÁÏ‡ÚË˜ÂÒÍËÈ
‰ÓÏÂÌ

ÏÓ‰ÛÎ¸ ÏÓ‰ÛÎ¸ ÏÓ‰ÛÎ¸
‡

·

êËÒ. 3. ‡ – ëÚÛÍÚÛ‡ ÒÂÌÒÓÌ˚ı ·ÂÎÍÓ‚ NarX Ë NarQ [34]; íå – Ú‡ÌÒÏÂÏ·‡ÌÌ˚Â ÒÂ„ÏÂÌÚ˚. · – î‡„ÏÂÌÚ ‚˚‡‚ÌË-
‚‡ÌËfl ‡ÏËÌÓÍËÒÎÓÚÌ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ̂ ÂÌÚ‡Î¸ÌÓ„Ó ÏÓ‰ÛÎfl ·ÂÎÍÓ‚ NarX Ë NarQ. ë‚ÂıÛ ÛÍ‡Á‡Ì˚ ÔÓÁËˆËË ‡ÏË-
ÌÓÍËÒÎÓÚ ‰Îfl NarX E. coli. äÓÌÒÂ‚‡ÚË‚Ì˚Â ̂ ËÒÚÂËÌÓ‚˚Â ÓÒÚ‡ÚÍË Á‡˜ÂÌÂÌ˚. ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl ‰Îfl „ÂÌÓÏÓ‚ – ÒÏ.
“ìëãéÇàü ùäëèÖêàåÖçíÄ”. 

í‡·ÎËˆ‡ 1.  éÔÂÓÌÌ‡fl ÒÚÛÍÚÛ‡ ‰Îfl „ÂÌÓ‚ nap, ccm Ë nrf

ÉÂÌÓÏ˚
éÔÂÓÌ˚

nap ccm nrf

Y. pestis, Y. enterocolitica napFDABC ccmABCDEFGH éÚÒÛÚÒÚ‚ÛÂÚ

P. multocida napFDAGHBC ccmABCDEFGH nrfABCDEXFGH
A. actinomycetemcomitans napDAGHBC ccmABCDEFGH nrfABCDEXFGH
H. influenzae napFDAGHBC ccmABCDEFGH nrfABCD nrfEXFGH
H. ducreyi napFDAGHBC ccmABCDEF ccmGH nrfABCD nrfEXFGH
V. vulnificus, V. parahaemolyticus napFDABC ccmABCDEFGH nrfA↔nrfBCDEXF

nrfG
V. cholerae napFDABC ccmABCDEFGH éÚÒÛÚÒÚ‚ÛÂÚ

V. fischeri napFDABC ccmABCDEFGH nrfA↔nrfBCDEXF
nrfG

èËÏÂ˜‡ÌËÂ: “↔” – „ÂÌ˚ Ó·‡ÁÛ˛Ú ‰Ë‚Â„ÓÌ.

• • • • • •
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‡Î¸Ì˚ÏË ˜ÎÂÌ‡ÏË Â„ÛÎÓÌ‡ – Á‡˜‡ÒÚÛ˛ Ì‡ıÓ‰ËÎË
ÎË¯¸ Ò‡ÈÚ˚ Ò ‚ÂÒÓÏ ÌËÊÂ ÔËÌflÚÓ„Ó ÔÓÓ„Ó‚Ó„Ó
ÁÌ‡˜ÂÌËfl. èÓ˝ÚÓÏÛ ‰Îfl ‰‡ÌÌÓ„Ó „ÂÌÓÏ‡ ˝ÚÓÈ ·‡Í-
ÚÂËË Ì‡ÏË ÛÒÚ‡ÌÓ‚ÎÂÌÓ ÔÓÓ„Ó‚ÓÂ ÁÌ‡˜ÂÌËÂ 3.25.
èË ˝ÚËı ÛÒÎÓ‚Ëflı ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡-
ÌËfl NarP Ó·Ì‡ÛÊË‚‡˛ÚÒfl ‚ Í‡Ê‰ÓÏ „ÂÌÓÏÂ ÔÂÂ‰
ÔË·ÎËÁËÚÂÎ¸ÌÓ ˜ÂÚ˚¸Ïfl ÒÓÚÌflÏË „ÂÌÓ‚. üÒÌÓ,
˜ÚÓ ÓÚ‰ÂÎ¸Ì˚Â ÔÂ‰ÒÍ‡Á‡ÌËfl Ú‡ÍËı Ò‡ÈÚÓ‚ ÌÂ‰Ó-
ÒÚÓ‚ÂÌ˚. é‰Ì‡ÍÓ ÌÂÓ‰ÌÓÍ‡ÚÌÓ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ,
˜ÚÓ ÔÓÒÎÂ ÔËÏÂÌÂÌËfl ÔÓˆÂ‰Û˚ ÔÓ‚ÂÍË ÒÓÓÚ-

‚ÂÚÒÚ‚Ëfl (ÒÏ. “ìÒÎÓ‚Ëfl ˝ÍÒÔÂËÏÂÌÚ‡”) ÏÓ„ÛÚ ÓÒ-
Ú‡Ú¸Òfl ÎË¯¸ Â‰ËÌË˜Ì˚Â ÎÓÊÌ˚Â ÔÓÍ‡Á‡ÌËfl [37].

ëÚÛÍÚÛ‡ Ó·Ó·˘ÂÌÌÓ„Ó NarP-Â„ÛÎÓÌ‡
‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏ‡ı

Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔÓˆÂ‰ÛÓÈ ÔÓËÒÍ‡ ˜ÎÂÌÓ‚
Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡, ÓÔËÒ‡ÌÌÓÈ ‚ ‡Á‰ÂÎÂ “ìÒ-
ÎÓ‚Ëfl ˝ÍÒÔÂËÏÂÌÚ‡”, Í ÌÂÏÛ ÏÓÊÌÓ ÓÚÌÂÒÚË 77
„ÂÌÓ‚, Ó„‡ÌËÁÓ‚‡ÌÌ˚ı, Í‡Í ÏËÌËÏÛÏ, ‚ 29 ÓÔÂÓ-

í‡·ÎËˆ‡ 2.  èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl NarP, ‚Ó¯Â‰¯ËÂ ‚ Ó·Û˜‡˛˘Û˛ ‚˚·ÓÍÛ (ÒÏ. ÔÓflÒÌÂÌËfl ‚ ÚÂÍÒÚÂ).
ìÍ‡Á‡ÌÓ ÔÓÎÓÊÂÌËÂ Ò‡ÈÚ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ Ì‡˜‡Î‡ ‡ÏÍË Ò˜ËÚ˚‚‡ÌËfl

ÉÂÌÓÏ éÔÂÓÌ ë‡ÈÚ ÇÂÒ èÓÎÓÊÂÌËÂ

Y. pestis napFDABC T a AC T C T a a AGAGT a A 4.48 –184

ccmABCDEFGH T AC C t c T AT A a g GGT A 4.67 –113

Y. enterocolitica napFDABC T a AC T C T a a AGAGT a A 4.48 –182

ccmABCDEFGH T AC C t c T AT A a g GGT A 4.67 –113

T A c T a C g T A a G g A t T A 3.83 –79

P. multocida ccmABCDEFGH c AC C T C T a a AGAGGT a 4.80 –99

nrfABCDEXFG T A a C T c T a a A t AG g T A 4.78 –289

T AC t T a T t t A g A g GT A 4.71 –206

A. actinomycetemcomitans nrfABCDEXFG T AC t a AT a a AT a g GT A 4.32 –343

H. influenzae ccmABCDEFGH T A c t T C T a a AGA g t T A 4.79 –85

H. ducreyi napFDAGHBC T a c C T a a AT g g AG t g A 3.62 –81

ccmABCDEFGH T AC c T C T a a AGA a GT A 4.94 –86

T AC t a T a a a a A a g GT A 3.82 –117

V. vulnificus napFDABC T AC C C C c T A a GGGGT A 4.71 –126

ccmABCDEFGH T c a C T C T AT AGAG g t A 4.49 –147

nrfBCDEXF T AC C C C T a a AGGGGT A 4.91 –304

nrfA T AC C C C T t t AGGGGT A 4.91 –193

V. parahaemolyticus napFDABC T AC C T C c T A a GAGGT A 4.97 –124

napGH T AC C T C t T A t GAGGT A 4.88 –82

nrfBCDEXF T AC C c C T a a AG t GGT A 4.88 –300

T a c c T C t T A g GA a t a A 4.21 –196

nrfA T AC C a C T t t AG g GGT A 4.88 –190

T t a t T C c T A a GA g g t A 4.21 –294

V. cholerae napF T AC C T C c T A a GAGGT A 4.97 –79

c A c C t C T t t AG g G c T a 4.16 –153

ccmABCDEFGH T AAC t a c a a a g g GT T A 4.23 –143

V. fischeri napF T A a C C a t T A t g GG g T A 4.23 –85

ccmA T AC C t a c a a a g t GGT A 4.51 –190

nrfA T A a C a C T T AAG a G g T A 4.93 –234

T AC c t c T T AA t t a GT A 4.62 –144

t AC C t c T t t A a t GGT g 4.33 –218

nrfB T A c C t C T T AAG t G t T A 4.93 –253

T AC t a a T T AA g a g GT A 4.62 –343

c AC C a t T a a A g a GGT a 4.33 –269
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ÌÓ‚. Ç ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏ‡ı Ó·Ó·˘ÂÌÌ˚È NarP-
Â„ÛÎÓÌ ‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl ÔÓ˜ÚË ‚ÒÂ „ÂÌ˚, ‚ıÓ‰fl-
˘ËÂ ‚ Ó·˙Â‰ËÌÂÌÌ˚È NarL-NarP-Â„ÛÎÓÌ „ÂÌÓÏ‡
E. coli (Ú‡·Î. 3). àÒÍÎ˛˜ÂÌËÂ ÒÓÒÚ‡‚Îfl˛Ú ÎË¯¸ ÌÂ-
ÍÓÚÓ˚Â „ÂÌ˚, ‰Îfl ÍÓÚÓ˚ı ‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „Â-
ÌÓÏ‡ı ÓÚÓÎÓ„Ó‚ ÌÂ ·˚ÎÓ Ì‡È‰ÂÌÓ. ùÚÓ „ÂÌ˚ ËÁ
ÓÔÂÓÌÓ‚ narGHJI, narK, hya, hyb, fumB Ë nuo. é-
ÚÓÎÓ„Ë „ÂÌÓ‚ ÓÔÂÓÌ‡ Ì‡È‰ÂÌ˚ ÎË¯¸ ‚ „ÂÌÓÏ‡ı
Y. pestis Ë Y. enterocolitica, Ó‰Ì‡ÍÓ ÔÂÂ‰ ÌËÏË ÌÂ
Ó·Ì‡ÛÊÂÌÓ ÁÌ‡˜ËÏ˚ı NarP-Ò‡ÈÚÓ‚. í‡ÍËÏ Ó·‡-
ÁÓÏ, Â„ÛÎflˆËfl ‰˚ı‡ÌËfl ‚ ÓÚ‚ÂÚ Ì‡ ÌËÚ‡Ú Ë ÌËÚ-
ËÚ ‚ ˝ÚËı Ó„‡ÌËÁÏ‡ı ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Ó‰ËÌÓ˜ÌÓÈ
‰‚ÛıÍÓÏÔÓÌÂÌÚÌÓÈ ÒËÒÚÂÏÓÈ.

çÂÒÍÓÎ¸ÍÓ ÓÔÂÓÌÓ‚ ‚ÍÎ˛˜ÂÌÓ ‚ Ó·Ó·˘ÂÌÌ˚È
NarP-Â„ÛÎÓÌ Ì‡ ÓÒÌÓ‚‡ÌËË ÙÓÏ‡Î¸ÌÓ„Ó ÍËÚÂ-
Ëfl, ÓÔËÒ‡ÌÌÓ„Ó ‚ ‡Á‰ÂÎÂ “ìëãéÇàü ùäëèÖ-
êàåÖçíÄ”, Ó‰Ì‡ÍÓ ÔË ‡Ì‡ÎËÁÂ ÏÌÓÊÂÒÚ‚ÂÌÌÓ-
„Ó ‚˚‡‚ÌË‚‡ÌËfl Â„ÛÎflÚÓÌ˚ı Ó·Î‡ÒÚÂÈ ˝ÚËı

ÓÔÂÓÌÓ‚ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ÌÂ-
ÍÓÌÒÂ‚‡ÚË‚Ì˚, Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‰‡ÌÌ˚Â ÔÂ‰ÒÍ‡-
Á‡ÌËfl ÌÂ ÏÓ„ÛÚ ‡ÒÒÏ‡ÚË‚‡Ú¸Òfl Í‡Í ‚ÔÓÎÌÂ ‰ÓÒÚÓ-
‚ÂÌ˚Â. í‡ÍÓ‚˚ÏË ÓÔÂÓÌ‡ÏË fl‚Îfl˛ÚÒfl ldhA,
hemR, gcvA Ë sucAB. Ç ÚÓ ÊÂ ‚ÂÏfl, ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì‡fl ÔÓ‚ÂÍ‡ ÔÓÎÛ˜ÂÌÌ˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ ÍÓÏ-
Ô¸˛ÚÂÌÓ„Ó ‡Ì‡ÎËÁ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl Ì‡Ï ‚ÔÓÎÌÂ
ˆÂÎÂÒÓÓ·‡ÁÌÓÈ.

á‡ Ò˜ÂÚ Ó·Ì‡ÛÊÂÌËfl ÌÓ‚˚ı ˜ÎÂÌÓ‚ Ó·Ó·˘ÂÌ-
ÌÓ„Ó Â„ÛÎÓÌ‡ Í ÔflÚË ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï „ÛÔÔ‡Ï
„ÂÌÓ‚, ÔÂÂ˜ËÒÎÂÌÌ˚Ï ‚ ‡Á‰ÂÎÂ “Ç‚Â‰ÂÌËÂ”, ‰Ó-
·‡‚ÎÂÌÓ Â˘Â ‰‚Â. ä‡Ê‰‡fl ËÁ ÒÂÏË ÙÛÌÍˆËÓÌ‡Î¸-
Ì˚ı „ÛÔÔ ·ÓÎÂÂ ÔÓ‰Ó·ÌÓ ÓÔËÒ‡Ì‡ ‰‡ÎÂÂ.

ÉÂÌ˚ Â„ÛÎflÚÓÌ˚ı ·ÂÎÍÓ‚. ç‡Ë·ÓÎÂÂ ÌÂÓÊË-
‰‡ÌÌ˚Ï ÓÍ‡Á‡ÎÒfl ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ÔÓÚÂÌˆË‡Î¸Ì˚Â
NarP-Ò‡ÈÚ˚ Ó·Ì‡ÛÊË‚‡˛ÚÒfl ÔÂÂ‰ „ÂÌ‡ÏË ·ÂÎ-
ÍÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı ‚ Â„ÛÎflˆËË ‰˚ı‡ÌËfl. Ç „ÂÌÓ-
Ï‡ı P. multocida, A. actinomycetemcomitans, H. influ-
enzae, V. cholerae Ë V. fischeri Ú‡ÍËÂ Ò‡ÈÚ˚ Ì‡È‰ÂÌ˚
ÔÂÂ‰ „ÂÌÓÏ fnr, ÔÓ‰ÛÍÚ ÍÓÚÓÓ„Ó ÔÂ‰ÒÚ‡‚ÎflÂÚ
ÒÓ·ÓÈ „ÎÓ·‡Î¸Ì˚È Â„ÛÎflÚÓ ‰˚ı‡ÌËfl, ÓÒÛ˘ÂÒÚ‚-
Îfl˛˘ËÈ ÔÂÂÍÎ˛˜ÂÌËÂ ÏÂÊ‰Û ‡˝Ó·Ì˚Ï Ë ‡Ì‡-
˝Ó·Ì˚Ï ÏÂÚ‡·ÓÎËÁÏÓÏ.

ÇÓ ‚ÒÂı „ÂÌÓÏ‡ı „ÛÔÔ˚ Vibrionaceae ÔÓÚÂÌˆË-
‡Î¸Ì˚Â NarP-Ò‡ÈÚ˚ ‡ÒÔÓÎ‡„‡˛ÚÒfl ÔÂÂ‰ ÓÔÂÓÌÓÏ
narQP ‚ ‚ÂÒ¸Ï‡ ÍÓÌÒÂ‚‡ÚË‚ÌÓÏ Û˜‡ÒÚÍÂ Â„ÛÎflÚÓ-
ÌÓÈ Ó·Î‡ÒÚË ÔÓÒÎÂ ÔÓÚÂÌˆË‡Î¸Ì˚ı ÔÓÏÓÚÓÓ‚.
ÑÛ„ÓÈ ÍÓÌÒÂ‚‡ÚË‚Ì˚È Û˜‡ÒÚÓÍ ÒÓ‰ÂÊËÚ ÔÓÚÂÌ-
ˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl ·ÂÎÍ‡ FNR (ËÒ. 5). 

ÉÂÌ˚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡.
ü‰Ó Ó·Ó·˘ÂÌÌÓ„Ó NarP-Â„ÛÎÓÌ‡ ÒÓÒÚ‡‚Îfl˛Ú „Â-
Ì˚, ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂ-
ÌËË ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡. ùÚÓ „ÂÌ˚ ÔÂËÔÎ‡ÁÏ‡ÚË-
˜ÂÒÍÓÈ ÌËÚ‡ÚÂ‰ÛÍÚ‡Á˚ (nap), ÔÂËÔÎ‡ÁÏ‡ÚË˜ÂÒ-
ÍÓÈ (nrf) Ë ˆËÚÓÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ (nir) ÌËÚËÚÂ‰ÛÍ-

2.0

1.5

1.0

0.5

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

êËÒ. 4. ÑË‡„‡ÏÏ‡ ãÓ„Ó ‰Îfl Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl NarP.
èÓ „ÓËÁÓÌÚ‡Î¸ÌÓÈ ÓÒË ÛÍ‡Á‡Ì ÌÓÏÂ ÔÓÁËˆËË ÌÛÍÎÂ-
ÓÚË‰‡, ÔÓ ‚ÂÚËÍ‡Î¸ÌÓÈ – ËÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡-
ÌËÂ ÔÓÁËˆËË ‚ ·ËÚ‡ı. Ç˚ÒÓÚ‡ ÒÚÓÎ·ˆ‡ ÔÓÔÓˆËÓÌ‡Î¸-
Ì‡ ËÌÙÓÏ‡ˆËÓÌÌÓÏÛ ÒÓ‰ÂÊ‡ÌË˛ ‰‡ÌÌÓÈ ÔÓÁËˆËË,
ÓÚÌÓÒËÚÂÎ¸Ì‡fl ‚˚ÒÓÚ‡ Í‡Ê‰ÓÈ ·ÛÍ‚˚ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ
˜‡ÒÚÓÚÂ ÌÛÍÎÂÓÚË‰‡ ‚ ‰‡ÌÌÓÈ ÔÓÁËˆËË.

êËÒ. 5. åÌÓÊÂÒÚ‚ÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ Â„ÛÎflÚÓÌ˚ı Ó·Î‡ÒÚÂÈ ÓÔÂÓÌ‡ narQP „ÂÌÓÏÓ‚ ·‡ÍÚÂËÈ ÒÂÏ. Vibrionaceae. ìÒ-
ÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl ‰Îfl „ÂÌÓÏÓ‚ – ÒÏ. “ìëãéÇàü ùäëèÖêàåÖçíÄ”. äÓ‰ËÛ˛˘ËÂ Ó·Î‡ÒÚË ÔÓÍ‡Á‡Ì˚ ÍÛÒË‚ÓÏ, ÒÚ‡ÚÓ‚˚Â
ÍÓ‰ÓÌ˚ – ÊËÌ˚Ï ÍÛÒË‚ÓÏ. èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl NarP ÔÓÍ‡Á‡Ì˚ ÊËÌ˚Ï ÔflÏ˚Ï ̄ ËÙÚÓÏ, FNR – ‚˚-
‰ÂÎÂÌ˚ ‡ÏÍÓÈ. èÓÚÂÌˆË‡Î¸Ì˚Â –35 Ë –10 ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÔÓÏÓÚÓÓ‚ ÔÓ‰˜ÂÍÌÛÚ˚. äÓÌÒÂ‚‡ÚË‚Ì˚Â ÔÓÁËˆËË
Ó·ÓÁÌ‡˜ÂÌ˚ Á‚ÂÁ‰Ó˜Í‡ÏË.
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Ú‡Á, ‡ Ú‡ÍÊÂ „ÂÌ˚, ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚Â Á‡ ˝ÍÒÔÓÚ „ÂÏ‡
‚ ÔÂËÔÎ‡ÁÏÛ Ë ÙÓÏËÓ‚‡ÌËÂ Nap-ÍÓÏÔÎÂÍÒ‡
(ccm). èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ÔÂÂ‰ ˝ÚËÏË ÓÔÂÓ-
Ì‡ÏË Ó·Ì‡ÛÊÂÌ˚ ‚Ó ‚ÒÂı ÒÎÛ˜‡flı.

ÉÂÌ˚ ‰Â„Ë‰Ó„ÂÌ‡Á ‰ÓÌÓÓ‚ ˝ÎÂÍÚÓÌÓ‚. ê‡-
ÌÂÂ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÚÓÎ¸ÍÓ ÓÔÂÓÌ fdnGHI
ÙÓÏË‡Ú‰Â„Ë‰Ó„ÂÌ‡Á˚ Â„ÛÎËÛÂÚÒfl Ù‡ÍÚÓ‡ÏË
NarL Ë NarP [38]. ùÚÓÚ ÓÔÂÓÌ „ÓÏÓÎÓ„Ë˜ÂÌ ÓÔÂ-
ÓÌÛ fdn Ë ‚˚ÔÓÎÌflÂÚ ÚÛ ÊÂ ÙÛÌÍˆË˛ [38]. ë‡ÈÚ˚
ÔÂÂ‰ ÓÔÂÓÌÓÏ fdo Ó·Ì‡ÛÊÂÌ˚ ‚ „ÂÌÓÏ‡ı Y. pes-
tis Ë Y. enterocolitica. ÉÂÌ fdhD ËÏÂÂÚ ÔÓÚÂÌˆË‡Î¸-
Ì˚È Ò‡ÈÚ ‚ Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË ˜ÂÚ˚Âı „ÂÌÓ-
ÏÓ‚. íÓ˜Ì‡fl ÙÛÌÍˆËfl ˝ÚÓ„Ó „ÂÌ‡ ÌÂËÁ‚ÂÒÚÌ‡, ÌÓ
ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÔÓ‰ÛÍÚ Â„Ó ˝ÍÒÔÂÒÒËË
Û˜‡ÒÚ‚ÛÂÚ ‚ ‡·ÓÚÂ ÙÓÏË‡Ú‰Â„Ë‰Ó„ÂÌ‡Á [39]. 

çÓ‚˚Ï ˜ÎÂÌÓÏ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡ fl‚ÎflÂÚÒfl
Ú‡ÍÊÂ ÓÔÂÓÌ nqrABCDEF, ÍÓ‰ËÛ˛˘ËÈ NADH-‰Â-
„Ë‰Ó„ÂÌ‡ÁÛ, ˝ÍÒÔÓÚËÛ˛˘Û˛ ËÓÌ˚ Ì‡ÚËfl [40].

ÉÂÌ˚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ‡ÍˆÂÔ-
ÚÓÓ‚ ˝ÎÂÍÚÓÌÓ‚. èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚-
‚‡ÌËfl NarP Ó·Ì‡ÛÊÂÌ˚ ÔÂÂ‰ ÓÔÂÓÌ‡ÏË, ÍÓ‰ËÛ-
˛˘ËÏË ‰Â„Ë‰Ó„ÂÌ‡Á˚ ‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ‡ÍˆÂÔÚÓ-
Ó‚ ˝ÎÂÍÚÓÌÓ‚. ä ‰‡ÌÌÓÈ „ÛÔÔÂ ÓÚÌÓÒflÚÒfl ‰‚‡
ÌÓ‚˚ı ˜ÎÂÌ‡ Â„ÛÎÓÌ‡: ÓÔÂÓÌ˚ torYZ Ë cydAB.
èÂ‚˚È ËÁ ÌËı ÍÓ‰ËÛÂÚ ‚ÚÓÛ˛ Â‰ÛÍÚ‡ÁÛ ÚË-
ÏÂÚËÎÓÍÒË‰‡ ‡ÁÓÚ‡, Ë „ÂÌ˚ torY Ë torZ fl‚Îfl˛ÚÒfl
Ô‡‡ÎÓ„‡ÏË ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ „ÂÌÓ‚ torC Ë torA [41].
ÇÚÓÓÈ, ÓÔÂÓÌ cydAB, ÍÓ‰ËÛÂÚ ÍÓÏÔÎÂÍÒ ˆËÚÓ-
ıÓÏ-d-ÓÍÒË‰‡Á˚. ùÚÓÚ ÙÂÏÂÌÚ Í‡Ú‡ÎËÁËÛÂÚ ÔÂ-
ÂÌÓÒ ˝ÎÂÍÚÓÌÓ‚ Ò Û·ËıËÌÓÎ‡-8 Ì‡ ÏÓÎÂÍÛÎflÌ˚È
ÍËÒÎÓÓ‰ Ë Û˜‡ÒÚ‚ÛÂÚ, Ú‡ÍËÏ Ó·‡ÁÓÏ, ‚ ‡˝Ó·ÌÓÏ
‰˚ı‡ÌËË [42]. éÔÂÓÌ fl‚ÎflÂÚÒfl ˜ÎÂÌÓÏ NarP-Â„Û-
ÎÓÌÓ‚ ‚Ó ÏÌÓ„Ëı „ÂÌÓÏ‡ı (Ú‡·Î. 3).

ÉÂÌ˚ ÏÂÚ‡·ÓÎËÁÏ‡ ˜ÂÚ˚ÂıÛ„ÎÂÓ‰Ì˚ı ‰Ë-
Í‡·ÓÌÓ‚˚ı ÍËÒÎÓÚ. NarL-Á‡‚ËÒËÏ‡fl Â„ÛÎflˆËfl
ÓÔÂÓÌ‡ dcuB-fumB ‚ E. coli ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÔÓ-
Í‡Á‡Ì‡ ‡ÌÂÂ [13]. Ç fl‰Â ËÒÒÎÂ‰ÛÂÏ˚ı „ÂÌÓÏÓ‚
ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ‡ÒÔÓÎ‡„‡˛ÚÒfl ÔÂÂ‰ „Â-
ÌÓÏ dcuB, ÚÓ„‰‡ Í‡Í ÓÚÓÎÓ„Ó‚ „ÂÌ‡ fumB ÌÂ Ó·Ì‡-
ÛÊÂÌÓ ÌË ‚ Ó‰ÌÓÏ ËÁ „ÂÌÓÏÓ‚. óÎÂÌÓÏ Ó·Ó·˘ÂÌ-
ÌÓ„Ó Â„ÛÎÓÌ‡ fl‚ÎflÂÚÒfl Ë Ô‡‡ÎÓ„ dcuB, „ÂÌ dcuA,
Ú‡ÍÊÂ ÍÓ‰ËÛ˛˘ËÈ ·ÂÎÓÍ-Ú‡ÌÒÔÓÚÂ ‰ËÍ‡·Ó-
ÌÓ‚˚ı ÍËÒÎÓÚ [13]. äÓÏÂ ÚÓ„Ó, ÔÓÚÂÌˆË‡Î¸Ì˚Â
Ò‡ÈÚ˚ Ì‡È‰ÂÌ˚ ÔÂÂ‰ ‰‚ÛÏfl Ô‡‡ÎÓ„‡ÏË fumB-
fumC Ë aspA. ÉÂÌ fumC, Ú‡Í ÊÂ Í‡Í Ë fumB, ÍÓ‰ËÛ-
ÂÚ ÙÂÏÂÌÚ ÙÛÏ‡‡ÁÛ [43], ÚÓ„‰‡ Í‡Í ÔÓ‰ÛÍÚÓÏ
aspA fl‚ÎflÂÚÒfl ‰Û„ÓÈ ÙÂÏÂÌÚ ÏÂÚ‡·ÓÎËÁÏ‡ ˜Â-
Ú˚ÂıÛ„ÎÂÓ‰Ì˚ı ‰ËÍ‡·ÓÌÓ‚˚ı ÍËÒÎÓÚ – ‡ÒÔ‡-
Ú‡Ú-‡ÏÏÓÌËÈ-ÎË‡Á‡ [44].

ÉÂÌ˚ ÙÂÏÂÌÚÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı ‚ ·ÓÊÂÌËË.
ê‡ÌÂÂ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‚ Ó·˙Â‰ËÌÂÌÌ˚È NarL-NarP-
Â„ÛÎÓÌ E. coli ‚ıÓ‰flÚ „ÂÌ˚ ‡ÎÍÓ„ÓÎ¸‰Â„Ë‰Ó„ÂÌ‡-
Á˚ adhE [15] Ë ÔËÛ‚‡Ú-ÙÓÏË‡Ú-ÎË‡Á˚ pflB [14].
Ç „ÂÌÓÏÂ E. coli „ÂÌ pflB ÏÓÊÂÚ Ú‡ÌÒÍË·ËÓ‚‡Ú¸-
Òfl Í‡Í ÒÓ‚ÏÂÒÚÌÓ Ò „ÂÌÓÏ Ú‡ÌÒÔÓÚÂ‡ ÙÓÏË‡Ú‡
focA, Ó·‡ÁÛfl Ú‡ÌÒÍËÔÚ focA-pflB, Ú‡Í Ë ÒÓ Ò‚ÓÂ„Ó
ÒÓ·ÒÚ‚ÂÌÌÓ„Ó ÔÓÏÓÚÓ‡. ë‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl NarL
‡ÒÔÓÎ‡„‡˛ÚÒfl ÔÂÂ‰ ÓÔÂÓÌÓÏ focA-pflB, ÔÂÂ‰

‚ÌÛÚÂÌÌËÏ ÊÂ ÔÓÏÓÚÓÓÏ Ëı ÌÂ Ó·Ì‡ÛÊÂÌÓ
[14]. èÓÒÍÓÎ¸ÍÛ ‚ „ÂÌÓÏ‡ı Y. pestis Ë Y. enterocoli-
tica ËÏÂÂÚÒfl ÔÓÚÂÌˆË‡Î¸Ì˚È ÓÔÂÓÌ focA-pflB, ÚÓ
‚ÂÒ¸Ï‡ ‚ÂÓflÚÌÓ, ˜ÚÓ Ú‡ÌÒÍËÔˆËfl ‰‡ÌÌ˚ı „ÂÌÓ‚
ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Ú‡Í ÊÂ, Í‡Í Ë ‚ E. coli. ç‡ ˝ÚÓ ÛÍ‡-
Á˚‚‡ÂÚ Ë ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ‚ ˝ÚËı „ÂÌÓÏ‡ı Ó·Ì‡ÛÊÂ-
Ì˚ ÔÓÚÂÌˆË‡Î¸Ì˚Â NarP-Ò‡ÈÚ˚ ÔÂÂ‰ „ÂÌÓÏ focA
(‰‡ÌÌ˚Â ÌÂ ÔË‚Ó‰flÚÒfl), Ó‰Ì‡ÍÓ Ú‡ÍËÂ ÊÂ Ò‡ÈÚ˚
Ó·Ì‡ÛÊÂÌ˚ Ë ÔÂÂ‰ „ÂÌÓÏ pflB. Ç ‰Û„Ëı ËÒÒÎÂ‰Û-
ÂÏ˚ı „ÂÌÓÏ‡ı ‰‡ÌÌ˚Â „ÂÌ˚ ‡ÒÔÓÎ‡„‡˛ÚÒfl ÓÚ-
‰ÂÎ¸ÌÓ, Ë ÔÂÂ‰ Ó‰ËÌÓ˜Ì˚Ï „ÂÌÓÏ focA ÌÂ Û‰‡ÂÚÒfl
Ì‡ÈÚË Ò‡ÈÚÓ‚ Ò ıÓÓ¯ÂÈ „ÓÏÓÎÓ„ËÂÈ. éÚÒ˛‰‡
ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ̃ ÚÓ Â„ÛÎflˆËfl ËÏÂÌÌÓ „ÂÌ‡
pflB fl‚ÎflÂÚÒfl ÍÎ˛˜Â‚ÓÈ. èÓ-‚Ë‰ËÏÓÏÛ, Â˘Â Ó‰ËÌ
˜ÎÂÌ Â„ÛÎÓÌ‡ – Ô‡‡ÎÓ„ pflB – „ÂÌ yfiD Ú‡ÍÊÂ ÍÓ-
‰ËÛÂÚ ÔËÛ‚‡Ú-ÙÓÏË‡ÚÎË‡ÁÛ [45]. 

ç‡ÍÓÌÂˆ, ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ Ò‡ÈÚÓ‚ ‚ ‡ÁÎË˜-
Ì˚ı „ÂÌÓÏ‡ı ÔÓÁ‚ÓÎflÂÚ ÓÚÌÂÒÚË „ÂÌ ldhA, ÍÓ‰ËÛ-
˛˘ËÈ Î‡ÍÚ‡Ú‰Â„Ë‰Ó„ÂÌ‡ÁÛ [46], Ë „ÂÌ pgk, ÍÓ‰Ë-
Û˛˘ËÈ ÙÓÒÙÓ„ÎËˆÂ‡ÚÍËÌ‡ÁÛ [47], Í Ó·Ó·˘ÂÌ-
ÌÓÏÛ NarP-Â„ÛÎÓÌÛ. èË ˝ÚÓÏ Ò‡ÈÚ˚ ÔÂÂ‰ „ÂÌÓÏ
pgk ‚ ÒÂÏÂÈÒÚ‚Â Pasteurellaceae ÔË ÏÌÓÊÂÒÚ‚ÂÌ-
ÌÓÏ ‚˚‡‚ÌË‚‡ÌËË Â„ÛÎflÚÓÌ˚ı Ó·Î‡ÒÚÂÈ ‡ÒÔÓ-
Î‡„‡˛ÚÒfl Ì‡ Ó‰ÌÓÏ Ë ÚÓÏ ÊÂ ÏÂÒÚÂ Ë ÔÂÂÍ˚‚‡-
˛ÚÒfl Ò ÔÓÚÂÌˆË‡Î¸Ì˚ÏË ÔÓÏÓÚÓ‡ÏË, ÚÓ„‰‡ Í‡Í
ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ÔÂÂ‰ ldhA ‚ Vibrionaceae
‡ÒÔÓÎ‡„‡˛ÚÒfl ‚ ‡ÁÌ˚ı ÏÂÒÚ‡ı (‰‡ÌÌ˚Â ÌÂ ÔË-
‚Ó‰flÚÒfl), ̃ ÚÓ ÒÚ‡‚ËÚ ÔÓ‰ ÒÓÏÌÂÌËÂ Â„ÛÎflˆË˛ ‰‡Ì-
ÌÓ„Ó „ÂÌ‡ Ò ÔÓÏÓ˘¸˛ NarP.

ÉÂÌ˚ ÙÂÏÂÌÚÓ‚ ˆËÍÎ‡ ÚËÍ‡·ÓÌÓ‚˚ı ÍËÒ-
ÎÓÚ. Ñ‚‡ ÓÔÂÓÌ‡, ÍÓ‰ËÛ˛˘Ëı ÙÂÏÂÌÚ˚ ˆËÍÎ‡
ÚËÍ‡·ÓÌÓ‚˚ı ÍËÒÎÓÚ, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, Ú‡ÍÊÂ
‚ıÓ‰flÚ ‚ Ó·Ó·˘ÂÌÌ˚È NarP-Â„ÛÎÓÌ. èÓ‰ÛÍÚÓÏ
„ÂÌ‡ mdh fl‚ÎflÂÚÒfl Ï‡Î‡Ú‰Â„Ë‰Ó„ÂÌ‡Á‡ [48], ÚÓ„‰‡
Í‡Í ÓÔÂÓÌ sucAB ÍÓ‰ËÛÂÚ ‰‚Â ÒÛ·˙Â‰ËÌËˆ˚ ÙÂ-
ÏÂÌÚ‡ 2-ÓÍÒÓ„ÎÛÚ‡‡Ú‰Â„Ë‰Ó„ÂÌ‡Á˚ [49]. ë‡ÈÚ˚
ÔÂÂ‰ ‰‚ÛÏfl ˝ÚËÏË ÓÔÂÓÌ‡ÏË Ó·Ì‡ÛÊÂÌ˚ ÚÓÎ¸-
ÍÓ ‚ „ÂÌÓÏ‡ı ·‡ÍÚÂËÈ ËÁ ÒÂÏÂÈÒÚ‚‡ Pasteurellace-
ae (Ú‡·Î. 3), ÔË˜ÂÏ Ò‡ÈÚ˚ ÔÂÂ‰ „ÂÌÓÏ mdh ‡ÒÔÓ-
Î‡„‡˛ÚÒfl ‚ Ó‰ÌÓÏ ÏÂÒÚÂ, ‡ Ò‡ÈÚ˚ ÔÂÂ‰ sucAB ‡Á-
·ÓÒ‡Ì˚ (‰‡ÌÌ˚Â ÌÂ ÔË‚Ó‰flÚÒfl).

ÉÂÌ˚ ÒËÌÚÂÁ‡ ÏÓÎË·‰ÓÔÚÂËÌÓ‚Ó„Ó ÍÓÙ‡ÍÚÓ-
‡. Ç ÒÂÏË ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏ‡ı ÔÓÚÂÌˆË‡Î¸Ì˚Â
Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl NarP Ó·Ì‡ÛÊÂÌ˚ ÔÂÂ‰ ÓÔÂÓ-
ÌÓÏ moaABCDE. èË ˝ÚÓÏ Ò‡ÈÚ˚ ‚ ˜ÂÚ˚Âı „ÂÌÓ-
Ï‡ı ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ Vibrionaceae ‡ÒÔÓÎÓÊÂÌ˚ ‚
Ó‰ÌÓÏ ÏÂÒÚÂ, ÚÓ„‰‡ Í‡Í Ò‡ÈÚ˚ ‚ „ÂÌÓÏ‡ı ÚÂı ‚Ë-
‰Ó‚ ÒÂÏ. Pasteurellaceae ‡Á·ÓÒ‡Ì˚ Ë ÏÂÌÂÂ ‰ÓÒÚÓ-
‚ÂÌ˚ (‰‡ÌÌ˚Â ÌÂ ÔË‚Ó‰flÚÒfl). èÓ‰ÛÍÚ˚ „ÂÌÓ‚
ÓÔÂÓÌ‡ moaABCDE ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚ Á‡ ‡ÌÌËÂ ÒÚ‡-
‰ËË ÒËÌÚÂÁ‡ ÏÓÎË·‰ÓÔÚÂËÌÓ‚Ó„Ó ÍÓÙ‡ÍÚÓ‡ [50].

Ç fl‰Â „ÂÌÓÏÓ‚ NarP-Ò‡ÈÚ˚ ÎÓÍ‡ÎËÁÛ˛ÚÒfl ÔÂÂ‰
„ÂÌÓÏ gcvA, ÌÓ Ëı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ï‡ÎÓ ÍÓÌ-
ÒÂ‚‡ÚË‚Ì˚ (‰‡ÌÌ˚Â ÌÂ ÔË‚Ó‰flÚÒfl). ÅÂÎÓÍ GcvA
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Ú‡ÌÒÍËÔˆËÓÌÌ˚È Ù‡ÍÚÓ,
‡ÍÚË‚‡ÚÓ ÓÔÂÓÌ‡ gcvTHP. èÓ‰ÛÍÚ˚ „ÂÌÓ‚ ˝ÚÓ-
„Ó ÓÔÂÓÌ‡ Û˜‡ÒÚ‚Û˛Ú ‚ ‡Ò˘ÂÔÎÂÌËË „ÎËˆËÌ‡,
ÍÓÚÓ˚È fl‚ÎflÂÚÒfl ËÒÚÓ˜ÌËÍÓÏ ÔÂÂÌÓÒËÏ˚ı ÙÓ-
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ê‡‚˜ÂÂ‚ Ë ‰.

Î‡Ú‡ÏË Ó‰ÌÓÛ„ÎÂÓ‰Ì˚ı Ù‡„ÏÂÌÚÓ‚ [51]. ÇÍÎ˛-
˜ÂÌËÂ Ú‡ÍËı Ù‡„ÏÂÌÚÓ‚, ÔÂÂÌÓÒËÏ˚ı ÚÂÚ‡„Ë‰-
ÓÙÓÎ‡Ú‡ÏË, – ÌÂÓ·ıÓ‰ËÏ‡fl ÒÚ‡‰Ëfl ·ËÓÒËÌÚÂÁ‡
ÏÓÎË·‰ÓÔÚÂËÌÓ‚Ó„Ó ÍÓÙ‡ÍÚÓ‡ [50].

ÉÂÌ˚ ÏÂÚ‡·ÓÎËÁÏ‡ ÒÂ˚. é·Ì‡ÛÊÂÌÌ‡fl Ì‡ÏË
Â„ÛÎflˆËfl ÓÔÂÓÌ‡ cysJIH ÒÔÂˆËÙË˜Ì‡ ‰Îfl Ó„‡-
ÌËÁÏÓ‚ ÒÂÏÂÈÒÚ‚‡ Vibrionaceae. ÅÂÎÍË, ÍÓ‰ËÛÂ-
Ï˚Â ‰‡ÌÌ˚Ï ÓÔÂÓÌÓÏ, Û˜‡ÒÚ‚Û˛Ú ‚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂ-
ÌËË 3'-ÙÓÒÙÓ‡‰ÂÌËÎÒÛÎ¸Ù‡Ú‡ ‰Ó ÒÛÎ¸ÙË‰‡ [52].

éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ

ëÚÛÍÚÛ‡ ÒËÒÚÂÏ˚ ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó 
‰˚ı‡ÌËfl ‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏ‡ı

Ç ÍÎÂÚÍ‡ı E. coli ÒÙÓÏËÓ‚‡Î‡Ò¸ ÒÎÓÊÌ‡fl ÒËÒ-
ÚÂÏ‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡ (ËÒ. 6‡).
ÇÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ÌËÚ‡Ú‡ ÏÓÊÂÚ ÔÓËÒıÓ‰ËÚ¸ ‚ ÔÂ-
ËÔÎ‡ÁÏÂ Á‡ Ò˜ÂÚ ÍÓÏÔÎÂÍÒ‡ NapABCD, ‡ ‚ ˆËÚÓ-
ÔÎ‡ÁÏÂ – ÍÓÏÔÎÂÍÒ‡ NarGHI. ñËÚÓÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÂ
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ÌËÚ‡Ú‡ ·ÓÎÂÂ ‚˚„Ó‰ÌÓ ˝ÌÂ„ÂÚË-
˜ÂÒÍË ‚ ÒËÎÛ ÓÒÓ·ÂÌÌÓÒÚÂÈ Ó„‡ÌËÁ‡ˆËË ‰˚ı‡ÚÂÎ¸-
ÌÓÈ ˆÂÔË, Ó‰Ì‡ÍÓ ÔË ˝ÚÓÏ ‚ ˆËÚÓÔÎ‡ÁÏÂ Ì‡Í‡ÔÎË-
‚‡ÂÚÒfl ÚÓÍÒË˜Ì˚È ‰Îfl ÍÎÂÚÍË ÌËÚËÚ. èÓ˝ÚÓÏÛ
Á‰ÂÒ¸ ÔËÒÛÚÒÚ‚ÛÂÚ ÌËÚËÚÂ‰ÛÍÚ‡ÁÌ˚È ÍÓÏÔÎÂÍÒ
NirBD, ‚˚ÔÓÎÌfl˛˘ËÈ Á‡˘ËÚÌÛ˛ ÙÛÌÍˆË˛. äÓÏÂ
ÚÓ„Ó, ÌËÚËÚ ‚˚‚Ó‰ËÚÒfl ‚ ÔÂËÔÎ‡ÁÏÛ Ò ÔÓÏÓ˘¸˛
Ú‡ÌÒÔÓÚÂÓ‚ NarK Ë NirC [1]. Ç ÔÂËÔÎ‡ÁÏÂ ‚ÓÒ-
ÒÚ‡ÌÓ‚ÎÂÌËÂ ÌËÚËÚ‡ ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Ò ÔÓÏÓ˘¸˛
ÒÓÔflÊÂÌÌÓ„Ó Ò ÏÂÏ·‡ÌÓÈ Nrf-ÍÓÏÔÎÂÍÒ‡.

ÅÓÎÂÂ ·ÂÁÓÔ‡ÒÌ˚È ÔÂËÔÎ‡ÁÏ‡ÚË˜ÂÒÍËÈ ÔÛÚ¸
ËÒÔÓÎ¸ÁÛÂÚÒfl, ÂÒÎË ÍÓÌˆÂÌÚ‡ˆËfl ÌËÚ‡Ú‡ ÌÂ‚ÂÎË-
Í‡. èË ·ÓÎÂÂ ‚˚ÒÓÍËı ÍÓÌˆÂÌÚ‡ˆËflı ÓÌ ÂÔÂÒ-
ÒËÛÂÚÒfl, Ë ‡ÍÚË‚ËÛÂÚÒfl ˆËÚÓÔÎ‡ÁÏ‡ÚË˜ÂÒÍËÈ
ÔÛÚ¸ [1]. í‡Í‡fl ÒËÒÚÂÏ‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ Ë
ÌËÚËÚ‡ ÚÂ·ÛÂÚ ÚÓ˜ÌÓÈ Â„ÛÎflˆËË, ̃ ÚÓ Ë ÔË‚ÂÎÓ
‚ ˝‚ÓÎ˛ˆËË Í Û‰‚ÓÂÌË˛ Â„ÛÎflÚÓÌÓÈ ÒËÒÚÂÏ˚.

Ç „ÂÌÓÏ‡ı, ËÁÛ˜‡‚¯ËıÒfl ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ, ÂÒÚ¸
„ÂÌ˚ ÚÓÎ¸ÍÓ ‰Îfl ÔÂËÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÌËÚ‡ÚÂ-
‰ÛÍÚ‡Á˚, Ú.Â. Á‰ÂÒ¸ Â‡ÎËÁÓ‚‡Ì ·ÓÎÂÂ ·ÂÁÓÔ‡ÒÌ˚È
ÔÛÚ¸ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ (ËÒ. 6·). Ç ˝ÚÓÏ ÒÎÛ-
˜‡Â ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎÂÂ ÔÓÒÚÓÈ Â‰ËÌË˜ÌÓÈ ÒËÒÚÂ-
Ï˚. Ç Í‡˜ÂÒÚ‚Â ÒÂÌÒÓÌÓ„Ó ·ÂÎÍ‡ ‚ ‰‡ÌÌÓÈ ÒËÒÚÂ-
ÏÂ ‰ÂÈÒÚ‚ÛÂÚ ·ÂÎÓÍ NarQ, Ó‰ËÌ‡ÍÓ‚Ó Â‡„ËÛ˛-
˘ËÈ Ì‡ ÌËÚ‡Ú Ë ÌËÚËÚ. Ç „ÂÌÓÏ‡ı ·‡ÍÚÂËÈ Ó‰‡
Yersinia Ó·Ì‡ÛÊÂÌ˚ ÓÚÓÎÓ„Ë „ÂÌ‡ narX. é‰Ì‡ÍÓ
ÌÂÍÓÚÓ˚Â ËÁÏÂÌÂÌËfl ‚ ‡ÏËÌÓÍËÒÎÓÚÌÓÈ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ‚ ˜‡ÒÚÌÓÒÚË, ÓÚÒÛÚÒÚ‚ËÂ ‚ ÌÂÈ ÍÓÌ-
ÒÂ‚‡ÚË‚Ì˚ı ˆËÒÚÂËÌÓ‚, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÚÓÏ,
˜ÚÓ ‰‡ÌÌ˚È ·ÂÎÓÍ, ÔÓ-‚Ë‰ËÏÓÏÛ, ‚˚ÔÓÎÌflÂÚ
ÙÛÌÍˆËË ·ÂÎÍ‡ NarQ, Ë Â„Ó ÓÚ‚ÂÚ Ì‡ ÌËÚ‡Ú Ë ÌËÚ-
ËÚ ÌÂ ‰ËÙÙÂÂÌˆËÓ‚‡Ì.

é‰Ì‡ÍÓ ‚ „ÂÌÓÏ‡ı Y. pestis Ë Y. enterocolitica ÌÂÚ
„ÂÌÓ‚ ‰Îfl ÔÂËÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÌËÚËÚÂ‰ÛÍÚ‡Á˚,
‡ ‚ „ÂÌÓÏÂ V. cholerae ÌÂÚ „ÂÌÓ‚ ÌË ‰Îfl Ó‰ÌÓÈ ËÁ
ÌËÚËÚÂ‰ÛÍÚ‡Á. èÓ˝ÚÓÏÛ Ó„‡ÌËÁ‡ˆËfl ÒËÒÚÂÏ˚
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡ ‚ ˝ÚËı ÚÂı Ó-
„‡ÌËÁÏ‡ı ÚÂ·ÛÂÚ ÓÚ‰ÂÎ¸ÌÓ„Ó ËÁÛ˜ÂÌËfl, ̃ ÚÓ ‚˚ıÓ-
‰ËÚ Á‡ ‡ÏÍË ‰‡ÌÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl.
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êËÒ. 6. ëËÒÚÂÏ‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÌËÚ‡Ú‡ Ë ÌËÚËÚ‡ ‚ E. coli (‡) Ë ‚ Ó„‡ÌËÁÏ‡ı, „ÂÌÓÏ˚ ÍÓÚÓ˚ı ËÒÒÎÂ‰Ó‚‡Ì˚ ‚ ‰‡ÌÌÓÈ
‡·ÓÚÂ (·).
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Ä‚ÚÓÂ„ÛÎflˆËfl Ë Â„ÛÎflÚÓÌ˚Â Í‡ÒÍ‡‰˚

ä‡Í ÛÔÓÏËÌ‡ÎÓÒ¸ ‡ÌÂÂ, ‚Ó ‚ÒÂı „ÂÌÓÏ‡ı „ÛÔ-
Ô˚ Vibrionaceae ÔÂÂ‰ ÓÔÂÓÌÓÏ narQP ËÏÂ˛ÚÒfl
ÔÓÚÂÌˆË‡Î¸Ì˚Â NarP-Ò‡ÈÚ˚, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ
Ó· ‡‚ÚÓÂ„ÛÎflˆËË ‰‡ÌÌÓ„Ó ÓÔÂÓÌ‡. Ç „ÂÌÓÏÂ E.
coli ‡‚ÚÓÏ‡ÚË˜ÂÒÍË Â„ÛÎËÛÂÚÒfl ÓÔÂÓÌ narXL, ‡
„ÂÌ˚ narQ Ë narP ÌÂ Â„ÛÎËÛ˛ÚÒfl ÌË NarL, ÌË
NarP [53]. èÓ-‚Ë‰ËÏÓÏÛ, ˆÂÌÚ‡Î¸Ì‡fl ÓÎ¸ ‚ Â„Û-
ÎflˆËË ÌËÚ‡Ú-ÌËÚËÚÌÓ„Ó ‰˚ı‡ÌËfl Û E. coli ÔË-
Ì‡‰ÎÂÊËÚ ÒËÒÚÂÏÂ NarX-NarL. Ç Ó„‡ÌËÁÏ‡ı ÊÂ,
˜¸Ë „ÂÌÓÏ˚ ËÒÒÎÂ‰Ó‚‡Ì˚ ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ, Â„ÛÎfl-
ˆËfl ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl Ó‰ËÌÓ˜ÌÓÈ ÒËÒÚÂÏÓÈ NarQ-
NarP, ÍÓÚÓ‡fl ÔËÌËÏ‡ÂÚ Ì‡ ÒÂ·fl Â„ÛÎflÚÓÌ˚Â
ÙÛÌÍˆËË, ‚˚ÔÓÎÌflÂÏ˚Â ‰‚ÛÏfl ÒËÒÚÂÏ‡ÏË ‚ E. coli.

çÂÓÊË‰‡ÌÌ˚Ï ÓÍ‡Á‡ÎÓÒ¸ ÚÓ, ˜ÚÓ ÔÂÂ‰ „ÂÌÓÏ
fnr ‚ ÔflÚË „ÂÌÓÏ‡ı Ó·Ì‡ÛÊË‚‡˛ÚÒfl ÔÓÚÂÌˆË‡Î¸-
Ì˚Â Ò‡ÈÚ˚ (Ú‡·Î. 3). èÓ‰ÛÍÚ ‰‡ÌÌÓ„Ó „ÂÌ‡ ÔÂ‰-
ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ „ÎÓ·‡Î¸Ì˚È Â„ÛÎflÚÓ ‰˚ı‡ÌËfl,
ÍÓÚÓ˚È ÓÒÛ˘ÂÒÚ‚ÎflÂÚ ÔÂÂÍÎ˛˜ÂÌËÂ ÏÂÊ‰Û
‡˝Ó·Ì˚Ï Ë ‡Ì‡˝Ó·Ì˚Ï ÏÂÚ‡·ÓÎËÁÏÓÏ [1].

ëÎÂ‰ÛÂÚ Á‡ÏÂÚËÚ¸, ˜ÚÓ ‚ „ÂÌÓÏÂ E. coli ˝ÍÒÔÂÒ-
ÒËfl ÓÔÂÓÌ‡ narXL Û„ÌÂÚ‡ÂÚÒfl ·ÂÎÍÓÏ FNR [53]. í‡-
ÍËÏ Ó·‡ÁÓÏ, ‚ Ó„‡ÌËÁÏ‡ı, ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ‚ ‰‡Ì-
ÌÓÈ ‡·ÓÚÂ, ‚ÂÓflÚÌÓ, ÓÎ¸ NarP ‚ Â„ÛÎflÚÓÌ˚ı
Í‡ÒÍ‡‰‡ı ÓÚÎË˜‡ÂÚÒfl ÓÚ ÓÎË ˝ÚÓ„Ó ·ÂÎÍ‡ Û E. coli.

ÉÂÌ˚ ‡˝Ó·ÌÓ„Ó ÏÂÚ‡·ÓÎËÁÏ‡,
Â„ÛÎËÛÂÏ˚Â NarP

ä‡Í ÛÍ‡Á˚‚‡ÎÓÒ¸ ‚ ‡Á‰ÂÎÂ “êÂÁÛÎ¸Ú‡Ú˚”, ‚ ËÒ-
ÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏ‡ı Ó·Ó·˘ÂÌÌ˚È NarP-Â„ÛÎÓÌ
‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl, ÔÓÏËÏÓ ‚ÒÂ„Ó ÔÓ˜Â„Ó, fl‰ „Â-
ÌÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı ‚ ‡˝Ó·ÌÓÏ ÏÂÚ‡·ÓÎËÁÏÂ (cyd-
AB, mdh Ë sucAB), ÚÓ„‰‡ Í‡Í Û E. coli ÔÓ‰Ó·ÌÓÈ ÒË-
ÚÛ‡ˆËË ÌÂ Ì‡·Î˛‰‡ÂÚÒfl. éÔÂÓÌ cydAB ÍÓ‰ËÛÂÚ
ÒÛ·˙Â‰ËÌËˆ˚ ‡˝Ó·ÌÓÈ Â‰ÛÍÚ‡Á˚, Ë ‚ E. coli Â„Ó
˝ÍÒÔÂÒÒËfl ÂÔÂÒÒËÛÂÚÒfl Â„ÛÎflÚÓÓÏ FNR ‚
ÓÚ‚ÂÚ Ì‡ ‡Ì‡˝Ó·Ì˚Â ÛÒÎÓ‚Ëfl [42]. íÂÏ ÌÂ ÏÂÌÂÂ,
‚ ‚ÓÒ¸ÏË „ÂÌÓÏ‡ı ÔÂÂ‰ ‰‡ÌÌ˚Ï ÓÔÂÓÌÓÏ Ì‡È‰Â-
Ì˚ ıÓÓ¯Ó ‚˚‡ÊÂÌÌ˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl NarP.

äÓÏÂ ÚÓ„Ó, ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ Í Ó·Ó·˘ÂÌÌÓÏÛ
NarP-Â„ÛÎÓÌÛ Ï˚ ÓÚÌÂÒÎË ‰‚‡ ÓÔÂÓÌ‡, ÔÓ‰ÛÍÚ˚
ÍÓÚÓ˚ı ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ÙÂÏÂÌÚ˚ ˆËÍÎ‡
ÚËÍ‡·ÓÌÓ‚˚ı ÍËÒÎÓÚ. Ç E. coli ˝ÍÒÔÂÒÒËfl „ÂÌÓ‚
ˆËÍÎ‡ Â„ÛÎËÛÂÚÒfl Ù‡ÍÚÓ‡ÏË Ú‡ÌÒÍËÔˆËË ArcA
Ë FNR [54, 55]. é‰Ì‡ÍÓ ‚ „ÂÌÓÏ‡ı ·‡ÍÚÂËÈ ÒÂÏÂÈ-
ÒÚ‚‡ Pasteurellaceae ÔÂÂ‰ ‰‡ÌÌ˚ÏË „ÂÌ‡ÏË Ó·Ì‡Û-
ÊÂÌ˚ ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl NarP. 

èÂÂ˜ËÒÎÂÌÌ˚Â Ù‡ÍÚ˚, ‚ ÒÓ‚ÓÍÛÔÌÓÒÚË Ò Ù‡Í-
ÚÓÏ Ó·Ì‡ÛÊÂÌËfl ÍÓÌÒÂ‚‡ÚË‚Ì˚ı NarP-Ò‡ÈÚÓ‚
ÔÂÂ‰ „ÂÌÓÏ fnr, ÛÍ‡Á˚‚‡˛Ú Ì‡ ÚÓ, ˜ÚÓ ‚ ÚÂı Ó„‡-
ÌËÁÏ‡ı, „ÂÌÓÏ˚ ÍÓÚÓ˚ı ËÒÒÎÂ‰Ó‚‡Ì˚ ‚ ‰‡ÌÌÓÈ
‡·ÓÚÂ, ÓÎ¸ ·ÂÎÍ‡ NarP ‚ Â„ÛÎflˆËË ‰˚ı‡ÌËfl ·Ó-
ÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌ‡, ˜ÂÏ ‚ E. coli.

ÉÂÌ˚ ÒËÌÚÂÁ‡ ÏÓÎË·‰ÓÔÚÂËÌÓ‚Ó„Ó ÍÓÙ‡ÍÚÓ‡, 
Ú‡ÌÒÔÓÚ‡ „ÂÏ‡ Ë ÏÂÚ‡·ÓÎËÁÏ‡ ÒÂ˚

àÁ‚ÂÒÚÌÓ, ˜ÚÓ ÔËÒÛÚÒÚ‚ËÂ ÏÓÎË·‰ÓÔÚÂËÌÓ‚Ó-
„Ó ÍÓÙ‡ÍÚÓ‡, „ÂÏÓ‚ Ë ÊÂÎÂÁÓÒÂÌ˚ı ÍÎ‡ÒÚÂÓ‚
fl‚ÎflÂÚÒfl ı‡‡ÍÚÂÌÓÈ ˜ÂÚÓÈ ÍÓÏÔÓÌÂÌÚÓ‚ ‰˚ı‡-
ÚÂÎ¸Ì˚ı ˆÂÔÂÈ [1]. åÓÎË·‰ÓÔÚÂËÌÓ‚˚È ÍÓÙ‡Í-
ÚÓ ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ fl‰‡ ÙÂÏÂÌÚÓ‚ ‰˚ı‡ÚÂÎ¸Ì˚ı
ˆÂÔÂÈ (Â‰ÛÍÚ‡Á Ë ‰Â„Ë‰Ó„ÂÌ‡Á). í‡Í, ‰‡ÌÌ˚È ÍÓ-
Ù‡ÍÚÓ ÌÂÓ·ıÓ‰ËÏ ‰Îfl ‡·ÓÚ˚ ÍÓÏÔÎÂÍÒÓ‚, ÍÓ‰Ë-
ÛÂÏ˚ı ÓÔÂÓÌ‡ÏË nrf, nap, torCAD, torYZ, dms, fdn
Ë fdo [1]. èÓÒÍÓÎ¸ÍÛ ‰Îfl ‚ÒÂı ˝ÚËı ÓÔÂÓÌÓ‚ Ì‡ÏË
·˚Î‡ ÔÂ‰ÒÍ‡Á‡Ì‡ NarP-Á‡‚ËÒËÏ‡fl Â„ÛÎflˆËfl,
ÔËÌ‡‰ÎÂÊÌÓÒÚ¸ „ÂÌÓ‚ ÒËÌÚÂÁ‡ ÍÓÙ‡ÍÚÓ‡ Í ËÒ-
ÒÎÂ‰ÛÂÏÓÏÛ Â„ÛÎÓÌÛ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÔÓÎÌÂ ÎÓ-
„Ë˜ÌÓÈ.

Ç „ÂÌÓÏ‡ı H. ducreyi, H. influenzae Ë P. multocida
ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl ËÏÂ˛ÚÒfl Ë ÔÂ-
Â‰ „ÂÌÓÏ hemR, ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ ÍÓ‰ËÛ˛˘ËÏ
Ú‡ÌÒÔÓÚÂ „ÂÏËÌ‡ [26], Ó‰Ì‡ÍÓ Ò‡ÈÚ˚ ÔÂÂ‰
˝ÚËÏ ÓÔÂÓÌÓÏ Í‡ÈÌÂ ‰Ë‚Â„ËÓ‚‡Ì˚ (‰‡ÌÌ˚Â ÌÂ
ÔË‚Ó‰flÚÒfl), Ë ÔÓ˝ÚÓÏÛ ÔËÌ‡‰ÎÂÊÌÓÒÚ¸ ‰‡ÌÌÓ„Ó
„ÂÌ‡ Í Ó·Ó·˘ÂÌÌÓÏÛ NarP-Â„ÛÎÓÌÛ ÒÓÏÌËÚÂÎ¸Ì‡.

çÂ ÒÓ‚ÒÂÏ flÒÌÓ, Í‡ÍÓ‚‡ ÓÎ¸ ÔÓÚÂÌˆË‡Î¸Ì˚ı
NarP-Ò‡ÈÚÓ‚ ÔÂÂ‰ ÓÔÂÓÌÓÏ cysJHI, ÓÚ‚ÂÚÒÚ‚ÂÌ-
Ì˚Ï Á‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ÒÓÂ‰ËÌÂÌËÈ ÒÂ˚. ä‡Í ÛÔÓ-
ÏËÌ‡ÎÓÒ¸ ‡ÌÂÂ, ÔÓ‰ÛÍÚ˚ ‰‡ÌÌ˚ı „ÂÌÓ‚ Û˜‡ÒÚ‚Û-
˛Ú ‚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË 3'-ÙÓÒÙÓ‡‰ÂÌËÎÒÛÎ¸Ù‡Ú‡ ‰Ó
ÒÛÎ¸ÙË‰‡ [52]. çÂ ËÒÍÎ˛˜ÂÌÓ, ˜ÚÓ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌ-
Ì‡fl ÒÂ‡ ÌÂÓ·ıÓ‰ËÏ‡ ‰Îfl ÔÂÂÁ‡fl‰ÍË ÊÂÎÂÁÓÒÂ-
Ì˚ı ÍÎ‡ÒÚÂÓ‚ ‚ ÒÓÒÚ‡‚Â ÍÓÏÔÓÌÂÌÚÓ‚ ‰˚ı‡ÚÂÎ¸-
Ì˚ı ˆÂÔÂÈ.

êÂ„ÛÎflˆËfl ‰ÛÔÎËˆËÓ‚‡ÌÌ˚ı „ÂÌÓ‚

ì E. coli ËÁ‚ÂÒÚÌÓ ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯ÓÂ ˜ËÒÎÓ
‰ÛÔÎËÍ‡ˆËÈ „ÂÌÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı ‚ ÔÓˆÂÒÒ‡ı ‰˚-
ı‡ÌËfl [1]. Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ì‡ÏË ‡ÒÒÏÓÚÂÌÓ ˜Â-
Ú˚Â ÒÎÛ˜‡fl Ú‡ÍËı ‰ÛÔÎËÍ‡ˆËÈ ‰Îfl ÓÔÂÓÌÓ‚ fd-
nGHI/fdoGHI, torCAD/torYZ, pflB/yfiD Ë dcuA/dcuB.
ÇÒÂ ÔÂÂ˜ËÒÎÂÌÌ˚Â Ô‡˚ ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÒÎÂ‰Û-
˛˘ÂÈ ÓÒÓ·ÂÌÌÓÒÚ¸˛: ÔÓ‰ÛÍÚ˚ ÓÔÂÓÌÓ‚ ËÁ Ó‰-
ÌÓÈ Ë Í‡Ê‰ÓÈ Ô‡˚ ‚˚ÔÓÎÌfl˛Ú Ó‰ËÌ‡ÍÓ‚Û˛
ÙÛÌÍˆË˛, ‚ ÚÓ ‚ÂÏfl Í‡Í ‡ÁÎË˜Ëfl ‚ Â„ÛÎflˆËË
˝ÍÒÔÂÒÒËË ˝ÚËı ÓÔÂÓÌÓ‚ ‚ÂÒ¸Ï‡ ÒÛ˘ÂÒÚ‚ÂÌÌ˚
[1, 8, 13, 45].

é‰Ì‡ÍÓ ‚ ıÓ‰Â ˝‚ÓÎ˛ˆËË ‚ ÏÂı‡ÌËÁÏ‡ı Â„ÛÎfl-
ˆËË ÏÓ„ÎË ÔÓËÁÓÈÚË ÁÌ‡˜ËÚÂÎ¸Ì˚Â ËÁÏÂÌÂÌËfl.
èÓ˝ÚÓÏÛ Â„ÛÎflˆËfl ÓÔÂÓÌÓ‚ ËÁ Ó‰ÌÓÈ Ô‡˚ ‡Ò-
ÒÏ‡ÚË‚‡Î‡Ò¸ Ì‡ÏË ÒÓ‚ÏÂÒÚÌÓ: ‚ ÒÎÛ˜‡Â, ÂÒÎË Ò‡ÈÚ
ÒÓı‡ÌflÂÚÒfl ÔÂÂ‰ Î˛·˚Ï „ÂÌÓÏ ËÁ Ô‡˚, ÚÓ Í
Ó·Ó·˘ÂÌÌÓÏÛ Â„ÛÎÓÌÛ ÔË˜ËÒÎflÎËÒ¸ Ó·‡ ˜ÎÂÌ‡
Ô‡˚. ç‡ÔËÏÂ, Ò‡ÈÚ˚ ÔÂÂ‰ ÓÔÂÓÌÓÏ fdoGHI
Ó·Ì‡ÛÊÂÌ˚ ‚ „ÂÌÓÏ‡ı Y. pestis Ë Y. enterocolitica,
‡ Ò‡ÈÚ˚ ÔÂÂ‰ fdnGHI – ‚ „ÂÌÓÏ‡ı P. multocida Ë A.
actinomycetemcomitans. Ç ÓÒÚ‡Î¸Ì˚ı ÊÂ „ÂÌÓÏ‡ı
ÔÓÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ ÔÂÂ‰ ˝ÚËÏË ÓÔÂÓÌ‡ÏË
ÎË·Ó ÌÂÚ, ÎË·Ó Ó·‡ ÓÔÂÓÌ‡ ÓÚÒÛÚÒÚ‚Û˛Ú. Ç Ó·˘ÂÈ
ÒÎÓÊÌÓÒÚË, Ò‡ÈÚ˚ Ì‡È‰ÂÌ˚ ‚ ˜ÂÚ˚Âı „ÂÌÓÏ‡ı, Ì‡
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ê‡‚˜ÂÂ‚ Ë ‰.

ÓÒÌÓ‚‡ÌËË ˜Â„Ó Ó·‡ ÓÔÂÓÌ‡ ‚ÍÎ˛˜ÂÌ˚ ‚ NarP-Â-
„ÛÎÓÌ.

éÔÂÓÌ˚ torCAD Ë yfiD ÓÚÌÂÒÂÌ˚ Í ˜ÎÂÌ‡Ï Â-
„ÛÎÓÌ‡, ËÒıÓ‰fl ËÁ ÚÂı ÊÂ ÒÓÓ·‡ÊÂÌËÈ (ÒÏ. Ú‡·Î. 3).

êÂ„ÛÎflˆËfl „ÂÌÓ‚ NADç-‰Â„Ë‰Ó„ÂÌ‡Á

Ç „ÂÌÓÏ‡ı Ó„‡ÌËÁÏÓ‚ ËÁ „ÛÔÔ˚ Pasteurellace-
ae ÔÓÚÂÌˆË‡Î¸Ì˚Â NarP-Ò‡ÈÚ˚ ËÏÂ˛ÚÒfl ÔÂÂ‰
ÓÔÂÓÌÓÏ nqrABCDEF, ÍÓÚÓ˚È ÍÓ‰ËÛÂÚ NADH-
‰Â„Ë‰Ó„ÂÌ‡ÁÛ, ˝ÍÒÔÓÚËÛ˛˘Û˛ ËÓÌ˚ Ì‡ÚËfl.
Ñ‡ÌÌ˚È ÙÂÏÂÌÚ ‚ÔÂ‚˚Â Ó·Ì‡ÛÊÂÌ ‚ Ó„‡ÌËÁÏÂ
ÏÓÒÍÓÈ ·‡ÍÚÂËË Vibrio alginolyticus [40]. Ç ˝ÚÓÏ
ÒÎÛ˜‡Â ˝ÍÒÔÓÚ ËÓÌÓ‚ Na+ ÔÓÚË‚ „‡‰ËÂÌÚ‡ ÍÓÌ-
ˆÂÌÚ‡ˆËË ÔÓËÒıÓ‰ËÚ Á‡ Ò˜ÂÚ ÓÍËÒÎÂÌËfl NADH;
ÔË ˝ÚÓÏ ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÔÂÂÌÓÒ ˝ÎÂÍÚÓÌÓ‚ Ì‡
Û·ËıËÌÓÌ˚, Ú.Â. Nqr-ÍÓÏÔÎÂÍÒ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ
ÍÓÏÔÓÌÂÌÚ ‰˚ı‡ÚÂÎ¸ÌÓÈ ˆÂÔË. éÚÓÎÓ„Ë „ÂÌÓ‚
nqr-ÓÔÂÓÌ‡ Ó·Ì‡ÛÊÂÌ˚ ‚Ó ‚ÒÂı ËÒÒÎÂ‰Ó‚‡Ì˚ı
„ÂÌÓÏ‡ı, Ó‰Ì‡ÍÓ NarP-Á‡‚ËÒËÏ‡fl Â„ÛÎflˆËfl ‰‡Ì-
ÌÓ„Ó ÓÔÂÓÌ‡ ÒÔÂˆËÙË˜Ì‡ ‰Îfl ·‡ÍÚÂËÈ ÒÂÏÂÈÒÚ-
‚‡ Pasteurelaceae.

ì ·‡ÍÚÂËÈ E. coli ËÏÂÂÚÒfl ÔÓÚÓÌ-˝ÍÒÔÓÚËÛ-
˛˘‡fl NADH-‰Â„Ë‰Ó„ÂÌ‡Á‡, ÍÓ‰ËÛÂÏ‡fl ÓÔÂÓ-
ÌÓÏ nuo, Ú‡ÌÒÍËÔˆËfl ÍÓÚÓÓ„Ó ‡ÍÚË‚ËÛÂÚÒfl
·ÂÎÍ‡ÏË NarL Ë FNR [10]. éÔÂÓÌ nuo Ì‡È‰ÂÌ ‚ „Â-
ÌÓÏ‡ı Y. pestis Ë Y. enterocolitica, ÌÓ ÔÓÚÂÌˆË‡Î¸-
Ì˚ı NarP-Ò‡ÈÚÓ‚ ÔÂÂ‰ ÌËÏ ÌÂÚ. èÓÒÍÓÎ¸ÍÛ „ÂÌ˚
ÓÔÂÓÌÓ‚ nuo Ë nqr ÌÂ„ÓÏÓÎÓ„Ë˜Ì˚, ‚ ‰‡ÌÌÓÏ ÒÎÛ-
˜‡Â ËÏÂÂÚ ÏÂÒÚÓ ÌÂ„ÓÏÓÎÓ„Ë˜Ì‡fl Á‡ÏÂÌ‡ Ò ̃ ‡ÒÚË˜-
Ì˚Ï ËÁÏÂÌÂÌËÂÏ ÙÛÌÍˆËË.

í‡ÍÒÓÌ-ÒÔÂˆËÙË˜Ì‡fl Â„ÛÎflˆËfl

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ËÒÒÎÂ‰Ó‚‡Ì˚ ‰ÂÒflÚ¸ „ÂÌÓÏÓ‚
„‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÈ, ‚ ÍÓÚÓ˚ı NarP-Á‡‚ËÒË-
ÏÛ˛ Â„ÛÎflˆË˛ ‡ÌÂÂ ÌËÍÓ„‰‡ ÌÂ ËÁÛ˜‡ÎË. ÅÓÎÂÂ
ÚÓ„Ó, ÔÓ Ò‡‚ÌÂÌË˛ Ò E. coli, ‚ÒÂ ̋ ÚË „ÂÌÓÏ˚ ËÁÛ˜Â-
Ì˚ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ. èÓ˝ÚÓÏÛ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÌÓ-
‚Û˛ ÏÂÚÓ‰ËÍÛ ‚˚fl‚ÎÂÌËfl ˜ÎÂÌÓ‚ Ó·Ó·˘ÂÌÌÓ„Ó
Â„ÛÎÓÌ‡.

ê‡ÌÂÂ ËÁÛ˜ÂÌËÂ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡ Ì‡˜Ë-
Ì‡ÎÓÒ¸ Ò ÔÓËÒÍ‡ ÔÓÚÂÌˆË‡Î¸ÌÓ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl
‚ ıÓÓ¯Ó ËÁÛ˜ÂÌÌÓÏ „ÂÌÓÏÂ, ‡ Á‡ÚÂÏ, ÂÒÎË Ò‡ÈÚ˚
‚ „ÂÌÓÏ‡ı ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚ı Ó„‡ÌËÁÏÓ‚ ·˚ÎË
ÍÓÌÒÂ‚‡ÚË‚Ì˚, ÏÓÊÌÓ ·˚ÎÓ ‰ÂÎ‡Ú¸ ‚˚‚Ó‰ Ó ÔË-
Ì‡‰ÎÂÊÌÓÒÚË „ÂÌ‡ Í Ó·Ó·˘ÂÌÌÓÏÛ Â„ÛÎÓÌÛ [56].
é‰Ì‡ÍÓ ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ÔÓ‰Ó·Ì˚È ÔÓ‰ıÓ‰ ÓÍ‡-
Á‡ÎÒfl ÌÂ‚ÓÁÏÓÊÌ˚Ï, ÔÓÒÍÓÎ¸ÍÛ Û E. coli ÌËÚ‡Ú-
ÌËÚËÚÌÓÂ ‰˚ı‡ÌËÂ Â„ÛÎËÛÂÚÒfl Ò‡ÁÛ ‰‚ÛÏfl
Ù‡ÍÚÓ‡ÏË Ú‡ÌÒÍËÔˆËË – NarL Ë NarP, ÔË˜ÂÏ
‰ÓÒÚÓ‚ÂÌÓÈ ËÌÙÓÏ‡ˆËË Ó ÒÚÛÍÚÛÂ Ò‡ÈÚÓ‚ Ò‚fl-
Á˚‚‡ÌËfl NarL Ô‡ÍÚË˜ÂÒÍË ÌÂÚ. èÓ˝ÚÓÏÛ Ï˚ ·˚-
ÎË ‚˚ÌÛÊ‰ÂÌ˚ ÔË·Â„ÌÛÚ¸ Í ÏÂÚÓ‰ËÍÂ, ÓÒÌÓ‚‡Ì-
ÌÓÈ Ì‡ ÔÓÔ‡ÌÓÏ Ò‡‚ÌÂÌËË „ÂÌÓÏÓ‚ Ó„‡ÌËÁÏÓ‚,
ÓÚÌÓÒfl˘ËıÒfl Í Ó‰ÌÓÈ Ú‡ÍÒÓÌÓÏË˜ÂÒÍÓÈ „ÛÔÔÂ.
Ñ‡ÌÌ‡fl ÏÂÚÓ‰ËÍ‡ ‡ÒÒÏÓÚÂÌ‡ ‚ ‡Á‰ÂÎÂ “ìÒÎÓ-
‚Ëfl ˝ÍÒÔÂËÏÂÌÚ‡”.

ë ÔÓÏÓ˘¸˛ ÌÓ‚ÓÈ ÏÂÚÓ‰ËÍË Û‰‡ÎÓÒ¸ ‚˚fl‚ËÚ¸
ÌÂÒÍÓÎ¸ÍÓ ÌÓ‚˚ı ˜ÎÂÌÓ‚ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡,
NarP-Á‡‚ËÒËÏ‡fl Â„ÛÎflˆËfl ÍÓÚÓ˚ı ÒÔÂˆËÙË˜Ì‡
‰Îfl ÒÂÏÂÈÒÚ‚‡. í‡Í, Â„ÛÎflˆËfl ÓÔÂÓÌÓ‚ fumC,
pgk, mdh Ë sucAB ÓÍ‡Á‡Î‡Ò¸ ÒÔÂˆËÙË˜ÌÓÈ ‰Îfl Ó-
„‡ÌËÁÏÓ‚ ÒÂÏÂÈÒÚ‚‡ Pasteurellaceae, Â„ÛÎflˆËfl
ldhA Ë cysJHI Ë ‡‚ÚÓÂ„ÛÎflˆËfl ÓÔÂÓÌ‡ narQP –
ÒÔÂˆËÙË˜ÌÓÈ ‰Îfl Ó„‡ÌËÁÏÓ‚ ÒÂÏÂÈÒÚ‚‡ Vibrion-
aceae. êÂ„ÛÎflˆËfl ‰Û„ÓÈ „ÛÔÔ˚ „ÂÌÓ‚ ÌÂ fl‚ÎflÂÚÒfl
‚ ÒÚÓ„ÓÏ ÒÏ˚ÒÎÂ ÒÔÂˆËÙË˜ÌÓÈ ‰Îfl ÒÂÏÂÈÒÚ‚‡.
é‰Ì‡ÍÓ ˝ÚË „ÂÌ˚ Û‰‡ÎÓÒ¸ Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ Í‡Í
ÌÓ‚˚Â ˜ÎÂÌ˚ Ó·Ó·˘ÂÌÌÓ„Ó Â„ÛÎÓÌ‡, ÔÓÒÍÓÎ¸ÍÛ
ÔÂ‚ÓÌ‡˜‡Î¸ÌÓ ÓÌË ·˚ÎË ‚˚fl‚ÎÂÌ˚ Í‡Í ˜ÎÂÌ˚
Â„ÛÎÓÌÓ‚ ‚ Ó‰ÌÓÈ Ú‡ÍÒÓÌÓÏË˜ÂÒÍÓÈ „ÛÔÔÂ, ‡ Á‡-
ÚÂÏ Ò‡ÈÚ˚ ÔÂÂ‰ ˝ÚËÏË „ÂÌ‡ÏË ·˚ÎË Ó·Ì‡ÛÊÂÌ˚
‚ „ÂÌÓÏ‡ı Ó„‡ÌËÁÏÓ‚ ËÁ ‰Û„Ëı „ÛÔÔ. í‡ÍÓ‚˚ÏË
fl‚Îfl˛ÚÒfl „ÂÌ˚ fnr, aspA Ë gcvA.

ê‡·ÓÚ‡ ÔÓÎÛ˜ËÎ‡ ÙËÌ‡ÌÒÓ‚Û˛ ÔÓ‰‰ÂÊÍÛ åÂ-
‰ËˆËÌÒÍÓ„Ó ËÌÒÚËÚÛÚ‡ ïÓ‚‡‰‡ ï¸˛Á‡ (55000309),
îÓÌ‰‡ ÔÓ‰‰ÂÊÍË ÓÒÒËÈÒÍÓÈ Ì‡ÛÍË, èÓ„‡ÏÏ
“åÓÎÂÍÛÎflÌ‡fl Ë ÍÎÂÚÓ˜Ì‡fl ·ËÓÎÓ„Ëfl” Ë “èÓËÒ-
ıÓÊ‰ÂÌËÂ Ë ˝‚ÓÎ˛ˆËfl ·ËÓÒÙÂ˚” êÓÒÒËÈÒÍÓÈ
‡Í‡‰ÂÏËË Ì‡ÛÍ.
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